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State Resolved Differential Cross Sections for Reactions Important to the 
Decomposition of Energetic Materials 

Paul L. Houston 
Department of Chemistry 

Cornell University 
Ithaca, NY 14853-1301 

1. Foreword 

This report describes progress in developing and applying a new technique, product 
imaging. In this technique, the three-dimensional product velocity distribution is 
determined by ionizing the appropriate species, waiting for a delay while the species 
separate along their trajectories, and then projecting the spatial distribution of ions onto a 
two-dimensional screen.  Examples of its use are described. 
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4. Final Report 

A. Statement of Problem Studied 

The goal of the research was to develop a new technique for characterizing the velocity 
distributions of state-selected reaction products and to use this technique to study reactions 
of importance to the decomposition of energetic materials. In this technique, the three- 
dimensional product velocity distribution is determined by ionizing the appropriate species, 
waiting for a delay while the species separate along their trajectories, and then projecting the 
spatial distribution of ions onto a two-dimensional screen. The technique was developed and 
tested using photodissociation of molecules such as N02 and CH3NHN02. Further advances 
were made by investigating the crossed beam dynamics of the collision of argon with NO. 
Initial attempts were made at investigating the reactions of H with N02, CH3NHN02, and 
H2NN02: an intense hydrogen atom source has been developed. 

B. Summary of the Most Important Results 

1. The Photodissociation of N02 

Two dimensional photofragment imaging has been applied to the 355 nm photodissociation 
of N02 in a supersonic beam. The NO fragments are state-selectively ionized and projected 
onto a two dimensional position-sensitive detector, resulting in an image which can be 
reconstructed mathematically to provide the velocity distribution shown in Figure 1. This 
figure was obtained by performing an Abel transform of the observed image of the fragments. 
The speed distribution of a single rovibrational state of NO consists of a single peak as 
expected from conservation of momentum and energy. 

The angular distribution of the NO and O products is shown in Figure 2. The anisotropy 
parameter, ß, of the NO photofragments is found to be 1.40 + 0.20, which is significantly 
larger than previously reported values measured with effusive molecular beams. This 
discrepancy is explained by the effect of the rotation of the parent molecule. 
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Figure 1 Abel transform of the image from N02 

photodissociation showing a slice of the three- 
dimensional distribution. 
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Figure 2 Angular distribution of NO(v"= 0,J"= 25l/i). 
The symbols correspond to the distribution obtained by 
integrating over all the speeds in Fig 1. 

2. Photodissociation of Nitromethane 

Multiphoton ionization spectroscopy and time-of-flight mass spectrometry have been used to 
determine nascent photofragment energy distributions for several of the products of the 193 
nm photolysis of nitromethane (CH3N02). Internal energy distributions have been obtained 
for CH3 and NO(X 2n), and translational energy distributions for CH3, NO(A 2E+), and 0(3P). 
The production of two NO electronic states (X and A) and the appearance of two peaks in the 
translational energy distributions of the CH3 and O fragments are consistent with earlier 
proposals of a two channel dissociation. The major channel produces CH3 and N02(1 

2B2), 
some of the latter having sufficient internal excitation to further dissociate to NO(X) and O. 
The minor channel is believed to produce N02 in a different electronic state which 
subsequently absorbs a second 193 nm photon and dissociates to yield NO(A) and O. The 
major channel N02 dissociation dynamics are fit well by an impulsive model, while the minor 
channel apparently partitions much of the available energy into NO (A) vibration and/or 
rotation. 

3. Differential Cross Sections for Ar + NO Collisions 

State-to-state differential cross sections for inelastic collisions of NO with Ar have been 
measured in a crossed-beam experiment using time-of-flight ion imaging. Rotational rainbow 
peaks are observed in the angular distributions, and these move to backward scattering 
angles with increasing final rotational level. The images, examples of which are shown 
below, are analyzed using a Monte Carlo forward convolution program that accounts for the 
transformation from the center-of-mass differential cross sections to the experimental image. 
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Figure 3 NO (J=9.5) Figure 4 NO (J=l 1.5) 

Figure 5 NO (J=15.5) Figure 6 NO (J=18.5) 

The figures show the inelastic scattering for different probed final states in the collision, Ar 
+ NO(Jinitial=0.5) -> Ar + NO(J), where J=9.5, 11.5, 15.5, and 18.5. Although there is some 
background signal that shows up as a stripe from bottom to top (where the laser propagates), 
the scattering is clearly distinguishable. Several features should be noted. The scattering 
is roughly symmetric about the relative velocity vector, a line running from lower right to 
upper left in each of the images. More importantly, as higher J values are probed the 
angular distribution moves from forward scattering (in Fig. 3) toward the backward part of 
the sphere ("backward" being defined as toward the lower right of the Newton sphere). Such 
"rotational rainbows" are exactly what are expected on the basis of calculations using model 
potentials.1 

The results are interpreted using a simple two-dimensional hard ellipse model to provide 
quantitative insight into the anisotropy of the potential energy surface.  For NO (/' = 18.5), 
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two rainbow peaks are observed. These double rainbows have been predicted for scattering 
of atoms from heteronuclear molecules, but they have not previously been directly observed 
in the angular distributions. The analysis is also used to obtain the eccentricity of the hard 
ellipse potential from the positions of the two rainbow peaks. The angular distributions for 
the spin-orbit conserving collisions and spin-orbit changing collisions are remarkably similar, 
even though they were thought to involve two different potential energy surfaces. An 
alternative mechanism is proposed to account for the spin-orbit changing collisions through 
non-Born-Oppenheimer coupling of nuclear and electronic motion. 

4. An Intense Hydrogen Atom Source 

We have recently developed an H atom 
source of roughly ten times the flux that we 
might have obtained by simply dissociating 
H2S in a molecular beam. The source is 
based on the observation by Harrison et al.2 

that intense beams of hydrogen atoms are 
emitted from a LiF surface that has been 
covered with H2S and irradiated at 193 nm. 
Figure 7 displays an image of H atoms 
generated in a similar manner, where a 
probe laser operating on the Lyman-oc 
transition has been used as the first step in 
a two-photon ionization of the atoms. The 
arrow on the figure shows the origin of the 
H atoms, the point at which a 193 laser 
dissociated a beam of H2S. The beam has a 
well defined velocity and width, and is 
intense enough so that we anticipate good 
signal to noise for the H + N02, CH3NHN02, 

K Hi 

10 km/s 
Figure 7 Image of H atom beam. 

and H2NN02 reactions. 
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