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The N5+ Cation: Explosive Chemistry and Raman Analysis

Literature Discussion Assignment

Read the following article before class:

Ralf Haiges, Stefan Schneider, Thorsten Schroer, and Karl O. Christe, “High-Energy-Density Materials: Synthesis and Characterization of N5+[P(N3)6]–, N5+[B(N3)4]–, N5+[HF2] – ·nHF, N5+[BF4]–, N5+[PF6]–, and N5+[SO3F] –,” Angew. Chem. Int. Ed. 2004, 43, 4919-4924.

To prepare for discussion, work the following problems to turn in:

1.  (a) Draw Lewis structures for all important resonance contributors of the N5+ cation.  (b) What structural parameters do your resonance structures predict?  For example, what can you say about relative N–N bond lengths and approximate N–N–N bond angles?

2.  (a) Write out the complete representation for all motion of the N5+ cation.  (b) Subtract off the representations for translational and rotational motion, and reduce the representation for all vibrational motion to obtain the symmetries of the normal modes.  How many peaks would you expect to see in the IR spectrum?  In the Raman spectrum?
3.  (a) Use a set of bond stretching vectors to determine the representation for the stretching modes of the N5+ cation.  (b) Reduce this representation and determine the symmetries of the stretching modes.

4.  (a) Using the data presented in Table 1 of the paper, make a list of the normal modes of vibration for the N5+ cation and the frequencies observed for each mode in the salt N5+PF6.  The normal modes should be identified with frequency numbers and symmetry labels as described on pages 176 and 177 of the Carter text. (b) Using your answer from question 3, assign which of the normal modes in your list are primarily stretching modes.

5.  In a short paragraph, discuss the agreement between your predicted normal mode analysis and the experimentally observed vibrational spectra.  Is everything as you would have predicted?  What else is observed in the vibrational spectra and how can these absorption peaks be explained?

