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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’ .ot

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 (CoHs)2] Diethyl mercury

b) Unsymmetrical : Example: CHs;-Hg-CoHs  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: C;Hs-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: PhsCNa", Cp:Ca, Cs"Me, Na'Cp.
< Covalent bonded organometallic compounds:

1) o- 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)s
2) 7- bonded organometallic compounds:

These are alkene, alkyne or some other carbon group has a system of electron in n-orbitals overlap of
these n- 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:[(n’-CsHs):Fe)], K[PtClyn*-C.Hy)] (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)4Lis, Al.Meg

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 “ 1" appearing beforethe symbol of the ligand.

Where, n- hapticity of the ligand.

Monohepto ligands (n"): Organic ligands attached to the metal through one carbon.Ex: -CH3, -CoHs
Dihepto ligands (m?) : Example: CH,=CH,, K[PtCl;(n*CoH.)] (Zeise’s salt)

Trihepto ligands (M?): Example:Allylic radical CH,=CH-CH>-

Tetrahepto ligands (M*): Example: Butadiene CH,=CH-CH= CH.

Pentahepto ligands (°): Example: Metallocene M (>-CsHs),

Hexahepto ligands (n°): Example: Dibenzene ChromiumCr(n’-CsHe)2
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Structure of Methyl Lithium:
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Structure of Zeise’s salt : v

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

The bonding in CH;Li consists of a set of localized molecular orbitals. The symmetric combination of
three Li 2s orbitals on each face of the Lis tetrahedron and Ljommmmmmmm e
one sp’ hybrid orbital from CHj gives an orbital that can . ’
accommodate a pair of electron to form a 4c-2e bond. A
The lower energy of the C - orbital compared with the Li K . .
orbitals indicates that the bonding pair of electrons will be HSC" R TP Li
associated primarily with the CHj; group, thus supporting
the carbanionic character of the molecule.

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

-
-

I
w

LY
“~
~
-~
-
-
-~

I
&

O
C

-

K[PtCl3(n?>-CH,=CH)>)]:-Potassiumtrichloro(ethene)platinate(II) Lj==------==---- CH 3
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3)

4)
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0)

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.

The n-acid ligand donates electron density into a metal d-orbital. The metal donates electrons back
from a filled d-orbital into the empty n* antibonding

orbital of the ligand (hence the description m-acid ligand).

Both of these effects tend to reduce the C-C bond order, g‘ Ok®H.0
leading to an elongated C-C distance. Cl ; ‘
The interaction can cause carbon atoms to "rehybridize” |
from sp”towards sp’, which is indicated by the bending of P o G,
the hydrogen atoms on the ethylene back away from the / |
metal. H
The Pt-Cl bond trans to the ethylene group is significantly
longer than the cis- Pt-Cl bonds. Zeise's sall - the first olefin complex
The C-C distance, 1.375 A, is slightly longer than the value
found in free ethylene (1.337 A), indicating some dn-pr*
back-bonding from the platinum atom to C;Ha.
Back-bonding is also indicated by a bending of the four hydrogen atoms away from the Pt atom.

Figure 1. Zeise's salt.

Structure of ferrocene
[Fe(n -CsHs),]:- bis(n’ -cyclopentad1eny1) iron(IT)

2.
3.

4.

Ferrocene is known as a “sandwich” compound.
It occurs as highly stable orange crystals with a melting point of 174° C.
In solid state at low temperature, the rings are

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

of the rings.

Extreamly low temperature that is Below 110 K, the
Cp rings are ordered and eclipsed.

Terms of bonding, the iron center in ferrocene is usually

assigned to the +2 oxidation state.
Each cyclopentadienyl (Cp) ring is then allocated a
single negative charge, bringing the number of

n-electrons on each ring to six, and thus making them Staggered Eclipsed

aromatic.
These twelve electrons (six from each ring) are then shared with the metal via covalent bonding. When

combined with the six d-electrons on Fe**, the complex attains an 18-electron configuration.
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Metal Carbonyls
Metal Complexes in which Cabon monoxide as a ligand are called metal carbonyls
Example:Cr (CO)g, Fe (CO)s.
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)d” ns’ np® 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(COy, and H
atom acts as le” 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)s = 8(Co™ ) + 4x2(CO) +
1x2H ) =18

The steps are generally followed for counting the electrons present in the valence shell of central
metal in a metal carbonyl.

1) 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.

iif) The bridging carbonyl group (M — CO — M) contributes le to the valence shell of each metal atom
attached by it.

iv)The metal-metal (M —M) bond contributes le to the valence shell of each metal atom.

Some examples of electron counts in the metal carbonyls:

5.1 Compound EAN 18e Stability
No count No. Of e- Count No. Of e-
Total no. of € 22 Total no. Of Valence e 04
1 Ti(CO)s | 6COX2¢e 12 6COX2e 12 Unstable
Total 34 Total 16
Total no. of € 23 Total no. Of Valence e 05
2 | Vo) [ecoxze 12 | 6COx2¢ 12 Stable
(exception)
Total 35 Total 17
Total no. of € 23 Total no. Of Valence e 05
3 6COX2e 12 6COX2e 12 Stable
[V(CO)q" | Charge 01 Charge 01 anion
Total 36 Total 18
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Total no. of € 24 Total no. Of Valence e 06
4 Ct(CO)s | 6COX2e 12 6COX2¢ 12 Stable
Total 36 Total 18
Total no. of € 25 Total no. Of Valence e 07
5COX2¢ 10 5COX2¢ 10 Stable
5 [Mn(CO)] Charge 01 Charge 01 anion
Total 36 Total 18
Total no. of e 50 Total no. Of valence e 14
2MnX25 2MnXx07
¢ | MnACO [T5C02e 20 10COX2e 20 Stable
ForeachMa 11 Mn-Mn bondX2e 02 1Mn-Mn bondX2¢’ 02
Total 72/2= 36 | Total 36/2=18
Total no. of € 26 Total no. Of Valence e 08
,. | 4COX2¢e 08 4COX2e 08 Stable
7| FeCOM™ M 02 Charge 02 anion
Total 36 Total 18
Total no. of € 26 Total no. Of Valence e 08
8 Fe(CO)s | 5COX2¢ 10 5COX2¢ 10 Stable
Total 36 Total 18
Total no. of € 57 Total no. Of Valence e 16
2FeX26 2FeX08
Fex(CO)s sCoOx2e 12 | 6COx2e 12
? Foresch e 3CO (bridge) X 2e 06 3CO (bridge) x2e 06 Stable
1Fe-Fe bondx2e 02 1Fe-Fe bondx2e 02
Total 72/2= 36 | Total 36/2=18
Total no. of € 27 Total no. Of Valence e 09
4COX2¢e 08 4COX2e 08 Stable
101 [Co (CONI Charge 01 Charge 01 anion
Total 36 Total 18
Total no. of e 54 Total no. Of Valence e 18
Co, (CO)s 2CoX27 2CoX09
For each Co 6COX2¢e 12 6COX2e 12
i 1Co-Co bondx2e 02 1Co-Co bondx2e 02 Stable
2CO (bridge) X 2¢ 04 2CO (bridge)X2¢” 04
Total 72/2= 36 | Total 36/2=18
Total no. of € 28 Total no. Of Valence e 10
12 Ni (CO)s | 4COX2¢ 08 4COX2e 08 Stable
Total 36 Total 18

Limitation of EAN rule:

D)
2)
3)
)
5)
0)

7)

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

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

Some high valent d’ complexes have a lower electron count.

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

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

The rule is not applicable to organometallic compounds of main group metals as well as to those of
lanthanide and actinide metals.
Counting the electrons helps  to predict stability of metal carbonyls. But it will not tell you whether a

CO is bridging or terminal.
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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)s |, [C+(CO) ¢ ] , etc.

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

molecule are called polynuclear metal carbonyls.

Ex: Mn,(CO)0 ,Fex(CO)o , Fe3(CO)12 , Cos(CO)rzetc.

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) 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. Co,(CO)sand Fe(CO)yare oxidized by air at room temperature while

chromium and molybdenum hexacarbonyls are oxidized in air when heated.

MONO NUCLEAR CARBONYLS:

Ni(CO)s-Nickel tetracarbonyl:

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

| Ni+4CO ———> Ni(CO), |

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

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

Ni(CO): + H,;SO;, > NiSO, +4CO%t + H, 4

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

Ni(CO), + 2 PPh; — > Ni(CO), (PPh;), +2CO%

Ni(CO); + nPF; ——>Ni(CO)41 (PFs), +nCO 4

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

| Ni(CO)s+Br. > NiBr,+4CO 4 |
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Structure and bonding:

O

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 sp” hybridization of
Ni atom. Since it is diamagnetic, all the ten electrons present in the valence )
shell of Ni atom (Ni = 3d® 4s” ) get paired in 3d orbitals. Thus, the valence /NI"'*'--C-\..:
shell configuration of Ni atom in Ni(CO); molecule becomes 3d" 4s" . //C C =0
OC—Ni bond results by the overlap between the empty sp’ hybrid orbital on 0O \\

Ni atom and the HOMO on C atom in CO molecule as shown below. \O

—O0

(Ni = [Ar] 3d® 4s?)

I 2 i
3d 4s 4p
oA (A | Ak [ A o w | ok | ak
— /
N
sp® hybridisation

Fe(CO)s -Ironpentacarbonyl:

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

Fe + 5c0 _———> Fe(CO)s
100 bar, 150 °C

Properties: It is a pale yellow liquid having boiling point 103 ° C and decomposition temperature around
250 ° C. It is insoluble in water but soluble in glacial acetic acid, methanol, diethyl ether, acetone and
benzene.

Reactions:

Action of H,SO,: Iron pentacarbonyl on treatment with Sulphuric acid gives Ferrous (II) sulphate.

Fe(CO)s+ H,SO, ———> FeSO,+5CO 1+ H, ?

Action of NHj: Reduction of Fe(CO)s with Na gives NaFe(CO),, "tetracarbonylferrate” also called
Collman's reagent. The dianion is highly nucleophilic.

Fe(CO)s+ 2Na + ligNH; — >  Na, [Fe(CO),] + CO?
Fe(CO)s+ H,0 +NH; —> H,[Fe(CO),] + NH,COOH

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

\ Fe(CO);+ X, > [Fe(CO)]X.+ CO * \

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

| Fe(CO)s+ 2NO —> Fe(CO); (NO),+ 3CO % |
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Structure: The structural studies have suggested trigonal bipyramidal
geometry for iron pentacarbonyl. The molecule is also found to be
diamagnetic. o]
The structure can be explained using dsp’ hybridization in Fe atom. All \Fe
eight electrons present in the valence shell of Fe atom (Fe:3d° 4s* ) get C/
paired in four 3d orbitals. Thus the valence shell configuration of Fe in
Fe(CO)s becomes 3d® 4s” . The OC—Fe bond results by the overlap
between the empty dsp’ hybrid orbitals on Fe atom and the HOMO on C I
atom in CO molecule as shown below. o

Structure and bonding: |(|)|
C

W

cC=0

N

(Fe = [Ar] 3d° 4s?)

U I Ay
3d 4s 4p
Bl A (A [ | o« - o | x| ek
— _/

——
dsp?® hybridisation
Ct(CO)s Chromium hexacarbonyl:

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

| CtCl;+ 6CO+ AICl; —> Cr(CO)s+ AICL |

Properties:It is a white crystalline solid melting above 150 ° 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 NH;: Chromium hexacarbonyl undergoes reduction with sodium metal in presence of
lig.ammonia.

Ct(CO)s+ 2Na+NH; — > Na,; [CtCO)s] + CO%

Structure and bonding:

Structure: The structural studies have suggested an octahedral 0

geometry for chromium hexacarbonyl. The molecule is also found to l |

be diamagnetic. C

The structure can be explained using d*sp’ hybridization in Cr atom. O~ l -0
All six electrons present in the valence shell of Cr atom (Cr: 3d” 4s' ) ::C""'m, . wCZ
get paired in three 3d orbitals. Thus the valence shell configuration of —crl

Cr in Cr(CO)s becomes 3d° 4s” . The OC—Cr bond results by the P / l \C\
overlap between the empty d*sp’ hybrid orbitals on Fe atom and the o7 c o

HOMO on C atom in CO molecule as shown below.
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(Cr = [Ar1] 3d° 4s")

HEEERERE 1
3d 4s 4p
N _

——
d %sp’ hybridisation
POLYNUCLEAR CARBONYLS :

Mn;(CO)1, Dimanganese decacarbonyl:

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

3590 20am.

2.".‘|TLI3 I 4 Mg '.f‘ﬂnzllf"ﬂ,nm - !f‘-ﬁglz
(dacthw] ether)

Properties: It forms stable golden yellow crystals having melting point of 155 ° 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.

Mn, (CO), , +2Na liguid NH., 2Na" [Mn(CO),J

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

Ml’lz(CO)lo + Hz —_— 2H [Mn (CO)5]

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

Mn.l{':'ﬂrl + X, [X=Br0) »2IMnCO), X

i

Structure and bonding:
Manganese pentacarbonyl does not exist as Mn 0
(2=25) has an odd atomic number. However, the O C
structure of dimanganese decacarbonyl consists of C
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 : R
manganese atoms. Thus, manganese, an element with OC Mn Mn CcO
odd atomic number forms a binuclear carbonyl. Since, / :

the molecule does not have any unpaired electrons, it
is diamagnetic.In Mn,(CO);o , the Mn — Mn bond is
formed by the linear overlapping of singly occupied C
d® sp’ hybrid orbitals of two Mn atoms. O
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(Mn = [Ar] 3d° 4s?)

N fy
3d 4s 4p
Mn-1
M2 Mn-l\/lln Bond
— _

——
d?sp*® hybridisation
Co2(CO)s, Dicobalt octacarbonyl:

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

2007 C, 100D atm

20+ B8 C0 r'I'_'l,l,,'l:l!'_-'I":Ir:'.:

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

Reactions:

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

=
300, (C0), — = 3Ca,(CO), , + 4CO
2 8 4 12
Reduction: Dicobaltoctacarbonyl with sodium metal undergoes reduction to give tetracarbonyl cobalt

anion(tetracarbonyl cobaltate).
Co,(CO)g + 2Na —— 2 Na[Co(CO),]

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 d°

sp’ hybrid state. Three such hybrid orbitals on each O

cobalt atom accept lone pair of electrons from three ||

carbon monoxide molecules to form total six Co«—CO OC C

coordinate bonds. A Co-Co bond is formed by the “., \\CO
ovetlapping of two half -filled d”sp’ hybrid orbitals on y -

the cobalt atoms. Remaining two half—filled hybrid OC CO Co CO

orbitals on each Co atom overlap with appropriate orbital \

on carbon atom of the carbonyl to form two bridging OC C
CO groups. Thus, all electrons in this molecule are paired | |
and it is diamagnetic. o)

‘Cco
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(Co = [Ar] 3d 4s%)

NI 20 A I B i

3d 4s 4p
Co-1
INERE'EENE 1 ok | ak | ok
* *
Co-Co Bond (::) Bridging
Co-2
ol T [ 1 o | |
* *
— _
—
d’sp’ hybridisation

% A non - bridged structure predominates in a solution at
temperatures above ambience. O
In the non-bridged structure, the cobalt atoms are in d sp’ C

hybrid state. Four such hybrid orbitals on each cobalt atom

accept lone pair of electrons from Four carbon monoxide \ 0 0‘
molecules to form total Four Co«—CO coordinate bonds. A /

Co-Co bond is formed by the overlapping of two half -filled d C é I
sp’ hybrid orbitals on the cobalt atoms. Thus, all electrons in O O C
this molecule are paired and it is diamagnetic. O
(Co = [Ar] 3d7 4s”)

N2 B B dj

3d 4s 4p

Co-1
|
Co Co—(|30 Bond
b 4 [ | o] - st | wx | v
— _/

——
dsp’ hybridisation
Fe, (CO), 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.

2 Fe(CO), i Fe,(CO)y +CO
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Properties: Diiron nonacarbonyl forms golden yellow triclinic crystals melting at 100 © C. It is insoluble in
water but soluble in toluene and pyridine.

Reactions:

Action of heat:

T0°C, Toluene

We, (OO » 3Fe(CO). +Fe, [r.'ﬂ}l,,
- - ] -

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

e o hgqudNH, = L. 5 T
Fe, (CO), = 4 Na Na, "[Fe*7(C0),]*" +CO
Structure and bonding:
Each of the iron atoms in diiron nonacarbonyl has o
three terminal carbonyl groups. The remaining three ﬂ
o

carbon monoxide ligands act as u~CO groups. In

addition to this, there is a weak Fe-Fe bond formed a o
by sharing of two unpaired electrons present in the 3d '“‘\%: fﬁgh E‘i--:':--fP
orbitals of iron atoms. Thus, both the iron atoms in Falae T

. E;("
the molecule are identical with coordination number ,,:a"" % f “C
seven. Since, the molecule does not have any unpaired D,.;_-;-’;' C H\%G

electron, it is diamagnetic. The structure of this II'\.

molecule can be explained using d’sp’ hybridization in
Fe atoms as shown in the figure.

(Fe = [Ar] 3d° 4s%)

TR Ay
3d 4s ap
Fe-1
e Fe-Fe Bond  CO Bridging
— — /
d’sp® hybridisation
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Bonding in metal carbonyls:

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

Formation of M-C g-bond:-

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

oD -

The formation of the C—»M o-bond using an unshared pair of electrons on the carbon atom of CO
Formation of M-C n-bond:-

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

Formation of the M—» C & -bond by donation of metal d & electrons into the n* antibonding orbitals of CO.

This bonding mechanism is synergic .The effect of o-bond formation strengthen the n-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. o-orbitals of carbon. Also the movement of electrons in
to metal in the o-bond tends to make the CO positive. Thus, enhancing the acceptor strength of © *
orbital of CO.

The carbonyl ligand is a m-acid: This is an acid in the Lewis sense, where it receives electrons
from the metal ion, and it is a T—acid because this involves n bonding. The n-bonding involves overlap of
the ©* orbitals of the CO with d orbitals from the metal and so is dn-pn bonding. The canonical structures
involved in the m-acid nature of CO are:

Mc=0 —M=C3

IR spectra and bridging versus terminal carbonyls:

Bridging CO groups can be regarded as having a double bond C=0O group, as compared to a terminal
C=0, which is more like a triple bond:

The vCO 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=0 (C=0 is a double bond) canonical structure, the lower the vCO stretching frequency as
compared to the M-C=O0 structure (C=O is a triple bond):

~ tripke bond double bond
A M .
M-C=0 _..-‘"Cnﬂ
b4
terisinal |:.'.’||:|!q.:-:||:.-'| |'|ri|.‘|.ﬂ:||'|;;: ¢u||1|'||'|-_..-|

(= 1R 1XE iy (= T 18D cmict)
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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 n* 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 n * antibonding orbitals of CO.
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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

v" Nitrogen, phosphorus, potassium and other mineral salts

v The amount of fixed nitrogen

v" pH value of the soil (7-8)

Characteristic features of good fertilizer

Must be soluble in water.

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

Should not be toxic to plant.

Should be stable for long time .

® 20T

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

@) 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(H.NCONH,), Ammonium sulphate [(NH4):SO4] 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 (HoPOy)2.2CaSO4], Mono potassium phosphate(KH,PO,(0-52-35)).
K-type(Potash fertilizer): These are the fertilizers which supply K to plants.

Ex: Potassium nitrate (KNNOs3),Potassium chloride (KCI), Potassium sulphate (K,SOy).

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).Ca(NO3), +KCl

Pavan Kumar K, Dept. of Chemistry, SSCASC Tumakuru. Page 1
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Fertilizers

Examples for NP, PK, KN, NPK fertilizers:

NP: Ammonium dihydrogen phosphate (NH,H2PO4), Ammonium hydrogen phosphate [(NH4)HPO,]
PK: mixture of triple super Phosphate and Potassium sulphate.

NK: fertilizers containing both N and K (potassium nitrate)
NPXK: fertilizers containing N, P, and K. Nitro phosphate with Potash

Based on physical nature fertilizers classified in to:

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

B 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.

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

B 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:

2NH; + C0O: 5 NH,COONH;
ammonium carbamate

NH>CONH; + H,O

urea

NH:COONH; S

The urea manufacturing process as shown below,

Step 1 - Synthesis

A mixture of compressed CO, 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 wurea production reaction and
unconsumed reactants (ammonia, carbon dioxide and
ammonium carbamate). The unconsumed reactants
are removed.

Step 3 - Concentration

Svnthesis b ’
STIARN]

urea, ewess NHy
cartunue, HO

hex Decomposition { Recovery te—— coolmig
| wxa HAO
heat ...ILoucmu'uuuu‘l—’ug) Hho
e
y
| Granubsion

v
Urea granule

Figure 2 - Schematic representation of urea synthesis

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 140° 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.

Pavan Kumar K, Dept. of Chemistry, SSCASC Tumakuru.
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< Manufacture of Ammonium nitrate:
Nitric acid and ammonia react to form the important fertilizer, ammonium nitrate, in a neutralization

reaction:

NHs(ag) + HNOs(aq) — NH4NO3(aq) e

Arvirnin

1. 0Solutions of nitric acid and ammonia are ‘ '

pumped in to mixing vessel. Heater R G
2. 'The nitric acid is neutralised  to form Neutralisatan | el | water moty | -l m"’"‘:."'m — srrenonem

. . rmanium nitrate

ammonium nitrate. wirate, nitrute >
3. Ammonium nitrate solution is heated, water

evaporates off leaving heavy molten ? ’

ammonium nitrate. Alr Wkow i

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.

NHz + HNOa — NH«NO3
CaCOz + 2HNOz — Ca(NQO3): + CO2 + H20

CaCOs + NHs+ 3HNO: ——= Ca[NOa)z + NHMNO3z + CO2+Hz0

HNO Lime Slone
.

*

' *
Amimonia | Vaporizer | - Reactor ‘ + Evaporator  + Mixer . Granuiation d8croen |- Crushing

Tower il

Coating | | Cooin'g
Dram

Nitro Chalk * Orum

Figure: Manufacturing of Calciven Ammonium Nitrate

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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% Manufacture of Ammonium phosphate:

There are two major types of ammonium phosphate which are mono ammonium phosphate (MAP,
NH4H,PO,) and di ammonium phosphate (DAP,(NH4),HPOy).

NH3 + HiPOy4 —» NHiH:PO4
NHz + NHH2PO4s —= (NH4)2HPO4

Ammonia recycled o process

PO, HP0 H.PO. KOl
L] L .
Liguit Ammonia - _|Reactor 4 | *Reactor 2 :Roﬁcux 3 "+ Granulator

Anhydrous F 1 i
Aﬂ”ﬂu'!lu ) b

Ammonium Phosphate .

Granules - Screen Dryer
Neutralization Figura: Manufacturing of Ammonium Phosphate

B Quantities of phosphoric acid and ammonia in the neutralization step are different form mono
ammonium phosphate (MAP) and diammonium phosphate (DAP).
B To manufacture mono ammonium phosphate, ammonia to phosphoric acid ratio is 0.6 in the neutralizer
and then 1.0 in the granulator.
B While for di ammonium phosphate, the ratios are 1.4 and 1.0 in the neutralizer and granulator
respectively.
B Phosphoric and ammonia are added to the first of three continuous mixed reactors, anhydrous
ammonia is added to the first neutralizer.
B Further ammonia is added in the 2"dand 3™ tanks to obtain conversion to the diammonium salt if a
higher nitrogen containing fertilizer is needed.
Granulation
B Slurry from the third neutralized is mixed with KCl and absorbed in a bed of dry recycle fertilizer
moving through a rotating drum granulator.
B 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.

| NazHPO4 + NH4ClI Na (NH49HPOs + NaCl |

% Preparation of poly phosphate:
When Mg(NH4)PO.6H:O is heated to 105 °C, it loses water and becomes anhydrous on further heating
to 800 * C, it is converted in to MgP>O-.

| 2[M g(NH4)PO4,6Hon 2 Mg(NH4)PO4 + 12H,0 M 92P207 +H>0 + 2NH3 |
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% Manufacture of Calcium super phosphate:

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

CaF2.3Cas(PO4)z + 7H:804 + 3H,0 — 3CaH4(PO4)2.H0 + 2HF + 7CaSO4

Phosphate Rock

H:S04 :
Water | Mixer Water Exhaust
2 '
Pug | . Wet |
mill Scrubber
Limestone .
1 " Bed | ’Dl’am
Conweyor
 J
Bulk | .| Bagging and
storage | APuvenzmg shipping Super Phosphate

Figure: Manufacturing of Superphosphate

Continuous-den process

1. Finely ground phosphate rock is sulfuric acid. The acid and water atre 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
conveyot.

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. TFinal 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
KClis centrifuged, dried and packed.

Arverw
Ho itarch  youtato

*

Sytvwiiin = Crusher |~ Absorbar -~ Reactor _jgmux\( + Cantrifuge -+ Dryar —=KC)
! .

+
H:0 Alr HO

Figure: Manufacturing of Pottosium Chioride by Fictation Process
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% 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.

KO1 H:S50. H,0
K\:.l ¢ H.‘S-C)A w— (}15(.-)4 ’ HC'

KHSOu+ KOl — K80, + HCI INeutralizer —» Absorber Filtration — Dryer — K 50,

 J
MCI '

Figure: Mamdfacturing of Pollasium Sulfate

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+P.0;5+K;0), 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 (H.PO,)».Ca(NOs), + 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.

e

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

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

Glass: Glass is an amorphous, hard, brittle, transparent or transfucen super cooled liguid of

infinrte viscosity having no definite melting point, 1t is obtained by fusing o mixture of number of
metal silicates.

Nomally glass is formed upon couling of a molten liquid in sweh a manner that the there is no
regulariordered) arrangement of atom,

Based on the composition glasses are classified into d lerent types.

{ilmss

Crxide pluss

.
'

Silicate glnss Mon silicate glpss

Mon oxide glass

Nuon-oxide plasses:
(ilassesnot containing oxyvizen
1) Heavy metal fluorides: Fluorides of Zr, Ba, La, Al, Na (ZBLAN)}
They are used in telecommunication fibers{since they have relatively low optical foss)
They are extremely difficult to form and have poor chemical durability,

2} Glassy metals (no oxide metals): They are formed by high speed quenching of fluid
metals.
Most studied glass metal is, compdund of iron. nickel. phosphorus and boron,
It is used in flexible magnetic shielding and power transformer,

41 Semicondueting solids(Chalcogenised):
They are formed by melting together the <. Se, or Te( 16 —group) with elements of group 15
and 14(As, 8h, Ge).
They are used in threshold and memory switching devices and in xerography,
Amaorphous silicon(Si) and amormphous germanium(Ge)
Used in photovoltaic application, solar cells, caleulator,

Oxiile plasses:
1) Non silicate glasses: Glasses not containing silica(Si0-) are called non silicate plasses,
They are generally phosphates, borates
2} Silicate glasses: Glass based on 8i0; sre called silicate glasses,
Silica glasses are the most com mercially imporiant glasses.
Gluss made of exclusively S0 is called silicare glass or Vitreous silicu,
Silica glasses are used in high service temperature.
Very high thermal shock resistance
KDM SECASCW TUMKUR
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High chemical dusghility
Very low electrical conductivity -
Good LIV transparency.

41 Soda-lime-silica based Blasses: are low cost, good durability, used in containers, window
planes, light bulbs and tubles, Table wares age. * '

»

bl |

Properties of glass

More or-legs ran 1k arrangement of atoms is responsible for many of the properties that

disijnggish glass firy other solids, one unique property of glass is its isotropicity, that is
properties such as tfdi\r strength, electrical resistance, refractive index, thermal CXPRENSION ¢fc.,
are of equal magnitude fn any direction through the material.

BEEE " g

|
!
Density: E
[n the random atomic arder pf' g glassy solid, the atoms are packed less densly than jn a %
erystalline solid, This Arrangement leaving large interstiial spaces or holes hetween jf.
the stoms. - %
- .l
The density of glass depen =on the composition. 2
Elastity ana plasticity: - . e ﬁ:
Elascity is the medsure of ability of a solid 1o recover its original dimensions afier baing
sufected to lengthwise tension or compression, Glasses have high elasticity,
Thermal Properties:
Viscosity:
- :
16 | == == Strain point '
I 13k----. Anscaling paial F"’
. 5

NPT SMPC B0PC 12000

Temperature o
Viscosity of glass depends on temperature, Viscosity of glass decreases with raise in
lemperature, 169s measered jn poise{cn g 5)
Transformation of glass from liquid state to solid state is gradual, the transition takesplace over
a range of temperature called the glass transformation range this is called glass transition

" temperature{Tg),
Addition of amaunt of alkeh{nerwork modifying atoms - WM lower the transformation ]
1ﬁmpErE|Ellf'l:- = :
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Thermal Expansion:

Gilass normally expands when heated and shrink when cooled. When hot glass is suddenly
cooled, the outer layer shrink relative to the inner layer, great tension may develop in the outer
tayer, this tension may leads to cracking.

Resistance to such thermal shock is known as thermal endarance of glass. It M inversely
related 1o the thermal expansion coefficient and thickness of the glass.

Eg: Soda-line silicates,.alkali-lead-silicates have high thermal expansion Mlﬁtiﬁlt.
Pyrex-type sodium borosilicates, vitreous silica have low thermal expansion coefficient.
Silica glass containing 7.5% TiCy has zero thermal expansion coefficient, |

Thermal conduoctivity:
Thermal conductivity is due to atomic vibrations{Phonon mechanism). Atomic whmllnns does
nod increases appreciably with temperature hence glass have low therimgl conductivity:

Chemieal properties: ( -

Chemical durability in glass depemds on jon exchange reaction in wh}t!l aikcali 1ons in the glass
- are exchanged with hydrogen atom or hydronium jon i:-rcs:m: in the stmpenheric humidity or ;
water. The alkali metal ions thus leached out of the glass react with CO; and HaO in the
satmosphere (o prodece afkali carbonates and 'bl;:':a.rhunal:s_{wﬁlch deposit on the glass surface)
| Vitrepus silica, borosilicate, aluminosilicates are excellent weathering resistande.
'Sma_fl smount of alumina in glass improve the chemical durability of glass.

Electrical properties: :
Electrical conductivity: ".l

Although most glasses containg charped metal mnl:l:apabl-r.: of conducting electric current}, the
high viscosity of the glass prevent their movements and prevent the electrical conductivity.

Thus glags is efficient electrical insulator, :
High voltage lamps require low electricnl conductivity glass. I

Dclectric Constant:
Glasses have high dielectric constant. The dieleciric constant of glass generally increases with .

the concentration of (NWMjions. Most soda-lime-silicate glasses have high dielectric constant.
They are used in separating plates of capacitors, and in 1O
Vitreous silica has lowest dielectric constant.

~ Optical properties:

 Transparency: )

' Electrons in glass molecules are confined to particular energy levels, they cannot absorb and
reemit photons(Nao clectronic transition) as a result light energy travels through the glass
without shsorplion and reflection, so glass is trfsparent. 3

Malecular units in glass are smaller than the wavelength of ordinary light hence the ahsurpuup
of light is negligible. :

EDM S5CASCW TUMKUR
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Opacity:

Radiation of some wavelength can cause elass molecule 1o vibrae, making the glass opague.
Eg: Most oxide glasses ane opague to UV rediations(<350 nm).

Colour:
Cilass with cenain metallic oxide absorb wavelength of centain colour and let ather
wavelengths pass, thus glass appears coloured,

Eg: Cobalt oxide give- blue colour to the glass. Chromium oxide give preen colour, Manganese
oxides give purple colour.

Photosensitivity:

(lass containing smoll amount of cerium oxide wnd ions of copper, silver or gold when
exposed to UV radiation causes the oxidation of cerium end reduction of copper. silver or zold
ions to metallic state, upon subsequent hemting, the metal nuclei crow to colloidal stz and
develop colour( Red for copper and gold, vellow for silver)

Photochromic eve glasses are generally alkaliboroaluminosilicates with 0.01 1 0. %% of silver
halide and small amount of copper,

Upon absorption of light the silver ion reduces to metallic silver and form colloid about 120A4°
in size, the colloid make the glass gray or brown. The darkening is removed by the removal of
light(optical bleach) or by raising the temperature(ihermal bleaching)

Befraction and Reflection of Light;
If the light ray sirikes the boundary between the two medium sl an anghe other than the normal

ungle, then light will be pantially reflecied back into the first medium and partiaily refracted or
deflected in its path through the second medium,

'\—l-.

The effect of light reflected or refracted depends on the relative densities of the two
medium{glass and air) and also depends on the angle of incidence.

™
w.;{'\ﬂ“

et
«?ﬁﬁ\% Gl

If8;<8: most of the lght is refracted and small amount of tight is reflected

o 1 A i S H I H e [ el i

ERTITTTETTTESRIN

If 8> B all the light is reflected back to the glass,

Refractive index depends on the type of glass and wave length of the light.

KDM SSCASCW TUMKLIR
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Manufacture of Glass:

Raw materials used in the manufacture are classified into following groups

I} Network formersNWF)
21 Metwork medifiers(N WAL
3| Owidising agents

4] Refining apents

2} Collets

6] Colouring agenis.

Network formers: There aré the oxides of elements which are surrounded by four axygen
atomes in the tetrehedral chain form ing highly cross linked network of chemical i,

Eg: Sand or quartz (8i0:), R-0),, Cielhy, P05 ete,,

Network Modifiers:
These are the Jarpe diameter clements faving high coordination number, thiy alter the network
structure, usually present as ions, bonded to non bridging oxygen atoms,

Ep: Oxides of alkali metals Na:O Ka0
Otxides of alkaling earth metals, Cal), Mg, AlOy
Oxides of lead, Oxides of zinc.

Oxidising agents:
Materials like NaNO; or cenain peroxides are used to reduce the colour of impurities like iron
oxide and manganese oxide.

Reflning agents:

Salt cake (Naz50y) is vsed to remove impurities in the form of scum,

To reduce or to eliminate quantity of air bubbles from molten glass, refining agents like As0,
and small amaount of feldspar is ndded to the glass.

Cullets:
Waste or broken glass pieces are culled cullets, Cullets lower the cost of produetion and helps
i the fission of glass batch,

Coluring agents:
During the manufacture of coloured Alasz, some metal oxides are used FooTh UIinE agents.

(=]

Eg: Oxides of chromium and jron gives green glass
(rcides of copper and coball gives hiye gloss
Oixides of Mn gives violer plass

Onides of Ce ant Ti gives vellow glass,

Manufacture process of glass consists of the following four steps:

L Preparation of ghass batch and Melting of glass batch,
. Fabrication of the articles,

L
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Ir Annealing of article formed
IV.  Finishing treatment.

Preparation of glass batch and Melting of glass batch:

The calculated amount of raw materials are ground separately and mixed in the batch mixer to get
homogeneous mixture called glhiss butch, The dry glass batch is churged into the fumace,

Two types of furnace are used for glass melting. 1) Tank furnace and 2) Pot lurnace

Tank furnace:

It consists of a large rectangular tank built of fire ¢lay blocks. The batch material is fiad into the
tank and charge is heated at 1400 -1500°C by burning producer gas for shout 10— 12 hours, The
Collets melt first and helps the meliing of rest of the charge.

The following reaction takes place in the fumage.
W COs + 80— MNaaSi0y + OOy

2N 80 + 2850y ——* 2N, 5l + 280 +1k

Cal0; + 8y ——* (CaSi0y + C0;

Silica also combines with silicate of calciem and sodism to form glass.

Ma:5ilh + CaSi0y+ 4810y —* Na5i0..Ca5%i0,.45i0y

During melting lot of frothing 15 formed due to evolution of the gases like CO., 505, 0; ele.,
Temperature 1s maintained to reduce the viscosity and 1o get homogeneous liquid. Heating is
vortinued til] the glass is freg from ges bubbles. Impurities form a scum called glass gall which is
skimmied off (Na:-80 is added to remove scum and ready escape of gases, litthe As:0; 15 added 1o
remiove bubbles), *

I'he required colouring agent is added to the colour less molten glass and it is allowed to cool{ 700
to [200°C) 50 that it will hive the proper viscosity for shaping.

Noie, Tank furndce (s a continuons process used for the production of large quantity of only one
verify of glass af o tine,

)  Charging door
Buming gasas ,-"“'- -
_.-'

S
%

Pot Furnace: In this furnace, the charge is fused in fire clay pots. The pots may be opened or
closed. The pots are placed in the furnace and heated by buming producer gas. When the fusion is
complete the pots are removed from the furnace and the fused mass is taken out for shaping.

Newte: o fringce & entplonved for the production of hgh quuality glavs, xince the eharge remines
preetcted from the prodict of combrstion.

KB S5CASCW TUMKLIR
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Shaping: The Plastic gluss formed in the furnace js next shaped into the desired articles such as
sheets, lbes, rode, bottles ete., either by blowing from mouth or by means of @ machine or hand
mixuld or by machines.

Annealing:
Alffter shaping the glass artiches nceds 10 be cooled slowly. Rapid cooling causes fracture of the
plass articles(brinle) due to internal strain, IF the plass article are cooled oo slowly leads
crystallization of glass, so thet plass articles are conled in controlled mte s cailed antealing of
glass. Annealing of glass is done in a special chamber of about 50 — 60 Foot long, the
termperaturg of the chamber is gradually reduced to room lemperature.

Finishing:
Afber mpma[ing- the glass articles are sbjeced 1o finishing auch that cleaning, grinding, pol i=hing,
curting, eic., ks bringing them 1o wwable fonn

Comprsition and properties of siliente plasses:
11 Soda lime glags:
The approximate composition of soda lime glass is SH0u{75%), Na,Or15%0), Caly 129,
About WF% of all glasses produced belong 1o soda e glass
Tt is bow cost, Low melting poing, If is resistance to devitrification{Crystalfisation), resistance 1o witer
Dut fess resistance fo noids, - _
Uses: It s nsed in Window glass, electric bulbs, plate plass, bottles, jars, building hlocks, whie wanss
ahe., o
2) Lead Glass or Flint Glass:
The approximate composition of lead glass is Si0,{5004), POy 45%), little K0,
1t is more expenxive than soda.lime glass, it has low softening temperature, it has high réfractive index
It is hright hustrows and high specific gravitv(3 to 3.3)
Uses: High quality table wares, optical lenses. nean sigm tubing, Cathode ray ubes, Prisms, Window
shields for Xemay in medical fields and F-ruys shield in stomic erergy fields.
3} Bofely plass:
a) Laminated Glass;
A thin layer of viny| plastic is introduced between the two ar three sheety of glags,
It s tough, when the glass breaks it does not fly mbe pieces as the inner plastic layer tends (o hold
back the broken pisces of the olass,
Uses: Used 13 window shields of sutormobiles and aesoplani,
b} Armoured glass{Boallet Proof glass):
It is obtained by pressing tooether sevemt layers of glass with vimyl resing in alternate layers.
[t &5 very tough, not allow bullets to penetrate.
Uses: Safety glass in aircrafts, helicopters, subimarines, automobile wisdow sereens.
KM SSCASCW TUMMKLR
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¢l Tough glass or Tempered plass: g
It is made by dipping the hot glass in an il both, so that the outer layer of glasy shrink and sequine _
& state of compression, while the inner liver in a stae of tension,
It is more elasti, it withstand thermal and mechanical shocks. When such giass breaks it shareers !
o many small picces, the picces will not have sharp ediges and do net ciuse injury
Uses! such type of glass is used in making doors and windows of mimomobile glass

4) Borosilicate glass: _
The approximate composition of the glass is SI0800%), B,04(15%), NaOi4%), Al-0,. Cal), -
MO, K0 ac in trscs quaniity, l
It hs bow thermal coellicient of expansion, High chemical resistance, very high sollening
temperature, excellent resistance T shaocks.
Uses: It s used in labortoey appuratus. kitchen wares, television ibes, electrichl fnsulators, pipe
lines for coreosive lgquds.

&) Fleorosilicate plass:
The glass mode up of flucrine, silicon and oxygen is called Ausrosilicate gless, 0 has low-K
diclectric.
Uses: Fluorosilicate glass is used between copper metal lavers during silicen integrated circuits
Ebrication process{Computer chips) it s widely used by semicondictor fabrication where it forms

insdating diclectric,
%) Coloured glass: Coloured plasses are made by the sddition of appropeiats amount of s colouring
agent (o the bateh. Voriows transition metal oxidss ase wsed pet onloured plass. N
Gy Iron chromate
Bibire: Cupric oxide, cobalt oxide, corfe oxlde
Yellow Cerium oxide, titanium pxde ;
Pink: Selenitim ouide *

Yioket: Mangoness oxide,

T} Pholochromic Or Photosensitve glass:
Photechromic ghisses are those which darken when exposed to sofar mdistion or any other
rcliations having UV componant and undergoing bleaching as the expoter is stopped.
They are dask in bright sunlight but clear in low wmbient light conditions.
Composition: alkali boresilicate contains small concentration of silver halides{0.2-0. 794} [ApCl,
AgBr, Agl)
A reversible photo darkening phenomenon appeses due to precipitation of minote grains of stiver
mietal with the absorption of visible light.

2 AgC) BMelEn,  app 4,

Apll is sensitive to UV and violel ligh
AgBr and Agl are sensitive to longer wavelengihs
Uses: They are used in ophthalmic lensgs, building and awomaobile windows,
Crooke plass s & special opticel gless containg Si0, PRO, K0, and little CeOhdeerie oxide] It cits
off" larm full LIV redintions so it 5 used in spectacles.

=
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CERAMICS ( Keramose-in Greek)

Cerame refers 1o ooy products such g¢ porcelain wares, potteries, refructories, building bricks,
nsulators, els,,

"All materials made from clay, mowlded to desired shape and fired to make them hard are known
a5 ceramics”

Classification:
Ceramics are broadly classified into two class:

L} Meavy eluy products: Ex: Bricks, roof tiles, drain tiles; Hollow tiles, Stone wares, and
refmciores.

2} Pottery produgts: Eg: Ching ware. walland foor tites Electrie insulasors,

Ceramic may also classified as porous, and non-porous. The poresity s depends on particle sive.
moalding process and temperature of vilrification,

Further ceramic may be classified hosed on the method of production and its uses intn fallowing
clisses,

L1 White wore: Tiles, Chinag dish, utensils, Jury, Decomtive anticles. ceramic insuldtors, spork:
THIIES,

<) Stroctural elay produet: Bricks, roof iles. Heslow tiles

) Refeactory muterial: Crogibles, Linming for furnace and Killen

Raw materials: The basic raw muterials required for the manufacture of ceramics are
1] Chy, ) Feldspar, 33 Sand or quarts

Clay: Finely grained rock which gain plasiicity when wet, hand sehe dried and rock ke
permanent mass when fired.

Cloys are impure hydiated aluminosilicaes

Eg: i} kaolinite or Chaima clay: Al,0, 2510; 2H0
it} [Mline: K30, Mp0, Al:0;, 8i0; HLO

17 the clay remains at 13 orizinal location is called primary clay, which containg bow iron content

Eg: Kaolinite o¢ Chaing ¢lay.

It ity the course of gealomieal changes, the cluy has been tramsported to another location is called
seoondary alay, which contains telutively lorge iron oxide content,

Feldspar; Alumings iicates of spdium peassiom and colelum are éalled teldspar, Thi:_}' have low
lusion tempernture, They serve as o flix and & Binder i ceramic articles.

B IE SSCASCW TUNME LR

HI!T-WHJ. m-_m-l—l—?r.‘_:?a_l I;: Ty

27




Eg: i) Potash feldspar { K0, ALOGSI )
it) Soda feldspar { Mag0), ALDLASIOL)
i) Lime feldspar { Cal, AlLDpS0,).

Sand{Quartz): Sand is silicondioxide exist in the form of quartz , flint ete,, Sand provides skeletal
structure 1o ceramic ware. It reduces shrinkage and induces rigidity.

Crther ingradients: very small quantity of certain substances stich a8 borax, sodiom nitrate. sodn
ash, oxides of iron, lead, sluminium, magnesium are also added to improve the propertics.

MMannfacture of ceramic ware:
Ceramic ware can be produced by wet process oF dry process or cast process.
In wet process invalves the Tollowing stages.

1. Preparation of slip: The raw material oee geovmd to a fine powder sepamtely. They are mixed
in proper proportion in a mixer tank. A cream like pasie is obtained which is called the “slip”.

2. Filering: The paste is then passed through o filters press to remove exeess of water,

Y. Casting: The soft muss obtoined is Enended well to get ofT air bubbles, Thiy s then cost into
desired shape vsing moulds or band press et the articles are then dried slowly and [red in o
oven to get a hord, porous ware called *“ Disgue”,

4. Glazing: The ceramic ware obtained above 35 hard, manslucent and porous.

“Lilazing is process of providing nen-porous, baed, glassy surface to the bisgue.”

The ingredients roquire fir glazing are quar, feldspar, a litthe boric acid and metal oxides of
aine, lead and tin, These raw materials gre finely powdered and mixed in required proportion,
A homogeneous paste is made with water which is ealled slurry, The slurry is applicd dn the
ceramic ware by dipping or spraving or by using brush. The cemmic ware is then dried. The
dried anticles are fired to-high temperature under controlled conditions, depending on the
temperature of firing the pores are covered up.

Forpose of gliing: Gloeing is curried ot
i} to produce decorative look,

i} 1o ik the-surface impervious to water, ligoids els,,
i) 10 mcrense the durability of cermmic waore.

iv} to protect the surface from any atmospheric action,
v) to provide smooth glassy surface,

Special ceramic products:

B Ceramic composites: Compesite moierinls mode Fom metsl and ceramics. A metallic
substrate msterial is reinforced with ceramic hardened particles, this make it possible to
combige the low weight of memd with the heat registance ceramic.

Ceramic fibers embedded in coramic mntrixdsiicon carbide fibers)
Uses: Rewnforcing engine exlinder sleeves, piston rings,; break disks,
Jat enging, turbine blsdes, jet Engine blades,

KD SSCASCW TUMELR
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iy Ferroelectric ceramics:

a) Pivzoelectric ceramics: When mechanial stress is applied between two surfaces of a solid
dielectric part, generate voltage between the surface,
Eg: Lead sirconates and titannte. HBariom titanate, Bissouth itenote
Uses: trunsducers, actuators, sensors like hydrophenes, senar, strain suargds, medical ultrasound
equipments,

fit) Ferromagnetic ceramic: (Ferrite): Made of iron oxide and barium mﬁsu-unﬁum carboat e
with small amount of other metal opides They have magnetic property.

Lises; Ferritic antennas, permunent magnet, motors, loudspeakers magnets, TV defiction yoke
eaned el convergence ¢oil cores, Magnetic resonance. imageing{MRT), audio-
visual remding hends.

ivl Ceramic biovmaterials; they are light weight, wear resistant, and not sttacked by the ensvmes)
Lisgs, Artificial teeth, bone joints, filling gops in damaged bones
v) High alumina ceramic: mechanicolly strong, wear resistant, corrosion resistint
Uises: insulator for electrostatic precipiiators,
vil Sensors:
a) TMumidity sensors; made of titanium oxide and magnesium clromates,
b} Gias sensors: made of oxides of titanium, iron, tin, silver and zinc.
viliSuperconducting Ceramics: Lanthanum-barium-copperoxide(LaBaxCuyOy . x) and Yitrim-
Barium-CopperoXide YBayCuy () « x ) are super conducting cemmics.
{LaBa;Cuy Oy « x) is high temperature superconductor | [38K).
Uses: Electricity fransmission, Levitation trains, MRT imaging.

Viii) Semicondocting ceramics: Ceramic based on Zn0) doped with suitable dopenthave super
conducting properties.
Uses: Varsistors, which are used for overvoltage protection, und positive temperature
coetficient resistors,

ix} Silicon nitrides{SizNy): High thermal stability,
Uses: Tiles used as outside coating for space shuttles{It withstand over 1500°C during re-
entry into the Earth's atmosphere) Gas burmer nozzles, Ballestic protection, nuclear fsel
uranium axide pellets, Missile nose cones, Rocket nowzles, jet engine turbine blades.

1} Vitreous enumel: [t is opague seldom transparent, coloured or colourless Tux, it is eosily
fusgibsle,
Lrses; Tt 1s used as protective or decorative agent to coat the surface of glass. porootalin and
metilsiiron sheets),
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Fullerenes:

Fullerens are allotropic fiwms of carbion. These were discovered in [985 by Sernally and
Krofe. These are pamed after the famous American architect Richard Buckmisnivier Fulfor.
Fullerenes are prepared by the evaporation of graphite elecirode. Fullapene are found in chimney
and in candle flame.
There are two important types of follercnes | ) fullerene-Cys and 23 fullerene-Cs,
Fullerenes are brown coloured solids. They are soluble in orgmnic solvents like CS; and aromatic

liquids, they are insoluble in water and ether.

Fullerene-Cyy,:

Fullerene-Cyy has 0 cage like structure made up of 60 carbon aloms Contaiming 20
hexngons and 12 pentagon rings. fn fullerene each carbon atoms has sp® hybridisstion. There are
30 double boads present in ilicrmate positions, Wwever no delocalisation of elecirons hecams o
nen planar struciure. The shape of the fullerene is spherical, ji resembies the soceer hull with
diameter of 710 pm

Fullereae-Coy -

It is a polygon, made up of 25 hexagon and 12 pentagon rings. It has a structure similar 1o
Regly ball with the dizmeter of 8lpm and 690 pm. Fullerenes are cannat be considired ns
aromatic compound because there is no hydrogen atoms fn the molecules, they behave highlv
unsaturtied and give addition reaction similar to alkenes.

[z
Fullerenes are used as lubricanis, They are used ss super conductors, Fullerene confed glasses are

used I working with high intensity laser beams

Curban Nanotales:

Carbon nanotubes e slivtropes of carbon with a ¢y lindrical manostnicture, hey have hollow
structure with the walls formed by one atom thicksess sheet of carbon,
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Carbon nanotubes are formed by plasma arcing of graphite. L\

miias

The cylindrical nanctubes have unuseal properties, which are valuable for nanotechnalogy, |
electronics, optics, and m material science and technology.

Propertics of nanotubes depends on the mlling angle and mdius,

Application: Bulk carbon nanotubes huve been used as composite (thers in polymers to improve
the mechanical, thermal end clectrical properties of the bulk product.

Appliestion of Carbon nanotebes;

1} Bievele componenis,

1} Construction of aircraft

3) Carbon nanoepoxy resing

4) Environmental mooitoring produocts

3} Temnis and Badminton reckets, ;

B e R i

Carbon fibers: carbon fibers are the fikers about § - 10 micrometer in dinmeter, Carbon thers
have high stiffness, high tensile strength, low weight, high chemical resistance, high tempermure
= tolerance and low thermal expansion,

Lises Compasite fnaterials, Graphite reinforced polymers,
[ meetal matrix composite, Fibers in the filtration of high tempersture pases,
Elvctrosdes as it has high surface area and cormosion resistance.

Motoroyele racing gloves, Micro electrodes,

Cement

Cement is a powdersd matersl, which initiolly have o plastic Mow when mixed with waler, it
sel info hord solid structure in several hours,

Tyvpe of cements:

1) High alumina cement: it iz a caleium alumingte, prepared by heating lime stoae and '
bauxiteicontamnmg iron axide, magnesia, silica awd other impuritics) f
It has very mipid rale of development of strenpth and resistance (o sea and salt water.

1) Hyidruulic hydrate Hme: It consists of calcium hydroxide a mieior component, dicaleium
stlicuteiCa5) and tocalcium silicate[C35) are the minor compongnis,
It is low pricie and have good strength. [t is used for brick mortar composition.

1) Pozrolan cement: This cement is made by grinding 3 part of pozzolanivoleanic ash)y with
| par oF hydeated lime Dn presence of scime ume clay,
It 15 mixed with Portland cement us a cheap extender,
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Portland cement iz one of the most important building material of present time.

“Portland cement is a mixture of ealeivm aluminste and silicates of varving compusitiog,

which hydrate when mixed with water 1o form a rigid solid structore with good COHPressive
strength.™

The Portland cement is o mixture of the following composition,

i) Dicaleiwm silicate { 2Ca0 Si0y)

i} Tricaleium silicate { 3Ca0 8iy)

i} Tricalcinm aluminate] 3Ca0 ALy

iv) Tetracalcium alominao ferrite { 400y Al Feylly)
v Mugnesiom oxide {(Mg()

vi) Culeivm exide{Cat))

Types of Portland cemeni:

Varving the composition of the constituens present in the cement, it is possibie 1o vary the raie ol
setting, heat evolved and strenpth characteristics.

Based on the above chamcteristics the Portland cement is classilied into five (ypes.

[} Regular Portland cement: They contiin 40-60% of tricekeium silicmbe( TS0, 10:302% if

dicaleium eheming silicate C2AS) and 7-13% of tricalciom aluminate {CaA)
It is white cement. Quick setting cement. It harden to full strength in ahout 28 - 30 days

4} Modified Fortlind cement: They have high €28 /C38 ratio. They arc sulphate resistant
cement. Heut evolved not exceeds 70- 80 cal'g

3) High early setting Portland cement: These coments contain high percentage of U5 and
CyA. It is quick setting cement, it attain strength in 3 days, Uses, road construction,

4} Low heat Portland cement: These coments cantains lower percentage of C8 and CyA.
Heat evolved not exceed 60 - 70 cal’g use in massive structure work

5} Sulphate resistant Portland cement they have fow CiA and high CiAF, Resist
sulphates. Good for sea water contact

Manufacture of Cement:
Haw materials: 1) Lime stone, 2) Silica, 3) Alumina, 4) Iron oxise nnd S Gy psom

Clay provides all ingradientssitica, alumina and jron ovxiche) required..

Lime: is the principal ingredient, it provides strength to the cement. [ty proportion s must be
properly regulaed. Both excess and lesser amount of lime reduces the strength of the cement.

Silica: Impans strengih 1o coment
Aluminn: Reduces seiting time of cement

lron oxide: Provide strength, hardness and ealour 1o the cemenL.
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Gypsum{CaS0.IH200): 1t prevent early setting(quick setting) of cement,

There ure two methods of manufactare of Portland cement:
. Wet process
IL. Dry process. {Dry process require less fuel consumprion and provides ACCUEe control ).

Brv process:

Grinding: The raw material are separately ground to a fine powder in a ball mills. The powdered
matenials are then mixed in proper proportions to obtain a homogeneous mixture ealled “dry meal™

Burning:
. Foad Ini
Crivo Gear
¥l Heod Fiame Tyre | /
Eumer Pipa 1_ || +|| =]
N\ i ‘. o
e e _._——-I—.-"— 1 Lo E‘?‘:;Iﬂ
'[ Ciut
/{ f Stest Shall iy
Lining -
Clinkar
8 HotAF o Cambar

fram Cooler L]

The dry meal is introduced into a rotary kiln, ih_i: i& steel tube lined fnside with refractory bricks
and kept in a slanting position. The charge moves down slowly, A blast of burning saw dust is sent
in from the other end. A maximum temperature of 1750°C is reached here.

Al this temperature lime and clay undergo chemical fusion to form caleium aluminate and silicates.
The following chemical reaction takes place in the kiln.

Cal)y ——» (Cal +00y

ICaD+ Sity,—= 2Calk 5i0y

3 Calr + Sy, ——m= 3 Cal) S0

a0+ ALO; — 3Ca0 ALD,

The product formed 15 called “cement clinker”. The cement clinker is very hot{ TODIPC) is allowed
1o cool by BloWing air in the oppogite direction,

Grinding of elinker: The clinker i4 ground to & fine poseder in ball mills, During grinding process
2-3% of gypsum is addesd 1o reduce seiting time of cement, The powdered cement is packed in air
Light baps.

Setting of cement: On mixing cement with water to get a plastic muss culled cement paste, 3
process of bydration sels in. A gel kke substance 15 formed which is finally sets to a hard stone like
mass,
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The process of solidification is due 1o (i) Settang and (1i) ardeni n. :

Setting is defined as stiffening of original plastic mass due to initial gel formation,

Hardening oceur due fo wradinl dehydration followed by ervstallization and provide

streneily i the
malerial,

The strength developed by cement depends on the amoust of gel formed and the extent of
erystallization. It require about 28 days.,

T iy,

Initial setting is due to hydration
3Cﬂ)ﬁ|3ﬁ3 + |r5l! !:I{-l e — i thﬂnu'"lhﬂj ﬁ]‘[zﬂ

A2Ca8i0y] = B H O ———— Z[Ca0SH0,, 2H,0] + 2 Cajt Hi

Final setting ond & irdening is due to the formation of collaidal -__:-;.-_i and crystallization,
Z[3ICaD.KI0,| + 6 H,D -———n-eﬂg‘aﬁﬁiﬂs 2Hy01 = 3 CafOH),

TS TP s

(gel) Urystalline
3Ear:: S0 Qi + I GbH)
= B
3
4
i
e

|
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