INORGANIC, ORGANIC AND PHYSICAL CHEMISTRY - 1I

18K2CHO03



UNIT -1
CHEMICAL BONDING
QUESTIONS
Two marks
1 .What is an ionic bond.
2. Define lattice energy.
3. What is polarisation.
4. Give the limitations of valence bond theory.
5. What is meant by bonding and anti-bonding orbitals .
6. Write the criteria for forming molecular orbitals.
7. Sketch M.O diagram for He,.
8. What is meant by hybridization
9. Write the hybridization for PCls and BF3
10. Draw the structure of H3O" and SF,.
Five marks
1. Discussion the formation of ionic bonds.
2. State and explain Fajan'srules.
3. Discuss the formation of H, molecule on the basis of VB theory.
4. Sketch M.O.diagram for O, molecule.Explain.
5. Discuss the hybridization of atomic orbitals.
Ten marks

1. How lattice energy can be calculated using Born Haber cycle.



2. Describe molecular orbital theory.

3. Explain the shapes of NHs, H30™ and CIF; molecules on the basis of VSEPR theory.

IONIC BOND

An ionic bond is formed by the complete transference of one or more electrons from the
outer energy shell (valence-shell) of one atom to the outer energy shell of the other atom. The
atom from which the electrons are transferred i.e., the atom which loses the electrons,
acquires a positive charge and becomes cation. The atom which gains the electrons acquires a
negative charge and becomes anion. The electrostatic attraction between the oppositely
charged ions results in the formation of an ionic bond or electrovalent bond between the two
atoms and the compounds are called ionic compounds or electrovalent compounds.

Factors Influencing the Formation of lonic Bond:
1. lonization energy:
The lesser the ionization energy, the greater is the ease of the formation of a cation.

2. Electron affinity:

The higher the energy released during this process, the easier will be the formation of an
anion.Thus, low ionization energy of a metal atom and high electron affinity of a non-metal atom
facilitate the formation of an ionic bond between them.

3. Lattice Energy:

The higher the lattice energy, the greater is the tendency of the formation of an ionic bond. The
higher the charges on the ions and smaller the distance between them, the greater is the force of
attraction between them.

Lattice Energy:

When a cation and an anion get attracted because of having opposite charge, there is a release of
energy and the amount of energy released is known as lattice Energy. The value for lattice
energy will be negative. Its values are usually expressed with the unit kJ/mol.

Born — Haber cycle-

Max Born and Fritz Haber proposed a thermodynamic cycle which relates the lattice
energy of crystal to the other thermochemical data such as sublimation energy (the energy
required to convert solid metal ion to gaseous atom , denoted by (AHs,p ), dissociation energy (
the energy required to convert gaseous molecule to gaseous atom denoted by D), ionisation



energy(I),electron affinity(E) and heat of formation of crystal (H). This cycle is known as ‘Born
Haber cycle’.

The energy terms involved in building a crystal lattice such as sodium chloride may be taken in
steps the elements in their standard state are converted to gaseous atoms ,then to ions and finally
converted into crystal lattice .

Na(s) + 1/2 Cl, (g) ——— > NaCl (s)
The overall process takes place in following steps-
i) Conversion of metallic sodium into gaseous sodium atoms-

First of all solid sodium atom is converted into gaseous state. The energy required for the
conversion of one mole of solid sodium to gaseous sodium is called enthalpy of sublimation
(AH sub).

> Na ()
if) Dissociation of chlorine molecules into chlorine atoms-

The energy required to convert gaseous chlorine molecule to atoms is called enthalpy of
dissociation (D).

1/2 Cl, (g) + D/2

> Cl ()
iii) Conversion of gaseous sodium atom into sodium ion —

The amount of energy required to convert one mole of gaseous sodium atom into sodium ion in
gaseous state is called ionisation energy.

Na (g) + IE

iv) Conversion of gaseous chlorine atom into gaseous chloride ion

>Na' (g) + e

The amount energy released during the conversion of one mole of gaseous chlorine atom into
gaseous chloride ion is known as electron gain enthalpy and represented by Ea .

Cl(g) +e——>CI' (9) +Ea
v) Combination of oppositely charged ions to form a solid crystal-

Na" and CI attract each other and form solid NaCl crystal. The amount of energy released when
one mole of solid crystalline compound is obtained from gaseous ions is called lattice energy

(V).

Na® (g) + CI (g) > NaCl (s) + U
The total reaction is,
Na(s) + 1/2 Cl, (g) ———> NaCl (s)

The enthalpy change for the above reaction is called enthalpy of formation(AfH).

These steps are represented in the form of ‘Born — Haber cycle’.
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Born-Haber Cycle for Sodium Chloride
AH°=4H g + D2 + |E + Ep +U
Applications of Born — Haber cycle-
i) It can be used to determine electron gain enthalpy, ionisation energy and lattice energy.
i) It can be used to explain the stability of molecules.
Fajan’s rule

Fajan's rules were developed based on the concept: *"the greater the polarization of anion,
the greater is the covalent nature™. There are two factors which are crucial in deciding the
extent of polarization as mentioned below.

i) Polarizing power of cation:

The ability of a cation to polarize the anion is referred to as polarizing power. It is directly
proportional to the charge density, which in turn is directly related to the charge on cation, while
inversely related to the size of anion.

The polarizing power increases with increase in the size of cation i.e. smaller cations are very
effective in the polarization of anion.

ii) The polarizability of an anion:

It is the tendency of an anion to undergo polarization. It indicates the easiness with which an
anion undergoes distortion in presence of a cation. It is directly proportional to the size as well as
the negative charge on the anion.

Base on above discussions now we can write Fajan's rules.



FAJAN'S RULES

Rule-1: The smaller the cation or the smaller the anion, the greater is the covalent nature of an
ionic compound.

Rule-2: The greater the charge on either cation or anion, the greater is the covalent nature of an
ionic compound.

Rule-3: The ionic compound containing cations with octet configuration have greater ionic
nature while those containing cations with pseudo-octet configuration have appreciable covalent
character.

CONSEQUENCES OF POLARIZATION

Due to polarization of anion and the increase in covalent nature, the ionic compounds exhibit
abnormal behavior as mentioned below.

1) Solubility in non-polar solvents:

It is observed that the ionic compounds with covalent nature are appreciably soluble in the
non-polar solvents with low dielectric constants.

2) Low melting points:
The melting points of ionic compounds with covalent character are less than anticipated.
3) Stability:

Due to polarization, the anions may undergo easy oxidation when exposed to certain
conditions. The polyatomic oxyanions like carbonates, sulfates, etc. are distorted very easily in
presence of cations with greater polarizing power and therefore are decomposed very easily upon
heating.

1.2 COVALENT BOND

Valence Bond Theory (VBT)

This theory focuses on the concepts of electronic configuration, atomic orbitals (and their
overlapping) and the hybridization of these atomic orbitals. Chemical bonds are formed from the

overlapping of atomic orbitals wherein the electrons are localized in the corresponding bond
region.

The valence bond theory also goes on to explain the electronic structure of the molecules formed
by this overlapping of atomic orbitals. It also emphasizes that the nucleus of one atom in a
molecule is attracted to the electrons of the other atoms.

Postulates of Valence Bond Theory

The important postulates of the valence bond theory are listed below.



Covalent bonds are formed when two valence orbitals (half-filled) belonging to two different
atoms overlap on each other. The electron density in the area between the two bonding atoms
increases as a result of this overlapping, thereby increasing the stability of the resulting molecule.

The presence of many unpaired electrons in the valence shell of an atom enables it to form
multiple bonds with other atoms. The paired electrons present in the valence shell do not take
participate in the formation of chemical bonds as per the valence bond theory.

Covalent chemical bonds are directional and are also parallel to the region corresponding to the
atomic orbitals that are overlapping.

Sigma bonds and pi bonds differ in the pattern that the atomic orbitals overlap in, i.e. pi bonds
are formed from sidewise overlapping whereas the overlapping along the axis containing the
nuclei of the two atoms leads to the formation of sigma bonds.It can be noted that sigma bonds
involve the head-to-head overlapping of atomic orbitals whereas pi bonds involve parallel
overlapping.

Number of Orbitals and Types of Hybridization

According to VBT theory the metal atom or ion under the influence of ligands can use its (n-1)d,
ns, np, or ns, np, nd orbitals for hybridization to yield a set of equivalent orbitals of definite
geometry such as octahedral, tetrahedral, square planar and so on. These hybrid orbitals are
allowed to overlap with ligand orbitals that can donate electron pairs for bonding.

Coordination Number Type of Hybridisation Distribution of Hybrid Orbitals in Space
4 sp®  Tetrahedral

4 dsp?  Square planar

5 sp®d  Trigonalbipyramidal

6 sp®d® Octahedral

6  d’%p® Octahedral

Applications of Valence Bond Theory

The maximum overlap condition which is described by the valence bond theory can explain the
formation of covalent bonds in several molecules.

This is one of its most important applications. For example, the difference in the length and
strength of the chemical bonds in H2 and F2 molecules can be explained by the difference in the
overlapping orbitals in these molecules.



The covalent bond in an HF molecule is formed from the overlap of the 1s orbital of the
hydrogen atom and a 2p orbital belonging to the fluorine atom, which is explained by the valence
bond theory.

Limitations of Valence Bond Theory

The shortcomings of the valence bond theory include

Failure to explain the tetra valence exhibited by carbon.

No insight offered on the energies of the electrons.

The theory assumes that electrons are localized in specific areas.

It does not give a quantitative interpretation of the thermodynamic or kinetic stabilities of
coordination compounds.

No distinction between weak and strong ligands.

No explanation for the colour exhibited by coordination compounds.
Molecular Orbital Theory

What is Molecular Orbital Theory?

The Molecular Orbital Theory MOT) is a theory on chemical bonding developed at the
beginning of the twentieth century by F. Hund and R. S. Mulliken to describe the structure and
properties of different molecules. The valence-bond theory failed to adequately explain how
certain molecules contain two or more equivalent bonds whose bond orders lie between that of a
single bond and that of a double bond, such as the bonds in resonance-stabilized molecules. This
is where the molecular orbital theory proved to be more powerful than the valence-bond theory
(since the orbitals described by the MOT reflect the geometries of the molecules to which it is
applied).

The key features of the molecular orbital theory are listed below.

The total number of molecular orbitals formed will always be equal to the total number of atomic
orbitals offered by the bonding species.

There exist different types of molecular orbitals viz; bonding molecular orbitals, anti-bonding
molecular orbitals, and non-bonding molecular orbitals. Of these, anti-bonding molecular
orbitals will always have higher energy than the parent orbitals whereas bonding molecular
orbitals will always have lower energy than the parent orbitals.

The electrons are filled into molecular orbitals in the increasing order of orbital energy (from the
orbital with the lowest energy to the orbital with the highest energy).



The most effective combinations of atomic orbitals (for the formation of molecular orbitals)
occur when the combining atomic orbitals have similar energies.

In simple terms, the molecular orbital theory states that each atom tends to combine together and
form molecular orbitals. As a result of such arrangement, electrons are found in various atomic
orbitals and they are usually associated with different nuclei. In short, an electron in a molecule
can be present anywhere in the molecule.

Molecular orbital theory approximation of the molecular orbitals as linear combinations of
atomic orbitals can be illustrated as follows.

Linear Combination of Atomic Orbitals (LCAO)

Molecular orbitals can generally be expressed through a linear combination of atomic orbitals
(abbreviated to LCAO). These LCAOs are useful in the estimation of the formation of these
orbitals in the bonding between the atoms that make up a molecule.

The Schrodinger equation used to describe the electron behaviour for molecular orbitals can be
written in a method similar to that for atomic orbitals.

It is an approximate method for representing molecular orbitals. It’s more of a superimposition
method where constructive interference of two atomic wave functions produces a bonding
molecular orbital whereas destructive interference produces non-bonding molecular orbital.

Conditions for Linear Combination of Atomic Orbitals
The conditions that are required for the linear combination of atomic orbitals are as follows:
Same Energy of Combining Orbitals

The atomic orbitals combining to form molecular orbitals should have comparable energy. This
means that 2p orbital of an atom can combine with another 2p orbital of another atom but 1s and
2p cannot combine together as they have appreciable energy difference.

Same Symmetry about Molecular Axis



The combining atoms should have the same symmetry around the molecular axis for proper
combination, otherwise, the electron density will be sparse. For e.g. all the sub-orbitals of 2p
have the same energy but still, 2pz orbital of an atom can only combine with a 2pz orbital of
another atom but cannot combine with 2px and 2py orbital as they have a different axis of
symmetry. In general, the z-axis is considered as the molecular axis of symmetry.

Proper Overlap between Atomic Orbitals

The two atomic orbitals will combine to form molecular orbital if the overlap is proper. Greater
the extent of overlap of orbitals, greater will be the nuclear density between the nuclei of the two
atoms.

The condition can be understood by two simple requirements. For the formation of proper
molecular orbital, proper energy and orientation are required. For proper energy, the two atomic
orbitals should have the same energy and for the proper orientation, the atomic orbitals should
have proper overlap and the same molecular axis of symmetry.

The space in a molecule in which the probability of finding an electron is maximum can be
calculated using the molecular orbital function. Molecular orbitals are basically mathematical
functions that describe the wave nature of electrons in a given molecule.

These orbitals can be constructed via the combination of hybridized orbitals or atomic orbitals
from each atom belonging to the specific molecule. Molecular orbitals provide a great model via
the molecular orbital theory to demonstrate the bonding of molecules.

Types of Molecular Orbitals

According to the molecular orbital theory, there exist three primary types of molecular orbitals
that are formed from the linear combination of atomic orbitals. These orbitals are detailed below.

Anti Bonding Molecular Orbitals

The electron density is concentrated behind the nuclei of the two bonding atoms in anti-bonding
molecular orbitals. This results in the nuclei of the two atoms being pulled away from each other.
These kinds of orbitals weaken the bond between two atoms.

Non-Bonding Molecular Orbitals

In the case of non-bonding molecular orbitals, due to a complete lack of symmetry in the
compatibility of two bonding atomic orbitals, the molecular orbitals formed have no positive or
negative interactions with each other. These types of orbitals do not affect the bond between the
two atoms.

Formation of Molecular Orbitals



An atomic orbital is an electron wave; the waves of the two atomic orbitals may be in phase or
out of phase. Suppose WA and ¥B represent the amplitude of the electron wave of the atomic
orbitals of the two atoms A and B.

Case 1: When the two waves are in phase so that they add up and amplitude of the wave is ®=
YA +¥B

Case 2: when the two waves are out of phase, the waves are subtracted from each other so that
the amplitude of the new wave is ® '= VYA — VB

Characteristics of Bonding Molecular Orbitals

The probability of finding the electron in the internuclear region of the bonding molecular orbital
is greater than that of combining atomic orbitals.

The electrons present in the bonding molecular orbital result in the attraction between the two
atoms.

The bonding molecular orbital has lower energy as a result of attraction and hence has greater
stability than that of the combining atomic orbitals.

They are formed by the additive effect of the atomic orbitals so that the amplitude of the new
wave is given by &= YA + VB

They are represented by o, m, and 9.
Characteristics of Anti-bonding Molecular Orbitals

The probability of finding the electron in the internuclear region decreases in the anti-bonding
molecular orbitals.

The electrons present in the anti-bonding molecular orbital result in the repulsion between the
two atoms.

The anti-bonding molecular orbitals have higher energy because of the repulsive forces and
lower stability.

They are formed by the subtractive effect of the atomic orbitals. The amplitude of the new wave
is given by ® '=YA —¥YB

They are represented by o*, m*, 6*

The energy levels of bonding molecular orbitals are always lower than those of anti-bonding
molecular orbitals. This is because the electrons in the orbital are attracted by the nuclei in the
case of bonding Molecular Orbitals whereas the nuclei repel each other in the case of the anti-
bonding Molecular Orbitals.



Difference between Bonding and Antibonding Molecular Orbital

Molecular orbitals formed by the additive effect of the atomic orbitals is called bonding
molecular orbitals. Molecular orbitals formed by the subtractive effect of atomic is called anti-
bonding molecular orbitals. Probability of finding the electrons is more in the case of bonding
molecular orbitals  Probability of finding electrons is less in antibonding molecular orbitals.
There is also a node between the anti-bonding molecular orbital between two nuclei where the
electron density is zero.These are formed by the combination of + and + and — with — part of the
electron waves. These are formed by the overlap of + with — part.The electron density, in the
bonding molecular orbital in the internuclear region, is high. As a result, the nuclei are shielded
from each other and hence the repulsion is very less.The electron density in the antibonding
molecular orbital in the internuclear region is very low and so the nuclei are directly exposed to
each other. Therefore the nuclei are less shielded from each other.The bonding molecular orbitals
are represented by o, m, 6. The corresponding anti-bonding molecular orbitals are represented by
ox , m*, 0. The lowering of the energy of bonding molecular orbital than the combining atomic
orbital is called stabilization energy and similarly increase in energy of the anti-bonding
molecular orbitals is called destabilization energy.

Features of Molecular Orbital Theory

The atomic orbitals overlap to form new orbitals called molecular orbitals. When two atomic
orbitals overlap they lose their identity and form new orbitals called molecular orbitals.

The electrons in the molecules are filled in the new energy states called the Molecular orbitals
similar to the electrons in an atom being filled in an energy state called atomic orbitals.

The probability of finding the electronic distribution in a molecule around its group of nuclei is
given by the molecular orbital.

The two combining atomic orbitals should possess energies of comparable value and similar
orientation. For example, 1s can combine with 1s and not with 2s.

The number of molecular orbitals formed is equal to the number of atomic orbitals combining.

The shape of molecular orbitals formed depends upon the shape of the combining atomic
orbitals.

According to the Molecular Orbital Theory, the filling of orbitals takes place according to
the following rules:

Aufbau’s principle: Molecular orbitals are filled in the increasing order of energy levels.

Pauli’s exclusion principle: In an atom or a molecule, no two electrons can have the same set of
four quantum numbers.



Hund’s rule of maximum multiplicity: Pairing of electrons doesn’t take place until all the
atomic or molecular orbitals are singly occupied.

MOLECULAR ORBITAL DIAGRAMS
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This molecule has twelve electrons, two more than nitrogen - and these extra two are placed in a
pair of degenerate pg orbitals. The atomic orbitals combine to produce the following molecular
orbital diagram:
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Comparison of the above energy level diagram wit that for nitrogen - you can see that the 2sg
level lies lower than pu. Here, we are starting to fill the anti-bonding orbitals originating from the
p orbital interactions and so the bond order decreases from three to two.The lowest energy
arrangement (Hund's rule) - has a single electron, each with parallel spins, in each of the pgx and

pgy orbitals. This produces a paramagnetic molecule, with a double bond and has two unpaired
electrons.

1.3 HYBRIDIZATION

Hybridization is defined as the concept of mixing two atomic orbitals with the same energy
levels to give a degenerated new type of orbitals. This intermixing is based on quantum
mechanics. The atomic orbitals of the same energy level can only take part in hybridization and

both full filled and half-filled orbitals can also take part in this process, provided they have equal
energy.



During the process of hybridization, the atomic orbitals of similar energy are mixed together
such as the mixing of two ‘s’ orbitals or two ‘p’ orbital’s or mixing of an ‘s’ orbital with a ‘p’
orbital or ‘s’ orbital with a ‘d” orbital.

Types of Hybridization

Based on the types of orbitals involved in mixing, the hybridization can be classified as sp®, sp?,
sp, sp°d, sp’d? sp3d®. Let us now discuss the various types of hybridization, along with their
examples.

sp hybridization

sp hybridization is observed when one s and one p orbital in the same main shell of an atom mix
to form two new equivalent orbitals. The new orbitals formed are called sp hybridized orbitals. It
forms linear molecules with an angle of 180°

This type of hybridization involves the mixing of one ‘s’ orbital and one ‘p’ orbital of equal
energy to give a new hybrid orbital known as a sp hybridized orbital.

sp hybridization is also called diagonal hybridization.

Each sp hybridized orbital has an equal amount of s and p character, i.e., 50% s and p character.

Examples of sp Hybridization:

All compounds of beryllium like BeF,, BeH,, BeCl,

All compounds of carbon-containing triple Bond like C,H,.
sp? Hybridization

sp? hybridization is observed when one s and two p orbitals of the same shell of an atom mix to
form 3 equivalent orbital. The new orbitals formed are called sp? hybrid orbitals.

sp? Hybridization is also called trigonal hybridization.



It involves mixing of one ‘s’ orbital and two ‘p’ orbital’s of equal energy to give a new hybrid
orbital known as sp2.

A mixture of s and p orbital formed in trigonal symmetry and is maintained at 1200.

All the three hybrid orbitals remain in one plane and make an angle of 120° with one another.
Each of the hybrid orbitals formed has 33.33% s character and 66.66% ‘p’ character.

The molecules in which the central atom is linked to 3 atoms and is sp® hybridized have a
triangular planar shape.

Examples of sp? Hybridization

All the compounds of Boron i.e. BF3, BH3

All the compounds of carbon containing a carbon-carbon double bond, Ethylene (C,H,)
sp® Hybridization

When one ‘s’ orbital and 3 ‘p’ orbitals belonging to the same shell of an atom mix together to
form four new equivalent orbital, the type of hybridization is called a tetrahedral hybridization or
sp®. The new orbitals formed are called sp* hybrid orbitals.

These are directed towards the four corners of a regular tetrahedron and make an angle of
109°28’ with one another.

The angle between the sp* hybrid orbitals is 109° 28
Each sp® hybrid orbital has 25% s character and 75% p character.

Example of sp® hybridization: ethane (C;Hs), methane.



spd Hybridization

sp®d hybridization involves the mixing of 3p orbitals and 1d orbital to form 5 sp3d hybridized
orbitals of equal energy. They have trigonal bipyramidal geometry.

The mixture of s, p and d orbital forms trigonal bipyramidal symmetry.

Three hybrid orbitals lie in the horizontal plane inclined at an angle of 120° to each other known
as the equatorial orbitals.

The remaining two orbitals lie in the vertical plane at 90 degrees plane of the equatorial orbitals
known as axial orbitals.

Example: Hybridization in Phosphorus pentachloride (PCls)

sp*d? Hybridization

Spd? hybridization has 1s, 3p and 2d orbitals, that undergo intermixing to form 6 identical sp3d2
hybrid orbitals.



These 6 orbitals are directed towards the corners of an octahedron.

They are inclined at an angle of 90 degrees to one another.

Key Features of Hybridization

Atomic orbitals with equal energies undergo hybridization.

The number of hybrid orbitals formed is equal to the number of atomic orbitals mixing.

It is not necessary that all the half-filled orbitals must participate in hybridization. Even
completely filled orbitals with slightly different energies can also participate.

Hybridization happens only during the bond formation and not in an isolated gaseous atom.
The shape of the molecule can be predicted if hybridization of the molecule is known.

The bigger lobe of the hybrid orbital always has a positive sign, while the smaller lobe on the
opposite side has a negative sign.

Valence Shell Electron Pair Repulsion Theory(VSEPR Theory)

The Valence Shell Electron Pair Repulsion Theory abbreviated as VSEPR theory is based on the
premise that there is a repulsion between the pairs of valence electrons in all atoms, and the
atoms will always tend to arrange themselves in a manner in which this electron pair repulsion is
minimalized. This arrangement of the atom determines the geometry of the resulting molecule.

The different geometries that molecules can assume in accordance with the VSEPR theory can
be seen in the illustration provided below.



The two primary founders of the VSEPR theory are Ronald Nyholm and Ronald Gillespie. This
theory is also known as the Gillespie-Nyholm theory to honour these chemists.

According to the VSEPR theory, the repulsion between two electrons is caused by the Pauli
exclusion principle that has greater importance than electrostatic repulsion in the determination
of molecular geometry.

Postulates of VSEPR Theory:
The postulates of the VSEPR theory are listed below

In polyatomic molecules (i.e. molecules made up of three or more atoms), one of the constituent
atoms is identified as the central atom to which all other atoms belonging to the molecule are
linked.

The total number of valence shell electron pairs decides the shape of the molecule.

The electron pairs have a tendency to orient themselves in a way that minimizes the electron-
electron repulsion between them and maximizes the distance between them.

The valence shell can be thought of as a sphere wherein the electron pairs are localized on the
surface in such a way that the distance between them is maximized.

Should the central atom of the molecule be surrounded by bond pairs of electrons, then, the
asymmetrically shaped molecule can be expected.



Should the central atom be surrounded by both lone pairs and bond pairs of electrons, the
molecule would tend to have a distorted shape.

The VSEPR theory can be applied to each resonance structure of a molecule.
The strength of the repulsion is strongest in two lone pairs and weakest in two bond pairs.

If electron pairs around the central atom are closer to each other, they will repel each other. This
results in an increase in the energy of the molecules.

If the electron pairs lie far from each other, the repulsions between them will be less and
eventually, the energy of the molecule will be low.

Limitations of VSEPR Theory:

This theory fails to explain isoelectronic species (i.e. elements having the same number of
electrons). The species may vary in shapes despite having the same number of electrons.

The VSEPR theory does not shed any light on the compounds of transition metals. The structure
of several such compounds cannot be correctly described by this theory. This is because the
VSEPR theory does not take into account the associated sizes of the substituent groups and the
lone pairs that are inactive.

Another limitation of VSEPR theory is that it predicts that halides of group 2 elements will have
a linear structure, whereas their actual structure is a bent one.

Predicting the Shapes of Molecules:
The following steps must be followed in order to decide the shape of a molecule.

The least electronegative atom must be selected as the central atom (since this atom has the
highest ability to share its electrons with the other atoms belonging to the molecule).

The total number of electrons belonging to the outermost shell of the central atom must be
counted.

The total number of electrons belonging to other atoms and used in bonds with the central atom
must be counted.

These two values must be added in order to obtain the valence shell electron pair number or the
VSEPR number.

The VSEP number describes the shape of the molecule, as described in the table provided below.

VSEP NumberShape of the Molecule



2 Linear

3 Trigonal Planar

4 Tetrahedral

5 Trigonal Bipyramidal

6 Octahedral

7 Pentagonal Bipyramidal

Each of these corresponding shapes can also be found in the illustration provided earlier.
However, the VSEPR theory cannot be used to obtain the exact bond angles between the atoms
in a molecule.

Linear Shape of Molecule:
In this type of molecule, we find two places in the valence shell of the central atom.

They should be arranged in such a manner such that repulsion can be minimized (pointing in the
opposite direction).

Example: BeF;
Trigonal Planar Shape of Molecule:
In this type of molecule, we find three molecules attached to a central atom.

They are arranged in such a manner such that repulsion between the electrons can be minimized
(toward the corners of an equilateral triangle).

Example: BF3
Tetrahedral Shape of Molecule:

In two-dimensional molecules, atoms lie in the same plane and if we place these conditions on
methane, we will get a square planar geometry in which the bond angle between H-C-H is 90°.

Now, if we consider all these conditions for a three-dimensional molecule, we will get a
tetrahedral molecule in which the bond angle between H-C-H is 109°28” (toward the corners of
an equilateral triangle) CH,4

Trigonal Bipyramid Shape of Molecule:

Let’s take an example of PFs. Here, repulsion can be minimized by even distribution of electrons
towards the corner of a trigonal pyramid. In trigonal bipyramid, three positions lie along the



equator of the molecule. The two positions lie along an axis perpendicular to the equatorial
plane.The strength of the repulsion between a lone pair and a bond pair of electrons lies in
between the repulsion between two lone pairs and between two bond pairs. The order of
repulsion between electron pairs is as follows:

Lone Pair- lone pair > Lone Pair- bond- pair > Bond Pair- bond pair.

1. Total number of electron pairs around the central atom = % (number of valence electrons of
central atom + number of atoms linked to central atom by single bonds)

For negative ions, add the number of electrons equal to the units of negative charge on the ions
to the valence electrons of the central atom.

For positive ions, subtract the number of electrons equal to the units of positive charge on the ion
from the valence electrons of the central atom.

2. The number of Bond pair = Total number of atoms linked to central atom by single bonds.
3. Number of lone pairs = Total number of electron — No of shared pair

The electron pairs around the central atom repel each another and move so far apart from each
another that there are no greater repulsions between them. This results in the molecule having
minimum energy and maximum stability.

The shape of a molecule with only two atoms is always linear.

For molecules with three or more atoms, one of the atoms is called the central atom and other
atoms are attached to the central atom.

If the central atom is linked to similar atoms and is surrounded by bond pairs of electrons only,
the repulsions between them are similar as a result the shape of the molecule is symmetrical and
the molecule is said to have regular geometry.

If the central atom is linked to different atoms or is surrounded by bond pair as well as a lone
pair of electrons, the repulsion between them is similar. As a result, the shape of the molecule
has an irregular or distorted geometry.

The exact shape of the molecule depends upon the total number of electron pairs present around
the central atom.

NH; :

Pyramidal structure:



HYDROIUM ION (Hs;0)*
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UNIT -1l

Questions:

Two marks

1.

Why are boron halides considered as acids ? Give two chemical reactions to illustrate the
acidic behaviour of boron halides.

How is (pure) diborane prepared (in the laboratary? Give necessary equations. Give its
important chemical reactions.

3. How do you prepare diborane from 1) lithium aluminium hydride, 2) lithium hydride 3)
sodium borohydride

4. How does diborane react with i) water, ii) ammonia

5. What happens when diaborane is treated with a concentrated aqueous potassium hydroxide
solution at 0°C

6. Why is diborane known as electron deficient compound?

7. Write one method of preparation of hydrazine

8. What are p- block elements.

9. What is diagonal relationship.

10.

11.

12.

13

14.

15.

16.

17.

Write the structure of cyanogen.
Mention the uses of hydrocyanic acid.

Graphite does conduct electricity but not diamond. Justify.

.What are p- block elements.

What is diagonal relationship
Write the structure of cyanogen.
Mention the uses of hydrocyanic acid.

Graphite does conduct electricity but do not diamond. Justify.

Five marks.

1. Write notes on the structure of / bonding in diborane.

2. Write the various structures assigned to diborane.



3. Give the hydrogen bridge structure of diborane and discuss the bonding. What are the
evidences in favour of the above structure.

4. What do you understand by "three centre bond"? Explain taking diborane us an examp

5. Describe / Discuss / Give the important reactions / properties / of borazole.

6. Describe the addition and subtitution reaction of borazole (borazine)

7. Give the preparation, properties, uses and the structure of Hydrazoic acid.

8. Explain diagonal relationship.

9. Describe the preparation, properties and uses of CS2.

10. Sketch and explain the structure of graphite and diamond.

11. Explain diagonal relationship.

12. Describe the preparation, properties and uses of CS2.

13. Sketch and explain the structure of graphite and diamond.

Ten marks

1. Write / Give the structure of borazole. -

2. Write a note on the structure of borazole (borazine) / Explain the unique structural features
observed in borazole.

3. Give a brief account on the comparative study of P- block elements.

4. Compare the properties of carbon family elements.

5. Give a brief account on the comparative study of P- block elements.

6. Compare the properties of carbon family elements.



2.1 General characteristics of p block elements

P block elements are in which the last electron enters any of the three p-orbitals of their
respective shells. P block starts from the 13" group and goes till 18" group in the periodic table.

Characteristics of p-Block Elements

The general electronic configuration of p-block elements is ns’np*®(except He).
Whereas the inner core electronic configuration may differ. Just because of this
difference the inner core, there are changes in both physical and chemical properties of
the elements.

The oxidation state of elements in p — block is maximum when it is equal to a total
number of valence electrons i.e. the sum of S and P electrons. One of the most interesting
facts about the p-block elements is that it contains both non-metals and metalloids.

The first member of the p block elements differ from other elements in two major respects:

1. First is the size and each and every property which depends upon the size.
2. The second difference applies only to the p-block element which arises from the effects

of d-orbitals in the valence shell of heavier elements

Electronic configuration:

1. Boron, Carbon, Nitrogen, Oxygen, Fluorine and Neon have these groups p block

elements. Their valence shell electronic configuration is ns2 np6 where n=2-7.

The maximum oxidation state shown by a p block element is equal to the sum of the
valence electrons or the group number minus 10. This is called group oxidation state.
Beside group oxidation state, p block elements show a number of other oxidation state.

In boron, carbon and nitrogen families, the group oxidation state is the most stable for the
lighter elements in the group. A lower oxidation state which is 2 units less than the group
oxidation state becomes progressively more stable for the heavier elements in each group.

The group oxidation state of group 13 elements is +3 but +1 oxidation state is most stable
for thallium. The group oxidation state for group 14 elements is +4 but +2 oxidation state
is most stable for lead.

Trend of occurrence of oxidation state two less than the group oxidation state is called

inert pair effect and becomes more prominent as we move down the group.

Chemical behaviour:

1. P block is the only one which contains metals, non-metals and metalloids. The common

metal among p block elements are aluminium, gallium, indium, and thallium(group 13),
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tin

and lead(group 14) and bismuth(group 15). The common metalloids are silicon,

germanium, arsenic, antimony and tellurium while all the remaining elements are non-
metals.
2. Non-metals have higher ionisation enthalpies and higher electronegativity than thoseof

metals. Therefore non-metals readily forms anions.

3. The compounds formed by the union of highly reactive metals with non metals are
generally ionic because of large differences in their electronegativities.

Compounds formed by the union of non-metals themselves are largely covalent in
character due to small differences in their electronegativities. Oxides of non-metals
are either acidic or neutral, the oxides of metals are always basic in nature.

More electropositive the metal, the more basic is its oxides and more electronegative
the non-metal, more acidic is its oxides. Among p block elements, the acidic
character of the oxides increases or basic character of oxide increases or the acidic
character decreases down the group.

First member of each group of p block elements differ from its exceeding members of
their respective.

Atomic size:

e The atomic radius of the of p block elements, generally decreases on moving across a
period from left to right in the periodic table. It is because the addition of electrons
takes place in the same valence shell and are subjected to an increased pull of the
nuclear charge at each step.

Variation in atomic size in a row from born to fluorine
Element Boron Carbon Nitrogen Oxygen Fluorine
Outer electronic | 25" 2p* 2s° 2p° 2s° 2p° 2s° 2p* 2s° 2p°
Configuration
Nuclear charge | +5 +6 +7 +8 +9
Effective +2.60 +3.25 +3.90 +4.55 +5.20
nuclear charge




Atomic size 88 77 70 66 64

e On moving down a group, the atomic radius of the elements as the atomic number
increases. This is due to the increase in the number of shells as we move from one
elements to the next down the group. The increase in nuclear charge is more than
compensated by the additional shell.

Electronegativity

e Electronegativity is defined as a measure of the ability of an atom to attract the shared
electron pair in a covalent bond to itself.

e Electronegativity increases along the period and decreases down the group.

e Fluorine is the most electronegative of all the elements. The second most
electronegative element is oxygen followed by nitrogen in the third position.

Diagonal relationship

A diagonal relationship in P block elements exists between adjacent elements which are
located in the second and third period of the periodic table. The properties of P block elements
vary significantly when compared to the other elements of the sub-group they belong to.

Key points

e The diagonal neighbours show a lot of similarities. Such a relationship is exhibited as you
move left to right and down the group; the periodic table has opposing factors.

o Diagonal relationships occur because of the different ways in which many atomic
properties vary down groups and across periods of the Periodic Table.

« In addition to the group and period relationships, the elements of s and p-block elements
also exhibit diagonal relationships.

Explanation

On moving diagonally across the periodic table, the elements show certain similarities which
are however far less pronounced than the similarities within a group. The diagonal relationship is
particularly noticeable in the elements of the second and third periods of the periodic table.

Reason

The diagonal relationship is due to the polarizing power, that is, ionic charge/ionic radius,
being similar for the diagonally placed elements.



2.3 Carbon family

The group 14 elements are the second group in the p-block of the periodic table. It is also called
the carbon group. The members of this group are:

e Carbon (C)

o Silicon (Si)

e Germanium (Ge)
e Tin(Sn)

o Lead (Pb)

e Flerovium (Fl)

Electronic Configuration of Group 14 Elements

The group 14 elements have a general electronic configuration of ns?np. These elements have 2
electrons in the outermost p orbitals. The electronic configuration of these elements is shown
below:

Group 14 Elements

Period Element Atomic No. Electronic Configuration
2" Carbon (C) 6 [He]2s2 2p2

3" Silicon (Si) 14 [Ne]3s2 3p2

g* Germanium (Ge) 32 [Ar]3d10 4s2 4p2

5t Tin (Sn) 50 [Kr]4d10 5s2 5p2

6" Lead (Ph) 82 [Xe]4f14 5d10 6s2 6p2

As all the elements in group 14 have 4 electrons in the outermost shell, the valency of group 14
elements is 4. They use these electrons in the bond formation in order to obtain octet
configuration.

Oxidation States and Inert pair Effect of Group 14 Elements
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e The general oxidation states exhibited by the group 14 elements are +4, and +2.

e As we go down the group, the tendency to form +2 ion increases. This is due to inert pair
effect. This effect is exhibited by p-block elements.

e This can be explained using the inert pair effect. It is the non-participation of the s-orbital
during bonding due to the poor shielding of the intervening electrons.

e For elements like Sn and Pb, d and f orbitals are filled with electrons. Since the shielding
ability of d and f orbitals are very poor, the nuclear charge that seeps through attracts the
s orbital closer to the nucleus. This makes the s orbital reluctant to bond, thereby only the
p electrons involved in bonding.

e Therefore, Pb4+ is a very good oxidizing agent.

Anomalous Behaviour of Carbon

Carbon exhibits different behaviour from the rest of the group due to,
e Small Size
o High Electronegativity

« High lonization Enthalpy
o Absence of d-orbital in the VValance Shell

Chemical Properties of Group 14 Elements

Covalent Radii

e The radii of group 14 elements are lesser than that of group 13 elements. This can be
explained by the increase in the effective nuclear charge.

e The increase in the radii from C to Si is considerable, after which the increase in the
radii is less. This can be attributed to the poor shielding of d and f orbitals, which
increase the effective nuclear charge, thereby making the radii small.

lonization Enthalpy

e The ionization energy of group 14 elements is greater than that of group 13 elements.
This can be attributed to size.

e Down the group, the lonization Enthalpy decreases. There is a sharp decrease from C
to Si, after which the decrease is nominal.

e The order is as follows, C > Si > Ge >Pb>Sn
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e Here Pb has a greater lonization Enthalpy than Sn due to ineffective shielding of d and
f orbitals.

Physical Properties:

Metallic Character

Group 14 elements are less electropositive than group 13 owing to their small size and
high ionization enthalpy.

Down the group, the metallic character increases. C and Si are non-metals, Ge a
metalloid, and Sn and Pb are soft metals with low melting points.

Melting and Boiling Points

The melting and boiling point of carbon, silicon, and germanium is significantly high
because they have a very stable solid structure. Sn and Pb have a lower melting point
because only two bonds are formed instead of four, due to inert pair effect.

The melting point of carbon is extremely high. All the elements of group-14 possess
diamond-type lattice structure which is highly stable in nature. The process of melting
results in the breakage of these highly stable lattice structures.

Down the group, the melting point decreases as the M-M bonds are reduced as the size of
the atoms increases. Since, Tin and lead are metals therefore, the melting points of these
elements are much lower.

Compounds formed by Group 14 Elements

Hydrides of Group 14:

All the elements of group 14 form hydrides. Carbon forms hydrides extensively due to
their ability to catenate. The hydrides of carbon are categorized as below

Alkanes (paraffin’s): General formula: CnHan+2

Alkenes (olefins): General formula: CnH2n

Alkynes (Acetylenes): General formula: C,Hap-2

Aromatic compounds

Silicon forms hydrides having the general formula Si,Hzn+2 and are called silanes.
Germanium forms hydrides of the form GenHan+2, Where nma=5 and are called germanes.
Tin forms SnH,4 and are called stannane. It is much less stable.
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Oxides of Group 14:

e Group 14 elements form oxides of the type MO and MO,. Lead also form an oxide
Pb3O,4 which is a mixed oxide of PbO and PbO,. Among the monoxides, CO is neutral,
GeO is basic while SnO and PbO are amphoteric.

e In CO,, C issp hybridized. It is different from SiO, in which Si is sp* hybridized. In
SiO,, each O atom is bonded to two Si bonds. This gives rise to a three-dimensional
structure for SiO,. This also attests to the high melting point of SiO».

e Among the dioxides, the acidic character decreases down the group. CO; is the most
acidic and PbO; being the most basic among the dioxides.

Halides of Group 14:

e They form tetrahalides of the form MX4. The central atom is sp* hybridized and assumes
a tetrahedral shape.

Note: Elements below C, have empty d-orbitals, with which they can exhibit back bonding with
the halogens ( pr-dm)

e Carbon does not form dihalides. The dihalides are sp? hybridized and have a bent shape

HYDROCYANIC ACID :

Hydrogen cyanide, sometime called prussic acid is a chemical compound with the chemical
formula HCN. 1t is a colour less extremely poisonous and flammable liquid that boils slight

above room temperature at 25.6°C.
H—C=N

Hydrogen cyanide may be isolated in small quantities from plants, where it occurs in
combination with sugars. Large quantities of hydrogen cyanide for laboratory and commercial
use are synthesized by three principal methods: (1) treatment of sodium cyanide with sulfuric
acid; (2) catalytic oxidation of a methane—ammonia mixture; and (3) decomposition of
formamide (HCONHy,).

The most important process is the Andrussow oxidation invented by Leonid
Andrussow at IG Farben in which methane and ammonia react in the presence of oxygen at
about 1,200 °C (2,190 °F) over a platinum catalyst.

2CH;+2NH3+30, —2 HCN+6 H,O

Chemical Properties of Hydrocyanic Acid - HCN
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Hydrocyanic acid reacts with base like sodium hydroxide forms sodium cyanide and water. The
chemical equation is given below.

HCN + NaOH—NaCN + H,0O

Hydrocyanic acid reacts with potassium hydroxide forms potassium cyanide and water. The
chemical equation is given below.

HCN + KOH — H,0 + KCN
Uses of Hydrocyanic Acid - HCN

e Used as a fugiment to kill pests such as rodents in warehouses, grain storage bins,
greenhouses and holds of ships where its high toxicity and ability to penetrate obscure
spaces are advantageous.

e Used in the manufacture of cyanide salts, acrylonitrile and dyes. It is also used as a
horticultural fumigant.

e Used as a highly valuable precursor in the production of several chemicals.

HNCS - THIOCYANIC ACID

Thiocyanic acid is chemical compound with the formula HSCN which exists as a tautomer with
isothiocyanic acid . the iso-form tends to dominate with the material being about 95%
isothiocyanic acid in the vapour phase.lt is a weak acid, bordering on strong, with a pK, of 1.1 at
20 °C and extrapolated to zero ionic strength.HSCN is predicted to have a triple bond between
carbon and nitrogen. It has been observed spectroscopically but has not been isolated as a pure
substance.The salts and esters of thiocyanic acid are known as thiocyanates. The salts are
composed of the thiocyanate ion ('SCN) and a suitable metal cation (e.g., potassium thiocyanate,
KSCN). The esters of thiocyanic acid have the general structure R—SCN.Isothiocyanic acid,
HNCS, is a Lewis acid whose free energy, enthalpy and entropy changes for its 1:1 association
with a variety of Lewis bases in carbon tetrachloride solution at 25°C.

Methods for preparation of thiocyanic acid:

KNCS(damp) + KHSO4(solid) = time = HNCS + K2SO4 (normal temp., vacuum).
NH4NCS + H30(+)(cation exchanger) = HNCS + NH(+)4 (cation exchanger) + H20.
Properties of thiocyanic acid:

It is colorless viscous high-polarity liquid, white solid substance. There is at very low
temperatures. It has the structure of (H-N=C=S) with possible admixture tautomer (H-S-C=N).
When the temperature rises to -90... -85°C, forms a white polymer. Stable in a dilute solution.
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Shows strong acidic properties, it is neutralized by alkalis. At concentration of the solution it is
decomposes. It reacts with acids, hydrogen sulfide and typical oxidants.

Chemical reactions with thiocyanic acid:

HNCS(diluted) + H20 = H30(+) + NCS(-).

3HNCS(conc.) = HCN + H2C2N2S3.

HNCS + 2H20 + HCl(diluted) = CO21 + H2S?1 + NHA4Cl (boiling).

2HNCS + 2H20 + H2SO4(diluted) = (NH4)2S04 + 2CSO (40-50° C).
HNCS(diluted) + NaOH(diluted) = NaNCS + H20.

HNCS + H20 + H2S(gas) = CS2 + NH3 « H20O (normal temp.).

HNCS + 3H202(conc.) = HCN + H2SO4 + 2H20 (normal temp.),

S5HNCS + 4H2S04(diluted) + 6KMnO4 = 5HCN + 6MnS0O4 + 3K2S04 + 4H20.

CARBON DI SULPHIDE :

Carbon disulfide (CS,), also called Carbon Bisulfide, a colourless, toxic, highly volatile and
flammable liquid chemical compound

S=C=S

Small amounts of carbon disulfide are released by volcanic eruptions and marshes. CS, once was
manufactured by combining carbon (or coke) and sulfur at high temperatures.
C+2S - CS;

A lower-temperature reaction, requiring only 600 °C, utilizes natural gas as the carbon source in
the presence of silica gel or alumina catalysts.
2CH;+Sg—2CS; +4H,S

Reactions of Carbon Disulfide

CSzis highly flammable. Its combustion affords sulfur dioxide according to this ideal
stoichiometry:
CS;+30,—>CO, +2S0,

Reacts with oxygen produces carbon dioxide and sulfur dioxide.
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With nucleophiles
Compared to the isoelectronic carbon dioxide, CS; is a weaker electrophile. While, however,
reactions of nucleophiles with CO; are highly reversible and products are only isolated with very
strong nucleophiles, the reactions with CS, are thermodynamically more favored allowing the
formation of products with less reactive nucleophiles. For example, amines
afford dithiocarbamates:

2R,NH + CS, — [RzNH2+][R2NCSZ_]

Xanthates form similarly from alkoxides:
RONa + CS; — [Na'][ROCS; ]

This reaction is the basis of the manufacture of regenerated cellulose, the main ingredient
of viscose, rayon and cellophane. Both xanthates and the related thioxanthates (derived from
treatment of CS, with sodium thiolates) are used as flotation agents in mineral processing.
Sodium sulfide affords trithiocarbonate:

Na,S + CS; — [Na'],[CS3*]

Carbon disulfide does not hydrolyze readily, although the process is catalyzed by an
enzyme carbon disulfide hydrolase.
Reduction
Reduction of carbon disulfide with sodium affords sodium 1,3-dithiole-2-thione-4,5-
dithiolate together with sodium trithiocarbonate

4 Na+ 4 CS;, — Na,CsSs + Na,CS3

Chlorination
Chlorination of CS; provides a route to produce carbon tetrachloride.
CS, +3Cl, —» CCl, + S,Cl,

This conversion proceeds via the intermediacy of thiophosgene, CSCl,.

Coordination chemistry
CS, is a ligand for many metal complexes, forming pi complexes. One example is CpCo(n’-
CSz)(PME3)

Polymerization

CS; polymerizes upon photolysis or under high pressure to give an insoluble material called car-
sul or "Bridgman's black", named after the discoverer of the polymer, Percy Williams
Bridgman. Trithiocarbonate (-S-C(S)-S-) linkages comprise, in part, the backbone of the
polymer, which is a semiconductor.

CS; Uses (Carbon Disulfide)
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o Carbon Disulfide is used in the production of carbon tetrachloride.
o Used as preparing soil disinfectants.

e Used in the manufacturing of rayon.

e Used as a solvent for iodine, phosphorous, etc.

e Used to manufacture electronic vacuum tubes.

e Used as a solvent in rubber making industries.

e Used in camphor.

e Used in generating petroleum catalysts.

o Used as pesticide intermediate.

Structure of Diamond and Uses

Structure:

All the carbon atoms of Diamond are said to possess strong chemical bonds with that of the four
other carbon atoms, thus making a perfect tetrahedron structure and on throughout the crystal.
The carbon atoms, here are sp3 hybridized, and the bond lengths of carbon-carbon atom are
equal. Hence Diamond forms a three-dimensional network of strong covalent bonds.

Diamond has a very high melting point of about 3843 K and a high density of about 3.51 g/cm3.
It is known to be a poor conductor of electricity since its valence electrons get involved in C-C
sigma covalent bonds, and hence they are localized and are not free to conduct the electricity.

Uses:

e Diamond is known to be the hardest substances on the Earth. It is used in making of tools
that are utilized for grinding, cutting, drilling, etc.
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o Diamond is used in the manufacture of filaments made of tungstens used for light bulbs.
e Itisused in the making of jewelry.

o Diamonds are used by most of the surgeons in the removal of the cataract from the eyes
as a high precision instrument.

Structure of Graphite and Uses

Structure:

All the carbon atoms in Graphite are said to have stable chemical bonds with that of the other
three carbon atoms, thus making the sheets that look like chicken wire; the weak form of forces
hold the sheet quickly. When you are composing with a pencil on the paper, it is these sheets that
slide separately to desert the graphite pieces as a blemish on the Paper.

The carbon atoms in the Graphite structure are sp2 hybridized and are directed in the same plane
thus forming hexagonal rings. The rings have many layers of particles. Graphite is said to exhibit
low electrical conductivity with a low density of about 2.26 g/cm3.

Uses :
o Graphite powder is utilized as a lubricant in the form of dispersion material or powder.
o Graphite is widely used in lead pencils.

e Itis used in the manufacture of electrodes of carbon employed in the electrolytic cells, as
it is an excellent conductor of electricity.



o Itis utilized in the making of graphite crucibles since it possesses high melting points.

e Itis widely used in the nuclear reactors and moderators.

BORON FAMILY
Compartive study of boron group elements

Group 111 of the periodic table is known as boron group compounds It contain 5 elements
namely, boron (B), aluminium (Al), gallium (Ca), indium (In), and thallium (T1)

Element At. No. Electronic Configuration
Boron (B) 5 (He) 25?2p*
Aluminium (Al) 13 (Ne) 3s® 3p*

Gallium (Ga) 31 (Ar) 4s°4p*

Indium (In) 49 (Kr) 4d'°5s? 5p*
Thallium (T1) 81 (Xe) 5d" 65 6p*

The general electronic configuration of the elements of this groupmay thus be written as

ns?p’.

General Characteristics :

General characteristics of boron block elements are listed below. Almost all these
elements have same chemical and physical properties.

1. Structure of elements :

The boron group-shows considerable structural diversity, and itself for instance, exists in
several hard and refractory polymorphs. The three solid phases for which crystal structures are
available contain the icosahedral as a building block. Execpt boron all other elements are metals
aluminium has fcc lattice, but thalliam has hcp lattice. But, indium has a slightly distorted fcc
structure.

2. Atomic radii :

From the periodic table, we can understand that, the atomic radii suddenly decreases.
This is because in Ga, In and TI, the 10 d electrons shield the nucleat charge less effectively than
the sand p electron, the outer electron is held fairly strong by the nucleus. So, inspite of the
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increase in atomic size, as we more from Al to Ga. In case of TI, the 14 electrons in 4f orbital the
shielding effect of this electron are less, so the atomic radii still decreases.

3. lonic radii :

As we more down the group the ionic radii gradually increases This shows that screening
effect is zero.

4. Electronegativity:
As we move down the group the electronegativity gradually decreases from B to TI.
5. Oxidation State:

Boron shows consistently +3 oxidation state in its compounds. The rest of the elements,
however, show +1 as well as +3 oxidation states The +1 oxidation state becomes more and more
stable as we more down the group from B to TL The compounds in which thallium is univalent,
are more state than those in which it is trivalent. This is explained by inert pair" effect. The
stability of +1 oxidation state in group Il elements increases in the order Al< Ga< In < TI.

6. Tendency to form ionic compounds :

From the electronic configurations of the elements, it might be expected that all of them
would form +3 ions. However, the second and third ionisation energies of boron are so high that
this element has little tendeny to form B** ion. This ion in any case in not stable and it not
important chemically. The other members of the family, because of the comparatively lower
values of ionisation energies involved in the changeM —» M?**, have a relatively higher
tendency to form AI**, Ga®" and In®*" ions under suitable conditions.

Tendency to form coralent compounds :

The trivalent boron ion, B* is exceedingly small. Such an ion would exert large
polarizing effect on neighbouring atoms, i.e., it would tend to pull off electron from
neighbouring atoms. This would result in the transference of electrons to the boron ion from its
neighbour's resulting in electron sharing and covalent bonding.

According to Fajan's rule also, the smaller the size of the cation, the greater in the
tendency for covalent bonding. Thus, boron, generally, forms covalent compounds, the other
elements from electrovalent compounds also.

7. Action of air and water :

Pure boron is almost unreactive at ordinary temperature. It reacts with air only when
heated It does not react with water. It is attacked only by hot concentrated acids like sulphuric



acid. Aluminium react readily with air, even at ordinary temperature forming, a protective layer
of the oxide. The oxide film protects it from further action of air. The oxide film protects if from
further action of air.

Aluminium decomposes cold water. Gallium and indium are attaked neither by cold nor
by hot water unless oxygen is present. Thallium is a little more reactive than gallium and forms
an oxide on the surface.

8. Reaction with hydrogen :

Elements present in this group donot directly reactive with hydrogen, but, however, they
are capable of forming many number's of hydrides,

Boron gives many number of hydrides, such as ByHn+4. and ByHy.s (dihydroborane)

Aluminium, Gallium and Indium gives hydrides, such as (AlH3), (GeHs),, and (In Hs),,. But
thallium does not give any hydrides, Hydrides such as sodium borohydride (NaBH,), Lihium
aluminium hydride (LIAIH,) are used as a good reducing agents in organic chemistry.

9. Reaction with oxygen :

All these elements form oxides with general formula M,03 - As, we more down the group
the oxides there elements shows increased basic property.

The acidic property of B,O3, can be explained, this is because, boron is smaller in size,
So it has higher poistive charge over it when it reacts with water, it form a strong bond with
oxygen. But later the O-H gets weakend and H" is liberated: So, due to the liberation H'; it
possess acidic property.

10. Oxyacids:

Only boron gives various oxyacids. Out of these oxyacids, only orthoboric acid (H3;BO3),
is very much important and it is a monobasic acid. It is capable of accepting a pair of electron
and it acts lewis acid.

11. With halogens:

Except Ta, all other elements gives halide with a general formula MXs. In case of
boronhalides, they are formed by covalent bonding. This is because, the boron has a smaller size.

Trihalides undergo hydrolysis with water.

12. Complex formation:



M** ion, does not gives complexes with NH; and NH, But Aluminium fluoride
complexes are important. They are AlF,* to AlFs are well known.

When indium perchlorate or sulphate solution reacts with water they give [In (H20)s**] an
aquated complexes.

In case of chloride solution TI gives 6 different complexes form TICI?** to TICIg>
Electron Deficiency and Electron Acceptor Behaviour

The members of boron family have ns2 np* configuration in their valency shell and so
they exhibit their group velency of 3 while these elements form compounds of the type MX, the
central atom will have only six electrons instead the required 8. E.g., Boron in BF, has
twoelectrons short of noble gas configuration

Thus the compounds of the type MX, are electron deficient. So they accept a pair of electrons
from a suitable donor. E.g.,

We know, according to Lewis definition of acids, electron acceptors are acids. Thus, since, the
compounds of the type MX, are electron deficient and are capable of accepting a pair of
electrons, such compounds are called Lewis acids. The electron acceptor ability decreases with
an increase in the size of the central atom.

DIBORANE, B,Hg
Preparation :
1. Form boron trifluoride :

It can be obtained by reacting lithium hydride, lithium borohydride or sodium borohydride with
boron trifluoride.

2. By Silent electric discharge :

It may be prepared by passing silent electric discharge through a mixture of hydrogen and boron
trichloride vabour at a low pressure.

3. Using Lithium Aluminium Hydride :

Boron trichloride is reduced with lithium aluminium hydride to give pure diborane

4. Using alkali metal borohydride :

When sodium borohydride or lithium borohydride is treated with HCI we get diborane

Properties :



Diborane is a gas. It is stable only at low temperatures, in the
absence of moisture and grease.
1. Action of heat :

When diborane is heated to temperatures between 100 and 250°C it changes into a number of
other boranes.

2. With water :

It readily reacts with water forming boric acid and hydrogen,

3. With alkali :

It dissolves in strong alkali solutions giving borates and evolving hydrogen.
4. With ammonia :

It reacts with ammonia at low temperatures to give diammoniate of diborane. At high
temperatures it gives borazole low temp.

5. With hydrogen chloride :

It reacts with hydrogen chloride to give chlorodiborane.

6. With chlorine :

It reacts with chlorine at 25°C to give boron trichloride,

7. With carbon monoxide :

It reacts with carbon monoxide under pressure to form the carbonyl

Structure:

The molecular formula of diborane is B Ha. In this molecule there are only 12 electrons
(three from each boron atom six from six hydrogen atoms. Comparing this molecule wtih C,He
ethane) we find that there are 14 electrons in ethane. Thus we find the di borane molecule is
electron deficient. This means that there are not enough electrons to from the expected number of
covalent bonds. Electron diffraction studies show that in B. He there are two coplanar BH,
groups and that the two remaining hydrogen atoms lie centrally above and below the plane

linking the BH, groups. Thus rotation between the two boron atoms in prevented.
To account for these facts two structures are assigned to diborane.

i) Diborane as a resonance hybrid :



Diborane is considered to be a resonane hybrid of the following two forms
ii) Bridge structure for diborane :

There are two BH, groups each with two B-H bonds (normal electron pair covalent
bonds). They lie on the same pane. The four hydrogens in these two BH, groups are linked by the
two remaining hydrogens. These two hydrogens are called bridging hydrogens. The B-H bond
length between the boron and bridging hydrogen is 133 A). The two BH, groups are on the same
planes. One of the bridging hydrogens lies above the plane in which the two BH, groups are
located while the second bridging hydrogen lies below the plane of the BH, groups.

The bridge structure for diborane may be written as follows:
Evidence in favour of bridge structure:

1) Specific heat measurements show that the two BH, groups cannot rotate as in the case of
ethane where as the two CH, groups can rotate around the C-C axis.

i) NMR and Raman spectra have shown that the four of the six hydrogens present in B, He are
of one type while the remaining two hydrogens are of another type.

iii) Diborane on methylation gives Me, B_H2. This shows that only four hydrogens could be
replaces by four methyl groups. Thus it is comfirmed that only four hydrogens in B, H. are
similar while the other two different. These are the bridging hydrogens.

Nature of bonds in diborane :

i) There are two BH, groups with a total of four B-H bonds. These are normal two electron
covalent bonds.

ii). There are two hydrogen bridges. The nature of the bonds in these bridges are of special type.
Each bridge consists

Only two electrons one from born and other from hydrogen. Thus TWO electrons bind
THREE atoms in a bridge. This is called three centre electron pair bond. This is explained as
follows: The outer electronic configuation of boron are given below:

The boron atoms are in a state of sp3 hybridisation, in which ones and three 2p orbitals are
involved. The four 'sp hybridised orbitals have a tetrahedral shape with one vacant orbital. This
is shown

Two hybrid orbitals of each boron atom overlap with 1 orbital of two hydrogen atoms
and from two B-H bonds (terminal bonds). Now two hybrid orbitals are left on each boron atom.
One of these two contains one unpaired electron while the other is vacant. The hybrid orbital
containing one unpaired electron of one boron atom and the vacant hybrid orbital of the second



boron atom overlap simulataneously with is orbital of a hydrogen atom to form a B-H-B bridge
bond. Since this bond united three atoms with two electrons, it is called three centre electron pair
bond.

On account of the repulsion between the positive charges on the two hydrogen nuclei the
bridging orbitals are bent away from each other. The shape of the bridge bonds resembles
bananas. So these are also known as banana bonds.

A simple representation of bonds on the paper one B-H-B banana bond above the plane
of the paper ; one B-H-B banana bond below the plane of the paper.

BORAZOLE (BORAZINE)
Preparation :

Borazole can be prepared by heating ammonium chloride and boron trichloride. The
product obtained namely B chloroborazine is reduced by sodium borohydride in polyether.

Properties :
1) Borazole decomposes slowly on standing,
ii) Hydrolysis : Borazole undergoes hydrolysis at high temperature.

iii) Borazole has been called "Inorganic benzene" because their structure show some
resemblance. Borazole resembles benzene in some physical and chemical properties. It readily
adds three molecules of H,O, CH,OH, CH, I or HCI. The more negative group attaches to Boron
atom. When the hydrogen chloride derivative is heated as 50° - 100°C it loses three moles of H,
to give B-trichloro borazine

When treated with bromine it gives the substituted products B tribromo N tribromo
borazine (2) at 0°C and B-tribromoborazine (3) at

NITROGEN FAMILY
Comparative study of Nitrogen Family elements and their compounds

Nitrogen, phoshorous, arsenic, antimony and bismuth constitute the nitrogen group, the V
group in the periodic table. The following discussion will justify the position of these elements in
group V of the periodic table.

1. Occurence:

Nitrogen forms 75% by weight of the atmosphere. Phosphorus does not occur free in
nature. Arsenic, antimony and bismuth also occur in smaller quantities in nature. Phosphorus



occurs in the combined state as phosphates. It is the only abundant element of the group, which,
infact, ranks tenth in abundance amongst all the elements.

2. Electronic configuration

Element At. No. Electronic configuration

Nitrogen 7 1s? 25 2p°

Phosphorus 15 1s? 2s% 2p° 352 3p°

Arsenic 33 15 25% 2p° 3s% 3p® 3d™° 4s% 4p°

Antimony 51 15?25 2p° 35 3p°® 3d"° 4s? 4p® 4d™° 5% 5p°

Bismuth 83 15 25% 2p® 352 3p° 3d™° 4s? 4p°® 4d1° 4f1*
5s? 5p° 5d'° 65 6p°

All the elements of this group have five electrons in their outer shell. The have nsnp3
electrons in their respective outer shells. The three p electrons are equally distributed in each
case among the three p.The p orbitals in the outer shells are half filled.Since the completely filled
or half filled orbitals are most stable, these elements are fairly stable and so less reactive.

3. Physical state / Structure of elements :

Nitrogen is a gas, phosphorus is a volatile solid. It exhibits allotropy. The various
allotropic modifications are white or yellow phosphorus, red phosphorus, scarlet phosphorus,
violet phosphorus and black phosphorus. White phosphorus exists in two enantiotropic
modifications called c-and B-phosphorus. White phosphorus is readily soluble in
carbodisulphide and when the solution is evaporated we get phosphorus crystal which have
octohedral structure, Below 800°C the vapour density corresponds to the formula P. Above
800°C P, dissociated into P In P, the four phosophorus atoms lie at the corners of a regular
tetrahedron. Each phosphorus atom is linked to each other by covalent bonds so that each
completed its valency shell. Red phosphorus has minute crystalline structure. Arsenic, antimony
and bismuth are solids and have rhombohedral or trigonal structures. The densities and boiling
points of these elements increase gradually on descending the group.

4. Atomic radii :

The atomic radii increase from N to Bi. But the increase in not regular. This is beacuse
the 10 electrons in respective d levels in As, Sb and Bi do not shield the nuclear charge
effectively. Therefore, the outer electrons are held more firmly by the nucleus. Thus atoms with
do inner shells are smaller in size than the expected size. Bi contains level also with 14 electrons
which have still less shielding effect. This further reduces atomic size.



5. lonic radii :

N.P and As form M ions : Sh forms both M** and M3 ions while Bi form only M ions.
The ionic radii also show the same trend as the atomic radii.

6. Metallic and non metallic character:

The first two elements, nitrogen and phosphorus are distinctly non- metals. The elements
arsenic and antimony are partly, non-metals and partly non-metals and partly metals (metalloids).
Bismuth is a metal.

7. lonizatiation energy :

The ionisation energy of nitrogen is very high (336 k cals / mole). It decreases as we
move down the group.

8. Electronegativity:

Electronegativities, decrease gradualy as we move down the group indicating a gradual
change from non-metallic character.

9. Electron affinity :

Electron affinities, usually, increase as we move from left to right in a period. But as we
go from C to N or Si to P we find the values are decreasing. This is because nitrogen and
phosphorus have half filled p sub shells. This gives them extra stability. So these are reluctant to
take up extra electrons. Thus electron affinities of these elements are less than the expected
values. The other elements in the family have negative electron affinity values suggesting that
they are reluctant to accept electrons. They have to be forced to accept electrons.

10. Valency:

Each of these elements possesses two paired s-electrons and three unpaired p electrons in
their valency shells. By using three p-electrons they may form three covalent bonds. Expect
nitrogen, all other elements contain d-orbitals also. As a result their s electrons may be unpaired
and one of this promoted to a vacant d-orbital. Thus five unpaired electrons are formed in the
valency shell. These can form five covalent bonds. Thus P. As and Sb exhibit 5 covalent state.
This is not possible in nitrogen due to absence of d-orbital. (E.g. phosphours forms PCI, while
nitrogen does not form NCI).

11. Oxidation states :

The positive oxidation states are expected to become more frequent on moving down the
group. They have the electronic configuration ns’nps. They can have two positive oxidation
states namely +3 and +5. The +3 state is caused when only p electrons are involved in chemical



bonding, +5 state is caused when both the s and p electrons are involved in bonding. The +3 state
becomes more and more common moving down the group. Nitrogen and phosphorus also show
an oxidation state of +4. The oxidation state of nitrogen in ammonia is -3. The tendency of
elements to pass into oxidation state decrease on moving down from P to Bi.

12. Inert pair effect :

These elements show inert pair effect in that they show the group valency of 5 and also a
valency of 3. When all the five valency electrons are used in the formation of a compound, their
valency is equal to their group number, E.g., Antimony (V) compounds. When the outer most s -
electrons are not used, their valency is three, that is, group number minus two. This is due to
inert pair effect E.g., Bismuth (I11) compunds. +5 oxidation state becomes less and less common
as we move from nitrogen to bismuth. This is due to greater and greater stability of the inert pair.
The s - electrons of the valancy shell form the inert pair.

13. Catenation :

Nitrogen and phosphorus have a tendency to form M - Mbonds. In hydrazines N - N
bonds are found (H2N - NH2). In azides N - N-N skeletons are there. P- P links are limited to
only two atoms. E.g., PH As, Sbh, Bi form the oxides only on heating.

14. Chemical reactivity :

Nitrogen is chemically non-reactive. It does not combine with any other element at
ordinary temperatures. It combines with oxygen only when heated in an electric arc. White
phosphorus is extremely reactive. it burns readily, in oxygen forming oxides of phosphorus. A's,
Sb and Bi form the oxides only on heating.

15. Hydrides :

These elements form hydrides of the type MH, Ammonia, NH, forms an associated and
high boiling liquid. It is basic. It forms salts with acids. This is due to its high electronegativity
and the presence of a lone pair of electrons on N-atom, which gives rise to hydrogen bonding and
the basic character of NH,Phosphine is a much weaker base than NH,

The size of P is greater than that of N.
The electronegativity of P is lower than that of N

So the lone pair on P could not form hydrogen bonds with H, like N. So PH,, is reluctant to form
PH.. This is why PHg, is less basic than NH, Arsine (ASH,) and stilbine (SbH,) are weaker still.
This is due to the lack of hydrogen bonding because of lower electro negativities and greater size
of As and Sh. The stability is in the decreasing order. NH,>PH,>ASH, SbH, BiH,. The hydrides
of P, As and Sb are strong reducing agents. They are inflammable and poisonous. Ammonia
forms NH" salts readily. PH, forms salts with HCI and HI under anhydrous conditions only while



other hydrides donot form analogous salts. NH, forms complexes with Co, Ni, Cu and Zn group
elements, indicating its strong electron pair donar property, while other hydrides donot

16. Halides :

They form trihalides of the type MX,. All the possible trihalides are known except NBr,
and Nig, which have been prepared as ammoniates. Eg.NBr 6NH These are covalent. They have
a tetrahedral structure like NH, However BiF, is ionic while SbF, and other bismuth halides are
partially ionic. NF, is stable while NCI, is explosive and is readily hydrolyséd. This is because,
during the first stage of hydrolysis an extra bond is formed. This is possible in NCI, because ClI
can expand its octet by using d-orbitals while F in NF, cannot do so. Trihalides of P, As and Sb
hydrolyse easily because they can expand their octet. N does not form pentahalides while P. As
and Sb can. This is because N cannot use its d orbitals, because such usage is energetically not
feasible. Other elements can use their d orbitals forming sp°d hybrid orbitals. The pentahalides
have trigonal bipyramidal structure.

17. Oxides :

Nitrogen forms a number of oxides. e.g. N2O (nitrous oxide), NO (nitric oxide) N, 0,
(nitrogen sesqui oxide) NO, or N20, (nitrogen dioxide or dinitrogen tetroxide) No (dinitrogen
pentoxide) NO, or N, O. (nitrogen trioxide or dinitrogen hexoxide). The last one mentioned, is
very unstable. The first two are neutral. The rest are acidic.

18. Oxyacids :

Excepting bismuth, all others form oxyacids in various oxidation states. The strengths
and solubilities of oxyacids, having the element in the same oxidation state, decrease gradually.

19. Sulphides :

Except nitrogen all the elements of nitrogen group form sulphides. The stability of
sulphide increase with increase in atomic weight.

20. Complexes :

All of the trichlorides and trifluorides expect N and P will take on additional halide ions
to form complex halo anions. These are irregular polyhedra since there are unshared electron
pairs in the metal valency shells. Several ammine complexes are known where NH, is the ligand
and Nis the donar atom, e.g., Hexamminecobalt (111) chloride, (Co(NH3;) Cl,,Other complexes
with nitrogen donar atoms are known

1. Chemistry of Hydrazine

Preparation :



1. Rasching's Method

Hydrazine is prepared on a commercial as well as well as laboratory scale by boiling
aqueous ammonia with sodium hypochlorite in the presence of a small amount of glue of gelatin.

The hydrazine produced may react with chloramine giving nitrogen. This decreases the yield of
hydrazine. The presence of glue to gelatin.

The resulting solution is fractionally distilled we get a concentrated solution of hydrazine hydrate

The hydrazine hydrate solution is cooled with ice and then it is treated with sulphuric acid.
Sparingly soluble hydrazine sulphate is precipitated.

It is filtered off and is treated with liqguid ammonia. Ammonium sulphate is precipitated.
Ammonium sulphate is filtered off. The solution is evaporated, Ammonia escape. Anhydrous
hydrazine is obtained.

2. From Nitric oxide :

Hydrazine may be obtained by treating a solution of potassium sulphate saturated with
nitric oxide with sodium amalgam.

Properties :

Hydrazine is colourless liquid which is soluble in water all proportions. It is very
hygroscopic and on exposure to air it readily absorbs moisture and carbon dioxide. The liquid
has a faintly alkaline reaction.

1. Basic Nature :

It may be considered as derived from NH, by the replacement of one H atom by NH,
group. It behaves as a di-acid base. It reacts with hydrochloric acid to from hydrazine
monochloride H,N NH, CI and hydrazine dichloride CIH,N NH,CI.

Uses :

1) it is used as a rocket fuel (Scientific use). (Its alkylated derivatives are used as potential rocket
fuels).

2) It is used as a reducing agent.
3) It is used as a reagent in organic chemistry.
Example

Carbonyl compounds like aldehydes and ketones give crystalline hydrazones from which
they may be identified



2. Chemistry of Hydrazoic Acid
Preparation

1. When hydrazine or its salts are treated with nitrous acid we get hydrazoic acid

2. Dry ammonia is passed over heated sodium. We get fused sodamide. After all the sodium has
reacted, nitrous oxide is passed over fused sodamide. We get the sodium salt of hydrazoic acid,
i.e., sodium azide. It is heated with 50% H,So, We get hydrazoic acid.

3. Anydrous hydrazoic acid is prepared by treating dry potassium azide with 66% H,SO

Properties : It is a colourless, volatile, poisonous liquid with disagreeable odour. It explodes
violently on heating or on striking. It is readily soluble in water and alcohol.

Uses :

1. It is used to prepare lead azide [Pb(N.), which is used as a detonator in percussion caps of
firearms in place of mercury fulminate.

2. Itis used for some volumetric estimations Ce™™ ions, KMnQj,, etc

Bonding / Structure :

X-ray and electron diffraction studies have shown that in hydrazoic acid the three N-atoms are in
a straight line. So the following resonance structures have been proposed for hydrazoic acid



UNIT — 11

Questions
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What are dienes? Give examples.

What are isolated dienes? Give examples.

What are conjugated dienes? Give examples.

What are cumulative dienes? Give examples.

What is meant by thermodynamically controlled and kinetically controlled reactions?
How is isoprene prepared?

How will you prepare 1,3 butadiene?

How is chloroprene prepared?

What is polymerisation? Give examples.

. Explain the terms polymer and monomer?

. What are homo polymers? Give examples.

. What are nautural polymers? Give two examples.

. What are synthetic polymers ? Give two examples.

. What are the types of polymerisation?

. What is condensation polymerisation? Give examples.

. How is PVC prepared? Mention its uses.

. Give the preperation of teflon. What are its uses.

. How is polystyrene prepared?

. What are cyclo alkanes? Give examples.

. How would you prepare cyclo propane and cyclo butane by wurtz reaction?
. How would you prepare cyclo pentane by Dieckmann ring closure method?
. How is cyclo hexane obtained from benzene?

Five marks
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Explain the stability of conjugated dienes?

Discuss the stability of 1,3 buta diene?

Explain the 1,2 and 1,4 addition reaction in butadiene.

Discuss the mechanism of 1,4 addition in butadiene?

Explain addition polymesation? Give examples.

Explain free radical polymerisation with suitable example.

Describe the mechanisam of anionic polymerisation.

Give the differnces between inoic polymerisation and free radical polymerisation
What are the limitations of Bayer's strain theory?

Ten marks
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Discuss the mechanism of free radical addition in conjugated dienes.
Explain Diels-Alder reaction with suitable examples.

Discuss the manufacture polyethylene,PVVC,Polystrene?

How will you prepared the following i) nylon-6 ii) nylon 6.6 iii) terylene



5. How will you prepared the following and mention their uses. i) buna rubber ii) butyle
rubber iii) neoprene

6. Discuss the stability of cyclic compounds on the basis of Bayer's strain theory

7. How Sachese's theory expalin the shape of cyclic compounds.

Dienes
Types of dienes

Open chain alkenes which contain two double bonds on the carbon chain are called dienes or di-
olefins, E.g. 1,3-butadiene (CH2=CH-CH=CH2), Dienes are classified in to three classes
depending upon the arrangement of double bonds on the carbon chain.

1. Conjugated dienes:

The dienes in which the two double bonds are separated by a single bond are called
conjugated dienes. Otherwise in conjugated dienes, there is alternate single and double bonds,

Example CH;=CH-CH=CH;,
1, 3 — butadiene
CH; -CH=CH-CHCH-CH;
2,4 - Hexadiene
2. Isolated dienes:

The dienes in which double bonds are separated by moeg than one single bond are called
isolated dienes.

Example:
CH; = CH-CH- CH = CH2
1, 4 pentadiene
CHy;=CH - CH; - CH, - CH = CH;
1, 5 hexadiene
Dienes with isolated double bonds react like the alkenes, each olefinic double bond acting

independantly of the other.



Differences between isolated and conjugated dienes

Reaction Isolated dienes Conjugated dienes
1. Addition They undergo normal They undergo abnormal
addition reaction addition reaction

e.g. 1,4 addition of

butadiene.
2. Polymerisation They do not under go They undergo polymerisation
Polymerization readily.
3. Diel's Alder They do not undergo They undergo Diel's
reaction Diel's Alder reaction. Alder reaction
4 With SO, They do not give They give cyclic sulphones.

cyclic sulphones
3. Cumulated dienes:

The dienes in which the two double bonds are present between successive carbon atoms
are called cumulated double bond compounds. These are called alienes.

Example
CH,=C = CH;
1,2-Propadiene or allene
CH3;-CH=C=CH?2
1,2 - butadiene or methyl allene

Cumulative dienes of the following type show optical activity since they are chiral.

Stability and chemical reactivity



The cumulated diene is the least stable. It isomerises to an alkyne or to a conjugated
diene. The conjugated structure is the most stable. If there is a possibility of formation of either
the conjugated or isolated structures,usually the conjugated isomer is the one that result The
stability of the dienes differ due to the difference in the relativepositions of double bonds.
Theconjugated double bond compounds are morestable than isolated double bond compounds.
This is evident from the observed heats of hydrogenation values, We find that the heats of
hydrogenation of alkenes having similar structure are almost constant. For monosubstituted
alkenes it is nearly 30 kcal/mole. For disubstituted alkenes it is nearly 28 kcals/mole.
Fortrisubstituted alkenes it is nearly 27 kcals/mole. For a compound containing more than one
double bond the heats of hydrogenation is expected to be the sum of heats of hydrogenation of
individual double bounds. This is true in the case of isolated double bond compounds,

Example CH; = CH.CH, - CH = CH;
1,4 - pentadiene
AH =30 x 2 = 60 kcals / mole
CH; =CH - CH2 - CH2-CH = CH;,
1,5 - hexadiene
AH =30 x 2 = 60 kcals / mole

The experimental value for 1,4- Pentadiene is 60.8 Kcals/mole and for 1,5 hexadiene is 60.5. K
cals/mole This is very close to the calculated values.

For conjugated dienes, the experimental values are lower than the calculated value.
Example:
CH; =CH - CH =CH;
1,3-butadiene
Calculated AH= 30 x 2 = 60 kcal/mole
Experimental value = 57 k cal/mole
CH3-CH=CH-CH=CH;
1,3-pentadiene
Calculated AH = 28 + 30 = 58 kcal/mole.

Experimental value = 54 k cal /mole



1,2 and 1,4 — Additions

The addition of HBr to dienes under free-radical conditions follows a different reaction
pathway than that of plain-vanilla addition of HBr. Specifically, heating HBr in the presence of a
free-radical initiator (such as di t-butyl peroxide, benzoyl peroxide, AIBN, or just “peroxides”)
results in formation of the bromine radical Bre , which adds to alkenes in such a way as to favor
the most stable radical intermediate. In practice, this results in “anti-Markovnikov” addition to an
alkene, where Bre adds to the least substituted carbon of the double bond, and the radical ends up
on the most substituted (and therefore most stable) carbon.

When Bre adds to a diene, we obtain a resonance-stabilized free radical. This radical will have
two important resonance forms, and two products can potentially form, depending on whether
the radical abstracts a hydrogen from H-Br at C-2 or C-4.



1,2 and 1,4 addition of HBr to butadiene under free-radical conditions

H—Br H H
2 .
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less substituted double bond
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"Thermodynamic product"
In this case, the major product can be controlled with temperature:

+ At low temperatures, the reaction is irreversible and the lowest-energy
transition state will determine the major product (i.e. addition to the carbon
best able to stabilize positive charge). This is kinetic control.

+ At higher temperatures, the reaction is reversible and the product

distribution will favor the more stable product (the more substituted alkene,
in this case). This is called thermodynamic control.
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Both isolated and conjugated dienes undergo electrophilic addition reactions. In the case of
isolated dienes, the reaction proceeds in a manner identical to alkene electrophilic addition. The
addition of hydrogen bromide to 1,4-pentadiene leads to two products.

H,C=CHCH,CH==CH, + HBr—>
Br
BLOLHCH,CH=CH,+ BA#,CCH,CH,CH = CH,
4-bromo-1-pentene 5-bromo-1-pentene
(Markowvnikov product)  (ant-Markovnikov product)

This reaction follows the standard carbocation mechanism for addition across a double bond. The
addition of more hydrogen bromide results in addition across the second double bond in the
molecule. In the case of conjugated dienes, a 1,4-addition product forms in addition to the
Markovnikov and anti-Markovnikov products. Thus, in the addition of hydrogen bromide to
1,3-butadiene, the following occurs.

Br

|
H,C=CH— CH=CH, 2% CH,—CH —CH=CH,
1,3-butadiene 3-bromo-1-butene
(Markownikov product)

+ Br— CH,~—CH,~—CH==CH, + CH,—~CH=CH—CH,—Br
4-bromo-1-butene 1-bromo-2-butene
(anti-Markovnikov product) (1.4-addition product)

The 1,4-addition product is the result of the formation of a stable allylic carbocation. An allylic
carbocation has the structure

CH, = CH—CH,

It is very stable because the charge on the primary carbon is delocalized along the carbon chain
by movement of the m electrons in the @ bond. This delocalization of charge by electron
movement is called resonance, and the various intermediate structures are called resonance
structures. However, according to resonance theory, none of the intermediate resonance
structures are correct. The true structure is a hybrid of all the structures that can be drawn.
The hybrid structure contains less energy and is thus more stable than any of the resonance
structures. The more resonance structures that can be drawn for a given molecule, the more



stable it is. The difference in energy between the calculated energy content of a resonance
structure and the actual energy content of the hybrid structure is called the resonance energy,
conjugation energy, or delocalization energy of the molecule. The allylic carbocation exists as
a hybrid of two resonance structures.

C}’)=C}l—é‘{3 > éH;-CH=CH,

Because it is resonance stabilized, the allylic carbocation is much more stable than an ordinary
primary carbocation. Resonance stability always leads to a more stable state than inductive
stability. The hybrid structure for this ion is

[CHym CHem ]

This structure shows the m-electron movement throughout the conjugated system, with a
resulting delocation of the positive charge through the system.

Understanding the allylic carbocation clarifies the mechanism for the addition to 1,3-butadiene.

2 H'
H,C==CH— CH=CH, —> H,C% CH—CH=CH,
H
H |
H,C# CH—CH=CH,—> H,C—CH—CH=CH,
Y i
H,C—CH*CH=CH,—> H,C—CH=CH—CH,
i i
H,C— CH=CH— CH, 2> H,C— CH=CHCH,Br

When other electrophiles are added to conjugated dienes, 1,4 addition also occurs. Many
reactants, such as halogens, halogen acids, and water, can form 1,4-addition products with
conjugated dienes. Whether more 1,2 addition or 1,4 addition product is created depends largely
on the temperature at which the reaction is run. For example, the addition of hydrogen bromide
to 1,3-butadiene at temperatures below zero leads mainly to the 1,2-addition product, while
addition reactions run at temperatures above 50°C with these chemicals produces mainly the
1,4-addition product. If the reaction is initially run at 0°C and then warmed to 50°C or higher and
held there for a period of time, the major product will be a 1,4 addition. These results indicate



that the reaction proceeds along two distinct pathways. At high temperatures, the reaction is
thermodynamically controlled, while at low temperatures, the reaction is kinetically controlled.

For the general reaction

R—>A+B

the high-temperature, thermodynamically controlled reaction exists in an equilibrium state.

A===R=+=B

If B is more stable than A, B will be the major product formed. The rate of formation is
immaterial because an increase in the forward reaction rate is mirrored by an increase in the
reverse reaction rate. In reversible reactions, the product depends only on thermodynamic
stability.

At low temperatures, the reaction is irreversible and no equilibrium is established because the
products have insufficient energy to overcome the activation energy barrier, which separates
them from the initial reactant. If A forms faster than B, it will be the major product. In
irreversible reactions, the product depends only on the reaction rate and is therefore said to be
kinetically controlled. Figure 1 is a reaction energy diagram that illustrates thermodynamically
and Kinetically controlled reactions.

Figure 1

The energy diagram of the reaction of 1,3-butadiene with hydrogen bromide shows the pathways



of the two products generated from the intermediate (Figure 2).

Figure 2

DIELS - ALDER REACTION

The 1,4- addition of the double bond of a suitable vinly derivative called the dienophile to
the two ends of a conjugated diene is called the Diels-Alder'reaction. This is an important class
of reactions known as cyclo additions. In these addition reactions ring systems are formed
without the elimination of any compound. The dienophile is usually an a, unsaturated carbonyl
compound e.g.,a, B unsaturated acids, acid anhdrides, esters, aldehydes, ketones or quinones.
The diene may be of various types : E.qg., acyclic, alicyclic,semicyclic compounds containing two
double bonds in conjugation. The Diels - Alder reaction requires no catalyst. The diene and the
dienophile are heated together or heated in some solvent like benzene. The product obtained by
the condensation of diene with dienophile is known as adduct. The adduct is usually a six
membered ring, the addition taking place in the 1,4-positions.

i+ﬁvih UY

Mechanism : This is a cyclo addition reaction. The product is formed via a transition state, Cyclo
addition reaction is an electrocyclic reaction in which old bonds are broken and new bonds are
formed by movement of bonded pairs of electrons in a concerted fashion



Example :

— CH,
COOH
COOH
/’/’ff/

HOOC - COOH
CH,
CO,Me
CO,Me
Z ] —
. CO,Me COMe

Ii COaMe : :GDEME

ECDzMe CO,Me
( MEOQC\I\ : .COzMe
COQME CO;Me

SYNTHESIS OF DIENES
(i) Itis prepared by passing cyclohexene over heated nichrome wire.
<i:::> CHp= CH-CH=CH2 - CH2 - CH2 + CH,=CH,
byclo hexane 1,3-butadiene

(i) It is prepared by passing the vapours of n butane over heated Cr,O3 (dehydrogenation)

Cr,03

CH3CH2 CH2 CH3 -2H, CH=CH-CHCH,
— >

n-butane 1,3-butadiene

(iii) It is prepared by passing a mixture of ethanol and acetaldehyde vapours over heated catalyst,
tantalum oxide, supported on silica gel

C,HsOH + CH3CHO > CH,- CH - CH = CH;




ethyl alcohol acetaldehyde
2. Isoprene
(i) 1t is prepared as follows:
HCI Cl;
(CH3); CHCH, CH, OH —A__,  (CH3), CHCH; CH,; Cl—— (CH3), CCI CH, CH, ClI
Isopentyl alcohol isopentyl chloride
Soda lime CHjs

|
A—> CH,=C-CH=CH,

Isoprene

(ii) It is prepared by passing isopentylene over heated Cr,O3;0n alumina support

CH; Cry,03 CHjs
| |
CH,=C-CH=CH, > CH;=C-CH=CH;,
Isopentylene Isoprene

Chloroprene (2 - Chlorobuta 1,3 - diene)
Structural Formula
H Cl

N
C =2¢C
NS

CH=C

AN

H

H

It is manufactured by passing vinyl acetylene into conc. HCI in the presence of cuprous and
ammonium chlorides.

CH;=CH-C=CH, — [CH.CI-CH=C=CH;] — CH,=CCI-CH=CH,
vinyl acetylene Chloroprene

The reaction proceeds by 1,4 - addition followed by rearrangement under the influence of the
catalyst.



Polymerisation

What is it? Polymerisation is a process in which several molecules join together and form very
large macro molecules

0] n(CH,=CH,) Pressure, (-CH2-CH2-),,

Ethylene polyethylane /
(monomer) (polymer)
(i) Butadiene + Styrene - SBR Rubber

The products of polymerisation are called polymers. Thus polymers are compounds with
high molecular weights which are composed of a large number of simple repeating units. The
simple repeating units which constitute a polymer are called monomers, In the example (i)given
above ethylene is the monomer and Polyethylene or Polythene is the polymer. In the example (ii)
given above vinye chloride is the monomers and PVC is the polymer - Thus every polymer
consists of several monomers of the same type or of different types. Thus we can have different
types of polymers depending up on the nature of the constituent monomers. Polymers formed by
two or more different monomers are called co-polomers. Examples:

Name of the polymers Monomers

Nylon 6,6 adipic acid and hexamethylene diamine.
Terylene or decron Methyl terephthalate and ethylene glycol,
SBR Rubber Butadiene and styrene.

Polymers formed by one type of monomers only are called homo polymers

Examples

Name of the polymer Monomer
Nylon 6 Caprolactum
Polyethylene Ethylene
PVC (Polyvinyl chloride) Vinyl chloride

Styrene (Vinyl benzene) Polystyrene



Natural and Synthetic Polymers:

Polymers have been classified in another way also, depending upon whether they occur
naturally or they are prepared synthetically. Thus the polymers which are found in nature are
called natural polymers or bio-polymers. These consist of a large number of the same or different
monomer units.

Examples:
1. Proteins or polypeptides:

These are poly amides of %-amino acids. Examples of polypeptides are wool and
silk. Wool is a bio polymer made up of 20 different amino acids. Thus it also a
copolymer. Silk also a copolymer, made up of 4 amino acids.

2. Polysaccharides :

These are bio polymers. They consist of many mono saccharide units. Examples
of polysacchacides are starch and cellulose. They are made up of glucose units. Thus they
are examples of homo polymers.

The polymers which are synthesised are called synthetic polymers.

E.qg., i) Polyethylene or or polythene. They are made up of several ethylene molecules, ii)
P.V.C, or polyvinyl chloride which is made up of several vinylmchloride molecules.

Types of Polmerisation
Polymerisation is, of two types.
Q) Addition polymerisation.

(i) Condensation polymerisation,

Examples :

Type Name Monomer

1. Addition Poly vinyl chloride Vinyl chloride
Polymers Poly ethylene Ethylene
2. Condensation Nylon 6,6 Adipic acid and
Polymers hexamethylene diamine
Terylene Methyl terephthalate and

ethylene glycol

Polymerisation can also be classified into three types depending upon the mechanism

followed during polymerisation. They are (i) free radicaron (ii) cationic and (iii) anionic
polymerisations. The last two are given a common name, viz., ionic polymerisation,



FREE RADICAL POLYMERISATION

Free radicals are species with one (or more) unpaired electron(s) obtained by the
homolytic fission of a covalent bond,

CI-CI _hv  2Cle
Chlorine chlorine (free radical)
CHsCOCH; _hv | 2CHgze
Acetone methyl free radical
Polymerisation initiated and propagated by free radicals is called free radical polymerisaton.

The common initiators used in free radical polymerisation are peroxides.

a) Ethylene to polyethylene :

X H
nitiator 4+ )= —=  |—CHX—CH,
H H

X H
|—CHX—cH, + =~ —=
H H

CHX==CH,
| —CHX—CH,—CHX——CH, = ——»

I%CHX—CHZ%

n

CATIONIC POLYMERISATION
Polymerisation initiated and propagated by cations is called cationic polymerisation
Catalysts used in cationic polymerisation :

"HSO, HF, Lewis acids such as AICI, Snc, BF, etc.,



These produce electrophilic cations which acquire a share in a pair of
electrons from the double bond of the monomer.
Mechanism:
The cationic Polymerisation proceeds via the formation of carbo-cations

called carbonium ions as an intermediate as shown below:

i.Polymerisation of isobutene in the presence of sulphuric acid,

ii. Polymerisation of isobutene in the presence of sulphuric acid and a small amount of butadiene
giving but rubber.

3. Anionic polymerisation
Polymerisation initiated and propagated by an ions is called an ionic polymerisation
Catalyst used in an ionic polymerisation : Sodamide: NaNH,

Mechanism :



The an ionic polymerisation proceeds via the formation of carbanions as an intermediate as

shown below

Formation of carbanion takes up a phenol-formaldehyde resin, in presence of bases.

Distinctions between ionic and free radical polymerisations

Inonic Polymerisation

1. This is brought about by
initiators which produce ions
responsible for the chain reaction
The ion produced may be a
carbocation or a carbanion.

2. When the concentration

of the initiator is increased

the rate of polymerisation

increases.

Free radical Polymerisation
This is brough about by initiators
which produce reactive free

radicals at controlled rates

decrease



3.Radical inhibitors do not Arrest free radical polymersation

arrest ionic polymerization E.g., N reacts with R. to give R- NO
4.Do not give ESR Give ESR spectrum.
spectrum.

PREPARATION OF POLYMERS:
Addition polymers :
1.Polyethylene :

It is prepared by the polymerisation of ethylene at high temperature and pressure,

The polymerisation is done in two ways:
1. High pressure process :

Ethylene is obtained by dehydrating ethanol, or hydrogenating acetylene or by cracking
petroleum. it is purified and very pure ethylene is polymerized at a pressure of 1000 to 3000 atm,
and at a temperature of 250°C. The reaction is initiated by peroxides or traces of oxygen.
Benzene or chlorobenzene is used as a solvent. The reaction is exothermic. The polyethylene
obtained in this process is called low density polyethylene or branched polyethlene.
ii.Low pressure process:

Ethylene is polymerised at ordinary pressure at about 60°C by passing it through
suspensions of triethyl aluminium and titanium tetrachloride in an aliphatic oil. The reaction
vessel is cooled as the reaction is exothermic,

Advantages:

1.High purity of ethylene is not required

2. Yield is good.



2. PVC

Vinyl chloride is obtained by treating acetylene with HCI in presence of HgCl, as catalyst
at a pressure of 6 atmospheres and at a temperature of 180°C

lefiover acetylene fiom the
acetylene lamp fiasco
\ H H H H
5 I
HC=C-H + HGl —>» = — +c|3_(|34F
H Cl H 1
vinyl chloride polyivinyl chloride)

Vinyl chloride is polymersied in the presence of acyl or aryl peroxides and aliphatic azo
compounds between 30-80°C to give PVC.

3. Teflon:

The monomer of teflon is tetrafluoro ethylene, which is prepared by the action of HF on
CHCI, in the presence of antimony (1) chloride at 1070 K

4. Poly Styrene
Ethyl benzene is dehydrogenated by heating it with Zno at 870K. We get styrene

Styrene is polpmerised in the presence of peroxides, like dibenzoyl peroxide, or sodium or by
exposure to sun light.



free radical

- | al H H
3 ; vinyl polymerization [
c=C - —[—tli—C—lﬁ
H H
styrene polystyrene

Condensation Polymers
1. Nylon - 6[ - (CH3)s CONH- ),

It is a condensation homo polymer formed by prolonged heating of caprolacturn between 530-
540K.

2. Nylon - 6,6

It is a condensation co-polymer formed by the reaction between adipic acid and

hexamethylene tetraamine. Since both the monomers have six carbon atoms each it is called
nylon 6,6

O
Il

HO. o~ -~ -C o TV HL
e “oH Ot N 2
0

adipic acid hexamethylene diamine

)] H
Il I
—_— \{\CWCHNWN‘-}\
Il |
O H

nylon 5,6



3. Terylene

It is a polyester. It is prepared by treating methyl terephthalate and ethylene glycol.

i ]
n CHy— O—C@C—D—EHé‘HH_OI (CHy}, OH
Dimethyl terephthalate Dimethylene glycol
0 0

C @ C—O—(CH,),—0—+n CH; OH

n
Terylene

Synthetic rubbers

What are they ?: Compounds which are similar to natural rubber in properties but perpared

synthetically in the laboratory are called synthetic rubbers.

Name of some synthetic rubbers, the compounds from which they are prepared and their uses are

given below:

Name Prepared using

1.Buna-N-rubber 1.3-butadiene
and acrylonitrile

2.Butyl rubber 1,3-butadiene
and isobutylene

3.SBR rubber 1,3-butadiene

and styrene
4. Neoprene Chloroprene

Uses

hoses, gloves etc.

For making inner tubes
and tubeless tyres.
Substitute for natural
(superior to natural rubber)
For making tyres, tubes,
hoses, gloves, conveyor,

belts etc.



1. Buna Rubbers :

Buta diene polymerises in the presence of sodium to give Buna rubber, a rubber substitute - It is
of two types:

i. Buna-N Rubber:

This type of rubber is manufactured by the co-polymerisation of butadiene and acrylonitrile.
(CH,= CH-CN)

Uses : It is resistant to oils and low temperatures, Hence it is used for oil and hydrolic fluid
hoses, rubber gloves etc-

ii. SBR Rubber (Buna - S-rubber) Styrene-buta diene rubber:
This is obtained by co-ploymerisation of 1,3-butadiene and styrene in the ratio 1:3. They

are emulsified in presence of soap. The emulsion when catalysts gives SBR rubber heated
strongly, under pressure in the presence of organic peroxides as

Uses :

1. It is used for the manufacture of tyres



2. It is used for the manufacture of mechanical rubber goods,
3. Itis used for manufacture shoe soles
4. It is used in the sidewell of buildings.

3. Butyl Rubber :

It is a co-polymer made from isobutylene and isoprene, The monomers are dissolved in
methyl chloride and are polymerised at -80°C to - 100°C in presence of anhydrous aluminium
chloride as catalyst.

CH3 |CH3 CH3 (|ZH3
| |
CH» =('|_' g CHy=C —CH=CHy;—— ——CHz—liI— CH—C=CH —CH>—+

CH3 CH3
Isobutylene Isoprene Butyl rubber

4. Neoprene Rubber (Polychloroprene)

The monomer for this rubber is chloroprene. Chloroprene is prepared by treating
acetylene with Cu,cl, and NH, CI when it dimerises and gives vinyl acetylene. This on treatment
with HCI gives chloroprene. Chloroprene undergoes free radical polymerisation in presence of
radical initiators to give neoprene

nHzc =C—C== CHz Slymistisnion >
|4

Cl H

2-chioro-1,3-butadiene
(chloroprene)

CHZ—(|)=(I3—CH2
Cl H £

Neoprene
(synthetic rubber)

It is a thermoplastic. It need not be vulcanised with sulphur. It is normally treated with
other suitable ingredients such as magnesia, wood resin, and zinc oxide prior to its use. It is a
good general purpose rubber. It is superior to natural rubber because it is resistant to the action of
air, heat, light, abrasion, chemicals, ozone, alkalis and 1 : 1 aqueous acids.

Uses :

It is used for manufacturing transmission belts, printing rollers and flexible



tubing employed for conveyance of oils and petrol.
6.Natural Rubber [-CH;-C(CH3) = CH — CHa-],

It is an addition polymer. It is a hompolymer. The monomer is isoprene (2-methyl-1,3-
butadiene). It has an average chain length of 5,000 isoprene units

Preparation of monomer

CH,

- I
HC=CH + CH,ﬁ?CH, = @ HC=C—C—CH,
|

0 OH
CH, CH,
" l y l
T"’lo H,C=CH—C—CH, —20, H,C=CH—C=CH,
OH
CYCLO ALKANES

A large number of compounds contain closed rings comprising of carbon atoms only.
They are called as carbocyclic or homocyclic compounds. This class of compounds resemble
aliphatic compounds in many ways and hence they are called alicyclic compounds (aliphatic
cyclic) or cycloalkanes, The individual members take the name of the corresponding alkane
preceded by the prefix cyclo E.g., CsHs- cyclo propane.

They have the general formula C,H,,. Thus they are isomers of alkenes,But they donot
have a double bond.

1. Preparation using wurtz reaction :



Suitable dihalogen compounds on treatment with sodium or zinc give corresponding
cycloalkanes. This reaction is called Wurtz reaction,1,3-dibromopropane reacts with sodium to
give cyclopropane.

Similary, 1,4-dibromo butane, on treatement with sodium gives cyclobutane.
This reaction is useful for the preparation of three to six-membered rings
2. Preparation using Dieckmann Ring Closure :
When esters of certain dicarboxylic acid are treated with sodium or sodium ethoxide, they

give cyclic ketones. Esters of adipic acid and pimelic acid glve this closure reaction. The ketones
thus obtained on reduction give cycloalkanes



3. Preparation using reductions of aromatic Hydrocarbons :

Six membered alicyclic compounds may be prepared by catalytic reduction of benzene
and its derivaties

Properties :
Physical :

First two members are colourless pleasant smelling gases, the next five members are
liquids and higher ones are solids.

Chemical :

They behave like alkanes. However cyclo propane and cyclo butane are very reactive like
alkenes. Their rings open easily. So properties are like those of alkanes and alkenes.

1. Substitution reactions :

Cycloalkanes react with CI, and Br, in the presence of diffused sunlight or UV light to
give monochloro and monobromo products respectively

Br

H |
2 CH
+Br, — / \ + HBr

H,C—CH, H,C—CH,

Cyclo pentane and higher members undergo substitution reaction on treatment with CI, or Br, in
diffuse sunlight, or in presence of a catalyst.

2. Ring opening reactions :
Lower members form addition products with ring opening.

a) With hydrogen;



When cyclo propane is heated with hydrogen in the presence of nickel, the ring opens forming.n-
propane.

b. With bromine :

Cyclopropane adds a molecule of bromine to form 1,3-dibromopropane in the presence of
catalysts like FeCl, The same product is obtained when the reaction is carried out in CCI, and in
the absence of light.

3. Oxidation :

Cycloalkanes are oxidised by alkaline KMnO4 The ring opens and we get dicarboxylic
acids.

BAEYER'S STRAIN THEORY

Need for the theory :



Olefins are very reactive. The double bond in them, is very unstable. It readily opens and
gives addition products. Cycloalkanes which are isomers of alkenes should also be very reactive.
This is true in the case of first two members only. Five and six membered rings form most
readily and are the most stable compounds in the series. To account for these observations,
Baeyer's strain theory was put forward. This theory is based on the van't Hoff-Le Bel theory, of
carbon valencies. According to van't Hoff-Le Bel theory, the four valencies of carbon atom are
directed towards the corners of a regular tetrahedron. Therefore the normal valency angle of
carbon atom is 109° 28'. The important points of Baeyer's strain theory are as follows:

1 In the case of cycloparafins, the carbon atom consitituting the ring lie in the same plane.
Consequently the bond angle between the adjacent carbon atoms of the ring no longer remain
109° 28' On the other hand, different rings have different values for this angle,

2 Any deviation, positive or negatiue, from the normal tetrahedral bond angle, produces a strain
in the molecule and hence the molecule becomes unstable,

3 The greater the deviation from the normal angle the greater is the strain and therefore the lesser
is the stability, Baeyer considered ethylene CH = CH, as a two membered ring in which the
distortion is maximum bacause the valency bonds were bent inward to become two straight
parallel lines. The great reactivity of ethylene was attributed to the maximum strain in the
molecule. In cyclopropane, the three carbon atoms occupy the corners of an equilateral triangle.
The C-C-C angle becomes 60°. The difference from the normal angle is 109°28-609-42° 28" This
is the total distortion for two bonds. For one bond = 49° 28" = 24° 44'. The angle of distortion is
shown in the following figure

Angle Strain

Fig 1.1 Angle Strain In Cyclopropane

As such the angle strain in cyclo butane is ' (109° 28" - 90°)=% (19° 28") = 90° 44", table 1 shows
the angle of deviatio strain for the first six cycloalkanes.

Relative stabilities of cycloalkanes :

The Baeyer's strain theory provides a satisfactory explanation for the relative stabilities
cycloalkanes. According to this theory, the greater the strain, the greater the reactivity and the
greater the tendency of the ring to open. Thus ethylene which was considered as a two membered
ring is the most reactive member. The magnitude of strain goes on decreasing as we proceed
from cyclopropane to cyclopentane. Hence the ease of formation and stability should



correspondingly increase. This is actually found to be So. Thus we are able to explain the
reactivity of cyclopropane and the stability of cyclopentane,

Limitations of Baeyers strain theory

1) Ethylenic bond can be formed readily inspite of having such a large angle strain
2)Cyclohexane and higher cycloalkanes have been found to be as stable as cyclopentane. This
goes against Baeyer's strain theory Bayer, in his theory, assumed that the carbon atoms in
cycloalkanes lie in a plane. At the time when Baeyer advanced the theory, rings of more than
seven carbon atoms were not known. Therefore he concluded that larger rings would be highly
unstable. Later, researchers showed that molecules have three dimensional structures and
therefore are not necessarily planar. Thus Baeyer's theory was proved to be wrong and ideas
about strain-less rings developed.

Sachse’s - Mohr Theory of Strainless Rings

According to Baeyer's theory the stability of higher homologues of cyclopentane should
decrease progressively. But they are considerably stable. The apparent anamoly was explained
by Sachse. He rejected the idea of Baeyer that all rings are planar. He proposed that rings with
six atoms or more or not planar. They are puckered. They have three dimensional structures
maintaining the normal bond angles so that there is no strain in their molecules. For example in
cyclohexane the six carbon atoms lie in different planes, The normal bond angle of 109° 28" is
maintained. So there is no angle strain in the molecules. Thus Sachse's contribution to the shape
of cyclic compounds is the concept of strainless rings.

According to Sachse, cyclopentane has a planar structure while cyclohexane exists in two
forms boat form and chair form.

cyclopentane

Both these forms of cyclo hexane are free from angle strain. They can be inter converted
just by rotation. Sachese-Mohr theory was confirmed when Huckel isolated two forms of decalin
which is a compound composed of two cyclohexane rings, Double bond (ethylene) is no longer
considered as. a two membered ring. It is now believed that a double bond constitutes two types
of bonds, a 0-bond and a A-bond. The high reactivity of ethylene is attributed to the 1-bond.
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Gamigwid Fevewul I fgSCurasriuGar snL auypBIGHSng):

Na2S + CS2 - [Na +] 2 [CS32-]

&TiLeiTigensVemLI(h) emanl CrrGsvey e GBTHWTL ailewaruydhsliuBdSruLl L Tei,

ST ensVemLI() 2 L 6TiquwiTdh swanL Grmenevsiv GlFiiwmg).

G»pLILY

ComgwggLer SHTiueTigevsVswLl’ oL,  Gamgwid 1,3-98Cwmev -2-FGwiresr -4,5-
B HlCwTGe ewL Camiqwidl’ AgGSCwrTasTiLGeT (b eupBIGHS DS

4Na + 4 CS; — Na,CsSs + Na;C

&GerrflGeragedr

CS;, sriusOlL_ L gr&sGearTenrenL 2 Miidsl ClFiieusnHaHTeT suLflen ol pBIEGE DS.
CS; +3 Cly = CCls + SyCl,

®bs wrHmid slGwTGumrsivgssir, CSCl; @emL_plewsv suflwirs GFvdmg).

52 (hBIS e ewT L1 L) Goudluiluisd

CS; et6iTLIZ] LIV 2 _B6UTa USTTEHBIGEHSE, §2(HBHEDF HTT Y GHLD, @) HLIUSTTHBIEED 6T

2 (HeUTeHGHIMSI. sp(h 2 sryewrid CpCo (n2-CS2) (PMe3).



umedloew r GFagesr

uredlenrds seur(HUlgsseui Gluifalsvedlwiberviifl g@weir GuwflL_tiul’ L &Ti-g6v
9|V "LNL_go Groevfledras iy 6TET M) S WLPHBLILIL TS HOTUWITS
CuUTHeWeTs6lBT(HES CS; allFCFiHens 9LVGI 2 W Y (WPSHSSI60T HL1p LITeOILDew T 610
CQFruislng. LewrsslGursriuGeri (-S-C (S) -S-) @ewewriiysst s UEGSWTS,
uTedlfeT (1pgIOHIDLITGHID, )G P(H GHWOMEHHL 5D & LD.

CS, LIWEHTSST (STiFLIsTLY sV LIEH)
STILSTOL L rméGarrenr(®) 2 mHLsHulsd SriLssTiq e L® LWETLBSSILGADS).
et (HLolprAesflHemer swrflliiLgmn @l vweTuBhSsLiLBHEDSGI.
Grwmere_ HUSAUND LIWSTLBSSIILGEDSI.
| Gy ir, LTevLITeD GUITSTDAIDHMISETST SeIlILTaTTSI LWETLGSSILGADS).
Aerarram QeupmlL Goriisamer swirhés LwsrLGADS).
riui swrfésEh AsTdsafs smriurams’ LWsTURSSILGADS.
SHUTHSD LWSTLUHSSLILBS DS
CuL_Grmedlw aflewerrw), s Bemer 2 (Heurd@Geauglev LiweTU(hssLiLBS M.
LFA50ETwe0 G)eLBlaeowrst LWeTUSSILHE DS
MEUT YEWLOLIL| LOMMILD LIUIGIT 61T
S|WIDLILY:

L_WILDEIITLY 63T D6W6ETHGHI HTTLIT HIWISHEHLD LOHD HTETE ST )b EVHL 63T
UsIUTET (QTaFTweT LilewenTliLsenerd 6l&menTiy HLLSTHSInDULBS DS, @)5H6vTTeL
@ Fflwrer QL yr6lanl yrer &L L ewwlienl 2 (heuTdhGaIngl WMMID  LIgdLD
PUPeUGID.  HTTUST Hemishdber, @mGs sp3 sevlillerwrssiiul (hererssr, GLospLd
STTUST-STL6T emiailer LilemewtliL) HeTid Foib. 6TeorGeu EWEUTLOTETH| 6U6YI6M T6OT
GameausvesTL LilewewtLiL s eflssr Lo mewt QUEHEVIIEDLOLIEH LI
2 (Hheurdk@GHImGl.eneurmerdl 3843 K s 2 wihs 2 @ ysreflepwuyid 3.51 Sy /
Q&F.16 3 Bl LisHewwuid lsrent(ererg). F-FAFAswT Cohreusveiri LilewewriiLseflsv
BT BeusVeiTeNsTeVG L TreTaher FHLBUST (B)F| LISTFTTSSledT GLTFLOTOT HL G



storm YPlwiLBSgI, TarGou Yewmeu 2 eireani LOWILTHSILL () OTFTTSHWS BL 55
HHHSITLOTES (F)eVem6v.

LI WLIGOT 61T,

sweurLomesrgl Lplulley o erer sigerorer GuThL serrs HYPlwtiLBSDG). HWTHDH6,

Qeul_hsev, gGewearul(hssd  Curearmeummisd  UwsTURSSLILBL  SHHalsemer
swrfliiuglsy  @)g vweTu®SSLILBSE DG aflallardGsepds@Gl  LweTLBRSSLILIBHID
L_BI6TVL_63T 61T 6V CFinwiul L @)ewpsHemer Swrfliiuglev meUT
vweTuBhSSLILRSDGI.B)H Bews Swrfllifle LweTuBSSLILBSIDG.HesvTHered &) HbaI
HEITLEDT YSHMIeUFBD GCLIHLOLITVTRT YMIHeUFLFeNF BILISRTTHOTTV 66U T I 6IT
BB H16V6e0WIDTET & (HAllWTaHL LwedTL (B S (H 3 65T 6vT.

HTTooemLIL 6WLOLIL] LOHMILD LIUIETTH6IT

S|WIDLIL:

HITToo6WLIL 1g60 2 6T  HeWTHG| HTTLIST WIGBHEHD LOHMD  CLPSITM|  HTTLISST
|WISHBEHL6T  Blewevwirer  @rFrwier  UlemewTliLsemerds  GlBTenTiy (HLILISTSS
I pULBSIDG, @serTev GaHmLfl sibLll Cumew CHTHMLvefl&HEHD HT6TSHET 2 (HeuTHledTMe6dT;
F&h S %66 LIsVafaToTesT aulgauid ailenTauTHSTeNET e06USH D (hdbhEHLD. B BISH6T &Tdhlddd 60
(1 GClLIGTHIL 65T @) ewFwenLodEH CUTHI, B)HDH HTETHETHTEIT &l T ToosMLIL F)68T(Hd% M 6T
HTHBSH0 @ swpwrTsll Uflss seflssaflurs  Fmid@HlearneTt. &lrmeosnLil

S Lewwliiled 2 sTer STTLeT 9emidhasr sp2 sevlitlarwrasaslitl B Gr ailrerdglsy



QuissLiLL B @)SaTTL Y MICSHTERTEUMETIIBIGENET 2 (heUTHGdleTmesr. GLoTSTBIg%H6T
SlseTseflear LU  HBHSGHHWens s TevT(hsiereut. SlFTooemLIL.  &MDbHS

T HLS515FHmewest Fomi 2.26 Slymib / OF.16 3 9L TS CHTTL HTEHH LB DGI.

LI WIG3T &6
FTFTooemUIL_LIQL T (5 LOFGH6TwTenTTsh FHHmeD GUTHT HeV6Vg SHTem  6uigailed
vweTu(hSSLILBS DG

FwGlLeTHsVEaMN L FTToeswl LiFeusVTasLILIWSTURSSLILIBGSE DS @& lerarTmLgLiy
2 uilremisasefled  LweTLURSSULIBLLD  STiusfler  sTpeverseaflest 2 HLgsluilsy
vweTU(hSSLILBRSMSI, e76eTellsL @5 leTFTISSl6T FAMbHD HL_GF) By & LD.

®a1 9Fs 2 HGHL Yerafllsenerd GlasrenTiy HLLsTeY  Slrmooewil  Flspieneudsener
Swriliiuglsv LweTuRSSLILBSE DG

®)a1 9emI2_emevaser wHMID ST L Teriseaflsy urausTsl LwsTUBHSSLILIGSIDGI.



CUMTMedT & (HLLLD

BUTIMETQS & B &60f1 L0 IS 6rfledT Licvor LiGsemeTepLIlllLev  BeTaulqeusd seofln
alflenFs|_Lealemeooruilev 136ug (IIA) Q&HT&GH U6L CUTTTeT (B), javdlevtluwib (Al),
&SmedlwiLd (Ga), @evoriquiLd (In) LDMHMILDGTeNUILD (TI) 6T6OTERH Sl G5 601 LD KIS 6IT2_GITETEOT.

3| L_L_616D)600T

G eoflnLD 9| 650)| 6T600T 6TV L_[TIT6OTER (LD MBI & 6MLOLIL |
QUM TedT (B) 5 (He) 25%2p*
SauflesfluiLh (Al) 13 (Ne) 3s® 3p*
STedwLd (Ga) 31 (Ar) 4s’4p*
@)evorIQWILD (In) 49 (Kr) 4d'°5s? 5p*
Smedwiib (TI) 81 (Xe) 5d" 65 6p*

GUTTMETO\&ME 5 & 6011 L0 6185 61T 55 M 5 61T ) 60) 600T B M 60T Son L LG 6V LN 65T M)
6T6VE L[ ITEOTSH 6M6ITEs (ns® np') @& Tevor (H 6TeITenT. @)6u M M 60T6R & 8 6T6V 85 LT 60T
ML 60T 6L, @ 6maUgMEHTLPRCTE@UIMLIWIELIDMMIIDGEUDE) L ILI600T L] 560 6T
Q & mevor (heiTerent. @) 6umen el fleumss @) mi@ e mevor GLIMLD.
1. HevflnmiserflorajemoLiL] :

GuMpmeT DL (H LD BEVITEH LD, LDMHMEMEUUITE|NS_G6V TS MBIGETTGLD. GLIMTITT60T
L (L @revor(h LmGeumMmIetLD {6MLOLIL|EHM6TSH G & MeooT(h 6TeTS).
Slemel i) LIL.8CLITTITeDT, i) L& (heulnMmELITTTedr, ey Ldleof 1wl
(PS&LILMDUGETE FSITABMHRISWALTHLILNaILD (fcc), &medlwiLbo mimkiGssmeoorLd
QBIHRISWQUTH LI (hep) &meoor ILGQS M.
2. 3|59 3, [JIEIG6T :

3L Leauemeoor Wil6d (6 S G LTI ITEdT (LN &5 6V & M6Vl LLILD 611 60) [T 3 630 85 55 61T | 60T & 55 Ll

LN o 6007 L1 24, TBISG6TE T MTH2_UL TeUH 6LemeveTetTd 0 & IflWel(HH M. @ 3!



gQemenflev Ga, In LDMHMILD Tl S WeUDHNIIVI6TETLISS d 6TeVE L [T TEOTE 6T
| 601 55 55 (1H 6] 60T LI 65T 8+ 60) LD 600 UL B M 60) LD UL L_63T LD 60y M L1 LI G 606016V 6T60T B 6,
| D) 55 55 (IH @) 60) 600T 5\ ) 60T T L_LQ. 8V GITEITETEV &5 L [T [TEOTSH 60)6IT6U 8V 61 TS LI 1 &5 &l
MEUS SI6TETSHI. FH6VIT6V, 6TH T UMT LIS L @) 55 60flL0mIG6eT2_HallevF Il
2 _6iTermenT. SmedlwD o emieilev 14 6Tev8 LT MeoTS 6T 4f 9b TLIL L TeL&erley
@\ HER6OTMET. 4f 9T LI LITEL & 658 & LD 60 & (& LD B M 60T LA &5 85 (& 60V 6L TS
@ HLILISTEL S 6O U & D) 60T2_(TH 61U 3 6T60) 61 2 60 6U G LD 8YI LD (& 60 (1 8 T\ 65T M 60T
3. 9| Weoll oL [T BIGET :

@ e mECL06d ([HH S @) MG LT G 60T M 60T. @)LILI60TL| 2 W6l S erflev
LD6mM & & LhelemerTa) (screening effect) FM& & MLOLLSUILDETETLIENSHTL QB M.
4. 6T6L & L_ITIT60T S5 61 1T B M 60T :

3L Lauemeoor WI16dl (6 &I G LTI TEdT (LN & 6V & Medl LLILD 61 60) [T6T6V &5 L[ IT60T
ST METG LILF T TS G0 M R M 61601561 & FlLeuBR M S
5. 9,5 CaTHMHIeM6L :

GUITI 60T &60T & [T LD MBI G 6T6M 60TSHH VI +3 & 6rdeGeormmmlemevuilev
o etengl. GUTFmersaly, LNm&eofl0mig&HeT +1 Immild +3 31,8 6emM136GermHm
151606056065 & TL_(H & 60T 60T. Q& T&GH UNLGB LN MMBIGLELTS +1 31,8 erielGeTmHm
51606V 25\ 85 [B16m6VLIL| 5 5 60Tem LD W60 LIS TR M SI. ©)&6060TL0HSECL ML) el6meTe
(inert pair effect) ellend:GH M.
GUEMT WM :

@RHCRITLY. S 6T6VE LT MTETSH6TE) P& S LGS MBS T 606V SIF 5 L1 6mevor 1L
2 (HeUMeUFHVLIMIEGELIMINSDHECHTETL (RS FLIL, DHSCR MLy allenere]
6TeoT LILI(h)LD.

62 (TH &5 607 | LD & B) 60T @) 60 600T B) (M 60T 6T60T LI 51 G LTS 61 T8 3|85 55 60T | LD LD @) L_LD



QUMM (IHE & LD GG T ) 6TEvOTE00T TG LD. 6076V, Il A QFHTGH D MHMILDFH DS
GLOILDS 6TTQSH TGS H60lIL0BIHL &, 65 TEH) @) 60 600TH) M e coTell L @) I6vor (h)
(& 6D M6 ITEOTE) 60)600T H) M 60T LA B (B 6016V 5 & & TS 2_6TTG. TN & SIS TL LTS, Al,
Ga LDMMID In @& wleum M & L& & WILD TeT3, 860183 G6oT MM Blem6y +3 Qi & LD
QLEOTITEY, HTIWSH MG +1 G LD. @)FHM & &8 MJeor LDL0HSC T ellemerey
G LD. SIB TG, HTOIWEHET 65 MMEVIDL L ST I6TaTR (BRI
66L& LI TEOTSH 6iTeTer 15 L @) P & & LILI(H euFH 6venev. &8 L1LNemeoor LILNeLLIMBICH M & 6| LD
@emalaTH T LILQ S lallg S 6T meot.
DB &S BRI elemerea :
eLNEOTMITEUGIQ & TG S W6V S TET (LN ET (NS VTHQ euafILILIN B M S!.
@ 6uallemerey, [FTET& TN MMINRHSTIDGSTEHS) & 616025 & 116 & 60T M Sl
6. 3| W 6ol & C&J L0 M1 & 60 61T2_ (I 61 T8 (& LD LI6DOTL :

6TV & LT TEOT 2|6 LOL1LN 60l (B 15 81 @) & & 60 L0 THIGH 6T U TEY LD +3 2,8 6r01£3G6oT MM
Ble06v U6V [Bl60Y6VUITEOT {60l GFTLOMIGEMET 2_(THEUTE @ LD 6T6oT
THTUMTSSLILGSMSI. GLITTMeol160TE) 600 LITLOLOM MILDELO 60T MITLD ) U160T] 9L, 8 & LD
,MMeL&6TleT NG UL 9H&HI0ME @HLILIST +3 385 6erieGarmmbleneuuilev
| W6l FGFTLOMIHEM6ET 2_(HeUMSH & MG LIM&eofnmIseT, +3 31,8 6r16Ge6Tmm

Bl60Y6V W6V Bl 606V S & | U1 60| EG & [T LD MBI 85 6M6IT2_(TH 6U TE G LD.

7. &5 1119 60)600T LIL| & G & [T LO MBI & 60) 61T2_(IH 6L IT85 (& LD LIGOTL :

B*ywenfluiledr 2_(peu 6me] LOl& & EGemmeUrds @ @HLILGSTeV (Q LIS medT
A& UINeTLI) @)FHME(emeTalmigSILD LieorL] (polarizing effect) 2FH & L.
QLG 6VIT6, 6TeN 1H 6L &8 L1Llemevor 1L G&F [T LOTBISH 06T 2_(TH6U T (&5 60T M S,

@505 TG WilseTer LI mg 6ot L0MmI8 6T e & C&JLOMIG 6T 35 &



6T600T 6001 | 85 60185 UL 6L 2_(TH 61 1185 (85 B 60T M 60T
8. &I ML M ML H H LedTed) 6 60T :

STWCLITT & 6mMb & ULl Blemnevuil6vssmm miL_eorelémeot L IfleuE 6vemev.
2 Wreuliumlemevseflevalleme LB M. HHL6oTGUIT T MetTeN 6ment L ifl 6u G 6vemev.
FrgTreoorQeullLplensvuilain, osvidleofluwibas mmmiL eiredlemeot LS,
HMHILLVSMSCHTHMINEHR MG @ LILIL6eVLD, e LdlesflwiLb, &mmmiL 6o
evor(h L eflemert L fleuen & 550 &S &I Sl wbGeflT b bHen b
el ILFQFUIRMSI.

& MeOWLILDLO (D MILN @) 600T LQ UILD, 4,8 6rd 26012 L 6ol ((H& & LDELIMSINL (HIEGLD

1B LTl e eor L & 6T m6oT. S5 medlwiLngs mmmiL_eredlemeor L if1H &1y, 8 6m6n ()
ULeSmSIDLOSSHDS!.

9. cma L6 J(H SH6IT :

@150 5 TS Ws6TermeT 566U ([H & 60l LD (LD GBI LY WLITE MM L [TE2 60 L_60T
allemeot L|fleu& 6vemev. @) (HLILINeDILD, LIGV6T600T6001 1856008 U6V TeoTemam L6t [ () & 60V 61T
GxmHmIeN& & eTmeor. GLIMT T LIV DL 60T (H & 606TE S (HH M. 606!
6TEOT MR LTSI eUTUWILILTH G 8 Mevor L GLITGI6eOTHETITSH LD, 6T60TM GlLIMGIGUTUILILIT(H)
Q& MevoT Lem L e amL_GrmGLUITEIeir&HeTmae|nelemns LM &S LILIL (H6TeTeor.

I avidleoflwiib, &medlwiLbLn M mILDE) 600 1q Ul LD LG ULI6maULIGVLILY.

ML 6™ (H 8 6M6TS & (THGH 60T M 60T.

61.851T : (AIH,). (GeH,), DMHMILD (InH). HTESlWIDemaML M Tl 5

5 ([HeUB 6LEmIGL.

@50 5 T3 W eI 6IT6rmeT 586 61 T([H 60l L0 (LD, MH, 6T6dT meT6r U e 6v & So M)
TUWILITH 6L L emIenL 8 5 ([hH el T 6Lem6v.

GuUITTmedT, sl 6of WD LM MILD & MESlWI LD 6T G\ [T L 60T LLI60T] 2 60 600T 6



MM L_6m I (H) & 606 | LD & (IH G 65T M 60T.
ComquwbGuUIGrmemamL_emI(H Na[BH.]
695 & Wb adlwnemamL ey Li[AlH,]
OGS W& medlwbenaml enF() Li[GaH,] |
W& FevoT(hemamL eI H &6eTR MBS e (h &G LD & [J6e00 1 &6 Mss &1L
Geud ulluled6v LIul6sT LI () S 6dT meoT.
10. 3, 5606rV(H 61T :

@5 TS B U8V 6TETETeV6V TS 8601 I LD MBI EHLD & IS 6TS +3 9,8 6rieGearmm
Bl6m6V U6V, 6T68T MG LIMESI6UITUILIT(H) 60 LU 3, &5 60610 (h) 85 60) 61T S5 (15 G) 60T M 60T
Q&T&SH UNLE P MBI LD LTSI, 2,85 6m6m () & 611608 T & & 60T6m LD 2| ) 5 1 6 H 6dT M S .
GUMTI Mg (e LT MU S T8 @) (HLILIG TeLELIIT[J 60T 3§50 61l 60T
LS &16TeT GBI LAl6ITI L [J6U P &HLOMES 61 6Temgl. @)&1G6, B,0s-60TLdl6vL]
Lievor LYD& 85 M Ievor DM@ LD. GLoayiLd, GUITTMeT H(HLeTQ ST T LG &HTeTEHLNCLMTS,
21515 TeLN 6V & Fa. M 81 66T, 85 60122 63 L_60T6) 8V 6 T60T LI 60)600T LIL| 62 60T60Y 1)
2 (HUMTEGR M. @ LILNemevorLiL] O-H LI60)600T L160) LIS & 61T [ &5 60) 61 L[] 83 60 60T
LETmLLmerms (H*) QeueflCumEQ&FUIeusTev, Lil6vLILIEoTen LIQLIMIG MSI.
SmedlwibinbsCRmgelleneaTelme, TI,0 (HTeVen L8 emerv(h)) 6T6T MBIeM6VE S
LG5V SHHRMSI. @S, 5TI2_G6VTE 2,5 60161V (H) 8561 60T LI6ooTem LI
STLOReTmS!. 1511608 6M H S 616V 6U TEOTSs T[T LO TS WL & TEVEN6m D LT T8> 60 6rV6DIL,
TIOH 5SS
11. 91,5 6m9 ) LSl6LBIG 61T

GuTrmeToL_(H GO LIVaT &2y, 8 6rd 2 LAl 6V IS 60 61TS & ((H S 6OTM 1. @) 61D MIET,
A THCHTCUMHHI6vID HBO, @6TMIWLIEMDWITS S TG LD. @)\hHS5 L6V (H

QUG &M MHSH LA GVLDTGLD. RMHENMESHTIS S 6L WSI. ISFR M HeTCe



LNlenswenL S mal. 6Teu& L JTeoTCRmigenlg LS TCCW, suTuiledleus DTS S
G ELLH M. CUTTTEmerEC S 606U WM 6me] L TEFL 160605 S L 6tTCF T HS!
alemerliLG S UMl blevbsWTH&E&EIUGS M.
12. 9|60)600T6Y & 6T :
@50 S TG WeT M* 9jWwieofl8s6T, B85 560 T8 601602 60)600T6L 5 6M6MTE & (H6U S 6L60I6V.
Bl eviemeney ulent] & eimeref1G LB I T LIE 8 & L1 (R 6U S M6V, 4 LD G Lo mesflulm
LD M MILD | LT 65T S 615 L_63)I LD 3 61) 60T 61 &5 60) 61185 &5 (IH 61 §) 6L 617 6V.
VLA U SH OTLIEHN T 3{60)600T6Y & 6T(LNE G WLILD TeoTem 6. AlF, (LD&56V
AIF FF (D T60T] 60)60T5 S! ) 60T 61 85 @B LD M WILILIL_ (R 6iTermeot. 4 evlLil GeorL_(h)
&H6E06TWLINEHTCVL_(H & 66T U LD L[ THECF T2 60)600T6) & 6T &H & (HSH6VITLD.
GaFWb siflwiUL(eTens.
@ 60T WD, QUFGCemTCTL_36VevEFLCLL (H&&HmMTFe06V, [In(H,0))*
6T60T D3 & (& 6U M| 6M600T6M UG & (Hh R M. FeVCLIL(H & TF6dl6v [In(so]]
LOMMILD (IN(S0.),) 6TE0TM 3| 60)600T6 G 615 LD2_(IH 6L T ) 60T M 60T.
&Carmen T &HenFFeL&Herfleugmedlwid TICI* &6y TICI suemullevmet
31, M1 60)600T6) & G &F [T LOTHI & 60) 61T & (1H T 60T M G
13. @M Mem 6V (H) & 6T

STeOlW G FLIM& 6ot Lomig 6T MX, 6T60T M6 MU LIT(H 60) LU 3| 60) 60T S &l 6L 60 5
M Tem 6V (H 8 6M 61T WL LD & (1H Gl 6dTmeoT. TICI, TIBr, 2_([Heumeor CLITH eVILD, 6061
(WemmBwW TICI, TI Br sTeorlommpmUB G esTmeot. TiI, SymlwliLi’ (K eTerns.
@ &emeot TI,1,' eteorGmIT (I-TI-1)'T 6T6OTGMITSH (HH6EVITLD.
GumrmenflerL_emgammenev(h &6Ta s UL emeoor LIL| 6oL Wieteu. G meofledr & nilw
2 (HeUeTCeu@) & M @& & 85T I6voT L0 ME DG LTI IT60) 60T 55 & 611 [T 6] 60) 60T LLI 61 (1) 1) 65T

L] €560 [ (5 85 6T UL 60T LI LI 600T L| 600 L_LLI6DY6L. 6J6D)60T LI QD ITEm 6V (H 86T G LI ((HLOLITEYILD



Fo LN emevor LIL|et L Ulemel. &) uleofliLevor LGB T Lol 60T Wl 6ofl U 65T2_(TH 61 6T6Y L_60T
SG&FSEH D!

6T6L& LT IT6OT LIM M T & 60 M U] LD6TEV 8 LT IT60TEN MD(& LD 6 (LD &6V TMILD
BUMTIMetT& B LD LIS 60 & & C& [T 1H & & 60| L0 61 85 61T 61 (D (1] 60T @) 610 60T ) M &>
Fal 196V ns' np' 6 (LDMHIG 60O L16MLILIG LIM MIGTET60T. 6T60T G612 61 DNl 60T Q) & IT(&H S
@) 60 600T B MEOT TR 3-03585 ML (HSH6TM6IT. @)5 5601 L0MHIG6T MX, U8 &
GF I LOBIG 60)6ITE &5 S E LTS 61D 60) L0 U 6501 Q) LI 1) (15 & & G uevor 1q U 8
6TV G LT ITEOTE: 615 & (& LIF) 6V 6 6T6V8 LT MeaTS6em 6T oL (H GLOG LI H I (1H & 8\ 60T M 60T. 6T.551T.
BF,-USleuIeTem G LI MedT2_UL T & T6UT U] &8 6fletTep(p B G emLn Llem LI L @) [
6TEL & L_[T IT60TE 606 S (& 60) M 6U M G6U G LIM MIGTEMSI. 6T6VE L_[JIT60TLIMMITE
SWMfleHe6v :
1. GUITTTEOTL_LG.60 T L 675600 [J L9601 (B B &l

s5H wWibemaml e, 95D WIDCLTCTTemamL 60T (H 3|60V SHCF ML UILD
GUTCTmemaML_6m I (H 2,5 U6UMEm MG LITITTET L_1Q.6M [T L|eehem T () 60T

allemeot LI(h &5 @) 60 & LI LIMEVITLD.

2. QuTMlwmmLlleTesl | MESH DA F UG

GMMIHS (DS S 5T IGTETE QM L2607 LOM DD GLIT [T IT60TL_1G.60]
&GeaTmemn I (h 2,6 28 W6 Ml 6018 6v6m 6u U 6oTeu LA G Q LTl w M m Ll 63601 M & & LD
QFGIE) &5 WM& 8560TLD.
3. 95 H Wb s dleflwbenam L enFen L LIUWeTURSS) :

GUITTMETL_LL6m T8 & CaTmen Tem L6 &G Wb eyl il eofl L LDemam L e Jen L&
Q&meoT (&R & ST L_CLMTETerSWMT&Es LGS M.

4. 5T _CeumasCUMTCmamam L enIH\&emeryLIWeTLURSS)



GF MWD 6V6VEHISHUWIDCLTCTTemaML_emFemL. HCL -608vIL_60T
e 6T L1LI(H) &5 60T M6V LD & (& 6m LG LT G 6T R 60 LS H M Sl.
LI600T L] & 61T
L CUTCIeTeR[HeUTW, STMHMIGLFTDE)VEVTINIIDING G LIS
GLIITET MM 6U @) 6LV ITLOSVILD @) (TH D F! (& 60 M H &G 61 LI LIBl 6076085 @5 LD @) (B L1 LI 60T @) Sl
61606V W T8 @) (1H & & LD.
el

L CUTCTenfletren v do MIaUMUILILIT(H B,H, @LDeneussdanmlev 12
6TeVG LT TEOT&H6TLO L (D GLO2_6ITEIT6T. (@) (H G LTI 60T 00 & 8561160 (15 [H.S51 85 6VIT
EL6OT (DITEH 2, (ILD 24, M1 6D GUD L [T 2260724 630185 85611 601 (B 15 831 S 6V MER 60T (DITEH 2, MILD
SLGQIMSGSLD 12). @)LDENEVEFneMMFSESH L 60T (CH.) @LILNRDLELTS)
5860116V 14 6T6LE LT MEOTSHETE) (HLILISIG S luleU(HLD. @ eueummimsemL GLImGreor
N6V & G MI6T6VL S L_IT IT6OT LIM MITE (& 60 M U 6IT6MSHI & LD. ©) & 60T Gl LIT[H6IT
@)LDELN6VE T M6V, G &561)6M U ITEOTET600T 60011856018 U1 6L & &5 LI 601 600T LI L| 8560 6IT2_(TH U TE S L
GLIMGILOITEOTETEV & L_[T IT60T S 61TE) 6V 606V 6T60T LIS T LD.
6TV & LT 60T 6Tl 61 LD L| 61160 61T6)| 24, L1 6] &61T B,H. 6L @) (H & LG 6T BH,
Q& T&HD) 56T2_6TEIT60T6T60T MILD LY S5 (LN 6IT6IT @) (H6M QLD L [T 82 60T 630 85 5> 61T BH,
Q& ITS D & 6M6ITE) 60)600T 8> (&5 LD & 6118 F) 60T60) L0 UL & B) 6V GLO §YILD & (LD LD ITE 2_6IT6IT60T
6TEOTMILN G ITL_ (R & 60T M 60T. @) 616U TMITE @) (HELIIT[J IT60T 650 & 85 60) 61T(S) 60) 600T & (&5 LD
I FFMLOWILNMTESH G & T600T(h eV & T MIH (LD VU S H(H &S LILIL(H6ITeTS).
(©)6116)|600T6M) LD LLI 85 60 616N 61T 85 (& LD 61 601 85 ULS 6L @) (IH 2] 6D LO LI L| S 6T
L CUTCIeN&EEE ST LILIL (h6Temeor.en L CLITCIen & &2 L 60160 F6E) 608 &6V LI
S6MLOLIL:

2. 6L CUITCIeN &GS LTV 6mLOLIL]



661Q 6UTeT M eVILD @) (B B-H LN 60r600T LIL| 8 6TG\ 8 T600T L @) (H BH, Q& M&H) & 6T
L CUTCIelevL 2_6IT6meoT. @606l & TS ITT600T LDITET 6T6VE5L_ [T IT60T -
@) 606007 &8 L960)600T LIL| & 61T, @) 60616 CIS56ITE F) 6021 60) L0 [H Sl 6ITEIT60T.
60 HL[JQ60T& (HLOLILD

MIBL_TFR260T & B\ LDLIS S 60T LDMIG6T LDMHMILD 3j6eumnledT G&F [T LOMHIG 6T
LmMlepllLoile]. Heofllngl Lalemetoruiley V 1D QS TEGHWITEHIW 60[BL_[JE360T
QBTG U6V eMIBL_[FR60T, LITeVLIT6N, S TG &F60fl18 31600TL_Lq. L06vof] Lommih Leruing
G Weme6l 2 _6Termen. L6oTeu(HLD 2y, U6 @) 8 5601 L0 I8 686011 L0 3 L L_auemevor uflev V
D QHMTSH WTEHm6UE S LILL (heTememn e WBIWmWLILG SR mSI.
1.GgmMmMLD :

a6 LD 600T L6V 5 B 60TeTem L_USI6V 75% 60M B LT 826072, & LD. LITENVLITeny
@\ W6 & U160 56011 WLITE 8 G 60 L_LILIG 606016V, 34176\ &F 601185, 2,600 L_Lq LO600T L0 M MILD
L6105 215 Wiem 6 @) Wi M em & W1l 6L & M & 616 &) 60 L85 ) 60T M 60T LIMEN LTI
@) 6m 60T H & BlemevuilevLIMerVELIL_ (D &6 TS 88 MevoT LILIO S M ).
@505 TG WICECWE) S5 MeT L8 25 & L0 M8 &85 MevoT LILIK & Sl
2 600Tem L0 U6V 3| 60)60T5 &1 & 6011 LD M G611 VI LD @) S LD 601601 S &) 6V (in abundance)
LSS TUSIGLIDURERMSI.

2. 6T6U & LT IT60T

6(LDMIFHEMLOLIL

Seofllnln | 6501 6T600T 6T6V S L_ITITEOTER (LD MBI S 6MLOLIL
60V BL [T £360T 7 1s? 25 2p°

LITeruLIFery 15 1s? 25% 2p° 3% 3p°

Sy TF60 33 1s? 25 2p° 3s? 3p° 3d'? 4s? 4p?

&4,600T L_Lq LO6TOT] 51 15? 25 2p° 3s% 3p° 3d'° 4s? 4p° 4d"° 552 5p°



LNerunS 83 15? 25% 2p° 352 3p® 3d™° 4s? 4p° 4d1° 4f1*
5s? 5p° 5d'° 65 6p°

@506 & TS B W8I 6ITEITS 60)60TS 1 8 856011 LD 6185 615 LD 4 61 M (1] 6T Q) 6 671 85 Fen. L1960
0 1H &1 6T6V 85 L_[J ITEOTE 6ITG) LIM MIGTETE0T. 3{60)6U] 61 M NI 60T Q 616l 8 G L_19.60 ns’np’

62 (LD MBI & 6M LD LI L| G LI M MIGTEIT60T. @)IH&eLO6OTMI p 6T6VE LT IT60TE: @15 LD ELN6OTMI p

A TUL L6V &6 anIlD&H6VITeR (H6TeVE LT TedTel5H LD 6T60Tm)

S| 6MLD[H S 6TEITE0T. @ 6UUTMTS P 9 FLILLMTeL&s 6T LTS BT LD LI U] 6TerTent.
WWSIMEHVVSLUTHBITFDLENWLTLICL&H6T2_FoLL FHlenellL|5560TenLn
555D

Q)& IT6UOT L6061 LI T6m 85 WL IT6V, @)IH 5585556011 LD B 6IT6R [T6ITEY 1B 60)6V LI T8 G 6 2_6ITET60T.
61 65) 60T LI T D (D 6V (& 6M M 6.

3. QW mLBlemev | &eoflLomiaserfleoraemInLIL] :

LITEN LIIF6MN) 6UIT U 6) T8 & o 1. LIS 600T LOLD. 2SI 6MIBL_[F60T6R (HEUITLL.
LMmGaummienn &L (& mS!. LIsvGaumiL|MGalMmIenLND_(H6UMIS6TTEUET : GleU6Ten 6T
|6V6VSILDEHEF 6T LITEN LITerVEF 61 LI L LITENVLIT6N, 6p600T FladL L] (scarlet) LIMENVLIT6N,
EMG T LITEN LIV L0 MMILD G (B LIL|LILITENV LN a - Lommiln B - LImenvLFenereot LI (h LD
@ mHeTH T CeuMMIEMLOU6ITET (enantiotropic) 2_(HEUIS 6T TG eUETENEITL LIMerVLITen
2 6T, QEUETENET LIMTETVLITENVS T LIGTEmNL. FeV6mLILY 6V 2 L 6T WITEH&HEM TR M.
@) 5 &HTF 06V 6 UITE 5 60TIT6V 6T600T(LNER 60ILDLIL|GITET LILY &5h1&5 61T
R et 5T e0Tmeor. 800°C &G &HBCLNULTSS) P. 6T60Tm eUTUILITLIQME
FLTE0T&H TS 2_6T6mg). P. 800°C &@&GL06V P, UMTEH& FemSHm&. P, 6V
5 IT60T (& LITEN) LIT6N) | 650 85 8 @5 LD 69 (LD Il 85 T60T [H 60T (LD G5 62 60T )] 60T (LN 60 60T &5 61T 1 6V
36006 S 6TEIT6OT. 62616\ 6UIT(IHLITEN LITEN {60016 LD 6J60)60T U162 6) Gl 6UITEOTMIL_SBILD,

@ emeTH ME S (hBIFIDL LD euendHUlley, FosLlemevorLiLileormev



@) 6060018 & L1LIL_(HI6TEIT60T. S 6 LIL|LILIT6NV LITen 5l 600T600T 1 U LILY 8 3| 6m LD L16m LIS
Q& mevoT (D 6T, 24T Fl6vf1 85, 31,6007 1q LDeool LD MHMILD LN6VInG G Uienel FTUIFSIT
SV G! (NG BSHITEIT (60L& 6TELIMMIGTETET. QS5 M&G T UNev SLHlMBITR 6l[HLD
GUMEl ©)5 & 60f1LDMmIG 66T 3L [76) 8 @HLDGG TS B]6m6V8s @B LN E [T ITEH 2_ UL (IH G 60T M 60T .
4. 9|600)1. ), [T MBI 6T :

N 69 (IS Bi 6U6™ I DI Y, [T 58 6T 5 85 1 855 60T M 60T. 60T TV @) [H S
2 _WIT6)6R(LDMHI&TH @) 6V6m6V. @) Sl 6eorenflev As, Sb LomMmiLd Bi ullsyieiter 10d
6T6V &5 L_ [T ITE0T &5 61T 650 85 85 (I LA 60T &+ 60 LD 600 UL LI UL 65)1 1)1 ) UL | L_6BT LD 60 D LI LIS 6L 616V
60618 & L1LIL_(h 6ITET60T.

6T6oT GG, QeuerfleTeVEs LI IT6DTEs 6T 6501 &5 85 (TH e 60T ML QR &5 LG UI TS LILI 19 S &l
@eIMMTH2 L Fa(H&H6rl60 d'° 6(LDMHIGENLOLIL|6TET 3{60018 & 6Tl60T 2_(H6U6TE) & 6iT
TRTUMTSHSLILUMLD 2_[HeUeTe]seneTel L8 (G emMmelUTsH 2 _6TeTer. Bi -6v 14
6TELE LT TEOTSH 66T 8 M6voT L f LOL_ L (LOLDD_6T6NM&). & 6mMERMS!. @& 60T LD6M M & & LD
FMeT CLOYILD &M MEY. @)FH sl 6 6T (HeU6TemeUGLOsYILD
5. 9| W 6ol o [T BIG 6T :

M* 9jwieflgemeT N, P LommilD AS 91L& WLIem6U S [HSH 6Tmeor. M Lommild
M?* 9L & LI @) (52 Ul 60T S 6ma6T LD Sb SHHMS. M*jweoflg&emerinl_ HiGL
ST (HS6TM60T. Bi HHH MSI. 2600 T HISG6T &ML (HLD CLITE S 6060 G 3] ULI60T]
QTHEIGEHD 2 GeuTHLIMMID C6VTHSHETEMLN :
(P& 69 T6vor (h) & 6011 L0 M1 85 61T TG U 60 [H L[ €363 LD LI 6N LI [T 8 LD B & & U LD IT60T
I|BEVMEHBIGET. 31T 6 & 601185 (& LD, 600T L 19. LD600T UL LD LI & 5 U1 676 | G 6V TS MBI & 61T.
LGS Weme 2 _GeumsmigeT (2_CeumaLICLMed&6T) L6ing e he_GeumssiD.
7. SjwenflWImEG3L,MHmeL :

6MIBL_ 78260116072 WI6of 1 WM& b MMeV & F & LD (336 &), 5C6ufl / GLOMT6V).



QEHTGH UG MMEIGLLEUNTSIG) SIGHmMH MSI.
8. TELS LI ITEOTS 6U [ & 60TEMLO :

Q&T&S UNLE LI (HH S G L MG DG LIMSI6TeVE LI T6TSH 6 TS 60Ten N &I M5 &
GOMBPMG. ACVMEHSHETENLNS_CEVITH S5 60T60 WIS LDMTMIOIN S @) S
FLORMS.

9. TELSLIJITEOTIHITLLLD :

@Heuflengulev@) L L [HIH S 6U6VINMTEHBHE HLOGLIMSEI, QLIMTSIEUTSS, 6T6VE LT TedT
BITL L BI&H6THB &5 etTment. g ermev C-uNedBbE N-&CH M 6060
Si-ufeS (B & P-85CHTAF NS UN6LE@) DN LIL|8E6M M 66D &8 & Tevor B G MITLD.

@ & gQeTenilevemBL_ e D LIMeVLTeUeDUTSH BITLLNW -2 L ga(H &Hemerss

Q & mevoT (H6iT6T6oT. @)1 @) 6UM MM & & Fo(h) &6V IH 60)6V 8 & 60T60I LD 6D UL 611 B M Sl
6T60T G 61 @) 60)6 G () & 6V T 6T6V 8> L [T TE0TE 60616 N 85 & & UL Ml (& 59 60T M 60T. ) 6U6U T MITSH
@6uMM6dTeTEVE LT MEdTHITL_ L LG LIL| S 66T ST LT T8 & LD LD LIL| & 60)6rT

L& (& 60 MEUTE2_6TET6oT. @)8 & (b LD LIS 5 6Vl 6ITeIT 66, 60T U & 6011 LD I & 611 60T

6TEV& LI MEdTBITL_ L LD LIL|S6TeT &) 78 & M Q85 T6voT (h 6IT6T60T. @) 60I6)

6T6VL & LT IT6OTSH 60)6TE) N & &5 & UL Ml & §) 60T D 60T6T60T LI S B @ SIS TS M S,

6TEVL & L_[T TEOTSH 606N M & @) 606U BT LI H 858 LILIL Geuevor (H)LD.

10. ©) 60)600T &) M 60T :

@) 5 & 60f1 L0151 55 6T6R 611 Q) 61 ITEOT.MI LD @) 60)600T W TEOT@) (B S- 6T6VE LT ITEOTEH 60)6IT U LD
() 60)600T LLI T8> T CLO 60T MILY. - 6T6V &5 L_ [T IT60TEs 60)61T LL| LD 3 61 (1) 1) 65T @) 617 600T &) 1) 60T G L_ 196V
eLNETM) P-6TeLE LT TETS6meTLl LIWeTURSSH ©)6m61eLN6TMI G185 Teoor (h6TeIT6oT.
F5LN60600TLIL| S6IT 2_(HeUTEH ST (hLD. e BL_ 26T SHell[J gJemeot Ul & 60t L0HISs 6T
@ &eTalemeTeauTss, ' aumMmler d-9bTLIL L 608 6m6IT UL G LI M MI6TeT6oT.

S-6T6V 8 LT 6T & 6T @) 606007 LN 18585 L1L1 L (h) 3§ 61 D M) 6V 62 60T M1 85 M0 U TS 2_6ITEIT6R (IH



d- T UL L& @2 WIS S LILIL6VITLD. @)6)6UTM TS E)60)600T 5 M 60T L1960 H S
(3) 60)600T LLI TS5 TS 6T6V & LT ITEOT S 6IT2_(IH 61 TEH 6VITLD. @) 606U H 1 &F 85 LI 60)600T LI L| 56061
2 (HAUMEGHEVITLD. @ 6UaUTMTS P, As, LDMMILD Sb QL& Wiemel 5 &8 LemevorLL]
T Q6016011603 H 6V B 60Y6V 6T UGG ITL_(H G 60T M6TT. @) S160MBL[JE260116V @) ULIGVITSI.
6-24TLIL_L6V@)6Vem6L (61.5I1T. LIMeruLITeVPCls-SIHLOECLIMSIenBL 26T NCI
5 BEUHV606V),
11. 91,569 CeoTMHMH6M6V S 6T :

Q&T&GH NS P MBIGLELITSICH TS FCarmMBleneuss T (HILDCLITS G
5 &HEHGOWaTaH TUTTSESLILGGH MSI. @606l ns np' 6TeV& L[ IT60T]6mLOLIL]
Q&5 mevoT (h 6IT6T60T. @) 6UM MM & @) [ GBI, T R G60TMHMH6MEVEHET, +3 LDMMILD
+5 @ (FSHHTFa(B\D. p-6TeVE LT TeT&H6TIOL HIDFH LG LDECaS LI émevor 1L S 6rfl6v
+3 BleeVsTLLLILGSMS. S IDMMILD p-6TeV & LT MTeoT86T@) Tevor (hGLO LI emevor LiLT 6L
FHUBGLLEUMS +5 Blenevsia T LLILGSHMmS. Q5MTGH WIS WP MHIGIHLELTS +3
Blemev e H & INQGHTLGH M. emBLFRslnuLmevLITeiey +4 985 6rN8Garmm
Blemevem W LD & ITL (HE&6oTmeor. LG meoflwimellevem L [reg60f] 60T, 8 F1GeoTmMm
Blemev -3 @) 556011 LNMIGET 3 31L& CaTMHMBlIemeVE T HLDEUTEHG P-ulled®BHal
Bi-&@&FQFLMSHUIVGMM R M.
12. LHSCYMIglemeTe :

@) 6M6US LD & ITESH) @) 60 600TH METTHI 5 - 2_L_60T@)60)600T H M60T 3 - QULD
FHTL({H6USH LE) 06U H S CRITLY.6 6M6ITe0) 618 8 ITL_(H) 8 60T M6IT. @) 60)600T H M
6TELE LT ITEOT&H 6TH6M S U D6 (HBF T LOLDL_(HEU TG LD GLIMSI @) 606U LI UI60T LI(H &SI LD
GUITEI@) 61 M M) 65T E) 607600 B M 65T @) 61 (D NI 65T Q) & IT(&FH B\ 6T6v0T 6001 | M F&F DD T M Sl
21,6007 L_Lq. L0 6ol (V) GFITLOMIS6IT. @) 6um M6 Q 6uer1 & n L (h)

S - 6TELE LT TEOT&H 6T LI WLI60T LI(D & & LILIL_ TS G LTS @) 61 M 1] 60T S) 60)600T H) 60T 3 3 S MeUS|,



Q&G T eTevor 2). @ SIDHSHCR Mg alemeTelleoTTCMLL L STEGLD. 6T.551T.)

Bi(lll) GF T LOMIG6TemHL_[e3601169 (BB SI LN 610D & S8 & & Q F 6D G LIS, & 60T L0MBIG6iT
+ 5 9L,56M18CeTMHMBlemevaTL (h 6US! & 60 b S G 8 MevoT G LG &F 6V & 60T S

@)\ &M &8 55ITT600T LD @) 6 600T B) N & Fen. L1 60T S 6T6VE L_[J TEOTSH6ITLO[HSH G LY. LTSS
LDMMIGUSILDE) & L0 HHCRMLY.UI 60T Bl6m6vLIL| 8 &5 60T6m LD 1 F) 8118 51 8 G\ 85 Tevor G L
QFLAISIIDILGLD.

13. QgmH LY :

MBL IR DLTeLTeruel M - M Llenevor LiL|&eTe MLIH &SI LD CLITE &8
Q& mevor(h eierment. emamL_FerSeoflev-N - N LNemevor L& @b (H,N - NH,
emeru(H G660 N-N- N LIl6m600T LIL| 85 615 LD 85 T6woT LI LI () §3) 60T M 60T @) (T 650 &5 & 6T
alen Wl HGLO P - P LN et euor LIL| & (H G edTm6oT. (67.85. P,H) As, Sb LoMmiLh
Bi Q&M LI LILe6vor &L (heud evemev.

14. GeuBallemeor WITMHM6L :

GeuH BB ITEH T 6Lem B L [Te3 6016 63Y60T UITM MEVE LIM M (1H & & 6l 6V6M6V. & TS5 IT[T600T
QeauLILIBlem6v5 6160 SICURAMIH S & 55601 L0 S S L_68)I LD &) 60)600T6U B 6V 6mI6V. L 60T
aN6LEILEEILILILILIRSSIDCLUTSIDL(HGLOE) S 2,5 T Q60 L_60TE) 60)600T H M ).
QeueTemeTLILImeN LT B & nmeorellemeoreif DN G5 8. @) S5 T 260116V
61115 & LImen LIFerdl 6012y, 8 60 & () & 60)6IT&H & (HR M &l. As, Sb LDMMILD Bi 24,5 Uiem6l
QauliLLILBGSSIDEUTSIDL (HCLNILE5 & (H &H6THHH MSI.

15. emam L enFH &6 :

@6emel MH, auendemamL_en T (h & e06ms S (HS) 60T meoT. LDGLomestlwim NH,
@ ETE&HLNMLHS, 2 WTQ&TH Blemev L WBTINGmMSSHHR M.
FHMTISHSHETOWL ML LS. ©) SISO 6VBIGHEHL 6T _LIL|856M6IT8 5 (H S 60T S,

@&DHGSGSHETIeoTD N - 60T6T6VE LI T60T8: 61 T8 60T60) L0 3| H & Lo MUl (hLILIGILD,



N - o016 60T LTSI 62 (1H CEIITLY &60T16T6V 8 LT 6T 6IT@) (H LI LISI LD TG LD. @) 5560TT6V
MM L 783607 LN 607600 LIL| 85 6IT2_(TH 6U TSR 60T M60T. LD G LMD WITEY D& IT T8 & 60Tem L0
QUGB M. NH, 969 L LILITeNLT60T@& 6 M b & 85 T8 55 60T6em L0 UL 60 LU S

S ITIJ60oTLD :

1. P - Wette_(peueTey N - 6r2_(peusTemeuailL o H & LD.

2. P - WiletTeTeu & L[ metT8s 6U T & 60T6mLn N - 60fleniem LWL 60y S el L85 (& 60 M6y

eTeoT@6u N GLImTedTm! P U601 55 6011 GEQITIQ 6TEVE LT ITEOTEEITITEL H 2_L_60Temaum L [J83 60T
Nenemor g mHUB &5 @) Wevallevemev. 6Teor@al, PH., PH. 3jWiellenSSH TS
SUBIGHRMSI. @ 56T mevsmeor PH3. NH, 36l L6usis@&Gemnmb&HETTLINTS

2 _6TeTS).

@eng W el TEsnin (AsH,) evemL_LTeild (SbH,) 618VI8 & enmIHEHemel.
@&MHGSG&HEMTI6oTD As LDMHMILD Sh ulledre_(HeUeTelH) &5 5186 & mevor G L
Q&F6VEUSILD, 16UMN6OTETEVE LT 0TS 61 [T & 60T60) LD (& 60) M &1 6 85 MevoT GLQ &F 6V6U S LD
G D. @FeTTL@ UMMV L 782607 LIl6m600T L1L| & 6iT6T M LI (Hl 61 H) 6L 6DI6L.

LY edreu (B LD6U Tl em & Ul 6L Bl 6m6VLIL| & 60TEM DG MM H M Sl

NH, PH, AsH, SbH, BiH, P. As Lo miLh Sb gu& wleimnileiTenamL_ 60 F(h &6t

QUL & 8 & 60 M & & LD & ITT600T 18 6T, G LD. @)6m6US LILIMM & Fon L9.ULIGDIG.

1 & & & & 60T60) LOGUIT UL [H & 60 6).

LD CLomeoflwimerer1&mss NH, 2_LIL|&&HemnenSSHHMmS!. BrHm

BB ST 6600 (HIGLD HCI (oM HI QL& uleummiL 60T PH, 2_LIL|& 86065
SMHH M. @euMMIMELTETS_LIL|5 5 60)6T6I60)60T L 6m e L6 () & 6T (IH 61 F) 6V 6 6V.
NH, &60T6T6V8 L[] 60T GQITLY.QULDTBI GG MemeoTs & ITL_(h Lheuen s Ullev Co, Ni, Cu
LOMMILD Zn Q& TE&H D) & 601 L0 BI85 615 L 60T 60)600T 6 & 60) 6T 5 &5 ((H T (D &l 6760)60T LI 60) 6

5 (H6UB 6LEmIGL.



UNIT -
1. 60 LW 60T & 6IT 6TEOTMITEV 6T60TEOT ? 6T.5IT &H(HS

2. 5601158 60U 60T 6T 6TEOTMITEV 6T60TEOT 61.855T &H(HS

w

. eoTmIeLL 60 LU 0TS 6T 6T6OTMITEV 6T60T6OT? 61.85T &(H&

N

. FmLINer eTeueumoy SWwImfllLImu?

5. LIGULILQ U8 & 6T 6T60TMIT6V 6T60T6OT ? 61.8IT H(IHS

6. @QUIM6EMS TLILIT 6T60TMIT6V 6T60T6OT? 61.8T H(IHS

7. QF WM TLILI 6T60TMITEL 6T60T60T? 6T.8 T &H(IHSH

8. & HBETTO M BF 60T 6T60TMITEV 6T6OT6OT? 6.5 H(HS

9. QILLI6VIT6dT eTeleU MMl &UImiflLILImul?

10. GLOMGEOTIT LIGVLILQ WITEH 6T 6T60TMITEV 6T60T60T? 6T.8 T &(HIH

11. &Cemrm G mLIifledr eTeueumm Suimifliiumui?



LWL 60T6M

L_ULI60T6N) 61 60) 8 & 61T& ITIJ LI 60T & 16185 601 U1 6L @) T 6001 () @) [T L_60) L L9 60) 600T L1 L| 85 60) 61T &5
Q85 T600T LB M1H & & I 5 601 2 6L G) 60T 55 60) 61T60) L_60T61V. 2] 6V 6V &1 1. -6 60l 5 LT 60T610, T,

.,
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T &S &HHTL_(H:. CH, = CH - CH =CH;

1, 3 — butadiene
CH, -CH=CH-CHCH-CH,
2,4 - Hexadiene
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H,C=CHCH,CH=CH, + HBr—>
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H.o&uw=aa+moaw,cn-m

5-bromo-1-pentene
(&mewd) (ant-Markovnikov product)
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(Markownikov product)
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4-bromo-1-butene 1-bromo-2-butene
(anti-Markovnikov product) (1.4-addition product)
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2 MUSH QFLIWLLGLWD CL&EETTIGTEVE6T 6(H CHIfILI 6VevE HeMETES 3mDLIemLIG
Q& IT6O0TLY (1H & &HEVITLD. QT8 6T N0 G\ 58 6VIT60T, wWluifliomessr  auemevWIem LI 60T
AAIGMFUD THSHSIEH Q& TETaTEVTD. LIMednenTCFaqet erHalenerdsefley  LILGeauM
QUM GGHET 2 6iTemenT, MMl GMILILNLESHHHm6 Lilg-aleTFER LMednenyCaFeaqeir, &miGed-
aUemIFSF LUMeSenTCFaqer (@emel @Teor(hld Fal L6 UMM TCFaqer ealenduiler HLp
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6TEOTLI ) QbS5 GLOMGET TN &5 6T 62 60T 9] 600 600 [H | LImedlnygemerr 2_(HEUTEGLD
G &CT TG VTETHEN 6T 2_(IH6UTE &S 6dTmeor. Limedlervig feor ereorLILI(H\LD Lmedlnrflev
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',CHZ CHZ‘\‘ fCH;Z‘\ /,CHE,\ /,CHE,\ /,CHZ\\ /,
many i pDIW_-,rmenzatmn i i i i i i
styrene pnlystyrene
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VR ersaflefBphE LMESIsGamer 2 (HeUTHGemNS 2 6TeTL 8GR 60TM6or. auetolls FHIWIMS
e wasSwinmer Lmedlingsefley eermmerr LIMederHeler iG5HmeBW  LITeSD6n T E&F6aq60T
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GumuL L Waok:3 GLmGEoT TN & 6m 6T 2 GTeTL&& Wemel GamUmedLnem I G&F61q 60T
QEF WL (LNEDMGHEIT 6TEOTMI (60N E&LILIHN G 60TMEDT. 6Terflem LOWIT60T 6Ulq aUGSH6v LImedlLnem T G&F6q 60T
Tt @@ CauHulwey QFwewpemnm eretm afleuflaaslULeMD, @&  alleneralmds
LMeSDI &6 2 (Heum&leoTmet. eTefleminwmenr Q&mmEertlen, LmeSlnenyCFaqement LIMTedILDT&em e
2 (FAUTHGID QFWLUMMUTSE BITD QL uiley aleuflaseumn. LimedinemyGaeaqesr
BHWMELNTE, CauiHuilwe adralener aublwimg CLTCETTIOFH6T 66T emLp&H&LILIBID
G CLNEVESMIGHET ReTMIeM6THSI G CLNEVESn MIGHEMET 2_(HEUTE G H TMe6T. @\HS5
QuIfll  ePEVEFaMIGETlET QFHTGLIL] @@ UTedinemy 2 (BallsG&GHRMmS. LTS  ereTm
QEMLNGHEG QUMSHIOTS SH& NVEHFam Bleom Q&meorl “GUIfIL eLNEVEHTFaMIG6T" 6TedTmI
QUITIHET. emeu GL&ECTTGLOMES G 66 eredtmid GMILILN L L1LI(H S edTm6oT.

SH6vf] 2 ML) LIVLILG UIT&H 6T

CI-CI hv__, 2Cle
Chlorine chlorine (free radical)
CHsCOCH; _hv | 2CHgze
Acetone methyl free radical

a) 616l - LimTeS & aledr:
X H
Initiator 4+ >:< — I—CHX—CH'Z
H H

X H
|—CHX—cCH, + =< —=
H H

CHX=CH,
| —CHX—CH,—CHX——CH,  ——»

|{CHX—CH2%—

n

GasL_wiresfla LIMEOILD 60 [T C&F 619 60T
"HSO, HF, Lewis acids such as AICI, Snc, BF, etc.,

Mechanism:



3. 9] eurmenfl& LIMedlLn 6o iy G & 619 66T

LI6ULILQ. :



1. Lmedler & eSeor:

2. PVC

lefiover acetylene firom the
acetylene lamp fiasco

\

H—C=C—H -+
3. QL_LisvTedT:
4. uredlgFig ullifesr
H H
M !
Cc=C
4
H

styrene

H H 1|{ 1|{
HOL —= ;c:ci — ok
H Cl ]l.[ (|31
vinyl chloride poly(vinyl chloride)
. freel ral:hn:.alti I-|I Il_I
vinyl polymerization
»- —[—(lj—C—]E
H
polystyrene



Condensation Polymers

1. empevmedr - 6] - (CH2)s CONH- ),

2. swpevmedt — 6,6

0]
1

HO /\/\/C /\/\/\/NH
“‘“ﬁ “OH t HN 2
0

adipic acid hexamethylene diamine

nylon 6,6

3. GLifeSsvr

o]

o}
I I R
ne HFO—C@*C —O—{CH, * n HO!{CHy), OH

Dhimethyl terephthalate Dimethylene glycol

O

0
ﬂ—@—ﬂ—o—(mﬂz—o +nCH, OH

n
Terylene

1. Buna Rubbers :



i. Buna-N Rubber:

ii. SBR giiuri (Buna - S-rubber);

3. Butyl g :

CH3 |CH3 CHs {|:H3
| I
CH2=C|Z % CH,=C —CH=CHy;——> ——CHz—Cll—CHz—C=CH —CHp —
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