REPORT DOCUMENTATION PAGE Form Approved OMB NO. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments
regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington
Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any oenalty for failing to comply with a collection
of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
15-11-2016 Final Report 1-Oct-2011 - 30-Sep-2015
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Final Report: Theoretical Chemistry: Theoretical Studies of WOI1INF-11-1-0477

"Roaming" Reactions 5b. GRANT NUMBER

5¢c. PROGRAM ELEMENT NUMBER
611102

6. AUTHORS 5d. PROJECT NUMBER

Joel M. Bowman

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAMES AND ADDRESSES 8. PERFORMING ORGANIZATION REPORT

Emory University NUMBER

1599 Clifton Road NE, 4th Floor
1599-001-1BA

Atlanta, GA 30322 -4250
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS 10. SPONSOR/MONITOR'S ACRONYM(S)
(ES) ARO

U.S. Army Research Office 11. SPONSOR/MONITOR'S REPORT

P.O. Box 12211 NUMBER(S)

Research Triangle Park, NC 27709-2211 61359-CH.12

12. DISTRIBUTION AVAILIBILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department
of the Army position, policy or decision, unless so designated by other documentation.

14. ABSTRACT

This project is a theoretical and computational investigation of a novel and general mechanism for chemical
reactions of importance for the development of energetic materials. The mechanism, termed "roaming", was
discovered recently in joint theoretical/experimental studies of the photodissociation of the formaldehyde and
acetaldehyde molecules. This mechanism, although now firmly established, is not understood quantitatively using
a statistical theory known as Transition State Theory. This theory is widely used to obtain the rates of chemical

L L T PO PN MRS S USRS A S N I 2 OSSR DSV DR PR A Py A i DU L Do MGV SR P SIS

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF [15. NUMBER [19a. NAME OF RESPONSIBLE PERSON

a. REPORT [b. ABSTRACT [c. THIS PAGE |ABSTRACT OF PAGES  |Joel M Bowman

uu uUu UU uu 19b. TELEPHONE NUMBER
404-727-6592

Standard Form 298 (Rev 8/98)
Prescribed by ANSI Std. Z39.18



Report Title
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ABSTRACT

This project is a theoretical and computational investigation of a novel and general mechanism for chemical reactions of importance for the
development of energetic materials. The mechanism, termed "roaming", was discovered recently in joint theoretical/experimental studies of
the photodissociation of the formaldehyde and acetaldehyde molecules. This mechanism, although now firmly established, is not understood
quantitatively using a statistical theory known as Transition State Theory. This theory is widely used to obtain the rates of chemical
reactions which are the input for large-scale computer models of combustion, atmospheric chemistry, etc. Roaming can significantly affect
models of chemical reactions that lead to release of large amounts of chemical energy and so it is important to develop quantitative
approaches that can account for the extent of roaming and also the internal energy distributions of reaction projects. The proposed research
will use demanding but rigorous dynamical theory to elucidate the quantitative aspects of roaming. These methods will be applied to the
formaldehyde and acetaldehyde reactions for diagnostic purposes and also to the energetic material methylnitrite. The outcome of this
research, which will be done in close collaboration with experiment, will be new, predictive and quantitative ways to model the roaming
mechanism in chemical reactions.
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Scientific Progress

Substantial progress was made in the study of reaction dynamics with an emphasis on "roaming". This work was reported in 10
peer-reviewed publications and so a detailed summary of all this work in not feasible here. | do however note the major work on
CH3NO2 and NO3. New global potential energy surfaces were obtained and detailed calculations of the reaction dynamics
were performed. This work was done in part in collaboration with the experimental group of Arthur Suits, and a several joint
publications resulted from this. The work on NO3 was also done in part in collaboration with Suits with again several joint
publications resulting from this. Roaming plays a major role in these reaction systems and our work has provided the most
detailed and definitive study of this unusual reaction pathway.
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Research funded by this grant resulted in eleven publications.l-11 Most of these
focused on roaming in the isomerization reaction CH3NO; to a variety of products,
but with a focus on the CH30+ NO produces. These calculations made use of a new
global potential energy surface (PES) and then performing tens of thousands of
quasiclassical trajectory calculations, most of which were initiated from the
methylnitrate minimum. In some studies trajectories were initiated from the cis and
trans isomers CH30NO to investigate the extent of non-statistical behavior in the
reaction. A representative
roaming trajectory is shown to
the left. As seen, the incipient
radical products CH3+NO; appear
. to be formed. However, after a
CH3NO; — CH;0O* + NO period of “roaming”, (the near
horizontal potential at round 75
kcal/mol), a self-abstraction
occurs to form CH30 + NO, with
significant vibrational excitation
of methoxy. This work was done
in collaboration with Prof. Arthur

Suits and resulted in several joint

Time(ps)

publications.>?

A major effort was undertaken to study roaming in the photodissociation of
NOs. This resulted in development of two global PESs based on permutationally
invariant fitting of roughly 100 000 CASPT2 electronic energies.3 These surfaces
were used in quasiclassical trajectory calculations of the 02+NO products
considering both the ground and first excited doublet states. Agreement with
experiment from North and earlier from Suits is excellent. These PESs were also
used in studies of isotope scrambling in the bimolecular reactions of O, with NO.#
Again agreement with molecular beam experiments of Lee and co-workers is very

good.
Finally, in collaboration with the experimental group of Cassavechia, we
developed a global PES for the N(?2D)+H20 reaction.® The detailed dynamics



calculations and comparisons with experiment were reported in a subsequent ARO
grant period.
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