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3ince b nzene ar . cyclohexan: nsve be.n sea.
#s solventis 4n this study, it is necessar; to give an
account of its radistiun chemistry. liigh energy radi icn,
on interactiun with nretter, either produces electronic
excitatici or is absorbed, and it leads to che icsl
processes a1 chenges, The term hi h energy radiation
includes ell wave and corpusculsr emanstions #ssoclated
wit. radiosctivity, fission and cosmic redintion, al ha
(hi h velocity heliun ions) and beta (hizh valocity
electron emanstions) particles, gamma rays, fast ncutrons,
atom end fissiocn reccils, noutrinos end wcsons atc, It
also inclules all tiic analogues such saa high energy
protons, deutgrons, halium jons, stripped carbon atoas,
electrons, x-rays, etc., whicn arc produced by Van ge
Greff generator, betatron, resonance trensforis r, Liuear
accelerators and cyclotrons etc, The sclentific luvestia
gations have centered around only tiuose radistiuns, whicn
are capsble to produce substantisl chemicsl of fects,
According to Platzoan' low energy electrons aleo plsy an
extremely important role in sctusl chenica’ events, 3Sut
such studies boginsin the energy rang2 at about 100 ev,
and nejority oi investigations have beer carried out in
the region beginninz with 100 Xev and extends into lev

reglon, where big sccelerators operate,



The work on tie “n energy radisti »n start 8

irLy as 125, 190 and 1.38 by Roentgen, 3lsequer-l snd
Curie, 1In 1310 Lind started the stily of radistd induc od
fon [ »ir formation in gases aud attenpted to 4 ter ret his
res .ts by lone-cluster theoory. It supposes tha. & sinsle

3do€i.r=don woulu nave 8d. rent Lo it one or wre wole-
Cuies., ihse orthopars conversion o. uydreg n by alpas
redietios en. rediclysis ol Huor was explalne. by Byring,
Rirseafeluer sad Teylor® in 1336, iais theory was just s
syntneels of ideas an. tuere w.re no signiticence acti-
vit.cs in tu. field unti. 194k, when this oranca (598
cic.lotry was christ.neu hodiation viienlstry by .dlton

gurtob.

In radistion chenistry impacts an. coulo.tbic 4in er-
sctions Detween the energy bearer snd the elactronic syste
of ti absorbent takes plece prior to the absorption. There
is no sinzle and si ple energy absorption process. The
absorption 1s releted to the nunber of elcctrons present
or the electron density of th. substance. When & gamus
or X-ray interacts with matter it ejects a high energy
eiactron (@ photoelectron) more {requently in radiastion
cheuslstry & Coumpton slectron or at anergies in excess of
1 Kov, an elsctron pair. Such a high velocity charged
particlus ¢an interact with amstter ang proauce further
ionigation and excitation. A single g8mus ray wey produce
a2 1 Jev electron and a singie positive ion, such eiectron

ii wurn may produce thirty to forty thousand additional



oi molecules excited., Since the linesr coabinast. on
starts, the molecules spread the excitatiun, because the
stationary state is that oi t® whole systen and not only
of tue molecules. GStstes with various coupositi i ere
found. Tne forces which lead to breask down the pacxet
lesa to dissipation of energy by spresaing, 1o the time
tue energy is there the molecule disproportionstes snd

it might bresk frou the wave packet. Thus the excitetion
energy i  transfer-ed from the excited regl n to soue
molecule or group, which possesses s mechonism for dissi-
pation of excitation energy. This is called the 'true
protection'o. On the other hand the highly excited
states such 838 those formed by neutralization, internally
co.vert to the lowest excited states allowed by multipli-
city selection rules, i.e., singlet or triplet in a time
of order of 10’13 second. This is confirmed by luning-

scene at.ud:lea?.

The energy transfer from an excitea Species follows
several patha, Such transter takes place vy direct
collision or collision oi secona kind, excitation nigra.
tion, transfer from higher energy state to lower energy
stste or luuinescene. The problem now involved is that
how this energy is locslized and what are the phenomenon
Bubsequent to locallzatiun., A grest variety of reactive
species, 1lons and excited molecules in their ground ang
excited states and electrons of fairly hich energy are

produced along the path of energetic photons, A fatr



gpproxincation is that nall ol Lie abaorbed energy is sgaent
in production of ions anu hail in production of excited
molecules., These spacies mey interact with theuselves and
with the subsatrate in the close proximity oi the tracks to
produce more ions and secondary electrons of low cnergy on
their wey and may diffuse away to the main body. All

these procesces occur in & time of 1071«

saconds, before
equilibrium is reacheda. Meanwhile dissociation oL ions
snd excited molecules results in free atoms or molecular
products and redicals, On the whole thc processes c¢sn be
several. The excited molecules can undergo collisional
deactivation and if the energy is not aveileble for lumi-
niscens, it is called quenching, otherwise it is emitted
as luniniscence. The processes also involved radical,
ion-molecule reactionsg, reactiocns of hot atous and hot
radicels, reactions involving electrons of thermal enargy‘O
end resctions involving exclted molecules (known as Stern-
Volmer reacticns) particularly in the neighbourhood oi

tracks and spurs, where such excited species are highly

concentrated in the earlier stege of the entire event11.

One of the most challenging and interesting problems
in the radigtion cheanistry of organic liquids has been the
role and beheviour of eromatics. The primary events in
such systems, csused by fast particles such #s recoil
elactrons from Mev gemmas occur at intervals of about 10 i.
The secondsry electrons distribute th. energy of such an
event in a genersally spherical region or spur, z0-30 i in

disuetera. The positive i.na are formed by simple elsctron



remsoval or the electron removal accouapanied or followed

by rupture or rearrangeusnt. 0On the other hand negeative
jons sre forued by the electron capture or diasocliacion of
excited neutrel woliecuies into positive and negative ions,
The 4on + electron neutrolizatiou processes yield both
singlet end triplet states. Theoretically it is possible
that in multi-ion apurs the nuw.der of such triplet excited
molacules excceds tho nunber of singlet excited molecules
so produced, However, all upper excited states no matter

how produced, internally convert within 10'13

seconds to
the lowest excited statea of the same multiplicity,
Becauase internal conversion to the ground state {s much
alower the result is that nost of the chenical changes in
liquids teke place from either one of the two low excited
stetes, Luniniscence studies lead to tie conclusion that
such compounds as cyclohexane appes8rs to se persist long
enouzh aiter excitation and they can actually be protected
ageinst decomposition by the addition ol a suitaole
addivive. Only a smail fraction of energy transferred in
such a protective sct appeara as luminescence of tae
receptor molecule. Such luniniscence must aiways

compete witn other methods of energy dissipstion., In
addition to the primary processes mentioned above,

typical secondary processes involved are.: extraction
addition or scavenging, recombination and disproportiona.
tion. Many experimental findings in the pure form as well

a8 in solution are still not understood, To illustrate

these features two cyclic C-6 hydrocarbons, cyclohexsne



and benazene are consi.ered., The selectivity .. bcngena
for such studies is besed on the following consid. ration.
In benzene On elecirons are lo.sely bouna. They are
capable o. h vin_; energy for 8 very short tiue ana then
trensfer energy to other n electron syatem. If s hellow
is formed, fluorescence 1s observi.d., If the ™ slectrons
transfer the excitation energy then energy transfer
processes are invilved. It hes been found that lowest

excited state transfers the encr-y,

TABLE I

Sone Physical Propertios of C656 and c6”1g

Bengzene Cyclohexane
C-# bond dissociation
energy 10< K.cal 85 K.cal
Lowest excited stste 5 ev 7 ev
Jonigetion Fotential Ye3 8V 11,3 ev
Photoche.sical Juantum -4
Yield < x 10 0.5

Lifetiine of peraistent -8 .
radisction induced excited 3.3x 107" see. 3 x 10‘1U sce,
species in pure liquid

TAgLE 11

Y in_Radiolysis of Benzene by 6060 - _Eam@k radistion
at égéb

The result of snalysis by varicus workers i:

given below:



Product G_ Value (field 100 ev)
06 1o 2 AT
Czﬂ‘ 0.015 o 0.00
Celig-Cghis Q.05
Céﬁs.canv {Totsl Isomers) 0.025
CghgeCgHg oF CgllgeCelly 0,004 to 0,007

Polymer product (Yellow
rea{due)p 0.75 to 0.94

sConsi derable decrease bclow melting point +5.5°C.

TA3SLE IIT

Yields in Radiolysis of Cyclohexang by Cgéo - _Rgamna
radicuion at <5°C

&
Product G _Value® (Yield 10Q ev)

5.55 to 5,85 dose dependent

oy

Major geseous products:

cuh 0.02 dose dependent
CH, 0. 14
Czﬂz 0.01
C_Hg 0.02

Other major products:
CeHyq-Cglqs 2,00
Hexane 0.20



Product G, Value' {Yield 10C ev}

.athyleyclopentane 0.30
Internediaste
cyclohexanes 0.30

*Negligible effect of tempeorature in the range 77° to 298%

? I’\dl’;.; IY

Comparison of Radiolysis ytelds of substituted C6H6 and
Ceflya

G(H,) 6(p,)
CeHe 0,037
Ce D¢ 0.0117 to 0.013
Gy, 5.8
640y 3.9

A perusal of the yield shows tnet the G values of
products from cyclohexane are customarily high and those
obtained from henzene are lower by a factor of about 100,
G(uz) is a real measure of the totsl number of 56"12 mole-
cules decomposed. The value G(Hz) between 5 and 6 i1s the
characteristics of aliph: tic hydrocerbons, G(H2) and
G(D2) from benzene are significantly lower then the corres.
ponding pertinent values for cyclohexsne. The low G value
shows that henzene is insensitive to high energy radistion

snd in the liquid state most of the energy iz dissipated



witiiout decoaposition, The residual G(H:) is spproxi-
mately twice, the residual u(D‘). Thls indicates a slightly

sreater tendency towards stebilization ol LoDé than Cbﬂo.

It has been calculated that abuut <» of the apsorbey
ener y results i, cheulcal decomposition and Cchai,. s and
the remaining 98~ is dissipated in the form of hesat,
Benzene is known as an effective scavenger for free radicsls,
The low yield explained on the besis of interception of
redicals by C6H6 is inadequate. The plausible explanction
seems that benzene is inherently resistant to radistion
induced chiemicel change, The benzene molecules are stable
even in the excited state an lose their energy by internsl
conversi n processes, to the ground stete or by transfer
of excitati.n to & quencher 8pecies, which may, itself,
decompose or transfer to a luminsacent solute. Hence

benzene does not decompose appreciably,

Internal cunversion is the cause of the lack of
dissociation. Secondly the excited or ionized stetes of
céﬂﬁ are higaly resonant, end hence hishly stebise, A lony
life time of the order of 8.3 x 109 Seconds messured for
excited species or liquid benzene means an enhanced
probabllity of coliisional desctivation ang quenching by
surrounding molecules. Th: highly ordered structure of
liquid or solld benzene favours 'excitation transfer', an

efficient collective method of energy dissipstion,



On the otier hanc cyclohexane is readily decomposed
by high energy radistion. The G values for th products
cannot b accounted for by the differenc: in C-H bond
strangth and in potentisl enerzies of tho excited and
jonized molecules. .aso spoctrouctric patterns of this

molecule indicate that the “o“ + ion undergoes disso-

14
ciation quite readily and a variety of fragmentu ions are
ooserved in abundance. Lhe life tiu.e in tne liquid nes

10 seconda1“. Therefore

been measured as less then 3 x 10
the process of emrgy co:veyance sappears to be ionization
trensfer. The neutrelizati.n process, which theresfter
oc urs involves the receptor ion and the subsequent
behaviour of the irrasdisted medium 1s that of the excited
receptor molecule in liquid cyclohexsne. Since only a
fraction of the initially excited cyclohexane molecules
are i-ns, only a fraction of them can transfer their
energy in this way. The remainder decompose very quickly,

0

in about 10'1 seconds according to the normal behavigur

of irradiated cyclohexane.

Very little work has been done on the condenssble
products of radiolysis of benzene, althougn total quentity
of these products is tue order of iLhe magnitude greater
than the gaseous products consisting oi hydrogen and
acetylene. The products commonly called as 'polymer' is
viscous liquid which varies in colour from lignt yellow
to orange yellow, It is a semi-solid substance st high

dosa. It hes aromatic odour snd on exposure to eir »



rapid sbsorption of oxygen accompsnied by & simultanecuous
increase in the refractive index and viscosity, It also

forms a crystelline ozonide.

The products are complicated mixtures of high
molecular weight hydrocarbons, very difiicult to work with,
because o0i the compliexity and reactivity with oxygen.
However, it has been clear for sometime and many investi-
gations have pointed out that the real progress in under-
standing the mechanism of rediolysis of benzene could only
be achieved by more complete knowledge of the nature of
theae fg;ﬁ:ﬁ;;ﬁ%ﬁmproducts. There have been somne quali-
tativei description of the residue, but nothing extensive
sen>uch to 8llow anything more than & speculative formation

of s mechanisam,

Fraeman15 hes analyzed the polymer by dass Spectro-
metric analysis, A solution of polymer in & ethyl alcohol
is introduced through a liquid gellium seal. Two fractions
are found: (1) C-12 and (z) C-16. These compounds contein
on gveraze two or more non-aromstic double bonus per mole-
cule, The C-12 fraction contains diphenyl and dihydro-
diphenyl, phenylcyclohexane and bicyciic compounds in which
neither ring is sromstic. The (-18 fraction conteaine
hydrogen.teé,ﬁSEﬁgﬁﬁgiaT It i3 2130 reported that bicyclo.
hexadienyl, ¢yclohexsne and cyelchexyl cyclohexadienes
are slso forued. A vapour phase {low dischsrge of banszeris

is reported to have formed diphenyl and dihydrodiphanyl16.



Mechanjam for Hensene Radiolysis

The probability of dissocietion of excited end
donized bengene molecule is consideraoly reduced due to
the presence of m electrons in the orbitels in its ring
systen., Benzene ions show little tendency to breask down
into amaller fragments by fission of &n eromatic ring, in
a mass spectrometer, This tendency is even less likely
under normael radiolytic conditions, where ions can loase
their extra energy rapidly by ccllisioenal process. The
rediolytic products of benzene sre divided into three
different. groups, The bond cleavage ylelds gasecus
products of low moleculsr waights., Hydrogenation, dehydro-
genation end rearrangement yield, products which have
molecular weight in the intermediate range. The products
in the high moleculsr weight group are called 'Polymer',
whicn is formed oy condensation, polymerigation or cross

lirking. The following reaction mechanism is suggested:

Celig —> Cgig” + € —> C i * (1)

——> Cglg 4 Cgllg Ty Cellg (2)
CgHy + CgHg —> 2 Cghig (3)
CgHg — OF Cgle® —> CH, 7 4 Hyo 7 (L)
CeHg —> Cgi + H'* (5)
A —>H, (6)

Cels + CgHg —> Cliy « Cglig (7)



liechanism for EBen:-sng Radiolyais

The probability of dissocistion of excited snd
ionized bengene molscule is conasideraovly reduced due to
the presence of w electrons in the orbitals in its ring
systen. Benzene ions show little tendency to break down
into smaller fregment® by fission of &n arometic ring, in
A mass spactrometer, This tendency is even less likely
under normel radiolytic conditions, where ions can lose
their extrs energy rapidly by ccllisional process. The
radiolytic products of benzene are divided into three
different groups, The bond clesvage ylelds gaseous
products of low molecular weights., Hydrogenstion, dehydro-
genation and rearrangement yield, products which have
molecular weight in the intermediate rasnge. The products
in the high moleculsr weight group are called 'Polymer?,
whicn is formed oy condensation, polymerization or cross

linking. Tne following reaction mechaniam is suggested:

Celg —> Cglg’ + € ——> Gy ® (1)

——> CHe o Cglig™ "y Citg (2)
Cgl + CgHg —> 2 CgHg (3)
Ceg .~ OF Cgllg” ——> CHy e T o Hy e ? (4)
Céﬂg —> CeHg + H* {5)
H—>H, (6)



——> CgHg.Clg Ol Cell g (9)
Cghi5-Cgllg + H ——> CgHg.CeHy (10)
Cel ¢ T —> cbn,', (11)
Cgily + CgHg + CgHg —> Polyuer (12)

Hydrogen end Acetylene Yield

In the photolysis of benzene low qusntum yleld
are observed, It is due to collisional deactivation.
Very low yield of gassous products is explained by quen-
ching of an apprecisble fraction of tho excited benzene
molecules. Hydrogen is formed from the highly excited
bengene molecules as in step (L) or by radical combination
as in (6). There is slac another probability that hydrogen
might be formed by either of the reaction:

0 L

-——-b'ﬂz + radicals

The hydrogen atoms dissociated from the C-H bonds are
scavenged rapidly by surroundinz molecules, Hydrogen
atoms react by addition rather than hydrogen abstraction
and this accounts for lower yield of hydrogen. Patrick

19
and Burton

using benzene-d6 have shown that at least
two mechaniems src necessary to account for thc hydrogen

atom anc snother involving & rearrangement process, This



is also supported by the work of Gordon and Burtoneo

who irradiated mixtures of bengene and C6°6 and found sen
asppreciable proportion of HD 4in hydrogen. Burns <! have
postulated a similar reaction in explsining the variations
in hydrogen yield with changing LET. The scetyliene yield
is explained in the same wsy as hydrogen yield. There is
8 coumpotition between the reaction (3) and (4) anc the
former predominntes thes latter resulting in a low gaueous
ylold. Sehuller®s cbeerved that lodine s a radical
scavengor has 1itilo effact upon the ovarall yields of
hydrogen. This suggests that hydrogen ts almost formed
by & molecular process rather than resction involving

hydrogen atoms,

Diphenyl ang Dihxdrodighggxl Yield

Reaction (8) explains the forustion of diphenyl,
The phenyl radical formed in the reaction (5) either goes
to the formation of bensene or phenylcyclohexadionyl
radical in step (7) leading ulticetely to diphenyl andg
dihydrodiphenyl formation. De Tar and Long23 have shown
that phenylcyclohexadienyl radicals may disproportionste
at leasst in dilute solutions into phenylbenzenes and
phenyldihydrobensenes. There are two phenylcyclohexadiene,
The ratio of phenyleyclohexadiens (2,4) to (2,5) 1s
1:1.35 2 0.15 and 1s probably independent of tempersture
and one of these dihydrodiphenyls is very unstable,



Tetrahydroquaterphenyl is formed in the reaction
{9). Diphenyi can be exciuded as & possible acurce of
its formation becwuse of ita high radiation resistance
coumpared with henzens. Tnis atatement is also supported
by the fact tanat a small amount of phenylens and quarter.
phenylens are formed. In addition to the direct polymeri-
zation of recombining two dimer radicals, there is snother
possibility of polymerization by redical transfer. The
phenylcyclohexadienyl radical cen resct with phenyl
radicels to form trimers and it may couple in the csnnonic

forms to yleld tetrahydroquaterphenyl,

Polymer Yield

Anslytical system is not 8o sensicive enough to
detect all liquid products, However, Gordon<h observed
that the polymer contains s Clz-fraction (biphenyl,
phenylcyclohexane anc aromstic bicyclic compounds ) and a
C,B-fraction {hydrogenated triphenyls and higa moleculiar
weight materials). Tino Gaumannzs found phenylhexntrien,
2,4 8nd 2,5 phenylcyclohexadiene, 1 and 3 phenylhexsane,
bicyclohexyl, phenylcyclohexane and diphenyl in the
polymer. AS discussed earlier the sromstic fraguents
efter loss of hydrogen stom msy &8l8o be scavenged by
neighbouring aromatics giving rise to these products,
The addition products are intermediates thet form hydro-
genated products by continued hydrogen etom scevenging
and polymer is formed by the radical reacticns or resctions

involving excited molecules,



r.echanjsm for cyclonexane radiolysis

All hydrogen atoms in cyclchexsne are equivalent
and it is atructurally related to bengzene. Therefore, the
loss of any one of these gives the same product and this
limits the number of radiolytic reactiona, Uespite & good
deul of efforts the mechaniam for radiolysis of cyclohexsne
csnnot yet be conaidered eatsovlished, However, the

following mechanism is suggested;

L2 L

CeHiz > Cgllyar Cglyy (1)
———3> Cglyy , H* (85%) (2)
———> CgH,, + H, (15%) (3)

H* + Cgy, ———> cﬁu;1 + H, (&)

2CgH 49 —> Cgliyg + Cgliy, (5)
——e (c6ﬂ11)2 (6)

Excited atates of cyclohexane
LET independent of c¢yclohexaone was demonstrated
by Dyn026

transfer type protection la observed on the radiolysis of

using Y-sources of different intensities. Energy

a mixture of benazene and cyclohexsne. This process §s
called external conversion. In this process the sxcitstion
Qnergy is transferred from at least one excitsd state of
cyclohexane to benzene molecule. This msy alsc take place

17

by charge exchange Burton6'1°"9'2° has estsblished



that benzene dissipates the ensrgy by internal conversion
without decomposition. Fr.enan‘v'zv is of the view that
cyclohexans radiolysis involves at least two distinct
species of excited cyclohexane molecule with G velues 3.0
and 2.4 respectively. The forme: is deactivated by benzene
and the latter is imnune to benzene. According C6H:: is
bengene deactivated species and C61:2 i= bengene immune
species, This result is similsr to molecular and radical

yields of hydrogen estimated by Hamillza.

Hydrogen Yield

Mass-spectral evidence shows that psrent cyclo-
hexane ion CgHy, 4s highly steble??, Therefore C-C
bond acission in cyclohexane ring contributes very
little. The hydrogen yield is LET and tempersture inde-
pnndant3°. Majority of workers report that hydrogen yield
{3 constant, while some others found that it decreases
continucusly as the radiolysis product build up in the

lyatem31. Hamillzs

have sihown thet hydrogen yield can be
divided into three components. One due to the reasctions
of therasl hydrogen atoms, one to the reaction of hot
high velocity hydrogen atoms and the other one corres-

ponding to hydrogen formed by moleculsr processes,

The 18otopic composition of hydnogen32 formed in
the rediolysis of a mixture of 66H12 and c6012 showed
that sbout 25% hydrogen was formed by direct detschment

(unimolecular). It has also been concluded that about 40%



of hydrogen yield is due to the resction of d‘ atoms and
the remainder 35 to 604 might be formed in part by ion-

molecule reaction such as;

*

+ .
Celqn + CeHyp > CgHlqz + Cgllyy
+ - L]
CHyz + & —> CHyy ¢ Hy

But ion-molecule resction is not observed in the mass

apectrometer33

. On irradiation of a mixture of 66H12 and
CeDype the resction between the initislly produced sibling

free radicle:
H o 06H;1 ———> H, + CeH, g

D« 06D11 e D‘ . 06010

is in competition with the back reactions

Thus it is estimated that hydrogen formed by unimocleculsr
process is 10-20% of total yield of hydrogen snd the

remainder is formed by bimolecular processes.

Both iodine and benzene reduce the unimolecular
gnd bimolecular yield of hydrogen in the same proportion
as the total yleld of hydrogen, Dyne33 is of the opinion
that both unimoleculer and bimolecular resctions have the

same precursors, an excited state of cyclohexsne, and



bensens end iodine acts &s a quenching egent and not as

a radical scevenger, The radicsl scavengers reduce tus
yield of hydrogen, but do not elimirate it completely
showing thnst hydrogen is formed both by 'radicel' and
'moleculsr! processes, Uns:turated radiolytic producte
act s scavengers and reduce hydrogen yielcd. It hes been

ohserved that added cyclohexane re=duces GH Qther

2.
unasturated radiolysis products act &8s scavengers and

reduce the hydrogen yleld.

Cyclohexeie Yield

Dyne and Fletcherzﬁ, using gemsa radistion of
different intensities, found that the steady state
concentration of cyclohaxene increased slowly with dose
rata, although at low intensities, the initiel G cyclo-
hexcne 18 independent of dosé rate. The produwt is
tenperature 1ndopendent29. Cyclohexene, when added to
cyclohexane, inhibits its own foraation end also that of
hydrogen but to & leaszer extent. QOther Jd values are also
altored’q'av. Radical scavengers reduce the yield of
cyclohexsone from cyclohexane, but do not eliminate them
completely, showing thet this product is formed both by

redical and molacular processes,

Biczclohexxl Yield

The (06811)2 yield increases at high dose rates,
while at lower doce rstes unsaturated polymeric materisl

may be formcd3b. No temperature effect has been observed



for this productao. The added cyclohexene does not

reduce bicyclohexyl and cyclohexyl radicels, which are
precursors of bicyclohexyl and are produced by normal

hydrogen atom reaction:

H « C6H12——-> C6H” o H‘
and by cyclohexene scavenging reaction:

H 06510-————€P C6H11

Cyclohexsnol and Cyclohexanone Yield

In the presence of oxygen, cyclochexsne, on radio-
lysis, gives cyclohexancl, G = 3.7 and cyclohexsnone,
G « 3.5 and the yield of cyclohexene is reduced to
G =« 0.7 and negligible amount of the dimer is formedig.
Two other products, cyclohexyl hydroperoxide, Cb“ﬂ QCH ,
(G = 1.0) and a peroxide, R, 00 R2 (G = 0.2) 48 also
reported3 5. The sugsested mechanism for cyclohcxanol

and cyclohexanone formatiocn is:
H + céﬂm——-—-} cbn'" * 52
Cglgq * 0, =—> CgH,40°,

CeHl 410"
Since H 0, 18 not formed, {t seems that hydrogen atoms
resct directly with cyclohexane, sven when oxygen is

present, rather than adding oxygen to form HO ...



Radical scavengers reduce the yield of cyclohaexancne
from oxygenated cyclchexane, G = 0.46 and it is independent
oi the scaveuger used, This limiting yield is dus to
molecular process, involving an excited cyclohexasne mole-

cule and oxygen

a
C H

AP 0

+ OZ —lp C6H100 % Hz

Here the yieid of cyclohexanol ls always less then tne
yield of cyclonexsne by an amount equal to the molecular
yield of ketone. This i3 to be expected, if the radical
forming processes and cyclohexanone are represented by

disproportionstion reasction:
206H1102--——4> 06H11OH * C6H100 + 02
which gives equal amount of ketone and alcohel,

The mixturs of bengene and cyclohexane exhibit
hohaviour more characterisatice ol bsnzens then is expected
on the basia of their composition, The low yiolds of
the chemical products caniot be explained satisfactorily
either by scavenging reacticns or elther a composition by
penzene for thermel electrons, that otherwiass would
neutralize 06“;4 . Ionigation transfer mechanism such

Ceya ¢ Celly ——> 06312 . céng

is most favouradae.



QRGANO-M TALLIC CCMPOUNDS OF LEAL AND TIN

The chemistry of orgsnic compounds of germanium
and tin hes developed at rapid pace during the past (0
years. There has been little research on the organic
compounds of the next higher element of droup IV, lead,
until very rocentlva. The chenistry of organclead
compounds dates oack to 185338. when lowig prepared the
first alkyl lead compound, Et6?b2. In 1921 Paneth et
a1.39'h0 proved the existence of tne short lived free
radicals with tetrs slkyl lead, Laster on compounds of
the type Rka, RéPbxz, RPbxa, R3Pb--PbR3 were studied,
where R 1s simple aromstic or alkyl substituents wi thout
functionsl group and X representing the negstive group or
metal., Gruttner, Krsuse st al, during 1915---1936"1 snd
Gilman et R have done remsrkable work on the Frepara-

tive aspect of thess compounds,

During the past few years intesrests of research
Chenists have snifted towards theory of bonding ang
mecnanism of known reactions and it has Desn snown that
Pb-C bond 18 more reactive than wsas previously thought,
The development in this branch untjij} 1936, until 1952 and

up to 1963 are remarkably trested in a nuaber of
reviowak1'k"b3'4h. The account of cnexistry of Pb-C,
Po-H bond for 1964%7 end for 1965, 1966 and 196743 1g
glven in the other revitwhé. All the orgsnic compounds

of lead atom possess Sp3 hybridization. It forms four



covalent bonds, for which the tetrahydral astructure is
valid. The orbitals of the lead atom up to end including
Lf are fully occupied. Then follows tue arrangement,
s3¢, s5p0, 5410, 634, 6p%. Empty orbitals can be used

for the formation of stable complexes and for the formse-
tion of short lived traensition state. Among the elements
of Group IV, lead has the largest covalent radius, This
leads to smsll smount of shielding of the lead atom by
the substitucnts, lerge interatomic distances asnd corres-
pondingly smsall bording energies, In QGroup IV, Pb-.C and
Pb-H bond have greastest reactivity and the smallest
thermal stability towards both polsr and radicel reagents,

The alkyl derivatives of lead are unstable and
difficult to purify but the aryl derivatives sre crystal-
line solids, considerably more stable and resdily purified
by crystallization., In the solid state, these aryl deri-
vatives are atable for long pericds, if they are protected
from the strong light., It is comnon charscteristic of all
hexaalkyl dilead compounds to underge the thermal diapro-
portionation to tetra alkyl lesd and metallic lead. The
diaporoportionation is also observed in highly boiling
solvents, like toluene, Xylene and pyridinehv. This
decomposition of hexs-alkyl di-lesd to lead tetra alkyl
has beocn observed using excited carbon black, silics gel

type catalyst, aluminium chloride and u.v. 1ight“8‘51,



The yleld of tetra-alkyl lead obteined by this
disproportionstion reacti:n is generally quite nign (90w1k7.
Recently tetrakis {triphenyl plumbyl) (6655)3?buPb has
besn reported to disproportionstion slowly to hexaphenyl
dilead and lead ox1d652'53.

THERMAL AND PHOTOCHEMICAL DECOMPOSITION

Thermal esnd photochemical decomposition of aliphatic
and aromztic organomectallic compounds tske place at diffe-
rent temperatures, The decomposition follows the mechanism
established by Paneth in the pyrolysis of tetramethyl ond
tetraethyl lead, 1In these csses the electron pair forming
the covalent bonds split to form free radical with their
odd olectronash. The reaction of Vetranethyl lead with
liquid hydrocarbons was studied av 200-270°C, It was Siown
that the ethyl radical formation takes place, which hydro-
genated to ethane and disproportionsted to ethylene and
ethylene polymerised. Cyclopsrafiins dehydrogenated
readily but aromatic hydrocarbons do Not react with ethyl
radical below 300°C.

During the study of thermel decomposi tion of aromatic
organometallic compounds of mercury’s, it was obaerved that
aryl radicals were formed in the solution which abstractsasg
hydrogen and formed bengene, The phenyl redical is en
intermediaste formation, which is highly reactive anuy reacts

im:ediately with the solvent that 15 why with a numbe:



of solvents the production of ciphenyl was not reported. :
Penta phenyl phosphorous and penta phenyl sntimony in
solution zave aryl rodical on thermsl decompoait&onsc.

In & number of orgenometéllic compounds homolytic rupture
of C-metal bond occurssv. The free radical formation is
definitely ruled out under mild conditions, which exclu-
ding the possibility of thermal decomposition of organo-

metsllic compounds to form free radical 38-02,

The homolysis of lead-C bond by u.v. light at 20°c®3
i{s also reported, Heating at 150°C results in homolytic

cleavege of Pb-C bonds forming f{ree rodicalaﬁh'67. Th

@
ability of orgsnometallic¢ compounds to exchange organic
groups and their catelytic polymerization activities,
attracted attention end a large amount of work is reported
on metal phenyl compounds and thelr applications in the

polyunerization of styrens, etc,

In the study of the photolysis of benszens, the main
reaction product, hydrogen, could not be determined with
certainty68'vo. The lead tetra phenyl has not besn
investigeted in the gas phase becsuse it has 2 very low
vapour pressurs. In normal hexane it shows s decomposition
quantun yield of 3.7 in the concentration range 0.00005%
to 0.000109 molar at wavelength 2537 i. This figure is
lowered down to 0,23 in tho presence of oxygen. The
mechenism suggested by Leighton et 31.71, could not account

with certainty the effect of oxygen and low quentum yield



in the solution hss been ascribed to the Franck-Rabinowi tch

principls.

The principle metallo-orgenic compounds of lead
which has been subjected to photochenical studies are
alkyl, &ryl, and the cerbonyls, Lesd tetrs sthyl gave
methyl rsdicel which wan tested by the radioactivity of
lead mirrors and it gave metsllic lead and two molecules
of ethane with 2537 g. The quantum yield in the gaseous
phase i3 1.1 and in the hexane 0.&71.

Photosensitizec reactisr of bengene induced by
excited mercury stoms ia thirty tires faster thsn non-
photosensitized rete of reaction72“7k. The gaeeous
procuct is 60% hydrogen end 40;> methane., Bengzene &t higher
tempersture produces biphenyl 08 usjor product with quantum
yleld 0.1 as suggested by Stescie ot alvs. The low
quantua yield suggests that thg primery act is excited

molecule formation,

Photosensitizstion of cyclohexane with mercury over
the range 60-400°C has beer atudied?6. Below 0°C the
ms jor product ere hydrogen, bicyclohexyl, and cyclohexane,
These results are quite in confornity with other workarsvv.
If the temperature is reslsed up to 200°C cyclohexyl
radical 1s formed in the primary process and it decomposes

to propylene, methsne, ethylene ethang, butadiene, propane

gnd butene,



Therefore the mechanism of these proportionation
reactions tempted towards more complete understanding of
this problem and the work waa done to elucidate the

thermal behsviour of some organo-lesd compounds,

The photolysis of lead tetraphenyl in N-hexsne was

carried out by Leighton7'

s which indicates biphenyl produc-
tion, He concluded thset biphenyl ought to be produced by
recombination of phenyl radicals during photolysis, The
validity of this production was of considerable importance
in the investigation of orgshnometallic compounds, Anotaer
possibility i1s that phenyl redical produced may not
recombine but abstract from solvent molecules, The
reaulting free radicals then react by recombination and
disproportionation, The study of the decomposition of

tin tetraphenyl to tin diphenyl was done by Razusuev and

Fetyufovavvv.

Therefors the mechanism of these disproportionstion
reaction tempted towsrds more complete understanding of
this problem and the work was dons to elucidate the thermal
behsviour of some orgenolead compounds., Since different
excited state of metal phenyls may be involved 4n the
photolysis and gamma-radiolysis, therefore, photochemical
studies of benzene and cyclohaxane solutions of lead
tetraphenyl, hexsphenyl dilead, lead triphenyl hydroxide

and triphenyl lead chloride were undertaken.



ENER QY

EXCITED
STATES

LIGHT

GROUND STATE

REACTANT

BN

THERMAL
TRANSITION
STATE

FiG Wi

PRODUCTS



The important differences betwecn thermal and
photochemical activation 83 to the possibility to obtain
verious reaction products are schematized in Fig, 1.1,
Schematic disgrem shows that products which csnnot be
obtained with thermal excitation may be formed under
photochemical excitation., The nunber of reaction paths
ars greater in photochemical reactiona, It lecds towards

preferentisl formation of a certain product.

RADIATION CHEMISTRY OF SUME LEAD
PHENYL COMPOUNDS IN LIQUID HYDROCARBONS

The rsdiation chemistry of benzene and c¢yclohexsne
solutions of tetraphenyl S5i, Ge, Sn and Pb were first
investigsted by Cramarva. He reported that lead tetra-
phenyl undergocs sensitized decomposition lead to the
production of biphenyl as the major product. A conclusion
from Cramer's atudies was that the mechanism of sensitized
decomposition of metal tetraphenyls in bentene soclutions
involves excitation transfer from benzene to metal phenyls,
In sn attempt further to elucidate the mechanism of sensi-
tizsed decomposition, the work began by Cramer was extended
to other organc-metallic compounds of metal phenyls, The
study ylelded data on the effect of gamma radiation as well

a8 certain other informastions.

Therefore the present study is based upon and extends
recently reported work on lead tetraphenyl’g. The



investigation also includes & new attempt at direct
study of the radiolysis of other metal phenyl compounds
of lead, say, tetraphenyl lead, hexaphenyl dilead, tri-
phenyl lead chloride and triphenyl lesd hydroxide,

Thus the radistion chenistry of dilute benzene and
cyclohexane solutions of a number of closely related
organo-metallic compounds heve been investigated, both to
improve our knowledge of the radiation chemiatry of the
tetraphenyl lead, hexaphenyl dilead, triphenyl lead
chloride and triphenyl lesd hydroxide and also in an
attempt to elucidete the mechanism by which solutes at low
concentrations interact with excited species in the solvent
by high energy radiation. In particuler such study is
ained at to 1llustrate further the kinetic peculiarities
of resctions of stoms and free radicals in the liquid

state which depend largely on diffusion controlled process,

It has beon suguested that s large fraction of energy
absorbed in the solvent is availsble for decomposition of
solute. Benzens beshaves &8s & scintillator solvent when s
benzene solution contsining p-terphenyl as 8 solute {sa

irradiated by Co°°

gamna-radiation., The luminiscencas
enitted i3 characteristic of p-terphenyl in spite of the
fact thet nearly all the absorption of energy occurs in
the solvent. The properties of lead tetraphenyl as a
quencher 18 very significant, Therefore it is contemp-

lated to correlate the relative extent of sensitiged



decomposition of solute to the quenching efficiency.
Quenching process of this kind involves interaction
between solvent and quencher exclusively at these

quencher concentration.

The chemistry of the organometallic compounds of
tin haes been reviewed upto 1959 by Ingham et al.80 Other
excellent reviews on various aspects of orgenic chemistry
of tin are available®'"8% survey of the literature
reveals that thermel stadility of organotin compounds is
greater than organolead compounds. Tetraphenyl tin has
been selected from the very exhaustive list of orgasnotin
compounds. Selectivity is based upon its close resemblance
to lead tetraphenyl. [Like lead tetraphenyl tin tetra-

phenyl is slso slightly soluble in organic solvents,
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CHAPTER II



‘A Fd

THERGAL STULY OF SQ.3 QRGANQ-LEAD COMPQUNDF

-4 reveals that the

A survey of the literature
orgono-element coupounds of the fourth main group are
thermally more stable than orgsno-laesd coupounds, Mpst of
the orgeano-lead derivatives decompose on heating to tempe-
reture between 100-200°C. These compounds sre hydrolyticelly
stable and are not affected by atmospheric oxygen. Phenyl
lead derivatives have been reported to be more atable in
comparison to slkyl lead derivatives. The decomposition
stucies have been made in sclutions using s series of

solvents, but no atteupt has been made to study the effect

of gradual heating on solid ssmples.

In view of the above facts, it was considered worth-
while to study the effect of hest on some ghenyl lesd
derivatives. Four compounds, i.,e¢., tetraphenyl lead,
hexaphenyl dilead, triphenyl lead chloride and triphenyl
lead hydroxide are chosen and are heated under reduced
pressure as well as inside a specially designed furnace of

sn autometic recordins thermobslance.

Low activation energy is avasilable i{in thermsl
reactions. An activation energy of more than 40 Kcal/mole
are quite rare in coordination ehomlatrys. The effect of
thermal excitetion is very selective and it will ususlly
cause one reaction. On the other hand various processes

are possible in a ghotochemicel resction. 3Seversl
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additionel products, wihich cannot be formed witi thermal
excitation because ol 2oither kinetic or thermodynaulc
reasons may be formed in photocheaical reaction . {here-
fore tnis study can also be used for a couparative study

of thcrmal snd photochemical reactions of lead sryls,

EAPERIMCNTAL

The samples were heated inside the furnace of e
mess flow type thermobalance (Stanton) at a rote of L 'C/
minute. The loass in the weight and the rise in temper:-
ture was sutomatically recorded. Some of the volatile

fragments were trapped :znd analyaed,

The chenge in weight of the samples with the rise in
teuperature has been shown in figure 2.1. The los: per
aninute was calculated? from the orizinal graph and plotted
against temperature in Fig. <.2. The differential theraal
graphs (D.T.G.) obteined from the plot shows the rate of
docomposition and formation of unstable intermediate

compounds.

Estimation of Carbon and Hydrogen

For estimation of carbon end hydrogen standard methods
of snelysis have been usedg'g. The percentege error in
C and H determination is 0.5% end 3% respectively, A weighed
smount of sample (sublimate) is combusted in a messurad

volume of oxy en under controlled pressure to yield



qusntitativ-ly carbon dioxlde from the caerbon an. water
fro. the hydrogen. 7The amount of these coubustion products
were determined gravimetrically. 1ihe combustion-tube
filling was sc arranged taat the other elements presents

in the sampl will not interferc with the final quentitative
absorption of carbonedioxide and water by sulteable sbsorp-
tion tube containing sppropriate adsorbing agents, for
example, anhydrone for absorption ol water and ascsrite for

absorption of carbondioxide.

Ce 0, => coz (absorbed by Ascarite (sodium

hydroxide on asbestos))

L N

pol-s

Hy ¢ 20, —> HO {absorbed by Anhydrone (magnesium
e perchlorate))

Estivation of Lead

Leed snalysis wes carried out by dissolving a few
mg., of the sample in nitric acid and snslysed colorimetri-
cally by dithizone method'C. A few mg. of the sauple is
dissolved in nitric acid and the solution is wade up to
1 litre conteining 104 nitric acid. The solution is
diluted to make it 1% nitric acid snd lead must be less
then 3 ng. per litre, Ten ml. of tinis solution is traons-
ferred to 150 ml separating funnel and 75 ml. of ammonia
cyenide-sulfide mixture is added to this, The amnonioc.
cyanide-sulfide solution contains 400 ml. concentrated
amionis diluted to 750 ml., end 30 ml, of 10% potassiun
cyenide solution is added to 1.5 z. sodium sulfite and

finally the volume is diluted to 1 litre with water, The



Thous 1

Thermolysis ol lead vetra nenyl (0.523¢ ..

Teuporasture Wee of ¥ b?h..‘
(°0) (8)

0 0.5738
80 0.5278
160 065231
~20 0.5278
~60 0.5178
70 0.5138
~80 0.5068
90 O.497¢
300 0.4778
310 0.b328
320 0.4078
330 0.3L76
40 0.2328
350 0.2248
3ol 0.2198
INVY) 042078
Lo0 U. 1928
520 0. 1798
560 0.1678
L0 0. 1668
700 0. 1688
780 0. 1708
780 0.1688
940 0. 1648
)50 0. 1548
250 0. 1478

750 0.1788




TASLE 2

Thermolysis of lead tetraphunyl (0.5238 g

Lcapersture (°C) Jeight losa (2)

20 0. 0000
140 0. 0000
220 010000
280 0.00%70
290 30090
300 0.0200
310 0.0250
320 0.0450
330 0,0600
340 0.1150
350 0.0080
3460 0.0050
L20 C.0050
450 0.0050
500 00 00K0
580 0. 0090
600 0. GL00
760 0. 0000
760 ~0.0010
850 0.G00u
950 0.0050
950 0.0070

95C 0.0030




Tioide

Tnermolysis of rexaphenyldilead (0.8764 )

Tenperature (°C) welgat (g)
170 Ve 33h
160 Qo874
230 0.8E%4
250 0.8764
”60 0.8744
*70 C.8670
780 0.8464
290 0.7574
30 0.6324
3t1C Cels774
370 0. 4694
3460 0. L5684
380 0.40604
400 (VN1 YA
L20 Cedlcly
460 Oule3 54
500 00‘022‘0
540 Cel734
580 C.3914
800 Cel024
é20 0. 4044
860 0. k034
900 0.399%
220 0. 3944

960 0. 3864




T3LC &

Thermolysis of Hexaph=nyl dllesd (0.8764 g)

-

Tenp reture (°C) Weight loss (g)

?0 0. 0000
120 26 0000
160 C.0070
230 C.0010
260 0. 0040
270 0.0070
2580 0.021¢
790 0.0890
300 01250
310 C. 1550
3?20 0.0080
360 0.0050
400 U« 0UG0
LbO G.0080
500 0.0070
540 0. 0060
600 0.0010
680 0.0000
800 -0, 0070
840 0.0000
900 0.0070

40 0. 0050




ThuuE 9

Thermolysis of Triphenyl lead caloride

(G503 )
Tenperature (°C) ~eisht (g)

0 0.4503
120 0.4503
140 0.4493
160 Oo b3
170 Oolele53
180 Oobl3l3
200 0. 403
210 0.4393
2920 C. 4383
230 Oel363
240 04783
250 Cole?43
270 Celo133
280 U123
290 Ve 397)
300 Ve 2873
310 0.7543
330 Ga20643
360 0.?403
390 Ce?323
430 0.2263
460 0.2703
480 0.2153
510 0.2043

540 0.1993




TASLE 6

Theruwolysis of Tripn:nyl lead hydroxide
(04569 3)

lemperature (°C) Jeiznt loss (g3)

20 0. G000

70 Ve GUGL
130 V. G000
160 0.CL10
170 0.0030
210 U.0010
230 0.0020
240 0.0080¢
260 0.C030
290 0.0150
300 0.1100
310 0.0130
370 Q.0090
340 0.00?20
370 0.C030
390 0. 0030
L7C 0. CO00
L40 0.0020
L70 0.0030
430 Gl 0040
520 0.CG030

460 . 0000




T.d. 7

Thermolysis of Triphenyl lerd cnloride

(G777 23
Tem?gggture éziggglof’ )
3 cl

v 0.4772
%0 0.478°7
~00 0.4772
230 0.472%°
240 0.4662
250 C.l552
240 0.L452
270 C.327>
280 0.7372
290 0.2792
310 Ge 2752
340 0.2712
360 O+ 2092
400 0. 2052
LiO 0e2622
500 0.2572
550 0. 2502
560 0.2542
610 0.7282
640 0. 2072
680 0.1822
740 0. 1442
780 0.1792
800 0. 120
840 0.,0922
900 0. Q642
960 0.0K62
960 0.030?

960 0.02?22




TA3.. 8

werolysis or Triphenyl lead culoride
(C.6772 ;)

Temperature (°C) elght loss ()

20 0. 0000
120 0.0000
180 0. 0000
2?20 0.0020
24,0 G.0060
250 0.0110
?60 0.0100
290 0.1180
280 0., 0,00
290 0.0080
310 0.00%20
350 0.0010
400 G.00%20
LLO 0.0010
560 C.0030
©00 0.0090
620 0.0110
o4L0 0.0100
660 0.0130
720 0.0150
840 0.0160
88U 0.0090
920 0. 0060

960 0. 0040




pi 4= meintsined st 2.5 by ad _ition of hydrochloric acid.
This is treated with 7,5 ml., of 0.005% dithizone in carbon
tetrachloride followad by 17.5 ml., of carbon tetrachloride.
The solution is vigorously shaken and layer is allowed %o
separate, Le.d thizone is red. The upper layer is
yellowish. Ii caerbon tetrachloride is bright deup red and
the upper layer is colorless, there is & probablility of
too much lead in the sample. Enough of carbon tetrs-
chloride layer is csrefully transferred to fi1l1 one c¢m
experinentsl cell snd the opticel density is determined

at 520 op by 8 Beckmsnn spectropnotometer, Optical density
is slso determined by 13 HNOB standard lead solution.

The results of these analysis are given in Table 1:9

RESULTS _AND DISCUSSIUN

The above mentioned derivatives on heating under
reduced pressure give tetraphenyl lead in gquantitstive

yield, wiich sublimeu out at tuis temperature sbove 40°C.

when totraphenyl lead (0.5¢4 g) wes heated inside
the furnace of the thermobalance, it sublimed out between

the temperature range of 250—350°C, yield being about 57%.
The remelning tetrsphenyl lesd may probably decompose with

the formation of {ree redicals and metallic lead as reported

l

esrlier”. But the decomposition mechsnism is not yet

3

clear’. The rate of sublimation was very fast at about

300°C and become slow efter 350°C. The loss i weight



continued up to 580°C, but no loss was observed between

530 en. 620°C. The product shows a gsin in weight froa

620 to 800°C. It is due to the oxidation of metallic lead
to le-d oxide or due tu partial conversion of lower oxide

to higher oxide. Lesd sillicate glasses are forued above
690°C. 1In this case the color was dark yellow due to the
formation of ortho cilicate glass (PbZSiOb). Its formation
takes place above 717°¢C. However, when silicete glasces are
heated above 876°C, thoy dissociate into the following

manner” :

PbO.nSiO2 - PBO ¢ nSiO2

On heating above BOOPC, the residue shows a continuous slow
loas in weight, probably due to the formation of some mixed
oxides of lead. The definite composition of the residue
could not be ascertained at sny stage above 3%50°C. The
slow loss in weight continued even on hesting the sanple at
950°C for an hour, The probable decomposition fragments
except tetraphenyl lead could not be ascertained due to
unsuitable trapping device. A perusal of the Flg. <.1A and
2.2B clearly shows the nature .i decouposition of tetrag-

phenyl lead as discussed abova,

Similarly hexaphonyl dilead (0.876 g) was hested in
the range of 25°-9509C. Fron 240°C the compound showed
similor decomposition pattern as observed in the cose of
tetrephenyl lead (Fig. 2.18 and 2.28). The probable

decomposition may tske place according to the following
manners



1 g. 0! each corpound was takeén in eacn c:cge

Anglysis of sublimed product

Te O Wt. of .
Compound T sublimed L Found 4 Celculated
e product
C H Pb c H FPb
PoPh, L5 0. 2187 59.0 2.36 38.63 55.9 3.68 L0, 22
mu%um <50- (80 0.7964 58.0 2.62 39.2 55.9 3.68 40,22
vvumcnw <20=-270 0.6c34 57.1 3.6 38.9 55.9 3.88 LO, 24

w:wm oCil




qcé.ts)orc‘ 3(c6h5)be + Pb (1)
or

(cbiis)bfsz — (C6H ) Pu e (C, xi5) Pb {2)

3oth ¢t o decomposition processes have becn raported
earlier’. If diphenyl dilead is formed as siown in step .,

it 45 unstable and further decomposes as:

The decomposition process mentioned in step (4) 1s not
observed by us because nc los: in welght was observed
below &Oot-. If this process is at all possible, then

simultaneous hydrolyoia”

and evolution of two moles of
bengens (losa 0,15 g approximately) must be observed

below 250°C. Benzene was not detected here, It is possiblie
that oxidation of bensene might have taken place, The
products during the oxidation of benzene st 360 to 565°¢
are CO, co2 and small amount of phenol andg banzoquinone12.

None of these products have baen detacted.

iriphenyl lead chloride (0.477 ) des not show any
loss on heating up to 230°C snd after that » rapid loss
between 240-300°C (Fig, 2.1C snd 2.2C) has becn observed,

The probable decomposition mechanism may take plsce secop.
din to the followl:; achamo13’“‘:

4(06H5)2Pb012 — (C6H5)3Pb01 ¢ 06H5Pb013 (6)



G gPOOLy == o (gLl o POCL, (7)

During decomposition ol part of tetraphenyl lead sublimed
out anc the remeining part decomposes aa described earlier.
The other deccuposition fragments like (06H5)39b01 or
66H5Pb013 could not be detected. The yileld of Pb(::l.2 wos
quantitetive. The PbCl, was found stable up to 570°C end
after that 2 slow loss in waeight wes observed due to slow
evaporation of PbCl,, which 18 not completed even up to
950°C. The second pert of the experiment was verified by
takin~ sernc weight of PbCl2 and repeatin- th experiment

under similar conditions.

Lastly triphenyl le:d hydroxide was heated (0.450 g)
This ghows @ loss in weight betwaeen 150-190°C corresponding

to one molecule of water.

This particular compound sterts decomposing near sbout
230°C and become rapid from 250°C, very fast from 280°C
and become 8low after 320°C {Fig. 2.1D and 2.2D). The
slow loss continued up to 550°C ond no eppreciable change
was observed beyond 550°C, The different nature of the
decomposition curve clesrly indicates that the major part
of the compound decompcses to metal oxide. The mechanism

of decomposition of (Cél‘ls)‘?bo could not be ascertsined.

444444
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CHAPTER 111




PROTOCHZMI:

TIN TETRAPECNYE IN BENZENE AND CYCLOHZXANE

INTRODUCTION

The effects of high entrgy radistions on a nunber
of orgesnic substances have been studied during the past
three decades, One of the main objective in such studies
was o find out soue new products., OQther ei{m was to find
out the stability of these compounds nesr a nuclear
reactor., Jtill other interest was to find the basic
entitios that are formed by the interaction of radistion
with these substsnces. The products thus formed may react
with the original compound, with thamselvea and with the

solute.

When & small quantity of @ solute 4s added to a pure
solvent and it is subjected to photolyais or radiolysis,
the products and its quantities are changed considerably,
The deconpodl tion products of the solvent can react with
the solute in several ways such ss ion-molecule reactions,
sxcitation, c¢harge transfer,radical scavenging, negative

ion formati.n and several other procosaes’“z. It has been

found oul that benzene when mixed witan cyclohexans raduces

the yield of 32.3 Tais s #xplained by a charge transfer

meehenism and benzens ia protected.



If scintillator solutes such a&s p-terphenyl or
anthracene is added to benzene and subjected to high
energy gomma radistion, luminescence i{s emitted, It is
concluded that bengene molecules transfer energy to the
scintillator solutes, However, the entire energy is not
transferred to the receptor molscule. This leads to the
dscoxmposition of benzene. Another possioility is that
the energy transfer takes plece through a different
excited benzene molecule whici does not decompose by

{tseil.

Therefore tin tetraphenyl was selected for this
study to £find out its stability towards radistion, ss well
as its effect on different photolytic and resdioclytic
product of bensene snd cyclohexane, Such study might help
in assessing the extent of radiological protection of the
solvent by addition of s small smount of solute which may

act sither as & scintilletor or quencher,

EXPERIMENTAL

RIFICATION QF MATERTALS

Benaene: Analar grade bonsene is purified by three
successive crystallisstions with rejection of about 20%

of benzene at sach freesing., It is distilied after the
addition of sodium metal,



Cyclohexsne: The impurities are extracted by concentrs-
ted sulphuric acid and the organic layer 1s separated
from the scid, washed with a solution of sodium hydroxide
and then several times with distilled water, dried with
CaCl, and refluxed and distilled over sodium in a column,
The midile fraction, of the constant boiling point, is

collected and stored over sodiun.

Sample Preparsation

Calibrated cclls of approximately 20 ml. volume,
constructed from about 12 am 0.D. pyrex tubing is used.
It is attsched to a high vscuum zsnifold. Depending on
personal preference, there ars two methods to prepare
samples., Appropriate volume of the liquid is pipetted into
8 number of sample celis which are attached to a vaecuum
line through greased ground glass joints. Conventionsl
freesze and thaw technique is used to degas the sample. In
an adjscent aection of the vecuum line pure benzene or
cyclohexane i3 rigorously degasses by a reflux method. In
this method liquid in a 500 ml round bottom flask, ia
agitated by a magnetic stirrer. Purified nitrogen is
passed through & glass spiral i.a.ersed in iiquid nitrogen
before entering the cyclohexane, After approximately 15
minutes, the container i1s closed with a ground glass Joint,
the liquid 4s froszen at liquid eir tempersture and the
system 13 evacuated, The liquid is melted and nitrogen 1s

passed through a second time. The freesing and evacuation
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process is repeatsd. A glass cold finger cooled by

copper rod itself immersed in s Dewar containing liquid
nitrogen is introduced into s glass distillation column
above the flask containing the liquid, the latter still
agiteated by a megnetic stirrer, is refluxed continuously
4in the column., The organic vapour is condensed around

the cold finger, while nitrogen is collected in an external
trap. The gas is removed rogularly at frequency intervals
by opening the stopcock to the vacuun line for a short
time. This procedurs is continued for four hows until
sll gas is removed., Then approximately 20 ml degassed
liquid is distilled under vacuum into each of the resction
veassels in turn. The exact smount of liquid added is
deternined later by weighing. After filling s cell, it
was isolasted from the liquid reservolr snd sealzd off
under vacuum bafore £11lling the next cell., Dus to limi-

tetions, the formar method was used for sample preparations.

A brief description of the U.,V. and gamma irradiation
sources and measurements of radiation dose sre described

below.

Hanovis Laboratory Scale Photochemical Apparatus

Each componsnt of the light source and relative
accessories are shown in Fig, 3.1. An Imuersion Well
sssembalies No. 19434 in clear fused quarts was fitted in
8 five litres flesk. The assembalies are availsble in



Juartz or heat-resistant vycer glass No. 7910. Quartz
hea been preferred because it transmits the complete
ultraviolet spectrun 1849 i to 4000 i, visible light end
infre-red. In addition quarts is mors resistant to pola-

rigzation than Vycer.

Double-walled well assembalies are fabricated from
two concantric tubes circunferentiasliy sesled at bottom
and telescoped ons within the other. A ring seal at top
joins both tubes. An inlet and outlet at top provides
entrance and exit of coolent, water, A small dismeter
tube attached to inlet extends down annual Spsce to snsure

flow of water from bottom of well upwerds to the outlet.

The outer well contains a 60/50 standard tapered
ground joint to fit the 60/50 center neck aveilable on
standsrd 5 liter flssk. The 60/50 dimension is required
to sccommodete, outer well, inner well, coolant space,

absorption 8leeve and laboratory type lamp.

The source of radisnt snergy in the laborstory rsactor
is a Hanovia high-pressure quarts aercury-vapour lamp
No.679A-36 of 450 watts, Of the total energy radiated,
approximately 30% is in the ultraviolet portion of the
spectrum, 18% in the visible and the balance in infra-red,
The lamp is operated by Hanovis msade reactive type trans-
formers, which supply the extra voltage and current

required to initiate the src and reduced power for operation,



Aosorption aleeve mede of 7910 Vycor glass are used.
The slesve telescopes into wall assembly to surrouna the
light source, The absorption qQuslity of Vycer 7910

o
restricts the radiant energy near the reglon 2537 A,

The Determinstior. of Quantum Y d

The potassium ferrioxalete system developed by

5 and Hatchard6 is tne best solution-phase chemical

Parker
actinoneter, It is very sensitive over a wide range of
wavelengths and it is simple to use, If K3F°(°2°h)3 is
dissolved in sulfuric acid and irradisted in the range
2500-5770 i, Fe(IXI) is reduced to Fe(lI) and oxalete

ions are oxidized., The product ferrous ion and its
oxalete complex in these solutiona do not absorb the
incident radiation measurably during the photolysis.

After exposure Fe(II) is made to form a complex with
1,10-phenonthroline. The complex &bsorbs very highly and
can be used in spectrophotometric snalysis. The other
advantage of this actinometer is that the time of irra.
distion is cut off considerably., The grester utility of
this actinometer over the classical urenyl oxalete acti-
nometer is that the queantum yield is almost independent of
reactant snd product concentrations, intensity of incident

light and temperaturs. The experimental dstsils are
described below.

The volumes of 1.5M K‘CZOL Ssolution and one volume

of 1,5 FeCIJ solution (A.R. grade) ars mixed with
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vogorous stirring., A precipitate of KBFe(czoh)3’JHZP

15 obtained, It is crystallized thrice from werm wster
and dried in a current of warm sir at 45°C, The solid

i1s stored in desrk for a long period of time. A 0,006
solution of l’li‘o(czo‘.)3 is prepared by dissolving 2.947 g.
of s0lid in 800 ml of water and 100 ml {.0N sulfuric
scid and making up to 1 litre.

A standard 0.1 M FeSQO, solution in 0.1¥ suifuric

acid is freshly prepared an: diluted so that Fe''/mli is
about O.b = 10'6 mole in O, t N HZSO‘ ¢slled a, A buffer
solution containing 600 ml of IN sodiux acetate and

360 ml 1N sulfuric acid is made to 1 litre, called b,
Another solution containing 0,1% (by weight) 1,10-phenon~
throline in water 1s &lso prepsred, ceslled ¢, Zleven

25 ml volumetric flasks are teken and witn s grsdusted
pipette 0, 0.5, 1.0, 1.5, «svss, &5, 5.0 ml of solution
g 1s dropped intc it, The volume in erch £lask is made
go 10 ml by addition of 0.1N HESG‘. Add about 2 ml
solution b snd 5 ml solution ¢, make upto the mark
and allow the solutions to stand for one hour in dark,
The trasnsmission oi each solution is determined at 5100 A
4n 1.1 CM cell, using the blenk irsn-fres solution, The
plot of 1og I/Ip versus molar concentration of Fe'® is
linesr (Fig. 3.2). Its slope will give slops of the moiar
extinction coefficient,

The ferrioxalate solution is adaed to the reaction

¢ell and {rradiated for a known time t. Let the volume



of ths solution taken be V.. The irradisted solution is
mixed well and an aliquot volume V2 is pipetred out and
added to a volumetric flask V3. It i3 made upto the mark
by distilled water and allowed to stand for one hour.

An identical but unirradiated solution 4is used as @

blank, The transmission of the solution in the spectro-
photomster at 5100 2. in 1.1 cm cell 13 measirsd using
the blank solutiun in the retference beam, 7The nuuber of
dons of Faz’ formed during the photolysis (n?.b) may be
calculsted by using the expression

6.023 x 102 vy
n @
F.z’ vz E

.%Llosmu! /1)

where V' = the volume of actinometer solution irradiated
(ml)

V, = the volume of aliquot taken for anslysis (ml)

v.J = the final volume to which aliquot V2 is
| diluted (ml)

logqq 10/1 = the messured 0.0, of the solution st 5100 g

1l = the psth length of the spectrophotomoter cell
uaed {(cm)

€ » the experimental value of the moler extinction
coefficient of the Fe " complex (1.11 » 10b

litres/mole-cm is the atandard velus),

The quantum yield of Fe*? in the potasaium ferri.

oxslate Ghemical actinometer 2t room temparature for wave-
o
length 2537 A s 1.25.7
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The experimentsl dats detertined for this purpose

i3 as follows:

Vy = 10ml log,, I,/1 = 0.305
V‘ = 5m} le«1.1¢cm
V3= 25al € e 1.11 x 10%
<O

6:023 x 1Qf_ x_10 » 25 E,}Qi

nF.Zo 5 x 1,1 x 1 11 » 10
= ?ls X 10’6
7.5 x 1016 16
Therefore intensity of light = 1. 25 ,—20 = 10" quanta/sec

« 1016 4 1990 . 60

= 6 x 10" quante 1°! minute~!

Irradistion Resesrch Zquipment-Gammacell 200

The Gammacell 200 Irradistor for high intensity
geémng irradiaticn research is given in Fig. 3.3. It ¢s
capable of housing an annular cobalt 60 source having a
total activity of two kilocuries corresponding to sn
output of spprodmately 6 x 105 roentgen per hour at the
midpoint of tae irradiation chsmber without sxceeding
tolersnce levels of radiation about the unit as e3tablished
by the United States National Comuittee on Radiaticn

Protection®,

The cobalt 60 source consiats of 24 linear source

elenents srranged in a steinless 8teel rack to form the



equivalent of a radioactive cylinder or snnulus. Each
source element consists of 2 welded stainless steel pencil
filled with Cobslt 60 in the form of metallic cobalt, The
i{nner dimensiona of each pencil are 0.395" dismeter and
5,671" length., The diameter of the cylindrical source
measured from centre to centra of tne pencil is 5.5". The
position of the 3purce rcemains fixed relative to thé sgurce
housing at 11l tiwmes., The source housing cousists of a
steel-encasad lead shield., Provision is made in the shield
for location of the cylindrical source and an optional

helix together with & head plug which rests sovove the

a8ourco,.

A power driven drswer, containing the sample ¢hamber,
moves vertically inside both the source and the shielding.
when the drawer is raised to its maximum position, the
sample chamber is outside the shielding, where {t can be
safely loaded. For irradiation the drawer is lowered until
the sample chember locates automstically within the cobalt
sowce. The drawer 13 made up of three parts: (a) tne top
section, (b) the sample chamber, and (c¢) the lower section,
The top ®ection of the drawer consists of a steel encesed
1ead cylinder. Two stainless ateel tubes 5/16* internal
dleuster pass down thes full lengtn of the cylinder. The
tubes are in the form of a spiral to prevent géca radiation
lesksge. The sample chamber is located sbove the lower
section of the drawer and ie constructed of chromium-ploted

mild steel, A removable cover plate provides e88y access



to the chember. The cover is locked by means of s simple
spring retsiner at the top of the cover, The lower
section of the drewer is made up of lead encssed in a
cylindrical steel shell., A stainles. steel drainage tube
5/16" inside dismeter pss-es through the full length of
th sheoction. The drawer is moved upto two feet by an

electric motor operating tarough a suitable screw driver,

Megsureunent of che Radiation Jose

The measurenent of erergy asbsorbed in a medium
exposed to lonizing rediation ls cellec radiastion dosimetry.
Radistions are clasaified into two groups: electromagnetic
radiations and corpusculer radiations, When X-rays snd
gemma rays psss through the matter and are sbsorbed, ioni-
zatisn takes place by virtue of secondsry electrons relessed
Since alpha and bets psrticles, sldctrons, snd protons sre
charged particles, they produce primary ionisation on
collision with substrate,

A dosimeter solution should not be affected by
concentration of reactsnts and products, pH changes,
quality and dose rate of radistion over a wide range. The
analytical procedure should be as simple as possible and
sll solutions should be usable in equilibrium with natursl

surroundings,

The ferrous-ferric system is the most widely used ang

universally accepted 8ystem of dose meezsuranent at the



present time, It was first sugzested by Fricke and Moraeg.

They sugrested the use of Fe SOL in air-saturated, 0.4
molar sulfuric acid as & method for messuring X-rsy dose,
This concentration of sulfuric acid was selacted becsuas
it raisea the grom absorption coefficient of the medium
to that of air for Xe.rays of 0.9 0 0.2 xa in wavelengn1°.

Krenz snd Dewhurst11 heve propeosed the following mechanism.
1. H‘? __»_______’ H. O‘OH

2. Fo?*s OH ~——> Fa?* & OH~

3. H ¢ 0, ~——>H0,

4 PO2*4HO, ——> Feo' o+ HOS

- »

6. Pe? sl 0, ——> Fe>* + OH” + "OH

7. HY & O ———> H0
It has been shown that the primary radiation process in
water involves the formation of molecular hydrogen and
hydrogen peroxide formetion. The mechanism involves the

following ateps each of which may interact with the ferrous

ion,

1s RH.O -» H* .
2 H* +« OH +H‘+H202

<o OH #Ha—"-'—bﬁzooﬂ'



3. H® » H202 e azo + ‘OH
L., °OH « H202——-—) HZO + HO'2

S HO:.,_ ¢ HO'2 i 3202 + 0‘,2

6. H® + 0, ——> HO,
The nuuber of atoms reacted per 100 ev 1is known as G value.
The most accepted G velue for the Fe''® formation is 15,612~ 14
Tne concentration of Fe'® ions in the dosimeter solution
should be kept between 10"2-10"% molar. When the concent-
retion drops to a value lower then 2 x 10’5 molsr lower
yields of Fea* {ons are obteined. The sulfuric acid concen-
tration in the solution may very from 0.1 to 0.75 molar,
The yield of Fe* ions is diminished, when the acidity is
below O.1 molar, The temperature coeflicient of Fe3* yield
{s very small between 0° snd 50°C. Since the oxidation of
F°2+ fon requires oxygen, the yleld of Fe3* ion is reduced
when solutions are depleted in oxygen. However, it is not
necessary to consider the avellability of oxygen at moderate

dose rate.

The Dosimetry Solution snd Sample

Ordinsry distilled water is purified by redistillation
from an alkaline permanganste solution and then from an acid
dichromate solution to reduce the amount of organic impuri-
ties present. Better purificscion is achieved by refluxing
the alkaline and acid solutions for a long time before

distilletion. The glegssware is trested with concentrated



sulfuric acid containing few crystals of potsssium dichro-
mate. This solution should be handled very carefully, The
glassware 13 washed with tap, distilled end triply distilled

water.

The undue wall effects are slimingted by using a
pyrex glass contsirer having sn inner dismeter of at least
8 mm for gsmua radiation15'16. Thus practically all the
secondary electrons contributing to the energy absorption

originate in the aplution,

Analytical reagent grade O.4 g. of Fe 80,, 7TH.0

.
0.06 g of sodium chloride and 22 ml of 95-98 p:r cent

sulfuric acid ia dissolved in sufficient triply distilled
water to make one litre of solution, Chloride i1s added to
the dosimeter solution to inhibilt the oxidation of ferr:.us

fons by organic impuritiea‘v.

The ssmple contoiners are filled with this solution
and the dose rate at the midpoint of the ssmple chamber s
measured. This i3 done to get en uniform isodose gamma
flux., The time of irrasdiation is carefully noted. The
mean absorbed dose for the voelume occupied by the dosimeter

solution is derived in the following manner.

By definition

a - lecules product formed
(Product) 100 ev energy abaorbed

1 rad . fnergy sosorption of 100 ergs
[ 4



100 » molecules product formed

Theref ener absorbed =
oxe o J(product)

oy . -12 erg  _1 g,.rsd
* g 1.60¢ x 10 ev X 700 erge

- 1.602 x 10”12 & “‘°1°°“1'; roduct formed/grem . ..
(Product)

For the ferrous sulfate dosimeter, when the yield of ferric

ions is measured spectrophotometrically,

OCD - .D-
LY
¢ d

Fe*** ions formed (moles/l) =

where O.D1 and O.Db are the optical density of the
irradiated end non-irradisted dosimeter solution respec-

tively, € 18 the molar extinction coefficient for ferric

ions at the wavelengths of meximum absorption (litres/mole cm)

and d is the thickness of the sample (cm) used during the

measurement of the opticsl density.

Therefors Fe'** ifons formed (molecules/g) =

(O'Di = O‘Db) noles 1
! 5 1itre 20
Ed litre ~ 7000 g * 6023 » 10

Hence energy absorbed

O.D - OOD 6. <0
6 d G(Fe***) £

9
0.965 x 10 (Oigl - 0.0)

6 d P G(Fe***)

rads

Ths density of the dosimeter soclution is that of O.8N
sulfuric scid 1.8, 1.02% ¢ 0.001 between 15° and 25°C, 18

molec..ies

mole



19-21 at

The value of the molar extinction coefficient
305 mp 18 2176 £ 6 litres/mole cm at 23.7°C. The value

of G(Fe**?) 4&s tsken as 15.6 (for Coéo-gamna rays),

0.965 x 107 (0.D, - 0.3,)
Hence the dose absorbded = 3T > 1.02% > 15.6°d fads

1,75 x 1018 (0.D; = 0.Dy) o

Since the density of the dosimeter solution is 1.02%

1.99 » 1018 (0.D; - 0.Dy) 4,
Dose absorbed = 3 cm;—

The Fe** /Fe*** system can be analysed by estimation
of either Fe** or Fe'** fons, The ferrous fon may be
dstermined and the amount of ferric ion is obteined by
difference or the ferric ion may be determined directly.
The system is nost accurately determined sfter the solu-
tion is irradisted to the point of about 50% oxidation
provided that the measurement of the desired ion is made
under optimun conditions. The most sccurste result is
obtained by the solution whose transmittance is 36, 8%,
However the transmittance can very vetween 13-70/%. There
are two most commonly used anslytical procedures for
ferrous-ferric system. The dosimeter solution is diluted
and the phenonthroline complex 1s formed with ferrous ion
at pH 4~5 in a buffered solution at 510 wmpu. Ferric ion
is directly determined by its ultraviolet absorption at
305 mu., The procedurs involves only transfer of the



irradiated solution to the quartz cell and the messurement
of absorbsnce at 305 mu, Since the moler sbsorption
coefficient has a temperature coefficient of +0,7 per cent
per degree centigrade, temperature control must be main-

tained.

Other alternative method for the determination of
Fe*** ion is by O-phenonthroline complex. The dosimetry
solution must be diluted to a point where Fe'* ion concen-
tration is sbout 4 x 10° molar. The solution is then
buffered to a pH 4-5 with 2 M sodium acetate., 1?1 ml of 1%
aqueous O-phenonthroline solution is then added and the
solution diluted to a fixed volume with triply distilled
water, The color daevelopment takes place rapidly and the
solutions mesgsured in 10-15 minutes. The ahbsorbsnce is
measured at 510 mp. An oversll dilution of 1 to 20 should
suffice for 2 solution that has been irradiated to 50%
conversion. Thus § ml of dosimeter solution would have

{ts color developed in 100 ml of anslysis solution.

For the dose determinstion, dosimetry solutions
were irradiated for 5 and 10 minutes respectively. The

optical density at 305 mpu was messured using unirradiated

solution as & reference,

0.D; -~ 0.0, wes found to be 0,266 and 0.534 for
5 minutes and 10 minutes respectively,

Hence the dose rates are:



1.79 x 1078 (0.Dy = 0.Dy)
" ov/ml

1.79 18‘3 X 0,266 , 69 gy pr~!

- 5.1942 x 108 ev hr-!

18
and 1,79 x '%.' x 0,22b %-8 ov hr-!

e 5.2137 x 10 ev nr-!

The average doso is taken na 5,204 x 101e eV hr".

Approximste corrections were made for the difference
of electron density of the dosimeter solution and organic
liquids. For thias purpose Fricke Dosimeter is multiplied
by the retio of the electron density of orgenic liquid to
that of the electron density of dosimeter solution. The
value of this ratio for benzene is taken ae 0.84L5 and
for cyclohexsne as 0.785. S3ince the intensity of gamma
radiation varies with distence, the geometry of the
system i3 properly maintained by keeping pyrex glass cells
of the same diameter ana shape and always kept inthe same

poaition.



Sauples snd Irrsdigtin

Tetrapnenyl tin (m.p. 22800) wea dissolved in
bengzene a.d cyclohexane reap-ctively &t rooa temporature.
Aluost ssturated aolutions were prepared by dissolving
maximun solublc: metal phenyl at room tempersture. Ten ml
of tin tetraphenyl sclution were taken in pyrex glass
cells and were degassed by freeze snd thaw technique at

-2

10 © @=m of mercury using liquid asir. Semples frosen

under liquid air were sesled in vecuum, Thoy were

°

irradiasted by 2 kilocuries Co° -geamna radietion source at

smbient temperature for helf an hour or on hour, The

time of irr:diation by ultra violet lamp wes 1 x;inute.

Anplysis

Due to the lack of facilities gaseous producta
could not be anglysed, Analysers was made of tie
condenssble procducta, Vapour phese chromotogra .y wes
used for the analysis, It was aspurehended that tin
tvetraphenyl could pyrolyse to soue of tiese condensable
prodw t8, giving erroneous results. Therefore, unirra-
diated samples of tin tetraphenyl in benzene or cyClo-
hexsne were anslysed and it wes found to be stable under

experimental conditions.

A vapour phase chromstogroph, containing a fleme

jonigetion detector was used. For the analysis of



TABLE 1

Photolysis of tin tetraphenyl by 2537 A° in Benzene

Photoly-tic Products

Conc. of

EET N s AT v - S

x 1077 M x 10741
1 0.75 50,65 0.14 9.33
< 1.34 90. 48 0. 21 14,01
3 1.66 112.10 0.25 16.47
I 1.86 125.60 0.30 20.00
5 2.00 135.10 0.30 20,00
6 2.01 135.70 0.0 <0.00
? 2.01 135.70 Q.30 .00
8 2. 10 141.10 0.30 0,00
9 2:30 155.30 0.31 20.67
10 2. bb 166.20 0.31 20.67




TABLE 2

60

Radiolysis of tin tetrephenyl by Co -Y radistion in Bensene

Conc. of tin tetra- G (Diphanyl)

phenyl
x 10°° M
0 0.09
1 0.25
2 0.35
3 Q.48
[ 0.60
b 0.74
€ 0.86
7 0.90
8 C.94
9 0.96

10 1.00




Radiolysis of tin tetraphenyl by Co

TASLE 3

Benzene

60 - Y redistion in

Conc. of tin

tetraphenyl G (Dihydrodiphenyl)
x 1077 M
0.0 0.04L5
1.0 0.060
1558 0.065
3.5 0.073
he5 0.071
6.0 0,080
7.0 0.085
8.0 0.096
9.0 0.096
10.0 0.097

-



TASLE

Photolysis of tin tetraphenyl in cyclohexane

Cone, of Photolytic products
tin tetra-
phenyl Bengene QY. Cyclohexene Q.Y.

x 10734  x10"M x 1072 x 107 x 10~
0.5 0.60 77 0. 14 17
1.0 0.82 106 0.21 . 3}
1.5 0.89 115 0.34 b2
2.0 0.99 128 0.33 b1

TABLE
Photolysis of tin tetrsphenyl in c¢yclohexane
Conc. of Photolytic products
tin tetra-
phenyl Dleyclohexyl QeY s Cyclohexanols AQ.Y.
" 10-3 M »® 10-5 M % 10"& CYCIQheganon. % 10—‘;
x 10°7 M
0.5 0.26 1.58 0.16 0.815
1.0 o’m 1069 0.1?5 0.891
1.5 0.29 1.75 0,17 0.866
2.0 0.8 1.69 0.17 0.866




TASLE 6

Effect of radistion dose on photolytic products
of 1 x 10'3M tin tetraphenyl in cyclohexane

Photolytic products

Time in
minutes Con¢. of QY. Cyclohexene QY.
ban’.f; ® 10"3 » 10"3 M v 10"3
» 10 “M
0.5 0.50 128 0.087 21
1.0 0.95 122 0.175 21
1.5 1.50 2<9 0.262 =1
2.0 = - 0. 325 20
TASLE 7

Effect of radiation dose on photolytic

products of 1 x 16‘3m tin tetraphenyl in cyclohexane

Time in Photolytic products
minutes
Cone, of 2.1 Conec, of Q.Y.
DPicyclohexyl -4 Cyclohexsnols+ -ty
0™ » 10 Cyclohexsnone * 10
% 10-5M
0.5 0.25 3.02 0.037 0.38
1.0 0.39 2.36 0.075 0.38
1.5 0.52 2.10 0.075 0.29

2.0 0.66 2,00 0.075 0.19




TABLE 8

Radiolysis of tin tetraphenyl by coéo.f radiation in
cyclohexane
Conc, of
tin tetraphenyl G (3engene) G {Dicyclohexyl)
x 1073 M
0‘00 0.62 1.5
0.25 1.25 1.5
0.50 2'2‘5 ‘.5
1000 &.62 1.5
1.50 540 1.75
2000 5.50 1.5
TABLE 9

Rediolysis of tin tetraphenyl by 6060 - Y radistion
in cyclohexsne

Conc. of tin tetrsphenyl

x 1077 M G (Cyclohexeng)
0.00 3.00
0.25 3,10
0.50 3-25
-L.OO 3.00
1.50 3,50

4.00 3,25
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products in bengene, column was made up of high vacuum
silicon grease over f{irebricks and the working tenpera-
ture was 160°C. Tne products were coufirmed by the ti:e
of evolution wita s tanderd szutstance. JSauplcs were
anslyasec directly for phenylcejyclohexadiene and diphenyl,
The evolution of phenylecyclohexsdl ne tskes place first
and diphenyl comes next to ft.

The products in the irradiated tin tetrsphenyl in
cyclohexene were analysed, Dinonyl and cerbowax column
wes used. Cyclohexanol snd cyclohexene were evolved
befors cyclohexsne. 3enzene coxnes out next to it, A
column conteining high-vac silicon gresse was used for
bicyclohexyl. Cyclohexene and benzene are obta!ined on

a coluzn of dibenzyl ether on dicrtomacesus earth at 78°C.

QE3ULTS

Results are presented in Teblesi-9Y and are

plotted in Figs. 3.4 to 3.12.

Photolysis of tin tetraphenyi in beingene

Results of Table 1 sre plotted in Fiz., 3.4. Con-
cantrations of photolytic products, diphenyl snd phenyl
cyclohexadiene, increase with incressing concentration
of tin tetraphenyl snd a platesu is obtsired, The

quentun yleld also incresses in the same wsy and it is
higher for diphenyl.



Radiolysis ol tin tetraphenyl in_bensene

Results of Tavles 2 and 3 arc plotted in Figs,
3,5 and 3.0 respectively. The yield per 100 ev
(G velue) for diphenyl snd phenylcyclohexadiene i{ncreases
witn incressin concentrations oi metel phenyl. lhe G
velues of diphenyl are greser than phenylcyclohexcdiene

( dinydrodiphenyl).

Ph lyais of n tetraph 1 in cyclohexane

The results presented in teble 4 and 5 are plotted
in Fig. 3.7 :nd 3.8 respectively. %4he concentreticns and
the quantun yields o! bengene and cyclohexene (C6”10)
incresse regulerly with incressing concentration of tin
tetrsphenyl. The concentrztion and the quantum yield of
bicyclohexyl (905‘1)2 and cyclohexsnol and ¢yclohexanone
{ncrease and attasin a plastesu. The effect of intensity
of U.V. radiation (dose} on photolytic products of tin
tetraphenyl in ¢yclohexane sre given in Table & and 7
and are plotted in ¥Fig. 3.7 and 3.10 respectively., It
is ooserved that the concentration of bengzene, cycloe
nexene and bicyclohexyl increase linearly with time of
irradiation. The quentun yleld of cyclohexene doss not

chan:e with the incresse of time of irradiation.

Rgdiolysis of tin tetraphenyl in cyclghexene

Resuits in teble & and 9 are plotted 4n FL . 3,11

end 3,12, The G value of bensene increases with incressing



concentration of tin tetraphenyl. However, G value

of ¢yclohexene snd bicyclohexyl are nearly constant.,

DI 3CUS3ION

[hotolysis snd Radiolysis of tin tetrsph-nyl in benszene

The work done by other workers did not furnish any
data on dihydrodiphcnyl®¢ ygeld. Further tae diphcnyl
yields in photolysis werc very ambiguouﬂgB. Hence the
present work improves upon tis work oi previous work,

The photolysis of bcnzene in vapour ph:se was studied

by Srasun, Keto snd Liplkr‘b. They reportved that they

did not observe any enission or internsl conversion of
bengene molecules to emitting state, The internsl
conversion of benzene molecule takas plsce to the ground
state and photochenicsl resction was not observed. It
has been reparted that in the liquid phase photolysis of
benzene st 50°C, fulvene is formed. This finding was

not confirmedzs. Therefore the formation of dipheony) snd
phenyl cyclohexadiene nust take place tarough so.-a
mechaniem involving tin tetrephenyl and bonzene. Sinc-
ultraviolet irradiation of dilute solutions of tin tetra=
phenyl in eyclohoxane did not give diphenyl and phenyl-
cyclohexadiene (loc. cit.), it 18 ocbvious tast benzene is

reacting in soms way with metal phenyl to fora diphenyl,



Bengene and tin tetrsphenyl absorbd in thes same
region at 2537 A% and tin tetraphenyl absorb grester
than bengene. However, in all experiments concentrations
of solute is very low in comparison to the asolvent,
Therefore it is sefe to sssume that all ultraviolaet

radiacion is observed by densene,

Absorption of energy by benzene molecules lesd to
the formation oif several undefined excited ststes of
bengene. It has becn snown thet the first exciied Binglet
stete of bengens 13_.u, is responsible for transferring
its energy to socus quencner26. Therefore the following

mechanisa is sug:ested.

C.He —rn2p C6Hz and other ststes (0)
cé“é 3 6636 {1)
c6H6 + Sn(c6ﬂs)£—%> 3n(C6H5)k + C6H6 (2)
He) . :
&
snf Cltg) | ————> Sa(Cghis), (5)

Here tne {irst excited singlet state of benzene trsnsfars
its energy to the tin tetraphenyl 4n step (3). The
excited tin tetraphenyl forms either the cCH5 radical as
in step (4) or is self-quenched,



The initial phenyl radicals are relatively short
lived and it is poasible that first it mey sbatrasct 8
hydrogen atom from the aromatic substrate to preduce
on aryl radical which then couples with another phenyl
radicel to give a biaryl, This mechanism will need
high activetlon energ; becsuse arcustic C-H bond has
lsrge bond dissocistion energy. For the asme reason
it should give rise to a high lsotope effect, when
deutrated substrates are usaed, whereas in fact isotope
offoct is low or nil“ <%, Therefore the aryl radicai
is added to benzene and the addition is very fastig and
forms eryl cyclohcxadienyl radical, which disproportion-

ates to aryl benzene and aryi cyclohexadiane3°. Thus

Cells + CgHg —> €, Ay,

2 Cyyy

—d CZL'“ZZ

piphenyl (ceus) and phenylcyclohexadiene (c,zutﬂ)
-

is fomoa.
The foruation of Coeti,, cen ve expleined by
synchronous mcchaniem, assuning that the phenyleyclo-

hexedienyl radicals coupie in the cancnic forus to give

€

tetrahyiro p-quaterphenyl (1), walch mey bs dehydrogensted

to p-quaterphenyl (I1I).
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This compound was not detected by tue gas-liquid
chromstogrsphy, @ince the quentun yleld of diphenyl is
greater than dinydrodiphenyl, it is due to tae followiig

reaction.

Since the converaion ol tin tetraphenyl to
diphenyl and dihydrodiphenyl is only & few per cent, its
concentration is low and it 1s hichly reactive, s
stationary state appmximuon" of the mecisnism gives

tie followin @ expreasion,

A, [sn(cH,).

Te (CoHg) = Ky o g l3n Colg

or
Q.Y (Cgl )
BT (0H0

where A
K“ ¥ R;

and B = & factor which relstes the depletion of tin
tetraphenyl snd sinmulteneous formation of
diphcenyl



- Mv .. | ) 1 L | i

o Q2 03 04 05 06 Q7 08

: o
CONCN. OF wis.., X I0°M

FIG.313 PHOTOLYSIS OF Sn¢, IN BENZENE,

——



1 1 i | i 1 | ) |
O+l 02 03 04 05 06 o7 08 09 O
|

3

FIG.514 PHOTOLYSIS OF sng, IN BENEZENE.

R



1 1
A plot of : or
aotc‘céus_)‘; ‘lo!o(c'an

12)

1
versus —TTin tetrapheny;J is linear (Fig. 3.13 und

3.14).

The radiolysis of tin tetrsphonyl hes been studied
with an objective to find out the process by which the
energy iz trensferred to the¢ solute at low concentrati.n
from tne solvent, The formation ol diphenyl end
dinydrodiphenyl is not reported in the rediolysis of
bengene, Luminescence study has shown that fluorsscence
of p=tcrphenyl ad 9,10 diphenyl anthracene in bensene
is quenched by some metal phenyls32. ine energy
transfer process irou excited baenzene molecule to tin
getraphenyl during its photolysis by ultraviolet radlation
pes been discussed and a2 suitible mechanism is suygested
The products and the nature of varirtions in the quentunm
yield end yield per 100 ev (G value) 1s {dentical for
uy. V. end gemma radistion. Therefore the sam mechenism
4s operative in both cases and the stationsry state

spproximation gives th- expression:

A Ky Sn(C()HS)J
|+ :2 [Sntc d )_
1 63 ';\

K“.G(Benzone)*
K% ES E;

3(5n(C6H5)L) B

wiiere A s



G(Bensene®) is the 100 ev yield of excited benzene
molecules, which transfer energy tn the tin tetraphenyl,
The K's refer to the specific rates indicated by
subscripta. CExperimentel difficultiea did not permit
the determinstion of G(Sn(cﬁﬂsjk). Therefore it wss
replaced by its products a(céus)é snd G(C6H12)

respectively, Hence the expression can be writien as

Al l:jn((.od )A

G(Celg) = J(Cog) » X
Q < k_}t ‘)
1« on(u H, )
and [f"‘“oub)b}

i .s X1 1;5))

Here GB(C6H5!2 and 38[06H12) is the 100 ev yield of
diphenyl and dihydrodiphenyl from pure bengene,

It is evident from the sxpression that if the

concentration of tin tetraphenyl is very low, the preduct
X

=3 [?n(cbus)k\ 13 lez: than unity and 0(66H5)2 and
1

.

G(C6H12) increase linesrly with concentration, If th
concentration 1= hi-h, this value is sreater than unity
and 0(66H5)2 or G(CiHy.) 4is independent of the

solute concentration,

Above expressions can be writtun as
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1.3(06&5)2 - G(C6H5)2 - GB‘C&H5)2 i L'I‘ '-lbn(CuiS)J

n.

1 -A < Ce s -
£y [“3(~o~5)“)

A lq‘C; iq) l

T « vl(n((_ﬁls)j

ECRT;§T—'- versus the [%n(céﬂle given in Fig, 3.1s.
3.1€ give straight lines,

and

AG(C6H'2) = 1(068

The plots of Aatcﬁﬂsj

Since tue yield of diphenyl is considerably

greater than dinydrodiphenyl, it dces ot look plausibis

to essume tnat

> (G C

2 Cq gy

is only operative in diphenyl production, The produc-

tion of diphenyl and dihydrodiphenyl from cyclohoxg.

dienyl rsdicsl is favoured ther tetrahydroqnutcrphonyl

The resction is given below.



Ar H
4 ]J_@ D

H H

A __—H
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ST ey

It has Leen reported that tip tetraphony)l 4

capabie to dissociate es tin diphenyl end dipheny;3?

dince tin tetrephenyl 1. cyclohexane by ultraviolet

redistion do nov give diphenyl, this Contention is ruleg
out. 7Tnerefore the other possibility 45 th ¢ tin

tetraphenyl dissociates as:
sn(CeHs), —> :Sn(CéHS)‘ * 2 CoH,.

The phenyl radical subsequently rescts with Cyclohexs.
dienyl radical to give bensene snd diphenyl, as alread
L] y

discussed in photochemicel wesction, The fate of T

diphenyl could not be investigated, However i ¢
’ s

possiblc thet it might resct with hydrogen or acety)
ene

( gassous products of radiolysis),



£Botolysis and Rediclys 1 wn Yetrephenyl in
cY¢.ohexsne T

3ince cyclohexsne 1s related structurally t-
bensene snc all hydrogen stoms are ®quivalent, th- loa,
of any of them gives the 8ame product, Gunning35 found
tnat photochenical reaction with Cyclohexane is Solely
free radical in nature en: direct C-H bond 8plit takea
place, ‘rsi, Jato and Shida3’ found t:at hydrogan,
cyclohoxene s bicyclohexyl is formed in the reaction.
The primery photochemicel act s the forastion of ¢ycloe
hexyl redical (C.H3,). Thus wne. cyclohexsne s
irradiated by ultreviolet light, eyclohexyl radical is
formed along with hydrogen. Subsequently cyclohexyl
radicel disproportionates intc cyclohexens ang bicyclo-
hexyl ‘“6“")¢' Thus cyclohexyl radicels are precursors
of bicyclohexyl. S3cavenger reduces tae yleld of cyclo-
hoxens., Unsaturated products formed during irrsdiatgon
can act as scgvenger. Another possible step for reducing
cyclohexene yield is the combinstion of hydrogen atom
with cyclohexene forming cyclohexyl radical, 1In the
presence of hydrogen cyclohexsnol and cyclohexanone ap.

Following mechaniam explains clearly th- formatisn

of different producta from U.V. irredistisn of Cyclohexans,
Ceqpy —> Yglyq + H (1.
/—” “610 + iy, (2a)
“«Ceflin N\



H™ + CeHyq —> (i}, (3)
2 °6“11°.2 ~——> CgH 400 o Cgliy 0 (5)

In addition to the coumon products listed above,
bengene is formed in sufficient emount dur:n~ th- photo-
1ysis of tin tetrsphenyl in cyclohexasne, 3ince benzene
is not present in th. normal photolytic products of
cyclohexane, it cen be essuned that tin tetraphenyl is
directly involved in its formetion through energy
crrensfer process fron cyclohexeane, In the radiolysis
ol lead tstrsphenyl is deuterated cyclionexsne, benzene

and deuterated bensene are formed in the following msnner,
(céas)k Pb + CyDy, —> Cglig v CoHlgd

This goes to esteblish that some excited state of tin
tetraphenyl s involved in the production of benzene,

Following aechanism i3 sug ested for benzene formation.

Cely o e ceu;, + H° (1)
CeHyz  —> CgHy, (<)
06810 £ 06H12 (3a)
2 iy,
(Celiga), (3b)

» *
Collgg + SplCelg) > C ity 3““0"5),. (&)
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BN(C Hy) ey : i
s/, Sn(céﬂs)‘“n +nC, (5)

It is snown in the 1'1g8.3-17-3.22 tast 1/qusntun
yleld versus 1/concentration oi tin tetraphenyl practi

cally gives straisant line, wnica can oe expressed in

the form

1 1
c - K == ¢ cons
Juantum yield _]fntcéﬂsjéj tant

Since the quantum yleld is proporticnal to the

concentration of tin tetrsphenyl snd slso the concen-
tretion o! products versus concentration of tin tetrs-
phenyl is nonelinesr, it seems pleusible to pasume that

two independent proce:ses are involvad in the formation

of photolytic products. One of these is concentrstion

dependent and thne other is not dependent upcn concen

tr.t-ion .
It has been alresdy pointed out tuat different

excied states of tin tetrepnenyl erc iovolved in the

pnotochamistry snd radistion cneaistry, Uyne sug

Jenkinaun36 found out that an excited moliculs of

cyclohexsne 12 quencned by denzene and iodine.

s oprestal and Hem11137 postulated two kinds of exciteg

cyclohexeneé molcculea . One of 1t 1a formed by ton
end can diesociste to give moleculer

re combinatior



products suci as hydrs cen gng Unssturated Products,

Its 0 value is 3.0, The other ong la not forneg by
ionic preecurscrs and dis.ocistes intg ¢yclohexyl
radicel an_ therxal or g hot hydrogen atos, Its G
valus 48 ".85. The discoeistion of excited molecules
into moleculer products f= les: com on then dissoci,.
tion intc free redicpls, Further the Uneatureted
products are not found snd the yield of Cyclohexene is
practically constant, it s gofe Lo rejact ti.o foristion
of excited ti: tetr-phanyl tirouzh excitotion trp nsfer

from excited cyclohexane,

Tho other slternstive 1s tue charge transfep

£
mochenisa, becsuse parent (... ion is bighly stsble.
Cyclohexsune is iouized by ¥V rediaiion gny the electron

sjected durin. lonization hes cunsidersble energy. The
fate of cyclohexsne ion 1o either to resct wiy, sn {on

of opposite sign to form a neutral entity such ss,
- : i - |
CeHgp + & > Cflpp == CHL,  or

As th excitation transfer Lrom ¢yclohexana to tin

tetraphenyl 10 ruled out, the other psath seema to by
the charge trsnsfer. Hence the mechenism onp be s

followa:
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C H B PPSP o

3°12
Collyn + 3nlCHg), > C s o 50(»685): (2)
Sn(céﬂsj; ¢ @ ——> (Céﬂ5)b Sa* (3)
3"‘°6"5’: D (Lo"s)‘-n ~a ¢ n céﬁ; (&)
c6“5 ¢ Cgpg > CGH » C6H1, (5)

Thue the reaction (7) protects cyclohexenc an: the

coce: trotion of CgHgy, which e the precursors of

cyclohexene end bicyclohexyl, is decressed. This
surzestion fs contrery to the observations of Leihton

anc Mortensonsa. who irredisted lesd tetrsphenyl in
n~hexsne and rcported the formation of aiph . nyl,

on experiuentsl findingse, they concluded thet phenyl

desed

redicel does not react much with each other or tne
Benzene is foraed in reaction (5), but its

compound.
value attains & plateau. This 111 tske plecs, by seif.
quenchiiig,
o B e 2
3“(56H5)z * on‘c5ﬂs’l. Sn(céﬂj,k {6)

hile step (3) 1s linear in benzene production, but
w
48 sffected by self-quenching, 2 s1aplifyeg

the rote

kinstic expression cef be given 4in th: form

+ X' and the plot of

1 UT' ",n
A_\ltLdH }'5 ‘
is linear (Frg-, 3, »
! rsus '[j Cale) . 3).
14(56“6) e ‘ 675 _J




The yteld of Cyclohe :
the same s3 with pur: cycl::f:;i:?u';: :3 e
by benzene, “inilerly the yield o5 et

- @4 bicyclohexyi 1o

8lso aluost squal t. gy yleld from pupe 8olvent. \lone
ol tacse products arc equel to eacn other or benzene,
<lice th. formation of these products iLore or leas tne
seme, as from pure s.lvent, ¢yclohesyl radieas) {orued
i srep (5) rescts withn hydrogen to forg Cyclohexane,

Consequently it does nst contribute towards the formacion

of products like cyclohexene and bicycloquyl.

The ratic ol intercept/elops for differant

products is given in Teble 10,

TAILE 1g
Product I"t.rcept/aldpe
Photolytic (CgHg) from C H,., 183.0 -
Photolytic (Cgyn) from CoHy, 590.0
Photolytic (L Hyq), from Ciliy, 117.0
Photolytic cyclonexanol + ¢yclohexsnone
from L iy, 48.0
Photolytic (LOHS)? from Céﬁé 6%.0
Photolytic (L ji4,) from C H 670.0
Radiolytic product CgHg from C.H, 590.0
Radiolytic product CgHy, from CoH,, 1500, ¢
Radgolytic product (Cgiig), from C i 115.0
400,0

Radiolytic product (f,,ﬂ,9)? from CeHe
- .“M-‘““‘ ———
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INTRVDULI{QH

The photochemiastry an. radiacy g

tin tetrephenyl in

presented in Chapter 3. It has deen e5Lnblisngg by
lumninescence atudy that lenoprgy 45 tranaferrod fyon
solvent to th: solute at low Concentrations, The ener;y
transfer tekes plece fron sn exclited

state of the aslvent

to the solute, which subsequently undergoes son

Bitized

d position. According to the current theoretical
ecom .

lews an excited state of cyclohexane in vepour phase 1s
v

hishly unstable anc it decomposcs inte » single vibration

iod. If such excited stete is presene in the liqueg
pericd.

enerygy to the
iting in the protection o: the hydrocarbor,,
resu

stste, cyclohexsne will transfer the 8olute
| 4

The work in this chapter deals wita the efigct
f somne closely reisted organcmetallic Coupounds of }eaq
on the photolysis an. radiolysis of benzenc @na cyclo.
:;xnne. It is ained at Lo gut 80.e further unﬂﬂrotanain~
the maechanisx by which a low colicentration 8clute
:j;orncta with an excited species forueq g, benzeng ang
cyclohexane by ultraviolet and gem » radiation,

The
de investige:ed are lead
11ic compoun
orgsnometa

'Lr,‘)x

o



tetraphcnyl, nexsphenyl di lgad, triphenyl lesd
culoride enu trigaenyl lesd hydroxide and ti solvents
ch. sen are bshzene and cycionexanag, Frotectioc.. gnc
senvitization of these or enometsllic coupounds in
benzene anc cyclohexane was astudied in an atteupt to

iuprove our understending of the decouposition in these

closely related compounds of lead.

EXPERIMENTAL

Purificetlon of solvents, sample preperation
»
{rredietior and t'o analysis of condensabl: products were

donc exactly 4n the seme manner gs described in Chapter 3

Th

liadtaticons,
irrsdiatic. 80 sanples were analysed in tue fol;owing

-gdeous products were snalysed due to experimantal

Lead was founi in metalliic state gfter

mnanner.

Legd Anglysis

Colorimetric method of snalysis hes bean used

Lead in the irrsdisted senple is recov:red

for lead.
by filtration of solution using & fine sintercd glass

sollowing precautions are taken prior to the

disc.
filtration of the "mple. The filtrete dch is wa‘h.d

soversl times with warn 10/- nitric acid to remove eny

trace of land. The disc is weshed severa! tines with



jure distilled wster until woshir s ar: aeciu f
¥ | w {rea. It

14
tested by » litsus psper. The disc i washed with

alconol to remove water from tac Lilter purea L
® ne

cont _ate of tae ir u.ation cell are filtered through
tne aisc end tie cell 1s rinsed several times with warm
§ ul bengene oF cyclonexane, a&s th: case .u@y bu, and

rinsings ar< 8ll filtered. Tac filtered disc 1is
with bsnzene or cyclohexane to remove

finally weshed

of compound. Now the disc ghould hold only

1rst trace
Lead or its oxide end the cell mey retain sc ¢ lead
. on
e, - walle Tho lend on the cell wall 1s rezoved by 10;
{ad

-

nteric acid and the disc 4s also washed several tirve
e

with 10~ nitric escld solution and all thc washings are

tro afaerroed

giluted @ the mAr
¢ acid aolution

lead cust L- Less thsn 3 Bo
ransserred 0 50 ml erlenmeyer flssk. To

to 8 voluretric flask and the solution is

kx by 10! nitric scio. Ten per cent

4. diluted to . nitric acid and

nitri
t iicvre. Ten ml of this

solutioc. i1s ¢
sose fo sddes 10 sl AwveS. solution. An A.L.3. selution
gmaonis diluted to 750 al end

- hUO g COiiCoe

contall
cyon

{de added to 1.5 g socium
’
liy the volune is diluted

wntar. This ie treated with 10 ml 0,001

to 1 Litre with
carbon tetrachloride

th‘.soﬁa in

oluﬂ") die
o 18 vigorously sheken and the layer 4o

The soluti
: epd thissone le red,
L The upper

to s‘p.r,’o ta.
J1lowish. If the carbon tetrachlorid
®

(waigﬂt/v



Photolysis of Leed Tetraphcnyl in Benzeune

mahtun yield

=3
i 4 s o

0.25 0.05 0.01 0.026
1.0¢ 0.09 0.02 0.047
-, 0.12 0.0? 0.055
3.00 0.15 0.03 0.068
4,.00 0.17 C.03 0.089
5,00 0.1 0404 0.090
6.00 0.19 0.0k 0.096
”.00 0.19 0.0l 0.096
8.00 0,20 0.0k 0+ G99
9.00 0.20 0.04 0.09y

0.20 0. Ok 0.0%9

10.00




‘I':l dé Y 2

Fhotolysis of Hexsphonyl dilead in Benzens

Luantun Yield

(B#by) x 1072 . 7 i —
0.25 0.025 0.007 0.024
1.00 0. Ch5 0.014 0. Ol
2,00 0.056 0.015 0.052
3,00 0.075 0.016 0.065
4.00 C.055 0.017 0,037
5,00 G.030 0.017 0.089
6.00 0.095 0.017 0.093
7.00 0.095 0,017 Ve 095
4,00 0.096 G.017 0.096
.00 0.077 0.017 C.097
- 0. 100 0.017 0.098

10.00




TASLE 3

Photolysis of Tetrophenyl lesd chloride ir Benzene

(¢2pb?) x ?0-3

“uantun yield

#, BoH, Fb

0.7 0.023 0,007 0.022
1.00 e Uled Ue013 Vel
— 0. 052 U014 e 050
5,58 0.067 C.015 Ul 064
5 0.083 0.016 0,085
s 0,087 0.017 0.089
oo 0.092 0.017 0.091
" oo 0.097 0.017 0.096
o 0,099 0.017 0.097
3 e 0.099 0.017 0.098

0.099 0.017 0.099

1.00




N

AU aals

fhotolysis oir Triphenyl Lead Hydroxide in denzene

Juantus Yield

-J
PBOOH) = 10
(#5Pb0H) "y = -
Je ?5 000-’7 0.008 0.028
1,00 e Ob7 0.015 0.049
2,00 C.0546 0.016 0.056
4 017
3,00 . 068 0.01 0.070
0.018 3
4. GO 0. 090 0.091
0,016 B
5,00 0.0946 0,095
'.. 3 0.01\- 0.0 7
6. 00 Ve 0¥ 9
7.00 ¢
: 0.099 0.016 0. 100
CQL'V
0.097 0.018 0. 101
9.00
10.00
/’-—.— ———
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TABLE S

50 _ y iaciolysis of Lesd Tetrsphenyl in Ben.ene

[ E

e 5 value (100 e.v. yield)
3 . ‘
. o e 095 R
] CeJd C.70 0: 11
5.k8 0,92 C. 14
2
94 1
’ 0.5:‘ '010 Uel0
AL
6058 ,006 O o
L
0.62 1,40 0.16
5
0.70 1.4° 0.16
6
0.08 1050 00’6
’ 16
0.7? 1.54 C.
8 ’
0.7“ ’.55 0.‘0
9 -
0.75 '.OO 0.10
10




TASun &

Co®v - 7 Hadiolyais of Hexaphenyl dilead in denzene

-3 G Value
(Pbyflg) > 10 Pb ¢ B,
0 0 0.095 0.07
; 0.28 0,48 0.10
» 0. bl 0.70 0.121
3 0.52 0.78 C. 14
4 0.56 0.92 0. 14
. 0,60 0.96 0.14
. 0.69 1.02 C.14
0.68 1.08 .14
’ 0.70 1.10 O 14
° 0.72 1.12 0.14
? 0.72 1.16 C.14
10




TABLE ?

c0 - T lisdiolysis of Triphenyl lerd chloride in Benzene

Co
.‘-‘-.-“__.—-T.-". - G Value ‘
(P5poid) = o = . btn
I
0 0.0 .09 G.07
1 0.25 Gudsd 0,10
2 0.&2 0.60 0.11
3 0.50 0.73 0.13
" 0.5b 0.89 0.13
0.59 0.9? 0.13
? 0,65 0.99 C.13
) 0.67 1.03 0.13
’ 0,68 1.04 0.13
) 0.68 1.05 0.4
i 0. 08 1.07 .14
10
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TadLE &

o™ « ¥ ilediolysis of Triphenyl Lead Hydroxids in Senzen

“ﬂijuw) . 10=2% - ';alua
2 i,
. Ce0 0.075 Ei
’ = ke 0.11
’ G 008 0.12
3 C. 53 Co o
" 0.57 5.9 e
- 0.0J 0.94 0.15
o 0.0 1.0u iy
7 0.0 1.65 G 15
8 C. 70 1,07 0.8
9 G.73 1.09 0. 15
C.73 1.10 6is




4 @ct ol dose on photolysis oi rbﬁh, Pb.g, , &
o

10&.2“., 2

and ¢3rcﬂd ia Jenzene

Concen ration = 5 » 10~

3P0Ll

<usntum yield of Pb from

+rradfati ioe
in minutes
o Pogy PO, #4Pocl #3P boH
60 0.0579 C.0780 Ue 0734 0.0830
30 0.%%15 0.733¢8 0.2204 0. 2490
120 0.4831  0.4571  0.4409  0,4979
150 0.8050 . 0.,7793 0. 7347 0.8254
160 0.8610  ©.9353  0.8816  0.9906
210 1.1200 1.1160 1.0280 1,155¢
Tadui 10

sffect of dose on Co

g.ppcl and ¢3PbOH in Benzene

Concentratizn = 5 x 10

w3

60 ’
- Y radiolysis of Pbgk, Pb?ﬁo'

T diazion tine ) Spb. Lrom o
' rv"n y ¢ Jéss W - — s &
in ninutes pof,  FBfg  BPOCL gopyy
\
" 0.4673 Ce 542 0.375 0.375
. 0.726 0.850 0.593 0. 602
)
730 BT L2y 4
20 '

105

—



TASLE 11

Photolysis of Tin .etrsphenyl in Cyclohexsne

Jusntun yield of

-) s -

x« 10 tuﬂb UOH’O “'.)':ll)-\ Pb
0.25 0. 060 C.019 0.159 G 045
0.5 Ue 141 0.02y 0. 168 G. 072

1.5 0.275 0. 0b3 0.172 0. 121
2.0 0. 251 0.04) 0. 174 0.130

L eme—
ra3Lr 12

{exapheryl dilead in Cyclohexsne

Photolys:s of
‘_’..’.-"-—'_
pam— ‘yantum yield of

——— -
S ——

—— ~ C.H )
> 10‘3 ' ;o“o L6 10 ( B ")e e
_-'-""‘-—’ ‘—'..—"- o
-——"‘;‘" . 101 0.010 0. 158 0.052
002 i .
0.151 0.026 . 104 0. 080
Q.50 : 0.172
0. 23h U.0bV . U121
1,00
1.50 )
5 0,277 0o Ol C.170 0.137
2.00 ’ mp————
PR
— =



TA3LZ 13

-

(P32 ouid) Juontun yleliu of
. 0~2 ) T -
cHy S Cetnly PD
Ge25 0.097 0.019 0.159 0.0b9
0.50 0. 151 0.029 0. 168 0.076
1.00 0.226 0.0b1 0.176 0.115
2.00 0. 26k 0s0k3 O 17k 0.131
......... Iy
T 31,5 15

: Tr!phcnyl 1end nydroxido 4n cyciohexnne

Photolysis ol
-“‘/ ""-‘f
Jusntus yleld of

(¢Jrou3) ==
" 10-3 . LQHQ b!.)H'Q (LO 112 £
__—"-—-"‘/
0.097 0,018 0. 15¢ 0.051
0.25 . . :
Qe 50U i
0. 231 0. 040 0. 172 0.11y
1.00 .
0. 250 0. 0b7 0. 1% 0,126
1.50 32 0. 0b3 0.176 0.130
Oe 2

ﬁ.oo /



TA3LE 15

0_ v rsoiolysis of Tetraphenyl lesd in cyclohcxane

Lo
(s ;zb) G value
x 16724 Collg Celyg (Cllya), Pb
0.25 1.65 2.97 145 0.52
0.50 2.50 3.00 1.45 Co 9l
1.00 4,90 3.05 1.45 2,18
1.50 5.80 3.0k 1.45 2.63
2.00 6.20 3.00 1.45 2.89
_‘./ ——
TABLE 16

uexaphunyl dileed in cyclohoxsne

o2 . ¥ radiolysi® of

(

—
APhoFy) --““"'1:]I;:——~—7hop,,)2 Fb
B 10"3;, "o"b/'-___'i___,.-
___‘—;‘55 . 1,45 0.00
s | 2,98 1,40 Ue 54
C.25 bsl? 00 1.67 Ue90
V.50 p- j:oa 1,45 2,30
1,00 2.9° " 1,40 2.7
1,50 3.5 }:,, 1.46 2.95

0o
—fl—/j.s/,/



TABL' ’7

o0 _ y pgdiolysis of Triphenyl lead chlorice in

+0
Lyclohexsne
(¢)Pbcl) G velus
x 1077 o Cehg Cethg (CgHyqdz Pb
0.00 0. 60 2.95 Veked 0,00
0.25 1,10 2.99 1. 4o WEAd
1,00 »,88 3.09 1.47 Fa 3
1.50 3.70 3.1 bbb 260
‘oo 3.48 3.13 1.46 S
2. ’
e ——
e
gAILE 18
axide in
myl und h’ﬂr"
50 y r'j‘nly’ [ of Triph -
‘o yclobﬂﬂ'

J

53 Coto — 0
5 10" B 1,45 Ds ¥
0400 1,40 =¥

e QU 2,97
1.'0 1.w 00’5

0,75 20”
1,50 5 1,45 2.7

Q.50 .

2,70 . 1.40 2.55

1’00 },'Q
3.19 1.47 e

1,50 3.19
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deyer is Wri ut rec and tie Up,.er layer is colorless
a5

taere is probeoly too much lesd in tue Bauple. Lnough

oL carbo.. tetrachloride layer is cerefully trsasierreg

to £ill tae experimentel cell end opticsl density is

deterniied st 520 up. Tne optical density is also

determined by 1. nitric acid standard lesd solution,

The resulta of the snalysis are presented in

Tebles 1-18 and sre sunnarized in Figs, 4.1.4,18,

RESULTS

The major condenssble products formed during
the photolysis of lesd .eLraphenyl, hexaph:nyl dilesd,
triphenyl lesd chloride sna triphenyl lead hydroxide in
banzene by ultrrviolet light are dipheayl, phenyl
cyclohexsdiene (fi,) and metallic lesc., The quantum

yield ot diphenyl incresses regularly with tic concen-
The quantum

tration of the solute end reacies & plateau.
yleld of diphenyl is nearly doubie thet of metsliic lead

in crse of lesd tetrsphenyl snd necrly equsl in the cese

of other lead compounds,

Th> rediolysis of lesd tetraphenyl, hexsph ny!l

dilerd, triphenyl les! chloride and triphenyl lead hydro-

xide in benzene by Coéo - ¥ rays gives diph=nyl, ph-nyd-
producte.

cyclohexadiene snd lead ss major condensable



446 Tatlo of tue yield of dijhenyl to metaliic leau s

8ludst twe 15 the csce of lesd teiraphenyl. rHowevey

tacs ratio is sp roxizstely grester thun one iu case of

otuer lesd compounds.

To observe tho efiect ol dose on dilute

solutions of lesd phenyla, some concentrations were
taken in benzene snd irradistcd by ultrasviolet and gamme
t 45 odaerved that th quantum yield and

redistion.
of lesd increnses li.early with dose of

the 7 velu
rodisticn (Figs. 4.9 and 4,10).

The major condenseble products forred in the

photolysis of lernd tetraphenyl, hexaphenyl dilead,

triphenyl les. chlioride and triphenyl lesd hydroxide
11 cyclohexane by ultraviolet light ere benzene, cyclow
haxene, bic,clohexyl end metellic lesd. Ine quantum
yieids of cyclohexene and bicyclohexyl incresse regu-
The ratio of the quantum

larly with concentratioun.
yield of benczene to metellic lead is nearly wwo in each

¢asea,
The major condenssble products formed in the

radiolysis of dflute solutions of lesd tetraphcnyl,

hexaphenyl dilesd, triphenyl lesd chloride snd triphenyl
cyclohexene,

lead hydroxide in cyclohexsne sre bensene,
The yield of cyclohexens

bicyclohexyl sand metallic lead,
and bicyclohexyl per 100 ev ar: slmoet the same in esch



Coupo

round snd th Values practically remain Conatant
sac ylelc ou diphenyl 1. doudble witn resy ct to lead
in vav cuse o1 lead totraphenyld., However, the yldel

o4 diphenyl ii other lead phenyls is aluost equal to

the ylelu oi lead.

DISCUSSION

FPhotolysis gn. Rediolysis of Leasc Tetrsphcnyl 4n Ben g e

Lead Tetraphenyl
Tho lerce yield of diphenyl and dihydrodiph-nyl

cznnot be explained oy the direct diszocistion of lead

tetraphenyl by sbeorptioc: o1 energy directly, becsu:ze
solutioc.. is very dilute snd therefore th electron

frection of t.e solute is vary samall. Further no
digh iyl production has oeen noted in tne rediolysis of
lesd tetraphenyl in cyclohexane, although considerablie
smount of bengsene nas besn founa cut. iherelore decom-

position of lead tetraphenyl by sn attack of phenyl
redical is ruled out. Further tetraphenyl lead is

e
deconposed tnorm;lly', or photochemicslly or by high
energy radistion>**®, Since no dihydrodiphenyl or lead

yield 12 reported in the photolysis of lesc tetraphenyl
306 gn sttempt

in benzene and the datas ere not precise
hss been mede to improve it snd to provide morse



4 !‘Dr i on "" - g 80 3" 5 dihydrodi ’heny

to lead, the followin, mechanism is sug;aesteq, w ich §
> ] ‘4, 3

dte consistent, with thst discussed iu the Chasptep ;
ol S A Jo
dince diliercnt excited states are involveg in the phot
O-
caendstry s.. radiation chemistry, taerefore the yielc

must ve aifferent.

" — g ™ -
g~ ——> g . H (1)
g+ PO —> i + POG, (2)
Pof, ~———> Pb + 4f (3)
# e f ——>g2H (4)
2 ol ——> f, ¢ Pol, (5)

Py, + Pof, —> 2 POf, (6)

Here in step (0} at least two differeit exciteg
states of benzene are formed. The nigher excited state
forms phenyl anu hydrogen as in step (1) ana the lower
excited atate transfers its energy to the solute, which
congequently undergoes photosensitized decouposition
into phenyl radicel and lead. It has been already

discussed that the chances of the formation of dipheny)

from phenyl radicels ere remote. Hence the products gre

formed vis step (5). According to this diphenyl and

dihydrodiphenyl must be present in equsl emount. A



nots {ff )
1otabl: difference i: thr vslues end higher yields

diphenyl can Le given by the following resction

for

Here
tiie attack ol phenyl radicsl

Prpot——>p v by (7)

{rom benzene on ¢?H give diphenyl, Thus from stocni.
meotrdC conclderstion the yteld of @, is twice of lead
Another possiolc reactic. for the formstion of diaydro-

diphenyl csn be given oy the reaction of hydrogen redicel

with g,H.
H o gH > ﬂ,ﬁ? (8)

If step (8) is operstive, the yleld of ¢2 and ¢?H?
must be equal. It is contrary to the exparimentsl data.

Hence the only possibility of tnis resction is in “spurs-,

Steps (0) enc (1) replaced in the radiolysis of
benzene because several excited states ol benhzene are
involved. Therefore ste.s (0) and (1) is replsced by

the following:

ey

Ui —— g, i, B (0)
P ——— LI (1)
#i**" ———> gaseous products (2)

Hexa nyl dilesgd

The following meshsnism in photochemistry is

sugr-ested.



i ——— m* ‘ %to -

L 1
ﬁ.l ——2 f." + H® (1)
"Q ) ; .
B e Pogfly ——> i+ Poyg; (2)
Pb ﬂ‘ .
& o¥g Shee— 2 ?bﬁj (3)
2Pogy  ——>PbY + Pop, (4)
Poﬂ? ——> Pb + 2¢° (5)

g+ gi ——> P,H (6)

2 By B, (7)

2 PbPy + H ————> #3PbCH, Pbg, (8)

In this mechanism triphenyl lesd redicsl dispro-
portionstes intc lesd tetrephzonyl end lead diphenyl, which
yields wotellic lesd and phenyl radicsl by frszmentstiocn,

The yield ol lesd and diphenyl are equal and the above
However lead tetraphonyl is

méchanism sup,.orts it,
formea ss a product and it should dissociaste to give lead
It 1a

ana diphenyl resulting a high quantum yleld.
contrary to the aexporimental observations.

certain that the energy from benzene is dirsctly trans-
ferred to hexaphenyl dileac and not to the product. Lead

triphenyl radical cen further resct with benzene to form
This

Hence it ias

hexaphenyl diplumbyl bensene as in step (8).
Therefore it could not be

product is soluble in bonsene.
1solated from hexaphenyl dilead anc lesd tetraphenyl.
It has been regorted that benzene forms acetylene

during Y-rediolysis. Therefore triphenyl lead might



repct with ace _
2 ‘Ylene to for

2 hexsphonyl dipl

plumbyd

acotylons (g b 5 G
(Pyrbl = DY),

Triphenyl Lesg Chiori.e

rol 7t
lowin: mecheniam 4: sug.estea on the besis of

equel le2

¢:<:” — i, (0)

@it —> H e f (1)
gi” «+ g3POCL —> Mo ¢,Pbc1' (~)
> ¢39ut1“" > §,PECL" ¢ PD e bgeCL (3)
gpocL’ v €10 = g Py (4)
2¢-,za*..---72¢a (5)
> gt v 2 WA — 2 o (o)
2 @ > 5 + P22 al

fne phenyl reaicels formed in step (3) resct wits
4 tius 1T ys depleted resulting

rm pensens &
Further

d snd diphenyle
(k) coul. not be

z with

nydrogen o fo

1 the formation of squal les

diphenyld leed dichlcridc forncd 10 step
becaus® (v 418 solubl® i{n benzne glon

{golnteds
ad chloride:

tf!pﬁ»wﬂ cx

lzlggggxg_Lead derOXQQQ N 1
ne smount ol load and fpheny equel,
3inc® eh
:altcd.
owing macNani sué-



gt —
= B? .
e
B e e i® -
g § wi
L ] ﬁjg R ﬁ fb&i“{dﬂ‘ ‘7}
ﬂ_‘dpﬂﬁ ’ | a e
3 —> gyP0° « O0d*
g LR {3)
35 0" ——> rbf, + Fog,
- (4
s =3 Fb + 2¢° )
Pb ¢ U e (5}
@p + OH® ——> OPbf, + H°
. {6)
g* » P ——> gy
2 H - "
p? ” ¢9 * ﬁ‘r‘*—) (
8)

i@ com
pound formed in step (&) could not b
a

1 Olat. ) e
- * ‘11

Co.pounus ’ | me
oi leec mentioned here in the mechani
8qn have

The plateau 1i the curves has &
een

beon rtp~ff'u5-

La3unomensn oi self quencning

ateriouted to b

Photolysis n!)J_ii'g.i_Qh’gi.!—L-r Lead Aryls du cyeloherane
e

n of di £ erent products in the photo

The formati®

yclahaxnne an the presenc
pined by aUISnbLP mechani
re forned lead cetraphenyl., Hetallic
onas prod

Tu:‘ii""‘or

e of tin tetrsphenyl

lysis of €
sm in the Chapter 3

hns bean expl
with

Some products o
uet and penzene yield is twice

lead 15 on #951®
e 2 pachanisn quite anslogous

th. yieic ol lead.

Jacmeis



to the previcus one nas becn Sug-estea, while due

conaideration hes been givon to th. atoichiometric

formation of lesd and bengene,
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conteins s nuaber of Cqp- and Gqg- fractions and high

mol-cular weight soterisl, which cgnnot be separsteu
frou each other. Tne ylela of cyclonexene is twice the
ylei. ol oic_cxohexyl. Hence the reaction (7a) is twice

ss {ast a8 (70).
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LQH,; - Céﬂi1 > Poly.er (11)

7 Pbﬁ; s 30 ﬂst Cbub PD¢3 0H2 {(12)

Lead tetrasphunyl is formed in the step (o). It

is not rescted, because the energy is transterred from

excited cyclohexane to hoxesphenyl di lesd. BSenzene can

be depleted by two ways. The first probability is the

formaticn of poly: er snd the second one is the formstion

of hexaphenyl diplumbyl benzene. The polymer gnd the

other compound is soluble in cyclohexsne snd cannot be

essily is:leted from 1t.

Iriphonyl Lead Chloride
The stoichiometric considerstions rezarding lesd

anc benzene has teuptod to sug et the followin: mechsnism.
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Cgliyy + BPBCL ——> Celyp ¢ F3PICL (&)
2B, PECL ——> PPECL" ¢ Pb v bf® + CL (5)
gPCL ¢ CL° —> JPECl, (6)
39" o gy, —> 3P4 » 3C6ﬂ;1 (7)
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H® & fi e LJH:’ {(9)

Colig » g° ¢ fii ———> Foly.er i {10)

ihe foruatio. of step (10) nes becn proved by

sordon anu coworkers . uiphonyl lead alcaloride formed

in step (o) is soluble in cyclohexane and has not been
separated from the polyuer and triphenyl leesd chloride.
The ylela of ( i, is aluost doublc the yield of (( Hy,) .

Therefore step (&a) is faster than (&b).

Iriphenyl Lead dydroxide

The stoichiometric conaiderstion hass lead to

sug-est the following machsenism.

Celgs — = C il3y o H® (1)
~ + -

Cylyp + B5P0OH ——> C o + fiP0GH" (4)
¢3Pooa"' ——> ;D + OH (5)
2§k —> Pog, + Pbd, (6)
Pbf, —> F'0 + ¢ (7)
Pbg, + OH" ~——> OPbP, ¢+ H’ (8)

{9)

2 o gy —> Xgilyy + 2
H® o g = C gy (10)



Cilp 449 => Foly.er (11)

e Ly, —> “elyq * d2 {12)
—> L g, ¢ Yofea (1,a)

2 0" 11
LL-H,')» (13b)

The mochgnism given here for all the lead sryls
show that wetel sryls are directly involved in the
formetion ol products, through energy transfer process

from exeited cyclohexsne,

The yleld of cyelohexene is practicslly the same
a8 with pure cyclohexsne and it 4= not affected by benzens.
34milerly the yield of bicyeclohexyi is equsl to the yleld
from pure solvent. The ylsld of cyclohexene is twice

tv bicyciohexyl.

Lead 1s cepable to form a nusber of products with
cyclohexyl redical. 1If these compounds werse foraed &t
all, phenyl radical must be given out which consequently
will incresse benzene yleld. Since the yleld oif bensens
{s either double the lead or slightly higher then lead,

the formetion of substituted cyclohexyl conpounds is ruled

out,
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tri soayl lesd chiloride ana pheiyd lesd trichlorice. wLead

tetraphenyl have peen isuleted. Lestly triphaenyl lesd
nydroxide showed & loss in welght between 150° to 190%
corresponding to tne joss of one wolecule of water. This
can be attributed “o th formation diphenyl lead oxide,

Pbdb and H.O.
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o -1
or dihydro.liphenyl versus coencentration of ?nﬂ;' is
liiear. 1In the sene manner _AG (diphenyl) snd AS
(dihydrodiphonyl) is dirsctly or inversely proportional

to tue cuncentretion of unf,.

Photolysis and radiolysis of Snﬁk in cyclohexsne
give benzene, cyclohexens, bicyclohexyl, cyclohexsnol
and cyclohexanone ss the major condensabie producta,

senzene is not formed during the photolysis and radiolysis

of cyclohexsne. Therefore it is asuumed that Sn¢b is

directly involved in its formstion. Excited Snﬁh react
with cyclohexane forming benzene, end cyclohexyl radical.

Two ¢yclohexyl radical csn dispraportionste to fora

cyclchexene snd cyclohexane or can form en sdditional
-t

product bieyclohexyl. Qusntum yield" versus (Snﬂb)
‘ -
is linesr. Similerly 3= (Benzene) versus (Snﬁk) ! s

linesr. The yield of cyclohexene and bicyclohexyl is

not effected in the presence of Snﬂh. This is explained
by the reaction of cyclohexyl radical with hydrogen,

The photolysis aena radiolysis of lead tectraphenyl,

ggFoys $3F0CL and PsPuld in benzene give diphenyl,

dihydradiphwnyl gnd lead as major condensable prouucts.

The yield of dighenyl is neerly double of metallic leac

her
in the case of Pbﬁk and slmost equsl in the case of othe

lead phenyl compounds.
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radical nust be giv n out wnich will. increase the yisld
of benzasne, It is contrary tc: observation. Hence the
formation of substituted cyclohexyl lesd phenyl compounds

is r .led out.
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