L2-Organometallics -4A

18 electron rule

Second question :   Cr(CO)6   Fe(CO)5    Ni(CO)4
Why different number of CO ligands ?

Answer : 18 Electron Rule

Organometallic compounds will be most stable if they have 18 valence electrons in total.

This is an important empirical rule, i.e. the result of many observations and  has no really sound justification in theory.

Best way to think of it is like the octet rule - the transition metal is trying to attain the rare gas configuration.

Transtion metals have 9 valence orbitals - for first row metals    five 3d,  one 4s and three 4p.  Most stable if all are filled. 

Electrons come from both the metal and ligands.

CAVEAT : 18 Electron Rule ONLY applies to transition metal organometallic compounds, generally with (-acceptor ligands.
L2-Organometallics -4B

18 electron rule

Using the 18 Electron Rule

Count all the valence (outer) electrons of the metal and those donated to the metal by the ligands (usually 2 per lone pair)

Cr(CO)6


Cr has six valence electrons (e-) d 6
6





6 CO ligands ( 6 x 2 = 12 e-


12













18

Ni(CO)4


Ni has ten valence electrons (e-) d 10
10





4 CO ligands ( 4 x 2 = 8 e-


8













18

When there are an ODD number of electrons, the species usually dimerises with the formation of metal-metal bonds.

Metal-metal bonds can be regarded as normal covalent bonds, using ONE electron from each metal.

To apply the 18-electron rule to these compounds, do the count at EACH metal and add one more electron from the other metal. Often both halves are the same so only need to do this once.

L2-Organometallics -4C

18 electron rule
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Mn(CO)6  would have 19 electrons - so it is not stable and does not exist (but it can lose an electron to give the stable [Mn(CO)6]+ which now has 18 e)

18-electron rule is very useful as it gives us a clue as to which molecular structures will be stable. There are almost NO stable organometallic compounds where the metal has more than 18 electrons.

L2-Organometallics -4D

18 electron rule

Cobalt is similar to manganese and gives Co2(CO)8. This molecule has several structures.
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Co  

- 9

3COterminal
- 6

2CObridging
- 2

Co-Co bond
- 1
                    18

The bridging carbonyl  has a ((CO) stretch in the infra-red (IR) spectrum ~ 1800 cm-1  This is much lower than terminal carbonyls and more similar to an organic ketone R2C=O which has a ((CO) stretch ~ 1750 cm-1
In solution Co2(CO)8 also has a structure with only terminal carbonyls, i.e. four per Co atom (this is also 18 e). Terminal ((CO) stretches  ~ 1950-2000 cm-1
In exams need to know (1) 18-e rule  (2) use of IR spectra

L2-Organometallics -4E

18 electron rule

All the simple carbonyls of the 1st row transition metals  

Ni(CO)4   Co2(CO)8   Fe(CO)5   Mn2(CO)10  Cr(CO)6
have formulae which can be understood in terms of the 18-electron rule.

But V(CO)6 is a stable 17-electron compound - doesn't dimerise. Why?

Answer is steric reasons : Cannot get 6 carbonyl ligands around the V atom AND also get a V-V bond with another V(CO)6 molecule - not enough space.  So......

V(CO)6  is paramagnetic (i.e. has unpaired electron) and is very reactive.  Will easily gain an electron by chemical reduction to give the anion [V(CO)6]-. This now satisfies the 18-e rule and is much more stable.

V     
- 5

6CO
-12

-charge
- 1



18

But CAN get a small ligand like H (hydride) -  HV(CO)6 

This has a direct V-H bond

L2-Organometallics -4F

Other (-acceptor ligands

There are a multitude of other organic (and unsaturated) molecules which can bond to transition metals in a similar way to CO

1. Nitrosyls (NO)

NO is similar to CO, but has an extra electron, so donates THREE electrons to a metal, e.g. Co(NO)(CO)3
Co 

 9 

NO

 3

3CO
 6


18

Another example Fe(CO)2(NO)2  

Fe=8 plus 2x2 CO plus 2x3 NO  = 18

Fe(CO)3(NO)  - this is 17e compound, so it dimerises to give an Fe-Fe bond (like Mn2(CO)10)

One way of viewing the bonding in nitrosyls


[image: image3.wmf]M

 

 

+

 

 

 

N

O

M

-

 

 

+

 

N

O

+

M

:

N

O

t

r

a

n

s

f

e

r

 

o

f

 

p

i

-

e

l

e

c

t

r

o

n

 

t

o

 

m

e

t

a

l

s

y

n

e

r

g

i

c

 

b

o

n

d

i

n

g


NO is more strongly bound than CO
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