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All presentation sessions will take place in Meeting Room 2 inside Radcliffe 
Conference Centre. 

Tuesday 5th January  

16:00 - 18:30  Arrival and registration Radcliffe Lobby 

18:00 - 19:30  Dinner Dining Room 

   

 Session 1 Chair: Jan Verlet 

19:55 - 20.00 Welcome Vas Stavros (Warwick) 

20:00 - 20:45 Invited tutorial talk Ruth Signorell (ETH Zurich) 

20:45 - 21.30 Invited tutorial talk Graham Worth (Birmingham) 

   

Wednesday 6th January  

07:00 - 08:30  Breakfast Dining Room* 

   

 Session 2 Chair: Mick Staniforth 

08:55 - 09:45 Award talk Ken McKendrick (Heriot-Watt) 

09:45 - 10:05 Contributed talk Helen Kimber (UCL) 

10:05 - 10:25 Contributed talk Thomas Luxford (Heriot-Watt) 

10:25 - 10:45 Contributed talk Chloe Holroyd (Manchester) 

   

10:45 - 11:15 Tea/Coffee Lounge 

   

 Session  3 Chair: David Hadden 

11:15 - 12:00 Invited talk Russell Mins (Southampton) 

12:00 - 12:20 Contributed talk Magdalena Zawadski (Heriot-

12:20 - 12:40 Contributed talk Pedro Nunes (York) 

12:40 - 13:00 Contributed talk Matthew Robinson (Nebraska) 

   

13:00 - 14:15 Lunch Dining Room 

   

 Session 4 Chair: Michael Grubb 

14:15 - 14:35 Contributed talk Reece Beekmeyer (UCL) 

14:35 - 14:55 Contributed talk Philip Coulter (Bristol) 

14:55 - 15:15 Contributed talk Rebecca Ingle (Bristol) 

15:15 - 15:35 Contributed talk Daniel Polak (Sheffiled) 

15:35 - 15:55 Contributed talk Victor Quan (Warwick) 



   

16:00 - 16:30 Tea/Coffee Lounge 

16:30 - 19:00 
Poster Session and  

trade display Meeting Room 1 and Lounge 

18:00 - 19:00 SDG AGM Meeting Room 2 

19:00 - 20:00 Conference Dinner Dining Room 

20:00 - 21:30 Quiz Dining Room 

   

Thursday 7th January  

07:00 - 08:30  Breakfast Dining Room* 

   

 Session 5 Chair: Adam Chatterley 

09:00 - 09:45 Invited talk Caroline Dessent (York) 

09:45 - 10:05 Contributed talk John Mullaney (Newcastle) 

10:05 - 10:25 Contributed talk Jon Tandy (Imperial) 

10:25 - 10:45 Contributed talk Max Saller (Warwick) 

   

10:45 - 11:15 Tea/Coffee Lounge 

   

 Session 6 Chair: Tom Sharples 

11:15 - 12:00 Invited talk Tim Zwier (Purdue) 

12:00 - 12:20 Contributed talk Media Kakaee (Leicester) 

12:20 - 12:40 Contributed talk Donatella Loru (KCL) 

12:40 - 13:00 Contributed talk Chris Medcraft (Newcastle) 

   

13:00 - 14:15 Lunch Dining Room 

   

 Session 7 Chair: Jamie Young 

14:15 - 14:35  Contributed talk Kasra Amini (Oxford) 

14:35 - 14:55 Contributed talk Thomas Smith (Sheffield) 

14:55 - 15:15 Contributed talk Michelle Gianella (Oxford) 

15:15 - 15:35 Contributed talk Aula Al Hindawi (Leicester) 

   

15:35 - 16:00 Tea/Coffee Lounge 

16:00 Finish  
 

* For attendees staying at Arden, breakfast will be served in Arden. All other meals will be served 
at Radcliffe.  
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Abstracts 



  Session 1 Chair: Jan Verlet 

 

 Tutorial Talk:  

Spectroscopy, a toolbox for structural information on aerosol particles and clusters 

R. Signorell 

 Laboratory of Physical Chemistry, ETH Zurich, Vladimir-Prelog-Weg 2, CH-8093 Zurich, Switzerland  

 
It is well known that light interacts differently with small particles compared with bulk materials or gas phase 
molecules, producing spectral signatures that strongly depend on particle properties, such as size, shape, or 
architecture. Even nanosized aerosol particles held together by weak intermolecular interactions can exhibit 
such characteristic spectral signatures. This talk discusses absorption and scattering features in aerosol 
particle spectra from the infrared to the extreme ultraviolet spectral region, and explains their molecular origin 
and their use for aerosol characterization in planetary atmospheres. Various laboratory methods are 
discussed ranging from particle ensemble techniques to single-particle studies in optical traps. The role of 
small clusters as critical nuclei in the aerosol formation from the gas phase is briefly addressed.  

 

 Tutorial Talk:  

Using Quantum Wavepacket Dynamics to Understand Spectra. 

G. Worth 

 School of Chemistry, University of Birmingham, Edgbaston, B15 2TT, U.K. 

 
In this tutorial lecture an overview will be given of the different methods available to calculate an observable, 
e.g. a spectrum, based on the time-evolution of the nuclear wavefunction.  These are powerful methods that 
allow a detailed description of how a molecular system behaves after absorbing light, but they are also 
computationally expensive and not black box in nature. Quantum mechanics from a time-dependent 
perspective is not the traditional way chemistry is taught and the basic theory is described excellently in the 
text book by Tannor [1]. 

These calculations traditionally consist of two parts. In the first, after characterising the electronic structure 
of the system the potential energy surfaces and couplings between them need to be calculated as a function 
of nuclear geometries. For excited-states, there are a plethora of methods to do this, such as CASSCF, 
TDDFT and EOM-CCSD [2]. All have strengths and weaknesses and choosing the correct method is 
essential for good results. In the second step, the nuclear wavepacket needs to be propagated in time. Full 
quantum dynamics may be performed, e.g. using the MCTDH algorithm [3], but these are restricted to small 
molecules. More approximate algorithms based on classical or semi-classical mechanics, such as trajectory 
surface hopping may be used instead. 

Recent developments are trying to put these two steps together in the framework of direct dynamics [4]. Here, 
the potential surfaces are calculated on-the-fly as the nuclear wavepacket evolves.  

In addition to the overview of methods, examples will be given to highlight the state-of-the-art in this field. 

[1] Tannor “Introduction to Quantum Mechanics”, University Science Books, California, U.S.A. (2007) 
[2] Cramer “Essentials of Computational Chemistry”, Wiley, Chichester, U.K. (2004) 
[3] Beck, Jäckle, Worth and Meyer , Phys. Rep., 324 1 (2000) 
[4] Worth and Robb, Adv. Chem. Phys. 124 355 (2004) 
 
 
 
 
 
 



 Session 2 Chair: Mick Staniforth 

RSC Chemical Dynamics Award Talk: 

Dynamics may be interesting – but is it useful? 

K. G. McKendrick 

Institute of Chemical Sciences, Heriot-Watt University, Edinburgh EH14 4AS UK 

 

A great deal of beautiful and increasingly sophisticated work has been done over the past 40 years or so to 
understand the detailed, state-specific dynamics in chemical reactions and inelastic collision processes. Most 
of this work has been in the gas-phase, and primarily on relatively small, model systems. I will consider briefly 
how there are still some unanswered and intriguing questions in these core areas, but  the main focus will be 
how both the concepts and the experimental tools developed for fundamental dynamics can have unexpected 
applications in other fields. In particular, I will describe how our own work has followed an unanticipated path 
from fundamental gas-phase studies, to the mechanisms of collisions at the gas-liquid interface, to a new 
technique for characterising the surface composition and reactivity of liquids of real-world interest. 

 

 Contributed Talks:  

 Oxygen atom reactivity on interstellar dust grain analogues, laboratory vs space. 

Helen Kimber1, Stephen Price1 

1 University College London, 20 Gordon St, London WC1H 0AJ 

 
The interstellar medium (ISM) is home to a rich range of chemistry. For a typical interstellar molecule, 
approximately 80% of the abundance of that species can usually be accounted for by gas-phase kinetics with 
the other 20% generated via surface reactions on dust grains. Whilst there are large databases of gas phase 
kinetics, the solid-phase kinetics, under interstellar conditions, are often unknown.  

Oxygen atoms are the third most abundant species, after hydrogen and helium, in the interstellar medium 
and so O atom reactivity on interstellar dust grain analogues has attracted attention in recent years. For 
example, O atoms have been shown to have high diffusion coefficients on interstellar dust grain analogues 
at temperatures as low as 6 K [1]. Furthermore, reaction barriers of O atoms, on these surfaces, have been 
shown to be sufficiently low for significant oxidation of astrophysically relevant molecules to take place on 
cold dust grains [2].  

A limitation in reproducing the interstellar environment in the 
laboratory is the comparable flux of O2 and O atoms (from 
standard O atom sources) to the interstellar dust grain analogues. 
Indeed, there is very little gas-phase O2 detected in space. 
However, in the laboratory oxygen atoms are generated via a 
microwave discharge and so dissociation is not 100 %. Hence, in 
the laboratory surface oxygen atoms are consumed via a side 
reaction, on the surface, with O2 to make ozone thereby reducing 
O atom reactivity with the intended reactant. Figure 1 shows data 
for the reaction of oxygen atoms with astrophysically relevant 
molecules. It is clear that as the yield of ozone from the reaction 
of O atoms with O2 decreases the other oxygenated product 
yields increase. To provide relevant kinetics to the astrochemical 

community, modelling must be used to account for this side reaction. Only by implementing this model can 
true rate coefficients be extracted for oxygen atoms with astrophysically relevant species. This presentation 
will review our study of these important interstellar reactions, highlighting progress and pitfalls. 

[1] E. Congiu, M. Minissale, S. Baouche, H. Chaabouni, A. Moudens, S. Cazaux, G. Manico, V. Pirronello and F. 
Dulieu, Faraday Discuss, 168 151-166 (2014) 
[2] H J. Kimber, C. P. Ennis, S. D. Price, Faraday Discuss, 168 167-184 (2014) 

Figure 1. The yield of products from O atoms 
surface reactivity under ISM conditions 



 Stereodynamics of the NO(A2Σ+)-Rare Gas Collision 

Thomas Luxford 

Institute of Chemical Sciences, Heriot-Watt University, Edinburgh, EH14 4AS 

 
Inelastic collisions of NO(X2Π) with rare gas atoms have been used as a benchmark system for the 
experimental study of the stereodynamics of bimolecular collisions using crossed-molecular-beam velocity-
mapped-ion-imaging experiments. The work presented here expands upon these ground state experiments, 
with the study of the NO(A2Σ+)-rare gas system using a recently constructed crossed-beam apparatus at 
Heriot-Watt University.  

NO(A2Σ+, v = 0, N = 0, j = 0.5) is selectively produced by optical pumping and the inelastic collision products, 
NO(A2Σ+, v = 0, N = Nʹ, j = Nʹ ± 0.5) are state-selectively ionised using 1 + 1ʹ REMPI, and detected using 
velocity-mapped-ion-imaging. These images are analysed to measure the differential cross section, which 
describes the correlation of the initial and final velocity vectors, and the polarisation moments, which describe 
the correlation of the final rotational angular momentum vector with the initial and final velocity vectors. These 
correlations are compared to the results of quantum-scattering calculations, in order to aid in their 
interpretation, as well as to help refine the potential energy surfaces used in these calculations. 

 

 
[1] T. R. Sharples, T. F. M. Luxford, D. Townsend, K. G. McKendrick, M. L. Costen, J. Chem. Phys., 143 204301 
(2015) 
 

Vibrational sum-frequency spectroscopy of modified graphene and polymeric thin films  

Chloe Holroyd1*, Andrew B. Horn1, Cinzia Casiraghi1, and Sven P. K. Koehler1  

 1 School of Chemistry and Photon Science Institute, The University of Manchester, Oxford Road, Manchester, UK, M13 9PL  

  

The surface-specific technique of vibrational sum-frequency generation spectroscopy (VSFS) has been 
employed in this project to study chemical bonds at two distinct classes of surfaces, namely graphene and 
polymers.  

Firstly, broadband VSFS was used to investigate modified graphene, motivated by the fact that modifications 
to pristine graphene cause the properties of the graphene to change. Such modifications of graphene can be 
intentional, i.e. functionalisation, and unintentional, i.e. contamination. This project focused on studying 
hydrogenated graphene, N-methylbenzamide functionalised graphene, and contaminated graphene. 
Broadband VSFS, as well as Raman and FT-IR spectroscopy, have been used to better characterise such 
modifications. We obtained VSFS spectra of the CH stretches in N-methylbenzamide functionalised 
graphene, and detected contaminations in CVD graphene grown on copper foil that was transferred onto 
gold-coated silica substrates.  

Secondly, broadband VSFS was used to investigate the heating of polymeric thin films using a specially built, 
heated sample cell. The cell was tested using a selfassembled monolayer of 1-octadecanethiol grown on 
gold-coated silica substrates, and was subsequently used to investigate thin films of poly(methyl 
methacrylate) of four different thicknesses and two different molecular weights, that were spin-coated onto 
gold-coated silica substrates. It was shown that there is temperature-dependant surface ordering of the 
polymer thin films, with the polymer thin films becoming more disordered as the temperature increases.  

 

 

 
Figure 1: A 3d model of the scattering 

chamber used in the experiment. 
 Figure 2: NO(A)-Ar velocity mapped image for 

the Nʹ = 9 state, with a superimposed Newton 
diagram, showing the relevant velocities. 



 Session 3 Chair: David Hadden 

 Invited Talk:  

Dynamics at a hydrogen bond: Time resolved photoelectron imaging of the ammonia 

dimer. 

Russell S. Minns 

Chemistry, University of Southampton, Highfield, Southampton SO17 1BJ 

 

Hydrogen bonding affects the chemical and physical properties of many chemical and biological systems. In 
the experiments described we study the effects of hydrogen bonding on the photochemical reactivity of a 
simple molecular complex and find large differences in the excited state dynamics, converting rapid 
dissociation in the isolated molecule into rapid and efficient ground state recovery in the hydrogen bonded 
complex. More specifically we study the dynamics of the hydrogen bonded ammonia dimer using time 
resolved photoelectron imaging following excitation at 200 nm. The resulting photoelectron images show time 
dependent shifts in the measured electron kinetic energy and photoelectron angular distributions (PADs) as 
a consequence of hydrogen transfer, charge transfer and dissociation processes. The dramatic changes are 
particularly surprising considering the binding energy of the hydrogen bond is a small fraction of the photon 
energy that initiates the dynamics. The experiments highlight a mechanism by which excess electronic energy 
can be converted in to vibrational energy in the ground state through sequential hydrogen and charge transfer 
processes across a hydrogen bond. 

In the final 10 minutes of the talk I will also highlight some of our recent work aimed at using lab based XUV 
sources for chemical dynamics studies.  

 

 Contributed Talks:  

Time-resolved Photoelectron Imaging of Heteroaromatic Molecules 

Magdalena M. Zawadzki1*, Marco Candelaresi1, James O. F. Thompson1, Emma A. Burgess1, Martin J. 
Paterson2 & Dave Townsend1,2 

1 Institute of Photonics & Quantum Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, UK 
2 Institute of Chemical Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, UK 

 
Aromatic bio-molecules have been of increasing interest in photochemistry for the last years due to their 
great resistance to potential damage caused by the absorption of ultraviolet (UV) radiation. The underlying 
process of this photostability is the fast dissipation of excess UV energy on a femtosecond (fs) timescale. In 
particular, the role of excited “πσ* states” has been investigated in much recent research [2-4] and is also the 
focus of this present work [1]. 

Time-resolved photoelectron imaging (TRPEI) is a powerful pump-probe spectroscopic technique, providing 
time-, energy- and angle-resolved information relating to non-adiabatic dynamics within molecular systems. 
We have used this approach to study the photophysics of gas-phase indole and aniline in order to understand 
the link between their structure, dynamics and thus their protective function. Our experimental results provide 
extremely subtle details of the complex interactions occurring between several low-lying electronically excited 
states. In particular, new insight into the role and fate of the mixed Rydberg-valence 3s/πσ* state is revealed. 
This includes population residing on the excited state surface at large N–H separations for a relatively long 
period of time (~1 ps) prior to dissociation and/or internal conversion. 

We also consider a further improvement to the TRPEI technique by utilizing a higher energetic “probe” pulse 
in the vacuum ultraviolet (VUV) spectral region. This allows the efficient one photon ionization of highly 
vibrationally excited electronic states within the Frank-Condon window. Thus, the full dynamical process of 
all participating states within a molecule can, in principle, be detected. Designs for a new vacuum chamber 
to generate femtosecond VUV light using nonlinear four-wave mixing in noble gases will also be presented. 

[1] M. M. Zawadzki et. al., Phys. Chem. Chem. Phys., 17, 26659 (2015). 



[2] R. Livingstone et al., J. Chem. Phys., 135, 194307 (2011). 
[3] G. M. Roberts & V. G. Stavros, Chem. Sci., 5, 1698 (2014). 
[4] M. N. R. Ashfold et al., Phys. Chem. Chem. Phys., 12, 1218 (2010). 
 

 Recent developments towards time-resolved gas electron diffraction  

J. Pedro F. Nunes1*, Conor Rankine1, Stuart Young1, Matthew S. Robinson2, Paul D. Lane3, Derek A. 
Wann1  

 1University of York, Heslington, York, YO10 5DD, UK  

 2University of Nebraska-Lincoln, 1400 R St, Lincoln, NE 68588, United States  

 3Heriot-Watt University, Riccarton, Edinburgh, EH14 4AS, UK 

 

An apparatus has been built to allow timeresolved electron 
diffraction (TRED) experiments to be performed in the UK for the first 
time [1,2]. The Wann group TRED apparatus, shown in Figure 1, 
employs a compact electron gun to produce short electron bunches 
using the third harmonic of an 800 nm Ti:Sapphire femtosecond 
laser focused onto a gold photocathode. These electron bunches 
are then accelerated across a potential of up to 100 kV towards a 
sample placed in a diffraction chamber.   

Since its commissioning, the apparatus has been used to record 
high-resolution diffraction patterns for polycrystalline samples, 

shown in Figure 2, and preliminary 
time-resolved experiments show sub-picosecond time resolution.  

Here we present the most recent advances towards the imaging of 
photoinduced structural changes.  

The apparatus has recently been adapted to include a purpose-built solenoid 
lens capable of reducing the diameter of the electron beam by 30%, 
improving the spatial resolution of the experiments.  

And following a series of improvements to the detector and nozzle systems, 
we will demonstrate that the apparatus can now record data for gas-phase 
samples such as CF4 and SF6.  

[1] M. S. Robinson, P. D. Lane, D. A. Wann, Rev. Sci. Instrum., 86 013109 (2015). 
[2] M. S. Robinson, P. D. Lane, D. A. Wann, J. Phys. B, (2015), in press.  
 

 

Diffractive imaging of a molecular rotational wavepacket with femtosecond 

Megaelectronvolt electron pulses 

Jie Yang1, Markus Guehr2, Theodore Vecchione2, Matthew S. Robinson1*, Renkai Li2, Nick Hartmann2, 
Xiaozhe Shen2,  Ryan Coffee2, Jeff Corbett2, Alan Fry2, Kelly Gaffney2, Tais Gorkhover2, Carsten Hast2, 

Keith Jobe2,  Igor Makasyuk2, Alexander Reid2, Joseph Robinson2, Sharon Vetter2,  Fenglin Wang2,  
Stephen Weathersby2, Charles Yoneda2, Martin Centurion1, Xijie Wang2 

1University of Nebraska-Lincoln, 855 N 16th Street, Lincoln, Nebraska 68588, USA 
2SLAC National Accelerator Laboratory, Menlo Park, CA 94025, USA 

 
Over the last decade ultrafast electron diffraction (UED) experiments have steadily progressed towards the 
resolution needed to accurately observe the dynamical processes that occur in chemical reactions [1-3]. Here 
we present results from the fastest gas-phase UED experiment carried out to date. Using the new 
Megaelectronvolt UED facility at the SLAC National Accelerator Laboratory [4], it was possible to observe the 
rotational wavepacket dynamics of nonadiabatically laser-aligned N2 molecules for the first time via non-
invasive structural methods [5]. This was achieved with simultaneous 100 fs RMS (230 fs FWHM) time and 
sub-Ångstrom (0.76 Å) spatial resolution.  

This resolution is sufficient to resolve the position of the nuclei within the N2 molecule as the angular 
distribution of the molecules evolves from prolate (aligned) to oblate (anti-aligned) over a 300 fs period. 

Figure 1: TRED apparatus at York 

Figure 2: Comparison between 

theoretical and experimental 

diffraction data collected for 

polycrystalline platinum. 



Extended data collection at these two points shows the strong anisotropy in the diffraction pattern, with the 
Fourier transform of these patterns being directly related to the image of the molecular structure.  

 
Left – Change in anisotropy of diffraction pattern over time. Right – Experimental and Fourier transform of the 

diffraction pattern obtained at the prolate, 3.8 ps after time zero, from aligned N2 molecules.   
 

[1] H. Jean-Ruel, et al. J. Phys. Chem. B, 117 15894–15902 (2013)  
[2] H. Ihee, et al. J. Phys. Chem. A, 106 4087–4103 (2002) 
[3] J. Yang, et al. Nature Communications, 6, 8172. (2015) 
[4] S. P. Weathersby, et al., Rev. Sci. Instrum., 86, 073702 (2015)  
[5] J. Yang, et al.  ArXiv, http://doi.org/arXiv:1510.06426 (2015) 
 
 

 Session 4 Chair: Michael Grubb 

 Contributed Talks:  

Towards understanding the initial dynamics of a second generation light-driven molecular 

motor 

Reece Beekmeyer1*, Luke Ridgewell1, Jamie Riley1, Michael A. Parkes1, Andrew Kerridge2, Ben L. Feringa3 

and Helen H. Fielding1 

1 UCL, Department of Chemistry, University College London, 20 Gordon Street, London, United Kingdom, WC1H 0AJ 
2 Lancaster University, Department of Chemistry, Lancaster, LA1 4YB, United Kingdom 

3 Stratingh Institute for Chemistry, University of Groningen, Nijenborgh 4, 9747 AG Groningen, Netherlands 

 
Light driven molecular motors are nanomachines that convert 
light energy into kinetic motion. Considerable attention has been 
directed towards the synthesis and tunability of the speed of 
rotation of light driven molecular motors and consequently the 
dynamics of their rotation [1, 2]. Here, we present a combined 
experimental and theoretical analysis of the electronic structure 
and excited state dynamics of an isolated gas phase, second-
generation molecular motor. 

We have used multireference multiconfigurational complete 
active space self-consistent field theory plus second order 
perturbation theory (CASPT2) in addition to density functional 
theory (DFT) calculations to guide our interpretation of 
photoelectron spectroscopy measurements of the molecular 
motor presented in   

[1] J. Conyard et al, Nature Chem. 2012, 4, 547-551 
[2] J. Conyard et al, J. Am. Chem. Soc. 2014, 136, 9692−9700   

 

 

Figure 1 – Our second generation light 
driven molecular motor  

 



Vibrational Cooling in Liquids; from the ground and excited states of NO2 

Philip Coulter, Michael Grubb, Andrew Orr-Ewing 

University of Bristol, UK, BS8 1TH  

 
Relaxation of vibrational modes is one of the key methods for energy dissipation of reaction products which 
remains a challenge for molecular dynamics simulations due to the quantization of vibrational energy with 
energy gaps above kBT. Due to the complexity of many chemical systems it can be difficult to observe and 
study vibrational cooling directly. Strong interactions between solute and solvents such as hydrogen bonding 
and dipole-dipole interactions strongly influence the routes for vibrational energy transfer in most liquids which 
are challenging to deconstruct.  

Fluorinated solvents can be used as a liquid environment without the effects of strong interactions to enable 
the study of energy transfer which results from simple collisions and weak Van der Waals interactions in the 
condensed phase. [1] The photodissociation of N2O4 to NO2 is a model system for studying different 
vibrational cooling pathways with both ground and excited state NO2 formed. [2] State resolved vibrational 
cooling is observed and compared between different solvents.  

[1] R. Chambers, Fluorine in Organic Chemistry, 138  
[2] W. Sisk, C. Miller, H. Johnston, J. Phys. Chem, 97 9916 (1993) 
 

Structure or Dynamics: What Drives Photoproduct Branching at Conical Intersections? 

R. A. Ingle1*, D. Murdock1, I. Sazanovich2, I. P. Clark2, Y. Harabuchi3, T. Taketsugu3, S. Maeda3, A. J. Orr-
Ewing,1 and M. N. R. Ashfold1 

1 School of Chemistry, University of Bristol, Cantock's Close, Bristol, BS8 1TS, United Kingdom 
2 Central Laser Facility, Research Complex at Harwell, Science and Technologies Facilities Council, Rutherford Appleton 

Laboratory, Didcot, Oxfordshire, OX11 0QX, United Kingdom 
3 Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo 060-0810, Japan 

 
Photoinduced ring-opening is becoming increasingly recognised as an important energetic deactivation 
pathway in heterocyclic molecules.[1-4] The ability of such systems to rapidly lose any excess electronic 
energy in the form of heat plays a key role in the photoprotection mechanisms of biologically relevant 
species.[5]  

 

The solution-phase photoisomerisation dynamics following UV excitation of two structurally related 
heterocyclic molecules, α-pyrone and coumarin, have been probed by time-resolved vibrational absorption 
spectroscopy (TRVAS). Coumarin shows 100% quantum yield for reformation of the parent molecule, whilst 
in contrast, α-pyrone only reforms the parent species with 68% efficiency. For α-pyrone, two isomeric ring-
opened ketene photoproducts are also detected. Use of a novel, automated search algorithm for the location 
of conical intersections[6] reveals remarkably similar structures for the two lowest energy conical intersections 
for both molecules, suggesting that the very different photostability of the two species is a result of dynamical 
effects. 

[1] M. Stenrup, Chem. Phys., 397 18-25 (2012) 
[2] M. Stenrup et al., Chem. Phys., 379 6-12 (2011) 
[3] S. Perun et al., Chem. Phys., 313 107–12 (2005) 
[4] C. Krauter et al., Phys. Chem. Chem. Phys., 15 17846–61 (2013) 
[5] C. E. Crespo-Hernández et al., Chem. Rev., 104 1977–2019 (2004) 



[6] S. Maeda et al., J. Phys. Chem. A, 118 12050–8 (2014) 

 

Confinement of singlet fission in a protein “pocket” 

DW. Polak1*, G. Sutherland3, AJ. Musser2, CN. Hunter3, J. Clark1 

1 Department of Physics and Astronomy, University of Sheffield, Hounsfield Road, Sheffield S3 7RH, UK 
2 Cavendish Laboratory, University of Cambridge, J J Thomson Avenue, Cambridge CB3 0HE, UK 

3 Department of Molecular Biology and Biotechnology, The University of Sheffield, Sheffield S10 2TN, U.K 

 
Singlet exciton fission, the process by which a singlet 
exciton (bound electron hole pair) splits to form two triplet 
exciton in a spin allowed process could prove extremely 
useful in the endeavour to increase solar cell efficiency. 
The creation of an extra exciton effectively doubles the 
charge carrier numbers for a given photon input, in some 
cases increasing quantum yields to over 100%. 
Carotenoids (coloured pigments involved in photo 
protection and photosynthesis) are a class of conjugated 
oligoene whose first excited state is optically forbidden 
(useful but inexact model of polyenes) and the subject of 
this study. In most systems which undergo singlet fission, 
at least two interacting molecules are required (i.e. one 
chromophore per triplet). Recent work suggests this is 
true in carotenoids [1]. This opens up the debate as to 
the mechanism of singlet fission in natural systems, such 
as light-harvesting complexes, which has been suggested to require only a single carotenoid [2].  

One major problem in answering this question is the lack of stability in aggregates of carotenoids and the 
inability to control the system under test. As a first step, here we demonstrate carotenoids bound in man-
made proteins (maquettes) [3]. We show transient absorption spectra of beta-carotene and astaxanthin, 
representatives of the carotene and xanthophyll families of carotenoids, sequestered within the protein. We 
demonstrate efficient singlet fission within the maquettes and discuss the results in the context of their 
optoelectronic and biomolecular applications.  

[1] Musser, A.J. et al., 2015. The Nature of Singlet Exciton Fission in Carotenoid Aggregates. Journal of the American 
Chemical Society, p.150331124401003. Available at: http://pubs.acs.org/doi/abs/10.1021/jacs.5b01130. 
[2] Klenina, I., Makhneva, Z., Moskalenko, A., Gudkov, N., Bolshakov, M., Pavlova, E. and Proskuryakov, I. 
Biochemistry Moscow, 79, pp.235-241. (2014) 
 [3] Farid, T. a et al., 2013. Elementary tetrahelical protein design for diverse oxidoreductase functions. Nature 
Chemical Biology, 9(12), pp.826–833. Available at: http://www.nature.com/doifinder/10.1038/nchembio.1362.  

 

Preserved photodynamics of porphyrins in macro-self-assemblies 

W.-D. Quan1,2*, R.K. O’Reilly2, V.G. Stavros2 

1 Molecular Organisation and Assembly of Cells Doctoral Training Center (MOAC 

DTC), University of Warwick, Gibbet Hill Road, Coventry, UK 
2 Department of Chemistry, University of Warwick, Gibbet Hill Road, Coventry, UK. 

 
The bottom up approach towards understanding the photodynamics of complex biological and synthetic 
systems had been widely utilised in the physical chemistry communities.[1-4] In an attempt to extend and 
validate such an approach for increasingly complex environments, we designed and synthesised a 
biomimetic system, in which the photo active molecule, porphyrin – a variant of chlorophyll found in biological 
light harvesting systems, was attached to a massive polymer. [5] While most previous synthetic systems of 
self-assembling porphyrin arrays tends to produce strong excitonic features, [6] due stacking of porphyrin 
subunits.[7,8] The porphyrin-polymer conjugate produced in our study not only showed preserved ultrafast 
photodynamics of the porphyrin subunit when fully solvated (unimeric), but even when assembled in water. 
The presenter believes that this further consolidate the aforementioned bottom-up approach, as well as 
proposing that this particular synthetic approach could therefore be a more appropriate method towards 
producing synthetic biomimetic systems. 

Image showing maquette structure, and included 

carotenoid (C) 



[1] G. M. Roberts and V. G. Stavros, Chem. Sci., 2014, 5, 1698–1722. 
[2] M. Staniforth and V. G. Stavros, Proc. R. Soc. London, Ser. A, 2013, 469. 
[3] J. R. R. Verlet, Chem. Soc. Rev., 2008, 37, 505–517. 
[4] S. J. Harris, D. Murdock, Y. Zhang, T. A. A. Oliver, M. P. Grubb, A. J. Orr-Ewing, G. M. Greetham, I. P. Clark, M. 
Towrie, S. E. Bradforth and M. N. R. Ashfold, Phys. Chem. Chem. Phys., 2013, 15, 6567–6582. 
[5] W.-D. Quan, A. Pitto-Barry, L. A. Baker,E. Stulz,R. Napier, R.K. O’Reilly and V. G. Stavros, Chem. Comm., DOI: 
10.1039/c5cc09095d. 
[6] M. Kasha, H. Rawls and M. Ashrafel-Bayoumi, Pure Appl. Chem., 1965, 11, 371-392. 
[7] I.-W. Hwang, M. Park, T. K. Ahn, Z. S. Yoon, D. M. Ko, D. Kim, F. Ito, Y. Ishibashi, S. R. Khan, Y. Nagasawa, H. 
Miyasaka, C. Ikeda, R. Takahashi, K. Ogawa, A. Satake and Y. Kobuke, Chem. – Eur. J., 2005, 11, 3753–3761. 
[8] S. Verma, A. Ghosh, A. Das and H. N. Ghosh, J. Phys. Chem. B, 2010, 114, 8327–8334. 
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UV Light Driven Reactivity in Isolated Biomolecule Clusters 

Caroline Dessent 

University of York, Heslington, York, YO10 5DD, UK. 

 
Isolated gas-phase molecular clusters provide ideal model systems where the pathways of laser 
photoactivated reactions can be followed in great detail.  The focus of this presentation will be on clusters 
that include small biomolecules such as nucleobases and amino acids.1,2  Experiments are conducted in a 
laser-interfaced mass spectrometer, allowing the clusters of interest to be mass-selected prior to laser 
excitation.  Subsequent photochemistry can then be traced through identification of photoproduct ions.  
Results from a range of molecular systems will be reviewed, and the potential for applications of this general 
technique in photomedicine discussed.  

 
 
[1] A. Sen, T. F. M. Luxford, N. Yoshikawa, Caroline E. H. Dessent, Phys. Chem. Chem. Phys., 16 15490 (2014). 
[2] A. Sen, C.E.H. Dessent, J. Phys. Chem. Lett., 5 3281 (2014). 
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Rotational spectrum of the imidazole dimer 

J. C. Mullaney1, N. R. Walker1, D. P. Zaleski2, A. C. Legon3 

1 Newcastle University, Newcastle upon Tyne, NE1 7RU, U.K. 

2  Argonne National Laboratory, IL, U.S.A. 

3 University of Bristol, Bristol, BS8 1TS, U.K. 

 
The dimer of imidazole has been generated in the gas phase by laser ablation of a solid rod 
containing 1:1 mixture of copper and imidazole in the presence of an argon buffer gas. Four 



isotopologues of the dimer have been characterised through broadband rotational spectroscopy. 
The dimer is shown to have a twisted, non-planar, hydrogen-bonded geometry. Four out of six 

intermolecular parameters in the model geometry have been determined from the experimentally 
measured rotational constants, consistent with the results of ab initio calculations. Preliminary data 

will also be presented from complexes containing urea.  
 

 
 
 
 
 
 
 

 

Production of polyatomic molecules at low temperatures by cryogenic buffer-gas cooling 

Jon Tandy1, Richard Hendricks1, Mike Tarbutt1 

1 Centre for Cold Matter, Department of Physics, Imperial College London 

Blackett Laboratory, Prince Consort Road, SW7 2BB, United Kingdom 

 

Molecular beams are extensively utilised for spectroscopy and studies of collisional processes. Supersonic 
expansion generally creates cold beams typically moving at speeds between 300 and 2000 ms−1. Buffer gas 
methods use a fundamentally different approach to cooling molecules into the kelvin regime and provide 
beams of cold and relatively slow atoms and molecules that are highly versatile [1-3]. Combining these slow 
beams with other cooling techniques (e.g. laser cooling, magneto optical trapping, Stark deceleration) will 
therefore allow several fundamental molecular properties to be examined. Current work is particularly 
motivated by the opportunity to measure parity violation in chiral molecules [4] by precisely measuring their 
rovibrational structure. 

The buffer gas cooling method produces cold molecules by initially mixing two gases in a small, cold cell 
(typically a cuboid of a few cm). The hot species of interest are generally introduced between 300 and 10,000 
K and collide with an inert buffer gas, cooled to 2−20 K by the cold cell. The buffer gas in the cell is maintained 
at an optimal atom number density (around 1014−1017 cm-3), preventing three body collision cluster formation 
involving the target molecule whilst providing sufficient collisions for thermalization before the molecules 
reach the cold cell walls. A beam of cold molecules is formed when the buffer gas and target molecules 
escape the cell through a small aperture (usually a few mm) into a high vacuum region. 

To date, very few molecules containing more than 3 atoms have been successfully buffer gas cooled. One 
major challenge is designing a method to introduce hot molecules into a cold cell that is universally applicable 
to most polyatomic molecules and provides sufficient flux for spectroscopic measurements. We have 
therefore developed a bespoke capillary fill system to allow a host of large molecules to be buffer gas cooled 
and spectroscopically probed. The technique is demonstrated by the spectroscopic examination of the ν5 
vibrational band of cold trioxane using a mid-IR quantum cascade laser system. 

[1] S.E. Maxwell, N. Brahms, R. DeCarvalho, D.R. Glenn, J.S. Helton, S.V. Nguyen, D. Patterson, J. Petricka, D. 
DeMille, J.M. Doyle, Phys. Rev. Lett., 95 173201 (2005) 
[2] W.C. Campbell, J.M. Doyle, In Cold Molecules: Theory, Experiment, Applications, CRC Press: Boca Raton, 
Chapter 13, (2009) 
[3] N.R. Hutzler, H.-I. Lu, J.M. Doyle, Chem. Rev., 112 4803 (2012) 
[4] C. Stoeffler, B. Darquié, et al., Phys. Chem. Chem. Phys., 13, 854 (2011) 
 

 

 

 

 



Adaptive basis set sampling in multidimensional quantum dynamics 

Maximilian A. C. Saller1,2, Scott Habershon1,2 

1 Department of Chemistry, University of Warwick, CV4 7AL, Coventry 

2 Centre for Scientific Computing, University of Warwick, CV4 7AL, Coventry 

 

The computational study of the quantum dynamics of non-trivial systems heavily relies on efficient expansion 
of the inherently complex, multidimensional wavefunction to facilitate propagation in time. At present, basis 
sets employed in quantum dynamics simulations generally fall into one of two classes. Basis sets which, after 
having initially been distributed in phase space, remain constant thereafter, with time propagation being solely 
expressed through variation of a set of expansion coefficients, are commonly referred to as being “time-
independent”. Conversely, if basis functions are propagated through phase space alongside their coefficients,  
the resulting basis set is termed “time-dependent”. 

While the aforementioned strategies have been employed in numerous, successful quantum dynamics 
simulations, they both carry with them an inherent set of drawbacks [1]. Due to their static nature, time-
independent basis sets must strive to describe the wavefunction across all of phase space at all times, based 
only on the information available during their initial sampling. In practice, this results in very large basis sets, 
spanning all of relevant phase space in a grid-like manner, leading to unfortunate exponential scaling. Time-
dependent basis sets, while enabled by their dynamic character to remain smaller in size, can violate energy 
conservation laws unless propagated using variational equations of motion. Furthermore, basis function 
propagation can suffer greatly from numerical ill-conditioning. 

In a recent publication [2], we introduced a novel approach to basis set sampling capitalising on the 
advantages of both aforementioned strategies, while avoiding their drawbacks. We sample phase space 
using a set of trajectories to selectively place basis functions in regions relevant to wavefunction propagation. 
Treating the resulting basis set time-independently yielded very encouraging results for two challenging 
benchmark problems, namely the relaxation dynamics of photo-excited pyrazine and the Spin-Boson 
Hamiltonian. 

We are currently aiming to address the key assumption of this technique, namely, the validity of classical 
trajectories as an approximation to quantum dynamics, which is known to only be sound in the short time 
limit. We submit that short bursts of trajectory sampling will result in a small, highly accurate adaptive basis 
set, resampled and optimized via the matching pursuit algorithm. 

[1] S. Habershon, J. Chem. Phys., 136 014109 (2012) 
[2] M. A. C. Saller, S. Habershon, J. Chem. Theo. Comput., 11 8 (2015) 
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Single-conformation Spectroscopy: One Good Turn Deserves Another 

T. Zwier 

Dept. of Chemistry, Purdue University, West Lafayette, IN 47907-2084 U.S.A. 

 
By coaxing molecules and ions into the gas phase and cooling them to within a few degrees of absolute zero, 
we are afforded an opportunity to study the inherent conformational preferences of large, flexible molecules 
free from the obscuring effects of surrounding solvent or crystalline packing.  Using IR-UV double resonance 
laser spectroscopy methods, we record the IR and UV spectra of single conformations of the molecules of 
interest free from interference from one another. 

This talk will describe recent results from various projects in the Zwier laboratory at Purdue that share in 
common the presence of a secondary structural turn that folds the backbone back on itself.   

(1) Laser-induced fluorescence and fluorescence-dip infrared spectroscopy has been carried out on a series 
of phenylalkanes with alkyl chains up to ten carbons in length.  Molecules in this series undergo a fascinating 
transition from extended to folded back over the phenyl ring, with transition to the latter occurring at about 
n=8.   



(2) Using laser desorption coupled with a supersonic expansion, we studied the neutral peptide Ac-Ala-Gln-
NHBn via resonant ion-dip infrared spectroscopy.  This peptide folds into a type I beta-turn stabilized by the 
glutamine side chain.   

(3)  Using our cryocooled ion-trap instrument, we have recorded single-conformer IR spectra of protonated 
YGGFL and its methyl-capped derivative YGGFL-OMe.  These ions share a common secondary structural 
motif involving incipient formation of a single-strand anti-parallel β−sheet via a type II β−turn.   

(4) Finally, time allowing, initial results utilizing microwave-microwave double-resonance methods as a tool 
for obtaining conformer-specific spectra using chirped-pulse Fourier transform microwave (CP-FTMW) 
spectroscopy will be described.   

 

Contributed Talks: 

The Cyclic Water Heptamer  

Media Kakaee, Thiviyan Thanapalasingam, Shengfu Yang, Andrew M. Ellis  

Department of Chemistry, University of Leicester, LE1 7RH, Leicester, UK 

 

The cyclic form of the isolated water heptamer, (H2O)7, has been discovered. This cluster was formed inside 
a liquid helium nanodroplet and detected by infrared laser spectroscopy. To distinguish the heptamer from 
the hexamer, a mass filtering technique was used to strip away any contributions from the latter to the IR 
spectrum. Despite the existence of lower energy isomers the cyclic structure of the heptamer is formed 
preferentially in superfluid helium, continuing the trend seen previously in the case of the cyclic water 
hexamer [1] [2]. In addition, a weak peek at 2970 cm-1 in the heptamer mass channel has also been see, 
which disappears for (H2O)8. This is indative of a small quantity of a non-cyclic form of the hexamer present 
in the helium droplets.  

[1] K. Nauta, R. E. Miller, Science 287, 293 (2000). 
[2]  C. J. Burnham, S. S. Xantheas, M. A. Miller, B. E. Applegate, R. E. Miller, J. Chem. Phys. 117, 1109 (2002). 
 

Conformational flexibility in odorants  

Donatella Loru, Natasha Jarman, M. Eugenia Sanz 

Department of Chemistry, King’s College London, London SE1 1DB, UK 

 
Chirality plays a central role in many biological interactions. One of the most intriguing examples involves our 
sense of smell. There are enantiomers that smell differently while others have the same smell. These different 
responses to enantiomers are puzzling and refer to a fundamental question that is still unsolved: how does 
the human olfactory system recognize an odorant? What are the molecular mechanisms by which odorants 
are identified? Enantiomers constitute interesting models to explore the factors that determine receptor 
response. It has been proposed that enantiomeric discrimination is related to molecular flexibility. To test this 
hypothesis, we are investigating the conformational space of several odorants with enantiomers that produce 
different responses from olfactory receptors using a chirped-pulsed Fourier transform microwave 
spectrometer recently built at King’s College London. Here we present our results on the conformational 
flexibility of limonene oxide and dihydrocarveol.  

 

Competition between Intermolecular Forces in Molecular Complexes  

C. Medcraft1,2, S. Zinn2, M. Schnell2  

1Newcastle University, School of Chemistry, Newcastle upon Tyne, UK  
2Max Planck Institute for the Structure and Dynamics of Matter, Hamburg, Germany  

 

Broadband microwave spectroscopy was used to examine the balance between dispersion forces and 
hydrogen bonding in the diphenyl ether (DPE)-methanol complex. This is an ideal model system to study 
such phenomena as the monomer units can bind via many different intermolecular interactions. Methanol 
typically forms molecular complexes via hydrogen bonds, however in larger alcohols dispersion forces 
dominate. Both the ether oxygen and π electrons of DPE are potential hydrogen bond acceptors. The 



structural flexibility of DPE should permit a number of possible conformers to exist in the gas phase thus 
providing an interesting test of theory and experiment.  

 
 

Figure 1: A portion of the rotational spectrum of the diphenyl ether-methanol complex. Experimental spectrum is 
shown in black (top), a simulation from a semi-rigid rotor fit is shown below in blue showing the splitting in rotational 

transitions from the methyl rotor. Splitting of the diphenyl ether monomer transitions is also observed.  
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Three-dimensional Imaging using the Pixel Imaging Mass Spectrometry (PImMS) camera 
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2The Chemistry Research Laboratory, The Department of Chemistry,  
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The Pixel Imaging Mass Spectrometry (PImMS) camera [1, 2] is used in a proof-of-principle three-
dimensional imaging experiment on the photodissociation of carbonyl sulfide and ethyl iodide at 230 and 245 
nm, respectively. Coupling the PImMS camera with DC-sliced velocity-map imaging [3-5] allows the complete 
three-dimensional Newton sphere of photofragment ions to be directly recorded with a timing precision of 
12.5 ns, avoiding the constraint of cylindrical symmetry in reconstruction methods like Abel inversion. 
Individual time slices and a four-dimensional (4D) plot, I(x, y, t), of the CO+ Newton sphere are presented in 
Figure 1. 

               
 
 

Figure 1: (a) The individual time slices and (b) 4D plot of the CO+ Newton sphere following the one colour 
photodissociation of OCS at 230 nm recorded using the PImMS1 camera. Each number indicates the time bin of the 

slice image, with each bin spanning 12.5 ns. The central slice occurs at time code 1785.  
 

(a) (b) 



Applications of PImMS to 3D imaging, and 2- and 3-fold covariance mapping are presented. 

 
[1] K. Amini, S. Blake, M. Brouard, M. Burt, E. Halford, A. Lauer, C. S. Slater, J. W. L. Lee, C. Vallance, Rev. Sci. 
Instrum., 86 103113 (2015) 
[2] J. J. John, M. Brouard, A. Clark, J. Crooks, E. Halford, L. Hill, J. W. L. Lee, A. Nomerotski, R. Pisarczyk, I. 
Sedgwick, C. S. Slater, R. Turchetta, C. Vallance, E. Wilman, B. Winter, W. H. Yuen, JINST, 7, C08001 (2012) 
[3] D. W. Chandler, P. L. Houston, J. Chem. Phys., 87, 1445 (1987) 
[4] A. T. J. B. Eppink, D. H. Parker, Rev. Sci. Instrum., 68, 3477 (1997) 
[5] D. Townsend, M. P. Minitti, A. G. Suits, Rev. Sci. Instrum., 74, 2530 (2003) 
 

 

Cavity Enhanced Raman Spectroscopy (CERS), an innovative technique for studying the 

formation and uptake of hydrogen by bacteria 

T.W. Smith, M. Hippler 

Department of Chemistry, University of Sheffield, Sheffield S3 7HF 

 

With current concerns about curbing emissions of greenhouse gases and dwindling supplies of fossil fuels, 
H2 is a promising replacement. Biologically derived hydrogen (biohydrogen) is a promising alternative to other 
sources of the gas as it provides efficient H2 production without the need for precious metal catalysts and 
with minimal greenhouse gas emissions. However, optimising this biological process for commercial H2 
production requires a reliable method for measuring the concentration of H2, ideally on-line and in situ. With 
existing analytical techniques, it is difficult to monitor hydrogen in situ reliably and quantitatively. Recently, we 
have introduced a highly sensitive technique for detecting Raman active gases, Cavity Enhanced Raman 
Spectroscopy (CERS). [1,2]  

 

Here we present the application of CERS to the simultaneous on-line, in situ and quantitative detection of H2, 
N2, O2 and CO2 in the headspace of glucose and glycerol fed Escherichia coli. Adding D2, we are also able to 
observe the reverse process of hydrogen consumption simultaneously with hydrogen production, due to the 
different spectroscopic signature of these isotopomers. This allows us to separate the two processes and to 
obtain kinetic parameters for hydrogen production and consumption by Escherichia coli. [3] 

[1] R. Salter, J. Chu, M. Hippler, Analyst, 137, 4669 (2012). 
[2] M. Hippler, Anal. Chem., 87, 7803 (2015). 
[3] T.W. Smith, M. Hippler, in preparation. 
 
 
 
 
 
 
 
 



INFAMOS: A new method for radical detection 

X. Wu, M. Gianella, G.A.D. Ritchie 

Department of Chemistry, Physical and Theoretical Chemistry Laboratory,  

University of Oxford, South Parks Road, Oxford OX1 3QZ (UK) 

 
Intra-cavity Faraday modulation spectroscopy (INFAMOS) is a novel technique for the sensitive and 
selective detection of paramagnetic species. In a magnetic field, the Zeeman effect lifts the 
degeneracy of a paramagnetic molecule’s rovibrational transitions and induces magnetic circular 
birefringence (MCB) in the sample, i.e. left-hand (LHCP) and right-hand (RHCP) circularly polarized 
light experience different refractive indices. Consequently, the plane of polarization of linearly 
polarized light (a superposition of LHCP and RHCP in equal amounts) propagating through a 
paramagnetic sample in a longitudinal magnetic field will be rotated by an angle Θ (Faraday effect), 
which is dependent on the magnitude of the magnetic field and the concentration of the sample. 
 
We will present a mid-infrared quantum cascade laser spectrometer (λ = 5.2 µm) coupled with a 
linear optical cavity, along which a sinusoidally modulated  magnetic field (fm = 7 kHz, B = 120 Gauss 
peak-peak) is generated by a water-cooled solenoid. The rotation of the plane of polarization is 
measured indirectly through the intensity modulation that results from the periodic change in Θ when 
the beam passes through a polarizer. The system employs optical feedback to maximize the time 
spent on each cavity mode (~5 ms) during a wavelength sweep, allowing phase-sensitive detection 
with time constants of the order of 100 µs. Preliminary measurements with trace amounts of nitric 
oxide (NO) will be shown. In particular, the sensitivity and selectivity of the system are illustrated by 
the measurement of the 15N16O isotope at parts-per-billion level concurrently with strong water 
absorption. 
 

 

 

 

 

 

 

 

 

 

 

 

Multiply Quantized Vortices in Superfluid Helium Droplets 

Aula Al Hindawi1, Andrew M. Ellis1 and Shengfu Yang1* 

Department of Chemistry, University of Leicester. Leicester LE1 7RH, UK 

 

The quantization of circulation in a superfluid is one of the most remarkable macroscopic showcases of 
quantum mechanics. In superfluid 4He this circulation is carried by atoms rotating around vortex lines with 
an angular momentum equal to integer (n) quanta of ћ, where ћ is the Dirac constant. Despite the possibility 
of multiply quantized vortices (n ≥ 2), only singly quantized vortices have so far been identified. This was 
thought to be the result of the significantly higher energy (proportional to n2) of multiply quantized vortices 
than those of singly quantized vortices, which means that the former can decay into the latter. However, our 

 

Figure 2 Faraday rotation (INFAMOS) and optical 

feedback cavity enhanced absorption signal (OF-CEAS) 

of a 15N16O absorption line (55 ppb, 60 Torr). 

 

Figure 1 Diagram of the mid-infrared spectrometer for 

INFAMOS. 



experiments provide evidence that multiply quantized vortices can occur in droplets of superfluid helium 
produced by expansion of liquid helium into vacuum through a pinhole nozzle. By doping helium droplets with 
metal atoms and imaging their aggregates on deposition targets, we observed the nanoparticle distribution 
that is consistent with vortices showing faster rotation (higher angular momentum). Our experiments also 
suggest that multiply quantized vortices have sufficiently long lifetimes (> 1 ms) for their effect to be seen in 
droplets of superfluid 4He. 
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 P1. Photodesorption of NO from Au(100) using 3D-velocity map imaging 

Saada Abujarada1,2*, Gemma L. Draper1.2 , Huda Alsalem1,2, Sven P.K. Koehler1,2,3 

1School of Chemistry, The University of Manchester, Manchester M13 9PL, UK  2Photon Science Institute, The University of 

Manchester, Manchester, M13 9PL, UK 
3 Dalton Cumbrian Facility, The University of Manchester, Moor Row, CA24 3HA, UK 

 
Velocity map imaging (VMI) techniques have been successfully applied to many gas-phase photodissociation 
and crossed-beam experiments over the last 20 years. Here, we have combined the velocity map imaging 
technique with the time-of-flight technique to investigate the photo-stimulated desorption of NO pre-adsorbed 
on an Au(100) single crystal. The 3-dimensional velocity distribution of NO desorbing from Au(100) can be 
determined through the acquisition of TOF data that yields the velocity component along the surface normal 
and velocity map imaging which yields the velocity component in the plane parallel to the surface, 
respectively. NO molecules are photo-desorbed from a Au(100) surface using a 355 nm desorption  laser. A 
REMPI probe laser was focussed using a cylindrical lens to create a laser ‘sheet’ a few mm in front of the Au 
crystal to detect a large range of angular distributions.  

The overall speed distribution is rather narrow and faster than a thermal Maxwell-Boltzmann distribution at 
the surface temperature would be. 

 

Figure 1: Angle-resolved speed distribution of NO desorbing from Au(100). 
 

P2. Mass-selected infrared photodepletion spectroscopy of Sr(NH3)n complexes: 

comparison with theory 

Munirah D. Albaqami and Andrew M. Ellis 

Department of Chemistry, University of Leicester, Leicester LE1 7RH, UK 

 

The first mass-selected infrared photodepletion spectra have been recorded for Sr(NH3)n complexes in the 
gas phase. Infrared spectra have been obtained for n = 6-10 in the N-H stretching region. The spectroscopic 
results have been supported by calculations performed at both MP2 and DFT (B3LYP) levels of theory. The 
calculations show that the lowest energy isomer for n ≤ 8 consists of a single solvation shell. For the n = 8 
complex, the IR photodissociation spectrum exhibits two strong IR absorption bands which are considerably 
redshifted from those of free ammonia molecules, demonstrating the strong interaction between the strontium 
atom and ammonia solvent molecules. The IR spectra have been used to explore the solvation structure of 
Sr(NH3)n complexes, and in particular the number of NH3 molecules that can be accommodated in the first 
solvation shell. 

 

P3. See abstract for Contributed Talk by Kasra Amini in Session 7 

 

 

 

 

 



 

P4. Ultrafast Photoprotecting Sunscreens in Natural Plants 

Lewis A. Baker1,2, Michael D. Horbury1, Simon E. Greenough1, Florent Allais3,4,5,  

Patrick S. Walsh6, Scott Habershon1,2 and Vasilios G. Stavros1 
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3 Chaire Agro-Biotechnologies Industrielles, AgroParisTech, F-51100, Reims, France. 

4 UMR, GMPA, AgroParisTech, INRA, F-78850 Thiverval-Grignon, France. 
5 UMR, IJPB, AgroParisTech, INRA, F-78026 Versailles, France. 

6 Department of Chemistry, Purdue University, West Lafayette, Indiana, 47907-2084, United States. 

 
We explore the ultrafast photoprotective properties of a series of sinapic acid derivatives in a range of 
solvents, utilising femtosecond transient electronic absorption spectroscopy [1]. We find that a primary 
relaxation mechanism displayed by the plant sunscreen sinapoyl malate and other related molecular species, 
may be understood as a multi-step process involving internal conversion of the initially photoexcited 11ππ* 
state along a trans-cis photoisomerisation coordinate, leading to the repopulation of the original trans ground 
state isomer or the formation of a stable cis-isomer [2,3]. 

 
 
 
 
 
 
 
 
 
 
[1] Lewis A. Baker, et al., J. Phys. Chem. Lett., 2016, 7, 56-61. 
[2] Jacob C. Dean, et al., J. Am. Chem. Soc., 2014, 136, 14780-14795. 
[3] Tolga N. V. Karsili, et al., J. Phys. Chem. A, 2014, 118, 11999-12010. 

 

 P5. Molecular-beam scattering of OD radicals from atmospherically relevant liquid surfaces  

R. H. Bianchini, M. A. Tesa-Serrate, M. L. Costen, K. G. McKendrick, 

Institute of Chemical Sciences, School of Engineering and Physical Sciences, Heriot Watt Univeristy, Edinburgh, UK.  

 
The aim of the work is to study the inelastic scattering of OH (or OD, for technical reasons) radicals from a 
series of continuously refreshed liquid surfaces, of interest in atmospheric chemistry, using a newly 
developed molecular-beam source. OD radicals are produced by a DC electrical discharge of D2O seeded in 
a carrier gas. The radicals are then detected via laser-induced fluorescence (LIF), which probes the internal 
energy distribution of the ingoing and scattered species. The liquid surfaces studied so far have been the 
potentially reactive surfaces squalane (C30H62, 2,6,10,15,19,23-hexamethyltetracosane) and squalene 
(C30H50, trans-2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-hexaene), with a perfluorinated 
polyether (PFPE, Krytox® 1506) used as an inert reference. The collision energy of the incoming radicals 
can be modified by changing the carrier gas of the molecular beam. The ingoing beam was scattered at 
normal incidence from the liquid surfaces. 

In this experiment, the molecular beam was seeded in He and in Ne, giving lab-frame collision energies of 
26 kJ mol-1 and 5.3 kJ mol-1, respectively. In both carriers, the ingoing OD was rotationally cooled to below 
100 K. Initial analysis of the scattered species shows that the survival probabilities from the different liquids 
follow qualitatively similar trends at both collision energies, with squalene having a much lower survival 
probability than squalane. This appears to be consistent with previous results obtained by the McKendrick 
group using alternative photolytic sources of translationally hot OH[1-3]. The exact differences in survival 
probability at the two collision energies are currently under investigation.  Other subtle differences in the 



appearance profiles and excitation spectra of the scattered species will be discussed. Further insights about 
the properties of the scattered species are obtained from realistic Monte Carlo simulations.  

[1] P. A. J. Bagot, C. Waring, M. L. Costen and K. G. McKendrick, Journal of Physical Chemistry C, 112 10868-10877 
(2008). 
[2] C. Waring, K. L. King, P. A. J. Bagot, M. L. Costen and K. G. McKendrick, Physical Chemistry Chemical Physics, 
13 8457-8469 (2011). 
[3]K. L. King, G. Paterson, G. E. Rossi, M. Iljina, R. E. Westacott, M. L. Costen and K. G. McKendrick, Physical 
Chemistry Chemical Physics, 15 12852-12863 (2013). 
 
 
 

 P6. The Geometries of PdC3 and PtC3 Characterised by Microwave Spectroscopy 

Dror M. Bittner1, Daniel P. Zaleski1, David P. Tew2, Nicholas R. Walker1, Anthony C. Legon2 

1 School of Chemistry, Newcastle University, Bedson Building, Newcastle upon Tyne, Tyne and Wear NE1 7RU, United Kingdom 
2 School of Chemistry, University of Bristol, Bristol BS8 1TS, United Kingdom 

 

The pure rotational spectra of isotopologues of PdC3 and PtC3 have been measured in a pulsed nozzle chirp-
pulse Fourier transform microwave spectrometer in the frequency range 6.5-18.5 GHz. Laser ablation was 
used to introduce Pt and Pd atoms in the gas phase. PdC3 and PtC3 were observed when a low percentage 
of a hydrocarbon precursor diluted in 6 bar of argon was pulsed over the metal surface ablated by a 532nm 
Nd:YAG (second harmonic). Each spectrum was fitted to a semi rigid rotational Hamiltonian of a linear 
molecule. A complete experimental structure for PtC3 and partial structure for PdC3 were determined from 
the rotational constants in the ground vibrational state. 
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The challenge in microscope mode imaging mass spectrometry (IMS) is to simultaneously optimise both the 
mass and spatial resolving ability of an instrument whilst retaining a broad mass range.  

Project 1 Improving mass resolution using a reflection: to further improve the ToF mass resolution and the 
applicable mass range, a microscope-mode reflectron-MSI was designed using SIMION 8.1. The mass 
resolution achieved using the reflectron was 13800 (m/dm). 

Project 2 Improving spatial resolution using high electric field ion optics: we are simultaneously focusing on 
achieving a 100 nm spatial resolution for microscope-mode imaging. An instrument prototype has been 
designed in silico using SIMION 8.1 with a resolution of 660 nm. 

[1] M. Brouard, et al., Rev. Sci. Instrum.  83, 114101, (2012) 
[2] http://pimms.chem.ox.ac.uk/index.php 
[3] B.Winter, et al., Int.  J. Mass Spectrom.356, 14-23,(2013) 
[4] E. Halford, et al., Rapid Comms. Mass Spectrom. 28, 15, 1649-1657,(2014) 
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The dissociation dynamics of strong field ionized 1,2-dibromoethane (DBE) have been explored 
using femtosecond XUV transient absorption spectroscopy. Dynamics are initiated using a strong 
field nIR pump pulse, and are probed by the atomic specific XUV absorption of the 3d levels on Br. 

We observe elimination of Br atoms in charge 
states of 0, +1 and +2, with characteristic 
lifetimes of 300 fs, 75 fs and 30 fs, respectively. 
Associated with each charge state of Br 
elimination product is a transient molecular 
feature, whose lifetime matches the 
appearance of atomic products. Using both the 
XUV absorption spectrum, and the power 
dependency of the different fragmentation 
channels, we are able to assign these transient 
states as DBE*, DBE+ and DBE++. 
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The adsorption of hydrogen on transition metals, in particular iron, is relevant to a 
variety of technological processes. Arguably the one of greatest importance is the 
Haber-Bosch process, converting H2 and N2 gas into ammonia, a feedstock for 
fertiliser production. We employed density functional theory to compute a variety of 
properties for hydrogen adsorbed on a bcc Fe(110) surface, for coverages ranging 
from 25 to 100 %. The quasi-threefold site is most stable. Adsorption energies of 
~3.0 eV/H were found for all coverages studied. Frozen mode finite displacement 
phonon calculations were used to compute Fe-H vibrational frequencies, which vary 
between 730 and 1220 cm−1. These frequencies can help in the interpretation of 
high-resolution electron energy loss spectroscopy data and results from future non-
linear surface-spectroscopy measurements. 

 
 

Figure: H-Fe vibrational modes: (a) First frustrated translation normal mode, �� �� on (2×1) 

(θH = 50 %), (b) Second frustrated translation normal mode, �� �� on (2×2)-2H (θH = 50 %), 

(c) Stretch vibration, ��� on (3×1) (θH = 67 %). 
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Rapid and efficient energy redistribution processes in biological chromophores following ultraviolet (UV) 
absorption are vital in providing an inherent photoprotection. Important examples of this include the DNA 
bases and the melanin pigments. Utilising gas-phase spectroscopic techniques can provide valuable insight 
into the fundamental dynamics of this mechanism, free of intermolecular and solvent effects [1]. However, 
many large molecules of interest have low vapour pressures, with a propensity to decompose under vigorous 
heating, making gas-phase spectroscopy difficult. 

This work presents a soft thermal desorption technique [2], incorporated within a time-of-flight mass 
spectrometer (TOFMS) set-up, facilitating studies of the UV-photoprotection in non-volatile model biological 
chromophores. Back irradiation of a thin sample foil with a CW laser produces neutral plumes of the molecule 
of interest. Time-resolved pump-probe photoion yield measurements have been used to investigate UV 
relaxation dynamics in 4, 5 and 6-hydroxyindole, as well as 5,6-dihydroxyindole. These are constituent 
building-blocks of the eumelanin complex. 5,6-dihydroxyindole appears to exhibit significantly different 
energy redistribution mechanisms in comparison to the monohydroxy species, possibly confirming a 
previously proposed hypothesis regarding intramolecular H atom migration [3]. 

[1] S. De Camillis et.al., Phys. Chem. Chem. Phys., 17, 23643, (2015). 
[2] C. R. Calvert et.al., Phys. Chem. Chem. Phys., 14, 6289, (2012). 
[3] A. L. Sobolewski & W. Domcke, Chem. Phys. Chem., 8, 756 (2007).  
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Exciton diffusion is a physical process of fundamental 
importance for the efficiency of light-harvesting, 
photovoltaic and light-emitting systems. Nature-
inspired phthalocyanines and porphyrins are among 
the most studied molecular organic semiconductors 
due to their electronic and self-assembly properties. 
Starting from parameters obtained from quantum 
chemistry calculations and molecular dynamics 
simulations, we study singlet exciton diffusion in a 
phthalocyanine molecular crystal without assuming 
beforehand any transport regime (incoherent or 
coherent). The crystal structure of the octa-butoxy-
substituted metal-free phthalocyanine presents a 
pronounced 1D stacking.[1] Using a recently 
developed diabatization scheme,[2] we computed the 
excitonic couplings along the 1D stack, including 
short-range effects, considering multiple excited 
states per molecule and taking into account the effect 

of thermal fluctuations. The results show the robustness of this method and highlight the importance of short-
range interactions and thermal fluctuations in π-stacked aggregates. The average couplings were found to 
be in the 18-40 meV range, i.e. not much smaller than the reorganization energy (~100 meV), making 
impossible the definition of an incoherent hopping rate. In this context, we have proposed a model 
Hamiltonian able to include all the relevant ingredients to study the exciton dynamics. The model Hamiltonian 
is integrated within an Ehrenfest dynamics scheme, where the nuclear degrees of freedom are treated 
classically.  

 



[1] N. Rawat, Z. Pan, L. W. Manning, C. J. Lamarche, I. Cour, R. L. Headrick, R. Waterman, A. R. Woll and M. I. Furis, 
J. Phys. Chem. Lett., 6, 1834–1840 (2015). 
[2] J. Aragó and A. Troisi, J. Chem. Phys., 142, 164107 (2015). 
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The chemistry of free radicals is critical to media as varied as interstellar 
clouds, etching plasmas and planetary atmospheres. To date, the lack of a 
general source generating solely a specific free radical has led to a lack of 
information pertaining to the kinetics and chemistry of these ubiquitous 
species with surfaces.[1] Indeed, the paucity of data available to quantify 
the interaction of free radicals with surfaces has limited our understanding 
in this important field. This poster presents the work currently being 
undertaken at UCL to develop an apparatus that produces a pure beam of 
free radicals to conduct radical-surface experiments.  

The experimental techniques employed to produce fluxes of radicals for 
surface studies usually rely upon the dissociation of a molecule via a 
discharge, a method that produces the radical of interest amongst a wealth 
of other species such as ions, electrons and un-dissociated molecules.[2] 
When studying radical-surface interactions, current standard surface-science methods cannot generally 
selectively probe the interaction of individual radicals with a substrate, instead monitoring all reactions 
occurring on the surface (e.g XPS, RAIRS). Indeed, the presence of a significant number of species in 
addition to the radical of interest leads to convoluted datasets that cannot be interpreted easily. This poster 
presents the development of a pure source of free radicals that provides a generic method for producing a 
flux of radicals that consists overwhelmingly of one species.   

The pure radical beam is generated via negative ion photo-detachment (NIP). Well established techniques 
are used to generate a mass selected anion beam, which is photoionized yielding neutral molecules.  As 
described above, the apparatus is used to study radical-surface chemistry. To allow us to investigate radical-
surface reactions, the radical beam is coupled to an ultrahigh vacuum chamber where a substrate is irradiated 
by the neutral flux. Various surface science techniques are used to investigate the chemistry that may occur 
at the radical-surface interface including: reflection absorption infra-red spectroscopy (RAIRS), temperature 
programmed desorption (TPD), auger electron spectroscopy (AES) and X-ray photoelectron spectroscopy 
(XPS). In combination, these powerful surface science techniques are used to interrogate the species 
adsorbed on the target.  

 We will use the apparatus that is being built to study the chemistry that may be occurring between gas phase 
radicals and molecular ices (e.g. CN on water ice) accreted onto the dust grains found within the dense 
molecular clouds of the interstellar medium (ISM). It is known that radicals are present in these dusty, dark 
clouds however the precise molecular mechanisms that occur between the surface of dust grains and gas 
phase radicals is unknown.[3] Studying these reactions will provide kinetic data that will further our 
understanding of the chemistry occurring in interstellar space.[4]  This poster presents the results of the initial 
experiments performed during the commissioning of this apparatus.   

[1] J. A. Stillahn, K. J. Trevino, E. R. Fisher, in Annual Review of Analytical Chemistry, Vol. 1, Annual Reviews, 
Palo Alto, 2008, pp. 261-291. 

[2] K. Ikejiri, H. Ohoyama, Y. Nagamachi, T. Teramoto, T. Kasai, Chemical Physics Letters 2003, 379, 255-260. 
[3] A. Sternberg, A. Dalgarno, S. Lepp, Astrophysical Journal 1987, 320, 676-682; P. Theule, F. Duvernay, G. 

Danger, F. Borget, J. B. Bossa, V. Vinogradoff, F. Mispelaer, T. Chiavassa, Advances in Space Research 
2013, 52, 1567-1579. 

[4] H. Feuchtgruber, F. P. Helmich, E. F. van Dishoeck, C. M. Wright, Astrophysical Journal 2000, 535, L111-
L114. 
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Perfluoronated solvents are known to hold large volumes of small gaseous molecules, a property 
exploited for liquid breathing applications popularized in science fiction films such as James 
Cameron’s The Abyss.  This property is due to the non-interacting nature of perfluoronated 
molecules, which result in open cavities in the solvent where gas molecules can sit without 
significant disruption to the bulk liquid structure.  These solutions provide an inert environment in 
which to study chemical reaction dynamics, almost entirely free from perturbative dipolar and Van 
der Waals interactions.  The spectral linewidth of solute molecules in these environments therefore 
exhibit only minor inhomogeneous broadening, resulting in highly resolved spectra.  Here, we 
present the transient absorption spectra of CN radicals produced from BrCN photolysis at 220 nm 
in perfluorohexane solution.   From the detailed broadband spectrum, we demonstrate that the 
solute translational, rotational, and vibrational dynamics can be simultaneously observed in 
solution with unprecedented detail.  These experiments demonstrate the value of perfluoronated 
solvents for bridging the gap between chemical physics in the gas and liquid phase environments. 
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Mass resolved Resonance Enhanced MultiPhoton Ionization (REMPI) spectra along with Velocity Map 
Images (VMI) of fragment ions, can gain valuable insight into the nature and photofragmentation dynamics 
of excited states in molecules. Perturbations in mass resolved REMPI spectra of HBr, which appear as 
rotational line shifts and line intensity alterations, reveal state interactions between Rydberg and valence (ion-
pair) states. Fragment ion (H+, Br+) formations are found to be enhanced with an increasing valence state 
character of the mixed state. Interaction strengths and fractional mixing of the states are derived from de-
perturbation calculations, based on the line positions as well as from a model calculations of relative  ion 

signal intensities. Determination of H+ kinetic energies 
released in REMPI of HBr from velocity map images (Fig. 1) 
for resonance excitations to Rydberg and ion- pair states 
reveal a number of different photofragmentation mechanisms. 
Analysis of angular distributions of the images (Fig. 1) allow 
characterization of the states involved in the 
photofragmentation processes. The combined data is used to 
gain insight into the effect of excited state interaction on 
photodissociation and photoionization processes. 

 
Figure 1. H velocity map image following REMPI excitation of HBr 

and relevant kinetic energy release (KER) spectrum of H+ for a 
resonance excitation to a Rydberg state. 

 

 

 
[1] C. Romanescu, H. P. Loock, Journal of Chemical Physics, 111 124304 (2007)  
[2] J. Long, H. Wang, Á. Kvaran, Journal of Mol. Spectroscopy, 282 20-26 (2012)  



[3] D. Zaouris, A. Kartakoullis, P. Glodic, P. C. Samartzis, H. R. Hróðmarsson, Á.  
Kvaran, PCCP, 17 10468-10477 (2015)   
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The spectroscopy of bromomethanes have been studied both 

experimentally and theoretically for decades. Resonance 

Enhanced MultiPhoton Ionization (REMPI) allows transitions to 

high energy Rydberg states of the parent molecules, CiHBr3, 

where i=1,2, followed by dissociation. Mass spectra revealed 

formation of CiH+ ions that showed band structures in the one-

photon excitation region of 40 200 – 41 600 cm-1.[1] A band 

structure for C1H+ was simulated and assigned to the one-

photon resonance excitation (2)D2
�(v’=2) ← A2

�(v’=0) 

followed by one-photon ionization (i.e., (1r+1i) REMPI).  Some 

unidentified spectral features could not be simulated.  

Theoretical calculations predict 3 bound state, (4)2
�, (3)2

� and 

(3)2
�

+ and 1 repulsive 2� state (Fig.1) near the (2)D2
�(v’=2) 

state.[2][3] Effects of v’ dependent isotope shifts, along with 

spectral  simulations,  allowed clarifications of the spectra 

features and identification of the complicated energy region of 

concern. The (4)2
� state, not observed before, was 

characterized.   

 

 Figure 1. Calculated potential curves for the CH molecule.[2] Red box indicates energy region of interest. The blue 
circle highlights the CH* state formed in REMPI of CHBr3. 

 

[1] A. Hafliðson, H. Wang, Á. Kvaran, PCCP, 18, xxxxx (2016)  
[2] E. F. van Dishoeck, Journal of Chemical Physics, 110 196-214 (1986)  
[3] G. J. Vázquez et al., Journal of Chemical Physics, 126 164302-164313 (2007)  
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Our experiment investigates the ionisation and fragmentation of small hydrocarbon molecules following 
electron impact in the energy range from 10 to 100 eV. Currently, there is a need for accurate data on electron 
ionisation processes occurring in light hydrocarbon molecules for the modelling of a variety of naturally 
occurring and industrial plasmas. 

The molecules to be studied are cooled via a pulsed supersonic expansion to produce a molecular beam, 
which is crossed by a pulsed electron beam of defined kinetic energy. A velocity-map imaging mass 
spectrometry detection scheme gives information on the yield of each fragment, i.e. the partial ionization 
cross sections, and on the velocity and angular distribution of each fragment. 

The partial ionisation cross sections obtained are normalised to the total ionisation cross sections recorded 
on another experiment in our lab. Experimental ionisation cross sections and binary-encounter 
Bethe[1,2] calculations stand in a good agreement, as previously reported by Bull et al.[3]. 



We present initial measurements and outline future experiments. Furthermore, initial theoretical results will 
be presented and compared to available literature. 

[1] Y.-K. Kim, M.E. Rudd, Physical Review A 50 3954 (1994). 
[2] W. Hwang, Y.-K. Kim, M. E. Rudd, Journal Chemistry Physics 104 2956 (1996). 
[3] J.N. Bull, P.W. Harland, C. Vallance, Journal of Physical Chemistry A, 116 767 (2012). 
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Malignant melanoma is currently one of the most common cancers in 
the UK, with the number of reported cases growing significantly year on 
year. Given the recognized importance and widespread commercial use 
of sunscreens, remarkably little is known about how these molecules 
disperse the highly harmful UV energy at the molecular level.  Gaining 
insight into this will inevitably facilitate the development of new and more 
efficacious sunscreens. [1] Commercial sunscreens are complex 
multicomponent systems however, a small number of recent, high-
profile studies have shown key organic components can be studied 
individually in the gas-phase, away from the complications of the 
complex sunscreen mixture. [1][2] Oxybenzone is one such organic 
sunscreen molecule. One key area of research that has been largely 
ignored to date is how the UV absorption properties of the sunscreen 
are affected if this molecule is protonated or deprotonated. All 
commercial sunscreen mixtures include water as a major component 
and, in the context of the typical acidity of skin, 
protonation/deprotonation of the organic component is highly likely. This 

poster will present a study to explore the use of an Ultraviolet photo-dissociation mass spectrometry 
instrument to record the UV spectra of oxybenzone in its protonated and deprotonated forms and observe 
any photofragments produced upon irradiation. Time Dependent Density Functional Theory (TDDFT) is used 
in conjunction with the experimental work to predict UV/Vis spectra and orbital transitions. 

[1]. V. G. Stavros, Nature Chemistry, 6, 955, (2014) 
[2]. E. M. M. Tan, et al. J. Phys. Chem. Letts. 5, 2464, (2014)  
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Switching the physical properties of functional molecular materials to metastable states using external 
perturbations is of great interest for future electronic and information storage technologies. Through the use 
of femtosecond magneto-optical (MO) techniques [1–3], spin dynamics on a picosecond timescale was 
recently observed in the vanadium-chromium Prussian Blue Analogue (V-Cr PBA), which is a room-
temperature molecule-based magnet [4]. It was identified that charge-transfer processes affect the super-
exchange interactions and thereby also the MO signal. How the spin dynamics is affected by the type of 
charge-transfer mechanism, as well as other PBAs, will be the subject of future studies.  

 
Figure 1. A potential, 

optimised structure of a 
singly protonated 

oxybenzone molecule 
 



The Johansson group’s newly constructed ultrafast spectroscopy setup can carry out transient transmission 
and MO measurements. Magnetic molecular materials are excited with pulses from either a tuneable NOPA 
(490 – 1100 nm) or the second harmonic of a titanium sapphire regenerative laser (400 nm). The change in 
transmission and/or MO signal is monitored using a white-light supercontinuum generated in a sapphire plate. 
The MO signal is measured using a balanced two-photodiode detector and lock-in amplifiers. A cryostat 
allows for temperature-dependent measurements in the range of 4 – 500 K to be made.  

We have synthesised thin films of the V-Cr PBA using electrochemical deposition on glass substrates coated 
with conductive layers of indium tin oxide (ITO) or fluoride-doped tin oxide (FTO). The films are of sufficiently 
high optical quality to be used in the MO measurements. Transient transmission results obtained in the lab 
in Edinburgh on these films will be presented, which show agreement with the recent study on the dynamics 
in the V-Cr PBA  [4].  

[1]  E. Beaurepaire, J.-C. Merle, A. Daunois, and J.-Y. Bigot, Phys. Rev. Lett. 76, 4250 (1996). 
[2]  J.-Y. Bigot and M. Vomir, Ann. Phys. 525, 2 (2013). 
[3]  A. Kirilyuk, A. V. Kimel, and T. Rasing, Rep. Prog. Phys. 76, 026501 (2013). 
[4]  J. O. Johansson, J.-W. Kim, E. Allwright, D. Rogers, N. Robertson, and J.-Y. Bigot, Submitted (2015). 
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The dynamics of ferulic acid (3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid) and caffeic acid (3-(3,4-
dihydroxyphenyl)-2-propenoic acid) in acetonitrile, dioxane and pH 2.2 water following photoexcitation to the 
first excited singlet (S1) state are reported. These hydroxycinnamic acids display both strong ultraviolet 
absorption and potent antioxidant activity, making them promising sunscreen components. 
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Gas-phase studies of metal ion complexes provide better understanding of metal-ligand interactions and 
metal ion solvation, phenomena which underlie fundamental processes in chemistry, biology, geochemistry 
and astrophysics.1  The development of tuneable infrared optical parametric oscillators/amplifier (IR-OPO/A) 
lasers has made IR – Resonance Enhanced Photodissociation (IR-REPD) experiments possible on gas-
phase metal ion - ligand species, where low sample densities have previously prevented absorption 
measurements.  

In IR-REPD experiments, the parent signal of interest is monitored as the IR-OPO/A laser is scanned in the 
vicinity of the fundamental vibrational frequencies of the molecules interacting with the metal ion. Once the 
IR photon energy is resonant with a particular vibrational frequency, absorption of IR photons ensues followed 
by intramolecular vibrational redistribution (IVR) and eventual dissociation, leading to depletion of the parent 
ion signal. Integrating the parent ion signal as a function of IR photon energy yields the IR-REPD spectra of 
the species being monitored. 

This poster will present the IR-REPD spectra of Ar-tagged M+-(CO2)n complexes (where M=Co, Rh and Ir).2 
The IR-REPD spectra, in conjunction with quantum calculations, provide a wealth of information regarding 
the nature of the interaction of the ligands with the metal centre such as geometry/symmetry, maximum 
coordination number, ligand binding strengths and explain the trends in chemical properties of Group 9 



metals. Preliminary experiments with Group 9 metals and mixed chromophores were also performed and as 
such, will also be presented in the poster. 

 [1] M. A. Duncan, Int. Rev. Phys. Chem., 22, 2010 
[2] A. Iskra, A. S. Gentleman, A. P. Sharp, M. J. Kent and S. R. Mackenzie, manuscript in preparation 
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Electron transfer (ET) is one of the most common excited state processes observed in molecules and is a 
key step in a wide range of reactions, such as photosynthesis. Controlling excited state ET is a long-standing 
aim in the dynamics community, and there are a number of theoretical models that suggest routes by which 
such control could be exerted [1]. Recently, the first examples of the modulation of excited state ET rates [2] 
and pathways [3,4] using infrared light have been reported. In these molecules, perturbation of the excited 
state by pumping specific vibrational modes alters ET behaviour. 

 

 

 

We present time-dependent density functional theory (TD-DFT) calculations to explain the excited state ET 
perturbation for a set of 3 platinum complexes [3,4]. We propose that low energy excited state cross-overs 
are responsible for the ‘IR control’ effect and rationalise the differing magnitude of the IR control effect 
observed in experiments.  

[1] S. S. Skourtis, D. H. Waldeck, D. N. Beratan, The Journal of Physical Chemistry B, 108 15511 (2004) 
[2] Z. Lin, C. M. Lawrence, D. Xiao, V. V. Kireev, S. S. Skourtis, J. L. Sessler, D. N. Beratan, I. V. Rubstov, The 
Journal of the American Chemical Society, 131 18060 (2009) 
[3] M. Delor, I. A. Scattergood, I. V. Sazanovich, A. W. Parker, G. M. Greetham, A. J. H. M. Meijer, M. Towrie, J. A. 
Weinstein, Science, 346 1492 (2014) 
[4] M. Delor, T. Keane, P. A. Scattergood, I. V. Sazanovich, G. M. Greetham, M. Towrie, A. J. H. M. Meijer, J. A. 
Weinstein, Nature Chemistry, 7 689 (2015) 
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Fenchone (C10H16O) is a bicyclic terpene widely used in the perfume and flavour industries as a natural 
compound of the essential oil of fennel. It exists as two enantiomers that are described to elicit the same 
smell, and it is not expected to be conformationally flexible. As part of our studies on the relationship between 
conformational flexibility and olfactory response to odorants, we have undertaken the structural 
characterisation of fenchone using broadband rotational spectroscopy.  

The rotational spectrum of fenchone was investigated using our 2-8 GHz chirped pulse Fourier transform 
microwave spectrometer at King’s College London. Fenchone was placed in a bespoke heated reservoir 
attached to the nozzle and conducted to the vacuum chamber using Ne as a carrier bas at backing pressures 



of 5 bar. At the optimal temperature of ca. 70 °C, transitions corresponding to the parent species and all 13C 
and 18O isotopologues in natural abundance were observed. The experimental rotational constants of all 
isotopic species were used to determine the substitution (rs) and effective (r0) structures of fenchone. In 
addition, two 1:1 complexes of fenchone with water were identified in the rotational spectrum. In both 
complexes the water molecule binds to the carbonyl group through an O−H···O hydrogen bond. Calculations 
at the B3LYP, M06-2X and MP2 levels of theory with different basis set were carried out to compare their 
performance against experimental results.  

 
 
 
 
 
 
 
 
 

Figure 1. Broadband rotational spectrum of fenchone from 
3740 to 3810 MHz, showing the 202←101 rotational transition 

of the parent species and all 13C and 18O isotopologues in 
natural abundance. The asterisks indicate other transitions of 

the parent species. 
 

P25. Open-access optical microcavities for lab-on-a-chip spectroscopy. 

Chris Mason1*, Dean James1, Aurélien Trichet2, James Foster1, Naomi Omori2, Jason Smith2 and Claire 
Vallance1. 

1 Dept. of Chemistry, University of Oxford, 12 Mansfield Road, OX1 3TA, UK. 
2 Dept. of Materials, University of Oxford, Parks Road, Oxford, OX1 3PH, UK. 

 
Open-access optical microcavities provide a novel approach to performing label-free on-chip spectroscopic 
measurements in a microfluidic environment. Arrays of concave micromirrors are fabricated by focused ion 
beam milling of a suitable substrate followed by deposition of a suitable dielectric mirror coating [1].  Arrays 
of microcavities are constructed by positioning a micromirror array a few microns from a planar dielectric 
mirror. The resulting cavities have mode volumes of tens of femtolitres, with cavity finesse on the order of 
103 to 104. The small cavity lengths result in a large free spectral range, such that only one or a few 
wavelengths are resonant inside the cavity within the reflection bandwidth of the mirrors. This property is key 
to the use of the cavities in chemical sensing applications. The mirror separation can be controlled with sub-
nanometre precision using piezoelectric actuators, providing a simple mechanism for tuning the cavity 
resonances to any desired wavelength. 

For initial proof-of-concept work, the microcavity arrays have been incorporated into a flow cell, allowing liquid 
samples to be flowed into and out of the cavities. To date, we have demonstrated both refractive index [2] 
and absorption sensing down to the level of a few thousand molecules, as well as the ability to track the 
motion of individual nanoparticles within the cavities through their interaction with the various longitudinal and 
transverse cavity modes. Recent results from these studies will be presented. 

 
[1] P.R. Dolan, et al., Optics letters, 35.21, 3556-3558 (2010) 
[2] A.A.P Trichet, et al., Lab on a Chip, 14.21, 4244-4249 (2014)  
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P26. Velocity Map Imaging the Dynamics of Surface Collisions 

T. Messider1*, D. Hadden1, S.J.Greaves1 

1Heriot Watt-University, Edinburgh Campus, Edinburgh, Scotland, EH14 4AS 

  
We have developed an experiment that is capable of velocity map imaging (VMI) molecules that have been 
scattered from surfaces. The surface of interest is inserted between the repeller and extractor electrodes of 
a standard VMI ion optics array as shown in figure 1. The surface’s position is controlled by an XYZ 
manipulator and therefore its distance to the laser’s ionisation volume can be controlled, this is the recoil 
distance from surface to detection. The mounting is made of polyetheretherketone (PEEK) and was chosen 
because of its relative small dielectric constant, which would minimise distortion of the imaging electric field. 
Stainless steel razor blades (Swann Morton ACM No. 18) are attached to both sides of the mounting and act 
as stabilising electrodes to maintain velocity mapping conditions (these are shown in figure 2 below). 
Previously published attempts could only spatialy image molecules that scatter from a narrow range of 
angles, and their approach only allows for a perpendicular molecular beam approach [1].   

Iodine ions from the photodissocation of CD3I were measured as a function of distance between a PTFE 
surface and the laser axis, in order to quantify the field distortion caused by the surface and its mounting. 
Images of NH3 inelastically scattering from the surface have also been measured. 

We will also show simulations of the experiment were performed using SIMION, including the use of 3D 
potential arrays and dielectric material simulation. 

 

 
 

Figure 1: A schematic diagram of how the surface is introduced to the molecular beam and the imaging electric field. 
 

 
Figure 2: The view perpendicular to figure 1. The shape of the razor blades are visible and are coloured blue. 

 
[1] D. J. Harding, J. Neugebohren, D. J. Auerbach, T. N. Kitsopoulos and A. M. Wodtke, J. Phys. Chem. A. DOI: 
10.1021/acs.jpca.5b06272 
 
 

P27. Ultrafast non-radiative decay of gas-phase nucleosides   

S. De Camillis1, J. Miles1*, G. Alexander1, O. Ghafur2, I. D. Williams1, D. Townsend2,3, J. B. Greenwood1   

Centre for Plasma Physics, School of Mathematics and Physics, Queen’s University Belfast, Belfast, BT7 1NN, UK  

Institute of Photonics and Quantum Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, UK  

Institute of Chemical Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, UK  

  

Although DNA strongly absorbs in the ultraviolet spectrum region, efficient photostability has been observed 
for these building blocks of life. The absorbed energy is dissipated by vibrational energy to the surrounding 
environment in picosecond timescales. In particular, de-excitation dynamics of nucleobases have been 
reported in gas phase experiments [1,2] demonstrating the nature of these ultrafast internal conversion 
processes. Studies of isolated nucleosides are a natural next step in understanding of DNA photo-physics, 
so that comparison with isolated nucleobases and with numerical simulations can be undertaken.   

We present the first gas-phase dynamical study of excited state excess energy redistribution in DNA 
nucleosides following UV excitation. Achieved via a pumpprobe ionisation scheme, lifetimes for internal 

MB 

Extractor 

Repeller 



conversion to the ground state following excitation at 267nm are observed to be reduced by around a factor 
of two for adenosine, cytidine and thymidine when compared with the corresponding isolated bases.  

Results are discussed in terms of a recent proposition that a charge transfer state in adenosine provides an 
additional internal conversion pathway mediated by proton transfer through a sugar to base hydrogen bond.  

[1] H. Kang et al., J. Am. Chem. Soc. 124, 12958-12959 (2002)  
[2] C. Canuel et al., J. Chem. Phys. 122, 074316 (2005)   
 

P28. Controlling Electron emission from the photoactive yellow protein chromophore by 

substitution at the coumaric acid group 

M. A. Parkes*, Ciara Phillips, M. J. Porter, H. H. Fielding 

Department of Chemistry, UCL, 20 Gordon Street, London, WC1H 0AJ 

 

Understanding how the interactions between a chromophore and its surrounding protein control the function 
of a photoactive protein remains a challenge. Here, we present the results of photoelectron spectroscopy 
measurements and quantum chemistry calculations aimed at investigating how substitution at the coumaryl 
tail of the photoactive yellow protein chromophore controls the competition between internal conversion and 
electron emission, following photoexcitation of isolated chromophores in the gas phase with ultraviolet light 
in the range 350–315 nm. We find that substituting the hydrogen atom of the carboxylic acid group with a 
methyl group lowers the threshold for electron detachment but has very little effect on the competition 
between internal conversion and electron emission, whereas substituting with a thioester group raises the 
threshold for electron detachment and ‘turns off’ the competing internal conversion pathway from the second 
electronically excited ππ* state. This has potential implications in terms of tuning the light-induced electron 
donor properties of photoactive yellow protein. 

 

 
Figure1 Left: PYP chromophore in its protein environment (Protein Data Bank). Right: Structures of the deprotonated 

PYP chromophores employed in this work. 
 

P29. Limits of Detection: Investigating the Sensitivity of Low Field, Cryogen-Free Magnetic 

Resonance Probes. 

S. T. Parslow1*, T. Hughes-Riley1, R. H. Morris1, M. I. Newton1 

1 Nottingham Trent University, School of Science and Technology, Clifton Campus, Clifton Lane, 

 Nottingham, United Kingdom, NG11 8NS 

 
By utilising time domain nuclear magnetic resonance (TD-NMR), reliable signals can be obtained from NMR 
capable samples of an incredibly small volume. Most NMR equipment is large and costly due to the necessity 
of high power loads and cryogens, but recent innovations to permanent magnets bring forward a new era of 
affordable [1], cryogen-free systems that operate at a low magnetic field strength (~0.5T). 

A small (48mm diameter, 42mm length), circular, 8-magnet Halbach array [2] was constructed for the purpose 
of T1 and T2 effective (T2

eff) measurements on rapeseed oil samples. By placing a radiofrequency (RF) coil of 
20mm length inside the most homogenous region of the magnetic field, a commercial spectrometer (KEA, 
Magritek, New Zealand) executed a Carr-Purcell-Meiboom-Gill (CPMG) sequence to obtain an echo train 
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decay curve. This curve allows the measurement of the relaxation time T2
eff, which describes the rate of decay 

of magnetisation in the system due to circumstances like field inhomogeneity and interactions between 
nuclear spins. 

Using this system, gradually smaller amounts of rapeseed oil were positioned inside the RF coil down to a 
volume of 2µL. An investigation was performed on each incremental volume of oil in which the reliability of 
the signals and data were compared to that of a standard obtained from an oil filled 1ml syringe. 

 

 
Figure 2: An example of the signal to noise ratio and echo train decay curve obtained by executing a CPMG sequence 

on a 1ml syringe filled with rapeseed oil. 
 

[1] Hughes-Riley, T.; Newton, M.; Morris, R. Low-cost magnetic resonance sensors for process monitoring in the food 
industry. In Proceedings of the 2nd Int. Electron. Conf. Sens. Appl., 15–30 November 2015; Sciforum Electronic 
Conference Series, Vol. 2, 2015, C002 
[2] Halbach K. Design of permanent multipole magnets with oriented rare earth cobalt material. Nucl Instrum Methods. 
1980;169(1):1-10. 
 

P30. Clustering effects on the excited state dynamics and dissociative ionization pathways 

of nucleobases 

R. Pandey*, M. Ryszka, S. Eden 

Department of Physical Sciences, The Open University, 

Milton Keynes, MK7 6AA, United Kingdom 

 

The dynamics and stabilities of nucleobases following UV excitation have been researched intensively in 
recent years, notably in order to better understand the fundamental processes that can initiate DNA lesions 
[1]. While studies of isolated molecules generally provide the clearest data interpretations, equivalent 
measurements on hydrogen-bonded and stacked complexes enable closer analogies to be drawn with 
biological environments. By comparing fragment ion production by electron impact ionization and UV multi-
photon ionization of uracil and deuterated uracil, we have revealed a new dissociative channel (CO loss) [2, 
3]. Comparisons with non-adiabatic dynamics calculations suggest that this can provide an experimental 
marker for ring opening at the crossing seam of the lowest-lying singlet electronic excited states [4]. 
Equivalent measurements on thymine and 5-fluorouracil provided no evidence for an analogous channel, 
suggesting greater stability with respect to excited state ring opening. Clustering with water strongly 
suppresses the CO loss channel, whereas it remains accessible in uracil-adenine clusters. In order to better 
understand these clustering effects, we are currently exploiting a Stark deflection method [5] to trace fragment 
ions to specific clusters within mixed beams. We will also report on the development of experiments to 
analyse low energy electron interactions with selected neutral isomers and clusters. 

[1] K. Kleinermanns, D. Nachtigallová, M.S. de Vries, Int. Rev. Phys. Chem. 32 308–342 (2013) 
[2] B. Barc, M. Ryszka, J. Spurrell, M. Dampc, P. Limão-Vieira, R. Parajuli, N.J. Mason, S. Eden, J. Chem. Phys. 139 
244311 (2013) 
[3] M. Ryszka, R. Pandey, C. Rizk, J. Tabet, B. Barc, M. Dampc, N.J. Mason, S. Eden, Int. J. Mass Spectrom. In press 
(2016) 
[4] D. Nachtigallová, A.J.A. Aquino, J.J. Szymczak, M. Barbatti, P. Hobza, H. Lischka. J. Phys. Chem. A, 115 5247–
5255 (2011) 
[5] S. Trippel, Y.-P. Chang, S. Stern, T. Mullins, L. Holmegaard, J. Küpper. Phys. Rev. A 86 033202 (2012) 
 
 
 
 



 

P31. Excited state dynamics of a sunscreen agent: trans-MMC 

Yoanne Peperstraete 

Department of Chemistry, University of Warwick, Gibbet Hill Road, Coventry, UK. 

 

EHMC (2-ethylhexyl-4-methoxycinnamate) is a common UV filtering agent used in commercial sunscreens, 
however, very little is known about how it provides skin protection. Using a bottom-up approach, we first study 
MMC (methyl-4-methoxycinnamate) in order to gain insight into the dynamics of the larger system. Based on 
theoretical and pump/probe spectroscopic studies in molecular beams, we go ahead in the understanding of 
MMC behaviour investigating its dynamics in gas phase with a better resolution than in previous studies. 
Moreover, we present here the preliminary results obtained via transient absorption spectroscopy in the 
solution phase, which is a more realistic study in terms of sunscreen environment. The results are particularly 
interesting because more than just confirming the predictions of theoretical calculations and older 
experimental works, they also highlight new features in MMC’s excited state behaviour. 

 

P32. Cold Reactive Collisions between Neutral Molecules and Cold, Trapped Ions  

L. S. Petralia1*, F. J. J. Cascarini1*, K. A. E. Meyer1, C. J. Rennick1, B. R. Heazlewood1, T. P. Softley1   

1 Department of Chemistry, University of Oxford,  

Chemistry Research Laboratory, 12 Mansfield Road, Oxford, OX1 3TA, United Kingdom  

 

We study ion-molecule reactions under cold conditions, where quantum effects become important. By 
controlling the properties of both the ionic and neutral reactants, we can examine state-selected reaction 
dynamics and kinetics as a function of collision energy [1]. Cold neutral molecules are introduced into the 
reaction chamber through a Stark decelerator [2]; the ionic reactants are held in a linear Paul ion trap. The 
ensemble of laser-cooled atomic ions within the trap undergo a phase transition, adopting an ordered 
structure called a Coulomb crystal [3]. Other non-laser cooled species can be sympathetically cooled into the 
Coulomb crystal, enabling a range of ionic targets to be prepared.  

Reactions are investigated by monitoring the change in the morphology of the crystal over time (observed 
via laser-induced fluorescence) and by performing time-of-flight mass spectrometry. In particular, a charge 
exchange reaction between sympathetically cooled Xe+ ions and deuterated isotopologues of ammonia is 
studied using a novel damped cosine ion trap [4].  

  

  
Figure 1: Pictorial view of the detection process. Coulomb crystals are formed within the ion trap and subsequently 

ejected towards an MCP detector in order to perform time-of-flight mass-spectrometry.  
   

[1] B. R. Heazlewood and T. P. Softley, Annu. Rev. Phys. Chem. 66 475-495 (2015).  
[2] H.L. Bethlem, G. Berden, G. Meijer, Phys. Rev. Lett., 83 1558–61 (1999).  
[3] S. Willitsch, M. T. Bell, A. Gingell, S. R. Proctor, T. P. Softley, Phys. Rev. Lett.,      100 043203 (2008).  
[4] K. A. E. Meyer, L. L. Pollum, L. S. Petralia, A. Tauschinsky, C. J. Rennick, T. P. Softley, and B. R. Heazlewood, J. 
Phys. Chem. A, (2015, Web Publication).  
 
 
 
 



P33. Buffer-gas cooled velocity selected molecular beams combined with ion trapping for 

studying cold chemistry 

Edward Steer1, Maximilian Doppelbauer1 Otto Schullian2, Kathryn Twyman1, Laura Pollum1, Brianna 
Heazlewood1 and Timothy Softley1 

1 Department of Chemistry, University of Oxford, 12 Mansfield Road, Oxford OX1 3TA   United Kingdom 

2 Lab. für Physikalische Chemie, ETH Zürich, Vladimir-Prelog-Weg 2, 8093 Zürich, Switzerland 

 

A source for translationally and internally cold polar molecules has been developed, using cryogenic (6 K) 
buffer-gas cooling combined with a bent electrostatic quadrupole velocity-selecting guide, based on the work 
of C. Sommer et al. [1] and L. D. van Buuren et al. [2]. The apparatus has been characterised using ND3 and 
CH3F. The velocity distribution of the beam was obtained by pulsing the high voltages applied to the 
quadrupole guide and a translational temperature of 9 K determined. REMPI spectroscopy on the guided 
beam established that, for ND3, few rotational states (J ≤ 4) are populated; further analysis of the spectrum 
gave a rotational temperature of 10 K and suggested interesting alignment effects as molecules exit the 
quadrupole guide. 

To further understand the buffer-gas cooling process, simulations of the cell using the Direct Simulation 
Monte Carlo method are being performed, in order to fully characterise the cooling process and allow us to 
refine the cell design. In addition to elastic collisions, rotationally inelastic collisions are simulated, making 
use of ab initio rotational state changing cross sections calculated as a function of collisional energy [3, 4]. 
Such collisions are of great interest as they reduce the internal energy of cooled species, allowing for 
internally and translationally cold molecular beams. 

A small linear Paul trap has been constructed and combined with the cold molecule source. This will facilitate 
the study and analysis of cold ion-molecule reactions. The combined setup will enable us to determine the 
role of rotational temperature in the reaction dynamics of ion-molecule reactions. 

[1] C Sommer et. al., Faraday Discuss., 142, 203–220 (2009) 
[2] L.D van Buuren et. al,. Phys. Rev. Lett, 102, 033001 (2009) 
[3] K. B. Gubbels et. al,. J. Chem. Phys. 136, 074301 (2012) 
[4] O. Schullian et. al., Mol. Phys. 113, 3972 (2015) 
 
 

P34. Investigation of Formamide Derivatives by Multimass Velocity-Map Imaging (VMI) with 

the Pixel Imaging Mass Spectrometry (PImMS) Sensor 

Nick Ramsbottom1*, Simon-John King1, Claire Vallance1 

1 Dept. of Chemistry, University of Oxford, 12 Mansfield Road, OX1 3TA, UK 

 
The primary method used for peptide and protein identification in proteomics is tandem mass spectrometry 
[1]. Velocity Map Imaging (VMI) adds the product fragment velocity distribution to this data, offering 
information on the potential energy surfaces involved in the photo-dissociative process, transition state 
geometries, bond strengths and product internal excitation. With a better understanding of the fragmentation 
dynamics, we hope to be able to inform the interpretation of fragmentation patterns. 

The PImMS sensor offers a considerable improvement over more common charged-coupled device (CCD) 
cameras by time stamping detected ions as well as recording their position coordinates. This additional time 
of arrival data is particularly useful for larger molecules as it allows multiple fragments of the photo-
dissociation to be imaged in a single experiment. 

Our current research concerns the systematic study of the photodissociation dynamics of N-methylated 
formamide derivatives via VMI coupled with the PImMS multimass imaging sensor.  Such quantitative data 
will provide an insight into the stability of peptide bonds in these simple molecules and their associated 
reaction dynamics following UV irradiation [2]. 

[1] B. J. Bythell, et al., American Society of Mass Spectrometry, 19 1788-1798 (2008) 
[2] A. T. Clark, et al., Journal of Physical Chemistry A, 116 10897-10903 (2012) 

 

 



P35. The Innate Photostability of 1,2-dithiane as Revealed by CASSCF Non-adiabatic 

Surface-hopping Molecular Dynamics  

C. D. Rankine,1 J. P. F. Nunes,1 M. S. Robinson,2 D. A. Wann1  
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2University of Nebraska-Lincoln, Lincoln, Nebraska, USA, NE 68588  

 

The S-S bond (or “disulfide bridge”) between cysteine residues is one of the determinative factors involved 
in enforcing tertiary/quaternary structure in proteins [1][2][3]. It ought to come as a surprise that this structural 
motif has survived in nature; what we know of aliphatic disulfides is that they have no innate photostability 
and computational/spectroscopic studies have demonstrated that the S-S bond, although stronger than the 
S-C bond, is the one that tends to be cleaved preferentially via an excited-state pathway on illumination by 
near-UV light [4][5]. It is hypothesised [6] that the photostability of the “disulfide bridge” is attributable to the 
spatial confinement of the sulfur atoms into a cyclic array by the protein periphery. A photodefensive 
mechanism evoking the “photochemical funnel” [7] that protects DNA from photodamage is thought to be at 
work. 

 

1,2-dithiane, a small cyclic disulfide, is studied using a CASSCF(10,8) approach coupled with “on-the-fly” 
non-adiabatic surface-hopping molecular dynamics (NASHMD) to unravel the nature of this mechanism as 
our group pushes on towards our first gas-phase ultrafast electron diffraction (UED) experiment. 1,2-dithiane 
is evaluated as an UED candidate and the evolution of the topology with time (post-illumination by ≈ 266 nm 
laser light) is explored computationally.   

  

J. J. Butler, T. Baer and S. A. Evan Jr., J. Am. Chem. Soc., 105, 3451-3455 (1983)  
Y. Baba, K. Yoshii and T. A. Sasaki, J. Chem. Phys., 105, 8858-8864 (1996)  
C. Luo, W. N. Du, X. M. Duan, J. Y. Liu and Z. S. Li, Chem. Phys. Lett., 469, 242-246 (2009)  
C. W. Bookwalter, D. L. Zoller, P. L. Ross and M. V. Johnston, J. Am. Soc. Mass Spectrom.,6, 872-276 (1995)  
R. K. Vatsa, C. Majumder, O. D. Jayakumar, P. Sharma, S. K. Kulshreshtha and J. P. Mittal, Rapid Commun. Mass 
Spectrom. 15, 1941-1946 (2001)  
A. B. Stephansen, R. Y. Brogaard, T. S. Kuhlman, L. B. Klein, J. B. Christensen and T. I. Sølling, J. Am. Chem. Soc., 
134, 20279-20281 (2012)  
C. E. Crespo-Hernandez, B. Cohen and B. Kohler, Nature, 436, 1141-1144 (2005)  

 

P36.Towards liquid jet photoelectron spectroscopy of biological chromophores   

Bingxing Wang, Jamie Riley, Joanne Woodhouse, Helen Fielding   
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The extensive use of efficient light-induced processes in nature is inspiring efforts to exploit similar processes 
in functional synthetic systems. For example, fluorescent proteins have revolutionised biological imaging. 
However, our understanding of the crucial role of the protein surrounding the chromophore in photoactive 
proteins is still far from complete. The aim of this research is to gain a molecular level understanding of the 
interactions between photoactive protein chromophores and their environment by combining the liquid 
microjet technique [1] with time-resolved photoelectron spectroscopy to carry out a systematic investigation 
of the electronic structure and excited state dynamics of a series of chromophores in vacuo, in aqueous 
solution and in protein.  



Here, we describe our new liquid-microjet photoelectron spectrometer and present our first comparison 
between photoelectron spectra of phenol in aqueous solution and in the gas-phase. The phenol motif is a 
common motif in biology including green fluorescent protein and photoactive yellow protein chromophores.  

 
Figure 1. (Left) Experimental set-up: (1) interaction chamber, (2) time-of-flight magnetic-bottle spectrometer, (3) 

micro-channel plate detector. (Right) Laser/liquidjet interaction region: (a) permanent ~1 T magnet, (b) gas inlet, (c) 
liquid-jet nozzle, (d) 300 �m skimmer (e) capture for liquid recycling.   

  

[1] M. Faubel, S. Schlemmer, J. P. Toennies, Z Phys D, 10 269 (1988)  
  

P37. The Ultrafast Photodynamics of Methyl Anthranilate 

N. D. N. Rodrigues, M. Staniforth, Y. Peperstraete and V.G. Stavros 
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Methyl anthranilate (see Figure 1) is a naturally occurring compound present in grapes, lemon, jasmine, 
orange, strawberries and ylang ylang, to name but a few.1 It is a strong UV-A absorber and is also used as a 
sunscreen filter molecule.2 Methyl anthranilate is also a molecular precursor to another, more common 
sunscreen filter molecule, menthyl anthranilate, or meradimate.3 The present research centres on unravelling 
a more complete understanding of the photophysics of this off-the-shelf sunscreen active ingredient. This in 
turn may offer a platform towards the development of a new generation of more efficient, safer sunscreens 
that are more robust to degradation following UV radiation exposure.  

 
 
 
 
 
 
 
 

Figure 1: Structure of methyl anthranilate. 
 
[1] F. B. Power, J. Am. Chem. Soc., 1921, 43, 377-381. 
[2] US Pat., US9011827 B2, 2015. 
[3] G. T. Wondrak, Fundamentals of Cancer Prevention, Springer Berlin Heidelberg, 2014. 

 

 

 

 

  

  

  



P38. Studies of inelastic scattering of NH3 with sterically bulky hydrocarbons by CMB-VMI 

experiments. 
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Institute of Chemical Sciences, Heriot-Watt University, Riccarton, Edinburgh, UK 

 

We have conducted Crossed Molecular Beam Velocity Map Imaging (CMB-VMI) experiments [1] studying 
the collisions between Ammonia (NH3) and a selection of small hydrocarbons with increasing steric bulk. The 
colliders studied were Methane (CH4), Ethane (C2H6) and Neopentane (C(CH3)4) for which the collision 
energies were 779, 732 and 556 cm-1, respectively. These colliders were all chosen because they contain 
exclusively primary hydrogens. The aim of these studies is to mimic the effects on the scattering of ammonia 
with liquid hydrocarbon surfaces [2] by using these non-rigid colliders. 

These experiments follow on from our previous study of NH3 and Ar collisions; the argon experiments show 
a propensity for forward scatter, with increasing side scattered components with increasing rotational 
quantum number (J), and decreasing projection quantum number (K). 

For the experiments using hydrocarbon colliders, the scattering is also observed to be predominately in the 
forward direction with a slight increase in side scatter with increasing magnitude of J, no obvious trend has 
been seen across the K-values. The DCSs for the individual hydrocarbons are incredibly similar, suggesting 
that the forces dominating the collisions are long-range in nature. This similarity makes sense given that the 
NH3 is most likely to interact with hydrogens, which as previously stated are all primary in nature and therefore 
produce comparable long-range environments for these collisions.  

These ‘glancing’ type collisions were previously observed for both ND3 [3] and CD3 [4] scattering with Ar, 
where the more diffuse nature of Ar, in comparison to He, results in longer range interactions being dominant 
during collision. This is in contrast to He [5] where collisions are dominated by repulsive interactions resulting 
in a high degree of side and backward scatter as the value of J increases. 

 [1] O. Tkac, Q. L. Ma, C. A. Rusher, S. J. Greaves, A. J. Orr-Ewing and P. J. Dagdigian, Journal of Chemical Physics, 
140, 204318 (2014) 
[2] M. E. Saecker and G. M. Nathanson, Journal of Chemical Physics, 99, 7056-7075 (1993) 
[3] O. Tkac, A. K. Saha, J. Loreau, D. H. Parker, A. van der Avoird and A. J. Orr-Ewing, Journal of Physical Chemistry 
A, 119, 5979-5987 (2015) 
[4] O. Tkac, Q. Ma, M. Stei, A. J. Orr-Ewing and P. J. Dagdigian, Journal of Chemical Physics, 142, 014306 (2015) 
[5] O. Tkac, A. J. Orr-Ewing, P. J. Dagdigian, M. H. Alexander, J. Onvlee and A. van der Avoird, Journal of Chemical 

Physics, 140, 134308 (2014) 

 

P39. Infra-red Spectroscopy of Salt-Solvent Complexes in Helium Nanodroplets 

A. Sadoon, J. Tandy, C. Feng, G. Sarma, A. Boatwright, S. Yang1 and A. M. Ellis2 
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In this work we have used helium nanodroplets [1] as a medium to explore the structure and charge 
separation in hydrated ion-pairs, and specifically salt-solvent complexes. A specific aim was to provide clear 
spectroscopic evidence for ion-pair structure such as contact ion pairs (CIPs) and solvent-separated ion-
pairs (SSIPs), which are presumed to exist in aqueous solutions but are difficult to detect directly. Salt 
molecules such as NaCl and, LiI have been combined with H2O and MeOH in helium nanodroplets and 
probed for the first time using infrared laser spectroscopy (see schematic in figure-1). A status report on this 

work will be given, including data obtained for 
NaCl(H2O)n and NaCl(MeOH)n. 

 

Figure1. Schematic of the helium nanodroplet 
experiment 

 

[1] S. Yang, A.M. Ellis, Chem. Soc. Rev., 42 (2013) 472-
484.  
 



P40. Collisions of NO(A2Σ+) with Atomic and Diatomic Partners: Differential Cross Sections 

and Rotational Angular Momentum Polarization 

Thomas R. Sharples,* Thomas F. M. Luxford, Kenneth G. McKendrick, Matthew L. Costen1 

1 Institute of Chemical Sciences, Heriot Watt University, Edinburgh, UK, EH14 4AS 
 

Laser preparation of NO(A2Σ+; v = 0; N = 0, j = ½) combined with crossed molecular beam velocity-map 
imaging (CMB-VMI) is used to make state-to-state measurements of differential cross sections (DCS) and 
scattering angle-dependent rotational angular momentum polarization for rotational energy transfer (RET) in 
collisions with a range of atomic and diatomic colliders. 

The scattering of NO(A) with He, Ne and Ar to a range of final rotational quantum states is compared to the 
results of quantum scattering (QS) calculations to test the accuracy of recently calculated potential energy 
surfaces (PESs). For Ne and Ar, substantial deviations from the kinematic apse model of rotational angular 
momentum polarization are observed in experiment, and predicted by QS calculations. These deviations 
correlate with oscillatory structure in the DCS, suggesting a common origin, most likely interference effects 
associated with scattering from the two ends of the molecule.[1] We attribute this non-hard shell behaviour 
to the relatively ‘soft’ repulsive part of the relevant PESs, supported by the reduction in the extent of such 
deviations at higher collision energies. 

We also present initial studies of NO(A) collisions with diatomic partners, introducing the possibility of rotation-
rotation correlations, as well as competition between quenching channels and RET within the A state. We 
compare A state RET for collisions with N2 and O2, kinematically similar molecules with very different 
quenching behaviour. 

 
 

Example images for NO(A) + N2 scattering probing (a) N′ = 8  and (b) N′ = 12 at mean collision energy 716 cm-1. 
 

[1]  T. R. Sharples, T. F. M. Luxford, D. Townsend, K. G. McKendrick, M. L. Costen, J. Chem. Phys., 143 204301 
(2015). 

 

P41. Excimer-cluster formation, solvation and boiling studied by rotationally resolved 

fluorescence spectroscopy in gaseous and liquid helium 

Nagham Shiltagh1, Luis Guillermo Mendoza Luna1, Mark J. Watkins1, Nelly Bonifaci2, Fred´eric´ Aitken2, 
Klaus von Haeften1 

Department of Physics & Astronomy, University of Leicester, UK 

G2ELab-CNRS, Equipe MDE, 25 Av. des Martyrs, BP 166, 38042 Grenoble Cedex 9, France 

 

The ability to record spectra with rotational resolution at cryogenic temperatures provides exceptional 
sensitivity for investigating solute-solvent interactions. For example, infrared spectroscopy of foreign 
molecules in helium droplets have uncovered manifestations of nanoscale superfluidity [1]. Despite the 
limitations of molecular beam technique these studies also showed remarkable temperature effects on the 
spectral features when 0.4 K cold 4He droplets were replaced by 0.15 K cold mixed 3He-4He droplets. The 
promise of pressure and temperature effects motivated our study. 

To investigate solute solvent effects in a larger temperature range and as a function of pressure we have 
generated He2∗ excimers in bulk helium by means of a corona discharge. Corona discharges allow for 
electronic excitation and ionisation of helium in a very wide pressure range. Using this technique, we have 
recently shown the formation, growth and compression of ionic helium clusters [2]. In bulk liquid helium He2∗ 

excimers have been studied before, but to the best of our knowledge in these studies the pressure 
dependence has not been addressed. 



Spectra were recorded between 3.8 and 5 K and 0.2 and 6 bar. Intense fluorescence in the visible region 

showed the rotationally resolved d g transition of He2∗. With increasing pressure the lines 
broadened and merged into a continuum, resembling the envelope of a rotational spectrum at pressures 
between 3 and 5 bar. The lines were also found to shift in frequency when the pressure was increased. 

Line shift and line broadening coefficients were derived by fitting Lorentzian functions to the rotational lines. 
The temperature and pressure dependence of these coefficients allowed us to identify different phases: (i) 
excimers that attract and nucleate helium atoms below 4.0 K, (ii) excimers that are solvated and coexist with 
helium in its liquid phase and, above 4.0 K, (iii) excimers that boil within liquid helium. 

While the solvated excimers were found to be rotationally hindered, and thermalised with only their lowest 
rotational state populated, the boiling He2∗ displayed free rotation and temperatures of several hundred Kelvin. 

We are in the process of analysing other transitions. Analysis of the singlet transition, D g, for 
example, will provide us detailed insight into the relaxation of electronically excited helium clusters, for 
example, the cluster temperature. He2∗ in the D1

Σ+
u state have been found to (i) be solvated within [3], (ii) 

desorbed from [4] or (iii) bound to the surface of electronically excited helium clusters [5]. So far, our work 
indicates that the fate of a molecule approaching the surface of liquid helium depends on the surface 
temperature. 

[1] J. P. Toennies and A. F. Vilesov, Angew. Chem. Int. Ed. 43, 2622 (2004). 
[2] H. Gharbi Tarchouna et al., J. Phys. Chem. Lett. 6, 3036 (2015). 
[3] K. von Haeften, T. Laarmann, H. Wabnitz, and T. Moller, Phys. Rev. Lett.¨ 88, 233401 (2002). 
[4] K. von Haeften et al., Phys. Rev. Lett. 78, 4371 (1997). 
[5] L. G. Mendoza-Luna et al., Eur. J. Phys. D: At., Mol. Clusters 67, 1 (2013). 
 

P42. Molecule-templated nanoparticle assemblies in superfluid helium nanodroplets   

Berlian Sitorus*, Aula M. Al Hindawi, Tasneem Seedat, Andrew Ellis, Shengfu Yang  
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Helium droplets have properties that make them unique for the preparation of nanomaterials, allowing 
different types of materials to be added and then aggregate in the interior of the droplets. Here we present a 
new method for producing nanoparticle assemblies in superfluid helium droplets, achieved by the sequential 
addition of molecular template and metal atoms to helium droplets. This is because lone electron pairs of the 
molecules can serve as the preferred bonding sites for metal atoms, where nanoparticles can be grown. By 
this means nanoparticle assemblies with pre-defined distance and structure can be formed.    

To demonstrate we have used diols and 5,10,15,20-
tetra(4-pyridyl) porphyrin (H2TPyP) as the templates 
in order to produce nanoparticle dimers and 
tetramers. Nanoparticles dimers containing organic 
molecule and metal atoms have been formed by the 
addition of 1,6-hexanediol  or 1,8-octanediol 
molecules and gold atoms to superfluid helium 
nanodroplets, and the resulting complexes were 
investigated by Transmission Electron Microscopy 
(TEM). The TEM images are used to estimate the 
distance between dimers, as well as the diameters of 
the gold nanoparticles.  

  

 

Fig 1.TEM images Au-templated 
nanoparticles:(a)Au;(b)Au-1,6-hexanediol; 

(c)Au-1,8-octanediol; (d)H2TPyP 
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P43. Strong field probes of chemical dynamics   

A.D. Smith1*, S.D. Edwards1, H.M. Watts1, E. Jager1, D.A. Horke2, E. Springate3, O. Alexander3, C. Cacho3, 
R.T. Chapman3, and R.S. Minns1  
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Strong field probes hold great promise for the study of chemical dynamics as they can overcome high-energy 
barriers providing measurements that would be inaccessible with conventional spectroscopy. In this poster 
we describe multiphoton probe photoelectron spectroscopy and the development of a new experiment for 
high harmonic spectroscopy.   

The dissociation dynamics of NH3 have been mapped using time-resolved photoelectron spectroscopy using 
a multiphoton probe, see spectrum Figure 1. The dynamics of the initially populated v=4 state are measured 
using two 400 nm photons which project the excited state population into the ion state. The vibrationally 
resolved images show different lifetimes for each of the measured ion states; suggesting these are sensitive 
to different regions of the excited state explored by the vibrational wave packet. As a complementary 
technique to TRPES we are also developing experimental capabilities for studying chemical dynamics using 
high harmonic spectroscopy. We will describe the development of the new experiment and some preliminary 
results that look at the interference between long and short trajectories in the HHG process.  

 

Figure 1. Time resolved photoelectron spectra of the dissociation dynamics of the ammonia molecule following 
excitation into the A-state at 200 nm.  

 

P44. Pre-Introducing the University of Warwick's Brand New Femtosecond Laser Facility: 

Dynamics, the Full Spectrum 

Michael Staniforth 

Department of Chemistry, University of Warwick, Gibbet Hill Road, Coventry, UK. 

 

We are delighted to announce the soon-to-be-built, ultrafast femtosecond laser facility at the Univeristy of 
Warwick. Using a state-of-the-art ultrafast laser system from Spectra-Physics, this facility will be operational 
at wavelengths spanning the far infrared (IR) terahertz (THz) regime all the way to the ultraviolet (UV). The 
intention is for this facility to be available for groups from across the UK, and the world, to perform experiments 
to complement their own research, as well as being used for 'in house' projects. It is our belief that the 
exceptional range of dynamics observable through the use of this facility will make it a powerful tool for 
chemical physics-based research and that the collaborations fostered from this initiative will drive new and 
exciting areas of research. 

 



P45. ZEKE spectroscopy of para-disubstituted benzene molecules 

W. D. Tuttle1*, A. M. Gardner1, A. Andrejeva1, T. G. Wright1 
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Zero-electron kinetic energy (ZEKE) spectroscopy has been employed in order to investigate both the first 
electronically excited singlet (S1) state and the cationic ground state of para-xylene and para-fluorotoluene. 
Spectra have been recorded via many intermediate vibrations, and these have been used to investigate 
vibration-vibration and torsion-vibration couplings. These ZEKE spectra also serve to support the vibronic 
assignments of resonance-enhanced multiphoton ionisation (REMPI) spectra of a larger range of para-
disubstituted benzene molecules, allowing vibrational activity in a range of species to be compared. 

Of particular interest is the study of intramolecular vibrational energy redistribution (IVR) in these molecules. 
It has long been considered that the onset of IVR in the S1 state of para-fluorotoluene (pFT) occurs at a much 
lower internal energy than in the analogous para-difluorobenzene (pDFB) molecule, which has been 
rationalised as a result of the methyl rotor in pFT. It might be anticipated that the addition of a second methyl 
rotor in para-xylene will lead to an even lower internal energy onset for IVR in the S1 state, and the current 
work probes this, observing evidence of IVR at ~1200 cm-1.  

Alternatively, and also of interest, is the potential lack of IVR at some high internal energies; Midgley, Davies 
and Reid[1] showed that a level with 2068 cm-1 of internal energy in S1 state pDFB exhibits only restricted IVR, 
even though it is well above the statistical IVR threshold for other, similar, molecules. Davies et al.[2] showed 
mode-selective IVR was present in toluene, toluene-d3 and pFT, when exciting a predominantly C-CH3 
stretching motion at ~1200 cm-1. That work showed the IVR lifetime for pFT to be almost 4 times longer than 
for the toluene and toluene-d3 species, due to the role of doorway states mediating IVR in the toluenes. ZEKE 
spectroscopy can be used to investigate many of these phenomena, from restricted IVR and statistical IVR 
to looking for possible doorway states, and the focus in the current work is to be able to compare and 
rationalise these phenomena in pDFB, pFT and para-xylene. 

[1] J. Midgley, J. A. Davies, K. L. Reid, J. Phys. Chem. Lett. 5 2484 (2014) 
[2] J. A. Davies, A. M. Green, A. M. Gardner, C. D. Withers, T. G. Wright, K. L. Reid, PCCP 16 430 (2014) 
 

P46. Splishy-splashy electrons: SHG of electrons at the air-water interface 

Paweł J. Nowakowski, David A. Woods, Alexandra L. Tyson, Jan R. R. Verlet 
Department of Chemistry, University of Durham 

The hydrated electron is an important transient species in a range of fields, for example in radiation chemistry, 
atmospheric chemistry, and DNA damage. Many of its key reactions take place at interfaces but despite this, 
the interfacial hydrated electron has rarely been studied. We use time-resolved Second Harmonic Generation 
(SHG) – a surface specific technique – to measure the kinetics of the formation and solvation of the hydrated 
electron at the air-water interface. The electron is formed from I– anions with a 250 nm femtosecond pump 
pulse and either 1320 nm or 800nm light is used to probe the initial excited product and the long-lived final 
state, respectively. The amplitude and phase of the non-linear susceptibility, �(
), gives insight into the 
solvation dynamics of the interfacial hydrated electron under ambient conditions. Significant phase shifts with 
time are observed in the S-mixed polarisation combination, which suggests a changing asymmetric solvation 
environment. 

 

P47. Steric Asymmetry in the Inelastic Scattering of the Rare Gases with NO(X).  

V. Walpole1*, S. D. S. Gordon1, B. Nichols1, S. Stolte2, M. Brouard1  

The Department of Chemistry, University of Oxford, The Physical & Theoretical Chemistry Laboratory, South Parks Road, UK, OX1 

3QZ  

The Jilin Institute of Atomic and Molecular Physics, Qinjin Avenue, Changchung, 130012, China   

 

Due to the open shell nature of the NO(X) molecule, many interesting effects are observed in the 
stereodynamics of collisions with the rare gases (and other more complex collision partners). Orientation of 
the NO bond-axis before a scattering event allows investigation of the steric effect due to collisions at the ‘N’-
end and ‘O’end of the molecule. Experimentally an electric field is used to orient the NO bond axis (in the 
j=0.5f rotational state) in the interaction region before it under goes a collision with a partner. The resulting 



rotationally excited molecules are then stateselectively detected using (1+1’) REMPI coupled with velocity-
mapped ion imaging (VMI).    

The preference for a collision at a specific end of the NO molecule can be quantified as the integral steric 
asymmetry [1,2]   

S = σN – σO  / σN + σO 

where  σN and σO are the integral cross sections for collisions at the ‘N’ and ‘O’ end of the molecules 
respectively. Differences in S allow probing of a systems underlying potential energy surface (PES). Such an 
analysis has been undertaken for the NO(X) + Rg systems to understand the origins of this steric effect, and 
to explain differences between various collision partners.[1] Importantly, information on the PESs of systems 
for which no theoretical potentials are available may be extracted from the results of integral steric asymmetry 
experiments.   

Oriented differential cross sections (DCS) may also be used as a probe of a systems PES; the normalised 
difference DCS, dσN,O, gives a clear idea of the preference for collisions at a specific end of the molecule to 
scatter into specific angles. This provides information about the effects of glancing blows versus head-on 
collisions, which can be explained in terms of ℓ-type rainbows and other features of the PES. Bond-orientation  
allows insight into how scattering (and reactivity) is affected by the classical and quantum preferences of a 
molecule for specific final states after initial bond orientation.   

[1] B. Nichols, H. Chadwick, S.D.S. Gordon, Chem. Sci., 6(4) 2002-2210 (2015)  
[2] M.J.L de Lange, S.Stolte, C.A. Taatjes, J. Chem. Phys., 121(23) 11691-701 (2004)  
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1 JQC Durham-Newcastle, Department of Chemistry, Durham University, South Road, Durham, DH1 3LE, U.K. 

2 JQC Durham-Newcastle, Department of Physics, Durham University, South Road, Durham, DH1 3LE, U.K. 

 
We have demonstrated that photofragments can be produced at rest in the laboratory frame after the 
photodissociation of a precursor molecule – a technique we call photostop. If the recoil speed of the 
photodissociation event is matched to the speed of the precursor molecules in a supersonic molecular beam 
those photofragments that recoil opposite to the precursor velocity will be created at zero velocity in the 
laboratory frame. Molecular and atomic fragments (NO from NO2 dissociation [1] and Br from Br2 dissociation 
[2]) have been successfully stopped and their free evaporation from the probe volume monitored via 
resonance-enhanced multi-photon ionization for up to 10 and 100 μs after the dissociation, respectively.  
Recently, the trapping of photostopped Br atoms has been demonstrated [3].  

We will present our latest data of cold SH and SD radicals produced with the photostop technique inside a 
cryogenically cooled static magnetic trap.  Our purpose-built experiment incorporates multiple detection 
techniques to achieve absolute density measurements inside the trap: cavity ring-down spectroscopy 
combined with laser-induced fluorescence (CELIF) and resonance-enhanced multi-photon ionization 
(REMPI).  We discuss our prospects to detect cold, trapped SH molecules produced via photostop. 

[1] A. Trottier, E. Wrede and D. Carty, Mol. Phys. 109, 725 (2011). 
[2] W.G. Doherty, M.T. Bell, T.P. Softley, A.M. Rowland, E. Wrede and D. Carty, Phys. Chem. Chem. Phys. 13, 
8441 (2011). 
[3] C.J. Rennick, J. Lam, W.G. Doherty and T.P. Softley, Phys. Rev. Lett. 112, 023002 (2014). 
 

 

 

 

 

 



P49. Towards Chemical Control of Internal Conversion in Phenol 
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Phenol is a subunit of many biological chromophores including tyrosine, firefly luciferin and the chromophore 
of green fluorescent protein. The rapid relaxation of the S1 excited state of phenol proceeds predominantly 
through population transfer through or under a conical intersection to the S2 state, which is dissociative along 
the O-H bond stretching coordinate and results in the formation of the ground state phenoxide radical and 
hydrogen atoms, or internal conversion to S0.1,2 Evidence of a similar relaxation channel resulting in O-H 
bond cleavage has also been observed in tyrosine, although the increase in molecular complexity results in 
the possibility of multiple competing mechanisms for relaxation of the excited state.3 Another study of para-
halogenated phenols found that the H-atom loss channel was depleted due to competing C-X bond fission.3,4 

Here, we present preliminary investigations of the effect of double substitutions of electron donating (MeO) 
and electron withdrawing (F) substituents in the ortho- positions on the phenol ring on the observed dynamics 
following photoexcitation in the range 275 nm- 200 nm. 

 
 
 
 
 
 
 
[1] M. N. R. Ashfold, G. A. King, D. Murdock, M. G. D. Nix, T. A. A. Oliver and A. G. Sage, Phys. Chem. Chem. Phys., 
12, 1218–1238, (2010) 
[2] R. A. Livingstone, J. O. F. Thompson, M. Iljina, R. J. Donaldson, B. J. Sussman, M. J. Paterson and D. Townsend, 
J. Chem. Phys., 2012, 137. 
[3] A. Iqbal and V. G. Stavros, J. Phys. Chem. Lett., 1, 2274–2278, (2010)  
[4] A. L. Devine, M. G. D. Nix, B. Cronin and M. N. R. Ashfold, Phys. Chem. Chem. Phys., 2007, 9, 3749–62. 
[5] A. G. Sage, T. A. A. Oliver, G. A. King, D. Murdock, J. N. Harvey and M. N. R. Ashfold, J. Chem. Phys., 2013, 138, 
164318 – 164330. 
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The electron ionization cross section (EICS) quantifies the probability that an atom or molecule will be ionised 
in a collision with an electron. Accurate absolute electron ionization cross sections are needed for modelling 
a range of plasma processes, including fusion and industrial plasmas, as well as naturally occurring plasmas 
such as those found in the upper atmosphere and interstellar space [1]. We have recently upgraded an 
existing instrument for measuring electron total ionization cross sections [2], and will report recent progress 
on these measurements.  

 

Figure 1: Schematic representation of apparatus of ionization cell 
 
 
 
 
[1] Harland, P. W.; Vallance, C., In Advances in Gas-Phase Ion Chemistry, 
Adams, N. G.; Babcock, L. M., Eds. JAI Press Ltd.: London, 1998; Vol. 3. 
[2] Bull, J.N., J.W.L. Lee, and C. Vallance, Physical Chemistry Chemical 
Physics, 2014. 16(22): p. 10743-10752. 
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