GENERAL CHEMISTRY-I
Unit-V: Colloids and Macromolecules

A colloid is a mixture that has particles ranging between 1 and 1000 nanometers in
diameter, yet is still able to remain evenly distributed throughout the solution. These are also
known as colloidal dispersions because the substances remain dispersed and do not settle to
the bottom of the container.

In chemistry, a colloid is a phase separated mixture in which one substance of
microscopically dispersed insoluble or soluble particles is suspended throughout another
substance.

Types of Colloids
» Sol is a colloidal suspension with solid particles in a liquid.
» Emulsion is between two liquids.
» Foam is formed when many gas particles are trapped in a liquid or solid.

» Aerosol contains small particles of liquid or solid dispersed in a gas.

Preparation of Colloids
Colloids can be prepared by a variety of techniques involving physical, chemical as well
as some dispersion methods. However, there are two principal ways of preparation of colloids:
» Dispersion of large particles or droplets to the colloidal dimensions by milling,
spraying, or application of shear (e.g. shaking, mixing, or high shear mixing).
» Condensation of small dissolved molecules into larger colloidal particles by
precipitation, condensation, or redox reactions. Such processes are used in the

preparation of colloidal silica or gold.

Chemical Methods of Preparation of Colloids
Hydrophilic or Lyophobic colloidal solutions can be prepared by various chemical
techniques such as:
> Double Decomposition Technique: When hydrogen sulphide is passed through a
solution of arsenious oxide in distilled water, we get a colloidal solution of arsenious
chloride.
As;03 + 3H,S — AsyS3 + 3H,0
» Oxidation Technique: A colloidal solution of Sulphur is made to pass through an
aqueous solution of sulphur dioxide. It can also be obtained by passing the gas through

a solution of an oxidization agent such as bromine water as well as nitric acid.
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SO, +2H,S — 2H,0 +3S
H,S+[0] - H,O+S

» Reduction Technique: Another technique of preparing colloidal solutions of metals
such as silver, gold as well as platinum involves the use of reducing agent for reduction
of the salt solutions of these metals. Example of reducing agent include stannous
chloride.

» Hydrolysis Technique: It involves the use of boiling water to obtain a reduced
solution of ferric chloride.

FeCl; + 3H,0 — Fe(OH); + 3 HCI

Purification of Colloidal Solution

The following methods are commonly used for the purification of colloidal solutions.

Dialysis

» The process of separating the particles of colloid from those of crystalloid, by means
of diffusion through a suitable membrane is called dialysis.

» 1It’s principle is based upon the fact that colloidal particles can not pass through a
parchment or cellophane membrane while the ions of the electrolyte can pass through
it.

» The impurities slowly diffused out of the bag leaving behind pure colloidal solution

» The distilled water is changed frequently to avoid accumulation of the crystalloids
otherwise they may start diffusing back into the bag.

» Dialysis can be used for removing I from the ferric hydroxide sol.

Electrodialysis
» The ordinary process of dialysis is slow.
» To increase the process of purification, the dialysis is carried out by applying electric
field. This process is called electrodialysis.
» The important application of electrodialysis process in the artificial kidney machine
used for the purification of blood of the patients whose kidneys have failed to work.

The artificial kidney machine works on the principle of dialysis.
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Ultra — filtration

» Sol particles directly pass through ordinary filter paper because their pores are larger

(more than ! # or 1000m) than the size of sol particles (less than 200m ),

» If the pores of the ordinary filter paper are made smaller by soaking the filter paper in
a solution of gelatin of colloidion and subsequently hardened by soaking in
formaldehyde, the treated filter paper may retain colloidal particles and allow the true
solution particles to escape. Such filter paper is known as ultra - filter and the process

of separating colloids by using ultra — filters is known as ultra — filtration.

Ultra — centrifugation
» The sol particles are prevented from setting out under the action of gravity by kinetic
impacts of the molecules of the medium.
» The setting force can be enhanced by using high speed centrifugal machines having
15,000 or more revolutions per minute. Such machines are known as ultra—

centrifuges.

Stability of Colloids

The stability of a colloidal system is defined by particles remaining suspended in
solution at equilibrium.Stability is hindered by aggregation and sedimentation phenomena,
which are driven by the colloid's tendency to reduce surface energy. Reducing the interfacial
tension will stabilize the colloidal system by reducing this driving force. Aggregation is due
to the sum of the interaction forces between particles. If attractive forces prevail over the
repulsive ones particles aggregate in clusters.Electrostatic stabilization and steric stabilization
are the two main mechanisms for stabilization against aggregation.

Electrostatic stabilization is based on the mutual repulsion of like electrical charges.
In general, different phases have different charge affinities, so that an electrical double layer
forms at any interface. Small particle sizes lead to enormous surface areas, and this effect is
greatly amplified in colloids. In a stable colloid, mass of a dispersed phase is so low that its
buoyancy or kinetic energy is too weak to overcome the electrostatic repulsion between
charged layers of the dispersing phase. The electrostatic repulsion between suspended
colloidal particles is most readily quantified in terms of the zeta potential, a measurable

quantity describing electrical potential at the slipping plane in an electrical double layer.
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Steric stabilization consists in covering the particles in polymers which prevents the

particle to get close in the range of attractive forces.

Example of a stable Example of an
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Gold Number

The Gold Numberis the minimum  weight (in milligrams) of a
protective colloid required to prevent the coagulation of 10 ml of a standard hydro gold sol
when 1 ml of a 10% sodium chloride solution is added to it.

The coagulation of gold sol results in an increase in particle size, indicated by a colour
change from red to blue or purple. The higher the gold number, the lower the protective
power of the colloid, because a greater amount of colloid is required to prevent coagulation.

The gold numbers of some colloids are given below.

Protective Colloid | Gold Number
Gelatin 0.005-.01
Haemoglobin 0.03-0.07

Egg Albumin 0.15-0.25
Potato Starch 20-25

Gum arabic 0.15-0.25
Caseinate 0.01-0.02
Sodium Oleate 1-5

Dextrin 125-150

Properties of Colloids

Electrical properties

Electrical double layer theory: In this theory, charge is imparted to the particles by placing
ions which are adsorbed preferentially at immovable points which for the first layer. The
second layer consists of diffused mobile ions. The charge present on both the layers is equal.

This two-layer arrangement leads to a development of potential called zeta or Electrokinetic
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potential. As a result of this potential developed across the particles, under the influence of
electric field these particles move.

Electrophoresis: It is a process in which an electric field is been applied to a colloidal
solution which is responsible for the movement of colloidal particles. Depending upon the
accumulation near the electrodes the charge of the particles can be predicted. The charge of

the particles is positive if the particles get collected near a negative electrode and vice versa.
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Electro-osmosis: It is a process in which the dispersing medium of the colloidal solution is

brought under the influence of electric field and the particles are arrested.

Optical properties

Tyndall’s effect is defined as the phenomenon in which light is scattered by the
colloidal particles. The light is been absorbed by the particles present in the solution. Once
the light is been absorbed a part of the light gets scattered in all the directions. The result of
scattering exhibits this effect.
Kinetic properties

During the observation of the colloidal dispersion under an ultra-microscope, it is
clearly seen that the particles are in a continuous movement in the solution. This random
zigzag movement of the particles in the colloidal solution is called Brownian effect. This
movement is mainly due to the unique bombardment of the molecules present in the

dispersed medium on the colloidal particles.
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Emulsions

An emulsion is a type of colloid formed by combining two liquids that normally don't
mix. In an emulsion, one liquid contains a dispersion of the other liquid. Common examples
of emulsions include egg yolk, butter, and mayonnaise. The process of mixing liquids to form

an emulsion is called emulsification.

Types of Emulsions

0O/W wW/0

B

Emulsions can exist as “oil in water” or ” water in o0il” of emulsions. The type of
emulsion depends upon the properties of the dispersed phase and continuous phase. If the oil
phase is dispersed in a continuous aqueous phase the emulsion is known as “oil in water”. If the
aqueous phase is the dispersed phase and the oil phase is the continuous phase, then its known as
“water in oil”

Whether an emulsion of oil and water turns into a “water-in-oil” emulsion or an “oil-in-

water” emulsion depends on the volume fraction of both phases and the type of emulsifier used

to emulsify them.

Preparation of Emulsions

The methods commonly used to prepare emulsions can be divided into two categories
A) Trituration Method

This method consists of dry gum method and wet gum method.
Dry Gum Method

In this method the oil is first triturated with gum with a little amount of water to form
the primary emulsion. The trituration is continued till a characteristic ‘clicking’ sound is
heard and a thick white cream is formed. Once the primary emulsion is formed, the remaining
quantity of water is slowly added to form the final emulsion. 4:2:1 formula 4 parts (volumes)

of o0il 2 parts of water 1 part of gum.
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Wet Gum Method

Wet Gum Method As the name implies, in this method first gum and water are
triturated together to form a mucilage. The required quantity of oil is then added gradually in
small proportions with thorough trituration to form the primary emulsion. Once the primary
emulsion has been formed remaining quantity of water is added to make the final emulsion.

4:2:1 formula 4 parts (volumes) of oil 2 parts of water 1 part of gum.

Bottle Method

This method is employed for preparing emulsions containing volatile and other non-
viscous oils. Both dry gum and wet gum methods can be employed for the preparation. — As
volatile oils have a low viscosity as compared to fixed oils, they require comparatively large
quantity of gum for emulsification. — In this method, oil or water is first shaken thoroughly
and vigorously with the calculated amount of gum. Once this has emulsified completely, the
second liquid (either oil or water) is then added all at once and the bottle is again shaken
vigorously to form the primary emulsion. More of water is added in small portions with

constant agitation after each addition to produce the final volume.

Properties of Emulsion

» Emulsions show all the characteristic properties of colloidal solution such as
Brownian movement, Tyndall effect, electrophoresis etc.

» These are coagulated by the addition of electrolytes containing polyvalent metal ions
indicating the negative charge on the globules.

» The size of the dispersed particles in emulsions in larger than those in the sols. It
ranges from 1000 A to 10,000 A. However, the size is smaller than the particles in
suspensioins.

» Emulsions can be converted into two separate liquids by heating, centrifuging,

freezing etc. This process is also known as demulsification.

Applications of Emulsions
» Concentration of ores in metallurgy
» In medicine (Emulsion water-in-oil type)
» Cleansing action of soaps.

» Milk, which is an important constituent of our diet an emulsion of fat in water.
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» Digestion of fats in intestine is through emulsification.

Donnan Membrane Equilibrium

The Gibbs—Donnan effect (also known as the Donnan's effect, Donnan law, Donnan
equilibrium, or Gibbs—Donnan equilibrium) is a name for the behaviour of charged particles
near a semi-permeable membrane that sometimes fail to distribute evenly across the two sides

of the membrane.
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Osmosis
Osmosis is the spontaneous net movement of solvent molecules through a selectively
permeable membrane into a region of higher solute concentration, in the direction that tends

to equalize the solute concentrations on the two sides.
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Reverse osmosis (RO)

Reverse osmosis (RO) is a water purification process that uses a partially permeable
membrane to remove ions, unwanted molecules and larger particles from drinking water. In
reverse osmosis, an applied pressure is used to overcome osmotic pressure, a colligative
property that is  driven  bychemical potential differences of the  solvent,
a thermodynamic parameter. Reverse osmosis can remove many types of dissolved and
suspended chemical species as well as biological ones (principally bacteria) from water, and

is used in both industrial processes and the production of potable water.

drmurugesanchemistry@gmail.com



Reverse Osmosis

Salt Water Fresh Water
@ o >
] Membrane
\:: o
r ® ~
@ o
(]
o -y

Desalination

Desalination is a process that takes away mineral components from saline water.
More generally, desalination refers to the removal of salts and minerals from a target
substance, as in soil desalination, which is an issue for agriculture.

Saltwater is desalinated to produce water suitable for human
consumption or irrigation. The by-product of the desalination process is brine. Desalination is
used on many seagoing ships and submarines. Most of the modern interest in desalination is

focused on cost-effective provision of fresh water for human use. Along with

recycled wastewater, it is one of the few rainfall-independent water sources.

DESALINATION

Macromolecules

Macromolecules are large molecules composed of thousands of covalently connected
atoms. Carbohydrates, lipids, proteins, and nucleic acids are all macromolecules.
Macromolecules are formed by many monomers linking together, forming a polymer.

A macromolecule is a very large molecule, such as protein, commonly composed of
the polymerization of smaller subunits called monomers. They are typically composed of
thousands of atoms or more. A substance that is composed of monomers is called a polymer.
The most common macromolecules in biochemistry are biopolymers (nucleic acids, proteins,

and carbohydrates) and large non-polymeric molecules (such
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as lipids and macrocycles), synthetic fibers as well as experimental materials such as carbon

nanotubes.

Molecular Weight of Macromolecule

Macromolecules are composed of much larger numbers of atoms than ordinary
molecules. For example, a molecule of polyethylene, a plastic material, may consist of as
many as 2,500 methylene groups, each composed of two hydrogen atoms and one
carbon atom. The corresponding molecular weight of such a molecule is on the order of
35,000. Insulin, a protein hormone present in the pancreas and responsible for regulation of
blood-sugar levels, has a molecular unit derived from 51 amino acids (by themselves
molecules containing carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur). The

exact molecular weight of insulin from cattle has been determined to be 5,734.

Determination of Molecular Weight by Osmotic Pressure

Osmometry is used to determine the molecular mass, which depends on colligative
properties, meaning that the number of dissolved molecules is the only factor that alters the
properties of a solution. In addition, boiling point elevation, osmotic pressure, freezing point
depression, and vapor pressure reduction are based on colligative properties.

There are two principal methods of osmometry that are suitable for determining
average molecular weights of polymers: membrane and vapor pressure osmometry. While the
first one is suitable for molecular weights between 50000 and 2 million (g mol "), the second
one is applicable for ‘short’ polymeric chains below 40000 g mol™'. Both methods deliver the
absolute value of the number average molecular weight (M,).

In the first case, a solution of a polymer and the pure solvent are placed in
compartments separated by a semipermeable membrane. The membrane allows diffusion of
small solvent molecules, but restricts the larger polymer chains to one compartment only.
Hence, a net diffusion of solvent takes place from the solvent side to the solution side until
sufficient hydrostatic pressure develops that prevents further diffusion. This hydrostatic
pressure is the osmotic pressure, which is related to molecular weight by the van't Hoff
equation extrapolated to zero concentration:

T/Cc== RT/Mn + A,C
where 7 is the osmotic pressure, C the concentration of polymer (g17'), T'the temperature

(K), R the gas constant, and 4, the second virial coefficient (solvent dependent).
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A plot of 7/C versus C is a straight line of slope A,, and y-intercept equal to R7/M,.
The permeability of the membrane tolow molecular weight chains renders membrane
osmometry useful for polymer molecular weights greater than 50000, while inaccuracy in the
measurement of very small osmotic pressures sets the upper limit at 2 million.

The second method is based on the vapor pressure difference of pure solvent and
a polymer solution. A sample of the solution and pure solvent are introduced into a
temperature-controlled measuring chamber, which is saturated with solvent vapor. Since the
vapor pressure of the solution is lower than that of the solvent, solvent vapor condenses on
the solution sample causing its temperature to rise. This temperature difference (A7) can be
measured for different concentrations (C) of the polymer solution and 1/M,, can be calculated
according to the following formula:
AT/KC =1/Mn + A,C
K is a measuring constant determined for a given solvent and temperature with an organic
substance (e.g., benzoin) with exactly known molecular weight. A plot of (A7/KC)

versus C delivers 1/M,, as the y-axis intercept (slope 4;).

Determination of Molecular Weight by Light Scattering Method

Static light scattering is a technique in physical chemistry that measures the intensity of the
scattered light to obtain the average molecular weight M, of a macromolecule like a polymer
or a protein in solution.

A light scattering instrument composed of many detectors placed at various angles, all
the detectors need to respond the same way. Usually detectors will have slightly
different quantum efficiency, different gains and are looking at different geometrical
scattering volumes. In this case a normalization of the detectors is absolutely needed. To
normalize the detectors, a measurement of a pure solvent is made first. Then an isotropic
scatterer is added to the solvent. Since isotropic scatterers scatter the same intensity at any
angle, the detector efficiency and gain can be normalized with this procedure. It is convenient

to normalize all the detectors to the 90° angle detector.

Molecular Weight Determination by Light-scattering Method

One of the most used methods to characterize the molecular weight is light scattering
method. When polarizable particles are placed in the oscillating electric field of a beam of
light, the light scattering occurs. Light scattering method depends on the light, when the light

is passing through polymer solution, it is measure by loses energy because of absorption,
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conversion to heat and scattering. The intensity of scattered light relies on the concentration,
size and polarizability that is proportionality constant which depends on the molecular

weight. Figure shows light scattering off a particle in solution.
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Figure: Modes of scattering of light in solution.

A schematic laser light-scattering is shown in Figure. A major problem of light
scattering is to prepare perfectly clear solutions. This problem is usually accomplished by
ultra-centrifugation. A solution should be as possible as clear and dust free to determine
absolute molecular weight of polymer. The advantages of this method, it doesn’t need
calibration to obtain absolute molecular weight and it can give information about shape and
My, information. Also, it can be performed rapidly with less amount of sample and absolute
determinations of the molecular weight can be measured. The weaknesses of the method is
high price and most times it requires difficult clarification of the solutions.

Laser Focusing lens Particle dispersion
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Figure: Schematic representation of light scattering.

The weight average molecular weight value of scattering polymers in solution related
to their light scattering properties, where K is the wave vector. C is solution concentration,
R(0) is the reduced Rayleigh ratio, P(0) the particle scattering function, 0 is the scattering
angle, A is the osmotic virial coefficients, where ng solvent refractive index, A the light
wavelength and N, Avagadro’s number. The particle scattering function, where R, is the

radius of gyration.
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KC/R(0) = 1/Mw(P(0) + 2A,C + 3A5C, +...)
K = 27°n’y(dn/dC)*/Na)?
1/(P(0)) = 1+167°n’o(R?,)sin’(6/2)3)?
Weight average molecular weight of a polymer is found from extrapolation of data in
the form of a Zimm plot. Experiments are performed at several angles and at least at 4

different concentrations. The straight line extrapolations provides My.

Hv

o = experimental
o = extrapolated

1My ——

Sin20/2 + k

Figure: EA typical Zimm plot of light scattering data.

drmurugesanchemistry@gmail.com



I B.Sc., CHEMISTRY, GENERAL CHEMISTRY,
UNIT -1
Periodic table and periodic properties
Quantum Numbers

The most prominent system of nomenclature spawned from the molecular orbital theory of
Friedrich Hund and Robert S. Mulliken, which incorporates Bohr energy levels as well as
observations about electron spin. This model describes electrons using four quantum
numbers: energy (n), angular momentum (£), magnetic moment (mg), and spin (ms). It is also
the common nomenclature in the classical description of nuclear particle states (e.g. protons

and neutrons).

The Principal Quantum Number (n)

The first quantum number describes the electron shell, or energy level, of an atom. The value
of n ranges from 1 to the shell containing the outermost electron of that atom. For example, in
caesium (Cs), the outermost valence electron is in the shell with energy level 6, so an electron
in caesium can have an n value from 1 to 6. For particles in a time-independent potential, per
the Schrodinger equation, it also labels the nth eigenvalue of Hamiltonian (H) (i.e. the energy
E with the contribution due to angular momentum, the term involving J2, left out). This
number therefore has a dependence only on the distance between the electron and the nucleus
(i.e. the radial coordinate r). The average distance increases with n, thus quantum states with

different principal quantum numbers are said to belong to different shells.
The Azimuthal Quantum Number (1)

The second quantum number, known as the angular or orbital quantum number, describes the
subshell and gives the magnitude of the orbital angular momentum through the relation. In

chemistry and spectroscopy, £ =0 is called an s orbital, £ = 1 a p orbital, £ =2 a d orbital, and



€ = 3 an f orbital. The value of £ ranges from 0 to n — 1 because the first p orbital (£ = 1)
appears in the second electron shell (n = 2), the first d orbital (¢ = 2) appears in the third shell
(n = 3), and so on. In chemistry, this quantum number is very important since it specifies the
shape of an atomic orbital and strongly influences chemical bonds and bond angles.

The Magnetic Quantum Number (m)

The magnetic quantum number describes the energy levels available within a subshell and
yields the projection of the orbital angular momentum along a specified axis. The values of
mdl range from — to £, with integer steps between them. The s subshell (£ = 0) contains one
orbital, and therefore the m{ of an electron in an s subshell will always be 0. The p subshell
(€ = 1) contains three orbitals (in some systems depicted as three “dumbbell-shaped” clouds),
so the m{ of an electron in a p subshell will be —1, 0, or 1. The d subshell ({ = 2) contains
five orbitals, with m¢ values of =2, —1, 0, 1, and 2. The value of the m¢ quantum number is

associated with the orbital orientation.
The Spin Projection Quantum Number(s)

The fourth quantum number describes the spin (intrinsic angular momentum) of the electron
within that orbital and gives the projection of the spin angular momentum (s) along the
specified axis. Analogously, the values of ms range from —s to s, where s is the spin quantum
number, an intrinsic property of particles. An electron has spin s = %, consequently ms will be
+, corresponding with spin and opposite spin. Each electron in any individual orbital must
have different spins because of the Pauli exclusion principle, therefore an orbital never

contains more than two electrons.

For example, the quantum numbers of electrons from a magnesium atom are listed below.

Remember that each list of numbers corresponds to (n, I, m;, ms).

Two s electrons: (1, 0, 0, +%2) (1, 0, 0, -%2)

Two s electrons: (2, 0, 0, +%2) (2, 0, 0, -2)

Six p electrons: (2, 1, -1, +%2) (2,1, -1, -%2) (2, 1,0, +%%) (2,1, 0, -%2) (2, 1, 1, +%2) (2, 1, 1, -%%)

Two s electrons: (3, 0, 0, +%2) (3, 0, 0, -%2)



Pauli Exclusion Principle

Pauli Exclusion Principle states that in a single atom no two electrons will have an identical
set or the same quantum numbers (n, I, m;, and ms). To put it in simple terms, every electron
should have or be in its own unique state (singlet state). There are two salient rules that the

Pauli Exclusion Principle follows:
e Only two electrons can occupy the same orbital.

e The two electrons that are present in the same orbital must have opposite spins or it
should be antiparallel.

However, Pauli Exclusion Principle does not only apply to electrons. It applies to other
particles of half-integer spin such as fermions. It is not relevant for particles with an integer
spin such as bosons which have symmetric wave functions. Moreover, bosons can share or
have the same guantum states, unlike fermions. As far as the nomenclature goes, fermions are
named after the Fermi—Dirac statistical distribution that they follow. Bosons, on the other
hand, get their name from the Bose-Einstein distribution function.

Formulation of the Principle

An Austrian physicist named Wolfgang Pauli formulated the principle in the year 1925. With
this principle, he basically described the behavior of the electrons. Later in the year 1940, he
expanded on the principle to cover all fermions under his spin-statistics theorem. Meanwhile,
fermions that are described by the principle include elementary particles such as quarks,

electrons, neutrinos, and baryons.

Wolfgang Pauli was also awarded the Nobel Prize in the year 1945 for the discovery of the
Pauli Exclusion Principle and his overall contribution in the field of quantum mechanics. He

was even nominated by Albert Einstein for the award.
Pauli Exclusion Principle in Chemistry

In chemistry, the law is mainly used to explain or determine the electron shell structure of

atoms and predict which atoms are likely to donate electrons. How does the principle work or
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where does it apply? Well, if we look at the atoms whenever it gains a new electron or
electrons it usually moves to the lowest energy state or it shifts to the outermost shell. If the
state has one electron then it can either be spin-up or spin down. Now, if we consider the
Pauli exclusion principle if there are two electrons in a state, then each of the electrons will

have spin-up or spin down-state but not the same.
Pauli Exclusion Principle Example

We can take a neutral helium atom as a common Pauli Exclusion Principle example. The
atom has 2 bound electrons and they occupy the outermost shell with opposite spins. Here,

we will find that the two electrons are in the 1s subshell wheren=1,1=0, and m; = 0.

Their spin moments will also be different. One will be ms = -1/2 and the other will be +1/2. If
we draw a diagram then the subshell of the helium atom will be represented with 1 “up”
electron and 1 “down” electron. In essence, 1s subshell will consist of two electrons, which

have opposite spins.

Similarly, if we take Hydrogen it will have 1s subshell with 1 “up” electron (1s1). Lithium
will have the helium core (1s2) and then one more “up” electron ( 2s1). What we are trying to

depict here is that the electron configuration of the orbitals is written in this manner.

Hydrogen

1s

Helium
1s
1s 2s

From the above example, we can further deduce that successive larger elements will have
shells of successively higher energy. The number of electrons in the outermost shell is also
directly related to the different chemical properties that elements possess. Elements with the

same number of electrons in the outermost shell will have similar properties.
Importance and Applications Of Pauli Exclusion Principle
e The Pauli Exclusion Principle helps to explain a wide variety of physical phenomena.

e It helps in describing the various chemical elements and how they participate in

forming chemical bonds.
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e The periodic table can also be defined with the help of this principle.

o Apart from chemistry, the principle is a fundamental principle in quantum mechanics

which is mainly studied in physics.
e ltisalso used in astrophysics.
Aufbau principle

You may consider an atom as being "built up” from a naked nucleus by gradually adding to it
one electron after another, until all the electrons it will hold have been added. Much as one
fills up a container with liquid from the bottom up, the orbitals of an atom are filled from the
lowest energy orbitals to the highest energy orbitals.

Orbitals with the lowest principal quantum number (n) have the lowest energy and will fill up
first, in smaller atoms. Larger atoms with more subshells will seem to fill "out of order”, as
the other factors influencing orbital energy become important. Within a shell, there may be
several orbitals with the same principal quantum number. In that case, more specific rules
must be applied. For example, the three p orbitals of a given shell all occur at the same
energy level. So, how are they filled up? Answer: all the three p orbitals have same energy so
while filling the p orbitals we can fill any one of the Px, Py or Pz first. It is a convention that
we chose to fill Px first, then Py and then Pz for our simplicity. Hence you can opt for filling
these three orbitals from right to left also. Aufbau principle state that “atomic orbitals are

filled with electrons in order of increasing energy level”

The diagonal rule
for electron

filling order.

\\s

The Aufbau principle is illustrated in the diagram by following each red arrow in order from

top to bottom: 1s1s, 2s2s, 2p2p, 3s3s, etc.



Hunds Rule of Maximum Multiplicity

Hunds Rule of Maximum Multiplicity rule states that for a given electron configuration, the
term with maximum multiplicity falls lowest in energy. According to this rule electron
pairing in p, d and f orbitals cannot occur until each orbital of a given subshell contains one

electron each or is singly occupied.

State Hund’s Rule

It states that:

1. In a sublevel, each orbital is singly occupied before it is doubly occupied.
2. The electrons present in singly occupied orbitals possess identical spin.

The electrons enter an empty orbital before pairing up. The electrons repel each other as they

are negatively charged. The electrons do not share orbitals to reduce repulsion.

When we consider the second rule, the spins of unpaired electrons in singly occupied orbitals
are the same. The initial electrons spin in the sub-level decides what the spin of the other
electrons would be. For instance, a carbon atom’s electron configuration would be 1s22s22p?.
The same orbital will be occupied by the two 2s electrons although different orbitals will be

occupied by the two 2p electrons in reference to Hund’s rule.

Electron Configuration
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Electron Configuration

The above image helps in understanding the electronic configuration and its purpose. The
valence shells of two atoms that come in contact with each other will interact first. When
valence shells are not full then the atom is least stable. The chemical characteristics of an
element are largely dependent on the valence electrons. Similar chemical characteristics can

be seen in elements that have similar valence numbers.

The stability can also be predicted by the electron configuration. When all the orbitals of an
atom are full it is most stable. The orbitals that have full energy level are the most stable, for

example, noble gases. These type of elements do not react with other elements.
Hund’s rule of maximum multiplicity

The rule states that, for a stated electron configuration, the greatest value of spin multiplicity
has the lowest energy term. It says if two or more than two orbitals having the same amount
of energy are unoccupied then the electrons will start occupying them individually before
they fill them in pairs. It is a rule which depends on the observation of atomic spectra, which
is helpful in predicting the ground state of a molecule or an atom with one or more than one

open electronic shells. This rule was discovered in the year 1925 by Friedrich Hund.
Uses of Hund’s Rule:
It has wide applications in the following —

It is majorly used in atomic chemistry, quantum chemistry, and spectroscopy, etc.


https://byjus.com/chemistry/electron-configuration/

Stability of half filled and completely filled orbitals:

The exactly half filled and completely filled orbitals have greater stability than other partially
filled configurations in degenerate orbitals. This can be explained on the basis of symmetry
and exchange energy. For example chromium has the electronic configuration of
[Ar]3d° 4s1 and not [Ar]3d* 4s? due to the symmetrical distribution and exchange energies of

d electrons.
Symmetrical distribution of electron:

Symmetry leads to stability. The half filled and fully filled configurations have symmetrical
distribution of electrons (Figure 2) and hence they are more stable than the unsymmetrical

configurations.

p’
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Figure 2. Half filled and fully filled p, d and f orbitals

The degenerate orbitals such as px, py and pz have equal energies and their orientation in

space are different as shown in Figure 2.14. Due to this symmetrical distribution, the



shielding of one electron on the other is relatively small and hence the electrons are attracted

more strongly by the nucleus and it increases the stability.

z
2p

z

Figure 2.14 Shape of the degenerate

P orbitals.

Exchange energy:

If two or more electrons with the same pinare presenting degenerate orbitals, there is a
possibility for exchanging their positions. During exchange process the energy is released and
the released energy is called exchange energy. If more number of exchanges are possible,
more exchange energy is released. More number of exchanges are possible only in case of

half filled and fully filled configurations.

For example, in chromium the electronic configuration is [Ar] 3d5 4s1. The 3d orbital is half
filled and there are ten possible exchanges as shown in Figure 2.15. On the other hand only
six exchanges are possible for [Ar]3d4 4s2 configuration. Hence, exchange energy for the
half filled configuration is more. This increases the stability of half filled 3d orbitals.
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(3+24+1 = 6)

Possible exchanges in Chromium d orbitals: a) for d® configuration b) for d* configuration

The exchange energy is the basis for Hund's rule, which allows maximum multiplicity, that is

electron pairing is possible only when all the degenerate orbitals contain one electron each.

Variation of Atomic Volume

Atomic size: It refers to the distance between the centres of the nucleus of the atom to the
outermost shell containing electrons. Since absolute value of the atomic size cannot be

determined, it is usually expressed in terms of the following operational definitions.



12AB=r1__
covalent

(of element X)

Waale Of hiydrogen in HX molecule

I2EF =1

van der

1/2GH=1

ean der Waals O X i HX molecule

~ 1n?ao
n= ¥

Covalentradius. It is defined as one-half of the distance between the nuclei of two covalently
bonded atoms of the same element in a molecule.

— . . - Ny
dA_A r, T1, Of 2r,

Single Bond Covalent Radius, SBCR- (a) For Homolatomic molecules
For hetrodiatomic molecules while electronegativityis approx same.
das=ra+rs

For heteronuclear diatomic molecule. A-B, while difference between the electronegativity
values of Atom A and atom B is relatively larger, (Xa and Xg) are the electron negativity in
Pauling Scale.

das=ra+rg—0.09 |(Xa —Xs)| [Bond length or radius expressed in A]
Where Xa and Xg is electronegativity values of high electronegative element A and less
electronegative element B, respectively. This formula was given by Stevenson &
Schomaker.
Covalent radius is slightly smaller than actual radius.
Van derWaals’ radius. It is defined as one-half of the distance between the nuclei of two
non-bonded isolated atoms or two adjacent atoms belonging to two neighboring molecules of
an element in the solid state. By definition, van derWaals’ radius of an element is always
larger than its covalent radius.

Variation of atomic radii :



(i) Across the period atomic radii decreases
(i) Where we move from 17" group to 18" atomic radii increases the period decreases
Atomic Radii

Atomic radii are useful for determining many aspects of chemistry such as various physical
and chemical properties. The periodic table greatly assists in determining atomic radius and

presents a number of trends.
Definition

Atomic radius is generally stated as being the total distance from an atom’s nucleus to the
outermost orbital of electron. In simpler terms, it can be defined as something similar to the
radius of a circle, where the center of the circle is the nucleus and the outer edge of the circle
is the outermost orbital of electron. As you begin to move across or down the periodic table,
trends emerge that help explain how atomic radii change.

The effective nuclear charge (Zeff) of an atom is the net positive charge felt by the valence
electron. Some positive charge is shielded by the core electrons therefore the total positive
charge is not felt by the valence electron. A detailed description of shielding and effective
nuclear charge can be found here. Zeff greatly affects the atomic size of an atom. So as
the Zeff decreases, the atomic radius will grow as a result because there is more screening of
the electrons from the nucleus, which decreases the attraction between the nucleus and the
electron. Since Zeff decreases going down a group and right to left across the periodic table,

the atomic radius will increase going down a group and right to left across the periodic table.
Types of Radius

Determining the atomic radii is rather difficult because there is an uncertainty in the position
of the outermost electron — we do not know exactly where the electron is. This phenomenon
can be explained by the Heisenberg Uncertainty Principle. To get a precise measurement of
the radius, but still not an entirely correct measurement, we determine the radius based on the
distance between the nuclei of two bonded atoms. The radii of atoms are therefore
determined by the bonds they form. An atom will have different radii depending on the bond

it forms; so there is no fixed radius of an atom.

Covalent Radius


https://chem.libretexts.org/Bookshelves/Ancillary_Materials/Reference/Periodic_Table_of_the_Elements
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Quantum_Mechanics/10%3A_Multi-electron_Atoms/Multi-Electron_Atoms/Penetration_and_Shielding
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Quantum_Mechanics/09._The_Hydrogen_Atom/Atomic_Theory/Electrons_in_Atoms/Uncertainty_Principle

When a covalent bond is present between two atoms, the covalent radius can be determined.
When two atoms of the same element are covalently bonded, the radius of each atom will be
half the distance between the two nuclei because they equally attract the electrons. The
distance between two nuclei will give the diameter of an atom, but you want the radius which

is half the diameter.

The covalent radius depicted below in Figure 1 will be the same for both atoms because they

are of the same element as shown by X.

Fig.1 Covalent radii
lonic Radius

The ionic radius is the radius of an atom forming ionic bond or an ion. The radius of each
atom in an ionic bond will be different than that in a covalent bond. This is an important
concept. The reason for the variability in radius is due to the fact that the atoms in an ionic
bond are of greatly different size. One of the atoms is a cation, which is smaller in size, and
the other atom is an anion which is a lot larger in size. So in order to account for this
difference, one most get the total distance between the two nuclei and divide the distance
according to atomic size. The bigger the atomic size, the larger radius it will have. This is
depicted in Figure 2 as shown below where the cation is displayed on the left as X+, and

clearly has a smaller radius than the anion, which is depicted as Y- on the right.

100pm

Fig. 2 Ionic radii
e The cation, which is an ion with a positive charge, by definition has fewer electrons
than protons. The loss in an electron will consequently result in a change in atomic

radii in comparison to the neutral atom of interest (no charge).


https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Chemical_Bonding/Fundamentals_of_Chemical_Bonding/Covalent_Bonds
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Fundamentals/Ionic_and_Covalent_Bonds

e The loss of an electron means that there are now more protons than electrons in the
atom, which is stated above. This will cause a decrease in atomic size because there
are now fewer electrons for the protons to pull towards the nucleus and will result in a
stronger pull of the electrons towards the nucleus. It will also decrease because there
are now less electrons in the outer shell, which will decrease the radius size.

e An analogy to this can be of a magnet and a metallic object. If ten magnets and ten
metallic objects represent a neutral atom where the magnets are protons and the
metallic objects are electrons, then removing one metallic object, which is like
removing an electron, will cause the magnet to pull the metallic objects closer because
of a decrease in number of the metallic objects. This can similarly be said about the
protons pulling the electrons closer to the nucleus, which as a result decreases atomic
size.

Figure 3 below depicts this process. A neutral atom X is shown here to have a bond length of

180 pm and then the cation X* is smaller with a bond length of 100 pm.

X+

100pm

X
180pm
Fig. 3: The ionic radius decreases for the generation of positive ions.

An anion, on the other hand, will be bigger in size than that of the atom it was made from
because of a gain of an electron. This can be seen in the Figure 4 below. The gain of an
electron adds more electrons to the outermost shell which increases the radius because there
are now more electrons further away from the nucleus and there are more electrons to pull
towards the nucleus so the pull becomes slightly weaker than of the neutral atom and causes

an increase in atomic radius.

Fig. 4: The ionic radius increases for the generation of negative ions



IONISATION POTENTIAL

The energy required to remove the most loosely bound electron from the outermost orbit of
one mole of isolated gaseous atoms of an element, is called ionisationpotential (IP).This

ionization is an endergonic or energy-absorbing process.

An electron cannot be removed directly from an atom in solid state. For this purpose, the
solid state is converted to gaseous state and the energy required for this is called sublimation

energy.

A_fre AT ame  AT2 wte AT

The energyrequired to remove one electron froma neutral gaseous atomto convert it to
monopositive cation, is called first ionisation potential (I* IP).The energy required to convert
a monopositive cation toa diapositive cation is called second ionisation potential (11"® IP) of

an atom

IS 1P < 11" IP < 11" IP because as the electrons go out of the atom, the ionic size goes on

decreasing and the amount of positive charge goes on increasing.

Factors Affecting lonisation Potential

(i) Atomic size:

When the size of an atom is very large the electron of the outermost orbit bound to the
nucleus by weaker attractive forces. Such an electron will be readily removed from the atom.

Therefore, The value of ionisation potential will be low.

3

lonisation potential cc ——MM
atomic size

(i) Effective Nuclear Charge:

Atomic size decreases with increase in effective nuclear charge because, higher the effective
nuclear charge stronger will be the attraction of the nucleus towards the electron of the

outermost orbit and higher will be the ionisation potential

| lonisation potential =« Effective nuclear charge

(iii) Shielding Effect:



The electrons of internal orbits repel the electrons of the electron of the outermost orbit due to
which the attraction of the nucleus towards the electron of the outermost orbit decreases and

thus atomic size increases and the value of ionisation potential decreases.

1
shielding effect

lonisation potential -c

(iv) Stability of half filled and fully filled orbitals :

The atoms whose orbitals are half-filled (p3, d° ') or fully-filled (s? , p®, d'°, ) have
greater stability than the others. Therefore, they required greater energy to for removing out

electron. However stability of fully filled orbitals is greater than that of the half filled orbitals

‘ l.P.of fully —filled orbitals = L.P. of half — filled orbitals ‘

(V) Penetration power : In any atom the s orbital is nearer to the nucleus in comparison to p,
d and f orbitals. Therefore, greater energy is required to remove out electron from s orbital
than fromp, d and f orbitals. Thus the decreasing order of ionisation potential of s, p, d and f

orbitals is as follows s > p > d> f

| lonisation potential == penetration power

Periodic Table & lonisation Potential

(a) In aPeriod :The value of lonisation potential normally increase ongoing from left to right

in a period, because effective nuclear charge increases and atomic size decreases.

Exceptions:

e In second period ionisation potential of Be is greater than that of B, and in the third
period ionization potential of Mg is greater than that of Al due to high stability of
fully filled orbitals.

e In second period ionisation potential of Nis greater than O and in the third period
ionisation potential of P is greater than that of S, due to stability of half filled orbitals.

e The increasing order of the values of ionisation potential of the second period
elementsisLi<B<Be<C<O<N<F<Ne
The increasing order of the values of ionisation potential of the third period elements
isNa<Al<Mg<Si<S<P<CI<Ar



Inner Transition Elements: The size of inner transition elements is greater than that of d

block elements. Therefore the value of ionisation potential of f block elements is smaller than

that of d block elements and due to almost constant atomic size of f block elements in a

period the value of their ionization potential remains more constant than that of d block

elements.

Ina Group

The value of ionisation potential normallydecreases on going fromtop to bottomin a
group because both atomic size and shielding effect increase.

Exception:

The value of ionisation potential remains almost constant from Al to Ga in the I1I1A
group.

(B>Al, Ga>In)

IP1(Sn) < IP1(Pb)

IP1(In) < IP1(TI)

In the periodic table the element having highest value of ionisation potential is He.
The values of ionisation potential of noble gases are extremely high, because the
orbitals of outermost orbit are fully-filled (ns?, np®) and provide great stability.

In a period, the element having least value of ionisation potential is an alkalimetal
(group IA) and that having highest value is inert gas (Group 0)

Applications of lonisation Potential

The elements having high values of ionisation potential have low reactivity, e.g. inert
gases.

The value of ionisation potential decreases more ongoing from top to bottom in a
group in comparison to a period. Therefore, reactivity of metal increases and the atom
forms a cation by loss of electron.

1
Re activity of metal

Ionisation potential =

The elements having low value of ionisation potential readily lose electron and thus

behave as strong reducing agents.

1
Re activity of metal

Ionisation potential =

The elements having low value of ionization potential readily lose electron and thus

exhibit greater metallic property.



1
Metallic property

Tonisation potential =

e The elements having low value of ionisation potential readily lose electron and thus

have basic property.

1
Basic property

Ionisation potential =

ELECTRON AFFINITY (EA)
The energy released on adding up one mole of electron to one mole of neutral atom(A) in its
gaseous state to form an anion (A-) is called electron affinity of that atom. In general,

electron affinity is associated with an exothermic process.
A(g)+te > A" (g). QHc =—-E

When one electron adds up to a neutral atom, it gets converted to a unit negative ion and
energy is released. On adding one more electron to themononegative anion, there is repulsion
between the negatively charged electron and anion. In order to counteract the repulsive
forces, energy has to be provided to the system. Therefore, the value of the second electron
affinity is positive.

A~ (g)+e —>A2(g).AH_ =+E,  AH_ :Electron gainenthalpy
Factors Affecting Electron Affinity

e Effective Nuclear charge: When effective nuclear charge is more, then the atomic

size less. Hence EA increases.

Electron affinity « Effective nuclear charge

e Atomic Size or Atomic Radius: When the size or radius of an atom increases, the
electron entering the outermost orbit is more weakly attracted by the nucleus and the

value of electron affinity is lower.

1
Atomic size

Electron affinity =«

e Shielding Effect: Shielding effect is directly proportional to atomic size and atomic

size is inversely proportional to electron affinity.

1
Shielding effect

Electron affinity =

e Stability of Fully-Filled and Half-Filled Orbitals :
The stability of the configuration having fully-filled orbitals (p®, d*°, ) and half

filled orbital (p*, d°, f') is relatively higher than that of other configurations.



e Periodic Table and Electron Affinity:

In a period, atomic size decreases with increase in effective nuclear charge and hence
increases in electron affinity.
ELECTRONEGATIVITY ALONG PERIODS AND GROUPS

e The measure of the capacity or tendency of an atom to attract the shared pair of
electrons of the covalent bond towards itself is called electronegativity of that atom.

e Electronegativity is a relative value that indicates the tendency of an atom to attract
shared electrons more than the other atom bonded to it. Therefore it does not have any
unit. Pauling was the first scientist to put forward the concept of electronegativity.

e The numerical value of electro negativity of an atom depends on its ionisation
potential and electron affinity values.

Factors Affecting Electronegativity

e Atomic size — Electronegativity of a bonded atom decreases with increase in its size.

1

Electronegativity o _ .
Atomic size

In a Group

e The values of electron affinity normally decrease ongoing from top to bottom in a
group because the atomic size increases which decreases the actual force of attraction
by the nucleus.

Exceptions (E.A. 2nd period p-block element < E.A. 3rd period p-block element)

e The value of electron affinity of Fis lower than that of Cl, because the size of Fis very
small and compact And the charge density is high on the surface. Therefore, the
incoming electron experiences more repulsion in comparison to Cl .That is why the
value of electron affinity of Cl is highest in the periodic table.

e The values of electron affinity of alkali metals and alkaline earth metals can be
regarded as zero, because they do not have tendency to form anions by accepting
electron.

Pauling Electronegativity

Linus Pauling described electronegativity as “the power of an atom in a molecule to attract
electrons to it.”! Basically, the electronegativity of an atom is a relative value of that atom's
ability to attract election density toward itself when it bonds to another atom. The higher the
electronegativity of an element, the more that atom will attempt to pull electrons towards it

and away from any atom it bonds to. The main properties of an atom dictate it's



electronegativity are its atomic number as well as its atomic radius. The trend for
electronegativity is to increase as you move from left to right and bottom to top across the
periodic table. This means that the most electronegative atom is Fluorine and the least
electronegative is Francium.

There are a few different 'types' of electronegativity which differ only in their definitions and
the system by which they assign values for electronegativity. For example, there is Mulliken
electronegativity which is defined as "the average of the ionization energy and electron
affinity of an atom, which as we will see, differs slightly from Pauling's definition of
electronegativity.

Pauling Electronegativity

Linus Pauling was the original scientist to describe the phenomena of electronegativity. The
best way to describe his method is to look at a hypothetical molecule that we will call XY. By
comparing the measured X-Y bond energy with the theoretical X-Y bond energy (computed
as the average of the X-X bond energy and the Y-Y bond energy), we can describe the

relative affinities of these two atoms with respect to each other.

A Bond Energies = (X‘Y)measured — (X'Y)expected

If the electonegativities of X and y are the same, then we would expect the measured bond
energy to equal the theoretical (expected) bond energy and therefore the A bond energies
would be zero. If the electronegativities of these atoms are not the same, we would see a
polar molecule where one atom would start to pull electron density toward itself, causing it to
become partially negative.

By doing some careful experiments and calculations, Pauling came up with a slightly more
sophisticated equation for the relative electronegativities of two atoms in a molecule: EN(X) -
EN(Y) = 0.102 (AY).1In that equation, the factor 0.102 is simply a conversion factor
between kJ and eV to keep the units consistent with bond energies.

By assigning a value of 4.0 to Fluorine (the most electronegative element), Pauling was able
to set up relative values for all of the elements. This was when he first noticed the trend that
the electronegativity of an atom was determined by it's position on the periodic table and that
the electronegativity tended to increase as you moved left to right and bottom to top along the
table. The range of values for Pauling's scale of electronegativity ranges from Fluorine (most
electronegative = 4.0) to Francium (least electronegative = 0.7). 2 Furthermore, if the

electronegativity difference between two atoms is very large, then the bond type tends to be



more ionic, however if the difference in electronegativity is small then it is a nonpolar
covalent bond.

Classification of elements
s-block elements.

Elements of groups 1 and 2 including He in which the last electron enters the s-orbital of the
valence shell are called s-block elements. There are only 14 s-block elements in the periodic
table.

p-block elements.

Elements of groups 13-18 in which the last electron enters the p-orbitals of the valence shell

are called p-block elements.
d-block elements.

There are three complete series and one incomplete series of d-block elements. These are: 1st
or 3dtransition series which contains ten elements which atomic numbers 21-30 (21S¢ —
30Zn). 2nd or 4d-transition series which contains ten elements with atomic numbers 39 — 48
(39Y — 48Cd). 3rd or 5d transition series which also contains ten elements which atomic
numbers 57 and 72 — 80 ( s7La, 72Hf — soHQ).

4th or 6d transition series which is incomplete at present and contains only nine elements.
These are 89Ac, 104Rf, 105Ha, Unh (Unnihexium, Z = 106), 107Ns (Neilsobohrium), 108Hs
(Hassium), 109Mt (Meitherium), Uun (Ununnilium, Z = 110) and Uud (Unundium, Z = 112)
or Ekamercury. The element, Z = 111 has not been discovered so far. Thus, in all there are 39
d-block elements.



o alltovnss awe Cplic C sereumd 2t Cont -

— AR o lssed %C:vaor:ﬁ-fﬁ"ﬁ;ﬂ?ﬂ Q,QJ-\_QJ-MW ATe_
3 eﬂw@*m\ﬂl—b Ardl ve22m e

Scanned by TapScanner



v dtao. Salce W0 Fienli ek mﬂnf-ﬂ@m(?mi : QUJJDW”

e, cyelo \ o o e AN ‘—’f]rﬁﬁ hoxome Owe -qu@mﬁcﬁ
JE\;] AVY® e{' (- Wow \u(*\ c'fjp.g_-xm_u.}n“ Cord rﬁ f-"(u)m_% .

— AN T
C— yeloloukons Coplopantans -

ko propars .




5

-11

( 9\ \\ -DE’
I’JUTU\-’ Y auwsd s -ﬂ_gﬂ)ﬁ.ﬂ_/q).ﬂn fOJ":‘ﬁT% i
a Q) Fo :Lgmwﬂ”“’%‘yﬁ by ,@G'U 502 ~eoulim
e ) od Yoy Yo ARASY
\CQ,:);E \ \ Lovwn&- oS “u})mLQ_QD & J
e
CH, — ¥ 2
Cﬂ-\ FC.HJ_/F UV % @13\'\\\ = - “'--.w
2] by v \ S
1 el s AP T P =
Cady — Mg/ 7‘ %MWW
- f $Z
et adifels 50 AOA ot
Cug~"" ke e
1 c.\uho‘ I Cc ot
M 7= C KW~ — 2-
/CH*\ Vi / : el o
Cd (Ze =i N
l: S ngd%m’”m

Scanned by TapScanner

. — i .

i =




A R R T T AT ) T v m——

\4 D't - 6\ \ A0 "?LJODHL”W P Wm Carn o=

) = 1&\;‘1 mwﬂoj__xwﬁﬁﬂp . Lo\Lo M A mnmbum

. O Jﬂrgj'\tmﬂﬁ , e
- h_gd- Yo I\?Hﬂr“l_tﬁ L. J] W 1 ko l—ﬁb

@md @.?YM?SQ,DM \/
“ % g
Y Y CAA »u:xslcil , IR 'e (T Vre

gty :

CJ‘\% \CR*Z.. O
P 8 CA,_ WS A \ Ty
g ) e ik CHa
\ —x
M=
’ o %eﬂﬂw Laﬂﬂ_ﬁummng

p— [--QE_E?MSL
X\, 5 - Jon L}\, ;

C e Lo ff-QLQ LMo YV S :
11.‘- m 1
A, a0 T N

_CH=Chg . .
C‘Hz-—udab \QH

0 ) (e b quOr‘fgmm LOWon  yeec QTC_.L*.-F AV

(;V\b:m‘:' f oA — o dN N 0 devn Al Q'E}W% '

Scanned by TapScanner



\ 4 - b ™,
T ashy | = -y Seclz
\| ; N
= ) Hema ,f ¢
C/Hﬁ / :D,lc_)_,&g"m CAT Chir
0 | C’LiQ,L\LLWFQ’bF
Nuwloms -2 : ro-2e8”
(—;n AL ‘(f:'m?j{ CA-j C 3 J
Uie cu_:uD
Vi 05% 'R ,@3%{ Jor C;’l/\ Lﬂunﬁ?ﬂ'rua
E) : ®‘1-€.C_lf_.m£1 r}n rﬁ'QQ (:JG.LJ.’LT'E“W C? 1)1
ffflq: _Lof : v sl . GOWSAY . TS
" Jrevnég- Covn 0L Sbhioa . ,_ e
e PP Ve HMM azlla Zodhwn

e UY) LY ;
et i CLH cy” \ ~ G Abgold
C\l%bj-—— o (e cookls - Kvxon 2 i@@@& &

F — nwons
S){QJWUQ o Q-—Cm’u'b,@l'fj.ﬂ")ﬂﬁ c)jejﬂw
CH, — CJHL\CD
CHy ~Ctd ) \ .

? Wob % wol'woz T
G,G:JC;L’”WQ\ CQ"CM"”@’Y? W

| NOoNL
Cyelop oo Lo ponbomons

Scanned by TapScanner



?‘DJ—% CI?QJ : Hf-%’) O\/H} = GTJL
CHq CHy (o) —CH2>
@Hé S = L }T*ém K
T 7
. \
@/ng:k /Cl_i e > R E/ (S
( 20 \( <

oo wdntiyn yietds & Cydottons r
CHg ~exdy, — O bN@I‘L:T)'Z.- o \C,:NV:\ =5 |
&ﬁ = \ et
)a ~Ctag — CN e (
1, b~ onovue M naimle g \%
CH, ~cti,
CHy —Cu 2'7/{"'5 Uiy, et )C-:‘O
2\ S~ ) e =0 —CO, CH, —CH
j /C’H_‘.z.. [,_;_q: ey — CAHd A !
w&,__wg =N = CoDl+
,.3 e ' _en
Gﬂa’) + A ——— NN\ l_.,_,.c.-—h Ao
AININE gt . 5
('SD -—G?Q-Rh:ﬂ";';\.ﬂ. N,-\:M\lm = &
N ~aktvpfl Al 02 - =
gL N
= ciuu— é-:i[-‘"" - O é"?;o Qwﬁn\ 11! = NIt
@c?:)o\w_b o =

Scanned by TapScanner




L3

|
|
i

T AL
] I '
\ TR |
-'*"r*"!" lu.h_.l..'..l..-._ Y,

LI
b 3 T A RS

: =

Scanned by TapScanner



L (AD v Ced O Gf!ﬁ'l 'Q}_P-* a3

. Roalim vwam Kualegor:

" dpe- R TN ,;
Helogen.s b d ,. 7
Indempi0  froo aondAcod Suhsh o v W?&’m

“h B o ke U
,.P u_{q\(.ﬁ, QD me -*]rLLLﬁ.-’vUJ Gr 1M he a’/u_’}g{’ﬁ”? (o4

;_._,_..ni"_'--.__.

\:‘E\ —+ 672 D L,) ~ HET

&%
Wheryeal n due Cage Oy Cﬂdﬂmﬂvméémmﬂnﬁ& |

CA 4

DAt Thve., — DIV i CMaley
B R ¢ 7 ~Hibromac propomse -
CHy, —QAM,

\ Ti¥wa - > v O, B 5 Chl o Cl 5 T

| A

Feod v, Mwwﬁ LM/H@'?_Q/&- Hﬁfv‘ﬁ’)

Oy peoul wt‘w\’tﬂ&..ea_i‘;\/a

?E&Hz + H2Zr >, CH o CH 5 CH 5 K -
o

J
"
!
1
:
:

s —CHe — 1Y
Vi ki
2 Reauim whm Hydrogeon.
Wuan Uoodied with velzer n ape
N nac el Cycho o povne 8 Welo hondone i wos Ld; ;IHJW-L

fropluit ulsreos Wyt mambert clo st et

i

Scanned by TapScanner



\ i i

C.L; df;b]d!M C:J-t{'D r

* L:, ~)
G‘H N ..-—m \mp - CH'? C{éﬁ(ﬂf{? (‘.M:‘Zf{,} rﬁ;ﬂ}'w' = ﬁ%\ ;
L}\ Cl 42 aoc 200°¢C
o 5V
A
\ |/ sl o “{Qﬁf("—f-'f’
< . -
Ol Y2
}_’ - O ‘{ﬂ%w\,mo: rOo CWCQRJJJJT) ]"8
C)Tcwf/oal’\tfw “ad pema © Heamomov r%buh? e X
( O
s - o (07 ~ :
Cstad oot szﬂ C);O S e e \C.M O o c:ﬂ/)CM‘ff—-:ﬂUﬁJ? {/c
TR0 g[hﬂﬂ A 2ed | .
Al -
\QFV‘LT'LD(F CH;L wol.iww—-'f WO
o) ¥=)

Amnd  Comn e, alliopdic 25 %ﬁ&% Fthrougs ct‘l‘/u:’— |

%MWW@DM Loy madio s Tt Yo ceelniouad

b&oﬁiwmﬁ"r\aj;@h Sy QL%LKLW'?HL& WA §11 DowA

weaelim Sueth ar adddim oy nueeloopludo | 0lEmf
= W‘O Uy (P?Ohfm Ornol "rmmmm%czmw o O Mmona.

Scanned by TapScanner




rE;C " TTwese ‘lr’*-‘g--:--::!'-J;x_j_‘,f";, - _ b

2y "y ESpansem
7 oddiSum  Fo ®vw Cudo Covrks | ‘

—=— il — - ; w -
i - il __l_ TL‘_C ? — s Y = _‘:-:h ._.r-l‘-j F._L .F-"qﬁnru.;__qh“.i-h
] L — p—— o ' = — —1-:.- ;- - :-1 - - _.-hl -
Cuel o Mo AYC —SF~yrnag WALNC YR LQ TINA
3 - e ] 1 2
- = =
" gtoc Qoo v ~Aa Xavyy LN ,
ErDorSn Ur AR XPnRS Vi 7 AL ( IV
\
S P
L VY
1 ~
1 r —_ " ”~o - r - ™~ - . — ——_- ..-—-—:..""I .- J-q
l‘l'-. — I — }'-— —— — - -
CH . H — CHy rvilg HO2 5 3 =N o S 2
' - b S
! et —
UJ —— " BN s :f‘“; o < gy PH
C;- ﬂ-i = —_

| \ :
—_— f-,.i‘ ri‘"\_-‘_= k - )
- ‘-
ey L
O A X
r N oY
P
L sl o
~— 13 ’ —Y
" |
L - -L_ i F‘_-._.F_' r—-._lll‘-.f
=~ 2 Caelio hbnbyt Co
Tta owe Chomees Toorrrometandud A-Corrl
. a e = -l,_,_.. - 1 - | *-l "d

-.I . . L] _.'-__h-. '1 =rT
- X 5 N - 2
g Cﬂ-kl._.l':' B, 1'1_1‘\ a A W ‘adcam L Lk

L a —_— d
e
]
™ - — i F_‘I“. -
— ‘ i x - - _.-‘ - L] - il -
- L T i e -
It e Covhoeolwn FRom

5 - -
D> \ - - .
CM, — C'H']___ Ci“l: - :"_;' . i
- o , {.‘ .
\ 4_‘-.' - -L; - 4’_ _r._ r:_"l"_. y a" B
< :

\/ L \ TS, Ot (—t"*‘*f;f"-""

o * (D
epeo ﬁ;&:ﬂkw-*ufjr
CR- ey

Scanned by TapScanner




/ |
{

E‘:\a_ GG“\'YMLG_&];- 3 L fﬁ_ﬂ_\é e@mkmtﬁmﬂ R e
| o em‘lﬁ:ﬁnﬁf }?8

LmJ'Od‘M

C‘UC’J«O "Jv\_)bv?\ AT INL fj:‘w' QS C,Lgcﬂ,c) ﬁ"ﬂlﬂ Q"lf (

, ovds PN o
El@mymw Y asvvt r?r'r\-éi‘,lﬂl? |
Cyelo bl O oo Formed antuml Ay T

| - ravttveel ovre $lwwon Delud.
Cf’ﬁ\h CM«&UFT”} - “—T['/v:r.} Y‘ecwﬂ«m | WV

© |
CH, —C4\ — il CHy — ;;n W20 u‘;)rtﬁhrm |
>, | -

‘ ) ' O L4 e QL. — Ll

J;&; — QA Hewg g e . P

o o0 G conderuliin
D"’"’Dq e C ‘a
Y Loy
.-P
s |49 O u‘&_}u* T
]Qg /uf-—ua_p sy f—LHf Clo
-

alim 'UIA? 'Tm‘é ,@)x.q'zms{m deallces gﬁa,ul NWUen Foo
Coastroca lum “ProA & G;m-"mw N T
CMBW\QLJTYJ AR e cﬁ’f/@&%&bb "‘5‘3%‘

Scanned by TapScanner



;)“; e, OF MDIoLEFInNS

' [/ Cevenil
h\lznn\ {uy) \l'\f-inhn', MU 'i'n.\ni-f,'””' | ‘\ ’
‘\D\'\'\“& ‘, C 2 | Y T l,un‘..i( v 1-”! uli’_, Lo AR
vl Ceat WUy A . |

Wtﬂ thli Yo Lo b ree V » fnrrr”‘-"n ) v e ! L'\?Jﬂl'”ﬂ”""‘?’

) \ &
- | " . . J/ S B ALY g.% .
\,ﬁ L"Hﬁﬂ*ﬂ; luLx-..ll-m '3 JYMYYE DA "ng l } l nv.]”

-Jt\“kl e \ PWATLYVYY €N b . “\\'- nniauur“.

e P ¥ I'II‘ ; ;
Il e Qr,‘, \;l.' 1]-;-.:'1 ﬁ}- ( .t”,ﬁlnl_t_ﬂu\ u :;‘,4;1 H"—Ez'
wo ok v lale Yool MOV} he %, vy \ Oy '*ff:"]i Af:rl-;w-

- a dopesding LM due periun ¥ THese
i"l'lﬂlr\ l“\lﬂ'i v f { [' "Liﬂ"h, A e tf"ﬁi‘hfl.t"ﬂﬂ"'

rQA'\d-p(r \un_nu RRTLA LT N LAV AN B PR

i']l\) d\”‘ut- : LAY IS L"‘ (;.‘IF';.

I« Dl T L Cl-lfm-Met-P Ef»‘-'v\h‘(-ﬁ ‘,?U‘"‘-’L" \vr) O Leres y

g Caoamalalos) Uener twe Aoulle el OTE
also

“Hil l\l i'.‘l)\ "'-:l t_p[‘r"r}\.l (_]J‘I t; v l._-‘-[”.ﬁ .: \ (@&ﬂ' CATY &
’i' ANV NS et Lo
\e moa=c { (O Cil, —e=CHMH,y e e .

3 Diewmes wih o fodied Sewlale horals :
T on ene. clienes tua dasmite burddh owe

The Woldid dvuwbhle bonda 91 Alomes bolawe |
e ol Loubte bovals Tlany only difle- |

Scanned by TapScanner



k‘,
3:[)??41&5 ) Y egmﬁ\x%mj&_oﬁ Ohﬂ/\l’l‘e&/g Q'DUYLO‘LS - ' I -

Wlen e dowlle C—‘vvx.:i ’%{mj/QQ FDUT‘GL& 2 1 o2
Provent allor noloty, ' e ~to e, Hue Compuwnsf
Vo See| K howe Mﬁw Aesulle binols -

= opt —edl =Cd , Col, — oy oM o L i - op) 0 K=Y
>C 7, ..‘2 r:_ ‘,Z/f wgf—'w ‘;\/

113 -butadleens. l,z—W'

Scanned by TapScanﬁer



>y e @/H__’;)gwﬂ + <R
- Ol hbrooRorben? .
Q—TY_M/;\‘("I? H\L'Errrv\aw

Scanned by TapScanner



Cj\;‘{vﬁgﬁs YO cael, ®tuocy 4n C’QJ\&%“@VL& G”e"‘”‘“ﬂ'% '
Ser Avo o ot orran Trwslvef T
aﬁcfl\iﬂﬂ boros ovva A Sp - poky 10a) Aol
WNownes Yo~ p p‘rw | ‘
Fren M0 | S P T 2=

TG e ollovie Q‘M\‘M)c% Kb s hwl i/ C oz
Cab Ce==C Lab.) M 9D '11\'\_. (‘).Qu,\_,[_;g,y
| ghMJruwQ{_ 1+ v Yl R Uik N hoo /Mo rUAq 6 m :
(FWTYV:, C»vw{ »-‘Zm.«\nablﬂr &) vl XTI O—LE—{\/“\? S I
Pilerie @hinb ol 196o > | |
T Mt 1:19 Mﬁs M) ovnef
o Ry s oyl ot

Scanned by TapScanner



Cor C?Vv\_a/i c e el WLGT‘HQ&. e CLomp —

O Pavme el ANV C’VY\G'\ nmuove Stubtfe TuoN
Cuwwg,punol,h\g s olodlze Miomes . Fnotter [oTfUionds
Mevwher V) yue Sergra o A0 Trene (e 2 M@"Da/P

'—HL_

Scanned by TapScanner



TS50 “),Q/m’rm«,c:_( A~ WAQ \TM&R) }Jwﬁ;\miw vy LSO - MW /

C W e MQ.NIAO Q.F | = };d’.:n.il*i-x! G*ICN\ij-vLE’) f’{) ;W/‘S LS‘D’O?T@V‘-—Q— :

CHN
- : ] Csv g u?é N
N S KQ qul - ['”rz’ . C'HrR o r}* — C!r{:_*C.PJcQJ
?\ Q - RKQ\TY&HH}] )_'WL'({J n l [ kc;‘}'UQJTQVLQ-'
g O

@ e | _, | (L
| o vors Wea tool cgdmhahh » Tl m}aﬁm/ﬁt s %A coc
o

S ?CQ C?wm/\ \‘ﬁwl}tl,un‘\ orueelo
¢

Bﬁ \ :§ ¥ g‘d a)dq.{:"] ﬂj / t“‘n/’ (‘T_(,l‘.' {;,\,‘.{F:\' CWr\.ﬁj ) LG’JB}/QM ,—9(—(2

Cp W = CM QO > CH, SCH ~CH =M,

oo By dotompOsien oy u}&omfmm:
QJH Lo honceve wlan paR-ﬁ--eczP ovens ooloof
A alea Q Qh}-mm?um QDJFUJLQ/D’L;: %w,% b%ﬂﬁi\o&m

~ [ Cry
CEHI'D "—/ - Qﬂa:(’_l—\-—wfwz_ - CH ,TQH'Z_

PINS T N TP G tac e

Scanned by TapScanner



QH 9 CJ‘.Q__
~ S l/
wﬁ. L CH, Cl 4
\1 A S \ ok 1
OH, @ Ct M,
- i =gl
CH.’J‘-#

CA*:L -__.-w‘;‘f‘“u*a r-u'}im-] % C,H;_}':—-CM"QH: CMfz_
|

VAL

e ——

E—————=_

o

.

H

- " 1

Scanned'by fégcer



Scanned by TapScanner




CHT C Ef*tuﬂu\ ‘, o 5 r'b_l,l E 3 =D ¥ L] n%?
CH . ; . " - )
QP =¢ — 37770 Puywad G- €= - %ﬂ‘jmﬂ(
CH — e P AR | o~ . )
= e 9 C |~ mebry 0 pvopymwf.
CH &R . I -
ISt e msfocuders Contoany Move Yoomn ONE \Tﬂpﬂﬁ—

}\Lﬁf“d LY "‘*LLH . lane’/ Uy e

. - ia--- [ :ﬁ'\. ™ . : .\J’ 3
}:ﬂ_‘_. \ od ivpng !’ ' & h-;qﬂg | b ('LL (L’_IL |'~Li5u ﬂ‘.j o e AIAINEY
' (™ ) _Dorm™8 monu  Honle 1 oA Ve
? \ Ry & 1 M “\ | Coyoyy ey XAV =) NATA f’ (L L
L I \ JJ L L\ . y
! o \}f,._ g ot ek B e - U L'.‘w._ }—-,—\ L(: })UTLQL& Q’TQ_
’;: Y LULUWT ) o\ A \Cc, {7 C ACa 12 AQ O Vo O EEA\L

’ C".:’A’H pUN Cd;mﬁ §WQC,Q6Q\R?<§

ndieodoel by Ao numhed © .

RIS ¥ Y- T S
JthoLe H UrobA 10 Mm]b{c _
o - L g \
Ch=c=C—W

n_ i

.5 hanacliynz C D3propegyF)

~ Finqa omal oppre clonar ealikit 2ng e I8
oMo . Offer ai-lct]nﬂxs ordandn )y VA Ma *39'@’5
Usoruem S -

) - Clonrs WomeHmem : Ik v duevo deflerene inthe
".'[5"\;.({7} Co B Qkelefon &n Clonm &*mﬂ’ CsHe
‘Qﬂs,

RAPER AT PTGyl Bubyie , pentyne efe enlub -
Mo e Yo cUoamging Te Pesiion U Hple boal.

- e
g
" -
]

e e e i

Scn by apScaner'



Chly o C > -~
l = b"'\i?]w 3 i w 3 W |

9
- — - B -
' . -

3 fundimod cSoneriénm . = .
Aloves - Thmn Cote Yeprvesons s /WJUML ord ol d _H

=

e
N\ L

Y

CHq ~CH, ~C=ap Cht > = CHOH = Cijq__
\"“D'U\J'Unﬂ_ 1f3-mcﬂim_
Al Mece Gorers M\cw,wmgm\cﬁt?do |
M= erdaahn wmw LS OTULNET YReouse OF LR hﬁ
B we ywittede ovrowrel fug oypte borel

-
i |

Scanned by TapScanner




J

Scanned by TapScanner



Scanned by TapScanner



iy 2

"*ﬂ‘_l-. .

— - -
—

E_ -

-
_—
-
F .
il
! _ 1.
— d -
— -
_ a
= A
—
[
f -
E
&
ik
L I
§
#
|
¥ |
¥ i .
-
= =
1 -
- . =
¥ ' WL
F -
F -

-
o
I A =
L=
e = T
e .
e i B 3
L
- e
——
= -
- -
ool
=1 i
il
[ - -
.
-
Al
1 . j
1
. - o
w
-
1
=
r
et w
M e
R R
w9
-

- — - - P
L ] T
- - T
b - - = — - o
e I
- e — — —_
= ™ — —= - -
L 5 L
Y . 1_'. -
L B | " e i T
L | e — e -
g i e T et
- e e e B e
| . -
= - -r"...\,. -'._.. "l-_d J el
’ - =— e - I
£ J E Ll =
—rn e A M= NN
21 [ R el N "\-\'_‘fJﬂ"\'.'"
1 v . e S - N
R R T e ¥ AT
i
i L
- -
- - - - o
S — g < -
e s ] i -
e = | o
el | - L e i ! 1, "
P 20 UL B 1+ UV 1Y DA
[ - . E il [ - ) | :
AMLA X . "
o 1 - LS " —
—— L =
- -
- - - =
- - -
- .
S a -
&I 1 z
i o~ g 21
. P L
Iy -
- - - a
-y LY - ¥ i .
o " L i
- i .
| ] iy
i
| — A
- 1 1 -
L. A =

-
-
N

Scanned by TapScanner




H'CMV[G"’“ '}\\ecu,@f‘“ WA Y ‘:’P‘“QM’L" b_mm~.n.! ~rol tn M&bn/-ﬁ'-—- %
¥ 3wl hehe bhontels Lo S, B3 e ..

Rl o e
. : & oo
1y Gvmiad Tt T _ettomdtie utwliom, aehglons S e o
O CHiow | SR

W — | ale g iy ESs
CHIod A Sy 22N, eni=cm) P
Tl S m Lmﬁ-dwt e i

- MLQUM’S M%me'l hewy oo s heoause Ma.clﬂ-!mo

Scanned by TapScanner



L

—H2 0, R cOCH X
o Obl) C.. — 5
—co o MO Rotle=chY —> R('JC - o/ ~ dahallo kakono

o eH) cHely . C RO
= s ke, Cht CHCly ——7 " <
= cn o —> HoCH=cH & v = Jeo 0 e W0 Ceeotad ~

Scanned by TapScanner



Maa e oA Bevs 5 ; P
T {n‘kl- Efbp WY s Rmmpkhm Ua et

”"‘Vﬁi\fi““ \\c‘ mﬂ},’ Maom M e e .n-ri'LT';--.,jl WO\ | |
“1{10 (RN %o% s Yo &iva e ol medlio i fQ 3”' * o AL

¢ T -
C
(A)
! Aruaboron € [ | U
__(‘_""‘(‘ - ( ~— | | —E .

\) ~ A ¢ !
) Claege |\ L 42T

O L P,

Scanned by TapScanner



Scanned by TapScanner



A \kynos add o edleotuof (keemr—pagcec) TN Tt
(PTW"{LL- ‘-/]- M AT UL ‘f\.)— C'/HZCDLQ O{_,e;r Lbo ~2epe

tndler hue d’amumo_}e <€ Ne Wﬁ“ﬂmﬁ%“ )

QJi‘{gDﬁ =
= ..CH, = Cl¥o Uﬂz-{- C_l&g

_ .
- - =N
- ¢ . ol ‘-
i = - o
P W e~ ]
= - . A o T, -

Scanned by TapScanner



Scanned by TapScanner



P Pl
CHZ2 e +2H20 20 ‘*-!!—'E" S Co~ CFO

-;-- . f'f

n)) @Mcﬂaﬂl&n u.gwa% aridric \R 5 Cvy O |
On healmends LA aededie Coer, 07 GL’LW il
Carhowfire acid 2

= )= | —aa i
ReEe=al -t tao X L«-+'T | A @H— e - "

*—. - -.‘. : -_ - x - . - | : T L e t_-_

scu=ch T Hyono

L]

-

-

Scanned by TapScanner



A\ \con , o \nA? e
] <@ dho cens _”_,_r[) ra-%"'}q__r'x ’ n.-—u...nh_ﬁ_c:h Can Hc? o f_j'[/\__o/j
\O\ VO | ‘ij QAL i.) 2 | DL }O ’__ﬁfm
ot s dtaovn YeauaYe

- o oy ALQA
o Samdhogin alimo
R ey |
O ona. AT Faamnng UV : A Ao |
K L L - I'. r-hll r\hof:}llu c_,l:}-\-a l‘::}\ I
Thio v poFte 55 ople ,2?,}

}\l.f‘}\:ﬁ }:C_.H@QE n B O Covy hur
- ’L)gam Lnd edun Wﬁm AR Cas

e e R ——

can'ned 'by Ta"pSnnr




F"-* T ITITI————

"?W mMule, Cenne “jiur-u{ Fywe Conmw) VPR <
Povvecfm. Sl Norm2 -
o Han Cn Hanyo @x(kw} H\[LU%M A \erna
CAto CHe (Mo M\nﬂal@m_ Maktione

CAH, = ol S Hre. e__‘}'tw‘”""‘l) = )xtﬁaw £ feng

— Cavs o) Prpmlone  Progene

Chg Ch Y=c, O Ko Qb)) X _\bmh[,ﬂf(wj i X
g ez U, Ui Cbowlone) - _\”b@*‘jﬂﬂ/ﬂ
¢ WW L — hnder
oL~ dowe

\ 5= 04
3 =
CH -—CH:(:-——[PCi
= = 3"%9-’7%1\%
QY
. = L/Ui &—_W"‘L
2_ ’1%\3
b
CH<3_ Qe"z.“(:]’——"'CH-JsIE
l

Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



R (wers it Bmmonivm |
W ove|  hremide ww
_ N R Eledaplalic) b 15T fuckso

3

erq)gg:\\w YrromumA wim wo Nyt Cldere e T
lbrvng 40 (]Q;rm & Cavhbuvvawm W

H\C::c, "’-\H — @'Y.r — . /@'_ Q:r’g—r
_ H/ Py 19 - -\L&,

g

I| |: .:'I"

(3%

ol ‘-:u‘ﬁ"ﬂ_

i (X" ==

s g

A

‘l

Scanned by TapScanner



w

g —

[

[

I
L=
[
i

‘ i
i

=5h

Scanned by TapScanner



03 6
TV e, A 62 Ol
ETI i’£l| -:,-I — (-‘ ?

—

.-fj /1
\ ?-,x‘ur‘\'m"ﬂrqu]( MIS
O Ve \ }b o) -j_tf '

A % €rY)

S
SR cug), o — Ui 20
o e R gz H
W@%m
‘ =l
AL >
T (ou), - ¢
UM,

Scanned by TapScanner

ey |



¥ o -" -.'-,i!' . =
o o L
: 'r"'

\'Ei"'o bl“r*ﬁ ) QUm s

;:*'q":,__
d“‘(e"‘&' ql&ﬁLlQQnﬁ Vv | }m W "-#*

Ly .r r
e il
. il
-{‘” "
h #
o l'ﬁ_._ [ L
a l"._I-H-T
R " W =

Cl.ﬂ. tﬁ{ A _'1\ 5

By w BN 275 Ceusen) 1,
.I “2_‘ . .Ii'

"- -' - '.-t
s

T
el <

“s*-'f @Jw‘-)aﬁ‘f Hao, —H—:> 3 S SO 5‘3150,3 '

-ﬂ..-

- : .. -.. I}
-ﬁ S W ey . o Y .
- v . " . B e
- . E § o -:-

> o f .‘ﬁ..I " i ™
. w._'i' WP J
K - " '_

Scanned by TapScanner



. MLQ/\?:_’\’__“M;.F, Y
‘P—»rﬁ'r*n QA o und \ Lo 2 1Tn L 1/0.#.:;» (- ads

\
CAA vy L—‘CPFU?UQ}F{.mp_{ - M ,L;',,.,_J s ’,1;, r)',} "uo ..-[/r,.-h/:: loures

LT r_,rrJJf
bﬁp’l’? \‘L-w 0 SO v O [}.]r,l,q_s'} vy A Vcewe . wuen 10 o d 4

| & Al ‘ Py vy Py ) — () ! 1,
Q—Uﬂ'-ﬂ o Vv Brerts ebhrew A Y (']—} ) b K {/{ o C V_'""f Prun ) ;
N oa fwnwe CUhonel. s 1T YooV v Ao TUue. oftwr ‘o bun
6 1 1 {] o ‘ o ~ .M ¥
- \ \ . y Stort? SGelrr
C].j_,UY'YD Gjm}_‘., Vo t“\j_li"\ "“J}JJ_ f)]T - /:'PJ.. \/ Jf;f_.f__. "er (JJ,{, C/ / //ﬂ'

> _ - 4 p— _ T — )
P CLEWJTLQWL ‘R _/f,:_r“?'ﬁ FF) T? O Y2 R L ﬁ/ 0o 4 VL _,;J 2497
2 3 | . S
Aarel A Ftaoe Coaxbin egshrs 1y Todee Aol '
r Luvyon s UL

e QEYDWW VF BN WA sy NOOVY ' \r

P

M w fo~ v willimg O e ~r+ oA v T hws
- (j s .j Cy*’ Qﬂ_ﬁf r_Q—.p
W' éﬂ ) h Q_LLG{/\ o Covos B a/&/ng , C NG oA/ y 19—

Jue o2 Hvr Lrelo Ce

Scanned by TapScanner



- Meﬁtﬂ&hw C) ..Omtpﬂﬁrn Lol

ﬁ \.\'CL“ VAL T Ll (1 LJ‘\ [ | ~Q Lnx_[], 0 :’-3 Cly)

Hj r) J”D '-TH‘“'” {'1\&\_3( _'Qmﬂ L-DOUQ y

) (Her, Ky,

& LW J

CHy ~el, + By —= Chldq—ChHa %y

=

,\'LCLEL&»»LLQH:»_
I"" k17 Llﬁ'\\\—uﬁ o Ve f’\f]?JOhm Ovr\':vf

. (e
Ch )lhl'-’ﬂ'?"‘l"“-‘tl G5

(&
H ") H@ — Iy

\-\'\ P -~ E:\ AL ,/H
H-‘—c""’c—\“ Ay —> - ~Y
M~ H

Scanned by TapScanner



MCH ¥ le[‘} [n‘*‘lrr] Y ﬁ [ e "asﬂlt WUWW/&{SCQﬁ

e o - ~ ( s A A7)
LL\\/\C N C-\qu_{f Lo—{["ﬂ_} o (CAXV2

' ( S 1 r[.'}"u:“.' ) "‘\' ;_'"Lif'LE' - 'SJ CL).L.L"

Groed ro

o )HVE
| o neg e

> Pm)f,n NN Yo © N Y CAQ ey bUT) '

| "']}@.HSPMLP{‘

™) ; ; 0 ‘ a ¢ h/ \- ne
h’(‘\; ) k-J LAl A U | Wﬂ
ft(fr':ul {\JF'*H““””E:") dtao lop';.,(, YWALU vhew V4 yl}f) , nyn

S

htfl !‘Llﬁ }_\l‘%]}l
—— = o 4 _ i __ o " )l -
S CE,1 l ' ?" V& \L"‘*“vkk&'-" S )J\. c-dlw'\ﬂ‘ A A 0'),0}51) ChNY\O

).:r )wmulc LS

o ;;).'h
H 5y — > H | ’

ol Ao hural 0

i
$epa: The prohvn otbbceedis
1o e v HUTNAWITL LD

Scanned by TapScanner




2/ .JJ_{

= s - : . : N ]
ol A A ol 0 I , AT h WS WL/ f’;:’ (ol / ﬁl,]ffﬁm o
SRR : Y yviie
T codiln g Ha o vl L
JJ{ n‘uu“{"f‘ -,"‘ﬁ“ )

\

5‘1&\\": 3”1‘1"; \‘Hl".-lr’ 1!1\ { OXO) P yvvalt

d | . \ Lk r;‘n’lﬁ’ﬁr;fﬁb/
INLien Yoee t-h.*irtrfli'u ALTTES L (jr

}i\l‘h‘l Li'l (. L T u'-l ) A{Fﬂl/{f' A 0;{_.(;1“" Y N (A0 JJ QS0 L2
) wo. X ke e f’f,_—",”_..?

' i
do

-*«Z"ffn](r WA C
{

vy fort-‘ﬂtt‘:"[(“’ TG J)f 57 iV O'Miv]ﬁ ﬂ ~ VAT
AN Urro Veem

Caovy Hunr

)CC‘&S{'\,\{H SLWL“‘:‘ %_Q' hl"-n & .
' y OO

QC‘ (L0 ]\llrwlh(“r] LJ} \\;U) (‘i‘L N "-’;jfﬂ

pf LK*DUWBEUES | op (ot (_D"CLL‘LL% vy YA Vriys 2N (gv

ahaadill it it/ et roduds V2 n-—p?ﬁﬁg/(
eV & [Ie voouede TOL e 3 ol

@_\'t.&'u‘r\ ) s m A 'O‘LQ/'Y'O )

Scanned by TapScanner



Fa

%Pgmb?ﬁwmabm Covn aMa e o
do Give & 1° fer. vodited vl Lee- e polieag

CWS ' ol = : 0 (Ol T
? OH =Sz -t By o~ ! mwgu,,(ﬁ o
1 sy i

;> C/H‘&-QL — UJ} |
2° free yooliced |

Se pwler 0 Selhlyy U Proe oneli ol
o E Ry 5 Wty A Ml

Scanned by TapScanner



::i@j ol i

Strae el VAol adel Lo al\kewne

T Tne resente

. i B sad  TYL KA
T Hogvog vn HE . Thuw ’G\Qutptwjm:} UL eof
{_}‘)’\‘.‘ ) CJQ_CW’PLG- .
| Movninbeckbave. Y Clin e
Cy s HosoY \ o
C/l‘rj \ "’g Ct | _ > ﬂL\_;-P C-Hg.-——(.“ e U} ]Q\, - LHE
ClU &QDFO b‘b‘LLﬁ,’Llﬁ‘- i ‘
. L% o e ol .
(22
- o);‘Q b - r;]'h"hﬁr’v\ﬂ*?\ pﬂ/n}—r;w\ﬂ ‘
M_Q,E/E/‘\_WM/GJW)

QH3 C.E.{j)
\ - (
= C/Mg___c_":: CH, -t |3 - ~F CE\B__%P-CHS
h J7
TR RE R e e S Th
i w
W By,
\ |

(Y Foae eovrho catiim Pes o e vy fg Fo odd é,as
“‘PMMM
) The  Qasboealin Fomel 0 SP\D Abs hrul- a Websds

Scanned by "I;apSrahner




ﬁTQDQ.k.Q{{;';}": l) C_T)’LRI.I*E L)
BT o1 iy Ol
)—LW«J»'{ Y <B N (WP wWuen ™9 %U’/( o h

Pa.sf ¢ c0/ Aty T Wwwm OML/ % ‘_
ok K70 — Lol o 5N A\ oyt (W eqyumﬂ

l+ oy + _f(j#a;'z‘-_ w '\ O
Cel 5 ST

R -ctt=ed =R+ @ustwoor® - R-cy—ey —K

f-ﬁcgﬁﬂiﬁ"_‘/?‘ | W\?uji
MWW&M + @ lxtco ONT

Adddiin ¢ oty eluodde

T, A e e e o O
s

adddme VE B, Bokte,; Wo0 s A, noed , Hox

maﬂ W W;}Mﬁ'

Scanned by TapScanner




/ O
Chig CHg o~
1 D L
cy, | 2 ) e
pE O C%ﬁ\/kuu
\‘x ;—,
N\ ( E]J."“_"Q—M ~ ;_/’
N\
C“‘\“ oy
Q)
¢ 40 mLTMQﬂ-/t

TThe {5"‘}{,"1{4,_,\30_(1 oY

- ~ vy Ca |
lAg\Tf\ dﬂ'\'-:’,m N YT WLQ‘ £ 1
}%D Sw‘m. weld by W\"Y\b houe VY qu_QM:-

on O\
) S
CHy, s CUp . ¢+ HoO +20 é&Hu‘mﬁFHzﬂ*m
\
EIMR
iy — CH wt"&'} =
e

K
D) = Vet
3 R\(;:. ('_,/K '*3 = kﬂ/\a-ﬂo e
(l\/ ~\d H-).o/}ﬂ @
(X Z O < |
% 2 K
B o s Y=o
S It »0(27 s
| 3 s (orveeed U3 Yins rf?errwmm o) Jromnele
omel i dogompusedion o $0ue M"”’U’PW*-

Scanned by TapScanner



‘\'kf'fr'l&*\‘x‘-.QH' ’ U ¢

o 1D i PELS t;’”"/df” & \
— O By o

g{\tlcq LO VarB'A \ l.x]{lf}l?-‘ S(‘P\ ) O)f dAvrd r_‘_r Et*

Ttro ododllGre Hoos 1o cullems Ve ca}uL%ed )m(r/
Q) &4 O ‘HL'{ *il}ﬂ,'\/\o_g = mharlure VA [/_\{yO{/VO OWYWLLGJ.Q prvo(
Glcfﬂ-@?lt:a-uf"-‘- i @xﬁwrn“w -
b _
Cog o= i A Wr0p —2 D)y~ ¢

o ko B - bl Dgrope 7274245

Scanned by TapScanner



._..th..r p—

i

\C M;J_Tf\__]')’;)'cp eSrinelr 2ne -
W&W\ cul \tonet, evre Froaloed (hov i onaeld ~
TNt Qee oalale \'/.mmc::!@'\né kmnoy
@wﬂfyu Wﬁﬁ(ﬁnh) o Lo CDm'J?

e sl in tuw ~fer madim Y} dﬂlwdlfmmy
A oA akaneed \/')unﬁfc’rﬂﬁafﬁ*my}nh_
\emmoy v olis choveeyee) Auring Tua
Te vasiln uheol oy e U V)~

[

E R L TR o
R-Ct~cCln _~Ho0o+0 — > S s

Scanned by TapScanner



O.ZM% wm H 106\ Jeool o atdo A (Lam)
1 Nlene e oyalines \orm O b0 4iwes

oY) lcehme o |
Y10y | "
QCU:Q- C=0Cly ~+H 70 _HLU% MZDQ 0 o) _L'?ne @}G’O
- e - -t Heto
u‘abuﬁvr(w\_l

iclaliim Wit awslic \catrao, vo ey
Rlcowne i oruebies) WO eelse lemme (W :

y

o

Scanned by TapScanner



Scanned by TapScanner



GENERAL CHEMISTRY-I
Unit-V: Colloids and Macromolecules

A colloid is a mixture that has particles ranging between 1 and 1000 nanometers in
diameter, yet is still able to remain evenly distributed throughout the solution. These are also
known as colloidal dispersions because the substances remain dispersed and do not settle to
the bottom of the container.

In chemistry, a colloid is a phase separated mixture in which one substance of
microscopically dispersed insoluble or soluble particles is suspended throughout another
substance.

Types of Colloids
» Sol is a colloidal suspension with solid particles in a liquid.
» Emulsion is between two liquids.
» Foam is formed when many gas particles are trapped in a liquid or solid.

» Aerosol contains small particles of liquid or solid dispersed in a gas.

Preparation of Colloids
Colloids can be prepared by a variety of techniques involving physical, chemical as well
as some dispersion methods. However, there are two principal ways of preparation of colloids:
» Dispersion of large particles or droplets to the colloidal dimensions by milling,
spraying, or application of shear (e.g. shaking, mixing, or high shear mixing).
» Condensation of small dissolved molecules into larger colloidal particles by
precipitation, condensation, or redox reactions. Such processes are used in the

preparation of colloidal silica or gold.

Chemical Methods of Preparation of Colloids
Hydrophilic or Lyophobic colloidal solutions can be prepared by various chemical
techniques such as:
> Double Decomposition Technique: When hydrogen sulphide is passed through a
solution of arsenious oxide in distilled water, we get a colloidal solution of arsenious
chloride.
As;03 + 3H,S — AsyS3 + 3H,0
» Oxidation Technique: A colloidal solution of Sulphur is made to pass through an
aqueous solution of sulphur dioxide. It can also be obtained by passing the gas through

a solution of an oxidization agent such as bromine water as well as nitric acid.
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SO, +2H,S — 2H,0 +3S
H,S+[0] - H,O+S

» Reduction Technique: Another technique of preparing colloidal solutions of metals
such as silver, gold as well as platinum involves the use of reducing agent for reduction
of the salt solutions of these metals. Example of reducing agent include stannous
chloride.

» Hydrolysis Technique: It involves the use of boiling water to obtain a reduced
solution of ferric chloride.

FeCl; + 3H,0 — Fe(OH); + 3 HCI

Purification of Colloidal Solution

The following methods are commonly used for the purification of colloidal solutions.

Dialysis

» The process of separating the particles of colloid from those of crystalloid, by means
of diffusion through a suitable membrane is called dialysis.

» 1It’s principle is based upon the fact that colloidal particles can not pass through a
parchment or cellophane membrane while the ions of the electrolyte can pass through
it.

» The impurities slowly diffused out of the bag leaving behind pure colloidal solution

» The distilled water is changed frequently to avoid accumulation of the crystalloids
otherwise they may start diffusing back into the bag.

» Dialysis can be used for removing I from the ferric hydroxide sol.

Electrodialysis
» The ordinary process of dialysis is slow.
» To increase the process of purification, the dialysis is carried out by applying electric
field. This process is called electrodialysis.
» The important application of electrodialysis process in the artificial kidney machine
used for the purification of blood of the patients whose kidneys have failed to work.

The artificial kidney machine works on the principle of dialysis.
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Ultra — filtration

» Sol particles directly pass through ordinary filter paper because their pores are larger

(more than ! # or 1000m) than the size of sol particles (less than 200m ),

» If the pores of the ordinary filter paper are made smaller by soaking the filter paper in
a solution of gelatin of colloidion and subsequently hardened by soaking in
formaldehyde, the treated filter paper may retain colloidal particles and allow the true
solution particles to escape. Such filter paper is known as ultra - filter and the process

of separating colloids by using ultra — filters is known as ultra — filtration.

Ultra — centrifugation
» The sol particles are prevented from setting out under the action of gravity by kinetic
impacts of the molecules of the medium.
» The setting force can be enhanced by using high speed centrifugal machines having
15,000 or more revolutions per minute. Such machines are known as ultra—

centrifuges.

Stability of Colloids

The stability of a colloidal system is defined by particles remaining suspended in
solution at equilibrium.Stability is hindered by aggregation and sedimentation phenomena,
which are driven by the colloid's tendency to reduce surface energy. Reducing the interfacial
tension will stabilize the colloidal system by reducing this driving force. Aggregation is due
to the sum of the interaction forces between particles. If attractive forces prevail over the
repulsive ones particles aggregate in clusters.Electrostatic stabilization and steric stabilization
are the two main mechanisms for stabilization against aggregation.

Electrostatic stabilization is based on the mutual repulsion of like electrical charges.
In general, different phases have different charge affinities, so that an electrical double layer
forms at any interface. Small particle sizes lead to enormous surface areas, and this effect is
greatly amplified in colloids. In a stable colloid, mass of a dispersed phase is so low that its
buoyancy or kinetic energy is too weak to overcome the electrostatic repulsion between
charged layers of the dispersing phase. The electrostatic repulsion between suspended
colloidal particles is most readily quantified in terms of the zeta potential, a measurable

quantity describing electrical potential at the slipping plane in an electrical double layer.
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Steric stabilization consists in covering the particles in polymers which prevents the

particle to get close in the range of attractive forces.

Example of a stable Example of an
colloid unstable colloid

Aggregation \

() e o ®

o % ®
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Gold Number

The Gold Numberis the minimum  weight (in milligrams) of a
protective colloid required to prevent the coagulation of 10 ml of a standard hydro gold sol
when 1 ml of a 10% sodium chloride solution is added to it.

The coagulation of gold sol results in an increase in particle size, indicated by a colour
change from red to blue or purple. The higher the gold number, the lower the protective
power of the colloid, because a greater amount of colloid is required to prevent coagulation.

The gold numbers of some colloids are given below.

Protective Colloid | Gold Number
Gelatin 0.005-.01
Haemoglobin 0.03-0.07

Egg Albumin 0.15-0.25
Potato Starch 20-25

Gum arabic 0.15-0.25
Caseinate 0.01-0.02
Sodium Oleate 1-5

Dextrin 125-150

Properties of Colloids

Electrical properties

Electrical double layer theory: In this theory, charge is imparted to the particles by placing
ions which are adsorbed preferentially at immovable points which for the first layer. The
second layer consists of diffused mobile ions. The charge present on both the layers is equal.

This two-layer arrangement leads to a development of potential called zeta or Electrokinetic
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potential. As a result of this potential developed across the particles, under the influence of
electric field these particles move.

Electrophoresis: It is a process in which an electric field is been applied to a colloidal
solution which is responsible for the movement of colloidal particles. Depending upon the
accumulation near the electrodes the charge of the particles can be predicted. The charge of

the particles is positive if the particles get collected near a negative electrode and vice versa.

Electric Field

<

\Force and
phoretic
tion Force

Electrostatic
Force

Electro-osmosis: It is a process in which the dispersing medium of the colloidal solution is

brought under the influence of electric field and the particles are arrested.

Optical properties

Tyndall’s effect is defined as the phenomenon in which light is scattered by the
colloidal particles. The light is been absorbed by the particles present in the solution. Once
the light is been absorbed a part of the light gets scattered in all the directions. The result of
scattering exhibits this effect.
Kinetic properties

During the observation of the colloidal dispersion under an ultra-microscope, it is
clearly seen that the particles are in a continuous movement in the solution. This random
zigzag movement of the particles in the colloidal solution is called Brownian effect. This
movement is mainly due to the unique bombardment of the molecules present in the

dispersed medium on the colloidal particles.
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Emulsions

An emulsion is a type of colloid formed by combining two liquids that normally don't
mix. In an emulsion, one liquid contains a dispersion of the other liquid. Common examples
of emulsions include egg yolk, butter, and mayonnaise. The process of mixing liquids to form

an emulsion is called emulsification.

Types of Emulsions

0O/W wW/0

B

Emulsions can exist as “oil in water” or ” water in o0il” of emulsions. The type of
emulsion depends upon the properties of the dispersed phase and continuous phase. If the oil
phase is dispersed in a continuous aqueous phase the emulsion is known as “oil in water”. If the
aqueous phase is the dispersed phase and the oil phase is the continuous phase, then its known as
“water in oil”

Whether an emulsion of oil and water turns into a “water-in-oil” emulsion or an “oil-in-

water” emulsion depends on the volume fraction of both phases and the type of emulsifier used

to emulsify them.

Preparation of Emulsions

The methods commonly used to prepare emulsions can be divided into two categories
A) Trituration Method

This method consists of dry gum method and wet gum method.
Dry Gum Method

In this method the oil is first triturated with gum with a little amount of water to form
the primary emulsion. The trituration is continued till a characteristic ‘clicking’ sound is
heard and a thick white cream is formed. Once the primary emulsion is formed, the remaining
quantity of water is slowly added to form the final emulsion. 4:2:1 formula 4 parts (volumes)

of o0il 2 parts of water 1 part of gum.
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Wet Gum Method

Wet Gum Method As the name implies, in this method first gum and water are
triturated together to form a mucilage. The required quantity of oil is then added gradually in
small proportions with thorough trituration to form the primary emulsion. Once the primary
emulsion has been formed remaining quantity of water is added to make the final emulsion.

4:2:1 formula 4 parts (volumes) of oil 2 parts of water 1 part of gum.

Bottle Method

This method is employed for preparing emulsions containing volatile and other non-
viscous oils. Both dry gum and wet gum methods can be employed for the preparation. — As
volatile oils have a low viscosity as compared to fixed oils, they require comparatively large
quantity of gum for emulsification. — In this method, oil or water is first shaken thoroughly
and vigorously with the calculated amount of gum. Once this has emulsified completely, the
second liquid (either oil or water) is then added all at once and the bottle is again shaken
vigorously to form the primary emulsion. More of water is added in small portions with

constant agitation after each addition to produce the final volume.

Properties of Emulsion

» Emulsions show all the characteristic properties of colloidal solution such as
Brownian movement, Tyndall effect, electrophoresis etc.

» These are coagulated by the addition of electrolytes containing polyvalent metal ions
indicating the negative charge on the globules.

» The size of the dispersed particles in emulsions in larger than those in the sols. It
ranges from 1000 A to 10,000 A. However, the size is smaller than the particles in
suspensioins.

» Emulsions can be converted into two separate liquids by heating, centrifuging,

freezing etc. This process is also known as demulsification.

Applications of Emulsions
» Concentration of ores in metallurgy
» In medicine (Emulsion water-in-oil type)
» Cleansing action of soaps.

» Milk, which is an important constituent of our diet an emulsion of fat in water.
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» Digestion of fats in intestine is through emulsification.

Donnan Membrane Equilibrium

The Gibbs—Donnan effect (also known as the Donnan's effect, Donnan law, Donnan
equilibrium, or Gibbs—Donnan equilibrium) is a name for the behaviour of charged particles
near a semi-permeable membrane that sometimes fail to distribute evenly across the two sides

of the membrane.

@@
e ©e

Osmosis
Osmosis is the spontaneous net movement of solvent molecules through a selectively
permeable membrane into a region of higher solute concentration, in the direction that tends

to equalize the solute concentrations on the two sides.
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Reverse osmosis (RO)

Reverse osmosis (RO) is a water purification process that uses a partially permeable
membrane to remove ions, unwanted molecules and larger particles from drinking water. In
reverse osmosis, an applied pressure is used to overcome osmotic pressure, a colligative
property that is  driven  bychemical potential differences of the  solvent,
a thermodynamic parameter. Reverse osmosis can remove many types of dissolved and
suspended chemical species as well as biological ones (principally bacteria) from water, and

is used in both industrial processes and the production of potable water.
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Desalination

Desalination is a process that takes away mineral components from saline water.
More generally, desalination refers to the removal of salts and minerals from a target
substance, as in soil desalination, which is an issue for agriculture.

Saltwater is desalinated to produce water suitable for human
consumption or irrigation. The by-product of the desalination process is brine. Desalination is
used on many seagoing ships and submarines. Most of the modern interest in desalination is

focused on cost-effective provision of fresh water for human use. Along with

recycled wastewater, it is one of the few rainfall-independent water sources.

DESALINATION

Macromolecules

Macromolecules are large molecules composed of thousands of covalently connected
atoms. Carbohydrates, lipids, proteins, and nucleic acids are all macromolecules.
Macromolecules are formed by many monomers linking together, forming a polymer.

A macromolecule is a very large molecule, such as protein, commonly composed of
the polymerization of smaller subunits called monomers. They are typically composed of
thousands of atoms or more. A substance that is composed of monomers is called a polymer.
The most common macromolecules in biochemistry are biopolymers (nucleic acids, proteins,

and carbohydrates) and large non-polymeric molecules (such
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as lipids and macrocycles), synthetic fibers as well as experimental materials such as carbon

nanotubes.

Molecular Weight of Macromolecule

Macromolecules are composed of much larger numbers of atoms than ordinary
molecules. For example, a molecule of polyethylene, a plastic material, may consist of as
many as 2,500 methylene groups, each composed of two hydrogen atoms and one
carbon atom. The corresponding molecular weight of such a molecule is on the order of
35,000. Insulin, a protein hormone present in the pancreas and responsible for regulation of
blood-sugar levels, has a molecular unit derived from 51 amino acids (by themselves
molecules containing carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur). The

exact molecular weight of insulin from cattle has been determined to be 5,734.

Determination of Molecular Weight by Osmotic Pressure

Osmometry is used to determine the molecular mass, which depends on colligative
properties, meaning that the number of dissolved molecules is the only factor that alters the
properties of a solution. In addition, boiling point elevation, osmotic pressure, freezing point
depression, and vapor pressure reduction are based on colligative properties.

There are two principal methods of osmometry that are suitable for determining
average molecular weights of polymers: membrane and vapor pressure osmometry. While the
first one is suitable for molecular weights between 50000 and 2 million (g mol "), the second
one is applicable for ‘short’ polymeric chains below 40000 g mol™'. Both methods deliver the
absolute value of the number average molecular weight (M,).

In the first case, a solution of a polymer and the pure solvent are placed in
compartments separated by a semipermeable membrane. The membrane allows diffusion of
small solvent molecules, but restricts the larger polymer chains to one compartment only.
Hence, a net diffusion of solvent takes place from the solvent side to the solution side until
sufficient hydrostatic pressure develops that prevents further diffusion. This hydrostatic
pressure is the osmotic pressure, which is related to molecular weight by the van't Hoff
equation extrapolated to zero concentration:

T/Cc== RT/Mn + A,C
where 7 is the osmotic pressure, C the concentration of polymer (g17'), T'the temperature

(K), R the gas constant, and 4, the second virial coefficient (solvent dependent).
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A plot of 7/C versus C is a straight line of slope A,, and y-intercept equal to R7/M,.
The permeability of the membrane tolow molecular weight chains renders membrane
osmometry useful for polymer molecular weights greater than 50000, while inaccuracy in the
measurement of very small osmotic pressures sets the upper limit at 2 million.

The second method is based on the vapor pressure difference of pure solvent and
a polymer solution. A sample of the solution and pure solvent are introduced into a
temperature-controlled measuring chamber, which is saturated with solvent vapor. Since the
vapor pressure of the solution is lower than that of the solvent, solvent vapor condenses on
the solution sample causing its temperature to rise. This temperature difference (A7) can be
measured for different concentrations (C) of the polymer solution and 1/M,, can be calculated
according to the following formula:
AT/KC =1/Mn + A,C
K is a measuring constant determined for a given solvent and temperature with an organic
substance (e.g., benzoin) with exactly known molecular weight. A plot of (A7/KC)

versus C delivers 1/M,, as the y-axis intercept (slope 4;).

Determination of Molecular Weight by Light Scattering Method

Static light scattering is a technique in physical chemistry that measures the intensity of the
scattered light to obtain the average molecular weight M, of a macromolecule like a polymer
or a protein in solution.

A light scattering instrument composed of many detectors placed at various angles, all
the detectors need to respond the same way. Usually detectors will have slightly
different quantum efficiency, different gains and are looking at different geometrical
scattering volumes. In this case a normalization of the detectors is absolutely needed. To
normalize the detectors, a measurement of a pure solvent is made first. Then an isotropic
scatterer is added to the solvent. Since isotropic scatterers scatter the same intensity at any
angle, the detector efficiency and gain can be normalized with this procedure. It is convenient

to normalize all the detectors to the 90° angle detector.

Molecular Weight Determination by Light-scattering Method

One of the most used methods to characterize the molecular weight is light scattering
method. When polarizable particles are placed in the oscillating electric field of a beam of
light, the light scattering occurs. Light scattering method depends on the light, when the light

is passing through polymer solution, it is measure by loses energy because of absorption,
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conversion to heat and scattering. The intensity of scattered light relies on the concentration,
size and polarizability that is proportionality constant which depends on the molecular

weight. Figure shows light scattering off a particle in solution.

Refracted ray Diffracted ray

i E Transmitted rays

No imeraclion-un&e\'ialed ray

Figure: Modes of scattering of light in solution.

A schematic laser light-scattering is shown in Figure. A major problem of light
scattering is to prepare perfectly clear solutions. This problem is usually accomplished by
ultra-centrifugation. A solution should be as possible as clear and dust free to determine
absolute molecular weight of polymer. The advantages of this method, it doesn’t need
calibration to obtain absolute molecular weight and it can give information about shape and
My, information. Also, it can be performed rapidly with less amount of sample and absolute
determinations of the molecular weight can be measured. The weaknesses of the method is
high price and most times it requires difficult clarification of the solutions.

Laser Focusing lens Particle dispersion

A - |

Scattered light

Coherence D R —

J Photon detector

Correlator

Figure: Schematic representation of light scattering.

The weight average molecular weight value of scattering polymers in solution related
to their light scattering properties, where K is the wave vector. C is solution concentration,
R(0) is the reduced Rayleigh ratio, P(0) the particle scattering function, 0 is the scattering
angle, A is the osmotic virial coefficients, where ng solvent refractive index, A the light
wavelength and N, Avagadro’s number. The particle scattering function, where R, is the

radius of gyration.
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KC/R(0) = 1/Mw(P(0) + 2A,C + 3A5C, +...)
K = 27°n’y(dn/dC)*/Na)?
1/(P(0)) = 1+167°n’o(R?,)sin’(6/2)3)?
Weight average molecular weight of a polymer is found from extrapolation of data in
the form of a Zimm plot. Experiments are performed at several angles and at least at 4

different concentrations. The straight line extrapolations provides My.

Hv

o = experimental
o = extrapolated

1My ——

Sin20/2 + k

Figure: EA typical Zimm plot of light scattering data.
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ompounds of carbon
the other elements
bine with

Catenation :
All organic compounds contain carbon. The ¢
known compounds of all

are far more numerous than the |
hat carbon has the power to com

gether. This 1s because t _
This property 1s not shown to

put to
ong chains.

other carbon atoms 0 form I
such an extent by any other element.

Definition : _
combining with other

The property of carbon 1o form long chains by
carbon atoms is known.as catenation.

CH, - CH,, CH, - CH,
Ethane Propane

_CH,, CH,-CH,-CH,-CH,

E.g,
Butane

Orbital Overlap :
Organic compounds contain covalent bonds. A covalent bond 1s
ons between two atoms. For this

formed by the sharing of @ pair of electr
ed that on orbital of one of the

purpose the two atoms must be so locat
combining atoms overlaps with the orbital of the other atom ; each

combining orbital containing one electron. The strength of the chemical
bond is proportional to the extent overlapping of the orbitals.-

Types of orbital overlapping :

i s-s Overlapping :
If one s - orbital of an atom overlaps with one s - orbital of another atom

(o form a covalent bond, it is called s-s overlapping

| Eg., A molecule of hydrogen is formed by the overlapping of one 15
orbital of a hydrogen atom with one 1s orbital of another hydrogen atom.

(Wl |

Two s orbitals of two i g
hydrogen atoms overlap o bond
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ii. s-p Overlapping :

If one s - orbital of an atom overlaps with one p - orbital of another
atom to form a covalent bond, it is called s — p overlapping.

Eg., A m.olecule of hydrogen fluoride is fofmed by the overlapping
of one s - orbital of a hydrogen atom with one p -orbital of fluroine atom.

L G e

s - orbital p - orbital Sl
S ES s F overlap
e o
c bond
H-F

iii. p-p Overlapping: _ |
If one p -orbital of an atom overlaps with one p - orbital of another aton
to form a covalent bond then it is called p - p overlapping

Eg., A molecule of fluorine is formed by the overlapping of one 2p
orbital of a fluorine atom with one 2p orbital of another fluorine atom. .

N e i —
Two p orbitals of two fluorine atoms :
-9 >
p-p o bond

overlap F-F

. o - bond and © - bonds

0 - bond : |
When two bonding orbitals overlap to form a molecular orbital

(MO), which is symmetrically distributed about the nuclear axis (the
line joining the nuclei of the two atoms) then the bond so formed is

called a sigma bond.
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Sigma bonds are formed as the result of the orbital overlaps of

L s -orbital of one atom and s - orbital of the other ;
ii. s - orbital of one atom and p - orbital of the other ;

. p- orbital of one atom and p - orbtial of the other (in a linear fashion).

Eg., 1. H, - molecule ; s -S overlap

OO-@® -G

Two s orbitals of two S—8 o bond
hydrogen atoms overlap . H-H

ii. HF - molecule ; s - p overlap

At GOQ

s - orbital p - orbital
H E overlap
' — S
| | o bond
H-F

lil. F,-molecule ; p - p overlap

O e e

Two p orbitals of two fluorine atoms
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In practice a single horizontal line is used to indicate a sigma bond
Eg. -

H-H H-F F-F
Hydrogen Hydrogen fluoride Fluorine
7 - bond : |

When two p - orbitals overlap in a sidewise fashion or laterally to
form a molecular orbital (MO), then, the bond so formed is called a

- bond. .
For a lateral overlap, the two p - orbitals must be held parallel.

The MO thus formed lies above and below th: nuclear gxis.

Examples of molecules involving one or more m bonds :

i 02 - Molecule

|, Head on overlap - o bond,
2 Sidewise (lateral) overlap - 1 bond; A = Axis of the molecule.

Thus in oxygen molecule there are two bonds: one o - bond and one
1 - bond. Both of there together are called a double bond.
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izontal lines are used to indicate a double bong
0rizo

In practice two h

i.

| Head on overlap - o bond;
2 and 3 Lateral overlaps - two 7 bonds.

Thus in nitrogen molecule there are three bonds : one ¢ - bond and
two 7 - bonds. All the three bonds put together are called a tripl¢ bond.

In practice three horizental lines are used to indicate a triple bond.

Fg, N=N
Nitrogen

Differences between o - bond and T - bonds :

L The m - bond has an increased electron densit
region than in o - bond. But in 6 - bond
concentrated along the bond axis. In 1t bo
and below the bond axis.

. 7 - bond is weaker than o - bond; because
m - bond is less than that in o - bond and h
internal energy of the system is less.

. There can be no free rotation of atoms
n - bond; because during rotation, the co

Yy In the inter-nuclear
the electron density is
nd it is concentrated above

Thus the rotation about (he bond axi iy

| Sofam- bond would be
, Work will have to be done for the same, Because

bonded tompounds exhibit
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fbonds. b and formation of various
types of bonds, but these concepts are not enough to explain the observed

shapes of various molecules. So, to account for the shapes of various
molecules the concept of hybridisation was introduced.

The tetra valency of carbon is explained as follows :

It 1s assumed that, at the time of bond formation the carbon atom

attains an excited state. In the excited state, the two 2s electrons are
unpaired and one of them is promoted to the vacant 2p, orbital.

Carbo

arbon oe e o
Ground state j_ < S f

Excited state ’] ”l ’] /I .

R

Now the tetra-valency of carbon has been accounted for, by
proposing an excited state structure for carbon atom with four unpaired -
electrons. The four unpaired electrons are not identical. There is one
s - electron and three p - electrons. The explain the equivalent nature of
the four bonds of carbon in its saturated compounds a new concept called
hybridisation has been proposed.

According to this concept, the atomic orbitals of an atom which lie close
to one another in energy, tend to merge or mix and then
re-distribute their energy and shapé to produce an equivalent number of new
orbitals which are idential in all respects called hybridised orbitals.

Definition : |
Hybridisation is the concept of mixing or merger of orbitals of an
atom having nearly equal energies, to produce entirely new orbitals,
which are equal in number to the mixing orbitals. The hybridised new
orbitals will have equal energies; identical shapes and are symmetrically

placed in space.

Conditions for hybridisation of atomic orbitals :
|, The orbitals of an isolated, single atom only could undergo

hybridisation.

2. The hybridising orbitals must differ only slightly in their energy
content,
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‘Characteristics of hybrid orbitals
| The number of hybridised orbitals 1s equal to the number of pyre

atomic orbitals which mix up.

2. A hybrid orbital can have only two electrons as the pure atomig
orbitals. The two electrons must have opposite spins.

3. The electron waves in hybrid orbitals repel each other. So they teng
to be as far away as possible. '

4. The hybrid orbitals distribute themselves in such a way that they
assume the direction o the dominating orbitals.

Modes of hybridisation and shapes of hybrid orbitals :
1. sp - hybridisation :
One s and one p orbitals mix and give two identical hybrid orbitals.

This is known as sp hybridisation. These hybrid orbitals are co-linear
The bond angle is 180°. E.g., BeCl,

y

F

180°
e SR eV el

one s - orbital one p - orbital two sp - hybrid orbitals

2. sp’ - hybridisation :

One s orbital and two p orbitals mix and give three identical hybrid
orbitals. This is known as sp’ hybridisation. These hybrid orbitals lie in

the same plane. The shape is plane tri angular. The bond angle is 120°
E.g., Ethylene '

| | y _ .
y : | X
Z ' &

| three sp?- hybrid
one s - orbital two p - orbitals ' Crrl:)ital:ay
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S, sp3 - hybridisation : One s orbital and three

- \ p orbitals mix and give
four indentical orbitals. '

' _ ‘ This is known as sp’ hybridisation. The four
hybrid orbitals are oriented towards the four corners of a regular

tetrahedron. The bond angle is 109° 28’ E.g., : Methane

109°28’

one s - orbital three p - orbital : four sp’ - hybrid obitals

Geometry of molecules
1. Methane

In methane the carbon atom is in a state of sp’ hybridisation. One 2s
orbital and three 2p orbitals of carbon hybridise and give four sp’
hybridised orbitals. There are four electrons in the valency shell of carbon.
Each occupies one sp’ hybridised orbital. Thus there are four single
unpaired electrons in each of the four sp” hybrid orbitals.

1s orbitals of four hydrogen atoms overlap with four sp’ hybrid
orbitals of carbon and give four sigma bonds.: i.e., there are four bonded -
nairs of electrons around carbon in methane. As per VSEPR theory, only
if they are arranged tetrahedrally the bonded pairs will be as far apart as
possible. That is why the methane molecules assumes a tretrahedral
shape H-C bond angle is 109° 28"

“ 2P 2Py 2p,
| e
Carbon in ground state
. 1 ‘ 1 1
Carbon in excited state Hor
\. _ o
<

sp’ - hybridisation
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5. Ethylene

In ethylene both the carbon atoms are in a
These sp’-hybrid orbitals lie in the same plane.
Each carbon atom has three sp’-h
p - orbital. One sp’-hybrid orbital of o
sp’- hybrid orbital of the second carbon a
(wo carbon atoms now has

p - orbital left. The two sp’- hyb

state of sp’-hybridisation.
The bond angles are 120°.
ybrid orbitals and one pure
ne carbon atom overlaps with one
nd forms a sigma bond. Each of the
two sp’-hybrid orbitals and one pure
rid orbitals on each of the two carbon atoms
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gverlap with the Is orbital orbitals on each carbon atom overlap in a side wise
fashion and fom:l a - bond. The electron cloud of the 7t - bond lies above and
helow the C-C sigma bond. Thus in ethylene the following bonds are present.

gm—

Type of bond Name of bond Number of bond *
o Ky 1

C-H G | 4

C-C T I

Ethylene has a douEle bond in it. The double bond in ethylen'e
contains one o - bond one m - bond. The shape of the molecule 1s

trigonal planar. a

4. Acetylene | L
In acetylene both the carbon atoms are in a state of sp - hybridisation.

These sp - hybrid orbitals are co-linear. The bond angle 1s 1_80“. Each
carbon atom has two sp - hybrid orbitals and two pure p - orbitals. (b)ng
sp - hybrid orbital of one carbon atom overlaps with one Spt: :) n'
orbital of the second carbon atom and -forms. a o - bond. Each of t e.mlo
carbon atoms now have on¢ sp - hybrid orbital and two pure p - Orbltpf_l E
left. The hybrid sp - orbital on each of the two car_bon atoms overlap?s wit
|'s orbital of the hydrogen atom and forms $ - 8P sigma bond. The two t;*)ure
_ orbitals on each carbon atom overlap 1n a SldEWlS'e fashion zmdb Dlxrm'
two 7 - bonds. The electron clouds of the 7t - bor;ds lie above anﬂ E 0\;
the C — C sigma bond. These IwW0 T - bonds are in tWo planes \.\.1 I‘C ?;e
perpendicular, 10 each other. Each of the 1 - bonds is perpendicular

following bonds are as well.
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Thus in acetylene the following bonds are present :

e

Type of bond Name OfTEE;ld _Nllf.l'lbel'_{)fbopd e
: !
C-H o .-
C - C n - ——

We say acetylene has a triple bond in it. The triple bond In ?sztyleng
contains one o - bond and 27 - bonds. The shape of the molecule is lineayr

n 8 iy
H— C C—y
R T
(or)
H-C = C-H

ELECTRON DISPLACEMENT EFFECTS

1. Inductive Effect

When a hydrogen atom is attached to a carbon atom (C — H ) by a
~covalent bond, the shared pair of electron is symmetrically placed between
them. If instead of hydrogen atom we have a substituent X having higher
electronegativity, then the shared pair of electrons in the C — X bond will
move towards X. On the other hand, if a substituent Y having lower
electronegativity is attached to carbon as C — Y then the shared pair of
electrons in the C —.Y bond will move towards C. Thus if the

electronegativity values of the atoms forming a bond are different, the
bond is said to be polarised. :

Let us consider a chain of carbon atoms with a chlorine atom linked

to the end carbon atom such as - C, — C,-C,-C, -ClL Due to.greater

electronegativity of chlorine, the electron pair shared between C. and ClI
Tl . 1
is displaced towards the chlorine atom. As a result of this. chlorine acquires

a small negative charge while C, becomes slightly positively charged as
shown below ;

0% &l
C4—C3—C2—-Cl - Cl
T'he positively charged C

1 ‘ , attracts the electron pair shared between
C andC,. '
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The positively Charge-d C, attracts the electron pair shared between
C, and C,. ‘The sh:-.?red pair of electron moves slightly towards C,. Thus
C,gets a slight positive charge. But the charge on C, 1s smaller than that

onC,; The posfitive charge on C, in turn attracts the electron pair between
C, and C,. This effect falls rapidly as we move away from C .

This process of electron shift along a chain of atoms due to the

presence of a polar bond in the molecule is called inductive effect. It is
represented as

. C,»C,->C,—»>C —Cl

The inductive effect is a permanent effect:. When the substitutent X
attached to the carbon atom is electron attracting it develops a negative
charge on X and the effect is called negative inductive effect or - I effect.
The following groups cause-I effect. They are given in the order of their
decreasing effect. ' |

NO,>F>COOH > Cl>Br>1> OH > C(H,

If the substitutent Y attached to the carbon atom is electron repelling,
it develops a positive charge on Y and the effect is called positive inductive
effect or + I effect. The following groups cause + I effect. They are given
in the order of their decreasing effect.

(CH,),C —> (CH,), CH—> CH, CH, —> CH,~ '

Inductive effect and properties of organic compounds : _
|.  Why monochloro acetic acid is more acidic than acetic acid?: We

know that acetic acid is a weak mono basic acid. Itionises as follows :
CH, COOH === CH,C00 ~ +H'

The strength of the acid is a measure of the ease with which'H™ 1on
leaves from COOH. If one of the hydrogen atoms of methyl group is
replaced by a chlorine atom, the following situation arises. The chlorine
atom is electron withdrawing. The electron pair between carbon and
chlorine moves towards chlorine. In turn the electron pair between C and
CO moves towards carbon and so on. Thus the 1 effect prevails in the
chloroacetic acid molecule as shown below:

1B

Cl « (,;f— C«0O«H
H
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This makes the separation of hydrogen atom as ion easier

T BT Thy |
chloroacetic acid is stronger than acetic acid.

In a similar manner we can show that dichloroacetic acid is sy, . .
. . . . . . r
than chloroacetic acid and trichloroacetic acid is stronge; thay
dichloroacetic acid.

by o Bl 6 (il ‘O
CH—C(——Q(—O{——H : CI<—C4&—$<—O<—H ;
v b 4
H Cl
Dichloroacetic acid - Trichloroacetic acid

In dichloroacetic acid there are two chloro group with - I effect and i,
trichloroacetic acid there are three chloro groups with - I effect. Thus the
separation of hydrogen atom as ion becomes progressively easier as we
move from mono to di to trichloroacetic acids. Thus their acid strength;
Increase in the order.

Monochloroacetic acid <dichloroacetic acid < trichloroacetic acid.
2. Why a - Chloropropitonic acid is st}'ong'er than [-chloropropionic
acid? L |
CH, - CHCI- COOH > CH, Cl - CH, - COOH
a - Chloropropionic acid > f - Chloropropionic acid
This is because inductive effect decreases with distance.
In b-chloropropionic acid the chloro group with - I effect is two carbons

away from the COOH group while in s-chloropropionic acid it is one carbon

away. So the chloro group in b-choloropropionic acid has only less
electron withdrawing effect. So it is weaker,

3. Strengths of aliphatic acids : They, decrease in the following order.

I I i

|-
H-C-O-H>CH,»-C—>-0-5>-H> C,H—>-C—>-0--H
Formic acid Acetic acid Propionic acid

Keason : In formic acid the COOH group is attached to H while in
acetic acid it is attached to CH,. We know CH, group has + | effect. This
pushes electrons towards H. This strengthens OH bond. i.e.. removal of
H as H" becomes difficult. This effect is absent in formic acid.

Between acetic acid and propionic acid the stronger is acetic acid. It
Is because in acetic acid a CH. group is attached to COOH. In propionic
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acid @ C:HS group is attached to COOH. C,H, is bulkier than CH,. So it
has more + | effect than CH,. Thus it pushes electrons towards the OH

hond more forcibly than CH,. So it becomes more difficult for H to leave
.s H+ from propionic acid than from acetic acid.

4 Glyoxalic acid is stronger than acetic acid :

O

N

\C <—COOH CH;—>-COOCH
H” e

Glyoxalic acid Acetic acid-

This is because CHO groups is a strong — 1 group. This facilitates H
o leave as H'. But in acetic acid the CH, group s a +1 group. This

pushes electrons towards the OH bond making it difficult to part with H .

3 Inductomeric Effect
The extent of inductive effect can be influenced temporarily by the

approach of a charged ion. This happens prior to a reaction.

Thus —I effect will be increased at the approach of a negatively charged
on and +1 effect will be increased at the approach of a positively charged

‘on_ This is known as polarisability effect. It is a temporary effect. Itis
brought into play only in the presence of charaged attacking reagent.

In methyl iodide there is a small permanent displacement of electrons,
\n the C — I bond towards the iodine atom.

it is due to the electron repelling character of the CH, group when an

OH" ion approaches the carbon atom its electrical field repels the electrons
of the C - 1 bond still further towards the iodine atom. This increases the

electron displacement already present.

Thus a polarisability effect operates through the inductive mechanism,
This is called inductomeric effect. It is represented in the same way as an

inductive effect, e.g., CH, —-1.

However this does not have an important role in organic reactions. It
assists the displacement of electrons in inductive effect.
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J.Electrometric Effect it
In a molecule in which two atoms are linked together by a doub]e bong

one of the pairs of electrons forming a bond may move to one of the
atoms. The other pair continues to form a covalent bond between the two
atoms. When the compound containing the double bond (or triple bonq)

Is exposed to electrophilic regent, this change occurs. There is a complete

transfer of a pair of electrons from one atom to the other as shown bellow:
+ —

NSl — ¢ - o7

/C e C\ G T /C \
The atom that takes the electron pair becomes negatively charged and
the other positively charged. This is purely a temporary effect and remaing
in the presence of electrophilic reagent. As soon as the attaking reagent

Is removed, the polarised molecule comes back to the original state.

The electrometric effect is a temporary effect which involves the
complete transfer of a shared paid of electrons of multiple bond, to one
of the bonded atoms, under the influence of an electrophilic reagent.

The electromeric effect is usually denoted as E effect. If both inductive
and electromeric effects occur together, these may assist or oppose eath
other. In case they are opposed to each other, the electromeric effect
generally predominates the inductive effect. - |

Differences between inductive and electromeric effects

Inductive effect - Electromeric effect
I. Nature of electron Partial-along a Complete Movement
displacement Sigma bond of a pair « electrons

to one of the two
atoms bond by a

| double bond.

2. Charge Respective atoms attain Respective atoms
partial negative and attain a full positive
positive charges. and negative

charges.

3. Nature of Permanent Temporary

effect

4. When occurs Even in the absence Only in the presence
of an electrophile of elecltrophile

5. Prodominancy less More
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f Mesomeric Effect or Resonance Effect
A molecule containing multiple bond may be represented by several
JJectronic formula. For example, carbondioxide has the following electronic

:'O'=C= (.)':H:.(_)' —(C= b.-(——)--dEC—- O':
e =

But the actual condition of the molecule is in between these three
structures. This type of effect is known as mesomeric effect or resonance
offect. It 1s represented by the symbol M or R respectively.

1f a molecule can be assigned two or more structural formulae, each of
which can explain most but not all the properties of the compound, the
sctual structure lies in between the various possible structures. This
phenomenon is called measomerism or resonance. [Ingold ca_lled this
phenomenon mesomerism based on chemical grounds. Heisenberg called
.+ resonance based on theoretical background. (Resonance is the name

that is widely used).

The effects arising out of the presence of mesomerism or resonance 1s
called mesomeric Or resonance effect respectively. |

The various possible structures are called canonical structures. The
actual structure is called resonance hybrid. The canonical structures are
represented by putting double headed arrow («—)1n between them. The
resonance hybrid is not a mixture of the various structures. It is an entirely
new and individual structure which is in between the several canonical

sfructures.

The mesomeric effect, like the inductive effect, may be + or — and 1s
denoted by + M or — M. A group of atoms is said to have + M effect, when.

the direction of electron displacement is away from it. Such groups have

lone pairs of electrons. - OH, — OR, — NH, and — SR groups have .
+ M effect. A group of atoms is said to have - M effect, when the direction

of election displacedment is towards it. = C=0,-NO,,-CNand-SO,H

groups have — M effect. ; *

The +M effect of halogen atom brings a double bond character between
[
the halogen and the carbon atom attached to the halogen. Because of the
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double bond character, the halogen is held firmly. Thus the haloigen aton
in vinyl halides and aryl halides are less reactive than alkyl halides.

{\' = — S ®
CH,-CH,-Br H,C“CH-Br ¢— H,C-CH=Brg

« 00 A Ree Bre s Bre

Brg +Brs + Bre C
= < | R
(-

(The halogen in alkyl halide cannot have resonance and hence it cannot
have double bond character. So It can be easily hydrolysed).

Differences between inductive and mesqmeric effects

e

Inductive effect Mesomeric effect
l. Nature of electron o-electrons-along a single m -electrons-negative
displacement ~ bond-transmitted though  charge flows towards
the chain-decreases as the on side of the
the distance. molecule-effect is
- uniform.
2. Charge - Respective atoms attain Charge separation is
partial negative and complete.
positive charges. |
3. Relation with None | Stabilises the
stability of the | molecule
molecule.
4. Effect on bond None | Affected.
length s
5. Effect on colour  Nil ' Causes perceptible
Colour.

=

Conditions for mesomerism or Resonance :
I, The contributing structures must be reasonably stable.

p A The number of electrons in each contributing structure must be the
same.
3. All the contributing structures should have the samé or nearly the

same amount of energy.
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When the contributing structures differ in energy contents, &

relative stabilities, the more stable structure makes greater
contribution towards the resonance hybrid.

3. The various contributing structures should differ
only in the positions of electrons. The relative arran

atoms must be the same.

from each other
gement of

Resonance energy :
The energy of a resonance hybrid is always less than any one of the

~ontributing structures. The difference between the energy of the most
stable contributing structure and that of the resonance hybrid is known

a5 the resonance energy or delocalisation energy.

always more stable than

A resonance hybrid i.e., the actual molecule 1s
of this fact we say that

any one of the contributing structures. Because
the compound is stabilised by resonance.

Example : .
The enthalpy of formation of benzene calculated from bond energy

values is — 5384.1 kJ mole!. The experimental value of enthalpy of
formation of benzene is — 5535.1 kJ mole~!. This is called the resonance
energy of benzene. We say benzene is stabilised by resonance 10 an

extent of 151 kJ/mole.

Effects of resonance :

1. Stability :
The compounds which exhibit resonance ar¢ more stable than their

contributing structures. E.g., Though there are three double bonds in the
contributing structures of benzene I and II, it behaves as a saturated
compound, It does not undergo addition reactions instead undergoes
only substitution reactions. The resonance energy is a measure of the

stability caused by resonance.
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2. Bondlengths: | '
The bond lengths in a resonance hybrid are different from those ;,

the contributing structures. E.g., The contributing structures of benzep,..
suggest that there are three C - C and three C = C bonds. Ac‘:tually in
benzene all the six carbon-carbon bond lengths are the same. Their lengths
are in between those of C — C and C = C bonds.

3. Dipole moments :
The observed dipole moments are different from the values expected

from the contributing structures.

4. Colour:

The colour of organic compounds is a consequence of resonance.
E.g., Dyes. When the number of contributing structures increase, the
intensity of the colour also increases.

5. Hyperconjugation
The resonance involving the delocalisation of o electrons in

conjugation with the m - electrons of an adjacent double bond is called
hyperconjugation.

Explanation :

The hyperconjugative effect operates in a system containing a
C — H bond directly attached to a double bond. In other words, the
hyperconjugative effect takes place through the interaction of o electrons
of the carbon - hydrogen bond with n - electrons of the double bond. In

hyperconjugation the electron displacement takes place towards the
double bond as shown below.

H H'
b C—-—-(I'J(—)»

| |

H

e

|

The three C— H bonds of methyl group in the propylene
molecule contribute to this effect as follows.
25 ;

_ H
b ol 0

CH==CH, +— H—? =C—CH,
H H
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H

H

‘ I__ © O

H ?“CH"*CH.—E «— H—C=CH —CH,
H

+

H

while discussing inductive effect, it was pointed out that the
inductive effect of the alkyl group is in the order.

tertiary > secondary > primary

This order is reversed when an unsaturated system (C=C) Is attached
~ with the alkyl group. As we have seen just now, the c—electron from the
c-H bonds at the a—carbon the unsaturated system gives the no bond
resonance. As the number of C-H bonds are greater, greater would be the
hyperconjugative effect. Thus methyl group (3 C-H bonds) has the
naximum hyperconjugative effect. Ethyl group (2 C-H bonds) has lesser
effect. Isopropyl group (1 C-H bond) has the least effect. Tertiary butyl

group (0 C-H bond) has no hypcrconjugative effect at all.

H H- CH, CH,
HoC—> CH3-—E—-}CH3—-(l,——} CHS-—(‘I-—
Methyl Ethyl [sopropy! Tert-butyl

n the canonical forms, there

ween carbon and hydrogen. The proton in such
ot move any distance away than its normal

“This type of resonance is different from

tautomerism where the proton moves from one position to another.

Hyperconjugation can also be regarded as an overlap of o-orbital of the
' — H bond with the n—orbital of the carbon-carbon double bond. This is

analogous to the m—7 orbital overlap In resonance. Hyperconjugation
can also be regarded as a second order resonance.

hyperconjugative form does n
bonding distance 1o carbon.

Hyperconjugation is also called Baker-Nathan effect or No bond

Resonance.
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6. Steric Effect :

The presence of a bulky g _
: it behave in 2 peculiar way.

substituents and their spatia! arrangement in

oup or groups near a reaction site in g
r

compound makes

The effects of size of
compound are called steric effects.

he speed and mechanism of a reaction.
it is called steric hindrance

ic acceleration.

Steric effects may affect t -
When the steric effect slows down a reaction,
when it speeds up a reaction, it 1s called ster

In aromatic compounds the properties of ortho substituted

compounds differ considerably from those of the meta or para Jsome:rs_
In ortho substituted compounds the attack of the reagent at the reaction

centre is hindered by the bulky groups present in the ortho positions.
These effects are also known as ortho effects or proximity effects.

Examples :

i  Benzoic acid (1) reacts with methanol and hydrogen chloride to form
methyl benzoate; but 2, 6 - dimethylbenzoic acid (II) does not form the
corresponding product under the same conditions.

COOH " COOH
HC on S CH R

. Benzaldehyde (I1I) reacts with aniline (I1V) to form an anil but.not
with s-tribromoaniline (V).

COOH oy

NH2 . NHE *
IV *
ﬂ.
Y

Vi
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phenyl cyanide undergoes hydrolysis where as 2,6 - dimethyl pheny]
de (V1) does not.

il
C}’ﬂni
In all these cases, the ortho groups mechanically interfere with the

reactions of the functional groups, viz., carboxyl, amino and cyano groups.
The ortho groups tend to shield the reacting groups from the attacking

reagent.

iv. N, N-dime‘thy] o-toluidine (VII) is more basic than
N. N- dimethylaniline VIII.

H3C\§/CH3 . H3C\E/CH3
CH,
VIl | VIII

Reason : .
The extra stailisation due to resonance is less in VII than in VIII,

hecause of steric hindrance the lone pair of electrons over the nitrogen 1S
more readily available in VII. S0 it is more basic.

Cleavage of bonds : ‘
Organic compounds generally contain covalent bonds. During

reactions, existing covalent bonds are broken and new covalent bonds

are formed. A covalent bond is formed by sharing of two electrons

between two atoms. The breaking or cleavage of bonds occurs in two

ways. They are

. Homolytic fission of carbon - carbon bonds
ii  Heterolytic fission of carbon - carbon bonds.

Homolytic Fission :
If the covalently bonded two carbon atoms take away one electron
each of the bonding pair of electrons during the fission of the carbon -

carbon bond, then the fission Is symmetrical. This 1s called homolytic

fission. AR : .
A'B— A+B
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The two fragements produced during homolytic fission contain One
electron each and they are called free redicals.

Free radicals are unstable. They react at once with other free radica|s

or molecules, forming stable molecules or new free radicals respectively, -

The free radicals are neutral. Their extreme reactivity is due to the tendency
of the singal electron to ‘pair up’ with another available single electron

Compounds undergo homilytic fission on heating or by irradiation
with light of suitable energy. ’

Example : Substitution reactions of alkanes proceed through
homolytic fission of carbon - carbon bonds.

Reaction : Methane + Chlorine ————>
Methyl chloride + Hydrogens hloride

CH, +Cl, ———> CH,Cl + HCl
Mechanism : Cl: Cl ———> 2CI°

Cl+CH,———> CH.CI+H’

Such reactions will be chain reactions.

Heterolytic fission :
When a covalent bond breaks in such a way that both the bonding
electrons are taken away by one of the two bonded atoms,then the fission

1s known as heterolytic fission. ;
« = z

r* -—
A:B —— A+ +BI

Thus heterolytic fission yields one positively charged ion and one
negatively charged ion. Which of the two atoms A or B that will become
the negatively charged ion? This depends ont eh electronegativity of A
and B. That atom, which is more electronegative, will become the

negatively charged ion.
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PART II—ORGANIC COMPOUNDS

|3

Alkanes or Paraffins

1. Nomenclature of the Paraffins. The class name for
saturated aliphatic hydrocarbons is alkanes or paraffins. The
paraffins are represented by the general formula C,Hjny, and are
given this name because they are quite non-reactive. The name
comes from the Latin words parum (=little) and affints (affinity).
There are at least three systems in use for naming paraffins and in
all the three, the class suffix remains -ane.

(¢+) In the trivial system of nomenclature, the straight-chain
paraffins are termed normal usually abbreviated to n- ; those with a

CH.
dranched-chain like

>CH—GH, (containing a tertiary carbonm
G,

atom—one directly linked to three other carbon atoms) are termesd
seo whereas others containing a quaternary carbon atom (attached to

CH, \C/CHE

cH,” \CH,

The first four paraffins have special names which are related
to their aistory ; from the fifth paraffin onwards, the names follow
the Latin or Greek aumerals which indicate the number of carbon

atoms in the molecule a3 given below :

four other carbon atoms), e.g., are called neo.

Formula Name Formula Name

CH, Methane C,H,, Nonane
C:H. Ethane C“H"‘ Decane

C,H, Propane CisH, Dodecans
C,H;,s Butane ~  C,Ha  Eicosame
C,Hs .. [Pentame 01 JI3VIC;H " "= ™ Triacontape |
CeH;o Hexane CsoHioy Pentacontan®
C,H, Heptane CreHias Heptacontane
C,H,, Octane ; ;... CaeHigasn oo Octancontane

The univalcnt radicals which are formed by the removal o_f one
hydrogen atom of the paraffins are termed alkyl groupsor radicals.

(11) According to another system, branched-chain parathos are
\ ’ o e |
named as substituted methanes.  The most highly branched carbon

2tom is termed the methane parent and  the alkyl groups attached
to thig carbon atom aré named 1n alphabetical order. Thus every

name indicates the structure of the compound,
2'1
TOC 959672
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79 ORGANIC CHEMISTRY

(53i) Tn the TUPAC system, the longest possible straight
chain is selected and the paraflin is named as the derivative of thig
alkane. 7he carbon atoms constituting the strarqht chaim are go

mubered thal the numbera, used to sndicate the positions of side-chaing,
ere ‘he lowest possible. Various groups present arc arranged alphabeti~

cally. For examplec,

1 Y ] N é # £ 1
|
CH, CH,
2-methvibutane 3-methylbutace
(Right) | (Wrong)

A few examples of the three systems of nomenclature are given
below :

eormula I System Il System [II System
'El ':: H'CHj CH. n"b utane butﬂﬂﬂ
I . 4
CH‘CHC?H,CH. Isopentane dimethylethyl- 2-methyl-
| methane butane
CH,
CH,
' s 2 Neohexane trimethyl- 2, 2-dimethyl-
CHl""*?ﬁ—CH'CH' ﬂth}'lmethaﬂﬂ butane
CH,

Four branched alkanes have trivial names recognized in the
1957 IUPAC Rules. These are :
CHE—_CH—‘CH. CHa_CHa—CH"_CH'
| |

CH, CH,
Isobutane ' Isopentane
CH,
I
CH,—-—-?'-—CHI CH,—CH s—CH;—CH—CH,
l
CH, CH,
Neopentane Isohexane

These names are, however, to be used only for the unsubsti.
tuted alkanes, it

2. Occurrence. The most important source of alkanes is
rualcum or the natyral gas associated with it. Fuel gases obtained
from whl’}j‘gﬂ coal gag, etc., contain thege hydrocarbons in small
emovnts. Methane is formed during the deca '

of pla
e 4 y of plants or animal

_3. General Methods of Preparation One of the ch ,
teristics of 4 hom_nl{;gnus; series 1S that jts various homol o ElI‘flC-
be prepared by similar methods.  This g1ves  rise tgm }(:%rues u:u}
methods of preparation of 4 particular homolo ou the genera
gederal methods of preparation of the paraffins agre Zivssr?isélowﬂ}?
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ALKANES OR PARAFFINS 23

(#) By heating a mizture of the _
acid with soda lime* (NaOL} +G£ e ;- anlydrous sodiuwm salt of a fatty

CaO
RCOONa 4+~ NaOH —
Sndi‘um salt of Soda Z PE}Ifﬁ ¢ NaiCO’
the fatty acid lime -
CH;COONa 4 NaOH ET CH + Na,CO
Sodium acetate D Mcth;ne g " ’

For the lower homologues the yield is good but it i3 poor for

the hlgi“{ﬂfi .c:ncs:. _ 1_he process of elimination of carbon dioxide from
a carboxylic acid is known ag decarboxylation.

| is) By reducing alkyl halides (dissolved in acetic acid), by dissoi-
ving metals, ¢.g. zinc and acetic acid or hydrochloric acid, zinc and
sodium hydmxld:c, zinc-copper coupie,t or aluminium amalgam and
ethanol, etc. It 13 believed that the reduction is due to electron
transfer from the metal to the substrate.

Zn -+ Zn** 4 2
from Zn/Cu couple electron
-

RX 4+ ¢ -+ X- 4+ R* -+ R-:
R" : +C,H,OH-+ R—H+C,H,0"

Alkyl halide may also be reduced catalytically by using palla-
dium as catalyst (czfalytic hydrogenolysis).

RI 4 H,—— RH ¢ HI

Iodides are conveniently reduced by heating with concentrated
kydriodic acid (57% HI) at 420K under pressure in a sealed tubs.

RI < HI —» RH <4 1
Primary and secondary alkyl halides may conveniendy be
reduced with lithium aluminium hydride, LiAlHj,.
4RX <+ LiAIlH, —» 4RH +$ LiAIX,
(4ii) By treating alkyl halide (preferably the bromide or sodide)

solution in dry ether with metallic sodium (Wartz Synthesis—1854).
T wo molecules of the alkyl halide react with two atoms of sodium

* Soda lime is obtained by saturating lime with caustic soda solution and
Lime serves to dilute the strong action of caustic sods. It

drying the product. - :
[ 4 p like caustic soda. CaO stands for soda lime here.

also does not etch glase
The delta symbol (A ) indicates the application of heat,

t Zinc-copper couple cOnsISLE of pieces of elnc coated with copper
obtained by immorsimg £inC pioces In Copper sulphate olution, 1t 19 8 valuaole
reducing agent. Skmiarly. aluminiwn amalgam i3 obtamoed by dipping small

(o1l io mereuric dhalomde soluuen. The couple or the

:ﬁa‘;’: :t:;:::l::lm; washed thoroughly with water and thea with alcohol.
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24 ORGANIC CHEMISTRY
to yield a hydrocarbon contﬁaining double the number of carbop
atomsg present in the alkyl halide.

RX 4 2Na {=XR ——> R—R + 2NaX
Alkyl halide Alkyl halide Paraffin
First molecule seccond molecule

e.g, CH,I 4 2Na + ICH, — CH,—CH,; + 2Nal
Methyl Methyl Ethane
1odide iodide

If instead of one alkyl halide, a mixture of two different alky!

halides (say, CH3l and C,Hgl) is taken, we get a mixture of three
hydrocarbons: propane, ethane and butane.

CHyI +2Na + IC,H;—— CH,—C,H+2Nal
Methyl Ethyl Propane
iodide iodide

Two molecules of CH,I will react to give C,H, (ethane) as

glven above and two molecules of ethyl iodide will react to g1xe
cutane,

This reaction has been found to give good yield for paraffins of
blgh molecular mass containing even number of carbon atoms.

With tertiary alkyl halides the reaction generally fails. Methane
cannol be prepared by this method.

Mechanism of the Reaction. A free radical mechanism has been
suggested for the Wurtz reaction which is given below :

CHy—I + Na —-> C,H; 4+ Nal
Free radical

CIHI. + C.H.‘ w— CIHI_CIHI
n-butane

Free radicals can also under

g0 disproportionation. i.
sain hydrogen at the expense of the o A n, le.,

. on ‘
ther which loses hydrogen, STl sen

&k
CiHy' + GHy — C,H,  + C,H,
Ethane Ethylene
A superior method for coupli
Corey-House Synthesis. PiRg of twg alkyl halides 18 the
(1) CuX
RMgX or RLi ——— R—R’
(ii) R’X
(where R is a primary, secondar i
is a primary alkyl group. Y Ot tertiary alky] group while R’

.fw) I3y the ﬁ”"d"r” Lusis of a conecentrated qn
sodium or polassium sul! Jueow

y " ) "Dgﬂt
dow). of & fulty acid (Kolbe’s ion of tha

elech““l!’ﬁc reac.
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ALKANES OR PARAFFINS 2'5

At anode :
RCOO- R
y: —* | +2C0 j to the anode)
RCOO~ R a+2¢” (eléctrons lost to t
Two ions of Paraffin

8 fatty acid

At cathode :
2H,0+2¢"—— 20H" + H, 4 (electrons accepted from cathode)

The yields are good if only a sincle substance is electrolysed
Methane cannrot be prepared by this method.

Mechanism of the Reaction. The exact mechanism of the reaction is not
clear but is believed to involve free radicals. For example, formation of
n-butane, etbane, ethylene and ethyl propionaie from electrolysis of sodium
propionate solution is explained as follows :

C;H;COONa & C,H,COO- 4+ Nat

CEHEQOO' ——=> C,H,COO- 4  One electron
Propionate Free propionate given to anode
ion radical

Free oropionate radical further breaks up into the ethyl radical and
carbon dioxide (Fragmentation). |

C,H,COO*' —— C,H;* + CO,
Free ethyl radicals then give

(a) n-butane, by combination; 2CyHy' —— CyH— CoH,

(b) ethane and ethylene; by disproportionation
C,H, + CH;" —— C;H, + C;H,, and
(c¢) ethyl propionate; by combination with free propionate radical.
C,H,CO0" + C3Hy" ——> C;H;COOC,H
(v) By heating an alcohol ROH, or a carbonyl compound (aldehyde,

or ketone) with excess of concenirated hydriodic acid at high temperatures
under pressure in a sealed tube. The reduction 18 usually carried out

In the presence of a small amount of red phosphorus which regenerates
the hydriodic acid from the 1odine formed.

Red P, 420K RH 4+ HO + I
> - = M
Eccu)tll_clrl +2HI Paraflin ’
d P, 420K
CH,.CO.CH,+ 4HI - —» CH,.CH,.CH+2I,+H,0
d P, 470K _
RCOOH + 6HI ljf ——» RCH+2H;O ¢ 31,

erably ketones) may also be reduced

f
Carbony! compounds (pre ated hydrochloric acid. This reac-

\':'ith Zixic amalgam and concentr Sostios
tion is called the Clemmﬁﬂﬁen reauc 5
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2'6 ORGANIC CHEMISTRYy

e ; HY

The yield of this reduction is very good for higher alkanes,

(v$) By hydrogenation of unscturated hydrocarbons in the presemce

of finely-divided mickel at 670K—(Sabatier and Senderens Reac.
tien), |

Ni 570K 8
- _ H S ni + |
%}gi T : Par:elzé'uzlI -
Ni, 570K
Ethylene Ethane
Ni, 570K
CH=CH 424, ————> CH,;—CH,
Acetylene Ethanpe

(vi5) By the action of water on Grignard reagent (Alkylmagnesirm
dalides). An allyl halide (preferably am dodide) is heated with ary

wagnesium powder in dry ether and the Grignard reagent so obtained |
dhem decomposed by water.
Dry ether
RI 4+ Mg ——m— R—Mg—1 (Qrignard reagent)
R—-Mg—X ———4 RH +Mg\
X
C,H, H,0 OH
Mgl ——— C,H, +Mg¢
g\I = GHg + E\I
Ethylmag- Water Ethane

nesium iodide

(vitt) Long-chain alkanes can be
alkylboranes (sce page 2°29) i

Prepared by coupling
NaOH at 300K. For cxample

n the presence of AgNO, containing

2B,H,
6CH4(CH,),CH=CH ——=>[2CHy(CH.,).CH.—
l-ilj’enr.eue " Peuiglbargﬁae 1B
AgNO,
———=>3CH

NeOR ggcﬂi)acHz— CH;(CH;,),CH,

4. General Physical Properties of the Paraffins, The
parzffing from C, to Ci are colourless and odourless gases while
C, w Cis ere colourless and odourless liquids. The higher paraffins
arc solids. They are nsoluble in polar solvents like water, but
dare scluble jn non-polar solvents, :

__ €.0., Various organic solvents like
dl(,u}ml, ether and bt"n?.t*nr_ 1 heir Sululli}ity dt‘.{‘.rﬁﬂses with

incrt'f_am: n "[htil‘ molecular weights  Other physical constants (e.g.,
If}’lﬂlll{lg points, boiling points, density, etc.) show a regular grada.
ton. 1his, however, holds good only for the normal paraffins
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Melting point (K)

ALKANES OR PARAFFINS 7

The boiling points and melting points increase with 1ncrease
in the number of carbon atoms jn 4 parafin because the inter-
molecular forces increase as the molecule gets bigger. The boiling
point 1ncreases by 20-30K for each carbon added to the chain.
(See Fig. 13°1.).  The increass ip melting point, however, 18 not SO
regular. This is because intermolecular forces in a crystal depend
not only upon the size of the molecules but also upon OOW

well they fit in to the crystal lattic s dense than
water (highest density about 0'8). e. They are all less den

In the case of isomeric paraifins, the normal paraffin always
!‘J&S the higEtSt b.p. and m.p. Gcncrally, the greater the branching
in 2 paraiin, the lower is the boiling point.

Name M.P. B.P. Name M.P B.P
Methane 39K 111'6K isobutane 114K 261 K
cthane 101K 184-7K n-Pentane 143-8K 309 B
Propane 83 1K 2285K ISDDEDI&HE 113K 301'1%
n-Butane 134:7K 272°45K Neopentane 253K 282 5K

325

+00 | | 650
| ,. A e !

S50 ~
254 F
' 4S50 F
200 -~
€ 350 f /
a |
150 | /
?‘_/5' Eﬂ 250
i / =
oo b/ O 150
/ ©
{

50 f 1 i . 1 50 & _3 ). 1 ] _l |
b & .- BTART NG 20 0. A 812 16 20 22
Mumber of carbon atems Number of carbon atoms in

%o G[kane alkaneg

Fig. 13.1 Variation of boiling point and melting point with structure,

Alkanes with even number of carbon atoms have higher m.p.
than the next lower and next higher alkanes h‘avmg odd number of
carbon atoms. This is probably due to the_ fact that alkanes with
an odd number of carbon atoms have their end carbon atoms on
the same side of the molecule and the even-numbered carbon

atom alkanes have their end carbon atoms on opposite side of the
mojccules.
C G C C C
NN N N N\
Odd-numbered C-chain Even-numbered C-chain

Therefore alkanes with even number of carbon atoms pack
in a way so as to pcrmit greater intermolecular attraction and,

therefore, they have slightly higher melting points.
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4'8
The pnsition of IR absorption

; . ds on the nature
s on of Gil group (steeich) 0 —— de}t:):'rllertiarY)- Varit)?l:-
carbon atom (whether primary, gccnr.]d:ll'ybdow.
regions of absorption in alkancs arc given -

C—H Siretching absorplion frequenced =
7 ? 2950 and 2885—-2860 cm™1 (m)

—CH, 2976— ;
~CH, 20442915 and 2870—2845 cm™ (m)

>GH 9900— 2880 cm™~! (w)

5. IR Spectrum of Paraffins.

C—H Deformation absorption frequencies :
—CH, 14701435 (m) and 1385—1370 cm™? (m)

~CH, 1480—1440 cm™ (m)

Skeletal vibrations *
iSO, MC’CH_
neo, Me,C—

The letters s, w and m in the brackets given above indicate the
essence of sharp, weak and medium intensity absorptions.
Paraffins,

6. General Chemical Properties of the
Under ordinary conditions, the paraffins are quite inert towards
common reagents such as acids, alkalis and oxidising agents. It has,
however, been shown in recent years that the para Tins are reactive
if the right conditions are used. The general reactions shown by

them are given as under.

(1) Halogenation. Chlorination of paraffins is brought about
by light, heat, or catalysts (called halogen carriers, e.g., iron filings)
and the extent to which chlorination occurs depends largely on the
amount of chlorine used. For example, during chlorination of
methane in diffused sunlight, the four hydrogen atoms are succes-

sively replaced by chlorine atoms.
' CH, + Cl,»HCl + CH,Cl (methyl chloride)
CH,Cl + Cl,—»HCl + CH,Cly (methylene chloride)

CH,Cl, + Cl,—~HCl 4 CHCI, (chloroform)
CHCIly; + Cl,—»HCI + CCl;  (carbon tetrachloride)

1175—1165 cm™? (8)
1255—1245 cm™! (8)

® Hydrogen atoms attached to primary, secondary and tertiary carbon
etoms are known as primary, secondary and tertiary hydrogen atoms, respec-
tively. A carbon atom is termed primary, secondary or tertiary aceording as i?
Is attached to one, two or three other carbon atoms. For example, in the iso-

pentane given below :
P i S P
CHI""CH'—CI{r'—CH.

l
CH,

Isopentane

there are three primary carbon atoms, one secondary carbon atom d

bertiary carbon atom. In this compound there are nine primar hnn'l l':nﬂ
stoms attached Lo three primary carbon atoms. Similarly there ar; E" ye {”1‘-?’“
sry hydrogen atoms attached to one sccondary carbon atom and WO second-
bydrogen atom attached to the tertiary carbon atom. hd one tertiary
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ALKANES OR PARAFFINS G

In higher members mijx
chlorides are obtained. Acc
of eubstitution 1s tertiary hyd
hydrogen®.

Bromination is similar b S 3 '

- = A ut the reaction is not so vigorous as
chlorination. With iodine the reaction is reversible. °
I d_ 2 h CH1+IQ#CHEI+HI

oE i theFEf?FC, carried out in the presence of am
Oxidising agent such as iodic acid, nitric acid, mercuric oxide, €tc.,
whlch dEStI‘DYS the hYdriOdiC acid as it 18 formed.
‘ . 9HI + HIO,;—31,43H,0

Direct fluorination is usually explosive (cf. chlorination of

methane in bright sunlight which is also explosive).

Mechanism of Halogenation (See Part 1, Chapter 10)

Halogenation of paraffins i8 an ozidative process. Oxidation
fnvolves complete or relative loss of electrons by an atom. Refore
halogenation, the electron pair constituting the C—H bond is nearly
equally shared between the two atoms. After halogenation, the
electron pair of the C—X bond is nearer the halogen atom. The
carbon atom has thus lost some share in the electron pair and is
gaid to be oxidised.

(2) Nitration. Paraffins react with nitric acid under certain
conditions when a hydrogen atom is replaced by the nitro group,
NO, and the process is termed nitration. Nitration 1s carried out 1n.
vapour phase between 420-720K when a mixture of all possible
mononitro derivatives (obtained direct or after chain fission) is-
obtained. For example, by nitration of propane, we get

HNO,
CH,CH,CH; -» CH,CH,CH,NO, + CH,;CH.CH,
Propane 670K 1-Nitropropane l
NO,

2-Nitropropane
+C,HNO, < CH;NO,
Nitroethane Nitromethane
(3) Sulphonation. When a normal paraffin from hexane on-
wards is treated with oleum, a hydrogen atom 1s replaced by a.
tulphonic acid group, —SO,H. This process of replacement is known
s eulphonation. 'The e€ase of replacement of hydrogcn atoms is
tertiary B> secondary > primary (¢f. halqgtnatmn and nitration).
For example, sulphonation of isobutane yields 2-methyl-2-propane-
4 cid,
"ph FE;FI?):&H -{- HO.SO.H -» (CH,),C.SO4H+H,0

Oleum or 2-Methyl-2-propane-
furmning sulphuric sulphonic acid

acid (Hy,SO+S0s) ; .
{E::) (__JUMH.UHII(JN. Parallins readily burn with.

{ air or oxygen to give carbon di-
plosive mixture with air or oxygen.

tures of all possible isomeric mono-
ording to Markownikoff (1875) the order
rogen > gsecondary hydrogen > primary

Isobutane

(4) Oxidation.
a non-luminous flame 1n €XCess ©
oxide and water. They form €X
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CH,+20, » CO,+2H,0
2C,Hy+70, - 4C0O,+6H,0

(b) OXIDISING AGENTS, e.g., alkaline potassium Permangangy,
readily  oxidise 2 tertiary hydrogen to a hydrqul STOUp. Fq,
lnstancc, 1Sobutane gives tert-buty] alcohol when oxidised,

KMDO.
CH,),CH+[0] ——— (CH,),COH
gsobu"’tlﬁg +1O] Ierr-B:ilt:;l alcohol

atom 18 relatively easily oxidized because
y electronegative as compared to hydrogen and
) raction for electrons. Thus the electron density abo_ut
carbon atom i relatively high which, therefore, accounts for its
asicr oxidatiop.

the alky]
POSssess a
a lertiary
relatively

(¢) CATALYTIC OXIDATION
and ft)rmaldehyde, HCHO wher

of methane gives methanol, CH,OH
pProduces long-chain fatty acids.

€as that of higher homologues (C

(*) When a mixture of methane and diox
I8 compressed to 100 atmospheres and passed t
at 470K, methane 1s oxidised to methanol,

2CH‘+ 02 g QGH:;OH
Methano]

ed with Oxygen is passed over a heated
xide, it is oxidised to methanal,

¢He + O, ——- HCHO 4+ H,O
Formaldehyde

Manganese
(112) 2RCH, 4 30y, — 2RCOOH + 2H,O
Higher From acetate

Higher
alkane air 370-430K fatty acid

ygen in the ratio 9 : 1
hrough copper tubes

(2) When methane mix
catalyst, e.g., molybdenum o

reaction are
CO,+H20.
O 0 "‘H,O
Methanc Methanol Formaidehyde
0 l O
Coa-i-HaO-t—-—--—-HGOOH
Formic acid

(5) Thermal Decnmposition, Pyrolysis or Cracking.

When vapours of higher paraffing

are passed through a hot metal
tube (770-970K), they break up

| _ to yield smaller molecyles and
this process is called crackine, For example, on cracking propane,
the possible products are :

CsHy + H; «— CyHy —— CH,
Propene

+ C,Hy - 2CH,-+-C
Propane Methane Ethylene
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Large quantities ¢

| t high-boils i | f petroleum arc
converted into low-boil;, 5 iling fractions of p

'S Basoline by cracking.

Propene and h}*drngrn arc produced from propanc as a result

of ission of G—H linkages whereas methane and ethylenc are
obtained due to the fission of Cl—0 linkages

In i{hic cascﬂof higher alkancs_ fission of C—C linkages occurs
morfdrcn | Ld The presence of catalysts (like oxides of chromium,
vanadium and molybdenum), however, accelerates the fission of C—H

linkages. Pyrolysis in the prescnc : . -
f co the manu
acture of alkenes, [ catalysts is used in

r[:::cfji?*nfst Ir‘mch““ism of cracking is still obscure. However, out of the
pd ovnecy. Suegested, the one involving free radicals is highly
favoured by experts,

For example, in (he cracking of propane,

CHa(P:rI‘;IQCHa = CH;;CH,——-CH., + H* ——p CH30H=CHS+ Hl

pane
CH,—CH, + CH, —DroPorionation —CH, + CH,
(Free radicals) Eth:lenc : Methane
- Problem 13°1. (@) Why are alkanes inert ?
pyrolys(iz)o}yatiiﬂdn{:;;l‘;e C—C bonds rather than the C—H bonds break during

(c) Although combustion of alkenes is an e '
oug xothermic process, yet they
dburn only at high temperatures. Explain why. F ’

[Hints (a) A reactive
unshared pairs of electrons, a p
atom in which the octet can ex
are. therefore, inert. Further
high energy to break.

site in a molecule has usually one or more
olar bond, an electron-deficient atom or an
pand. Alkanes have no such reactive site and
alkanes contain only sigma bonds which require

_ (b) Bond dissociation energy of C—C bond (AH=+4347 kJ mol-1) is
liower than that of C—H bond (AH=+4415 kJ mol-1)

(c) Energy of activation (AH) being very high, the reaction is very
glow at room temperature.

(6) Isomerisation. n-Alkanes when heated with aluminium

chicride at 570K isomerise to give branched-chain alkanes. For
gxample,

AlClg/570K
CH,CH,CH,CH,CH,CH, ey >
rn-hexane Isomerisation
CHH CH3
I i
CH,CHCH,CH,CH,+CH,CH,CHCH,CH,
2-Methylpentane 3-Methylpentane

(7) Aromz=ztisation. Paraffins containing six or more carbon
aioms when heated under pressure in presence of suitable catalysts
get cyclised to give aromatic compounds. For example, n-hexane
when passed under pressure over a heated catalyst (chromic oxide
carried on an alumina support) at 750-770K gives benzene and
fiydrogen is set free.
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2'12 ORGANIC CHEMISTRY

Methane with Halogens. The order of reactivity of halogens 1
the substitution reaction is

measured by the rate at which these two substances react. Fluorine
is most reactive and if special precautions are not taken, fluorinas
tion of methane is explosive. Chlorination can be easily cont-
rolled, bromination is slow and direct iodination is very difficult.

Chapter 10 of Part I. Assuming that the mechanism for fluorina-
tion. bromination and iodination are the same as for the chlorina-
tion of methane, we can account for the order of_ reactivity of the
halogens on the basis of thermodynamic quantities AH and Eaer
for the various steps involved in halogenation in each case.

thermic and has, therelore, a high energy of activation (=4159°1
k] mol™). If rates ol reactions were dependent
fAuorine would be very unreactive,

{ollowed by thousands of chain prop
which in fluorinauon have very small energies o

result, the high acuvation energy of step (i) is not an impediment
to the fluorination reacuon, P

steps must necessarily have low energ

CH ~
'H, 7N
H,C/ CH, Cr, 0,/ Al0, H(f (T;H + th
- —>
H,(l*‘: éH. 750-770K HC CH
N/ ./
G, CH
n-Hexane RMEELR
CH
/CH, VA
H,C CH,CH, Cr,0,0AL0, HCG CCHs 4 4H
| | il 2 | | :
H,C CH, 750-770K HC CH
N/ \N/
S, CH
n-Heptane Toluene

7. Thermodynamics and Kinetics of the Reactions ?f”

Fluorination > Chlarination > Bromination >Jodination

The relative reactivity of one substance towards another {s

Mechanism of chlorination of methane has been discussed in.

Fluorination AH (k] mol™?) Eoct (k] mol~)
(i) Fy = 2F° +159°1 41591
(ss) F + CH, - HF4CH; —133'9 451

(¢i5) CHy + Fy — CH,F+F* —292°9

Overall AH=-—426"8

small

The chain-initiating step ({) in fluorination is highly endo-

only on this step,
Oue chain-initiating step is
agation steps [(12) and (ies))
I activation. As a

If a chain reaction has to pl‘uceed, the chair
les of activation. If it
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ALKANES OR PARAFFINS 213
00, the higljly reac‘tive intermediates (free radicals) will be consumed
by the chain-terminating steps before the chain progresses very far.

Overall heat of reaction, AH for fluorination is very large.
As the reaction proceeds, heat of reaction accumulates in the
reaction medium raising its temperature thereby. At higher tem-
peratures there will be more chain-initiating steps and thus
additional chains will be formed.

These two factors, viz. (1) the low energy of activation for the
ehain-propagating steps and (i1) the large overall heat of reaction
(AH), account for the high reactivity and explosive violence with
which fluorine reacts with methane.

Chlorination AH (k] mol™) FEae (k] mol™)
() Cl, — 2CI +242°7 +242°7
(1) CI'+CH, - HCI+CHy,’ +4°2 +15°9
(v1s) CH; +Cl; - CH,;Cl14+Cl* —106°7 small

Overall AH=-—102'5

On the basis of thermodynamic quantities AH and Easct, we
s#an explain why fluorination is more rapid as compared to chlon-
aation as follows :

() Higher energy of activation of the first chain-propagating
step 1n chlorination (Eset=+15'9 kJ mol~?) as compared to that of
the corresponding step in fluorination (Facr=+5"1 kJ mol™?).

(11) Greater energy required for the chain-initiating step in
shlorination (Esct=+242'7 k] mol™! as compared to much lower
Becr=+159']1 k] mol~? for fluorination) also has some effect.

(111) Most important role is played by the much greater
overall heat of reaction in fluorination (AH=—4268 k] mol™ as
compared to —102°5 kJ mol™? for chlorination).

Bromination AH (k] mol™) Egse (k]J/mol™?)
(1) Br, - 2Br* 41925 +192°5
(s1) Brr4+CH, - HBr + CHj; +69 +77°8
(sis) CHy + Bryg - CHgBr + Bre —100°4 small

Overall AH=-—314

First chain-propagating step In bromination has a very
bigh energy of acuvavon (Kace=+477"8 k] mol™ in contrast to

+159 kJ mol™ for chlorinatuon). In comparison to chlorine
bromine is. therefore, much less reactive towards methane.
lodination AH (k] mol™?) Kacs (XJmol™t)
(1) [, = 2I" + 1507 +1507
(ss) I'+CH, -+ HI+CHy + 1297 +140°2
(855) CHy 413 —» CHgl+ 1! — 837 small

e o e ——

Overall AH=+446"0
First chain-propagating step in iodination has much higher
energy of activation even when compared to bromination (1402,

S 191QadD) 23:04A®
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Reaction in polar solvents proceed through heterolytic fission.

Example : Alkylhalide + OH™ Alcohol + X~

R-X+OH —> R-OH+ X"

\fechanism
R—S( —> R'+ X
R'+OH  ——————> ROH

Reaction intermediates

Reaction intermediate is a discrete species that is formed during the
conversion of reactants into products in a reaction. These can be detected
or even isolated. | |

There are three types of reaction intermediates (i) radicals (ii)
carbocations or carbonium ions and (iii) carban ions.

Free radicals
Homolytic fission of bonds produces species called radicals. Radicals

have unpaired electron.

Eg., RC-X ——> R,C + X
Radicals

Methods of fﬁrmation 2

a. Photochemical fission : | | | |
When electromagnetic radiation falls on amolecule, it is absorbed by.

the molecule causing bond fission. E.g., Acetone, etc., undergo such
photochemical fission. '

H,C-CO-CH,—> H,C' + 'CO-CH,CO+CH,

b. Thermal fission :
Organic compounds on pyrolysis give radicals

rL,
L Pb(C,H,), _—> Pb sk 4C2H5'
eadtetracthyl Ethylradical

Scanned by TapScanner



92

ii. CH-N=N-CH,———> 2CH’ +N.
Azo Methane Methyl radical f

m. CH, COOOCOCH, ——> 2CH,CO0*
Benzoyl peroxide Benzoate radical
——> - 2CHS . I
Pheny radical

V. (CH3)3COOC(CH3)3 —_— 2(CH3)3CO'
D1 - tert - butyl peroxide '

———> 2CH,"+2(CH,),CO

e. Oxidation or reduction reactions -

E.g., In Kolbe’s reaction, an aqueous solution of the alkali salt of hif_'
fatty acid is electrolysed when alkanes are formed. >

—2e” -2CO, |
' . _2 g
- 2RCOONa == 2Na” +2RCOO" ——>2RCOO0°"———>2R"
At anode b
Detection : o -
i. Paneth mirrotechnique: - | - .

of lead tetramethyl has been detected by this technique. The apparatus 2
used is shown is Figure.

The presence of the methyl radicals from the thermal decomposition

[ead tetramethyl is a volatile liquid. The apparatus is evacuated. H,

gas a | mm pressure is passed over the liquid. It mixes with the vapours

*  of lead tetramethyl and carries it through- the tube. The gases are sucked
by a pump at the other end. A furngce F is first p]‘aced*at position M a;ld
the mixture is heated. After sometimes a I:?ad mirror lS}fjePOSlteq at : 3
Now the furnace is moved to M’. A new mirror is deposited at M". The

original mirror at M slowly disappears.

; o
il
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| EL
F

LTM = Lead Tetramethyl, M and M’ errors
P = To Pump; F = Furance

LT™M

This phenomenon is explained as follows : First lead tetraniethyl
decomposes on heating to form lead and free methyl radicals. The lead is

deposited as a mirror at M. The methyl radicals are carried away by H,,.
When the furnace is moved to M’, decomposi_tion takes place at M'.

Pb(CH,), _—> Pb +4CH,"

Mirror

So. the mirror is formed at M’. The methyl radicals on their way to the
pump recombine with lead at M. So the mirror at M disappears.

Pb+4CH,”——> Pb(CH,),
The technique is used to detect radicals.

ii. From electron spin resonance speciroscopy :

Because of the presence of an unpaired electron, radicals may be
detected by means of electron spin resonance spectroscopy. The sample
is placed in e.s.r. spectrometer where a plot of the first derivative of the
curve of absorption against magnetic field is recorded. The specturm will
be as shown in figure,

The sensitivity of e.s.r. spectroscopy for detection of radicals is high.

A concentration of 107'* M of radicals can be detected, Identification of
simple hydrocabon radicals is possible by the analysis of the fine structure
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in their spectra. If there are n interacting protons in the radical, theu s
be (n +1) resonance, lines (E.g., Methyl radical shows four reson;
lines).

—_—
1

S = Signal, H = Magnetic Field

iii. From paramagnetic susceptibility measurements : o
Because of the presence of an unpaired electron, radicals may e
detected by means of magnetic susceptibility measurements.

measurements help us to detect the extent to which a substance exlsts
‘the form of radlcal |

Radical reactwns .

a. Combination :

Radicals may undergo dimerisation. Two dlfferent radicals combi ;
on colliding with each other. |

cr+cr _.._>01
CH +CH," —)CH ~CH, |
CH, + €I’ —-__f>cn Vo) e F R ';

‘I‘r 1,
Ty .I ' :
: ‘_-"d' £, * ‘: P J% i F djml
.f'_,."f""i ’ 'r"f.ﬂ., -5 f ,rf’
1 4
1.!'
JF.'.*"?'.-F-! !’&:ﬁ

;ubst;tutlon reactions follow this type only. Most of
tqtigri reacpons are chain reactions.

L
11,'\51- '
] ""‘!l- 11&
- i

I| !"‘#' ”l' hh'r .'-.

g _'£ f# 1 ijdrogen between two radicals. This

> sin co 1t im'olves ﬁsswn of one bond
!ﬂ* X |

. i.-; 'K L3 '-.
L ”‘," :,@ ' CH ~CH, + CH, =C}

L] N
. !
i -
ﬂ 1! :*- _ \ ._";F'* :"
AR b ) % ok P
Fae it

L4 Il l'l

T f 3 s e _',,:-? -
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Abstraction :
Radicals may abstract an atom (usually a hydrogen atom) from a
aturated orgamic compound.

(s

E-g! CH3. '+ | H TS C2H5 . _% CH4 T C2H5.
Methyl radical Ethane | Methane  Ethyl radical

CI' + H-CH, ———> HCl+CH;’

In general the reaction will prdceed if the energy of the X — H bond is
oreater than the energy of the H— R bond because in that case products
are more stable than the starting materials.

X* + H— R——— X H R

i Addition to multiple bonds : ,
Radicals add to other molecules having a multiple bond producing,

new free radicals.

'Eg, CH,—CH-CH,+ B’ ——> CH,~"CH-CH,Br
Propylene radical . " Another radical

e. Fragmentation :@ |
Certain radicals undergo fission resulting in the formation of a new

radical and a non radical fragment.

Eg., i. CH=COD i o Ges g 0
Benzoate radical . Phenyl radical -

1. C2H5—COO' s ' C.H. + CO,
Propionate radical Ethyl radical

Stability of Free radicals 3
When an alkane dissociates into radicals (R — H —» R* + H') energy

equal to its bond dissociation energyhas to be supplied to it. This
increases the potential energy of the radical.

Smaller the bond dissociation energy, greater the case with which
the free radical is formed and less will be its potential energy making it

more stable.

Scanned by TapScanner



- 96

Bond dissociatiorn energies of some radicals.are as follows:

'I
"1.

i
e | FY
w L

CH, ~H e CH{ +H ~ ;AH=435.1k} f‘ |
Methane  Methyl radical ~

CH,-CH,-H——> CH,~CH," +H" ;AH=41lkj &

.

Ethane Ethyl radical
(Primary radical)
(CH),CH-H———> (CH),CH' +H'  ;AH=3955k) 48
Pmpa::le Isopropyl radical | 2
(Secondary radical) £/
SACH)CH —eiy. (CH,),CY +H ,AH=3807k]
- Isobutane  Tert. butyl radical £ TN i
* (Tertiary radical) =

.1‘_{. .

In the above series, dissociation energy decreases and hence poten jal
energy decreases as we pass from CH," to (CH,),C" radical. With decre
In potential energy the stability of the radical increases. Hence stabi
of the radicals increase from CH," to (CH,),C" .

Thus we see that their relative stabilities are in the order

(CH,),C’ >(CH,),CH’ > CH; ~CH.; >CH,’
Tert. butyl Isopropyl . Ethyl Methyl

In general the stability of radicals is in the following order.
tertiary > secondary > primary > emthy]

The case of formation is also of the same order. That is, the more
stable the free radical, more easily it is formed. | |

The stability of the radicals many also be attributed to resonance.
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The stability of triphenyl radical is attributed to resonance. A large

Jumber of resonating structures contribute to the resonance hybrid.

carbocation (Carbonium ions)
Dgﬁnirion :
when R is a positive group in which the carbon atom carrier a
-ve charge, i.e., lacks a pair of electrons in its valency shell, the
i« known as carbocation.

Explanation with examples :
[et us take the example of heterolytic fissionof C — X bond present in

an Organic compound. If X has greater electronegativity than the carbon
stom then X takes the bonding pair of electrons along with it, during the

fission. Correspondingly, an ion with a positive charge on C is got.

H H
| heterolytic |
R-C-X ——> R-C"+ : X
| fission |
H H

ning a positively charged carbon centreis called a

Such an ion contal
ion. E.g., CH, - methyl carbocation :

carbocation or carbonium
CH,~"Chy Ethyl carbocation.

Methods of formation

1. By heterolysis :
(CH,), CX — > (CH3)3C+ + X~
t - butyl halide t - butyl cgtion

». By protonation of alkenes

H+
CH, =CH, —2 “‘CH, - CH’

3. By protonation of alcohal
H” -H,0
R+

R-O-H —> R-"OH, —_—>
Alkyl cation
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4. By decomposition of certain compounds like benzene diazoniym
chloride. |

~Cr N
2
CeHN,Cl ——> CHN,'—>  CH,’

Phenyl cation

Reactions of carbocations :

Carbocations very reactive reaction intermediates. This is because
the carbocation contains a positively charged carbon atom which has
only six electrons in the outer most shell. Such a species has a marked
tendency to complete the octer. So a carbocation combines readily with

any susbtance that can donate a pair of electrons, (nucleophiles) to
complete the octet. | |

After the carbocations are formed they react further and get stabilised
as follows. | " |

I.  Elmination of porton : . - . ;

A carbonium lon may lose a proton and become an alkene. The
proton is lost from an o - carbon atom. - |

Cond. H,S0,
E.g., Ethyl alcohol' ———> Ethylene
160 —-170°C |

Mechanism :

- 4 #
(TN

. H,80, . % HiOt PR < o
LR ORI e CoHON, | —=—3 CH — CH = CH,

2. Combination with nucleophile :
A carbonium ion may combine, with a nucleophile.

E.g, Teritiary butyl bromide —K%—) Tertiary butyl alcohol
Mchanism :
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M‘,]ccular rearragement :
A carbonium ion may undergo molecular rearrangement

. H'
E. e Pma';:oll) ———>  Pinacolone
etramethy (Trimethyl acetone)
dihydroxyethane ' "
ot | " _H.O

(CHy), -C-C-(CHy), —> (CHy), —C'C#(CH3)2—2_>

| _ ]
OHOH +0H20H

(CH,), —-C"-C—(CH,), — 3 (CH,),C-€"-CH,

| |
OH OH e OH

~H*
¢ sty (CHL ) Lo COCH,

This rearragement is known as pinacol - pinacolone rearrangement.

Stability of carbocations :
. Electron donating subtituents ‘hcrease the stability of carbonium

ions and electron with drawing substitutents decrease the stability of

carbonium 10ns.

[f alkyl groups ar€ attached to the positively charged carbon atom,

they have an electron releasing effect (+ 1 effect). so alkyl groups reduce
the positive charge of the carbon atom to which they are attached. Thus

alkyl groups stabilise carbonium ions.

Carbocations are classified into primary, secondary and tertiary

carbocations.

H H R R

| | | |
H-C' R-C° R-C’ R-C°

| |, | |

H H H R
Primary Primary Secondary Tertiary
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A tertiary carbonium ion has there alkyl groups. So it is more stable‘.'

than a secondary carbonium ion with two alkyl groups. A secmdary-
carbonium ion is more stable a primary carbonium ion with only one alky) $
group. Methyl carbonium ion has no methyl group. So it is the leaatf'-
stable carbonium ion. Thus the stability of carbonium ions decream_,
inthe following order :

tertiary > secondary > primary > methyl

ii. The stability of carbonium ions is reduced by electron attl'actmg_- |
groups like - NO, > C = O etc, If they are attached to the carbon;j
containing the posntwe charge. 4

| | .
02N — « C" less stable than H - C” s '"

e
, ""!.'_Ii

ii. Carbonium ion becomes stabilised if the positively charged atom i 15

attached to another group which delocahse the positive charge by

resonane. -
E.g., The order of stability of the following carbonlum 10ns IS asﬂ

shown below : _ 2

propyl < Ellyl < benyl

.CH,CH,"CH, < CH=CH—+CH < @iCHz

In propy] carbonium i lon, resonance is not possible. In allyl carbonium
ion there are two canonical structure posmble So it is more stable then

propyl carbonium ion. In benzyl carbonium ion there are five canomcal
structures possible. | 2

'l-.ﬁ‘;'. I' -I- t i i .\_pi;"ri_ﬁ.;ll 1"_*..' E
I G ..,"(-F;'-*"l_l'!. 5
e S

A s + CopmTa
CH, =CH-CHy; «—— CH,—CH = CH,

4 | | _
. X .
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s e
Hence, 1f is the most stable of the three carbonium ions. Resonance

hecomes possible tliecallsc the carbonium ion carbon is in an sp” hybridisd
ate and hence 1s flat. It has an unhybridised p orbital which is
crpendiclflar to t'he plane of the molecule. So the pi electron of the
penzene ring casily undergo resonance with the carbonium ion and
«abilise 1t.

Carbanions

Definition :
When R? 1s a negative group in which the carbon atom carries the
‘negative charge, 1.e., has an unshared pair of electrons, the group is known
as carbanion.

Explanation with examples :
Let us take the example of heterolytic fission of a C — X bond present

in an organic compound. If C has greater electronegativity than X, than
C takes the bonding pair of electrons along with it during the fission.

Correspondingly an ion with a negative charge on C is got.

H . - H
| heterolytic |
BN e B O N
l fission T
H H
Carbanion

Such an ion containg a negatively charged carbon centre is called

carbanion.
E.g, CH,—LCH, - Ethyl carbanion
G
»: I opvl carbanion
CH,—L. H SO propy

Methods of formation :

By removal of an atom or group

Ph,C - H + Na* NH, ————> PH,C'Na"+ NI,

&
L.
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il. By decarboxylation %

R ~CO0" ey R4+ CO,

Reactions of carbanions : | ; R
They are very reactive intermediates. They readily combine with

any species which takes up a pair of electrons (electrophiles).

After carbanions are formed they react further and are stabilised ag
follows :

I. Addition reactions |
Carbanion + Carbonyl group of an aldehyde or ketone —————> Product

~OH" - -
E.g., Acetaldehyde ————> Aldol -fi
Mechanism | & }
: . o
OH CH, CHO E
H,0
O-
CH, ~CH-CH,CHO === CH, CH(OH)CH,CHO
— OH"

A number of the condensation reactions like Clasien condensation,

Perkin condensation are also good examples of addition reactions of
carbanions. | | | '

2.  Substitution reactions :

Sodium salt of malonic ester + alkyl halide alkyl

substituted malonic
ester. |

H,CZOOC\C“ - “HC00C,
HNa" + CH,] ——>

H-CH,+Nal
3 |
H,C,00¢” H,C,00C |
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echanis™m -
EtOOC .
£100C \C " C,H, ONa \(?HN + CH,]
/ 2 ) / d ﬁ
£100C EtOOC — Nal

‘ EtOOC \C /H

eooc”  NCH,

The synthetic applications of malonic ester acetoacetic ester and

cyanoacetic ester are based on the fact that carbanions are easily formed
from the esters.

Stability of carbanions :

L Electron donating substitutents decrease the stability of carbanions

and electron with drawing substitutents increase the stability of
carbanions. . |

[f alkyl groups are attached to the negatively charged carbon atom,
they have an electron releasing effect (+I effect). So alkyl groups increase
the negative charge of the carbon atom to which they are attached. Thus
alkyl groups decrease the stability of carbanions.

A tertiary carbanion, has three alkyl groups. So it is less stable than
a secondary carbanion, with two alkyl groups. A secondary carbanion, in
turn is less stable than a primary carbanion with only one alkyl group.
Methyl carbanion has no methyl groups. So it is the most stable carbanion.
Thus the stability of carbanions decrease in the following order.

Methyl > Primary > Secondary > Tertiary

ii. The stability of carbanions is increased by electron attracting groups
like - NO, > C=0Ocetc., iftheyare attached to the carbon containing the
negative charge.

| - |
OQN#(—C:” more stablethan H—-Cs
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. Carbanions becomes stabilised if the negatively charged atom is
attached to another group which delocalises the negative charge by

resonance.

E.g., The order of stability of the following carbanions is as follows_

propyl < allyl s benyl
oo - 5 oo __'éH
CH,CH, CH, < CH,=CH- CH, < 2

In propyl carbanion, resonance is not possible. In allyl carbanion,
there are two canonical structures possible. So it is more stable thap
propyl carbanion. In banzyl carbanion five canonical structures are
possible. Hence it is the most stable of the three carbanions.

N o T
CH, = CHQZHz «<— C(H,-CH=CHj,

( :CH, CH, £2 Q'CH2 . 3 CH, q
(E EI —:E j ) E jl—- . : =

J--":._‘_"

L

A 1%
A&

-m. f

L

Resonance becomes possible because the carbanion carbon is in an

-1

sp’ hybridised state and hence it is flat. It has an unhybridised p orbital
‘which is prependicular to the plane of the molecule. So the i)i electrons of
the benzene ring easily undergo resonance with the electrons on the
carbanion and stabilise it. - | .

Carbenes : | |
Carbenes are neutral species having a carbon atom with two bonds

and two electrons.

-C - From example : Methylene (H,C3)
Carbenes are highly reactive. They act as strong elcctrophifles'f |
because they can accept a pair of electrons to complete their outer shell.
:“_f

'Ilr_ .
" W N "

Scanned by TapSanner



105

By -eaction of chloroform in the presence of a strong alkali on

Wi | 7
CHCL, + ROS ROH +CLC:

c1,Cs —— CL,C3+ Cie

, By decomposition of diazomethane or ketene in the presence of UV

i

light.
s
HC=N=N_T> HCi+N
Diazomethane

Reactions :
An important reactio
carbon - carbon double bond

n of carbenes is their addition to 2
to form a cyclopropane derivative.

4
g ON: Dl - H—XHZ

CH,-CH=CH, = +CH,N,

Propene Diazomethane Methylcyclopropane
Nitrenes : | |
alogs of carbenes. Nitrenes are too

Nitrenes, R-N are the nitrogen an
reactive for isolation under ordinary conditions. Alkyl nitrenes have been

‘colateld by trapping in matrices at 4K, while aryl nitrenes, which are less
reactive. can be trappepd at 77K. The ground state of NH and probably of

most nitrenes, is a triple, though nitrenes can be generated in both triplet

and singlet states.
In additions of Et

involved.

0OC — N to C = C double bonds two species are
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R-N R - Ne

Singlet Triplet

One of which adds stereaspeciﬁcally and the other not. By ana| ogy

with Skell’s proposal involving carbenes these are taken to be sing|et ang
triplet species, respectively.

Formation : |
The two principal means of generatin

those used to form carbenes. .

g nitrenes are analogoys ¢,

L. El:'minatfonl :
When sulphonyl derivatives in presence of a base underg,

elimination to form nitrene.
| | base

R —N ~0SO,Ar > R-N+B-H+ArS0,0"

|
H

2. Breakdown of certain double bond compoun'ds : |
The most common method of forming nitrenes is photolytic or thermal

decomposition of azides.

R—N=N=N—2— R—N + N,

azides

Properties : - | ™ |
The reactions of nitrenes are also similar to those fo carbenes. As in

that case, many reactions in which nitrene intermediates are suspectt':d
probably do not involve free nitrenes. It is often very difficult to obtain
proof in any given case that a free nitrene is or is not an intermediate.

]. Insertion: A L
Nitrenes, especially acyl nitrenes and sulfonyl nitrenes, can Ine

into C — H and certain other bonds, e.g.,

H

R’-C-N+R,CH :a--R"—C—l\E—CR3

|
! 0
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Carbon - Carbon double bonds :
), Addition to C = C bonds

|
R“‘N+ R2C=CR2——-—} RZC):I\CRZ (
alkene cyclic compounds

. Rearrangements :
~ Alkyl nitrenes do not generally give either of the two preceding
-actions because rearrangement is more rapid. e.g,

R—?H—E———-} RCH =NH
H

‘Such arrangements are so rapid that it is usually difficult to exclude
the possiblility that a free nitrene was never present at all i.e., that
migration takes place at the same time that the nitrene is formed.

4. Abstraction e.g.,
R-N+RZH-———3 R-N-H+R

5. Dimerization:
One of the principal reactions of NH 1s dimerization to dimide N, H,.

Azobenzenes are often obtained in reactions where aryl nitrenes are

implicated.

3 A Wi AR =N =N A

[t would thus seem that dimerization is more important for nitrenes

than it is for carbenes, but again it has not been proved that free nitrenes

" are actually involved.

Arynes (or) Benzynes : | ‘
Arynes are also called benzynes. Benzynes are very reactive

ntermediates and they are not isolated under ordinary conditions. Benzyne
has been isolated in an argon matrix at 8K, where its IR spectram could be

observed.
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The presence of extra pair of electrons does not affect the 3T0maticity_
of ring. The original sextet still functions as a closed ring and the two:f_
additional electrons are merely located ina 7 - orbital that covers Only ,
two carbons. The benzyne intermediate 15 stablished by the resonance |

Formation : When chloro benzene is treated with potassium amide twu":.__

types of amines (a) and (b) are obtained. This can be explamed only by_‘f |
the formation of benzyne intermediate. This reaction involves the

following two steps. e b
| Bl

e

. a o

— e S

Step - 1: + NH, = |_+ NH, +_Cl_ ;f
H | | -

chloro ~ Benzyne R

benzene

- ]

amines

The symmetrical benzyne mtermedlate can be attached by the H. a
either of the two positions forming the products (a) and (b).

a‘.‘
i..
-
-._f
¢ : 3

-
Ve

G
twd

¥
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-HERMODYNAMICS AND KINETIC ASPECTS

qammond’s postulates

The precise structure of an unstable Intermediate is far better
qnderstood than the transition state. It is helpful to regard an intermediate
1s a model for the transition state which reflects on the rate of a reaction
Thus the transition state may have some character of the intermediate

formed In a reactmn The Hammond postulate states that the structure of

the transition state for a reaction step 1s closer to that of the species to’

which 1t 1s closer in energy. The application of Hammaond postulate to
explain pregio selectiving of bromination versus chlorination.

Kinetic isotopic effects

Chemist use different experimental techniques to reach at most

possible mechanism for a reaction. The mechanism ofthe SN', SN2, E1, E2
reactions are based on knowledge of the rate law of the reaction.The
relative reactivity of the reactants and the structure of the products formed.

Another powerful experimental evidence to investigate the mechanism of

a reaction 1s the deuterium kinetic isotope effect. The ratio of the rate

constant observed for a related compound in which one or more of the

hydrogens are replaced by deuterium an isotope of hydrogen.

KH Rate of H contain reason
Deuterium kinetic isotopic effect = =

KD Rate constant for
D-containing reactor

Energy profile diagrams

Organic chemistry generally represents the course of a reaction

through an energy profile diagram. The interpretation of simple SN? is
grown 1n figure.
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+
H | H T
Qe | o—>| H —I'(;.F awan o 0.0 j teCl
H H H
Back side S, transition state Loss of leaving
attack of Na- group
HO. 4+ CH.C
@ Reactants
gk ety e wiw Ttk
2 Ag =-24
kcal mu:';l_I
Free ENnergy e CH;OH T CI-
change Products

- Reaction co-ordiante

A potential energy diagram for the reaction of methyl chlﬁrfde
with hydroxide. The energy profile diagram is applied to the concept of
transition state and activation energy. This is useful energy profile dlagram 7-5
for one step reaction without intermediate. For the reaction to occur, free
energy of activation AG_* must be added. The vertical axis of the energy :'

profile depicts the total free energy of all the species involved the reaction.

The horizontal axis is called the reactmn co-ordinates which reflect the
progress of the reaction.

Product analysis

A mechanism proposed for a reaction must account for all"
products as well as for their relative properties. Olefinic double bond
react with per acids to give epoxies and the reaction is an electrophlhc'

< o U8
.il l‘.
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¢

ottack on the olefin. Electron releasing group in the olefin and electron is

an electrophilic attack on the olefin.

N H \C/ ' \
20 + o0
T,
C 208 —QH H ol
R” _.-Q
' A carbocation Epoxide
Actene  Per intermediate

acid

Crossover experiments

Intra or intermolecula
ing out the reaction on a mixture and then the

r name of a rearrangement can often be

demonstrated by carry
s. For example Hoffmann reaction.

anlysing product
RCONH, ——RNH,
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