
A   ••»   **r*/y 1999 

REPORT DOCUMENTATION PAGE     AFRL-SR-BL-TR-99- 18 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the 
the data needed, and completing and reviewing this collection of information. Send comments regarding this burds 
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, V. 
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 ^ 

'       REPOhi 

ö^f/- 
hg and maintaining 
g suggestions for 
hd to the Office of 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
6 December 1999 

3. 
Final 

* rrc AIMU UATES COVERED 

1 Jun 95-3 
4. TITLE AND SUBTITLE 

THEORETICAL STUDIES OF ENERGETIC MATERIALS 

6. AUTHOR(S) 

Donald L. Thompson 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Oklahoma State University 
Department of Chemistry 
Stillwater, OK 74078 

9.  SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

AFOSR/NC 
801 North Randolph Street, Room 
732 
Arlington VA 22203-1977 

Mav 99 
5.  FUNDING NUMBERS 

F49620-95-L-0411 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

19991220 040 
12a. DISTRIBUTJ 

^proved for Public Release 
^Distribution Unlimited 

J 
12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 Words) 
The research supported by AFOSR-AASERT grant F49620-95-L-0411 (parent grant F49620-95-L-0310) for the 
period 1 June 1995 to 31 May 1999 is described. The purpose of the research is the formulation of methods and 
realistic models for studying the fundamental properties and behavior of insensitive energetic materials. The 
work performed during this grant focused on the development of intramolecular potentials to describe the 
vibrational dynamics of the "insensitive" energetic materials NTO (5-nitro-2,4-dihydro-3H-l,2,4-triazol-3-one) 
and ANTA (5-amino-3-nitro-lH-l,2,4-triazole). In addition, the applicability of intramolecular dynamics 
diffusion theory (IDDT) for computing reaction rates in large, complex systems such as energetic molecules and 
solids was demonstrated. 

14. SUBJECT TERMS 
Energetic Materials, Intramolecular Force Fields, Reactions Rates, 
NTO (5-nitro-2,4-dihydro-3H-l,2,4-triazol-3-one), ANTA (5-amino-3-nitro-lH-l,2,4-triazole 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

15. NUMBER OF PAGES 
5 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

NSN 7540-01-280-5500 

mo QUALITY IMWSJOH5D4 

Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



Final Technical Report 
(AFOSR Grant No. F49620-95-L-0411) 

THEORETICAL STUDIES OF ENERGETIC MATERIALS 

Donald L. Thompson 

Department of Chemistry 
Oklahoma State University 
Stillwater, Oklahoma 74078 

Phone: (405)744-5174 
FAX:    (405) 744-6007 

E-Mail: dlt@osuunx.ucc.okstate.edu 

Period Covered: 
1 June 1995 to 31 May 1999 



Abstract 

The research supported by AFOSR-AASERT grant F49620-95-L-0411 (parent 

grant F49620-95-L-0310) for the period 1 June 1995 to 31 May 1999 is described. The 

purpose of the research is the formulation of methods, and realistic models for studying 

the fundamental properties and behavior of insensitive energetic materials. The work 

performed during this grant focused on the development of intramolecular potentials to 

describe the vibrational dynamics of the "insensitive" energetic materials NTO (5-nitro- 

2,4-dihydro-3H-l,2,4-triazol-3-one) and ANTA (5-amino-3-nitro-lH-l,2,4-triazole). In 

addition, the applicability of intramolecular dynamics diffusion theory (IDDT) for 

computing reaction rates in large, complex systems such as energetic molecules and 

solids was demonstrated. 



I. Introduction 

The research performed during the grant period contributed to the long-term 

objectives of this research program, which are to develop theoretical methods and 

perform calculations to investigate fundamental, elementary processes (ultimately 

including chemical reactions) in high energy high density materials (HEDM). The work 

supported by this grant focused on the development of intramolecular potentials to 

describe the vibrational dynamics of "insensitive" energetic materials, namely, NTO (5- 

nitro-2,4-dihydro-3H-l,2,4-triazol-3-one) and ANTA (5-amino-3-nitro-lH-l,2,4- 

triazole). In addition, we also carried out a study to extend the applicability of 

intramolecular dynamics diffusion theory (IDDT) to treat complex chemical reactions. 

The IDDT provides a practical means of computing reaction rates in large, complex 

systems such as energetic molecules and solids. 

II. Research 

The initial stage of the research program to develop realistic models for 

simulating physical and chemical processes in solid energetic materials has involved the 

development of accurate potentials to describe the vibrations of the molecules of interest. 

These will eventually be incorporated into the crystal models that are being developed as 

a part of the work supported by the parent grant. The potentials for the molecules were 

formulated by carrying out ab initio calculations for equilibrium geometries to determine 

the fundamental frequencies and geometries.       These results were then scaled to 

experimental  frequencies to  construct force  field potentials.  Accurate  force  field 

potentials were developed for NTO and ANTA.    Abstracts of the two publications 

resulting from this work follow: 

D. C. Sorescu, T. R. L. Sutton, D. L. Thompson, D. Beardall, and C. A. Wight, 
Theoretical and Experimental Studies of the Structure and Vibrational Spectra of NTO, J. 
Mol. Struct. 384, 87-99 (1996). Abstract: The structure and vibrational spectra of the 
high explosive 5-nitro-2,4-dihydro-3H-l,2,4-triazol-3-one (NTO have been determined 
by ab initio molecular orbital calculations at the Hartree-Fock and second-order Moller- 
Plesset levels and by density functional theory (B3LYP). Experimental frequencies for 
the molecule have been determined from inrared spectra of pure NTO films and NTO 



molecules isolated in an argon matrix at 21 K. A force field for gas phase NTO has been 
obtained based on calculated results at the MP2/6-31 IG** level. In addition, a force field 
for solid state NTO has been constructed using the experimental vibrational frequencies 
for NTO films and scaled ab initio vibrational frequencies. Differences between the solid 
state and gas phase results indicate that the environment and preparation procedure exert 
a marked influence on the spectral characteristics of the NTO molecule. 

D. C. Sorescu, C. M. Bennett, and D. L. Thompson, Theoretical Studies of the Structure, 
Tautomerism, and Vibrational Spectra of3-Amino-5-nitro-l,2,4-triazole, J. Phys. Chem. 
A 102,10348-10357 (1998). Abstract: The structure, tautomerism and vibrational spectra 
of the highly explosive 3-amino-5-nitro-l,2,4-triazole (ANTA) molecule were studied by 
ab initio molecular orbital calculations at the Hartree-Fock (HF), second-order (MP2) and 
fourth-order (MP4) Möller-Plesset levels and by density functional theory (DFT) both in 
gas phase and in solution. It was found that in the gas phase the most stable tautomer is 
2H-ANTA (3-amino-5-nitro-l,2,4-2H-triazole) at the HF level, while at MP2, MP4 and 
DFT levels the most stable tautomer is 1H-ANTA (3-amino-5-nitro-l,2,4-lH-triazole). 
For the 2H-ANTA tautomer, the calculated MP2 and DFT structures agree well with the 
experimental X-ray structures, but with the twisting of the nitro and amino groups much 
larger than in the solid state. The predicted IR spectra are given for all tautomers. The 
calculated fundamental vibrational frequencies at the DFT level generally compare well 
with the MP2 results. In the case of 2H-ANTA, the C-N02, C-NH2 and N-H bond 
dissociation energies were estimated to be 67.1, 112.9 and 96.3 kcal/mol, respectively. 
Based on the structural and spectroscopic results calculated at the MP2 level, a classical 
force field for gas phase 2H-ANTA was developed. The effects of environment polarity 
on the conformations and energetics of 1H-ANTA and 2H-ANTA tautomers were studied 
by performing calculations at the DFT level within the Onsager continuum solvation 
model. The results obtained for the dielectric constants s = 4.8, 18.5, and 78.4 suggest 
that in a polar solvent the most stable tautomer is 2H-ANTA, in agreement with the 
experimental studies. 

In addition to the formulation of accurate vibrational potentials, we further 

developed diffusion theory methods for treating complex chemical reactions.    The 

abstract of the resulting publication follows: 

Y. Guo, D. V. Shalashilin, J. A. Krouse, and D. L. Thompson, Intramolecular Dynamics 
Diffusion Theory Approach to Complex Unimolecular Reactions, J. Chem. Phys. 110, 
5521-5525 (1999). Abstract: A further development of the intramolecular dynamics 
diffusion theory (IDDT) [J. Chem. Phys. 107, 6204 (1997)] for computing unimolecular 
reaction rate constants in the IVR-controlled regime is described. The approach is based 
on Kramers' energy diffusion theory, with the reaction coordinate taken as the subsystem 
and the rest of the vibrational modes as the bath. The method provides a practical means 
of obtaining the rate constants in the IVR-controlled regime at considerable savings of 
computer time compared to the usual classical trajectory simulations. Its accuracy has 
been demonstrated in our earlier applications to some simple bond-fission reactions.  In 



the study described here the idea of intrinsic reaction coordinate (IRC) is used to extend 
the IDDT approach to more complicated systems for which simple reaction coordinates 
are not easily identifiable. The basic idea is to take the IRC as the subsystem and the 
transverse vibrational modes as the bath. The method is applied to the unimolecular 
dissociation of REX (hexahydro-l,3,5-trinitro-l,3,5-triazine), and the rate constants 
calculated using IDDT are in good agreement with classical trajectory simulations over a 
wide range of energies, suggesting that the approach may be generally applicable to large 
polyatomic systems. 
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