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PREFACE

Kinetic studies are among the most powerful tools
for the investigation of the mechanism of a chemical reaction.
Ingold and co-workers achieved great success in interpreting
reaction mechanisms in solutionas. However, these studies
have been observed to be simpler in the case of gas phase
reactions, particularly in the case of pyrolytic decompositions
where only one reactant is involved and complicating solvent
effects are absent.

In general, gas phase decompositions of alkyl
halides have been found to be kinetically simpler than other
organic: compounds. This is due to the fact that complications
arising from chain reactions are less often found in these
systems. One of the main difficulties often encountered in
the case of alkyl halide pyrolyses, is a surface effect due to
the polar nature of these compounds. Barton and co-workers,
in the case of alkyl chlorides and Maccoll and co-workers in
the case of alkyl bromides, have successfully studied and
interpreted the pyrolyses of these compounds. These authors
have concluded that alkyl chlorides and bromides can eliminate
hydrogen halide in the gas phase either by a unimolecular
mechanism or by a mixed unimolecular-free radical mechanism.

The thermal decompositions of alkyl iodides are
more complex. Surface effects are more prominent in the
pyrolysis than in the case of chlorides or bromides. Also,

the very weak carbon-iodine bond becomes kinetically important
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in these systems. However, previous workers such as Butler
and Polanyi, Jones and Ogg, Maccoll, Holmes, Benson etc., have
found that alkyl iodides show the same trends as alkyl
chlorides or bromides, with respect to the effect of structure
on the kinetics of the decompositions.

The present thesis deals with the pyrolysis of
three alkyl iodides whose kinetic mechanisms were uncertain.
The compounds under invéstigation are:

(1) t-butyl iodide

(2) n-propyl iodide

(3) ethyl iodide
These are dealt with in different sections of the thesis.

The kinetic investigation of a homogeneous
pyrolysis of t—C4HgI was unsuccessful in the past because of
a heterogeneous decomposition of this compound at the surface
of the reaction vessel. 1In this thesis, an attempt has been
made to find a homogeneous rate by using different conditions
of surface of the reaction vessel. The other two compounds
n-C3H7I and CZHSI pyrolyse homogeneously. The mechanisms
proposed for these two compounds are different from those of
previous workers.

A separate section of this thesis comprises a

general discussion of alkyl iodide pyrolyses.
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SECTION -~ 1

ABSTRACT AND INTRODUCTION

l1.1. 2abstracts:

Pyrolysis of t-butyl iodide

Thé pyrolysise of t~C4HgI has been carried out in
a conventional static system in the temperature range
190°-240°c. The reaction has been found to be heterogeneous
as reported by previous authors. The chief:products are
isobutene and hydrogen iodide together with some isocbutane
and iodine. The latter pair together represented less than 10%
of the total product. The reaction does not go to completion

but the equilibrium

1
t-C4H91 T:‘ C4H8 + HI

is rapidly established. The stoicheiometry of the iodine

producing process is simply

t-C4HoI + HI 1=5,c,H;4 + I,

The pressure-time data obey first order kinetics
up to about 25% reaction. The iodine producing process has
been found to fit an autocatalytic rate law of the type -

a(x %

)
27 -
— "kl’.s(Iz) (C4HI)
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Homogeneity tests revealed that the iodine producing process
is completely homogeneous and that the first order process
is partially heterogeneous.

In an attempt to find values for the homogeneous
first order rates, the effects of different reaction vessel
surfaces on the pyrolysis have been studied. The
carbonaceous coating produced by the decomposition products
of isobutene, gave the rate which was the least heterogeneous.
The Arrhenius parameters for the two rates in the isobutene

coated vessel are:

1

E_ = 38.33 K.Cals : log a
1 10 1

13.53 Sec.

- k-1

A mechanism has been proposed for the pyrolysis.

Pyrolysis of n-propyl iodide

The pyrolysis of n-C3H7I has been investigated in
the above system in the temperature range of 3070—36000.
Reports of previous authors, regarding the order of the
reaction and the stoicheiometry, have been confirmed. The
rate law

—d(n-CBH7I) L

= k! n-C H I I
dt 1.5( 37 )« 2)

is seen to be obeyed from about 5% to about 70% decomposition.

The Arrhenius parameters are also in excellent agreement with
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those of Jones and Ogg, who however, were unable to propose

a satisfactory mechanism.

E (K.cals) - 1ogloA (mm.-%Sec."%
Jones and Ogg 37.9 10.06
Present work 38.4 10.18

The appearance of an induction period which
decreases with rise of temperature and shows only small
dependence on initial concentration has been interpreted as

due to the intermediate formation of i~propyl iodide.

Pyrolysis of Ethyl iodide

This compound has been pyrolysed in the same
system in the temperature range of 340°-378%. The order,
the stoicheiometry and Arrhenius parameters have been found
to be in good agreement with those of the previous workers.
Experiments using reaction vessels having different chemical
coatings showed that the decomposition is not surface active.
The Arrhenius parameters in different types of reaction

vesgsel surface are:

Surface E(K.Cals) logloA(Sec.'l)
(ethyl bromide)
Present work é ) average 51.02 14.24
isobutene
Lee (allyl bromide) 49.3 13.53

Benson (Clean glass ) 50.0 13.66



In order to examine the importance of'any free
radical processes in the pyrolysis, the effect of pPropylene
has been studied. This inhibitor was found to have no effect
on the ethylene producing reaction, but a new bimolecular
reaction between the iodide and propylene was observed. The
results indicate a molecular mechanism for ethyl iodide pyrolysis

and rule out any appreciable radical process during the reaction.

l.2. Mechanism of homogeneous gas phase decompositions:

Three basic types of mechanism have been used in
the interpretation of homogeneous gas phase decompositions.
They are:-

(1) A radical non-chain mechanism

(ii) A radical chain mechanism

(iii) Isomerisation and molecular elimination

reactions.

Any substance decomposes mainly by the path
involving the least activation energy and this path depends ;
on the structure of the reactant molecule and the temperature
of the reaction.

The presence of free radicals in gas phase
reactions was first demonstrated by Panethl who noticed the
formation of metallic mirrors during the pyrolyses of certain
metal alkyls. A few years later Rice and Johnston?2’3 pointed
out the importance of such free radicals during thermal

decompositions of certain organic compounds.
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(i) Radical non-chain mechanismi:

This type of process is very simple and ig
comparatively rare. This was first discussed by Daniels4'5 in
the case of the ethyl bromide pyrolysis. Later, Lossing and

Tickner6 and Maccoll7

used this mechanism to explain the
kinetics of the pyrolyses of di-tertiary butyl peroxide and
allyl bromide fespectively.

If M, are stable molecules and R free radicals

(whexre n = 1, 2, 3......etc.), the general mechanism of this

type is
Ml ——————’)R1+R2 ® e 000 v0oas 0. (i)
R1+Ml -—-—-——;\RlH"‘R3 P e cecsnvease (ii)
R2+R3 -—————-—)Ml"'Mz L N IR L K B L 2R BB BN (lll)

Step (i) involves a bond dissociation and usually is the slowest
step. Such a process is of first order with an overall
activation energy equal to the bond dissociation énergy.
Therefore, a radical non~-chain process is practically possible
only when the energy of activation is equal to the bong

dissociation energy of the compound.

(ii) Radical chain mechanism:

This hypothesis, first developed by Rice and
8
Herzfeld involves the formation of long chains by free
radicals during the thermal decomposition of organic compounds.

If a steady state for the intermediate radicals is assumed,
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this kind of scheme can account for the various overall
kinetic order of the reaction. As an example, consider the
following scheme for the decomposition of a hydrocarbon

molecule M, -

1
kl
Ml -_ﬂ R1+R3 LA AL B N B B B WY O B (l)
'k2
R1+M1 s R1H+R2 ®Peomvvs e (2)
Ky
R E— R + M Ssenneversace (3)
2 1 3 :
k4 .
R "'R "9 R +M ®Sssovevernew 4
1 2 1 4 (4)
K5
R1+Rl N MS ®cs o0 ensvcaves (5)
ke
R ‘i'R "ﬂ M LA L AL BN B RE BN I I 6
2 2 6 (6)

The radical chain mechanisn may conveniently be
divided into three parts viz., chain initiation, chain
propagation and chain termination. In the above scheme
reaction (1) is the initiating step, reactions (2) and {3)
the propagating step and reactions{4), (5} ana (6} are
different chain terminating gteps. in this scheme two
radicalé are formed each of which will initiate a separate
chain. For simplicity only one of these chains is

considered here.
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When a steady state concentration of'R1 and R2 is

established we may write

d . : - ' - =
'dT(Rl) = kl(Ml) kz(Rl) (Ml) + k3(R2) k4(R1) (Rz) 0
and ES(RZ) = Xk,(R)) (M)) - ky(R,) - kg(R;)) (R,) =0

§ Here step (4) is considered as the terminating

process.

From above,

k Kk, \ 2 K.k, |%
_ 5 1 1%3
Rl“:ﬂzz*{(zrz) * Zkx

274

If the chains are very long

o o ks %
1 2k2k4
The overall rate of disappearance of Ml is given by

- d = 1 3 - - :-\. b
EE(MI) Ky (Hy) - ky(Ry) (Ml)

If kl is small then the primary step is slow compared with

the overall rate and this becomes

— FeM) =k, (R)) (M)
(k. k k. \X%
= , {1°2°3
M X (21:4 )

which is of first order.
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The overall activation energy E of the reaction is

given by

= %(El + E, + E;-E))

E; is usually much larger than'E2 and E3 and E4 ~— 0, so

that E is usually much smaller than El

The'overall frequency factor A is given by

< lAzA

It can be seen that the overall rate is made up of two parts

kl (Ml) which is the rate of initiation step and kl(Rl)(Ml)
which is the rate of disappearance of Ml by chain steps.

The ratio of these is the average chain length which ig

equal to

(Ry) () Kok \%
"li' ('M")' =<2klk4

If the terminating step is (5), then the steady

state approximation leads to

k
d B 3/2 2. %
ToEt) = M) e

a reaction of order 3/2; similarly jif the chain ending step

is (6) an order of 1/2 is obtained.




A chain reaction is not so easily digcounted on an
energy basis as a non-chain process if first order rates are
obtained. The order of the overall reaction depends critically
on the way in which the chains are broken. Goldfinger, Letort
and Niclaus? treated the subject systematically and gave a table
(table 1.1) listing the expected order for various initiating
and terminating processes. While doing so they distinguish
between two types of radical,

(i)fg - radicals - which propagate chains by
participation in bimolecular reactions and they do not decompose
(e.g., Ry in above scheme) |

(ii{/a - radicals - which propagate chains by under-
going a unimolecular decomposition (e.g., R2 in above scheme).
The conclusion is that if the chain reaction is initiated either
by a unimolecular or by a bimolecular reaction, the overall order
depends upon the type of chain ending steps and is shown

schematically in table 1.1.

Table l1.1. Effect of method of initiation and termination on
crder of reaction. M = third body.
Initiation Unimolecular Bimolecular
Process
Terminated by Triple Simple Simple Triple
order Collisions Collisions Collisions Collisions

3/2 /25 /o (> o
i

/5‘ (M)

oo

1 /5[5 (1)
1/2 [ o
0 o fe oy
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Which process is more important in terminating chains,
depends partly upon the rélative concentration of the radicals.
Thus if the concentration of the radical’Rl is much higher than
that of Rz, the most important chain ending process is probably
the reaction between two R; radicals. The choice of chain
ending step is of utmost importance while formulating a reaction
mechanism. .

Two significant aspects of gas phase reactions, which
are at times useful for providing a clue to the nature of the
Processes taking place are '
| (a) the occurrence of an induction period and

(b) the effect of inhibitors on reactions.

(a) Induction period:

Induction periods are cbserved when the reaction rate
is almost immeasurably slow at the beginning of the reaction.
These induction periods have been observed in many gas phase
reactions. For example, Barton and Howlettlo noticed this
phenomenon during the dehydrochlorination of 1:2 dichloroethane.

Induction periods may be the result of one of the
followings -

‘ (i) Slow attainment of the steady state concentration

of radicals or atoms:

This may be due to a branched chain reaction during
the process. For example, the induction period during the
decomposition of 1:2 dichloroethanel® was due to the primary

processes
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CHClCHClL ———> CH + C1
2 2. 2 4 2

Cl2 + CHZClCHZCl ——> HCl + Cl + CHCl.CHZCl

(ii) Autocatalysis by an intermediate or final
product:

Such induction periods are often observed in the
low temperaturé oxidation of hydrocarbons and‘of many
hydrocarbon derivatives, and are caused due to the biradical
nature of the oxygen moleculell which forms a linear
transition complex with the compound. For example, a

hydrocarbon molecule oxidises as -

RH + 0, es— R-H-0,——— R + HO,,
HO, is unreactive but R can combine with another oxygen

molecule to give a radical RO, which, like oxygen can extract

2
a hydrogen atom from the parent molecule RH and the reaction

continues thusi-
R+02 —_— R02

R02+RH ~——— ROOH + R

The overall reaction in such oxidation is

RH + 02 > ROOH

The induction period is seen due to the slow initial reaction

of abstraction of a hyarogen atom from the hydrocarbon
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molecule by the oxygen molecule.

(iii) The initial inhibition due to an impurity
which is removed as the reaction proceeds:

Thus the H_ + Cl_ reaction may display anomalously

2 2
long induction periods owing to the presence of small amounts
12 '
of impurities such as NH3, organic compounds , 0313 or 02

which break the chains and are slowly consumed. i

(b) The effect of inhibitors: i

The most commonly applied tool for distinguishing
a radical chain reaction from a molecular process is to use
inhibitors which will compete with the parent molecule for the
propagating radical. The action of an inhibitor is usually
to react with the radical to form a stable molecule and a
more stable radicall4, resulting in a marked drop in rate.
The usual inhibitors for gas phase reactions are nitric oxide15
propylene16 and cyclohexenel7. Nitric oxide, itself a free

radical, reacts with an organic radical to form an addition

complex

R+ NO ———— RNO

which rearranges or decomposes. The inhibitory action of

propylene can be explained by the reaction

R + CH3CH=CI—I2 _— RH + CHZ— CH:CH2

the allyl radical formed being stabilized by resonance will

combine with itself to form diallyl rather than continue the
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chain. The efficiency of cyclohexene may be due to the
stability of the allylic cyclohexenyl radical formed when
hydrogen atom is abstracted.

However, care must be taken in interpreting
inhibition results because if chains are short and the
competition by the inhibitor for the initating radical is not
particularly effective, it is possible that large amounts of
inhibitors will have little effect.

Hinshelwood!® has shown that nitric oxide produces
a limiting rate in certain organic decompositions and thus he
believes that the maximally inhibited reaction is molecular.
This conclusion, although it seems reasonable, still has some
difficulties. The isotopic mixing investigations of Wall and
Moore19 and Rice and Varnerin20 during the co-decompositions
of deuterated and undeuterated compounds do not rule out the
possibility of radical processes at maximum inhibition. This
conclusion is not, however, absolutely firm because there
remains the possibility that products formed by the- reaction
between free radicals and nitric oxide are still quite
reactive, and able to undergo hydrogen-deuterium mixing.

The mixing experiments, therefore, do not completely exclude
the possibility of a molecular mechanism. Besides, the
residual rate in the case of n-butane has alsc been interpreted
as referring to a process consisting partly of a residual

chain process21'22.

Laidler and Wojciechowskﬁ23 have suggested that

organic decompositions that are fuliy inhibited by substances
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such as nitric oxide or propylene proceed not by molecular
mechanisms, but by special types of free radical mechanisms

in which the inhibitor is involved in both initiation and
termination. In the case of nitric oxide inhibition; initiation
is considered to be by the abstraction of a hydrogen atom by

NO, while termination involves reaction between the most
plentiful chain carrier and either HNO or NO, depending upon
whether or not H is a chain carrier. Specific mechanisms were
proposed for the decompositions of paraffins, ethers and
aldehydes, when inhibited by NO, and the resulting rate equations
were shown to be consistent with the behavior observed
experimentally.

16,17 and Thomas have observed

Maccoll and co-workers
that a common limiting rate is obtained in the pyrolyses of ,
some alkyl bromides using propylene, 2:4 dimethylpentane,

cyclohexene and cyclopentadiene as inhibitors.
125

Holmes and Maccol have prefered propylene for
alkyl iodide pyrolyses. The pyrolyses of alkyl halides is

discussed in detail elsewhere in this thesis. !

(1iii) Isomerisation and molecular elimination reactions:

of

Three typical cases/such reactions are ' |
(a) Depolymerisation of cyclobutane and isomerisation
of cyclopropanezs'27
(b) Elimination of olefins from organic estersza,
e.g., elimination of meocpentyl chloride and a mixture of methyl i

butenes from pyrolysis of neopentyl chlorofd&ate.
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(c) Elimination of hydrogen halide from alkyl
halideszg'Bo.
The conventional transition states for these processes

are four centered and six centered and may be drawn as -

T { O =T M CH-" -~ C Hy
>Lr ?\ / \\‘ P ' 2. 3

. r-< < ; .

! I \‘:\ // ! !

{ ) \“\O'_' - C, I ——-———'C‘:H

H-----¥ ClHy 2

Type (c) was first discussed in connection with the
pyrolyses of ethyl and tertiary butyl bromide.

If the experimental results indicate that a chain
reaction is absent in the process, then it remains to
differentiate between radical non-chain and molecular processes.
This is usually done on enexrgetic grounds. In the case of the
former mechanism the activation energy will be equal to the
homolytic bond dissociation energy. If the experimental
activation enexrgy is appreciably lower than the homolytic bond
dissociation energy, then the reaction is usually assumed to

be molecular.

1.3. Evidence for the molecular elimination rea¢tion in the
pyrolysis of alkyl halices:

Some alkyl halides decompose by a first order
unimolecular elimination mechanism while in others duality of

the mechanism is observed. In these cases reaction proceeds
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simultaneously by the unimolecular mechanism and by a radical
chain process. In the case of alkyl halides, the separation
and identification of the molecular process is easier than
other simple organic compounds. Molecular processes are
usually distinguished from a radical process in the following
way: -

If a source of atoms or radicals (such as a halogen
or allyl bromide) sensitises the decomposition, then the
mechanism is against a molecular process. On the contrary,
if these sensitisers are ineffective in stimulating a chain
reaction, the mechanism may be either a non-radical chain or
a unimolecular elimination one.

Use of inhibitors in alkyl halide pyrolyses has
been a very powerful tool for the investigation of a molecular
reaction. Maccoll and co-workers found olefinic inhibitors to
be efficient in the cases of alkyl bromide pyrolysesls'l7.

They noticed that different olefinic inhibitors produce the

same limiting rate at maximum inhibition. The maximally
inhibited rates were independent of the concentrations of {
different inhibitors. Thus it seems highly pxrobable that the
maximally inhibited rate is molecular because it is unlikely §
that different olefinic structures would produce the same |
limiting rate in case of any initiation or termination of
chains by the inhibitors.

A molecular process can also be distinguished from
a radical non-chain process on energetic grounds as described |

in the previous subsection.
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Thus, if a reaction cannot be sensitised and the
same minimum rate is produced by different inhibitors and if
the activation energy is considerably lower than a bond
dissociation energy, then in all probablities the reaction is
molecular.

l.4. Structural effects upon the unimolecular elimination
mechanism in organic halide pyrolyses:

At a constant temperature, halides, decomposing by
a unimolecular mechanism and having the same organic residue

R decompose at rates such that

k k k
R-I R-Br R-Cl

{c) Influence of the alkyl group:

17 showed that

Green, Harden, Maccoll and Thomas
for the alkyl bromides, the rate of pyrolysis was dependent
on the environment of the carbon-bromine bond. They found
that the rate increases in going from a primary to a tertiary

halide were at 380°C as -

C-H/C-Br — P s t
P 1 170 30500077
s 3.5 380 46,000
t 6.3 280 130,000

Thomas24 has shown that the importance of the

carbon-hydrogen environment is small i.e., allylic weakening
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had little effect since the molecules

CH_= CH-CH CH_~CH
2 2 3 2

CHBr and CHBr
CH CH

pyrolyse at the same rate. This can be interpreted as saying
that the tranéition state contains little double bond
character. Good21 investigated the elimination of deuterium
bromide from deuterated isopropyl-bromide and found that the
activation energy was the same as for ordinéry isopropyl
bromide, but there was a slight fall in the A factor.
!31aoles22'31 found similar results for deuterated ethyl

bromide. These results also support the importance of C~Br

bond and rule: out any significant role of C-H bond in

determining the rate during pyrolyses. In the case of chlorides

the same general picture is obtained with the exception that
whereas the pyrolysis of primary bromides possesses a radical

chain component32

» the monoalkyl chlorides decompose solely
by a unimolecular process. However, mixed mechanisms are
observed in the case of pyrolyses of compounds having more

than one chlorine atom. Holmes and Maccoll25

have shown that
the reiative unimolecular elimination rates in the case of
secondary butyl iodide and isopropyl iodide are the same as
for the corresponding chlorides and bromides. The same .

general picture is true for other iodides, chlorides and

bromides, (table 2.2).
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The unimolecular mechanism was suggested in the
chlorides or bromides by Kistiakowsky29 in 1936, but it was
not proved rigorously. However, it was not further examined

until 1949, when Barton30

proposed that elimination of
hydrogen halide proceeds via a four centre planar transition

state i.e.,

- P
»

He based this scheme on two propositionss-

(a) The mechanism had to involve the arrangement of
the atoms in a way which required the least energy.

(b) Examination of the gaseous elimination of H-X
from certain cyclic compounds led to the conclusion that cis
elimination was preferred, as determined by product analysis.

The mechanism of these decompositionswas not
definitely proved to be homogeneous and of unimolecular type.
However, this was confirmed later>3 for (-) menthyl chloride.
This decomposes by a homogeneous unimolecular mechanism and
yields 3-menthene rather than 2-menthene, indicating

preferential cis elimination i.e.,



HCl +

25%

30%

unimolecular 75%
gas phase

It is seen that the unimolecular elimination

mechanism (El) in ethanol gives similar proportions of the

two isomeric products34

It has been suggested35 that the A

factor may be expected to be well below 1013 due to the reduced

entropy of the transition state.

Green and Maccol136 suggested

that this might not be true if the rotation is restricted to the

initial state.

This picture of the transition state was accepted

until 1955, when Maccoll and Thomas37 pointed out the startling

correlation of the rates of elimination in the gas phase of

alkyl chlorides and bromides with the heterolytic bond

dissociation enexrgy of the carbon~halogen bond and also with

the rate of SN1 and E1 reactions in solution (table 1.2)

Maccoll's view is also supported by the same kind of trend in

iodides (table 1.3).
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H-Br

Table 1.2. Comparlson of the unimolecular activation energies
for the elimination of H-X, the homolytic
bon§ dissociation energy D(R-X) and heterolytic
bond dissociation energies D(R'X™) of the carbon
halogen bond.
CH CH Cl {CH ) cHCl (CH ) cc1
3 2 3 2 3 3
Ey_cy 50.8 50.5 41.4
DR-Cl 80.9 82.2 78.3
Dotor- 192.8 166.3 150.2
D_+ 1
_RC1l” 3.17 3.29 3.63
Pa-c1
D
ER-Cl 1.33 1.67 1.89
H~C1 }
CH_CH_B CH_) CHB cB ;
32" (CH,) ,CHEx (CH,) jCBx
. 47.8 42. |
EH-Br 53.9 7 2.2
D 67.2 67.6 63.8
R-Br
183. . 40.
D tp - 83.7 156.3 140.3
D_,_ _
s 3.41 3.27 3.33
H~-Br
D
FoBL 1.25 1.42 1.51
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Table 1.3. Comparison of the unimolecular activation energies
E for the elimination of H-X, the homolytic
bHn& dissociation energy D(R-X) and heterolytic
bond dissociation energies D(R X ) of the carbon
halogen bond
The same data for iodides as for chlorides and
bromides in table 1.2,

CH3CHZI (CH3)20HI (CH3)3CI
Eq 1 49.6 (Present) 47.96 (25) 39 (Present) '
' ( work ) ( work %
DR I 51.2(62) 53.0 (71) 48 (71,72)
D - 180.0(38 151 132 40
R+I (38) 154 (39) (40)
D, _
ER I 3.6 3.15 3.39
H-I1
D _
ER‘I 1.02 1.11 1.23
H~X

There is a distinct lack of correlation with either
the homolytic bond dissociation energies or with SN, reactions.
Ingold34 has set out in detail the evidence and arguements

leading to the conclusion that SN, and Ey reactions proceed as

1
a first stage by ionisation to R' and X~. Maccoll and Thomas
therefore suggested that the pyrolysis of alkyl halides might
be quasi heterolytic with polarisation of the carbon halogen
bonds. The energy needed to accomplish this is partly reduced
by the stabilizing field of the polarised hydrogen atom in the

{5 position, i.e.,.

L | ] [ - +
= X =8t X6




The role of the (5 hydrogen atom is likened to that of the solvent

molecules which stabilize polaxr transition states in solution.

The evidence for this theory has steadily accumulated
and has been set out in detail by Maccoll4l'42.

From this evidence Maccoll concluded that the
transition state for gas phase eliminations from alkyl halides
is best represented as a carbonium ion pair, R'X™. as pointed
out by Ingold43, this hYpotheais cannot be ruled out on energetic
grounds, and it does §ive a rational explanation of the observed
behavior. ‘

Maccoll supports his idea also on the following
grounds -

Since no complication arises from solvation in the
gas phase, a linear relationship might be expected between the
activation enexrgy for elimination, E(HX) and the heterolytic
bond dissociation energy, D(R+Xf) of the carbon halogen bond.
Such a plot is shown in Fig.l, for some chlorides, bromides and
iodides where it is seen that the suggested relationship is
quite well obeyed. In this figure Maccoll's original42 plot is
supplemented by some recent data.

44 have re--examined the

- Recently Benson and Bose
elimination of H-X from gas phase alkyl halides in terms of
recent and less controversial results on iodides. ?hese authors
consider Maccoll's point of view as an extreme and not support-
able in terms of simple models or data on isomerisation. On
the contrary, they have shown that an intermediate charge

separation corresponding to formal changes of + % and - % on
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the H and X atoms of HX appear to give quite reasonable results.
Thus, they proposed a very polar transition state with very
large charge separation and to which they give the name "Semi

ion pair" transition state.

l.4. Surface effects in gas phase reactions:

A homogeneous gas phase reaction. involves only
particles (atoﬁ, molecules and ions) in the free gaseous state.
Any reaction with particles adsorbed on solids or absorbed
and dissolved in solids or liquids or with particles of solids
or liquids is termed a heterogeneous reaction.

The surface of the reaction vessel may play a
significant role in gas phase decomposition studies. Such
catalysis depends on the nature of the material of the reéction
vessel,

The most commonly used material for constructing a
reaction vessel in gas phase kinetic study is pyrex glass or
silica because of

(i) their thermal and chemical stability,

(ii) they can be suitably put into shape by blowing,

(iii) they are suitable for light transmission in
photo chemical studies.

The usual method to test the homogeneity of a
reaction is by increasing the surface to volume ratio of the
reaction vessel. 1In case of glass or silica this is usually
achieved by packing the reaction vessel with concentric tubes

of the same material.
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The surface effect is particularly prominent in the
case of alkyl halide pyrolysis in glass vessels. This may be
interpreted as due to the polar nature of the glass surface45'46.
Recently, Swidbourne47 has examined the kinetics of the
catalysis of an alkyl chloride pyrolysis due to the glass
surface. He believes that the catalytic action is through the

activated complex.

Pe—t(

l i

X H

{ !

1 t

i §

é) é) glass surface
T

The chlorine atom is eliminatéd as Cl™ and the hydrogen as at.
The ions do not occur in?free state but the charge separation
is the rate determining factor.

Heterogeneity in halide pyrolyses increases from
primary to tertiary compounds.

Igygase of many pyrolyses prolonged seasoning of
the reaction vessel with the reaction products eliminates the
wall effect and givesa reproducible and a homogeneous rate.
Such seasoning produces a thin carbon coating, which acts as
a non—poiar skin on the polar surface of the reaction vessel.
In other cases, when the substances to be studied are also
polar the above procedure to obtain a homogeneous rate is not
always sufficient. Thus, in recent years gas phase pyrolyses

have been carried out using glass vessels coated with a fine
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film of many inactive materials. Some of the coating materials

employed are (i) carbonaceous deposits from the decompositions

of organic chlorideslo'45'48'49, bromides ' *>051 52

and (ii) potassium chloride53'54'55. Recently, in some of

and olefins

these coatings, free radical concentrations have been found by

E.S.R. studie556'57. These may themselves exert a catalytic

effect, so such coatings should be used with caution.
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SECTION - 2

A SURVEY OF PREVIOUS WORK ON SIMPLE ALKYL MONO-HALIDES:

2.1. Alkyl Chlorides and Bromides:

The unimolecular elimination reactions of alkyl
chlorides and bromides have been exhaustively studied by Barton
and co~workers and by Maccoll and others respectively. During
these studies, it has been shown that all the monochlorides
with /3 hydrogen atoms eliminate hydrogen chloride
unimolecularly on pyrolysis, the absence of a:chain mechanism
being proved by inhibition studies; whereas the bromides
decompose by molecular elimination or by a mixed mechanism.

In the latter case the unimolecular reaction can be isolated
by the use of inhibitors.

The Arrhenius parameters of simple alkyl
monochlorides and bromides are tabulated in table 2.1. The
table also gives the mechanism of reaction in respective cases
of alkyl halide pyrolyses.

Table 2.1. The decompositions of organic mono-chloro and
mono-bromo alkanes
X -~ inhibited by cyclohexene,
Y - toluene carrier technique.
The "mechanism" column refers to the process for

which the Arrhenius parameters in other columns
have been found.

Compound Mechanism E(K.Cals) logloA References

Methyl Chloride Complex 85.0 — 58

Methyl Bromide o 67.0 Y — 59
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Table 2.1. Cont'd

Compound Mechanisﬁ E(K.Cals) logloA References
Ethyl Chloride Unimolecular 59.5 14.2 60
" 60.8 l4.6 61
" 55.29 13.11 62
" 56.62 13.46 63
" 56.4 13.16 64
" 59.0 58
Ethyl Bromide " 53.9 X 13.42 17
" 53.3 Y 13.86 22
" 52.2 12.73 31
" 53.76 13.25 58
Radical non 53.2 14.06 50
chain
Unimolecular 53.7 13.19 64
Complex 46.4 11.78 65
n-Propyl Chloride Unimolecular 55.5 13.51 66
" 56.57 13.87 63
n-Propyl Bromide u 50.7 X 12.9 16
" 50.7 ¥ 13.0 22
1.5 order
Chain 33.8 10.86 51
" 42.7 13.62 61
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Table 2.1. Cont'd

Compound Mechanism E(K.Cals) logloA References
i-Propyl Chloride " 52.16 13.1 63
" 50.5 13.4 61
" 51.1 13.64 64
i-Propyl Bromide " 47.7 Y 13.6 22
| " 47.8 13.62 67
“ 47.0 12.74 68
n-Butyl Chloride " 57.9 14.5 69
" 57.0 14.0 66
" 56.55 13.98 63
n-Butyl Bromide " 50.9 X 13.18 16
1.5 oxder 48.00 _— 68

Chain

s-Butyl Chloride Unimolecular 49.6 13.62 70
" 50.55 13.91 63
s-Butyl Bromide " 43.8 12.63 16
“ 45.5 13.04 71
" 45.4 13.18 72
" 46.5 X 13.53 72
i-Butyl .Chloride " 56.85 14.02 73
" 56.32 13.90 63
i-Butyl Bromide " 56.4 X 13.05 74
1.Z order 30.0 6.26 58

Chain
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Table 2.1. Cont'd
Compound Mechanism E(K.Cals) logipA References
t-Butyl Chloride Unimolecular 46.31 13.27 63

v 45.0 13.9 73

" 41.4 12.4 49

" 45.0 13.77 75

" 46.61 14.41 76

" 46.2 13.9 77
t=-Butyl Bromide " 41.0 13.33 66

" 42.2 14.0 74

" 40.5 13.3 73,78

" 41.5 13.5 74

ISR

- i
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2.2. Alkyl iodides:

The pyrolyses of.alkyl iodides are not so simple as
alkyl chlorides or bromides. The products are usually iodine
and olefin and the corresponding paraffin in equimolar amounts.
The mechanisms are not so well established and they are not
invariably unimolecular.

The first kinetic study of organic iodides was

carried out by Ogg79

who studied the reactions between hydrogen
iodide and methyl, ethyl and normal propyl iodides at various
concentrations in the temperature range 250°~320°C. The
reactions were followed by analysing for iodihe spectrophoto-
metrically and the results were found to fit the bimolecular
reaction equation

d -
d(1) = x(RD) (51)

but that k varied inversely with the hydrogen iodide concentration.
The equation was modified to
%E(Iz) = k, (RI) (HI) + k,, (RI)(HI)

2(HI) + I,

where k; represents the rate constant of the bimolecular
reaction'and k2 that of the thermal decomposition of the alkyl
iodide. 1In all three cases Ogg found E2 (for the thermal
decomposition) to be 43 K.Cals per mole. This value is very
much lower than the presently accepted values. The following

mechanism was proposed by Ogg to explain his results.



RI + BRI > RH + Iy eeveedasa(l)
RI : > R+ I P &)

R + HI > RE 4+ I ceeeeneena(3)

R + Jlt2 PRI + I ceennsecees(d)
I+ I+ M ‘Iz + M ceieeanaa(5)

He claimed that reactions (3) and (4) are faster than (2) and
that the initiél step in the icdide deccumposzition 16 (2). The
back reaction of (2) together with (4) can account for the very
slow decompositions of iodides at the temperatures investigated.

Bansonso and Sullivans

l have re-interpreted these
early results of Ogg. They independently came to the conclusion
that the mechanism i3 a simple icdine atom catalysed radical

reaction and that the rate determining step is

I + RI > R+ I

Ri >R+I *ss0anBevee (l)

I+RI : >R+Iz ............(2,"2)

K 4 HY = >RH + I 0000000.0000(3.-3)

Iz < - 21 ®vesseencsooe (4)

Sullivan estimated the values for the activation energies of
step (2) for CH,XY and C,HgI to be 19.8 and 16.7 K.Cals mole™l,
Using some thermodynamic estimates Benscn came to the conclusion

that E.3-E.y appears to lie between 0 and 2 K.Cals mole'l and
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that E, + B3 - E_, were 20.8, 19.3 and 19.6 K.Cals mole™! for
CH3I, CZHSI and n-c3H7I respectively.

In an attempt to determine the values of the bond
dissociation energies, Butler and Polanyi82 pyrolysed a number
of alkyl iodides using a flow technique and small partial
pressures. They measured the amount of iodine produced and in
a few cases hydrogen iodide.

Ogg and co-workerse3'84'85f86 have shown that for
n-propyl, n-butyl, i-propyl, s-butyl and i-butyl iodides both
the unimolecular elimination of halogen acid and iodine catalysed
decompositions are possible. These authors were unable to prove
unequivocaily the mechanism of these pyrolyses.

Iodine atom reactions, conspicuous surface effects
and the weak carbon iodine bonds make these systems kinetically
more complex. Two types of processes seem reasonable in these
decompositions -

(i) the unimolecular elimination of hydrogen iodide
which is of first order and

(ii) an autocatalytic reaction between an iodine
atom and the alkyl iodide which is of order 1.S.

In some systems only one of these two iz rate determining whereas
in others, a mixed mechanism comprising both the processes is
observed.

Besides unimolecular elimination of hydrogen iodide
the first order process may also be reconciled with a radical
non chain process where homolysis of the carbon-iodine bond

takes place as the rate determining step. However, this

possibility can often be ruled out on energetic grounds,
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‘since the activation energy must be equal to the ‘bond dissoci-
ation energy D(C~I) in the ‘iodide. This is not usual in
iodides and as such the elimination process seems almost
certain for the first order decompositions of iodides.

Lately, Benson and co-workers87.88,89,90 and Holmes
and Maccoll23 have taken a keen interest in iodide systems in
gas phase and some of the ambiguities about their nature of
decomposition. seem to be removed. Tsan964 has tried to verify
some previous data on alkyl icdide pyrolyses by using a single
pulse shock tube and comparative rate technique. The pyrolytic
results to date are summarised in table 2.2.-

Table 2.2. Activation energy for the thermal decomposition of
alkyl iodides compared with the bond dissociation

energies.
Compound D(R~I) (Ref.) E(R-I) order logloA References
K.Cals/mole K.Cals/mole E loga
Methyl iodide 53.5 63 54.0 - - 82
54.0 93,94
Ethyl iodide 51.3 82 52.2 1l - 82
53.0 94 50.0 " 87
*13.66
51.0 93 49.3 " *13.53 95
51.02 " %14.24 . (this)
(work)
n-propyl iodide 53.3 82 50.0 3 - 82
54.0 93 37.9 " 10.06 83
38.4 " 10.18 ( this

work )

|
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Table 2.2. Cont'd

Compound D(R-I) (Ref.) E(R-I) order loglOA References
K.Cals/mole K.Cals/mole E log A
i-propyl iodide 53.0 93 46.1 1l - 82
51.0 84 42.9 " *13.2 85
47.9 " *14.79 96
43.5 " #12.96 89
45.1 " :113.67 64
n-butyl iodide 54.0 82 49.0 3/2 - 84
s-butyl iodide 39.4 91 47.9 1 *15.2 25
i-butyl iodide - 37.8 3/2 - 97
t-~butyl iodide 48.0 87,88 45.1 1 - 82
36.4 " +12.52 90
38.08 " :113.73 64
38.33 "o *13,53 (this)

(work) ;

# Unimolecular elimination of HI
* Over all first order values from direct pyrolyses

+ Estimated on the basis of reverse addition of HI + olefin
iodide

Shock wave studies and comparative rate technique estimation
for unimolecular elimination of HI

~e

91 and also Bensong2 believe that the behavior

Holmes
of iodides is probably governed by the relative rates of the

following three reactions -~

e e e e oo e — .
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(a) Rl ————— HI+ olefin
~ the first order unimolecular
elimination
(b) I + RE —m R+12‘
or
I+RI ———> R'I + HI

- an autocatalytic decomposition:

(c)RT + HI ———> RH + 12

- bimolecular reaction removing HI

The rapid reaction (c¢) maintains the hydrogen iodide
at a very low stationary state concentration. Mechanism
(a) appears to govern the pyrolyses of ethyl iodide and iodides
containing a -methyl group while mechanism (b) holds for

iodides without a (3-methyl group.

2.3. Relative rates of pyrolysis of simple alkyl chlorides,
bromides and iodides:

?j Holmes and Maccoll25 reported that isopropyl and

secondary butyl halides (chlorides and bromides) decompose

fi similarly and their rate ratios i-propyl/s~-butyl are also
similar. Their view point is also supported by the similar é
trend observed also in case of other halides. Table 2.3 shows
the correlation of rates of pyrolysis of various halides on
substitution whereas table 2.4 gives the relative rates of

halides having the same organic residue R.
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Table 2.3. Relative rates of pyrolysis of alkyl halides of
methylated series.
Temperatures for the compaiison ire chosen so as to
give the rate equal to 10  "sec.” ™ for the ethyl
compound.
References for rates are given in the parenthesis.

X - Cl Br I

R (449.3%) (403.6°¢) (338.0%)

4

c2H5 1 (63) 1 (17) 1 (this work)

i-C3H7 © 135 (61) 191 (67) 44 (25)

s-c4H9 417 (63) 309 (16) 118 (25)

t-CyHy 14460 (75) 12600 (74) 6920 (this work)

The above table also indicate that the rate'relationship

tertiary :> secondary :> primary

for the gas phase unimolecular elimination of alkyl halides is

similar to that for SNy or E; reactions in solution, thereby

suggesting a similar mechanism.

Table 2.4. Relative rates of halides having the same organic
residue.
Temperatures4chosen give the rate for chloro compound
equal to 10~ %sec.” 1.

X Cl Br I

R (¢41.1%) 1 (61) ) 360

¢ ,

CH, (435.0°%) 1 (63) 747 330 (Ehis work)

i-c3H,  (361.0°%) 1 (61) 14(67) 186 (25)

s-CHg  (343.6C) 1 (63 13(16) 166 (25)

t-C g  (280.0%) 1 (75) 8(74) 240 (this work)
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SECTION - 3

DESCRIPTION OF THE APPARATUS AND EXPERIMENTAL TECHNIQUE

3.1. General outline:

During experimental studies of the kinetics of
homogeneous gas reactions, the rate of change of concentration
of a reactanﬁ oxr product is usually determined under isothermal
conditions. Two general methods have been used for this
purpose:

(a) The static method in which substances are
allowed to remain in the reaction vessel and the rate of
reaction is measured either continuously as the reaction
proceeds (e.g., by spectrophotometry or pressure change) or
after definite time intervals (e.g., by analysis of products)

(b) The dynamic or flow method in which the reactants
are caused to flow through the reaction vessel and the rate of
the reaction is determined by comparison of the influent and
effluent vapours.

The former method is more common in kinetic studies

and is also the method employed in the present investigation.

3.2. -The thermostat and the reaction vessel

The thermostat consisted of two concentric electrically
heated tubes, each of 12" length. The ceramic outer tube was
of 4" diameter and %" thick while the thickness and diameter of

the steel inner pipe was k%" and 3" respectively. The inner
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portion of the steel pipe was lagged with thick, uniformly
moulded asbestos to fit the reaction vessel evenly and make
the latter free of any strain. The exterior of the ceramic
tube was wound with 48 turns of nichrome heating ribbon. Each
turn of winding was separated from the next by about 0.5 cm.
In order to control the uniformity of the temperature gradient
along the whole length of the reaction vessel, the windings
were divided into three equal and separate circuits namely the
bottom winding B, the middle winding M and the top winding T
(Fig.2). The ribbons were attached to the ceramic by means of
porcelain cement and the ends of each circuit were insulated
from each other with the help of ceramic beads. Each winding
was connected to a powerstat. The voltage of each powerstat
was adjusted to produce zero temperature gradient along the
reaction vessel.

The furnace was contained in a quarter inch transite
sheet box of dimension 12"x12"x16". The furnace assembly is
shown in figure 2.

The temperature was recorded by means of an iron-
constantan thermocouple, one end of which was kept in a narrow
tubular well inside the reaction vessel (Fig.2) and the other
end was connected to a thermocouple potentiometer which could
read to 0.01 millivolt. The cold junction was at 0°c.

The temperature was controlled by means of a thermo-
electronic temperature regulator which employed a chromelalumel
thermocouple. The thermocouple was placed near the bottom of

the reaction vessel. A mercury plunger electronic
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relay was used in conjunc¢fion with the thermoelectronic regulator.
The relay was connected to the thermoregulator via the powerstat
used for heating the M circuit.

The cylindrical reaction vessel was (Fig.2) made of
pyrex glass and was of capacity about 175 c.c. The length and
the outer diameter of the vessel were l0cm., and Scm.,
respectively. The vessel had two outlets consisting of 2mm.
capillary tubes and a 8cm. long thermocouple well A. One outlet
of the reaction vessel was joined to the vacuum line by means
of 2mm. capillary tubing and the other outlet was joined to
the spoon gauge G. The spoon gauge together with its long
lever 1 was housed in a glass casing C. The ground mouth of
the casing was vacuum sealed by means of a ground 1id (Fig.4)
with the help of grease. This casing of the gauge was also
connécted to the vacuum line in order to evacuate the outer
side of the gauge. To prevent any condensation of iodine the
spoon gauge was kept heated by placing it inside the furnace
as shown in figure 2.

The packed reaction vessel was of the same size and
shape and was packed with thin concentric pyrex tubes. The ends
of the tubes used for packing were fire polished. A cross
section of such a packed vessel is shown in figure 3.

The temperature gradient in the reaction vessel was
checked from time to time and never exceeded OﬁZQc.During the
kinetic investigation, the hot end of the thermocouple was

placed always about 5cm., inside the thermocouple well A.
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3.3 The pressure measurement :

Pressure measurement was accomplished by means of a
Spoon gauge G, (Fig.2) made of pyrex glaés, which was connected
to the reaction vessel V. The details of the pressure measuring

device are shown in figure 4. The tip of the long glass lever 1

of the spoon was kept touching a horizontal compass needle N which

w a8 mounted on a steel pin. The pin rested vertically in the
hole of a small capillary head H, which was glued to the lower
side of the spoon gauge casing C, by means of "araldite".
Another thin pin welded to the needle N, rested in another
capillary head H' which was glued to the upperside of the casing.
A small mirror M was attached to the supporting pin of the
compass needle also by means of "araldite”. The pressure
difference between the sides of the spoon gauge moved the lever
which in turn displaced the magnetic needle and hence the
mirror. Light from lamp L falling on the mirror reflected the
movement on the scale S'. After setting the magnet and the
mirror in position, the ground cover disc was put on and the
both sides of the gauge were evacuated. The vacuum in the
system helped to keep the cover disc in position. A small
magnet m, fixed on the outer side of cover disc by means of
wax, kept the compass needle N always touching the lever 1 and
supplied a restoring force to the needle.

The gauge was calibrated against a Hg manometer as
follows: -

Both sides of the spoon gauge were thoroughly

evacuated. The light spot was adjusted to the zero of the scale.
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Figure 3: A cross section of the packed reaction vessel.
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Nitrogen gas was admitted to the reaction vessel while the
outer side of the gauge was still evacuated. This caused a
deflection of the light spot on S'. Now leaving this gas in
the reaction vessel the rest of the system was completely
evacuated. Then nitrogen was admitted to the outside of the
gauge so as to bring the light spot back to zero on S'. The
pressure reading in the manometer attached to the outer side
of the gauge correspondea to the scale reading caused by the
gas in the reaction vessel. This process was repeated for
several different deflections and a calibration curve was
drawn. Calibration had to be checked from time to time, and
particularly, if the position of outside magnet m was changed
for any reason. The sensitivity of the gauge could be varied
rom 1.3 to 4.0 small scale divisions to 1 mm. of Hg, with

different settings of the compass needle N and outer magnet m.

3.4. The Vacuum System:

A conventional static vacuum system made of pyrex
glass was used. The schematic diagram is shown in figure 5.
All taps (1,2,3......etc.) were of high vacuum type and all
the traps (Tl,Tz,T3......etc.) were removable types made
with "Quickfit" joints. Silicone high vacuum grease was used
throughout the system. The main manifold consisted .of a
straight, 20mm. wide tube between taps 6 and 7. Four large
bulbs (V1VyV3V,) for storing different reactants, two Hg
mancmeters M, and M2 and Edwards "Vacustat" gauge P were joined

to the main manifold and separated from the latter by different
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taps. Vl and V, were used for storing alkanes énd alkenes
while in V3 and V4, HI and NO were stored respectively.
“"Quickfit" male joints SlSZSB etc., were attached to the
system to serve as outlets. They were used to admit air or
nitrogen to the system or to transfer substances to and from
the system.

The reaction vessel was connected to the vacuum
line through tap 8; 2mm; capillary tubing being the connecting
link between the reaction vessel and tap 8. A finger tube t k"
long and having a bore of 6mm., was joined to the system by
means of a capillary tube, between tap 8 and‘the reaction vessel.
This side arm t was used, when necessary for distilling the
reactants before entering to the reaction vessel. A large
removable glass bulb V5 was also connected between tap 8 and
reaction vessel by means of capillary tube. This bulb was
Separated from the system by capillary stopcock 9 and ordinary
stop cock 11. This bulb contained some basic absorbents and
was used to separate hydrogen iodide and iodine from the products
in the t-C4H91 pyrolysis. The total dead space between taps
8,9 and the reéction vessel, was estimated to be not more than
2% of the reaction volume. The casing of the spoon gauge,
which also contained the accessories for the pressure measuring
device, was connected to the system between taps 4 and 5.

A 4" long and lcm. wide storage tube S used for
iodide sample storage was separated from the system by tap 12.
Iodide was always stored in S, after distilling from S3 ahd

degassing several timeé at liquid nitrogen temperature.

L RETTU L
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The glass tubing and taps (9,11,12 and 13) between
the furnace and the titration trap (TG) were electrically heated
to 90°C by means of nichrome heating ribbon, lagged with asbestos.
This auxiliary heating was controlled by a 2 ampere variable
powerstat. The side arm t was heated by covering it with a
similarly heated glass tube which could be removed from position
when liquid nitrogen was required there. The purpose of this
heating was to prevent éondensation of iodine before entering
the titration trap and to facilitate distillation of low vapour
pressure substances from the reaction vessel and adjoining
tubing.

Coolants used were liquid nitrogen, propanol-liquid
N, mixture, acetone—co2 mixture, ice-HCl, ice-salt and jice-
water mixture and these were used accoxrding to need and
convenience.

The gas chromatography apparatus R and gas burette
were separated from the system by three way taps 15,16 and 17.

A pump 92 was employed for the gas burette.

The system was evacuated by means of Edwards high
vacuum “Speedivac"” model 25C20A pump Pl' The complete evacuation
was facilitated by a mercury diffusion pump (D.P.) joined to the
system between taps 22,23. The pressure was read on an Edwards
'Vacustat' gauge. The “"sticky" vacuum indicated by the gauge
was estimated to be sufficient (10'4—10-5mm.) to start any run.

Air was never allowed to enter the reaction vessel

until it was to be out for the change because a trace of'O2
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could alter the nature of reaction. When taps 8 or 9 needed

regreasing, pure N2 wa 8 admitted to the reaction vessel.

3.5 Chromatographic apparatus

The essentials of the apparatus are shown in figure 6.
Samples entering through the tap 18 were condensed in a capillary
U tube U and passed to the column and cell through tap 20.

Four three~way taps were positioned such that the length of the
tube 1l (between taps 20 and 19) was equal to sum of the tubes
1 (between taps 20 and 17), l2 (between taps 17 and 18) and

l4 (between taps 18 and 19). Dry nitrogen as carrier gas was
always passed through ll to the main column, and through l5 to
reference column. Thus when nitrogen flow was diverted through
12, l3 and 14 in order to force the sample into the main column
the resistance to flow remained the same. This ensured that
the base line was unchanged and the peaks on the recorder were
unaffected by the change of course of nitrogen flow. The flow
of nitrogen was regulated with the help of a "Speedivac®
pressure controller placed between N2 cylinder and the tap 19.
Both columns were of the same length, packed with the same
material and placed in the same theromostat at 0°C.

The columns were made of copper tubing of quarter
inch outer diameter and were packed with 60-80 mesh chromosorb
P or silica gel. "Kovar" seals were used to join meétal to
glass. The cell used was a "Gow-Mac" tungsten catharometer and

the recorder was a "Nesco" graphic recorder model JY 120-1.
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The cell was operated by a freshly charged 12 volt battery.
About 160 milli-ampere current was optimum for the functioning

of the cell.

3.6. Procedure for a typical run:

The system was completely evacuated to a "sticky"”
vacuum. The iodide in the storage vessel S was degassed at
liquid nitrogen temperature before each run. TIodide vapour
was introduced into the reaction vessel by opening taps 12 and
8 and keeping taps 9, 10 and 13 closed. For most of the runs
S was kept at room temperature but it was warmed with hot water
when a larger pressure of vapour was required. When the desired
pressure of iodide was indicated on the scale S', taps 8 and 12
were closed and a stop watch was started. Pressure changes
were noted at different times. At the end of each run, products
were condensed in the titration trap TG at liquid nitrogen

temperature either directly or via V5 to absorb HI and I, as

2
the experiment required. I2 was separated from the gaseous
product at the temperature of acetone - carbon dioxide mixture
(—7800). The I, was dissolved in KI solution and titrated with
0.02N thiosulphate solution. The gaseous products were either
pumped off or were analysed by GLC.

If a very large initial concentration of iodide was
required, some iodide was distilled into the side arm t at
liquid nitrogen temperature, tap 8 was closed and the distillate

vaporised rapidly by a Bunsen flame. The side arm was again

covered with its heatex. In the case of the runs with an
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inhibitor or with any othexr reactant, the latter was first
distilled into t which was at liquid nitrogen temperature, it
was then vaporised to indicate pressure on &' and was again

condensed in t. The iodide was distilled on top of it and then

the mixture was vaporised quickly as before. From the djfference

at zero time, the initial iodide pressure was found.

3.7. Homogeneity tests:

Besides the usual method of increasing the surface
to volume ratio, different chemical coatings were given to the

reaction vessel in the following way -

Clean glass:

For these experiments a "clean glass" reaction vessel
was one that had been washed with chromic acid, thoroughly

rinsed with distilled water and dried in vacuo.

Allvyl bromide carbon:

About 200 mm. of pure allyl bromide vapour were
decompcsed at 360°C for two hours to produce a thin carbonaceous

coating.

Ethyl bromide:

500 mm. of pure ethyl bromide vapour for 24 hours

at 480°c.

Isobutene carbon:

400 mm. of research grade isobutene were decomposed
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at 490°C for 4 days. A thin, shiny carbonaceous ‘coating was

produced.

Potassium chloride:

Before joining to the system, the "clean" reaction
vessel was rinsed with a 15% solution of KCl, as suggested by
Quinngs.

When a carbon coating had to be changed, the reaction
vessel was cut from the system and annealed at 450°cC. Now, the

reaction vessel was again cleaned in . the usual way to be used

again.

3.8. Preparation, purification and storage of materials:

Besides the usual criteria of purity such as boiling
points and refractive index, N.M.R and GLC were also used when
appropriate to determine the purity. Only the middle fractions
were collected during distillations.

The sample of iodide was stored in S on silver
powder. S was kept covered with black paper to prevent any

photolysis of the iodide.

t-butyl iodide:

t~butyl iodide as supplied by Eastman Chemicals was

shaken several times with 0.1N Na28203 solution containing 1%

NaHCO3 at —5°C, in order to remove any iodine. The colourless
liquid was separated from water and then dried over anhydrous

Cacl2 for 12 hours, keeping the sample in a CO_-~ ethyl alcohol

2
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bath. The dried sample was distilled in an atmo;phere of
nitrogen at 64 mm. pressuré in the dark. The sample distilled
between 41.5-42.5°C. The refractive index of the middle
fraction was 1.4892 at 25°c against 1.4898 as reportedgg. The
purity was checked by disolving 0.4g of the iodide into 30 c.c.,
of alcoholic 0.1 N AgNO3 solution and back titrating the excess
Ag” using 0.1 N NH,CNS solution. This showed the iodide to be
99.9% pure. An N.M.R. spectrum of a pure sample (Fig.7) showed
only one intense peak for three CH3 protons at about 8.5 T
value as expected. Absense of any multiplicity in the spectrum
confirmed the purity. The purity was estimated to be at least
99.6%.

The iodide thus purified was stored over silver
powder in vacuum sealed tubes. These tubes were covered with
dark paper and kept in a refrigerator until required. When

stored in S, the jodide was never allowed to be exposed to

light and kept at all times frozen at liquid nitrogen temperature.

Normal propvl iodide:

Fresh reagent grade iodide as supplied by Eastman
Chemicals was shaken with mercury to remove any iodine. It was
fractionated in a short column. The middle fraction was

collected and it had the following physical constants:

Observed Literature Valuesloo
b.p. 102. -102.3/756 mm- 102.45/760 mm.
20 ' . 20
ny 1.5051 np 1.5055




- 56 -

When the sample was run on GLC R Column no peaké were observed

for other iodides.

Isopropyl iodide:

Commercial iodide supplied by Eastman Chemicals was

freed from traces of iodine by shaking with mercury, dried over

anhydrous calcium chloride for several hours and fractionated

in a short column.

Physical Constants were as follows:-

Observed Literatufe Values101
b.p 89.2°/755 mm. 89.45/760 mm .
25 25
n 1.4966 nD 1.4970

Ethyl iodide:

Reagent grade iodide from the Matheson Coleman and
Bell Co., was shaken with mercury as usual to remove any trace
of iodine, dried over anhydrous CaCl2 and fractionated twice

to produce physical constants as follows:-

Observed Literature Values102
b.p 72.2/755 mm. 72.1/760 mm .,

25
ng, 1.5096 1.5103

The sample when run on GLC silica gel column showed

no peaks for any impurity.
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Normal butyl iodide:

A commercial sample from Fisher Scientific company
was freed from iodine in the usual way, was dried and fraction-
ated slowly. The middle fractions collected indicated the

following physical constants.

Observed - Literature Valuesloo
b.p. 129.2 - 129.7/758 mm . 130/760 mm .
nD2° 1.4997 1.5001
Iodine:

Reagent grade iodine was sublimed and degassed
several times in the finger side arm (t) before use.
Alternatively, iodine was collected by removing the other
reaction products of an iodide pyrolysis by degassing at -20°C

(ice + Conc . HCl bath).

Hydrogen Iodide:

Anhydrous hydrogen iodide was prepared by the method

described>by Dillon and YoungIOB. Concentrated aqueous

hyduﬂﬁoéic acid solution was dropped on the phosphorous pentoxide;
the gas evolved was passed through a column packed with PZOS

and glass wool. This column was attached to the male "Quickfit"
joint S, of the system (see Fig.5) Hydrogen iodide was freed

o
3 to trap T4 at -78-C

and then it was finally collected in a blackened storage flask V

from any iodine by distillation from trap T

2.
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Nitric Oxide:

Pure nitric oxide gas from a cylinder supplied
from Matheson Co., was passed through a silica gel U tube at
-78°C attached to 85 of the system. Nitric oxide gas energing
from the U tube was condensed in TS at liquid N, temperature

and was finally distilled into the storage vessel V3.

Hydrocarbons:

These were all of research grade, in cylinders
from Phillips Petroleum Co. To collect the gas, the cylinder
was attached to the joint 82 of the system by means of pressure
tubing and the gas was distilled in Vacuo and degassed at

liquid N2 temperature in its storage vessel.

Allyl Bromide:

Commercial allyl bromide was shaken with three
separate portions of aqueous FeSO4 to remove organic peroxides,
dried over anhydrous CaCl2 for several hours and fractionated.

Physical constants were -

Observed Literature Values104
b.p. 70.8/758 mm. 69.9/760 mm .
20
ny 1.4688 l1.4696

:
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Cyclohexene:

Commercial cyclohexene was shaken with two separate
portions of a saturated solution of ferrous sulphate to remove
organic peroxide. It was dried over anhydrous CaCl2 for
24 hours, distilled from anhydrous CaC].2 and stored in a dark
glass bottle over solid ferrous.sulphate. The physical

constants were as follows:-~

Observed Literature Values101
b.p 83.0 -83.3°C/759 mm. 83.2°¢/760 mm.
- 25 25
ng, 1.4435 np 1.4437
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SECTION -~ 4

PYROLYSIS OF t-BUTYL IODIDE

4.1. Introduction:

Jones and Ogg105

studied the pyrolysis of t-C4H91
and found it to be heterogeneous on clean glass and that the
equilibrium
S =
(CH3)3CI _ (CH3)2C CH2 + HI
was rapidly established in the temperature range 135°-190°c.

They found a trace of iodine in pyrolyses above 175°C but

they did not account for it.

Butler, Mandel and Polanyi106

pyrolysed t-C4HgI ;
around 400° using a fast flow and short contact time and

observed that the reaction goes chiefly via unimolecular E
process (l1). They also observed that the iodine produced was
much less than HI. Butler and Polanyi82 estimated D(C-I) in
tertiary butyl iodide to be 45.1 K.Cals. However, this value
is {3 less than the presently accepted value of 48 K.Cals?3.
In order to obtain the Arrhenius parameters of the homogeneous
reaction (1), Benson and Bose90 studied the kinetics of the
simple bimolecular reverse reaction (-1) between 200°-244°C.
This, they assumed to be hemogeneous under their experimental
conditions. They followed the kinetics by pressure change.
Iodine was analysed spectrophotometrically. Analysis of the

gaseous product by GLC - (R column) revealed the presence of




- 62 -

i-butane only and iodine formed corresponded very well with
the pressure change. They.said that t-C4HgI is formed only in
a small stationary state concentration due to its rapid reaction

with excess HI:

i-C4H8 + HI ——————) t-C4H91 eevesnvs Slow,

t—C4H91 + HI —— > l-C4H10 +;,12....-nl- rapld.

The first reaction is thus rate determining. Their rate
constants together with the relevant thermodynamic data were

used to calculate

E; = 36.4 K.Cals/mole

and log;yA;, = 12.52 sec.” L.

The present pyrolytic investigation was undertaken
in the temperature range 190°-240°% in an attempt to verify
the results of Benson and Bose for the reaction (1).

Recently Tsang64 has determined the rate constants
and Arrhenius parameters for the unimolecular elimination
reaction of t-C,HoI by shock wave studies between 650°-760°K.
He used a comparative rate technique for his investigation and

his Arrhenius parameters were

E, = 38.08 K.Cals/mole

1
and log, A = 13.73 sec. L.
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4.2. Experimental:

The essentials of the experimental techniques and

procedures have been described in section 3.

The surface/volume ratio of the reaction vessel was

altered by replacing the original vessel by a packed vessel,

thereby changing the surface/volume ratio from 1.2 to 6.1 cms.—l

in the case ofAthe allyl bromide carbon study and from 1.2 to

7 cms."l in the case of the iscbutene carbon study.

Besides this usual test for homogeneity, the effects

of other chemical coatings were examined. Kinetics were

investigated in detail in the cases of two different pyrolytic

carbon coatings, allyl bromide carbon and iscbutene carbon.

4.3. Product analysis and stoicheiometry:

Iodine was separated from the products at -78°C and

t-c4H91 was separated from the reat of the products at -130°C.

The hydrogen iodide and iscbutene in the products tended to

recombine on condensation to reform t—C4H91. An attempt was

made to analyse isobutene by separating it from the rest of the

products before any condensation operations. This was

expanding the whole product into a 4 litre evacuated flask V

done by

5

(Fig.5) containing a basic adsorbent Mg(OCl4)2 + ca(OH)2 as

107

suggested by Stimson - Unfortunately, some of the remaining

unpyrelysed t-c4H91 always decomposed on the édsorbent
peaks than expected appeared on the chromatogram. The

consisted of a 15 feet long %" copper tube packed with

and larger
column

15% dimethyl
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sulpholane on chromosorb 'P'. Other basic adsorbents such as
Ba(OH)z, A1205, Ca0, MgO were also tried in order to eliminate
the surface decomposition of t-C H I but without success. The

4 9
surface sensitivity of t-C H I was also apparent from the fact

49
that when a pure sample of the iodide was passed through the
GLC column, very large isobutane and isobutene peaks appeared
on the chromatogram: this was obviously due to the decomposition
of the iodide on the surface of the column packing. Thus,
quantitative analysis for isobutene was not possible.

However, the quantitative estimation of isobutane
could be achieved after condensation of the product at liquid
nitrogen temperature. The iodine and the remaining iodide were
separated from the product at -78°c ana -130°% respectively
before passing the gaseous product through GLC column. The
isobutane peaks thus recorded were in good gquantitative agreement
with the iodine analysed titrimetrically. The results are

summarised in table 4.1.
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Relation between i-butane and I, during the t-C,H.I

pyrolysis surface: allyl bromidg carbon. 479
Run Temp. °C {%;}o Time of i-butane,  Iodine_;
Number pyrolysis  (mm.x10 ~) (mm.x10 )
(mm. ) {min,) |
143 189 45 '10 1l.00 1.05
144 209 26 1o 2.75 2.75
147 209 41 5 3.20 3.35
149 209 31 10 5.5 5.50
153 209 46 8 12.0 11.50
154 218 43 15 6.10 5.90
162 218 42 10 5.05 4.35
l65 200 13.5 5 0.85 0.7
168 200 38 5 5.90 6.4
169 200 48.5 10 5.4 4.8
Total 47.75 46.30

obtained.

and iod;ne

It was noticed that when pyrolyses were carried out

in a clean glass vessel, fast and irreproducible results were

However, after the reaction vessel was given a

carbonaceous coating by various means the rates became slower

and reproducible. Table 4.2. shows some typical pressure-change

results at various times.
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Table 4.2. Iodine production compared with pressure change
during the pyrolysis of t-C4HgI.
Surface: allyl bromide carbon.

—

Temp.oc Eu] o Time of . Pressure I2
reaction increase

(rm. ) (min,) (rmm. ) (ram. )

200 18 10 1.5 0.08

200 ’ 44 10 5.0 0.40

230 18 5 7.8 0.85

230 43 3 12.0 1.90

The analytical results suggest that two processes
are occuring simultaneously during the pyrolysis, one whose

stoicheiometry can be represented as
. NN
t-C4H91 C4H8 + HI

and is responsible for the pressure change and the other, iodine
producing process

k
1.5 RH + I

C4391 + HI 2

The pressure time data closely cbeyed first order behavior up

to 25% total reaction while the slower iodine producing process

showed an autocatalytic nature involving an order of one in iodide

and one half in iodine which was also obeyed up to about 25%
total reaction.

Figures 8-12 show different plots of pressure-time
and iodine-time relationships and figures 13 and 14 are the

first order log rate plot and the autocatalytic rate plot

respectively for the pyrolysis of t-C4HQI at 229°C.




- 67 =

Figure 8: A typical pressure-time curve for the
pyrolysis of t-butyl iodide at 201.0°cC.

[Rllo=44.2 mm.
Temp = 201 °C
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[Rl]o = 44.2 mm,
Temp = 229 °C

Figure 9: A typical pressure time curve for thg
pyrolysis of t-butyl iodide at 229.0°C.
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Figure 13:

A typical
the £-Clg iodide pyrolysis [RI] =44.2mm
Temp. 229.0°C. ©

first order log plot for
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Figure 14: An autocatalytic rate plot for
the pyrolysis of t—butyl'iodéde
[R1]0= 44.2 mm.; Temp. 229.0°%.
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A test for the correctness of the stoicheiometry was
attempted. Due to the rapid establishment of equilibrium, the
chief products,i-butene and hydreogen iodide,recoﬁbined quanti-
tatively to form the parent iodide. Thus if the products are
frozen after reaction, and then revaporised, any difference
between the new initial pressure and the original initial
pressure will be due to the i-butane and iodine produced during
the reaction. This may be explained as follows:-

Let X and y be the numbers of moles as indicated in

the stoicheiometry for the two processes,

t-C4H91 C4I-I8 + HIX
l-x _ X X
> +
C4HgI + HI —7 C4H10 12
Y Y y Y

Now, the number of moles of t-C4H91 at any time during the
pyrolysis will be 1 - (x + y) moles and the olefin and HY will
be similarly x and x-y moles regpectively.

Upon condensation of the products at liquid nitrogen
temperature x-y moles of HI will add back to X-y moles of the
olefin to produce x-y moles of t—C4HgI. Thus on condensation

the number of moles of different species present will be,

t—C4H91 = l-x-y + (x~y) = l-2y
C4H8 = X"‘(X‘Y) =Y
C4fio = Y
I ‘ = Y

2
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and 1 + y correspond to the pressure on revaporisation. Thus
the difference between the original initial pressure and the
second initial pressure will be equal to the amount of iodine
or i-butane produced during the reaction.

The products were frozen at liquid nitrogen
temperature in the side arm of the reaction vessel and the new
initial pressure was found by vaporising it quickly. The
initial pressure difference agreed well with the iodine found
in a similar reaction done separately. The results are
summarised in table 4.3.

Table 4.3: Indirect proof of i-butane and iodine equality
surface: isobutene carbon.

Runm Temp. {éi}o Time of Pressure Iodide produced
Number pyrolysis increase on in a similar
o revaporisation run
(o (mm.) (min (mm. ) (mm. )
535 198 46.7 25 _ - 2.5
536 198 46.3 25 2.35 -
537 202 44.7 30 - 1.75
538 202 46.0 30 1.9 -
539 224 31.5 S 2 - 1.2

540 224 31.3 2 1.1 -
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allyl bromide carbon
unpacked vessel

4.4. Results:

(a)

Table 4.4. Kinetic results on allyl bromide carbon surface.
The pressure time data are the average of several runs.

Temperature 190.0°¢

Run Numbers 35-41
[Rr] = 55.7 mm.

T;me Pressure I, -1
(min.) (mm. ) (mm.X10 7)
0] 55.7
3 56.0
5 56.9 0.9
7 57.7 1.65
10 59.1 1.2
13 60.9
15 61.7 4.55
17 62.4
20 64.8 6.85
22 65.7
25 68.2 9.35
27 68.9
30 70.9

ky = 1.72x10"%sec.”t; kKij.5 = 2.98x10"Omn. “%sec. "1
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allil bromide carbon
unpacked vessel

Temperature 201.o°c
‘ Run Numbers 53-62

Run Numbers 44-52
[R;] o = 17.8 mm. [RI]O = 44.2 mm.
Time Pressure I Time Pressure I,
(min.) (mm. ) (mm.xlo'l) (min.) (mm. ) (mm.xlo’l)
0 17.8 0o 44.2
5 18.4 0.40 3 44.8
8 19.0 5 45.7 1.05
10 19.4 0.90 8 47.2
12 19.75 10 49.0 2.3
15 20.4 1.4 15 53.1 3.8
18 21l.1 20 56.9 5.5
20 21.4 2.0 25 59.0
25 22.6 2.6 30 61.5
30 23.6 3.35
Xy = 2.12x10"%sec.”? k; = 2.9x10"%sec.”!
ky.5 = 4.51x10™6mm. “¥sec. 1 ki 5= 5.12x10"6mm. “sec. "1




3

Numbers 63-72
o = 52.5 mm.
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allyl bromide carbon
unpacked vessel

Temperature 201.0°C

Run Numbers 75~84
@ﬁo = 70.6 mm.

Time Pressure I, 1 Time Pressure I, -1 i
(min.) (mm. ) (mm.X107 ) (min.) (rm. ) (mm. X107 ) i
0 52.5 0 70.6
3 54.7 1.7 2 72.0
5 55.8 2.8 5 74.2 6.1
8 57.5 4.8 8 77.5
10 59.9 6.3 10 79.3 12.8
12 61.8 7.3 12 80.5
15 64.5 10.8 15 84.8 20.3
20 70.5 l16.3 20 91.0 28.4
25 95.5 38.8
kl = 3.54}:10_'4Sec.-l k, = 3.22 Sec._l
. 6. Hs e _ S
kl.s b 5.38}{10 m- Sec. kl.s bt 5- 20 m. Sec.
Mean: %k, = 2.72x107%sec.”l; k, o = 5.07x10"%mm. ¥sec. ™t
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allyl bromide carbon
unpacked vessel

Temperature 210.0°C ‘ Temperature 219.2°C‘
Numbexs 85~-91 Run Numbers92-102 Run Numbersl02-111
ﬁ = 19.1 mm. E{i} = 44.1 mm. [Rﬂ = 43.8 mm.
o 0

Time Press. 12 Time Press. I, Time Press. I, 1
(min.) (mm.) (mm.X10 )(mln ) (mm.) (mm.¥X10 )(mln ) fmm.) (mm.X10 )

0 19.1 0 44.1 0  43.8
2 20.0 0.5 2 46.3 2.05 1 45.4 2.6
3 20.3  0.85 3 47.6 3.8 2 47.4 5.6
4 20.8 1.2 4 48.2  4.55 3 50.4 8.8
5 21.3 1.5 5 50.1 6.4 4 53.9 12.45
6 21.6 1.8 6 51.3 8.1 5 55.4 16.5
7 22.6 8 55.8 11.0 7  61.2 23.2
10 24.6 3.7 10 58.9  15.45 10 67.8 34.2
13 26.7 12 62.6 12 70.8
: 15 27.8 4.6 15 66.3 15 73.3 41.6
| 18 29.6 20 70.9 20  74.3  44.7
20 30.4 5.0
k= 5.0%10 %sec. ™t k, = 5.5x10 *sec.”t ko= 12.67x10 ‘sec.”t
kL5=14’.95x10'6mm."’5 kl_5=13.J.5x10"6mm."5 kl_5=26.5x10'6mm."!E
sec.”t Sec.—l Sec.“l
Mean: kl = 5.25x10 %sec.”?!
K, . = 14.05x10 6mm. %sec.”t

1.5
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allyl bromide carbon
unpacked vessel

Temperature 229.000

Run Numbers 114-120 Run Numbers 121-127
[Rli-[j°= 18.7 mm. [R:E_J°= 44.2 mm.
Time Pressure I Time Pressure I -
(min.) (mn.)  (m.#107Y)  (min.) (m.)  (mm.2107Y)
0 18.7 0 44.2
0.5 19.2 0.8 1 47.6 5.7
1 20.0 1.45 1.5 49.6 8.9
2 21.5 3.05 2 51.4 11.4
3 23.0 4.65 2.5 53.8 15.35
4 25.0 6.4 3 56. 4 19.65
5 26.5 8.2 4 60. 2 24.7
7 29.1 11.95 5 64.4 33.9
8 30.0 7 69.0 42.7
10 31.5 16.7 11 77.0 48.2
k, = 20.62x10 *sec. ™! k, = 20.58x10" Ysec. ™t
kl.5=46.49x10_6mm.-%8ec.-l kl-5=48.61!.}f:10'“6mm.-!5Sec."l g
Mean: %k, = 20.1x10 %sec."1; ki g = 47.55x10 ®mum. “Fsec. "1
i




- 81 ~

allyl bromide carbon

unpacked vessel

Temperature 239.0°%

Run Numbers 128-132 Run Mumbers 133-136

[RT] , = 18.1 nm. [RI] , = 44.8 mm.

Time Pressure I 1 Time Pressure I -1
(min.) (un.)  (om.%10"1)  (min.) (mm.)  (=m.f1071)

0 18.1 0 44.8
0.5 18.7 1.38 0.5 48.1 2.0
1 20.3 2.65 1 52.2 4.0
1.5 21.2 4.4 1.5 56. 3 6.05
2 22.9 6.6 2 59.1 8.5
3 25.7 11.85 3 65.0
4 27.9 4 67.4
5 29.2 5 70.8

k, = 31.33x10%sec. "1 k, = 27.67x10 %sec."!

k, o = 68.0x10"Smm. ¥sec. ™t ko= 74.5mm. sec. 1

71.25%10 Cmm. “%sec. 1

il

Mean: k = 28.88x10 %sec.”t;  x
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allyl bromide carbon
packed vessel

Temperature 200.0°C
Run Numbers 187-192 Run Numbers 193-199
[RI] o = 20.5 mun. [RIJO = 53.3 mm.
Time Pressure I2. 3 Time Pressure I, 1
(min.) (mm. ) (mm.x10 ) (min.) (mm. ) (mm.X10 )
o 20.5 0 53.3
1 21.8 1 55.5
2 23.9 0.3 3 59.7 1.65
4 25.3 0.5 4 62.0
5 26.3 0.7 5 64.5 2.65
6 27.0 6 67.5
7 28.0 1.05 7 70.0 3.90
9 29.8 1.35 8 72.5 4.5
1 11 31.0 9 75.2
‘ 13 32.5 10 77.5 5.65
12 81.3 7.40
k, = 10.8x10 *sec. ™t k; = 9.8x10 “sec. !
k) = 6.9x10%mm. “¥gec, "1 ky 5 = 4.86x10 %mm. “¥sec, !
Mean: k, = 10.3x10 %sec.”!; k = S.88x10“6mm._}ESec.-l

l 1.5
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allyl bromide carbon
packed vessel

Temperature 220.000

Run, Numbers 201-205 Run Nunbers 206-212
Lgﬁ o = 22.8 mm. t;% o = 55.0 mm.
Time Pressure I 1 Time Pressure I, 4
{min.) {mun.) {(mm.x10 ) (min.) (mm. ) {mm.x10 )
0 22.8 0 55.0
1 24.7 0.75 1 58.6 3.0
1.5 25.8 1.2 1.5 60.9 4.7
2 26.8 1.6 2 58.6 6.4
2.5 27.8 2.5 65.8 8.55
3 28.7 2.45 3 68.6 10.7
4 30.5 3.5 4 71.8 15.4
5 32.3 4.9 5 75.0 23.1
7 35.1 6.2
10 37.9 7.90
k, = 18.6x10 “sec.”? k, = 19.2x10""
k) . = 33.0x10"°mm. sec. ™! k, o = 28.6x10"%mm. ¥sec.
Mean: k, = 18.9x10 %sec. 1, k, . = 30.8 mm. “fsec. 1




allyl bromide carbon
packed vessel

Temperature 230.0°C Temperature 240.0°C
Run Numbers 215-219 Run Numbers 220-224
[Rﬂ = 22.5 mm. 'LRI" = 22.5 mm.
3 o] 10
Time Pressure I, 1 Time Pressure I, 1
(min.) (rum. ) (mm.x10™+) (min.) (mm. ) (mm. %10 )
0 22.5 0 22.5
0.5 23.8 0.5 24.4 2.0
1 25.3 1.75 1l "26.5 4.0
1.5 27.5 2.85 1.5 28,7 6.7
2 28.9 3.9 2 30.8 9.3
2.5 31.0 2.5 32.5 12.0
3 33.0 3 34.5 l4.7
4 35.7
5 37.8
k, = 30.62x1074sec. ! k, = 38.7x107%sec. ™1
k = 60.1x10-€'mm.ml‘Sec._l k = 88.8x10~6mm.-%8ec.-

1.5 1.5
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iscbutene carbon
zkourene carbon
unpacked vessel

Kinetic results on isobutene carbon surface.
The pressure-time data are the average of several runs.

Temperature 200.0°C

Run Numbers 310-320

(1]

o = 50.0 mm.

Run Numbers 321-327

Temperature 208.0°C

RI] o 50.5 mm.

Time Pressure

I, 1 Time Presgsure I, .
(min.) (rm. ) (rmm.X10 ) (min.) (rmm. ) (mm. %10
0 50.0 0 50.5
3 50.15 0.65 1 - 50.95 0.3
5 50.35 1.15 1.5 '51.25 0.5
7.5 50.6 1.95 2 51.5 0.65
10 50.8 2.85 2.5 51.75 0.9
15 51.65 5.15 3 52.0
20 52.45 8.3 4 52.5
22 52.9 10.0
k, = 0.58x10"%sec."1 k. = 1.63x10"*sec. "1
k.6 = 4.57x10 " %mm. “Mgec. -1 Ky 5 = 7.8%10™ 4. “%sec. -1
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isébutene carbon
unpacked vessel

o !
Temperature 214.3°C Temperature 216.8°c
Run Numbers 346-350 Run Numbers 351-354 Run Numbers 355-358
[RT] ; = 50.5 mm. fuj = 39.9 mm. [RT , ='52.4 mm. |
Time Press. I Time Press. I Time Press. I -1

)

(min.) (mm.) (mn.%107%) (min.) (mm.) (mm.21071) (mins) Comy (o 210~

0 50.5 0 39.9 0 52.4
1 50.9  0.45 1 40.1 1 52.7 2.1
1.5 51.5 o0.8 |
2
2
3

52.0 1.3 2 40.2 3.0 2 53.0 4.6
.5 52.6 3 40.9 3.8 3 53.4  7.55
52.9 3.1 4 41.7 4 54.5 10.68
5 42.9 9.5 5 57.0
6 43.7 12.1 6 58.8
7 45.6 7 60.9
9 47.2 9 62.85
10 49.1 10 63.0
k= 2.99x10 %sec. ! k= 4.43%x10 %sec. "t k= 2.3x10%sec. ™t
k, o = 26.0x10 °mm.” k) ¢ = 11.4x10™Cmm, 7% k, o = 11.2x10"%mm. %
sec.”t sec.” 1 Sec.™t

Mean: k; = 3.5x10 %sec.”l; Ky 5=11.3x107

n'.lm.-;isec."l
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igobutene carbon

unpacked vessel

Temperature 220.0°C

Run Numbers 363-366
[RT], = 42.0 mm.

Run Numbers 359-362
tRIJO = 21.5 mm.

(ﬁiﬁ?) e (mm?%lo'l) (giﬁ?) Pr?::?fe (mmfﬁlo'l)
0 21.5 0 42.0
1 21.7 1 42.3 1.3
2 22.05 1.05 2 42.8 2.95
3.5 22.35 1.95 3 43.0 4.65
5 22.70 3.15 5 44.2 8.15
6 23.15 4.10 7 45.3 12.95
k; = 1.98x10"%sec.”! K, = 2.30x10"%sec."!
;5 = 13.4x10 5mm. ¥sec. "1 k; = 17.8x10 %mm. “sec. "1
Mean:ks2.14x10™%sec. ™}, k) o = 15.6x10"%m. "%sec. "1

Temperature 224.2°%

Run Numbers 371-375
[RI]O = 46.0 mnm.

Run Numbers 367-370
LRI]O = 31.5 mm.

Time Pressure 12 Time Pressure X

(min.) (mm.)  (mm.210-1)  (min.) (om.)  (um. Z10~Y)
0 31.5 0 46 .
0.5 31.9 0.75 0.5 46.5 0.5
1 3L.25 1.10 1 46.75 0.90
1.5 32.75 1.50 1.5 47.1 1.25
2 33.10 1.90

k, = 5.12x10"%sec™! k) = 4.77x10"%sec."1

ky 5 = 29.30x10"%mm. %sec."1 k; 5 = 30.2x10”6mm. “¥sec.1

Mean: k1=4.95x10‘43eq.'1; Ky 5 = 29.75x10"6mm. ¥sec.~1
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Temperature 229.0°

Run_Numbers 379-385
(RI|, = 19.0 mm.

isobutene carbon

unpacked vessel

Run Numbers 386-391
\RI] 5 =39.2 mm.

Time

Pressure I

Time Pressure I, 2
(min.) (mm. ) (mm.%10"1)  (min.) (mm.) (mm.%10~1)

0 19.0 0 39.2

1 19,6 1.25 1 40.05 2.65

2 20.1 2.65 2 41.25 6.05

3 20.7 4.25 2.5 41.5 8.00

4 21.3 6.05 3 41.9 10.00
k, = 6.97x10 %sec. "1 ky = 5.95x10 %sec. ™1
k) ¢ = 29.32x10 %mm. “2sec. "1 k, o = 28.6x10"%mm.~Ysec.”!
Mean: k; = 5.38x10™%sec.”l; ;.5 = 28.96x106mn. ~¥sec.~1

Temperature 193.0°%

Run Number 392

Tempexrature 235.0°C

Run Number 393

(RI]O = 53.2 mm. [RI|, = 48.7 mm.
j Time Pressure Time Pressure
E (min.) (mm. ) (min.) (rom. )
| 0 53.2 0 48.7
! 2 53.3 1 49.55
| 5 53.9 2 52.8
10 54.05 3 54.85
15 54.8 4 56.9
5 59.8
7 63.9
9 67.45
10 69.2 ;
k, = 0.447x10"%sec.™t K, = 10.52x10"%sec.”! 5
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isobutene carbon

packed vessel

Temperature 226.5°% Temperature 213.0% TemgeraturengI.Oocﬁ

Run Numbers 394-397 R Number 400 Number 402
[iuJ = 29.4 mm. LRI = 30.5 mm. ‘rt;i] = 41.0 mm. °
o (o] o ‘;
Time  Pressure I, i, Time  Pressure Time  Pressure E
(min.) (mm. ) (rm. %10 ") (min.) (mm.) (min.) (mm.) }
| |
0 29.4 0 30.5 0 41.0
0.5 29.95 0.5 1 31.5 1 41.3 |
1 30.65 1.25 1.5 32.0 2 42.1 |
1.5 31.4 2.05 2 32.5 3 2.7 '
2.5 33.1 4 43.7
5 44.95
k, = 9.44x10 ¥sec. -1 k, = 6.53x10" *sec. "1 k, = 3.o7xl'64Sec'-'l_
ky o = 38.0x10 %mm. “%sec. "1

Iodine could not be analysed during the runs 392,
393, 400 and 402. The respective rate constants for the first
order reaction were calculated on the basis of the iodine
expected at these temperatures in allyl bromide vessels. The:iodine

pxoducing process has been found to be homogeneous (Fig.15).
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{c) Other Results:

Effect of hydrogen iodide

Several kinetic determinations were made to study
the effect of added hydrogen iodide on the pyrolysis. The
pressure-time relationship did not alter very much but iodine
production was slightly increased. The decomposition temperature
of HI is much higherloa'109 than the temperature range of the
present investigation. Typical pressure~time results are shown

below and the results are summarised in table 4.6 .

Temperature 199.5°¢C Temperature 216.0°C
Surface: allyl bromide carbon Surface: isocbutene carbon

Run_Number 20 Run Number 21 Run_Number 420 Run_Number 421
(RI], = 35.5 mm. (RI], = 36.5 mm. (RI]_ = 31.4 mm. {RIJ, = 28 mm.

HI = 0 HI = 66.5 mmn. HI = 0 HI = 14.1 mm.
Time Pressure Time Pressure Time Pressure Time Pressure
{(min.) (mm.) (min.) {ram. ) (min.) {rm. ) (rain.) {mm.)
0 35.5 0 103.0 o 31.4 ) 42.1
1 35.7 1.5 104.8 1 31.7 1 44.0
3 36.4 2 105.6 2 32.0 2 44.9
5 37.25 3.5 105.85 3 32.4 3 45.75
7 38.6 5.8 107.8 5 33.15 5 46.05
10 . 40.7 7.5 108.7 7 38.1 7 47.9
15 44.6 10 110.0 10 39.9 10 50.15

15 113.0
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Table 4.6. Effect of HI on t-C4H91 pyrolysis.

Temp. Surface HI Reaction Initial Z&P I,
added time . iodide 1
( C) (mm. ) (min.) (rmm. ) (rm. ) (mm.x10™+)
200 allyl bromide 0] 50 15.5 11.2 5.75
25 50 16.0 11.0 8.6
" " 0 30 33.5 13.5 16.05
'54.8 30 30.5 15.5 23.55
0 30 29.5 7.7 12.7
n " 70 30 25.3 9.8 19.45
" " 0 15 35 . 9.0 10.65
66.5 15 36.5 9.0 15.7
216 iscbutene 0 10 31.4 7.95  20.2
14.1 10 28 8.5 28.0

Effect of nitric oxide:

The effect of NO on the pyrolysis was inconclusive.
The pressure-time relationship was slightly affected, but there
was an increase in iodine production. A typical pressure-time
result with or without NO is shown below and the results for

more runs are summarised in table 4.7.




Temperature 220.0°¢; allyl bromide carbon

Run_Number 22 Run Number 23 Run Musber 24
[RI]o = 26.0 mm. [RIJg = 25.0 wm. [RI]o = 27.75 mm.
"O =~ :9". NO = 91.98 mm. WO = 2,15 mm,
';‘m ) Pt?ggufe Q'ﬁ,gn) Pr?ss & ‘1‘:}:0) Frf::\u)cc
0 26.0 0 116.9 ) 29.9
0.5  28.25 0.5 117.5 0.50 31.15
1 30.5 X 118.3 1.0 32.45
1.9 32.5 1.75 119.50 1.5 33.35
2 34.65 2 120.55 2 34.65
2.8 36.8 2.5 123.8 2.75 36,35
3 38.0 3 126.60 3 36.8
3.5 40,25 3.5 125,2 3.80 a7.9
4.5 41.35 4.5 130.0 4 38.95%
5 42.0 s 130.3 2.8 40.25
7 43.7 6 130.1 5 41.88
10 44.4 7.% 129.48 6 43.5
10 128,85 7 44.88
8 26.1
9 46.75

10 47.2
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Table 4.7. Effect of NO on the pyrolysis of t-C H_I.
Temp. = 220.0°C; allyl bromide carboft Surface.
Runs 25-34
[ﬁé]o NO I, produced Time of
-1 reaction
(mm. ) (mm. ) (x10 “mm.) (min)
26.0 0 8.75 10
27.75 2.0 13.7 "
24.5 13.9 22.8 "
22.0 5.0 12.65 "
25.0 23.8 32.3 | "
25.0 11.2 15.65 : "
23.2 22.2 25.45 "
22.5 22.1 20.7 "
23.7 21.5 27.20 "

Effect of different surfaces:

Table 4.8 summarises the relative rates of pressure

change and iodine production during the pyrolysis of t-C4H91

at 220.0°C in reactiocn vessels having different chemical

coatings.
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Table 4.8: Relative rates of pressure change and iodine
production at different surfaces.

Run Numbers 252-285

Suxrface Temp. [RI] o Time A P I 2
U-unpacked o -1
P-packed {(C) (mm. ) {(min.) (mm. ) (rmm.x10™ ™)
Clean glass U 220.0 44.0 3 10.3 8.5
P " " 3 19.5 12.3
219.0 44,0 3 9.0 7.2
" 5 12.5 15.4
Allyl bromide U 219.2 43.0 3 - 6.8 8.8
carbon " " 5 11.0 l6.5
P 219.0 43.0 3 15.5 11.4
" " 5 25.5 19.2
Ethyl bromide U 220.0 24,5 3 4.9 8.9
carbon " 5 8.1 15.1
Isobutene U 220.0 44,0 3 1.1 4.6
carbon # " 5 2.2 8.3
" 3 2 - l
" L]} 5 3 - 3

The kinetics were investigated in detail on two of

the above surfaces viz., allyl bromide and isobutene carbons.

4.5. Discussion of Results and Mechanism.

The pressure-time curves, particularly at lower
temperatures, showed a small induction period. Thereafter
results corresponded well with first order behavior. The
shape of the pressure-time curves did not alter with the nature

of the surface and may be characteristic of the iodide.
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The autocatalytic shape of the..iodine-time curves also was not

affected by the nature of the surface.

Principles of Calculations.

The kinetic calculations are based on the following

mechanism for the two processes in the pyrolysis.

k

1
491-—'-~§C4H9+HI s s es0eesone (l)
T+ CqgI “ ) @
) .
C4H9+HI >C4H + )

The rate of disappearance of the iodide is represented by

C H I

442, = k (€D + k (c,= x)(:z);5

and the rate of production of iodine is

a I A
(Fe) = *1,5(CHyT) (1)
The pressure change ZS.P is due only to step (l1). The amount
of the iodide remainirg will be given by[?iL-(‘£&P+IZ), since
the pressure change is always accompanied by some iodine
production in step (2). In order to find the value of kl' the
logarithm of[gl]o-(zfxp+12) was plotted against time and the

rate constant k1 was found from the initial slope. Also, kl 5
I *

was determined from the slope of the plot of dc——) x -1 against

LRI +
the square root of iodine. ( ) could be found from the 8lope
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at different points of I, - t curve.

Three model caléulations of rate constants for both
the first order rate and the autocatalytic rate at different
temperatures and concentrations are shown in tables 4.9-4.11.
The conversion to mm. of iodine from moles of iodine was made
on the basis of the assumption that iodine behaved as an ideal

gas.

Ly

i ’-f:“r‘;;{'.-;ﬁ:;&ﬁ
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The rate constants together with relevant data for

the Arrhenius plots for allyl bromide and isobutene carbon coated

vessels are tabulated in tables 4.12 and 4.13 respectively.

Table 4.12: Data for the Arrhenius plot; allyl bromide vessel;
Unpacked vessel.

Tgmp. l/Txlo3 . kl. xlO6 log kl.5+6 klxlO4 log kl+4
(7C) - (mm.” Sec."l) Sec.™1

201 2.110 5.07 0.705 2.72 0.4346
190 2.159 2.98 0.474 1.72 0. 2355
210 2.07 14.05 1.148 : 5.25 0.7202
219.2 2.032 26.5 1.432 12.67 l.1028
229 1.992 47.55 1.677 20.1 1.3032
239 1.953 71.25 1.853 28.88 1.4606

Packed vessel: surface/volume ratio 1:6.2

200 2.114 5.88 0.769 10.0 1.0128
220 2.028 30.8 1.489 16.85 1.2765
230 1.988 60.0 1.755 30.3 1.486
240 1.949 88.8 1.949 38.7 1.588
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Table 4.13: Data for the Arrhenius plot; iscbutene coated vessel ;
unpacked vessel.

Temp.  lx103 ky.5%¥10°  log ky g+6  kyx10®  log k,+ 4
(oc) T (mm.'HSec.‘l) (sec.™1)

193.0  2.146 ' .477 0.349
200.0 2.114 4.57 0.66 0.58 0.2366
208.0 2.079 7.8 0.892 1.63 0.2122
210.0  2.070 9.52 0.979 1.60 0.204
214.3  2.052 2.99 0.4757
216.8  2.041 11.4 1.0569  3.50. 0.5441
220.0  2.028 15.6 1.193 2,14 0.3314
224.3  2.012 29.75 1.473 4.95 0.6335
229.0 1.991 28.96 1.4618 6.46 0.8102
235.0  1.969 10.52 1.0206

Packed vessel; surface/volume = 7.0

201.5 2.107 3.07 0.4871

213 2.058 6.2 .7822
226.5 2.002 38.0 1.58 8.4 0.975

The Arrhenius plots for the first order and three-
halves ofder rate constants are shown in figures 15 and 16
respectively. |

The first order rate constants depend on the surface
and the process seems to be heterogeneous. The three-halves

order process is independent of the conditions of surface and is
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& Allyl bromide unpacked
v ., " packed

O Isobutene unpacked
® »»  Ppacked

E, (average) = 319 kcal.

Figure 16: Arrhenius plots for ki.s
t-butyl iodide pyrolysis.

on the two surfaces;

O
19

20 |
—1'.—. X IO3
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Log k, +4 (sec ')
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Allyl bromide carbon unpacked
* E, =30l keals mole™
Log A, = 10.36 sec™

Isobutene carbon unpacked
E,=38.33 kcals mole™
Log A=1353 sec™

O Allyl bromide unpacked
L, » pCleed

® |[sobutene unpacked
v " packed
Figure 15: Arrhenius plots for the first order

reaction in the pyrolysis of t-butyl
iodide on different surfaces.

20 o 2.
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judged to be homogenecus. The values of the Arrhenius parameters
for the first order reaction on isobutene carbon as calculated
by the "least squares" method are very close to thogse of Benson
and Tsang and are thought be the least heterogeneous. The
Arrheniue equations for the decompositions of t-CgligI on

izchutene carbon are

ky = 1013.53 axp(38330/2T) Sec.”l

9.76 1

k = 10 exp (31.900/RT) mm.'kSec.'

1.5

The Arrhenius plot for the first order reaction is compared

with the corresponding plots of Benson and Tsang in figure 17.

Mechanigm;

on the basis of the fore-going results the following
mechanism for the pyrolysis of t-butyl iodide seams satisfactory.
The first order process is simply the molecular

elimination of hydrogen iocdide (1)

t-C HoI ——=——C Hg + HI (L), (~1)

The reverse reaction (-l) becones important at high conversions
and also takes place when the products are condensed. This
process is accompanied by a slower autocatalytic process, the

mechanism of which is

U
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I+C4H91 ‘—-—"'——""?C4H9+12 es 00 0emcov e (23)

C4H9+HI ’—_—_> C4H1°+I se s vssavencsae (Zb)

I+ I M1 sescesnsecse (20)

2

and the stoicheiometry is

C . H + I

CaHgl + HI a0 2

Iodine necessary for the autocatalysis was probably introduced
as impurity in the system. Extrapolation of the log plots to
zexo time allowed calculation of the initiating concentration
of iodine; these were of the order of 0.08 mm.

The homolysis of the C-I bond can be discounted on
energetic grounds. The presently accepted value of D(t-C4H§-I) é
of 48 K.Cal mole-l is well above the estimated activation

enexgy for the homogeneous elimination process (1). However,

a minute fraction of the homolysis of the C-I bond may take @
place to produce sufficient iodine to initiate the autocatalysis.
The possibility of reaction (-2a) and (-2b) is
eliminated due to the presence of excess of hydrogen iodide in
the system. The addition of hydrogen iodide does not affect
the pressure change appreciably, indicating that there is no
catalysis due to this compound.
The small increase in iodine production may be due

to the side reaction of

RI + HI 5 RH + I
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Nitric oxide has no conclusive effect. Some decrease
in pressure change and the increase of iodine production is
suggestive of the preferential reaction of HI with NO.

The results for the first order process on the
isobutene carbon coated surface of the reaction vessel suggest
that the activation energy for the process must be at least
38.3: K.Cals.

Benson's value of 36.4 K.Cals was based on the

assumption that his system for the reverse reaction

: ———-? +
C4H8 +HI I2 C4H10

was homogeneous. Lately HiolmesllD has studied this reaction
and the system has been found to be heterogeneous. Morever,
the reaction between HI and t—C4H91 to produce I2 is not rapid.
and quantitative in oOur system contrary to Benson's findings
(see table 4.6). Thus, Benson's estimated value 36.4 K.Cals
for the activation energy of the unimolecular elimination
reaction of t-C4HgI, must be doubtful. Benson supported his
values on the basis of the generalisation44 that activation 5
energies decrease by about 7 K.Cals on every <X -Me substitution. é
This hypothesis itself has not been found true elsewherd>

‘ The comparative rate technique employed by Tsang is
unlikely to give very accurate results. Moreover, Tsang does
not mention anything about the product analysis where so many
difficulties were found in the present investigation. Thus his

value, 38 K.Cals, is also open to doubt.
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Looking towards the common trends of halides in

general, it is expected from the plot of E vs. D(H+—x') in Fig.1l

that the activation energy for the homogeneous decomposition

of t-butyl iodide should be about 40 K.Cals.
g
|
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SECTION 5

PYROLYSIS OF n-PROPYI, IODIDE

5.1. Introduction:

From his investigations of the reaction between
alkyl iodides and hydrogen iodide Ogg79 concluded that the

initial step in the decomposition of n-propyl iodide is

- - +
n C3H7I n C3H7 I

which has an activation energy of 43.0 K.Cals. This he supposed

to be the C-I bond dissociation energy. Butler and Polanyi82
used a flow technique for the pyrolysis and estimated the value
of D(n-C3H7-I) to be 50.0 K.Cals. However, their technique
was not reliable.

Glass and Hinshelwoodlll had shown that i-propyl

iodide decomposed according to the equation

———+ e o &a a5 e s a8 L
2C3H7I C3H8 + C3H6 + I2 (1)

Jones and Ogg83 studied the pyrolysis of n-C3H7I
in the temperature range 311°-354°C and reported that the
stoicheiometry could be well represented by (1) as in the case

of i-propyl iodide. The rate law for the pyrolysis was

-—d (n-C3H71) 3

dat

k (n-C H,I) (I )

= K5
= le (C3H7I)(I)
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where K is the equilibrium constant for the equilibrium

M,
12\———21

! They noticed that rates were faster at the beginning of the
reaction. The final to inijitial Pressure ratio was 1.55.

Their Arrhenius parameters were -

g E = 37.9 K.Cals mole~l and logloA = 10.06 mm."%sec,~1
| Joneg and Ogg discussed many possible mechanisms

but because of their erroneous interpretation of the reaction
between n-c3H7I and HI, they could not decide whether the

abstraction of iodine or hydrogen takes placé during the rate

determining step. The mechanism chosen by Jones and Ogg is

the following -

n-C,H,I ——~—>n-c3ﬂ7 + I ceee (1)
n—C3H7 + n-C3H7I -9C3H8 + C3H61 eees (ii)
CBHGI _“)C3H6 + I ceee(iid)
n—C3H7I-—————_->n-C3H7 + %Iz cees (iv)

n-c3H7 + 12———————9i-C3H7I + X cene (v)slow%

.- I * o o8 i:
i C3H7:___‘-——-—-9 !50338 + ;ECBHG + 3512 (vi) fast |

21+M\___-———-"12+M o..-(Vii)

Reactions (i), (ii), (iii) and (vii) constitute. the main
reactions at the start. Once iodine has built up or in the
PresSence of added iodine, reaction (iv), (v) and (vi) become

important. Reaction (v) is assumed to be the rate determing
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step and the decomposition of the iso-compound formed is more
rapid than that of n-compound. From spectroscopic and other
data they concluded in a somewhat dubious manner that E(v) is
13.2 K.Calsand that there is a steric factor of about 1073,
This mechanism appears consistent with their results. However,
their estimates of E, , . and E are unreliable.
(iii) (v)
Schu_macher112 has criticised this mechanism; in the

absenca of excess icdine he considers that the strongly

exothermic reaction
2n-C3H7-———> C3H6 + C3H8

should be coasi:lered. “he mechanism would thus be

n-C3H~1-——————;n-C3H7 + I ceecsscans (i)slqw

/
2n-C3H7 _-_9 C3H8 + C3H6 s e ve oo (Viii)

- B + Ll +- sececssveooe i
n-C, . Iz-——————+ n CBH7I I (ix)

2IP——: 12 e e o0 00000 (Vii)

This explains the retardation of the reaction by iodine as it

progresses. In the presence of iodine his suggested mechanism

is
M
I2 _——2I cessrcnene (x)
- - + se s evessoes
n C3H7I + I —— i C3H7 12 (x1i)
2“.“CH "'——f'CH +CH LI R B S S Xii
? 37 38 3 6 ( )

This mechanism is also in agreement with experiment. It leads

to a value of E(xi) = 2042 K.cals!!3, rhe steric factor of
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reaction (xi) appears to be about 5x10‘2. It is not possible
to decide between the two mechanisms, but that of Schumacher
is perhaps more plausible on general grounds although reaction
(xi) seems somewhat unlikely.

Lossing, Ingold and Henderson114 investigated the
products of the pyrolysis at 650° to 850° by means of mass

spectrometry. No n-C3H7 radicals were detected, but CH3 and

CyH, Were major products. These obviously arise from the decom-
position of n-propyl radicals at the high temperatures used.

In the light of the re-interpretation of Ogg's data
for the reaction between hydrogen iodide and normal propyl
iodideso'al, Benson concluded that the rate determing step in

the n-propyl iodide pyrolysis would be i
I+ n—C3H7I DR— CBHG + HI + I

In another report Bose and Benson88 claim to observe qualitatively g
the production of appreciable amounts of i-PrI and EI during
the pyrolysis of n-C;H,I above 300%.

In view of the above conflicting reports about the
mechanism of the pyrolysis, the present investigation was
undertaken in the temperature range 307°-360°C. An induction
period unobserved by any of the previous workers, was found.
The same kind of induction period was also found during the

pyrolysis of n-butyl iodide. f

5.2. Experimental

The essentials of the experimental techniques have

been described in section 3. 1Iodine and hydrogen iodide were
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titrated in the usual way.

Formation of a tiny amount of iso-propyl iodide
during the induction period was detected and estimated by GLC.
A 20ft. column of 1% Apiezon grease on 60-80 glass beads was
used in a Beckmann GC-2 chromatographic apparatus at 70°C to
separate the n- and i- compounds. The iso compound came off
the column first and so could be estimated in the presence of

an enormous excess of n-propyl iodide.

5.3. Stoicheiometry and Principles of Calculations

The final to initial pressure during the pyrolysis
approached J.5 and the iodine titres were found to be closely
equal to the'pressure change during pyrolysis (see table).
Therefore it was clear that the stoicheiometry was §

i
C.HI ———> C H + ?

250, T C3flg + G5y + 1,

as also suggested by Jones and Ogg. The results obtained fitted E

the rate law

- d(c
( 3H7I)
at

= k(C,H,T) (1,)* é

On the basis of the above stoicheiometry the pressure ;

of n-propyl iodide at any time t is given by

1.5p_-pP :

O £ ;

37 ¢ ¢ 0.5

and (1,) = (e -p) = Ar
E
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where P, = initial concentration of iodide in terms of pressure.

Placing these values in the rate expression gives

dpt
~3E = k(1.5 Po-Pt) (Pt-PO)

which on integration and evaluation of the integration constant

becones

= 1
S s

where P, is the initial pressure and 4559 is the pressure change
during the pyrolysis. Thus k can be evaluated from the slopes

of the plots of the log function against time.

5.4: Results:
The ratio of final pressure Pe to the initial pressure
P, was determined by pyrolysing the compound until there was no

further pressure change. The results were as follows (table 5.1)

Table 5.1: Determination of the ratio Pf/po

Run Number 5 Run Number 6 Run Number 7

Temp. = 310.0°C Temp. = 330.0°C Temp. = 360.0°C
Time Pressure Time Pressure Time Pressure
(min.) (mm. ) (min.) (mm. ) (min.) (rum. )
0 53.5 0 60.0 0 30.6
100 . 73.5 50 8§6.0 30 42.7
300 77.5 100 87.0 60 44.2
330 77.6 130 87.0 75 44.6
80 44.6
P£ 145 Pf = 1.45 Pf = 1.46
PO Po : PO
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When the reaction vessel was given a coating of allyl
bromide carbon, the pressure time curves were the same as those
obtained in a clean glass vessel. Thislresult supports the
repoxrts of previous workersas, regarding the homogeneous nature
of the reaction. Iodine titres at different times were always
found to be equal to the pressure change within the limit of
experimental error.

An induction period was observed which became shorter
at higher temperatures; sometimes, during the induction period
a slight drop in pressure was observed. A little iodine was
produced during the induction period. However, very soon after
the induction period the iodine and pressure measurements were
equal.

No hydrogen iodide was ever detected as a product
of pyrolysis. Figures 18 and 19 show typical pressure-~time
curves and the corresponding log plots. A typical iodine
production vs. time plot is shown in figure 20. The pressure
change is included for comparison.

The conversion of mm. of iodine from moles of iodine
was made on the assumption that iodine behaves as an ideal gas.

The following (table 5.2) are the kinetic data from
the pyrolysis of normal propyl iodide. |
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IO}

) 20 40
Time in minutes

Flgure 18: Typical pressure-time curves for
the pyroly81s of n-propyl iodide
at 310.0°C.
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q
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(LP)%+ aP?

Figure 19: Corresponding log plots
for the curves in figure
18.

i L 1 1 1

20 40
Time in minutes




s9jnuiw Ul awi]
oz gl ol S

| i T

O

“sathuetay Aq umoys sebueyo ainssoig i
"Dp870€€E 3B 8pTpoT TAdoad-u jo stsAtoxAd ‘ _
9yl 703 30T1d awrj-sutpor Teordiy v 102 2anbtg

6 1<

| 1

3 3
..“. v 4¢ 3
O—— S34}lj BUIPQ

1 -1 | V- 8bubys aunssaiq 1P




- 119 -

Table 5.2: Kinetic results for the pYrolysis of n-C_H_I.

37

Run Number 38

Temperature 310.0°C
Surface; allyl bromide carbon

Run Number 40

P, = 67.0 mm. P, = 87 mm.
Time Pressure Time Pressure
(min.) (mm. ) (min.) (mm. )
o 67.0 0 87.0
1 67.0 1 87.0
2 67.0 3 87.0
3 67.0 4 87.05
4 67.0 5 87.1
5 67.2 7 87.4
7 67.4 10 87.9
10 67.75 15 88.7
15 68.5 20 89.7
20 €9.2 26 91.3
30 71.2 30 92.5
40 73.6 40 96.2
50 76.0
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Table 5.2. Cont'‘d
Temperature 330.8°C

Run Number 8 : Run Number 9
Surface: clean glass Surface: allyl bromide carbon
Time Pressure I, Time Pressure I,
(min.) (mm. ) (mm.) (min.) (rm. ) (rmm.’)
} 0 63.3 0 62.3
g 0.5 63.3 0 0.5 62.3 o
1 63.3 .05 1 62.3 .05
' 1.5 63.5 1.5 62.5
3.5 64.5 2 62.8
5 65.0 2.5 63.0
7 65.5 4 63.6
8 66.0 7 64.5
9 66.7 8 65.0
10 67.0 3.4 9 65.7

10 65.9 3.7
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Table 5.2. Cont'd

Temperature 330.8%
Surface; allyl bromide carbon

Run Numbers 12-17 Run Numbers 18,19, 20 Run Numbers 22, 23,24
Po = 43.0 mm- Po = 4400 m. - Po = 7706 m-
Time Press. 12 Time Press., - 12 Time Press. 12
(min.) (mm.) (mm.) (min.) (mm.) (m’) (min.) (mm.) (mm?)
0 43.0 0 44.0 0 77.6
1 43.0 0.1 1l 44.0 0.05 0.5 77.6 0.05
1.5 43.15 0.25 1.5 44,25 1l 77.65
3 43.45 0.5 2.5 44.5 2 78.35
5 43.75 3 44,65 0.6 3 78.7
6 44.0 1.05 4 45.0 5.5 80.5 2.78%
10 45.3 2.35 5 45.2 1.1 7 8l.5 4.0
15 46.2 3.4 7 45.7 9 83.5
17 47.0 9 46.2 10 83.85 6.4
20 48.0 5.00 10 46.4 2.3
Temperature 360.0°C
Surface; allyl bromlide carbon
Run Numbers 28-30 Run Number 32 Run Number 34
Py = 25.7 mm. Py = 42.5 mm. Py = 62.0 mm.
Time Press. 12 Time Press. 12 Time Press. 12
(min.) (mm.) (mm?) (min.) (mm.) (mm.) (min.) (mm.) (mm?’)
0 25.7 0 42.5 0 62.0
.5 25.75 1 43.5 0.5 62.8
26.5 2 45.0 1.0 63.8
- 27.2 3 46.65 2.0 67.5
28.0 2.2 4 48.35 3 69.2
5 50.2 7.5 4 73.6 11.6

30.2 4.3

0

1

2

3

4 29.02
5

7 31.7
9

32.8 7.1
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The Arrhenius plot obtained from the -average rate
constants is shown in Fig.2l and the Arrhenius equation is
k = 1010'lgxp(384OO/RT)mmTkSecf1

Jones and Ogg's plot is shown in the graph and it is seen that
there is very close agreement. The data for the Arrhenius

plot are given in table 5.3.

Table 5.3: Data for Arrhenius plot; n-c3H7I pyrolysis.

Temperature (°C) —%— %103 kx10° ~ logk + 5
310.0 1.7151 6.03 ‘ 0.78
330.8 1.6583 19.28 1.287
360.0 1.5798 84.70 l.928

In view of the previous work ¢n the sBtoicheiometry

and its confirmation in the present investigation on the basis

of the Pf ratio and the agreement between the pressure change
and iodige production, propylene and propane were not analysed.
However, gas chromatographic investigations were made to see if
any i-propyl iodide is formed during the induction period.

At the lowest pyrolysis temperature where the induction
period was the longest, the product of the reaction was condensed
at liquid nitrogen temperature and was freed from the iodine by
distillation at -20°C. The colourless sample was then injected
by means of a microsyringe into the chromatographic system at

o
70 C. A tiny amount of i-propyl icdide was found. It increased

to 2 maximum during the induction period. The results are shown

in table 5.4.
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Table 5.4: Production of i~propyl iodide during ‘the induction
period.

Temperature 307.0°%

Length of the induction period 6.5 min;
[BI]O = 77 mn.; factor:- 1 mm. = 4.6 micro moles

Time i-c3H7(estimated)
{min.) (micro moles)
1 0.05
2 0.1
3.5 0.2
5 0.4
7 0.35

10 0.05

A typical separation chromatogram is shown in figure 22.
Now there are two problems to be solved. One is,
what is the cause of the induction period and the other is what

is the rate determining step. The latter could be either

I+ C3H7I > C3H7 + 12
I+ C I B > C_.H I + HI
or 3y —— Gy ‘
94 _ CH3
By means of the bond dissociation energies” ™, D(ICH CH-R) =
- 2 ,'/
95 K.Cals (estimated); D(H-I) = 71 K.Cals; D(n-c3Hf;-I) = 53 K.Cals;

86
D(Iz) = 36.2 K.Cals: E(C3H7 + 12) = 0; and E(HI + C3HGI) = 14 K.Cals,

it can be shown that Ep = 34.9 K.Cals, and EB:= 38 K.Cals.
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The effects of a variety of substancés on the induction
reriod and on the overall byrolysis~were examined. For the
induction period experiments a low temperature was chosen where
the induction period was long. Results are tabulated below.

Detailed discussion follows the tables.

Effect of Nitric Oxide

A few runs were carried out to see if NO had any
effect on the pyrolysis. The kinetic data obtained did not show @

any significant effect. The results are summarised in table 5.5.

Table 5.5: Effect of NO on pyrolysis.,

Temperature 330.8°C

Run_Number 9 Run Number 54 Run Number 55
(RI], = 62.3 mm. [RI], = 58.3 mm. [RI]o 57.5 mm.
NO = 0 NO = 12 mm. NO = 35.8 mm.
Tine Pressure Time Pressure Time Pressure
(min.) (rmm. ) (min.) (mm. ) (min.) (mm. )
0 62.3 0 70.3 0 93.3
0.5 62.3 1 70.3 1 93.35 é
1 62.3 2 70.7 2 93.9 ?
1.5 62.5 3.5 71.5 3 94.9 %
2 62.8 5 72.0 5 95.7 |
2.5 63.0 7 72.9 7 97.2
4 63.6 10 74.0 10 99.6 |
7 64.5
8 65.0
9 65.7
10 65.9
(12)lo min. = 3.7mm. (Iz)10 min.> 3.5mnm. (Iz)lo min. = 6.5mm.
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Effects of different substances on the induction period are

summarised in table 5.6.
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Table 5.6: Addition of propvlene and air.

Temperature 307.0°C

Run_Number 60

Run_Number 61

[RI]o = 60 mm. (RI]o = 51.7 mm.

C3Hg = 3 mm. air = 3 mm.

Time Pressure Time Pressure

(min.) (mm. ) (min.) (mm. )
0 63.0 0 54.9
1 62.90 1 54.75
2 62.8 2 54.70
3 62.8 3 54.7
4 62.9 5 54.8
5 62.95 6 54.8
6 63.0 6.5 54.9
7 63.1 54.95
8 63.15 55.0

AP = 0‘15m.12 = 005 mm.

7
8
VAN

=1 mm.Ip= 1.5 mm.
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Table 5.6. cont'd

Addition of 12:

Temperature 307.0%%

Run Number 63 Run Number 65
[R1], = 60.9 mm. [RI], = 59.2 mm.
(Iz) = 0 rnm (IZ) = 2 mm.
Time Pressure Time Pressure
(min.) (mm.) (min.) © (mm. )
0 60.9 0 61l.2
1 60.8 2 61.15
2 60.65 3 6l.2
2.5 60.6 4 6l.2
3 60.65 5 61.2
4 60.75 6 6l1.25
5 60.85 8 61.4
6 60.95. 10 61.75
7 61.0 13 62.0
8 61.05
/\P = 0.15 mm. /\P = 0.80 mm.
I, = 0.45 mm. ‘ I, = (produced) = 1.95 mm.
12 (expected) = 2.8 mm.
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Addition of HI:

Temperature 310.5°C

Run Number 66 Run Number 68

|[RI], = 56.3; HI = 16.0mm. (R1], = 58.0mm.; HI = 0
Time Pressure Time Pressure
(nin.) (mm. ) (min.) (mm. )
0 72.3 0 58.0
0.5 72.35 1 58.0
1l 72.5 2 58.0
2 72.6 3 58.0
3 72.8 4 58.05
4.5 73.0 5 58.3
5 73.1 6 58.5
6 73.25 7 58.65
7 73.4 9 58.95
8 73.65 10 59.1
9 73.85
10 74.2
/A\P=1.9 mm.; I, = 8 mm. /\P = 1.1 mm.; I, = 1.0 mm.

Since HI removed the induction period, the effect
of some alkyl iodides which produce hydrogen iodide were

examined and results are shown in table 5.7.
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Table 5.7: Addition of i-propyl iodide and t—butyl iodide.

Run Number 75
(RT]o = 69.0 mm.
i-C3H7I = 11.3 mm.

Temperature 310.0°C

Run Number 77
[RI], = 68.4 mm.

Run Number 80
[R1]o = 53.8 mm.
t-C4H91 = 18 mm.

Time Pressure Time Pressure Time Pressure
(min.) (rm. ) (min.) (ram. ) {(min.) {(mm.)
0 80.3 0 73.4 0 71L.8
0.5 8l1.65 0.5 73.85 0.5 71.75
1 82.65 1.0 74.65 1 71.9
1.5 83.7 1.5 75.35 2 72.6
2.5 85.35 2.0 76.2
3.5 87.0 3.0 77.35
5 89.2 4 78.85
5 80.0
/\P = 8.9 mm. /AP = 6.6 mm. /AP = 1.8 mm.
I, = 8 mm. I, = 6.8 mm. I }r larger
HI = 4 mm. Hi = 3.4 mm. Hi quantities
Table 5.7. cont'd. Addition of ethyl iodide and n-butvl iodide.

Run Number 108
[RI], = 40.8 mm.
CoH3I = O mm.

Temperature 313.0°%

Run Numbexr 109
[RI]gy = 33.7 mm.
CzH3I = 16 mn.

Run Number 112
[RIJo = 45.1 mm.

Time Pressure Time Pressure Time Pressure

(min.) (mm. ) (min.) (rm. ) (min.) (rm. )
0 40.8 0 49.7 0 50.6
1 40.8 1 45.7" 2 50.6
2 40.8 1.5 49.75 3 50.6
2.5 40.8 2.5 49.75 4 50.6
3 40.8 3 49.8 5 50.6
4 40.8¢ 4 49.85 6 50.6
5 40.85 7 50.65
10 50.7

12 50.9

I5 not analysed

I, not analysed

12=1m-
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In order to confirm that hydrogen iodide plays an
important part in the rate determining step during the pyrolysis
of n-propyl iodide (after the induction period), the co-pyrolysis
of this compound with ethyl iodide was investigated. It is
believed that ethyl iodide pyrolyses according to the following

mechanism

cszI _——ﬂc2H4 +- HI es e evseses SlOW

I+CH H +I ® ® O 0o voe
H 9 SI ——————p C2 5 5 fast

and the overall stoicheiometry is -

2C21'ISI —— C2H4 + CZHG + I2

Now, if a temperature is chosen where the pyrolysis of ethyl
iodide is relatively slow and n-propyl iodide is co-pyrolysed
with it, then any hydrogen iodide produced from the pyrolysis
of n-propyl iodide might considerably increase the production
of ethane at the expense of propane. The suggested reaction

scheme being
C,HgI —— C_H, + HI
I+ n—C3H7I~—-———+ HI + C3H61

HI + n-CjH,T — C.Hy + I,
HI + C,H;I — , C,H. + I,

The increase of c2H6 should be equal to the decrease

in C;Hg. Further, the C3Hg vield should be unaffected. These

will not be strictly adhered to since the co-pyrolysis will be

producing extra I, (from ethyl iodide) which will accelerate the
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n-propyl iodide pyrolysis. Two relationships fbllow from the
proposed reaction scheme:

Total I, = (CoHp)y a1 + (C3He) total

(Czﬂs)total + (C3H8)tota1

The results of the co-pyrolyses are tabulated in
table 5.8 where these equalities are observed to be moderately

obeyed.
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Table 5.8: Co-pyrolysis of n-C3HyI and C,HgI and analysis
of products by gas chromatograpg .

Temperature 318.0°%

Vol. of reaction vessel 166 c.c.; factor 1 mm. = 4.47 micro moles
Pyrolysis time 20 min.; conversion of ethyl iodide / 2%

Run RI CoH (o CaH CaH I
Number [ ]‘D (mfcgo) (mfggo) (micgo) (micgo) (micgo)
(rm. ) (moles) (moles) (moles) (moles) (moles)
137 C2H51 = 0
analysed
for
139 CZHSI = 58.4
140 CoHgI = 0
n-C3H71 = 59,2 17.3 17.2 17.4
Equalities from table 5.8
Equalities Run 138 Run 139
1 Excess CZHG 7.5 7.4
Decrease in C3Hg 6.9 6.8
2 CZHZ + C3Ht — 23.6
CZHG + C3Hh 22.1 21.6

I, 25.7 24.7
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5.5. Discussion of results and Mechanism.

The chromatographic analysis shows that i-propyl
iodide is produced in trace amounts in the inductién period
and disappears as the reaction proceeds.

The results in table 4.5 show that the addition of
small amounts of NO did not have any appreciable effect on the
pyrolysis. This result suggests that alkyl radicals are not
invelved in the pyrolysis. (Holmes and Macc01125 observed
that NO had no effect on the i-propyl iodide pyrolysis at higher

temperatures vhere the mechanism is unimolecular,
1-C3H7I —_— C3H6 + HI

However, in the lower temperature range the reaction is autocat-
lytic and involves i-propyl radicals -

I + i—C3H7I —— 12 + i-C3H7

and NO showed an appreciable effect on the rate).

That a small amount of air was ineffective in
removing the induction period, suggests that oxygen is not
involved in the formation of the induction period. Also no
significant contribution of either iodine or propylene to the
induction period was observed.

The removal of the induction period by hydrogen iodide
or any hydrogen iocdide producing alkyl iodide indicates some

importance of this compound with regard to the induction period.



- 135 -
The results of the co-pyrolysis of n-C3H.I and C,HsI
confirm that process B above i.e.,

I + n—C3H7I e d C3H6 + X + HI

is the rate determining step.
On the basis of the above results the following

mechanism is ?roposed for the pyrolysis of n-C3HyI

n-'C3H7I ——— n-C3H7 + I e s 0eeavaes (l)

I+n"C3H7I__—_§ c3H6+I+HI s e0sn 00 (2)

C3H6 + HI ey i-c3H7I ' v eceonnee (3) (-3)
i-C3H7I + HI ——— C3H8 + 12 sPeavseve0e (4)
n—C3H7I + HI —_——> C3H8 + 12 ssevsscsonas (5)

The homolysis of the n-C3Hy —I bond in step (1) occurs only
to a small extent just to produce enough I for the autocatalysis
to become rate determining.

The induction period appears to be caused by an
isomerisation of n-C3H9I to i-C3HyI by steps (2) and (3). While
a small concentration of latter is being established there
ghould be no pressure change in the system and an induction
period would be cbserved. After a small concentration of
i-C3H7I_has been established reaction (4) competes with reaction
(3) and the i-c3H7I concentration begins to fall. The back
reaction of (3) also becomes the cause of the fall of concentration
of i-C_H_ I. At the end of the induction period, reaction (5)

377 .
takes over the reaction (4) and is responsible for the production

of iodine during the overall pyrolysis. The rate of reaction (5)
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is faster than the rate of reaction (4) at the same temperature
as shown by the comparison of the three-halves order rate
constantszs'eo. The production of iodine during the induction
period is due to the disappearance of i-c3H7I by step (4) because

(-3) is slower than (4)25.
The above explanation for the induction period is

only qualitative and the exact behavior is very difficult to
explain quantitatively by any simple scheme and on the basis of
the observed facts. A slight fall of pressure in some cases
during the induction period is also hard to explain.

There is, however, no doubt that the overall pyrolysis

after the induction period comprises steps (2) and (5).
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NOTE

-A brief investigation of the pyrolysis of n-butyl iodide:

After knowing the nature of the n-propyl iodide
pyrolysis, an obvious cbjective is to examine the nature of
the thermal decomposition of n-butyl iodide. A few exploratory
runs were done. The results showed a similar behavior as

found in the pyrolysis of n-propyl iodide.

Temperature 313.0%

Surface; isobutene carbon

Run Number 146 Run Number 147
[RI]e = 39.6 (RI], = 85.5
Time Pressure Time Pressure
(min.) (mm. ) _ (min.) (mm. )
0 39.65 o 85.5
1 39.6 1 85.1
2 39.6 2 84.9
3 39.6 3 684.85
4 39.6 4 84.8
5 39.6 5 84.8
7 39.6 6 84.85
8 39.60 7 85.0
10 392.75 8 85.2
15 40.1 10 85.55
12 86.1
AP = 0.5 mm. AP = 0.6 mm.
I,= 0.9 mm. : 12 = 3 mm.
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Addition of hydrogen iodide.

Temperature 318.0°C

Surface; isobutene carbon
HI = 11.8 mm.
RI = 60.44 mm.
Run Number 150

Time Pressure Pressure change I,
(rmin.) (rom. ) (mm. ) (ram?)

0 ' 72.24

1 72.00

2 72.30

3 72.40

4 72.54

5 72.69 0.45 8mm.

Ratio of final to initial pressure.

Temperature 338.0°C

Run Numberxr 151
Surface; isobutene carbon

Time Pressure
(hrs.) (mm. )
0 46.05
3 69.08
3.5 69.74 pf
4.0 70.72 .. Po = 1.54
4,25 70.72
4.75% 70.72

5.0 70.72
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Iodine~time and pressure-time relations.

Run No. [#IJO Pressure . I, Time Temp.°C Surface
change
(rom. ) (mm. ) (mm.) (min.)
152 42.1 0.35 0.5 5 328 isobutene
155 37.5 2.0 2.8 10 " "
156 55.8 1.0 2.2 6 " "
160 100.7 3.9 5.5 5 " "
le5 60 11.0 1l.1 22 " "
167 56.5 14.2 14.1 17 338 "
170 55.3 10.6 10.8 10 " "

Kinetic data for the pyrolysis of n-C,HgI at 338.5°C

Run Number 175; Surface; isobutene carbon
[RI], = 61 mm.; 1 mm. = 4.34 micromoles.

Time (RT] A p I
(min.) (mm.y (mm. ) (micro%oles)
0.5 61.0 0 0.8
0.75 61.0 0 1.25
1.0 61.05 .05 1.8

1.5 61l.2 0.2 2.8

2 61.45 0.45 4.1

2.5 61.65 0.65 5.6

3.5 61.8 0.8 8.7

Rate = 4.96x10*5mm.-%8ec.

The kinetics show: that a rate law of the type
d(n-C4H91)
dat

= k(n-CHyT) (1,)

is obeyed;as.was> observed by Jones and Oggs3.

S A e e e
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SECTION ~ 6

PYROLYSIS OF ETHYL IODIDE
6.1. Introduction:

The first pyrolysis of ethyl iodide reported in the

literature was that carried out at 210°C in a sealed tube for
115

several hours by Aronstein . He stated that the decomposition

at this temperature should be represented by the equation
ZCZHBI —_— 02H412 + CZHG

116. who agreed with the above, noticed the appearance of

Kahan
traces of iodine over 200°c. This, he believed, might be due
to‘a secondary reaction, thought to be the decomposition of
hydrogen iodide. He concluded that his results favoured
preliminary decomposition into hydrogen iodide and ethylene.

Lessigll7 carried out some exploratory py;olyses
between 300°-400°C and reported that during the pyrolysis the
ratio of final to initial pressures approximated to 1.5.

Ogg79 while investigating the reaction between ethyl
iodide and hydrogen iodide below 300°C, evaluated the rate of

decomposition to bhe

This value of 43.0 K.Cals, he considered equal to the bond
dissociation energy of the carbon-iodine bond in ethyl iodide.
The presently accepted value of D(C-I) in C,HgI is 52 K.cals?3,.
From his results Ogg concluded that the initial split in the

decomposition is
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and this is followed by
Czﬂs + I — CZHSI

CHg + T,—— C,H.I + I
etc.
As a result, the ovérall reaction is mainly due to slow secondary i
reactions leading to ethylene, polymers etc.

Butler and Polanyi pyrolysed ethyl iodide using a
fast flow technique and a small partial pressure of CoHgI in
the N3 gas, in the hope of eliminating secondary reactions and
suggested a value of 52 K.Cals for‘the bond dissociation energy.
SzwarcllB accepts this value as accurate. Butler and Polanyi g‘
measured the rate of production of iodine and hydrogen iodide

produced and found that the rate constants kIz and kyr were

nearly equal at 492°-495°%. However, in the presence of nitric
oxide at 493°c, k12 was greater than kyy by a factor of 2 to 3.
Thus NO had the effect of increasing the rate of formation of
iodine. They concluded from their experiments, the initial

step of the reaction was a combination of

(a) CZHSI — C2H5.;'4- T

and (b) CoHgzI ——> CoHyl+ HI
Butler and Polanyi, however, point out that there

i
{

are a number of puzzling complications in their results. This |

is not surprising in view of the fact that NO reacts with HI rapidly.!

1\
|
z
i
,’
i
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Lee95 has investigated the pyrolysis of ethyl iodide
in the temperature range 325°-380°C in a static system. He
interprets his results supporting the dual mechanism of Butler

and Polanyi and claims that path (b) contributes up to 66% of

the pyrolysis. His arguments are based on the pPropylene

inhibition results and his Arrhenius parameters are as follows.

Eunimol. elim. = 48.3 K.Cal mole'l
logjp A = 13.02 Sec.” !
-1

= 49.3 K.Cal mole %
1

Eoverall
logloA = 13.53 Sec.

87

Benson and Bose pyrolysed ethyl iodide also in a

static system in the temperature range 330°-392° and reported

that the chief rate determining step is
CoHgI 5 C,H, + HI

and this is accompanied by a fast step
HI + CoHsI ——__, CoHg + I,

They maintain, however, the view that the radical disproportion-

ation of the type
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C2H4 + HI ~—m & CZHS + I
C2HSI" I —— CZHS+12 seesccssnosas faBt

CoHy + I —> CoHy + HI ....(rate determining)

may account for as much as 20% of the pyrolysis at the highest
temperature investigated.

' The. results in the present investigation are based
chiefly on the effect of propylene. The unimolecular elimina-

tion of HI rather than the radical mechanism is favoured.

6.2. Experimental:

The essentials of the experimental techniques are
given in section 3.

Iodine was analysed titrimetrically in the usual
way and hydrocarbons were estimated by GLC using a silica gel
(60-80 mesh). The column, of length one foot, was made of L»

copper and was kept at OOC.

6.2. Stoichelometry and principles of calculations.

It has already been proved by previous workers that

the equation

20 HI — 5 C,H. + CH, + I,

adequately represents the stoicheiometry and also that the
pressures calculated from the iodine titrations agree well with

the pressure increases observed.
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Using the pressure-time results, the first order rate

constants were calculated from the equation

P
k = 2.303 log o)
t Po-2/\P

AC&P being the increase in pressure in mms. Hg after time t.
Log (PO-ZZSP) was plotted against time and good straight lines
were obtained;v The first oxder rate fell off above forty
percent decomposition. The kinetic data were obtained on
different surfaces of the reaction vessel.

The area under the peaks obtained in chromatographic
analyses were determined by cutting out the peak and weighing

it on a sensitive balance.
6.3. Results

A typical pressure-time curve and the corresponding
log plot are shown in Figs.23 and 24 respectively. Pressure-
time data at different temperatures and in different conditions
of surface are given in table 6.1. The data for the Arrhenius
plot are tabulated in table 6.2. while the plots are shown in
Figs.25 and 26. The latter plot clearly indicates the agreement
of the present valués of Arrhenius parameters with those of

previous workers.
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Table 6.1: The kinetic data from the pyrolysis of ethyl iodide.

Temperature 350.0°C Temperature 340.6°C
Surface: Clean glass : Surface: Isobutene carbon
Run_Number 10 Run Number 18 Run Number 19
[RI]o = 70.0 mm. [RT], = 110 mm. [RI]o = 141.5 mm.
Time Pressure Time Pressure Time Pressure
(min.) (mm. ) (min.) (mm. ) (min.) (ram. )
0 70.0 0 110.0 0 141.55
2 70,55 3 110.8 2 142.15
5 72.1 5 111.55 5 143.45
10 73.85 10 113.45 10 145.8
15 75.90 15 115.4 , 15 147.7
22 117.7 : 22 151.4

k = 2.13x10"%sec.™?  k = 1.20x10"%sec.”? % = 1.12x10~%sec.-1
Mean: 1.16x10"48ec."1

Temperature 350.4°C

Suxface: Isobutene carbon

Run_Number 28 Run_Number 29
[RI], = 72.3 mm. |R1]o = 95.4 mm.
Time Pressure Time Pressure
(min.) (mm. ) (min.) (mm. )
0 72.3 0 95.4
2 72.85 2 96.15
5 74.30 5 98.1
10 76.15 10 100.95
15 78.15 15 103.7
20 80.8 20 106.7
X = 2.2x10"%sec.™! X = 2.3x10%sec.”!

Mean: 2.25::10"'4’Set::.'l
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Temperature 364.0°¢

Surface: Isobutene carbon

Numbexr Run_ Number Run_Numbexr
E?% o = 60.5 mm. [}f]o = 75.05 mm. [@i]o = 108.0 mm.
Time Pressure Time Pressure Time Pressaure
(min.) (rom. ) (min.) (mm.) (min.) (mm. )
0 60.5 0 75.05 0 108.0
2 62.0 1 75.8 1 109.5
5 64.3 2 76.55 3 112.7
10 68.55 3 77.95 5 116.0
15 71.65 5 79.25 10 122.5
20 75.05 7 82.4 12 125.4
25 77.20 10 85.75 le 130.2
30 78.9 12 87.3 18 132.5
15 89.6 20 134.4
20 93.0 25 138.2
24 95.35
1 x = 5.68x10"%sec.”! 4 1

k = 5.11x10 ¥sec.”

Mean:

5.62x10"4sec. ™t

k = 5.48x10"

Sec.”
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Table 6.1l. Cont'd

Surface: Isobutene carbon

Temperature 369.0°C Temperature 378.0°C

Run Number 40 Run_Number 43 Run Number 44

(RT]o = 58.85 mm. (Rr], = 65.4 mm. [r1], 44.6 mm.

Time Pressure Time Pressure Time Pressure

{min.) (mm.) (min.) {rm.) {min.) (rm. )
0 58.85 0 65.4 0 44.6
1 60.0 2 70.2 2 47.55
2 61.15 3 72.7 3.5 49.7
3 62.30 5 76.9 5 51.9
4 63.45 7 80.0 : 7 54.25
5 64.6 10 84.2 10 56.15

k = 7.21x10"%sec."1 k = 14.20x10"%sec."l k = 14.1x10"%sec.-1
Mean: 1.4.15x10~%sec.-l

Temperature 347.2°%
Surface: ethyl bromide carbon

Run_Numbexr 48 Run_Number 49 Run Number 50
[RI]o = 58.8 mm. [RI]o = 58.9 mm [(RI]o = 60.0 mm.
Time Pressure Time Pressure Time Pressure
(min.) {ram.) (min.) (rom. ) (min.) (mm. )
0 58.8 0 58.9 o 60.0
5 59.85 5 59.75 5 61.15
10 60.95 10 61.5 11 62.8
15 _ 62.65 15 62.9 15 63.85
20 64.25 20 64.25 20 65.2
25 65.9 25 65.75 25 66.55
k = 1.8x10"%sec.™1 k = 1.70x10"%sec.”™l  k = 1.82x10"%sec."1

Mean: 1.76x10"%sec.”1
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Table 6.1. Cont'd

Surface: ethyl bromide carbon

Temperature 361.0°C Temperature 378.1°%
Run Number 52 Run_Number 55 Run Number 57
[R1]o = 71.0 mm. {R1]o = 60.8 mm. (R1]o = 62.0 mm.
Time Pressure Time Pressure Time Pressure
(min.) {mm.) (min.) (mm. ) : (min.) (mm. )
0 72.0 0 60.8 0 62.0
2.5 74.3 2.5 65.4 5 70.95
5 76.3 5 69.95 10 77.50
6.5 77.5 7.5 73.8 12.5 79.7
7.5 78.3 10 76.9 - 15 81.75
10 80.4 12.5 72.1
12.5 82.5 15 81.0
15 84.55

k = 4.45x10 %sec.”l  k = 11.98x10"%sec.=l k = 11.46x10~%sec.-1
Mean: 11.72::10"4'Se<:."l

Table 6.2: Data for Arrhenius glot

Surface: isobutene carbon

Ternp. °C 1/mx10° kx10% logk + 4
340.6 1.629 1.155 0.0625
350.4 1.604 2,25 0.3522
364.0 1.571 5.62 0.7497
369.2 . 1.557 7.21 0.8579
378.0 1.536 14.15 1.1510
Surface: clean glass

350.2 l1.604 2,13 0.3284
Surface: ethyl bromide carbon

347.2 i.612 - 1.74 0.2455
361.0 1.577 4.45 0.6484

378.2 1.536 11.72 1.0690
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The following table summarises the Arrhenius parameters

together with those of Benson and Lee.

Table 6.3: Comparison of the Arrhenius parameter; ethyl iodide

pyrolysis.
E loglgA Reaction
(K.Cals mola‘l)(SQQ. l) considered
Benson and Bosge 50.0 13.66 overall
o decomposition
v 13.35 unimolecular
elimination
Lee - 49.3 13.53 overall
decomposition
Present investigation:
{(average) 51.0 14.24 overall
decomposition
ethyl bromide 49.6 13.72 overall
carbon decomposition
iscbutene carbon 52.1 14.54 overall
decomposition

The average values for the Arrhenius parameters have
been calculated by the “least squares" method using all the
results. At lower temperatures there is very good agreement
between results on different surfaces (Fig.25). The relatively
higher rate constant at 378°C on the iscbutene carbon surface
causes the average values of the Arrhenius parameters to be
somewhat higher than those of previous workers. Except for this
cne point on the Arrhenius plot, the results are in good agreement
with those of other workers.

Similar rate constants on different surfaces (Fig.ZS)

confirm the homogenecus nature of the reaction. The reaction
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Log A = 14.45 sec”
ol Eisobutene = 52.1 kcals
E iyl bromide = 496 k cals
Log A = 13.72 sec™
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was also found to be homogeneous by Lee95 and Bénson87. They

studied the homogeneity by changing the surface to volume ratio.

Chromatographic results:

The effect of propylene on the kinetics was
investigated entirely by gas chromatographic analysis. The
gaseous prodth was separated from iodine and excess C2HSI at
-78°c and was passed into the column for analysis. A typical
chromatogram for the separation is shown in figure 27.
Propylene appeared on the chromatogram as a very broad peak
with a long tail and its retention tine was'20 minutes. The
retention times for C,H, and C,Hg were 3.5 and 5.5 minutes
respectively. Results for different concentrations of propylene
with approximately constant concentrations of CZHSI are
summarised in table 6.4. Table 6.5 shows the results when a
constant concentration of propylene is added to different

concentrations of C2H51.
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Table 6.4: Effect of propylene on the pyrolysié of ethyl iodide
at 347.8°C; 1 mm = 4.28 micro moles.

Run Time C,H I C3Hg I, C,H, C,H

(micro) (micro) {micro) (micro) (micro)

Number (min.) (moles) (moles) (moles) (moles) (moles)

86 5 247 0 4.9 5.0 5.1

116 5 221 237 8.7 6.5 9.5

| 108 5 237 240 9.8 5.5 8.5
| 120 5 252 481 14.7 2.8 9.4
- 94 5 209 603 13.0 — 12.5
g 99 7.5 247 0 8.1 7.3 7.5
§ 100 7.5 244 ) 7.7 6.8 7.3
§ 107 7.5 252 232 14.2 8.1 12.5
% 118 7.5 242 241 14.3 5.9 9.7
| 128 7.5 216 534 18.0 2.7 11.4
§ 73 10 239 0 11.0 12.2 12.0
77 10 242 0 12.4 11.6 10.6

82 10 231 0 10.5 10.9 11.4

| 92 10 247 0 12.0 11.4 10.8
| 112 10 243 0 11.4 10.9 10.0
| 80 10 215 58 12.8 10.3 12.0
? 74 10 223 115 14.8 13.0 14.5
| 81 - 10 201 162 15.2 10.9 15.0
l 71 10 231 239 19.0 12.3 20.8
93 10 260 241 20.8 11.6 18.5

117 10 223 241 19.0 10.0 18.5

83 10 250 249 19.0 10.9 21.9

75 10 198 336 18.1 9.6 18.3
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Table 6.4. Cont'd

Run Time CZHSI ‘ C3H6 12 02H4 C2H6
(micro) (micro) (micro) {micro) (micro)
Number (min.) (moles) (moles) (moles) (moles) (moles)
84 10 214 349 20.2 10.4 22,1

89 10 250 402 24.7 11.1 22.7
72 10 219 450 18.3 10.5 19.1
124 10 ‘ 192 488 24.4 8.1 14.8
S0 10 274 504 29.0 11.8 25.3

91 10 232 559 30.8 6.1 27.1
1l0 12.5 245 0 14.8 14.0 14.5
111 12.5 212 239 22.0 12.2 20.1

11s 12.5 264 242 24.0 13.6 22.4

Table 6.5: Effect of a constant concentration of propylene on
C,H,I pyrolysis at 347.5°C. 1 mm. = 4.27 micro moles.

Run Time C3H6 02H51 C2H4 CZHG 12

(micro) (micxo) (micro) (micro) (micro)
Number (min.) (moles) (moles) (moles) (moles) (moles)
le6 10 100 55 2.0 3.8 3.55
lel 10 100 71 . 4,2 6.35 4.85
158 10 100 86.5 5.0 10.00 6.05
170 10 100 110 5.0 10.6 7.56
le8 10 100 105 6.55 12.7 8.75
157 . 10 100 112 6.45 10.0 7.8
ile3 10 100 114 5.8 12.2 8.0
159 10 100 245 13.4 l19.8 le.8
162 10 100 312 16.65 25.95 23.9

167 10 100 418 20.2 30.0 - 34.3
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6.4. Mechanism and Discussion.

Lee95 proposed a mixed mechanism for the pyrolysis
comprising a unimolecular elimination (a) and radical non chain

process (b)

(a) CZHSI ——> C,H, + HI tesesesses Slow
CoHSI + HI ———3 C,H, + I, cerecssse.. Ffast
(b) CHI — CH, + I veeeeassssrs Slow
CoHy + C H T ——— CH. + CH,T

CH,T —— CH, + I

I+ I+ M —— 12 + M

His arguments were based upon the effect of propylene. 1In his
experiments he found that the added propylene increased the
ratio C,H./C,H,, decreased the ratio Pg/p, and increased the
rate of production of iodine. Lee, however, did not analyse

the absolute quantities of the hydrocarbons. He concluded that
propylene should not interfere with the unimolecular elimination
mechanism but would react with the ethyl radicals formed in the

radical non chain reaction as follows

CoH.I — s CH. + I

275

2H5 + C3H6 C2H6 + Allyl

Allyl —— k& (Di-allyl)

5
c

I+ I ;::::::é I,

This scheme produces neither ethylene nor a change

in pressure and therefore these must result from unimolecular
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elimination process. On the basis of these results he calculated

t

Ey = 48.3 K.Cals and Eb = 51.2 K.Cals.

With process (b) contributing 66% of the overall decomposition
Eobserved = 49.3 K.Cals.

The present chromatographic results indicate that the
production of ethy1ene,remains constant up to a CZHS/CZHSI ratio
of about 2 (Fig.28). The ratio CZHG/Czn4 increased (as was also
found by Lee) but it is due to an increase in C2H6 production,
rather than a decrease in 02H4. The constaﬁcy of CZH4 production |
in the experiments shows that a radical process is substantially
absent and it must be concluded that the process (a) is the only
important decomposition reaction in the pyrolysis of ethyl iodida.

Figure 30 shows a plot of the rate of ethane production
against the concentration of added propylene. The values for
the rate of ethane production have been found from the slopes of
the plots (Fig.29) of ethane concentration against time for a
constant concentration of ethyl iodide and a varying concentration
of propylene. For the latter plot an average value of 230
micro moles C,HzI has been taken and the values of ethane
concentration have been corrected for this average value of
the ioaide.

The straight line dependance of the rate of ethane
production (Fig.30) on the propylene suggests that the extra
ethane production is first order in propylene. Thus it appears

that the extra ethane is produced by a simple bimolecular

reaction
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Plot of ethane concentration against time for a

varying concentration of C3Hg and a constant
concentration of C2H51. Pyrolysis of CoHgI.

30_ 230+560
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Figure 30:-PYrblysEs of'CQHSI; plot of the rate of ethane
production against propylene concentration.
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C3HSI then decomposesll9 to produce extra iodine in the system.
This type of bimolecular reaction is not unreasonable.

120 studied the kinetics of the reaction of

Klemn and Bernstein
nethyl iodide with toluene at about 350°C and found that methane
was the sole end product of the methyl iodide carbon, sc that
CH45 productioh could be used as a measure of the extent of the ;
reaction. Iodine production came from the benzyl iodide formed.
Thus the reaction of ethyl iodide with propylene

could be interpreted by the following reaction scheme

CZHSI ———— HI + c2H4 ecevssecsoe (1) i
HY 4+ CZHSI — 02H6 + IZ cevecssccas (2)
CZHSI -+ C3H6 _ﬁ% C3HSI -+ C2H6 ceevoeovevsse (3)

ZC3HSI —_— I, + (C3H5)2 cesesances (4)

2

The stationary state treatment of the steps (1), (2) and (3)

gives |
i f kl(CZHSI) + k3(C2H51)(C3H6) !
ac _H_. k
1 2 6, 1
or ( ) ( ) = (C,H.I) + k_(C_H_I)
; C3H, dt (C3Hg) 25 325
k )
= (C_H I){_k + 1 }
25 )
(C3H6)
ac H, 1 _
Thus a plot of 3t X (CBHG )t against (CZHSI)t should give
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a straight line passing through the origin. This plot is shown
in figure 31 where the predicted behavior is seen to be obeyed.
The ethane production is assumed above to be linear with time
and for the rate of ethane production, c2H6/time has been taken.
However, this assumption is true only for the initial stages of
the reaction.

From expressions (1), (2) and (3)

(C HSI)
n— _—2___.__=
da T Zkl(CszI) + k3(C2HSI)(C3H6)

(C,H.)
- 36 =
and d —&E k3(C2H51)(C3H6)
Let = (C,H.T) .y = (CyHY)
- gx - i
then E mlx + k3xy ® & o " e 8800 (l)
d - gx = ®oe s e 0cseoes i
an = k %y (ii)
or dividing (i) by (ii)
2k -
935 = ......1‘. Y + 1
ay kj
Zky g
or dx = = S+ dy
k3 Y
X Y b4
2k y
St =) - .
oxr xo—x._E-.B._ ln-——y— + yo y oo.-uotcooo(lli)

X, - x= (csz) +'(c2H4)

.
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Yo = ¥ = (C3Hg) = (C3Hg) = (CoHg) - (C,H,)

-

e + (1i3) becomes

2k (C.H.)
(CHg)+(CoHy) = & t1n (C.H ) zcsuo TR
3 3tgl o ~(CHg) T (C H,

(CHg) ~ (c Hy)

2 (c.m }
z(czn4) - k 1 In = 3 6’0
: 3 | (CuRe) - (CH.) + (C H,)
(c,Hc)
i.e., the plot (0234) against 1ln °
("336’o - (c2u6)+(c234)
' k

should give a straight line, the slope of which will be §£;
3

Figure 32 shows such a plot where the behavior is
seen to be well obeyed. The calculated value of k3 is
9.2x10™ "mm. “sec. ™t

With regard to the transition state in the reaction
of C3H6 and CZHSI' addition to the double bond does not seem
probable since this would yield s~pentyl iodide which, as a
secondary iodide, would be expected to pYrolyse to produce
pentene~l, pentene-2 and pentane rather than ethane. The

reaction of HI and C3H6

car be understood in terms of normal addition to C=C, followed
by rapid BI + 1-C3H7I reaction to yield the products. An
analogous scheme for the reaction betweaen C3H6 and czasx is

impossible and some new type of transition state seems to be formed.
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NOTE

 Cyclohexene inhibition study of CaHsI

Cyclohexene has besn found to be a suitable inhibitor
in alkyl chloride and alkyl bromide pyrolyses. A fow ethyl
iodide pyrolyses were done in the presence of cyclohexens. The
results were quite unexpected. The ethane production increased
enormously, the ethylene production decreased to zerc and iodine
production was largely reduced. WwWhen the cyclchexens concentrat-
ion was much less than that of ethyl iodide, some icdine
production was cbserved (c.f. run No. 154). Where CgHyo vas
much greater than czasx a new and sharp peak appeared on the
chromatogram, whose retention time was about 40 seconds. The
retention time of ethane and ethylene were 2 and 3.5 minutes

respectively.




- 169 -

Table 6.6.
Temperature 347.5°C
Run_Number 150 Run_Number 151 | Run_ Number 152
[RI}o = 51.3 mm. [RI]o = 53.7 mm. (RI]o = 36.3 mm.
Cyclohexene = 0 Cyclohexene = 40.7mm. Cyclohexene = 27.8mm.
Time Pressure Time Pressure Time Pressure
(min.) (mm. ) (min.) (ram. ) (min.) (mm. )
o] 94,0 0 64.1
0 51.3 0.5 96.7 0.5 72.0
5 53.0 0.75 97.7 1 76.2
10 54.3 i 99.0 1.30 78.8
1.5¢ 102.0 2 82.1
2 104.6 3 89.4
3 110.7 4 96.4
4 116.6 5 103.0
5 122.5
6 127.4
7 131.0
8 134.1
9 136.4
10 137.7
I, = 12 micromoles I, = 0.8 micromoles I, = 4.5 micromoles




Run Number 153
[RI], = 58.9 mm.
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Run Number 154
(:RIJQ = 57.9 mm.

Run_ Number 155
[RI] = 69.0 mm.

Cyclohexene = 47.0 mm. Cyclohexene = 5 mm. ~ Cyclchexene = 0
Time Pressure Time Pressure Time Pressure
(min.) (mm. ) (min.) (rm. ) (min.) (mm. )
0.25 62.9
o] 105.9 0.5 67.9 o] 69.0
0.5 115.9 1 74.5 0.5 69.5
2 126.8. 1.5 76.4 1 69.6
4 145.7 2.5 76.8 2 69.9
5 152.3 4 77.4 4 70.6
7 159.6 6 77.8 6 71.4
10 168.8 8 78.5 8 72.0
10 79.1 10 72.7

I, = 1.8 micromoles

12 = 51 micromoles

I, = 17 micromoles

The chromatographic results together with the pressure

change and the iodine production are summarised in table 6.7.

Table 6.7:

Temperature 347.5%

Run [RIJo Time Cyclohexene Ap I, C2H4 C2Hg New
No. (mm.) (min.) (mum. ) (mm.) (mm.) (mm.) (mm.) peak
150 51.3 10 0 3.0 2.8 2.7 2.8 No
151 53.7 10 40.3 43.7 0.2 0 17.6 Yes
152 36.3 5 27.8 38.9 1.05 0 19.0 Yes
153 58.9 10 47.0 62.9 0.45 0 19.5 Yes
154 57.9 10 5.0 16.2 11.9 2.8 12.9 No
155 69.0 10 0 3.7 4.0 3.9 3.9 No
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The complete disappearance of ethylene in runs 151,
152 and 153 suggests that .- almost all of the iodide has
reacted very rapidly with the cyclohexene. This is also supported

by the observed sharp rise of pressure in the case of a low

concentration of cyclohexene. In the cases of higher concentrations

of added cyclohexene, the initial reaction seems to be very fast
and the initial ethyl iodide concentration is unlikely to be
observed correctly. (The fast reaction having taken prlace while
the vaporisation is still incomplete).

The stoicheiometry of the new reaction could be
guessed from run No. 154, The presence of iodihe and ethylene
in the products suggests that the pyrolysis of the iodide is
occuring together with the fast cyclohexene reaction. These

results approximately fit a stoicheiometry based on
ZCZHSI + C6Hlo———————4 202H6 + 12 + 06H8
together with

2 H. I ——> C_H. + CZH4 + I

275 276 2

The disappearance of iodine in the runs with more cycloheixene
may be due to addition of iodine to cyclohexene or more probably
to cyclohexadiene when the reaction mixture is frozen out in
liquid No.

This system appears to merit further study. As with
the propylene effect, it is difficult to visualise the transition

state of the reaction

alkyl iodide + Olefin ———> alkane + products.
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SECTION - 7

A GENERAL DISCUSSION OF THE MECHANISM OF ALKYL JODIDE PYROLYSES.

Unlike alkyl chlorides or bromides, sufficient
studies of alkyl iodides were not made in the past to present a
general picture of the nature of their pyrolyses. However,
previous workers pbserved that many iodide pyrolyses have several
features in common with their chloro and bromo analogues.

The present investigation of the pyrolyses of different
iodides renders the picture of simple alkyl iodide decomposition
nearly complete and it is possible to talk about the nature of
their decomposition in more general terms. 1In spite of some
unusual features of these systems, alkyl iodides do pyrolyse

similarly to alkyl chlorides or bromides and the rate relationship

ktertiary C-IX !j>rksecondary Cc-I1 ~>7 kprimary (o2 §

is observed to be obeyed for all the halides. Tables of relative
rates have given in section 2.3.

On the basis of the then available data on icdide
pyrolyses and the re-interpreted mechanism of the reactions
between alkyl iodides and hydrogen iodideao'81 Benson92 predicted
two general rate determining processes in the decompositions
of alkyl iodides:

RI 5 HI + Olefin ceeeeenae. (B)

and I +RI — 5 I+ HI + Olefin B ¢ :)

According to this author, unimolecular first order

processes are governed by (A) while mechanism (B) is responsible
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for the autocatalytic behavior where kinetics are first order
in iodide and one half order in iodine. Both (A) and (B) are

followed by a rapid reaction
RI + HI ———% RH + 12

Benson maintained the view that CZHSI, i-C337I and t-C4H91
pyrolyse through (A) and the rate determining step (B) seems
to govern the pyrolyses of n-C3H7I, i-C4H91 and n-C4HgI.

Holmes and Maccoll?? have observed that i-C3H7I and
s—C4H91 pyrolyse autocatalytically in the lower range of their
pyrolytic temperatures and at higher temperatures both of them
decompose unimolecularly. Also, in the present investigation,
pyrolysis of t—C4HQI has been seen to proceed via an autocatalytic
and a unimolecular process simultaneously; here the autocatalytic
process is much slower than the unimolecular climination.

The mechanism of the autocatalytic process had not
been positively identified before the present work was undertaken.
The abstraction of H and I from alkyl iodides can in some cases
be almost iscenergetic. On the basis of the bond dissociation
energies94 and E(HI + C3H61) = 14 K.Cals86 it has been shown

in section 5 that the two processes (B) and (C)

I+RI ———) CHI +HI *es 0 a0 s 0 (B)

and I+RI _——ﬁ' R+I2 eB o000 cseoe (C)

have activation energies equal to 38 and 34.9 K.Cals respectively.

For this calculation it has been assumed that the back reaction
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of (B) has zero activation energy. Both the processes have been
identified in the present investigation. The process (B) takes
place in the case of n-C3H7I and the process (C) governs the
autocatalytic step in the t=Cy HoT pyrolysis. The autocatalysis
of type (C) has been also observed in the case of reactions of
other alkyl iodides with hydrogen iodide79'8°'81. It may well
be that with RI and HI the process (C) can become wholly rate
determining since alkyl radicals will react rapidly with HI.
Benson'592 view that the lowering of the activation
energies of iodide pyrolysis by about 7 K.Cals mole™l for every
O(-Me group substitution has not been found by other workers.
The author supported this postulation from his pyrolytic |
activation energy of 42.9 for i-c3H7I and estimated activation

enexrgy of 36.4 for t-C I from the study of the reverse

4H9
reaction. Both these values are dqubtful because Benson did

not take into consideration the heterogeneous nature of the

reactions involved. The activation energy of 47.9 K.Cals mole-l
for i-C3H,I as determined by Holmes and Maccoll25 and that of
38.0 K.Cals mole-l for t-C,H,I1 as obtained in the present ,
investigation cast doubt on the above generalisation. |
The results of the present investigation together ;
with the previous data on alkyl iodide pyrolyses bear out the
assertion that the environment of the C-I bond to be broken :
is the major factor determining the nature of the pyrolysis.
In general, it can be safely suggested that all those alkyl ;
iodides in which the Iodine atom has a /3 - methyl group |

pyrolyse unimolecularly with the elimination of HI. The ?
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autocatalytic rate determining step (B) above seems to be

typical of primary iodides (other than ethyl) or iodides where
the Iodine atom has no methyl group ﬁ}to 1t.‘ The autocatalytic
nature of the i-~butyl icdide pyrolysis (which is a primary iodide)
supports the latter assertion.

On the basis of the above argument n-pentyl iodide
would pyrolyse autocatalytically by step (B) while 2~-iodopentane
would pyrolyse by the unimolecular elimination of hydrogen iodide.
3-iodopentane may pyrolyse by either of the processes (B) or (C).

The pyrolysis of t-C4HgI seems to be odd in the sense

that the reaction between it and HI is not very fast.

Surface effects:

Surface effects are more prominent in alkyl iodide
pyrolyses than with the other halides. The general trend,
however, is the same. Surface decomposition is found to be
least in ethyl iodide and other primary iodides. In the cases
of i-propyl iodide or s-butyl iodide some heterogeneity is
observed on a clean glass surface. t-butyl iodide is extremely

surface sensitive.
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CLAIMS TO ORIGINAL RESEARCH

An attempt has been made to £ind Arrhenius
parameters for the pyrolysis of t-butyl iodide by the use
of various reaction vessel surfaces.

It has been shown that the partially heterogeneous
elimination of HI is accompanied by a homogeneous iodine
catalysed réaction.

The pyrolysis of n-propyl iodide has been re-
investigated with a view to determine the mechanism of the
reaction. Arrhenius parameters agree weli with those of
previous workers and by studying the induction period and
the effect of added ethyl iodide a mechanism was proposed.

A brief investigation of n-butyl iodide pyrolysis
suggests that the compound pyrolyses in a similar manner
to n-propyl iodide.

The pyrolysis of ethyl iodide has been
re-investigated. Arrhenius parameters agree well with
those of other workers.

The effect of added C3Hg has been used to show
that the rate determining step is unimolecular elimination

of HI.
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