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7 . 2 . 2 . d , .  V i b r a t i o n a l  r p c c t Í o 3 c o p y  o f  m c t a l  c l u r t e r c

7 . 2 . 2 . e .  M a B n c t i c  c i t c u l a r  d i c h t o i r m  ( M C D )  o f  m c t a l

c l u r  t  c r r

7 . 2 . 2 . Í .  P h o t o e m i r l i o n  l p c c t Í o t c o p y  o Í  m c t a l  c l u r t c r c

7 . 2 . 2 . g ,  U l t r a v i o l c t - v i r i b l c  a b t o r p t i o n  a n d  c m i r r i o n

l p G c t Í o t c o p y  o f  m c t a l  c l u r t c r o

7 . 2 . r .  R  c a c t i o n e  o f  l i g a n d - f  r c e  m c t e l  c l u s t c r r

7 . 3 .  M c t a l  C l u s t c r r  i n  P o l y m c t i c  a n d  O l i g o m e r i c  S u p p o r t r

7 . r . 1  .  M c t a l  c l u r t c r o  i n  t c a c t i v e  p o l y m c r r  a n d  o l i g o m e r r

7 . t . 2 .  M c t a l  c l u s t e r c  i n  D C 5 l 0 ;  m i c r o s c a l e ,  q u i e s c e n t

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

7 . r . t .  A s r i g n m e n t  o f  m c t a l  c l u s t c r  n u c l c a r i t i c r

7 . , . 4 .  T h e r m a l  a g g l o m c Í e t i o n  k i n c t i c s  f o r  M o ' ' / D C 5 l 0

7 . , . 5 ,  M o d e  o Í  m c t a l  c l u s t c t  f o r m a t i o n ,  b o n d i n g ,  a n d

r t a b i l i z a t i o n  i n  p o l y - ( d i m c t h y l - c o - m c t h y l p h e n y l r i l o r a n c )

7 . 3 . 6 .  M e t  a l  a t o m  r c  a c  t i o n s  w i t h  o l i g o s i l a s  t y r c n c r  a n d

p o l y m  c t h y l c y c l o p c n t  a d i c n  c r i l o r a n  e c

7 . r . 7 .  M e t a l  a t o m s  i n  u n r c a c t i v e  p o l y m c r r  a n d  o l i g o m c r r

7 . 4 .  O r i d c -  a n d  Z e o l i t c - c u p p o r t e d  M c t a l  C l u r t c r s

7 . 4 . 1  .  S o l v a t c d  m c t a l  a t o m  d i s p c r s i o n  m c t h o d s

7 . 4 . 2 .  M o d i f i c a t i o n  o Í  w c l l . d c f i n c d  h y d r o r y l a t c d  o r i d c

r u r f a c c s  w i t h  a o l v a t c d  m e t a l  a t o m g

7 . 1 . 2 . e .  I r o n  o n  s i l i c  a

7 . 4 . 2 . b .  I r o n  o n  t i t  a n i a

A  c k n o w l c  d g m c n t r

R  c f  c r c n c  e r

C h a p t c r  8 ;  M e t  a l  C l u r t c r r  a n d  Z c o l i t c r  ( l e c o b r )

8 .  l .  I n  t t  o d u  c t i o n

8 . 2 .  I m p o r t a n c c  o f  M c t a l - c o n t a i n i n g  Z c o l i t c s  i n  I n d u s t r i a l

C  a t  a l y s  i s

E . 3 .  A s s o c i a t i o n  o f  M e t a l  P r c c u r s o r s  w i t h  a  Z c o l í t c  M a t r i r

E . t . l .  G c n c r a t i o n  o f  t t a n s i t i o n - m c t a l  i o n  z c o l i t c r  b y

s t o i c h i o m e t r i c  i o n - e x c h a n g c  p r o c  c s r e t

8 . 3 . 2 .  P r e p a r a t i o n  o f  t r a n s i t i o n  m e t a l  c o n t a i n i n g  z c o l i t c s

b y  n o n s t o i c h i o m e t r i c  i o n  c x c h a n g e

8 . t . t .  C o m p e t i t i v c  i o n  c x c h a n g c

8 . 1 . , | .  L o a d i n g  o Í  z e o l i t c s  w i t h  m c t a l  c a r b o n y l r
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6 . ' . ' .  So rp t i on  oÍ  l ab i l c  o rgen i c  comp le re r

t . t . 6 .  F  o tmr t i on  o f  po l y cyeno  i n c l u r i on  compoundr

t , 3 . 7 .  A r r o c i r t i o n  o f  l e r g c  t m o u n t '  o f  m c t e l  p t G c U Í ' o Í l

w i tb  ZSM-J  zeo l i t c r

8 . ' . E .  P t c p e t e t i o n  o f  p r e c u r r o r r  o Í  r h e p c . r e l G c t i v G  m c t a l

c r t e l y r t r

E . t . 9 ,  C o m p r r l r o n  o f  m c t h o d r  e n d  t h c i r  r i m u l t  l n e o u t

ut  i l l z  r t ion

8 , t . 10 .  B r l l -m i l l i ng  o f  c l cmcn ta l  t e l l u r i um w i th  zeo l i t e  X

8 .4 .  Ac t i v r t i on  oÍ  Mc t  t l . Zeo l i t c  P recu r ro r r

8 .4 .1 .  D  chyd r r t l on  o f  c  r t i on - c r ch rng  ed  zeo l i t  c r

E .1 .2 .  Au to r cduc t i on  o f  t r en r i t i on  mc te l  i on r  i n  z co l i t c r

8 .1 . r .  Au to r cduc t i on  o f  t r en r i t i on  mc t r l  i on r  i n  z co l i t c r

c r c b e n g c r  w i t h  e m m i n e  c o m p l c r c r

8 . 4 . 4 .  T h c r m e l  d e c o m p o r i t i o n  o f  a o t b c d  m e t a l .  c a r b o n y l r

E .4 . r .  Tbc rmr l  e c t i v r t l on  o f  m  e ta l - ZSM-J  z co l i t c

P r c c u t t o Í t
8 . { .6 .  Tbc rmr l  r c t i ve t i on  o f  po l y cyano  i n c l u s i on

compoundr

E . J .  R  c d u c t l o n  o f  A c t i v e t e d  M e t a l - Z e o l i t c  P r e c u r r o r l

6 . t . 1 .  R  c d u c t i o n  w i t h  m o l e c u l e r  h y d r o g c n

8 . ! . 1 . t .  O v c r e l l r t o i c b i o m c t r y

8 . J . l . b .  D iÍÍc r cnc  c r  i n  r cduc i b i l i t y  oÍ  t r en r i t i on

m e t r l - con t  a i n l ng  z co l l t c r

8 . J , 1 . c .  C o r r e l e t i o n r  i n  r c d u c i b i l i t y  o f  d i f f c r c n t

t r rn r l t i on  me ta l  i on r  i n  z co l i t e r

8 . r . 2 .  R  cduc t l on  w i tb  e tom i c  byd rogcn

8 . t . t .  R c d u c t l o n  w i t h  c r r b o n  m o n o r i d e

6 . J . { ,  R  cduc t i on  w l tb  o thc r  r cec t rn t t  l u ch  r r  emmon i r

e n d  m c t r l  v e p o r r

8 . 5 . t .  F r c t o r r  d c t c r m i n i n g  t h c  r c d u c i b i l i t y  o f  t t e n r i t i o n

mc te l  i on r  l n  zeo l l t c r

8 . J . J . l .  EÍ 'Ícc t l  o f  r e r i due l  
. l e t t i c  

c  hyd roxy l  g roup r

8 . t . t . b .  I n f l u cncc  o f  c r t i on  l o ce t i on

E . J . J . c .  I n f l u cncc  o f  i r r cduc i b l c  po l yve l cn t  ce t i onc

8 . ' . 6 '  A t t cmpt  t o  r e t i one l i z c  r educ i b i l i t i e r  oÍ  t r an r i t i on

mc ta l  l on r  i n  z co l i t e r

8 . J , 7 .  K i n c t i c r  o f  r cduc t i on  o f  t r an r i t i on  mc ta l  i on r  i n

z co l i t c r  w i th  mo l c cu lu  byd togcn

8 .6 ,  Mc te l  S i n t c r i ng  i n  Zco l i t e r  end  S teb i l i z r t i on  o f  t b c

S y r  t  e m
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XI I

8 . 6 . 1 .  S i l v e r  z e o l i t e c

8 . 6 . 2 .  P t  a n d  P d  z c o l i t e s

8 . 6 . r .  N i  z e o l i t e s

E . 6 . 4 .  F c  a n d  R u  z c o l i t c s

8 . 6 . 5 .  S u m m a r y

8 . 7 .  C a t a l y t i c  P r o p e r t i e t  o f  M e t a l - C o n t a i n i n g  Z e o l i t e s

8 . 7 . | .  P a r t i c l  e  s i z c  a n d  s u p p o Í t  e f  f  c c t s

8 . 7 . 2 .  S e n s i t i v i t y  t o  p o i s o n i n g  o f  m e t a l  a g g , r c g a t c s

i n  z e o l i t c s

8 . 7 . 3 .  S h a p e - s c l e c t i v e  m e t a [  c a t a l y s i s

8 . 8 .  C o n c l u s i o n s

A c k n o w l e d g m c n t s

R e f c r e n c e s

c h a p t e r  9 :  s u p p o t t e d  M e t a l  c a t a l y s t s  P r c p a r c d  f r o m  M o l c c u l a r

M e t a l  C l u s t e r s r  O r g a n o m e t a l l i c  S u r f a c c  C h c m i a t r y

S e c t i o n  9 . l r  M e t a l  C l u s t e r s  o n  F u n c t i o n  a l i z c d  S u p p o r t r

( G e t c r )

9 . 1 . 1 .  I n t r o d u c t i o n

9 . 1 . 2 .  S y n t h e s i c

9 . I . 2 . 1 .  C l u s t c r s  o n  p o l y m c r s

9 . 1  . 2 . 1 . a .  L i g a n d  a s s o c i a t i o n

9 , 1 . 2 . 1  . b .  L i g a n d  e x c h a n g e

9 . 7 . 2 . 1 . c .  O x i d a t i v c  a d d i t i o n

9 . l . Z . l  . d .  I o n  e r c h a n g e

9 . 1 . 2 . 1 . e .  S y n t h c s i r  v a r i a b l e s

9 . 1  . 2 . 2 .  C l u s t c t s  o n  o r i d e t

9 . 1 . 3 .  S t r u c t u r a l  c h a r a c t c r i z a t i o n

9 . 1 . 4 .  R e a c t i v i t y

R  e f e r e n c  e r

S e  c t i o n  9 . 2 . : M e t a l  C l u s t c r s  o n  U n f u n c t i o n a l i z c d  I n o r g r n i c

O r i d c r  ( P r e t o  a n d  U g o )

9  . 2 . 1  .  I n  t r  o d u  c  t  i o n

9 . 2 . z .  M e t h o d s  f  o r  p r e p a Í a t i o n  a n d  c b a r a  c t e r i z a t i o n

9 . 2 . 2 . 1 .  T e c h n i q u e s  f o r  p r c p a r a t i o n  o f  s u p p o r t c d  o r

e n  t r a p p c  d  m e t  a l  c l u s  t  c r s

9 . 2 . 2 . 2 .  M c t h o d o l o g i c s  o f  c h a r a  c t e r i z a t i o n  o f  c u r f  a c e

t p c c i c 6

9 , 2 . u .  S u r f a c e  o Í 8 a n o m e t a l l i c  c h c m i r t r y  o Í .  f i r s t - r o w

t r r n r i t i o n  m c t  e l  c  a r b o n y l  c l u r t c r r
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9 . 2 . r . 1 .  I r o n  c l u r t c r r

9 . 2 . r . 2 .  C o b e l t  c l u t t c r r

9 . 2 . r , r .  N i c k c l  c l u r t e t r

9 . 2 . 1 .  S u t f e c G  o Í 8 t n o r r l c t e l l i c  c h e m i r t r y  o f  r e c o n d -  e n d

t h i r d - r o w  t r r n r i t i o n  m c t e l  c r r b o n y l  c l u r t c r r

9 . 2 . 1  . 1 .  R h o d i u m  c l u t t c r r

9 . 2 . 4 . 1 . r .  R h 6 ( C O ) 1 5  e n d  R h r ( C O ) 1 2  o n  r i l i c r
9 . 2 . , 0 . 1 . b .  R h 6 ( C O ) 1 6  e n d  R h a ( C O ) 1 2  o n  e l u m i n e
9 . 2 . { . l . c .  R h ő , ( c o ) t 6  o n  o t h c r  o r i d c r

9 . 2 . { . 1 . d .  R h o d i u m  c r r b o n y l  r n i o n r  o n  v r r i o u r

o x i d c r

9 . 2 . 1 . 2 .  I r i d i u m  c l u r r c t t

9 . 2 . 1 . t .  P l a t i n u m  c l u r t c r r

9 . 2 . 1  . 1 .  O r m i u m  c l u r t c r r

9 , 2 . 1 . 4 . r .  O r 3 ( C O ) 1 2 ,  H 2 O r 3 ( C O ) l O ,  e n d  O r 6 ( C O ) 1 6

on r  i l i c  e

9 . 2 . 1 . 1 . b .  O r t ( C O ) 1 2  r n d  O r 6 ( C O ) 1 g  o n  e l u m i n e

9 . 2 . 1 . 4 . c .  O r 3 ( C O ) 1 2  e n d  H 2 O r 3 ( C O ) l O  o n  t i t a n i r

e n d  z i n c  o r i d c

9 . 2 . 1 . 1 . d .  O ! l ( C O ) 1 2  o n  m r g n e r i r

9 . 2 . 1 . 5 .  R u t h c n i u m  c l u r t c r r

9 . 2 . 4 . J . r .  R u 3 ( C O ) 1 2  o n  r i l i c e

9 . 2 . 1 . r . b .  R u 3 ( C O ) 1 2  e n d  o t h c t  r u t h c n i u m

c lu r t e r r  on  r l um ine

9 . 2 . 1 . 5 . c .  R u 3 ( C O ) 1 2  e n d  H 4 R u a ( C O ) 1 2  o n

m a g n c r i r

9 . 2 . r .  S u p p o r t c d  b i m c t r l l i c  c l u r t c r r

9 . 2 . r . 1 .  B i m c t e l l i c  R h - C o  c e r b o n y l  c l u r t c r r  o n  m c t r l

o r i d c r

9 . 2 . r . 2 .  H F c C o 3 ( C O ) 1 2  r n d  H 2 R u O r S ( C O ) 1 3  o n  r l u m i n r
9 , 2 . J . r .  H 2 F c O r 3 ( C O ) 1 3  o n  r i l i c e

9 . 2 . r . 1 .  O t h c r  m i r c d  m c t r l  c l u r t c r r  o n  y - e l u m i n r

9 . 2 . 6 .  S u m m a r y  e n d  c o n c l u r i o n r

9 . 2 . 7 .  A d d e n d u m

R  e f c r c n c e r

S c c t i o n  9 . 3 2  S u p p o r t c d  M c t a l  C l u r t c r  C r t e l y r t r  f o r  A l k c n c

Conv  c r r i on  (G t t c r )

9 . r . 1 .  I n t r o d u c t i o n

9 . r , 2 .  C e t r l y t i c  a c t i v i t y
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9 .3 .3 .  Suppo t t cd  n r c t  t l !  w l t b  r imp lG  ' t l u c tuÍGt  dc r i v cd

f rom ruppo r t cd  oc te l  c l u r t c t r

9 . r . 1 .  Summery  end  cv r l ue t i on
R e f c r e n c e r

S e c t i o n  9 , 4 :  S u p p o r t c d  M c t e l  C a t r l y r t r  P t c p a r c d  f r o m

M o l c c u l e t  C l u r t e r r :  A c t i v i t i c r  f o r  H y d r o g c n o l y r i r

a n d  S k e l c t e l  I r o m c r i z a t i o n  o f  H y d r o c r r b o n r  ( i l e l r c )

9 . 4 . 1 .  I n t r o d u c t i o n

9 . 1 . 2 .  A p p t o e c h e r  t o  m c c b e n i s m r  o f  r k c l e t e l  t c  r r r r n g c -

m . n t t  o f  h y d r o c  e r b o n r  v i a  m c t  e l l e c  e r b c n c  a n d

m e t a l l a c  a r b y n c  c b c m i r t r y

9 . 1 . 2 . . .  S k c l  c t  r l  i r o m c t i z r t i o n

9 . 1 . 2 . b .  A r o m r t i z a t i o n

9 . 1 . 2 . c .  H y d r o g c n o l y r i r  o f  a l k e n e r

9 . 4 . 1 .  S u p p o r t c d  m o n o m c t a l l i c  c a t a l y r t r  p t c p e r c d  b y

d c c o m p o r i t i o n  o f  m o l e c u t e r  m e t e l  c l u r t c r r

9 . 1 . 3 , l .  S k c l c t a l  r c e r r r n 8 c m c n t t  o Í  h 7 d r o c a r b o n t

9 . 4 . r . b .  A l k c n c  h y d r o g c n r t i o n

9 . { . 4 .  C o r r c l e t i o n r  b c t w c e n  t h e  m e c h e n i r m r  o f  r e e c t i o n

o f  h y d r o c a r b o n r  a n d  t b c  r t r u c t u r c  a n d  c o m p o r i t i o n

o f  t h e  a c t i v c  c c n t c Í t

9  , 1 . J  .  C  o  n c  l u r  i o n r

A c k n o w l c d g m e n t r

R c Í c r c n c e a

S e c t i o n  9 . J :  C O  H y d r o g c n r t i o n  C a t r l y r i r  a n d  S u p p o r t e d

Mcte l  C lus t c r r  (Ko i i r i n t c r  and  Gr t c r )

9  , 7 . 1 .  I n t r  o d u  c t  i o n

g . , . 2 .  M o d c l i n g  o Í  t b c  F i a c h c r . T t o p r c h  Í G e c t i o n  b y

m o l e c u l e r  m e t a l  c l u r t c r e

9 . J . r .  S t o i c h l o m c t r i c  r c a c t i o n r  o f  m e t a l  c l u r t e r !  o n

o r i d c  r u r f r c c r

9 . r . 4 .  E v i d c n c c  o f  c a t a l y c i r  b y  m a g n c e i a - c u p p o r t c d

m o l e  c u l  a r  o s m i u m  c l u r  t  c t s

9 . r . J .  C o n v c n t i o n a l  r u p p o r t c d  m c t a l  c a t a l y a t r  p r c p a r c d

f r o m  m c t e l  c l u r t e r r

9 . J . 6 .  M c t a l  r 8 8 Í c 8 t t e s  i n  z c o l i t c  c e 8 c t

9 . r . 7 .  C o n c l u i o n r

. l : . Í t . t . n c c t
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C b r p t c r  l 0 r

1 0 . 1 .  I n t r o d u c t i o n
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