
LLNL-CONF-417450

Exploring Athermal Initiation
Mechanism of Azides

M. R. Manaa, G. Overturf

October 1, 2009

14th International Detonation Symposium
Coeur d'Alene, ID, United States
April 11, 2010 through April 16, 2010



Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
endorsement purposes. 
 



Exploring Athermal Initiation Mechanism of Azides  
Poster Presentation 

14th International Detonation Symposium 

Coeur d’Alene, Idaho 

April 11 – 16, 2010, 2008 

M. Riad Manaa and George Overturf  

Lawrence Livermore National Laboratory  

P.O. Box 808, L-282, Livermore, CA, 94551  

 

ABSTRACT 

In covalently bonded molecules, when bonds are stretched and bent, there are regions in 

the nuclear configuration space where the energies of the highest occupied molecular 

orbitals (HOMOs) and those of the lowest unoccupied molecular orbitals (LUMOs) 

become degenerate. HUMO-LUMO energy band closure due to bond-bending allows the 

electrons in the bonding states to expand at constant volume, eliminating the activation 

energy for decomposition and the occurrence of fast reactions.  In periodic solids, the 

HOMO-LUMO gaps develop into band gaps; hence, a band gap closure and the 

delocalization of the valence band electrons (metallization) would be achieved via shear 

strains.  Gilman has proposed that detonation fronts cause metallization via shear, and are 

thus, athermally activated. 1, 2 Our recent ab initio calculations showed that in the case of 

TATB, the critical shear angle responsible for the vanishing of the energy band gap is 

achieved at near constant volume via a 55 degree bending of the nitro group out of the 

molecular plane.3 We explore the validity of an athermal mechanism via bending of the 

N-N-N bond in the azide ion N3

_

, which is omnipresent in metal azides such as sodium 

and lead azides. Density functional calculations showed that sodium azide (NaN3) is an 

insulator with a band gap of 4.7 eV at ambient conditions.  We calculate HOMO-LUMO 

energy gap as a function of bending of the N-N-N bond in N3

_

.  We determined that, in 

accordance with Gilman’s postulation, this bending causes the HOMO to rise in energy, 

while lowering that of the LUMO. The energy gap decreases until it completely vanishes 

at γ=127º, indicating metallization.  Several constant volume-temperature simulations of 



NaN3 also showed that the N-N-N bending motion increases as the temperature of the 

system increases, indicating that metallization can also be thermally activated at a 

threshold temperature. 
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