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A bstract

A Mbssbauer study o f some in d u s tr ia l a p p lica tio n s  o f

organotin  compounds

by

Richard W illiam Clarkson

Thj^jtjechnique o f h igh d ilu t io n  Mbssbauer spectroscopy using th e  
iso to p e  Sn has been employed to study the nuclear environment o f  
severa l organotin compounds having important in d u s tr ia l a p p lic a tip n s .
For each compound stu d ied  s tru c tu ra l and co-ord in ation  inform ation  
has been obtained r e la t in g  to the mode o f a c tio n  o f the organotin  
compound in  i t ’ s a p p lic a tio n .

Chapters one and two of th is  th e s is  describ e  the theory o f the . 
Mbssbauer E ffect- arid the instrum entation  and com putational methods o f  
recording and processing  the Mbssbauer data.

Chapter three provides the main area o f study in 'th e  th e s is  and i s  
concerned w ith the r o le  o f organotin compounds in  the s t a b i l i s a t io n  of 
PVC. Two types o f organotin compound, d ia lk y lt in  th io g ly c o lla te s  and 
d ia lk y lt in  m aleates, have been in v e s tig a te d  fo r  th e ir  e f fe c t iv e n e s s  in  
preventing thermal and photochemical degradation o f PVC. The r e s u lt in g  
changes in  the Mbssbauer parameters fo llow in g  degradation have led  to  
the id e n t if ic a t io n  of the organotin degradation products from which a 
d e g r a d a tio n /s ta b ilisa t io n  mechanism has been suggested .

In chapter four the observation  of a room temperature Mbssbauer 
resonance i s  used to in d ica te  th at d im ethylch lorotin  a ce ta te  has an 
asso c ia ted  stru ctu re . A subsequent X-ray cry sta llo g ra p h ic  determ ination  
supports the im p lica tion s from the Mbssbauer data and rev ea ls  dim ethyl
ch lo ro tin  a ce ta te  to be 6 co-ord in ate w ith a polym eric s tr u c tu r e .

In chapter f iv e  Mbssbauer data have been obtained for  a s e r ie s  
of t r ia lk y l  t in  d e r iv a tiv e s  o f L -cy ste in e  and L-homocysteines The t r i 
a lk y l t in  m oiety has been reported to be a b io lo g ic a l ly  a c t iv e .s p e c ie s  
and the Mbssbauer data have revealed  the sulphur atom in  the c y ste in e  
and homocysteine groups to be a s p e c if ic  s i t e  for  binding to the t r i 
a lk y l t in  m oiety.

F in a lly , in  chapter s ix  a sim ple Debye model o f the s o lid  has been 
applied  to v a r ia b le  temperature Mbssbauer data to suggest p o s s ib le  
stru ctu res fo r  two b is(tr ia lk y ltin )com p ou n d s contain ing  two e lec tr o n 
ic a l ly  d if fe r e n t  t in  s i t e s .
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XIJ. b i u u

The work d e s c r i b e d  i n  t h i s  T h e s i s  i s  a  s tu d y  o f  o r g a n o t i n  

compounds and o f  t h e  c h e m ic a l  c hanges  u n d e rg o n e  h y  them i n  some 

i n d u s t r i a l  a p p l i c a t i o n s ^ u s i n g  M o ssb au e r  s p e c t r o s c o p y .  A l th o u g h  th e  

f i r s t  o r g a n o t i n  compound was p r e p a r e d  b y  F r a n k la n d  i n  18A9, l a r g e  

s c a l e  i n d u s t r i a l  a p p l i c a t i o n s  h av e  o n l y  become a p p a r e n t  i n  t h e  

l a s t  10 -  20 y e a r s ,  and  a t  p r e s e n t  some 30»000  t o n s  o f  t i n  a r e  con

sumed e a ch  y e a r .  The r e c e n t  g ro w th  i n  t h e  u s e  o f  o r g a n o t i n  compounds 

can  be  a t t r i b u t e d  t o  t h e i r  i n t r i n s i c a l l y  lo w e r  t o x i c i t y  i n  c o m p a r iso n  

t o  o r g a n o l e a d  and  o rg a n o m e rc u rv  c o u n t e r p a r t s ,  and  t o  t h e  r e c e n t l y  

a p p r e c i a t e d  v e r s a t i l i t y  o f  o r g a n o t i n  compounds i n  t h e i r  p o s s i b l e  a p p l 

i c a t i o n s .  6 6 o f  t h e  c u r r e n t  t o t a l  u s a g e  o f  o r g a n o t i n  compounds i s  

u s e d  f o r  n o n - b i o l o g i c a l  t y p e s  o f  a p p l i c a t i o n  ( R2SnX2 and  RSnX^ d e r i v 

a t i v e s )  , and  t h e  r e m a in in g  7 ,0 0 0  -  1 0 ,0 0 0  t o n s  a r e  r e p o r t e d  a s  b e i n g  

u s e d  a s  b i o c i d e s  ( R^SnX d e r i v a t i v e s )  ( l ) .

" ' i t h  r e f e r e n c e  t o  t h e  n o n - b i o l o g i c a l  a p p l i c a t i o n s  o f  o r g a n o t i n  

compounds t h e  l a r g e s t  s i n g l e  a p p l i c a t i o n  i s  t h e  s t a b i l i s a t i o n  o f  PVC, 

w i t h  some 2 0 ,0 0 0  t o n s  o f  c h e m ic a l s  c u r r e n t l y  b e i n g  u s e d .  PVC i s  

d e g ra d e d  b y  b o th  h e a t  ( t o  w h ich  i t  i s  s u b j e c t e d  d u r i n g  p r o c e s s i n g  a t  

185° c) an d  b y  l o n g  te rm  e x p o s u re  t o  s u n l i g h t  p r o d u c i n g  s e v e r e  d i s 

c o l o u r a t i o n  and  e m b r i t t l e m e n t  i n  t h e  p o ly m e r .  D i a l k y l t i n  compounds a r e  

among t h e  m ost  e f f e c t i v e  s t a b i l i s e r s  a v a i l a b l e  f o r  PVC an d  a d d i t i o n s  

o f  t h e  s t a b i l i s e r s  a t  1 -  2^  b y  w e ig h t  w i l l  m a i n t a i n  t h e  c l a r i t y  o f  t h e  

PVC and  s i g n i f i c a n t l y  r e t a r d  d e g r a d a t i o n .  I n  g e n e r a l ,  t h e  d i a l k y l t i n -  

b i s ( i s o o c t y l t h i o g l y c o l l a t e s )  a r e  u s e d  i n  a p p l i c a t i o n s  t h a t  r e q u i r e  

good h e a t  s t a / b i l i t y ,  w h e re as  t h e  d i a l k y l t i n b i s ( i s o o c t y l m a l e a t e s )  a r e  

u s e d  f o r  p r o v i d i n g  lo n g  te rm  s t a / b i l i t y  to  l i g h t .  D i - n - o c t y l t i n b i s -  

( i s o o c t y l t h i o g l 7/ c o l l a t e )  and m a l e a t e  h av e  a  low mammalian t o x i c i t y  and 

a r e  u s e d  i n  many c o u n t r i e s  a s  s t a b i l i s e r s  f o r  PVC fo o d  p a c k a g in g  and  

d r i n k  c o n t a i n e r s ;  d i m e t h y l t i n b i s ( i s 00 c t v l t h i o g l y c o l l a t e ) i s  a l s o  u s e d  

i n  some E u ropean  c o u n t r i e s  f o r  s t a b i l i s i n g  f o o d - c o n t a c t  PVC p a c k a g i n g .
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u s e d  i n  n o n - f o o d - c o n t a c t  PVC. I n  m ost a p p l i c a t i o n s  up  t o  6cK o f  t h e  

c o r r e s p o n d in g '  m o n o a l k y l t i n  compound, RSnX^, i s  added  t o  t h e  d i a l k y l t i n  

s t a b i l i s e r ,  a s  i t  h a s  b een  fo u n d  t h a t  t h i s  c o m b in a t io n  g i v e s

a  s y n e r g i s t i c  im provem ent i n  t h e  s t a b i l i s i n g  a c t i v i t y .

A num ber o f  d i a l k y l t i n  compounds h a v e  a l s o  b e e n  fo u n d  t o  be  e f f e c t i v e  

c u r i n g  a g e n t s  f o r  r o o m - t e m p e r a t u r e - v u l c a n i s i n g  (RTV) s i l i c o n e s .  The 

t h r e e  m ost commonly u s e d  d e r i v a t i v e s  a r e  d i b u t v l t i n  d i e t h a n o a t e ,  

d i b u t y l t i n  d i - ( 2  -  e th y l h e x a n o a t e )  and d i b u t v l t i n  d i l a u r a t e .  I f  t h e  

o r g a n o t i n  c a t a l y s t  i s  added  t o  t h e  l i q u i d  s i l i c o n e  a t  room t e m p e r a t u r e ,  

t h e  r e a c t i v e  c a r b o x y l a t e  g ro u p s  a r e  a b l e  t o  b r i n g  a b o u t  c r o s s -  l i n k i n g  

o f  t h e  s i l i c o n e  and  p ro d u c e  a  f l e x i b l e  e l a s t o m e r ! c  s o l i d .  The same 

d i b u t y l t i n  compounds c a t a l y s e  t h e  a d d i t i o n  o f  a l c o h o l s  t o  i s o c y a n a t e s , 

p r o d u c in g  p o l y u r e t h a n e s ,  and  a,re u s e d  c o m m e rc ia l ly  f o r  t h i s  p u r p o s e .

The b i o l o g i c a l  a p p l i c a t i o n s  o f  o r g a n o t i n  compounds a r e  num erous 

and  a r e  c o n c e rn e d  m a in ly  w i th  t r i a l k y l t i n  d e r i v a t i v e s  f o r  w h ich  t h e  

l e v e l  o f  t o x i c i t y  i s  d e p e n d e n t  upon t h e  l e n g t h  o f  t h e  a l k y l  c h a i n ,  

a t t a c h e d  t o  t h e  t i n  a tom .

T r i p h e n y l t i n  compounds a r e  h i g h l y  t o x i c  f u n g i c i d e s .  The f i r s t  

c o m m e rc ia l ly  u s e d  f u n g i c i d e  was t r i p h e n y l t i n  a c e t a t e  w hich  was u s e d  t o  

c o n t r o l  p o t a t o - b l i g h t  fu n g u s  and  s u g a r - b e e t  f u n g u s .  The o t h e r  m ost 

w i d e ly  u s e d  o r g a n o t i n  c h e m ic a l  i s  t r i p h e n y l t i n  h y d r o x id e  w h ich  shows 

s i m i l a r  f u n g i c i d a l  b e h a v i o u r .  P r e s e n t  day  c o n su m p tio n  o f  t h e s e  two 

c h e m ic a l s  i n  Europe  and  J a p a n  a lo n e  i s  e s t i m a t e d  a t  1 ,0 0 0  t o n s  p e r  y e a r .

T r i b u t y l t i n  d e r i v a t i v e s  h av e  shown a  h ig h  a n t i b a c t e r i a l  a c t i v i t y  

p a r t i c u l a r l y  a g a i n s t  Oram- p o s i t i v e  b a c t e r i a  w hich  h a s  l e d  t o  t h e i r  

u s e  as  d i s i n f e c t a n t s .

B i s ( t r i - n - b u t y l t i n ) o x i d e  h a s  emerged a s  t h e  m ost e f f e c t i v e  o r g a n o t i n  

d e r i v a t i v e  f o r  t h e  p r o t e c t i o n  o f  su c h  c e l l u l o s i c  m a t e r i a l s  a s  c o t t o n  

t e x t i l e s ;  wood, and o t h e r  c e l l u l o s e  -  b a s e d  m a t e r i a l s  w hich  a r e  

s u s c e p t i b l e  t o  f u n g a l  a t t a c k .
2
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t o  t h e  c l o s e l y  r e l a t e d  a r e a  o f  m a r in e  a n t i - f o u l i n g  p a i n t s .  T r i b u t y l -  

and t r i p h e n y l t i n  d e r i v a t i v e s  i n c o r p o r a t e d  i n  a  p o ly m e r ic  n e tw o rk  su c h  

a s  p o l y f t r i b u t y l t i n  m e t h a c r y l a t e )  h a v e  found  s u c c e s s f u l  u s e  a s  a d d i t i v e s  

i n  p a i n t s  f o r  t h e  e l i m i n a t i o n  o f  m a r in e  b o r i n g  c r e a t u r e s  an d  b a r n a c l e s  

from  t h e  h u l l s  o f  s h i p s .  The t r i o r g a n o t i n  compound i s  g r a d u a l l y  l e a c h e d  

from  t h e  p a i n t  i n t o  t h e  s e a  w a t e r  w here  i t  a c t s  a s  a  t o x i c a n t  to w a rd s  

m a r in e  g ro w th .

S i n c e  t h e  M o ssb a u e r  t e c h n i q u e  u s i n g  ^ 9 s n  p r o v i d e s  i n f o r m a t i o n  on 

t h e  jj  -  e l e c t r o n  d e n s i t y  a t  t h e  t i n  n u c l e u s  i t  i s  t h e r e f o r e  a  d i r e c t  

m ethod f o r  d e t e r m i n i n g  t h e  num ber o f  l i g a n d s  a s s o c i a t e d  w i th  t h e  t i n  

n u c l e u s .  C o n s e q u e n t ly  s t r u c t u r a l ,  c o - o r d i n a t i o n  an d  m e c h a n i s t i c  in f o r m 

a t i o n  a b o u t  t h e  b e h a v io u r  o f  t h e  o r g a n o t i n  compounds can  be  o b t a i n e d  

u s i n g  t h e  M o ssb a u e r  E f f e c t .  Exam ples o f  t h i s  a r e  g iv e n  i n  c h a p t e r s  3,

4 ,5  and  6 o f  t h i s  T h e s i s .

I n  c h a p t e r  1 t h e  t h e o r y  o f  t h e  M o ssb a u e r  E f f e c t  and  o f  h y p e r f i n e  

i n t e r a c t i o n s  i s  o u t l i n e d ,  and  i n  c h a p t e r  2 t h e  i n s t r u m e n t a t i o n  a n d  com

p u t a t i o n a l  m ethods  o f  r e c o r d i n g  and  p r o c e s s i n g  t h e  M o ssb a u e r  d a t a  a r e  

d i s c u s s e d .

The c h a n g es  u n d e rg o n e  b y  o r g a n o t i n  s t a b i l i s e r s  o f  t h e  t y p e  R2SnX2 

(w h ere  R = b u t y l  o r  o c t y l ,  and  X = i s o o c t y l t h i o g l y c o l l a t e  o r  j g o o c t y l -  

m a l e a t e )  d u r i n g  t h e r m a l  and  p h o to c h e m ic a l  d e g r a d a t i o n  o f  PVC a r e  

d i s c u s s e d  i n  c h a p t e r  3» M o ssb au e r  p a r a m e t e r s  h a v e  b e e n  o b t a i n e d  f o r  

t h e  compounds i n c o r p o r a t e d  i n  PVC by  c o n v e n t i o n a l  h o t  m i l l i n g  t e c h n i q u e s  

and  a l s o  f o r  t h e  compounds a f t e r  d e g r a d a t i o n .  The o r g a n o t i n  p r o d u c t s  

o f  t h e  d e g r a d a t i o n  h av e  b e e n  c o n c l u s i v e l y  i d e n t i f i e d  and  a  r e a c t i o n  

scheme h a s  been  p r o p o s e d  f o r  t h e  s t a b i l i s a t i o n  and  d e g r a d a t i o n  p r o c e s s e s  

on t h e  b a s i s  o f  t h e s e  r e s u l t s  and  i n  c o n s u l t a t i o n  w i th  t h e  l i t e r a t u r e .
f t

I n  a d d i t i o n  t h e  M ossbaue r  d a t a  have  b e e n  u s e d  t o  d e d u c e  in fo r m e . t io n  a b o u t  

t h e  c o - o r d i n a t i o n  c h e m i s t r y  o f  t i n  i n  t h e s e  compounds.

C h a p te r s  A9 5 and 6 a r e  s i m i l a r l y  c o n c e rn e d  w i t h  t h e  u s e  o f  t h e

3
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and  t h e  c o - o r d i n a t i o n  num ber o f  t h e  t i n  a tom  p r e s e n t .  I n  c h a p t e r  4 

t h e  o b s e r v a t i o n  o f  a  room t e m p e r a t u r e  M o ssb a u e r  r e s o n a n c e  i s  u s e d  t o  

i n d i c a t e  t h a t  d i m e t h y l c h l o r o t i n  a c e t a t e  h a s  a  p o ly m e r ic  s i x  c o - o r d i n -
I!

a t e  s t r u c t u r e .  The i m p l i c a t i o n s  from  t h e  M o ssb au e r  d a t a  a r e  s u p p o r t e d  

by  a n  X -  r a y  c r y s t a l l o g r a p h i c  s t u d y  o f  t h i s  compound.

I n  c h a p t e r  5 "the u s e  o f  M o ssb au e r  d a t a  t o  p r o v id e  c o - o r d i n a t i o n  

i n f o r m a t i o n  on a  s e r i e s  o f  t r i a l k y l  t i n  compounds o f  t y p e  R^SnX (w h ere  

R = b u t y l ,  p h e n y l ,  c y c lo h e x y l ,  n e o p h y l ,  and  X = c y s t e i n e ,  h o m o c y s te in e )  

i s  d i s c u s s e d .

F i n a l l y ,  i n  c h a p t e r  6 v a r i a b l e  t e m p e r a t u r e  M o ssb a u e r  s p e c t r a  f o r  

compounds o f  t h e  t y p e  R^SnSCI^C^COOSnR^ (v/here  R = b u t y l  o r  p h e n y l )  

a r e  d i s c u s s e d .  The two t i n  a tom s i n  t h e  compounds v/ere fo u n d  t o  h a v e  

d i f f e r e n t  t e m p e r a t u r e  d e p e n d e n t  r e c o i l l e s s  f r a c t i o n s  w h ich  w ere  s u b s e 

q u e n t l y  u s e d  i n  c a l c u l a t i o n s  i n v o l v i n g 1 t h e  E f f e c t i v e  V i b r a t i n g  Mass m odel 

t o  i n v e s t i g a t e  t h e  c o - o r d i n a t i o n  o f  t h e  t i n  a to m s .

4
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i » i « Tne Mossnauer rtriecx.

The M o ssb a u e r  e f f e c t  i s  t h e  b a s i s  f o r  h ig h  r e s o l u t i o n  n u c l e a r  

s p e c t r o s c o p y  and  a r i s e s  from  r e s o n a n t  a b s o r p t i o n  o f  n u c l e a r  y -  r a y s  

i n  t h e  e n e rg y  r a n g e  10 -  100 KeV. The l i f e t i m e s  o f  t h e  e x c i t e d  n u c l e a r  

s t a t e s  w h ich  g i v e  r i s e  t o  su c h  V -  r a y s  a r e  t y p i c a l l y  o f  t h e  o r d e r  o f  

10~®s. As a  r e s u l t  o f  t h e  h i g h  e n e r g i e s  o f  t h e y - r a y s ,  n a t u r a l  l i n e  

w id th s  o f  t h e  o r d e r  o f  10”  ̂2 a r e  o b s e rv e d  r e s u l t i n g  i n  a  h i g h  i n t r i n s i c  

r e s o l u t i o n .  I n  e a r l y  s t u d i e s  ( 2 ) ,  two e f f e c t s  l i m i t e d  t h e  a p p l i c a t i o n  

o f  t h e  M o ssb a u e r  e f f e c t  t o  a  num ber o f  i s o t o p e s  a s  w e l l  a s  l i m i t i n g  t h e  

d e g r e e  o f  r e s o l u t i o n .  F i r s t l y ,  t h e r m a l  D o p p le r  b r o a d e n i n g  g r e a t l y  i n 

c r e a s e d  t h e  e f f e c t i v e  l i n e  w id th  t h e r e b y  r e d u c i n g  t h e  r e s o l u t i o n ,  and  

s e c o n d l y  t h e  r e c o i l  o f  t h e  e m i t t i n g  n u c l e u s  d i s p l a .c e s  t h e  e m is s io n  l i n e  

from  t h e  a b s o r p t i o n  l i n e  so  t h a t  l i t t l e  o v e r l a p  o c c u r s  an d  r e s o n a n c e  

a b s o r p t i o n  i s  n o t  o b s e r v e d .

I t  was M ossb au e r* s  d i s c o v e r y  ( 3 ) t h a t  s e c u r i n g  t h e  e m i t t i n g  

n u c le u s  i n  a n  i n e r t  m a t r i x  a t  lcrw t e m p e r a t u r e s  gave  a  f i n i t e  p r o b a b i l i t y  

t h a t  t h e  r e c o i l  momentum o f  t h e  y -  r a y  would  be  t r a n s f e r r e d  t o  t h e  c r y 

s t a l  a s  a  w hole  and  n o t  t o  t h e  s i n g l e  e m i t t i n g  n u c l e u s .  T h i s  w i l l

( = E .y /m c ^ )  i s  l e s s  t h a n  

t h e  e n e rg y  r e q u i r e d  t o  e x c i t e  t h e  v i b r a t i o n a l  e n e rg y  l e v e l s  i n  t h e  l a t t i c e .  

U nder t h e s e  c o n d i t i o n s  t h e  r e c o i l  e n e rg y  and  D o p p le r  b r o a d e n i n g  a s s o c i a t e d  

w i t h  t h e  t r a n s i t i o n  a r e  c h a r a c t e r i s e d  b y  t h e  mass and  random v e l o c i t y  

o f  t h e  w hole  c r y s t a l ,  and  a r e  t h e r e f o r e  made n e g l i g i b l e  so  t h a t  t h e  e m i t 

t e d  l i n e  h a s  e s s e n t i a l l y  t h e  e n e rg y  and  w id th  d e f i n e d  b y  t h e  t r a n s i t i o n  

i . e .  t h e  e m is s io n  Trill be  r e c o i l l e s s .  T h i s  e f f e c t  t h e r e f o r e  m akes i t  

p o s s i b l e  t o  o b t a i n  t h e  f u l l  i n t r i n s i c  r e s o l u t i o n  a s s o c i a t e d  w i t h  t h e  

e m i t t e d  h ig h  e n e rg y  y -  r a y s .

1 . .1 .1 .  N u c le a r  R esonance  A b s o r p t i o n .

C o n s id e r  t h e  p r o c e s s  o f  r e s o n a n c e  a b s o r p t i o n  i n  t h e  t i n  n u c l e u s .

The i s o t o p e  ^ 9 S n  i s  p ro d u c e d  from t h e  r a d i o a c t i v e  d e c a y  p r o c e s s  i n  t h e

m e t a s t a b l e  p r e c u r s o r  p r e p a r e d  by n e u t r o n  c a p t u r e  i n  i s o t o p i c a l l v

6-

o c c u r  when t h e  r e c o i l  e n e rg y  o f  t h e  n u c l e u s  FL.



Figure 1 .1 . The process of R e c o ille s s  Nuclear Resonance Absorption

(MI )

- 11/ 2 ,

+3/2

+ 1/2

. 119_m  Sn

119m

1

y 65.66KeV

r _<

Sn 245d

Source

< V

y-ray

2 3 .8KeV

•(Eg)

•U 9 Sn*

119 Sn

Absorber

Absorption

E' Energyo Eo
Emission P r o f ile Absorption P r o f i le

Absorption

Su perposition ing o f the 
Emission and Absorption  
p r o f i le s  g ives Resonant 
Absorption.

Energy

Resonant Absorption 
7



e n n c n e a  "'Dn. a s i m p m i e a  e n e rg y  l e v e l  d iag ra m  i s  shown i n  f i g u r e

1.1 w h e re ,  f o l l o w i n g  t h e  n o rm a l r a d i o a c t i v e  d e c a y  p r o c e s s ,  t h e  m eta 

s t a b l e  ^9 rcS n  n u c l e u s  i s  s e e n  t o  p ro d u c e  ^ ^ S n  i n  a n  e x c i t e d  s t a t e ,  

H 9 s n * .  The e x c i t e d  n u c l e u s  t h e n  v e r y  r a p i d l y  d e c a y s  t o  t h e  g ro u n d  

s t a t e  119Sn r e s u l t i n g  i n  t h e  e m is s io n  o f  a  Y -  r a y  o f  e n e rg y  23.8KeV.

A s e c o n d  t i n  n u c l e u s ,  i n i t i a l l y  i n  t h e  g ro u n d  s t a t e ,  p l a c e d  i n  t h e  

p a t h  o f  t h e  e m i t t e d  p h o to n  w i l l ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  a b s o r b  t h e  

e n e rg y  o f  t h e  p h o to n  t o  become an  e x c i t e d  t i n  n u c l e u s .  T h i s  g ro u n d  s t a t e  

n u c l e u s  i s  r e f e r r e d  t o  a s  t h e  ABSORBER a n d  t h e  o r i g i n a l  e x c i t e d  n u c l e u s  

a s  t h e  SOURCE. The p r o c e s s  o f  a b s o r p t i o n  i s  RESONANT ABSORPTION i n  w hich  

b o t h  t h e  e m is s io n  and  a b s o r p t i o n  e n e rg y  p r o f i l e s  a r e  s e e n  t o  c o m p l e t e l y  

o v e r l a p .

1.1.-2 Line Width o f y-ray Emission -

The em itted y-rays are not m onoenergetic but have an energy 

spread about a mean energy EQ (fig u re  1 .2 ) .  The d is tr ib u tio n  has a 

c er ta in  natural l in e  width (T) and has a Lorentzian l in e  shape which 

i s  defined by the B reit -  Wigner equation ( ) : -

X (E) i  .  ------------------ ( 1 . 1 )
2 n  (E -  E0 ) 2 + (r / 2 ) 2

where : I ;  (E) = in te n s ity  of the d is tr ib u tio n  at energy E
fs  = p ro b a b ility  of em ission from the source

T = natural l in e  width
Eq = tr a n s it io n  energy.

The natural l in e  width ( D  i s  determined from the Heisenberg

U ncertainty P r in c ip le :

r = -  ( 1 . 2 )
T

where x = mean l ife t im e  o f the ex cited  s ta te  ( = t^ /0 .693 )

The ground s ta te  nuclear le v e l has an in f in i t e  l i f e t im e  and hence 

a zero un certa in ty  in  energy whereas the energy of the ex c ited  s ta te  of 

the source cannot be measured sharply. Hence, the natural l in e  width 

i s  proportional to the p ro b a b ility  of a tr a n s it io n  occurring from an 

ex cited  energy le v e l  to a ground s ta te  energy le v e l .

Typical values for T are of the order of 10""6 -  10” 10s .
8



Figure 1 .2  Diagram showing the Lorentzian d is tr ib u tio n  of em itted y-rays

1(E)

E E Energy

In p r a c tic a l resonance spectroscopy the minimum f u l l  width a t h a lf  h eigh t  

(Tg) i s  used which represents the d is tr ib u tio n  of y-ray energies of 

width Tjj a t h a lf  h e ig h t. is  defined as tw ice the natura l l in e  width

( = 2 D ) .

Thee.full width a t h a lf  heigh t a lso  determines the r e so lu t io n  of the 

technique. For example, for  a mean l i f e  of T  -  2.56 x 1 Q ” 8 s  then = 

2.55 x 10~8 eV.

I f  the tr a n s it io n  energy i s  23.8 keV then:

AE
E

H 2.55 x 10
T -  = 1 0 - 1  2

E 23.8 x 10'

i . e .  a r e so lu tio n  of 1 part in  1012 i s  th e o r e t ic a lly  p o s s ib le .

1 .1 .3  R eco il Energy Loss and Doppler Broadening

In the d iscu ssio n  of Nuclear Resonance Absorption, i t  was assumed

th at as a r e s u lt  o f the tr a n s it io n  from the ex c ited  nuclear energy

le v e ls  to  the ground s ta te  energy le v e l ,  the em itted photon has an energy

E  ̂ equal to the tr a n s it io n  energy Et . However, by the em ission  of a

photon momentum conservation  demands that the momentum p_ of the photon

and the momentum P_ of the r e c o ilin g  system be equal and o p p o site . The

r e c o ilin g  system hence rece iv es  an energy Ep_ given by
2

E = Zf. = e !  = E Y 
R 2M 2M 2Mcz (1 .3 )

9



n i t J i e j L u , y  n it ;  i / u u a e r v c t u i u i i  u i  rintJX'gy:

Efc = Ey + Eh  .

S i n c e  Eg i s  s m a l l  com pared t o  Ey , ( 1 . 3 )  "becomes

E

2 Me4

(1.4)

( 1 . 5 )

C o n s e q u e n t ly  e m is s io n  o f  t h e  y -  r a y  from  t h e  s o u r c e  r e s u l t s  i n  a  

s h i f t  i n  e n e rg y  o f  t h e  e m is s io n  e n e rg y  p r o f i l e  o f  t h e  -o rd e r  E-fc -  %  .

E a r  r e s o n a n c e  a b s o r p t i o n  t o  o c c u r  i n  a n o t h e r  a to m , a  y -  r a y  o f  e n e rg y  

E^ = E^ + Eh  i s  r e q u i r e d .  The a f f e c t  o f  Eg on t h e  e m is s io n  and  

a b s o r p t i o n  e n e r g y  d i s t r i b u t i o n s  i s  shown i n  f i g u r e  1 .3*  S i n c e  t h e r e  i s  

a n  e n e rg y  d i f f e r e n c e  o f  2 t h e  p r o b a b i l i t y  o f  r e s o n a n t  a b s o r p t i o n  

b e i n g  o b s e r v e d  depends  on t h e  m ag n i tu d e  o f  E^ . F o r  t r a n s i t i o n  e n e r g i e s  

o f  t h e  o r d e r  104 eV, Eg i s  s i g n i f i c a n t  an d  o v e r l a p  o f  t h e  e n e r g y  p r o f i l e s  

i s  p o o r .

I n  a d d i t i o n ,  t h e  e m is s io n  and  a b s o r p t i o n  e n e rg y  p r o f i l e s  e x p e r i e n c e  

'D o p p le r  B r o a d e n i n g ' ,  E p ,w h ich  a r i s e s  from  t h e  random th e r m a l  v e l o c i t i e s  

o f  t h e  s o u r c e  an d  a b s o r b e r  n u c l e i .

F i g u r e  1 .3  The a f f e c t  o f  T herm al D o p p le r  b r o a d e n i n g  and  R e c o i l  on t h e  
e n e rg y  p r o f i l e s  o f  t h e  e m i t t i n g  and  a b s o r b i n g  a to m s .

In te n s i ty

Resonant 
. Fluorescence'

10



■±■11 e em iaso n  01 a  y -  r a y  01 e n e rg y  from a n  e x c i t e d  n u c l e a r  s t a t e  

o f  a  n u c l e u s  h a v in g  a  v e l o c i t y  Vx, i s  r e p r e s e n t e d  b y : -

Ee + i  M Vx2 = Eg + Ey + i  M(Vx + v ) 2 ( 1 .6 )

(w here  v  i s  t h e  v e l o c i t y  o f  t h e  y  - r a y )

Since E  ̂ = (Ee -  Eg):

Et  -  Ey » i  M Vx2 + Mv Vx ( 1 . 7 )

= ER + Ed ( 1 . 7 ( a ) )

The k i n e t i c  e n e rg y  o f  a  n u c l e u s  i n  a  d i r e c t i o n  x  from  r e c o i l  i s  

g i v e n  b y : -

Ek = M Vx2 ®  K T  ( 1 . 8 )

and  (Vx2) s  = j~2 Ek ( 1 . 9 )

vl M

S u b s t i t u t i n g  f o r '  (Vx2 ) i  i n  1 .7  g i v e s :

Ep = 2 .J  Er .  K T ( 1 .1 0 )

Thus t h e  y - r a y  d i s t r i b u t i o n  i s  s h i f t e d  by  t h e  m a g n i tu d e  o f  E ^  

and  b ro a d e n e d  by  tw i c e  t h e  mean o f  t h e  r e c o i l  e n e rg y  an d  t h e  a v e r a g e  

t h e r m a l  e n e r g y .  F i g u r e  1 .3  shows t h e  e f f e c t  o f  E r  and  Ep on t h e  

e m i s s io n  and  a b s o r p t i o n  s p e c t r a .  The d e g re e  o f  o v e r l a p  b e tw e e n  t h e  

two e n e rg y  p r o f i l e s  a s  a  r e s u l t  o f  D o p p le r  b r o a d e n i n g  i s  s e e n  t o  be 

s m a l l .  I n  o r d e r  t o  o b s e rv e  r e s o n a n c e  a b s o r p t i o n  i t  i s  n e c e s s a r y  t h e r e 

f o r e  t o  e l i m i n a t e  t h e  e f f e c t s  o f  r e c o i l  an d  D o p p le r  b r o a d e n i n g .

1 .1 .4  Energy tr a n sfe r  to  the L a ttice  and K e co ille ss  Emission

R .L . M o ssb au e r  i n  1958 o b s e rv e d  t h a t  t h e  r e c o i l  e n e rg y  l o s s  c o u ld

be s i g n i f i c a n t l y  r e d u c e d  b y  m ak ing  t h e  e f f e c t i v e  r e c o i l i n g  m ass e q u a l  

t o  t h e  mass o f  t h e  l a t t i c e  r a t h e r  t h a n  t h e  mass o f  t h e  n u c l e u s ,  an d  by  

c o o l i n g  t h e  a b s o r b e r  and  /  o r  t h e  s o u r c e  t o  low t e m p e r a t u r e s  w hereupon  

Er. and  Ep become n e g l i g i b l e  and  l i n e  w id th s  a p p ro a c h  t h e  n a t u r a l  w id th  

o f  t h e  n u c l e a r  t r a n s i t i o n  ( r  ) .  F o r  p r a c t i c a l  t i n  M o ssb au e r  s t u d i e s  t ’a e  

s o u r c e  i s  p l a c e d  i n  an  i n e r t  s o l i d  l a t t i c e  o r  m a t r i x  { u s u a l l y  b a r iu m  

o r  c a lc iu m  s t a n n a t e  ) and t h e  a b s o r b e r  i s  c o o le d  t o  l i q u i d  n i t r o g e n  

t e m p e r a t u r e s .
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±11 ox its ^xnaoexii  m ouei ox xne x a x x ic e  xne s o ± i a  i s  c o n s i d e r e d  a s  a  

quantum  m e c h a n ic a l  sy s te m  i n  w hich  i t r  e n e rg y  i s  q u a n t i s e d  and  t r a n s i t i o n s  

w i t h i n  t h e  s y s te m  o c c u r  th r o u g h  Phonon i n t e r a c t i o n s .  The E i n s t e i n  E ne rgy  

Ee i s  t h e  minimum e n e r g y  r e q u i r e d  t o  e x c i t e  t h e  l a t t i c e  and  c o r r e s p o n d s  

t o  a  s i n g l e  phonon t r a n s i t i o n .  The v i b r a t i o n a l  -en e rg y  o f  t h e  l a t t i c e  a s  

a  w hole  c an  o n l y  change  by  d i s c r e t e  am ounts  0 ,  +few, ±2fe& , e t c . . .  (few =

Ee t h e  E i n s t e i n  e n e rg y )  a n d ,  d e p e n d in g  on i t s  m a g n i tu d e ,  t h e  r e c o i l  e n e rg y  

%  o f  a  s i n g l e  n u c l e u s  can  be t a k e n  up e i t h e r  b y  t h e  whole  c r y s t a l  o r  i t  

c an  be  t r a n s f e r r e d  t o  t h e  l a t t i - c e  t h r o u g h  phonon i n t e r a c t i o n s  t h e r e b y  

i n c r e a s i n g  t h e  v i b r a t i o n a l  e n e rg y  o f  t h e  c r y s t a l .  I f  t h e  r e c o i l  e n e rg y  

i s  l e s s  t h a n  Ee t h e n  a  z e r o  phonon i n t e r a c t i o n  o c c u r s  and  no e n e r g y  i s  

t r a n s f e r r e d  t o  t h e  l a t t i c e  and  t h e  r e c o i l  i s  t a k e n  up b y  t h e  w hole  c r y s t a l .  

I f  t h e  r e c o i l  e n e rg y  i s  g r e a t e r  t h a n  Ee t h e n  many phonon i n t e r a c t i o n s  may 

be  i n v lo v e d  a n d  t h e  e n e rg y  i s  t r a n s f e r r e d  t o  t h e  v i b r a t i o n a l  e n e r g y  o f  

t h e  l a t t i c e .  C o n s e q u e n t ly  t h e  e m i t t e d  y -  r a y  s u f f e r s  e n e rg y  r e c o i l  and  

i s  D o p p le r  b r o a d e n e d .

F o r  many low e n e rg y  t r a n s i t i o n s  ( < 1 0 ^  eV ) i n  s o l i d s  a t  low  tem p

e r a t u r e s  t h e r e  i s  a  f i n i t e  p r o b a b i l i t y  o f  e m is s io n  o f y - r a y s  w i t h o u t  

r e c o i l  e n e rg y  l o s s .  T h i s  p r o b a b i l i t y  i s  te rm ed  t h e  r e c o i l l e s s  f r a c t i o n  

1 f  and  i s  e x p r e s s e d  a s : -

f  = exp o ' 2 -dir d <y >

X2
2w here  <£• > i s  t h e  mean s q u a r e  v i b r a t i o n a l  a m p l i t u d e  o f  t h e  e m i t t i n g  

( o r  a b s o r b i n g )  n u c le u s  i n  t h e  s o l i d

\  i s  t h e  w a v e le n g th  o f  t h e  p h o to n .

( T h i s  e x p r e s s i o n  i s  o b t a i n e d  by r e d u c i n g  t h e  H a m i l to n i a n  o p e r a t o r  f o r

t h e  atom to  one te rm  w hich r e p r e s e n t s  t h e  t r a n s i t i o n  from t h e  i n i t i a l

v i b r a t i o n a l  s t a t e  L-. t o  t h e  f i n a l  v i b r a t i o n a l  s t a t e  ( 5 )

i . e .  f  = c o n s t a n t .  | < Lp | e ^ * x  | L  > | ^ ^ 1 .1 2 )

w here  k  i s  t h e  wave v e c t o r  f o r  t h e  e m i t t e d  y -  p h o to n  ( t h e  num ber o f  u n i t s  
o f  momentum i t  c a r r i e s  = Ey / f e e )  

x  i s  t h e  c o - o r d i n a t e  v e c t o r  o f  t h e  c e n t r e  o f  mass o f  t h e  d e c a y in g  
n u c l e u s ) ,

12



displacem ent must be kept to a minimum to  observe the Mbssbauer E ffe c t
. . .  ^

(s in c e  f  in creases as <y > decreases ) .  In the Debye model, the s o lid  

i s  assumed to be composed o f a continuum of o s c i l la t o r  frequencies so 

th at equation 1.11 becomes: -

f  -  exp -  6 E .  I I  f  T \2 ,2 /Tx . dxR I +
k e. e, x  ie -  1

(1 .13)
D V- ' \  VD /  0

The in te g r a l can only be solved  under cer ta in  con d ition s i . e .  a t

absolu te  zero and a t high temperatures when the expression  reduces t o : -

(5)

(1) At A bsolute zero:

f  = exp 1 3
2  e.

(2) At the high temperature l im it  (where T > 0^)
f  = exp - 6 V -  T

K D

(1 .1 4 )

(1 .15 )

The re la t io n sh ip  between the r e c o i l le s s  fr a c tio n  ' f f and the temp

erature has been the su bject i f  numerous in v e s t ig a tio n s  and a p p lic a tio n s ,  

fo llow in g  ea r ly  in v e s t ig a tio n s  by Boyle e t  a l  (6) and Hohenemser3(7) on 

standard t in  so u rces .

1 .1 .5  O bservation of the Mbssbauer E ffe c t

To observe a conventional Mbssbauer spectrum the source i s  mounted 

on a moving platform  and the energy o f the emmitted y -  ray i s  sh if te d  

by the Doppler E ffe c t . Having minimised the r e c o il  energy lo s s  and 

Doppler broadening the em ission and absorption p r o f i le s  are s t i l l , i n  

general, not co in cid en t in  terms o f energy due to the d if fe re n c e  between 

the source and absorber and only when the two p r o f i le s  com pletely overlap  

w ill  resonance occur. To observe resonance the energy o f the em itted  

y -ray i s  m odified by imparting a range o f v e lo c i t ie s  to the source such 

th a t: -

(1 .1 6 )E = E + Et -V t  — —

I f  the Doppler v e lo c ity  i s  app lied  to the source w ith  resp ect to

13



i . e .  t h e  e f f e c t i v e  E i s  now t h e  l i n e  p o s i t i o n  w i th  t h e  new e n e rg y  . 

a c c o r d i n g  t o  t h e  above  r e l a t i o n s h i p .  I f  a  r a n g e  o f  v e l o c i t i e s  i s  s c a n 

ned  t h e n  when t h e  e f f e c t i v e  e m is s io n  and  a b s o r p t i o n  p r o f i l e s  a r e  e x a c t l y  

c o i n c i d e n t  r e s o n a n c e  a b s o r p t i o n  w i l l  be  a t  a  maximum. At h i g h e r  o r  

lo w e r  v e l o c i t i e s  t h e  r e s o n a n c e  w i l l  d e c r e a s e  u n t i l  i t  i s  e f f e c t i v e l y  

z e r o  and  t h e  two e n e r g y  p r o f i l e s  a r e  a  maximum d i s t a n c e  a p a r t .  T h i s  

s e q u e n c e  o f  e v e n t s  c o m p r is e s  t h e  M o ssb a u e r  s p e c t ru m  -  a  p l o t  o f  a b s o r p 

t i o n  a g a i n s t  a  s e r i e s  o f  D o p p le r  v e l o c i t i e s  b e tw e en  t h e  s o u r c e  and  

a b s o r b e r  ( f i g u r e  1 . 4 )

F i g u r e  1 .A. The r e s u l t a n t  M b ssb au e r  s p e c t r u m  .

Absorp
tio n

Maximum resonance 
i s  achieved when 
the applied  
Doppler v e lo c ity  
causes the source  
and absorber 
energy p r o f i le s  
to be c o in c id en t.

-  V 0

V elo c ity  (mm s*"1)

+ V



H a v in g  e s t a b l i s h e d  t h a t  n u c l e a r  r e s o n a n c e  a b s o r p t i o n  o c c u r s  when 

t h e  e m is s io n  and  a b s o r p t i o n  e n e rg y  p r o f i l e s  a r e  e x a c t l y  c o i n c i d e n t  i t  

f o l l o w s  t h a t  a  s i n g l e  a b s o r p t i o n  p e a k  w i l l  be  o b s e rv e d  i n  t h e  s p e c t ru m  

a t  z e r o  v e l o c i t y  when t h e  s o u r c e  and  a b s o r b e r  n u c l e a r  e n e rg y  l e v e l s  a r e  

i d e n t i c a l .  D i f f e r e n t  a b s o r b e r s  w i l l  n o t  h a v e  t h e  same d i s t r i b u t i o n  o f  

n u c l e a r  e n e rg y  l e v e l s  and  t h e r e f o r e  r e q u i r e  d i f f e r e n t  D o p p le r  v e l o c i t i e s  

t o  a c h i e v e  r e s o n a n c e  a b s o r p t io n *  T h a t  d i f f e r e n t  a b s o r b e r s  g i v e  r i s e  t o  • 

d i f f e r e n t  s p e c t r a  r e f l e c t s  t h e  s e n s i t i v i t y  o f  t h e  M o ssb a u e r  t e c h n i q u e  

t o  c h a n g es  i n  t h e  d i s t r i b u t i o n  o f  t h e  n u c l e a r  e n e rg y  l e v e l s  a s

a  r e s u l t  o f  c h a n g es  i n  t h e  e x t r a n U c l e a r  e n v i r o n m e n t .  T h ese  c h a n g es  a r i s e  

from  H y p e r f in e  I n t e r a c t i o n s  b e tw e en  t h e  n u c l e a r  c h a rg e  d i s t r i b u t i o n  and 

t h e  e x t r a - e l e c t r i c  and  m a g n e t ic  f i e l d s  an d  g i v e  r i s e  *to t h e  I s o m e r  S h i f t  

(S ) ,  Q u a d ru p o le  S p l i t t i n g  ( AEq) , and  m a g n e t ic  seem an s p l i t t i n g  

o b s e rv e d  i n  t h e  M o ssb a u e r  s p e c t r u m .

1 . 2 . 1  The I s o m e r  S h i f t

The i s o m e r  s h i f t  a r i s e s  from  t h e  . e l e c t r o s t a t i c  i n t e r a c t i o n  b e tw e e n  

t h e  c h a rg e  d i s t r i b u t i o n  o f  t h e  n u c l e u s  an d  t h o s e  e l e c t r o n s  w h ich  h a v e  

a  f i n i t e  p r o b a b i l i t y ,  o f  e x i s t i n g  i n  t h e  n u c l e a r  volume i . e .  t h e  ’ s '  

e l e c t r o n s .  The_s -  e l e c t r o n  d e n s i ty "  o f  a , g i v e n  a b s o r b e r ,  i n  g e n e r a l ,  

d i f f e r s  from  t h a t  o f  t h e  s o u r c e ^ s o  t h a t  t h e  i n t e r a c t i o n  e n e r g i e s  w i l l  

d i f f e r  and  a  s h i f t  i n  t h e  e n e rg y  l e v e l s ,  w i t h  r e s p e c t  t o  t h o s e  o f  t h e  

s o u r c e ,  i s  o b s e r v e d .  C o n s e q u e n t ly  a  D o p p le r  v e l o c i t y  i s  a p p l i e d  t o  t h e  

s o u r c e  t o  a c h i e v e  r e s o n a n c e  a b s o r p t i o n  ( f i g u r e  1 . 5 ) .

The i n t e r a c t i o n  e n e r g i e s ,  and  t h u s  t h e  s h i f t  i n  n u c l e a r  e n e r g y  

l e v e l s ,  can  be e s t i m a t e d  from  t h e  d i f f e r e n c e  i n  t h e  e l e c t r o s t a t i c  i n t e r 

a c t i o n  o f  a  h y p o t h e t i c a l  p o i n t  n u c le u s  and  a  s p h e r i c a l  n u c le u s  7 / i th  a  

u n i fo r m  c h a rg e  d i s t r i b u t i o n  ( 5 » 8 ,9 ) .  The p o t e n t i a l  due  t o  t h e  s p h e r i c a l  

n u c l e a r  c h a rg e  d i s t r i b u t i o n  a t  a  r a d i a l  d i s t a n c e  r  from  t h e  o r i g i n  i s :

Vr  = -  Ze2 3. t  r 2
R _ 2 2R2

f o r  r  <R
(R i s  t h e  r a d i u s  o f  t h e  

n u c l e a r  vo lum e)



rx&ux-e i .3  m e  e n e c x  01 xne E l e c t r o s t a t i c  i n t e r a c t i o n  on t h e  
— — —  d i s t r i b u t i o n  b e tw e en  t h e  a b s o r b e r  e n e rg y  l e v e l s  w i th  

r e s p e c t  t o  t h o s e  o f  t h e  s o u r c e .

ex

S ingle  l in e  source

>

S in g le  lin e  
absorber

Absorption

Isomer S h ift  =

-V 0 +v

; V

V elo c ity  (mm s ” 1)
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— 7 e 2
= = -^ -  for  r > RPt r

The d iffe re n c e  between the e le c tr o s ta t ic  in ter a c tio n  of a nucleus

— -r2of f i n i t e  volume w ith  js -e lec tro n  d en sity  |^ (o) I , and the in te r a c tio n

of a poin t nucleus of equal charge d en sity  i s  th erefore: . 
rr>R _____ _2

6E = |^(o)gJ * (Vr -  Vp t) «47rr2«dr (1 .17)
r<R

(where 4iTr2 «dr i s  the change in  nuclear volume).

Evaluating the term (Vr -  Vpt ) under the lim its  s e t  reduces the  

equation to:

<5E = - y  Z e 2 - |^ ( o)J J 2 -R2 (1 .18 )

Since the nuclear ex c ited  and ground s ta te s  do not have the same r a d ii  

of eq u iva len t charge d is tr ib u tio n  the ^ -e lec tro n s  w i l l  th erefore  have 

a d if fe r e n t  in ter a c tio n  w ith  the nuclear charge.

Therefore:

6E -  SE = y  Z e2 • U (o ) "]2 (R2 -  R2 ) (1 .19)ex gd 5 . LI s j  ex gd

The term (^E ^ -  Ê ^) can only be evaluated w ith resp ect to a

given source -  absorber pair s in ce  (6Eex -  'SE for  the absorber w i l l

d if fe r  from the corresponding term for the source.

The term (R2 -  R2j ) w i l l  be constant in  both source and absorberex gd

for a given iso to p e  and thus the only remaining in flu en ce  on the isomer 

s h i f t  i s  the term in vo lv in g  the s -e le c tr o n  d en sity  which w i l l  be

d if fe r e n t  in  the source and absorber.

From fig u re  1*5

E = E + Z e 2 U i ( o ) l 2 |R2 ~ R2 "] (1 .20 )source o 5 3_|s [_ex gdj

E ,  , = E + ~ Z e 2 U ( o ) l 2 [R2 -  R2 ~\ (1 .21 )absorber o 5 |_ s_[a |_ex gd_[

Since the Isomer S h ift  = 6 = Ea -  Es 

then: <5 = Z e 2 [ f ( 0 ) s j a  '  [ ! ( 0 ) s]I (R2 -  R2 ) (1 .22 )ex gd

Equation 1.22 shows the isomer s h i f t  to be dependent upon the s -
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cxtsuoj.-un u e n a iu y  a.x xne n u c l e u s .  Arxnougn xne e l e c t r o n s  i n  t h e  i s ,

2s , 3s . . .  l e v e l s  w i l l  a l l  c o n t r i b u t e  t o  [ $ ( o ^  ]  2 , f o r  t i n  t h e s e  i n n e r  

s h e l l s  a r e  n o t  m a rk e d ly  a f f e c t e d  by  t h e  c h e m ic a l  bonding* s o  t h a t  t h e  

p r i n c i p a l  i n f l u e n c e  on t h e  i s o m e r  s h i f t  w i l l  b e  by  t h e  o u t e r m o s t  

o c c u p ie d  _s -  o r b i t a l .

I n  a d d i t i o n ,  t h e  i s o m e r  s h i f t  i s  s e n s i t i v e  t o  c o n t r i b u t i o n s  from  

t h e  non - _s e l e c t r o n s ,  p -  e l e c t r o n s  i n  t h e  t i n  i s o t o p e  w i l l  s p e n d  a  

f i n i t e  t im e  n e a r  t o  t h e  n u c l e u s  t h e r e b y  c h a n g in g  t h e  s  -  e l e c t r o n  

d e n s i t y  a t  t h e  n u c l e u s  and  r e s u l t i n g  i n  a  change  i n  t h e  e f f e c t i v e  

p o t e n t i a l  a c t i n g  on t h e  o u t e r m o s t  s . -  e l e c t r o n s .  S uch  s h i e l d i n g  e f f e c t s  

c a u s e ^ a  r e a r r a n g e m e n t  o f  t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  £  -  e l e c t r o n s

and  r e s u l t s  i n  a  change  t o  t h e  t o t a l  e l e c t r o n  d e n s i t y  a t  t h e  n u c l e u s .

2 2
The te rm  ( Rex  -  ) r e p r e s e n t s  t h e  d i f f e r e n c e  i n  n u c l e a r  r a d i i

b e tw e en  t h e  e x c i t e d  and  g ro u n d  s t a t e s  o f  t h e  n u c le u s  and  may h a v e  p o s i t i v e  

o r  n e g a t i v e  v a l u e s .  S i n c e  t h i s  te rm  i s  c o n s t a n t  f o r  a  g i v e n  i s o t o p e  

t h e  i s o m e r  s h i f t  i s  d i r e c t l y  r e l a t e d  t o  t h e  d i f f e r e n c e  i n  s  -  e l e c t r o n

/ 2 2 Xd e n s i t y  b e tw e e n  t h e  s o u r c e  and  a b s o r b e r .  F o r  ex am p le ,  w here  (Re x  -  Rg^ ) 

i s  p o s i t i v e  ( a s  f o r  ^ ^ S n  ) an  i n c r e a s e  i n  t h e  s  - e l e c t r o n  d e n s i t y  

r e s u l t s  i n  a  more p o s i t i v e  i s o m e r  s h i f t .  C o n v e r s e ly ,  w here  t h e  te rm  i s  

n e g a t i v e  ( a s  f o r  57pe ) an  i n c r e a s e  i n  t h e  js -  e l e c t r o n  d e n s i t y  a t  t h e  

a b s o r b e r  n u c l e u s  r e s u l t s  i n  a  more n e g a t i v e  i s o m e r  s h i f t .

I n  119Sn M o ssb au e r  s p e c t r o s c o p y  t i n  compounds h a v in g  t h e  minimum 

_s -  e l e c t r o n  d e n s i t y  ( s u c h  a s  s t a n n i c  o x i d e ,  and  b a r iu m  an d  c a lc iu m  

s t a n n a t e s )  a r e  u s e d  a s  s t a n d a r d  s o u r c e s  so  t h a t  a l l  o t h e r  t i n  a b s o r b e r s  

g iv e  a  z e r o  o r  p o s i t i v e  i s o m e r  s h i f t  r e l a t i v e  t o  t h e  s o u r c e .

1 . 2 . 2  The c ju a d m p o le  S p l i t t i n g

The q u a d ru p o ie  s p l i t t i n g  a r i s e s  from  t h e  i n t e r a c t i o n  o f  t h e  n u c l e a r  

q u a d ru p o ie  moment w i th  t h e  l o c a l  e l e c t r i c  f i e l d  g r a d i e n t .  I n  d e f i n i n g  

t h e  i n t e r a c t i o n  t h a t  gave  r i s e  t o  t h e  i s o m e r  s h i f t  t h e  n u c l e u s  was con

s i d e r e d  t o  be  s p h e r i c a l  w i th  a  u n i fo r m  c h a rg e  d e n s i t y  i . e .  t h e  s p i n  

a n g u l a r  momentum l^l) ■ 0 o r  f  r e s u l t i n g  i n  a  z e r o  q u a d ru p o ie  moment.
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d en sity  i s  no longer uniform and the nucleus assumes e ith e r  a p ro la te  

or an ob la te  shape r e s u lt in g  in  a d isc r e te  quadrupoie moment. The 

expression  d escr ib in g  the in ter a c tio n  o f the quadrupoie moment ( MT ) 

with the lo c a l e le c t r ic  f i e ld  gradient i s  g iven  by ( S '  ) : -

E q = e q 0,
4 I (  21 - 1 )

(1 .2 3 )

where Q = nuclear quadrupoie moment 

T) = .asymmetry parameter

( removes the degeneracy from the nuclear energy le v e ls  which

have d if fe r e n t va lu es fo r  the magnetic quantum number. The le v e l s  fo r  

which Mi changes in  s ig n  only  remain degen erate). For 57pe and "^^Sn, 

I e = 3/2 and Ig  = i / 2 .  The 1 = 3 / 2  le v e l  i s  s p l i t  in to  two le v e ls

(Mj = + 3/ 2 , + 1 / 2  ) w hile the 1 = 1 / 2  l e v e l  remains degenerate as

shown in  fig u re  1 .6 . Both tr a n s it io n s  shown in  the diagram are allow ed  

and a c h a r a c te r is t ic  two l in e  spectrum i s  observed. The sep aration  o f  

the two peaks i s  the quadrupoie s p l i t t in g  £ AE^ (=e^<lQ /2 )J  and the  

centre o f  the s p l i t t in g  g iv es  the isomer s h i f t .

Tn each, case  where th e degeneracy i s  removed the magnitude o f  the  

s p l i t t in g  i s  determined by the in te r a c tio n  o f  the quadrupoie moment 

with the Z component o f the electric f i e ld  gradient (E .F .G ).

The E .F .G . a r i s e s  a s  a  r e s u l t  o f ’ th e  n o n - s p h e r ic a l  c h a rg e  d i s 

t r i b u t i o n  a ro u n d  th e  n u c le u s  a n d , by  d e te r m in a t io n  o f  i t s  o r i g i n ,  

a l lo w s  th e  b a s i s  f o r  d e te r m in in g  th e  c o - o r d i n a t io n  a b o u t  t h e  n u c le u s  

to  b e  d e r iv e d .  I t  i s  d e f in e d  by a  3 x  3 m a t r ix  w h ich  c o n ta in s  th e  

r e s u l t a n t  c o m b in a tio n s  o f  th e  c a r t e s i a n  ax e s  from  th e  c e n t r e  o f  th e  

n u c le u s ,  and w h ich  r e p r e s e n t s  th e  n e g a t iv e  g r a d i e n t  o f  th e  e l e c t r i c

f i e l d  from  a p o i n t  c h a rg e  s i t u a t e d  a t  any p o i n t  a ro u n d  th e  n u c le u s

w i t h in  th e  l i m i t s  s e t  by th e  r e s u l t a n t  c a r t e s i a n  c o - o r d i n a t e s  i . e .

E .F .G . = VE =

V V V vxx Yxy ¥xz

Vyx Tyy -®yz 

y  zx "Vzy Vzz

1-9

where V. . =i j  d i d j



- - o   » ^ • * u u v .i .a u L .j .Uu  u j. m e  u u c x e a r  quaarupoie moment w ith the- E le c tr ic
F ie ld  Gradient fo r  I =3/2 and I =1 /2 .

e g

I =3/2

Absorption

Quadrupoie S p lit t in g  

Isomer S h ift

- 1 0 +1 
V elo c ity  (mms )

The above m atrix i s  reduced by choosing a p r in c ip a l s e t  o f axes 

so that the o ff-d ia g o n a l terms are reduced to zero and the tensor  

has only three components: Vyy, V2Z. . Under such con d ition s th ese

three components are not independent and are re la ted  by the Laplace equation:

vxx: + vy3T + vzz “ ®

By convention the Z co-ord inate  of the E.F.G. i s  chosen to co in c id e

w ith the h igh est symmetry ax is of the m olecule or c r y s ta l. The

remaining two co-ord in ates are evaluated using an asymmetry term, n,
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i i u i m c i x i o c o  o n e  u . j L x x  e x . c n u c  x x j . p u o e x u x c i x  u t J i / W f c J f c i l l  cLIXU. v y y  WX o i l

resp ect to  Vzz i . e .

77 = Y*x  -  Yyy
Vzz

Thus Vzz  and 7 7  are the only  two independent components in  equat

io n  I . 2 3 . The p r in c ip a l axes are u su a lly  chosen such th at the non

diagonal components are zero and th at VzZ 2 Vyy $ Yxx , thereby  

making 0.< 77 <1. For an a x ia l ly  symmetric f i e ld  gradient Vyy

and so 77= 0 , and fo r  cubic or sp h er ica l symmetry each o f  the Y^± = 0

and the quadrupoie in te r a c tio n  i s  zero .

I t  i s  evident th at the p o s it io n  o f the poin t charges in  the v ic in i t y

o f the n u cleus, w ith respect to  the three components o f  the E.F.G. ten so r , 

d ic ta te s  the magnitude o f  the quadrupoie s p l i t t in g .  Consequently any 

change in  the p o s it io n  or any asymmetry introduced in to  the geometry o f  

the arrangement, w i l l  be r e f le c te d  in  the con tribu tions from V:zz and 7 7  

thereby changing the value fo r  the quadrupoie s p l i t t in g .  Vzz and 77 ,

however, cannot be evaluated q u a n tita t iv e ly  from measurement o f  the  

quadrupoie s p l i t t in g  a lon e.

The e le c t r ic  f i e ld  gradient in  general has two co n tr ib u tio n s . Each 

e lec tro n  in  the atom makes a con trib u tion  to  a component o f  the E.F.G. 

ten sor  and, i f  the o r b ita l population i s  not sp h er ica l, the t o t a l  value

V w i l l  be non-zero because o f  th is  Valence co n tr ib u tion . Thus i f  zz

there i s  an excess o f  e lec tro n  d en sity  a long the Z a x i3 ( i . e .  e lec tr o n s

in  p^, <1̂ 2 , cl^ jd ^  .o r b ita ls )  Y'zz  w i l l  be negative  in  s ig n , whereas

i f  the excess in  e lec tro n  d en sity  i s  in  the xy p la n e ( i .e .  e lec tro n s

in  p ,p  ,d , 4 2 . 2 o r b ita ls )  Y w i l l  be p o s it iv e  in  s ig n ,  x y  xy x  - y  J zz  -1- e

Secondly, there i s  a contribu tion  from the d is ta n t charges ( io n ic  

charges) a sso c ia ted  with the ligands and i s  referred  to as the L a t t ic e  

co n tr ib u tion . This term becomes im portant fo r  an _s-state ion where the  

valence con tribu tion  i s  n e g lig ib le .

F in a lly  to  conclude the d iscu ssio n  o f e le c tr o s ta t ic  in te r a c tio n s  

the e f f e c t  o f sh ie ld in g  on the quadrupoie s p l i t t in g  must be considered .
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The e f f e c t iv e  f i e ld  gradient a t the nucleus a r is in g  from e ith e r  the 

surrounding ions or the outer u n f i l le d  valence s h e l ls  i s  s ig n if ic a n t ly  

m odified by the atom’ s own inner c lo sed  s h e ll  e le c tr o n s . D is tr ib u tio n  of  

the c losed  s h e l l s ,  g iv in g  r is e  to  a hyperfine in te r a c tio n  w ith the n u cleu s, 

may occur resu ltin g , in  sh ie ld in g  or a n t i—sh ie ld in g  e f f e c t s  on the e f f e c 

t iv e  f i e ld  grad ient. C orrections fo r  sh ie ld in g  or a n t i-sh ie ld in g  can 

be made by m u ltip ly in g  the uncorrected quadrupoie. moment by a fa c to r  of 

1 /(1  -  R) (5 ,9 ) .

(The fa c to r  R i s  the Sternheimer sh ie ld in g  f a c t o r ) .

1 .2 .3  Magnetic Hyperfine In tera ctio n

The magnetic hyperfine s p l i t t in g s  a r ise  from the in te r a c tio n  o f the 

Nuclear Magnetic D ipole Moment Ty T w ith the hyperfine magnetic f i e ld  ’B' 

e x is t in g  a t the n u cleus. The Hamiltonian representing  the in te r a c tio n  

i s  given by:

S J  = -y .B  = -gjjUjfl.B (1 .24 )

where g^ = nuclear gyromagnetic r a tio
= nuclear magneton 

I = nuclear sp in  angular momentum

The in ter a c tio n  removes the degeneracy o f the nuclear sp in  I to 

s p l i t  each le v e l  in to  (21 + 1) su b -lev e ls  (f ig u re  1 .7 ) .  The s h i f t s  

in  the nuclear energy le v e ls  a sso c ia ted  w ith the lo s s  o f degeneracy, 

are given by the re la t io n sh ip :

Ejj = -  y B .M T (fo r  Mj = 1 ,1 - 1 ,1 - 2  X)
1 I

*  -  % V - Mx ( 1 ' 25 )

A p r a c tic a l a p p lica tio n  of the magnetic in ter a c tio n  i s  obtained  

using the ~^Fe nucleus. For ^ F e , gNd if fe r s  in  sign  for  the ground and 

ex c ited  s ta te s  and the s e le c t io n  ru les concerning the allowed MtJssbauer 

tr a n s it io n s  ( AM̂  = 0 , ± 1  ) apply g iv in g  r is e  to a symmetric s ix  l in e  

spectrum (fig u re  1 .7 ) .
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5 7oc curing in  the Fe nucleus and the r e su lta n t Mossbauer 

spectrum

+3/2

+1 /2

I  =3/2-
- 1 /2

- 1 /2

I  =1 /2

+1 /2

Magnetic F ie ldHo F ie ld

.Absorption
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---------------------------------- 1-------------------------

-V  0 +v

V e lo c ity
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ajjjb opfctcioga Dexween xne l in e  pai-rs .( 1 ,2 ) , (2 ,3 )  t (4»5) and (5»6) 

are equal s in ce  fo r  1 = 3/2 E = V 2

and fo r  I =. 1 /2  E = B. 1/2

Hence M = ( I3 / 2  -  I l / 2  ) = -%  * B.

Consequently the iron  spectrum i s  used fo r  ca lib r a tio n  and l in e a r it y  

checks.

F in a lly , the in t e n s i t ie s  o f  the l in e s  are dependent upon the angle  

6 between the e f f e c t iv e  magnetic f i e ld ,  B, and the d ir e c t io n  o f  propag

a tio n  o f the ra d ia tio n . Bancroft ( 8  ) has shown th at the in t e n s i t ie s  o f  

the l in e s  are g iven  by the re la t io n sh ip s

11 = Ig  = 3 (1 + cos2  ̂ )

1 2  = I 5 = 4 sin^g  ( 1 . 2 6 )

1 3 = I 4 = 1 + cos2 0

For the example shown in  fig u re  1 . 7  in  which the s ix  l in e  spectrum  

has the magnetic domains randomly o r ien ta ted , the area r a tio  o f  the s ix  

l in e s  i s  3 : 2 : l : l : 2 : 3 f which r e su lts  from in teg r a tin g  the above expressions  

over a l l  a n g le s .
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CHAPTER 2 EXPERIMENTAL INSTRUMENTATION, AND COMPUTER FITTIHG-

C ontents: 2.1,» Experimental

2<,1o1. Important C r ite r ia  fo r  a Mossbauer Isotope  

2 C1 . 2 * The Source

2 .1 .30  The Absorbers

2o 2 . Ins trum entation  

2*201o Mossbauer Drive System and M ultichannel Analyser 

2*202o D etectors

2 .2 .30  Ciyogenic System

2o3o Computer F i t t in g  

2 .3o1 . Folding Program 

2,3o2« F it t in g  Program

2o3o3o C alibration  o f the Mossbauer Spectrum 

2o3.4« Errors in  the Mossbauer System

25



d.±.  rjxpenmenxai
I!

2 .1 .1 .  Important C r iter ia  fo r  a Mossbauer Iso top e
U

The Mossbauer E ffec t i s  not observed in  many o f  the n u c le i in  the

P eriod ic  T able. The c r i t e r ia  which determine in  which n u c le i the

Mossbauer E ffec t i s  observed are l i s t e d  as fo llo w s : -

( i )  The source must emit a su ita b le  low energy y -ra y  which g iv es

an u n sp lit  em ission l in e .  The magnitude o f  i s  important s in c e  the

sm aller  E the grea ter  the r e c o i l le s s  fr a c tio n  1f * (equation  1 .1 1 ) .
V

( i i )  The Mossbauer y -ra y  must be w e ll separated in  energy from 

oth er photons in  order to  reduce background le v e ls  in  the Mossbauer 

spectrum.

( i i i )  The ra d io a ctiv e  decay o f  the source must prove convenient

fo r  p r a c tic a l experim ents. (Eor example, the parent n u c le i fo r  N ickel

n 61 61 Mossbauer Spectroscopy are Co and Cu, which have h a l f - l iv e s  o f  17

hours and 3*3 hours r e sp e c tiv e ly  and are fa r  too short fo r  rou tin e

experim ents).

( iv )  The magnitude o f the Mossbauer E ffec t i s  proportion al to  the

area under the absorption curve. In gen era l, fo r  a 'th in ' Lorentzian

absorption l in e  and u sin g  a s in g le - l in e  source the area i s  g iven  b y :-

A = •§• 7r .f  , f  •a .n .X  (2 .1 )a  s o
where f  , f  = r e c o i l le s s  fr a c tio n  o f the absorber and source

c t  S r e sp e c tiv e ly  
or = iso to p e  cross se c tio n  

n °  = iso to p e  natural abundance 
X = absorber th ick ness

From the above expression i t  i s  apparent that on ly  th ose iso to p e s

which have a high natural abundance, large  cross se c t io n  and la rg e

r e c o i l l e s s  f r a c t i o n s  w i l l  g iv e  a  s i g n i f i c a n t  M ossbauer E f f e c t .

I t  s h o u ld  be n o te d  t h a t  th e  above e x p r e s s io n  o n ly  a p p l i e s  t o  t h i n

absorbers and th at where X i s  la rg e , d ev ia tion s from the Lorentzian

shape occur r e su lt in g  in  sa tu ra tio n . The e f f e c t  o f absorber th ick n ess

on the area under the absorption curve i s  d iscussed  in  s e c t io n  2 .1 .3 .

/  \  rf(v) F in a lly , having chosen an iso to p e  th at g iv e s  a large  Mossbauer
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a j L i c o i /  em u. iica.a ta l u n g  iic3.j.x—± ± ± a ,  o n e  i i i i e  p o s i x i o n s  IT1USX o e

s e n s it iv e  to  the chemical enviroment and any changes in  the l in e

p o s it io n s  must be measureable.

2 .1 ,2 .  The Source
119The decay o f ^Sn em its a y  -ray  o f energy 23.8KeV ( h a l f - l i f e

—1= 245 d) which has a natural l in e  width ofw =0.6467 mms (1 0 ) .o
119The decay scheme fo r  Sa i s  shown, i n  f ig u re  2«l(a)<> The source

119used during th is  in v e s t ig a t io n  was a 15m C Sn iso to p e  in  a BaSnO .̂

m atrix supp lied  by New England E n terp rises. This has a f u l l  width at

h a lf -h e ig h t o f  0 . 8 1 9 6  mms , measured a g a in st a 0 . 0 0 0 5 " t in  absorber
-1and an isom er s h i f t  o f + 2 . 55nims corresponding to  the /3 - t i n  arrange

ment in  the BaSn0_. la t t ic e o
j

For the purpose o f  c a lib ra tio n  and l in e a r it y  checks, the magnetic

57hyperfine s p l i t t in g  o f the ground and f i r s t  ex c ited  s ta te  o f  Fe was 

used. To observe th is  the 14.4KeV y  -ra y  tr a n s it io n  to the ground

57 57 /s ta te  o f Fe was used, which i s  em itted during^decay o f Go (shown 

in  fig u re  2 .1  (b) ( h a l f - l i f e  = 270 d ) . The 14.4KeV y  -r a y  has a
A 57

natural l in e  width oj = 0.1940 mms*" (1 0 ) . The source used was a Co
0

iso to p e  in  a Palladium m atrix with an estim ated a c t iv i t y  o f  JmG , having

— 1a s in g le  l in e  with a f u l l  width a t h a lf -h e ig h t o f  0.22mms 0 Both sources

had an acceptab le  r e c o i l le s s  fr a c tio n  a t room temperature. N uclear para

meters fo r  t in  and iro n  are given  in  Table 2 .1 .

2 .1 .5 .  The Absorbers

In Chapter 1 the l in e  widths were shown to  be re la ted  to  the ha.lf 

l i f e  o f the ex c ited  nuclear s ta te  by the expression:

r_ -  . 0.6959
'■'1/2

In p r a c tic e , however, the observed l in e  width a t h a lf  maximum i s  

in flu en ced  by the th ick n ess o f the absorber. As the th ick n ess o f the  

absorber in creases the l in e  shape begins to  dev ia te  from the Lorentzian  

shape and sa tu ra tio n  e f f e c t s  are observed. On the o th er hand the  

absorber needs to be of. f in i t e  th ick n ess fo r  resonant absorption  to  be
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Figure 2 o l ( a ) . Nuclear Decay Scheme fo r   ̂  ̂^Sn.
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(b) Nuclear Decay Scheme fo r  ^ F e .
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Table 2 .1 . Mossbauer nu clear parameters and c a lib r a tio n  data  

fo r  11 ^Sn and "^Ee.

(Data fo r  both, n u c le i obtained from, the Mossbauer E ffe c t  Data Index

W5 ).

11SSn 57Fe

E =  2 3 o 8  KeV
y

E =  1 4 .4  KeV
y

f t  =.-1*04621(6) nm f t  =  +0 *0 9 0 2 4 ( 7 ) nm
O

^  =  +0*682(8) nm 
S '

=  -0*15460(ig ) nm

E =  - e  = -0 .6 5 1 9
O

^  = | e  = -1 .7 1 3 2
 ̂ V

r  =  2 .570  x  1.0 eV r =  4 . 6 6 5 (7 ) X 1Cf9 eV
“•1

0 *6 4 6 (4 ) mms” ojq=- 0*1940(3) mms 1

Iso to p ic  .Abundance =8*58/6 Iso to p ic  -Abundance = 2*14/6

Line p o s it io n s  (sym m etrical)

E 1 ,6  ± 5 .312(4) mms” 1

E 2 ,5  ±3o076(2) mms” 1

E 3 ,4  ±0 *8 4 0 ( 2 ) mms 1

f e  = -0*2173
nr
0 ^s

f e  = -0.57106
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uiu iw ju  m u u t v n c o o  u i u s  o u e  e sX lIT ia x e Q . XO g i v e

an  optim um  a b s o r p t io n  c u rv e .  A q u a n t i t a t i v e  a p p r e c i a t i o n  o f  t h e  e f f e c t  

o f  v a r y in g 1 t h e  a b s o r b e r  th ic k n e s s  i s  o b ta in e d  b y  c o n s id e r in g  t h e  a r e a  

u n d e r  t h e  a b s o r p t io n  c u rv e .  B rooks and  W illia m s  ( 11 ) show ed t h a t ,  

i n  g e n e r a l :

I n  p r a c t i c e , . e v a lu a t i o n  o f  th e  optim um  a b s o r b e r  t h ic k n e s s  u s in g

e q u a t io n  2 .4  i s  l i m i t e d  i n  t h a t  f o r  many compounds f  i s  n o t  knowno I na

a d d i t i o n ,  t h e  a b s o r p t io n  c u rv e s  a r e  s u s c e p t i b l e  t o  d e v ia t i o n s  from  th e  

L o r e n tz ia n  sh a p e  due to  p a r t i c l e - s i z e  e f f e c t s ,  c r y s t a l  o r i e n t a t i o n  e f f e c t s ^  

th e  G o ld a n s k ii  -  K ctryagin e f f e c t  , a n d  from  a d d i t i o n a l  n o n - r e s o n a n t  

i n t e n s i t i e s  p ro d u c e d  b y  th e  s c a t t e r i n g  o f  h i g h e r  -  e n e rg y  y  - r a y s .

The t i n  compounds i n v e s t i g a t e d  w ere  o b ta in e d  a s  e i t h e r  pow ders o r  

l i q u i d s  o r  in c o r p o r a t e d  i n  a  PVO m a t r ix .  The p h y s ic a l  s t a t e  o f  th e  

sam p le  d e te rm in e d  th e  am ount o f  t i n  i n  t h e  sam p le  w hich  c o n s e q u e n t ly
it

d i c t a t e d  t h e  l e n g th  o f  t h e  ru n  t im e  r e q u i r e d  to  o b t a in  th e  M o ssb a u e r 

s p e c tru m . Long ru n  t im e s  ^ o f  th e  o r d e r  o f  A8 h o u r s )  w ere fo u n d  n e c e s s a r y  

f o r  sa m p le s  o f  t h e  t i n  compounds d i s p e r s e d  i n  t h e  PVC m a t r ix  due to  t h e

( 2 . 2)

w here A( t )  i s  t h e  A rea  u n d e r  t h e  a b s o r p t io n  c u rv e  a r i s i n g  from  an
a b s o r b e r  o f  t h ic k n e s s '* t  '

I  i s  a  Z e ro  o r d e r  B e s s e l  f u n c t i o n
1 °  i s  a  F i r s t  o r d e r  B e s s e l  f u n c t i o n .1

The above  e x p r e s s io n  can  b e  re d u c e d , t o  a  f i r s t  a p p ro x im a t io n ,  t o : -

A ( t )  oc f  t  (1  -  0 .2 5 t +  0 .0 6 2 5 t 2 +
s ) (2 . 3)

f o r  v a lu e s  o f  t* «

f  = Lamb -  M o ssb au e r f a c t o r  f o r  r e c o i l l e s s  f r a c t i o n  i n  t h e  
s  s o u r c e .

w here t  i s  l a r g e  ( ~ 10 ) e q u a t io n  2 .2  m ust a p p ly .

The a b s o r b e r  t h ic k n e s s  i s  c a l c u l a t e d  u s in g  th e  e q u a t i o n : -

t  = t f . n . f o c r . Xr  o r\a  o ( 2 .4 )

w here n  = n o .  o f  r e s o n a n t  n u c le i /c m ^
a = r e s o n a n t  c r o s s  s e c t i o n  
f °  = a b s o r b e r  r e c o i l l e s s  f r a c t i o n  
X31 = a c t u a l  a b s o r b e r  th ic k n e s s

= r e l a t i v e  i n t e n s i t y  o f  t h e  a b s o r p t io n  l i n e s



low  c o n c e n t r a t io n  (4%w/w o f  th e  po ly m er) o f  th e  t i n  and th e  

a b s o r p t io n  o f  y  -  r a y s  by th e  PVC. F o r pow der and l i q u i d  sam p les  

su ch  a s  p u re  d i m e th y lc h lo r o t in  a c e t a t e  and d i b u t y l t i n b i s ( i s o o c t y l t h i o -  

g l y c o l l a t e )  r e s p e c t i v e l y  ru n  tim e s  o f  o n ly  f o u r  h o u rs  w ere  r e q u i r e d  to  

o b t a i n  th e  M ossbauer s p e c tru m .

T y p ic a l  t  v a lu e s  f o r  th e  o r g a n o t in  s t a b i l i s e r s  d i s p e r s e d  i n  PVC 

( a t  1.2% w/w) c a n  b e  c a l c u l a t e d  u s in g  e q u a t io n  2 .4 :  

t  = 3 . n . f . cr
0

w here  3 = 1 /2  f o r  a  s i n g l e  q u a d ru p o ie  d o u b le t .

f  = 0 .6  ( c o r r e s p o n d in g  to  th e  maximum v a lu e  w here  f a  = f s  -  th e  
r e c o i l l e s s  f r a c t i o n  o f  th e  s o u r c e ) .

O = 1 .4 0 3  x  10“ I® cm2 
o

2
n  36 num ber o f  r e s o n a n t  a tom s/cm

( i )  To c a l c u l a t e  n :

. . .  - 3W eigh t o f  s t a b i l i s e r  m  PVC sam p le  = 9 .9 6  x  10 ^

119 . . - 4W eigh t o f  Sn m  th e  s t a b i l i s e r  = 1 .5 9  x  10
>J

1 1 Q O —S 2
W eigh t o f  Sn/cm  = 6 .2 5  x  10 g/cm

119 2 17 2
Number o f  atom s o f  Sn/cm  = 3 .1 6  x  10 a tom s/cm

S u b s t i t u t i n g  th e  v a lu e  f o r  n i n t o  e q u a t io n  2 .4  g iv e s

t  = 0 .1 3 3 .

T h is  r e p r e s e n t s  a  maximum e x p e c te d  v a lu e  f o r  a  r e c o i l l e s s  f r a c t i o n  

o f  0 . 6 .  I n  g e n e r a l  o r g a n o t in  compounds h av e  r e c o i l l e s s  f r a c t i o n s  i n  

th e  r a n g e  (0 .0 6  to  0 .4 )  a t  80K ( 5 ) .

E q u a tio n  2 .3  r e l a t e s  th e  a r e a  u n d e r  th e  a b s o r p t io n  p e a k s  to  th e  

a b s o rb e r  th ic k n e s s :

A ( t )  a  f  . t  (1 -  0 .2 5  t  + 0 .0 6 2 5  t 2 + ........... )s

A ( t )  «  f  . t  -  0 .2 5  f  t 2 + .................
S ' S

S u b s t i t u t i n g  f o r  t  g iv e s :

A ( t )  ^  f  . ( 0 .1 3 3  -  0 .0 0 2 6 ) 
s

2The te rm  f  t  can  be c o n s id e r e d  n e g l i g i b l e  and  th e  v a l u e s  c a lc u 

l a t e d  show th e  a r e a  u n d e r th e  a b s o r p t io n  p e a k s  ( A ( t ) )  to  b e  d i r e c t l y

p r o p o r t i o n a l  t o  th e  a b s o rb e r  th ic k n e s s .
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c- ♦ + J .J.10 O l  U l i lC l l  UO> O i U l l

i n  C h a p te r  1 th e  M o ssb au e r s p e c tru m  was d e f in e d  a s  a  p l o t  o f  th e  

num ber o f  y - r a y  p h o to n s  t r a n s m i t t e d  th ro u g h  an  a b s o r b e r  a s  a  f u n c t io n  

o f  t h e  i n s t a n ta n e o u s  r e l a t i v e  D o p p le r  v e l o c i t y  o f  t h e  s o u rc e  w ith  

r e s p e c t  t o  t h e  a b s o r b e r .  S e rv o  an d  pow er a m p l i f i e r s  d r iv e  t h e  s o u rc e  

p r o d u c in g  D o p p le r  -  s h i f t e d  y - r a y s  w h ich  i n t e r a c t  w ith  t h e  a b s o r b e r s .

The t r a n s m i t t e d  y  - r a y s  th e n  p a s s  th ro u g h  a  s u i t a b l e  d e t e c t o r  and  i n t o  

a  m u l t ic h a n n e l  a n a l y s e r  w here th e  sp e c tru m  i s  c o m p ile d  o v e r  512  c h a n n e ls ,  

ea ch  c h a n n e l  r e p r e s e n t i n g  a  p a r t i c u l a r  y  - r a y  e n e rg y  c o r r e s p o n d in g  t o  a  

s p e c i f i c  D o p p le r  v e l o c i t y .  A ccu m u la ted  i n  t h e  m u l t ic h a n n e l  a n a l y s e r  th e  

.s p e c tru m  i s  a v a i l a b l e  f o r  co m p u te r p r o c e s s in g .  F ig u re  2 .2  show s a  block- 

d iag ra m  o f  t h e  M o ssb au er sy s te m  u s e d  d u r in g  th e s e  i n v e s t i g a t i o n s .

2 . 2 . 1 .  M o ssb au e r D riv e  S ystem  and  M u lt ic h a n n e l  A n a ly s e r

T h ro u g h o u t t h i s  i n v e s t i g a t i o n  a  N o r th e rn  S c i e n t i f i c  ECON s e r i e s  I I  

1024 m u l t ic h a n n e l .  a n a ly s e r  was u s e d .  Two m odes o f  o p e r a t i o n  w ere 

a v a i l a b l e :  t h e  TIME mode, i n  w hich  t h e  a n a l y s e r  o p e r a t e s  a s  a  m u l t i 

c h a n n e l s c a l e r ,  and  th e  P u ls e  H e ig h t A n a ly s is  (P .H .A .)  m ode. I n  t h e  

t im e  mode t h e  a n a ly s e r  s t o r e s  th e  t o t a l  c o u n t in f o r m a t io n  i n  e a c h  c h a n n e l  

th ro u g h  a  p r e s e t  t im e  i n t e r v a l  o f  50 -  1 0 0 /is. A t th e  end o f  t h e  t im e  

i n t e r v a l  t h e  a d d re s s  i s  ad v an ced  t o  t h e  n e x t  s e q u e n t i a l  c h a n n e l .  The 

o n ly  dead  t im e  i s  t h a t  i n c u r r e d  d u r in g  th e  c h a n n e l -  a d v a n c e  an d  t h i s  

h a s  b een  e s t im a te d  t o  5 -  10^o o f  t h e  t o t a l  s c a n  t im e .  T h is  o p e r a t i n g  

c y c le  i s  r e p e a te d  o v e r  512 c h a n n e ls  and  th e n  r e c y c l e d .  7/hen o p e r a te d  

i n  th e  P .H .A  mode random  in p u t  p u l s e s  a r e  s o r t e d  and  c o u n te d  a c c o r d in g  

to  t h e i r  p e a k  a m p l i tu d e s .  The h e ig h t  o f  th e  p u l s e  i s  d i r e c t l y  p r o p o r 

t i o n a l  t o  th e  e n e rg y  o f  th e  y - r a y  p ro d u c in g  th e  p u ls e  an d  th e  r e s u l t 

i n g  e n e rg y  sp e c tru m  i s  s to r e d  i n  th e  512 c h a n n e ls  o f  th e  m u l t ic h a n n e l  

a n a l y s e r .

A c o n s ta n t  a c c e l e r a t i o n  v i b r a t o r  was u s e d  t o  s c a n  a  r a n g e  o f  f i x e d

—1
v e l o c i t i e s  (±  0 —►lO mms ) l i n e a r i l y  and  r e p e t i t i o u s l y  w ith  th e  c o u n ts  

b e in g  s t o r e d  i n  t h e  m u lt ic h a n n e l  a n a l y s e r  wsuch t h a t  t h e  v e l o c i t y

32



Fi
gu

re
 

20
2 

Bl
oc

k 
di

ag
ra

m
 

of 
th

e 
M

os
sb

au
er

 
sy

st
em

o

hO OQ •H *HrH

rH hQ I d> C •H C *H

<u pu u s
PH «<

•H

33



x n u x  e m e u  u p e r  ( j u c i i m e x  w c lo  u u x i a  oct.ii b • u a x n g  j j - * -  b i w n i i e i a  u i  o n e  m u x  i>x —

c h a n n e l a n a l y s e r  a  s q u a re  wave was e x t r a c t e d  from  th e  'M ost S i g n i f i c a n t  

B i t '  (MSB) o f  t h e  MCA su ch  t h a t  i t s  l e a d i n g  ed g es  w ere  256 and  512 .

S in c e  t h e  v i b r a t o r  i s  d r iv e n  b y  a  sy m m e tric  t r i a n g u l a r  w aveform  th e  

s q u a re  wave i s  t h e n  i n t e g r a t e d  to  g iv e  t h e  r e q u i r e d  r e f e r e n c e  w aveform  

t o  d r iv e  t h e  v i b r a t o r  ( f i g u r e  2 .3 ) .  The d r iv e  o r  t r a n s d u c e r  p ro d u c e s  a  

v o l t a g e  p r o p o r t i o n a l  t o  t h e  v e l o c i t y  o f  t h e  v i b r a t o r ' s  d r iv e  s h a f t .  The 

s e rv o  a m p l i f i e r  com pares t h i s  s i g n a l  t o  t h e  r e f e r e n c e  t r i a n g u l a r  wave

fo rm  an d  a p p l i e s  c o r r e c t i o n s  to  th e  d r iv e  c o i l  t o  m in im ise  an y  d i f f e r e n c e s .

The a m p li tu d e  o f  t h e  t r i a n g u l a r  w aveform  d e te rm in e s  t h e  v e l o c i t y  s c a n  o f  ‘
a.

t h e  v i b r a t o r  an d  can  be  changed  u s in g j^ c o n v e n tio n a l  p o t e n t io m e te r  ( h e l i p o t ) . 

W hile  t h e  v i b r a t o r  i s  sw e e p in g  c o n t in u o u s ly  o v e r  a  ra n g e  o f  v e l o c i t i e s ,  

t h e  MCA i s  sw e e p in g  c o n t in u o u s ly  th ro u g h  512 c h a n n e ls .  The two sw eeps 

a r e  a u to m a t i c a l l y  s y n c h ro n is e d  and  th e  y - r a y s  from  a  p a r t i c u l a r  v e l o c i t y  

a r e  f e d  t o  t h e  same c h a n n e l i n  t h e  a n a l y s e r .

U sing  t h i s  sy m m e tric  w aveform  a  m i r r o r  im age o f  t h e  s p e c tru m  i s  

o b ta in e d  s i n c e ,  by  th e  n a tu r e  o f  t h e  w aveform , t h e  v e l o c i t y  o f  t h e  s o u rc e  

w i l l  change  from  'p o s i t i v e  to  n e g a t i v e '  an d  f r o m ''n e g a t i v e  t o  p o s i t i v e '  

d u r in g  a  s i n g l e  c y c le .  T h is  s e r v e s  a  u s e f u l  p u rp o se  i n  t h a t  th e  

d u p l i c a t e  sp e c tru m  can  be  'f o l d e d  o v e r '- w i t h  a  m i r r o r  c e n t r e  a t  c h a n n e l  

256 -  and  co m p u te r a v e ra g e d  ( f i g u r e  2 .6 ) .  The p r o c e s s  o f  f o l d i n g  t h e  d a ta  

a l s o  a id s  t h e  r e s o l u t i o n  o f  th e  s p e c t r a  an d  s e r v e s  a s  an  a d d i t i o n a l  c h e c k  

on d . c .  d r i f t .

2 . 2 . 2 .  D e te c to r s

The d e t e c t i o n  sy s te m  em ployed c o n s i s t s  o f  e i t h e r  a  p r o p o r t i o n a l  

c o u n te r  o r  a  s c i n t i l l a t i o n  c o u n te r  (d e p e n d in g  on th e  e n e rg y  o f  th e  

y - r a y s  i n v o lv e d ) , a  p r e - a m p l i f i e r  and  a  h ig h  co u n t -  r a t e  a m p l i f i e r .

S in c e  th e  y - r a y  t r a n s i t i o n  g iv in g  r i s e  to  th e  M o ssb au e r E f f e c t  i n  i r o n  

compounds o c c u rs  a t  lA.AKeV' t h e  p r o p o r t i o n a l  c o u n te r  i s  p r e f e r e d  a s ' t h e  

low  e n e rg y  y - r a y s  a r e  a b s o rb e d  t o t a l l y  b y  t h e  g a s  f i l l i n g  o f  th e  

c o u n te r .  T h is  h a s  b e t t e r  r e s o l u t i o n  and  b e t t e r  s i g n a l / n o i s e  r a t i o  th a n

3K



r e l a t e d  W aveforms 
C h annel 0
num ber

256 512

A c c e le r a t i o n
W aveform

V e lo c i ty
W aveform

F re q u en c y  
= 25 Hz

'M ir r o r  -  
im ag ed ' 
M B ssbauer 
sp e c tru m

+V 0 -V 0 +V

The o u tp u t  i s  f o ld e d  a b o u t c h a n n e l  256 , e a ch  c h a n n e l c o r r e s p o n d in g  
to  a  f ix e d  v e l o c i t y .

(Z ero  v e l o c i t y  i s  e x p e c te d  a t  c h a n n e l 1 2 8 .5 )



e n e r g ie s  on a c c o u n t  o f  th e  t h ic k n e s s  o f  th e  N a l ( T l)  c r y s t a l  

em p loyed . The p r o p o r t i o n a l  c o u n te r  u s e d  f o r  i r o n  s t u d i e s  c o n ta in s  a  

m ix tu re  o f  90fo A rgon and  10% M ethane p r o v id in g  optim um  c o n d i t io n s  f o r  

t h e  i o n i s i n g  r a d i a t i o n .  The o p e r a t i n g  v o l t a g e  i s  a t  2.28K V  •

I n  s t u d i e s  w i th  t i n  compounds i n  w h ich  th e  y—r a y  t r a n s i t i o n  e n e rg y  

i s  23.8K eV  , t h e  sod ium  i o d id e  -  t h a l l i u m  a c t i v a t e d  N a l ( T l)  c r y s t a l  

s c i n t i l l a t i o n  c o u n te r  i s  u s e d  s in c e  t h i s  show s much g r e a t e r  e f f i c i e n c y  

th a n  th e  g a s - f i l l e d  p r o p o r t i o n a l  c o u n te r s  a t  e n e r g ie s  g r e a t e r  t h a n  15KeV 

( 1 2  ) .  The m ain  a d v a n ta g e  th e  s o l i d  s c i n t i l l a t o r  h a s  o v e r  t h e  p r o p o r 

t i o n a l  d e t e c t o r  l i e s  i n  i t s  o p e r a t i o n .

F ig u r e  2 .4  T y p ic a l  R e s o lu t io n  S u rv e s  o f  commonly u s e d  y  - r a y  D e te c to r s

50

N a l( T l)  S c i n t i l l a t o r

R e s o lu t io n

A r -  (1 0 ^)
P r o p o r t i o n a l  

\  C o u n te r

10 -

C,e ( L i )  5cm'
S e m ic o n d u c to r  
_ D e te c to r

260100

F n e rg y  ( DeV)

The s c i n t i l l a t i o n  c o u n te r  o p e r a te s  by  p r o d u c in g  e l e c t r o n - h o l e  p a i r s  a s  

a  r e s u l t  o f  a b s o r p t io n  o f  th e  h ig h  e n e rg y  y - r a y  on th e  N a l(T l)  c r y s t a l .  

The e n e rg y  o f  th e  p h o to n  i s r a p i d l y  t r a n s f e r r e d  th ro u g h  a  l a r g e  num ber o f



ex ec  o ron—noxe m x e r a c x io n s  xo p ro d u c e  a  l a r g e  num ber o f  low e n e rg y  

p h o to n s  w h ich  th e n  a c t i v a t e  a  p h o t o m u l t i p l i e r .  The t o t a l  num ber o f  

l i g h t  p u l s e s  e m i t te d  by  th e  c r y s t a l  a r e  p r o p o r t i o n a l  t o  th e  e n e rg y  o f  

t h e  o r i g i n a l  y  - r a y . -  The r e s o l u t i o n  o f  t h e  d e t e c t o r  i s  f u r t h e r  

i n c r e a s e d  b y  u s in g  a. N a l ( T l)  c r y s t a l  w h ich  h a s  a  h ig h  l i g h t  o u tp u t  

com pared to  o t h e r  c r y s t a l s .

I f  a  g a s - f i l l e d  p r o p o r t i o n a l  c o u n te r  i s  u s e d  to  m easu re  th e  h ig h  

e n e rg y  y  - r a y s  t h e  num ber o f  io n s  p ro d u c e d  i n  th e  g a s  becom es v e r y  h ig h  

and  th e  c o u n te r  l o s e s  i t s "  p r o p o r t i o n a l i t y  due to  s p a c e - c h a r g e  e f f e c t s  

i n  t h e  ’a v a la n c h e 1 e l e c t r o n s  and  i n  th e  l i m i t  o f  h ig h  m u l t i p l i c a t i o n  

t h e  o u tp u t  p u l s e  h e ig h t  becom es in d e p e n d e n t  o f  th e  p r im a ry  i o n i s a t i o n .  

H ence a  l o s s  o f  s t a b i l i t y  and  a  l o s s  o f  r e s o l u t i o n  o c c u rs  f o r  h i g h e r  

e n e rg y  r a d i a t i o n s .

The s c i n t i l l a t i o n  d e t e c t o r  u se d  c o n ta in e s  a  1 mm t h i c k  N a l ( T l)  

c r y s t a l  m ounted  b e h in d  a  v e r y  t h i n  0 .0 2 5  mm) a lu m in is e d  - m y la r  

window and h a s  an  o p e r a t in g  v o l t a g e  o f  1KF. ' F ig u re  2 .4  show s a  

c o m p a riso n  o f  t h e  c h a r a c t e r i s t i c  r e s o l u t i o n  o b ta in e d  w i th  a  Hal(T3b) 

d e t e c t o r  and  an  A rgon -  M ethane p r o p o r t i o n a l  c o u n te r  ( 1 2 ) .

2 .2 .5 *  C ry o g e n ic  System

A CF200 c o n tin u o u s  f lo w  c r y o s t a t  was u s e d  to  m a in ta in  t h e  low  

te m p e r a tu r e s  (80K) r e q u i r e d  to  r e c o r d  th e  M o ssb au e r s p e c t r a  o f  t h e  

o r g a n o t in  compounds u s e d  i n  t h e s e  s t u d i e s .  The c r y o s t a t  ( f i g u r e  2 .5 )  

c o n ta in s  a  c e n t r a l  cham ber a t  i t s  b a s e  i n  w h ich  a  g o l d - p l a t e d  sam p le  

p ro b e  ( f i g u r e  2 .5 ( a ) )  i s  l o c a t e d ,  and  w h ich  i s  f i l l e d  w ith  H elium  

exchange  g a s  th e r e b y  e l i m i n a t i n g  th e  p ro b lem  o f  c o o l in g  i n h e r e n t l y  

p o o r  th e rm a l  c o n d u c to r s .

T e m p e ra tu re  c o n t r o l  and  m easurem ent i s  a c h ie v e d  u s in g  a  UTO 2 

d i g i t a l  t e m p e r a tu r e  c o n t r o l l e r 'a n d  a  CLTS c a rb o n  r e s i s t o r  l o c a t e d  on 

th e  s id e  o f  th e  h e a t  e x c h a n g e r  a s  a  s e n s o r  w h ich  c o n v e r t s  t e m p e r a tu r e  

i n t o  an  e l e c t r i c a l  s i g n a l .  T h is  s i g n a l  i s  f e d  to  t h e  DTC 2 w h ich  

i n d i c a t e s  t h e  t e m p e ra tu re  on a  f o u r  d i g i t  d i s p l a y .  The m easu red
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Figure 2.5 .CF200 Continuous Flow Cryostat
Sam ple A c c e s s  P o r t

C om bined e v a c u a t io n
and s a f e t y
v a lv e

T r a n s f e r  tu b e  and  
l i q u i d  n i t r o g e n  i n l e t

Sam ple cham ber

E x ch a n g e  g a s  s p a c e

Window
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F ig u r e  2 . 5 ( a )  Sam ple p r o b e  f o r  CF200 C o n tin u o u s  F low  C r y o s t a t

C arbon

R esisto r

r S

P ro b e  Head  
c o n t a in in g  sa m p le



t e m p e r a tu r e  i s  com pared  w ith  th e  d e s i r e d  te m p e r a tu r e  and  an  e r r o r  s i g n a l  

i s  g e n e r a te d  p r o p o r t i o n a l  t o  th e  te m p e r a tu r e  d i f f e r e n c e .  The c o n t r o l l e r  

th e n  r e g u l a t e s  t h e  am ount o f  pow er f e d  to  a  h e a t e r  d e p e n d in g  on  th e  mag

n i tu d e  o f  t h e  e r r o r  s i g n a l .

An a d d i t i o n a l  te m p e r a tu r e  m o n ito r  i s  a l s o  c a r r i e d  o u t  u s in g  a  

c a l i b r a t e d  c a rb o n  r e s i s t o r  l o c a t e d  a t  th e  b a s e  o f  t h e  sam p le  h o l d e r .

The o u t p u t ,  i n  te rm s  o f  r e s i s t a n c e ,  i s  m o n ito re d  on a  d i g i t a l  m u l t im e te r  

an d  r e p r e s e n t s  t h e  te m p e r a tu r e  i n s i d e  t h e  sam p le  cham ber.

L iq u id  n i t r o g e n  i s  u s e d  to  o b t a i n  .a  t e m p e r a tu r e  o f  80K an d  i s  draw n 

from  a  r e s e r v o i r  th ro u g h  a  t r a n s f e r  tu b e  t o  t h e  o u t e r  j a c k e t  o f  t h e  c ry 

o s t a t  w here i t  i s  c i r c u l a t e d  a ro u n d  a  h e a t  e x c h a n g e r . The sam p le  cham ber, 

a l s o  i n  c o n ta c t  w i th  t h e  h e a t  e x c h a n g e r , i s  f i r s t  e v a c u a te d  and  th e n  

f i l l e d  w i th  H elium  exchange  g a s ,  th e r e b y  a l lo w in g  f o r  e f f i c i e n t  c o o l in g  

o f  t h e  s a m p le .

Pow der and  l i q u i d  sa m p le s  w ere  s tu d i e d  u s in g  th e  same sa m p le  p r o b e .

I n  t h e  c a s e  o f  pow dered  sa m p le s  th e  a b s o r b e r  i s  p la c e d  i n  a  s m a l l  p e r s p e x  

d i s c  w h ich  i s  th e n  s e a l e d  and  s e c u r e d  to  t h e  b a s e  o f  t h e  p r o b e .  The l i q u i d  

a b s o rb e r ’s ,  h o w ev er, w ere  i n j e c t e d  th ro u g h  a  s m a l l  h o le  d r i l l e d  i n t o  th e  

s e a l e d  d i s c  su c h  t h a t  no a i r  b u b b le s  w ere  p r e s e n t .  The h o le  was th e n  

p lu g g e d  u s in g  p e r s p e x  w edges and  th e  d i s c  s e c u r e d  to  t h e  sa m p le  p r o b e .

The d i s c s  w ere  s e c u r e d  to  t h e  p ro b e  b y  p l a c i n g  them  b e tw e e n  th e  b a s e  

o f  t h e  p ro b e  and  a  c o v e r  p l a t e  w hich  i s  a t t a c h e d  t o  th e - p r o b e  by  f o u r  

b r a s s  sc re w s  ( f i g u r e  2 .5  ( a )  ) .  The c o v e r  p l a t e  h a s  a  c e n t r a l  h o le  

d r i l l e d  o u t  s l i g h t l y  s m a l l e r  i n  d ia m e te r  th a n  th e  p e r s p e x  d i s c  t o  a l lo w  

p a s s a g e  o f  th e  y  - r a y s  th ro u g h  to  t h e  d e t e c t o r .  The p ro b e  i s  p o s i t i o n e d  

i n  th e  c r y o s t a t  i n  a lig n m e n t  w ith  th e  a lu m in is e d  -  m y la r  w indow s a t  i t s  

b a s e .  Sam ple re p la c e m e n t  i s  a c h ie v e d  by  rem o v in g  th e  p ro b e  from  th e  

c r y o s t a t ,  a l lo w in g  i t  t o  r e a c h  room -  t e m p e r a tu r e ,  and  th e n  rem o v in g  th e  

c o v e r  p l a t e  r e t a i n i n g  th e  sam p le  d i s c .



uom puxer n x T i n g  p r o c e s s .

The u s e  o f  c o m p u ta t io n a l  f a c i l i t i e s  i s  e s s e n t i a l  f o r  t h e  i n t e r 

p r e t a t i o n  o f  M o ssb au e r s p e c t r a  i n  te rm s  o f  l i n e  p o s i t i o n ,  l i n e  w id th s  

and  r e l a t i v e  i n t e n s i t i e s .  A p rog ram  b a s e d  on th e  w ork o f  Lang and

D ale  ( 1 3  ) on  t h e  co m p u te r  f i t t i n g  o f  M o ssb au er s p e c t r a  was u s e d
11

f o r  th e  a n a l y s i s  o f  t h e  M o ssb au e r d a t a .

As d e s c r ib e d  i n  s e c t i o n  2 .2 .1  t h e  c o n s ta n t  a c c e l e r a t i o n  v i b r a t o r  

p ro d u c e d  a  D o p p le r  v e l o c i t y  w h ich  v a r i e d  from  + V to  0 t o  -V and  

b a c k  to  +V th ro u g h  one c o m p le te  c y c le  o f  512 c h a n n e ls .  By th e  n a tu r e  

o f  th e  t r i a n g u l a r  w aveform  p ro d u c e d  b y  th e  t r a n s d u c e r  t h e  two z e ro  

v e l o c i t y  p o s i t i o n s  a r e  a t  m i r r o r  p o s i t i o n s  an d  a t  t h e  e x t r e m i t i e s  o f  th e  

s o u rc e  d i s p la c e m e n t .  C o n s e q u e n tly  t h e  s p e c tru m  p ro d u c e d  c o n ta in s  th e  

m i r r o r  im age o f  t h e  d a ta  i n  t h e  f i r s t  h a l f  ( 0 -* 2 5 6  c h a n n e ls )  o f  th e  

m u l t ic h a n n e l  a n a l y s e r .

2 . 5 . 1 .  F o ld in g  P rogram

The f i r s t  o p e r a t io n  i n  t h e  f i t t i n g  p r o c e s s  i s  t o  f o l d  t h e  d a ta  

s t o r e d  i n  c h a n n e ls  0 -* 2 5 6  o n to  t h e  d a ta  i n  c h a n n e ls  2 5 6 -►512 an d  to  add  

th e  c o u n ts  s t o r e d  i n  t h e  c o r r e s p o n d in g  c h a n n e ls .  An a c c u r a t e  d e te r m in 

a t i o n  o f  t h e  z e ro  v e l o c i t y  p o s i t i o n  ( e x p e c te d  a t  c h a n n e l 1 2 8 .5 )  i s  

e n s u re d  i n  t h e  f o l d i n g  p r o c e s s  by  s c a n n in g  10 h a l f  -  c h a n n e ls  e i t h e r  

s i d e  o f  e x p e c te d  f o l d i n g  p o s i t i o n s  t o  f i n d  th e  b e s t  m i r r o r  a x i s  f o r  t h e  

a b s o r p t io n  p e a k s  so  a l lo w in g  f o r  s m a l l  f l u c t u a t i o n s  i n  t h e  D .C . l e v e l  

o f  t h e  d r iv e  s y s te m . The b e s t  m i r r o r  a x i s  i s  d e te rm in e d  by  e v a l u a t i n g  

t h e  minimum d i f f e r e n c e  b e tw een  th e  sum o f  t h e  s q u a r e s  o f  t h e  m ir r o r e d  

d a ta  p o i n t s .  F ig u r e s  2 .6  & 2 .6 .1  ( a - * c )  shows th e  s e q u e n c e  o f  e v e n ts  

i n  th e  f o l d i n g  g iv in g  r i s e  to  z e ro  p o s i t i o n s  a t  ( a )  an  o f f s e t  o f  -  10 

( c h a n n e l  1 2 3 . 5 ) (b )  an  o f f s e t  o f  -  5 ( c h a n n e l  126 ) and  ( c )  an  o f f s e t

o f  0 ( c h a n n e l  1 2 8 .5 ) .

2 . 5 . 2 .  F i t t i n g  P rogram

A v i s u a l  i n s p e c t i o n  o f  th e  M o ssb au er s p e c tru m  d e te rm in e d  th e  ty p e  

o f  f i t  t o  t h e  d a ta  i n  t h e  f o ld e d  s p e c tru m  {now i n  256 c h a n n e l s ) .  The
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C h a n n el
Number

Figure 2.6 Data comprising two mirror image spectra

0 1 2 8 . 5  256

F ig u r e  2 . 6 . 1  F o ld e d  d a t a  sh o w in g  z e r o  p o s i t i o n  a t :

( a )  O f f s e t  = - 1 0
( c h a n n e l  1 2 3 . 5 )

0

1 2 3 . 5

256

1 2 8 . 5

( b )  O f f s e t  = - 5
(c h a n n e l  1 2 6 )

( c )  O f f s e t  = 0
( c h a n n e l  1 2 8 . 5

256

1 2 8 . 5

m m :

384:. 5 512

0



o p t io n s  a v a i l a b l e  d e s c r i b in g  t h e  d i f f e r e n t  ty p e s  o f  f i t t i n g  c o n d i t io n s  

a r e  l i s t e d  a s  f o l lo w s

O p tio n  1 : t h e  a b s o r p t io n  p e a k s  a r e  f i t t e d  a s  i n d i v i d u a l  l i n e s .  The

c o m p u te r  v a r i e s  t h e  p o s i t i o n ,  w id th  and  d e p th  o f  each  l i n e  in d e p e n d e n t ly  

t o  o b t a i n  t h e  b e s t  f i t .

O p tio n  2 : t h e  a b s o r p t io n  p e a k s  a r e  f i t t e d  a s  a  num ber o f  d o u b l e t s .

The c e n t r e ,  s p l i t t i n g  /  2 , w id th s  and  d e p th s  e s t im a te d  from  th e  f o ld e d  

d a t a  a r e  v a i l e d  u n t i l  t h e  b e s t  f i t  i s  o b t a in e d .  The w id th s  o f  t h e  

com ponent l i n e s  o f  ea ch  d o u b le t  a r e  made e q u a l .

O p tio n  5 : t h e  a b s o r p t io n  p e a k s  a r e  f i t t e d  a s  i n d i v i d u a l  l i n e s  h a v in g

th e  same w id th s .  The co m p u te r v a r i e s  t h e  p o s i t i o n s ,  w id th s  and  d e p th s  

o f  t h e  l i n e s  u n d e r  t h e  r e s t r i c t i o n  t h a t  e a ch  l i n e  i s  g iv e n  th e  same 

w id th ,  u n t i l  t h e  b e s t  f i t  i s  o b t a in e d .

O p tio n  A : t h e  a b s o r p t io n  p e a k s  a r e  f i t t e d  a s  a  num ber o f  d o u b le t s  b u t

u n d e r  t h e  same r e s t r i c t i o n  g iv e n  i n  O p tio n  3« The c e n t r e s ,  s p l i t t i n g s / 2 ,  

w id th s  ,  and  d e p th s  o f  each  d o u b le t  a r e  v a r i e d  u n t i l  t h e  b e s t  f i t  i s  

o b t a in e d .

U s in g  a n y  o f  t h e s e  o p t io n s  a  non -  l i n e a r  l e a s t  s q u a r e s  p ro g ram  i s

u s e d  to  f i t  t h e  d a ta  t o  t h e o r e t i c a l  L o r e n tz ia n  l i n e  s h a p e s  r e l a t i v e  t o

a  c o n s ta n t  b a c k g ro u n d  w hich  t a k e s  i n t o  a c c o u n t  s m a l l  v a r i a t i o n s  from

t h e  c o s in e  e f f e c t .  T h is  p rog ram  i s  th e n  u s e d  t o : -

( i )  c a l c u l a t e  t h e  l i n e  p o s i t i o n s ,  w id th s  and  i n t e n s i t i e s  i n  t h e

s p e c tru m  from  th e  f o ld e d  d a t a .

( i i )  c a l c u l a t e  a  minimum i n  t h e  d i f f e r e n c e  b e tw een  th e  sum o f  t h e

s q u a re s  o f  th e  e x p e r im e n ta l  d a ta  p o i n t s  and  th e  t h e o r e t i c a l  d a ta  p o i n t s

( o b ta in e d  from  a  se c o n d  s u b r o u t in e  i n  th e  p ro g ra m ). T h is  d e f i n e s  t h e  

2y  v a lu e  w hich  h a s  th e  e x p r e s s io n :

X
2 •i=256 / experim ental

. „ ( * i  '

X .
1
;h eo retica l ^2

( i f  th e  d i f f e r e n c e  b e tw een  th e  e x p e r im e n ta l  an d  t h e o r e t i c a l  d a t a  i s  

l a r g e  o r  i f  t h e  am ount o f  b a c k g ro u n d  s c a t t e r  i s  g r e a t ,  th e n  w i l l  b e
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l a r g e ) .

( i i i )  u s e  t h e  l e a s t  s q u a r e s  a n a l y s i s  t o  d e te rm in e  th e  optim um  v a lu e s  

o f  t h e  b a c k g ro u n d  c o u n ts ,  b a s e l i n e  c u r v a tu r e  and  o v e r a l l  i n t e n s i t y  o f  th e  

f i n a l  s p e c tru m .

2 . 3 . 5 .  C a l i b r a t i o n  o f  t h e  M o ssb a u e r S p ec tru m

The a m p l i tu d e  o f  th e  sy m m etric  t r i a n g u l a r  w aveform  w h ich  d r iv e s

t h e  v i b r a t o r ,  i s  d e te rm in e d  b y  th e  h e l i p o t  s e t t i n g  on t h e  s e rv o  a m p l i f i e r

an d  i s  r e l a t e d  t o  t h e  v e l o c i t y  ra n g e  th ro u g h  w h ich  t h e  v i b r a t o r  i s

d r iv e n .  C o n s e q u e n tly  t h e  512 c h a n n e ls  c o n ta in in g  th e  M o ssb a u e r sp e c tru m

m ust be  c a l i b r a t e d  u s in g  th e  v e l o c i t y  ra n g e  s e t  by  t h e  h e l i p o t  r e l a t i v e

to  t h e  a m p li tu d e  o f  th e  w avefo rm . The c a l i b r a t i o n  c o n s ta n t  ( d e f i n e d  i n

—1 —-1
te rm s  o f  c h a n n e ls  mm s  ) f o r  a  p a r t i c u l a r  h e l i p o t  i s  o b ta in e d  u s in g  

t h e  m a g n e tic  s i x - l i n e  s p e c tru m  o f  e n r ic h e d  i r o n  a s  a  c a l i b r a t i o n  s ta n d a r d  

( f i g u r e  2 . 7 ) .

F ig u r e  2 .7  E n r ic h e d  i r o n  sp e c tru m  re c o r d e d  o v e r  512 c h a n n e ls .

C hannel
Number

0 256 512

0 +V 0



From l i g u r e  -4«7 i t  can  be s e e n  t h a t  t h e  d a ta  on th e  a s c e n d in g  arm 

o f  t h e  v o l t a g e  ramp ( 0 —> 256  c h a n n e ls )  i s  t h e  m i r r o r  im age o f  t h e  d a ta  

on th e  d e s c e n d in g  arm  o f  t h e  v o l t a g e  ram p. The d a ta  i s  th u s  f o ld e d  

th e r e b y  r e d u c in g  th e  am ount o f  d a ta  h a n d le d  and  e n a b l in g  c a l c u l a t i o n  

o f  t h e  z e ro  v e l o c i t y  ( t o  w i t h in  ± 0 .5  c h a n n e l s ) .

H av in g  f o ld e d  th e  d a ta  t h e  l i n e s  a r e  f i t t e d  i n  t h e i r  p a i r s  

i . e .  ( 1 , 6 ) ,  ( 2 , 5 ) ,  ( 3 ,4 )  a s  d e s c r ib e d  i n  O p tio n  2 . U s in g  th e  known 

D o p p le r  v e l o c i t i e s  o f  th e  s i x  l i n e s  (10  ) and  c a l c u l a t e d  s p l i t t i n g  /  2 

p a ra m e te r  f o r  ea ch  p a i r ,  t h e  c a l i b r a t i o n  c o n s ta n t  i s  d e te rm in e d  u s in g  

t h e  e x p r e s s io n :

C = SPLITTING_________  c h a n n e ls  mm
2 x  D o p p le r  V e lo c i ty

The p o s i t i o n s  o f  t h e  l i n e s  h av e  th e  D o p p le r  v e l o c i t i e s

l i n e s  ( 1 ,6 )  = ± 5*312  mms^J
l i n e s  ( 2 ,5 )  = i 3 - 0 7 6  mma ,
l i n e s  (3 » 4 ) = £ 0 .8 4  mms

The f i n a l  v a lu e  f o r  C i s  th e  d e te rm in e d  a v e ra g e  o f  t h e  t h r e e

r e s u l t s  u s in g  t h e  above  e x p r e s s io n .

C a lc u la t i o n  o f  th e  c a l i b r a t i o n  c o n s ta n t  f o r  d i f f e r e n t  v e l o c i t y

ra n g e s  d epended  upon th e  h e l i p o t  b e in g  a c c u r a t e l y  l i n e a r .  T h is  o n ly

a p p l i e s  i f  a l l  o t h e r  f e a t u r e s  o f  th e  v e l o c i t y  d r iv e  sy s te m  re m a in

u n a l t e r e d .  The l i n e a r  c a l i b r a t i o n  o f  t h e  h e l i p o t  was c h e ck e d  by

m e a s u r in g  th e  c a l i b r a t i o n  c o n s ta n t  f o r  s e v e r a l  h e l i p o t  s e t t i n g s  and

th e  e r r o r  i n  l i n e a r i t y  was fo u n d  to  be  s m a l l e r  th a n  th e  e r r o r  in v o lv e d

i n  s e t t i n g  th e  h e l i p o t .  F u r th e r  a  c h e ck  on th e  l i n e a r i t y  o f  t h e

t r i a n g u l a r  wave i s  a c h ie v e d  b y  n o t in g  th e  d i f f e r e n c e s  i n  t h e  p o s i t i o n s

o f  t h e  l i n e s  ( i n  c h a n n e l s ) .

i . e .  ( l i n e  2 -  l i n e  1 )
( l i n e  3 -  l i n e  2 )
( l i n e  5 -  l i n e  4 )
( l i n e  6 -  l i n e  5 )

The s ta n d a r d  d e v ia t i o n  o f  t h i s  d a ta  g iv e s  an  i n d i c a t i o n  o f  th e  

l i n e a r i t y .  (The d i f f e r e n c e  be tw een  l i n e  3 and  l i n e  4 i s  n o t  u s e d  s in c e  

t h i s  r e p r e s e n t s  t h e  d i f f e r e n c e  b e tw een  th e  g ro u n d  and  e x c i t e d  e n e rg y  l e v e l s  '

45



an Tine m a g n etic  s p j - i m n g  j »

g . 5 . 4 .  E r r o r s  i n  t h e  M o ssb au er S ystem

The m a jo r  s o u rc e s  o f  e r r o r  i n h e r e n t  t o  t h e  sy s te m  h a v e  p r e v i o u s ly  

"been q u a n t i f i e d  (1 4  ) f o r  compounds h a v in g  a  h ig h  c o n c e n t r a t io n  o f  t i n .  

The s o u rc e s  o f  t h e  e r r o r s  and  t h e i r  c o n t r i b u t i o n s  h a v e  b e e n  l i s t e d  a s : -

(1 )  P i t t i n g  e r r o r  ± 0 .0 9  c h a n n e ls
(2 )  E r r o r  i n  d e te r m in in g  z e ro  v e l o c i t y  ± 0 .2 5  c h a n n e ls
(3 )  E r r o r  i n  l i n e a r i t y  + 0 .0 5  c h a n n e ls
( 4 ) E r r o r  i n  c a l i b r a t i o n  + 0 .1 1  c h a n n e ls

The t o t a l  c o n t r i b u t i o n  from  th e  above  e r r o r s  am ounts t o  ± 0 .5 0  c h a n n e ls

—T( e q u i v a l e n t  t o  ± 0 .0 2  mms ) •  A lth o u g h  t h e  above  s o u rc e s  o f  e r r o r  a r e  

p r e s e n t  i n  t h e  h ig h  d i l u t i o n  s t u d i e s  o f  t h i s  i n v e s t i g a t i o n  a n  in c r e a s e d  

c o n t r i b u t i o n  i s  o b s e rv e d  a s  a  f u n c t i o n  o f  th e  ru n  t im e .

As p r e v i o u s ly  d i s c u s s e d  lo n g  r u n  t im e s  o f  t h e  o r d e r  o f  48 h o u rs

w ere  r e q u i r e d  f o r  sa m p le s  o f  t i n  compounds d i s p e r s e d  i n  PVC w h ich  a d d ed

in c r e a s e d  c o n t r i b u t i o n s  from  th e  D .C . d r i f t  l e v e l s  i n  t h e  i n s t r u m e n t a t i o n  

to  t h e  e r r o r  i n  t h e  z e ro  v e l o c i t y  and  l i n e a r i t y .  C om parison  o f  t h e  RMS 

e r r o r  / a  v a lu e s  f o r  d a ta  o b ta in e d  a f t e r  lo n g  mun .tim es  w i th  t h o s e  f o r  

d a ta  o b ta in e d  a f t e r  o n ly  a  few  h o u rs  a n a l y s i s  r e f l e c t  th e  i n c r e a s e  i n  t h e  

D.C . d r i f t .

i . e .  R M S /<j = 1 .5 0 8  f o r  T -  24 h o u rs

R M S /<j = 2 .9 9 8  f o r  T = 48 h o u rs

^cr i s  t h e  s t a n d a r d  d e v ia t i o n  i n  t h e  s t a t i s t i c s  f o r  c o u n t in g  f h r  th e

r e s p e c t i v e  ru n  t im e s  1 T 1) .

A f u r t h e r  e s t i m a t io n  o f  th e  e f f e c t  o f  ru n  t im e s  on th e  e r r o r  i n  t h e  

l i n e  p o s i t i o n  and  l i n e a r i t y  was o b ta in e d  from  t h r e e  i n d i v i d u a l  a n a l y s i s  

o f  d i b u t y l t i n  d i c h l o r i d e  i n  PVC ( a t  1.2%. w/w ) f o r  ru n  t im e s  o f  24 and  

48 h o u r s .
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j - .  ■ i i u n  _  x m l .  j _ i j . n r :  r u o i  b X U i i  U c t  C lX 'U p  O  -L e

(H o u rs) ( c h a n n e ls )  S p l i t t i n g  ( r a in s ^ )

2 4 h rs  3 .0 7 0 2  3 .0 5
0 .0 2 3 4

4 8 h rs  3 .0 8 9 9  3 .0 9
- 0.0061

4 8 h rs  3 .0 9 ^ 0  3 .1 0
- 0 .0 1 1 4

The above  d a ta  i n d i c a t e s  a  maximum i n c r e a s e d  e r r o r  o f  ± 0 .0 5  mm.q i n  

t h e  l i n e  p o s i t i o n s  f o r  e x te n d e d  ru n  t im e s .
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0 , 1  in trod u ction

O rg a n o tin  compounds h av e  p ro v e d  to  be  e f f i c i e n t  s t a b i l i s e r s  a g a i n s t  

th e r m a l  and  p h o t o l y t i c  d e g r a d a t io n  o f  PVC. The m ost dam ag ing  p r o c e s s  

o f  d e g r a d a t io n  i s  d e h y d r o c h lo r in a t io n  w hich  p ro c e e d s  b y  a  1 z ip p e r  

r e a c t i o n  ’ and  r e s u l t s  i n  t h e  f o rm a tio n  o f  lo n g  c h a in  p o ly e n e  s e q u e n c e s  

i n  t h e  p o ly m e r . Such  p o ly e n e  s e q u e n c e s  im p a r t  s e v e r e  d i s c o l o u r a t i o n  

an d  b r i t t l e n e s s  t o  th e  PVC. W hile  d e h y d r o c h lo r in a t io n  i s  common to  b o th  

th e r m a l  an d  p h o t o l y t i c  d e g r a d a t io n ,  two c l a s s e s  o f  o r g a n o t in  compound 

h a v e  em erged a s  t h e  m ost e f f e c t i v e  s t a b i l i s e r s .  O rg a n o tin  m e r c a p t id e s  

o f  t h e  ty p e  (w here  R = a l k y l  an d  Y = a l k y l t h i o g l y c o l l a t e )  a r e

t h e  m ost common and  m ost e f f i c i e n t  s t a b i l i s e r s  a g a i n s t  th e r m a l  d e g r a d a t io n ,  

and  o r g a n o t in  c a r b o x y la te s  o f  t h e  same ty p e  (Y = a lk y lm a le a te )  a r e  t h e  

m ost e f f i c i e n t  s t a b i l i s e r s  a g a i n s t  p h o t o l y t i c  d e g r a d a t io n .  T h e re  i s ,  

h o w ev er, some d e g re e  o f  o v e r la p  i n  t h e  u s e  o f  e i t h e r  c l a s s  o f  s t a b i l i s e r .

U sin g  M o ssb au e r s p e c t r o s c o p y  i t  i s  in te n d e d  to  f o l lo w  th e  c h a n g es  

t h a t  o c c u r  t o  t h e  o r g a n o t in  s t a b i l i s e r s  d u r in g  th e rm a l  an d  p h o t o l y t i c  

d e g r a d a t io n  o f  PVC w ith  s u b s e q u e n t  i d e n t i f i c a t i o n  o f  t h e  d e g r a d a t io n  

p r o d u c t s .  G o ld a n s k i i  (1 5  ) r e c e n t l y  r e p o r t e d  a  s i m i l a r  a p p l i c a t i o n  o f  

t h e  t e c h n iq u e  to  v a r io u s  p o ly m e r s y s te m s .

3 .2  L i t e r a t u r e  R eview

The s u b j e c t  o f  h e a t  and  l i g h t  s t a b i l i s a t i o n  w ith  r e s p e c t  t o  th e  

mode o f  a c t i o n  o f  o r g a n o t in  s t a b i l i s e r s ,  a s  w e l l  a s  th e  p r o c e s s e s  i n v o l 

v ed  i n  t h e  d e g r a d a t io n  o f  PVC h a s  been  d i s c u s s e d  i n  num erous, bo o k s and  

re v ie w s  (16 -  31 ) •  H ow ever, t h e  m echanism  o f  s t a b i l i s a t i o n  i s  s t i l l  

n o t  y e t  f u l l y  u n d e rs to o d  d e s p i t e  th e  many p a p e rs  and  d e t a i l e d  i n v e s t i g a 

t i o n s  i n to  th e  s u b je c t  (32 -  40  ) .  W ith r e s p e c t  to  th e rm a l  s t a b i l i s a t i o n  

p e rh a p s  one o f  th e  m ost c o n s t r u c t i v e  r e p o r t s  to  em erge from  t h e  i n i t i a l  

i n v e s t i g a t i o n s  i s  t h a t  by  F ry e ,  H o rs t  and  F a l io b a g i s  ( 1 7 ) .  By s tu d y in g  

th e  r e a c t i o n s  b e tw een  PVC an d  some o r g a n o t in  s t a b i l i s e r s  o f  t h e  g e n e r a l  

■type R^SnYg u s ^n §’ r a d i o a c t i v e  l a b e l l i n g  o f  v a r io u s  f u n c t i o n a l  g ro u p s  

i t  was shown t h a t  n e i t h e r  o f  th e  R g ro u p s  n o r  th e  t i n  a tom  irere p e rm a n e n t ly
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cli,octuneu lo  xne poxym er, nur m e r e  was e v id e n c e  t h a t  t h e  c h lo r i n e  atom s 

on th e  p o ly m e r w ere o o - o r d in a te d .  t o  t h e  t i n  atom  o f  t h e  s t a b i l i s e r  t o  

g iv e  i t  an  o c ta h e d r a l  g e o m e try . A m echanism  f o r  s t a b i l i s a t i o n  was 

s u g g e s te d  i n  w hich  th e  Y g ro u p s  w ere  ex ch an g ed  f o r  th e  c h lo r i n e  a tom s 

to  fo rm  th e  d i a l k y l c h l o r o t i n  e s t e r  R^pnClY o r  d i a l k y l t i n  d i c h l o r i d e  

( r e a c t i o n s  1 an d  2 )

i . e .  p / c l  + R2 SnT2 ---------- ^  r 'Y  + R ^ n C lY  ( l )

2 R 'C X +  R2 SnY2  ^  2r ' y + R^SnCl2 (2 )

K lem chuk (4-1 ) w o rk in g  i n  p a r t  t o  c o n f irm  th e  s t a b i l i s a t i o n  th e o r y  

o f  F ry e  e t  a l  s t u d i e d  t h e  r e a c t i o n s  o f  a l l y l i c  an d  t e r t i a r y  a l k y l  c h lo r i d e  

m odel compounds w i th  d i b u t y l t i n  d i l a u r a t e  and  d i b u t y l t i n b i s ( d o d e c y l m e r -  

c a p t i d e ) . I t  was c o n c lu d e d  t h a t  th e  p r e s e n c e  o f  a l l y l i c  c h lo r i n e  a tom s 

i n  t h e  PVC may w e l l  b e  an  i n f l u e n c i n g  f a c t o r  i n  t h e  d e g r a d a t io n  p r o c e s s  

o f  t h e  p o ly m e r . T h is  w ork a l s o  c o n firm e d  th e  f o rm a t io n  o f  t h e  d i b u t y l -  

c h l o r o t i n  d e r i v a t i v e  a s  a  p ro d u c t  from  r e a c t i o n s  w i th  t h e  m odel com pounds.

A yrey  e t  a l  ( 4^  ) c o n firm e d  t h a t  r e a c t i o n s  ( l )  and  (2 )  r e a d i l y  

o c c u re d  w ith  m odel compounds a t  180°C , and  i n  a  l a t e r  p a p e r  (2 0  ) s t u d i e d  

t h e  r e a c t i o n s  o f  t h e  m odel compounds t - b u t y l c h l o r i d e  and  3“ C h lo ro b u te n e , 

c o n ta in in g  t e r t i a r y  and  a l l y l i c  c h lo r i n e  a tom s r e s p e c t i v e l y  w ith  v a r io u s  

o r g a n o t in  m e r c a p t id e s ,  t h i o g l y c o l l a t e s  and  c a r b o x y la te s  to  c o n firm  

K lem ch u k 's  c o n c lu s io n s  on th e  n a tu r e  o f  th e  p r o c e s s  l e a d i n g  to  d e g ra d a 

t i o n  o f  t h e  p o ly m e r .

Many w o rk e rs , h o w ev er, h av e  c o n c lu d e d  t h a t  th e  o r g a n o t in  s t a b i l i s e r  

r e a c t s  w i th  th e  l i b e r a t e d  h y d r o g e n c h lo r id e  t o  form  d i a l k y l t i n  d i c h l o r i d e .  

S t a p f e r  and  O ra n n ic k  ( 4-3 ) s tu d i e d  th e  p r o c e s s  o f  d e g r a d a t io n  i n  PVC 

c o n ta in in g  a n t i - o x i d a n t  s t a b i l i s e r s .  I t  was r e c o g n is e d  t h a t  d i b u t y l t i n -  

b i s ( i s o o c t y l t h i o g l y c o l l a t e )  f u n c t io n e d  a s  a  p o te n t  a n t i - o x i d a n t  w h ic h , 

when p r e s e n t  a t  2% by  w e ig h t o f  th e  p o ly m e r , im p a r te d  th e  b e s t  lo n g - te r m  

s t a b i l i t y  t o  th e  u n p l a s t i c i s e d  PVC, and  i t  v/as c o n c lu d e d  t h a t  a f t e r  

d e h y d ro  c h l o r i n a t i o n  th e  s t a b i l i s e r  fo rm ed  d i b u t y l t i n  d i c h l o r i d e  p r i o r  t o  

d e g r a d a t io n  o f  th e  p o ly m e r.
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P o l l e r  (4 4 )  s tu d i e d  t h e  i n t e r a c t i o n s  b e tw e e n  PVC and  an  i s o t o p i c -  

a lT y  l a b e l l e d  s t a b i l i s e r ,  B ^ S n C ^ S B u ^ j  d u r in g  d e g r a d a t io n  an d  c o n c lu d e d  

t h a t  t h e  d o m in an t r e a c t i o n  i n  t h e  s t a b i l i s a t i o n  p r o c e s s  was t h e  a b s o r p t io n  

o f  h y d ro g e n  c h l o r i d e  t o  fo rm  d i b u t y l t i n  d ic h lo r id e ®

I n  a  l a t e r  r e v ie w  (4 5 ) P o l l e r  s u g g e s te d  t h a t  t h e  s t a b i l i s e r  p e rfo rm e d  

two r o l e s : -

( i )  during an in d u ction  p eriod , the s t a b i l i s e r  fu n ctio n s in  a pre

v en ta tiv e  way by exchanging a l l y l i c  ch lorin e  atoms present in  th e  polymer 

w ith the th io g ly c o lla te  groups, and

( i i )  d u r in g  t h e  m ain  d e g r a d a t io n  p r o c e s s  i t  s e r v e s  t o  rem ove th e  

l i b e r a t e d  h y d ro g e n  c h l o r i d e ,  f o rm in g  d i b u t y l t i n  d i c h l o r i d e  an d  a  t h i o l  

w h ich  th e n  ad d s  t o  t h e  d o u b le  bonds i n  t h e  p o ly m e r .

Y/irth and Andreas ( 2 6 ) in  an ex ten siv e  review  o f the process o f  

s t a b i l i s a t io n  a lso  concluded th a t th e main fa c to r  i n  both therm al and l ig h t  

degradation i s  the p r i n c e  o f la b i l e  a l l y l i c  ch lorin e  atoms which a c t  as 

i n i t i a l  s i t e s  fo r  the dehydrochlorination process©

F i n a l l y ,  A yrey  and  h i s  c o -w o rk e rs  (4 6 ) s u g g e s te d  t h a t  c h l o r i n e  a tom  

i n i t i a t o r s  a r e  g e n e r a te d  i n  t h e  i n d u c t io n  p e r io d  p r e c e d in g  d eco m p o sitio n ®  

The o r g a n o t in  s t a b i l i s e r s  d e la y  t h e  d e c o m p o s i t io n  o f  t h e  PVC b y  e x ch an g e  

o f  X g ro u p s  ( i n  R^SnX^ w here X = OCQB. ,  35. ) f o r  a l l y l i c  c h l o r i n e  a to m s , 

and  g e n e r a t i o n  o f  HX compounds w h ic h  ad d  t o  t h e  d o u b le  b o n d s  fo rm e d . The 

s c a v e n g in g  r o l e  o f  t h e  s t a b i l i s e r  f o r  c h l o r i n e  atom s was c o n s id e r e d  a n d  a  

m echanism  s u g g e s te d  in v o lv in g  c h l o r i n e  a to m s a b s o rb e d  b y  t h e  s t a b i l i s e r  

r e s u l t i n g  i n  t h e  f o r m a t io n  o f  d i b u t y l t i n  d ic h lo r id e ®

3 .3  O bjectives

The m ain  aim s o f  t h i s  s tu d y  w ere  t o  f o l lo w  th e  r e a c t i o n s  u n d e rg o n e  

b y  tw o ty p e s  o f  co m m erc ia l o r g a n o t in  s t a b i l i s e r s  d u r in g  th e r m a l  an d  U®V. 

d e g r a d a t io n  o f  PVC u s in g  M ossbauer s p e c t r o s c o p y ,  t o  i d e n t i f y  t h e  d e g r a d a t io n  

p r o d u c t s ,  and t o  p ro p o se  a  r e a c t i o n  m echanism  t o  a c c o u n t  f o r  t h e  o b s e rv e d
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-  Q  ~  ^  - u  w  j .4 » v « r ^ /w « a .  w w  u u  w  u x x w  w  l / u u w i  C ~ J . G 4 U w  U ^ « L  O  u U

s u g g e s t  s t r u c t u r e s  f o r  t h e  s t a b i l i s e r s  and  t h e i r  d e g r a d a t io n  p r o d u c ts  

and  t o  a c c o u n t  f o r  any  c h a n g es  i n  s t r u c t u r e  o r  c o - o r d i n a t i o n  a r i s i n g  

fro m  th e  d e g r a d a t io n  p r o c e s s 0 F i n a l l y  an  a t te m p t  was t o  b e  made t o  u s e  

th e  in f o r m a t io n  fro m  th e  above  s tu d y  t o  p r e p a r e  and i n v e s t i g a t e  some 

n o v e l  o r g a n o t i n  com pounds a s  p o t e n t i a l  th e r m a l  s t a b i l i s e r s  an d  s i m i l a r l y  

f o l l o w  t h e i r  r e a c t i o n s  d u r in g  d e g r a d a t io n  and  t o  i d e n t i f y  t h e  d e g r a d a t io n  

p r o d u c ts  •

5*4- T herm al S t a b i l i s e r s  

3*4-* lo  R e s u l t s  and  D is c u s s io n

( a )  PVC S t a b i l i s a t i o n

PVG s h e e t s  c o n ta in in g  th e  o r g a n o t in  s t a b i l i s e r s  to  b e  s t u d i e d  

w ere  p r e p a r e d  u s in g  c o n v e n t io n a l  h o t  m i l l i n g  te c h n iq u e s  a t  L ank ro  

C h em ica ls  L td .  An i n t i m a t e  m ix o f  PVC pow der and s t a b i l i s e r  ( a t  th e  

r e q u i r e d  c o n c e n t r a t io n )  was c o n t i n u a l l y  p a s s e d  b e tw e e n  tw o r o l l e r s  h e a te d  

a t  185°C t o  p ro d u c e  u n ifo rm  and c l e a r  sh ee ts©  The c o n ta c t  t im e  b e tw e e n  t h e  

PVC m ix  a n d  th e  r o l l e r s  w as k e p t  a s  s m a l l  a s  p o s s ib l e  t o  r e d u c e  th e  

p o s s i b i l i t y  o f  th e r m a l  and  m e c h a n ic a l  d e g r a d a t io n  o c c u r in g  t o  t h e  PVC (3 2 ,3 3 )*  

To d e te rm in e  w h e th e r  d e g r a d a t io n  h a d  o c c u re d  d u r in g  t h e  r o l l i n g  

M o ssb au e r p a ra m e te r s  o f  t h e  s t a b i l i s e r  i n  s o lv e n t  c a s t  s h e e t s  o f  PVC w e re  

com pared w i th  th e  p a ra m e te rs  o b ta in e d  f o r  t h e  s t a b i l i s e r  i n  t h e  r o l l e d  s h e e t s .

The s o lv e n t  c a s t  s h e e t s  o f  PVC and s t a b i l i s e r  w ere  p r e p a r e d  b y  

s lo w  e v a p o r a t io n  o f  th e  s o lv e n t  fro m  a  d i s p e r s i o n  o f  t h e  F /C  an d  s t a b i l i s e r  

i n  e i t h e r  d ic h lo ro m e th a n e  o r  t e  t r  ah y  d r  o f  u r  a n .

I n  i n i t i a l  s t u d i e s  M o ssb au e r p a ra m e te rs  w ere  o b ta in e d  f o r  d i b u t y l -  

t i h b i s ( i s o o c t y l t h i o g l y c o i l a t s ) [ l ]  ,  d i o c t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )

[2 ] ,  and  d i b u t y l t i n b i s  ( i s o o o t y i m a le a t e ) [ 3 ]  ,  p r e s e n t  a t  kfo b y  'w e ig h t o f  

th e  p o ly m e r . M ossbauer p a ra m e te r s  w ere  a l s o  o b ta in e d  f o r  th e  above com pounds 

i n  PVC a f t e r  h e a t i n g  th e  p o ly m er i n  an  oven  i n  an  a i r  a tm o s p h e re  f o r  one 

h o u r  a t  1 8 5 * 0 . The r e s u l t s  a r e  g iv e n  in  T a b le s  3-1 and  3 * 2 . F o r  c o m p a riso n

5 2
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u_/ wiivs xii.w>ju-̂ ca.ux;x~ pcu.'cuiicuex'a uuur±innn io r  m e corr esponciing

compounds in  th e pure s t a t e ,  and fo r  the model compounds d ib u ty lch lo ro tin —

is o o c ty lth io g ly c o lla te  [4.] ,  d ib u ty lch lo ro tin iso o cty lm a lea te  [5 ]  3 and

d ib u ty lt in  d ich lo r id e  [ 6 ] ,  ( in  th e p u re-sta te  and d ispersed  in  PVC)

considered to  be the therm al degradation products in  PVC in. the literatu re®

The r e s u lt s  in d ica te  th a t fo r  both types o f s t a b i l i s e r  the main

degradation product i s  the d ia l ly lc h lo r o t in th io g ly c o lla te  /  m aleate and

not d ia lh y lt in  d ich lo r id e  as suggested  by o th er  workers® On th e  b a s is  of

th ese  r e s u lt s  a more: d e ta ile d  in v e s t ig a t io n  was carried  out on the PVC

contain ing e ith e r  d ib u ty lt in b is  ( i s  o o c ty lth io g ly c o lla te ) or d ib u ty l-

t ih b is  (iso o c ty lm a lea te ) [3]  > a t th e commercially used le v e l s  o f 1*2$

and 2fo by w eight o f  the polymer respectively®  These r e s u lt s  are g iven

in  Table 3©4 and can be seen to  be in d is tin g u ish a b le  from the. r e s u lt s

obtained on the thermal degradation o f PVC contain ing  the s t a b i l i s e r s

a t  L$> by w e i^ it o f the polymer0

Comparison of' the Mossbauer data fo r  the fr e sh ly  m illed  sample o f

PVC con ta in in g  s t a b i l i s e r  [ i j ,  (AEq = lol^rams ) w ith  th a t fo r  the pure
—1s t a b i l i s e r  (AEq = 2®20mms ) shows a sm all change in  th e quadripole

s p l i t t in g  which i s  probably due to  a sm all degree of degradation during  

the i n i t i a l  h o t m il l in g  process as concluded by H arrison e t  a l  (47)©

The quadripole s p l i t t in g  fo r  the so lv en t c a st  sample o f PVC con- 

ta in in g  s t a b i l i s e r  [1] ,  (AE^= 2®32mms ) i s  s ig n if ic a n t ly  h igh er  than

th a t o f  the pure s t a b i l i s e r  In d ica tin g  p o ss ib le  co -o rd in a tio n  o f the  

dichloromethane to  the t in .  This r e s u lt  cannot th erefore  be used to  

support the above su ggestion  o f minor degradation in  the PVC®

The s im ila r ity  between the data fo r  the pure s t a b i l i s e r  and th a t o f  

the s t a b i l i s e r  in  the m illed  sample c le a r ly  in d ica te s  th a t  th ere i s  no 

s ig n if ic a n t  s tr u c tu r a l change in  the s t a b i l i s e r  which might have a r ise n  

as a r e s u l t  of co -ord in a tion  between chlorine, atoms on the polymer and 

the t in  atoms o f the s t a b i l i s e r ,  as suggested by other workers ( 1 7 )© 

Prolonged degradation of the PVC sh eet contain ing s t a b i l i s e r  fl]
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r e s u l t e d  i n  e x te n s iv e  d i s c o l o u r a t i o n  o f  t h e  p o ly m e r . The M o ssb a u e r p a ra m e te r s  

f o r  th e  d e g ra d e d  p o ly m e r and  s t a b i l i s e r  com pare e x a c t l y  i r i t h  th o s e  r e c o r d e d ' 

f o r  a  sam p le  o f  PVC c o n ta i n in g  d i h u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  

i n d i c a t i n g  th e  d e g r a d a t io n  p r o d u c t  i n  th e  PVC t o  b e  t h e  d i h u t y l c h l o r o t i n -  

i s o o c t y l t h i o g l y c o l l a t e  a s  c o n c lu d e d  i n  th e  i n i t i a l  s t u d i e s .

F u r th e r  s t u d i e s  o f  th e  p r o g r e s s iv e  a g in g  f o r  s h o r t  p e r io d s  i n  th e  

r a n g e  5 - 8 5  m in ^ u te s  i n d i c a t e  a  g r a d u a l  i n c r e a s e  i n  t h e  a p p a r e n t  q u a d -  $  

r u p o le  s p l i t t i n g  from  t h a t  o f  th e  un ag ed  s t a b i l i s e r  [T Q  t o  t h a t  o f  t h e  

d i b u t y l c h l o r o t i n i s o o c t v l t h i o g l y c o l l a t e ^  |. The change i n  t h e  a p p a r e n t  

q u a d ru p o le  s p l i t t i n g  i s  a l s o  acco m p an ied  by  a  l i n e  b ro a d e n in g  e f f e c t  

(T a b le  3 . 5 ) .  I t  i s  a p p a r e n t  t h a t  d u r in g  th e  c o u rs e  o f  th e r m a l  d e g r a d a t io n  

b o th  th e  u n ch an g ed  s t a b i l i s e r  jjL_j and  th e  d i b u t y l c h l o r o t i n  e s t e r  {jt_[ a r e  

p r e s e n t  i n  t h e  M o ssb au e r s p e c t r a  an d  h e n c e  t h e  i n c r e a s e  i n  th e  a p p a r e n t  

q u a d ru p o le  s p l i t t i n g  and  th e  l i n e  b ro a d e n in g  can  be  a t t r i b u t e d  to  u n r e 

s o lv e d  M o ssb au er q u a d ru p o le  d o u b le t s .  F i t t i n g  t h e  d a ta  a t  1 0 , 15 an d  30 

m in u te s  u s in g  two d o u b le t s  w i th  p a ra m e te r s  c o r r e s p o n d in g  to  t h e  two 

com ponents gave  th e  f o l lo w in g  r e s u l t s : -

Component 1 Iso m e r  S h i f t = 1.45mms” 1
Q u ad ru p o le  S p l i t t i n g = 2.26mms” ^
F u l l  W idth a t  h a l f  h e ig h t = 1.07mms” I

Component 2 Iso m e r  S h i f t = 1.47mms“ ^
Q u ad ru p o le  S p l i t t i n g = 2.88mms” l
F u l l  W idth  a t  h a l f  h e ig h t = 1.08mms“ l

The p a ra m e te r s  o b ta in e d  f o r  t h e  two com ponents com pare e x a c t l y  

w ith  th o s e  r e c o r d e d  f o r  d i b u t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )  and  

d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  and  t h e r e f o r e  c o n firm  th e  

p r e s c e n c e  o f  th e  two com ponents i n  th e  s p e c t r a .  F ig u re  3*1 show s th e
M

M o ssb au e r sp e c tru m  o f  t h e r m a l ly  d e g ra d e d  PVC c o n ta in in g  d i b u t y l t i n b i s -  

( i s o o c t y l t h i o g l y c o l l a t e )  a t  1.2?/'; by  w e ig h t a f t e r  h e a t i n g  a t  1 8 5 °C f o r  

30 m in u te s .  The two com ponents o f  t h e  com puter f i t  a r e  shown c o r r e s p o n d in g  

to  ( a )  d i b u t v l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  [4  J  an d  (B) d i b u t y l t i n b i s -  

( i s o o c t y l t h i o g l y c o l l a t e )  C i]



FIG 3.1

ABSORPTION

4*0 -30 -20  -TO 00 10 20 30  4 0
VELOCITY (mm/sec)

Mossbauer Spectra of thermally degraded PVC containing
Bu2Sn(IOTG)2 stabiliser atT2^after heating at 185°C for 
30minutes. The two components of the computer fit are 
shown corresponding to(A) Bu2SnCl (lOTG) and(B)Bu2Sn(lOTG)2

6 0



i x i c  i / i c i iu .  a u u w i i  x n  i i g u r e  j  • -c b i i u w c s  out; g x c u iu e ix  i n c r e a s e  m  m e  

a p p a r e n t  q u a d ru p o le  s p l i t t i n g -  w ith  th e r m a l  aging- t im e  and  c o r r e s p o n d s  

t o  th e  change  to  t h e  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  a s  d e g ra d 

a t i o n  o c c u r s .  T h e re  i s  no i n d i c a t i o n  t h a t  f u r t h e r  d e g r a d a t io n  o c c u rs  

a t  1 8 5 ° C to  form  d i b u t y l t i n  d i c h l o r i d e  [ jT J  f i l i n g  "the d a ta  i n  

T a b le  3*5 a s  two q u a d ru p o le  d o u b le t s  c o r r e s p o n d in g  to  d i b u t y l t i n b i s -  

( i s o o c t y l t h i o g l y c o l l a t e )  and  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  th e  

r e l a t i v e  a r e a s  due to  th e  two com ponents u n d e r  th e  a b s o r p t io n  p e a k s  

c o u ld  be  d e te rm in e d .

i . e .  A rea  = F u l l  W id ths a t  h a l f  h e ig h t  ( r ^ )  x D epth

B ackground  c o u n ts

and  s in c e :  T o ta l  A re a  = ( A rea  ( l )  + A rea  (2 )  )

w here A rea  ( l )  = A rea  due to  d i b u t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )  

A rea  (2 )  = A rea  due to  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e

i t  i s  p o s s i b l e  t o  e s t im a te  th e  p e r c e n ta g e  c o n te n t  o f  d i b u t y l c h l o r o t i n i s o -

o c t y l t h i o g l v c o l l a t e  ] j Q  i n  th e  PVC d u r in g  i t s  d e g r a d a t io n .  F ig u r e 3 .3

show s th e  ch an g e  i n  p e r c e n ta g e  c o n te n t  o f  [jl~[ i n  th e  PVC w ith  th e r m a l

d e g r a d a t io n  t im e .  H ow ever, from  th e s e  r e s u l t s  th e  r a t e  o f  c o n v e r s io n

t o  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  c a n n o t be  a c c u r a t e l y  d e te rm in e d

a s  th e  te c h n iq u e  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  s m a l l  c o n t r i b u t i o n s  i n

u n r e s o lv e d  s p e c t r a .  From T a b le  3*5 i t  i s  e v id e n t  t h a t  c o m p le te  c o n v e r -  
$

s io n  to  t h e  c h l o r o t i n  e s t e r  ] j Q  h a s  ta k e n  p la c e  a f t e r  50 m in u te s  o f  

a g in g  b y  w h ich  tim e  a  r a p i d  d i s c o l o u r i n g  o f  th e  PVC i s  o b s e rv e d .  The 

o p t i c a l  d e n s i t y  o f  PVC sam p le s  s t a b i l i s e d  w ith  d i b u t y l t i n b i s ( i s o o c t y l t 

h i o g l y c o l l a t e )  jJL~] was m easu red  u s in g  a  TT.E.L. R a d io lo g ic a l  D e n s i to m e te r  

and  th e  change  i n  o p t i c a l  d e n s i t y  ( a r b i t r a r y  u n i t s )  w ith  th e r m a l  a g in g  

t im e  i s  shown i n  F ig u re  3*4 . The r a p i d  i n c r e a s e  o b s e rv e d  a f t e r  50 

m in u te s  i s  c o in c id e n t  w ith  c o m p le te  c o n v e rs io n  o f  th e  s t a b i l i s e r  

t h e  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e .

From th e s e  r e s u l t s  i t  i s  e v id e n t  t h a t  th e  f i n a l  p ro d u c t  i s  d i b u t y l -

c h l o r o t i n i s o o c t y l t h i o g l v c o l l a t e  and  n o t  d i b u t y l t i n  d i c h l o r i d e  a s  c o n c lu d e d  

by o t h e r  w o rk e rs  (4*3-4-7) .F u r th e r ,  i n  s u p p o r t  o f  t h e s e  r e .a u l t s  M e llo r(4 -8  )
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degraded PVC subsequent a n a ly s is  id e n t if ie d  i t  as d ib u ty lc h lo r o t in iso -  

o c ty lth io g ly c o l la te .

The Mossbauer r e s u lt s  on the thermal degradation o f PVC s ta b il i s e d  

with d io c ty lt in b is ( is o o c ty lt h io g ly c o l la te )  JjcT] (Table 3« l) and d ib u ty l

t in b is  (isioocty lm aleate) (Table 3-4) show c le a r ly  th a t in  both cases

the degradation product i s  a lso  the d ia lk y lc h lo r o tin  e s te r . Figure 3*5 

shows comparative Mossbauer sp ectra  o f d ib u ty ltin b is(i^ o o c ty lm a lea te )  

in  ( a )  i t s  pure s t a t e ,  (B) in  the PVC a f t e r  m il l in g , and (c) o f the  

thermal degradation product jj?”] in  the PVC a f te r  aging fo r  one hour at  

185°C .

A fter ex ten sive  degradation o f  each sample i t  was not p o ss ib le  to  

d etec t any d ib u ty lt in  d ich lorid e  in  the polymer m atrix. This r e su lt  

supports the recent work o f  Parker and Carman (49) who have shown that 

d ia lk y lt in  m ercaptides in  so lu tio n  undergo a ligand-exchange rea ctio n  

with d ia lk y lt in  d ich lo r id es  to form the mixed halo merca.pto d e r iv a tiv e s  

R2SnCl(SST.). *. This rea ctio n  a lso  serves to remove any d ia lk y lt in  

d ich lo r id e  which may a lso  a c t as a Lewis acid  c a t a l y s t  fo r  the degrada

t io n  of*' the PVC.

In  a study o f the e ffe c t iv e n e s s  o f various organotin s t a b i l i s e r s  

T r o itsk ii  e t a l  (50) concluded th at in  the abs^ence o f  s t a b i l i s e r s  the 

thermal degradation o f PVC proceeds by a m o lecu lar-ion ic  mechanism in  

which the hydrogen ch lorid e released  has an a u to c a ta ly tic  e f f e c t  on the 

degradation p rocess. Conversely i f  the hydrogen ch loride i s  removed 

upon fom^bion degradation proceeds mainly by a m olecular mechanism 

com plicated by ra d ica l r ea c tio n s . Further, considering the reviews by 

P o lle r  (45  ) and Ayrey (2 0 )  which suggest th a t in i t ia t io n  of. degradation  

pla.ce a t a l l y l i c  ch lorine s i t e s  then c le a r ly  the process o f degradation / 

s t a b i l i s a t io n  i s  very much more complex than i n i t i a l  in v e s t ig a t io n s  in to  

the .mechanism in d ica ted .
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On th e  b a s i s  o f  th e  above  r e s u l t s  and  th e  w ork re v ie w e d  a. r e a c t i o n  

schem e i s  p ro p o se d  f o r  th e  s t a b i l i s a t i o n  and  d e g r a d a t io n  o f  th e  PVC. 

D e g ra d a t io n  i s  i n i t i a t e d  a t  a l l y l i c  c h lo r i n e  s i t e s  d u r in g  th e  m i l l i n g  

p r o c e s s ,  a s  i n d i c a t e d  b y  o u r  r e s u l t s ,  b y  r e l e a s e  o f  p r o p o r t i o n a t e  am ounts 

o f  h y d ro g e n  c h l o r i d e .  R ep lacem en t o f  th e  t h i o g l y c o l l a t e  o r  m a le a te  

g ro u p s  on th e  s t a b i l i s e r s  by  c h lo r i n e  atom s from  th e  h y d ro g e n  c h lo r i d e  

o c c u rs  w i th  r e s u l t a n t  f o rm a t io n  o f  t h e  t h i o l  o r  m a le ic  a c i d .  F u r th e r  

d e g r a d a t io n  o f  th e  PYC d u r in g  th e  m i l l i n g  i s  p r e v e n te d  b y  a d d i t i o n  o f  

t h e  t h i o l  o r  m a le ic  a c id  a c r o s s  th e  d o u b le  bond:

^CH ^CH ^CH ^CH H CH -CH — r e l e a s e  o f  KC1 due? — |C H^-C 1-%-C H = c  H— C H = C H -

Ct Cl H to  thermal and ** Cl
m echanical degradation

■+ Bi^SnYj in  the m illin g  p rocess. ^  HGl ■+■

T

-fCHjCHfc-CH-CH-CH-CH arre3t o f ^ g ra d a tio n -f-CH2CH)i r CH=CH-CH=CH- 
^1 I I     n
Cl Y H by add ition  o f t h io l  or ci

m aleic acid  across the ■+ H-Y
double bond.

+  Bu2Sn Y Bu2SnY2 +  Y 4* B i^ S ^
Cl Cl

(w here  Y = i s o o c t y l t h i o g l y c o l l a t e . i s o o c t y l m a l e a t e ) .

S in c e  t h e r e  a r e  r e p o r t e d  t o  be  r e l a t i v e l y  few  a l l y l i c  c h lo r i n e  atom s 

on th e  p o ly m er (4 1 *4 5 ) o n ly  s m a l l  am ounts o f  h y d ro g e n  c h lo r i d e  a r e  r e l e a s e d  

d u r in g  i n i t i a l  d e g r a d a t io n .  C o n se q u e n tly  r e a .c t io n  w ith  th e  h y d ro g e n  

c h lo r i d e  r e s u l t s  i n  o n ly  s m a l l  d e p le t io n  o f  th e  s t a b i l i s e r .

On th e r m a l ly  p .ging th e  p o ly m er f u r t h e r  d e g r a d a t io n  o c c u rs  i n v o lv 

in g  r a p id  d e p le t i o n  o f  th e  s t a b i l i s e r  and  s u b s e q u e n t  fo rm s .tio n  o f  th e  

d i h u t y l c h l o r o t i n  e s t e r .  R asuvaev  e t  a l  (51 ) s u g g e s t  t h a t  th e  d e g r a d a t io n  

p ro c e e d s  by a  m o le c u la r  m echanism  c o m p lic a te d  by  ra d ic a .1  r e a c t i o n s :

69



H-CH=C%-CH--CH—  
Cl H

-fCH =CH V -CH =-CH

- fCH=CHt e i f f r +  hci

Cl

P r o d u c t io n  o fH C l r e s u l t s  i n  r a p i d  s t a b i l i s e r  d e p le t i o n  and s u b s e q u e n t  

fo rm a tio n  o f ” th e  d i b u t y l c h l o r o t i n  e s t e r :

A f t e r  t h e r m a l l y  a g i n g -  t h e  p o l y m e r  f o r  5 0  m i n u t e s  a l l  t h e  s t a b i l i s e r  

h a s  b e e n  c o n v e r t e d  t o  t h e  d i b u t y l c h l o r o t i n  e s t e r .  P u r t h e r  d e h y d r o 

c h l o r i n a t i o n  r e s u l t s  i n  e x t e n s i v e  d e g r a d a t i o n  a n d  d i s c o l o u r a t i o n  o f  

t h e  p o l y m e r  d u e  t o  t h e  f o r m a t i o n  o f  l o n g  c h a i n  p o l y e n e  s e a u e n c e s .  T h e  

h y d r o g e n  c h l o r i d e  i s  r e p o r t e d  t o  h a v e  a n  a u t o c a t a l y t i c  e f f e c t  o n  t h e  

d e g r a d a t i o n  p r o c e s s  c a u s i n g  f u r t h e r  d e h y d r o c h l o r i n a t i o n  o f  t h e  p o l y m e r  

( 5 1  ) •  mr o i t s k i i  e t  a l  ( 50) s u g g e s t  t h e  d e g r a d a t i o n  t o  p r o c e e d  b y  b o t h  

a  m o l e c u l a r  a n d  a n  i o n i c  m e c h a n i s m :

4C. H=CH) fpf CH—CH^ng CH— +  P B jjSnY  KBu2SnY2
Cl t  Cl

~ fC H = C l lln , m lC H — C H j j p ^  ■ _ |_  ( P + K lf iu ^ n Y  - ( -  ( m - K ) H Q
I  ' ! a

7.0



^ i ;  i - o i e c u i a r :

-fCH=CH)j  ̂CH—CH^jfCH—ChH— +  HCI 

Y Cl H

4CH=CH)n-( C H -C H 4-4C H —C H H
I +  4

Y Q H

H— Cl T ransition
S tate

4CH—CH)pj4CH—C H ^ -  - f -  2 HCI

( i i )  Io n ic :

—{0H=CH)n4CH—CH4—fCH—CH-d—CĤ -CH-11 I 2 m i 2 2 |
Y Q Cl

-fC H ^C H ^C H -C H ^fC H -C H jK C H ^-C H - 

Y C( Cl

HQ

H
I

Cl

-fCH=CH)jjfCH—CHj)— CH—CH -̂CH -̂CH— - f -  [ciHCl]
j  m * tC!



T r o i t s k i i  t o  s t a b i l i s e  th e  ca rbon ium  io n  and p r o v id e s  an  i n te r m e d ia t e  

s ta g 's  i n  t h e  fo rm a tio n  o f  m ore h y d ro g e n  c h l o r i d e .  The r e a c t i o n  i s  s a id

s u b s e q u e n t  fo rm a t io n  o f  2 m oles o f  h y d ro g e n  c h lo r i d e  and  a  c a rb a n io n :

e v id e n c e  f o r  th e  n a tu r e  o f  t h e . t h e r m a l  d e g r a d a t io n  p r o d u c t s .  I n  ad d 

i t i o n  th e  c h a n g es  i n  th e  q u a d ru p o le  s p l i t t i n g  d u r in g  d e g r a d a t io n  o f  t h e  

PVC i n d i c a t e  s i g n i f i c a n t  ch an g es  i n  c o - o r d i n a t io n  a ro u n d  th e  t i n  a to m .

The s t r u c t u r e s  o f  th e  t h i o g l y c o l l a t e  s t a b i l i s e r s  h a v e  b e e n  l i t t l e  

s tu d i e d  a l th o u g h  S t a p f e r  and  H e rb e r  ( 5 2  ) h a v e  r e c o rd e d  J .lo ssb au er and  

i n f r a r e d  d a ta  f o r  t h e s e  com pounds. I t  was c o n c lu d e d  t h a t  d i b u t y l t i n -  

b i s ( i s o o c t y l t h i o g l y c o l l a t e )  a d o p ts  e i t h e r  a  c i s  -  o r  a  t r a n s  -  

t r i g o n a l  b ip y ra m id a l  c o n f i g u r a t io n  d e p e n d in g  upon th e  m ethod o f  p r e p a r a t i o n

to  p ro c e e d  f u r t h e r  by  d e p r o to n a t io n  by  th e  [jciH Clj “  io n  w i th  th e

-tCH=CH)pr CH—CH- +
fi Cl

-fCH=CHjj^CH—CH— - b  2 HCI

Cl

(b )  C o - o r d in a t io n  C h e m is try

The K o s s b a u e r  d a ta  i n  T a b le s  5*1 -  3*5 h av e  g iv e n  c o n c lu s iv e

l . e
0

S-CH^C-OCqH^
0
II

t  \ h B u ' '  t \ 2



m o n o d e n ta te .

H u tto n  and  B u r le y  (53) h av e  a l s o  p r e p a r e d  and  r e c o rd e d  th e  i n f r a r e d  

s p e c tru m  o f  d i b u t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )  [ j Q  and  c o n c lu d e d  

t h a t  th e  r e a c t i o n  b e tw een  d i b u t y l t i n  d i c h l o r i d e  and  i s o o c t y l t h i o g l y 

c o l l a t e  u n d e r  a n h y d ro u s  c o n d i t io n s  g iv e s  a lm o s t  e n t i r e l y  d i b u ty l c h l o r o -  

t i n i s o o c t y l t h i o g l y c o l l a t e  jjl~ ] and  n o t  a s  s u g g e s te d  by S t a p f e r  and  B e r b e r ,  

th e  t r a n s  -  i s o m e r  o f  d i b u t y l t i n  b i s ( i s o o c t y l t h i o g l y c o l l a t e ) . T h is  

becom es s i g n i f i c a n t  on c o m p a riso n  o f  th e  M o ssb au e r d a ta  f o r  th e  d i b u t y l 

t i n b i s  ( i s o o c t y l  t h i o g l y c o l l a t e )  p r e p a r e d  u n d e r  d i f f e r e n t  c o n d i t io n s  by 

S t a p f e r  and  H e rb e r  and  c o u ld  e x p la in  t h e  d i f f e r e n c e  i n  th e  o b s e rv e d  

q u a d ru p o le  s p l i t t i n g s .

The M o ssb au er d a ta  (T a b le s  3*1* 3*2 and 3»3) f o r  d i b u t y l -  and  

d i o c t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e s  ) , L iQ  ( = 2.20mms~^ an d

2 .2 7  -  2.37nims” l  r e s p e c t i v e l y )  a r e  i n d i c a t i v e  o f  f o u r -  c o - o r d i n a t e  

s t r u c t u r e s :

0  

'"s-CI-̂ C-OCgHjy 
0

( v =. 1740 cm ) v c=o

I n f r a r e d  d a ta  a l s o  s u p p o r t s  t h i s  s u g g e s t io n  s in c e  th e  c a rb o n y l  

s t r e t c h i n g  f re q u e n c y  a t  1740 cm'"-®- i s  t y p i c a l  o f  an  u n c o - o r d in a te d  

c a rb o n y l  g ro u p . Ho e v id e n c e  i s  found  in  th e  i n f r a r e d  s p e c tru m  f o r  a  

c o - o r d in a te d  c a rb o n y l  g ro u p .

The h ig h e r  q u a d ru p o le  s p l i t t i n g  ( AE = 2.flRmms"^) o b s e rv e d  f o r
Q

d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  [jl_ | i s  i n d i c a t i v e  o f  th e  t i n  

b e in g  f i v e  -  c o - o r d i n a t e  w ith  a  t r i g o n a l  b ip y ra m id a ,l  s t r u c t u r e :
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O H
( v  = 1700cm"1 )

& u

I n f r a r e d  d a t a  a g a in  s u p p o r t s  t h i s  s t r u c t u r e  show ing  a  c o - o r d in a t e d  

c a rb o n y l  s t r e t c h i n g  f r e q u e n c y  a t  lYOOcm” ^-.

F o r  t h e  m a le a te  s t a b i l i s e r  £3_[ t h e  q u a d ru p o le  s p l i t t i n g  o f  p u re  

d i b u t y l t i n b i s ( i s o o c ty lm a le a te )  [ j j  ( AEU = 3*62mms"*l) i s  i n d i c a t i v e  o f  

s i x  c o - o r d in a t e d  t i n  s i t e s  a s s o c i a t e d  i n t e r m o l e c u l a r l y  th ro u g h  th e  

c a rb o n y l  g ro u p s :

C8H17Ck «°

DEI

CH
II
CH

Bu CH 
II
CH

( v =1740cm" ̂  . 1:660cm 1 )v c=o 3
-1

I n f r a r e d  d a ta  shows b o th  u n c o - o r d in a te d  ( vc=0 = 17^0cm” ^) an d  

c o - o r d in a t e d  ( vc=0 = l660cm - ^) ban d s p r e s e n t .  S tu d ie s  o f  d i a l k y l t i n  

a c e t y l a c e t o n a t e s  and o x in a te s  show s i m i l a r  v a lu e s  f o r  th e  q u a d ru p o le  

s p l i t t i n g  and  th e s e  hav e  s i m i l a r i l y  been  a s s ig n e d  t r a n s  -  o c t a h e d r a l  

s t r u c t u r e s (5 4 * 5 5 )•

A s i g n i f i c a n t  d i f f e r e n c e  i s  o b s e rv e d  i n  th e  q u a d ru p o le  s p l i t t i n g  

f o r  t h e  p u re  d i b u t y l t i n b i s ( i s o o c ty lm a le a / te )  [3 _ j ( 4S0 = 3*62mms“ - )  a n ^ 

f o r  th e  m a le a te  i n  PVC a f t e r  m i l l i n g  ( AEQ = 3 .3 6 m m s - l) . The p a r a _



m exers r o r  t n e  m a le a te  In  PVC from  a  s o lv e n t  c a s t  sam p le  ( AE 0 =

3.34mms a r e  i n  c lo s e  a g re e m e n t w ith  th o s e  o f  t h e  m i l l e d  sam p le  and  

s u g g e s t s  t h a t  t h e  d i f f e r e n c e  i s  n o t  due t o  d e g r a d a t io n  b u t  r a t h e r  t h a t  

d i s p e r s io n  i n  t h e  PVC a f f e c t s  t h e  s t e r i c  a rra n g e m e n t o f  th e  l ig a n d s  

a ro u n d  th e  t i n  a to m . I n d e e d ,  th e  change  i n  q u a d ru p o le  s p l i t t i n g  on 

i n c o r p o r a t io n  i n t o  th e  p o ly m e r s u g g e s t s  a  change  i n  th e  0 -  Sn -  0 

bond a n g le  w h ich  w ould o c c u r  on g o in g  from  th e  i n t e r ^ m o le c u l a r  a s s o c i a t e d  

u n i t  t o  a n  i n t r a - m o l e c u l a r  u n - a s s o c i a t e d  com plex:

Bu

,  °  /  c8 h 17o - c - c h = c h - c

0 .

'S ri

0

.0

N
0

0

C - C H = C H - C - 0 Cg H17

Bu

r a

I t  i s  a l s o  n o te w o r th y  t h a t  f o r  d i b u t y l c h l o r o t i n i s o o c ty lm a le a t e  p j [  

a  s i g n i f i c a n t  chan g e  i n  th e  q u a d ru p o le  s p l i t t i n g  i s  o b s e rv e d  b e tw e en  

t h a t  o f  th e  p u re  compound and  when d i s p e r s e d  i n  PVC s u g g e s t in g  a 

s t r u c t u r a l  c h a n g e . H onn ick  and  Zuckerm an (56 ) h av e  r e c e n t l y  d i s c u s s e d  

th e  s t r u c t u r e s  o f  'th e  .d io r g a n o t in  h a l i d e  c a r b o x y la te s  and  s u g g e s te d  t h a t  

t h e  o r i g i n  o f  c e r t a i n  ch an g es  i n  i n f r a r e d  s p e c t r o s c o p ic  p r o p e r t i e s  i n  

p a s s in g  from  a  p u re  compound to  a  s o l u t i o n  i n  an  i n e r t  s o lv e n t  m ig h t be 

a  change from  a  p o ly m e r ic  p e n ta  -  c o - o r d in a t e d  s t r u c t u r e  ^A) t o  a  mono

m e r ic  p e n ta  -  c o - o r d in a t e d  s t r u c t u r e ( B ) :



The M o ssb au e r p a ra m e te r s  f o r  b o th  ty p e s  o f  s t a b i l i s e r  i n  t h e  PVC 

g iv e  no e v id e n c e  o f  an y  c o - o r d i n a t iv e  i n t e r a c t i o n s  b e tw een  th e  c h lo r i n e  

atom s on th e  p o ly m e r and  th e  t i n .  a tom s o f  t h e  ty p e  s u g g e s te d  b y  F ry e  

e t  a l  (17  ) •  P o r  d i b u ty l  -  and  d i o c t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )

th e  m a g n itu d e s  o f  t h e  q u a d ru p o le  s p l i t t i n g s  s u g g e s t  t h e  t i n  a tom s 

on b o th  s t a b i l i s e r s  i n  th e  PVC t o  be  f o u r -  c o - o r d i n a t e .  The p a ra m e te r s  

f o r  d i b u t y l t i n b i s ( i s o o c ty m a le a te )  d h - h o w e v e r, show th e  t i n  atom  to  be

s i x  c o - o r d i n a t e  i n  b o th  t h e  p u re  s t a t e  an d  when d i s p e r s e d  i n  PVC; a

s t r u c t u r a l  change  i s  a p p a re n t  on i n c o r p o r a t i o n  i n t o  th e  p o ly m e r .

The m ain  d e g r a d a t io n  p r o d u c t  from  e a ch  s t a b i l i s e r  was i d e n t i f i e d  

a s  t h e  m ixed  c h l o r i d e - e s t e r .  The fo rm a tio n  o f  th e  d i a l k y l c h l o r o t i n i s o  

o c t y l t h i o g l y c o l l a t e  s u p p o r t s ,  i n  p a r t ,  t h e  l ig a n d -e x c h a n g e  th e o r? /  o f  

P a r k e r  an d  Carman (4-9) and  s i m i l a r i t y  th e  f o rm a tio n  o f  t h e  d i b u t y l c h -  

l o r o t i n i s o o c ty lm a le a t e  s u p p o r t s  th e  work o f  Cohen and  D i l l a r d  (5 7  ) °n  

th e  l ig a n d - e x c h a n g e  r e a c t i o n s  o f  o r g a n o t in  c a r b o x y l a t e s .

D e g ra d a t io n  o f  th e  PVC i s  s u g g e s te d  t o  o c c u r  a t  'd e f e c t ’ a l l y l i c  

c h lo r i n e  s i t e s  and  i s  c l e a r l y  a  com plex p r o c e s s  in v o lv in g  r a d i c a l ,  an d  

i o n ic - m o l e c u l a r  m e c h a n is im s . The p r e s e n c e  o f  h y d ro g e n  c h lo r i d e  i n  th e  

p o ly m e r a p p e a r s  t o  c o n t r i b u t e  to  two p r o c e s s e s : -

( i )  a  non  -  a u t o c a t a l y t i c  e f f e c t  i n  w h ich  th e  h y d ro g e n  c h lo r i d e

b r in g s  a b o u t s l i g h t  d e g r a d a t io n  o f  th e  p o ly m e r by  a  m o l e c u l a r / r a d i c a l

p r o c e s s  i n i t i a t e d  a t  th e  a l l y l i c  c h lo r i n e  - s i t e s .  The s t a b i l i s e r  r e a c t s  

w ith  th e  l i b e r a t e d  h y d ro g en  c h lo r i d e  to  form  th e  d i a l k y l c h l o r o t i n  e s t e r .

( i i )  an  a u t o c a t a l y t i c  p r o c e s s  i n  w hich  th e  h y d ro g e n  c h lo r i d e  w h ich  

i s  r e l e a s e d  b r in g s  a b o u t e x te n s iv e  d e g r a d a t io n  o f  th e  p o ly m er b y  a m o le

c u l a r  -  i o n i c  p r o c e s s .  At t h i s  s ta g e  a l l  th e  s t a b i l i s e r  a p p e a r s  to  h a v e  

b e e n  c o n v e r te d  to  th e  c h l o r o t i n  e s t e r .

The fo rm a tio n  o f  th e  d i a l k y l c h l o r o t i n  e s t e r  i s  s e e n  to  o c c u r  a s  

e a r l y  a s  15 m in u te s  i n t o  th e  d e g r a d a t io n  p r o c e s s .

F i n a l l y ,  co m p a riso n  o f  th e  M o ssb au er p a ra m e te r s  f o r  th e  h o t  -  m i l l e d



o-iiu. 0 WJ.VC110 ucio o ocwuiJjLco (jvjxiuctiiixxi^ one ujLa.jLK.yj.xin p i s i  i s o o c x y ix n io g iy — 

c o l l a t e s )  o r  d i b u t y l t i n b i s ( i s o o c ty lm a le a t e )  i n d i c a t e s  o n ly  s l i g h t  

d e g r a d a t io n  o c c u r in g  d u r in g  th e  i n i t i a l  h o t  -  m i l l i n g  p r o c e s s .

5 .5  P h o to c h e m ic a l  S t a b i l i s e r s  

5 .5 * 1  I n t r o d u c t i o n

F o llo w in g  s t u d i e s  o f  t h e  r e a c t i o n s  o c c u r in g  i n  t h e  PVC m a t r ix  by 

o r g a n o t in  s t a b i l i s e r s  d u r in g  th e rm a l  d e g r a d a t io n  o f  t h e  p o ly m e r , a  

s i m i l a r  s tu d y  was u n d e r ta k e n  o f  th e  r e a c t i o n s  u n d e rg o n e  by  th e  s t a b i l i s e r s  

d i b u t y l t i n b i s  ( i s o o c t y l t h i o g l y c o l l a t e )  [_jQ and  d i b u t y l t i n b i s  ( i s o o c t y l -  

m a le a te )  j j Q  d u r in g  U.V. -  in d u c e d  d e g r a d a t io n  o f  th e  s t a b i l i s e d  p o ly m e r 

i n  a i r  a t  25°C . Of t h e  two c l a s s e s  o f  s t a b i l i s e r  u s e d ,  t h e  m a le a te  i s  

r e p o r t e d  t o  b e  a n  e x c e l l e n t  l i g h t  s t a b i l i s e r  w h ereas  th e  t h i o g l y c o l l a t e  

s t a b i l i s e r  i s  o f  l i m i t e d  e f f i c i e n c y  ( 1 6 , 2 6 , 2 8 , 4 6 , 58 - 62)0  

5 .5 * 2  R e s u l t s  and  D is c u s s io n

S am ples o f  PVC s h e e t  c o n ta in in g  th e  s t a b i l i s e r s  h i 13 J . ( p r e s e n t

a t  1 fa o r  2 f o w /w o f  t h e  p o ly m e r, r e s p e c t i v e l y )  w ere  s u b je c t e d  to  

i r r a d i a t i o n  w ith  u l t r a  -  v i o l e t  l i g h t  ( > 290 nm) i n  a  co m m erc ia l "X eno- 

t e s t M a p p a r a tu s ,  i n  w hich  t h e  sa m p le s  a r e  r o t a t e d  a b o u t  a  c e n t r a l  d i s 

c h a rg e  lam p a t  t h e  a x i s  o f  th e  a p p a r a tu s ,  i n  an  a tm o sp h e re  o f  a i r  a t  

a p p ro x im a te ly  25°C f o r  v a r io u s  i n t e r v a l s  o f  t im e .  The d e r iv e d  M o ssb a u e r 

p a ra m e te r s  f o r  th e  sa m p le s  and  f o r  o t h e r  r e f e r e n c e  o r g a n o t in  com pounds 

a r e  g iv e n  i n  T a b le s  5*6 , 5*7» 3*8 and  5*9*

The r e s u l t s  f o r  t h e  t h i o g l y c o l l a t e  s t a b i l i s e r  (T a b le  5*6) show  t h a t  

a f t e r  400 h o u rs  e x p o s u re  i t  i s  c o n v e r te d  i n t o  two d e g r a d a t io n  p r o d u c t s ,  

a s  i n d i c a t e d  by  t h e  asym m etry  and  b ro a d  l i n e  w id th s  i n  t h e  M o ssb au e r 

sp e c tru m  ( f i g  3*o ) 9 F i t t i n g  th e  d a ta  u n d e r  O p tio n  4 ( s e e  s e c t i o n

2 . 3) gave  th e  f i n a l  p a ra m e te rs  o f  th e  two com ponents to  b e : -

Component 1: Iso m e r  S h i f t  = 1.45rams“'^
Q u ad ru p o le  S p l i t t i n g  = 2.38mms“ ^
F u l l  W idth a t  h a l f - h e i g h t  = 1.30qims"’-

7-7
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X e n o te s t  a p p a r a t u s .

Exposure
Time

(hours)

Isomer
S h if t

(mms-^)(+0.05)

Quadrupole 
S p lit t in g  

(mms”-*-) (+0 . 0 5 )

P u ll Width a t  
h a lf  height  
(nnns" )

0 1 .38 3.35 1.04

404 1.45 5.35 1.02
1000 1 .44 3.35 0 .99
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. X C S U i H t J J - '  O X 1J L X  0 =  U • 4-̂ ITimS
Q u ad ru p o le  S p l i t t i n g  = 0.93mms“*l
F u l l  W idth  a t  h a l f - h e i g h t  = 1.30mms“ l

Component 1 was c o n c lu s i v e l y  i d e n t i f i e d  a s  d i b u t y l c h l o r o t i n i s o -  

o c t y l t h i o g l y c o l l a t e  [4 J ,  an d  com ponent 2 was c o n s id e r e d  a t  f i r s t  t o  he 

s t a n n i c  o x id e  a l th o u g h  a  s m a l l  iso m e r  s h i f t  (0.44m m s“ l )  had  b e e n  m e a su re d .

To e n s u re  t h a t  t h i s  was n o t  a  c o m p u t e r - f i t t i n g  a r t i f a c t  a  s im u la t io n  

e x p e r im e n t was c a r r i e d  o u t  u s in g  a  1 :1  m ix tu re  o f  p u re  s t a n n i c  o x id e  and  

d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e [ j l J  i n  PVC ( a t  a  t o t a l  o f  2%-w/w ) ,  

s o lv e n t  c a s t  from  d ic h lo ro m e th a n e  and  show ed th e  s t a n n i c  o x id e  t o  h av e  

a  z e ro  is o m e r  s h i f t  and  a  s m a l l  q u a d ru p o le  s p l i t t i n g  ( AE -  0.53m ms” l ) .  

T h ese  p a ra m e te r s  a r e  t y p i c a l  f o r  s t a n n i c  o x id e  (1 0  ) and  do n o t  com pare 

w ith  th o s e  o b s e rv e d  f o r  t h e  s e c o n d  com ponen t. Component 2 was f i n a l l y  

i d e n t i f i e d  a s  b e in g  s t a n n i c  o x y c h lo r id e ,  SnO C l^ , [ V i  on c o m p a riso n  

o f  th e  M o ssb au e r d a ta  w ith  th o s e  p r e v i o u s ly  r e c o r d e d  f o r  t h i s  compound 

(6 6  ) .  F ig u re  3*6 shows th e  M ossba.uer s p e c t r a  f o r  d i b u t y l t i n b i s ( i s o -  

o c t y l t h i o g l y c o l l a t e )  ( l ) ,  i n  PVC a f t e r  4320 h o u rs  e x p o s u re . The two 

com ponents o f  t h e  c o m p u te r f i t  a r e  shown and  c o r re s p o n d  to  ( a )  d i b u t y l -  

c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  |~4 | a.nd (b )  s t a n n i c  o x y c h lo r id e .  Q 7 J  

The p r o p o r t io n  o f  t h e  l a t t e r  com ponent i s  s e e n  to  i n c r e a s e  w ith  i n c r e a s 

in g  e x p o su re  t im e  up t o  4320 h o u rs  a f t e r  w hich  th e  PVC i s  s e e n  t o  be 

c o n s id e r a b ly  d i s c o lo u r e d  and  b r i t t l e  and  fo u n d  to  c o n ta in  a p p r o x im a te ly  

5 %  s t a n n i c  o x y c h lo r id e .  Owing to  th e  p o o r  q u a l i t y  o f  d a ta  an d  th e  lo n g  

man t im e s  in v o lv e d  l a r g e  e r r o r  l i m i t s  o f  t h e  o r d e r  + 5^  m ust be  a s s ig n e d

to  t h e  p e r c e n ta g e  c o n c e n t r a t io n  v a lu e s  f o r  s t a n n i c  o x y c h lo r id e .  T h ese  

e r r o r  l i m i t s  w ere e s t im a te d  by  d e te r m in in g  th e  e f f e c t  o f  a r t i f i c i a l l y  

i n c r e a s i n g  th e  a r e a  u n d e r  th e  a b s o r p t io n  p e a k  due to  th e  s t a n n i c  o x y c h lo r id e  

com ponent, and  s im u l ta n e o u s ly  r e d u c in g  th e  a r e a  due to  th e  c h l o r o t i n  e s t e r  

f o r  th e  s t a r t i n g  p a r a m e te r s ,  and r e f i t t i n g  th e  e x p e r im e n ta l  d a t a .  I n  m ost
p

c a s e s  t h e  x v a l u e s  7 / e r e  n o t  s i g n i f i c a n t l y  a l t e r e d ,  b u t  t h e  f i t t i n g

r o u t i n e  c o n v e rg e d  on p a .ra jn e te rs  w hich a p p ro a c h e d  th e  i n i t i a l  c o m p le te d  f i t 3 ,

i . e  S in c e  A rea  = Iyf . P e r th _______
B ackground  C ounts
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Figure 3.6 

ABSORPTION

4.0 -3.0 -2 .0  -1.0 0 .0  1.0 2.0 3.0 4.0

VELOCITY (mm/sec)
Mossbauer Spectra of U.V degraded PVC containing 
Bu2Sn(IOTG)2 stabiliser at 1.22 after 4 3 2 0  hours exposure. 
The two components of the computer fit are shown 
corresponding to (A) Bu2SnCI(IOTG) and (B)SnOCI2
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onen a r m i c i a i i y  in c r e a s in g ^  i j j . D epxnyt/or s t a n n i c  o x y c h lo r id e  and  

r e d u c in g (  Tj j • D e p th ) f o r  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  h y  e q u a l 

am ounts p ro d u c e s  t h e  r e q u i r e d  i n c r e a s e  /  r e d u c t io n  i n  a r e a s .

The. r e s u l t s  a r e  shown i n  T a b le  3*7 and  c o n firm  t h a t  f o r  a n  i n c r e a s e  /  

r e d u c t io n  i n  A rea  o f  5^ f o r  s t a n n i c  o x y c h lo r id e  and  d i b u t y l c h l o r o t i n i s o -  

o c t v l t h i o g l y c o l l a t e  r e s p e c t i v e l y  i n  th e  s t a r t i n g  p a ra m e te r s  no change  

o c c u rs  t o  th e  f i n a l  v a lu e s  f o r  th e  iso m e r  s h i f t ,  q u a d ru p o le  s p l i t t i n g ,  

and  f u l l  w id th  a t  h a l f  h e ig h t  p a ra m e te r s  on c o m p a riso n  w ith  t h e  o r i g i n a l  

d a t a .

The r e s u l t s  f o r  th e  m a le a te  s t a b i l i s e r  [J5_j g iv e n  i n  T a b le  J>.Q c o n f irm  

t h a t  t h i s  s t a b i l i s e r  i s  m ore e f f e c t i v e  i n  p r e v e n t in g  p h o to c h e m ic a l  d e g r a d 

a t i o n  o f  t h e  p o ly m e r . wo d e g r a d a t io n  a p p e a r s  t o  h av e  o c c u re d  a f t e r  1000 

h o u rs  e x p o su re  a n d , f u r th e r m o r e ,  th e  M o ssb au er p a ra m e te r s  f o r  t h e  m a le a te  

s t a b i l i s e r  p r e s e n t  i n  t h e  e x p o sed  p o ly m e r a r e  i n d i s t i n g u i s h a b l e  from  th o s e  

o f  t h e  m a le a te  i n  t h e  u n ex p o sed  sa m p le .

The d i f f e r e n c e  i n  t h e  b e h a v io u r  o f  th e  two compounds m ust l i e  i n  t h e  

n a tu r e  o f  t h e  p r o c e s s e s  in v o lv e d  i n  th e  p h o to c h e m ic a l ly  -  in d u c e d  d e g ra d 

a t i o n  o f  th e  p o ly m e r . The m echanism  o f  p h o to c h e m ic a l  d e g r a d a t io n  i s  

c l e a r l y  v e r y  com plex  and  i s  s t i l l  n o t  y e t  f u l l y  u n d e r s to o d .  S e v e r a l  

w o r k e r s ( 5 8 ,5 9 * 6 0 )  h av e  p ro p o se d  t h a t  d e g r a d a t io n  i s  i n i t i a t e d  b y  th e  

a c t i o n  o f  p e r o x id e s  and  f r e e  -  r a d i c a l s  p ro d u c e d  fro m  U.V. a b s o rp 

t i o n .  S t a b i l i s a t i o n  i s  c o n s id e re d , t o  in v o lv e  p r e v e n t io n  o f  th e  f o r m a t io n  

o f  s u c h  p e ro x id e s  and  f r e e - r a d i c a l s  by  t h e  u s e  o f  "q u e n c h in g "  a g e n ts  

c a p a b le  o f  t a k i n g  p a r t  i n  an  e n e rg y  t r a n s f e r  p r o c e s s  w i th  th e  p o ly m e r  

a f t e r  a b s o r p t io n  o f  U.V. l i g h t  ( 63- 6 5 ) o A b so rp tio n  o f  U.V. l i g h t  p ro m o te s  

e x c i t e d  t r i p l e t  e n e rg y  l e v e l s  i n  b o th  th e  p o ly m er and  s t a b i l i s e r  a c r o s s  

w h ich  e n e rg y  t r a n s f e r  i s  p o s s ib l e  o n ly  i f  th e  e x c i t e d  e n e rg y  l e v e l s  o f  

th e  s t a b i l i s e r  a r e  o f  lo w e r  e n e rg y  th a n  th o s e  o f  t h e  p o ly m er ( f i g .  3 * 7 ) . 

A f t e r  e n e rg y  t r a n s f e r  th e  p o ly m er r e t u r n s  to  th e  g ro u n d  s t a t e  e n e rg y  l e v e l  

l e a v i n g  th e  e x c i t e d  s t a b i l i s e r  t o  r e t u r n  to  th e  g ro u n d  s t a t e  b y  n o rm a l 

f lu o r e s c e n c e /p h o s p h o r e s c e n c e  p r o c e s s e s .  At t h i s  s t a g e ,  no bond c le a v a g e



ana xa.K.en p j.ace  an a  xne s x a o i n s e r  i s  a c t i n g  a s  a  quenching* a g e n t .  

S i m i l a r  e n e rg y  t r a n s f e r  p r o c e s s e s  h a v e  been  s u g g e s te d  b e tw een  o t h e r  

p o ly m er s y s te m s  and  o r g a n ic  q u e n c h in g  a g e n ts

F ig u re  3*7 E n e rg y  l e v e l  d iag ra m  sh o w in g  p r o c e s s  o f  U . V . - s t a b i l i s a t i o n  
—  o f  PVC c o n ta in in g  e i t h e r  th e  t h i o g l y c o l l a t e  o r  m a le a te  

s t a b i l i s e r s .
Energy

h

Energy
T r a n sfe r

E nergy

T r a n sfe r

E x c i t a t io n

A b so rp tio n  o f  
n UV l i g h t

f lu o r e s c e n c e /
p h osp h ores

c e n c e

ground s t a t e  
en erg y  l e v e l

T h io g ly c o l la t e  PVC M alea te
(A c c ep to r )  (D onor) (A c c e p to r )

S in c e  e f f i c i e n t  s t a b i l i s a t i o n  i s  n o t  a c h ie v e d  w ith  t h e  t h i o g l y 

c o l l a t e  l o  s t a b i l i s e r  t h i s  s u g g e s t s  t h a t  th e  e x c i t e d  e n e rg y  l e v e l s  o f  

th e  s t a b i l i s e r  a r e  h ig h e r  i n  e n e rg y  th a n  th o s e  o f  th e  p o ly m e r . 

C o n s e q u e n tly  e n e rg y  t r a n s f e r  does n o t  o c c u r  and  th e  s t a b i l i s e r  i t s e l f  

u n d e rg o e s  d e g r a d a t io n  to  form  s t a n n i c  o x y c h lo r id e  and  d i b u t y l c h l o r o t i n 

i s o o c t y l  t h i o g l y c o l l a t e .  The fo rm a tio n  o f  th e s e  p r o d u c ts  i n d i c a t e s  a t  

l e a s t  two c o m p lim e n ta ry  p r o c e s s e s  o c c u r r in g  a s  a  r e s u l t  o f  U.V. d e g ra d -



axion 01 Doxn xne stabiliser and the polymer:

(1 )  th e  f o rm a t io n  o f  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  i n  

r e l a t i v e l y  h i g h e r  c o n c e n t r a t io n s  a t  e a r l y  e x p o su re  t im e s  s u g g e s t s  t h a t  

d e h y d r o c h lo r in a t io n  o f  th e  p o ly m er i s  t h e  f i r s t  s t a g e  i n  t h e  d e g r a d a t io n  

p r o c e s s  and  i s  com plem ented  by :

(2 )  e l i m i n a t i o n  /  o x i d a t io n  o f  th e  a l k y l  g ro u p s  t o  form  s t a n n i c  

o x y c h lo r id e  a r i s i n g  from  p e ro x id e  o x i d a t io n .

The two p r o c e s s e s  a r e  p ro b a b ly  f u r t h e r  en h an ced  b y  th e  p r e s c e n c e  

o f  c h lo r i n e  a to m s , and  m o le c u la r  oxygen i n  t h e  p o ly m e r p r o v id in g  comp

le m e n ta r y  m echan ism s f o r  t h e  fo rm a tio n  o f  t h e  two p r o d u c t s .

3*5*3 Conclusions

The M o ssb au e r r e s u l t s  show d i b u t y l t i n b i s ! i s o o c ty lm a le a te )  t o  be  

a  m ore e f f e c t i v e  s t a b i l i s e r  a g a i n s t  U.V. d e g r a d a t io n  th a n  d i b u t y l t i n b i s -  

( i s o o c t y l t h i o g l y c o l l a t e ) . The m echanism  b y  w hich  s t a b i l i s a t i o n  o c c u rs  

i s  r e p o r t e d  t o  in v o lv e  e n e rg y  t r a n s f e r  from  th e  e x c i t e d  e n e rg y  l e v e l s  

o f  th e  p o ly m er (d o n o r)  t o  t h e  e x c i t e d  energy r l e v e l s  o f  th e  s t a b i l i s e r  

( a c c e p t o r ) ,  f o llo w e d  by  d e - a c t i v a t i o n  t o  th e  g ro u n d  s t a t e  e n e rg y  l e v e l s .

A n e c e s s a r y  r e q u ir e m e n t  f o r  s t a b i l i s a t i o n  i s  t h a t  th e  e x c i t e d  e n e rg y  

l e v e l s  o f  th e  a c c e p t o r  be o f  lo w e r  e n e rg y  th a n  th o s e  o f  t h e  d o n o r .

D i b u t y l t i n b i s ( i s o o c t v l t h i o g l y c o l l a t e )  i n  PVC d e g ra d e s  r a p i d l y  d u r in g  

U.V. e x p o su re  t o  form  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e  an d  s t a n n i c  

o x y c h lo r id e .  The p r o p o r t io n  o f  th e  l a t t e r  com ponent i s  s e e n  t o  i n c r e a s e  

w i th  i n c r e a s e d  e x p o su re  tim e  to  a p p ro x im a te ly  55^ a f t e r  A320 h o u r s  i n  

th e  X e n o te s t  a p p a r a tu s .  S ta n n ic  o x y c h lo r id e  i s  p r o b a b ly  fo rm ed  a s  a  

r e s u l t  o f  r e a c t i o n  o f  h y d ro g en  c h l o r i d e ,  c h lo r i n e  atom s and  p e r o x id e s  

r e l e a s e d  in  th e  p o ly m er w ith  d i b u t y l c h l o r o t i n i s o o c t y l t h i o g l y c o l l a t e .

3 .6  D i l u t i o n  S tu d ie s

3 .6 .1  I n t r o d u c t i o n

I n  s e c t i o n  3 * 4 .1  th e  s i g n i f i c a n t  change i n  th e  q u a d ru p o le  s p l i t t i n g  

on p a s s in g  from  p u re  d i b u t y l t i n b i s ( i s o o c t y l m a l e a t e )  to  a  d i l u t e  d i s p e r 

s io n  o f  t h e  s t a b i l i s e r  i n  PVC was a t t r i b u t e d  to  a  change  in  t h e  c o - o r d -
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xiicauxuii cmusucru; ai-rangemenx 01 xne m aie ax e  g ro u p s  a ro u n d  t h e  t i n  a to m .

A s i m i l a r  change  i n  th e  q u a d ru p o le  s p l i t t i n g  o f  d i b u t y l t i n  d i c h l o r i d e  

i s  o b s e rv e d  on d i s p e r s io n  i n  PVC a t  1 . 2 b y  w e ig h t a s  shown i n  T a b le  3* 3* 

On th e  b a s i s  o f  th e  r e p o r t e d  d i s t o r t e d  o c t a h e d r a l ,  a s s o c i a t e d  

s t r u c t u r e s  o f  d im e th y l -  and  d i e t h y l t i n  d i c h l o r i d e  ( 6 7 , 6 8 ) a n d ~ o f th e  

s i m i l a r i t y  b e tw e en  th e  M o ssb au e r p a ra m e te r s  f o r  d i b u t y l t i n  d i c h l o r i d e  

and  t h e  above  two compounds ( 5 ) i i  i s  s u g g e s te d  t h a t  p u re  d i b u t y l t i n  

d i c h l o r i d e  s i m i l a r l y  h a s  th e  a s s o c i a t e d  s i x - c o - o r d i n a t e  s t r u c t u r e  

shown i n  f i g u r e  3 . 8 ( a ) .  The m ag n itu d e  o f  th e  q u a d ru p o le  s p l i t t i n g  f o r  

d i b u t y l t i n  d i c h l o r i d e  on d i s p e r s io n  i n  PVC by  s o lv e n t  c a s t i n g  i s  t y p i c a l  

o f  f i v e - c o - o r d i n a t e  t i n  ( f i g u r e  3 .8 ( b ) )  s u g g e s t in g  a  ch an g e  i n  s t r u c t u r e  

an d  c o - o r d i n a t io n  o c c u r s .

F ig u re  3 * 8 . S u g g e s te d  s t r u c t u r e s  f o r  D i b u t y l t i n  d i c h l o r i d e :

' ( a ) P u re  (AE^= 3 .4 5  nuns-1 )

Bu B u

Bu B u

(b )  D is p e r s e d  i n  PVC a t  1.2/6 w/w.
—1 —1 

(AEq=  3»09 mms ; p . q . s .  AEq=  3 .0 7  mes )

Cl
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q .o .^  i te s u ix s  and  D is c u s s io n

To c o n f irm  t h e  p ro p o se d  change  i n  s t r u c t u r e  from  o c t a h e d r a l  t o  a  

p e n ta - c o - o r d in a t e  s t a t e  ( f i g u r e  3 - 8 ( h ) )  on d i s p e r s i o n  i n  PVC i t  was 

d e c id e d  t o  a t te m p t  t o  c a l c u l a t e  t h e  t h e o r e t i c a l  p a r t i a l  q u a d ru p o le  

s p l i t t i n g  v a lu e s  f o r  t h e  p o s s ib l e  s t r u c t u r e s  ( f i g u r e  3 .8 ( a )  an d  3 . 8 ( b ) ) .  

U s in g  th e  a d d i t i v e  m odel p ro p o se d  by  B a n c r o f t  e t  a l  ( 69) f o r  t h e  f i v e -  

c o - o r d i n a t e  s t r u c t u r e  shown i n  f i g u r e  3*8 (b )  g i v e s : -

AEq ( c a l c )  = -  7 ( a l k y l ) tb e  + 8 (C l ) t b a  + ( C l  ) t b e

J 7

w here ( a l k y l ) ^ be  = - 1 . 13mms“ b

( C1) t b a  = +o.QOmms-1

(C .l) t b e  = +0.20m m s"1

g iv e s  £E ( c a l c )  =
 2___________________

The is o m e r  h a v in g  th e  above  p a r t i a l  q u a d ru p o le  s p l i t t i n g  can  be 

d i s t i n g u i s h e d  from  th e  o t h e r  p o s s ib l e  s t u c t u r e s  /  isom ers shown i n  

f i g u r e  3*9 ( 7 0 ) .

F u r th e r ,  b y  e x t r a p o l a t i n g  from  t h i s  m odel u s in g  a  s e r i e s  o f  p a r t i a l

q u a d ru p o le  s p l i t t i n g s  o f  f i v e - c o - o r d i n a t e  t i n  com pounds, B a n c r o f t  show ed

t h a t  i t  i s  p o s s i b l e  t o  c a l c u l a t e  th e  p a r t i a l  q u a d ru p o le  s p l i t t i n g  f o r

th e  o c t a h e d r a l  p o ly m e r ic  s t r u c t u r e  . R SnL • A p p ly in g  th e  m odel t o  t h e
2 4

s i x - c o - o r d i n a t e  form  o f  d i b u t y l t i n  b i c h l o r i d e  g iv e s  a  p a r t i a l  q u a d ru p o le  

s p l i t t i n g  o f  3.36mms“ b . T h is  v a lu e  w h i le  b e in g  s i g n i f i c a n t l y  d i f f e r e n t  

from  th e  c a l c u l a t e d  v a lu e  f o r  th e  5 - c o - o r d i n a t e  d im e r , i s  a l s o  d i f f e r e n t  

t o  t h e  o b s e rv e d  s p l i t t i n g  f o r  th e  p o l jn n e r ic  d i b u t y l t i n  d i c h l o r i d e  sh o w in g  

th e  l i m i t a t i o n s  t o  th e  e x t r a p o l a t i o n .

T a b le  3*18 g iv e s  th e  M ossbauer d a ta  f o r  d i b u t y l t i n  d i c h l o r i d e  a t  

v a r io u s  c o n c e n t r a t io n s  i n  th e  PVC. At a. c o n c e n t r a t io n  o f  1 .2 Jo i t  i s  

s u g g e s te d  t h a t  th e  d i b u t y l t i n  d i c h l o r i d e  i s  p r e s e n t  a s  a  f i v e - c o - o r d i n a t e  

d im e r . P u re  d i b u t y l t i n  d i c h l o r i d e ,  on th e  o t h e r  h a n d , h a s  an  a s s o c i a t e d  

o c t a h e d r a l  s t r u c t u r e .  On i n c r e a s i n g  th e  c o n c e n t r a t io n  o f  d i b u t y l t i n  

d i c h l o r i d e  i n  th e  p o ly m e r s i x - c o - o r d i n a t e  t i n  s p e c i e s  a r e  fo rm e d , th e



H ig u re  3-9*  O th e r  s t r u c t u r e s / i s o m e r s  f o r  D i b u t y l t i n  d i c h l o r i d e  

and t h e i r  c a l c u l a t e d  p a r t i a l  q u a d ru p o le  s p l i t t i n g s .

( a )  T e t r a h e d r a l

p . q . s . =  2 .7 4  nuns
-1 Z

I
Bu

I
S n

b /
Cl

Cl

(b )  T r ig o n a l  b ip y ra m id a l

( i )  p . q . s *  = 2 .5 3 mms- i

Bu

B% I
/S n — Cl

c r ' t  l y 3
Cl— S n r

'•B u

( i± )  p . q . s .  = 4 .3 6  mms
-1

B u

Cl— S ri
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c o n c e n x ra x io n  01 w m cn i s  s e e n  t o  i n c r e a s e  r e l a t i v e  t o  th e  c o n c e n t r a t io n  

o f  t h e  f i v e - c o - o r d i n a t e  s p e c i e s  a s  shown i n  f i g u r e  3«10 . The g ra p h  

shows t h a t  a t  a  c o n c e n t r a t io n  o f  d i b u t y l t i n  d i c h l o r i d e  o f  20% w /w 

th e  c o n c e n t r a t io n  o f  th e  s i x - c o - o r d i n a t e  s p e c i e s  i s  s i g n i f i c a n t  t o  c a u se  

an  a p p r e c ia b l e  change  to  th e  q u a d ru p o le  s p l i t t i n g .  The v a lu e s  f o r  th e  

q u a d ru p o le  s p l i t t i n g s  above  t h e  20% c o n c e n t r a t io n  r e p r e s e n t  a n  a v e ra g e d  

v a lu e  a r i s i n g  from  th e  s p l i t t i n g s  o f  b o th  f i v e  -  an d  s i x  -  c o - o r d i n a t e

fo rm s o f  d i b u t y l t i n  d i c h l o r i d e  i n  t h e  p o ly m e r .

In an attempt to  estim ate the r e la t iv e  concentration  o f  the dim eric 

u n its  a t the r esp ec tiv e  concentrations the data were f i t t e d  as two 

doublets w ith parameters fo r  both the f iv e -c o -o r d in a te  and s ix -c o -o r d in a te

s p e c ie s .  The r e s u lt s  are shown in  Table 3*9. In each case the v a l id i t y

o f the f i t  was ensured by comparing the x  ̂ va lue o f the 4 - l in e  f i t  with

t h a t  o f  th e  2 - l i n e  f i t .  ^
.0

I n  a d d i t i o n ,  t o  e l i m i n a te  t h e  p o s s i b i l i t y  t h a t  c o - o r d i n a t i o n  from  

th e  c h lo r i n e  g ro u p s  on th e  p o ly m e r i s  r e s p o n s i b l e  f o r  t h e  ch an g e  i n  

c o - o r d i n a t io n  a  d i s p e r s io n  o f  d i b u t y l t i n  d i c h l o r i d e  ( a t  1.2% by  w e ig h t)  

i n  an  " i n e r t "  p o ly m e r m a t r ix  ( p o ly s ty r e n e )  was p r e p a r e d  and  th e  K o s s h a u e r  

p a ra m e te r s  r e c o r d e d .  The r e s u l t s  a r e  g iv e n  i n  T a b le  3*10 and  c l e a r l y  

a g re e  w ith  th o s e  o b s e rv e d  f o r  d i b u t y l t i n  d i c h l o r i d e  i n  FVC.

F in a lly , i t  should be noted th at a s im ila r  'd ilu t io n  e f f e c t '  i s  

observed fo r  d io c ty lt in  d ich lorid e  on d isp ersio n  in  PVC a t 2% by weight 

as shown in  Table 3*4.

3 . 6 . 3  Conclusions

The m a g n itu d e  o f  t h e  q u a d ru p o le  s p l i t t i n g  f o r  p u re  d i b u t y l t i n  

d i c h l o r i d e  ( AE ~ i s  t v n i c a l  o f  a  s i x - c o - o r d i n a t e  t i n

compound 7 /ith  an  a s s o c i a t e d  s t r u c t u r e ,  shown i n  f i g u r e  3»fi( a )* 0^

d i s p e r s io n  i n  PVC a t  1.2% by w e ig h t a  r e d u c t io n  i n  th e  q u a d ru p o le  

s p l i t t i n g  i s  o b s e rv e d  to  a  v a lu e  r e p r e s e n t a t i v e  o f  a  f i v e - c o - o r d i n a t e  

t i n  comuound ( £En = 3«09mms*"^). P a r t i a l  q u a d ru p o le  s n l i t t i n s :  • c a l c u l a -

t i o n s  c o n firm  th e  s u g g e s t io n  o f  th e  f i v e - c o - o r d i n a t e  d im e r p r e s e n t  i n



FVC and shown in  fig u re  3 . 8 ( b ) 0

The r e l a t i v e  c o n c e n t r a t io n  o f  t h e  d im e r ic  u n i t s  i n  FVC i s  s e e n  t o  

d e c r e a s e  w i th  i n c r e a s e d  c o n c e n t r a t i o n  o f  th e  d i b u t y l t i n  d i c h l o r i d e ,

3 .7  O th e r  O rg a n o tin  S t a b i l i s e r s

3 .7 .1  I n t r o d u c t i o n

The r e s u l t s  o f  t h e  above  i n v e s t i g a t i o n  i n t o  th e  u s e  o f  o r g a n o t in  

compounds a s  s t a b i l i s e r s  a g a i n s t  th e r m a l  and U0V .- in d u c e d  d e g r a d a t io n  

o f  PVC c o n f irm e d  th e  g e n e r a l i s a t i o n  made b y  W ir th  and -Andreas ( 2 6 ) t h a t  

compounds h a v in g  s u lp h u r - c o n t a in i n g  g ro u p s  a r e  t h e  m o st e f f i c i e n t  th e r m a l  

s t a b i l i s e r s  and  t h a t  com pounds h a v in g  o x y g e n -c o n ta in in g  g ro u p s  d e r iv e d  

fro m  m a le ic  a c i d ,  a l th o u g h  w e a k e r  i n  t h e i r  th e rm o s  ta b  i l l s  in g  e f f i c i e n c y ,  

a r e  e x c e l l e n t  U.V, s t a b i l i s e r s .  As a  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  

v a l i d i t y  o f  t h i s  g e n e r a l i s a t i o n  a  s e r i e s  o f  o r g a n o t i n ( IV ) compounds 

and tw o o r g a n o t i n ( H )  compounds w ere  p r e p a r e d  w i th  t h e  a im  o f  i n v e s t 

i g a t i n g  t h e i r  p o t e n t i a l  a s  th e r m a l  s t a b i l i s e r s  and  i d e n t i f y i n g  t h e i r  

d e g r a d a t io n  p r o d u c t s .

The o r g a n o t in ( lV )  compounds w ere  o f  t h e  g e n e r a l  f o rm u la  R ^ S n ^

(w h e re  R =  Me, B u, O c t; and  T— -SCHgCHClJH^) 00002^ ,  and  -O C O C ^H ^,

( l a u r a t e ) ) .  D im e th y l-  and d i b u t y l t i n  d i l a u r a t e  a r e  c o m m e rc ia l ly  u s e d  

s t a b i l i s e r s  a l th o u g h  t h e i r  d e g r a d a t io n  p r o d u c ts  h av e  n o t  b e e n  c o n c lu s i v e l y  

i d e n t i f i e d .

The two o r g a n o t i n ( l l )  compounds p r e p a r e d  w e re  s ta n n o u s  s t e a r a t e ,  

a  c o m m e rc ia lly  u s e d  s t a b i l i s e r  i n  c l e a r  FVC fo o d  p a c k a g in g  m a t e r i a l s ,  

and  s ta n n o u s  c y s t e i n a t e ,  a  new com pound, w h ich  h a s  b e e n  fo u n d  t o  b e  

r e l a t i v e l y  a i r  s t a b l e  ( 71 ) 2n d  c o n s e q u e n t ly  c o n s id e r e d  to  be  a  p o t e n t i a l  

th e r m a l  s t a b i l i s e r .

9h



3 <>7. 2 R e s u l t s  and  D is c u s s io n

(a )  O rg a n o tin ( lV )  Compounds

The M ttssbauer r e s u l t s  f o r  t h e  o r g a n o t in ( lV )  compounds i n  FVC 

( a t  1 .6 ^  w/w ) and  t h e i r  th e r m a l  d e g r a d a t io n  p r o d u c ts  a r e  g iv e n  i n  

T a b le  3*11 j t h e  r e s u l t s  f o r  t h e  c o r r e s p o n d in g  p u re  compounds a r e  g iv e n  

i n  T a b le  3*12 . The m a g n itu d e s  o f  t h e  q u a d ru p o le  s p l i t t i n g s  f o r  b o th  o f
_-j

t h e  d i l a u r a t e  com pounds ( . AE^=- 3*4-3 nuns f o r  R =■ Me an d  Bu) in . t h e

p u re  s t a t e  a r e  t y p i c a l  o f  s ix ;  c o - o r d i n a t e  t i n  com pounds a n d ,o n  th e

b a s i s  o f  t h e  p r e v io u s  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  f o r  d i b u t y l t i n b i s -

( i s o o c t y l m a l e a t e ) x s u g g e s t  b o th  com pounds t o  b e  a s s o c i a te d *  On d i s p e r s i o n

•"1i n  FVC t h e  q u a d ru p o le  s p l i t t i n g s  a r e  s e e n  t o  b e  re d u c e d  (&En =  3®20 mms
—-j

and  3 o24  mms f o r  R =- Me and  Bu r e s p e c t i v e l y ) ,  a s  a  r e s u l t  o f  t h e  

d i l u t i o n  e f f e c t  ( s e c t i o n  3 * 6 )o A f t e r  p r o lo n g e d  th e r m a l  a g in g  a t  185*C

—1f u r t h e r  r e d u c t i o n  i n  t h e  q u a d ru p o le  s p l i t t i n g s  i s  o b s e rv e d  (AE^ »  2*98 mms”  

■•1a n d  2*86 mms f o r  R = Me and  Bu r e s p e c t i v e l y )  s u g g e s t in g  th e  f o r m a t io n  o f  

a  f i v e  c o - o r d i n a t e  t i n  s p e c ie s *  On th e  b a s i s  o f  th e  r e s u l t s  o f  t h e  p r e v io u s  

s tu d i e s  i t  i s  r e a s o n a b le  t o  s u g g e s t  th e  d e g r a d a t io n  p r o d u c t s  t o  b e  t h e  

d i a L k y l c h l o r o t i n l a u r a t e s  a l th o u g h  a t te m p ts  t o  s y n th e s i s e  t h e s e  tw o com pounds 

were.- u n s u c c e s s fu l*

The M o ssb au er d a t a  f o r  th e  d i a l k y l t i n b i s ( e t h y l c y s t e i n a t e s )  i n  t h e

—1p u re  s t a t e  a r e  t y p i c a l  o f  f o u r  c o - o r d i n a t e  t i n  compounds (AE^ = 2*32 mms

and 2 .2 8  mms f o r  R = -Bu and O ct r e s p e c t i v e l y ) .  I n f r a r e d  d a t a  (T a b le

3 «1 3 ) g iv e s  e v id e n c e  o f  u n c o - o r d in a te d  c a rb o n y l  and  p r im a ry  am ine g ro u p s

i n  t h e  tw o compounds and  f u r t h e r  s u p p o r t  t h e  s u g g e s t io n s  f ro m  t h e  M o ssb a u e r

d a ta *  On d i s p e r s i o n  b y  h o t  m i l l i n g  i n  FVC ( a t  1 .6 $  w/w ) a  y e l lo w

d i s c o l o u r a t i o n  i s  o b s e rv e d  7 /h ich  i s  a c co m p an ied  b y  a  s m a l l  change  i n  t h e

—1 —1
q u a d ru p o le  s p l i t t i n g  (AE„ = -2 .1 2  mms and  2 .3 7  mms f o r  R = Bu and  O c t 

r e s p e c t i v e l y )  f o r  b o th  compounds s u g g e s t in g  p a r t i a l  d e g r a d a t i o n  o c c u r r in g  

d u r in g  th e  m i l l i n g  p ro c e s s *  The d i s c o l o u r a t i o n  in c r e a s e d  w i th  p r o g r e s s iv e  

a g in g  and a f t e r  60 m in u te s  o f  h e a t i n g  a  s i g n i f i c a n t  change i n  t h e  quad

r i p o l e  s p l i t t i n g  i s  o b s e rv e d  w h ich  f o r  t h e  d i o c t y l t i n b i s  ( e t h y l c y s t e i n a t e )

%
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- v,*-kxjQ — t-oy^iiuiu  ) u u ix c o u u m o  ou uj.b x oxmciTiioii o r  m e  cn-Loro-cin es*cer«

The q u a d ru p o le  s p l i t t i n g  f o r  t h e  d i b u t y l t i n b i s  ( e t h y l c y s t e i n a t e )

"*1i n  ag ed  PVC (AE^ = 3o11mms ) does n o t  c o r r e l a t e  w i th  t h e  d a t a  f o r  t h e  

d i b u t y l c h l o r o t i n e t h y l c y s t e i n a t e  b u t  c o r r e s p o n d s  t o  t h e  d a t a  p r e v i o u s ly  

o b s e rv e d  f o r  d i b u t y l t i n  d i c h l o r i d e  a t  low  c o n c e n t r a t io n  i n  PVC (T a b le  

3 .1 0 )o

(b )  O r g a n o t i n ( l l )  Compounds

T a b le  3*12 g iv e s  t h e  M o ssb au e r p a ra m e te r s  f o r  t h e  p a r e n t  com pounds 

s ta n n o u s  s t e a r a t e  and  s ta n n o u s  c y s t e i n a t e .  The h ig h  v a lu e  o b s e rv e d  f o r  

t h e  is o m e r  s h i f t  f o r  b o t h  com pounds i s  - ty p ic a l  o f  t i n ( l l )  compounds 

an d  a l lo w s  f o r  e a s y  i d e n t i f i c a t i o n  o f  any  t i n ( l V )  s p e c ie s  p r e s e n t  i n  

t h e  spectrum ©  The d a ta  shows t h a t  f o r  b o th  compounds a n  im p u r i ty  i s  

p r e s e n t  w h ic h  f o r  s ta n n o u s  s t e a r a t e  h a s  an  iso m e r  s h i f t  w h ic h  c o r r e s p o n d s  

t o  s t a n n i c  o x id e  (5 = O.Ofonms ) ,  and  f o r  s ta n n o u s  c y s t e i n a t e  h a s  p a ra m e te r s  

w h ic h  c o r r e s p o n d  t o  th o s e  p r e v i o u s ly  o b s e rv e d  f o r  s t a n n i c  o x y c h lo r id e  

(T a b le  3o9)«

The s t a n n i c  o x id e  im p u r i ty  e v id e n t ly  a r i s e s  fro m  a i r  o x i d a t i o n  o f  

s ta n n o u s  s te a r a te ®  The s t a n n i c  o x y c h lo r id e  i m p u r i t y ,  h o w e v e r , m u s t b e  

fo rm e d  b y  a  m ore com plex  m echan ism  in v o lv in g  t h e  s t a r t i n g  m a t e r i a l s  

( s ta n n o u s  c h lo r i d e  and  c y s t e i n e )  and  in c l u d in g  t h e  r e p o r t e d  f a c t  t h a t  

s ta n n o u s  c y s t e i n a t e  i s  r e l a t i v e l y  a i r  s t a b l e  a t  room  te m p e r a tu r e  h a v in g  

t h e  c a g e ' s t r u c t u r e  ( 7 1 ) :
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T a b le  3 .1 4  shows th e  M o ssb au er d a ta  f o r  th e  two o r g a n o t i n ( I I )  

compounds i n c o r p o r a t e d  i n  PVC and  t h e i r  th e rm a l  d e g r a d a t io n  p r o d u c t s .

F o r  b o th  compounds t h e r m a l ly  a g in g  th e  PVC i n c r e a s e s  th e  r e l a t i v e  

c o n c e n t r a t io n  o f  t h e  im p u r i ty  com ponent u n t i l  a f t e r  30 m in u te s  a l l  t h e  

s ta n n o u s  s t e a r a t e  i s  c o n v e r te d  t o  s t a n n i c  o x id e ,  and  a f t e r  45 m in u te s  

a l l  t h e  s ta n n o u s  c y s t e i n a t e  i s  c o n v e r te d  t o  s t a n n i c  o x y c h lo r id e .

T a b le s  3*14 and  3*15 show th e  change  i n  c o n c e n t r a t io n  o f  t h e  im p u r i ty  

com ponent w i th  th e r m a l  a g in g  t im e  f o r  s ta n n o u s  s t e a r a t e  and  s ta n n o u s  

c y s t e i n a t e  r e s p e c t i v e l y .  I n  ea ch  c a s e  t h e  r e l a t i v e  c o n c e n t r a t i o n  was 

e s t im a te d  by  f i t t i n g  th e  d a ta  as. t h r e e  l i n e s  c o m p r is in g  th e  q u a d ru p o le  

d o u b le t  o f  th e  s t e a r a t e  and  a  b ro a d  s i n g l e  l i n e  r e p r e s e n t i n g  t h e  im p u r i ty  

com ponent an d  d e te r m in in g  th e  p r o p o r t i o n a t e  a r e a  due to  th e  im p u r i ty  

com ponen t.

F i n a l l y ,  i t  s h o u ld  b e  n o te d  t h a t  d u r in g  th e  m i l l i n g  o f  b o th  compounds 

i n  th e  PVC a l l  c l a r i t y  i s  l o s t  and  opaque  w h ite  s h e e t s  a r e  p ro d u c e d .

5 .7 .5  C o n c lu s io n s

F o r  th e  o r g a n o t in ( lV )  compounds s t u d i e d ,  o n ly  th e  two d i l a u r a t e  

e s t e r s  ( w h ich  a r e  c o m m e rc ia lly  u se d  s t a b i l i s e r s  ) e f f i c i e n t l y  r e t a r d  

c o lo u r  d e v e lo p e m e n t i n  th e  PVC d u r in g  p r o g r e s s iv e  a g in g .  The two e t h y l 

c y s t e i n a t e  compounds im p a r te d  a  y e llo w  c o l o u r a t i o n  to  t h e  PVC a f t e r  

m i l l i n g  w hich  was r e t a i n e d  f o r  up t o  30 m in u te s  o f  a g in g  b e f o r e  f u r t h e r  

d i s c o l o u r a t i o n  o c c u r r e d .  The M o ssb au er d a t a  f o r . t h e „ d e g r a d a t io n  p r o d u c t s  

o f  ea ch  o f  th e  o r g a n o t in ( x y )  s t a b i l i s e r s  ( w i th  th e  e x c e p t io n  o f  d i b u t y l  

— . t i n b i s ( e t h y l c y s t e i n a t e )  ) i n d i c a t e d  a  change i n  c o - o r d i a n t io n  t o  th e  

f i v e - c o - o r d i n a t e  d i a l k y l c h l o r o t i n  e s t e r  ( R^SnClY ) a The q u a d ru p o le  

s p l i t t i n g  f o r  th e  d e g r a d a t io n  p ro d u c t  o f  d i b u t y l t i n b i s ( e t h y l c y s t e i n a t e )  , 

ho w ev er, i s  co m p a rab le  to  t h a t  o b s e rv e d  f o r  d i b u t y l t i n  d i c h l o r i d e  i n  PVC 

a t  1 .2 ° ' w/w .

The o r g a n o t i n ( l l )  compounds s i m i l a r i l y  showed l i t t l e  p o t e n t i a l  

a s  th e rm a l  s t a b i l i s e r s .  D i f f e r e n t  d e g r a d a t io n  p r o d u c ts  w ere  i d e n t i f i e d  

f o r  th e  two com pounds. S ta n n o u s  s t e a r a t e  was c o n v e r te d  to  s t a n n i c  o x id e

9 9



(1) 
C

orresponds 
to 

Stannous 
Stearate 

or Stannous 
C

ystein
ate,

( 2) 
C

orresponds to

(3) 
C

orresponds 
to stannic 

oxych
lorid

e.

CO H* CO
cP 3 cP
P P
3 3
3 3
O O O
P P
CQ

I T
ra

O H* 0
«< M «<
CQ M CQ
C"P P cP
P Pi P
H- Nwi H-
3 3
P P
rP cP
P P

/_s , —s ____ / - s /-S
VM M ro p-» ro P-*

" N- ' ' " w v__y

O O VM O O VM 0 VM
• • • • • • • •
V Jl ro ro O O 0 P-*
VM vo ro 00 crv ro CO -P*

O ro
a  a

a CO 4J CO Hj H- CO
< cP < cP 4 3 eP
0 P O P O P

3 3 3 4J 3
p 3 / « \ 3 < 3

OS O 3 O Pi O 0
P P H- 3 P>- 3
p i ra P-1 CQ O / —\ u

P-i 3* CQ
VM CO P CO P-i O CO
O cP Pi cP O P-1 cP

p P 4 < P
3 p P O P P
H* 4 4 S 3 4
3 P P P cP P
ra cP cP cP c-P

P P 3* O P
P P

H* H* 3 ra
3 3 P e-p

a c3 c{
3 3 3
4 4 4
p P P

O O P-* m ra p-> CQ P-1
• • • 0 0 • O •
VM ON CD p-* p-i VJl P-i VO
ON VO CD < < on < ON

p p P
pi P» Pi

O O O P-i p-i P-* p-1 P-i
• • • • • • • •
CD VO VO VM VM P-* VM P-i
CD v n O ro O ro VM P-*

O
a q\vo 3

o
o
3Wo
3
3pi

CQ
I cn w

M 3 *  CQ —* H* O 
B

1 +  c t- CD 
O 4
O

VJ1

3  cn <o 10 w d 
I M P 

H H -  P-
 cP 43
+ H**t3 
0  3  0• CR}O

VJI
p

w **i 
P 3  M I—1 M

1 s s :
CQ P H* 
I X Pi 
H P - cf

w !  ^  
3  p

<rP

CO 
3  O CO 
O  3  M O 

ro ro

'A

a
p
P-*
p
eP
H-
<
P

CQ

8-

•?>

PcP
00

Ro

Pi

1 0 0

Table 
3® 14 

Sn 
M’oss'bauer 

param
eters 

for 
organotin(ll) 

com
pounds 

Stannous 
Stearate



(1) 
C

orresponds 
to 

param
eters 

for 
the 

Stannous 
c

y
ste

in
a

te

(2) 
C

orresponds 
to 

param
eters 

for 
the 

S
tannic 

O
x

y
ch

lo
rid

e

oo
3
>do
3
CD
3<T+*

Oo
3>dO
3P
3e+*

-p*> VM t—• H- H*
VJI O VJI 0 3  3
3 3 3 p  p
H* H* H*
3 3 3
p P P

/—s ^ v / --\
no H* no 1—1 no H MN_X P

O

0 O VM O VM O VM +  2• • • • • • • O  4
VJI VM VM M no no •
VM ov ro crv VO vo no O  CQ

O O O H O M
• • • • • • •
VM - 3̂ no ON CD o \ CD
ON no -4 —4 VM VO CD

O O M O 0 0 0
• • • • • • •
00 VO VO VO VO vo
CD no O VO 00 VJI 0

t->
VJI

VM
no

a
IV)

no

noO

3 *-3

03 3*

c+

CQ 
►d 1—1H*c+-

c+ *H*
<S

'S'
o
CD

§
PPi4
3

*doH-1 
P

a  **1
pMHj
5=S(DH*

ct-

3 I—1

Pi
e+a
p
ct*

a  a
P  Pa
ct*a

1+
VJI CQ 
^ 3  
•— * Oo

M
no

W
p  1—1 
P
ct*
H*
<
P

H3
&
£
VM

VJI

pct*
<

vo
GO

B 3
4
{-’• %0 0 :
3 pp p .
p

o'
p

(ft 3

*
ct*

p
4
a
&

p
4

p p
p

ct*
P

ct* 4
00
Q

P

w O• 4

CTV

101



a f t e r  m i l l in g ' i n  t h e  PVC, w h e re as  s ta n n o u s  c y s t e i n a t e  was fo u n d  to  be 

c o n v e r te d  t o  s t a n n i c  o x y c h lo r id e 0 P o r  b o th  s t a b i l i s e r s  a l l  c l a r i t y  was 

s e e n  to  be  l o s t  on i n c o r p o r a t io n  i n t o  PVC.

5 .8  E x p e r im e n ta l

T a b le  J>.16 l i s t s  th e  o r g a n o t in  compounds i n v e s t i g a t e d  a s  th e r m a l  

a n d /o r  p h o to c h e m ic a l  s t a b i l i s e r s  i n  p o l y ( v i n y l  c h l o r i d e ) ,  t h e i r  r e l a t i v e  

c o n c e n t r a t io n s  i n  th e  p o ly m e r , and  th e  c o r r e s p o n d in g  d e g r a d a t io n  p r o d u c ts  

a s  i d e n t i f i e d  from  th e  M b ssb au e r s t u d i e s .  S am ples o f  PVC c o n t a i n in g  th e  

compounds l i s t e d  w ere  p r e p a r e d  by  c o n v e n t io n a l  h o t  m i l l i n g  t e c h n i q u e s .  

T herm al d e g r a d a t io n  o f  t h e  above sa m p le s  was a c h ie v e d  b y  p l a c i n g  th e  

PVC s h e e t s  i n  a n  oven  i n  an  a i r  a tm o sp h e re  1 8 5 ° C v a r y in g  p e r io d s  o f  

t im e .  S o lv e n t  c a s t  sa m p le s  w ere  p r e p a r e d  b y  a l lo w in g  a  t h i n  f i lm  o f  a 

s o l u t i o n  o f  PVC and  th e  a p p r o p r i a t e  s t a b i l i s e r  i n  an  o r g a n ic  s o lv e n t  

(d ic h lo ro m e th a n e  f o r  th e  t h i o g l y c o l l a t e  s t a b i l i s e r s  and  THP f o r  th e  

m a le a te  s t a b i l i s e r s )  to  e v a p o ra te  a t  room te m p e r a tu r e .

The t h i o g l y c o l l a t e / m a l e a t e  s e r i e s  o f  compounds and  sa m p le s  o f  PVC 

c o n ta in in g  th o s e  compounds w ere  s u p p l i e d  by  L ank ro  C h em ica ls  L td .  The 

e t h y l c y s t e i n a t e  and  l a u r a t e  s e r i e s  and  th e  o r g a n o t i n ( l l )  com pounds 

w ere p r e p a r e d  i n  c o l l a b o r a t i o n  w ith  t h e  I n t e r n a t i o n a l  T in  R e s e a rc h  

I n s t i t u t e .

D im e th y l-  and  D i b u t v l - t i n  d i l a u r a t e s !' a  1 :2  m ix tu re  o f  t h e  d i a l k y l t i n  

o x id e  and  l a u r i c  a c id  i n  m e th y lb e n z e n e  w as h e a te d  u n d e r  r e f l u x  f o r  tw o 

h o u rs  i n  a  Dean an d  S t a r k  a p p a r a tu s .  On rem o v a l o f  th e  s o lv e n t  a  lo w - 

m e l t i n g  s o l i d  ( d i b u t y l t i n  d i l a u r a t e )  o r  a  w h ite  c r y s t a l l i n e  s o l i d  (d im -  

e t l r y l t i n  d i l a u r a t e )  was o b ta in e d .

D i b u t y l t i n b i s ( e t h y l c y s t e i n a t e ) : L -  c y s t e i n e  e th y l  e s t e r  h y d r o c h lo r id e

( 4 .3 9 g , O.C26mol) i n  w a te r  (50cm3) was ad d ed  to  sodium  h y d ro g e n  c a r b o n a te

( 4 .4 2 g ,  0 .0 5 2  m ol) i n  w a te r  (50cm 3). D i b u t y l t i n  d i c h l o r id e  ( 4 g , 0 .1 3  m ol)

i n  d i e t h y l e t h e r  (100cm 3) was added  s lo w ly  to  th e  aq u eo u s  s o l u t i o n .  The

two s o l u t i o n s  w ere  th e n  th o ro u g h ly  m ixed  i n  a  s e p a r a t i n g  f u n n e l  and  th e
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e t h e r  l a y e r  c o l l e c t e d  and  d r i e d  o v e r  a n h y d ro u s  m agnesium  s u l p h a t e .

On r e m o v a l .o f  th e  s o l v e n t ,  a  c l e a r  o i l  d i b u t y l t i n b i s ( e t h y l c y s t e i n a t e )  

was o b t a in e d .  (P ound : C ,39*96; H, 7*07* N ,5 -0 0 ; S , 1 1 .3 9 .

Ĉ 5 ^ 2 ° l ^ 2 Sn r-e^JI±res C ,4 0 .8 3 ;  H, 7 . IB ; IT, 5 -2 9 ; 5 , 1 2 .2 0  # . )

D i b u t y l c h l o r o t i n e t h y l c y s t e i n a t e : D i b u t y l t i n  o x id e  ( 6 .6 9 g , 0 .0 2 6  m ol)

was ad d ed  to  L -  c y s te i n e  e th y l  e s t e r  h y d r o c h lo r id e  ( 4 .8 9 g , 0 .0 2 6  m ol) 

i n  d ry  m e th a n o l (150cm 3), w ith  s t i r r i n g ,  o v e r  two h o u r s .  On rem o v a l o f  

th e  s o lv e n t  u n d e r  vacuum a  c l e a r  o i l  ( d i b u t y l c h l o r o t i n e t h y l c y s t e i n a t e )  

was o b ta in e d  w hich  s lo w ly  c r y s t a l l i s e d  a t  room te m p e r a tu r e .  (P ound : 

0 ,3 7 .1 7 ;  H, 6 . 5 0 ; N ,3 .2 7 ;  C l ,  8 .7 3 ;  S ,7 .8 7 .  ^ ^ g C m ^ S S n  r e q u i r e s ;

0 ,3 7 - 5 0 ;  H ,6 .7 2 ;  N ,3*36 ; 0 1 ,8 .4 1 ;  S , 7 .6 8 * 4 ) .

D i o c t y l t i n b i s ( e t h y l c y s t e i n a t e ) : was p r e p a r e d  by  a  s i m i l a r  m ethod  to

th e  d i b u t y l t i n  d e r i v a t i v e  g i v in g  a  c l e a r  v i s c o u s  o i l .  (P ound : 0 ,4 8 .1 6 ;

H ,8 . 30; N ,4 .1 9 ;  S ,9 .5 0 .  °26E5l^ 2°kS2Sn rea^ i r e s :  0 ,4 8 .6 7 ;  H ,8 .4 2 ;

N ,4 .3 6 ;  S ,9 .9 8  # ) .

D i o c t v l c h l o r o t i n e t h y l c y s t e i n a t e : was p r e p a r e d  b y  a  s i m i l a r  m ethod  to

t h e  d i b u t y l c h l o r o t i n  d e r i v a t i v e  g i v in g  a  d a rk  v i s c o u s  o i l .  (P ound :

0 ,4 7 .4 5 ;  H ,8 .3 5 ;  N ,2 .5 9 ;  C l , 6 .0 6 ;  S ,6 .3 3 •  0_.H  , C1N0 SSn r e q u i r e s :21 Ua - 2

0 ,4 7 .7 2 ;  K ,8 .3 3 ;  11 ,2 .65 ; 0 1 ,6 .6 2 ;  S ,6 .0 6  <fo) .

S ta n n o u s  S t e a r a t e : was p r e p a r e d  by  th e  m ethod d e s c r ib e d  by  C a ld w e ll

e t  a l  ( 7 2 ) .  M .p t.  59-62°c ( l i t .  m .p t .  6 5 .5 ° c ) .  (P ound : 0 ,5 2 .8 6 ;

H ,8 .5 5 -  C34H7 0 °4 Sn 'r e q u i r e s :  0 ,6 1 .7 2 ;  H ,10.60 °/>),

S ta n n o u s  C y s t e in a t e : A nhydrous s ta n n o u s  c h lo r i d e  ( lO g ,0 .0 5 2  m ol) i n

w a te r  ( 50cm^) c o n ta in in g  t h r e e  d ro p s  o f  d i l u t e  h y d r o c h lo r ic  a c id  a s  

s t a b i l i s e r  was ad d ed  to  L -  c y s te i n e  ( 6 .4 0 g ,  0 . 052m ol) i n  w a te r  ( 50c m -) , 

w ith  c o n s ta n t  s t i r r i n g .  The r e s u l t i n g  s o l u t i o n  was n e u t r a l i s e d  to  

pH 7 .0  u s in g  sodium  h y d ro g en  c a rb o n a te  r e s u l t i n g  in  th e  p r e c i p i t a t i o n  

o f  a  w h ite  s o l i d  ( s ta n n o u s  c y s t e i n a t e ) . mh e  s o l i d  was f i l t e r e d  and 

s u c c e s s iv e l y  wa.shed w ith  w a te r ,  a c e to n e  and  e t h e r .  E . p t .  1 90°c  (d e c o m p ). 

(P ound : 0 ,1 4 .1 7 ;  K ,2 .0 2 ;  14 ,5 .14; S ,1 2 .5 R . C ^H ^M ^SSn. r e q u i r e s :

C ,1 5 .0 6; H ,2 .0 9 ;  N ,5 .8 5 ;  S , 1 3 .3 9  %).
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CHAPTER 4.

C o n te n ts :

X -ra y  C r y s ta l lo f c ra p h ic  S t r u c t u r e  o f  D im e th y lc h lo r o t in  

A c e ta te  an d  room -  t e m p e r a tu r e  M o ssb au er S tu d ie s

4 .1  I n t r o d u t i o n

4 .2  E x p e r im e n ta l

a )  P r e p a r a t i v e

h ) D ata  C o l l e c t io n  an d  R e d u c tio n

4 .3  R e s u l t s  and  D is c u s s io n

4 .4  C o n c lu s io n s
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4 .1 .  I n t r o d u c t i o n

As an  e x te n s io n  o f  t h e  s t u d i e s  o f  t h e  ch a n g es  o c c u r r in g  to  o r g a n o t in  

s t a b i l i s e r s  d u r in g  th e rm a l  d e g r a d a t io n  o f  PVC, t h e  s t r u c t u r e ,  i n  t h e  

s o l i d - s t a t e ,  o f  d i m e th y lc h lo r o t in  a c e t a t e ,  a  s im p le  a n a lo g u e  t o  t h e  

c h l o r o t i n  c a r b o x y la t e s  e n c o u n te re d  i n  t h e  above  s t u d i e s ,  was i n v e s t i g a t e d  

by  M o ssb au e r s p e c t r o s c o p y  and  X - r a y  c r y s t a l l o g r a p h y .

The s t r u c t u r e ,  i n  th e  s o l i d  s t a t e ,  o f  t h e s e  compounds h a s  n o t  p r e v 

i o u s l y  b een  i n v e s t i g a t e d  and  th e  M o ssb au e r q u a d ru p o le  s p l i t t i n g  p a r a m e te r  

m ea su red  a t  80K , w h ich  a g r e e s  w i th  t h e  p r e v i o u s ly  p u b l is h e d  v a lu e  

( £Eq= 3*36 mma- 1 ) (5 6  )* s u g g e s t s  t h a t  t h e  t i n  atom  i s  f i v e  -  o r  s i x  -  

c o - o r d i n a t e .  The M o ssb au e r s p e c tru m  h a s  a l s o  b e e n  r e c o r d e d  a t  300K  » 

an d  t h i s  h a s  p r e v i o u s ly  b e e n  ta k e n  a s  e v id e n c e  f o r  a  p o ly m e r ic  s t r u c t u r e  

(7 3 -7 5  ) .H ow ever, t h i s  c a n n o t b e  ta k e n  a s  c o n c lu s iv e ,  a s  a  num ber o f  u n a s s 

o c i a t e d  compounds h a v e  g iv e n  a b s o r p t io n  a t  room te m p e r a tu r e  ( 75 ) •  C on 

s e q u e n t ly  i n  o r d e r  t o  d e te rm in e  th e  e x a c t  t i n  c o - o r d i n a t i o n ,  a  s i n g l e  

c r y s t a l  x  - r a y  a n a l y s i s  was u n d e r ta k e n .

4 .2 .  E x p e r im e n ta l

a )  P r e p a r a t i v e .

D im e th y lc h lo r o t in  a c e t a t e  was p r e p a r e d  by  t h e  a d d i t i o n  o f  e q u iv a l e n t  

am ount's ('0 .0 0 9  m o l)  o f  d im e th y l t in  d i c h l o r i d e  and  t r i p h e n y l t i n  a c e t a t e  to  

150cm^ c h lo ro fo rm . C om plete d i s s o l u t i o n  was a c h ie v e d  upon b o i l i n g  an d  

r e d u c t io n  o f  t h e  volum e o f  t h e  s o l u t i o n  t o  75cm3 l e d  t o  t h e  f o r m a t io n  o f  

c o l o u r l e s s  c r y s t a l s  upon c o o l in g .  S u b s e q u e n t a n a l y s i s  c o n f irm e d  th e  

c r y s t a l s  t o  b e  d im e th y lc h lo r o t in .  a c e t a t e .  ^ fo u n d :C  ,1 9 .6 0 ;  H ,3»66 ;

C l ,14.43jC2*.H5Cl02Sn r e q u i r e s  C ,1 9 .7 1 ; H ,3«69; C l , l 4 .5 7 ; m .p t .1 7 9 -  181*C

l i t . v a l u e  185*c( 76 ) ) .

b ) D a ta  c o l l e c t i o n  and  r e d u c t io n .

A c r y s t a l ,  a p p ro x im a te  d im e n s io n s  0 .1 6  x 0 .4 0  x 0 .4 8  mm was

s e l e c t e d  and  m ounted w ith  t h e  a  -  a x i s  c o in c id e n t  w ith  th e  r o t a t i o n  a x i s

( w ) o f  a  S to e  -  S t a d i  -  2 two c i r c l e  d i f f r a c t o m e t e r .  W ith m onochrom ated

Mb -  ftce- r a d i a t i o n  and  u s in g  th e  b a c k g ro u n d  -  ^ s c a n  -  b a c k g ro u n d  t e c h n i q u e ,
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958 u n iq u e  r e f l e c t i o n s  w ere  m e a su re d , o f  w h ich  842 h ad  I  £ 3 .0 c r( I )  

and  w ere  c o n s id e r e d  to  b e  o b s e rv e d . (The n e t  i n t e n s i t y  I  = T -  B, w h ere  

T = s c a n  c o u n t ,  B = m ean b a c k g ro u n d  o v e r  th e  s c a n  w id th ;  a ( I )  -  (T +
2 i

B .c  / 2 t ) 2 , w here  c = s c a n  t im e ,  t  = t im e  f o r  b a c k g ro u n d  m easu rem en t 

a t  end o f  s c a n ) .  C o r r e c t io n s  f o r  L o re n tz  and p o l a r i s a t i o n  e f f e c t s  w e re  

a p p l i e d  to  th e  d a t a ,  b u t  no c o r r e c t i o n s  f o r  a b s o r p t io n  w ere  m ade.

C r y s t a l  D a ta

C^HgClC^Sn , M‘ 2 4 3 -3 , o r th o rh o m b ic , P na21 , a  = 9 .3 1 5 ( 3 ) ,  b = 1 1 .0 6 1 ( 3 ) ,  

c = 7 .6 5 6 (2 )  1  , U = 7 8 8 .7 8  A3 , Z = 4 , D = 2 .0 5 ,  Dm= 2 .0 7  m gnf3 , 

y(Mo-Ka> = 3 .2 4 7  mm” 1 , . F (0 0 0 ) = 464 .

S t r u c t u r e  D e te rm in a t io n  and  R e fin e m en t

System atic absences could not d is t in g u ish  between space groups

and Pnma. Pnma w ou ld  r e q u i r e  th e  m o le c u le  t o  h a v e  m i r r o r  sym m etry  (Z = 4)

and s u b s e q u e n t  a n a ly s i s ,  c o n f irm e d :  th e  n o n -c e n tro s y m m e tr ic . s p a c e  ^gronp;: a s

b e in g  c o r r e c t ,  w i th  o c c u p a t io n  o f  th e  f o u r  g e n e r a l  p o s i t i o n s .  The x  and

y c o - o r d i n a t e s  o f  th e  t i n  atom  w ere  r e a d i l y  l o c a t e d  u s in g  th e  P a t t e r s o n

f u n c t i o n  and  th e  re m a in in g  atom s w ere  l o c a t e d  from  s u c c e s s iv e  e l e c t r o n

d e n s i t y  s y n th e s e s .  The m e th y l h y d ro g e n s  w ere  l o c a t e d  b u t  g iv e n  i d e a l

geo m etry  (C -  H 1 .0 8  1  ) and  a common i s o t r o p i c  te m p e ra tu re  f a c t o r .

S c a t t e r i n g  f a c t o r s  w ere  c a l c u l a t e d  u s in g  an  a n a l y t i c a l  a p p ro x im a t io n

(77) and the w eighting scheme adopted was 0) = 1.0000 /  (a(F ) +
20 .0 0 7 5  (F ) ) .  F u l l  m a t r ix  r e f in e m e n t  w i th  a n i s o t r o p i c  te m p e r a tu r e  f a c t o r s  

a p p l i e d  to  a l l  n o n -h y d ro g e n  atom s gave th e  f i n a l  R = 0 .0 4 0  and  R* = 0 .0 4 4 .

4 .3  R e s u l t s  and  D is c u s s io n

M bssbauer p a ra m e te r s  and  Rg^ v a lu e  ( th e  r a t i o  o f  th e  n o r m a l is e d  a r e a s  a t  

300K and 80K ) f o r  d im e th y lc h lo r o t in  a c e t a t e  a r e  g iv e n  in  T a b le  4 . 1 . (The 

Rgg v a lu e  h as  b e e n  u se d  f o r  s u g g e s t in g  a  p o ly m e r ic  s t r u c t u r e  ( f o r  RgQ^

0 .0 3  (7 4 ))  and  i s  d e f in e d  a s  th e  r a t i o  o f  th e  n o rm a l is e d  a r e a s  u n d e r  th e  

a b s o r p t io n  p eak  a t  te m p e ra tu re  fT ' and  a t  80K. The a r e a  u n d e r  th e  a b s o r p 

t i o n  p e a k  i s  d e f in e d  by th e  e x p r e s s io n  ( 1 1 ) : -

107



A rea  =■ J  77 ( x )  d x  =  $  77 r H n
-C O

w here  77 ( x )  i s  t h e  p r o b a b i l i t y  of* r e s o n a n c e  a b s o r p t io n
Tjj  i s  t h e  F u l l  W id th  a t  Half* Maximum

cr(eo ) i s  t h e  c r o s s  s e c t i o n  a t  maximum a b s o r p t io n
n  i s  t h e  a b s o r b e r  t h i c k n e s s

The n o r m a l is e d  a r e a  i s  t h u s :  J  77 a ^ o ^  n

B ack g ro u n d  c o u n ts

H ence : Rqq = A rea  u n d e r  ih e  a b s o r p t io n  p e a k  a t  t e m p e ra tu re  T ^

A rea  u n d e r  t h e  a b s o r p t io n  p e a k  a t  SOK

The m ag n itu d e  o f  t h e  q u a d ru p o le  s p l i t t i n g  (AE^ = 3*56 mms ) s u g g e s t s

th e  t i n  a tom  t o  b e  f i v e  o r  six : c o - o r d i n a t e ,  and t h e  c a l a u l a t e d  R e v a l u e

(=  0 . 0 3 2 ) i s  s i g n i f i c a n t  i n d i c a t i n g  a  p o ly m e r ic  s t r u c t u r e  (74- ) •  S im i la r

o r g a n o t in  c a r b o x y ia te s  o f  known s i x  c o - o r d i n a t e  s t r u c t u r e s  h a v e  q u a d ru -
—-j

p o le  s p l i t t i n g s  i n  t h e  r a n g e  (AEq=- 3 *6 — 3*9  mms ) ( 6 9 )o

The c r y s t a l  s t r u c t u r e  o f  d im e th y l c h lo r o t in  a c e t a t e  i s  shown i n  

f i g u r e  4o1 i n  w h ich  M e^ClSn u n i t s  a r e  s e e n  t o  b e  l i n k e d  t o g e t h e r  v i a  

a c e t a t e  b r id g e s  t o  g iv e  p o ly m e r ic  c h a in s  r u n n in g  a lo n g  t h e  a  -  d i r e c t i o n .

T a b le s  4« 2 and  4*3  g iv e  t h e  f i n a l  p o s i t i o n a l  p a ra m e te rs  and  b o n d  

d i s t a n c e s  and bond  a n g le s  r e s p e c t i v e l y  , and  T a b le  4 . 4  g iv e s  t h e  mean p la n e  

d a t a .  The th e r m a l  p a ra m e te r s  and  o b s e rv e d  and  c a l c u l a t e d  s - t r u c tu r e  f a c t o r s  

f o r  d i m e th y lc h lo r o t in  a c e t a t e  a r e  l i s t e d  i n  T a b le s  4*5 4«6  r e s p e c t i v e l y .

From  th e  mean p la n e  d a t a  t h e  a c e t a t e  l ig a n d s  can  b e  s e e n  t o  b e  

e f f e c t i v e l y  p l a n a r  and o r i e n t a t e d  su c h  t h a t  th e  0 ( 1 ) ,  0 ( 2 ) ,  C ( l ) ,  0 ( 2 ) ,  

mean p la n e  i s  a lm o s t c o in c i d e n t  w i th  t h e  t i n  and  c h lo r i n e  a tom s and  b i s e c t s  

t h e  C (3 )-S n -C (4 )  a n g le .  (S n , C l ,  C (2 ) ,  C (3 ) ,  C ( 4 ) ,  l i e  - 0 . 5 6 ,  - 0 . 0 3 0 ,

—1 .9 8 2 ,  1 .9 5 1  A r e s p e c t i v e l y  o u t  o f  t h e  m ean p l a n e ) .  The r e s u l t i n g  o o -  

o r d i n a t i o n  a b o u t t h e  t i n  i s  b e s t  d e s c r ib e d  a s  d i s t o r t e d  t r i g o n a l  b ip y r a m id a l  

w i th  th e  c h lo r i n e  and two m e th y l c a rb o n  atom s fo rm in g  a  t r i g o n a l  a r r a n g e 

m ent a b o u t t h e  m e ta l .  0 ( 2 ) and 0 ( 1* ) occu p y  th e  a x i a l  p o s i t i o n s  su c h  t h a t  

th e  0 ( 2 ) - S n  -0(-j* ) bond  a n g le  i s  170 .1  (2 )*  (T a b le  4*3)>  and. th e  S n - 0 ( 2 ) ,

0(1* ) d i s t a n c e s  a r e  2 .1 6 5 ( 6 )  and 2 .3 9 2 ( 7 )  r e s p e c t i v e ly .W h i l e  t h e s e

1Q8



FIG 4.1
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W )
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Projection down the c axis showing the polymeric nature of 

dimethyichlorotin acetate.
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tin -oxygen  d ista n ces  f a l l  -within the range o f reported values ( 7 8  -  8 1 ) ,  

they are s ig n if ic a n t ly  d if fe r e n t  and i t  i s  o f  note th a t the lon ger  

distan ce i s  a sso c ia ted  w ith  th e  oxygen atom involved  in  an a d d itio n a l  

t in  -  oxygen interaction*, Although the Sn-O (l) d ista n ce  o f 2 .7 8 2 (7 ) A 

i s  considerab ly  la r g er  than the sum o f the covalen t r a d i i  (2 .1 3  )

i t  i s  w e ll  w ith in  the sum o f the van der Waals* ra d ii' (3 * 7 0  d is 

to r tio n s  about the t i n  can be a ttr ib u te d  to  a weak y e t  s ig n if ic a n t  

Sn-0(1) in te r a c t io n . Thus the m etal atom i s  found to  be 0 .173  A out o f  

th e  C ( l) ,  C (3), 8 (4 ) ,  plane and in  a d ir e c t io n  away from 0(1* ) and 

toward 0 (1 ) and 0 (2 )»  In ad d ition  the angular d is to r t io n s  about the  

t in  v iz  C(3)-Sn-C(4) 1 4 0 .9 (6 )* , 0(1' )-S n -0 (2 ) 1 7 0 .1  (2 )*are  such as to  

f a c i l i t a t e  a Sn-O (l) in te r a c t io n . Thus w hile  0 ( 2 ) i s  monodent a te  w ith  

resp ec t to  t i n ,  0 ( l )  in te r a c ts  w ith  both Sn and Sn ,  "thereby in crea sin g  

the o v e r a ll co -ord in ation  number fo r  t in  to  s ix .
1

4*4 Conclusion s

X- ray cry sta llo g ra p h ic  data confirm d im eth y lch lorotin  a ceta te  

to  have a d is to r te d  6- -  co-ord inate, polym eric s tr u c tu r e . The r e s u lt s  

o f the cry sta llo g ra p h ic  data in  th is  in sta n ce  lend w eight to  tha use o f  

the observation  of a room temperature Mossbauer resonance to  a ss ig n  

a sso c ia ted  s tr u c tu r es . I t  should be n oted , however, th a t where the value  

fo r  the quadrupole s p l i t t in g  suggests an u n certa in ty  in  a ss ig n in g  the  

co -ord in ation  to  the t in  atom, such str u c tu r a l assignm ents cannot be 

made w ithout the support o f other d a ta , such as cry sta llo g ra p h ic  data*
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TABLE 4 .2 .

FRACTIONAL POSITIONAL PARAMETERS (x  105 f o r  Sn; x  icfc f o r  r e m a in in g  

a to m s) w ith  e . s . d . ’s  f o r  n o n -h y d ro g e n  a tom s i n  p a r e n th e s e s

Atom X X z_

Sn 5 7 3 35(5 ) 32330 (4 ) 0 ;

Cl 75 3 6 (3 ) 4 7 5 0 (2 ) - 8 9 (1 4 )

0 (1 ) 2 7 5 1 (9 ) 3105 (9 ) -1 1 (2 7 )

0 (2 ) 41 7 9 (6 ) 4 6 8 7 (5 ) -6 5 (3 8 )

C ( l) 2941 (10 ) 4 2 3 1 (7 ) -1 5 0 (2 5 )

0 (2 ) l 6 6 6 ( l l ) 507 2 (9 ) - 5 4 (5 3 )

c (3 ) 5480 (34 ) 2778 (15 ) 1 5 3 0 (2 9 )

0 (4 ) 5316 (31 ) 2553 (17 ) -2 6 0 0 (2 6 )

H (21) 2047 5789 -1 9 7

H (22) 1149 4972 1200

H (23) 906 4873 -1 0 8 0

H (3 l) 4610 2304 3163

H (32) 6148 2138 1841

H (33) 6115 3243 3501

H (41) 4 A 21 2060 -3 1 4 5

H (42) 5952 2933 -3 6 4 4

H (43) 5972 1947 -1 8 3 5
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TABLE 4 .5 *

BOND DISTANCES (X) AND ANGLES ( ° )

Sym m etry Code

none x ,  ( ’ ) 0 .5  + x , 0 .5

Bond D is ta n c e s ( ? )

S n -C l 2 .3 7 5 (2 )

S n -O ( l)  2 .7 8 2 (7 )

S n - O ( l ')  2 .3 9 2 (7 )

S n - 0 ( 2 ’ ) 2 .1 6 5 (6 )

S n -C (3 ) 2 . 0 1 5 ( 2 1 )

Bond A n g les  ( ° )

C l-S n -O ( l) 1 3 7 . 9 ( 2 )

C l - S n - O ( l ') 8 3 .2 ( 2 )

C l-S n -0 (2 ) 8 7 . 0 ( 2 )

C l-S n -C (3 ) 1 0 6 .7 1 7 )

C l-S n -C (4 ) 1 1 0 .3 (7 )
0 ( l ) - S n - 0 ( l * ) 1 3 8 .9 (2 )

0 ( l ) - S n - 0 ( 2 ) 5 0 .9 (2 )

0 (1 ) -S n -C (3 ) 8 2 .7 (1 0 )

0 ( l ) - S n - C ( 4 ) 7 8 .5 (1 0 )

0 ( 1 ’ > -S n -0 (2 ) 1 7 0 . 1 ( 2 )

0 (1  ’ ) -S n -C (3 ) 8 6 . 6 ( 1 0 )

0 ( 1 ' ) -S n -C (4 ) 8 5 .6 ( 9 )

• Z* 2.5 ( " ) -  0 .5  + X* ®

S n -C (4 ) 2 . 163 ( 1 8 )

0 ( 1 ) - C ( 1 ) 1 . 262 ( 1 0 )

0 ( 2 ) - C ( l ) 1 .2 6 0 (9 )

C ( l ) - C ( 2 ) 1 .5 1 1 (1 2 )

0 (2 ) -S n -C (3 ) 9 7 .4 (1 1 )

0 (2 ) -S n -C (4 ) 9 6 .7 (1 0 )

C (3 )-S n -C (4 ) 1 4 0 .9 (6 )

S n - 0 ( l ) - S n ' ' 1 4 4 .7 (1 )

S n - 0 ( 1 ) - C ( l ) 7 9 .0 ( 7 )

S n ' ' - 0 ( 1 ) - C ( 1 ) 1 3 6 .2 (7 )

S n - 0 ( 2 ) - C ( l ) 1 0 8 .4 (7 )

OJ0
 11—101i—10

1 2 1 .3 (6 )

0 ( l ) - 0 ( l ) - C ( 2 ) 1 1 9 .5 (8 )

0
 

‘V 1 0
 

f—* 1 O 1 1 8 .0 ( 8 )

113



T A J 3 .L i.Cj 4 » 4 »

E q u a tio n s  o f  l e a s t  s q u a re s  p la n e s  r e f e r r e d  to  o r th o g o n a l  a x e s  w ith

d i s t a n c e s  (%) o f  r e l e v e n t  a tom s from  th e  p la n e s  i n  s q u a r e s  b r a c k e t s  

and  e . s . d . ' s  i n  p a r e n th e s e s

P la n e  A C l, C (3 ) , C(4)

-  0 .7569X  + 0 .6534Y  -  0 .0120Z  + 1 .8 7 9 5  = 0 .0 0 0 0  

( C , 0 .0 0 0 ;  C (3 ) , 0 .0 0 0 ;  C (4 ) , 0 .0 0 0 ;  S n , 0 .1 7 3 ;

0 ( 2 ) ,  2 . 3 2 1 ; 0 ( 1 ) ,  2 .1 8 4 ; 0 ( 1 ’ ) ,  2 .2 1 6  )

P la n e  B 0 ( 1 ) ,  0 ( 2 ) ,  C ( l ) ,  C(2)

-  0.OO82X -  0 .0172Y  -  0 .9998Z  + 0 .0 5 0 0  = 0 .0 0 0 0

( 0 ( 1 ) ,  -  0 .0 2 2 ;  0 ( 2 ) ,  -  0 .0 2 2 ;  C ( l ) ,  0 .0 6 2 ;

C (2 ) ,  - 0 .0 1 8 ;  S n , -  O.O5 6 ; C , -  0 .0 3 0 ;

C (3 ) , -  1 .9 8 2 ;  C (4 ) , 1 .9 5 1 ;  S n " ,  0 .0 1 1 ;

C " ,  0 .0 9 4 ;  C ( 3 " ) ,  -  1 .9 3 3 ;  c ( 4 " ) ,  1 .9 9  )



I'A ijL iL ' 4 Q ,

D im e th y lc h lo r o t in  a c e t a t e

F i n a l  th e rm a l  p a ra m e te r s  ( x  10^) w i th  e . s . d . ' s  i n  p a r e n th e s e s

( a )  A n is o t r o p ic  te m p e r a tu r e  f a c t o r s  (2 ^ )  o f  t h e  fo rm :

exp L -27t 

2TĴ  ^ h la * c *

( U ^ h  a*  + U22l c b * ‘  

+ 2U2_ k lb * c * ) J

+U_ , 1 ' 0* “ + 
}3

2U hk a* b *  
12

+

—11 •^22 % 3 % ^13
u
-1 2

Sn 346 ( 4 ) 3 5 7 (3 ) 4 0 3 (3 ) 3 3 (1 ) - 1 9 (9 ) 2 7 (6 )

Cl 4 6 9 (1 2 ) 5 0 0 (9 ) 7 5 7 (2 2 ) 1 4 5 (8 ) 21 (3 1 ) - 7 2 (3 0 )

0 (1 4 4 0 (3 4 ) 4 1 6 (2 4 ) 8 0 3 (5 2 ) -2 1 (2 4 ) 3 7 8 (6 7 ) 9 9 (6 5 )
0 (2 4 2 1 (3 2 ) •375(23) 644 ( 49 ) -2 7 (1 9 ) - 1 (9 0 ) 1 8 (8 8 )

c ( i 3 5 9 (3 3 ) 4 7 5 (3 1 ) 2 7 7 (6 1 ) 0 (2 7 ) -8 9 (5 1 ) 6 (4 3 )
C( 2 5 1 8 (5 1 ) 5 1 6 (4 2 ) 8 9 4 (7 7 ) 196 ( 77 ) 1 6 2 (1 5 3 ) 16 4 (1 2 1 )

0 (3 6 2 5 (9 7 ) 4 8 0 (8 1 ) 4 5 4 (7 0 ) 8 3 (6 9 ) 7 6 (5 7 ) -1 1 1 (6 2 )

0 (4 598 (89 ) 4 0 1 (5 2 ) 4 0 1 (6 1 ) 7 3 (6 2 ) -8 0 (5 9 ) 13 8 (5 0 )

(b )  F i n a l  o v e r a l l  i s o t r o p i c  te m p e r a tu r e  f a c t o r  (2 ^ )  f o r  t h e  h y d ro g e n

atom s o f  t h e  fo rm : 

exp £  ~U sin^0 /

U = 0 . 304 ( 7 2 )
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TABLE Observed and Calculated Structure Factors for 

Dimethylchlorotin Acetate
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OF CYSTS 3133 MQ HOMOCYSTEINE FROM 119Sn MOSSBAUEIR STUDIES.

C o n te n ts : 5*1 <> I n t r o d u c t i o n

5 . 2 .  R e s u l t s  an d  D is c u s s io n  

5 .3 *  C o n c lu s io n s
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5.1 Introduction

T r io r g a n o t i n  compounds R^SnX a r e  r e p o r t e d  t o  b e  b i o l o g i c a l l y  a c t i v e  

due  t o  t h e  i n t e r a c t i o n  o f  th e  R^Sn m o ie ty  w i th  c e r t a i n  p r o t e i n s  ( 82- 8 6 ) .  

B o th  s u lp h u r  (a s  i n  a  t h i o l )  and  n i t r o g e n  (a s  i n  a  h i s t i d i n e  r e s i d u e )  

atom s h av e  b e e n  i d e n t i f i e d  a s  im p o r ta n t  a c t i v e  b in d in g  s i t e s  t o  t h e  R_Sn
j

m o ie ty ( 87—89 ) .  D a v ie s  an d  S m ith  ( l ) , i n  a  r e v ie w  o f  o r g a n o t i n  c h e m is t r y ,  

r e p o r t  t r i p h e n y l t i n  compounds t o  h av e  a  h ig h  f u n g i c i d a l  a c t i v i t y ,  t r i n e  o -  

p h y l -  and  t r i c y c l o h e x y l t i n  compounds t o  b e  a c t i v e  a g a i n s t  m i t e s ,  and  

t r i b u t y l t i n  compounds t o  i n h i b i t  o x i d a t iv e  p h o s p h o z y la t io n .  I t  i s  a l s o  

s u g g e s te d  t h a t  t h e  b i o l o g i c a l  a c t i v i t y  i s  d e p e n d e n t  on th e  e f f e c t i v e n e s s  

o f  t h e  i n t e r a c t i o n  a t  th e  a c t i v e  s i t e  w h ic k . i n v o lv e s  c o - o r d i n a t i o n  t o  an  

a m in o -a c id .  To i n v e s t i g a t e  t h i s  i n t e r a c t i o n  and  d e te rm in e  t h e  c o - o r d i n a t i o n  

a b o u t t h e  t i n  atom  a- s e r i e s  o f  n o v e l  t r i o r g a n o t i n  d e r i v a t i v e s  o f  th e  

s u lp h - h y d r y l -  c o n ta in in g  a m in o - a c id s ,  c y s t e i n e  and h o m o c y s te in e ,  

R^SnS(CH2 ) ttC2l(NH2 ),C.00H (w h ere  n=1 o r  2 ,  and  R= b u t y l ,  p h e n y l, ,  n e o p h y l*  

o r  c y c lo h e x y l)  h av e  b e e n  p r e p a r e d  and s t u d i e d  b y  M o ssb au er s p e c tro s c o p y *  

5 * 2 . R e s u l t s  and  D is c u s s io n

The M 8 ssb a n e r d a t a  f o r  t h e  o r g a n o t i n  d e r i v a t i v e s  o f  th e  ty p e  R^Snx 

(w here  R =  b u t y l ,  p h e n y l ,  n e o p h y l ,  c y c lo h e x y l ,  and X =■ c y s t e i n e ,  

h o m o c y s te in e )  a r e  g iv e n  in  T a b le  5*1* ® ie  q u a d ru p o le  s p l i t t i n g s  f o r  t h e  

compounds (AEq =  1 .3 4  -  1*77 mms ) a re  t y p i c a l  o f  if -  c o - o r d i n a t e  t i n  

compounds c o n ta i n in g  t i n - s u l p h u r  b o n d s .

A f u r t h e r  i n d i c a t i o n  o f  th e  c o - o r d i n a t i o n  num ber o f  t h e  t i n  atom  i s  

g iv e n  b y  t h e  v a lu e  o f  t h e  r a t i o  (p )  o f  t h e  q u a d ru p o le  s p l i t t i n g  (AE^) t o  

th e  iso m e r  s h i f t  ( 6 ) . .  T h is  r a t i o  was d e f in e d  b y  H e rb e r  ( 9 0 ) who s u g g e s te d  

t h a t  f o r  v a lu e s  o f  p i n  t h e  ra n g e  0- —  1 .9  th e  t i n  atom  c a n  b e  c o n s id e r e d  

to  be if -  c o - o r d i n a t e  w h e re as  f o r  v a lu e s  g r e a t e r  th a n  2 .1  t h e  t i n  atom  

c a n  b e  c o n s id e r e d  t p  b e  5 -  o r  6 -  c o - o r d i n a t e .  The v a lu e s  o f  p g iv e n  i n  

T a b le  5°1 a r e  s e e n  t o  b e  no g r e a t e r  th a n  1 .i f  and  a l l  t h e  com pounds c a n  

t h e r e f o r e  b e  c o n s id e r e d  to  b e  if -  c o - o r d i n a t e .
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a s  b ro a d  g u id e l in e s  to  s t r u c t u r e .  On c o n s id e r in g  th e  s t r u c t u r e  o f  th e  

c y s te i n e  and h o m o c y s te in e  l ig a n d s  f u r t h e r  c o - o r d in a t io n  from  e i t h e r  th e  

am ino- o r  c a r b o x y l ic  a c id  g roup  i s  p o s s ib l e  a l th o u g h  s t e r i c  c ro w d in g  from  

th e  R -g ro u p s i s  l i k e l y  to  i n h i b i t  f u r t h e r  a s s o c i a t i o n .  S e v e ra l  5 -  

c o - o r d in a t e  s t r u c t u r e s  hav e  b e e n  s u g g e s te d ,  on th e  b a s i s  o f  i n f r a r e d ,  i

N.M.R. and m ass s p e c t r o s c o p ic  s t u d i e s ,  f o r  some o r g a n o t in  d e r i v a t i v e s  o f  

L - c y s te i n e  and L - c y s te in e  e th y l  e s t e r  ( 8 5 ) .  I n f r a r e d  d a ta  o f  th e  

compounds l i s t e d  i n  T a b le  5 .1 ,  how ever, g iv e  c a rb o n y l  s t r e t c h i n g  f r e q u e n 

c i e s  o f  1630 cm  ̂ w h ich  hav e  b e e n  r e p o r te d  ( f o r  t r i m e t h y l t i n  g l y c i n a t e  

(9 1 ))  a s  b e in g  i n d i c a t i v e  o f  n o n - c o - o r d in a t in g  c a rb o n y l  g ro u p s .

F u r th e r  Maddock and P l a t t  (92) u se d  q u a d ru p o le  s p l i t t i n g  d a ta  

e m p i r i c a l l y  t o  d i s c u s s  in te r m o le c u la r  a s s o c i a t i o n  i n  o r g a n o t in  com pounds.

I t  was s u g g e s te d  t h a t  compounds o f  th e  ty p e  Ph_SnX (AEn -  2 .2 5  -  2 .5 6  mms ^) 
j ^

and Neophyl^SnX (AEq = 2 .2 4  -  2 .6 5  mms ^) (X = C l, B r, I )  a r e  i s o s t r u c t u r a l
I -1
h a v in g  t e t r a h e d r a l  g eom etry  and  t h a t  (n eo p h y l^ S n ^ C O C H ^ ) (AE^ = 2 .4 5  mms )

and P h oSn(0C0CH(CH CH )C ,H  )(AE = 2 .2 6  mms ^) a r e  a l s o  t e t r a h e d r a l .3 L 3 4 y

I t  was a l s o  s u g g e s te d  t h a t  th e  t e t r a h e d r a l  s t r u c t u r e s  fo u n d  f o r  th e  

t r i n e o p h y l -  and  t r i p e n y l t i n  h a l i d e s  and c a r b o x y la te s  w ere  due to  p o s s i b l e  

s t e r i c  c ro w d in g  from  th e  b u lk y  p h e n y l and  n e o p h y l g ro u p s  and th e r e b y  

p r e v e n t in g  in te r m o le c u la r  a s s o c i a t i o n  v i a  h a l i d  o r  c a r b o x y la te  b r i d g e s .

The q u a d ru p o le  s p l i t t i n g s  v a lu e s  g iv e n  i n  T a b le  5 .1  a l s o  s u g g e s t  a  

s t e r i c  i n t e r a c t i o n  o f  th e  R g roup  w ith  c y s te i n e  and h o m o c y s te in e  l ig a n d s  

w h ich  r e s u l t  i n  ch an g es i n  g eo m etry  a ro u n d  th e  t i n  n u c le u s .  I n  g e n e r a l  

a s  th e  s i z e  o f  th e  R -g roup  in c r e a s e s  so  th e  q u a d ru p o le  s p l i t t i n g  

i n c r e a s e s .

The iso m e r s h i f t  d a ta  i n  T a b le  5 .1  r e f l e c t s  a  t y p i c a l  t r e n d  f o r  th e  

e l e c t r o n -  w ith d ra w in g  e f f e c t s  o f  th e  R g roup  on th e  t i n  n u c l e u s . S in c e  

th e  iso m e r s h i f t  i s  a d i r e c t  m easu re  o f  th e  f_sf -  e l e c t r o n  d e n s i t y  

a ro u n d  th e  t i n  n u c le u s  th e n  any o b se rv e d  changes i n  th e  iso m e r  s h i f t  

v a lu e s  m ust be  a r e s u l t  o f  e l e c t r o n  -  r e l e a s i n g  e f f e c t s  from  th e  a t t a c h e d  

l i g a n d s .  T a b le  5 .2  g iv e s  th e  t r e n d  o b s e rv e d  i n  th e  iso m e r s h i f t  f o r  th e
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compounds R^Sn (SCH2CK2CK(NH2)CG0H ) (w here  R= b u t y l ,  p h e n y l ,  n e o p h y l, 

and  c y c lo h e x y l)  and  com pares t h i s  t r e n d  w ith  o t h e r  v a lu e s  r e p o r t e d  f o r  

compounds o f  t h e  genera.1  fo rm u la  R^SnY ( 5 ) . The iso m e r  s h i f t  v a lu e s  

f o r  t h e  compounds o f  g e n e r a l  fo rm u la  R^SnY s u p p o r t  t h e  t r e n d  o b s e rv e d  

in  T a b le  5«1 a nd a r e  fo u n d  t o  c o r r e l a t e  w i th  th e  e x p e c te d  e l e c t r o n -  

w ith d ra w in g  p r o p e r t ie s ^  o f  t h e  R -g ro u p s  i n  th e  o r d e r :

P h e n y l > N e o p h y l£ B u ty l  > C y c lo h e x y l.

5 .5  C o n c lu s io n s

The o r g a n o t in  d e r i v a t i v e s  o f  c y s te in e  and  h o m o c y s te in e  a r e  fo und  

to  be  4 -  c o - o r d i n a t e  i n v o lv in g  t i n - s u l p h u r  bo n d s on t h e  b a s i s  o f  N o s s b a u e r  

and  i n f r a r e d  d a t a .  The e f f e c t s  o f  th e  R -g ro u p s  on th e  s t r u c t u r e s  o f  t j ie  

o r g a n o t in  compounds s tu d i e d  by  M addock an d  P l a t t  s u p p o r t  t h e  s u g g e s t io n  

t h a t  t h e  s i z e  o f  th e  R g ro u p  s t e r i c a l l v  i n f l u e n c e s  th e  p o s i t i o n i n g  o f  th e  

l ig a n d s  a ro u n d  th e  nucleus and p r e v e n t s  i n te r m o l e c u l a r  a s s o c i a t i o n  o c c u r r in g .

The fo rm a tio n  o f  th e  t i n - s u l p h u r  l in k a g e  s u p p o r t s  th e  s u g g e s t io n s  

( 88  ) t h a t  s u lp h u r  a c t s  a s  an  im p o r ta n t  a c t i v e  s i t e  f o r  b in d in g  t h e  R^Sn 

m o ie ty .  T h a t no f u r t h e r  a s s o c i a t i o n  o c c u rs  v i a  t h e  am in o - o r  c a r b o x y l i c  

a c id  g ro u p s  a l s o  s u g g e s t s  th e  s u lp h u r  to  be  a  s p e c i f i c  b in d in g  s i t e  i n  

b i o l o g i c a l  s y s te m s .

F i n a l l y ,  t h e  t r e n d  o b s e rv e d  i n  th e  iso m e r  s h i f t  v a lu e s  i s  fo u n d  to  

c o r r e l a t e  w ith  t h e  e l e c t r o n -  w ith d ra w in g  p r o p e r t i e s  o f  t h e  R g ro u p s :

i . e .  P h e n y l > N eophyl £ B u ty l  > C y c lo h e x y l.
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The M ossbauer s p e c t r a  o f  two t r i a l k y l t i n  compounds (3 -  m e rc a p -  

t o p r o p i o n a t o ) b i s ( t r i b u t y l t i n )  (Bu^SnSCH^CH^COOSnBu^) ( 1 ) and ;

(3 ~ m e r c a p to p r o p io n a to )b is  ( t r i p h e n y l t i n )  (Ph^Sn5CH^CH2CcoS’ApQ ( 2 ) w ere

re c o r d e d  a t  80K and f o r  b o th  compounds showed two r e s o lv e d  q u a d ru p o le
i

d o u b le ts  ( f i g u r e s  6 .1  and 6 . 2 ) .  The in n e r  and  o u te r  d o u b le t s  a r e
i

r e p r e s e n t a t i v e  o f  th e  two t i n  atom s i n  (1 ) and (2 ) b e i n g ^ d i f f e r e n t  

e l e c t r o n i c  e n v iro n m e n ts . I n  a d d i t i o n  th e  s p e c t r a  show th e  o u t e r  d o u b le t  

to  h av e  a  g r e a t e r  a r e a  u n d e r th e  a b s o r p t io n  p e a k  r e l a t i v e  to  th e  in n e r  

d o u b le t  im p ly in g  t h a t  th e  t i n  atom s hav e  d i f f e r e n t  r e c o i l l e s s  f r a c t i o n s .

S e v e ra l  w o rk e rs (^ 9 3 -1 0 2 )  have  r e p o r t e d  a r e l a t i o n s h i p  b e tw e en  

th e  r e c o i l l e s s  f r a c t i o n  and th e  e f f e c t i v e  v i b r a t i n g  m ass o f  t h e  m o le c u le  

u s in g  th e  Debye m odel o f  s o l i d s .  On th e  b a s i s  o f  th e  i n i t i a l  M ossbauer 

o b s e r v a t io n s  a t  80K w hich  showed two d i s t i n c t  t i n  s i t e s  i n  b o th  compounds 

i t  was d e c id e d  to  i n v e s t i g a t e  th e  c o - o r d i n a t io n  a t  b o th  s i t e s  and  to  

r e l a t e  th e  i n t e r p r e t a t i o n  to  th e  r e c o i l l e s s  f r a c t i o n  a t  b o th  s i t e s  u s in g  

th e  m odel d e v e lo p e d  by H e rb e r  and L eah y . M ossbauer d a ta  w ere  r e c o r d e d  

o v e r  th e  r a n g e s  20 -  140K ( f o r  R -  b u t y l )  and 80 -  200K ( f o r  R -  p h e n y l ) .

6 .2  R e s u l ts  and D is c u s s io n

F ig u re  6 .1  (a  -  g) shows th e  v a r i a b l e  te m p e ra tu re  M ossbauer 

s p e c t r a  o v e r  ra n g e  20 -  140K f o r  th e  t r i b u t y l t i n  compound ( 1 ) .  A t a  

te m p e ra tu re  o f  20K th e  in n e r  and o u te r  d o u b le t s  a r e  s e e n  to  h a v e  a p p r o x i 

m a te ly  e q u a l  a r e a s  u n d e r  th e  a b s o r p t io n  p e a k s  i n d i c a t i n g  th e  r e c o i l l e s s  

f r a c t i o n s  to  be  th e  same f o r  b o th  t i n  s i t e s .  A t h ig h e r  t e m p e r a tu r e s  

up to  140K th e  a r e a  u n d e r  th e  a b s o r p t io n  p e a k s  o f  th e  i n n e r  d o u b le t s  a r e  

s e e n  to  d im in is h  r e l a t i v e  to  th o s e  o f  th e  o u t e r  d o u b le t .  A t 140K no 

a p p r e c ia b l e  a b s o r p t io n  i s  o b se rv e d  due to  th e  in n e r  d o u b le t  s u g g e s t in g  

t h a t  th e  r e c o i l l e s  f r a c t i o n  o f  th e  t i n  s p e c ie s  g iv in g  r i s e  to  t h a t  

a b s o r p t io n  i s  re d u c e d  to  a v a lu e  a p p ro a c h in g  z e r o .  The o b s e r v a t io n  o f  

an  a b s o r p t io n  c u rv e  a t  140K w hich  h as  a  q u a d ru p o le  s p l i t t i n g  c o r r e s p o n d 

in g  to  th e  o u t e r  d o u b le t  s u g g e s ts  t h a t  one o f  th e  t i n  s p e c ie s  s t i l l  h a s
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a  s i g n i f i c a n t  r e c o i l l e s s  f r a c t i o n  a n d  t h e r e f o r e  a  h i g h e r  c o - o r d i n a t i o n  

n u m b e r .

T a b l e  6 . 1  g i v e s  t h e  M o s s b a u e r  d a t a  a n d  t h e  c a l c u l a t e d  a . r e a s  u n d e r  

t h e  a b s o r p t i o n  p e a k s  o v e r  t h e  t e m p e r a t u r e  r a n g e  2 0  -  1 4 0  K f o r  t h e  

t r i b u t y l t i n  c o m p o u n d  ( 1 ) .  T h e  M o s s b e . u e r  s p e c t r a  w e r e  f i t t e d  t o  

L o r e n t z i a n  l i n e  s h a p e s  u s i n g  O p t i o n  4  ( s e c t i o n  2 . 3 . 2 ) .  T h e  v a l u e s  f o r  

t h e  i n d i v i d u a l  a r e a s  w e r e  o b t a i n e d  b y  e v a l u a t i n g  t h e  e x p r e s s i o n :

A rea  = r  x  ( B ackground  c o u n ts  -  C ounts a t  a b s o r p t io n  o eak  )
H    K-------------------- x  1 0 0

B a c k g r o u n d  C o u n t s

f o r  e a c h  a b s o r p t i o n  p e a k .

( r  = E x p e r i m e n t a l  f u l l  w i d t h  o f  t h e  a b s o r p t i o n  l i n e  a t  h a l f  h e i g h t )
H

T h e  c m a d r u p o l e  s p l i t t i n g  f o r  t h e  o u t e r  d o u b l e t  ( 

i s  t y p i c a l  o f  a  5 c o - o r d i n a t e  t i n  s p e c i e s  a n d  c o m p a r e s  w i t h  t h e  

M o s s b a u e r  d a t a  o b t a i n e d  b y  o t h e r  w o r k e r s  f o r  o r g a n o t i n  c a r b o x y l a t e s  ( 56 ) .

T h e  q u a d r u p o l e  s p l i t t i n g  f o r  t h e  i n n e r  d o u b l e t  ( = l . S O m m s ” ^ )  i s
Q

t y p i c a l  o f  a  4  c o - o r d i n a t e  t i n  s p e c i e s  a n d  a g r e e s  w i t h  p a r a m e t e r s  

r e p o r t e d  f o r  t e t r a h e d r a l  t r i a l k y l t i n  t h i o l a t e s (  8 f  ) .

T h e  M o s s b a u e r  r e s u l t s  f o r  t h e  t r i p h e n y l t i n  c o m p o u n d  ( 2 ) o b t a i n e d  

o v e r  a  t e m p e r a t u r e  r a n g e  o f  8 0  -  2 0 0  K s h o w  t h e  s a m e  t r e n d  o b s e r v e d  f o r  

t h e  t r i b u t y l t i n  c o m p o u n d .  T h e  r e s u l t s  a r e  g i v e n  i n  T a b l e  6 . 2  a n d  t h e  

M o s s b a u e r  s p e c t r a  r e c o r d e d  o v e r  t h e  t e m p e r a t u r e  r a n g e  a r e  s h o w n  i n  

F i g u r e  6 . 2  ( a  - f  ) .
If

T h e  o b s e r v a t i o n s  f r o m  t h e  M o s s b a u e r  d a t a  a r e  f u r t h e r  s u p p o r t e d  b y  

t h e  w o r k  o f  B a r b i e r i  e t  a l  ( 9 8  )  w ho  r e p o r t  v a r i a b l e  t e m p e r a t u r e  

M o s s b a u e r  d a t a  o n  t h e  t r i m e t h y l t i n  a n a l o g  o f  c o m p o u n d s  ( 1 ) a n d  ( 2 ) .

A s t r u c t u r e  i s  a l s o  s u g g e s t e d  o n  t h e  b a s i s  o f  t h e i r  r e s u l t s  i n  w h i c h

4 c o - o r d i n a t e  t i n - t h i o l a t e  a n d  i n t e r m o l e c u l a r l y  a s s o c i a t e d  5 c o - o r d i n a t e  

t i n - c a r b o x v l a t e  s u e c i e s  a r e  s h o w n .
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I n  th e  ab o v e  s t r u c t u r e  two ty p e s  o f  m o le c u la r  a s s o c i a t i o n  in v o lv in g  

t h e  t i n  a tom s a r e  e v id e n t .  H azony and H e rb e r  ( t0 3  ) r e p o r t  t h a t  

a c o u s t i c a l  and  o p t i c a l  modes o f  v i b r a t i o n  can  b e  i d e n t i f i e d  i n  t h e  m odel 

o f  a  m o le c u la r  s o l i d  made up o f  m onom eric m o le c u la r  u n i t s  i n  w h ich  th e  

i n t e r m o l e c u l a r  b o n d in g 1 f o r c e s  a r e  w eak e r th a n  th e  i n t r a m o l e c u l a r  b o n d in g  

f  o r c e s .

The mean d is p la c e m e n t  a f t e r  th e  p a s s a g e  o f  a  s t a n d in g  wave i s  

d e p e n d e n t upon  th e  e f f e c t i v e  v i b r a t i n g  m ass and  th e  m a g n itu d e  o f  th e  

i n t e r  -  and  i n t r a  -  m o le c u la r  f o r c e  c o n s t a n t s .  I t  i s  n o t  p o s s i b l e ,  

h o w ev er, to  a c c u r a t e l y  i d e n t i f y  th e  e f f e c t i v e  v i b r a t i n g  m ass a t  t h e  two 

t i n  s i t e s ,  a l th o u g h  on c o n s id e r in g  th e  above  s t r u c t u r e  and th e  i m p l ic a -

it
t i o n s  from  th e  M o ssb au er d a ta  i t  i s  r e a s o n a b le  to  s u g g e s t  t h a t  t h e  two 

m asses  may be d i f f e r e n t .  C o n se q u e n tly  th e  o p t i c a l  and  a c o u s t i c a l  m odes 

o f  v i b r a t i o n  w i l l  a l s o  h av e  d i f f e r e n t  f r e q u e n c ie s  o f  v i b r a t i o n ( 1 0 4 ) .  F u r t h e r  

i t  i s  e v id e n t  t h a t  s in c e  th e  e f f e c t i v e  v i b r a t i n g  m asses  and  th e  f o r c e  

c o n s ta n t s  a t  th e  two t i n  s i t e s  a.re d i f f e r e n t  th e n  th e  r e c o i l l e s s  f r a c t i o n s  

’ f  ' o f  th e  t i n  atom s w i l l  a l s o  be  d i f f e r e n t .

6 . 2 . 1 .  The E f f e c t i v e  V ib r a t i n g  Mass M odel

H e rb e r  an d  Leahy h av e  r e p o r t e d  a  m odel w hich r e l a t e s  th e  t e m p e r a tu r e  

d ep en d en ce  o f  th e  r e c o i l l e s s  f r a c t i o n  f f ’ to  th e  s t r u c t u r e  and  b o n d in g  

in  o r g a n o t in  compounds (1 0 2  ) .  The r e c o i l l e s s  f r a c t i o n  h a s  b e e n  

d e f in e d  by  th e  e q u a t io n :



exp
2 2 ■ 4  TT . < * >

However, s i n c e  t h e  la t t i c e  vibrations ar ise  from thermal 

ex c ita tio n s in  the solid^then application  o f the simple Debye model 

of the s o lid  defines the temperature dependence of the r e c o il le s s

fraction: of the absorber, f  , in  the Debye -  Waller re la tion sh ip  :a.

f  a  =  e*p  f -  i  E
/ T \2 9/ T

1 + 4 ( - t )
ft J ) x  . dx /pV. °V

oh CD
X

1 1 J
(601)

where : E_ = E
*   TL

2 Me f f

( M i s  the e f fe c t iv e  r e c o il l in g  mass ) err

and: X = hm

2 ttKT

At the high temperature l im it  i .e . .  T  ̂ 9 / 2 :

f  = exp a KB
. T

m

and hence if,
dT KBm

(6. 2)

(6 .3 )

Since the area (A) under the absorption peaks i s ' proportional to

the r e c o il le s s  fra c tio n  then i t  i s  more convenient to fo llo w  the temperature

dependence of the area (A^) under the resonance curve.

Since fo r  sm all absorber thicknesses A <* t  (1 i )

aid t  = n. f  • cr (sectio n  2 .2 )  a o
then l(t ) i(T)

Therefore evaluating w i l l  give a lin ea r  re la tion sh inaT •
/  swith a gradient =■ R  which, from (6 .3 ) j becomes:

KB

dlnA
dT

m

-  3 E

MefT* C * ' <
(6 .4 )
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6 i s  a  c h a r a c t e r i s t i c  te m p e ra tu re  w h ic h , f o r  an  i d e a l  m onatom icm 3

i s o t r o p i c  c u b ic  s o l i d ,  i s  e q u i v a l e n t  t o  t h e  D ebye t e m p e r a tu r e ,  9^ • Hence 

( 6 .4 )  becom es:

d ln A  -  3 E
  = ----------------- -2y--------^

M gff * C *

H azony and  H e rb e r  (1 0 3 ) f u r t h e r  s u g g e s t  t h a t  w here t h e r e  i s  a  d i s t i n c t  

s e p a r a t i o n  b e tw e e n  t h e  i n t e r  -  an d  i n t r a  -  m o le c u la r  v i b r a t i o n a l  m o d es , 

t h e  d o m in an t c o n t r i b u t i o n  t o  I n f  (a n d  h e n c e  In A  ) i s  f ro m  th e  i n t e r 

m o le c u la r  o r  a c o u s t i c a l  v i b r a t i o n s  s i n c e ,  i n  g e n e r a l ,  t h e s e  w i l l  b e  

e x c i t e d  a t  t h e  lo w e s t  th e r m a l  e x c i t a t i o n  e n e r g i e s .  H ow ever i n  m o st c a s e s  

th e  d i s t i n c t i o n  b e tw e e n  th e  i n t e r -  and  i n t r a -  m o le c u la r  v i b r a t i o n s  i s  n o t  

c l e a r  and  i t  i s  n o t  o b v io u s  w h ich  v a lu e  t o  a s s i g n  d*1 ( 6 . 5 ) .

C o n s e q u e n tly  i n  a p p ly in g  th e  Debye a p p ro x im a t io n ,  w h ic h  c o n s id e r s  o n ly  

th e  a c o u s t i c a l  b r a n c h e s  i n  a  m o n a to m ic , i s o t r o p i c  s o l i d ,  t h e  v a lu e  f o r

M «« i s  t a k e n  t o  b e  t h e  r e l a t i v e  m o le c u la r  m ass o f  t h e  m o le c u le ,  an d  w i l l  e f f

y i e l d  d i f f e r e n t  Debye te m p e ra tu re s  f o r  t h e  two t i n  s i t e s .

Figures 6.3 and 6 .4  show a lin e a r  change in  InA w ith  temperature

f o r  b o t h  o r g a n o t in  compounds ( l )  and  (2 )  r e s p e c t i v e l y .  The tw o s lo p e s

l a b e l l e d  ( a )  and  (b )  on th e  g ra p h s  r e p r e s e n t  t h e  v a r i a t i o n  o f  t h e

i n d i v i d u a l  a r e a s  a r i s i n g  fro m  th e  M o ssb au e r r e s o n a n c e s  o f  t h e  tw o t i n

s i t e s  w i th  te m p e ra tu re #  S u b s t i t u t i n g  f o r  th e  g r a d i e n t s  c f  t h e  tw o l i n e s

in  (6 .5 ) produces a value fo r  0  ̂ fo r  the two t in  s ite s#  In addition ,

e q u a t io n  (6 o 3 ) a l s o  y i e l d s  a  m ore s i g n i f i c a n t  v a lu e  f o r  t h e  te rm  M ^ 0 ^ ,

w h ic h  i s  a  m easu re  o f  t h e  i n t e r m o l e c u l a r  b o n d in g  s t r e n g t h s  a t  t h e  two t i n

s i t e s #  T a b le  6#3 sum m arises t h e  d a t a  fro m  th e  two g ra p h s  and g iv e s  v a lu e s  

2
f o r  and o b ta in e d  f o r  t h e  two t i n  s i t e s  i n  t h e  t r i b u t y l -  and

t r i p h e n y l -  t i n  com pounds.

6 .2 .2  E v a lu a t io n  o f  9^ f o r  ( 3 - m e r c a p to p ro p io n a to } b is  ( t r i b u t y l t i n ) .

From  f i g u r e  6 . 3 : = -  0 .9  x 10 2

&2 = -  1 .3  x 10 2
where. and  & are t h e  g r a d i e n t s  o f  t h e  s lo p e s  r e p r e s e n t i n g  t h e  a r e a s

140
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Figure 6<>3 Temperature Dependence of the Areas under 

the Inner and Outer pair of Resonance

Maxima of Bu-SnSCH CH C00SnBu

Ln A

3 . 6 -

Ln A

3 . 0 -

2. 6 -

2 . 2 -

1. 6-
20 AO 60 80 100 120 1400

T e m p e ra tu re  (K) —

Ln A i s  the TOTAL Lorentzian area under 'the resonance peaks,

Ln a! represents the temperature dependence of the

individual areas* due to the Inner (A) and Outer (B)
*

resonance peaks,
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f

L n  A

f i g u r e  60A T e m p e ra tu re  D ependence o f  t h e  A reas  u n d e r

th e  I n n e r  and  O u te r  p a i r  a t ■ R esonance

Maxima o f  P h TSnSCHoCHnC00SnPh_ j  2 d. 3

7 .5

7 . 0 -
Ln A

6*0 -

Ln A '

3.5 -

Ln A i s  th e  TOTAL L o r e n tz ia n  a r e a  u n d e r  th e  r e s o n a n c e  p eak s. 

Ln L r e p r e s e n t s  t h e  te m p e ra tu re  d e p e n d en c e  o f  t h e

i n d i v i d u a l  a r e a s  due to  th e  I n n e r  (A) a n d  O u te r  (B) 

r e s o n a n c e  a e a k s .
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u n d e r  t h e  M o ssb au er r e s o n a n c e s  f o r  t h e  t i n - c a r b o x y l a t e  and  t i n - t h i o l a t e

s i t e s  r e s p e c t i v e l y .

M f o r  ( 3 -m erc  a p t  o p r  op i o n a to  )b i s  ( t r i b u t y l t  i n ) =  684

K = 1 .381  x 1 0 "23 JK“ 1

S u b s t i t u t i n g  i n  ( 6 . 5 ) g i v e s :

f o r  G- : - 0 . 9  x 1C f2 = - - I f f i  * 10^  x X 1°  — ------------- *
9 3 1 .5  x 106 x 1.381 x 1 0 " 23 x 684  x <92

Be a r r a n g in g  g i v e s :  

Q2 - 2  <,76 x 1 0 " 10

D - 7 .9 2  x 10” 14

0D = 5 9 .1  K

S i m i l a r i t y  f o r  G- : - 1 . 3  x 10“ 2 = ^  x 1° 3 ) x i »g x 10 9--------------
9 3 1 .5  x 10 x 1 o381 x 10 3 x 6 8 4  x 6

Be a r r a n g in g  g iv e s  : 0^ = 4 9 .1  K

The c a l c u l a t e d  Debye te m p e ra tu re s ,  o f  t h e  two t i n .  s i t e s  i n  b o t h  

compounds g iv e n  i n  T a b le  6o3 show s i m i l a r  b e h a v io u r .  I n  b o th  c a s e s  t h e  

t i n - c  a rb  o x y l  a t e  s p e c i e s  a r e  s e e n  t o  h a v e  th e  l a r g e r  0^ v a lu e s  w h ic h  

f u r t h e r  s u p p o r t s  th e  s u g g e s t io n  t h a t  t h e s e  t i n  atom s h av e  t h e  h i g h e r  

c o - o r d i n a t i o n .

2
F u r t h e r  s in c e  t h e  te rm  r e p r e s e n t s  t h e  i n t e r m o l e c u l a r

f o r c e  c o n s ta n t  p a r a m e te r ,  t h e n  t h e  l a r g e r  v a lu e s  o b ta in e d  f o r  t h e  t i n -  

t h i o l a t e  u n i t s  im p ly  s t r o n g e r  b o n d in g  f o r c e s  b e tw e e n  th e  a to m s .

I t  s h o u ld  b e  n o t e d ,  h o w e v e r , - th a t th e  above  i m p l i c a t i o n s  c a n  o n ly  

b e  ta k e n  a s  a p p ro x im a tio n s  f o r  t h e  f o l lo w in g  r e a s o n s :

( i )  i n  a p p ly in g  th e  Debye m odel th e  v a lu e  u s e d  f o r  11^^. was t h e  

t o t a l  m o le c u la r  m ass s in c e  t h e  e f f e c t i v e  v i b r a t i n g  mass o f  t h e  tw o t i n  

s i t e s  c a n n o t  b e  a c c u r a t e l y  d e f i n e d .

( i i )  th e  Debye m odel i s  a l s o  l i m i t e d  i n  i t s  a p p l i c a t i o n  s in c e  

o n ly  a c o u s t i c a l  modes o f  v i b r a t i o n  a r e  c o n s id e r e d .



6 .3  C o n c lu s io n s

V a r ia b le  t e m p e ra tu re  M o ssb au e r d a ta  h a v e  i d e n t i f i e d  tw o t i n  s i t e s  

h a v in g  d i f f e r e n t  c o - o r d i n a t i o n  num bers i n  b o th  t h e  t r i a l k y l t i n  compounds 

s tu d ie d *  I n  b o th  c a s e s  a  4  c o - o r d i n a t e  t i n - t h i o l a t e  s p e c i e s  and  a 5  co

o r d i n a t e  t i n - c a r b o x y l a t e  s p e c ie s  a r e  i d e n t i f i e d *  On th e  b a s i s  o f  a  

r e c e n t l y  r e p o r t e d  s tu d y  (9 8 )  i t  i s  s u g g e s te d  t h a t  th e  t i n - c a r b o x y l a t e  

s p e c i e s  fo rm s  an  i n t e i m o l e c u l a r l y  a s s o c i a t e d  c h a in  w i t h  o t h e r  t i n -  

c a r b o x y la te  u n i t s *

-A p p lic a tio n  o f  a  s im p le  Debye m odel o f. t h e  s o l i d  t o  t h e  v a r i a b l e  

t e m p e r a tu r e  M o ssb au er d a t a  c o n firm s  a  l i n e a r  t e m p e r a tu r e  d e p en d en ce  o f  

t h e  r e c o i l l e s s  f r a c t i o n ,  o v e r  t h e  r a n g e s  20 -  140 K ( f o r  R = b u t y l )  an d  

80 -  200 K ( f o r  R = p h e n y l)*  Two d i f f e r e n t  Debye t e m p e r a tu r e s  a r e  o b t a in e d  

f o r  b o th  compounds s u g g e s t in g  tw o d i f f e r e n t  m odes o f  v i b r a t i o n  and 

f u r t h e r  s u p p o r t s  th e  s u g g e s t io n  t h a t  t h e  tw o t i n  s i t e s  h a v e  d i f f e r e n t  

c o - o r d i n a t io n  number's and d i f f e r e n t  r e c o i l l e s s  f r a c t i o n s .
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ode of action of organotin stabilisers in PVC: a study by 
in Mossbauer spectroscopy
id W Allen, John S Brooks, Richard W  Clarkson

ield City Polytechnic, Pond Street, Sheffield

Malcolm T J Mellor and Alfred G Williamson
o Chemicals, Eccles, M anchester

tyltin 6/5-isooctylthioglycolIate [Bu2Sn(SCH2C0 2 C8- 
2] is widely used for the thermal stabilisation of PVC. 
ever, the mechanism of stabilisation is not yet fully 
rstood. Poller1 has suggested that the stabiliser performs 
roles: (i) during an induction period, the stabiliser 
ions in a preventative way by exchanging allylic chlorine 
s present in the polymer with the thioglycollate groups 
ii) during the main degradation process, it serves to 
ve liberated hydrogen chloride, forming Bu2SnCl2 and a 
which then adds to the double bonds in the degrading 
er. However, Parker and Carman2 have shown recently 

dialkyltin dimercaptides of the above type readily 
go a ligand exchange reaction with dialkyltin dichlorides 
rm the mixed halomercapto derivatives R2SnClSR'. 
eaction serves to remove the dialkyltin dichloride which 
Iso act as a Lewis acid catalyst for the degradation of 
although there is some disagreement over this latter

1-3

an extension of work on the application of high dilution 
bauer spectroscopy to the study of chemical applications 
ganotin compounds,4 the authors have studied the 
es which occur in the organotin stabiliser present in the 

atrix during thermal degradation of the polymer, 
pies of PVC containing dibutyltin 6/j-isooctyl- 

ycollate (4 per cent by weight of the polymer) were 
red by conventional hot-milling techniques and then 
ted to thermal degradation at 185°C for lh. The 
es were cooled to 80K. using a continuous flow cryostat 
elium exchange gas and then analysed on a constant 

ration Mossbauer spectrometer, with a room tempera- 
5mCi H9mSn calcium stannate source. The parameters 

btained from least-squares fits to the spectra using 
tzian line shapes. Owing to the low concentration of

119Sn in the samples, long run times were necessary (~ 48h), 
resulting in increased errors owing to instrumental instability. 
The Mossbauer parameters o f the samples, together with 
those of the pure stabilisers and other organotin compounds 
are given in the Table. Typical spectra obtained for the 
unaged stabilised polymer and the thermally-aged samples 
are shown in Fig 1.

These results are of considerable interest from several 
viewpoints. In the case of the above stabiliser, there is no 
evidence of any co-ordinative interactions between the 
chlorine atoms of the polymer and the tin atom, as has been 
suggested by other workers.5 From the Mossbauer para
meters, the tin atom in dibutyltin fo's-isooctylthioglycollate 
remains four co-ordinate in the PVC matrix. Furthermore, 
it is clear that the-main reaction product from this stabiliser 
in the thermally aged polymer is the mixed halomercaptide 
Bu2SnCl(SCH2C02C8Hn). It was not possible to detect 
Bu2SnCl2 in the polymer matrix. This result, therefore, 
supports the recent work of Parker and Carman.2 (In a 
separate experiment, it was shown that the pure stabiliser 
is itself unchanged on heating to 185°C for one hour.) How-

Table
119m Sn Mossbauer parameters of organotin compounds (all parameters 
accurate to ±  0.02mm s*1)
Sample Isomer shift1* Quadrupole splitting

(<5mm s*1) (AEQmms*1)

Bu2Sn(SCH2C 02C8Ht7)2 1.39 2.20
Bu2Sn(SCH2C 02CsHi7)2 present
at 4% w/w in unaged PVC 1.43 2.26
Thermally aged stabilised PVC 1.45 2.83
Bu2SnCl2 1.62 3.45
Bu2SnCl(SCH2C 02C8Hi7) 1.44 2.88
Bu2SnCl(SCH2C 02C8Hi7)
present in PVC matrix 1.45 2.85
* Relative to  C aSn03



rption

i
i

Velocity (mm s*1)
Mossbauer absorption spectra of (a) B ^S n fS C ^C O aC g H  t7h  

rc e n tw /w ) inunaged PVCand (b) Bu2Sn(CI)SCH 2C02 C8H i7" 
rmally aged PVC

ever, the amount o f any dibutyltin dichloride formed will 
fall as the level o f the stabiliser is increased.3 As the level of 
the stabiliser in the present work is higher than is used in 
practice, any general conclusions remain doubtful, and work 
is now in progress to repeat this work at lower levels o f the 
organotin stabiliser.

These results again illustrate the usefulness o ( the 
Mossbauer effect for the chemical analysis o f low concentra
tions o f organotin compounds in situ in industrial formula
tions. The investigation o f the mode o f action o f other 
organotin compounds used for the stabilisation o f PVC is 
being continued.

Dr P. J. Smith of the International Tin Research Institute 
is thanked for valuable discussion.
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SUMMARY

A s e r i e s  o f  a ir  s ta b le  £5-triorganostannyl d e r iv a t iv e s  of L -cy s te in e  

and DL-homocysteine has been prepared by r ea c t in g  the appropriate  

tr io rg a n o t in  hydroxide or b i s ( tr iorg an o tin )  oxide with the 

su lph yd ry l-con ta in in g  amino acids  in  methanol/water at room 

temperature.

T riorganotin  compounds, R_SnX, where R = nBu, Ph, cyclo-C.H. (Cy)J - G 11
and Neophyl (Np) , are w idely used in  industry  as b io c id es  £ l 3 and 

th e ir  b io l o g ic a l  a c t i v i t y  i s  due to an in t e r a c t io n  o f  the 

tr io rg a n o t in  moiety with c e r ta in  prote in s  £ 2  ̂ . I t  has been

suggested that both th i o l  £ 3 3  and h i s t id i n e  Ĵ 4 j  res id u es  are 

involved in  binding the organotin  compound and the recent i n t e r e s t  

[ 5 , 6 , 7 ]  in  organotin  d er iv a t iv e s  of the former type has prompted 

us to report our own preliminary r e s u l t s  in  th i s  area. At 

p h y s io lo g ic a l  pH, the tr io rg a n o t in  d e r iv a t iv e ,  R^SnX, i s  l i k e l y  to  

be present in  the c e l l  e s s e n t i a l l y  as £ 8 3  the hydroxide, R^SnOH, 

or the b is (o x id e )  , R^SnOSnR ,̂ and we have therefore  s tud ied  the 

rea ct io n s  o f  these compounds with the su lph yd ry l-conta in in g  amino 

a c id s ,  L -cy s te in e  and DL-homocysteine, in  polar media at room 

temperature.

•'Formerly a t the U n iv ersity  of Warwick.
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On adding a methanol or methanol/ether s o lu t io n  o f  the  

b i s ( tr io rg a n o tin )  oxide (0 .5  mol) or the tr io rg a n o t in  hydroxide  

(1 mol) to a s o lu t io n  o f  the amino acid  (1 mol) in  water at room 

temperature, a voluminous white  p r e c ip i ta te  o f the S_-triorgano- 

stan ny l d e r iv a t iv e  i s  formed immediately (equations 1 and 2):

(R Sn) 0 + 2 HS(CH ) CHNH COOH 2R SnS(CH_) CHNH.C00H + H.O (1) 3 a * n z  j  z n z J

(n = l ,  R=Np; n=2, R= Bu or Np)

RgSnOH + HS(CH2) nCHNH2COOH ---->  R3SnS(CH2) nCHNH2C00H + HgO (2)

(n= 1 or 2 , R= Ph or Cy)

A s l i g h t  warming o f  the so lu t io n s  was found to be necessary to form the 

two t r in e o p h y lt in  d e r iv a t iv e s .  A fter  f i l t r a t i o n  and drying at  

room temperature, the products were obtained a n a ly t i c a l ly  pure as 

a ir  s t a b le  white powders, which could be r e c r y s t a l l i s e d  from 

aqueous methanol. Under the same c o n d it io n s ,  however, we were 

unable to i s o l a t e  pure d e r iv a t iv e s  using tr im eth y l-  or t r i e t h y l -  

t in  hydroxides and, in  l in e  with t h i s ,  i t  has r e c e n t ly  been 

found ( 6̂ 3 that the e th y l  e s t e r  of £ - t r im e t h y ls t a n n y l - c y s t e in e  i s  
rather unstab le  on stan d in g .  The a n a ly t ic a l  and Mossbauer data 

for the new compounds are shown in  Table 1. Mossbauer spectra  were 

recorded at 80°K u sing  a constant a c c e le r a t io n  spectrometer which 

has been described p rev iou s ly  | 9 J .

A l l  the compounds showed a strong band in  th e ir  far  infrared  spectra

at 327-338 cm *, confirming the presence of an Sn-S bond. The low

values of the Mossbauer quadrupole s p l i t t i n g  parameter, ^ E  
"1( < 1.79 mm. s ) are c h a r a c t e r i s t i c  £ 9 ^  of a te trah ed ra l  R^SnX 

t in  atom geometry, as found in  the corresponding b is ( t r io r g a n o -  

stanny l)  s u lp h id e s ,  e . g . Ph^SnSSnPh^, which shows |_10 J

X-ray crysta l log rap h y  to conta in  fou r-coord in ate  t in .  The v(C0)

5 = 1.20 mm. s , = 1.46 mm. s ”^, and i s  known Q l l3  by

X-ray crysta l lo gra p h y  to conta in  fo u r-coord in ate  t in .  

values found in  the infrared  spectra  o f  the compounds 

(ca .  1630 cm ^) are in d ic a t iv e  o f  non-coordinating carbonyl 

groups, as in  tr im e th y l t in  g ly c in a te ,  where v(C0) = 1630 cm

Although tr ia lk y l s ta n n y l  e s t e r s  of amino a c id s ,  which are  

r e l a t i v e l y  s e n s i t i v e  to h y d r o ly s is ,  have been known for  some time 

£ 2 , 1 2 ]  , there are very few examples o f  s t a b le  organotin-amino  

acid d e r iv a t iv e s  | 5 ,6 , 7 3  and these a l l  con ta in  the organom etallic  
moiety bond via  sulphur. An in t e r e s t in g  comparison may be drawn
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here with mercaptoacetic  a c id ,  HSC^COOH, where rea c t io n  with

0 . 5 . moles o f  a b i s ( t r io r g a n o t in )  oxide leads to s u b s t i t u t io n  at  

the carboxyl group and not a t  sulphur [_13~1 .

We have a l s o  found th a t ,  under id e n t i c a l  c o n d it io n s ,  tr ip h en y lt in .  

hydroxide (2 m ol.) ’w i l l  re a c t  ra p id ly  with d i t h i o t h r e i t o l  (1 m ol.)  

to form the b is  ( £ - tr ip h en y ls ta n n y l)  d e r iv a t iv e  (Table 1 ) .  This 

d i t h i o l  has r e c e n t ly  been shown by Gould to capable o f

revers in g  the in h i b i t io n  o f  th e  ATP synthases in  c h lo ro p la s ts  by 

tr ip h e n y l t in  c h lo r id e .  A s im i la r  d e r iv a t iv e  o f  1 ,2 ~ e th an ed ith io l  

has been reported by P o l le r  £l5^J .

Our work in d ic a te s  that a f a c i l e  r e a c t io n  occurs between c e r ta in  

tr io rg a n o t in  hydroxides or oxides and b i o l o g i c a l l y  important mono- 

and d i - t h i o l s  in  polar media a t  room temperature. Reactions o f  

th is  type are l i k e l y  to be o f  co n siderab le  importance in  under

standing  the mode of a c t io n  o f  the  tr io r g a n o t in  compounds.
Further s tu d ie s  are under way to  prepare s t a b le  tr io rg a n o t in  

d e r iv a t iv e s  o f  h i s t i d i n e  and these  w i l l  be reported at a la t e r  d ate .
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Summary

119mSn M ossbauer s t u d i e s  o f  t h e  th e r m a l  d e g r a d a t io n  o f  PVC 

c o n t a i n i n g  t h e  s t a b i l i s e r s  d i b u t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e ) 

(1 .2%  by w e ig h t  o f  t h e  p o ly m e r ) ,

d i o c t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )  (4% by w e ig h t  o f  t h e  

p o ly m e r )  and d i b u t y l t i n b i s ( i s o o c t y l m a l e a t e )  (2% by w e ig h t  o f  

t h e  p o ly m e r )  i n d i c a t e  t h a t  i n  ea c h  c a s e  t h e  s t a b i l i s e r  i s  

c o n v e r t e d  i n t o  t h e  d i a l k y l m o n o c h l o r o t i n  e s t e r  R2S nC l(X)

(X = SCH2C02CqHi 7 o r  0 2C.CH = CHC02C8H1 7 ) ,  and n o t  i n t o  t h e  

d i a l k y l t i n  d i c h l o r i d e ,  R2S n C l2 , a s  r e c e n t l y  s u g g e s t e d  by o t h e r  

w o r k e r s .  C om parison  o f  t h e  M ossbauer d a t a  f o r  o r g a n o t i n - s t a b i l i s e d  

PVC sa m p le s  p r e p a r e d  by b o th  h o t - m i l l i n g  and room t e m p e r a tu r e  

s o l v e n t  c a s t i n g  p r o c e s s e s  i n d i c a t e s  t h a t  t h e r e  i s  l i t t l e  

d e g r a d a t io n  o f  t h e  p o lym er  (and  s t a b i l i s e r )  d u r in g  t h e  i n i t i a l  

h o t - m i l l i n g  p r o c e s s .

022-238X/80/0000—0000/$02.25, © 1980, Elsevier Sequoia S.A.
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I n t r o d u c t i o n

R e c e n t l y ,  we r e p o r t e d  119Sn M ossbauer s t u d i e s  o f  th e  

th e r m a l  d e g r a d a t io n  o f  sa m p le s  o f  PVC c o n t a i n i n g  th e  

o r g a n o t i n  s t a b i l i s e r ,  d i b u t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )  

(B u2Sn(IOTG )2 ) ,  p r e s e n t  a t  4% w/w o f  t h e  p o ly m e r  QlH • 0u r  

r e s u l t s  i n d i c a t e d  t h e  f o r m a t i o n  o f  d i b u t y l ( m o n o c h l o r o ) t i n  

( i s o o c t y l t h i o g l y c o l l a t e )  a f t e r  d e g r a d a t io n  o f  t h e  p o lym er  

a t  185°  C f o r  1 h o u r .  H a r r is o n  e t  a l  Q Q  h a v e  r e c e n t l y  

r e p o r t e d  t h e i r  f i n d i n g s  i n  a s i m i l a r  s t u d y  o f  PVC sa m p le s  

c o n t a i n i n g  1 -  2% o f  t h e  ab ove  o r g a n o t i n  s t a b i l i s e r ,  and  

c o n c lu d e d  t h a t  p a r t i a l  e x c h a n g e  o f  IOTG f o r  c h l o r i n e  

o c c u r r e d  d u r in g  t h e  m i l l i n g ,  s t a g e  b u t  f o l l o w i n g  th e r m a l  

d e g r a d a t i o n ,  t h e  s t a b i l i s e r  was c o m p l e t e l y  c o n v e r t e d  i n t o  

d i b u t y l t i n  d i c h l o r i d e .

U s in g  a new 15 mCi 119Sn (B aS n 03 ) s o u r c e ,  we h a v e  

r e p e a t e d  o u r  o r i g i n a l  e x p e r im e n t s  a t  t h e  c o m m e r c ia l ly - u s e d  

l e v e l  o f  1.2% w/w o f  t h e  Bu2Sn(IOTG )2 s t a b i l i s e r  in  t h e  

p o ly m e r ,  and now r e p o r t  a d e t a i l e d  s t u d y  o f  t h e  p r o g r e s s i v e  

ch a n g es  i n  t h e  s t a b i l i s e r  d u r in g  th e r m a l  d e g r a d a t io n  o f  t h e  

p o ly m e r .  A l s o  r e p o r t e d  a r e  r e l a t e d  s t u d i e s  on o t h e r  

o r g a n o t i n  s t a b i l i s e r s .

E x p e r im e n ta l

Sam ples  o f  PVC c o n t a i n i n g  d i b u t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e ) 

(1.2%  by w e i g h t  o f  t h e  p o ly m e r )  w ere  p r e p a r e d  by 

c o n v e n t i o n a l  h o t - m i l l i n g  t e c h n i q u e s  and t h e n  s u b j e c t e d  t o  

th e r m a l  d e g r a d a t io n  a t  185°C f o r  v a r y i n g  p e r i o d s  o f  t i m e .

The sa m p le s  w ere  t h e n  c o o l e d  t o  80 K u s i n g  a c o n t in u o u s  

f lo w  c r y o s t a t  w i t h  h e l iu m  e x c h a n g e  g a s  and th e n  a n a l y s e d  

on a c o n s t a n t  a c c e l e r a t i o n  M ossbau er  s p e c t r o m e t e r ,  w i t h  a 

room t e m p e r a tu r e  15 mCi 119Sn b ariu m  s t a n n a t e  s o u r c e .

The p a r a m e te r s  w ere  o b t a i n e d  from l e a s t - s q u a r e s  f i t s  to  

t h e  s p e c t r a  u s i n g  L o r e n t z ia n  l i n e  s h a p e s .
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D i b u t y l ( m o n o c h l o r o ) t i n ( i s o o c t y l t h i o g l y c o l l a t e )  was p r e p a r e d  

as d e s c r i b e d  by H u tton  e t  a l  [_3^j, and i n c o r p o r a t e d  i n t o  a 

PVC sa m p le  by t h e  h o t - m i l l i n g  p r o c e s s ,  a l s o  a t  a l e v e l  o f  

1.2% by w e ig h t  o f  t h e  p o ly m e r .

In  a s i m i l a r  manner, s a m p le s  o f  PVC c o n t a i n i n g  

d i o c t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )  (4% by w e ig h t  o f  t h e  

p o ly m e r )  and d i b u t y l t i n b i s ( i s o o c t y l m a l e a t e )  (2% by w e ig h t  

o f  t h e  p o ly m e r )  r e s p e c t i v e l y ,  w ere  p r e p a r e d .

The r e l a t e d  d i a l k y l t i n ( c h l o r o )  e s t e r s  w ere  p r e p a r e d  by t h e  

g e n e r a l  p r o c e d u r e s  d e s c r i b e d  by H u tton  e t  a l  |_3^ and  

i n c o r p o r a t e d  i n t o  PVC sa m p le s  by t h e  h o t - m i l l i n g  p r o c e s s .

A n a l y t i c a l  d a t a  f o r  t h e  p r e v i o u s l y  unknown m o n och loro  e s t e r s :

M o n o c h l o r o ( d i o c t y l ) t i n ( i s o o c t y l t h i o g l y c o l l a t e )  ( a  v i s c o u s  

o i l  w h ich  decom posed  on a t te m p te d  d i s t i l l a t i o n )

(Found : C, 5 2 .9 5 ;  H, 8 . 9 ;  C l ,  5 . 6 ;  S , 5 . 5 ;  Sn, 2 0 . 7 ;

C26H53C102SSn r e q u i r e s  C, 5 3 . 5 ;  H, 9 . 1 ;  C l ,  6 . 1 ;  S ,  5 . 5 ;  Sn, 20.4% )  

D i b u t y l ( m o n o c h l o r o ) t i n ( i s o o c t y l m a l e a t e )  ( a  v i s c o u s  o i l  w h ich  

decom posed  on a t te m p te d  d i s t i l l a t i o n )

(Found : C, 4 8 .7 5 ;  H, 7 . 5 5 ;  C l ,  6 . 9 5 :  Sn, 2 4 . 6 ;  C20H3 yClO^Sn 

r e q u i r e s  C, 4 8 . 5 ;  H, 7 . 5 ;  C l ,  7 . 2 ;  Sn, 24.0%)

S o l v e n t - c a s t  sa m p le s  w ere  p r e p a r e d  by a l l o w i n g  a t h i n  f i l m  

o f  a s o l u t i o n  o f  PVC and t h e  a p p r o p r i a t e  s t a b i l i s e r  i n  an 

o r g a n i c  s o l v e n t  (CH2C l 2  f o r  t h i o g l y c o l l a t e  s t a b i l i s e r s  and 

THF f o r  t h e  m a le a t e  s t a b i l i s e r )  t o  e v a p o r a t e  a t  room 

t e m p e r a t u r e .

R e s u l t s  and D i s c u s s i o n

The M ossbauer p a r a m e t e r s  o f  sa m p le s  o f  PVC s t a b i l i s e d  by 

Bu2Sn(IOTG )2 , t o g e t h e r  w i t h  t h o s e  o f  t h e  p ure  s t a b i l i s e r  

and d i b u t y l t i n  d i c h l o r i d e  a r e  g i v e n  in  T a b le  1 .  A t y p i c a l  

sp e c tr u m  o b t a i n e d  f o r  t h e  t h e r m a l ly  aged  sa m p le s  i s  shown
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TABLE 1

H9msn Mossbauer Parameters of Dibutyltinbis(isooctylthioglycollate)

Sample
* Isom er  

S h i f t  
mm/sec

Q u ad ru p o le
S p l i t t i n g

mm/sec

F u l l  W idth a t  
H a lf  H e ig h t  

m m/sec

Bu2S n (I 0 T G )2 ( P u r e ) 1 . 3 9 2 . 2 0 0 . 8 8

Bu2S n C l2 ( P u r e ) 1 . 6 4 3 . 4 7 0 . 9 7

Bu2SnCl(IOTG) ( P u r e ) 1 . 4 4 2 . 8 8 1 . 1 4

Bu2SnCl(IOTG) in  PVC 1 . 4 3 2 . 8 5 0 . 9 5

Bu2Sn(IO TG )2 i n  PVC a t  1.2% 
( f r e s h l y  m i l l e d ) 1 . 4 5 2 . 2 9 1 ..07

Bu2S n (I 0 T G )2 i n  PVC a t  4.0% 
( s o l v e n t  c a s t ) 1 . 4 8 2 . 3 2 0 . 9 0

Bu2Sn(IO TG )2 in  PVC a t  1.2% 
T h e r m a l ly  a ged  f o r  85 m ins 1 . 4 7 2 . 8 6 1 . 0 8

in  F i g u r e  1. The com p uter  f i t  i s  t h e  sum o f  two com p onents  

c o r r e s p o n d in g  t o  t h e  u naged  s t a b i l i s e r  and t h e  m o n o c h lo r o t i n  

e s t e r .

Com parison  o f  t h e  d a t a  f o r  t h e  f r e s h l y - m i l l e d  sa m p le  w i t h  

t h a t  f o r  t h e  p u r e  s t a b i l i s e r  i n d i c a t e s  a s m a l l  c h a n g e ,  w h ich  

i s  p r o b a b ly  due t o  a s m a l l  d e g r e e  o f  d e g r a d a t io n  d u r in g  

t h e  i n i t i a l  h o t - m i l l i n g  p r o c e s s ,  a s  c o n c lu d e d  by H a r r i s o n  

e t  a l  [~2~]  . H owever, t h e  s i m i l a r i t y  o f  t h e  d a ta  c l e a r l y  

i n d i c a t e s  t h a t  t h e r e  i s  no s i g n i f i c a n t  s t r u c t u r a l  ch a n g e  

in  t h e  s t a b i l i s e r  w hich  m ig h t  h a v e  a r i s e n  a s  a r e s u l t  o f  

c o - o r d i n a t i o n  b e tw e e n  t h e  c h l o r i n e  atom s o f  t h e  p o ly m e r  

and t h e  t i n  atom s o f  t h e  s t a b i l i s e r ,  a s  h a s  b e e n  

s u g g e s t e d  by  o t h e r  w o r k e r s ,  ( F r y e  e t  a l  [jiH  ) •

A f t e r  p r o lo n g e d  th e r m a l  d e g r a d a t i o n  a t  185°C, when t h e  

sa m p le  had become c o m p le t e l y  b la c k e n e d ,  th e  M ossbauer



A b s o r p t io n

(B>

3.0 4.02.0-3 .0 - 2.0 - 1.0 0.0 1.0- 4 .0

Veloc i ty  ( m m | s e c )

F ig . 1 . Mossbauer sp ectra  o f  therm ally  degraded PVC-containing Bu2Sn(IOTG)2 
s t a b i l i s e r  a t 1.2% a fte r  h ea tin g  a t 185°C for  30 tain. The two components 
o f the computer f i t  are shown corresponding to (A) Bu2SnCl(I0TG) and 
(B) Bu2Sn(IOTG)2 .

p a r a m e t e r s  compare e x a c t l y  w i t h  t h o s e  o f  t h e  sa m p le  o f  t h e  

m o n o c h lo r o t i n  e s t e r  d i s p e r s e d  i n  t h e  p o ly m e r .

F u r t h e r  s t u d i e s  o f  p r o g r e s s i v e  a g in g  f o r  s h o r t  p e r i o d s  i n  

t h e  r a n g e  5 - 8 5  m in u t e s  i n d i c a t e  a g r a d u a l  i n c r e a s e  i n  t h e  

a p p a r e n t  q u a d r u p o le  s p l i t t i n g  from  t h a t  o f  t h e  p ure  

s t a b i l i s e r  t o  t h a t  o f  t h e  m o n o c h lo r o  e s t e r  ( T a b le  2 ) .

T h is  t r e n d  i s  shown i n  F ig u r e  2 .  I t  i s  a p p a r e n t  t h a t  

d u r in g  t h e  c o u r s e  o f  th e r m a l  d e g r a d a t i o n ,  t h e  p r e s e n c e  o f  

b o t h  th e .  m on och loro  e s t e r  and u nch an ged  s t a b i l i s e r  w ould
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TABLE 2

il9mSn Mossbauer Parameters of thermally aged Dibutyltinbis(isooctyl-
thioglycollate)

Sam ple
♦ Isom er

S h i f t
mm/sec

A pparent
Q u adrup ole
S p l i t t i n g

mm/sec

F u l l  Width a t  
H a lf  H e ig h t  

mm/sec j
I

Bu2Sn(IOTG )2 i n  PVC a t  1.2%
1

T h e r m a l ly  a ged  f o r : i

5 m ins 1 . 4 8 2 . 3 8 1 . 1 3

10 m ins 1 . 4 5 2 . 4 2 1 . 1 4

15 m ins 1 . 4 6 2 . 4 1 1 . 1 1

30 m ins 1 . 4 7 2 . 5 6 1 . 2 7

50 m ins 1 . 4 8 2 . 9 0 1 . 0 0

70 m ins 1 . 4 7 2 . 8 4 0 . 9 9

85 m ins 1 . 4 7 2 . 8 6 1 . 0 8  1

3.0-

2.9-

=  2.8 -

2.7-

2.6 -

2.5-

2.4-

20 30 40 50 60 70

T h e r m a l  d e g r a d a t i o n  t i m e  (m in)

00 10090

Fig. 2. Apparent quadrupole splitting as a function of thermal degradation time.
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r e s u l t  i n  u n r e s o l v e d  M ossbauer q u a d r u p o le  d o u b l e t s .

H owever, a g r a d u a l  i n c r e a s e  i n  t h e  a p p a r en t  q u a d ru p o le  

s p l i t t i n g  and a b r o a d e n in g  o f  t h e  l i n e - w i d t h  w ould  be  

e x p e c t e d  f o r  su ch  a m ix t u r e ,  and ou r  d a ta  i s  c o n s i s t e n t  

w it h  t h i s .

The t r e n d  shown in  F ig u r e  2 i n d i c a t e s  t h e  g r a d u a l  ch an ge  i n  

'a p p a r e n t  q u a d r u p o le  s p l i t t i n g  p a r a m e te r '  c o r r e s p o n d in g  t o  

t h e  ch an ge  t o  t h e  m on och loro  e s t e r  a s  d e g r a d a t io n  o c c u r s .

T h ere  i s  no i n d i c a t i o n  t h a t  f u r t h e r  d e g r a d a t i o n  o c c u r s  a t  

185°C t o  form Bu2S n C l2 . We h a v e  com p uter  f i t t e d  t h e  d a ta  

a t  1 0 ,  30 and 50 m ins u s i n g  two d o u b l e t s  w i t h  p a r a m e te r s  

c o r r e s p o n d in g  t o  t h e  u nch an ged  s t a b i l i s e r  and t h e  mono-  

c h l o r o t i n  e s t e r  and a s i g n i f i c a n t  r e d u c t i o n  i n  t h e  x 2 term  

was o b t a i n e d .  The l i n e  w id th  p a r a m e te r s  w ere  a l s o  com p arab le  

t o  t h o s e  e x p e c t e d  f o r  t h e  a b s o r b e r  t h i c k n e s s  u s e d .  From 

t h e  r e l a t i v e  a r e a s  o f  t h e  two c o n t r i b u t i o n s ,  t h e  p e r c e n t a g e  

o f  Bu2SnCl(IOTG) was c a l c u l a t e d  and t h i s  i s  shown i n  F ig u r e  3 .

From t h e s e  r e s u l t s ,  i t  i s  n o t  c l e a r  how r a p i d l y  t h e  

c o n v e r s i o n  t o  Bu2SnCl(IOTG) o c c u r s  a s  t h e  t e c h n i q u e  i s

1 0 0 -

80-

60-

>/i 40-

2 0 -

80 9040 50 60
T h e r m a l  d e g r a d a t io n  t i m e ( m i n )

703020

Fig. 3. Percentage of Bi^SnClClOTG) as a function of thermal degradation time.
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r e l a t i v e l y  i n s e n s i t i v e  t o  s m a l l  c o n t r i b u t i o n s  in  u n r e s o l v e d  

m ixed  q u a d r u p o le  s p e c t r a .  H owever, c o m p le t e  c o n v e r s i o n  t o  

Bu2 SnCl(IOTG) h a s  t a k e n  p l a c e  a f t e r  50 m ins h e a t i n g ,  and

t h i s  c o r r e s p o n d s  t o  t h e  r a p id  d a r k e n in g  o b s e r v e d  i n  t h e  

PVC as d e g r a d a t i o n  o c c u r s .  The o p t i c a l  d e n s i t y  o f  

t h e r m a l l y  d e g r a d e d  PVC sa m p le s  was m easu red  u s i n g  a 

r a d i o l o g i c a l  d e n s i t o m e t e r .  F ig u r e  4 show s t h e  ch a n g e  i n  

o p t i c a l  d e n s i t y  ( a r b i t r a r y  u n i t s )  a s  a f u n c t i o n  o f  h e a t i n g  

t im e ,  and a r a p id  i n c r e a s e  i s  s e e n  a f t e r  50 m in u t e s  when 

t h e  s t a b i l i s e r  h as  b e e n  c o m p l e t e l y  converted t o  Bu2 SnCl(IOTG) .

From t h e s e  r e s u l t s ,  i t  i s  q u i t e  c l e a r  t h a t  t h e  f i n a l  p r o d u c t  

i s  t h e  m o n o c h lo r o t i n  e s t e r ,  and n o t  d i b u t y l t i n  d i c h l o r i d e  

as c o n c lu d e d  by H a r r i s o n  e t  a l  [^2J • The d i s c r e p a n c y  b e tw e e n  

ou r  r e s u l t s  and t h o s e  o f  H a r r i s o n  e t  a l  may a r i s e  due t o  t h e  •

1.6 -

1.4 -

1.2 -

.a o.a-

0.6 -

0.4 -

0.2

0.0
30 40 50 60 7020 80 90 100 

T i m e  ( m in i
110

Fig. 4. Optical density of PVC as a function of thermal degradation time.
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low v a l u e  o f  t h e  q u a d r u p o le  s p l i t t i n g  p a r a m e te r  o f  

d i b u t y l t i n  d i c h l o r i d e  q u o t e d  by t h o s e  w o r k e r s  Q>J and a l s o  

p o s s i b l y  l a r g e r  e x p e r im e n t a l  e r r o r s  r e s u l t i n g  from lo n g  run  

t im e s  due t o  t h e  w ea k n e ss  o f  t h e i r  s o u r c e  and low l e v e l s  o f  

t i n  i n  t h e  a b s o r b e r .

We h ave  a l s o  c a r r i e d  o u t  s i m i l a r  s t u d i e s  o f  t h e  d e g r a d a t io n  

o f  PVC s t a b i l i s e d  w i t h  d i o c t y I t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )

( O c t 2Sn(IOTG )2 ) ( T a b le  3 )  and d i b u t y l t i n b i s ( i s o o c t y l m a l e a t e )

(B u 2Sn(IOM )2 ) ( T a b le  4 )  r e s p e c t i v e l y .

TABLE 3

119mSn M ossbauer P a r a m e te r s  o f  D i o c t y l t i n b i s ( i s o o c t y l t h i o g l y c o l l a t e )

Sample
♦Isom er

S h i f t
mm/sec

Q u adrup ole
S p l i t t i n g

mm/sec

F u l l  W idth a t  
H a l f  H e ig h t  

m m/sec

O c t 2Sn(IOTG )2 ( P u r e ) 1 . 4 9 2 . 3 6 0 . 9 6

O c t 2S n C l2 (P u r e ) 1 . 7 5 3 . 7 3  ' 1 . 0 3

O c t 2SnCl(IOTG) (P u r e ) 1 . 4 7 2 . 9 4 1 . 0 3

O c t 2SnCl(IOTG) in  PVC a t  1.2% 1 . 4 6 2 . 9 7 1 . 0 2

O c t 2Sn( IOTG)2 i n  PVC a t  4%’ 
( f r e s h l y  m i l l e d ) 1 . 5 0 2 . 2 7 0 . 9 7

O c t 2Sn(IOTG)2 in  PVC a t  4%
T h e r m a l ly  a ged  f o r  60 m ins 1 . 4 6 2 . 6 2 1 . 0 3

In t h e  c a s e  o f  t h e  O c t 2Sn(IOTG )2 s t a b i l i s e r ,  t h e  d a ta  i n  

T a b le  3 shows q u i t e  c l e a r l y  t h a t  on th e r m a l  d e g r a d a t i o n ,  t h e  

s t a b i l i s e r  i s ,  as  f o r  t h e  d i b u t y l t i n  a n a lo g u e ,  c o n v e r t e d  

i n t o  t h e  m o n o c h lo r o t in  e s t e r .

S i m i l a r l y ,  th e  m a le a t e  s t a b i l i s e r ,  Bu2Sn(IOM )2 i s  a l s o  s e e n  

t o  be c o n v e r t e d  i n t o  t h e  m o n o c h lo r o t i n  e s t e r .  In t h e  c a s e
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TABLE 4

119mSn Mossbauer Parameters of Dibutyltinbis(isooctylmaleate)

Sample
♦ Isom er

S h i f t
mm/sec

Q u adrup ole
S p l i t t i n g

mm/sec

F u l l  W idth a t  
H a lf  Heig'ht  

mm/sec

Bu2Sn(IOM )2 ( P u r e ) 1 .4 4 3 . 6 2 1 . 0 4

Bu2Sn(IOM )2 i n  PVC a t  
( f r e s h l y  m i l l e d )

2%
1 . 4 2 3 . 3 6 0 . 9 4

Bu2Sn(IOM )2 i n  PVC a t  
( s o l v e n t  c a s t )

2%
1 . 3 6 3 . 3 4 0 . 9 8

Bu2SnCl(IOM) ( P u r e ) 1 . 4 9 3 . 5 4 1 . 0 2

Bu2S nC l(IO M )in  PVC a t  2% 1 . 4 0 3 . 1 6 0 . 9 7

Bu2Sn(IOM )2 i n  PVC a t  
T h e r m a l ly  a ged  f o r

2%
60 m ins 1 . 3 9 3 . 1 8 0 . 9 8

* A l l  i s o m e r  s h i f t s  m easu red  a t  80 K r e l a t i v e  t o  BaSn0 3  

A l l  p a r a m e t e r s  a c c u r a t e  t o  ± 0 . 0 2  mm s -1

o f  t h i s  s t a b i l i s e r ,  i t  i s  o f  i n t e r e s t  t h a t  d i s t i n c t  

d i f f e r e n c e s  in  t h e  q u a d r u p o le  s p l i t t i n g  a r e  o b s e r v e d  f o r  

t h e  s t a b i l i s e r  i n  t h e  p u r e  s t a t e  and when i n c o r p o r a t e d  

by h o t - m i l l i n g  o r  by s o l v e n t - c a s t i n g  i n t o  t h e  p o ly m e r .  

From t h e  m a g n itu d e  o f  t h e  q u a d r u p o le  s p l i t t i n g  i n  t h e  

p u r e  s t a t e ,  i t  w o u ld  ap p ear  t h a t  t h e  t i n  atom i s  p r o b a b ly  

s i x - c o - o r d i n a t e  w i t h  a t r a n s - o c t a h e d r a l  s t r u c t u r e .  The 

o b s e r v e d  r e d u c t i o n  i n  AEqg on i n c o r p o r a t i o n  i n t o  t h e  

p o lym er  may i n d i c a t e  a d i s r u p t i o n  o f  i n t r a  o r  i n t e r -  

m o le c u l a r  c o - o r d i n a t i o n  by e s t e r  c a r b o n y l  grou p s  o r  

p o s s i b l e  c o - o r d i n a t i o n  by c h l o r i n e  atom s o f  t h e  p o ly m e r .

I t  i s  a l s o  n o te w o r th y  t h a t  f o r  d i b u t y l ( m o n o c h l o r o ) t i n i s o -  

o c t y l m a l e a t e ,  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

m a g n itu d e  o f  t h e  q u a d ru p o le  s p l i t t i n g  b e tw e e n  t h e  pure



compound (A = 3 . 5 4  mm s - 1 ) and t h a t  o f  t h e  compound 

d i s p e r s e d  i n  t h e  PVC m a t r ix  (A = 3 .1 6  mm s - 1 ) ,  i n d i c a t i n g  

t h a t  th e  s t r u c t u r e  h a s  ch a n g ed .  Honnick  and Zuckerman Q63  

h a v e  r e c e n t l y  d i s c u s s e d  t h e  s t r u c t u r e s  o f  t h e  d i o r g a n o t i n -  

h a l i d e  c a r b o x y l a t e s  and s u g g e s t e d  t h a t  th e  o r i g i n  o f  

c e r t a i n  ch a n g es  in  i n f r a r e d  s p e c t r o s c o p i c  p r o p e r t i e s ,  i n  

p a s s i n g  from  t h e  p u r e  compound t o  a s o l u t i o n  i n  an i n e r t  

s o l v e n t ,  m igh t  b e  a ch a n g e  from a p o ly m e r i c  p e n t a c o - o r d in a t .e d  

s t r u c t u r e  (A) t o  a monomeric p e n t a c o - o r d i n a t e d  s t r u c t u r e  ( B ) .

The ch an ge i n  q u a d r u p o le  s p l i t t i n g  b e tw e e n  t h e  p ure  

d i b u t y l ( m o n o c h l o r o ) t i n ( i s o o c t y l m a l e a t e )  and t h e  compound 

d i s p e r s e d  i n  t h e  PVC m a t r ix  a t  t h e  2% l e v e l  m igh t  be e x p l a i n e d  

by a s i m i l a r  s t r u c t u r a l  c h a n g e .

In  c o n c l u s i o n ,  i t  i s  a l s o  o f  i n t e r e s t  t h a t  co m p a r iso n  o f  

t h e  M ossbauer p a r a m e te r s  f o r  h o t - m i l l e d  and s o l v e n t - c a s t  

sa m p le s  c o n t a i n i n g  r e s p e c t i v e l y  t h e  Bu2Sn(IOTG )2 an<* Bu2Sn(IOM )2 

s t a b i l i s e r s ,  i n d i c a t e s  t h a t  t h e  e x t e n t  o f  th e r m a l  d e g r a d a t io n  

o f  t h e  s t a b i l i s e r  d u r in g  t h e  h o t - m i l l i n g  p r o c e s s  i s  v e r y  s m a l l .

We th an k  t h e  SRC f o r  an eq u ipm ent g r a n t .
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Summary

The solid state structure of dimethylchlorotin acetate has been investigated 
by Mossbauer spectroscopy and single crystal X-ray analysis. Tin-119 Moss
bauer spectra have been recorded at 80 K and 300 K, and the measured isomer 
shift and quadrupole splitting parameters have been correlated with the crystal- 
lographic data. The crystal structure has been determined using heavy-atom 
methods in conjunction with least-squares refinement of data measured on a 
two-circle X-ray diffractometer. Crystals are orthorhombic, space group Pna21, 
with four formula weights in a cell having the dimensions a = 9.315(3), b = 
11.061(3), c = 7.656(2) A and U = 788.78 A3. The observed and calculated 
densities are 2.07 and 2.05 mg m"3, respectively. The structure was refined 
using 842 observed reflections to give conventional discrepancy factors of R =
0.040 and R' = 0.044. The crystal structure is composed of Me2ClSn units 
bridged by acetate ligands giving rise to polymeric chains which run along the 
a direction. The tin atom is in a distorted trigonal bipyramidal environment 
consisting of two axial oxygen atoms distanced 2.165(6) and 2,392(7) A from 
the metal, and equatorial positions occupied by two methyl groups and a chlo
rine atom. Distortions within the coordination polyhedron may be attributed 
to a further weak but apparently significant tin—oxygen interaction (Sn—O 
2.782(7) A), resulting in the tin atom becoming six-coordinate.

Introduction

Dimethylchlorotin acetate is a simple analogue of the chlorotin carboxylates 
observed in our recent studies of the changes occurring to organotin stabilisers

0022-328X/81/0000—0000/802.75 ©  1981 Elsevier Sequoia S.A.
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during die thermal degradation of PVC [1]. The Mossbauer quadrupole split
ting parameter measured at 80 K agrees with the previously published value 
(AEq = 3.56 mm s '1 [2]) and suggests that the tin atom is five or six coordi
nate. The Mossbauer spectrum has also been recorded at 300 K, and this has 
been taken as evidence for a polymeric structure [3—5]. However, this cannot 
be taken as conclusive as a number of unassociated compounds have given 
absorption at room temperature [5]. Therefore, in order to determine the 
exact tin coordination a single crystal X-ray analysis has been undertaken.

Experimental

Dimethylchlorotin acetate was prepared by the addition of equivalent 
amounts (0.009 mol) of dimethyltin dichloride and triphenyltin acetate to 150 
cm3 chloroform. Complete dissolution was achieved upon boiling, and reduc
tion of the volume of the solution to 75 cm3 led to the formation of colourless 
crystals upon cooling. Subsequent analysis confirmed the crystals to be dimeth
ylchlorotin acetate (found: C, 19.60; H, 3.66; Cl, 14.43; C4H9C102Sn calcd.: C, 
19.71; H, 3.69; Cl, 14.57%; M.pt. 179-181°C, lit. value 185°C [6].

Mossbauer data
The Mossbauer spectra were recorded at 80 K and 300 K using a constant 

acceleration Mossbauer spectrometer [7] with a room temperature 10 mCi 
119mSn barium stannate source. A continuous flow cryostat with helium 
exchange gas was used to cool the sample to 80 K. The measured Mossbauer 
parameters (Table 1) were determined by computer fitting the data using 
Lorentzian line shapes [8].

Crystal data
jt C4H9C102Sn, Mt 243.3, orthorhombic, Pna2i, a ~ 9.315(3), b = 11.061(3), 
c = 7.656(2) A, U = 788.78 A, Z = 4, Dc = 2.05, Dm = 2.07 mg m~3, ju(Mo-Ka) = 
3.247 mm'1, E(000) = 464.

Data collection and reduction
A crystal, approximate dimensions 0.16X 0.40X 0.48 mm was selected and 

mounted with the a axis coincident with the rotation (cj) axis of a Stoe Stadi-2 
two circle diffractometer. With monochromated Mo-Ka radiation and using the

TA B LE 1

119mSn M O SSBA U ER D A TA  O F D IM ETH Y L C H L O R O TIN  A C ETA TE

Temperature Isomer shift Quadrupole Full width at half weight
(K) 5 (mm s- 1 ) a splitting T (mm s-1 )

±0.02 mm s-1 AEq (mm s-1 ) 
±0.02 mm s-1

80 1.38 3.56 1.12
300 1.34 3.70 0.87

i?8 0  = 0.C32 (ratio of total normalised area at 300 K to total normalised area at 80 K). 
a Relative to BaSn0 3 .
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TABLE 2

FRACTIONAL POSITIONAL PARAMETERS (X105 FOR S n ;X l0 4 FOR REMAINING ATOMS) WITH 
e.s.d.’s FOR NON-HYDROGEN ATOMS IN PARENTHESES

Atom X y z

Sn 57335(5) 32330(4) 0
Cl 7536(3)' 4750(2) —89(14)
0 (1 ) 2751(9) 3105(9) —11(27)
0(2 ) 4179(6) 4687(5) -6 5 (3 8 )
C (l) 2941(10) 4231(7) —150(25)
C(2) 1666(11) 5072(9) -5 4 (5 3 )
C(3) 5480(34) 2777(15) 1530(29)
C(4) 5316(31) 2553(17) —2600(26)
H(21) 2047 5789 —197
H(22) 1149 4972 ' 1200
H(23) 906 4873 —1080
H(31) 4610 2304 3163
H(32) 6148 2138 1841
H(33) 6115 3243 3501
H(41) 4421 2060 —3145
H(42) 5952 2933 —3644
H(43) 5972 1947 —1835

background-oo scan-background technique, 958 unique reflections were mea
sured, of which 842 had I >  3.0a(7) and were considered to be observed. [The 
net intensity I  = T — B, where T = scan count, B = mean background count 
over the scan width; o(I) = (T + Bcl2t)112 where c = scan time, t = time for 
background measurement at each end of the scan.] Corrections for Lorentz and 
polarisation effects were applied to the data, but no corrections for absorption 
were made.

TABLE 3

BOND DISTANCES (A) AND ANGLES (°)

Symmetry code.
none x, y, z ; (’) 0.5 + x, 0.5 — y, z; (") — 0.5 + x, 0.5 — y, z 
Bond distances
Sn—Cl 2.375(2) Sn—C(4) 2 .163(18)
Sn—0 (1 ) 2.782(7) 0 (1 )-C (1 ) 1 .262(10)
Sn—O (l') 2.392(7) 0 (2 )—C (l) 1 .260(9)
Sn—0 ( 2 ’) 2.165(6) C(1)—C(2) 1.511(12)
Sn—C(3) 2.015(21)

Bond angles
Cl—Sn—0 (1 ) 137.9(2) 0 (2 )—Sn—C(3) 97.4(11)
Cl—Sn—O (l') 83.2(2) 0 (2 )—Sn—C(4) 96.7(10)
Cl—Sn—0 (2 ) 87.0(2) C(3)—Sn—C(4) 140.9(6)
Cl—Sn—C(3) 106.7(7) Sn—0 (1 )-S n '' 144.7(1)
Cl—Sn—C(4) 110.3(7) Sn—0(1>-C (1) 79.0(7)
0 (1 )—Sn— 0(1 ') 138.9(2) Sn”—O (1)—C (1) 136.2(7)
0 (1>-S n—0 (2 ) 50.9(2) Sn—0 (2 )—C (l) 108.4(7)
0 (1 )—Sn—C(3) ' 82.7(10) 0 (1 )—C (l)—0 (2 ) 121.3(6)
0 (1 )—Sn—C(4) 78.5(10) 0 (1 )—C (l)—C(2) 119.5(8)
0 ( l ' ) - S n —0 (2 ) 170.1(2) 0(2 )—C(1)—C(2) 118.0(8)
O (l')—Sn—C(3) 86.6(10)
0 (1 ')—Sn-C (4) 85.6(9)
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Structure determination and refinement
Systematic absences do not distinguish between space groups Pna21 and 

Pnma. Pnma would require the molecule to have mirror symmetry (Z = 4) and 
subsequent analysis has confirmed the non-centrosymmetric space group as 
being correct, with occupation of the four general positions. The x and y coor
dinates of the tin atom were readily located using the Patterson function and 
the remaining atoms were located/from successive electron density syntheses. 
The methyl hydrogens were located/but given ideal geometry (C—H 1.08 A) 
and a common isotropic temperature factor. Scattering factors were calculated 
using an analytical approximation [9] and the weighting scheme adopted was 
w = 1.000f{o2{F0) + 0.0075 (F0)2). Full matrix refinement with anisotropic 
temperature factors applied to all non-hydrogen atoms gave the final R = 0.040 
and R' = 0.044. The final positional parameters are given in Table 2, bond dis
tances and angles in Table 3. Lists of structure factors, thermal parameters and 
mean planes data are available on request from the authors (I.W.N.).

Discussion

The Mossbauer parameters for dimethylchlorotin acetate are given in Ta
ble 1. The R 80 value of 0.032 is significant, indicating a polymeric structure 
[4 ], and the quadrupole splitting ( A E q = 3.56 mm s '1) suggests that the tin 
atom is five or six coordinate. Similar organotin carboxylates of known six 
coordinate structures have quadrupole splittings in the range AEq = 3.6—3.9 
mm s '1 [10].

The X-ray analysis confirms the polymeric nature of dimethylchlorotin ace
tate (Fig. 1) and Me2ClSn units are found to be linked together via acetate 
bridges to give chains running along the a direction. The acetate ligands are 
effectively planar and orientated such that the 0 (1), 0 (2), C (l), C(2) mean 
plane is almost coincident with the tin and chlorine atoms, and bisects the 
C(3)—Sn—0(4) angle. (Sn, Cl, 0(3), 0(4)) lie -0 .5 6 , -0 .0 3 0 , -1 .9 8 2 ,1 .9 5 1  A, 
respectively, out of the mean plane). The resulting coordination about tin is 
best described as distorted trigonal bipyramidal with the chlorine and two 
methyl carbon atoms forming a trigonal arrangement about the metal. 0 (2 ) and 
O (l') occupy the axial positions such that the 0 (2 )—Sn—O (l') bond angle is 
170.1(2)° and the S n -0 (2 ), O(l') distances are 2.165(6) and 2.392(7) A, 
respectively. While these tin—oxygen distances fall within the range of reported 
values [11—14], they are significantly different and it is of note that the longer 
distance is associated with the oxygen atom involved in an additional tin—oxy
gen interaction. Although the Sn—0(1) distance of 2.782(7) A is considerably 
larger than the sum of the covalent radii (2.13 A), it is well within the sum of 
the Van der Waals’ radii (3.70 A) and distortions about the tin can be attrib
uted to a weak yet significant Sn—0(1) interaction. Thus the metal atom is 
found to be 0.173 A out of the Cl, C(3), C(4) plane and in a direction away 
from O(l') and toward 0(1) and 0(2). In addition, the angular distortions 
about tin, viz. C(3)—Sn—C(4) 140.9(6)°, 0 (1 ')—Sn—0 (2 ) 170.1(2)°, are such 
as to facilitate a Sn—0(1 ) interaction. Thus, while 0(2) is monodentate with 
respect to tin, 0(1) interacts with both Sn and Sn", thereby increasing the 
overall coordination number for tin to six.
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SnC(3)

C(4)

0 (2)

,C(1)

0 (1)

0 ( 2 ).Sn,

Fig. 1. Projection down the c axis showing the polymeric nature of dimethylchlorotin acetate.

The crystallographic results are in accord with the Mossbauer data and in this 
instance lend weight to the use of a room temperature Mossbauer resonance as 
evidence for a polymeric structure.
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