Marie Curie Fellowship – 2nd Year Report

Summary of work

The development of the ion momentum imaging experiment for dissociative electron attachment (DEA) studies was completed during the first year. Its performance was also characterized using DEA on O2. These have been summarized in the report of the 1st year. During the 2nd year, this apparatus was put to use to conduct experiments on several molecules, which are summarized below:

Electron attachment to CO

DEA to CO has been found to give O─ as the dominant ion with a very weak signal from C─. The O─ cross section peaks at an incident electron energy of 9.6 eV with a sharp onset but tailing off more gradually at higher energies. The velocity slice images of O─ show two dissociation channels with the neutral carbon atom in its ground state (3P) and the first excited state (1D) respectively. The angular distributions of these are found to strongly favour the ejection of O─ in the backward direction.  

[image: image7.emf]0 60 120 180 240 300 360

0.0

0.2

0.4

0.6

0.8

1.0

 

 

Relative intensity

Angle (degrees)

[image: image8.emf]0 60 120 180 240 300 360

0.0

0.2

0.4

0.6

0.8

1.0

 

 

Relative intensity

Angle (degrees)

[image: image1.png]1500

1000

500





(a)                                                                 (b)                                                      (c)

Fig. 1: (a) Velocity slice image of O─ from CO at 11 eV. The electron beam is in the plane of the figure pointing vertically down. The two annular ring segments show two different dissociation channels. (b) Fitted angular distribution (solid line) showing contribution from and  resonances for the O─ + C (3P) channel. (c) Fit for O─ + C (1D) channel. Here again contributions from and  resonances are seen, but with different ratios.

Measurements on H2 and D2
Despite the importance of H2 and its isotopologues in fundamental science and various applications, no reliable data exist for their dissociative electron attachment (DEA) cross sections. Two measurements almost half a century old, show considerable disparity between them. The reasons for the difference, originally thought as due to secondary electrons, have recently been attributed to the contribution due to UV light and atoms and excited molecules formed at electron energies above 10 eV. We used the new momentum imaging spectrometer to obtain for the first time reliable absolute DEA cross sections for H2 and D2 without being affected by these problems, while ensuring complete collection of all the ions independent of their initial momenta. The measurements also showed larger isotope effect than observed earlier. In addition, isotope effect was observed for the first time in dipolar dissociation by electron impact.
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Fig. 2: Cross sections for H– from H2 and D– from D2. Circles –Schulz (1959), triangles and squares – Rapp et al. (1965) and solid lines – present.
Measurements CF4, CF3Cl, CF3Br, CF3I
In the context of studying electron induced chemistry of molecules relevant to nanolithography we undertook measurements on CF4 and its other halogen derivatives using the momentum imaging spectrometer. These measurements have produced a large wealth of data which are being analyzed.
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Fig. 3: Velocity Slice Images. The electron beam is in the plan of the figure pointing vertically down. (a) F from CF4 at 5 eV; (b) CF3 from CF4 at 5 eV and (c) F from CF3I at 2 eV.
Formamide
Formamide (CHONH2) is the smallest molecule with a peptide bond and has recently been observed in the interstellar medium (ISM), suggesting that it may be ubiquitous in star-forming regions. Therefore there is considerable interest in the mechanism by which this molecule may form and play a role in the formation of larger biomolecules. One method for the formation of such molecules is electron-induced chemistry, starting with dissociative electron attachment (DEA) within icy mantles on the surface of dust grains. The interest in small organic molecules also arises from the functional group dependence property of DEA, which leads to site selective fragmentation of molecules at the C-H, O-H and N-H bonds, at energies well below the direct impact threshold for the breaking of any of these bonds. We observe H– and another ion at mass 16, which could be either O– or NH2– in the DEA to formamide. The ion yield curve for H– shows two resonance peaks at electron energies of 6.3 eV and 10.5 eV respectively, while that for mass 16 shows two broad resonance peaks at 5.8 eV and 11 eV respectively. In contrast, the calculations of Goumans et al [4] on DEA to formamide show resonances leading to NH2– formation at 3.77 eV and 14.9 eV. However, the appearance energies (AE) of O– and NH2– were found to be 4.0 eV and 3.5 eV, respectively and correlate with our results. Velocity Map Images were measured close to resonance energy peaks for H– and mass 16. The images show distinct anisotropy in the angular distribution, which are yet to be analysed. The most probable kinetic energy of the mass 16 fragment from the image at 5.6 eV is found to be 0.5 eV, giving a total kinetic energy release of 0.79 eV. The excess energy is expected to be transferred into the internal excitation of the fragments.
DEA on molecules on surfaces and in condensed phase.
In the context of applications in electron controlled chemical lithography, it is important to study the DEA process in molecules on surfaces and in condensed phase. For this the above gas phase experiment will be modified. All the necessary equipment including cold head, momentum spectrometer parts etc have been procured and /or fabricated. We consciously decided to postpone assembling and starting this experiment, considering that we will have to terminate the ongoing gas phase experiments, which have been going very well. We plan to carry out the changeover to this experiment during my visit to the OU sometime this year. In the meanwhile the students working on the gas phase experiment are expected to collect more data. 
Training students, postdoctoral workers

A masters student Friman Omarsson from University of Iceland visited us a couple times at the OU. During these visits of about two months he was trained to conduct DEA studies using the momentum imaging spectrometer. Following this he made measurements on CF4 and its other halogen derivatives under my supervision. Part of this data is being analyzed towards his masters thesis now under my guidance. 

In Oct 2009, two graduate students (Ewelina Zscheminska and Binukumar Gopalakrishnan Nair) joined our group at the OU. I have trained these students as well on making measurements, maintaining the experiment as well as some extent of trouble shooting. Measurements were carried out by them on formamide under my guidance. Measurements on other molecules are in progress at present. I am also the designated external supervisor for these two students.

Dr. Stephan Denifl from Innsbrook visited us for a month and under my guidance he carried out measurements DEA cross section measurements on H2. He also familiarized himself with the momentum imaging technique during this time. 
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