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Thie woTlt d©ecrih®s th© i n v e s t i g a t i o n  o f  th e  

p h y s i GO"ohemloal a s p e c t s  o f  th e  th e rm a l d e g ra d a t io n  o f  

PVG and r e l a t e d  s h o r t - e h a in  compounds ( t e l o m e r s ) *

The la t te r j>  made w ith  a cha in  t r a n s f e r  a g en t such 

ae h rom otrich lo rom ethanep  c o n s i s t  o f  e i t h e r  one o r  two 

m o lecu les  o f  v in y l  c h lo r id e  jo in e d  to  a  m o lecu le  o f  

h ro m o tr ich lo ro m eth an e  e * g« G1 ̂ 0 - GEg-OEGl-GHg-GEGlBr

A system  has been dev ised  whereby th e  r a t e s  o f  

d e g ra d a t io n  o f  th e s e  polym ers and te lo m ere  can be fo llo w ed  

© m p ir io a lly  by t i t r a t i n g  th e  q u a n t i ty  o f  a c id  evolved 

a g a i n s t  s ta n d a rd  a lk a l i*

The m ajor p ro c e s s e s  o c c u r r in g  i n  th e  d e g ra d a t io n  o f 

PVG a re  deh y d ro c h lo r in a t io n  end c r o a a - l l n k l n g , found to  be 

f i r s t  and second o rd e r  p ro c e s se s  r e a p e o t i v e l y » G ross- 

l i n k i n g  i s  th o u g h t to  be a random p ro c e s s  o f  co n d en sa tio n  

between m o le c u le s ,  th e  t a t e  a t  which i t  p ro ceed s  b e in g  

dependen t on such v a r i a b l e s  as polym er c o n c e n t r a t io n  and 

ch a in  le n g th *  D e h y d ro c h lo r in a t io n  i s  b e l ie v e d  to  commence 

a t  th e  ch a in  ends* d ip p e r"  down th e  c h a in  and te rm in a te  a t  

a c r o s s - l in k . I t  i s  dependent on polym er c o n c e n t r a t io n  

but n o t  on ch a in  le n g th . Of th e  two p ro c e s s e s ,  i t  i s  

e n e r g e t i c a l l y  e a s ie r  fo r  c r o s s - lin k in g  to  occur. There i s



( i l l )

no ev id en ce  to  su g g e s t  t h a t  th e  d e g ra d a t io n  o f  th® polyme: 

i s  f r e e  r a d i c a l  i n  n a tu r e  a s  i s  b e l ie v e d  by some workers*

In  a p a r a l l e l  s tu d y  on model compounds o f  PTC, th e  

m ajo r f a c t o r  in f l u e n c in g  th e  p y r o ly s i s  was th e  r e a c t i v i t y  

o f  th e  -GOXj- g ro u p . Due to  t h i s  r e a c t i v i t y  no t r u e  com

p a r i s o n  cou ld  be made between th e s e  compounds and th e  h ig h  

polym er a l th o u g h  breakdown r a t e s  f o r  th e  te lo m ere  a r e  o f  

th e  same o r d e r  as  th o se  f o r  th e  e r o s a - l i n k i n g  o f  PVG, 

i n d i c a t i n g  t h a t  in te rm o le cu X a r  c o n d e n sa t io n  i s  o c c u r r in g  

betw een te lo m e r  m o lecu le s  * The l a t t e r  i s  th o u g h t to  cause 

polym er fo rm a t!  o n ,

There i s  no re a s o n  to  suppose t h a t  th e  d ecom position  

o f  th e s e  compounds i s  f r e e  r a d i c a l ,  a l th o u g h  th e  breakdown 

may be p a r t i a l l y  i o n i c  i n  c h a r a c te r .
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GHAPTBR I

I n t r o d u c t io n  »

With th e  r i s e  o f th e  p l a s t i c s  i n d u s t r y , much 

r e s e a r c h  has been c o n c e n tra te d  on th e  th e rm a l breakdown 

of s y n t h e t i c  h ig h  polym ers « In  r e c e n t  y e a r s ,  work has 

been  c a r r i e d  o u t  on polym ers such ae p o ly e th y le n e , 

p o l y a e r y l o n i t r i l ©5 p o ly s ty re n e  and p o ly v in y l  c h lo r id e  

which have become a v a i l a b l e  to  a wide p u b l i c .

In  p a r t i c u l a r ,  th e  p y r o ly s i s  o f  p o ly v in y l  c h lo r id e  

(PVG) has been s tu d ie d  e x te n s iv e ly ,  becau se  t h i s  polymer 

b re a k s  down v e ry  e a s i l y  in d eed  under c o m p a ra tiv e ly  m ild  

th e rm a l c o n d i t io n s  such aa th o se  en co u n te red  i n  i t s  manu

f a c t u r e  and f a b r i c a t i o n .  There i s ,  however, a g r e a t

d i v e r s i t y  o f  © pinion as  to  th e  i n t e r p r e t a t i o n  o f  th e  

r e s u l t s  o f  t h i s  s tu d y ,  ®o complex i s  th e  breakdown of th e  

polym er.

In  t h i s  s tu d y  o f  th e  breakdown o f  PTC, th e  approach  

adopted  was to  p re p a re  model compounds p o s s e s s in g  th e  

b a s i c  s t r u c t u r e  c o n ta in e d  i n  th e  h ig h  polym er. I t  was 

hoped t h a t  th e  p y r o ly s i s  o f  th e s e  compounda would throw  

some l i g h t  on th e  d e g ra d a t io n  o f  th e  h ig h  po lym er. Model 

compounds were chosen because  th ey  a re  ch em io a lly  s im p le r  

th e n  th e  h ig h  polym er. They do n o t  c o n ta in  such



s t r u c t u r a l  d e f e c t s  as  ch a in  b ra n c h in g  w hich may encourage 

s id e  r e a c t i o n s  to  o c c u r ,  th u s  o b sc u r in g  th e  t r u e  n a tu r e  

©f th e  p y r o l y s i s .  F u rtherm ore  i f  th e  compounds a re  o f  

v e ry  low m o le c u la r  w e ig h t ,  d e g ra d a t io n  can n o t p roceed  by 

th e  s o - c a l l e d  "d ip p e r"  mechanism a l th o u g h  some ty p e  of 

ch a in  mechaniem i s  p o s s i b l e .  On th e  o th e r  hand, I t  i a  

n o t  a lw ays p o s s ib le  to  say j u s t  how much o f  th e  in fo rm a

t i o n  o b ta in e d  i s  a p p l i c a b l e  to  th e  h ig h  polymer©

H n fo r tu n a te ly  the, u se  o f model compound© d id  n o t  

prove a s  f r u i t f u l  as  hoped. I t  was n o t  p o s s ib le  to  

i s o l a t e  oompoiAnde i n  th e  in te r m e d ia te  m o le c u la r  w e ig h t 

rang®, l . e *  o f  degree  o f p o ly m e r is a t io n  g r e a t e r  th an  2 

b u t  l e s s  th a n  100 i n  a pu re  s t a t e .  The problem  was 

t h e r e f o r e  a t ta c k e d  from  a n o th e r  a n g le ,  and i t  was d ec ided  

to  s tu d y  th e  breakdown o f  th e  h ig h  polym er. P y r o ly s i s  

o f  th e  l a t t e r  was c a r r i e d  o u t i n  s o lu t i o n  b ecause  o b s e r 

v a t io n s  cou ld  be made re g a rd in g  c r o s s - l i n k i n g  and g e l a t i o n  

R ate dependences on polym er c o n c e n t r a t io n  cou ld  a l s o  be 

de te rm ined  f o r  low convereioneo D e g ra d a tio n  i n  s o lu t i o n  

a l s o  e l im in a te©  p o s s ib le  d i f f i c u l t i e s  suqh a s  d i f f u s i o n  

c o n t ro l  o f  th e  r e a c t io n ® , and poor h e a t  t r a n s f e r  to  

polym er.



L i t e r a t u r e  Siuue,%v. kh:,.

A g e n e ra l  s tu d y  o f th e  th e rm a l d e g ra d a t io n  of 

high, polym ers reveal®  t h a t  th e r e  a re  v a r io u s  r e a c t io n s  

w hich can o ccu r  and th e s e  may be c l a s s i f i e d  ae fo l lo w s

Chain S c is s io n  | 1 .  B e p o ly m e r isa t io n

R eaction s 1 2 . Random Chain S o is e lo n

Io n  , Chain | S ide Croup E l im in a t io n

S o is s io n  R eaction s ^ 4* C ross-L inking and

M o lecu la r  R earrangem ent

T his  p rocess I s  th e  r e v e r s e  o f p o ly m é r is a t io n ,  

polymer b e in g  degraded to  th e  monomer. D epolym erlsatlon

i e  regarded as a  r a d i c a l  p ro cess , in v o lv in g  i n i t i a t i o n ,  

dep ro p a g a t io n  and t e r m in a t io n © The y i e l d  o f monomer 

o b ta in e d  from  the polym er v a r ie s  g r e a t ly  w i th  th e  etxuc-v 

tu re o f th e  l a t t e r  e.g© f o r  polym othylim dh.a© rylate

GÔ GH;,
I 2 )

4̂. GE. G — — Monomer y ie ld  g r e a t e r  than 90^
I
GE%

P o ly sty ren e  p roduces  a complex m ix tu re  o f  m o lecu le s  o f  

in t e r m e d ia te

y g
- -  GHg -  O' -  — ^  Monomer y i e l d  g r e a t e r  th e n  65f^

1 p lu e  m m ix tu re  o f  d im er, t r i m e r
and t©t r a m e r ft e t c .



2 c Remdom OhKln Scission©

The main d if fe r e n c e  between d ep o lym erisa tion  and 

random chain sq le a lo n  l e  th a t In  th e form er the main 

product I s  monomer, w h ils t  in  the l a t t e r  the polymer i e  

s p l i t  up in to  chain  fragm ente which are many tim es b ig g e r  

than the monomer* A very em ail q u an tity  o f  monomer la  

u s u a lly  p resen t ixi random chain s c i s s io n s .

G%
I ^

e*gv polypropylene -  GHp -  G - M ixture o f la r g e
I chain  fragm ents wilih a
H minute q u a n tity  o f  mono«

mer*

and in  th e case o f polym ethyl, a c r y la te

OÔ GHy
I 2 i

GHp «. G- ^  Monomer y ie ld  o f and
9 la r g e r  chain fragments»
E

Whether a polymer w i l l  y ie ld  m ainly monomer or an 

assortm ent o f chain fragm ents depends upon fa c to r s  such aa 

th e h eat o f p o ly m er isa tio n , s t e r lc  h indrance, e t c .

3= S ide Group E lim in a tio n .

There are a few polymers in  which the main polymer 

backbone rem ains unbroken during p y ro ly s is*  The polym er, 

however, l o s e s  s id e  groups in  th e form o f  acids*  Thus 

p o ly v in y l ac@W.te lo s e s  a c e t ic  a c id , s im u ltan eou sly  form ing

a double bond in  the polymer m olecule
 ̂ OAc

i
-  GEg-GH?GEp -  — ^  -GĤ rGE-^̂ GHp -

mailto:ac@W.te


TM b ty p e  o f  r e a c t i o n  ean ta k e  p la c e  a t  te m p e ra tu re s  as  

low a s  160^0, and th e  a b i l i t y  of th e  r e a c t i o n  to  o ccu r  ao 

r e a d i l y  i s  a  f u n c t io n  of th e  polymer s tr u c tu r e *

4* C ro ss -L in k in g  and M olecu lar  R earran g em en t©

Here two m olecu les o f  th e  polymer combine to  g iv e  

a l a r g e r  m olecu le  w hiehpin  tu r n ,c a n  combine w ith  o th e r  

m olecu les e v e n tu a l ly  y i e l d i n g  a polymer ne tw o rk . In  a 

r a d i c a l  r e a c t i o n  in v o lv in g  a v in y l  po lym er, th e  fo l lo w in g

ty p e  of mechanism has been sugges ted  by G ro ss ie  ^
m

-  CEp -  GX -  GHg -  GHZ -  -  GHg «  OX -  GHg -  GHX .

«Al npfiMcrrrŝ ĵ, | ■
o

-  -GEg -  GX -  GEg -  GHX -  -  GEg -  GX -  GHg « GEX _

Having examined th e  p o s s ib le  r e a c t i o n s  which can

occur i n  th e rm a l d eg ra d a tio n s, a t t e n t i o n  may now be 

fo c u s se d  on th e p a r t i c u l a r  study o f PVG© D e ta i le d  

r e s e a r c h  has shown t h a t  th e  p y r o ly s i s  o f  th e  polymer 

p ro c e e d s  th ro u g h  th e  s ta g e s  o f s id e  group e l im in a t io n  or 

d© hydr© ch lo rina tion ^ 5  c r o s s - l i n k i n g  and random ch a in  

sc iss ion©  I t  I s  co n v e n ie n t a t  t h is  p o in t  to  survey p ast  

s tu d ie s  Of th e se  r e a c t io n s  according as th e y  were c a r r i e d  

o u t  i n  an atmosphere of n i t r o g e n  o r  oxygen©

m The d o t above, below o r  a t the s id e  o f  any atom denotes
. th e  f r e e  r a d i o a l  s ta te *
The p rocess of removing HOI from a m olecu le such  t h a t  a 
double bond i s  produced t h e r e i n  1 . 0 .

-GEg-GECl-GEg-GEGl- — -GE^GE-GEg-GHGl- 4- HGl



6*

H i t rogen

E a r ly  work on th e  deh y d r o c h lo r in a t io n  o f PVG

n o te d  t h a t  HCl was evolved  an.d th e  polym er co lou red  5

becoming ye llow  i n i t i a l l y ,  th e n  r e d d is h  brown, dark

brown and f i n a l l y  black©
( o\

Lewis and Galvin^ ' were among th e  f i r s t  to  su g g e s t  

t h a t  th e  c o lo u r in g  of th e  polymer r e s u l t s  from  th e  fo rm a t io n  

o f c o n ju g a ted  double  b o n d s . They claim ed t h a t  a  minimum o f 

seven  doub le  bonds i s  n e c e s s a ry  f o r  c o lo u r  fo rm a t io n ,  and 

eueh a sequence  im p l ie s  th e  removal o f  th e  HGl p r e s e n t  i n  a
(5 )c f a s h io n .  H auser compared th e  c o lo u r  in  ten©! 

e® o f  sam ples o f  degraded  PVG w ith  th o se  o f  th e  d ip h en y l 

p o ly e n es  and p o in te d  o u t  th e  s i m i l a r i t y  betw een them.

The e x p u ls io n  o f  HGl from th e  polym er may be th o u g h t
(4o f  ae a s o r t  o f  ch a in  r e a c t i o n ,  in v o lv in g  no f r e e  r a d ic a ls = 

The i n i t i a t i o n  p rocess c o n s i s t e  i n  th e  removal o f  a mole

c u le  o f  HGl from th e  s a tu r a t e d  polym er m o lecu les

-  GHg -  GHGl -  GHg -  GHGl -  OHg -  CHOI -  — ^  HGl

-OH=:GH -  GHg -  GHGl -  GHg -  GHGl -

T h is  p ro d u ces  an a l l y l - t y p e  s t r u c t u r e  w hich i s  r e p o r te d  

to  e x e r t  an a c t i v a t i n g  in f lu e n c e  on th e  r e s t  o f  th e  

m o l e c u l e . The removal o f  f u r t h e r  a c id  from t h i s



a l l y l l e  s tru o tu re  I s  taken to  be the propagation  e te p , 

til® "dipper" r e a e t i o n .

— OH—OH — OHg — CHGX — GHg — GPIOX— —^  HOI

4}- - GH-OH " GE^GH « GEg - GHGlr-

- GH=GH « GH=GH - GHg - GHGl—  — ^  HGl
4M— GH=:GH - GH=GH « GH=OE -

e t e .

I t  i s  by no means c e r t a i n , however, t h a t  th e  

r e a c t i o n  does n o t  in v o lv e  f r e e  r a d i c a l s .  E x p erim en ta l 

e v id e n c e ,  f a v o u r in g  the theory th a t th e rem oval o f  HGl 

i s  a f r e e  r a d i c a l  p ro c e s s ,  was o b ta in e d  by Arlman^^^ * In  

m easu rin g  the ra t®  o f  e v o lu t io n  o f HGl he showed th a t the  

ra te  i n c r e a s e s  w i th  the a d d i t io n  o f re c o g n ise d  f r e e  

r a d i c a l  ch a in  i n i t i a t o r s  such as benzoyl p e ro x id e  and 

diazoam inobengene * Arlmaii p o stu la ted  th a t an end group 

cou ld  be removed from  the polym er, th e re b y  fo rm in g  a f r e e  

r a d l o a ls

R-GHg-GHGl-GHg«GHGl-GHg" oGHg-GEGl«GHg-GEGl-GHg-

bGHg-GHGl-GHg-GHGl-GEg- EGl4MoGHg"Gn=GE«GHGl-GEg«

oGHg-GH^GE-GHGl-GH^ ^GEg^GH-ÙE-GHGl-GEg- 4;̂ EGl

GHg^GE-&E-GHGl-GEp« GEg-GH«GE-GE^GH-

GEg^GE-GE-GE=GE- GEg«:GH-GH«:GE=GE-

C h lo r in e  atoms would thus be a u e o e s s iv e ly  a c t i v a t e d  and 

t h i s  would r e s u l t  i n  t h e i r  removal from  the polymer.



B arto n  and H e w l e t t w o r k  s u p p o r ts  a f r e e  

r a d i c a l  theo ryo  I t  was shown t h a t  1 s2 -d ieh lo ro e th an ©  

decomposes i n  th e  te m p e ra tu re  range  362-485^0 by a f i r s t  

o rd e r  p ro c e s s .  P ro p y len e  i s  a  pow erfu l i n h i b i t o r  o f  th e  

deco m p o sitio n  and t h i s  and o th e r  f a c t s  l e d  B arto n  and 

H ew le tt to  b e l i e v e  t h a t  th e  decom position  p ro ceed s  by a 

f r e e  r a d i c a l  mechanism

G1 01 01 01
i i I I

e.go  01 « 4k H -  0 -  G -  H a  -  0 -  0 -  E
I g I
H H E

01 Cl H
I I I I

E « G - G - H 01 4M E - 0 .̂ G
' i 

H

In  195?, Fuchs and L o u i s s u g g e s t e d  t h a t  th e

m ethy lene  groups in  PVG a re  l i a b l e  to  a t t a c k  by f r e e

r a d ic a ls*  These w orkers  ch lo r in a ted  th e  polym er, th u s

rem oving th e  m ethy lene  g ro u p s , i . e .  th e  p ro d u c t  c o n s is te d

of a ch a in  w ith  one c h lo r in e  atom a t ta c h e d  to  each  carbon

atom. I t  i s  Imown t h a t  c h l o r i n a t i o n  i s  a f r e e  r a d i c a l
^  f  1 0  )p rocess i n  l i g h t  o f  w ave leng th  l e s s  th a n  5460 A © The 

i n d i c a t i o n  was t h a t  m ethylene groups a re  prone to  a tta c k  

by f r e e  r a d i c a l s .

Combining th e  work of B arto n  and H ew le tt and Fuchs 

and houlBi  W i a t e l e r % ±n a review  paper p deduced th e



u

fo l lo w in g  mechanism

01 H 01 E 01
8 e B fl fl
C - G - 0 - G - G
1 1 1 : 1
H H H H II

01 H 01 H 01
f i l l !
G . Q « G . . . G = G «
I " : I I
H H H H

A g iven  r a d i c a l  a t t a c k s  th e  m ethylene hydrogen preferen* 

t i a l l y ^ ^ )  and t h i s  in d u c e s  l a b i l i t y  i n  an a d ja c e n t

c h lo r in e  atom.

Cl H 01 H 01 01 H E
8 3' 1 ■ I 0 i I 1
G = Q - , G - G -. 0 - Cl ® 4k *■”* G **“ 0=0 - 0 - 0
9 ° I 1 1 ! 1 1 : 3
H Ï Ï H H H E H E 01

The l a b i l e  c h lo r in e  atom th u s  produced i n  a S p o s i t i o n

would be r e le a s e d  to  s t a b i l i s e  th e  m o lecu le

01 H E 01 E
B I B  8 , »

-  G -  G^G -  G -  G -  4 C l" -# ' HGl -o- -  G -  Ĝ G -  G -  0 «
8 8 B I 0 B I I I 0
H E H E G l  H E E E G l

The p r o b a b i l i t y  i s  t h a t  th e  f r e e  c h lo r in e  atom would 

a b s t r a c t  a hydrogen atom from one o f  th e  n e a r e s t  m ethy lene 

g roups . S ince  th e  n e a r e s t  one i n  th e  c h a in  i s  a l s o  an 

a l l y l i o  hydrogen atom i t s  a b s t r a c t i o n  would be h ig h ly

fav o u red
G1 H 01
C — C—0 — 0 ™ 0 — —̂  — C Ü—0 ™ G—C ™
i ,  U  ^  k  Â  I . H  à ! .
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Thus a c h a in  r e a c t i o n  i s  s t a r t e d  and p e rp e tu a te d  whioh 

cou ld  l e a d  to  à s u f f i c i e n t  number o f  doub le  bonds to  

im p a r t  colour©

S e v e ra l  mechanisms have been proposed  f o r  th e  

i n i t i a t i o n  of d e h y d ro o h lo r in a t io n ,  b u t  l i t t l e  i s  known of 

the t e r m in a t io n  reac tion©  I t  i s  p o s s ib le  t h a t  d e f e c t s  

i n  th e polym er ch a in  Sog© b ra n c h in g  cou ld  prevent the  

c o n t in u a t io n  o f  the reac tion©  Druesedow and G ibbs( 

have su g g es ted  a number of waye i n  w hich b ra n c h in g  cou ld  

ocouro These in c lu d e  c o -p o ly m e r is a t io n  betw een  polym ers 

c o n ta in in g  po lyene  segm ents , cha in  t r a n s f e r  betw een a 

po lyene  segment sjad a m olecu le  o f  PVG, and a ty p e  of  

D ie l s -A ld e r  r e a c t i o n  betw een po lyene segm ents «

S e v e ra l  w o r k e r s ^ f o u n d  t h a t  th e  r a t e  d e c re a s e s  

w i th  t im e  i n  n i t r o g e n  or i n  a vacuum. This i s  c o n s is te n t  

w i th  i n i t i a t i o n  p ro c e e d in g  from a c t iv a t e d  s t r u c t u r e s  p r e s 

e n t  in  th e  polym er.

In  oxygen, however 5 th e  r e a c t i o n  ra t©  i a  g r e a t e r  

th a n  i n  n itrogen^"^ /^  and i t  a c c e l e r a t e s  a© th e

degradation  p roceed s. This e f f e c t  was a s c r ib e d  to  the  

p ro d u c t io n  o f  r e a c t i v e  s i t e s  by f r e e  r a d i c a l s There i s  

some d o u b t ,  however, w hether oxygen r e a c ts  w ith  s a t u r a t e d  

or unsatvirated stru ctu res*  0:3Eygen ap p aren tly  does n ot



a f f e c t  th e  r e a c t i o n  u n t i l ,  a c e r t a i n  minimum amount o f

d e h y d ro o h lo r in a t io n  has  o c c u r r e d  5 ) ,  F u r th e rm o re ,  PVG

degraded I n  oxygen i s  l e a s  co lo u re d  th a n  when degraded

i n  i t s  absenoe^*^^ © Taken i n  c o n ju n c t io n ,  th e s e

o b s e r v a t io n s  su g g e s t  t h a t  oxygen x*eacts w i th  u n s a tu r a te d

i n  p r e f e r e n c e  to  s a tu r a t e d  molecules© B erach  and co«

wo r k e r s ( ,  however, su g g e s te d  t h a t  b o th  s a tu r a t e d  and

u n s a tu r a te d  s t r u c t u r e s  a re  s u b je c t  to  o x id a t io n .  There

has been much s p e c u la t io n  ae to  how oxygen a c c e l e r a t e s

th e  r a t e ,  b u t  i t  was b e l ie v e d  t h a t  o x id a t iv e  i n i t i a t i o n

commences w i th in  th e  polym er cha in  as  opposed to  th e rm a l

i n i t i a t i o n  a t  th e  ch a in  enûB^^^o Campbell and Hausoher

fo l lo w e d  up Arlman' s work by p ro p o s in g  t h a t  oxygen was

ca p a b le  o f fo rm in g  p e ro x id e  rad ica ls©  A b s t r a c t io n  o f  th e

polymery’s hydrogen by th e s e  r a d i c a l s  would produce p erox id es

t h a t  e v e n tu a l ly  - degrade  to  c a rb o n y l-c o n ta in in g -  p ro d u cts , th e

p re se n c e  o f  w hich has  been e s t a b l i s h e d © PVG exposed

to  oxygen u n d e r  th e rm a l d e g ra d a t io n  i s  u n s ta b l e  when suV-

je c te d  to  ÏÏV i r r a d i a t i o n   ̂ , p resum ably  b ecau se  any

carbonyl groups p r e s e n t  absorb energy  v e ry  s t r o n g ly  indeed  
o

a t 2 ,7 3 0  A © The im p o rtan ce  o f  h y d ro p e ro x id e s  as a source

o f  f r e e  r a d i c a l s  can be seen  from th e f o l lo w in g  scheme

I n i t i a t i o n
4k 0^    Ro <. OOHo

“S* O2 EH — EOpo EH

EO9 * 'ÎM EH EO9ÎI R= Chain T r a n s f e r
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where RH r e p r e s e n t s  a  polymer m olecu le

" " " r a d i c a l

ROp" " " peroxy  r a d i c a l

ROgH h y d ro p ero x id e

RO" " *® a lkoxy  r a d i c a l

Hence i f  p e ro x id e  i s  p r e s e n t ,  a  l a r g e  number o f  f r e e  

r a d i c a l s  may be a v a i l a b l e  to  i n i t i a t e  d e h y d r o c h lo r in a t io n .

The re m a in in g  m ajo r r e a c t io n s  o ccu rr in g  d u r in g  

p y r o ly s i s  o f  PVG a re  c r o s s - l i n k i n g  and ch a in  s c i s s i o n ,  and 

th e s e  r e a c t i o n s  w i l l  be c o n v e n ie n t ly  rev iew ed  to g e th e r  

s in c e  one cou ld  a lm o st be d e sc r ib e d  a s  th e  r e v e r s e  o f  th e  

oth er; i n  a d d i t i o n ,  th e y  o f te n  o ccu r  s im u l ta n e o u s ly .

.n S c is s io n  i n

That p a r t  o f  th e  degi'aded PVG w hich i s  s o lu b le  

d i s p la y s  a p r o g r e s s iv e  in c r e a se  i n  i t s  i n t r i n s i c  v i s c o s i t y  

w ith  in c r e a s e  i n  p y r o ly s is  * T h is  i s  a t t r i b u t e d

to  c r o s s - l i n k i n g ^ ^ ^ ^ a There i s  la c k  o f  agreement on what 

happens to  the PVG to  the e a r ly  s ta g e s  o f  décom position*  

R e su lts  have been obta in ed  which a r e  in  d ir e c t  c o n f l i c t  

w ith  the work o f  Arlman and Draesedow© I t  has been found 

t h a t  the i n t r i n s i c  v i s c o s i t y  o f th e  so lu b le  polym er f r a c 

t i o n  d ecrea ses  w ith  tlme^ w hich in d ic a te s  chain

s c i s s io n ,  T a y l o r ^  lias demonstrated very  e f f e c t i v e ly



t h a t  a r o s s - l i a k i n g  and c h a in - s c i s s i o n  o c c u r  s im u l ta n e o u s ly  

by d e te rm in in g  th e  s o l u b i l i t i e s  and in t r i n s i c  v i s c o s i t i e s

o f  sam ples o f degraded  PVG©

T able E x te n t  o f  O ro a s-M n ld n g and Chai n  Sci s s i o n

therm al A geing  
a t  160®C(mino)

Cro ss-L iaM n g
if")

I n t r in s ic  V is c o s ity  o f  
Ïïncross-M nlced Sample

0 0 0.51

376 0 .31 0 .5 3

435 Go 46 0.51

608 0 .6 4 0 .4 8

739 0 . 7 0 0 .4 2

980 1 .3 6 0 . 3 8

1030 2 .7 2 0 . 3 2

2200 4.81 0 . 3 0

These r e s u l t s  i n d i c a t e  th a t a l th o u g h  c r o s s - l in k in g

i n c r e a s e s  g r a d u a l ly ,  th e  i n t r i n s i c  v i s c o s i t y  tends to  

ap p ro ach  a co n sta n t v a lu e .  C h a in - s c i s s io n  p ro b ab ly

predom inates in  th e  e a r ly  s ta g e s  w ith  c r o s s - l in îc in g  

becom ing -the major r e a c t i o n  la te r©

G ross-L inking and Chain S c i s s io n

I t  was claim ed t h a t  th e  in t r i n s i c  v i s c o s i t y  

d e c re a s e s  i n  th e e a r ly  s ta g e s , but b e g in s  to  in c r e a s e



l a t œ ^   ̂o T h is  m ight he e x p e c te d ,  f o r  th e  o x id a t io n  o f  

u n s a tu r a t e d  polym er would form  u n s ta b l e  p e ro x id e s  a s  d ee -  

©ribad e l s e w h e re * The polymer would th e n  be more l i a b l e  

t o  undergo  c h a in  a o l s a lo n .

T here #r@ a  number o f  fa c to r s  w hich co n tr ib u te  

towards th e  way i n  w hich th e  polymer decompose©* Many 

p y r o ly s e s ,  f o r  in s ta n c e , a re  rim a t  atm ospheric p ressu re  

so t h a t  th e  degradation  p rod u cts, i f  I n v o la t i l e ,  are  

allow ed  to  remain i n  co n ta ct w ith  th e  polymer and may 

c a ta ly s e  i t s  breakdown,

The s t r u c t u r e  o f  the polymer i s  im portant, f o r  

such c h a r a c t e r i s t i c s  as the p o l a r i t y  o f  s id e  -groups, 

b ran ch ed  ch a in s , u n s a t u r a t i o n  and o x id ise d  s t r u c t u r e s  a l l  

a f f e c t  th e k in e t ic s  o f  degradation* The phase  i n  whioh 

p y r o l y s i s  I s  c a r r i e d  o u t ,  and the p y r o ly s i s  te m p e ra tu re  

w i l l  mean t h a t  the d eco m p o sitio n  p ro ceed s  by a © elected  

rou te  dependent on th e se  p h y sica l con d ition s»  Indeed am 

in c r e a se  i n  tem perature o f te n  give© r i s e  to  a co m p le te ly  

breakdown r o u te , The In flu en ce  o f th e se  fa c to r s  on 

degrad ation  o f  PVO w i l l  now be con sid ered  in  more d e t a i l

The q u estio n  has been posed , does th e  l ib e r a t io n  o f  

HOI during p y r o ly s i s  o f  PVO c a ta ly s e  th e  f u r t h e r  removal 

o f a c id  from  the polymer * Pcx e t  ml* found th a t Hi



does c a t a ly s e  breakdown i n  n i t r o g e n ,  w h i l s t  o t h e r s ^ 12 ,1$ ,14) 

e s t a b l i s h e d  t h a t  a u t o c a t a l y s i s  o c c u rs  o n ly  i n  oxygen.

C op 1
A rlm an '   ̂ c a r r i e d  o u t an i n t e r e s t i n g  s e r i e s  of

ex p e rim en ts  i n  whloh he p y ro ly sed  PVG i n  a s tream  o f  

hydrogen c h lo r id e  gas* He used gas s tre a m s  c o n s i s t i n g  

o f  a  m ix tu re  o f  n i t r o g e n  and hydrogen c h l o r i d e ,  and of 

oxygen and hydrogen c h l o r i d e .  D e sp ite  v a r i a t i o n s  in  

polym er ty p e ,  r e a c t i o n  p h ase , te m p e ra tu re  and c a r r i e r  

medium, th e  c o n c lu s io n  was t h a t  a u t o c a t a l y s i s  does n o t  

o ccu r  and t h i s  was su b se q u e n tly  c o n f irm e d ^ ^ 3 )^

E a r l i e r  work^^^ had i n d i c a t e d  t h a t  th e  p re se n c e  of 

oxygen a n d /o r  l i b e r a t e d  a c id  i s  n o t  n e c e s s a ry  f o r  th e  

r e a c t i o n  to  p ro ceed  a u t o c a t a l y t i c a l l y . Under h ig h  vacuum, 

and i n  th e  te m p e ra tu re  ra n g e ,  208^0 to  22) ^ 0 , G rass !e  found 

t h a t  th e  d e g ra d a t io n  o f PVG p ro g re s se d  a u to e a ta ly t i c a l ly ©

The d eco m p o sitio n  o f  p o ly v in y l  a c e t a t e  u n d e r  s im i l a r  co n d i

t i o n s  r e v e a le d  a s i m i l a r  a c c e l e r a t i o n  i n  th e  r a t e ^  

Tills d eco m p o sitio n  would appear  to  be an a lo g o u s  to  t h a t  o f  

PVG b ecau se  o n ly  a c e t i c  a c id  i s  evo lved  a t  th e  tem perature©  

q u o te d , end th e  polymer c o lo u rs  v e ry  q u ic k ly .

l a t u r e  o f  th e  Polymer*

PVO can p o sse ss  e l  their a  " h e a d - t o - t a l l  o r  a  "head- 

to -h e a d "  s t r u c tu r e *  The fo rm er would be  ex p ec ted  owing 

p o la r  n a t u r e  o f  th e  double  bond, OEm-GE— ^ 1



1.5

and t h i s  proved  to  be th e  I f  h e a d - to -h e a d  were

th e  s t r u o t u r e , ' th e n  th e  a t ta in m e n t  o f  po lyene  c h a in s  would 

n o t  be p o s s ib le *

I t  i a  b e l ie v e d  t h a t  th e  th e rm a l s t a b i l i t y  o f  a

polym er m o lecu le  d e c re a s e s  as  th e  e x t e n t  o f  c h a in  branching  
( 271i n c r e a s e s '  * D uring th e  p o ly m e r is a t io n  o f  v in y l  c h lo r id e  

p a r t i c u l a r  m o le c u la r  g r o u p s m a y  be in t ro d u c e d  i n t o  th e  

polym er m o le c u le .  These g ro u p s , e . g .  t e r t i a r y  c h lo r id e s  

te n d  to  evo lv e  HGl more e a s i l y  th a n  th e  l i n e a r  polymer© 

U sing  th e  te c h n iq u e  o f r e d u c t iv e  h y d ro g e n a t io n ,  Gotman^^^^ 

c o n v e r te d  PVG to  a hydrocarbon  and d em o n stra ted  by in f r a -  

r e d  methods t h a t  t e r t i a r y  c h lo r id e s  a re  gin f a c t ^ p r e s e n t .

ICenyon'  ̂ showed t h a t  such  s t r u c t u r e s  l o s t  EGl r e a d i l y
f 1

and i t  was p o in te d  o u t ' ^  t h a t  HCl may be l o s t  i n  th r e e  

d ir e c t io n s  from a t e r t i a r y  ch loride*

U n s a tu r a t io n  i s  a l s o  a so u rce  o f weakness In the  

po lym er. PVG c o n ta in in g  double bonds b re a k s  down much 

more e a s i l y  th a n  th e  s a tu r a t e d  polymer* T h is  was e f f e c t 

i v e l y  shown by T elam in i and  ̂ who in troduced  5^

ca rb o n -c a rb o n  doub le  bonds i n t o  PTC a t  200^0. The polymer 

evolved  a c id  at*m ore th a n  f i f t y  tim es I t s  norm al r a t e .  

■After th e  i n i t i a l  - a c c e le r a t io n ,  however, th e  r a t e  soon 

r e tu r n e d  to  I t s  norm al v a l u e . Term inal doub le  bonds i n

PVG were r e p o r te d  to  be l a r g e l y  r e sp o n s ib le  fo r  i n i t i a t i n g
o f 1 5 )c la h y d ro c h lo r in a t io n  a t  180 0; Baum and c o lle a g u e s '
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© h lo r ln a te d  PVG v a ry  © l ig h t ly  and t h i s  low ered  th e  r a t e  

o f  d e g ra d a tio n *  They th e r e f o r e  assumed t h a t  i n i t i a t i o n  

b e g in s  a t  th e  c h a in  ends . I t  was f e l t  t h a t  th e  double  

bonds r e s p o n s ib le  were p ro b ab ly  In t ro d u c e d  i n t o  th e  

polym er d u r in g  p o ly m e r is a t io n ,  m ain ly  by c h a in  t r a n s f e r  

w i th  monomer, and a ls o  by d i s p r o p o r t i o n a t io n .

The e f f e c t  o f  oxygen on th e  d eco m p o sitio n  has been 

d e a l t  w i th  above, b u t  i f  oxygen f i n d s  i t s  way i n t o  the  

polym er s tr u c tu r e , i t  may prove e q u a l ly  o f fe n s iv e  i n  s itu *

I t  was su g g e s te d  t h a t  oxygen in c o rp o r a te d  i n t o  th e  p o ly -  

cou ld  i n i t i a t e  a c t iv e  c e n t r e s  w hich would be 

prone to  undergo d e h y d ro o h lo r in a t io n .

There a r e  a  number o f way© i n  w hich  oxygen can be 

i n s e r t e d  i n t o  th e  po lym er*

1 o The polym er may be o x id is e d  d u r in g  p o ly m e r is a t io n  

@ogo i n  em ulsion  p o ly m e r is a t io n  th e  r e a c t i o n  o c c u rs  

i n  th e  p re se n c e  of sm all amounts o f  oxygen.

2 . The i n i t i a t o r  f rag m en ts  d e r iv e d  from  e.g* benzoy l

p e ro x id e  may be c h em ica lly  combined w i th  th e  polym er 

a t  i t s  en d s .

3 * O x id a tio n  o f  th e  polymer by such  i n i t i a t o r  f ra g m e n ts ,  

@ogo CgHjGOO", w hich may happen d u r in g  décom position*

O x id a tio n  by th e s e  means may be p re v e n te d  by th e  me#

o f  th e  a p p r o p r ia t e  f r e e  r a d i c a l  i n i t i a t o r  and by making 

t h a t  no Oxygen i s  p r e s e n t  d u r in g  po lym er! s a t l  on *



fem peratur©  o f  D eg rad a tio n

Mm oh o f  th e  work on P¥G has  been o a r  r  le d  o a t  i n  th e

te m p e ra tu re  ran g e  100-200^0 due to  th e  oommeroial I n t e r e s t ^  

t a t  some work has  been  eom pleted a t  muoh h ig h e r  tem p era -  

ta resQ  S trom berg  and oo-work©re^^5) p re p a re d  sam ples o f  

i n i t i a t e d  and f r e e  r a d i© a l - in iM a t e d  PTC and removed a l l

th e  a v a i l a b l e  HOI i n  approxim ately t h i r t y  m inutes a t  $00^0o 

The r e s u lt in g  polym er r e s id u e s  were p yro lysed  fo r  an

a d d i t i o n a l  t h i r t y  minute©o The p r i n c i p a l  product©  o f  t h is  

seco n d ary  p y r o ly s i s  ae determined by mass e p e o tro g ra p h ic  

a n a ly s is  were low m o le c u la r  w eight s a tu r a t e d  and u n s a tu r a te d  

a l i p h a t i c  hydrocarbons g benzene and to lu e n e « With regard ■

to  th e  aro m atic© &■ c y c l i s a t i o n  o f  one end o f  th e  polyene  

chains formed i n i t i a l l y  would probably y ie ld  th e s e  product©o 

When OTO I s  p yrolysed  a t  400^0^. a p p r e c ia b le  q u a n t i t i e s  o f

po lyoyo ilO S  a r e  p r e s e n t a n d  a t  800 Og Winslow and

Matrey©k^53) had to  d ep loy  %-ray and in f r a - ' r e d  a n a l y t i c a l  

te c h n iq u e s  to  i d e n t i f y  th e  c o n s t i t u e n t s  I n  a  complex 

saij&tR&rie g&jT a&ll&enega awowl tallEsw&es,

R é a c tio n  Phase

o f  th e  r e s e a r c h  has c e n t r e d  on th e  b u lk

d e g ra d a t io n  o f  th e  p o lym er« There ar@@ howeverp two b i g

d is a d v a n ta g e s  a s s o c ia t e d  w i th  b u lk  d e g ra d a tlo n o

The r a t e  o f  d i f f u s i o n  o f  HOI from) th e  polym er
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depends upon th e  la tte r® ©  th ic lm e ss^  w hich may become 

r a t e - e o n t r o l l i n g « D if fu s io n  r a t e s  a l s o  depend upon

p a r t i c l e  s i îse ,  and t h i s  i n  tu r n  depends upon w hether th e  

polym er i s  made by su sp e n s io n  o r em ulsion  p o ly m e r isa tio n . .

I f  d i f f u s i o n  t r o u b l e s  a re  to  be e l im in a te d  th e  th ic k n e s s  

of th e  polym er l a y e r  must be m inim isedpand t h i s  re d u c e s  

th e  q u a n t i ty  o f polymer a v a i l a b l e  f o r  p y r o l y s i s .

A seeoxid d i f f i c u l t y  i s  th e  h e a t in g  o f  th e  PVGp f o r  

i t  h%s a low th e rm a l c o n d u o tlv i ty ^  The e v o lu t io n  of HGl 

a l s o  a b s t r a c t s  h e a t  from  th e  polymer mass due to  th e  h e a t  

of ev ap o ra t io n »  Thus th e r e  may be a te m p e ra tu re  d i f f e r 

ence betw een th e  s u r f a c e  and th e  c e n t r e  o f  th e  polymer 

masso The a d d i t io n  o f powdered s i l v e r  to  th e  polym er i s  

r e p o r te d  to  im prove h e a t  transfer .

P?G does n o t  become l i q u i d  when heatedp  b u t  remains 

as  a sem i-m olten  mass w hich soon becomes hard  and i n f u s i b l e  

Thus th e  problem s o f e l im in a t in g  d i f f u s i o n  c o n t ro l  o f  HGl 

from th e  polym er and h e a t in g  th e  l a t t e r  adequately a re  

s e r io u s  ones» Degradation i n  s o lu t i o n  r u l e s  ou t many 

d i f f i c u l t i e s  b ecau se  p a r t i c l e  s iz e  i s  u n im p o r ta n t  and th e  

polym er s o l u t i o n  cam b© u n ifo rm ly  heated. I f  th e  polymer 

s o l u t i o n  s t a y s  m obile  th e r e  should  be no d if f ic u lty  i n  

rem oving HOI d u r in g  p y ro ly sis .

In  a d d i t i o n  to  p y r o ly s is , P¥G has been  degraded 

photochemical and e lec tro n ic  irra d ia tio n  and a b r ie f
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résumé of the wo,rk done in  these f i e ld s  i s  in elu d eâ , sine© 

i t  has been claimed to support the free  rad ica l mechanism 

of degradation.

PVG s to r e d  i n  th e  d a rk  a t  room te m p e ra tu re  remain©

stab le  for  years, b u t  i f  exposed to  © u n ligh t i t  slow ly

d e g ra d e s .  On exposure  to  h ig h  f re q u e n c y  W  i r r a d i a t i o n ^

however, th e  polym er degrade© q u ic k ly ,  a l th o u g h  compared

w i th  th e rm a l d e g ra d a t io n  i t  i s  s t i l l  slow. The h ig h e r

e f f i c i e n c y  o f  U¥ l i g h t  i s  a t t r i b u t e d  to  th e  f a c t  t h a t  more

th a n  95^ of s o l a r  l i g h t  i n c i d e n t  on th e  e a r t h  possesses
o

w av e len g th s  lo n g e r  th a n  5OOO A*

I t  i s  d i f f i c u l t  to a ssess the i n d i v i d u a l  in flu en ces  

of UV l i g h t  and oxygen on the decomposition of P¥0, b u t  

b o th  fa c to rs  ap p ea r  to be in t e r - d e p e n d e n t .  Holman j1^ 

aly, ^3 5 ) shown t h a t  U? l i g h t  has a c a t a l y t i c  e f f e c t

th e  oxidation  of polyene systems, and P¥G d e f i n i t e l y  

absorbs oxygen i n  ü¥  l i g h t C o l o u r e d  polymer i s  al 

bleached under th e s e  conditions which in d ic a te s  o x id a t iv e  

attack . The alleged  c a t a l y t i c  e f f e c t  of oxygen has 

r e c e iv e d  support from K e n y o n ^3^) #ho s tu d ie d  the irra d ia 

tio n  of IJ¥ l i g h t  on sec-b u ty l chloride and on P?C and 

showed the c a ta ly t ic  e f fe c t s  of reagents containing  

carbonyl groups on the breakdown of th ese  compounds. Borne



workers' b e liev e  t h a t  o x id a t iv e  a t t a c k  depends

m ain ly  on i n i t i a l  deh y d r o c h lo r in a t io n  to  p ro v id e  p o in t s  

i n  th e  ch a in  s u s c e p t i b l e  to  o x id a t io n .  With in c re a s e d  

ex p o su re  to  U¥ l i g h t g sam ples of P¥C ab so rb  more strongly  

i n  th e  lo n g e r  w av e len g th s  o f th e  U? a b s o r p t io n  spectrum, 

u n t i l  e v e n tu a l ly  a b s o r p t io n  o ccu rs  i n  th e  v i s i b l e  r e g io n  

when th e  polym er a p p e a rs  y e l l o w 3 \  S im i la r  r e s u l t s  

were o b ta in e d  w ith  th e  saturated and u n s a tu r a te d  a lk y l  

h a l i d e s .

R e c e n tly  T a y l o r has shown t h a t  exposu re  of P¥G 

to  U¥ l i g h t  a t  room te m p e ra tu re  r e s u l t s  i n  s im u ltan eo u s  

ch a in  s c i s s i o n  and o ro s © - l in k in g , w i th  th e  fo rm er 

p r  e d o m in a ti  n g o

A lthough p ro longed  exposure o f  P¥G to  U¥ l i g h t  

r e su lts  i n  the e v o lu t io n  o f  only  a sm all q u a n t i ty  o f  HGl, 

th e  im p o r ta n t  f a c t o r  would appear to be th e  s e n s it is a t io n  

of th e  polymer to  th e rm a l breakdown. A ll P¥G sam ples 

exposed to  s u n l i g h t  o r  U¥ i r r a d i a t i o n  decompose much more 

read ily  than the unexposed polymer on th e rm a l degradation

The E l e c t r o n i c  I r r a d i a t i o n  o f  P¥C

The exposure  o f  P¥G to  a beam o f  high-energy e l e c 

t r o n s  a t  low te m p e ra tu re s  produces v i s i b l e  co lo u r  changes 

s i m i l a r  to  th o s e  observed  i n  the th e rm a l d e g ra d a t io n  of 

the polymer. I t  has been suggested that the colour i s
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due to  a m ix tu re  of f ro z e n  f r e e  r a d i c a l s  and a polyene 

s t r u c t u r e ^ 3 ^ )  ̂ M i l l e r ^3?) r e p o r te d  t h a t  t h e r e  I s  a 

q u a n t i t a t i v e  r e l a t i o n s h i p  between c o lo u r  and f r e e  r a d i c a l  

c o n c e n t r a t io n  a t  -196®C i n  v acu o . P o s t - i r r a d i a t i o n  

changes i n  th e  polymer were fo llow ed  v i s u a l l y  and by e l e c 

t r o n  s p in  re so n a n c e  (ESH)? which was a l s o  used  by 

A tohison^^^^ i n  su p p o rt  o f  Ghapi r o ' s p o s t u l a t i o n s .

From a k i n e t i c  a n a l y s i s  of th e  ESR spec trum , A tch ison  

deduced t h a t  t h e r e  a re  th re e  s p e c ie s  o f  r a d i c a l s  which 

decay e x p o n e n t ia l ly  a t  room tem pera tu re^  a c o n c lu s io n  i n  

agreem ent w ith lo y ® s (39)

A ccord ing  to  M i l l a r ^3?) th e  main chem ical p ro c e s s e s

p a r t i c i p a t i n g  d u r in g  i r r a d i a t i o n  involve th e  fo rm a tio n  of

th e  f r e e  r a d i c a l s ,  -  GHg -  CE -  4* Gl" , l e a d in g  to  the

system , -  GH-GE ™ 4- HOI. The developm ent of c o n ju g a te d

u n s a tu r a t i o n  i s  believed  to in v o lv e  th e  u n s ta b le  r a d i c a l

- O H  -  GHGl- i n  a f r e e  r a d i c a l  ch a in  d e h y d ro c h lo r in a t io n
f i l lprocess, a mechaniem sim ilar to t h a t  o f  W inkler^ .

W ith r e s p e c t  to  th e  d e g ra d a t io n  p ro c e s s e s  d e sc r ib e d  

above, i t  i s  p e r t i n e n t  to  ask what were th e  consequences 

of th e s e  t h e o r i e s  i n  th e  f i e l d  of s ta b il is a t io n .

8 ta b il i  satlon  of P¥C

A part from  a r e d u c t io n  i n  th e  te m p e ra tu re  of 

degradation, the obvious method of s ta b il is a t io n  was the
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removal of HGl because of th e  a l l e g e d  c a t a l y t i c  e f f e c t  o f

th e  aoido Gompounde cap ab le  o f  combining, w i th  th e  HGl

l i b e r a t e d  d u r in g  p y r o ly s i s  r e t a r d  th e  breakdow n, a l th o u g h

p ro b a b ly  n o t  f o r  th e  re a so n  in d i c a t e d ,  s in c e  i t  has  been
(12,22,2%

shown t h a t  th e  a c id  does n o t  c a t a ly s e  th e  d e c o m p o s i t io n «  ̂

However such  H C l-acce p to r  compounds a r e  s t i l l  i n  g e n e ra l  

u s e ,  and an enormous v a r i e t y  have been t r i e d .

E v idence  has  bean p re se n te d  i n  su p p o r t  o f  th e  th e o ry

t h a t  s t a b i l i s e r s  act as  f r e e  r a d i c a l  a c c e p t o r s ^3^)^

thereby d isrupting  free  rad ical p ro cesses .  K e n y o n ^3 )̂

observed t h a t  P¥0 i n  th e  p re sen ce  o f  carbon 14 - b u ty l -

l a b e l l e d  d ib u t y l  t i n  d i a c e t a t e  showed an in c r e a s e  i n

r e t a i n e d  B - a c t i v i t y  when i r r a d i a t e d  w i th  l i g h t  o f  wave-
o

le n g th  g r e a t e r  th an  2700 A@ w ith  i n c r e a s e  i n  t im e  o f 

i r r a d i a t i o n .  The s t a b i l i s e r  was th e n  e x t r a c te d  r e p e a te d ly  

u n til  th e  r e t a i n e d  B - a c t i v i t y  was c o n s t a n t . A s i m i l a r  

ex p e rim en t was c a r r i e d  o u t  w ith  th e  same s t a b i l i s e r  

p o s s e s s in g  on ly  a l a b e l l e d  a c e t a t e  group. I n  th is  ease  

th e r e  was no change in  r e t a in e d  B -a c tiv ity  w ith  t im e .of 

i r r a d i a t i o n .  This i n d i c a t e d  t h a t  th e  b u ty l  and n o t  th e  

a c e t a t e  group had been in c o rp o r a te d  i n t o  t h e  PVG, and i t  

was p roposed  t h a t  r a d i c a l s  a l re a d y  p r e s e n t  had r e a c te d  

w i th  the b u ty l  group o f  the s t a b i l i s e r .

R° 4* (O^Hg) gBii (OAc) g™— G^EgBn (OAc) 2 

I t  was a lso  suggested that the a d d i t io n  o f  th e  b u ty l  - group
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to  th e  polymer r a d i c a l  p rev en ted  o x id a t io n  ta k in g  p la c e .

F o r h e a t  s ta b i11satlon  o f P¥G, th e  eadmlum, z in c
( 11)and barium s a l t s  o f  f a t t y  a c id s  have proved  very e f f e c t i v e  

Buch compounds a r e  u s u a l ly  used  i n  com bina tion  w ith  other 

s ta b i l is in g  a d d i t i v e s  such  a s  o rg a n ic  phosphites. To obtain  

an i n e i g h t  i n t o  th e  way th e s e  compounds r e t a r d  d e g ra d a t io n ,  

th© i n f r a - r e d  s p e c t r a  o f  a s e r i e s  o f  P¥G f i l m s  w i th  and 

w ith o u t  adm ixed, b a r iu m , cadmium and z in c  2 - e th y l  hexanoa te  

were s tu d ie d  a f t e r  v a r io u s  h e a t  t r e a t m e n t s ^ » The s p e c t r a  

o f  these m ix tu re s  r e v e a le d  a band a t  5 .7 5 /Ug which was a b se n t  

from  th e  s p e c t r a  o f  th e  unmixed components. The i n t e n s i t y  

o f  t h i s  band v a r i e s  w i th  th e  s a l t ,  te m p e ra tu re ,  and l e n g th  

of h e a t  t r e a tm e n t ,  and i t  was attrib uted  to  the carbonyl- 

stretch in g  f re q u e n c y  of an a l i p h a t i c  e s t e r .  The spectra o f  

v in y l  a c e t a t e  -  v in y l  chloride (1 s 19) copolymers a lso  d i s 

p la y  a band a t 5 . 7 5 I t  was t h e r e f o r e  i n f e r r e d  t h a t  

these 2 -e t h y l  hexanoa te  s a lt s  s ta b i l i s e  PTC by in t e r c h a n g in g

certa in  of i t s  c h lo r in e  atoms w ith  2-eth y l hex an o a te  g ro u p s g
** H

Q —0— 0
II B II i

i . e .  (G_H^gG-0)^ 4- GE-Gl — M3^E^gG-0"GH
*=o 0™ <KB0=»

HU Lj g 0— 01

S ince  there i s  reason to  b elieve  t h a t  e x p u ls io n  o f  the 

carboxyllo acid from the e s te r lf le d  polymer r e q u i r e s  a



g r e a t e r  a c t i v a t i o n  energy  th a n  th e  e x p u ls io n  o f  HGl, th e  

above r e a c t i o n  would s t a b i l i s e . th e  PVG.

The above th e o ry  has recen tly  been v e r if ie d  ̂  .̂

P¥0 f i l m s  i n t o  w hich had been in c o rp o r a te d  th e  ba riu m , 

cadmium and ^ in o  s a l t s  of 2 -@ th y l-h ex aB o ic -1 -0 -1 4  a c id s  

retained th e ir  ra d io a c tiv ity  even a f t e r  r e p e a te d  d isso lu tio n

and p r e c ip i t a t io n s ,  showing t h a t  th e  carboxy group was chemi

c a lly  combined w i th  th e  po lym er. fu r th e rm o re  th e  e x te n t  

o f  r e t a i n e d  r a d i o a c t i v i t y  v a r i e s  w i th  th e  te m p e ra tu re  and 

len gth  o f  heat t r e a tm e n t  ; q u a l i t a t i v e l y  i t  p a r a l l e l s  th e  

v a r i a t i o n  i n  i n t e n s i t y  o f  th e  5«7 5yu band observed i n  the 

i n f r a - r e d  s t u d i e s .

There has a lso  been  su p p o r t  f o r  the b e l i e f  t h a t  

s t a b i l i s e r s  a c t  a s  an tiox id an ts ( 5 p4 ) @4 4 )  ̂ c a p a b le  o f  

absorbing oxygen and hence precluding th e  fo rm a t io n  of 

p e ro x id e s .  This i s  t i e d  up w i th  th e  a b i l i t y  o f  the
(5)s t a b i l i s e r  to  a c t  a s  a  s e l e c t i v e  a b s o rb e r  o f  ïï¥ i r r a d i a t i o n .

The c u r r e n t  tendency i s  to employ compounds cap ab le  

of fu n ction in g  a s  f r e e  r a d i c a l  s to p p e r s  and a n t io x id a n t© .

The s t a b i l i t y  of P¥G may, however, be improved by th e  simple 

e x p ed ien ces  o f  rem oving th e  low est m o le c u la r  w e ig h t f r a c t i o n  

w i th  a c e t o n e o r  by washing th e  polym er f r e e  from extrane

ous f o r e i g n  m a t e r i a l s  e .g . i o n i c  i m p u r i t i e s ,  w hich  are 

u s u a l l y  l e f t  i n  th e  polym er d u r in g  p o ly m e r isa t io n »
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M atas'ials f o r  ï ' @ . l o m e r l a a t i a m d  g p ly m er isa tio a

_ Eor e e r ta in  sxpesiraeats braa.hed î “?C was zagmlz-ed. 

B raaehiag was ach ieved  by the im tzoam etloa o f  cyel'opropmn® 

ring#  in to  th e polymer s tr a e tu r e

i . e .  ■=• CHg ~ GHGl -  OHg -  CHCl -  CHg -

a ia e  ^  H H

— OHrt — G — 0 «* GMf\—

0 4. mOlr)

E H

8go o f  c h l o r i d e - f r e e 9 a c t i v a t e d  z in c  were t r a n s f e r r e d  to  

a l a r g e  f l a s k  c o n ta in in g  500 c . c .  o f  p e r o x id e - f r e e  d ioxan  

and 1go o f  po lym er. The c o n te n ts  were r e f lu x e d  f o r . B  

h o u r# ; th e  P¥0 was p r e c i p i t a t e d  i n  m ethano l and f i l t e r e d  

o f f .  The f i l t r a t e  c o n ta in e d  z in c  c h lo r lâ e  w hich warn 

e s t im a te d  by t i t r a t i o n  a g a i n s t  s ta n d a rd  e i l v e r  n i t r a t e .  

Thus th e  amount o f  c h lo r in e  removed was o b ta in e d  and t h i s  

gave an i n d i c a t i o n  o f  th e  number o f  cy c lo p ro p an e  un it®  

in c o rp o r a te d  i n t o  th e  polymer c h a in .

y to v l  c h lo r id e  (TO), a ga# a t  room tem perature, wa® found 

f r e e  from a c e ty le n lc  Im p u r it ie s . From a cy lin d er

m Thm  p ro cess  whereby sh o rt-ch a in  compounds or telom ere  
a re  p r e p a r e d .
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th e  monomer was passed  i n t o  a co ld  t r a p  on th e  vacuum 

l i n e ,  d i s t i l l e d  and d eg assed  f o r  one h o u r . The monomer 

was a llow ed  to  vapour!@e and th e  vapour c o l l e c t e d  I n  two 

5 - l i t r e  bulbs a t t a c h e d  to  th e  l in e .

B ro m o tr ich lo ro m eth an e  (BTOM) -  from Eastman Kodak, L td .

I t  was washed w ith  5^ sodium c a rb o n a te  s o l u t i o n ,  th e n  w ith  

w ater»  The BTOM was d r ie d  over ca lc ium  c h lo r id e  and 

f i n a l l y  d i s t i l l e d  un d er  reduced  p r e s s u r e .

1:1"A zob isisob u tyron itr ile  (AÎBM) -  from  Eastman Kodak,ltd

I t  was p u r i f i e d  by r e  cry  s t a l i i  s a t !  on from  a b s o lu te  a lc o h o l  

A known w eig h t was d i s s o lv e d  in  100 o . c .  ch lo ro fo rm  j u s t  

b e fo re  u s e .

Benzoyl perox id e  (BP) -  from  B .D .H ., L td . The BP was 

d i s s o lv e d  i n  ch lo ro fo rm  and r e p r e o i p i t a t e d  i n  a b s o lu te  

a lc o h o l .  T h is  i n i t i a t o r  was ale© made up i n  ch lo ro fo rm .

S o lven t s . Cyelohexanone and clioxan -  from  Eastman Kodak, 

Ltdo «= were d i s t i l l e d  b e fo re  u s e .  Benzene -  from  B.D.E. 

L td .  -  m o le c u la r  w eigh t g rade  used  I n  a d d i t io n  to  th e  - A 

g ra d e s  o f  a c e to n e ,  ch lo ro fo rm , t o l u o l  and m ethanol »

M ateri a l s  for  P vrolvsi 

The main l i q u i d e  used were n l t r o b e n s e n e

(212^0) 9  ethylene g ly c o l  (19B^G) d e o a l in  (192^0) and ^  

cymene (178^0). Others in c lu d e d  water, brom obenzena.
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, et© .

to h lM to r s  end Gommer©1ml S t a b i l i s e r s  IE grade o f  hydro- 

qmlmom® (ilQ) from May.aM Baker, B td . -  and th e AE grades  

o f an th racen e, a-naphthoX, c a te c h o l, n ap h th a len e , phemmm- 

th r e n e , e t l lb e n e , phenol -  a l l  from BoDoHo,Btdo

a -P h en y lin d o le  and S ta n elere  70 were k i n i l j  su p p lied  

by D is t il le r ®  @ G o., îstd*. Stan e l  ere 70 i s  a m ixture o f

p l a s t i e i s e r ,  d ie th y l t in  d lla u r a te  and d ie th y l t in  d lm aleate

A n a lv t ie a l R ea g en ts .-  Sodium hydroxide, eu n n lied  by BoD.H. 

in  concen trated  v o lu m etric  so lu t io n s  in  po lythene ampoules.

AH grades o f sodium bromide, sodium c h lo r id e , s i l v e r  

n i t r a t e ,  fuming n i t r io  a o id , sodium hicarbonate@ hydrazine  

su lp h ate  a l l  from BoDoHo^Ltcl.

S o lv e n ts . These in clu d ed  e th y l benzoate (BoDoHo ,Btclo ) ,  

cli©hior®benzene (Emstmem Kodak,Ltd.) and.n itrob en zen e

Apnaratii©

led i n  T élom érisa tion©  and P o ly m e r le a t lo n s

Vacuum Bln®. T h is  was b u i l t  i n  B jra x  g l a s # » I t  in c lu d e d  

two 5 l i t r e  b u lb s  and a  s e r i e s  o f  t a p s  mià t r a p s ,  at©.

The pumping system  © onsiated  o f  a  t h r e e - s t a g e  

m ercury, v ap o u r  d i f f u s i o n  pump backed by a  r o t a r y  vacuum o i l
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pump. A vacuum o f  eg. 10*"^ m.mo mercury could be obtained  

estim ated by te s t in g  the l in e  w ith a Mgh vo ltage discharge

c o l l .

Tap© were lu bricated  w ith  Apiezon-M g re a se  and the 

©old trap©  contained drlkold-acetone mixture o r  liq u id  

nitrogen . The trap©  were placed immediately before and

a f t e r  the d i f f u s i o a  pump to prevent the e s c a p e -o f  v o la t i le  

co n tam in a n ts  i n t o  the pumping eye tern.

D ilatom etere . These v a r ie d  i n  volume from 20 to 80 e. o.

I n  C a p a c ity ,  and were constructed i n  Pyrex  g las© , ôr from 

O arlue tubing when required f o r  th e rm a l p o ly m e r is a t io n .

F o r th e  l a t t e r ,  th e  d i l a to m e te r  b u lb  was sh e a th e d  i n  a  

cy lin d r ica l brass casin g . This served ae a  p r o t e c t i o n  

a g a i n s t  the higher vapour pressure developed. Table 2 

©hows how the vapour premmure of v in y l  chloride in creases  

w ith  te m p e ra tu re .

T ab le  2. The Vapour Pressure o f  V iny l C h lo r id e

'üeiaperatuya
(®c) I

Pressiixe 1 
(cm. mereuxy) |

~25«02 51.50
 ̂̂  o 61 76.75

-  1.570 122. 4. 1
5.5)0 158.2

25.72 302.7
59.72 449.2
4-6.80 543.4
54.8? 667.6
60.34 758.6



Therm©8t a t o I t  consisted  o f  a  c i r c u l a r  Pyrex g la s s  tank

contained i n  a  copper jack et. The a n n u la s  between the 

copper and th e  g la s s  was i n s u l a t e d  w i th  f ib r e -g la s s .  The 

r e q u i r e d  te m p e ra tu re  was h e ld  to  w i th in  ^  OoOI^O by a  

heater o p e ra te d  by a  r e l a y  c i r c u i t  w hich  wae a c tu a te d  by 

a  m e rc u ry - to lu e n e  r e g u la to r»

ÏÏV Lmpo A 125 watt Oeira mercury v ap o u r lamp p ro v id e d  

ü ¥  i r r a d i a t i o n  which was f i l t e r e d  th ro u g h  a  Chance 0X1 

f i l t e r .  The lamp wae connected  to  a  choke and c a p a c i to r  

to  e l im in a te  v a r i a t i o n s  i n  the a p p l ie d  c u r r e n t .

Oryosoopio  C e l l e The c e l l  was a  m o d i f ic a t io n  o f  t h a t  

u sed  by V ofai and E a t e h a l e k y i n  m o le c u la r  welght 

d e te rm in a tim iS o  I t  was a vacuum-jacketed tube s o c k e t  Into  

w hich  could be f i t t e d  a  B40 Q ir ie k f i t  ©one. The l a t t e r  

Incorporated a s im ple  w a te r  condenser to which wbb attached  

a h o ld e r  f o r  a  therm istor ( f l g .1 ) .

The tem p era tu re -B ieaau rin g  e lem en t was a  t h e r m is to r  

ca. 220 ohms resistan ce  a t  20^0» The t h e r m is to r  formed

arm o f  m c o n v e n t io n a l  W heatstone b r i d g e ,  w i th  a  p a i r  of 

r e s i s t a n c e  boxes as  th e  r a t io  arm©, and a p r e c is io n  decade 

box a® th e  b a la n c in g  arm» A s e n s i t i v e  m irror galvanom eter 

was used  ae a d e te c t

o p era tio n , s o lu t io n  was in trod u ced  in to  th e  c e l l  

th e th erm isto r  wae connected up to  th e  W heatstone c ir c u it  

and p laced  i n  i t s  h o ld er . The c e l l  was immersed in  am
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lo e -b a th g  th u s  © ooling th e  a o lu t lo n s  which was s t i r r e d  by a 

m aguetio  follow er» The l a t t e r  was a c t i v a t e d  by a magnetic 

s t i r r e r  on which th e  c e l l  and i c e - b a t h  were p laced» Tempera- 

t u r e  change was in d i c a t e d  i n  term s o f  r e s i s t a n c e  on th e  decade 

box»

The main a d v a n ta g e s .o f  th e  ©ryosoopio c e l l  o v er  the 

Beckmann a p p a ra tu s  a re

1» The method i e  more r a p id  and th e  a p p a ra tu s  more ro b u s t»

2o S m alle r  q u a n t i t i e s  of s o lu te  ©an be used  »

3» The s t i r r i n g  o f  th e  s o lu t io n  i s  more e f f id e n t »

4o C ooling  ta k e s  p la c e  much more s lo w ly »

A p p ara tu s  u sed  i n  P y ro ly s e s  

The p y r o ly s i s  u n it I s  shown i n  f ig » 2» Bach s e c t io n  

w i l l  be described i n  turn,»

The Heat e r  Un i t  »

The main p o in t s  g o v e rn in g  i t s  c o n s t r u c t io n  were 

1 o Good te m p e ra tu re  c o n t ro l  and easy  a d ju s tm e n t of

te m p era tu re»

2» A b i l i t y  to  o b se rv e  th e  p ro g re s s  of th e  p y ro ly sis .

Jo Whether th e  p y ro ly san d  ©an be uniformly heated»

4 o Easy access to the r e a c t o r  f o r  ©leaning purposes.

5o A means whereby d i s t i l l a t i o n  i n  the r e a c t o r  could

prevented or at l e a s t  reduced.

The a p p a ra tu s  w hich  s a t i s f i e d  th e s e  requirements 1
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that shown in  I t  was a im lt eometmeted entirely'

of Pyrex g la ss  of which the two main parts were the reaotor  

and stlll-hea*^ and the heater.

The reactor wae a Pyrex g lass tiibeg 28 cm. in  '

le n g th s  i n t e r n a l  diameter 1 .7  em. The upper p a r t  © onsie ted  

o f  a B24 Q ii ic k f i t  cone jo in e d  to a B24 s o c k e t .

The s t i l l -h e a d  was simply a B reeh ee l head a t t a c h e d  t© 

a w a te r  condenser. The B rechee l head f i t t e d  i n t o  th e  B24 

so c k e t  of th e  rea cto r@ so t h a t  th e  l a t t e r  was e a s ily  detach- 

able from the former.

The_h e a t e r  comprised a c y l i n d r i c a l  body w ith  a sid e  

arm to  r e c e iv e  a w a te r  c o n d e n se rg i t  a l s o  c o n ta in e d  a

therm om eter s o c k e t .  The body ta p e re d  to  a  B24 cone a t  one

end and a B24 so c k e t  a t  the other end. The la t t e r  h e ld  

th e  rea cto r 9 w h i l s t  th e  fo rm er f i t t e d  i n t o  a  v e sse l w hich 

contained th e  h e a t in g  medium e .g .  e th y le n e  g ly c o l .

Since th e  main product evolved  from PVG compound© 

i s  HOI th e  u n i t  was designed so t h a t  th e  e v o lu t io n  o f  a c id  

could be e a s i l y  recorded. Acid evo lved  was c o l l e c t e d  by 

sw eeping i t  o u t  from  the r e a c t o r  with an i n e r t  gaspsuch  

n i t ro g e n ^  i n t o  an a b s o rb e r .

The Plow System.

A s tream  of o x y g e n -f re e  n i t r o g e n  was passed  th ro u g h  

3, f lo w -m e ta r  and a  tu b e  lo o s e ly  packed w i th  s i l i c a  g e l .
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gas th e n  e n te re d  th e  r e a c t o r  and passed  out through 

th e  condenser  i n t o  the a h e o rh e r  and o u t  to  th e  atm osphère.

The flow  o f  n i t r o g e n  was c o n t r o l l e d  by c o n n e c t in g  

mm empty c y l in d e r  to  a  f u l l  one. By c h a rg in g  the former

mt a  low p r e s s u re  and bleeding o f f  a t  a  n e e d le  v a lv e  the 

required flow  r a t e  was o b ta in e d .

rq x n g

Acid evo lved  d u r in g  p y r o ly s i s  was sw ept i n t o  a  

g la a e  c e l l  c o n ta in in g  d is t i l l e d  water and in d ica to r .

The r e a c t i o n  was tracked by t i t r a t i n g  th e  acid evolved  

a g a i n s t  e ith e r  H/1Ô o r  l/ lO O  sodium hydroxideo For more 

d ilu te  s o lu t i o n s  g c o n d u c t iv i ty  and poten tiom etrio( )  

m ethods are d e s ir a b le . The e ff ic ie n c y  o f  a b s o r p t io n  was 

te sted  by c o u p l in g  up the absorber in  s e r i e s  w i th  a  second 

absorber. l o  a c id  was detected In the l a t t e r .

With the a p p a ra tu s  s e t  up as  i n  flg<,2o @ i t  was 

la te r  d ec id ed  to  heat the c a r r i e r  gas 9 p r i o r  to i t s  enter»" 

i n g  the rea cto r , as I t  was thought t h a t  t h i s  might have 

some bearing on the pyrolyses of th e  model compounds

Preheating the Gas Stream.

The h e a t in g  of the gas proved to be eztremely 

d i f f i c u l t  due to i t©  low flow  rate and low thermal conduc

I v l t y o The c o n v e n t io n a l  ty p e  of h e a t in g  c o i l  was of no
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u©@9 and i t  became necessary to in v e stig a te  the heat 

tran sfer  condition©«

The gen era l equation  fo r  heat t r a n s fe r  i s  Q ^

where Q -  Quantity o f heat passing per u n it  time
(B.ThoUo/ft .hr .  )

ÏÏ  ̂ Overall heat tran sfer  c o e f f ic ie n t

A -  O r o sa -sec tio n a l area ©f th e tube
( P t / )

A t   ̂ Temperature gradient
(^:

I t  can be shown t h a t  Ü i s  dependen t on th e  thioknees 

o f  th e  gae f i lm  f o r m e d a t  the w a l l s  o f  th e  hea te r^  w hich 

in  turn i e  dependen t on the gas v e lo c ity .

F o r good heat t r a n s f e r  from th e  w a l l s  of the heater  

to  th e  f lo w in g  gae? there should be turbulent f lo w . The 

type o f flow  can be gauged by the value o f the Reynolds 

number (Re)  ̂ a d im e n e io n la se  quantity g

V e lo c ity  o f  gas flow  ( f t e / s e c  

Diam eter o f th e tube ( f t . )

^ s  Gas v is c o s ity  ( I b . / f t . s e c . )

The c o n d itio n  fo r  tu rb u len t flow  i e  th a t  Re ^  2 ,100  

I f  l e e s  than t h i s  v a lu e  g th e flow  i s  s trea m lin e . The



req u ired  l e  ü & ii lû  on ly  be a tta in ed  by reach in g  a compromise 

between the gas v e lo c i t y  and th e d ia m e te r  o f  the h ea tin g  

tu b e .  Ab th e  h e a t e r  te m p e ra tu re  r ise ©  so does th e

v l#  00 B i t  y o f  th e  n i t r o g e n  and hence th e  gas v e l o c i t y  d e c re a e -  

mo  ShUB a t  h ig h e r  te m p era tu re#  th e r e  i e  a  more pronoam cet 

f i l m  e f f e c t  t e n d in g  ' to  y i e l d  a t re a ia l in e  r a t h e r  th a n  t u r b u l 

e n t  f le w .  I t  wae e v id e n t  t h a t  th e  g®s cou ld  o n ly  be h e a te d  

to  -the r e q u i r e d  te m p e ra tu re  o f  200^0 i f  th e  gas f low  were 

v e ry  h ig h .  Only u n d e r  th e s e  cond ition©  would th e r e  be 

in e re a e e d  tu rW l© n e e .

The m ost s u i t a b l e  ty p e  o f  h e a t e r  i s  t h a t  shown I n  

f lg p  4-0 N itro g e n  was fo rc e d  th ro u g h  an e l s o t r l c a l l y - h e a t e d  

c a p i l l a r y  a t  h ig h  v e l o c i t y . The g r e a t e r  p a r t  o f  th e  Mot 

gae was d iv e r t e d  a t  a w ld e -b o re  ta p  j u s t  b e fo re  i t  e n te r e d  

th e  r e a c t o r .  ii thermo coup le  i n s e r t e d  betw een  th e  ta p  and 

th e  r e a c t o r  re c o rd e d  th e  te m p e ra tu re . The h e a t in g  ©lement 

was connected  to  a  v a r i a o  by aieatie o f  w hich I t  was p o s s ib le  

to  a l t e r  th e  h e a t  in p u t  to  th e  ï ï - tu b e .

d e b a r a t lo n  o f  C h lo r id e  from  Brom ide.re f ii:taf%L'̂ 'a:LAT'.aiiz\iTi:%:a3%a2=Lr::r=2rvp̂

D uring c e r t a i n  p y ro ly s e s  l a r g e  volum es o f  HOI and 

l i l r  were evo lved  and absorbed  i n  w a te r .  These h a l id e  

mlztmr©s cou ld  be a n a ly se d  on ly  i f  th e  c h lo r id e  was sép ara ited 

from  th e  b rom ide . The s e p a r a t io n  was e f f e c t e d  by u s in g  a  

m o d if ie d  v e r s io n  o f  th e  a p p a ra tu s  u sed  by O l l e t e i a t  and co- 

w orker#  . I t  work# on th e  p r i n c i p l e  t h a t  bromide earn
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be q u a n tita tiv e ly  oxid ised  to bromide l a  p resen ce  o f  

ch lo r id e jj  th e  l a t t e r  b e in g  u n a f fe c te d  by the o x id a n t .  

R e f e r r in g  to  f i g .  5*, the h a l id e  m ix tu re  wa® p laced  In  

f l a s k  A where the bromide was oxid ised  to  bromine w hich 

,wa© then d i e t i l l e d  in to  f la s k  B. Any brom ine which 

escaped f l a s k  B was t r a p p e d  i n  f la sk  0. Brechsel b o tt le s  

I) and E contained s i lv e r  n i t r a t e  and mercury resp ec tiv e ly . 

The n itr a te  removed h a l id e  im p u r i t i e s  from the a i r  i n  th e  

a p p a ra tu s  w hich was drawn i n  th ro u g h  E. The mercury was

u sed  ae an i n d i c a t i o n  o f  th e  vacuum obtained.

P rocedu re  

Telom eri sa t i a n  and Polymerl s a t i on

Calib ra tion  of Vacuum Bine. Given the volume of one o f  

th e  b u lb e  on th e  l in e ,  i t  was p ossib le  to  determine the 

volume of any part o f the l in e .  This was done by simply

a l lo w in g  th e  volume o f  a i r  in  th e  bulb to  be shared  w ith  

t h a t  p a r t  o f  th e  l i n e  and n o t in g  th e  p r e s s u re  d rop .

Volumes were c a l c u l a t e d  using Boyle®@ law, alw ays assum ing 

t h a t  a i r  behaves l i k e  a p e r f e c t  g a s .

The P i l l i n g  of D ll a t om e^r s . These were cleaned w ith

chrom ic a c id  g w a te r  ̂  a c e to n e  and th e n  dried . The

dllatom eters were c a l i b r a t e d  a t  25^0  by f i l l i n g  them with

Imown volumes ©f acetone.
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©hlorideg f r e e  from warn isitrodmood

i n t o  th e  5- 1 1 tr©  e to ra g e  h u lh s  ©a d e e o r lh e d  p r e v io u s l y ^

The e a lo u la t e d  q u a n t i ty  o f  BTOM wa© In tro d u c e d  

i n t o  th e  d ilm to m e te r  which wae t r a n s f e r r e d  to  th e  vacuum 

l i n e .  The BTOM wa@ f r o s e n ,  th e  d i l a to m e te r .  evacuated@ 

and th e  BTOM a llow ed  to  warm up, T h is  c y c le  o f  o p é ra t io n #  

wae r e p e a te d  u n t i l  th e  BTCl had been th o ro u g h ly  degaes©d«

The b u lb  o f  th e  d i l a to m e te r  was Immersed i n  l i q u i d  n i t ro g e n #  

and on o p en ing  th e  v in y l  c h lo r id e  r e s e r v o i r  b u lb  th e  vap o u r 

rap id ly - d i s t i l l e d  i n t o  th e  d l l a to m e te r .  The volume o f  

monomer condensed co rresponded  to  th e  p r e s s u re  drop  on th e  

c a l i b r a t e d  m anom eter, Thus# knowing th e  d e n s i t i e s  o f  th e  

monomer l i q u i d  and i t s  vapour# i t  wae p o s s i b le  to  c a l c u l a t e  

th e  e x a c t  w e ig h t o f  v in y l  c h lo r id e  addedo f i l l e d  w i th  th e  

r e q u i r e d  q u a n t i t i e s  o f  th e  r e a c t a n t s # th e  d l l a to m e te r  was 

s e a le d  o f f  and s to r e d  i n  f r e e z i n g  m ix tu re  u n t i l  r e q u i r e d «

i n  some I n s t a n c e s  i t  wae n e c e s s a ry  to  add i n i t i a t o r  

to  th e  r e a c t a n t s c  The a p p r o p r ia te  volume o f  i n i t i a t o r  

s o lu t i o n  was th e n  in t ro d u c e d  and th e  s o lv e n t  pumped of fo 

Where BTOM was needed i n  a d d i t io n  to  th e  i n i t i a t o r #  th e n  

th e  p ro c e d u re  was t h a t  d e s c r ib e d  aboveo

B ate  D e te rm in a t io n # , S ea led  d l l atomet e r a  were submerged

a thermostat a t  25 0, When thermal equilibrium  was
o

r e a c h e d 9 OT l i g h t  o f  gëgO A was shone on the b u lb  of th e
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¥@sselo T h e  rate of ©ontraction o f the polymer!®ing or 

telomerlalmg syetem was follow ed ± n  ca lib ra ted , narrow

stemmed d lletom eters by a oathetometer.

I so la t io n  o f P ro d w ts. When the required amount of  

eontraction  had ooourred the d llatom eter bulbs were 

immersed in  liq u id  n itrogen and the stem broken open.

The reaction  mixture was poured. Into a beaker and gently  

warmed to expel the umreacted v in y l ch loride.

The r e e l dual liq u id  was placed in  the bulb o f a 

molecular s t i l l s  The s t i l l  was attached to the vacuum 

l in e  ; and the bulb was jacketed with a beaker of warm water, 

à n j  unreacted BTd was pumped o f f  p lea v in g  behind the liq u id  

t©loner.

In polym erisationsp the polymer produced was Insolub le  

in  the monomer and precip itated  out « Unr©acted v in y l 

chloride was allowed to vapour!s@9 and the polymer was 

disso lved  in  cyclohexanone, A d ilu te  so lu tion  o f the 

polymer was ©lowly poured in to  a large volume of methanol 

w h ilst  s tirr in g*  The p recip ita ted  polymer was driedo

Id e n tlf ic a t io n  and Gharacter 1  sat!on of Products*

The m olecular weight© of telomere were determined 

cryoscop lca lly  In benzene. The Beckmann apparatus was 

used i n i t i a l l y  but most molecular weights were determined 

rapidly and accurately  In the cryoscoplc c e l l  sp e c ia lly
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d e v ise d  f o r  th e  p r e s e n t  work.

E x a c t ly  10 c. co o f  pur© benzene were p i p e t t e d  i n t o  

th e  c e l l  w hich was immersed I n  an I c e - b a t h .  A f r e e z i n g  

curve  was re c o rd e d  f o r  th e  pure s o lv e n t  ( f i g * 6) i n  terms 

o f  e l e c t r i c a l  r e s is ta n c e . The s o lv e n t  was thawed o u t  end 

a Imown w e ig h t of a known pure  ooBipoundp d ip h e n y l  phthalate p 

was Introduced; a second curve was obtained , The s o lu t i o n  

was e u o c e s s lv e ly  d i l u t e d .  Thus f o r  g iv e n  c o n e e n t r a t lo n e  

of a  known pure s o lu te ^  temperature d i f f e r e n c e s  cou ld  be 

c a lc u la te d o  These were p l o t t e d  a g a i n s t  therm istor r e s i s t -  

ance to  give the c a l i b r a t i o n  curve shown in  f i g . 7* Thus 

i t  was p o s s ib le  to  f i n d  th e  m o le c u la r  w e ig h ts  o f  v a r io u s  

s o lu te s*

The molecular w e ig h ts  of h ig h  polymers were d e t e r 

mined v x a c o s lm e t r ie a l ly o  The v is c o s ity  of PVC"c y c le -  

hexanon© so lu tio n ®  was measured In a  m odified U bbeloM e 

viscom eter a t  25^0. In these viscom eters g t h e  c o n c e n tra 

t i o n  can be a l t e r e d  i n  a i  t u  by ad d in g  successive@ known 

volumes o f  s o lv e n t  and thoroughly mixing the so lu tio n .

The flow  t im e s  between two marks on th e  v is c o m e te r  stem 

were noted f o r  th e  pure solvent and th e  polymer so lu tio n s . 

These r e c o r d in g s  f u r n is h e d  th e  r e l a t i v e  and hence th e  

I n tr ln s ic  v i s c o s i t ie s  of the so lu tio n s .

Other physical properties o f th e  telom ers which 

were measured in c lu d e d  re fra c tiv e  index and d en sity . The
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l a t t e r  was d e te rm in ed  w ith  a  1 e , p y l m o m e t e r  c a l i b r a t e d  

w i th  w a te r  a t  25^0 w h i l s t  th e  r e f r a c t i v e  lnde% waa d e t e r 

mined i n  an Abbê r e f  ractom e t e r . I n f r a - r e d  a b e o rp t io n  

a p e c tra p  vapour phase  chromatograms ( f i g . 8 ) and m ic ro -  

a n a ly s e s  were a l s o  perform ed i n  th e s e  l a b o r a t o r i e s .

U sin g  th e  e t a t l o  s e t - u p  shown i n  f i g .  2. g many 

p y ro ly s e s  were c a r r i e d  o u t  a t  198^0, b u t  when o th e r  temp

e r a t u r e s  were r e q u i r e d  th e  h e a te r  was th o ro u g h ly  c le a n se d  

w i th  b en aen e , th e n  ac e to n e  and f i n a l l y  d r i e d .  The l i q u i d  

o f  r e q u i r e d  b . p t .  was th e n  In tro d u c e d  I n t o  t h e  h e a t e r .  

I n i t i a l l y  th e  n i t r o g e n  p r e h e a te r  was in c lu d e d , b u t  s in c e  

i t  was found  n o t  to  a f f e c t  decom position  r a t e s  i t  was l a t e r  

o m it te d  from  th e  a p p a r a tu s .

At th e  s t a r t  o f  a t y p i o a l  p y r o ly s i s  th e  h e a t e r  was 

sw itch ed  on . When th e rm a l e q u i l ib r iu m  had  been a t t a i n e d  

th e  weighed sample i n  th e  r e a c t o r  was i n s e r t e d  i n t o  th e  

h e a t e r  and th e  f lo w  o f  gas commenced. The p ro g re s s  o f  th e

r e a c t i o n  was fo llo w ed  v o l u m e t r l e a l l y . I f  th e  volume o f

a c id  evo lved  was small*, r e a d in g s  were ta k e n  o v e r  lo n g e r  

i n t e r v a l s .  F o r p y ro ly s e s  over lo n g  p e r io d s  § say a  week, 

th e  h e a t e r  was sw itch ed  o f f  and a slow s tre a m  o f  n i t r o g e n  

was a llow ed  to  f low  o v e r  th e  p y ro ly san d  a t  n i g h t .

Where i n i t i a t o r s  and I n h i b i t o r s  were r e q u i r e d ,  th e y  

were u s u a l l y  in t ro d u c e d  w ith  th e  p y ro ly aan d  a t  th e
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e©m®ene©ment o f  th e  p jro ly s iîS o  In  c e r t a i n  oases? th e  

i n i t i a t o r s  lîvere in tro d u c e d  in to  th e  r e a c t o r  d u r in g  th e  

3 .a te r  s ta g e s  o f  p y ro ly s ls o

I s o l a t i o n  o f  P roducts_B vo lved  d u r in g  ! % r o l s .

R efe ren c e  ha© a lre a d y  been  made to  th e  a p p a ra tu s  used  in  

s e p a r a t in g  HGl from  HBr (page 55) ° %h@ p ro ced u re  w i l l

now be d e sc r ib e d  f o r  th e  s e p a ra t io n  o f  th e  com ponents o f  

a  m ix tu re  c o n ta in in g  known q u a n t i t i e s  o f  sodium  brom ide 

and sodium ©hXorldto

A s t a n d a r d  m i x t u r e  o f  sodium  c h l o r i d e  and  sod ium  

bromzlde vmn p l a c e d  i n  f l a s k  A ( f ig o  ) ; 150 CcCp d i s t i l l l e d

w a t e r  and 50 c . O o  o f  AR fu m in g  n i t r i c  a c i d  w ere  addedo The

m i x t u r e  was h e a te d ?  and a i r  w i th d ra w n  f ro m  t h e  s e t - u p  «

A fte r  1*|- hour® th e  s o lu t io n  was coo led  « I t  was assumed 

t h a t  a l l  th© brom ide had been  o x id is e d  to  bromln© w hlch 

had d i s t i l l e d  i n t o  f l a s k  B? th e  l a t t e r  co n tm in in g  a  Oc5?î 

s o lu t io n  o f  h jd ra s in ©  s u lp h a te  a s  a b s o r b e n t<> The s o lu t io n s  

i n  f l a s k s  A and B w ere th e n  read y  f o r  th e  a n a ly s i s  o f  

c h lo r id e  and brom ide ro s p e o tiv e ly *

The l i q u i d  i n  f l a s k  A had i t s  a d ju s te d  by th e  

a d d i t io n  o f AE sodlmm M c a rb o n a te o B lan k s  were c a r r ie d  o u t 

to  d e te rm in e  th e  c h lo r id e  c o n te n t o f th e  b ic a r b o n a te 0 The

c h lo r id e  c o n te n t o f  th e  sam ple was e s tim a te d  v o lu m e tr lc a l ly  

by th e  m ethod o f  TolSm rd^^^K  U n fo r tu n a te ly  me r e l i a b l e
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method could he found fo r  the determ ination o f bromide? 

which was obtained by dlfferenee* A nalysis of a wide 

range o f these standards (varying from low bromide/high 

chloride to high bromide/low chloride m ixtures) showed 

that the method employed was su ita b le  and i t  was therefore  

adopted fo r  the mixtures of ha lid es r e su lt in g  from the 

p y ro ly sis  of telom ere<>

Standard

A

G

D

The Analyses of Standard Mixtures 

o f Chloride and Bromide »

Total Chloride Bromide 
Halide

Actual Q uantities

)

5 . 5 7 0

4 .262

5 .5 1 4

0 .7 1 6

4 .262

5 .

0 . 5 9 4

0 . 5 9 4

3 .9 4 0

1 .600  

0 .3 2 2  

3 .2 2 0  

0 .3 2 2  

0 .3 2 2

Msasured Q aantltlea

) % 10^

Total Chlorid® Bromide 
Halide

5 .6 4 0  1 .970  1 .670

4 .202  3 .860  0 .342

3 .620  O.38O 3 ,240

0 .8 0 0  0 .425  0 ,5 7 5

4 . 5 5 0  4 .000  0 .3 5 1

lafffa-yedp U¥ Bpsotra» moleeulax" weight détermina- 

t io n s  and m ieroanalyses carried out on pyrolysands helped 

to revea l th e ir  stru ctu ra l oharaetes’i s t i c s .
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Ohmln T ra n s fe r

To v a ry  th e  ch a in  3.ength8 o f  po lym ers i n  f r e e  

r a d i c a l  p o ly m é r is a t io n s ?  i t  i s  n e c e s s a ry  to  u se  compounds 

w hich r e a c t  w i th  th e  polym er r a d i c a l  a t  an e a r l y  stag© i n  

i t s  grow th to  produce a new chaîne Such compounds a re  

c a l l e d  ch a in  t r a n s f e r  agen ts»  In  th e  b u lk  p o ly m e r is a t io n  

o f  a  monoEier i t  i s  p o s s ib l e  f o r  th e  grow ing r a d i c a l  (R«) to  

remove an atom from  a  m o lecu le  o f  mare a c te d  monomer 

The l a t t e r  th e n  becomes an ®active® c e n t r e  o r  r a d i c a l  

i t s e l f

f  M ^  P 4“ Monomer t r a n s f e r

where !«» i s  th e  i n i t i a t i n g  r a d i c a l

P i s  a  dead polym er m olecu le

deduced t h a t  i n  p o ly m é r is a t io n  i n  th e

p re e e n e e  @f solvent© ? t r a n s f e r '  to  th e  l a t t e r  cou ld  tak© 

p la c e s

ioCo 8 P *î* S« S o lv e n t  t r a n s f e r

where 8 i s  a  s o lv e n t  m o lecu le  from  which? say? a h a lo g en

atom may b@ a b s t r a c te d o  The s o lv e n t  r a d i c a l  may them 

p ro p a g a te  f u r t h e r s
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T e rm ln a t lo a

and the r e su lt  l e  that fragmente o f the eo lven t are 

incorporated in to  the polymer ehajm as term inal groupe «

In th is  work? the eolvent ohoaen was bromotrlGh].or 

methane (BTGM)? which la  e a s ily  deeompoeed in to  free  

radicale? l*eo

«*tïî̂ TB'irniis2R5arî.’îyv&»4i^  0C1^° •!• BrGOlizBr

was used to prepare telomere and polymers whose 

m olecular weight® were determined by uryoacoplc and 

vlecGBimetric methods reepectivelyo

iGOpic Determination of Degree o: ition  ( 'r

a telomer l e  d issolved  in  a su ita b le  so lven t  

Oogo benaene? the vapour pressure of the benaene i s  lowered 

Since the vapour pressure of the so lu tio n  i s  lower then 

that o f pure bensene? then freez in g  occurs at a lower 

temperature» This depression in  freez in g  point can be 

rela ted  to m olecular weight according to the equation

Kw„ o100
«Ke-ZJ-fTPït'TarR

K

where A .t  

w. 

w,

frees^ing point depression  

weight of telomer (g«) 

weight of benzene (g«)
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X s  m olecular w eigh t of th e  telomer

K -  depreoB lon  eone t a n t  ( f o r  benzene? Ek51»2 ^0 /1 OOg.

T ia o o s im e t r io  D e te rm in a tio n  o f  C r  ) »

Any polym er s o lu t i o n  p o a se a se s  a  hi.gher v i e c o s i t y
(^o\

th a n  th e  p u re  s o lv e n t  and i t  was S t a u d i n g e r ^ ' who f i r s t  

p roposed  t h a t  t h i s  change I n  v i s c o s i t y  be u sed  as  a  m easure 

o f  th e  m o le c u la r  w e ig h t o f  th e  polym er,

The s p e c i f i c  v i s c o s i t y  ( ) o f  any polymer s o lu 

t i o n  was d e f in e d  a®

where ^  -  V i s c o s i ty  o f  the polymer s o l u t i o n  

^ v i s c o e i t y  o f  th e  pure so lv e n t»

^ s p  “  %  “ ■>

where -  r e l a t i v e  v i s c o s i t y

S ta u d in g e r  p o s tu la te d  t h a t  th e  s p e c i f i c  v i s c o s i t y  was 

p r o p o r t i o n a l  b o th  to  th e  molecular w eigh t o f  the polymer 

{ ?  ) and to  i t s  c o n c e n t r a t io n  | e ]W ^  . I

io©o ^  -  E where E I s  a  c o n s ta n t@p

The above e q u a t io n  was? however? a very rough 

ap p ro x im a tio n  and i t  became c l e a r  t h a t  o th e r  fa c to rs  were 

involved? such as  th e  dependence of v is c o s ity  on the rate  

of shearo Most o f  the fac to r©  e x e r te d  t h e i r  i n f lu e n c e  In 

concentrated solu tions? and t h i s  was overcome by extrapola

tion  to  in f in i t e  d i l u t i o n .  The m o le c u la r  w e ig h ts  of
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polymer© may th e r e f o r e  be e s t im a te d  by m easu rin g  t h e i r  

i n t r i n s i c  or l i m i t i n g  v iB O O sitiea  i n  a  s u i t a b l e

s o lv e n t .  The I n t r i n s i c  v i s c o s i t y  Mm ^ e p / l  cT can be 

O btained  from th e  p l o t  o f  & e p /[c2  v s  He

The e q u a t io n  J  -  K r ^  does n o t  ho ld  f o r  a l l  

polym ers and su b seq u en t work by P l o r y s h o w e d  t h a t  th e  

e q u a t io n  [ -  K ? where K and a a r e  c o n s ta n t s  f o r

a g iven  s o l u t e - s o l v e n t  system was g e n e r a l ly  applicable»

For th e  system  PYO-cyclohexanone? Mead and worked

o u t  th e  fo l lo w in g  r e l a t i o n s h i p

h i  = 7 % 10-5 % ^  (a » 1)
*Ti F” <=S>

w ith  L Z J  i n  u n i t s  o f  100 CoCo/g, and l o i  ^ go/lOO c»c.

In  t h i s  r e l a t i o n s h i p ?  which was used in  th e  p r e s e n t

work ? r_ i s  a wei ght average  m o le c u la r  w e ig h t .  Sine© 

number av erag e  m o le c u la r  w e ig h ts  were r e q u ir e d ?  th e s e  were 

o b ta in e d  by assum ing t h a t  i n  a  t y p i c a l  v in y l  d i s t r i b u t i o n

^ 2 r

where ?  ^ w e ig h t av e rag e  degree of p o ly m e r is a t io n  

r  ^ number av erag e  degree o f  p o ly m e r !a a t io n .

I t  i e  convenient a t  t h i s  s ta g e  to  make b r i e f  m ention  

o f  th e  mechanism of the r e a c t i o n  between BTOM and v in y l

The Photochemical A ddition of BTGM to Vinyl Chloride at 25

E h arasch  and oo-workers^'^^^^'  ̂ were th e  f i r s t  to  

s tu d y  the photochemical a d d i t io n  o f  h a lo g en  hydrocarbons
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to  O le f in s .  I n  a t u d j i n g  th e  p h o to ly s i s  o f  BTOBP"  ̂  ̂ th e y  

showed t h a t  t r l  o h lo rom ethy l r a d i c a l  a were formed » D a te r  

work by M e lv i l l e  £ t _ a l ,  on th e  p h o to l y s i s  o f  BTOM i n  

p re se n c e  o f  v in y l  a c e t a t e  le d  th e s e  worker® to  p o s tu la t©  

a k i n e t i c  scheme in v o lv in g  such r a d i c a l s ,  Bengough and 

T h o m s o n s t u d i e d  th e  pho tochem ica l a d d i t i o n  of BTOM to  

v in y l  c h lo r id e  a t  25^0 and p o s tu la te d  a  scheme an a logous  

to  t h a t  p u t  fo rw ard  by M e lv i l le s

'U OGl^Br . 001% I n i t i a t i o nj  j  ............
2, GCl^ ® 4 M 001J J
3° 001 M fi=«===«rs=n«=T=̂ 001^ (M) 2 '

4, GGl^ (M) ® 4- (n™1 )M 001? (M)
^ J

5 / '  GGl^(M)o 4 GGl?Br ^  GGl^(M)^Br 4 GGl,'» G 3 ^ n

So 2001^® *wsasswEst«t^^ OgOl^

V arious ty p e s  o f  te rm in a t io n ?  e . g ,  c r o s s - t e r m i n a t i o n # ? 

may a l s o  o ccu r  b u t  th e s e  w i l l  n o t  a p p re c ia b ly  a f f e c t  th e  

m ajor p ro d u c ts  o f  th e s e  r e a c t i o n s  p ro v id ed  th e  k i n e t i c  c h a in s  

a r e  lo n g .  I t  sh o u ld  be p o s s ib le  to  p re p a re  compounds o f  

th e  f o l lo w in g  type?

GGl? « OEm -  GHGlBr ( l s1
Telomere

001% -  GHg -  GHpI -  GHg « GEGlBr (2s 1 Adduet)

provided the rart© constant f o r  th e  c h a in  t r a n s f e r  reaction  

I s  • s u f f i c i e n t l y  h ig h .
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The P r e p a r a t io n  o f  Teloniers

These were p rep a red  p h o to o h e m iea lly  a t  25^0? u s in g  

th e  a p p r o p r ia t e  q u a n t i t i e s  o f  BTGM and VGg th e  I n i t i a l  

mole r a t i o  of BTOM to  VC ranged  from 1 § 5 to  1 s 25

T ab le  4» P W s ie a l  P r o p e r t i e s  o f  th e  R e a c ta n ts
=r2333»»*TSffi355K5r “Jffsïa'crfcsssî: KaTzaBeÆÿgf:Æe3ïi3zr'a%%C,T

V inyl OhI o r i  cl eM o lecu la r  
Wei g h t

Bromo t r i  ch io  rom©thane

Ifjtrja t JBM jii Jj. 4

D en sity  
a t  25°G 

g /c .c .

B o i l in g  P t ,  
a t 760 m.m.

«■KîÆBTOTrrï?

198

2 0 006 61

104®c
Z%R2Caz:TZcr a a i ta a f t:Æ;mtL%: r̂%^uwtv33;ajT]rM;»«%»r^ï&';f;r« w = & 9snna t:nK 3fec jt'rE A Æ i:'.j'

62 .5

0 .905 ( 6 2 )

■c.’K'K'iesTm.ter»

13.9®C

Most o f  th e  t é lo m é r i s a t io n s  were ta k e n  to  a p p ro x i

m a te ly  10^ c o n v e rs io n  ae e s t im a te d  by c o n t r a c t i o n  measure- 

m eats  i n  th e  d i l a to m e te r e .  On th e  assu m p tio n  t h a t  1s1 

ad d u e t alone i s  produced? I t  i s  p o s s ib l e  to  c a l c u l a t e  the  

a b so lu te  r a t e  o f  r e a c t i o n  between BTOM and v in y l c h lo r id e  

The r e a c t i o n  may be r e p r e s e n te d  a s 8

Wgt,

D en sity  (go/ccCo ' 

Mo. o f  OoOo/mol© 

Gobt r a c t i o n

CCl.,Br ¥0J
198 4- 62 .5

2 .006  <- 0 ,905

9 9 .0  + 6 9 . 1

. 158.1 ~ 143 “ 25.1

$. C Q l,(¥ G ),p r  

^  260 ,5  

1 ,825

43 ® G

/m ole  1:1 aclduot.

T h is  © o n tra e t io n  i e  in d e p e n d e n t  o f  ÿhe © o n e e n tra tio n
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o f  th e  r e a c t a n t s ?  alw ays p rov ided  t h a t  t h e r e  i p  a t  l e a s t  

on© mole o f  each  r e a c t a n t  p r e s e n t .

D et V -  t o t a l  volume o f  th e  r e a c t i o n  m ix tu re  and 

z  ^  c o n t r a c t io n  a f t e r  t  seconds' 

o o C o n tra c t io n  p e r  u n i t  tim e -  x / t  c . c , p e r  s e e .  

The t h e o r e t i c a l  c o n t r a c t i o n  f o r  one mole o f  1s1 ad d u c t 

i s  25o1 OoG

Thus ra t©  o f  fo rm a t io n  o f  1 § 1 adduc t ^ m oles se c "  ^
t  X 25,1

ioSo R ate  o f  r e a c t i o n  i n  a b s o lu te  u n i t s

gg ® s © 0*" 111 re  s™ ^
t  X 25» 1 % V

and F r a c t i o n a l  C onversion  _ P e rc e n ta g e Oont r a c t lo n / 8 e c ^
P e r  Second P e rc e n ta g e  C o n tra c t io n  i n  th e

fo rm a t io n  o f  1 mole o f  Adduct

The above r e a s o n in g  i s  based  on th e  a ssu m p tio n  t h a t  th e  

rat®  o f  fo rm a t io n  o f  1s1 adduct? and th e  r a t e  o f  rem oval 

o f  v in y l  c h lo r id e  and BTGM a re  e q u a l .

Having e s t im a te d  th e  e x te n t  o f  r e a c t i o n  i n  th e  

r e a c t i o n  v e s s e l?  th e  ex cess  v in y l  c h l o r i d e  was a llow ed  to  

v ap o u r ! 80 and. th e  im re a c te d  BTOM removed. M olecu la r  

w e ig h ts  were de te rm in ed  c ry o s c o p ic a l iy  f o r  th e  te lo m e re  

r e s u l t i n g  from  v a r io u s  r e a c t i o n  m ix tu re s  and th e  v a r i a t i o n  

i n  r  ' w i th  BTOM c o n c e n t r a t io n  i s  s e t  o u t  i n  t a b l e  5»



%bl@ 5-
o f  BTOM f o r  th e  P hotocliem ieal Telomer i a a t i o n  o f

a t  25®0

I n i t i a l  Mole R a t io  
(BTCM/¥C)x 10^

M o lecu la r
W eight

1 10,000 250 " " T T o o i
2 ,000 282 1 .3 5

700 309 1 .7 7
480 326 2 .0 5

I  350 1 305 2 .5 7

The I n f r a - r e d  a b s o r p t io n  s p e c t r a  f o r  th e  1§1 and 2:1

a d d u c ta  d is p la y e d  peaks a t  th e  fo l lo w in g  wave numbers»

Table 6. Absorpt i o n  Peake f o r  th e  I n f r a - r e d  B p ee tra  o f
21 and 2:1 Adduote

1 21 Adduct 
(Wave Number , )

726 

819

969
1020
1060

1170
1205

1)40

2s 1 Adduct 
ave Number » ' )

708

752 
810 
695
930 
968

1055
1090
1175

1240
1320

1420
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I t  was a l s o  im p o r ta n t  to  f i n d  th e  e f f e c t  o f  e x te n t  

of r e a c t i o n  on th e  m o le c u la r  w eigh t o f  th e  telomer® i n  

o rd e r  t h a t  maximum y i e l d s  cou ld  he o b ta in e d  » Mk i n i t i a l  

mole r a t i o  o f  10:1 f o r  ¥OsBTOM was th erefore taken to  

V a rio u s  s t a g e s  o f o o n v e rs io n  and the m o le c u la r  weight© of  

the product©  d e te rm ined  c r y o s c o p ic a l ly . Above a  oonver«« 

s io n  o f  10^ th e  telomer mixture became c loudy  and g elled  

on standing at room te m p e ra tu re .

Ml a t te m p t  was a l s o  made to  p re p a re  s o l i d  telom er©  

by decreasing th e  i n i t i a l  c o n c e n t r a t io n  o f  BTOM i n  th e  

r e a c t a n t  m ix tu r e . I n i t i a l  mole ra t io ©  o f  60:1? 8 0 s i ? and 

100s 1 f o r  TOsBTGM were ta k e n  to  c a . 10^ c o n v e rs io n  and 

th e r e  r e s u l t e d  e mixture o f  M gh and low m o le c u la r  w e ig h t 

m a t e r i a l .  The so lid  was s e p a ra te d  from  th e  l i q u id ?  taken 

up i n  t o lu o l? p r e c i p i t a t e d  by p e tro leu m  e t h e r  and d r i e d .

U n f o r tu n a te ly  th e  molecular w eig h ts  o f  th e s e  com

pounds could n o t  b© determined cryoscop ica lly  fo r  th e y  were 

only p a r t i a l l y  so lu b le  in  v a r io u s  so lv en ts , N e ith e r  was 

i t  p o ssib le  to use v i s c o s im e t r i c  methods s in ce  th e  molecular 

weight l a y  o u tw ith  th e  required range»

The P r e p a r a t i o n  of Polymers»

These were p re p a re d  a) thermally w ith  the i n i t i a t o r s  

1 g 1 aaoblsisob u ty r o n ltr lle  (aîBN) or bensoyl peroxide (BP) 

a t  v a r io u s  temperature# b) p h o to c h e m ic a lly  a t  25^0 w ith
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BTGM a n d /o r  AlEE a s  p h o to s e n s i t lB e r

The r  o f  polymer© may he v a r ie d  by a l t e r i n g  th e  

p o ly m e r le a t io n  t e m p e r a t u r e » Increase In  th e  tempera

ture o f  p o ly m e r is a t io n  p roduces P?0 h av in g  a low er r  »

T h is  method was l im i te d ?  however? s in c e  i t  was n o t  p ra cti

cable to  carry o u t  p o ly m e r !sa t io n e  above 70^G due to  th e  

h ig h e r  p r e s s u r e s  developed  i n  th e  d l l a to m e te r  (see t a b l e  2 ) ,

The photoohemicaX p r e p a r a t io n  o f  th e s e  polym ers l e n t  

i t s e l f  mu oh more to  th e  s tu d y  o f v a r i a t i o n  i n  r  w ith? say 

i n i t i a t o r  o r  t r a n s f e r  ag en t e o n c e n t r a t io n .  At 25^0 th e  

system  BTCM-TG ph otosen sitised  w ith  BP was i n v e s t i g a t e d .

The oon cent ration  a o f  th e  p e ro x id e  and v in y l  c h lo r id e  were 

k e p t  c o n s ta n t?  w h i l s t  th e  BTOM concentrât!on was a l t e r e d »

The molecular weight o f  th e  so lid  PTC obtained was estim ated

Table 7 shows how the ¥  o f 

th e  polym er changed w ith  th e  d e c re a s in g  c o n c e n t r a t io n  o f  BTGM,

o9, I ,

% 104

1»330 
1,000
0

Table  7 , The V ariation i n  r  w i th  Decreasing Concentration
f o r  the Photoseneitim ed P o ly m é r is a t io n  of 

¥inyl Ohioride a t 25®G.

I n i t i a t o r  I n i t i a l  Mole I n t r in © !
(ztto lee/l»)  ̂ R a t io  | V isco s it

Benacyl p e ro x id e
X io5

»000
0 ,973

000
0,962

in  100 CoO./gJ

0 .209  
0 . 2 9 0  
0 .4 5 0  
0 . 9 6 0

■avuA'umijftem

145
206
525
605
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D en^itj déterm inations m e r e  carried  out om sample© 

o f  P?0 and a lea  on the te lo m ere$ pyknometera b ein g  used 

f o r  the l a t t e r .  There appeared to he a trend In  

r e la t io n s h ip  between d e n s ity  and chain le n g th  ae can he 

seen from ta b le  8 ,

T able  8 , P r o p e r t i e s  o f  th e  Compound E ® su it in g  from th e
i f  o f Vinyl. de and BTGM a t  25^0.;LiU",xu^

I n i t i a l  Mole R a tio Den s i  ty
1 (BÎOM/TC) X 10'^ (g/OoCo)

20 1 o47 1 .3 9 9
756 , 1 o76 1 ,7 7 0

65650 1 «00 1 .825
,n™™amm™sr.r=t™OT™=rxm%

A rough  i d e a  o f  th e  d i f f e r e n c e s  In  r a t e s  o f  c o n t r a c t io n  

betw een p o ly m é r is a t io n  and t é lo m é r i s a t io n  may be gauged 

from  t a b l e  9°

Table 9 . An Approximate Gomparison o f  th e R e a c tio n  R a te s  fo r
th e  Pho to  chemi c a l

o f  V inyl C h lo rid e  a t  25'^C
aa\;ron.

3iŒ5?«SiSjSS3»>«X»ïïlîV

I n i t i a t o r  
Bon^oyl P e ro x id e

(m olea/X c)

0
0
0
0

10 )  
io “ 5 
io~5

I n i t i a l  Mole 
R atio

3£ 10'^

10 ,000  
1,000 

400 
100 
20 

1 

0
Qĵ ?gSiasam-marjtga-s»aAî A.'y*gasri!j?

G o n tra e t io a  
P e r  Hour

1 . 0 0  

0 .6 4 6  
0 .455
0 , 54e
0 ,08?
0.158 
0.158

Sine© p ro d u c ts  o f  w ide ly  v a ry in g  r  were formed



un d er th e  c o n d i t io n s  quoted In  t a b l e  9? th e  oom parlson 

was approxim ateo The a p p ré c ia b le  d i f f e r e n c e o  i n  d e n s i ty  

among t h e .v a r i o u s  p ro d u c ts  would mean Ip so  f a c t o  d i f f e r e n c e s  

i n  r a t e s  o f  e o n tra o tào n ^

I n  many p o ly m e r is a t io n s ,  th e  r a t e  o f  r e a c t io n  was 

l in e a l"  f o r  b o th  h e te ro g e n e o u s  and homogeneous -system,s 

( f i g , 1 0 ) o S im i la r  r é s u l t a  were o b ta in e d  by B re i te n b a o h  

and S c h in d le r  f o r  th e  system v in y l  e h l o r i d e - 1e trab rom o- 

methane *

P relim inary t o  Py r o ly  elm of Telomers

The e f fe c t®  o f  h ea tin g  the c a r r ie r  gas and vary in g  

it®  flow  ra te  were in v e s t ig a t e d , The e f f e c t  o f  the  

q u a n tity  o f  telom er \m ® û. cm  - th e  ra te  ©f e v o lu t io n  ©f meld 

was ml@© stu d ie d ,

¥ a r i a t i  o.n in  PIow Rate <,

The d ir e c t  method was to a l t e r  the volume o f  n i t r o g e n  

p a ss in g  over the pyrolyeand in  a g iven  t im e , A  eeoond 

method ocm sisted  in  Yaaintaining a steady  f low  ra te  ? stopp^.nr- 

■the flow  com pletely  fo r  a short p er io d , then resuming the  

ig ln a l  f low  r a t e .  V ar ia tion  in  the time taken fo r
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stopping meant a var ia tio n  la  the gas flow  ra te . Using

t h i s  second method, i t  was p ossib le  to  e s t im a te  w he the r  

or not th e  pyrolyale waa a n t e c a t a l y t i c  w i th  r e s p e c t  to  

th e  evolution  of a c id  d u r in g  p jro ly e iS o  Stoppage o f  the

flow  allowed the evolved a c id  to remain i n  c o n ta c t  with

the p jro ly sa n d o  %his d id  n o t  a f f e c t  th e  rate a t  which 

acid was evo lved  from  th e  telomer

She r a t e  o f 'e v o l u t i o n  o f  acid ( h e r e a f t e r  r e f e r r e d  

to  as the rate) from th e  1 g 1 adduc t was in d e p e n d e n t  o f  the 

gas flow  r a t e  below 12 l i t r e s  p e r  hour» Shim was i n  good

agreem ent w i th  the work o f  S elam ln l and  ̂f o r  a

s i m i l a r  ty p e  o f  system * The most s u i t a b l e  f low  r a t e  was 

5 to  4 l i t r e s  p e r  hour, b ecau se  higher flow  r a t e s  tended  

to sweep over a l i t t l e  p y ro l j s a n d  i n t o  the ab so rbero

I t  wae th o u g h t t h a t  th e  co ld  gas f lo w in g  o v e r  th e  

s u r f a c e  of th e  p y ro ly s sn d  might cool th e  la t t e r .  Thue i f  

breakdown were taking p la c e  mainly In the vapour phase  i t  

would be a ffected  by the temperature o f  the carrier ga®. 

When allowance was made fo r  the expansion of the hot gaSs 

by a p p ly in g  Charles* Law, i t  was found t h a t  fo r  th e  same 

gas  flow r a t© g h o t  gas was no more e f f i c i e n t  th a n  co ld  

ga© in  c a r r y in g  over th e  acid i n t o  th e  a b s o rb e r .  The hot 

gas e n t r a in e d  th e  p y ro ly sa n d  more e f f i c i e n t l y  them the
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co ld  ga©p ju d g in g  by th e  r e la tiv e  amounts o f  eo n d en ea tio n  

on th e  w a l l s  o f  th e  condensero Hot gas flow r a t e s  of 

th e  order o f  3 to  4 l i t r e s  p e r  hour d id  n o t  a p p e a r  to  

e n t r a i n  th e  p j r o l j a a n d

S ince  th e  2s1 ad d u c t has a  much h ig h e r  (265^0)

th a n  th e  1 g 1 adduc t (220^0)@ i t  was not n e c e s s a r y  to d u p l i 

c a te  th e  above ex p e r im en ts  f o r  th e  former« In th e  ev en t 

of e i t h e r  o f  th e  a d d u o ts  b e in g  swept over i n t o  th e  a b s o rb e r  

d u r in g  p y ro ly s is , a s im p le  t e s t  was perform ed « Both 

adduo te  w ere a llow ed  to  s ta n d  i n  w a te r  f o r  s e v e r a l  days, 

There was no ev id en ce  o f  any hydrolysis to  a c id  m a te r ia lS o

D i f f e r e n t  amounts o f  th e  1 g 1 ad d u c t were p y ro ly sed  

a t  198®Go The volume o f  a c id  evo lved  was d ir e c t ly  propor» 

t l o n a l  to  th e  w e ig h t o f  ad d u c t taken f o r  p y ro ly sis .

T able  10 ;ional i t y  betw een Weight P jro lv B ed

and Evolved from th e  1s1 Adduct a t  198®Grcrasarj£B2aEj»5EsmT5:sstfcs=atiiî2rïnî=TrsLKSJs=

R e la t iv e  Weight R elative
o f  1 g 1 Adduct

^ï3Z3ïsi.‘ÇŒ5EsrïiS3rH*EæïTîrrsrKaras35îC3sï/aT‘W'«'p»3»'-»Macws8TO#r.'rvïcs'rffitiî*‘ï* » T ^

Rate '

2 . 7 9 , 3 , 0 5

1,67 1 .62 .

1 ,00 1 ,0 0
w aa n jpastarsy sp -^a j^ a 'fegas^ nyÆ aaaaîirsa^S j^



57.

s o f  Telom ers :ln S o lu t io n  and i n  Bulk «

V a r ia t io n  I n  <3on c e n t  r a t  io n  «

A il  p y ro ly s e s  m entioned in  t h i s  s e c t i o n  were conducted  

a t  198^0  e x c e p t  where s p e c i f i c  m ention  i s  made o f  o th e r  

te m p e ra tu re s .  To o b ta in  a  dependence on te lo m e r  concen- 

t r a t i o n p  p y ro ly s e s  o f th e  1 s1 an,d 2 s 1 a d d u c ts  were c a r r i e d  

o u t i n  e th y l  b e n zo a te  s o lu t i o n .  The amount o f  te lo m e r  was 

k e p t  c o n s ta n t ,  b u t  th e  volume o f  s o lv e n t  and hence th e  con

c e n t r a t i o n  was a l t e r e d .  The p l o t  o f  lo g  r a t e  a g a in s t  lo g  

ad d u e t c o n c e n t r a t io n  ( f i g . 1 2 . )  showed a r a t e  dependence o f  

1.1  on th e  2 s 1 ad du c t ,  and 0 .7 6  on t he  1 s 1 adductp which 

i n d i c a t e d  a f i r s t  o rd e r  dependence on th e s e  te lo m e r s .  The 

f a l l - o f f  i n  r a t e  a t  th e  low er te lo m e r  c o n c e n t r a t io n s  was 

t r l b u t e d  to  d i l u t i o n  e f f e c t s .

V a r i  a t  1 on i  n T emp̂ e r a  tu  r e .

The r a t e s  f o r  th e  1 s 1 and 2s 1 a d d u c ts  i n  b u lk  an.d i n  

e th y l  b e n s o a te  were m easured f o r  a s e r i e s  o f te m p e ra tu re s .  

i* ig .1 3  shows th e  v a r i a t i o n  i n  r a t e  w i t h  te m p e ra tu re  f o r  

th e  b u lk  p y r o ly s i s  o f  1 .9 8  g. o f  1 s i a d d u c t .  For th e  

l a t t e r 0 r a t e  d e te rm in a t io n s  were n o t  c a r r i é d  o u t u n t i l  th e  

r a t e  had reach e d  the ' s t e a d y  s t a t e '  ( i . e .  th e  r a t e  o f  

e v o lu t io n  o f  a d d  p e r  u n i t  tim e was l i n e a r )  b ecau se  i n  th e  

i n i t i a l  stages the r a t e  changed c o n t in u o u s ly .  A c t iv a t io n  

e n e rg ie s  f o r  the breakdown o f  both a d d u c ts  were e v a lu a te d



pic,. %%.
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from th e  p l o t  o f l o g  .r a te  irereus r e o ip r o o a l  o f  mbeolute 

te m p e ra tu re .  F ig .  14 1b a t j p i e a l  Irrhen iU B  p l o t  f o r  th e  

b u lk  p y r o ly s i s  o f  th e  1s1 adducto A© can be seen from 

t a b l e  l i p  th e r e  was no g r e a t  d i f f e r e n c e  betw een th e  actil 

t l o n  e n e r g ie s  f o r  te lo m ere  p y ro ly ee d  In  b u lk  and in  e th y l  

bengOat© s o l u t i o n .

Table  11 o A c t iv a t io n  E n e rg ie s  f o r  th e  P y ro ly s iB  of the* 1 & 1

and 2t 1 Adduc t s  i n  Bulk and i n  Eth y l  B enzoate

S o lu t io n

1 Adduct Medium
A c t iv a t io n  Energy; 

(ko ca lo /m o le )

1 s1 Bulk 21 . 5

1 8 1 E th y l  B ensoate 22.1

1 2:1 Bulk 29o0

1 28 1 E th y l Benaoat© 28 0 0

In  o rd e r  to  compare th e se  a c t i v a t i o n  e n e rg ie s  w ith  

th o s e  o b ta in e d  i n  th e  d@eom.position o f  s i m i l a r  oompoimdep 

a number o f  h a lo g e n e te d  hydrocarbons were p y ro ly se d  u n d er 

s i m i l a r  c o n d i t io n s^  These compounds in c lu d e d  l-^bromooctane^ 

18 4-dlbrom o b u ta n e  j, 1 s 5-dlbromopentan@ p 1 -  e h lo ro d e  can®. 

U n fo r tu n a te ly  none o f  th e s e  compounds evo lved  m easu rab le  

y ie ld©  of a c id  and i t  was n o t  p o s s ib le  to  o b ta in  t h e i r  

a c t i v a t i o n  e n e r g ie s  i n  th e  te m p e ra tu re  ran g e  170 to  220^0.



(̂ 3% <T2m*AJ tfisH &W* 4)#1
l«4 fV" lUi

tD
2

f
I

I

?

a
•u

9
X

m-

('))% %)% 2̂V 4aA"*«‘vp dt>4 sai«Wi)



i a  mure

8 8 0

sTGigamon

BM*

■'■fil p.̂cSa rr \i ̂V *'■'» Vam
C'Æ‘îc^TTJïiî?ir-;;:çiÆ»T;":srv;rî'3^-sîJ2.r^-:̂ î;rrs3îr-r.*,î^j^^ ^tarï*»asRx^Sj-'?-'Ss^*î«':Ê^*4*^^^E;:a.-?.£ïtt!:ïtEüiï

very ra]

at a comparatively f a s t  rate fo r  a ha:

àaa%mln^%n aozc

, f,h@n 10“ ^ 

The i n i t i a l

mol08 o f  a c id  r e

I n  f l^ o 1

prooe

I t  wa$

m e w a n o i ie  ea%e%(

l a  no'c av9 fr3

©ate and almo

a p o o t ra .



TVkO STA6t$ IM tA€ &ULK

0» VS4v %'l *0»vtT AT 1̂ 8 *C

At

9
X tz.
6
:
>U1
0
Va

|tO *bO
Tims - MINUTESfoO



60

h i  oh to  a- 50-50 m ix tu re  o f  th e  im s a tu r a t e s

01 y0 -  CH -  OHGI g 01^G -  OH -  GBBrOlo I t  waa mot p o a s ih le pj  &,

however g to  e a r r j  o u t  p j r a l y e e a  on th e  m ix tu re  heoause  I t  

had a  h , p t . o f  ©ao126^^0o I f  th e  p j r o l y a i a  o f  thtm  m ix tu re  

were c a r r i e d  o u t  a t  a  much low er te m p e ra tu re ^  a a j  110^0, 

them th e  r e s u l t s  cou ld  n o t  he- j u s t i f i a b l y  compared w ith  

th o s e  o b ta in e d  a t  196^0.

(2) 2s 1 Adduot (01^0 -  OHm -  CHGl -  GEp -  GEGlB^r)
te;jUsam>wÿ7Xt̂a=atmf»Jgj&M=*tirf.iÿrijstfga;sa'Sve*gtCgr3as-saaH>tggiajiJi:ajÆaiSâ ^

Ab w i th  t h e  1s1 adduc ts  th e  2 s 1 a d d u c t  co lo u re d  v e ry  

q u ic k ly  on p y ro ly s le p  b u t  2«S5 o f  2:1 a d d u c t y ie ld e d  

8 X moloB o f  a d d  a f t e r  33 h o u rs ,  Henc0 f d i s r e g a r d i n g

th e  i n i t i a l  s ta g e s ?  th e  2s 1 adduet decomposed a t  a  much 

f a s t e r  av e rag e  r a t e  th a n  th e  1s1 adduo t f o r  th e  aamie t im e . 

Assuming th e r e  were 6 a v a i l a b l e  m oles o f  a d d  p e r  mole o f  

2s1 adduet?  8 ii m oles o f  a d d  co rre sp o n d ed  to  1 ogO# 

d e g ra d a t io n ,

Beoausa th e  2:1 mdduot evo lved  a d d  a t  a  much f a s t e r  

av e rag e  r a t e ?  i t s  p y r o ly s ie  cou ld  b e  ta k e n  to  bompletlomg 

1 , 0 , u n t i l  mo more a c id  wae e v o lv e d , fh i®  made i t  p@©©lbl© 

to  enalya© th e  r e l a t i v e  amounts o f  HBr amd HOI b e in g  evo lved  

s M  abso rbed  a t  v a r io u s  stage©  i n  th e  p y r o l y s i s ,  She o v e r a l l  

p y r o ly s i s  i s  d e p le te d  I n  f ig ,1 6 «

Aold ev o lv ed  was m baorbed .ln  d i s t i l l e d  w a te r  and
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eamples were drawn o f f  as required fo r  a a a lja ie . T h e s e  

were analysed Q u a lita tive ly  for bromide , them quanti

ta t iv e ly  for chloride ee described in  the eeetion  on 

Experimental^ The bromide content was obtained by 

differenceo

T able  12. The R e la t iv e

Hy d ro gen Bromide r

'gen C hlorid e  and 

ng th e  P y r o ly s i s

o f 2s1 Adduct a t  198 G

P e r io d  o f R a t io  o f
M ature o f  th e  P y ro ly sand  IP y r o ly s i s 01 y  Br""

(Hours) (m oles) 1

0 "" 21 * 9 0.58/1® M obile p d a rk  brown l i q u i d  I
21o9 “ 56 ,8 4 . 7 0 /1
3 6 ,8  -  54-,6 6 ,04 /1
54 .6  -  57 ,5 8 . 55/1 E xtrem ely  v iseo u eg  b la c k  l i q u i d
57 .5  -  62 .8 6 . 51/1 B egins to  s o l i d i f y  1
62 ,8  ™ 65 .9 6 . 25/1
65 .9  -  6 8 .2 5 . 26/1 Cracked) hardp mhlny m a te r i a l
6 8 .2  ™ 7 2 .0 4 . 9  <2/1
7 2 .0  -  76; 1 5 . 15/1 Omall ©May lum p#.
76.1  -  7 9 .7 6 . 39 /1
7 9 .7  -  8 3 -0 6 . 15/1
8 3 . 0  -  9 6 ,3 5 . 30 /1

a  Tb.i s v a lu e i s  d o u b tfu l s in c e  there was i n s u f f i c i e n t

m aterial for  accurate a n a ly sis .

At point % in  f i g . 16 the in fra -red  spectrum 

pyrolygand revealed the presence of an iso la te d  double bond

>f the



6 2 ,

( f i g , 17 .) a t a wavelength of 6,25 microns, This was eon- 

firmed In the m  spectrum #  max(ethanol) " 2 ,970).

The emd-produet o f the p yro lysis  was a hard, shinyp 

c r y s ta llin e  black so lid  in so lu b le  in  a l l  the common 

laboratory so lv e n ts . l o r  th is  compound there were no 

i d e n t i f i a b l e  peaks i n  i t s  i n f r a - r e d  spectrum. Although 

i t s  I n s o lu b ility  prevented a molecular weight determination^ 

a m ieroenalysis o f the compound showed that I t s  em pirical 

formula was O^EpGl.

Ehowlng the I n i t ia l  and f in a l  w eights o f the adductp 

the quantity of acid evolved, the i n i t i a l  and f in a l  empiri

ca l formulae» i t  was p o ssib le  to draw up a mass balance on 

the hydrogen p a rtlo lp a tin g  in  the degradation.

iMlS3!SsF$t‘'2ri

I n i t ia l  weight o f the 2:1 adduot 2 .8 )0  g.
P inal " " M M M _ 0.897 g.

.% Weight of the 2$1 adduct used  ̂ 1*9)5 5"

Molecular Weight of 2:1 adduet )2 )

1 m olecule o f 01^0 -  OHg -  OHOl OHg OHClBr contained 

6 g* atoms o f hydrogen.

8o that 2o8) g. adduct contained ^ — g. atoms hydrogon
1 ■ ,

a
o o Total a v a ila b le  hydrogen  ̂ 52.6 z  10^^
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t a l  a  o ld  evo lved  i n  th e  p j r o l y e i s  2 9 -1 3  10'"'  ̂ m oles o

Eaeh mole o f  a o ld  aontaiaecl 1 g. atom o f  h jd ro g e n

29-13 Kioles o f  a c id  oontainecl 29-13  10""  ̂ g .a tom s
hjûTùgen

;a l l^ d ro g e n  evo lved  -  29-13 % 10  ̂ go a

M io ro an a lje i©  y ie ld e d  40 2H 101

F in a l  w e ig h t o f  ad d u c t ^ Go8970 go
pô 'o W eight o f  hydrogen rem a in in g  % Go 8970 go atome

65-5  hydrogen»

“ 21 % 16 ._‘̂ go_a.tomg hydrogen

o o  W eight o f  hydrogen rem a in in g  w eig h t o f  hjdrragen evo lved  

-  (21 % 10*̂ -̂  4- 29 o15 10"^) go atom s

-15 g - atoms hydrogem «

S h ie  ©ompared w i th  th e  t o t a l  a v a i l a b l e  hydrogen

io©o 52o6 % 10'“'̂  Ho I

A ocord ing  to  f ig »  16 the i n c lu s io n  o f  a  double bond i n  

th e  2§1 a d d u c t I n c r e a s e d  th e  r a t e -  S h is  s ta g e  i n  th e  

p y r o l y s i s  was s im u la te d  by th e  a r t i f i c i a l  i n s e r t i o n  o f  a  

double  bond i n t o  th e  s a tu r a t e d  m o lecu le , T rea tm en t of th e  

ad d u e t w i th  m e th a n o l ie  c a u s t i c  p o ta sh  y ie ld e d  a  u n s t a b l e 9 

mi s a t u r a t e d  y y e llo w  9 o i l y  l i q u i d  o f  bopt*, 2) 0^ 0 -

The p y r o ly s i s  o f  2-13  of t h i s  un.s a t u r a t e d  compound 

produced  an e n d -p ro d u c t  s i m i l a r  i n  many re sp e c t©  to t h a t  of 
th e  2s 1 adductc  F u rth e rm o re  th e  i n i t i ' a l  breakdown of t h i s



Gompoimê waa o f  th e  earae o rd e r  as  th e  hrealcdown o f  th e  

2:1 addue t a t  s ta g e  X i n  f ig *  1

Table 13* Comparison o f  R a te s  f o r  th e  2s 1 Adduct and

ï ïn e a tu ra te d  2sCtLCI:'5«3==AC%.7j=M=aWC=CaciP!'5L:a:

Wal gh t Rate o f  E v o lu t io n  o f  Ael

a o i d / l / B e c )  % 10

664

U n s a tn ra te d
2 s 1 Addiiot

from  th e  d a ta  i n  t a b l e  1J i t  m ight be i n f e r r e d  that 

th e  p resen o e  of th e  doub le  bond e x e r te d  a pow erfu l in flueno©  

the rate  o f  d©©ompo®ition o f th e  2:1 adduot.

Thus f a r  th e r e  has  been no r e a l  i n d i c a t i o n  o f  th e  

m o f  breakdown o f  th e se  a d d u c ts  o However in  

p o l^ ^ e r  © liem igtrj one o f  th e  b e s t  i n d i r e c t  p ro o fe  of the 

n a tu r e  of a p o ly m e r is a t io n  or d e g ra d a t io n  may be o b ta in e d

by th e  a d d i t i o n  of s o - c a l l e d  f r e e  r a d i c a l  c h a in  i a i t i a t o r e

o r  In h ib itors to  th e  r e a c t i n g  system*

I f f g o f  ©f A d d i t iv e s  on Telomer#,

( 1 ) *f r e  e Radi c a l  I n i  t l  a t o r s  o

2s 1 adducte were pyrolysed in  the px'eeeac©



o f  2/a (w/w) AIBIÏ a t  v a r io u s  tomper a t u r e b

Table  14* A d d it io n  o f I I B I  to  th e  1s1 and 2s 1 M d u o te

P y ro ly sed  i n  E th y l Ben^ioate S o lu t io n
urtiUfyr8e,fegtfi.vaî̂ .trr̂ .*ratinrsg<cj=itiejiErt;-.r.BE

I f f e  c t  B oh se rved
cn 336 hTatw ti t  w?j «nvBJte r-s r. tr*.t«xiP.*kra«siii3««^'.r-cir#ïr3itiirte!*£re‘/^’ï^*^«--»fï»t«fc.»*iiïrtfiç»-rse,*s«ivaî^.irr^jrarirtr»ic3ai3eiinî7!r2ÆîS3irrt!riaifCU7^Ti.-nS:

Addiict Tem perature o f  
P y ro ly a lB  (^0)

=fAl3f:!3Æ/?j,%.1:JKmeiPfrAil,T*WTM|aFfrâw;%WfiW4,icTjRr;t&,gt:

1 s 1 100

1 s1 150

1 S1 157

2:1 100

2s 1 130

2:1 157

i>i:;gra3rgj:rrcTJ-'& •ft’ ft-JijTy>-M'fŵ>**ji?;'-jwaTJUi3r5'ys3̂uTMa. triant

Wo I n c r e a s e  i n  r a t e
<3 (9 ÎÎ t!

F o u r fo ld  in c r e a s e  

Mo in c r e a s e  i n  r a t e
M i( t; M

Fo u r f o 1d In  c re a se
^t;ra?î:‘3îu=iin’criyt;i3Ji».'5v'n?ïirjr=rtirjyitfrs*ii5ïPïjj.'£:irj»wrjri?îT»va7JTnfrMnus^iuiwr3sr!sa’arr!TTV»Martf«3'HsstfQiiMiB*iii:*i^

B a rg e r  q u a n t i t i e s  o f  AIBM tended  to  g ive  even b ig g e r  

in c r e a s e s  i n  r a t e s  $ b u t  on ly  a t  o r  above 157^0* S ir a i la r  

r é s u l t a  were o b ta in e d  when 2^ benssoyl p e ro x id e  was used*

W ith BPp howeverp i t  was n e c e s s a ry  to  c a r ry  o u t  b la n k  runs  

i n  e th y l  b e n z o a te  due to  th e  l i b e r a t i o n  o f  carbon  d io x id e  

from  t h i s  I n i t i a t o r *

Samples o f  1:1 and 2s 1 adcluct w ere a l s o  p y ro ly se d  i n  

b u lk  a t  196^0 i n  th e  p re se n c e  of i n i t i a t o r s  « F o r a  b e t t e r  

a s se ssm e n t o f  th e  e f f e c t  o f  i n i t i a t o r  on r a t e  g sam ples o f  

®pro-pyrolysed® 1:1 adduo t on ly  were used f o r  th e s e  e x p e r i 

ments .> I b  pre-pyroIyB i© v sam ples o f  th e  i r l  adcluct were 

p y ro ly se d  i m t i l  th e  r a t e  of e v o lu t io n  o f  a c id  p e r  u n i t  t im e 

was l i n e a r p b o  t h a t  even a sm all I n c r e a s e  i n  r a t e  on a d d i t io n



Ob

of i n i t i a t o r  would be r e a d i l y  observed* When BP and AIBE 

were added to  auoh sam ples o f  1s1 adduo t b o th  were found 

to  I n e r e a s e  th e  r a te *  AIBM (0*ô^& w/w) was added to  1s1 

ad d u e t a t  198^0 w i th  a  r e s u l t a n t  eom aidez'able in o r e a s e  Im

r a t e  ( f i g * 18*)* S im i la r  r e s u l t s  were o b ta in e d  w ith  th e  

2:1 aclduet and à

The number o f  f r e e  r a d i c a l s  a s s o c ia t e d  w ith  one 

m o lecu le  o f  HOI was e s t im a te d  a s  f o l lo w s :

Weight o f  1 s 1 Adduet -  2*56 g*

Weight o f  AÎB1 -  0*0149 g«

M o lecu la r  Weight o f  AIBM -  164*

The in o r e a s e  i n  th e  q u a n t i ty  of HGl evo lved  was 7*5 x  10"

m oles i l l  40 m in u te s  ; a l l  th e  AIBM was assumed to  have 

decomposed i n  t h i s  tim e  a t  198^0*

I . e .  S b M M  aole® I I B I  y ie ld e d  7 .5  % 10~® m ales HGl
, 1 6 4

1 *@o 18*12 X 10""^ AIBM r a d i c a l s  y ie ld e d  7*5 x 10"^^ mole© 

o r  24 r a d i c a l s  were a e e o e ia te d  w i th  1 m o lecu le  ©f HGl

B am  and H e l l i s h '   ̂ r e p o r te d  t h a t  th e  d eco m p o sitio n

o f  AIBM wae a  f i r s t  o rd e r  r e a c t !  on g w i th  
k . 10^5 ^-30,700/SÎ

B ut k ^ log^Q a / a - x  ee©'" *

where a  -  o r i g i n a l  c o n c e n t r a t io n  o f  i n i t i a t o r  (m oles/1  *) 

a -x  s  c o n c e n t r a t io n  o f  i n i t i a t o r  a t  t im e t  ( )

k ^ r a t e  c o n s ta n t  (eecT ^)



67*

F o r p y r o l j e i s  a t  198^0 g k 6 oil 66 seoT^

Thus th e  tim e ta k e n  f o r  95^ d écom position  o f  AIBM shou ld  

he 29 m in u te s  a s  oompared w ith  th e  i n i t i a l  p e r io d  o f  

a o o e le ra t io m  o f  75 m ljm tes  (f lg*18 )*

Oxygen may a e t  im d l r e o t ly  ao a  f r e e  r a d i c a l  I n i t i a t o r  

by foom lng perosEides whloh decompose i n t o  f r e e  r a d i c a l s .  

S e v e ra l  p y ro ly s e s  i n  h u lk  were ru n  on th e  1:1 and 2:1 

a d d u c ts  i n  an oxygen a tm osphere . Compared w ith  h u lk

p y r o ly s i e  r a t e s  im n i t r o g e n  g th o se  i n  oxygen were much 

f a s t e r  ( f i g * 1 9 ) .

(2) S ad i c a l  P o lym e r ! e a t i  o n _I n h i b i t o r e

These were co m p le te ly  i n e f f e c t i v e  I n  r e t a r d i n g  o r  

i n h i b i t i n g  r a te s *  Indeed  b o th  a d d u c ts  evo lved  much g r e a t e r  

amount© o f  a c id  when p y ro ly se d  i n  th e  p re se n c e  o f  sm a ll  

q u a n t i t i e s  o f  th e s e  s o - c a l l e d  i n h i b i t o r s |  t a b l e  15 quote® 

v a lu e s  f o r  th e  2:1 adduct*
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Table 15 The E ff e e t  o f -Y arious -Radical P o lv m e r le a t io n  

In W b ito rB  on th e  R ate o f  E v o lu t io n  o f  Acdd

from  1 ,86 t  a t  198 G

I n h i b i t o r
P e rc e n ta g e
I n M b i t o r

m oles i n h i b i t o r  
m oles 2 s1 a d d u c t

R ate  o f  E v o lu t io n  o f  Ao 
(mole© a c i d / h r )  z  10^

(w/w)

*=* - 2002 (Bulk 28 1)

^ -E a p h th o l 6o 05 O0I 56 740

Hydroquinon© 5o58 Do 1 64 335

to th r a e e n e 6 o20 O0I I 5 332

C ateoho l 6 .0 2 0 .117  : 126

l a p h th a le n e 6o06 0 .154 98

Phen an t  h r  on @ 6 .0 6  i 0 .1 1 0 46

S t i lb e n e 6o 50 0.117 33
Phenol 6 .75 0 .2 5 2 18

I t  dec ided  to  s tu d j  th e  r e a c t i o n  betvmen th e s e  

r a d i c a l  p o ly m e r is a t io n  I n h i b i t o r s  and th e  te lo m e r e * Hydro- 

qiilnone (HQ) a o e e le r a te d  th e  dee ompo s i  t l  on a o f  b o th  ad d u e te  

v e ry  m arked ly  ©,g6 f o r  1s1 addue t c o n ta in in g  4?̂  (w/w) HQ? 

th e  i n i t i a l  r a t e  wae t e n  t im e s  as  f a s t  ae f o r  th e  acldnot 

aloneo E a r th e r a o r a  HQ has  been c la s s e d  a s  a d e f i n i t e  

r a d i c a l  p o ly m e r is a t io n  i n h i b i t o r « I t  i e  e a s i l y  o b ta in 

a b le  i n  a  h ig h  s t a t e  o f  p u r i t y  and i e  © tab le  a t  h ig h  

tem perature© o I t  was th u s  a s u i t a b l e  cho ioe  f o r  f u r t h e r  

©o-pyîcolysi© stiidi®®»



T h e  A c tio n  o f HQ ©n T® losers

HQ p r o ta n i s e a  (pKa 10) end i t  waa j u a t  p o s s ib le  

t h a t  i t  M ight be e o n t r l b u t ln g  to  th e  t o t a l  a c id  c o n te n t  l a  

th e  a b s o rb e r .  To d e te rm in e  i f  HQ ?ma a so u rc e  o f  ac id?  

b la n k s  were ru n  on HQ a t  196^0 and ale© on HQ In  d ip h e n y l 

a© so lven t a t  240^0. l o  a c id  was evolved i n  e i t h e r  e a s e . 

F in a lly  i n  a  p y r o ly e i s  o f  th e  system  HQ -  1s1 adduet @ th e  

to ta l  aoid evolved waa t itr a te d  against

a) standard modlmn hydroxide so lu tion

b) standard s i l v e r  n itr a te  s o l u t i o n .

The hydrogen Ion  c o n c e n t r a t io n  wae i d e n t i c a l  w ith  the 

halide ion  oonemrbrationp so the EQ did not eontrlbute to

the hydrogen io n s  o o l l e e te d  i n  th e  abso rber»

The system  HQ -  adcluct was p y ro ly se d  at 198^0 w ith  

a) adduct in  ezoess b) EQ in  exoegs.

The System Emcees Adduet -  EQ a t  198 G

A @©riee o f  pyrolyse©  on sam ples o f  2 s1 ad d u e t con

t a i n i n g  d i f f e r e n t  q u a n t i t i e s  o f  HQ r e v e a le d  t h a t  th e  r a t e  

in c r e a s e d  v e ry  m arkedly  w ith  in c r e a s e  i n  th e  HQ c o n c e n tra -  

t lo n  ( f l g o 2 0 . ) c  The dependence o f i n i t i a l  rat© on HQ con

c e n tr a tio n  fo r  the ©ystem^ ex cess  1s1 adduct -  EQ*, ©zees# 

2s 1 adduo t -  HQ i s  shown i n  figc .21 . There appeared  to  be 

a gharp change in  r a te  above a co n cen tra tio n  o f  4^ EQ.

The lo g  -  lo g  p lo t s  con stru cted  fo r  th e s e  system s
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gave th e  r a t e  dependences on HQ c o n c e n t r a t io n  ( f i g . ) « 

Dependences on th e  c a te c h o l  c o n c e n t r a t io n  were a l s o  o b ta in e d  

f o r  th e  analogouB eyetem s excess  2 s 1 ad d u e t -  c a te c h o l^  

e x c e s s  1 s1 ad d u c t -  c a t e c h o l .  The c a te o h o l  system  was 

v a ry  s i m i l a r  to  t h a t  o f  H@ p b u t r a t e s  were somewhat lo?/er<,

Ta b le  16 <> H ate De■ f o r  th e  System Ebiceas âdduo t

H a d ic a l  P o ly m é r is a t io n  I n h i b i t o r  a t  193 G,

Adduot

1 s1

2:1

2:1

E adi c a l  Polyxaeri e a t i  on 
I n h i b i t o r

EQ

Gat®©hoi 

EQ

Dependence on 
I n h i b i t o r  C oncen tra tion!

2o8

2o3

2 .3
3cO

The System I x c e s a  HQ -  Aclduct a t  198 0 .

Samples o f  HQ c o n ta in in g  v a r io u s  amoun,ts o f  2s 1 

ad d u c t were p y ro ly se d  and th e  a c id  evo lved  y ie ld e d  a exgm 

ty p e  o f  curve  ( f i g . 2 $ . ) .  S im i la r  c u rv e g w ere o b ta in e d  f o r  

th e  system  e x c e ss  HQ -  1:1 a d d u c t .  A ll  th e s e  cu rv es  were 

c h a r a c t e r i s e d  by mi i n i t i a l  su rg e  o f  a c id  w hich g r a d u a l ly  

d lM nishedc . The p l o t  o f  i n i t i a l  r a t e  v e r s u s  ad d u c t concern^ 

t r a i l o n  r e v e a le d  a  d e f i n i t e  t r e n d  i n  t h a t  th e  fo rm er in c r e a s e d  

w ith  in c r e a s e  i n  th e  ad d u c t c o n c e n t r a t io n  ( f i g o 2 4 . ) o  P i g . 25 

1© th e  p l o t  o f  t o t a l  a c id  ev o lv ed  up to  th e  tu r n in g  p a i n t  on
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th e  sigm oid  ca rv e  (Z on f l g o 2 5 ‘>) a g a in a t  addmct o o n o e n tra -  

tlOHo I t  was found  t h a t  1 mole ©f 2§1 ad d u e t  evolved 

2 moles o f a o id  up to p o in t  Zo

Slnoe mold warn l i b e r a t e d  r e a d l l j  from  b o th  th e s e  

system s i t  might be  ex p ec ted  t h a t  th e  a c t i v a t i o n  energies  

fo r  th e  re a c t io n ©  would be f a ir ly  lowo Before these were 

evaluated®  however® i t  wa® important to f i n d  th e  s o l u b i l i t y  

of th e  HQ i n  the telom er, and v ic e  ver®^,e© t h a t  ru n e  cou ld  

be carried o u t  i n  a  homogeneous sy s te m ,

B o lu M li t i e S o

fh e a e  were gauged by th e  minimum quantity o f co n sti

tuent n e c e s s a ry  t o  form a  tw o-layer système

isbla_.._11o g o lu M litv  Bata fo r  the 2§1 M duct  ̂ HQ Bystem

a t  1

Srfl*tdtS3*v?3ïîtK

E xcess  2s 1 Adduct 
-0̂ HQ

S o lu b ility  o f  HQ
i n  2s 1 M d u c t

S o l u b i l i t y  ©f 2 s 1 
Adduot i n  HQ

w/w
4 . 3 #

I^sceee HQ
4"2s1 Adduct 2 2 . 0 #

$he s o l u b i l i t y  of HQ i n  ezoess 1 g 1 addmct wa© ja® 4# (w/w) 

at 198*^0® loOo more th a n  4^ by w e ig h t would produce  a two 

l a y e r  system  o

She s o l u b i l i t y  of I #  i n  2s 1 adduot over the range

170-260^0 was. determined (fig® 26® ) so that r a t a s  could b# 

follow ed i n  one phase® I t  was n o t  necessary to  determine
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th e  s o l u b i l i t i e s  o f  th e  1§1 o r  th e  2 s 1 add u o te  i n  exees©

Eg f o r  th e  above te m p e ra tu re  range e in o e  th e  adduet© were 

ire s o lu b le  i n  HQc

s o l u b i l i t y  o f  HQ i n  th e  

le HQ9 and presum ably  

e in o e  ra t©  d e te rm in a t io n s  

c o n ta in in g  more th a n

Due to  th e  c o m p a ra tiv e ly  1 

t e lo m e r e 9 th e  r a t e  dependence© on 

th e  c a te c h o l  9  w i l l  b© i n v a l i d a t e d  

x-çere c a r r i e d  o u t on adduo t sam ples 

4^ HQo

A c t iv a t io n  Hs

B a te s  were re c o rd e d  a t  v a r io u s  te m p e ra tu re s  f o r  th e  

system s e z c a s s  2s1 ad d u c t « HQp e x c e ss  1s1 ad d u c t -  HQ and 

e x c e ss  HQ -  2 s1 adduct. In  each ca se  th e  co m p o sitio n  ©f 

th e  s in g le  phase  system  was h e ld  co n s tan to

Ta b le  18 . A c tiv a t io n  E n e rg ie s  f o r  th e  P y r o ly s is  ©f th e

Byat0m A c t iv a t io n  Energy 
(ko c a l  o/m ole) j

181 Adduct a lo n e 21 »3

îùscess 181 A dduct. HQ 21 oO

2s 1 Adduct a lo n e 2 9 .0

E xcess  2 81 Adduct HQ 3 1 . 8

E xcess  HQ 2s 1 Adduct 14.7  1
---  . ,, . (



As can be observed^ HQ o n ly  a f f e c te d  th e  a c t i v a t io n  energy  

o f th e  system  when p re s e n t  in  ex cea e . In  such  a system  

(e x c e ss  HQ -  2 s1 a d d u c t)  i t  was n o ted  t h a t  two m oles o f 

a c id  w ere evo lved  f o r  eaohr mole o f adducto To p o s tu la te  

a r e a c t io n  mechanism i t  was im p o r ta n t to  Imow th e  r e l a t i v e  

q u a n t i t i e s  o f  HBr and HOI evo lved  d u r in g  th e  v a r io u s  

e ta g e e  o f  p y ro ly s is ^

Th© a c id  ev o lv ed  d u r in g  s e v e ra l  d i f f e r e n t  co- 

p y ro ly s e s  o f  2 s 1 ad d u c t and ex cess  HQ was ab so rb ed  i n  w a te r  

and th e  s o lu t io n  a n a ly se d  f o r  i t s  h a l id e  c o n te n ts  The 

sam ples w are c o l le c t e d  a t  v a r io u s  tim es  f o r  i t  was th o u g h t 

t h a t  th e  r a t i o  o f  c h lo r id e  to  brom ide would be u n i ty  and 

th e r e f o r e  in d e p e n d e n t o f  tim e and i n i t i a l  a d d u c t co n cen tr 'a -

tiOHo

f a b le  1 9 o A n a lv s ia  o f  fe lid ©  Evolved from  ? a r io u a  M ix tu re s
o f  Exc e s s  HQ -  2 s1 Adduct P y ro l

Time ©f 
Sample P y r o ly s is  

1(ffiiatttes)

O àloride 

(m oles) s  1q5 j

Bromide 

(m oles) z  10^

C h lo rid e
Bromide

1 10
2 U
3 25
4 1 39
5 43

7 .6 2  1 
5 .9 0  I
2 .3 4
3 .1 3
1.85 !

0 . 3 8
0 . 3 0
0 .2 6
0 .5 1
0 .2 0

... __ .  ........ -

2 0 . 0 /1
1 9 . 7 /1

9 . 00 /1
1 0 . 0/1

9 . 20/1
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T able  19 àhowB t h a t  the r a t i o  o f c h lo r id e  to  bromide wae 

mu oh g r e a te r  than rn ilty . A© a oheok on th ese  reau ltm , a 

la r g e r  q u a n t i ty  o f 2 s 1 adduot (JoBI g* ) warn pjroX yeetl i n  

e x c e ss  HQ9 and sam ples o f  a c id  a g a in  c o l le c te d  f o r  a n a l y s i s 9 

but tM .s tim e a t  su o o e ss iv e  s ta g e s  in  t h i s  s in g le  pyrolym iso

T ab le  20<, A n a ly f ia  o f  th e  H alide  Evolv e d  a t  Buocesaiv©

a in  th© Pyr a l vai© o f  9 ,81 g© o f  g s l

Adduct in  E xcess HQ a t  198^0.

Time a f t e r  commencement 
o f  pyrolyelm  (m inutes)

CJalOïlâ® 
(aol@@) % 10^

Bs'oraiâ® 
(moles) % 10^

Oiiloriâ©
Bï ômlS©

4  0 0 60 80 : 0 , 3 4 2 0 , 0 /1

8 0 O 4 .85 0 ,1 4 5 4 , 7/1

1 3 . 0 3 .2 8 0 . 0 5 6 5 ,6 /1

19o 5 2 , 5 8 0 ,1 6 1 6 . 6 /1

2 7 .5 1.41 0 ,0 2 7 0 , 5 /1

41 . 5 1 .5 5 0 ,0 8 1 9 , 4 /1

th e se  re s u lt©  i t  appeared  th a t  HOI wa© p r e fe r e n t ia l ly  

Hlbe:e@^bed to  EDBr» f l f l s  a^atlier ©WKrpGPlgKlayg @w8 Ibhe 

-OHOlBr bond sh o u ld  be weaker th a n  say th e  -^OEg-OHOl bond. 

9%&e ]p3%Blb@dbi]ULt%r gwae tbwat tbwB t%K&(üilo3ro%aet]by]L aprotyp vmaa 

p rov id in g  th e HOI evolved# This p o s s i b i l i t y  was exp lored  

by p y ro ly e ln g  v a r io u s  halogen hydrocarbon©  co n ta in in g  th e  

tr ic h lo ro m eth y l group In ex cees  HQ a t  198^0.
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l y s i s  Of Halogen Gomnpunds.

The p y r o ly s is  o f v a r io u s  ha logen  compoundb showed 

t h a t  th o se  c o n ta in in g  th e  -C C Iy  group evo lved  a . l a r g e  

q u a n t i ty  o f  a e ld  i n i t i a l l y ?  w h i l s t  th e  o th e r s  d id  n e t .

T ab le  21. P y r o lv s is  o f  V arious Halogen Compounds in  E xcess

E v o lu tio n  o f Aeid 
D uring I n i t i a l  

P e r io d

lo n e  

lo n e  

Very s l i g h t  

G reat 

G reat 

Great

HQ at 198^0.

Compound fo rm u la

1-Bromooctan© CgHy^Br

1-C h lo rodeeane ^ 10^21
1 s 4-3Ubromobutan0

H exachloroethan© GgClg

Benaotri chlo r l de CgH^CGl,

Methyl m ethacrylate
f 5

G1 jC- CCHp~G-.GOgCĤ )gBr

Telomer ( r  ^ 6 )
'

S in ce  1-brom ooetane, l-e h lo ro d e o a n e ?  1 %4-dibromo- 

b u ta n e  d id  n o t  y ie ld  any a c id  on c o - p y r o ly s is  w ith  HQ t h i s  

emphasised the u n r e a c t iv e  nature o f  lo n e  halogen s a ttach ed  

to  carbon  atom s i n  th e se  compounds# P rev iou s work a lso  

supported th ese  r e s u l t s  when i t  was found t h a t  p y r o ly s is  

o f th ese  compounds in  the absence o f  HQ did n o t y ie ld  any

acido
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BlankB were ru n  on a l l  th e  h a lo g en  compounds 

employed and only t r i c h l o r i d e  evo lved  a l i t t l e  HOI

( th e re  i s  u s u a l ly  some HCl in  b e n s © tr ic h lo r id e  due to  

h y d r o ly s is )# B e n ^ e tr lc h lo r id e p  i n  w hich'there i s  only ©me 

Bouroe o f  halogen^ a lso  has th e  convenient bopt# o f 214^0.

I t  was therefore s u i t a b l e  f o r  f u r t h e r  p y r o ly s i s  experiments.

Pyroly s is  of  B enaotrich lorid e.

B@m ©t r i o h l o r i d e  (0 .2 5  ) was p y ro ly se d  in  ex cess

HQ at 198^0. The co u rse  o f th e  r e a c t io n  i s  shown in  f i g .  27;

in d ic a te d  two atoms o f  c h lo r in e  were removed I n i t i a l l y . 

The p lo t was very s im i la r  to  th o se  i n  f ig # 2) i n  w hich i t  

was a lso  shown th a t  two atom® o f c h lo r in e  were removed 

i n i t i a l l y o

The l a r g e  quantity o f a e id  evolved in  th is  r e a c t io n  

in d ic a te d  t h a t  the HQ m ight be su p p ly in g  th e  hydrogen .

The im p l ic a t io n  was t h a t  some ty p e  o f  c o n d e n sa tio n  compound 

had been formed@ one p e rh ap s  in  w hich th e  HQ condensed w ith  

the b en aotrlch lorid e , HOI b e in g  elim inated #

1 m ix tu re  o f  HQ and benaotrichloride in  th e  r a t i o  

4 moles to  1 mole was p y ro ly eed  a t  198^0 fo r  two h o u rs .

The reaction  mixture was a llow ed  to coal@ washed w ith  w a te r 

several tim es to  remove any unreacted HQ and f i n a l l y  d r ie d .  

The properties of the p ro d u c t were th e n  examined.
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Table 22.

O bserved

C a lc u la te d
.^©r

Observed

C a lc u la te d  
f o r  GggHggOg

)t th e  Compound f o r med in  t he R e a c tio n  

betw een IÎQ and B e n s o tr i  c h lo r id e  a t  198^0^

fo Carbon ^  Hydrogen fo Oxygen fo C h lo rin e

60

72o0

4 .80

4 .90

27.1

23

M o lecu la r W eight 

388

416

The observed  v a lu e s  were i n  f a i r  ag reem en t w ith  th e  

t h e o r e t i c a l  v a lu e s  w hich were worked o u t f o r  th e  fo llo w in g  

compound

0™ *=’0H

T h is  compound cou ld  r e s u l t  from th e  c o n d e n sa tio n  betw een 

b e n z o t r ic h lo r id e  and HQs

1 *# a 5 HÔ* OH •O'
\

01

C -  Cl 

. ^ 0 1

^  3 HGl
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I t  seemed re a s o n a b le  to  conclude from  th e  #bove d a ta  t h a t  

was produced in  th e  r e a c t i o n » Thus th e  in d ic a t io n

was t h a t  th e  group was r e s p o n s ib le  f o r  th e  la r g e

q u a n tities  o f a c id  evo lved  d u r in g  the p y r o ly s is  o f th e  1s1 

and 2s 1 a d d u c ts  i n  ex cess  HQ<.

H aving in v e s t ig a te d  the e f f e c t  ©f HQ on these  

telom ers and n o ted  th e  r e a c t i v i t y  o f  the -GGl^-group^ i t  

was f e l t  t h a t  some work shou ld  be com pleted  on th e  r e a c t io n  

betw een th e  adducts and s u b s t i tu te d  p h e n o ls . More i n f o r 

m a tio n  m igh t th u s  be o b ta in e d  o f th e  mechanism o f reaction  

betw een HQ-type compounds and th e  a d d u c ts .

Bub s t i t u te d  Pheno1 e .

I t  was proposed to  examine th e  e f f e c t  o f th e  p o s i t io n  

o f the s u b s t i t u t e d  group in  the phenol, i . e .  how o, or 

^ - s u b s t i t u t i o n  in f lu e n c e d  the r e a c t io n  betw een a p a r t i c u l a r  

phenol and th e  2§1 adduct. A s e r i e s  of r e l a t e d  pheno le  was 

pyrolysed i n  the p re se n c e  of a f ix e d  w e ig h t of 2 : 1  ad d u c t 

( lo i  go i n  each p y r o ly s is ) , the phenol being in  excess.
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Tabla 23. R elative Rates in  theoyyfelftWfft'i n̂if i nrv i tc u >. j lerf-w

2s1 Adduot -  JSscoesB Substituted Pheno l at 1 9 8 ° GrnïïtOTtiïTî

1.1 go o f 2s1 Adduot 
Kacoess P h e n o lic  Compound

P heno l 35 

£-m etho3tjphenol 

£-me t  hy 1 pheno l 

£ - amino pheno l 

£-hydroxyph® nol 

m -hydroxyphenol 

£ -h y d ro x y p h en o l /  

0-o h lo ro p h e n o l 

m-0h lo ro p h e n o l 

£ - o h lo ro p h en o l 

o«n i t  ro  phenol 

m -nl tro p h e n o l 

£ - n l t r o p h e n o l

s  B o ils  at 181®e 

/  B o ils  a t 176®G

/ /

R elative Rate©

1.59 
Ho reaction  

1o05 

Mo reaction

3»93 

4«85

1 0 .3 9  

1.00 

5-11 

3 . 6 4

Mo reaotioa

5 .3 3

10.39

/ /  EKists as ohelate oompounê 

HS D issolved ia  altrobensene

There was a tread ia  that £•=■ were more rea ctiv e  

than m- , w hioh,in  ta r a ,were more rea c tiv e  than £~substitttted  

phenols towards the 2 s 1 addaet. la  add ition  those groups 

which have a tendency to withdraw e lectron s from the
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p h ^ n o llo  OH ap p eared  to  e x e r t  th e  g r e a t e s t  in f lu e n c e  by
ff

y ie ld in g  th e  f a s t e s t  r a t e s .  I t  was i n t e r e s t i n g  to  n o te  

t h a t  o - n l t r o p h e n o l  ûxû n o t  r e a c t  w ith  th e  a d d u c t. T h is 

compound e x i s t s  i n  a chelate form  g 

and th e  hydrogen o f  the hydroxy l 

group i s  th u s  not a v a i la b le  fo r  

reaction  w ith  the h a lo g en  o f  th e  

group I n  the 2:1 a d d u c t.

E

The p y r o ly s i s  o f th e  1 s1 and 2 s1 a d d u c ts  was f a i r l y  

inform ative e© i t  was decided to ap p ly  s im i l a r  techniques 

to te lo m e re  c o n ta in in g  say  g te n  or f i f t e e n  v in y l  chloride - 

u n i t s  i n  th e  m olecule g I . e .  o f  r  10 or r 1 5 . The 

proposal was to  o b ta in  a  comprehensive range o f telomere 

o f r  lOg 2 0 , 305 40 e tc . and to s tu d y  and compare th e ir  

d eco m p o sitio n  r a t e s  « Unfortunately compounds in te r m e d ia te  

between the 1 s1 and 2 s 1 adducts and the high polymer could 

not be s a t i s f a c t o r i l y  prepared or e a s i l y  defined « Mgh 

polymer c o u ld 9 how ever, be e a s i l y  prepared and it©  molecular 

w eig h t rea d ily  o b ta in e d . I t  was th erefore p o ssib le  to  

study th e  e f fe c t  o f  chain length  on the breakdown o f  the 

high polymer. Moreover the degradation o f  P¥0  i n  s o lu t io n  

would enable orose-lln lslng  to  be stu d ied . This was o f  

p articu lar  In te r e s t  as l i t t l e  work has been done on t h i s
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a s p e c t  o f  PVO d e g ra d a tio n .

A s e r i e s  o f  h ig h  polym ers was prepax^ed th e rm a lly  

w ith  AIBE as i n i t i a t o r  a t  d i f f e r e n t  te m p e ra tu re b . P re lim 

in a r y  r a t e  i n v e s t i g a t i o n s  were c a r r ie d  o u t on th e s e  polym ers 

d is s o lv e d  in  £“ diehlorob©nsen@  ( h . p t . 182°C) and i n  e th y l  

benzoate ( b . p t .2 1 5°G ). R a tes  o f  d e h y d ro c h lo r in a t io n  were 

in d e p e n d e n t o f  th e  flow  r a t e  o f th e  c a r r i e r  gas below  ab o u t 

12 l i t r e s / h o u r o  F u rth erm o re  l i b e r a t e d  HGl a llow ed  to  

rem ain  i n  c o n ta c t  w ith  th e  PVG s o lu t io n  d id  n o t a f f e c t  th e  

r a t e .

E xperim en ts  on PVG d is s o lv e d  i n  ^ -d ic h lo ro b e n s e n e  

and e th y l  b e n z o a te  re v e a le d  t h a t  th e  h o t polym er s o lu t io n  

r a p id ly  g e l le d  on c o o lin g  to  room te m p e ra tu re ; th e  g e l 

a g a in  became a s o lu t io n  on warming. I f  p y ro ly se d  at 

te m p e ra tu re s  o f  th e  o rd e r  o f  180°G th e  PVG s o lu t io n  r a p id ly  

became an i r r e v e r s i b l e  g e l .  I t  was a ls o  found t h a t  th e  

g e l tim©^ (tim e  talcen f o r  g e la t io n  to  o c c u r)  v a r ie d  m arkedly  

w ith  th e  polym er c o n c e n tr a t io n  as d id  th e  r a t e  o f dehydro - 

c h lo r in a t io n .  The r e s u l t s  o f  th e s e  ex p e rim e n ts  a re  shown 

i n  t a b l e  24»

M The tim e  d u r in g  w hich  polym er m o lecu le s  c r o s s - l i n k  to  
form  a th r e e  d im e n s io n a l polym er n e tw o rk .
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Tabl e  24. Comparison o f  Gel Times and r o e h lo r in a t lo n

R a te s  a t  178°G f o r  PVG ( r  405) i n  E th v l B enzoate

end 0-M .ohloroben^ene

B ate  o f  
D e h y d ro e h lo r in a ti  on 
(m oles H O l/l . / ©eo. )

Gel Time 

(BeoBo) X 10'

C o n c e n tra ti  on 
2 1 2  1 5 0

(g ./lQ !  
115 I

E th y l Benzoate m .6 é 3-95 2 .2 5
£ - Bi e h l0robenzene 4 .2 4 2.49 1 .85

E th y l Benzoate 13 .74 24 .00 29 .10

£ -D i © hlorobenz ©ne 13.26 21 .00 27.90

Gel tim es w ere © lig h tly  f a s t e r  i n  £ - d lo h lo ro b ensene th a n  

i n  e th y l  b e n z o a te , a lth o u g h  d e h y d ro e h lo r in a tio n  p roceeded  

a t  a  mueh f a s t e r  r a t e  i n  th e  l a t t e r .

O ther solvent©  w hich were tr ie d  in c lu d e d  th e  1s1 

ad d u o t and n itr o b e n z e n e . B oth  th ese  liq u id ©  attack ed  the  

polymer v ig o r o u s ly  ( f i g . 28) a t  low and h ig h  te m p e ra tu re s  

and were th e r e fo r e  u n su ita b le  a© so lv en t© . E th y l b en zo a te , 

w ith  i t s  h ig h  b « p t.p w as th e  moot oonven ien t so lv e n t  and a l l  

o th er  work on PVG has been carried  o u t i n  t h i s  so lv e n t  over  

a  wide remge o f  temperature© and o o n o e n tra t io n s .

V a ria tio n  i n  G onoentration

D if f e r e n t  w e ig h ts  o f  pelym er 905
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w ere p y ro ly eed  a t  212^0 aad  th e  g e l tim e was to^mû to  v a ry  

g r e a t ly  w ith  th e  o o n o e n tra tio n  ( ta b le  25)° Im s e v e ra l  

sam ples» omoe th e  g e l p o in t  had bean reached»  f r e s h  e th y l 

ben^oat©  was added to  th e  gelo These d id  n o t  mix and no 

s w e ll in g  was observed * The ra te  o f  e v o lu tio n  o f  acid  wa© 

n o t a f fe c te d *

Dependence o f  th e  Gel Time on th e  Polymer

PVG

r 5) i n  E th y l te  a t  212o

t e l  ®im@ ( t  ) 

(S© o,) X 10“ 5

Polym er Gon eentrati oa

I ( g . / l . )

0 X (t  )
«.%

X 10 ^

2 .8 2 149 420

4 .6 2 106 490

6 .7 2 86 579

8 .6 4 75 650

The prodm ot o f  th e  g e l tim e and polymer concent r a t i  on was 

re a s o n a b ly  co n sta n t i n d i c a t i n g  t h a t  th e  c o n c e n tr a t io n  wa© 

d ir e c t ly  p ro p o rtio n a l to  th e  r e c ip r o c a l o f  th e  g e l tim e.

Gel t im e s  were recorded f o r  a f ix e d  w eig h t o f
o.v a r lw ©  polym ers a t  198 C.
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.'able ,26c D ependence o f th e  Gel Time on th e  t o f  th e  PVG

f o r  a S o lu t io n  o f F ixed  W eight P y ro ly sed  in
WJjarHa3g7^f^(Uaj3t:ytSrT«.vlli-i;;7'rv;nX-7ryjjcgT;a riti.'S’iaCv*ac.Ta'ïmcTreJBrfiteÆjtrr<r»:4W J^;JÆ ;rca5il.^<ffnTa*;?[^^

,0E th y l B enzoate  a t  198 G<ciTitin;sTJTsf?i:rctoraxi»Tmai6r5i«»-#lsaufSitr.aCTi*j%UECT53u=aH53erGfls3rtrwrMniu:i,Tiî ^

tt^-taOTîTEicftsirsrtatvrwî

r

K?8tfflcui-AaiuytMWBTgt=a»ftcusatiTgCTr8gtfTgffl‘miit.4U.H!t>M;tfarrjmFJ>*CMH<*u»

Gel Time ( t  )
(S e e .)  jc

c«Btf»tiaTJJTUE^fgjE5iirg^sawgÆ.'HatÆJ3Ct.‘̂ if.e»Ae?<arusjana'ata»5jnsijaafirtrfcaTta:

VtiiiMrfOiïr.<ax#aajJ*u*ta^rjï»zasATczaai«Oîa6siaiiRrieaT&'s5n*«îfjtpeiB-îMatiir4H»»<îiUAii>i/ïY

( t  X r  ) X 10 '5

905 4 .9 8 4 .525

553 5 .62 5 , 1 1 0

367 9 . 0 0 5 ,5 0 5

192
tn rsn c a sc *  d-^swAr-nauuiu;

1 7 .2
.'diarUUWUMt i.’TSSS^ rUSTSJSS IMaLTCK I

3 ,2 9 5

The g e l th e o ry  o f  E l o r y i s  b ased  on 0*5 c r o s s - l in k e d  

tm i t s  p e r  polym er m o lecu le  f o r  a number av e rag e  d istr ib u tio n  

a t  th e  g e l p o in t .  Thae i f  polym ers o f d i f f e r e n t  r  a re  

used  g a v e ry  b ig  d i f f e r e n c e  in  g e l tim e s  sh o u ld  "be o b se rv ed . 

T h is was found to  he th e  ease» th e  lo w er r  polymer© b e in g  

v e ry  Blow to  g e l even a t  f a i r l y  h ig h  o o n c e n tr a t io n s .  Further

more th e  g e l p o in t  was much more sudden w ith  polym ers of low 

r . The p ro d u c t o f  g e l tim e and r  was r e l a t i v e l y  co n s tan t»  

i n d i c a t i n g  t h a t  r  was in v e r s e ly  p ro p o r t io n a l  to  the g e l 

tim e*

CîTES:?2asXïat»iraKr=t=i

There was l i t t l e  v a r i a t i o n  in  a c t i v a t i o n  energy  w ith  

c h a in  le n g th »  th e  av erag e  v a lu e  f o r  cro ss-lin k in g  b e in g  

2 3 °7 k»caX o/m ole* F i g .29 i® a ty p i c a l  A rrh e n iu s  p lo t  f o r
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ero  ss-3J.nk :lng ,

T able  27» A c tiv a t io n  E n e rg ie s  f o r  C ro ss-L in k in g .ca:j?-jp3gq7trî?;T;rafl:g?gîit~Æt!t!ET.'ttT&‘a #**3#x3=T55=3twcAïl"̂,:tJ L3rttÆ*iZ:T7r:=a«%j7;=Æwîzn:%bc%5

905

r?53

367

192

wttzü :!f3 cam%aAJĝ utqte<F toJVarî MTwtrjs

A o tiv a t i  on M erg y  (k * e a l  o/mol e )

2 2 o 8

25°3 

22o5 

24.5

te a s  © -L inking I n  B ulk

TMü co u ld  be e s t im a te d  by e x t r a p o la t io n  o f  th e  p lo t  o f  

r e c ip r o c a l  c o n c e n tr a t io n  a g a in s t  a c id  ev o lv ed  p e r  monomole 

o f  polym er (flg^gO ) » th e  c o n c e n t r a i  on o f  b u lk  PVC b e in g  

1*4 go/coCo The v a r i a t i o n  i n  th e  p e rc e n ta g e  o f  t o t a l  

a e id  l i b e r a t e d  a t  th e  gel p o in t  w ith  r  f o r  b u lk  p y r o ly s is  

wa© a ls o  o b ta in e d  by e x t r a p o la t io n  ( f ig » 5'^)° Thie d id  n ot  

v a ry  g r e a t ly  f o r  polymer© o f  h ig h  r  *

From th e  r é s u l t é  quoted  eo f a r  c ro  a ©«-linking co u ld  

be a f r e e  r a d i c a l  p ro c e s s  o r  o th e rw ise  * I t  wm  f e l t  t h a t

th e  a d d i t io n  o f  f r e e  r a d ic a l  i n i t i a to r ©  and i n h i b i t o r s  to  

F?0 s o lu t io n s  m ig h t giv© some in d i c a t io n  a© to  w hat wa© 

hap p en in g  d u r in g  o ro s a - l in k in g *
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( 1 ) P re e  R a d ic a l Chain i n i t i a t o r ;

In  t h i a  s e c t io n  on th e  e f f e c t  o f  a d d i t iv e s p  th e  

ex p e rim en ts  w ere c a r r ie d  o u t on P¥0 ( ¥  905 ) m ain ly  a t  

212®Op T ab le  28 shows t h a t  sm all q u a n t i t i e s  o f  AIBW have 

no e f f e c t  on th e  g e l timeo T h is  was a l s o  t r u e  f o r  

More th a n  10^ âïBMg however @ delayed  th e  g e l  tim e  

a p p re c ia b ly o

Ta b le  28o E f f e c t  o f  A d d itio n  o f  AIBE to  P¥0 ( r  905 )

on th e  Gel Time a t  212*^0.

W eight ' Gel Time

sir̂ WiL TAXssiu

5-5

3»8

10 .4

24.9

32»3

(Sees

2.82

2.88

2.82
ec=> c=5» A%=3 <çs» CS=> <3C591 <2S=a <TTE3 f.~Tl «=a «■ ■ P»

5o72

4o20

4 o52

A few p y ro ly s e s  were c a r r ie d  o u t in  th e  p re se n c e

a) f e r r i c  c h lo r id e

b ) 2^ i r o n  f i l i n g s

c) a  s t e e l  b a l l - b e a r in g  

i n  e th y l  b en zo a te  so lu tio n o
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In  th e  f i r s t  two e a s e s , th e  r e s u l t  was th e  a lm o st 

in s ta n ta n e o u s  fo rm a tio n  o f  a  b la c k  gelp  r e n d e r in g  i t  ImpoBs- 

i b l e  to  m easure r a t e s .  T h is u n u su a l and r a p id  g e l  form a

t i o n  waa a ls o  found B ev lng ton  and E o rrlsh ^ ^ ^ ^  « Thm 

b a l l - b e a r in g  d id  n o t  a f f e c t  th e  g e l t im e .

F re e  R a d ic a l Chain I n h i b i t o r s  and Ozvgen.

C raesie^ '^^^ showed t h a t  1 s4 -d lam ln o an th raq u ln o n e  

e f f e c t i v e  i n h i b i t o r  i n  th e  d e p o l^ m e r ls a tio n  o f  m ethy l 

2^ o f  t h i s  i n h i b i t o r  had no e f f e c t  on g e l  

A s im i l a r  q u a n t i ty  o f  te trm c h lo ro -o -b e n ^ o ^ u ln o n e  

red u ced  th e  g e l tim e  v e ry  s l i g h t l y .

Borne com m ercial s t a b i l i s e r s  w ere a ls o  t r i e d .  These 

w ere B tm ic le re  70 and a -p h a n y lin d o l© . The l a t t e r  d e lay ed  

th e  g e l  tim e  c o n s id e ra b ly  a s  can b e  seen  from  t a b l e  29«

T ab le 29o E f f e c t^ o f  Addi t i o n  o f u - phenvlim d o le  to  PTC

( r  905 ) on th e  Cel Time a t  212^0.

W eight ^ Gel Time
u -P h e n y lin d o la (S e c .)  31 10""^

0 2o82

1 o36 4o75

3o70 6 . 3 0

4,03 ?o74



8 8 .

S ta n e le r e  70 a f f e c te d  g e l tim es o n ly  when la r g e  q u a n t i t i e s  

w ere ad d ed .

T ab le  30. E f f e c t  o f  A d d itio n  o f  S teno ler©  70 to' L t. 1' — IT' ;M ^

â *=®
( r* <"3: w :'?TTAr? -jp r th e  Gel Time a t  212o,

i W@1 gilt ia 
S ta a e le r©  70

Gel Tim© _ 
(S s c .)  s  10"?

0 2 .8 2

5 .1 8 3 .0 6

7 .8 0 3«90

16.3 4 o 14

th e  p re se n c e  o f  ©ssygen th e r e  was a  v e ry  lo n g  d e la y  in  

g e l fo rm a tio n  at te m p e ra tu re s  ra n g in g  from  157^0 to  212* 0̂, 

Hence o%ygen was th e  m ost e f f e c t i v e  '^ in h ib i to r ’ o f  c r o s s -  

l in lc in g .

The B e h v d ro o h lo r in a tio n  H eae tio n  i n  E th y l B enzoate  

V a r ia t io n  i n  Gon c e n t r â t  io n .

V ario u s w e ig h t#  o f  polym er ( r  905 ) w ere p y ro ly se d  

a t  212*^0o T ab le  $1 ©hows t h a t  th e  y i e ld  o f  HOI p e r  gram 

p e r  second  was c o n s ta n t .



89

T able 31. D epeadenes o£ th e  R ate o f DehYfis’o e h lo r in a t io n  oa

th e  Polym er O o n o en tra tlo n  f o r  th e  P y ro ly a if j o f  

‘̂ ^y,ÇL.C? ,9P^ ) E th y l B enpoate at  212^0.
■Trt̂ Xss*.3:i‘Ai^...-yscsLtea:sj3?=t3-.-;So;^sUTj^;i-.EisL:atgan. ,.*rr':%::T3TZw2^:Trnwur;%azzrj=::=%:a

â Lho3
a t

(moles a c id /l ./s e O o }

Boljmsr
Ooncentra-

tiôsî
Cg. / l . )

nRaJS:'rxctertarrv5iT^’=jj'iŒi5ïra'7Hî3^t*^ï7v;=;Tœ!;fi<4ymTi£Uw2y!m^

â M I
a t

(m oles a c id /g ./se c o  )
% 10® :E 10^ I

9 0 . 0  (Bulk) 1400 6 0 44

9 . 5 5 149 6 . 4 2

6 .8 2 106 6 .4 7

55.34 86 6 .2 6

4 . 7 0 73 6 .4 4

The r a t e s  w ere p r o p o r t io n a l  to  th e  polym er c o n c e n tr a t io n  

( f i g . 3 2 ) .

V a r ia t io n  i n  Chaân L en g th .

The e f f e c t  o f  change i n  F  on th e  r a t e  of dehydro- 

c h lo r in a t io n  wao a tW le d .  f i g . 33 ©hows th e  v a r i a t i o n  in  

r a t e  p e r  f l z e d  w e ig h t o f  polymer© ©f d i f f e r e n t  F  a t  

ITB^Oo The rate f o r  a  f ix e d  w e ig h t waa apparently much 

f a s t e r  f o r  po lym ers o f  lo w er r .  When th e  r a t e  p e r  mole 

o f  polymer was c a lc u la te d  i t  was found  to  be r e l a t i v e l y  

Constanta Borne id e a  o f  th e  co n stan cy  o f  th e  r a t e  p e r  

X-ïolymer c h a in  may be o b ta in e d  from  f i g .  3 4 «
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Wnri*5 <̂ *î**î iTiT/i *4^
a x a a t io gi i n  Tempera tm re  ;

Rat©8 wer© âèterïix ined a t  f o u r  te m p é ra tu re #  aud a  

ty p io a l  .ârrhemlum p lo t  i© i n  figo29o  $he a c t iv a t io n

en erg y  f o r  dehydro o h lo r l n a t l  on vmB o o n e ta n t fo r  polymerm @f 

d i f f e r e n t  o te ln  l e n g th ,  th e  av e rag e  v a lu e  "being 25 o 2 k . ©#%«/ 

mol# o

T ab le  32» A c tiv a t io n  E n erg ie#  f o r  S e h v d ro o h lo r in a tio n
c s a ^ s a u ï is u i i j a ja a aTrffTirra  c!ga=E=sjis ^ i :J ^ - - i^ a - -n :c= sa = C T m aiiia tsg m m c a= ^ mSi;=m s=g=a;s£^g5S=sgfj=i=i r j = c ^ ^

s? AcfeiTaliioa Esïsrgy (k .e e l./m o le )

905 22.8

553 22.8

567 2 4 .0

192 -2 3 . 3

The e f f e c t  o f  a d d i t lv e e ,  eueh a# f r e e  r a d i c a l  

i n i t i a t o r # ,  an  th© d ©hydro o h lo r in a t i  on wa# i n v e s t i  g a ted  o 

Thi® was "beoaua© th e  © hief su p p o rt f o r  a  f r e e  r a d ic a l
(7)

mechanism stem s from  ârlB ian’ s^ w ork, in  w hich th e  a d d i t io n  

o f  f r e e  r a d i c a l  i n i t i a t o r s  to  P¥0 in c re a s e d  th e  r a t e  o f  

d e h y d ro c h lo r in a tio n o  T h is  was checked u s in g  AIBW and BP

a s  th e  in i t ia to r © o

gr©©__Badical Ohato__Ini t i a t o r s o

Many o f th e  e x p e rim en ts  were c a r r ie d  o u t on PVO 

! r  905  ) a t  212^0, e x c e p t where s p e c i f i c  m en tio n  i s  mad© 

) t  o th e r  temperature8 0



When 2fo tâîBH (w/w) was added to  a s o lu t io n  o f  F?0 

a t  100^0, 130^0 , 157^0  th ere  was v ir t u a l ly  no change In  

the rat© o f  dehydro c h lo r in a tio n  which was very  low a t th e se  

tem perature ©o

At 212®Gp however, the a d d itio n  o f  4f§ MBE (w/w) 

to  the polymer s o lu t io n  doubled th e  r a te  o f  É ehydrochlorlnâ- 

t io n  ( f i g o 5 5 ) -  Barger Q u a n titie s  o f AIBl gave somewhat 

h igh er r a te s  « The number o f  m olecu les o f  HOI evolved  

a e so e la te d  w ith  one f r e e  r a d ic a l was estim ated  as f o l lo w s 8

Weight o f  PVO  ̂ 0= 1000 go

Weight o f  AIBl ^ O0OO4O go

M olecular Weight o f  AIBl ^ 1 6 4

She in c r e a se  in  th e  q u a n tity  o f  KOI evolved  was 175 x 10*”® 

m oles in  3^ m inutes » A ll the AIBl was assumed to  have 

decomposed in  t h i s  period

loOo. -T-SÉÊ m oles AIBl produced 175 % 10*”® m oles HOI 
164

io©o 1 f r e e  r a d ic a l was a s so c ia te d  w ith  4 m o lecu les  o f  H01«

Two per cen t BP added to P¥G s o lu t io n  a t  tem peratures

below 160^0  d id  n o t produce any In crea se  In  dehydrochlorina«

t io n .  At 100®0, BP coloured  P¥G s o lu t io n  y e l lo w , a lthough  

th ere  waa no m easurable HOI a f t e r  two hours p y r o ly s is  « 

However a b lank o f  BF in  e th y l bensoate a t  100^0 a ls o  

produced colouro Subjected  to  UY l i g h t  (3&50 A) a t  50 C 

f o r  two h ou rs, a B P - in it ia te d  s o lu t io n  o f  PTC y ie ld e d  no
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m eaam rable HGlg hu t  a g a in  'beGame yellow ^ Theee f in d in g s  

wesre i n  ag reem en t ird.tb. th e  work o f Aehhammer ( ̂ 3 ) ,

:0eh:ydro o h lo r i n a t i  on _ i n  Osgygem,

B o lu tio n  p y ro ly s e s  were c a r r ie d  o u t i n  n i t r o g e n  and 

I n  ©zygen f o r  a  g iv en  w e ig h t o f  polym er ( r  5 5 j)  a t  15?^G 

and 212^Co lühere was no a p p re c ia b le  d i f f e r e n c e  i n  y ie ld  

o f  a o id  p e r  u n i t  tim e  betw een th e  two ru n s  (f ig « 3 ^ )o  'Jihe 

pûlyïïier s o lu t io n  darkened  much more q u ic k ly  i n  assy gen»

In  th e  loulk p y r o ly s i s  o f  P¥G oxygen prom otes a  g r e a t e r  

r a t e  o f  d e h y c lro c h lo r in a tio n  th a n  i n  n itro g e n o  %he r a t e  a l s o  

a c c e le r a te d  w ith  tim e  (fig » 3 7 )o  B ulk  PVOg however^ darkened  

more r a p id ly  i n  n i t r o g e n  th a n  i n  oxygen» The r e s u l t s  f o r  

b u lk  PTG Vi/ere i n  com plete  acco rd  w ith  th o s e  o b ta in e d  by

Brueaedow and Gibbs^ f o r  b u lk  PVG

2) f r e e  E a d lc a l Chain .In h ib ito r©  and Commercial

S ta b i l i s e r s »Piî=s:rs»=si**-JiS3

P y ro ly s e s  c a r r ie d  o u t in  th e  p re se n c e  o f  2fo 1 s4 - 

d i  amino an thraqulnon©£) tet5:»aohloro-»0;-b©n5r.oquino:ae and HQ 

showed t h a t  o n ly  th e  l a s t  two compound© a f f e c te d  th e  r a t e  

o f  dehydro c h lo r in a t io n  by in c r e a s in g  i t  s l ig h t ly »  S h la  was 

n o t  a l to g e th e r  s u r p r i s in g  f o r  HQ w hich h as  been  r e p o r te d  to  

c a ta ly s e  th e  d e g ra d a tio n  o f   ̂» As d e s c r ib e d
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aas’l ia rç , HQ d e f i n i t e l y  prom oted th e  deoom poeition  o f  th e  

1s1 amd 2 s 1 a d d u o ta «

Of th e  eommerelal s t a h i l i a e r s  mmedp m-phemyllmdol© 

had a© e f f e c t   ̂ Im t 8 tm&#l@re 70 m t  d o m  th e  r a t e  o f  

d© hydro  Ohio r i a a t i o a  v e ry  com e l  de r  a b ly  o O om paratlT ely  

em ail œ c im te  r e ta r d e d  th e  r a t e  o f  dehydro o h lo r i n a t i  on 

( f lg o g 8 )o The d% ratlom  ©f th e  r e ta rd e d  r a t e  to© d i r e c t l y  

p ro p o rtio n a l to  th e  t ^ a n t l t y  o f  B tancler©  7 0  added ( ta b le  

3 3 ) 0when When a l l  th e  s t a M l i a e r  had been  mmed? th e  nom inal 

r a t e  warn r©©nm.ed a s  f ig o 5 8  ©howso B ta n c le re  TO al@© 

r e ta rd e d  c o lo u r in g  o f  th e  polym er so lu tlom o

3 3 o E f f e c t  ©f A d d itio n  o f  S ta n c le r e  70 to  PVG C r  905 

on th e  H ate o f  B e h y d ro c M o rin a tlo n  a t  212^0

W eight fS 
Staaoles?© 10

P erio fl o f  r e ta r d e d  r a t e  
( lo ia u te s )

3o0 3 4 .0

5 o5 40.0

5 .0 50.0

7 .0 59.5

A lthough 8© veral t h e o r i e s  have been  p u t fo rw a rd  f o r  th e  

i n i t i a t i o n  p ro c e s s  p few have been p o s tu la te d  f o r  W E #lnauion 

o f  th e  r e a c t!o n e  The l a t t e r  co u ld  b© b ro u g h t ab o u t by

i n t e r r u p t i o n  o f  th e  « g lp p e r"  by b ra n c h e s 0 w hich  a re  known

to  be p r
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E f f e c t ©  o f

A group e q u iv a le n t  to  a  b ranched  p o in t  g and cap ab le  

o f  te rm in a t in g  th e  "Mpper^^, was in tro d u c e d  in to  PVG m ole- 

c a le so  Buoh a group i© th e  cy c lo p ro p an e  r i n g  found i n  

PITO when a  mole o f  c h lo r in e  ham been  a b s t r a c te d  from  a mole 

o f  polymero M a rv e lB a im p le  and f i r s t  employed

t h i s  te c h n iq u e  to  p roduce ®*^brMiehedPFG*

1 o @ o -  GHg« OHOl-^Eg" OEGl- OE^ -  GEg- O E ^ E - GE^-

*î- E lnc y 0
E H  ^ gnGlg

P?0 h a v in g  7 = 5# o f  i t s  c h lo r in e  removed was p y ro ly se d  i n

e th y l  benm oate a t  19B^0o Compared w ith  th e  u n t r e a te d  PVO@

th e  r a t e  o f  de hydro c h i o r i n a t i  on was doubled  and th e  r a t e

a t  wM eh g e l l i n g  o c c u rre d  in c re a s e d  f iv e - f o ld o  Th© l a t t e r

r e s u l t  was a t t r i b u t e d  to  an in c r e a s e  i n  m o le c u la r  w e ig h t

w hich  cou ld  happen i f  th e  r é a c t io n  be tw een  th e  s in e  and

polym er m o le c u le s  were i n t e r -  r a t h e r  th a n  in tra m o le e u la ro

S in ce  th e  r e a c t io n  was i n  d i l u t e  s o lu t io n  t h i s  ap p eared  to

be U n l ik e ly  o Wmr therm o r e  th e  r  o f  th e  cy c lo p ro p an e  P¥0

proved  to  b e  i d e n t i c a l  w ith  t h a t  o f  t h e  o r i g i n a l  polym er

t h a t  th e  a c c e le r a t io n  o f  g e l l in g  was c e r t a i n ly  n o t due

an in c r e a s e  i n  m o le c u la r  w eight»
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G H â P S B E  I V

B iscm aeiono

P r e p a r a t io n  ©f Telom ers and Polvmerm.

M ature o f  th e  Ohmin T ra n a fe r  Accent »

A number o f  c h a in  t r a n s f e r  a g e n ts  a re  a v a i la b le

f o r  th e  p r e p a r a t io n  o f  v in y l  c h lo r id e  compounde ©ogo

mer cap ta n s  p te trab ro m o m eth an e  and b ro m o trlc h lo ro m e th a n e  «

Of th e s e  BTOM was th e  m ost s u i t a b le  f o r  th e  p r e s e n t  work»
©

I t s  e x c i t a t i o n  w av e len g th  i s  from  3300  t o  39^^ A and 

s in c e  th e  0 -B r bond i s  w eaker th a n  th e  G-01 bond i n  BTOT 

i t  follow ®  t h a t  p h o to ly s i s  would y ie ld  e q u a l q u a n t i t i e s  

o f  brom ine and t r ic h lo r o m e th y l  rad ica lm »  BT®  l e  a ls o

e a s i l y  p u r i f i e d  g a t t a c k s  m e rcu ry -o n ly  v e ry  s lo w ly  and 

b ecau se  @f i t s  v o l a t i l i t y  can be e a s i l y  removed from  a  

r e a c t io n  m ix tu re  » The u se  o f  t h i s  t r a n s f e r  a g e n t e n su re s  

t h a t  th e  ©M group© o f  v in y l  compounds po lym efiee 'd  i n  it©  

p re se n c e  w i l l  he h a lo g en  i n  c h a r a c te r  g and i f  n e c e s s a ry  a  

com parison  co u ld  be made betw een th e s e  compounds and may g 

h a lo g en  h y d ro c a rb o n s<,

M m ita t io n s  i n  th e  P re p a r a t i on  o f  Telomer© and Polym ère »

P r io r  to  an a sse ssm e n t o f  th é  f a c t o r s  in v o lv e d  i n  

th e  p r e p a r a t io n  o f  th e s e  compound®g some m en tio n  w i l l  be 

made o f  th e  d i f f i c u l t i e s  e n c o u n te re d .



9 6

Corrbinu.ous changes in  the i n i t i a l  mole r a t io  o f  a 

te lo m e r is in g  or p o ly m erisin g  BSCM-VC system  l im i t  th e  

e x te n t  o f  con version  q n ite  s e v e r e ly . I f  th e amount o f  

B$OM i s  sm all compared w ith  VG, then th ere  w i l l  be a la r g e  

d e v ia t io n  from th e  o r ig in a l  con cen tra tion  o f  th e r e a c ta n ts  

as shown in  ta b le  34.

Table 34» Con c e n tr a tio n  Changes in  th e  System BTCffl-VO

During Photochem ical T é lo m ér isa tio n .

Q u a n t i t ie s  o f  BTOM 
and ¥G r e a c t in g  (m oles)

B T «
(m olea)

TO
(m oles)

VC /
BTCM

0 1»00 ; 2 0 .0 0 2 0 .0 /1

Oo25 m oles BTCM 
Os25 VG

Oo75 1 9 .2 5 2 6 .4 /1

Do 50  " BTGM 
0»50 " VG

i Oo50 1 9 .5 0 3 9 . 0 /1

Telomers p o s se s s in g  more than two v in y l  ch lo r id e  

u n it s  could  n o t be I s o la te d  in  a reason ab ly  pure s t a t e .

One o f  th e  d i f f i c u l t i e s  here la y  in  th e p la s t i c i s i n g  

e f f e c t  o f  th e  te lom er on the h igh  polym er. These te lom ers  

u s u a lly  c o n s is te d  o f  one main product e . g .  2s 1 ad d u ct, •s-d.th 

very  sm all q u a n t it ie s  o f  o th er  adducts p r e se n t as would be 

exp ected  from p o ly m er isa tio n  th eory . The rem oval o f  th e se  

adducts proved to  be im p o ss ib le  and th ey  remained as  

im p u r it ie s .
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One o f  th e  m ain re a so n s  f o r  p re p a r in g  po lym ers

was oom m eroial sam ples in v a r ia b ly  c o n ta in  p e ro x id e s  and

o th e r  e x tra n e o u s  im p u r i t i e s  » a  f a c t  oh seems to  have
f7 *12 1been  overlooked by a  m m ber o f  i n v e s t i g a to r s '* ^  ^

L a b o ra to ry  p r e p a r a t io n  had i t s  d is a d v a n ta g e s  a lso »  f o r  th e  

polym er p r e c i p i t a t e d  o u t i n  th e  r e a c t io n  v e s s e l^  and i f  

exposed to  U¥ i r r a d i a t i o n  was l i a b l e  to  undergo  s l i g h t  

p h o to ch em ica l d e ^ a d a t io n »  The p r e c i p i t a t i o n  o f  P¥C made 

th e  r e a e t io n  v e s s e l  opaque to  i r r a d i a t i o n  w hich  low ered  

th e  r a t e  o f  r e a c t io n »  lu r th e rm o re  th e  r  o f  th e  P¥0 

can n o t be e f f e c t i v e l y  c o n t ro l le d  by sim ply  v a ry in g  the 

i n i t i a t o r  con c e n t r â t !  on» T h is i s  b ecau se  r  i s  in d ep en d 

e n t  o f  i n i t i a t o r  c o n c e n tr a t io n  f o r  v a lu e s  o f  - up to  2# o f  

th e  l a t t e r ^ ^ 5 ï> î^ )  ̂ i f  b o th  BTCM and I M t l a t o r  a re  

p re s e n ts  howeve%\ th e  r  can be c o n t r o l le d  s in c e  BTCM 

a c t s  a s  a  v a ry  e f f i c i e n t  c h a in  t r a n s f e r  a g e n t »

Th© a d v a n ta g e s  o f th e rm a l p o ly m e r is a tio n  a re  t h a t  

p r e c i p i t a t e d  polym er i s  n o t exposed to  i r r a d i a t i o n ^  and a  

g r e a t e r  e a se  i n  th e  c o n t ro l  o f  r  » The k i n e t i c s  f o r  th e  

p o ly m e r is a t io n  o f  v in y l  c h lo r id e  have been  worked o u t end 

to  a  f i r s t  a p p ro x im a tio n

r  ^

w here k rate c o n s ta n t  f o r  p ro p a g a tio n  P
^ ra t©  c o n s ta n t f o r  ch a in  t r a n s f e r  

 ̂ ' w ith  monomer»
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S in ce  th e  a c t i v a t io n  energy  f o r  c h a in  t r a n s f e r  i s

g r e a t e r  th a n  t h a t  f o r  p ro p a g a t io n 9 w i l l  in c r e a s e  much

more th a n  k -  w ith  in c r e a s e  i n  te m p é ra tu re  and th u s  th e  W F
w i l l  d ec rea se»

I n  th e  c h a r a c t e r i s a t i o n  o f  th e s e  te lo m e rs  and 

p o ly m ers9 i t  wae im p o r ta n t to  d e te rm in e  t h e i r  m o le c u la r  

w eigh ts»  F o r te lo m e re 9 th e s e  w ere d e te rm in ed  m ain ly  i n  

th e  c ry o sc o p lo  c e l l  m entioned  p re v io u s ly »  A l te r n a t iv e ly  

th e  co m p o sitio n  o f  a  te lo m e r  m ix tu re  cou ld  b e  o b ta in e d  by 

p a s s in g  th e  m ix tu re  th ro u g h  a  v ap o u r phase  ch ro m ato g rap h ic  

column w hich  s e p a ra te d  th e  v a r io u s  s p e c ie s  ( f ig o S  )»

The r  ©f h ig h  polym ers was d e te rm in ed  v i s c o s i -  

m e t r i c a l ly  i n  cyclohexanon©» W itro b en sen e  i s  c la im ed  to  

be a  e u l t # ) l e  s o lv e n t  f o r  t h i s  worls^'^^)^ I t  w as9 how ever9 

u n d e s i r a b le  s o lv e n t  b e c a u se  i t  a t ta c k e d  WO v e ry  v ig o r -

9©ualy and r a p id ly  a t  198^0 ( f i g . 28)» At t h i s  te m p e ra tu re
(7 4 )

n itro b e n z e n e  i s  b e l ie v e d  to  f u n c t io n  a s  an  o x id i s in g  a g e n t9 

and i t  may cause  e x te n s iv e  c h a in  s c i s s io n  r e s u l ^ n g  i n  an 

in c re a s e d  r a t e  o f  breakdown o f  th e  WOc TM© s o lv e n t  a le o  

a t ta c k e d  th e  te lo m e re  9 a l th o u g h  more s lo w ly  th a n  th e  P¥0 o 

W everthelesB  i t  i s  n o t  to  be recommended ms a  s o lv e n t  i n  

th e  d é te r m in â t ! on o f  th e  m o le c u la r  w eights, o f  te lo m e re  by 

b o i l i n g  p o in t  m e th o d s»
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C r i t e r i a  f o r  th e  P re p a ra t io n  o f Telomere and P olym ers.

As can be seen  from  ta b le  8 th e  d e n s i ty  o f  polym ers 

and te lo m e rs  te n d s  to  In c re a s e  w ith  d e c re a s in g  ch a in  

le n g th »  T h is  m igh t be exp ec ted  b ecau se  o f  th e  in f lu e n c e  

o f th e  w eig h ty  t r io h lo ro m e th y l  group on th e  m olecule»

The r e s u l t s  showed t h a t  te lo m e rs  ra n g in g  i n  r  from  

1 to  3 co u ld  be p re p a re d  f o r  a s ix f o ld  change In  th e  concen

t r a t i o n  o f  BT® 9  p ro v id ed  th e  e x te n t  o f  c o n v e rs io n  does n o t 

g r e a t ly  exceed 10#» Only th e  1s1 and 2 s 1 a d d u e ts  cou ld  be 

o b ta in e d  In  a re a s o n a b ly  pu re  s t a t e  how ever. A second 

p ro v is io n  was t h a t  th e  i n i t i a l  mole r a t i o  o f  YO to  BTCM 

sh o u ld  n o t be g r e a t e r  th a n  30 to  1 I f  a p p re c ia b le  q u a n t i t i e s  

o f  te lo m e r were req u ired »

High polym ers may be p rep ared  p h o to o h em io a lly  w ith  

a t r a n s f e r  agent@ or th e rm a lly  w ith  an i n i t i a t o r  such  as 

âîBM or BBc

P re lim in a ry  to  P y ro ly a ie  o f  Telomers»

In telom er pyrolyses the rate o f evolu tion  o f acid  

was independent o f  the n itrogen flow rate "below 12 l i t r e s  

per hour, which ind icated  Breakdown in  the liq u id  phase.

She rate was a lso  proportional to the quantity o f telomer 

pyrolysed as might he eacpected i f  brealcdown were taking  

place mainly in  the liq u id  phase.
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When a e id  was a llow ed  to  rem ain  in  c o n ta c t  w ith  th e  

te lo m e rs  d u r in g  p y r o ly s is  th e re  was no in c r e a s e  in  ra te »  

Thus i t  appeared  t h a t  th e  r e a c t io n  was n o t  a u t o c a t a l y t i c  

w ith  r e s p e c t  to  l i b e r a t e d  acid»

There was a number o f c h a r a c t e r i s t i c s  common to  th e  

breakdown o f  th e  adduets»  Both ap p eared  to  decompose by 

a f i r s t  o rd e r  p ro c e s s  in v o lv in g  low a c t iv a t io n  e n e r g ie s - 

They co lo u red  v e ry  r a p id ly  i n  b u lk  and evo lved  a c id  a t  a 

v e ry  f a s t  r a t e  as compared w ith  s im i la r  h a lo g en  compounds 

Buoh a s  1-© hlorodecane etc»

O ther f e a tu r e s  o f  th e  2 s1 adduct^  whose p y r o ly s is  

was s tu d ie d  i n  g r e a t e r  detail@  were th e  e f f e c t  o f  th e  doub le  

bond on th e  r a t e  g th e  a p p a re n t fo rm a tio n  o f  h ig h  polym er and 

HQl b e in g  l i b e r a t e d  i n  p re fe re n c e  to  HBr,

I n  view  o f t h i s  l a s t  f a c t  and th e  u n s u c c e s s fu l  attem pt 

to  décomposé compounds such  aa 1 s 4 -d lb ro m o b u tan e , 1 s 5-dibrom ( 

p e n ta n ©5 l - c h lo ro d e c a n e j  etc»  under c o n d i t io n s  s im i la r  to  

th o se  o f  th e  te lo m e rs  ? i t  could  be in f e r r e d  t h a t  th e  -001^*» 

group m igh t be p ro v id in g  some o f  th e  a c id  evolved» Subse

q u en t work w ith  HQ re v e a le d  th a t  th e  -G G l^- group d id  posses 

u n u su a l r e a c t i v i t y  i n  th e s e  te lom ere»

The fo rm a tio n  o f  c o lo u r in  th e s e  a d d u e ts  was d i f f i o u l
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to  unâerstand. I t  eould searoely  be asoribed to the 

l ib e r a t io a  o f HBr s ia c e  the aeid  would b@ swept out of th© 

pyrolysand. Since i t  i s  slmj.lan to that found in  the  

degradation of high polymers9 the colour may be due to the  

form ation of ehromophores. fhe la t t e r  would have to be 

very e f f ic ie n t  because colour was produced at 1 3 O O9 when 

the breakdown rat® was very low.

Owing to  the r e a c t iv ity  o f the -GCl^- group i t  i s  

conceivable that reaction  could tals® place between adduct 

m olecu les9 e .g .  in  the case o f the 1 : 1  adduct.

G1,G » GHg -  OHGlBr
*

0 -  CH« -  OHGlBr

boss o f HQl 

by -

dehydrochlorination

boss o f . 

by

intrataolecttlar

dehydxobroaination

ClgG

01,G

2

OHGlBr

OHGlBr
» HGl

V
GlgO GHg ~ GHGlBr

❖ EOl
GlgO ÜÎ G -  GHGlBr

V
GIG = GH -  GHGlBr

GlgO a* 0 GHGlBr

f
GIG ® OH

GOlBr
GlgO  ̂ 0 “ GHOl

QIC «a OH
0C3.
#

01 gG ^  0 ■=• CGI

HGl

HBr

HBr
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i) would presum ably  be h ig h ly  co lo u red  s in c e  f u lv e n e ,
(75)a deep ye llowOH « OH

I I  I I
GH OH

An a l t e r n a t i v e  explanation i s  th e  developm ent o f  

c o n ju g a te d  polyene c h a în a » Seven c o n ju g a te d  d oub le  bond# 

eou ld  be formed i f  th e  ad d u c t formed a polymer by in te r -  

m o le c u la r  co ndensa tion»  I f  the group reacted with

s a y 9 the-GE^ groups of o th e r  adduct m o le c u le s

Cog, 01. G
3

0 1 ,0

GK

OH2

GHGlHr

CHClBr

ClgG GH,. CHClBr

C -  01 ™ OHGlBr
HGl

ClgG

C1,C

CHg -  GHGlBr 

CHClBr
4*

CHg » CHClBr

0H» -  CHClBr 1 <=
CCI 2

« GHGlBr
001

OHGlBr

0 -  OH2 OEOlBr

OĤ  -
1 ^

CHClBr

OOlp
1
GH - CHClBr1
001 g
i
OH -a CHClBr
Î

CGI,

9^2 " CHClBr
GGlm1 ^
CH - CHClBr
1001^1 ^
OH - OHGlBr1OGlg
CH OHGlBr
d cij

4̂ HOI

EOl
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Thus the type of polymex- formed would be 

« GĤ GQl _-CH-CCl„-0Hf’001 ofGHo^GHGIBrI C I ^ I d d
GHGlBr CHClBr CHClBr 

which, oa lo s in g  HGl, would y ie ld

-C=CCl»0™GCl'9.G=:0Cl*'-CH™0HBr ' 4101
1 I I
GHClBrCHOlBrCHOlBr

S im ila r  ty p e s  o f  polyimer ©ould be formed from  th e  2s 1 

a d d u c t. The group need n o t n e c e s s a x 'i ly  combine

w ith  th e  m eth y len e  groupe^ f o r  polym ers eo u ld  j u s t  aa 

e a s i l y  be form ed w ith  r e a c t io n  o c c u r r in g  betw een th e  -0 0 1 ^ - 

and say? th e  -CHBr01—groupa»

Of th e  two p o s s i b i l i t i e s  quoted  above^ th e  fo rm a tio n  

o f fulven© -»type s t r u c t u r e s  was th o u g h t to  be th e  m ost 

p ro b a b le  a s  i t  i s  a  s im p le r  p rocess»  In te rm o le c u la r  con

d e n s a tio n  was a ls o  su p p o rted  by th© te lo m e rs  colouT/ing much 

more s lo w ly  when d i lu te d  w ith  e th y l  b enzoate»  Thi.e may? 

how ever5 be a  g e n e ra l  d i l u t i o n  e f f e c t  in v o lv in g  a l l  otoomo- 

p h o res  and n o t  c o n fin e d  to  th o se  o b ta in e d  i n  th e  r e a c t io n s  

p roposed  above.

I t  i s  a p p ro p r ia te  a t  thj,B p o in t  to  d is c u s s  th e  b re a k 

down o f  th e  te lo m e re  i n  bulk. As can be  seen  from  f ig »  15

th e  p y r o ly s i s  o f  th e  1s1 ad d u c t p roceeded  a t  a  f a s t  r a t e  

i n i t i a l l y  and th e n  g ra d u a l ly  d im in ish ed  » I t  may be t h a t  

the p ro d u c ts  o f th e  breakdown a re  ca p a b le  o f  In ix ib i t in g  th e
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p y r o ly s i s ,  The drop  In  th e  r a t e  wae so markedp how ever5, 

t h a t  i t  was n o t  p o s e ib le  to  ta k e  th e  r e a c t io n  to  co m p le tio n  

( i« e ,  when a l l  th e  a v a i la b le  a c id  i n  th e  te lo m e r  had been 

l i b e r a t e d ) ,

The p y r o ly s i s  o f  th e  2 s 1 adduo t was a b le  to  be ta k e n  

to  com pletion»  and f i g . 16 shows t h a t  th e r e  w ere th r e e  d ie -  

t i n o t  s ta g e s  i n  i t s  decom positiono  In  th e  f i r s t  s ta g e  th e  

p ro c e s s e s  o c c u r r in g  would p ro b ab ly  be m a in ly  in te rm o le o u la r  

condensation  r a t h e r  th a n  dehydro c h lo r in a t io n  a s  th e  form er 

i s  fa v o u re d  e n e r g e t i c a l ly  =

C o n sid er th e  h e a t  o f  condensation  fo r  r e a c t io n s  

in v o lv in g  th e  group

01 ̂  GHOl— CHg— GHGlBr . 01 ̂  G- OHp— GHOl™ GEg— GHGlBr
— ^  I

01 ̂ 0-GHg-GHOl-OHg-GHGlBr 01 ̂ G-GH-OHCl-CHg-OHGlBr -a- HOI

L oss i n  bonds w i l l  be 1 0-H bond» 1 0-01 bond (from  -0 0 1 ^ -)

-  101 ^ 63 164  k ,c a l= /m o le .

Gain i n  bond® w i l l  be 1 H-01 bond» 1 Q̂ G bond

^ 1 0 2 o2 ^ 8 2 ,6  a  184*8  k ,c a l , /m o le ,

« 5 Matt Gain ® -S' 2 0 ,8  k o C ale /m o le ,

B eh y d ro h a lo g en a tio n  shou ld  o c c u r w ith  g r e a t e s t  e a se  

a t  the ends o f  th e  mole oui© such  t h a t  e i th e r  OlgO^^CH-GHOl-  ̂

-OHg-GHGlBr o r  01 ̂ G- CHg'" GHGl- GE^GHGl» o r  a  m ix tu re  o f  b o th  

m igh t r e su lt#  As r e l ia b le  bond energy v a lu e s  were n o t
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a v a i l a b l e  f o r  th e  rem oval o f  B r o r  01 from  a  “ GHg-OHBrOl 

group  i, v a lu e s  w ere worked o u t f o r  th e  group g i o e .

f o r  th e  oompoimd 01 ̂ G-OH-OEGl-GEg- OHGlBr

Boss ih 'h o M e  w i l l  be 1 G-H hondp 0 -0 1  b o n d 5 1 C- 0  hoM
(from  «001J - )

“  101  > 6 5  8 2 0 6  ^  2 4 6 0 6  ko e a l o / Ë o l O o

Gain i n  bonds v d .ll be 1 bonds 1 H«(H bond

-  1 4 5 * 8  *î* 1 ô 2 o 2  ® 2 4 6  k o O a l « / m o l e o

o'", n e t t  Gain ^ 1 .4  koO slo/m ol© .

(A ll th e  above bond en erg y  v a lu e s  have been  ta k e n  from  

O o tt r e l l^ ® ) o

I f  d eh y d ro b ro m in a tio n  d id  ooour th e n  l e s s  energy

would p ro b a b ly  b e  r e q u ir e d  to  b re a k  th e  G-Br bond; however

t h i s  would be  o f f s e t  by th e  lo w er @n©r®r a e s o e ia te d  w ith

th e  fo rm a tio n  o f  w  H-Br bond (8605  k .© a lo /m o l8 o)o T h is

w ould a l s o  ap p ly  to  in te r m o le e u la r  c o n d e n sa tio n  in v o lv in g

Œ r*  S in ce  th e  v a lu e  o f  0-B r i n  OHg-OHGlBr i s  unlmown i t

i s  n o t  p o s s ib le  to  say  w h eth er c o n d e n sa tio n  o r  d ehyd ro -

h a lo g é n a tio n  r e s u l t i n g  from  th e  b reak ag e  o f  t h i s  bond a re

more o r  l e s s  e x o th e rm ic  th a n  th o s e  quo ted  above. ï ïn le s s

th e  G-Br bond r e q u i r e s  muoh l e s s  th a n  47 .3  koO alo/m oleo f o r

d iseo o ia tiO B j, w hich  i s  u n lik e ly p  c o n d e n sa tio n  in v o lv in g  th e

-GG1 ^« group i s  a lm o s t c e r t a i n ly  th e  m ost e x o th e rm ic  r e a c -  
J

•feioa 3 hl@Ia. e m  ooewa? anâ o f  th e  p o ss ih l®  r é a c t io n s  i t  shon lé  

be fa v o u re d . T h le  i s  m&pporteâ by th e  © aaX ytioal s?e s u i t s  «
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Ab th e  ooneent.r-a tion  o f  u n e a tu r a te s  I n o r e a s e s  so 

w i l l  th e  y i e ld  o f  HOI from  th e  i n s e r t i o n  o f  a  second doub le  

band i n  th e  m o lecu le  s in c e  th e  f ix ’s t  d o u b le  bond w i l l  a c t i 

v a te  th e  m oleculeo  T h a t i s  th e  a d ja c e n t  d o u b le  bond sh o u ld  

lo w er th e  bond energy  o f  th e  -G -G l bond in  01^0= GE«OEGl-. 

T h is  i s  c o n s i s te n t  w ith  th e  f a s t  r a t e s  o b ta in e d  i n  th e  

p y r o ly a ls  o f  u n s a tu r a te d  d e r iv a t iv e s  o f  th e  2s1 adduo t such  

a s  GlgC^GH-GHGl-GH^-CHGlBro

l a t e r  s ta g e s  doub le  bonds w i l l  be  form ed i n  th e  

l a r g e  m o le c u le s  p roduced  by th e  c o n d e n sa tio n  o f  te lo m e rs .

P e r  exam ple p th e  «G îïirO l group -sh o u ld  be a c t iv a t e d  by th e  

a d ja c e n t  d o u b le  bond i n  Ol^G^OH-OHssOH-GHGlBr th u s  f a c i l i t a t i i  

c o n d e n sa tio n  w ith  o th e r  m o lecu le s  o f  a d d u c t.

01^0“ OH-OH^GH-GHOlBr 01^ G  ̂OH-Gfe OH-GHGl

01 j 0 - OHg-GHGl -  GEg-GHGlBr Gl^G-GH^-OHOl-OH-GHOlBr

^ HBr

Bub©©quent'®^ippin^* ©f HGl may in c re a s e  th e  o v e r a l l  r a t e .  

Thus th e  a c c e l e r a t i n g  r a t e  l a  a s c r ib e d  to  th e  cu m u la tiv e  

e f f e c t  o f  a  number o f  p ro c e s s e s  o c c u r r in g  s im u lta n e o u s ly  to

f i n a l  s ta g e  m ig h t be a s s o c ia te d  w ith  th e  more 

d i f f i c u l t  d e co m p o sitio n  o f  th e  p ro d u c ts  now d ev o id  o f  many 

hydrogen  and c h lo r in e  atom s i n  s u i t a b l e  p o s i t i o n s  f o r  th e  

e l im in a t io n  o f  101. Hence th e  r a t e  sh o u ld  d e c re a s e
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g ra d u a l ly  a© shown. When no f u r t h e r  a e id  cou ld  be o b ta in e d  

from  th e  2 s 1 adductp  an in s o lu b le p  o o a l- l lk ©  m a te r ia l  

rem ained  w hich had a  h ig h  carbon c o n te n t . U su a lly  when a

p u re ly  a l i p h a t i c  compound i s  p y ro ly sed  th e r e  i s  no r e s id u e .  

These f a c t s  p o in te d  to  th e  fo rm a tio n  o f  some s o r t  o f  polym er 

le n d in g  s u p p o r t to  th e  above th e o ry  o f  c o n d e n sa tio n  among 

te lo m e r  m o le c u le s . O o n sid e rin g  th e  num ber o f  p o s s ib le

r e a c t io n s  w hich  can oecurp i t  does n o t  seem u n re a so n a b le  to  

p o s tu la t e  polym er fo rm a tio n .

The mechanism o f  d eco m p o sitio n  o f  th e s e  te lo m e rs  

d e s e rv e s  some c o n s id e r^ tio n o  When 2fo AXBH o r  BP was added to  

b o th  te lo m e re  a t  157^0 th e  rat©  in c re a s e d  f o u r f o ld .  T h is  

fa v o u rs  a  f r e e  r a d i c a l  mechanlsm . However s in c e  a com

p a r a t iv e ly  la r g e  q u a n t i ty  o f  i n i t i a t o r  was r e q u ir e d  t h i s  

s u g g e s ts  t h a t  i f  d eco m p o sitio n  i s  f r e e  r a d i c a l  th e  k i n e t i c  

c h a in  l e n g th  i s  s h o r t .  On th e  o th e r  hands th e  f r e e  r a d ic a l i  

may m ere ly  p roduce  compounds c o n ta in in g  c a rb o n -c a rb o n  doub le  

bonds w hich  in c r e a s e  th e  r a t e  o f  breakdow n.

The o v e r a l l  a c t i v a t io n  energy  (E^) f o r  a f r e e  r a d i c a l  

p ro c e s s  in v o lv in g  m u tu a l te rm in a t io n  i s  o f  th e  form

Ep -  i

w here ^ A c t iv a t io n  e n e r ^  f o r  i n i t i a t i o n
n M n

P
L ss te r m in a t io n .
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In  a c c o u n tin g  f o r  th e  o v e r a l l  a c t i v a t i o n  en e rg y ,

i t  i s  l i k e l y  t h a t  th e  a ctiv a tio n  ©nergy f o r  i n i t i a t i o n  

r e q u i r e s  th e  b reak ag e  o f  a 0-01 bond from  eay th e  -CGl^ o r  

a -G-Br bond from  -OEBrOl g ro u p s . The v a lu e s  f o r  b o th  

th o s e  g roups a re  lo w er th a n  th e  81 k . c a l .  (^^^76) x ieeessary  

f o r  th e  b reak ag e  of th e  -0 -0 1  bond in  the -OHp-CHOl g roup .

I t  i s  a ls o  l i k e l y  t h a t  th e  p ro p a g a tio n  p ro c e ss

r e q u i r e s  a  f a i r l y  h ig h  a c t iv a t io n  energy  becaua© th e  f r e e

r a d i c a l  I n i t i a t o r s  u sed  war© i n e f f e c t i v e  a t  low te m p e ra tu re s .

A h ig h  E i s  n o t  u n re a so n a b le  s i  no© B a rto n  and H ew le tt p
found  t h a t  th e  m ain p ro p a g a tio n  s te p  Im th e  d eco m p o sitio n  

o f 1 s2 -d ie h l© ro e th a n e  needed 2 2 .0  k .c a lo /m o le  fo r  a c t iv a t io n ,  

I f  a  high E l æ r e  In v o lv e d p th e n  th e  a c t i v a t i o n  energy  forP
te rm in a t io n  would ale© have to  b© h ig h  to  g iv e  th e  low 

o v e r a l l  a c t i v a t io n  e n e rg ie s  o f  28 and 21 k .o a l./m o l©  f o r  th e  

2 s1 and 1s1 a d d u c ts  r e s p e c t i v e ly . T h is  aearna u n l i k e l y .

I t  i s  I n t e r e s t i n g  t© compare th e s e  a c t i v a t io n

e n e rg ie s  w ith  th o se  o b ta in e d  f o r  r e l a t e d  compounds by o th e r

w o rk ers  c Baum and Wartman^  ̂ quo ted  an E o f  2 2 .5  k . c a l . /

mo3.e f o r  4 ©hloroh©xene-2p OH^-GHg^GSG'i-OHssGH-GHj o v e r th e

te m p e ra tu re  ran g e  110^ G to  140^0? w hereas 1 s2-'-diohl o ro e  th a n e

decom poses w ith  an  o f  47 k .c a l . /m o le  by a  f i r s t - o r d e r ^

f r e e  r a d i c a l  mechanism  o v e r th e  ran g e  362-485^0 a s  m en tioned
f 77li n  th e  I n t r o d u c t io n .  B a rto n  and Onyon^  ̂  ̂ s u b se q u e n tly  

showed t h a t  1 si s l - t r i c l i lo r o e th m ©  decom poses by a



u n im o le e a la r  48 k . o a l ./m o le )  and a r a d ic a l  ch a in

meohanlsm (E^ -  54 k o ca lo /m o le ) e v e r  th e  ran g e  362-427^0; 

th e  d e co m p o sitio n  b e in g  a  f i r s t - o r d e r  p ro c e s s  in  th e  I n i t i a l  

s ta g e so  The f i r s t  o rd e r  dependences o b ta in e d  in  th e  decom

p o s i t io n  o f  th e s e  c h lo r in a te d  h y d ro carb o n s  a r e  i n  agreem ent 

w ith  th o s e  found  f o r  th e  I 1I and 2s 1 a d d u c ts .  A lthough  th e  

v a lu e s  o b ta in e d  by B a rto n  and co -w o rk ers  a re  h ig h , B a r to n , 

i n  an e a r l i e r  p a p e r , had quoted  much lo w er v a lu e s  o v e r 

s im i la r  te m p e ra tu re  ra n g e s  ( ta b le  5 5 )*

A c t iv a t io n  E n e rg ie s  f o r  V ario u s C h lo r in a te d

Compound

E th y l C h lo rid e 5 2 .0

1 s 2-B ic h lo ro e th a n e 27.1

1 s 1-B ich lo roethasi© 33 «9

1 s 1 s 2 -T r ic h lo ro e th a n e 3 8 .0

P e n ta o h lo ro e th a n e 2 9 .2

1 g 2 -D ich lo ro p ro p an e 3 4 .2

2 : 3-D lch lo ro b u tan © 3 0 .4
[trriswnsrstr

O v e ra ll  A c tiv a t io n  
E n e r ^  (k . c a l  . /m o le . )|

The v a lu e s  l i s t e d  i n  t a b l e  35  a r e  o f  co u rse  in c o n 

s i s t e n t  w ith  th e  more r e c e n t  v a lu e s  o b ta in e d  by B arto n  &jià 

c o l le a g u e s .

A p o in t  i n  fa v o u r  o f  a  f r e e  r a d i c a l  maohaniam f o r
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th e  te lo ra e rs  i s  th e  a c c e le r a t io n  in  r a t e  In  oxygen. The 

l a t t e r  p rom otes th e  d eco m p o sitio n  o f  1 g 2 -d ic h lo ro e th a n © ,

1 $ 18 2 - t r i  c h lo ro e th a n e , and 1 1 1 $ 2 s 2 - te trm o h lo ro e th a n e  ^ ,

a l l  o f  w hich a r e  a l le g e d  to  decompose by a  r a d i c a l  ch a in  

mechaniaî'âo

On th e  e t h e r  hand , th e  p y ro ly s e s  o f  th e s e  te lo m e rs  

may be n o n - f r e e  r a d i c a l .  The c o m p a ra tiv e ly  f a s t  r a t e s  

r a p id  c o lo u ra t io n  su g g e s te d  a  c o n d e n sa tio n  ty p e  o f  r e a c t io n .  

F u rth e rm o re  th e  low a c t i v a t i o n  e n e rg ie s  w ere n o t c o n s i s te n t  

w ith  a f r e e  r a d i c a l  memhaniam, w h i l s t  r a d i c a l  p o ly m e r is a tio n  

i n h i b i t o r s  d id  n o t  r e t a r d  o r  i n h i b i t  th e  r e a c t io n .  There 

wasp how ever, a  l i k e l y  e x p la n a tio n  f o r  tM s  i n  t h a t  th e  

in h j .b i to r s  p ro b a b ly  r e a c te d  e x c lu s iv e ly  w ith  th e  r e a c t iv e  

-O G l^- group a s  was th e  ca sé  f o r  HQ and th e  te lo m e rs .

B ecause r a d i c a l  p o ly m e r is a tio n  in h j .b i to r s  a c c e le r a te d  

th e  d@ com position o f th e  teXomers v e ry  m a rk e d ly , t h e i r  

e f f e c t  on th e  l a t t e r  h a s  been  examined i n  sdm© d e t a i l ,  

p a r t i c u l a r l y  th e  r e a c t io n  betw een HQ and 28 1 a d d u c t.

The R e a c tio n  betw een 28 1 Adduct and HQ.

W ith re g a rd  to  th e  h e te ro g en eo u s  sy stem  10?S HQ -  

ex cess  281 a d d u c t, i n  a d d i t io n  to  th e  th e rm a l d e g ra d a t io n  o f  

th e  adductp  th e r e  may be r e a c t io n  betw een  th e  HQ and th e  

l a t t e r  i n  e i t h e r  o r  b o th  o f  th e  p h a se s . Each phase w i l l  

now be  c o n s id e re d  s e p a r a te ly .
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Biceess 2:1 Aâduct-HQ,

Im flgo21op  below HQ th e  l a t t e r  had om lj a  s l i g h t  

o a t a l y t i c  © ffeot^  b u t  i n  th e  co n o em tra tio n  ran g e  4 -5 ^  HQ 

th e  ra t©  ino reas© d  s h a rp ly  <> Thla ohamg© im rat©  oould be 

a s sD o ia te d  w i th  th e  fo rm a t io n  o f  a  ©©oond phase  Jicnowm to  

o ccu r  a t  ab o u t 4^ HQ from  s o l u b i l i t y  measurementsp For 

i t  had been  shown t h a t  th e  r e a c t i o n  p roceeded  r a p id l y  i n  

th e  H Q -rich phaseo The r e a c t i o n  may a l s o  be in f lu e n c e d  by 

th e  change i n  d i e l e c t r i c  c o n s ta n t  g i n  w hich cas© i t  may be 

p a r t i a l l y  i o n i c  a t  leas t* . The s l i g h t  i n c r e a s e  i n  r a t e  up 

to  f̂o HQ may be due e i t h e r  to  t h e  r e a c t i o n  betw een  HQ and 

th e  a d d u c t o r  to  m  I n c r e a s e  i n  d i e l e c t r i c  c o n s ta n t  «

Bxoees HQ-2 g 1 M d u c t  «

In  a s e r i e s  o f  c o -p y ro ly s e s  o f  e^soe©© HQ and 2s 1 

ad d u c t two f e a t u r e s  were re v e a le d  ; an i n i t i a l  su rg e  o f  

a c id  fo l lo w e d  by a g ra d u a l  f a l l - o f f  i n  r a t e  ( f i g o 2 3 )p and 

th e  l i b e r a t i o n  o f  two m oles o f  a c id  p a r  mol© o f  ad d u c t 

i n i t i a l l y  0

The l a r g e  volum es o f  a c id  evo lved  i n  a s h o r t  tim e 

su g g es ted  an i o n i c  ty p e  o f  r e a c t io n ^  p o s s ib ly  a  condensection 

betw een th e  h y d ro z y l group o f  th e  HQ m d  a  h a lo g en  atom from 

th e  2 s1 a d d u c t

©ogo 01 ̂  C« OHg- GHGl- OHg» OHOlBr E0-<< ^ O E

01 ̂  0- OHg-CHOl-OHg- OHOl-0 HBr;
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o r  p o r h a p ©  t h e  f o r m a t i o n  o f

HOKv ^  -  O-OGlg-OHg^OEGl- OH^-OHOlDr ^ HOI

The Br atom warn ©zpeoted to  r e a c t  i n  p r e f e r e n c e  to  th© 01 

atom© p r e e e n t  i n  th e  m o lecu le  becaum© th e  0-B r bond i s  

u s u a l l y  w eaker th a n  th© 0-01  bond i n  a  s i m i l a r  ty p e  o f  

s t r u c t u r e o  A cco rd in g ly  an ezces© o f  HBr would be expec ted  « 

The m a jo r  p ro d u c t  evo lved  was HOI, how ever, i n  agreem ent 

w i th  p re v io u s  d a t a  on th e  deco m p o sitio n  o f  t h e  adducto 

S in ce  bond energy  c o n s id é ra t io n ©  ru le d  o u t  th e  p o s s i b i l i t y  

o f  HQ a t t a c k i n g  th e  c h a in  c h lo r in e s  p r e f e r e n t i a l l y , th e  

- 0 0 1 group appeared  to  be th e  so u rce  o f  th e  acido

To i n v e s t i g a t e  th e  n a tu r e  o f  t h e  -G O l^- g roup , ben^o- 

t r i c h l o r i d e  was p y ro ly se d  i n  e x cess  HQo Two c h lo r in e  atom© 

were removed i n i t i a l l y  and th e  f a l l - o f f  i n  r a t e  ( f i g , 27) 

r e f l e c t e d  th e  g r e a t e r  d i f f i c u l t y  i n  rem oving th e  t h i r d  

c h lo r in e  atom. The a n a l y s i s  o f  th e  p ro d u c t  formed i n  t h i s  

o o -p y ro ly a iB  o o n f im e d  i t  to  be

o /

\

OH

OH

OH

w hich would he ex p ec ted  i f  t h e  o h lo i ln e  atoms r e a c t e d  w i th  

th e  OH g roups  o f  th e  HQ, She eompound
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A\

01
I
G -  0 

\
OH

^jould be form ed w i th  ease  i n i t i a l l y  ? a l th o u g h  th e  two bu lky  

HQ groups p ro b ab ly  h in d e r  th e  app roach  o f  a  t h i r d  m o lecu le  

o f  HQo The t h i r d  c h lo r in e  may a l s o  p o s s e s s  a  h ig h e r  bond 

energy  due to  th e  s t r u c t u r a l  change i n  t h e  m oleculeo

R e tu rn in g  to  th e  analogous system  ex cess  HQ -  2s1 

adductp  th e r e  i® no r e a s o n  to  suppose t h a t  th e  -C G l^- group 

i n  th e  te lo m e re  shou ld  n o t  be aa r e a c t i v e  as  t h a t  found i n  

b e n s s o tr ic h lo r id e ^  Hence th e  compound

H0»<\ / > “0 01
V  1

G -  CH„ -  CHGl -  CH„ ■» CHGlBr

i s  t  hr ought to he formed i n i t i a l l y .  JPurther reaction  

might y ie ld  a misctnre o f
■OH

HO- 0 -  0 -  CHg -  GHGl OH, GHOlBr

0=a>
and

•OH

H0-< 0

0 -  CH„ ~ CHOI -  0H„d. d GHOlBr

HO

w ith  th e  l a t t e r  fav o u red  s t e r i c e l l y «
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A c t iv a t io n  E nerg ieso

The a d d i t i o n  o f  a  emmll q u a n t i ty  o f  MQ to  b o th  

te lo m e re  d id  n o t  a p p r e c ia b ly  a f f e c t  t h e i r  a c t i v a t i o n  

e n e r g ie s  ( t a b l e  1 8 )o W ith HQ i n  qxqbbb^ howeverp th e  

m o t iv a t io n  energy  f o r  th e  breakdown o f  th e  2 s1 ad d u c t 

dropped to  h a l f  i t s  nom inal valu© « T h is  I s  i n  agreem ent 

w i th  r e a c t i o n  t a k in g  p la c e  much more e a s i l y  i n  th e  HQ- 

r i c h  phase  ( f ig *  21 ) a In  view o f  th e  r e a c t i v i t y  o f  th e  

-OGlg- group what was p ro b ab ly  b e in g  m easured  was th e  

a c t i v a t i o n  energy  o f  c o n d e n sa t io n  be'W een th e  HQ and th e  

2s 1 ad d u c t « The v e ry  low v a lu e s  o f  th e s e  a c t i v a t i o n  

e n e r g ie s  im p lie d  t h a t  r e a c t i o n  o c c u rre d  v e ry  r e a d i l y  

indeedo

O th e r  p heno lss  such  a© th e  ch lo ropheno lS p  when 

p y ro ly s e d  w i th  th e  2 s1 ad d u c t a l s o  produced  r e s u l t s  s i m i l a r  

to  th o s e  o b ta in e d  i n  th e  system s ©zees© HQ -  2§1 a d d u c t and 

©xeess HQ -  b e n m o tr io h le r id e  o M oreover th e  i n a b i l i t y  o f  

£ -n i t ro p h © n o l  to  r e a c t  w i th  th e  2 s 1 a d d u c t  was to  be e x p e c t

ed b ecau se  o f  hydrogen bond ing  betw een  th e  m olecule^ a OH 

and n i t r o  groupso There a l s o  appeared  to  b e  a  t r e n d  

betw een  in c r e a s e  i n  d i e l e c t r i c  c o n s ta n t  o f  th e  phenol -  

a d d u c t system  and an in c r e a s e  i n  rat©* These f a c t s  ar© 

a d d i t i o n a l  s u p p o r t  f o r  th e  th e o ry  t h a t  th e  r e a c t i o n  betw een 

IQ and th e  adduct© i s  i o n i c  i n  n a tu re o
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Graphs o b ta in e d  i n  th e  co«-pyrolysee o f  phenol© gmd

compound© eo n ta ln in g  th e  -001^-» group were so c h a r a c te r is t i

th a t th ey  eou ld  be used in  th e id e n t i f i c a t io n  o f  t h i s  group

I t  was a ls o  p o s s ib le  to  determ ine th e  approximate m olecu lar

w eig h ts  o f  compounds such as th e  m ethyl m eth acry la te

telom ere and polym ers prepared w ith  BTCM, i .e *

CĤ
I ^

Cl^C(GHg -  G -  GGgOEg)gBr o When p y ro ly se d  i n  ex cess  HQp

th e y  y ie ld e d  th e  amount o f  HGl p e r  w e ig h t  o f  compound * Hene 

speedy  ap p ro x im a tio n  o f  th e  number a v e rag e  m o le c u la r  w e ig h t 

o f  th e  te lo m e r  o r  polym er cou ld  be d e te rm in ed  i f  th e s e  were 

l i n e a r *

Summing up» th e  p y r o ly s i s  o f  th e s e  telomer© i s  v e ry  

complex and i t  may be t h a t  b o th  f r e e  and n o n - f r e e  r a d i c a l  

p r o c e s s e s  a r e  in v o lv e d 9 th e  l a t t e r  i n  view  o f  th e  a p p a re n t  

r e a c t i v i t y  o f  th e  -G Gl^-groupc

Polym ers

G enera l O o n s id e r a t io n s *

M b  o ra te d  HCI a llow ed  to  rem ain  i n  c o n ta c t  w i th  th e  

pyroX ysm d d id  n o t  a f f e c t  th e  r a t e 9 i n d i c a t i n g  t h a t  th e
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r e a c t i o n  waa n o t  au to  c a t a l y t i c  w ith  r e s p e c t  to  HCI evolved  j, 

i n  agreem ent w i th  Arlman^^^^ and S trom berg  e t  a l  * *

S ince  o th e r s ^  found  au to  c a t a l y s i s  o c c u r r in g  o n ly  i n

03ï:ygen t h i s  may mean t h a t  th e  gas o x id i s e s  th e  HGl evo lved  

to  c h lo r in e  f r e e  r a d i c a l s  which cou ld  i n i t i a t e  deco m p o sitio

I n i t i a l  u se  o f  v a r io u s  s o lv e n t s  showed t h a t  on ly  two

o f  th e  ones t r i e d  were s u i t a b l e   ̂ £ - d l  chlorohenssene and e th y

b en zo a te  9 th e  e s t e r  b e in g  th e  mè©t s u i t a b l e  b ecau se  o f  i t s

w id e r  te m p e ra tu re  ra n g e .  The r a t e  o f  d e h y d r o c h lo r in a t io n

was f a s t e r  i n  e th y l  benzoate*  T h is  may b© due to  polym er

s o lv e n t  i n t e r a c t i o n *  The f a s t e r  g e l  time© o b ta in e d  i n
@£ -d i© h lo ro b e n zen e  a t  178 G may be due to  d i s t i l l a t i o n  

e f f e c t s  w hich would a l t e r  th e  c o n c e n t r a t io n  o f  P¥G i n  t h i s  

s o lv e n t  (bopto 182^0) p th u s  re d u c in g  th e  g e l t im e .

G r o s s - l in k in g  and deh y d r o c h lo r in a t io n  i n  e th y l  

b e n z o a te  were s tu d ie d  a© th e  two main a s p e c t s  o f  PVG 

d e g r a d a t io n .  H e h y d ro c h lo r in a t io n  fo l lo w e d  by chaj.n 

" z ip p in g "  p ro b a b ly  p ro v id e s  most ©f th e  a c id  evo lved  d u rin g  

p y r o l y s i s .  However even a em ail amount o f  © ro ss - l in J i in g  

w i l l  enhance i n t r a - c o n d e n s a t i o n  betw een  c r o s s - l i n k e d  polyme 

chains.pWhich m ust be reckoned  as a  s u b s i d i a r y  so u rce  o f  a e i  

The u s u a l  c o n t r i b u t i o n  o f  a c id  from c r o s s - l i n k i n g  p ro e e a se s  

i s  some 1 to  5^  b e fo re  th e  s o lu t io n  g e l s 9 b u t  i t  becomes 

g r e a t e r  a t  h ig h  te m p e ra tu re s  and c o n c e n t r a t io n s ^  f o r  under
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th e s e  c o n d i t io n s  g e l a t i o n  o ccu rs  much more q u ic k ly .

I n  o r d e r  to  av o id  subm erging th e  two main x 'eac tio n s  

in  a  mass o f  d e t a i l ^  each  w i l l  he d is c u s s e d  i n  tu r n .

The O ross-M nking o f  PVQ in  Ethyl B en zoate .       -------------------- ----------------- ------------  ----------------- **   - n\fmt I M

The k i n e t i c s  o f  c r o s s - l i n k i n g  may he c o n s id e re d  i n  

t h e  l i g h t  o f  E lo r y ’ s^^^^ th e o ry  o f  g e l a t i o n .

C o n sid er  a  c r o s s - l in k e d  polym er m o le c u le .

L e t  A he a  p rim ary  ch a in  which has  hecome p a r t  o f  

an I n f i n i t e  n e tw o rk 9 and l e t  i t  he l in k e d  to  a  second 

p rim ary  c h a in  a s  shown

C-j

A

B2

The c o n d i t io n  t h a t  th e r e  w i l l  he a d d i t i o n a l  c ro s s 

l i n k s  to  say 5 i s  g iv e n  hy q ^ %  ( r  -  1 ) * * . . . .  (1 )

where q a d d i t i o n a l  number o f  c r o s s - l i n k s 9

X  ^ p r o b a b i l i t y  t h a t  any u n i t  o f  th e  p r im ar  

chaj^ns has e n te r e d  i n t o  e r o s s - l in k in g p  

r  “  d eg ree  o f  p o ly m é r is a t io n  o f  th e  prim ary  

c h a in s  *

How ( r  -  1 ) monomer u n i t s  w i l l  rem ain  a f t e r  th e  f i r e
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c r o s s - l in k 9 i t  'being assumed that a l l  the chains are the 

same len gth .

When q <  1 g the network em not he maintained and 

in f in i t e  network formation cannot occur* For q > 1 g the 

network w il l  he maintained and i t  can hecome in f in i t e .

Thus q ës 1 i s  the c r i t ic a l  condition and hence from 

equation (1) the c r i t ic a l  p roh ah ility  w i l l  he

^  ® (r -  1)

Thus fo r  high polymer X  i  approximately * * * (2
T

In the te x t  above i t  has been assumed that a l l  chain 

are the same len gth . In p ractice g however g the i n i t i a l  

primary chains are not uniform in  len gth  and equation (1) 

must be changed to
os

r™1

aOAOO&OOODOCOO

where -  w e ig h t f r a c t i o n  o f  r - m e r .

r  ^ w e ig h t av e rag e  c h a in  l e n g t h ,  w

Thus e q u a t io n  (1) becomes

^ ^ J — a p p ro x im a te ly  « * (4)
■ ( ^ 0  %

sine® the ex 'itiea l eoàâ ition  q s  1 i s  eonaidered to hold 

at the g e l gioint.
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Thu© i n c i p i e n t  g e l  fo rm a t io n  can o c c u r  when r e l a t i v e !  

few c r o s s - l i n k s  have been  form ed. A ccord ing  to  e q u a t io n  (: 

when th e  i n i t i a l  c h a in s  a re  long^ i n c i p i e n t  g e l  fo rm a t io n  

c o rre sp o n d s  to  an av e rag e  o f  o n ly  one c r o s s - l in k e d  u n i t  p e r  

p rim ary  ch a in  i n i t i a l l y  p r e s e n t  (o r  an av e rag e  o f  one c r o s s 

l i n k  betw een  any two p rim ary  c h a in s ) .  The number o f c ro s s  

l in k e d  u n i t s  p e r  p rim ary  ch a in  i s  c a l l e d  th e  c r o s s - l i n k i n g  

in d e x 9

X  ^ "X

F or a homogeneous prim ary  p o ly m er,

In  a  t y p i c a l  v in y l  d i s t r i b u t i o n 9 r ^  m 2 r% v jl th  r  

th e  number a v e rag e  degree  of- p o ly m e r is a t io n

o ” * y  S3 0 .5  f o r  a number av e rag e  c h a in  l e n g th .

The above th e o ry  has aeaumed t h a t  in t r a m o le c u la r  

c r o s s - l i n k i n g  p ro c e s s e s  do n o t  o c c u r * T h is  w i l l  ho ld  f o r  

f i n i t e  c h a in s .  In  th e  f i n a l  gel@ how ever9 t h e r e  w i l l  be 

many in t r a m o le c u la r  l i n k s  to  produce an i n f i n i t e  ne tw o rk .

I f  r  9 r  end th e  g e l  p o in t  a re  known9 th e n  an e x p re se ic  

can be deduced f o r  th e  r a t e  o f  fo rm a t io n  o f  c r o s s - l i n k s .

F o r th e  system  PYG -  s o lv e n t  9 l e t  i t  be assumed th a i

th e r e  a r e  y © roaa-link©  formed i n  t im e  t^p  th e  g e l  t i m e < 

The number o f  c r o s s - l i n k s  formed p e r  u n i t  t im e  w i l l  be y / t^

i . e .  y / n / t  c r o s s - l i n k s  p e r  polymei’ m o lecu le  p e r  u n i t  t im e S
where n ^ number o f  polymer m olecules*



20,

In a sys-feem ô f volume T eontalning w g. o f polymer 

o f number average aegre© o f polym erisation, r th© rate  

o f form ation o f o ro ss-lin k s  w il l

^ ,^ Ù iL Æ Æ .
t „  X ¥  X ¥  X M ë

M ^ m o le c u la r  w eigh t o f  th e  monomer.

How a t  th e  g e l  p o i n t ,  j / n  0 .5  i f  th e  d i s t r i b u t i o n  i

such  t h a t  ^ 2 r

o " o H ate o f  fo rm a t io n  o f  c r o s a - l i n k e  s: x  — -Oog _ w

I f  I t  im assumed t h a t  th e  e r o s s - l i n k i n g  r e a c t i o n  

i s  second o r d e r  (two m o lecu les  combine w i th  each o th e r  to  

form  one c r o s s - l i n k )  th e n  th e  r a t e  o f  fo rm a t io n  o f  c r o s s -
9 0 p

l i n k s  ® k  c" and

Ê Æ E Æ — . m k " ’ e'
r  X ¥ X t  X M 

where e ^ polym er c o n c e n t r a t io n  i n  m oles p e r  l i t r e

w % t _  2 c të i

O rder o f  th e  R e a c t io n

From th e  th e o ry ,  k « .==™L=. so t h a t  th e  concentra»

t i o n  sh o u ld  be p r o p o r t i o n a l  to  t h e  r e c i p r o c a l  o f  th e  g e l  

t im e .  T h is  was th e  case  as can be seen  from  t a b l e  -^So

1
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The r a t e  o f  c:rosB-3.inking was a l s o  p r o p o r t io n a l  to  th e  

square  o f  th e  o o n o en tra tio n ^

Table 3!̂  ̂ C a lc u la te d  Second Order Rate C onstan t
« tt

L-vrasrit:3WïfriaiîiïTsx*-i«-K?. fo r

G ross-L inking Of ?VG ( r  905) a t  212^0 in

Gel Time 
(Sec) X 10“”5

E thy l B enzoate  

2
v~,x«WfcnTi*rerRQtr»we*>*es '̂TO«i»-itit»S5rN3x*[ieïÈkitev<mTjts-»»*>HfcTneT6*aciyà;yitt,!eriiitii.i<»jUCinire»-j

( PolyEier Cone ent  r a t i  on 
(mo 1 e B ^ / l i  t r e  ̂  ) x 10*̂

2 .82  

4. 62  

6 .7 2  

8 . 6 4

7 0 .0

55 .6

25

3Xni59eBr,KV4kiKia U5Î TJurxvTjsr.

k

6 * 4

1 * /mo 1 e /  see )  x. 1

6*70 

5o75 

4 ,87  

4*5g
fegtrjaEr.,‘3airyi’!gfcTSfftTsraiMr«wjatriSrg\iTiii^:?vaV!>c:ftrt«i«wJ=aLrr»st'^SKgaasMj»*-^ty.^--igAtry%>3J«KgE;ta g .;tt

Ç tl
The k v a lu e s  l i s t e d  appeared  to  f i t  i n  r e a s o n a b ly  w e ll

th e  i d e a  t h a t  o r o s s - l i n k in g  i s  a second o r d e r  p ro c e s s

Dependence on Ohailn Length.

The r a t e  con stan t dropped w ith  d e c re a s in g  r  ( t a b l e  

3?) and t h i s  was in  agreem ent w i th  F lo r y ' s concep t o f  th e  

s i z e  o f  th e  polymer m o lecu le  in f l u e n c in g  th e r a t e  a t  which 

c r o s s - l in k in g  o cours* Table y i  shows t h a t  w h i l s t  th e  r a t e  

was con stan t f o r  a f ix e d  w eigh t i t  was n o t  fo r  a m a la r  

c o n c e n tra t io n *  Thus the i n d i c a t i o n  was t h a t  c r o s s -  

may sim ply  be random condensation  between 

ler m o le c u le s .
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905

555
367
192

Dependence of a) Rate Constant fo r  Cross-Linking

b) Rat© o f  G ro ss-L in k in g  f o r  a S o lu t io n  o f  F ix ed
II il'u ii, « *r#f: *iL*iT if &ii**.^(^m'Whnr%r*Mw* üT«i5w *eA »*T Wüi3mR&r*a:raK*«.#qTKT3'f,'y.f,'ü:M«'%i@n T:û̂ **

a:

Î 0
k

(l«/m ole/see) x 10'

5 . 3 0  

1 . 8 0  

0.65 
0 . 2 0

Relative rate per 
fiî€©â weight

1 . 0 0  

1 .4 0  

1 . 2 0  

1 . 3 5

Energy of Activation.

lo  previous work has been done on the evaluation of 

activation energies for the cross-linking of PTC. I t  was 

not therefore possible to make any comparisons. Erom 

the low average value of 23.7 k .cal./m ole the A factor was
q A

c a l c u l a t e d  to  be 10 w hich i e  o f  th e  c o r r e c t  o rd e r  f o r  

b im o le c u la r  r é a c t io n s »

E f f e c t  o f  A d d i t iv e s .
■■, , . r u/ »>-?«rîgÆfcnMtfïrtta

( 1) F ree  R a d ic a l  Chain I n i t i a t o r s .

Only v e ry  l a r g e  q u a n t i t i e s  a f f e c t e d  th e  r a t e  o f  

croB S-link ingj?  p e rh ap s  by cau s in g  c h a in  s c is s io n *  Grosi 

l i n k i n g  d id  n o t  a p p ea r  to  be a f r e e  r a d i c a l  p r o c e s s , b u t  

i t  was c e r t a i n l y  a c c e le r a t e d  by c a t a l y s t e  such  as f e r r i c
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© hlo rlde  w hich cou ld  then  f u n c t io n  a© a F riedeX -G raft©  

catalyat*

(2) Free Radtoal Chain InhlM tora and Oxygen.

Free rad ica l chain inM M tors increased  the rate o f  

cro se-lin k in g  © ligh tly  « although a-phenylindole used a© a

com m ercial s t a b i l i s e r  was found to  p r e v e n t  g e l a t i o n  q u i t e  

e f f i c i e n t l y *  P y r o ly s i s  i n  oxygen p re v e n te d  g e l a t i o n  

o c c u r r in g  m d  t h i s  may be  due to  e x te n s iv e  c h a in  s c i s s i o n  

w hich  would mean a  much ©lower r a t e  o f  o r o s s - l in k in g *

The Dshydroch lorin a tion  of PVG in  Eth y l Benzoate»

A© m entioned  p r e v io u s ly  b o th  t h e  1s1 and 2s 1 adduct© 

and 1 §2«dich loro© thane^^^ appeared  to  decompose hy a  f i r s t  

o r d e r  p ro cess*  I t  was th o u g h t t h a t  t h i s  m igh t a l s o  he 

t r u e  f o r  th e  h ig h  polym er g © s p e c ia l ly  s in c e  o n ly  one mole

c u le  i s  in v o lv e d  i n  th e  "z ip p in g "  p ro c e s s  » However i f  th® 

p ro c e s s  were f r e e  rad ica l -  in it ia te d  the order-m & ght be 

expected to b©

I n  t h i s  work th e  rate o f dehydro c h l o r i n a t i o n  h as  bee 

calcu lated  a© mole© of acid  evolved per l i t r e  per seconde

Assuming dehydrochlorination i s  a f i r s t  order

p rocess, then .  k 'o
litre©  X second©

where c monomoles/11 t r e
@ «.i

k  ^ rate c o n s ta n t  (sec*** )
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1 o e ü o-̂ -«35s;t,5?tus5ar»M
Y 3E

where M ^ m o le c u la r  w e ig h t o f  th e  monomer

Y ^ t o t a l  volume ( l i t r e s )

w « w e ig h t o f  polym er ( g o )

 Hate0o o
m o n o m o le s / l i t r e

O rder o f  th e  R é a c t io n -

On th e  g rounds t h a t  d e h y d r o c h lo r in a t io a  i s  a  f i r s t  

o r d e r  r e a c t io n ^  r a t e  c o n s ta n ts  have been  c a l c u la t e d  «

58o OaXcuXated F i r s t  Orde r  Hate C onsta n t s  (k^ ) f o r  

th e  Dehydro c h l o r i n a t i o n  o f  P¥G ( T  905 ) a t

B en so a te  «

d f e c j
d t

( m o le / l / s e c

Polym er C o n c e n tra t io n

% 10 6

k

(sec"* ) z  1

42c 38

She k v a lu e s  f i t t e d  i n  q u i t e  w e l l  w i th  a  f i r s t  

o r d e r  r e a o t io n o  I t  was n o tew o rth y  t h a t  th e  rat©  c o n s ta n t  

f o r  h u lk  P¥0 was th e  same as  f o r  P¥G i n  s o l u t i o n 9 in d i c a t i x  

t h a t  i n  th e  i n i t i a l  s t a g e s  a t  l e a s t  t h e r e  was no d i f f u s i o n
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c o n t r o l  o f th© a c id  ©scaping from th e  polym er m ass.

ra te  varied markedly w ith the o f the

er@ th o s e  o f  lower evolving a old at f a s t e r  ra tes  «

On a weight average h a e le , in  any given weight o f polymer

there w i l l  he more m o lecu le s  i n  a  polymer o f low than

fo r  one o f high fhms for a polymer o f low r there

would he more end g ro u p s 9 and i f  i n i t i a t i o n  began at the

e©ul©9 t h i s  would r e s u lt  I n  a  fa s te r  ra te

Wartman^^^  ̂ have a lso  

suggested th at term inal double bonds were the main cause

mable 9 shows t h a t  the

i n  r  o b u t  the w
f h i s  f a

d the "alpper" sin ce above a  certa in

pper̂ ® ought to  be independ

khe B

r a t e  c o n s ta n t  in ere  

rate per polym er

w

; %
k at 212®G 
(s@0“ ** )s1 0®

Hate/Polymer, tool®eul© 
( i . e .  I t  St T ^ )

1810 4 » 01 1 .0
1106 6o70 I ' 1 .,0

7 5 4 1 5 , 6 10 6 '
384 [ 1 1 . 4 1 Do 61
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Eneî’gy o f â e t iv a tio n .

The average value o f 2^*2 ko ca l,/m o le  was in  agree- 

ment w ith Baum and Wartman"a^^^  ̂ value fo r  PVG over a 

sim ilar  te m p e ra tu re  range*

The v a lu e s  f o r  th e  a c t i v a t i o n  energy r e p o r te d  l a  

the l ite r a tu r e  fo r  the range 160-200^0 vary enormously 

from the doubtful Value o f  7*1 k ,oal*/m ole obtained by 

Imoto and Oteu^^'^) to  J9  k .e a l . /m o l©  evaluated by 

H a r t m a n * Other In v estig a to rs  (^3» ,22) in te r -

mediate va lues o f 26? and ^4 kooalo/mole re sp ec tiv e ly  

fo r  s i m i l a r  te m p e ra tu re  ranges*

Hinee the r o f PVO i s  con tro lled  by ohain tra n sfer  

with m o n o m e r t h e r e  w i l l  be term inal ca rb o n -ca rb o n  double 

bonds p r e s e n t  in  most o f the polymer m o le c u le s  * Thus 

p re v io u s  In v estig a to rs  p ro b ab ly  evaluated th e  a c t i v a t i o n  

energy fo r  chain "ssipping"* Henee the large  d ifferen ce in  

a c t i v a t i o n  energy cannot be a ttribu ted  to th e  d ifferen t  

energy re qui rement s in  producing the f i r s t  double bond and 

the "aipper" which might require much more activation*

I t  i s  n o t  unreasonable t h a t  the a c tiv a tio n  energies  

f o r  cro ss-lin k in g  and dehydrochlorination a re  very sim ilar*  

The o v era ll heat o f reaction  for  the two processes i s  sim ll- 

a r  i f  a  value o f  19 k*cal*/mol@ i s  assumed f o r  the resonance

s t a b i l i s a t i o n  of the a l ly l  r a d i c a l  *
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l o r  c r o s s - l ln k ln g ÿ  

GHg -  CHGl -  -  OH -  CHGl
I 4. HGl

-  OHp -  OHOX -  OH2 -  -  OHg -  OH -  OHg -

L0 8 © i n  bonds w i l l  be 1 C-E b o n d , 1 CUGl bond

» 101 81 -  182 kocalo/m ol©

GKlm i l l  bonds w i l l  be 1 H-Cl bonds 1 0 -0  bond

-  I02o2 -r- 8206  184»8 Ic* c a l  t./mole

* ” 0 E e t t  Gain 2 .8  k . o a lo /m o le

,n d e h y d ro o h lo r in a t io n

GHg ^ GH -  OHg -  GHGl- — > GHg -  OH -  GH ^ OH -  f  HGl

Assuming th e  polym er m o lecu le s  a re  i n  t h e  form  o f  a l l y l  

fx’ee r a d i c a l s  th e  G-H bond w i l l  now be 19 k o ca lo /m o la  

w eaker and 2*4 k * c a l . /m o le  w i l l  be ev o lv ed

X o © o ^  OH2 OH ™ OHp — GHGl- ™ OHp OH — OHp CHOI —

. V
—GHg -- CH -  OH ^ GH -  -î-H'

Loss i n  bonde w i l l  be 1 G-H bonds 1 0-01 bond^ 1 0 -0  bond

s  82 '{h 81 4 8 2 .6  ^ 245*6 k * o a l . /m o le  

Gain i n  bonds w i l l  be 1 0^0 bond? 1 H-Gl bond

^ 145*6 102.2 -  248 k o o a l . /m o le

o” o l e t t  Gain -  2 .4  k .e a l . / m o l e

(A ll bond e n e r g i e s  have been talc en from  G o t t r e l l  )

A ccord ing  to  th e s e  v a lu e s  c r o s a - l i n k i n g  and dehydro- 

c h l o r i n a t i o n  a r e  c o m p e t i t iv e  r e a c t i o n s  » D ehydroeh].orlnatlo]
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p ro c e e d s  a t  a much f a s t e r  r a t e  and sin ce both processes  

require the same a c tiv a tio n  energy9 ±he d ifferen ce  in  rate  

i s  presumably due to  the d ifferen ce  in  the A fa c to rs  f o r  

these reaction s. I f  there were no term inal double bonds 

present i n i t i a l l y  i n  the PVCj, cro ss-lin k in g  would p ro b ab ly  

predominate fo r  an energy absorption of 1 6 * 6  k .ca l./m o le  

would be n e c e s s a r y  f o r  the i n s e r t i o n  o f the f i r s t  double  

bond.

E f f e c t  o f  A d d i t i v e s *

(1) F ree  Hadical Chain I n it ia to r s *

Bo f a r  t h e r e  has been no r e a l  ev id en ce  to  I n d i c a t e  

w h e th e r  th e  r e a c t i o n  i s  f r e e  r a d i c a l  i n i t i a t e d .  I t  was 

t r u e  t h a t  a d d i t i o n  o f  4^ AIBM to  PTC doub led  th e  r a t e , b u t  

c a l c u l a t i o n  showed th e r e  wae on ly  one f r e e  r a d i c a l  f o r  

ev e ry  f o u r  m o le c u le s  o f  HCI l i b e r a t e d ;  t h i s  could  n o t  

j u s t i f i a b l y  be c a l l e d  a ch a in  p rocess*  P o s s ib ly  th e  

c a t a l y t i c  e f f e c t  o f  th e  f r e e  r a d i c a l s  was due to  t h e i r  u se  

i n  fo rm in g  d o ub le  bonds i n  th e  polym er by d i s p r o p o r t i o n a t i c  

©ogo -  GH -  GHGl -  -  GH -  GHGl- — ^

-  GH -  GOl- -  OHg -  GHGl -

Double bonds a c t i v a t e  th e  m o le c u le .  To double  th e  

r a t e  i t  would be n e c e s s a ry  to  doub le  t h e  number o f  double 

bonds . Hence t h i s  would be a v a ry  m ild  c a t a l y t i c  e f f e c t  

a s  observed* The a l t e r n a t i v e  r e a c t i o n



-  OH ™ GHCl CH^ — -  CH GH ^ GH -  HCI

I s  a l s o  p o s s i b l e .

W inkler^^^^ su g g es ted  t h a t  a  c h lo r in e  atom could  

a c t  as  a c h a in  c a r r i e r  d u r in g  d e h y d r o c h lo r in a t io n .  He 

p o s tu la t e d  th e  fo l lo w in g  r e a c t i o n  mechanism

-  CH -  GHCl™— —>  -GH ^ CH -  < 01-

\f °
-GE := GH -  CH -  GHGl -  4 HGl

i
-CH ^ GH -  GH = GH -  01"

w hich has been more f u l l y  d e a l t  w i th  i n  th e  In t ro d u c t io n *

I t  i s  d i f f i c u l t  to  see why 01® i f  f r e e ^ d o e s  n o t  a b s t r a c t  a 

H atom from a n o th e r  PYC c h a in  r a t h e r  th a n  ru n  a lo n g  th e  

same ch a in  fo rp  say 15“ G=G- groupsp p a r t i c u l a r l y  f o r  r e a c 

t i o n s  c a r r i e d  o u t  i n  s o l u t i o n .

At 100 and IJO^G when th e  rat©  o f  d e h y d ro o h lo r in a t io s  

was v e ry  low g a d d i t io n  o f  2^ AIBl e x e r te d  no e f f e c t .  This 

te n d s  to  d i s f a v o u r  a -free r a d i c a l  theo ry *  Benzoyl peroxide 

d is s o lv e d  i n  e th y l  benîsoate co lo u red  th e  s o l u t i o n  ? and th e  

r e p o r te d  c o lo u r a t io n  o f  PVG compounds by BP may be e n t i r e l y  

due to  th e  l a t t e r ,  and n o t  to  any polym er d e g ra d a t io n  

p r o c e s s .

F re e  H a d ic a l  Chain I n h i b i t o r s  and Commercial 

S t a b i l i s e r s .

F ree  r a d i c a l  ch a in  i n h i b i t o r s  su ch  as  1 :4-dlam lm o-



a n th ra q u in o n e  and t e traebloro-gi-ben%;oqulmone had v e ry  l i t t l  

e f f e c t  on th e  d éco m p o sitio n  o f  P¥Co They d id  n o t  in h J ,M t 

th e  r e a c t io n »

However th e  com m ercial s t a b i l i s e r » S ta n c le r e  70 waa 

a u s e f u l  i n h i b i t o r  i n  th e  sense  t h a t  i t  g r e a t l y  reduced  th e  

r a t e  and e x t e n t  o f  c o lo u r a t io n  i n  th e  i n i t i a l  s ta g e s»  The 

mechanism o f  s t a b i l i s a t i o n  may be an a lo g o u s  to  t h a t  p ropose  

by K e n y o n i n  w hich compounds s i m i l a r  i n  n a tu r e  to  S ta n -  

c l e r e  70 a c te d  as f r e e  r a d i c a l  scavengers»  ( I n t r o d u c t i o n , 

page 2 5 ) 0  The d u r a t io n  o f  th e  slow r a t e  was d i r e c t l y  p ro 

p o r t i o n a l  to  th e  amount o f  S ta n c le r e  70 added to  th e  PVG» 

The slow r a t e  was ca» two to  th re e  t im e s  t h a t  o b ta in e d  i n  

c r o s s - l i n k i n g  f o r  th e  same P¥G c o n c e n tra t io n »  Thus dehydr, 

c h l o r i n a t i o n  may be a m ix tu re  o f  f r e e  and n o n - f r e e  r a d i c a l  

p ro c e sse s»

I n  th e  p re se n c e  o f  oxygen th e  b u lk  p y r o ly s i s  o f  PVG 

was a c c e l e r a t e d  as  opposed to  i t s  e o l u t io n  d e g ra d a t io n  be in , 

u n a f fe c te d o  P ro b ab ly  to o  l i t t l e  oxygen was d i s s o lv e d  i n  

th e  h o t polym er s o l u t i o n  to  cause o x id a t io n ^  w hereas oxygen 

can be more r e a d i l y  adso rb ed  on to  th e  s u r f a c e  o f  th e  

u n s a tu r a t e d  polymer»

Summing Up»

One o f  th e  p o in t s  i n  fa v o u r  o f  a f r e e  r a d i c a l  mech- 

anism  was th e  a b i l i t y  o f  S tane le r©  70 to  r e t a r d  th e  r a t e  o f
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dehydroO hior i n a t i on. The l a t t e r  was a c c e l e r a t e d  on a d d ! t ic

o f  f r e e  r a d i c a l  i n i t i a t o r s  a t  h ig h  te m p e ra tu re s  a l th o u g h  

s i m i l a r  to  th e  te lo m e re  th e  a c t i v a t i o n  energy  f o r  propagaW c 

i s  p ro b a b ly  high» F u r th e r  su p p o r t  was th e  a c c e l e r a t i o n  o f  

PVG i n  b u lk  i n  oxygen»

On th e  d e b i t  s id e?  th e  v a r i a t i o n  i n  r a t e s  o f  dehydro- 

c h l o r i n a t i o n  and c r o s s - l i n k i n g  i n  e th y l  b e n z o a te  and 

£ -d ie h lo ro b e n z e n e  d id  n o t  fa v o u r  a f r e e  r a d i c a l  mechanism*. 

The e f f e c t s  o f  i n i t i a t o r s  and i n h i b i t o r s  g e n e ra l ly ?  th e  low 

a c t i v a t i o n  e n e r g ie s  and th e  f i r s t  o rd e r  dependence f o r  

d e h y d ro c h lo r in a t io n  a l s o  d id  l i t t l e  to  s u p p o r t  t h i s  mechanii

I f  i n  f a c t  i n i t i a t o r s  do c a t a ly s e  th e  fo rm a t io n  o f  

d oub le  bonds t h i s  would e x p la in  th e  i n c r e a s e  i n  r a t e  » Doub: 

bonds g w hether  in t ro d u c e d  a t  th e  ends o f  a  PVG m olecu le

d i s p r o p o r t i o n a t i o n  and monomer t r a n s f e r ^  d u r in g  polym er

i s a t i o n  o r  a r t i f i c i a l l y  i n t o  th e  dead p o l y m e r  5̂'* )  ̂ have a 

profound  e f f e c t  on th e  d e g ra d a t io n  o f  th e  p o ly m er» DruesedO’ 

and Gibbe^^^^ p o s tu la t e d  t h a t  doub le  bonds a c t i v a t e  th e  

m o lecu le  th u s  en h an c in g  th e  o p p o r t i m i t i e s  f o r  c r o s s - l i n k i n g  

T his  i s  n o t  i n  agreem ent w i th  th e  p r e s e n t  work f o r  i n i t i a t e  

such  a s  A 1 B Ï Ï  and BP d id  n o t  a f f e c t  th e  r a t e  o f  c r o s s - l i n k l n

F o r  th e  mode o f  te rm in a t io n ?  b ra n c h in g  was b e l ie v e d  

to  t e r m in a t e  th e  '^zipper" i n  PVG» ioe»
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Cïïg» GHGl-CHg-CH-CH„-OHGl-

GH„-GHGl-GHo™ CHGl-CH-OHGl-GH--CH-CH_-CECI-c I ic d

- GHg-CH-GHg-GHGl-

-  GEg- GHGl- GHg- CH- GHg- GHGl-

-  GH= CH- GH^ OH- OH- CHü-GHg- CE- GHg- OHGl-

-  GHg- OH- QHg- GHGl-

The e x p e r im e n ta l  ev id en ce  d id  n o t  su p p o r t  t h i s ?  however»

The com parison  betw een th e  i n i t i a l  d eco m p o s itio n  r a t e s  

o f  te lo m e rs  and th e  r a t e s  o f  d e h y d r o c h lo r in a t io n  and c r o s s -  

l i n k i n g  found  i n  h ig h  polym ers i n  e th y l  b e n z o a te  i s  o f  some 

i n t e r e s t o

T ab le  40» Comparison o f R a tes  f o r  a Fix e d  W eight o f  T elomere

an^_fflgh Polym ers i n  E th y l

R ate  o f  H e h y d ro c h lo r in a t io n  Hate o f  G r o s s - l in k in g
r  7 I V(m o le s o / lo /s e c o  ) x 10 ' |  (m o le so /lo /se o »  ) x 10'

9 0 5 1 54 .4  1 . 5s

192  1 1 7 . I 2 .7 8

2 4 .9 2

1 5.62

She a e id  eTOlved during the p y r o ly s is  o f  telom ers  

i s  b e lie v e d  to  be due to  th e condensation  and dehydro-
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h a lo g é n a t io n  r é a c t io n s »  âs  can be seen? th e  te lo m e r  r a t e s  

compare v e ry  f a v o u ra b ly  w i th  th e  o ro© © -link ing  ra te©  o f  th e  

h ig h  polymer? w h i l s t  th e  r a t e s  f o r  th e  d e h y d ro o h lo r in a t io n  

o f  th e  polym er a re  much f a s t e r »  fhi® le n d s  s u p p o r t  to  th e  

r e a c t i o n  ty p e s  p o s tu la te d »

I n  ooxicluslon? t h i s  work cou ld  be ex tended  by u s in g  

polym ers i n i t i a t e d  w i th  d 3 .f fe re n t  t r a n s f e r  agen ts»  I t  

would be i n t e r e s t i n g  to  s tu d y  th e  e f f e c t  o f  th e s e  v a r io u s  

end-group© on th e  r a t e  o f  deh y d r o c h lo r in a t io n  i n  a s u i t a b l e  

s o lv e n t  o v e r  a  v e ry  wide te m p e ra tu re  ran g e  » A more d e ta i lc  

p i c t u r e  o f  t h e  cro© © -link ing  p ro c e s s  would emerge i f  polymie: 

were f r a c t i o n a t e d  b e fo re  pyrolyai© ? so t h a t  a l l  measurementi 

cou ld  be q g r r i e d  o u t  on th e  v a r io u s  f r a c t io n ©  o f  one 

p a r t i c u l a r  polym er.
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