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ORGANOMETALLIC COMPOUNDS 
Organometallic compounds are those “compounds in which central metal atoms are directly bonded 

with the carbon atoms of the hydrocarbon radical or molecule”.or 
An Organometallic compound is defined as one that posses a metal-carbon bond. The term 
“Orgaometallic” generally denotes compound in which organic groups are directly linked to the metal 
through at least one carbon atom. 
The bonding is ionic or covalent or delocalised between organic groups and a metal atom. 
Simple organometallic compounds are one which a metal-carbon bond which is typically similar with 
respect to the derivative of associated constituent.  
Further divided in to  
a) Symmetrical: Example: [ Hg (C2H5)2] Diethyl mercury 
b) Unsymmetrical : Example: CH3-Hg-C2H5    Ethyl methyl mercury 
A mixed organometallic compounds are those in which a metal atom bonded with more than one identity 
of organic or inorganic constituent. 
Example: C2H5-Mg-Br Ethylmagnesiumbromide  

Classification of organometallic compounds: 

On this basis of nature of metal- carbon bond organometallic compounds are classified in to 

 Ionic bonded organometallic compounds: 
The organometallic compounds of alkali, alkaline earth metals, Lanthanides and Actinides are 

predominantly form ionic compounds. These are generally colourless compounds extremely reactive, 
non-volatile solids and insoluble in organic solvents. 

Examples: Ph3C
-Na+, Cp2Ca, Cs+Me-, Na+Cp-. 

 Covalent bonded organometallic compounds: 
1) σ- bonded organometallic compounds: 
These are the compounds in which carbon atom of the organic ligand is bonded to the metal  by a 2 
electron, 2 centrered ( 2e-2c ) covalent bond. Generally formed by most of the elements with values of 
electronegativity are higher than 1. 

Examples: Ni(CO)4, Fe(CO)5 
2) π- bonded organometallic compounds: 

These are alkene, alkyne or some other carbon group has a system of electron in π-orbitals overlap of 
these π- orbitals with vacant orbitals of the metal atom gives rise to arrangement in which the metal atom 
is bonded to several carbon atom instead of to one. 

Examples:[(5-C5H5)2Fe)], K[PtCl3(
2-C2H2)] (Zeise’s salt) 

 Multicentre bonded organometallic compounds: 
The compounds in which a loosely bonded electron deficient species exist with the coordination of 

metal like Li,Be,Al…etc 
Examples: MeLi or (CH3)4Li4, Al2Me6 

Classification of ligands based on hapticity: 

In hapto classification organic ligands are classified according to “number of carbon atoms within a 
bonding distance of metal atom or the no. of carbon atoms through which an organic ligand is 
attached to central metal atom” is known as “hapticity” of the ligand. 

This is represented by the symbol “ n ” appearing beforethe symbol of  the ligand. 
Where, n- hapticity of  the ligand. 

Monohepto ligands (1): Organic ligands attached to the metal through one carbon.Ex: -CH3, -C2H5 

Dihepto ligands (2) : Example: CH2=CH2, K[PtCl3(
2-C2H2)] (Zeise’s salt) 

Trihepto ligands (3): Example:Allylic radical CH2=CH-CH2- 

Tetrahepto ligands (4): Example: Butadiene CH2=CH-CH= CH2 

Pentahepto ligands (5): Example: Metallocene M (5-C5H5)2 

Hexahepto ligands (6): Example: Dibenzene ChromiumCr(6-C6H6)2 
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Structure of Methyl Lithium: 

❖ CH3Li in nonpolar solvents consists of tetrahedron of Li atoms with each face  ridged by a methyl 
group. 

❖ The bonding in CH3Li consists of a set of localized molecular orbitals. The symmetric combination of 
three Li 2s orbitals on each face of the Li4 tetrahedron and 
one sp3 hybrid orbital from CH3 gives an orbital that can 
accommodate a pair of electron to form a 4c-2e bond. 

❖ The lower energy of the C - orbital compared with the Li 
orbitals indicates that the bonding pair of electrons will be 
associated primarily with the CH3 group, thus supporting 
the carbanionic character of the molecule.  

❖ Some analysis has indicated that about 90% ionic character 
for the Li-CH3 interaction. 

Structure of Zeise’s salt : 
K[PtCl3(2-CH2=CH2)]:-Potassiumtrichloro(ethene)platinate(II)  

1) Zeise’s salt was the first  organometallic compond  to be 
isolated in pure form (1825 by William Zeise). It is a square planar complex with 16 electrons. 

2) The π-acid ligand donates electron density into a metal d-orbital. The metal donates electrons back 
from a filled d-orbital into the empty π* antibonding 
orbital of the ligand (hence the description π-acid ligand). 
Both of these effects tend to reduce the C-C bond order, 
leading to an elongated C-C distance. 

3) The interaction can cause carbon atoms to "rehybridize”  
from sp2 towards sp3, which is indicated by the bending of 
the hydrogen atoms on the ethylene back away from the 
metal. 

4) The Pt-Cl bond trans to the ethylene group is significantly 
longer than the cis- Pt-Cl bonds. 

5) The C-C distance, 1.375 Å, is slightly longer than the value 
found in free ethylene (1.337 Å), indicating some dπ-pπ* 
back-bonding from the platinum atom to C2H4. 

6) Back-bonding is also indicated by a bending of the four hydrogen atoms away from the Pt atom. 

Structure of ferrocene 
[Fe(5-C5H5)2]:- bis(5-cyclopentadienyl) iron(II)  
1. Ferrocene is known as a “sandwich” compound. 
2. It occurs as highly stable orange crystals with a melting point of 174° C.   
3. In solid state at low temperature, the rings are 

staggered. 
4. The rotational barrier is very small, with free rotation 

of the rings. 
5. Extreamly low temperature that is Below 110 K, the 

Cp rings are ordered and eclipsed.  
6. Terms of bonding, the iron center in ferrocene is usually 

assigned to the +2 oxidation state. 
7. Each cyclopentadienyl (Cp) ring is then allocated a 

single negative charge, bringing the number of 
π-electrons on each ring to six, and thus making them 
aromatic.  

8. These twelve electrons (six from each ring) are then shared with the metal via covalent bonding. When 
combined with the six d-electrons on Fe2+, the complex attains an 18-electron configuration.  

 

  
Staggered   Eclipsed  

 

 

 

https://www.britannica.com/science/melting-point
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Metal Carbonyls 

Metal Complexes in which  Cabon monoxide as a ligand are called metal carbonyls 
Example:Cr (CO)6, Fe (CO)5. 

EAN Rule: 
“The sum of the electrons on the central metal atom or ion and the electrons donated from 

the ligands in a complex compound is called the effective atomic number (EAN) of the metal and 
for stable complexes it is generally equal to the atomic number of next incoming noble gas.” 

EAN = No. of electrons in the central metal atom or ion + No. of electrons donated by ligands 

Note: An alternative and more general statement can be given instead of EAN rule as follows: “When 
the central metal ion or atom of a complex compound acquires noble gas electronic configuration 
(n-1)d10 ns2 np6 there will be 18 electrons in the valence orbitals (or valence shell) and the 
electronic configuration will be closed and stable.” It is known as the 18-electron rule.  

The complexes obeying the 18-electron rule are quite stable.18-Electron rule applied to metal carbonyls. 
The 18 – electron rule is very useful in predicting stabilities and structures of organometallic compounds.  

❖ There are two conventions for counting electrons in complexes: 
a) Neutral atom or covalent model; 
According to the covalent model there is covalent bond between Co and H atoms in HCo(CO)4 and H 
atom acts as 1e- donor ligand. Accordingly, no. of electrons in valence shell of Co in HCo(CO)4 =9(Co) + 
4x2(CO) + 1X1(H) = 18. 
b) Oxidation state or ionic model: 
According to the ionic model there is ionic bond between (OC)4Co+ and H- ions and H- ion acts as 2e- 
donor ligand. Accordingly, no. of electrons in valence shell of Co in HCo(CO)4 = 8(Co+ ) + 4x2(CO) + 
1x2(H- ) = 18  

The steps are generally followed for counting the electrons present in the valence shell of central 
metal in a metal carbonyl. 
i) The electrons present in the valence shell [i.e., (n-1)d, ns and np orbitals] of the central metal atom are 
counted and then electrons are added to it or subtracted from it depending upon the nature of charge 
(negative or positive ) present on it in the metal carbonyl. 
ii) Each terminal carbonyl group contributes 2e to the valence shell of the central metal. 
iii) The bridging carbonyl group (M – CO – M) contributes 1e to the valence shell of each metal atom 
attached by it. 
iv)The metal-metal (M –M) bond contributes 1e to the valence shell of each metal atom. 

 

Some examples of electron counts in the metal carbonyls: 

Sl. 
No 

Compound 
EAN 18 e- 

Stability 
count No. Of e- Count No. Of e- 

1 Ti(CO)6 

Total no. of e- 22 Total no. Of Valence e- 04 

Unstable 6CO×2e- 12 6CO×2e- 12 

Total 34 Total 16 

2 V(CO)6 

Total no. of e- 23 Total no. Of Valence e- 05 
Stable 

(exception) 
6CO×2e- 12 6CO×2e- 12 

Total 35 Total 17 

3 
 

[V(CO)6]
- 

Total no. of e- 23 Total no. Of Valence e- 05 

Stable 
anion 

6CO×2e- 12 6CO×2e- 12 

Charge 01 Charge 01 

Total 36 Total 18 
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4 Cr(CO)6 

Total no. of e- 24 Total no. Of Valence e- 06 

Stable 6CO×2e- 12 6CO×2e- 12 

Total 36 Total 18 

5 [Mn(CO)5]
- 

Total no. of e- 25 Total no. Of Valence e- 07 

Stable 
anion 

5CO×2e- 10 5CO×2e- 10 

Charge 01 Charge 01 

Total 36 Total 18 

6 
Mn2(CO)10 

For each Mn 

Total no. of e-  

2Mn×25 
50 

Total no. Of valence e- 

2Mn×07 
14 

Stable 10CO×2e- 20 10CO×2e- 20 

1Mn-Mn bond×2e- 02 1Mn-Mn bond×2e- 02 

Total 72/2= 36 Total 36/2=18 

7 [Fe(CO)4]
2- 

Total no. of e- 26 Total no. Of Valence e- 08 

Stable 
anion 

4CO×2e- 08 4CO×2e- 08 

Charge 02 Charge 02 

Total 36 Total 18 

8 Fe(CO)5 

Total no. of e- 26 Total no. Of Valence e- 08 

Stable 5CO×2e- 10 5CO×2e- 10 

Total 36 Total 18 

9 
Fe2(CO)9 

For each Fe 

 

Total no. of e- 
2Fe×26 

52 
Total no. Of Valence e- 
2Fe×08 

16 

Stable 
6CO×2e- 12 6CO×2e- 12 

3CO (bridge)×2e- 06 3CO (bridge)×2e- 06 

1Fe-Fe bond×2e- 02 1Fe-Fe bond×2e- 02 

Total 72/2= 36 Total 36/2=18 

10 [Co (CO)4]
- 

Total no. of e- 27 Total no. Of Valence e- 09 

Stable 
anion 

4CO×2e- 08 4CO×2e- 08 

Charge 01 Charge 01 

Total 36 Total 18 

11 

Co2 (CO)8 

For each Co 

 

 

Total no. of e- 
2Co×27 

54 
Total no. Of Valence e- 
2Co×09 

18 

Stable 
6CO×2e- 12 6CO×2e- 12 

1Co-Co bond×2e- 02 1Co-Co bond×2e- 02 

2CO (bridge)×2e- 04 2CO (bridge)×2e- 04 

Total 72/2= 36 Total 36/2=18 

12 Ni (CO)4 

Total no. of e- 28 Total no. Of Valence e- 10 

Stable 4CO×2e- 08 4CO×2e- 08 

Total 36 Total 18 

Limitation of EAN rule: 

1) This rule not obeyed by Square planar organometallic complexes of the late transition metals. 

2) This rule not obeyed by some organometallic complexes of the early transition metals. 

3) Some high valent d0 complexes have a lower electron count. 

4) Sterically demanding bulky ligands force complexes to have less electrons than EAN.  

5) The EAN rule fails when bonding of organometallic clusters of moderate to big sizes (6 Metal).  

6) The rule is not applicable to organometallic compounds of main group metals as well as to those of 

lanthanide and actinide metals. 

7) Counting the electrons helps  to predict stability of metal carbonyls. But it will not tell you whether a 

CO is bridging or terminal. 



VI Sem, B.Sc., -Inorganic Chemistry Organometallic compounds 

 

Pavan Kumar K, Dept. of Chemistry, SSCASC, Tumakuru Page 5 

On the basis of number of metal atoms present per molecule:  

On this basis metal carbonyls are of two types. 

a) Mononuclear metal carbonyls: The metal carbonyls which contain only one metal atom per molecule 

are called mononuclear metal carbonyls.  

Ex: [Ni(CO)4], [Fe(CO)5 ], [Cr(CO) 6 ] , etc.  

b) Polynuclear metal carbonyls: The metal carbonyls which contain more than one metal atom per 

molecule are called polynuclear metal carbonyls.  

Ex: Mn2(CO)10 ,Fe2(CO)9 , Fe3(CO)12 , Co4(CO)12etc. 

Physical properties:  
❖ State: Majority of the metallic carbonyls are liquids or volatile solids.  

❖ Colour: Most of the mononuclear carbonyls are colourless to pale yellow. V(CO)6 is a bluish-black 

solid. Polynuclear carbonyls exhibit dark colour.  

❖ Solubility: Metal carbonyls are soluble in organic solvents like glacial acetic acid, acetone, benzene, 

carbon tetrachloride and ether.  

❖ Magnetic Property: All the metal carbonyls other than vanadium hexacarbonyl are diamagnetic. The 

metals with even atomic number form mononuclear carbonyls. Thus, all the electrons in the metal 

atoms are paired. In case of dinuclear metal carbonyls formed by metals with odd atomic number, the 

unpaired electrons are utilized for the formation of metal-metal bonds. 

❖ Thermal Stability: Most of the metal carbonyls melt or decompose at low temperatures. Solid 

carbonyls sublime in vacuum but they undergo some degree of degradation.  

❖ Thermodynamic Stability: Metal carbonyls are thermodynamically unstable. They undergo aerial 

oxidation with different rates. Co2(CO)8 and Fe2(CO)9 are oxidized by air at room temperature while 

chromium and molybdenum hexacarbonyls are oxidized in air when heated. 

MONO NUCLEAR CARBONYLS: 

Ni(CO)4-Nickel tetracarbonyl: 

Preaparation:It can be prepared by passing carbon monoxideover nickel in the temperature of 25o C and 
1 atm pressure. 

Ni + 4CO            Ni(CO)4 

Properties: It is a colourless liquid having boiling point 43o C and decomposition temperature in the 
range of 180–200o C. It is insoluble in water but dissolves in organic solvents. 

Reactions: 
Action of H2SO4: Nickel tetra carbonyl on treatment with Sulphuric acid undergoes oxidation to form 
Nickel sulphate. 

Ni(CO)4 + H2SO4                   NiSO4 +4CO  + H2 

Substitution: Nickel tetra carbonyl undergoes substitution reaction with electron donar ligands like 
triphenyl phosphine. 

Ni(CO)4 + 2 PPh3              Ni(CO)2 (PPh3)2  + 2CO 

Ni(CO)4 + nPF3                Ni(CO)4-1 (PF3)n  + nCO 

Oxidation: Bromine oxidises Nickel tetra carbonyl in to Nickel Bromide. 

Ni(CO)4 + Br2                  NiBr2 + 4CO 
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Structure and bonding: 

Structure: Nickel tetracarbonyl has a tetrahedral geometry. It is also found to 
be diamagnetic. 
The structure of Ni(CO)4 can be explained by considering sp3 hybridization of 
Ni atom. Since it is diamagnetic, all the ten electrons present in the valence 
shell of Ni atom (Ni = 3d8 4s2 ) get paired in 3d orbitals. Thus, the valence 
shell configuration of Ni atom in Ni(CO)4 molecule becomes 3d10 4s0 .  
OC→Ni bond results by the overlap between the empty sp3 hybrid orbital on 
Ni atom and the HOMO on C atom in CO molecule as shown below. 

(Ni = [Ar] 3d8 4s2 )   

     

 

 

    

     3d       4s       4p 

     
 **  ** ** ** 

 

sp3 hybridisation 

Fe(CO)5 -Ironpentacarbonyl: 

Preaparation:It can be prepared by passing carbon monoxide over iron. 

 

Properties: It is a pale yellow liquid having boiling point 103 o C and decomposition temperature around 
250 o C. It is insoluble in water but soluble in glacial acetic acid, methanol, diethyl ether, acetone and 
benzene.  
Reactions: 
Action of H2SO4: Iron pentacarbonyl on treatment with Sulphuric acid gives Ferrous (II) sulphate. 
 

 
Action of NH3: Reduction of Fe(CO)5 with Na gives Na2Fe(CO)4, "tetracarbonylferrate" also called 
Collman's reagent. The dianion is highly nucleophilic. 
 

 

 

Action of Halogen: Most metal carbonyls can be halogenated. Thus, treatment of 
Fe(CO)5 with halogens gives the ferrous halides Fe(CO)4X2 ( X = I, Br, Cl. ) These species, upon heating 
lose CO to give the ferrous halides, such as iron(II) chloride. 
 

Action of NO: Iron pentacarbonyl on treatment with nitric oxide gives nitraso complex. 
 

 
 

Fe(CO)5+ H2SO4                 FeSO4 + 5CO  + H2 

Fe(CO)5+ 2Na + liq.NH3            Na2 [Fe(CO)4] + CO 

Fe(CO)5+ H2O +NH3         H2 [Fe(CO)4] + NH2COOH 

Fe(CO)5 + X2                  [Fe(CO)4]X2 + CO 

Fe(CO)5+ 2NO     Fe(CO)2 (NO)2 + 3CO 

https://en.wikipedia.org/wiki/Disodium_tetracarbonylferrate
https://en.wikipedia.org/wiki/Nucleophile
https://en.wikipedia.org/wiki/Halogen
https://en.wikipedia.org/wiki/Iron(II)_chloride
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Structure and bonding: 
Structure: The structural studies have suggested trigonal bipyramidal 
geometry for iron pentacarbonyl.  The molecule is also found to be 
diamagnetic. 
The structure can be explained using dsp3 hybridization in Fe atom. All 
eight electrons present in the valence shell of Fe atom (Fe:3d6 4s2 ) get 
paired in four 3d orbitals. Thus the valence shell configuration of Fe in 
Fe(CO)5 becomes 3d8 4s0 . The OC→Fe bond results by the overlap 
between the empty dsp3 hybrid orbitals on Fe atom and the HOMO on C 
atom in CO molecule as shown below. 

(Fe = [Ar] 3d6 4s2 )   

     

 

 

    

     3d      4s    4p 

    

**  **  ** ** ** 

 

dsp3 hybridisation 

Cr(CO)6 Chromium hexacarbonyl: 

Preaparation: It can be prepared by on the reaction of chromium chloride with carbon monoxide in 
presence of AlCl3 as a catalyst and benzene as a solvent. 
 

 
Properties:It is a white crystalline solid melting above 150 o C. It is insoluble in water but soluble in ether, 
chloroform, carbon tetrachloride and benzene. It is not attacked by air, bromine, cold aqueous alkalis, 
dilute acids and concentrated hydrochloric acid as well as sulphuric acid. 

Reactions: 

Action of NH3: Chromium hexacarbonyl undergoes reduction with sodium metal in presence of 
liq.ammonia. 
 

 

Structure and bonding: 
Structure: The structural studies have suggested an octahedral 
geometry for chromium hexacarbonyl. The molecule is also found to 
be diamagnetic.  
The structure can be explained using d2 sp3 hybridization in Cr atom. 
All six electrons present in the valence shell of Cr atom (Cr: 3d5 4s1 ) 
get paired in three 3d orbitals. Thus the valence shell configuration of 
Cr in Cr(CO)6 becomes 3d6 4s0 . The OC→Cr bond results by the 
overlap between the empty d2 sp3 hybrid orbitals on Fe atom and the 
HOMO on C atom in CO molecule as shown below. 

 

 

CrCl3+  6CO+ AlCl3              Cr(CO)6+ AlCl3 

Cr(CO)6+ 2Na +NH3           Na2 [CrCO)5] + CO 
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(Cr = [Ar] 3d5 4s1 )   

     
 

 
    

     3d      4s    4p 

   
** **  **  ** ** ** 

 

d 2sp3 hybridisation 

POLYNUCLEAR CARBONYLS : 

Mn2(CO)10, Dimanganese decacarbonyl: 

Preparation: It can be prepared by carbonylation of manganese iodide with carbon monoxide using 
magnesium as a reducing agent. 

 

Properties: It forms stable golden yellow crystals having melting point of 155 o C. soluble in Organic 
solvents. It is oxidized by trace amount of oxygen in solution. Hence, the solution must be stored in inert 
atmosphere. 

Reactions: 

Reaction with metals: Dimanganese decacarbonyl on treatment metals undergoes reduction to form  
manganese pentacarbonyl anion. 

 
Reduction: At 200 atm and 2000 C on treatment with hydrogen gas gives respective hydrido complex.  

Mn2(CO)10 + H2    2H [Mn (CO)5] 

Reaction with Halogen: Halogination of Mn2(CO)10 proceeds with scission of the Mn-Mn bond to 
give respective manganese pentacarbonyl halide. 

 

Structure and bonding:  
Manganese pentacarbonyl does not exist as Mn 
(Z=25) has an odd atomic number. However, the 
structure of dimanganese decacarbonyl consists of 
two manganese penta carbonyl groups joined through 
a Mn-Mn bond. The formation of this inter metallic 
bond effectively adds one electron to each of the 
manganese atoms. Thus, manganese, an element with 
odd atomic number forms a binuclear carbonyl. Since, 
the molecule does not have any unpaired electrons, it 
is diamagnetic.In Mn2(CO)10 , the Mn – Mn bond is 
formed by the linear overlapping of singly occupied 
d2 sp3 hybrid orbitals of two Mn atoms.  

https://en.wikipedia.org/wiki/Manganese_pentacarbonyl_bromide
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(Mn = [Ar] 3d5 4s2 )   

     

 

 

    

     3d      4s    4p 
Mn-1 

    
**  **  ** ** ** 

 
Mn-Mn Bond 

Mn-2 

    
**  **  ** ** ** 

 

d2sp3 hybridisation 

Co2(CO)8, Dicobalt octacarbonyl: 

Preparation: 
It can be prepared by direct combination of carbon monoxide with cobalt metal. 

 
Properties: It is an orange crystalline substance having melting point 51o C, soluble in alcohol, ether, and 
CCl4 ,turns deep violet upon exposure to air. 

Reactions: 

Action of heat: Upon heating at 50 o C it forms tetracobalt dodecacarbonyl. 

 
Reduction: Dicobaltoctacarbonyl with sodium metal undergoes reduction to give tetracarbonyl cobalt 
anion(tetracarbonyl cobaltate). 

 Co2(CO)8    +   2Na 2 Na[Co(CO)4]

Fe(CO)5  + Na/Hg Na 2Fe(CO)4

 Mn2(CO)10    +   2Na 2 Na[Mn(CO)5]

Reduction :  Carbonyl anions

 V(CO)6    +   Na Na[V(CO)6]

Oxidation :  Iodocarbonyls

 Mn2(CO)10    +   I2 2 Mn(CO)5I

Fe(CO)5     + I2 Fe(CO)4I2

 
Structure and bonding: 

Dicobalt octacarbonyl is known to exist in two isomeric forms. A bridged structure of this molecule is 
observed in the solid state as well as solution state at a very low temperature.  

❖ In the bridged structure, the cobalt atoms are in d2 

sp3 hybrid state. Three such hybrid orbitals on each 
cobalt atom accept lone pair of electrons from three 
carbon monoxide molecules to form total six Co←CO 
coordinate bonds. A Co-Co bond is formed by the 
overlapping of two half -filled d2 sp3 hybrid orbitals on 
the cobalt atoms. Remaining two half–filled hybrid 
orbitals on each Co atom overlap with appropriate orbital 
on carbon atom of the carbonyl to form two bridging 
CO groups. Thus, all electrons in this molecule are paired 
and it is diamagnetic.  
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(Co = [Ar] 3d7 4s2 )   

     

 

 

    

     3d      4s    4p 
Co-1 

    * 
 

* 
 ** ** ** 

 
   Co-Co Bond   CO Bridging 

Co-2 

    * 
 

* 
 ** ** ** 

 

d2sp3 hybridisation 

❖ A non - bridged structure predominates in a solution at 
temperatures above ambience.   

In the non-bridged structure, the cobalt atoms are in d sp3 

hybrid state. Four such hybrid orbitals on each cobalt atom 

accept lone pair of electrons from Four carbon monoxide 

molecules to form total Four Co←CO coordinate bonds. A 

Co-Co bond is formed by the overlapping of two half -filled d 

sp3 hybrid orbitals on the cobalt atoms. Thus, all electrons in 

this molecule are paired and it is diamagnetic.  

(Co = [Ar] 3d7 4s2 )   

     

 

     
     3d      4s    4p 
Co-1 

     
 **  ** ** ** 

Co-Co Bond     
Co-2               

     
 **  ** ** ** 

 

     dsp3 hybridisation 

Fe2 (CO) 9, Diiron nonacarbonyl: 

Preparation: Cold solution of iron pentacarbonyl in glacial acetic acid undergoes dimerization under the 
influence of ultra-violet light to give golden yellow crystals. 
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Properties: Diiron nonacarbonyl forms golden yellow triclinic crystals melting at 100 o C. It is insoluble in 
water but soluble in toluene and pyridine. 
 

Reactions: 

Action of heat: 

 
Action of metal: Diironnonacarbonyl on treatment with sodium metal in presence of liq.ammonia gives 
tetracarbonyl ferrate with loss of CO. 

 

Structure and bonding:  

Each of the iron atoms in diiron nonacarbonyl has 

three terminal carbonyl groups. The remaining three 

carbon monoxide ligands act as µ2–CO groups. In 

addition to this, there is a weak Fe-Fe bond formed 

by sharing of two unpaired electrons present in the 3d 

orbitals of iron atoms. Thus, both the iron atoms in 

the molecule are identical with coordination number 

seven. Since, the molecule does not have any unpaired 

electron, it is diamagnetic. The structure of this 

molecule can be explained using d2sp3 hybridization in 

Fe atoms as shown in the figure.  

(Fe = [Ar] 3d6 4s2 )   

 
  

  

 

 

    

     3d      4s    4p 
Fe-1 

   * * 
 

* 
 ** ** ** 

 
             Fe-Fe Bond    CO Bridging 

Fe-2 

   * * 
 

* 
 ** ** ** 

 

   d2sp3 hybridisation 
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Bonding in metal carbonyls: 

The nature of M-C bond formation Illustrated as fallows. 

Formation of M-C σ-bond:- 

First theme is dative overlap of filled carbon σ-orbital with the vacant metal orbital to form σ-bond

 
The formation of the C   M σ-bond using an unshared pair of electrons on the carbon atom of CO  
Formation of M-C π-bond:- 

overalap of filled  d-orbital  of metal with the vacant π * orbital of CO form π-bond 

 

Formation of the M   C π -bond by donation of metal d π electrons into the π* antibonding orbitals of CO. 

This bonding mechanism is synergic .The effect of σ-bond formation strengthen the π-bond.vice versa. The 
movement of metal electrons into CO orbitals will make CO as whole negative and hence, will increase it’s 
basicity.Which accounts the greater strength via. σ-orbitals of carbon. Also the movement of electrons in 
to metal in the σ-bond tends to make the CO positive. Thus, enhancing the acceptor strength of π * 
orbital of CO. 

The carbonyl ligand is a π-acid: This is an acid in the Lewis sense, where it receives electrons 

from the metal ion, and it is a π–acid because this involves π bonding. The π-bonding involves overlap of 
the π* orbitals of the CO with d orbitals from the metal and so is dπ-pπ bonding. The canonical structures 
involved in the π-acid nature of CO are:  

 
 
 
 
 
IR spectra and bridging versus terminal carbonyls: 
Bridging CO groups can be regarded as having a double bond C=O group, as compared to a terminal 
C≡O, which is more like a triple bond: 
The υCO stretching frequency of the coordinated CO is very informative as to the nature of the bonding. 
Recall that the stronger a bond gets, the higher its stretching frequency. Thus, the more important the 
M=C=O (C=O is a double bond) canonical structure, the lower the υCO stretching frequency as 
compared to the M-C≡O structure (C≡O is a triple bond):  
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Molecular Orbital diagram of CO : 
The highest occupied molecular orbital (HOMO) of CO is weakly antibonding (compared with the O 
atomic orbitals) and is an MO which is carbon based. Secondly, the π* antibonding orbital which is the 
lowest unoccupied molecular orbital (LUMO) is also of comparatively lower energy which makes it 
possible to interact with metal d orbitals for bonding. There exists a strong back bonding of metal 
electrons to the π * antibonding orbitals of CO. 

2s

2s

2p

2p

CO OC

HOMO

LUMO









 *

*

*

32.4 ev

19.5 ev

15.9 ev

10.7 ev

 Example of IR spectrum: 

 

bridging 

terminal 
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FERTILIZERS 
Fertilizers are “The products that improve the levels of the available plant nutrients and/or the 

chemical and physical properties of the soil, thereby directly or indirectly enhancing the growth, 

yield and quality of the plant ”. 

Fertility of soil: 

a) Virgin Soil: It is the portion of the soil or land in which plants have not grown since long time. It is 

always fertile and good crop may be yielded due to elements present in it have not been used up by the 

plants as food. 

b) Exhausted Soil: It is the soil on which crop and after crop, especially of the same variety has been 

raised. The plants keep on absorbing the same elements for the soil and hence the soil becomes 

impoverished or an unproductive soil.Factors affecting the fertility of soil are as follows 

✓ Nitrogen, phosphorus, potassium and other mineral salts 

✓ The amount of fixed nitrogen 

✓ pH value of the soil (7-8) 

Characteristic features of good fertilizer 

a. Must be soluble in water. 

b. The element present in the compound must be easily available to the plant Should be cheap. 

c. Should not be toxic to plant . 

d. Should be stable for long time . 

e. Should maintain the pH of the soil in the vicinity of 7 to 8. 

Benefits of Fertilizer 

a) Farming efficiency improvement 

b) Improvement of soil quality with adequate fertilization. 

c) Crop quality improvement 

d) Water conservation 

Classification of fertilizers:  

Inorganic fertilizers are further classified in to 

Indirect fertilizers: These fertilizers which are added to soil to improve its biological, chemical, or 

mechanical properties. 

Example: limestone, ground dolamite (decreases soil acidity) and gypsum (increases salt content) 

Direct fertilizers: These are fertilizers which contain the nutrient elements in the form of compounds which 

are directly taken up by the plants. These are further classified as nitrogenous, phosphatic, potash, 

magnesium,..etc. 

N-type (Nitrogenous fertilizer): Those fertilizers which mainly supply nitrogen to the plants are called 

nitrogenous fertilizers. 

Ex: Urea(H2NCONH2), Ammonium sulphate [(NH4)2SO4] and Ammonium nitrate (NH4NO3). 

P-type (Phosphatic fertilizers): Those fertilizers which mainly supply phosphorus to the plants are called 

phosphatic fertilizer. 

Ex: Super phosphate of lime [Ca (H2PO4)2.2CaSO4], Mono potassium phosphate(KH2PO4(0-52-35)). 

K-type(Potash fertilizer): These are the fertilizers which supply K to plants. 

Ex: Potassium nitrate (KNO3),Potassium chloride (KCl), Potassium sulphate (K2SO4). 

Mixed fertilizer: Fertilizers containing more than one plant nutrient are called mixed fertilizers. Now a day 

instead of using a single fertilizer, a mixture of fertilizers containing N, P, and K are used. 

Ex: Nitro phosphate containing murate of potash Ca (H2PO4)2.Ca(NO3)2 +KCl 
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Examples for NP, PK, KN, NPK fertilizers: 

NP: Ammonium dihydrogen phosphate (NH4H2PO4), Ammonium hydrogen phosphate [(NH4)2HPO4] 

PK: mixture of triple super Phosphate and Potassium sulphate. 

NK: fertilizers containing both N and K (potassium nitrate)  

NPK: fertilizers containing N, P, and K. Nitro phosphate with Potash  

 

Based on physical nature fertilizers classified in to: 

◼ Granular Fertilizer:Solid material that is formed into particles of a predetermined mean size. 

◼ Coated Fertilizer: Granular fertilizer that is covered with a thin of a different material in order to 

improve the behavior and/ or modify the characteristics of the fertilizer. 

◼ Liquid Fertilizer:A term used for fertilizers in suspension or solution and for liquefied ammonia. 

◼ Powder Fertilizer:A solid substance in the form of very fine particles. Powder is also referred to as “no 

granular fertilizer” and is sometimes defined as a fertilizer containing fine particles,  usually with some 

upper limit such as 3 mm nut no lower limit. 

Preparation /manufacture of some fertilizers: 

❖ Manufacture of Urea: 

Urea is produced from ammonia and carbon dioxide in two equilibrium reactions: 

   

 

 

 

 

 

The urea manufacturing process as shown below, 

Step 1 - Synthesis 

A mixture of compressed CO2 and ammonia at 240 

barg pressure reacted to form  ammonium  

carbamate. This is an exothermic reaction, and Which 

is readily decompose to give urea. 

Step 2 - Purification 

The major impurities in the mixture at this stage are 

water from the urea production reaction and 

unconsumed reactants (ammonia, carbon dioxide and 

ammonium carbamate). The unconsumed reactants 

are removed. 

Step 3 - Concentration 

Urea solution is heated under vacuum, which evaporates off some of the water, increasing the urea 

concentration.In the evaporation stage molten urea is produced at 140o C. 

Step 4 - Granulation 

Urea is sold for fertilizer as 2 - 4 mm diameter granules. These granules are formed by spraying molten urea 

onto seed granules which are supported on a bed of air.The final product is cooled in air, weighed and 

conveyed to bulk storage ready for sale. 
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❖ Manufacture of Ammonium nitrate: 

Nitric acid and ammonia react to form the important fertilizer, ammonium nitrate, in a neutralization 

reaction: 

 

 

1. 0Solutions of nitric acid and ammonia are 

pumped in to mixing vessel. 

2. The nitric acid is neutralised to form 

ammonium nitrate. 

3. Ammonium nitrate solution is heated, water 

evaporates off leaving heavy molten 

ammonium nitrate. 

4. Molten ammonium nitrate is sprayed to cooling chamber.Air is blown in to bottom of the cooling 

chamber to cool ammonium nitrate. 

❖ Manufacture of Calcium ammonium nitrate: 

Ammonium nitrate is first prepared by the reaction of ammonia and nitric acid. Ammonium nitrate so 

obtained contains some un-reacted nitric acid which is neutralized by adding calcium carbonate on cooling 

grains of calcium ammonium nitrate separates out. 

 

CAN is produced by mixing quickly concentrated ammonium nitrate solution with ground or powdered 

calcitic or dolomitic limestone. granulation technology is used to produce CAN. 

Granulation process: 

1. Calcium ammonium nitrate is produced by granulating concentrated ammonium nitrate solution with 

pulverized limestone or dolomite in a granulator. Ammonium nitrate solution is prepared by  reacting 

preheated ammonia with nitric acid in a neutralizer. 

2. Concentrated ammonium nitrate is pumped and sprayed into the granulator which is fed with  weighed 

quantity of limestone powder and recycle fines from the screens. The hot granules are dried in a rotary 

drier by hot air. 

3. Dried hot granules are screened and fines and oversize recycled. Granules of proper size are cooled in a 

rotary cooler by air and coated with soapstone dust in a coating drum. The final product is sent to 

storage. 
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Na2HPO4 + NH4Cl Na (NH4)HPO4 + NaCl 

2[Mg(NH4)PO4.6H2O] 2 Mg(NH4)PO4 + 12H2O     Mg2P2O7 + H2O + 2NH3 

❖ Manufacture of Ammonium phosphate: 

There are two major types of ammonium phosphate which are mono ammonium phosphate (MAP, 

NH4H2PO4) and di ammonium phosphate (DAP,(NH4)2HPO4). 

 

 

 

 

 

 

 

 

 

 

 

 

Neutralization 

◼ Quantities of phosphoric acid and ammonia in the neutralization step are different form mono 

ammonium phosphate (MAP) and diammonium phosphate (DAP). 

◼ To manufacture mono ammonium phosphate, ammonia to phosphoric acid ratio is 0.6 in the neutralizer 

and then 1.0 in the granulator. 

◼ While for di ammonium phosphate, the ratios are 1.4 and 1.0 in the neutralizer and granulator 

respectively. 

◼ Phosphoric and ammonia are added to the first of three continuous mixed reactors, anhydrous 

ammonia is added to the first neutralizer. 

◼ Further ammonia is added in the 2nd and 3rd tanks to obtain conversion to the diammonium salt if a 

higher nitrogen containing fertilizer is needed. 

Granulation 

◼ Slurry from the third neutralized is mixed with KCl and absorbed in a bed of dry recycle fertilizer 

moving through a rotating drum granulator. 

◼ Dried product is separated into three fractions on a double deck screen. 

 

❖ Preparation of sodium ammonium phosphate: 

It is prepared by dissolving molecular proportions of disodium hydrogen phosphate and ammonium chloride 

in little hot water, sodium ammonium phosphate formed. 

 

 

❖ Preparation of poly phosphate: 

When Mg(NH4)PO4.6H2O is heated to 105 0C, it loses water and becomes anhydrous on further heating 

to 800 0 C, it is converted in to Mg2P2O7. 
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❖ Manufacture of Calcium super phosphate: 

Finely ground phosphate rock is mixed with sulfuric acid to form calcium superphosphate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Continuous-den process 

1. Finely ground phosphate rock is sulfuric acid.The acid and water are fed into the cone mixer to 

provide the necessary mixing with the phosphate rock.  

2. The fresh superphosphate is discharged from the cone mixer into a pug mill, where additional mixing 

takes place and the reaction starts. From the pug mill the superphosphate drops onto the den 

conveyor. 

3. The conveyers den is enclosed so that fumes do not escape into the working area. These fumes are 

scrubbed will water sprays to remove acid and fluoride before being exhausted to the atmosphere. 

Scrubber water is neutralized by passing through the limestone bed. 

4. The powdered superphosphate enters to rotary drum granulator, where it is mixed and granulated 

with recycled fines. 

5. Final curing of the product occurs during storage. 

❖ Manufacture of Potassium chloride: 

In the process the ore is crushed to +10 mesh size then washed to remove clay slimes. To render it inert to 

amines, washed crushed ore is treated first with starch or mannogalactan gums and then with an amine 

acetate which selectively coats KCl particles. Air is then bubbled through the slurry. The air bubbles attach 

themselves to the coated particles and float them to the surface while the uncoated particles sink. The floated 

KCl is centrifuged, dried and packed. 

 

 

 

 

 

 

 

 

 

 



   VI Sem,B.Sc., Inorganic Chemistry Fertilizers 

 

Pavan Kumar K, Dept. of Chemistry, SSCASC Tumakuru. Page 6  

❖ Manufacture of Potassium sulphate: 

Potassium chloride reacts with sulfuric acid during the slow mixing of the ingredients in the gas heated 

Mannheim furnace consisting of cast iron muffle with rotating plough which helps to agitate the mixture. 

Hydrochloric acid produce during the reaction is cooled and absorbed into water to produce 33% 

hydrochloric acid as a byproduct. The precipitated potassium sulfate fertilizer is cooled, filtered and the 

lumps are crushed and granulated. 

 

 

 

 

 

 

 

 

 

 

 

Compound Fertilizers:  

The production and marketing of compound fertilizers are unique compared with commodity type fertilizers 

such as urea, ammonium phosphates and potash. Unlike commodity type fertilizers, compound fertilizers are 

usually manufactured (formulated) to meet local or regional crop requirements. Often, in addition to 

containing various ratios of the primary nutrients (N+P2O5+K2O), they contain certain secondary and 

micronutrients specific to the crop needs in a particular agro-climatic region.  

 

Role of Compound fertilizer: 

The decision to use compound fertilizers is usually driven by one or more of the following factors:  

1. Convenience.  

2. Crop nutrient needs. 

3. Government policy objectives.  

4. Economics. 

 

Mixed fertilizer:  

Mixed fertilizer typically refers to a fertilizer containing two or more of the elements of nitrogen, 

phosphorus and potassium (NPK) which are essential for promoting plant growth and high crop 

yields. They are obtained by thoroughly mixing the ingredients either manually or mechanically. NPK 

mixture fertilizers are formulated and recommended by agricultural scientists to enhance the output of 

crops by giving it specific and exclusive blend of plant nutrients. They are slow releasing by nature and 

remain in the field for a long time. They are made as per the soil and are crop specific. 

Ex: Nitro phosphate containing murate of potash Ca (H2PO4)2.Ca(NO3)2 + KCl 

Mixed fertilizers have a number of advantages, a few of them being: 

 Use of mixed fertilizers results in reduction of labour costs. 

 This facilitates uniform soil application of plant nutrients. 

 The use of a fertilizer mixture leads to balanced manuring. It results in higher crop yield. 

 Being in granulated form, mixtures have a better physical condition and hence their application is easier. 

 


























































































