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ABSTRACT.

The literature dealing with the primary processes
in thg photolysis of acetqne with ultra-violet light has been
reviewed and the important areas where reliable.déta exists
have been identified. Gaps in the knowledge necessarj for
a complete:description of thé process have also been noted
and measurements have been made which made possible a much
fuiler description of the primary process. An apparatus has
been cpnsﬁructéd which méasureé-the light emissién from the
excited states formed.by electronically -excited acetone
and the effect of teméerature;'-agetone pressure, oxygen,

« _

iodine and enon on the excited states has been measured.,

Quantum yields of methyl iodide from the photolysis of

“acetone at'}l}Oﬁ have been measured by a technique devised

specially fof this work and by combining these results with
the light emission work an over-all mechanism has been
produéed'which embraces both sets of data. The role of

tﬁe triplet excited state has been shown to be more imporﬁant
than was postulated before this work commenced and the results

obtained indicate that the mechanism of the primary process '

- must be more complex than previous workers had supposed.
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. ) AN
INTRODUCTION. N

Many reports on the el photol&51s of acetone hate
appeared in the 11terature. The.work was orlglnally given speclal- |
attentdon'because the photolysis of acetone ﬁrovides a convenient
source of methyl radicals. .Later investigation showed that,whenipnre
acetone vapour above lQOOC'is'photolysed at 31303, the quantum yield
of acetone decomposition,l ¥dis close to unity and the overall
' reaction gives two methyl radicals and a:molecule of ¢arbon monoxide.
The measurement of the amount of - carbon ponoxide formed found
appllcatlon as a convenient actlnometrlc standard.

The study of uev. absorption and light enission
(nhosphoreScence and';iguorescence)ihas provided useful information
'concerniné tne.excdted'states produced before decomposition."

The importance of elucidating'the mechanism of energy
distribution in the acetone molecule before the primary split into
an acetyi and a'methyl radical was demonstrated by Martin and'Sutton—(ﬁ).
They showed that when acetone vapour above 100°C is photolysed at
3IBOK in the presence of dodine, the prinary quantum yield'fOr
decomp081t10n, 3[4 is reduced to a value well below unlty.

Most workers have studied e1ther the llght emission or the
nhotochemlcal yields of products under various conditions_and'nave
produced mechanisms nhichfwereladmed primarily at explaining the
results in the particular field investigated. The present work is
.directed tonards extending the measurement of both tne light enission
and the de-exciting effect of iodine in an attenpt to elucidate a
.‘mechanlsm which w1ll account quantltatlvely and s1mu1taneously for
‘the llght em15s1on “and photochemlcal yield date.



CHAPTER 1.

THE PHOTOLYSIS OF ACETONE - A REVIEW

The published work in' this field is so voluminous that
the whole of it cannot be reViewed here (for revievs see 1 2,3)
Only those sections ‘which are ba51c to the whole subJect or of direct
. application to the work'contained in this the51s w111 be discussed.

The Primary Process in Acetone Photoiysis.

The'primaryﬂprocess wili be-tsken to comprise'the events

| between the absorption_of_a photon'and the disappearance-of the

@olecule-or its.return to-its original'statea |

The energy absorbed w111 be re-distributed in one of
the follow1ng wayss | |
. A Chemical reaction or decomp051tion,
b,. Light em1s51on (fluorescence or phosphorescence),
c; Conversion'to thermal energy either.by collision or
internal conversion. |
,Usefui.ioformation on the primary process will be giveh=
by the following_ types of data.
(1)‘= The absorption spectrum will indicate the emergy absorbed:

- .and taken with the hond strengths in acetone may exclude certain modes
of dissociation. A truly continuous absorption spectrum indicates
that all the excited molecules dissociate withih é'vihration.period.
Discrete absorption implies that light emission from the de-activation
of the excited state is possible. |

(2)  TFluorescence and phosphorescence.

- Light emissioh-will give information ebout'the exciteo states formed.

The emission Spectra:will be useful in the same way as in (1). The

effect of pressure, temperature, - wavelength and added gases on the

.



excited states may be studied by means of the light emission,
(3) The nature of the reaction products.

' Thé number of possible mechanisms can be limited to those
which cén give the observed reaction products. The products formed
when'foreign mblecules (e.g. scavengers such as iodine, oxygen or
nitric4oxide) are present, are also useful in this respect. When
scavengers aré édded their possible effect in chénging the primary‘
process must be considered. -

(1) Spectroscopic Information.

The Absorption Spectrum,

Acetone shows a broad region of absorption associated with

0 .
the carbonyl group between about 35003 and 2300A and another starting

at and continuing below 20003.' Very little photochemical work has

: o _
been done at wavelengths below 2000A: the wavelengths most investigated

‘have been 31303 and 25373 which fall in the first of these absorption

regions. These abéorption regions are now recognised. (50) as béing
associ'ai_:ed_ respectively with a l'f‘t—n and a_n'*<—-_ﬂ or o“(_—n transition
in the carbonyl group of the molecule.

Some structufe has been reported (24, 20, 25) at about
Bljox.bﬁt at-the.resolufions used it is uncertain whefher there exists
solely a discrete spectrum or whether there is.an underlying continuous
absorption. There is a suggestion of the fuzziness in bands which is
typical of predissociation of the upﬁer state. The excitéd state(s)
pfoduced by absorptioﬂ at 31303 is capable of light emission (see next
section) and this'virtually requires structure in the absorpfion at
these wavelengths. As the wavelength is decreased to below 31303 the

9
absorption spectrum becomes more and more diffuse until, by 2537A the
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absorption is prqbably truly continuous and this is consistent with
thé observation that at that shorter wavelehgth no light emission
occurs and the primary quantum yield for decomposition'§§h|(26, 27)
Measurements of the absorption coefficient in the region below 30001
shows a graaual increasé to a maximum at about 27503'(25) followed b&
a decrease until absorpfion'cgzsés at about 23095. -This behaviouf is
characteristic of abs;rptiqn-to a‘continuum but it is visually appérent
thét this overall trend is modified in that the ére subsiduary maxima.
It is worth notiﬁg-tﬁgt, becaﬁse of tﬁe many lOW<vibrational-frequénCies :
in the acetﬁne ground state the natural Maxwell-Boltzman distribﬁfion"
will popuiate appreciably several vibratioﬂal levels in the absorbing
‘molecules and lead to complicaﬁions in the absorption spéétiﬁm.

| The difiipulties-in £he interpretation of absorption spectré
of polyatomic moleculés are very great. Some success has been achieved
with Highiy-symmetrical molecules such as_pyridine'(l},'lh) and |
benzene. (15, 16, 17),and with the relatively simple molecule of
-formaldehyde (18;.19). Acetone is not highly symmetrical and no
" detailed interpretation in terms of the primary process has yet been
achiéved.' - |

The Emission Spectrum.

When excited by light of 3130A acetone emits light in the
region of 38005¥£o 47008 with a maximum intensity at about 4550R
(34,.35, 36, 37, 28, 39). ‘The wavelength of fh; maximum intensity

_is-sensitive to changes in tempefaturé.and the presence of certain
.gases (éee later). An emission;foftenvdescribed aé "the green
phosphorescence", hés beep ShOWh to oriéinate in biacetyi which is

a major photolysis product at temperafures below about 70°C.

.5.



In the earlier work biacetyl was sometimes present as impurity
in the acetone. At 50°C the ratio of the total true emission from
acetone ("the blue emission') to the absorbed intensity has been
shown (39) to be about 2 x 1072,

There is a gap of BOOK between the long-wavelength
limit of absorption (at about 35003) and the short-wavelength
iimit of emission (about 3800A) showing that energy is lost in the
excited state between the formation of the state by absprption and
its subsequent emission: the 0,0 transition can.be tentatively
placed at 3600 T 200R. This behaviour is of course usual.
As the excited states are usually more loosely bound than ground
states, the Frank-Condon principle ensures that absorption occurs
to a highly vibrationally excited state of the upper electronic
state and this vibrational excitation is degraded (by collision
or internally) before emission.

Flash eicitation followed by a subsequent study of the
.decay of emission has shown (35) that, at 25°C, the emission is of
at least two kinds: allong-lived component, the phosphorescence,
with a half life of about 2 x lO-A seconds, and a short;iived
component, the fluorescence,. with a half-life of about 8 # 10_6
seconds, This last figufe agrees very well with the mean lifetime
of about 3 x 10--'6 seconds of the excited state estimated (38) from
the integrated absorption coefficient. This also suggests that the
fluorescence originates from the same state as that produced by

absorption.



(a)
(b)
(¢)
(a)
(e)

At 25°C the phosphorescence:- (35)

contributes about 90% of the emission intensity.

has some demonstrable.structure.

is not qugnched by hy&rogen or nitrogen.

is strongly quenéﬁed by oxygen, nitric axide and biacetyl.

is quenched by fige in temperature, being virtually
eliminated by 150 °C.

Since the phosphorescence can be quenched by reagents such

as oxygeﬁ and nitric oxide which do not effect the fluorescence,

the fluorescence can be studied in isolation by quenching the

phosphorescénce. Phosphorescence, however, can only be studied

by a difference techniqué i.e. by measuring the difference between

the quenched and unquenched systems.

(a)
(b)

(c)

(1)

The intensity of the fluorescence:-
is unquenched by oxygen or nitric oxide.

isoalmost igdependent of temperature over the range
25°C — 150°C.

may or may not be quenched by acetone - the reporis are
conflicting.

Groh, Lackey and Noyes (35) report that the fluorescence

is quenched, the results supporfing the Stern-Volmer mechanism

(i.e. the inverse of the fluorescence efficiency is'proportioned to

the acetone préssure).

- (ii) Heiklen's data (43), published _af about the time work for

- this thesis was commenced, suggested that the fluorescénce-efficiency

is independent of the acetone pressure. It should be noted that the.

mechanism proposed by Heiklen includes a step which would require

r
the fluorescence to be quenched by acetone (his equaﬁon 5A)

e
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3i3on

From the results summarised in the above sections on light
emission the following schematic relations of the absorbing and

emitting states seems beyond question,

4\ de.vr‘mlq l-idl’\ OG Same
Exitalin vibrational electranic
extation sfafe
by — =
PAgstoresccnce
amaftin g

Fluarescence / skale

PLOSFRGTGSCEAC&

On the evidence of their life~times the fluorescence
emitting state has been postulated to be a singlet and the
phosphorescence emitting state to be a triplet.

Because the fluorescence intensity is unaffected by whether
the phosphorescence is quenched or unquenched it may be deduced that
a) The fluorescence is emitted from an excited state which preceeds
the phosphorescing state
b) The arrow showing the transition from the singlet to the triplet

is, in practice, irreversible.

The spectroscopy of related compounds.
Awsloos and Murad (44)

A study by Heideken L43) of the light emission from
trifluoracetone, after u.v. absorption, has shown that for this
molecule (which resembles acetone closely in its photochemistry)
the fluorescence efficiency is independent of acetone pressure,

temperature or incident wavelength. The absence of effect of

acetone concentration and temperature on the fluorescence efficiency

8.



are stated to be comparable'toihis resnlts (mainly unpublished)
obtained for acetone. This data indicates, contrary to Groh,
Luckeyl and Noyes (35), that the fluorescence is not quenched by
acetone. At 313OR and 30°C the phosphoreecence wasfbund by

ﬁi;gi:; to be quenched by both acetone and trifluoracetone but

the Stern-Volmer_relationship‘(see previous section) was not
followed in either-eaee. A decrease in phosphorescence yield was
feund to occur with decrease in the incident wavelength in the
region'from 31303 to 26523. No light em1551on occurs at 253?A.

The major. difference found by H;;ﬁien between the emission from
acetone and trifluoracetone was the existence of a resonance
fluorescence in the case of trifluerécetone}-

The mechanism proposed for acetone photolysis by gé:&Z;n

from the results for both acetone and trifluoracetone is similar

te that proposed by Groh, Luckey:and Noyes for aeetone (35).

It shows an important'difference, however, in that the steps.
responsible for the removal of the singlet state are.not dependent
ren.aeetone pressure, | |

'Weir'(45) has studied the light emission from diethyl

ketone =~ biacetyl mixtures. iight emission frem pure diethyl ketone
is in  part due to*enission from the biproPribnyilformed in photolysis
(analogous to biacetyl in acetone photoly51s). Weir showed that
there ex1sts also a "blue" emission due solely to dlethyl ketone

but found it too weak to study qnantitatively.- The-qudﬁ&&ﬁve effect
of reduction in the blue intensity with.addition of oxygen suggested
‘that there was a triplet contribution to the light emission as is

~found in the acetone casc. At 25373 no lightlemission was observed

.



Thus such results as could be obtained with pﬁre diethyl ketone.
showed that the photolysis resembles acetone photolysis.

The effect of adding biacetyl to the diethyl ketone
photolysis was to decrease 2d ang increase the emission from
excited biacetyl. Energy transfer is proposed from an excited
triplet in the ketone to the biacetyl. The formation of a proprionyl
radical from the singlet state is postulated and it is shown that it
has enough energy to decompose into CZHé and CO. The facts reported
are analogous to those which have been reported for acetone and a
mechanism was proposed similar to that proposed by Noyes et al, for

acetone.

(2) The Photochemistry of pure acetone.

(a) The Fnergetics
Absorption of 31BOR by acetone provides about 91 Kcals
per mole. The energy fequired to break the C~C bond in acetone has
been put at between 68 and 80 Kcals per mole. Thus sufficient
energy is supplied to cause decomposition but it is unlikely that
any of the products will be produced in a highly excited statg.
This is especially true if they are produced from a second electronic
state (e.g. a triplet) which is energetically closer to the ground
stéte than the first (the singlet).
(b) Products and Mechanism
The principle products of the photolysis of pure acetone
with light of 31303 are as follows:

At room temperature: Major products C2H6’ biacetyl

Minor products CO, CH, , and others

At 100°C : Major products CO, CH,
Minor products CZHG and others

10,
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There is common agreement that the above products are to
be accounted for by the following mechanistic steps:

hd y .
CH, CO CHy X% 5 CH, + CH, CO

20H; —y C, Hg

2CH CO ——— biacetyl
O'- ’ .

CH, CO' 3 CHy + CO

-CH3 +.Ac ____) CH4 + CH3 co CH2'

u W N

At room temperature reactions 2 and 3 (which.being
free radical - free radical reactions will héve zero,éctiﬁation
éhergy) dominate the others and account for the high ethane and
biacetyl yields.. The 'low CO and CH4 yield;_at room ﬁemperature

3

survive to undergo reactions 4 and 5. At'temperaturés above 120°C

are due to the fact that few methyl radicals .or CH ' CO radicals

reaétion.S (which has an appreciable activation energy) competes
effeétive;y with reaction 2 and this accounts for fhe higﬁ methéne
yield aanthé depressiop of'the ethane yield at these temperatures. .
The higher temperature alsa iﬁcrease the rate of reaction 4 so that

a high yield of CO reSulfs and the biacetyl yield becomes vénishingly
_smalli Indeed at-tempefatures'?100°c it is commonlfo.gombine L and 1
‘and write CH, CO CH, — 2 CHé + CO. |

Other secondary reactions are necessafy to exﬁlain‘the

formation of the minor product (e.g. acetaldehyde, Me Et CO and at
250°C.ket§he and Cth (lD)aﬁIto account for the fate of radicals such

as CH3 co QHa (;)
CHB + CH3 co CH3 ——» CH, + CH, CO CH3

CH2 co CH3 > CHE Co + CH3

1l.



2 CH3 CO —. CH‘2 Co + CH3 CHO

CH3 + CH3 COo  —— CHQ + CH2 co
CH3 + CH2 Cco CH3 ___Té 02 H5 co CH3

2 CH, CO CHy —— (CH, CO 01{3)2

But in all these secondary reactions there is never any
suggestion other than that CHé and CH3>CO‘are the first radical
species to appear in the system after the photo-absorption process.
The possibility that
CH, CO CHy ﬂ_, C, Hg + CO : (X)
may occur by a‘molecular process can be discounted since small
-amounts of iodine (an efficient radical trap - see later)_can

suppress the 02 H6 and CO yields and this would not be possible if

C2 H6 and CO were being formed without a radical intermediary as in (X)
(At wavelengths below about 20003, hydrogen begins to appear as a
product, but the absorbed quantum at these wavelengths is sufficiently
energetic to break the C - H band and alternative photo-absorption
steps bécome possible).

The quanfum yield of decomposition, ELJ, has been measured

with 31308 incident radiation.

354 = No. of molecules of acetone decomposed
No. of quanta absorbed

and varies from 0.3 at room temperature to 1.0 .at 120°C (1)
(the latter value being maintained up to 300°C (9, 10)). This effect
was explained originally by suggesting the additional back reaction

CH, + CH; CO __y CHy CO CH, (Y)

which is, of course, not amenable to detection since the product is

already present in large excess, but the work of Herr and Noyes (12)

12.



shcws that this alone may be too simple an explanation; fhey
measured ]Eaat various acetone pressures and found that

(a) the value of:in 0.3 at 25 C for acetone pressures over
iOO ‘mm, rosepand tended towards unity as the»acetone pressure was
decreased. |

(h)fa similar effect'was'observed at 75°CT although the low-
value of £d was malntalned to 1ower acetone pressures.

(c) at 100°C (whenﬂ— 1.0) acetone pressure had no effect on IJ

(d) at very - low acetone pressures ( below 10"mm) wall effects
begin to'complicate the picture. ”

A naiue explanation might be that acetone-is necessary

as'ahthird;body for the radical recembination stép'(Y)'ahove but
it is then dlfflcult to see why, ' .

(e) acetone should a551st reaction (¥) - reducing the apparent
decomposltlon ~ and nct assist (2) and (3) above (whlch ‘are also
. radical recombinaticnsi hence enhancing decomposition. It begins
to appear that_the acetone may be capable of modifying.thé yield-cf '
reaction (l).itself.“.Wheh'it is realised that absorption of 3130K
light prouuces an electronic transition essentially located in the

Co, grdup, yet all the evidence is that the primary step of Chemical

51gn1f1cance is the’ rupture of a C~C bond, it is clear that equation
(). must be much more complicated than the s1mp1e representation
above (as is in fact known from the spectroscoplc data dealt with
previousiy which shows that at least two electronically excited
states.need to be taken into account) and somepinterference by
"acetcne in the processes which occur before the rupture of the C-C

boad becomes a distinct possibility.

13.



3. The photolysis of acetone iodine mixtures.

Todine is known to be an efficient radical trap. It would
therefore be expected to trap the primary products found and if ﬁhe
low values of ]:J observed at lower temperatures (e.g. 0.3 at 25°C)
were arising because

ko ' "'
CH3 co CH3 A, CH3 + CH3 co , (1)

was proceeding with =1 but an apparent 24 of 0.3 being measured
because of the interference by the back reaction
CH, + CH, CO CH, CO CH Y
5 * Ofly €0 —— CH, CO CHy D
then $M.I values of about unity would be expected ( or even higher

if CH,.CO. I leads to CH_,.I in the analysis).

> >

In early work done by Gor¥in (6, 7) on the system at high
temperatures tﬁe value forAﬁasz was measured as unity. WGrkers since
‘that time have been unable to reproduce his analytical results (5) and
and the value of the £mMaT is almost éertainly too high due to errors
in analysis.

Benson and Forbes (5) established the absence of biacetyl
and ethane in the'ﬁhotolysis of acetbne-iodine mixtures at 60°-140°C
bﬁt the yields of CO which they foupd are higher than is now accepted
to be the correct result in view of later work (4,<8).

The_papers b& Pitts and Blacét (8) and Martin and Sutton (4)
ggg the most importanf papers in the field of acetone ~ iodine photolysis
and, taken together, their results have enabled important deductions to
be made on the primary process in acetone photolysis.

"Methyl iodide was the main product isolated. Acetyl iodide

was probably formed with nearly the same yield but neither sets of

1h.



workers could produce quantitative data on its yield since Cgs COol1
is so 1abile as to defy analysis. No ethane was detected.and only
small amounts of CO (of the order Ekve 0.01). Methyl iodide yields
increased with increase in temperature and decreased with increase -
in acetone or iodine pressure.

The work of Pitts and l_!_I‘acet was done at iodine pressures

which were always in excess of 2 m_m. By measuring EE. CH, I at

)

'80°C and 1?7°C they showed that the effect of temperature increase

is to increase ¥ C.H3 I and they also showed that K3 CH3 I increases

as the wavelength of the incident iight is decreased. This latter

~ observation is interesting in that the phosphorescence (see previously)

shows the opposite trend and these two observations taken together
: .. . ) °
suggest the possibility that both de-activation by iodine at 3130A
and. the phosphorescence originate from the same . electronic state (the

triplet) which becomes less important as the incident wavelength

 decreases in favour of an electronic state which'decomposes directly

(the singlet).

- The papers by Martin and Sﬁttoﬁ (4), as well as coﬁtaining
the.important results for EECH3 I and EECO mentioned.ebeve, also
reported the results of using light of longer Wavelength mixed with
the 31303 which was usually employed. The'functioneof the longer
wavelength light was to provide a high concentration'ef I'in the
syste.m.. It was found that only asdglight increase in I CH3 I oceurred
and the result wae used (see_later) to estimate the life—time of the
long-lived excited state pr0pesed in their mechanism. Martin and
Sgtton analysed their reeplts by assuming that the methyl radicals

(which gave rise to the methyl iodide found in their analysis),

15.




were formed only by one of the steps.
CH, CO CH o CH, +-CO CH
3 53— "3 " 3

or . .
CHB,CO y CH3 + CO,
If this is the case then EJ?—' Ic.ll;,'l ""I Co and as ICO was aiways

found to be small compared to EE CH, I then it is possible to write,

3

less exactly
$d = $cnu,x

The most significant facts established by the #bove work are
_that ;EMeI is much less than unity at higher iédihelpréssures and
ohly begins to rise as the pressure of 12 is dégreased to ﬁery low
values. The observation that reducing the amount of the radicai'
trap éhquld increase #hé primary quantum yield is"startling,
pafadoxical and clear evidence that step (1) above is beiné
interfered with befofethe primary bond rupture.

The following mechanism.was proposed by Martin and Sutton.
It shows an interesting reéémblance to the mechaniém broduced for
light emission data (see earlier) in that-two electronically excited
states are postulated.

Tﬁe absorption by aéetone (L) of a quantﬁm of radiation
fofms an electronically excited sfate'U{) which, in pure acetone,
deéompoSes almost completely above lOOOQ giving £d =1..

7/ : .

A+ ho_ﬁ A (1a)

Af_____; Products :  (2a)

Afis postulated to be susceptible to partiai-deactivation
| by iodine (1b), in competition with (2a)

/ /"
A+ I, y A+ I, (or 2I) (1p)

16,




” .
A is a second electronically excited state which retains

.enough energy to decéompose.
2” —_ Products ‘ (2v)
A” is postulated to be suéceptible'tq deactivation by
collision with acetone or iodine in competition with (2b).
Aé- + Me—s A + M
Where M = & 4 (1,)

The mechanism may be summarised diagramatically as

follows:
a

- R Ta g \
Prod, , ks .

Prod.

.-

A = acetone molecule in its ground-state..

A{-and A” electronically excited stateé.

R = radicals.- |

No vibrational levels are shown.

Except for the small amount of CO mentioned previously,
the_fgdicals_react with Ia_or_;u to give methyl iodide and acetyl
iodide. The absence of efhane in the products proves that the
direct split inio ethane and CO does not occur.

By the usual sﬁeady state treatment the equation:

. : a1 1
- U K K
. 2 K,
IC_HBI - ICO = 1 - 31 + W § ;l + R-s—-(m 2

is obtained where M = (Iz) + (A)

. "
assuming equal efficiencies of 12 and A for de-activating A .

This equation gives good agreemeht with the experimental
'resﬁlts which were obtained.

17. '



Brown (29) proposed a different mechanism which can be

represented diagramatically thus

i.e. the role of iodine and M in the Martin and Sutton mechanism

are interchanged in the de-activétion step from’A’ to A”,
This gives a similar mathematical treatment t6 Martin-and Sutton's
mechanism‘but makes;the,imbortant‘change that‘A? is sfill produced
evén iﬁ the absence of iodiné. This is important in any'attempt to
correlate this work with the ligﬁt emission resuits}(see latér).
In the absence of iodine, de-activation of A’ or Af b& épllision
could account for the behavioug.of 3; d at low temperatures; the
split of Al or A” into radicals competing much more févourably
above .100°C. ' | | |

| The'Martin and Suttbn baper provided interesting
information én_fpe_exteht of the reéctiop CH,. CO CH;""*’bz’H6"*_C°'
It;had been suggestéd.that”a fraction 6flthe aéetyl radicals were
3

before reacting in any;othér way. Assuming that the radicals'arising

formed with suf ficient energy to decompose via CEB CO-;;__§.CH + CO,
. 4 .

from A are equivalent to those formed-in the photolysis of pure

" acetone, they set up an upper'li@it of 1% to the fraction of acetyl
radicals ﬁhich decompose via_CH3 co___, GH;‘+'COZ ‘This was done
by extrapolating the ratio ?$ co JE(CHB). to infinite acetone

- I'4
pressure. ’ji (CHBL, (the quantum yield of CH3I originating in A ),

is given by
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The ‘results from the use of l1ght of 3130A mixed w1th _
1arger wavelengths were used to estlmate the llfetlme of A”; The
slight 1ncrease in _][CH3
reactlon‘of 1od1ne atoms with A” and a llfetlme of at. least 10 -5
_.seconds was;postulated fprhA-:

- Making a3reasonabialestimation of'thencollisdon diameter )
~ for the'actfonﬂhetween'A: andtiodine.and assuming each collision is

-7

eéffective an est{mate of 4'x 10 seconds was made for the half ~ '

1ife of A’.’ufhe half-llfe 80 calculated prompted ‘the" 1dent1f1catlon ;_
of A{ with the flrst excited state in the 11ght em1s51on mechanlsm
of Groh, Luckey and Noyes.(“?

: A” could not be identified:with the Second excited state in
" the llght em1831on mechanlsm for obvious, reasons. It was suggested
?jthat A mlght be a complex aggregate of acetone and 1od1ne.‘t_ ’
The rev1sed mechanlsm of Brown (29) suggests that A 1s anva
-~electronlcally exc1ted state- of acetone and p0551bly the trlplet
'postulated in 11ght em1551on experlments.' Brown suggested that
the study of the effect of 1od1ne on.the acetone phosphorescence
would help to choose between h1s mechanlsm and that of Martln and

Sutton.

’-4.: The Photolys1s of Acetone - Blacetyl mlxtures._

Okabe (33) has shown that b1acetyl effects both the llght
emission and the photochemlstry of-acetone.
Helcklen and Noyes (42, 43) have“investigated the photolysis

19.
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of acetone below 70°C using low conversions in an attempt to prevent

the results from being complicated by the in-situ production of
biacetyl. They have also gsed the same technique to.study light
emission and quantum yields of acetong.; biacetyl mixtufes at low
temperaturés. Their mofe important resﬁlts-may be summériséd as
follows: | B

(1) Biacetyl removed that part of the em%sion from acétohe'which is

removed by oxygen i.e. the phosphorescence.

' (2) -The fluorescence yield changed little with acetone pressure and

re}étively little_with-incident wavelength in the range 2800& - 3130&.
(3)- The phosphorescence diminishéd with decrease in wa&elehgth_in-

the same faqgé. | |

(%) Uéing iﬁcidént light of wavelength-}l}Oﬁ the'phOSphorescence
decreased with increase in acetone pressure,#t thg other-wavélengths
gse@ ﬁhe_phogphorescence increased és the a&etone pressure was
increased. | |

(55 Iuwas calculated from ana;ysis of the_amoupts of carﬁon_monoxide,

biacetyl and ethane present. 1;‘was found to be decreased by the

presence of quite small.pressures ( . 0+08 m_m) of biacetyl. At higher

biacetyl pressures‘é_Saturation effect was found and:Ileecamé cbnétant
as the biacetyl pressufe was further increased.
(6) With photolysis of pure acetone to low conversions (less than O.3%)

¥d inéreased with température. The carbon monoxide yield also

'increésed with tehperature but changed little with acetone pressﬁre.

Light intensity had little effect on_fhe yields.

(7) The addition Gf biacetyl lowered the ratio CpH /CO.

The results were iﬁterpreted in ferms of an energy transfer between
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:the excited triplet -formed in acetone photolysis and the biacetyl |
' molecule' the acetone phosphorescence and photo—decomp081t10n
is thus dlmlnlshed by removal by reactlon of the trlplet with hlacetyl
_ before decomp051tlon or light emission can occur.
- Heiklen . (42) postulated that the reductlon of the ratio
H6/CO by addltlon of b1acety1 could be due to the fact that

d1ssoc1at10n from the acetone 51nglet state when the trlplet is fully
quenched is mainly by;the step

CH co C% ——3 2CH, + CO

3 _
whereas in the absence of blacetyl the trlplet provides methyl
radlcals by way of -
A :
CH, CO CH CH, + CH, CO

3 3 —> 73 3 I
"It is interesting to note that at 40?0 the addition of sufficient
biacetyl reduced 24 to about one third of its.value in the absence
" of b1acetyl. As the effect of the blacetyl is ‘almost certalnly to

de-actlvate the trlplet in acetone (as Helklen postulates) then :

Heiklen's results suggest that the role of the trlplet is- vastly more:

1mportant than had-been'postulated-by prev1ous workers. The 'importance

»of the trlplet state formed at 3130A w111 be further dlscussed in- the
'11ght of results to be’ reported later in thls the51s on the emission
from acetone - 1od1ne mixtures and thepquantum_yleld of methyl jodide
_1n acetone ~ iodine mlxtures; |

The Photolxgls of. Acetonef- Oxygen Mlxtures.

Only those papers dealing dlrectly with the effect of oxygen_
on the-prlmary.process in the photoly51s of acetone will be dealt with

in"thisjreview."The literature dealing with therproducts formed'by
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reaction of oxygen with the products of the photolysis is
voluminous and sometimes contradictory. With oxygen presént,
oxidations (possibly involving chain mechanisms) begin to make their
appeapance-and qﬁantum yields more than uhity for products become
commonplace. | | |

The effect of oxjgen on the emission of light from acetone
has been dealt with in a previous section. That evidence established
beyond reasonable doubt that oxygen removes the emission from the
triplet. The mechanism fof the quenching of triplet emission can
_ be postulated as being either de-activation of the triplet state by
oxygen or reaction of the.oxygen with'-the triplet state to form
products. The analysis of the products fofmed in the photolysis of
acetone - oxygen mixturcs can provide data which is useful in deciding
the role of bxyéen in the primary prbcess. 'Howgver the interpretation
of the data is made difficult by the complexity of the product formed.

Marcotte and Noyes (30, 31) have aﬁalysed the products
formed in the photolysis of acetone.- oxygen mixtures abqye 100°c.
They found that as the oxygen pressure‘ was reduced to 0.04 m m, £ .CO
approached -a maximum value oflabout 3+ At higher oxygen preséures,
up to 0.3 m'm, the sum of £ CO an@ ,ITcoa remained COnstaﬂt'at gbout
3. They also found that at temperatﬁrésfwherg 4d is close fg one'fpr
pure acetone (above 100°C) then the'additioh'of'éiygen had little
effect on the light emission.

Marcotte and Noyes probose that their results.are consistent
with i taking a value c;f unity in the presence of ‘oxygen above
100°C. The value of 1206 = 3'at the lowest oxygen pressures is

- explained by postulating that one moleculé of CO is formed from
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dissociation of the acetyl radical and one from each of the methyl
radicals produced. At higher'oxygen.pressﬁres CO2 whiéh ié found is
proposed as being formed solely from the CO. Thus the previous value
of $.00 = 3 is replaced by £¢0 + £€0, = 3 and this is taken as
evidence that oxygen reacts with the products of decomposition of
the acetone molecule and 3!d.= 1.

The apparen£ lack of effec£ of oxygen on thellight emission
at tempefatures above lCOOC was used as evidence that oxygen has no
effect on»the decomposition of the excited acetone molecules — if
oxygen were effective in de-exciting the state(s)_responsible for
decomposition it should also reduce the light emission from those
states. This argument is only valid, however, if fhe state which is
responsible for iight emission is the same as that which decompoées
or is de-excited by, oxygen. If the light emission were from a state
(tﬁe singlet) which is forhed before the state (the triplet) which
reécts with the oxygen (by decomposition or de-excifation), then the
presence oi'absence'of oxygen could not be expgﬁted to mpdify the
- light emission. The suggestion by Marcotte and Noyes,that_above
lOOOC_the rate of decompositioﬁ of écetohe in photolysis at’}l}Oﬁl_

is so high that de-activation by oxygen fust be small in comparison
is still open ﬁo question. If the postulate that #d =1 avove 100%
for acetone - oxygen mixtures is true then the role of the ox&gen in
»ﬁhe mechanism_must be vefy different to that of iodine in the
" acetone- iodine system (see previously).

-Bréwn (29) has produced results which could be significant

in indicating the primary action of oxygen in the photolysis 6f

acetone - oxygen mixtures. He photolysed mixtures of acetone,
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oxygen and iodine and measured the yield of products formed. Using

'--the assumptlon that methyl rad1calc fnrmed in the prlmary process

’ react elther with iodine or oxygen to form methyl 1od1de or
.{.formaldehyde, Brown calculated,the quantum y1eld.for decomposition v
vof acetone from the expre551on f-;-'.: s _;"'f:_ -

| ¥J = ICH 0 £CH I . (1.9_)-_'__ '_
'ﬂjHe observed that as the 1od1ne pressure was reduced at constant
oxygen pressure the ylelds of oxygen contalnlng products rose and
-also that as- expected 3;4 1ncreased. The increase of Ed
_vhowever, was actually greater in the presence 01 oxygen Lhan 1n the

-case of 1od1ne alone. Brown 1nterpreted these results as 1nd1cat1ng
'.that oxygen was - competlng w1th 1od1ne for the second ex01ted state
“in acetone (the trlplet) but that 1ts functlon was one leadlng to,
_fdlssocaatlon rather than de-actlvatlon. These deductlons are’ only }3'5
;sound if the above equatlon (19) on whlch they are based, is valld.

| ‘ Mltchell (32) has also 1nvest1gated the effect of addlng |
iodine’ to the photoly51s of acetone - oxygen m1xtures.i He found
tthat 1od1ne caused a reductlon of not more than a factor of’ 10 1n
. his measured values for ICO and ECO but ‘SE CH 0 is reduced’ by

2
a factor of 300.. He . also found that HE CH I 1ncreased w1th 1ncreasegf

3.
; ;1n oxygen concentratlon at constant 1od1ne concentratlon.ﬁ »
The relatlvely large effect of 1od1ne on. 3;CH 0 compared
‘ '-'to its effect on ICO and I CO 1nd1cated that formaldehyde m:Lght
"not be d dlrect product of the actlon 0; oxygen w1th methyl radlcals
gbut that it is produced from a secondary radlcal - perhaps acetonyl.
”.‘_Thls_throws-cons1derable_dcubtion-the_equatlong(Tﬂlon wh;ch Brown 5

' results are-based..r.v'




Mitchell's observation of the increase of :E-CH3 I as
oxygen concentration is increased at constant iodine concentration
can be explained most simply in terms of the primary process as
being due to an oxygen dependent decomposition step competing with
de-activation by iodine. However the increése in';E CH3 I could
also arisé from the reaction of oxygen with the aéetyl iod;de.

Thus a general review of the photolysis of the oxygen =-
acetone system reveals little firm data on_which to bgse a.mechanism‘
.for the role of oxygen in the primary procesées. wgether the oxygen
reacts with the acetone triplet to form products or by de=excitation
of the triplet, or both, remains an_open question. The reaction
products in the system are so complex that a solution by means of
photochemical yield determinations appears to be a difficult task.
:Sumﬁarz.
| | Established data on the primary process in" the u.v. photolysis
oflaéetone.can be listed as folloﬁs:

(a) The excited state formed by absorbing a quantum of energy
loses ‘some of that energy before emitting light.
| (b) At}least two electronically excited states are found with
lifetimes of ébout 10_h secs (the triplet) and-lO_s(thé'singlet)._

;'(c)'The short-lived state is not appreciably affected by
temperature, oxygen, nitric oxide or biacétyl. | |

(d) The long-lived state is quenched by acetone, oxygen, nitric

oxide and biacetylﬂor heating above 100°C.

(e) The primary split is into a CH3 and a CH, CO radical. Above

3

100°C the CHB.CO‘radical is unstable with respect to decomposition

into CH3 and CO,
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(f) The quantum yield of CO.is close to one above 100°C.‘

(g) Iodine de-excites at least one of the excited states
thereby reducing decomposition.

Tﬁe most important points which are either in dispute
or whiéh need : further clarification may be 1isted..
(1). The. spectroscopic data, although df prime importance in
__thé progress -which has been made in establishing the mechanism, is
too complex to provide on its owﬂ furthef insight inté the mechanism
‘unléss more refined measurements can be made.

(2) The relative importance of the two excited states is
" not known,

(3) The effect of acetone on the singlet state requires further
invgstigation,in,view of the conflicting;data in the literature on’
whether or not the singlet is quenched by_écétoné.

(4) The mechanism of the inter-actionvofliodiﬁe with the excited
state(s) is not known. |

(5) Mqre'quanfatitive-data is required on the éuenching of the
long-lived emission by acetone and other éases, especially at high -
temperatures. |

(6) The-determination of chemical &ields in the acetone - oxygen
system has not established the role of oxygen in the.pfimary-process.

(7) Vhile many mechanisms have been proposed to éxpléin smali 
sections of the data available, a satisfactory mechanism embracing

both light emission and quantum yield data has not yet emerged.
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ATMS OF THE PRESENT INVESTIGATION.

Although several papers on the light emission from acetone
existed at the beginning of this investigation, much important
information was lacking. In partiéular, the quenching of the
phibhorescence by temperature and addition of gases_such as-
oxygen and nitric oxide has not been fully investigated and light
emission at elevated temperatures had not been gtudied in any
detail. The main reason for this was probably thaf the emission
from acetone is so weak that previous investigators were unable
to take quantitative measurements when part of the intensity was
quenched. No doubt the same explanation caﬁ be put forward to
explain the confusion in the literature concerning the effect of
acetone on the fluorescence efficiency. The papers by Groh,

Luckey and Noyes, contain conflicting results to those reported
by Heiklen.

It appeared thaé'an investigation of the effect of iodine
on the light emission might enable the mechanism proposed by
Brown for the acetone - iodine s&stem to be confirmed.

The original aim was to construct an apparatus capable
of investigating quantitatively the light emission.of acetone
vapour, either pure or in the presence of oxygen or iodine. It
was also intended‘to investigate light emission at ahd above 100°C
where most of the chemical yields have been-&etermined; the
intention being to attempt to find a mechanism to fit quantitatively

both the light emission and quantum yield results.
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The final part of the work involved the development
of a new technique for determining 3£CH31 in the acetone iodine
system at BlBOK over a range of iodine pressure greater than has
previously been reported. From the values of IGHBI 'obtai.ned it
was intended to demonstrate that the ratios of constants derived
in the light emission results give theoretically calculated values
of BECHBi which agree with those found experimentally.

Throughout the investigations reported in this thesis
the line of investigation followed was that which seemed most
likely to produce information useful in elucidating the primary
process involved in the photolysis of acetone at 31303. With
this in mind the investigation of light emission was discontinued
at a stage where the emission of acetone at 31303 had been fairly

fully investigated, so that HE(H{I could be studied. The goal

3
at which the work was aimed was the collection of results which
would allow a mechanism to be developed which would account both

quantitatively and simultaneously for the light emission and the

photochemical yield data.
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CHAPTER II.

EXPERIMENTAL TECHNIQUE.

A. Materials Used.

Acetone.,

Trotman-Dickinson and Steacie have observed that in the
direct photolysis, analar grade acetone gives results consistent
with those from'purified" analar acetone. A fresh unopened bottle
of analar grade acetone was procured at the outset and was stored in
a cool dark place. The acetone was dried over magnesium sulphate and
distilled into the storage bulb. The acetone was tested for the
presence of unsaturated compounds by reaction with dilute potassium
permanganate solution at room temperature. It gave no reaction.

It was also tested for biacetyl by the addition of hydroxylamine vhich
would form dimethyl glyoxime with any biacetyl present. The formation
of dimethyi glyoxime was tested for by the formation of the coloured
nickel complex. This test is sensitive to about one part in ten
thousand for biacetyl. No biacetyl was detected.

Before use the acetone was outgassed by prolonged pumping-
at = 78°C. The'storage bulb was blackened to prevent any formation
of biacetyl by sunlight.

B The oxygen used was taken_directiy'from a cylinder from
B.0.C. It did not contain impurities which absorb or emit light of
thé wave~lengths used in theée investigétions.

Todine.

Analar grade iodine was used without further purification
except to outgas it thoroughly to guarantee that it was free from
oxygen trapped in the crystals, This was done by

allernqfel
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subliming the iodine in its reservoir then freezing it down and
pumping to a high vacuum. This manoeuvre was repeated 30 times.

Xenone.

Spectroséopically pure xenon was used directly from a

B.0.C. phial.

30..



90 VOLTS
-1+
_._ 1029 POT.I007 |—=—12-2K..
“VE
CHRO .
oo 200 SYNCH jOCm
PROBE SCALER AMPLIFIER h V
[———
C
i - POT. o
CATHODE P i etusiut _
FOLLOWER - :
BAND PASS PHOTO u
FILTER MUuLT, | |
1008 L T.> . |
AMPLIFIER _ 6057 B N
HEA D _
LENS SYSTEM
SHUTTER AMPLIFIER RXY\\m_rqmmmOm
. Fem—
LAMP — .
ENS QUARTZ _
- @ LENS & ! 1 4
« . ,“\ _M _ .J_.m =~/ X iy
: : n_rqmm*‘ ’ ~ . N
- i mb - ux QVva 39
- ' i AN
v e } \ (8)
(A) MOTOR { d &
. T REACTION CELL
P 3 T T
/ 2 |
SECTORS .
w_ 7
32 < FURNACE SECTION
Fig. 1 Light emission apparatus
/

FILTER

Fig. 1

Light emission apparatus




B. Apparatus and Experimental Method for Light Emission Measurements.

The apparatus is shown schematically in fig. (1). The

details are as follows: |
' The u.v. source was a Phillips mercury vapour lamp, rated

at 100w A.C., but for reasons which will be explaiﬁed later, it was
necessary to ruh this from a D.C. supply. The lamp was powered from
the 120 D.C. mains available in the laboratory, the suppiy being
further smoothed by the circuit of fig. 2A (to reduce the 100 c.p.s
ripple'remaining from rectification of 50 c.p.s mains). The inductance
‘used (about lO'Henpies) was-fhe_primary of a traﬁsformer aﬁd fhe
resistance was set so that the lamp dissipated about 30w when'wafmed
to-thg operating témperature. _ | |

The light passing through the ceil fig. (1) was clzollim.ated

2
and T3 so that a paréllel beam of diameter 0.5 cm passed through the

by the quartz lens system L,'(focal léngth 51) ‘and the stops T., T

eentre of the cell. The stops preveﬁted quite a large fraction of
the light from entering the cell but this was found to be necessary
if the amount of light scatfered intp the photomultiplier was to be
kept to a reasonably low level.

Light-éf.wavé—leﬁgths near 31350A was obtainga.by the use of
the following filter system:
(1) - A disc shaped Quartz cell 1 cm. between the plane polished
faces which contained a solution of potassium chromate (O.ngs/litre) ;
to which 0.2 gms/litre of sodium hydroxide had been added to preveﬁt
dichromate formatién. —
(2) Two layefs of Chaﬁce 0X7 glass filter eaéh'iayer being -
2mm. thick. One of the Chance filtefs was incorporated as one face
of the chrom&te cell.

"
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f(}) A disc shaped quartz cell 1 cm between the plane polished
' faces which contained nickel sulphate ofhstrength 50gms/1itre..

..The transmissionfspectrum of the filter system was_measured
in a Unicam (SPSOO)‘sbectrophotometer-and is shown inﬂfig; (3)
'The fllter system was. effectlve in e11m1nat1ng all 11nes except thosev
) close to 3130A 1n the emlss1on spectrum for a mercury lamp run at
-medlum pressure (1 e. at or Just less than one atmosphere) It w1ll
-be noted that a.great deal of 1nten51ty has been forfelted in order
.to galn.pur;ty of the llght.used., This was con51dered worthwhlle as
it séemed.from previous work (435'that the mecnanlsm of‘the photoly51s
_ may depend crltlcally on wave-length.

The sectors S and s

1 P were drlven at about 5000 r.p.m. by

electrlc motor run from a 24 volt DC supply. -ThlS-supply was

smoothed u51ng the. 01rcu1t shown in. flg. (2B) to reduce electrlcal

"T 1nterference in the ampllfler. The sector S cuttlng the 1rrad1at1ng_

1
beam had three 60 segments cut out symmetr1cally, whllst sector 82 »

1_had Just tw1ce as many 30 segments removed. The reason for thlS'ls
to be found in the electronlc set-up used and w1ll be explalned later.
_The whole motor and lamp sectlon of the anparatus was enclosed in a

removable alumlnlum box with su1table openlngs for the emergent UeVe

_'f beam. The purpose of the box was to screen the laboratory generally

,from the U.v. llght and also as a safety measure - in case of an a001dent
"w1th the rap;dly_mov1ng sector_plates,

) The furnace consisted of a solid aluminium block'which‘was

o .halved'and'drilled to contain the cell and its connecting tubes;h

:At each end of the furnace a heavy c0pper tube was fl ed coax1ally

'w1th the‘llght beam. Vhen the whole assembly was heavlly lagged the
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copper tubes served to prevent any sharp temperature gradient at the
edge of the aluminium block. The internal surfaces of all the furnace
section were painted black with "A dag" colloidal graphite to prevent
any stray external light from being reflected into the photomultiplier.
The aluminium block portion of the furnace was heated by two 150W
Edwards pump heaters connected in series. The power supplied was

110V AC from a mains transformer and the temperature controlled
manually to about } 2°C over the range ambient to 15000 by a variable
175 ohms resistance in series.

Photocells.

Cell (A) fig.(1) which produced a trigger signal for the
scaler (see later for explanation) was a caesium-cathode Mullard
CV 90 photocell. The required 90V for the cell was supplied from a
dry battery.

The chopped beam focussed by the lens system between the
sector blade§ fell onto A giving an output signal through the probe
unit to the A.E.R.E. type 200 scaler.

Cell (B) was used to measure the intensity of the u.v. beam
after passing through the cell. It was a Cintel QVA 39 photocell
contained in a quartz envelope. A potential of 20 volts was provided
by a small battery which was contained in a metal box to screen it
from AC pick-up. Cell (B) was also contained in a steel box containing
a window through which the cell could "see'" along the axis of the
quartz cell.

The photomultiplier (C) was an E.M.I. type 6097B contained
in a metal box which acted both as an electrical shield and light

excluder. Electrical leads to (C) passed through Plessey plugs on
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the‘metal box.‘ Lighhemitted from within the reaction'cell passed'
through the lens onto the photomultiplier cathode. The Ilford 805 -
filter between the lens and the photomultiplier stopped all u.v. below
'3800A and transmitted more than 80% of the light above 4000A.

| The E.H. T, supply to the photomultiplier was: supplied from :
an A.E,R.E. type 1007,power pack and_potentiometer which gave any -
:roltage up to ZKV to a.tolerance of 1%. A filter mas incorporated
between the photomultiplier and the potentiometer to eliminate 8.Ce
voltages. The filter was an E.H,T. 1029 type modified for use w1th
standing current by replacing the 10 megohm resistances by 0.5 megohm
resistances. The c1rcu1t 1nclud1ng the photomultiplier is shown

schematically in fig.(l).

Eiﬂht:Emi§5i°n Measurements.

| The low fluorescence/phosphorescence efficiency makes this-
quantity a difficult one to measure with accuracy and this is .
especially true at-temperatures above about 50°C where the
phosphorescence is substantially quenched." Previous work has all been
subJect to con51derable limitations in the range of experimental
conditions over which reliable data could be collected because of the-
limitations imposed by these problems. lTheldifficulties are twofold. -
(l)‘ . ;'Because of the low.fluorescence/phosphoreSCence efficiency '
con51derably more effectlve gain must be- built into the em1551on
-detection system compared to that for the detection of the exciting:
llght and there are problems in- ensuring that this gain is constant
or that variations are properly allowed for. |
(2). With the exciting 1nten51ties practicable; the flnéorescence/
phosphoroscence emission isfso'small'that'the signal'to noise ratio |
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in the emission detection system is inevitably Poor.

| The ‘detection system used in this work attempts to overcome
these difficulties to a greater extent than has been previously
achieved in the following ways: |
(1) -The currgnts-from.thélbhotomultiplier and the photocell B
are combared before ény amplification tapart'from that inher;ht in thet
'photomultlpller) on the potentlometor P, details of which are given
later. Brlefly the potentlometer is so arranged that when its output
is nulled the potentlometer reads dlrectly the rat;o

Photomultlpller current

Photocell B current
and this readihg is equivalent to the light emission efficiency.
| By comﬁaring the currénts directly in thislway fluctuations
in light 6utput of the 1am§'are discounted.

(2) The amplifier system.is used only as a null-deteétion device:

this discounts any minor changes in gain since suth changes only affect

the sensitivity with-which.the-null point tan-be detected.

-_(3)' Included in the aﬁplifier system is an extremely narrow
bandwidth amplifiér which is synchfonously.lécked té the ghopping
frequency of the light beam. (This is the reastn fot the use of the
sectors Sl.and SZ and the userof interﬁittent_rather thap'éoqtinutus
'illumination), The function of this unit is.to provide'ga{n'only.at
the frequency of the chopped beam and a very narrow band of_frequenby
‘on either side of this. Noise, which covers the whole spectrum of
_fréquencies, is-therefbre in 5enera1 not_amplified-by'this-unit.

Since the amplifier is locked to the frequency of the signal of interest,

35



b)

P HOTofAULnPUEi’a

CURRENT

008 3
AMP,
< IOOﬂ.
$i00.0)
s 100N
$100 N
$ son
50 _
¢ PHOTOCELL
CURRENT:

il

.
IH

Q) SCHEMATICALLY

Ipmp
T .
R &——I¢
N
=

Fig. 4 Po tentiometer

1008

AMP,




the effect of this unit is to give a great improvement in the signal
to noise ratio,.

The Potentiometer P.

The arrangement of the pbtentiometer is shown schematically
in fig. 4a.
The photomultlpller current yip, flows through the whole

re51stance of the potentiometer, R and the photocell current, 1c,

flows in the gpposite sense through part of this resistance, r.
When the potentiometer output_is nulled (i.e; at ground potential)
thén clearly: 1 ‘

| ip.R = dg.r
and when this null point has been obtained, the ratio of the two
currents can be read from the potentiometer since:

- r C

"R ip

To achieve accuracy»in reading the potentiometer it is
constructed as shown in fig. 4b. Coarse adjustment of r is by the
10 -~ position gaﬂged switch 5, and fine adjustment by the precision

"linear potentiometer P.

The Amplifier System.

The output of the potentiometer was fedfto an A.E.R.E. type
1008 Head amplifier and from this via a band-ﬁass filter to the main _
11008 amplifier. The-band-pass-was tpned to approximately the
freéuency'of the light seen by photocell B and fhe ﬁhotomultiplier
(precise tuning was pointless since the Speed of the sector motor was
not accurately controlled). The function of the filter is to eliminate
noise at frequencies different from the signal frequency and also,
. much more importantly, to remove harmonics of the signal frequency
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before the synchronous amplifier where  such harmonics would cause
malfunction. “'he output of the main 1008 amplifier feeds the
synchronous amplifier vhose output was displayed on a centre=-zero

spot galvonometer, Synchronization of the amplifier is ensured by

the signal from the photo cell A which is applied-to an A.E.R.E. type
200 scaler., The large amplitude antiphase square waves from the anodes
of the first binary stage are used as the tuning switch signals for

the synchronous amplifier. The synchronous amplifier is described in
more detail in Appendix I. |

Oxygen-Acetone Measurements.

It is an often reported fact (42, 33) that, in the photolysis
of pure acetone below 80°C, biacetyl is produced. Biacetyl is excited
to a strongly emitting triplet state by 31303 so that the trace amounts
formed could interfere seriously with measufements of light emissibn
froﬁ acetone. Because of this it was intended to use a flow system at
" temperatures below 100°C. Howevef, it was found that the light emission
was independent of flow rate and, even with no flow through the cell,
no build-up of light emission could be detected in 30 minutes
irradiation. This rather surprising result can probably be explained
by the facts; (1) the light intensity was very small; (2) the volume
of the irradiatéd portion of acetone along the axis of the cell was
very small compared to the total volume of acetone enclosed in the
reaction cell part of the apparatus. The fact that a static system
could be used made the reading of pressures much more accurate and
convenient than wéuld have been the case in the flow system., It was

never found necessary to pass u.v. through the cell for more than one
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minute to take a reading and, as an added precaution, a new batch.of
acetone was used for each rea&ihg.

The apparatus used for filling the cell with ecetone'or
acetone/oxygen mzxtures is shown in flg. (5).

The cell was constructed from pure silica by Thermal
Syndicate Limited. . It was 6 cms long, slightly barrel-shaped
of diameter 2 cms. -Eac? end wes-plane polished and a‘pléce polished
window 2 cms in diameter in the centre of the T shaped cell enabled"

the light emitted perpendicular to the incident beam tq enter the
photomultiplier; The silica cell was joined-to'the'rest of the
apparatcs by graded'eilica-pyrex seels. The side tubee on the cell
were heat insulated over-a distance of 2" where they emerged from
the heat inSﬁlatioﬁ enclosing the aluminium blcck in which they
rested., Colloidal graphite was palnted over the connectlng tubes
vbetween T 3, T4 and the cell to prevent stray llght from enterlng
the.photomultlplier along the tubes. The surface of the cell except'
for the w1ndows was also. covered with colloldal graphlte.

The electrlcal heatlng of the alumlnlum block whlch enclosed -
the cell was controlled manually to about ° C. The temperature of
the cell was measured by a-N.P.C. calibrated therﬁometer seated in a
recess in the block close to the cell. A 1ens was used to assist in
~ reading the scale behind the manometer M.-'The-ﬁurified'acetone was
stored in the bulb A. |

| It has previously been'reported (30) that nitrogen has no
effect on the emission or absorption of-iight in acetone'photolysis.
This was confirﬁed in preliminary experiments with the apparatus

then the oxygeﬂ which was used in the_acetone-oxygen runs was
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diluted with nitrogen so that small oxygen pressures could be
méasured more accurately on the manometer M.

Oxygen and nitrogen were introduced into the evacuated
apparatus by means of the sinter S dipping into the mercury trough.
With Th and 'l‘3 closed and Tl and T2 open, the pressure of oxygen and '
nitrogen introduced was adjusfed until a ratio of one part of oxygen
to nine.parts of nitrogen was obtained in a total pressure of 25 cms
.Hg. After mixing overnight Tl was closed and the cell part of the
apparatus was evacuated. R was a 2 litre flask.,

Mixing in the reaction cell was allowed to occur naturally
when oxygen and acetone were used. The side tubes between the cell
and the taps TZ’ T3 and T4 were kept as short as possible to minimise
the time required for mixing. In the low acetone pressure runs only
a minute or two was needed for mixing (as indicated by the measured
light emdssion efficiency) to be complete. Up to twenty minutes was

allowed for the highest acetone pressures. >

- Experimental Proceedure.

The technique for a typical measurement using a mixture of

acetone and oxygen was as follows:

| The electronics side of the apparafus was switched on and
allowed to "warm up'" for at least half én hour. This included the
lamp which needed to be primed by bringing the discharge from a leak
testing coil close to the quartz envelope before it would strike.
The discharge was kept a few centimeté;% away ffom the envelope to avoid
puncturing it. As soon as the lamp was 1lit the sector motor was

started since the sector blades had a cooling effect on the lamp and
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the lamp must, of course, be brought to a stable operating condition
with'thé cooling 6perating in the same way throughout the.eiperimeht.
With the 1nput to the synchronous amplifier removed from the
o FIY, Append i .
1008 output and grounded,VR (see fig.#P) was adausted to balance the
s&nchrbnous amplifier itself. Restoring the connectlon to the 1008
-'output, and with the shutter of fig. (1) in place to exciude light
from photocell B and the photomulfiﬁlier,.the signal due to the photo-
multiplier dark current was balanced out.using the potentioﬁeter.
With the ce;l evacuated the shutter was now removed. A sméil reading
on the galvanomefer was usuaily notedldge to light écaftered from
__wifhin the cgll and the oven and this too was ﬁalancéd'out.using‘the
poten#iometerr The potentiometer rgading necessary'to_balange out_
both the_photomﬁltiplier dark curfent and the effect on light scatter
must be_subfracted from all subsequent emission rgadinés: it was_:
much less than l%,of'the acetone'ehisgion_signal at:xdomlyemperaiﬁre
but At higher:tempefaturesthe corfection, of course, became ﬁore
~ important. | |
Whgn-écetone alone was used it.was intfoduceq infp the cell

3 2

requisite pressure, as measured by M was obtained. The acetone was

. . ' 8 - . :
by allowing it to excape past T, with T, and T4 closed until the

left for a few mihutes‘tb atfaip the temperature of the'éell; then
the shutter was,raiséd and a feading was taken. The-shutter was then
iowéred and the acgtoﬁe discarded by opening T;.

To introduce a known mixture of 6xygen and acetone to the
evacuated cell, the oxygeh, which was always #t a much lower pressure
in the cell than acetone, was introduced first by means of T2.
Lo,



For the low pressures of the synthetlc oxygen mixture Wthh were

needed 1t was found easier to keep a falrly low pressure between T2

T1 and S, so that a relatively low pressure dlfference existed across

T2 which could be used to make small increases in the manometer

reading until the requisite pressure was obtained. T, was used to

1
top up the pressure in the volume T1 T2 S when it became depleted,
The acetone was introduced after the oxygen by opening T, carefully

.andclettingﬂacetone excape past it into the cell until the required
total pressure was obtalned. |

It had been thought that this procedure mlght lead to the
: conteminat;on of the acetone reservoir with oxygen,vapour._ However,
usage proved .that this did not oc_cur" and the initial method of N
iﬁtrouuciug-the acetone first-ahd freezing'it dowh.ih'alcold fiuger
' before introducing the'oxygen was discontinued. Mixing:was found to
) he.ouickervwhen the acetone was not frozen -down and dispensing with
'the:coid finger reduced the volume in which the gaees;hadbto mix.

, For a series of fully quenched'readings, volume Tl T2 S

) uas filledjwith_pure_oxygen which was used instead of the synthetic
iuiXture in R. This served both to conserve the mixture in R'and to
reduce mixing times.' The exact oxygen pressure was not critical
| for fully_quenched readings. |

The effect of-change of iucident inteneitj on the resulte.
Aobtained could be'studied by both altering the power dissipation of,”
the lamp and by interposing'variOus géuges of wire gauze in the
incident light beam. The maximum effect of these measures was to

.reduce the incident intensity by a factor of two.
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Xenon - Acetone Measurements.

: The effect of menon on the light emission of acetone was
-studied u51ng apparatus 1dent1ca1 with that ‘used for the oxygen
acetone measurements except that R in flg. (5) was replaced by the
'xenon phial. The phlal was: mounted behind two taps to ensure f'
agalnst leakage 1nto the Xenon when the apperatus contalned an
_ atmosphere of air (as it did for 1nstance when T waS're-greased).

2
The volume between T2 T1 and S was . evacuated and used to - 1ntroducea
h'xenon 1nto the cell 1n exactly the same way as in the oxygen case.
No difficulty was encountered 1n_measur1ng the xenon pressures used

as pressures of ‘several cmsaf Hg. were used in each case.

Temperatures in the range 20° to 15000 were studied.

k2,



sngeredde SUTTTTI [[e9 AUTPOT~3U033DY 9 *31d

4l |
%3440 |
i [ —
i |
|||||||||||||||||||| j— — o = —
> _ [ .
. Fl Bl 2 1 peede
M20T8 1Y+ E é ﬁ | ™ _c.
I E HOLLAS
O = i |
et
O H] 4
i
[J—172
ONIXIN §

O YA
oL




Acetone - Iodine System.

The reactivity of iodine, notably éowards hydrocarbon
grease and mercury, makes its use in a vacuum system éspecially
difficult. A solution to this problem used previously in this
laboratory, was to construct a tapless portion of the apparatus
which could be detatched frém the main apparatus before the iodine
was released by means of a break-seai. This technique, although
sound, is rather time consuming in that each reading requires a
considerable amount of glass blowing and the prior preparation of
a carefully measured amount of iodine.

| The effect of iodine on silicone grease was investigated
and the'rate of attack was found to be slow at room temperature -
several days elapsed before any sign of reaction was observed.
Above 100°C attack was quicker but in all cases it appeared that
the iodine dissolved in the silicone grease without causing
breakdown in fhe grease. In view of these results it was decided
to introduce the iodine into the cell by means of a pyrex tap using
silicone grease as the lubricant.

The apparatus for filling the cell as modified for the
acetone/iodine measurements, is shown in fig.(6) and fig.(7).

Rl is the-acetone reservoir, R2 is a 5 litre flask.

To reduce the actual mixing time which had been encountered
in the oxygen/acetone system, a convection mixing heater was fixed
to the cell portion of the apparatus. This isehown in fig.(7). One
limb of the convection mixer was heated to 120°C by a supplementary

heating coil, The cell was heated by the oven described previously
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in the acetone/oxygen section'and all the connecting tubes and the.
taps T, and.T3 enclosed in the-dotted;line in figf(6) were heated
by electrothermal tapes wrapped round them. Glass tape was used as
extra insulation and alldthe tubes wére wrapped with aluminium foil
and.copper wire to4ensure that no'cold'Spots were left.

The iodine reservoirfwas_contained-in'a large cylindrical
) alumlnium'block'l5 cms in diameter. ‘The tube containing the -iodine
sat.in.‘a hole bored 7 citis into the-block.: Twodsimilar holes_contained
an N.P.L. callbrated thermometer and & contact thermometer. " The
contact thermometer controlled the current through an Edwards mercury
.pump heating strlp wrapped round the side of the alumlnlum cyllnder.
The 250 volt output from the contact thermometer control was taken to
ia transformer and- the 80 volts output from the transformer was used-
for the heater. A 61 ohms rheostat connected in series with the
350 ohms of the- heater could be adJusted 50 that w1th the top and
sides of the’ block heav1ly lagged the perlods when the heatlng
current was "on" and "off!" were approximately equal.

A copper plpe 6" lcng and l%" 1n dlameter was screwed into
the bottom of the block. This plpe_could'e;ther be heated with a
.small gas flame or-cooled'in_a cooling bath to effect large changes
in the temperature of the reservoir_fairly rapidly.. Pulped asbestos -
flhre'was used to insulate the top of the aluminium-bloch. When wet
'thisvmaterial'could'be built=up round the heating tape on the tube
from the 1od1ne reservoir to prov1de good insulation at the point where
the heating tape stopped.

The contact thermometer kept the temperature of the

aluminium block constant to within 0,1°C at temperatures above
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:appre01able change in- pressure.

room temperature;>‘The contactrthermometer could not be used for
temperatures below room temperature but w:th a 11tt1e practice it
was found to be p0551ble to keep the temperature constant to ¥ 0.1°C
by gudlclous_use of the cool1ng mixture applled_perlodlcally to the
copper tubea - | | |

$ lhe holes COntaindng'the two thermometers and the iodine

reservoir were situated close to the centre of the block_within 3 cms

of each other. Each hole was a. close fit for the ‘glass tube sitting

in it so .that ‘the thermal contact was’ good.

Acetone was 1ntroduced 1nto the cell at the de51red pressure

} by flrst f1111ng the volume Tl’ RZ"T to the correct pressure as

2,;T2 is so large compared to the

volume of the cell that the acetone could then be 1ntroduced into the

measured by M. The volume T

cell by momentarlly openlng T (w1th T3 and T& closed) without B

The pressure of 1od1ne in the cell was controlled by

1'carefully adaustlng the temperature of the reservoir contalnlng the
~ iodine- whlch was always ma1nta1ned as the coldest part of the system.
* A graph relating vapour pressure of . 1od1ne to temperature was

construct'ed us:Lng the formula (46).

log P = 20.75878 - - (2986.21241) T™% - 40,84726h x
. 10 3T + 42,66239 x l@fGT where'T = degrees_absolute.

From the graph construCted the pressure of’ 1od1ne in the

cell could be quickly calculated at any glven temperature. A

' varlatlon of 0.2 C in- temperature gave an error. of less than l% in
_1od1ne pressure.' The temperature was kept constant to * 0.1°%.

. The taps- were malntalned at about 60°c whlch ensured that they were
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at éil times wafmer than the iodine reservoir and tﬁe rate of iodine
-attack'oh the tap grease was auite low.
A test was made to measure the time reqﬁiréd for iodine vapour
to reach‘its eéﬁﬁlibfiuﬁ pfessure under cdnditions of femperaturé and
| volume similar to those to be used <in the actual ekperimenta. An
apprbxim&te_fépli§a of thé.quartz'éelliand its'side arms was constructed
in pyrex with a tube 1eédiné to an'ibdine-résérvoirnés iﬂ tﬁe finished
| apbgratus. This pyrex cell was placed in a Uhicam spedtrdphotomefer
and the time required for iodine vapour to fiil the'évaéuated_cell
.poftion after théftap to the réservoir was Qpened.waé noted. :It was.
faund thét equilibrium was reache&.in less than_ls seconds_ﬁith the
reéervoir dipping into a beéker Qf'ﬁater at rdsmfﬁempérature. Thus
..the two minutes which was subsequently used on tﬁe gﬁtual apparatus
for equilibrium to be reached was known fg be sufficient,
In a tyéical‘experimént using an iodine/acetbﬁé mixture the
iodiﬁe was introduced first, £hrough the twpfwax'tap TB; With 'l‘3
closed the two-way tap Ta.yas opened moméntérilj to fill the cell
.With‘acetdne at a pfeésure indica§ed by M. Two.minutes were allowed
: fér mixing of the cqmponenﬁs then fhe shutter wés_r;iséd and a reading
' Qas taken. Af tﬁe pressurés used mi#ing'alwa&s.oécurred in less than
tﬁb minutes. Attempté té-estimate the mixing time on the apparatus
failed because it wés ;ess than the fe5ponsé time of.the galvghometer.
| After.proionged usage ihe silicone grease én the ?ap ?3'
developed a light brown colour'apparent;y due either fo reaction_with
iodine or by iodine dissolving in the silicone. It was essential to
check that the interaction of the iodine.and the silicbne grease did

not produce a volatile species which would quench the fluorescence/
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phosPhorescence emission. This was done by checking at regmlar
interVals_throughout the whole course of the acetone/iodine
expemiments that the light emission from,pume acetome in the cell was
the same se that measured at the start of the_experimente i.e. before
iodine was introduced._'The usual procedume after having made_a
measurement using an acetOne/iodine:mixture was to evacuate the cell
- throﬁgh Ty to cold traps. The emission of a known pressure of pure
acetone was then measured as a check that all the iodine had been
removed before another acetone/iodihe'mixture_mas made up and
measumed; -l |

| In the course of" modifying tpe apparatus for uae with

iodine the photomultiplier was. enclosed in a light tight metal box
so as to reduce the correction-necessary due to dark current from the
'photomultiplier. When measurements'were sﬁbsequently taken at the
higher temperatures the air inside the box became hot and caused a
rise'in the background reading on the photomultiplier as -it became
warm. To eliminate this eifect extra mater cooling coils were fitted
to the photomultiplier. - | |

| At the begihn_.ir.lg. of the iodine series of runs the cell was
'dismantled.fmom the apparatus}'cleaned-and replaced. The subsequent
>re-alignment increased'the sensitivity of“the measurementa by
1ncrea51ng the amount of emitted. light reaching the photomultiplier

cathode from the cell.
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C. Methyl Iodide Quantum Yields.

Introduction.

In order to clarify and describe more fully the primary steps
in the photolysis of acetone it is necessary to use and explain the
quantum yields of the species produced as well as account for the
mechanism of light emission. A complete understanding of the
mechanism would allow the scheme to be produced which accounts

similtaneously for both light emission and quantum yield results.

At the end of the series of measurements of light emission results it
was decided to confirm and extend the work which had been done on the
formation of methyl iodide in acetone/iodine photolysis as this data
seemed most likely to be of use in devising, in conjunction with the
light emission results, a comprehensive account of the important
steps in the photolysis of acetone.

In order to measure the quantrm yield of hethyl iodide

fhe

( 3; ) it is necessary to measure;ratio of the number of moles
CH,I 4 -

3

of methyl iodide formed to the number of quanta absorbed. The number
of quanta absorbed in the photolysis of pure acetone above 100°C can
be measured by measuring the yield of CO. However in the case of the
photolysis of iodine/acetone mixtures the iodine has been shown (4)
to interfere radically with the production of CO and so.it is not
possible to use CO production as an actinometric standard. It is
necessary to determine the number of quanta absorbed in the photolysis
.of iodine/acetone mixtures by performing a separate experiment under
the same conditions to measure the production of CO from pure acetone.
It was decided to mecasure the amount of methyl iodide

formed by a radiochemical techniaue using I%Bl in the photolysis and
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mcasﬁring the amouht‘of methyl.iodide produced by counting the
.radioactive methyl iodide'fcrmcd and comparing it with an 12131 standard.
In order to apply this analytical approach it was necessary to prepafe
12131 and to establish,:in preliminary experiﬁents, a technique for the
separation of methyl iodide from all other p@ctolysislﬁroducts which

contain 113%_

The préparation of 12;;1

1131 was available as a solution ofﬂNaIl3l'in:thicsulphate.

It was necessary'to?convert5£he active iodidé into elemental iodine

131
2

into the photolysis cell. It was decided to use the technique which

and 1ntroduce a known amount of elemental 1od1ne, 1abe11ed with I

~.has been used previously (39, 32) of preparing.active palladous -

iodide which can be decomposed by heat to give elemental iodine.
1m B par, — mast -

~ This technique has the advantége that the elemental iodine
131 '

 is 1abclled with I éﬁa at the_samcitime'a=kncwn mass.of'elemental-
‘iodine 1s _intrcduced, intc the photolysis cell. |

| | Active palladous 1od1de was preparcd by preclpitatlon from
a ln solution of palladous chloride (Johnson, Ma&hey and Co. Ltd.) in
1% aqueous hydrochloric acid. Active pota551um 1od1de, prepared by
the addition of a calculated émount of pota551um 1odide carrier
.solution to.carrier_free 113 ‘(Radiochemical Qent?e, Amersham) , was
.addcd as a 1% solﬁticn and the resuificg'precipiﬁate‘was alioﬁed to
stand cvernight beicre;cectrifugiﬁgi .kslightiy less than the
calculacea equivalent of potassium icdide was added so that no iodide
.was'left in solution) Iodine'ions left in solution would represent

.both a waste of active iodine and a potential health hazard. After.
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several washings with _N_ hydrochloric acid, the precipitate was
dried in an oven at 10éggoand stored in a closed vessel in an

enclosure built from lead bricks. 10 mgy of palladous iodide was
calculated to give a pressure of approximately 1 mm of iodine in the
reaction fessel at 100°C. The required amount was weighed out in the
thimble A fig.(8) which was then glass-blown into position. With U
iﬁgrsed in liquid air the apparatus was pumped to a high ;SEEEQ. The
constrictions C1 02 vere degassed by heating with the hand torch then
Cl was sealed off. B was then immersed in liquid air and the palladous
iodide was decomposed by heating A. C2 was then sealed and tbe phial
drawn off. The sinter S (No.l) ensured that flakes of pplladium were not
‘carried through to B with the iodine.

‘Preliminary Experiments.

Pfeliminary experiments were performed to establish a
technique to separate méthyl iodide from the other iodine containing
products in the iodine-acetone system. From previously reported work
on this system k#, 5, 6, 7, 8) it seemed likely that the products are
methyl iodide and acetyl iodide. Acetyl iodide is ﬁnstable (several
attempts to determine it'have:reported hon-reproducible results) but
it does not break down to give methyl radicals (4). Thus it seemed
probable that after photolysis the iodine would be present as either
molecular iodine, methyl iodide, acetyl iodide of hyﬁrogen iodide.

Of these only methyl iodide would not be expected to be strongly
absorbed by alumina.

Apparatus used.

(1) Chromatography apparatus. The construction of the

chromatography apparatus, which used argon as the carrier gas and a
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radioactive detector head will be described in Appendix 2. In this
anplication it w=s used simply as a qualitative analytical tool.

(2) The irradiation apparatus. In the preliminary experiments
the irradiétion ceil was a cylindrical quartz flask with a Bl9 socket
neck. A pyrex stopcock with a B19 cone on each end served both aé a.
stopper for the flask and as a connecting device for attaching the
flask-to a gés handling system. |

(3) - Radioéctivity counter. The counter used in the preliminéry
expefiments was exactlj the same as for the main ﬁeasurements and will

be described later.

Experiments.

In'the-preliminary experiments mixtures of acetone (about
200 cms pressure)_and jodine (about 1 mm pressure) were exmosed to
the u.v. lamp for periods of up to one hour at 100°C. For those
irradiaﬁions the-dichromatig filter was omitted to increase the
intensity of the incidenf light. After irradiation the flask was
transferred té a vacuum line and the contents were frozen down into:a
thimble of 5 m m. bore glass tube. The glass tube was cut and a
_rubber bung was inserted. The contents of the thimble were warmed
" by the heat of tﬁé hand and as soon éé they were liquid é sample was
injected'onfo the coluﬁn of.the vapour phase chromatography . épparatus.
ﬁsing an 8Ift colmn of 30-60 mesh firebrick (diameter 1 cm) loaded with
40% by weight of tricresyl fhosphate, the column was run at 90°C with
a flow rate of 40 cc of argon per minute; The sample from the
irradiation gave three peaks.

Syntﬁetic mixtures éf acetone and methyl iodide were passed

' through the column under the same experimental conditions as outlined
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_above and frdm a'chfarison of'reteﬂfionitime’two ofT£Hefthree peaks.
.fqund in the anal&sis of the:producté oflﬁhe acétone/iodine mixture
were idenfifiéd as'acetPneiand methyl jodide. The other peak -,
which occurred i@ﬁédiateiy #fter the air ﬁeak»was:aécfibéd to hydrdgen'
iodide. . .No tréce'of iodiné waS'fouh& - it ﬁaﬁihg;giﬁﬁer Been .
,absqrbed‘stréﬁgiy_gy the étaﬁionary pﬁééélgr_it_re5§teé_ﬁith fhe'
. firebrack, | o | | o
| IThg_irféaiéﬁion waé,fepéafgd'aﬁd the,pfoducts'ﬁere-passed'
through h>20 cm 1ong”a1um#na.§olumﬁ, 5 cm bqfe,:bgfore being put onl
“the chrématogfaphy column. Nq-péak agqribédftéihfdrqgeh'iOdide was
" found in this-case, the oqlx‘two peaks5fbrﬁed beiﬁé thosé-cérréspgnding '
to acetoné and methy; iodide. | | -
 To esféblish thaf alumina is efficient iﬁ'abSOrbing iodine
_ a‘hikturé of:acétoné.vapour andviédiné_ééntainingv1131 was.péssed _
.througﬁ theAAIuminé cb1umn. All the activity wés_rctained-iﬁ the
éolumn. o | |
“To establish that acetyl iodide .does not: pass through an
alﬁmina.cqluynvan aliqusthdf the photolysed'mixfurevﬁés taken from
the-sdiutioﬁmﬁhiéﬂ'ﬁés countea'affef péssing‘th;oﬁghvthe_élumina. :
_The samp;e-ﬁékén'Was éassed through thé chrbmatégfaphy coiuhn;
collecféd:inja cold-£rap énd re-cquntéd. .Nd"ibésldf activity was
1found. -Thié éx§eriment éiimiﬁated the-possibiiit§-that_ECetyl iodidé
-'céuld bé'paSSed b& thé7aluﬁiné colump_but;retained by'the chfom;tography
‘column. - | | | |
' .'-'-:'El“‘l_ﬁej.deérée_ to —Qh'ich }nethyl' ;i_.-o:di.de is ':r_;etained by alumina’
was studied. in pfglimihary experim;nts_by photblysing a mi#ture of

active iodine and acetong; The préducts were paéSed.thrbugh the
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alumina column and thén counted in fhe scintillation counter

(see later for counting technique). The products were theﬁ passed
several -times through the column and counted afﬁer each operation
in a similar container. The.count remained,constant ﬁﬁfoughoﬁt,
demonstrating that meth&l iodide is not retained by alumina.

Attéﬁpts to remove activitj {roh-éhg column by prolonged
'evacuation and passing_air through it féiled;' thus.it wés estgbliShed
that of the reaction producfs cohtaining'iodine in the photolysis of
'aéetone/iodine mixtures, methyl iodide is the only ioding containing

molecule notAretained.by an alumina coluﬁn:

Experimental Procedure in Preparing a Sample for Irradiation.

~ The procedure for preparation of a known_mixturé'oflaéetoné '
and,iodine’wili be described; ‘the procedure when iodine was omitted
is then obvious. _ '
The reaction vessel R.V. fig.(9) was carefully cléaned'by
filiing it with a éhromic - sulphurié.acid mixtur§ Befére each
irradiation. ' The cleaning mixturg was remoyed coméletely by about
fifteen successive washings Qith about 400ccé»of distiiled,waﬁer;
particular attention being paid to the side armjsectioﬁ. ﬁépid :’
removal of Qashing.water from the ceil was aéhieved wiéh the aid 6f
a-watef pump. | |
The apparatus to the rlght of Ul flg-(9) was then assembled.
-The:active 1od1ng_was prepared as prev;ously descrlbed. The cell was
" evacuated, spécial attention being péid to'reméving all residﬁél watér,
and the cut-off V2 V3 raised to 1solate the cell from the main vacuum

.llne. _Acetqne was then 1ntroduced into the cell from Rl until the
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required preésure was registered by M.. 03'was constructed

"~ especially so that one touch of the flame from the.hand.torch was
éufficienf to enable it to be sealed and drawn:off. .The volume
between C; and C, was kept constantViﬁ each fun and the amount of’
acetone finally contained in the céli cduid be calculated from a
'knowlédge of this volume. Any,érfof in'theléSfiméﬁiﬁn:of this vqlumé
: (éBOut 35ccs) was small'comparéd:to-fhé vé}ume_of the reaction cell
(66&ml). Wifﬁ'cz drawn off the acéténe wésléondeﬁsed'in the side
arm T and the val#g V1 was closed by rémoving'the'magnet which held.
it open. _ | .

The .break-seal X was.0pened'by dropping on it a plunger -
constructed-from soft iron endaséd in pyrex. The iodine liberated
was condensed on the low;r end of the véssel which was. cooled in
_1iquid air. 04 was then drawﬂ off,

The iodiﬁe'was vapoufised first by running warm water

over the main bddy of the cell. When all the iodine was vapourised

the acetone was allowed to warm up and the vapour pushed past Vl

to mix with the‘iédine vapour. In this way the possibility of
reaction'betWeen'liquid acétone and iodine was eliminated.

The vessel was cleaned externally with a dilute soab
solution, special atﬁentipn being given to the removal of grease
'from the end winaows._ I£ was then.dried, polished and transferred
to the ifradiafisn oven. ”

Irradiation.

The optical bench and furnace used were exactly the same

as used by Brown ‘and modified by Mitchéll (29, 32) and Qill not be

described here.
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_ The 1amp;filter .COmbination. e_mpioyed in:'the _11@1;‘ emission
experimentsvnas again used. The 1ight'from'the lamp passed through &
200cc spherical quartz flask filled with distilled water. The position
_of this flask was adjusted until a nearly parallel beam nas obtained
' through the ceil. The shutter was placed-between the flasks and the
filter system.- The filter system was thermaily-insuiated by being
separated from the quartz window of the .oven by én a1r gap of 2 cm.
The reactlon vessel lay horizontally in the oven on the two glass
covered metal bars and was effectlvely fllled by the u.v. beam. The
_,cell cons1sted of a cylinder 24 cms long and 6 cms - external dlameter
with plaln pollshed_ends. The side arin vas connected to it by a |
quartz-pyrex seal..

Prev1ous workers.havlng reported sllght varlatlon in

intensity of'the lamp output, so it was decided to construct a’
constantdcurrént supply. The basic circuit for this was taken from
that glven by Elliot and- Radley 7). A sllght modlflcatlon was
<1ntroduced to prevent damage to the relay contacts by the hlgh
current when the arc was ‘struck. - Thls consisted of an extra
re51stance in the lamp c1rcu1t whlch was shorted out by arother relay
when the lamp began to warm up. ThlS device gave a. reproduc1ble
" constant current'of 0. 6 amps;t
The transmitted beam was measured by . a.selenlum barrler-

layer photocell (Evans Electro Selenlum Ltd.)- placed one centlmeter
from the rearrface of the furnace., This photocell has been shown
(29) to glve ‘an output current whlch is dlrectly proportlonal to
the 1nd1cent llght energy when the re51stance in the circuit is less_
than‘EOO ohms. It was connected directly across a Un;plvot

am : _ . -
mrcropeter (basic movement 1llohms). The photocell was mounted
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on a chair and could be placed about one centimeter from the
furnace window in an accurately reproducible pOSition.

Irradiation Procedure.

The filter solutions were inspected before each fun.
The_potassium'chromate and'the nickel sulphate selutiona never showed
signs of deteriorationlbut the chromate was replaced for each
irradiation- because the transmitted spectrum is particularly dependent .

~on. the strength and purity of this component.

The lamp was switched on at least half an hour before
irradiation in_erder to warm up.

| The ehnomate filter cell and the photocell both tended to
warm up slightly if left in,position close to the furnace at iOOQC.
This caused a drop in intensity of light passed by the chromate of
abont 2% after three hours and a drop in the efficiency of the
- photocell of the same order in the same time. To eliminate this
effeet the-chromate_ceilland the photocell were not placed in position
close to the furnace nntil Just befone an irradiation was commenced.
ih the longest irradiatione.(jO minutes) ne_appreciabie fall in
'intcnsity'was'noted.f Light, other than the u.v. transmitted througn.'
the cell; was pfevented from reaehing the photoceil by means of.an
opanue cloth which enelosed the whole of the photocell end of the
appanatus._ | |

When the reaction cell was transferred te the oven at_lOOOC,
the temperature, as recorded by a thermometer inserted into the oven,
returned to 100° C in about 15 minutes. . A further 30 minutes was
allowed before an inradiation was cbmmenced to ensure that the cell
and the whole of its contents had attained that temperature. The

temperature of the oven was constant to within 1°C.
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At the end of an irradiatioh theAlamp was switched off
and the reactlon cell transferred to fhe analytical_apparatus;
Analysis.

Carbon Monoxide Analysis from Pure AcetonedIrradiations.

Tﬁe phctolysls,cf.pure»acetone at 120°C can be used as an
actiﬁometric standard. Analysis of the amount of ¢arbon mcnokide
' brcduced enables the numﬁer’of'quanta aﬁscrbed to be calculated since
:'one molecule of_carb0n=mcnoxide is prodﬁced for:eacﬁ dﬁantuﬁ-abscrbed.
.The amount of carbcn monoxide produced-yas measured.by meaEﬁrihg the

volume of non-condensable gases then oxidising the CO to co The

2°
002 vas condensed .by a cold trap and the volume of the remalnlng gases
was measured so that the amount of carbon monoxide could be calculated
by difference. Todine pentox1de was-used for the ox1dat;pn of the
Hcarbon monoxide. At a‘femperatuie of l#OOC'the.feaction

I O5 + 5 CoO = 12 +5 C02|
-prcceeds rapidly. Neither methane nor ethane is attacked at this

temperature.

Materialé used;j

F)

The iodine pentoxide was hanalar" grade‘Which wae dfied by -
heating at 200°C for two days before dse. 7When'firaﬁ used it gave
off a gas -which was coﬁdehsable.b This gas was probably water vapouf.
After pumplng for one day at 145 C the gas ceased to be- glven off and
a good vacuum could be maintained, |
Agparatus. o L

The apparatus used is shown in fig.(10). - The U';ﬁce U,
was packed with granules of iodine_pentoxide. Each end of the U tube

was packed with silver gauze to remove liberated iodine. The
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temperature of Ua'was-maintained at 14500 t 1% by means of electro-
thermal tape controlled by a Sunvick Energy Regulator (type TYB).
The length of the tube G (fig.l0 inset) Qas marked at three distances
approximétely % cms, 6'§ms and.9 Ems-from Vl. Before the apparatus}
was constructed the folumg between-éééh'of the marks and Vl (with the
ball sgéted) was neasured by weighing'with mercury in the usual way.
Prﬁcedure. ] |

Preliminary experiments with samples of pure carbbn monoxide
and methane introduced via T3 establiéhed that'at-lhsoc a sample of
about 10 micromoles of cérbon monoxide was completely oxidised in 90
minutes by the circulation technique to be described later.
Approximately the same amount of methane was un;ffected_after:lSO
minutes using the same technique. Inlfhé aétual measurements of the
amouht;of-éarbén monoxide produced in the photolysis of pure acetone,
Ty, T

3 and_T2 (fig.10) were closed and the cell was joined to the

vacuum line by means of a Bl4 joint at J. T, was then opened and the

2
apparatus pumped down to & high vacuum. ‘Liquid air traps were then
.placed round D and B and the seal XZ-(fig.9) was broken. For the
-higher'pressures of acetone the bottom of the cell was cooled in

iiquid air to reduce the vapour pressure in the cell before X, was

2
broken. As the cell warmed up the acetone transferred to D and ﬁ
(fig.19) élbﬁly, thus ensuring that no acetone esdéﬁed past these traps.
an-condeﬁéable gases were transferred to the section to
the left of T, by means of the Toepler pump. A seal was made at:Vi
by means of a ball -bearing held down to a ground se;l by 10-15 cms,
_head of mercury. A similar seal at'V2 but with a h§aa of oqu 1 or

2 cms. of mercury acted as a non-return valve. The seals were seated

with the help of a magnet. About 30 strokes were usually needed to



transfer the non-condensable gases into the section between
Vl and V2.

The amount of gas in G was determined by measuring the
pressure of a known volume. By using the calibrated volumes
selectively a large pressure difference (i.e. several centimet§FS)
could be obtained for measurement with a cathetometer. The corre;tion
for surface tension made by measuring the heights of the mehisqi-and
using'the formula in thé_I.C.T. was usually found to be negligible
_because the meniscus heights were of nearly the same size and the
pressure difference was alwéys in the region of a few centimeters.

The gas was then éirculéted:slowly through the iodine
pentoxide, carbon dioxide being condensed qut by immersing U. in

1

liquid air. Using V. as a non-return valve the gas was circulated

1
for two hours.

After complete‘oxidation of the CO the non-condensable
fraction was collected.in G and its pressure measured again. The
amount of carbon monoxide originally present was found by subraction.
This method gave mofe.congistent (and smaller) results than the
direct measurement of the CO2 formed. The_discrepancy-between the
two readings can probably be attributed to water vapour céming off

the iodine pentoxide or condensable material from the tap grease.

Methyl lodide.

' No Blh joint was attached to the cell for acetone/iodine

runs. A soft iron plunger enclosed in glass was piaced in X2

(see fig.9) and the cell was glass-blown onto the analysis line at
¥. (fig.10). The counting tube (to be described later) was attached
at J.by a Bl4 joint and, with T3 shut T, 'l‘5 and T, were opened and

the apparatus evacuated.
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Liquid air traps were placed round D and B then the plunger

was raised with a magnet and dropped to open X The contents of the

5e
cell passed into U3 which was a U tube 20 cms. in length containing
aluminium oxide. Products not stopped by fhe alﬁmina were either
condensed in D and B (methyl iodide and acetong) or pumped away -

(a little QO petrhaps). _

The drawn out limb at 2 Qas broken when the cell was highly
evacuated and the cell allowed.to fill Wi£h air before it was sealed
again; The cell was again evacuatéd throﬁgh the aluﬁina column.

This last operation enéured fhat no methyl iodide was left on the
column but all was transferred to D ér B.

To transfer the conten£s of D and B to the cpﬁnfing tube
(c.m), T), was closed and, when a high vacuum was obtained, T, was
closed. (fig.l0). The liquid air was removed from D and B and a
liquid air trap placed round C.T. When the éontents of D and B had
distilled into.C.T. the tap T5 was closed aﬁd fhe counting tube -
removed from the apparatus at J. Acetone was poured into the open
1imb of the counting tube and T5 opened so that it filled the tube

to a ' fixed mark. The tube was then warmed to room temperature and

shaken vigorously to mix the contents before they were counted.

‘Counting Technique.

The countihg tubes, (fig.l0) were constructed from a thin
walled pyrex test tube of diameter 15 mm. They fitted snugly into a
sodium iodide well-crystal scintillation couhter through a hole of
15 mm clearance in the roof of the iead-céstle.

Highly stabilised H.T. was applied to the photomultiplier

from 1007 type potentiometer. The oﬁtput from the photomultiplier was
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amplified'by a head amplifier and ‘a linear pulse amplifier. Before
recording on the scaler the pulses passed through a pulse analyser,
(type NlOls, the window of which-nas centred on the 0.33% Mev 1131
photopeaﬁ.u

The counting apparatus was nsed purely to.nake comparative
measurements (see below) andithe active solutions to be compared were
always counted close enough together in time so that decay of the I 131
..(t% 8 days) was negligible.

131

. Preparatlon of a Standard I solution. (fig.1l).

The palladous 1od1de used to prepare the standard was the
same source_as that prepared and_used for_the iodine used in the
.acetone/iodine photolysis. The prenaration-of a standard of known
iodine content and of the same specific activity as:the iodine used in
the photoly31s experiments, enables the amount of methyl iodide
collected in the analysis to be determined by simple comparative
measnrenents, The amount of active palladous iodide needed to give a
solution'oi approximately the same activity as expected for the methyl
iodide solutiondWasfcalculated from Sutton's results. : Tﬁenty five
times this.anonnt was weighed in a tube on a semimicro_halance and
fixed below sinter § (No.l), by élaSs blowing. With U immersed in
} ligquid air'T1 and Ta-were opened-and the apparatus evacnated_to,ahhigh
vacuum. Tllwas closed and:with the connting'tdhe C.T.“immersed.in
:liquid air the=palladous iodide .was heated with the hand torch. ’The
1od1ne was condensed rapidly in C. T there belng little time for it to
react or dissolve in the s111cone grease on the taps.

-When all the palladous iodide was decomposed TIAWas closed
and the counting tube.removed from the apparatns at the_joint.Blh.

The iodine was transferred into a 250cc_graduatedhflashuby_repeated
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washings (about 15) witn 10cc portions of acetone. The solution in-
the flask was then made uﬁ to the mark andcsnaken well. Acetone from
the graduated fiask was poured into the open limb of C.T. and Tklwas
opened carefully until the level in tne counting'tube reached the 10cc
level mark placed on C.T. The fixed.mark on all the counting tubes
i.e.-the standard and those which contained methyl'iodide, vas at
exactly the same level. -

131 solution nas to be kept-for a period of

The standard I
weeks (untnl all the palladous 1od1de source was used in - photolys1s
experlments or the act1v1ty became- too low to count) so the constructlon
C was sealed of f to eliminate any pOSS1b111ty of slow reaction between
the iodine solutlon and silicone grease. The standard solution thus
’ contained a known amount of iodine in the-same volune of solution with .
the same geometry as the active methyl iodide solutlons. The amount
of 1od1ne in the methyl iodide’ solutlons could then be eas11y determlned

by comparative countlng of the two solutions.

Health Aspects.

'Health hazards in these-experiments can be ascribed to
(1) the possible harmful effects of u.v. on the. eyes
(2) the radlo-actlve hazard of u51ng 1131

All experiments were conducted in the open laboratory )

(as opposed to a room_which could be evacuated during an irradiation)
so it was necessar& to shield tne-lamp.at all times. This was
-accomnlish'ed with a metal box. When the lamp had to be run with
the box removed Kfor iining np enperiments) a pair of glasses opaque

to u.v. were worn.
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.1131 is a weak beta emitter (0.61 and 0.33 Mev) with gamma,
energies of 0435 and 0.64 Mev. The main danger to health is ingestion
of active material, iodine being-concentrated'in the thyroid. Glass
blow1ng onto the apparatus which had contalned actlve 1od1ne could
not be av01ded in this case and spe01al precautlons had to be taken.7'

"One of the follow1ng two methods was employed on each occa51od.df
(dependlng on convenlence) | | =
(1) The apparatus_was'washed thoroughly with KT solution'andjdie£illed'
water | ‘ - - =
(2) Glass blowing'was dode throﬁgh a cold trap.

| All actlve iodine re81dues were collected 1n acetone and

:w_KI solutlons and stored untll they had . decayed suff1c1ently to be

: d1sposed of down the dralns.
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CHAPTER III.

Light Emission Results.

Treatment of Results.

Let Il be the illuminating intensity in the central portion
of the cell which is seen by the photomultiplier then

I =1 (Io + It)

where Io and It are the intensities of the illumination incident.on
and transmitted by the cell respéctively. - T is a constant depending
on the geometric propgrties of the cell, If the area viewed by the
photomultipliér is around the éentre of the cell then T would take a
value of about 2 (i.e. approximately the average of Io and It) but
since it will be seen that the exact value of T is not important,
provided that it remains constant, it is not necessary-to derive.a

" precise value for T

then I = K.i ' (1)
e : m

where Ie is the emission intensity, im is the current from the
photomultiplier and K is a constant,

Where ic is the current from the photocell and K'is another constant.
No complication due to re-absorption of emitted light by
acetoné need be introduced as it is known that the emission énd
absorptioh spectra do not overlap.
The emission efficiency is given by

TIe

Q = = (3)
TIa

where TJe is thebtotal emission from the volume visible to the
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; photomultlpller and TI 15 the total absorbed 1nten51ty in the :

: same volume.
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where €= the extinction co-efficient ( x« & ).

Ixtinction Co-efficient Measurgmenté.

From the above'theorj the need for a knowledge of the
value of € at each temperature is apparent, £ for the l:;mp filter
combiﬁation used’in these experiments was me;Sﬁred on.thé afparatué in
the following way: .

With the phdtomultiplier disconnected the épéaratus was
switched on and allowed to warm up in the uéual way. The cell was
filied to a kﬁown pressure of.acetone and the shutter was.raised 50
that t;ansmitted lightvgave'an output current from the photocell.

There being no baiancing current from the photomultiplier, a deflection
was recorded on the galvanometer. The potentiometef was adjusted until -
.a large deflection‘was bbtained on the'éalvanometer'scéle and a reading
was Quickl&.téken. The cell was rapidly evacuéted and the galvanometer

deflectibn with no acetone in the cell was taken. The ratio of the

: I _
two readings gave TE for the pressure and temperature of acetone used.
' o
The need for haste between readings of It

in lamp intenéity in that time would introduce error into thé result.

and IO was because any change
Unlike measurements of emission efficiencies which involve a

comparison of transmitted and emitted intensities, these transmission

intensity measurements are not independent of the incident intensity.
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| TABLE 1.

EXTINCTION CO-EFFICIENT MEASUREMENTS. =

' TEMPERATURE : I T !
°C5 ot ) ... cm
: I . - ?mplécules N

0

20°% - 0 0.774%0.009 5i70x1077

__55 C - 6L782io.01 | ...5;9?¥15%21'“
.79¢§: . ;f., .. Not.available ', 6525x10%;i
100% L 0.790%0,01° 1 | 6,5g¥16;214,
.TiédéC:!‘- | | '-?-791i9.9ﬁl _ 6.9a¥10-21

. 150% . 0.801%0.0%  7.03x107%"

Al; values, of I, were mé§sured.éf a pfessure'offlo'éms;Hg
o S o Lo _
of acetone at 20°C. = "7~ LT T
- Measurements of If at vaiiousiaéetonefp?essﬂfés.
| I SR _
o . . L N .
e taken and plots of log It'against

I
o

préssure gaﬁe straight lines as expeéfed'(theSe results'are not showﬂ)

at the same temﬁépatﬁre wer

3 could. be calculated from the slopes .of the lines but it was decided
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to take a serles of readlngs at a constant acetone pressure for
'veach temperature, 50 that an estlmate of the error in the determlnatlon

vof It could be ea51ly made. The results at 20 C 50 C 100 C and 150 °c
-'Io . S :
are shoWn in Teble I. The r.mis. error is shown alongside the mean

value for It. In the calculatlon of g (see below) ‘log It is used, :

I o I
» 0 : : \ ) 1o
‘thus reduclng the effects of the error quoted for It.
. ) - Io
TPypical’ Calculatlon of £ (20 c) : i
I g L
We have the Beer—Lambert Law T- = 10.. """ where c-is the
-,‘< I- .A‘- X . I-
‘concentration and'd_is thelpath'léngth, From Table () TE O. 771
>or moaned g arh e . | P

for 10.0 cms. acetone measured at‘ZOqC;
1

. « log t = W.8872' and - log Iy = 0,1128
From the’ equatlon above 'i ' .
o Tlegip L . -
€ - ______I_

dece
if d is measured in cmﬁ (6.0 cms. ln thls case) and c.is’ 1n

_moleculesﬁcc.,gj R Fugn

Q
]

P xe 2732 x s 023 X 1023
76 T 2RIk

P x 9 663 x 1019 molecules/cc_
T ‘ L

'}when P= pressure an’; cms. and T absolute temperature:;;"”"”
‘.At 20 C and lO cms. of acetone

=. 32,97 x 1017 molecules/cmz,

‘and & =0.1128 - . 1 om21
o BX 32.97 % ,1917 = 5. 702 x-10" cma.
e : , molecules

At all other temperatures € wvas calculated in the same

way and the results are reported in Table I. The values af 8



calculated in this wey.were, wiﬁhiﬁ fhe limits‘of experirental
. errer, consistenf'withvValuee of £ deriredifror ﬁhe siopee of
,the 1og10 it versus. pressure graphs..
. o _ S .
”r_Aﬁ,repbrted°previously b&'Luckey.and‘Noyes (49) the
:extinctioﬁ_qejefficienyliﬁpreases with ﬁemﬁeréygre but avpreciee
' comparieon=witﬁlfheir valﬁes is pointlees since exténction
"Aco-efflclents can only be compared exactly when the same lamp-
filter comblnatlon is used._ The effect of temperature on. the
measured value of E in the apparatus used in this work is shown

graphlcally 1n1f1g1(23)._'
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OXYGEN-ACETONE LIGHT EMISSION RESULTS.

Preliminary experiments.

In testing and improving the apparatus the total emission
from pure acetone at various acetone pressures and temperatures was
studied. When the equipment was fully developed and refined results
were obtained in substéntial agreement with those published by Lucke&
and Noyes (39). These results are not recorded or discussed here but,
if required, values of total emission efficiencies at varying acetone
preésures and at several different temperatures can be extracted from
the tabulated results for later experiments.

Calculation and tabulation of results.

The method of calculation and tabulation of the results can
(P 14)
be illustrated by reference to Table 2(which deals with results at
20°C for the acetone-oxygen system. The first four columns list the

pressure and -concentration of acetone and oxygen. The values of

It in column 5 were calculated from the previously obtained value

I
o

for € (see table l).. Column 6 is a combination of columms 5 and 2 with
the previously determined value for é: . The corrected potentiometer
reading was obtained as explained previously in the chapter on
experimental teqhniques and multiplied by column 6 to give the total
emission'efficiency Q. Q/ the-fluorescence efficiency, is the value
of Q when excess oxygen is present. The assumption is made that

oxygen in excess removes all the phosphorescence but does not modify
the fluorescence. This assumption is justified by previous work on
light emission in the presence of oxygen (39, 35). Q" the

phosphorescence efficiency can then be obtained as the difference

70.



Fig. 12
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Effect of acetone pressure on total phosphorescénce
efficiency
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rbetween Q and éf, A%,jand '%a have been tabulated to allow Stern-Volmer
type plots to be made; these graphs will be dealt with more fully
in due course. | | |

Tables 2 - 8 contain the light emission results for the
-:acetone-oxygen systemL The results are arranged.according to the
temperature at -which they were obtalned except - ‘for Table 8 wherel
results obtalned over a range of temperature are recorded. The
.temperature used covered the range 20 c up to 150-0.

The effect of acetone pressure on the total phosphorescence eff1c1ency.

Flg (12) contalns data which has been extracted from Tables
.2 = 8 to show the effect of temperature on the plot of -5 Q" agalnst :
nacetone.concentrationr QT is the phosphorescence in the absence of
'any'quenching by-oxygen, iodine or‘other_quenching agent. -It can be
seen from fig.(12) that at the' lowest temperature us.ed,. change in
acetone concentration.has no detectable effect on the phosphorescence
>efficiency whereas at 120°C the effect is quite marked. It can also
be seen from fig.(12) that at the three temperatures (20 c, 50 °c and
120 C) where a range of acetone pressure was 1nvest1gated a linear.
Arelatlonshlp applles between Qtr and acetone concentration. The lines
drawn at 75 C 100 C and 150 °C have been estlmated from the more
»extens1ve data at other temperatures.

The effect of acetone pressure on fluorescence efficiency.

The results relating the value of {%-to acetone pressure
are'shown in figures'(13,v14, 15). The points collected in a single
set of readings.are_marked with clrcles, those marked by crosses are
collected data from other runs. No tendency for -%r to increase with

acetone concentration is observed. :When this result was first

71.
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6btaiﬁed it cpnflicted with what Wa; then considered to be the most
_reliable data a%ailable (35).' Later work by other authors (43) hés
.confirmed thaé %? is'independent of acetone pressure-in thé,range
studied here.

From Table (2) it-éan'be seen that Qf is léss than one tenth
of”the total em;ssion efficiéﬁcy atlZOOC. At 150°Cv(Tab1e 7) when:
‘ﬁhosphorescencevefficiency-is low, Q‘ represents.about.GQ% of'the total
'light.emission. The'marked-effect oflfemperature is ﬁainly due'ﬁo_the_.
quenching of the phosbhoréSceﬁce by rise in temperatu?é; It no doubt
accoﬁnts for the absence ofjlight emission data inbthe literature'for'
Pempgratures‘above'ﬁooé. A.small buf consisﬁent températﬁre-effect‘oh
the-flﬁorescence efficiency caﬁ be_seen.by gomparison of the results
for —%ﬁ at each of the-temperatures investigated. Although the resulté
'éupﬁort the view that —lr is constant with varying acetonexpreSSuré'fhe

Q

constant values of ~%r are sligﬁtly températﬁre depeﬁdent; —%7 is found
to iﬁcrease as the,température increases. For temperatureé 7500, lQOOC
and 150°C‘extensive F%r vs acetone pressure readings Qere nét obtained
- but thé trend is clear and will be_deélt with more fully in the section

"Results at various temperatures!

" The effect of oxygen on the phosphbrescence efficiency.

"The results obtained for the quenching effect of oxygen 6n
the phosphéréscehce'are shown in-Taﬁles 2, 3, 4, 5, 6. The resu;£s are
displéyed over the range of temperature studied in'graphs (16,17,18, 19,
20, 21, 22). Cdnsidering the results at 20°C fig.(16), it can be seen
thaﬁ af a fixeé acetone concentration the -plot of —%w aéaingt oxjgen

pressure is a straight line, the slope of the line increasing with

7.
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increasing acetone concentration (a 2.5 increase in slope resulting
from a 4-fold increase in acetone pressure).

| . The nlots of é agalnst oxygen concentratlon (flgs.l7 18,
-l9 20 21 22) show that a llnear relatlonshlp is obtalned at each
_temperature up to 150 C. Comparlson of graphs at constant acetone.
concentratlon (24 5 x lO 17 molecules/cc) shows that the effect of
lrlse in’ temperature 1s to 1ncrease the slope of the —%w agalnst

.oxygen concentratlon plot.

: RESULTS AT VARIOUS TEMPERATURES

The effect of temperature change-on.f the extinction
_.co-efficientRisshown in fig. (23),- The-resultS'usedﬁare'those.shown
B K in-Table-l.--f: shows a steady rlse w1th temperature, as was observed -
-by Luckey and Noyes._
- The effect of temperature on the.fluorescence efflc1ency '
. and the total phosphorescence eff1c1ency can be studled by selectlng
;the relevant flgures from those recorded prev1ously for dlfferent
temperatures. It was dec1ded however, to measure the requlred data
- in one’ run 0. thaL.the results would be giore self-cons1stent than
' those obtalned over a long period of t1me._ A serles of readlngs was
taken u51ng approx1mately the ‘same acetone concentratlon, the _
temperature belng varled from 20 C to 150 °c as shown in Table 8.._.
_'Values of the unquenched and fully cuenched emlsS1on efflclen01es.
~ were taken at each temperature and’ the values of QT and Q were
‘ calculated in the usial way._ It can be seen from Table 8 that both
"Q and QT are quenched by temperature but to a greatly dlfferent
"extent. At 150 °c QT 1s about one—twentleth of its value at 20° C.

-Q is only reduced by about 30% over the same temperature range.

’ : 6’“ gmu;' &
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An Arrhenius plot.of logjy _L: against the iAverse of the . -
g

: absqlm:-e, temp-erature_ 1sshown in f_ié.(Eh) . .Th;; -_P_°§'.l-if.sj-:°bt"?_‘i?1-e"1:c,??llfi"__' =
not be said to fall unequivocably on & straight line over the whole'
':.r_:a_l;lg‘?:Qf-'-t_e'l_l-':lp"'e"r_'atur'e-s'-sfééied.' L B :

. The graph of | log;O- _gi_ragalnst inverse temperature is. also
shovn .J'l.ﬁ-f::i.é'-.("Z’-F)"._" Theeffect of .;:ﬁe.ﬁil-)'erature ,is much 'ie.lss- )
Pronounced 1n thi‘é—-égée__f' - o

" “fhe éff?ct-éf?ﬁémﬁerafufe on the 6ther“vériaﬁiesigﬁiéh.

have. _b_ée_'ri s-tu_digd-'ha;s been. dé;it with under. the 'féleVéh‘é’l}eading |

in each case. . .-
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. IODINE - ACETONE LIGHT EMISSION RESULTS.

1Preliminar& Experiments. -

At the outset of these experimerits the queiitative effects
of iodine on the 1ight emission were not known; 'Sbme preliminary
experiments by.Mitchell had suégested that-iodihe probably did
quench the emission but he ‘did not claim-that the results were very
reliable. . .- “ N |

| ‘With ‘the apparatus shown in fig.(1l) and fig.(6), the
qualitative‘effect of_iodine eouid be-easily inyestigated. The
follewihg-facts emerged: | |
| (l) The effect of iodine is te reduce the light emission
et.roem'temperature to .about a tenthﬂofjits.ralue in the absence of
iodine. | | |
. (2) A saturation effect is observed - the addition of jodine
at pressures greater than abo@t'Smm.heving no additional effect on
the emlss1on. N -. : |
(3) The 1ntenslty of em1851on 1n the presence of excess 1od1ne
1s.the same as’ that in ‘the presence of excess oxygen. N
| 901nt (2) above meant that thelnghest temperature
required for the 1od1ne reservoir was about 16 C (to prov1de the
‘vexcess iodine pressure of 5Smm) and the connectlng tubes to the cell,
. and espe01ally the taps, were requlred to be kept only a few
degrees warmer thah thls. This observatlon was very 1mportant-
in preserving the &silicone tap grease from attack by iodihe.
| On the basis of the»preliminery results and the data
collected in the acetonehoxygeh systeﬁ{ an investigation was

undertakeh of‘the'effect of temperature, acetone concentration
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Fig. 25 Effect of acetone pressure on total phosphorescence
efficiency
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and iodine concentration on the light emission.

More attention was paid in -this system to the results af
100°C than at 120°C because most of the quantum yield data (especially
for CH}I) had been reported at the former temperature.

The rebuilding and reallgnlng of the apparatus prior to the
collection of 1od1ne—oxygen emission data, improved the sen51t1v1ty
(by a factor of about 1.8), and the accuracy considerably. This
improﬁement can bg seen reflecfed_in, for instance, the better fit

of the results of the plots for against acetone concentration.

1
9
(fig.25).

Calculation and Tabulation of Results.

The method for takiné readings and the calculation of the
results was exactly the same as had been described previously.in the
oxygen-acetone system. The concentration of iodine was calculated
from vapour pressure data as deSCribed previously in thevéectiOnvdn
experimental techniqﬁe. The method forhobtaining data for the
calculation of the extinction co-efficient has been dealt with
previously and the results at various temperatures are listed in
Table I. For the results at 25°C in the iodine-acetone system the
extinction co-efficient was not measured but its value was obtained
from the graph showing.the variation of & with temperature (fig.23).

The data collected and the calculated results for the
iodine-acetone system are shown in tables 9 - 12, each table dealing
with results at a different temperature. The graphs drawn from the
results are shown in figs.(25,26,27,28,29).

The effect of acetone pressure on the total phosphorescenceuefficiency.

The results relating the effect of acetone concentration

76.



QT have been extracted from tables 9, 10 and 11 and are shown in ‘
fig.(25). The results at 100 C were obtained first and they'Showed a
linear-relationship with a slope comparable to that obtained in the
oxygen-acetone system: At low acetone concentrations at 100°C the
experimental results fall below the straight line through the p01nts :
for higher concentratlons._ The high temperature and low acetone

-concentration used coibine to produce low emission 1ntenSit1es and o
make the pcints at the lowest acetone concentration at 100°C rather
‘suspect. Repeated measurements of the p01nts in questlon did not
establish a clear answer but rather Served to_illustrate the spread
of results'likely to.be obtained under the'different erperimental
conditions. lt was'then decided to measure —ag at the lowest :
convenient temperature (25 °C) where emission efficiencies are greater
and the results at low acetone concentration are more_reliable.

It can be seen from fig.(25) that, over the range’of‘acetone pressures.
investiéated at 100°C, all the results at 25°C fall on aﬂstraight
line. The'same‘can be said-for the results at 50°C=except‘for‘the'

-result at the lowest acetone pressure (about 3 x lOl7 molecules/ccj.

The graphs of 'ﬁ" against acetone pressure show great
81m11ar1ty to the corresponding graphs obtained in the oxygen—acetone
system (see flg 12). Thusanﬁme 1od1ne-acetone case the lowest.
temperature line is horizontal and the slope 1ncreases w1th temperature
in the same way as in the oxygen-acetone result. Only one - result for

-Eﬁ? was obtained at-120°C and that is shown in table 12.-‘

The effect of acetone;pressure on the fluorescence efficiency.

At 50°C tliree results were obtained (see table 10) which

. - . Do ' : S
show that @ is independent of acetone concentration. The effect
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';of acetone'pressure'onid;was not inveStigated.at‘25°C or l20°C but
“at 100° 0 —%r was determlned over a wide range of acetone.pressures.

" The results are contalned in table 11 and .are shown graphlcally in-
;:flg.(26). Most of‘the'po;nts (marked in 01rcles) Invflg.(EG) were |
.determlned-in;a"single series of measurementskall performed;on'the
same day so as to 1ncrease thelr mutual cons1stency.. The p01nts
:{marked w1th crosses are for measurements taken at dlfferent t1mes over

e .afper;od_of some weeks. The results show that, as in the oxygen- -

. acetone system, o is 1ndependent of acetone concentratlon;

The effect of 1od1ne on the phopshorescence efflclency.

Measurements of the’ effect of 1od1ne on Q were made at
50 C, 100°¢C and 120 C. The results and calculatlons are shown in
, tables 10 ll and 12 and plots of QI against’ modlne concentratlon
. are shown in‘figs.(27 28,29). A llnear relatlonshlp is agaln obeyed
as in the oxygen—acetone system and at a fixed temperature the slope
_1ncreases w1th acetone pressure. The effectnof temperature can be

seen. by comparlng the llnES for the same acetone concentratlon,

e 24.5x10 17 molecules/cc. Th1s concentratlon corresponds-to pressures

L ‘_of 8.2 cms, 95 cms and 100 cms at 50 c, 100° c and 120°C, As in |

:the oxygen-acetone system the -slope increases as the temperature is

' 1ncreased for a flxed acetone concentratlon.

Results at Varlous temperatures. .

The effect of temperature .on has been dealt

QI
o T
with above. U51ng data extracted from Tables 9, 10, 11 and 12
Arrhenlus plots of" -Qw»and é have been made and ‘are shown on the e

same graph (flg.24) as those for the oxygen-acetone results.* It can.

be seen that the - graphs are very slmllar in each case except for a

-y



vertical difference in scale. This difference is due to the increase
in sensitivity in the apparatus before the iodine~acetone investigation
began.

The slight temperature dependence of the fluorescence
efficiency and the marked teﬁperature dependence of the Q;.is almost
identical in both the iodine-acetone and oxygen-acetone cases.

 Xenon - Acetone Light IEmission Results.

With pressures up to 10 cms. of xenon and 15 cms. of
acetone no appreciable effect on the intensity of the emission was

detected at any temperature.

79.
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CHAPTER 1IV.

RESULTS OF METHYL, IODIDE QUANTUM YIELD MEASURIMENTS.

The results for § CH,I, obtained as described previously,

3

are tabdlated.in TaBle 13 and displayed graphicglly invfigs.(BO)and
(31). In £ig.(30) the results obtained for £ cH31 at 100°C are
plottgd along with-dafa previbﬁsly repqrted by other workers.
- Points meésured at 'the same acetone préssure are joined by lines,
other acetone pressures are indicated on:thé graph. In fig.(31) the '
results for §CH31 at l2O°CY a're plotted in a similar way. |

.In.table_13 the iodine runs are numbered with u esge A11,
B12, etc; the puré acetoné funs with a lette? and number subscript

only e«ge. A1, B Most of the data was obtained at 100°C so that a .

’e
comparison with Martin and Sutton's work (4) could be maﬁea The new
analyti§a1 tédhniqﬁé for CH3I allowed rather more sensitive
determinations of EECHBI-to.be made and lower pressures of jodine could
be investigated_thén'had previously been possible. Thig meant that a
great deal of supporting.evidence; by an independent analytical |
technique, cquld be obtéined'for;the effecﬁ of both acetonelpressure
and iodine ﬁressurg on aECH

3
While they were in good agreement with all of the previously

I,

reported data, the results obtained in this work ‘showed that iodine

is rather more effective ét relatively low concentration than had been
previ§usly predicted by the Martin and Suégsn mechanism. Cénsequently
attention was focussed on the low iodine pressuré région-to confirm
this., The temperature effect noted by'Pitts and'Blécet (8) Qas
confirmed by this work although lack of timé preveﬁted as much

evidence as would have been desirable from being collected on this

- 80.
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aspect of the measurements. Thé" resi'xlfs w;i.l'l__b_ef discu_sséd further
and used in- the derlvat:.on of the mechanlsm in chapter .
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CHAPTER V,

Discussion of Results.

From the results in this work and those of other investigators
which have been summarised in chapter I, some general conclusions and
consequent limitations on allowable mechanisms can now be taken as
established. These are:

(a) The fluorescence efficiency from the singlet state is little
or not at all modified by acetone, oxygen or iodine pressures or by
temperature, whereas the phosphorescence efficiency from the triplet
state is greatly affected by these parameters. The same parameters also
have a great effect on the quantum yield of decomposition in pure
acetone, acetone/oxygen and acetone/iodine mixtures. Hence it seems
probable that the decomposition products must come predominantly from
the triplet state and that the singlet and triplet states cannot be
in equilibrium,

(b) At temperatures below 100°C the observed quantum yields of
decomposition in pure acetone fall appreciably below unity but the
phosphorescence yield does not show a corresponding rise to 40-50% as
would occur if phosphorescence were the only alternative means of
deactivation of the triplet. The back reaction, CHé + CHBC'O'___g>
CHBCOCHB’ usually regarded as a secondary reaction, may be the reason
for this low quantum yield but it is necessary that any acceptable
mechanism must, either by primary or secondary steps account for the

fractional quantum yield of decomposition.

82,



Ia

Fig, 32 Mechanism




(c). At teﬁperatures of 120°C, where the quantum yield of acetone
decomposition is near unity and is independent of the acetone pressure,
acetone is, nevertheless, still exerting a considerable quenching
effect on the triplet state (see figures 12, 25). The phosphorescence
yield under these conditions is less than 1% and the quantum yield of
decom@osition must differ from unify by at 1east this‘amouht, although
such a small difference is concealed by the experimental error in the
measurement of the quantum yield of decémposition. However, although
acetone has been shown to exert a specific effect on the phosphorescence
at this temperature, it cannot be determined whether the acetone quenches
the triplet by producing a decomposition or a deactivation alternative
to triplet emission.

(d) The fact that iodine or oxygen acts in co-operation with
acetone to quench the phosphorescence and also in depressing the quantum
yield can most simply by accounted for by postulating a complex between
the triplet and the iodine or oxygen which is deactivated by acetone
rather than by invoking a three body collision process.

To explain the above general conclusions and as a basis for
a moreidetailed and.quantitative discussibn of the results in this work;
the mechanism shown in figure 32 is proposed; The electronically
excited states S(singlet) and T(triplet) are shown by horizontal lines.
S is formed directly from the ground state by absorption of a duantum

of energy. T is formed irreversibly from the excited singlet and

C, which is a éomplex between the triplet and iodine or oxygen, is
formed by a reversible step shown. The inclusion of the various steps

may be justified qualitatively as follows:
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(D k1 takes account of the fact that the absorbed radiation
(31303) is at a shorter wavelength than the shortest observed

fluoresdence wavelength (i.e. about 3700&). k, does not appear in the

1
kinetic equations as all the molecules which absorb quanta are

assumed to form S without loss by other processes so that the reaction
rate for A; —_— A; is egual to the rate of absorption of quanta

(Ia).

(2) kzqand kAL?re essentially transition probabilities (to the
triplet and for fluorescence respectively) and as such would not be
expected to be greatly affected by temperature change or by the
presgg;g of other molecules. This allows —%1 to be more or less
independent of theseparameters.

(3) The step ke is included to account for the triplet
phosphoresence which is in fact observed andkio is needed to represent
the decomposition which is found in the photolysis of pure acetone.

The reasons for associating k.. with the triplet rather than the

10
singlet have been outlined under (a) above.

(4) The formationsof the complex C by the reversible step k7
and k_7 have also been dealt with above (see (d))

(5) The deactivation of the complex by step k8 must be included
because under conditions where the phosphorescence is completely
quenched (i.e. deactivation by step k6 is completely supressed by
addition of, say, iodine) then the quantum yield of acetone
decomposition is nevertheless far below unity. The effect of high

iodine concentrations in reducing the quantum yield of decomposition

is most clearly seen in figures (30) and (31).

8k,



(6) k9 must be included because, in the region where the
phosphorescence is fully quenched by oxygen or iodine, there are,
nevertheless, some products formed. . Alternatively these products

c:?ld be formea from C via k_7 and k,, but only if k10>> k_7 so that

Ao is maintained at a low enough concentration for there to be no
appreciable phosphorescence via k6. If this latter is the case
quantitative treatment of the mechanism coﬁld be expected to yield

the vélue k9 = o.

(7) The observed effect of acetone pressure on the phosphorescence
(noted in (c) above) indicates that either ke or k, , must have a
concurrent bimolecular mechanism involving acetone.

The kinetic treatment of the proposed mechanism is shown
in full in Appendix (3). The mechanism can now be shown to fit the
experimental facts kinetically and in the process of doing this.the
significance of the various experimental observations will become
apparent.

In Appendix (3) equation (5) it is shown that the inverse

fluorescence efficiency is given by

k., + kq _ kL+

As discussed above, these rate constants would be expected
to be fairly'insensitive to change of temperature or the presence of
added reagents. The experimental results confirm that this is indeed
the case with respect to added reagents and the effect of temperature
on ;%7 is very small. (fig.24). Furtherhore the temperature effect

C g 1 . . - < s .
variation of o is the same when either oxygen or iodine is used as

the quenching reagent as can be seen from figure (24) vhere the results

85,



are plotted in the Arrhenius form and where it can be seen that,
within the limits of experimental error, both series of results
conform to the same slope. The slope of the line corresponds to

an activation energy (calculated from E act. = 2,303 x 1.986 x slope)
of 780 cals/mole ( = Eh - EE) - although temperature coefficients of
transition probabilities are not usually discussed in terms of
activation energies.

It has also been shown (Appensix (3) equation 4) that the
primary quantum yield of acetone decomposition in the photolysis of
pure acetone is given by

4= T30

k6 + klO

To account for the reported values of less than unity for
the quantum yield for decomposition of acetone below lOOOC, the above
expression must be less than unity at these temperatures. This is

only'possible if k6 is comparable with k However the rate of

10°
decomposition under these conditions is determined by klo and if

klO and k6 are to be of the same magnitude then the phosphorescence
efficiency (i.e. the quantum yield of phosphorescence) must be
comparable with the quantum yield of decomposition. This is not so -
the quantum yield of phosphorescence is much smaller - but the

.impasse can be avoided if k. is taken to have the form kg = 1g + he (A),
that is if there also exists a bimolecular (non-radiative) mode of
deactivation by ordinary acetone molecules. The condition that k.6 = klO

can now be met since now 16 is the rate constant associated with the

phosphorescence and there is no restraint on the value of h6 (A).
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Furthermore, this argument is not invalidated if k10 also has the
form l10 + h1O(A), as will be postulated later. Therefore the quantum

yield for acetone composition is given by either

§C‘ kg IJ_ 1,00 ()

= or 1 +16+(h h6) (A-)
k10+16+h6(A)

either of which forms predict that the primary quantum yield of acetone
decomposition should be a partial inverse function of the acetone

pressure at the low temperatures where k6 = k, ., as is required.

10
At temperatures above 100°C the above expressions predict the
observed quantum yield of unity if k10 is assumed to have a
significantly greater activation energy than k6 so that at these
temperatures k )>k6 This assumption is entirely reasonable since
k6 is the rate constant for a deactivation process which is not
likely to have an activation energy whereas the decomﬁg;tion step
k10’ may have an activation energy even if the triplet state lies
at an energy level above that of the products. If the energy level
of the triplet lies below the level of the products then the
decomposition process must have an activation energy.

The expression for the inverse phosphorescence yield from

the postulated mechanism can be shown to be (Appendix (3) equation 7)

= L b vhi <100+ ")

L
<

é | 4_738(3’ h}
h? L
and in pure acetone this simplifies to the expression
1 kg * h6(A)
o i
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since in pure acetone (I) = o and the last term in the bracket
becomes zero. This has the linear form (viz:-{%n =K + K?A)
necessary to fit the results which have been ‘obtained (see, for
example figures (12), (25)). However, as demonstrated in figure
(25) the slopes of these graphs have an appreciable temperature
coefficient. Using the expression derived above from the mechanism
proposed, the slopes of the —%g against (A) graphs are given by

h6/16 and since both h,. and 16 are deactivation processes neither

6
can be expected to have sufficiently large activation energy.

If, however, k,, is replaced by 1, + h1O(A) in the same
way as was done for k6 above, the expression for the inverse
phosphorescence efficiency becomes

1 1 6 + M0y ()
—Q-” = + 1
T 6 6

o

-

and the temperature coefficient of both the intercepts and the slopes
of graphs such as figure (25) can now be accounted for by the variation
with temperature of l10 and h10 respectively. The requirement and

the probability that 110 and h10 have significant activation energies
has been discussed above and needs no further justification., If the

above treatment is accepted then the intercepts of the plot of -%?7
T

against (A) at (IZ) = (02) = (0) are proportioned to 1o
L

8.



TABLE 14 : Oxygen series

TEMP. OC gﬁAPHS-{%n-vs (A)  GRAPHS 1%w vs (0,)
: iy
!._ A -
{ —%w SLOPE (4) SLOPE
T - _ -
AT (A) = 0 cc Mol 1 Mol.cec 1 cc Mol 1
X a. | x 10-%0 x 101Z x ‘IOa-A1€'
20 0.480 1.10 Lo 44 11.8
32‘97 7-03
12.52 L,g6
50 0.734 4,30 24,52 7.54
75 24 42 7.70
100 25.89 9.64
120 2.58 1.88 43,01 1%4.9
33'67 13.""
24,58 11.5
150 22.83 8.83




TABLE 15 : Iodine Series

TEMP ., °C GRAPHS T]'Q-nvs (A) GRAPHS —%7 vs (I)
g © SLOPE (a) SLOPE
T
AT (A) =10 | cc Mol™" Mol.ce™' | ¢ Mo1™! |
X a X 10_20a x 10 17a x 10-;'6a
25 0.333 0.06

50 0.422 1.38 53,82 9.41
24,52 5.89
17.94 L .80

100 1.277 19.3 38.84 15.0
2L .60 9.93
15.53 8.77

120 24 .58 121

.
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and the slopes are proportional to (h6 + h10)/16' Values of these
ratios obtained from the graphs have been tabulated in columns 2 and
3 of Tablés 14 and 15. It will be seen that a proportionality
constant, a, has been included in these Tables. The reason for "a'
is as follows. The light emission results have been presented in
terms of arbitary units (consistent within the oxygen and the iodine
series, but differing in the two series). Thus it can only be said
(for example) that the intercept of the —lwuversus (A) plot is

S

proportional to 110 It is true that the intercept is equal to
/1 '
6

t
l’IO/l only if the phosphorescence efficiencies QT were expressed in
6

absolute units. Now it is known that the phosphorescence efficiency

at 50°C is about 0.2% (39) so that —%; at this temperature should be

of magnitude about 500 whereas the intercept at (A)=0 and 50°C from

figure 25 gives-jén = 0,422 in the arbitary units used. Clearly a
T

proportionality constant, a, of the order 1250 is required to yield

absolute values of 110/16 apd G6 + h10716' It will, however,

transpire that this same factor, a, appears elsewhere in the results

for rate constant ratios like l10 but is removed by cancellation
/g

when these rate constant ratios are combined with others in the
development and testing of the mechanism. Consequently many of the
matters yet to be discussed are in no way invalidated by having no
very accurate value for this cpnstant. Where necessary special
mention will be made of matters which are affected by the precise

value of a,
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The results of the intercepts and the slopes of jLw vs (Ac)

4]
T
graphs (i.e. 110/1 and (h6 + h1o)/,16) are tabulated in columns
6
2 and 3 of Tables 14 and 15. They can be treated in the Arrhenius

manner as is shown in figures (33) and (34), From the figures it
can be seen that:

(1) The results from the oxygen and from the iodine experiments
are concordant as required by the mechanism

(2) in so far‘as the points in figure (34) can be taken to

describe a straight line it follows that either h6 or h,. has a

10

negligible temperature coefficient. Reasons have been outlined above
to suggest that the temperature coefficient of h6 should be small and
the activation energy from this graph may be ascribed (see below) to

E - K
hyo L.
(3) From the slopes of the figures, and applying the above

simplification, it can be calculated that Eact = El - E1 =
10 6

2.303xl.986x0-926x163 = 4,2 kcal/mole and similarly Eh -E =
10 6
13 kcal/mole.

~

The extraction of the ratio h8 /x from ECH,I data.

It is generally accepted that ch primary products of reaction
k10 are one CH; radical and one CHBCd radical., It haé been shown
by Martin and Sutton (4) that in. the presence of an excess of iodine
CH3 CO I is formed and, although the quantitative determination proved

to be impossible due to difficulties in analysis, there is no reason

to suppose that it is decomposed under the conditions of the
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jrradiation, This conclusion is reinforced by the absence of carbon
monoxide from the products of-the photolysis in the presence of an
excess of iodiﬁe. Provided then that the regction of methyl radicals
with iodine to form methyl iodide is sufficiently fast to exclude
the formation'of other products from methyl radicals, then each
molecule of acetone decomposing by reaction 10 will yield one
molecule of methyl iodide. The absence of such products as methane
and.ethane indicates that, in fact, the reaction of iodine with the
methyl radical is fast enough to preferentially remove all methyl
radicals. Assuming that each molecule of the complex C decomposing
by reaction 9 also gives rise to one molecule of CHBI (regardless

of whether the decomposition is molecular or into radicals with
subsequent capture as above) it follows that the primary quantum
yield of acetone decomposition is equivalent to the quantum yield

of CHEI and hence, from Appendix (3) equation 9, it follows that

Rio 1
EMI=-£J = i ‘+[2%+%
. < hlo"‘kt(ﬂ)_*_ ’+ J(Q—:l

J(D) M Ry
q k4

When the iodine concentration is sufficiently high the first terms

in both the numerator and denominator become negligible and under
those conditions (i.e. excess of iodine) the above equation simplifies

to

EMQI = Icl= 1

X))o (@)»e 1+ hS(A)/k9

Inversion of the expression would allow a graphical treatment of

the data but, as the limiting quantum yields were only measured at
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two acetone concentrations at each temperature, the ratio h8/k9

has been obtained by calculation and the results are given in
Table (16).

Table 16. The calculation of h8/k9

ACETONE hg Xk ho/k
TEMP. CONCENTRATTO 8/™9 B mgan9
°c (molecules cc™ ') (cc. molecules ~ )
100 b2 x 1017 3.159 x 10‘18 3.041 x 10’18
100 38.84 x 1017 2.922 x 1018
- 19 -18
120 15.53 x 10 2.576 x 10 2.409 x 10-18
120 38.84 x 10717 2.242 x 10~18

It can be seen that the two values of h8/h9 calculated at
100°C differ by about 8%. This difference may be due to errors in the
experimental data, especially at the lower acetone concentrations used,
which would prevent the value of'EECHBI from being determined with
sufficient accuracy. However, it is more probable that the error
is inherent in the mechanism where it is taken that k8 can be replaced
by h8(A). Reaction 8 is the deactivation of the complex, and it might
be expected that this deactivation could also be brought about by
collision with iodine molecules although with a much lower efficiency
than is ascribed to acetone molecules. If the deactivation by iodine
in reaction 8 is included, the mechanism is modified by writing
kg = hg(A) + jg(I) when necessary. Provided that hg » ig

the importance of jS(I) will normally be small since it always occurs

9k,




as an addition term to h8(A) and generally (A) is much greater
than (I). However, for the calculations here in question which

concern experiments in which deliberately high iodine concentrations

17

molecules cc-1) the iodine can amount to

17

were used (about 1 x 10

about 25% of the acetone concentration (4.14 x 10 ‘ molecules qc-1).
Allowance for this effect would lower the calculated values of
h8/k9 and, since the correction would be proportionately greater
at the lower acetone concentration, a suitable choice for j8 would
allow the discrepency to be eliminated. However, a reasonable
explanation of the discrepgncy'having been found, the quantitative
determination of the value of j8 has not been p:rsued because the

, data for its calculation is so limited as to make the number which
would emerge of doubtful quantitative significance. Accepting the
mechanism to be in accord with the experimenfal findings the mean
values of h8/k9 at the two temperatures can be used to calculate that
Eh8 - Ek9 = =« 3.4 kcal/mole by the usual Arrhenius treatment.

The values calculated for h8/k can nov be used to treat

9

the slopes of the Stea-Volmer plots of —%ﬂ against (I). From the

expression quoted above (page87) for —%n it can be seen that the

slope, S, of these graphs is given by

hof)
. 8
Ip O+ 5
S"‘t:l (1+h9(A) +k )
6 8 /k9 =7
kg

where & ib-the constant introduced prewieusly te cemvert light

emiesteon resulbs to abselute-units and therefore
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The expression in the bracket can be calculated and plotting this

against 54

should give a straight line from the intercept and slope

of which 16 and k can be obtained. The Stern-Volmer plots

37

k

7
9

obtained for iodine quenching at 100°C have been previously included

as figures 27, 28 and 29, and the slopes of these lines are listed in

Table (15 column 5).

Using these slopes and the method outlined above

the results shown in Table 17 and plotted in figure (35) are obtained.

TABLE 17. The calculation of l6/j and k
?7

at 100°C.

(A)

i

Concentratiop | 1 + hS(A) 1+ hS(A))_1 ES 1 ’1§’ _
molecule cc 9 9 cc molecule- molecule cc

3.882x10"0 12.81 0.07807 15x10~ 1% 0.667x10 /2
2.459x10"0 8.478 0.1181 9.93x10~ 105 | 1.007x10"7/a
1.553x101 5.722 0.1747 8.77x10""a | 1.140x10"%/a

In figure (35) the points have been marked with a vertical

uncertainty computed assuming ¥ 6% indeterminancy in the values of

h
8/k9

and a horizontal uncertainty by assuming ¥ 10% in the slopes. This

degree of indeterminancy is not felt to be excessive in view of the

formidible experimental difficulties which had to be overcome to obtain

the emission results at the higher temperature (see chapter 2).

From figure (35) it can be calculated from the intercept that

_ 3.00
16/j7 T a

k = 17.9.
_7/k9

X 1014

-1
molecules cc

96

and from the ratio slope/intercept
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The prediction of results at 50°C from results at higher

temperatures.

Some assurance that the above manipulations do not stretch

the experimental evidence too far may be obtained as follows.

Using the values of hg, at 100°C and 120°C the Arrhenius E-factor
9

has been calculated to be -E =-3.4
Eh8 Ll"9
may be used to calcnlate h8/k

h8(A) may then be used to generate (1 +

k
9

9

= 6.19x10"

kcal/mole (page95) and this

8 .t 50°¢C.

h,(A)

gt
)
kg

This value of

at 50°C as shown in

table 18, and this has been plotted in figure (36) against the slopes

of the family of Stern-Volmer curves (figure 27) available at this

temperature.

Table 18, Data for figure 35.

Acet g (A) ho(A) 1 ]
cetone \4 -5
Concentration | 4 + i (1 +-%**- -1 S 1 S 1
Imolecule cc 9 9 he molecule = |molecule cc™
17 _K 15

53.82x10 34,32 0.02913 9. 41 %00 a | 1.063% 10

s
2L, 52%10%7 16.18 0.06182 5.89 « | 1.698 -
17.94x1017 12.11 0.08258 4.80 . 2,083 «

It can be seen that in figure (36) the fit to the required

linear relationship is almost perfect.

The experimental determinations

of the slopes are, for the reasons outlined in chapter 2, more reliable

at 50°C, and the excellence of the fit, even after an extrapolation of

over 50°C, of figures derived from a 20°% temperature interval, is

regarded as giving a high measure of confidence that the proposed




mechanism is acceptable and that the derived values for-h8/
k

are not in serious error. From the intercept at (1 + hgh))'1 = 0 in
k

2
figure (36) it can be calculated that at 50%€ 1,,. = 6.45:(1011+
&3, T
molecules cc-1 and from the slope and the intercept k-?/k = 19.41.
9

The temperature coefficients of these ratios over the range 50°C - 100%

give E. - E, = -3,66 kcal/mole and _ =B, = =398 cals/mole.

The final harmonisation of light emission and quantum yield data.

The ratios of rate constants which have been evaluated above at 100°%¢
are sufficient to allow a fairly rigorous test of the proposed
mechanism to be made by calculating values of:E:CHBI using the
determined rate constants and comparing thenresults with the
experimental values which have been measured in this Qork (figure 30).
The ratios of rate constants which have been established from light

emission and chemical yield data may be listed as follows

At 100°C h8/k = 3,041 x 10-18 cc molecules
9
lo/5. = 300 x 10 ™ olecules cc™
37 a :
-9
110/l = 1.277a
6
h§ +*hy 19.%a x 10720 ¢o molecules |
g
and it is necessary to form
4 QIO "‘"\-o(ﬂ) + l\' -
Y ¢ -1
]Zcmxii 1@ i il 7Y
Em 'I'U\s'i',\m)ﬂ + |+ kgtﬁ) .
J Q[) kg@ k-
#. 7 TR

~-




All the required'ratios can be obtained except h10/
: j7

but we know that at this temperature the primary quantum yield of

acetone decomposition is near unity (12).

ie. $4= K10 =1 or X &K kg
k6 + k10
. 1g o+ hAK L o+ h(A)
Now 16<< 110 since'l1 = 1.277a and a = 1000 (see previously)

1
h
S ks(A)« 110 yd /14/0’-'. h,|0(A) _
Now h1O(A) is not negligible compared to 1,53 if it were then the
argument above (page88) for replacing koo with 10 + k1O(A) would be

irrelevant. It will be assumed (for the present) that h,,(A) = Lo

and therefore hy(A)& 1,, and ho(A)& h,(A). Since h (A)<K h, (A)

10
the function h1O(A) in the numerator will be calculated as
j7(15

(h6 + 510)(A)
j7(I)

The other ratios of constants can be obtained from those

listed previously-as follows

10 = 710.x Y6 = 1.277a x 2.00x10-4 = 3.831:&(101’+ molecules cc” |
a

-20 14
h6+h10 - h6+h10, iﬁ - 19.%ax10 ~—°x QQQX1O - 5.,79}(1_0-5
I 1c 3n

Having evaluated all the necessary ratios the value of
;Z CH}I can now be calculated at any given acetone concentration,
The calculation at (A) = 38.84x1017 molecules cc_1 is included below

as an example
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(hg+h, ) (A) 5.79%10~2 x 38.89x1017 = 2.249x10™

37
EJQ = 3.83']2(‘]0’”+ cc molecules
3o
kg(A) _ 3.041x10_18 X 38.84x1017 = 11.81
kg
1+ E§(A) - 12.81 ; 1 E§(A) + E:Z - 30.67
kg kg kg
(1+ kg(a) + E:Z)-1 = 0.03261 ; (1 + ) ) (1+hgh) + E:Z)-1 = 0.4177
Ky kg kg kg Ky
A B c D
(1,) 1, +(h +h, Y& | Numerator [Denominator c
2 10* P60 Jd="/
Molecule oo™ | j7(1) (B + 0.0326) (B + 0.4177) |- D
1 x 107° 0.6080 0.6406 1.0257 0.6245
3 " ~0.2027 0.2353 0.6204 0.3793
5 n 0.1216 0.1542 0.5393 0.2859
7 " 0.0896 1 0.1195 0.5046 0.23%68
10 " 0,0608 0.0934 0.4785 0.1952
20 d 0.03%04 0.0630 0.4481 0.1406
30 " 0.0203 0.0529 0.4380 0.1208
50 n 0.0122 0.0448 0.4299 0.1042
100 n 0.0061 0.0387 0.4238 0.0913

A similar calculation at (A) = 4.142 gave calculated results
which are plotted with those above in figure (37) as the continuous

lines. The experimental points for & CH,I marked on figure (37) can

3
be compared to the predicted values. The agreement is good over
most of the range and the correct trend with iodine pressure is

predicted throughout.

1cC0.
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At the lowest iodine pressures the agreement is not perfect
but it is believed to be close enough to indicate that the mechanism
is probably sound. The small discrepency could be ascribed to a
combination of errors in the determination of ]E CH3I and errors in one
or more of the rate constants derived from the light emission results.
However, an explanation which is not in conflict with the results of
the thesis emerges from a re-examination of the inequality h6(A)<Kf

h1O(A) + 110 which was used in the calculation of JE CH_I above.

3
The inequality is based on the experimental determination that I:d =1
in pure acetone at 100°C. (12) (see below). However, examination of
the reported values for quantum yields in pure acetone (12, 42, 51, 52)
reveals considerable discrepencies in both the value of gE.d determined
at various temperatures and the effect of acetone pressure on 3: d.
At 100°% }id (pure acetone) annears to be critically dependent on both
incident light intensity and wavelength. The most recent measurements
using carefully selected wavelength and loJ.intensity (52) indicate
that at 100°C £ 4 can be less than 0.8 in conditions similar to those
used in this work.

The effect on the proposed mechanism of allowing + d (pure
acetone) to take values of less than unity can be investigated as

follows:

In pure acetone the mechanism gives

Ta- Ko = 1i0*Pyoh
k6+k10 h6A + 16 + h1OA

and at a selected value of 2.d (e.g. 0.8, 0.9, 0.95) and (A) the
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ratios of rate constants determined previously can be used to

calculate the ratio h6/h10' The calculation of ¥ cu I, described

3
in detail previously, can then be repeated using the calculated value

of h6/h10 in place of the assumption (h6 + h10) = h1 The results

o
obtained by re-calculating .I:CHBI in this way are shown in figure (38)
where the calculated lines corresponding to a range of possible values
of £a (pure acetone) are shown with the experimental results for
I.CHBI. It can be seen from figure (38) that the fit of the
experimental points and the calculated line is even better than was
obtained previously (figure 37) if ¥ aq (pure acetone) is allowed to
take a value slightly less than unity. The extent to which the above
correction is allowable cannot be determined from data presently
available. Accurate determinations of 'I:d (pure acetone) at 100°C
do not exist and neither are there any data on the extent (if any)

5+ CH3003e'CH3000H3a¢ this temperature.

However, the correction is small, does not contradict established

of the secondary reaction CH

experimental evidence and its use produces almost perfect agreement

between the calculated and experimental results of figure (37).

Activation energy differences at 100°C.
In the above treatment of the mechanism of figure 32
activation energy differences between the various steps have

emerged. They are summarised below.

At 100°%
1) Ex, - Ek2 = 0.78 kcal/mole
2) Elyg El, = 4.2 keal/mole
3) Eh,o - Elg = 13 kcal/mole
102.




4) Ehg =3.4 kcal/mole

&

]
=
<.
~J
1l

5) E16 -3.66 kcal/mole

&

6) Ek_7 9 -398 ¥%cal/mole

If the deactivation step 16 can be taken to have a small
activation energy then the activation energy for the formation of -
products in pure acetone is about 13 kcal/mole for the bimolecular
step and 4.2 kcal/mole for the unimolecular decomposition (110).
Similarly if E16 is small compared to Ej7 then Ej7, the activation
energy for the formation of the acetone~iodine complex, is about 3.6 keal,

mole. If Eh8 is also assumed to be small compared to Ek, then, from

9
(4) and (6) above, both the formation of products from the complex
and the re-formation of the triplet from the complex are associated

with activation energies of about 3 kcal/mole.

General conclusions.

The data which has been obtained from measurements of the
light emission from acetone and the primary decomposition yield have
been combined to produce a mechanism which encompasses both sets of
data. The photolysis of acetone has been shown to be more complex
than previously supposed but the mechanism and the rate constants
which have been derived from the experimental data give a complete
account of the effect of pressure, temperature, and the presence of

de-eﬁiting species in the primary photolysis at 31301.
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APPENDIX 1

The Synchronous Detector.

The synchronous detector, the function of which was
described in chapter II is shown in detail in fig.(T1 ). It was
triggered by a signal derived from a Mullard CV90 photocell which
received light from the u.v. lamp by a six Sladed sector disc 6n
the same shaft as the main chopper disc. This signal was fed via
the pre-amplifier (A.E.R.E. type 200) to a scale-of-two circuit
(the first stage of an A.,E.R.E. 200 scaler). Outputs were taken
~ from the two anodes of the scale-of-two circﬁit, providing two
stepped wave forms in antiphase which were used to actuate the
syncpronous amplifier. Thus self-synchronism was achieved with
none of the troubles associated with mechanical rectificétion
and the band width of the signal could be made as narrow as
desired without any danger of the signal wandering out of the
pass band of the détector. Any phase differences along the two
signal paths could, of course, be balanced Aut by adjusting the
'relative'orientation of the discs which were fixed to the common
spindle by means of grub screws.

The signal from the main ahplifier, fig.(1) came in at
PL1, harmonics having already been removed by the filter at the
input of the amplifier. V1 is a phase-splitter, producing oﬁtputs
from anode and cathode in anti-phase, their amplitudes being made
equal by suitable adjustment of RVl. These two signals are fed to
the grids of V2a and V3b respectively, each of which forms one half

of a 'long-tailed pair! circuit. V2b and V3a are fed, through a
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potential divider network, with anti-phased square waves from a
'scale-of-two'! circuit, so that V2a and V3b are turned on in
alternate half-cycles of the reference signal. Neons N1 and N2
indicate which section is 'on' af any moment, and are useful
during the setting-ﬁp stage. PL2 and PL3 are takéh directly to
the anodes of the 'scale-of-two' stage already'meﬁtioned.

RV2 and RV3 are used to adjust the currents through V2a and V3b
so that, without any input signal (i.e. Sla in the anti-clockwise
position) the two anode currents are equal (determined by
observing the waveform at the common anode point with an
oscilioscope whilst the reference signal is being fed to PL2
and PL3.) With S1 in the centre position (still no input signal
but galvo no longer shorted) the current through V4 is adjusted
(by means of RV4 and RVS, coarse and fine potentiometers
respectively) until the current through the galvo is just zero,
iee. until V4 anode and the common V2a and V3b anodes are at the
same potential. If a signal is now applied (S1 in clockwise
position)‘which-is synchronous with the reference signal, then
V2a + V3b anodes will no longer, on average, be at the same .
potential as V4 anode, and the extent of this imbalance can be
reéd on the galvo. In practice, the circuit was used as a null
instrument, and the input adjusted until the synchronéus'signai
had diéappeared. V5 provides a reference voltage to which long-
tailed pair grids can be returned, and also provides HT for the

photocell which gives the reference signal. 82 provides sensitivity
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control of the galvo, through a universal shunt circuit. Two HT
lines were provided, one rather carefully stabilised and free from
ripple, the other somewhat cruder. .

The typical wave forms at key points in the synchronous
detector are shown in fig.(1,).

Any odd harmonic of the chopping frequency will‘not be
eliminated by this detector and will produce a resultant change
on G, Odd harmonics were largely eliminated by the frequency
selective filter inserted after the head amplifier. The required
signal had therefore to be detected against a background of random
noise in: a band cehtered on the synchronous frequency, and with a
width determined by the effective number of cycles over which the
galv;hometer circuit integrates.

Trouble from random hoise was a major difficulty only
when the photomultiplier'tube potential was raised to the point
(over 1000volts) where the amplified noise output was sufficient
to exceed the bias applied to V2a and V3a, during the half cycles
when V2b and V3b respectively should have been conducting. Cooling
of the photomultiplier below room temperature was not found to be
necessary under the conditions used. It was necessary, however,
to include cooling coils on the box containing the photomultiﬁlier
to prevent it from becoming warm due to its proximity to the oven
containing the irradiation cell. Scattered daylight entering the
photomultiplier was also a source of random noise and great care
was taken to ensure that no daylight entered the reaction vessel

or the aluminium block containing it. The tubes leading into the
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quartz cell were coated with "A" dag colloidal grap?ite along 15 cms.
of their length where they emerged from the oven, in order to prevent
the passage of light up the tubes into the photomultiplier.

The results of some data collected to measure the pass-band
of the synchronous amplifier are shown in fig.( I,).

The required frequency of about 300 c.p.s. (to simulate
experimental conditions) was obtained from a quartz crystal
oscillator through a divide-by~twenty stage of a 200 scaler. The
fundamental frequency was used both as control and input to the
synchronous amplifier.

An extra random frequency, obtained from a scintillation
counter and source, through a 200 scaler as before, could be added
onto either the control or input frequency. Thus the maximum
amplitude of the galv;hometer could be measured in terms of a fixed
frequency difference. The results are shown graphically in fig.(XLjz).
It can be seen that the pass band is symmetrical and quite sharp
(with a 3 peakz:éLgl t0 0,05 C.pPeSe)e

The phase sensitivity of the synchronous amplifier was
also investigated using a synthetic signal as input and control.

The signal from the quartz oscillator was again passed through the
divide~by-twenty units on two scalers before being applied to the
synchronous detector, one as the input and one as the control. The

steady deflection of the galvonometer when the two signals were in
360°
20

of phase relative to the control signal by adding an extra pulse to

phase was noted, then the input signal was moved 18° (i.e. ) out
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the divide-by-twenty stage in the input supply line. The steady
deflection of the galvonometer was again measured and this manoeuvre
was repéated in 18° steps until a whole cycle had been investigated
(i.e. at least 20 steps). The results are shown graphically in

fig. (I,). It can be seen that the phase sensitivity of the

synchronous amplifier is an almost perfect sine wave.



APPENDIX 2.

THE CONSTRUCTION OF A GAS CHROMATOGRAPHY APPARATUS.

At the beginning of the work reported in this thesis a gas
chromatography apparatus was constructed with the intention of
separating products of the photolysis Bf acetone-oxygen mixtures
with a view to identifying them and determining‘the quantum yieids.
Thisvbranch of the work was never iﬁ fact investigated because the

light emission and E CH,I determinations were given preference over it.

3

The chromatography apparatus was used, however, in the

' development of a technique for determining dou (see chapter.t ),

3
and its construction will be described briefly.

It was decided that the apparatﬁs should be mobile (for
convenience when used by other workers in the department) and so it was
mounted in a box-shaped framework of Handy Angle Steel. The whole
framework was mounted on four wheels and was easily movable.

Argbn (welding grade) was used as a carrier gas and the
detector device was based on the idea proposed by Lovelock (48) and is
similar to that produced commercially by Pye. A beta particle source
in the detection.chamber excites Argon atoms in the carrier gas to a
meta stable state (ll.6ev). When the carrier gas contains organic
- molocules with an ionisation potential lower than this, ionisation
occurs and the resultant current passing between the two electrodes,

maintained at different potentials in the gas, is used to record a

peake.
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The detection chamber fig.(IL, ) was constructed from a
normal car spark-plug. The piece of metal which, combined with the
central electrode formed the spark gap, was completely removed.
The central electrode was extended by means of a brass roa one
tenth of an inch in diameter threaded onto it. The oﬁter Brass
cylinder was constructed so that it serewed onto the thread of
the spark plug as shown in the diagram. The outer cylinder had a
hole in one wall with a brass pipe soldered onto it to Act as thg
gas oﬁﬁiet. The top of the'cylinder had a teflon plug in it into
wﬁich a cone had been machiped so that a B? gléss joint was.a
good fit. This acted as the gas inlet.
| | The radio—agtive source consisted of a piege of foil
- containing RaD-E-F with activity 37r;. curies/mm. length. It was
provided in a strip 2-5cms. wide. About 3cms. length of the strip
(about‘lll.rlcuries) was coiled inside the cylinder - a gap being
left for the gas outlet. The volume of the detection chamber -
was. kept to a minimum, an earlier chamber of larger dimensions
having achieved no separation.

' The electrical set-up is shown in fig. (@, ). .
E.H.T. (up to 2000v) was applied to the outer cylinder of the
detection chamber from a standaf& pbwer pack (1007).

The central electfode was connected to the DC

amplifier whose 6utput was used to control a Phillips

Recorder. The amplifier feed back gain could be attenuafed
by factors of 1, 3; or 20 and the output Bj factors of i, 3,
and 10. Thus the maximum gain (of -about 10°) could be

attenuated over quite a large range. The resistances used

II 2.



in the dividers to give the attenuations above were specially_
selected high stability grade. The amplifiér had its own power
pack to supply high stability HT.

The detection cell was supported on an insulating column
of plaster of Paris with holes in it for the electrical leads and
the gas outlet.

The cylindrical oven 1 metre in length and 8 ems. internal
diameter rested on the plaster of Paris block with a detection cell
in the lower end and the column contai#ing the stationary phase
standing vertically inside it. The column, which consisted of
three limbs of 1 cm. tubing with a-B7 pyrex cone on the lower end,
and a ball socket on the upper end, protruded out of the top of the
oven which was sealed by a removabie insulating 1id with holes bored
in' it to accommodate the column and a thermometer,

The flow rate was determined by measuring the time taken
by a soap bubble in travelling between two set marks in a glass
tube on the outlet end of.the detection chamber.

-The argon supply was obtained directly from a cylinder

-and conﬁected to thé column via the ball joint on the top of it.
This ball joint could be disconnected to put a sample on the column.
The small saméles required were delivered from a capillary dropper
purchased from Pye and said to deliver 0.l micro-litres of liquid.

The temperature of the oven was controlled by méans of
a '"variac" which controiled the power dissipation in the heating

coils.
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Firebrick grade 30-60 was used as the supporting medium
and dinonyl phthalate, silicone grease and P.LE.G. 400 were
investigated as stationa;y phases.

It was found that separating of acetone, ether, methyl
iodide, ethyl iodide, methanol and ethanol were possible and the
best conditions for separations of particular mixtures were
investigated. With the columns used water gave a very poorly
defined pealc.

Attempts to obtain quantitative results from the apparatus
by cutting out the peaks on the recorder paper, and weighing them,
gave results varying up to 20%. Much of this variation was no doubt
due to errors in the volume of liquid put onto the column, Drying
of the carrier gas, a constant head device for the input pressure
of the argon and the use of constant weight paper in the recorder
would also improve the reproducibility. A-~device to deliver a
constant amount of organic vapour into the argon stream was designed
but it had not been built when results from the light emission

apparatus caused attention to be focussed on that section of the work.
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APPENDIX 3.

Kinetic Treatment of Mechanism of figure 32.

The symbols in figure 32 have the following meanings.

4
An = vibrationally excited levels of the singlet state.

A; = zero vibrational level of the singlet state. KZ = zero vibratdional
level of the triplet state. C = complex between Kg and iodine or
oxygen. The products arising from Ag and C.are not necessarily
identical. (A) and (I) will be used for acetone and iodine (or oxygen)
concentrations respectively.

To simplify the algebra, the equations will be handled in terms
of k's treated as first order rate constants. These will be replaced
in the final equations by k; = (li + hi(A) + ji(I)) as necessary and

shown to be justified in the discussion of results. Care must be

exercised in replacing the rate constants for light emission (k, and k6)

2
by this procedure since if it proves necessary to expand, for example,
ke as 1 + h6(A) the phosphorescence, Ip, will be associated only with
‘the first order process 16'

The following relationships are obtained from the usual steady

state treatment.

4 Ia
(Ao) = —— (D)
k2 + kh
k, Ia
L
+ k . (C)
(hoy = 2270 (2)
6+ X9+ %0 :
© k., (o) -
c) = 3
k_7 + k8 + k9

and since fluorescence is a minor process under all conditions it is

justifiable to take k2 & k hence the numerator of (2) reduces to

4

Ia + k_7 (c).

IITI 1.




The Primary Quantum Yield in Pure Acetone.

For the system containing only acetone then k7 = k_7 = k8 = k9 =0

i -1
and now (Ao) = Ia (k6 + k10)

hence $£4 = LI (Ag)/Ia = kg (k6 + k10)-1 (W)

Inverse Fluorescence Yield.

By definition the fluorescence yield is given by

Q’ _ If /1
¢ 1 = Ia = k2 + k"" .= E’t ) (5)
Q kZ(ABT' k2 : k2

Inverse Phosphorescence Yield.

It has been shown in the discussion of the mechanism that k6
must be replaced in the form 16 + h6(A).

We now have

Ia + K-7 (C) (6l

16 + h6(A) + k7 + k,'o

(A0) =

and since the phosphorescence is under all conditions a minor process
16 must be negligible compared with one or all of the other terms in the
denominator. Hence substituting (3) into (6) with the omission of 16

from the denominator, and then using the expression

“ ”
Q = 1g(ko) g,
it follows that

k
_ 8/k
4 a 1 + 9
ekt n (M) 4k,
< 10776 71 Rang + Mg

1g

Since a molecule of iodine is required to form the complex, k7
must take the form j7(I). Further the process kg involves the

dissipation of considerable energy and is therefore likely to require

III 2.




a 'third body' which will probably be acetone which is present: in

large excess; hence Kg =,h8(A) is probable.

This leads to h8(A)
T4 : -
11 koo T ho(B) + 5 (I) 2. (7)
-fQ—”-?- :-Lz { 10 6 o7 h8(A) ._..Z
- Y9 K

The above -equation applies to acetone - iodine mixtures. For

acetone alone, (I) = O hence the last term in the bracket is zero and

AT I .  ®

The Primary Quantum Yield in Acetone/Iddiné Mixtures.
The primary qﬁantum yield is given by

k1o(d%) + kg(C)

EE d = Ta
( ko kg -)(h
_ |Bqo+ ¥, +kg + kg JWo)
' Ia

Pl .
and, substituting the value for (Ao) obtained in (6) (with the
exclusion of 16) and substitufing as before for k7 and k8 we obtain

(I) hS(A) k_

. et '.
$ s — ‘9 2 - (9)
. |

Koo + h6(A) k
) 37(1) ) :hS{Aj + K
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