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It is a capital mistake to theorize
before one has data. Insensibly one
begins to twist facts to suit theories,
instead of theories to sult facts.

A. C. Doyle

Against that positivism which stops
before phenomena, saying "there are
only facts," I should say: no, it is
precisely facts that do not exist,
only interpretations.

F. Nietzsche
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CHAPTER I
INTRODUCTION

A, Hot Atom Chemistry

Hot atom or high energy chemistry is the study of
translationally excited species (atoms, radicals, ions, and
neutral molecules) in reaction with a thermal chemical
environment. The "hot" species may be generated by photo-
chemical, beam acceleration, nuclear transformation or other
means, and generally possess energles in the eV up to the
MeV range. This is in sharp contrast to thermal equilibrium
chemical studies where Maxwell-Boltzmann statistics predict
energles less than a few tenths of an electron volt.

The first reported study of hot atom chemistry was in
1934 by Szilard and Chalmers.® They found that after irradia-
tion of ethyl iodide followed by extraction, iodine-128 was
found in the aqueous phase., They hypothesized that the
momentum of the captured thermal neutron was sufficient to
rupture the C-I bond and that recombination did not have to
occur, The following year Amaldi and co-workers2 preposed
that the bond rupture was due to & cascade of gamma rays
resulting from the de-excitation of a compound nucleus.
Glueckauf and Fay3 reported that irradiated halogens could
react with alkyl halides to form new carbon-halogen bonds.

From these beginnings the fleld has grown to embrace

all halogens, tritium and other atoms. Several review articles
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have appeared concerning the reactions of high energy species
with organic compounds: Willard,4-6 Wolfgang,7_9 wolf,10
Urchl! and Rowland.12 A complete bibliography of all
publications in hot atom chemistry through 1962 has been
collected by Suida.l3 Through the efforts of J. P. Adlofil

an annual listing was made available through 1975.

B. Characteristics of High Energy Reactions.

The chemical effects of nuclear transformations and
other activations methods that produce translationally
excited species show a diversity of reaction products and
product formation routes not normally associated with thermal
chemistry. By virtue of its activation the hot species is
not in thermal equilibrium with its environment. Collision
with its environment may result in three possible events:

(1) collisional cooling, i.e. the (partial) de-activation of
the hot species by collision with a thermal molecule. This
is governed in the highest energy regions by kinetic energy
and momentum conservation ("hard" collision) and by general
energy transfer to all available degrees of freedom ('"soft"
collision) at lower energies; (2) thermal reaction where
the translational energy of the hot species permits an ease
of access across the energy barrier (activation energy) not
usually found in thermal equilibrium systems; or (3) the
formation of a product or products not available to thermal
species, See Figure l1-1., These products are formed via

reaction paths which have finite (non-zero) reaction cross
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sections only at high energies.

High energy reaction systems may display the following
attributes:

a. If a particular product yileld shows no temperature
and little or no pressure dependence at low to moderate
pressures (1-10 atm.) then this is evidence for a hot
reaction mechanism. However, pressure and phase dependence
do not constitute sufficient criteria to reject a hot
reaction.

b. A product formed via a high energy mechanism will
display a decrease in yield with the addition of rare gas
moderators due to collisional deexciation of translational
energy.

c. High energy product formation routes often lead to
stabilized products which are energetically inaccessible to
a chemically equivalent thermal system.

d. Reaction yields due directly to primary events
(substitution, abstraction) are not changed by the addition
of small amounts of radical scavengers. Secondary products
formed by multiple step processes (stabilization reactions
or enhancement reactions) may be strongly affected by added
scavengers.,

The study of high energy chemistry provides a method
to investigate the entire non-thermal range of chemical
reactions and their mechanisms as well as thermal reactions

which normally require the input of large amounts of energy
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to initiate product formation. Thus high energy chemistry
may be a useful tool in the investigation of chemical

kinetics, systematics and dynamics.

C. The Generation and Characterization of Hot Species

High energy distributions of atoms and/or ions can be
produced via two classes of activation: chemical accelerators
and bulb techniques. Each type of experiment produces
reactions that can contribute to the characterization of high
energy species. Each experimental class investigates
properties unique to its technique.

Chemical accelerators impart kinetic energy to atoms,
ions or molecules by use of electromagnetic, pressure dif-
ferential or ultrasonic gradients., The particles are
accelerated in a straight line (linear or tangential, hence
the name "beam" experiment) with a resultant kinetic energy
distribution of narrow bandwidth (generally a Boltzmann
distribution centered about the terminal accelerator energy).
The atomic-, ionic- or molecular-beam is produced in a near
vacuum and permits the examination of atom-molecule and/or
ion-molecule single collision reactions. The data obtained
reveal information or intrinsic properties of reactions;
e.g., reactive cross sections as functions of scattering
angle and energy. However, chemical accelerators are limited
in their abilities to measure endoergic reactions, to have

energy resolution and product identification simultaneously,
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to orient molecules (dynamics) and to study the effect of
environment (even 1 torr pressure) and multiple collisions
on ractivity.

Bulb techniques are multi-collisionally oriented. The
kinetic energy imparted to atoms or ions are the result of
nuclear‘recoil or photochemical recoil activation. While
photochemical and some nuclear activation modes produce
atoms, ions or radicals within narrow kinetic energy limits
the multi-collisional nature of the technique results in
collisional "cooling" of the "hot" entities producing a
broad spectrum of kinetic energiles,

Extrinsic properties are readily measured (the hot
species or medium taken in bulk) and intrinsic properties
inferred. New reaction channels (both exo- and endoergic)
may be observed and characterized. Although molecules cannot
be oriented, the ease of product identification (including
diastereomers and enantiomers) permit study of reaction
dynamics. The effect of molecular environment on the reac-
tion systems from low pressure gas to solid state glasses or
crystals is easily studied in bulb experiments. However the
multi-collisional processes found in bulb techniques do not
permit the study of simple collislon reactions or systems
with well defined energy distributions.

Nuclear transformations may occur when a target nucleus
(A) is bombarded by an incident nuclear particle (a). The

number of transformations is dependent upon reaction cross
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section, intensity of incident particles (a), concentration
of target nucleii (A) and duration of irradiation. The
reaction is initiated by the formation of a compound nucleus
(A+a); the degree of excitation dependent on the energy of
(2). The compound nucleus model assumes strong interactions
among all nucleons in the compound nucleus, leading to equi-
portion of the excitation energy and consequent loss of
identity of (a). The compound nucleus is thought to have a
mean 1life time of 101643 seconds, after which dissociation
occurs., The dissoclation may be the emission of one or two

19

particles (e.g. 3He(n,p)3H or F(n,2n)18F) or one or more
high energy photons (gamma rays). In the former case, the
new nucleus ("hot" atom) is born with energies within a
narrow range; the range being determined by the laws of con-
servation of mass-energy, linear and angular momentum. In
the latter case, the hot atom may be born with a spectrum of
kinetic energles, each hot atom having its energy determined
by the vector sum of kinetic energies imparted by the
(isotropic) gamma ray cascade.

This work is concerned with activations of the second
kind, viz:

79
82

81 82
Br(n,r)  Br +  Br

82 m 82
Br (I.T.) Br

12 128
7I(n,r) I

130m 1 0,131,

Br(n,TjaoBr
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A comparison of these and other nuclear transformations mey
be found in Table 1-1.

The (n,y) or radlative neutron capture transformation
is initiated by a thermal neutron being captured by the
target nucleus. The excitation energy is sufficient to emit
a nucleon but is dissipated by the emission of one or more
gamma rays. 1t is the emission of these photons which, due
to conservation of momentum, provides the high translational
energy of the recoiling species.

The recoil energy spectrum is a continuous function
varying from zero to a maximum of (537 B°/M) eV in which B
is the neutron binding energy and M is the atomic mass of
the hot atom. Maximum recoil would be obtained when one
gamma. ray, equivalent to the entire excltatlon energy, was
the sole emission. This has not been experimentally observed.
The recoil energy spectrum is obtained since the momenta of
several Y-rays emitted in an isotropic cascade may partially
or entirely cancel each other,

If the component of recoil energy in the direction of a
chemical bond is less than the bond energy it will remailn
bonded. Although failure to bond rupture is a rare event
it has been experimentally measured as 1.1% for CH3128I and
less for other (n,7) even‘cs.lB"16

Internal conversion can provide an alternate mechanism
for nuclear de-excitation. If an emitted photon is captured

by an inner (K, L or M) shell electron the electron obtains
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