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A B ST R A C T

The p y r o l y s i s  o f  t e t r a m e t h y l t i n  has  b e en  s t u d i e d  i n

p r e s s u r e s  r a n g in g  from  10.6mm. t o  5 2 .*Hnm. An e x t e n s i v e

t o  9^0°K u s i n g  p r e s s u r e s  r a n g in g  from  1 6 .7  t o  2 8 .^mm. The 

r e s u l t s  o b ta in e d  by p r o d u c t  a n a l y s i s  were v e r i f i e d  by 

m e a su r in g  t h e  undecomposed a l k y l  r e m a in in g .  The ag reem en t 

be tw een  t h e s e  two a n a l y s e s  s u g g e s t s  4 m ethy l r a d i c a l s  a r e  

r e l e a s e d  f o r  e v e r y  a l k y l  m o le c u le  w hich  u n d e rg o e s  

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

c o n t r o l l i n g .  D e co m p o si t io n  was found  t o  be 1 s t  o r d e r  and 

r a t e  c o n s t a n t s  c a l c u l a t e d  showed no dependence  on t o t a l  

p r e s s u r e ,  s u r f a c e  t o  volume r a t i o ,  t o lu e n e  t o  a l k y l  r a t i o ,  

o r  c o n t a c t  t im e .  Some work was a l s o  done on (k a/ k r 2 ) 

s t u d i e s .  The A r rh e n iu s  e q u a t io n  o b ta in e d  was*

a  t o lu e n e  c a r r i e r  f lo w  sy s te m  from  802°K t o  90?°K u s i n g

s tu d y  was a l s o  c a r r i e d  o u t i n  a  packed  v e s s e l  from  80?°K

l° g lO k i. = 1 5*6? -  ( 6^ ,500 /2 .303R T )

where k^ r e f e r s  t o  th e  p r o c e s s

Sn(CH3 ) ^ ------------- > -  Sn(CH3 )3 + CH3

The a c t i v a t i o n  e n e rg y  o f  t h i s  homogeneous p r o c e s s ,  

6 ^ .5  k c a l s / r a o l e ,  may be e q u a te d  t o

i i
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CHAPTER -I 

INTRODUCTION 

G e n e ra l  Remarks 

The m e ta l  a l k y l s  o f  Group IV B, have b e en  th e  s u b j e c t  

o f  d i s c u s s i o n  f o r  many r e s e a r c h e r s .  T e t r a e t h y l  germanium 

h a s  b een  s t u d i e d  by Geddes and Mack (1 )  who d e te rm in e d  th e  

d e c o m p o s i t io n  t o  be f i r s t  o r d e r  w i th  an  o b se rv ed  a c t i v a t i o n  

e n e rg y  o f  51*0 k c a l s / m o l e .  T e t r a m e th y l  le a d  was s t u d i e d  

i n  a  t o lu e n e  c a r r i e r  f lo w  sy s te m  by P r i c e  and W eb ste r  (2 )  

who found  i t s  d e c o m p o s i t io n  t o  be f i r s t  o r d e r  and th e  

a c t i v a t i o n  e n e rg y  o f  th e  homogeneous p r o c e s s  (Me^ Pb - M e )  

t o  be ^ 8 .6  k c a l s / m o l e .

Of th e  r e l a t e d  t i n  compounds, o n ly  d i m e t h y l t i n -  

c h l o r i d e  h a s  b e e n  s t u d i e d  u s i n g  t h i s  sy s te m . The 

d e c o m p o s i t io n  (3 )  was found  t o  be f i r s t  o r d e r  and 

homogenous w i t h i n  a  p r e s s u r e  in d e p e n d e n t  r e g i o n ,  w i th  th e  

s t r e n g t h s  o f  th e  f i r s t  two m e ta l  -  c a rb o n  bonds found  t o  

be 56 .1  and 3^*0 k c a l s /m o le  knowing an  a v e ra g e  v a lu e  o f  

^5  k c a l s / m o l e .  T e t r a m e t h y l t i n  h a s  a  mean bond e n e rg y  found 

by  e a l o r i m e t r i c  p r o c e d u r e s  o f  E = 53*5 k c a l s / m o l e .(*0 
The k i n e t i c s  o f  t e t r a m e t h y l t i n  d e c o m p o s i t io n  have b e en  

s t u d i e d  by W aring and H o rto n  ( 5 ) who r e p o r t e d  th e  p y r o l y s i s  

t o  be a p p r o x im a te ly  f i r s t  o r d e r  and by S a th y am u rth y  e t  a l  

(6)who r e p o r t e d  an  o r d e r  o f  3 /2  and p ro p o se d  a  mechanism 

w hich  a g r e e s  w i th  t h i s ,  b u t  b o th  i n v e s t i g a t i o n s  may be

1
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s a i d  t o  have dub ious  r e s u l t s  a s  d i s c u s s e d  in  (?)♦ The r e a c t i o n  

i s  to o  complex t o  be s t u d i e d  in  a  s im p le  m anom etric  sy s te m .

I t  i s  u n l i k e l y  t h a t  t h e  r e p o r t e d  p a ra m e te r s  have any 

r e l e v a n c e  t o  t h e  i n i t i a l  bond b r e a k in g  r e a c t i o n .  The r e a c t i o n  

was c a r r i e d  o u t  in  a  s t a t i c  sy s tem  and t h e  r a t e s  were 

f o l lo w e d  m a n o m e t r lc a l ly  in  a  s t a t i c  sy s tem  o f  c ru d e  

a p p a r a t u s .

T h is  s tu d y  w i l l  c o n ta in  among o t h e r  t h i n g s  r a t i o  

s t u d i e s ,  c o n t a c t  t im e  s t u d i e s ,  p r e s s u r e  s t u d i e s  and 

s u r f a c e  t o  volume e f f e c t s .
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BOND DISSOCIATION ENERGIES BY THE KINETIC METHOD

The d i s s o c i a t i o n  e n e r g y ,  D(R^-R2 ) may be d e f in e d  a s  

t h e  h e a t  o f  r e a c t i o n  a t  a b s o l u t e  z e r o  and i n  t h e  i d e a l  gas  

s t a t e  o f  r a .

r 1r 2 -  R1 + R2 [ l ]

T h is  i s  b a se d  on t h e  a s su m p t io n  t h a t  th e  a c t i v a t i o n  e n e rg y  

o f  th e  r e v e r s e  r e c o m b in a t io n  r e a c t i o n ,  i s  z e r o .

T h e r e fo r e  w i th  t h i s  a s s u m p t io n ,  we c a n  say  th e  bond 

d i s s o c i a t i o n  e n e rg y  i s  e q u a l  t o  t h e  e n e rg y  o f  th e  r e a c t i o n .  

T here  i s  c o n s i d e r a b l e  e x p e r im e n ta l  j u s t i f i c a t i o n  f o r  

t h e  a s su m p t io n  o f  z e r o  e n e rg y  o f  a c t i v a t i o n  f o r  th e  

r e c o m b in a t io n .  An e n e rg y  o f  a c t i v a t i o n  would im ply  t h a t  

two atom s o f  a p p r o p r i a t e  s p i n  would s u f f e r  some r e p u l s i o n  

b e fo r e  co m b in in g .  T h is  would be a  hump on th e  p o t e n t i a l  

e n e rg y  c u r v e .  Band s p e c t r o m e t r i c  m easurem ents  show t h a t  

u s u a l l y  no su c h  p o t e n t i a l  maximum e x i s t s .  The s i t u a t i o n  f o r  

p o ly a to m ic  a to m ic  m o le c u le s  i s  much more com plex , m a in ly  

b e c a u se  o f  t h e  d i f f i c u l t i e s  e n c o u n te re d  i n  m e a su r in g  th e  

r a t e s  o f  r e c o m b in a t io n  o f  r a d i c a l s .  A number o f  r a t e s  have 

b e e n  m easured  and t h e  a c t i v a t i o n  e n e rg y  o f  r e c o m b in a t io n  

h as  been  found  t o  be z e r o ,  o r  n e a r l y  z e r o . ( 8 - 1 3 )

I f  t h e r e  i s  no p o t e n t i a l  e n e rg y  b a r r i e r  f o r  th e  

r e c o m b in a t io n  o f  two r a d i c a l s ,  t h e  t r a n s i t i o n  s t a t e  

t h e o r y  p r e d i c t s  t h a t  th e  u n im o le c u la r  r a t e  c o n s t a n t  i s  

g iv e n  bys
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*1 = K f  e -  H/RT [ 2]

where 0  (T) and J2^(T) a r e  t h e  t o t a l  p a r t i t i o n  f u n c t i o n s

f o r  th e  n o rm al m o le cu le  and a c t i v a t e d  com plex , r e s p e c t i v e l y .  

But s i n c e  by a s s u m p t io n ,  t h a t  th e  d i s s o c i a t i o n  e n e rg y  a t  

a b s o l u t e  z e ro  and i n  t h e  i d e a l  gas ' s t a t e  o f th e  p r o c e s s  

R1-R2 i s  e q u a l  t o  th e  h e a t  o f  r e a c t i o n ,  we may w r i t e  t h a t  

D = AE.

i n t o  t h e i r  t r a n s l a t i o n a l ,  r o t a t i o n a l  and v i b r a t i o n a l  a s p e c t s  

and i f  we assume t h a t  th e  r o t a t i o n a l  p a r t i t i o n  f u n c t i o n s  a re  

b o th  a p p ro x im a te ly  e q u a l  t o  each  o t h e r  i n  b o th  t h e  no rm al 

m o le cu le  and th e  a c t i v a t e d  complex and t h a t  th e  v i b r a t i o n a l  

p a r t i t i o n  f u n c t i o n  f o r  a l l  modes o t h e r  t h a n  th e  one l e a d in g  

t o  d i s s o c i a t i o n  a r e  a l s o  a p p ro x im a te ly  th e  same i n  b o th  

s t a t e s ,  we g e ts

At low t e m p e r a tu r e s  o r  when th e  v i b r a t i o n a l  f r e q u e n c y  i s  

h ig h ,  a s  f o r  s t r o n g  b o n d s ,
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But a l s o  a t  a b s o l u t e  z e r o ,  AH = AE, e q u a t io n  DO 
may be r e w r i t t e n ,

T hese  t o t a l  p a r t i t i o n  f u n c t i o n s  may be d iv id e d



e~R? and e q u a t io n  (V) becomes

-D/RT
k l = K f  e (VI

. .  I n  k1 = I n  K ML + I n  T -  f6* l
1 h RT J

d ( l n  k i )  _ 1 . D -  —  + g j z

D + RT
RT2 & J

At h ig h  t e m p e r a t u r e s  o r  when th e  v i b r a t i o n a l  

f r e q u e n c y  i s  low,

-hV
k T hV -x

e — ■> k t b e c a u se  l im  ( 1 -  e ) = x
x -* 0

-D/RT
• • a  K V e

CO

• I n  k, « I n  KV -  -JL. r  -»
1 R T | 9 j

.. ^ l S _ k l i _  .  D , ,
dT RT2 L10J

E q u a t io n s  and b l  a r e  same ^ orm a s  ^be

d i f f e r e n t i a l  form  o f  t h e  A r r h e n iu s  e q u a t io n  w i th  bond 

e n e rg y  D r e p l a c i n g  t h e  a c t i v a t i o n  e n e rg y  E . T h e re fo r e  

t h e  l i m i t s  a s  f o l lo w s  a r e  p la c e d  on th e  e x p e r im e n ta l
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a c t i v a t i o n  e n e rg y .

D 2* £ —  (D + RT)

I f  t h e  e x p e r im e n ta l  a c t i v a t i o n  e n e rg y  f o r  u n im o le c u l a r  

d e c o m p o s i t io n  c an  he a c c u r a t e l y  d e te rm in e d ,  i t  sh o u ld  be a 

r e a s o n a b le  a p p ro x im a t io n  t o  t h e  bond d i s s o c i a t i o n  e n e r g y .

I t  sh o u ld  be n o te d  t h a t  i n  t h e  p r e c e e d in g  d i s c u s s i o n ,  i t  was 

assum ed t h a t  th e  e x p e r im e n ta l  e n e rg y  in v o lv e d  i s  th e  h ig h  

p r e s s u r e  a c t i v a t i o n  e n e rg y  d e te rm in e d  i n  th e  p r e s s u r e  

in d e p e n d e n t  r e g i o n .

O th e r  m ethods f o r  t h e  d e t e r m i n a t i o n  o f  bond 

d i s s o c i a t i o n  e n e r g i e s  ( c a l o r i m e t r i c , e l e c t r o n  im p a c t ,  

s p e c t r o s c o p i c  m ethods e t - c e t r a )  a r e  c l e a r l y  o u t l i n e d  i n  a 

re v ie w  by S zw arc . (1*0
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TOLUENE CARRIER TECHNIQUE

The to lu e n e  c a r r i e r  t e c h n iq u e  i s  u sed  t o  s tu d y  

u n im o le c u la r  r e a c t i o n s  t h a t  c a n n o t  be s t u d i e d  by a  

s im p le  f lo w  sy s te m . The r a d i c a l s  p ro duced  r e a c t  p r e f e r e n t ­

i a l l y  w i th  th e  c a r r i e r  ( t o l u e n e )  r a t h e r  t h a n  th e m s e lv e s .  

E x p e r im e n ta l  a c t i v a t i o n  and bond e n e r g i e s  may be d e te r m in e d ,  

by m e a su r in g  t h e  u n im o le c u la r  r a t e  c o n s t a n t s  a t  v a r i o u s  

t e m p e r a t u r e s .  C a r e f u l  e x p e r i m e n t a t io n  may l e a d  t o  a 

h ig h  d e g re e  o f  a c c u ra c y  b u t  i n t e r f e r i n g  s id e  o r  co m pe ting  

r e a c t i o n s  must be a b s e n t  i n  o r d e r  t h a t  th e  r a t e  c o n s t a n t  

d e te rm in e d  w i l l  be th e  u n im o le c u la r  d e c o m p o s i t io n  one .

The t e c h n iq u e  i s  b a sed  on t h e  s t a b i l i t y  o f  th e  

b e n z y l  r a d i c a l  and th e  e a s e  o f  th e  hyd rogen  a b s t r a c t i o n  

r e a c t i o n  be tw een  many r a d i c a l s  and t o l u e n e .  The b e n z y l  

r a d i c a l s  p ro d u ced  can  combine i n  t h e  r e a c t i o n  zone 

w i th  R* t o  form  a  s t a b l e  m o le c u le ,  C^H^CH£R . I f  th e  b e n z y l  

r a d i c a l  p ro duced  does  n o t  r e a c t  i n  t h e  h o t  zone u n d e r  th e  

e x p e r im e n ta l  c o n d i t i o n s  u s e d ,  i t  d im e r iz e s  o u t s i d e  t o  

fo rm  d i b e n z y l .  The p r o d u c t io n  o f  d ib e n z y l  p ro v e s  t h a t  

t h e  d e c o m p o s i t io n  i s  t o  two r a d i c a l s  r a t h e r  t h a n  two 

m o le c u le s .

C6H5CH3 + R --------- C6H5CH2 + RH ( D

b e n z y l  r a d i c a l

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



8

In  th e  c a se  o f  t e t r a m e t h y l t i n ,  m e th y l r a d i c a l s  

a r e  p ro d u c e d .  I n  t h e  l a r g e  e x c e s s  o f  t o l u e n e ,  th e y  can  

e i t h e r  recom bine  t o  form  e th a n e  o r  a b s t r a c t  a  hy drogen  

atom from  t o lu e n e  t o  form  a b e n z y l  r a d i c a l  and a  s t a b l e  

m o le c u le .

CH-j + CH3 ---------► C2H6 (2 )

CH3 + C5H5C H3 -»■ C5H5CH2 + CH^ (3 )

The benzyl from (3 ) can react in two common ways.

c6h5ch2 + ch3 -------------- ► c6h5c2h5 (4 )

2C6H5CH2 -----------► (C6H5CH2)2 (5 )

d ib e n z y l

T h is  method i s  i d e a l  f o r  th e r m a l  s t u d i e s  o f  m e ta l  a l k y l s .  

Many o t h e r  m ethods have p ro v en  u n s a t i s f a c t o r y .  The 

r a d i c a l s  p ro d u ced  i n  th e  i n i t i a l  bond r u p t u r e  a r e  t o o  

r e a c t i v e  t o  a l lo w  any th e r m a l  e q u i l i b r i u m  method to  be
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u s e d .  The m o le c u le s  a r e  t o o  com plex f o r  th e  s u c c e s s f u l  

a p p l i c a t i o n  o f  a  s p e c t r o s c o p i c  m ethod . E l e c t r o n  im pac t 

e x p e r im e n ts  w i l l  g iv e  o n ly  an  u p p e r  l i m i t  o f  t h e  d i s s o c i ­

a t i o n  e n e r g y .  The d e r i v a t i o n  o f  d i s s o c i a t i o n  e n e r g i e s  

from  p h o to c h e m ic a l  r e s u l t s  would r e q u i r e  a d e t a i l e d  

knowledge o f  t h e  m echanism by w hich  th e  m o le cu le  a b s o rb s  

e n e rg y .T h e  c o m p le x i ty  o f  t h e  r e a c t i o n s  i n  a  s t a t i c  sy s te m  i s  

su ch  t h a t  unam biguous i n t e r p r e t a t i o n  o f  th e  r e s u l t s  i s  

a lm o s t  im p o s s ib l e .

The t e c h n iq u e  e n a b le s  r e a c t a n t  p r e s s u r e s  and p e r  

c e n t  d e c o m p o s i t io n s  t o  be v a r i e d  g r e a t l y .  I n  p r e v io u s  

s y s te m s ,  r e a c t a n t  p r e s s u r e s  . 05  t o  2.0mm. have been  em ployed . 

P e r  c e n t  d e c o m p o s i t io n s  c an  go from  .1 % t o  98%.1n c a l c u l a t i n g  

th e  r a t e  c o n s t a n t s  from  f lo w  sy s te m  d a t a ,  t h e  a s su m p t io n  i s  

made t h a t  no m ix in g  o c c u rs  i n  t h e  r e a c t i o n  zo n e . The c o u rs e  

o f  th e  r e a c t i o n  may th e n  be s t u d i e d  by  m e a su r in g  th e  am ounts 

o f  m ethane , e th a n e ,  e th y l e n e  and e t h y l  b e n ze n e .

Some l i m i t a t i o n s  o f  th e  t o lu e n e  c a r r i e r  t e c h n iq u e  

a r e  a s  f o l lo w s :

1 . The a l k y l  bond t o  be i n v e s t i g a t e d  sh o u ld  be a t  

l e a s t  lO k c a l /m o le  w eaker t h a n  th e  C— H bond i n  th e  t o lu e n e  

s i d e  c h a in ,  and must o f  c o u rs e  be th e  w e ak e s t  o f  th e  a l k y l  

b o n d s .

2 . I t  i s  assumed t h a t  e ac h  d i f f e r e n t i a l  e le m e n t  o f  

th e  volume f lo w s  th ro u g h  th e  r e a c t o r  a s  th oug h  i t  were 

c o n f in e d ,  a t  c o n s t a n t  p r e s s u r e ,  be tw een  two p i s t o n s ,  t h a t  i s
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p lu g  f lo w .  The p rob lem  o f  d e f i n i n g  a  r e s i d e n c e  t im e  i s  a  

r e a l  one i n  t u b u l a r  r e a c t o r s .  I d e a l l y ,  e v e ry  p a r t i c l e  o f  

th e  f l u i d  sh o u ld  re m a in  i n  th e  r e a c t o r  th e  same amount o f  

t im e ,  o r  th e  c h e m ic a l  r e a c t i o n  would n o t  have p ro ce ed e d  t o  

th e  same e x t e n t  th ro u g h o u t  th e  f l u i d .

3 .  Flow r a t e s  u se d  must be su ch  a s  t o  m a in t a in  

th e r m a l  e q u i l i b r i u m  and p lu g  f lo w  th ro u g h o u t  th e  r e a c t i o n  

z o n e .

4 .  I f  any  s u r f a c e  r e a c t i o n s  become s i g n i f i c a n t l y  

l a r g e ,  th e  r a t e  c o n s t a n t s  d e te rm in e d  w i l l  n o t  be th o s e  f o r  

homogeneous u n im o le c u la r  d e c o m p o s i t io n .

5 . Any th e r m a l  d e c o m p o s i t io n  o f  th e  t o lu e n e  must be 

t a k e n  i n t o  a c c o u n t .  Below 700°C. how ever, a s  a l l  r u n s  done i n  

t h i s  work w e re ,  th e  t o lu e n e  d e c o m p o s i t io n  i s  l e s s  t h a n

0 .01% (1 6, 17). If the runs are done at decompositions 
where toluene decompositions would play a part, suitable 
corrections can be made. (18)
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CHAPTER I I  

EXPERIMENTAL TECHNIQUE 

A p p a ra tu s  and P ro c e d u re

A sc h e m a tic  d iag ra m  o f  t h e  t o lu e n e  c a r r i e r  f lo w  

sy s te m  u se d  i n  t h i s  work i s  s e e n  i n  F i g .  1 .

The vacuum s o u rc e  o f  t h e  sy s te m  was a  two s t a g e  

m ercu ry  d i f f u s i o n  pump b ack ed  by  a  two s t a g e  o i l  s e a l e d  

r o t a r y  vane f o r e  pump, B a lz e r  Duo 5 » Al l  ground  g l a s s  j o i n t s  

w ere l u b r i c a t e d  w i th  Dow C o rn in g  High Vacuum S i l i c o n e  

S to p co ck  G re a s e .  Any h e a te d  t a p s  were l u b r i c a t e d  w i th  

A p iezo n  T G re a s e ,  w h i le  u n h e a te d  ones had A p iezon  N f o r  

l u b r i c a t i o n .  Due t o  t h e  f a c t  t o lu e n e  t e n d s  t o  a t t a c k  g r e a s e ,  

Ace G la s s  g r e a s e l e s s  V i t r o n  "0" r i n g  t a p s  were u sed  f o r  

t h e  c a r r i e r  i n l e t  sy s te m  o f  th e  m ain  sy s te m .

An e l e c t r i c  f u r n a c e  was u se d  t o  h e a t  t h e  r e a c t i o n

v e s s e l .  The f u r n a c e  was c o n s t r u c t e d  from  a  q u a r t z  c y l i n d e r  

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

t h i c k n e s s  o f  o n e - q u a r t e r  i n c h .  The q u a r t z  c y l i n d e r  was 

wound w i th  Chromel-A R e s i s t a n c e  r ib b o n  2mm. wide and .2mm. 

t h i c k ,  h a v in g  a  r e s i s t a n c e  o f  0 .6 0 3  ohms p e r  f o o t .  The w ind­

in g s  were cem ented  i n t o  p la c e  w i th  S a u e r e i s e n  Cement,

Number 31* The s p a c in g  o f  th e  w in d in g s  i s  shown i n  F i g .  2 .

The h e a t i n g  r ib b o n  was ta p p e d  a t  s e v e n  p o i n t s  so  t h a t  th e  

t e m p e r a tu r e  p r o f i l e  c o u ld  be a d j u s t e d  by s h u n t  r e s i s t a n c e s .

An in c o n e l  l i n e r  2 . 5  i n c h e s  i n  d i a m e t e r ,  12 in c h e s  lo n g ,  

and . 25  i n c h e s  t h i c k  was c e n t e r e d  i n s i d e  th e  q u a r t z  c y l i n d e r  

t o  ev en  o u t  th e  t e m p e r a tu re  p r o f i l e .

The q u a r t z  tu b e  was c e n t e r e d  i n  a  box (12x12x24 i n . )

11
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c o n s t r u c t e d  o f  .2 5  in c h  a s b e s t o s  w i th  a  .7 5  in c h  a n g le  

i r o n  f ram e . The box had 3 in c h  d i a m e te r  h o l e s  i n  b o th  ends 

t o  accom odate  t h e  above d e s c r i b e d  q u a r t z  c y l i n d e r .  Powdered 

a lu m in a  was added t o  th e  box t o  a c t  a s  i n s u l a t i o n .  The 

f u r n a c e  was c o n n e c te d  th r o u g  a  Type ’/ 20 HM V a r ia c  

( A u to t r a n s f o r m e r )  t o  t h e  220 v o l t  A-C l a b o r a t o r y  power 

s o u r c e .  The maximum o p e r a t i n g  t e m p e r a tu r e  o f  th e  fu rn a c e  

was 1100°C.

The t e m p e r a tu r e  o f  th e  f u r n a c e  was c o n t r o l l e d  by a  

S unv ic  R e s i s t a n c e  Therm om eter C o n t r o l l e r  Type RT. 2 . The 

te m p e r a tu re  was m easu red  w i th  a  c h ro m e 1 -P -a lu m e l th e rm o co u p le  

i n s e r t e d  i n  th e  a x i a l  th e rm o co u p le  w e l l  o f  th e  r e a c t i o n  

v e s s e l  i n  c o n j u n c t i o n  w i th  a  Leeds and N o r th ru p  M i l l i v o l t  

P o t e n t i o m e t e r  Type 8691. The t e m p e r a tu r e  o f  t h e  r e a c t i o n  zone 

was k e p t  w i t h i n  £ 2 °  w i th  a  s t e e p  f a l l  o f f  a t  t h e  e n d s .  See 

F i g .  3t A 10 ohm p l a t i n i u m  r e s i s t a n c e  th e rm o m e te r  was 

mounted a lo n g  th e  i n s i d e  w a l l  o f  th e  i n c o n e l  l i n e r  a s  th e  

s e n s i n g  e le m e n t  f o r  th e  S unv ic  C o n t r o l l e r .

The r e a c t i o n  v e s s e l s  were made o f  fu s e d  q u a r t z  

t u b e s  40mm. O .D ., and 6 t o  8 i n c h e s  lo n g .  The ends were 

s e a l e d  t o  20mm. O.D. q u a r t z  t u b i n g  w hich  ended w i th  g rad ed  

q u a r t z  t o  P y rex  s e a l s ,  a  few in c h e s  beyond th e  ends o f  th e  

f u r n a c e .  An a x i a l  th e rm o co u p le  w e l l  c o n s t r u c t e d  o f  10mm. O.D. 

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

The f lo w  r a t e  th ro u g h  t h e  r e a c t i o n  zone was 

c o n t r o l l e d  by two m eth o d s . The f i r s t  was by means o f  v a r y in g
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t h e  l e n g t h  and i n s i d e  d ia m e te r  o f  th e  s e a l e d  i n  c a p i l l a r y  

a t  th e  o u t l e t  o f  th e  f u r n a c e .  The second  method was u s i n g  

an  Edwards High Vacuum 1 0 - t u r n  V a lv e ,  i n  p la c e  o f  th e  

c a p i l l a r y .  A "by-pass made o f  g l a s s  t u b in g  was i n s t a l l e d  

a ro u n d  th e  v a lv e  t o  p r e v e n t  c lo g g in g  o f  th e  Edwards N eedle  

V a lv e .  T u b in g  n e a r  th e  i n l e t  and e x i t  s i d e  o f  th e  r e a c t i o n  

v e s s l e  was wound w i th  Chromel "A" a s b e s t o s  c o v e re d  h e a t i n g  

w ire  c o n n e c te d  t o  a  V a r ia c .  T h is  a l lo w e d  th e  t u b i n g  t o  be 

h e a te d  up t o  a p p ro x im a te ly  90°C when n e c e s s a r y .

A l l  r u n s  were c a r r i e d  o u t  by e s s e n t i a l l y  t h e  same

p r o c e d u r e .  A f t e r  t h e  f u r n a c e  was s t e a d y  a t  th e  p a r t i c u l a r
-4

te m p e r a tu r e  and th e  vacuum had re a c h e d  10 mm, o f  Hg o r  

b e t t e r ,  t h e  ru n  c o u ld  t h e n  b e g in .  The t o lu e n e  was s t o r e d  

i n  a  d e ta c h a b le  v e s s e l  R^ w hich c o u ld  be w eighed p r i o r  t o  

and a f t e r  eac h  r u n .  A w a te r  b a th  was p la c e d  a roun d  th e  b u lb  

t o  keep  th e  d e s i r e d  p r e s s u r e  o f  t o lu e n e  a t  a  c o n s t a n t  v a lu e .  

The to lu e n e  p r e s s u r e  was r e a d  on a  m ercury  manom eter a lo n g  

w i th  a d i o c t y l p h t h a l a t e - m e r c u r y  d i f f e r e n t i a l  manom eter 

(M i n  P i g .  1 ) w i th  a  9*^ m a g n i f i c a t i o n  f a c t o r  a s  compared 

t o  th e  m ercu ry  m anom eter.

A s m a l l  amount o f  a l k y l  was d i s t i l l e d  from  R2 t o  th e  

f i n g e r  F i  ( F i g .  4 ) ,  A f i x e d  t e m p e r a tu r e  b a th  i n  a  Dewar 

f l a s k  was p la c e d  a rou nd  F^ t o  o b t a i n  a  d e s i r e d  a l k y l  p r e s s u r e .  

The a l k y l  v a p o u r  p r e s s u r e  was a t  a l l  t im e s  g r e a t e r  t h a n  th e  

t o lu e n e  c a r r i e r  p r e s s u r e .  The m agn itude  o f  th e  d i f f e r e n c e  

d e te rm in e d  th e  c o n c e n t r a t i o n  o f  t h e  a l k y l  i n  th e  t o lu e n e
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s t r e a m .

The f lo w  o f  t o lu e n e  was commenced and th e  p r e s s u r e ,  

a s  m easured  hy th e  m ercu ry  o f  d i f f e r e n t i a l  m anom eter, was 

r e c o r d e d .  A p r e - r u n  f lo w  o f  t o lu e n e  was a l lo w e d  f o r  f i v e  

m in u te s  t o  h e lp  s t a b l i z e  f lo w  c o n d i t i o n s .  A f t e r  th e  p r e - r u n  

o f  t o l u e n e ,  t a p  S.  ̂ was opened and a l k y l  was a d m i t te d  i n t o  

t h e  t o lu e n e  s t r e a m .  The f lo w  o f  a l k y l  c o n t in u e d  from  20 

m in u te s  t o  55 m in u te s  d e p e n d in g  on th e  r e a c t i o n  c o n d i t i o n s .  

T h is  was fo l lo w e d  by a n o th e r  5 m inu te  p o s t - r u n  o f  t o l u e n e .  

The a l k y l  r e m a in in g  i n  F^ was r e d i s t i l l e d  i n t o  R2 and th e n  

b o th  and R2 were rew e ig h ed  t o  d e te rm in e  th e  am ounts o f  

t o lu e n e  and a l k y l  u s e d .

T ra p  Tl f  t h e r m o s t a t e d  a t  -80 °C . w i th  an  a c e to n e  

d ry  i c e  s l u d g e ,  c o l l e c t e d  th e  l i q u i d  p r o d u c t s .  For 

in s u r a n c e  T ra p  T2 , was m a in ta in e d  a t  -110°C . u s i n g  an  

e t h a n o l  s lu d g e  t o  t r a p  any  l i q u i d  p r o d u c t s  w hich  were n o t  

t r a p p e d  o u t  by T^.The r e m a in in g  g a se o u s  m ix tu re  was 

t r a n s f e r r e d  by  means o f  a  To«ppler pump p a sse d  a  n o n - r e t u r n  

v a lv e  t o  a  c a l i b r a t e d  g as  b u r e t .  A f t e r  t o e p l i n g  f o r  a p p r o x i ­

m a te ly  s e v e n  m in u te s  a f t e r  th e  r u n ,  th e  P . , V . , T . ,  d a t a  o f  

t h e  g a seo u s  m ix tu re  were m easu red .  T o e p l in g  was c a r r i e d  ou t 

c o n t i n u o u s l y  d u r in g  th e  ru n  t o  p r e v e n t  any b ack  d i f f u s i o n  

due t o  b u i l d  up  o f  p r e s s u r e  from  p ro d u c t  fo rm a t io n .A  

sam ple o f  th e  g a se o u s  p r o d u c t s  was t h e n  t a k e n  t o  a  gas  

ch ro m a to g ra p h  f o r  a n a l y s i s .

D u rin g  th e  r u n ,  th e  t e m p e r a tu r e  o f  th e  v e s s e l  and
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p r e s s u r e s  o f  th e  a l k y l  and to lu e n e  were m o n ito red  p e r i o d ­

i c a l l y ,  i n  most c a s e s  e v e ry  f i v e  m in u te s .  The r e a d in g s  f o r  

th e  e n t i r e  ru n  were av e raged  and th e s e  v a lu e s  were a c c e p te d  

a s  c o n s ta n t  o v e r  th e  t o t a l  ru n .  C o n d i t io n s  were k e p t  a s  

c o n s t a n t  a s  p o s s ib l e  and o n ly  sm a l l  d e v i a t i o n s  were n o ted  

th ro u g h  ou t th e  ru n .

The gas c h ro m a to g rap h ic  a n a l y s i s  was c a r r i e d  out 

u s in g  a  P e r k in  Elm er 154 gas ch rom atog raph  equ ipped  w i th  a 

1 /4  in c h ,  6 f o o t  s i l i c a  g e l  colum n. The column te m p e ra tu re  

was s e t  a t  80°C. and a h e lium  flow  r a t e  o f  7 pounds p e r  

sq u a re  in c h .  P ig .  5 shows th e  i n j e c t i o n  system  used  f o r  th e  

gas a n a l y s i s .  The sample v e s s e l  G was p la c e d  in  p o s i t i o n  

shown w i th  a  s t e e l  b a r  r e s t i n g  on th e  b rea k  s e a l  and t h i s  

r e g io n  evacu a ted *  The "U" tu b e  betw een C2 and Cj  was a l s o  

e v a c u a te d  and th e n  i s o l a t e d .  The b re a k  s e a l  was b rok en  by 

r a i s i n g  th e  s t e e l  b a r  w i th  a  magnet and d ro p p in g  i t ,  

a l lo w in g  th e  gas t o  go i n t o  th e  u p p e r  s e c t i o n  o f  th e  v e s s e l .  

A new ty p e  gas v e s s e l  was t r i e d  f o r  th e  l a s t  tw e n ty  r u n s .

I t  i s  s e e n  i n  P ig .  5« I t  saved a  g r e a t  d e a l  o f  g l a s s  b low ing  

and worked j u s t  a s  e f f i c i e n t l y  a s  th e  fo rm er a l l  g l a s s  

ty p e  w i th  th e  b re a k  s e a l .  A p a r t  o f  th e  gas  sample was th e n  

t r a n s f e r r e d  t o  th e  gas b u r e t  and th e  p r e s s u r e  m easured 

u s in g  a  c a th a to m e te r .  C2 was th e n  opened and th e  m ercury 

r a i s e d  t o  f o r c e  th e  sample i n t o  th e  "U" tu b e .  C2 was th e n  

opened t o  a l lo w  he liu m  t o  flow  i n t o  th e  "U" tu b e  and Cj  

was s im u l ta n e o u s ly  c o n n ec ted  so  t h a t  i t  con n ec ted  th e  "U" 

tu b e  t o  th e  column. C a l i b r a t i o n  c u rv e s  were c o n s t r u c t e d
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u s in g  pu re  g a s e s  from  th e  gas  s t o r a g e  v e s s e l s  (G .S .V .)  

w i th  e ac h  s e t  o f  a n a l y s i s  so  t h a t  th e  peak h e i g h t s  c o u ld  

be u sed  f o r  a n a l y s i s .  As many sam p les  a s  p o s s i b l e  were ru n  

f o r  each  ru n  gas v e s s e l  and th e  r e s u l t s  were a v e ra g e d .

The l i q u i d  sam ple c o l l e c t e d  i n  t r a p s  T^ and T2 i f  

any  managed t o  g e t  by Tj_, were r e d i s t i l l e d  back  t o  t r a p  

and a n a ly z e d  on a  P e r k in  E lm er 800 gas  ch rom atograph  

e q u ip p ed  w i th  a  f lam e i o n i z a t i o n  d e t e c t o r .  A .02  in c h  I .D .  

150 f o o t  open t u b u l a r  column c o a te d  w i th  p o ly p ro p y le n e  

g l y c o l  ( P e r k in  E lm er R) was u s e d .  N i t ro g e n  was u sed  a s  a 

c a r r i e r  g as  and th e  column m a in ta in e d  a t  60°C. S y n th e t i c  

m ix tu r e s  c o n ta in i n g  th e  com ponents p r e s e n t  i n  th e  l i q u i d  

sam ples  were made by a c c u r a t e l y  w e ig h in g  each  component i n  

a  known t a r e d  25m l, v o lu m e t r ic  f l a s k ,  w i th  a  lo n g  neck  and 

a  ground g l a s s  t o p .  From t h e s e  c a l i b r a t i o n  m ix tu r e s ,  which 

c o n ta in e d  th e  same r e l a t i v e  amounts o f  th e  v a r i o u s  compon­

e n t s ,  c a l i b r a t i o n  c u rv e s  were c o n s t r u c t e d .  F o r  each  b a tc h  

o f  sa m p le s ,  t h e  c u rv e s  were checked  and s in c e  th e  m ix tu r e s  

were o f  th e  a p p ro x im a te  s t r e n g t h  a s  t h e  s t a n d a r d s ,  a  peak 

h e ig h t  c o m p ar iso n  c o u ld  be u sed  t o  d e te rm in e  t h e  c o m p o s i t io n  

o f  th e  l i q u i d  sa m p le s .

Preparation of Materials

A. TOLUENE

The to lu e n e  u se d  was t h a t  o f  Eastm an O rganic  

C h e m ica ls ,  Number X325 w hich was made from s u l f o n i c  a c i d .

I t  was d r i e d  by r e f l u x i n g  o v e r  sodium  r ib b o n  f o r  24 h o u rs
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under vacuum and then degassed by repeated bulb to bulb 
d e g a s s in g s  o r  d i s t i l l a t i o n s .

B. T e t r a m e t h v l t i n

The t e t r a m e t h y l t i n  was c o m m erc ia l ly  a v a i l a b l e  

from  A lf a  I n o r g a n i c s ,  I n c . ,  Number SN-145. I t  was checked  

f o r  p u r i t y  on th e  gas  ch ro m ato g raphy  u n i t  and d e g assed  

and p u r i f i e d  by b u lb  t o  b u lb  d i s t i l l a t i o n s .  The v ap o u r  

p r e s s u r e  cu rv e  was checked  a g a i n s t  t h a t  o f  B u l la r d  and 

Haussman (15 )  and found t o  c o r r e s p o n d .  The m e l t in g  p o in t  

from  l i t e r a t u r e  was ->5^ * 8 °C. and th e  b o i l i n g  p o i n t  was 

found  t o  be ? 8°C. The r e f r a c t i v e  in d ex  o f  1 .4409  and a 

s p e c i f i c  g r a v i t y  o f  1 .2904  a g re e d  w i th  th o s e  found i n  ( 5 ) .
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CHAPTER I I I  

E x p e r im e n ta l  R e s u l t s  and D is c u s s io n s  

PYROLYSIS OF TERTAMETHYLTIN

The l a b r a t o r y  d a t a  from  e x p e r im e n ts  on th e  

p y r o l y s i s  o f  t e t r a m e t h y l t i n  g i v i n g  th e  e x p e r im e n ta l  

c o n d i t i o n s  and p r o d u c t  a n a l y s i s  a r e  found  i n  T a b le s  I 

and  IB . L iq u id  p r o d u c t s  were found  t o  c o n t a i n  o n ly  SnMej ,̂ 

and e t h y l b e n z e n e } s i g n i f i c a n t  am ounts o f  x y le n e s  were n o t  

o b se rv e d  o v e r  th e  t o t a l  e x p e r im e n ta l  s c o p e .  The gas  

p r o d u c t s  were m a in ly  m ethane w i th  l e s s e r  am ounts o f  e th a n e  

and e t h y l e n e .  S m a ll  am ounts o f  c o l o u r l e s s  n e e d l e l i k e  

c r y s t a l s  were s e e n  i n  th e  b y p a ss  a r e a  o f  th e  e x i t  o f  th e  

f u r n a c e .  I t  was found t o  m e l t  a b o u t  5Q°Ct b u t  no e f f o r t  was 

made t o  p u r i f y  t h i s  p r o d u c t  a s  o n ly  s m a l l  am ounts were 

p r e s e n t  a f t e r  a  s e r i e s  o f  tw e n ty  r u n s .  I t  was c o n c lu d e d  

t o  be d i b e n z y l  (m .p . 5 6 °C .)  from  th e  m e l t in g  p o i n t  and 

from  b a s i c  t o lu e n e  c a r r i e r  f lo w  sy s te m  t h e o r y .

The v a p o u r  p r e s s u r e s  o f  th e  s t a r t i n g  com m erc ia l  

t e t r a m e t h y l t i n  a s  compared t o  l i t e r a t u r e  v a lu e s  a r e  

shown i n  F i g . 6 and T ab le  I I .  I t  was found t o  c o in c id e  

a lm o s t  e x a c t l y .

The thermal decomposition of tetramethyltin was 
s t u d i e d  o v e r  th e  t e m p e r a tu r e  r a n g e  802°K t o  907°K and 

p r e s s u r e s  from  1 .06cm . t o  5«2^cm. The r e s u l t s  a r e  p r e s e n t e d  

i n  T ab le  I I I .  The r a t e  c o n s t a n t s  were c a l c u l a t e d  from  th e

22
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TABLE I  B 
THE PYROLYSIS OF TETRAMETHYLTIN 

FUNDAMENTAL DATA PACKED VESSEL

RUN P TEMP TIMS * TOLUENE ALKYL
(ran.) C°iQ (m in .) (g m .) (moles x  10“'

Sn 63 22.72 803 5 ,35 ,5 3.10 .3931
Sn 50 16.71 807 5 ,35 ,5 7.15 1.2694
Sn 25 17.43 813 5 ,2 0 ,5 12.40 1.6479
Sn 13 17.71 817 5 ,20 ,5 14.10 2.8310
Sn 14 20.29 817 5 ,20 ,5 14.40 3.9017
Sn 15 21.71 817 5 ,2 0 ,5 15,80 3.0985
Sn 46 16.29 818 5 ,5 0 ,4 8.95 .5262
Sn 48 16.71 818 5 ,6 0 ,5 10.80 .4479
Sn 47 17.57 818 6 ,5 4 ,5 11.00 .4736
Sn 27 20.86 818 5,50 ,5 29.85 .7666
Sn 29 16.71 822 5,25 ,5 13.70 .5077
Sn 30 16.86 822 5 ,25 ,5 11.55 .5715
Sn 28 17.00 822 5 ,40 ,5 19.85 .4249
Sn 26 20.86 822 5 ,40 ,5 26.00 .3344
Sn 16 17.00 824 5 ,23 ,5 12.90 3.6740
Sn 17 22.00 824 5 ,2 0 ,5 16.10 2.0649
Sn 45 16.14 826 5 ,35 ,5 6.60 .7331
Sn 46 16.29 826 5 ,35 ,5 12.60 1.9762
Sn 43 16.14 834 5 ,3 0 ,5 6.00 1.2431
Sn 42 16.14 834 5 ,50 ,5 9.90 1.0843
Sn 41 16.29 834 5 ,20 ,5 4 .40 .3786
Sn 18 16.71 836 5 ,20 ,5 10.50 2.6885
Sn 33 17.86 836 5 ,2 5 ,5 14.65 .9892
Sn 21 22.71 836 5 ,2 1 ,4 18.90 .5460
Sn 19 23.43 836 5 ,40 ,5 30.30 1.3186
Sn 24 23.00 836 5 ,30 ,5 23.30 2.6617
Sn 31 15.00 837 5 ,25 ,5 11.75 .5228
Sn 32 17.43 837 5 ,2 5 ,5 14.95 .3159
Sn 36 15.00 848 5 ,25 ,5 11.85 .5242

TOI/ALK 
) (molar r a t

CH. o ,ha _*c a
(moles & 1 0 T  4

E t h /

67 /1 .923 .0162 .0121 .350
7 8 /1 .698 .0125 .0080 .222
55/1 .616 .0179 .0019 .246
36 /1 9.095 .0092 .0029 .644
27 /1 1.633 .0627 .0348 .658
44/1 1.699 .0  2+28 .0179 .506

200/1 .718 .0071 .0059 .161
243/1 .607 .0054 .0045 .106
210/1 .693 .0065 .0054 .311
341/1 .482 .0049 .0049 .162
209/1 .322 .0020 .0020 .098
157/1 .390 .0029 .0029 .132
406/1 .273 .0055 .0029 .119
676/1 .511 .0193 .0193 .092
27 /1 2.387 .0963 .0368 .820
56/1 1.386 .0376 .0156 .528

130/1 1.455 .0162 .0129 .297
54/1 1.235 .0218 .0218 .356
39 /1 2.799 .0855 .0657 .565
82/1 2.553 .0521 .0405 .439
84/1 1.105 .0229 .0216 .203
2 6 /1 3.541 .1709 .0579 1.218

114/1 1 .008 .0130 .0106 .078
319 /1 .593 .0084 .0055 .213
196/1 1.392 .0288 .0144 .342

71/1 2.599 .0491 .0866 .429
174/1 .672 .0398 .0398 .109
142 /1 .833 .0176 .0068 .135
175/1 1.073 .0026 .0022 .182
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0 * 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0

M r l r l N W < T\ f J - i £ J ' |A N U \  O'CvO rH C J
i—I r—I

< f r l  C f" 0  Cv) \0  \0  (V  ®  < 1  C ' O  t> C O
O  nO 00 00 -4- C'- H  r—I tO c ^ o ^ o  0  rH -+  -4  o  - 4  o

r—I CV I—I i—I OA  r-1  rH  '■O r—I r—I 0 0  r H<r\

r l ( O H 4 ' O r | U M A t » t O N N C > « ) O t 0 0  4  0'  OHCMiANrriO'-0 4 0 4 H f f " O H 4 |AOJO 
O ' r l O C ' t O O t V O ' A O ' O ' M  - J v O  r l  N  r l  H  (M HCs-4'OiACO<r4'sOCOtONHr\4CMlArlO'

•  0 * 0 0 0 » 0 0 0 « 0 4 0 d 0 * « 0
 J -b

i A i A * A t T \ 0 l^ |A 0 0 0 0 1A 1A ir\ 0 > A 0 0  Ou-s j>  O  C\J H  C"- cr\ -:* 00 3o i a j > ( > 4 ( > 0 (M C - 
o o * o o * o « o o « o o o o o * o o  

4 vO sO  1> H  H  ■ A N O '^ O  H  0^
rH rH rH r-l rH rH rH

Lf\ LT\ IT\ Lr\ LT\ U"\ LA U“\  UA LTN !-T\ *-T\ Lf\ LT\ i.r> LT\ Lf\ LT\
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f i r s t  o r d e r  e q u a t io n *

k
2.303

l 0 g 100-x
100

where x r e p r e s e n t s  th e  p e r  c e n t  d e c o m p o s i t io n .  The c o n t a c t  

t im e  was e v a l u a t e d  from  th e  e x p r e s s io n

where V i n  c c .  r e p r e s e n t e d  th e  volume o f  th e  r e a c t i o n  

v e s s e l ,  P i n  mm. th e  o v e r a l l  p r e s s u r e  d u r in g  th e  r u n ,  T i n  

°K th e  t e m p e r a tu r e  o f  th e  r e a c t i o n  zo n e , and F i n  m o le s / s e c .  

was th e  m o la r  f lo w  r a t e  th ro u g h  th e  r e a c t i o n  zone . The p e r  

c e n t  d e c o m p o s i t io n  was c a l c u l a t e d  from :

m e ta l  a l k y l s  i n  a  t o lu e n e  c a r r i e r  f lo w  sy s tem  may a b s t r a c t  

hy d rogen  atom s from  e i t h e r  t h e  s i d e  c h a i n  o r  th e  r i n g  o f  

t o l u e n e ,  o r  t h e y  may recom bine  t o  g iv e  e th a n e .

The rate expression for these reactions may be
w r i t t e n  a s :

t c = 22416 X " 7 ^ 0 "  X T  X F
V  P 273 _1

#Decomp. m oles CHzl + 2inoles C?H^ + 2m oles C?H/|. +moles 
4 moleis a l k y l

M ethy l r a d i c a l s  p ro d u ced  by th e r m a l  d e c o m p o s i t io n  o f

CH3 + C6H5CH3 ---------------- C% + C6H5CH2 o r  C6H4CH3 ( a )

CH3 + CH3  >  C2H6 ( r )

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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from  which*

k a ^  _ d ( c H j / d t

d f C2H6) /  d t ) l ( C 6H5CH3|

when d^CH/J _ m oles  City
d t  “ V x t

and m oles 0%  i s  th e  number o f  m oles  o f  m ethane p rod uced

i n  th e  r u n ,  V i s  th e  volume o f  th e  r e a c t i o n  v e s s e l  i n  c c . ,

t  i s  th e  l e n g t h  o f  a l k y l  ru n  i n  s e c o n d s .  S i m i l a r l y ,

-2££2H<Q_ = moleB/fc2 lte1 + f c ? H j )
d t  V x t

C2H4  i s  in c lu d e d  b e c a u se  i t  a r i s e s  from  a  r e a c t i o n  o f  

C2H6 . (See r e a c t i o n s  9 * 1 0 ) .

The t o lu e n e  c o n c e n t r a t i o n  a ssum in g  i d e a l  gas 

c o n d i t i o n s  i s  g iv e n  by*

[ c a HifCHo") = n  = P = Pmm./ 760
5 v RT 8 2 .05 7  T°K

Thus t h e  e x p r e s s io n  f o r  ka/ k r 2 becom es, i n  te rm s

o f  e x p e r im e n ta l  p a ra m e te r s

ka*  = m oles City x  760 x  8 2 .0 6  :
* m oles (C2H5 + C 2H^)a (v x t ) ;kr

T h is  d e r i v a t i o n  o f  k a /k r ^ i s  b a se d  on th e  

a s s u m p t io n  t h a t  t h e  m e th y l  r a d i c a l s  a r e  p rodu ced  u n i fo rm ly  

o v e r  th e  r e a c t i o n  zone and a t  a  c o n s t a n t  r a t e .  I f  th e  

p a r t i a l  p r e s s u r e  o f  t h e  a l k y l  i s  k e p t  c o n s t a n t  th ro u g h o u t
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TABLE I I I  
(CONTINUED)

Sn 93 1 .1550 3 22 o 2 9 1 3 . 7 9 1 9 3 . 7 1 9 4 . 3 5 - 0 . 6 9 7 6
Sn 97 1 .1 5 5 0 2 2 4 o06 7 c 421 7 9 . 5 3 7 6 .1 3 - 0 .6 6 9 4
Sn 9 4 1 .1 5 3 7 3 2 3 069 1 . 3 9 1 2 5 . 3 4 2 5 . 3 0 - 0 . 6 7 7 5
Sn 93 1 .1 5 3 7 7 1 6 .7 1 2 .0 1 1 3 4 . 6 1 3 3 . 0 1 - 0 . 6 7 5 3
Sn 33 1 .1 5 3 7 6 7 0 . 6 3 1 . 3 4 9 3 5 . 4 1 3 4 .2 3 -O .6263
Sn 91 1 .1 5 3 7 6 6 0 . 5 1 .9 3 7 1 9 . 4 9 2 2 .6 6 - 0 . 6 3 5 7
Sn 92 1 . 1 5 3 3 6 5 5 .1 6 .566 1 3 . 4 1 14 .2 6 - 0 . 5 9 4 6
Sn SB 1 .1 5 3 7 6 7 0 . 6 3 1 . 3 4 9 3 5 . 4 1 3 4 . 2 3 -O .6263
Sn 39 1 . 1 5 3 4 6 6 2 o60 2 . 5 9 3 4 3 . 0 0 50 .62 - 0 . 5 9 9 1
Sn 69 1 .1 5 3 7 5 5 3 . 3 6 1 . 7 2 3 3 7 . 3 7 4 0 . 3 9 - 0 . 5 6 0 0
Sn 63 1 .1 5 3 7 6 9 5 . 1 9 1 . 3 3 2 3 7 . 4 9 4 2 . 3 4 - 0 . 5 9 1 0
Sn 90 1 .1521  b 4 3 1 . 7 9 5 . 4 7 9 3 3 . 2 2 3 6 . 3 1 - 0 . 4 3 7 0
Sn 76 1 .1 4 1 3 3 9 1 .1 9 .641 2 2 .4 6 2 2 . 3 5 - 0 .4 0 1 3
Sn 77 1 .1 4 0 3 3 9 2 . 7 6 . 6 7 3 2 4 .1 3 1 9 . 7 0 - 0 . 3 9 0 1
Sn 70 1 .1 1 5 3  a 3 5 3 . 3 5 2 . 3 1 0 3 1 . 6 0 3 4 . 3 7 - 0 . 1 3 5 1
Sn 75 1 .1011 1 0 5 9 . 5 0 . 5 9 3 5 7 . 9 9 4 9 . 0 7 + 0 . 1 6 0 0
Sn 73 1.1016 1 1 5 0 .6 0 1 . 0 2 3 7 0 .6 2 7 3 . 9 0 + 0 .0 7 6 3
Sn 74 1 .1016 3 2 0 5 .2 0 . 9 7 7 7 2 . 7 6 7 5 , 2 7 + 0 . 1 2 4 9

Not a l l  t h e  above r u n s  were u s e d  i n  c a l c u l a t i o n  o f  e x p e r i m e n t a l  p a ra m e te r s o  Some w ere  
l e f t  o u t  due to  e x p e r im e n ta l  p rob lem s.,

a  = a i r  i n  v e s s e l ,  b * bad a n a l y s i s  e i t h e r  g a s  o r  l i q u i d  
c = t e m p e ra t i i  r e  f l u c t u a t i o n  d = u n e x p la in a b l e  r e s u l t ,  
s = s u r f a c e  e f f e c t  due t o  f i r s t  u sa g e  o f  v e s s e l .

o
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TABLE IIIB

Sn 34 1.1737 477 .32

( CONTINUES) 

.516 $ .5 8 4 .7 7 -0 .9 5 3 4
Sn 35 1.1792 364 .70 .517 5 .2 0 4 .8 7 - 0 .9861
Sn 37 1.1762 602 .47 1 .3 0 7 1 5 .1 6 I 8 c2$ - 0 .9005
Sn 40 1 . 176$ 573.45 1 . 10$ 1 3 .8 6 1 3 .0 0 -0 .8 6 9 5
Sn 33 1 .1731 3 3 3 ,4 4 .947 1 0 .61 12 .93 - 0 .9262
Sn 39 1.1767 55 6 .04 2 .4 7 9 3 0 .4 7 26 .95 - 0 .8 3 3 3
Sn 51 1 .1493 689 .26 .990 2 0 .12 2 4 .4 4 -0 .6 4 4 3
Sn 52 1.1377 373 .67 1 .042 37 .9 5 3 6 .7 4 - 0 .3 3 9 0
Sn 53 1.1292 818 .40 1 .1 7 8 4 9 .4 0 $3 .2 1 - 0 .2 3 78
Sn 57 1.1292 707 .61 1 . 1$2 5 2 .1 1 54 .62 -0 .1 9 4 2
Sn 53 1.1117 101$.20 1 .1 4 8 6 2 .3 0 7 2 .8 5 -0 .0 7 0 7
Sn 55 1.1121 99 2 .3 0 1 .1 1 9 6 1 .22 $ 3 .48 -O 0O723
Sn 56 1.1130 6 98 ,29 1 .133 6 7 .1 6 6 6 .1 6 - 0 .0076
Sn 54 1.0797 b 1079 .70 1 .0 8 7 6 4 .1 9 6 6 .3 7 -0 .0 2 4 7
Sn 59 I . c 628  5 1031 .60 1 .1 0 8 9 7 .1 2 9 4 .9 7 + 0 .5 084
Sn 60 1 . 062S 94 6 .4 0 I 0O64 98069 99 .15 +0 .6102
Sn 62 1 ,0 6 30  a 599 .27 1 .0 61 96 .23 9 9 .33 +0 .4901
Sn 61 1 .0630 7 l8o76 1 .0 1 6 9 8 .3 1 9 8 .83 +0.6033
Sn 49 1 . 222$ a 30 6 .31 l o 08 $ 1 3 .5 7 1 6 .3 6 - 0 .8 7 16

Not all the above runs were used in calculation of experimental parameters. Some were 
left out due to obvious experimental problems.

a  ss a i r  i n  v e s s e l ,  b = bad a n a l y s i s  e i t h e r  gas  o r  l i q u i d  
c sc t e m p e r a tu re  f l u c t u a t i o n  d  ss u n e x p la in a b l e  
s = s u r f a c e  e f f e c t  due t o  f i r s t  usage  o f  v e s s e l
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F ig .  6 :  Vapour P r e s s u r e  c u rv e s  f o r  T e t r a m e t h y l t i n

Q  L i t e r a t u r e  and o b se rv e d  c o r r e s p o n d .

O  L i t e r a t u r e  v a lu e  a lo n e .

#  O bserved  v a lu e  a lo n e .
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T A B L E  I I

VAPOUR PRESSURE OF TETRAMETHYLTIN 
(literature and observed)

(°C) Pressure Pressure
Temperature observed(cm.) literature(cm)

-2 1  1 . 0 0

0 2 . 6 0

+ 3 3 .9 5  4 .0 0

+ 4 . 3  4 .2 0

+ 8 4 .6 5  4 ,6 2

+11 5 .6 0  5 .57

+14 6 .5 4

+16 7 .1 0

+18 7 .9 2

+23 9 .9 0  1 0 .0 0

+28 1 2 .3 5  12 .42

+32 1 4 .8 8

+45 2 5 .0 7

+60 4 2 .9 8

L i t e r a t u r e  v a lu e s  q u o te d  a re  from  ( 1 5 ) .
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T

F i g . 7* A r r h e n iu s  p l o t  f o r  d e c o m p o s i t io n  o f  t e t r a m e t h y l t i n .  
UNPACKED VESSEL and b a sed  on g a s  and l i q u i d  p r o d u c t s .

Numbers i n d i c a t e  n o ,  o f  r u n s  a v e ra g e d  t o  o b t a i n  p o i n t .
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+ .7

+ .3

- 1 .3

1 .2 31 .1 91 .1 51 .111 .0 7

l o g 10k 
( s e c " * )

1 0 '

T
F i g , 8* A r r h e n iu s  p l o t  f o r  d e c o m p o s i t io n  o f  t e t r a m e t h y l t i n .  

PACKED VESSEL and b a se d  on g as  and l i q u i d  p r o d u c t s .

Number i n d i c a t e d  n o .  o f  r u n s  a v e ra g e d  t o  o b t a i n  p o i n t .
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the experiment, production of methyl radicals at a constant 
rate is obtained. However the uniform release of radicals 
throughout the reaction zone cannot be attained. This 
condition is approached at lower percentage decompositions. 
At higher percentage decompositions, the concentration of 
methyl radicals will be high at the beginning of the 
reaction zone favouring the recombination reaction and 
low at the end favouring abstraction. These factors are 
believed to be somewhat self compensating, (2 6 ,2 7 )

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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A. Ratio Effect (Initial Concentration Effect)

In order to ensure that the decomposition is 1st 
order, the effect of varying the initial concentration 
upon the rate constant was studied. Since the toluene and 
alkyl pressures can be easily altered, this study was 
accomplished by keeping the total pressure constant ie. 
essentially the toluene pressure constant and varying the 
alkyl pressure, (the concentraion of alkyl in the carrier 
stream is determined by the extent of the alkyl pressure 
being larger than the toluene pressure.) At constant 
pressure, the ratio is inversely proportional to the 
initial concentration.

In Fig. 9 , it can be easily seen that the ratio has
no effect on the rate constant for this series of runs.
The temperatures, pressures, contact times for the unpacked 
vessel runs were selected at random. The ratios selected 
vary from 53/1 to 977/1* Over this wide range of ratios, 
the rate constants at the extreme values only varied by 
2%, Therefore if the initial alkyl concentration has no 
effect on k, we can say that the process is 1st order 
within the experimental error. These findings are consistant
with those found for PbCCH^)^. (2 )

In work done on Ga(Me)^ and In(Me) j ,  it was found 
that the toluene to alkyl ratio of not less than ^5 and 
150 respectively were essential for consistant rate

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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c o n s t a n t s .  ( 2 1 ,2 2 ) ,  F o r  Sn(CH ^)^, r a t i o s  s m a l l e r  t h a n  th e  

53 /1  o f  Run Sn 84 were u s e d .  F o r  exam ple Runs Sn 7 .  Sn 9 .  

Sn 14 , and Sn 18 had r a t i o s  i n  t h e  t w e n t i e s  t o  one a r e a ,  

and t h e s e  r a t e  c o n s t a n t s  a g re e d  f a v o u r a b ly  w i th  r u n s  done 

u n d e r  e x a c t l y  t h e  same c o n d i t i o n s  b u t  w i th  h i g h e r  r a t i o s .  

The ru n s  p l o t t e d  were s e l e c t e d  b e c a u se  t h e y  were p a r t  o f  

t h e  s e r i e s  o f  r u n s  e x a c t l y  c o n t r o l l e d  t o  s tu d y  r a t i o  

e f f e c t .  The ru n s  m en tio n ed  above were o n ly  v e r i f e d  w i th  

one o r  two v e r i f y i n g  r u n s  and w ere n o t  p a r t  o f  a  s e r i e s .  

C o n s id e r in g  t h e  s e r i e s  o f  r u n s  and  t h e  o t h e r s  done a t  

lo w e r  r a t i o s ,  i t  may be s a i d  t h e  r a t i o  do es  n o t  p l a y  a  

p a r t  i n  th e  r a t e  c o n s t a n t  d e t e r m i n a t i o n s  from  v e ry  

s m a l l  r a t i o  r u n s  ( h ig h  a l k y l  c o n c e n t r a i o n s )  t o  v e ry  

h ig h  r a t i o  r u n s ,  ( v e r y  d i l u t e  a l k y l  c o n c e n t r a t i o n s )

The f a l l  o f f s  n o te d  i n  t h e  g a l l i u m  and ind ium  

w ork , w ere  due t o  s e c o n d a ry  r e a c t i o n s  o f  t h e  r a d i c a l s  

p ro d u ced  t o  fo rm  a l t e r n a t e  p r o d u c t s .  As th e  t o lu e n e  

c o n c e n t r a t i o n  i s  i n c r e a s e d  t h e s e  s e c o n d a ry  r e a c t i o n s  

o c c u r  l e s s  and l e s s  f r e q u e n t l y .
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TABLE IV
EFFECT OF TOLUENE TO ALKYL RATIO ON THE RATE CONSTANTS

T em p era tu re  86 l .O °K , P r e s s u r e  = 1 .5 4 c m .,  t c * 1 .8 6 6 s e c .
UNPACKED

Run # % Decomp, 
( g a s )

% Decomp, 
( a l k y l )

T o lu en e  t o  
A lk y l  R a t io

R ate  C o n s ta n t  
( g a s )  s e c "1

Sn 82* 38.4% 39.4% 156/1 + .1587

Sn 83 2 5 .5 # 2 4 .9 # 7 8 /1 .1581

Sn 84 26.8% 2 6 . 2% 53/1 .1598

Sn 85 2 5 .7 # 2 3 . 4% 107 /1 .1583

Sn 87 2 5 . 8% 18.9% 977 /1 .1567  '

* ru n Sn 82 done w i th  a  s l i g h t l y  l o n g e r  c o n t a c t  t im e .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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B. C o n ta c t  Time E f f e c t

Prom P i g .  10 , I t  c an  be  e a s i l y  se e n  t h a t  c o n t a c t  

t im e  h a s  l i t t l e  b e a r i n g  on t h e  r a t e  c o n s t a n t  f o r  t h e  d i s s o c ­

i a t i o n  o f  t e t r a m e t h y l t i n .  The p r e s s u r e s  f o r  a l l  t h e s e  ru n s  

w ere  k eep  a t  2 ,0cm . and t h e  c o n t a c t  t iroes  w ere  a l t e r e d  by 

c h a n g in g  th e  s e t t i n g s  on t h e  E d w ard 's  v a l v e .

Run Sn 90 m e r i t s  some d i s c u s s i o n .  Mulcahy and  P e th a r d  

(2 3 ) s t a t e d  t h a t  t o  have  th e  m easured  v a lu e  o f  t h e  r a t e  

c o n s t a n t  a c c u r a t e  w i t h i n  10$ , t h e  r a t i o  o f  c o n t a c t  t im e  t o  

p r e s s u r e  e x p re s s e d  in  cm. s h o u ld  be g r e a t e r  th a n  .5  t o  a t t a i n  

th e rm a l  e q u i l i b r i u m .  To a v o id  e r r o r s  due t o  d i f f u s i o n ,  t h i s  

r a t i o  s h o u ld  be l e s s  th a n  3 a t  $0$ d e c o m p o s i t io n  and  l e s s  

th a n  10 a t  2 5$ . S in c e  Run Sn 90 would have a  r a t i o  o f  5-478 

o v e r  2 .0 2  e q u a l s  2 .7 4  and  o u r  d e c o m p o s i t io n  i s  84$ , p ro b lem s 

due t o  d i f f u s i o n  a r e  v e ry  p o s s i b l y  and  th u s  t h e  d e v i a t i o n  

from  t h e  l i n e .

The v a lu e s  o f  ka /fcr ^ f o r  t h e  same ru n s  a g a i n  show 

l i t t l e  d ep end ence  on c o n t a c t  t im e ,  e x c e p t  f o r  Run Sn 9 0 .

H ere , a s  s t a t e d  above  , b ack  d i f f u s i o n  and f lo w  d i f f i c u l t i e s  

w ere  p r e s e n t .  T h is  was n o te d  by Mulcahy (23) and B a t t e n  (24$ 

a l s o  u n d e r  s i m l l i a r  c o n d i t i o n s .  W ith  h ig h  d e c o m p o s i t io n  a s  

in  Run Sn 90 , a  h ig h  c o n c e n t r a t i o n  o f  m e th y l r a d i c a l s  would 

be p r e s e n t  a t  t h e  s t a r t  o f  t h e  r e a c t i o n  z o n e .  B oth  t h e s e  

c o n d i t i o n s  would c r e a t e  a  s i t u a t i o n  f a v o u r in g  r e c o m b in a t io n .  

Thus, t h e  r a t e  c o n s t a n t  r a t i o  ^ would d e c r e a s e .
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F o r  th e  o t h e r  r u n s ,  t h e  p e r  c e n t  d e c o m p o s i t io n s  

c a n  he s a i d  t o  be i n  th e  medium p e r  c e n t  d e c o m p o s i t io n  

r a n g e .  U nder t h e s e  d e c o m p o s i t io n s ,  t h e r e  w i l l  n o t  be a  

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

o f  th e  h o t  zone and ev en  i f  t h e  c o n t a c t  t im e  i s  f a i r l y  

lo n g  and t h e r e f o r e  th e  accom panying  s lo w e r  f lo w ,  th e  

r e c o m b in a t io n  would n o t  be a s  h i g h l y  f a v o u re d  a s  i n  

th e  c a se  o f  th e  h ig h  d e c o m p o s i t io n s .

TABLE V

E f f e c t  o f  C o n ta c t  Time on R ate  C o n s ta n t  and ka / k r jf

Run #
( s e c . )

#Decomp.
( g a s )

foDe corap. 
( a l k y l )

Log k ka / k r ^

Sn 92 .566 1 3 .4 1 4 .3 - .5 9 4 6 6 5 5 .2

Sn 91 o93 7 1 9 .5 2 2 .7 - .6 3 5 7 6 6 0 .5

Sn 88 1 .8 4 9 3 5 .4 3 4 .2 - . 6 2 6 3 6 7 0 .6

Sn 89 2 .5 9 8 4 8 .0 5 0 .6 - .5 9 9 1 6 6 2 .6

Sn 90 5 .4 7 8 8 3 .2 8 6 .3 - .4 8 7 0 4 8 1 .8
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C . Pressure Effect

As p r e v i o u s l y  d i s c u s s e d  i n  th e  t h e o r y  s e c t i o n  o f  

Bond D i s s o c i a t i o n  E n e r g i e s  by  t h e  K i n e t i c  M ethod, i t  i s  

n e c e s s a r y  t h a t  th e  r a t e  c o n s t a n t s  sh o u ld  be d e te rm in e d  i n  a  

p r e s s u r e  " in d e p e n d e n t"  r e g i o n .  I n  t h i s  s e r i e s  o f  r u n s ,  th e  

t o t a l  p r e s s u r e  o f  th e  sy s te m  was changed  from  1 0 .6 4  mm, t o  

5 2 ,41  mm, and v e r y  l i t t l e  e f f e c t  was n o te d  i n  t h e  r a t e  c o n s t ­

a n t .  S t u d i e s  i n v o lv i n g  Hg(Me)2 and Cd(Me)2 ( 2 5 ) d id  show a  

p r e s s u r e  e f f e c t .  I n c r e a s e d  p r e s s u r e  y i e l d e d  an  i n c r e a s e  i n  

' k ' ,  b u t  a  maximum *k' was r e a c h e d  on i n c r e a s i n g  p r e s s u r e .

TABLE VI

EFFECT OF PRESSURE ON THE RATE CONSTANT

Run # Temp °C P r e s s u r e ( c m . ) k g ( s e c “ 1 )

Sn 94 867 1 0 ,6 4 .21014

Sn 93 86? 1 4 .8 7 .21122

Sn 95 865 2 3 .9 3 .22063

Sn 96 864 3 5 .5 6 .20323

Sn 98 866 4 0 .6 2 .20062

Sn 97 866 52 .41 .21408
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D. S u r f a c e  E f f e c t

Runs Sn l - 1 2 , S n  22 and 2 3 ,  and Sn 63-98  were ru n  

i n  t h e  o r d i n a r y  unpacked  r e a c t i o n  v e s s e l  w i th  a  volume o f  

1 7 0 .9  c c .  The r e m a in in g  r u n s  were r u n  i n  a  packed  v e s s e l  

( q u a r t z  r o d )  w hich  d e c r e a s e d  th e  volume t o  117 c c .  T h is  

i n c r e a s e d  t h e  s u r f a c e  t o  volume r a t i o  from  2 . 0  cm .2/  c c .  

t o  2 1 .2  cm .2/ c c .  P r i o r  t o  f i t t i n g  t h e  r e a c t i o n  v e s s e l  i n t o  

t h e  vacuum s y s te m , i t  was a c i d  washed a s  i n a c t i v e  a s  p o s s i b l e  

w i th  c o n c e n t r a t e d  n i t r i c  a c i d .  W ater h a s  b e en  found  t o  

a c t i v a t e  t h e  s u r f a c e .  The u npacked  v e s s e l  was t r e a t e d  

s i m i l i a r l y .  A s m a l l  s u r f a c e  e f f e c t  was n o te d  i n  th e  f i r s t  

r u n s  i n  e a c h  v e s s e l  (Sn 1 and Sn 13) a f t e r  p r e p a r a t i o n  

b u t  n o t h in g  was n o te d  from  t h e n  on . From th e  A r r h e n iu s  

p l o t  c o m p a r iso n ,  i t  i s  s e e n  t h a t  a  s u r f a c e  e f f e c t  i f  any  

i s  l i m i t e d  t o  l e s s  t h a n  2%, and t h e r e f o r e  th e  r e a c t i o n  m ust 

be c o n s id e r e d  hom ogeneous. One m ust a l s o  c o n s i d e r  th e  

d i f f e r e n t  f lo w  p a t t e r n  t h r o u g h  t h e  unpacked  and packed  

v e s s e l s .  T h is  c o u ld  e a s i l y  a c c o u n t  f o r  th e  d i f f e r e n c e  i n

t h e  two v e s s e l s . (26  )
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E. S u g g e s te d  M echanism ,

A l l  t h e s e  e x p e r im e n ta l  o b s e r v a t i o n s  s u g g e s t  th e  

f o l lo w in g  mechanism*

Sn(CH3 )^ ------— Sn(CH3 ) 3 CH3 (1 )

Sn(CH3 ) 3 ----- Sn(CH3 )2 + ch3 (2 )

Sn(CH3 )2 ----------- ► Sn(CH3 ) + ch3 (3 )

Sn(CH3 ) *— -------^ Sn + ch3 W

CKj + — ------- c 6h 5ch2 + CH^ (5 )

ch3 + c6h 5ch2 — -------- C6H5c2h 5 ( 6 )

2 CH3 -----------— > . C2H6 (7 )

2 C6H5CH2 ( c6h5ch2 ) 2 (8 )

MINOR REACTIONS*

ch3 + C2H6 ---------- c2h 5 + (9 )

c2h5 — C2HZ|. + H (1 0 )

H + C6H5CH3 — - h2 + C6H5CH2 (1 1 )

ch3 + C6H5CH2 — ------------> .•c 6h 5c2h 5 (12 )

T h is  m echanism  i s '  p ro p o se d  on t h e  b a s i s  o f  th e  

o b se rv e d  p r o d u c t s  and t h e  f a c t  t h e r e  i s  no b r e a k  i n  th e  

A r r h e n iu s  p l o t  ( F i g . 12) f o r  lo g  ka/ k r z v e r s e s  I oV t . T h is  

l i n e  i s  s e e n  t o  be s t r a i g h t  and c o n t in u o u s  i n d i c a t i n g  th e  

4 T in  —c a rb o n  bonds b r e a k  c o n s e c u t i v e l y .  The f a c t  t h a t  

t h e  gas a n a l y s i s  p e r  c e n t  d e c o m p o s i t io n s  a g re e  w e l l  w i th

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



49

3.9
*oai</> 3.8
.

oo
-*»

«/)
UJ_J
oX 3.8

3.5 -

oomt 3.4

3.3 ~

3.2

1.05 1.25

103/T

FIG.t2* ARRHENIUS PLOT OF KA/« V  AT 2.0 cm. PRESSURE 
PACKED VESSEL (approx.)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



50

3.9

oLU
CO 3.7

oo 3.6

.j o  x 3.5

3.3

3.2

1.125 1.175 1.225

103/T

FIGJ3* ARRHENIUS PLOT OF Ka/K r* AT 2 . 0  cm. PRESSURE 
UNPACKED VESSEL (approx.)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



51

t h o s e  p e r  c e n t s  d e te rm in e d  th r o u g h  r e s i d u a l  a l k y l  a n a l y s i s ,  

s u g g e s t s  t h a t  a l l  k  bonds a r e  b ro k e n  and t h a t  no m e th y l  

r a d i c a l s  a r e  l e f t  u n a c c o u n te d  f o r .  T h is  m echanism  a l s o  

a g r e e s  w i th  th e  mechanism  p ro p o se d  by W eb ste r  ( 2 )  f a r  

Pb(Me)j^,. A few l i q u i d  sam p le s  from  r u n s  were a n a ly z e d  on 

t h e  e l e c t r o n  c a p t u r e  (V a r ia n  1200) and  no o t h e r  v o l a t i l e  

t i n  p r o d u c t  p e ak s  o f  any co n seq u e n ce  were n o t e d .  A l l  

p r o d u c t s  d e t e c t e d  i n  t h i s  r e s e a r c h  a r e  a c c o u n ta b le  f o r  

i n  t h i s  m echanism .

A q u ic k  check  i s  done on t h e  d a t a  o b ta in e d  t o  s e e  

i f  t h e  m echanism  f i t s  w i th  r e s p e c t  t o  e n e rg y  and A f a c t o r s .  

Prom p r e v io u s  s t u d i e s  o f  t r i -  and d i -  m e th y l  a l k y l s ,  we 

c an  assume f o r  r e a c t i o n s  2 ,  3 , and 4 o f  th e  m echanism 

sh o u ld  have A f a c t o r s  A2 = 101 -*

a 3 = i o llf
and th e  r a t e s  o f  t h e s e  r e a c t i o n s  a r e  5 * 2 5 , 125 t im e s  

r e s p e c t i v e l y  f a s t e r  t h a n  r e a c t i o n  1 i n  o r d e r  t h a t  r e a c t i o n  

1 i s  r a t e  c o n t r o l l i n g .  5k3 = 2.5k2 = 125^  .

From o u r  d a t a ,  A^ = and = 6 4 ,5 0 0  c a l s . t  .*.

by s u b s t i t u t i n g  i n  th e  A r r h e n iu s  e q u a t io n  a t  a  m idd le  

r a n g e  t e m p e r a tu r e  o f  850°K, we g e ts

lo g  = lo g  A -  6 4 , 500/ 4 . 5 8  x 850  = - . 9 0 0 0

Now t o  s o lv e  f o r  E2 m a x . ,

lo g  k2 = l o g  5kj^ = 1 5 .OO -  E2 m a x . /  3893 

.*. E2 max. = 59*177 c a l s .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



52

Similiarlyi

log k^ = log 25k^ = 1 4 .0 0  -  E j  max/ 3 8 9 3

.% E3 max = 5 3,564 cals.

From calorometric measurements E for tetramethyltin is 
5 3 . 5 kclas. .♦. Ejj, max is then given a value of 37*759 
cals. for a maximum value. Substituting this value back 
into the Arrhenius equation,

log kjj, * log 125 kx = log Atf - 37*759/3893

which gives us a value of log = 8 .4 9 3. From
previous studies on InMe-j and ZnMe2 * an acceptable value 
for log A4 would be equal to or less than 1 0.0 0.
T h e r e fo r e  by t h i s  c h e c k ,  t h e  m echanism  a g a i n  seem s p o s s i b l e .

F .  Bond D i s s o c i a t i o n  E nergy

As discussed earlier, the activation energy for 
a unimolecular decomposition should be a good approximation 
to the bond dissociation energy. Thus D (CH^)^ S n — CH^ 

is equal to 64.5 kcals.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



BIBLIOGRAPHY

53

1. R .L . Geddes and E. Mack. J .  Am. Chem. Soc . 52, kJ72  
(1 9 3 0 ) .

2 .  N. W e b s te r .  M a s te rs  T h e s i s ,  U n i v e r s i t y  o f  W indsor ( 1 9 6 9 ) .

3 . S .J .W . P r i c e  and A .F . T ro tm an -D ic k en so n . T r a n s .  F a rad a y  
Soc . J&, 1630 ( 1 9 5 8 ) .

4 .  G.A. Nash, H.A. S k in n e r  and W.F. S to c k .  T r a n s .  F a ra d a y  
Soc. 61 , 6^-0 (1 9 6 5 ) .

5. C .E . W aring and W.L. H o r to n ,  J .  Amer. Chem. Soc . 6 7 .
5^0 (19^5).

6 . T .V . S a th y a m u r th y , S . S w a in a th a n ,  and L.M. Y e d d a n a p a l l i .  
J .  I n d i a n  Chem. Soc . 2 7 .  509 ( 1 9 5 0 ) .

7 .  S .J .W . P r i c e .  I n  "C om prehesive  C hem ical K i n e t i c s " ,  S e c .2 ,  
V ol. 4 ,  t o  be p u b l i s h e d .

8 . R . J .  Kom inar, M.G. J a c k o ,  and S .J .W . P r i c e .  Can. J .
Chem. 4 5 , 575 (1967).

9 . A. Shepp, J .  Chem. P hys . 2ft, 939 (1 9 5 6 ) .

10 . G.B. K is t ia k o w sk y  and E.K. R o b e r t s .  J .  Chem. P hys . 2 1 . 
1637 (1 9 5 3 ) .

11. A. Shepp and K .0 . K u tsc h k e .  J .  Chem. P h y s .  2 6 ,  1020 
(1957).

12. S .G . W hiteway and C.R. M asson. J .  Chem. P h y s .  2 5 , 233  
(1 9 5 6 ) .

13 . P .B . A yscough. J .  Chem. P hys . 2ff, 9 ^  (1 9 5 6 ) .

14 . M. S zw are . P r o c .  Roy. S oc . A207. 5 (1951)*

15. H. Bullard and M. Haussmann, J. Phys. Chem. 3ft, 7^3-7 
(1 9 3 0 ) .

16. M. Szware. J. Chem. Phys. 16. 128 (19^8).
17. S .J .W . P r i c e .  Can. J .  Chem. 4 0 ,  1310 (1 9 6 2 ) .

18 . J . J .  B a te n ,  A u s t r l .  J .  A pp l,  Chem. 12, 11-22 ( i 9 6 0 ) .

19 . F .A , L indem ann. T r a n s ,  F a ra d a y  S o c . 12, 598 ( 1 9 2 2 ) .

2 0 . K. L a i d l e r .  I n  "C hem ica l  K i n e t i c s "  M cG raw -H ill I n c .  
T o ro n to  ( 1 9 6 5 ) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



54

21 . M.G. J a c k o  and S .J .W . P r i c e ,  Can* J .  Chem, 4 l ,  1560
(1 9 6 3 ) .

22 . M.G. J a c k o  and S .J .W . P r i c e .  Can. J .  Chem. 4 2 ,  1198
(1 9 6 4 ) .

2 3 . M .F.R. M ulcahy and Mary E. P e t h a r d .  A u s t .  J .  Chem.
1 6 , 527 (1 9 6 3 ) .

2 4 . J . J .  B a t t e n .  A u s t .  J .  A p p l i ,  S c i .  12., 11 ( I 9 6 I ) .

2 5 . M. K r e tc h .  Ph.D . T h e s i s ,  U n i v e r s i t y  o f  W indsor (1964)

2 6 . R. J .  Kom inar, Ph.D . D i s s e r t a t i o n ,  U n i v e r s i t y  o f  
W indsor ( 1 9 6 8 ) .

2 7 . S .J .W . P r i c e .  Ph .D . T h e s i s ,  U n i v e r s i t y  o f  
E d in b u rg h  (1 9 5 8 ) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



VITA AUCTORIS

B om  i
O c to b e r  11 , 194-6* M o n t re a l ,  Q uebec, C anada.
Son o f  Mr. Gordon and M rs. D o r is  Jo h n so n .

P r im a ry  S c h o o l*
V isc o u n t  A le x a n d e r  S c h o o l ,  O ttaw a , O n ta r io .  
M cIn ty re  S c h o o l ,  N o rth  Bay, O n ta r io .
La T our P u b l i c  S c h o o l ,  S a i n t  Jo h n , New B run sw ick .

S eco n d ary  Schools*
S a i n t  Jo h n  High S c h o o l ,  S a i n t  Jo h n ,  N.B. 196 1-62 . 
W a lk e r v i l l e  C o l l e g i a t e  I n s t i t u t e ,  W indsor, O n ta r io  
Academic Course* 1962- 6 5 .

U n iv e r s i ty *
U n i v e r s i t y  o f  W indso r, W ind so r ,  O n ta r io .  1965- 6 9 . 
Degree* B a c h e lo r  o f  S c ie n c e  i n  Honours C h e m is try  

aw arded i n  1969 .

U n i v e r s i t y  Of W indso r, W indso r, O n ta r io  1968 - 7 0 . 
G rad u a te  R e se a rc h  and T e a c h in g  A s s i s t a n t .

Awards*
1969-70  N a t io n a l  R e se a rc h  C o u n c i l  B u r s a ry .

P r o f e s s i o n a l  S o c ie ty *
C hem ica l I n s t i t u t e  o f  C anada.

M a r i t a l  S ta tu s *
M a rr ie d  November 2 1 , 1969  t o  C a th e r in e  A*m« A m o t t

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.


	Pyrolysis of tetramethyltin.
	Recommended Citation

	tmp.1506712331.pdf.xfCkD

