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ABSTRACT 

The r e a c t i o n o f m e thanol w i t h s y n t h e s i s gas t o f o r m e t h a n o l i n t h e 

presence o f a c o b a l t c a t a l y s t has been known f o r many y e a r s . The problems 

r e l a t i n g t o t h e commercial development o f t h i s r e a c t i o n a r i s e f r o m t h e 

severe p h y s i c a l c o n d i t i o n s r e q u i r e d , t h e low y i e l d o f e t h a n o l produced, 

and wide d i s t r i b u t i o n o f p r o d u c t s o b t a i n e d . 

The o b j e c t i v e s o f t h e s t u d y were: ( i ) t o assess t h e i n f l u e n c e o f 

p h y s i c a l c o n d i t i o n s ( p r e s s u r e , t e m p e r a t u r e , gas c o m p o s i t i o n ) on t h e r e a c t i o n 

( i i ) t o examine t h e e f f e c t o f promoters and l i g a n d s t a b i l i s e r s on t h e system 

and ( i i i ) t o i d e n t i f y any c a t a l y t i c i n t e r m e d i a t e s observed under r e a c t i o n 

c o n d i t i o n s . T h i s work employed t h r e e major i n v e s t i g a t i v e t e c h n i q u e s : h i g h 

p r e s s u r e i n f r a - r e d s t u d i e s , a u t o c l a v e r e a c t i o n s and b a s i c a t m o s p h e r i c 

p r e s s u r e n i t r o g e n l i n e c h e m i s t r y . 

A c o o r d i n a t e d s t u d y o f t h e r e a c t i o n s o f t h e system's components w i t h 

each o t h e r was p e r f o r m e d w h i l e t h e c o m p l e x i t y o f t h e system was g r a d u a l l y 

i n c r e a s e d . The e f f e c t s o f c h anging p h y s i c a l p a r a m e t e r s such as t e m p e r a t u r e , 

p r e s s u r e , s y n t h e s i s gas c o m p o s i t i o n e t c . were a l s o i n v e s t i g a t e d . The 

i n f l u e n c e s o f promoter and l i g a n d t y p e on t h e r e a c t i o n were a l s o s t u d i e d . 

The s p e c i e s observed t o be p r e s e n t i n t h e r e a c t i n g system by h i g h 

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

t h e r e a c t i o n . The e f f e c t on t h e r e a c t i o n o f p r o m o t e r s ( i o d i n e o r i o d i d e ) 

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

r e l a t i o n s h i p w i t h t h e c h e m i c a l and p h y s i c a l p r o p e r t i e s o f t h e i n t e r m e d i a t e s . 

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

r e g a r d t o t h e p o s s i b i l i t y o f phase t r a n s f e r t a k i n g p l a c e between a carbon 

m o n o x i d e - r i c h methanol l a y e r and h y d r o g e n - r i c h h y d r o c a r b o n l a y e r . 

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



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

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

p r e s s u r e i n f r a - r e d s t u d i e s e n a b l e d i n t e r m e d i a t e s p e c i e s t o be i d e n t i f i e d 

and a r e a c t i o n mechanism i s proposed i n c o r p o r a t i n g t h i s new i n f o r m a t i o n . 
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ABBREVIATIONS 

Ph=C 6H 5 

PPN=(C,H_),P=N=P(C,H,) 

R = A l k y l 

Me = CH 3 

Et = CH 3CH 2 

THF = T e t r a h y d r o f u r a n 

Ac = CH3C=0 



CHAPTER ONE 

INTRODUCTION 
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1.1. Background I n f o r m a t i o n 

S y n t h e s i s gas ( c a r b o n monoxide and hydrogen) i s an e x t r e m e l y a t t r a c t i v e 
1 2 

f e e d s t o c k f o r i n d u s t r i a l - s c a l e p r o d u c t i o n o f c h e m i c a l s . ' The success o f 

th e s e processes r e s t s u l t i m a t e l y upon t h e a v a i l a b i l i t y o f cheap s y n t h e s i s 

gas. A t p r e s e n t , i t can be produced f r o m c o a l ( o r r e s i d u a l p e t r o l e u m ) by 

steam-oxygen g a s i f i c a t i o n o r f r o m n a t u r a l gas by steam r e f o r m a t i o n o v e r a 

heterogeneous n i c k e l c a t a l y s t . Thus i t s p r o d u c t i o n i s dependent on no one 

n a t u r a l r e s o u r c e . B e s i d e s , d i r e c t s y n t h e s i s o f chemicals may be a c h i e v e d 

f r o m s y n t h e s i s gas, e.g. by t r a d i t i o n a l F i s c h e r - T r o p s c h p r o c e s s e s ; a l s o 

the u p - g r a d i n g o f o t h e r r e a d i l y a v a i l a b l e f e e d s t o c k s , e.g. o l e f i n s or 

methanol by h y d r o f o r m y l a t i o n o r c a r b o n y l a t i o n r e a c t i o n s (oxo pr o c e s s e s ) can 

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

a l c o h o l s has been p r a c t i s e d i n d u s t r i a l l y f o r over t h i r t y y e a r s . More 

r e c e n t developments have i n c l u d e d t h e c o m m e r c i a l i s a t i o n o f methanol 

c a r b o n y l a t i o n processes t o g i v e a c e t i c a c i d . 
Homogeneous methanol c a r b o n y l a t i o n r e a c t i o n s a r e s t r o n g l y dependent 

upon t h e s y n t h e s i s gas c o m p o s i t i o n ( t h e R^:CO r a t i o ) and t h e t r a n s i t i o n 

m e t a l c a t a l y s t employed. When pure carbon monoxide i s used, t h e r e a c t i o n 
3 

p r o d u c t i s a c e t i c a c i d o r i t s m e t h y l e s t e r , m e t h y l a c e t a t e . T h i s r e a c t i o n 

i s c a t a l y s e d by c o b a l t a t h i g h p r e s s u r e (800 Atm) o r r h o d i u m a t low 

p r e s s u r e (40 Atm). A d i f f e r e n t p r o d u c t d i s t r i b u t i o n i s o b t a i n e d ( u s i n g a 

c o b a l t c a t a l y s t ) when hydrogen i s i n t r o d u c e d i n t o t he f e e d gas. T h i s 

r e a c t i o n i s r e f e r r e d t o as me t h a n o l h o m o l o g a t i o n , and t h e major p r o d u c t i s 

g e n e r a l l y e t h a n o l . 

The homogeneously c a t a l y s e d h o m o l o g a t i o n o f methanol t o e t h a n o l has 

been known f o r many y e a r s . H o m o l o g a t i o n i s i n g e n e r a l d e f i n e d as "a 

r e a c t i o n by w h i c h a member o f an o r g a n i c c l a s s o f compounds i s c o n v e r t e d 
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i n t o a new compound c o n t a i n i n g one a d d i t i o n a l carbon atom bonded a t t h e 
4 

s i t e o f t h e o r i g i n a l f u n c t i o n a l g r o u p " ; a more s p e c i f i c d e f i n i t i o n 

i n v o l v e s use o f carbon monoxide as t h e source o f h o m o l o g a t i n g carbon i n 

the c r e a t i o n o f one a d d i t i o n a l methylene u n i t . 

The h o m o l o g a t i o n o f methanol w o u l d p r o v i d e a pathway f o r p r o d u c t i o n 

o f e t h a n o l f r o m more ec o n o m i c a l s t a r t i n g m a t e r i a l s , t h a n those used by 

c o n v e n t i o n a l methods o f h y d r a t i o n o f e t h y l e n e . A l s o i t w o u l d p e r m i t 

p r o d u c t i o n and r e p r o d u c t i o n o f a more s t a n d a r d i s e d p r o d u c t i n more e a s i l y 

p r e d i c t a b l e y i e l d s . The r e a c t i o n p o r t e n d s a l s o t o be t h e a l t e r n a t i v e t o 

the c r a c k i n g o f p e t r o l e u m as a r o u t e t o e t h y l e n e , v i a a subsequent 

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

Years o f i n t e n s e e f f o r t have been spent on the methanol h o m o l o g a t i o n 

r e a c t i o n a t numerous i n d u s t r i a l and government l a b o r a t o r i e s s i n c e i t was 

f i r s t r e p o r t e d . A l t h o u g h t h i s r e a c t i o n i s t h e r m o d y n a m i c a l l y sound and has 

been s u c c e s s f u l l y a t t e m p t e d , l a r g e amounts o f b y - p r o d u c t s such as 

al d e h y d e s , e s t e r s , a c i d s and gaseous h y d r o c a r b o n s a re c o n c u r r e n t l y 

produced. 

1.2. I n t r o d u c t i o n t o Methanol H o m o l o g a t i o n 

The r e a c t i o n s t u d i e d h e r e i s the c o n v e r s i o n o f methanol i n t o e t h a n o l 

u s i n g a c a t a l y s t based upon c o b a l t c a r b o n y l , under h i g h p r e s s u r e s o f 

s y n t h e s i s gas and h i g h t e m p e r a t u r e . 

The b a s i c r e a c t i o n has been known f o r a number o f y e a r s b u t s e v e r a l 

commercial l i m i t a t i o n s a r e a s s o c i a t e d w i t h i t . The r e a c t i o n c o n d i t i o n s 

need t o be f a i r l y s e v e re and hence e x p e n s i v e , the y i e l d o f t h e r e q u i r e d 

p r o d u c t i s n o t h i g h , t h e s e l e c t i v i t y t o e t h a n o l i s poor. Many p r o d u c t s 

are formed though some o f t h e b y - p r o d u c t s can be e a s i l y h y d r o l y s e d " t o 
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e t h a n o l . The p r o d u c t i o n o f these m a t e r i a l s , e s p e c i a l l y a c e t a l d e h y d e , 

a c e t a t e s and f o r m a t e s , a d v e r s e l y a f f e c t s t h e y i e l d o f e t h a n o l and produces 

complex s e p a r a t i o n p r o b l e m s , w h i c h t o g e t h e r , d e s t r o y most o f the economies 

made p o s s i b l e by t h e i n e x p e n s i v e raw m a t e r i a l s . 

The o r i g i n a l e x p e r i m e n t i n t h e h o m o l o g a t i o n o f methanol was f i r s t 

r e p o r t e d by B r o o k s , b u t h i s paper was more concerned w i t h t h e p r o d u c t i o n 

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

a r e g e n e r a l l y c r e d i t e d t o Wender and c o - w o r k e r s . These e x p e r i m e n t s 

i n v e s t i g a t e d t h e h o m o l o g a t i o n o f b e n z y l a l c o h o l , i s o - b u t y l a l c o h o l , t -

b u t y l a l c o h o l and n - p r o p y l a l c o h o l . L a t e r ^ Wender p u b l i s h e d a more 

s p e c i f i c account o f t h e c o n v e r s i o n o f methanol t o e t h a n o l i n f a i r l y h i g h 

y i e l d s . From t h e s e e a r l y e x p e r i m e n t s i t was f o u n d t h a t t h e o r d e r o f 

r e a c t i v i t y o f s t a r t i n g a l c o h o l s was t e r t i a r y > secondary > p r i m a r y . 

However methanol was f o u n d t o be anomalous, i n t h a t i t r e a c t e d f a s t e r 

t h a n secondary a l c o h o l s . 

The c o n d i t i o n s used by Wender were severe (185 G, 5100 p s i , 8 h r s . ) 

and t h e y i e l d o f e t h a n o l was ^ 38%. The f a c t t h a t no a p p r e c i a b l e q u a n t i t i e s 

o f t h e h i g h e r a l c o h o l s appeared i n the r e a c t i o n p r o d u c t s showed t h a t 

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

was a l s o found unnecessary t o use C0_(C0) as t h e c a t a l y s t i n t h e r e a c t i o n ; 
L o 

any s a l t o f c o b a l t y i e l d i n g t h e c a r b o n y l under t h e r e a c t i o n c o n d i t i o n s 

w o u l d s e r v e as an e f f e c t i v e c a t a l y s t . 

For s e v e r a l y e a r s t h e h o m o l o g a t i o n t e c h n i q u e d i d n o t g e n e r a t e a 
8—10 

g r e a t d e a l o f i n t e r e s t ; l a t e r however, s e v e r a l p a t e n t s were p u b l i s h e d , 
11—16 12 m a i n l y f r o m 1961 onwards. One g r a n t e d t o Commercial S o l v e n t s 

showed the f i r s t use o f h a l o g e n promoters f o r t h e c o b a l t c a t a l y s t . 

Whether t h e c l a i m e d s p e c i f i c i t y and y i e l d s were due t o the v e r y h i g h 



- 4 -

p r e s s u r e s used, o r t h e p a r t i c u l a r p r o m o t e r s _ i s . n o t made c l e a r . 

Some o f t h e major r e s e a r c h i n t h e f i e l d o f h o m o l o g a t i o n c h e m i s t r y 
17-22 

t o d ate has been p e r f o r m e d by t h e p e t r o l e u m companies and some o f t h e 

most comprehensive r e p o r t s and p a t e n t s have been p u b l i s h e d by t h e Royal 
23 

Dutch S h e l l team. These r e l a t e t o p r o d u c t i o n o f e t h a n o l f r o m m e t h a n o l , 

carbon monoxide and hyd r o g e n i n t h e presence o f a n o n - p o l a r s o l v e n t w i t h 

a c a t a l y s t system c o n s i s t i n g o f a t e r t i a r y p h o s p h i n e , c o b a l t and a h a l i d e 

( i o d i d e o r b r o m i d e ) . C o b a l t was p r e f e r r e d i n the i o n i c f o r m , b u t t h e use 

o f c o b a l t m e t a l t o r e a c t " i n s i t u " w i t h s y n t h e s i s gas t o f o r m t h e d e s i r e d 

c a t a l y t i c s p e c i e s was a l s o a l l o w e d . Examples o f t h e c o b a l t sources used 

a r e c o b a l t a c e t a t e , f o r m a t e o r c a r b o n a t e . The h a l i d e p r o m o t e r , used t o 

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

m o l e c u l a r f o r m (as I o r B r ^ ) . C l e a r l y t he p r e f e r a b l e source o f i o n i c 

h a l i d e i s the c o b a l t h a l i d e , as t h i s p r o v i d e s b o t h t h e c o b a l t and h a l i d e 

used i n the r e a c t i o n c a t a l y s t . However t h e h a l i d e can be p r o v i d e d i n 

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

r e a c t i o n . T y p i c a l forms t h e r e f o r e i n c l u d e K I , KBr, N a l , NaBr, L i l and 

L i B r . 

I n t h e s e r e p o r t s t h e c o b a l t was t h o u g h t t o be i n a reduced s t a t e b u t 

i t s e x a c t v a l e n c y was n o t known; i t was r e g a r d e d as e x i s t i n g as a c o b a l t -

p h o s p h i n e - h a l i d e s p e c i e s . The c a t a l y t i c p r e c u r s o r was p r e p a r e d e i t h e r by 

f i r s t c o m b i n i n g t h e r e a g e n t s and t h e n a d d i n g them t o t h e r e a c t i o n v e s s e l , 

o r a l t e r n a t i v e l y by a d d i n g t h e i n d i v i d u a l components t o t h e r e a c t i o n 

v e s s e l and a l l o w i n g t h e c a t a l y s t t o f o r m under r e a c t i o n c o n d i t i o n s . 

F r e q u e n t l y t h e i n t r o d u c t i o n o f CO and H was s t a g e d ; t h a t i s t h e gases 

were i n t r o d u c e d i n i t i a l l y w i t h a r e l a t i v e l y low h y d r o g e n t o carbon 

monoxide r a t i o ( t h e gases c o u l d be d i l u t e d i f n e c e s s a r y w i t h an i n e r t g a s ) , 



- 5 -

and s h o r t l y thereaf t e r the hydrogen, to carbon-monoxide r a t i o - was 

increased. I n general r e a c t i o n vessel residence times are l i m i t e d t o 

those necessary to achieve s a t i s f a c t o r y conversion, i n order to minimise 

the formation of by-products. 
24 

Studies by Koermer e t a l . i n d i c a t e t h a t i n batch systems, the 

r e a c t i o n i s not so s e l e c t i v e to ethanol as was p r e v i o u s l y reported. (Over 

twenty d i f f e r e n t compounds have been i d e n t i f i e d i n the f i n a l mixture.) 

Attempts to improve the s e l e c t i v i t y or a c t i v i t y of the cobalt c a t a l y s t by 

a d d i t i o n of various ligands or co-catalysts were not successful. 

The homologation r e a c t i o n i s generally i n v e s t i g a t e d as a batch r e a c t i o n 
24 

but some i n f o r m a t i o n i s a v a i l a b l e concerning continuous flow systems. 

A d i f f e r e n t approach was used i n the continuous process u n i t to avoid 

problems inherent i n the batch r e a c t o r . Due to long h e a t i n g and c o o l i n g 

times there i s nece s s a r i l y a long residence time i n the batch process which 

could lead t o the many by-products. The concentration increase of 

r e a c t i o n products and water w i l l a l t e r the r e a c t i o n medium and hence 

possibly a l t e r the course of the r e a c t i o n . The continuous flow r e s u l t s 

obtained i n d i c a t e t h a t the same range of products as observed i n the batch 

process i s present; however the r e l a t i v e amounts, as r e f l e c t e d by molar 

s e l e c t i v i t i e s have changed s l i g h t l y . The concentration of ethanol and 

mate r i a l s e a s i l y hydrolysedto ethanol has increased. This represents a 

s i g n i f i c a n t increase i n s e l e c t i v i t y to the required products over batch u n i t 

operation. The major unwanted by-products from the continuous run are 

unchanged. 
25—28 

More recent work by Japanese s c i e n t i s t s has shown t h a t i o d i n e 

and iodide are promoters f o r the r e a c t i o n , although the product 

d i s t r i b u t i o n was not s i g n i f i c a n t l y a f f e c t e d . The r e s u l t s obtained i n d i c a t e 

t h a t i o d i d e i s s l i g h t l y more e f f e c t i v e than i o d i n e , e s p e c i a l l y a t high 
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conversion l e v e l s . Pressures up to 6000 psi- r e s u l t i n an increase i n 

t o t a l conversion, but above t h i s pressure very l i t t l e change i s noted. 

The r a t i o of hydrogen to carbon monoxide i n the synthesis gas has an e f f e c t 

upon the r e a c t i o n r a t e : the formation of ethanol i s expected to be 

favoured i n the presence of an excess of hydrogen. I n f a c t the y i e l d and 

conversion do not increase as much as expected, and the best CO/Ĥ  r a t i o 

i s u n i t y . High temperature (> 220°C) a f f e c t s the r e a c t i o n adversely by 

i n c r e a s i n g the p r o p o r t i o n of unwanted products (methane and and 

higher oxygenated compounds). Low temperature also adversely a f f e c t s the 

r e a c t i o n as the y i e l d of acetaldehyde increases and the r a t e of r e a c t i o n 

decreases sharply. 
29 

An attempted improvement to the basic system was to have e s s e n t i a l l y 

an a l c o h o l i c s o l u t i o n of c o b a l t carbonyl i n contact w i t h a s o l i d phase 

heterogeneous hydrogenation c a t a l y s t such as rhenium metal. Rhenium was 

found t o be u s e f u l i n i t s a b i l i t y t o increase the e f f i c i e n c y of the 

homologation of methanol. Many systems c o n t a i n i n g metals other than 

rhenium were found to be i n e f f e c t i v e f o r enhancing the cobalt catalysed 

r e a c t i o n . I t i s a c r i t i c a l aspect of t h i s combined c a t a l y t i c system t h a t 

the c o b a l t carbonyl species does not have prolonged contact w i t h the 

rhenium metal i n the absence of carbon monoxide pressure, as t h i s w i l l 

cause decomposition and d e a c t i v a t i o n of the cobalt species. 

Other s i n g l e metal systems have been examined as homogeneous c a t a l y s t s 

f o r t h i s r e a c t i o n but none have been very successful. Generally, c a t a l y s t s 

which possess high a c t i v i t y tend to give a wide spectrum of products. 

This not only complicates the recovery of the r e q u i r e d products, but 

r e s u l t s i n wastage of reactants to commercially u n i n t e r e s t i n g by-products. 

The homologation of methanol to ethanol has also been i n v e s t i g a t e d i n 
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a p a r a l l e l fashion by workers i n the f i e l d of heterogeneous c a t a l y s i s . - -

But, to date, there i s no commercially v i a b l e procedure f o r converting 

simple alcohols i n t o t h e i r higher homologues, using t h i s method of 

c a t a l y s i s . Chief amongst the reasons f o r t h i s has been the f a i l u r e of 

heterogeneous c a t a l y s t formulations t o w i t h s t a n d the elevated temperatures 

and pressures inherent i n these processes w i t h o u t s u b s t a n t i a l loss of 

a c t i v i t y , i n a short p e r i o d of time. As a r e s u l t these c a t a l y s t s u s u a l l y 

have an e f f e c t i v e l i f e of only a few hours, which i s f a r too short to 

j u s t i f y t h e i r employment i n commercial continuous processes. Recent 

i n v e s t i g a t i o n s have produced moderate y i e l d s , and the range of products 

obtained i s smaller than t h a t produced w i t h the homogeneous c a t a l y s t system, 

thus making separation and p u r i f i c a t i o n t h a t much simpler. However despite 

these advantages the s t a b i l i t y of the heterogeneous c a t a l y s t i s f a r too 

poor f o r the method t o be a serious competitor f o r the homogeneous system. 

Many proposed mechanisms f o r the methanol homologation r e a c t i o n 

p a r a l l e l the mechanism proposed f o r o l e f i n h y d r o f o r m y l a t i o n . An aldehyde 

i s an intermediate product t h a t i s subsequently hydrogenated. The main 

d i f f e r e n c e between the two processes ( h y d r o f o r m y l a t i o n vs. homologation) 

i s b e l i eved t o be the i n i t i a l a c t i v a t i o n of the reactants by a h y d r i d o -

c o b a l t carbonyl species to form an a l k y l - c o b a l t carbonyl. Iodine i s 

thought to f u n c t i o n as a promoter of the homologation r e a c t i o n by forming 

methyl i o d i d e , which i s believed to r e a c t f a s t e r than methanol w i t h 

h y d r i d o c o b a l t carbonyl to give methyl cobalt carbonyl. A hydridocobalt 

carbonyl i o d i d e has also been suggested as a p o t e n t i a l c a t a l y s t 

intermediate i n iodide-promoted systems. 

The study undertaken i s a systematic i n v e s t i g a t i o n of the methanol 

homologation r e a c t i o n , t o provide i n f o r m a t i o n on the basic chemistry, i n 
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order to o b t a i n a deeper understanding of the c a t a l y t i c process, to 

determine the parameters most i n f l u e n c i n g conversion and s e l e c t i v i t y , and 

to provide an assessment of proposed c a t a l y t i c intermediates and mechanisms. 

The v a r i a t i o n of p h y s i c a l r e a c t i o n conditions has been st u d i e d as have 

the e f f e c t s of l i g a n d m o d i f i e r s and solvents. Low pressure synthesis of 

model c a t a l y t i c compounds and possible r e a c t i o n intermediates have also 

helped i n the assessment of the d e t a i l e d r e a c t i o n process. 



CHAPTER TWO 

EXPERIMENTAL 
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2.1. Techniques 

2.1.1. Manipulations of moisture s e n s i t i v e compounds 

A l l p u r i f i c a t i o n s of solvents by d i s t i l l a t i o n , or s o l u t i o n r eactions 

at e i t h e r room temperature or under r e f l u x , were performed under an 

atmosphere of n i t r o g e n . This was obtained from the supply l i n e and passed 
o 

through a tower at 400 C c o n t a i n i n g copper wire ( t o remove oxygen) and 

several d r y i n g agents, (concentrated s u l p h u r i c a c i d , potassium hydroxide, 

3A molecular sieve and phosphorus pentoxide). A constant pressure of 

n i t r o g e n was maintained i n the system by connecting one o u t l e t t o an o i l 

bubbler. The l i n e supplied dry n i t r o g e n d i r e c t l y to the vacuum l i n e so 

t h a t apparatus could be evacuated and r e f i l l e d w i t h an i n e r t atmosphere. 

The vacuum l i n e , f i t t e d w i t h a mercury d i f f u s i o n pump was able to develop 
-3 

a vacuum of b e t t e r than 10 t o r r . 

More complex manipulations (e.g. p r e p a r a t i o n of moisture s e n s i t i v e 

m a t e r i a l s f o r i n f r a - r e d spectroscopy or a n a l y s i s ) were done i n a dry 

n i t r o g e n glove box. Fresh phosphorus pentoxide was kept i n the e n t r y p o r t 

and i n s i d e the box as a precaution against moisture being introduced. 

The n i t r o g e n atmosphere i n the box was recycled continuously through 

d r y i n g tubes also c o n t a i n i n g phosphorus pentoxide. 

2.1.2. Physical techniques 

I n f r a - r e d spectroscopy 

I n f r a - r e d spectra (4000 - 250 cm ^) of n u j o l mulls prepared under 

n i t r o g e n were recorded, using KBr p l a t e s , on a Perkin-Elmer 577 or 457 

prism g r a t i n g spectrometer. I f the moisture s e n s i t i v i t y of a compound 

was low, a b e t t e r spectrum was o f t e n obtained from aKBr disc of the 

sample. Discs were prepared i n a d i e w i t h a h y d r a u l i c press at 2 GPa 

(maximum) pressure. S o l u t i o n spectra were recorded using a Perkin-Elmer 
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s o l u t i o n c e l l w i t h a 0.1 mm path and NaCl, KC-1 -or- CaF^ windows . - High 

pressure s o l u t i o n spectra were recorded on a Perkin-Elmer 257 spectrometer, 

modified to accept high pressure bombs. The m o d i f i c a t i o n s to the spectrometer 

consist of an adjustment of the l i g h t path by fou r e x t r a concave m i r r o r s t o 

enable two high pressure bombs to be i n s e r t e d i n t o the sample and reference 
32 

beams. The system i s s i m i l a r t o t h a t used by Whyman except t h a t here an 

ex t r a bomb was included i n the reference beam. The bombs themselves are 

based on an I . C . I , design and are used w i t h CaF^ windows. Spectra were 
-1 33 recorded i n the region 2300 - 1200 cm . The windows were found t o extrude 

slowly and ev e n t u a l l y crack under high pressure. 

Mass spectrometry 

Mass spectra were obtained using an A.E.I. MS9 mass spectrometer at 

70 eV w i t h an a c c e l e r a t i n g p o t e n t i a l of 8 KeV and w i t h a source temperature 

of 80° - 220°. The samples were mounted on an i n e r t ceramic m a t e r i a l and 
introduced on a d i r e c t i n s e r t i o n probe. 

31 

P N.M.R. spectroscopy 

Nuclear magnetic resonance spectra were recorded using an F.T. 

spectrometer constructed i n t h i s department and which has been described 
34 . . . 

m d e t a i l elsewhere. The machine u t i l i s e s a 1.4x magnet from a Perkin-

Elmer R10 and i s c o n t r o l l e d by a Varian 620/L computer. This stores and 

accumulates the free i n d u c t i o n decay produced by a powerful R.F. pulse. 

A f t e r the required number o f scans have been completed the computer 

processes the accumulated F.I.D.'s t o give the spectrum. The sweep wi d t h 

can be v a r i e d from 40 t o 800 ppm to observe resonances i n the range -400 

to +1100 ppm. 

Spectra were run at 307.2 K, the s t a t i o n a r y samples being contained 

i n 8.4 mm e x t e r n a l diameter tubes. Chemical s h i f t s were measured r e l a t i v e 
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to e x t e r n a l 85% Ĥ PÔ , w i t h the u p f i e l d d i r e c t i o n taken as p o s i t i v e . Sample 

tubes were f i l l e d by syringe against a counter c u r r e n t of n i t r o g e n and, 

where necessary sealed under n i t r o g e n . 

Raman spectroscopy 

Raman spectra were recorded using a Cary 82 spectrometer w i t h a 

Spectra Physics 125 (632.8 nm e x c i t i n g l i n e ) or a Spectra Physics 164 

(514.5 nm e x c i t i n g l i n e ) l a s e r . 

UV/visible spectroscopy 

These were recorded on a Unicam SP8000 or Unicam SP800 recording 

instrument using 1 cm glass or s i l i c a c e l l s where appropriate. 

Chromatography 

L i q u i d samples were analysed on a Varian 3700 series instrument. The 

column used was constructed from "*74 inch (0D) s t a i n l e s s s t e e l t u b i n g and 

was nine f e e t long. The column was packed as f o l l o w s ; the f i r s t s i x f e e t 

(taken from the detector end) contained Poropak N and the l a s t three f e e t 

Poropak Q. During use the Varian was programmed as f o l l o w s : 

t = 0 to 15 minutes 170°C 

t = 15 minutes, increase temperature to 185°C (at 50°C/min.). 

The c a r r i e r gas composition was as f o l l o w s : 

Nitrogen 60 p s i - 30 mls/min. 

Hydrogen 40 p s i - 30 mls/min. 

A i r 60 p s i - 300 mls/min. 

These p a r t i c u l a r conditions were devised by a d j u s t i n g the various 

p h y s i c a l parameters to give the best possible separation of methanol, 

acetaldehyde and ethanol. 

As regards a n a l y s i s , an i n t e r n a l standard was not u s u a l l y used, since 

the samples themselves were gen e r a l l y too complex. Instead modified 
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35 . 

Sternberg f a c t o r s have been used which r e l a t e the peak area d i r e c t l y to 

the weight percentage by means of the f o l l o w i n g expression: 

area. % W . = — X •/ 'GD where f. = Sternberg f a c t o r , 
1 _ area* i-E.f.( x l -»-

Each weight percentage was then normalised to take account of the 

weight of c a t a l y s t i n s o l u t i o n and the percentage of water i n the sample. 

From the percentage by weight of each component the number of moles of each 

component were c a l c u l a t e d and hence percentage y i e l d s and s e l e c t i v i t i e s were 

found: 

„ , . .. , j- , moles of methanol converted t o product . % molar y i e l d of product = ; •= ; ; E x 100 moles of methanol put i n 

m i . . . . r , moles of methanol converted t o product % molar s e l e c t i v i t y of product = : ; x 100 moles of methanol consumed 

When a series of very s i m i l a r systems were being examined, i t was 

o f t e n found f o r r o u t i n e m o n i t o r i n g purposes t o be simpler and more convenient 

to make d i r e c t comparison between the areas obtained r a t h e r than use the 

Sternberg f a c t o r s as the r e s u l t s were found t o be s u f f i c i e n t l y accurate. 

2.1.3. A n a l y t i c a l methods 

Carbon, hydrogen and n i t r o g e n 

Carbon, hydrogen and n i t r o g e n were determined by microcombustion w i t h 

a Perkin-Elmer 240 Elemental Analyser. The r e l i a b i l i t y of the machine was 

found t o be v a r i a b l e . 

Metals, arsenic and antimony 

Metals, arsenic and antimony were determined by Atomic Absorption 

Spectrophotometry using a Perkin-Elmer 403 instrument. 

Phosphorus and halogens 

Phosphorus and halogen analyses were c a r r i e d out by the departmental 

analyst. For phosphorus and c h l o r i n e , a weighed sample was decomposed by 

f u s i o n i n a n i c k e l Parr bomb. The residue was a c i d i f i e d w i t h concentrated 
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n i t r i c a c i d and made up to 100 mis w i t h d i s t i l l e d water. For phosphorus 

a s u i t a b l e a l i q u o t was t r e a t e d w i t h ammonium molybdate/ammonium vanadate 

reagent and the absorbance measured at 420 um using a Unicam SP500 

spectrophotometer. Chlorine was determined by p o t e n t i o m e t r i c t i t r a t i o n 

against M/100 s i l v e r n i t r a t e s o l u t i o n using Ag/AgCl electrodes i n an 

acetone medium. 

Bromine and iodine were determined i o d o m e t r i c a l l y f o l l o w i n g a Schoniger 

oxygen f l a s k combustion. 

Water analysis 
36 

Water was determined by Karl-Fischer a n a l y s i s . 

2.2. Preparation and p u r i f i c a t i o n of s t a r t i n g m a t e r i a l s 

2.2.1. Solvents 

Methanol: - the AnalaR reagent was reacted w i t h magnesium ribbon 

(1 gm. per 100 ml.) u n t i l no f u r t h e r effervescence was observed, then 

d i s t i l l e d under n i t r o g e n onto an a c t i v a t e d , 3A molecular sieve. When a 

scrupulously dry solvent was r e q u i r e d , "Spectrosol" grade methanol was used. 

Ethanol and dichloromethane were d i s t i l l e d under n i t r o g e n onto 

a c t i v a t e d 3A molecular sieve. 

THF, toluene, pentane and hexane were a l l d r i e d over sodium w i r e and 

stored under n i t r o g e n . 

Hexadecane and octadecane were the best a v a i l a b l e commercial grade 

ma t e r i a l s a v a i l a b l e and were used w i t h o u t p u r i f i c a t i o n . 

Acetone was AnalaR grade and was d i s t i l l e d under n i t r o g e n onto 

a c t i v a t e d 3A molecular sieve. 

Petroleum ether was used w i t h o u t p u r i f i c a t i o n . 

Dioxane was d r i e d over sodium w i r e and f r e s h l y d i s t i l l e d before use. 
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Water was d i s t i l l e d , then b o i l e d ' i n vacuo' f o r 15 minutes to expel 

dissolved CÔ , p r i o r t o storage w i t h a soda-lime guard tube. 

Other solvents were obtained i n the best commercial grade a v a i l a b l e 

and used w i t h o u t p u r i f i c a t i o n . 

2.2.2. Gases 

Nitrogen and hydrogen were provided by B r i t i s h Oxygen Company, carbon 

monoxide and synthesis gas mixtures supplied by A i r Products; a l l gases 

were used d i r e c t l y from the c y l i n d e r s w i t h o u t p u r i f i c a t i o n . 

2.2.3. S t a r t i n g m a t e r i a l s 

Carbonyl species 

Di c o b a l t qctacarbonyl and PPNCo(CO)^ were generously provided by 

B r i t i s h Petroleum Company and purchased from Strem Chemicals. Dicobalt 

octacarbonyl was r e c r y s t a l l i s e d from hexane before use. [Co(CO)^PPh^]^ was 

supplied by Strem Chemicals and used w i t h o u t p u r i f i c a t i o n . 

Ligands 

The phosphine ligands and t r i p h e n y l a r s i n e and t r i p h e n y l s t i b e n e were 

a l l obtained from B r i t i s h Drug Houses and checked by i n f r a - r e d and 

m e l t i n g p o i n t before use. 

Salts 

Cobalt c h l o r i d e , n i t r a t e and acetate were a l l supplied by B r i t i s h 

Drug Houses and used a f t e r r e c r y s t a l l i s a t i o n from water. Cobalt carbonate 

was provided by B r i t i s h Petroleum Company and used without p u r i f i c a t i o n . 

PPNC1 was obtained from Strem Chemicals and used w i t h o u t p u r i f i c a t i o n . 



CHAPTER THREE 

AN EXAMINATION OF THE BASIC COBALT/METHANOL 

REACTION SYSTEM 
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3.1. I n t r o d u c t i o n 

This chapter i s concerned w i t h the basic reactions between cobalt 

c o n t a i n i n g species and methanol. The r e a c t i o n s are studied at a v a r i e t y of 

temperatures and pressures, i n c l u d i n g high pressures and high temperatures 

i n an i n f r a - r e d autoclave c e l l . The main purpose of the chapter i s to 

r e p o r t the e f f e c t s of temperature, pressure, c a t a l y s t form and c a t a l y s t 

composition on the r e a c t i o n , and to i d e n t i f y some major c a t a l y t i c species 

" i n s i t u " at high pressures. These species are compared and contrasted w i t h 

those cobalt compounds produced i n low pressure experiments. 

3.2. Low Pressure Study of the Dicobalt Octacarbonyl/Methanol Reaction 

3.2.1. Experimental 

(a) Methanol and d i c o b a l t octacarbonyl at room temperature. 

When c r y s t a l s of Co (CO) (0.3 g, 1 mmo1) were s t i r r e d w i t h dry 
2. o 

methanol (30 m l ) a dark red/brown s o l u t i o n was formed r a p i d l y . No 

s i g n i f i c a n t change i n colour was noted f o r about 1 hour, when a gradual 

loss of colour occurred and f i n a l l y , a f t e r 3 hours, a pale pink s o l u t i o n 

remained. This pink s o l u t i o n p e r s i s t e d unchanged f o r 40 hours. The s o l u t i o n 

was then g e n t l y evaporated t o dryness i n vacuo, leaving a black s o l i d , 

which was found t o be very pyrophoric when brought i n t o contact w i t h a i r . 

The r e a c t i o n system was sampled and studied throughout, using s o l u t i o n 

i n f r a - r e d spectroscopy i n the carbonyl s t r e t c h i n g region (2200 - 1600 cm ^ ) . 

The i n i t i a l red/brown s o l u t i o n showed i n f r a - r e d absorptions at 2076. N, 
(m) 

2041. N and 1905, . cm. These were found t o change, w i t h i n 10 minutes, (m) (s) 
t o absorptions at 2041. x , 2018, . and 1905, . c m , which p e r s i s t e d f o r 

(m) (m) (s) 

the r e s t of the s o l u t i o n experiment. The absorptions are assigned as f o l l o w s 

the peak at 2041 cm ^ i s due to the methanol solvent and causes problems, 
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as i t p a r t l y obscures the r e g i o n of i n t e r e s t . The. two absorptions at 

2018, . and 1905. . c m - 1 can be assigned t o the i o n Co(CO), . The (w) (s) b 4 
temporary peak at 2076^^ cm i s one of those assigned to the t e r m i n a l 

CO-stretching frequency of molecular d i c o b a l t octocarbonyl. The s o l i d 

i n f r a - r e d spectrum of the f i n a l black s o l i d showed only one peak at 1890^^ 

cm ^ again believed t o be due to Co(CO)^-

(b) Methanol and d i c o b a l t octacarbonyl at 50°C. 

The r e a c t i o n was repeated w i t h Co (CO) (0.6 g , 2 mmol) and methanol 
L o 

(40 m l ) at 50°C, to assess the i n f l u e n c e of temperature. On warming, the 

i n i t i a l red/brown s o l u t i o n was found t o convert f a r more r a p i d l y to the 

pink s o l u t i o n . Again the black s o l i d remained on evaporation t o dryness. 

The r e a c t i o n at 50°C was e x a c t l y the same as t h a t at room temperature, 

except t h a t at the elevated temperature, the r e a c t i o n was s u b s t a n t i a l l y 

f a s t e r . This was supported by i n f r a - r e d study of the system which showed 

the same spectra as before 

(c) D icobalt octacarbonyl i n methanol and hexane. 

When d i c o b a l t octacarbonyl (0.3 g , 1 mmol) was s t i r r e d r a p i d l y i n 

a mixture of hexane (20 ml ) and methanol (20 ml ) , the solvent mixture 

became dark red, i . e . the p a r t i t i o n between the two solvent layers could not 

be detected. A f t e r two hours the i n t e n s i t y of colour i n both layers was 

noted t o be lessening. However a f t e r 4 hours the hexane la y e r was completely 

c l e a r and the methanol layer was pale pink. The hexane layer was separated 

from the methanol layer using a syringe and evaporated t o dryness but there 

was no residue. On evaporation of the methanol layer a brown/black s o l i d 

was produced which r e d i s s o l v e d i n methanol to reform the pink s o l u t i o n . 

I n f r a - r e d s p e c t r a l examination of the system y i e l d e d the f o l l o w i n g 

i n f o r m a t i o n . The hexane l a y e r showed an i n i t i a l s eries of peaks, 2074. 



- 17 -

2067, 2058, . , 2046, . , 2034, 2027. N , 1898. . , 1866, ,, (m,sh) (m) (s) (m,sh)' (s) (m) (m) 
1 8 5 7 c m . These are due to molecular d i c o b a l t octacarbonyl (peaks reported 

at 2074, , 2067, , 2058, 2046, , 2034, , 2027, 1866, , , (s) (m,sh)' (m) (m,sh) (m,sh)' ( s ) ' (m) 
—1 37 38 38 1857, N cm ) and cobalt t e t r a c a r b o n y l anion (peak reported at 1900, . ). (m) j r . ( v s ) 

both present i n the hexane. (The peak at 1898 cm i s assigned t o the 

Co(C0)^ ion.) With time a l l these absorptions were found to gra d u a l l y 

disappear, u n t i l f i n a l l y no carbonyl absorptions remained. The methanol 

l a y e r i n i t i a l l y showed bands at 2041, N and 1900, . cm \ but as time 
(m) (s) 

passed the peak at 1900 cm became much more intense and a t h i r d weaker 

peak developed at 2018 cm No f u r t h e r change i n s o l u t i o n spectra was 

noted. The black s o l i d produced on evaporating the methanol showed a peak 
-1 39 at 1895 cm i n i t s i n f r a - r e d spectrum, and on adding methanol t o t h i s 

black s o l i d , the pink s o l u t i o n formed again showed peaks at 2018 cm \ 

2041 cm ^ and 1900 cm \ Elemental analysis of the a i r s e n s i t i v e black 

s o l i d gave C, 25.6; H, 1.6; Co, 38.3%. [Co(CH OH) 1[Co(C0),]„ requires 
3 6 4 2 

C, 28.3; H, 4.0; Co, 29.8%. 

(d) Ethanol and d i c o b a l t octacarbonyl. 

D i c o b a l t octacarbonyl (0.3 g, 1 mmol) was s t i r r e d v i g o r o u s l y w i t h 

dry degassed ethanol (30 ml). The cobalt carbonyl species dissolved 

r a p i d l y to form a red/black s o l u t i o n , which slowly changed i n t o a pale red/ 

pink s o l u t i o n over about 1 hour. This was evaporated down to dryness and 

a black s o l i d was obtained. The r e a c t i o n was performed i n ethanol s o l u t i o n , 

as i t was believed t h a t ethanol and methanol react very s i m i l a r l y w i t h 

d i c o b a l t octacarbonyl. The s o l u t i o n made up i n ethanol enabled easier 

i n f r a - r e d examination of the system, free from the i n t r u d i n g methanol 
-1 ab s o r p t i o n at 2041 cm . (Ethanol has peaks at 2130, ,, 2090, 1920, , ^ r Cm) (w) (s) 

cm \ methanol has peaks at 2221, 2041, . cm ), 
Cm) Cm) 

v 
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I n f r a - r e d spectra of the s o l u t i o n show only two non-solvent peaks at 

2018, . and 1900, . cm \ The only changes observed were t h a t they both (m) (s) 3 

became stronger as the red/black colour faded, and remained unchanged once the 

pale red/pink colour had formed. The black s o l i d again showed a s i n g l e 
-1 . 39 

strong peak at 1895 cm . Elemental analysis of the black s o l i d gave 
C, 36.3; H, 2.3; Co, 36.3%. [Co(C„H0H)J [Co(CO),]„ requires C, 35.5; 

2 5 6 4 2 
H, 5.3; Co, 26.1%. 

40 

(e) Methanol/dicobalt octacarbonyl, gas e v o l u t i o n study. 

A series of experiments were performed, using a gas b u r e t t e t o 

measure carbon monoxide evolved during the r e a c t i o n of Co (CO) w i t h methanol 
2 o 

or ethanol. Various amounts of Co„(C0) were reacted w i t h dry methanol 

or ethanol ( s a t u r a t e d w i t h CO) i n a gas b u r e t t e , and the amount of carbon 

monoxide evolved at room temperature was measured. The evolved gas volume 

was converted t o STP and the number of moles of gas released by r e a c t i o n 

of one mole of Co (CO) was cal c u l a t e d . Table 3.1. 

Solvent Co 2(C0) g 

gm 
3 

cm CO 
(at STP) 

mmol of 
Co 2(C0) g 

mmol of 
CO 

Ratio Moles CO Solvent Co 2(C0) g 

gm 
3 

cm CO 
(at STP) 

mmol of 
Co 2(C0) g 

mmol of 
CO 

Ratio Moles Co o(C0) o / o 

MeOH 0.4179 72.5 1.222 3.238 2.65 

MeOH 0.9524 165.9 2.785 7.408 2.66 

MeOH 0.3871 67.2 1.132 3.000 2.65 

EtOH 0.5848 103.4 1.710 4.616 2.70 

The m a j o r i t y of the gas was evolved w i t h i n the f i r s t f i f t e e n minutes 

(Fig . 3.1.) and once the pink/red s o l u t i o n was formed the e v o l u t i o n of the 

gas was found t o cease. F i g . 3.1. shows the gas e v o l u t i o n f o r the second 

experiment i n Table 3.1. 
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Gas evolved (cm 3 ) 

Plot of Gas Evolution against time 

(tor C o 2 ( C O ) 8 in MeOH) 

Fig. 3.1. 

4 Time(hrs) 

- 4 i 42 ( f ) IR, Raman spectroscopic study of Co(CO) . ' 4 
Several compounds containing s u i t a b l e relevant counterions have been 

studied i n s o l u t i o n and i n the s o l i d s t a t e , using both i n f r a - r e d and 

Raman techniques. 
+ - . -1 

PPN CI has no observable bands m the region 2200 - 1600 cm. i n i t s 
s o l i d or s o l u t i o n i n MeOH or CH^Cl^ i n f r a - r e d spectra or i n i t s s o l i d 

Raman spectrum. 
+ 

PPN Co(CO), - Soli d Raman spectrum shows peaks at 2004, 1900, . 
4 r r (m) (s) 

and 1888, . cm (s) 
-1 

PPN Co(C0), - So l i d I n f r a - r e d spectrum has peaks at 1900, 1880. . c m 

4 v ( s ) ' (s) 
+ 

PPN Co(C0)^ - Solution I n f r a - r e d spectrum i n CH CI, has peaks at 

2010. , and 1885. , cm 1
; s o l u t i o n i . r . i n MeOH has a peak at 1890. . C T 

(m) (s) v (m) 

-1 

-1 
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(PPNCo(CO), i s less soluble i n Me OH than CH0C1 )~. 
4 2 2 

(g) UV/visible study of methanol/dicobalt octacarbonyl r e a c t i o n . 

UV/visible spectroscopy of the r e a c t i o n s o l u t i o n allows the concentration 

of Co^ species to be measured, by simple comparison w i t h standard s o l u t i o n s 
2+ . 

of Co m methanol. 
Co (CO) (1.231 g, 3.6 mmol) was reacted w i t h methanol (40 ml) and 

L o 
allowed t o form the pink s o l u t i o n over a four hour period. The s o l u t i o n was 

examined by UV/visible spectroscopy and was found to produce an absorption 

at 525 nm, which had almost e x a c t l y the same p o s i t i o n and i n t e n s i t y as t h a t 

produced by a 0.06 molar s o l u t i o n of CoCl^ i n methanol. This i n d i c a t e s t h a t 
2+ a 0.06M s o l u t i o n of [Co(MeOH) ] was produced from the i n i t i a l Co (CO) , 6 / o 

(1.231 g i n 40 ml, i . e . 0.09M). This i m p l i e d t h a t three moles of d i c o b a l t 

octacarbonyl produced two moles of cobalt ( I I ) i o n on r e a c t i o n w i t h methanol. 

3.2.2. Discussion 

The r e a c t i o n of methanol w i t h d i c o b a l t octacarbonyl i s f a i r l y 

s t r a i g h t f o r w a r d t o observe. I n i t i a l l y the c r y s t a l s of Co2(C0)g dissolve 

i n the methanol i n molecular form, as shown by the observance of the 
37 t e r m i n a l -CO s t r e t c h i n g frequency bands of Co (CO) . The molecular 

2. o 

Co„(C0) r a p i d l y reacts to form the Co(MeOH)^ and Co(C0). species, ^ 2 o 6 4 
which are apparently stable i n d e f i n i t e l y i n the absence of a i r . Undertaking 

the r e a c t i o n at 50°C simply increases the r a t e of formation of the i o n i c 

species. With hexane present i n the mixture, the r e a c t i o n e v e n t u a l l y takes 

the same course, but i n i t i a l l y the d i c o b a l t octacarbonyl dissolves i n the 

hexane i n molecular form. This i s shown by the number of i n f r a - r e d peaks 

i n d i c a t i n g the presence of both bridged and non-bridged isomers of Co2(C0)g. 

The molecular d i c o b a l t octacarbonyl slowly t r a n s f e r s from the hexane lay e r 

to the methanol la y e r where i t forms the i o n i c species, u n t i l e v e n t u a l l y 
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no d i c o b a l t octacarbonyl remains i n the hexane. 

This r e a c t i o n w i t h methanol i s an example of a ge n e r a l l y a p p l i c a b l e 
43 

r e a c t i o n scheme i n the f i e l d of metal carbonyl chemistry. I t involves 

the formation of the cobalt ( I I ) ion and cobalt carbonyl anion from 

d i c o b a l t octacarbonyl: 
2+ 

3Co„(C0)„ + 2nB > 2CoB + 4Co(C0) ; + 8C0 (1) 

2 8 n 4 

I t may be considered as a homonuclear d i s p r o p o r t i o n a t i o n , i n which the 

uncharged d i c o b a l t octacarbonyl d i s p r o p o r t i o n a t e s i n t o a c o b a l t ( I I ) c a t i o n 

and co b a l t carbonyl anion. B can be a v a r i e t y of compounds having an 

a v a i l a b l e unshared p a i r of e l e c t r o n s , i . e . a Lewis base. As the 

c o o r d i n a t i o n number of cobalt ( I I ) i o n i s u s u a l l y 6, n i s 6 f o r unidentate 

ligands and 3 f o r bi d e n t a t e l i g a n d s , depending upon the number of f u n c t i o n a l 

groups w i t h a v a i l a b l e e l e c t r o n p a i r s i n B. The q u a n t i t i v e conversion of 

d i c o b a l t octacarbonyl to cobalt c a t i o n and cobalt carbonyl anion according 
2 

to the above equation, requires the l i b e r a t i o n of 2 /3 moles of carbon 

monoxide per mole of d i c o b a l t octacarbonyl converted, the formation of 1^/3 

moles of cobalt carbonyl anion per mole of d i c o b a l t octacarbonyl converted, 

and f i n a l l y the conversion of "*~/3 of the cobalt present i n d i c o b a l t 

octacarbonyl to cobalt ( I I ) i o n . The data produced here support t h i s 

view f o r the two Lewis bases methanol and ethanol. These r e s u l t s support 
40 44 

the o p i n i o n of Wender ' and suggest the r e v i s i o n of the a l t e r n a t i v e 

idea t h a t the r e a c t i o n between d i c o b a l t octacarbonyl and Lewis bases 

involves the displacement of one or more carbon monoxide groups of the 

carbonyl by the base and formation of a s u b s t i t u t e d compound, according t o 
, 0, 45,46,47 equation ( 2 ) : 

Co n(C0) o + B > Co 0(CO) c.B + 3C0 (2) 
Where B = Lewis Base 
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I t w i l l be noted t h a t the s t o i c h i o m e t r y of equations (1) and (2) i s 

approximately the same, and the a n a l y t i c a l data p r e v i o u s l y secured to support 

equation (2) are also consistent w i t h the new f o r m u l a t i o n ( 1 ) . The analyses 

of the black s o l i d s i s o l a t e d by evaporating down the pink s o l u t i o n s 
2+ discussed e a r l i e r , f i t the formulae [Co(MeOH)_ o ] [ C o ( C 0 ) . ]„ and 1. o 4 z 

2+ [Co(EtOH) 1 J [Co(CO). ]„. This appears to be due to loss of alcohol from the 1. o 4 L 

cobalt species d u r i n g the removal of solvent. These r e s u l t s agree w e l l w i t h 
48 

elemental analyses produced by Hieber and co-workers i n t h e i r 

i n v e s t i g a t i o n s of the r e a c t i o n of d i c o b a l t octacarbonyl w i t h various bases. 

As the o v e r a l l r e a c t i o n involves t r a n s f e r of electrons only between 

molecules of d i c o b a l t octacarbonyl, the formation of the co b a l t ( I I ) s a l t 

of the cobalt t e t r a c a r b o n y l anion from the dimer (Co (CO) ) can be termed a 
/ o 

homomolecular d i s p r o p o r t i o n a t i o n . I t i s possible t o v i s u a l i s e equation (1) 

as o c c u r r i n g stepwise as f o l l o w s , where B i s a Lewis base: 
3B + 3Co 2(CO) 8f=^3[BCo(CO) 4] + [Co(CO) 4]~ 

2[BCo(C0),] + > 2B + 2Co 2 + + 8C0 + 2e~ 
4 

l e ~ + [BCo(CO),] + > B + eCo(CO), 
4 4 

*Co(CO), + l e ~ > Co(CO)~ 

4 4 

I f the monomer Co(CO)° dimerised t o d i c o b a l t octacarbonyl, i t would again 

f o l l o w the stepwise r e a c t i o n sequence shown above. 

With weak bases such as methanol or ethanol [BCo(CO) 4] + w i l l decompose 

r a p i d l y at room temperature. Experimental evidence f o r the existance of 

the s a l t has been obtained from two sources. The r e a c t i o n between Co (CO) 
8 

.49 
and alcohols or water was studied by Tucci. Strong evidence from i o n -
exchange and r a d i o i s o t o p e techniques has been gathered f o r formation of the 
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c a t i o n i c species [Co(CO)^ROH] d u r i n g the r e a c t i o n . The alcohol complex 

was found t o be stable only below 0°C. Further evidence t o support the 

existence of the [Co(CO)^B] species r e s t s upon the use of a strong Lewis 

base, p i p e r i d i n e to form a r e l a t i v e l y s t a b l e compound b e l i e v e d t o be 

HN Co(CO),] +[Co(CO).] . 4° / 4 4 

Although k i n e t i c data on t h i s r e a c t i o n are l a c k i n g , i t i s i n s t r u c t i v e 

to regard the f i r s t step of the homomolecular d i s p r o p o r t i o n a t i o n as a t y p i c a l 

organic displacement r e a c t i o n , i n i t i a t e d by a base: 

B: + [Co(CO).]:[Co(CO).] > 
4 4 

I n i t i a l s t a t e 

B: Co(CO), :Co(CO). 
6 +

 4 6- 4 

T r a n s i t i o n s t a t e 

> [BCo(CO) 4] + [Co(CO) 4]" 

I n the symmetrical cobalt carbonyl anion, the cob a l t atom possesses the 

rare-gas e l e c t r o n i c c o n f i g u r a t i o n , and i t s formation i s be l i e v e d t o 

provide the d r i v i n g force f o r the r e a c t i o n . The cob a l t i n the c a t i o n also 

possesses rare-gas e l e c t r o n i c c o n f i g u r a t i o n ; however i t s lower symmetry 

probably makes i t less stable than the anion. The r e l a t i v e s t a b i l i t i e s of 

various cations w i l l depend upon the b a s i c i t y and geometry of the e n t e r i n g 

group. With weaker bases, the c a t i o n has less s t a b i l i t y and decomposes 

r a p i d l y . The a t t a c k i n g base may be n e u t r a l ( a l c o h o l , amine or o l e f i n ) or 

i t may be an anion (CI ) , i n which case, the complex corresponding t o the 

c a t i o n above would s t i l l possess the rare-gas e l e c t r o n i c c o n f i g u r a t i o n , but 

would be the n e u t r a l e n t i t y , Co(CO) 4Cl. This species has been reported"*^ 

i n the l i t e r a t u r e and i s thought t o be unstable at room temperature and has 
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not been w e l l c haracterised. 

3.3. High Pressure Study of the Cobalt/Methanol System 

3.3.1. Experimental 

The i n v e s t i g a t i o n consisted of several series of experiments to 

determine the e f f e c t s of c a t a l y s t type, c o n c e n t r a t i o n , p h y s i c a l r e a c t i o n 

conditions and solvent upon the homologation of methanol. The study was 

performed i n the same bombs used f o r the high pressure i n f r a - r e d work and 

the analysis of f i n a l products was r o u t i n e l y completed by G.L.C. Sui t a b l e 

conditions f o r the homologation r e a c t i o n were suggested by colleagues at 

B.P. Research Centre, Sunbury, and these were used as a basic s t a r t i n g 

p o i n t f o r i n v e s t i g a t i n g the r e a c t i o n v a r i a b l e s . 

A general example of an experiment i s as f o l l o w s : c o b a l t acetate 

hydrate (1.7 g , 6.8 m m o l ) and methanol (18 m l ) were placed i n the 

bomb, which was then sealed and purged w i t h n i t r o g e n . The bomb was 

pressurised w i t h a mixture of 1:1 (CO/H^) synthesis gas to a pressure of 

140 A t m , and s t i r r e d as q u i c k l y as p o s s i b l e . The temperature was r a i s e d 

to the selected l e v e l (between 170 - 220°C) and the gas pressure would r i s e 

to about 200 Atm. The r e a c t i o n was then allowed t o take place f o r a set 

period of time ( u s u a l l y 2 or 8 hrs.) and the pressure was maintained at 

200 A t m by oc c a s i o n a l l y i n j e c t i n g more synthesis gas of the same composition 

i n t o the system, t o replace t h a t consumed by the r e a c t i o n . When the run 

was complete the system was allowed to cool t o room temperature o v e r n i g h t , 

the bomb was depressurised the next day and samples taken f o r a n a l y s i s . 

The r e s u l t s of v a r y i n g the r e a c t i o n parameters of the basic 

unpromoted system are discussed here w i t h reference to the y i e l d and 

s e l e c t i v i t y of selected products (e t h a n o l , methyl acetate, e t h y l acetate, 

acetaldehyde). 
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Where: 

% Molar Y i e l d = Moles of r e a c t a n t converted t o product 
Moles of reactant fed x 100 

% Molar S e l e c t i v i t y = Moles of re a c t a n t converted to product 
Moles of re a c t a n t consumed x 100 

Cat a l y s t 

The c a t a l y s t used i n these experiments was cobalt ( I I ) acetate 

t e t r a h y d r a t e . This i s believed to be the most s u i t a b l e source of cobalt 

( I I ) f o r the commercial process of homologation, i f i t e v e n t u a l l y becomes 

economical, because the acetate i s an e a s i l y a v a i l a b l e , r e l a t i v e l y cheap 

and soluble s a l t of c o b a l t , and does not contain troublesome counterions. 

The c a t a l y s t f o r the r e a c t i o n i s b e l i e v e d t o be a cobalt carbonyl type 

species. The standard method f o r preparing d i c o b a l t octacarbonyl i s to 

heat a cobalt s a l t i n a non-aqueous medium above 100°C, i n a superatmosphere 

(> 100 A t m ) of carbon monoxide and hydrogen. Hence under the conditions 

of r e a c t i o n the cobalt carbonyl c a t a l y s t should be formed " i n s i t u " from 

the cobalt ( I I ) acetate. The c o b a l t ( I I ) acetate was used w i t h o u t any 

p u r i f i c a t i o n . 

3.3.2. Discussion 

(a) I n f l u e n c e of r e a c t i o n time (Table 3.2.). 

A y i e l d of 14% ethanol was obtained from the r e a c t i o n when run f o r 

16 hours ( F i g . 3.2.). The y i e l d of ethanol was found to increase s t e a d i l y 

w i t h increase i n r e a c t i o n time. I t seemed l i k e l y t h a t higher y i e l d s of 

ethanol could be obtained a t even longer r e a c t i o n times, but these were 

i m p r a c t i c a l to i n v e s t i g a t e . The major by-products formed i n the r e a c t i o n 

were methyl acetate and e t h y l acetate. Acetaldehyde was also generated as 

a by-product. The ethanol y i e l d obtained at 8 hour r e a c t i o n time was 

comparable to t h a t produced using a d i c o b a l t octacarbonyl c a t a l y s t s t a r t i n g 
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m a t e r i a l , instead o f the Co(OAc) ^AH^O c a t a l y s t , i n d i c a t i n g t h a t the same 

c a t a l y s t system was probably i n v o l v e d . 

The concentration of the various products provided some u s e f u l 

i n f o r m a t i o n . The y i e l d of ethanol increased w i t h time; the s e l e c t i v i t y 

t o ethanol ( F i g . 3.3.) also increased but only slowly i n comparison w i t h 

the y i e l d . The y i e l d of methyl acetate increased w i t h time but t h i s 

increase slowed down as the amount of ethanol i n the system became 

s i g n i f i c a n t and competed w i t h the methanol i n the formation of e s t e r s ; 

hence the appearance of the e t h y l acetate y i e l d graph. Conversely the 

acetaldehyde y i e l d remained r e l a t i v e l y constant throughout the series of 

r e a c t i o n times, i n d i c a t i n g t h a t i t had reached an e q u i l i b r i u m value and 

t h e r e f o r e would not increase f u r t h e r i n concentration; hence the 

s e l e c t i v i t y t o acetaldehyde decreased as the other r e a c t i o n products b u i l t 

up. 

(b) I n f l u e n c e of catalyst/methanol r a t i o (Table 3.3.). 
™ . , -j -i , . c . cobalt atoms. The r a t i o r e f e r r e d t o here i s the molar p r o p o r t i o n o f ( / 

methanol molecules) expressed as a percentage. Hence a r a t i o of 1% would 

r e l a t e t o a s o l u t i o n of 1.4 g of Co(OAc) ^A.^i i n 18 m l of methanol. 

The y i e l d of ethanol was found t o remain r e l a t i v e l y constant 

regardless of the catalyst/methanol r a t i o w i t h i n the range 0.5 - 3.2% 

( F i g . 3.4.). The higher concentrations showed a s l i g h t improvement i n 

y i e l d ; however t h i s increase was small as the s o l u b i l i t y of the c a t a l y s t 

i s probably the l i m i t i n g f a c t o r . (A 3% s o l u t i o n requires 4.2 g C o^Ac^AH 0 

i n 18 m l MeOH.) At concentrations lower than 0.125%, the r e a c t i o n was 

e f f e c t i v e l y found t o cease as no products could be detected. The y i e l d of 

the other products was found to f o l l o w approximately the same p a t t e r n as 

t h a t of the ethanol y i e l d . The s e l e c t i v i t i e s of the products were not found 
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to change s u b s t a n t i a l l y regardless of the catalyst/methanol r a t i o ( F i g . 3.5.). 

(c) I n f l u e n c e of temperature (Table 3.4.). 

The e f f e c t of changes of the r e a c t i o n temperature on the r e a c t i o n 

products i s shown i n the graph i n F i g , 3.6. The y i e l d of ethanol passed 

through a maximum (9 - 10%) a t 185°C, f a l l i n g sharply t o 2% a t 225°C. The 

decrease i n ethanol y i e l d w i t h increased r e a c t i o n temperature was 

accompanied by a decrease i n y i e l d of a l l the other major products, and i n 

the conversion of methanol i t s e l f . At high r e a c t i o n temperatures 

(195 - 225°C) a grey-black deposit was noted on the w a l l s of the high 

pressure bomb; t h i s was believed to be deposited m e t a l l i c c o b a l t . I t 

seemed t h e r e f o r e t h a t the conversion of methanol to products i s less at 

high temperatures due to cobalt metal p l a t i n g o u t , as the c a t a l y s t i s 

thermally unstable under these c o n d i t i o n s . 

At lower temperatures (170 - 180°C) the y i e l d s of a l l products were 

found to be reduced compared w i t h y i e l d s at 185°C. This can be 

considered to be due t o the r e a c t i o n being s u b s t a n t i a l l y slower at these 

lower temperatures or because only a f r a c t i o n of the co b a l t has been 

converted i n t o a c t i v e c a t a l y s t . 

Thus the unpromoted r e a c t i o n seems to have very s t r i n g e n t 

l i m i t a t i o n s upon the temperature range w i t h i n which i t i s r e l a t i v e l y 

e f f i c i e n t . The temperature must be kept w i t h i n the range 175 - 190°C i f 

i t i s t o maximise the production of a c t i v e c a t a l y s t and minimise the 

thermal degradation of the c a t a l y s t t o m e t a l l i c c o b a l t . 

Examination of the s e l e c t i v i t i e s of the various products of the 

r e a c t i o n ( F i g . 3.7.) shows an i n t e r e s t i n g f e a t u r e . The s e l e c t i v i t i e s 

of most of the products remain f a i r l y constant throughout the temperature 

range studied. However ethanol i s an exception and shows a strong 
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increase i n s e l e c t i v i t y at 180 - 190°C i n d i c a t i n g t h a t w i t h i n t h i s 

very narrow temperature range the formation of ethanol i s much favoured. 

(d) I n f l u e n c e of synthesis gas pressure"^ (Table 3.5.). 

The c a t a l y s t i s thermally unstable unless i t i s under carbon 

monoxide such t h a t the pressure exceeds the d i s s o c i a t i o n pressure. This 

d i s s o c i a t i o n pressure i s temperature dependent and increases w i t h increase 

i n temperature. 

The y i e l d of ethanol at 200°C ( F i g . 3.8a., 3.9a.) was increased from 

4% t o 11% by r e a c t i n g the system w i t h the synthesis gas pressure at 

300 Atm i n s t e a d of 200 Atm. This increased synthesis gas pressure 

increases the p a r t i a l pressure of carbon monoxide and presumably exceeds 

the d i s s o c i a t i o n pressure of the cobalt carbonyl c a t a l y s t , and thus 

retards i t s thermal decomposition. Experimental l i m i t a t i o n s prevent 

f u r t h e r i n v e s t i g a t i o n at higher pressure than 300 Atm, but i t seems 

l i k e l y t h a t f u r t h e r increase i n pressure w i l l not increase the y i e l d of 

ethanol to any great e x t e n t . 

A study of lower pressure systems ( a t 185°C) i n d i c a t e d t h a t at 

100 Atm, the homologation r e a c t i o n could not be detected ( F i g . 3.8b., 

3.9b.). As the pressure was increased the y i e l d s of a l l the products 

were found t o increase, as more c a t a l y s t was s t a b i l i s e d , to a l i m i t of 

^ 9 . 5 % ethanol. Further increase i n pressure seemed to have no e f f e c t 

upon the y i e l d of the products. This would appear to support the e a r l i e r 

p r e d i c t i o n concerning the r e a c t i o n a t 200°C, t h a t i n c r e a s i n g pressure 

beyond 300 Atm would not g r e a t l y improve the y i e l d s . 

(e) I n f l u e n c e of carbon monoxide/hydrogen r a t i o (Table 3.6.). 

A v a r i a t i o n i n the molar r a t i o o f carbon monoxide to hydrogen i n 

the synthesis gas charged t o the bomb, had marked e f f e c t s on the product 
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y i e l d s ( F i g . 3.10.) and s e l e c t i v i t i e s ( F i g . 3.11.)• When the carbon 

monoxide content of the gas mixture was decreased, both the ethanol y i e l d 

and methanol conversion were reduced. This was probably a r e s u l t of c a t a l y s t 

decomposition due t o the lower p a r t i a l pressure of carbon monoxide. Conversely 

increase i n the carbon monoxide to hydrogen r a t i o i n the gas g r e a t l y 

increased the y i e l d of methyl acetate a t the expense of ethanol. The most 

s u i t a b l e r a t i o f o r the synthesis gas m i x t u r e , t o maximise the production of 

ethanol, appeared to be equal amounts of carbon monoxide and hydrogen. The 

s e l e c t i v i t i e s ( F i g . 3.11.) showed approximately the same p a t t e r n and 

confirmed t h a t the r a t i o of synthesis gas r e q u i r e d f o r ethanol production 

should not have a high p r o p o r t i o n of carbon monoxide, 

( f ) Other catalysts."'''" 

The e f f e c t of using d i f f e r e n t sources of cobalt f o r the r e a c t i o n has 

been i n v e s t i g a t e d to a small extent. The studies i n d i c a t e t h a t the best 

sources are of the f o l l o w i n g types: - d i c o b a l t octacarbonyl, cobalt carbonate, 

naphthanate, acetate, formate and basic acetate. Those m a t e r i a l s producing 

moderate a c t i v i t y are cobalt c h l o r i d e or sulphate, w h i l s t those possessing 

poor a c t i v i t y are the oxides of c o b a l t or f i n e l y d i v i d e d c o b a l t metal. 



- 30 -

3.4. High Pressure I n f r a - r e d Study of the Cobalt/Methanol System 

3.4.1. Experimental 

The i n f r a - r e d study of the cobalt/methanol system was c a r r i e d out i n 

the same autoclaves t h a t were used f o r the high pressure autoclave s t u d i e s . 

The method employed was t o prepare the s t a r t i n g m a t e r i a l s i n s o l u t i o n i n 

methanol wherever p o s s i b l e , and t o i n j e c t the s o l u t i o n i n t o the sample bomb, 

against a counter c u r r e n t of n i t r o g e n or carbon monoxide. The reference 

bomb would be f i l l e d w i t h solvent i n the same way. The bombs were then 

sealed and f i l l e d w i t h the re q u i r e d gas or gas mixture to the selected 

pressure. The i n f r a - r e d spectra were recorded r e g u l a r l y as the temperature 

was r a i s e d i n steps of ̂  30°C to the f i n a l r e a c t i o n temperature; at each 

i n t e r v a l s u f f i c i e n t time (\ hour) was allowed f o r e q u i l i b r i u m to be reached. 

The system was ge n e r a l l y permitted to remain a t r e a c t i o n temperature f o r 

a r e l a t i v e l y short time, once e q u i l i b r i u m had been reached, t o avoid 

complication of the spectra by peaks due to the organic r e a c t i o n products, 

which when combined w i t h peaks due to the c a t a l y t i c species make 

i n t e r p r e t a t i o n of the spectra f a r more d i f f i c u l t . I n general i t was found 

possible t o leave the r e a c t i n g system at the maximum temperature f o r about 

an hour before any contamination i n the i n f r a - r e d spectra was n o t i c e a b l e , 

and t h i s was believed t o allow ample time f o r the c a t a l y s t system t o reach 

e q u i l i b r i u m . The c e l l s would then be allowed t o cool t o room temperature 

and the i n f r a - r e d spectrum taken before depressurising the bombs. The 

r e s u l t a n t s o l u t i o n was syringed out and examined, by i n f r a - r e d and 

chromatographic techniques, t o ensure t h a t the organic products of the 

homologation r e a c t i o n had not b u i l t up t o such a c o n c e n t r a t i o n , t h a t would 

cause strong absorptions i n the i n f r a - r e d spectra and obscure the i n f r a - r e d 

absorptions of the c a t a l y t i c species. 
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3.4.2. Discussion 

(a) Study of cobalt/methanol system under n i t r o g e n pressure. 

An examination of several cobalt carbonyl systems i n methanol i n d i c a t e d 

t h a t under n i t r o g e n pressure 100 Attn) none of the carbonyl species were 

sta b l e a t elevated temperature, regardless of the pressure of n i t r o g e n . 
2+ 

The s t a r t i n g m a t e r i a l s used were d i c o b a l t octacarbonyl, Co(MeOH) [Co(CO) ] 
6 4 z 

and PPNCo(CO) • The i n v e s t i g a t i o n centred upon the peak a t 1900 cm \ due 4 
to Co(CO)^, which was observed as the temperature was slowly increased. 

The peak was found t o disappear r a p i d l y at ̂  100°C as the Co(CO)^ species 

decomposed by loss of carbon monoxide. On opening the bomb, m e t a l l i c 

cobalt was found to be deposited on the w a l l s . 

(b) The cobalt/methanol system under carbon monoxide pressure. 

The i n v e s t i g a t i o n again used observation of the 1900 cm ^ band of 

Co(C0)^ as a method of f o l l o w i n g the course of the r e a c t i o n s . No other 

carbonyl bands were detected i n t h i s study as the band at 2018 cm , also 

due to Co(C0)^, was e f f e c t i v e l y masked by a methanol solvent peak. 

The observation of the 1900 cm band gave a good i n d i c a t i o n of the 

s t a b i l i t y of the cobalt carbonyl species at p a r t i c u l a r temperatures and 

pressures. A series of reactions were performed using s o l u t i o n s of 

Co(C0)^ t o determine the pressure of carbon monoxide necessary t o s t a b i l i s e 

t h i s species at a p a r t i c u l a r temperature. The r e s u l t s are presented i n 

Table 3.7. I t was found t h a t the system was e a s i l y s t a b i l i s e d a t lower 

temperatures 100°C) by a moderate pressure of carbon monoxide (10 Atm) 

but at higher temperatures (^ 200°C) a much higher pressure was re q u i r e d 

to prevent decomposition to coba l t metal (170 Atm). The r e l a t i o n s h i p 

between the carbon monoxide pressure necessary to s t a b i l i s e the Co(C0)^ 

and the temperature i s i l l u s t r a t e d i n F i g . 3.12. 
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Table 3.7. I t was found t h a t the system was e a s i l y s t a b i l i s e d at lower 

temperatures 100°C) by a moderate pressure of carbon monoxide (10 Atm) 

but at higher temperatures 200°C) a much higher pressure was re q u i r e d 

t o prevent decomposition to coba l t metal (170 Atm). The r e l a t i o n s h i p 

between the carbon monoxide pressure necessary to s t a b i l i s e the Co(C0)^ 

and the temperature i s i l l u s t r a t e d i n Fi g . 3.12. 
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Table 3.7. 

Cone. Co(CO) 
(moles) 

Pressure CO 
( P r o Atm) 

Max. Temp. 
(T-273)°C 

lo g P 6 CO £ x 10 J 

T 

66.7 170 200 2. 23 2.11 

65.8 160 185 2.20 2.18 

66.0 120 175 2.08 2.23 

66.4 55 165 1.74 2.28 

66.5 48 155 1.68 2.33 

66.7 34 143 1.53 2.40 

67.0 14 125 1.15 2.51 

logEL a 
Graph of log P c o against y~ * 10 

2-2 

Fig 3.12 2-0 

1-8 

1-6 

1-2 

2-10 2-20 2-30 2-40 2-50 
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The thermal decomposition of the co b a l t carbonyl anion t o cobalt metal 

i s believed to occur thus:-

2Co(C0)~ > 2Coi + 8C0 + 2e~ 

4 

The co b a l t ( I I ) c a t i o n present i s reduced to co b a l t metal; 

2+ 
Co(MeOH)^ + 2e > Co+ + 6MeOH 

6 

No evidence f o r the reverse of these reactions was obtained; the cobalt 

metal remained p l a t e d out upon the w a l l s of the c e l l and d i d not reform 

the carbonyl species when the temperature was reduced. 
. 52 . . . 

This loss of carbonyl species by thermal decomposition i s an 

important l i m i t a t i o n upon the minimum pressure at which the r e a c t i o n can 

be s u c c e s s f u l l y run. These r e s u l t s i n d i c a t e t h a t i n Table 3.7. the 

r e a c t i o n performed at 200°C has i n s u f f i c i e n t p a r t i a l pressure of carbon 

monoxide to s t a b i l i s e the carbonyl species present, and hence f u r t h e r 

increase i n CO pressure would give a higher y i e l d of ethanol. Also 

these r e s u l t s show t h a t modifying the carbon monoxide/hydrogen r a t i o i n 

synthesis gas must be performed c a r e f u l l y t o ensure the p a r t i a l pressure 

of carbon monoxide does not f a l l too low. 

(c) The cobalt/methanol system under synthesis gas pressure. 

The r e a c t i o n system under synthesis gas pressure r e q u i r e s a p a r t i a l 

pressure of carbon monoxide s u f f i c i e n t , as proposed e a r l i e r , t o s t a b i l i s e 

the carbonyl species at r e a c t i o n temperature 185°C). I f t h i s p a r t i a l 

pressure was not present the system decomposed and co b a l t metal p l a t e d 

out onto the c e l l . 

However i f the carbon monoxide p a r t i a l pressure was s u f f i c i e n t the 

carbonyl species present could be observed throughout the experiment. 

The only carbonyl species detected at temperatures below 160°C was the 
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Co(CO)^ anion, which showed a d i s t i n c t band at 1900 cm . At higher 

temperatures (170 - 185°C) a second species became detectable which gave 

bands at 1730, x , 2025, . , 2110. s cm . These bands can be assigned t o the ( S ) Q (s) (W) 

a c y l species CH^CCo(CO)^. This species i s believed to be an intermediate 

i n the r e a c t i o n to form ethanol. The ac y l species i s formed regardless of 

whether the r e a c t i o n i s s t a r t e d w i t h a synthesis gas mixture, or f o l l o w i n g 

i n j e c t i o n of hydrogen i n t o a system under carbon monoxide pressure only 

at the r e a c t i o n temperature. The p a r t i a l pressure of hydrogen does not 

appear t o a f f e c t the system. No d i c o b a l t octacarbonyl or cobalt t e t r a -

carbonyl hydride was detected s p e c t r o s c o p i c a l l y i n the system a t any 

stage i n the r e a c t i o n . 



CHAPTER FOUR 

AN EXAMINATION OF THE LIGAND STABILISED 

COBALT/METHANOL REACTION SYSTEM 
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4.1. I n t r o d u c t i o n 

The system studied i n t h i s chapter i s the l i g a n d s t a b i l i s e d r e a c t i o n . 

The ligands considered are a r y l arsines and s t i b i n e s , and a r y l and a l k y l 

phosphines. These m a t e r i a l s , suggested i n many patents t o be u s e f u l i n 

the homologation of methanol, are classed as s t a b i l i s i n g ligands as they 

are b e l i e v e d t o have the a b i l i t y to permit the r e a c t i o n t o run e i t h e r 

at higher temperatures or lower gas pressures. A secondary e f f e c t of the 

a d d i t i o n of these compounds i s to a l t e r the r a t i o of the various r e a c t i o n 

products; t h i s too may be b e n e f i c i a l to the r e a c t i o n by suppressing 

unwanted m a t e r i a l s . 

4.2. Low Pressure Study of the Dic o b a l t Octacarbonyl/Ligand/Methanol 

Reaction 

4.2.1. Experimental 

(a) Reaction of d i c o b a l t octacarbonyl w i t h t r i p h e n y l phosphine i n 

methanol. 

Crystals of d i c o b a l t octacarbonyl (0.6 gm, 2 mmol) were s t i r r e d w i t h 

methanol (40 ml) and t o t h i s a s o l u t i o n of t r i p h e n y l phosphine (1.3 gm, 

5 mmol) i n 40 ml of methanol was added. The methanol s o l u t i o n i n i t i a l l y 

went brown i n colour, gas was evolved, and l a t e r , a red/brown s o l i d began 

to s e t t l e out of s o l u t i o n . This red/brown s o l i d s e t t l e d out over a period 

of about three hours and f i n a l l y the methanol was l e f t only f a i n t l y brown. 

A f t e r a l l r e a c t i o n had ceased, the solvent was evaporated and a red/brown s o l 

was produced. The m a t e r i a l was washed w i t h pentane t o remove any unreacted 

phosphine and analysed: Co, 14.3; H, 3.65; C, 62.0; P, 7.5%, 

([CoCCO) PPh ]„ requires Co, 14.6; H, 3.7; C, 62.2; P, 7.7%). 

I n f r a - r e d examination of the system was performed using s o l u t i o n 
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spectroscopy i n the carbonyl s t r e t c h i n g frequency region. Once the 

phosphine s o l u t i o n had been added the only bands observed i n the spectrum 

were at 2010, . and 1904. . cm \ These p e r s i s t e d unchanged throughout (m) (s) 
the experiment. The red/brown s o l i d produced from the r e a c t i o n was also 

analysed by i n f r a - r e d , as a n u j o l m u l l , and showed peaks at 2 0 0 0 ^ , 

1945. . and 1890. . cm"1, (m) (m) 

(b) Reaction of d i c o b a l t octacarbonyl and t r i p h e n y l phosphine i n 

ethanol. 

An i d e n t i c a l r e a c t i o n was performed i n ethanol t o f a c i l i t a t e s o l u t i o n 

i n f r a - r e d study as described i n chapter 3. The r e a c t i o n was observed t o 

take the same course. The red/brown s o l i d was ext r a c t e d by evaporating 

the system t o dryness under vacuum, and i t was washed w i t h hexane. This 

red/brown s o l i d was t r e a t e d w i t h acetone and was found t o reduce g r e a t l y 

i n bulk and appeared to p a r t l y d i ssolve i n the acetone forming a brown 

s o l u t i o n . Further treatment w i t h acetone f a i l e d to dissolve any f u r t h e r 

s o l i d . 

Once the phosphine had been added, s o l u t i o n i n f r a - r e d spectroscopy of 

the r e a c t i o n showed peaks at 2007, . and 1902, . cm \ These then 
(m) (s) 

p e r s i s t e d unchanged throughout the experiment. 

Analysis of the i n s o l u b l e red/brown s o l i d gave Co, 14.5; H, 3.8; 

C, 62.1; P, 7.8%. ('[Co(C0)3PPh ] 2 requires Co, 14.6; H, 3.7; C, 62.2; 

P, 7.7%.) A s o l i d i n f r a - r e d spectrum, as a n u j o l m u l l or KBr d i s c , showed 
peaks a t : - 1960, N , 1950, . and 1902, . cm \ The mass spectrum of the (m) (s) (w) ^ 

s o l i d showed no molecular i on peak but some fragmentation peaks were 

observed; [Co(CO) 2PPh] *, m/e 446; [ C 6 2 ( C 0 ) ^ ^ h ] + , m/e 369; [Co 2(C0) 4P] + , 
m/e 261; [Co^CO) ̂ 1 + , "Ve 264; [ C o 2 ( C 0 ) 4 ] + , "Ve 230. 

The i n f r a - r e d spectrum of the second brown s o l i d was taken i n acetone 
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s o l u t i o n and showed peaks at 2008. „ and 1895. . cm \ Elemental analysis 
(s) (s) J 

done a f t e r evaporating down the acetone s o l u t i o n gave Co, 14.2; H, 3.65; 

C, 61.7; P, 7.5%, ([Co(CO) (PPh.^ *] [Co(CO)~] requires Co, 14.1; H, 3.6; 

C, 61.6; P, 7.4%). The mass spectrum of the s o l i d showed no molecular 

i o n peak but some decomposition peaks were observed; [Co(CO)^P^Ph^l +, 
m/e 359; [Co(CO)^Ph] + , m/e 282; [Co(CO) \ m/e 205; [ C o ( C 0 ) 4 ] + , 
m/e 171; [Co(CO)^] , m/e 143. These r e s u l t s i n d i c a t e d q u i t e c l e a r l y t h a t 

two d i f f e r e n t products had been formed but w i t h approximately the same 

elemental f o r m u l a t i o n . 

(c) Reaction of d i c o b a l t octacarbonyl w i t h t r i p h e n y l arsine i n 

methanol. 

Crystals of d i c o b a l t octacarbonyl (0.6 g, 2 mmol) were added t o 40 ml 

of methanol c o n t a i n i n g t r i p h e n y l arsine (1.5 g, 5 mmol). The system was 

s t i r r e d r a p i d l y , gas was evolved and the solvent went dark brown. A f t e r a 

pe r i o d of about 3 hours a brown s o l i d was seen t o p r e c i p i t a t e from the 

methanol which l e f t the solvent free of colour. The solvent was syringed 

o f f and the dark brown s o l i d d r i e d , by pumping under vacuum. The s o l i d was 

removed, washed w i t h hexane t o remove any excess t r i p h e n y l arsine s t i l l 

present, and once again pumped dry, before being sent f o r elemental a n a l y s i 

Washing w i t h acetone had no e f f e c t upon the m a t e r i a l . The s o l i d i n f r a - r e d 

spectrum was also run as a n u j o l m u l l . Analysis gave Co, 13.2; H, 3.4; 

C, 57.1; As, 16.0%, ([Co(CO) 3AsPh 3] 2 requires Co, 13.1; H, 3.3; C, 56.1; 
- 1 

As, 16.7%). I n f r a - r e d gave peaks a t : - 1965 , ,_s, 1945. . and 1900. cm 
(sh) (s) (sh) 

The mass spectrum of the s o l i d showed no molecular i o n peak but several 
decomposition peaks were observed; [Co2(C0)^As2Ph] , /e 457; [^2(^0)^ 

+ m , + m, , , + m, AsPh] , /e 382; [Co^CO^As^ , /e 380; [Co^CO^As] , /e 305; 

[ C o 2 ( C 0 ) 4 ] + , m/e 230. 



- 38 -

(d) Reaction of d i c o b a l t octacarbonyl w i t h t r i p h e n y l s t i b i n e i n 

methanol. 

Crystals of d i c o b a l t octacarbonyl (0.6 g, 2 mmol) were added d i r e c t l y 

to 50 ml of methanol c o n t a i n i n g t r i p h e n y l s t i b i n e (1.75 g, 5 mmol) and the 

system was s t i r r e d o vernight. A brown s o l i d was found t o have deposited 

from the system and the methanol had only a f a i n t brown t i n g e . The methanol 

was syringed o f f and the s o l i d d r i e d by pumping under vacuum. The s o l i d 

was washed w i t h pentane before being sent f o r elemental a n a l y s i s . Washing 

w i t h acetone had no e f f e c t on the m a t e r i a l . The s o l i d i n f r a - r e d spectrum 

was also run as a n u j o l m u l l . Analysis gave Co, 12.0; H, 2.9; C, 50.4; 

Sb, 25.0%, ([Co(C0) 3SbPh 3] requires Co, 11.9; H, 3.0; C, 50.8; Sb, 24.6%). 
- 1 

I n f r a - r e d gave peaks a t : - 1980/ 1940, s and 1900. , , cm . The mass 
(sh) (s) (sh) 

spectrum of the s o l i d showed no molecular i o n peak but some fragmentation 
+ m + m peaks were detected; [Co 2(CO)^Sb 2] , /e 474; [Co 2(C0) 4Sb] , /e 352; 

[ C o 2 ( C O ) 4 ] + , m/e 230; [ C o 2 ( C O ) 2 ] + , m/e 174. 

(e) Reaction of t r i p h e n y l phosphine w i t h [Co(MeOH)^ ][Co(C0).] i n 
6 4 I 

methanol. 

Dicobalt octacarbonyl (0.9 g, 3 mmol) was dissolved i n methanol (20 ml) 

and s t i r r e d a t room temperature f o r 4 hours. A f t e r t h i s time the 

c h a r a c t e r i s t i c pink s o l u t i o n of the i o n i c species had formed. Triphenyl 

phosphine (1.05 g, 4 mmol) was added t o the pink s o l u t i o n and the system 

observed. No v i s i b l e change was noted as the t r i p h e n y l phosphine dissolved 

i n the methanol. A f t e r about 1 hour the s o l u t i o n became s l i g h t l y brown 

and i t appeared that a very f i n e s o l i d was i n suspension i n the methanol. 

The system remained unchanged overnight and so the brown s o l i d was f i l t e r e d 

o f f , d r i e d under vacuum and analysed. The f i l t r a t e s t i l l contained some 

brown s o l i d and on warming t o ̂  40°C f o r 1 hour more brown s o l i d was 
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produced. The f a i n t l y brown methanol was syrin g e d from above t h i s s o l i d 

and the r e s i d u e was d r i e d under vacuum. T h i s brown s o l i d was a l s o sent 

f o r elemental a n a l y s i s and examined by i n f r a - r e d spectroscopy. A n a l y s i s 

r e s u l t s gave Co, 20.2; H, 3.5; C, 57.8; P, 7.2%, ( [ C o ( C O ) 3 P P h 3 ] 2 r e q u i r e s 

Co, 14.6; H, 3.7; C, 62.2; P, 7.7%). I n f r a - r e d a n a l y s i s of the s o l i d as 

a n u j o l m u l l , i n the carbonyl s t r e t c h i n g frequency r e g i o n showed peaks a t : -

1960, ,, 1950. and 1902. . cm \ The i n f r a - r e d a n a l y s i s agreed w i t h the (m) (m) (w) 3 6 

peaks f o r the s p e c i e s [Co(CO) PPh ] (1960. 1950. . and 1900. . cm" 1). 
v 3 3 2 (m) (m) (w) 

( f ) Reaction of PPN +Co(C0)^ w i t h t r i p h e n y l phosphine i n methanol. 

A s m a l l amount of PPN +Co(C0)^ (0.35 g, 0.5 mmol) was d i s s o l v e d i n 

methanol (80 m l ) , t r i p h e n y l phosphine (0.13 g, 0.5 mmol) was added to t h i s 
s o l u t i o n and the system was r a p i d l y s t i r r e d . The buf f coloured s o l u t i o n 

+ 

of the PPN s a l t i n i t i a l l y became pal e y e l l o w on a d d i t i o n of the t r i p h e n y l 

phosphine and then s l o w l y began to go cloudy. The s o l u t i o n was s t i r r e d f o r 

2 hours and the cl o u d i n e s s was seen to be due to a very f i n e brown s o l i d , 

suspended i n the methanol. The system remained unchanged overnight. I t 

was then warmed to approximately 50°C f o r 2 hours, but no f u r t h e r change 

i n colour was observed. The brown s o l i d was f i l t e r e d o f f and washed w i t h 

hexane and acetone before drying under vacuum and a n a l y s i s and i n f r a - r e d 

examination. A n a l y s i s gave Co, 14.4; H, 3.75; C, 62.6; P, 7.6%, 

( [ C o ( C O ) 3 P P h 3 ] 2 r e q u i r e s Co, 14.6; H, 3.7; C, 62.2; P, 7.7%). The i n f r a ­

red showed peaks at 1968, 1944. . and 1897, > cm 1 . 
(m) ( s ) (m) 

The methanol was evaporated down to dryness and a white m a t e r i a l was 

produced. This was washed w i t h hexane to e x t r a c t any unreacted t r i p h e n y l 

phosphine and the volume of white s o l i d was found to be s u b s t a n t i a l l y 

reduced. The hexane washings were themselves evaporated down and a white 
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s o l i d was produced, b e l i e v e d to be t r i p h e n y l phosphitie. A n a l y s i s gave 

C, 82.6; H, 6.0; P, 11.6%, (PPh 3 r e q u i r e s C, 82.4; H, 5.7; P, 11.8%). 

The i n f r a - r e d a l s o agreed with PPh^. 

The hexane i n s o l u b l e white s o l i d was found to be s o l u b l e i n acetone 

but i n f r a - r e d showed mainly peaks due to PPN +Co(C0),, which obscured the 
4 

spectrum of a second u n i d e n t i f i e d m a t e r i a l . 

The r e a c t i o n was observed u s i n g s o l u t i o n i n f r a - r e d spectroscopy of 

the carbonyl s t r e t c h i n g frequency region. I n i t i a l l y a peak a t 1900 cm ^ 

was observed but on a d d i t i o n of the t r i p h e n y l phosphine the peak was 

observed to weaken s l o w l y . T h i s weakening continued as the system was 

warmed, to a l i m i t where no f u r t h e r r e d u c t i o n i n i n t e n s i t y was observed, 

(g) R e a c t i o n of PPN +Co(C0) 4 w i t h t r i p h e n y l phosphine i n CH^C^/ 

methanol. 

A s o l u t i o n of PPN +Co(C0)^ (0.71 g, 1 mmol) was made up i n 25 ml 

of dichloromethane and t r i p h e n y l phosphine (0.13 g, 0.5 mmol) was added to 

t h i s l i g h t brown s o l u t i o n . No change of colour was noted on the a d d i t i o n 

or d i s s o l u t i o n of the phosphine. The system was allowed to s t i r r a p i d l y 

f o r three hours before any f u r t h e r examination was made. The s o l u t i o n 

colour was unchanged a f t e r t h i s p e r i o d and so to encourage r e a c t i o n the 

s o l u t i o n was warmed to approximately 50°C, but s t i l l no change was 

observed. The system was then allowed to r e t u r n to room temperature, before 

the a d d i t i o n of a small amount of methanol (5 m l ) . The s o l u t i o n was noted 

to s l o w l y darken and became browner and t h i s darkening continued w i t h 

f u r t h e r s t i r r i n g . A very f i n e red/brown s o l i d deposited from the s o l u t i o n , 

and as time passed, t h i s continued and the colour of the s o l u t i o n became 

red/brown. The system was f i l t e r e d under vacuum to remove the s o l i d which 

was found to i n c l u d e p a r t i c l e s of a white s o l i d . A f t e r washing f i r s t w i t h 



- 41 -

hexane and then w i t h acetone, the brown s o l i d was analysed. Found Co, 

14.5; H, 3.7; C, 61.9; P, 7.6% ( [ C o ( C O ) 3 P P h 3 ] 2 r e q u i r e s Co, 14.6; H, 

3.7; C, 62.2; P, 7.7%). The i n f r a - r e d spectrum gave peaks a t 1 9 7 0 ^ , 

1944 v . and 1898. cm \ The hexane washings, on evaporation, produced ( s ) (m) 

unreacted t r i p h e n y l phosphine. Elemental a n a l y s i s gave C, 82.1; H, 5.6; 

P, 11.6% (PPh 3 r e q u i r e s C, 82.4; H, 5.7; P, 11.8%). 

The s o l u t i o n i n f r a - r e d spectrum of the methanol/dichloromethane 
+ 

mixture showed no carbonyl peaks, but showed peaks due to the i o n PPN . 

The r e a c t i o n was followed as u s u a l by i n f r a - r e d spectroscopy i n the 

carbonyl s t r e t c h i n g r e g i o n . I n i t i a l l y a strong peak a t 1900 cm ^ and a 

weak one at 2018 cm ^ were observed both due to the i o n Co(CO).. These 
4 

p e r s i s t e d unchanged through the warming and c o o l i n g of the s o l u t i o n . 

However on adding the s m a l l amount of methanol, the peaks both slowly 

weakened i n i n t e n s i t y u n t i l n e i t h e r could be detected a t a l l . 

The pH of the system was recorded a f t e r the methanol was added to 

the dichloromethane and gave a value of 7.4. As the brown s o l i d was 

formed the pH of the system s l o w l y changed to a f i n a l v a l u e of 10.1. 

(h) R eaction of d i c o b a l t o c t a c a r b o n y l w i t h t r i p h e n y l phosphine i n 

dioxan. 

C r y s t a l s of d i c o b a l t octacarbonyl (1.0 g, 3 mmol) were d i s s o l v e d i n 

dioxan (50 ml) producing a red/black s o l u t i o n . A s o l u t i o n of t r i p h e n y l 

phosphine (2.1 g, 8 mmol) a l s o i n dioxan, was then added s l o w l y to t h i s 

system over a pe r i o d of \ hour w i t h r a p i d s t i r r i n g . Gas was evolved 

s t e a d i l y as the phosphine s o l u t i o n was added and the red/black colour faded 

s l o w l y . A f t e r an hour had ela p s e d the system was cooled to 0°C on an 

ic e ^ b a t h to encourage d e p o s i t i o n of products and t h i s p r e c i p i t a t e was 

f i l t e r e d o f f as a l i g h t brown s o l i d . T h i s m a t e r i a l was washed w i t h 
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petroleum e t h e r (30 - 60 ) , to remove any excess t r i p h e n y l phosphine, 

before drying under vacuum. Elemental a n a l y s i s of the l i g h t brown s o l i d 

gave Co, 14.2; H, 3.6; C, 61.8; P, 7.3% ([CoCCO^CPPh.^] [Co(C0)~] 

r e q u i r e s Co, 14.1; H, 3.6; C, 61.6; P, 7.4%) (2.35 g of brown s o l i d 

were produced, a y i e l d of 9 0 % ) . The i n f r a - r e d spectrum as a n u j o l mull 

showed carbonyl peaks a t 2009, x and 1887, . cm \ 
(m) ( s ) 

A s m a l l amount of t h i s brown s o l i d (0.8 g) was s t i r r e d as a suspension 

i n toluene (40 ml). T h i s mixture was then warmed upon an o i l bath to ^ 

60°C f o r ^ \ hour and then allowed to cool to room temperature. The 

system was then f i l t e r e d and the brown r e s i d u e washed w i t h petroleum ether 

(30 - 60°) before drying under vacuum. Elemental a n a l y s i s of the s o l i d 

gave Co, 14.7; H, 3.8; C, 62.2; P, 7.6% ( [Co (CO) .̂ PPh.̂ ] 2 r e q u i r e s 

Co, 14.6; H, 3.7; C, 62.2; P, 7.7%). The carbonyl s t r e t c h i n g frequency 

region showed peaks a t 1960, , s , 1950, . and 1900, . cm \ These two 
( s h ) ' ( s ) (m) 

phosphine s u b s t i t u t i o n products have s i m i l a r elemental composition but 
markedly d i f f e r e n t i n f r a - r e d s p e c t r a . 

4.2.2. D i s c u s s i o n 

S e v e r a l p u b l i c a t i o n s have appeared on the r e a c t i o n of d i c o b a l t 

o c t a c a r b o n y l with compounds c o n t a i n i n g phosphorus, a r s e n i c and antimony, 
53-55 

p a r t i c u l a r l y t r i a r y l - and t r i a l k y l phosphmes. I t i s now e s t a b l i s h e d 

t h a t , w i t h t r i a l k y l - and t r i a r y l - p h o s p h i n e s i o n i c compounds are obtained 

( I ) together w i t h c o v a l e n t s u b s t i t u t i o n products ( I I ) : 

[ C o ( C O ) 3 ( P R 3 ) 2 ] [ C o ( C 0 ) ~ ] [ C o ( C 0 ) 3 P R 3 l 2 

I I I 

The r e l a t i v e amounts of the i o n i c compounds and the s u b s t i t u t i o n 

products may change depending upon the c o n d i t i o n s used, e s p e c i a l l y upon 
56 

the temperature of the r e a c t i o n system. At temperatures of approximately 
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50°C formation of the s u b s t i t u t i o n products i s favoured, and at lower 

temperatures 0°C) formation of the i o n i c products i s favoured. 

However the i o n i c compounds from t r i p h e n y l a r s i n e and t r i p h e n y l 

s t i b i n e [Co(CO)„(AsPh ) * ] [Co(CO) J and [Co(CO) „(SbPhJ*] [Co(CO)T] are o 3 L 4 3 3 2 4 

very u n s t a b l e , and a t 0°C the s u b s t i t u t i o n products are formed according 

to the equation below: 

[ C o ( C O ) 3 ( X R 3 ) 2 ] [Co(CO)~] > ° C > [ C o ( C O ) 3 X R 3 ] 2 + CO 

Where X r e p r e s e n t s P, As or Sb. 

However i f the r e a c t i o n of d i c o b a l t o c t a c a r b o n y l and t r i p h e n y l a r s i n e 

or s t i b i n e i s performed a t a temperature of -5°C the i o n i c s p e c i e s i s 

found to be stable"*'': 

< -5°C + C o 2 ( C O ) g + 2XR 3 > [ C o ( C O ) 3 ( X R 3 ) 2 ] [Co(CO) ] + C 0 

The i n f r a - r e d s p e c t r a of [ C o ( C O ) 3 ^ 3 ] 2 and [Co(CO) 3(PPh ) * ] [Co(CO)~] 
42 

have been s t u d i e d . The s u b s t i t u t i o n product does not show any i n f r a - r e d 

s t r e t c h i n g mode a t t r i b u t a b l e to b r i d g i n g carbon monoxide, t h e r e f o r e a 

s t r u c t u r e having a c o b a l t - c o b a l t bond i s suggested. 

0 0 0 0 0 

c c c c c 
Ph 0P Co Co PPh_ or P h . P — — C o Co. PPh„ 

3 I A 3 3 A A 3 

0

C o c c o o c c o o c c o 
Staggered E c l i p s e d 

I t i s not p o s s i b l e to d i f f e r e n t i a t e between the staggered form, of 

symmetry D ^ ^ J and the e c l i p s e d form, of symmetry D ^ , on the number of 

i n f r a - r e d a c t i v e CO s t r e t c h i n g v i b r a t i o n s , because both forms give r i s e to 

the same number, though the staggered forms are normally adopted. For the 
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c a t i o n the f o l l o w i n g a x i a l t r a n s s t r u c t u r e has been proposed; 

0C-
PPh„ r0 

I C PPh 0 

The anion of course has the f a m i l i a r t e t r a h e d r a l s t r u c t u r e : 

0 
C 
I 
.Co^ 

_ o c c o 0 J 
58 59 

Some r e p o r t s ' have i n d i c a t e d t h a t monosubstituted d e r i v a t i v e s of 

d i c o b a l t o c t a c a r b o n y l can be formed by d i r e c t r e a c t i o n with t r i p h e n y l 

phosphine, a r s i n e or s t i b i n e . These d e r i v a t i v e s are u s u a l l y c h a r a c t e r i s e d 

by a high frequency carbonyl s t r e t c h i n g band a t ^ 2080 cm \ i n c o n t r a s t to 

the simple s p e c t r a of the d i s u b s t i t u t e d d e r i v a t i v e s , which c h a r a c t e r i s t i c a l l y 

possess a very s t r o n g band, u s u a l l y i n the region of 1950 cm \ accompanied 

by a weaker band a t 1920 cm ^. However the monosubstituted derivative''"^ 

unstable w i t h r e s p e c t to the d i s u b s t i t u t e d d e r i v a t i v e and d i c o b a l t 

o c t a c a r b o n y l : 

2 C o 2(CO) 7XPh 3 -> C o 2 ( C 0 ) g + C o 2 ( C O ) 6 ( X P h 3 ) 2 

60 

Studies of the formation of these monosubstituted d e r i v a t i v e s and 

t h e i r i n h e r e n t i n s t a b i l i t y , as regards forming the d i s u b s t i t u t e d d e r i v a t i v e 

and d i c o b a l t o c t a c a r b o n y l , i n d i c a t e t h a t they are formed i n e q u i l i b r i u m 

r e a c t i o n s which l e a d to the d i s u b s t i t u t e d products: 

Co o(C0) 8 

+XR +XR 3 3 
s C o o ( C O ) 7 X R 3 + CO N Co„(C0),(XR„)„ + CO 

-XR, -XR„ 2 '6 3' 2 
3 ""3 

and they only e x i s t i n s o l u t i o n under a p r e s s u r e of about one atmosphere 

of carbon monoxide. 
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These t r i p h e n y l phosphine, a r s i n e or s t i b i n e monosubstituted 

d e r i v a t i v e s are g e n e r a l l y prepared i n hexane s o l u t i o n . Any d i s u b s t i t u t e d 

s p e c i e s formed immediately p r e c i p i t a t e s from the s o l u t i o n due to t h e i r very 

low s o l u b i l i t y . The s t r u c t u r e s of the monosubstituted s p e c i e s have been 

determined by i n f r a - r e d study of t h e i r hexane s o l u t i o n s , and the r e s u l t s 

i n d i c a t e t h a t the t r i p h e n y l phosphine s p e c i e s e x i s t s predominantly as the 

unbridged s t r u c t u r e ( I I I ) , whereas the a r s i n e and s t i b i n e analogues e x i s t 

p r o g r e s s i v e l y more i n the carbonyl bridged form ( I V ) : 

°c c° °c °c °c c°c° 

v i 
OC Co Co XR„ OC Co Co XR„ 

3 / ^ \ 3 A 
i 

n 
0 

c o c c o o c c o 

I I I IV 

The d i s u b s t i t u t e d forms have a l s o been s t u d i e d i n d e t a i l by one group 
61 62 

of workers, ' and t h e i r r e s u l t s show t h a t e q u i l i b r i a e x i s t i n s o l u t i o n 

between the bridged and non-bridged isomers f o r most of the [XR^CoCCO) ] ^ 

systems. However i n the s o l i d form the compounds with XR^ as t r i p h e n y l 

phosphine, a r s i n e or s t i b i n e are b e l i e v e d only to e x i s t i n the non-bridged 
6 3 

form due to t h e i r very low s o l u b i l i t i e s . S t udies of the e q u i l i b r i u m 

between the bridged and non-bridged isomers of [XR^CoCCO) ] ^ show that i n 

s o l u t i o n formation of the non-bridged form i s favoured by higher 

temperatures, p o l a r s o l v e n t s , bulky li g a n d s and a higher e l e c t r o n d e n s i t y 

upon the c o b a l t . 

I n general d i c o b a l t o c tacarbonyl r e a c t s w i t h t r i p h e n y l phosphine to 

form two d i s u b s t i t u t e d compounds the i o n i c d i s u b s t i t u t e d compound, favoured 

by room or low temperatures and p o l a r s o l v e n t s , and the true d i s u b s t i t u t e d 

c o v a l e n t compound, favoured by h i g h e r temperatures and non-polar s o l v e n t s . 
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D i c o b a l t o ctacarbonyl r e a c t s w i t h two moles of t r i p h e n y l phosphine 

a t 0°C or below, i n p o l a r s o l v e n t s , to evolve one mole of carbon monoxide, 

and form the s a l t , b i s - ( t r i p h e n y l p h o s p h i n e ) - t r i c a r b o n y l c o b a l t ( I ) 

t e t r a c a r b o n y l c o b a l t a t e (-1). . _ 

C o 2 ( C O ) 8 + 2PPh 3 > [ C o ( C O ) 3 ( P P h 3 ) 2 ] t C o ( C O ) " ] + CO 

. 64 . . . . . 

Studies of the r e a c t i o n i n d i c a t e that i t takes p l a c e v i a a s e r i e s 

of three s t a g e s . F i r s t the d i c o b a l t o c t a c a r b o n y l r e a c t s d i r e c t l y with 

t r i p h e n y l phosphine and the complex formed then evolves carbon monoxide i n 

a slower r e a c t i o n . F i n a l l y another molecule of t r i p h e n y l phosphine must 

be added r a p i d l y to form the i o n i c product: 

C o 2 ( C O ) g + PPh 3 } C o 2 ( C O ) g . P P h 3 

C o 2 ( C O ) g P P h 3 ) C o 2 ( C O ) ? P P h 3 + CO 

C o 2 ( C O ) 7 P P h 3 + PPh 3 > [ C o ( C O ) 3 ( P P h 3 ) 2 ] [ C o ( C 0 ) ~ ] . 

The r e a c t i o n of d i c o b a l t o ctacarbonyl w i t h t r i p h e n y l phosphine i n 

methanol produces a red/brown s o l i d of composition Co, 14.3; H, 3.65; 

C, 62.0; P, 7.5% i n t e r m e d i a t e between [ C o ( C O ) ( P P h ^ ) * ] [ C o ( C O ) ^ ] and 

[ C o ( C O ) 3 P P h 3 ] 2 which a n a l y s e as Co, 14.1; H, 3.6; C, 61.6; P, 7.4% and 

Co, 14.6; H, 3.7; C, 62.2; P, 7.7% r e s p e c t i v e l y . This r e s u l t i m p l i e d 

that the s o l i d was a mixture of the two s p e c i e s and i t s s o l i d i n f r a - r e d 

spectrum supported t h i s b e l i e f . T h i s i n f r a - r e d spectrum e x h i b i t e d bands 

a s s i g n a b l e to the known carbonyl s t r e t c h i n g f r e q u e n c i e s of both s p e c i e s : 

the s a l t produced peaks a t 2 0 0 8 ^ and 1 8 9 5 ^ cm and the dimer, peaks 

at 1960, , N , 1945, . and 1900, . cm 1 . The s o l u t i o n i n f r a - r e d a n a l y s i s ( s h ) ' ( s ) (w) 
only showed peaks due to the s a l t , presumably because the dimer was 
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i n s o l u b l e i n the methanol. 

F u r t h e r study of the system w i t h ethanol as the s o l v e n t showed a very 

s i m i l a r r e a c t i o n and i d e n t i c a l s o l u t i o n i n f r a - r e d s p e c t r a . However, i n 

t h i s c ase, an attempt was made to separate the two products of the r e a c t i o n . 

The red/brown product was washed with acetone to e x t r a c t the s a l t from the 

mixture. T h i s separated the s o l u b l e from the i n s o l u b l e red/brown products. 

The i n s o l u b l e red/brown s o l i d showed s o l i d i n f r a - r e d peaks corresponding 

w e l l w i t h those f o r [Co(CO)^PPh^] 2 and i t s elemental composition a l s o 

agreed w i t h t h i s assignment. The s o l u b l e red/brown s o l i d i n acetone 

s o l u t i o n showed the carbonyl frequencies a s s o c i a t e d w i t h s a l t 

[Co(CO)^(PPh^)^][Co(CO)^] and gave the appropriate elemental a n a l y s i s f o r 

t h i s formula. 

The r e a c t i o n of t r i p h e n y l a r s i n e w i t h d i c o b a l t octacarbonyl i n methanol 

was b e l i e v e d to f o l l o w approximately the same course. However the s o l i d 

i n f r a - r e d spectrum of the brown s o l i d produced from the r e a c t i o n showed 

no strong peak a t 1900 cm ^ i n d i c a t i n g t h a t the [Co(CO)^] i o n was probably 

not p r e s e n t . The carbonyl peaks t h a t d i d appear a t 1965. , N , 1945. . and 
(sh) ( s ) 

1900, . cm a l l agreed with those due to [Co(CO) AsPh ] , as did the (w) 5 5 2. 

elemental a n a l y s i s of the compound, Co, 13.2; H, 3.4; C, 57.1; As, 16.0%. 

( [ C o ( C O ) 3 A s P h 3 l 2 r e q u i r e s Co, 13.1; H, 3.3; C, 56.1; As, 16.7%.) 

T r i p h e n y l s t i b i n e r e a c t e d with d i c o b a l t o c t a c a r b o n y l i n methanol i n 

an almost i d e n t i c a l f a s h i o n . A brown s o l i d was produced which when 

analy s e d by i n f r a - r e d gave carbonyl peaks a t 1 9 8 0 ^ ^ , ^ ^ ( s ) a n c * ^ ^ ( s h ) 

cm \ and when anal y s e d e l e m e n t a l l y gave Co, 12.0; H, 2.9; C, 50.4; Sb, 

25.0%. ( [ C o ( C O ) 3 S b P h 3 ] 2 r e q u i r e s Co, 11.9; H, 3.0; C, 50.8; Sb, 24.6%.) 

At no time i n these r e a c t i o n s of t r i p h e n y l phosphine, a r s i n e or s t i b i n e 

w i t h d i c o b a l t o c t a c a r b o n y l i n methanol were any peaks observed i n s o l u t i o n 
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i n f r a - r e d s p e c t r a t h a t could be a s s i g n e d to the monosubstituted d e r i v a t i v e s 

CO2(CO)^XPh^. This was b e l i e v e d to be a r e s u l t of the p o l a r s o l v e n t s 

examined. 

The formation of the covalent dimer only f o r the l i g a n d s t r i p h e n y l 

a r s i n e and s t i b i n e was a r e s u l t of the temperature a t which the r e a c t i o n 

was c a r r i e d out. Had the temperature been < 5°C the i o n i c s p e c i e s would 

have been formed, and t h i s would have decomposed by l o s s of carbon monoxide 

to the covalent dimer on warming s l i g h t l y . 

The r e a c t i o n of t r i p h e n y l phosphine w i t h d i c o b a l t o c t a c a r b o n y l i n 

dioxan i l l u s t r a t e d t h i s i n s t a b i l i t y of the i o n i c s u b s t i t u t i o n products at 
65 

e l e v a t e d temperatures. I n i t i a l l y the r e a c t i o n a t room temperature 

produces the s a l t [Co(CO) f P P h J * ] [ C o ( C O ) , ] as shown by the s o l i d i n f r a - r e d 
J j I 4 

and elemental composition. T h i s red/brown s o l i d was then suspended i n 

toluene and warmed to ^ 60°C. The red/brown product e x t r a c t e d from the 

toluene had changed both i n i n f r a - r e d spectrum and composition, and t h i s 

i n formation confirmed t h a t the dimer had indeed been formed. 
2+ The r e a c t i o n of the s p e c i e s [Co(MeOH), ][Co(C0) 1 i n methanol w i t h 6 4 2 

t r i p h e n y l phosphine was s t u d i e d and the red/brown s o l i d produced was found 

to give the i n f r a - r e d spectrum of the dimer, [Co(CO)^PPh^]^, but the 

elemental a n a l y s i s did not correspond w i t h t h i s s p e c i e s . The elemental 

a n a l y s i s showed a much l a r g e r c o b a l t percentage than f o r [Co(CO)^PPh^]^• 

The r e a c t i o n o c c u r r e d e s s e n t i a l l y by the o x i d a t i o n of the cobalt (-1) 

anion to a zero v a l e n t c o b a l t s p e c i e s :-

2[Co(CO).] + 2PPh_ > [Co(CO)JPPhJ + 2e . 
4 J 5 i I 

A r e d u c t i o n must consequently a l s o have taken p l a c e i n the system 
2+ 

and the only a v a i l a b l e s p e c i e s f o r r e d u c t i o n were the Co i o n or the 
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methanol s o l v e n t . The Co ion was thought more l i k e l y to be reduced 

and t h i s can e x p l a i n the high proportion of c o b a l t i n the product i f m e t a l l i c 

c o b a l t was formed: 

2+ „ " Co + 2e > Co. 

The product t h e r e f o r e may have contained Co + [Co(CO) ̂ PPh^] ̂  which r e q u i r e s 

Co, 20.4; H, 3.5; C, 58.0; P, 7.1%, and these percentages correspond 

c l o s e l y to the a c t u a l v a l u e s obtained, Co, 20.2; H, 3.5; C, 57.8; P, 

7.2%. The i n f r a - r e d spectrum thus would be unchanged from t h a t produced 

by the dimer only, as was found. 

The r e a c t i o n of PPN +Co(C0)^ w i t h t r i p h e n y l phosphine produced a red/ 

brown s o l i d which, from elemental a n a l y s i s and s o l i d i n f r a - r e d , was 

i d e n t i f i e d as the dimer [Co(CO)^PPh^] . The r e a c t i o n d i d not go to 
+ -

completion, as unreacted t r i p h e n y l phosphine and PPN Co(CO)^ were e x t r a c t e d 

from the system during i s o l a t i o n of products. U n f o r t u n a t e l y these m a t e r i a l s 

obscured a p o s s i b l e second product of the r e a c t i o n . 

The r e a c t i o n c o n s i s t e d e s s e n t i a l l y of the o x i d a t i o n of a c o b a l t anion 

(-1) to a zero v a l e n t c o b a l t s p e c i e s :-

2Co(C0)T + 2PPh. > [Co(C0) oPPh 1 + 2e~ 
4 3 3 3 / 

Consequently, a r e d u c t i o n must a l s o have taken p l a c e w i t h i n the system, 
+ 

and the only s p e c i e s a v a i l a b l e f o r re d u c t i o n were the PPN ion and the 

methanol s o l v e n t . The PPN + i o n was regarded as an u n l i k e l y candidate f o r 

re d u c t i o n as i t i s a ver y s t a b l e s p e c i e s , so the methanol was considered 

as the more l i k e l y . 

The r e a c t i o n was attempted i n s o l u t i o n i n dichloromethane, using 

excess of t r i p h e n y l phosphine, but was found not to take p l a c e u n t i l some 
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methanol had been added. T h i s i m p l i e d t h a t the methanol was an e s s e n t i a l 

component i n the r e a c t i o n and hence was probably the s p e c i e s being reduced 

The most l i k e l y way f o r r e d u c t i o n of methanol to occur i s by the f o l l o w i n g 

equation: 

No evolved gas was noted but the qu a n t i t y concerned would have been 

r e l a t i v e l y s m a l l . The evidence to support the formation of the methoxide 

ion r e s t s upon the l a r g e change i n pH i n the course of the r e a c t i o n due to 

the b a s i c i t y of the methoxide i o n . 

4.3. High P r e s s u r e Study of the Cobalt/Methanol/Ligand System 

4.3.1. Experimental 

The b a s i c experimental d e t a i l s a r e very s i m i l a r to those d e s c r i b e d i n 

chapter 3. The study was performed i n the same high p r e s s u r e i n f r a - r e d 

c e l l , and the a n a l y s i s of products was r o u t i n e l y completed by G.L.C. The 

p h y s i c a l conditions used were v a r i e d i n order to f i n d t h e i r e f f e c t upon 

the r e a c t i o n . The l i g a n d i n c l u d e d i n the system was g e n e r a l l y p l a c e d i n 

the bomb together w i t h the c o b a l t a c e t a t e t e t r a h y d r a t e , and then methanol 

(18 ml) was added to the system. The bomb was purged w i t h n i t r o g e n before 

p r e s s u r i s i n g w i t h 1:1, CO/H^ s y n t h e s i s gas to a p r e s s u r e of approximately 

140 Atm, and s t i r r e d as q u i c k l y as p o s s i b l e . The temperature was r a i s e d 

to the s e l e c t e d l e v e l (between 180 - 220°C) and the gas p r e s s u r e would r i s 

to about 200 Atm. The r e a c t i o n was then allowed to run f o r 8 hours w h i l e 

the p r e s s u r e was maintained a t 200 Atm. When the run was complete the 

MeOH + e } MeO + iH. 
5 2" 

T h i s i m p l i e d t h a t the f u l l r e a c t i o n proceeded thus :-

2PPN +Co(C0). + 2PPh„ + 2Me0H > [CotCOKPPhJ „ + 2PPN OMe + H 
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system was allowed to cool overnight and the bomb was d e p r e s s u r i s e d slowly 

the next day. The l i q u i d and s o l i d samples were s y r i n g e d from the bomb and 

analysed. 

The r e s u l t s of v a r y i n g some of the r e a c t i o n parameters of the l i g a n d 

s t a b i l i s e d homologation of methanol are d i s c u s s e d w i t h r e f e r e n c e to the 

y i e l d and s e l e c t i v i t y of some products. 

C a t a l y s t . 

The c a t a l y s t used i n these experiments c o n s i s t e d of c o b a l t a c e t a t e 

t e t r a h y d r a t e (as i n chapter 3) plu s a s t a b i l i s i n g l i g a n d . The s t a b i l i s i n g 

l i g a n d c o n s i s t e d of a phosphine s p e c i e s PR^ (R = a l k y l , a r y l ) , ah a r s i n e 

s p e c i e s AsR^ or a s t i b i n e s p e c i e s SbR^ (R = a r y l ) . 

4.3.2. P i s c u s s i o n 

(a) E f f e c t of temperature upon the cobalt/methanol/phosphine system 

(Table 4.1.). 

The f i r s t g e n e r a l r e s u l t of the l i g a n d s t a b i l i s e d r e a c t i o n which was 

noted, was tha t the a d d i t i o n of the l i g a n d v i r t u a l l y stopped the r e a c t i o n : 

the l i g a n d , i n t h i s case t r i p h e n y l phosphine, caused the percentage molar 

y i e l d s of the four major products to f a l l to below 1%. However on the p o s i t i v e 

s i d e , the a d d i t i o n of the phosphine appeared to s u b s t a n t i a l l y i n c r e a s e the 

s e l e c t i v i t y to et h a n o l , mainly a t the expense of formation of a c e t a t e s . 

The most s u i t a b l e temperature f o r running t h i s very i n e f f i c i e n t r e a c t i o n was 

about 205°C ( F i g . 4.1.). T h i s showed t h a t one of the reasons f o r adding 

phosphine lig a n d s to the system was upheld, i . e . they had succeeded i n 

s t a b i l i s i n g the r e a c t i o n c a t a l y s t to a hig h e r temperature, without 

r e q u i r i n g a corresponding p r e s s u r e i n c r e a s e . Throughout the temperature 

range s t u d i e d (180 - 210°C) the s e l e c t i v i t y to ethanol was improved 

compared with the u n s t a b i l i s e d r e a c t i o n , but the y i e l d s were conver s e l y 
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much lower ( F i g . 4,1.). I t was fpund to be d i f f i c u l t to o b t a i n a.ccurate 

r e s u l t s due to the very s m a l l changes i n c o n c e n t r a t i o n . 

On opening the bombs at the end of each run the products were s y r i n g e d 

out, and with them was e x t r a c t e d a red/brown s o l i d . A f t e r f i l t e r i n g the 

mixture, the s o l i d was d r i e d under vacuum before being sent f o r elemental 

a n a l y s i s : Co, 14.6; H, 3.6; C, 62.1; P, 7.6%. (These r e s u l t s correspond 

w e l l w i t h those of the dimer t C o ( C O ) 3
p P h 3 ] 2 Co, 14.6; H, 3.7; C, 62.2; 

P, 7.7%.) The i n f r a - r e d spectrum of the s o l i d was run as a n u j o l mull or a 

KBr d i s c and shows carbonyl peaks at 1920, 1950. . and 1900. . cm ^. 

(m) ( s ) (w) 

(b) The e f f e c t of the l i g a n d / c o b a l t r a t i o for the methanol/cobalt/ 

l i g a n d system (Table 4.2.). 

The study was performed w i t h t r i p h e n y l phosphine as the l i g a n d , and at 

205° to ob t a i n the l a r g e s t y i e l d s p o s s i b l e . The r e a c t i o n was s t u d i e d to 

d i s c o v e r the most favourable phosphine/cobalt r a t i o f o r production of 

e t h a n o l . I t was c l e a r l y seen from the r e s u l t s obtained ( F i g . 4.2.) t h a t 

for r a t i o s of l i g a n d / c o b a l t of u n i t y and g r e a t e r , the products were formed 

i n approximately the same y i e l d and s e l e c t i v i t i e s . No c l e a r e f f e c t due 

to the phosphine c o n c e n t r a t i o n could be observed. However r e d u c t i o n of 

the same r a t i o below u n i t y caused the y i e l d and s e l e c t i v i t i e s to i n c r e a s e 

markedly so t h a t they c l o s e l y resembled those due to the simple 

u n s t a b i l i s e d cobalt/methanol system (Table 3.2.). 

These o b s e r v a t i o n s were e x p l a i n e d as f o l l o w s : - the l a c k of change 

i n product spectrum at high l i g a n d / c o b a l t r a t i o ( i . e . > 1) i m p l i e d t h a t 

the q u a n t i t y of phosphine p r e s e n t was not s i g n i f i c a n t , provided that there 

was s u f f i c i e n t to form the r e l e v a n t c a t a l y t i c s p e c i e s . The unused 

remainder of the phosphine would take no p a r t i n the r e a c t i o n and remain 
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unchanged e i t h e r i n s o l u t i o n or as a s o l i d at the bottom of the r e a c t i o n 

vessel. The change i n y i e l d s and s e l e c t i v i t i e s when the l i g a n d / c o b a l t 

r a t i o f a l l s below u n i t y was believed to occur due t o presence of 

u n s t a b i l i s e d cobalt c a t a l y s t . The phosphine present s t a b i l i s e d a f r a c t i o n 

of the cobalt and t h i s reacted, producing low y i e l d s of the products as 

before, but these r e l a t i v e l y small q u a n t i t i e s were e f f e c t i v e l y swamped by 

the conversion of much more methanol by the u n s t a b i l i s e d p o r t i o n of the 

c a t a l y s t , which behaved as reported i n the preceding chapter. 

When the experiments were concluded and the bomb opened, the mixture 

was syringed out and f i l t e r e d to remove any s o l i d present. The s o l i d s 

obtained were washed w e l l w i t h hexane or pentane and d r i e d under vacuum. 

A l l the s o l i d s obtained were red/brown and a l l showed approximately 

the same elemental composition and i n f r a - r e d spectra (Co, 14.5; H, 3.8; 

C, 62.4; P, 7.6%, carbbnyl s t r e t c h i n g peaks a t 1 9 7 0 ^ ^ , 1 9 5 0 ^ and 

1900. . cm 1 ) . These correspond w e l l w i t h the dimer [Co(CO)„PPh 1 , Co, (w) r 3 3 2 
14.6; H, 3.7; C, 62.2; P, 7.7%; i n f r a - r e d carbonyl peaks at 1970. 

W 
1950. . and 1900. . cm"1, (s) (w) 

The hexane or pentane washings were themselves evaporated, and f o r 

experiments w i t h l i g a n d / c o b a l t r a t i o > 1, a white s o l i d was produced 

C, 81.9; H, 5.8; P, 11.9% b e l i e v e d to be PPh.̂ . ( ? v h
3 requires C, 82.4; 

H, 5.7; P, 11.8%.) 

Therefore the e f f e c t of the l i g a n d / c o b a l t r a t i o seemed t o show t h a t 

to s t a b i l i s e a l l the c o b a l t present, a r a t i o of u n i t y was r e q u i r e d , and 

i n c r e a s i n g t h i s r a t i o f u r t h e r seemed to have no great i n f l u e n c e upon the 

homologation. Thus i t appeared t h a t the 1:1 correspondence of cobalt t o 

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

homologation c a t a l y s t f o r m u l a t i o n . 
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(c) E f f e c t of l i g a n d type upon the cobalt/methanol/ligand system 

(Table 4.3.). 

The homologation of methanol was i n v e s t i g a t e d by using a series of 

d i f f e r e n t ligands to assess t h e i r i n f l u e n c e upon the r e a c t i o n system. 

The use of d i f f e r e n t phosphine ligands seemed to cause very l i t t l e 

change i n the r e a c t i o n (Table 4.3.). Possibly the t r i c y c l o h e x y l phosphine 

was not as e f f e c t i v e as the t r i - n - b u t y l and t r i p h e n y l phosphines, but these 

discrepancies can be explained on experimental d i f f e r e n c e s alone. The 

most i n t e r e s t i n g r e s u l t of changing the ligands was the e f f e c t of r e p l a c i n g 

the phosphine l i g a n d by one con t a i n i n g arsenic or antimony. I n these cases 

the y i e l d of ethanol was g r e a t l y reduced, and the major product of the 

r e a c t i o n was found t o be acetaldehyde. There seemed to be no p a r t i c u l a r 

d i f f e r e n c e between the behaviour of the arsine or the s t i b i n e ligands 

themselves. The formation of acetaldehyde, r a t h e r than e t h a n o l , i m p l i e s 

t h a t the r e d u c t i o n of acetaldehyde t o ethanol was hindered by the arsenic 

(or antimony) l i g a n d on the co b a l t . This hindrance could take the form of 

e l e c t r o n i c e f f e c t s or be due to s t e r i c reasons. 

When the bomb was opened the mixture was syringed out and the s o l i d 

f i l t e r e d o f f , and washed w i t h hexane. The phosphine experiments generated 

the species [Co (CO) PR ] : 

Obtained Analyses Calculated Analyses 

R=Ph Co, 14.7; H, 3.8; C, 62.4; P, 7.6% Co, 14.6; H, 3.7; C, 62.2; P, 7.7% 

R=n-C,H„ Co, 17.1; H, 7.7; C, 52.4; P, 9.1% Co, 17.1; H, 7.8; C, 52.2; P, 9.0% 
4 9 

R=C H Co, 13.7; H, 7.9; C, 59.4; P, 7.5% Co, 13.9; H, 7.8; C, 59.6; P, 7.3% 

6 11 

The arsine and s t i b i n e experiments also produced s i m i l a r products 

b e l i e v e d t o be [Co (CO) 3 ^ ^ ] and [Co (CO) ̂ SbPh^] ̂  : 
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Obtained Analyses Calculated Analyses 

Co, 13.0; H, 3.3; C, 56.0; As, 16.8% Co, 13.1; H, 3.3; C, 56.1; As, 16.7% 

Co, 12.1; H, 2.9; C, 60.0; Sb, 24.8% Co, 11.9; H, 3.0; C, 60.8; Sb, 24.6% 

4.4. High Pressure Infra-Red Study of the Cobalt/Methanol/Ligand System 

4.4.1. Experimental 

The reactions were a l l performed i n the same c e l l s used f o r the 

autoclave s t u d i e s , but the i n f r a - r e d f a c i l i t y was u t i l i s e d t o f o l l o w the 

course of the r e a c t i o n . I t was found possible i n these high pressure 

i n f r a - r e d studies to examine the systems f o r a much greater period of time, 

as the reactions were a l l r e l a t i v e l y i n e f f i c i e n t and the spectra produced 

were not masked by product absorptions. I t was t h e r e f o r e possible to 

observe the systems f o r periods of about 4 hours a t r e a c t i o n temperature 

w i t h o u t i n t e r f e r e n c e bands forming i n the spectra of the c a t a l y t i c species 

under i n v e s t i g a t i o n . 

The m a t e r i a l s added t o the c e l l , d i c o b a l t octacarbonyl, l i g a n d and 

methanol, were i n s e r t e d i n a p a r t i c u l a r order. The l i g a n d was f i r s t d i s solve 

suspended i n the methanol and t h i s solution/suspension was syringed i n t o the 

bomb. The bomb was then flushed w i t h n i t r o g e n before a d d i t i o n of the 

d i c o b a l t octacarbonyl as a s o l i d . The bomb was flushed once again w i t h 

n i t r o g e n , sealed and pressurised to the l e v e l selected w i t h the appropriate 

gas or gas mixture. 

The i n f r a - r e d spectra were recorded r e g u l a r l y as the temperature was 

ra i s e d from room temperature i n increments of approximately 30°C t o the 

f i n a l selected r e a c t i o n temperature; at each i n t e r v a l , time was allowed f o r 

the system to reach e q u i l i b r i u m before the spectra were recorded. 

Once the system had been examined at the f i n a l r e a c t i o n temperature, 

i t was allowed to cool slowly t o room temperature before the gas pressure 
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above the system was released. The i n f r a - r e d spectra were again taken 

at room temperature before depressurising the bomb, and once the gas had 

been released a standard i n f r a - r e d s o l u t i o n spectrum of the ex t r a c t e d 

l i q u i d was run. The s o l u t i o n was also examined by chromatographic methods 

to check t h a t the r e a c t i o n products were at a t o l e r a b l e l e v e l . 

4.4.2. Discussion 

(a) Study of the system under n i t r o g e n pressure only. 

A series of reactions were studied w i t h a pressure of n i t r o g e n only 

above the systems. The pressure of n i t r o g e n above the system appeared t o 

have no detectable e f f e c t upon the r e a c t i o n . 

Dicobalt octacarbonyl and t r i p h e n y l phosphine i n methanol were reacted 

under n i t r o g e n pressure and the peaks generated by the r e a c t i o n were 

observed w i t h increase i n temperature. The only peaks observed were at 

2000, s and 1900, x cm and could be assigned t o the species (m) (s) 
[CoCCO^CPPh.^] [Co(C0)^] . With increase i n temperature both of these 

peaks were found to reduce i n i n t e n s i t y . When the spectrum was examined at 
o 

100 C, the peaks were found to have disappeared, and they d i d not reappear 

on f u r t h e r heating. The bomb was cooled and opened and a red/brown s o l i d 

was found to have deposited. The red/brown s o l i d was washed w i t h hexane 

and d r i e d before elemental and s o l i d i n f r a - r e d a n a l y s i s . These gave Co, 

14.7; H, 3.8; C, 62.1; P, 7.6%, ( [ C o ( C O ) 2 requires Co, 14.6; 

H, 3.7; C, 62.2; P, 7.7%): carbonyl peaks at 1970. , 1950, . and 
(sh) (s) 

1900 cm . These analyses showed i t to be the dimer [Co(C0) PPh ] . (w) 3 3 2 
The r e a c t i o n between d i c o b a l t octacarbonyl and t r i p h e n y l arsine 

(or t r i p h e n y l s t i b i n e ) was also examined under the same co n d i t i o n s . The 

only peaks observed were at about the same p o s i t i o n s i n the i n f r a - r e d 
spectra i . e . 1995, „ and 1900, . cm \ but these absorptions d i d not even (w) (m) 
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p e r s i s t above 30 C. No new peaks appeared on h e a t i n g the system. I n the 

case of both the antimony and arsenic l i g a n d s , a brown s o l i d was e x t r a c t e d 

from the bomb. These s o l i d s were analysed elementally and by s o l i d i n f r a ­

red and were found t o be [Co(CO)^AsPh^]^ a n d [Co(CO) 3SbPh^] ?. I n f r a - r e d 

analysis showed carbonyl s t r e t c h i n g peaks at 1970, 1942, ., 1900. . 
(sh) (s) (sh) 

cm . Elemental analysis gave Co, 13.0; H, 3.2; C, 56.0; As, 16.8% 

and Co, 11.9; H, 3.1; C, 51.0; Sb, 24.4%. ([Co(CO)^AsPh^]^ and 

[Co(C0) 3SbPh 3] 2 r e q u i r e Co, 13.1; H, 3.3; C, 56.1; As, 16.7% and Co, 

11.9; H, 3.0; C, 50.8; Sb, 24.6% r e s p e c t i v e l y . ) 

This study showed t h a t under even high pressure (100 Atm) of n i t r o g e n , 

the r e a c t i o n f o l l o w s the same p a t t e r n as the bench work discussed e a r l i e r . 

The t r i p h e n y l phosphine l i g a n d was able t o react w i t h d i c o b a l t octacarbonyl 

t o form the i o n i c s u b s t i t u t i o n product as before, and t h i s s a l t was again 

found to decompose by loss o f carbon monoxide to form the covalent dimer 

on warming. The t r i p h e n y l arsine and s t i b i n e ligands reacted f i r s t to 

form the s a l t but these were not s t a b l e and soon decomposed to form the 

i n s o l u b l e covalent dimer as shown by the r a p i d disappearance of the peaks 
-1 o 

at 1995 and 1900 cm even a t 30 C. The pressure of n i t r o g e n seemed to 

have no i n f l u e n c e upon the system whatsoever. 

(b) Study of the system under carbon monoxide pressure 

A series of reactions were performed under carbon monoxide pressure of 

^ 100 Atm and i n v e s t i g a t e d t o reveal the species present at r e a c t i o n 

temperature. 

D i c o b a l t octacarbonyl was reacted w i t h t r i p h e n y l phosphine i n 

methanol under carbon monoxide pressure. The r e a c t i o n i n i t i a l l y produced 
peaks due to the s a l t [Co(C0)„(PPh_)^][Co(C0)~] a t 2000 and 1900 cm 1 a t r 3 J I 4 
30°C. As the temperature was increased the i n t e n s i t y of the bands reduced 



s l i g h t l y but they s t i l l remained f a i r l y strong. At temperatures around 

160°C f u r t h e r weak carbonyl peaks appear at 2050. ., 1980. ., 1970. . 
(w) (w) 0 (w) 

and 1 6 9 0 ^ cm . These can be assigned t o the acyl species MeCCo (CO) ̂ PPh 
o 

These new carbonyl peaks p e r s i s t t o 185 C but do not become p a r t i c u l a r l y 

strong. When the system was allowed t o cool to room temperature the peaks 

were found t o remain. However on r e l e a s i n g the pressure the peaks due to 

the s a l t were found to r a p i d l y disappear, and on e x t r a c t i n g the mixture 
6 7 

most of the cobalt was found t o be i n the form of [Co(CO)^PPh^]^• 

The same study was performed w i t h t r i p h e n y l a r s ine (or t r i p h e n y l 

s t i b i n e ) as the l i g a n d . Under high carbon monoxide pressure the peaks of 

the s a l t ( a t 1995 and 1900 cm ^) were found to p e r s i s t to the r e a c t i o n 

temperature (185°C), in s t e a d of decomposing to the dimer and p r e c i p i t a t i n g 

from the s o l u t i o n . The peaks due t o t h i s s a l t a t 185°C however were much 

weaker than those w i t h t r i p h e n y l phosphine l i g a n d . This was be l i e v e d to 

be due to the f a c t t h a t most of the c o b a l t - l i g a n d complex e x i s t as the 

i n s o l u b l e dimers. 

Other peaks can be observed a t t h i s temperature (185°C) at 2050, . 
v.w; 

1980. 1970. . and 1690 cm but these too are s u b s t a n t i a l l y weaker (w) (w) (w) 
than those produced w i t h the phosphine l i g a n d . On c o o l i n g a l l the peaks 

o 

p e r s i s t to 30 C, but on r e l e a s i n g the carbon monoxide pressure the peaks 

due to the s a l t disappear. 

(c) Study of the system under synthesis gas mixture. 

A series of r e a c t i o n were studied under a synthesis gas pressure of 

200 Atm (100 Attn H,̂ , 100 Atm CO) using d i c o b a l t octacarbonyl w i t h 

t r i p h e n y l phosphine (or arsine or s t i b i n e ) i n methanol. 

A very s i m i l a r r e s u l t was observed w i t h the synthesis gas as was 

found w i t h the pressure of carbon monoxide only. I n i t i a l l y only the s a l t , 



[Ca(CO)3(X^] [Co(CO)^], was formed as shown by the peaks at 2000 and 1900 

cm ^. On warming the systems a l l produced peaks a t approximately 2050, 
-1 M 1980, 1960 and 1690 cm b e l i e v e d t o be due t o the species MeCCo(C0)3L. 

The peaks due to t h i s species were much stronger f o r the phosphine l i g a n d 

than f o r those produced from the arsine or s t i b i n e l i g a n d . 

The only d i f f e r e n c e observed i n the systems, which could be 
-1 68 

a t t r i b u t e d t o the presence of hydrogen, was a weak peak at ^ 1970 cm 

This peak was regarded as being caused by species of the type HCo(C0) 3L. 

This species normally has carbonyl s t r e t c h i n g peaks a t about 2050, 
(mw) 

1970, > and 1935, . cm ^, and under these c o n d i t i o n s , these weak peaks (vs) (w) 
probably were too small t o be seen and were masked by nearby absorptions. 

A l l the carbonyl absorptions p e r s i s t when the system was allowed t o 

r e t u r n t o room temperature but on r e l e a s i n g the pressure, those due to 

the s a l t disappeared. 



CHAPTER FIVE 

AN EXAMINATION OF THE IODIDE PROMOTED 

COBALT/METHANOL REACTION SYSTEM 
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5.1. I n t r o d u c t i o n 

This chapter i s concerned w i t h the in f l u e n c e of i o n i c or a l k y l iodides 

on the cobalt catalysed homologation of methanol. The i o n i c and a l k y l 

iodides have been suggested as promoters f o r t h i s r e a c t i o n by several 

authors, and halides have been proposed as us e f u l a d d i t i v e s f o r many other 

homogeneously catalysed r e a c t i o n s . ^ ^ A promoter i s a compound which i s , 

i n i t s e l f , not a c a t a l y s t f o r the r e a c t i o n i n question, but serves to 

enhance the e f f e c t of the c a t a l y s t u t i l i s e d . 

Iodides are believed to improve both the s e l e c t i v i t y and y i e l d s of the 

major products of the r e a c t i o n but accurate measurements are sparse.^ Z 

Several possible r e a c t i o n schemes have been proposed f o r the involvement 

of the i o d i d e i o n , and an o b j e c t i v e o f t h i s work r e l a t e s to the reasons f o r 

increased e f f i c i e n c y of the r e a c t i o n when performed i n the presence of 

the i o d i d e s . 

5.2. Low Pressure Study of the D i c o b a l t Octacarbonyl/Iodide/Methanol 

Reaction 

5.2.1. Experimental 

(a) Reaction of PPN Co(CO)^ w i t h methyl iodide i n dichloromethane 

at -40°C. 
+ 

A small amount of PPN Co(CO)^ (0.35 g,.0.5 mmol) was dissolved i n 

dichloromethane (50 ml) and the s o l u t i o n cooled to -40°C i n an acetone/ 

dry i c e bath. This s o l u t i o n was r a p i d l y s t i r r e d as a s o l u t i o n of methyl 

i o d i d e ( 1 g, 7 mmol) i n dichloromethane (20 ml) was added slowly. The 

i n i t i a l yellow s o l u t i o n slowly became pale red/brown, then dark brown over 

a period of 1 hour. The s o l u t i o n remained unchanged over a f u r t h e r 4 

hour p e r i o d . Cooled hexane (20 ml) at -40°C was added t o the system to 

e x t r a c t any hydrocarbon-soluble products. The system was s t i r r e d r a p i d l y 
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f o r \ hour and then the yellow/brown hexane l a y e r was separated from the 

dichloromethane l a y e r . The hexane was evaporated o f f " i n vacuo" at room 

temperature i n an attempt to o b t a i n a s o l i d product. However, i t was found 

t h a t decomposition of any products formed had occurred, and only a grey/black 

deposit was obtained, probably cobalt metal. 

The r e a c t i o n was studied throughout by s o l u t i o n i n f r a - r e d using a 

s p e c i a l l y cooled i n f r a - r e d c e l l , to prevent any decomposition of the r e a c t i o n 

products. The i n f r a - r e d spectrum of the o r i g i n a l s o l u t i o n showed only two 

peaks i n the carbonyl s t r e t c h i n g frequency r e g i o n ; at 2015 , 1900 . cm \ 
(w) (s; 

Both of these can be assigned t o the i o n Co(CO)^. On a d d i t i o n of the methyl 

iodide s o l u t i o n the spectra changed r a p i d l y . The peak at 2015 cm 

disappeared, the peak at 1900 cm ^ weakened r a p i d l y and new peaks appeared 

at 2105, 2035 and 2020 cm 1. Within 15 minutes the peaks due to Co(C0) 4 

had completely disappeared and the only ones remaining were at 2105^^ » 
2035, S and 2020. . cm \ A f t e r the system was e x t r a c t e d w i t h hexane these (m,w) (s) 
peaks were found i n both the hexane and the dichloromethane l a y e r s , though 

they were stronger i n the hexane l a y e r . These three peaks can be assigned 

to the species Me Co(CO)., (2104, N, 2035, N and 2018, , cm"1 6 6 > 7 3 ) . 

4 (w) (m) (s) 

(b) Reaction of Na +Co(C0)^ w i t h methyl i o d i d e i n THF at -40°C. 

An amalgam of sodium and mercury was prepared by r e a c t i n g sodium 
74 

metal d i r e c t l y w i t h l i q u i d mercury under n i t r o g e n atmosphere. The 

cleanest p o r t i o n of t h i s f r e s h l y prepared amalgam was taken and reacted 

w i t h d i c o b a l t octacarbonyl (0.3 g, 1 mmol) i n s o l u t i o n i n THF (50 m l ). 
40 

The system was s t i r r e d f o r about 2 hours, u n t i l the THF was c o l o u r l e s s . 
+ — o Then t h i s s o l u t i o n of Na Co(CO), i n THF was cooled to -40 C i n an acetone/ 4 

dry i c e bath. A s o l u t i o n of methyl i o d i d e (1 g, 7 mmol) also i n THF (20 ml) 

was slowly added to the r a p i d l y s t i r r e d , cooled s o l u t i o n . The THF slowly 
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began to take on a brown c o l o u r a t i o n and t h i s darkened as the methyl i o d i d e 

was added. This system remained unchanged f o r 2 hours. The amalgam was 

run o f f from the f l a s k and the THF s o l u t i o n was s t i r r e d w i t h hexane (20 ml) 

to e x t r a c t any non-polar species. The hexane layer was syringed o f f and 

pumped on at room temperature to encourage c r y s t a l l i s a t i o n ; but decomposition 

of the m a t e r i a l occurred. 

I n f r a - r e d analysis i n the carbonyl region of the system i n i t i a l l y 

showed only those peaks due t o d i c o b a l t octacarbonyl: 2073^^, 2 0 4 6 ^ , 2029^, 

1866, N and 1858, , cm \ As the r e a c t i o n w i t h the amalgam took place the (m) (m) 
peaks due t o d i c o b a l t octacarbonyl slowly reduced i n s t r e n g t h and were 

ev e n t u a l l y replaced by a s i n g l e peak at 1900, . cm \ due t o Co(C0),. 
(m) 4 

On the a d d i t i o n of the methyl iodide s o l u t i o n t o the system, the 

spectra followed the same p a t t e r n described f o r the r e a c t i o n using the 

PPN+Co(C0), s a l t . The species Me Co (CO), was generated (peaks at 2105, 
4 4 (w) 

2035, , , 2020 cm ) from the i o n Co(CO) This a l k y l cobalt species 

was e x t r a c t e d mostly i n t o the hexane lay e r but was found t o decompose on 

evaporation of the solvent. 

(c) Reaction of PPN Co(C0)^ w i t h methyl i o d i d e i n dichloromethane at 

room temperature. 

A small amount of PPN Co(C0)^ (0.7 g, 1 mmol) was dissolved i n 

dichloromethane (50 ml) and the system was s t i r r e d r a p i d l y . A s o l u t i o n of 

methyl i o d i d e (1 g, 7 mmol) also i n dichloromethane (20 ml) was slowly 
+ - + -added to the PPN Co(C0). s o l u t i o n . The yellow s o l u t i o n of PPN Co(C0). 

4 4 

slowly became brown as the methyl i o d i d e was added. W i t h i n about 1 hour, 

the brown colour was found t o have changed to a greeny brown colour. The 

s o l u t i o n was r a p i d l y s t i r r e d and hexane (20 ml) was added to e x t r a c t any 

non-polar species from the dichloromethane. The hexane lay e r became brown 
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as w e l l as the dichloromethane layer. Evaporation of the hexane layer 

only r e s u l t e d i n decomposition of the species. 

I n f r a - r e d study of the carbonyl s t r e t c h i n g frequency region showed t h a t 

i n i t i a l l y peaks at 2014, . and 1900. . cm ^ were present. As the methyl 
(w) (s) 

iodide was added t o the system the spectra r a p i d l y changed and these peaks 

weakened very q u i c k l y . Several new peaks were also seen to appear w i t h i n 

10 minutes of the a d d i t i o n . A f t e r 10 minutes the spectrum showed peaks at 
2110. . , 2050, . , 2030, . , 2010, . , 1955, , , 1935, . , 1895, N and (w) (m w) (m) (m) (w) (w) (m) 
1710, . cm \ A f t e r a further 10 minutes the spectrum showed peaks at (w) r 

2110, . , 2050, . , 2030, 2010, 1955, 1935, . and 1710, . cm"1, (w) (m. w) (m) (m) (vw) (vw) (w) 
The two peaks at 1955 and 1935 cm slowly disappeared w i t h i n 40 minutes 

but the other f i v e peaks remained unchanged and p e r s i s t e d throughout the 

experiment. These f i v e peaks could not be assigned t o the species CH„Co(C0) 
3 4 

and so a new product must have formed from t h i s r e a c t i o n a t room temperature. 

A study of possible products from these s t a r t i n g m a t e r i a l s , revealed t h a t 
the compound CH CCo(CO) had carbonyl s t r e t c h i n g frequencies at 2107, 

3 4 (w) 
2048, *. , 2026, 2007, , and 1715, . cm' 1. 6 6 These appeared to f i t the (m)' (m) (s) (m) ^ 
peaks obtained very w e l l and so the species formed i n t h i s r e a c t i o n was 

b e l i e v e d to be the acyl species CH^CCotCO)^. 

(d) Reaction of PPN+Co(C0)^ w i t h methyl i o d i d e i n methanol at 

room temperature. 

Crystals of PPN Co(C0)^ (0.2 g, 0.3 mmol) were dissolved i n methanol 

(50 ml) and the b u f f coloured s o l u t i o n formed was s t i r r e d r a p i d l y . A 

s o l u t i o n of methyl i o d i d e (1 g, 7 mmol) i n methanol (20 ml) was slowly 

added t o the system. The colour of the s o l u t i o n remained unchanged a f t e r 

a d d i t i o n of the methyl i o d i d e . Hexane (20 ml) was added to the system i n 

an attempt to e x t r a c t any non-polar species present, but no change i n the 
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hexane layer was observed. 

I n f r a - r e d study of the system showed only one peak due t o carbonyl 

s t r e t c h i n g at 1900, . cm \ which was assigned to Co(CO).. When the methyl 
(.m) 4 

iodide s o l u t i o n was added t o the system the peak at 1900 cm ^ was seen to 

weaken r a p i d l y , and disappear completely w i t h i n 10 minutes. No other peaks 

were observed to form. The hexane la y e r was examined by i n f r a - r e d and 

showed two weak peaks at 2030 and 2010 cm \ These two peaks were again 

believed t o be due t o the ac y l species CH^CCoCCO)^. The other three peaks 

which should also have been present were thought to be too weak t o be 

detected due t o the low concentration of the acyl species. 

(e) Reaction of [Co(MeOH)^+][Co(CO) 1 w i t h methyl i o d i d e i n methanol 
6 4 2 

at -40°C. 
Dicoba l t octacarbonyl (0.3 g, 1 mmol) was dissolved i n methanol (40 ml) 

and s t i r r e d f o r about 3 hours, u n t i l the pink s o l u t i o n due t o 
2+ -

[Co(MeOH), ] [Co(C0) (] had been formed. This s o l u t i o n was then cooled t o 6 4 2 
-40°C i n an acetone/dry i c e bath, and a s o l u t i o n of methyl i o d i d e i n 

methanol was slowly added. Then hexane (20 ml) was syringed i n t o the 

system t o e x t r a c t any hydrocarbon—soluble m a t e r i a l s and allowed to slowly 

warm t o room temperature. 

I n f r a - r e d examination of the carbonyl s t r e t c h i n g frequency region of 

the spectrum i n a cooled c e l l i n i t i a l l y showed two peaks at 2018, . and 
(w) 1900, . cm due to Co(C0),. When the methyl i o d i d e was added these (vs) 4 

two peaks r a p i d l y shrank and new peaks appeared at 2105, . and 2020, . cm 
(w) (m) 

A f t e r 20 minutes the peaks at 2018 and 1900 cm ^ had completely 

disappeared and the only peaks observable i n the methanol were at 2 1 0 5 ^ 

and 2020, . cm \ The hexane layer was examined at t h i s stage and t h i s (m) 
showed peaks at 2105, 2035, , and 2020, . cm believed t o be due to 

(w) (m) (s) 
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CH^Co(CO)^. These peaks p e r s i s t e d as long as the s o l u t i o n was kept cool 

but r a p i d l y weakened when the system was allowed t o warm t o room 

temperature. New peaks appeared at 2110, 2050. . , 2030. 2007. N, v (w) (w) (m) (m) 
1955, ^, 1935, . and 1710, , cm ^ but not a l l of these p e r s i s t e d , (w) (w) (w) 
Eventually the peaks due to CH^Co(CO)^ disappeared and were replaced by 

peaks at 2110, , , 2050, ^, 2030, ., 2007, . and 1710. . cm 1 , which could (w)' (m)' (m) (s) (w) 
a l l be assigned to CH^CIo(c°)4-

( f ) Reaction of d i c o b a l t octacarbonyl w i t h methyl iodide i n methanol. 

A small amount of d i c o b a l t octacarbonyl (0.3 g, 1 mmol) was added t o 

methanol (30 ml) and allowed t o dissolve to form the red/black s o l u t i o n . 

However the s o l u t i o n was not permitted enough time f o r much of the 
2+ — 

[Co(MeOH) ] [Co(C0) 1 species to form before a d d i t i o n of methyl iodide 6 4 2 
(0.3 g, 2 mmol). The mixture was then s t i r r e d r a p i d l y and the colour 

slowly changed from red/black to a brown coloured s o l u t i o n . The brown 

s o l u t i o n remained unchanged f o r several hours. The system was evaporated 

" i n vacuo" and a black deposit formed. Analysis gave Co, 30.4; I , 70.4%. 

["Col" requires Co, 31.7; I , 68.3%]. The black s o l i d was dissolved i n 

methanol, f i l t e r e d and the s o l u t i o n evaporated to form a black s o l i d . 

[Co, 19.1; I , 81.9%; C o I 2 requires Co, 18.8; I , 81.2%]. 

I n f r a - r e d observations of the carbonyl s t r e t c h i n g frequency region 

of the spectrum provided some u s e f u l i n f o r m a t i o n . I n i t i a l l y several 

carbonyl peaks could be seen at 2075, 2030. . , 1900, . and 1860, N cm \ 
(m) (m) (m) (m) 

On a d d i t i o n of methyl i o d i d e these peaks were observed t o change and 
s h i f t r a p i d l y w i t h i n 5 minutes to peaks at 2106, , , 2025, 2007, 

(m) (m) (m) 
1955, N , 1940, . and 1720, . cm . Most of these peaks p e r s i s t e d throughout (m) (m) (w) 
the r e s t of the s o l u t i o n experiment, except f o r those at 1955, . and 
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1940 Cm) cm w h i c h s l o w l y w e a k e n e d a n d d i s a p p e a r e d . The l o s s o f t h e s e 

t w o a b s o r p t i o n s m e a n t t h a t t h e o n l y p e a k s l e f t w e r e a t 2106 2025 
Cm)' ( m ) ' 

cm w h i c h c o r r e s p o n d a p p r o x i m a t e l y t o t h o s e a t t r i b u t e d a n d 1720 2007 Cm) ( w ) 

t h e a k s i n CH t o t h e s p e c i e s CH^CCoCCO)^ , U n f o r t u n a t e l y t h e p e a k s i n t h e r e g i o n o f 

2040 cm ^ w e r e v e r y d i f f i c u l t t o o b s e r v e due t o a m e t h a n o l a b s o r p t i o n . 

( g ) R e a c t i o n o f d i c o b a l t o c t a c a r b o n y l w i t h m e t h y l i o d i d e i n h e x a n e . 

O r a n g e c r y s t a l s o f d i c o b a l t o c t a c a r b o n y l CO.6 g , 2 m m o l ) w e r e 

d i s s o l v e d i n 50 m l * o f h e x a n e a n d t h e s o l u t i o n was g e n t l y s t i r r e d . A 

s o l u t i o n o f m e t h y l i o d i d e was p r e p a r e d , a l s o i n h e x a n e (20 m l ) , a n d h a l f o f 

t h i s was a d d e d t o t h e d i c o b a l t o c t a c a r b o n y l s o l u t i o n . T h e s o l u t i o n c o l o u r 

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

o f t h e m e t h y l i o d i d e s o l u t i o n was t h e r e f o r e s y r i n g e d i n t o t h e s y s t e m a n d 

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

u n c h a n g e d i n c o l o u r b u t now s m a l l b l a c k p a r t i c l e s w e r e s e e n t o b e 

s u s p e n d e d i n t h e s y s t e m . The d a r k r e d / b l a c k h e x a n e s o l v e n t was e v a p o r a t e d 

d o w n a n d t h e b l a c k r e s i d u e p r o d u c e d d r i e d u n d e r v a c u u m . A d a r k g r e y s o l i d 

w a s p r o d u c e d o n d r y i n g . A n a l y s i s o f t h e s o l i d g a v e C o , 25.9; C, 7.9; 

I , 55.7% [ C o I 2 r e q u i r e s C o , 18.8; I , 81.2%]. T h e s o l i d was w a s h e d w i t h 

m e t h a n o l a n d f o r m e d a b r o w n s o l u t i o n w i t h a d a r k g r e y i n s o l u b l e d e p o s i t . 

T h e b r o w n s o l u t i o n was e v a p o r a t e d down a n d a b l a c k s o l i d d e p o s i t e d . 

A n a l y s i s g a v e C o , 19.1; I , 80.4% [ C o I 2 r e q u i r e s C o , 18.8; I , 81.2%]. 

The i n s o l u b l e g r e y d e p o s i t was e x a m i n e d b y i n f r a - r e d as a n u j o l m u l l a n d 

s h o w e d p e a k s a t 2067, 2058. . , 2040. 2030. . a n d 1855, . cm 1 

Cm) (m) ( w ) ( w ) (m) 
c o n s i s t e n t w i t h C o . ( C O ) 1 0 . [ F o u n d C o , 42.4; C, 24.8%, C o , C C 0 ) l o r e q u i r e s 4 12 4 12 

C o , 41.3; C, 25.2%]. 

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

t h e s y s t e m was s t u d i e d t h r o u g h o u t t h e r e a c t i o n . I n i t i a l l y , b e f o r e 
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a d d i t i o n o f t h e m e t h y l i o d i d e s o l u t i o n a l l t h a t was o b s e r v e d w e r e t h e 

p e a k s due t o d i c o b a l t o c t a c a r b o n y l , 2 0 7 3 . 2 0 4 6 . , , 2 0 2 9 . . , 1 8 6 6 . . 
( s ) ' ( s ) ( s ) (m) 

a n d 1 8 5 8 ^ ^ cm . As t h e m e t h y l i o d i d e w a s a d d e d t h e b r i d g i n g c a r b o n y l 

p e a k s w e r e s e e n t o r e d u c e r a p i d l y i n i n t e n s i t y a n d new p e a k s a p p e a r e d i n 

t h e r e g i o n o f t h e t e r m i n a l c a r b 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 , a t 2 1 0 7 . , 
( w ) 

2 0 0 7 . , a n d 1 7 2 0 , . cm . T h e s e p e a k s a r e b e l i e v e d t o b e due t o 
^ ( s ) ( w ) 

C H ^ C C o ( C O ) ^ a n d t h e t w o o t h e r p e a k s e x p e c t e d f o r t h e a c y l s p e c i e s a t 

2 0 5 0 , . a n d 2 0 2 5 , . cm ^ a r e -masked b y t h e t e r m i n a l c a r b o n y l s t r e t c h i n g Cm) (m) 

b a n d s o f d i c o b a l t o c t a c a r b o n y l . The p e a k s due t o t h e a c y l s p e c i e s 

p e r s i s t e d f o r s e v e r a l h o u r s b u t e v e n t u a l l y d i s a p p e a r e d . M o r e m e t h y l 

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

r e d u c e d a n d a g a i n C H ^ C C o ( C O ) ^ was f o r m e d a n d p e r s i s t e d f o r some h o u r s . 

T h e s p e c t r u m o f d i c o b a l t o c t a c a r b o n y l was f o u n d t o h a v e d i s a p p e a r e d , b u t 

n e w p e a k s h a d a p p e a r e d i n t h e b r i d g i n g a n d t e r m i n a l - c a r b o n y l s t r e t c h i n g 

f r e q u e n c y r e g i o n s . T h e s e D e a k s w e r e f o u n d a t 2 0 6 7 , 2 0 5 8 , 2 0 4 0 , . , 
" „ ( s ) ' ( s ) ( w ) 

2 0 3 0 , . a n d 1 8 6 5 , . cm a n d c o r r e s p o n d e d t o t h o s e o f C o , ( C 0 ) _ „ . 
( w ) ( s ) r 4 12 

( h ) R e a c t i o n o f C o ( C 0 ) ^ a n d d i c o b a l t o c t a c a r b o n y l w i t h s o d i u m 

i o d i d e i n m e t h a n o l . 

( i ) A s o l u t i o n o f P P N + C o ( C 0 ) ^ ( 0 . 3 g , 0 . 4 m m o l ) i n m e t h a n o l 

( 5 0 m l ) was s t i r r e d w i t h s o d i u m i o d i d e ( 0 . 1 g , 0 . 6 m m o l ) . 

( i i ) A s o l u t i o n o f d i c o b a l t o c t a c a r b o n y l ( 0 . 6 g , 2 m m o l ) i n 

m e t h a n o l ( 5 0 m l ) was s t i r r e d f o r a b o u t t h r e e h o u r s . 

S o d i u m i o d i d e ( 0 . 5 g , 3 m m o l ) was a d d e d t o t h e r e s u l t i n g 

9-t -

p i n k s o l u t i o n o f [ C o ( M e O H ) ; j [ C o ( C 0 ) . ] „ a n d t h e m i x t u r e 
6 4 2 

r a p i d l y s t i r r e d . 

( i i i ) A s o l u t i o n o f s o d i u m i o d i d e ( 0 . 5 g , 3 m m o l ) i n m e t h a n o l 

( 5 0 m l ) was p r e p a r e d , d i c o b a l t o c t a c a r b o n y l ( 0 . 3 g , 1 mmol 
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was a d d e d a n d t h e s y s t e m s t i r r e d r a p i d l y . T h e r e d / b l a c k 

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

i n i t i a l l y a n d t h i s c o n v e r t e d o v e r a p e r i o d o f ^ 2 h o u r s t o 

a p i n k s o l u t i o n . 

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

s o d i u m i o d i d e . No e v o l u t i o n o f gas f r o m t h e s y s t e m was n o t e d n o r was a n y 

f o r m a t i o n o f s u s p e n s i o n o r p r e c i p i t a t e o b s e r v e d , e v e n o n w a r m i n g t o ^ 5 0 ° C . 

I n f r a - r e d e x a m i n a t i o n o f t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n was 

p e r f o r m e d o n t h e s e t w o s y s t e m s . B o t h s o l u t i o n s s h o w e d o n l y p e a k s d u e t o 

C o ( C O ) ^ w h i c h r e m a i n e d u n c h a n g e d t h r o u g h o u t t h e e x p e r i m e n t . 

I n f r a - r e d s t u d y o f s y s t e m i i i s h o w e d i n i t i a l l y b a n d s d u e t o t h e 

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

a b s o r p t i o n s r a p i d l y d i s a p p e a r e d a n d t w o n e w p e a k s a t 2 0 1 8 , . a n d 1 9 0 0 , . 
( y j ) ( s ; 

- 1 2 + 
cm w e r e o b s e r v e d . T h e s e w e r e a s s i g n e d t o t h e s p e c i e s [Co(MeOH) ] f C o ( C O ) ] 

6 4 2 

a n d r e m a i n e d u n c h a n g e d f o r t h e d u r a t i o n o f t h e e x p e r i m e n t . 

T h u s t h e p r e s e n c e o f t h e i o d i d e seems t o h a v e n o e f f e c t u p o n t h e 

s y s t e m s e x c e p t p o s s i b l y t o i n c r e a s e t h e r a t e o f f o r m a t i o n o f t h e i o n i c s p e c i e s 

2+ -
[ C o ( M e O H ) , ] [ C o ( C 0 ) 1 f r o m d i c o b a l t o c t a c a r b o n y l . 

D 4 2 

5 . 2 . 2 . D i s c u s s i o n 

R e s e a r c h i n r e c e n t y e a r s h a s l e d t o t h e s y n t h e s i s o f many s t a b l e 

c o m p o u n d s c o n t a i n i n g a l k y l g r o u p s o - b o n d e d t o t r a n s i t i o n m e t a l s . I n g e n e r a l 

t h e s e new c o m p o u n d s c o n t a i n e d , i n a d d i t i o n t o t h e a l k y l g r o u p , a 

c y c l o p e n t a d i e n y l r i n g a n d / o r c a r b o n m o n o x i d e as s u b s t i t u e n t s , w h i c h w e r e 

r e g a r d e d as t h e f a c t o r s t a b i l i s i n g t h e m e t a l - a l k y l b o n d . 

A l k y l a n d a c y l m e t a l c a r b o n y l s a r e i n g e n e r a l v o l a t i l e s u b s t a n c e s t h a t 

a r e u s u a l l y s o l i d a t r o o m t e m p e r a t u r e . C a r e i s n e c e s s a r y , h o w e v e r , i n 

s u b l i m i n g a c y l d e r i v a t i v e s i f h i g h p u r i t y i s r e q u i r e d s i n c e d e c a r b o n y l a t i o n 
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c a n o c c u r t o some e x t e n t . 

A l t h o u g h many t r a n s i t i o n m e t a l a l k y l - a n d a c y 1 . - compounds a r e v e r y 

s t a b l e t o o x i d a t i o n a n d a r e r e a s o n a b l y t h e r m a l l y s t a b l e , t h e c o r r e s p o n d i n g 

c o b a l t c o m p o u n d s show much l o w e r s t a b i l i t i e s a n d a r e u s u a l l y o n l y s t a b l e 

a t t e m p e r a t u r e s b e l o w 0 ° C . Few a l k y l ^ - a n d a c y l - c o b a l t t e t r a c a r b o n y l s h a v e 

b e e n i s o l a t e d i n a p u r e s t a t e ; i n many c a s e s t h e y h a v e b e e n c o n v e r t e d i n t o 

t h e m o r e s t a b l e t r i c a r b o n y l t r i p h e n y l p h o s p h i n e d e r i v a t i v e s a n d i s o l a t e d as 

s u c h . 

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

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

a l t h o u g h M e C C o ( C O ) ^ s t a r t s t o d e c o m p o s e a t - 2 0 C a n d d e c a r b o n y l a t e s t o 

C H ^ C o ( C O ) ^ a t e v e n l o w e r t e m p e r a t u r e s , t h e c o r r e s p o n d i n g p e r f l u o r o 

d e r i v a t i v e , C F ^ C o ( C O ) ^ i s a r e a s o n a b l y s t a b l e l i q u i d a t r o o m t e m p e r a t u r e , 

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

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

9 4 - 9 6 

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

P u r e a l k y l a n d a c y l c o b a l t t e t r a c a r b o n y l s a r e y e l l o w t o r e d , l o w -

m e l t i n g c o m p o u n d s w h i c h a r e s o l u b l e i n m o s t o r g a n i c s o l v e n t s . T h e y r e a c t 

w i t h some h y d r o x y l i c s o l v e n t s , b u t n o t w i t h e t h e r s o r h y d r o c a r b o n s . T h e 

a l k y l a n d a c y l c o b a l t t e t r a c a r b o n y l s g e n e r a l l y d e c o m p o s e w e l l b e l o w 0 ° C . 

M e t h y l c o b a l t t e t r a c a r b o n y l d e c o m p o s e s a t - 3 5 ° C , ^ ^ a n d a c e t y l c o b a l t 

t e t r a c a r b o n y l a t - 2 0 ° C . T h e d e c o m p o s i t i o n o f t h e s e c o m p o u n d s a p p e a r s t o be 

a s e c o n d - o r d e r ( o r p e r h a p s h i g h e r ) p r o c e s s b e c a u s e t h e m a t e r i a l s a r e much 

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

p u r e s t a t e . The a c y l c o b a l t t e t r a c a r b o n y l s a r e r e l a t i v e l y s t a b l e i n 0 . 1 M 

s o l u t i o n , e v e n a t r o o m t e m p e r a t u r e ; c o m p l e t e d e c o m p o s i t i o n r e q u i r e s many 

h o u r s o r e v e n d a y s a t t h e s e c o n c e n t r a t i o n s . T h e p r e s e n c e o f an a t m o s p h e r e 
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o f c a r b o n m o n o x i d e a l s o h e l p s t o s t a b i l i s e t h e a c y l c o b a l t t e t r a c a r b o n y l s . 

The a l k y l c o b a l t t e t r a c a r b o n y l s a r e r a p i d l y c o n v e r t e d b y a c a r b o n m o n o x i d e 

a t m o s p h e r e i n t o t h e a c y l c o b a l t t e t r a c a r b o n y l s . T h i s e q u i l i b r i u m r e a c t i o n 

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

m o n o x i d e b e l o w one a t m o s p h e r e . T h e a l k y l c o b a l t t e t r a c a r b o n y l s d e c o m p o s e 

o 9 3 

r a p x d l y e v e n m d i l u t e s o l u t i o n a t 0 C. 

A l l r e a c t i o n s i n v o l v i n g a l k y l - o r a c y l - c o b a l t t e t r a c a r b o n y l s m u s t 

b e c a r r i e d o u t i n t h e a b s e n c e o f a i r , as t h e c o m p o u n d s a r e o x i d i s e d q u i t e 

r a p i d l y t o c o b a l t o x i d e s b y o x y g e n . 

T h e r e a c t i o n o f i o n i c s a l t s o f c o b a l t h y d r o c a r b o n y l w i t h a l k y l h a l i d e s , 

a l k y l s u l p h o n a t e s , d i a l k y l s u l p h a t e s o r o t h e r a l k y l a t i n g a g e n t s i s o n e o f 

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

I f t h e a b o v e r e a c t i o n i s c a r r i e d o u t u n d e r a n a t m o s p h e r e o f c a r b o n m o n o x i d e 
t h e a c y l s p e c i e s i s f o r m e d . 

T h e r e a c t i o n o f b o t h P P N + C o ( C 0 ) ~ a n d N a + C o ( C 0 ) ~ w i t h m e t h y l i o d i d e 
4 4 

f o l l o w e d t h i s p a r t i c u l a r o u t l i n e a n d a t - 4 0 ° C i t was p o s s i b l e t o o b s e r v e 

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

T h e u s e o f t h e P P N + C o ( C 0 ) , s a l t h o w e v e r was f a r m o r e c o n v e n i e n t t h a n t h e 
4 

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

r e a c t i o n . T h e r e a p p e a r e d t o b e n o d i f f e r e n c e i n t h e c a r b o n y l p e a k s o f t h e 

p r o d u c t s e x c e p t t h a t t h e P P N + C o ( C 0 ) ^ p r o d u c e d much c l e a r e r s p e c t r a . B o t h 

r e a c t i o n s p r o d u c e d p e a k s a t 2 1 0 5 , 2 0 3 5 . . a n d 2 0 2 0 . , cm ^ a n d t h e s e 
( w ) (m w ) ( s ) 

w e r e a s s i g n e d t o t h e s p e c i e s CH Co(CO) ( p e a k s a t 2 1 0 4 , 2 0 3 5 , , a n d 
3 4 ^w) v,m) 

2 0 1 8 ^ cm ^ ^ ) . T h e a l k y l s p e c i e s d e c o m p o s e d as t h e s o l v e n t was r e m o v e d 

i n a n a t t e m p t t o i s o l a t e i t . T h e r e a c t i o n f o l l o w s t h e s c h e m e : 

M + C o ( C 0 ) ~ + M e l > M + I ~ + M e C o ( C O ) . 
4 4 

+ + 
W h e r e M = PPN o r Na . 
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A t r o o m t e m p e r a t u r e t h e r e a c t i o n o f PPN C o ( C O ) ^ w i t h m e t h y l i o d i d e 

f o l l o w s a m o d i f i e d c o u r s e as t h e i n i t i a l p r o d u c t C H ^ C o ( C O ) ^ i n u n s t a b l e a t 

r o o m t e m p e r a t u r e . H e n c e no i n f r a - r e d p e a k s due t o t h i s s p e c i e s w e r e 

o b s e r v e d i n t h e s p e c t r a . H o w e v e r , some o f t h e p e a k s o b s e r v e d i n t h e 

s p e c t r a , t h o s e a t 2 1 1 0 , 2 0 5 0 . - 2 0 3 0 . 2 0 1 0 , . a n d 1 7 1 0 , . cm 1 

( w ) (m w ) (m) (m) ( w ) 

w e r e a s s i g n e d t o t h e a c y l c o m p o u n d C H „ C C o ( C 0 ) , ( p e a k s a t 2 1 0 7 , 2 0 4 8 , . , 
b 3 4 ( w ) (m) 

2 0 2 6 , N , 2 0 0 7 , . a n d 1 7 1 5 , . cm S . T h e c a r b o n m o n o x i d e n e c e s s a r y f o r 
(m) ( s ) (m) 

f o r m i n g t h i s c o m p o u n d m u s t b e g e n e r a t e d b y t h e d e c o m p o s i t i o n o f some 

m e t h y l c o b a l t t e t r a c a r b o n y l . T h i s i s p o s s i b l e as r o o m t e m p e r a t u r e i s f a r 

a b o v e i t s d e c o m p o s i t i o n t e m p e r a t u r e o f - 3 5 ° C . T h e r e m a i n i n g m e t h y l c o b a l t 

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

s p e c i e s . 

T h e a l k y l c o b a l t t e t r a c a r b o n y l s a r e b e l i e v e d t o b e i n r a p i d e q u i l i b r i u m 

w i t h a c y l c o b a l t t r i c a r b o n y l s as a n i n t e r m e d i a t e i n t h e f o r m a t i o n o f t h e 

76 
a c y l c o b a l t t e t r a c a r b o n y l s ' . 

0 , r n 0 
•v II +L.U v II 

CH C o ( C 0 ) , v CH C C o ( C 0 ) o C H 0 C C o ( C O ) / 

3 4 3 3 _ c o 3 4 

A t r a n s i t i o n s t a t e t h e r e f o r e m u s t e x i s t w h e r e t h e m e t h y l g r o u p i s p a r t i a l l y 

77 78 
b o u n d t o b o t h t h e CO a n d t h e m e t a l . ' 

0 

CH C o ( C 0 ) N / . C o ( C 0 ) „ X C H „ C C o ( C 0 ) Q 

i 4 1^- 3 3 3 
C H 3 

I t i s a l s o q u i t e p o s s i b l e t h a t a s i m i l a r t r a n s i t i o n s t a t e w i t h a n o t h e r 

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

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

0 „ ^ 0 
0 ' W ' 

CH CCoCCO), ' / ^ C o ( C O ) 0 > C H _ C o ( ' C 0 ) . o r CH C o ( C 0 ) o + CO 
3 4 3 3 4 3 3 

C H 3 
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T h e r e a c t i o n i n m e t h a n o l a t r o o m t e m p e r a t u r e was f o u n d t o b e v e r y 

d i f f i c u l t t o o b s e r v e as t h e r e l a t i v e i n s o l u b i l i t y o f PPN C o ( C O ) , m e a n t t h a t 
4 

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

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

i s b e l i e v e d t o t a k e t h e same c o u r s e . 
2+ 

T h e r e s u l t s o b t a i n e d f o r [ C o ( M e O H ) ^ ] [ C o ( C O ) , l i n m e t h a n o l a g r e e w i t h 
6 4 2 

t h o s e d i s c u s s e d e a r l i e r . A t - 4 0 ° C t h e s p e c i e s p r e s e n t i n s o l u t i o n was t h e 

a l k y l c o b a l t t e t r a c a r b o n y l . On w a r m i n g t h e p e a k s f r o m t h e a l k y l s p e c i e s 

w e a k e n e d a n d w e r e r e p l a c e d b y p e a k s d u e t o t h e a c y l s p e c i e s . A g a i n 

t e m p o r a r y p e a k s w e r e n o t e d a t 1955 a n d 1935 cm ^ b u t t h e s e c o u l d n o t b e 

p o s i t i v e l y a s s i g n e d . 

D i c o b a l t o c t a c a r b o n y l r e a c t s w i t h m e t h y l i o d i d e i n m e t h a n o l a t r o o m 

t e m p e r a t u r e a n d i m m e d i a t e l y p r o d u c e s s t r o n g a b s o r p t i o n s d u e t o t h e 
0 

CH C C o ( C O ) . s p e c i e s . E l e m e n t a l a n a l y s i s o f t h e s o l i d p r o d u c e d o n e v a p o r a t i o n 
3 4 

o f t h e m e t h a n o l g a v e C o , 3 0 . 4 ; I , 7 0 . 4 % w h i c h c o r r e s p o n d s t o C o : I , 1 : 1 . 

R e c r y s t a l l i s a t i o n o f t h e s o l i d f r o m m e t h a n o l g a v e Co\^. T h i s i m p l i e d t h a t 

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

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

m e t a l l i c c o b a l t a n d c o b a l t ( I I ) i o d i d e . As e q u a l m o l a r q u a n t i t i e s o f c o b a l t a n d 

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

m e t h y l i o d i d e a p p e a r s t o b e 1 : 2 . T h e a c y l c o b a l t t e t r a c a r b o n y l s p e c i e s 

was f o r m e d f r o m t h e c o r r e s p o n d i n g a l k y l s p e c i e s b y i n s e r t i o n o f c a r b o n 

m o n o x i d e . T h e r e f o r e t h e r e a c t i o n p r o b a b l y f o l l o w s a s c h e m e s i m i l a r t o t h i s : -

C o „ ( C 0 ) o + M e l > M e C o ( C O ) . + I C o ( C O ) . 
2 8 4 4 

2 I C o ( C 0 ) , + 2 M e I > 2 M e C o ( C 0 ) / + 2T } c _ H , + 2 C o I . + 8C0 
4 4 2 2 6 I 

+ CO > Me(l( M e C o ( C O ) , + CO y M e C C o ( C O ) , 
4 4 
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T h e r e a c t i o n o f m e t h y l i o d i d e w i t h d i c o b a l t o c t a . c a r b o n y T i n h e x a n e 

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

o f t h e s y s t e m w e r e f o u n d t o b e Co, ( C O ) . , - a n d C o I „ . A c y l c o b a l t t e t r a c a r b o n y l 
4 12 Z 

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

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

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

o c t a c a r b o n y l i n t h e t w o s o l v e n t s h e x a n e a n d m e t h a n o l . T h e r e a c t i o n i n t h e 

h e x a n e s o l v e n t i s b e l i e v e d t o o c c u r as o u t l i n e d b e l o w : -

C o _ ( C 0 ) o + M e l > M e C o ( C O ) . + I C o ( C O ) . 
Z a 4 H 

2 1 C o ( C O ) . + 2 M e I > 2 C o I „ + C _ H , + 8C0 
4 L i b 

0 
4 M e C o ( C 0 ) , + 4C0 > 4 M e C C o ( C 0 ) , > C o , ( C O ) _ n + 2C H + 8C0 

4 4 4 12 2 6 

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

e t h a n e f r o m t h e r e a c t i o n . 

A m i x t u r e o f c o b a l t t e t r a c a r b o n y l a t e a n i o n a n d i o d i d e i o n a p p e a r s n o t 

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

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

c h a n g e i n c o l o u r o f t h e s o l u t i o n was n o t e d . The s t u d i e s w e r e p e r f o r m e d 

o v e r r e l a t i v e l y l o n g p e r i o d s o f t i m e b u t s t i l l n o c h a n g e s w e r e o b s e r v e d . 

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

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

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

2+ " 
C o ( M e O H ) , a n d Co(CO) s p e c i e s , as s h o w n b y t h e i n f r a - r e d s o l u t i o n s p e c t r a , 

b 4 

T h e o n l y c h a n g e t h a t c a n b e a t t r i b u t e d t o t h e i o d i d e i o n i s t h a t t h e 

. . . 79 
t i m e r e q u i r e d f o r t h e f o r m a t i o n o f t h e c o b a l t i o n i c s p e c i e s i s r e d u c e d . 

I t i s p o s s i b l e t h a t t h e i o d i d e i o n a c t s as a c a t a l y s t f o r t h e r e a c t i o n o f 
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2 + 
d i c o b a l t o c t a c a r b o n y l w i t h m e t h a n o l t o f o r m [ C o ( M e O H ) , ] [ C o ( C O ) , l . 

6 4 2 

5 . 3 . H i g h P r e s s u r e S t u d y o f t h e C o b a l t / M e t h a n o l / l o d i d e S y s t e m 

5 . 3 . 1 . E x p e r i m e n t a l 

T h e b a s i c e x p e r i m e n t a l d e t a i l s a r e a g a i n v e r y s i m i l a r t o t h o s e 

d e s c r i b e d i n C h a p t e r 3 . T h e s t u d y w a s p e r f o r m e d i n t h e same h i g h p r e s s u r e 

i n f r a - r e d , c e l l s , a n d t h e a n a l y s i s o f p r o d u c t s was r o u t i n e l y p e r f o r m e d b y 

G . L . C . T h e p h y s i c a l c o n d i t i o n s u s e d w e r e v a r i e d i n o r d e r t o f i n d t h e i r 

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

r e a c t i o n s w e r e e a c h p l a c e d i n t h e bomb t o g e t h e r w i t h t h e c o b a l t a c e t a t e 

t e t r a h y d r a t e , a n d t h e n m e t h a n o l was a d d e d t o t h e m i x t u r e . (When m e t h y l 

i o d i d e was i n v o l v e d i n t h e s t u d y t h i s was m i x e d w i t h t h e m e t h a n o l b e f o r e 

a d d i t i o n t o t h e c o b a l t a c e t a t e t e t r a h y d r a t e , a l r e a d y i n t h e b o m b . ) The 

bomb was t h e n p u r g e d w i t h n i t r o g e n b e f o r e p r e s s u r i s i n g w i t h 1 : 1 CO/H^ 

s y n t h e s i s gas t o a p r e s s u r e o f ^ 1 4 0 A t m , a n d s t i r r e d as q u i c k l y as 

p o s s i b l e . T h e t e m p e r a t u r e was r a i s e d t o t h e s e l e c t e d l e v e l ( 1 8 0 - 2 2 0 ° C ) 

w h i c h c a u s e d t h e gas p r e s s u r e t o r i s e t o a b o u t 2 0 0 A t m . The r e a c t i o n 

was a l l o w e d t o r u n f o r 2 h o u r s w h i l e t h e p r e s s u r e was m a i n t a i n e d a t 200 

A t m . When t h e r u n was c o m p l e t e d t h e s y s t e m was a l l o w e d t o c o o l o v e r n i g h t 

t o r o o m t e m p e r a t u r e a n d t h e bomb was d e p r e s s u r i s e d s l o w l y t h e n e x t d a y . 

T h e r e s u l t a n t p r o d u c t s w e r e s y r i n g e d f r o m t h e bomb a n d a n a l y s e d . 

T h e r e s u l t s o f v a r y i n g some o f t h e r e a c t i o n p a r a m e t e r s o f t h e i o d i d e 

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

a n d s e l e c t i v i t y o f some i m p o r t a n t p r o d u c t s . 

5 . 3 . 2 . D i s c u s s i o n 

( a ) E f f e c t o f d i f f e r e n t i o d i d e s u p o n t h e c o b a l t / m e t h a n o l / i o d i d e 

s y s t e m . 

The r e s u l t s o f t h i s s t u d y a r e c o l l e c t e d i n T a b l e 5 . 1 . T h e f i r s t 

o b s e r v a t i o n i s t h a t t h e i o d i d e p r o m o t e d s y s t e m i s i n g e n e r a l m o r e e f f i c i e n t 
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t h a n t h e s t a n d a r d c o b a l t / m e t h a n o l s y s t e m . T h e y i e l d s o f t h e f o u r m a j o r 

p r o d u c t s ( s e e T a b l e 5 . 1 , e x p . 2 ) a r e s u b s t a n t i a l l y i n c r e a s e d , e s p e c i a l l y 

t h a t o f t h e a c e t a t e f o r m a t i o n . 

T h e a l k a l i a n d a l k a l i n e e a r t h m e t a l i o d i d e s e x a m i n e d s h o w e d r e m a r k a b l e 

s i m i l a r i t y , p r o d u c i n g v i r t u a l l y t h e same p r o d u c t r a t i o s a n d s e l e c t i v i t i e s . 

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

o f t h e r e a c t i o n . 

O t h e r i o d i d e s s t u d i e d p r o d u c e d d i f f e r e n t q u a n t i t i e s o f t h e v a r i o u s 

p r o d u c t s . C o b a l t (CI) i o d i d e w a s f o u n d t o b e a r e l a t i v e l y p o o r c a t a l y s t , 

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

f o u n d t o b e u n c h a n g e d . T h u s t h i s s h o w s t h a t c o b a l t ( I I ) i o d i d e i s l e s s 

e f f e c t i v e as a c a t a l y s t t h a n , f o r e x a m p l e , a m i x t u r e o f c o b a l t a c e t a t e a n d 

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

i s a n i m p o r t a n t f a c t o r i n d e t e r m i n i n g r e a c t i o n p r o d u c t s . T h e e x p e r i m e n t 

e m p l o y i n g c o b a l t ( i l ) i o d i d e as a c a t a l y s t h a d i n t r i n s i c a l l y t w i c e t h e i o d i d e 

c o b a l t r a t i o t h a n t h e o t h e r e x p e r i m e n t s , ( T a b l e 5 . 1 , e x p . 5 1 ) . T h i s was 

c o n f i r m e d b y s t u d i e s u s i n g c o b a l t ( I I ) a c e t a t e a n d p o t a s s i u m i o d i d e i n 

v a r i o u s r a t i o s , ( T a b l e 5 . 2 ) . 

I r o n ( I I ) i o d i d e was u s e d as a p r o m o t e r w i t h c o b a l t a c e t a t e i n t h e 

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

t h e i r o n i n t h e s y s t e m h a s t h e e f f e c t o f s u p p r e s s i n g t h e r e a c t i o n 

t h r o u g h o u t t h e p r o d u c t s p e c t r u m . 

M e t h y l i o d i d e h a s b e e n r e c o m m e n d e d as a p r o m o t e r f o r t h e h o m o l o g a t i o n 

27 28 

r e a c t i o n b y s e v e r a l a u t h o r s . ' H o w e v e r t h e s t u d y u n d e r t a k e n h e r e s h o w s 

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

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

i s u n c h a n g e d i n c o m p a r i s o n w i t h t h e a l k a l i m e t a l i o d i d e p r o m o t e d s y s t e m s , 
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b u t t h e y i e l d a n d s e l e c t i v i t y o f e t h a n o l i s r e d u c e d . H o w e v e r t h e m e t h y l 

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

a t g e n e r a t i n g e t h a n o l t h a n t h e u n p r o m o t e d r e a c t i o n . 

( b ) E f f e c t o f i o d i d e c o n c e n t r a t i o n u p o n t h e c o b a l t / m e t h a n o l / i o d i d e 

s y s t e m . 

T h e e f f e c t o f i o d i d e c o n c e n t r a t i o n i s r e c o r d e d i n T a b l e 5 . 2 . T h e 

i o d i d e c o n c e n t r a t i o n i s v a r i e d i n t h e r a t i o r a n g e 1 : 3 - 3 : 1 , i o d i d e t o 

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

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

i n F i g . 5 . 1 a n d F i g . 5 . 2 i n t e r m s o f p e r c e n t a g e y i e l d a n d s e l e c t i v i t y . 

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

b e s e e n t o b e a p p r o x i m a t e l y 2 : 1 . I n f a c t a n y r a t i o a b o v e 1 : 1 w o u l d a p p e a r 

t o b e a u s e f u l c o m b i n a t i o n f o r g e n e r a t i n g e t h a n o l w i t h t h e l e a s t q u a n t i t y 

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

a c e t a t e i n c r e a s e s t e a d i l y as t h e i o d i d e c o n c e n t r a t i o n i n c r e a s e s . T h e y i e l d 

o f m e t h y l a c e t a t e f o l l o w s a p p r o x i m a t e l y t h e same p a t t e r n , b u t a t t h e 

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

o v e r a l l c o n v e r s i o n o f m e t h a n o l a l s o d e c r e a s e s . E t h a n o l s h o w s t h e r e v e r s e 

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

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

r e s u l t s o b t a i n e d i n T a b l e 5 . 1 , e x p . 5 1 , f o r c o b a l t ( I I ) i o d i d e . A t c o b a l t / 

i o d i d e r a t i o s o f 3 : 1 - 1 : 1 t h e y i e l d a n d s e l e c t i v i t y t o e t h a n o l i s m a x i m i s e d 

a n d r e a c h e s i t s h i g h e s t v a l u e a t 2 : 1 . T h i s v a l u e w i l l g i v e t h e b e s t 

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

g i v e r e l a t i v e l y l o w y i e l d s o f t h e b y - p r o d u c t s . 

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

n o t b e e n p e r f o r m e d as t h e o v e r a l l c o n v e r s i o n o f m e t h a n o l was d e c r e a s i n g a t 
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Effect of Iodide concentration 

Vo Yield Fig. 5.1. 
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t h e e x t r e m e v a l u e s e x a m i n e d a n d t h i s t r e n d was t h o u g h t l i k e l y t o c o n t i n u e , 

( c ) E f f e c t o f t e m p e r a t u r e o n t h e c o b a l t / m e t h a n o l / i o d i d e s y s t e m . 

T h e s y s t e m h a s b e e n e x a m i n e d i n t h e t e m p e r a t u r e r a n g e 165 - 2 2 0 ° C 

a n d t h e r e s u l t s a r e p r e s e n t e d i n T a b l e 5 . 3 , T h e s t u d y h a s b e e n d o n e a t 

a 1 ; 1 c o b a l t / i o d i d e r a t i o a g a i n u s i n g p o t a s s i u m i o d i d e as t h e i o d i d e s o u r c e . 

T h e p e r c e n t a g e y i e l d s a n d s e l e c t i v i t i e s a r e i l l u s t r a t e d g r a p h i c a l l y i n 

F i g . 5 . 3 a n d F i g . 5 . 4 . T h e y i e l d o f e t h a n o l p a s s e d t h r o u g h a m a x i m u m a t 

1 8 5 ° C o f ^ 9%, f a l l i n g s h a r p l y t o 3% a t 2 2 0 ° C . T h e d e c r e a s e i n y i e l d o f 

e t h a n o l was a c c o m p a n i e d b y a d e c r e a s e i n y i e l d o f a l l t h e m a j o r p r o d u c t s 

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

( 2 0 0 - 2 2 0 ° C ) a b l a c k d e p o s i t was f o u n d o n t h e w a l l s o f t h e bomb w h i c h was 

b e l i e v e d t o b e c o b a l t m e t a l . T h u s i t seems l i k e l y t h a t t h e l o w e r 

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

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

o f t h e c a t a l y s t . 

A t l o w e r t e m p e r a t u r e s ( 1 6 5 - 1 7 5 ° C ) t h e y i e l d s o f a l l t h e p r o d u c t s 

a f t e r 2 h o u r s w e r e f o u n d t o b e r e d u c e d c o m p a r e d w i t h 1 8 5 ° C . T h i s c a n b e 

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

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

c a t a l y s t . T h i s i o d i d e p r o m o t e d r e a c t i o n seems t o h a v e t h e same s t r i n g e n t 

t e m p e r a t u r e l i m i t a t i o n s as t h e u n p r o m o t e d s y s t e m . T h e t e m p e r a t u r e m u s t b e 

h e l d w i t h i n t h e r a n g e 175 - 1 9 0 ° C t o m a x i m i s e t h e p r o d u c t i o n o f e t h a n o l a n d 

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

The s e l e c t i v i t i e s do n o t v a r y much t h r o u g h o u t t h e t e m p e r a t u r e r a n g e 

s t u d i e d a n d c l o s e l y f o l l o w t h e same p a t t e r n s as y i e l d s o f t h e m a j o r p r o d u c t s . 



CD 

13 
6 - S 

CU 
O 

<ti 

<7\ O O 

CM r-. d 
o 

cd o co c^ 0 0 \D CO a\ -cr 
, C U N 
4-1 CD CM o r-1 r - l o r - l r - l 
w y t - i r - l 

< 
CU 

r - l 4-1 
cd C7\ o co CN 0 0 <J\ CN CN v£5 v£5 

4-1 CD a-. <]- co 'sO <r CN CO 
<U U CN CM CN CM CM 
S <JJ 

CM 

r - l 
o 
c CM 0 0 r - l m r - l O O 0 0 CN O 
cd B^S 

^3 ON co i n 0 0 CN LO 0 0 CO 0 0 
4-1 CO CN co CN CN 
w 

CN 

>> >•> 
CO 4 J 4-1 4 J 4-1 4-1 
4-1 • H • r-l • H • H • r l 
O > > i> > > 
P •i- l •r-l • H • H •i-H 

X) 4-1 4-1 4-1 4-1 4 J 
O X) a T 3 O T ) O T j O T 3 U 
J-l i - l 01 i—1 CU i—1 CU r - l (U r - l a) 

P i (1) r-1 a! r - l CU i - l CU r - l <1) r - l 
• H a) • H CU • H CU • r l 0) •1-1 a; 

co >< CO t « CO tH CO co 

a) 
n 
3 

4 J 

cd / - ^ 

<uo 
%~ 

• H 
CO 

m CU 
T 3 CU 

CU • r - l 
1—1 X) >i 
& O H 
cd M 

H 

m 
oo 

i n m o 
o 
CM 

H 

O 
CM 
CM 

• r l 
X) 
O 

• CO 
o a) 
C r - l 
o o 

CO 
I 

X 

CO 
I 

X 

CO 
I 

X 

CO 
I 

X 

CO 

X 

r -

M 
3 
co 
01 
CU 
U 

Pi 

O 
o 
CN 

O 
O 
CN 

o 
O 
CM 

O 
O 
CM 

O 
O 
CM 

a 
o 

u 
cd 
cu 

CU 
B 

CM 

a < o 
—̂ 
o 

CO 
o cu 

C N i - l 
pa Q 

CO 
I 

X 

CO 
I 

X 

CO 
I 

o 
r - l 

X 

CO 
I 

X 

co 
I 

X 

co 
E C <D 
O r-H 
QJ O 
S 0 

vD 
m m m m m 

4-1 • 
o 

X J s 
w 

m m 
oo 
m m 



y 

8 

7 

6 

5 

L 

3 

2 

1h 

0 

Influence of temperature 

EtOH 

160 170 180 
35 Selectivity % 

32 

28 

2U 

2 0 

1 6 

1 2 

8 -

U -

Fig. 5.3. 

MeOAc 

Influence of temperature 

EtOH 

EtOAc 

AcH 

Temperature °C 

190 200 

Fig b.L 

210 220 

MeOAc 

EtOAc 

Temperature °C 

160 170 180 190 200 210 220 



- 78 -

5.4. High P r e s s u r e I n f r a - R e d Study o f t h e C o b a l t / M e t h a n o l / I o d i d e System. 

5.4,1. E x p e r i m e n t a l 

These h i g h p r e s s u r e s t u d i e s were a l l p e r f o r m e d i n t h e same c e l l s as 

those used f o r t h e p r o d u c t d i s t r i b u t i o n s t u d i e s b u t the i n f r a - r e d f a c i l i t y 

was u t i l i s e d t o f o l l o w t he course o f t h e r e a c t i o n s and t o i d e n t i f y any 

i n t e r m e d i a t e s p e c i e s . I t was found t h a t t h e r e a c t i o n was r e a s o n a b l y e f f i c i e n t , 

when promoted by i o d i d e . The i n f r a - r e d s p e c t r u m o f t h e s o l u t i o n q u i c k l y 

became c o m p l i c a t e d by s t r o n g a b s o r p t i o n s due t o t h e many .organic p r o d u c t s . 

U n f o r t u n a t e l y these a b s o r p t i o n s were fo u n d t o obscure and mask th o s e due t o 

the i n t e r m e d i a t e c a t a l y t i c s p e c i e s . T h e r e f o r e i t was found t o be e s s e n t i a l 

t o r e c o r d i n f r a - r e d s p e c t r a , a t the maximum t e m p e r a t u r e , as q u i c k l y as 

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

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

The m a t e r i a l s added t o t h e c e l l , d i c o b a l t o c t a c a r b o n y l , i o d i d e and 

me t h a n o l , were i n s e r t e d i n a p a r t i c u l a r o r d e r . The i o d i d e was f i r s t 

d i s s o l v e d i n o r mixed w i t h t h e methanol and t h i s s o l u t i o n / m i x t u r e was 

s y r i n g e d i n t o t h e bomb. The bomb was t h e n f l u s h e d w i t h n i t r o g e n b e f o r e t h e 

a d d i t i o n o f t h e d i c o b a l t o c t a c a r b o n y l as a s o l i d . The bomb was t h e n 

f l u s h e d once a g a i n w i t h n i t r o g e n , s e a l e d and p r e s s u r i s e d t o t h e l e v e l 

s e l e c t e d w i t h t h e a p p r o p r i a t e gas o r gas m i x t u r e . 

The i n f r a - r e d s p e c t r a were r e c o r d e d r e g u l a r l y as the t e m p e r a t u r e was 

r a i s e d , f r o m an i n i t i a l t e m p e r a t u r e o f ^ 20°C, i n i n c r e m e n t s o f ̂  50°C t o 

th e f i n a l r e q u i r e d r e a c t i o n t e m p e r a t u r e ; a t each i n t e r v a l t i m e (15 minutes) 

was a l l o w e d f o r the system t o reach e q u i l i b r i u m b e f o r e t h e s p e c t r a were 

r e c o r d e d . 

Once t h e e x a m i n a t i o n o f t h e system a t t h e maximum t e m p e r a t u r e had 

been completed, t h e bomb was a l l o w e d t o c o o l s l o w l y t o room t e m p e r a t u r e 
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o v e r n i g h t , b e f o r e t h e gas p r e s s u r e was r e l e a s e d . Once the bombs were 

opened a sample o f t h e l i q u i d was removed and examined by i n f r a - r e d and 

G.L.C. methods t o d e t e r m i n e t h e o r g a n i c r e a c t i o n p r o d u c t s and a s s i g n t h e 

i n f r a - r e d a b s o r p t i o n s o b t a i n e d w h i l e the system was under c a t a l y t i c 

c o n d i t i o n s . 

5.4.2. D i s c u s s i o n 

(a) Study o f t h e system under n i t r o g e n p r e s s u r e o n l y . 

A s e r i e s o f r e a c t i o n s were s t u d i e d w i t h n i t r o g e n (100 Attn) o n l y above 

t h e s o l u t i o n s . The p r e s s u r e o f n i t r o g e n above t h e s o l u t i o n s appeared n o t t o 

i n f l u e n c e the r e a c t i o n s t h a t o c c u r r e d . The systems r e a c t e d i n i t i a l l y as 

i n t h e low p r e s s u r e s t u d i e s b u t on r a i s i n g the t e m p e r a t u r e l o s s o f carbon 

monoxide o c c u r r e d as the c a r b o n y l s p e c i e s decomposed. 

D i c o b a l t o c t a c a r b o n y l and p o t a s s i u m i o d i d e i n methanol were examined 

under n i t r o g e n p r e s s u r e and t h e peaks g e n e r a t e d i n the r e a c t i o n were 

ob s e r v e d w i t h i n c r e a s e i n t e m p e r a t u r e . The o n l y peaks observed i n t h e 

s p e c t r a were a t 2018, . and 1900, . cm ^ due t o Co(C0), i o n . The i o d i d e 

(w) ( s ) 7 4 
i o n was n o t observed t o have any e f f e c t on t h e r e a c t i o n o f d i c o b a l t 

2 + 
o c t a c a r b o n y l t o f o r m [Co(MeOH), ][Co(CO).]„. W i t h i n c r e a s e m t e m p e r a t u r e 

6 4 I 

these peaks were found t o reduce r a p i d l y i n i n t e n s i t y and d i s a p p e a r e d a t 

^ 100°C. On o p e n i n g t h e bomb a b l a c k / g r e y d e p o s i t was n o t e d on t h e w a l l s , 

b e l i e v e d t o be m e t a l l i c c o b a l t . 

D i c o b a l t o c t a c a r b o n y l was a l s o r e a c t e d w i t h m e t h y l i o d i d e i n methanol 

under n i t r o g e n p r e s s u r e and showed i n f r a - r e d peaks a t 2107, N , 2050, 
to (w) (m) 

2025, s , 2007, . and 1720, . cm , and these a r e a s s i g n e d t o the s p e c i e s _(m) (m) (w) CH^CCo(CO)^. These were a l l f o u n d t o weaken s l o w l y as the t e m p e r a t u r e was 

r a i s e d and a t ^ 100°C, t h e a b s o r p t i o n s were found t o have c o m p l e t e l y 

d i s a p p e a r e d . 
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The r e a c t i o n s under n i t r o g e n p r e s s u r e o f 100 Atm t h e r e f o r e f o l l o w the 

e s t a b l i s h e d p a t t e r n ; t h e n i t r o g e n i s unable t o s t a b i l i z e t h e s p e c i e s 

produced a t e l e v a t e d t e m p e r a t u r e , and t h e y decompose below 100°C by l o s s o f 

carbon monoxide. 

(b) Study o f t h e system under carbon monoxide p r e s s u r e . 

A s e r i e s o f r e a c t i o n s were p e r f o r m e d under a carbon monoxide p r e s s u r e 

o f 100 Atm and i n v e s t i g a t e d by i n f r a - r e d a n a l y s i s t o d e t e r m i n e the s p e c i e s 

p r e s e n t a t t h e r e a c t i o n t e m p e r a t u r e . 

D i c o b a l t o c t a c a r b o n y l and p o t a s s i u m i o d i d e were used i n a r a t i o = 

The i n i t i a l a b s o r p t i o n s due t o t h e spe c i e s Co(C0) weakened s l o w l y as the 
4 

te m p e r a t u r e was r a i s e d , b u t even a t t h e maximum t e m p e r a t u r e (185°C) t h e 

1900 cm 1 band was s t i l l c l e a r l y v i s i b l e . New peaks were a l s o observed a t 

2107, . , 2050. 2025. . , 2005. . and 1720. . cm" 1 and are as s i g n e d t o 
0 ( w ) (W) (W) (m) (w) 

CH^CCo(CO)^. These appear a t ̂  170°C and remain weak t h r o u g h o u t t h e 

ex p e r i m e n t . 

H i g h e r c o n c e n t r a t i o n s o f i o d i d e i o n ( r a t i o o f =2) have a l s o been 

examined, t h e i o d i d e b e i n g s u p p l i e d b o t h i n t h e f o r m o f p o t a s s i u m i o d i d e 

and c o b a l t i o d i d e . When t h e r e a c t i o n was p e r f o r m e d w i t h p o t a s s i u m i o d i d e 

under t h e s e c o n d i t i o n s t h e peaks due t o Co(C0)^ were f o u n d t o d i s a p p e a r 

a t ^ 170°C. However t h e weak peaks due t o t h e CH.^Co(CO), s p e c i e s were 
J 4 

s t i l l o bserved t o f o r m a t t h i s t e m p e r a t u r e . When c o b a l t i o d i d e was used, 

b o t h as t h e source o f t h e c a t a l y s t and o f t h e p r o m o t e r , ( T a b l e 5.1., exp. 51 

th e r e a c t i o n f o l l o w e d much t h e same r o u t e . The o n l y s i g n i f i c a n t d i f f e r e n c e 

was t h e l a c k o f t h e a b s o r p t i o n s due t o the Co(C0), a n i o n as t h i s was n o t 
4 

observed t o be formed when C o l ^ was used. 

W i t h m e t h y l i o d i d e as the source o f i o d i d e t h e r e a c t i o n f o l l o w e d a 

s l i g h t l y d i f f e r e n t c o u r s e . I n i t i a l l y t h e c a r b 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 
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c o r r e s p o n d i n g t o t h e s p e c i e s CH^CCo(CQ)^ were observed and as t h e system 

was warmed t o 185°C, these a b s o r p t i o n s s l o w l y weakened b u t d i d n o t 

d i s a p p e a r . At no t i m e i n t h e s t u d i e s u s i n g m e t h y l i o d i d e was t h e Co(CO)^ 

i o n d e t e c t e d . T h i s was the o n l y s i g n i f i c a n t d i f f e r e n c e between t h e use 

o f a m e t a l i o d i d e and m e t h y l i o d i d e . 

The s o l u t i o n s were e x t r a c t e d and examined by chromatography and i n f r a ­

r e d t o assess the amount o f c o n v e r s i o n o f m e t h a n o l . I t was f o u n d t h a t the 

methanol was v i r t u a l l y unchanged and v e r y l i t t l e c a r b o n y l a t i o n had t a k e n 

p l a c e under these p h y s i c a l c o n d i t i o n s and u s i n g carbon monoxide a l o n e . 

(The normal c o n d i t i o n s r e q u i r e d f o r t h e s t r a i g h t c a r b o n y l a t i o n o f methanol 

w i t h a c o b a l t c a t a l y s t t o f o r m a c e t i c a c i d and i t s d e r i v a t i v e s a r e ^ 700 Atm 

and 250°C.) 

( c ) Study o f the system under s y n t h e s i s gas p r e s s u r e . 

A f u r t h e r s e r i e s o f r e a c t i o n s were s t u d i e d under a s y n t h e s i s gas 
82 

p r e s s u r e o f 200 Atm ( c o m p r i s e d o f 100 Atm E , 100 Atm Co) u s i n g d i c o b a l t 

o c t a c a r b o n y l w i t h p o t a s s i u m i o d i d e o r m e t h y l i o d i d e . I n some e x p e r i m e n t s 

c o b a l t i o d i d e was used as t h e source o f b o t h the c a t a l y s t and p r o m o t e r . 

S i m i l a r r e s u l t s were observed w i t h t h e s y n t h e s i s gas as were found 

w i t h o n l y t h e carbon monoxide p r e s e n t . I n i t i a l l y w i t h d i c o b a l t o c t a c a r b o n y l 

and p o t a s s i u m i o d i d e (^°/I = 1) t h e o n l y a b s o r p t i o n s n o t e d were due t o t h e 

s p e c i e s Co(C0)^. As the t e m p e r a t u r e was s l o w l y r a i s e d t h e a b s o r p t i o n s due 
t o Co(C0), weakened b u t even a t 185°C t h e 1900 cm ^ band was c l e a r l y 4 
ob s e r v a b l e . At ^ 170 C new peaks were seen t o develop a t 2107, 2050. . 

(w) (m) 
2025, 2005, . and 1720, . cm and these were a s s i g n e d t o t h e s p e c i e s 

Q W (m) (w) 

CH.jCCo(C0)^, and remained weak t h r o u g h o u t t h e e x p e r i m e n t . 

U s i n g p o t a s s i u m i o d i d e , (^°/I = \ ) , t h e i n i t i a l peaks due t o Co(C0)^ 

were f o u n d t o weaken as t h e t e m p e r a t u r e was i n c r e a s e d and c o m p l e t e l y 
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di s a p p e a r e d a t ̂  175°C. However t h e weak peaks due t o CH„(!co(CO) , ̂  were 
3 4 

s t i l l observed t o d e v e l o p a t ̂  160°C and p e r s i s t t o 185°C. When c o b a l t 

i o d i d e was used b o t h as the so u r c e o f t h e c a t a l y s t and t h e promoter a weak 

a b s o r p t i o n due t o t h e Co(CO)^ i o n was n o t e d and t h e o n l y o t h e r peaks t h a t 

appeared i n t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n were weak and were 

9 
a s s i g n e d t o CH 3CCo(CO)^. 

When m e t h y l i o d i d e was used as t h e source o f i o d i d e (^°/I = 1) t h e 

r e a c t i o n was s l i g h t l y changed. I n i t i a l l y a t room t e m p e r a t u r e t h e 

a b s o r p t i o n s due t o t h e a c y l s p e c i e s were observed and as t h e system was 

s l o w l y h e a t e d t o 185°C t h e y weakened b u t d i d n o t d i s a p p e a r . No bands were 

observed i n t h e s p e c t r a o f t h e r e a c t i o n t h a t c o u l d be a s s i g n e d t o t h e 

c o b a l t t e t r a c a r b o n y l a t e a n i o n . T h i s was t h e ma j o r d i f f e r e n c e between t h e 

r e a c t i o n s w i t h m e t a l i o d i d e and w i t h m e t h y l i o d i d e as p r o m o t e r . 

I t was f o u n d e s s e n t i a l t o r e c o r d t h e i n f r a - r e d s p e c t r a q u i c k l y , once 

t h e t e m p e r a t u r e o f t h e system approached ^ 170°C, as t h e o r g a n i c m a t e r i a l s 

formed i n t h e r e a c t i o n began t o produce o b s c u r i n g a b s o r p t i o n s i n t h e 

c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n . The h o m o l o g a t i o n r e a c t i o n o f methanol 

was found t o be r e l a t i v e l y e f f i c i e n t under t h e s e c o n d i t i o n s w i t h t h e 

presence o f t h e i o d i d e p r o m o t e r i n t h e system. 

The i o d i d e appears t o f u n c t i o n i n two r o l e s : (1) as an a c t i v a t o r o f 

methanol p r o b a b l y v i a f o r m a t i o n o f m e t h y l i o d i d e , and ( 2 ) as an agent t h a t 
removes t h e Co (CO), i o n . High ''"/Co r a t i o s l e a d t o l o s s o f s o l u b l e c o b a l t 4 
c a r b o n y l s over a p e r i o d o f t i m e . T h i s may oc c u r t h r o u g h f o r m a t i o n o f c o b a l t 

27 2-m e t a l and/or non c a r b o n y l c o b a l t complexes e.g. [ C o t O A c ) ^ ^ ] » 

[Co(CH OH) I ] n . Low */Co r a t i o s are more f a v o u r a b l e , s i n c e i n s u f f i c i e n t 3 x y 

i o d i d e i s a v a i l a b l e t o c o m p l e t e l y remove t h e a c t i v e f o r m o f c o b a l t , y e t 

enough i o d i d e i s p r e s e n t t o f o r m m e t h y l i o d i d e , w h i c h a p p a r e n t l y r e a c t s 

more r e a d i l y t h a n methanol w i t h t h e a c t i v e c o b a l t c a r b o n y l . 
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6.1. I n t r o d u c t i o n 

T h i s c h a p t e r i s concerned w i t h t h e i n f l u e n c e o f e l e m e n t a l i o d i n e on t h e 

c o b a l t c a t a l y s e d h o m o l o g a t i o n o f methanol. The use o f e l e m e n t a l i o d i n e as 
84 

a promoter f o r t h e r e a c t i o n has been suggested by many a u t h o r s . I o d i n e i s 

b e l i e v e d t o enhance b o t h t h e y i e l d and s e l e c t i v i t y o f t h e major p r o d u c t s o f 
85 86 

th e r e a c t i o n . ' S e v e r a l p o s s i b l e r e a c t i o n schemes have been proposed f o r 

th e i n v o l v e m e n t o f t h e i o d i n e i n t h e system, and t h e o b j e c t i v e o f t h i s work 

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

6.2. Low P r e s s u r e Study o f t h e D i c o b a l t O c t a c a r b o n y l / l o d i n e / M e t h a n o l System 

6.2.1. E x p e r i m e n t a l 

(a) R e a c t i o n o f d i c o b a l t o c t a c a r b o n y l w i t h i o d i n e i n met h a n o l . 

C r y s t a l s o f d i c o b a l t o c t a c a r b o n y l (0.6 g, 2 mmol) were added t o 

methanol (40 ml) and the m i x t u r e was s t i r r e d r a p i d l y . A s o l u t i o n o f i o d i n e 

(1.0 g, 4 mmol) i n methanol (60 ml) was s l o w l y added c a u s i n g the r e d / b l a c k 

c o l o u r t o weaken. The a d d i t i o n o f t h e i o d i n e s o l u t i o n was accompanied by 

gas e v o l u t i o n w h i c h ceased when t h e r e d / b l a c k c o l o u r changed t o brown; 

no p r e c i p i t a t e o r u n d i s s o l v e d m a t e r i a l was observed. The system was 

e v a p o r a t e d t o dryness " i n vacuo" and a b l a c k s o l i d was formed. T h i s s o l i d 

was washed w i t h hexane t o remove excess i o d i n e , d r i e d and s u b m i t t e d f o r 

a n a l y s i s . The b l a c k r e s i d u e was a v e r y f i n e , a i r r e a c t i v e powder 

c o n v e r t i n g t o a green s o l i d i n c o n t a c t w i t h a i r o r m o i s t u r e . E l e m e n t a l 

a n a l y s i s gave Co, 1 9 . 1 ; I , 80.4% ( C o I 2 r e q u i r e s Co, 18.8; I , 8 1 . 2 % ) . 

I n f r a - r e d e x a m i n a t i o n o f t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n 

i n i t i a l l y showed peaks a t 2073, 2046. . , 2027. . , 1866. . and 1858. , 
v ( s ) ' ( s ) ( s ) (m) (m) 

cm \ As t h e i o d i n e s o l u t i o n was s l o w l y added these peaks a l l s l o w l y 

weakened and d i s a p p e a r e d and no new peaks i n t h e c a r b o n y l s t r e t c h i n g 
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f r e q u e n c y r e g i o n were observed t o be formed. I n f r a - r e d s t u d y o f t h e 

b l a c k s o l i d , as a n u j o l m u l l , a l s o showed no c a r b o n y l peaks, 
2+ (b) R e a c t i o n o f [Co(MeOH) r ] [ C o ( C 0 ) . ] o w i t h i o d i n e i n methanol. 6 4 2 

Orange/brown c r y s t a l s o f d i c o b a l t o c t a c a r b o n y l ( 0 , 3 . g , 1 mmol) were 

d i s s o l v e d i n methanol (20 ml) and t h e m i x t u r e was s t i r r e d r a p i d l y f o r 4 
2+ ho u r s . The c h a r a c t e r i s t i c p i n k s o l u t i o n o f [Co(MeOH) t ] [ C o ( C 0 ) . ] o was o 4 2 

observed t o f o r m a f t e r a p p r o x i m a t e l y 3 h o u r s . I o d i n e c r y s t a l s (0.25 g, 

1 mmol) were added t o the p i n k s o l u t i o n . Immediate gas e v o l u t i o n o c c u r r e d 

on a d d i t i o n o f t h e i o d i n e , and t h e p a l e p i n k changed t o a brown c o l o u r e d 

s o l u t i o n . An e q u a l q u a n t i t y o f i o d i n e was t h e n added t o t h e now brown 

s o l u t i o n , f u r t h e r gas e v o l u t i o n o c c u r r e d and the s o l u t i o n became s t i l l 

d a r k e r brown. The system was s t i r r e d o v e r n i g h t and no f u r t h e r change was 

observed. The methanol was e v a p o r a t e d " i n vacuo", t h e b l a c k r e s i d u e was 

washed w i t h hexane t o remove any excess i o d i n e , d r i e d under vacuum and s e n t 

f o r a n a l y s i s . On c o n t a c t w i t h a i r o r m o i s t u r e t h e b l a c k s o l i d c o n v e r t e d t o 

a green s o l u t i o n . A n a l y s i s gave Co, 19.4; I , 81.9%, ( C o l ^ r e q u i r e s Co, 

18.8; I , 8 1 . 2 % ) . 

S o l u t i o n i n f r a - r e d s t u d y o f t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n 

showed, f o r t h e p i n k s o l u t i o n , peaks a t 2018, . and 1900, , cm \ The 
(w) ( v s ) 

a d d i t i o n o f the f i r s t p o r t i o n o f i o d i n e t o t h e system caused b o t h peaks 

t o weaken c o n s i d e r a b l y , t h e 2018 cm 1 peak d i s a p p e a r e d c o m p l e t e l y and t h e 

o r i g i n a l l y v e r y s t r o n g 1900 cm peak became o n l y medium-strong. When t h e 

second p o r t i o n o f i o d i n e was added t o t h e system t h e peak a t 1900 cm 1 was 

fou n d t o weaken and d i s a p p e a r and no new peaks were observed t o be formed. 

The o n l y peaks r e m a i n i n g i n t h i s r e g i o n under s t u d y were due t o t h e 

m e t h a n o l s o l v e n t a t 2125 and 2040 cm ^. I n f r a - r e d s t u d y o f t h e b l a c k s o l i d , 

as a n u j o l m u l l , showed no c a r b o n y l peaks. 
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( c ) R e a c t i o n o f Na +CoCCO), w i t h i o d i n e i n T.H.F. 
4 

D i c o b a l t o c t a c a r b o n y l CO.3 g, 1 mmol) i n T.H.F. was r e a c t e d w i t h 

sodium amalgam, as o u t l i n e d i n s e c t i o n 5.2.1.,to f o r m t h e sodium c o b a l t 

t e t r a c a r b o n y l a t e s a l t . I o d i n e (0.76 g, 3 mmol) was added and t h e b u f f 

c o l o u r e d s o l u t i o n r a p i d l y became brown. A f t e r s t i r r i n g a t room t e m p e r a t u r e 

f o r \ h o u r , t h e system was e v a p o r a t e d under reduced p r e s s u r e and a g r e y / 

b l a c k s o l i d was d e p o s i t e d . T h i s s o l i d was washed w i t h hexane t o remove any 

excess i o d i n e , d r i e d under vacuum, and s e n t f o r a n a l y s i s . E l e m e n t a l 

a n a l y s i s gave Co, 13.0; I , 81.1; Na, 5.3%, ( C o l ^ + N a l r e q u i r e s Co, 12.7; 

I , 82.3; Na, 5.0% ) . No a t t e m p t was made t o s e p a r a t e t h e two m a t e r i a l s . 

The system was examined by s o l u t i o n i n f r a - r e d s p e c t r o s c o p y o f t h e 

c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n . The sodium t e t r a c a r b o n y l a t e s a l t 

showed one s t r o n g peak a t 1900 cm ^. T h i s peak was observed t o r a p i d l y 

weaken and d i s a p p e a r as t h e i o d i n e was added. No o t h e r peaks were 

observed a t any stage i n t h e r e a c t i o n , except f o r a s o l v e n t peak a t 

1967 cm" 1. 

(d ) R e a c t i o n o f PPN Co(C0), w i t h i o d i n e i n metha n o l . 
4 

A s m a l l amount o f PPN +Co(C0)^ (0.28 g, 0.4 mmol) was d i s s o l v e d i n 

methanol (60 ml) t o f o r m a b u f f c o l o u r e d s o l u t i o n , and i o d i n e (0.25 g, 

1 mmol), a l s o d i s s o l v e d i n methanol (20 m l ) , was s l o w l y added. The 

o r i g i n a l b u f f c o l o u r e d s o l u t i o n changed t o a brown s o l u t i o n , e v o l u t i o n o f 

gas was n o t e d and a brown p r e c i p i t a t e was a l s o formed. The m i x t u r e was 

e v a p o r a t e d t o a p p r o x i m a t e l y 20 ml by pumping and t h i s i n d u c e d more 

p r e c i p i t a t i o n . T h i s brown m a t e r i a l was s e p a r a t e d by f i l t r a t i o n , d r i e d 

under vacuum and s e n t f o r a n a l y s i s . E l e m e n t a l a n a l y s i s gave H, 3.2; 

C, 46.7; P, 6,9; N, 1.4; I , 40.1%. 

The f i l t r a t e , a brown s o l u t i o n , was e v a p o r a t e d t o dryness " i n vacuo" 
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and a b l a c k s o l i d was formed. T h i s m a t e r i a l was f i r s t washed w i t h hexane, 

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

s e n t f o r a n a l y s i s . The b l a c k s o l i d was a i r and m o i s t u r e s e n s i t i v e and 

c o n v e r t e d r a p i d l y t o a green s o l i d on c o n t a c t w i t h e i t h e r . E l e m e n t a l 

a n a l y s i s gave Co, 18.4; I , 80.7% ( C o I 2 r e q u i r e s Co, 18.8; I , 8 1 . 2 % ) . 

I n f r a - r e d s t u d y o f c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n i n i t i a l l y 

showed o n l y a s i n g l e peak o f medium i n t e n s i t y a t 1900 cm \ T h i s peak 

weakened and d i s a p p e a r e d as t h e i o d i n e s o l u t i o n was added, and no new 

peaks developed. I n f r a - r e d a n a l y s i s o f b o t h t h e brown and b l a c k m a t e r i a l s , 

as n u j o l m u l l s , showed no peaks due t o c a r b o n y l groups. However t h e brown 

s o l i d d i d show many o t h e r ( n o n - c a r b o n y l ) peaks and t h e s e resembled c l o s e l y 

those produced by PPN +Co(C0) ( j i and PPN +C1 i n n u j o l m u l l s . T h i s i n d i c a t e d 

t h a t t h e brown s p e c i e s p r o b a b l y c o n t a i n e d t h e PPN i o n . "^P n.m.r. s t u d i e s 

o f t h e brown s o l i d gave a s i n g l e s i g n a l a t -21.1 ppm and t h i s corresponded 
31 . . + -

e x a c t l y t o the P s i g n a l o b t a i n e d w i t h a s o l u t i o n o f PPN CI i n 

d i c h l o r o m e t h a n e , i n d i c a t i n g t h a t t h e same c a t i o n was p r e s e n t i n b o t h 

m a t e r i a l s . 

(e) R e a c t i o n o f d i c o b a l t o c t a c a r b o n y l w i t h i o d i n e i n hexane. 

C r y s t a l s o f d i c o b a l t o c t a c a r b o n y l (0.3 g, 1 mmol) were d i s s o l v e d i n 

hexane (40 ml) and s o l i d i o d i n e (0.5 g, 2 mmol) was s l o w l y added t o 

t h e r e d / b l a c k s o l u t i o n . A gas was observed t o be e v o l v e d and t h e hexane 

s o l u t i o n was observed t o change c o l o u r f r o m r e d / b l a c k t o f a i n t l y p u r p l e . 

A t t h e same t i m e as the c o l o u r change o c c u r r e d a b l a c k s o l i d was observed 

t o d e p o s i t f r o m t h e s o l u t i o n . The hexane was removed by s y r i n g e and t h e 

b l a c k s o l i d d r i e d under vacuum b e f o r e b e i n g s e n t f o r a n a l y s i s . The b l a c k 

s o l i d was a i r and m o i s t u r e s e n s i t i v e c o n v e r t i n g t o a green s o l u t i o n on 

s t a n d i n g . E l e m e n t a l a n a l y s i s gave Co, 18.3; I , 80.4% ( C o l r e q u i r e s 
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Co, 18.8; I , 8 1 , 2 % ) . 

The r e a c t i o n was observed by s o l u t i o n i n f r a — r e d e x a m i n a t i o n o f t h e 

c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n . I n i t i a l l y a l a r g e number o f peaks 

were observed a t 2073, 2046, ,, 2029, 1866, „ and 1858, N cm ^ due 
(s ) ( s ) ' ( s ) ' (m) (m) 

t o t h e s t r e t c h i n g o f t h e t e r m i n a l and b r i d g i n g c a r b o n y l groups o f d i c o b a l t 

o c t a c a r b o n y l . As t h e i o d i n e was s l o w l y added t o t h e system t h e s e peaks 

began t o weaken, e s p e c i a l l y those a t 1866 and 1858 cm ^ (due t o the 

b r i d g i n g c a r b 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 ) . A l l t h e c a r b o n y l peaks were 

observed t o d i s a p p e a r when t h e a d d i t i o n o f i o d i n e was complete and no 

peaks o t h e r t h a n t h o s e due t o d i c o b a l t o c t a c a r b o n y l had been observed i n 

t h e r e a c t i o n . 

( f ) R e a c t i o n o f d i c o b a l t o c t a c a r b o n y l w i t h i o d i n e i n hexadecane. 

C r y s t a l s o f d i c o b a l t o c t a c a r b o n y l (0.3 g, 1 mmol) were d i s s o l v e d i n 

hexadecane (40 ml) and t h e dark r e d s o l u t i o n was r a p i d l y s t i r r e d f o r 2 

h o u r s . S o l i d i o d i n e (0.5 g, 2 mmol) was s l o w l y added t o the dark r e d 

s o l u t i o n , t h e s o l u t i o n changed t o a more p u r p l e c o l o u r and a b l a c k s o l i d 

was observed t o d e p o s i t . T h i s p u r p l e s o l u t i o n was s t i r r e d f o r a f u r t h e r 

2 hours and t h e c o l o u r f a d e d u n t i l o n l y a f a i n t p u r p l e t i n g e c o l o u r e d t h e 

hexadecane. The s o l v e n t was s y r i n g e d o f f and the b l a c k s o l i d was washed 

w i t h hexane b e f o r e b e i n g d r i e d under vacuum and s e n t f o r a n a l y s i s . The 

b l a c k s o l i d was a i r and m o i s t u r e s e n s i t i v e c o n v e r t i n g r a p i d l y t o a green 

s o l u t i o n on s t a n d i n g . E l e m e n t a l a n a l y s i s gave Co, 18.6; I , 80.8%, ( C o ^ 

r e q u i r e s Co, 18.8; I , 8 1 . 2 % ) . 

The system was examined by i n f r a - r e d s p e c t r o s c o p y o f t h e c a r b o n y l 

s t r e t c h i n g f r e q u e n c y r e g i o n (2200 - 1700 cm ^ ) . I n i t i a l l y a l a r g e number 
o f peaks were observed a t 2073, 2046. 2029. 1866. . and 1858 . ^ Cs) (s) ( s ) (m) (m) 
cm * due t o t h e s t r e t c h i n g o f the t e r m i n a l and b r i d g i n g c a r b o n y l groups o f 
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d i c o b a l t o c t a c a r b o n y 1 . As t h e i o d i n e was added t o th e s o l u t i o n a l l t h e 

c a r b o n y l peaks began t o reduce s l o w l y i n i n t e n s i t y . The peaks due t o 

d i c o b a l t o c t a c a r b o n y l f i n a l l y d i s a p p e a r e d and were r e p l a c e d by peaks a t 

2068, ,, 2059. , , 2041,. 2031. , and 1866. . cm" 1 due t o th e s p e c i e s ( s ) ( s ) (w) (w) (m) r 

Co^(CO) . The c a r b o n y l peaks due t o th e t e t r a c o b a l t d o d e c a c a r b o n y l 

p e r s i s t e d f o r about two hours a f t e r the a d d i t i o n o f i o d i n e b u t e v e n t u a l l y 

t h e s e peaks a l s o weakened and d i s a p p e a r e d . No o t h e r c a r b o n y l peaks were 

ob s e r v e d i n t h i s r e a c t i o n . I n f r a - r e d e x a m i n a t i o n o f t h e b l a c k s o l i d , as a 

n u j o l m u l l , showed no c a r b o n y l a b s o r p t i o n s . 

6.2.2. D i s c u s s i o n . 

The r e a c t i o n o f i o d i n e w i t h sodium t e t r a c a r b o n y l c o b a l t a t e appears t o 

be r e l a t i v e l y s t r a i g h t f o r w a r d . The presence o f th e i o d i n e i n t h e system 

d e s t r o y s t h e Co(CO)^ i o n by e v o l v i n g carbon monoxide and f o r m i n g c o b a l t 

( I I ) i o d i d e . ^ The c o u n t e r i o n t o the Co(CO), r e a c t s a l s o t o f o r m t h e 
4 

+ - 2+ -i o d i d e s p e c i e s . Thus f o r Na Co(CO), and [Co(MeOH) ][Co(C0),]„ t h e r e a c t i o n 4 4 2 
proceeds as f o l l o w s : -

+ — I n THF 
2Na Co (CO). + 31 „ > 2NaI + 2 C o I 0 + 8C0 

4 2 2 
2+ - Tn MPOH [Co(MeOH)^ ] [Co (CO),] + 3 I n

 : > 3 C o I n + 6 Me OH + 8C0 6 4 2 2 

The r e a c t i o n o f i o d i n e w i t h the PPN +Co(C0)^ i s s l i g h t l y d i f f e r e n t 

p r o b a b l y due t o the i n c r e a s e d s i z e o f th e c a t i o n . The r e a c t i o n f o l l o w s a 

m o d i f i e d c o u r s e : -

2PPN +Co(C0)~ + 5 I _ I n MeOH^ 2PPN +I~ + 2CoI„ + 8C0 4 / 3 2 

_ gy gg 
The p o l y i o d i d e i o n I i s a w e l l known s p e c i e s i n i n o r g a n i c c h e m i s t r y ' 

and accounts f o r t h e i n c r e a s e d s o l u b i l i t y o f I i n w a t e r on a d d i t i o n o f K I . 

I n non-aqueous media such as CH^OH o r CH^CN, i t s s t a b i l i t y i s s u b s t a n t i a l l y 
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h i g h e r . The i o n i s l i n e a r b u t n o t n e c e s s a r i l y s t r u c t u r a l l y o r 

e l e c t r o n i c a l l y s y m m e t r i c a l i n t h e s o l i d s t a t e and i s s t a b i l i s e d by l a r g e 
89,90 

c a t i o n s . 

The r e a c t i o n o f i o d i n e w i t h the Co(CO)^ a n i o n has been suggested and 

i n v e s t i g a t e d as a p o s s i b l e method o f q u a n t i t a t i v e l y d e t e r m i n i n g t h e Co(CO) 
4 

91 

c o n c e n t r a t i o n o f s o l u t i o n s . T h i s method was a l s o proposed t o be u s e f u l 

i n t h e q u a n t i t a t i v e d e t e r m i n a t i o n o f HCo(CO)^ and d i c o b a l t o c t a c a r b o n y l . 

D i c o b a l t o c t a c a r b o n y l r e a c t s w i t h i o d i n e i n methanol as d e s c r i b e d 

p r e v i o u s l y t o f o r m c o b a l t ( I I ) i o d i d e . C o 2 ( C 0 ) g + 21 > 2 C o I 2 + SCO 

I n t e r e s t i n g l y a r e p o r t " ^ i n t h e l i t e r a t u r e o u t l i n e s a p r o c e d u r e f o r 

g e n e r a t i n g the s p e c i e s ICo(CO)^ u s i n g the same r e a c t i o n method,and r e p o r t s 

t h e c a r b 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 t h e p r o d u c t as 2115, 2050, N and 
(m) (m) 

2 0 4 6 c m . Our s o l u t i o n i n f r a - r e d s p e c t r o s c o p i c i n v e s t i g a t i o n o f t h e 

r e a c t i o n i n methanol f a i l e d t o show any o f these peaks. 

The r e p o r t i n d i c a t e d t h a t c e t a n e , (hexadecane), a l o n g c h a i n h y d r o c a r b o n 

s o l v e n t had been used i n t h e r e a c t i o n and so our s t u d y o f t h e r e a c t i o n was 

f u r t h e r c o n t i n u e d i n hexane and hexadecane s o l v e n t s . 

D i c o b a l t o c t a c a r b o n y l was f o u n d t o r e a c t w i t h i o d i n e i n hexane i n much 

t h e same way as i n methanol s o l v e n t . The p r o d u c t e x t r a c t e d f r o m t h e system 

was c o b a l t ( I I ) i o d i d e . I n f r a - r e d e x a m i n a t i o n o f t h e r e a c t i o n showed none 

o f t h e r e p o r t e d a b s o r p t i o n s f o r ICo(CO)^, t h e peaks due t o d i c o b a l t 

o c t a c a r b o n y l were d e s t r o y e d r a p i d l y by the i o d i n e , t h o s e due t o t h e b r i d g i n g 

c a r b o n y l groups weakening most r a p i d l y . 

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

i o d i n e was p e r f o r m e d i n hexadecane ( c e t a n e ) s o l u t i o n . A g a i n t h e s o l i d 
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produced f r o m t h e r e a c t i o n was i d e n t i f i e d as c o b a l t ( I I ) i o d i d e and no 

o t h e r s o l i d was o b t a i n e d . The i n f r a - r e d e x a m i n a t i o n o f t h i s r e a c t i o n 

showed a b s o r p t i o n s due i n i t i a l l y t o d i c o b a l t o c t a c a r b o n y l b u t on a d d i t i o n o f 

the i o d i n e t h e a b s o r p t i o n s were q u i c k l y reduced i n i n t e n s i t y . However as 

the peaks due t o d i c o b a l t o c t a c a r b o n y l weakened the a b s o r p t i o n s due t o t h e 

t e t r a c o b a l t d o d e c a c a r b o n y l were observed t o appear. The peaks due t o t h e 

Co^(C0)^2 s p e c i e s p e r s i s t e d f o r a p p r o x i m a t e l y 2 hours i n t h e presence o f 

i o d i n e i n s o l u t i o n . T h i s i m p l i e d t h a t t he 0 0 ^ ( 0 0 ) ^ ^ w a s much more r e s i s t a n t 

t o a t t a c k by i o d i n e t h a n d i c o b a l t o c t a c a r b o n y l . The f a c t t h a t t e t r a c o b a l t 

d o d ecacarbonyl was observed must be due t o t h e s o l v e n t used. The hexadecane 

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

Co.(CO) f r o m Co (CO) by r e s i s t i n g such r a p i d a t t a c k by i o d i n e as was 4 1 / z o 
p o s s i b l e i n hexane s o l u t i o n . The Co.(CO) 1 0 i s a l s o f a r l e s s s o l u b l e i n 

4 12 
hydr o c a r b o n s t h a n Co 0(C0) , so i t i s p o s s i b l e t h a t some Co,(CO) was 

Z o 4 12 
d e p o s i t e d as a s o l i d and t h i s was thus p r o t e c t e d t o some e x t e n t f r o m i o d i n e 

a t t a c k . I t i s thus c o n c e i v a b l e t h a t t h e i o d i n e s l o w l y a t t a c k e d the Co^(CO) 

i n s o l u t i o n w h i c h was t h e n s l o w l y r e p l a c e d by d i s s o l u t i o n o f Co^(CO) f r o m 

t h e d e p o s i t e d s o l i d . A l l t h e c a r b o n y l s t r e t c h i n g a b s o r p t i o n s o bserved i n 

t h i s r e a c t i o n a re a s s i g n e d t o e i t h e r d i c o b a l t o c t a c a r b o n y l o r t e t r a c o b a l t 

d e d e c a c a r b o n y l , and thus s t i l l no peaks have been observed due t o the 

r e p o r t e d ICo(CO)^ s p e c i e s even under t h e c o n d i t i o n s r e p o r t e d i n t h e 

l i t e r a t u r e . The o n l y o t h e r h a l o g e n compound r e p o r t e d i s t h e u n s t a b l e 
92 

phosphine s u b s t i t u t e d c o b a l t t r i c a r b o n y l CICo(PPh^)(CO) . 

6.3. H i g h P r e s s u r e Study o f t h e C o b a l t / I o d i n e / M e t h a n o l System 

6,3.1. E x p e r i m e n t a l 

The b a s i c e x p e r i m e n t a l d e t a i l s a r e v e r y s i m i l a r t o those d e s c r i b e d i n 

p r e c e d i n g c h a p t e r s . The s t u d y was p e r f o r m e d i n t h e same h i g h - p r e s s u r e 
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v e s s e l s , and t h e a n a l y s i s o f p r o d u c t s was r o u t i n e l y p e r f o r m e d by G.L.C, 

The p h y s i c a l c o n d i t i o n s used were v a r i e d i n o r d e r t o f i n d t h e i r i n f l u e n c e 

upon the course o f t h e r e a c t i o n . The i o d i n e used i n t h e r e a c t i o n s was 

p l a c e d i n t h e bomb as a s o l i d , t o g e t h e r w i t h t h e c o b a l t a c e t a t e t e t r a h y d r a t e 

and t h e n methanol was added t o t h e m i x t u r e . The bomb was purged w i t h 

n i t r o g e n b e f o r e p r e s s u r i s i n g w i t h 1:1 Co/H^ s y n t h e s i s gas t o a p r e s s u r e o f ^ 

140 Atm, and t h e r e a c t a n t s s t i r r e d as r a p i d l y as p o s s i b l e by a magnetic 

" f l i p - f l o p " a g i t a t o r . The t e m p e r a t u r e o f t h e system was t h e n r a i s e d t o t h e 

s e l e c t e d l e v e l (180 - 220°C) c a u s i n g t h e gas p r e s s u r e t o r i s e t o about 

200 Atm. The r e a c t i o n was a l l o w e d t o r u n f o r two hours w h i l e t h e p r e s s u r e 

was m a i n t a i n e d a t ̂  200 Atm by i n j e c t i o n o f f u r t h e r 1:1 Co/H^ s y n t h e s i s gas 

when r e q u i r e d . When t h e r u n was completed the system was a l l o w e d t o c o o l 

o v e r n i g h t t o room t e m p e r a t u r e and t h e bomb was d e p r e s s u r i s e d s l o w l y the n e x t 

day. The r e s u l t a n t r e a c t i o n m i x t u r e was s y r i n g e d f r o m t h e bomb and a n a l y s e d . 

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

promoted h o m o l o g a t i o n o f methanol a re d i s c u s s e d below w i t h r e f e r e n c e t o 

t h e y i e l d and s e l e c t i v i t y o f some i m p o r t a n t p r o d u c t s . 

6.3.2. D i s c u s s i o n 

(a) I n f l u e n c e o f t e m p e r a t u r e . 

The i n f l u e n c e o f t e m p e r a t u r e on t h e i o d i n e promoted methanol 

h o m o l o g a t i o n r e a c t i o n i s r e c o r d e d i n Table 6.1. The v a r i a t i o n o f y i e l d w i t h 

t e m p e r a t u r e i s p r e s e n t e d g r a p h i c a l l y i n F i g . 6.1. and shows s e v e r a l 

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

maximum a t ̂  180°C and decrease r a p i d l y o u t s i d e the narrow t e m p e r a t u r e 

range 180 - 200°C. The decrease i n e t h a n o l f o r m a t i o n a t l o w e r t e m p e r a t u r e s 

i s accompanied by a decrease i n y i e l d o f a l l t h e major p r o d u c t s . T h i s can 

be r e g a r d e d as due t o t h e r e a c t i o n b e i n g s u b s t a n t i a l l y s l o w e r a t these l o w e r 
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temperatures or because only a f r a c t i o n of the cobalt has been converted 

i n t o a c t i v e c a t a l y s t . I n t h i s region also, ethanol i s the major product 

of the r e a c t i o n whereas at higher temperatures > 180°C, methyl acetate i s 

found to be the p r e f e r r e d product a t the expense of the etha n o l . 

I t was observed i n Chapter 3, t h a t a t higher r e a c t i o n temperatures the 

y i e l d of ethanol was found t o decrease. The i n s t a b i l i t y of the c a t a l y s t at 

these elevated temperatures was suggested as the explanation f o r t h i s 

behaviour and was supported by the f a c t t h a t cobalt metal was observed 

p l a t e d out on the w a l l s of the bomb. This explanation can be ap p l i e d also 

i n the i o d i n e promoted system as cobalt metal was again found to be 

deposited on the w a l l s of the bomb. The io d i n e thus imparts no e x t r a 

thermal s t a b i l i t y t o the c a t a l y s t . This loss of c a t a l y s t at higher 

temperatures can e x p l a i n the f a l l i n the y i e l d of ethanol but not the 

s u b s t a n t i a l increase i n formation of methyl acetate. The increased y i e l d 

of methyl acetate at higher temperatures can pos s i b l y be explained by, 

the increased rate of a competing r e a c t i o n even though less c a t a l y s t i s 

a v a i l a b l e or the higher temperature reduces the s o l u b i l i t y of hydrogen 

and hence makes r e d u c t i o n less l i k e l y . Conversely, the r e a c t i o n may occur 

by a heterogeneous c a t a l y t i c mechanism. 

(b) I n f l u e n c e of c o b a l t / i o d i n e r a t i o . 

The e f f e c t s of var y i n g the c o b a l t / i o d i n e r a t i o have been studied and 

are recorded i n Table 6.2. The r a t i o r e f e r r e d t o here i s the molar 

p r o p o r t i o n of (cob a l t atoms:iodine atoms). The r e s u l t s of the experiments 

are i l l u s t r a t e d i n Fig. 6.3. and Fig . 6.4. The y i e l d of ethanol i s 

observed t o reach a maximum at the r a t i o o f 1:1. This value would seem t o 

represent the best p r o p o r t i o n of cobalt to i o d i n e . The y i e l d s of the by­

products methyl acetate and acetaldehyde increase s t e a d i l y as the io d i n e 
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concentration increases. Ethanol y i e l d decreases both at high and at low 

io d i n e concentration, although a t low io d i n e r a t i o s t h i s i s accompanied by 

a decrease i n y i e l d o f a l l products. The y i e l d of methyl acetate w i t h 

i odine concentration f o l l o w s the same p a t t e r n as t h a t observed i n 5.3.2. where 

iodide was used i n the r e a c t i o n s . The s e l e c t i v i t i e s of the major products 

show approximately the same features as the y i e l d s , a t h i g h iodine r a t i o 

methyl acetate i s the p r e f e r r e d product and at low io d i n e concentration 

ethanol i s p r e f e r r e d . 

6.4. High Pressure Infra-Red Study of the Cobalt/Methanol/Iodine System 

6.4.1. Experimental 

These high pressure studies were a l l performed i n the same c e l l s 

used f o r the autoclave reactions but the i n f r a - r e d f a c i l i t y was u t i l i s e d 

to f o l l o w the course o f the reactions and to i d e n t i f y any intermediate 

species. I t was found t h a t the r e a c t i o n was reasonably e f f i c i e n t , when 

promoted by i o d i n e . Hence the i n f r a - r e d spectrum o f the s o l u t i o n q u i c k l y 

became complicated by strong absorptions due to the many organic products. 

Unfortunately these absorptions were found t o obscure and mask those due 

to the intermediate c a t a l y t i c species. Therefore i t was found to be 

e s s e n t i a l to record i n f r a - r e d spectra, a t maximum temperature, as q u i c k l y 

as possible before the absorptions due to the organic products became too 

intense and i n t e r f e r e d w i t h the spectra of the c a t a l y s t s being i n v e s t i g a t e d . 

The m a t e r i a l s added to the c e l l , d i c o b a l t octacarbonyl, iodine and 

methanol were added i n a p a r t i c u l a r order. The i o d i n e , dissolved i n the 

methanol, was syringed i n t o the bomb. The bomb was then flushed w i t h 

n i t r o g e n before the a d d i t i o n of the d i c o b a l t octacarbonyl as a s o l i d . The 

c e l l was then flushed once again w i t h n i t r o g e n , sealed and pressurised to 

the l e v e l selected w i t h the appropriate gas or gas mixture. 
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The i n f r a - r e d spectra were recorded r e g u l a r l y as the temperature was 

rai s e d from an i n i t i a l temperature of ̂  20°C, i n increments of ̂  50°C 

to the f i n a l r e q u i red r e a c t i o n temperature; at each i n t e r v a l time (15 min.) 

was allowed f o r the system to reach e q u i l i b r i u m before the spectra were 

recorded. 

Once the examination of the system a t the maximum temperature had been 

completed, the bomb was allowed to cool slowly t o room temperature o v e r n i g h t , 

before the gas pressure was released. Once the bombs were opened a sample 

of the l i q u i d was removed and examined by i n f r a - r e d and G.L.C. methods to 

determine the organic r e a c t i o n products. Such i n f o r m a t i o n aided the 

i n t e r p r e t a t i o n of the i n f r a - r e d spectra. 

6.4.2. Discussion. 

(a) Study of the cobalt/iodine/methanol system under n i t r o g e n pressure. 

An examination of d i c o b a l t octacarbonyl and i o d i n e i n methanol under 

n i t r o g e n pressure 100 Atm) i n d i c a t e d t h a t none of the carbonyl species 

was st a b l e i n the presence of i o d i n e , regardless of the n i t r o g e n pressure. 

The s t a r t i n g m aterials examined were, d i c o b a l t octacarbonyl, PPNCo(CO)^ and 
2+ 

[Co(MeOH), ][Co(C0),] . The i n v e s t i g a t i o n centred on observation of the 6 4 2 
carbonyl s t r e t c h i n g frequency region w i t h increase i n temperature. No new 

carbonyl s t r e t c h i n g absorptions were detected i n any of the systems 

examined the io d i n e r a p i d l y destroyed any carbonyl species present. On 

opening the bomb a brown l i q u i d was us u a l l y e x t r a c t e d c o n s i s t i n g mainly of 

cobalt i odide i n methanol. 

(b) The cobalt/iodine/methanol system under carbon monoxide pressure. 

The study consisted of observation, by i n f r a - r e d spectroscopy, of the 

carbonyl s t r e t c h i n g frequency region (2300 - 1600 cm ^) as the temperature 

was slowly r a i s e d . 
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The s t a r t i n g m a t e r i a l s f o r t h i s i n v e s t i g a t i o n were d i c o b a l t octacarbonyl 

(or PPN Co(CO).) and i o d i n e i n methanol. I n e f f e c t cobalt iodide was formed 4 
i n s o l u t i o n by the time measurements were made, and hence no carbonyl 

absorptions were observed at room temperature. The temperature was slowly 

r a i s e d and the i n f r a - r e d spectrum of the system observed c o n t i n u a l l y . 

The c e l l s were heated t o 180°C before any absorptions due to carbonyl species 

were observed. At t h i s temperature however, weak peaks began to develop 

at 2110. 2025. 2010. . and 1720. . cm ^ assigned to the species 
n (w) (w) (w) (w) b 

U 7 7 6 6 o —1 CH3CCo(CO)4. ' Also at 180 C, a weak peak developed at 1900 cm , 

be l i e v e d due to Co(C0)^. This peak p e r s i s t e d t o 190 C and i t s i n t e n s i t y 

weakened r a p i d l y , whereas the absorptions assigned t o CH^Co(CO)^ slowly 

increased i n i n t e n s i t y . 

The c e l l s were allowed t o cool slowly to room temperature, the 

absorptions decreased i n i n t e n s i t y as the temperature f e l l and disappeared 
o 

at approximately 170 C. The c e l l s were opened at room temperature and the 

r e s u l t a n t brown s o l u t i o n e x t r a c t e d and analysed by G.L.C. The s o l u t i o n was 

found to contain methyl acetate but only i n low q u a n t i t i e s , i n d i c a t i n g t h a t 

a very small amount of car b o n y l a t i o n of the methanol had taken place. The 

pressures and temperatures used i n t h i s experiment (100 Atm, 200°C) were 

low compared w i t h those necessary f o r e f f i c i e n t c arbonylation to take place 

(600 Atm, 250°C). 

(c) The cobalt/iodine/methanol system under synthesis gas pressure. 

The r e a c t i o n system of d i c o b a l t octacarbonyl and iodine i n methanol 

was studied under 140 Atm pressure of a 1:1 Co/H^ gas mixture. The c e l l s 

were slowly heated t o 185°C and the i n f r a - r e d spectrum of the system 

recorded. 

I n i t i a l l y no absorptions i n the carbonyl s t r e t c h i n g frequency region 
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were detected and no change i n the spectra was observed u n t i l the 

temperature of the c e l l s reached 165°C. At t h i s temperature weak peaks 

began to develop at 2110. 2025. 2010. , and 1720, , cm 1. These 
(w) (w) (w) (w) 

absorptions strengthened as the temperature was increased t o 190°C but above 

t h i s temperature the peaks were observed to decrease i n i n t e n s i t y . The 

absorptions were assigned to the species CH^CCo(CO)^, believed t o be an 
93 

important intermediate m the formation of ethanol. A weak peak at 1900 

cm was observed at 170°C and assigned to Co(C0)^ but t h i s p e r s i s t e d only 

f o r a while before disappearing. No absorptions were observed t h a t could 

be assigned t o d i c o b a l t octacarbonyl or t o cob a l t t e t r a c a r b o n y l hydride. 

The r e a c t i o n was not examined at temperatures > 170°C over long periods of 

time as absorptions due t o organic products soon developed and obscured 

the spectra. On coo l i n g of the system to room temperature the carbonyl 

peaks were a l l observed to weaken and disappear. The c e l l s were opened 

at room temperature and the r e s u l t a n t brown s o l u t i o n syringed out and 

analysed by G.L.C. The cobalt was observed t o be i n s o l u t i o n as cobalt ( I I ) 

i o d i d e . 
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AN EXAMINATION OF THE LIGAND STABILISED 
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COBALT/METHANOL REACTION 
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7.1. I n t r o d u c t i o n 

This chapter i s concerned w i t h the i n f l u e n c e of both a s t a b i l i s i n g 

l i g a n d (a t e r t i a r y phosphine, arsine or s t i b i n e ) and a promoter ('elemental 

iodine or a l k a l i metal i o d i d e ) on the cobalt catalysed homologation of 

methanol. The s t a b i l i s i n g l i g a n d i s believed to allow the r e a c t i o n to take 

place both at higher temperatures and lower carbon monoxide pressures more 

e f f i c i e n t l y ; the promoter also enhances the r e a c t i o n , thus a combination of 

these ma t e r i a l s has been p r e d i c t e d to permit much more e f f i c i e n t conversion 

to ethanol. 

Examination of the system i n high pressure i n f r a - r e d c e l l s allows the 

e f f e c t of the a d d i t i v e s t o be studied and t h e i r i n f l u e n c e upon the species 

present at r e a c t i o n temperature. Measurements and other accurate 
22 23 72 

i n f o r m a t i o n m the l i t e r a t u r e on the system are scarce ' ' but several 
3 4 

schemes have been suggested f o r the r e a c t i o n . ' One of the o b j e c t i v e s of 

t h i s work r e l a t e s to the reasons f o r increased e f f i c i e n c y of the r e a c t i o n 

when performed i n the presence of these a d d i t i v e s . 

7.2. Low Pressure Study of the Dicobalt Octacarbonyl/Ligand/Iodine/Methanol 

Reaction 
7.2.1. Experimental 

2+ - 97 (a) Reaction of [Co(MeOH)^ ][Co(CO) 1 w i t h i o d i n e and t r i p h e n y l 6 4 2 
phosphine. 

Crystals of d i c o b a l t octacarbonyl (0.7 g, 2 mmol) were dissolved i n 

methanol (60 ml) and the dark red/brown s o l u t i o n formed was r a p i d l y s t i r r e d 

f o r three hours u n t i l the pink s o l u t i o n was produced. Elemental i o d i n e 

(1.04 g, 4 mmol) was slowly added to the pink s o l u t i o n and q u i c k l y produced 

a brown s o l u t i o n . Then t o t h i s brown s o l u t i o n t r i p h e n y l phosphine (2,14 g, 

8 mmol) was added and a pink s o l u t i o n was formed. The pink s o l u t i o n was 
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s t i r r e d overnight and remained unchanged. Evaporation to dryness " i n vacuo" 

produced a brown s o l i d which was washed w i t h hexane t o remove any excess 

iodine and t r i p h e n y l phosphine, and dried, before being sent f o r elemental 

a n a l y s i s . Found: Co, 6.7; H, 3.3; C, 52.0; P, 7.6; I , 30.1%, 

( C o ( P P h 3 ) 2 I 2
1 0 9 ~ 1 1 5 requires Co, 7.0; H, 3.6; C, 51.6; P, 7.4; I , 30.3%). 

I n f r a - r e d examination of the carbonyl s t r e t c h i n g frequency region of 

the s o l u t i o n s showed i n i t i a l l y i n the pink s o l u t i o n two peaks at 2018, N 

(w) 
and 1900. . cm due to the species Co(CO).. On a d d i t i o n of io d i n e the (s) 4 
carbonyl peaks were destroyed and no new carbonyl s t r e t c h i n g peaks were 

observed to form a f t e r t h i s stage. I n f r a - r e d analysis of the f i n a l brown 

s o l i d as a n u j o l mull showed no carbonyl s t r e t c h i n g peaks but showed some 

absorptions i n d i c a t i v e of t r i p h e n y l phosphine l i g a n d i n the compound. 
2 + (b) Reaction of [Co(MeOH), ][Co(C0)(]„ w i t h methyl iodide and 6 4 2 

t r i p h e n y l phosphine. 

Dicobalt octacarbonyl (0.7 g, 2 mmol) was dissolved i n dry, degassed 

methanol (60 ml) and the dark red/black s o l u t i o n was r a p i d l y s t i r r e d . A f t e r 

about three hours a pink s o l u t i o n had formed and to t h i s was added methyl 

iodide (0.36 g, 2.6 mmol) dissolved i n hexane (40 m l ) . The system reacted 

s l o w l y , the methanol changed from pink to brown i n colour and the hexane 

layer became pale yellow. The system remained unchanged ov e r n i g h t . 

A d d i t i o n of t r i p h e n y l phosphine (1.4 g, 5.3 mmol) caused the two layers to 

change colour s l o w l y , the hexane becoming darker y e l l o w and the methanol 

becoming pink/brown i n colour. The hexane layer was removed by syringe 

and the methanol layer was e x t r a c t e d w i t h hexane to remove any f u r t h e r 

hydrocarbon soluble m a t e r i a l . The methanol s o l u t i o n was then f i l t e r e d , 

producing a small amount of black s o l i d , and evaporated to dryness, 

producing a brown residue. Both s o l i d s were washed w i t h hexane before 
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being sent f o r elemental a n a l y s i s . Analysis of the black s o l i d gave Co, 

94.6; C, 2.1%, and i s believed t o be cobalt metal. The brown s o l i d gave 

Co, 7,4; H, 3.8; C, 51.1; P, 7.7; I , 30,7% (Co(PPh ) ^ requires Co, 

7.0; H, 3.6; C, 51.6; P, 7.4; I , 30.3%). The hexane l a y e r was reduced 

i n volume and placed i n the freezer to encourage c r y s t a l l i s a t i o n . A yellow 

c r y s t a l l i n e m a t e r i a l was produced from t h i s s o l u t i o n and t h i s was e x t r a c t e d , 

d r i e d and analysed. Elemental analysis gave Co, 13.9; H, 3.7; C, 61.1; P, 

6.5% (MeCCoCCO) PPh requires Co, 13.2; H, 4.0; C, 61.6; P, 6.9%). 

I n f r a - r e d examination of the r e a c t i o n i n i t i a l l y showed two peaks i n the 

carbonyl s t r e t c h i n g frequency region a t 2018. . and 1900. . cm ^ due to the 
(w) (s) 

anion Co(C0)^. On a d d i t i o n of the methyl iodide the peaks i n methanol at 

2018. v and 1900, . cm were found t o weaken r a p i d l y and new peaks appeared (w) (s) 
at 2110, % , 2050. ., 2030. 2010. 1955. . , 1935, . and 1710. . cm"1, (w) (m w) (m) (m) (w) (w) (w) 
The two peaks at 1955 and 1935 cm slowly disappeared over about 40 minutes 

and those due to Co(C0)^ disappeared w i t h i n 2 hours. Examination of the 

hexane l a y e r showed no absorptions due to the Co(C0)^ i o n , but several peaks 
were found to develop at 2107. N , 2050, 2025, 2005. . and 1718. , 

(w) (m) (m) (m s) (w) 
cm ^. These peaks are assigned to the species MeCCo(CO)..^'^ These 

4 
l a t t e r absorptions p e r s i s t e d u n t i l the a d d i t i o n of t r i p h e n y l phosphine 

which caused the peaks to weaken and disappear and new absorptions to form 

at 2050. 1985. 1969. . and 1690. . cm" 1. 9 8 These p e r s i s t e d (m) (m) (m) n(w) 
i n d e f i n i t e l y , and are assigned t o MeCCo(CO)^PPh^. 

(c) Reaction of PPN Co(C0)^ w i t h methyl iodide and t r i p h e n y l phosphine 

at -40°C. 

A small amount of PPN Co(C0)^ (0.7 g, 1 mmol) was dissolved i n 

dichloromethane (50 ml) and the system was s t i r r e d r a p i d l y on an acetone/ 

dry i c e bath. A s o l u t i o n of methyl i o d i d e (1 g, 7 mmol) also i n 
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dichloromethane (20 ml) was slowly added to the PPN Co(CO)^ s o l u t i o n . 

The r e a c t i o n proceeded as o u t l i n e d i n 5,2.1. (a), and the brown s o l u t i o n of 

MeCo(CO)^ was formed, i d e n t i f i e d by i n f r a - r e d spectroscopy, Triphenyl 

phosphine (0.5 g, 2 mmol) was slowly added to t h i s s o l u t i o n causing the 

brown colour to become s l i g h t l y l i g h t e r and a yellow s o l i d product was 

formed. The brown s o l u t i o n was allowed t o warm t o room temperature and 

some of the yellow product was seen to dis s o l v e . The yellow product was 

separated by f i l t r a t i o n , washed w i t h hexane and d r i e d under vacuum. 
0 

Elemental analysis gave Co, 13. 6; H, 4,3; C, 61.0; P, 6.5% (Mec'co(CO) 3*^3 

requires Co, 13.2; H, 4.0; C, 61.6; P, 6.9%). 

I n f r a - r e d study at -40°C of the carbonyl s t r e t c h i n g frequency region 

i n i t i a l l y showed carbonyl absorptions at 2015, . and 1900. . cm ^ due t o the 
(w) (s) 

anion Co(C0)^. On a d d i t i o n of the methyl i o d i d e the spectrum changed 

r a p i d l y . W i t h i n 15 minutes the peaks due t o Co(C0)^ had completely 

disappeared and new absorptions had formed a t 2105, N , 2035, , and 2020, . 
(w) (m,w) (m) 

" I . , s 6 6 

cm . These new peaks were assigned to the species MeCo(CO)^, which has 
carbonyl peaks at 2104, 2035, . and 2018, . cm \ The a d d i t i o n of 

(w) (m) (s) 
t r i p h e n y l phosphine to t h i s system has a r a p i d e f f e c t on the i n f r a - r e d 
absorptions. The peaks due to MeCo(CO)^ disappear and new peaks are formed 

at 2050, 1980, 1960 . and 1690 Cm 1. These new peaks are assigned Cm) (m) (m) (w) v 6 

98 to the species MeCCo(CO)^PPh^. 

(d) Reaction of Na +Co(C0)^ w i t h methyl i o d i d e and t r i p h e n y l phosphine 

i n THF. 

An amalgam of sodium and mercury was prepared.by r e a c t i n g sodium 
74 99 

metal w i t h mercury under a n i t r o g e n atmosphere. ' The cleanest p o r t i o n 

of t h i s f r e s h l y prepared amalgam was taken and reacted w i t h d i c o b a l t 

octacarbonyl (0.3 g, 1 mmol) i n s o l u t i o n i n THF (50 m l ) . The system was 
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s t i r r e d f o r about 2 hours, u n t i l the THF was colourless and then the 

amalgam was run o f f from the f l a s k . This s o l u t i o n of Na Co(CO)^ i n THF 

was cooled to -40°C i n an acetone/dry i c e bath. A cooled s o l u t i o n of methyl 

iodide (0.3 g, 2 mmol) also i n THF C20 ml) was slowly added t o the r a p i d l y 

s t i r r e d , cooled s o l u t i o n . The THF slowly began to take on a brown 

c o l o u r a t i o n and t h i s darkened as the methyl i o d i d e was added. The system 

remained unchanged f o r 2 hours and was then gently allowed to warm to room 

temperature. Then a solution/suspension of t r i p h e n y l phosphine (0.5 g, 

2 mmol) i n THF (20 ml) was added to the brown s o l u t i o n . This mixture was 

r a p i d l y s t i r r e d and the brown colour faded t o a pale brown and a brown/ 

yellow s o l i d was noted to deposit from the s o l u t i o n . The system was placed 

i n the freezer to encourage c r y s t a l l i s a t i o n and f u r t h e r yellow s o l i d was 

observed to form. This s o l i d was separated by f i l t r a t i o n , washed w i t h 

hexane and d r i e d under vacuum before being sent f o r an a l y s i s . Elemental 

analysis gave Co, 13.6; H, 3.7; C, 60.9; P, 14.6% (MeCCo(C0)3PPh 

requires Co, 13.2; H, 4.0; C, 61.6; P, 14.3%). 

I n f r a - r e d analysis i n the carbonyl region of the spectrum i n i t i a l l y 

showed only those peaks due t o d i c o b a l t octacarbonyl: 2073, , 2046. 
\ S / v S ) 

2029. 1866 N and 1858. . cm . As the r e a c t i o n w i t h the amalgam (s) (m) (m) B 

occurred the absorptions due to d i c o b a l t octacarbonyl slowly reduced i n 

i n t e n s i t y and were e v e n t u a l l y replaced by a s i n g l e peak at 1900. . cm \ 
(m) 

due to Co(C0)^, Lowering the temperature of the system to -40°C had no 

e f f e c t on the i n f r a - r e d spectrum. On a d d i t i o n of methyl iodide the peak 

at 1900 cm ^ slowly disappeared and was replaced by new absorptions at 
2105, 2035, . and 2029, N cm"1 due to the species MeCo(CO),. The (w) (m w) (s) 4 
spectrum changed on warming t o give peaks at 2110, 2050, 2030, N , 

-1 . V 66 2010, . and 1715, . cm due t o the formation of MeCCo(CO).. When (m) (w) 4 
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t r i p h e n y l phosphine was added the spectrum slowly changed as these 

absorptions were destroyed and new peaks formed at 2050, . , 1980. 1960. 
' 3 " ' Cm) Cm) (m) 

1690 cm \ These new absorptions are assigned to the species 
0 
a 9.8 MeCCo(CO)3PPh3. 

(e) Reaction of [Co(CO)^PPh^]^ w i t h methyl i o d i d e i n methanol. 

A small amount of the red/brown s o l i d [Co(CO)^PPh^]^ (0.8 g, 1 mmol) 

was suspended i n methanol (40 ml) and the mixture was s t i r r e d r a p i d l y . 

Methyl iodide (0.7 g, 5 mmol) i n -methanol (20 ml) was added to t h i s system 

and the system observed f o r two hours. No r e a c t i o n was observed to take 

place. The system was f i t t e d w i t h a condenser and heated at r e f l u x 

temperature (65 - 68°C) f o r a f u r t h e r 2 hours. Again no r e a c t i o n was 

observed to occur. The system was then sealed i n a Carius tube and heated 

to 110°C f o r 4 hours. The red/brown suspended s o l i d was observed to have 

reacted to form a s o l u t i o n t h a t was v i o l e t a t 110°C and brown/pink at 

room temperature. The s o l u t i o n was cooled to l i q u i d n i t r o g e n temperature, 

the tube opened, evacuated, r e f i l l e d w i t h n i t r o g e n and allowed to warm t o 

room temperature. The brown/pink s o l u t i o n was reduced i n volume and a 

brown p r e c i p i t a t e formed. The p r e c i p i t a t e was separated by f i l t r a t i o n , 

washed w i t h hexane and d r i e d . Elemental analysis gave Co, 6.8; H, 3.8; 

C, 51,0: P, 7,1; I , 30,0% CCo(PPh ) I r equires Co, 7.0; H, 3.6; C, 

51,6; P, 7,4; I , 30,3%), The f i l t r a t e , a brown s o l u t i o n , was evaporated 

and produced a black s o l i d which was also washed w i t h hexa,ne. The black 

material was d r i e d under -vacuum and sent f o r elemental ana l y s i s . Analysis 

gave C Q , 19..3; I , 81,7% CCpT^ r e c l u : L r e ^ c°> 1 8 - 8 5 I . 81.2%). 

Tnfra-red s o l u t i o n spectroscopy i n the carbonyl s t r e t c h i n g frequency 

region i n i t i a l l y showed no carbonyl absorptions. The [Co(CO)^PPh^]^ was 

i n suspension and was not detected i n the spectra. No change was observed 
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i n the s p e c t r u m as t h e system was r e f l u x e d . The i n f r a - r e d s p e c t r u m o f t h e 

brown/pink s o l u t i o n f r o m the C a r i u s tube was examined and showed o n l y one 

a b s o r p t i o n a t 1730 cm ^ w h i c h was n o t due t o t h e methanol s o l v e n t . No 

a b s o r p t i o n s were observed i n t h e t e r m i n a l o r doubly b r i d g i n g m e t a l c a r b o n y l 

s t r e t c h i n g f r e q u e n c y r e g i o n s , i n d i c a t i n g t h a t t h e p r o d u c t i n s o l u t i o n was 

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

( f ) R e a c t i o n o f [Co(CO)^PPh^l^ W l t h i o d i n e i n m e t h a n o l . 
54 

A s u s p e n s i o n o f t h e red/brown [Co(CO)^PPh^]^ (0.8 g, 1 mmol) was 

p r e p a r e d i n methanol (40 ml) and t h e system was r a p i d l y s t i r r e d . B l a c k 

c r y s t a l s o f i o d i n e (0.5 g, 2 mmol) were d i s s o l v e d i n methanol (20 ml) and 

the r e s u l t i n g brown s o l u t i o n was s l o w l y added t o t h e s u s p e n s i o n . The 

system was examined a t room t e m p e r a t u r e f o r t h r e e hours and no r e a c t i o n 

was observed t o t a k e p l a c e . The r e a c t i o n v e s s e l was f i t t e d w i t h a condenser 

and t h e m i x t u r e r e f l u x e d ( a t 65 - 67°C) f o r 2 h o u r s . R e a c t i o n o c c u r r e d t o 

f o r m t h e brown s o l u t i o n . The system was p e r m i t t e d t o c o o l t o room 

t e m p e r a t u r e and t h e volume reduced by h a l f " i n vacuo". A brown p r e c i p i t a t e 

formed and was s e p a r a t e d by f i l t r a t i o n . The s o l i d was washed w i t h hexane 

t o remove f r e e i o d i n e and t r i p h e n y l p h o s p h i n e , d r i e d and s e n t f o r a n a l y s i s . 

E l e m e n t a l a n a l y s i s gave Co, 7.3; H, 3.4; C, 5 2 . 1 ; P, 7.7; I , 30.4% 

( C o ( P P h 3 ) 2 I 2
1 1 0 ' 1 1 2 r e q u i r e s Co, 7.0; H, 3.6; C, 51.6; P, 7.4; I , 

3 0 . 3 % ) . The brown f i l t r a t e was e v a p o r a t e d " i n vacuo" and a b l a c k s o l i d 

was formed. T h i s m a t e r i a l was washed w i t h hexane t o remove r e s i d u a l 

i o d i n e . The r e s i d u e was d r i e d under vacuum and s u b m i t t e d f o r e l e m e n t a l 

a n a l y s i s . A n a l y s i s gave Co, 18.2; I , 81.6% ( C o ^ r e q u i r e s Co, 18.8; 

I , 8 1 . 2 % ) . 

The r e a c t i o n was examined s p e c t r o s c o p i c a l l y i n t h e c a r b o n y l 

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



- 104 -

room t e m p e r a t u r e no c a r b o n y l a b s o r p t i o n s were d e t e c t e d as t h e [Co(CO)^PPh^] 

was i n suspension n o t i n s o l u t i o n . No c a r b o n y l a b s o r p t i o n s were observed 

as t h e system r e a c t e d and t h e r e f o r e the c a r b o n y l complex e i t h e r produced 

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

o c c u r r e d i n s o l u t i o n . The spectrum o f t h e brown s o l u t i o n was a l s o t a k e n 

a t room t e m p e r a t u r e and no peaks a s s i g n a b l e t o c a r b 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 were d e t e c t e d . 

7.2.2. D i s c u s s i o n 
2 + The r e a c t i o n o f [Co(MeOH), ] [ C o ( C 0 ) l w i t h i o d i n e proceeded as 6 4 2 

e x p l a i n e d i n 6.2.1., and c o b a l t ( I I ) i o d i d e was formed i n s o l u t i o n . 

The a d d i t i o n o f t r i p h e n y l phosphine t o t h e s o l u t i o n produced a change i n 

c o l o u r f r o m brown t o p i n k , and e v a p o r a t i o n o f t h e s o l v e n t produced a brown 

s o l i d , i d e n t i f i e d as C o ^ P h ^ ^ ^ * ^ ^ 

D i v a l e n t c o b a l t forms numerous complexes o f v a r i o u s s t e r e o c h e m i c a l 

t y p e s , where o c t a h e d r a l and t e t r a h e d r a l ones are t h e most common. C o ^ 

forms t e t r a h e d r a l complexes more r e a d i l y t h a n any o t h e r t r a n s i t i o n - m e t a l 

i o n . T h i s i s i n a c c o r d w i t h t h e f a c t t h a t f o r a d^ i o n , l i g a n d - f i e l d 

s t a b i l i s a t i o n e n e r g i e s d i s f a v o u r the t e t r a h e d r a l c o n f i g u r a t i o n , r e l a t i v e 

t o t h e o c t a h e d r a l one, t o a s m a l l e r e x t e n t t h a n f o r any o t h e r d n ( 1 <: n < i 

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

argument i s o n l y v a l i d i n t h e comparison o f one m e t a l i o n t o a n o t h e r , and 

n o t f o r a s s e s s i n g t h e a b s o l u t e s t a b i l i t i e s o f t h e c o n f i g u r a t i o n s f o r any 

p a r t i c u l a r i o n . 
I I 

As t h e s t a b i l i t y d i f f e r e n c e between o c t a h e d r a l and t e t r a h e d r a l Co 

complexes i s s m a l l , t h e r e are s e v e r a l cases i n w h i c h the two s t e r e o ­

c h e m i c a l t y p e s w i t h t h e same l i g a n d a r e b o t h known, and may be i n 

e q u i l i b r i u m . 
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2-T e t r a h e d r a l complexes, [CoX^] are g e n e r a l l y formed w i t h mono-dentate 

a n i o n i c l i g a n d s , such as CI , Br , I , SCN and N^; w i t h a c o m b i n a t i o n o f 

two such l i g a n d s and two n e u t r a l l i g a n d s (L) p s e u d o t e t r a h e d r a l n e u t r a l 

complexes o f t h e t y p e CoL^X^ are formed e.g. C o ( P P h ^ ) I 7 . 
2+ W i t h m e t h y l i o d i d e and [Co(MeOH)„ ] [ C o ( C 0 ) 1 t h e r e a c t i o n f o l l o w s t h e 6 4 2 

p a t t e r n e s t a b l i s h e d i n 6.2.1.: t h e s p e c i e s c o b a l t ( I I ) i o d i d e i s formed 
0 

i n methanol t o g e t h e r w i t h t h e a c y l s p e c i e s , MeCCo(CO)^, w h i c h was e x t r a c t e d 

i n t o the hexane s o l v e n t . On a d d i t i o n o f t r i p h e n y l phosphine t o t h i s 

system, t h e p s e u d o t e t r a h e d r a l p r o d u c t Co(PPh ) I i s formed i n t h e 
?. 93 

methanol and t h e s p e c i e s MeCCo(CO)^PVh^ i s g e n e r a t e d m t h e hexane. 

T h i s l a t t e r m a t e r i a l c r y s t a l l i s e s f r o m t h e hexane on c o o l i n g . 

The t r i p h e n y l phosphine l i g a n d i s s i m p l y s u b s t i t u t e d i n t o t h e a c y l 

c o b a l t t e t r a c a r b o n y l and thus one m o l e c u l e o f carbon monoxide i s e v o l v e d : 
;?Co(C0), + PPh„ > Me^C MeCCo(CO) 4 + PPh 3 > MeCCo (CO) 3

7 ^ 3

 + c o U ) 

The r e a c t i o n o f m e t h y l i o d i d e w i t h PPN Co(CO)^ a t -40°C proceeds as 

e x p l a i n e d i n t h e p r e v i o u s c h a p t e r , and the m e t h y l c o b a l t t e t r a c a r b o n y l , 
. N 66 . 

MeCo(CO)^, i s g e n e r a t e d . On a d d i t i o n o f t r i p h e n y l phosphine t h e a c y l 

c o b a l t t r i c a r b o n y l phosphine compound i s formed, w i t h o u t l o s s o f carbon 
. - 93,108 monoxide: 

-40°c 
MeCo(C0) 4 + PPh 3 MeCCo(CO) 3PPh 3 (2) 

Sodium t e t r a c a r b o n y l c o b a l t a t e i n i t i a l l y r e a c t s a t -40°C w i t h m e t h y l 

i o d i d e t o f o r m the m e t h y l c o b a l t t e t r a c a r b o n y l and, on warming t o room 

t e m p e r a t u r e , p a r t o f t h e sample o f t h i s u n s t a b l e s p e c i e s decomposes. 

The g e n e r a t e d carbon monoxide c o n v e r t s some o f the m e t h y l complex t o t h e 
66 more s t a b l e a c y l p r o d u c t (MeCCo(CO). ) . The r e a c t i o n o f t h i s a c y l 4 

compound w i t h t r i p h e n y l phosphine t h e n proceeds as i n e q u a t i o n (1) above. 
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The r e a c t i o n o f t r i p h e n y l phosphine w i t h the a l k y l compound i s b e l i e v e d 
103 

t o o ccur by a m i g r a t o r y - i n s e r t i o n r e a c t i o n . The r e a c t i o n takes p l a c e by 

the m i g r a t i o n o f t h e a l k y l group t o an a d j a c e n t c a r b o n y l group f o r m i n g a 

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

t h i s i n t e r m e d i a t e t r i c a r b o n y l s p e c i e s adds an e x t e r n a l l i g a n d a t the s i t e 

v a c a t e d by t h e m i g r a t i n g a l k y l group. I n most cases t h a t have been 
j , • • • , • , - > • 104-107 . , . examined t h i s r e a c t i o n i s h i g h l y s t e r e o s p e c i f i c , w i t h a l k y l groups 

h a v i n g c h i r a l i t y a t t h e m e t a l - c a r b o n bond, m i g r a t i n g w i t h r e t e n t i o n o f 

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

e q u i l i b r i u m depend upon t h e s t r e n g t h s o f the m e t a l - c a r b o n bond and o f t h e 

m e t a l - c a r b o n monoxide bond i n the o r i g i n a l a l k y l complex. F i r s t row, 3d 

t r a n s i t i o n m e t a l a l k y l s are u s u a l l y more r e a c t i v e t h a n second- and t h i r d -

row 4d and 5d t r a n s i t i o n m e t a l a l k y l s . Presumably t h i s r e a c t i v i t y p r o f i l e 

r e s u l t s f r o m modest d i f f e r e n c e s i n m e t a l - c a r b o n bond s t r e n g t h s , t h e 

f i r s t - r o w m e t a l carbon bonds b e i n g s l i g h t l y weaker t h a n those o f the 

4d and 5d m e t a l s . 

Thus the r e a c t i v i t y o f t h e m e t h y l c o b a l t t e t r a c a r b o n y l w i t h t r i p h e n y l 

phosphine i s such t h a t t h e g e n e r a t i o n o f t h e s p e c i e s MeCo(CO)^^hg cannot 

be p e r f o r m e d s i m p l y by a d d i t i o n o f t r i p h e n y l p h o s p h i n e . I t s s i m p l e s t 

method o f p r e p a r a t i o n i s t o r e a c t [Co (CO) ^PPh^] ̂  w i t h sodium amalgam t o 
+ - 98 f o r m t h e s a l t Na [Co(CO)3^°^] • T n i - S i s t h e n r e a c t e d w i t h m e t h y l 

98 

i o d i d e t o f o r m t h e m e t h y l s p e c i e s , MeCo(CO)^PPh^, a l t h o u g h care must 

be t a k e n t o p r e v e n t r e a c t i o n o f t h i s s p e c i e s w i t h any f r e e carbon monoxide 

as t h e a c y l s p e c i e s i s t h e n formed r e a d i l y . 

The compound [Co(CO)^PPh^] 2 r e a c t s w i t h m e t h y l i o d i d e a t ^ 110°C 

and t h e s o l i d p r o d u c t s o b t a i n e d f r o m the r e a c t i o n are C o l ^ and Co(PPh 

The change i n c o l o u r o f t h e s o l u t i o n f r o m v i o l e t t o p i n k / b r o w n i s 
p o s s i b l y due t o f r e e i o d i n e i n s o l u t i o n o r due t o t h e change i n 

'6 c o n f i g u r a t i o n o f t h e [Co 2 +(MeOH),] s p e c i e s f r o m a t e t r a h e d r a l t o a o c t a h e d r a 
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c o n f i g u r a t i o n , a l t h o u g h t h e l a t t e r p o s s i b i l i t y i s much l e s s l i k e l y . The 

s o l u t i o n i n f r a - r e d o f th e system shows an a b s o r p t i o n a t 1730 cm ^ w h i c h i s 

p o s s i b l y due t o a n o r g a n i c c a r b o n y l compound formed f r o m d e c o m p o s i t i o n o f a 

spe c i e s such as MeCCo(CO)^PPh^ a t th e h i g h r e a c t i o n t e m p e r a t u r e . G.L.C. 

e x a m i n a t i o n o f t h i s s o l u t i o n showed t h a t t h e o r g a n i c p r o d u c t was p r o b a b l y 

acetone. 

R e a c t i o n o f [Co(CO)^PPh^] w i t h i o d i n e f o l l o w s much t h e same p a t t e r n : 

t h e s o l i d p r o d u c t s o b t a i n e d on e v a p o r a t i n g t h e system were Col and Co(PPh ) I , 

The r e a c t i o n however was foun d t o occ u r a t a low e r t e m p e r a t u r e and t h e 

v i o l e t s o l u t i o n was n o t observed. The i n f r a - r e d s o l u t i o n s p e c t r a i n t h e 

c a r b o n y l s t r e t c h i n g f r e q u e n c y r e g i o n showed no new a b s o r p t i o n s around 

1700 cm \ T h i s i n d i c a t e s t h a t t h e s p e c i e s formed i n th e p r e c e d i n g 

e x p e r i m e n t , w i t h m e t h y l i o d i d e , i s n o t produced when i o d i n e i t s e l f r a t h e r 

t h a n m e t h y l i o d i d e i s employed. 

7.3. H i g h P r e s s u r e Study o f t h e C o b a l t / l o d i n e / L i g a n d / M e t h a n o l System 

7.3.1. E x p e r i m e n t a l 

The b a s i c e x p e r i m e n t a l d e t a i l s a re v e r y s i m i l a r t o those d e s c r i b e d i n 

Chapter 3. The s t u d y was p e r f o r m e d i n t h e same h i g h p r e s s u r e i n f r a - r e d 

c e l l s , and t h e a n a l y s i s o f p r o d u c t s was r o u t i n e l y p e r f o r m e d by G.L.C. 

The p h y s i c a l c o n d i t i o n s used were v a r i e d i n o r d e r t o f i n d t h e i r i n f l u e n c e 

upon t h e course o f t h e r e a c t i o n . The i o d i n e ( o r i o d i d e ) employed i n t h e 

r e a c t i o n s was p l a c e d i n t h e bomb t o g e t h e r w i t h t h e l i g a n d and th e c o b a l t 

( I I ) a c e t a t e t e t r a h y d r a t e , and then methanol was added t o th e m i x t u r e . 

The bomb was purged w i t h n i t r o g e n b e f o r e p r e s s u r i s i n g w i t h 1:1 CO/l^ 

s y n t h e s i s gas t o a p r e s s u r e o f a p p r o x i m a t e l y 140 Atm, and was s t i r r e d as 

q u i c k l y as p o s s i b l e . The t e m p e r a t u r e was r a i s e d t o the s e l e c t e d l e v e l 

(170 - 220°C) c a u s i n g t h e gas p r e s s u r e t o i n c r e a s e t o about 200 Atm. The 
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r e a c t i o n was a l l o w e d t o r u n f o r 2 hours w h i l e t h e p r e s s u r e was m a i n t a i n e d 

a t 200 Atm. When t h e r u n was completed t h e system was a l l o w e d t o c o o l 

o v e r n i g h t t o room t e m p e r a t u r e and t h e bomb was d e p r e s s u r i s e d s l o w l y t h e n e x t 

day. The r e s u l t a n t p r o d u c t s were s y r i n g e d f r o m t h e bomb and a n a l y s e d . 

The r e s u l t s o f v a r y i n g some o f the r e a c t i o n parameters o f t h e i o d i n e / 

i o d i d e promoted and l i g a n d s t a b i l i s e d h o m o l o g a t i o n o f methanol are 

d i s c u s s e d w i t h r e f e r e n c e t o t h e y i e l d and s e l e c t i v i t y o f some i m p o r t a n t 

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

C a t a l y s t . 

The c a t a l y s t used i n these e x p e r i m e n t s c o n s i s t e d o f c o b a l t ( I I ) a c e t a t e 

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

( p h o s p h i n e , a r s i n e o r s t i b i n e ) . T h i s c o m b i n a t i o n i s des i g n e d t o t a k e 

advantage o f b o t h the e x t r a t h e r m a l s t a b i l i t y and enhanced s e l e c t i v i t y t o 

e t h a n o l o f t h e c a t a l y s t , p r o v i d e d by t h e s t a b i l i s i n g l i g a n d and the 

p r o m o t i n g e f f e c t o f t h e i o d i n e ( o r i o d i d e ) . 

7.3.2. D i s c u s s i o n 

(a) E f f e c t o f t e m p e r a t u r e on t h e c o b a l t / m e t h a n o l / i o d i n e / p h o s p h i n e 

system. 

The r e a c t i o n has been examined i n t h e t e m p e r a t u r e range 170 - 225°C 

and t h e r e s u l t s are p r e s e n t e d i n Table 7.1. The s t u d y has been p e r f o r m e d 

a t a 1:1 c o b a l t : l i g a n d r a t i o , and a 1:1 c o b a l t a t o m s : i o d i n e atoms r a t i o 

u s i n g e l e m e n t a l i o d i n e as t h e p r o m o t e r . The p e r c e n t a g e y i e l d s and 

s e l e c t i v i t i e s a r e i l l u s t r a t e d g r a p h i c a l l y i n F i g . 7.1. and F i g . 7.2. The 

y i e l d o f e t h a n o l passed t h r o u g h a maximum a t 205°C o f ^ 15%, f a l l i n g t o 

6% a t 225°C. The decrease i n y i e l d o f e t h a n o l was accompanied by a decrease 

i n y i e l d o f a l l t h e m a j o r p r o d u c t s , and i n t h e c o n v e r s i o n o f methanol 

i t s e l f . A t h i g h e r r e a c t i o n t e m p e r a t u r e s (210 - 225°C) a b l a c k d e p o s i t was 
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fo u n d on t h e w a l l s o f t h e bomb w h i c h was b e l i e v e d t o be c o b a l t m e t a l . Thus 

i t seems l i k e l y t h a t t he l o w e r c o n v e r s i o n o f methanol a t h i g h e r t e m p e r a t u r e s 

i s due t o t h e l o s s o f a c t i v e c a t a l y s t by t h e p l a t i n g o u t o f c o b a l t m e t a l , 

as t h e c a t a l y s t i s t h e r m a l l y u n s t a b l e a t these e l e v a t e d t e m p e r a t u r e s i . e . 

t h e s t a b i l i s i n g l i g a n d t h u s a l l o w s the r e a c t i o n t o be r u n a t 205°C 

(compared w i t h 185°C f o r t h e u n s t a b i l i s e d system) though a t s t i l l h i g h e r 

t e m p e r a t u r e s t h e c a t a l y s t i s once a g a i n decomposed. 

At l o w e r t e m p e r a t u r e s (170 - 195°C) t h e y i e l d s o f e t h a n o l and e t h y l 

a c e t a t e were fo u n d t o be reduced compared w i t h those a t 205°C. T h i s can be 

re g a r d e d as due t o t h e h o m o l o g a t i o n r e a c t i o n b e i n g s l o w e r a t these 

reduced t e m p e r a t u r e s , o r because o n l y a f r a c t i o n o f t h e c o b a l t has been 

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

a c e t a l d e h y d e i s enhanced a t t h e l o w e r t e m p e r a t u r e s p o s s i b l y due t o l e s s 

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

The s e l e c t i v i t i e s f o l l o w c l o s e l y t h e same p a t t e r n as t h e y i e l d s o f 

th e m a j o r p r o d u c t s e x c e p t f o r t h e s e l e c t i v i t y t o m e t h y l a c e t a t e w h i c h 

i n c r e a s e s a t h i g h t e m p e r a t u r e . 

(b ) E f f e c t o f t e m p e r a t u r e on t h e c o b a l t / m e t h a n o l / i o d i d e / p h o s p h i n e 

system. 

The r e a c t i o n has been examined i n t h e same t e m p e r a t u r e range 

(170 - 225°C) and t h e r e s u l t s a r e p r e s e n t e d i n Table 7.2. The s t u d y was 

p e r f o r m e d a t 1:1:1, c o b a l t : l i g a n d : i o d i d e r a t i o u s i n g p o t a s s i u m i o d i d e as 

th e p r o m oter. The p e r c e n t a g e y i e l d s and s e l e c t i v i t i e s o f t h e m a j o r 

p r o d u c t s a r e i l l u s t r a t e d g r a p h i c a l l y i n F i g . 7.3. and F i g . 7.4. 

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

those f o u n d when e l e m e n t a l i o d i n e was employed under t h e same c o n d i t i o n s . 

The y i e l d s o f t h e major p r o d u c t s were enhanced when t h e i o d i d e p r o m o t e r 



C M 

CU 

CU 
•X) 
>> 

, c 
cu xi 

• - I e^s 
n ) 

• p 
CU u < 

0 ) 
r -4 4-1 

( 0 
4-> 

4-1 <!J 
w CJ w <! 

a ) 
I - I 4-1 

>> a ) 
X ! 4-1 B--S 
4-1 0 ) 
0 ) o 

<! 

o 
S 
4J 

m C T i r - i n C O i-H CNl o C T i 

C O co 
r -4 

i-l m t-i -* r - l C O r - l C O 

i—i m O N i n m i n ON 1-1 C T i CNI 

C M co O 
1-4 

<± C O 
r -4 

m m 
t—i 

i n 
i-H 

C O C O 
i—l 

r - <o 0 0 i n i n C O o 

0 0 i—i 
co 

0 0 0 0 m 
C M 

0 0 
CNI 

r̂ - CNI 
CNI 

m 
CNl 

O O V O co 0 0 o - C O o i - i CNI C O i—i 

0 0 ON 
CNI l-t 

CTi 
C O 

<t 
r- i 

•o- i n O 
i-4 

o 

>, > N 
co 4-> 4-1 • U 4-1 4-1 4-1 
4-1 • H •r-l • i - l •i-l • H • r4 
o > > > > > > 
3 • r-l •i-l • H • H • r - l • i-4 

T j 4-1 4-J 4 J 4-1 • U 4-1 
O T 3 U - a O T J O T J U o O 
U i - l <1J i - 4 CU 1—1 0 ) i - l 0 ) i - l <u 1-1 CU 

CU i - l QJ r - l cu i - l CU r-1 cu 1-1 CD r -4 
• H 0 ) • H cu • H CU • r - l <1) • H cu • H cu 
>* C O > 4 0 0 C O > 4 C O C O > 4 C O 

O l 
• H 1-1 

nj o 

a 
o 

• H 
4-1 • r l 
Cfl • J 

P=i 
o 

O o m m m i n i n 
cuo oo ON o r - i CNI 

H N - ^ r -4 r-4 r - l CN| CNl CNl 

CU 

H co g O O O O O O 
W 4 J o O O O O O 
C U < ! CNI CNl CNl C M CM C M 
U N - ^ 

a 
o 

• r - l <!)•—. 
4 J e . 
U .,-1 r-4 C M CM CM C M C M C M 
n ) HXS 
cu v — 
Pi 

C O C O C O C O C O C O 
^ I I I I I I 

co O O O O O O 
cu i—i I—I 1—i r—I I—I l—l 

r—I i - 4 
S<j Q X X X X X X 

B 
^ O O O O O O 

I-- r-» r -
co co co co co co 
I I I I I I 

o o o o o o 
CO l—l I—I i—l r - l r -4 i—l 

C O C U 
4 3 r - i X X X X X X 

g 

CMP o o o o o o 
r - r- t~- r-» r- r~ 

co co co co co co 
0 4 l I I I I I o < - v O o o o o o 

C J C 0 r - 4 r - l i—l r - l r - l r - l 
< U O HI 
O < N r - 4 X X X X X X 
P < t S o o o o o o 

O N ^ . , 

I— r-— tr— I—. I-—. r~— 
/—* 

co 
P d C U v£ ) iX> v f j V D 
O r - 1 m m m i n m m 
cu o 

S E o o o o o o 

a o co o - m o oo 
X s r— h~ i^ i^. 
m 



Yield % 18 Effect of Temperature (Iodide Promoter) 

16 
Fig. 7 3 

14 

12 

tOH 10 

7 8 MeOAc 

EtOAc 

AcH 

I 
220 Temperature C 180 160 170 200 210 190 

£5 Selectivity % 

EtOH 
40 

Effect of Temperature (Iodide Promoter) 35 

Fig. 74 30 

MeOAc 
25 

20 

EtOAc 15 

10 

AcH 

160 V70 180 190 200 210 220~~Temperature °C 



- 110 -

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

p r o d u c t s due t o t h e i o d i d e p r o m o t e r when compared t o t h e i o d i n e p r o m o t e r 

was p r e s e n t t h r o u g h o u t t h e t e m p e r a t u r e range s t u d i e d and was a l s o r e f l e c t e d 

i n t h e i n c r e a s e d s e l e c t i v i t i e s . 

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

t h a n e l e m e n t a l i o d i n e f o r t h e l i g a n d s t a b i l i s e d h o m o l o g a t i o n o f meth a n o l . 

T h i s c o n f i r m s t h e r e s u l t s o b t a i n e d i n Chapter 5 and Chapter 6 t h a t , i n t h e 

case o f t h e promoted r e a c t i o n , i o d i d e i s a b e t t e r p r o m o t e r t h a n e l e m e n t a l 

i o d i n e . 

( c ) E f f e c t o f i o d i d e c o n c e n t r a t i o n on t h e c o b a l t / m e t h a n o l / i o d i n e / 

phosphine system. 

The e f f e c t o f i o d i d e c o n c e n t r a t i o n on t h e h o m o l o g a t i o n r e a c t i o n i s 

r e c o r d e d i n T a b l e 7.3. The i o d i d e / c o b a l t r a t i o was v a r i e d i n t h e range 

3:1 - 1:3 by a d d i t i o n o f p o t a s s i u m i o d i d e t o t h e r e a c t i o n , as t h e p o t a s s i u m 

i o n i s b e l i e v e d t o be i n e r t i n t h i s system. The r e s u l t s o b t a i n e d are 

i l l u s t r a t e d g r a p h i c a l l y i n F i g . 7.5. and F i g . 7.6. i n terms o f t h e 

p e r c e n t a g e y i e l d and s e l e c t i v i t y o f t h e f o u r m a j o r p r o d u c t s . 

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

between 2:1 - 1:1. I n f a c t any r a t i o o f c o b a l t : i o d i d e g r e a t e r t h a n 1:1 

would appear t o be a u s e f u l c o m b i n a t i o n f o r g e n e r a t i n g e t h a n o l , w i t h t h e 

l e a s t q u a n t i t y o f unwanted b y - p r o d u c t s . 

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

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

T h i s t r e n d c o n t i n u e s as t h e i o d i d e c o n c e n t r a t i o n i n c r e a s e s and t h e 

s e l e c t i v i t y t o m e t h y l a c e t a t e i n c r e a s e s s t i l l f u r t h e r . The y i e l d and 

s e l e c t i v i t y t o a c e t a l d e h y d e remain f a i r l y low b u t a l s o show a s t e a d y 

i n c r e a s e as t h e i o d i d e c o n c e n t r a t i o n i n c r e a s e s . 
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( d ) E f f e c t o f phosphine c o n c e n t r a t i o n on the c o b a l t / m e t h a n o l / i o d i d e / 

phosphine system. 

The e f f e c t o f t h e phosphine c o n c e n t r a t i o n on t h e r e a c t i o n i s p r e s e n t e d 

i n Table 7.4. The t r i p h e n y l p h o s p h i n e / c o b a l t r a t i o was v a r i e d i n t h e 

range 2:1 - 1:2 and t h e r e a c t i o n p r o d u c t s , y i e l d s and s e l e c t i v i t i e s are 

r e c o r d e d i n F i g . 7.7. 

The phosphine c o n c e n t r a t i o n appeared t o have v e r y l i t t l e e f f e c t upon 

t h e y i e l d o f m e t h y l a c e t a t e and a c e t a l d e h y d e . The y i e l d o f e t h a n o l and 

e t h y l a c e t a t e appeared u n a f f e c t e d by t h e phosphine c o n c e n t r a t i o n , p r o v i d e d 

t h e r a t i o o f c o b a l t / p h o s p h i n e was between 1:1 t o 1:2. However a t l o w e r 

c o n c e n t r a t i o n s o f phosphine t h e r e a c t i o n was found t o be l e s s e f f e c t i v e and 

t h e y i e l d s o f e t h a n o l and e t h y l a c e t a t e were reduced s u b s t a n t i a l l y . T h i s 

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

t e m p e r a t u r e as i n s u f f i c i e n t s t a b i l i s i n g l i g a n d i s p r e s e n t , and the l o w e r 

c a t a l y t i c a c t i v i t y o f t h e i o d i d e - o n l y promoted s p e c i e s compared w i t h t h e 

promoted and s t a b i l i s e d s p e c i e s . 

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

p a t t e r n , t h ough a t h i g h e r l i g a n d c o n c e n t r a t i o n t h e r e was a g e n e r a l decrease 

i n s e l e c t i v i t y o f a l l t h e m a j o r p r o d u c t s as t h e p r o d u c t s p e c t r u m broadened 

and more o f t h e m i n o r b y - p r o d u c t s were produced. The most e f f i c i e n t 

c o b a l t / l i g a n d r a t i o f o r g e n e r a t i n g e t h a n o l f r o m t h i s system i s t h u s 1:1. 

(e) E f f e c t o f l i g a n d t y p e on t h e c o b a l t / m e t h a n o l / i o d i d e / l i g a n d 

system. 

The e f f e c t o f changing t h e l i g a n d t y p e on t h e r e a c t i o n i s assessed f o r 

t h e l i g a n d s t r i - n - b u t y l p h o s p h i n e , t r i p h e n y l a r s i n e and t r i p h e n y l s t i b i n e 

and i s r e p o r t e d i n Table 7.5. 

The use o f t r i - n - b u t y l p h o s p h i n e enhanced t h e a c t i v i t y o f t h e c a t a l y s t 
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and an i n c r e a s e d y i e l d was observed f o r a l l the products. T h i s provides 

evidence f o r the b e l i e f t h a t by c a r e f u l choice of phosphine type the 

proportion of ethanol to by-products may be i n c r e a s e d . 

The l i g a n d s t r i p h e n y l a r s i n e and t r i p h e n y l s t i b i n e have a markedly 

d i f f e r e n t i n f l u e n c e upon the homologation r e a c t i o n . The y i e l d of ethanol 

i s reduced g r e a t l y and the two major products of the r e a c t i o n are now 

methyl a c e t a t e and acetaldehyde. S t u d i e s performed by coll e a g u e s a t 

B r i t i s h Petroleum Research Centre i n d i c a t e t h a t at lower temperatures, 

^ 180°C, the r e a c t i o n of methanol under these c o n d i t i o n s ( i o d i d e promoter 

and a r s i n e or s t i b i n e l i g a n d ) may enable acetaldehyde to be s y n t h e s i s e d 

very e f f i c i e n t l y . 

7.4. High P r e s s u r e I n f r a - R e d Study of the Gobalt/Methanol/Ligand/lodine 

System 

7.4.1. Experimental 

The r e a c t i o n s were a l l performed i n the same c e l l s used f o r the 

autoclave s t u d i e s , but the i n f r a - r e d f a c i l i t y was u t i l i s e d to f o l l o w the 

course of the r e a c t i o n . I t was found that these systems were f a i r l y 

e f f i c i e n t and q u i c k l y produced a wide range of or g a n i c m a t e r i a l s . I t was 

found n e c e s s a r y to examine the system a t the maximum r e a c t i o n temperature 

only f o r ^ ^ hour as the s p e c t r a of the c a t a l y t i c s p e c i e s soon became 

obscured by absorptions due to the or g a n i c m a t e r i a l s . 

The m a t e r i a l s added to the c e l l , d i c o b a l t o c t a c a r b o n y l , l i g a n d , 

iodine (or i o d i d e ) and methanol, were i n s e r t e d i n a p a r t i c u l a r order. 

The l i g a n d and i o d i n e (or i o d i d e ) were f i r s t dissolved/suspended i n the 

methanol and t h i s mixture was sy r i n g e d i n t o the bomb. The bomb was then 

f l u s h e d w i t h n i t r o g e n before a d d i t i o n of the d i c o b a l t octacarbonyl as 

a s o l i d . The bomb was fl u s h e d once again w i t h n i t r o g e n , s e a l e d and 
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p r e s s u r i s e d to the l e v e l s e l e c t e d w i t h the appropriate gas or gas 

mixture. 

The i n f r a - r e d s p e c t r a were recorded r e g u l a r l y as the temperature was 

r a i s e d from room temperature i n increments of approximately 30°C to the 

f i n a l s e l e c t e d r e a c t i o n temperature; at each temperature, time was allowed 

f o r the system to reach e q u i l i b r i u m before the s p e c t r a were recorded. 

Once the system had been examined a t the f i n a l r e a c t i o n temperature, 

i t was allowed to cool slowly to room temperature before the gas p r e s s u r e 

above the system was r e l e a s e d . The i n f r a - r e d s p e c t r a were taken a t room 

temperature before d e p r e s s u r i s i n g the bomb, and once the gas had been 

r e l e a s e d , a standard i n f r a - r e d s o l u t i o n spectrum of the e x t r a c t e d l i q u i d 

was run. The s o l u t i o n was a l s o examined by chromatographic methods to 

check that the r e a c t i o n products had not b u i l t up to a s p e c t r o s c o p i c a l l y 

i n t o l e r a b l e l e v e l . 

7.4.2. D i s c u s s i o n 

(a) Study of the cobalt/methanol/ligand/iodine (or io d i d e ) system under 

n i t r o g e n p r e s s u r e . 

A s e r i e s of r e a c t i o n s were s t u d i e d w i t h a p r e s s u r e of n i t r o g e n (100 

Atm) above the systems. The p r e s s u r e of nitrogen appeared to have no 

det e c t a b l e e f f e c t upon the r e a c t i o n which proceeded to form C o ^ P h ^ ^ ^ " 

D i c o b a l t octacarbonyl and excess t r i p h e n y l phosphine were r e a c t e d 

with elemental i o d i n e under n i t r o g e n p r e s s u r e and the i n f r a - r e d spectrum 

i n the carbonyl s t r e t c h i n g frequency region observed. No carbonyl 

absorptions were observed a t any time as the temperature of the r e a c t i o n 

system was r a i s e d to a maximum of 100°C. The system was allowed to cool 

and a brown l i q u i d was sy r i n g e d from the v e s s e l a f t e r d e p r e s s u r i s i n g and 

opening. The brown l i q u i d was evaporated to dryness and a brown s o l i d was 



- 114 -

formed. T h i s was washed w i t h hexane to remove the excess t r i p h e n y l phosphine 

d r i e d " i n vacuo" and submitted f o r a n a l y s i s . T h i s gave Co, 6.8; H, 3.5; 

C, 51.2; P, 7.8; I , 30.0% [ C o C P P h . ^ ) ^ 1 1 1 r e q u i r e s Co, 7.0; H, 3.6; C, 

51.6; P, 7.4; I , 30.3%]. 

The r e a c t i o n of t r i p h e n y l phosphine, d i c o b a l t o ctacarbonyl and sodium 

iodide was a l s o examined under n i t r o g e n p r e s s u r e . The only peaks observed 

were at 2000, „ and 1900, . cm ^ and could be assigned to the s p e c i e s (m) ( s ) 
[Co(C0) „(PPh )"*"] [Co(C0), ] . With i n c r e a s e i n temperature both of these 3 3 2 4 

peaks were found to reduce i n i n t e n s i t y . By 100°C the two absorptions had 

completely disappeared and d i d not reappear on h e a t i n g to 120°C. The bomb 

was cooled and opened and a red/brown s o l i d was found to have deposited. 

The red/brown s o l i d was washed w i t h hexane and d r i e d , before elemental 

and s o l i d i n f r a - r e d a n a l y s i s . These gave Co, 14.3; H, 3.4; C, 62.7; 

P, 7.8; [ [ C o ( C 0 ) 3 P P h 3 ] 2 r e q u i r e s Co, 14.6; H, 3.7; C, 62.2; P, 7 . 7 % ] : 

carbonyl absorptions at 1970, , v , 1950. and 1900, cm \ These analyses J (sh) ( s ) (w) 
38 

showed the red/brown s o l i d to be the dimer [Co(CO)^PPh^]^ 

(b) Study of the system under carbon monoxide p r e s s u r e . 

A s e r i e s of r e a c t i o n s were performed under carbon monoxide p r e s s u r e 

of approximately 100 Atm and i n v e s t i g a t e d to r e v e a l the s p e c i e s present 

at the r e a c t i o n temperature. 

E x c e s s t r i p h e n y l phosphine and d i c o b a l t o c t a c a r b o n y l were r e a c t e d 

w i t h i o d i n e under carbon monoxide p r e s s u r e . The system however showed 

no absorptions that could be a t t r i b u t e d to carbonyl groups as the i o d i n e 

r a p i d l y a t t a c k e d the d i c o b a l t o c t a c a r b o n y l . As the temperature approached 
.o 170 C weak carbonyl absorptions appeared at 2050, . , 1980. . , 1970, . 

y * o (w) (w) (w) 
and 1690 . cm ^ b e l i e v e d due to Melico(CO) „PPh„. These peaks (w) 3 3 
strengthened as the temperature was r a i s e d and a f u r t h e r peak at 1 9 0 0 ^ 
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cm ^ a l s o appeared. The peak a t 1900 cm \ b e l i e v e d due to Co(CO)^, d i d 

not p e r s i s t but sl o w l y disappeared. When the system was allowed to cool 

to room temperature a l l the absorptions due to carbonyl groups were 

observed to disappear. On r e l e a s i n g the gas p r e s s u r e and opening the 

bomb a brown s o l u t i o n was found. Eva p o r a t i o n of t h i s brown s o l u t i o n 

produced a brown s o l i d which was washed with hexane and sent f o r a n a l y s i s . 
109 

T h i s gave Co, 6.7; H, 3.4; C, 52.1; P, 7.2; I , 30.1% [Co(PPh 3) I ? 

r e q u i r e s Co, 7.0; H, 3.6; C, 51.6; P, 7.4; I , 30.3 % ] . 

The same study was performed using sodium iodide i n place of 

elemental i o d i n e and the r e a c t i o n was observed as above. The only peaks 

observed were a t 2000, „ and 1900. x cm ^ and could be assigned to the 
(m) ( s ) 

s p e c i e s [Co(CO)^(PPh^)^][Co(CO)^]. As the temperature was gr a d u a l l y 

i n c r e a s e d both of these absorptions were found to reduce s l i g h t l y i n 

i n t e n s i t y . As the bomb temperature reached 170°C weak carbonyl absorptions 
appeared a t 2050, ., 1980. . , 1970, . and 1690 cm 1 b e l i e v e d to be due (w) (w) (w) (w) 
to MeCCo(CO)^PPh^. These peaks strengthened as the temperature was r a i s e d 

to 185°C and the absor p t i o n a t 1900 cm ^ a l s o strengthened. A l l these 

peaks were found to p e r s i s t a t t h i s temperature. 

When the system was cooled to room temperature the peaks a l l 

weakened s u b s t a n t i a l l y . However on r e l e a s i n g the carbon monoxide p r e s s u r e 

these absorptions were found to r a p i d l y disappear and, on e x t r a c t i n g the 

mixture, most of the c o b a l t was found to be i n the form of [Co(CO)^PPh^]^ 

The remainder appeared to have deposited as cob a l t metal on the w a l l s of 

the c e l l . 
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(c) Study of the system under s y n t h e s i s gas p r e s s u r e . 

A s e r i e s of r e a c t i o n s were performed under a s y n t h e s i s gas pre s s u r e of 

200 Atm (100 Atm H^, 100 Atm CO) us i n g d i c o b a l t octacarbonyl with a l i g a n d 

and iodine or io d i d e promoter. 

Excess t r i p h e n y l phosphine and d i c o b a l t octacarbonyl were r e a c t e d 

w i t h iodine under s y n t h e s i s gas p r e s s u r e . The r e a c t i o n i n i t i a l l y showed 

no absorptions that could be assig n e d to carbonyl groups, as the elemental 

i o d i n e had destroyed the d i c o b a l t o c t a c a r b o n y l . However as the temperature 

approached 170°C weak carbonyl absorptions appeared at 2050. 1980. , 
(w) (w) 

1970, , and 1690 cm \ b e l i e v e d to be due to MeCCo (CO) J T h . 1 0 8 These (w) (w) ' 3 3 

carbonyl s t r e t c h i n g absorptions strengthened as the temperature was r a i s e d 

and a peak at 1 9 0 0 ^ cm ^ a l s o appeared. The peak at 1900 cm \ b e l i e v e d 

to be due to Co(C0)^, strengthened f o r ^ 25 minutes and then slowly began 

to disappear. 

When the system was sl o w l y allowed to r e t u r n to room temperature a l l 

the carbonyl s t r e t c h i n g absorptions were observed to weaken and disappear. 

The gas p r e s s u r e was r e l e a s e d and a brown s o l u t i o n was sy r i n g e d from the 

v e s s e l . A brown s o l i d was formed on evaporation of t h i s s o l u t i o n , which was 

washed w i t h hexane and sent f o r a n a l y s i s . Found: Co, 7.4; H, 3.8; C, 

51.0; P, 7.1; I , 30.0% [ C o ( P P h 3 ) 2 I 2 r e q u i r e s Co, 7.0; H, 3.6; C, 51.6; 

P, 7.4; I , 30.3%] . 

The same study was performed u s i n g sodium i o d i d e i n p l a c e of elemental 

i o d i n e and the r e a c t i o n followed as before. I n i t i a l l y the only peaks 

observed were a t 2000, N and 1900, . cm \ due to the s a l t 
(m) ( s ) ' 

+ -

[ C o ( C 0 ) 3 ( P P h 3 ) 2 ] [ C o ( C 0 ) ^ ] . The temperature of the c e l l was i n c r e a s e d and 

these absorptions were observed to weaken. As the bomb reached r^ 170°C 

weak carbonyl absorptions were detected at 2050, 1980, 1970 and 1690 c m ^ which were assigned to MeCCo (CO) ̂ PPhy These peaks i n c r e a s e d i n i n t e n s i t y 
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as the temperature approached 185°C. The 1900 cm ^ peak a l s o strengthened, 

though the one at 2000 cm ^ weakened s t i l l f u r t h e r at t h i s temperature. A l l 

these absorptions were found to p e r s i s t . 

The system was allowed to cool to room temperature and a l l the 

absorptions p e r s i s t e d , although a l l were reduced i n i n t e n s i t y . On r e l e a s i n g 

the s y n t h e s i s gas p r e s s u r e these absorptions were found to disappear and 

on s y r i n g i n g the mixture from the c e l l most of the cob a l t was found to be 

i n the form of [Co(CO) 3 ^ 3 ] 2 • 5 5 

The study was a l s o performed w i t h t r i p h e n y l a r s i n e and t r i p h e n y l 

s t i b i n e as the l i g a n d employed. The i n f r a - r e d s p e c t r a showed analogous 

s p e c i e s to be pr e s e n t ; however the i n t e n s i t i e s of the absorptions due to 
« 93 the s p e c i e s MeCCo(CO) 3 X ^ 3 were much reduced. 

Comparison of s p e c t r a observed i n the case of s y n t h e s i s gas p r e s s u r e 

and i n th a t of carbon monoxide p r e s s u r e only showed very l i t t l e d i f f e r e n c e ; 

no absorptions due to the s p e c i e s HCoCCO^L or HCo(C0)^'''^<~) were 

observed. The presence of hydrogen however d i d cause the s p e c t r a to 

be obscured r a p i d l y by absorptions due to or g a n i c by-products of the 

homologation r e a c t i o n . 



CHAPTER EIGHT 

A DISCUSSION OF THE COBALT CATALYSED 

HOMOLOGATION REACTION OF METHANOL 
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8.1. I n t r o d u c t i o n 

I n t h i s chapter the major mechanism proposed f o r the homologation 

r e a c t i o n of methanol i s considered and the v a r i o u s steps of the mechanism 

are d i s c u s s e d w i t h r e f e r e n c e to the r e s u l t s obtained here, and elsewhere. 

The mechanism i s then modified to r a t i o n a l i z e the i n f l u e n c e of s t a b i l i s i n g 

l i g a n d s and promoters. Various routes to some of the major by-products are 

a l s o proposed and examined a g a i n s t a background of known and e s t a b l i s h e d 

o r g a n i c chemistry. 

The s t e r i c and e l e c t r o n i c i n f l u e n c e s of the s u b s t i t u e n t s of the 

t e r t i a r y v a l e n t phosphine, a r s i n e and s t i b i n e l i g a n d s are considered and the 

r e s u l t a n t modified ligand-metal bonding, i s d i s c u s s e d . 

Solvent e f f e c t s on the r e a c t i o n a r e noted and explained w i t h r e f e r e n c e 

to s o l u b i l i t y of s y n t h e s i s gas and phase t r a n s f e r c a t a l y s i s . High p r e s s u r e 

i n f r a - r e d s t u d i e s of two phase systems are reported b r i e f l y . 

F i n a l l y the r e s u l t s obtained are used to c o n s t r u c t a modified mechanism 

for the homologation r e a c t i o n , t a k i n g i n t o account the e f f e c t s of promoters 

and s t a b i l i s a t i o n upon the system. 

8.2. D i s c u s s i o n 

The d e t a i l e d mechanism f o r the homologation r e a c t i o n has been under 
2 116 

d i s c u s s i o n f o r many y e a r s . Wender ' has proposed a s i x step b a s i c 

mechanism f o r the formation of ethanol. These s i x steps c o n s i s t of :-

(1) Reduction of d i c o b a l t o c t a c a r b o n y l by hydrogen; 

(2) P r o t o n a t i o n of the methanol; 

(3) Formation of the methyl-cobalt bond; 

(4) Migration of a methyl group from c o b a l t to a carbonyl carbon; 
(5) Reduction of the a c y l i n t e r m e d i a t e ; 

(6) Reduction of acetaldehyde to ethanol. 
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The mechanism can t h e r e f o r e be o u t l i n e d i n equations as below:-

. (1) Co 2CCO) + H 2 > 2HCo(CO) 4; 

(2) HCo(CO), + MeOH > MeOH„ + Co(CO)~; 
4 2 4 

(3) MeOH„ + Co(CO)T > MeCo(CO). + H.O; 
2 4 ^ 4 2 

(4) MeCo(CO). + CO > MeCCo(CO).; 
0 4 0 

(5) Me^CoCCO), + H. > MeCH + HCo(CO),; 
0 4 

(6) MeCH + H 2 > MeC^OH. 

The approach u t i l i s e d i n t h i s d i s c u s s i o n w i l l be to ev a l u a t e c r i t i c a l l y 

the d e t a i l s of each step. T h i s approach w i l l allow comparisons and 

analogi e s to be drawn w i t h other b e t t e r known r e a c t i o n schemes. 

Stepwise examination of mechanism 

Step 1. Production of h y d r i d o t e t r a c a r b o n y l c o b a l t ( I ) 

We have observed the carbonyl absorptions of both bridged and non-
117 152 

bridged isomers of d i c o b a l t octacarbonyl i n hexane s o l u t i o n . ' Under 

a p r e s s u r e of 200 Atm of s y n t h e s i s gas and a t 130°C the absorptions of 

coba l t t e t r a c a r b o n y l hydride were detected to form from such a s o l u t i o n 
of d i c o b a l t o c t a c a r b o n y l . T h i s confirms the obs e r v a t i o n s of Orchin and 

118 
coworkers. More d e t a i l e d r a t e s t u d i e s i n n-heptane have suggested t h a t 
a s e r i e s of e q u i l i b r i a e x i s t between d i c o b a l t o c t a c a r b o n y l , hydrogen and 

119,120 carbon monoxide: 

C o 2 ( C 0 ) g
 S C o 2 ( C O ) 7 + CO 

H 2 + C o 2 ( C O ) 7 , H 2 C o 2 ( C O ) 7 

H.Co o(C0)_ , HCo(CO). + HCo(CO). 
I l l 4 3 

HCoCCO) 0 + CO k HCoCCO), 3 4 

A d i r e c t r e d u c t i o n , which i s f o r m a l l y the sum of these equations, i s a l s o 
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i n f e r r e d to compete w i t h the above: 

C o 2 ( C 0 ) g + H 2 * 2HCo(C0) 

The e f f e c t of s o l v e n t on the r e d u c t i o n of d i c o b a l t o c t a c a r b o n y l by 

hydrogen i s of fundamental importance to the homologation r e a c t i o n . 

However, f o r t h i s r e a c t i o n where the u s u a l s o l v e n t i s an a l c o h o l , an 

i n t e r v e n i n g f a c t o r must be considered. T h i s i s the known d i s p r o p o r t i o n a t i o n 

of d i c o b a l t o c t a c a r b o n y l i n methanol at room temperature and ambient 

The r e d u c t i o n of d i c o b a l t o c t a c a r b o n y l by hydrogen to produce the hydride 

can only take p l a c e i f t h i s d i s p r o p o r t i o n a t i o n i s r e v e r s i b l e under a high 

p r e s s u r e of carbon monoxide. However our r e s u l t s obtained from high p r e s s u r e 

i n f r a - r e d s t u d i e s did not d e t e c t any absorptions i n the carbonyl s t r e t c h i n g 

frequency r e g i o n under these c o n d i t i o n s t h a t could be assigned to d i c o b a l t 

o c t a c a r b o n y l . The only carbonyl s t r e t c h i n g absorptions present i n the 

s p e c t r a were assigned to the c o b a l t t e t r a c a r b o n y l a t e anion, (Co(CO)^). T h i s 

i n d i c a t e s t h a t the d i s p r o p o r t i o n a t i o n r e a c t i o n i s not r e v e r s i b l e to any 
121 

great extent. Orchm e t a l c l a i m t h a t the d i s p r o p o r t i o n a t i o n i s 

r e v e r s i b l e but t h i s i s not s u b s t a n t i a t e d by t h i s work. Our i n f r a - r e d 
123 

s t u d i e s i n d i c a t e t h a t n e i t h e r d i c o b a l t o c t a c a r b o n y l nor c o b a l t t e t r a -

carbonyl hydride are present i n d e t e c t a b l e q u a n t i t i e s under homologation 

c o n d i t i o n s . Consequently these r e s u l t s c a s t doubts upon the importance of 

the hydride compound i n the c a t a l y t i c system, u n l e s s the hydride i s present 

i n such low c o n c e n t r a t i o n s t h a t i t i s not detected by the i n f r a - r e d 

spectroscopy. The hydride -may s t i l l be an important s p e c i e s f o r the 

unpromoted homologation r e a c t i o n of methanol but i f present i t must only 

40 p r e s s u r e : 

3Co„(C0) D + 12Me0H > 2[Co(Me0H)J + 4Co(C0), + 8C0 
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e x i s t i n s o l u t i o n i n extremely small q u a n t i t i e s . 

I t has a l s o been p o s t u l a t e d t h a t methanol coordinated to the c o b a l t 

( I I ) ion would have i t s hydrogen-oxygen bonds a c t i v a t e d towards 

displacement of hydrogen. Thus the formation of HCo(CO). by red u c t i o n of 
4 

d i c o b a l t o ctacarbonyl w i t h hydrogen would be no longer n e c e s s a r y : -

2+ - / M e 2+ - + M e 0 H + [Co(MeOH),] + C o ( C O ) . ^ [ (MeOH)cCoO ] + 0 0 ( 0 0 ) , [ (MeOH)-CoOMe] o 4 5 jA„ 4 -MeOH 5 
6 H6+ + , -+ MeOH„ + Co(CO). 

I 4 

However our pH s t u d i e s of s o l u t i o n s c o n t a i n i n g these ions showed a pH 

change, on mixing, that was f u l l y explained by d i l u t i o n e f f e c t s . No change 

i n pH could be assign e d to the generation of the a c i d i c hydride s p e c i e s . 

Hence we do not regard t h i s as a l i k e l y mechanism. 

Step 2. A c t i v a t i o n of the carbon-oxygen bond of methanol. 

Cobalt t e t r a c a r b o n y l hydride i s a very a c i d i c metal hydride. T i t r a t i o n 

of t h i s hydride i n methanol s o l u t i o n has shown t h a t i t i s as strong an 

a c i d i n t h i s s o l v e n t as are e i t h e r n i t r i c or h y d r o c h l o r i c a c i d s i n 
122 

methanol. I t was suggested that s o l u t i o n s of t h i s hydride should 

t h e r e f o r e be s u f f i c i e n t l y a c i d i c to protonate methanol, and then displacement 

of water from t h i s "methanonium" ion by the t e t r a c a r b o n y l c o b a l t a t e anion 

should occur to form a carbon-cobalt bond. Recent evidence has r u l e d out 

the formation of the methyl c a t i o n from protonated methanol i n even the 
124 . . . . 

st r o n g e s t of Lewis a c i d s , and hence the S ^ l r e a c t i o n route i s e l i m i n a t e d : 
HCo(CO). + 'MeOH — » MeOH„ + Co(C0)~ —#-> Me + + H„0 + Co(C0)T 4 2 4 2 4 

Reaction by a S 2 process remained f e a s i b l e but an examination of 
J N 

HCo(CO)^ in-methanol s o l u t i o n by i n f r a - r e d spectroscopy provided no support 

fo r t h i s h y p o t h e s i s : 
H H 

+ " + \ / -
HCoCCO). + MeOH > MeOH„ + CoCCO) > H o 0 ~ C ~ C o (CO) . - * - > 

4 2 4 2 |̂  4 
MeCo(CO), + H„0 4 2 
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A more l i k e l y e x p l a n a t i o n f o r the formation of MeCo(CO)^ i s t h a t a t 

high temperatures and p r e s s u r e s , methanol i n the c o o r d i n a t i o n sphere of the 

coba l t ( I I ) c a t i o n w i l l have i t s carbon-oxygen bonds a c t i v a t e d towards 

displacement as f o l l o w s : 

/ S e
 + -[(MeOH) Co 0/ ] + Co(CO), . V MeCo(CO). + [(MeOH)_Co(OH)] 5 s H 4 4 5 

I f t h i s i s indeed the case such a route would demand that the 

d i s p r o p o r t i o n a t i o n r e a c t i o n of d i c o b a l t o c t a c a r b o n y l occurs a t e l e v a t e d 

temperature and p r e s s u r e and that the e q u i l i b r i u m l i e s w e l l to the r i g h t , 
2+ 

i n order f o r there to be Co and Co(CO)^ ions present f o r the displacement 

r e a c t i o n to take p l a c e . I n f a c t our observa t i o n s show no s i g n of t h i s 
2+ 

r e a c t i o n being r e v e r s i b l e , and ample c o n c e n t r a t i o n s of both Co and 

Co(CO)^ have been observed to be p r e s e n t . The formation of the methyl-
2+ . 

cob a l t s p e c i e s v i a a c t i v a t i o n of methanol coordinated to Co i o n seems to 

be the most l i k e l y r o ute, according to our r e s u l t s . 

I n the i o d i d e or iodi n e promoted system other modes of a c t i v a t i o n are 

a v a i l a b l e . Methanol can r e a c t i n an S^2-type process to a f f o r d methyl 

iodide from the e q u i l i b r i a : 

MeOH + I ~ "* Mel + 0H~ 

MeOH^ + I ~ ̂  N Mel + H 20 

125 

The methyl i o d i d e can then f u n c t i o n as the a c t i v e m e t h ylating s p e c i e s 

on the Co(CO)^ ion. T h i s , however i s only the pathway f o r the promoted 

system. Homologation takes place without the presence of a promoter 

a l b e i t l e s s e f f i c i e n t l y , probably by the route o u t l i n e d above. 
The presence of iodi n e as a promoter has been examined by 

27 126 
Mizoroki ' us i n g a high temperature and high p r e s s u r e u.v. c e l l . For 
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methanol/acetic a c i d mixtures c o b a l t ( I I ) ions were proposed to be present 
2-

as [Co(AcO). I ] f o r n = 1-4. While we have i n v e s t i g a t e d methanol only 4~n n 

systems, analogous s p e c i e s such as [I^Co(MeOH)^] (n = 2 or 4) and 

[ICo ( M e O H ) + may prove to be p r e s e n t f o r the system without a c e t i c a c i d 

and may i n f l u e n c e the a c t i v a t i o n of methanol. The presence of the i o d i d e 

ion may i n f l u e n c e the d i c o b a l t octacarbonyl d i s p r o p o r t i o n a t i o n r e a c t i o n 

under the c o n d i t i o n s s t u d i e d . However our ob s e r v a t i o n s from h i g h - p r e s s u r e 

i n f r a - r e d spectroscopy showed no absorptions t h a t could be assigned to 

new carbonyl s p e c i e s . ( S p e c i e s such as those proposed above would not be 

detected by t h i s technique.) 

Step 3. Formation of the methyl-cobalt bond. 

S e v e r a l mechanisms of formation of methyl c o b a l t t e t r a c a r b o n y l have 

been proposed. One of the more l i k e l y schemes i n v o l v i n g the a c t i v a t i o n of 

coordinated methanol has a l r e a d y been d i s c u s s e d f o r the non-promoted 

r e a c t i o n . 

The n u c l e o p h i l i c i t y of carbonyl t r a n s i t i o n metal anions i s w e l l 

documented. The a c i d i t y of HCo(CO)^ renders i t s anion, Co(CO)^, e s s e n t i a l l y 
79 127 

non-basic, but i t i s s t i l l q u i t e n u c l e o p h i l i c . ' L i t e r a t u r e v a l u e s 

f o r the n u c l e o p h i l i c i t y of Co(CO)^ i n d i c a t e t h a t i t i s comparable to the 

methoxide i o n ^ ^ and such an i o n i s n u c l e o p h i l i c enough to r e a c t w i t h most 

a l k y l a t i n g agents. The a l k y l s p e c i e s formed, MeCo(CO)^, i s very u n s t a b l e 
under r e a c t i o n c o n d i t i o n s w i t h r e s p e c t to decomposition and a l k y l 

73 

m i g r a t i o n . Thus fo r the i o d i d e promoted r e a c t i o n the S^2 n u c l e o p h i l i c 

displacement r e a c t i o n i s l i k e l y : 
Mel + Co(CO)~ > MeCo(CO), + I ~ 

4 4 

T h i s agrees w i t h our o b s e r v a t i o n s of the r e a c t i o n under low 
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temperature c o n d i t i o n s and the subsequent r a p i d formation of the a c y l -

c o b a l t s p e c i e s . 

Step 4. Methyl mig r a t i o n from c o b a l t to a carbonyl carbon. 

Mig r a t i o n of the a l k y l group i s known to take p l a c e r e a d i l y . Indeed 
93 

Heck and Breslow developed a s y n t h e s i s of a c y l c o b a l t t e t r a c a r b o n y l s 

based on t h i s premise. Our s t u d i e s have shown the e x i s t e n c e i n s u b s t a n t i a l 
0 0 

q u a n t i t i e s of MeCCo(CO)^ and MefcoCCO^PPh^ under homologation c o n d i t i o n s 

f o r the u n s t a b i l i s e d and l i g a n d s t a b i l i s e d systems r e s p e c t i v e l y . 

T h e o r e t i c a l s t u d i e s have been made of the e n e r g e t i c s and s t e r e o c h e m i s t r y 
128 

of the methyl migration r e a c t i o n . A molecular o r b i t a l approach, leads 

to a path whereby the methyl group f i r s t l y pseudorotates from i t s more 

s t a b l e a x i a l p o s i t i o n to an e q u a t o r i a l p o s i t i o n i n the t r i g o n a l 

b i p y r a m i d a l s t r u c t u r e of MeCo(CO)^. T h i s i s the p r i n c i p a l b a r r i e r to 

methyl m i g r a t i o n and i s estimated to be about 13 K c a l mol. ^ An ab i n i t i o 
~"'X 129 161 approach has a r r i v e d a t a v a l u e of 8 K c a l mol f o r t h i s p r o c e s s . ' 

The r e s u l t s from our i n v e s t i g a t i o n s show th a t the a l k y l - c o b a l t s p e c i e s 

v e r y r a p i d l y converts to the a c y l - c o b a l t s p e c i e s even under mild c o n d i t i o n s . 

Indeed a t high temperatures and p r e s s u r e s only the a c y l - c o b a l t s p e c i e s i s 

d e t e c t e d . 

S u b s t i t u t i o n of a t e r t i a r y phosphine f o r a carbonyl l i g a n d i n c r e a s e s 

the s t a b i l i t y of these molecules towards l o s s of carbon monoxide. 

These s u b s t i t u t e d compounds have been i s o l a t e d and have been observed to 
_ . ,. . , . . . 130,131 undergo a s t o i c h i o m e t r i c methyl m i g r a t i o n . I n g e n e r a l our r e s u l t s 

show th a t the phosphine l i g a n d imparts thermal s t a b i l i t y to the compound, 

but s u b s t a n t i a l l y reduces i t s c a t a l y t i c a c t i v i t y , although the s e l e c t i v i t y 

to ethanol does show some improvement. 

The e q u i l i b r i u m between a l k y l - and a c y l - c o b a l t t e t r a c a r b o n y l s has 
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been w e l l e s t a b l i s h e d ^ ' ^ ' ^ and the r e a c t i o n has been the s u b j e c t of 

many review a r t i c l e s . H o w e v e r when hig h e r a l c o h o l s are employed i n 

the homologation r e a c t i o n i s o m e r i s a t i o n of the a l k y l s p e c i e s i s b e l i e v e d 

to occur due to the a l k y l - a c y l e q u i l i b r i u m . ^ 

0 
II 

MeCH 0CH 0CCo(CO), L I 4 

-CO 

0 
II 

MeCH CH CCo(CO) 

A l k y l 
Migration 

MeCH nCH 0Co(CO) , 2 2 4 

-CO 

MeCH 2CH 2Co(CO) 3 

0 
II 

MeCHCCo(CO) 
I 1 

Me 
-CO 

0 
II 

MeCHCCo(CO). 
I 
Me 

A l k y l 
M i g r a t i o n 

MeCHCo(CO) 
I 
Me 

-CO 

MeCH=CH 
f'2 

HCo(CO). 

MeCHCo(CO). 
I 
Me 

Step 5. Reduction of a c y l t r a n s i t i o n metal complex. 

Both hydrogen and HCo(CO)^ could f u n c t i o n as the reducing agent f o r 

a c y l c o b a l t t e t r a c a r b o n y l s . Reduction by hydrogen would i n v o l v e l o s s of 

carbon monoxide, o x i d a t i v e a d d i t i o n of hydrogen and r e d u c t i v e e l i m i n a t i o n 

of acetaldehyde: 
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MeCCo(CO) 4 s MeCCo(CO) 3 + CO 

0 OH I I j. I I I 
MeCCo(CO) 3 + H 2 ^ MeC Co(CO) 3 

H 

OH 0 I I I I I 
MeC Co (CO) _ > MeC + HCo(CO). 

I 3 \ 3 

H H 

Our r e s u l t s favour t h i s r e d u c t i o n of the a c y l s p e c i e s by hydrogen: 

the a l t e r n a t i v e method, r e d u c t i o n by c o b a l t t e t r a c a r b o n y l hydride, i s 

b e l i e v e d to be much l e s s l i k e l y as no evidence has been obtained f o r the 

presence of the hydride under homologation c o n d i t i o n s . Reduction by 

HCo(CO)^ would i n v o l v e the same sequence, w i t h HCo(CO)^ i n p l a c e of 

hydrogen: 
0 OH 
I I s I I I MeCCo(C0)„ + HCoCCO). , N MeCCo(C0) o J 4 | 3 

Co(CO), 

OH 0 
I I I , I I 

MeC Co(CO) s ' MeC + Co (CO) 
| J \ L I 

Co(CO) 4 H 

135 
Heck, i n h i s review a r t i c l e , c i t e s evidence t h a t both hydrogen 

and c o b a l t t e t r a c a r b o n y l hydride reduce a c y l c o b a l t t e t r a c a r b o n y l s to 
u u J « • n 136 ,137 , . 138 ,3 aldehydes. Recent a r t i c l e s and reviews on the s u b j e c t appear 

to p r e f e r the hydrogen route. 

Step 6 . Reduction of acetaldehyde to e t h a n o l . 

The r e a c t i o n of acetaldehyde to form ethanol can be considered to 

occur by r e d u c t i o n w i t h hydrogen or c o b a l t t e t r a c a r b o n y l h y d r i d e . ' 

Our s t u d i e s again favour the hydrogen route as the metal-hydride has not 
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been detected i n the r e a c t i o n system. 

A l t e r n a t i v e l y the two r e d u c t i o n stages can be accomplished w h i l s t the 

organo group remains attached to the metal: 
0 H OH 
!( I . I 

MeC Co(CO) 3 ^ = = MeCCo(CO) 3 

H H 

OH H 
MeCCo(C0) o • MeCH OH + HCo(CO) n | 3 x 2 3 

H 

The r e d u c t i o n of f r e e acetaldehyde has been s t u d i e d under high p r e s s u r e 

and h igh temperature c o n d i t i o n s as p a r t of i n v e s t i g a t i o n s i n t o the 

hydroformylation r e a c t i o n . 
139 

The mechanism proposed by Marko f o r the r e d u c t i o n of aldehydes 

i n c l u d e s the t r i c a r b o n y l - c o b a l t s p e c i e s HCoCCO)^, as the r a t e was i n v e r s e l y 

dependent upon carbon monoxide p r e s s u r e : 

HCo(CO) 4 v
 S HCo(CO) 3 + CO 

H H / . / 
MeC + HCo(CO) 0 . MeOO 

^ 3 ^ 
0 HCo(CO) 3 

H H 
2 I 

MeCH„OCo(CO). > MeCH_OCo(CO)_ > MeCH„OH + HCo(CO). 
2 4 2 | J 2 3 

H 

140 

A f u r t h e r study of the r e d u c t i o n of aldehydes has a l s o been reported. 

A s i m i l a r i n v e r s e dependence of r a t e on carbon monoxide p r e s s u r e was 

observed and a scheme i n v o l v i n g a d i f f e r e n t c o o r d i n a t i v e l y unsaturated 

s p e c i e s was proposed: 
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H 
/ 

MeC + HCo(CO), > MeCHCo(CO)„ + CO 
^ 4 I 
0 OH 

( c f . L Pd-CH-Me i n Wacker 
^ H p r o c e s s ) 

MeCHCo(CO) 3 + HCoCCO)^ } MeC^OH + C o 2 ( C O ) 7 

OH 

These two schemes d i f f e r s i g n i f i c a n t l y from one another. The i n v e r s e 

dependence of r a t e on carbon monoxide p r e s s u r e does provide f a i r l y s t rong 

evidence f o r the involvement of cobalt t r i c a r b o n y l hydride. The nature of 

i t s involvement and of t h a t of hydrogen seem the main q u e s t i o n s . However 

under homologation c o n d i t i o n s the presence of these proposed hydride s p e c i e s 

seems to be very u n l i k e l y , and hence r e d u c t i o n by hydrogen a t the metal 

centre appears to be s t r o n g l y favoured. 

By-products from the homologation r e a c t i o n 

A d i s c u s s i o n i s presented of the v a r i o u s pathways whereby some s i d e -

products may be generated. R e a c t i o n s l e a d i n g to the production of the 

v a r i o u s a c e t a t e s encompass s e v e r a l p o s s i b l e r o u t e s . The n u c l e o p h i l i c a t t a c k 

of methanol or ethanol on the a c y l i n t e r m e d i a t e i s probably the most l i k e l y : 
0 0 
I I I I + 

Me OH + ROH + (OC^CoCMe > MeCOR + Co(CO) 4 + MeOH9 

R = -Me or - E t 

The presence of water i n the products of the homologation r e a c t i o n 

suggests t h a t some a c e t i c a c i d should a l s o be formed by t h i s pathway. Any 

a c e t i c a c i d formed under these c o n d i t i o n s i s l i k e l y to be e s t e r i f i e d . 

E s t e r s can a l s o a r i s e under these c o n d i t i o n s by routes i n v o l v i n g 

acylium ion i n t e r m e d i a t e s . One such route i s the a c i d - c a t a l y s e d 

c a r b o n y l a t i o n of a l c o h o l s known as the Koch-Haaf r e a c t i o n : 
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0 
+ \ + CO + ROH II + 

MeOH + H N MeOH2 MeCO — — > Me COR + H 
2 0 

II 
T h i s could p o s s i b l y be a route to the a c y l s p e c i e s , MeCCo(CO),, which i s 4 
i n competition w i t h i t s formation v i a the m e t a l - a l k y l s p e c i e s . 

A l t e r n a t i v e l y , the a c y l intermediate i n these r e a c t i o n s would i o n i s e 
0 0 
11 v + — ROH f/ — + 

MeCCo(CO). v [MeCO] [Co(CO),] • „) MeC-OR + Co(CO), + MeOH 4 4 MeOH 4 2 

The i o n i c i n t e r m e d i a t e , [MeCO] [Co(CO)^] , i s the t r a n s i t i o n metal analogue 

of the intermediate i n an aluminium c h l o r i d e c a t a l y s e d a c y l a t i o n , i . e . 

[MeCO] [ A l C l ^ ] . I n e f f e c t the a l c o h o l s p r e s e n t become a c y l a t e d . I n f a c t , 

c a r b o x y a l k y l a t i o n of a l c o h o l s has been found to be c a t a l y s e d by the cob a l t 

t e t r a c a r b o n y l anion and a p o t e n t i a l p r e p a r a t i v e technique based on t h i s 
141 

r e a c t i o n has been developed. 

A c e t a l s have been i s o l a t e d from the homologation r e a c t i o n under 

co n d i t i o n s of ̂  150°C. These compounds are most l i k e l y formed by the normal 

a c i d c a t a l y s e d route to a c e t a l s u t i l i z i n g some of the acetaldehyde formed 

i n the r e a c t i o n . 
0 OH 

// a c i d v I MeC + MeOH . MeC-OMe 
\ I 
H H Hemiacetal 

OH OMe 
I a c i d > I 

MeC-OMe + MeOH x MeC-OMe + H O 
H H A c e t a l 

At 200°C such a c e t a l s may w e l l r e a c t q u i c k l y i n an a c i d - c a t a l y s e d process 

to provide a carbonium i o n intermediate which can be reduced to the 

corresponding e t h e r : 

H 2 H 2 
MeCH(0R) 2 > MeCH-OR > MeCH^OR 

R = -Me, - E t 
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T h i s route however does not e x p l a i n the formation of dimethyl ether. 

T h i s i s b e l i e v e d to form v i a the normal dehydration of two molecules of 

methanol. A s i m i l a r pathway could a l s o account f o r the other e t h e r s 

detected, but t h i s would n e c e s s i t a t e the formation of a primary carbonium 

ion where as the route from the a c e t a l i n v o l v e s the resonance s t a b i l i s e d 

carbonium ion, MeCH-OR {—> MeCH=0R. 

T r a n s i t i o n metals e x h i b i t a strong tendency to form compounds w i t h 

t r i v a l e n t phosphorous and a r s e n i c , and to a l e s s e r extent antimony. I n 

homogeneous c a t a l y s i s the l i g a n d s are often modified i n order to change the 

a c t i v i t y or the s e l e c t i v i t y of the c a t a l y s t , though i n general t e r t i a r y 
142-7 

phosphines are mainly employed. However some of the trends among the 

group V donors deserve comment. The s i g n i f i c a n c e of ir-bonding i n phosphine 

l i g a n d s i s c o n t r o v e r s i a l , but i t seems l i k e l y t h a t the h e a v i e r group-V 

donors a re predominantly, perhaps e x c l u s i v e l y , a-donors. Metal-donor s t e r i c -

r e p u l s i o n e f f e c t s i n c r e a s e i n the order P < As < Sb. S t e r i c e f f e c t s of the 

s u b s t i t u e n t s on the donor d e c r e a s e i n the order P > As > Sb. 

T e r t i a r y phosphines were once thought to s t a b i l i s e t r a n s i t i o n - m e t a l 

a l k y l d e r i v a t i v e s p a r t l y through d — I T backbond_ing i n v o l v i n g f i l l e d metal 

d - o r b i t a l s i n t e r a c t i n g w i t h vacant d - o r b i t a l s on phosphorus. However t h i s 

i s s u e cannot be s a i d to be f u l l y r e s o l v e d , as f o r simple t e r t i a r y phosphines 

there seems to be no i n s t a n c e where dir - d T r backbonding i s r e q u i r e d to e x p l a i n 

the observed p h y s i c a l p r o p e r t i e s . However Tr-backbonding i s l i k e l y to be 

s i g n i f i c a n t among complexes of PF^ and, to a l e s s e r degree, complexes of 

phosphites, (RO)^P. The k i n e t i c s t a b i l i s a t i o n of m e t a l - a l k y l bonds obtained 

by use of phosphine l i g a n d s may simply be caused by p r e s e r v i n g c o o r d i n a t i v e 

s a t u r a t i o n a t the metal and by s t e r i c s h i e l d i n g of the me t a l by bulky 

s u b s t i t u e n t groups, thus i n h i b i t i n g k i n e t i c paths f o r m e t a l - a l k y l bond 

breaking. 
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The r e l a t i v e tendency of phosphine and r e l a t e d l i g a n d s to bind to a 
148 

metal are suggested by the f o l l o w i n g trend i n e q u i l i b r i u m c o n s t a n t s ; 

K V 
W(CO) (amine) + L v W(CO) L + amine 

K i n c r e a s e s i n the order Ph^Sb < Ph^As < Ph^P. I n t h i s c a s e , s t e r i c e f f e c t s 

are probably r e l a t i v e l y unimportant, so t h a t t h i s trend may r e f l e c t 

i n t r i n s i c a f f i n i t i e s . Thus the exact v a l u e s may vary from one complex to 

another, w h i l e the trend remains f a i r l y constant. 

A l t e r i n g the s u b s t i t u e n t s on t e r t i a r y phosphines can cause s u b s t a n t i a l 

changes i n the chemical p r o p e r t i e s of t h e i r t r a n s i t i o n - m e t a l complexes. 

Some of these e f f e c t s are e l e c t r o n i c , but s t e r i c e f f e c t s are a l s o very 

important. The bulky t e r t i a r y phosphine l i g a n d s d i s t o r t the surrounding 

l i g a n d s and s h i e l d the metal, thus markedly a f f e c t i n g the chemistry of 

phosphine complexes. Also a l a r g e number of p h y s i c a l p r o p e r t i e s a r e 

in f l u e n c e d by the bulk of phosphine l i g a n d s . These have been reviewed by 
142 149 

Tobman, ' who has proposed the cone angle as a measure of s t e r i c 

bulk. 

0 
Ligand Cone angle 
PPh 3 145 + 2 

Schematic r e p r e s e n t a t i o n 
of phosphine l i g a n d of P E t 3 132 + 4 
cone angle 6 p ( c 4 y 3 130 + 4 

P ( C 6 V 3 

179 + 10 

P ( t - B u t ) 182 + 2 

No cone angles f o r a r s i n e or s t i b i n e l i g a n d s were found to have been 

reported i n the l i t e r a t u r e , so u n f o r t u n a t e l y comparison down group V i s not 

p o s s i b l e as y e t . However our s t u d i e s of r e a c t i o n s i n v o l v i n g the phosphines, 
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P P h 3 > PCC^H ) and ^(CgH-Q^ i n d i c a t e d that the l i g a n d with the l a r g e s t cone 

angle P(C H ) was the poorest a d d i t i v e f o r ethanol production. I n terms o 11 3 
of ethanol formation there was l i t t l e d i f f e r e n c e between PPh_ and P(C,H„) , 

3 4 9 3 

although n - b u t y l phosphine i s g e n e r a l l y regarded as a more e f f i c i e n t l i g a n d . 

S t e r i c and e l e c t r o n i c f a c t o r s are often s t r o n g l y i n t e r r e l a t e d , so t h a t 

i t i s d i f f i c u l t to separate them. For example the percentage of s - c h a r a c t e r 

i n the phosphorus l i g a n d e l e c t r o n p a i r should decrease as the cone angle 

i n c r e a s e s . More e l e c t r o n e g a t i v e s u b s t i t u e n t s on phosphorus produce a 

s h o r t e r M-P bond by inducing more s - c h a r a c t e r i n t o the M-P bond. 

There are many types of phosphine l i g a n d s and some of them w i l l 
undoubtedly f i n d a r o l e i n homogeneous c a t a l y s i s . According to patent 

23 

l i t e r a t u r e many of the more e x o t i c phosphine l i g a n d s (e.g. the secondary 

and m u l t i d e n t a t e phosphine l i g a n d s ) have been t e s t e d i n the homologation 

r e a c t i o n , w i t h v a r y i n g degrees of s u c c e s s . 

The replacement of a carbon monoxide l i g a n d by a phosphine l i g a n d can 

have an enormous e f f e c t upon the chemical p r o p e r t i e s of a compound. For 

example the hydride HCo(CO) 4 has an a c i d d i s s o c i a t i o n constant i n water 
150 122 

approximately as strong as t h a t of a m i n e r a l a c i d , ' whereas f o r 

HCo(CO) 3PPh 3 a l s o i n water the d i s s o c i a t i o n constant i s reduced by a f a c t o r 

of 10 ^. T h i s i m p l i e s that i f any HCo(CO) 3PPh 3 was formed i n the r e a c t i o n , 

i t would be observed r e a d i l y by i n f r a - r e d spectroscopy as the i o n i s a t i o n 
H C o ( C O ) 3 P P h 3 v

 v H + + "co(C0) 3PPh 3 

does not occur to any great e x t e n t . Our r e s u l t s show no evidence f o r t h i s 

h y d r i d e , so i t appears that i t i s not formed i n the s t a b i l i s e d r e a c t i o n . 

M o d i f i c a t i o n of the system by a d d i t i o n of a phosphine l i g a n d causes a 

s u b s t a n t i a l change i n the r e a c t i o n . 
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Our r e s u l t s i n d i c a t e that the s t a b i l i s e d r e a c t i o n i s v e r y poor a t 
2+ 

generating ethanol and t h i s i s thought to be due to the l a c k of Co ions 

on which a c t i v a t i o n of methanol can take p l a c e . The main s p e c i e s observed 

i n the s t a b i l i s e d r e a c t i o n are [Co(CO) (PR„)„] +[Co(CO),]~ and [Co(CO)JPRj„ 
3 3 2 4 3 3 2 

2 + 

both of which reduce the a v a i l a b i l i t y of Co ions i n the system. 

When t e r t i a r y a r s i n e s or s t i b i n e s a r e used as s t a b i l i s i n g l i g a n d s other 

points have to be considered. 

I t i s h i g h l y probable t h a t the production of ethanol from methanol and 

s y n t h e s i s gas proceeds v i a the formation of acetaldehyde. Whether the 

compound i s generated as f r e e acetaldehyde or i s s t i l l bound to the metal 

centre has not been determined. 
MeOH + CO + H 2 > MeCHO + H 20 — M e C H ^ H + H ^ 

The a d d i t i o n of t r i p h e n y l a r s i n e or t r i p h e n y l s t i b i n e i n h i b i t s t h i s 

l a s t step i n the r e a c t i o n r e s u l t i n g i n a high y i e l d of acetaldehyde. The 

degree of r e d u c t i o n of acetaldehyde to ethanol i s b e l i e v e d to be dependent 

on the nature of the complex, L^oCMe, or more s p e c i f i c a l l y on the 

e l e c t r o n i c or s t e r i c p r o p e r t i e s of the l i g a n d s , L. I n order to come to a 

f i r m e r c o n c l u s i o n on the mechanism a wide range of phosphines, a r s i n e s and 

s t i b i n e s would have to be examined. However, the f o l l o w i n g p o i n t s a r e 

r e l e v a n t : -

(a) Hydroformylation r e a c t i o n s i n v o l v e the conversion of an o l e f i n and 

s y n t h e s i s gas i n t o an aldehyde. When t h i s r e a c t i o n i s c a t a l y s e d by a 

co b a l t complex a small amount of the aldehyde product i s converted to 

a l c o h o l , e s p e c i a l l y at higher temperatures. The degree of r e d u c t i o n i s 

in c r e a s e d on adding a phosphine such as PPh^ t o the r e a c t i o n mixture. 

The s p e c i e s g e n e r a l l y regarded as r e s p o n s i b l e f o r t h i s r e d u c t i o n i s 

HCo(CO) 3L where L = CO, or PPh 3 i n the s t a b i l i s e d r e a c t i o n . I f L = PPh 3 

the e l e c t r o n d e n s i t y on the metal i n c r e a s e s i n comparison to L = CO, 
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which i n t u r n i n c r e a s e s the h y d r i d i c c h a r a c t e r of the complex ( i . e . i t s 

a b i l i t y to form H ) . I t i s t h i s i n c r e a s e d h y d r i d i c c h a r a c t e r that i s 

thought to improve the y i e l d of a l c o h o l . 

I n the case of the methanol r e a c t i o n a s i m i l a r s p e c i e s may be r e s p o n s i b l e 

f o r the r e d u c t i o n of acetaldehyde to e t h a n o l . The h y d r i d i c c h a r a c t e r 

of the complex HCo(CO)^L w i l l i n c r e a s e i n the order L = CO < SbPh^ < 

AsPh 3 < p p h
3 - However, although H C o ( C O ) 3

A s P h 3 i s s l i g h t l y l e s s 

h y d r i d i c than the phosphine, the d i f f e r e n c e i s not g r e a t . Consequently 

i t seems u n l i k e l y that t h i s can e x p l a i n the marked change i n product 

spectrum when an a r s i n e l i g a n d i s used as the modifying l i g a n d . I n 

a d d i t i o n the p o s i t i o n of L = CO i n the s e r i e s i s not c o n s i s t e n t with 

the reducing a b i l i t y of the u n s t a b i l i s e d system ( i . e . b e t t e r than with 

an a r s i n e or s t i b i n e ) . I t thus appears to be an o v e r - s i m p l i f i c a t i o n 

to compare t h i s p a r t of the homologation w i t h the hydroformylation 

r e a c t i o n . 

There are other ways i n which e l e c t r o n i c e f f e c t s can i n f l u e n c e the 

r e d u c t i o n . For example o x i d a t i v e a d d i t i o n of hydrogen to the complex 

CH CH„0-Co(CO) L i s probably e s s e n t i a l before the ethanol product can 
Tor 2 

be formed. T h i s could be enhanced by reduced e l e c t r o n d e n s i t y on the 

metal or by a n o n - l a b i l e m e t a l - l i g a n d bond ( d i s s o c i a t i o n of L may be 

a n e c e s s a r y f i r s t step before o x i d a t i v e a d d i t i o n can o c c u r ) . 

Bulky l i g a n d s on the i n t e r m e d i a t e L^CoH C^CHO w i l l promote the 

e l i m i n a t i o n of acetaldehyde at the expense of f u r t h e r r e d u c t i o n . I f 

s t e r i c f a c t o r s are important i n t h i s r e a c t i o n , a r s i n e s t h a t have 

b a s i c i t i e s comparable with AsPh 3, yet are s m a l l e r i n s i z e , should give 

i n c r e a s e d ethanol y i e l d s . 
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Solvents 

Three s o l v e n t e f f e c t s have been noted so f a r i n the study of the 

methanol homologation r e a c t i o n : -

(a) The a d d i t i o n of o r g a n i c a c i d s and a c i d d e r i v a t i v e s (e.g. methyl 

a c e t a t e ) suppresses the formation of methyl and e t h y l a c e t a t e s 

and a c e t i c a c i d . 

(b) Immiscible s o l v e n t s (e.g. chlorobenzene) improve the y i e l d of 

ethanol and when added i n high c o n c e n t r a t i o n suppress the formation 

of a c e t a t e s . 

(c) M i s c i b l e , c o o r d i n a t i n g s o l v e n t s improve the ethanol y i e l d . 

The b e n e f i c i a l e f f e c t s of o r g a n i c a c i d s and a c i d d e r i v a t i v e s are 

b e l i e v e d to be due simply to e q u i l i b r i u m e f f e c t s . The a d d i t i o n of, what 

are regarded as unwanted by-products, to the i n i t i a l r e a c t i o n mixture 

suppresses the formation of f u r t h e r a c e t a t e s and hence a s s i s t s the formation 

of the r e q u i r e d product with l e s s wastage of s t a r t i n g m a t e r i a l . Also 

the by-product can be r e c y c l e d i n the system and continue to have a u s e f u l 

e f f e c t . 

A second p o i n t applying to s o l v e n t s i n g e n e r a l i s the dependence 

of the r e a c t i o n on d i s s o l v e d s y n t h e s i s gas. S t u d i e s by c o l l e a g u e s a t 

B r i t i s h Petroleum Research Centre, Sunbury have shown t h a t the homologation 

r e a c t i o n i s s t r o n g l y dependent upon the speed of s t i r r i n g of the r e a c t i o n 

and t h e r e f o r e to the q u a n t i t y of d i s s o l v e d gases. T h i s dependence i s 

thought to be due to the poor s o l u b i l i t y of hydrogen i n methanol, even under 

high p r e s s u r e . Hence the r e a c t i o n may be hindered by l a c k of r e a d i l y 

a v a i l a b l e hydrogen. Thus a s o l v e n t , ( i m m i s c i b l e or m i s c i b l e w i t h methanol), 

i n which hydrogen i s more s o l u b l e i s able to provide a more e a s i l y a c c e s s i b l e 

source of reducing agent. 
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A f u r t h e r point i s worth examination f o r i m m i s c i b l e s o l v e n t s ; t h i s i s 

the p o s s i b i l i t y of phase t r a n s f e r . The i n e r t s o l v e n t phase (e.g. a 

hydrocarbon) w i l l be hydrogen r i c h and can provide c o n d i t i o n s i n which the 

generation of a metal hydride s p e c i e s i s f a v o u r a b l e . The hydride, once 

formed, i s able to a c t as an a c i d and i o n i s e i n the carbon monoxide r i c h 

methanol phase where c a r b o n y l a t i o n can be envisaged to occur. The a c y l 

s p e c i e s e v e n t u a l l y generated can then phase t r a n s f e r back to the hydrocarbon 

s o l v e n t f o r f i n a l r e d u c t i o n to e t h a n o l . T h i s a l l o w s the more p o l a r s p e c i e s 

to e x i s t w i t h i n the methanol phase and the non-polar s p e c i e s to e x i s t i n the 

hydrocarbon phase. The presence of methyl i o d i d e and t e r t i a r y phosphines 

w i l l encourage phase t r a n s f e r by generation of methylating s p e c i e s such as 
+ - 31 Ph^PMel (observed i n P n.m.r. a t 22.0 ppm) which can a c t as phase 

t r a n s f e r m e t h y l a t i n g agents. 

High p r e s s u r e i n f r a - r e d s t u d i e s have been performed on d i c o b a l t 

octacarbonyl i n a mixture of hexane and methanol under s y n t h e s i s gas p r e s s u r e 

and carbonyl s t r e t c h i n g frequency absorptions corresponding to d i c o b a l t 
CJ 

o c t a c a r b o n y l , c o b a l t t e t r a c a r b o n y l hydride and MeCCo(C0) 4 have been de t e c t e d 

i n the hexane l a y e r of t h i s non-promoted, n o n - s t a b i l i s e d system. The 

r e a c t i o n has a l s o been examined with a methyl i o d i d e promoter and a phosphine 

s t a b i l i s i n g l i g a n d p r e s e n t , again using hexane as the i n e r t phase, and the 

only carbonyl s t r e t c h i n g frequency absorptions observed were assigned to the 
0 

s p e c i e s MeCCo(CO) 3PPh 3. 

The o b s e r v a t i o n of these types of s p e c i e s i n the i n e r t s o l v e n t i s not 

c o n c l u s i v e evidence f o r phase t r a n s f e r from the methanol, but the r e s u l t s 

i n d i c a t e that t h i s i s one aspect of the r e a c t i o n that r e q u i r e s f u r t h e r 

study and may y i e l d u s e f u l r e s u l t s . 
Another a r e a of i n v e s t i g a t i o n that needs to be examined more c l o s e l y i s 
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the p o s s i b i l i t y of i n c l u d i n g c o - c a t a l y s t s i n the r e a c t i o n system. Recent 
. 160 ^ . 

s t u d i e s have shown t h a t the i n c l u s i o n of a c o - c a t a l y s t of ruthenium 

t r i c h l o r i d e i n the s t a b i l i s e d and promoted system enhances the y i e l d of 

ethanol and s u b s t a n t i a l l y decreases the y i e l d of a c e t a t e s and acetaldehyde. 

Other c o - c a t a l y s t s may prove to have s i m i l a r e f f e c t s on the homologation 

r e a c t i o n . 

8.3. Summary 

The mechanism most oft e n advanced f o r the homologation r e a c t i o n 

(shown below) i m p l i c a t e s HCo(CO)^ as the key form of c o b a l t r e a c t i n g with 
56 

MeX (X = I or OH). The r e s t of the sequence p a r a l l e l s the mechanism 

proposed f o r c o b a l t - c a t a l y s e d o l e f i n hydroformylation. 

MeOH + HCo(CO), + MeX . NMeCo(C0), + MeOH„ + X~ (1) 4 4 2 

MeCo(CO), + CO - MeCCo(C0) / (2) 
4 4 

MeOH + MeCCo(CO) + H v
 Y MeCHO + MeOH + Co(CO) (3) 

Reac t i o n (2) may a l s o be considered as o c c u r r i n g i n two p a r t s , i . e . 
0 

. II 
MeCo(CO) K MeCCo(CO) 

MeCCo(C0)„ + CO s MeCCo(C0) ; 

3 * 4 

S i m i l a r c o o r d i n a t i v e l y unsaturated s p e c i e s may be po s t u l a t e d i n the other 

steps as w e l l . 

The r e s u l t s of t h i s c u r r e n t study i m p l i c a t e Co(CO)^ as the a c t i v e 

form of co b a l t i n the homologation r e a c t i o n . No HCo(CO)^ and no Co2(C0)g 

i s observed e i t h e r i n methanol s o l u t i o n under CO/H^ p r e s s u r e , or when io d i n e 
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i s p resent. I n t e r e s t i n g l y , both s p e c i e s were observed at some stage during 
151 

an i n f r a - r e d study of the hydroformylation r e a c t i o n . Unlike the 

hydroformylation study, the i n f r a - r e d study of the homologation r e a c t i o n 

suggests t h a t the dominant form of c o b a l t throughout the r e a c t i o n i s 
[Co(MeOH) I ] n [Co(CO),] . Thus equation (1) may be more a p p r o p r i a t e l y x y 4 n 
r e p l a c e d by: 

Co(C0)T + MeX , = Z = z i MeCo(CO) . + X~ 4 ^ 4 
(X = I or OH) 

I n such a scheme, any HCo(CO)^ i f formed as shown i n equation 3 would 

n e c e s s a r i l y be p r e s e n t only i n minute q u a n t i t i e s , and could be envisaged 

e i t h e r as r e a c t i n g w i t h X to give Co(CO)^ and HX, or as i o n i s i n g thus:-

HCo(CO). + MeOH > Co(CO). + MeOH„. 
4 4 2 

Iodine appears to f u n c t i o n i n two r o l e s : (1) as an a c t i v a t o r of 

methanol v i a methyl i o d i d e formation, and (2) as an agent t h a t removes the 

a c t i v e form of c o b a l t , Co(CO)^. Excess i o d i n e and extended r e a c t i o n periods 

lead to t o t a l l o s s of a l l s o l u b l e c o b a l t carbonyls. T h i s may occur through 

formation of c o b a l t metal, and/or non-carbonyl c o b a l t complexes e.g. 

[ C o C O A c ^ ^ l • L ° w i o d i n e / c o b a l t r a t i o s are favourable s i n c e i n s u f f i c i e n t 

i o d i n e i s a v a i l a b l e to completely remove the a c t i v e form of c o b a l t , yet 

iodide i s present to form methyl iodide which ap p a r e n t l y r e a c t s more r e a d i l y 

w i t h the a c t i v e c o b a l t carbonyl d e r i v a t i v e . The homologation r e a c t i o n 

proceeds i n the absence of i o d i n e but much more s l o w l y , p a r t i c u l a r l y 

when l i g a n d m o d i f i e r s are used. This may suggest t h a t two d i f f e r e n t 

mechanisms are o p e r a t i v e , depending upon the presence or absence of i o d i n e . 

Iodine a l s o appears to f u n c t i o n i n these same two r o l e s , both as an 

a c t i v a t o r v i a methyl i o d i d e formation and as an agent for removal of 

c a t a l y s t . However our r e s u l t s i n d i c a t e t h a t i o d i d e promoted systems remain 
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a c t i v e f o r longer times than the corresponding i o d i n e promoted systems. 

Thus the a d d i t i o n of an i o d i d e as a promoter i s g e n e r a l l y p r e f e r a b l e to 

elemental i o d i n e . 

I t i s i n t e r e s t i n g to s p e c u l a t e t h a t the a c t i v e forms of c o b a l t , i n the 
2+ absence of i o d i n e are Co and Co(CO),. However when i o d i n e or iodide 4 

promoters are p r e s e n t , the r e a c t i o n occurs much more e f f i c i e n t l y , w i t h 

Co(CO) 4 as the a c t i v e form of c a t a l y s t . The promoters provide a d i f f e r e n t 

route f o r the formation of the m e t a l - a l k y l bond. 

When a l i g a n d such as t r i p h e n y l phosphine i s present d i c o b a l t o c t a c a r b o n y l 

r e a c t s to form [Co(CO)^(PPh*)^] [CoCCO)^] i n i t i a l l y . As the r e a c t i o n proceeds 

some of the dimer [Co(CO)^PPh^]^ undoubtedly forms, as w e l l as a small 

amount of HCo(CO)^PPh^. These r e a c t i o n s convert v i r t u a l l y a l l of the c o b a l t 
2+ 

to n o n - c a t a l y t i c s p e c i e s , and thus l i t t l e Co i s present f o r a c t i v a t i o n of 

the methanol. PPN Co(CO) 4 has been found to be a poor c a t a l y s t f o r the 

unpromoted r e a c t i o n i n comparison with Co (CO) but i n the iodide promoted 
£ 8 

system there i s l i t t l e d i f f e r e n c e between the two c a t a l y s t s . T h i s r e s u l t 
2+ 

appears to support the b e l i e f t h a t the Co i o n i s an important f e a t u r e of 

the unpromoted system. 

8.4. Synopsis 

The methanol homologation r e a c t i o n as c a t a l y s e d by c o b a l t carbonyl 

has been shown to be a very complex p r o c e s s , h i g h l y dependent on a v a r i e t y 

of r e a c t i o n parameters and v a r i a b l e s , such as p r e s s u r e , temperature and 

s y n t h e s i s gas composition. E t h a n o l i s the u l t i m a t e r e q u i r e d product though 

many by-products are a l s o formed, Also the i n i t i a l c a r b o n y l a t i o n product, 

acetaldehyde, can be obtained i n high s e l e c t i v i t y by l i g a n d m o d i f i c a t i o n . 

I o d i n e and iodide are e f f e c t i v e promoters but high I/Co r a t i o s lead to 

u n d e s i r a b l e r e a c t i o n by-products and c a t a l y s t d e a c t i v a t i o n , e s p e c i a l l y with 
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i o d i n e . High p r e s s u r e i n f r a - r e d spectroscopy has given evidence i m p l i c a t i n g 

CoCCO)^ as the a c t i v e c a t a l y s t i n the i o d i d e promoted system, whereas 
2+ . . 

the Co ion i s a l s o b e l i e v e d to be important i n the unpromoted system. 
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APPENDIX 

(a) Lectures and Seminars organised by the Department of Chemistry during 

the p e r i o d 1979-1982 

(* denotes those attended.) 

*21 November 1979 

Dr. J. Mull e r ( U n i v e r s i t y of Bergen), 

"Photochemical Reactions of Ammonia". 

28 November 19 79 

Dr. B. Cox ( U n i v e r s i t y of S t i r l i n g ) , 

"Macrobicyclic Cryptate Complexes, Dynamics and S e l e c t i v i t y " . 

5 December 1979 

Dr. G.C. Eastmond ( U n i v e r s i t y of L i v e r p o o l ) , 

"Synthesis and Prope r t i e s of Some Multicomponent Polymers". 

*12 December 1979 

Dr. C.I. R a t c l i f f e ( U n i v e r s i t y of London), 

"Rotor Motions i n Soli d s " . 

19 December 1979 

Dr. K.E. Newman ( U n i v e r s i t y of Lausanne), 

"High Pressure M u l t i n u c l e a r NMR i n the E l u c i d a t i o n o f the Mechanisms 

Fast, Simple Inorganic Reactions". 

*30 January 1980 

Dr. M.J. Barrow ( U n i v e r s i t y of Edinburgh), 

"The Structures of Some Simple Inorganic Compounds of S i l i c o n and 

Germanium - Pointers to S t r u c t u r a l Trends i n Group IV". 



*6 February 198Q 

Dr. J.M.E. Quirke ( U n i v e r s i t y of Durham), 

"Degradation of Chloryphyll-a i n Sediments". 

23 A p r i l 1980 

B. Grievson, B.Sc. ( U n i v e r s i t y of Durham), 

"Halogen Radiopharmaceuticals". 

14 May 1980 

Dr. R. Hutton (Waters Associates, U.S.A.), 

"Recent Developments i n M u l t i - m i l l i g r a m and Multi-gram Scale Preparative 

High Performance L i q u i d Chromatography". 

21 May 1980 

Dr. T.W. Bentley ( U n i v e r s i t y of Swansea), 

"Medium and S t r u c t u r a l E f f e c t s i n S o l v o l y t i c Reactions". 

10 July 1980 

Professor P. des Marteau ( U n i v e r s i t y of Heid e l b u r g ) , 

"New Developments i n Organonitrogen F l u o r i n e Chemistry". 

*7 October 1980 

Professor T. Felhner (Notre-Dame U n i v e r s i t y , U.S.A.), 

"Metalloboranes - Cages or Coordination Compounds"? 

15 October 1980 

Dr. R. Adler ( U n i v e r s i t y of B r i s t o l ) , 

"Doing Chemistry I n s i d e Cages - Medium Ring B i c y c l i c Molecules". 

*12 November 1980 

Dr. M. Gerloch ( U n i v e r s i t y of Cambridge), 

"Magnetochemistry i s about Chemistry". 



19 November 1980 

Dr. T. G i l c h r i s t ( U n i v e r s i t y of L i v e r p o o l ) , 

" N i t r o s o O l e f i n s as Synthetic Intermediates". 

*3 December 1980 

Dr. J.A. Connor ( U n i v e r s i t y of Manchester), 

"Thermochemistry of T r a n s i t i o n Metal Complexes". 

*18 December 1980 

Dr. R. Evans ( U n i v e r s i t y of Brisbane, A u s t r a l i a ) , 

"Some Recent Communications t o the E d i t o r of the A u s t r a l i a n Journal 

of F a i l e d Chemistry". 

*18 February 1981 

Professor S.F.A. K e t t l e ( U n i v e r s i t y of East A n g l i a ) , 

" V a r i a t i o n s i n the Molecular Dance at the Cr y s t a l B a l l " . 

25 February 1981 

Dr. K. Bowden ( U n i v e r s i t y of Sussex), 

"The Transmission of Polar E f f e c t s of Subs t i t u e n t s " . 

4 March 1981 

Dr. S. Craddock ( U n i v e r s i t y of Edinburgh), 

"Pseudo-Linear Pseudohalides". 

11 March 1981 

Dr. J.F, Stoddard ( I . C . I . L t d . / U n i v e r s i t y of S h e f f i e l d ) , 

"Stereochemical P r i n c i p l e s i n the Design and Function of Synthetic 

Molecular Receptors". 

17 March 1981 

Professor W. Jencks (Brandsis U n i v e r s i t y , Massachusetts), 

"When i s an Intermediate not an Intermediate"? 



*18 March 1981 

Dr. P.J. Smith ( I n t e r n a t i o n a l T i n Research I n s t i t u t e ) , 

"Organotin Compounds - A V e r s a t i l e Class of Organometallic Compounds". 

*9 A p r i l 1981 

Dr. W.H. Meyer (R.C.A. Z u r i c h ) , 

"Properties of Aligned Polyacetylene". 

6 May 1981 

Professor M. Szware, F.R.S., 

"Ions and Ion P a i r s " . 

10 June 1981 

Dr. J. Rose ( I . C . I . P l a s t i c s D i v i s i o n ) , 

"New Engineering P l a s t i c s " . 

17 June 1981 

Dr. P. Moreau ( U n i v e r s i t y of M o n t p e l l i e r ) , 

"Recent Results i n Perfluoroorganometallic Chemistry". 

21 September 1981 

Dr. P. Plimmer (DuPont), 

"From Conception to Commercialisation of a Polymer". 

14 October 1981 

Professor E. Kluk ( U n i v e r s i t y of Katowice), 

"Some Aspects of the Study of Molecular Dynamics i n Simple Molecular 

L i q u i d s " . 

28 October 1981 

Dr. R.J.H. Clark ( U n i v e r s i t y College London), 

"Resonance Raman Spectroscopy a New Technique f o r Chemical, 

Spectroscopic and S t r u c t u r a l Studies". 



*6 November 1981 

Dr. W. Moddeman (Monsanto L t d . , U.S.A.), 

"High Energy M a t e r i a l s " . 

18 November 1981 

Professor M.J. Perkins (Chelsea College), 

"Spin Trapping and N i t r o x i d e Radicals". 

25 November 1981 

Dr. M. Brai d ( U n i v e r s i t y of Newcastle), 

"Intramolecular Reactions of Carbenes and Carbenoids" . 

*2 December 1981 

Dr. G. Beamson ( U n i v e r s i t y of Durham), 

"Photoelectron Spectroscopy i n a Strong Magnetic F i e l d " . 

20 January 1982 

Dr. M.R. Bryce ( U n i v e r s i t y of Durham), 

"Organic Metals". 

27 January 1982 

Dr. D.L.H. Williams ( U n i v e r s i t y of Durham), 

" N i t r o s a t i o n and Nitrosamines". 

3 February 1982 

Dr. D. Parker ( U n i v e r s i t y of Durham), 

"Modern Methods f o r the Determination of Enantiomeric P u r i t y " . 

*10 February 1982 

Dr. D. Pe t h r i c k ( U n i v e r s i t y of S t r a t h c l y d e ) , 

"Conformational Dynamics of Small and Large Molecules". 



17 February 1982 

Professor D.T. Clark ( U n i v e r s i t y of Durham), 

" S t r u c t u r e , Bonding, R e a c t i v i t y and Synthesis of Surfaces as Revealed 

by ESCA". 

24 February 1982 

Dr. L. F i e l d ( U n i v e r s i t y of Oxford), 

"The A p p l i c a t i o n of NMR Methods to the Study of P e n i c i l l i n Biosynthesis". 

3 March 1982 

Dr. P. B a n f i e l d ( I . C . I . Organics D i v i s i o n ) , 

"Computer Aided Synthesis Design: A View from I n d u s t r y " . 

*17 March 1982 

Professor R.J. Hoines ( U n i v e r s i t y of Cambridge), 

" C l u s t e r i n g around Ruthenium, I r o n and Rhodium". 

5 May 1982 

Dr. G. Tennant ( U n i v e r s i t y of Edinburgh), 

" E x p l o i t a t i o n of the Aromatic Nitro-group i n the Design of New 

Het e r o c y c l i c Reactions". 

12 May 1982 

Dr. CD. Garner ( U n i v e r s i t y of Manchester), 

"The St r u c t u r e and Function of Molybdenum Centres i n Enzymes". 

19 May 1982 
Professor R.D. Chambers ( U n i v e r s i t y of Durham), 

"Fluorocarbanions - Some 'Alice i n the Looking Glass' Chemistry". 

*26 May 1982 

Dr. A. Welch ( U n i v e r s i t y of Edinburgh), 

"Conformational Patterns and D i s t o r t i o n s i n Carbametallaboranes". 



14 June 1982 

Professor C.J.M, S t i r l i n g ( U n i v e r s i t y College of Wales, Bangor), 

"How- much does S t r a i n E f f e c t R e a c t i v i t y " ? 

28 June 1982 

Professor D.J. Burton ( U n i v e r s i t y of Iowa), 

"Some Aspects of the Chemistry of Fl u o r i n a t e d Phosphonium Salts and 

Phosphonates". 

2 July 1982 

Professor H.F. Koch (I t h a c a College U.S.A.), 

"Proton Transfers to and E l i m i n a t i o n Reactions from Localised and 

Delocalised Carbanions". 

(b) Conferences attended during the p e r i o d 1979-1982 

( i ) Annual Congress of the Chemical Society and the Royal I n s t i t u t e 

of Chemistry, Durham U n i v e r s i t y , A p r i l 1980. 

( i i ) Graduate Symposium, Durham U n i v e r s i t y , 1982. 

(c) F i r s t year i n d u c t i o n course 

A series of one hour presentations on the services a v a i l a b l e i n the 

Department. 

( i ) Departmental o r g a n i s a t i o n . 

( i i ) Safety matters. 

( i i i ) E l e c t r i c a l appliances. 

( i v ) Chromatography and microanalysis. 

(v) L i b r a r y f a c i l i t i e s . 

( v i ) Atomic absorption and in o r g a n i c a n a l y s i s . 

( v i i ) Mass spectrometry. 

( v i i i ) Nuclear magnetic resonance spectroscopy. 

( i x ) Glassblowing technique. 


