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The organic yields of 1701 4+ 1301% ,opyvatesd by
radiative nesutron capture and those of 1501 actlvated by
isomeric transitien were found to decrease for the liquid
systffms studied in the order GH2012> GHCIB‘)*GFGI.}}Gqu k-
COl,Br. The organic yields of (a,Y) activated *°°r® .
1501 ave consistently lower than the (IT) induced ylelds
eof 13&1. The preducts and their relative abundance were
determined by radiogas chromatographlc analysis. These
determinations, together with other <¢onsiderations, suggest
the observed results may he primarily assceribed to varia-
tiong in product stability which are related to variations
in steric interactions ameng substituents of product mele-
cules,

The reactions of (n,Y) activated 1231 with gasecus
GHEX, GHEIE, GHX5, and 014 {X = F and/or Cl) were examined,
The comparisons of totsl organic yields and indicaticns
that bhalogen replacement products are preferentially

formed suggest that ateric interaction between substitu-
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ents of both reactant and product molecules is also an
important factor controlling the extent of reaction in
gaseous systems. The organic yields were found to de—
trease with increasing halogen substitution for the homo-
logous halomethane series studied. .
The similar yields of isémeric'transitinn induced
reactions of 1501 and the radiative neutron capture in-
duced reactions of lEBI in liquid systems, apd the finding
that additives capadble of e}ricient charge transfer reac-
tion with the activated species in the gas phaze effect-
ively 1nhibit (n,Y) induced reaction of 1281 with the
target system are indications that the reactive species

are lons possessing excess kinetic and/or electronic energy..
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Chapter I

Introduction

Nuclear transformeticns produce species that permit
the study of high energy chemical interactions over a
wide range of reactant energies that may be consider-
ably greater than the minimum activation energies attained
in thermal reactions. All nuclear activation yields
product atoms which initially have high kinetic energy
ar electrical charge or both. Nuclear precesses that
have been successfully enployed in studies of high energy
chenical reactions are (p,n), (o,2n), (n,p), (n,¥}, and
{(IT). One of the most commonly empleyed nuclear acti-
vations is radiative neuvtron capture, {(n,Y), reguiring
a nuclear reactor, neutron generator, or other neutron
gsource. The extensive use of this process is due t¢ the
relativé availability of neutrons; the relative ease of
using them under conditions where radiation damage =and
temperature effects are not sericus; favorable cross
sections for the (n,Y) process; and fhe fact that the
{n,Y) process is capable of producing a number of radip-
active species with chemical properties which are partic-

1 Huclear

ularly suitable for the studies of interest.
activation may yield & product nuclide In a metastable

nuclear state. The decay of this state to the ground



state (isomeric transition) may result in a second acti-
vation as a consequence of internal conversion and asso-
¢iabed Auger radiation processez. The nuclear activation
methods empleoyed in thkis research were the {(n,Y} and (IT)
transformations and subsequent discussion will refer teo
either or both of these processes,

1-7

Previocus work discussed by several reviews s has
posed several important gquestions. FPredominant among

these are: (1) The relative importence of kinetic energy
and of cherge in deternining the chemlical fate of the atoms
studied; and (2) the effect of phase and target moleculs
properties on the mechanisms which lead to chemical sta-
bilizaticon. The criteria which must be met in the study
of high energy reactions of this type are that the nuclear
processes produce a radicactive nuclide and that the stable
compounds which are formed by the product atoms 4o notk

underge thermal exchange with each other or with environ-

mental melecules.

Historical Background

Chemical effects of nuclear ftransformations were

first demonstrated by Szilard and Chalmersa in 1934 when

they found that & portion of the 128

I produced in liquid
ethyl iodide by radiative neutron capture splits off from

the parent melecule and beccmes stabilized 1ln inerganic
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form. They believed that the breaking of the ¢~I bond
resulted from the physical process of momentumn transfer
from the neutron to the iodine atom. Shortly thereafter,
Amaldi, Fermi, et g;.g, found the bond bfeaking to result
from the recoil energy imparted by the emission of gamma
rays a5 the compound nucleus de-excites, Further inves—
tigaticen of the reacticns of recoil halogens ;ith several
alkyl halides demonstrated that organic bonding of the
activated atom may also occur;ln
Since 1934 there have been over 300 papers published
on the effects of nuclear transformations in orgaaic
systems, and therefore, a comprehensive discussion of all
historically pertinent information will not be presented.
The various aspects of the chemical effects of nuclear
transformations heve been sdequately summarized through

pgls2411

1967 by several reviewers, Willa =13 nas reviewed

the literature concerning the reactions of activated halo-
gen atoms. The kinetics and mechanism of nuclear recoil

induced reactions of carbon and tritium arve discussed by

& 14

Wolfgang5’4, Filatov ', and Wolf. 50lid state rescticns

of nuclear mctivated isotopes have been examined by

16 i8

Gampbelll5, Walton™, Huellerl?, Harbottle ™, and Ander--

scn.lg Other information includes a bibliography of



publications in hot atom chemistry* through 1962 by Suidagﬂ

and the proceedings of two symposiz on the chemical sffects
of nuclear transiormations sponscred by the Internstional
Atomic Energy Agenc;p'.zl

There have been two main directions of thought regard-
ing the mechanisms of the hot atom reactions of halogens in
the condensed state. One depicets the mechsnism as a |
reaction between the activated atom and an undamaged target
molecule; the other zs a reaction between the hot atem and
radieals, lons, or excited molecules which the atom pro-
duced in its dezetivation process,

The first extensive attempt te explain the mechanism
of hot atom resctions of hslogens was made by LibbyEE in
1947, He developed the "billiard-bzll collision" hypothesis
and later, in a ¢o-authorship with Friedman, the "billiard-
ball eollision--epithermal collision" hypathesis.g5 He
postulated that halogen atoms regoiling with a few hundred
electron volfs of energy Iin liquid or solid alkyl halides
loge their energy by momentum transfer in elastisc ¢olli-
sions with single stoms, and inelastic collisions with

whole molecules when the energy of the recoil atom is re=

* The term "hot stom” will refer to all activated apecies

possessing excess translational snergy.



duced to the order of 10 e.v. by su¢eessive collisions.,
However, this hypothesis was oversimplified and could not
give consistent correlation with the growing veolume of

experimentel facts. In recent studies by M:i.lmanEq

and
Mallison, et 55,25, a me¢lecular model was found to be
consistent with data obtained in particular c¢ases, but in
general the molecular models have difficulty in correlating
existing data.

A nmore remlistle and sugcessful mechanistic theory
of hot atom reactions in the condensed state was that of
willard12 called the "raandon fragmentation", "brush heap",
or "nest of radicals" hypothesis., Willard treated con-
densed state reactions in terms of kinetic¢ energy dissipa-
tion and charge neutralizaticon of the hot atom within a
small volume element of the solution, which produc¢ed high
conc¢entrations of radicals, ions, and excited molecules
in the region where the tagged atom deaccelerated o
thermal energies. According %o Willerd, when a halogen
atem in & liguid phase molecule acguires several hundred
"e.7. 0f recoil energy it accelerstes rapidly and breaks
its chemical bonds, but having traveled less than a molecular
diameter it encounters a selvent molecule backed by and
surrounded by a c¢lose packed apd sometimes intertwined
wall of other meclecules. The result is that the energy

is dissipated by bresking bonds in ar indiscriminate



fashion in the viecinlty of the hot atom. When the energy
of the atom has been reduced helow hond-brezking energies
it is in, or adjacent to, a pocket of hipgh local concen-
tration of organic radicals and inorganic atoms. It may
combine with one of these in a hot atem reaction before
beconing thermalized, or enter into chemical combination
by diffusion of the thermal atom if it escapes a hot
atom reaction. Willard's spproach was realistie but too
gqualitative and thus had limited gquantitative applications.
One of the most significant stwdies was by Hornig,
et 51.26, who found hoft atom reactioms to ocecur in the
gaseous state between 1281 formed by radiative nesuiren
capture of icdine in the presence of methane., This dis-
covery led to more investigations in gaseous systems which
until then had been assumed teo produce ne significant
organic reactions of the hot atom. These investigations,
especially using tritium, resvlted in the development of
a wathematical medel by Eztrup and wolfgangg?*ea, based
partially on the mathematics of neutron cooling, to describe
the kineties of hot atom reactions in the gas phase,
Miller, et 51.29 developed a mathematical model for re-
2¢cil reactions in liquide, using the same concept, but a
specifiec reaction mechanism, the cage model of Libhygg’aﬁ,

to evaluate the kinetie expressions. These efforts met

with little success probably because of the inadequacy



of the underlying mechanistiec model. The Estrup snd
Wolfgeang kinetic thecory does not assume any model for the
reaction itself. It is semi-empirical in nature and can
provide a rigorous test of experimental data. The kinetic
theory has been applied to reascticns of hot tritium stoms

31,432

with a number of hydrocarbons and with mixtures of

hydrogen and methane.55 It has also been used for analysis
of the hot atom reaction of lEF with CFq, by Wolfgang, et E;.ﬁg
Rack and Gordus were the first to show applicability of

the kinetic model to hot atoms other than tritiom by

employing it to correlate reactions of BDBr with CHu and

1281 with GH4.35*5? Their investigations provided defin-
itive evidence regarding the ratic of kinetic energy
dependent reactions to thoese of trarnslationally thermalized
but slectronically excited ions.

Applications of the kinetic theory to liguid systems
has been difficult due to a laeck of suitable, non-reactive
moderators. A recent effort was made by Milman to corre-
late data gathered in liguid organic hallgde systems58
and hot bromine atom reactions in wvariocus organic liquiﬂ525
with the Estrup-Wolfgang theory. Although the data support
the theory, they may not represent true results from a
single type of hot atom pracess.59 Filatov, et 23-40
haﬁe aleo made kinetic anslyses of certain recoil halogen

‘reactions in ligquid systems. This work incorporates some



assumptions of the mechanisms of resctions based largely
on elastic collision models which seem to have limited
applicability in the condensed systems. .

Recently Geissler and Willara™l

suggested another
hypothesiz as to the mechanism of hnt;atom reactions of
halogens io liquid systems. This concept is commonly
called the "Auger electron reactlon" hypothesis. From
their work with icdine end bromine, they noted that
qualitatively similar products were formed by iodine or
bromine etoms in a given solvent when activated by (m,Y),
{vy,n), {(d,p}, {n.2n), or (IT) processes, and by irradiating
with gamma rays. Since the activatinns resuld 1n varying
ameounts of klnetic energy imparted to the hot atom and
nearly zerc energy imparted in an isomeric transition,

the fact that produgts are gualitatively similar and
quantitatively the same in some cases indicates that the
hot atoms may pass through a stage common to all activa-
ftions. "If all the nuclear praﬁesses produce nuclei which
pass through low-lying mebtastable levels which decay by
internal conversion, the similarity of praducts could be
explained in terms of the Auger radiation hypotheals whl
The energies of electrons emitted by 1281 would include
the energy of the conversion electron, electrons with

the energy of I~eK trensitions minus the 1 binding energy,

i.e., about 20 kev., and in the case of highly charged



ions, additiomnal electrons in the range of a few kev.
dowiws Each of these electrons would excite and ionize
molecules of fhe sclution in the c¢leose proximity of ihe
1251 ion from which they came. Thus, a hot ion which has
emitted several Auger electrons would be in the center
a¢f a highly localized concentration of species such as
those found aleng the track of a Compton electron in a
similar sclution exposed to gamme radiation. The hot
ion would rapidly neutralize by charge trapsfer with
adjacent moleeules if ite ionization potentizl were
higher than that of the solvent melegules, The probsable
fate of the atom thereafter would be combination with
a radical which was formed from the activation of the
surrounding solution by conversion snd Auger elecirons.
Geigsler and willafd's hypothesis wag given added

suppoert by the work of Thompson and l"‘Iill@e:*';"'2

in their
observatioas of the sequence of events following (n,Y)
reactions in condensed phases. The initial recoil energy
of the hot atom was due to gamma ray emission and was
imparted te the recoil atom in less than 10_13 sec, after
neutron capture. The high energy atom then followed a
short and deviating path becoming stabilized chemically
and/or thermalized only a few atomic diameters from the
gite of metivation. The ejection of one or more conver-

sicon elec¢trons, followed by loss of other electrons by
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Auger radiation, occurred most frequently 10712 g6 1077

sec after neubron capture. Thus charge buildup could occur
long efter the hot atom was brought to thermal energies
and had the oppertunity t¢ become chemically stabilized.

If the Auger electron reacticn hypothesis 1s valid,
it lmplies that petastable nuclesr states in hot atoms
are sufficiently long=lived so that nuclear activation
by internal conversion does not occur until after the
atom has lost its recoll energy (as confirmed by Thoupson
and Hillaruz) or that the length of the recoll path 1in
the condensed phase is within the dimensions of the
16calized volume of high radical concentration produced
by the electrons emitted in the nvelear activation process,
Both peossibilities are reasonsble.

It should be noted that at lesast one mechaerism other
than that proposed by the "Auger electroen reaction" hypo- ’
thesia must contribute to the total organic yield observed
in condensed iodine-scavenged systems.41 This is the dis-
placenent type of reactiah, which has bPeen observed in
the gas phase, by which the recoil iodine atom or ion
replaces a substituent from an organic molecule in &
bimolecular process. With the exception of reactlions
of activated 128I with CH4. the total organic ylelds of
this type of pracesﬁ aré only a few percent;a?‘45 however,

it is not implausible that a change in phase may allow
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considerable contribution by thia type of reaction to the

total yields observed in condensed systems.

Nuclear Activation

When nuclei are subjected to a high neutron flux, there
iz a probadility that =a ceftain proportion of them (depend-
ing on cross sections for neutron capture, magnitude of
the flux, and time of irradiation) will capture a neutron
and become activated with the energy equivalent of the
neutron binging energy of the nuclei, The nu¢lear activa-
tion properties of the isotopes used in this are presented
in Tabkla I.

A compound nueleus, formed by therpal neutren sbsorp-
tion, is in an exeited Etate. It is assumed from the com-
pound nucleus mode]l that the ensargy imparted by the in-
cldent particles is randemly distributed among all the
nucleons in the compound nucleus such that nmone of the
nucleons have encugh energy to escape immediately. Con-
'siderations of nuclear theery indicate the compound nucleus
has a lifetime of sbout 10~1% to 10717 sec., and deeays
a3 g function of its energy, angular momentum, and parity,
but not mode of fﬂ:ﬂ&tiﬂﬂ.““ The excess energy, equivalent
to the neutron dinding energy of the nuclei, can be dissi-
pated by the emission of 3 combination of gamma radiation

and conversion electrons. Conservation of momentum regquires



Table I. HRuclear Activation Properties of Halogen Isotopes

Nuclear Activation (n,Y) Thermal Neutron Binding Halflife of
Process Neutron Cross Epnergy of Prudgct Activated Hucleus
Section {(Barns) Hucleus (Mev)

Positive Charge
of Activated
Atoms
{Minimum Values}

3701 (n,v)y*Pc1 0.6 6.1 3.3 min —
1277 (n,v)128; 5.6 6.8 25.0 min 50%
1291 (n,r)139% 8.0 6.4 12.4 hr _—--
1297 (n,y)130m 16.0 6.4 8.9 min —
15052 (1qy130; _— ——- 12.4 hr approx.” 100%

%caleculated from nuciear masaes““ and disintegration &nergies.“ﬁ For details, see reference

44,

®phe internal conversion coafficients, i.e., the ratio of conversion electrons to gamma-rays

emitted for 15':’Im

activated icdine is charged.

isomeric transition processes is »1.%7  hus nearly all of the (IT)

cl
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that the recoil energies of the nuclel resulting from
gamma -emission will vary from zerc to a saximum of (537
BEIH) ev for the emission of a single gamma ray. B is the
neuntron binding energy and M is the atomic mass of the
aativﬁted atom, For example, when an 12?I nucleus absorbs
a neutron, the binding energy, 6.8 mev,uu if released

in the form of a single gammaz ray of 6.8 mev energy, would
impart to the 1281 nucleus an energy of 182 ev, The other

1501m and ZJEGl) whose chemical reactions

isotopes (15011
are the subject of this thesis, have similar values.

Since the release of =21l the neutron hinding energy in a
gingle Y-ray is unlikely, the average recoil energy i=
estimated to be w100 ev, Emiseion of more than one gamma
ray results in an energy spectrum ranging from 2erc (due

to momentum cancellation by emission in opposite directions)
to the maximum kinetic energy. The probable distribution

of the recoil energy transferred as a result of nuclear
processes hss been discussed.u5 Unfortunately, because

of the complex structure of the gamma spectra, little
information has been cbtained regarding the nsutron capture
gamma~ray decay schemes of iodine isotopes used in this
ressarch, However, the energy equivalent %o the neutron
binding energy of the nuclei serves as a rela£ive measure

" of the expected paxloum gampma-emission energy following

neutron capture.
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Charge State and Electronic Excitation Energy

A Tecolil atom can acquire a positive charge and
electronic excitation energy as a result of internal
conversion of the neutron capture gammas and the emission
of Auger electrons. Internsl conversion is an electro-
magnetic¢ interzetion between the nucleus and the extra-
nuclear eleetrons leading te nuelear da—Excitatinn.ua
The lifetime of an excited nuelear state iz on the order
of 10717 to 10712 gee. However, the excited state may
have a lifetime long encugh to be measured, if the angular
momeénta {spin) of the excited state and the ground state
are different.?? The decay of long-lived metastable
states is called isomeric transition, The emissjon of
isomaric transition gammas or internal conversion electrons
impsrt negligible reecoil energy to the nuclide.

128 130 1§DIm

The iodine isctopes, I, I and , used in

this study have high internal conversion cuafficients.n?‘50
The chemical reactivity of these species may be largely
attributable to the production of a vacaney (hole} in the
K-~or L-shell as the result of conversion electron emissionm.
The vacancy in the EK-shell or L-shell is usually filled

by an electron from an cuter shel)l with the emission of

a K or L X-ray respectively; however, the emlssion of an
X-ray may be replaced by the ejectlon of an electron with

a kinetic¢ energy equal to the difference between the
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X{-ray energy and the binding energy of the electron.
This latter process may continue with the successive
emission of electrons {called "Auger" slectrons after
their discoverer) until the axcess energy has been re-
moved., This process may preduce a high positive charge
on the atom as shown schematically in Fig. 1. ©Carlson,

21

Hunt snd Erause have compiled extensive data on the
charge bulld=-up on an atom as a result of a sudden inner-
shell wecancy such as that produced by conversion electron
enission. They have devised a plot (Fig. 2) whereby the
charge may be predicted as a function of shell level and

Z number. Their studies indicate a charge of +8 or +9

for an unasscciated 1odine atom. Other studies by Carlson
and white52 show that charge induced by Auger processes

in the icdine atom are dependent on chemlcel composition,
i.e., the most abundant charge of iodine initially com-
btlned as GH;I was +5, and that combined as HI was +%.

12011 gecay

These results suggest iodine ioms formed by
may have a charge of +4 or less if initially combined as
IE' Charge build-up on a combined iodine can produce
Tecoll energies from coulombic repulsion as high as 25
5&

ev. Factora controlling the behavicr of an iodine
activated by Auger processes are system state (gaseous
or condensed)}, chemical combination at the time of charg=-

ing, and, if unassociated due to bond rupture following



Figure 1.
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emission of neutron capiure gammas, its recoil energy

at the time of charging. As a consequence of the elec-
tronic reasrrangenents feollowing activation, excited icdine
gpecies formed in the gas phase were found to be I(5P2,
5P1 and /or 3P0) atoms or I+(1D2} ions, %157

Final Chemical Stabllization

After a nuclear activated atem is born with its

high kinetic energy, positive charge, and electronic -
excitation energy 1t can underge chemical reactions after
losing most of its excess kinebic energy (chemical bond
strengths are 2-C ev., whereas activated atoms may have
several hundred ev. kiretic energy). An atom that passes
through the hot atom reaction zome withou¥ reacting will
react as s thermal atom, Positively charged recoil atowms
will be quickly neutralized in condensed media il the
solvent has a lower ionization potential than the hal-
ogen. Two types of data which have proven waluable in
recoil atom studies in organic media are (1) the organic

vield and (2} the organic produnct distribution.

Organic Yield Concept

The corganic yield is a measure of the percent or
frection of the hot atoms created by the nuclear activation

process which become stabllized in organi¢ combination.
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The organic yield is used extensively as a research tool
because of the ease with which it can be determined ex-

perinentally.

Organiec Product Distribution

Recoil atoms, by nature of their actlvation, can
react with orgenic molecules formipg both inorganic and
organic products, Eecause of the presence of 2 halogen
scavenger in the reaction system, rapid thermal exchange
between the inorganic products, and the inability to
differentiate between lnorganic halogen products formed
by hot and thermal reactiomns, primary interesat 1ls in

determining the labelled organic preducts,
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Statement of Froblem
FPrevious studies of nuclear activated icdine reac-
tions have heen with hydrocarbon systems,l'?and severali
of the previously discusged hypotheses are derived from
these studies. Investigations of multi-isotope systems
and of reactions of iodine isotopes other than 125I (Tk -
2% min) have been hindered by the limited availability
of carrier-free precursers of other suitable iodine iso-
topes and the lack of instruomentation capeble of resolv-
ing the assay problems.

The availability of esseantially garrier-free lng
which produces 1304 (Tﬁ = 12.4 hr) and the recently dis-
cussed isomer '/ 17010 (Tﬁ = 8,9 min) fellowing (n,Y)
activation have made it possible to study the reactions
of nuelear activated iodine in systems suech a= chloro-
methanes without interference from short-lived 5801
(Tﬁ = %7.3 min). The development of efficient beta and
gamma counters as well as high resolution gamma spectro-
meters has allowed the analysis of systems containing
low activity levels of one or more nuclides,

My main objective in Acing this research was to
exapRine the following:

(1) The reactions of iodine activated by radiative

neutron capture and isomerie tramsition irm liquid peoly-

halomethanes, and dependence of resctivity on mode of
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activation and target molecule substitution,

(2) The reactions of nuclesr activated iodine with
gaseous polyhaiomethanes of the type GHax, GHEXQ‘ CHX; ,
and GX4 (X = F or Cl) in the absence of sclvent effects
present in liguid resction systenms.

(3) The effeect of =sdditives on the reactive iodine
species and subsequent reactions it may underge in gaseous
aystems.

(4} The relationship of reactions in these simple
azlkanes that have no carbon-carbon bonds, and in some
cases, no carbon-hiydrogen bonda, to those of the exten—
gively studied hydrocarbon systems and mechanisms proposed

for them,



CHAPTER 11
EXPERIMENTAL
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Chapter II
Experimental

Chemicals Uszed@ in the Research

411 of the chemicals which were used throughout this

investigation are listed with the name of manufecturer,

grade anpd purity.

are presented.

1,

IC1
EI
Cal
GaClE
52504

HCL
Ha0p
Ha2805

Furification procedures, if employed,

Mallineckredt, reagent grade I, erys-
tals were pleced in a porcelain dish
with equel volumes of a0 and KI and
heated to sublime the I,. The I, was
collected on a cold glass surface
placed above the digh and stored im a
ground-gless stoppered bottle.
Matheaon, pure, M.P. 25=27° C.

Baker, reagent grade.

Baker, reagent grads.

Fisher, enhydrous technigal grade.
Baker and Adamaon, reagent grade.
Baker and Adamson, reagent grade.
Baker and Adamson, reapgent gradse.
Hﬂliinckrodt, J. 8., P, grade.

Baker, reagent grade.
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P205 Fisher, reagent grade.

Silica gel Fisher, reagent grads.

Molecular Sieve Analab, reagent grade,

Ammonia Baker and Adamson, reagent grade.
He Matheson, commercial grads.
Iodine=129 Union Carbide, ORNL, obtained =5 Na

129I in basic{sulfite sclution of
approximate pH 8. The iodine was
extracted inbe the organic phase

with HEOE catalyzed with HH05 which
was necessary for the oxidation of
the 191 to 12912. This solution
was washed three times with distilled

water, and dryed over silica gel or

GaGlE.
Iudine;lﬁl Same as Iodine=129.
GHSGOGH5 Fisher technical grade.
GF015 Mathescn, "Freop-11", purified by

photobromination, extracted with
aqueous sulfite sclution, washed
with distilled water, refluxed with
10% NaCH solubtion, washed with dis-
tilled water, dryed over sillica gel
or Gaﬂlz, and distilled on a Vigreux
celumn with the center c¢ut being

retained.
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CCl_Br Eastman Kedak, yellow lsbel, was
freed from stabilizer by distilla-
tion, photobrominated, extracted
with aqueous sulfite, washed and
re-distilled in the absence of light
within one hour before use, and the
senter cut tsker for sample prepsra-
tien.

CCl, Baker and Adamson, reagent Cclg,
purified by photobrominating, extrac-
ting with aqueous sulfite, washing
with water, refluxing with 10% NaOH
golution, washing with distilled
water, drying over Cacla, and frac-
ticneting twlce in a VigreuxX column
taking the center cut.

GHGJ§ ' Mallinckrodt, reagent GH015 purified
by washing several times with con-
cenptrated H2804 until colorless,
washing with water, washing with dilute
NaQH, washing with distilled ice water,
drying over silica gel, stored io a
light=-proof container, andrfrautionally
distilled in a Vigreux column shkortly

before use taking the center cut.
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CH2012 Matheson, reagent CH‘ECI2 purified
by washing several times with concen-
trated H2504 until colorless, washing
with dilute NaOH, washing with 4is-
tilled water, drying over CaGlE, and
fractionating in a Vigreuzx column

taking the center cut.

GH501 Matheson, 99.5 mole percent minimum
purity.
CF, Matheson, 99,7 mcle percent purity.

0.1% 0, and 0. 2% N, impurities.

GHF5 Matheson "Genetron 23", 99.7 mole
percent purity. 0.3% HE impurity.

CHoF, du Pont research gas, 98 mole percent
purity. 0.1% Ny, 1.7% DHF5 or CF,.

CH3F Matheson, 98 mole percent purity, 2%
HE‘ CHF§ or GF4.

CH, Phillips, 99.65 mole percent purity.

GH;I Eastman, white label, redistilled and
stored over copper turnings,

RI Matheson, 98 mele percent purity,

IF5 Matheson, 98 mole percent purity.

Degaseed to remove volatile HF and CF,.
CFaI Pierce Chemical Company research gasa.
0.1% GH31 by radiogas-chromatography.
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Sample Preparation; Liquid Samples
£ 1281 and 1501 + lEDIm

The rezetions o activated
by neutron capture and the 120.m {IT)} 1507 reactions
wore studied in liguid pelyhalomethane-halogen mixtures.
In partlcular, halcgen concentration effects, the effect
of s0lid phase irradiations, and time between irradia-
tion end extrsction were examined, All samples weére pre-
pared in 1-5 ml gquartz ampoules. The empoules were attached
with B c¢onstricted neek to a gquartz stem having a ground-
glass joint for ¢onpection to a vacuum line. The stem
and ampoule were c¢leaned by washipg with concentrated
HHG;, dilute aqueous HH5 and a triple rinse with distilled
H O The rinsing was atcomplished by alternately c¢ool-
ing the ampoule in liquid HE while introducing the wash
solution, and then heating the ampoule to expel the
ligquid gaseous waste., The c¢leazning procedure removes
any soluble contamination from the guartz surface. The
ampoules were attached to the vacuum line and flamed to
a red glow to wolatilize any absorbed substances inside.
After evacuating for several minutes, the aopoules were
tested for leaks using a tesls coil.

Guartz, rather than pyrex, was used for several
reagsons,. The neutron-induced ac¢tivity in quartz was
much less than in pyrex or cother softer glasses, Eodium-

24, which was produced in sodium-containing glasses could
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e leached out in chemical extractions, descrikhed later,
and affect the radicactive assaylng., Quartz was also
uzed because of its low coefficient of expansion which
allowed it to undergo extreme and sudden temperature
¢hanges without breskage.

Generally triplicate, and at least duplicate samples
were prepared for all experiments. The reaction mixtures
were introduced into the ampoules as a liquid im all in-
stances, The solutions were sufficiently cooled in all
cazes to prevent volatilization of the szolvent or solute.
The samples in the ampeules were degassed by the standard
alternate freezing, evacuating and thawing procedure.

All reaction systems were prepared in a dimmed room.

The samples were wrapped in aluminup foll to eliminate
light induced reactions, and stored under liquid Ry to
eliminaEF thermal exchange reactions. The 1291 and 1511
{(for tracer studies) were obtained from Qak Ridge National

Laboratery irn aqueous Halzgl Or-HalalI solution. The

iodide salt was oxidized %o iodine with HyCoy catalyzed
with a trace of HHD}. and extracted into the ha;omethanes.
The solutions were washed at least three times with dis-
tilled water, and dried over =gilica gel or melecular
gieves. lodine concentrations were then determined photo-

metrically with a Bausch and Lomb Spectronic 2C.
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Sample Preparation; Gaseous Samples

guartz ampoules, varying in gize from 7 to 10 ml,
were washed with HH05, rinsgﬂ with distilled H,0,
heated to dryness, and then sealed t¢ quartz cepillary
tubing which could be connected to the vacuum line by
means of a grouwnd-glass (12-%) ball-socket joint. After
S5ealing the gquartz ampoule to the capillary tubing, the
necks of the guartsz ampoules were constricted by heating
to facilitate easy sealing of samples after preparation
of reaction systems. The ampoules were ¢leaned again,
Ilamed, and evacuated as described feor liquid systems.
Evacuaticon of the ampoule was continued until ne spark
was observed betwesn it and the Tesla ceil.

Triplicate samples were prepared on the vacuum line.
All samples contained 0.1 mm 12; gxcept where noted, in
grder to serve as a radicel scavenger in the system.
The 12 was metered into the ampoule at its vapor pressurse
at ambient temperature, In additioen %o IE* other icdine
source molecules were introduced inte the irradiaticon
vessel at pressures determined from manometer readings.
The target compound was then added to the reaction systems
frow tanks connected to the vacuum line by tygon tubing,
these pressures alse being determined from manometer
readings, The actual individual compound pressure in

the system was equal to the difference between the pres-
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sure read on the manometer and the previous pressure
existing in the reactioﬁ ampoule. The quartz ampoules
were frogzen in liquid HE and sealed off by heatiang at

the thin-neck comstricticon. The empoules were wrapped
in s2luminum foil and stored in HE in the dark until pre-
péred for irradiation. The entlire sample preparation was
done in a dimmed room with indirect lighting sufficient
to allow acsurate manometer readings.

With additives having apprecisble vapor pressures
at liquid HE temperatures, a pressure correction might
he considered necesgsary for the amount of gas between
the constricted neck of the ampoule and the stopeock
leading to the vacuum system. This correction was
minimized to less than experimentsl error by using large
(10 ml) faaction ampoules in comparison to the small
volume of the capillary tubing between the constricted
neck of the ampoule and the stopcock. Before sealing
the ampoule, an internal vacuum was accomplished by warm-
ing the capillary tubing, which &reated a temperature
difference between stem and ampoule, and shiffted most
of the gas in the capillary into the ampoule 1mmediately

before sealing. No pressure correction was inecorperated

in calculating the mole fraction of the reaction systems.
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Feutron Irradiation

The thermel neutron irradiations were performed in
the TRIGA Mark IT "swimming pool" nuclear reactor at
the U. 5. Veteran's Adminlstratioen Hospitsl at Cmaha,
Nebraska. 4&n average flux of 1.1 x 1011 thermal neutrons
cm'g sec“l was present at an operasting power of 15.%
kilowatts. Experiments designad to test for the
occurrence of "fast" neutron induced reactions such as
19F(n,2n)183 and lE?I(n,En)lEEI were pegative within
the limits of detectability. Samples were placed either
in the wvarious ports of the "lazy susan" holder or the
pneumatically opserated "rabbit" facility. For irradia-
tions of duplicate samples longer than tTwo minutes, the
varicus ports in the "lazy susan" sample holder were
employsed and the assembly was rotated to ensure that

all samples received the same neutron flux and radiation

doss., The radiation dose was approximately 3 x lDl? ev
-1

o4 1 nmin
131

as determined by using ¥Fricke dasimetry,ﬁ and
1 organice pickup in irradisted G-CEHlE'Eg In most
instances the organic yields were negligibly dependent
upon the duration of irradiation.

The quartz samples containing the reactlon systems
were sealed in plastic bags to prevent radicactive guses
Ifrom easceping if the ampoules were atcidently broken.

The reactions systems were inserted into TRIGA tubes
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or the "rabbits" which were specially dezigned for the
TRIGA reactor. Neutron irradiation times wvaried from
1 sec to &0 min,.

Samples to be irradiated in the solid-state were
removed from liquid H2 and irradisted for 2-30 sec.
The average tenperatire rise in solid-state samples was
determined under condifions as nearly identical ss pos-
sible t¢ irradiastion conditions by sealing the probe in
a quartz caplillary extending into the sample contained
in an evacuated smpoule. The results, shown in Fig. 3,
indicate that meximum temperature reached by solid-state
samples during the short irradiations employed in this
study were insufficient to cause liquefactiorn, Remote
handling equipment was employed whenever possible in
order to minimize personal radiation hazards. Standard
radicchemical techniques and practices were smployed at

all times.

Extraction of Organic and Inorganic Activities !

The quartz ampoules containing the reaction aystems
were placed in specially designed separatory funnels. -
The reinforced separetory fumnels contained aliguots
of 5014, halogen carrier and aqueous 0.5 M HaESG} guech
+hat the volumes of organic¢ and inorganic phases were

equal after the reaction system was added. The quartz
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ampoules were broken by vigorous shkeking of the funnel.
After mixing and equilibration, the CCl, phase contained
the organicelly scluble labeled elkyl halides formed as
& result of the nuclear induced reactions. The phsases
vere separated within 10-30 see after the interface
appeared if isomeric transition induced reactions wers
oceurring during the extraction process, The organic
so0luble portion was drained into an erlenmeyer flask
which contained anhydrous 03012 a5 a 4drying sgent. The
flask was stoppered and shaken before egual volumes of

g¢ach phase were pipetted inte separate labeled counting

tubes.

Determination of Isomeric Transition

Induced Organiec Yields

When 1291 is subjected to = thermal rpeutron flux,
a8 large percentage of the activated nuclel are bBorn in
a metastable nuclegr state.”’’ As shown in Fig. &4, 67%

of the 1291 atoms which gbsorb a neutron will result

in 1501”; whereas 35% are horn as ground nuclear state
1E'E]‘I. The 1301” decsys to 1501 by isomeric %ransition
and to lﬁﬂxe by heta decay.

Rack sand co-worker559*54'56 developed a freeze-

EEBr isomeric transition

thaw technique for determining
induced organic¢ yields independent of the radiative

neubron capbture organic yields. Essentially the tech-
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Figure 4, Radiative neutron capture and subsequent decaying routes of

Iodine=129,
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nique consists of the neutron irradiation of a solid
sampple containing halogen and an aliphetie compound.

The solid-state organic yields were usually less than

1% at concentrstions of halogen where fractional erys-
tallization or clumping of the halogen ec¢curs during the
freezing process. However, when the sample is liquefied
following the neutron irradiation, the organie yields
increase with the duration of time that jiscmerie transi-
tien reactions have occurred. I‘1~°-,1:-r-igs|.115":l developed an
expression to e¢alceculate the (IT) organic yields in bromine-
systems based on information obtained with the freeze-
thaw technique. This expression was developed speeif-

825 M ;comeric transition

IBDIm

ically for the determinaticn of
¥ields and was not adequate to describe igomeric
transition yields hecauselthe s0lid-state yields were

not always negligible in systems necessarily containing

low concentrations of I2 solute as a consequence of the
limited sclubility of icdine in the systems of interest,
and the fraction 1501 born directly intoe the ground-state
(39%) was not insignificzant, whereas the fraction of ground-

state 82

Br produced is less than 10%, The feollowing
general expression was develeped to describe the iso-
meric transition organic yields im a)l systems where the
freeze-thaw technigque is applieable,

The observed organic yield ney be described by egua-

tion (1):
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1liq sld sld
0uYugpg = Org Act g + Org Act™yq + Org ﬂctn,T

Total Actlvity

The organic yield due strictly to isomerie transition
induced reactlions in the 1liguid state is defined as the
organiec activity introduced intc the liquid organic phase
by (IT) regctions divided by only that fracticn of total
activity produced by the decay of tihe metastable isomer
in the 1liquid state. This result is obtained by divid-
ing Eq. 1 by the term, aa'*tL where B is the fraction

of the total activity born by (IT)=sctivated processes
decaying in the ligquid state,) is the decay constant of

lﬁﬂIm

the metastable isomer, y and t is the elapsed time

from beginning of irradiation to thawing the sample.

- ' 1iq sid sld
0.T.pg OrE Act™In Org Act', Org Actn‘T
(2) =y Y - h—— M
Be - Be” "7 {tot Ba (tot pe " “(tot
act) act) act)
Rearranging:
(3) o.r.}13 . °re actid | 0¥
ﬁe'*t(tot ﬂe'*ﬁ
act)
sld £l4
- Org Aet™im + Org Actn‘T
Be™* % (tot act)

The so0lid-state organic activity induced by (IT)-activation
is equal to (1 - e'*P) f times the cbserved solid-state
organic yield. The solid-state organie activity induced

by (n,Y)-activaticn is egual to stimes the observed solid-



57

a

state organic yield, where&is the fraction of the tntai
activity produced directly by radistive neuntron capture.
- By moking the preper substitutions snd rearranging, a
general expression is obtained for systems where the
freeze-thaw technique is applicable.

R@-or® (1 - e7*F) g°

EE_"’" t E-J.. T

lig _
{4) UuY. IT =

R® is the observed organic yield produced in the liquid
state when o sample is thawed immediately after irrsdiation
in the solid-state and after 99.9% of the metastable
isomer, 1301”, has decayed, RY is the organic yield pro-
duced in the solid-state neutron irradiation., A necessary
condition is that the value of R? is not dependent upon
time of extraction within experimental error. In systems

13010 the constants o and P are 0.39 and 0.61
87 e 130

invelving
respeckively. I liquid state organic yield due
to isomeric transition at any time t after liquefaction

can be determined by employing the fellowing:

-t (s} ' O
liq _ R* - R° (1l - ¢ ") R {e lig) R
(5} G-Y- = - -
IT BB:E:E E‘--..-i..“.‘.-

The last term is negligible within expérimental error if
golid-state organic yields {HG) are les? than two percent,
since it corrects only for the fraction solid-state or-
ganice activity induced by iscmeric fransition that cannot
occur if the sample is liquefied. If essentially sll the
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metastable isomer is allowed to decay in the liquid state,

the term vanishes, and the general expression for 1501

gystems is equation 6,

(&) 0.Y. 1%% = 1.71 R® = .71 K°

ASB&EEE Procedures

The radicisotopes were assayed with either a tracer-

lab, Model SC=57, well scintillation detector with a two
inch WaI(Tl) crystal in conjunction with a Tracerlab Spec-
tromatis, Model S5C-530, scaler-spectrometer, or s RIDﬁ 400
channel pulse height snslyzer with either a 2in x 2in well-
type Nal(Tl) crystal, or two facing 2in x 2in NaI(Tl)
¢rystals with near 4 pi geometry. A description of the
gounting equipment, the counting geometry and the lack of
a need for corrections due to counting coincidence losses
and density have besen adequately discussed in previous
theses from this laboratery,2?'22191462 phe multichannel
analyzer was used primarily for 128I and 5801 syztems for
quantitative determination of the isotopes being analyzed.
Representative spectra of the various isotopes used 1in
this research are available.65

The resdout of the Traceslab instrument was recorded
manually; whereas, the ocutput of the multichannel snalyzer

was Stored on paper tape or typed-out on paper. The
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activities represented by the photopeaks of the nuclide
of interest were computed and the organic yield wvalues
calculated using an IBM 1620 computer. Frograms 1 and 2
listed ir the appendix were modified for this purpose
by R. L. Ajres‘of this laboratory. These programs in-
corporate corrections for radiocactive ﬁecay, reaidual

background, and compton scetter. The 130

I (T}& w 12,4 hr}
activity was determined after allowing shorter lived species

to completely decay.

Determination of Labeled Product Distributions

The labeled product distributions of the radioisc-
topes in the halomethanes were determined by radiogas
chromatography. A schematic diagram of the radiogses
chromatograph is depieted in Fig. 5, The basic features
of the radicgas chromatograph have been described else-

53,64 65

where, include a Hewlett

Recent improvements
Packard D. ¢, power supply {(Harrison 6202B), a Gilmont
Instruments, Inc. flowmeter, Aerograph thermal conduc-
tivity cells, a four port backflush walve to facilitate
elution of high boiling fractions whieh pass through the
¢olumn slowly, and a high efficiency window flow-counter
eimilar to that discussed by Welf, et 51.56 Hot shown
in Fig. 3 is the ND-110 128-channel analyzer which was

connected to the ratemeter with a signal-splitter so
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that the signal from the counter was relayed both to the
dual=pen recorder and the memory of the anslyzer. The
multichannel analyzer was operated in the Mossbauer mode
with a dwell-time per channel of 10 sec. This allowed
digital storage of chromatograms up to 1280 sec duration
and numerical integration of product peak areas. 4 2,1 m
gpiral column, 4-mm i.d., filled with 42-60 mesh Wilkens
Instrumental firebrick coated with 13% weight of DC=550
gilicone 0il, was used with He as the moblle phase.

Sllicone 0il was chosen as the stationary phase be-
cause of its general separating c¢harscteristics, rather
than selective abilities, snd for its ability to separate
alkyl halides. Silicone oil is unselective to halomethanes
and they were found to elute from the column ln the order
of increasing bolling point for all halomethanes used
in this study.

Ground firebrick was prepared a5 the s0lid support
for the liquid phase by dissolving 1% g of liquid silicone
il in 250 ml of wethylene chloride, and suspending 100 g
of firebrick in the solution. The methylene ¢hloride
was velatilized under vigorous mechanical stirring. The
resultant firebrick costed with 13% of its weight of
silicone coil was packed in the ceiled glass column.

Liquid samples irradiated for radiogas chromatogrephic

analysis were cooled to prevent evaporation of wolatile
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haliden, and extracted with 1 ml of the hydrocarbon sol-
vent being investigated and 3 ml of C.5 M Na25°§' Quan-
titative arganiclproduct distributions were initially
determined in the absence of organic lodide carriers to
prevent any exchange between carriers and lebeled products
at the eleveted temperatures of the chromatograph, Sub-
sequent chromatograms employed carriers for product iden-
tification. Quartz ampoules containing gaseous samples
were broken inside a gas-tight, on-line induction port.
The sample gases were introduced directly into the carrier
gas stream and pessed through a potassium hexacyancferrate
(II) pre-column %o prevent inorgsnic halogens from entering

the analytical cclumnaﬁ?



CHAPTER TIiIX
SUBSTITUENT EFFECTS IN IODINE-130C REACTIONS
ACTIVATED BY (n,Y)} AND (IT) WITH VARIOUS POLYHALOMETHANES
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Chapter TII

Previous studies of itodine reactions activated by
nuclear transformations have been mainly with alkyl lodide

and hydrocarbon systems*1'2115:41.55

One striking fes-
ture of icdine reactions was that yields and product dis-
tributions of 17°I and 1251 activated by (IT) and (n,Y)
processes, respectively, were similar to yields and analo-
gous product distributions of EaBr ectivated by (IT) events
in cyclohexane and other 05-09 hrdrccarbons.u?'59 The

likenaess hetween 130 1251 and 82

I, Br ylelds and product
distributions suggest that activated halogens may trace
chemical processes which result from a simllarity of
environmental activation and/or decnmposition.55’59

The study of jicdine reacticns in warlous halopgen
substituted methanes is interesting because these mono=-
carbon compounds, coateining, in some cases, ho carbon-
hydrogen bonds, present environments to the activated
iodine that are highly dissimilar to hydrocarbong with
reaspect to bond energies, molecular dimensions, and
stability of potential products. Tn this research the’
effects of different substituents on the 129I (n,T)laﬂl
+ 129I(n,7)1301m and lonm(IT)laﬂI ipduced organic yields
and the radioiodine organic product digtributions at
several lodine concentrations in various polyhalomethanes

were determined.



The freege-thaw techniquse for obhtaining isomeric
trapgition organic yields, extraction procedures and
counting equipment have been deseribed previcusly. This
technique was nsed in all systems except GGIEEr where
the (IT) organic yields were determined in a manner similap
%o that employed by Willard, et al.”7*®% 1The orgenic
yields of 1501 induced by (IT) processes in GGIEBr, and
also Gﬂlq, systens were determined Ly introducing 1501n
and 150I produced by neutron irradiation of 1291 into the
sclvent at various times following irradiation. The data
are shown in Tebles II and III. The values thus obtained
were divided by the fraction {Q&l) of the total activity

13018 4o obtain the (IT) induced organic yields

born as
at various times,. 8ince the maximum organic¢ yield depends
on the fracetiocn of the 1301m that hes not decayed when
the lrradiated icdine is introduced intoe the systems,

the (IT) induced organic yield that would be observed

if all the 1501m were allowed to decay in the system may
be determined by preparing a plet of the corrected values
and extrapclsting to time zero {approximated by the mid-
point of irradiation). The iscomeric transition induced
organic yields of 1301 in GclaBr and GC1, determined in
this manner are shown in Fig. & amd Fig. 7. ©Correction

for pick-up I in systems where no was itnitially

present was 0,1%. All samples for other isomeric transi-
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Table 1k
Percent 1501 Activity in Organic Combination Following
Introduction of 150Im and 1501 at Yarying Times After
Midpoint of Irradistion into 0015Br
Mole Praction Mime Percent Organic?
: I, {Cbserved)
3 x 107 2 1.04
1.06
1,07
5 0.85
2 0.88
5 0.84
5 .81
8 Q.67
8 0.61
8 0.75
8 D.70
12 0.50
12 .43
12 0,40
12 Q.37

®Estimated error is 0.1% as a result of thermal uptake
Uf 150I ]



Table IIl

130

Fercent I Activity in Organic Combination Following

130.m 130

Introduction of and I ot Vorying Times After

Midpoint of Irradistion into CcCLl,

1,02
1.0
1,10
1.08

0.91
0.79
0.86
0,82

ALY L BN L BN

0,60
0.75
0.67
0.63

o o o o

12 Q.41
12 0.42
12 0.4
12 0.39



Table III(continued)
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Mole Fraction Time Percent Organic?
1, {min,) {Observed)

9.5 x 107% 3 1.41
3 1.40

3 1.36

& 1.08

1.15

L.1l4

0.82

0.87

0.79

8Estimated error is 0.1% as a result of thermal uptake

of lz'DI .
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tion time studies were irradizted in the so0lid state
(77° = 2¢° K}, and thawed by impersing in warm water

10 pec after the end of a 30 se¢ irradiation. They were
regolidified in liquid altrogen after verying periods of
time at room temperature. A necessary c¢onditiom for
application of freezing techniques is an essentially
constant solid-state organic¢ yield. These values were
determined immedlately after irradiation and after 90
min for various mole fraction I, in the GHaﬂlg, GHGl;,
0814, and CFG15 syatems studied by this technique. The
rasults shown in Tahles IV, ¥V, VI, and VII indicate that
within experimental limits, there ls ne change jin the
observed Fyield as a result of laDIm(IT}laol processes in
the solid state.

The samples irrasdisted for radiogas chrometographic
analysis were ¢ooled to prevent evaporation of volatile
¢ompounds and extracted with aguecus sulfite, washed and
dried to insure that only. organic preoducts were chromato-
grephed.

Product identification where carriers were not avail-
gble was made on the basis of relative position o labeled
00131 and non-radiosctive halomethanes of varying boiling

points and meolecular weights.

Radiative Neutron (apture Induced Reasc¢tions

Determination o organic yields acti-



Table IV
Iodine=130 Yields in Soltid GHEGl2 for Immediate
Post-Irradiation Extraction and After All
Iedine=130m has Decayed (¥ 9C min)

Mole Fraction Qrganic¢ Yield
I, x 10° Immed. Extractn,  After 90 min
0.3 1.9 2.4
2.0 2.2
2.1 2.1
2.0 2D
5.0 1.0 Q.7
D'B 0*?
0.9 1.0
1.5 0.5
10.0 0.6 0.5
0.6 0.5
0.5 0.4

*Irradiated 15 seconds
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Table V
Iodine-130 Organic Yields in So0lid C}Hcl3 for Immediate
Post-Irradiation Extraction and After All
Iodine-130m has Decayed (® 90 min)

Mole Fraction Organiec Yield (So0lid State)*

I, x 10° Immed. Extractn.  After 90 min

0.3 6.4 5.7

' 6.7 5.6

6.2 6.0

6.0 . 5.8

8.0 5.4 T 8.1

_ 5.0 4.9

4.7 4.9

12,0 3.8 3.8

4.1 5.9

3.2 3.5

*Irradiated 1% seconde
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Table VI
Todine=130 Oprganic Yields in Sclid GF013 fer Immediate
Post=Irradiation Extraction and after all
Iodipe=130m has Decayed (& 90 min)

Mole Fraction Organic YTield*
I, x 10° Immed, Extractn.  After 90 min
0.3 1.1 1.0
1.0 0.6
1|D Dlg
D'? 1-0 ————
0.9 —
2.0 0.6 0.6
0.6 0.6
0.6 0.5

*Irradiated 15 sec



Table ¥VII
Todine-130 Organic Yields in Solid CCl, for Immediate
Post~-Irradiation Extraction and After All
Iodine-120m has Decayed (% 90 min)

Mole Fraction Orgeanic Yield*®
Iy x 10° Inmed. Extractn. After 90 min
0.3 e ) 4.5
4,1 4.4
4.0 4.1
905 2-5 2+5
2.6 2.5
2.1 2.3

*Irraﬁiated 1% seaconds
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vated by 12°1(n,v>°1 ana 12%(n,y)130"

processes was
accomplished by irradiating (15-30 sec) the liquid poly-
halomethane systens, Gﬂeﬂlz, GH015, GFG15 and 0014, con-
taining dissclved I2 at various concentrations studied,
with thermal neutrons and immediately freezing them in
liguid nitrogen. It has been shown previously that changee

(with time in the liquid state) in EIEBr and 150

I organic
¥ields due to {IT) sctivated reactions in hydrocarbons
could be halted by freezing the systems in ligqulid nitro-
gen.54’55’55 The exlistence of this effect in IE—GHEGIE,
IE-GHGI§ and IE—GF015 systems ig indicated by the data of
Tables IV - VI where it is shown that negligible change
in organic yield results from (IT) processes oceurring

in the solid=-state. This effect is also demonstrated by
the finding Iin (IT) time-studles that increases in the

130

Jigquid state I yield as a result of isomeric transition

induced reactions are halted by re-solidification (see
Fig. B). 1If, after irradiation in the liguid state, these

systems were not frozen immediately, increases were ob-

served in the 1301 organic yields related to the duration

of time processes were allowed to occur

in the liquid phase. 5Simlilar effects were reported for

BEBr and 1501-h§drocarhcn systems,55‘5a where 92

1BDIm(IT)150

Er and

I induced yields were greater than those of

82 1304 , 150m_

Br and Further evidence

130

{n,Y) activated

that changes in I organic yields as a result of (IT)
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processes ocgur only in the liguid state is presented in

the next section, Presented in Table VIII are the organic
1501 + 150Im

1301

yields of activated by radiative neutron

capbure and activated by isomeric transition pro-
gesses in wvarious polyhalomethanes as a fungetion of dis-

s8olved I2 concentration. -

Isomeric Transition Induced Reastions

The isomeric transiftion organic¢ yields, determined
by freeze-thaw technique (GHEGIE, CHGl;, GFGli and CCl,),
and by the technigque of Willard, st al. {0014 and GGIEBE),
represent organic ylelds due entirely to isomeric transi-

tign. Characteristic growth of cbserved 130

I organic yields
by (IT) is shown for CH,Cl, and CHCl; (Table IN and Fig.

8} and is described by a 8,9 ¥ 0,3 min half-life, using

the tenhnique of Merrigan, et gl.5q‘59 This technique

is based on the postulate that if the ohserved increases

in the 1301 organic yields were conly a result of 15E'Im

{IT}l?GI induced reactlions, the rate of increase should
13C0m

be dependent only on decay, and hence related to

its half-1ife. Then the growbh of ~2°I yields due %o
(IT) in the liguid state can be described by equation
(7).

t 0 - _ no Y
(7) RY = Reorar = R® = Rygpag(2 ~ e 7)
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Organlic Yields Induced by 1291(n,?)1501, 1291(D‘T)1501m

and 17°1%(11)1%%1 in Liquid Polyhalomethanes

|

System Mele Fraction Organic Yield
I, x 10° (n,v)® (1m)°
46 .4 £2.8
44,1 B3.&
Qi 4 el
56-9 50'?
36.2 47.9
37.2 48,5
IE-GHEGJE 10.0 26.7 44,0
26.0 43.5
33.4 43.8
35.2 42.8
Ia-l‘JH'{:l5 0.3 2l.2 31.5
22.% 20,5
26.9 29,7
2%.5 28.8
22l 24,6
2l.4 24,5
IE-GH015 12,0 19.3 21.8
18.9 22.9

19.5

-
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Table VIII {continued)

oysten Mole Fraction Crgenic Yield
I, x 10° (n,v)* (rm)®
11.3 16.8
11.2 16.2
IE-GFGla 2.0 9.8 12.1
" 9.0 13.0
— 14.8
IE-GG]'LI- 0.3 ' 5&? 049
4.3 1.6
— 2.5
1,001, 9.0 1.7 —-
2.3 _—
1.8 —

4 Organic retentions of (n,Y) processes were determined
by 30 see¢ irradiation in the liquid state and immediate
freezing in liquid N» to guench any growth in organic
phase activity by (IT) reactions,

b Organic retentions of (IT) processes were determined by
30 sec irrasdiation_in the solid state and immediate
thawing to allow 130IR decay in the liquid state. The
observed organic retentions were corrected by the equa-
tion 6, Chapfter II.
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Table IX
Variation of 1°°I Organic Yields with Duration of Time
1501m(IT)1501 Processes Occurred in

Liquid Ghloremethanes?

m

Time Liquid R", Organic¢ Yield

CH,CL, CH012= CCL,

10.3 8.5 2,9

4 i6.0 9,7 4.1
18.0 12.5 3.1

10 21.5 i3.9 2.8
15 25.0 1.0 2,0
20 28.8 —_ ———
30 30.3 - 3.1
50 33.5 0.7 -
90 33.7 21.0 5.1

® Mole fraction I, of 0.3 x 10°.

b 30 se¢ neutron irradiation
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Where: R®™ is the maximum organic yield obtaipable in a

130 m 130 o
1 I. Riotal

is the organic yield produced in the so0lid state. Since
1§DIm

ligquid system after has decayed to

the fraction of which would decey in the time, t,
between the initial ligquefication and subsequent refreeg-

ing to halt further changes in the 130

I organic yields is
(1 - e‘*t), the orgenic yield, Rt, at any time, t, would
be (R® - R:Gtal){l - e_At). The decay constant, A, i8S
for IBUIm_ Equation (7) may be rearranged54 with the
result that a plot of log / (B® - R®)/(R® - Rt)_? va AL
will give a straight line with a slope of (0.693)/(2.303.
TﬁJ. The half-life may be determined to a first-approxima=
tion. However, only a fraction, P, of the total activated
atoms are horn in a metastable nuclear state which can

give organic combination as a result of lsomeric transi-
tion., Ifexand B are the fractions of the total actlivity
resulting from (n,¥) and (IT), respectively, and since

the contribution to the organic yield as a result of {IT)

of 130Im

1s dependent on the fraction decaying in the

s0lid state
0 0 0 - AL
(8) Rtﬂtal ="H(n,Y} + F Rll[I‘]l':'l(E )

Using the decay constant, as determined in the first
approximation, and the corrected Rn. an improved value
of the half-=life of 1501m may be determined. The data

for CHyCl,, CHCly (Table IX and Fig. 8) and CECly were
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treateﬁ in this msnner and the wvalues obtained were
described hﬁ a straight line as shown in Fig. 9. The
vaiue.nf the half=1ife obtained by this method is consis-
tent with previously reported wvalues of 9.2, B.Q,hanﬂ

B.8 mj.n.#?‘59'69 The "g-rawth" of the liquid state isomeric
transition induced organic yields as determined by equation
(S), Chapter II are depicted in Fig, 10, A3l limiting (IT)} °
yields reported (Table VIII) for systems Examined hyjtﬁe
freeze-thaw technique were calculated by equation (&) of
Chapter TI. Any changes in the observed yields of T-UT

in 5014 with respeect to time in the ligquid state were of
insufficient magnitude to be evaluated in terms of half—
life correlation and sre discussed separately in the next

section.

. 130_ .
Huelear Activated Reactions of i with CCl, and Cclaﬁg
130

The I erganice yield values in +:1h:]1‘,_IL gystems for
varying times in the liqﬁid state appeared to remain eon-
staﬁt at ¢a 3.5% (Fig. B8). The corrected isomeric transi-
tion induced yiclds for these times are shown in Fig. 10,
-The negative initial valués indicate that the probability
of fIT) activated 1501 forming a stable organic compound
in the liquid phase is less than that of (n,Y) activated

120 130;m

I+ forming a stable organic compound during

irraﬁiation in the solid state. The limiting (IT)} yield
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as calculated by equation (&)} from the value observed
after essentially complete decay of all 1301m is 1.8 %
2.0%. This is in substantial agreement with the value

of 1.9% obtained by the extrapolation technigque discussed
previcusly. Additionally, isomeric transition induced
organic yields of ljDI were compared in the sclid and
liguid phase at 9.3 x 1077 nf I, by dissolving identical

13lr‘:']Zm in equsl aliquots

guantities of iodine containing
of GG14 exactly 30 sec after the beginning of a 20-sec
irradiation and freezing (5-7 sec) one sample immediately
in liquid NE' Repetitions of this experiment produced

130I organic yields by (IT) processes that were

values Ior
the same (1.8 + 0,1%) in both the solid and liguid phase.
Since the freezing process wouwld be expected to physically
separate a vortion of the IE from contact with 0014 or
other halomethane molecuies as a result of fractiomal
crystallizatinn,aa it is apparent that the organic reac-

tion probability of an activated 150

I exposed to the
halomethane-iodine iuterface must be greater than that of
an activated 1501 in solution in order for the solid
and liquid state ylelds %o have the same value. The (mn,Y)

130; , 130m

activated organic yields in liquid GGlu
gyatems were the same whether determined immediately
gfter irradiation (maximum delay was 30 sec) or frozen
and extracted after all 1°°I% had decayed; this suggests

either that zetivity born into organic or inorganic com-
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bination remains predominantly as organic or inorganic
activity after isomeric decay in the solid state, or

that the overall extent of transfer Ifrom organic to in-
organic activity and wvice versa is eguivalent and the

net observed change in yield is negligible. The I,-GCl,
syshem is the first system ever observed where the organic
yield of an {(n,Y) activeted halogen is greater than that
of an (IL) activated halogen; whereas, for 15-CHACLly, I,
CHCl;, and IsO0FCl, systems, 15078 1032391 getivated yields
1501 . l}DIm by
a factor of 1.1% to 1.30 {see Table X3}, The differences

are greater than those of (n,Y)-activated

observed for 0014 systems a5 compared to others studied
way be explained on the'basis of twe factors: (1} steric
btarriers to the reactive avproach of the iodine ion to the
carbon atom are greater for CCl,, and (2) the only target
frégment founa in combinatior with iledine is 0015 which
way be sufficiently stable to diffuse away from the acti-

vated 13°

1 before reacting with it in a liquid system,

but not in & s¢lid system. These factoers are plauwsible
reascns for {n,Y) yields greater than (IT) in liquid CC1,
since the initial excess kinetic energy of the (n,Y) acti-
vated iodine species (& mean value of 100 ev is usually
accepted) is larger than that accompanying (IT) processes
{coulombic repulsion following suger charging) and there-

fore steric factors are less effective in preventing re-

active approach of (n,Y) activated lﬁDI. Additional
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Table X
Todine Qrganic Yields Induced by (n,Y) and (IT) Frocesses

in Various lLiquid Folyhalomethsanes

b e e = - ]

Solvent Mole Fraction Qrganic Yields?
1, % 107 1301 py (1m) 1390,1300m 4y (f )
cH2012a 0.3 52,9 44,3
5,0 48,7 36.8"
10.0 . 43,5 35%.3
GHGlEa 0.3 0.4 232.6
8.0 24,8 21.5
12.0 23.3 19.2
ch15a 0.3 16.3 11.3
2.0 13.3 9.4
oc1,® 0.3 t.9% 3.5
9,5 1.7 3.0%
GCl;Brb 0.3 1.9 -

% Isomeric tremsition organic yields by freeze-thaw technigue
{15 sec irradiation).

Ylsomeric transition organic yields by post=irradiation
introduction of +7010,

Csample frozen 7 sec after 15 see irradiation.

dSnlid and ligquid state.

€Estimated from (n,¥) + {IT) determinations and separate
(IT) determinations.
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evidence of the Importance of molecular and atomic dimen-
sions is shown by the finding that for 0.3 x 1077 mf Br,

in ¢Cl,,, organic yields induced by 81Br(n,?)823rm and BEBrm
{IT}BEBI processes in the liquid state were 20=-30 percent.5“
It was, therefore, interesting that 130Im(IT)la{)I and 1291
(u,Y)lﬁUI induced organic retentions would be low (less

than %) at all mole fractions halogen studied, especisally
since the most probable product, 30151 is a stable-com-

pound.?0 In 15

112—0014 radiation damage studies, we ob=-
tained ylelds of iocdine 1in organic combinations as high

as 17 percent at 3.0 x 10'4 nf IE for 30 min irradiation

{see Fig. 11). This possibly suggests that in the GCl,,
system, the environment created by nuclesr processes is

less conducive to the formation of stable lodine products
than that in systems exposed to external radiastion as
abserved by iodine scavenging of radiation-produced radicals,
The 1.9% organic yield of (IT) gctivateﬁ 150I observed in
IECGljﬁr systems, where the hetero=-substituent of the
solvent molecule has greater atomic mass than chlorine

and is less energetically bound to.the carbon alsc supports
the view fhat shielding from reactive approach and pos-
5ibly the stability of target molecule fragments is
dependent on the dimensions and number of the substitu-
ents. It was not possible to determine (n,Y) activated

rields because of interference by the several bromine iso-

tones produced in reactor irradiations of G015Br.
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Correlation of Organic Yields arnd

Product Distributions
130

Representative values of the I radistive neutron
capbure and isomeric transition induced reactions with

the systems studied are shown in Table X. The data

show that the total organic yields decreasse for the systems
in the order OH,Cl,) CHCl;) CFOl;) 0CL, = CClyBr. Table
XI and Fig. 12 present the 1lndividual preoduct yields for
the legl(n,f)15oi + 130Im(IT)l?’DI induced reactions in
several liquld polyhalomethanes. Product distributions
and total organic ylelds were determined by irradiating
liguid samples of 12?12 + 12912 in the systems shown with
thermal neutrons for 1 min. 4t least 99.9% of the 1301?
was aliowed to decay in the liquid state in all systems.
It is of interest to note that the total organic yield
obzerved by irradiating a liquid sample apd allowing all
the isomeric transition events to occur in the liguid
phase will result in an observed organic yield which is
within a few percent of the isomeric transiticn organic
¥ield., The effect of a 30 min irradistion was an increase
in the organic yield in systems with nc C-H bonds; however,
the effect 0f duration of irradiation or of preparing

the sample as described in a previous section (products

formed By (IT) processes exclusively) did not appesr to

inflvence the relative product distribvutions.



Table XI
Tndividual Product Organic Yields? Resulting From 129I(n.?)15DIm(IT)

1301 Frocesses in Liquid Polyhalomethzhes
Systems CHECl2 GHCI§ GFCl§ 0014 CCliEr
Mole Praction
1, x 10° 5,0 6.2 9.2 6.7 6.0

Product, 0.Y.C CH,C1I, 37.8 CHC1,I, 19.3 CFCLI, 3.5 CClI, 3.5 00131‘3 0.5

CHO1LAI 15,0 CCl.I 5.0 CCcl,1 1.0 ——=- ool I 1.4
2= 5 ; 5 ; andggiher

- Other G.3 {Jther 1otk ==— —_—

Total Q.Y. 2.8 30.6 15.9 B35 1.9

% Yields from 1 min irradiation (except as indicabed) in the liquid state and are
resultant average of at least threes runs

b The wvalues are the percent of individual productzs relative to the sum of the
fracticns coliected times total orgenic yield.

¢ Products by 130Im{IT)HﬂI activetions only. <

=
d Two later eluting peaks of approximately equal area; possible polymers.?l
e

Eroad peaks, possible decomposition at eluticon temperatures.
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The trends found are that activated 150I is prefer-
entially stabilized in organic combinatlon with the target
molecule fragwent of least mass in the various systems
shown. This corresponds to the Cl-replacement yield in
Pig. 12, and may indicate that lower rotational inertia
of lighter fragments results in & higher probability of
forming a stable organic¢ iodide. Por H and Cl substituted
methanes, the ratics of €l end H replacement products are
approximately inversely properticnal to the masses of
the target molecule fragments combining to form a stable
organic product. For GFGl§ systems, the ratios of the
observed target molecule fregments are close to unity;
however, the ratio of €l replacement te F replacement
is 1%:1, and indicates that the nature of the substituents
has a substential effect on the reaction patterns of acti-
vated iodine with halomethanes. The only product definitely
identified in 1200133r Eystems was CGlBI becruse of decom-
position of chloro-, bromo-, itvdo-substituted products.

Extensive comparison of the total reactivity and

q 128 130

product distributions of (n,Y) activate I and I+

lEDIm 58

in hydrocarbon systems and compariscn of avail-

1287 gata in halomethanes’® with Y2°T data obtained

able
in this study indicate that the nature of the activated
species is very nesrly the same in sll cases, but that

the total production of organic iodide by (n,Y) activated



i
13ﬂ1 + l3ﬂIm is less than that proeduced by (n,Y) activa-
Ted IE%I or {(IT) activated 1301 yhich are identical within
experinental limits and must be so because of egually
charged fracticns since only a& fortuitous combination of
their unequal initial kinetic energies and differing
charged fractions would produge the simpilarities observed.

It is well estsblished that at least 50% of the (n,Y)

128

activated I is charged,5D and since it can be sssumed

that approximately 100% of the (IT) activated 1301 45

positively charged as a result of internal conversion

4%,

and Auger processes, 47 the similarity of total arganic

yields and product distributions suggest that 1251 nay
also be approximately 100% charged following activation

by (n,Y) processes., Comparison of the dissimilar gammag

63

emission spectra47’bf 1301 ¢o that of 12EI do not suggest

that the same fraction of charged iodine species would
be formed as a result of internal conversion processes
following 12?I(n,T)1281 and lng{n,Y)13DI, 150Im events.
Therefore, the lower organic reactivity of (n,Y) activa-
tea 1301 , 1504m may be primarily attributable to a
fracticnal yield of charged specles that is less than

that formed by (n,¥) activated 128

130

I or (IT) activated
I which the experimental evidence has shown to be
completely analogous.

The first imnizaq;ﬂn potentials {assuming ges phase
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values) of the polyhalomethanes studied are higher than
that of icdine atoms (pelyhelomethane >11.0 ws iodine

120

atom 10.44); consequently, a positively charged

ion, whieh has emitted several Auger electrons and is

situated in a "radical pecket” created by those electrons,

may underge ion-radical and lon-molecule remacticens with

the solvent and charge transfer reactions. The result

ef ion-radical end ion-melecule reactlons can be posi-

tively charged species of obvious lesser stability than

comparable neutral specles. Fuarthermore, if these charged

speciss represent molecular arrangements of atoms thet

are inherently unstable even in the uncharged state, the

probability of their survival may be very low. This

type of mechanism mey partially account for apparent

., lowerp sufvival of 0015I produced by nuclear activation

than by icdine scavenging of radiation-produced radicals.
The differences in replecement product yields for

the iodine reactions with the various polyhalomethanes

may he the result of decreasing stability with increas-

ing steric interactions among substituents,



CHAPTER IV
REACTIONS INDUCED BY (n,Y) ACTIVATIONS oF 1281 1m
HOMOTOGOUS HALOMETHANE GASES
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Chapter IV

The lE?I(n,Y)lzal reaction produces 128

I species
with kinetic¢ energies as high as 182 ev end a positive
cherge for at least S0% of the atoms.50 In sddition, at
least 25% of the iodine icens formed in this manner are in
ene of several possible excited states.i?
The study of reactions of 1281 with gaseous alkane
and alkyl halide systemsaﬁ'Eﬁ’j?‘?}'?E has also indicated
the existence of a multiplicity of ionic and electroni-
‘cally excited iodine species. Cross anh wolfgang?ﬁ studied
reactions of (Y,n) activated 12°T with GHT and obtained
results (4%) higher than those reported for (n,Y) activated
reactions of 1%°1 with CH;I (19,7437 1Ir jodine nuclet
formed by (Y,n) reaction are not Excited1to metastable
levels which may de-excite by the emission of low-energy
gamma rays and cause ré—ionizatiou of the recoil atom after
it has undergone collisicnal de-excitation, the high kine-
tic energy (10-100 Kev) imparted by neutron emxission should
allow the receiling species to reach electronic equlliib-
rium before its energy decreases sufficiently for chemical

combination to nﬂcur.?

The lower orgapic yield values
ob¥ained for (n,v) activated reactions of icdine with
GHiI suggest that if organic products (primarily GHaI)

are formed as a result of reaction with excited or ionized

species, their survival probability is lower than those
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formed by reaction with ground siate or neutral species,
However, it has beep definitively shown that (n,Y) induced
reactions of lEBI with Cﬁg, whose major product is alse
GH;I, preduce an organic yield of at least 36% as a result
of reaction with excited and/er charged 123I,5? indicating
that the pature of the environment and properties of the
reagent or target system are also primary factors control-
ling the stabilization of the labeled iodine<«l28 as an
organic product.

In an attempt to debermine the role of activated-atom
and molecular parameters, we have studied the reactions

of (n,Y) activated 1°%

I species with GHﬁx, CHoX s CHK5,

CX, (X=F and C1) and mixed halegen GFGl5 and GP;I aystems.
These systems allow the variation of target molecule para-
meters such as ionization potential, mass, steric factors
and capability of forming a stable product with the attack-

ing atonm.

Determination of +20I Limiting Organic Yields

Contained in Table XII , are the percent 1251 found
as organic for various mixtures of molecular additive,
polyhalomethane and €.l mm IE'

In order to interpret properly the relative effects

128

of the additives on the I + polyhalomethane reaction,

the data must be corrected as follows:
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Tablie XTI

128

PERCENT I STABILIZED IN ORGANIC COMBINATION FOR

VARIOUS GASEQOUS SYSTEMS .

System Total® Additive Additive Ma.F., Percent®

Fressure Pregaure Addifive 1128 as
: Organic
cﬂard . 696 CHz T 12 0.018 2.4
669 29 0.043 Godt
671 45 0.067 240
600 90 . 04130 549
211 3  0.014 63
196 10 0.054 5.5
214 14 0.064 6.l
200 19 0.095 4,9
685 CF3 I 42 0.059 4,7
690 . 22 0.032 5.1
cﬁaaaﬂ 692 GH;,)I 12 0.017 3,4
&80 20 0.044 2.4
203 . | 6 0.030 2.1
199 S 0.052 2.2
198 22 0.111 2.1
GHFad 716 CH, T & 0.008 2.6
667 15 0.022 2.3
683 | 28 0,040 3.3
653 66 0.101 2.2
202 _ 6 0.030 2.0
196 11 0.0% 1.4
221 | | 18 0.081 1.4

216 23 0.106 1.9



Table XII {continued)

7%

System Total? Additive 4dditive M.F. Percent®
Fressure Pregsure Additive IEEI as
Urganic

cF,® 687 CH,T 7 0,008 1.7
685 29 0.040 1.7
685 97 0.131 1.8
197 11 0.0%6 1.5
197 20 Q.108 1.7
197 6 0.031 1.6
CH3Gl 714 CH51 & 0.008 5.1
718 17 0.024 5.1
626 2% 0,037 4.7
700 S 0.074 4 4
649 59 0,090 4.1
&45 82 0,127 3.7
210 3 0.014 4.3
204 16 0.085 3.2
201 2% 0,124 2.5
CH,C1, 194 CHy I 12 0.0%6 1.8
194 21 0.108 2.1
193 29 0.130 1.8
GH015 102 GH§I B 0.078 1.5
103 2% 0.240 2.6
GFClE ‘207 CH§I 4 0.020 1.1
193 14 0,070 1.7
192 19 1.8

0.099

2 Galeulated assuming additive pressures.

b

All samples contaiped 0.1 mm 12‘

€ in uncertainty of T 0.5% is associsted with this dsta,
Generally triplicate samples.

Private communiéation, D, W. Dates.
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{1) Ae a regult of cancellation or gamme-ray aomenta
in {(n,Y) c¢ascade-garma emission, & small fraction of the

lEEI will receive a net gamma-recell which is

activated
.less then that required for the 2°I %o rupture from its
parent melecule. The percent falilure to hond-rupture
hasz been reported as 1.1% and Q.1% for GHBI and GF3I re-
spectively¢36
(2) Muclear-activated 1°8I reacts with the Ci,I
and GF}I additives toc form labeled ¢rganic 1odides. The
organic yleld values (corrected for failure to bond-rupture)
for pure GHBI and GFaI systems scavenged with 0.1 - 0.2 mn
of I, are 0.2% and C.1%. On the basis of this data, the
corrections feor 123I reactions with additive are 0.2% for
GH5I and 0.1% for GF;I at the additive pressures cmployed.
{3) A3 a result of the 3 x 107 ev g_l min~1 gamma-
Tadjiation flux assoclated with the neutron irradiations,
any tadiative-induced reactions will resul®t in the transfer
of some inorganic IEBI o ¢rganically bound 1EBL De-
terminatlion of radiastica induced pick-up of 1251 Wwas made
by obtaining organic ylelds for incressing irradiation
times and extrapolating to zero irradiation time. TFor the
conditions empleoyed, the radiation induced pick-up was

circa Q.1%. ;

The data, corrected for the effects described, were
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plotted and extrapolated to zero mole fraction additive,

The limiting organic yields are shown in Table XIII.

Organic Yields and Product Distributicns as an

Indication of System Parameters

The information presented in Table XIII indicates
that the effect of increasing both the size and number
of halogen substituents con the methane target molscule
is a decrease in the organic yield for the series studied.
411 the reactions were studied at total system pressures
of 200 mm and 700 mm Hg except as indicated. The pres-
cence of a small but consistant pressure effect, wherever
comparisons were made, suggests the formation of exc¢ited
products that have a higher survival probabllity in higher
pressure systems where collisional de-execitation is more
favorable.

The relationship of the organic yieids to mass and
substituent effests is depicted for the two homologous

series and associated compnunds§5

in Fig. 153, The gen-
eral Ilow of arroews shown in Fig. 1% is in the direction
of decreasing organice ylelds, increasing target melecule
mass, and also in the direction of incressing mass of
rossible target molecule fragments that may combine with

the activated lodine. However, the direct comparison of
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Table XIII
LIMITING 19%I ORGANIC YIELDS® IN VARIOUS
POLYHALOMETHANES |
Pressure = 700 mm Pressure = 200 nm

CH;F 6.2 CHsCl 4.3 CH;F 5.4 GH,Cl 3.6
CH,F, 2.5 'CH,0l, b CH,F, 1.2 CH)Cl, 0.7
c
E}I']:E"5 1.6 GHG].a b GH:F} 1.0 CHGI§ 0.2
CF, 0.5 CFCl; 0.1 CF, 0.3 CFCl; 0.1

% Uncertainty in extrapolated values of + 0.5%.
P Ambient temperature vapor pressure {700 mm,
¢ Systenm pressure = 100 nm.

d Fluorozarbons, private communication, D. W. Oates.
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MASS AND SUBSTITUENT EFFECTS
IN POLYHALOMETHANE SYSTEMS
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D
Figure 13. Organic yield versus target system mass for 1281 + polyhalomethane
reaction systems. Correlaticns are described in text.
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the two series and related compounds has shown that in
addition to mass effects, the steric effects of wvarious
substituents are importaent faetors controlling total
organic reactivity, i.e., in areas where vertical or
near-yertical arrows are shown will be found compounds
of similar mass and differing organic reactivity as a
consequence of unegqual number of substituents presenting
sterie barriers to reaction; conversely, in areas of
horizontal or near-horizontal arrows will be found com-
pounds of equel organice reactivity and unequal mass and
again this may be ascribed to an unequal number of sub-
stituents presenting steriec barriers to reaction.
Although a combinaftlon of low activity and inter-

ference from 58

Cli activity 4id not allow product determina-
tions in gaseous chloromethane systems, a consideration of
trends in total reactivity suggests they would not be
considerably different from those found for ligquid systenms,
single replacement products were found to comprise the
major fraction of organic activity in fluoromethane systems
and the ratics of these products are shown in Table XIV.
The dominant trend cobserved in these systems as Wwell as

the ligquid systems is that although the total organic yield

decrenses with increasing bhslogen substitution, halogens

a 181 7

are preferentially repleced by the activate « Wolfgang

has recently reported similer observations for phofcnuclear
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Table XIV

128

RATIOS OF I AS ORGANWIC IODIDES IN DIFFERENT

ADDITIVE POLYFLUCRCMETHANE SYSTEMS AT 700 mm FRESSURE

System Mole Fractiorn Product Ratic COrganic Yield

Additive a, b {Corrected)
CHEF—EFBI 0.010 GHEI GHEFI
1.00 O 68 B.0

CHFI  CHFI

GHEFE_GHﬁI 0.020 1.00 0.90 3.4
GHFEI GFEI
CF§I Other

!

8 Average of three or more determirnations.

P Estimated variation + 0.10.
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induced reactions of OF and 2701 which have sufficiently
high initial kinetic energies that they are expected to
enter the range of chemical energies as neutral species.

He has postulated that for these neutral recoiling species
the results obtained may be ascribed to a "translaticnal
inertial" factor. This hypothesis states that for re-
placement resction to cccur, the translationally hot halogen
must strike in the wicinity of the central carbon atom,
tending to stop the motion of both the C satom and the
indicent hot halogen. The ligand halogen and hydrogen

atoms will tend to continue in the direction of their
original motion. From conservation-ol-momentum calcula=-
tiona it can be seen that this will greatly strain anpnd
weaken the carbon-halogen bond but there will be little
effect on the carbon-hydrogen bond, snd thus it is plsusible
thet a halogen substituent will be preferentially detached.
Although evidence presented in Chapter III and Chapter V

of this thesis atrongly suggest .that nuclear activated

128I reacts primarily a8 an ion, this replacement mechanism
followed by charge ftransfer meutralization of the product
ion 18 a reasonable explanation of the cbserved processes.

It is known that 29% of the 128

I formed by (n,Y)
activation is I' (lDE) ions which have & potential energy
of 12.16 ev.?’ It ie evident that charge alone it not

responsible for the reactivity of the activated species
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ginee all the chloromsthanes studied have ionization
potentials lese than 12.00 ev, and therefore charge trans-
fer interactions might be expected with chloromethanes

btut not fluoromethanes which have icmization potentiels
greater than 12.50 ev. However, the resctivities observed
appear to be related primarlly to sterie obstrustion of
reactive approach of tﬁe activated iodine by the halogen
subgtituents rather than directly related to target mole-
cule properties puch as mass or ionization potential.

The relationship af charge and excess kinetle energy to

4 18

the reactivity of (n,r) activate I 15 discussed further

in Chapter V.
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GAS-PHASE REACTIONS OF EXCITED Y2°I ToNS WITH CH.F
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Chapter V
Gaa-Fhase Reactlons of Excited lEBI Ions with GHEF

The reactive iodine apecies in reactiona of {(n,Y)-

activated 128

I witk CH, have been shown to be atoms or
ions posseesing excess kinetle energy and translationally
thermalized but electronically excited I {1D2) iens, or
I* ions in 7Py, P, and/or 7P, states.>”

The above reaction is apparently unique in that S4%
of the lEEI activity is stabllized as an orgamnic product;
whereas, (n,Y)-activated 1281 reactions with seimilar mole-
.¢ulEﬁ result in much lower organic ylelds, i.e., Gyl (2%),
Ozl (3%), and CHyI (1%),7%27%

The reactions of 1281. formed by (n,Y) activation,
with fluoromethane were investigated in an attempt to
determine the relative limportance of ionization potential,
»pass, steric shielding, and pelarity, to the interacticn
of attacking species with subatituted methane systems.

The IEEI limiting organiec yield in GH;F is sufficiently
large (6.3 + 0.5%) that the effects of molecular additives
can be readily observed.

Eﬁvirunmantal modification was accomplished by intro-
ducing varying amcounts of gasecus additives into the
iodine-fluoromethane reaction systems. The data of Table
IV, represent the cbserved organic¢ yields in the various

fluoromethane-additive systems.
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Table XV
FPERCENT 1281 STABILIZED IN QRGANIC COMBINATION FOR
VARIOUS FLUOROMETHANE-ADDITIVE SYSTEME

s — — — s vl
——_ —

System Total® Additive Additive M.F. Percent®

Pressure Pre:sure Additive IEBI as

grganic
CH 5 F 696 BRI 12 0.018 7.4
669 29 0.043 6.4
&7l 45 0.067 7.0
600 %0 0.130 5.9
680 IC1 4 0.006 5.4
700 9 0.013 3.4
700 15 0.025 .2
&85 32 1 0.047 >.1
o667 GF5I 105 \ 0.1a0 1.3
685 42 0.059 4.7
690 22 0.052 5.1
680 } IF5 10 0,015 &.4
665 16 0.024 6.2
670 21 0,032 6.4

% caleulated ssguning additive presgsires.
P an samples contained 0,1 mm I,

¢ An uncertainty of + 0.5% is associated with this data.
Triplicate samples,

4 Private communication, D. W, Oates
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CH,I, CB,I, IFg, AND ICL Additives

The GFsI and GHEI additive systems were corrected
for the C0.1% and 1.1% (respectively) failure to bond-
rupture of the gource molecules as discussed in Chapter
IV, and the values obtained were plotted as shown in Fig,
14. Within the limits of experiventel variation, the
failure te bond-rupture for IC1l and IF5 is probably £0.5%,
since cerrections for these systems did not appear %o be
necessary. As obtained from Fig. 14, the 128I limiting
erganic yield at zero mele-fraction additive is 6.3 +
0.5%. Data for 5301 organic yields {(omitted from Fig. 14
for purpeses of clarity) in IGl—GHaF systems are shown in
Table XVI.

Table XVI
COMPARISON OF (n,Y) ACTIVATED ~S¢1 AND 1281 opcawic
IN cH3F-mla GASEQOUS MIXTURES

IC1
Mole Fraction % 3801 a5 Drganich % 128, o4 Organie
Q.006 1l.4 5.4
0.025 3.9 0.2
0.047 3.8 0-1

20,1 -~ 0.2 mm I, also present.

P Maximum uncertainty is + 1.0%.

The compariann of 5861 and 1281 crganic ylelds in
multi-isotope systems indlicates higher yields for 580l

reactions with GH3F. Thies is not unexpected from consid-

bl
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Figure 14, Effect of aﬂﬂituives on the reaction of IEBI with gaseous GHEF at ?E
700 mm pressure. ICl and IF5 terminated at limiting vapor pressure.

Additives: IFﬁ,D; CHsI, § CF3I, ; 101 0.
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earatlon of differences such as charge state of the recoil-
ing species and atomic dimensions which, as previcusly
discussed, are important facters controlling stabilization
ags an organi¢ product., The divergence of additives curves
in Fig., 14 is much greater than would be expected from
differences in their ability t¢ xoderate kinetic-energy
dependent reactions and must result from the varying
efficiency of the several addifives to deactivate charged
snd/or excited iodine species.

Presented in Table IVII are the ratics of sipgle
replecempent products which conatitute the major fraction
of organic sctivity. Products resulting Irom double re-
Placement veries for different systems and could not be
compared directly. Significanﬁ trends showa are that
increasing sdditive concentration causes a decrease in
hydroEEn—replacEment relative to halogen repla¢3ﬁent and
the magnitude of the deerease is proportional to the
effectiveness of the additive in inhibiting the formation

of stable organic products incorporating 128

I.

The finding that the additives employed inhibit the
I+ GH§F resction producing organic¢ icdides in the order
IGIiGF§I>GH3I L ;Fs suggests the possibility that ¢om-

naﬁ as well as

paratively leng-range resonance lntersctio
¢ollisional de-excitation are lmportant processes in de-
attivating the attacking iodine because the eifecta observed

in the I{l and CFaI additive systems are considerably
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Table XVII

128

DISTRIBUTIONS OF I A8 QRGANIC IODIDES JIN DIFFERENT

ADPITIVE GHEF SYBTEMS AT 700 mm FRESSURE

System  Mole Fracbion Product Rabio®  Orgamic?
Additive CH 11 CH,FI Tield
GH;F-IF5 ¢.010 1.00 0.71 6.3
GHEF-GF'%I G.010 1,00 0.68 6.0
GH;F-CF;I 0.157% 1,00 0.25 1.5
GH;F-IG]. 0.006 1.00 0.55‘ 5.6
GH;F-IG]. 0.032 1.00 0. 14 0.2

a Average of three or more determinations.

b Experimental deviation, + 0.5%.
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larger than would be possible to attribute to kinetic
energy moderation for the mole fractions mdditive pre-
sent.?a
Gurnee and Hagee?g have calculated the relative pro=-

babilities of charge transfer reactions as a function of
the relative velocities of the species involved and their
energites, Thelr results indicate that the charge-transfer
cross=-gsechtion increases as the energy defect approaches
zero. The ionization potentials of GF51 and IC1 are lower

then the ionlzation potential of 1 ioms by only 0.054 ev,EO

and the first excited level of IC1 is 90.07 ev>0+52

lower
in potentisl energy than I+(132) ions; therefore, near-
resonent charge transfer neutralization of I+(IDE) ions
by ICl and of 1* ions by IC1 and 0331 may be pﬂssible.?9
GH3I and IF5 apparently dc not interact with activated
123I in the same manner ag2 the previously discussed addi-
tives, because the lonization potentials of these molecules
(9.54 and 13.5 respectively) are considersbly different
from that of any actlvated iodine species. At high addi-
tive concentrations, GHBI would be expected to nentralize
eventually any lodine ions present due to its lower ion-
ization potential, but at low concentrations, spparently

86

both GHﬁl and IF5 primarily undergo short-range  charge=-

transfer reactions that can occur only with an sccompenying
transfer of translational energy because of the magnitude

of the energy differences.?a
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The efficliency of additives such as ICl in decreas-
ing the organie yleld by processes involving the removal
of charge and excitation from the ac¢tivated species are
atrong evidence that reaction of neutral atoms by reac-
tion pathways ilnvolving only excess kinetic energy are
negligible., Similar results are predicted according to
calculations by Filatovﬂl indicating that a GHBIEEI
mtletule formed’br replacement of a substituent atom by
an 1281 atom will have too much energy to be stabilized
in the gas phase.

The relative increase in halogen replacement product
a5 a function of increasing mole fraction additive suggests
8 primary role for charge and/or excitation in reactions
involving hydrogen-replacement since the probablility that
8 recoiling ion will Be neutralized iz increased at higher
additive concentrations. This effect was only cbserved
for additives capeble of charge and/or excitation removal
from the activated 125I and suggests that if reaction of
atons possesSslog excess Elpetic énergy with target mole-
cules does occur Yo a small extent, the probability of
replacing the heavlier halogen substituent rather than a
hydrogen is considerably enhanced as shown in Table XIVII.
Wolfgane and co-workerssﬁ‘a4 heve recently reported that
reactions of neutral, ground state, receoiling F and Cl

atoms with halomethanes preferentislly yield halogen replace-
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ment products as a regult of "sterie" and "inertial"®
factors associated with the target molecule, which were

discussed in Chapter IV,

CH,E-CH, Systems
Previous wnrk56'5? has shown that by introducing
varying amounts of gasecus molecules into the iodine-
methane reaction systems, it 1s possible to determine

the manner in which thess sdditives affect the 128

I+
I:'J:I‘!‘L reaction and determine indirectly the manner in whileh
1287 interacts with the additives. Shown in Table XVIII.
are the experimentally observed organic yields and the
calenlated extents of reaction due to excess kinetic
energy processes and preactions of I+(1DE) ions as dis-
cussed below. The calculations are described in Appendix
I.

It was found that after subtracting contributions
to the over-all organic yield resulting frow icdine reac-
tion with additive, the addition of GH5F to methane reac-
tion systems reduced the yleid of organic 128I to 11%,
g5 shown in Fig. 15. Evaluation of this data in a manner

26 indicates that in

analogous o that of Rack and Gordus
sddition to an 18% decresse in the iodine organic Fyield
from S4% to 36% by inhibiting kinetic energy dependent

reacticn, the yleld is further decressed another 25% by



Table XVIII
EFFECT OF CH,F ON 1“1 + c§, REACTIONS BY EXCESS
KINETIC ENERGY AND ION-MOLECULE PROCESSES®

GH;F Observed EE Dependt. (If(lDEJ+GH4)c
Q.000 57.6 18.4 28,2
0.000 52.5 18.4 25,1
0. 000 58.1 18.4 28,7
0.206 41,9 12.2 17.4
0.206 48,0 12.2 23,9
0.42% 37.8 8.1 16,1
0.42% 37.7 8.1 15.9
Q. 425 40.6 8.1 18.9
0.674 28,8 4.0 9.7
0.674 33.3 4,0 14,1
0.674 30.5 4,0 11.4
0. 794 e5.2 2.4 7.0
0. 794 27.5 2.4 9.2
0.794% 27.1 2.4 8.8

'8 Galculated as in Appendix 1.

L Calculated from average experimental values.

® In collaboration with D. W. Oates.
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0 Jo 20 30 40 0 .60 70 .80 90 1.O
MOLE FRACTION CH3F

Figure 15. Effect of GH§F additive on reaction of 128I with CH,. GHEF,(};
1°(1p,) + CHL DG ---, see text.
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pessible hydrogen abstraction reaction of I+(IDE} ions
with GH3F. The lower solid curve and dashed curve
represent the inhibition of I+(1DE) + GHn gnd kinetic
energy dependent reactions respectively; the sum of cor=
responding points on these curves plus the 11% organic
yield not alffected by GH5P additive are egual to the
experimentally determined wvaluea dapictedlby'the uppser
curve. bBonding and structursel differences of the additive
melecule may be predominent reasons for this since the
ionigation potentials of caa and GH;F, 12.99 ev and 12.80
ey, are both greater than I+(1D2), 12.16 ev.

The significantly lower lodine organic yields with
CH5F compared to CH4 are at least partially caused by the
greater probability of aydrogen abstraction in the former
system. Differences in icnization potential cemnot account
for the effect observed; therefore c¢hapges in target mole-
cule mass, steric shielding, and polarity as a consequence
of F for H substitution, must account either singly or in
combination for the lower probability of 128I reacting to
form orgsnic products with CH3F. However, the results
of polyhalomethane studies discussed in Chapter IV show
that steric factors may be more important than mass effects
since molecules of near ldentical mass were found to have
dissimilar resctivities that may be reasonably atitributed
to wvariations in steric obstruction to reactive approach

of the attacking specles.
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The determination that the reaﬂfive 128

I is charged
and/or excited approximately 100% of the time indicates
that both endothermic and exothermie non=-thermal reactions

with the systems studied may be initiated by'lea

I iona
poszsessing excess kinatic-Energr. \-‘ult‘a5 has recently
reported caleulations for charge transfer cross-gections

of endothermic and exothermic reactions showing that
cross-gsections for endothermic reactions are zero for

low relative kinetic energies of the reactents, and go
through a ma;imum; ag relative kinetic enérgies inerease,
that is somewhat less than the maximum c¢ross-~section for
exothermic reactiona cecurring at low energles ({1 ev),

but nearly equivalent to the croess-gsection for exothermic
processes 1in the 10=100 ev range since the exothermic
crosg-gections decrease with increasing relative kinetic
energies, Jf the reactive species are jodine ions posseséa
ing excess kinetic¢ energy, a similarity of cross-section
for hoth endothermic and sxothermic¢ reactions may explain
the general similarity of organic yields for the [luoro-
and thnrn-methﬁne gaseous reactions which-were independent
of ionization potentials and related primarily to steriec

effects.
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Appendix 1
Determination of Kinetic Energy Moderation and
Inhibition Effects g;_ggag on EEEL + CH, Reactions

The necessary calculaticns to describe kinetic energy
moderation and inhibition of reactiﬁn by chemlical inter-
action of an additive are as follows.

In order to correct for unequal c¢ollision cross seg-
tions between the “hot atom" and CH, or the moderator,
a function f is used instead of the mole fraction of CH,
or GH5F. The quantity, f, was calculated from the exprea-

sion:
2
Aoy S
.. Chy CHy , and
P Xy Soy + Xgy FSEH r
4 4 A 3
I =] = f H
GH5F CH,®
where Y denctes the mole fraction and SE denotes
the ¢ross secticn for an 125I collisicen with elther
CHy or GEBF. .
EE is equal to the sum of the two diameters (collision

partners) divided by 2, the quantity squsred.
The quantity #* is the averasge logarithmic energy

losg per collision in the system:
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- u f o + T o5
"~ “cH, CH, * “CH;F "CH,F
o » (H- _ ]l}g H.:-I + I
CH, or “CHgF = 1 ~—& ln

where m is the mass of the'hot atom and HJ is
the mass of the molecule struck —- either GH4
or CH5F.
The moderation eguation derived by the Estrup-Wolfgang
mod915 for a system compomed of a single reactant can be

written as:

f
A Orgenic Yield (K.E.) = I T s
F— Orgenic Yie .E. - X

CH,

where the constants, I snd K, are 0.06 and 0.0004,%7
3ince the wvarious non-experimental parameters are known
from previsus stuﬂiaa,55‘57 the orgenic yield (kinetic
exergy dependent) ¢an be calculated for the various mole-
fractions additive employed. Reaction with additive: The
corraction is determined by multiplying the maximum extent
of reaction in the pure additive systexm times the mole-
fraction additive present, and subtracting the value ob-
talned from the obaerved organic yield., Reactions not
effected by additive: "This wvalue is determined from the
extrapolated value at unit mole-fraction addltive after

corrections for reaction with the additive have been applied.
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Thig value was 11%, Inhibition of I+(1DE} ion reaction:
This value is determined by subtracting the kinetic enesrgy
moderation values and the above corrections from the experi-

mentally observed organic yields.
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dppendix II

Program 1.

OO oooanoe oo OoOoa OO OOGCoaoGaoOGaQaa

Frogram numbsr 1

This program inte zretes the peak of interestand then -
subtracts the background value (which iz obtained from the
first tape total) and then proceeds Lo compute the organic
¥ields using these values.

Compile using special subroutines so that paper tape may
be read using the r¢d routine and the presence of a recerd
mark may be ascertained using the rte routine

dense switeh 1 on ea'ls for channels on tape to bhe punched
out

sense switeh 2 on calls for tne partial relisting of headings,
starting with (scavenrer) and ending with {(mole fraction).

—sense switceh 5 off provides for a2 pause after each tape lotal

To relist hesdings turn sense switch 2 on after the execu-
tion of the pause provided by sense switch 3)

Branch to (4911068} to enter bkg if other than the value on
the first tare total. If this 1s used also branch to loca-
tion (4910998} to enter the jreper deck number in order to
have the following tape total properly lzbeled.

This will allow the order of org vs ag to be changed., (i.e. if
QG01 i=s entered the sum of the following tape will be labeled
bkg, or if Q002 is entered the following Sum will be laheled
org, or if Q003 is entered the following sum will be labeled
aql

Eranch to (4909570) to have stored channel numbers punched
on cards

Branch to (4908456) to enter data group. (5 digits)
branch to (4910298) to eater declk number. (4 digits)

Header cards should contain the following-
First card - (1) no. of channels to bhe read(# digits) (2)
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Frogram 1  {(continued)

¢ the decay constant (a blank or + sign, a digit, a decimal
C pt., and then 4 digits) (3) the no. of minutes the background
¢ is to be divided by (a blank, 3 digits, and a2 decimal pt.)
c ~egond card- number of totals to be taken from each fape.
¢ (4 dipgits)
¢ Third an¢ feollowin ; cards- channgl numbers to be intergrated
¢ over (two 4 digit fields)
G
c
C All branch statenents providing for the entrance of data
c calls for the data to be entered on the typewriter.
c
C
G

Dimension X(400), NA(15), HB(15), A(10), B(&)

DX = CD&{5.)
215 DX = .3003 + 0.0

D = UNIEE991.)

DX = TA3{29728101.)

Read 13, itest, decay, tbkg
13 Format {14,F7.4 FB.Dé

Decay. = ((1.0)/ldecay))

E =

1l Read 5, HH
Do 10 1=1, UN

10  Read 11, Na{l), NB(1)

11 Format{2l&)
D0 500 1=1,400

500 X(1}20,0

22 Iype 33

%2  Format (//H date-, 10X,12H background-, 10X,9Ecounter-,10X,
198 voltage-,//37H irradiation facility-Omaha VA Triga,llX,
217H flux~ 1,.1*10**11,/)

400 Type 4+2C

420 Format {(//10H channels-, &X,4H to-,6X,13H calibration—,//)

3% Type 55

5%  Format(llHd scavenger-,15X,10H additive-, 15i,8H amount-,10%,//,
171 phase-,15%,158 ccunting time-,104,//143 purification-,25X)

&b Type 79

77 TFormat(iH target-, 15i,8H amount-, 10¥,//BH source-,15X,18{
ancunt-,//12H extraction-,//104 comments-,//15H mole fraction=-,

102 §§oxi 9 isotope~,//) .

C Tape read-in block
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Program 1 (continued)

201
204

203

210

211
220
221
222
250
2351

252
212

DO 212 1 = 1, itest

DX = Pa3 {(11151101,)

DX = RCD {51.)

D = CNME (11151101.)

IF (DX} 191, 190, 191

Print 1G2

¥ormat (25HC4Yall missed, restart tape)
Go to 300

DX = RTC{501)

If(DX) 204, 2C1, 204

—ontrol 102

Control 108

Dype 240, 1, KD

Formet (4HCHaN, 14,5H tape, 14,3H is)
Accept 241, DZ

Formet {F%.0Q)

DX = PAS (12052020.)

Ge to 212

If (1 -1) 202, 200, 202

DX = ETC({504.

Ir (DX) 220, 203, 220

ICK = GET(50330Q.) + 1.

If (I -ICK) 210, 214, 210

Channel number from tare ¢ould be checked
DX = ECD(51.)

DX = RTC(506.)

If (DX) 2¢C2, 211, 202
DZ = GET(50550.)

Go +o 212

DE = RIG(S0Y. )}

If (DK} 230, 221, 230
DY = CLE(2B150601,)
If (DL) 222, 211, =222
D2 = GET(50660., )

Go to 212

Ui = CHP(28150901. )
If (DX) 202,231, 202
ICK = GET{50330Q.) +1.
If (1 -ICK) 232,232,232
DZ = GET{5C85Q)

(1) = D2

I (sense switch 1) 70%, 335
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Program 1 (continued)

705 DO 704 1=1, itest, 8
704 ;%26%)7051 X(I), x(1+1},x(1+2) X(1+3) ,X(1+%),X{1+5),X(1+6),
+
705 Format (8F 10.0)
Pause .
339 QContinue
DO B8 1=1, NN
NLOW = Nal{l)
WHI=NE{1)
E=D-G
DO 40 J= HIOW, WHI
4C  B=R+X{(J}
88 Continue
240 Go to (4,2,3),KD

Ekg=B
Brg=( {bkg)/(tbkg))
KDa2

Print 400, bkg
400 Format (5E bkg=,F7.0/)
Go to 102
2 Org=RB
El=%
Go to 102
3 Aq=B
Aq={(Aq)*{Decay))
ED=2
15  0¥=({{org~bkg)/))org+aqg)}=2."bk))*100.
Frint 100G, org, ag, oy
100 Format (KKIEH sample no,.-./ /10X, 4HGRG=,F10.D /10X 40 aq=,
F1G.0,1//15X, 3HOY=F7.2)
Ir(sense switch 3} 102,136
13¢ Fause
if (sense switch) 44, 103
44 Frint 420
type 55
Type 77
Go to 102
300 Accept 5
Go o5 103
5 Format (14 14,14,14)
317 Accept 6
& Format (F? D%
Go to 102
End
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Program &

COOOaogooOaOOGoOOOoOQoOOaOaOaoOOOaGooOaoOeaoeaGoeQaQo

l'rograz number 2

This program utilizes 3 sums=-~the first and last sums being
used to compute the compton edge correction for the integrated
peak (2 HD sum) :

rxtract NN chanmel sums from decks or tapes

Compile usin. specisl subroutines so that paper tape may be
read using the ROCD routine and the presence of a record mark
may be ascertained using the RTC routine ’

sénge switch 1 on calls for chapnels on tape to be typed out.

Sense switch 2 on calls for the partiazl relisting of headings,
starting with (scavenger) and ending with {mole fraction)

Sense switch 3 off provides for a pause after each btape total.

To relist headings turn sense switch 2 on z2fter the execution
of the panse provided by sense switch 3)

Branch to (4909474) to enter dats group. {5 digits)
Branch to {4#911158) to enter deck number, { 4 digits)

Header cards should ccntain the follewing -

First card- (1) Eo. of channels to be read(4 digits) (2)
ko of channels containing the neak (4 digits and a decimal pt.)
(3) the sum of the no. of channsls to be read on sach side of
the peak(4 digits and a decimal pt.) (4) decay constant (a
blank, a digit, a decimal pt., and then 4 digits)

Lecond card- number of tetals te be taken from each tape.

(4 dipits)

Third ard folleowing cards- ch-annel numbers to be integrated
over, {two 4 dimit fields)

~1ll branch statements providing for the entrance of data
czlls for the data to be entered on the typswriter,
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Program 2 (continued)

10

500
22
2%

GG
420

56
77

10e

199
2ce

121
192
19G

20

S

Dimension X(4C0), Ha(l5}, NB(15), A{10), B(8)

vd = 3005 + 0.0
DX = Fab (29728101.)

Format (14,2F5.0,F7.4)
Decay={{1l.0}/{decay))
KD =1

aead 5, NN

Lg 10 1=1, LR

wead 11, H..(1),ME(1)

format{214)

Do 500 1=1,400

di{l)=040

Type 235

Format (//6H dste-, 10i,1EH background-, 10%X,9H counter-,

10X, 1%9H voltspme-, ff}?d irradiation faclllty - vraha ?u

DRIGA, 114, 219H flux- 1.1*10**11,/)

U'yps 420

Format {//0n channels )

Format(llh scavenger-, 1%£{,10H additive-, 15:,8H amount-,

égkl?ﬁ phase—,15x.15H,count1ng tinme-, 10X/ /141] surificatlon—
/

Lype 77

Format(8H target-,15i,8H amounbk-,104,//85 source-,15%,18K

amount-, //1=H extractlnn—,fflﬂH comments-,//158 wele fraction=-,

EBCX 9H isctope-~,//)

head lﬁs itest, .., F, decay

rape read-in block

Do 212 1 = 1, itest

DX = TAS (11151101.)

L = RCD (51.)

D¥ = OL1' {11151101,)

IF (Y%} 191,1%0,191

frint 192

Forrat (25HCHAL mlnsed, restart tape) go to 300
DX = RTG({SCl.)

If (bX) 204’201 204

Control 102

Control 108

Lyve 240,200

vorpat (4HCAE.M, l4,5H tape,l4,3H 18)
accept 241,02
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Prograr 2 ( continued )

241
201
204
205

210

211
220
221
222
2%0

232
212

700
701

702

40

88
245
7

Format (F5.0)

DX = Pad (12052020.)

Go to 212

If (1 - 1) 202, 200, 202
Li = RTC{504.)

If (DX) 220, 203, 220

TCK = GET(58330.) + 1.

If (1 -ICK) 210, 210, 210
Channel nurher rrum tape could be checked
X = RCD (S1.)

DX = RTC(506.)

If DX 202, 211 202

Dz = GET(5055D.)

o to 212

DX = RTC(507.)

If (LX) 230,221, 230

LY = uﬂP(EEl 0601.)

if (DX) 222, 211, 222

DE = GET(50660.)

Go to 212

DY = S (28150901,)

If (1 -ICK} 232, 232, 232
Dz = GET(SC850. )

X(1) = Dz

If{sense switch 1) 700, 335

oo 01 1=, itest, 10

Print 702 i(l), 1(1+1), A(3+2), %013, KC1+4) ,X(1+5) , X(1+6),
1%(1+7) ,x(1+8) . X(1+9)

Format leF?.DS
Fause

Continue

0 88 1=1,HN
WLOW = Na(1)
B=0.0

DO 40 J=HLOw, #HI
B=B+X(J)}

F0 to 345

Continue

Go to (7,8,9,12,14,17) KD
A=B

K=

o to B8

org=Eg

KD=3

o to 88
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Program 2 {continued)

12

14

17

15

100

136

300

C=B

ED = 4

Go to 102

D=B

ED=5

Go to &B

43=B

ED=6

Go to 88

E=B

KD=1

Org-Enrg —EE(&+G;KP)*Q)
aq-g (Aq {D+E)/P*g) ) *(decay))
OY={(eTg)/(org+ag) )*100,0

Print 100,org, aq, oy

Format (//12H sample no.—,//10%,4HORG=,F10,0,/10.0,/10X,
4% ag=, F10.0, 1//15K,3H0%=,F7.2)

If (sense switch 3) 102,136

Fause

If (sense switch 2) 44, 102

Print 420

Iype 55

Type 77

Go to 102

accept 5, KD

Go to 102

Pormat {14,14%,14,14)

End

' Tape read=in block and special subroutines prepared by

F. J. Kerrigan, U. 5., ¥. A, H., Omaha, Nebraska.

* Adaptation by R. L. Ayres, University of Nebraska, 1968.
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