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BUNNARY

Sﬁuﬁ&@@'h@va been nade of tho telomerisation of
methylnothacrylate, diehloroethylens, vﬁngl ghloxide
ond @ﬁﬁ@ﬁi@m@ with bromotrichloromethone wader tho dne-
Tlueneo of U.V. light,

. RARE. 1,

The tolomerisation of mothylmethecrylate with TBw
hao beon studicd at 25, 40 ewd 60°C,  The molocular
welghto of the telomors hevo beon mossured ehlofly by
o oryoscopic mathod but alse by othoewr mnetheds oweh ov
ond grouvp omelysis, radiocsctive twacodr technicues ond
vapour pressure metheds for PUEFDOSEEH OF QONPETLOown.
Choin trencfor constants, ovihluated by meons of & mod-
ifled Moyo plot wero foumd ©o be 0.749, 0.182 end 0.208
roOpeesively at three temperatures. The difforonce of
the aetivation onevrgles for the tranofer end propegat-
lon otepy hao boen foumd to bo +2.2 ¥. cals/mole, Mo
Foaetivity minimun wae essooiated with the growth of o
polymeshylnothacyylate vedieal during tho initiel stegos
of tho addition woaoctlion.

The effect of reactont concenitvation on roastion
wato g Found %@ be in egroement with tho oxpocted

Elnetlioc sehem@.



A velue o 18.35 Kolealefmmla wag Lfound Tox the
hoat of ronction betweon bromotrichloromocthenc ond
mnethylmethacrylato wnder the condivions where 1,1 add-
mé% in Lormed and wap weed 40 obtain a corrected valwe
oL 1.9 ® 106 mole/litre sec., for the terminetion cone
stant of the reaction involving combination of #wd Txie

@hl@r@ﬁ@%hyi radicals,

PART 2,

Attempts have been made to £ind individual chain
tranefer constanis of the growing radicals formed Gy
r@&é%ion at 25°C between bromotrichloromethsne and ()
dichloroothylene, (b) vinyl chloride and (e¢) propyienc
uging vapour phase chromatographic anslysis. Sineo
the method was found to be insufficiently sccurate ond
also limited beoause of lack of & sufficient numben
o? volatile adducts, only approximate values of tho
ohein tranafer constante for 1,1 and 1,2 dichloro-
othyleno adducets and for tho 1,1 vinyl chloxidoe addwuct
sould be Tound,

In the case of vinyl ohloride, teclomerissiion

otudicn have alse boen carried out ab m3§®09 0% and
60°G,
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duets of reaotion betwesn vinyl chlovids and brono-
srdehloreomathene was dnvevrlably Louwnd %6 be prossut
nes been taken aa ovidense Yov the fomundion of OG04
Ula B derived wruR the “wrong way round’ wdd

5

1tion of teichloromethyvl waddcal o vimyl chlorpiis



;Qi _QJ__N ‘:f; i 1\3 ‘ji_.:g}i

INTRODUCETON

Ingroduetion 6060 600 co00 0coo 000 vao

The Mechanism of tho Polynerisation
o7 Methylmothacrylate and ol ivo
Nolomerisatlon. s00 0eo ooo o0 o 5060 coo

Roview ef Pwevioun Woxle 604 ®90 ©00 00O
Th@@f@%i@@l ©o%0 ®oew ° 0G0 oo co0 coo ¢ o0

EKPFR[FEV“AL

T I TN IR AT

Mﬂ.a@guﬂ'&lﬂ o 00 e 00 [+ e 0o 900 o000 Q0

App@.’f&'ﬁu@ Q¢ 6 [ ) L+ - -2 v oy S 00 ¢Go0

PE@@@@H@@ oo o0 ovo 900 ©o0a 00 Q 000D
The Filling of Dilateomotows coo @so boo
Rate M@agum@m@n%@ 006 oob ©00 946 0oo

Taolation of tho FProdugeto eos ocam ooa
Mol eoular W@lgha Dotornination 600 000

Gﬂl hmnbi@m 0% vhae Thosmd Kol e i woo ouo
Deying oFX Bonsene soo “eco oces oo ooo
Dopropslon Gonatana 089 ©06 ©60 060 000

RESULIS

et

 beee e e |

Calibgation 0Ff Thexmisto® oco ooco oo oo
Datemmination of Dopression Constant K 000
Intenedty Expononto eco @00 obee ooo oo
Tho walam@rasa§ion oX Methylmethesrylate

with TBx at 2) @00 poo 00 o Nee Voo
Tho ?@lam@rﬁaagion oX Methylunethacrylato
wieh TB» at 4070 6eo ooo noo @00 000
Tho @@l@m@&i@a@i@n oX Meshylmethacrylaso
with The at 60°C 800 oo 060 o009 ooa

NMoosurenont. of leleseler Welghto b3 QA0
aetlve tracoer toehnlques c6a o0oce o000 ooo

Poso

g Lt

To

4o
1o
18,

26,
29,

930
290
33,
24,
25,
36,

36,

b
g
o

R
PR ]
(3

[+]

o N
& A
¢ [s]

o
-3
Q

49,



Coleutotlone for Chein Tvensfer
Cenntansn 00

Oalouleation ef Activation Baowgy
Sposifie Guavity of 1,71 Adduch

Rato Dopondencies on Roactenty
Conacntiratlons

Lo g LR ] o0

Qop Q000 o0LO

o @0

Qag

oao

Hont of Addition of 1,71 Adduct oX

B ond WMol

200 Q00 [+ =]
DISCUSSION
Preperation of Tolomaers 6so

[3 = R+ ]

aouQ

Dimisations dn vho Prepavasion of

Telomners

800 oao & 00 oob 000
Donsdty of 1,% AAAREE coe o0oo oo
Moloounlar Woight Measuromnents OXyoS-
@@@ﬁ.@@ll@}’ oo ©0s6 Qo0 o0ea 000
Icolation of Products ceo oeo osoo
Chaldn Trenofor Congtani®d ooo  ocoo
Tolomordnation at 40%C and 60°C ...
Actlvation FREPETesc vee se0 ocoo

Torifioation of the Kinetis Schome
The ¥Heat of Additiom of Trichloromethyl

vadical 4o M.Ma.d.

TE) sao
PART 2o

INFRODUCTION  oeo  ooo soo  seo

Moserialn 000 ©00 000 000

Ap}pmﬁ@’e‘m 600 200 200 o0 a

Progefuve ooa coo o060 oo

Joolatieon of tho Products
Vopour Phase Chromatography

000

boo

000
Qo

GO0
co00

a0

(e I e

260

Qoo

e &

L - o

L -

@G Q0

@0(?
Qo0

[ 3
O oo

[ R ]

OO0

e 0

coo

[=08 ¢+ I +]

oo

000

o

oo

o Qo

D00

Qoo

200

LI

(e e

Con
[Z 3R a3

[

A m
i

1 =
i)

R
-3 &
& o

@f@
]

o

[

68,

110.

1156
116,
117,

117
119



RL‘}J;'@“@
Biperinonts with tho D.C.B./¥Bw Syebonm 050
Insensdlty Ecponent ee® 006 GO0 GOO OO

Poloneripation of D.C.B. with The at 257G ...
Bxperinonte with the VCL/TBy Syetem .co. ovoo

Tolonerisation of Propylenc with TBr at 25%¢

DISCUSSION
Idmitetion of Vepour Phase Chromotographic
m&%h@@ 209 6o o Doo 000 coob 0eo 00 ocoo
Conaiderations of Resulte with D.C. L. coo

Conoidorations of Rosults with VGL 60 oou
Congddorations of Results with Propylene ...
Smgfﬁ@@ﬁi@ﬁﬁ@ for Foture Worke.. see. O oo 06

REFEEI!;&“GE&@ 0090 990 500 peo eow 200 oo

Pore
5t

S TN

120
126,
128,
135,

P57
3%,
129,
145
144 .

147 o



PAR® 9,

(S



INBRODUCTPION

e ]




e

HERODY

"3'—-

W Ni,a?

gy 3
Q‘y LA

vinathacy

mar end mucsh atbomtion has been paid

a%e 1o an 1nportant Comaere
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W the study of

kinetics of the polymerisation reaction. The polyngr=
imation work becane amore interegting from & kinglic
standpoint when Nexrisgh and Smith' end independentiy
:@mmga@wfg' ghogrved the now well Imown phoeunownencen o
the Ygel affent ) Sinee thon neny workers have studied
the polymerisndi of methyimethacrylets Wes maeletively
idstlie work has been done on ite telsmerisasion, g
pant one of this thesis some resulis obbmined on %ha
pintochoenicsl telomerisation of methylmethaserliabte wish
pronowrichlioronsthane ave repsyried.

The ‘slonew gé@i@& of methylnethacrylate @i
aromotrichlovsmethans bhes been studisd by RBebb oua
‘ﬁagggﬁgaj and oo @ Lesser axiens by Evn@hg HRER
Gem wag eriginally chosen beoswes the

rranotylchlsrone

wie chene ig wnombigoous iu the vegion f
GEOTAY,  Alse low molecuvlsy welght produsts srs ob-
sedred dn & convenlent range of molax rastio of thae twe
€
Day €7 et ‘v;g!- ' 2 Er- '-ﬂr:qm.w Fﬂ"-' ] T-Z‘{; \‘ ot - P 4 % e e,
PRBCTRRTE" o & wepulits of Brash’ 4o a0t agres with

those of Hobb and Senogles”, nerticm
o ths molecunlaw weighd of the low

mder idsnticel conditiomns. Theosea
songiderable legk of sgroement in

the wal

lavly v

pelymars prospared

an o WL
P53 QX B
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ohain tranofer constant both when low moleoulsr Pro-
ducts and when high moleouiar weight produets arc pre-
duocd.

Braﬂh'a@ work wae nmainly concerned with tho cffect
of bromotrichloromethene on tho gel effeet in tho
polymerdsation of methylmethacrylate, but he had done
@ Aittlo woxlt at high bromotriohloromethane concen-
tration whero low polymers are produced. In the
present work vhe initial problem was to meke & corew
ful study of tho molecular weights of the produets
formod in this system for different bromotrichlorde
notheno/mothylnethaorylate ratioe at 25°C, (Thio
being the tcumperature of telomerisation used by
Bﬁa@hQO Robb and S@nogleﬂ3 studied this reaction as
350°¢), Tho chain txansfer constant was evalmated by
tho vwee of a modified Meyo plot and the results con-
peved with those of previous workers, It was foumd
that the results obteined were more in line with these
of Br&ﬁh4a The work was then extended to study +the
tolomerisation, in o similar way, at 40°C and 609C.
Fho ditference in the onergy of the propagation end
chain transfer reaction wae. obtained by the uee of an
Awvheniuvue plot. The velidity of the general kinetic

gohemo waz vorificd in teras of the rate dependengien



B0

o ¢ho weaction on tho oconoentrations of the reactanis.
Thoe heat of addition of bromotriohloromethane to meth-
vimethacrylate was obtained by the dilatometrie method.
Thin enabled kinetic constants of the reactions wndex
conditions whers 1,1 adduct i3 formed to be celculste
fronm the kinetic chain life time results obtained by
Bﬁaﬁhﬁo

Striking differencen in the resulis obtained by
pravious w@ﬁkars§’4 have been outlined. Ppa@ibl@
'@?réfﬁ‘inv@lve& in measuring molecular weight by the
aryoscopic method, and by oarbbng hydrogen and hale
ogen snalysis have been disoussaed. The views pub
fosward have been further supported by the resuvlts
obtained by the radioactive tracer teohnique snd thoe
vapour preossure method of determining the moleculer

waight of the producta,
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ihe Mechepden of the Polymerisation of Methylmothae-

ST TR

xylate gnd of 1t Telomowisation

Polymerisation of vinyl compounds oX the typo
CH,eCHX con tekd plece oither by an lonie or & free
rodical m@aﬁanisﬁ. The free radicsal mechanism 18 Teé-
lgveant to the work of this thesis and therefore only

dhndn. reactions proceeding by this means arc coneidered.
. The nozmal kineitic schome consists of three basgic

stoeps, ialtlaetion, propagation aud tormlanation.

Thope awve congidered below in more detbail.

indbietion ‘

Thisg iz conmeonly achieved by heating er livade
Lating with U.V. 1ight o mixture of monomer sud an vie
stable compound which will break down %o produce Lree
radicals, In this sase bromoitrichloromethene 2ot

as an initliator by deccomposition ag shown
0GB BTy, G01, 0B (1
] &—WW% -54}' ik ~ ooo0 ooo ‘33

The Proe radieal é@% thus produced can add %o Ghe

ponomer molosule in the follewing fashion

. ] )
‘ ol y ¢ PP et =1 0
G@iguﬁﬁgﬁﬁﬁﬁﬁlg O, (Brz soo £2)
@@@@ﬁ3 COOCH |

The rate of indtiation com be demsted by I.



Fa
Exopasation

The activeted monomer radicel cazn add successiv-
@ly %o molocules of nononer by @jpm:mg the dowble
vond oF vinyl grouvp In the seme way as the free zadi-
eald produoed ‘hy docomposition of whe @a‘@;éﬁy@*&: addsy e

he Piret monewmoy melacule

Gl @‘2;%3; OHy  Cilg
GCLy=CHy-0° s Clgal ——p GOL =Clpeliatlig=®  oo0 (3)
GOOCH,  GOOCH, GO0CH,  GOOCH,

fhe growing redical can aiso wedergo o transfer Pre-
action with a molecule of bromotrichloromethena,
in doing so enether twrichlomomethyl madical is geneps

aged,
X A
m’g’% GHB

C0lg=0Hy=0s00L5Br > G(s:;%‘sm%a%m?@zs aold)
COOCHs GOOCH;

Thas o growing radicel comtaining n monomer unlts

foeoy two compobing reactions

G G:ﬁjggﬁ? CGT%:,;{M} m@?ﬁ%@@lé’g

R A L AR TSR

B
Dl
o Ay © —

LY Gi%{g“{}mlw

“p o ooy

where M ropresents @ moleocule of methylmnethasrylate,
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The ratio of the veloeity soeffielont for the cunis
tronpfor roactlon (k) to that for the proyagetion pee
@@ﬁ&@HQKPBﬁ@ dofined as the chelin transfor constent,
the value of which indicetes the extent to vhieh eoeh
of the above ronstlons contribuieste belomoriseltien.
Leorminasion -

The beolemer chain ﬁ&&i@&lm o %ri@hl@ﬁﬁmaﬁﬁyl
radiscels cen tesminate by notvel destruction of rade
ieele in palvs by sny of the follewling three reastiend.

{1) Combinetion of two trichloromethyl rvadicalws
s - 3
@(fl:ﬁ‘ﬁ"cG.&«f} m—‘%‘%‘\@g@l@ 0e0 oo o060 (53}

{41) Combineticn of twe trichloromethyl-polymethyl-

nethaecryl redieals
Ecﬁnﬁﬁﬁﬁ)gé@@@lﬁ@@% ”“"‘"“”"%‘ G@lﬁﬂﬂ}mwﬁﬁlﬁo 303 @@)

(441) Combinesion of trichlovomethyl radicel with
2 $richloromethyl-polynothylnethesryl madieal

@Glg"}@ﬁlg{i%}zéw% Gclﬁgﬂﬂ)m@@lgo o coo @aé;)

- Kingtically in all cases two seltive cuontres are
dootroyed. The econditions to Lfavowr one of those Ta-
asvions in preferones o the vewmalning two ave de-

aeribed later,
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Review of Previoun Voxk

in eny kinetic scheme for frec radical polymere
isation 1% is wouael to esvume that the reactivity of
& growing polymer radical is independent of the shain
length. The free radical intermediates in addition
polymerisation are all of & eimilar nature but differ
from one smothey in the number of monomer wite.
Thus one 8ingle veloeity cosfficient is ueed ©o doa-
cribe all the propagasion @teps. The same holds fow
all chain trensfer reactions and termination reactions.
Tho experimental wresulis obltained for addition poly-
merisetion of vinyl monomers &ve in gon@“agw@am@nt
with the theoretical kinetic oquetions®®, However,
in some oases, pasrticularly wh@ﬁ kinetlic eguation
analysis is required to @valuat@.rétﬁ constants for
the addition step, the chein transfer step and the
%@fminati@n svep for tho first few units of DONOMBT,
these assumpilions of equal reaetivity are known %o
have Tailed,

Initial studies on the photochemical reactions
of %richloromethyl radicals with various olefins have
boen r@p@?%@@'by ¥harasch. He propesed the follow-

ing kinetie schoms,
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O 0 T e non radisal

PED duato
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CONNNE SPC.

vhere T° veprosents the trichlowvemethyl radiesl, W
the nonomer and %M% the redisal formed by the addit-
iom of the trichlovomethyl redical te one wit of
menoner molesula, %&% e ginilar radicel to vhich n
wite of monomer molecules have beon added cubdoge-
ently, kd'anﬁ k, awe the veloocity coefficleuts fowr
the inltistor decomposition reactisn{i) and for the
reaction(2) invelving sddition of twrichloromethyl e

dieal to the olefin. 3§ and Eﬁ@ o 2F6 the veloelty
, AN ‘

Dol



o
epeffdiolents for the propagation resction (%) aud
trensfor voaosion (4). It will be chown leter that
whon low moleguler welght produsts ere being fovasd
- the velosity @é@ffi@iemﬁa for the propagation sad the
transfer gtep showrld be cssigned e sepavete consbont

to cheracterise cach individual step, 1,6,

T o i&é@ T,

Ey,3
. 5 e
TG o W —L2Zs, wH

The veloalty eoofficients for the varlews terminetien
 shepe invelved ave represcated by Ky ae Bg o 808 g oo
By uweing o bhigh TBr 4o olefinm ratio, 16 48 POEG-
 ible to meke remction (4) Fest compered with reastion
€2). The relative resetivities of veriouws olefing
towards the trichloromethyl radicel wore m@a@m@@@gﬁj%
by sterting with the reactents @@n%éimimg oxcans TBy
and on equivalent emcunt of verious olefins se thet
the 1,71 adduet wes the predominent produst. The o=
action was stopped after & hours and the 1,1 addwsh
inoiated gumtitetively. Tho smownt of 1,7 addwvet
thug formed gave indications of tho reactivity of the
#riehlorenethyl roadicel with %ﬂﬁi@%@“@l@fﬁﬂ@@ The

folloving table was songtructed,
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Table 1. Relative resotivities ef trichlorowetbyld

voddand with variowe olefins.

OLEPLN

Sy TonG
butadlcne

gyslopentadicns

155 eyolohexedlene

indone

2 ethyl-1 bubene
A nethyl styrene
1 octene

2 nathyl-2-tusene
ayvelopenione
@thyl clansmaie
vinyl acetaie
allyl echloride
allyl sysnide

gyalohenone

REDATIVE REACTIVITY

~100
18
409
400
3.0
04

0-2

G . _ 12
Melville, Robb snd Futton'™ wnderieok dotaliled

Anventigations of the ropetion batwosn bromotriche

Loromnsthene sud ayelohexena.

By working with exoens

Thy they wore gble to make weaction (2) rate condyele

Ling and wder these conditiens the main Jozmimation



o

vencblon wag due %o dvnterection of twe tElohleroe
pethyl yadicnle (resstiom 4}. They fowed the wvele
saity consbant Lor the addition of txishleoromethyl
wadical to syclohexens in tepma of wate of imdtinte

e

don end & Frowm the velwe of I, sad the dats in

5, @o
29
teble 1 they obieined The Foaetlvisy on an ebsslubs
bagig,.  They almo deternined the vesedion sonsbont

:Ii
24
ey

o e o e : I S W » A T TEOR S 5
g SR hormn of yoge of dndviation oud Iab,&; Ty Tk
B gald wao 3

was achieved by werkiag with exeess olefin go thed
veretion (4) besome the wmate contrelling step and
berpingvion of the vesodtion abhain wap then byoughd
ghowd by the interactien of two teichloronathyleeyehoe
oyl wedicsis,

Melville, Robbh and Tubtten repoubed their work
pr sinlleyr lines with winyld ﬁ&@@%&%@ﬂga o thio

work they obtsined the fellowing wesultas

Iy s 9180 litwelmele ses

iz

Lo - %@ 1 £ (51 0@
PR o V4o :

:@:‘ 9 “a & paid (3
IV 0

13

CAeoppling to thoese vesulits leye prediebed ™ that sinse

?*J el lf}g*%m, w OV of the sane zﬁfagm:mu@@» POLyReriagtion
s AR

shonid take plaee when the resstlon mizture corbeing

@ lawge sxewse of winyl acetate, Hewever, Welwille
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£
12 4448 not obtaln eny polymer oven with o lawge

@%b al
vingl soetate/TBr ratio., Bongoogh and Thomson alow
@h@ﬁ@ﬂﬁ@ that wndier the aondltions weed by the aBHvVE
nensioned owthers, 1,1 adduet was the najor produal
Forned. The worl of Bengough and Thonson elearad WP
this nystexy by @h@ﬁﬂmgﬂg that the valwe of kﬁxbm.m
2740 lisre/mele see wap incomwest. In foed the ¥9-
falts obiained on the effeat of the Wby eomcentyation
on the rate showed thet meaction (4) was not the wate
doternining 9btep. Hence, it I8 nov possible to nees-
WES Eﬁm@m ﬂm@‘kﬁgb° Howevey Dongovsgh and Thomaon
f@ﬁm&ﬂ% that the ovdor of magnitwde of the radtio of
veloolty ooefficlieonts for chein trensfor with TBr 4o
propagetion E%ﬁbﬁ[kﬁgm_@h&mg@m from abound 40 fow
snall attecking readicals to phout 0.6 when the EEG=
rolyner reficals swe of highor deogres of g@lym@wﬁﬁaﬁm

JoR. 1o@a

B 1
f@nﬁm:@ 40 Por zhort chain Fadicals

)gﬁ% 7

Bymom -
E?ﬂﬁmnm 0.6 for long chadn madicels

Bpid
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neingd songtant over the sgme ronge 6F adduods,

iﬁr@fa this Maye thought that the chemges in the volaes

ox a;ﬁiﬁﬁ ap shown in the zbove tnble are mewely Gue
3?913

b the chenge inm the valuve of kK, 1.9, k Pomeined
L L‘L@ 95@&
vmehenged, Heowevew, Lurther worlk of Rebb smd V@@:ﬁ’&lﬂ J

indleated that in Loy Zzﬁ_,,, remelns wehongsd mnd

Told

dnasoed %ﬂ chenges. Thls is shown in table 3,

Teble 3. Individesl velsclity congtent of varlous

ghort chaty redisels in obyvene/TBr system,
ri
ATBTRES
H@@i@@i k"@}?gm iﬁP o X% 3&% H &
‘ i/m gsest 1/m seel 3/m ses
Size
308 ges Oy = GH a
ﬁ{ 2 gH ))g B.4m10%] 44 | 03mi0®
ToL fom, - o) |’ _
[ (:  uglg) 3.0x10°) .25 | 1.1z007
Lorr o
01, JGH, = @ﬁ T o
I < 2 @@H& i 5% 2:,»55533107

“5'*2&3 in this oase
whore n o nombey of nonomer widte in en averagme
polyner molecule of bigh dogree of polymerisatien.

Robb @ud VowPi 'l conclvded that a reectivity
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miniovm ls asgoeiated with the growth of polystyzyl
radienls during the dnitial stagoes of the addivisn
PR ELoT. _

Bridenee thet tho reastivity of the wadiesl ig
rot very dependent on the swsber of monower mils ime
corporated, cene fwen the work of :Emam@o Worlding
with the methylnetheerylate/Ther aysten, Braoh® oh-
tained the follewing velwnes for the ohein $rensfor
conwtants when preduots of both Righ melecuvler wolgh®t

aad low meleculer welght were prodessd,

Etpam

“Poik
High molesular welght preduwess § 0-09
Vo low molecviar welghd productae 0-08

Alwont simvltoneous woerk cerried out indepond-
antiy- by Robb and S@mg},@gﬁ gave rather cenflictinmg
repulds for the methylmetbacrylate/TBr systom in whi.ch
only low moleculer welght pm@u@%&a were formed.,

Bobb and Sensgleos found thet the tronsfer constants
Yor the low melesular weight produets are not only
different fxom theose of high molosular woight produsts

bt alse thoe lew meplocvler weight produedts in thome
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aolves have several Ad€ferent velues Ffor trausler GO
otantB. They sumkerised thelr zreoults as shown in

o

Pable 4o  The velwen of %wﬂéé for the low melosuler
i ol

sable g. o

wolahd produets dn the metbvimethserylete/Thr symt
wadical ghadn tropsfeor constant
¥ 47
g omd zﬁ@ o2 E
trineria 0,084
toteamexie 4 o6
| pelynewis o

It wonld oppesw frem the resvlts of table 4 thad
in the early oteges of the wesebion each diserete
@ﬁ@@'ﬂmvﬁlwﬁmg the interagtion of 2 growing radicel
of the (poly) motbylmethecryiate type with either |
meilyinothaorylate or T0» would heave %o be avsigned a
‘pposlfic conpbont,

Under idontieal weaction eomditions Brash end
Benogles reporited quite difforent values for the pro-=
Gnet composition., Tho bulk of the work doseribed im
@mx% T of thils thesis was done with these pointe im
viow, Much abtention hos bean peid € the methods
invelved for tho detcrmination of meleculer wolght of

he tolemera ae those velues maerkedly offeet the velues
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ebtnined for the treamnsier conshents,

Expovinents heve bBoon repeated bt veriouwn tome
poratures which woenld, 1t was thought, conlizm the
goneral trend of those veviations of the traunsfow
constants when low moleculsr weight products ﬁm

Tormed.
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e addition of bromobtmichloromethene and i
ddar helegono-nothorens o olefing hes been CREERH
Avely otudicd by Khereaseh and @@W@ﬁlﬁ@ﬁg}@g 9, The
geperal kingtlie ochome fixst preposed by XKharasch
and now generally ncoepted is glvon oun pege B.. bub
i ropuated hewrse fox the convendence of the reader &

long with retes of rewetlons invelved in oach Case,

hege Comgtond Bate
ke

€T UBE ey RGBS ¥q T
(2) B2l TH° : ky kg Em ?@* @ﬁ i
(3) Wby T g pom 5 [
(4) BISeEBr—y BT Iy ey | |75
() BOoomnsh By Egon 2@%&;% ﬂ?
(6) Muems—y W, 8 kg Selea)

PO Bl ey TCM) T By b g ;@ i}fgﬁ Ei?w}
{7y, B0 TG Tl R kg e L ] F"mﬁ

= o

Rata depcndonoles -

. Meiville, Bobb ond ﬁan*%:ﬁ@@tﬂg wred the above gcbone
s:&mi $ting vonotion (3) in thelr otudy of tha PROBH=
chamicel reoastion botween vinyl scotate ond TBr.

They deduveed the Following conditions.

(1} Vnem a lawgs exevss of TRr 1o used im the roscticn
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pizture, weaction (3) is the prodeominont cheln Sevaine
atlon process. Also ohein transfer resction (4} is
mneh Paster then the eddition reaction (2)., Tho veite

oF the weactien ip thus given by the addition meaetion.

gl ] o e e @

at adteady state conditions

E‘@ﬂ @ jzﬁ'ﬁg, .

whers 1 o yvobte of initiakion.

Subntituting the valuwe of {19 in eqwation (8) we ged

PSRt

T
ﬂm«...wu«

éi‘i‘;ﬂ g 3&&9& &Mjeoo 000 oso (93

Since rave of ﬁm*@s&.aﬁmn ig 42 ma@iy PE @;;gmmmml &
the goncentration of TBr, 1t follsws thevefors thed .
the rate of reaetlon vnder these conditions is Alreetly
propastional te @‘Bxﬁjﬂ‘?‘ and @:B

€2y Vhen @ large oxcess of nonomer 48 used in o Ee-

"‘*’ﬂ@m mixbura, woastlon (6) is the predominemté chais

..*é%ms&aﬁma%@n PIOGess, In this cese the chalm @;mmmr
‘zoanstion (4) is the slow wrate dotermining otep. Fho

%@ of the roaction is given by

- g}ﬂgﬁﬂ @ By 3 09 [ams] oo Ci0)
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Im this cage the rate of roueklon cewn ba sowe Lo b
propevtional o1 be) 13,
(3} It is eloawy that polymevisation will teke placa
vhen reastien (3) is much Ffasteor thon yesedion (4).
Undor those conditions the setes of poliymevisation awvrs

given by

e
-~

0°% . )
ﬁbﬁﬂ k %;%m Eﬁj Qoo Qoo LY X7) ﬁ‘éféj
%G

€T eppEIEn gy E
5 Po

where k. is the serminetion comsvent for W polynewr
radienis. The xote depandencies of this aquation avre
1demtioal %o the ones mentiened dn the firat case e
& lerge oxsescs oX TBr in weed dn the reaction mixbuwpa,
The »ate dependeuciesn on these thesrobicel 28«
poste have bocn applied to the vinyl chleorlde/TBr syee
%{ﬁ}@amc in this shesis gimilor worlkk heas boen somplated
on the methylnethasrylate/TBr By Ot The reawvlis
are roperted in tho approprlate sostlions,

Ghele teangfor ognsbont (3,3

I@}iimgfg‘a gove the following derivatien of sn eguation
For the tronsfor constent in & polymerication sysbem
contadning o chaln transfer ageont § end catelyst G,
the goneral kineotic scheme being pimilew e the one
deawn wp en page 8. The dewivation opplios €0 pelye

norisavion invelving long ehadng end is leter medldficd
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Ho incivde systens in vhioh shext chedns ewe pryodvesd.
Toader miscady state conditlions the evernge degres af
polymerisation OP is given by the wadtic of the e
of chndn growth to the rate of Lommetion ef poliymer

nolegnles,.

s ] (]

20 ﬁ:ﬁ &8 “’“"’m’“"”m 000D {ﬂg}

= %j Mfﬂ 18] o [Te] [

velosity coelficient fov nonowmsy twrenplor

a

whore I,

R, = leng chain wadicals
Em & propegetion congtant for the addition @f
mouoner polewileos o long chein wadienle
ke w torminetion conebent
T e Qo T = \ 3? .
Alme at stendy stade &R% 5 k% L@i MJ voo (13)

B

Coubining (11) and 12), we get,

[N ) 000 G000 é:?&?:)

000 [+ ) L N+ ] Qﬁjg}

2 TP 4o the dogree of polymerdisotion in tho cbsenoe

of polvent 8 1.0, 8% [%} n 0y wo havae,
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From eoueblon 9%) 1t con be seen thet the grade
icwt of the stwreight line plet of /1P ageinst [8]/(H)
should yield the value of Coo

However, the situwation le o rathor meve somplie

€3
21 shen polvent tvch og THr aleo Rels 68 the

ahad
indslotor. T the squation {(14) the walve ¢f G

¢in be replaced by § which glves

cg{é

g

?F“’ i Eﬁi,é W’ﬁ” S 2"&?&;}”& e 3&3 000 000 oo o o'o ﬁﬂ

A similar plot of cyuwation {16) does not give a
gbraight line say longer, This is due to the Lfasd
thet the TP ip affeesod by the ohenging rete of indde
istion as well as by the selvend tramsfer renetion.
Undeyr those conditions equation (13) ecan be rewridtton
in the follewing Foxm in vhich chaln trensfeor wiith

monener has been neglested simoe 4% is negligibly

waaldl o
“@? % &
fj.m? = g ﬂ-m‘:gs > %Ew&mg Bote ovo vao (18
e S U )

E?
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The plot of 1/DP against rate at constenmt [S]/ 1]
vould give an intercept equal o k.. Is] / Icp {M] £rom which
C, ean be caloulated.

A modification of tho theory for long chain poly-
mers hag to be made 1f we wish to apply it to low

moloculayr welght telomers. Mayoaa

end alse independ-
ontly ‘iJL‘Irmmz::fsmrﬁ;.g3 have put forward such & treatmend.
The tvreatment given by Thomson is ez follows.,

From the competing reactions of chein trensfexr

and propagation, we have

chance of propagation : R_\iM
L _}f_‘}){‘i‘fﬂ][] oo (?9)
chence of chain transfer ke B 51
Ko [5]

- iy ) o e .
1.8, Probablility of chain transier = kt:fe ST+ kp it

and probability of propagation o Ky (1. -
Ky B1 + Ky (]

Applying thie to tho present case we can caleulate

the nunber of each type of molecule which is formed.

Vol ecule DP_x number of moleoules
L [
GCL5 (M) B i P

L lfp i)

Oﬁlg(f«’{)lm? 2 x k) 144 k‘i:ir E):IZ
ey (BT kT _(3
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oo k@5
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pacs leaid

%kﬁy B &%}@§3

The overall theorsticel degvee of polynew=

ioation will be ebteined by tekiang the sun €0 ine

finity of the sbove sBewies,

Lot kg, (8§ = by

by O} = B

then gories &is reopresented by

A

& LTULCEILASY

AeB

whore © =& 1 <

where )\ = -
AsB

1‘3‘@%&*#&@ a A o 9;»3\&3 @ 3#\“3 &
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o A 1 3 B

1.0, g e X 2 g
mB 1= B/(asB)?] A
e k 1

ﬁaﬁ@ﬂ DP = 1 “ P@r]

k [4d
t:p 1) oo g [- 3 ) Doo [ 50§

Tho gradient of the plot of DP against [%%

can be identified with the valuo of k_ j .o BhO

regiprocal of which wonld give the walus of Gﬂo

(20)
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BEPBRIMENT AL

HATERIALS

Mothylmethecrylato (MoM.Al)

M. A, containing hydroquinone &8s inhibltor was
obtained from I.C.I, ILitd. Tho inhibitor wag ¥o=
noved by dletilliing the monomew uvwader vasuwm BWwies
and a$ying for twe to three days over anhydrous
ealoivwn chloxida. The monomer was Tinally Lraction-
ally distilled wnder nitrogen in an all glase spporetuve.
The Praction boiling at 40°C (80mm, mercwry prossura)
wag collected and trangferred to the vacuom 1line,

The monomer wasg thoroughly dogessed by repeated freez-
ing evacuating theawing cyeles, It was finally poly-
merised to 57 conversion and distilled om the vacuwm
line dmmedistely befowe being used. The monomes

gave & singloe peak on tho vapour phase chromatogran,
as shown on £ig. (1)

Bromotrichloxomethane (1Br)

Thino wop obitained Lrom Bastman Kedelk Ltd., 1D
wag washed with dilute sodiun cavbonate selution o
romove any f£ree bromine, then with dlstilled weter
and dried over caliciuvm chloride. It wag stored in the

dark and digtilled vhen reguired in & 2° column undey
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o preseers of 80mR. 0f MOYSRTF. The niddle fraate
len vihich boiled at 43°C wes colleeted.

Caxbon Tetrashloxride and Benmene

Anelar grade solvents were distilled for ues o
non reastlive diluents in studies of the effests of
the bromovrichloromethane end methylmethasrylate cone
secntrations on the TAto of reastion.

Redienotive Bonzgue

0.5 mille-curios of benzene was oupplicd by the
Redio-Chemical Contre, Amerphem, im & bresk seal
anponle. This was p@@p&f@@g@'my”ﬁwim@riﬁﬁﬁﬁ@n ok
CHECH, The anpevle wasg astached b0 the vecuun line
by & Bo14 cong gnd tho spece above the break geal
- ovacunted. The break seal wa@rﬁhan broken uweing &
stalnlens steel ball beawing. 19w, fegassed ine
assive anglew bengsene, was then distilled into the
arpoule.

Radisactive methvlmethacrylate

90 milligrames of 0,5 millicuries of methyl (G?Q)
metheorylate containing hydvoquinone as inhibitor
was suppliod by New Eaglomd Corpomation, Magsachuss
- o%t8., This was diluted with 10 ml. inhibitor comne

teining inactive methylmethacrylete, Ferthor diluwte

ions pricor to ite use are dessribed wnder the herdings
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of experimental tochnigues and procedurs of radio-

active tracer work.



APPARATUS

IR e I AN

High Vecuwws Idne

The all glasg high vacuvwn line ceﬁgiﬁﬁ@d of &
seriecs of traps ond high vacuwum teps comegted o @
Fopbage merceEy ﬁiffmaian pump backed by an Bdwards
rotary oil pump, Fiould nitrogen cold treps were
placed immediately before and aftox the mereury
ditfmelon pump. Apeizon high vacunm grease was uged
on all Quick it joints and taps, Veing this @y@é

4mmo ol METCULY,

v

tem, & residual presgsure of abowbt 107

a8 moagured by Plrand gauge, was easily ashieved,

Gonstant Tenperatvre Water Bath

The wateor bath was o @ylin@ri@al Pyron glogs
tenk of about 25 Litwre caepecity. This wes BUFTO =
ded by an alwveinive Jjacket with observetion omd igrre
- adiation wimd@W$o The aunular gpace dbetwesn tho
tonk and the jacket was Filled with esbewtos wool.
lagging. A morcury/tolnene regulator @p@?&%@é a
low power heater to give temperaiture control of m&auﬁ
4+ 0.0050°C at the bath temperature of 25°%¢. Conatent
temporature distribution was onsured by vig@w@m&
ptirring when working at higher teomporature (e.g.

40°¢ @md.ﬁoﬁﬁ)ﬂ a larger 2 XW heatew @@ﬁn@gt@@
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threugh a Teriac controller wes veed 4o waimse the bath
tomperature to, and melntein it approzimately 1°C
below regquired temperature, the final vomperaturs
boing achigved by the low power hoabter, and conitrolled
by the m&wauxyfﬁol@@n@ regulator,

The source of ivrediation for the photochemical
reaction was a 12% W Osiva bigh pressure MOPGUEy
vepour lemp which was stebilised with = ecapacitor znd
SRORS, |
Cryvoscopie Gell

Goneidexable time was spent in the design @f'a
.@mi%abla aspparatus which would give reprvoduecible To-
males, eince the values obtained for the @ha@m’tw&n@w
Tor congbtent depend @iweetly upon the molesuvlar welght
measurenent. The appevatus (fig. 2) eventuslly used
wes ossentielly a smell dotacheble cell (A) murroune
ded by twe aiwr Jockets (B and C). The @utai&é Jacket
(0) could be ovacwated to Hrovide better iasulmtien,

A ealibrated thermistox (D) of lew heat capacity was
attackied throvgh o Wheatstone Bridge cirouls (Fig. ).
The vessel was otirred by means of o rotating megnet
placed below the ceoling bath which turned & small

glans covered magnet (B) situnted in tho cell, %The
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eell cowld be doteched omd weighed at any Sime
throaghont the orpoviment, A roplaseront ecid ¥
contolning cnhydzows ecaleiuvn ehlorFide was wecd to
hold the thernictoer cssorbly during the welghing ops
eratlon, '

W Es‘ﬁﬁ:&% Oc‘\

& quick moving chutitor opovated by an electio=
negnet wes placed between the lenp snd the reagtion
vense) and wsed in the ozporimonts in which the heab
of addition of brompirichloremethanse o methylmethe

aaryliate wap detormined.

Bilatonabors.

The dilatometers were made fyor Pyrex glese and
@@ﬁ@i@ﬁ@@ of ¢ylindricel bulbs of spproximebely 4-10
nl. cepeeity, cuwacwaied by Verdie eepillesy stem of
1.5 mn., diometer, The Verdia eapillewy wes attached
B0 o conatriction For Lflame gé&lgmg wder vaonun snd
8 B.10 grouwnd glass come for connecting to the vacoum
Aine,

For the work vhich imvelved debormination of
heat of reastion, o apecisl dilatometer (fig. 4) was
vged, A vexy fine cepillery {(A) of 0.4 mm, bore WRD
comnested at ono end to the dilatometer bulb (B) of

approzinetely 30 ml, cepaeity snd ab the other, o


mailto:8@m3.lmg

Dilatometer for the Determination of Heat of Reaction
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om overtlew bulb (). FPor gomnection bte the voswws
dime %3;5% B.10 sone, & side oxm copillexmy (1) of laowgow
hore was weed. This ovorcome the pmacticeld problen ef
the slew diptiliction of the senemer inde the dilotoms
ovor threugh The very Fine capidllewsy vbe, The lawge
volune hulb end very £ine saplllomy weve wned €O inorecns
e sonsisivity oX necesuvrenents of contragtion oF 0w
‘}@&E}.@Zﬁ.@?ﬁ an the eapillary wder adiebatic condidtions.
Vihan the lovel in the cepillary hed Lellem outslde the
eopillery, mowe moterlial was added from the everfisw .
mm% |
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Pae dilotencoters were clcamad with concontrastad
niteic aold Lollowed by WaAtor, 800toRG, cnd Tinelly dedad
on the vocwn ling, They wowe thop enlibrated by £ille
Ing vith A.R. aectone £rom o buvetic gradwated in 0,08
ml, fivinlons. Bromotrichlovomothame was intreduecd
dixeotly into the dllatomneiers Tvrom f gradnabod bratt@.
The dilatomobtery was then attashed o the vasmwma line
ad 1te conveonto degessed by ropeatald Lyeozing, OVAGRNE-
ing end thewing eycles. The caloulated guentity of
mnononer was then distilled in from & neighbovving srads
wated resexveir on the vacuvr line,

Rate meapuromonts

IR e R AR AT

Sealed diletomoters were immorsed im the water baik

2% the required tcmperatuwe., Aboub 15 €0 20 minwtes
wag allovied Xowx thormel eguilibrivm before commoncing
irpodiation with light of groater-them 3000%4, Tho
ddotonee between the U.V, lomp and the dlletomctor wos
kept constons dn all the experimentst. The movomont of
tho monigeus in tho dilstometor was Lfollowed with @

é@%haﬁom@t@?g A sypieal weactlon rom is ghown in Lig.
' (5) from uhich tho reaction FEtO cen VG deterained 4n

SOEME 0F contraction per wit volume,
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deolation ef the preduets

T g Y

Aftor the roguired contraction had occurwred the
atdetoneter was brekon cpen and ite contents cmphied
dnto a Flapk vhich was then £itted to the vaouws ling
to punp LY the wronsted reactantn. The high bolling
diguid o gelid produete W@y@'%h@m ddnselved in benzone
an@ frecze dried, The freeze drled produsis, of WP «
& %0 Y, were subjected to one of the following treat-
nenses.
£a) Heated o @@@@ Lov 1 houwr o
(v} Heated at 60°C for 1 heur ew
{@) Iroeze dried twice mowo snd then hested Ge 60°6
- fsr T howe, loleouler waight neasuvrenents and welghs
lone Fopulis chowed thet the produsts v obbteined afitme
» single frecze duying, &id not aldor by Purther £Teen0
.@ﬁgimg and/or hoatlag, The pm@@u@@@; hewaver, ﬁ@@%ﬁ@@@
nerkedly after the £irst frecse drying in their physis
aal RPomm, Products prleor o £roese Arying gave iue.
':@@maia%@nﬁ values for molecvler wolght end wore ALff-
4oult to handle due to their somewhet sbleky physisal
natere, Honoe, after distillabting the wnmreested we-
aotente, one Lreeze drying was sdeopted es stendard proe
cefure ror iscletion of predueto. The produsts were

gtorad in the derk for molesvler weight moasguwremeni®.



fa . . ;
Sonogles”, when studying e siniler syetem, imeleted hie
produsts merely by distilling off the wwreactod ToLeTe
ansn on the vegwmm. 1ine.

Molesulor Veighs dotesmination

Deprossion of the froezing point due %o Rowlds Lot S 27
offers one oF the mogt convonlont methods for the deton-
mingtion of molesular welght. Thig mothoed deponds on
the Lagt that when & telomer 4s disselved in o guiteble
BeLVeAE @ o boREENe, The vapour pressusa of the bhone
zane Lo lewered by @ charactoristie amovwntd. Thin 1w
O twrn regulite in deprevsisn of the freezing point of the
apdution which iz velated te the moleculaw w@igh% ﬁy sl
fallowing eguetion, |

e =Yy T 100
M% 5 Wg

voo 00 400 oo 0o Qo {ZﬁB

wvhora, AT » froesing point dopression (°0)
W, « welght of selomer {(gno)
Uy = wolght of bensone (Ema)
m% &= m@@@@@l&w walght of dolomer
Bince the behavieur of mosgt solvents approachen
he ddoml at entrene @glméi@mg 4% Follows that the do=
pregsien dotesmined in practice is very small, Acourebe

necsurenens e thue osscatial, A% such diluvdiens €ho



36,
prosence of even traces of molsture Lrom atmosphere has
nerked effest on weproducibility of the resuwlts,.

Calibration ¢Ff the thernlstor.

A Beclmen differemtial thermomeicr was 80t to give
a reeding ot the freezing point. A larger cell (fig. 6)
which enabled the thermometer bulb to be Lfully immersed,
was used. The thermistor was cargiully attached o the
Boelunam thermometer and inserted into the cell countalin-
ing e small magnet for stirving. The spparetus eomn-
plote with 4tz two Jackets was 1@%@?@d into th@ ilea and
water cooling vath o cool slowly. The froeszing
point was xecorded om the Beclman end thermistor,
This procedurs was repeated a nmﬁbef afvtim®@ by &dde
ition of & fow milligremes of pure monochloxo 2,4
dinitro-benzene %o obtain the celibration curve ing 7)
phown lagter, in the section containing resulis.

Deying of Benzeng.

Moleculer welght grade bengene wag dried over mol-
geular sieve type 5 A {aluminiumlemleium sdlicate) fow
fouw @ayé° The moleculer sieves had b@én predried av
400°C for 12 hours and wers. stored in & vacvwm dobe
deator over phosphorus pentoxide,

Depregsion Consvant.

About 2ml. of dried benzene was weilgheld directly
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in=-de the oeil. The freosing peint was deteymined oo
ghove. About 10 mg. of chemieally puve menochlews &y4
dinttro-benzeng, vhose moleculer welght in Inowa, wam
oadad snd Preezming point dotorained agein, When the
el was detoched for wolghlng, o replacement @il
gontaining colelvm chloride was atiached to the gwide
tube comteining the thermister (fig. D, The atepper
drom the celeiun ehloxide cell wen woed to keap the @ie
noringniael cell seeled during welghing opevations.
Fihe constant K wasg thoen caloulated from the wrelasdignship
given by the egwatien (A1), Substitudbing the valse
2% X, m"‘mmm melecular welghts of teolomers were A6tew-
mined by felleowing the sang procodure as for the SHnA RHENINT

wym
Wy

gther experimental bechnigques uwoed wewre the de HEE
sinadlon of heet of additieon of trichloremethyd- vadisnl
to methylnethaeryledte by dilstemetzic methed, and the
teterminevion of moloculer weight by wedie tracer ijeabe
wiges. Fhese will be deveribed loter im the eppropriets

sgotions dsaling with the reosulis of the experinents.
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ravlon of Thewmipior.

> was wuead. The
bt
ropulte obieined ave given in table %, which shows the

The progadure deaoribed on pagse

The vegligsance of the uﬂoﬁmzamﬁ Bith

f¢

EM-
=
Gt
)
B

.
TERIL G

teonmperature, as reeorded by the diffeventisl Becknano

theraoneter, Benzene wae employed ag o solvent and

1 ehlorp-2,4 dinitro-benzene was added progressively

0 lower the Treezing poind.

Table 5. rapiotoncs witkh

Lo il sl DI Sl etV

Verdation of themigtor

BTN ORAENCE.,

e T

Ghenige in @m&ﬁ%&n@@ Ghange in

e

LEMP TR LA in ohag iv ohag

Bg @8

t
2,132
(. 240
0,300
0.35%
0,481

fol (§, '%3 6;;"?‘}

2l 3‘2&3-“ P
28%2,%

282 .S

0.5913
To T8

2RG5,5 |

2792.2
27692
Y450
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Trom the resulis and the graph shown dn £ig. 7, it sen
be seon that a piralght line welationship exists between
the vesistence of the thermliagtor aud the change in
tomperature vegoxded by tho Beckmen thesmomeser im ¥the
PERET 4.5 o 5,5°0, Vrom this greph, e +1 ohn chenge
of wrosistonce was celeulated to be equivalens %o &
chenge of =0.0104°C.,

Deternination of depression congteont K.

The deprepsion coneteant was determined as deseribed
on peges 36 smd 37, Bonsene and 1 chlove-d,4 divitwo-
benzene wore employed as solvent and solute wregpectively.

Tablae & chows the ealeulation ef the deprossion sune
gtant X fzom the valunes of the freesing point depresss
doms et ddffewent Allutions.

Pable 6, OCalsulation of depression conptent, Row

A

gistance ot the Lfreezing point of bEnsena 40

egual %o 2787.7 ohmp, Weisht of salutoe (W2

ig eogual o 0.0465 fms. .
. Welight | Reointance Inezeage Depression K
' of ohms 47 (AR)
beneone osistance O
@@23 ' ohne ’
GRS o
48,4014 28139 26,2 | 26,2 = 0.,0106-| 95,2
Do 8350 2807.4 19,7 19,7 % 0.0704 8061
\
‘?95342%’ a80%:2 . | 19,95 5.5 x 0.7704 9003

Nty I o By



400
The sccuracy of the depression censtent and the
proocsfure in general was tesded by conpering the moles-
wher welghis ebtained by this methed, and as eslcunlated
from the molecular fosmulue, for the following mateds

dad g,

Teble 7. Comparisor of mologular welghis.

Ceyoscopie | Theeretical

{Wephthalene) 1297 188, 2
PR 196.8 998,0
(J galoge-2 4 | pgq,2 202 .6

ainltxo-nenzend

Tae velues given are the mesn reselts of five deternin-
ations, which wore Tound to show @ devlation of less than
%, It can be seen Prom Teble 7 that there is & good
. egroemont betwoen the veluves of moleculer weights obe
tednod sryoscopically and those obtalned thesretisrldly.
Honee, this procelure was adopied as boiung setlsfoetony
for the determination ef the molesular weights af %the
telomers.

Typical ocooling curve (fig. 8) shows the sxpected

tegres of super cooling immedistely prior to freesing.
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Jutensity Brponents
The natuere of the radicel termination gtep can be
PTovnd out by moasuring the rate depundence on the -
tensity of U.V., dxradistion. The intensity oxponent
can be evalueted by messuring the rave of weastion Low
vevious light intensitiesn. The xate of eny phoiochame

iesl veaction Is sxpressed as
Rate = k %f@iﬂ@@n@iﬁy}&'xf@@m@@ﬂ%ﬁ&%ﬁ@ﬁ T QTR {223

whers k = 8 proportionalilty comstand
* = dnvenalty oxpsnond
Por $ized concentraticns of reastents, it can reai-
iy be shown that x ds given by

5 mmﬁg& noo ooo o000 oq*r-:; 0006 (gj}

-

The light intensity wes chenged by lnserting o screen
of kuown transmimsion bobtweon the vepsel end the seurce
of iveadiation., The %@@mﬁﬂig@&g@ aﬁ‘%h@ DeTpens wWas

- abtained by neasuring the in%@ﬂ@ﬁé& of light of weve
Tﬁ@mg%h ﬁﬁﬁﬂﬁé,fﬁalﬁmg oR & ph@%@élé@ﬁ@i@ coll bofore znd
,@ﬁ%@m the sereen was inserted as & dizect reeding on @
ﬁﬁﬁ@@m speotrophotoneter. Intensity @xp@m@m@@.waéﬁ

@@K@mi&%@@ Lrom eguation (23) sand aleo @ﬁ&phﬁ@@l&? Pron



£} &%
k..n r,, o)

2 3 sxt T N T T ety Ve
sguabion (22). An average valus of the zetes bufovs and

after the serean insertlion wan iakewn s the wate gy fall

intensity (fig. <. The plet of log rate agaimst log
: £ 5 L3 RN S (N TSR SN N 4
intensity for two reastion sysbens of methylmethoopylabes

&% .

TRy 10/1 smd 171 feed ritio at 2%°0 im shown in g, 10,
The effest of the intonsliy of izvadisiion on the wai

of resation fow exparimeunts with‘f 1 molar mintares of
methyinethaerylate/The st 2570 is glvem

Tablae 8. The effeet of inbensity of

=

n efa o [ T SR N S M e g - « . ] «h
rate of selomguipation ol o /1

TR |

ef mothylunethasrviatel Ty,

- S AP —— SRR L TR § AEVE AT ARAAT 1SS AL —ma o v (70 e o T oy S !

7

o Brensanission | log ¥ {(Rate x 103 log (RBase x T0)
% par hour
® aontraction

1000 2,0000 Th.% T QB0

0%, 1. 8002 8,65 0,957

8060 106990 B,1% £, 218

B? o @ ‘H o %’?4@ 6 ] ‘?'5 % @ ﬁ?}%
» - i i " . D i
25,5 (. 4060 5, 50 c.ma |
3|
o e mhf.lf

Invensity erponents have boen dotermined ompsrimelie
ally at diffesent tenperatures uaimg-%ww differeont feed
mixtures of meothylmethacrylate and T8r and & third cope
talning added carbon tetr.chloride. Th@ results of these

determinations ore shown in tablse 9.
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Table 9. Determinaitilon of Intonsity ezponontn wiih

difforing feel yatios of the xesobonis and

ETERTTUG N

SOmp Oratures .

.
Epel | ([HoM.4,] Solvent Temperatuye %
GRrHOn e
setrachioside -
9 1 O 25 044
i 1 ‘ 0 23 Do 83
9 9 '3 24 D050
9 1 0 agy D651
9 I 0 60 0o 5@

Gvidently theve is & 1little deviation in velwes of
the iatenelty exponents wnder the conditions used.

e telonerisation of methylnmethacrylate with TBr oy 2550

The equetion derived on page 2% {(eguation 203, for
the evaluation of the tronsfer constant in the velomer
range regulres o knowledge of the valwmes of IP with varye
ing TBe/l.MoA, ratles, Table 10 shows these rosulia,
which were obtalmed hy uweing the czperimental set-up and
proecdurs described inm the expevimentel sestion.

The rates of telonerisation, which were alme P ? Lowed
are ineclvwded in this table as percentage per howr conirass
tion, sinee the denwities of producte other then the 1,1

addunet were not known, snd the absslute wates couvld not



be calculated,
witdl the observed contraction cerrgsponded o

estinated fox spproximately 6 - 84 conversion.

'Q’!B‘ @

The reactions were &llowed ©o

procead
that
The

raactions were stopped at this sitege siwply by switche

ing off the U,V. light.

It was presumed thet

she ratic

of the concentrations of the reactants d4id not change

gppreciably &t such low conversions,

Tablae 10.

Veriation of molecular welght end wxemction

vote with feed sompositilon st 25°C,

Ratea 9.
Pged molawr Foed molaw . — RN,
Patio rasio M@%ggg%%m np ggfﬁﬁggy
(M. AJMOBE | B0, AL * pPoRlint
HA0n
0,902 9,760 335 1350 10 140
0,125 5,000 302 1.020 10470
0,200 5000 419 Y 2,110 0,205
0.33% 3.000 475=500 21330 7037
00666 ?GVOG ‘690 40900 30059
'ﬁ @000 ‘g 9000 942“‘-‘9 ‘%020 ?e 4’0‘”’89 20 'i © ’38&5
10 500 0.666 1290-1290| 10.1=10.9 1. 180
T 2.000 0,500 1619 14, 10 0,920
4,160 00240 1580 13 .80 1,002

Table 10 shows, in general, & steady increase in

the value of the molecular weight, with the incressing

Mobod/TBr watic.

Fig. 11 chows the plot of DP against
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Mollo b /TBy wabin. The rates, towever, do notv appeay 40

yry

ve welsted o the Fead ratio, and in Yast, 4

“
ﬁ

By TRLY
Iietie from & constant value.  The doviskion fTom the
svend of insveasing rolesuley weighte fov the feed wavios
of M.V, A,/FBr of 2,000 and 4,160 oen porhaps be sttrib-
whed %o the dlfficulitles in messuring exhvemely mmail
freeping point depressions fov high moleculay walghta.

Uniess ssated othevwise, =21l the moleowlar welghts
hewe been determined ovyoscoplieally. In & fow casas
mnlecular weights were also devsrmined by

£1) Vepour pregeure mathed,

(&Y Cavbon, hydvogen end total hologen smelyeis method

(-4

43 Badio-aabtive tracer beschnigues,

e
&

Compawison of 1 ﬁ@ results obtalned by thesse metheds will

SuBn,

e given in the discoussion.
HMaelting pointe were alse detorminad on some of the

prEedusta. Table 11 shows thely values together with

visuel cbhservations on physical sopesrance of the produst

>

a8 nede by the suthowr and those reported by S@m&g@@@%c
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Tabiag 11, Propeyties ofi telomers

B T e S s

ey

2 Melding! - Physiesal Apporgance of
BPPOAVERCS OF the prodass
the pradust ﬂ@n@@“ﬁ@ Vi

[v“

Sen @ﬁ‘ﬂ &

p@iﬁ%@@

=70 % s wvipeons ligulds liguide )
2.2 e A gbicky vesin like] o
2,46 | 3% 4 2 £inffy white wiseous Lignids

powier
o @ g P
4,28 T o 2 i Pl anm

B.0 51 5 2 ® “

&Y;.’J’
ar Broat o & TRy
16,75 1191 o 3 @ 0

crve e - r-_rwg_(g;;_J

2HEED

Table 117 showy sleay Giffevonces of physical epponis

oy T3 43 > « - R = o T T . RSO " g -:““‘ e i
snae of the products especislly in the lower DP rauge,

=
. .13 T
a I E) ™ {: s vl

?:rﬂ ey e gy e AR s . o o B ¥ - ey ehe -
or exsmple wherons Senaglies” has reporited a DF of 2,468

x

ds

for bis viacpus ligquid produots, 1t hes bean found in

P
e

thig worl that such a prodest heg & ﬁ@ ok 1 %0 1.9 sud

P

Lt en
B ) S Ty # Vg e 5Dy en P en o . SR =2 v
shat & produsd of B 2,46 in in the fowm of wsilid Neken

@” melting soiat 58%¢,

P Ao e s o ’J Prapr ey [N N - 2 F 35 - X Y ]
The teluwmerisation of methvimothesyyrlake with P ay A0,
Lo g < b 328 e 1y . arpian e sy s the
Experinents were zepented 4o study the vaviadion

&
i

s
g:j)

T ) s o P s B T A cany ANE . L .
@ moleogulay welght of the produet with verying

molar ratliose of Thy end M. M.A, &% AT, Tha resulbts are

shown in dable 12 vhore onoe angalin the rates of resetion

are alas weported,
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Pable 1d. Verdetion of molegulayr welight ond veactlon

rate with feed compemition &b 40° @o

g

Mplay vetio | Molay vatio! Molecwlar| DD 4 per honw
(o Mo A J/EBE) PR/ Mo Mo Ao wed gt contraction

b azr — AL T

0095 10,560 335 | 1350

0,200 5,000 400 & o000 T 8%
0. 400 2. 500 570 o TO0 Vo855
1,000 1. 000 910 T 106 1,850

1o 800 0,666 1, 100 9,000 1o T30

& - . .
As ai 2590 the melecular welght dncrenses gleadlly
with inereese in WM. A,/TPr vratio and the rate is not

greavly sfiscted by the chamge in mole watlo in the faad,

Plg.19 shows the plot of TP against W.M.A./TBr yebiv.

v"J

Toe cesuldts of table 11 and table 12 show the expested da=

grease in molecular weight with incressing temparatore at

ail feed zatios, This i@ attwribuased to the facet thet the

2 T gty arg €D e, vl & o, ) P oy e o o - . ol - 2
wate of transfer of the growlng wadical wilth & THr molseeule

inoreases moye vhan the pilopagation xate. Thisg wlil bo
shown by the results obtalned fuw the difference of
agivlivation onergy of the two competling Feactlons,

ihe ﬁ@l@@@ff@%ﬁ%@@ of weothylmethacrylate wiil LE*_UL 6ﬁigw

suits ohtained are shown in table 1%.
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Pakle 13,

XA TS

Yagiatlon of meleculer welghd end roashign retg

"7‘3‘&3 o

with foed composidien @t 60°C.

Molar watio] Molar ratio| Moleculex| TP % pew houwr
B, M. AJTRE] | [TBfH.A] | wolght - sontraction
Qo 100 10,000 320 1,20 4,36
0,333 3,000 572, . [ 3.02 | 3.49
0.400 2,500 540 5040 e
0,650 1,540 637 4.37 i
1,020 0,980 755 5,25 i
10 500 0,666 1090 8,90 Do 14
6,000 0,167 985 7,85 2050

The results in this table repeat the patiern gean in
table 11 and teble 12, There is a gomeral inercasa in the
values of moleculer welghts with increasing M.M.A./TBr
_Tatio ond the rates show & less significant vavietion,
thoungh 1t could be suggested that there ls deerease in Fase
vith decressing TBr/M.M.A. ratio. Fig. 1% shows thae plot
of IP against M. M. A./TBr vrativ, A comperison of the Te-
gulte of table 135 with those of tables 11 and 12 again shew

the expeoted docrease in molaesular welghits with ilnscreasing

femperature., Further, 1% cen be seon that there is the

\
expected increase in rate with increasing temperatupe for

the mixtures of the seme compooition,
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R el

Neggweopont of melesvlow welsits by rodiosctive hracew

e i T2 05 -

Loshniques.

Sinae oeourate moosurcments of tho molosuler weighto oF
COLOREYE Were ofF @Eﬁm@.impgﬁ%ﬁﬂﬁﬁg wadloactive Sraoor toohe
plgues were snployod o
(2) obtain molecular Welghtn of o raproseniative zonmge of
taloners prepered by wsinhg vadiocastive methyl (¢ 74) methe
acryiete with inactive bromotrischlovomethane, and compare

-

%ﬁ@ﬁ'ﬁiﬁh the walves of molecular welghta obialaed @y~’
GrYOeeepLe, %&p@u&vyr@ﬂgmz@ end elemantal snalysis mctheds
The vesulte obimined by the two lavttor methods ave repevbed
in the discussion.
£%) - investigate the puwity of %@l@m@ﬁs-by naing rodioastive
Tenmene end radiocactive mothyl (G 14) methacrylate end as-
coertelaing whether those reagents were complotely raneved

LBy vacwum Gletiliation, Redlorotividty was measurod by

Cecintilistion cownting, in whieh wse is mede of the photone
areated when & sultable luminesecont matorield is exeited by

- gueleoar zadiation. ~ These photons are. converted iate
‘él@@%ﬁﬁnﬁg at the é@%h@@@ of & éh@%@%@l@ipli@@ @mh@g

Ywktiplication of those olectrons im the photomvltiplicr

. 0ol wine to clostsicol pulses which ema be roeowrded om &
goulor ond timing vnlt (deseribed letor). Boech dseiope

" pspduges o typleal pulse dependont .on ita energy -ontyats



50,
i frerontiotion boltween mpurlions pulses owd those éue b9
the presence of igotepes 1 wade by the wee of o diserie
INHCOT o

Jeperinentel wnroecdure gud aoulpmeni.

{sfEgstabl

The liculd seintillation H@@;ﬁﬂ'@@@@ was cupplied by
Weeloar Baterpricces Lid. sud consleted of a tolumme molubiown
@@ﬁ%@i&i@g 3 ges. per litre 2,5 dlpbonyloxagele snd (o1
@as. per litre diphenylozesolyl bwonsenc., The sample
_vhosg wrdloestivity wes o be deternined was eomtaincd in
& flat botitomed silier e0ll of 18 mi. @@@@@iﬁy@ mhﬁ@h W
'@&@@amﬁa@a on the ewieide %o glve maximwm light =0 3@@%ﬁ$ﬁ
The aluainlom coad %xg was protested by the vwse of an apony
Foain finieh. 20 en., grade silicone oil, sleo obiained
Twom Nupelear Entevprises Itd,, was used to aet as the
opti 1l coupler between the coll bottom and the cathede of
.. the photomuliiplier tube. The semple cell was 7 m@@ with
§ nle of the liguid seintilletor end $ ml. of hmm%@nm Q&lm
wilon, - For calibretion purposes these 5 ml, of b@ﬁﬁﬁé&
contained & lmoun smeount ef yedie bonzeno oF g&@i@ M m &@
When rodionctivity of the telomor waes o be @bﬁmim@@w tho

polution wag of 5 ml, inestive beasonre plus @1p@@£i&m%6&y
a0 milligroms of the radlonetive Selemor. The polythans
cap was ther replesed on the oell vhich wos thom @&é@@ﬁ im

the seintiliation head wit end deslk adepted E@k’t@ ATy



S
20 minindes rogidusl PROCPRETEIGCMGEE.
Tho selntdilotion hoad wlt 30 cbsenbtieldly o Yeemsle’

G,

vAth 2 dnehon of Aced shicldfeg €006l wWith o oposicod

e

sovony Jight logking devisC. This devies porilio operasiesn
of tho ecascably in deylight witheus espooing the photc-
sk tipliow to the light ween ehonging tho oodlg,  Lrio
neono thet the twbe desk ourrent ip ellowed to Fomch tho
lowast leovel ponoiblea, molking Lo lopwoved coewwney and
loworing tho baokgrowad aativity. Also, the high veld-
age oupply o the photomwl tiplier twba moy be loft gape
pegsed wvhen the pauples ave being shengsed, Sines the
vhatoruliiplier Vube gin verien o8 & fumekion of the Hth
- power of the applied high @@1@&@@9 e vasleblien in tha
Ckigh voldege oupply is ebvicwemly desirable. Amy vnEie
@%ﬁ@m'ﬁﬂ Qutpws due o SoRperadture chonges wan avwided
:ﬁy-ﬁﬁﬂﬁiﬂﬁﬁuﬁly pessing cole vater thyongh @@pp@?-%@ﬁi&
- survounding the phestomelviplior tube.

A Tueloar Enterpirise 5202 Folirotein emplificr sith

4
2 gain setting Lrem 0.4 - 200 wos used to cwplixy the
outpnt Lrom tho phetomulsiplior,

The pulses fvem ¢ho medn omplifick pass inte o alnglo
chicemel helght enolysor. Sluee onch ivetope calds o
gpesific quentim oX cnergy, & pulse peswlicw te thad

ipovepe is oblodned, This dnsctrwmont cow bo 0et s thes
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¢
o

it will ewly coccopt pulses whese smplitede I8 POPTOOCEAG-
ative of tho partienley Asodepe beldng cvuntod, The
voogndred gotc wAdth cmd puilse holght Zow ﬁz} 14 apenbing

ARG Yol DOLOW, .

Geebilicsd Miah Voltege 0,740 Ko vali
Apligi enbion G0 2 1

Poloe Heddat 30

Eote Width 0]

The pelse in 4%s Qinel Bemm is zolayel s the
sealer type Ho. 1009 7 and tining 'ﬁ’ﬂtﬁ b Woo, 108 A vaieh
wore cupplied by Iynstvon HMleotvoniesn., The tlne wais

wldrbe weed to owlteh oIf the ssaley clther at B PG
ot vime o after 2 prowet wunber of cownts heve Hosa
recordad. The ime walt hes o motimum R ovore of
89,999 veconda ond o nexiown epwt store of 99,999 covmito
Heoal t8_ ?mggmma@wvg boagone

Baperdmonts W@ o coxriod out %o emtablich i nansy
bensone wvas incorporsnted in the tcloners duwiang o
freege drying proscns. The oltock geluntlon of bhonocnme
which was woed for freese drying the telomers vas mede
wp by dlluting 0.9 oe. of stzongly redionctive bonnend
(eee page 27) with 100 es. of inestive bamzone,  Fow
calibration purposes 1 66, of the stock seluition wes

farthor diluted with 99 eés., of inactlive bonzmenaa



D9
A calibration cuvve (£ig 14) was obteined.

A gewple of telomer of VP = 7 vhose molecular welght
hed been determined cryoscopiecally wag divided into &wo
PETEH . One pexrt of this sample was fveege dried from
ordinery inactive bonsene and the other half was Lreose
dvied from the stock solution of wadisaetive benzend.

The Tollowing vrepulits were obtained on the subsseguent
aetivity of the two pPartsS.

(1) activity of 0.0050 gus., of telomer Treeze dried
from inactive benzene = 0.5 ¢ps.

2) aotivity of 0.0050 gmg., of telomer freeme dvied
from radicactive benzene = 0.7 €p&.

{(3) activity of the 0,005 gms, of telomexr used in
(2), freese dried from rodioamctive benzena,
subseguently £reeze dried from inactive ben=
aene = 0.7 ops,

Prom the calibration curve this increese of activity
wes found to corwespond to 2.3 @@@¢ gna., of bensone.
This led Yo the conclugion thet there was 0.6 moles of
bensene pregsent im 1 mole of the telomer. These resulis
will be dlsgcussed in deteil in the discussion.

Reguling veing radiosctive M.M.A.

The stock solution of redioactive M.M.A. was pro=
pered by adding 0.2 ml, of highly xadioactive M.M.A

(see page 27) to & 100ml, gradwated vesssl and making
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it wp to the mexk with insctive inhibltor-contalning

M. M. A, For salibzration purposes, it was Lound NeGeHS-
ary to further dilute 1 ml. of this stock solution 6o
100 ml. with inactive benszene, this belng used in prefe
orence 0 M.M.A. on account of the quem@himg @rLfest 0k
tained whon uweing the latter diluend The calibration
eurve obtained is ghown in £fig. 15,

The svock solution was weed to prapare rediosstive
toloners ab diff@f@m% tenparature in the presenge of very-
ing guentities of Thr for moleeular welight detewrminations,
The results obtained ave shown in table 14, which sl
gﬁwaﬂlmgl@@mla@jW@igh%@ m@&@ux@& exryoscoploally on ine
agtive samples prepared mm@@r ldentical conditions,

Table 14, Moleounlay weipghte obiained by r&ﬂi@&c%yva

tracer technigue,

M RTLVLETY

T, 1, 8)/FBzl} Prepazetion | Noleoulsw | Moleouler
temperature | weight by walight
O Roh. Bracex gxyoagoploelly
sechnligne -
0,200 | 25 450 £19
{
0,333 | 2% '. 580 500
1,000 | 60 800 ~ 1000 T5%

The sae stoek solution of rafionstive M.M.A. woo olse

used to dissslve m provionely prepored inective tolomor
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B%0
(P = 7)o From this polution, the redicmstive M.M.h. wos
thoa dlotilied off on the veacwm line Low 4 houra. Fhe
aetivity of the 0.00208 gma, Sclomer was Found %o hoave ine
eronsed by 0,198 cpo, aféer thg trentment with radisostive
HM.A.  This wos salenleted to eorrespond o approminately

1 reloswile of M.lM.A, 0 9 melecule oFf Celomor:
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ol owlatlione fox chaln sxoanigr conptanid.

IS R PO R Ve s v

e folloving oguatlon for the dovowmination of e¢hain
sransler congtant Tow shoxt chain polymowrs hap bocw do-

Pived en page 2%.

=B

ﬁmﬁ e&»'ﬁ]

%5“"@51

.L_

T £ig. T, #4ge 19 eud Pig. 13, P90 ove plotied
azeinet MoM.A./Phy ratlo (fced compositlien) for tho values
obtained at 25°¢, QQ@@@ snd 60%C renpectively. (See
gablen 10, 12, and 13}, As reguived hy thaory, vhe sie
perinental points lie on streight lines which intersess
the srdinate at P = > 1o  The g@&ﬁi@m& oF %h@@@zliﬁﬁﬁ @en
be identified with the value of k %khwem ah the experie

PR
nenbal B VRE b D11 ; cnmn
‘mental temporature, The valves of @b @ K@?Enfkpgn ¢
thue be regdily obinined. Teble 19 shown those resulin
together with some addidional ﬁ&%& vaed Yo commiruet the
AvFhonivs plot fer detormining a@mﬂﬁm@ﬁ@m CROVET o

Poble 15, Chaln trensfor congtents ot 2§®c% @@@@@ enad 6@?&

vogether with agtivation onewgy dato.

Pemporature | K I 1 Ge. |
g P@@ ‘3;%%&3 ) wﬁm;@a% Ab@o ] Tamw@m:m 1@@ E”‘%‘M w2 ‘ﬂ@@
Sgwen | T om ST 1 o T
Oxy=t
25 637 | 0,940 0.00336 10994
© 40 5,5 | 0,182 0.00399 10260
&0 6,8 | 0,208 0,00305 1,370
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Galenlation of activeabisn oNeLEy

Theo welotionship betweon the voloclldy cpefficiemnt ond

petiveblon cawkgy is oxprossed by the Asrhenive oguailon

1 voo 8008 000 000 -2 vae h{%‘u}

whera & lo the veleoelty constont of the woaotion, Aq 4 @m

fraguency feobor, ropregonting the totel Lregueunsy of em

epunters between the wroacting species, B is the cnorgy of

petivation for the reaction, T is the ebsolute bemperature

ot which the reactlon oceurs, end R im the melar gas compbant,
'@Ei&@ Arzhenins cquation for trauafer ond propagation ¥e=

agvlon epn be wrltien as

Ia&, /
%ﬁ@@@- R’E

= JRP "
X w @ ‘@“’ﬁ'/

Dol ‘@@?f?& T 000 XX 009 cgo {{2‘5}
Pyon eoquatiens 25 sad 26 ye obtoim o

L B o ; - ‘ . o
~ Roggg ﬁ%@ o gt (Tpan T Bewgm) o0 2T
: 2o '

i‘::%g@m suffixen i‘;mn and pon vofer o trenofer aund propegation

”ﬂomw@@%iv@lyo

xo 1% @h@wu the plet of leg E&m, lﬁ:@ o 2goinsd ‘ﬂﬁiﬁ“

émo egﬂ?a}ﬂ 1) for the tomporature ranges 25°¢ %o ﬁ@%a
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Eoguation 27 gives the slepe of this line as 1’@93&1 %ﬁgﬁf &0 3031

s 2ad fo the veloe ¢f

="3' - w»\ 3 eum " '4‘3 b )
mwm E’%m s +2,2 K eals/mole

Speeltie gravity ef 1,1 addust,

A 1031 molewr anixture of TBr and WM. A, wes ixradiated
i o dlsteneter of I mm. capillevy %o TGO?S CORVORBAOMN.
The tetel controction for 1005 conversion was fellevwed evar
8 period o three days, after which mo Tuvther contvagtisen
ook pheee. The malawr vatio of @B@ /M.Ad increasad
g8 moye oed move 1,1 adduct was formed. This resulted im
a-biilding wp of the [FBy)/[M.M.A;) mole matie and simse 1,9
edduet 1o the lowest addlition produet possible, ab @till
Righew [#bel / M.M.A) watic the seme produet will be pybduced
he specific gravity of the 1,1 odduet, thus lsoleted, was
ealovlated %0 be 1,65 fyom the totel contraction measureneEnts,

A choek was amade by detevmining the specific gravity
with & 1 21, pyknometer. This gave o value of 1,63, The
evorage velue of 1,64 hes boen wsed for Purther calovlations
:%z'sg this thesig.

Bpte dopondensles on reseitont congentrotions.

| It has beon shown 1n the kinetic schome on pege 18 that
the rate of roaction would vary as follews.

(1) ASbwolute rate would be proportiomsd vo [BBm 007 ama



99.

M), when sddition of %richleromethyl radical
to monomor 18 the rate controlling step.

(2) Absolute rate would be proportionsl to CeBs) T2
when transfer with TBr is %h@ rate controlling
SEEP o

(3) Abseluie rate would be proportlonal t@{@Bﬁ}O°5
and [M] where polymerisstion ie the chief re-
action.

It may be asgumed from the reaction schema that
gxeess of TBP o okesss of M.MsA. will produce Gon=
Aitioms (1) smd (3) respectively while (2) may poase
ibly be produced in the intermodiste stages.

| These assumptions heve been investigated by study-
ing the effeet of reactant concentration on the rate
of reactlon. In & two component liquid system, it
is pot possible to vary the concentration of one »ee
actant wilthout sutematicelly varying thé concentration
of the other, Bengough and Th@mscngo have used
benzene as & non reactive dlilwent te aske similayp
gtudies of the vinyl chloride and TBr» system. Howe
ever, whon bensens wes used with the M.M.A./TBx
syeten the results obtained, shown in teble 16, ine

dicated that the rates did not vary as oxpecteod from



60

theory. 1% was therefore consluded that benseone mey

heve sone interfering reaction with the M.M.4./ 08z

ByRtam.

Teble 16. The effech of oxcess TBr concentration om

the Lfractional rate of reaction uvsing

benzene g o_diluent ad 25°C,

[M.M. A E.ﬂ?Bﬂ % per houw
mf3, - mfl contrastion
0,738 8.86 .02
. 8,71 1,03
“ 178 1.02
@ 6.65 | 1.02
® 5:.91 1.04

Isblg 17.

The effaect of M. M. A, consentration on

whe rete of reaction weing bhenzone &g

& diluent at 25Y°C (excess TBr).

@TB@SB EM,, Mo Ao % per houw
w/l /1 contractison -
ToT5 0.632 1,03

w 0,758 1.02
@ 0,884 1.04
@ 0,980 1.09




6%

It ean be gsen from teble 16 and teble 17 that the
nolayr ratio vrenge wag varied within the conditiong
where 1,1 adduct is the predominant product {(ease 1).
I% should be noted too, thet, in both these tables,
the rate quoted i the fractional rate. Since the
agbaolute rate is proportional to the produet of the
fractional rete and the M.M.A. concontration, it cen
be seen thaet in teble 16, whove the M.M.A., consentration
io duvariant, the fractionsl rates are in fact proe
portional to the absolute ones, and do not chew the
variation with TBr concentration which 1s predicted by
the above theory. This may be attzibuted o the inter-
forenss by the diluvent benzens. Ag will be pointed
owt in the disgussion, radloactive benzene studies
showed that bensene was being incorpovated in the
selomners in some chemicelly bonded form which made 4%
impossible to distdl it off en the vecuum line, evem
after pumping for up o two Qays, On the strength of
these resulte it wmay oppear that benzene is reacting
with M.M.A. in preferemce to TBr, thus kesping the ﬁa%@
of reaction constant even when TBr conecentration is
varioed from B.86 o 5,90 wfl,

In table 17, on the contrary, where the M.M. A

conegntration varien, it 18 necessary to estimaito the
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g s S N o553 3 ™ iy e o o 5T ergy ars o
produat of fersetional rave and M.M. 4. concenhenbion

rax T R TET it e e o - o g an it o KB oy ot <3 o 8 e
e gompera the vaines of abinluvdy Favd. When vhiag i

=

dong, 1t can be asen that the sbsolute r&t@ in vivbunlly

Propartional 0 M.M. A, conceantraticon ag wowld be sugge
asted by the thesry, Owing %o the devistion fyowm The

axpeeted aourse of she reactvion when the Thy condefie
ation was vearled, an aliernative dlluent wag sowght,

It was hoped that ocarbon tetrachleride whose molas

gulor species vesemble those.of Ty in chemicsl gbpuse

tore would be a satigfectory diluwent. Weitvheaw bhen-

gene nor garboen tetrechloride gave vise 4o any eppsvent

ks
'S

\

gontraction when phetolysed in the presence sr absenod

Y

of By for 2 howrs, but, GY G 1% thera was awmy amall

decomposition due w0 photochemiesl excitation 9@ trang-

BT T el o3 RS w3 oo - 5 r B s
LEFE Fensnion in the ea Bl o

s
N F

s of earbhon tetrachlozd

w0

u

&
would result only in the geveration of txichlovematingl
madicals, Sinee the resction mixturs alveady cone
trined these specien, the systen would mov have any
addad impoarliiy. The rosulis obiained with carben

o

s@hrachlovida are showm in table 18 snd table 19.

c"sgv
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Heat of addition of 1.1 addnedt of TBr and M.M. A,

A number of celorimgtric wethods have been repérde

84 for meaguring heats of reactions adiabaﬁicallyasmso

or i@@%h@fmallygﬁa The heat evolved is messured A4r-
actly ox indirectly as & function of soms physical
proporty at o fixed extont of reaction. Direct

meagurement of the temperature vise in the reaction

34
EEQWBB or 8 thermocouple method

vossel using & thermisto
hag been reported. These methods ere usuvally com-
plicated in that they invelve use of intricate appare
atus and lengthy proceduraes. Due o its simpllieity
and good reproducibility, a diletometric methed”® hes
been used in the present work. Reaction vessels of
the kind as described on page 31 (fig. 4) have been
employed. A moleyr zatio of TBr and M.M.A. of 10 & 1
has been used which according to table 10 produces 1,1
adduet at 25%0,
Messurement of heat of reactlon.

The measurement of velumne comniraction by mesms of
@ dilatometer -§. widely used for determining vreaction
rates wnder svationary state. The dilasitometric method
i eleo now used to Lfollow volume chenges in nop-
35436537

statlonary state This invelves measuring the
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yete of expsusion (€) due o self heating during the
Tirat 10 - 20 seconds (assumed to be adiabetic) and
the rate of contraction (B) duse to reaction under thewx-
pal gteady shate conditions. Instead of the initial
mate of expension (€), the initial post ivradiation
rate of contraction (Y), due to cooling mey else be
need . The method 1s obviouwsly limited to photeindt-
inted wemctions,

i
Theoretical””

The following derivation of an coustion by Beme
@mu@hgg anables heat of reaction o be evelunted LTrom
the ratio of ¢/2.

In & chemical reactlion such as the reactbion of
By and M.M.4,, the totel change in volume is due o

(a) an expension prodused by the heat generated
in the reaction. .

(b) & comtranction due to difference of density of
the polymer and the mounomer

{e) eand a contraction Gue to the heat loss @
the surrowndings.

The overall rate of contraction (e) cen be writton
OB

i = ﬁ.{\.ﬁm& @oo v oo ©00D v o0 a?o



T0.
Both z cndé ave clearly propsrtiomel o the rate of
reaction and, £OR & @olym@fﬁaaﬁian proceeding at a rete

of ®'% por aecond, are given by the following aquat-

jons
& 2§'(€ m@')/@,‘ oo 00w sow oQao 28 .
& = KOQW?EM' aoa 00 ooa son 29
where AH = heat of resction in cals/molo.

do = cpoefflcient of expemsion of mONOMET,
M = moleculawr W@igh% oFf MONOMET .

2 = opecifiec hest.of monomer,

¢ = dengity of monomer.

¢/ = dongity of produst Lformed.

Bividing 28 and 29 and @@lviﬂg Por B, we get,

¢ ¢
aB o CEM L =8)  cala/moie

The velve of ¢ wao ovaluvsted L£rom the following twe
nothods.

{(2) Direct meosgwrement of ¢ fvom the initisl rats

0% gxpansgion.

Tho vsuel methed of following the movemsnt of tho
mendiocus with o cathetometer is wnsatisfactory to

neeoure rates vnméder adisbatie conditioms which last fow



Tha
10 «» 20 secounds, The ayetem uwsed here to recoxd thae
novement oFf the meniscus during adisbetic conditlons
consisted of & cathetometer in which the crose wirs
¢f the eye plece had been replaced by & callbrated
scale, and & atyrip chart time recowdey fitted wiith a
dopressing key. As the meniscus crossed sultable
marked divielon on the seale in the eye piece, the
time was recorded by depressing the key which applied
& voltage 40 the pen recordey, Vhen the dilatometer
had resched thermal equilibyrium in the water bath ab
QEQCQ, the cathetometer was focused on the meniscus
and set to vead o convenient diviglon on the ealibe
rated scgale in the eye pleve. The irradistion was
then compenced by depressing enother button which
operated the U.V. shutter electromaguetically. ¥lego
?@'mhewg some measurements of the expansion immeds
iately after the ivvadiation has commenced. The
lines awve veasonably perallel which indlcates good
reproducibility., After about © - 10 secs, the wate
of ezspansion fell off due o heat losses. The ade
inbatic duration time can be prolonged by using vecuwn
Jacketed dilatomcters or by weing lorger dilatometer

bullbs made from thicker glass. This would necessitats,

-~
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T2,
however, prolonged thermel eguilibrium times fox
following stationary state rates,. The results from
these rates give the value 0f € = R. The valwe oX
¢ eon be calculated since z is readily obteined Lrom
the gradient of the stationary state yate plot (fig.
- .18). These valuss are tabulated in taeble 23,

(b) Direet mossurement of ¢ From the initial cooling

contraction rate,

The irrvadiantion wss continued fowx about 15 minutes
to reach steady state conditions, The rate 2 was o0b-
tained by Ffollowing contraction under eteady state.
{ourve 04, Tig. ). The irradiation wes then cut off.
Contraction a8 & function of vime was measured ilmned-
jately followlng the end of irvadietion. This is
shown by the eurve AB in fig. 19, the gradient of which
gave the direet value ofeé. These valves are alse
tabulated in the table 23.

Mean values of specific heat, specific gravity ete.
37

of the reactantd.

The oguation derived earlier for the heat of »a=-

action i@

CAH o & {Sﬂﬁ_’(ﬁi - €')

& Ao &7

A there are twe remctants, the heat capacity (&),
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Table 22, Physical constants fox TBr, M.M.A. ané
1.1 adduct.
TRy MoMo A o1
eThete adduet

Moleculan '
wedght 108 00,91 208,1%
Specific .
heat 0.18 0,49 e
Cogfficient “ @9 q e . 9 _
of expansion 1,062 x 10 1s24 x 10
Speciiic :
giﬁ&q‘;ﬁ"fﬁy 2 o 905 O o 936 1 o 663'

Pable 2%,

Heat of fovmation oF 1.1 adduet of TBy and

MoVWohAo, GM (€ ~¢) fhe = 7925, mole

ratilo TBE/M.M.A, = 10/1

initial veaction | cooling OH
éi expansion rOLe rate K. cale/

rate A &/z nole

€ -=Z '

. 5«:0 %%o? 293&' 18055
——— 4,6 10,0 2,17 17. 20
T 40? 'g‘ﬁoo 203‘@‘ ?8055
o2 5,0 11,2 2,24 17.75
6.2 4.6 10.8 2,34 - 18,55
604 4,8 11,2 2,34 18.55
— 4,1 9.4 2,29 18, 14




75a
* The valve of € has been calevleted from the values
obtained for
€ ~ g and &

The values of oxpension are guoted in arbitrary
mits,

Table 2% indicates that the valves of € /z are in
clope agreement and reproducible. From the results
in the above teble, the mean vglue Lfor heat of adf-

ition 18 18.%5 K. calgs/mole,
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DIBCUBSION

Pometia, et Al

Preparation of Telomeya.

A numbor of chain tramsfer agonts are sveilabla
for the proparation of M.M.A. compounds ¢.g. mereaptans,
tetrabronogthane and bYremovrichloromethane. However,
the MOM@AQ/Qgﬁ syetem was chogen in the Ffirst plase o
clagify diffeorencen of results obtained by previouws
Workers. TB» is alse perheps the most sultable chain
tronsfer agent fow %@lgm@wi@a@&@mA&%mﬁi@@ of M.Mo A,
Ite excitation wave length is from 3300 %o 3900°A and
gincee the O = By bond is weaker then the ¢ - C1 bond,
it follows that photolysis could yield an equal nunber
of bromine end trichlovomethyl wadicals. When dsoli-
ating the preducts,Br, belng voletile, is casy %0 18-
move by digtillation on the vacuwm line, Toloner-
ipation esrried out with TBr always gives end groups
which sre halogen in character. Thig is quite uwseiunl
for deteemination of moleculer weights eote. by end
geoup analysis metheds.

However, one problem in hendling TBrx is that 4%
attacks mereury glowly end thus prolonged eontact ef
ite vapouy with the mercury of the mercury divfusion

PUMP HBRGE be avodded. This ceon sasily be achioved by



Tio
wedng Liguld nltiogen oo O ¢goolents in the tweps LnmH-
oddately before and a¥bter the mereury ALLfusion pYvp.

Limisations in the nroperation of telowers.

As the repetion procceds, contlnvons chonges in
the molay watio of the reactoants dtake ploce, IF tho
amovnt of M.M.A. is smaldl compawred with TRy then thers
widd be & lavrge deviation from the original concentrate
Lon of the wesctants. This iz demonstrated in the

following vable.

(LT P, Ses P

Pable 24. Conegntretion cheuses in the M., h./TBy

pyshen during telonerisation.

Quendities of TBr end | [M.M.AJ| [7Bx) Bl / |
M.M.A. veacted (moles)| molos moles | LM, AJ

0 1,00 20,00 | 20.0/1
023 molos ¥BE 0,75 | 19.25 | 26,4/
SR Ml i | o0 | w0 |0

% conversions were therefore corefully watched and koph
bolow T4 oF the reactent preseat in lowest coneontrat-
jon, so that Linel conecenvrotions of the wveastents

were not very difforent Iyom the inlticol congentwrations,



T8
When appreciable guantities of teloners wers regolrs
gl for the determlnation of physieal properties auch
as denslty, molecular weight, very lsrge dliotonstern
{up to 100 mls.) had to be used since the reaction had
te by stopped below T4 comversion.

Pelomers of DP less than 1.5 were viscous rosine
like naterials and were veyry difficult to handlie for
welghing out into ceryoscopic gsllsz for the deteramlngte
ion oFf moleculer welght. Thue the resulits with shese
materiale arve liable to be less accurate then for the
golid velome¥s.

Damsity of 1.9 adduct.

This was deteralned by reascting M.M.4, and TBr
in melar veatlo 1710 end completing the veaction o
100% conversion over 3 days continucus irradiation.
Ass the veaction proceaied 1% ?@%n&i@@ in & bulld wyp
of the [9F Tf{yomoﬁﬁ mole ratio snd since 1,1 addwei
is the lowest additlon product possible, 8% stilll
higher (TBel/ [M.M.A;l watios, the same produet was
prodused. The deasity of 1.67 g/l was fouwnd on the
imolated product wsing & 1 al. pyknomeber. 1% mass
be pointed owt theid such & long ivradiatioan wouwld
p@rhagq repult in the Tomwaatlon of sone hexashlorse

ethane {(produced by termination reacition beltween twe



’ '
. .
b 1
{ !
- ] - ; i e
¥ = e . : N o FO
. [ o [ { s ey e,
(e —J.... el . ..Ulu“ { { Rt Y e
2 - 5 o i H . . "
093 oy = 1 : =y o i > 1A
e - Bas L2 N .t & o as i P - o
Bl - N Y - B & P = ' ! i i = e
s - T P - - T L ° i
i 1.”“, . I (¥t e i.u ju oy Pk Fat i
~ . ™ Lhd L i k3 ] rorng Sy . N
", i~y L LY el e . L34 -ty H i
el ey e o o S Eoes) o v i i :
¥ o < P > arh ] 5 i
a3 (58 N &y Tt ey H H w
- m e o i &0 24 1 " N H H e
- - _— s T oA - 3 o4 = N i :
i . oty aoed s W - = P Lt ak i 3
e I ot o o} e’ o 7] H £ ]
o d N " Fa] s gt e et o] i H K
\ e, L] "wen® o fn] Ly ) ™ t H s
" Bt o} el ~ oy P & e . ot § ; o =
=5 i) ek . P S h Bl ey b £ § e o,
&' wf P a AL fey., (5§ t - i 3 e}
e & ™ -t o~ - * i 4 s o ) 2. g &L
ot ke oy &3 .f D a &S b we v Eo, P § e (B foms
Lo b = it Ty i+ o . o L 5 [ieli K [ = S &
: N & ' ﬁMw ] R ] . oy e WM_! I x - v
e & e p - &) oL 7 bt Y e g H ok IR "+ & n.f:..., = K
-~ 3 -t *m 5 a P N P £
Fater} ia7 o (%) ? = Lt . RS- ad 1 bl e
g w9 o b TE R e © ‘ P S . < 5
: v fons &5 F ™ P Ayt P L) % 7 : : [eARRAt ot o
B X ] Py mﬂm e hni v = o o3 & § vi s < I 2
; . o : o 4 it = & ; e (D osH R o
aml " pos o e L) s - 4 7 e 5 ica X
. Ly el e o = e e o o= ; B IR TN 1
e ol A 3 - A R N NN 17 143 il A
> b arny, ) i Y ol wact < M . Frand e
i} S Nematt v e e Sust ¥ P - 03
et e e - e cred e
) o K = P e P o €3
L Vel [} Tae tum A ?
et w0 & o o= : gy G K
R, & 7 « 2 N k] 4+ .
ot ' Py G i " & & WEEY.
55 r owm " - g2 o . e~ : G o
Fs) # = K = o 2 E W PR I
— ) bt o el § =k s s
) = & g} bl o T : i : T
i N b D ad i - s i e & i S
A 1= o) ] o3 . - s gy tiok s .
L n = y e o & & Lol a\. § s &5 Pl ! oyl o o, [
W e M EEY ek pad " ot 23 f = Bt [N a1 &= by Y
= g e = & 7 2 & [y e B @ ot S e | el 24 Mo
" B iy o = . o3 jex] e " s Lod Y, o} = M
\.z & e Ty e & - ey st o 3 i w0 =S Y o~ ; %)
N 1 forl bd B - DN G &= L - %) 0 g f b & Wi W .
£ e ey 3 =) b &G - &
e i3 it & w w P ! & o & H __a.q m.;.\ e ¢ =
ot el i 3 - V) e 35 g
o il st o f G ERS o o [ % e , g pes . e
2 o P T L . - . f N
% : . Cie i ¢ i ey 4 -— 2% e 172
o~ (%] [SVICAS el S o Mf ﬂ-.. R e ) m H o5 o
. i o . el o G 47 ¢ P o b s TE e
i N ) el o o e oo & i T : et
N o ﬁ). ™% i, o, ey B pile — o guang . -5 )
o0 el i & i} . o o3 o pae L i =f . -
e b L 5 & o A Gt s Wl - o 5 et 3 Py,
i) (&) =54 hd ’ & gl - ey =y [ Vol ot
B H PN A vy vt o na =, G L2 )
& s = @ n oS 8 OE 8 P B o) ot
~ 1 ) [ ot P = e & sy 3 (L N &y ]
- Fean b sk vuﬂ.» LS RV 4 Pracd 3 o § e
R b ot 1 o 4 A : o i o o) i i £ a
yrrt ! JXUM 3 I3 § ¥ Mrl\m m-x.‘ _.-v!m w.nw.v ari i a.M
ol ] “, = O ] Do) (X 4 = Ty £ Y
P! & Pt " e ot = ©. o - =4 o Fa il =5 e ! iy
ot an ey N o o o sk il % H - :
- it b O ] L ol piint -t wyed L4 e TS 18N by
e # : P e . e e R . 5 £ah TRRS 8 ) 2
Byl il 1% wd e s i Y b5 Ty G - by = v
s S ot e et B et by - ey % E e} ' e T e
2 s ! o by - - .
ol E e o bl 5 i 25 e & Py ¥ L] et . z >
i 3% " a7 s 5 El iy L e 3 -
. i 35 = = o G e T Yon o e s
g [ ey ol P et e = o i Pt gl £y ﬂ.....w P
’ o o ract = .y s a? Pit$ oy s o i b o
=4 (] P K ! = ., o = b fug @ om o
I 1% ~u o . =3 lat z Lpvined Ph] 3 .
-~ o b o oerit L] ? o a kel o £5
e : v bt w2, A . , A - 74 > by &
et o W2 = bt R . pn Ryt i i 3 o
H + W . Y - L 1 et o
P K a2 - g G (3 S e Bt Ly — R
Y = i g 3 ay o G r g - st o ; D
i oo = £ o e o AL & o3 X £ R " PO PO
[y e Ped e J.\uw xS tod A A .m.:u ot s .a... H A.d.m e Futs +
» b - o~ o " H -
o v 1 i - e e o o) & rour? fur i e O i
7 . P a 47 i i - Etd S X . Py ol © Ha o
a5 P g s R o5 G P > f] t
3 o o~ Yt -~ x} i ¥ = e = < ¥l
: pect 23 o pw =t . o = Xy 9 £y f el = 00 -
e = 54 e b ey et - o~ 5 O - et M awg 3
+ bead 2o Tl m i b . T fe- 11 X P I i s
: oE ¢ K ; B [ =y 3 £
oo i~ i — e P e = L ! PR s 4 e Lt S 0 Zag )
! 3 = i = A L omel Gy =} ¥ i 7 Pt kwr L] -
gl =3 h oy outi M ) e by W, et o
P ) o 4 A s34 [X¥] [ i o 25 ]
-t Pl s = e © i 5 = 2 2 “ ..«
o oo ) o } = R i o bR
s 1 i ) s & i ;
ol e o) )
- - s oar a.
B et ‘

e o e e




80,
I% can be seen from these resulte that the wvalue
obteined for the density of 1,1 addvet of M.M.A., with
By i in keoping with the values Lo the 1,1 adduets

of vinyl chloride end vinyl acetate with TBr,

loleguler wolisght meagurenents cryescopleally.

Sourees of Errors.

The @lﬁsai@allB@@kman py@@aduEGBQ ig oo insen=
gitive for the present nessurerents, since iow de-
presasions are produeed because of the highewr moles
gular welght of the telomers being measured, Res
finements on these methods have been made by wuse of

& calibraied %h@fm@@@uplgéo

A

or 8 resistance therns
omete and more regently a thormistorTe=tt,  mme
latter method was further reXined by the design of
the apperatus vsed in this work (sgee page 30).
General sources of errors such as condemsation of
moisture from the atmosphsere, interference 4due o
cryasallisation and heat of Ffusion were minimiged,
Since strong hydrogen bonding groups such as OH, NH,
NHE and COOH are not present in M.M.A. and also bene
zene & non polayr solvent has been used, probleme due

to association of the moleeules have not been GRpoF-

ianeed,
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Precislon, securacy and seneitlvity.

The apot galvenometer vsed 4o deduet the null
veind permittad the measurement of resigtonce chonges
%0 the nearest 0.1 ohms. Repredueibility of vope
etitive readings wes however not good @ince oven the
very minuite traces of moistuvre condensing Lfrom the
atmogphere depregsad the Lfreesing point. Ao dure
ing the freezing process the plot of time agminst tan-
perature is not & stvaight line parellel to the %ime axis
{£ig. 20.)., 8 continuous graduel drlds being produeed
due %0 o lowewing of the tomperature in the @@ila
ALL mesgurenents wore thoerefors made immedlately aftew
the freszing nrocess had commenced, Meaguremondts of
the moleculay welghte of nephthelene, TBr and mono-
chlero=2,4 dinitro benzene were repented 5 times Por
aach experiment. This ghowed thalt the error vasg
within 3%, Accuracy on higher molesuvilar weilght
telomers wes Aifficult to ovaluate since semplos of
suitable substances of kwnown molecuwlar welghts in
these vegions are difficuvlt to obtain.

Comparison of resulits on telomerisation of methyle

methacrylate/TBr systen with provious workerg.

Ag indicated eawlier, congidereble difforonces
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oxint betwesn theae resulite and those obltained by

P

. 4
Hobb and Semneglos” and else independently hy Bragh s

Tablae 206 shows & compawdson between vhe resulis of

Thesge Workers.

Tablo 26. Relaotionehin betugon tho molew ratios of
the weactonts ond DP of the products ig=
olated.

J—— D_P R
Ki%%% (Thig@w@rk) §§3321§§§3 (Bgzah)@
0,054 M 2.425 —
0,102 135 —— 4
0114 2,880 B
0.125 .02 ——
0,133 3.500 S
0,199 e 2900 e
0,200 2.11 — ——
0.303 e 3,950 N
0.%33 22 T33.0 —
0.562 e 3,950 e
0,666 4,90 . —
0,768 . 4,000 e
1000 T2b0«=8,20 3.9%0 19
T. %00 10,1=10.9 - -
2,000 14,10 H. 150 25
2,220 5. 500 T
2,900 e 5. 150 S
3,080 — 5,600 e
4,160 13.80 — —
2.070 G.T2 25
6.820 remviemn 7.900 e
10900 — 12,050 —
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Tzom this table 1t can be seon thoere are differcncesn
both in the valuves and the trends of the valwen of
TP for approzimately the seme ratio of the reastenis.
It ochould he pointed owt that the telomerisetion was
corricd ont o8 30°C by Robb end Senoglen os agningb
2590 by Bresh” omd 4n this work. This, however,
cowld nov be expected o a@@@nnﬁ-fér sueh difforonces
ag san be seen Ffyrom the rﬁ@@lﬁ@ ot 40¥¢ and 60°C (soe
tables 12‘@nd 13). TFurther dimcreponcies between
this work end that of Robb and S@ﬂ@gﬁ@@ﬁ have beexn
noted in the physieal gppesransce of tho tolemawse
thought o be of the @&m@wmﬂié@mlﬁr welght. Whowrgon
2.1 proGuets except thoso of < 1,5 obteined during
this work weye white fiulily p@wd@w‘iﬁk@ m&ﬁérﬁ@lag
Robb and S@n@gﬂ@@§ found thet the produets of wp to
2,5 TP were viBoous liguids sad wp %o 4.0 IP were gel
1ike solids, Melsing points ©f the s0lide obitadned
in this work heve been shown in bable 11, These
regulte show thet the meliting points of these telomers
increases Frem 3%5°C to spproximetely 111°C Por tol-
omcrs of the DP range 2 to 16.5. TFrom teble 26 4%
is intorvesting to note that, for rasion of M.M.A,/TB»

from 0.054 $o 0,533, moloecular weights obtained im
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this work ere less than those obtained by Robb and
S@ﬂ@@l@@ﬁa This trend reverses itsel? Tfor molaw
ratios of 0.333 onwards,

Ionlation of nproducts.

Detalils of the isolation proecess have alvasdy
been mentioned. Binee product purity is of the vk
most importence in the molecular wolght measuremnents,
gfforts have besgn made in the course of thia wowk o
ghudy and cowpare methods uzed both here and by Rebb
and S@n@gl@sgu

In an effort o check the valwes obvained in this
work, moloculsy weighte on some randomly selested same-
ples of belomewrs were measured by severel different
methods.

(a) Cryoscopic -~ using bensene as solvent.

{b) TVapour pressure - using bhenzene 2s solvend.

{s) Cerbon, hvdrogen and halogen enelysis. The
ratio of carbon/total halogen and % carbon was
selected in préf&ranc@ to cavbon/hydrogen o
other wation to overcome the pogsibllity oxf the
product being hygroscopic,

{d) QReadioasstive trager technique.

Algo some samples which had hé@m allowed to ¥ee

mein 8% room temperature Lor approxinately one year
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in the dark hed +their molecular weighte redeotermined
cryoscopically te see whether eny changes in gtyucture
ocoureed duwing this time. These resulis are shown

in teble 27.

Pable 27. Showing the valves of moleculer weights
obteined by variouws methods.
Molecular welght values
oo m. A pgigiﬁ“ Sryoscoplo anelysis
(Eng] Bomp. YD, | R Ao
¢ o PRe | TTBe
initial agsgw cer G/ B
vaiue yeay Hel .
0,200 40 400 510 680 e 1,030 Q80
0.200 as 411 e 471 | 450 Amecrer> e
0,333 25 500 540 wee | 580 o e
0.400 60 540 656 BOO | coemes 960 | 1,100
1,000 | 60 755 | 840 | 1,075 | 900 | 2,150 | 2,200
2,000 25 15690 | === [1,861 | o== | 2,550 | o

it can be seen Lfrom table 27 thet there is & ten-

deney fow slight inecremse in the valwe of molegulaw

wolght when telowmers were stored over a peviod of ome
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year in the davk. It would soem that there is & 2@
asonsble agreement between the vesults obtained by
eryoncoplic, vapour pressure and radicactive tracer
rotheds, but there i1s substeniial discrepency with the
rosults obbtained by the anslysis method. This leod te
the suggestion that benzene mey heve been incorpoveted
in the telomer as bonzene of erystallisation duwing
the freeze drying process. To clawify this point
experinents were carried oul uwging radiocactive ben-
gene as solvent for the telomer in the freese dry-
Ang process. These sxperinentss showed thet there
was & significant increase in the radiocactivity of the
selomer atfter the freeze drying, suggesting that bene
zene wag in faot incorporated in the telomer. From
the incressge in vadlosctivity of the telomew, vhose
molosuleyr welght was lnswn from eryescopic RELSVUEGs
nents, 1t was posvaible %o determine the omownt of
benzene belng incorporated. For exewple, in one
case Ffor 0.00%50 mns. of telomewr of IP = 7.0, back
grownd couwndts before fresze drying were 0.5 ops. and
after freoese drying 0.7 cps. From the calibration
curve of radicactive bonsene, 1%t was known thet 73 cps,

2 0.1 go of bensene. It can be reedily shown that
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the incroused astiviity of 0.2 cps. represents 2.8 x
%@m@ c¢ bensene vwhich 18 present in 0.00%0 gne. of
telomer of everage molecular weilght 900, It follovws
that the tolomer (DP = 7) conteined approximetely
0.6 moleooules of bensene per molecule of telomewr,
The elementald snedysis of this particuler semple shows
ed that it condained 549 cavbon, which correnponds oo
WP of 20, Telomers of molocular weight 900 (P o 7)
ghowld howsver have 4056 cavbon value, but the presenee
of bengene of crystallisation wourld inereaso 1% o
bow @@ﬁt@nﬁ s shown by the following table.

Pable 28, Showing incroepe in % covbon conteunt in

EEETR RIS NN WAL Ty

solomer of TP = T.0 with incrossing mel-

peati g

epulop of bensene of erystellisstlon.

% carbon
value
Telomer + no bengene 48 .0%
Telomer + 0.5 molegules of bonzone 49.5%
Telomer ¢ 9 m@i@@u&@ 0¥ bhenmene 59.0%
Telomer <+ & molecules of bonzene 55.0%
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This table shows that just wnder two moloenles
oF bonzene of erystallilisation would have %0 be pye-
sent per molocuwle of Yclomer to give o produst con-
tedining 54% carbon. 0.6 moles of bongens of eoy-
stallisation wera found expevimentally,

Since boasone i » golvent Tow the oryossaple
method, its presaonce in the telomnar would enly alighte
iy af¥ent the value of depression of the Proeming
point and hones molecular welght shovld net be alters
0d significantly, The same argumcat would apply to
the determinesion of moleculny welight by the vapour
pressure nethod. Robbk and S@ﬂ@gﬁ@@ﬁ wsed the ¢le
crentel snelysis meothod Tor determining their mole-
gular weight but slnee they 4id not freese 8xy their
produsts, the molecular welght velues should net have
been affected by the presence of bonsene of srystalle
doetion.

An exsmination of teble 26 indiceies that fow
when the feed watio of (M.M.A.)/ [#Br) 18 greater then
1, valuwes of JP obteined by Robb and Senogles® ore
lower then those obitained in this work amd oven Jow

ey than thone ol Bﬁ@@§4u Fow oxemplo &%[ﬁomoﬁgﬂfiiﬁﬁ?

ratie = 2 the DP obteined by Robb and S@n@gﬁ@@ﬁ i8 5
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@@ﬁp@reﬁ with 2% obtained by Brash s w&wﬁﬁ epd T4 obe
teined in this work. This latter velue is sehicvad
by Hobb sud S@n@giﬁwg only when using o six Fold
ingrenss in the feed ravio. Tais led to fuwther
experinents %0 see if regilduel N.M.A. and TBe were
being completely wounoved by theilrx method 0f isolation
of the telomers. By redisselving song telomar in
radicactive M.M.A. omd pumping ofY this M.M. 4. in the
nornal mapner for 4 hovry o constent welght, 14 was
fovnd that there was an incresse in the radionctivity
9% the telowmer after this, but net gults so nuch as

*

¥ the produet were gubsequenisly freeze dried. Tha

25 T TS

2

following yesults were obtsinad on one such sempl.
Backgwouwnd actlvity of the telomer = 0.5 ope,
0.,0020 gns. of telomer {trested with radiosctive
Mol 4.) withount fweese Grying e 0,698 ops.

0.0020 gus., of telomer svbseguently Irgegy

-

died - o, 555 Gps

o

k&,

% was saleulated that the increese in activity of
0,998 cpg. corresponded %o 1 mole of varcscted M M.
par molecule of the telomew (DP e 7). Since the
radiosotive Nmﬁ@Ao @@mﬁ&ﬁm@ﬂ inhibltow, this incrsase

in astivity oould not be dus €0 polynerisation of

i
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added wvadiosctive MoM.A. in the telomer, Seng canbe
ion muet be oxereised ia comporing these veswlits with

3@ ginee the latteyr woxrkoevss

those of Robb and Senoglos
carriced out theiy evacuvation for 2 pericod of 16 hoves
and there must he an inevitable difference in tha
vacuua conditions uvsed, This moy also explain why the
molecular welght of the telouers increases on aging
which can perheps be due o post telomerisation of
swaces of wnraacted M.M. A,

Sinca ne wedloactive 1By was eveilable similaw
gtudies could not be carried out to envuwrs that no
winreacted TBrx was trapped in the telomew,

From the above disoussionr 1% wouvld sppear that the
oryoscopic method, vapour pregssurge and redioactive
tragey mothods lead te the mest veliable veluves of
the nolecular welght of the btelomers which have bean
froese dried.

Chain transfoy congtents.

Ag previowsly noted the results shown in table 26
show diffeorences in the trends of the valuscs of TP
with inoreasing feed Fatlio. These diifercnces arc
elearly rofleeted in the modified Mayo plot (fig. 21).

This plot shows that vheress the rosults cbtained in
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thio worl ila on & singlo otraight line AB ef slope
0,149, those of Robb ond S@m@gﬁa@ﬁ con be wepresented
by 9 distinet lince of 3 diflewrant slopes, Fhe liae
DB indicates thot im going fwom M.M.A./TBy rasios of 0.1
0 1.0, the P romaine virtuolly constend, vhile fow
the seme rauge of feecd ration the DP incwoasaes T fold
in this work, Using Robb &né S@n@g1@§9§ wvooulbe, The

value of the chain twongfeor constomt Tow telomer oF

P greateyr then 4 is 1.2, vhereas the results of this
work give @ single value of 0,149 for the vhole renge

pf DPs studied. This is in closor agreement with the
roagults of Br@@hgﬁ whe measured the chaln trensler son-
gtants for both bhigh and low moleeulexr weight preducts
end obieined values of 0,05 sud 0.08 respestively, and
with Bobb's results for wp %o trimerie radicels whieh
cen b seen iwn the Lollowing teblo.

fable 29, Velues of choin tronufer constents Loz

disferent size radicals.

Radical Robb & This ot B
8186 Somoglos® | wewls | Drosh
trineris 0,084 0,949 0,080
tobreaneric £ GOO 0. 149 0,080
tetramerio ~ 20 1,200 0,949 0080
polymoric 1,200 e 0,050
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ﬁamw 4% can be seen that thore is & geneval agreencn®
in the values of the chedn tronsier constant in the
lower wouge - L.0. legs than twineiric radicals « bul
1% is dAifflieult to oxplein thoe differences between the
reeults when higherwr rodicels are involved.

Polonerisetion af 40°C and 60°C.

The pronevnced variation in the veluve of chaiwm
transfer constents oo indiceted by Robb aund S@mggiaﬁg
in their worlk with the MQM?AafTBf aygten and by Robb
and W@@fﬁﬁ? in theix work with the styrens/Thr systen
4184 not show vy on the modified Meyo plot (fig. 12 end
P15, 13) for the telomerisation reactions carried @mﬁ‘
2t 40%C and 60°C., In fect reswlts obtained ot these
tomporatures are in general agresment with the pave
allel wesults obtained at 25°C axcept thet the slepe
o¥ the lines 1o @iff@r%nﬁg this being expected Lrom
the energy of activation considerations.

Activation Wnersy.

The Arshenivy plot (fig. 16) for the diffeorconea in
activation energy oFf propagation anud of transfer Te-
actions loads fo an Eﬁfpm o Eggn valne of 2.2 K cals.
Although only 3 points heve boen pletted, the plot cen

be ceon to be of good lincawity and as such ghouvld
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R, v ‘% (E“ :i'ﬂ W it A 3! LS, a% ¥ ! " L2 "’1
vield 6 veaponably accuzate Emrpm h?on
Whon dealing with the gysten wvhare 1.1 adduct is vhe

valws,

major produet foxmed, ©he syrbols E@mﬂm ond E%gn
covld chomge %o B, . oud B, wospoeetivel: '
vould ehonge €0 m%ﬂga and Ei roBpeetively, E%rgﬂ

being the onergy of aetivovlon Lo» the ranetion
'S Q
GCL. M 4 CClaBm ~ww—ed) GCL,MBp
and L, the energy of activation for the vesctlion
Q N (<]
0015 e M e G®1§M

& . _— . ,
Brash ™ obtalned vhe sverall sctivatlon cnergy

E. and the sctivetion energy Eﬁ for the termination
1

0o &

of twe brichloromethyl vadicels from non-stationas

gEate mneasurenents. The valune of Eg can, he eale

gulated Lrom the relationship

1 4
B, = BT « U - Dge con oso eee 300
0 5 9

which dg applicable to the proseat systen ginceo the
termination stop 15 second ovder with respect o wade
ical concentzation as will be ghown later, EE the
enexgy of activation for initiation con be agsumed to

be equal to zero fow phototclomerisation.
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By subatitating the valus o¥ Eﬁ An the E@r@% =
B, value obteined in this work, 1t 48 possible to v
alvete individual values of Eﬁyg@ and B;. The follow-
ing teble thus gives the vaeluses of astivetion enovgy
for difdovent oteps involved in the reaction scheno.

Toble 50. Valwes Lo the setlivation gnergy of inw

dividual oseps of the kingtle schong.

Resetion D P e 1 Aptivation enoPgy

GHep Reference K. cals/mole

Eb 4 e

T (2]

B’%g& d?c" gar&.

E, galounlated 12,2

s & : o

Eﬁfgi this woxrk | 4.4

Since trichleromethyl wadical is more sveble then eny
long chain polymer type redicel Formed by the sub-
segunont addition of monomer uwnits %0 the ianltisting
wadiecal, it wuld be expested thed Ei {(the activet-
lon onergy f@é addition of vrichloromethyl wadieal

to monomer) and E%B& (zotivation energy for the mute

wal interactlon between two trichloromethy) redicels)
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would be conslderably bigher thown the scbivation oo
orgles of theo propegosion end teoraination reactions
dnvolving groving chains (Epan ond Eﬁ;@b) o Momsovom,
“he agtivasion onedgy of propagasion @hu ba onpesHe
ad vo decrense as the numbew of monowmey wnlte afdded
o the inditiator fragment incressed, This efPect
can be speen from the Lollowing tablo. (The velwos of
E%T@ and B . as obteined by Bm@h‘% have beon added}.

Dok
Teble 31. Activetion energlics fow different size

Fodieals.

B o
Bl TP of Radical L R
ot e e K., eals/ | K. calaf
QLA | products apecies aole aole
1041 102 5613 12,2 6.2
1740 240 0015<Mf£ 4ot
; 0 o
17100 1600 | cCL5(Y, 501

Melville, Robb ond Tutton'® working on tho vimyd
aeobate/TBr system obtained

E’%@p% ] ?05 Ei LS @o(&

It dp difficult to explain why the activation

enorgy for the addition of the twichlovomethyl wadieal
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% MoMoho 48 12.2 Ko cele/moleo vhilset the addition
of the sawe wadical to vinyl acetate required only

6.9 Ko colo/mole.
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Vepification of the kinetic sohang.

Beofoxe the individuel xeaction rote congtant Ges
be evaluated, it i@ necessary to verify thet the kin-
stie sochene {pege 8) spplier 40 the TBx/M.M.hL, system.

Pable g, shows that at molayr ratios of M.M.A./TBr
™ %/éo end 1/1, the velne of the intonsity exponsnd
lies botween 0.44 and 0.53. Thias value fov the ine-
tonsdty exponent is vncheangsd gven when telomerisatien
is cavried out at 40°C, 60°C emnd in the presence of
earbon btetrechloride as & non wreactive dllveant. i
termination proceeds via veaction scheme. V1 te 7 then
the rate will be pwoportional to the souere #sot of
Initiation which im turn ie direetly proportional o
the intensity of light. Sinee the value of intone
ety exponent 1 spproximately 0.5 over this sengo
0% concentration of reactants snd this temperature of
selomerigation, 4t would indisate that the chidn tere
mination reaction proceeds by the mﬁtu&l interastion
of the chein cevrier wedicals. Thin ls in agreoment
with the kinetie scheme {(reactions 4,% and 7). It
should ba pointed oub that carbon tetrachloride was

voed a8 o golvent boosuse, if chain Srensfer reaction
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ware 4o oocur, the resuliting radicel would still be
& propagating trichloromethyl radical.

Bate dependencios on congentration of reactanis.

The offest of reactant concentration on the wrate
of reaction was svudicd over & wide range of concens
trationg, Experiments were carried owt both in the
presence end sbsence of diluent, These resulta are
shown in fig. 7. The plot of the fractional rate
egainst /[PBr] 16 the siraight line BC in the renge
where 1,1 a@dm&% is produeed. In the range where
TP is 14 or above, the plot is idontified with ane
other strailght line 0A of a dlfferent gradient. The
intormediate pointe do not form s lineawr plot. Theso
cen be intexpreted in d@%@ii by splitting the graph
inte three parts.

{1 The plot OA ehows thet the rato 48 proportional
%o/ @8] at low TBr concentretions. The melo-
cular woelight measurenents showed thet polymers
of DP = 14 ox above ere produced in this range.
Tt hes slready been poinited out that this io
possible in 8 systeom of propagation reactions ef

type
e M —— T{Eﬁfg

k .
MY, o+ M PR )y
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Under these conditions the rate is clesrly givon

by

. a0 /(I

Since the rediation 18 ebsorbed weskly by the
TBr, the rate of initiation I ie direstly pro-

portionel to the TBr coneentration

° & Ml —
R kppn\ /{E%)LM]

This iz in sgroepent with the plot OA vhich sheows
a linesr relationship betwsen the Eﬁﬁ@»&ﬂﬁqfﬁagé
From the above equation the absolute rate is ex-
poectad o dopond directly on the monomer @@ﬁ@
centration, The r@éul%@ of table 19 show that
thig is in fast 80, This establishen the faet
that in the sysben whore high moleculsr wolght
produets are produced (1.e. at low concemtration
gt TBr), the rate is given by the proposed ege
uwation 10 given in %the kinetic scheme on page 9.
When the concentraticn of TBr is mero & £race
ional wvate of 0,107 iz obtalned Que to phote-
telonerisation of M.M.A. Bengough end Thsm@@ﬂgg

when stadying the vinyl chloride/TBr system,
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found that the rate a2t TBr concentration = ¢
was 2180 Berd, since vinyl chlowlde does nod
polymerige directly with the light of wave lLength
36504,

{2) The plot BC (fig. 17) chows the relatiomship be~
tween fractional rate end /[TBr] in the reglon
where TBr 18 in much highew concentrations than
MoMoho The seattor of the points which Forms
the straight line BC is notably greater than Lox
those which foxm the plet of OA. Thig i due
o the lowewr agcurvacy o0f the econcentration rate
dependenge deternmination fow the weacteut whieh
is in excess, since it ie only possible to make
relatively smell ¢ chenges in its concentradion.
This wvesulis in & relatively small chawnge in the
Fat9, The moleculay welght measurenents showed
that in this venge of molay ratio of reactants,
products of DP = 1 %o DP = 2.5 were obiained.
This suggests that the chein trapnsfer reaction 4
ia fagt compared with the reaction 2 representing
the addlition of twichloromethyl radleal o MoMoA.,
and henee the latter step 18 rate contwrelling.

The rate is then given by



(

173

)

0%,

d ] I N
ol B k. = [M
e l/f zf%a) g

€2 k.l (-@-@E}] ) [M]

th&

Once egain 1f the rate is ropresented by the
above eguation tho absolute rate should then alse
be directly dopondent on the soncentration of
monomer {(i.¢., the fractional rete will be ine
depeondent of nonowmer soncentralion). Table 19
showa thet the frectional retes swre indeed ine
dependent of monomer coneentration. Similar
resulss have alse been obtained by Doungough snd

ThomQ@mEG

when working with the vinyl ehloride/
TBr systen. However, in thelx woyk the slepe

of line OA is less than th@-@l@p@ of AB vhich is
in contrast to the present Lfindings.

The region AB is obtsined in the intermediate
concantration renge of TBx where before the
transfor reaetion can boGoRe rate contmolling, the
propegation weaction becomen so wvignificant

that the veaction produet is no lewger 1,1 addustk,

It coan be secen from the graph thet the vaite is

no longer proportionel %o / [TBr]



104,

2R S e et s "

Rato dependeoncies in the sbsence pof diluents.

It was Tound thai at high M.M.A. concentration,
tThe sguare oow depénd@nee of the mate on the T8z
conceniration was obeyed gven when no diluent wap vsed.
Thin i shown by the line 0D im £ig. 17, This meant
that as the TBp concentraiion waes ghengsd, the M.M.A,
concentration sulometicelly eltered but the M.M.A.
goncenitration was relatively so high as to change
1ittiao

The slepe of the line 0D elesrly shows ingreased
fractional rates for oguivalendt TBr concentrations
eompared with the fractional wates obtained in the

presence of non reactive diluent cavbon tetrachlexide.
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The heat of additiom of trichleromethyl xadical %o M M.h.

When working with high TBr concentrations %o proe
duce wvery low mnlecular welght products, Bﬁaﬂh& Qe
eluated variouno weactlion constanis involved in the
reaction scheme (page 8) which has now been shown o
be applicable te tho system studied im the present work.
He evalumted the rate constants by the use of non
stationary siete date in which he zsgsuned that the
heat of wresction was equal to that for the bulk poly-
nerisation of methylmethecrylate (where high polyners
are produeed).

A
Bengough and Thom@@mﬁ“

woxlcing with the vinyl
asetate/TBr syotem found that ﬁﬁ@ heat of sddition of
trichloromethyl radical to vinyl acetate was in feeb
gignificantly higher then the beat of the noxmal
p@lgﬁ@fi@&ﬁﬁ@m roection in which polyvinyl acetate is
produced. Similerly, working with the vinyl ehloride/
TB» systom, Dengouvgh and Thom@@mgo found thet slmost
parallel difforoncos wero obtained inm this systom.
In the present work the author nes obtained the velue
fér the heat of addition of trichloromethyl wadicel
to methylmethacrylate, and the comperison of ﬁhﬁm

valve with that of the heat of polymerisation of

MoM.As shows thet @ pimiler trono ig meintained. In
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general 4% may be sald thet in the three cases ol
pidered above, the heet of addidtion of trichloxe-
nethyl sadieal to the vinyl monomor is @pproximedtely
30 = 40% highew than the corresponding velwe for tho
hoet of polymerisation. The Fellowing teble de-
nonstrates theose difforenoes,

Teble 32. Comparison of heat of additiom of $xi-

chloromethyl radiecal to vinvli nonomer

and the correspondinz heat of vpolymexisation.

osomer | 1085 0% | BenitEs | i |
¥. cals/mole | ]
vinyl cshloride ﬁ@m?é ‘ 25,627 .6 40%
vinyl acetate 21.4 27=-28 299
MoModo 13.5 18,35 564

Evaluetion of rate gonstantu.

From his non statlionary state rosultis, Bﬁa@h4
obtained o rate of 11.5% per howr for o moler waiis
of TBn/M.M.A. of 10/1. In calculsating this wrate
he uwsed & veluo of 13.5 K. celn/mole as the heat eof
reaction, this being the heat of polymerdsation Low
MoMode The value ef the heat of addition ¢f a
trichloromethyl wadieal $o M.M.A, has been fownd €
be 18.35 K. cals/mole in this werk, Thus it is
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possible o Corvect the roeaction wate snd the re-=

aetion vate conatantn obtainsd by Brash? as fellows.

correctod rate o }%ﬁ% £ 11,5 ¢ per houw

e 8.7 ¢ per howy
4 ky =5
Brash® obteined i 2 15,9 ¢ 10
ol
0
Ag this waw obtained direetly from rate and kinetic
chain lifetine meoapuranents 1t can be corrected Lo the

now coyrrected rate.

‘%%%3 % 15.9 % 1072 = 10.3 x 1077

The valvwes Low ki ard k% were Found by Bﬁ@%h# to be
8.1 amd 1.3 = 10> 1. mols™' sac™! rospesetively.
Sineo ktga depends only on the rate of initlistion ond
kinotic chain lifetime ¥ , thers will be mo chango in
it velwve due 6o tho chénge in tho value of tho ratd.

By cubstistuting the velue of k@ a in the oquatien
7

2L 10,3 = 1077

lf. | ‘ [+

one obtaing 2 corrested velwue of ki a 13,4 1, E@l@@1

m@@”%g The valwe of kﬁf a {(n = 1 in this casse) tham
v
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Teble 4. Showylag veluveg of k. sy obteined in difi-
erent systens by voriows WoXkKors.
. ]
2 : Dy utemn z
Ve rkersy Referencas < T4
. Grerancer atudled L%@ﬂ
ﬁzﬁ‘q uQ@s'Q ;
Robb, Melwille O vinyl aeetates |. a8
& Tubton = Tz 1.0 x 10
Bengough & vinyl acevass a/ .
" 3 "’ & ot e b 8 %
Thomeon 4 TBe 1,06 = 10

oty o - ‘ ) N 7
gﬁggﬁ%@@ 2 Mo Mo Ao/ TBw 1.6 = W'

£
L PN - . L 7
Beash & M.M.A./TBw 1% 5 9107

s = B ., T Y Q?
Robb & Voali (N atyrene/The 2.1 x 10°
Ki 5&’ :{{:&&m &: ooy S 1 B Y -'Jﬁ
Robb 4% 5 b:yxf@&u/ TBw» 5 x 10
Habb, Melville 92 eyelohexena/ 9.6 x 165
& Tudton - TRP ot & IR

P, Goldfinger a5 estimatod fxom | o . 409

a% ol k shlorination of] '@ =

ehlorefocm

Teddar & - N 10

Weal ton &5 ethylene/ T By =% x 20 Ve

Bangough & . vinyl shloride/| . .. &
£ X 9 g o a il 5:}

TROMEOT 20 TR .06 = €

¥ ese reactions were carvied ouwdt in gas phese.

From the expressiom Ik 5 @ %/iT“s 4t can bha seen
that oithaer s 100 fold decrease in the wvaluve of I or
10 fold desresse in the valus of ~7 would be weguizred

A A o ’g‘ -,
o meke the velues of Brasgh’ comparable with the athew
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workors. A chock was mode o obtain approximaie velwos
of the kinetie chein lifetimeT” from the expension dato
of oxperimente gsaryied out to determine the heat orX add-
1%4om of trichloremethyl radiecel %6 M.M.A., Tho pleot
(£ig.22 ) phows thet the lino interscsts the timo axis
ot abont 1.25% secs., after tho comnoncoment of irrad-
Lasi00n. Alrshouvgh tho intewespt connod be detezmined
ascuradoly by this m@%h@é§@i% glvos sone indieation of
the veluo of T , which was fowmd %0 be 1.8 Boes. by
shi@ method. Prom the results of Iractlonal rates in
table 18, and the donelsy of the 1,1 addwet, the abe
golute Fate was caleulated Low the wreeetlon of o GiRe

iler fesld ratic., Using tho valwe of ky © 3.4 Lo

mol@“ﬂ @@e”a and the absolute radte, the valuo of m%
weo fowad o be 1.02 % 10° 1. molo™! pac™’,

This veluve lics widwey betwoen those of R@bﬁ cnd
S@n@gi@g3 ond B?&ﬁh4o With rogard %o the valwe of I,
while 1t 4o wnlikely that tho efficioney of imnltiation
ie 100%, (cssumed by Brm@h$) 1% pooms even MOre Ime
probable thot tho officieney covld be as lew ag 19,

It would else soen Lfrom this %abl@.%h&ﬁ-kﬁaﬁ Lor gas
phane roastlons in diXfeorent Fronm that for iiquid phese

Foactions ., Thilo 4o to bo expostod ainse BE@&&ﬁ obtained
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0 energy ofX astlvesion fov combination of é@l§ o
6ol Koagﬁgfﬁgzﬁo' Thio o in contrast o the vigw of
Poddewr emd Weltom that this cotivatlon mergy 16 oppe
rprEinatoly sore, which would wesult dm 1i6tlo @lfLi-

ovomeo dn k., . velvwoo a¢ differont Scmperatnros.
Bl

\
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INRPRODUCRION

D Tt et st e et rriete Labies Ser

Woxk sowwload owd wsing M.M.A, roporcod in pory 1
cnebled o velwne Lo the chaln tronsier somstent oX o
growing toloner wadleal, at differcnt BLEOB, o be ende
culated. it wan doelded to ontond tho wmﬁk o other
vinyl nonomers e 806 whether tho samo @@m@tﬁm@y An
chndn tranefeor conevant valwes would be observed.
Sineo, oo hoas clrxoady been dlseussod, the oFigindl FG-
gulto vweing M.M.4. wero dn dlsogroencnt with those of
Robb, 4% was decided ot tho sewme time o very tho nothoed
o¥ determining the chein trousfor consgtant freom the woe-
witl’ molegulow wodght determination meothods to semo ale
ternative method. .

The method of vopour phase chromatography wao
nelectod einee 1t would be p@é@ibi@g Loon & knowlodgo
oX the relative ocmownt of preduets Loxmed, to ootimnse
chain trenpfor constants Lfor verying zadicel wicond.
Vigge=

Fowr o woaction. oX & one mononer walt radicols

1,9 addust Loxmod - o g5

oy Ry — ey RS O ¥ Py L B kg S ek

HE g

J?f)iﬁ?ﬁ

-
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2 walt wedical Pformed 5 Boog
$ot0l onovms ¢F ONo UNiv radical roaceed K. TS s &P@?M

Por woactlon of o 2 uwnit radisal

1,2 adduct Loxmed o m%m»?g

<>

wotal owmowal oX 2 vndt radlical socactod k%éjés o X ol
Y R

1,1 odduet Fowmod o Bop 80y o8 @ K W) T oSyl i
1,2 adduct fovmed It ?S(km ﬂs ngﬂm) ok |

- m‘a(m‘*m ) soo (%)

Thus by plotting the zatio of TBP o mononer agained
the solative emownt 0f 1,7 ond 1,2 cddued fomned, &
stratght line groph ghovld be obtained of mlopw egunid-
ey ” A ) ey vV R s 3 EriT

%o Cyp o @nd intorecpt ogmel to 0%23?/0%3020 Toac

velwes Powi Qﬁf .30 C, covoecse GOWM D Lound similoly.

o

Thile vapownw phm@o ehi @ma%@gwnphg 10 weorwl in

 denonstrating the Eglmtiva guontidtieos of subotencos

present in o Wixture, 4%t 18 nooccsaaxy Whet thoso cdas

etitucnts be welatively low boiling subotmecs 0% atoblo
ot thelr boilling pointe Low tho vechnique %o be applied
suscosefvlly. Thig mosat that 4% wae not possible Lor

the technigque to o weed Low the analysin of the menetion
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produets Crom tho tcleomeripoation of MoM.A. with THw
waloog opceind fodifiaation)y woro cerriod out. on tho
@@lwmngg Finee, 3 oo o soon fmon ﬁh@ tablo 11 on-
POGa 46, moOT 0f ho produetc of thio wreoetlon 0Fd m&gé
bodling coldds, I waw thoreforo deoedded € SEy % OFe
ond the studico of vho kimnetios of the tclomorisetion
e vinyl mopomers tho products of which might bo cie
peetod to heve wolativoly low bolling peints end do nod
docompose 8% o bolew these hollimg poiadts.  Vimyl
chloride was first 8olestod, autleipating thet tho
goecous monomer Would yiold o serlen of low boilimg
PETOGUCED o The vapowr phasc chremotogrophie ntadlon
ghowed howover that only 1,1 cddwet, 1,2 addunet cnd
1,3 adduet eovld be deteeteld. Siase these prodests
rogulted dn 3 poaks on thoe vapour phase chrematogron,
4% ves poseibleo to domongtwato tho relative owewat of
those edduete foxnod ot difforent SCNPOrotures, 45 OF=
dar vo suppert tho proviously obtained evidense fow
tho N.M.A./TBR syotor that there was inerensing pros
dominenoee of choim tronelewr ovor propogotion 0o tho
tomperature was ineroascd.

Avtontlion wad turacd o the tclonorination of
propylene with ¥Byr ac this asodn Ges ospested o yiekd
volatilo profuetn, but 4% wan chown thet tho enly ligwid
produet from tho reastion o gﬂv@ o poal: em the vapsur

phano shromotogran was 1,7 cddust.
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Wieddo tho weils with vinyl chlowddo was boelng GOFR
ded ouws, Toddor ond Welton publiah@ﬂ thody woxls on %ho
oricntation of £reo radicel <o alafinmégﬂggo Thoy
cladned thes 4% 4o possible for an inltliating sedieal
50 ottack on uneymmetrical vingd monomor Lwon oithom
b Thin can bo expressed by the fellowing %0 oge

VOBELONG o

1) R+ X0H o CHp e X0H = CHpR=my XYOH = CHyR
28) B¢ XO0H o Gy EXCE - CH, ~t5=3RKCH - GHY

whero R i o Lxree redical dorlved Lrom ¢ chalm

tronerer agenv LY. |

™hic led teo an oxtonslon oX the vapour pheso
ghronosographie work to dotermine 41X any ovidoneo
covld be Lound fox tho appoarance of reaction 2 in adde
i%%0n Yo tho wsually assumed initiation (roactionm ).

To ostablich tho poseibility of suoch & roaction,
work wap cerried out with 1,2 dickloroethyleone (wtzuc-
Burally eimiler at both ondo to thoe substituted end oF
vinyl ohloride) and TBw. ©Tho fact thot voaction wao
Lownd o occuw between these twe (olbelit at 227 timen
plowor Tate than tho noimol addition of é613 %o vingld
chloxrldo) hos boem Yolsow ap evidones thot 4t would bo
pessibleo Tow §01§ Loxrmed by ph@toiy@&o ox TBw, %o tako

poEs dn reaction 2,
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Smolld ponke dn the vapour phass ¢hPonaivgreuns oF
tho producto of rcaction botween TBr and vinyl chlozide
woro dnorpreted dm thie light @8 being duo poosiblly

G2
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BAPBERIMBN DAL

MATERIALS

Vinyl Chlowido (VOL)

A oylindor of vinyl chloxrldo was kindly cuppliod
by Britich Goeom Lid. The gas was condensed in o
vacunn line trap cooled by liquld nitrogon. Tho solld
vag liquiticd by vrelsing the temperaturc te-78°C wee
ing o acetone/drikeld bath cud degassing wao corriocd
out by Lwoosing, ovacuating,thewing cyclos in tho woval
OY o The monomer was thon purdified by trap te trap
digtiliation,
1,2 Dichloroethylene (D.C.H,)

A mixture of oig and swans 1,2 dishloxoethylone
von obteined f£rom B.D.H. Vapour phaso chronagographis
rosulte indiecated that this mixiurce é@ﬁ%&im@ﬂ BPPEDRe>
inatoly 40% of tho trans and 60% of tho civ Lorm. |
e mixturo was fractionally dissilled in & 2 Loot

Podbielnialk column and the following fractions wore

obtalnod.,

Temperatuie rangs % Fragslons
1) 47 = 49 Prang Lorm(bep. 48.4°C
2) 50 = 54 Intormediate Praction
3) 54 .- 58 o w w

4) 58 - 61 cio Foxm (b.p. 60.1°C)
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The izat end the Lourth Lroetions Werg vscd Lo onG
pa&%i@ml@é gxperinents whlle Mmoot o the Work wao
earrlod ount waing the omiginel 40/60 trans/eis mixe
sare ufger distillotion.
PLopy:hene

4 cylimder of propylone was mede ovelloblo throuvsh
whe findnens of {.C.tl.p, Ltd. he gao wvapn condcnsed
In o veguwn line twop coolod by Liguid nitrogen, the
only ocoolent copable of solidifying tho mORORST.
Degnesing wag carrled owt by trap €0 teap distillats
Lom. The mononer was Tinally stored as & gos in a
10 1litee bulb connected o the vacuwwm line.

A eylinder of ethylono wves purchased Lrom Bl te
Ach Oxygon Litd. ad was weod as oupplied Fow weacte
don with TBw,

APPARATUS

Teradilatdon

Sinco the reagtion between D.C.B., omd TB» s vosy
glow, & more poweriul U-ghaped are tube (Henovie UTS
220), Titted with zun intensity stablliser wag used

throughout the experiments described in port 2 of this
thesis.
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PROCHHURE

Joolotion of tho Products

(a) Yinvl eblorido/TBy snd_Propylene/IBr Produoio

The dilatometexrs were cooled inm drikold/occtono
mixgurc boXoro breoeking them open, The contento
woro trensrorred ¢o & smell samplo bottlo %hi@h was
1Lofs opom to the atmosphere &% room Semporatuare wmEil
all the vinyl chiloride o propylene had oveporated okl
Thoao weore thon svored in the doxlk Low vopovw phase
ehronatographie studies. Tho uwnwreacted TBr wasg not
romoved by vecuwn distiliation silnce somo 1,1 addueh
olpeo dlgtilled off,  Attompis Vo dietil off TBr by
vaguwn fractionsl distillaotion alge proved wmouvecdsas
ol o |

(b)  D.0.B,/%Bx Produeto

Products wore concontrated on the vacuun line by
diedtlilliing ofY wareacted TBr and D.C. B, The @ilodille
ot was choeked by vapour phese chropatographic ctudlies
to eRoure That, a@a?%'fﬁm@ unroactod TBw and D.C.H.,

1o other productn distilled over,

Tepoww phase chromaiography

EfPowts werc mado 10 6aryy ount quantisasive ane

olyeds of tho produets opn the Gridion end Goorgo Mk [TB
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instronent in whieh o thermel conductivity type de-
toctor is wsed, Nitrogen was wused as the ocawrriewr
gos et 8 flow rate of 1.2 litre/hovr, The colvam,
200 cme in iength and 6 mu in diameter, was mede oX
PYroR gLass. I%'waa filled with Celito 545 using
'milﬁ@on@ (B301) ems stationaxry phasa. The responsc
oX the dotostor i@ direoctly proportional %o the thore
mal conduetivity of the vapove, and 1t wes thereioro
poueliblec te cstimate quentitativoly the products of
the roaction by measuring the awreas wder the poaks of
the chropatograns, This was schioved by epproxime
ating the peaks to triangles by drawing tangoento o
sha polnt of infloction and obltaining Who avee of e
trlongle as & base = eltitude, Tho Ldemtity of tho
produsts was dotexrmined by COMpRring thoidr rotondon
timep with Outheniic moteriels wnder identicel o |
@Aﬁﬂangg WVhen the anthentic materiol was not avdile
able, attcupss wore made to preparo it synthetically.

The canple wap injected through & voxum cav by
ROGAD of @ 10 Ul hypodormie noedlo. In moss ¢nacs
Wl of the scuple wes introduscd but groater quentition

o wp o 5 Wl had o be injected to deteot cortolim
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A momber of roang werg deng ©w Find & sultable
bomnperature as which all the components of the reaciion
produeta could be vesolved without causing sy product
deconppsl tion, The temperature regulved wasg ?v@ ]
ba 175°C for the products of the D.C.B./ /T3 syatem and
220°¢ for the products of both the VOL/TBr amd the
propylene/TBr system.

Aparts from the temperature differvences sll sthaew

gonditions were kept constent throughout all the

®

@3

periments. These eonditione awre svwmarised below,

opluna s 20% High vacuwm &ﬁlé-an@
gf@&9¢ 5309 @d Gellte BAY
mesh {80 - 120).

nitrogen flow s 1.2 3/hw,

dinles presgswre = 55.5 mm

ontlet prossurg = 4%,6 @mm

sampls 918 w2 P
abtennaiilon o

detector puprrent = 100 MNillilaunp

ghart spesd s 1,01 ewn/mlavnte.
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RESULTS

Izperimeonts with tho D.C.E./IBr systom

Thic syston was chosenr in the firat instance, as
has already boen stated, te determine tho poesibility
of roaction oourring between & trichioromethyl zadical
dordived from TBx and the chlorine esxrrying oarbor aton
of tho vinyl chlexido molecule. It was alogo hopod o
noke @ gbtudy oX tho shedn trenafer conatent dn this
pysten and the wates of reaction 7P comparicon with
Ve wader identical sonditions.

In the coursc of pr@liminafy work with D.C.B. 1%
wag noecssary to look mamé gloesely % the individoal
ronctions of the slo ond the trans Fforms.

The vopour phase @hwdmmt@grﬁm at 23%C of the PRDT
D.C,B. used showed 2 poaks, the Lirst to appeaw boing
agteibuted 4o the lewer boiling trans foxm and tho
latter o eis. Vhenover the mixtuwe of ¢is and trawng
Yorme was roacted, 1t was oboerved that the peak dus e

the trens fovm was significontly redused while that dwo

%o the ois Fform way rolatively wnchenged, (of. £ig. 23
for reoaction miznturo consisting of 12?1 D.C.B. aud THe
drradiated for 10 homrs o Ioon %@mp@@aﬁmﬁ@)o indi e

ating thet resction was indecd Yeking ploeo, bus thed



I s Cx b e o 7] T e T e Iy
Wol2o 3 Showiug The Profous G G WEp

Ao Beagh Uith Tyens DL, OLR

oLl

-

ABiEEr
Frena
i
\ f
(2] f
/ AR
‘.""‘”ﬁ:ﬁ o
_ L/! crarmrmon, ?r'r‘:?—‘-ﬁf-"-wﬂ‘ Lnrrivsamn \ f-‘—h:.
Bags ldwe
Afser Photolysis Before Photolysis
" . " ¥ ' 1. . U 4 - .
& b 2 {3 & N & &

Time (nins)



121,

P

el
ES)

The trome forn wan veacting preferentislly. Flg, &8

A

doas not show the pesks due to the resetion produsts
ginee the chromatogran wae obieined af 2390 whiah ia
wee low t0 Pproduse Vepours from the produats., A chagl
wan mBade W exclwde the possibilities of tronsfors-

avion 6Ff btrang fomm %0 clsm form dune e irvadiedsion

e

witheut the piresense of PBw., As is shown in £ig.

o) ".?
T e

there was ne chonge in the slative @am@@mﬁfaﬁﬂ@ﬂ@
trons end ols forms vhem D.C.B. was irradlated fowx 16
houwes at 2570,

A mixture of sis form {(obitained by Lraetionsl din-
$21lation) and THr was irradisted at 25°C, It was
Pound to weasH, but extremely slewly., Bvee alter 18
days of dirvadistion there was stlll a swelld pesk dus
o wareacted D.C.B. It was therefore deolded s dge-

nHPe vthe Treacgtion with ol foxmm in fMmituvre sonsiderstions

W

o

A

Plg. 2%, vepresentative of the resulits obitained
fowr the resotion mixture conteining 1:1 melar matio of

D.CG.E; 0 TBr, ivradisted fer 24 hours ab Qﬁﬁﬁv Bhows

3i

the following peaks (Sable 3£). Produsts werg ool

£

ated a8 desoribed sarliewr en page {17
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Fobla 495, Inbarpresebion of ponke dn Iis L0

A BT T

—

Sarda 1 Ret 3R ‘\‘33 Q%R

e time RS Tdentity
numhaer s paak Y
? 0,80 wons off chart PPw

& 1,20 0,860 ?

2 150 0320 ? |
4 2,00 1 200 DBIRCE ow HOE

5 .60 (3,325

9

& 5o 10 5. 120 1,1 mddust

?,‘ ? o ?@ O 5‘{‘3’0 1 o 2 afateat

% Speed of ohart = 1.01 enfminuie.
A noted, the desigustion of the eoverlepping paealks
des o dibromedichloroethane {(DRBIE) or hexnehlovse

gthane (HOBE) wan determined by peior ealibradion with

.....

pura suhgtences, the fommer prapaved by bromimation
af D.C.5. and the ladtter bhelng avallable, Unlnasis
poakn 2 snd 5 4dn $1g.28 were thowvght to be dus %o
wmsabturated desceowmposition produsts sinse the bromln.-
asion of the rgastion mixiture wvesulsed Lnm the dic-
apponrancs of sueh peaks, Poakk 4 epaained wressied

afsoy brominstion and &g oueh romainoed vnoacecounted

P

TOw. Poggible suggestion vogording the nature of the
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oubptonces eavsing these poalkn Will bo dlceunced lotor.

From the “oaren of peok® golumn 4% com be oocn
that wvhbilo tho poaks Gue %0 D.C.B., whieh at high Bl
POTEtUYe oveFrlap one another giving Tioc vo & gingle
poeli, avo net cvident, 4% 4o obviows vhal algnilieont
qmﬁn%ﬁ%ﬁam ox TBw remained oven aftor Alewilistilon,
Poak 4 46 astributablo 0 egqual quantitien of DBICH
cud HCB ao oxpested from the resotion schemo on pasge
8, 1% 4o ovident thet theore i 10 dimen moxr0 1,7 odde
wet Tormed then 1,2 addves.
Jntonel by Exponont.

The inscnolty oxponent wap detempined ot 25°¢ Fow
the reeetion mixturo vhich sontelned 10/1 molew watio

of [PB}/{DoColis]. The resulsc are showm An tablo

30,
Beblo 36, Veriation of xatc with verying disad da-
%Qﬂ@%ﬁ_}z o
‘ Rea
% Light % 1ight % oloRmers gado/
dntonsd ty intonolity isation Jintenslty
PeX howuw

00,0 10 0,139 0.0135
80.0 7.06 0,101 0,041
235 5.6 0.072 0.092%
22.7 & TT 0.053 00111
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Fsom the gbove rosulés cnd cquation 23 glven om pogs

41 the moem value of the intoneity exponont was Found

o Bo O afjﬁﬁ a

Tho plot of the oquarc xoot of intenoity

agodnnt tho Tate gave o stralght line as shown Kig. 26,

It ean olop bo seem that tho veluo of rase//Invenodsy

40 moagenably consgtant,
Tolonerioation of D.C.E. with TBr at 25°C.

Ixposrinenss Wore carrigd ous o stuldy tho aquike

ttative veriation of products obtained With vesying

ool Pasios of D.C.EB, and PBr,

24 hovwrs irradlotion ere shown in Sable %7

Reswl.t8 obvsainrcd afscy

Rable 37. Quentlitavive verisbion of woastion nrodusty
with £0od compomdtiom ab 25°C,
Avoap of tho peaks Iim cmz
(PB:] ¢
. BY/(A) [(B)/(C)
[D-C.Ed | DBOCE | 4 4 cqaves | 1,2 adduct
L] HeH QB v (C
(A) ) )
13/4 1.0060 8.30 0,00 8,30 el
0/1 0,630 3. T4 0,00 5094 .
502719 10500 7.20 0.42 4.90 17 20
/9 1200 5. 12 0.54 4,87 9.49
/5 0,690 2,40 0,96 5048 2,48
/10 10 947 150 2,98 1,02 0.6%
/30 1,125 0.36 30 14 0,352 0.11
171900 2,800 0.50 3.80 0,18 0.13
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1% can be scen that the gquantity of 1,1 adduet Loxamed
tonds o docromse 8o tho relative emownt of D.C.E., in
the feed mixture inoreases, end ¢hic is accompemied by
an orposite trend in th@‘amoumﬁ of 1,2 adduct foxmed.
Deviations from these trends may be dus 46 incounsglo-
soney in the amounﬁv@f sanple chromatograph@@5 sinee,
while there appears o he little regularity in tho
emount of (DBDCE plus HCE) formed, the comparisons of
poak arces show steady trends, To be in koepiag with
the reaction scheme on pege 8, the amount of (DBDEE plus
HCE) formed relative to the totel smount of éh@ adduet
products should be constant for verying TBe/D.C.L.
values, This i9 concordant with the resulits in tablo
3T fox TBr/D.C.B, eaqual %o 13/1 %o 1/1, where the sum
0f 1,1 and 1,2 adduet foxmeld voprosents the total add-
uet produet end the zetio of this %o (DBDCE plus HCE)
in essentially constont in éh@ range 4 - 8, At high
D.C. B, concenirations, (IBr/D.C.E. equal to 1/1 te 1/100)
1,1 and 1,2 adducts are not the only produeis, the owme
ouns of 1,1 adduct Loxrmed being weduced accordingly.

A graph (£ig. £7) of 1,1 adduct formed/1,2 adduct
formed versus {TBrl/ [D.C.E;l has been drewn in the 1ight
@f eguation 371 on page 111 cnd interpreted to yield
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?E.ll‘ﬁ@@ 0:@ Gt:ﬁ?gri e 4‘96 &ﬂd 0*335'?98 €Qa 7@09 ‘&;houg}l ‘i}h@é&({)

values are not cxtrencly accurate for repdons proescated

in the discussion.

; ~ ey i e : B o ! -§ 5 rﬁ <oy
Moleculew weight of tho products prepared by wging TBz/

0,6, B, £oed ratie of 13/1 and 1041 at 25°C.

The mean velwe fow thé molecular welght of theso
products was fownd to be 284 cryoscoplcelly and 296 by the
vopour pressure mesthod, Since the theoreticel valwe
of the molecular weight foxr the 1,1 adduet is 295, it
wos agsumed thet the reaction pﬁ@@ﬁ@ﬁs,éﬁd no% contain
auy other high mol@@ﬁlar welght products which, if pxe-
gont, would not show on the chrometegram due 4o low
velatility ox docomposition. |

Specific graviiy of the 1,1 adduct.

The specific gravity of the 1,1 adduct wes found
t0 be 1,96 by’using e 1 ml pylnometer, This value hag
been uvwsed o calcvleteo the rate of reaction in terms of
% telomorisation/hovr which wes to be @ompar@d with the
vate of reaction in the VC1/TBr system under identical
condivions.

Retes of wepetion.

The rates of roactlon wore determined wnder cone
ditions where 1,1 adduct wes the predominant product

foxvmed, These rosulés awro shown in table 38.
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Iablo 38. Retes for the veagtion between TRz suad

D.C.B. where only 1,7 addvet is fozmad.

- 1 . Rates
LTBE@:] [:D;E?i “Jg % t&l

omerisation/
n/1 houx
9,00 1,700 . 0.19

9,17 0.945 0,13
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Experiments with the VC1/TBr system.

Reagctions involiving telomerisation of VOL with
TBr were carried out under identical reaction condit-
long to those wsed inm the studies of D.C.B. 4n oxder
o show comparability of rate mesgurcments. Vopeuw
phage chromotographliec anelysie of tho products of the
roactlions uwsing & 5/1 moler watio of VG1 to TBr gave
wiee to chromatogran (Pig.63 ). The identlty eof

the ponks in this figure is given by table 39,

Pable 39. Interpretation of the poaks in £im.78.

23;%2% ambziggggi:jit@ toensity
i 0,85 TBy
2 1.70 1,71 edduct
3 2,10 unlenown
4 2090 umkn@wn.
5 & .20 1p2 adduct
6 15.20 1,3 adduct

The possible reoction pf@ﬁu@t@-ﬁib@@m@ vinylchloride
(DBVCL) omd HCE werc found independontly %o havo ree

tontion times of 1.1 and 1.5 vnite respeciively and
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can be soen to be ebasent Lyom tho producissc GhroRAEo-
grophod o glve Lig.26
Sinee, as will bo postulated in thoe discussion,
the wnknown peak of retention time 2,1 unit may bo
ana vo

¥

C1

effortn were mmede to proparc this eompound by the
Lollowing roaction @eh@m@s

0013 = CHy = CH, = Br was propared by bubbe
ling ethylene Ilnto a stirred oxeess of TRy cupossd o
UV, 1light. The 1,1 adduet of ethylene wan iseleted
by vacuum Lractlonal digtillation and 1t purity chocke
gd by vepour phase chrometography . This product was
then treated with alcholie KOH o dehydrochloximate it

Vi .

Cl H H
] ¥

Cl = é = ? e ? = BP
H H

(a)

This gtop was not successiul howsver. in the courgo
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of the reacivilon & strong smell of HB» was detectod omnd
whon, after Aletillation, tﬁ@ products were chronsto-
graphed it was not Tound p@@&ibl@‘tg obtain & singlo
poalk attributable teo (A). At this stage 1% weo ine
tonded to chloxinato the product (4) to glve CCly =
CHCL - CH,Br, but owing o tho impurities présent with
tho product (A), chlowination resulied in e mixterc
whieﬁ gave no conslusive peaks. |

in 8 furthor offort to Jjustify the avtribuitien
of poak 3 %o i=bromo, 2-chlore, F-trichloropropane
(0013 = CHCY = CH,Br), measuremonts were mede of ¢hioc
peak relative to that dwue %o ﬁh@ nomnal 1,1 adduet,
ginee 1% wowld bé oxpected that these would be in eon-
gtent ratlo rogavdless of initiel wreactent ratiews,
Becazuse of the great differences in poalk silze, it was
not poseible to measure these ratieon directly. Io-
ptead alyl samplo of the meaction mixture was chroms=
atographed and the ratio of the areas of pesks due %o
To1 and 1;2 adduwcet wag measured. A further 5 Jl sams
ple was then introduced im the column and Lrom the Te-=
sulting chromatogran, the ratio of tho areas of the
peaks @m@;t@ 71,2 adduct ond sntlicipated i-=bromg, 2:-

chlore, J-trichlowopropanc, was measured., It was thus
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pomsible o caloulate the watios of thoe poeks due €o
$ho novmel 1,1 cddvct ond the catlolpated 1-bromp, 2e
chlo®ro, J-trichloxepropame, The wesuvlto obiained com
bo secn in table 40,

Lablo 40. Thge watle of arcas of peaks due 4o noxmal

J:23 eddect end i-bromo, 2-¢hlore, J=irie

chloxopropane at varying feed ratio.

=17 Bres ol 8ddnot grap
(eml/ fron] GU1,BHCICH, By axen
5/ 236
2/4 200
1/5 320
1790 334

1% will be observed that the gbove ratios are pubston~
t10lly congstamt end slight deviationm eould bo due o
tho nuwnber of stops involved im the moasvwrenentd.

Speeific gravity of the 1,1 edducs.

Using & {1 ml pyknometver the @pecific gravity was
fowmd o be 1.87.

Reto meapursmnenss .

It was of interest 4o measure rastes oFr tho ovows

all weection in terms of % telomerisation/ hour Fom
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purposes of somparison with those of the xeaction be-
wween TBr snd D.C. B, Table 41 showe these recults.

abla 41, Overall veaction wates ot VARVINg conaans=

Erations of YOl and TBw,

ifbr? o, % telomerination/
mi” mL houy
9,25 0,95 £9.5
8,065 179 27,2
T.00 §.2% 25,2
5. 82 5008 7.8

Cleawly there is & wreducticn of rote a9 the TBr combent
ok the initisl mizture is redused, 4 comparisen of the
vates of reastiouns betwsen VC1/TBr system ewd D.C.E, /TB®
ig givem inm the discussion,

he b@ﬁ@ﬁ@?ﬂ&a $don of viavyl chloride with TBr o 3 259

L
(=]

In kae pém wi‘& Jb@ gtudlen of Selomerisations of
HoMoAo and D.C.E,, measurenents have hesn mede at 25V¢

ok the releative smovwnts of vericus adducss rTormaed

Ltk

f;J

can he seen in table 42,
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Tolonerisation produots &% verying foad

zedio.
P 2
Aras of ponlks om
Ju iy ” AJB
[ToP . : Y
ey 1,1 adduct | 1,2 adduct | 1,3 adduct
A B

1.85
3.0%
2.31%
2. %3

o 38
"e ""“3
0,64
D07

0.02

0,12
0.22
Q.54

o 883
5.84
2,70
.66

2
4]
&

c

RTINS

B 0.3
" 7095

O o848
0,68 0o 346
1200 0,257
G,0% 0.0105

\=ﬁ“-

Ldesle

fans

1% san ba

BHeN

1,2

thet

fold excesns of VO1 o TB“G

eof 1,1

“he in

1tdald

adda

6% formed 1@

lowaer

; &t high TBz

adduct and we 1,3 sdducd

soneentrations vewr

are Torned., L)

1,3 adduet i@ f@rm@é only when there is & Five

Alse the relative smouwnh

nixture 1o reduced.,

Lnefs
LT

o S an FIY e %53 zrwiay Wl R
asg the TBr content of
£ e o rngm v

To enable chaln trens

"
i
v
e e e ——

Ter constants Yo be gveluated fow different sized rod-

iewisn 28 outlined en page 111, & graph of T
gue 1,1 adduct Lo:
bagn drawva Lwon the data !
Been o bhbe & gitralght

agual o the valuwe of Upp 70
29« g if

Lime

Fmed/ 1,2 addust fomaad
in table 42,

ell @

Be/ VL vewr-
{(Flg. 29) has
This caa be

Lopa approxinataly 9,

It cen Y& pocn howesar
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that oxpordmental ovrror 10 such ag %0 REKO on BeeuRs

oto dotorminedion of slopo and of Antuverpt (e yicld

2 ol 2 0. 9 ol ¢ & Qs
6 valne 6% Gmwga) daffionls, sinee atmga io not o

pocsad to be negative.

Furtheor studios wore mede at verying tonpoxeinros

to meapure the rolative amowats oxX 1,7 and 9,2 2AGueo

Fformod at verying VOL to TBr vatica.

axe shewn

Table 43,

Theso meouvles
im Sable 43,

Rolatlive gmouvnte of 1.1 cnd 1,2 oddveso

foxmed ot verying tempersbture sud concon-

tration 0X roactonts,

Aren 0¥ 1,1 adduect peuk
Area oxX 1,2 sdduct peals

. Lyoy] =359 0°¢ 2590 60%¢
eB=]
/1 4,80 4,20 3,92 6.72
10/1 0,43 0,54 0.34 0,55
50/1 0,29 0.16 0,10 0,23

Comparison of resulde im tho range 25 - 60°C chow en

increase in the 1,1 adduct rorxaatlon at highor torn-

PORATULES,

However, the wesuldto 0% 0% and -35°C do
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ot T34 inte chin oxpested paBLOEN.
Modesulor wolehd of tho productp propaved by wsing TBr/

Y61, _fosd retio of 10/ end 5/1 a% 25%.

The rollowing wesulits were 0btained.

Cryoscopdenlly o 261,9
Vopour pressurd nethod o 30%.0

Thoorotical valwe Lor the 1,1 odduct = 267.0
Prom theso rouvlds 46 wovld oppoer thas 1,7 addwedt dg
tho prodominemt prodwes formcd withinm the vonge oFf i
actant ratios mentlonsd a@bove.

Tolenorioation of propvlene with TBe ab ﬁﬁ@ce
I S e i T DT S > L‘:ﬂ:‘. LN At Sty v et =]

It wan hoped that tho propyleno/TBr syoten would
produce & soslos oX woletively leow beiling liquid sdd-
ueto which would wegult in thoe fornation of & corFes-
ponding nvwber of poaks, From the aren of thoso peaks
4% wan hoped to gos the choelnr tromefor eonstanto Tow
oach of these iadividual s8HopB. Howevew, the ®ogultg
obtained covering o 1/3 o 10/1 Fengo of propylone/The
roslos indlsatod thet only 1,7 addust wes formed,

- This can be soen by roferonse o £ig., 30. Tho mole-
cular wolghts of the produets wore cleo dotormined and

ave glven 48 teble 44,
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Tablo 44, Meloeuvlaw wolghty oX productn of ropchion

R

hotwoon propvlono snd TBe ot verdowo Andie

fal ratlos.

Caloulated
{pEopyd.end) Nuwbor of Molaeulaw I eeul o
VUGN poakn welshs mﬂggggﬁg*
/3 y 260 24.9
/4 1 258 247
349 7 265 247
W0/ q 270 249

Work with this systom was thercoforo abandoned.
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DIBOCUES XON

Zimd tetion of vopows phopo chiomatogronphl.c mothod.

Ao oo alweady been pointod ewd by o proviewn
W@ﬁwﬁ;ﬁoo Uith & dotector dopendant on MOLSUFCBONRG OF
O gas proyeorvy cuch as thormel condwretiviey, swelld,
ehongos in who e@ﬁamﬂ.@ma of flow of vho cawrlor GRI
or rinvctuations in the Senmperature NOABVTCRONTS o COR
produee signelo compavrablo dn 9lse 6% those oX the
OLlntod TAPOUYH. This wed oVersomna Wy ropeasing ne-
asurcncnts ceveral timnes and teking thoe meam velues.
Moo, 1% hes boen aoswacd that cil the reesdion pro-
duets chromatographed are of simllar thermol cone
Guotivlty ':m Tolating poal aroas t© tho aunovnt oF Proe
auest produced,

It hao boor noted that during the carly stegos oX
tho worl 1% was fownd that tho trans Foxm of D.C.B. Foe-
aetod proforontielly with TBw, reaction with tho elg
Yorn belng ineignificant,. In on offert %o oxplodn
thic difforencse in reactivity, melaesulaw medolso ef
the adducts mafdo Lrom 636 and tranc forn Woro C8Rgbte
raoted vilehr sould bo weoprosentod ap dn £ig 30 and
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Fig. 32

From thees 1% cam be scen that while thoro 1o ne
difTorence og woegerdo sterie hindorence Lfor the odde
dtiomn of 3015 radical %o ceither fosm, tho cubsequontd
addltion of & bromine atom %o tho model is storienily
ninderod in the coso of tho 618 Fomm., The renstion
right thoreferd net be ozpested to take plasc. Thia
ottock on trans rathe? thom cls 1o commen im copolye
meri@m%iom5ﬂ

Unknovm peorks in the chiromatograns ofX the moaction

products which have boen attribuited to wnoeteFEatod
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dosomposition rreducts could be duo to meteriels formed

by the fellowlng posnible scheme.

¢L 1 B Gz G
(1) Col; =G -G - By —ZHBEy ¢ o ¢ wad Go C
1 derg C1 ¢, H
*
ygnvle] LR
Cl W GAL H Ci B
i ey, & ﬂ 9
(2) ©CCly - ? = ?- e ? ® ? and % @ ?
H Gl CCly Br CCly H
oL § 02 1
(3) 0Cl; =G -G e Br ~HeL Co ¢
0ol ¢1  CHO1Brp

S8ince nore then 1 peak is obtalned 4+ mighs boe expeet-
afdl thot the ols and trans isomers ploy @ part. Is de
porhops slignidicent that bromination of xeuctlion pPEo=
dueto results in thoe disappoarence 0F thooe UNIKAOGTE Wk
satevated poake cnd an inerease dn the singlo pook 688
vibuted to HCE and DBICE., While bromination of the
ouggested productn would not yield DBDCE, 1t 46 peng=
4ble thet tho brominttion of ¢ls and travus fomap of

the ouggested produsts sould yicld & singlo peal: having
the seme Tetentlon time as DBDCRE,

Considerations of regulte widh VG,

The ratlio 0f 1.1 adduot end 1.2 addugt formed af %

0, 25 end 60YC.
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It dp difficults So drew fiém conclusions Irom the
rapgults of rolative emownt of 1,1 and 1,2 adducts fows
mOQ ot varying tompoeratures, im visw or the ciperie
mental errors invoelved. This work wuae undevsalon Low
purposes of comparison with the results of M.M.A/TBx
syetom, whoro DP was talen as & measure of tho relative
pmovwat of diffowent sised adducto formed, Tho ®C=
sules with M.M.A., and VOl ney be compared over tho
%@m@@ratmm@-ﬁang@ 25 - 60%C where both Sote of wesulitw
show an incyreasae in the 1,1 addwet Foxmetion. It was
not posslble to oxtend tho studien with VGl fo teape
oratures above 60°C duo to tho oxplosion hazasd, snd
the resulis ebtained by oxtending the range o ~35°0
Bra erratic.

Talnown peak.

It might hove been possible e accownts for the
wanlaown peok in the V0L reaetlon preduct chromategiram
in an anelogous Reanner to those poaks arising when
D,CoB, was need, by attzibuting 1% to an vagsbturated
doconpoad tion produet. No attonpt wves nado %o atody
whe effect on the peak of bromingtion of the reaction
produst. This wag the enly wlnewn peak o avise
mder nornel comdidtions. ARGer comncentration 9f Pe-

action products, a sBecond vminown poeal wag produced
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(fig. 33) but thic has Likewlse been attributed to a

hoad to hoead addition product, im this case 0613 o CHCl=

GHQ = GHQ GHCL Br ox 0013 CHQGHCE_GHGE CHEBP BECs €68,

It poems moro likely that these wnknown p@ék@ axre
fwe to thoe fozmatlon of head to head addition produets
rather then deseompositilon prodweis nince

{a)

that of noxmal 1,7 adduet remain cubgtentlelly comete

20% only doos the ratleo of wakmnewn poulk ares o

ant over @ wide reuge of inddial renctont composndtions
but thig w»atio 1o also tho some ap the radtie of the
raton of roaction between D.C.E, and TBr, (which has
boen ossuned o be reprosontetive of hoadl to hosd odde
Atdon) eund bebween VCL and B, - This 4is brought oud
dn the Tollewing table which coxpares the rates of
repction of IBr with D.C.B. and V01 wnder similar con-
ddtions of momomor smd TBp e@n@@n%raﬁi@njligh% intene
pities and tonpeorature,

Tobla 45. Compaxison of rotes of xeachtion of D.C.B./

Br end YC1/TPe system m@_ggﬁgp

-

Ratos
| freal, |D.c.B3 | [EBxll Product | 4 telomer-{ Rate VCL/TBx
System | 59=1 [V gq 7 mlw? formed ipation | ROGG Dololief NBE
per hw.
- - ﬂg'ﬂ K24 '
gégeﬂo/‘@mm@ 09451917 | ggauce 013
| 227
VC1 5
6L/ 10495 | e 9.25| = 29,5
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The value of 227 given in the lest column of this table
should be compared with the values of approxwimetely 300
given im table 40 for the reletive peak aress.
(b)  Tho unknown pealk (attributed to CCLZCHCLCH,Br)
end tho peak attributed to the normal 1,1 adduct ore
very c¢loae %ogether as would be expecoted iLf the specics
wore of identical molecular welght. Thoe second une
lmown peal, which arises after the concenvraiion or »e-
action products (fig. 33), is close o thet attributes
0 the normal 1,2 adduot londing strengih to the ldea
shaet it could be duwe to & similer specles, '
(ej Ag discussed in the results the only other poss-
ible producte ji.e. HCE and dibromovinyl chloridec havo
thelr retontion times significantly earlier than the
1,7 adduct or the unknown peaks.

However, since the attempts to prepare head te
head adduet wér@ unsuccessful, it was not possiblae teo
calibrate the chromatogram ox te obtain NMR @ﬁ@et?&o
Attompte to isolate 1,1 adduct produced via wrong way
additionp by preparativo gaa chromatographic teeﬁniqmes
algo falled Gue to 1ts volatility being too closoe o
the normal 3;? adduct .

The Toxrmatlion of head to head polyvinylchloxido

(PY¥C) mey be of indusitriad imporiance since i1t hes been
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raportedsz that, whereas head %o tail PVC staxis %o de-
composa ab 230°C and dohydyochlovrination proceois rap-
18y until elmost all the HCl avellable in PVC is loat,
the hoad to hoead PVG doconyoges at a lower sterting tem-
perature but at & lower rate thewn head to taldl PVC.

Consideration of wrepulits with propyleng.

it is evident that the wedical produced by the
addition of trichlovomethyl wradicel to propyleonc is
very much more reactive jowards TBr then 0thor movomers
considored ian thie thesis, Thig may be @nmpar@é Wi Bh
the reactivity of the correspouding radiecel foxmod
2rom vinyl acevate'?® Yo O myon et 100/1 melar
#atio of vinyl éee%aﬁ@ %0 By, 1,1 adduct 18 tho pwe=
dominent prodvct.
Gongral .

Prom the wozk cavvied out it can be soen that
MoMoAo, VC1 and D.,C_.q.,l'::o all aseem %o adhero to thoe kin-

etde scheme given on page 8. .
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Svwersestions for fudture work.

The importance of removal of reactants Trom Hol.A./
TBy telomers before determination of its moleculer
wolight has already been strassed. ‘Experiments wusing
radioactive benzene and M.li.A. have shown that the last
traces of these reagents wers exceedingly difficult o
vomove from the telomers obtained in the M.M,A./TBr 8Y =
tom. 1% would be of interest Vo melke similar studics
with radioactive TBr to see whether the telomers afier
the isolation process are completely free from wixrge
asted TBy, It has also been seen that moleculaw wol-
ghts detexvmined by the radioactive tracer technique are
in good agrecment with those obtalned eryoée@pi@ailyo
Datailed studies of molecular weight determinations by
those technigques mey bé gquite fruitiful in confirming
the trends of the esonflicting rosults that have boon
obtained in this work and by @ﬁh@f‘WOﬁk@?ﬁiéo

In VCL/TBr system woxrk, the unknown pesk attributed
o “"the wirong way addition” of trichloromethyl radical
t0 vinyl chloride molecule remains & subject of doubt,
Forther attenrts should-be mode either 4o prepare 0013 =
CHCY - CH,Br synthetlcally or lsolate the product umder
the wknowm peak in a sufficlently pure POXR Cons

parison of retention times of synthetically prepsrcd
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CClBCHCl = CHoBr with that of the unknown peak, or the
NMR studles made on the pro&uct giving wvise 10 the un-
kn@w@ poak, would obviously be impertants Lactors An
ﬂeéiéing whether the unknown peak ia &u@ to tho formation of
CCl; = CHCL = CHpBv in the VG1/TBr system.

Very recently it has been rqPorteQBB that %ﬁé txd=
ehloromethyl radical attacks monomers such as CHﬁ-m CHQ
and CF, = CH, on the substituted carbonr atom of the
vinyl monomer,

As in the case of V01 and D.C.E. the poosibllity
of such go called "wrong wey round addition®™ im othew
asynetrically subgtituted vinyl monomers, 1.0, M.M.A.,
propylene, ascerylonitrile, styrene etc. couvld bo ox-
plored ﬁy comparing their rates of reaction with TBr
end those of the corresponding symetricelly 1,2 di-
pubstituted vinyl monomers. The relationship betwoen
such irregularities in the gtructurse of & polymer Roloe-
cule and the physical properiies wowld scem most impor-
tent for industrial polymors,

It has not beer possible to obiain dndividual
chain transfer constants when low molecular welght
products are being produced. Two of the major 4iff-
iculties experionced mey be overcome by

(a) chooning systoms which would result in o sexries
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of low bolling and @table products. These awe howover
aiffioculs to predict since it has been found that gase
cous monomers 4o not necessarily repult in o sorios of
sultable velatile adducta. Furthermore when & g£ascowns
monomer may yleld a series of adducts (a8 eg. @%hylen@49)
the vepour pregeure of ligquid at normel working tore
perature 18 go high as to presont risks 0f oxplosions,
Gas phase studien might be more Lruitful.
(b) Using e more rofined detector system im the vap-
ouy phase chromatographie studics such as &E3 =FRY

20 which 18 known to have the ade

lonisation detector
ventags of producing poalks whoso orees sould be inter

proted more accurateldy.
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