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TRAGER STUDIES OF REACTION MECHAN ISMS

PHOTOLYSIS OF THE ACETON® - IODINE SYSTEM USING 1311 AS TRACER.

An investigation of the primary process of reaction of the

radicals formad.
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INTEODUCTIDN

1

Numerous investigations have been carried out on the photolysis
of acetone, largely due to its use as a convenient source of methyl
radicals. At temperatures iabove 100°C, when irradiated with Ultra
violet light, the photodec ombosition yieids one radical pair (methyl
' (1)

+ acetyl) for each quantum of irradiation absorbed, and there it

is possible 1o have a controlled production of methyl radicals, attention
being paid to the intensity of the incident ultra violet light and the
acetone pressure.

It has been demonstrated in earlier investigations (2) (3) that the
addition of other reactants to the system changes its basic characteristics,
and in the presence of iodine the quamtum yield of acetone. decomposition,
® 4, falls far short of wnity at 100°C. |

It has also been shown that carbon monoxide and nitrogen have a
similar but less drastic effect, whereas reagents like biacetyl have a
s;imilarly pronounced effact upon the quamtum yield.

It would be desirable for workers in this fisld to be in a position
which énabled them to predigt the quamtum yields of acetone decomposition
and product formation, under any conditions and with any added reagents.
This present investigation is aimed at extending the work already done in
these laboratoriss on the systém, with the hops that the new data will

help resolve some of the doubts concerning the exact nature of the primary

process, and help the above general aim.
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2. . IHE PRIMARY PHOCESS.

Before dealing with the acetone = iodine system under investigation
here, it would be worthwhils giving & brief resumé of the primary
pProcesses involved in the photolysis of acetone alone.

(4} (5) that the pfimary process

It has been reasonably proved
following the absorption of a quantumof ultra violet radiation, involves
the rupture of a carbon = carbon bond to produce a methyl and an acetyl

rgdical.

CHg CO cﬁ3' N\ S CH30001-13*.......... (1)

cajcocrxa“' , GH; + CH 00 vevenees (2)

4,
[

The non radical split once suggested (réaction 3) has been dismissed

as being of no importance. For example the photolysis of a

CHy CO CHJ G E 4 ® aeereeeeens (3)
1 : 1 mixture of acetons and fullydeuterated acetons (CDj CO 0D3) gave
an ethane producd that on mass spectrometric analysis agreed to 25 of
the predicted valus assuming & 100% radical aplit.(é,

Any difference in the products fomed under varying conditions of
temperature, acetone pressure and ultra violet wavelength, are explained
by secondary reactions of the radicals. At the wavelengths 3130 A°
{used exclusively in this present work) and 2157 A° the reactions 1l amd 2
are certainly the primary process involved.

Other products found on analysis of the photolysed system (Carbon

monoxide, biacetyl, ethane, methane,) have been explained by the following

secondary reactions.



. o
Ot co’ L CE 400 aeeeeniien. (4)

2CH; » Co B PP 61
CHj + CHy CO CHg 5 CHy + CHy CO CHp eevececnces (6)

2CH; 0O 3 (CH3 )y ceeeerneniennens (7)

There is evidence that for photolysis at high temperatures (¥250°C)
the products of secondary reactions also include ethylene and ketent.
Variations of tempsrature, pressure and wavelsngth upon the relative
¥ields of products is discussed below.

TEMFE RATURE

The apparent quantum yield of dissociation of aaetone,Q 4, has a
value of around 0.3 at- room temperature when irradiated withl light of
wavelength 3130 A°, but this rises to a value of almost unity at 100°C.(7)
This valus is maintained over a large temperature rangs. (8)

At lower temperatures ethane is a major product, but increasing
temperature produces a falling value of§02H6 in favour of an increase in
methane production. This is expléined by the activation energy required
by reactions 5 and 6, ‘the latter remaining relatively conaté.nt in
comparisonl to that required for reaction 5,(with a rise in temperature)
which increases rapidly. The production of biacetyl at higher temperature
is negligable, due to the themmal decomposi;hion of acetyl radicals, by
reaction 4, befors recombination can take place. This latter fact is

illustrated by the rapid rise in the qua'ntum yield of carbon monoxide with

increase in temperaturs. (400 = 1 at 120°c)



PRESSURE

Increases in acetone pressure at a fixed temperature cause a rsduction
in the observed valuss of id', this reduction beiné initially sharp, but
as the pressure increases further the values of&d level out. At all
tempersatures the wvalus of Qd tends to unity as acetone pressure tends to
28T0.

All the above remarks apply to a system irradiated with ultra violet
light of 3130 A° wavelength. At shorter wavelengths (in the region of
about 2000 A°) other primary processes become importgnt. Little work
has been done at the short wavelengths, but evidence for a primary split

producing hydrogen has been put forward. (9)

CHy 00 cHB'F y Cly 0O CHD 4 H eeeovennse-vee (8]

Bowever since all the present work was carried out at 3130 A° the

offects of shorter wavelengths will not be further discussed.



Acetone = Iodine System.

(10} (11)

The earliest work 6onducted on this system Was by Gorin ’

but the whole work is open to much doubt due to inconsistancy and
improbably high quantum yields for methyl iodide when viswed in the
light of later work.

The firlst investigations to yield important infomatién was that

of Forbes and Benson (12)

» Which noted the absence of ethane and biacetyl
in the products. Their attempts to isolate acetyl iodide from the products
were not successful., This was due t0 the extremsly unstable nature of
the substancs, which decomposes when in contact with mercury wvapour, in
light, and is extremely susceptibls to hydrolysis by tracss of water.
Later work wi'ﬁ:h blank runs using acetyl iodide gave very low recovery
yields. (13)  ¥alds of carbon monoxide obtained by Forbes and Benson
have not been' confirmed and seem to be high. |

Work by Sutton and Martin (2] in this laboratory was carried out with
supsrior techniques and the results obtained were in good agreement (where
comparison was possible) with that done at the same time-by Fitts and
Blacet (14) using different methods. Sutton and Martin also had difficulty
in seperating acetyl iodidse. |

A brief summary of their findings is given;
1) ©Products isolated were mainly methyl iodide; acetyl iodide and
| carbon monoxide.
2) ‘Yields of carbon monoxide were low (& oo €0+01).  This yield

increased with :temperature and decreased with acetone or iodine pressure

increases.



3) Acetyl iodide results were unsatisfactory for reasons mentioned
above. In the absence pf much carbon monoxide and biacatyl,acetyl
iodide yields should be of the same magnitude as methyl iodide.yislds.

4)  Methyl iodide quamtum yislds varied withiodine pressure, dropping

in valus with an increase in iodine concentration until a constant
value was obtained. Increases in acstons pressure a.iso decreased

the methyl iodide yield.

Mechanism.

lMartin and Sutton put forward the first theoretical scheme to fit
the accumulated evidence. This postulated that on absorbing a quantum
of radiation the ac.etone molecule 18 convartaed into an electronically

‘excited state A'.

1}

A*hv " A ..Ofo‘.-..culooaloono (lA)
' This state they argued, was susceptible to two fomms of removal,

forming either products (methyl and acetyl radicals) or a partial -

deactivation by iodine molecules to a second excited state A",

A _ cns + CH, CO eevesescccas (24)

Al 12 ;A" ..........--.-.-..-o.(9,

This second state still has enough ensrgy to decompose to products
in competition with a further deactivation by collision with acetone

or iodine molecules to the ground state of acetone.

A" CHB. + CH3 CO. esvevsesvsonns (ZB)

—_——

A"+M ! AtM ....?.,...,..l.’...(lo)



=11~
This scheme can be represented graphically.

Products

AN

A

GSe

The fomation of the observed products was explained by the

following secondary reactions.

cnj' + 17 B 3CHy T veverennnensae (1)

CHy + Ip > OH; T+ I ciereneonces(114)
CH3 CO.-O I.l g.“ 3> Cij I oloo.-o.tnooo(l?)

CHy CO + I, _ 5 CH3CO T+ T aieeecensnna(lan)

s I, eecerseiiiienn (13)

The small emocunt of carbon monoxide isolated was explained by
including reaction 4 (CHg co 5 CO + CH5 ) competing unfavourably
with reaction 12, as a mode of removal of acetyl radicals.- Iodine
reacting with the radicals produced, suppresses any recombination of
the radicals explaining the absence of ethane and biacetyl in the
products.

Applying the steady state treatment to this scheme the following

kinetic equation was obtained.



@cnax-éco = 1_[1*K2A | s |7

14

X9(t2 - K W)

{APPENDIX I )

evse.(14)

Making the assumption that acetone and iodine are equally likely to
deactivate A", (M) can be put equal to the total pressure in the system.
Using 'best fit' values of Ko, and Kpp the above equation shows

Kg Ko

good agreement over the range of (QCH3 I- éco) valuss obtained
experimentally.
()

Subsequent work by Brown in this laboratory led to a revision
of the Martin and Sutton mechanism with regard to the mode of
deactivation of the A' and A" species.

In the revised mechanism Brown suggested that A' is deactivated
to. the A" speciss by acetone molecules, and that A™ is itself deactivated

by the iodine present. Both species are still assumed to also decompose

t0 yield products.

A' + M A" + ceeserccsenes (15)

FLER R ) 3 A Iy eeecieeeaieaaa(16)

This revision also. permits acetone molecules to dsactivate A" but
competing unfavourably with reaction 16. Also the revision has the
effect of postulating 'the'at both A' and A" spacises would be present in
the photolysis of pure acetone (i.e. with no added iodine.) Applying
the steady state theory to the new system a similar kinetic equation

is produced, which still shows good agreement with the experimental

rasults.
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) N 4
Ko K
éCHBI -éCO = l-[l + g 1+L 29902+(17)
. . 15&\“ _ Kl6 (12]
(13) _ .
Later work by Mitchell on the fluorescence of acetone in the

pressence of iodine strengthaned Browns revised mechanism. In the
pure acetone system there are two electronically excited states A% and
A** of which A** is the longer lived, and responsible for the greater
intensity of fluorescencs. Ma‘rtin and Sutton by assuming reasonabls
collision dismeters for the A" deactivation, and assuming each collision
promoted a deactivation, obtained a half life for A' of 4 x 10 ~/ sec.

which was close enough to that of A® to enable its identification with

2
this species.

Rise of tsmperature quenches the fluorescence sfficisncy of A*:
much more than that of A%,such that the relative contributions at
5¢C are 3;1 whilst at 85°C the ratio is 2:l. (13) Powever at all
tamperat;urea within the range of experimentsal results under consideration
here, A** contributes the major intensity to the final fluorescence.
Whereas in the Martin and Sutton scheme, iodine quenches the A' species,
in the revision of Brown it would be A", thus the addition of iodine
to the system would cause little difference of a sharp decrease in
fluworescencs, depending upon which theory is applicable. Mitchell's
work resulted in a decrease in intensity with added iodine, and this
was more pronounced at lower temperatures. This imas a good indication
that Browms mechanism was acceptable and also that A" could now be
positively identified with A%~. It also enabled the suggestion

that A" was itself an ecetone - iodine complex to be overruled.

A further possibility is that the deactivation of A" leads to a
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complex of acetone and iodine which itself is capable of decomposition
to pro;lucb or to return acetone t its ground state.

A" + 12 3 COlnplex sesesenceee (18)

Products

A'

__-_\T Y
=

G.Se

Complex . ] Products eceocec-cescsces (19)
Complex a A + 12 o600 saesssssesse (20)

Such a system has one drawback. The preéenoe of oxygeri, biacetyl
and iodine in the photolysis of acetone each have the same effect and
reduce the value of é d to .a_ similar valus. This would suggest that
the values of K19 and K,y were similar for each reagent, and this
fact, whilst not impossible does ssem rather unlikely.

'fhia machanism could be improved in the above respect by assuming
that the complex does not decompose to yield products,but only to
reduce the acatons to its ground ataté , thus eliminating reaction 19.

Applying the steady state theory to this system the following
equation is obtained (Appendix 3)
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Kas8
0

K

+1
) ).......(21)

From the appendix it may be seen that this mechanism would

oA
(éd - 6«0)[ = (1 :f;[ﬂ ’((—Jh:%-(l +

explain the similar limiting values of ¢ d, regardless of the
quenching reagent J;;ntroduced into the system. If this mechanism
is tenable & graph of[@ 4 -9 )-1(1 + K ) +1 ] against iodine

- TRt
should be a straight line. A valus of Ko, can be obtiined from

| e

the limiting value of ®d (i.e.Poo) as explained in the appendix.
Work carrisd out recently in this laboratory by Clough when interprated
in ths above manner gave a plot which was tolerably a straight line,
but with a fair degree of scatter, which becamme more pronounced at
the higher iodine concentrationa. The s.greemenf was however enough
.to warra.rit,perha.ps the partial acceptance of this mechanism as
contributing towards the overall mode of reaction, and certainly -iu

a further investigation of the problem.



2A AFFENDIX I Martin & Sutton theory.
A v+ N y A' Gseseessscssaancasens (14)
A' = 0}13. + CH3 CO. LI B I I I I I B Y ) [ X ] (ZA,
A + I | s A"F Dpeerieiiiiinnieanaiais . (9
A® , cuj' + CHy o M (2B)
A + )M . A + M seseseccecsssaine (r0)
CH300 — 5 CH3 +00  .ecenennnnnns R 8

The reaction products aré formed from the radicals by the

reactions:-
iy +T ___, Oyl v (11)
CBj+ I, ____, CHyI+1  eeereereruneeenns (114)
CH, o+I ___, CHy 0 I eesevevenennt veees (12)
CHy ® + L, e JCH; 0 I 4T eeiieniiiiieianin, (124)

Now by the steady state theory

d(CHBN

=0= (A') + (A") + K4(CHy CO) - Ky (CH,)(I)
— Eoa Xop K4!CHy 5

- K11, (CE3) (L).

Mdw 4 (CH3 1) = K, (C"g)m + K1, (cp3 NHI,)
at
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and d(co) = K, (cHy 00
at.
therefore . d.(CH; I} - d(c0) = Ky, (A" + Eypla....... .eefa)
dt dt |
now (A} = 1,

K?A +K9(12)

and AV

L& (1)
(Kop + K10 (M))(Kpop + K9 [127)

Therefore, since

o, 1 -doo = alcig 1) - a(co)
3t it

Ia.

and substituting values of A' and A" in equation (a)

Qcast-ém = Koy + %59[12]
Ky + K9 (1) (X5 + Ko DONK,,,+ Ky (1,1)

KxpKop + Kop Kjof] + Ko Kg [1o)

(k=2 + K_‘_oﬁ])(xzA + K9[12])

(x2a + K9 (12 JYKz=B + K ioWl)- K9 K10 (15 1)
Ky + Ko BONE,, + Kq (1, 1)
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= 1 - K9 Kjg [1> 1)
&y + K, 00K, + Ky (1))

1 1 .
= 1 —Gﬁ KZB )(l+ KQA ’ )
Kloml 1 Kq iI 2]

K, o [ — (14)
Ko




AFPENDIX 1T - Brown Revision.

This is essentislly the same oxcept that reactions 15 and 16

replace 9 and 10 .

Al + 12 . l' A" ........opa---o--o(9)

replaced b.V A' +M A”ﬁ{ ong-.g-iaoc-ooo.(lj)

—_—
and A"'.'M . aA+M ooogppo--qouccoov('lO)

by A"+12 aA+12 ......Il....!..!(lé»

Similar ca.lctlations as before yield the new kinstic equation

1
. KaA -1 KZB
@CH3 I _.éco 1 '(1“, K15[M]) e " Eeld eeee(17)

"

—

Assuming that methyl iodide can arise from acetyl radicals only as

a result of prior decomposition of the radical via reaction 4, then:
ba  =Poy 1 - o

@00 is less than 17': of the corresponding QCH3 I value, thus within

the limits of experimental error

P ,=¢CHSI-.




APIENDIX III

Products
7 \23
Al K15 . Kig
— &= Complex. C.
] All
’R K16 ﬁ)

A Ground state.

Applying r-st-e&'dsf:. state - theory:-

Al = Ia ..A" = K15 A' + K_ls C
Kop + K15 K16 +K18 + Kgp
C = Kla A"
K 8+ Ky
Thus
Av = K51 + K1 Kg A"
Ko + K5 Kas* Ky
Keg * Kg * Xy
= Klj I
Kop + K5

K¢ +KgtKog - KigKs
‘ Kae * Xy
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A" = Kij Ia,
(Ko + Kw)(las * Koy + Kjg Ky
K20 + KLlB
Decomposition to products
Ia @d = KZA Al + K% AW
L = Eul * Kz K15 Ia
K2A + K15 (K%+Kl5)(K16+K23 + K18 K o0 )
Koo + K18
ba Koa * K2 K15
Kop * K5 (Kop + Ky5 MKy g + Kop + Kyg Kpg g
KZO + K—l
Now at infinite iodine concentration Xjg S OO
>
Thus the second temm . . 5 0
thus 4& = Koa = 1
KZA + Klj 1 + Klz
Koa

Now agsums that K15 = b5 (A
P =
1+ 50) (a)
Koa
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As the-.acatone pressure is constant in the series of runs,

'a valus of h5lA) can be obtained from the limiting value of Qa.

hop
'(i.e . d) oo)

This now would account for the similar limiting values of

obtained by using different quenching agents.

For fixed [A), from above :

ba -Po = T K15
(K24 + K15 ) (K16 + Ko + K18 K20 )
Kpp v K/
Pa - b = 1 1
1 + Ky K16 + 1+ KgKy
K15 Kp  Ka.g(Kx +Kg)

In the asbsence of qusnching agent cI)d s 1, thus the ratio

K
-K-2]=—6‘ must be very small, thus:
B

@'d-@oa

1l 1

1 + Koy 1 + KgKyy
K5 Ky (Kyp * Eqg)

Thus putting Kig = Jd1g[I5) and Kzg = hyy [A}

Ba - Po = 1 1

1+K 1+ Tl !
| tEan TnlR boxa
15 Kop :

: X0
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D 1l + KQA 318 [12]
d '%‘” ( h15[A') )(

hQB[A](l-t-K_ls ] + l)

Therefore & plot of ( 1 )( 1 :
| ¢a -poATT Ky )'1

By5[A)

iodine concentration should be a straight line.

K20
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3. © Bxperimental Techniques.
freparation of samples.

Iodine ...... The method of preparing iodine samples was that used

2)
by Sut'bon.( The 8 day isotope 1131 was used, being the most practical

from both counting and half life considerations. It was obtained
carrier free from the Radiochemical centire at Amersham. Enough iodine
was preparsd for about two - three wesks work at a time.

The active iodine ({(supplied as potassium iodide) was diluted by
. addition of a known weight of potassium iodide. The iodine in this
solution was then precipitated in the form of palladous iodide, Pd. 12,
by treatment with a slightly acidic (HC1l) solution of palladous chlorids.
After completing the precipitation and coagulation by heating upon a |
hot plate, the precipitates was washed ssveral times with distilled water
and finally transfered to the containsr A in figure 1. It was found
convenient ‘that the preliminary steps mentioned above should be carried
out in A, thus reducing the possibility of loss in the final transfer.
After attaching A to the rest of the apparatus, the system was evacuated
until & sticking vacuum was obtained.  Slight waming of A was heful
to completely remove water from the precipitate.

When the vacﬁum had pesn obtained the paliadous iodide was heated
to0 about 400°C, at which temperature it decomposed to yield iodine and
palladadm. The U tube U,was codlsd by immersion in liquid nitrogen,
and thus the iodine liberated was collected in this portion of the

apparatus.



FiquRe |

ToDINE SAMPLE

FRe MRaTionN

J

To HIgH

VAcuum™m
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The glass wool plug P prevented any flakes of palladivum being carried
over with the iodine. When all the iodine had been sublimed into
the U tube the constrictions D and E were sealed.

The U t;ube 92 was then cooled in liquid nitrogen and U_l allowed to
warm up. The iodine was sublimed into the capilliary tubing C.
This was a delicate process and great care was needed especially if
the capilliary was very thin. (The thickness of the tube is of great
importance. If it is too thin, then it is liabls to be broken during
the £illing process. If on the other hand it is too robust, difficulty
would be encountered later on when it ha?}‘tefoke'n to release the iodine
into the reaction vessel.}) The system was kept open to the pumps
during this final sublimation to help the distribution of iodine along
the whole length of the capilliary. ‘When all the jodine was in the
tube the two ends were sealed as wa,é constriction F. The aingle length
of tubing was then subdivided in smaller units containing amounts of
iodine, this being estimated by their ¥ activities relative to one
chosen capilliary which was later broken under a potassium iodids
solution and titratedwith sodium thiosulphate solution. In determining
the & activities it was found desirable to sublime the iodine to one
end of each small tube, to ensure a uniform positioning of the sample
in the well crystal of the scintillator. The activities of the separate
samples :mmed:.a.tely é.fher preparation varied between 15,000 to 100,000c.p.m,
this upper limit being within the range of the counting equipment.

(The usual corrections for resolving time (50 Assec) were made )
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The yield of iodine produced in this manner was very high. The
loases were from two sources, However much it was attempted to kesep
mercury vapour out of the system it was never achieved, and yellow/red
traces of mercury iodide were always found. The second loss was due
to the iodine passing through the capilliary into U,.  This iodine
however could be used as a check upon the calibration titration
mantioned above. The amount was generally very small.

Other wofkers in this laboratory have used the fact that the thermal
decomposition of palladous iodide is virtually 100%, to introduce the
iodine directly into the reaction vessel during the filling process,
by heating a weighed amount of iodide. This method has one distinct
advantage that it is easy to produce a desired iodine concentration,
8imply by weighing out the necessary iodide, a possibility that is
obviously not permissable with the technique used in this investigation,
where only approximations can be made. This method had the disl:advantages
that the decomposition may not be complete, giving incorrect iodine
concentrations, snd that the palladous iodide may not be pare¢, which
would lead to the same error as the weight of the iodide would be
incorrect. A third but minor drawback is the possibility of flakes of

palladsam entaring the reaction vessel.

ACETONE = ...... FPrevious workers have used Analar grade acetone which
they redistilled and fractionated, using the middle third. However
(16)

Tro tman-Dickenson found no difference between this and nommal dried

Analar grade acetone in a series of photolyses carried out. Thus in



the present work analar grade was dried thoroughly with prehsated
magnesium sulphate and then distilled in vacuo into the resevoir R
of figure 2. Finally it was vigorously degassed by pumping on tl;e
sample which was held fast by an acstone -ethanel - dry ice mixture
at - 780 Cs. This process removed any pemmanent gases to an amount

below detectable limits.
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Filling of the Reaction Vessel.

Before each irradiation the reaction vessel itself was cleansed
thoroughly, internally, by steeping it in a sulphuric - chromic acid
mixture. Naturally any trace of this cleansing solution had to bse
removed, and this necessitated washing the vessel many times with
distilled water. Special attention was paid to cleanaing the side
arm into which the acetons was to be frozen.

The section C4, 03, B, and Co in figure 2 was constructed for
each run and attached to the reaction véssel. The capilliary of
iodine was placed in portion B which contained a soft iron plumger.

The gas and water in the system were pumped until a sticking vacuum
was obtained, and then the whole system was isolated from the vacuum
line by means of the tap T,. Initially this tap was also cut off from
the filling system by means of a mercury cut off valve, thus preventing
the acetone coming into contact with tap grease. However, in the work
report/aa here the apparatus was attached to a lins with many taps 8o
this refinement was not necessary. The amount of acetdone absorbed by
the grease would be negligable, especially since it was only in contact
with the grease for a very brief time period.

By 'lowering the mercury float valve'v acetons was allowsd to
évs.porate into the closed systém. From a prior knowledge of the volumes
of the respective parts of the systiem, the pressure required at room
temperature in tlge total v61ume to give the requirgd concentration
' under photolysié conditions was obtained. The acetone was then condensed

into the side arm S and the valve &_‘, which had previously been held
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open by a magnet, was now allowed to fall into position. #Hhen the
ace‘oone.waa frozen the U tube containing gold foil was immersed in
liquid nitrogen, this preventing the passage of mercury vapour into
the reaction vessel. The constriction C2 was then sealed. In
oalibration runs,C3 was sealed and the réa.c-tion vessel taken away,
cleaned and placed in the irradiation oven.

In runs with iodine, the capilliary was next broken by the soft
iron plunger which was enclosed in glass, thus preventing the iodine
coming into contact with the iron. The base of the reaction vessel
was cooled in liquid nitrogen whilst the iodine was he.ated slightly
to aid the sublimation process. When complete the constrictiozfiwas
sealed .and the iodine allowed to wam tup until the reaction vessel
(apart from the side am) was at room temperature. The liquid nitrogen
was then removed from the side arm and the acetons allowed to thaw and
evaporate through the valve into the rest of the reaction vessel. Such
a method of warming up the frozen reactants ensures that neither one is
condensed onto the other, thus causing premature reaction products.

Finally the reaction vessel was washed with a teepol solution
and then disti;l.letd water. This removes any grease from the vesssel
which in ul'l:r‘;.‘zll.:.ght flwresces. - After drying and polishing, the

reaction vessel was placed in the oven.
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3B Irradiation system and procedurs.

System.

This system is illustrated in figure 3. The source of the
ultra violet light was a mercury lamp operated from a stabilized

D«Ce suppl& which produced a steady emission. Any slight varistions

of ;utput wore negligibls.

The filter system was based upon the system 'usad by Kesha. (17

The aim of this was to produce a monochromatig beam of radiation of

wavelength 3130 A°.  The nickel sulphate solution (50gm/1) which

filled the quartz flask was positioned, in respect to the lamp, such

that a parallel beam was produced. This position was found by trial
and error. A mmia.ble shutter was placed between this flask and the

remainder of the system which consisted of;

A) A disc shaped quartz cell (of 1omm width betwe.en the two faces)
containing a solution of éotassim chromate (.489~/1) and sodium
hydroxide. (.49m /1} The latter was added to prevent the fomation
of dichréma‘be.

B) A 2me~ thick plate filter of type 0X 7. (Chence Bros. Ltd.)

C) A second cell, as above, between an 0X7' plate on the leading
side, and & 2maquartz optical flat on the other, conteining a
'solution of potassium bi}{ithalete (59w /1).  The thickness of this
cell was bwmms . |

Figure 4 shbws the absorption spectrum of ssch component used in

the system. The emissions of importance from the mereury lemp consist
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of & group at 3130 A, another at 3022 A° and a-line at 3342 A°.

The output is such that ths group at 3130 A° about 2 - 3 times as
intense as each of the other emissions. Tiae a.bsorpt;ion system above
removes 99.9% and 99.8% of the 3022 and 3342 A° emissions respectively,
but only 936 of that at 3130 A%  Thus virtwlly a monochromatic beam
of 3130 L was produced. It is seen however that this purity has been
obtained only at the expense of intensity of which more than 90% has
been removed.

The oven :|.n which the reaction veassel was to be éiaced is a cylinder
40 cms long, with an internal diameter of 16 cms. It was heavily
lagged w:.th cotton wol ete. to avoid heat losses. The heating was
obtained from a nichrome element which was wound n‘ound the inside on
an iﬁ_su]ahed shell. The element was supplied.by & Sanvic energy regulator.
This system was capable of giving an oven temperature up to -about 250°Ce
The temperature inside the oven varied from the floor to the ceiling,
the overall fluctuation between the top and bottom of the reaction
vessel when in position was found to be about 8°C. The floor
temperature was maintained at 120°C (t %) which gave a mean tempafature
for the reactants in the vessel of 124° (% 1).

Both ends of the furnace were closed by asbestos shseting into
which had been set optical quartz flats to allow passage of the ultra
violet light. The rear end consisted of two piec-es of asbestos,
such that the lower piece, containing the quartz flat, could be easily

removed to allow the reaction vessel to be insertad,' and then replaced



equally rapidly.

The reaction vessel was constructed of pure fused quartz and
was cylindsrical in shape. (24 ans length 6 cms diameter.) Attached
0 it by means of a 5mded seal, G.S, was a side arm containing the
cold finger , C.F, which was used for freézing the contents of the flask
during calibration rums, thus obtaining a values for the incident intensity
of the ultra violet light, and also during- the ‘filling process.

The reaction vessel lay upon two glase covered stesl bars which
acted as runners and located the axis of the reaction vessel along that
of the ultra violet beam. The two optical flats in the asbestos
sheeting were of slightly smaller size than the reaction vessel, thus
ensuring utilization of all the radiation entering the furnace.

The transmitted beam was absorbed by a selenium layer type photocell,
which was placed close up to the rear end of the furnace such that all
the transmitted light ;wa.s incident upon the sensitive surface. This
type of cell used no dirsct voltage and it was connected up en series
to a unipivot microammetsr and the current produced noted. Brown,(15 )
in his earlier work in this laboratory, demonstrated that the current
recorded on the ammeter varied proportionately with the amount of energy
incident upon the cell, thus am arbitary value for the transmitted
intensity is available.

A1l the items mentioned above,lamp, filters, photocell etc. wore
each supported upon idenﬁml chairs which in tum wers free to travel

linearly along the optical bench or track mentioned before. This
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systenm permits an accuracy of mounting which is easily reproducible.

Irradiation procsdure,

‘ Before esach run it was necessary to check upon the solution in
thes filter sya*ﬁam. Over a period of time the nickel sulphate solution
was found to overflow, dus to its proximity to the mercury lamp, and
this left a coating of sulphate on the quartz flaske This coating
drastically reduced the smount of ultra violet light transmitted, and
80 any signs of the coat was removed. The chromate. solution nesded
very.little attention although once a mould was found to have grown on
ite Also slight evaporatio? may take place as it is closs to the
furnace. The potassium bighhalate solution deteriorated rapidly and
also evaporated at a much faster rate than the other solutions as it is
the nearest to the furnace. The ssmple of bipEchalate was replaced every
week or after 40 minutes irradiation time.

The lamp source, unlike that of Mitchelll end Brown, was stabilized

and thus it was not necessary to allow a long 'warm up' period, while
the lamp settled down to a steady emission, and in general it was switched
on about 10 - 15 minutes before use. The irradiation commenced about
75 minutes after the reaction vessel had been placed in the furnece,
this period of time being sufficient for the reactants to be uniformly
heated to the required furnace tempersture. Once all the preliminary
precautions had besn taken (solution purity etc.) the overall fluctuation
in the emissions from the lamp way¥ small, £ 3% , and the average intensity

during irradiationdsas calculated by frequent readings of the photocell



currente.

In runs containing acetone - iodine mixtures, immediately after
irradiation (5 or 10 mins) the lamp was switched .off and the reaction
vessel removed and allowed to cooi. In calibration runs, containing
acetone alone, after 10waf:i-.ng the shutter at the finish of ths irradiation,
the reaction vessel was removed and its contents frozen by immersing
the cold finger in liquid -nitroger'n. Ths reaction vessel was then
replaced in the furnace, the shutter pulled up and the new photocell
reading noted, this being an arbitary value for I, the incident
intensity. This whole process should be completed rapidly (2 - 3 minutes)
1o ensure, |

a) | The beam intensity has mot changed.
b) Mo acetone evaporates.

Then from a value of both If and Iu a value for the absorbed
intensity is available ( To~-I+ ). This can be related directly to
the smount of carbon monoxide produced, which in tum, (assmﬂngéd) is

wmity) gives the number of quanta of radiation absorbed.
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3C. Ana.lﬁ. is_of the products from photolysis.
- At the beginning of this work the procedure adopted was essentially
that used by‘Clough, but later this was modified with res;;ect to the |
removal of the iodine, for reasons stated below. -

' On removal of the vessel from the the furnace it was allowed to
cool and then attached to the apparatus shown‘in figure 5. Instead
of attaclment being made through a ground glass joint, it was constructed
for each run. This reduced any possibility of prodtllct removal by the
grease which would have to be used.

The gy stem was evacuated until a 'sticking vacuum' was dbtained.

The traps A and B wers then immersed in liquid nitrogen and ;;umping
contiﬁue_d i;or abéut a further 5 minutes, and then the taps T, and T,
were closed , and the break eai broken by means of a ball bearing.
The ooné.ensible products and wunused acetone were frozen in the two traps
80 that any permanent gases could now be isolateds The alumina column,d,
served. to reﬁove any iod:ine and acetyl iodide present which it was not
desired to collect in the traps. | Two traps wers r‘meded to ensure no

‘product is carried through to the pumps.

Calibration runs
Extraction of gem.xanent gas
This was nacessary only in calibration runs to find out the yield
of carbon ﬁonoxide produced by the photolysis. As seen above it is
known that quantum yisld for carbon ﬁono:dds under these conditions

'is unity, thus by comparing the actual yield of carbon monoxide with
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the yield of products a valus for the quantum yisld of the product

may be obtainsds The gas volatile at — 196°C is a mixture of carbon
monoxide and methape. This mixture was transferred from the readtion
vessel to the gas burette G. The tap To was opened as was the mercury
cut-cff wvalve V_l.,whilst Xé.was kept shut, and by means of the toepler
punp T, the gas transferred. Each stroke pushes some gas into G past
the valve V3, and when the pressure in T; is removed and the mercury
falls, the ball bearing in V3 is sealed by a small magnet trapping
about 2 cms of mercury, this acting as a non return valve. About 30 -
40 strokes were needed to complete this tramnsfer process, a situation
reached when.‘t.he pressure of a given \tohne (mariked on burette) remained
unaltered aftar several successive strokes. Thus the temperature,
;;ressure and volume of the mixture was known.

The measurement of the carbon monoxide was effected by removing
it completely, whence the gas remaining would be mainly methane, which
was measured in the same manner as above.

For this removal of carbon monoxide, iodine pentoxide was used.
This reagent at a temperaturs of 15000 end in the conditions encountered
here, is specific in its oxidation of carbon monoxide to yield carbon
‘dioxide.

I, 0;+5€—>5 00, + I, .eceeeeeesvnec(22)
The iodins produced was absorbed onto si'Lve.r impregnated glass wool

plugs, and the carbon dioxide frozen out in the U tube immersed in

liquid nitrogen.
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After its initial measurement in the gas burette the mixture
was pumped into the portion of the apparatus containing the iodine
pentoxide by means of the second toepler pump '.EZ. Seven strokes
wore adequate for complete transfer. The gas was left in contact
with the iodine pentoxide for a short period, and then after immersing’
the U tube in liquid nitrogen, closing the mercury valve V; and opening
Vo,the gas was measured in the gas burette. This cycling process was
repeated until a constant valus was obtained for the amount of gas .
remaining. From this value and that of the initial mixture, the
smount of gas removed (i.e. carbon monoxide) was calculated.

The efficiency with which the iodine pentoxide oxidizss the carbon
monoxide depends upon the immediate history of the reagent. The
manufacturers suggest heating before use, and it was also found(13)
that on contact with air the iodine pentoxide becomes a very sluggish
oxidizer. T overcome this drawbadl_;, before its use the reagent was
heated to 190° C and pumped upon for about 12 hours by which time a
sticking vacum had been obtained. After such treatment the carbon
monoxide produced ( <10-6 moles) was oxidized in no more than two hours,
In several runs the gas was further exposed to the pentoxide for
considerably longer periods (i.e. 24 hours) to see if any oxidation
of methane took place. In all such cases the final amount of residual
gas was unaltered by this additional and prolonged exposure to the

iodins pentoxide. If at any time the pentoxide came into contact

with air, even only momentarily, the pumping process Was repeated.



Aﬁalx'si’ £ runs ’étgﬁ%gﬂlhg iodine.

In these runs only methyl iodid.e. yieids were required. After
obtaining a stitking vacuum in the anflytical apparatus the break seal
was broken in the same manner described above, with both taps T, and
1'1 , closed. The reactants and products were allowed to condense into
the traps, except for any iodine and acetyl iodide which were ke\a‘l'-'
from the traps by thé alumina column D . After about 30 minutes the
taps T; and T, Were opened to the puml;s so that any gas 'trapped' in
the alumina column was drawn into the traps, and to ensure that the
reaction vessel was cémplately evacuated. In some ‘runs -air was admitted
into -the system between the column D and the reaction vessel, and.then
sweét away through the t;‘aps to ca.rz;y with it any iodide not previously
condensed into the traps. Iowever no apparent difference in the final
methyl iodidé Yield was noticed when this procsdure was employed, when
combared to rune in which it was a‘bsent.

The tap ‘.l.'2 was now closed and the traps allowsd 1o wamm up whilst
container C was coaléd with liquid nitrogen. This contsdiner was
constructeci s0 that it just fitted into the well crystal of the
scintillator used for counting the ¥ s' from the iodine. After a
further thirty minutes the tap "I'3 wes cloeed, it had previously been
open, and a fixed amount of acetone admitted to dissolve the iodide for
counting purposes. The sample was allowed to wamm up prior to placement
in the counter. The amount of acotone added must be identical for _each

run, to ensure that the counting rates are related to one another. If



too much acetone is added the ievel in the container will be above
the top of the well crystal and the recorded counting rate will be
lower than the tise valus. Various tests were carrisd out to find
the maximum possible volume of acetons pemmitted without reducing the
counting rate, and in all the runs just under %" depth of acetone was
used. L

In the sacond seriss of photolyses a different method of iodine
removal was employsd for reasons atated 1ater.. Ths new mathod was
that used by Sutton and the portion which replaces the a.lumina:. coiumn
is shown in figure 6. The piece of apparatus was constructed for sach
run, and not intil the last moment was the potassium hydroxids (6 pellets)
introduced through X which was then sealed. The potassium hydroxide
removed any hydrogen iodide and acetyl iodids present, together with
some of the iodine, as was noted by ths colour changes. Ths remainder
of the iodine was absorbsd by the silver glass wool ba'rrier S, ..In -
runs with very large iodine concentration much iodine remained upon
the wallla of the reaction vessel, and even when these were gently waried,

it was found to recondenss,



Table 1

Calibrations
o [ | R e [ [z [ TS
mn of Hg units o . ITD_T ,
A™ | 5 30:8 | 1.3 [17.8 .196 Lo Ol 5.65
I Ve 5 | 30.8 L0 [17.1 | .181 3.977 5.64
B 5 | - 30.8 12.1 [15.2 . 204 1.61L 2.470
B, 5 30.8 9.5 [|12.2 221 1.389 2.92
cy 10 " 30.8 3.5 | 4e5 0222 1.090 3.11
¢, | 1 | 308 | 3.9 |48 7| Tz | 2.6
D, 5 30.8 8.250 10, | - .206 1.315 15.188
D, 5 30.8 8.45/10.5 | .195 1.365 3.230

®Acetone pressure with an accuracy of by

ETiming_ errors
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Photolysis of Acetons - Iodine mixtures.

Calibrations = Photolysis of Acstonee.

v I-h

As stated earlisr it has besn showmn that the quantum yisld of
formation of carbon monoxide under the prevailing conditions is wmity.
These calibration runs were carried out to snable the quantum yield of

products t0 be determined, from a knowledge of the carbon monoxide

produced.

.

The absorption of ultra violet light by acetone follows the

relationship Ip = I, € €lp.
P = acetone pressure : 1 = path length £ =absorption
coefficient
thus I = Io - IT
Ip = K Ip

This applies to runs in which the acetone pressure is constant,
as in the present series. Thus an arbitary valus of I, can be obtained
by noting Ip. | '

In the work carried out all factors (position of cell, prassure of
acetons, lens system etc.) vhich could effect the mroduct yield from
run to run were kept constant. Thus the yisld of any pfoduct was
proportional to the time of irradiation and the sbsorbed intensity of
the ultra violet light.

The results obtainad ars set out in table 1. The lettering rslates

the calibrations to the actual photolyses which are recorded later.
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The Q factor is a measure of the reproducibility of the results and

is the following expression

Yield of carbon monoxide
It is then,the amount of carbon monoxide produced per arbitary
wnit of incident ultra violet .light, per minute. From the last column
it can be seen that the values obtained are reasonably constant for the
C and D seriss, which were the only ones whose results have been used.
As the acetone concentration was constant (within 2%) for each
photolysis, the ratio of the at;sorbed intensity to incident intensity

should be constant (i.e. I, = Ip ) for all runse As is sesn from
I

column six there is a large degree of variation, up to 20%. Iowever

the readings of the Ip and I, values are subject to errors in reading
dut to their small valus. Consider calibration Cp. Assuming an
accuracy of reading #+ o.1, which is in fact the lsast which is realistic,

Iy and I, could be 3.8 and 4.9 respectively

therefors, I, - Ip = 1.1 = .224 (<4 .187)
I, 4.9
and calibration D, I - Ip 5 +A7  lef A95)
o]

It is therefore reasonable to say that the figures presented in
colum 6 are to a great extent constant when the errors in reading are

accounted for.
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The volume of the carbon monoxide and methane under various

pressures and temperatures during analysis was .1172 als. In calibration D2;

Proasure of gas mixture (CO + CHg+) = 32,5 mms.
Pressure after recycling through I, = II-2 mms.
Prgssure of carbon monoxide = 2.3 mms,
Volumelof gas burette = 1172 ml1s,
Tempera ture | = 293°¢.
Volums of carbon monoxide at N.T.P. =  273(.1172)2 .3
- 293-_760
thus the amount of CO = 273(.1172i21.3

293,760, 22414

1.365 x1Q9 moles CO




ble 2

First Series: Results

No. | pihs| Tr E:E‘éﬁg: _Ivmgns Z/Ié:og;egtoil g° :ce.lzsxlo é CHLI |
a | 5 |12 30.8 7.661 29.45 4.150 0.103
2 | 5 |wm3| 308 | s.u2 19.79 4597 0,114
BL { 5 [12.1 30.8 1.297 4.991 2,186 0.134
B2 | 5 [1.5| 30.8 | .5859 2.255 3506 | 0,226
B3 | 5 |11.5| 30.8 4341 1.670 4011 0.258
B | 5 109 30.8 29393 3,61 2.717 0.185
B5 | 5 |1145| 308 | 4007 1.566 14300 0.278
B6 | 4.0 |10.0 | 30.8 2.234 8.596 1.35 0.125
87 | 5 |10.0] 30.8 .7607 2,927 3.238 0,20
B | 5 |10.0] 30.8 1.686 6.14,88 1.873 0.139
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Thble ;

Second Series: Results

fo. [0 iy [ dovten | Tugm | matemes | ot o PO
D |5 [7.95] 30. | 17 1.22 10.08 790
D2 (5 |[8.6 30.8 1.21 4.298 84754 634
D3 |5 [8.35 | 30.8 1.206 4.268 8.097 - 604,
Db [5325 [7.9 30.8 2.253 7.97 7.158 . | 562
D5 |5 |7.8 30.8 | .6183 2.193 8.337 | .666
D6 |5 |7.95| 30.8 3.486 12.26 6,864 | 538
p7 [0 [8.6 30.8 | 4.092 .72 13.75 | .4981
D8 [0 {10.0 30.8 3.2727 11.5 17.59 | .548 |
D9 10 |6.5 30.8 28.46 99.9 8.189 | +393
D10 [10 |6.5 30.8 17.70 62.26 7.8L | J37U7
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48 Photolysis of acstone - iodine mixture.

In all runs the acetone pressure was maintained at 30.8mmsof Hg
" under phc;*bolysis conditions. The temperature was maintained at
124°# 1°C. (ref. page 31}

In these runs only the methyl iodide was sesperated for determination.
The work may be divided into two parts depending upon the method used
for removal of iodine in the analytical process. Table 2 gives the
details of the results obtained using the alumina column, and figure J
represents them graphically as a plot of the quantum yisld of methyl '
iodide against 'iodina concentration. The reduction in the valus of
d CH3 I - Q C0 with increase in iodine concentration is as would
be expected in the light of pravious work. [Iowever the actual values
are much lowsr than all previous rasults would suggest. Not only are
they low in value, but the runs were at low acetone pressure, and
previous evidence(Z) indicates this would produce higher quantum yields:

It was then decided to repeat the work using the Sutton method for
removal of the iodine, and the Tesults are tabulated in table_3, with
the graphical relationship in figﬁre 8. It may be seen fi'om.i"igura
9 that these new results are much more- likely when compared with earlier
ﬁork. The.ree._sons why the first series are so low is not at all clear
especially in view of the well defined curve of figure 7. A discussion
of thies is left until the next chapter.

-1 -1
As suggested in chapter 2 a plot of, @ d -?,,) ‘L + K,y el

T



Table 4

=

| (@-@Ji

e

No. Xt 'X'=1 | I molecules

' /cc x 10%
n % | .uzé 2.38 1499 | .99 122
D2 634 | 268 3.781 2.382 | 1.382 |  4.298
D3 604 | 234 4.270 2,689 1,689 4.268
DY 562 | 192 . 5.208 3.381 | 2.281 7.97 °
D5 666 | .296 3.378 2.128 | 1.128 2.'193:»
D6 538 | 168 5.952 3.749 2,749 12,26
D7 . 498 | 128 | : 7.?95 ke 91 3491 72
D8 <548 3.539 | 2.539

- .178

5.618

1.5

From f':.gure 8 the limiting value of,QcHSI used = 0.37

This yields a value of 0.63.for (1 +h%2fh])el

= (fa »-év)'-l(l +hi2'f(jA))
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against iodine concentration should be a straight line, if the prorposed
mechanism involving an acetons ~ iodine complex is tenabls. Table 4
‘'sets out the values of the above function, and figure 10 shows the

graphical relationship. A discussion is left until the next chapter.



APPENDIX IV. TYPICAL CALCULATION.

Calculation of run D.8.

Value of incident intensity

10 £ 0.1

Time of irradiation 10 minutes.

Mothyl iodide yield 8

17.59 (#£.34) x10~
'‘q' valus from calibrations Dy and D, = 3.209 (£0.9) x 1079
Expected carbon monoxide yield at 10.0 units of intensity

= 3.209 x 10'9 x 10 x10 = 3.209 x 1077 (_*0.12)

Thus @ Cly I 17.59 x 1078 ( .34)

3,209 x 1077 ( 0.9)

0.548 (% .032)

From figurs 8 a value for @a = 37

Thus for D8 = P d - e .178( % .032)

da -0e)" = 5.8 (+1.00)
Now from appendix IIT - (1 + s (A) T 24703
h15 [£Y] = '1.7@_

T



thus Koa

thus (1*‘ Kzaa = (1587971, = .630
s .

thus  |(Pa - P )-1 1+ Ky, )-1 -1
b5 [

= 5872

5.618 (+1.04} x .630 - 1

3539 ( £.75) -1

2.539 (#0.65)

The error is fairly oonsidera.b-le for this function,being caused by
the various measurements needed :Ln guantum yield detirmination. The
other factors involved depend upon the value'ﬁsed for (o, and although
this maybe any value from about 0.36 to 0.4, the error.would not affect
the relative positions of the points on figure 10. when the previous

errors are allowed for. Avariation in. the value of Q” will however

change the slope of graph.
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AFFENDIX V.

To see how the results obtained in this work fit in with the

Brown - Mitchell mechanism, equation 17 is expanded:

cI)anI - oo

L (1. * Xon eeee )

K15 Nl] (1 KletI)

The yields of carbon monoxide as mentioned befores ars very small,

thus:
bomy1 -1 -(1 +Ky YT fieRKm Y1 .. (B
*- K5 04 K161

Now at infinite iodine concentration a limiting value of¢CH3 I

is obtained expsrimentally, therefore

¢v= 1 - [ +Kp = teereeesrannnanecaananeases (100
(1 Kljm) . | (19

It was stated before,‘ that M could be either acetone or iodine,
and in this case the limiting vaiue of the quantum yield from the above
equation would be Zero. This is plainly contrary to the accumulated
evidence, thus the use of equation (19) is reasonably justifiable.

Thus

b = 1 - fremy VP o= 1 - K 5[}
Ky 504) K 5Qt] + Koa

= Klj(M]_ + Kog - K15Ml
K2a
a5 Wl T T + 515 )




1
1+ K15M
Kog

Substituting in reaction 18

bomy1 - 1-(x15mq>..,)(l+ Koy -.)-1

Xoa K16 (1) _
1-Qog1 = G Bpsl) (1 + Koy \).-1
Ko %16 (1)
(“ﬂz) . (1 . x, ).1
b~ f150 “F16(1)

1 +1
(1-(1)@131 xza-)_|= K
® oo K5 Ba) K16 [10)

{{"5}%;1' ) (K;;m) "]-l - CI;I Xt

Kop

Thus a plot oftl _4%:3 - )( Klngﬂ ) _ 1]-1 verses

Iodine concentration should be a straight line, a value for K5 (1)

Eon

being obtained from the limiting valus-of the quantum yield of methyl



iodide.
Table 5 sets out the valugs for this function amd it is clearly

seen that the values obtained are identical with those for the functionm,

(Da -Poo™ (14 Ko )’1 -1 |[(table 4) derived
B5 W

from the prévious mechanism. Honcs it is not possible to differsntiate

between the two mechanisms in this manner.
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6. . Discussion of Results.

The cause of the large discrepency between the two series of
results is not at all clear.. One possibilif& lies in thes type of
alumina used for iodine removal in the amlyﬁml process. This
fact was not realised until the middle of the work and. accomnts for
the fact that no precautions had been taken to prestreat the sample used.
Aleo no details wers availsble that revealed the type of alumina used
by previous workers. That used in series 1 was obtained from B.D.H,
and as it is in part intended for gas chromatography it was possibly
washsd in either acid or p.ncali, during its preparation. The other
sample of alumina available (Wolm) could have been tidated in a
different manner. L _

One or two quick tests were carried ou'l;,, but lack of time prevented
any thorough investigation.of the problem. A sample from series 2 was
recirculated through an alumina column and 99% of the product regovered.
Fowever this sample of mathyl iodide was accompanied by the small amount
o'f acetone added before counting, and this may have facilitated its
passage through the column. Anothsr run was performed with the original
analytical set up. After completing the normal process and collacting
the iodide in C , tap T3 was clossd. A quantity of acetone, the same
as nomally added to C, was then introduced to the system in between
the alumina column and the reaction vessel. After obtaining a sticking
vacuun in the system the acetone was allowed to evaporats through the

column and finally condensed into C. This was removad, allowsd to
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warm up, and counted. AbsolutelﬁLo difference was found between

this and the expected values for a series one photolysis., In view of
the previous.test'this makes the disappearance of the product even
more incomprehensible., One final point on this subject. It was noticed
that after each photolysis on allowing the reaction vessel to cooi,

a brown film formed upon the walls of the vessel; p?esumably iodine,
In series one, to a large extent, this film remained, even after
prolonged pumping through the traﬁs A.and B. On adopting the second

. procedure with the potassium hydroxide present, this coating rapidly
disappeared. It may be that thié film traps methyl iodide, thus
preventing its collecting, but it is difficult to see why the presence
of potassium hydroxide should ease its rétéase. In the first series of
results it was attempted to remove the film by gently heating the walls
of the reaction vessel, but this proved to be less successful than
would belexPected.

One thing remains clear, that the use of alumina may not be as
predictable as was supposed. The reasons however, especially in the
light of the fact that the results obtainei were so regular, are not
apparent. However in the.second series, éests were carried out using
alumina (Wolm variety) in conjunction with the silver glass wool, and
it was shown that no apparent decrease in qﬁantum yield was observed.
This fact tends to support the idea that somehow the residual brown
film is responéible for the low quantum yields obtained, and that the
presence of potassium hydroxide removes this source of error in &n

unknown manner,
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It has been demonst;ra.ted that there is no kinetic treatment
which can differentiate between the various proposed mecha.nisms:
| If a mechanism is to be satisfactory, then any ratio. of rate
constants should be similar for both phq'tolysis and fluorescence studies,
and hence in this manner a comparison may be made. From his work on’

' 18
the fluorescence of the acetone iodine systems Clough (18) obtained

values for the ratio J18 but not under the
2b [Al 1 + K

same conditions of temperature and acetons pressure, used in this study.

From a comparison with the behaviour of more comprehensive results on

the acetone ~ oxygen syste:;x ’ ailowa.nces for the different tempe;'ature and
acetons lpressure can be made, and a value for the above ratio of 4.8 x 10-

is obtained. It is seen from appendix 3 that the slope of the graph in
fiéure 10 will give a wvalus for the same ratio. The value ob tained in

this manmer is 3.0 x 10716, Although this is not as close as would be

hopgd for acceptancs of ths proposed mechanism, it must be noted that an
exact comparison was not psmmitted as no data with identical acetone

pressure and te?mperaft_lre velues is available. Also because of the

size of the errors in plotting figure 10, the value for the above ratio |
could concievably bs highser, (error due to @w value %£0-7 x I07'® ) l

From the limiting valus of (JCH3I & value for the ratio of hys |

Koa

was obtained, 2.2¥x 10"18@0-3)This is less than the value obtainsd by

Clough, 3. x 10718, working at a lower temperature (100° C),

and this decrease signifies that the value of Kpy increases more than
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h15 with rise in temperature. This is t0 be expocted as the
decomposition of the A' speciss has an activ?.tion energy, whereas
its deactivation to the triplet state A™ obviously has none, and
this rate h-_|_5 is 1sas affected by temperaturs change.

It is clear that the results are not conclusive &n support of
the complex-containing mechanism but they are encouraging enough to
warrant further investigation along this line. More results are
required at other temperatures, and acetone pressures, in order that

more direct comparisons can be made.



1s , Sumary

A study has been made of tﬁe photolysis of acetone in the
presence of iodins, in ths hope that the fresh data will help to
resolve some of ths problems of ths primary process. All the
photochemeinl work was carried out at a temperaturs of 124° C, using
radiation of wavelength 3130 A‘s throughout. 1311 was used as tracer
for the detimination of ths quantum yields of methyl iodide. The
various expsrimsntal techniques were based on a combination of those
used by Sutton and Martin 2 and Clough 18),

From the results of this investigation it has been shown that
undsr cartain conditions, ths use of alumina alone to remove iodine
from the products, is not satisfactory, but the ressons for this ars
not clear. I+t has not been possible to favour positively any particuler-—-
mechanism, but comparison of ratios for particular rates of reaction,
with similar rates obtained from work on the fluorescence of acetone
iodine mixtures are encouraging, as far as the mechanism involving
an acetone -~ iodine complsx are .concerned.

The available data on this system is still not sufficisnt, and
more is needeé-especially that at comparable temperatures and acetons
pressures to the results from the_fluorescence studies, so that a

direct comparison can be made.
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Reaction Key.

1y CHy CO CHy  + by
(la) A + fy

(2} cny @ cx

(2a) ar

(2B} a®

(3} o5y @ cwy'

(4% ony 0o

(5}  cHy +ocny

(6)  cHy + CH3 00 Chg
(M cHy co' +cHy 00
(8)  cH 400 CH;"

(9) ! + 12

(10} & +

(1) CHy +1I

(11a} CH3 + I,

(L2} cHyc0 + T

(12a} CHy 00 + I,

13} 1+ T

9 Poyr -doo -

v

v

. X
CH3 c0 CHB
A'
CH3 + GI-I3 (¢ 4]

CH 3 * CH3 Co

: cus' + on co

Cp, Hg + CO
CHg + @

C2 B |

CH; + CHy 0O CHy
(o83 0o},

H' + CHj 00 CHy
A" + Ip
A+ M

R

CHy I + I
CHy €O I

CHy COI +1’

I .

1 - (1+ Kog, "‘1 1 +Ky |-l
_ K9 - K, 04



(15)
(16)

17)

(x8)

(19}

(20}

(21}

(22)

A' + M

A" + 1,

Qcr1- do

A"+I'2

Complex

Comple x

(e -8.)" - (1

I05 + 5 CO

> Gomp}ex

S CHy + CB3 00 + L

- A+12

* Koa ) Jlé (). 1
ms(@ J\bt» O 1+K,5 +
*20

________.)5(”2"' I2
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