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Lecture 1

Atomic Structure

Man has known the fact that matter is composeceof very small particles since ancient times.
It is generally accepted that the concept that enatt discontinuous and composed of tiny
particles was first given by the Greek philosophefsthe fifth century BC, Leucippos and
Democritos. It is notable that Plato and Aristalld not believe in the existence of atoms and
regarded the matter as continuous. Later in 10@B®man poet Lucretius illustrated the idea of
atom by his poetry. The word atom is from Greekdgda’ meaning ‘not’ and tomos meaning
divisible. Thus, the meaning of atom is the pagtitiat is indivisible.

In 1808, John Dalton (1766-1844), an English sdeacher put forward the concept of atom on
the scientific grounds. He proposed that the elesefiatoms that are indivisible.

Today, the atom is defined as the smallest part€lan element that can enter into chemical
reactions.

Atom is not indivisible. It is, in fact, a tingrganized systemonsisting of smaller particles. These
smaller particles that make up the atom are calgzhtomic particles. Subatomic particles of
fundamental importance are electrons, protons autrons. These particles combine together in
varying number to form atoms of different elements.

The number of protons in its atoms is the charestteproperty of an element. All the atoms of

an element have the same number of protons. Thasatd different elements have different

number of protons. A neutral atom has as manyrelestas protons. Number of neutrons is not
fixed. Generally, it is equal to the number of prat in the lighter atoms, and much higher than
the number of protons in the heavier atoms. Atorhshe same element can have different
number of neutrons. Such atoms are called isotdypest elements have two or more isotopes.

DISCOVERY OF SUBATOMIC PARTICLES

Now, the question is how were electrons, protons, meutrons discovered? There are a number
of experiments that ultimately led to the discovefyhese particles and their arrangement in the
atom. These experiments include:

. Passage of electricity through solutions
. Discharge tube experiments

. Radioactivity

. Chadwick’s experiment

. Spectroscopic studies

PASSAGE OF ELECTRICITY THROUGH SOLUTION —ELECTROLYS IS

There are numerous substances that pass electnigtution or in their molten state. They are
called electrolytes, and the process is calledtralgsis. Electrolysis was thoroughly studied by

1



©Copy right Virtual University of Pakistan

an English scientist Michael Faraday (1791-186hpwn 1832-1833 found out the relationship
between the quantity of electricity passed throdlgé solution and the quantity of matter
deposited at the electrodes as a result of theagas¥ electricity, and put forward his two famous
laws.

Faraday’s experimental results led George JohneS8ione Stoney in 1874 to conclude
that electricity like matter is discontinuous arahsists of particles. In 1891, he gave the name
electronto this particle of electricity. (Electron is ad&&k word for ‘amber’ which is electrified
when rubbed with wool).

Discharge Tube Experiments
(Crookes tube Experiments)

Discharge tube experiments provided strong evidémcte existence of subatomic particles. A
discharge tube is a glass tube having two electredaled in at each end. It is connected to a high
voltage battery to provide required voltage and t@cuum pump to evacuate air or gas from the
tube.

Since William Crookes, a British physicist, was tfiest of several scientists to construct
discharge tubes, these are also known as Crookes.tu

Working: At ordinary pressure, electricity does mpatss through the tube since gases are non-
conductor of electricity. As the gas or air frone tlube is gradually evacuated with the vacuum
pump, pressure decreases in the tube; a numbatepésting phenomena are observed one after
the other.

When the pressure is reduced to a very small yatmind 0.01-0.001 torr, an electric
discharge takes place producing a uniform glowdes$he tube. Experiments have shown that it is
due to a radiation emitted from the cathode, whiatels towards the anode. Because the rays are
emitted from cathode they are given the name cathags. Now the question is what are these
cathode rays? The cathode rays are the streametections emitted from the cathode. All
electrons have the same charge and mass; thay adlemtical.

CONCLUSION

All atoms contain smaller particles called elecsro All electrons are identical. An
electron is a negatively charged particle. Its ghas —1.6 x 18° coulombs. An electron is an
extremely small material particle with a mass df 9102 grams.

DISCOVERY OF PROTON

In 1886, E. Goldstein, a German physicist discedethat in addition to cathode rays,
another type of rays is also produced in the digghéube which travel in the direction opposite
to that of cathode rays. The rays were given timeeneanal rays as they passed through the canals
of the cathode. These rays were made up of pdsitsiearged particles. These particles are
formed due to theonization of the atoms or molecules of the gas present intube. In the
discharge tube, cathode rays, the electrons, eollidh the atoms or molecules of the gas in the
tube and knock out one or more electrons from tlaems or molecules leaving them with a
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positive charge. When an atom or molecule losesasrmaore of its electrons, it acquires a net
positive charge equal to the number of electross. IBor example, hydrogen and helium may
produce H? and Hé ions. They may also producé Bnd Hé" ions.

Thus, positive rays are the stream of positive minthe gas present in the tube that are produced
due to the ionization of their atoms or molecules.

Out of all positive ions obtained from differentsga, the lightest ion was that of hydrogen. This
ion, H', was named agroton (Greekprotos ‘first’) by Rutherford in 1920. It carries a clyar
equal to that of an electron but opposite in sigre ions produced from all gases in the discharge
tube have been found to have charge that is irtegrkiple of the charge of a proton {lbn). It
shows that atoms contain one or more positivelygddparticles, the protons.

J.J. THOMSON'S MODEL OF ATOM

By the end of the nineteenth century it becamelalr that atoms consist of negatively charged
electrons and a positively charged part, but it maisclear how atoms are constructed. In 1898,
J.J. Thomson suggested that an atom might be &vebsicharged sphere in which negatively
charged electrons are embedded. This model ofttme @ sometimes called the “plum pudding”
model. Of course, it was based on insufficientrimfation and soon found to be incorrect.

Today, it is known that neutron is a neutral péetisith mass 1.008665 amu or 1.675x1@.
The nucleus of every atom contains neutrons alaihggriotons except ordinary hydrogen, which
has no neutron.

Rutherford’s Experiment

In 1909, Ernest Rutherford, with Hans Geiger andeBt Marsden, performed a very important
experiment. In their experiment they shot a strefmmgh-speed a-particles at very thin sheets of
various materials such as gold. They observedmiwst of the a-particles (about 99.9%) passed
through the sheet without any deflection. Howewnme particles deflected through various
angles, and a few almost completely reversed thgction.

Rutherford’s atomic model: To explain the resuftiis experiment, Rutherford in 1911 proposed
an atomic model. The main points of his model aréolows:

An atom consists of a nucleus which contains almbbshass and all positive charge of the atom.
Around the nucleus, there are electrons which reva@round the nucleus just as the planets
revolve around the sun.

Light

Atomic spectra have greatly helped us in understanthe electronic structure of the atom. The
light emitted from an atom gives us information atite electronic structure of that atom.

Light has many forms such as visible or white ljghtraviolet light, infrared light, X-rays and y-
rays etc. all these forms of light propagate thiosgace as electromagnetic waves. Like all other
waves, electromagnetic waves are described in tefntkeir velocity, frequency, wavelength,
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and amplitude. The wavelength(lambda), is the distance between two successigstror
troughs of the wave. The frequency, v (nu), isribenber of wave crests or troughs that pass a
given point in one second. Light travels with astant speed of 3.00 x 108 m/s, c. Frequency is
inversely proportional to wavelength at constambeiy. Thus,

v 3¢/

All electromagnetic waves have the same speedanesput their wavelengths and frequencies
vary. The wavelength of the visible or white lightabout 400 to 750 nm, (4000 to 7500A0)

Continuous spectrum

A spectrum is a display of component colours (ovelangths) of radiation on a screen or
photographic plate. Visible light is composed ofmaxture of electromagnetic waves of all
wavelengths (frequencies) ranging from about 40Gm@60 nm. When a narrow beam of visible
light is passed through a glass prism it is spr@atdinto a band of colours ranging from long-
wavelength red light to short-wavelength violethlig A prism refracts light to different
wavelengths through different angles and thus dégsethe beam of light into its component
wavelengths to form a continuous spectrum. A camtirs spectrum contains all the wavelengths
present in that range. All the colours are pregenbntinuity and there is no demarcation or dark
band between them.

Atomic Spectrum

When an element in its atomic form is heated, ittemadiation. If a beam of light emitted by a

sample of an excited element is passed througlisepa spectrum containing only a few lines

(wavelengths) is obtained. This spectrum is knowrma dine spectrum. Since the light is emitted
by atoms of an element, the spectrum is also calleditomic emission spectrum (or simply

emission spectrum or atomic spectrum). The darkonsgof the spectrum correspond to the
wavelengths for which light is not emitted. On titber hand, if we pass a beam of white light
through a sample of unexcited gas (any elementaBegus state) and the transmitted light is
passed through a prism, the spectrum obtainedlledcan absorption spectrum. The absorption
spectrum of an element is also a line spectruns the photographic negative of the emission
spectrum. The absorption spectrum of an elemeks|dwse wavelengths that are present in its
emission spectrum.

Significantly, each element displays a characierisét of lines in its emission or absorption
spectrum. An element emits the same wavelengths ithabsorbs. Thus, the emission or
absorption spectra can serve dmderprints on the basis of which the elements can be
identified.

Atomic Spectra of Hydrogen

Hydrogen is the simplest element. A number of dEenstudied the emission of radiation from
hydrogen atom. The atomic spectrum of hydrogenistmef several series of lines.
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Planck’s Quantum Theory of Light:

In 1099, Max Planck proposed a revolutionary theabput the nature of light. The theory
successfully explained several observations coimogthe interaction of light and matter, which
could not be explained by the wave theory of ligfhte theory is called Plank’s quantum theory
of light. It states:

1) Light is emitted or absorbed by matter discontiralpun the form of discrete packets or
bundles of energy called quanta (singular quantdingse quanta of light are also named
as photons.

2) Each photon of light has a  particular amounepérgy which is proportional to the
frequency of light.

Here E is the energy, v is the frequency, ? isstheelength, c is the velocity of light, and h ig th
constant of proportionality called the Planck’s stamt. Its value is 6.63 x 0joule second.

The Planck’s quantum theory, thus, says that lightliscontinuous and consists of discrete
particles called photons. The light (energy) isaabed or emitted by a substance in the form of
these photons.

Bohr's Atomic Model

Keeping in view the Rutherford’s atomic model, fkanck’s quantum theory of light, and the
results of the studies of atomic spectra, NeilsrB@B85 — 1962), a Danish physicist, in 1913 put
forward his model of atomic structure. The postsatf this model are as follows:

1. Electrons revolve around the nucleus in cerfixi@d orbits,or stationary stateslt means
that the energy of the electrons is quantifiedt tkaan electron can have only certain
discrete quantities of energy and none in betw€&ba.orbits are also callemhergy levels

2. Only those orbits are possible for which the angolamentum (mvr) of an electron is the
integral multiple of h/2?. That is,

mvr = n x h/2? Where n =1,2,3,4,...
Where m is the mass, v the velocity, r the raditishe orbit of an electron, h is the
Planck’s constant. n specifies the orbits. When this is orbit number 1, when n = 2,
this is orbit number 2, and so on.

3. As long as an electron moves in its own orbit, massion or absorption of radiation
occurs.

4. Emission or absorption of radiation takes place wae electron jumps from one orbit to
another. An electron jumps from an orbit of loweergy (an inner orbit) to an orbit of
higher energy (an outer orbit) as a result of theogption of radiation. When an electron
jumps from an orbit of higher energy to an orbitaWer energy, radiation is emitted. The
energy of the light absorbed or emitted is equahw difference of the energies of the
orbits between which the electronic transition ascu

.AE=E2-El=hv

Radii or Orbits: Different orbits have differentin On the basis of Bohr’'s atomic model, radii of
the electronic orbits can be determined.
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Ground State and Excited State

The ground state of an electron is the lowest gnstgte that an electron normally occupies.
When energy is absorbed, the electron jumps tglaehienergy state. This higher energy state is
known as the excited state (higher energy stateg.gfound state of an electron is the stable state
while the excited states are unstable states. st of absorption of energy when an electron
jumps to an excited state, it immediately jumpskbtcthe ground state with the emission of
energy.

Wave Nature of Matter:

In 1924, a French physicist Louis de Broglie, usiignck’s equation (E = hv) and Einstein’s

equation (E = mf, put forward a hypothesis that electron (and bematter) possesses wave

properties. That is, electron is a wave. Later, iB@v and Germer in 1927 experimentally

discovered the wave nature of electron. Subseqguestther particles, such as protons, neutrons
and helium nuclei (a-particles) were also showexioibit wave properties.

The wave behaviour of matter can only be obsereed/déry small particles. For big bodies the
associated wavelength is much too small to be wbder

In short, under certain conditions, an electroremg#sles a particle while under some other
conditions, it behave as if it is a wave. The etattand hence the matter possesses dual nature.
However, it has been found that electrons candmdd as wave more effectively than as small
particles.

Heisenberg Uncertainty Principle

In 1927, Werner Heisenberg (1901-1976), a Germasigist, put forward a principle called the
Heisenberg uncertainty principle (or Heisenbergtedminacy principle). It states:

“It is impossible to determine with exact accurdmgth the momentum and the position of an
electron (or any other body) simultaneously.”

It means the more accurately we know the momentuanclectron, the less accurately can we
know its position and vice versa.

Thus, Bohr's model of an electron moving with awmovelocity (or momentum, as it is mv), in a
well-defined orbit (that is, with known positionanot be correct. In other words, we cannot say
where an electron lies around the nucleus.

Quantum Mechanics

The concepts given by Planck, Bohr, de Broglie,seieberg, and others ultimately led to the
development of a new theory of the structure ofratknown as quantum mechanics or wave
mechanics. Quantum mechanics replaced the classaianics (the Newtonian mechanics).

If the electron is a wave, then it should be pdesitio describe it with the help of some
mathematical equations like the other waves. Ir61&2win Schrodinger (1887-1961) succeeded
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to develop an equation. This equation is the fotiodastone of the quantum mechanics. It offers
a mathematical approach to understanding the wattgenof matter.

The quantum mechanical treatment of an electrohighly mathematical as the Schrodinger
equation is a very complex equation. Hydrogen & d@hly atom for which it has been solved.
Each solution of this equation is described bytateonstant numbers called quantum numbers.

Quantum Numbers

The quantum mechanics explains the structure aoh atith the help of four quantum numbers.
These numbers are used to describe the distribafietectrons in space around the nucleus. The
guantum numbers and their significance are givéombe

1. Principal Quantum Number, n

The principal quantum numben)(describes the main energy level, or shell, thatekectron
occupies in an atonm may be any positive integer:

Whenn = 1, it is the first main energy level, or thestishell. Whem =2, it is the second shell.
And, so on. A main energy level or shell is the meegion around the nucleus in which an
electron may be present. Shells 1, 2, 3, 4,....aB@sometimes called K, L, M, N, ....... shells.

2. Azimuthal (or subsidiary) Quantum Number, |

Azimuthal quantum numbel)(describes subshells or sublevels in shells onraaergy levels. It
denotes the shape of the region in space an efect@upies. Its values are given by:

l=0to(n-1)
Thus, whem = 1, then

=0
Whenn = 2, then [=0,1
Whenn = 3, then 1=0,1,2

And, so on.

Thus, the values df designate subshells or sublevels that electronsocaupy in a main shell.
Each value of is given a letter notation. Thus:

=0, 1, 2, 3, 4, 5, .......
s, p, d, f, g,.h,....

Thus, in the first shelln(= 1,1 = 0), there is one subshell and isidn the second shell there are
two subshellss andp. in the third shellr{ = 3), there are three subshedisp andd. In the fourth
shell f = 4), there are four subshells ¢, d, andf). And, so on. Notice that the number of
subshells in any given shell is simply equal touvthkie ofn for that shell.
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(The first four lettersy, p, d, ¥ find their historical origin in the study of tle¢omic spectra of the
alkali metals. In these spectra four series ofsliaee observed and they are termed asttam,
principal, diffuse andfundamental series. Fb= 4, 5, ...... we just continue with the alphabet.)

Notice that the electrons in their ground statatoms of all elements occupy orgyp, d andf.
3. Magnetic Quantum Number,m

It designates the spatial orientation of the regionelectron occupies. This region is called an
orbital. An orbital is the region around the nusléu which the probability of finding an electron
is maximum. Each subshell is composed of one oerodsitals. The values ofi are given by:

md, ... 0....... 4
Thus, whenl = 0, m=0
Whenl =1, m= -1,0, +1
Whenl = 2, m= -2,-1,0, +1, +2
Whenl = 3, m=-3, -2,-1,0, +1, +2, +3

Values of m serve to determine the orientationnobsbital in space relative to the other orbitals.

In subshells, there is only one orbitad. In subshellp, there are three orbitalpx, py ,pz In
subshell d, there are five orbitals, and in subshtHere are seven orbitals.

4. Spin Quantum Number, s

It refers to the spin of an electron. Electron haspin, that is, it rotates about its own axis. An
electron can spin only in either of two directiosgckwise or anticlockwise. Therefore has
only two values +1/2 and —1/2.

Atomic Orbitals:

From the above discussion we can conclude that iat@m there are various main energy levels
or shells. Each shell has one or more sublevedsiloshells. Each subshell consists of one or more
orbitals. An orbital is the actual region whereedectron is found. It can be defined as follows:

“An orbital is the region around the nucleus in whithe probability of finding an electron is
maximum.”

Note that an orbital can have a maximum of twotedss.

SHAPES OF ATOMIC ORBITALS

Eachs orbital in an atom is spherically symmetrical witspect to the nucleus. That is, @n
orbital in shape is like a symmetrical sphere sagla football. Each orbital is like a dumbbell.
The threep orbitals px, py andp2 are present perpendicular to one another. Sydtsotj y and z
indicate the axis along which each of the three-lvbedp orbitals is directed. Thd andf
orbitals have complex shapes.
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ELECTRONIC CONFIGURATION

The arrangement of electrons in shells, subslaitl rbitals in an atom is called the electronic
configuration. The electronic configuration of atora is governed by the following rules and
principles:

1. Pauli Exclusion Principle,

Since electrons are described by four quantum ntsnbay two electrons in an atom must differ
in at least one quantum number. Pauli Exclusiondisle states:

“In an atom no two electrons can have the samae&bf the four quantum numbers.”
It can also be stated as:

“An orbital can accommodate no more than two electr and these electrons must have opposite
spins.”

Take the example of helium, He, which has two etex, both the electrons are in 1s orbital. We
express this as 1s2. These two electrons havethe three quantum numbers, for both

n =1
Il = 0
m= 0
But, they differ in the fourth quantum number.df bne electron

s=21/

then for the other s= -1/2

The two electrons having opposite spins are saithetdpaired’, while if there is only one
electron in an orbital, it is calledifipaired.

(Pauli exclusion principle was put forward by a Ssvphysicist Walgang Pauli (1900-1958) in
1925.))

2. Aufbau Principle
(Aufbau is from German aufbauen meaning “to bupd). This principle states:
“In an atom an electron tends to occupy the lovegstrgy orbital available.”

As we go away from the nucleus, the energy of thells increases. In writing electronic
configuration, we start filling electrons from MWhen it is completely filled, we go to 2s the to
2p and son on. Consider the following:

H (Z=1) 15
He (z=2) 15
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Li (z=3) 1§ 2¢

Be (Z=4) 15 2¢

(Z=5) 15 2¢, 2p'
(Z=6) 15 2¢, 2¢f
(2z=7) 152¢ 2p
(z=8) 152¢ 2p
(Z=9) 1% 2¢, 2p°

Ne (Z=10) 152¢ 2p

Na (z=11) 152¢ 2p,3s

mMOoOz0OwW

3. (n+l) Rule

This rule states‘The orbital with the lowest energy is the one fehich the sum of n and | is
lowest. When two orbitals have the same ( n +dl)e, the orbital with the lower n value has the
lower energy.

Take the example of potassium (K) that has 19 mlest The first eighteen electrons have the
following arrangement:

1<, 2¢, 2P, 3¢, 3p
Where will go the 19 electron, to orbital 3d or 4s? Let us appiyl( rule, for 3d

n +I1
3+2=5
and for 4s

n+|
4+0=4
Thus, 4s has lower energy than 3d; th8 a@ctron will go to 4s.

K (Z = 19°12¢, 2p, 3¢, 3p° 49

4. Hund’s Rule

All the orbitals in a subshell have equal energgwHare then electrons filled in a subshell?
Hund’s rule states:

“As long as the orbitals of same energy availal@éectrons occupy the separate orbitals and
have parallel spins.”

Atomic Radius

The size of an atom is measured in terms of radlius.not possible to determine the precise size
of an atom since the outermost shell of an atomnloagrecise outer boundary. As we go away
from the nucleus, the electron density decreases tery small value but it does not become
exactly zero even at a large distance from theeusclMoreover, we cannot isolate a single atom
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and measure its diameter the way we can measuredidheeter of a football. We can estimate

only the radius of a combined atom. Moreover, ize of the electronic cloud also depends upon
its environment. In spite of all these difficultiege talk about the atomic size because it is very
useful in understanding many properties of elemértie atomic radius is defined as follows.

“The half of the bond length of a homonuclear dimio molecule is called the atomic radius of
the bonded atoms.”

That is, if two atoms of the same element are @l bonded, the half of the bond length will
be the radius of each atom.

For Example, H-H bond length is 0.78 A. The ond-ladlthis distance is 0.37 A. This is the
atomic radius of hydrogen. Similarly, the CI-CI loolength is 1.98 A, the atomic radius of Cl is
0.99 A. Other atomic radii can be found in a simikay. This atomic radius is theovalent
radius since it is the radius of an atom involved in &atent bond, and not the radius of a free
atom.

If we know the length of a bond between two disEmatoms (A-B), and the radius of one of
them, we can calculate the atomic radius of theroth

rA + rB = A-B bond length
Change of atomic radius in the periodic table

1. Atomic radius decreases as we go from left to righthe periodic table. It is because as
we go from left to right in a period, the nucledlaoye increases. This increasing nuclear
charge pulls the valence electrons with increafimge and as a result the atomic radius
decreases from left to right in the periodic table.

2. Atomic radius increases as we go from top to botito group. It is because the number
of shells increases in going from top to bottome Ticreasing number of shells increases
the atomic radius.

lonic Radius

When one or more electrons are added to an atomgative ion, anion, is formed. While, when

one or more electrons are removed from an atongsétiye ion, cation, is formed .In general,

cations are always smaller than the neutral ataora fvhich they are formed, whereas, anions
are larger than the neutral atoms from which threyfarmed.

The decrease in the size of a cation is due tdaetors:

1) The removal of electron(s) from the outermost sh@lten all the electrons from the
outermost shell are removed which means the rena\alvhole shell.

2) The decrease in the total electron-electron repuldror example, radius of Na = 1.86A
and that of Na=0.95 A.

11
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The increase in the size of an anion is due tatlded repulsion between the new electrons and
the electrons already present. For example, radi@=0.99 A and of CI- = 1.81 A.

In a series of ions of different elements having shme number of electrons (isoelectronic ions)
the size decreases with the increase in the nucheage.

lonization Energy

Since electrons are attracted by the nucleus, gmaugt be supplied to remove an electron from
an atom. This energy is called ionization energipoization potential, and defined as follows:

“The minimum amount of energy required to remowe rost loosely bound electron from an
isolated gaseous atom in its ground state is calhedionization energy,”

For example, the ionization energy of Na is 4938rol.

An atom has as many ionization energies as it legrens. The energy required to remove the
first electron is called the first ionization engrghe energy required to remove the second
electron is known as the second ionization eneagyg,so forth. For example, for calcium the first
ionization energy (IE) is 590 kJ/ mol.

The second ionization energy is 1145 kJ/ mol.
The ionization energy depends on the followingdest
1. Atomic radius

The greater the atomic radius, the farther awanesoutermost electron from the nucleus; the
easier it is to remove it. Thus, lower will be ibaization energy.

2. Nuclear Charge

The greater the nuclear charge, the more attragiede the electrons by the nucleus, and the
higher will be the ionization energy.

3. Shielding effect

The intervening shells between the nuleimd the outermost electrons reduce the
attraction between the nucleus and the outermestrehs. This effect is known as thleielding
or screening effectThe greater the shielding effect, the easierilitlve to remove the electron,
and the lower will be the ionization energy. Théekling effect increases from top to bottom in
the periodic table with the increase in the nundieshells.

4. Type of orbital
The order of ionization energy with respect toitab is
s>p>d>f
It is most difficult to remove an electron from suorbital because it is least diffused. The f & th
most diffused orbital, so it is the easiest to reenan electron from f orbital.

12
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Change of IP in the period table.

In the periodic table the ionization energy ince=agrom left to right due to decrease in the
atomic size and increase in the nuclear charge.

From top to bottom in a group, the ionization egalgcreases due to increase in the atomic size
and increase in the shielding effect.

Electron Affinity

Electron affinity can be defined as follows. When electron enters an atom, energy is either
released or absorbed. This energy is called eleetifinity. Thus:

“The amount of energy evolved or absorbed whenlectren is added to a gaseous atom in its
ground state is called electron affinity.”

Electron affinity shows the ability of an atom tocapt one or more electrons. When a chlorine
atom accepts an electron 348kJ/mol energy is redeas

Ol[(0) R — @) EA=-348 kJ/mol

The halogens that have the most negative electffomtias readily form negative ions. By
accepting one electron a halogen atom assumedahle ®lectronic configuration of the noble
gas immediately following it.

In general, electron affinity becomes more and nmmgative in going from left to right in the
periodic table as the nuclear charge increaseshenatomic radius decreases.

Some elements gain more than one electrons to &mons. For example, oxygen gains two
electrons to form a bivalent anion.

100 ) R e — O (g) EA =142 kJ/mol
O10) R e — 0(9) EA =780 kJ/mol

In the second step energy is absorbed. Electranitedé of anions are always positive. This is
because of the repulsion between the negativendritee incoming electron.

Problem: (a) Which element should easily form ttaion: K (IP= 419kJ/mol or F (IP=
1680kJ/mol)?

(b) Which element should easily form anion: Na (EA3kJ/mol) or Br (EA= -324kJ/mol)?

Answer: (a) K, (b) Br.
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Lecture 2

Matter and Enerqgy

Fundamental Concepts of Chemistry: Matter and Chenstry

Chemistry is a branch of science that deals wititenand changes that occur in it. In chemistry
we also study theories, laws and principles reldteadhanges in matter. More precisely, in
chemistry we study chemical and physical changdspamperties of elements and compounds.

In this lecture our focus is on the basic conceptshemistry. There are many concepts that are
used in chemistry. The fundamental concepts inciiden, molecule, ion, element, compound,

mixture, symbols, formulas, equations, atomic numbeass number, atomic mass, molecular
mass, mole, etc.

Matter:

Matter is any substance that has physical existeruat is, anything that has mass and volume.
All that we see around us, or we can feel by taarehmaterial substances. Mass is the quantity of
matter that a substance contains in it. Volumaesspace that a body occupies.

Physical states:

Matter exists in three physical states. These sokd, liquid and gas. In solids, the particles are
very close to one another. In gases, the partadlesrery away from one another. In liquids, the
situation is intermediate. A substance can be adrigppm one physical state to another. Ice,
liquid water and steam are three physical stategtér.

Atom:

The atom is the smallest particle of an element tbpresents the elements in all chemical
reactions. There are three types of fundamentékfes in an atom.

1. Electrons
2. Protons
3. Neutrons

The electron is a very small particle. It has niegatlectric charge. The proton is a positively
charged particle which is much heavier than electieutron is an electrically neutral particle. It
is the heaviest among the three particles. Pratadsneutrons are found in the center of atom and
collectively constitute a body called nucleus. Eiees revolved around the nucleus.

14



©Copy right Virtual University of Pakistan

s-block

sblock
1 New Desnignation 18
IA Ongnal Designaton Non-Metals VIIIA
: -
1 B 2 Awaicd, 13 14 15 16 17 [
1A Symbol A IVA VA VIA VIIA
/7~ sblock =\

d-block
Transition Metals ——\
< - ] 6 7 s 9 10 11
IVB VB VIB VIIB /— VIIIB—™\ IB

06
Unq |Unp |Unh |Uns |Uno |Une |Uun |  (Mass Numbers in Parentheses are [ Phases |
261) K62) JH3) K#2) KAWS) KAL) KAT) from the most stable of common A Sold

Metals 1sotopes’) Liquad
Rare Earth d-block
o7 s
ot I
13891
amde Senes
Ac
Actinide Series (22703 || 18 03 |237.05

Atomic Mass:

An atom is a very small particle. But it also haass The quantity of this mass is very small.
Atomic mass is the mass of one atom of an elemedtis defined as follows. The relative

average mass of one atom of an element which uellsow heavy or light is that atom with

respect to one atom of carbon-12. This unit isscedimu or atomic mass unit.

One atomic mass unit is one-twelfth of the massaofon-12.
1 amu = 1/12 x(mass of one atom of C-12)

In this unit carbon-12 is chosen as standard. @afil®is the most abundant isotope of carbon.
For example: the atomic mass of hydrogen is 1.008am

Molecular mass:

By molecular mass we mean the mass of a moleduis.the sum of atomic masses of all the

atoms of all elements present in a molecule. We acadculate the molecular masses of water,
sulfuric acid, and glucose as follows.

1. Water, BO; 1x2 + 16 =18 amu
2. H,SOp: 1 x2 + 32 +16 x4 =98 amu
3. CeH1206: 12 x6+1x 12+ 16 X6 =180 amu

Mole:

The amount of a substance that contains Avogadnaisber of particles is called a mole. It is the
atomic mass, molecular mass or formula mass exgueissgrams. For example, 18 grams of
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water is one mole of water. If you drink 9 gramsaatter, it means you have taken a half more of
water. The Avodagro’s Number is the number of pks that is found in one mole of a
substance. Its value is: 6.02 X0t is a huge number. If a person has eaten 1&0gtucose, he
has eaten 6.02 x $oof glucose molecules.

Formula mass:

The Formula mass of a substance is the sum ofttimi@amasses of all the atoms present in the
formula of that substance. For example, the forrmdaas of NaCl is 23+ 35.5 = 58.5.

Molecular mass:

The molecular mass of a substance is the sum ddttimaic masses of all the atoms present in a
molecule of that substance. For example, molecnéss of water, $O, is 1x2+16= 18.

lon:

An electrically charged atom or molecule is calfadion. It has two types: cations or positive
ions, and anions or negative ions. i a cation whereas Qb an anion. lons may be simple or
compound. Simple ion consists of a single atomabetdmpound ion is comprised of two or more
atoms. For example, Nizs a simple ion but S is a compound ion.

Molecule:

An atom or group of bonded atoms which can exidependently. One molecule of helium (He)
consists of one atom of helium. It is a monoatomaecule. The molecules of other noble gases
are also monoatomic. One molecule of watexQHconsists of three atoms. So it is a polyatomic
molecule.

Atomic number:

The total number of protons in the nucleus of ammais called atomic number. The atomic
number of hydrogen is 1. The atomic number of oryige8, sodium is 11 and iron is 26. All the
atoms of an element have same atomic number.

Mass number:

The total number of protons and neutrons presetheénnucleus of an atom is called the mass
number of that atom. The mass number of carbons1P2i It has 6 protons and 6 neutrons.
Atoms of an element may differ in the mass number.

Isotopes:

The atoms of the same element having different massber are called isotopes. Isotopes of an
element have equal number of protons but differembber of neutrons. Hydrogen element has
three isotopes. They are called:

1. Ordinary hydrogen or protium,
2. Deuterium or heavy hydrogen, and
3. Tritium or radioactive hydrogen.
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Ordinary hydrogen has no neutron. Deuterium haseun¢ron. Tritium has two neutrons.
Element:

An element is the simplest form of matter whichratnbe converted into simper forms by any
physical or chemical means. If in a collection tdras, all atoms have the same atomic number,
they all belong to the same element.

For example, Na, Fe, O etc. are elements. If yol k&t a periodic table, you will see elements in
it. Elements are of many types. They have diffeneinysical states. Today, more than 110
elements are known. Of these 90 elements occuraligtuOther elements have been formed in
nuclear reactors through nuclear reactions. Mgjoot the elements are metals, but many
elements are non-metals. There are some elemeith Wave properties in-between metals and
non-metals. They are given the name metalloids.

Metals are elements which have high electropogjtivihey easily lose electrons and have
shining surfaces. For example: Cu, Ag, Au are metdlon-metals are generally less
electropositive and more electronegative.

Compound:

A compound is a substance that is formed by thenata combination of two or more elements
in a definite ratio. For example, water,(®) and common salt (NaCl) are compounds. At present
many millions of compounds are known.

Both the elements and compounds are pure substdfieesents are represented by symbols and
compounds are shown by chemical formulas.

Mixture:

When two or more substances are mixed in any mataomanner that no chemical combination
occurs is called a mixture. A mixture is a mixedstance formed by the physical combinations
of two or more substances (elements or compoufkas)example, air is a mixture of nitrogen,

oxygen and some other gases. The mixtures arecofyves.

1. Homogeneous mixtures, and
2. Heterogeneous mixtures

A homogeneous mixture has uniform compositions klso known as a solution. For example, a
mixture of salt (NaCl) and water is a homogeneoudure. In a homogenous mixture, one thing
is completely “dissolved” in another substance.tfother hand, a heterogeneous mixture does
not have uniform composition. For example, a migtof sand and water is a heterogeneous
mixture.

Chemical reaction:

A chemical reaction is a chemical change that ve®lone or more elements or compounds. It is
process in which one or more chemical bonds arkeloror formed. In a chemical reaction, one
or more substances undergo chemical change and dmenor more new substances. The
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substances before the reaction are called reactadtthe substances that are formed as a result of
the reaction are called products.

A chemical reaction is shown by a “chemical equdtiocA chemical equation consists of
reactants, products and an arrow sign.

Reactants> Products

A chemical equation must be “balanced”. A balanckdmical equation is that in which the
number of atoms of all elements involved in thectiem are equal on both sides of equation. That
is, the number of atoms of an element in the redstanust be equal to the number of atoms of
that element in the product. Look at the followaguation. Is it balanced?

H, + Chb > HCI (not balanced)

No. it is not balanced. Why? Because the numbeérydfogen atoms in the reactants side is 2
while in the product side there is only 1 H atorimifarly, number of Cl atoms is not equal on

both the sides. How can you balance it? Write 2teeHCI in the product side. The equation
now will be balanced.

H, + Ch > 2HCI (balanced)
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Lecture 3

Nature of Chemical Bonding

How atoms join with each other?

The existence of solids and liquids is a clear pthat atoms combine with one another. But, the
guestion is why atoms combine with one anothertawd?

Isolated atoms are unstable and to gain stabiigy tombine with one another. This combination
is expressed by the teromemical bond(the word bond means linkage, attachment, connection,
etc.). The chemical bond can be defined as follow:

“The chemical bond is a force which holds atomsetbgr in a molecule or a compound”

It was in 1916 that W. Kossel (Germany) and G.Nwise(USA) independently proposed that
atoms join together through the involvement of etats. The noble gases (He, Ne, Ar, etc.) are
stable, and have eight electrons in their outerrsioslis (except helium which has two electrons).
It was thought that since the noble gases areestalil elements tend to achieve the noble gas
electronic configuration. This is known as et rule. (Octet: group of eight.) Now, how can
atoms achieve eight electrons in their outermostish Kossel suggested that this is done by
actual transfer of one or more electrons from otenato another. Lewis proposed that atoms
acquire noble gas electronic configuration by mugkearing of electrons between two atoms.
These views gave the two concepts of boraisc bond,andcovalentbond.

lonic Bond or Electrovalent Bond

The concept of ionic bond was suggested by W. Hadss&916. lonic bond is formed due to
transfer of electronsWhen electrons are transferred from one atonmatheer, the atom that loses
electrons becomes a positive ion and the atomgtiat electrons becomes a negative ion. These
oppositely charged ions then attract each other @apdattached with each other through the
opposite electric charges. Thus, we can defingotiie bond as follows:

“The ionic bond is the bond which is formed betweppositely charged ions due to electrostatic
force of attraction.”

Take the example of NaCl. Sodium atom has one reledn its valence (outermost) shell.
Chlorine atom has seven electrons in its outerrstosi.

Sodium atom loses its valence electron and becanmssitive ion, while chlorine atom accepts
one electron to form a negative ion. These iomacteach other due to their opposite changes to
form ionic bond:

Na-> Na" + €
Cl+e~>CrI

Na" + CI = Na'Cl > NacCl
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Energetics of lonic Bond

Why an ionic bond is formed? The natural princijgehat every system tends towards more
stability. Atoms form bonds to acquire stabilityorFmost cases we can understand stability as a
state of less energy. Thus, in general, we canttsstyevery system tends to acquire a state of
lower energy. Let us study the energy changeseardimation of NaCl from gaseous sodium and
chlorine atoms.

To remove the outermost electron from sodium atieenenergy (the ionization energy) required
is 494 kJ/mol. When a chlorine atom gains an edectthe energy (electron affinity) released is
348 kJ/mol.

This shows that the ionization energy of sodiunsashigh that the energy released when a
chlorine atom accepts the electron is not suffictenprovide the energy needed to remove the
electron from sodium. An additional 495-348 = 14J7dnergy is required to make possible the
transfer of one mole of electrons from isolatediswdatoms to isolated chlorine atoms.

These sodium ions and the chloride ions combinethay to form solid crystalline sodium
chloride. During this step a high amount of endi@88 kJ/mol) is released.

Na'(g) + CI(g) >NaCl(s) AH = - 788 kJ/mol
This energy is known as tlatice energy:.

“The lattice energy is the amount of energy evolwbeén one mole of a crystalline ionic
compound is formed from its gaseous ions.”

The lattice energy here is high because one madeditim ions and one mole of chloride ions are
arranged in the formation of crystal in such a wagt one sodium ion is surrounded by six
chloride ions and vice versa. Thus, it is the ldagéce energy, which makes the formation of
sodium chloride energetically favorable. The |&timergy is, in fact, the driving force behind the
formation of sodium chloride from its elements.

In the same way we can understand the formaticeangfionic compound. lonic bond is formed
between the elements having large difference daftreleegativity, (usually higher than 1.7). In
general the elements of group VIIA (halogens) fasmic bond with metals.

Characteristics of lonic Compounds
1. lonic Compounds are Non-molecular

An ion attracts the oppositely charged ions frorh ditections, so the ionic bond is non-
directional. When a large number of cations andmsicome closer to one another, they arrange
themselves in such a way that one ion is surrouded number of oppositely charged ions.
Each ion is surrounded by the greatest possiblebeumf oppositely charged ions depending on
the relative ionic radii of cations and anions. hionic bonds do not form freely existing
particles called molecules. Therefore, ionic commutsudo no consist of molecules.
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2. lonic Compounds are Solids

Under ordinary conditions, all ionic compounds soéds. It is because in ionic compounds, ions
are held together by strong electrostatic forcesttofction.

3. lonic compounds have high melting and boiling poirg

In ionic compounds, the oppositely charged ionshalel in the crystal by strong electrostatic
forces. Therefore, high energy is needed to oveectm strong electrostatic forces. Thus, the
ionic compounds have high melting and boiling paint

4. lonic compounds are soluble in polar solvents

Polar solvents like water have higielectric constantgthe ability of a solvent to decrease the
attractive force between the ions dipped in it)efHfore, such solvents break the forces of
attraction between the ions and get them dispersitem. In nonpolar solvents ionic compounds
are generally insoluble.

5. lonic compounds are electrolytes

lonic compounds conduct electricity in their sadas and in molten sates. This is because in
solution or in molten state the ions become freenfone another and can move under the effect
of electric field.

Covalent Bond

The concept of covalent bond was given by G.N. kawil916. Covalent bond can be defined as
follows:

“Covalent bond is the bond which is formed due to

sharing of electrons between tow atoms.”

Take the example of a hydrogen molecule. Hydrogem das one electron in its valence shell:
HZ=1) 18

When two hydrogen atoms come close to each othey,ghare their electrons to form a covalent
bond:

H+H > H:H

This shared pairof electrons holds the two atoms together; eaebtmin of the pair is attracted
by both the nuclei. The shared pair of electroredse known akonding pairof electrons.

Covalent bond is anidirectional bond and holds the bonded atoms to form a fregiiyng
particle called a molecule. Therefore, the covalemid is generally shown by a small line drawn
between the symbols of the bonded atoms. The éipeesents the bonding pair of electrons. Thus

H:H is represented as H-H
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Type of Covalent Bond

A covalent bond between two atoms may be formethbiual sharing of one, two or three pairs
of electrons. Therefore, the covalent bonds atarek types.

Single Covalent Bond The bond that is formed due to sharing of one pielectrons between
two atoms is called the single covalent bond. THd blond is a single covalent bond. Similarly,
H-C1, CI-C1, F-F Br-Br are single covalent bsnd

Double Covalent Bond The bond that is formed due to sharing of twagaf electrons between
two atoms is called a double covalent bond. Easmatontributes two unpaired electrons that are
paired with the electrons of the other atom. Tdle éxample of @ An oxygen atom has the
following electronic configuration.

0 14, 2¢, 2p?, ap’, 2p!

It has two unpaired electrons, one in orbita} @pd other in 2p Two oxygen atoms share two
pairs of electrons to form a double covalent bond:

O +:0-> 0:0
or
0=0
Similarly, ethene has a carbon-carbon double bond:
H,C=CH,

Triple Covalent Bond

When a bond is formed due to sharing of three pdiedectrons between two atoms, it is called a
triple covalent bond. Take the example of. M\ nitrogen atom (z = 7) has the following
electronic configuration:

N 1<, 2¢, 2pi, ap’, 2p!

It has three unpaired elections. Two nitrogen attons a triple bond by sharing three pairs of
electrons. Similarly, ethyne has a carbon-carbiptetbond.

Coordinate Covalent Bond

Coordinate covalent bond is a special type of eawabond, which differs from the simple
covalent bond in thevay of formation:

“The covalent bond between two atoms in which lmftthe bonding electrons are donated by
one of the atoms, is known as the coordinate cavalend.”

The H ion has no electron, yet it forms a bond. For exarit forms a bond with the nitrogen of
ammonia. It is because the nitrogen of ammoniashasn-bonding, or lone, pair of electrons
which it donates to form a bond with hydrogen ion:
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H™ + :NH; > NH,'

A coordinate covalent bond is also representedrbyaraow sign showing the direction of the
donation of electron pair.

The atom that donates the pair of electrons iddhe donor, and the atom that accepts the pair
of electrons is called the acceptor.

Coordinate covalent bond is also knowrdasvebond orco-ionicbond.

Characteristics of Covalent Compounds

1. Covalent compounds are molecular:The atoms bonded by covalent bonds form
independently existing units known as molecules.

2. Covalent compounds may be solids, liquids or gasehe covalent compounds consist
of molecules. In gases these molecules are free éme another and exert practically no force of
attraction under ordinary conditions. In liquidsdasolids intermolecular forces of attraction, van
der Waals forces, or hydrogen bonds hold the mi#dedogether.

3. Non-electrolytes: In general, the covalent compounds amn-electrolytes Exceptions
includeacids and bases.

4. Insoluble in water: In general, the covalent compouna® insoluble in polar solvents
like water, and soluble in nonpolar solvents likgamic liquids.

Electronegativity

A shared pair of electrons is attracted by botthefbonded atoms. For example in H:C1 both H
and C1 attract the bonding pair. This power of tmato attract the bonding pair of electrons is
called electronegativity, which can be defineda®vs:

“The ability of an atom to attract the shared padf electrons towards it is known as
electronegativity.”

Fluorine is the most electronegative element. ldsteonegativity is 4. Then comes oxygen whose
electronegativity is 3.5.

Polar and Nonpolar Bonds

If two bonded atoms have equal electronegativityy bonding electrons pair will be shared
equally between the two atoms. In other wordsetietron density of the bonding electron pair is
distributed equally and symmetrically between the tatoms. Such a bond is known as a
nonpolar bond. Thus;

“The bond between two atoms having equal electratigity is a nonpolar bond.”
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For example, C1-C1, O=0, N=N bonds are nonpoladbo

On the other hand, if the atoms forming a bond tthfferent electronegativities, the bonding pair
is shared unequally. The more electronegative aaoquires a greater share of the bonding
electrons as compared to the less electronegatve. ®ue to this the more electronegative atom
acquires a partial negative charge and the lesiretegative atom acquires a partial positive
charge. These charges are of equal magnitude, hendverall charge is zero. Such a bond is
known as a polar bond. It has negative and pogiles. Thus:

“The polar bond is the bond between two atoms h@different electronegativities.”

Take the example of H-C1. Chlorine is more eledgative than hydrogen. Thus, the bonding
pair of electrons is shared unequally, and chlohias greater share of electrons than hydrogen.
As a result, chlorine is partially negatively chedgand hydrogen is partially positively charge.

Problem:

Which of the following molecules are polar and whare nonpolar?
BeGl H,S, CS, BF;, NH3, PCk

Answers:

BeCk is a linear molecule, and is nonpolar.

H.S is an angular molecule (like;8) with polar bonds, so it is polar.

CS is a linear molecule (like G so it is nonpolar.

BF; is a trigonal planar molecule. Its bond momentsceh one another so the molecule is
nonpolar.

PC% is also a trigonal pyramidal molecule (like jrnd polar.
Bond length

“The distance between the nuclei of two bonded

atoms is called the bond length”.

The bond length of a single bond is longer tharoabte bond, which in turn is longer than a
triple bond.

Bond Energy

When a bond is formed between two atoms a certaiouat of energy is released during this
process. When that bond is broken the same amdemeogy is required to do so. This energy is
known as bond energy
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“The bond energy is the energy evolved when a lmfarmed between two atoms.”
Or

“The bond energy is the energy required to breddoad between two atoms.”

The bond energy is also knownlasnd dissociation energy

The Modern Concept of covalent Bonding

There are two important modern concepts of chentioalding both are based on the quantum
mechanics: valence bond theory (VBT), and molecntlbital theory (MOT). According to VBT

“a covalent bond between two atoms is formed dutaeéocoverlap of two half-filled orbitals, one
from each atom.”

Molecular orbital theory (MOT) treats a molecul&elian atom. An atom consists of atomic
orbitals surrounding a nucleus. Likewise, a moleatdnsists of molecular orbitals surrounding
two or more nuclei present in the molecule. Atomibitals are monocentric, they surround only
one nucleus while the molecular orbitals are paiyiee, and surround more than one nuclei.

Summary: A chemical bond is the force which holtsres together. The bond may be ionic or

covalent. lonic bond is formed by the transfer @irInore electrons and covalent bond is formed
by the sharing of electrons. In ionic bond thereamplete transfer of electrons which result in

formation of positive and negative ions which aa#ler] cations and anions these cations and
anions are held together by the strong electrastatce of attraction. So the ionic bond is very

strong bond. The electrons which are present inotiter most shell of an element are called
valence electrons. It the valence electrons wiagle part in bonding, for example there are one
valence electrons in Na and seven in Cl.

Differentiation between ionic and covalent bond:

» lonic compounds have ionic compounds while covatemtpounds have covalent bonds.

* Since in ionic compounds, ions are held togetheyuigjh very strong electrostatic forces,
ionic compounds are solids at room temperature.réésecovalent compounds consist of
molecules which are held together through weak imelecular force, there for they may
be solids, liquids or gases.

* lonic compounds have higher melting and boilinghfsothan covalent compounds.

* In general, ionic compounds are soluble in water iasoluble in organic solvents. While
covalent compounds are generally insoluble in water soluble in organic solvents.

* lonic compounds don’t conduct electricity as sucth #o0 so in molten state. Covalent
compounds don’t conduct electricity in general.

Explain bond formation in H2 and NaCl?

H, In H2 two hydrogen atoms are held together thhoagovalent bond. Each hydrogen atom
contributed 1 electron. So there are two sharedtreles this is known as a shared pair of
electrons. It is this shared pair of electrons Whiolds two H atoms together.
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H+H > HH

NaCl In NacCl there is ionic bond N& positive ion while Clis negative ion, these ions are
held together through very strong electrostaticéarf attraction.

Na"+ClI > NaCl
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Lecture 4

Chemical Reactions

Chemical Reactions:

A chemical reaction is a chemical change in whiok or more substances change into one or
more other substances. In other words, a cheméeadtion is a process in which one or more
bonds are broken and one or more bonds are forRmdexample, rusting of iron is a chemical
reaction. Similarly burning of natural gas is aroieal reaction.

Chemical and physical change:

During a chemical change a new substance is fowtgle during a physical change no new
substance is formed. For example, burning of wasod chemical change while change of water
into ice is a physical change. During a chemicange a chemical reaction occurs whereas
during a physical change no chemical reaction acdbhemical change is generally a permanent
change, while physical change is only a temporhange and can be reversed easily.

Chemical property of a substance is a property lckvthat substance undergoes a chemical
change. For example, it is a chemical propertyrofeid to react with a base and form salt and
water.

Exothermic and endothermic reactions:

When a chemical reaction takes place, change irggradso occurs. The reaction during which
heat is evolved is called axothermic reaction On the other hand, the reaction during which
heat is absorbed is called andothermic reaction.

Heat of reaction:

When a chemical reaction occurs, certain amounteatt is either evolved or absorbed. This
amount of heat which is evolved or absorbed dugnghemical reaction is known as heat of
reaction. It is also known as enthalpy of reactwl is denoted byH. Its units are joules per
mole or Kcal per mole.

Types of Reactions:
There are a number of types of reactions.

1. Addition reactions: the reactions in which two or more substance rea@brm a single
substance. Ethene reacts with hydrogen to forrmetha

CH4+ H, 2 CHg

2. Substitution reaction: the reactions in which one substance is replacedribther
substance from a molecule:
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CHs-Cl + NaOH - CHsz-OH + NacCl
This reaction is also known as double displacemesauttion.

3. Elimination reaction: the reactions in which one or more atoms are shieid from a
molecule. For example, removal of® from ethanol to form ethene.

CHs-CH,-OH - CH,=CH, + H,O
4, Oxidation-Reduction Reactions

Many reactions involve transfer of electrons frone @tom to another atom. These reactions are
known asoxidation-reduction reactions. The loss of electrons from an atom is known as
oxidation, while the gain of electrons by an atom is calleduction. Oxidation and reduction
always take place simultaneously and the extemix@fation is equal to the extent of reduction.
That is, the loss of electrons is equal to the gdirelectrons. The substance that undergoes
oxidation is known as theeducing agent and the substance that undergoes reduction isrkno
as theoxidizing agent.

5. Combustion reactions:combustion means burning, and it is the reactioa efibstance
with oxygen. In a combustion reaction heat is poedls For example, the reaction of methane
with oxygen is a combustion reaction.

CH, + Q 2>CO+ HO
Generally in a combustion reaction, carbon dioxidd water are produced.

6. Neutralization reactions:

When an acidic solution is added to a basic satutiche right proportion, the properties of each
are lost, and a salt and water are formed. Thisge®is calledeutralization.

“The reaction between an acid and a base that foasalt and water is called neutralization”.
For Example,

HCI (aq) + NaOH (agy NaCl (aqg) + HO

HNO; (aq) + NaOH (agy» NaNG; (aq) + HO

Chemical reactions may occur in solution or gasdots. Generally, the chemical reactions are
carried out in solution. Water and organic solvemtsused for this purpose.

Rate of Reaction:

When a reaction occurs, one or more bonds are brakd then one or more bonds are formed.
This process of bond breakage and formation tades gime. How much a reactant changes into
a product in a given time is important. By the rafteeaction we mean the amount of reactant that
is converted to product per unit time. It can @sodefined on the bases of the appearance of a
product. So, the rate of a reaction is the amotiptaduct formed per unit time.
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The rate of reaction is also called speed or vsiadi reaction. It is measured in moles/seconds.
Thus, the rate of a reaction is the amount of pcodinich is formed in one second.

Rate of Reaction = concentration of product feditime
On the basis of the rate of reactions, we canifyatb® reactions into the following categories.

» Very slow reactions: some reactions are very skor. example, conversion of graphite
into diamond in the earth crust is a very slow pssc

» Slow reactions: some reactions occur with slow dpe&eg. rusting of iron is a slow
process.

* Moderate reactions: most organic reactions occtlr mioderate speed.

» Fast reactions: many reactions occur with a fasedpStrong acid strong base reactions
are fast reactions.

» Very fast reactions: some reactions are very fash sis explosions.
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Lecture 5

Organic Chemistry

Organic Chemistry:

Organic chemistry is a branch of chemistry thabines the study of carbon compounds. It deals
with the structures, composition, and synthesisrginic compounds. Organic compounds are
obtained from natural sources like plants, aninzad microbes. They are also synthesized in
laboratory. There are millions of organic compounidsey have wide variety of application such
as in medicine, fertilizer, food, clothing, commeation, transportation etc.

Catenation:

Carbon has a very unique ability that its large hanof atoms can bond with each other to make
chains of different lengths. This property of carlto make chains is called catenation.

Cc-C c-CccC C-C-Cc-C C-C-C-C-C c-c-c-c-c-c-C
Hydrocarbons:

Hydrocarbons are the compounds of carbon and hgdroGhere are different classes of

hydrocarbons such as aliphatic, aromatic, cyctychc, saturated and unsaturated, etc. Aromatic
compounds are benzene and those which resembler®enzhey burn with black soot. They

possess aromaticity and are comparatively morelestian expected. They are unsaturated
compounds but are resistant to addition reactidhsir characteristic reactions are electrophilic
substitution reactions. The structure of benzemgvisn below.

Classification of organic compounds:

There are millions of organic compounds and thikesat physically impossible to study each
individual compound. To facilitate their study, argc compounds are classified into various
groups and sub-groups.

They may be broadly classified into the followingsses:

. Open chain or acyclic compounds
. Closed chain or cyclic compounds
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Open chain or acyclic compounds:

These compounds contain an open chain system bbraatoms. The chains may be either
straight chains (non-branched) or branched. Th& @pain compounds are also called aliphatic
compounds. The name aliphatic is derived from tmee& word aleiphar meaning fats, as the
earlier known compounds of this class were eitlaioed from animal or vegetable fats, or had
fat like character.

CH3.CH2.CH2_CH3 y CH;.CHz.CHg.CHQOH, HzC = CHZ

Ha
P
CHe |—|2(|:—(|:|—|2 H2(|3 CHz
HaC—0CHz HoG—Ho HQC&H /CHQ
C
Ho

Closed chain or cyclic compounds

These compounds contain one or more closed changs) of atoms and are known as cyclic or
ring compounds.

The aliphatic hydrocarbons are the organic compswidch contain no benzene ring. They may
be open chain or closed chain. The closed chairpoands are also called cyclic compounds.
The major classes of aliphatic hydrocarbons arerag, alkenes, alkynes and cycloalkanes, etc.

Functional groups:

An atom or group of atoms which imparts some spegfoperties to a compound is called a
functional group. For example, -OH is functionabgp. It is known as hydroxyl group. The
compounds which have this functional group showcsigeproperties. They are phenols and
alcohols.

Structural formula:

It is very common in organic chemistry that two more compounds have same molecular
formula. For example, both ethanol and dimethyeethave same molecular formulagHgO.
Why they are different? They are different becabey have different arrangements of atoms in
their molecules. The arrangement of atoms in mddeci represented by a formula which is
known is the structural formula. The structuralnfiofa of a compound is the formula which
shows the arrangement of atoms in its molecule. Sthectural formula of a compound shows
which atom is attached with which atom.

Isomers and isomerism:

Two or more different compounds which have sameemdér formula are called isomers. This
phenomenon is known as isomerism. Ethanol and diyhether are isomers. Similarly, n-butane
and isobutene are isomers. They are two differemtpounds, and have same molecular formula
(C4H10) but different structures. Isomerism is very coommn organic compounds. There are
many types of isomerisms.
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Sources of organic compounds:

There are many sources of organic compounds. Planisals, petroleum, natural gas, coal are
common sources of naturally occurring organic conmgis. A huge number of compounds have
been synthesized in laboratories by chemists. Atgramber of new compounds are being added
continuously.

All organic compounds must contain carbon. Almasfanic compounds also possess hydrogen.
Many compounds also contain oxygen and/or nitro@gher common elements found in organic
compounds are halogens, sulfur, and phosphorus.

Oxygen containing organic compounds:

Oxygen-containing organic compounds are very nuogrdlany functional groups contain
oxygen. Some examples are given below.

Alcohols:

Alcohols are common organic compounds. They cort&di functional group. This is called
hydroxyl group. Examples: Methanol, ¢BH ; ethanol, ChCH,-OH.

Both methanol and ethanol are liquids and are asesblvents.
Phenols:

Phenols also contain —OH functional group, but iph&nol the —OH group is attached to an
aromatic carbon.

Aldehydes:

Aldehydes are those organic compounds which halehgtlic carbonyl functional group,-CHO.
Formaldehyde, acetaldehyde, benzaldehyde are coraldehydes.

Ketones:

Ketones are those organic compounds which contefanic carbonyl functional group. This
group is —CO-. There is a double bond between caaind oxygen, C=0. Acetone is a common
ketone (HC-CO-CHp). It is a liquid and used as a solvent.

Carboxylic acid:

Carboxylic acids are compounds which contain caybioxroup, —COOH. Carboxylic acids are
important organic compounds. Examples: formic aaaktic acid, benzoic acid. Carboxylic acids
are common in living organisms, proteins are coragasf amino acids. Citric acid is found in
citrus fruits. Milk contains lactic acid. Gapes kawartaric acid.

Carboxylic acids are weaker than mineral acidss @ild fats are esters of glycerol with fatty
acids.
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Esters:

Esters are also common organic compounds. Thefpared by combination of carboxylic acids
and alcohols. Ethyl acetate is a common estefoitaula is: CH-COOCH-CH;z. Fats and oils
are esters of fatty acids with glycerol. Glycemoditriol, i.e., it has three —OH groups.

Ethers:

Ethers are also a common class of organic compouittsy have C-O-C bonding. Dimethyl
ether, and diethyl ether are common ethers. Diedthier is commonly called ether. It is
anesthetic. It is used as a solvent in laboratodyiadustry.

Nitrogen containing organic compounds:

Nitrogen containing organic compounds are also @Emymon. Amino acids contain nitrogen.
Similarly DNA and RNA also contain nitrogen. Anothenportant class of natural products
called alkaloids also contains nitrogen. Commorogi#nous compounds have amino groups.

Amines:

Amines are nitrogenous organic compounds whichainramino group. Amines may be primary,
secondary and tertiary. Examples: £RH, (Methyl amine), CH-NH-CHs (Dimethyl amine) and
(CHz)sN (Trimethyl amine).

Carbohydrates, proteins and lipids (Fats and @l® naturally occurring common organic
compounds. They are also part of our food.

Organic Reactions:

A chemical reaction is a chemical change. It is@@ss in which one or more bonds and broken
and one or more bonds are formed. Coutless numbeeaztions occur involving organic
compunds. But all these reaction belong to onlgva fiypes of reactions. Most common types of
organic reactions are given below.

. Substitution reactions
. Elimination reactions
. Additions reactions

In substitution reactions, one group is replacedryther group.
OH + CH-Cl > CH-OH + CI

In the reaction Cls replaced by OHgroup.

In elimination reactions, groups are eliminatedrfra molecule.
CHz-CHx-Cl > H,C=CH, + HCI

In this reaction HCI is eliminated from chloroetleaand ethene is formed.

33



©Copy right Virtual University of Pakistan

Addition reaction is reverse of elimination reantion an addition reaction, a molecule adds to
another molecule. So, two molecules of reactantsbawe to form one molecule of product.

H,.C=CH, + HBr = H3C-CH»-Br
Applications of Organic Compounds:

Organic compounds are very important chemical sugsts. They have a wide variety of
applications in modern human life. Organic compauack essential part of our food. The fibers
and dyes are organic compounds. Similarly, frageanand flavours are organic substances.
Plastic and other polymers are also organic comggun

Numerous organic compounds are used as medicinelffierent diseases. The number of such
compounds is rapidly increasing.

Many fertilizers are also organic compounds. Siryilssoaps and detergents and other household
materials are organic compounds.
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Lecture 12

Metals

The modern classification of elements is basedchemtoderrperiodic law.

The modern periodic law states that the physical ememical properties of elements are the
periodic function of their atomic numbers.

When elements are arranged on the basis of the rmguégiodic law, we get modern periodic
table.

In the modern periodic table the elements are gedrin the order of increasing atomic number.
When the elements are arranged in the order otasimg atomic number, the elements with
similar properties appear at definite intervals.eWlelements with similar properties are placed in
the same column, we get groups or families of efesmbaving similar properties. Thus, in the

modern periodic table, we have vertical columns hadzontal rows. The horizontal rows are

also called periods.
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Periods in the periodic table:

Rows of elements are called periods. There areribgén the periodic table. The number of
elements in a period increases as you move dowpetedic table.

Groups in the periodic table:

Columns of elements in the periodic table are datieoups. Elements within a group show
similarity in properties. In a group, the elemen&ve the same outer electron arrangement. The
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outermost electrons are called valence electrors; ihe elements belonging to the same group
have similar properties? It is because they hagessime number of valence electrons.

Representative elementsin the periodic table there are two sets of grouffse group A
elements are called the representative elemenésgidup B elements are the non-representative
elements. Representative elements are named hédirst element of the group. So we have,
lithium family, beryllium family, boron family, céon family, nitrogen family, oxygen family,
fluorine family or halogens, and helium family asbie gases. Group IA and IlA are also called
alkali metals and alkaline earth metals respegtivel

Transition metals:

The transition elements are located in groups IBIttB. Copper, zinc, iron, silver, mercury and
gold are examples of transition metals. These alsnare very hard, with high melting points
and boiling points. The transition metals are geladttrical conductors and are very malleable.

Periodic properties:

There are a number of properties which changedefimite manner as we move from one end to
the other end of periodic table. Such propertiescatled periodic properties. Periodic properties
include: atomic and ionic radii, melting points apadiling points, metallic character, ionization
potential, electron affinity, electronegativity,cettake the example of electronegativity. The
electronegativity of an element is the ability bé telement with which it attracts the shared pair
of electrons towards it. The electronegativity @ases as we go from left to right in the periodic
table. It decreases from top to bottom in a group.

Physical states of elements:

Most elements in the periodic table are solidsro&tm temperature all metals are solids except

mercury. Only a few elements are liquids such asiore and mercury. Some elements are gases.
These are nonmetals. Nitrogen, oxygen, fluorinigrate and noble gases are found in gases state
at room temperature.

Ores: An ore is a material that contains a metal in squhntities that it can be mined and
worked commercially to extract that metal.

Metals are not found in free state. They are faartie form of minerals and ores.

The metal is usually contained in chemical combamatvith some other element in addition to
various impurities. For example, iron is found ire tform of ores such as hematite (Fe203),
magnetite (Fe304), limonite (FeO(OH).n®)).

Properties of metals and nonmetals

(ref. (http://chemistry.about.com/od/periodictabledéements/a/Metals-And-
Nonmetals.htm)

Metal Physical Properties

. lustrous (shiny)
. good conductors of heat and electricity
. high melting point

. high density (heavy for their size)
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. malleable (can be hammered)

. ductile (can be drawn into wires)

. usually solid at room temperature (an exceptianescury)
. opaque as a thin sheet (can't see through metals)

. metals are sonorous or make a bell-like sound vstreick

Metal Chemical Properties

. have 1-3 electrons in the outer shell of each nattah
. corrode easily (e.g., damaged by oxidation sudarassh or rust)
. lose electrons easily
. form oxides that are basic
. have lower electronegativities
. are good reducing agents
Nonmetals

Nonmetal Physical Properties

. not lustrous (dull appearance)

. poor conductors of heat and electricity

. non-ductile solids

. brittle solids

. may be solids, liquids or gases at room temperature
. transparent as a thin sheet

. nonmetals are not sonorous

Nonmetal Chemical Properties

. usually have 4-8 electrons in their outer shell
. readily gain or share valence electrons

. form oxides that are acidic

. have higher electronegativities

. are good oxidizing agents

Metalloids or semimetals:

There are some elements which have properties batweetals and nonmetals. They are called
metalloids or semimetals. The metalloids or semaseare located along the line between the
metals and nonmetals in the periodic table. Thealo&ds are boron, silicon, germanium, arsenic,
antimony, and tellurium.

. Electronegativities between those of metals andnatals

. lonization energies between those of metals andhetals

. Possess some characteristics of metals/some ofetatam

. Reactivity depends on properties of other elemientsaction
. Often make good semiconductors

Metals are generally good conductor of electricityis because metal has free electrons in it,
according to modern bonding concepts metals hapeeaial type of bond which is called metallic
bond. The metal atom held together in a way thalence electrons are delocalized and free to

37



©Copy right Virtual University of Pakistan

move in the entire crystal. This is known as sedehdlrhese free electrons help in conduction of
electricity.

For example cooper wires are commonly used to adndlectricity because they have free
electrons which conduct electricity.

On the other hand most nonmetals are poor condwdtetectricity it is because they do not
possess free electrons like metals. Some nonnadatenduct electricity. For example, Graphite
has layer structure and posses free electrons whbiatiuct electricity.

Chemical properties:

Differences between Metals and Nonmetals

Metals Nonmetals
Lose their valence electrons easily. Gain or shialence electrons easily.
Form oxides that are basic. Form oxides that adkcac
Are good reducing agents. Are good oxidizing agents
Have lower electro negativities Have higher eleatgativities
Usually have 1-3 electrons in their outddsually have 4-8 electrons in their outer
shell. shell.

Physical properties

How can you compare physical properties of Metal$ ldonmetals? Some differences are given
below:

Metals Nonmetals

Good electrical conductors and he#&oor conductors of heat and electricity.
conductors.

Malleable - can be beaten into thin sheets. Brittf a solid.

Ductile - can be stretched into wire. Non-ductile.
Possess metallic luster. Do not possess metadten.
Opaque as thin sheet. Transparent as a thin sheet.
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Lecture 13

Metallurqy of Copper & Aluminum

Almost all metals are found in the combined sta&e@mpounds on the crust of the earth. So we
have to extract them. This process of metal extiads called Metallurgy.

Metallurgy is the science and art of extracting a metal fittmores and carrying out different
processes to bring metals into their useful forifsus, the various processes involved in the
extraction of metals from their ores and refinihgrh are broadly known as metallurgy.

Minerals: The natural materials in which the metals or tloempounds occur in the earth are
called minerals.

Ores: Those minerals from which the metals can be etdachprofitably are called ores.

Gangue or Matrix: The rocky impurities, includingjcs and earthly particles, present in an ore
are called gangue or matrix.

Metallurgy of Aluminium:

Aluminum is the most abundant metal. It is thedhimost abundant element in the earth crust
(about 7%). Aluminium is a reactive metal and sesdnot occur free in nature. It occurs in clays
in the form of aluminium silicates.

Ores of aluminium:
Aluminium has a number of ores. Some important aresas follows:

1. Oxide Ores:

Bauxite, A}O3.xH-O
Corundum, AIOs

2. Fluoride Ore:
Cryolite, 3NaF.Ali or NaAlFe
3. Silicate Ores:

Kaolin, AlesZSIOzZHzO
Potash mica, #0.3Al,03.6Si0..2H,0

Extraction of Aluminium:

(Ref: http://www.s-cool.co.uk/gcse/chemistry/extraction-bmetals/revise-it/the-electrolysis-
of-bauxite)

Aluminium is commonly extracted from its ore baexitThe bauxite (red-brown solid) -
aluminium oxide mixed with impurities - is extradtérom the earth. The extracted aluminium
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oxide is then treated with alkali, to remove thepumties. This results in a white solid called
aluminium oxide or alumina. The alumina is themsorted to huge tanks. The tanks are lined
with graphite, this acts as the cathode. Also ldanfkgraphite hang in the middle of the tank, and
acts as anodes. The alumina is then dissolved liemoryolite - this lowers the melting point.

Electricity is passed and electrolysis begins. tatdysis is the decomposition of a compound
using electricity.

When dissolved, the aluminium ions and oxide ionthée alumina can move.
Reaction at Cathode:
4AIT + 126 —  4AI(S)
Reaction at Anode:
3C + 6 —> 3CQ (g) + 12¢
Purification of Bauxite:

Bauxite when obtained from the earth crust contamasy ipurities such as ferric oxide, silica,

and titanium oxide. These impurities are removedeyr process is commonly used for the
purification of bauxite. In this process, the mdéreated with concentrated NaOH solution called
caustic soda. The following reaction takes place:

Al,03 + 2NaOH——> 2Na[Al(OH)](aq)
Then CQ is passed.
Reaction with CQ@
2AI(OH)4 + CO, = 2AI(OH)s(s) + CQ* + H,0

The product is filtered and heated at 1000 °C. gifoeess is called calcination. As a result of this
process, pure alumina is obtained.

Al(OH)3 + Heat—> A}Os (s) + 3HO (g)
Now we have pure alumina.
Electrolysis of Alumina to obtain Aluminium:

The process used for the electrolysis of aluminzalfed Hall's process. Alumina is aluminium
oxide, ALbOs. This is subjected to electrolysis. The cell umdelectrolysis is a steel container
whose inner surface is lined with graphite. The gered alumina is mixed with fused cryolite
and fluorspar. The melting point of alumina is véigh, but it dissolves in molten cryolite at
about 1000 °C. when electricity is passed, alunmmis deposited at the graphite cathode. From
there it is drawn out in molten fornthis aluminium is 99% pure. Further purificationcerried
out through a process called Hoope’s method.
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Refining of Aluminium:

In the Hoope’s process, aluminium is purified bgatlolytic method. For this purpose a box-like
cell is used. The cell is operated in a mannerithatthree layers are maintained. The lower layer
consists of impure aluminum alloyed with coppereThiddle layer consists of a solution of
cryolite and barium fluoride. The upper layer cetsiof pure aluminium. These layers remain
separated due to difference is specific gravitye Tdwer layer acts as anode where aluminium is
oxidized and Al* ions move toward the upper layer which is neghticharged. This layer acts
as cathode and when Alions reach in this layer they gain electrons arel deposited as
aluminium metal there.

Reaction at Anode:
Al > AP + 3¢
Reaction at cathode:
AI** + 3é > Al (pure aluminium)
The aluminium obtained in this process is abou®@9% pure.
Metallurgy of Copper:

Copper is a common metal. It is used for a wideewarof purposes. It is a good conductor of
electricity so its wires are used in electrical lepye and cables.

Over 360 ores of Copper are known. Some importeet are as follows:
Sulfide ores:

Copper pyrite or chalcopyrite, CuS.FeS or CyFeS
Chalcocite, Cu2S

Carbonate ores:

Malachite, CuCQCu(OH)
Azurite, 2CuCQ.Cu(OH)

Oxide ores:Cuprite, CyO
Extraction of Copper:

Extraction of copper is good example of pyrometgfu In the metallurgy of copper the
following steps are commonly used:

. Mining of ore from its mines

. Crushing and grinding of the ore

. Concentration of the ore and its purification

. Chemical process to obtain metal from the ore
. Purification of the metal

. Conversion of the metal into alloys
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Important process employed in the extraction ofpeop

- Concentration through Froth-flotation
- Roasting

- Smelting

- Reduction (Bessemerization)

- Refining

Concentration by Froth flotation method:

By concentration here we mean to free the ore fimyurities. Copper is commonly extracted
from copper pyrite. Copper pyrite is concentratgdabprocess called froth-floatation. Ore is
crushed and ground to make a powder. This is platedlarge tank containing water and oil
(such as pine oil). The mixture is stirred by blogviair through it. The ore is wetted by oil and
rises to the surface from where it is skimmed ®ffe impurities (called gangue) are wetted with
water settle down at the bottom.

Roasting

By roasting here we mean heating in air strongly i®low the melting point of the ore. As a
result, impurities are converted into silicate slabe slag floats at the surface from where it is
removed. The ore undergoes the following reaction:

CuS.FeS + 4¢— CuS (s)+ 2FeO (s) + 3Sg)
Smelting:

By smelting here we mean heating the product obthfrom roasting strongly in a Reverberatory
furnace. The product from the roasting is mixedhwsilica (SiO2) and heated at 1100 °C.
Following reaction takes place in the furnace:

FeO + SiQ — FeSiQ

Ferrous silicate is formed which is a slag. lteiss dense that molten copper matte;SCand so
floats the surface from where it is removed.

Reduction (Bessemerization):

Molten copper(l) sulfide, Gi$, is put in Bessemer converter and heated stroAgla result of
this elemental copper is produced. The copper ibthis called the blistered copper.

2CwS + 3Q —> 2Cuy0O + 2S0
2CwO(l) + CyS() — 6Cu () + SQ(g)

This copper is called blistered copper becausest tlisters on it which are produced due to
evolution of sulfur dioxide. When copper solidifiesilfur dioxide escapes from it and produces
blisters. Blistered copper is about 99% pure.
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Refining of Copper:

Copper is refined by electrolytic process. In theceolytic cell CuSO4 solution is used as an
electrolyte. Impure copper is used to act as amnwtide pure copper is used to act as a cathode.
At anode, copper atoms lose electrons and becopgecaons. These copper ions move through
the solution and reach at the cathode. At cathbdseet copper ions gain electrons and deposit
there a atoms. So in this way refined copper iaiobtl which is almost 100% pure.

Reaction at Anode:
Cu > CU/ + 2¢
Reaction at Cathode:

CU* + 26 > Cu(s) pure copper
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Lecture 14

Metallurgy of Iron

Ores:

An ore is the naturally occurring compound of aah&bm which that metal can be extracted. In
the earth crust, metals are generally found irfah@ of compounds which are found mixed with

other substances these naturally occurring minefatsetals are called ores. For example; halite
is an ore of Na and hematite and magnetite arerdeof Fe.

Alloys:

A material that has metallic properties and is cosagl of two or more chemical elements of
which at least one is a metal (i.e. steel is anyadf carbon in iron; stainless steel is an allby o
carbon, chromium and sometimes nickel in iron.)

Metallurgy:

It is the science and art of obtaining a metal fridsnores. There are number of types of
metallurgy.

In electrometallurgy, electricity is used to obtaimetal. Electrolysis is carried out of the molten
or solution form of the ore and metal is obtainetha cathode. For example; Na is obtained by
the electrolysis of NaCl by the Downs process.

In pyrometallurgy strong heat is used to extractedal from its ores. For example, Fe is extracted
from its ores by heating at high temperature.

Iron is extracted through pyrometallurgy in a fureacalled Blast Furnace. Commonly hematite
and magnetite are used to obtain iron. A numbeaeattions occurs at high temperature in the
blast furnace.

The reactions occurring in blast furnace are devi.
. Reactions in blast furnace:

FeO; + CO > 2Fe0O, + CQ (9)
FeO, + CO> 3FeO +CQ(Q)
FeO + CO-> Fe() + CQ(9)
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Iron is a common metal. It has been known sincéigteric ages. Iron is soft, malleable, and
ductile.

Occurrence:

Iron is a common metal. How it occurs?

Metallic iron occurs in the free state in only av/flecalities in the world.

In chemical compounds the metal is widely distréalit

After aluminum, iron is the most abundant of alltai® and ranks fourth in abundance
among all the elements in the earth's crust.

It is found in meteorites, usually alloyed with ked.

Iron is found in the earth crust in the form of ©réis principal ore is hematite and other
important ores are magnetite, siderite, and lingonit

Pyrite, FeS, the sulfide ore of iron, is not preeekas an iron ore because it is too difficult
to remove the sulfur.

Small amounts of iron occur in combination in natuwaters, in plants, and as a
constituent of blood.

Physical properties of Iron metal:

What are the common physical properties of iorn?

The atomic number of iron is 26, and atomic weigg5.847.

Pure iron melts at about 1535° C and boils at 21&0°

The specific gravity of iron is 7.86.

It is a metal which is easily magnetized at ordy@mperatures, but at about 790° C the
magnetic property of iron disappears.

Chemical Properties:

Describe some common properties of iron.

> Iron reacts with a number of elements. For exampiaake compounds with the halogens

(fluorine, chlorine, bromine, iodine), sulfur, pipb®rus, carbon, and silicon.

» Iron reacts with acids and displaces hydrogen fddote acids.
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» It reacts with oxygen to form ferrosoferric oxide0,.

» Rust: When exposed to moist air, iron undergoesriteation or corrosion and forms a
reddish-brown, flaky, hydrated ferric oxide commpokhown as rust.

» When iron is dipped into concentrated nitric adidorms a layer of oxide that renders it
passive—that is, it does not react chemically with acid®ther substances.

Give some uses of iron:

> Iron has a wide variety of applications. It is usedorocessed forms, such as wrought

iron, cast iron, and steel.
» Commercially pure iron is used for the productidngalvanized sheet metal and of

electromagnets.

» Many compounds of iron are used in different pugso$-errous sulfate (FeSO4), which is
also called green vitriol or copperas. It is use@anordant in dyeing, as a tonic medicine,
and in the manufacture of ink and pigments.

Metallurgy of Iron: what are the reactions that take place in the Blagtace?
. Combustion of Coke

C(s) + Oz(g) N COz(g) + heat
CQ + Gs) - 2CQy)

. Reduction of Fg0s

2Fe0s) +3Gs) — 4Fq) +3CQyg)
F6203(s) + 3CQg) N 4FQ|) + 3CQ(g)

. Calcination
CaCQ(S) + heat - CaQS) + CQ(g)
. Slag formation

CaQs) + SiQys) — CaSiQg) (slag)
CaQs) + AlbOsi) — Ca(AlOy)z)

What are the Products which are formed in thetBtasnace:

» Pigiron -93-95% Fe, 3-5% C, 1% Si, 0.1- 0.3%Pp» S
» Waste gases — G@nd CO
» Slag — CaSi@and Ca(AlQ),

Pig Iron:

Pig iron usually refers to the iron alloy with carbcontent of the 2 to 4.3%, also known as cast
iron. Besides carbon, pig iron also contains siljomanganese and small amounts of sulfur and
phosphorus. It cannot be forged, but can be castorling to the presence of carbon under the
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different forms, pig iron can be divided into steshking pig iron, foundry pig iron and ductile
iron.

What is cast iron?

This is pig iron melted with scrap Iron. It is tleast pure of all forms of iron containing 93% Fe
and 5% C.

The cast iron with carbon content of less than Oi2#alled wrought iron or pure iron. The cast
iron with carbon content of 0.2-1.7% is called cstetel. So, cast steel is a kind of special cast
iron. More than 2% of content is called pig iron.

What is wrought iron?

It is the purest form of iron produced when imgasgtare removed. It contains 0.5% impurities.
Wrought iron is very soft, plastic and easily defed, but its strength and hardness are lower, so
not widely used.

What is steel?

Steel is a common form of iron which usually congad.1 to 2% carbon. Steel has many types.
Since the pure iron metal is not very strong, intg are added into it.

For example, carbon is added in iron to make stath is much more stronger than iron.
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Lecture 15

Corrosion and its Prevention

We all are aware of the rusting of iron. In the samanner most other metals also deteriorate
with time. This process is called corrosion.

Corrosion occurs in all substances. It is the clamor electrochemical reaction between a
material, usually a metal, and its environment gratiuces a deterioration of the material and its
properties. However, the term is commonly used wéference to metals. It can be broadly
defined as follows.

“The deterioration of a metal as a result of itsct®n with the environment is called corrosion”.

Chemically corrosion is an oxidation process tlatuos at the surface of a metal. The rusting of
iron, tarnishing of silver, the development of agr coating on copper are well known forms of
corrosion. Corrosion is a great cause of the damégeetallic articles. Bridges, ships, vehicles,
and other metallic things suffer from corrosion lgad

Sources of Corrosion:
Following are the common causes or sources of smmo

» Contact with atmosphere

* Submersion in water or water solutions
« Underground soil attack.

* Contact with chemicals.

There are two major factors which increase thewsat®mrrosion rapidly. They are;

* Temperature
* Moisture

Rate of corrosion:

Corrosion is a chemical process. It is an oxidat&xfuction reaction that occurs at the surface of
a metal. In this process the metal undergoes agitdaDifferent metal corrode with different
speeds. Gold is so stable that it does not corrddi@ali metals like sodium and potassium
corrode rapidly when exposed to atmosphere. Iranodes slowly, and silver, copper and tin
corrode very slowly.

Rusting of Iron:

The corrosion of major concern is the rusting ohirlt is the cause of huge economic loss every
year. From common person to big industries alfesuirom corrosion in one way or the other.
Now the question is what the rust is.
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Rusting is a chemical reaction. When iron conesadntact with oxygen and moisture it is
oxidized to hydrated ferric oxidized, f&&.xH,O. This is rust. This substance is porous and
flaky. So it is removed away continuously. Thuswiele metal is eaten away.

Iron + Oxygen + Water ==> Hydrated Iron(lIl) oxide
Protection of iron form Rusting:
The protection of corrosion can be classified ésvis:

» Active corrosion protection

» Passive corrosion protection

* Permanent corrosion protection
* Temporary corrosion protection

Active corrosion protection:

The aim of active corrosion protection is to inflge the reactions which proceed during
corrosion. It is possible to control the corrosi@action in such a manner that corrosion is
avoided. Examples of such an approach are the @j@weint of corrosion-resistant alloys and the
addition of such materials to the metal which aanhit corrosion.

Passive corrosion protection:

In passive corrosion protection, the metal is medaly isolated from the damaging
environment. For example by using protective laydéiimis or other coatings rusting can be
avoided.

Permanent corrosion protection

The purpose of permanent corrosion protection nusthi® mainly to provide protection at the
place of use. Machines are located, for exampldaatory sheds and are thus protected from
extreme variations in temperature, which are fratjyehe cause of condensation.

Prevention of Corrosion:

There are a number of methods which are used tm @vaslow down corrosion in a metal and
rusting of iron in particular.

Protective metallic coating:

In this method a metal is coated with a thin layleanother metal which is resistant to corrosion.
Rusting of iron can be prevented by coating it with zinc or chromium. Tin plating is a well-
known technique. In this technique, a layer ofisimpplied on the surface of ion container. Tin
cans are good example. When zinc is coated on ihenprocess is called galvanizing, and the
iron coated with zinc is called galvanized iron.véwer, zinc is not used in food cans because it
readily reacts with acids found in food stuff andgitfjuices.
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Coating with paints:

Metal can be protected against corrosion by apglgicoating of paints on their surfaces. For this
purpose, any paint can be used. However, red leddiac chromate are commonly used. Grease,
plastic emulsions, and enamels can also be usdtifopurpose. Oiling is a common household
and small scale industrial method to protect stoalls from rusting.

Cathode Protection:

Corrosion is actually an electrochemical processirig the corrosion reaction the metal plays
the role of anode where oxidation occurs which eatsthe metal. If we connect iron through a
conductor to a more reactive metal in a manner thatelectrical circuit is established, then
oxidation will occur on the other metal and irorllwie acting as cathode. This method will then
protect iron from corroding. For example, if an arground iron pipe is connected to a zinc rod.
The zinc rod will undergo corrosion and iron withtn This method can be used to protect ship
and underground foundations of bridges from rusting

Alloying:

Many metals can be made more resistant to corrdsianaking their alloys. Steel, bronze, brass
are metal alloys and are more stable than thee metals.

Stain less steel is an alloy of iron. A wide vayief stainless steels are made today for different
purposes. The common stain less steel has thevintjocomposition. C = 0.18 %, Cr = 18 %, Ni
= 8 %, rest is iron or Fe. Stainless steel is weadake surgical instrument and cutlery etc.

Applications of Alloys:

Alloys are very important, as they have speciapprtes and are more viable and useful than the
pure metals. They have greater resistance to ¢omoBor example, steel is mire resistance to
corrosion than pure iron.

Many alloys also have useful magnetic properties. &xample, Alnico has a strong magnetic
properties. It ig=e-Al-Ni-Co.

Very hard steel is used to make jaws of rock crissiehas Manganese and Vanadium.

Some alloys also have attractive colours, For exam#u-Cu is an alloy which has red or yellow
colour.

Tin plating and methods of tin plating:

The art of applying tin on the surface of a metatalled tin plating. The purpose of tin plating is
to protect the metal from corrosion. Tin platingrain is very common.

There are a number of ways to coat tin on iron.

Electroplating is commonly used for large scale tin plating. Tigign electrolytic process. For
this purpose, an electrolytic cell is made in th¢hode is made of iron sheet and tin is used as
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anode. The electrolytic solution contains a saltimfsuch as tin sulfate or tin chloride. When
electric current is passed, tin ions move to tbe tathode and are deposited on it. In this way a
layer of tin is coated on the surface of iron sheet

Another method to coat tin layer on iron surfackdsdip method. In this method, sheets of iron
are dipped in molten tin.

Classical methodof tin plating is a manual technigque. A metal toohrticle is polished with tin
with the help of a rag or brush. Traditionally, $8aand copper utensils are tin plated by this
method.

Stainless steel:

Steel is an alloy of iron. There are many typesteél. A very useful type of steel is the stainless
steel. It is so called because it is resistantaiwosion or rusting. The composition of common
stainless steel is as follows: chromium 18%, ni@éland carbon 0.18 %.

The stainless steel is hard and has a high testsdagth. Why it is resistant to rusting? This is
due to the thin film of chromium oxide which is @deped on the surface due to the reaction of
chromium with oxygen. This is hard and tough famd does not corrode.

Applications of Stainless Steel:

It is used to make cutlery

It is used to make surgical instruments

It is also used to make different household utsrasild containers.

It is also used to make automobiles parts, deaoraticles and electronic appliances.

O O O O

51



©Copy right Virtual University of Pakistan

Lecture 16

Periodic Table

In this lecture we will discuss two important elert® namely hydrogen and oxygen.
Hydrogen:

Hydrogen is unigue element. Its atom is the smiadiesm and has only 1 proton and 1 electron. It
is generally placed at the top of group IA alonghvéilkali metals but it is not a metal and it i$ no
fully justified to place it in group IA.

Hydrogen is the most abundant element in the useverhe stars are mostly composed of
hydrogen. In the earth crust hydrogen is foundhveform of compounds. The most abundant
compound of hydrogen is;B. Petroleum and natural gas also contains hydrdggirogen is
also a part of organic compounds.

Isotopes of hydrogenHydrogen exists in the form of three isotopes. Taeyordinary hydrogen
or protium, heavy hydrogen or deuterium, and raztiva hydrogen or tritium.

Industrial Preparation of hydrogen:
On large scale hydrogen is prepared by a numbgrogess. Some of them are discussed below.
. Electrolysis of Water:

In this method, electricity is passed through watentaining a small amount of sulfuric acid.
Hydrogen is obtained at cathode. At anode oxygemiained.

2H,O0 > 2H, + O
. Coke and Steam Process:

Coke (a form of carbon) is mixed with steam andrggty heated. Water gas is produced which is
a mixture of carbon monoxide and hydrogen gas.

1200°C

C + HO ——————— [CO + H,;]Water gas

How to separate Hrom CO ?

1. Liquefaction process: the b.p. of CO =-192 °@ brp. of B = -253 °C. When this
mixture is liquefied, CO first liquefies and thueparated leaving behind hydrogen gas.

2. Bosch Process: Then more steam is added and therenis heated strongly in the
presence of ferric oxide. A mixture of carbon daxiand hydrogen gas is obtained. This
is known as Bosch process.
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CO + H, + H,O .~ CO, + 2H,
How to separate CQ

Carbon dioxide is separated by passing the mittumeigh water under pressure. Carbon dioxide
is dissolved in water and hydrogen is liberated.

. Steam and hydrocarbon process:

In this process a mixture of methane and stearagsqu over a nickel catalyst at about 900 C
under high pressure. A mixture of carbon monoxiae laydrogen gas is obtained.

CH; + HO > CO + 3hH
Carbon monoxide is separated by the method disdsdzave.
Laboratory Preparation:

In the laboratory, hydrogen gas can be prepardtidownction of a dilute solution of a strong acid
on reactive metals like zinc.

Action of dil. Acids on metals:

. Zn+ 2HCI —— ZnGl+ H (9)
. Zn + BSO— ZnSQ + H (9)

Action of Water on CaH,
CaH, + 2H,0 Ca(OH) + 2H:(9)
Chemical reactions of hydrogen:
1. Reaction with Oxygen: Burning ofH
2H, + O— 2H,O + Heat
2. Reaction with N
3H, + Np=— 2NH;
3. Reaction with Sulfur
H, + S—> HS
4. Reaction with Phosphorus
3H, +2P —— 2PH
5. Reaction with Chlorine

H, + Cl2—— 2HCI
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Applications of H,

» Preparation of Nkl (heating H and N at 500 °C using R®3/Al,O3 as catalyst. The
process is called Haber process.
» Preparation of HCI: Hydrogen gas is reacted witlorhe gas to obtain HCI.
» Preparation of methanol: heating water gas witl©2@r,O; catalyst:
CO + 24 — CHOH
* Hydrogenation of vegetable oils to ghee

Hydrides:

The binary compounds of hydrogen with other elememe called hydrides. Hydrogen reacts
with almost all elements and forms binary compour@smmon examples are;®, NHs;, HX
(X is a halogen), ClHand other hydrocarbons.

lonic Hydrides: With alkali metals and calcium, hydrogen formsieomydrides.
2Li + H, - 2LiH
2Na + H > 2NaH
Ca + H > Cah
They are ionic compounds and show typical propgfdonic compounds.
Covalent Hydrides: The hydrides of p-Block elements are covalent iolgd.
Common examples: CHNH;, H,O, HCI, PH, H.S, HBr, HI.
They are molecular. Have low b.p., m.p.
Metallic hydrides: The hydrides of transition metals are called ntietaydrides.

They are non-stoichiometric. They are interstitampounds and they retain properties of the
original metal.

Complex hydrides: common examples are LIANBBH,

Nascent Hydrogen: The hydrogen at the time of @segatioin in a reaction is called nascent
hydrogen. It is atomic hydrogen. It may react watty reactant available, or atomic hydrogen
may produce hydrogen gas. For example:

Zn + 2HCI> ZnCh + 2[H]
2[H] > H,

Oxygen: Oxygen is a common element. In the earth crusis the most abundant element.
Oxygen atom has 8 protons and 8 electrons. Comrmaotoge of oxygen has 8 neutrons.
Molecular formula of oxygen gas i$3Dxygen gas is about 20% of the air by volume. @&xyis
necessary for life. Most organic compounds alsdaioroxygen.
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Characteristics of Oxygen:
» Abundance: most abundant in Earth crust, 50%
* Inthe air: 21% by volume
* Most abundant compounds;®, SiG,
* In the periodic table, group VIA,
» Electronegativity: 3.4.
» Electronic configuration:
* O,is paramagnet

Allotropes of Oxygen: there are two allotropes of xygen:
. Ordinary oxygen, dioxygen, oxygen gas, O
. Ozone, Q

Formation of O ions: oxygen has high electron affinity, so it absorbecebns. Absorption of
first electron is exothermic while that of the sed@lectron is endothermic.

O+ 26 >0%
Preparation of Oxygen:

Laboratory preparation: By heating potassium chlorae using MnO, as catalyst: heated at
240°C

2KCIO3 = 2KCI + 30, (9)
Industrial preparation: On the industrial scale, oxygen is prepared byfdhewing methods.

. Electrolysis of water: Electrolysis of water produces hydrogen and oxyggeses.
. Liquefaction of air: The major components of air are oxygen and nitrogéeir boiling
points are given below.

b.p.of @ = -183°C

b.p.of b = -196°C
So these gases can be separated by liquefaction.
Chemical properties:

Oxygen is a reactive element and reacts with alrabbshetals and non-metals, the compounds
the oxygen formed with other elements are of déffeitypes.

1. Reaction with C, S, P, Hoxides are formed.
C + 02> CO2
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S + 02> SO2
P4 + 502-> P4010
2H2 + 02> 2H20

2. With sodium
The following reaction occurs at room temperature
4Na + Q -2 2N&O sodium oxide
At higher temperature:
2Na + Q 2 NaO, sodium peroxide
3. With potassium
Potassium reacts with oxygen to for superoxide:
K+ G 2> KO; potassium superoxide
4. With Mg, Ca and Ba
2Ca + Q@ > 2Ca0O
5. Reaction with Fe
2Fe + Q@ > 2FeO
4FeO + Q = 2Fe0;
6. Reaction with CH4 (Combustion)
CH4 and other hydrocarbons burn:
CH, + 2@ 2 CO, + 2H0 + Heat
Oxides: The binary compounds of oxygen:
The binary compounds of oxygen with other elemeatied oxides. Oxides are of three types.

1. Normal oxides; in which the oxidation number of gen is -2.
2. Peroxides; in which the oxidation number of oxygen.
3. Super oxides; in which the oxidation number of atygs -1/2

Normal oxides are very conmen,® CQ,, NGO, are its examples. . is hydrogen per oxide.

KO, is potassium super oxide.
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Types of Oxides:

1. Covalent oxides or acidic oxides. They are oxidesammetals, CO2, H20, NO2, SO2,
etc. When dissolved in water, they form acids:

C0O2 + H20-> H2CO3
SO2 + H20-> H2S03
SO3 + H20-> H2S04

2. Basic oxides: The basic oxides are the oxides dhimeThey react with water to form
bases:

Na20 + H20-> 2NaCOH

CaO + H20> Ca(OH)2

BaO + H20-> Ba(OH)2

Interesting chemistry of KO How O, gas is produced in rescue masks? It is done byetetion
of K,O with water:

4KO, + 2H0 > 4KOH + 3Q
2KOH + CQ 2> K,CO; + HO
Applications of Oxygen gas:

1. Oxidizing agent: it is used in steel making, andged to burn impurities.

2. To bleach pulp and paper (oxidation of coloured pgounds usually gives colourless
products).

3. Medical use (to ease breathing difficulties)

4. To produce oxy-acetylene flame
2C2H2 + 502> 4C0O2 + 2H20

5. To produce oxy-hydrogen flame

Compounds of Oxygen: Sulfuric Acid
Preparation of H2SO4 by Contact Process involveddtowing reactions:

1. S + 02> SO2

2. 2SO, O, 2 25QG Catalyst: ¥Os
3. SO + SO + S0y

4. HS,0; + HO = 2H,SO4
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Lecture 17

Properties and Trends in Periodic Table

Nitrogen is a common element, it occurs in the fofmrelement and compounds. Nitrogen gas is
composed of Bimolecules. Nitrogen gas is found 78% by volumaiinNitrogen molecule Nis
very stable because there is a triple bond whintdnitrogen atoms together. In the triple bond,
1 bond is sigma and other 2 bonds are pi bondsgdétr compounds are numerous; examples
include ammonia, urea and nitric acid. Many orgaoeimpounds also contain nitrogen. Naturally
occurring minerals of nitrogen are saltpeters KN&ehd NaN@

Laboratory preparation of nitrogen gas: By heating NHNO,which is prepared by the action
of ammonium chloride with sodium nitrite:

NH4Cl + NaNQ -> NH4/NO, + NaCl
NHsNO, = N, + 2H0
Large scale obtaining:On large scale nitrogen gas is obtained by liqetefa of air:

-183°C

b.p. of Q

b.p.of b = -196°C

Chemical Properties:

1. Reaction with oxygen:

N2, + & - 2NO heating at 1500-2000 °C
2. Heating with Mg, Ca, B

Nitrides are formed: BN (boron nitride), € (calcium nitride)
3. Reaction with H (Haber Process) produces ammonia {NH

Applications of Nitrogen gas:

1. Nitrogen is used to prepare ammonia which is theeduto prepare nitric acid and
fertilizer.

2. It is used as an inert gaseous blanket to exclugéo@ processing and packaging of
foods.

3. Liquid nitrogen is used as a coolant to freeze $oagbidly.

Ammonia, NH3

Ammonia is a base. It is because it has a lonegbalectrons which can be donated to a proton,
thus ammonia is electron pair donor or it is arigmacceptor.

Ny + H'=—> NH,"
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Ammonia is a binary compound of nitrogen and hyedrodits molecular formula is NHIt is
prepared on industrial scale by the method calledbefl process. In this process nitrogen is
reacted with hydrogen in the presence of catalg@CR3/ Al203.

N, + 3, — 2NH;
The reactants are heated at 800
Laboratory preparation of ammonia:
In the laboratory ammonia can be prepared by theraof base on ammonium chloride.

1. NH.Cl+NaOH —> NH + NaCl + HO
2. NHCl+Ca(OH)y — NH; + H20 + CaGl

Nitric Acid, HNO 3

Nitric acid is an important compound of nitrogenislone of the common acids used extensively
in laboratories and industries.

Preparation of Nitric acid:
Nitric acid is prepared industrially by a methodtum asOstwald’s method
In this method nitric acid is prepared by the okimtaof ammonia.

There are three main steps:

1. Oxidation of ammonia to nitric oxide
2. Oxidation of nitric oxide to N@
3. Reaction of NQwith water to produce nitric acid.

Chemical reactions are shown by the chemical egusas follows:
4ANH;z + 50,—> 4NO + 6HO
2NO + @——> 2NQ
3NQ + H,O — 2HNG + NO
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Lecture 18

Halogens (VII)

The elements of group VII are called halogens, twimtean salt formers. Halogens include the
following elements:

Fluorine (F)
Chlorine (Cl)
Bromine (Br)
lodine (1)
Astatine (At)

abkrwbdPE

Atomic Numbers of Halogens are given below alontihhe name of the element:

F Fluorine (9)
Cl Chlorine (17)
Br Bromine (35)
I iodine (53)
At Astatine (85

arwbdpE

Occurrence: halogens occur in the form of diffe@mpounds in the earth crust.

Salts e.g., NaCl, Bt I
Fluorspar, Caf
Cryolite, NaAlFe,
Fluorapatite, C{POy)3F

hPwnNPE

Halogens form diatomic moleculesF, Cl, Br, |,

Physical States: In their elemental forms, halsgeocur as diatomic molecules. They have
different physical states. Fluorine and chlorine gases, bromine is a liquid and iodine is a solid.

Electronegativity: The electronegativity of an etarhis the ability of the element to attract the
shared pair of electrons toward it. The halogemrsvary electronegative elements. Fluorine has
the highest electronegativity among all the elesefhe electronegativity values of halogens are
given below:

F 4.0
Cl 3.0
Br 2.8
I 25

hPrwonNhpE

Electron affinity: The electron affinity of an element is the energgabed or evolved when an
electron enters into an atom of the element. Aodeh atom absorbs an electron to make a
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negative ion (anion). During this process energgvislved. Electron affinity values of halogens
are given below:

Electron affinity (kJ/mol)

F -333
Cl -348
Br -324

I -295

Chlorine gas (Cb)

In this lecture we will study chlorine as a typitalogen. Chlorine is a yellowish green coloured
gas.

Laboratory preparation: In the laboratory, chlorine gas is prepared bg thction of
hydrochloric acid on manganese dioxide.

4HCI + MnGQ > MnCl, + 2HO + Ck(g)
Industrial preparation:
On the industrial scale chlorine gas is prepareddajum chloride.
1. Electrolysis of molten NaCl (Downs Cell Process):

It may be prepared by the electrolysis of moltet€CN&or this purpose a special electrolytic cell
is used which is called Downs cell and the prochss is called the Downs cell process. The
melting point of NaCl is 801°C, which is a very hitemperature. To lower the melting point of
NacCl, calcium chloride is added. The electrolytixtare in the Downs cell contains 40% NacCl
and 60% CagGl Chlorine gas is obtained at anode.

2NaCl - 2Na + Ci(9)

2. Electrolysis of Brine (Castner-Kellner Cell Proess):In this method aqueous solution of
sodium chloride (common salt) is electrolyzed. Hupieous solution of NaCl is called brine.
Chlorine gas is obtained at the anode. In the @adteliner cell Moving mercury cathode is
used. Sodium is discharge at the mercury electeodtk forms sodium amalgam. The sodium
amalgam is taken into another compartment whereatt with water to produce NaOH and
hydrogen gas. Mercury is recirculated.

2NaCl + 2HO - 2NaOH + H(g) + Ch(g)
Physical properties:

1. Chlorine is a greenish yellow gas.

It has pungent smell.

3. Chlorine is a toxic gas. If it comes in contactpibduces inflammation of lungs, throat
and nose.

4. 1ts boiling point is -34.6 C, and melting point-i1.6C.

5. ltis fairly soluble in water.

N
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Chemical properties of Chlorine gas:

Chlorine is a reactive gas. It reacts with many alsetand non-metals. It also reacts with
compounds.
Reactions with metals:

2Na + C} - 2NacCl

2K + ChL - 2KCI

2Sb + 3C{ - 2SbCk

2Fe + 3G > 2FeC}

Sn + 2C4 - SnC}

Reactions with non-metals
P, + 6CL > 4PC}
P, + 10C} > 4PC}
2S + C} 2 SCl,

Reaction with hydrogen:

H, + Ch > 2HCI
Reactions with Compounds

Reaction with Ammonia:

2NH3; + 3CL > N, + 6HCI(g)
6NH; + 6HCI > 6NH,CI(s)
Oxidation of FeCl2 to FeCI3

2FeC}) + Cb = 2FeC}

Chlorine replaces bromine and iodine from their poonds. It is a stronger oxidizing agent than
bromine and iodine.

2NaBr + C} - 2NaCl + Bp
2KI + Chb = 2KCI + b

Photochemical reactions:chlorine also undergoes photochemical reactianghése reaction a
photon of light breaks the chlorine molecule inkdocine free radicals which are chlorine atoms.
The chlorine radicals then react with other compisusuch as methane.

CH, + Cb > CHCIl + HCI
Chlorine as a bleaching agent:
Chlorine reacts with water to form HCI and HOCI. @ICthen breaks up to form atomic or

nascent oxygen. The atomic oxygen is very reaethekis a strong oxidizing agent. It reacts with
the spots and removes them. This is called blegddtion.
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H,O + CbL - HCI + HOCI
2HOCI - 2HCI + 2[0] Nascent Oxygen
Uses of Chlorine:

Chlorine is a useful element. It is used for aefgrof purposes.

» For sterilizing drinking water

» To prepare PVC (Polyvinyl chloride) plastic
* To prepare CGland CHC}

* To prepare HCI

* To prepare bleaching powder, Ca@80O

Hydrochloric Acid (HCI)

One of the important compounds of chlorine is M®ich hydrogen chloride. It is a gas. When it
is dissolved in water, we obtain hydrochloric aditydrochloric acid is a commonly used acid.
Hydrogen chloride can be prepared by a number tfoals.

Laboratory preparation: In laboratory HCI can brepared by the action of sulfuric acid on
sodium chloride.

NaCl + HSO, > NaHSQ + HCI(g)

Industrial preparation: On industrial scale, HClpepared by the reaction of chlorine with
hydrogen gas.

H2 + CI2 > 2HCI
Chemical reactions of HCI:
e Reaction with a base, NaOH or KOH

HCIl + NaOH ->NaCl + H20
HCIl + KOH >KCI + H20

® Reaction with ammonia
HCI + NH3 > NHA4CI

¢ Reaction with calcium oxide
2HCI + CaG>» CaCl2 + H20

¢ Reaction with sodium carbonate

2HCI + Na2CO3> 2NaCl + CO2 + H20
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Lecture 20

Properties of Solutions

Mixture:

A mixture is a “mixed” substance which obtained raixing two are more substances without
undergoing any chemical reaction.

Types of mixtures: Mixtures are of two types:

. Homogenous Mixtures
. Heterogeneous. Mixtures

Homogeneous mixture

A Homogeneous mixture has uniform composition thfmut its body. They are known as
solutions. For example, when sugar or salt is tirssbin water it forms a solution in which the
sugar or salt and water are uniformly mixed (thgaswr salt is dissolved uniformly in water).
Another common example is air.

Heterogeneous mixture

A Heterogeneous mixture is that which does not havieorm composition. e.g. granite which
consists of quartz, feldspar and mica and you dantify each of the substances separately in the
mixture.

Heterogeneous mixtures can be suspensions oralloi
Solution:
“A solution is a homogenous mixture of atoms, ionsnolecules of two or more substances.”

A homogenous mixture is that which has uniform cosifion throughout its body. In other
words, it has only one phase. Suppose, we stir ssugar into a glass of water. The grains of
sugar disappear and we have a clear liquid thadisIgast like pure water. The sugar molecules
have dispersed among the water molecules, and andawater thus form a solution.

Types of solution

Solutions can be classified on the basis of thiites solid, liquid, or gas. Thus there are nine
types of solutions. The most common type of sohgis a solid dissolved in liquids. The liquid
is mostly water.

Solvent and Solute

The solvent is the component of a solution thatissialized as dissolving another component
called a solute. Usually the component presertiéridrger quantity is called the solvent, and the
component present in the smaller quantity is cathedsolute.
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Concentration and its units

By concentration we mean the relative amounts efdbmponents of a solution. It tells us the
ratio of the quantity of one component to the giardf the other or to the total quantity of
solution. It has many units. Some common unitgéeussed below.

Percentage

The ratio of the mass of the solute to the mashefsolution multiplied by 100 is called mass
percentage.

Mass Percentage of a solute = Mass of the solti@Ox

Mass of solution
Example

A solution contains 25 grams of sugar in 150 gramsater. What is the %age by mass of sugar
in the solution? (14.3%)

For liquid-liquid solutions, it is sometimes morenvenient to express the concentration in the
units of percentage by volume:

Volume Percentage of a liquid = Volume of the ldjux 100

Total volume
Example

A solution of 10 ml acetone and 50 ml water wapared. Calculate the percentage by volume of
acetone. (16.67%)

Molarity (M)
Molarity is the most common unit of concentraties®ed in chemistry.

“Molarity or the molar concentration is the numbErmoles of solute dissolved per Hrof
solution”. (1 dniis equal to 1 Liter)

Thus

Molarity = _Number of moles of solute

Volume of solution in liters

Example: 15g of NaOH were dissolved in enough watgsrepare 100 cirsolution. Calculate
the molarity of NaOH. (3.75 mol/dn
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Molarity (m)

“Molarity is the number of moles of solute dissedvper kilogram of solvent”.
Example: 15 g of NaOH was dissolved in 100 g ofenatalculate the molality of NaOH.
(3.75 mol/Kg)

Molality is independent of temperature as it is saismass ratio, while molarity is temperature
dependent as it is mass to volume ratio.

Solubility and Saturation

This is an important question that how much atsoid maximum can be dissolved in a
given quantity of a solvent. The maximum amounadfolute dissolved in a given amount of a
solvent is calledolubility of that solute. It can be precisely defined akwas:

“The solubility of a solute in a given solvent letconcentration of that solute in its saturated
solution at a specific temperature”.

Solubility can be expressed in any of the unitscohcentration. However, it is commonly
expressed in grams per 8m

“A saturated solution is the solution which cansdise no more amount of the solute, at the
given temperature”.

If we start slowly adding sugar (sucrose) to waaden in a beaker. At first it dissolves rapidly,
but then gradually the dissolution process becoslew. The continued addition of sugar
eventually brings the solution to saturation, aftdrich any additional sugar simply falls to the
bottom of the container where it remains undisshlv&t this point, there is an equilibrium
between the excess undissolved solute and theldisisone.

This solution of sugar is said to be saturated, #wedconcentration of sugar in this solution is
called its solubility.

Dissociation of Solutes

When sugar dissolves in water, the solute pastithat are dispersed through out the
resulting solution are sugar molecules. On the roll@d many solids (electrolytes) undergo
dissociation or ionization when dissolve. For exEmplaCl forms sodium and chlorine ions in
solution.

The solubility of NaCl at 2% have been estimated to be 5 moff@m292.5 g/drm
Sparingly Soluble Substances

The substances that have very low solubility arewkm assparingly soluble or slightly soluble
substances. Example, AgCl.
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Hydration

When an ionizable substance (an acid, base orisa@tjded to water to form a solution, it breaks
up into ions. The ions are surrounded or encageddigr molecules due to attraction between
the ions and water molecules. This process is kresvmydration.

Water is a polar molecule in which the hydrogemetare partially positively charged and the
oxygen atom is partially negatively charged. Bepaar, water molecules surround the ions
dipped in it. Thus, in water solution all catiomgdaanions are hydrated. The cations are attracted
by the negative ends (oxygen) of water moleculesthe anions are attracted by the positive ends
of the water molecules (hydrogens).

Water of hydration

Water can become incorporated in solid compoudscioupying specific crystal sites in
the solid without being strongly bonded to a speetom. This water is called water of hydration
or water of crystallization. The compounds havirgtev of hydration are called hydrates. Some
examples are CaSQH,0, CuSQ.5H,0, CaC%.6H,0. Many hydrates lose their water of
hydration upon heating and form anhydrous compouRds example, crystalline copper sulfate
pentahydrate (blue) changes into anhydrous coppi@te (white) on heating.

Hydrolysis

“The reaction of water with an anion or a cation both of a salt causing a change in the pH is
called hydrolysis”.

Colloids:

Colloids form the dividing line between solutionsdaheterogeneous mixture. They are not true
solution. In colloids the disperse particles argda than typical molecules. In colloids we don’t
have solute or solvent. Rather, we have disperBadepand dispersion medium colloids scattered
light. This is called Tyndal effect.

Solution Colloid

I. This is the homogeneous and stableThis is the heterogeneous and stable
mixture of a solute in solvent. mixture of particles in the solvent.

ii. Particle sizes of solutes are very smadil Particles are larger sized and visib
does not visible under light microscope. | through the light microscope.

e

iii. Solute evenly distributed does noii. Particles are remaining scattered does
show. Brownian movement, tyndal effeatot steeled down longer perion. They
etc. show Brownian motion and exhihit
tyndal effect.

67



©Copy right Virtual University of Pakistan

What is a saturated solution?

A saturated solution is that solution which candissolve more solute at a given temperature. If
in such a solution you add more solute at that &atpre, it will not dissolve and will settle
down at the bottom. Thus, the solution which cam dissolve more solute at a particular
temperature is called a saturated solution.

What is solubility?

The amount of solute needed to form a saturatedignlin a given quantity of solvent at specific
temperature is called the solubility of that solutethat solvent at temperature. In other words
solubility is the maximum amount of solute thatlwdissolve in a given amount of solvent at a
particular temperature.

How molarity is different from molality?

Molarity is a unit of concentration. It is the nuembof moles of solute present per litter of
solution.

Molality is another unit of concentration. It isetmumber of moles of solute present per Kg of
solvent. So, molarity is mass per volume whereailityois mass per mass. Therefore, molarity
varies with temperature but there is no effeceafperature on molality.
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Lecture # 21

Acids, Bases

Arrhenius concept of acid andbase:

According to Arrhenius theory an acid is substanb&h produces Hions when dissolved in water,
examples; HCI, HN@etc.

HCl > H+ + CI

According to this theory a base is a substance wipmduces OHwhen dissolved in water.
Examples include NaOH an<OH.

NaOH - Na° + OH

When an acid and a base react, they cancel eaeh @ttis reaction is known as neutralization and
neutralization reaction a salt and water is forntecample;

HCI + NaOH —— NaCl + H20

Acid Base Salt Water
Somebases Their uses
Production of fertilizers (ammonium and nitratetsalused irthe
Ammonia (NH;) manufacture of nitric acid, neutralize the acidtfia petroleum industry)

and prevent premature coagulation in natural /hefit latex.

Aluminium hydroxide Manufacture other aluminium compound and to malgtrigamedicine

(AI(CH) )

(antacid)
Calcium hvdroxide To make cement, limewater, neutralize the acidityadl and application
(Ca(OH)Z)y of sewage treatment.
Sodium hydroxide Used in the manufacturing of soaps, detergentschaahers.

Lowry-Bronsted concept of acid andbase:

According to Lowry-Bronsted concept, an acid ig@t@n donor and a base is a prosmteptor.
When acid-base reaction occurs, another set ofaacbase is formed. They are call d
conjugate acids and bases.

Example: When HCl is dissolved in water the follogireaction occurs.

HCl + O —> HO" +CrI

Hydronium (I—BO+) ion is aconjugate acid whereasClion is conjugate base.
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Reaction of acids with metals:

Al + HCl—> AICl3 +H,

Mg + H,SO=——>MgSQOy + Hys

Fe + BSO,——>FeSQ + H,
Acid-base reactions:

NaOH + HNQ——>NaNG; + H,O

KOH + CH;COOH — CHCOOK + K0
Reactions of acids with metal oxides:

Al,03 + 6HC| — 2AICkL + 3H,0

3K0 + 2HPO,—>2K3P0, + 3H,0
Acid and Base Strength

According toArrhenius definitions, an acid furnishes Hons and a base furnishes Qbhs in
their aqueous solutions. For example:

HCI(g) = H" (aq) + Cl (aq)
NaOH (s)> Na' (aq) + OH (aq)

However, all acids, and all bases are not equaityng. The strength of an acid or a base is
estimated by a number of parameters, such as:

1. Degree of dissociation
2. Percent degree of dissociation
3. Dissociation constant

Degree of dissociation

It tells us how fast an acid or base undergo diasioa of ionization when they are put in water.
Degree of dissociation is the ratio of the numidehe moles or molecules dissociated and the
total number of the moles or molecules initialligga. Thus

Decree of Dissociation —  Number of moles dissociated
- Total Number of moles taken

The higher the degree of dissociation of an acid base, the stronger they are. The maximum
value of the degree of dissociation is 1.

Percentage Degree of Dissociation

Percent degree of dissociation is obtained by plyitig the degree of dissociation by 100.
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Strong acids and bases are almost 100% dissocratedter, while weak acids and bases are not
100% dissociated. HCI, HNOQNaOH and KOH are almost 100% dissociated in éilvater
solution, while CHCOOH is only 1.4% and N/DH is again 1.4% dissociated.

Dissociation Constant (Ka and Kb)

According to Lowry-Bronsted concept an acid israt@gn donor. Thus, in general, an acid, HA,
forms the following equilibrium in water:

HA + H,O =A™ + H,O"
The equilibrium constant expression for this reacis:
K - [AT]H0"
[HA][H,O]
Water is present in large amount so its concentrais almost constant. Thus, the product Kc

[H20] is also constant and known as the dissociatmrstant of an acid and is given the symbol
Ka

- _ [AT]HT]

Strong acids, such as HCI, HM®ave very large values of dissociation constamisile weak
acids have very small values of Ka, for example:

CH;COOH K, = 1.8x 10
HCN K, = 4.9 x 10°
H,0 Ky = 1.0x10*

According to Lowry-Bronsted concept a base is @gmwacceptor. Thus, in general, a base, B,
reacts with water as follows:

B +H,0 &= BH + OH

pH and pOH

Pure water is only about 2x1@ercent dissociated (self-dissociation) into iah&5C.
H,O = H (aq) + OH(aq)

Then, the equilibrium constant, Kc, is

[H][OH]
Re = "m,0]
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Since water is in excess, JB] is constant:
K¢ [H20] = [H[OHT] = K,
Thus, K, =[H'][OH]

Kw is known asonic product of water. Its value has been experimentally foasd
Ky = 1x10* mol? dm®
Or  Ky=1x10"moFlit?
In pure water (or in a neutral aqueous solution)
[H] = [OH] = 10" mol/dn?

The H ion concentration in solution can range from mitr@n 10 mol/drto less than 1x18
mol/dn?. The pH scale was devised as a convenient waxpfessing such a wide range of
concentration. The pH is defined as follows:

“The pH of a solution is the negative logarithmhe base
10 of the hydrogen ion (or hydronium ion) concetinal’.
Mathematically,
pH = —logdH"]
or pH = - logo [H30"]
The concept of the pH was proposed in 1909 by tweidh chemist Soren Sorenson (1868-1939).

In the same way we can also define pOH.

pOH = - log [OH]
. [A7]
H=pK, + log ——
b Pfa+log [HA]
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Table: 7.1 pH, pOH, (250C), and H+ ion, oH moncentration
[H+], M bH [OH], M pOH
More acidic |10 -1 10-15 15 More fcidic
1 0 10-14 14
10-1 1 10-13 13
10-2 2 10-12 12
10-3 3 10-11 11
10-4 4 10-10 10
10-5 5 10-9 ¢)
Neutrgl 10-7 7 10-7 7 Neutrl
More basic  [10-8 8 10-6 6 More basic
10-9 9 10-5 5
10-10 10 10-4 4
10-11 11 10-3 3
10-12 12 10-2 2
10-13 13 10-1 1
10-14 14 1 0
10-15 15 10 -1
At 25°C,
[H+][OH-] = 1x10*
pH + pOH = 14
Thus,

The pH of a neutral solution is 7, the pH of adgless than 7 while that of bases is higher than 7
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Problem:

What is the pH of a 0.016 mol/drsolution of NaOH?

Solution:
NaOH is a strong base and dissociates almost 1666m OH ions, thus
[OH] =[NaOH]
= 0.016 mol/drh
Therefore,
pOH = - log [OH
= - log 0.016
= 1.8
pH + pOH = 14
pH = 14 - pOH
= 14-1.8
= 12.2

Measurement of pH
The pH of a solution can be determined by two galmeethods:
1. Indicators 2. pH meters

Indicators

Indicators are chemical compounds which chandeucownith pH and thus give an
approximate value of the pH of a given solutioneféhare a number of indicators. A special
indicator is the universal indicator, which is axtnre of several indicators that has several
colour changes over a wide range of pH.

pH Meters

A pH meter is an electrical instrument that empldwo electrodes to measure the
potential difference between the solution to béetksind a standard solution of known pH. This
potential difference is related to the pH of thiuBon being tested. The pH is read directly from
the dial of the instrument.

Common Indicators:

To determine the end-point in an acid-base tamatr to determine the pH of a solution,
various compounds are used, that are called irad&aBroadly speakindan indicator is any
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compoundvhich changes colour with the change in p&h acid-base indicator is a weak acid
(or base) whose colour is different from that efabnjugate base (or acid). Take the example of
phenolphthalein (C20H1304H):

CooH130:H (ag) > CooH1504 (ag) + H(aq)
(colourless) (red) conjugate base

Table: Some indicators and their colour changes

Indicators Approximate pH range | Corresponding colomu change
Methyl orange 3.1-44 Orange to yellow
Bromophenol blue 3.8.-4.6 Yellow to blue
Methyl red 4.4-6.2 Red to yellow
Phenolphthalein 8.0-10.0 Colourless to red

A paper strip impregnated with a universal indicasooften used. This is known as pH paper.
When a part of this strip is dipped in a solutithe paper shows a colour from which the pH can
be judged.

Neutralization

When an acidic solution is added to a basic saluiiothe right proportion, the properties of
each are lost, and a salt and water are formed.rbcess is callegkutralization.

“The reaction between an acid and a base that forms
a salt and water is called neutralization”.
For Example,
HCI (aq) + NaOH (agy» NaCl (aqg) + HO
HNO;s (aq) + NaOH (agy» NaNG; (aqg) + HO

Buffers or Buffer Solutions

Normally, solutions change their pH when an acidaobase is added to them. For example,
pure water, when kept open, changes its pH from newtradcidic due to the absorption of €0
from airforming carbonic aciqH,COs).

However, there are certain solutions, which tendmntaintain their pH. These are known as
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buffers or buffer solutions.

Definition:

“A buffer solution is a solution which undergoedyoa slight change of pH when an acid or a base
is added tat”.

A buffer offers resistance against any changesipl{. Mostcommonly:

“A buffer solution is a solution of a weak acid aadalt of it, or a buffer solution ia
solution of a weak base and a salitdf

For example, a solution of acetic acid and sodioetade forms auffer: (CH;COOH +
CH;COONa)solutionand a solution of ammonium hydroxide and ammonthioride forms a
buffer: (NH,OH + NH4Cl) solution

Buffers maintain their pH upon addition of acidsbases by shifting equilibriuosition.

Buffers play a very important role in marghemical and biological processes. For
example, the control of the pH is very importantle treatment of sewage in electroplating,
and in the manufacturing of photographic materiaintaining a constant pH is essential for
many metabolic processes; the pH of the blood bdsetclose to 7.4 and the pH of saliva is
close to 6.8.

Oxidation and Reduction

Many reactions involve transfer of electrons fromeocatom to another atom. These reactions
are known asoxidation-reduction reactions. The loss of electrons from an atom is known as
oxidation, while the gain of electrons by an atom is calkedliuction. Oxidation and reduction
always takeplace simultaneouslyand the extent of oxidation is equal to the extanteduction.
That is, the loss of electroris equal to the gain of electrons. The substance uhdergoes
oxidation is known as theeducing agent andthe substance that undergoes reduction is known as
the oxidizing agent.

Oxidation Number

A very important question is how to decide whethegiven reaction is an oxidation- reduction
reaction or not. To recognize such reactions, we «se the concept afxidation number, also
known asoxidationstate:

“The oxidation number of an atom is an apparentrgathat is assigned to it on the bagsfs
certainrules.”

For compounds, the oxidation number may be defasfdllows:

“Oxidation number of an atom in a compound is tipparent charge on the atom if both electrons
of each bond are arbitrarily assigned to the atonhigherelectronegativity”.

The oxidation number is not the real electricalrgka It is the charge thatould beassociated
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with a particular atom if we assign both the eleotr of each bond to the atom of higher
electronegativity. The oxidation number is the measure of éxtent or degree of oxidation
of an element iits compounds.
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