Chem 4PB3/6PB3 – Computational Methods Major Project
4PB3-17-project-instructions.doc (last changed: 10-Jan-2017)
The goal of this course is to develop an understanding of computational methods for electronic structure determination and their application to chemical problems. As a major component of your evaluation you will spend a significant time carrying out a computational project as an independent study in the inquiry format. Early in the course, you will select your project, identify resources needed, and with assistance from the instructor, establish access to those resources. During the term you will execute computational studies, and prepare a report.  For those of you doing a senior thesis (4G09), it will be very important to allocate suitable periods of time to work on both this 4PB3 project and your thesis work. The senior thesis oral presentations are tentatively planned for March 16, and the written 4G09 thesis is due 31 March. The 4PB3 due dates (07 March for first draft, 05 April for final report) are intended to reduce conflict with the 4G09 deadlines.
Students have access to Gaussian and GaussView on Ripper, a linux based computational computer for undergraduate use. There are terminals you can use in ABB-411, but, if you have a suitable X-11 Terminal emulator on your laptop / desktop you can log-in from anywhere on campus. You can also use ripper from off-campus, if you first establish a VPN (virtual private network) connection. Access to other software will be provided, as needed. An aspect of some projects might be installation of a computational package, which is a useful exercise. Accessing some of these may require some payments to purchase the code or access to the code. Please see me about these.
While learning practical computational chemistry is the goal, you should also use your project to explore a specific aspect of chemistry. The ability of your computations to address a chemical question in a sensible and hopefully ‘illuminating’ manner will be a major metric for evaluating your project

Projects can be related to your 4G09 research project or a previous summer research project. However the work performed for 4PB3 must be distinguishable from the work you are doing for 4G09 or have completed for a prior summer project. 
TIMING
Your topic must be selected by Wednesday January 25, 2015 at which time you should supply a  1- page proposal giving a TITLE, a 3-4 sentence ABSTRACT, a list of COMPUTER PROGRAMS (and computational resources, especially if Ripper will not be adequate) you intend to use, and a list of KEY REFERENCES (quality, not quantity!) relevant to your study. This document should also give a 1-sentence statement of a testable hypothesis. Note I fully expect both the hypothesis and content to evolve as you delve into your project, but it should be a sensible starting point. 

You will provide a second document on Tuesday Mar 07, 2015, which will be a first draft of your written report. It should contain  most of the sections and sub-sections, with perhaps some bullet points where you expect to provide content you have not yet written. It should contain, examples of the computational results so far, and a discussion of any challenges you are encountering or redirections you plan to make. The more complete this is, the better I am able to give you suggestions for improvements.
Marking

Task 


Max Points

First proposal

  5
Two-Minute Intro
  0
( this is meant to seek possible collab. with your class mates 
First draft of paper
10
Final paper

35

Total


50       ( this project is worth 50% of the Chem 4PB3/6PB3 mark

Oral Presentations  (if the class decides to do these)
Your oral presentation is limited to 12 minutes plus 3 minutes for questions. It should engage the class. You will be marked in part by the number of questions you stimulate, as well as how well you engage in other students’ presentations through your questions.
Oral presentations (if the class decides to do these) will be made in an extended session, if possible on Wednesday April 05 (15 min/person). 
Written Presentations

Format. 20 pages (1.5 line spacing) MAXIMUM, including figures & references.
Appendices may be used and do not count against the page limit (but my marking will be based primarily on non-appendix material) 

Your paper should contain each of the following sections, in the order given: Title, Abstract, Introduction, Procedure, Results and Discussion, Conclusions, References [and optional Appendix].

Title: This should be specific and descriptive, but not overly long – two lines maximum. Do not use acronyms

Abstract: In fewer than 150 words, summarize the entire work: the purpose (testable hypothesis), procedure, key results, and their significance should all be briefly addressed. The abstract is not the place to introduce your calculations or describe the background in any detail.

Introduction: Present the scientific motivation and background for your project, with references to key earlier work. If you are going to compare your computational results to experimental results, the nature & source of the experimental results should be given. End your introduction with your 1-sentence testable hypothesis.
Procedure: Describe the computational work you did, any problems you had, and what you did to (try to) overcome these problems.

Results and Discussion:  Present the key numerical results (long, complex tables should be in an appendix – put excerpts from them in the main body of the report), compare to published experimental or computational results whenever possible; interpret your results in the context of that comparison. Present your results in tables or graphs as much as possible. Use Chem Draw (or similar) to show molecular structures.. Three-dimensional renderings (in color) of molecules may also be appropriate, especially for your talk. It is essential that you provide some qualitative discussion of your numbers. Use literature references to help you interpret your data.

Conclusion: summarize what you have accomplished in your project and in particular, the outcome with respect to your testable hypothesis.

References: Where possible cite the archival, peer-reviewed literature. If you cite a web site, be sure to provide the full URL, and indicate the date you accessed it
Your written report is due on Wednesday 05 April 2017
Your report should:

* identify the chemical question(s) you are addressing by computational studies

* state your testable hypothesis (1 sentence) and elaborate how you tested it.

* if relevant, summarize relevant experimental data you are trying to reproduce, or understand

* summarize previous computational studies on this subject WITH REFERENCES.
* identify and outline at a conceptual level the computational method(s) used
* discuss any challenges you encountered

* report the computational results 
* INTERPRET the results in the context of the chemical question

* indicate if the results supported or refuted the testable hypothesis (or gave a null result)

* suggest future directions for computational experimentation

What is a 1-sentence ‘testable hypothesis’ ? (an example from a 2015 4PB3  project)
Distortion analysis (geometry) [a] is better than natural atomic charge and LUMO coefficient analysis (electronic structure) [b] for predicting the preferred site of nucleophilic addition to asymmetrically substituted benzynes.

[a]  E. Picazo, K. N. Houk & N.K. Garg, Computational predictions of substituted benzyne and indolyne regioselectivities  Tetrahedron Letters  56 (2015) 3511.
[b]  T. Hamura,Y.Ibusuki, K. Sato,T. Matsumoto, Y. Osamura and K. Suzuki, Strain-Induced Regioselectivities in Reactions of Benzyne Possessing a Fused Four-Membered Ring Organic Letters 5 (2003)  3551.
Your testable hypothesis statement should  have only 3 possible answers, one of which will be the outcome of  the computational and other research you do:

1. Yes, the hypothesis is supported by the results of my research

2. No,  the hypothesis is not supported by the results my research. Rather the reverse of the hypothesis is supported.

3. The results of the research were inconclusive because ….
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