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see the Major Project instruction sheet for details and schedule of deliverables.
You are encouraged to find your own project topic but you can also select from, or modify one from the list below. In all cases, please discuss with me prior to finalizing your selection. 
I can elaborate on each of the following but I want you to research possible topics starting from this information (or your own resources for any other possible topic of interest to you) before coming to me for my perspective on how the project might be approached. AGAIN – you are NOT obliged to choose one of these topics – feel free to define your own.

In all cases, please discuss with me outside of class prior to finalizing your selection.
It is VERY IMPORTANT to do a significant amount of background literature searching and trial calculations in the early stages of this major project. Do NOT leave these activities to after you have finalized your topic, or you may find you have a project that is either too difficult or too trivial.
__________________________________________________________________

A. Ground state structure, properties & isomerism of chemical species

Atoms-in-Molecules – defining the chemical bond in a systematic manner

Possible codes:  Gaussian, AIMPAC AIM2000

Lead in reference:  The Quantum Theory of Atoms in Molecules. C.F. Matta and R.J. Boyd, eds. (WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim, 2007)
http://www.chemistry.mcmaster.ca/aim/aim_0.html
Ayers J. Phys. Chem 109 (2008) 3957
Farnaz Heidar-Zadeh, J. Chem Phys. 142 (2015) 046107
Parr , PNAS 97 (2000) 8079

Frontier orbitals: are delocalized (Kohn-Sham) or localized (hybridized, Pauling) better descriptions ?
Possible codes:  Gaussian

Lead in reference:  C.E. Brion, Saul Wolfe, Zheng Shi, Glyn Cooper, and Yenyou Jeff Zheng, An investigation of hybridization and the orbital models of molecular electronic structure for CH4, NH3  and H2O, Ca. J. Chem. 95 (2017) 1314-1322.
Predicting structure and properties of organic semiconducting compounds

Possible codes:  Gaussian-DFT

Lead in reference:  A.A. Leitch  I. Korobkov, A. Assoud and J.L. Brusso,  Non-innocent pyridyl nitrogens: unprecedented interconversion of N-bridgehead-thiadiazolium salts and thiatriazine in the generation of

Thiatriazinyl, Chem. Comm 50 (2014) 4934.

B. Excited state structure & electronic spectroscopy

How can mineral acids stabilize transition structures in atmospheric chemical reactions ?

Possible codes:  GSCF3, Gaussian-DFT, StoBE-DFT 

Lead in reference: R.J. Buszek, A. Sinha, J.S. Francisco. The Isomerization of Methoxy Radical: Intramolecular Hydrogen Atom Transfer Mediated through Acid Catalysis. J.Am. Chem.Soc. 133 (2011) 2013.

Understanding 2p ( 3d transitions in transition metal compounds
Possible codes:  CTM4XAS, Gaussian-DFT

Lead in reference:  Eli Stavitski and Frank M.F. de Groot, The CTM4XAS program for EELS and XAS spectral shape analysis of transition metal L edges, Micron 41 (2010) 687–694

Photochemical dissociation of CFCl3 
Possible codes:  
Gaussian

Lead in references:  M.J. Molina & F.S. Rowland, Stratospheric sink for chlorofluoromethanes: chlorine atom-catalysed destruction of ozone, Nature 249 (1974) 810.

E.S. Shiryaeva, D.A. Tyurin & V.I. Feldman, Mechanisms of Radiation-Induced Degradation of CFCl 3 and CF 2 Cl 2 in Noble-Gas Matrixes: An Evidence for “Hot” Ionic Channels in the Solid Phase, J. Phys. Chem A 120 (2016) 7847.
Predicting X-ray absorption spectra of closed shell molecules 
Possible codes:  GSCF3, Gaussian-DFT, StoBE-DFT, Feff 

Lead in reference: L. Triguero,  L. G. M. Pettersson and H. Ågren, Calculations of near-edge x-ray-absorption spectra of gas-phase and chemisorbed molecules by means of density-functional and transition-potential theory, Phys Rev. B 58 (1998) 8097
C. Other spectroscopies

Relationship between NMR chemical shifts and protonation state of organic molecules
Possible codes:  Gaussian, Easy-Spin
Lead in reference: R.C. Hoye, G.L. Anderson, S. G. Brown, E.E. Schultz. Total Synthesis of Clathculins A and B. J. Organic Chemistry 75 (2010) 7400.

Predict IR and Raman spectra of organometallic cluster compounds

Possible codes:  Gaussian 

Lead in reference: O. Rodriguez and J.M. Lisy  Infrared Spectroscopy of Li+(CH4)1Arn, n = 1−6, Clusters  J. Phys. Chem. A 115 (2011) 1228.
D. Topics beyond “Computational Chemistry”
Multivariate Statistical Analysis (e.g. for X-ray spectromicroscopy analysis)
Possible codes: aXis2000 (PCA_GUI), Mantis, AXSIA
Lead in reference:  M. Lerotic, R. Mak, S. Wirick, F. Meirer, C. Jacobsen, C.  MANTiS: a program for the analysis of X-ray spectromicroscopy data. J. Synchrotron Radiation 21  (2014) 1206; G. Kotula, M. R. Keenan, and J. R. Michael. Automated Analysis of SEM X-Ray Spectral Images: A Powerful New Microanalysis Tool. Microsc. Microanal. 9 (2003). 1-17
Quantum computing 

Possible codes: IBM has a publicly accessible, cloud-based, quantum computer 

(based on the Canadian D-wave device)

http://www.research.ibm.com/quantum/
https://www.research.ibm.com/ibm-q/technology/devices/
Lead in references: https://people.cs.umass.edu/~strubell/doc/quantum_tutorial.pdf
http://physics.stackexchange.com/questions/3390/can-anybody-provide-a-simple-example-of-a-quantum-computer-algorithm
http://www.dwavesys.com/tutorials/background-reading-series/quantum-computing-primer
https://uwaterloo.ca/institute-for-quantum-computing/quantum-computing-101
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