                   Nano and Biotechnology Project Collaboration Suggestions

       The purpose of this proposal process is to solicit novel approaches to some problems of current aerospace, Department of Defense, or Department of Homeland Security relevance.  The technology should be farsighted with a possible 5 year payoff.  This effort, if funded, is essentially seed to get started.  However, more than one $70K proposal can be submitted and receive funding. (I have two this year.)  My theme would fit under the general heading of “detection of agents of mass destruction”.  The reason for this classification is that the molecules which I show below are under development for fuels but you can imagine them as being applied to bomb making after they become well known.  Their ionic nature and low vapor pressure make them extremely hard to detect when concealed.

       I would like to submit two related proposals. One would be the biotech aspects associated with the chemistry that is specified in reactions (1) and (2): 
A+X-           (           product + light                                      (1)

               Biocatalyst

A+X-           (              product     (     product’                   (2)

               Biocatalyst
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In reactions (1) and (2) A+ is one of the three cations shown above and the anion, X-,  would nominally be nitrate or chloride.  We could also assume that we can neutralize the cation and start with an unprotonated two nitrogen atom species.  The goal in reaction (1) is to invoke some clever means to achieve “gain” in the reaction so that the quantum yield of photons emitted in this chemiluminescent reaction sequence ultimately exceeds unity, if possible.  The goal in reaction (2) is to yield a final product, R’, that is fluorescent.   Again the ideal would be to make more than one fluorescent molecule per starting molecule. (Perhaps some free radical chemistry can be included to achieve the difficult, if not impossible, quantum yields.) The combined purpose of either reaction would be to achieve a greater sensitivity and/or specificity than that demonstrated in the patent for hydrazine detection that I have attached.  This patent would essentially be what we would like to improve upon.  Triazolium cations and neutrals would also be of interest in the above reactions. An idea(s) that we can try for $40K would be sufficient here for either one of the reactions or some other strategy.
       The second proposal would focus on the nanotechnology required to detect the products in reactions (1) and (2).  I reread the requirements in the solicitation and something just smaller in scale like the lunch box sized mass spec that you mentioned is not going to be well received by the selection committee.  I am advocating a microinstrument that would be suitable for integration with the biotech concept above.  A device physicist or MEMS expert who would like to tackle a “lab on a chip” concept would be appropriate.  The instrument would include a laser source, optical coatings for blocking the laser wavelength, and an integrated miniature photomultiplier for detecting the laser induced fluorescence from reaction (2).  The starting point for this proposal would be just the photomultiplier (PMT) concept.  The PMT would be used if either reaction (1) or (2) was investigated and the rest of the instrument could be added in the future along with the addition of the biochemistry facet.  There are miniature PMTs (3/8” diameter) but they have a dynode string and they are over 2 inches long.  Hybrid photodetectors which contain a photocathode and an avalanche photodiode eliminate the dynode but they are very bulky with added preamps and power supplies.  The microchannel plate concept that has fine glass capillaries (~10 μm) coated with photoemissive material coupled with a photocathode seems like a good candidate for consideration.  The microchannel plate PMT has gain, eliminates the dynode string, and does not have to be very thick.  This fluorescence concept is just an example.  If anyone has another idea, I am flexible.   As I indicated on the telephone, the funding is not large and the proposal is only a few pages. The important thing is a well thought out concept that can be high risk but is relevant to our mutual objectives.
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where R and R’ can be alkyl or hydroxyalkyl,


the anions can be NO   or Cl
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