Computational Chemical Research into New High Energy Materials
David W. Ball, Department of Chemistry, CSU

Introduction


The search for new high energy (HE) materials to use as fuels or explosives is ongoing.  In the last several years, our research group has used standard computational chemistry programs and methods to study new possible compounds that might have high-energy applications.  In particular, the proposed molecules either have small, highly strained rings, high relative amounts of nitrogen, oxygen, and/or boron, or both:
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(Legend:  grey = carbon; blue = nitrogen; red = oxygen; pink = boron; white = hydrogen)
Background

We have been very successful in publishing our work.  In fact, the current honors student in our lab, Ryan M. Richard, has been a coauthor on three manuscripts published or in press; a fourth manuscript is currently in progress (with Ryan as the primary author, a tactic meant to improve his scientific skills).  The manuscripts are:

Ryan M. Richard, David W. Ball.  “G2, G3, and Complete Basis Set Calculations of the Thermodynamic Properties of Boron-Containing Rings:  cyclo-CH2BHNH, 1,2-, and 1,3- cyclo-C2H4BHNH”  Journal of Molecular Structure – THEOCHEM  2006, 776, 89 – 96.  Digital object identifier:  http//dx.doi.org/ 10.1016/j.theochem.2006.08.036.

Ryan M. Richard, David W. Ball.  “Optimized Geometries, Vibrational Frequencies, and Thermochemical Properties of Mixed Boron- and Nitrogen-Containing Three-Membered Rings”  Journal of Molecular Structure – THEOCHEM  To be published, 2007.  Digital object identifier:  http://dx.doi.org/10.1016/j.theochem.2006.11.018.

Ryan M. Richard, David W. Ball.  “G2, G3, and Complete Basis Set Calculations of the Optimized Geometries, Vibrational Frequencies, and Thermodynamic Properties of Azatriboretidine and Triazaboretidine”  Journal of Molecular Structure – THEOCHEM  To be published, 2007.  Digital object identifier:  http://dx.doi.org/10.1016/j.theochem.2006.11.022.
Ryan M. Richard,* David W. Ball.  “B3LYP, G2, G3, and Complete Basis Set Calculations of the Thermodynamic Properties of Small Cyclic and Chain Hydroboranes”  Manuscript in preparation.

Student Duties/Expected Outcomes

Ryan will be continuing his research by looking at polynitrosocubanes, a family of compounds based on cubane, C8H8, a hydrocarbon that has a cubic shape:
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Though chemically reactive, cubane is stable and can be isolated in multi-gram quantities.  Polynitrocubanes, which have NO2 groups instead of ONO2 groups, have recently been isolated and are widely regarded as powerful HE materials.

Although large molecules can be studied with low-level methods, high-level computational chemistry methods – which are necessary for accurate energy determinations – are restricted to smaller molecules.  Octanitrosocubane, C8(ONO2)8, has forty large atoms, where “large” is defined as any atom bigger than helium.  As such, we use the supercomputer systems at the Ohio Supercomputer Center (OSC) for our calculations on this and other nitrosocubanes.  This does not guarantee immediate success, as allocation of memory and processors must be determined by trial-and-error fashion.  Even so, it may take days on a supercomputer for a single calculation to complete successfully, especially since the systems at OSC are shared resources with users around the state.  Thus, performing multiple calculations on a family of substituted cubanes is a full-time job for a student.  Although the calculations themselves are performed on OSC systems, we download and analyze the output locally on desktop computer systems connected to the Internet.

We request funding for one undergraduate student researcher, a new desktop computer to update our older systems, updated software that runs locally so we can analyze our results, and travel to a regional conference so that Ryan can present his previous work.  Insofar as Ryan has plans to go to graduate school in chemistry, these funds are an investment in preparing a future scientist who has already demonstrated a high level of success.
Budget Request


Student employee
$4320.


Fringe
227.


Computer
1500.


Computer Software
2500.


Additional Internet Connection
600.


Travel
1000.


TOTAL
10147.

Budget Justification

Student employee:  One student @ $12/hour for 30 hours a week for 12 weeks.


Fringe:  5.25% of salary.


Computer:  CSU quote for performance-level desktop computer with 19” monitor and security installation.


Computer software:  Upgrade to newest PC version of Gaussian, GaussView, and Hyperchem (all standard computational chemistry software).


Additional Internet Connection:  The laboratory has one Internet connection; we need to increase the number of connections so that more than one student has the ability to connect to OSC resources simultaneously.


Travel:  Travel to the Central Regional Meeting of the American Chemical Society in May 2007, being held in Cincinnati, Ohio.
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