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ABSTRACT

The investigations recorded in this thesis relate
to a radiochemical study of the fates of iodine atoms
recoiling after undergoing radiative neutron capture.
Particular attention has been focussed upon mixtures of
- alkyl iodides, using the 'ﬁuasi—stable' fission product
1291 (1.72 x 107 ¥) to £ix unequivocally the origin of
the recoill iodine found in the products.

Techniques have been developed for the synthesis of

1291 on a micro-

methyl and propyl iodides labelled with
scale, and mixtures of these with unlabelled alkyl iodides
have been irradiated in the Harwell reactor "BEPO". Other
irradiations have been made with 14 MeV neutrons from the
D+T reaction; with a Ra-o-Be neutron source; and with a
100 curie 6000 gource, Separation (by gas/liquid chroma-
tography) and measurement techniques have also been
perfected.

From a study of the distribution of the active
lodine between methyl and propyl iodides it seems that the
recoiling atom is more likely to appear as methyl than as

1501 recoils this ratio is

126

propyl iodide, In the case of

128

about 3:1, for I it is about 1.8:1 and for I (produced

by n,2n reaction) it is about 2.2:1. The results can only

be explained if it is also assumed that about 10% of the

129

neutron captures (in 1) either do not result in bond



rupture or lead to an immediate recombination with
the residue of the parent molecule,

The effect of { ~radiation (unavoidably present in
neutron irradiations) on the exchange of iodine between
methyl and propyl iodides, has been studied with the aid

131

of I, using a 100 curie 60Co source,
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CHAPTER I




Introduction

When a nucleus captures a neutron, the compound
nucleus formed becomes excited. In order to attain
relative stability the compound nucleus elther ejects a
nuclear particle or dissipates the excess energy by the
emission of Y radiation as one or more { photons. This
latter reaction occurs predominently with atoms of atomic
weight greater than about 30, as the potential barriers
tend to prevent the passage of charged particles., This
reaction, whereby the nucleus captures a neutron and emits

{'photons, is termed radiative neutron capture. The
.energies of the more energetic radiative neutron capture

{ rays for a large number of elements range up to == 7
Mev,

According to the principle of conservation of momentum
a '{ ray departing from a nucleus must impart to that
nucleus a momentum equal to that of the photon, © For

‘{ ray energlies of the magnitude observed, the recoil
energies imparted to the nuclei are often many times those
required to break chemical bonds. In order that an atom
undergoing neutron capture be ejected from a molecule by

{,recoil, the recoil kinetic energy of the atom nmust be
greater than the bond energy of the chemical bond holding
the atom in the molecule. The recoil energy will tend to

propel the active nucleus in. the opposite direction to the

\})\ r ek
Q o FS&
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emitted \{ quanta, and in dolng so will exert a strain on

its bonds.

Calculation of recoil energy

If thermal neutrons are used for the (n,Y{ ) reaction,
the momentum of the incident neutron is negligible and
therefore the momentum of the { quantum is balanced
energetically by the momentum of recoil.

According to the gquantum theory of radiation the energy
of a { quantum E{ is equal to l\v where 'V ' is the
frequency of the X/ radiation and ' h' the Planck's Constant.

2

Since hv = m'c” where m' is the mass equivalent of

the given photon, the momentum

P? = m'e = —.h” = E

c c
Assuming that the momentum Py of the ‘{ photon is entirely
balanced by the momentum PM of the recoiling atom, the

kinetic energy EM of recoil of the nucleus

P- 2
=% we = A where M is the mass of the
2M nucleus.
Since By = By = L2,
2 2 2
_ (w /fe)® _ (B{ [c) _ _E
By = " om = ol = “SMc?

By representing the energy of the ‘( quantum and the value

2

of c¢“ in electron volts,
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g 2
§§§ﬁ§i—— Mew. where M is represented in
atomic mass unit.

The derivation shown above 1s made on the assumption
that the entire energy is emitted as one {' photon only.
If more than one { photon is ejected in cascade or if two

{ photons are ejected simultaneously in different direc-
tions, the recoil energy will not be as large as calculated
above,

Since the energy of the { quantum was found to vary
between 1-10 Mev for various elements it was calculated
that for an element such as Iodine the recoil energy EM
would be of the order of 5=-300 ev and as the bond energies
of c¢arbon-halogen bonds in alkyl halides is of the order
of 2 to 4 ev, bond rupture is expected in a large majority
of cases.,

However Suess (1) has indicated that only a part of
thlis recoll energy would be available for bond rupture
as some would be lost as kinetic energy transferred to the
remainder of the molecule to which the active atom was
attached.

According to this approach, the recoil energy will
tend to propel the active nucleus in the opposite direction
to the '{ quanta, and in doing so will exert a strain on

its bond. According to the direction of the exerted
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strain, the force on this bond will vary and the recoil
energy will be transferred through this bond to the remain-
der of the molecule and converted into excitation or trans-
lational energy of the whole molecule. If the bond is
strong and a sufficient quantity of the recoil energy can
be transferred to the molecule so that the velocity of

the recoil atom equals the velocity of the whole molecule,
then the active nucleus will not break away. In such a
situation the internal energy Ei’ available for bond rupture
is only the difference between the recoil energy of the

free atom and that of the molecule

536 EY ° (

= [
l
=
=
N

By = By - By

=B (i)

where EM is the energy of the recoiling atom.
Thus bond rupture might be relatively improbable when
the active atom is attached to a very light atom (mass M')

or group of atoms.

Chemical effects of nuclear recoil in alkyl halides

The chemical properties of recoil halogen atoms
arising from (ny¥ ) reaction on halogens in organic halides
have been extensively studied over the past twenty years.
Because of the relatively simple chemical properties of

the alkyl halides and because of the favourable nuclear



b.
properties of the halogens, investigations of the chemical
reactions inltiated by neutron capture in these compounds
have proved to be particularly fruitful.

From the data on the strength of the C~-Halogen bonds
in alkyl halides, it seems that complete rupture of the
C-Halogen bonds may be expected when alkyl halides are
bombarded with thermal neutrons.

In 1934, Szilard and Chalmers (2) found that a fraction
of the total number of radioactive iodine atoms produced
by neutron capture in Ethyl Iodide could be extracted with
water containing a little of Iodine as carrier. Since
then it has been found that nearly 50% of the total activity
could be extracted from the organic halide by varioug
aqueous solutions. The remaining radioactive atoms are
found organically combined and hence non-extractable,

Amaldi et al (3) as early as 1936 came to the conclusion
that the ejection of a { photon would cause a recoill
vhich was sufficient to overcome the chemical binding forces
and release the active isotope, Provided that the molecule
was not reformed or that exchange did not take place with
an inactive atom already bound, it was expected that the
active atoms could be extracted.

Because energetic considerations indicate that nearly
all the radioactive atoms formed should break the bond,

several investigations have been carried out to determine
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the reasons for the observed activity in the organic phase.

Glueckauf and Fay in 1936 (4) showed that when Iodine
in Methyl Iodide underwent the reaction 12'I(n,{ )128r,
44% of the radioactive iodine appeared in Methyl Iodide.
They suggested that the ejection of the atom from the
molecule, after recoll due to { emission, occurred with
such energy that it was capable of entering another molecule
and becoming bound in such a way that repeated extraction
failed to remove the atom and therefore it was permanently
retained. Further, the appearance of nearly 11% of the
active 1281 as GH2I2 when Methyl Iodide undergoes radiayive
neutron capture confirmed the view that the active Iodine
recoiling out of the Methyl Iodide molecule was capable
of breaking C-H bonds. It was later demonstrated that
higher halides were formed not only from Methyl Iodide
but also from many other aliphatic alkyl halides.

The effect of free halogen in the organic halide has a
marked effect upon the fraction of total radio-halogen
extractable into an aqueous phase. Several experiments
using Iodine in organic iodides, and bromine in organic
bromides have shown that there is an increase in the amount
of inorganic activity extractable into the aqueous phase
after irradiation. Halogens added for this purpose have
been termed "Scavengers'.

When gaseous alkyl halides undergo radiative neutron




capture, it has been found that most of the radioactive
halogen could be extracted out leaving only a fraction of
the total activity in the organic halides. This seems
to indicate that the efficiency of bond rupture following
the nuclear process is high, Consequently it has been
suggested that the retention of 30% or more normally
observed in liquid phase reactions of the organic halides,
result from re-entry of the recoil atom into organic
combination.

Hence all the explanations so far put forward to
explain the retention of activity in the organic phase after
the (n, ¥ ) reaction in liquid alkyl halides, have been
concerned with the modes of re-entry of the highly energetic
recoiling atom into th? organic phase.

Libby's billiard ball hypothesis (5) assumes that the
atom emerging from the molecule after recoil has a kinetic
energy of the order of thousands of kilocalories/mole, The
re-entry process consists of an .essentially head on collision
of the recoiling atom with a bound halogen atom. The
radioactive halogen transferring its momentum nearly
completely to the inactive atom and being itself left with
a relatively small energy in the immedlate vicinity of the
free radical formed by the removal of the non-radioactive
atom, both the free radical and the radioactive atom being

contained in the same "solvent cage" and being free,
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recombine with a dissipation of their excess energy to the
solvent through the "cage".

Substitution for hydrogen atoms in an organic halide,
forming dihalides as experimentally observed, has been
explalned as occurring near the end of the range of the
recoiling halogen atom where the energy is still somewhat
larger than the chemical bond energy but not a great deal
larger.

In this region, but not in the high energy region,
the halogen atom may transfer energy to molecules as a
whole in inelasticcollisions, with subsequent rupture of
one of the bonds of the molecule resulting from vibratlional
excitation. If a hydrogen bond was broken in such a
process, the halogen atom would be in the cage with the
radical formed thus would have an opportunity to sdbs#itute
for the hydrogen in reforming a stable molecule. Reactions
of this type have been termed "epithermal' reactions in
contrast to those occurring at higher energies.

In addition to these processes in the hot or high
energy range and in the epithermal range, we may have
reactions proceeding in the thermal range between the
solution and those halogen atoms which do manage to enter
the thermal range without chemical combination.

The "Random Fragmentation" hypothesis (6) postulates

that the recoiling atom in a liquid or solid medium
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collides with molecules which are packed relatively tightly
together and backed by a thick wall of other molecules..

The result is that the energy is dissipated by breaking
bonds in a rather indiscriminate fashion in the immediate
vicinlity of the energetic atom. When the energy of the
atom has been reduced below bond breaking energies it will
find itself in or adjacent to, a pocket of high local
concéntration of organic radicals and inorganic atoms.
It may combine with one of these after it has been moderated
to an energy where combination is possible but before it
has had opportunity to diffuse in thé system as a thermal
atom. Alternatively after losing its energy, the active
atom, together with some of the free radicals produced,
diffuses into the surrounding liquid. After many collisions
with solvent molecules th&se radicals might combine among
themselves, or with the active atom, until the system |
becomes so dispersed by diffusion that the probability of
such reactions 1is negligible.

If the atom enters stable combination immediately
after its energy has been reduced below bond energies and
before it has diffused in thermal equilibrium with the
solvent, the process has been called a "high energy process"
to distinguish it from the thermal processes which involve
those atoms which reach thermal equilibrium before entering

combination,
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The "high energy processes" may be distinguished
experimentally because they are temperature independent,
are relatively insensitive to added reagents like free
halogens which would inhibit analogous thermal radical
reactions and, in the gas phase, are inhibited by the
presence of inert gases which can thermalise the hot particle
before it encounters a reactant molecule,

By contrast halogens greatly reduce the probabllity of
thermalised radioactive atoms combining with radicals to
form stable organic products. It does so by fixing the
atom in inorganic ccmbination-and also by removing the

radicals as explained below:

Br° + Br2 —— BrBﬁD + Br

R* + Br, ——> RBr + Br.

2
Halogens added for this purpose are called Wthermal
scavengers",

It has been demonstrated (7) that about 0.1l mole % of
elemental Jodine present in ethyl iodide during neutron
irradiation reduces the organic yield by about 15% of its
value for the pure liquid but that a further eightfold increase
in the halogen concentration reduces the yield relatively
little. The basic notion is that the presence of a
fraction of a mole % of free halogen can hardly affect the
course of the hot and epithermal reactions and yet be quite

sufficient to insure a short lifetime for radioactive
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halogen atoms as such in solution by exchanging the
radioactive atoms into more abundant and hon'radioactive
speciles. In addition, the use of molecular halogen will
tend to reduce the concentration of free radicals
produced by radiation decomposition by reacfing with them
so that the danger of radiation chemical effects should be
considerably reduced. Of course, if large quantities of
the free halogen are used in the system, the course of the
hot and epithermal reactions themselves may be affected
by reaction of the excited product molecules containing
radiohalogen with the additive.

Levey and Willard (8) have studied in detail the
effect of scavenger lodine in alkyl iodide systems during
neutron irradiation. All the iodides tested showed a
rapid decrease in organic yield at low iodine concentrations
as the concentration of iodine present during neutron
irradiation was increased. The process most sensitive to
added Iodine and responsible for the sharp fall in the
organic yield 1s essentiallﬁ eliminated at a mole fraction
of 0,01 or less., The ratio of iodine molecules to
alkyl iodide molecules at this concentration is so low that

1281 atom encountering an iodine

the chance of a recoiling
molecule before becoming thermalised is nearly negligible,
They conclude that the effect of Todine in the low

concentration region must be to reduce the organic yield by
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1281 atoms normally

competing with processes in which
enter organic combination after they have been thermalised
and undergone many collisions with molecules of the

medium,

Levey and Willard (9) have also shown that (i)
although the organic yield is reduced by nearly 15% by the
presence of minute amounts of molecular halogen during
neutron irradiation, a significant fraction of the tagged
atoms which enter inorganic combination as well as those
which enter organic combination does so by "high energy
processes” and (ii) low concentrations of free halogen
present in Methyl Iodide during neutron irradiation
preferentially decrease the organic yield of the parent
molecule relative to more complex products.

Reid (10) has observed that Iodine activated by (n,{ )
process while in Pentane solutions can react to enter.
organic combination. Similar results have been found for
bromine in Pentane (11) for Iodine in Hexane, Heptane and
Octane, and for halogen originating from ethyl bromide and
ethyl Iodide in Hexane (12) and in several other media.

In order to determine whether recoll Todine can rupture
C-H bonds, solutions of Todine in liquid methane were
irradiated with neutrons (13). Both Methyl Iodide and Ethyl

Jodide were detected among the products of this irradiation.

According to Willard (14) this type of reaction is
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significant because it establishes the fact that an
energetic heavy atom can cause the rupture of bonds in a
molecule containing only light weight atoms. Such rupture
must'result from the inelastic transfer of energy to
molecules rather than from a billiard ball type of transfer
between atoms of approximately equal weight.

When a mixture of Iodine and gaseous methane was
irradiated with thermal neutrons, nearly 45% of the
activity was detected as Methyl Iodide (15). Willard

128, produced by the (n,f ) reaction in

concludes that the
gaseous methane has the abillity to undergo a reaction of
the type CH4 + I ~—— CH51 + H. This unique reactivity
must be due to either the high kinetic energy of recoil of

the 128

I or the positivecharge acquired as a result of
internal conversion.

It has been suggested that a certain # of the {. rays
ejected during the (n,¥ ) process in Iodine are internally
converted thus giving the atom a positive charge. So far
there has been no conclusive evidence to prove this and
hence éhe effect, if any, of electrical charge of the atom
on the surrounding molecules is not clearly understood.

Most methods of providing thermal neutrons for
irra@iations also generate { rays and in some cases fast

neutrons are present too. These radiations may produce

ions, free radicals and, excited molecules in the medium.
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In many studies of the radiative neutron capture type,
it is essential to know with certainty whether the fate of
any of the atoms activated by nuclear transformation is
altered by these radiation-produced species. In alkyl
jodides for example, the organic yield following (n,Y )
reaction might be changed if such radicals reacted with
either the activated atoms or with their stable products.
Various workers have made the observation that with
Ra-Be neutron sources or with pile bombardments of moderate
duration wide variations in { intensity cause very little
alteration in organic yields. However the effect of
{'radiation on alkyl iodide systems can be put to test
using a radioactive tracer like 1311.
A striking demonstration that initial energy of the
recoil particle does not influence its final chemical
combination has been given by Schuler (16) who showed that

12 126

8I and I atoms produced in Methyl and Ethyl Iodides

with kinetic energies in excess of 100,000 e.v by the
127 128 126 127 126
I (d,p) ) I( ¥ ,n)

give organic yields indistinguishable from those which have

I, 1274 (n,2n I and I processes

been observed for the same compounds with Iodine atoms of

very much lower energy produced by (n, ¥ ) process.
Measurements of partial { ray spectra from radiative

neutron capture have been made for several elements. Their

energies could be measured by any of the following methods.
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i. Measurement of the length of proton recoil tracks
from the D( {,n)H reaction in photographic plates soaked
in Heavy water,
ii, Scintillation spectrometer, and

iii. Coincidence palr spectrometer.

In a majority of cases the spectrum has been found to
be complex. The average number of { rays emitted as a
result of the (n, {) process in the elements from
11Na to I72Hf varied from about two to six and was independent

of neutron energy in the low energy region (17).

The Present Work

So far the general methods of approach to the problems
of recoll studies of halogens in alkyl halides have been
enumerated. The complexity of the chemical effects
following neutron capture makes it difficult to understand
the important steps in the recoil mechanism in the alkyl
halides.

As has already been pointed out, Suess has shown by
theoretical calculations that only a part of the total recoil
energy would be available for bond rupture as some would
" be lost as kinetic energy transferred to the remainder
of the molecule to which the active atom was attached.

The energy of recoil resulting from the emission of

the { quantum could be dissipated partially in the form of



16.

translational energy imparted to the whole molecule through
the bond and partially as the recoil energy of the active
atom provided bond rupture occurs. The extent to which
either of these mechanisms predominates over the other
depends on the strength of the bond, and also on the
relative masses of the active atom and the remainder of
the molecule.

Starke (18) calculated not only the recoil energy
but also the proportion of this energy available for
chemical dissociation for aliphatic organic halides. Thus
in the case of Methyl Iodide with a {' ray energy of about

4 x 106

e.v. he found that the energy available for recoil
was about 8 e.v. He argued that since the C-Halogen
bond in Methyl Iodide is only about 2 e.v., rupture would
occur in every case,

There were no methods of testing this reasoning
experimentally and hence it has been assumed that bond rupture
always occurs in Methyl Jodide when the Iodine undergoes
radiative neutron capture.

The experiments detailed in the following pages were
conducted to test this hypothesis.

If by some means we could identify those CH51 molecules
whose Iodine atoms undergo the (n, 1() process and show that

the CHS-I bond in them 1s not broken, our problem would be

solved.
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Consider Methyl Iodide labelled with a different

1871 Mix it with a

isotope of Todine than the normal
large excess of another Iodide, say Propyl Iodide,
containing only the ordinary Iodine. If the new isotope
of Iodine in Methyl Jodide is capable of underoing the

1271 then irradiate the

(n, ¥) reaction like the normal
mixture with slow neutrons, separate the two alkyl iodides
and identify the new isotopic iodine and its distribution
in them. By this means we would be able to get some idea
as to what happens when iodine undergoes recoil due to

{ emission.

129I

An Isotope ideally suited for this purpose is
which could be obtained from nuclear fission of natural
Uranium (19). It is radioactive with an estimated half
life of about 107 years., It can readily undergo radiative

1501 which is also radioactive with

neutron capture giving
a half life of 12.6 hrs.

Therefore if we take a mixture of Methyl Iodide and
Propyl Iodide where Methyl lodide aloﬁe is labelled with
1291 and PrI is in large excess, lirradiate them with slow
neutrons, separate the mixture and look for the 12.6 hr
activity of 1501 in the two fractions of Methyl Iodide and
Propyl Iodide, we would get usefulinformation, |

Agsume, for the sake of argument, that no bond

rupture takes place when Iodine in Methyl lIodide undergoes
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radiative neutron capture. Therefore every 1291 in

Methyl Iodide which undergoes the (n,(’) process producing

130

the 12,6 hr I, must be associated only with methyl

130

groups. In other words all the 12.6 hr I in the

experiment above must be present only as Methyl Iodide and
no such activity should be identifiable in the Propyl

130

Todide. On the other hand if the I activity appears

in the Propyl Iodide as well, it shows that bond rupture

has taken place and the distribution of the o0

I activity
would give information as to the extent of bond rupture
in Methyl Iodide,

The pages which follow this will show how the 129I
was incorporated into the Methyl Iodide, how the mixture of
Jodides was irradiated and separated and what the results

of the experiments were,



CHAPTER II
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Preliminary Experiments

Part I

The 12Q.Eused in these experiments was obtained in this
laboratory by extraction from the products of fission of
natural Uranium (20). The totdl quantity of 1291
available was roughly estimated to be about 500 micrograms.

1291’ in about 50 c.c. was first

The solution of
oxidised using Sodium nitrite and dilute Sulphuric acid,
and the molecular iodine extracted into carbon tetrachloride.
This was reduced back to iodide using about 2 c.c. of
sodium sulphite solution., When 1291 was required in the
reduced form this stock solution was used. When

1291 was required, it was obtained by heating

molecular
precipitatea Palladium Iodide (21).. The procedure consisted
in adding a dilute solution of Palladous chloride to the
Iodide solution kept at about 70°C. when a thick black
precipitate was formed. The precipitate was allowed to
remain in contact with excess Palladous chloride for 48

hours before the precipitate was filtered. After washing

the precipitate several times with warm distilled water

it was dried under vacuum. The Iodine released by heating

the Palladium ‘odide under vacuum was trapped out using a

liquid air bath.
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Part II

Exchange of the Iodide radical between
" Methyl and Propyl iodides

12

For the success of the experiment with 91 it is

129

gbsolutely essential that the I labelled in Methyl

Jodide does not exchange with the Propyl iodide added to

129

it. If it does exchange then the I would appear in

the Propyl iodide before neutron irradiation thus
obscuring the purpose and results of the experiment.

In particular the Methyl iodide labelled with 191
must be prepared without any ionising impurity present as

129

otherwise, the I would readily exchange with the Propyl

iodide when added to it before irradiation.

Methods of labelling Methyl Todide

The more common methods used for preparing Methyl Iodide
can be adopted to prepare labelled Methyl Todide.

(a) When Methyl alcohol reacts with red phosphorus
and Iodine, Methyl Iodide is formed. Preliminary
experimeﬁts-suggested, however, that on a small scale

129; available) it

(necessitated by the limited amount of
was difficult to separate the Methyl Jodide formed from
the excess of reactants which were inevitably present in
the mixture.

(b) Methyl Iodide could be obtained by the action of

Iodine on methyl magnesium iodide.
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CHsMgI +-12 — CHSI + MgIg.

Because of the slde reactions associated with this process
it was not pursued further.
(c) When Aluminium Iodide is treated with Methyl

bromide, Methyl Iodide is formed by a substitution reactiom.

AlI:5 + 5CH53rg AlBrs + 30H51’.

Because of the obvious advantage that this method did not
involve any ionising impurity other than Aluminium iodide,
it was decided to investigate this method in detail.
Aluminium iodide was first prepared by heating aluminium
filings with Iodine obtained by heating precipitated
Palladium Iodide. This was mixed in vacuo with Methyl
bromide and kept overnight for completion of the reaction.
Unfortunately it was found that the Methyl Iodide formed
an addition complex with the excess aluminium halide present.
The method was therefore abandoned.
(d) The problem was solved by simple exchange of
Methyl Iodide with I~ in an ionising medium e.g. alcohol.
In these experiments 1511 was used as the radioactive tracer
because of its favourable nuclear properties and ready
availability. The rate of exchange between Methyl Iodlde
and I~ is high in an alcoholic medium and takes no more
than 30 minutes to reach equilibrium (22).

The alcohol and the associated impurities had to be
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removed before Methyl Iodide could be mixed with Propyl
Iodide. |

It is known that anhydrous Calcium chloride is as
good an absorbent of water as of alcohol, Therefore it
was decided to pass the Methyl Iodide-alcohol mixture
through a column packed with fairly granular anhydrous.
calcium chloride. Since the quantities involved in these
experiments were only about 0.2 c.c. it was obviously not
possible to pour it down a column of Calcium chloride.

Since both Methyl lodide and alcohol were appreciably
volatile at or above room temperature, it was decided to
pass the mixture through in a stream of hydrogen.

A column of "anhydrone" was also attached to the system
to remove an& water vapour escaping capture in the Calcium
chloride. A third column of activated alumina was
incorporated at the end of the system to remove any other
polar impurities finding their way in the hydrogen stream.

The apparatus used is illustrated in Figure (i):

About 0.2 gm. of purified Methyl Iodide was mixed with

1511;-dbtained as a carrier-free

the calculated quantity of
solution from the Radiochemical Centre, Amersham. Afeav
drops of alcohol were also added and the whole mixture
was kept in a B.10 test tube for two hours to attain
exchange equilibrium,

The tube was now connected to A in Figure I whilst D

was cooled in liquid nitrogen in order to collect the
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Methyl Iodide. As the hydrogen bubbled through the
solution it carried with it both Methyl-Iodide_and alcohol.
The alcohol was absorbed by the Calcium Chloride while
other polar impurities were removed by the Alumina.

To test whether the Methyl JIodide carried with it any
ionising impurities, the column containing the absorbents
was disconnected at C. A known amount of Ethyl lodide was
takeni in the B.10 test tube E and connected to the system.
Keeping both D and E in liquid nitrogen, the system was
evacuated by connecting to the high vacuum line through
tap T. Under vacuum, and with tap T:Eélosed, the Methyl
Jodide in D was transferred to E by removing the liquild
nitrogen trap in D. The Methyl Iodide-Ethyl Iodide
mixture thus obtained was kept for six hours to make sure
of any possible exchange in the presence of ionising
impurities.

The mixture was now put through a gas chromatographic
column and separated. The details of separation and the
apparatus used are given in the next chapter. The Methyl
Iodide and Ethyl Iodide fractions were collected in

1511 in both fractions was

alcohol and the activity of
measured using a thin walled liquid Geiger-Muller Counter.
The émounts of lodide present in each of the two solutions
were estimated using a spectrophotometer, Chapter IV

glves details.
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If the Methyl Iodide contained any ionising impurity,
it was éssumed that the Ethyl Iodide would have also been
active, due to exchange. The results of two independent

experiments are in the table shown below:

Table I

App.Ratio

of MelI: Concentra-

EtI by wt.| Activities tion in Activity/
Jodldes| of Iodine as milligrams mgm of
used in the Counts/ of Iodine Iodine as

mixture Minute as the Jodide

before Iodides

separat?.
PO L g

Exp.| Exp. Exp.] Exp, Exp. |Exp. Exp. | Exp.

I II I 1 IL I II I IT

Mel 12380 [B8404 22 13 563 |646.4

1s1 ] 1:2
BEtI 108 51.1 19 11.4 b.6 4.4

It is quite evident from the lack of any appreciable
activity in the Ethyl Iodide that the CaClg.Mg(Clo4)2.AJ.205

column completely holds back the ionising impurities.

Possible Exchange of Iodine between Methyl Jodide and Propyl
Todide in.the absence of gngonim’ng Impurities.

131

MeI labelled with I was prepared as above and was

mixed with a known amount of purified Propyl Iodide and left

in the dark for a week, If there was any appreciable exchange

131

of I between Methyl Iodide and Propyl Iodide, it was
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assumed, that it would appear in the Propyl Iodide which
131

did not originally contain any

The Iodides were now

separated using the gas chromatographic technique and

their activities due to

131

I were determined.

The

quantities involved were also estimated using the

spectrophotometer,
Table II
App.Ratio Concentra- | Activity/
of MeI to Activities tion in Milligram
Iodides.| PrI by wt. as counts/ | milligrams | of Iodiiie
used in the minute of JTodine as
original as Todlde Jodide
mixture
Exp. @xp. Expd Expe. Exp. |Exp. Exp.| Exp.
I I I II I II I IT
MeI 5417 (3401 6.5 |11.4 833 | 296
1:1 | 1:2
PrI 57.3| 31.8 6.1 [14.5 9.4] 2.2

It was concluded that the effect of exchange in the

dark was negligible.
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Part IIT

Effect of { radiation on exchange of Jodine between Methyl
Todide and Propyl lodide in a mixture of the two
Iodldes

It is known that { -radiation may induce and aceceler-
ate exchange reactions. Since the ultimate purpose of

this study is to irradiate CH3129

I and 05H7I with neutrons
in a pile it is pertinent to enquire whether the ’(-radia—
tion has any effect on the exchange of Iodine between the

two iodides.

Methyl Todide labelled with o1

I was prepared by the
method mentioned before and the quantity was aceurately
estimated by transferring it under vacuum into a narrow
side arm which was calibrated previously (F in Fig. I).

The known amount of Me151

I was mixed with a measured quantity
of Propyl Iodide in the tube E in Fig. I.

The mixture was now sealed into six narrow silica tubes.
The method of introducing the liquids into the silica tubes
and sealing is given in detail in a later chapter. of
the six tubes filled, three were kept aside in the dark for
the purpose of comparing results of the irradiated and
unirradiated samples. The three tubes for irradiation were
wrapped up in thin Aluminium foil and put into a standard
Aluminium can used for irradiation by the Atomic Energy

Research Establishment at Harwell, The Aluminium can was

packed with cotton wool to keep the tubes from breaking.
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The Iodides were irradiated in the thermal column
of the pile BEPO for twenty four hours, The pile factor
used was 0.5 % (i.e. 5 x 1010 n/cmz/sec). The purpose of
irradiation for such a long time was that when 1291 was to
be used it would need about two half lives of irradiation

130y (12.6 nrs.).

to get enough activity of
On a rough estimate one can assume that the number
of 1( rays present in the thermal columm of a pile like
BEPO would be the same as the number of neutrons. Hence
in the case cited here it would be about 1010 { photons:

per second per square centimetre, Because of the distance

between Durham and Harwell, it was about twelve hours

before the irradiated iodides were available for separation,

counting, and estimation,

Table III
Ratio of [Without Irradiation After Irradiation

Iagtges gﬁ% go Act. Cond Act- Act. Con- Act-
Wt y c.p.m.| centra- | ivity/ | c.p.m.| centra-| ivityy

‘ tion in | mgm tion in] mgm

mgms. mgms.
MeI 2300 3.81 604 1733 2.02 8564
1:9

PrI 38 117.5 0.3 61.5 59.6 1,04

The results were reassuring in that the effect of

irradiation induced exchange was not appreciable.
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Part IV
Purification of the Alkyl Todides

It has been shown that impurities present in alkyl
halides prafoundly influence the organic yleld in radiative
neutron capture reactions (23). Since most alkyl Iodides
are susceptible to both thermal and photolytic decompositions
it is important that these iodides are thoroughly purified
before using them for any irradiations. The common
impurities in the commercially available Iodides are
unsaturated hydrocarbons and their derivatives, The
method given below was used to purify both Methyl and propil
Iodides.

The Methyl Iodide was first shaken with sulphur dioxide
solution to remove any free halogen or hydrogen Iodide pre-
sent. The Methyl lodide layer was repeatedly washed with
water and dried over magnesium sulphate. It was then
distilled and the distillate coming over between %2° and
43°C. was collected. It was declided to purify this
further. Keeping the Methyl Iodide cooled in an ice bath,
dry ozonised oxygen produced from an ozoniser, was bubbled
through for a sufficiently long time to ensure that all
the unsaturated impurities had been ozonised. The Methyl
Jodide was now vacuum distilled from a bafh of freezing
mixture at -10°C. when all the mbre volatile ozonides

distilled off leaving behind most of the Methyl lodide.

It was now shaken in a separating funnel with Sulphur
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dioxide water to remove all the lodine and any hydrogen
Iodide still present. The Methyl Iodide layer was
repeatedly washed with distilled water and dried over
anhydrous magnesium sulphate. An 18" Vigreoux column was
used to distil the Methyl Iodide and a 40% middle cut
boiling not beyond 0.05°C. of the boiling point of Methyl
Todide (42.4°C.) was collected. As a further precaution
the Methyl lodide was poured down a column of activated
alumina to remove any polar impurities. As a final check
on the purity, the refractive index of the Methyl Iodide was
determined using an Abbe’' refractometer. The value was in
excellent agreement with the values given in standard tables.

Because Methyl Iodide was sensitive to light, beihg
decomposed readily, it was always stored in dark bottles
and kept in a dark cupboard. Althougih the purified Methyl
Iodide would remain pure for a long time, as a precaution
it was always purified again if kept for more than four
weeks,

In the case of Propyl Iodide, ozonisation followed by
vacuum distillation and drying were all carried out as for
Methyl Iodide. Because propyl lodide had a fairly high
boiling point (102°C.) and decomposed slightly near its
boiling point, it had to be distilled under reduced pressure.
It was usually distilled at a pressure of about 40 cms. and

a 40% middle cut boiling steadily was collected. It was

rassed through a column of alumina and its refractive



30,
index checked. The result was satisfactory. Like Methyl
Jodide, Propyl Iodide was always stored in dark bottles in

dark cupboards and purified again if kept after four weeks.



CHAPTER III
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Separation of the Alkyl Todides

The volumes of mixtures of Methyl Iodide and Propyl
Iodide used in the experiments recorded here were of the
order of a fraction of a cubic centimeter. Good separa-
tion of the two iodldes from such a small volume of the
mixture by ordinary fractional distillation is extremely
difficult and can be carried out effectively only by
diluting the mixture with more of inactive alkyl iodides.
This raises doubts about possible exchange during distilla-
tion and, more important still, reduces the specific activities
of the irradiated iodides. Further, it is known that
when alkyl iodides undergo radiative neutron capture reactions,
new iodides are produced which would necessarily introduce
difficulties in separation if the difference in boiling
points of the iodides were not very different from each
other. Thus, although there are several referencés in
the literature where large volumes of irradiated iodides
have been separated by fractional distillation, on a small
scale the method may not be equally effective.

An ideal method for identifying and separating small
concentrations of volatile compounds is the gas-liquid
partition chromatographic¢ technique. It was by this
method that the alkyl iodides were successfully separated

in this laboratory.
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Gas-1iquid partition Chromatography

The gas chromatographic technique depends on repeated
distribution of the substances to he séparated between
the moving gas and the fixed phase packed into a column.
In the case of gas-liquid partition chromatography, the
fixed phase is a liquid held in an inert supporting material.
The substances which are being separated move thpough the
chromatographic column in the gas stream and are detected
at the outlet by means of a vapour detector.

In the chromatographic apparatus used in this labora-
tory, oxygen-free nitrogen from a cylinder was used as the
mobile phase. The flow rate of nitrogen at the inlet of
the column was controlled by a flow meter and a constant
pressure drop using a rotary vacuum pump at the outlet.

The detection device used was a thermal conductivity cell.

Flow Control

Since the identification of the components in the gas
stream 1s usually effected by measurement of their retention
times, it 1s important to contr61 the flow rate of gas thraugh
the column, This control may be obtained by maihtaining
a constant pressure drop across the column. In the
apparatus described here, the inlet pressure of nitrogen
was maintéined at about the atmospheric pressure and

controlled by a conventional capillary flow-meter illustrated



[ —:_.

—
..-...:..: -h_a.—-... _._..-._ « ._... 1
NN &N

FIG II



33,
in Fig, II. .The gas was dried by passage through a
column of silica gel before it entered the flowmeter. By
adjusting the Needle valve 'N' the pressure difference in
the arms 'A' and 'B' was kept steady. Obviously the
pressure indicated by arm 'B' was the pressure at which
the nitrogen was entering the column., This could be

altered by turning the needle valve N,

The PFixed Phase

Among the fixed phases tried were Silicone 0il and
dinonyl phthalate. A column carrying Silicone 0il was
found to give quicker separation than one carrying dinonyi
phthalate. However when the concentrations of the lower
iodides like Methyl Iodide were appreciable, slight
overlapping of separation peaks was observed whereas
dinonyl phthalate gave a fairly rapid but clear separation
of the iodides. Hence dinonyl phthalte was used in the
column.

Celite 545 was used as the inert supporting material
for the dinonyl phthalate. The Commercial Celite was
size graded by suspension in water. The resultant
material was heated in a nuffle oven for about three hours
at SOQPC. and then washed with concentrated Hydrochloric acid
to remove Iron and basic impurities. The Celite was now

washed seveprgl times with distilled water to remove all the
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acid and dried again in an oven at 160°c.

The dried Celite was now mixed with dinonyl phthalate
in the ratio, by weight, of 10:3. To ensure uniform
distribution of the liquid phase over the inert support,

a slurry was formed by adding excess ether and the whole

was thoroughly stirred. All the ether had to be removed
before packing the column, For this the porcelain dish
containing the slurry was first kept stirring over a boiling
water bath to remove most of the ether and later kept. in an
oven at 100°C. for 3 hours to make absolutely sure that all
the ether had been removed from the mixture.

The Celite supporting the ester was now packed fairly
tightly into a 5-foot U-shaped column. The diameter of
the tube used was about 0.7 cms,. To facilitate uniform and
fairly tight packing, the column was agitated against the
spindle of an electric motor. Since it was important
that the column be packed uniformly every care was taken
to see that no gaps were left in the column packing,

Since retention .times are very dependent upon the
column temperature, it was necessary to control this as
precisely as possible. For this the column was mounted
horizontally in an electrically heated jacket lagged tie
outside with asbestos sheathing. The heating was regulated
through a '"Simmerstat" eontrol utilising a bimetallic strip.

The column was connected to the gas flow-meter at the
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inlet and the thermal conductivity cell at the outlet

through hemispherical joints.

The detection system

Gas chromatographic separations are normally followed
and recorded by means of some form of vapour detector, which
is placed in the effluent gas stream from the column. The
thermal conductivity cell which has been suceessfully used
as a vapour detector consists of a hot wire held in the
centré of a tube through which passes the gas from the
column. The wire is heated by an electric current so that
its temperature rises until a balance is reached between
the input of electrical energy and the losé of heat energy.
The hot wire acts as a resistance thermometer. It is
incorporated in some form of Wheatstone hbridge circuit, the
battery providing the current for the bridge and for the
heating of the wire. The off=balance of the bridge is thus
a measure of the rate of loss of heat from the wire, Heat
is principally lost by conduction by the gas to the walls:
of the tube,

At normal temperatures large molecules tend to have
lower thermal conductivities than small molecules so that
a gas vapour mixture has a lower thermal conductivity than
has the gas alone. The relation between vapour concentra-

tion and heat loss (and hence off-balance of bridge) is

effectively linear at moderate concentrations., Since the
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rate of heat loss depends on the temperature of the tube
walls, this must be kept as constant as possible, In
order to overcome the effect of drift due to variation of
temperature, 2 or 4 cells are usually fitted closely
together in the same block and arranged in opposition in
the Wheatstone Bridge circuit. The effluent gas from the
flow-meter is first passed through the compensating cell or
g¢ells before it enters the column,

The Thermal Conductivity Cell made in this laboratory
consisted of a solid copper cylindrical block into which
4 parallel holes were drilled. Into each of the chambers
a Nickel wire of about 0.001 inches diameter was stretched
and the two leads from each wire were connected through
glass seals to the Wheatstone bridge, as illustrated in
Fig. III. The gas inlets and outlets to the two sets of
cells were through horizontally drilled holes, All the
four cells were kept vacuum tight by sealing them with wax,
Cells 'A' and 'B' were connected to the gas stream from the
flow-meter while cells 'C' and 'D' received the gas stream

from the column,

Gas Regulator at the outlet

Since a pressure drop across the column was kept
by using a rotary pump at the outlet, a regulator was
necessary to maintain this at a steady level. The device

used 1s illustrated in Fig. IV. The gas stream from the
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colum, after passage through the thermal conductivity cell,
enters the regulator at ;A' and escapkies through the
capillary 'B' to the pump.

With the stopcock open, the system is evacuated to
very nearly the desired pressure as indicated on a
Mercury manometer and the stopcock is closed. Thus the
gas trapped inside the regulator is used to control the
flow of gas through the capillary. As evacuation continues,
the pressure in.the inner chamber increases relative to the
pressure in the outer chamber and ralses the floating bell
until the disc (a rubber bﬁng) closes the exhaust port to
stop further reduction of the pressuré in the system. When
the pressure increases in the outer chamber, mercury rises
into the floating bell thus providing extra space for the gas
to expand until the pressure becomes the same as the trapped
gas, Thus by the rising and falling of the floating
bell the pressure is maintained at a steady level, In
fact the float takes up a steady position with just the
right flow through.

Method of Colleeting the separated fractions

Fig. V illustrates the arrangement used for collecting
the separated fractions.

Since the separated iodides are being carried in a
stream of nitrogen, if the out going gas stream fram the

detector is cooled sufficiently one would expect to freeze
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out the iodides. However it was found that, unless a
large surface was provided, much of the small concentration
of the separated compound in the effluent gas escaped
condensation and passed on. To avoid this the gas was
bubbled through a solvent in which the iodides were
soluble, Alcohol was chosen as the solvent to collect the
iodides and since it had an appreclable vapour pressure
at room temperature, and at the low pressure used it had to
be cooled in a bath of solid 002.

In a typical experiment, B-14 test tubes containing

about 8 c.c. each of pure alcohol were attached at *A',
B!, 'C' etc. and they were externally cooled in a bath of
acetone or alcohol kept at about -60°C. by the addition of
soiid 002. Keeping the tubes cooled, taps ?b T2, 'I'5 etc.
were opened to the system to unify the pressure in the
tubes with that in the system. When an iodide was due for
collection, as indicated by the deflection on the galvo,
taps 'tl' and 'Tl' were opened to the system and the
main tap 'T' closed. Since the gas must bubble through
the alcohol in the B-14 tube, any iodide carried in the

stream of nitrogen was dissolved in the alcohol.

The sample introduction system

An ideal injection device for gas chromatography

should possess the following characteristics:-
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i. The entire sample should be delivered to the
inlet of the column as a vapour over a short time interval.

ii. The introduction of sample should not necessitate
stopping or changing the flow-rate of carrlier gas, and

iii. The quantity of air introduced with the
sample should be minimal. The normal injection method of
a sample into a column is to use a microsyringe and a syrum

cap to inject through.

As has already been vointed out, the quantities of sample
used for separation in the experiments recorded here, were
of the order of a few milligrams. It was noticed
that there was a lot of waste due to wetting the sides of
the syringe. Hence a new method of introducing the liiquids
into the stream of nitrogen was devised., The liodides
to be separated were transferred under vacuum to an injection
cell of design shown in Fig. VI. Now nitrogen (from the
same source as the effluent gas) was let into the system
at about atmospheric pressure and the cell was sealed off.
Now it contained the material to be used in the column and
nitrogen at slightly higher pressure than at the inlet
of the column.

The cell was now attached to the inlet of the column
as shown in Fig, VII. When the system had been stabilised
as shown by the steadiness of the spot of the galvanometer,

the handle 'H' was turned when the fragile tip of the cell
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was broken and the iodides were pushed into the system
by the pressure of the nitrogen in the cell. This method

was found to be the most satisfactory of all methods tried.

Details of a typical experiment

The inlet pressure of nitrogen of the column was kept
at atmospheric pressure. The temperature of the column
was maintained at 105°C. and the pressure at the outlet
was 16 cms. Hg. The current to the thermal conductivity
cell was switched on at least one hour before the actual
experiment to avoid any drift. By adjusting the variable
resistance the spot of the galvo was moved to a fixed point
which was taken as the zero point when no vapour was in
the system.

The injection cell containing the iodide was put into
position and the system allowed to settie down for ten
minutes to ensure that all air had been carried away. This
was indicated by the return of the spot of the galvo to the
zero point, Since the identification of the material
depends on the retention time, it is identified by the
time taken for it to deflect the galvo spot. Therefore,
simultaneously with the tip of the cell being broken by
turning the handle, a stop watch was started,

A mixture containing Methyl lodide, Vinyl iodide,

Ethyl Iodide, Isopropyl Iodide, normal propyl iodide and
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methylene iodide gave the chromatogram shown in Fig. VIII.
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CHAPTER IV

Removal of Inorganic Iodine before separation of the
Alkyl Iodides

Since it was known that at higher temperatures, the
exchange of iodine in alkyl iodides was appreciable, it
was desirable to remove the inorganic iodine formed by the
Szilard Chalmers' Process in alkyl iodides before the iodildes
were put through the hot gas chromatographic colum for
separation. By this means any possible exchange of the
molecular iodine between the iodides in the 100°%¢. gas
chromatographic column would be avoided. .

Preliminary experiments indicated that the often-used
removal of the inorganic iodine with sulphur diexide was
inconv€ient when small volumes of the iodides were involved.
Chromatographic alumina was found to be an ideal adsorbent
for iodine (24). As in the purification of labelled
Methyl Todide, the irradiated iodides were passed in a
stream of hydrogen over chromatographic alumina. The
apparatus used is illustrated in figure IX.

The silica tubes containing the irradiated iodides
were introduced at 'A' after cutting their tips off.
Cooling 'A' in liquid air, the system was evacuated through
tap Tl' Keeping the tap T1 closed, the iodides were
transferred to 'B' by cooling 'B' in liquid air instead

of 'A', After removing the liquid air trap, the tap T,
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was turned appropriately to conmnect it to the supply of

pure dry hydrogen. The break-off seal was now broken by

dropping the iron rod (encased in glass) with the aid of a

magnet. And the hydrogen stream was allowed to pass

through the alumina in the narrow tube at 'C'. The

condenser 'E' containing Fenske helices was cooled in liquid

air to enable the iodides to condense in it. The stream

of hydrogen after passing through tap Tz and the condenser escaped

finally through the tap Ts.
When all the iodides had been swept away by the

hydrogen the tap T2 was closed and keeping the condenser 'E!

in liquid air, the system was evacuated through the tap

T Keeping T, closed the injection cell 'F' used for

5
separation by gas chromatography was cooled in liquid air
instead of the condenser when all the iodides were transferred
into the cell, Nitrogen used as carrler gas in the gas
chromatography column, wasxadmitted to the system through

tap T, and the cell was sealed off.

3
In figure IX a secondary hydrogen entry system is shown
at 'D'. The purpose of this was to remove any water
adsorbed on the alumina before the iodides were passed over
it. Without opening the-break—off seal, hydrogen was
allowed to pass through the alumina for at least one hour

and when the condenser 'E' was kept cooled in liquid air, all

the water escaping from the alumina was condensed in it.



This was later removed by evacuating the system through

tap TS'

Quantitative estimation of the Alkyl Iodides

In order to determine the specific activity of any
materiﬁl, its activity as well as its concentration must be
known: Therefore in the study of the chemical effects of
recoiling iodine atoms in alkyl iodides, it is necessary to
determine the concentration of the iodides presént. It
has already been indicated that the quantities of alkyl iodides
involved in the experiments recorded here, were of the order
of a fraction of a cubic centimeter, An accurate method of
estimating such small concentrations of an iodide in a
suitable solvent 1s that using absorption spectrometry., An
ultra violet spectrophotometer was successfully used to
estimate the concentrations of the alkyl iodides.

The Unicam Sp 500 Spectrophotometer consisted of a
light source, (a hydrogen lamp in this casé) a quartz mono-
chromator, a sample holder and phototubes and an amplifier
to measure the intensity of radiation (25). The wavelength
at which the absorption was maximum for the lower alkyl
iodides in alcohol was found to be 256 m/b o Values of optical
density for various concentrations were plotted for Methyl
Iodide and Propyl Iodide in alcohol and a straight line
- graph as shown in figure X was obtained. By referring to

the graph the concentration of the iodide in a solution of
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alcohol could be determined.

Measuring the radioactivity

In order to measure the radioactivity associated with
the irradiated alkyl iodides, an alcochol-quenched Geiger-
Miller 1liquid counter was used, A measured volume of the
solution to be 'counted' was transferred to the counter
and it was lowered into the lead castle. The associated
equipment necessary for measuring the activity, consisted
of a probe unit type 110A with a paralysis time of.SOQ/b secs,
a potentiometer unit type 1007 and, a scaling unit type
1221cC.

In practice the alkyl il1odide whose activity was to be
measured wasg diluted to 10 c.c. in a stgndard volumetric
flask by the addition of alcohol. From this flask 9 c.c.
were transferred to the counter. To attain a reasonable
statistical accuracy —i.e. low standard deviation — the
counting was continued wherever possible until the total was
in the region of about 10,000, Appropriate corrections
were also applied for loss due to decay during the period
of counting.,. When several activities were counted, all the
values were corrected for comparison at a standard time.
When the rate of counting was high correction for dead time
of the counter (500M secs) was also applied.

When solutions of varying densities were used for

measuring the radiocactivity, a correction had to be
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applied for the effect of the differences in density of the
medium (26). The correction factor is not a smooth
function of the density of the liquid when widely differing
media are involved. But it is a smooth function of the
electron density of the medium, In order to determine the
correction for differing electron densities of media, the
following experiment was conducted.

128

Radioactive CHSI was prepared by refluxing for ten

minutes, 10 c.c, .of CH5I with alcohol and 12812 obtained by
the Szilard-Chalmers reaction in about 200 c.c. of Methyl
Iodide. By adding water to the mixture the Methyl Iodide
was separated and 1t was washed and dried with magnesium
sulphate. From tﬂis stock volume of active Methyl Iodide,
known volumes were mixed with n-pentane, chloroform,

alcoho; and Methyl Iodide. Four solutions of each solvent
having a range of known density differences were made and
each one 6f them was counted. After correcting for decay
and dead time a graph %as plotted between counting yield (as
c.p.m.) and electron density for each solution. A

straight line graph as shown in figure XI was obtained using

which the correction for density difference in any solution

waes applied.
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CHAPTER V

Recoil Studies with Iodine=129

-

M§1291 + PrI Experiment

Methyl Iodide labelled with iodine-129 was prepared by
the method mentioned in Chapter IT and the quantity was
accurately estimated by using the calibrated narrow side arm
in fig. I. The known amount of Methyl Iodide-129 was
mixed with a measured excess of Propyl Iodide in the tube E
in figure I. In order to seal this mixture in silica
capillary tubes for irradiation, the tubes were put into the
tube E with their open ends dipping in the mixture.
After freezing the mixture in a liquid air bath, the system
was thoroughly evacuated and the tap closed. The liquid
air bath was removed and the frozen mixture allowed to thaw.
When dry alr was let into the system tprough the tap, the
mixture rushed into the silica capillaries filling them.
By keeping the contents frozen each silica tube was sealed,
The tubes were wrapped in aluminium foil and placed in a
standard aluminium can.

The Jodides were irradiated in the thermal columm of
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the pile BEPO for 22 hours at a pile factor of 0.3
(i.ee 3 x 1010 n/cmg/sec). By the time the iodides were

1281 activity had decayed

available for analysis, all the
completely. One of the irradiated tubes was used to
determine the total activity. The inorganic iodine from
the irradiated mixture was removed before separation by
passing the mixture over alumina, as detailed in Chapter IV,
The Methyl Iodide and Propyl Iodide fractions were
collected by gas chromatographic separation and their
activities measured., The concentration involved was
determined, as already indicated by spectrophotometry. In
order to ascertain the mode of decay and hence to confirm
_the isotope present, the decay of the iodides were followed
at consfant intervals.

Several independent experiments were conducted by
varying the proportion of Methyl Iodide to Propyl Iodide.

The following table gives the results of these

experimentss~
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Table IV
Ratio of Activity Activity Activity 3
Bxot MeI to of the of Mel of PrI Org- - Ratio Ratio
l\}% |l PrI in the untreated as CeDellle as Ce.p.0m. anic % of % of - of of
* Mixture in mixture per mgm. per mgm, yield. || WMerT Prl MeT MeTI Remarks
terms of . | as c.p.m. of of ' |Activity | Activity Pri PrI
Iodine per mgm. Todine Iodine ‘ Activity | Specific
content. of Iodine content. content. Activity
content. - ¥
| ;
1 1: 8 381.7 832,0 165.3 62.'7? 24,33 38447 0.6297 b.,033 In presence of air.
ii 1:12.8 91l.2 287.1 56.67 63.2 26,40 3648 0.71850 7.82 In presence of air.
i1 1:5.82 1347 .0 966,11 76,2 3b.46 | 40.74 0.8703 5,068 In the absence. of air

453,0
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(a) The concentration of the untreated mixture was deter-
mined by first removing the inorganic iodine with silver
powder and then estimating its concentration by the
spectrometer, knowing the ratio of Methyl Iodide to Propyl

Iodide it was possible to calculate the concentration of the

mixture in terms of iodine content,

(v) oOrganic yield here is meant as the total % activity of

MeI and PrI alone = ignoring the fractions of activities df
other products of recoil reaction.
Conclusions from these experiments:=
In the first place it was confirmed that there was =~
extensive bond breakage as a result of recoil as shown by
the presence of activity in the Propyl Iodide fraction.
Assuming that complete bond breakage occurs, the
disproportionate distribution of activity between the two_
iodides is puzzling. If the two theories put forward fof'the
explanation of recoil are considered it is at once clear
that in a mixture of the two iodides, the dis tribution
of the activity must be dependent on the concentrations of the
iodides. The marked difference in the distribution of
activity may be due to several factors. tee
i. A certain % of recoil fails to break the bond. vz .
ii. On the re-entry of the recoil iodine into organié
éombination, there is a marked preference for Methyl Iodide

over Propyl Iodide, This could happen both in the hot and

eplthermal regions and also in the thermal region.
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iii. The inorganic iodine released in the reaction
exchanges faster with the Methyl Iodide than with the Propyl
Iodide after irradiation.

In order to find which of the above explanations is
responsible for the greater activity of the Mel it was

decided to investigate them one after the other.

ggH¢1291 + CHSI experimentz-

L~

Consider the case where Methyl Iodide 1s in large excess
and propyl iodide is in small concentration and is labelled
with 1291. If the mixture is irradiated and the activities
of the two iodides determined, one should be able to
distinguish between the effect of real non-breakage of bond,
and the effect of distribution of the recoil Jodine between
the two iodides, If the distribution of the activity is
gimilar to the previous experiment where the Methyl Iodide
was labelled instead of the Propyl Iodide, the effect may not
be due to non-breakage of bond.

Before labelling the Propyl Iodide with Iodine-129, it
was desirable to find whether there Would be any exchange
of iodine between labelled propyl iodide and excess methyl
iodide. The same method as used for the preparation of
labelled methyl iodide, was used to prepare Propyl Iodide labelled

with 151I. Since the exchange was slower than in the case of

131

Methyl Iodide, the Propyl Iodide- I-Alcohol mixture was kept

in a 35°C. thermostat for 12 hours to attain exchange
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equilibrium. The alcohol and other impurities were removed
by using the calcium chloride column shown in figure I. The
Pr1511 was mixed with excess of Methyl Iodide and kept for
two days in the dark, The mixture was separated in the gas
chromatographic column, The results of two independent

experiments are given below: -

Table V
Ratio of PrI to Concentra-
MeI by wt. in | Activities |[tion in milli- | Activity/
Alkyl the original as c.p.m. [(grams of Jo- mgm of
Iodides mixture. dine as Iodide| Iodine as
used Jodide.
Experiments Experiments| Experiments Experiments|
I IY I IT I IT I II |
Pri - . 3774 21801 4.8 11.4 783.3 |191.2

1.3:20 [1.3:2 -
MeIl 70.5 12.5167.07 14.5 1.056

0086]

Since the exchange was not appreciable the Propyl Iodide
was similarly labelled with Iodine-129. After purifying
the Propyl JIodide using the calcium chloride columm in figure
and measuring its volume, it was mixed with a known excess

of Methyl Iodide and irradiated for the same length of time

I

and at the same pile factor as for the Methyl Iodide experiment.

The analytical procedures were exactly similar to that used

for the Melng experiment:
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Table VI
Ratio of Activity Activity | Activity
PrI to of the of Prl as of Mel as . !
Exp%. MeI in the untreated C.Pom, /mgm, | copem./ Organic | ) . .
No. . . yield . . ) Ratio of Ratio of
, mixture mixture of mgm. of ‘ , ] QLY.
in terms of | as c.p.m./ Todine Todine % O]? Pri % Of.‘ MGI PPI/M?I PrI/Mel Remarks
Todine mgm, of content. content. Activity | Activity Activity Specific '
content. Todine Activity
content. j
i 125,68 407,53 292.2 265.0 65.6 | 107 549 0.1948 1.107
11 1:19.95 55.79 31.62 5%.95 66. 1 4415 61,97 0.06696 1.336 All in presence of air
; ,
114, 1:2%.43 82.1 7143 52,2 64,54 || 851 61.0 0.05754 1.566
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Conclusions from these experiments:-

i. It is clear that some sort of preferential attach—
mént of the recoil 1501 to Mel is involved in the reaction. _

iie, It is also evident that the Propyl Iodide activity{
is higher than 1t ought to be if one assumes complete bond
breakage in every case of recoil.

One method of finding out the nature of this
disproportionate distribution of the recoiling iodine atoms,
is to irradiate a mixture of Methyl Iodide and Propyl

Iodide of known ratio with molecular 12912.
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CHAPTER VI

The method of preparing molecular iodine by heating
palladous iodide was found to be sultable only when the
quantity of iodine was in excess of about 2OQ/¢ gmse. Below
this value it was difficult to obtain complete precipitation
of all iodide as palladous iodide. Further, to filter
such minute amounts of the precipitate and later purify
and dry it was also equally difficult. By using known

15lI

concentrations of potassium iodide solutions containing
as tracer it was found that as much as 50% of the iodine
was lost during the process of precipitation, filtration,

washing of the precibitate, drying and final heating. Ir

12912 was to be used, such a great loss was not permissible

129i available, Several -

because of the small amount of
methods were tried specifically to prepare molecular iodine
in a pure form and in amounts not exceeding 100/Hfgms;

i. It is known that precipitated silver in the form
of powder combines with iodine very efficiently to give
silver iodide. It was decided to decompose the silver
jodide by heating under vacuum and collect the iodine in a
liquid air trap. Since silver iodide decomposes only at about
560°C., it was found necessary to use silica tubes for heating in

the vacuum line instead of pyrex glass as otherwise the

glass softened and collapsed before the silver iodide
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could hbe decomposed. Silver iodide labelled with iodine-131
was prepared by shaking a carbon-tetra-chloride solution of

1511 with precipitated silver powder. The silver powder

2
containing the AglslI was now washed with ether to remove
most of the carbon-tetra-chloride anéd connected to the wvacuum
line for complete drying. A side arm in the system was
cooled in liquid air to collect the iodine liberated. When
the silica tube containing the Aglsll was heated it was
found that under vacuum the Agl itself began volatalising
and the yellow colour due to the silver iodide began to spread
into the cooler sides of the silica tube., Even by chasing
the silver iodlde with a flame it was found that although
there was some decomposition, the majority of the iodide
escaped decomposition. This was particularly apparent when
the concentration of iodine was below 100/* gms. As the
quantity of iodine present as silver iodide increased more of
the silver iodide decomposed up to a ceiling value of 80%.
But for quantities of the order of 10Q/b gms, only about 15% of

the 131

12 originally used to prepare the silver iodide was
trapped in the arm cooled in liquid air, If the silver iodide
was heated in a closed system, as soon as the silver iodide
decomposed the products recombined.

ii. Electrodeposition on a palladium foil was tried
by electrcolysing an alkaline solution of the iodide with
Nickel cathodes. Using 1511; as tracer it was found that

only &bout 10% of the iodine put in was recoverable on the
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palladium foil, = Varying the pH or electrodes gave little
improvement.

iii. A palladium foil was activated by heating to
300° in a stream of hydrogen. It was now dipped in a
solution of molecular lodine in carbon-tetra-chloride and
kept for a while. The palladium foll after washing and
drying was heated under vacuum to decompose any palladium
iodide formed, Using 15112 as tracer it wasfound that
very little of palladium iodide was formed since only
20% of the activity was recoverable.

iv. The problem was solved by using freshly prepared
palladium powder to pick up iodine. It was found that
95 of iodine can be removed by freshly prepared palladium
powder from a carbon-tetra-chloride solution of the iodine.
Palladium powder necesgar& for this canmnot be obtained by
simply powdering metallic palladium, This was found to he
inefficient as only about 10% of the iodine was picked up.
The palladium powder was obtained by heating palladium iodide
under vacuum when the iodine liberated was removed in a
liquid air trap, leaving behind palladium in a finely
divided form. If the palladium iodide were to Be heated
in air palladous oxide was formed instead of palladium
and this was found to be ineffective.

The detailed procedure consisted in precipitating in

bulk palladium iodide by adding excess: palladium chloride to
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about 100 milligrams of potassium iodide solution, The
precipitate after being kept at about 35° for 46 hours

was centrifuged off, washed several times with warm water,
and introduced wet into the vacuum system. Residual
water was pumped off, and when a very high vacuum was
attained the palladium iodide was heated and the liberated
iodine trapped out using a liquid air bath. When all the
jodine had been removed = i.e, no more palladium iodide
was present = the palladium left behind was allowed to
cool to room temperature before air was let into the
system, Otherwise the hot palladium would easily form the
oxlde above 100°C. The palladium powder obtained this
way was used to prepare molecular iodine of any amount

up to 200 M gms.

A solution of molecular iodine in carbon-tetra-chloride
was first prepared and the concentration of iodine present
was estimated using the spectrophotometer, The wavelength
used was 520 mp . Into this solution the freshly prepared
palladium powder was dropped. Since the palladium
picked up the iodine only slowly, the solution was kept aside
overnight. It was found that within about 4 hours most
of the violet colour of iodine in the carbon-tetra-chloride
solution vanished. When all the iodine had been pilcked
up by the palladium powder as shown by the colourless solu-
tion, the carbon-tetra-chloride was removed and the

palladium powder wae kept under vacuum to remove all the
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carbon-tetra-chloride. When it was heated, the iodine
readily came out and could be trapped out using liquid
air, Experiments with 1511 showed that 85% of the iodine
was invariably recoverable. The palladium powder if

left open to air for a few days was found to be less

efficient in picking up iodine than when 1t was fresh.

The molecular Iodine-129 experiment:-

It was decided to find the distribution of the recoil
iodine in the two alkyl iodides at varying concentrations
of the iodides. The method used was as follows:=-

The Iodine-129 in the reduced form was first oxidised
by acidified sodium nitrite and the molecular iodine
collected in carbon-tetra-chloride, This was shaken up
several times with water to remove the last traces of any acidic
impurity and the sclution was dried over silica gel. The
concentration of iodine per c.c. of this solution was
estimated using the spectrophotometer and a known volume was
shaken up with freshly prepared palladium powder, When
all the iodine had been picked up by the palladium, the
carbontetra-chloride was rejected and the tube containing
the palladium powder sealed to a vacuum line and evacuated
thoroughly to remove all the carbon-tetra-chloride. A
mixture of equimolecular proportions of Methyl Iodide and
Propyl Iodide was prepared and a known weight of this mixture

was taken in a B-7 test tube and attached to the vacuum
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line. Keeping the iodides cooled in 1iqﬁid air, the
palladium powder was heated and the released iodine

allowed to condense in the mixture of iodides. From this-
stock solution of the mixture known amounts were transferred

to 3 different silica tubes. To one of the tubes a

known excess of an equimolecular mixture of the two iodides was
added and the tube sealed under vacuum, Particular care

was taken to drive away any dissolved air in the tube before
sealing by repeated evacuation, thawing and freezing. To

12912 and the equimoleéular

the second tube contalning the
mixture of the iodides was added a known excess of Propyl
Todide alone and it also was sealed under vacuum. To
the third tube was added a known excess of Methyl Iodide
and it was also similarly sealed& under vacuum.

In order to determine the extent of any exchange from
molecular iodine to the two iodides, molecular iodine

1311 as tracer was prepared by the palladium

containing
powder method and dissolved in an equimolecular mixture

of the two iodides., The mixture was sealed into two

tubes under vacuum. One tube was left in the dark to
determine the extent of exchange without any irradiation wiile
the other tube was wrapped in aluminium foil along with

the three tubes containing 12912. The 4 tubes were
irradiated in the pile BEPO for 22 hours at a pile factor

of 0,3,
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Table VII
Ratio of Activity of Activity of |Activity of - :
MeI to PrI | the untreat- Mel as - Prl as ‘Rati £
txpt. | - in the ed mixture CePoM. /mgm CePolM, /MgMm Rati avlo o
%ﬁf mixture in S CePels/ of Todine of Ioégne . % of Mel % of Prl Mnggrgf MeI/Pr;
‘ terms of mgm of content, content. Activity Activity Activity - Specific
Todine Fedine Activity
content. Jodine con-
Molecular Iodine-129 Experiment:=~ (0.05 molic %)
(i) 11 165,9 198.9 69,06
' o 59,97 20.73 2.892 26892
(ii) 0.17631 204,53 2965 75466 '
_ : _ 21.72 31.48 0,6899 34920
(iii) | 8. 93:1 13944 96.72 129,15
' P 62040 2.10 29,70 %4 520
Molecular Iodine;151 Experiments- '
(iv) 1:1 183,7 157,0 3445 ‘ -
B o 42,70 9,29 4,586 4,586
(v) 1:1 1837 99.8 157 :
4 1 27417 4,27 6.356 6556

T,

(Without any i

f

rradiation).

oo e T

61. |
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The results show clearly that whatever be the ratio ;
of Methyl Iodide to Propyl Iodide in the irradiated mixtureé
the Methyl Iodide had nearly three times more activity
than the Propyl Iodide. The slight difference in the thfeé
values may be attributable to experimental errors, .

Let us consider the recoil of iodine-130 from molecuiaf
iodine. One can assume that in the great majority of .
events only one iodine in the molecule captures a neutron aﬁd
since the recoil energy is sufficient to break the bond,:the
iodine atoms break loose and move away. According to bot@ the
billiard ball hypothesis and the random fragmentation theory,
irrespective of whether the recoil iodine originates from
an organic molecule or from molecular iodine, the re~entry
must be governed by the energy associated with the recoll
fragment and the nature of the medium. If one assumes
that there is almost an equal chance for the iodine
to enter the Methyl Iodide or Propyl Iodide in an equi-
molecular mixture of these iodides, it 1s puzzling to
find that the Methyl Iodide seems to be three times more
efficient than propyl Iodide in picking up the recoiling
iodine atom. Whether the reaction takes place in the

hot and epithermal regions or thermal region the

£ 130

distribution of the activity o I must be very nearly , ¥

L

proportional to the concentrations of the two lodides . '%

in the mixture, It is significant here to remember that
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when pure Methyl Iodide undergoes radiative neutron
capture reactions the percentage of activity present in the
parent molecule is about 42 and 27 in the presence
of scavenger iodine (27). Although no similar result
has been reported for the Propyl Iodide undergoing radiative
neutron capture, Schuler et al (28) have reported that
for the (n,2n) reaction the percentage of activity present
in the parent molecule of Propyl Iodide is about 33 and in
the presence of scavenger iodine it is about 25, Even
if one uses these values here, it beeomes clear that in a
ﬁixture of the two the ratio is very different from that
one would expect. This preferential attachment to
Methyl Iodide may be the reason why in the experiments in
Chapter V where Methyl l‘odide or Propyl Iodide was labelled
with iodine~-129, one invariably found greater activity in
the Methyl Iodide.

However the results are not clear enough because if one

131

looks at the I2 experiments it seems to indicate that

{ radiation in the pile has a lot to do with this effect.

131

The presence of I in Methyl Iodide to a greater degree

than in Propyl Iodide as is shown in table VII, confuses the
results obtained with 129I. In a later chapter, the
exclusive effect of 1/ radiation on exchange in the two
iodides is dealf in gre ater detail,

The inconeluslve proof from these experiments for the
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mode of re-entry brings us back to our original problem

of finding the distribution of activity when the iodine-129
igs labelled in one of the iodides. The previous experiments
where Methyl JTodide or Propyl Iodide was labelled with
1291, were handicapped by the fact that within practical
limits, it was not possible to widen the ratios of the amounts
of the two iodides in the mixture without undue dilution.
We would get a sharper perspective 1f the ratio of the
concentration of the two iodides in the irradiation mixture
were of the order of say about 1:200 instead of being
1:10.

The next chapter deals with the method of preparing

1291 in very small amounts

129

Methyl Iodlde labelled with
without sacrificing the specific concentration of I
present. This would enable wider ratios of Methyl Iodide to

Propyl Iodide to be chosen.,
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CHAPTER VII

Part T

Preparation of labelled Methyl Iodide by photolysis

The photolysis of Methyl Iodide with added radioiodine
is accompanied by isotopic exchange (29). The primary
process involves separation into an iodine atom and a
"hot" alkyl radical. A fraction of the radicals then
undergo secondary chemical reactions before they have been
reduced to thermal energies. Methyl Iodide begins absorbing
continuously from about 56OQK and approaches the maximum
between 2600 and 2500, while molecular iodine starts
dissociating from 4989K downwards. But near the maximum
hot radical reactions predominate, necessarily introducing
undesirable decomposition products such as Methylene Iodide.
However, if the radiation beyond 30008 is cut off, most of
these impurities can be minimised while the radical exchange
between Methyl Iodide and Iodine proceeds fairly rapidly.
This can be achieved by using Pyrex photolytic cells
instead of cells made of Silica, since Pyrex is virtually
opaque to radiation beyond SOOQK.

To determine the extent of exchange, a few milligrams

of Methyl Iodide were mixed with a known quantity of molecular
151I2 prepared by the Pd powder method, and the mixture

introduced into the Pyrex cell. Since during photolysis

oxygen would be an undesipable competitor to Iodine for the
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reaction with the radicals produced, the Pyrex cell was
sealed under high vacuum. The cell was exposed for three
hours to a low pressure Hg discharge lamp without filters.
The radiations from this source range from 40008 to about
22008. A small centrifugal blower was used to circulate
air over the sample cell in order to keep it at a
reasonable temperature.

After the photolysis the MeIl + 12 mixture was passed
in a stream of dry hydrogen over dry Alumina to remove
all the molecular Jodine, Figure XII shows the apparatus
used., The Methyl lodide was collected in the condenser 'C!
along with traces of Methane, Ethane etc. which were
products of photolysis. To remove the impurities, the condenser
was kept cooled at 270° and the system evacuated when any Methane
or Bthane present were removed, The Methyl Iodide was now
transferred to the arm 'F' Dy cooling it in liquid air
while the condenser was kept at -40°, Any Methylene
Iodide present was left behind in the condenser. The
system was now isolated by sealing off at 'E' and 'H'. Since
the volume of the enclosed system was known fairly
accurately, the amount of Methyl Iodide present was estimated
by the pressure on the Hg manometer,

It was found from the estimation of the activity on the
Methyl Iodide that nearly complete exchange equilibrium was

achieved, Since it was possible to recover the molecular
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Iodine adsorbed on the Alumina, there was no wastage of

the active Iodine. However, it was desirable to ascertain
whether the photolysed Methyl lodide had any other

active impurity. The Methyl Iodide present in the system
was taken out under vacuum through the magnetically
operated breaker, and mixed with a known excess of ordinary
Methyl Iodide, the total volume being divided into two
halves under vacuum. One half was counted for its
activity and the concentration determined using the Spectro-
photometer. The other half was put through a gas
chromatographic column and the Methyl Iodide fraction was
collected and counted, and the concentration estimated.

The results are given below:-

TABLE VIII
Without Separation After Separation
Expt Activity]Concen- Activity JActivity|Concen- |JActivity
* as tration as tration / £
No. h X / mgm of 1o .mgm o
C.p.m. |in milli-| 7odide. CeP.Mm, |in milli~-| Iodide
grams. : ) grams.
1 332 32 10, 37 225 22.5 10,00
2 712 12.4 57.4 567.6 9.8 56.92

Taking into account the possible errors in the experimental
procedure and counting, it was concluded that after passage throug
activated alumina and preferential evacuation all the active
impurities were removed from the photolysed methyl iodide.

In order to ascertain whether the active Methyl Iodide
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prepared thus, had any ionising impurities, it was mixed

with a known quantity of inactive Propyl Iodide and after
keeping for 4 hours was separated and the activities and

concentrations estimated. The results showed just under
0.5% of the total activity on the Propyl lodide. It was
concluded that the effect, if any, of such ionising

impurities was not significant,

Part IT

Recoll Study with Me™o°r

Because of the encouraging results obtained from the
above mentioned experiments, Methyl Iodide was prepared

similarly labelled with 129

I. In the experiment recorded
here, 1.2 mgm of Methyl Iodide was obtained which was now
mixed with a known excess of Propyl Iodide. The mole ratio
of the mixture in terms of Iodine content was 1:170. The
mixture was sealed under vacuum and irradiated as beforq

for 22 hours at a pile factor of 0.3 in the reactor BEPO.

As soon as the irradiated mixture was available for anaiysis
it was mixed with a known excess of pure Methyl Iodide

and the mixture separated into two halves under vacuum. One
half was used to measure the total activity while the other

half was used to determine the individual activities of the

two iodides. The result is given below:-
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TABLE IX
JJlole |activity | Activity Actij;;% % of | % or | Ratio of
MeI to /mgm /mgm | of Todine Alg:i- Al::z:{- PrI
Prl in of Iodine of Iodine as un- Vit Vit Specific
the as MeI. | as PrIi. | treated e Yo | Activity
irra- mixture.
diated
mixhare,
1:170 186 6655 16,78 6.24 39.41 28.4

If we assume that there is three times more preferential
attachment of the recoil iodine to Methyl lodide than to
Propyl Iodide the distribution of the percentage activities
should read 0.9 for MeI and 39.41 for PrI. The extra
activity of 5.4% in the Methyl Iodide may be considered for
the present as being due to non-random processes. Before
analysing the results any further, it was desirable to find
the extent of activity in Methyl Iodide when Propyl Iodide
was labelled instead of Methyl Iodide and if identical ratios
of concentrations and duration of irrédiation were maintained,

direct comparison would be more acéurate.

Part TIT

Labelling Propyl Iodide with Radio Iodine by
photolysis: -

1291 in emall

To prepare Propyl Iodide labelled with
concentrations so that such a wide ratio as 1:170 could he

chosen, the method of photolytic exchange was tried., It

has been reported that both Methyl and Ethyl Iodldes are
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photolytic products of Propyl lodide (30). To confirm
this and also to determine the extent of Methyl lodide
formation, Propyl Iodide was exchanged with molecular
Radioiodine~131 by photolysing in a Pyrex photolytic cell
and, after removing the lodine by passing over Alumina, the
Propyl Iodide was mixed with known amounts of Methyl Todide
and Propyl Iodide and divided into two halves., One half
was immediately put through the gas chromatographic column
and the two lodides were counted and the quantities involved
estimated. The other half was kept for a day and then
separated. The purpose of this was to find out whether any
activity on the Methyl Iodide was due to being a product of

131

photolysis or due to exchange with the Pr I in presence

of ionising impurities. The results of two independent experi-

ments are shown below:-

TABLE X.
After immediate After keeping for 24
separation. hours.
Expt Ratio of| Activity| Activity Activity | Activity

Yo 1 MeI to per per per per
°| PrI in milli- milli- milli- milli-

t gram of gram of gram of gram of
miREure. MeI Prl MeI PrI.

1 1:1 5.05 12,77 5.044 11.93
2 1:1 15.4 39.4 15.456 38,8

Iodide was a product of photolysie of Propyl Iodide, it was

Since the previous experiments indicated that Methyl

decided to isolate the active Propyl Iodide from the
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photolysed Propyl Iodide by separation on the gas
chromatographic column. To avoid losing any Propyl Iodide
during such a separation, the Propyl Iodide was collected as
soon as it left the column (i.e. before it passed through
the conductivity cell) in a U-tube containing Fenske Helices
cooled in liquid air. Since the time at which the Propyl
Jodide fraction was expected to come through under known
conditions of temperature and pressure was known, the U-tube
could be cooled in ligquid air at the right time. The
Propyl Iodide collected was estimated by means of an Hg
manometer, Two independent experiments revealed, however,
that the overall efficliency of the procedure was no more

than 42%.
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Part T

Preparation of labelled Propyl Iodide from Tetra=
propyl-Tin.
When tetra-normal propyl tin reacts with molecular

Iodine, Propyl Iodide is formed.
(03H7)4Sn + I —> (CgHy)sSnI + CgH,I.

Tetra propyl tin was prepared (31) by the following method:
n=-Propyl Magnesiuﬁ bromide was first prepared by

treating Magnesium with n-Propyl bromide in an ethereal

solution, The Grignard reagent was now treated with

stannic bromide when tetrapropyl-tlin was formed.
4PriigBr + SnBr4 —_— Pr4Sn + 4MgBr2.

The experimental procedure is given below:-
A 500 ml, three necked flask fitted with a wide reflux
condenser a stirrer and a dropping funnel was suspended in
a ::gteam cone which could also be used as a cooling bath.
In the flask were placed freshly prepared Magnesium turnings.
Of a solution of 85 gms. of Propyl Bromide in 150 ml of anhydrous
ether, 5 ml. were mixed with three drops of bromine and
added to the Magnesium. The Grignard reaction began at
once and was maintained by gradually adding the remainder of

the Propyl bromide solution. When the spontaneous reaction
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subsided the mixture was gently boiled, with stirring,

for half an hour. After cooling the flask in ice, about
40 gms. of stannic bromide in ether was added in the

course of about 20 minutes, the mixture being stirred
vigorously meanwhile, The mixture was then refluxed for
one hour after which the condenser was set for distillation.
During an hour and half the ether was distilled off using
an ample supply of steam in order to raise the reaction
temperature. After cooling the flagsk again in ice and
returning the collected ether to the reaction mixture the
latter was decomposed by slowly adding first 25 ml., of

iced water and finally 8 ml. of 20% KOH, and shaking for

10 minutes. The contents were transferred to a separating
funnel, A stream of dry ammonia was passed through the
filtered ethereal solution. Any impurities still present
were precipitated as ammonia complexes, The filtrate was
dried over Sodium-Sulphate and evaporated, The residue
was distilled at 12 mm. pressure and the fraction coming
over between 108-109° was collected. The yield was

about 18 gms. of halogen free tetra-propyl-tin.

In order to study the formation of Propyl Iodide from
tetra-propyl-tin, about 100/“-gms. of molecular Iodine
containing 1511 as tracer was prepared by the Pd powder
method and mixed with excess of PrySn. A preliminary

experiment indicated that for the complete removal of Iodine



Sl P w

0L AAMT |
,;A |
Y

N T T g

FIG



4.

as Propyl lodide, the amount of Pr,Sn must be higher than
indicated by the stoichiometric data. It was found that the
weight of Pr4Sn needed was approximately double the weight

of lodine taken. Since both tetra-propyl-tin and the
product tripropyl-tin iodide, had very high boiling points,
they had a negligible vapour pressure at room temperature.
Therefore the Propyl Iodide could be pumped out of the
reaction vessel under vacuum. The experimental arrangement is
shown in Figure XIII. The tube containing the Pd powder
used for preparing the molecular Iodine was sealed onto

the system at 'B' while 'A' contained the Pr,Sn. After
evacuating the system, the Pd powder was heated to release
the I, and the Todine was transferred to 'A' by cooling this
in liquid air. The tube was sealed off and when the Iodine
had completely reacted with the Pr4Sn, as shown by the absence
of any colour, the tube was inverted and conmnected at 'E'

in the same figure. The system was thoroughly evacuated and
after isolating the system from the vacuum line, the arm 'C'
was cooled in liquid air to collect the Propyl Iodide
released from 'E', and 'D' containing Fenske Helices was

kept at ¥60°C. to prevent any trace of the tin compounds
entering the arm !C!'. The overall efficiency of the method
was 90%. Only one half of the Iodine put in was transformed
into Propyl Iodide the other half forming tri-propyl-tin

iodide. The lodine present in this compound could be
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recovered by hydrolysing it in ether with Potassium

hydroxide solution.

Part II.

To find any possible exchange of Iodine with Methyl

Iodide, the Propyl Iodide prepared by the tetra-propyl-tin

method was divided into two parts.

One part was mixed

with more of Propyl Todide and excess Methyl Iodide and

131

kept for 48 hours before separation. The other half of Pr I
was mixed with a large excess of MeI and kept for 48 hours.
Excess Prl was added just before separation. The results
are given below:-
TABLE XI )
Conc.nl | Conc.nl Cone.”
Cone.n of PrI of Prl of MelI |ActivitylActivity] Ratio
Expt of ° added addead added of Mel of Prl of
o * 131 immed- just immed- as as MeI:
‘| Pr~""I | iately |before | iately |c.p.m./ |c.p.m./ |PrI
(app.) | after separa- | after mgm. mgm. Spec-
the tion the ific
prep.} prep.n act-
of of ivity
Prlsll PrlslI
1 40mgms, 40mgms. - 60mgms. | 3.08 98.4 0.031
2 50pmgms. - 45mgms, | 54mgms. | 5.999 39850 0.000

The marked difference in the ratios of the specific activities

indicates that the presence of activity in the Mel fraction



76.

may not be due to exchange and since the activity itself
in the MeI was only a fraction of the activity in the PrI,

for practical purposes one could consider it as almost

negligible.
Part III
Propyl Todide-129 experiment
129. .
Pr I was prepared by the tetra-propyl-tin method

and mixed with MeI in three different concentrations to

give the ratios by weight of Iodine of approximately

1:170, 1:200 and 1:270 respectively. After irradiation

for 22 hours at a pile factor of 0,3, the contents of

each tube were mixed with a known excess of PrI before
separation. For the purpose of finding out the Xiradiation
effect in these experiments, a mixture of PrlalI + Mel

was also irradiated and the result is given in experiment

(4) in the following table, All experiments were conducted

in the complete absence of air.
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TABLE XIT
Ratio
of Prl onal Xg%al Ratio of
Expt] to MeI| §307 19007 % Activity|% Activity| Mel:
No. in £ y y of PrI of MeX Pr; .
terms of PrI | of MeI Specific
of To- as as Activity.
dine CeDelMe | CoDoMMe
cont~
ent
1 1:178 127.5 672.4 8.5 45.1 5.3
2 1: 200 B7.54 | 600.73 3.61 377 10.44
3 1:26%7 460, 1 2838.0 7.67 47,3 6.16
4 1:302 |1959.3 52.056 96, 36 2.54 0.0265
Part IV.

Effect of Scavenger Iodine

To determine the effect of scavenger Iodine on the
recoil reaction and, in particular, the distribution of the

1297 was mixed with

activity between the two iodides, Pr
a known excess of MeI and about 0.1 mole % of molecular
Iodine was added to the mixture. The small concentration of
Iodine (about 10 M gms.) necessary for this experiment was

For comparison purposes
131

obtained by the Pd powder method.
a similar experiment where PrlI was labelled with I was also

conducted. All mixtures were irradiated under vacuum.
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TABLE XIII
Ratio

of PrIl Ratio

to Mel | Total Activity [Activity|# of |% of |% of| of
Expt.] in | activity| of the | of the |inorg-|PrI |[Mel | MeI

No. | terms | -of the PrI MeI anic |act- |act-| to
of Io- mixture as as act- ivityjivity | Prl
dine as CeDoM, CeDoMMa ivity ) Spec-
cont- CeDolMe ific

ent. act-
ivity
1 1:140.5 | 1664 49,6 448,7 68.2 |3.17 |286 9,02
2 1:225 6114 245 1996 63.4 ]4.01 |32.69 8.14
3 |1:203 | 1023 446.8 230.0 | 34.0 [43.7 [22.4]0.514

(1311 expt.)

Part V.

There is a definite possibility that part of the

activity found in the MeI may be due to the formation of Mel

as a product of Prl recoil reaction.

In order to find the

extent of such activity in the MeI, Prl labelled with Iodine-129

was mixed under vacuum with a known excess of ordinary PriI.

After irradiation it was mixed with a known amount of Mel

for the sake of separation.
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. TABLE XTV
Ra}%g of
Pr-~<°TI: Total| Total | % of % of Ratio of
Expt) prI in Prl MeI Prl MeI,, MeI to
No.| the mix~ | act- act- act- acti Prl
ture in ivity]| ivity ivity ivity activity
terms of
Todine
content.
1 1.287 1938 84 A7 .4 2.05 0.0433
Part vVI.

Recoll reactions in the gas phase

It has been shown experimentally that recoil reactions
in the alkyl iodides in the gaseous state provide a very
high percentage of Inorganic activity and this has been
interpreted as proving that a large majority of recoil
events result in bond breakage. To confirm this as well as
to determine the nature of the recoiling atoms and their
possible re-entry into organic combination in the gaseous
phase, a mixture of PrI and Mel where PrI was labelled with
1291 and Mel was in large excess was irradiated in the
gas phase,

A silica cell of volume approximately 6 c.c. was filled
with Pr;ng {prepared by the Pr,Sn method), and excess MeI and

sealed under vacuum. The pressure in the cell was calculated

to be about 240 mm. of Hg. After irradiation in the pile
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the mixture was mixed with a known amount of Prl and the

analytical procedures followed as before.

experiment the mixture of Pr

129

In a second

roughly 0.1 mole ¢ of molecular Iodine to deal with

thermalised reactions in the gas phase.

given below: -~

I and Mel was mixed with

The results are

TARLE XV
Ratio
of Approx- Total Total | Total |% of |9 of |% of
Pr1291 imate act- PrI MeX PrI’ |MeI |inor-
to Mel press~ ivity act- act- acti-| acti-|ganic
g * ure of un- ivity ivity | vity|vity lacti-
tegms of the treated as as vity
of To- mixture mixture | c.p.M. | c.PeMe
dine in the as
cont- irradia- CePoelly
ent tion cell
Pri%97 o Mer
1: 200 238 mm. 1772 100.7 1582.5] 5.6 |89.3 5.1
Prif91 4 Mel + I,
1:166 130 mm. 662.5 11.47| 5661.6| 1.73|84.,78|13.5

The general

recorded in this

chapter are given in a later chapter.

conclusions arrived at from the results
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CHAPTER IX

Effect of gamma radiation on the exchange of iodine
beétween alkyl lodides

In the study of reactions activated by nuclear processes
other than radioactive decay, neutrons or other bombarding
particles are used. Most methods of providing such
particles also generate ( rays, and in some cases fast
neutrons are present, These radiations may produce ions,
free radicals and excited molecules in the medium, In
many studies of the type discussed hepre it is essential to
know with certainty whether the fate of any of the atoms
activated by ﬁuclear transformation is altered by these
radiation-produced species. It has been shown (32) that
the probabllity of the reaction with atoms is negligible
because the steady state concentration of radicals maintained
in a typical experiment with, for example, a radiation
level of 5000 r/hr is of the order of 10"11 mole fraction
wﬁereas each thermalised recoil atom is present in a
volume element of solution containing radicals which it

itself has produced at a mole fraction of 10_5.

The irradiations conducted in the pile for the 1291
(n, ¥ ) 1501 reaction with slow neutrons were accompanied
by a { ray flux equivalent to 5000 r/hr. In order to find
to what extent the 1291 experimental results have been

affected by the { flux, several experiments were conducted
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using 1511 as a radiocactive tracer. A 100 curie 50

Co
source was used to provide the { Flux required and it was
estimated by means of a ferrous ifon dosimetric study
that at a distance of 15 cms. from the source the

{-—ray dose rate was 5000 r/hr. In order to simulate the
conditions under which the 1291 experiments were conducted,
the irradiations were carried out for 22 hours and
the iodides were kept aside for 12 hours before they were
analysed.

131

Since experiments with irradiatéd mixtures of Pr I

and excess MeI has shown that the activity on the Mel
fraction was only 2.4% it was decided not to pursue this

particular experiment further. Instead, the effect of

131

{ rays on a mixture Pr I+ 12 + MeI where PrI was in

very small concentration, was examined for varying
molecular iodine concentrations.

The detailed procedure consisted in preparing PrI

labelled with 131

in the 1291 experiments only very small amounts of

I by the tetra-propyl-tin method. Since

PrI were used in the irradiations, similar amounts were

used in the 131

I experiments too, Since all experiments
were to be conducted at very low iodine concentrations,
usually about 0.1% or less, such small amounts of iodine
could not be weighed out accurately. To overcome this

difficulty, a known weighable amount of PdIP was prepared

and the iodine released by heating was dissolved in a known
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large volume of Mel. From this known mixture of Mel and
12, appropriate amounts were weighed in sealed capillary
tubes and later mixed with different known excesses of
MeI to give a range of iodine concentrations.

1311 to Mel was always kept constant

131

The ratio of Pr
by mixing 300 M gms. of Pr I with 60 mgms of Mel
containing molecular iodine. This gave a ratio of
1: 243 by weight of Iodine content. All preparations and
mixing were conducted under vacuum and as far as possible
the system was shielded from direct light. This mixture

151I was now divided into 3 parts and

of MeI, I2, and Pr
sealed under vacuum into three Pyrex capillary tubes,

Two tubes were used for irradiation while the third was
kept in the dark for comparison purposes. The method of
dividing a mixture such as this into 3 parts without
affecting the relative concentration ratios of the 3
constituents was a difficult problem, The method finally
adopted was to freeze the mixture into an absolute

mininmum volume of a capillary tube and sealing the tube off
from the main vacuum line, This tube had sealed onto it
three.capillary tubes of roughly equal diameter and length,
When the iodides had thawed, the mixture was well shaken
up and tilted into the three tubes. By cooling the three

tubes in water, the mixture easily ran into them and later

by freezing simultaneously in liquid air the tuybes were

sealed off.
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Exchiange of
irradiation.

Each sample contained approximately 20 mgm. of MeI, with the addit
éexmales/c.c., and iodine at the concentration indicated in

131

¢

“I between propyl and methyl iodides in the presence

ion of
column 2.

1511;1abelled Priiat a concentration of

of molecular iodine, with and without gamma

% of Mel activity

Ratio of MeI/Prl active

042099

1

Expt.] Conc.™ of | % of Organic activity ‘-% of PrI activity
No. Todine in A : _ ity
M moles/ non~- Tnon— | non~ Ton—
CeCe irradiated | irradiated | irradiated| irradiated |irradiated’| irradiated | irradiated | irradiated
» 64,8 37 .60 | T -
L 12.68 61.2 31.8 27.2 1.386
| 64.3 34.90 29.3 Sona 1.086 1 987
\ b4..2 ' 22,70 '
2 0,946 53.1 . 21.86 iy : 31.5 0.722
5l.2 _ ?5.19 31l.2 o8. 1. 0.6995 0.8922
5* 4:.4:52) 4:606 4:904: 58084' 40064: ’7.8 80’7 4‘.97 4‘.65
N : 78.8 2.18 76,6 0.0285
4 0.862% 775 89.2 P67 1.87 4.6 87.5 0.055 0.0193
15) 0.3448 100.5 85,2 2¢5p 5412 98,0 80.1 0.026 0,063
6 101.6 7845 8a5 9.5 1 93.1 6849 0,091 0,138

*  The results of Expt., 3 are less reliable than those of the
other experiments on account of instrumental defects in the
spectrophotometer,




8b.

By the usual analytical procedures the iodides were
separated and their activities and concentrations
determined,

It is quite clear from the results given in.Table XVI
that there is extensive exchange taking place between
Propyl iodide and methyl iodide in the presence of molecular
iodine. The effect of Y’radiation seen to be negligible
in accelerating the exchange, quite provably because,
the radiation-produced radicals are removed from the sphere
of action by the molecular iodine present. This is
particularly evident in the experiments where higher molécular
iodii.e concentrations were used.

The fact that even in the absence of any {'radiation
or direct light, there is appreciable exchange as shown
by the considerable proportion of activity in the MeI,
indicates that the exchange may not be due to a
mechanism involving radicals. Similar conclusions have
been arrived at by Schmid and Fink (33) in the course of
their study of the exchange of labelled iodine with MeI.

It 1s difficult to predict the steps involved in the
exchange process. If we aceept a bimolecular exchange
mechanism, the two steps possible are

o
AX* 4+ Bx —= Bx#% 4+ Ax and,

K
Bx¥ + Cx <_._2_A____ Cx* 4+ Bx




and if we denote the concentrations,

Bbd = &, lhx%] = a'; a+a' = A
Bx] = v, [pxq =v'; vsv' = B
[Cx] = ¢Cj; [Cx*] =c';- c+ec¢' = C
=] = x; Ebﬁﬂ =x'; x4x' = X
and at t = 0o, a' = a',
b'=o0
ct = o
x' = ag

it can be shown that,
a2t de' t oAt
S o+ [Ky(x-C) + Ky(x-a)| $F + KjKAC (x'-c')

+ KK (X-C) (%-A) c'-KC [Kl(x-c)] x! = o,

Under our conditions of experiment, A, B <C, and it is
reasonable to assume that K,A, K;B, and KgB <$5K20. The

solution of this equation then reduces to

ch
1+ KBl 7 KlBtJ
KoC

This can be further simplified (since the second term will

be negligible compared to the third), to give

86.
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. _ .
cX (1- e KlBt)

1 — [t
c = X
. L

Thus, if we make a sémi-logarithmic plot of (1 = %%&)
againgt Bt a straight line graph should be obtained, the
slope of which should give the value of Kl' The graph
shovn in figure XIV was obtained from the known values of
c', X, ¢, -x' and Bt.

It will be seen that the relationship between
log (1 - %%¥ ) and Bt is linear, giving a value of K, of
about 0.5 sgsec~l moles~l c.c. The point at the lowest
concentration examined deviates markedly from the straight
line; +this may arise from several causes of which the
most 1ike1y seems to be the possible decomposition of the
reactants, which will be relatively much more serious at

this low concentration of iodine.
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CHAPTER X

Discussion of the results

Let us consider here the specific case of the possibple
reaction paths available to an energetic recoil iodine
atom as it loses energy and comes to rest in an alkyl
iodide medium. The recoll atom at first loses energy
principally by collision with individual atoms of the alkyl
iodide molecules, Apart from the small amount of energy
requlired to break the bond or bonds holding the struck atom
in the molecule, these collisions are essentially elastic.
The target atoms so expelled may often have sufficient
energy to disrupt nearby molecules and this cascade effect
will leave a widening cylinder of molecular fragments in
the wake of the original recoil. Complete momentum
transfer is possible only in collisions with iodine atoms
and then only under unusually favourable cirecumstances.
However, as the recoil approaches thermal energies the
momentum transfer requirement is less and it bhecomes more
probable than the recoil atom will undergo collisions which
result in the substitution of the active atom for
inactive atoms of the parent species. As the energy of
the activated atom approaches thermal energies, the
collisions become more inelastic in character and result

in epithermal reactions which form a variety of products.

|
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The iodine atom, immedlately after it has been fully
thermalised, will begin diffusing through a medium in
whlich there is initially an extremely high concentration
of radicals which it iteelf has produced. It will have a
high probability of reacting with these radicals to form
both organic and inorganic activity. Finally after the
unreacted iodine atoms have been thermalised and have
diffused out of the zone of high radical concentration,
they will be fixed as inorganic activity.

Summarised below are some of the conclusions arrived
at from the experiments recorded in the previous chapters:-
i. It is confirmed that there is extensive bond

breakage resulting from nuclear recoil in alkyl iodides.
ii. There is disproportionate distribution of the

recoil atom between the. two iodides studied here, Methyl

iodide always had nearly three times more activity than

1291 was labelled in MeI or

the propyl iodide whether the
PrI.

iji. While there is confirmation for extensive bond
breakage in both Mel and PrI, the extent of the
activities in both Mel and PrI is such that it indicates
that a definite, though small, proportion of recoil fails to
break the bond in the alkyl iodides.

The results shown in table XII in Chapter VIII can be

analysed as follows:-
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h 129

Since the PrI waz labelled wit I, one can

-safely assume that any activity found in the large excess

of el must have been produced by entry of the recoiling
129 )

Is
in Chapter VI that the recoiling atom enters eI in

atom, And if we assume as is shown by the experiments
preference to Prl to the extent of 3:1, we can divide.the %
of MeI activity by three times the MeI/PrI ratio in the
mixture to get the activity that should be expected in PrI
due tc normal (random) re-entry processes, But in

fact this value is found, as shown in the following table,
to be small compared with the experimentally determined
activity. The difference can be considered as due to non-
random processes and can ne represented as a ratio of total

organic retention,

TABLE XVII
Pri®91 4 Mel (in large excess)
Expt] Ratio of| % of % of % of acti- | Activity due
No. | PrI to Mel Prl vity in PrI| to non-random
MeI activity| activity| due to non-| processes as
random pro-{ % of the org-
cesses. anic retention.
1 1.178 45,1 8.5 8.41 15.5
2 1:200 377 3.61 3.54 8.6
3 1:267 47.3 7.67 7.6 13.8

Similar analysis of the experiments where scavenger

iodine was used to remove the thermal radical meseiieng gives

the following results.
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TABLE XVIII
129 . .
Pr "I + Mel (in large excess) + I, (0.1%)
Exptd Ratio of | % of % o % of acti~ | Activity due
No. Prl to MeI PrIl vity in PrI| to non-random
Mel activity | activity | due to non- | processes as
random pro- | %4 of the org-
cesses, anic retention,
1 1:140.5 28.6 3.17 3610 10.0
2 1:225 32.59 4,01 3.96 10.8

Although MeI is a product of recoil in PrI, as is shown
by the result in table XIV Chapter VIII, the MeI fraction
was only 2.05%, Hence this would not appreciably alter
the results given above,

Similar arguments in the analysis of the results from

Chapter VII where MeI was labelled with 12°p

and Prl was
in large excess, gives 12.1% as the activity in MeI due
to non-random processes,

Comparison of the two series of results leads one to
believe that about 10% of the activity appearing in the
originally labelled alkyl iodide cannot be explained
away by the normal re-entry processes. Either this activity
is due to genuine non-breakage of bonds or in some way
related to post irradiation exchange with the inorganic
iodinef The Y/radiation in the pile does not vlay any
131

appreciable part in the exchange as shown by the I

experiments.
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Gordon and Willard (84) have reported that comparison

128

of the activity of I produced by neutron capture from

the iodine atom in ethyl iodide in hydrocarbon media with
those activities originating from molecular iodine in
hydrocarbvon media, shows that the ratio of 02H51281 to GH51281
was always higher when 02H5I was the parent compound.

Although part of the increase was removed when scavenger

iodine was present (compare with our results), in no case,

12
5

suggest that this may be an indication of failure of the

was all of the 02H 8I eliminated by the scavenger. They
C-I bond to rupture.

A look at the two gas phase reactions reported in
Chapter VIII shows rather startling results. Most of the
activity was in the MeI which could only be explained by
some sort of displacement reaction during or after recoil.
This is proved by the fact that even in the presence of
scavenger iodine, which would remove any radicals present,
the proportion of Mel activity did not fall appreciably.

In gas phase reactions initiated by nuclear processes,
in the presence of scavengers for radicals, the recoil atom
or ion must enter combination by a bimolecular displacement
of an atom or radical of one of the gaseous molecules.

If such reactions can occur in the gas phase it is to be
assumed that they also occur in condensed phases, where

it is impossible to distinguish them experimentally from

reactions of a recoil atom with a radical it has formed
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and with which it combines before escaping from the
immedliate region where the radical was produced.

It is pertinent to note that it has been reported (35)
that in gas phase recoil reactions of 12 in CH4, about
50% of the activity was found as CH5I while under similar
conditions 12 + 02H6 showed only 2% of activity in the
organic fraction., A very similar result has been obtained
with 12, CSHB mixture. That K’ radiation is not

1281 when

responsible for the 50% of activity found as Me
Iz, CH4 in gaseous state undergo radiative neutron
capture, is shown by the work of Levey and Willard (36).
Therefore it is not very strange to find nearly 80%
of the activity in the MeI fraction when MeI + Pr-o°T
mixture undergoes recoil reactions in the gas phase, The
explanation for many of these types of reactions has
been ascribed to ion-molecule reactions,
Comparison of the non-random processes in the gas and
liquid phases of the alkyl iodides:- We could consider
the 10% of non-random processes 1n liquid phase in both
MeI and PrI as due to non breakage of bonds, The non-
random activity in PrI in the gas phase reaction could be
considered as starting at 10% due to non-breakage of bonds,
and later, due to exchange in gas phase in presence of scaven-

ger iodine, being reduced to 1.5. This is supported by

the following: -
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The 10% non-random activity in ligquid phase cannot
be due to exchange since Mel has a preference over PrI
of up to 3:1. Therefore one would expect the PrI activity
not to be increased from 1.5 (if this is the true % of
non-breakage of bonds) to 10 without similar increase in
MeI.

Thé fact that the % of non-random processes in both
Mel and Prl is about 10 when they undergo the J-'29I(n,1()1"7’01
recoil reaction, perhaps indicates that the recoil energy
is not sufficient to break 10% of the bonds even in PriI
where the bond strength is smaller. This further

130

confirms the conclusion that in the I recoil, 10% of

the recoil events do not break the bond in alkyl

iodides.
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APPENDTX

Studies of the activity distributions in alkyl jodides
undergoing (n,Y{ ) and (n,2n) recoil reactions

It has been shown in the preceding chapters that when
a mixture of methyl iodide and propyl iodide undergoes the
radiative neutron capture reaction, the newly formed
nuclide tends to enter methyl iodide in preference to propyl
iodide, This particular re-entry has been noted for the
(n,{ ) reaction involving ~2°I. 1In order to find out
whether this preferential attachment to methyl iodide is

129, (n,¥ ) 1501 reaction, several

exclusive to the
experiments were conducted.

In the first place the (n,f ) reaction of 1271 in the
organic mixture was studied. In brief the method consisted
in irradiating an equimolecular mixture of the two iodides
with thermal neutrons from a Ra-Be source. The mixture was
now separated and the individual activities of the two
fractions determined. Because of the short half life

(1281} the method of

(25 minutes) of the resulting nuclide
separation had to be rapid. W1ith the Ra~Be source available
in the laboratory (500 mcs) the specific activity of the
mixture due to 1281 was not very high. Therefore, unless a
large volume of the irradiated mixture was separated quickly,
the individual activities of the iodides were very poor,

This meant that the gas chromatographic technique of separation
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was unsatisfactory because of the small size of the column,
Even the use of a column of about 3 cms diameter was found
to effect little improvement. Hence fractional distillation
using an 18" Vigre ux column was used to separate the mixture.
The methyl iodide fraction was stripped off at atmospheric
pressure and propyl iodide was distilled over under reduced
pressure, Since Pyrex glass reduced the neutron flux
from the RafBe source, a Soda glass cell was uged for the
irradiation.

After irradiating for one hour, a part of the mixture
was used for measuring the total activity while the rest
was shaken up with SOa—water to remove inofganic iodine and
after washing with distilled water, the mixture was dried
quickly wlth anhydrous MgSO4 and fractionglly distilled.
The whole analytical procedure normally took about 40

minutes to complete.

TABLE XIX
Exptﬂ Total | Total | Total| Org- MeI Ratio of
No. acti- MeI Prl anic acti- MeI
vity act- act- reten-{ vity PrI
as ivity | ivity| tion % activity.
CeD.M. %

A, Irradiation in presence of air.

L 1134 323.2 | 174.8| 43.9 2849 1.86
2 1019 272.0 | 161,0] 42.5 |26.7 1.69




TABLE XIX (continued)
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Exptd Total Total Total Org- MeI Ratio of
No. acti- MeI Prl anic act- Mel
vity act- act- retent- ivity Prl
as ivity | ivity | ion b4 activity.
C.D.M. %
B. Irradiation in the absence of air.
1 1039.4 315.8 177.6 47.5 30.4 1,793
2 1040,.5 325.6 181.7 | 48,75 31.3 1.799
C. Irradiation in presence of about 0.1% mole of molecular
iodine but under vacuum.
1 1058.0 203,% | 147.2 33.11 19.2 1.3856
2 1097.4 220.5 164.4 35,08 20.1 1.36

It is quite evident from the results shown above that

the extent of re-entry of the recoil iodine into methyl

iodide is different from that involving

1501.

Even if the

results are not conclusive enough, there is a strong

indication that the process of re-entry of the recoil iodine

into organic combination is not identical in all radiative

neutron capture reactions involving iodine.

case of the 129

Whereas in the

I experiments it was shown that the activity

ratio MeI/PrI was about 3:1, for the (n, {) reaction

involving

127

I

it was found to e much less,

However,

it must be pointed out that direct comparison between the

two series of experiments may not be very dependable
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because, (i) the - { ray flux in the 129

I experiments
was much higher and this might have had the effect of
increasing the methyl iodide activity.

(ii) in the case of the 129

I experiments the 12
hours that usually elapsed before the mixture was analysed
might have tended to increase the methyl iodide activity due
to differences in the rate of exchange of the two iodides
with the inorganic iodine.

In order to find the extent of active methyl iodide
formation due to recoil reaction, propyl iodide was
irradiated alone and later mixed with a known volume of
methyl iodide and, as before, fractionally separated. The
results would give the extent of methyl iodide formation

due to recoil and also any exchange happening during the

process of fractional distillation.

TABLE XX
Irradiation in presence of air

Total .
Expt.| acti- | Total Total Organic Mel PrI acti-
No. | vity MeI PrI reten- acti- vity

of acti~ acti- tion vity

mix~ vity vity %

ture

c.pm.
1 548.8 34,1 183.2 41,4 6.22 33.4
2 590.3 42,5 188,53 40.8 7.02 31.9

In order to confirm that the activity ratio MeI/PrI

of about 1.8, for the (n, ¥ ) reaction involving 127y,
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was dependent on the concentration of the iodides, a
mixture made up in the ratio of one mole of MeI to 1.8 moles
of PrI was irradiated. It was expected that the ratio of

MeI/PrI activity in this new mixture would be about one.

TABLE XXT

Irradiation in presence of air

Total
Expt.| acti- | Total | Total | Organic | % of | Ratio of
No. vity MeI PrI reten~ MeI Mel/PrI
of acti- acti- tion . acti- | activity
mix~ vity vity % vity
ture
CeDelll,
1 810.4 | 164.5 171.5 | 41.47 20.3 0.965
2 842.2 | 168.4 172.9 | 40,52 19.99 0.974

To find whether the degree of preference for the
lower alkyl iodide, in the re-entry process of recoil iodine,
gradually changes as the alkyl iodide is varied, an equimole-
cular mixture of methyl iodide and ethyl iodide was
irradiated similarly, separated, and their individual

activities determined:
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TABLE XXITI
Total Total | Total | % of % of |Ratio of
Exptd activity | MeI EtI org- MeI MeI/EtI
No. of acti- acti- anic acti- acti=
mixture vity vity reten~| vity vity
C.P.Me tioh

A. Irradiation in presence of air

=

1028.2 241.,8 | 225.9 45,5 23.52 1.07
2 1054.0 247.3 240,535 | 44.3 22.48 1.03

B. Irradiation in presence of 0.1% mole of molecular
iodine but under vacuum.

1 1018.9 183.8 201.8 38.6 18.84 | 0.9535
2 1034.4 184.4 194.2 37.7 17.94 | 0.9494

It ig evident that there is practically no preferential
attachment to methyl iodide in the recoil reaction involving
methyl iodide and ethyl iodide.

To find whether the energy of recoil contributes to
the preferential attachment of the recoil atom to the
methyl lodide, an equimolecular mixture of methyl iodide

127 126I

and propyl iodide was irradiated, for the I (n,2n)

reaction, with 14.6 MeV neutrons obtained by the (D,T)
reaction in a linear accelerator, The iodide fractions
were kept aside before counting for a sufficiently long time

128

to allow the 25 minute I activity to decay.
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TABLE XXIII
Total Total Total Organic Mel Ratio of
Expt acti- Mel Pri reten— acti- Mel/PrI
No. vity acti- acti- tion vity acti-
of vity vity % % vity
mix-
ture
CeDollle
A. Irradiation in the absence of air.
1 740.2 269.3 117.7 52.53 36.4 2.28
2 540.3 197,.3 82.52| 51.8 36.52 2.39
B, Irradiation in presence of about 0.1% mole of molecular
iodine but under wvacuum.
1 804.1 156,9 110.5 33.24 19,61 1l.42
2 1028,0 208,0 142.5 34.10 20,24 1.46
C. Irradiation of PrI alone.
1 604.2 29,65 | 190.9 42,3 4,909
2 494,.2 20.95 | 161.1 | 39.9 4,240

The results again clearly show that the recoil iodine

The values of the
7

enters Mel in preference to Prl.

activity ratios of PrI to Mel for the reactions

127 126

and I(n,2n) I are 1:1.35 and 1:1.4 respectively in

the presence of scavenger iodine; in the absence of
scavenger these values become 1:1.,8 and 1:2.,3 respectivelyﬁﬁw“

@‘\ sk, ' }:_L\\
A possible explanation of this difference in the degree-\iﬁ$ﬁ“13

-
4
I -

of preferentisl attachment of recoil iodine to MeI.could be
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that in the thermal energy region the re-entry processes

differ in the two nuclear reactions,



103.

REFERENCES
1. H. Suess. Z. Physik. Chem. B45,
207, 312, (1940).
2. Szilard & Chalmers. Nature 134, (1934).
Be Amaldi, Fermi et al. Proc. ROy. Soc. Al49, 522,
(1935).
4, Glueckauf & Fay. J. Chem. Soc. 390, (1936).
Se WiF. Libby. J. Am. Chem. Soc, 69, 2523,
(1947).
Friedman & Libby. J. Chem. Phys. 17, 647,
(1949).
6. J.E. Willard. Ann, Rev. nuecl. Sci. 198,
(1953).
7. Goldhaber & Willard. J. Am., Chem. Soc. 74, 318,
(1952).
8. Levey & Willard. Je Am. Chem. Soc, 74, 6161,
(1952).
9. Levey & Willard. Je Am. Chem. Soc. 74, 6163,
(1952).
10. Reid. Phys. Rev. 69, 530, (1946).
11. Friedman & Libby. J. Chem, Phys. 17, 647, (1949).
12. Goldhaber,Chiang & Willard.J. Am. Chem. Soc. 73, 2271,
(1951).
13. Hornig, Levey & Willard. J. Chem. Phys. 20, 1556, (1952)
14. Hornig, Levey & Willard. J. Chem. Phys. 20, 1556, (1952)
15. Hornig, Levey & Willard. J. Chem. Phys. 20, 1557, (1952).
16, Schuler. Je Chem. Phys. 20, 2026, (1954)
17. Muehlhause. Phys. Rev, 79, 277, (1950).
18. Starke. Physik., Z. 42, 184, (1941).
19. S. Katcoff. Phys. Rev, 71, 826, (1947).




20.

21.
22.
23.

24,

25.
26,
27.

28,

29.

30,

31,

32,

33.
34.

35.

Purkayastha & Martin.

P, Sue & Beydon,
H.A.C. McKay.
Willard.

Apers & Capron.

Gilfillan et al.

R.S.H, Chiang & Willard.

Levey & Willard.

McCauley et al.

Hamill & Schuler.

104.

Can. J. Chem, 293, (1956).
Bull. Soc. Chim. 55, 11, (1944),
Nature, 139, 283, (1937).

Ann, Rev., nucl, Seci. 202,
(1953).

J. Inorg. Nucl, Chem. 219,
(1956).

Analytical Chemistry Vol. II.
Science, 112, 81, (1950).

J. Am, Chem, Soc. 74, 6161
(1952).

J. Am, Chem. Soc. 78, 3246,
(1956).

Je Am, Chem., Soc. 3466,
(1951).

McCauley, Williams & Hamill.

Luijtenetal.,

Levey & Willard.

H. Schmied & R. Pink.

Gordus & Willard.

Hornig, Levey & Willard.

Je Am. Chem, Soc, 76, 6263
(1954).

Investigations in the field of
Organotin Chemistry.
Tin research institute (1955).

J, Am, Chem, Soc., 74, 6161
(1952).

J. Chem, Phys. 27, 1034, (1957).

J. Am., Chem. Soc. 79, 4609,
(1957).

J. Chem, Phys. 20, 1556, (1952).

PR ORTPEDS

NIVET
" -_QlEHﬂEE'ol.“}..

)



