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Representative Elements: 

Elements in the periodic table from group I-A to VIII-A are called representative 

elements. They are found in excess amount in nature that’s why they’re called as 

representative elements. 

Representative Elements are further divided into s-block elements and p-block 

elements. 
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s-block Elements: 

The elements in which the valence electron enters in s-orbital is called s-block 

elements. Elements of group I-A and II-A are included in s-block elements. 

The general valence shell electronic configuration of s-block elements can be 

given by ns1-2. 

Elements of group I-A are also called “Alkali Metals” and the general valence shell 

electronic configuration of this group is ns1. 

Elements of group II-A are also called “Alkaline Earth Metals” and the general 

valence shell electronic configuration of this group is ns2. 

 

p-block Elements: 

The elements in which the valence electron enters in p-orbital is called s-block 

elements. Elements of group III-A to VIII-A are included in s-block elements. 
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The general valence shell electronic configuration of p-block elements can be 

given by ns2
, np1-6. 

Elements of group III-A are also called “Boron Family” and the general valence 

shell electronic configuration of this group is ns2
,np1. 

Elements of group IV-A are also called “Carbon Family” and the general valence 

shell electronic configuration of this group is ns2
,np2. 

Elements of group V-A are also called “Nitrogen Family or Pnictogens” and the 

general valence shell electronic configuration of this group is ns2
, np3. 

Elements of group VI-A are also called “Oxygen Family or Chalcogens” and the 

general valence shell electronic configuration of this group is ns2
, np4. 

Elements of group VII-A are also called “Halogens” because they are salt formers 

and the general valence shell electronic configuration of this group is ns2
, np5. 

Elements of group VIII-A are also called “Noble gases or Inert gases” and the 

general valence shell electronic configuration of this group is ns2
, np6. 
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The regular variations in the properties of elements in a group is called group 

trends. 

The regular variations in the properties of elements in a period is called periodic 

trends. 

1) Atomic Radii 

2) Ionization Energy 

3) Electronegativity  

4) Electrical conductivity 

5) Melting Point and Boiling Point 

 

 

The unit of atomic radius is Angstrom (Å) 

Atomic radius is directly proportional to the number of shells and inversely 

proportional to the magnitude of nuclear charge. 

Down the group in periodic table, atomic radius increases due to increase in 

number of shells. 

From left to right along a period in the periodic table, atomic radius decreases due 

to increase in magnitude of nuclear charge. The increasing nuclear charge shrinks 

the orbits due to electrostatic attraction between proton and electron. 
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MCQ’s: 

1. Which element has the largest atomic radius? 

A Li B Na C K D Rb 
2. Which elements has the smallest atomic radius? 

A Be B Mg C Ca D Sr 
3. Which elements has the largest atomic radius? 

A Li B Be C B D C 

4. Which group has the biggest atoms? 

A I-A B II-A C III-A D IV-A 

 

Give reasons for the following: 

1. Cs atom is bigger than Li atom. 

Ans. Cs contains more number of shells than Lithium, that’s why it has a larger 

atomic radius. 

2. Na atom is bigger than Mg atom. 

Ans. Magnesium atoms have more nuclear charge, so there will be more shrinking 

effect in orbits. Due to this face, sodium is bigger is size. 

 

ABU H
URAIR

A A
HM

AD



 

 

 

Ionization energy is also called Ionization Potential and it’s denoted by IP. 

The unit of ionization energy is KJ/mol, Kcal/mol or eV/atom. 

For Example: Na2,8,1 + heat → Na+
2,8 + 1e- ΔIE= +ve KJ/mol 

Ionization energy is inversely proportional to number of shells. As the number of 

shell increases, it will be easier to remove electron by providing a little amount of 

energy. 

Ionization energy is directly proportional to the magnitude of nuclear charge. As 

the nuclear charges increases, the valence shell comes close to the nucleus due to 

strong electrostatic attraction, hence the removal of electron requires more 

energy. 

Down the group in periodic table, Ionization energy decreases due to increase in 

number of shells. 

From left to right along a period, ionization energy increases due to increase in 

magnitude of nuclear charge. 
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MCQ’s: 

1. Which element has the highest ionization energy? 

A Li B Na C K D Rb 
2. Which elements has the lowest ionization energy? 

A Be B Mg C Ca D Sr 

3. Which elements has the highest ionization energy? 

A Li B Be C B D C 

4. Which group has the highest ionization energy? 

A I-A B II-A C III-A D IV-A 

Give reasons for the following: 

1. The ionization energy of Na is more than K. 

Ans. Sodium contains a smaller number of shells so that it is difficult to remove its 

electron due to strong electrostatic attraction. Hence, sodium has more ionization 

energy than potassium. 

2. The ionization energy of Nitrogen is more than oxygen. 

Ans. Nitrogen is a stable element due to its half-filled p-sub shell. Due to this 

reason, it has more ionization energy than oxygen. 

 

Electron gaining tendency of an element is also called electronegativity. 

Non-metals are electronegative because they have a tendency to accept electron. 

There is no unit of electronegativity. Its values were determined by Linus Pauling. 

The most electronegative element is Fluorine (F) having EN value 4.0 

The least electronegative element in Cesium (Cs) having EN value 0.7 

Electronegativity is inversely proportional to the number of shells and directly 

proportional to the magnitude of nuclear charge. 
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Down the group in periodic table, EN decreases due to increase in number of 

shells. From left to right along a period in periodic table, EN increases due to 

increase in magnitude of nuclear charge. 

 

MCQ’s: 

1. Which element has the highest electronegativity? 

A Li B Na C K D Rb 

2. Which elements has the lowest electronegativity? 

A Be B Mg C Ca D Sr 

3. Which elements has the highest electronegativity? 

A Li B Be C B D C 

4. Which group has the highest electronegativity? 

A I-A B II-A C III-A D IV-A 

Give reasons for the following: 

1. The electronegativity of Na is more than K. 

Ans. Sodium contains a smaller number of shells so that its shared pair will be 

nearer to nucleus and nucleus can attract it with a stronger force. 

 

The ability of an element to conduct electric current is called electrical 

conductivity. 
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The temperature at which a solid start converting into liquid is called melting 

point. 

The temperature at which a liquid starts boiling is called boiling point. 

Boiling point and melting point are measured in °C or K. 

The trend of Melting Point and Boiling Point is irregular in the periodic table. 
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In group I-A and II-A, MP and BP decrease down the group due to increase in 

atomic volume which makes the element less dense. 

There is no regular pattern of MP and BP in group III-A 

From group IV-A to VII-A MP and BP increases down the group due to stronger 

intermolecular forces. 

 

MCQ’s: 

1. Which element has the highest melting point? 

A Li B Na C K D Rb 
2. Which elements has the highest melting point? 

A F B Cl C Br D I 

 

 

1) Reaction with Oxygen: 

 

ABU H
URAIR

A A
HM

AD



 

 

 

2) Reaction with Water: 

 

 

3) Reaction with Halogens: 

 

 

4) Reaction with Nitrogen: 

 

5) Reaction with Hydrogen: 

 

5) Reaction with Alcohols: 

 

6) Reaction with Acids: 
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INDUSTRIAL PREPARATION OF SODIUM HYDROXIDE (NaOH) 

Castener-Kellner’s Cell 
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Introduction 

Sodium hydroxide is also known as caustic soda having chemical 

formula NaOH. It is prepared in industries by the electrolysis of brine in 

Castener-Kellner’s electrolytic cell. 

Construction of the Cell: 

Castner-Kellner’s cell consist of two compartments. The upper 

compartment contains a tank in which brine is filled. Brine is the 

saturated solution of sodium chloride and water. Brine is the electrolyte 

in this process. Titanium (Ti) blocks are dipped in the electrolyte. These 

blocks are connected to the positive terminal of battery so they are 

anode. 

The lower compartment contains a circular steel pipe in which mercury 

is circulated by means of a mercury pump. The moving mercury is 

connected to the negative terminal of battery so it is anode. A denuder is 

also present in the lower compartment. A graphite block is present in the 

denuder and water is filled inside the denuder. Sodium hydroxide is 

produced in the denuder. 

Working of the Cell: 

When electric current is passed through the cell then chloride ions (Cl- 

ions) move towards titanium anode and oxidize into chlorine gas by the 

loss of two electrons. Chlorine gas is ejected at the top of upper 

compartment. 

Sodium ions (Na+ ions) move towards moving mercury cathode and 

reduce into sodium metal by the gain of an electron. Sodium metal 

mixes with mercury to form sodium amalgam. sodium amalgam is then 

transferred into the denuder where it reacts with water to produce 

sodium hydroxide and hydrogen gas. The unreacted mercury metal is 

separated at denuder for further electrolysis of brine. 
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Cell Reactions: 

1. Ionization:   NaCl → Na+ + Cl- 

2. Reaction at Anode:  2Cl- → Cl2 + 2e- 

3. Reaction at Cathode: Na+ + 1e- → Na/Hg (Amalgam) 

4. Reaction at Denuder: 2Na/Hg + 2H2O → 2NaOH + H2 + 2Hg

 Advantage of the process: 

Sodium hydroxide and chlorine gas are produced in different 

compartments so that the reaction between them is avoided. Otherwise, 

both the products can react together. 

  

 

Disadvantage of the process: 

This process is not recommended due to the usage of mercury which is 

toxic in nature. When mercury is discarded into rivers or oceans then it 

harms fresh water as well as marine life. 

 

 

Chemical Properties of NaOH: 
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Bleaching powder is also known as calcium chloro hypochlorite having 

chemical formula CaOCl2 or Ca(OCl)Cl. It is a white crystalline powder 

having chlorine like smell. It is called bleaching powder because it can 
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remove color from any surface. The formula of bleaching powder was 

suggested by Professor Odling. 

Bleaching powder can be prepared in industries by Hasen-Clever’s plant. 

It contains four cast iron pipes fitted with rotating blades. Slaked lime or 

calcium hydroxide is introduced at the top while chlorine gas is 

introduced from the bottom. Both the reactants react together to produce 

bleaching powder. 
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CaOCl2 + H2O → Ca(OH)2 + Cl2 
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1) Reaction with Oxygen: 

 

 

 

 

 

2) Reaction with Halogens: 

 

3) Reaction with Nitrogen: 
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4) Reaction with Hydrogen: 

 

 

 

 

 

 

Bond energy in halogens increase down the group due to increasing 

strength of London dispersion forces but bond energy of fluorine is 

lesser than chlorine due to the repulsion between electrons of fluorine. 

 

 

Hydrogen halides or halogen acids are denoted by HX. Those acids 

which can loss H+ ions easily are termed as strong acids. H-I has the 

weakest bond that’s why it is the strongest acid while H-F has the 

strongest bond that’s why it is the weakest acid. 
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The decreasing order of acidic strength can be given by: 

 

 

 

 

 

 

 

 

The decreasing strength of reducing strength of halide ions can be given 

by: 

I- > Br- > Cl- > F- 

 

INDUSTRIAL PREPARATION OF SULPHURIC ACID (H2SO4) 

Contact Process 
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Sulfuric acid is a strong mineral acid having chemical formula H2SO4. It 

is also called oil of vitriol because it was first obtained by green vitriol 

(FeSO4). Sulfuric acid is known as king of compounds due to its vast 

industrial usages. Sulfuric acid is prepared in industries in large scale 

through contact process. This process involves the following five steps: 

 

First of all, sulfur is burned in the presence of oxygen at high 

temperature to produce sulfur dioxide gas in sulfur burner. 

 

SO2 gas produced in sulfur burner is impure. It contains impurities of 

dust and arsenic oxide (As2O3). These impurities must be removed 

otherwise it could poison the catalyst inside contact tower. 

Step 2: Purification of Sulfur Dioxide gas: 

The impurities in SO2 gas are removed in purification chambers. Dust is 

removed in dust filter. Arsenic oxide is removed in washing chamber by 

the spray of water. The moisture of SO2 gas is then removed in dryer. 

Dryer contains concentrated sulfuric acid which is the dehydrating 

agent. Pure and dry SO2 gas is then transferred into contact tower. 

Step 3: Oxidation of SO2 gas: 
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Contact tower is the most important and biggest tower in this process. 

Here, SO2 gas is oxidized into SO3 gas through a reversible reaction. To 

obtain the maximum yield of SO3 gas, Le-Chatelier’s principle is 

applied.  

a) Continuous supply of reactants (SO2 and O2) is provided 

b) Since the reaction is exothermic so maximum yield of SO3 gas is 

obtained at low temperature i.e, 500°C. 

c) Since the number of moles of reactant are more than the number of 

moles of product so maximum yield of SO3 gas is obtained at high 

pressure i.e, 1-2 atm. 

d) A catalyst Vanadium pentoxide (V2O5) is used to increase the speed of 

reaction 

 

 Step 4: Formation of Oleum (H2S2O7) 

In the absorption tower, SO3 gas is absorbed in sulfuric acid to produce 

oleum. Water cannot be directly added to SO3 gas for the formation of 

sulfuric acid because this reaction would be highly exothermic. 

 

Step 5: Formation of Sulfuric Acid (H2SO4) 

In the dilution tower, water is added to oleum to produce 98% 

concentrated sulfuric acid. 
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XII-CHEMISTRY NOTES (Sir Nasim Zulfiqar) 

 

 

Transition Elements: 

The elements in periodic table from group I-B to VIII-B are called transition elements. They are 

also known as transition metals. 

Transition elements can be further classified into two blocks. 

(i) d-block elements (Outer Transition Elements) 

(ii) f-block elements (Inner Transition Elements) 

Outer Transition Elements: 

d-block elements are also known as outer transition elements. Their valence electron enters in 

d-orbital that’s why they are known as d-block elements. 

The general valence shell electronic configuration of d-block elements is ns1-2, (n-1) d1-10 

The general valence shell electronic configuration of all the groups are given below: 

GVSEC of group III-B  → ns2, (n-1) d1 

GVSEC of group IV-B  → ns2, (n-1) d2 

GVSEC of group V-B  → ns2, (n-1) d3 
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GVSEC of group VI-B  → ns1, (n-1) d5   (Stable Configuration) 

GVSEC of group VII-B  → ns2, (n-1) d5 

GVSEC of group VIII-B  → ns2, (n-1) d6  ns2, (n-1) d7  ns2, (n-1) d8 

GVSEC of group I-B  → ns1, (n-1) d10  (Stable Configuration) 

GVSEC of group II-B  → ns2, (n-1) d10 

 

 

 

The number of electrons lost or gained by an atom to acquire stability is called oxidation 

number. Transition elements exhibits variable oxidation states or variable valency because they 

can make bond with ns orbital as well as (n-1)d orbital. 

Elements of group I-B such as Zn/Cd/Hg/Cn only have +2 oxidation state. Due to this reason, 

they are also known as pseudo transition elements. ABU H
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Transition elements and their compounds can be used as catalyst to increase the rate of 

reaction. 

For example: 

In contact process, V2O5 is used as catalyst. 

In Haber’s process Fe is used as catalyst. 

In Ostwald’s process Pt is used as catalyst. 

In hydrogenation reactions Ni is used as catalyst etc. 

 

Those elements which are attracted towards magnetic are called para magnetic elements and 

those elements which are not attracted towards magnet are called diamagnetic elements. 

Most of the transition elements are paramagnetic in nature due to the presence of unpaired 

electron. Unpaired electrons give raise to magnetic behavior in an element. 

The elements of group II-B do not have unpaired electron, that’s why they are diamagnetic. 
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The combination of two or more than two metals is called alloy. Transition elements have the 

ability to form alloy. 

 

 

Transition elements can form colored compounds which can be explained by Crystal Field 

Theory (CFT). According to this theory, d-orbitals split into two parts i.e; t2g and e.g orbitals. t2g 

has lower energy than e.g orbitals. The difference in energies between t2g and e.g orbital is Δo. 

When light rays fall on any transition metal compound then t2g orbitals absorb light of a 

specific wavelength and jumps to e.g orbital. When electrons from e.g orbitals return back to 

t2g orbital, they emit light rays of reciprocal wavelength. 

For example, Copper Sulphate (CuSO4) contains Cu+2 ions. Cupric ions absorb red and green 

light. They radiate blue light afterwards so that copper sulphate appears blue in color. 

Elements of group II-B have full filled valence orbital so that d-d transition is not possible. Due 

to this reason, they form white compounds instead of colored compounds. Hence, they are 

called pseudo transition elements. ABU H
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Those compounds in which a transition element is bonded to a ligand by means of co-ordinate 

covalent bond is called co-ordination compound. It’s also called complex compound because it 

contains a complex ion. The complex ion may be cationic or anionic. complex ion is written 

inside a large bracket which is called co-ordination sphere. 

 

 

 

Let’s take the following example of a complex ion, 

 

Here, Cu is a transition metal which is also called central metal atom. NH3 is the ligand which is 

donating lone pair of electrons to central metal atom. Since, there are four molecules of NH3 

which is bonded to copper hence the co-ordination number is 4. 

The general formula of a complex ion is given by: [M(:L)n]-/+ 
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Here, M is the central metal atom. 

L is ligand 

n is co-ordination number 

LIGANDS: 

Ligands are the species that can donate lone pair of electrons to central metal atom. They are 

Lewis bases. 

 

 

Co-Ordination Number: 

The total number of lone pair of electrons donated by ligands is called co-ordination number. 

Denticity: 

The number of electron pairs donated by a ligand to central metal atom is called denticity. 

If a ligand donates 1 pair of electrons, then it is called mono-dentate ligand. 

If a ligand donates 2 pair of electrons, then it is called bi-dentate ligand. 
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If a ligand donates 3 pair of electrons, then it is called tri-dentate ligand and so on. 

Chelating Ligands: 

Polydentate or multidentate ligands are also known as chelating ligands because when they are 

bonded to a central metal atom, they form a chelate. Chelate is a Greek word which means 

Crab’s claw.  

 

 

Co-ordination Compound General Formula:  C[M(:L)n]A 

Naming Pattern:      C + L + M + A 

➢ Use only small letters 

➢ Don’t leave any space between words 

1. Write the name of cation first if cation is present in the compound. 

2. Write the name of ligand. If more than one type of ligand is present then follow alphabetical 

order. For inorganic ligands write di/tri/tetra/penta etc. for multiple ligand of same type and 

for inorganic ligands write bis/tris/tetrakis/pentakis etc. for multiple ligand of same type. 

3. Write the name of metal. If complex contains a +ve charge then write the english name of 

metal. If complex contains a -ve charge then write the Latin name of metal. While writing Latin 

names replace -um with -ate. 

Symbol English Name Latin Name Um → ate 
Fe Iron Ferrum Ferrate 

W Tungsten Wolfram Wolfrate 

Pb Lead Plumbum Plumbate 
Sn Tin Stannum Stannate 
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Ag Silver  Argentum Argentate 

Au Gold Aurum Aurate 
Hg Mercury Hydrargyrum Hydragyrate 

Cu Copper Cuprum Cuprate 
Al Aluminum - Aluminate 

Ni Nickel - Nickelate 

Co Cobalt - Cobaltate 
Cr Chromium - Chromate 

Mn Manganese - Manganate 
Pt Platinum - Platinate 

Zn Zinc - Zincate 

4. Write the oxidation number of metal is parenthesis in roman numerals. Remember that 0 

oxidation state is also possible. 

5. Name the anion, if anion is present in the compound. 

6. Write ‘ion’ at the end if the compound contains a positive or negative charge. 

Look at the following examples: 
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1. pentaaquachloroplatinum(IV)nitrate 2. tetraamminechormium(III)ion 

3. potassiumtetracyanocuprate(II)  4. hexafluoroalumiate(III)ion 

 

Answers: 

(i) sodiumtetrahydroxoplatinate(II) 

(ii) potassiumpentacyanonitrosylferrate(III) 

(iii) tetraamminezinc(II)ion 

(iv) tetrathiocyanonickelate(II)ion 

 

The chief ore of copper metal is copper pyrite or chalcopyrite having chemical formula CuFeS2. 

This ore contains 6% CuFeS2 and 94% gangue particles or impurities. There are five steps for 

the extraction of 100% pure copper metal from its chalcopyrite ore. 

STEP#1 (CONCENTRATION OF THE ORE) 

First of all, the gangue particles from copper pyrite ore are removed. It’s done by means of 

froth floatation process. The crushed copper pyrite ore is mixed with a mixture of water and 

pine oil. Air is introduced into the mixture so that the gangue particles settle down while 

copper pyrite ore is deposited at the top. 
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STEP#2 (ROASTIN OF CONCENTRATED ORE) 

In this step the concentrated copper pyrite ore is heated at high temperature in a kiln or 

reverberatory furnace. Copper pyrite ore is thermally decomposed into cuprous sulphide 

(Cu2S), ferrous oxide (FeO) and Sulphur dioxide gas (SO2). 

 

STEP#3 (SMELTING OF ROASTED PYRITE ORE) 

Roasted copper pyrite ore is then introduced into a blast furnace along-with silica (SiO2) and 

coal. Hot air is blown inside the furnace by means of tuyeres. The temperature inside furnace 

reaches to 1200 °C to 1500 °C. At this temperature, ferrous oxide reacts with silica to form 

ferrous silicate which is also known as slag. The slag remains at the top of molten matte (Cu2S). 

Slag is removed from the top and it can be used for making roads. 

 

STEP#4 (BESSEMERIZATION OF MATTE) 

Matte (Cu2S) is then transferred into Bessemer converter in which matte reacts with oxygen 

gas to form a mixture of cuprous oxide (Cu2O) and Sulfur dioxide gas (SO2). Cuprous oxide 

finally reacts with cuprous sulphide to produce blister copper which is 99% pure. Due to the 

evolution of SO2 gas from copper, blisters are formed on its surface. Hence, it’s known as blister 

copper. Blister copper contains 1% impurities that’s why it is not suitable for making wires as it 

the impurities produces resistance in the flow of electric current. 
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STEP#5 (ELECTROLYTIC REFINING OF BLISTER COPPER) 

The impurities of blister copper can be removed by electrolytic method. The electrolytic cell 

used for this purpose is made up of blister copper anode and pure copper cathode. Copper 

sulphate solution is used as electrolyte. 

When an electric current of 1.3 volts is passed through the cell, copper metal is oxidized at 

anode to form Cu+2 ions by the loss of two electrons. Cu+2 ions are reduced into pure copper 

metal at cathode by the gain of two electrons. The impurities of blister copper are deposited 

below anode as anode mud. In this manner, 100% pure copper metal is produced which can be 

used for making wires. 
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Chromium is a transition metal and it belongs to 3d series. It has a silvery grey color and 

metallic luster. 

Chromium reacts with dilute hydrochloric acid to liberate hydrogen gas. 

 

Chromium reacts with oxygen to form chromium oxide. 

 

Chromium reacts with steam at high temperatures to form chromium oxide with the liberation 

of hydrogen. 
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Chromium is used to make stainless steel, chrome plating and pigments. 

 

 

Potassium dichromate is a red crystalline solid that is highly soluble in water. 

If it dissolves in water a chromate and dichromate equilibrium is formed which shows an 

orange – red color. 
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Manganese is an outer transition element belonging to 3d series. Its symbol is “Mn”. 

 

 

The formula of potassium permanganate is KMnO4. It is a deep purple crystalline solid. It is 

highly soluble in water. Mn has +7 oxidation state in potassium permanganate. Due to the 

highest oxidation state of manganese, KMnO4 is an oxidizing agent in acidic, basic and neutral 

medium. 

 

 

Iron is an outer transition metal belonging to 3d series. Its symbol is Fe because it is called 

Ferrum in Latin language. It’s the fourth most abundant element in Earth crust. Red color of 

blood is due to Hemoglobin and it contains iron as well. 
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Answers: 

(i) Transition elements show variable oxidation states because they can make bond with ns 

orbital and (n-1)d orbital as well due to very less energy difference between them. 
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(ii) Transition elements can form alloys because they have ability to form non-stoichiometric 

compounds. They have interstitial spaces on their surfaces in which the atoms of other 

elements adsorb to form alloy, 

(iii) d-d transition is possible in Cu+2 ions so they absorb light of specific wavelength of red and 

green color, they release light energy in the form of light having wavelength of blue color. d-d 

transition is not possible in Zn+2 ions because of fully filled d-orbital. That’s why they reflect all 

the light falling on it, hence the compounds of Zinc are white. 

(iv) 4s2, 3d4 is unstable electronic configuration of chromium and 4s1, 3d5 stable electronic 

configuration of chromium. 

(v) Binding energy of Zn is least because of its fully filled d sub shell. 

 

Answers: 

(i) 

 

(ii) 

 

(iii) 

 

(iv) 
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(v) 

 

(vi) 

 

 

Ans. d-block elements are also called outer transition elements because they are present 

outside in the periodic table in contrast to inner transition elements which are present inside 

lanthanum and actinium. 

 

Ans. In acidic medium, dichromate ion is prominent and in basic medium chromate ion is 

prominent. 

 

Ans. d-block elements usually have high melting points due to the covalent bonding formed by the empty 

or partially filled d-orbitals and unpaired electrons. 

Since electrons get paired in the d-orbital after d5 configuration, the melting point of elements in the d-

block increases from d1 configuration to d5 configuration and then starts to decrease. 

 

Ans. Stainless steel is made up of iron, chromium and nickel. It is used to make kitchen utensils, 

surgical instruments etc. 

Brass is an alloy of copper and zinc. It is used to make taps, moving parts of clock, musical 

instruments, coins etc. 

Bronze is an alloy of copper and tin. It is used to make coins, statues, medals etc. 
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See the topic of general properties of transition metals 

 

See the topic of Co-ordination compounds 

 

See the topic of Metallurgy of Copper 

 

See the topic of Catalytic Property of transition element 
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ORGANIC CHEMISTRY: 

It is the branch of chemistry that deals with the study of those compounds which 

we get from living organisms such as plants and animals. 

OR 

It is the branch of chemistry that deals with the study of carbon compounds with 

the exception of carbon monoxide (CO), Carbon dioxide (CO2), Carbonates (CO3
-2), 

bicarbonates (HCO3
-1) and carbides. 

OR 

It is the branch of chemistry that deals with the study of hydrocarbons. 

Hydrocarbons are the compounds which contain carbon and hydrogen such as 

methane gas (CH4) 

VITAL FORCE THEORY: 

Vital Force Theory (VFT) was given by J. Berzelius. According to this theory, only 

living things have the ability to make organic compounds and we cannot make it in 

laboratory. 

WOHLER’S EXPERIMENT: 

In 1828, a German chemistry, Fredrich Wohler rejected vital force theory and prepared the first 

organic compound in laboratory. That’s why he is known as the father of organic chemistry. 

Wohler boiled ammonium cyanate (NH4CNO), an inorganic compound, in water. He observed 

that urea is obtained which is an organic compound. 
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SOURCES OF ORGANIC COMPOUNDS 

1. Fossil Fuel (Coal, Petroleum, Natural Gas) 

 

 

 

Destructive Distillation of Coal: 

The process in which coal is heated in the absence of air to produce a range of 

useful products is known as destructive distillation. The process required an 

elevated temperature typically 400°C to 900°C in a closed container. The principal 

products of destructive distillation of coal are coke, coal tar, coal gases and 

ammonia liquor. 
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Coke: It is a black hard solid contains 98 – 99% carbon. It is used as fuel and 

reducing agent. 

Coaltar: It is a thick black liquid. Its fractional distillation gives many useful organic 

compounds such as benzene, toluene, xylene, naphthalene, phenol etc. 

Coal Gases: It is a mixture of methane and water gas. It is highly flammable. 

 

Reforming of Gasoline: 

 

Low quality gasoline can cause knocking when ignited in an internal combustion 

engine. Knocking produces a sharp sound. High quality gasoline tends to product 
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less knocking. To measure a fuel’s resistance to knocking, chemists use octane 

number or octane rating. 

The octane number of iso-octane is 100. 

The octane number of n-heptane is 0. 

Previously, Tetra Ethyl Lead (C2H5)4Pb was used to prevent knocking. This method 

was banned due to toxic nature of lead. 

 

2. Plants and Animals 

Many organic compounds are isolated from plants, animals and microbes. These 

are referred to as natural products. Some examples of natural products are 

glucose, cellulose, insulin, cholesterol, caffeine, nicotine, menthol etc. 

3. Partial and Total Synthesis 

Partial synthesis involves starting with a simpler molecule and modifying it 

through a series of chemical reactions to create a more complex target molecule. 

One example of partial synthesis is the production of the anti-inflammatory drug 

ibuprofen from a compound called cumene. Cumene undergoes several chemical 

transformations, including oxidation and rearrangement to yield ibuprofen. 

Total synthesis involves building a complex target molecule entirely from simple 

starting materials.  

For example, the total synthesis of the anti-cancer drug “Taxol” involves numerous 

steps to construct the molecule from simple building blocks. 
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4. Products of Biotechnology 

Biotechnology is the field of biological sciences that deals with the involvement of 

living organisms in preparation of valuable products.  

For example, ethyl alcohol is commercially manufactured by fermentation process 

in which certain enzymes secreted by microorganism. 

 

 

The ability of carbon to form long chain and rings is called catenation. 

It is due to the tetravalency and small size of carbon atom. A large number of 

organic compounds are there due to catenation. 
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The organic compounds having same molecular formula but different molecular 

structures are called isomers and this phenomena is called isomerism. 
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For example, the polymerization of terephthalic acid (A dicarboxylic acid) with 

ethylene glycol forms polyethylene terephthalate (PET) which is used for making 

plastic bottles. 
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In 1985, Richard Smalley and Harry Kroto 

introduced a new allotropic form of carbons that 

consist of 60 carbon atoms. 

The shape of this newly discovered form of 

carbon was similar to the dome developed by 

American architect ‘Richard Buckminster Fuller’. 

The name of this new form of C60 was suggested 

as Buckminster Fullerene or Bucky Ball. 

It consists of 12 fiver membered ring and 20 six 

membered ring. 

Bucky balls are good conductors of electricity and they are used in 

nanotechnology. 

 

Atoms or group of atoms which are responsible for all the physical and chemical 

properties of organic compounds is called functional group. 
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The consecutive members of organic compounds differ with a fix ratio of CH2 

forming a series of compound which is called homologous series. 

 

 

1) Sugar 

2) Glucose 

3) Vinegar 

4) Methane gas 

5) Gasoline 

6) Diesel 

7) Paraffin Wax 

8) Polyethene 

9) Paracetamol 

10) Aspirin 
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a) Ketone functional group is present  b) Aldehyde functional group is present 

 

General formula of ethers is CnH2n+2O 

General formula of alcohols is CnH2n+2O 
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CH3 CH

CH3

CH2 CH2 CH2 CH

CH3

CH3

2,6-dimethylheptane  
 

CH2 C

CH3

CH C

CH3

CH3

2,4-dimethylpenta-1,3-diene  
 

CH C CH2 C C CH3

hexa-1,4-diyne  
 

CH2 C

CH3

CH2 C CH

2-methylpent-1-en-4-yne  
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➢ 1-chloro-2-methyl-2-butene 

CH2 C CH CH3

CH3

Cl
 

➢ 1-iodo-4-methylheptane 

CH2 CH2 CH2 CH CH2 CH2 CH3I

CH3

 

➢ Neobutyl iodide 

This structure is not possible. 

➢ 3-methyl-2-butanamine 

CH3 CH CH CH3

CH3NH2
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➢ Neopentyl alcohol 

CH3 C CH2

CH3

CH3

OH

 
➢ 2,2-dimethyl-1,4-hexandiol 

CH2 C CH2 CH CH2 CH3

CH3

CH3

OH

OH

 
➢ Ethyl tert-butyl ether 
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CH3 CH2 O C

CH3

CH3

CH3  
➢ 2,4,6-tribromophenol 

 

 

 

 

Latin Number + Aldehyde 

Latin Numbers (1=form, 2=acet, 3=propion, 4=butyr, 5=valer, 6=capro) 
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General IUPAC name of aldehydes is Alkanal in which we count all the carbon atoms. 

 

General IUPAC name of ketones is propanone in which we count all the carbon atoms. ABU H
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CH3 CH

Br

CH

CH3

CH
O

3-bromo-2-methylbutanal    

CH2 CH C

CH3

CH3

C

O

OH

2,2-dimethylbut-3-enoic acid 
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CHCH3

CH3

C

O

C

CH3

CH3

CH3

2,2,4-trimethylpentan-3-one  

CH2 CH CH

CO

OH

C O

OH

pent-2-enedioic acid  
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Ans. 
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Answer. 

1. Alcohol Family (R-OH) contains hydroxy (-OH) functional group. 

2. Ether Family (R-O-R) contains alkoxy (-OR) functional group. 

3. Alkyl Halide Family (R-X) contains halide (-X) functional group. 

4. Aldehyde Family (R-CHO) contains aldehydic (-CHO) functional group. 

5. Ketone Family (R-COR) contains ketonic (-COR) functional group. 

 

 

 

 

Answer. 
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Ans. 

 

 

 

 

 

Ans. 

➢ First of all, we have to draw a chain which contains all the double and triple 

bonds. 
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➢ We have to number the chain from where the double or triple bond is nearby. 

➢ If both double and triple bond are near then do numbering from double bond. 

➢ First of all, write the name of double bond along-with its position. 

➢ Finally mention the positions of triple bond and write ‘yne.’ 

 

 

isopropylethanoate      3-methyl-1-pentene-4-yne 

 

2-methylpent-2-en-1-oic acid    2-chloro-4-methylpentan-3-one 

 

CH3 CH2 O C

CH3

CH3

CH2
CH3

2-ethoxy-2-methylbutane      

C

CH3

CH3

Br

CH

O

2-bromo-2-methylpropanal 

 

pent-3-en-2-one       1,2,3-propantriol 
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4-ethylphenol       3-chloroacetophenone 

 

  

CH3 CH2 O CH2 C

CH3

CH3

CH3

     

 

      CH

CH3

CH3OC

O

CH2CH2CH3  

 

CH3 CH2 CH2 CH2 CH C Br

CH3 O

  CH3 CH CH C

O

OH

CH3CH3
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CH3 CH2 CH2 C

O

H      

 

CH3 CH2 CH2 C

O

I        

 

CH3 CH2 C

O

CH

CH3

CH3     
CH3 CH2 CH C

O

H

CH3

 

 

CH3 CH2 CH CH C

O

OH

ClCH3
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Those hydrocarbons which contain a straight or branched chain are called aliphatic 

hydrocarbons. Carbon atoms maybe bonded through single, double or triple covalent bond. 

They are also called open chain hydrocarbons. The word ‘Aliphatic’ comes from ‘fat’ because 

these hydrocarbons were first extracted from fats and oils. 

Aliphatic hydrocarbons can be further classified into saturated and unsaturated hydrocarbons. 

Saturated Hydrocarbons: 

In these hydrocarbons, all carbon atoms are attached to each other by a single bond only. 

They are further classified into alkanes and cyclo alkanes. 

The general formula of alkanes is CnH2n+2 

The general formula of cyclo alkanes is CnH2n 

For example: 
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Saturated Hydrocarbons: 

“These hydrocarbons contain one or more double or triple bonds between the two adjacent 

carbon atoms in their structure.” 

Unsaturated hydrocarbons are generally referred as alkanes and alkynes. The general formula 

for their homologous series is CnH2n and CnH2n-2 respectively. 

For example: 

 

 

C3H6 → Unsaturated Hydrocarbon 

C7H12 → Unsaturated Hydrocarbon 

C8H18 → Saturated Hydrocarbon 

C5H10 → Unsaturated Hydrocarbon 

C5H8 → Unsaturated Hydrocarbon 

 

The term aromatic originates from Greek word “aroma” which means fragrance, as these 

compounds were initially isolated from pleasant smelling plants. The parent member of this 

class is benzene which is why aromatic compounds are often referred as benzene and its 

derivatives. 

“Aromatic hydrocarbons are those which are characterized by a cyclic arrangement of atoms 

that are connected by alternating double bonds, they generally follow the Huckle’s rule 

(4n+2 π electrons.)” 
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Huckle’s Rule: It states that aromaticity is exhibited by planar cyclic compounds with 4n+2 π 

electrons. where ‘n’ is a non-negative integer. These compounds possess enhanced stability 

due to the delocalization of π electrons. 

Few examples of aromatic compounds are as follows: 

 

 

 

(iii) The boiling point of straight chain alkanes is more than branched chain alkanes. 

 

 

STRUCTURE OF ETHANE (C2H4) 
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SUBSTITUTION REACTIONS: 

Saturated hydrocarbons always undergo substitution reactions. Sigma bond breaks down in 

free radical reactions. In this reaction, a hydrogen is substituted by any other atom or group of 

atoms which is called substituent. Substituents may be a free radical, electrophile or 

nucleophile. 

TYPES OF SUBSTITUTION REACTIONS: 

There are three types of substitution reactions. 

(i) Free Radical substitution reactions → Characteristic reactions of alkanes  

(ii) Electrophilic substitution reactions → Characteristic reactions of Benzene 

(iii) Nucleophilic substitution reactions → Characteristic reactions of Alkyl halides 
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FREE RADICAL SUBSTITUTION REACTIONS: 
Free radical substitution reactions are typically carried out by homolytic fission. The reaction 
between methane and chlorine in UV light takes place through free radical reaction. 
The mechanism of free radical consists of three steps. 
Step-1: Chain Initiation 
The reaction begins with the breaking of the chlorine-chlorine bond in the presence of UV light 
producing two chlorine free radicals. 

 

 

 

 

Overall Reaction: 
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1. Dehydration of Alcohol: 
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2. Dehydrohalogenation of Alkyl Halide: 

 

 

Alkenes are more reactive than alkanes due to the presence of π bond. π bonds are weaker 

than σ bonds that’s why they can easily be broken by providing a very little amount of energy. 

Alkenes undergo addition reactions due to the cleavage of pi bonds. They follow electrophilic 

addition reaction mechanism. 

 

1. Hydrogenation: 

 

2. Halogenation: 

In this reaction, a halogen (X2) such as Cl2 or Br2 is added to produce 1,2-dihaloalkane or vicinal 

dihalide. 
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3. Hydrohalogenation: 

 

 

Markovnikov’s Rule: 

 

 

4. Hydration: 

 

5. Halohydration: (Confirmatory Test for Alkene or Unsaturation Test) 
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Brown color of bromine water decolorizes in this reaction. When alkane in treated 

with bromine water then brown color of bromine water does not discharge which 

confirms the absence of π bond in it. 

 

6. Epoxidation: 

The addition of oxygen to the double bond of an alkene is known as epoxidation. The product 

of this reaction is an epoxide which is a three membered cyclic ether. 

 

7. Ozonolysis: 

 

8. Polymerization: 
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i) C3H6 + HI → C3H7I (Propyl iodide / iodo propane) 

ii) C2H4 + Cl2 + H2O → CH2 CH2

Cl OH

 (Chloro Hydrin) 

iii)  
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PHYSICAL PROPERTIES OF ALKYNE: 

 

PREPARATION OF ALKYNE: 

1. Dehydrohalogenation of Vicinal dihalides: 

 

2. Dehalogenation of tetrahalides: 
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CHEMICAL PROPERTIES OF ALKYNE: 

 

 

In terminal alkynes, the hydrogen is bonded to sp hybridized carbon atom which 

is more strongly bonded to other carbon atom with a sigma and 2 pi bonds. Due 

to this the sigma bond between terminal hydrogen and carbon becomes weaker 

and it is easily lost. 

 

 

Ethene and ethyne can be distinguished by acidic character test. Ethyne is acidic 

nature so it will form precipitates which ethene is not acidic so it cannot form 

precipitates. 

 

C2H4 + AgNO3 → No white precipitates 
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1. Hydrogenation: 

 

2. Halogenation: 

 

3. Hydration: 

 

4. Halogenation: 
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5. Ozonolysis: 

 

 

 

 

 

 

1. Chain Isomerism 
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2. Position Isomerism 

3. Functional Group Isomerism 

4. Metamerism 

1. Chain Isomerism: 

 

 

2. Position Isomerism: 
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3. Functional Group Isomerism: 

 

4. Metamerism: 

 

 

 

Position isomers of C4H10 and C5H12 is not possible as they don’t contain any functional group. 

Position isomers of C4H8 are: 
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Position isomers of C5H10 are: 

CH2 CH CH2 CH2 CH3

pent-1-ene  

CH3 CH CH CH2 CH3

pent-2-ene  

Position isomers of C4H6 are: 

CH C CH2 CH3

but-1-yne   

CH3 C C CH3

but-2-yne  

Position isomers of C5H8 are: 

CH C CH2 CH2 CH3

pent-1-yne   

CH3 C C CH2 CH3

pent-2-yne  

Functional group isomers of C2H6O 

 

  (ethanol)         (methoxy methane) 

Functional group isomers of C3H6O 

 

Functional group isomers of C2H4O2 

CH3COOH (Ethanoic Acid) and HCOOCH3 (methyl methanoate) 
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When plane polarized light is passed through a solution containing chiral carbon 

then the plane polarized light is rotated either in clockwise or in anticlockwise 

direction. This rotation of plane polarized light is called optical activity. The device 

which is used to measure optical activity is called polarimeter. 

 

 

“Two compounds having the same molecular formula and same molecular 

structure but different from each other by the optical rotation of plane polarized 

light are called optical isomers or enantiomers.” 

The compounds that rotate the plane of polarized light in a clockwise direction is 

known as dextrorotatory or D-isomer while the compound that rotates the plane 

of polarized light in anticlockwise direction is called levorotatory or L-isomer. These 

two optical isomers are mirror images to each other. 

A racemic mixture is formed if both D and L isomers of a compound are present in 

equal amounts within a solution. The solution exhibits no rotation of polarized 

light. 
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❖ Benzene is the simplest aromatic compound 

❖ It’s a colorless, carcinogenic and highly inflammable liquid. 

❖ It burns with black soot due to high percentage of carbon. 

❖ Its molecular formula is C6H6 

❖ It was first isolated by Michael Faraday in 1825. 

❖ It is insoluble in water but soluble in organic solvents. 

 
Benzene consists of six carbon atoms in ring, each carbon is sp2 hybridized 

and has three sp2 hybrid orbitals. 
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Two hybrid orbitals of each carbon atoms are used to make sigma bond with 

the adjacent carbon atom through sp2 – sp2 overlapping. The third sp2 hybrid 

orbital is involved in sigma bonding with hydrogen atoms through sp2 – s 

overlapping. Carbon atoms have a trigonal planar shape with 120° bond 

angle. In benzene, the C – C bond length and C = C bond length is 

approximately 1.39 Å. 

The six carbon atoms in benzene possess six unhybridized p-orbitals that are 

oriented perpendicular to the sigma bonds. The side wise overlapping of p 

orbitals gives six delocalized pi molecular orbitals where half of them is 

located above the plane while other half below the plane of sigma bonds. 

The six electrons present in pi molecular orbitals are delocalized over all six 

carbon atoms in molecule. 

 

 

 

1. Addition of Hydrogen: 
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2. Addition of Halogen: 

 

 

Electrophilic substitution reactions are a type of organic reaction in which an 

electrophile reacts with benzene and replace its hydrogen.  The general 

mechanism of electrophilic substitution reaction of benzene consists of following 

steps: 
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TYPES OF ELECTROPHILIC SUBSTITUTION REACTIONS: 

There are 5 types of electrophilic substitution reactions. 

(i) Nitration 

(ii) Sulphonation 

(iii) Halogenation 

(iv) Friedel – Craft’s Alkylation 

(v) Friedel – Craft’s Acylation 

1. Nitration: 
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2. Sulphonation: 

 

3. Halogenation: 

 

4. Friedel-Craft’s Alkylation: 
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5. Friedel-Craft’s Acylation: 

 

 

When an electrophile reacts with benzene, a monosubstituted product is obtained. 

The second electrophile is substituted according to the substituent effect of first 

electrophile, 

“The effect of first substituent on the incoming electrophilic reagent is known as 

substituent effect or orientation in benzene” 
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DIFFERENCE BETWEEN ORTHO-PARA DIRECTORS AND META DIRECTORS 
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Aliphatic Hydrocarbons Aromatic Hydrocarbons 

1) It has less percentage of carbon. 1) It has more percentage of carbon. 

2) It doesn’t burn with black soot. 2) It burns with black soot. 

3) It can be cyclic and acyclic. 3) It is always cyclic. 

 

Already discussed above 

 

 

Already discussed above 
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(i)  

(ii)  

(iii)  

(iv)  

 

(i) 

CH3

HNO3

H2SO4

CH3

NO2

+

CH3

NO2

KMnO4

[O]

COOH

NO2

+

COOH

NO2  
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(ii)  

 

Already discussed above 

 

Ans. A Sigma bond is present between carbon atoms of alkanes. Sigma bond is 

stronger bond due to head-to-head overlapping.  It’s more difficult to break sigma 

bond that’s why alkanes are less reactive towards chemical reactions. 

 

Already discussed above 
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CH3 CH CH CH3

Br Br

KOH

Alcohol
CH3 C CH CH3

Br

+ KBr + H
2
O

CH3 C CH CH3

Br

KOH

Alcohol
CH3 C C CH3 KBr + H

2
O+

 

 

 

 

 

 

Ans. Ethene is more reactive than ethane due to the presence of pi bond which is 

weaker than sigma bond. Ethene is less reactive than ethyne because ethyne 

contains two pi bonds. 

ABU H
URAIR

A A
HM

AD



 

 

  

Already discussed above 

 

Already discussed above 

 

Already discussed above 

 

Already discussed above 

 

Already discussed above 

 

Already discussed above 
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“Organic compounds that contain at least one halogen atom (fluorine, chlorine, bromine or 
iodine) bonded to an alkyl group are called haloalkanes.” 

Types of Haloalkanes: 

 Monohaloalkanes have only one halogen atom. (They are also called alkyl halides) 
The general formula of alkyl halides in R-X, where R is alkyl group and X is halogen atom 
(func�onal group).  
Another general formula is CnH2n+1X where n represents the number of carbon atoms. 

 Dihaloalkanes have only two halogen atoms. 
 Trihaloalkanes have only three halogen atoms. 

Classifica�on of Alkyl Halides: 

 Primary alkyl halides or 1° alkyl halides: Only one alkyl radical is bonded to α 
carbon. 

 
For example: 1-bromo propane (CH3CH2CH2Br) 

 Secondary alkyl halides or 2° alkyl halides: Two alkyl radical is bonded to α 
carbon. 

 
For example: 2-bromo propane (CH3CHBrCH3) 

 Ter�ary alkyl halides or 3° alkyl halides: Three alkyl radical is bonded to α carbon. 

 
For example: 2-bromo-2-methylpropane CH3C(CH3)2Br 
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 They are mostly gases and liquids. 
 Alkyl halides with more than 18 carbons atoms are colorless solids. 
 They are soluble in organic solvents. 
 They have higher mel�ng and boiling point than alkanes. 

 

1. Reac�on of Alcohol with Hydrogen Halides: 

 

2. Reac�on of Alcohol with halogena�ng agents: 

 

 

3. By the halogena�on of alkane: 
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“A type of chemical reac�ons in which a strong nucleophile (electron efficient species) 
replaces the weak nucleophile of the substrate is termed as nucleophilic subs�tu�on 
reac�ons.” 
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Ans. Alkyl halide undergoes nucleophilic subs�tu�on reac�on because of the presence of polar 
covalent bond between carbon atom and halogen atom. Due to the high electronega�vity of 
halogens, it carries a par�al nega�ve charge and carbon carries a par�al posi�ve charge. 
Carbon with a posi�ve charge is called carbonium ion or carboca�on. Carbonium ion is a good 
place for the atack of nucleophile. Nucleophile makes bond with carbon and the halogen is 
removed.  

(i) H2O 

(ii) KCN 

(iii) CH3Ona 

(iv) KSH 
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“Carboca�ons are organic ions that have a posi�vely charged carbon atom. They are formed 
when a carbon atom loses a pair of electrons.” 
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(i) E1 (Uni molecular elimina�on reac�ons) 

(ii) E2 (Bi molecular elimina�on reac�ons) 
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(i) β-elimination reactions lead to the formation of alkene via elimination of β hydrogen. Since, 
methyl halides don’t contain β hydrogen. That’s why β-elimination reactions is not possible. 

(ii) SN2 reaction is not favorable in tertiary alkyl halides because of high steric hindrance of alkyl 
radicals. It is also the reason for high stability of tertiary alkyl halides. 
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(iii) tertiary carbocation is more stable than secondary and primary carbocations because of 
high steric hindrance. 

 

“Organic compounds that possess at least one bond between a carbon atom and a metal 
atom are called organometallic compounds.” 

Some common examples of organometallic compounds are as follows: 

(i) Grignard’s Reagent (R-Mg-X) 

(ii) Tetraethyl lead (C2H5)4Pb  It is used as knock inhibitor in petroleum industry 

GRIGNARD’S REAGENT: 
“Grignard’s reagent is an organometallic compound that contains a carbon-magnesium (C-
Mg) bond.” 

The name Grignard is derived from a French chemist Victor Grignard, who first synthesized this 
compound and was subsequently awarded the Nobel Prize in Chemistry in 1912. 

 

 

 

 

 

(i) Reac�on with water: 
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(ii) Reac�on with Ester:

 
(iii) Reac�on with CO2: 

 
(iv) Reac�on with Primary Amine: 

 
 

 
“Organic compounds that contain a nitrogen atom bonded to one or more alkyl or aryl group 
are known as amines.” 

ABU H
URAIR

A A
HM

AD



 
Amines are derivate of ammonia where one or more hydrogen atoms of ammonia are replaced 
by an alkyl or aryl group. 

 

PHYSICAL PROPERTIES OF AMINE: 

 Methyl amine (CH3NH2) is a gas and higher members are liquids. 
 They have an unpleasant smell. For example: trimethylamine N(CH3)3 has a strong fishy 

odor and is found in decaying fish and other organic mater. 

STRUCTURE OF AMINE: 

 

 

BASICITY OF AMINES: 

Amines are basic in nature. The basicity of amines is explained by the presence of lone pair of 
electrons on nitrogen atom.  

 

 

(i) Alkyla�on of Ammonia by Alkyl Halides 
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(ii) Reduc�on of Nitriles 

 
(iii) Reduc�on of Amides 

 

 
(i) Alkyla�on of Amines by Alkyl Amines 

 
 

(ii) Reac�on of Amine with aldehyde and ketone 
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(iii) Prepara�on of Amides 

 
(iv) Prepara�on of Diazonium salts 
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ALREADY DISCUSSED ABOVE 

 
ALREADY DISCUSSED ABOVE 

 

WRONG QUESTION 

The correct order of basicity is Primary > Secondary > Ter�ary 

 

Ans. Alkyl part of Grignard’s reagent is nucleophilic in nature due to high electro posi�vity of 
magnesium. Magnesium metal has the tendency to loss electron which creates a par�al 
nega�ve charge on alkyl radical. Hence, it behaves as a nucleophile. 
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(b) Ethyl chloride into ethyl amine 

C2H5Cl + NH3  C2H5NH2 + HCl 

(c) Ethyl chloride into ethyl alcohol 

CH3 CH2 Cl + KOH H2O CH3 CH2 OH + KCl
 

(d) Ethyl amine into imine 

CH3 CH2 NH2 + CO
H

H
CH3 CH2 N C

H

H
+ OH2

 

 
ALREADY DISCUSSED ABOVE 

 
ALREADY DISCUSSED ABOVE 
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Ans. Nucleophile is a chemical species within a molecule that can donate a pair of electrons to 
form a covalent bond with another atom or molecule. 

Nucleophile Reagent 
OH- KOH 
CN- KCN 
SH- KSH 
OR- RONa 

 

Ans. Because of less steric hindrance the removal of halogen and forma�on of C-Nu bond takes 
place in the same �me in primary alkyl halides. That’s why SN2 reac�on completes in one step. 

 

ALREADY DISCUSSED ABOVE 

 

ALREADY DISCUSSED ABOVE 

 

ALREADY DISCUSSED ABOVE 

 

ALREADY DISCUSSED ABOVE 
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The structure of methyl chloride has been discussed above. Just change chloride with iodide 
and the whole answer will remain same. 

 

Nucleophilic Subs�tu�on Reac�on Elimina�on Reac�on 
It follows SN1 and SN2 mechanism It follows E1 and E2 mechanism 
It occurs in aqueous medium. It occurs in alcoholic medium 
No pi bond is formed in this reac�on. Pi bond is formed in this reac�on. 
It is favored by polar medium It is favored by non-polar medium 
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NASIM ZULFIQAR 1 

 

 

 

Alcohol is a class of organic compounds in which hydroxyl group (-OH) is attached to an 

aliphatic carbon atom. 

CLASSIFICATION OF ALCOHOL: 

Alcohols are classified into three types on the basis of number of hydroxyl group attached to 

carbon. 

(i) Monohydric Alcohol – It contains 1 OH group 

(ii) Dihydric Alcohol – It contains 2 OH groups 

(iii) Trihydric Alcohol – It contains 3 OH groups 

 

CLASSIFICATION OF MONO HYDRIC ALCOHOLS: 

Monohydric alcohols can be further classified into three types. 

(a) Primary or 1° Alcohols – 1 Alkyl radical is attached to α carbon 

(b) Secondary or 2° Alcohols – 2 Alkyl radicals is attached to α carbon 

(c) Tertiary or 3° Alcohols - 3 Alkyl radicals is attached to α carbon 
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The structure of an alcohol molecule is similar to that of water molecule. The carbon which is 

boned to hydroxyl group is sp3 hybridized. The oxygen atom of -OH group is also sp3 hybridized. 

Oxygen atom utilizes its two sp3 hybrid orbitals in the formation of sigma bond with carbon 

and hydrogen atom while the remaining two sp3 hybrid orbitals of oxygen contain lone pairs of 

electrons. 

 

PHYSICAL PROPERTIES OF ALCOHOL: 

➢ Alcohols from methanol to butanol are colorless liquids. Higher members are waxy 

solids. 

➢ BP of alcohol is more than alkanes due to the presence of hydrogen bond. The greater 

the number of carbons in the molecule, the higher the boiling point of alcohol. Further, 

the boiling point of straight chain alcohol is higher than branched chain alcohol. 

➢ Alcohols are soluble in water due to hydrogen bond. Solubility decreases with increasing 

the number of alkyl groups because it will increase the non-polar nature. 

 

C2H5OH < CH3CH(OH)CH3 < CH3C(CH3)2OH  < CH3(CH2)3OH 

 
Alcohols are generally classified as weak acids due to their ability to donate a proton to a 

strong base. The order of acidity is as follows: 

Primary Alcohols > Secondary Alcohols > Tertiary Alcohols 
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1. Hydration of Alkenes: 

 

2. Hydrolysis of an Alkyl Halide: 

 

3. Reaction of Grignard’s Reagent with Aldehyde & Ketone: 
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4. Reduction of Aldehyde and Ketone: 

 

 

 

5. Reaction of Grignard’s reagent with esters: 

 

The carbonyl compound this formed then reacts with another molecule of Grignard’s 

reagent and finally gives an alcohol. 
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6. Reduction of Carboxylic Acid & Esters 

 

 

 

 

1. Reaction with Halogen Acids (HX) 

 

The mixture of concentrated HCl and ZnCl2 is called “Lucas Reagent and it is used to 

distinguish between primary, secondary and tertiary alcohol. 

In the Lucas test, primary alcohols show no immediate reaction, secondary alcohols form 

turbidity within few minutes, and tertiary alcohols produce an immediate and vigorous 

formation of cloudy precipitate. 
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2. Reaction with SOCl2 and PX3 

 

3. Dehydration of Alcohol 

 

4. Oxidation of Alcohol 

Primary alcohols yield aldehyde on oxidation. 

Secondary alcohols yield ketone on oxidation. 

Tertiary alcohols cannot be oxidized. 

 

5. Cleavage of 1,2-diols 
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(i) Concentrated H2SO4 (ii) LiAlH4  (iii) K2Cr2O7/H2SO4  (iv) HIO4 

 

 

Organic compounds in which hydroxy group (-OH) is directly attached to benzene ring are 

called phenols. The parent compound of this family is hydroxy benzene which is also known as 

carbolic acid or benzenol. 

CLASSIFICATION OF PHENOLS 

Phenols can be classified into three types: 

(a) Monohydroxy phenol – It contains 1 OH group 

 

(b) Dihydroxy phenol – It contains 2 OH groups 
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(c) Trihydroxy phenol – It contains 3 OH groups 

 

PHYSICAL PROPERTIES OF PHENOLS 

➢ It is a white crystalline solid at room temperature. 

➢ Phenol is toxic in nature. 

➢ It is soluble in water due to the presence of hydrogen bond. 

 

 

Phenol is a stronger acid than alcohol but weaker than carboxylic acids.  

Comparing phenoxide ion with ethoxide ion, it is noted that the negative charge on 

oxygen atom of phenoxide is delocalized over the entire ring through a process 

called as resonance and make the phenoxide ion stable. 
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On the other hand, in ethoxide ion the negative charge is localized on the oxygen 

atom due to the absence of aromatic ring result in a less stable structure compared 

to phenoxide ion. 

 

 

1. From Chlorobenzene (Dow’s Process) 

 

2. From Sodium Benzene Sulphonate 

 

3. Hydrolysis of Diazonium Salt 

 

 

Phenol typically undergoes two types of reactions: 

a) Those reactions in which hydroxyl group is involved 

b) Those reactions in which aromatic ring is involved 
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1. Nitration of Phenol 

 

 

2. Sulphonation of Phenol 
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3. Halogenation of Phenol 
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Ethers are organic compounds having a general formula R-O-R’, characterized by an 

oxygen atom bonded to two alkyl or aryl groups. It has low reactivity and it is 

commonly used as solvent in various chemical reactions. 
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Ethers can be classified into two types: 

(i) Symmetrical ethers or Simple Ethers (Both the alkyl radicals are same.) 

     

(ii) Asymmetrical ethers or Mixed ethers (Both the alkyl radicals are different) 

   

 

  

 

  

 

Physical Properties of Ether 

1. Dimethyl ether (CH3-O-CH3) and Ethyl Methyl Ether (CH3-O-C2H5) are gases. 

Other higher members of ether family are volatile liquids. 

2. The boiling point of ether is less than alcohol due to the absence of hydrogen 

bond. 
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3. Ethers are moderately soluble in water due to its polar nature because of the 

presence of oxygen atom. Solubility decreases with increase in number of alkyl 

group as it increases the non-polar nature of molecules. 

Chemical Reactivity of Ether 

Ether are less reactive organic compounds due to the presence of alkyl radicals on 

both side of oxygen atom which produces a steric hindrance and makes the 

molecule stable. 

 

➢ An example of symmetrical ether is dimethyl ether (CH3-O-CH3) 

➢ Ethers can form hydrogen bonds with water due to presence of oxygen atom 

in its molecule. 
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ALREADY DISCUSSED ABOVE 
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Ans.  Boiling point of ether is less than alcohol because ether do not contain 

hydrogen bonding. Hence, they have low boiling point due to the presence of 

weaker intermolecular forces. 

 

Ans. Alcohols are soluble in water due to the presence of hydrogen bonding. 

 

Ans. Ethanol contains hydrogen bonding that’s why it is a liquid but ethyl chloride 

does not contain hydrogen bonding that’s why it is a gas at room temperature. 
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C2H5OH + Na → C2H5ONa + ½ H2 

 

 

 

 

ALREADY DISCUSSED ABOVE 

 

Ans. If oxygen contains a positive charge, then it is called an oxonium ion. It is 

denoted by O+. Ether can form oxonium ions by reaction with hydrogen iodide (HI) 

C2H5-O-C2H5 + HI → 

O
+

C2H5 C2H5

H + I- 
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ALREADY DISCUSSED ABOVE 

 

Ans. Primary alcohols can be prepared by the reaction of Grignard’s reagent with 

form aldehyde. 

R-Mg-X + C

O

H H C

OMgX

H H

R

H2O C

OH

H H

R

+ Mg

OH

X
 

Secondary alcohols can be prepared by the reaction of Grignard’s reagent with 

aldehyde other than form aldehyde. 

R-Mg-X + C

O

R H C

OMgX

R H

R

H2O C

OH

R H

R

+ Mg

OH

X
 

Tertiary alcohols can be prepared by the reaction of Grignard’s reagent with 

ketones. 

R-Mg-X + C

O

R R C

OMgX

R R

R

H2O C

OH

R R

R

+ Mg

OH

X
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CH3 CH2 Br + KOH
H2O CH3 CH2 OH + KBr

 

 

 

 

ALREADY DISCUSSED ABOVE 

 

ALREADY DISCUSSED ABOVE 
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5. Enlist the commercial applications of alcohol, phenol and ether. 

Ans. Commercial Applications of Alcohol: 

(i) Alcohols are used as beverage for drinking purpose. 

(ii) Wood spirit is used as a fuel. 

(iii) Isopropyl alcohol is used as rubbing alcohol. 

(iv) Ethyl alcohol is used to make perfume. 

(v) Ethanol is used as petrol substitute. 

(vi) Ethanol is used for making thermometers. 

(vii) Ethanol is used to make tincture. 

Commercial Applications of Phenol: 

(i) Phenol is used as antiseptic. 

(ii) Phenol is used to make ointments and lozenges. 

(iii) Phenol is used to make picric acid which is an explosive. 

(iv) Phenol is used to make plastics such as Bakelite. 

Commercial Applications of Ether: 

(i) Diethyl ether is used as anesthesia. 

(ii) Diethyl ether is mixed with ethanol to form Bloor’s reagent which can dissolve 

lipids. 

(iii) Ethers are used as solvent in many chemical reactions such as Wurtz Reactions, 

preparation of Grignard’s Reagent etc. 
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Carbonyl Compounds: 

Those compounds which contain carbonyl group (-CO-) are called carbonyl compounds. 

Aldehydes and ketones are included in carbonyl compounds. 

Aldehydes contains (-COH) Functional group and their general formula is R-COH. 

 

Ketones contains (-COR) functional group and their general formula is R-COR. 

 

Physical Properties of Aldehyde: 

➢ Methanal and ethanal are gases, other aldehydes are colorless liquids and aldehydes 

with more than 20 carbon atoms are solids at room temperature. 
➢ Most of the ketones are liquids and ketones with more than 20 carbon atoms are solids. 
➢ Lower aldehydes have a pungent smell whereas ketones and higher aldehydes have a 

pleasant smell. 
➢ Carbonyl compounds have higher boiling point than alkanes due to polarity but they 

have lesser boiling points than alcohols or carboxylic acids due to the absence of 

hydrogen bond. 
➢ Carbonyl compounds are soluble in water due to their polar nature. Solubility decreases 

with increase in carbon atoms. 
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PREPARATION OF ALDEHYDE AND KETONE 

1. OZONOLYSIS OF ALKENES 

 

2. HYDRATION OF ALKYNE 

 

3. OXIDATION OF ALCOHOL 
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4. FRIEDEL-CRAFT’S ACYLATION OF AROMATIC COMPOUNDS 

 

 

 

 

In this reaction a nucleophile attacks the carbonium ion by the cleavage of pi 

bond. The hybridization of carbon atom changes from sp2 to sp3. 

 

a) Reaction with hydroxyl amine (NH2-OH) 
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b) Reaction with hydrazine (NH2-NH2) 

 

c) Reaction with HCN 

 

d) Reaction with Grignard’s Reagent 

 

 

1. Reduction to Hydrocarbon 

  (a) Clemmensen Reduction 
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(b) Wolf Kishner Reduction 

 

2. Reduction to Alcohol 

In this reaction, a reducing agent is used such as NaBH4 or LiAlH4. 
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The reagent used for this test is ammoniacal silver nitrate (Tollen’s reagent). 

Since this reagent has short shelf life, it should be freshly prepared in laboratory 

by mixing silver nitrate and ammonium hydroxide. 

 

While performing the test tollen’s reagent is mixed with the given carbonyl 

compound and heated to boiling. If aldehyde is present, a silver mirror will form 

on the inside of the test tube. 

 

There are two Fehling solutions available in laboratory. Fehling A is an aqueous 

copper (II) sulphate solution while Fehling B is an aqueous solution of sodium 

hydroxide (NaOH). 

To carry out the Fehling’s test, mix equal volumes of Fehling A and B in a test 

tube, heat the mixture to boiling and then add a small amount of given carbonyl 

compound into the test tube. If aldehyde is present, the blue color of Fehling 

solution (Cu+2) changes to red precipitates (ppt) of copper (I) oxide. 
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Ans. Aldehydes and ketones do not have hydrogen bond that’s why 

they have lower boiling point than alcohol. 

 

Ans. Form aldehyde is highly soluble in water because of the presence 

of only one carbon atom. The greater number of carbon atoms 

increases non-polar nature and hinders solubility in water. 

 

Ans. Oxidation of aldehyde is faster than ketones due to less steric 

hindrance. Ketones have more steric hindrance due to the presence of 

alkyl radicals on both sides of carbonyl group. 

 

ALREADY DISCUSSED ABOVE 

 

ALREADY DISCUSSED ABOVE 

 

Ans. Formaldehyde is more reactive towards nucleophilic addition reactions due 

to less steric hindrance. Ketones have more steric hindrance due to the 

presence of alkyl radicals on both sides of carbonyl group that’s why they have 

less reactivity towards nucleophilic addition reactions. 
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Ans. Ethers are considered as good solvents in organic reactions 

because of their inert nature. 

 

Ans. Aldehydes contains (-COH) Functional group and their general formula is R-COH. 

 

Ketones contains (-COR) functional group and their general formula is R-COR. 

 

In aldehydes and ketones, the carbon atom of carbonyl group is sp2 

hybridized with a trigonal planar structure and 120° bond angle. 
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Ans. 

 

 

 

ALREADY DISCUSSED ABOVE 
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ALREADY DISCUSSED ABOVE 

 

Ans.  

(1) The general formula of aldehyde is RCOH and general formula of aldehyde is 

RCOR. 

(2) Aldehydes are more reactive than ketones. 

(3) Boiling point of aldehyde is higher than aldehyde. 

(4) Aldehydes are reduced to form primary alcohol and ketones are reduced to 

form secondary alcohols. 

 

(i)  
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(ii) 

 

 

(iii) 

 

(iv) 

 
 

 

ALREADY DISCUSSED ABOVE 
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“Organic compounds which contain carbonyl group (C=O) attached to hydroxyl group (-OH) 

are referred as carboxylic acid.” 

PHYSICAL PROPERTIES OF CARBOXYLIC ACID: 

➢ They are liquids with a sharp odor. 

➢ They are soluble in polar solvents such as water. 

➢ They have high boiling point as compared to alcohols due to stronger hydrogen bond. 

ACIDITY OF CARBOXYLIC ACID: 

“Carboxylic acids are stronger acids than alcohols, phenols and water. However, they are 

weaker acids compared to mineral acids.” 

 

PREPARATION OF CARBOXYLIC ACID: 
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DERIVATIVES OF CARBOXYLIC ACIDS 

Certain compounds are structurally derived from carboxylic acids by replacing a part of 

functional group of the carboxylic acid. Some common derivatives of carboxylic acids are 

given as: 

(i) Esters: They are formed by replacing the hydrogen atom of carboxylic group with an alkyl 

or aryl group. Their general formula is R-COOR. 

 

The process in which carboxylic acid reacts with alcohol to form ester is called esterification. 

 

e.g: Ethyl acetate (CH3COOC2H5), Methyl propionate (C2H5COOCH3) 

(ii) Acid Halides: They are formed by replacing the hydroxyl group of carboxylic acid with a 

halogen atom (X). Their general formula is RCOX. 

e.g. Acetyl chloride (CH3COCl), Propionyl chloride (C2H5COCl) etc. 
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(iii) Amides: They are formed by replacing the hydroxyl group of carboxylic acid with an 

amino group. Their general formula is RCONH2. 

e.g. Acetamide (CH3CONH2), Benzamide (C6H5CONH2) etc. 

 

 

(iv) Acid Anhydrides: They are formed by removing a water molecule from two carboxylic 

molecules. Their general formula is (RCO)2O.  

e.g. Acetic Anhydride (CH3CO)2O 
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➢ CH3CN + 2H2O → CH3COOH + NH3 

➢ CH3COOH + NH3 → CH3COONH4 ------heat------>CH3COONH2 + H2O 

➢ CH3COOH + 4[H] -------LiAlH4-------> C2H5OH + H2O 

 

❖ Citric acid is used as flavor enhancer. 

❖ Maleic acid is used as food additive. 

❖ Tartaric Acid is used in food industry. 

❖ Acetic acid is used as vinegar. 

❖ Salicylic acid is used in the production of aspirin. 

❖ Acet amide is used in drug synthesis. 

❖ Acetic anhydride is used in making cellulose acetate. 
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ABU H
URAIR

A A
HM

AD



 

 

 

Ans. The hydrogen bonding is stronger in carboxylic acid than alcohol that’s why they have 

higher boiling point. 

 

Ans. The carbon atom in carboxylic acid is sp2 hybridized and sp2 hybrid orbitals have a 

trigonal planar shape with 120° bond angle due to maximum repulsion of electron. Due to 

this fact, carboxylic acids have a trigonal planar structure. 

 

HCHO + [O] -----------K2Cr2O7/H2SO4---------> HCOOH (Formic Acid) 

 

 

 

 

 

CH3 CH2 Mg Br + CO O CC2H5

O

OMgBr
H2O

C2H5 C

O

OH + Mg

Br

OH 

 

Already Discussed Above 

 

Already Discussed Above 
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Already Discussed Above 

 

Ans. Structure of carboxylic acid is explained by hybrid orbital theory. The carbonyl carbon is 

sp2 hybridized, possessing three sp2 hybrid orbitals and one pz unhybridized orbital. These 

three sp2 hybrid orbitals are oriented almost at an angle of 120° to give trigonal geometry 

whereas pz unhybridized orbital of carbonyl carbon form pi bond with pz orbital of oxygen 

atom. 

 

Already Discussed Above 

 

i)  

ii) RCOOR + H2O ⇌ RCOOH + ROH 

iii) C6H5CH3 + 3[O] ----KMnO4----> C6H5COOH + H2O 

 

Already Discussed Above 

 

Already Discussed Above 
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“Biochemistry is the branch of science that deals with 

the chemical process taking place in the organisms.” 

 

“Polyhydroxy aldehydes and ketones are called 

carbohydrates.” 

Carbohydrate is a nutrient for human beings and 

animals.  

 

On the basis of structures, carbohydrates can be classified into four categories: 

1) Monosaccharides 

2) Disaccharides 

3) Oligosaccharides 

4) Polysaccharides 

 1) Monosaccharides 

 Monosaccharides contain a single sugar unit. 

 For example: glucose, fructose, galactose etc. 

Monosaccharides are further classified on the basis of number of carbon atoms. 
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Hexose sugars are classified into aldohexose and ketohexose. Glucose is an 

example of aldohexose because it contains aldehyde group while fructose is an 

example of ketohexose because it contains ketone group. 

Glucose and fructose exist in both open chain and closed chain form. However, the 

open chain form is relatively unstable. The close chain form of glucose is called 

pyranose (6 membered ring) whereas the close chain form of fructose is called 

furanose (5 membered ring). 

 

 2) Disaccharides:- 

 Disaccharides contain two sugar units. 

 For example: sucrose lactose, maltose etc. 

 Monosaccharides are joined together though ‘glycosidic bond’ to form 

disaccharide. (O-C-O) bond is called glycosidic bond. It’s formed through a 

condensation reaction by the elimination of water molecule.  

 Disaccharides are water soluble crystalline solids and represented by 

molecular formula C12H22O11. 
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 3) Oligosaccharides (Oligo = Few) 

 Oligosaccharides contain 3 to 10 sugar units. 

For example: kestose (glucose+fructose+fructose), melezitose (glucose+fructose+glucose) 

 4) Polysaccharides 

Polysaccharides contain more than 10 sugar units. 

For example: cellulose, starch, glycogen etc. 

Polysaccharides are macromolecules or polymers of monosaccharides. They are 

amorphous, water insoluble and made up of more than 10 hexose sugars. 

Hexose units are joined together by glycosidic bond. 

Polysaccharides are further classified into animal polysaccharides and plant 

polysaccharides. 

An example of animal polysaccharide is glycogen, which is found in the liver of animals. 

It’s a storage of carbohydrate and commonly known as anima starch. 

Examples of plant polysaccharide are starch and cellulose. Starch is found in potato, 

wheat, barley etc. Cellulose is found in the cell wall of plant. 

 

Glucose 

It’s a vital component of our blood. The normal range of glucose in blood ranges between 70 to 

110 mg per 100 dl. However, if glucose level exceeds this range, it can lead to Diabetes. 

Fructose 

It is found in fruits and honey. It’s the sweetest sugar. 

Lactose 

It’s a disaccharide. It’s found in milk so it’s also known as milk sugar. It’s broken down into 

glucose and galactose in the alimentary canal by the enzymic activity.  

Sucrose 

It’s also a disaccharide and made up of a glucose and a fructose sugar. It’s known as table sugar 

or cane sugar. An excess amount of sucrose in our diet can cause the development of gum 

disease such as plaque formation in the teeth and even tooth decay. 
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Proteins are naturally occurring macromolecules made up of long chain of amino acids. 

 

There are 22 types of α amino acids that can be used to build proteins. Each amino acid 

consists of an amino group as well as a carboxyl group. These amino acids are associated with 

each other through poly peptide linkage (CONH).  

 

 

Proteins may be classified on the basis of their functions and structures. 

CLASSIFICATION OF PROTEINS ON THE BASIS OF FUNCTION: 

Based on functions, proteins are classified into following types. 

(i) Catalytic Proteins (Enzymes) 

 

(ii) Storage Proteins: 

 

(iii) Transport Proteins: 

These proteins facilitate the movement of molecules, ions and other substances across cellular 

membrane and in the blood stream. For example: hemoglobin. 
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(iv) Hormonal Proteins: 

These proteins play a critical role in regulating the function of body by transmitting signals 

between the cells. 

CLASSIFICATION OF PROTEINS ON THE BASIS OF STRUCTURE: 

Proteins are classified into four main types based on their structures. 
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“Lipids are naturally occurring heterogenous organic compounds that are insoluble in water 

but soluble in Bloor’s reagent.” 

Bloor’s reagent is a mixture of diethyl ether and ethyl alcohol. 

 

Lipids are classified into three main groups. 

a) Simple lipids  b) Compound lipids  c) Steroids 

a) Simple Lipids 

These lipids are chemically esters, made up of fatty acids and alcohols. 

Such lipids are further classified into fat, oil and waxes. 
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 Fats and Oils: They are also known as triglycerides or triesters. They are formed by the 
condensation of three fatty acid and a glycerol molecule. 

 
Fatty acids are carboxylic acids with contains 12 to 24 carbon atoms which may be saturated or 
unsaturated. Oils are made up of unsaturated fatty acids and they are liquids at room 
temperature. Fats are made up of saturated fatty acids.  

 
 Waxes: Waxes are naturally occurring esters of long-chain fatty acids and long chain 
alcohols. 
For example: 

 
b) Compound Lipids 
These are esters of glycerol with two fatty acids and some other compounds sch as 
carbohydrates, amino acids, phosphoric acid etc. 
c) Steroids 
Non-saponifiable lipids are called steroids. It contains a polycyclic structure. 
Examples of steroids are cholesterol and cholic acid. 

 

A. Physical Properties 
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B. Chemical Properties 

 i) Addition Reactions: 

 Oils undergo addition reactions with hydrogen in the presence of nickel catalyst to 

produce fats. 

 

 ii) Saponification 

 Fats and oils are hydrolyzed when heated with an alkali to produce soap and glycerol, 

this process is known as saponification. 

 

 iii) Rancidity 

 When animal fats are exposed to moist air, they undergo oxidation and hydrolysis 

reactions simultaneously leading to the development of an unpleasant taste and odor. This 

process is called rancidity. 
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IMPORTANCE OF MINERALS IN OUR BODY: 

1. IRON: 

It involves in the oxygen transport, immune function and the production of red blood cells. 

2. CALCIUM: 

Calcium is used to build strong bones and teeth. It also helps in immune system. 

3. PHOSPHORUS: 

Being a part of DNA and RNA, it is important for protein synthesis and transferring genetic 

information. 

4. Zinc: 

It improves our immune system and enhances insulin activity. It also activates our sense of 

smell and taste. Deficiency of zinc causes loss of weight, appetite and taste. 
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ALREADY DISCUSSED ABOVE 

 

Ans. Lipids are better source of energy because they can provide more energy in a little 

amount.  

 

ALREADY DISCUSSED ABOVE 

 

ALREADY DISCUSSED ABOVE 
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“The term chemical industries refer to all those compounds that manufacture chemicals.” 
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Pharmaceutical industries refers to the companies where drugs are manufactured. Drug is a 

substance that is used to treat or cure a disease in human or animals. Some common drugs are 

described below: 

1. Analgesics: 

A drug that specifically targeted on central nervous system to provide pain relief is known as 

analgesic drug. 

Foe example: Aspirin (chemical name: Acetyl salicyclic acid) 

2. Antibiotics: 

It suppress the growth or kills micro organisms. “Penicillin” was the first discovered antibiotic. 

3. Antipyretic medicines: 

A drug which lowers the body temperature to normal is known as antipyretic. The most widely 

used antipyretic is “Paracetamol”. 
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4. Anti Fungal medicine: 

These drugs are used to kill fungi that cause infections on skin. The most common skin 

infections are ringworm and dandruff. Example of antifungal drug is “fluconazole”. 

5. Anti Inflammatory medicine: 

These drugs helps to reduce inflammation, and relieve pain. Ibuprofen (Brufen) is an example 

of anti inflammatory medicine.  

6. Anti Allergic medicine: 

These are also called antihistamines. Histamine is a chemical produced in the body due to 

decarboxylation of an amino acid known as histidine. The adminstration of these drugs reduces 

the histamine level in the body. 

For example: Dephenyl hydramine (Acefyl) 

7. Anti Malarial medicine: 

Anti protozoal or anti malarial drugs are used to treat mosquito bite infectious disease such as 

malaria. Most commonly used anti malerial drug is chloroquine.  

 

 

 

1. Insecticides 

 

2. Herbicides 

Herbicides are the chemicals which either destroy or stop growing weeds. 

3. Fungicides 

Fungicides ae chemcial substances employed to eliminate undesired fungi that develop within 

crops. 
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Types of Polymers: 

There are two types of polymers. 

1. Natural Polymers such as rubber, cellulose, starch etc. 

2. Synthetic Polymers such as PVC, Polyethene, Bakelite etc. 

Types of Synthetic Polymers: 

1. Addition Polymerization: In this process monomers are added to form polymers by the 

cleavage of pi bond. 

For example: Polythene, PVC, PVA etc. 

2. Condensation Polymerization: In this process monomers are added to form polymers by 

elimination of simple molecules such as H2O. 

For example: Bakelite, Protein etc. 

Types of Plastics: 

1. Thermoplastics: They softern onn heatin and regain their original properties on cooling. 

Such as polyethene. 

2. Thermosetting Plastics: They undergo irreversible transformation, becoming hard and rigid 

upon heating. such as Bakelite. 
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It is used in making tents, parachutes, ropes, fish net, bristles of brushes etc. 

 

The word cosmetic is derived from the Greek word “kosmetiko” which means butification of 

skin. 

“Cosmetics are the products that are used to enhance or alter the appearance of face, body, 

nails or hairs.” 

 

 

 

 

Hair dyes can be temporary or permanent. The permanet hair dyes contains Hydrogen Per 

Oxide (H2O2) as an oxidizing agent. 
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It has low adhesive strength but widely used because it is easiy prepared and low cost. 

For example: Flour is mixed in water and then it is heated. 

 

For example: Magic Depoxy Steel 

 

repellent ability. For example: UHU 

 

For example: Elfy 

ABU H
URAIR

A A
HM

AD



 

 

 

 

 

 

Ans. There are hundreds of pharmaceutical industries operating in Pakistan. Health ministry of 

Government of Pakistan play important role in the availability and accessibility of drugs in 

public sector. 
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ENVIRONMENTAL CHEMISTRY: 

“It deals with the study of chemical processes happening in Earth’s environment 

and their direct or indirect impact on organisms that live on Earth.” 

POLLUTION: 

The presence of undesirable substances in the environment that harm the natural balance of 

eco systems is known as environmental pollution. 

PARTS OF ENVIRONMENT: 

Earth’s atmosphere consists of four interconnected parts that work together to sustain life. 

1. Lithosphere: It comprises Earth crust and soil covering with rocks. 

2. Hydrosphere: It comprises all surface and underground water. 

3. Biosphere: It includes the entire living being on the Earth. 

4. Atmosphere: It is extended to 500 KM above Earth’s surface and consists of gases. 

LAYERS OF ATMOSPHERE: 

1. Troposphere: It’s the lowest layer of atmosphere extending from Earth’s surface to an 

altitude of 11 km. 

2. Stratosphere: It starts from the top of troposphere and extending up to 50 km above the 

Earth’s surface. 

3. Mesosphere: It lies above stratosphere stretching from 50 km to 85 km above the Earth’s 

surface. 

4. Thermosphere: It is the uppermost layer of the Earth’s atmosphere extending from 85 km to 

500 km. 

AIR POLLUTANTS: 

Carbon Oxides (COx), Nitrogen oxides (NOx), Sulphur oxides (SOX), volatile organic compounds 

(VOCs) and Ozone (O3) are air pollutants. 
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1. COx 

 The oxides of carbon in troposphere are carbon monoxide (CO) and carbon dioxide 

(CO2). CO is a very toxic gas. It is released by the partial combustion of fuel in automobile or 

forest fire. CO in troposphere is broken down by UV rays into free carbon particles which are 

responsible for the smog formation. 

 

CO2 is added to atmosphere due to the combustion of fossil fuels such as coal, petroleum etc. 

It’s also released during the respiration of animals. The increased level of carbon dioxide in 

atmosphere causes suffocation and respiratory disease. 

 2. NOx 

 There are two main oxides of nitrogen which causes air pollution. These are nitric oxide 

(NO) and nitrogen dioxide (NO2). The high concentration of NO and NO2 gases in air is harmful 

because they form acid rain. 

 3. SOx 

 There are two oxides of sulfur found in the air named as SO2 and SO3. They are produced 

by volcanic eruption. The presence of these gases in atmosphere causes cardiac and 

respiratory disease and also affects crops production. 

 4. Volatile Organic Compounds (VOCs) 

 All those solvents which evaporate into atmosphere and contribute the atmospheric 

pollution are known as volatile organic compound. They are responsible for ozone depletion. 

Examples of VOCs include formaldehyde, benzene, toluene etc. 

 5. Ozone (O3) 

 Ozone is an allotropic form of oxygen. It’s present in a very low concentration in 

troposphere. Its side effects include respiratory issues, cardiac issues and irrigation of plants 

and crops. 

CATALYTIC CONVERTER: 

The burning of gasoline in a car engine results in the formation of air pollutants. To solve this 

issue, modern car engines are equipped with catalytic converters. The purpose of catalytic 

converter is to transform the harmful chemicals produced during internal combustion engine 
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into less harmful or non-harmful substances such as CO2, N2, O2 and H2O. Catalytic converter 

contains a mixture of Pt and Pd which serves as catalyst. 

 

Q. Can a vehicle run without catalytic converter? 

Ans. Yes, a vehicle can run without catalytic convertor but it will produce air pollution. 

Q. How dies catalytic converter contribute to reducing air pollution? 

Ans. Catalytic converter converts harmful air pollutants into harmless substances. 

INDUSTRIAL SMOG: 

Smog is a type of air pollution. This term is a combination of smoke and fog. Smog is a mixture 

of SO2, aerosols and volatile organic compounds ejected through the chimney of industries. It 

forms a brown-yellow layer usually in the industrial areas. Smog has many harmful side effects 

on human health, plant growth and overall, a major contributor of environmental pollution. 

GLOBAL WARMING / GREEN HOUSE EFFECT: 

The temperature of our Earth is regulated by certain gases present in the atmosphere such as 

CH4, CO2, N2O and H2O known as green house gases. The change in concertation of these gases 

can lead to alternation in the Earth’s climate. 

Global warming refers to the gradual rise in Earth’s average surface temperature. The average 

temperature of earth is approximately 15°C but due to long term climate change resulting from 

global warming is causing shifts in average temperature. 

To prevent global warming, we need to reduce green house gas emissions.  

ACID RAIN: 

The term caid rain was first introduced by an English chemist Robert Angus in 1872. Acid rain 

refers to rainfall that has acidic components such as nitric acid, sulfuric acid and carbonic acid. 

The pH of normal rainfall generally ranges between 6 to 6.5 but the pH of acid rain is below 5. 

Pollutants like oxides of carbon, nitrogen and sulfur are present in the atmosphere. These 

oxides may undergo chemical reaction with atmospheric water to produced sulfuric acid, nitric 
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acid and carbonic acid. These acidic components mixed with rainwater and fall to the earth as 

acid rain. 

Acid rain has several adverse effects on the environment and human life. For example: 

1. Acid rain increases the acidity of rivers, which affect negatively on aquatic animal and plants 

causing a disturbance of eco system. 

2. Acid rain reduces soil fertility due to lowing in soil pH from their normal range and ultimately 

affects on crops production.  

3. Acid rain causes corrosion of building, bridges and other concrete and metal things.  

4. Acid rain makes underground water toxic and undrinkable. 

OZONE FORMATION & OZONE DEPLETION 

Ozone layer is present in stratosphere. This layer plays a vital role in blocking and absorbing 

maximum portion of Sun’s harmful radiations. The life on Earth would not be possible without 

the protection of this layer. 

Ozone is produced in stratosphere due to photochemical reaction of sun rays and oxygen gas. 

UV radiations of sunlight breaks O2 into free radicals. The oxygen free radicals are then 

combined with another oxygen molecule to produce ozone.  

 

Human activities can contribute to the depletion of ozone layer through the emission of certain 

chemicals known as Ozone Depletion Substances (ODS). The most considerable human activity 

that have been responsible for ozone depletion is the release of gases from cooling devices 

such as refrigerator and air conditioners.  

Chlorofluoro Carbons (CFCs) is a highly stable gas used as coolant in refrigeration and also a 

repellent in aerosol spray. When CFC reaches into stratosphere region, it breaks down into free 

chlorine and fluorine atoms which then react with ozone in UV light and decompose it into 

oxygen. 

The best alternative is Hydro Fluro Carbons (HFCs) which do not have chlorine and do not 

contribute to ozone depletion. 

 

 

ABU H
URAIR

A A
HM

AD



 

 

WATER POLLUTION 

Any undesirable change in the quality of water which affects the life adversely is called water 

pollution. 

WASTE WATER ANALYSIS 

Sample of waste water are collected from many different areas and they are analyzed by a 

series of tests. 

1. Physical Test: This includes estimation of odor, color and taste. 

2. Chemical test: This involves the checking of pH and presence of toxic chemical. 

3. Microbiological test: This test involves checking for the presence of pathogens. 

4. Organic test: This test is performed to check the presence of pesticides and volatile organic 

solvents such as petrol, benzene, toluene etc. 
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SPECTROSCOPY: 

Spectroscopy is the study of interaction of electromagnetic radiation of light with matter. It’s a 

powerful analytical technique for the determination of structure of molecules. 

TYPES OF SPECTROSCOPY: 

1. Infrared (IR) Spectroscopy 

2. Ultraviolet/Visible (UV-Vis) Spectroscopy 

3. Nuclear Magnetic Resonance (NMR) Spectroscopy 

4. Atomic Absorption and Emission Spectroscopy 

5. Mass Spectrometry 

1. Infrared (IR) Spectroscopy 

Infrared spectroscopy is used to detect the type of bond and the functional groups present in 

molecule. The atoms in a molecule already undergo vibration and rotation, in their normal 

routine, however when the molecules absorb radiations, it leads to increased intensity of 

vibrations. This vibration can be of two types namely bond stretching and bond bending. In 

bond stretching, the bond length increases or decreases while in bond bending the bond angle 

between the atoms changes.  
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The bending and stretching of each type of bond present in the molecule occurs at a particular 

frequency of IR spectrum and show the signals at a particular region.  

The applications of IR spectroscopy are as follows: 

(i) IR spectroscopy provides information for the presence of different functional groups in the 

organic molecules. 

(ii) IR spectroscopy is also useful for identifying the impurities present in the sample to be 

analyzed. 

 

2. Ultraviolet/Visible (UV-Vis) Spectroscopy 

It is used to determine the presence of double and triple bonds as well as conjugated system in 

the molecule. The UV region of electromagnetic spectrum extends from 200 nm to 400 nm and 

the visible region extends from 400 nm to 800 nm. 

When a molecule absorbs electromagnetic radiations of UV – visible range (200 nm – 800 nm) 

electronic transitions occur. Its electrons are promoted from lower energy level to higher 

energy level. 

UV spectroscopy is extensively used for determining the concentration of unknown 

compounds in a solution by using Beer-Lambert’s law. 
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3. Nuclear Magnetic Resonance (NMR) Spectroscopy 

The nucleus of certain elements exhibits random spin and behave like a tiny magnet due to 

their charged nature. When an external magnetic field is applied, the spin of nucleus aligned in 

two ways. 

(i) It can align in the same direction of the applied magnetic field and it is said to be low energy 

spin state. 

(ii) It can be opposite direction to the applied magnetic field and said to be high energy spin 

state. 

When a sample of a compound is placed in a strong magnetic field and subjected to radio 

frequency radiation, the nuclei with specific spin state absorbs energy and flip into a high 

energy state, this absorption of energy is detected as signals in the NMR spectrum. The solvent 

used in NMR spectroscopy is usually D2O or DMSO (Di Methyl SulfOxide) 

The graph of NMR consists of the following parameters. 

(i) x-axis represents chemical shift which shows position of proton signals relative to TMS 

(tetramethylsilane). The values are between 0 – 12 ppm relative to TMS.  

(ii) y-axis represents absorption which shows the intensity of NMR signals. 

(iii) Peak represents splitting pattern (singlet, doublet, triplet, quartet) due to neighboring 

protons.  

Consider the example of ethanol 

➢ Methyl (CH3) protons appear as triplet around 1.1 to 1.3 ppm 

➢ Methylene (CH2) protons appear as quartet around 3.5 to 4 ppm 

➢ Hydroxyl (OH) protons appears as a broad singlet around 4 to 5 ppm. 
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NMR spectroscopy provides valuable information about the chemical structure of organic 

compounds. Each organic compound exhibits a unique NMR spectrum acting as a ‘fingerprint’ 

that allows chemists to identify them.  

4. Atomic Absorption and Emission Spectroscopy 

It is used to identify elements in various samples including metal compounds. Within an atom, 

electrons are distributed in different energy levels, when atom receive energy from an external 

source like heat or an electric discharge, electrons can be promoted to higher energy level. 

These excited electrons then undergo transition involving the absorption or emission of 

electromagnetic radiations. 

 a) Atomic absorption spectroscopy 

 In atomic absorption spectroscopy, the sample is exposed to a wide range of light, the 

atom selectively absorbs specific wavelength of light that align with the energy needed to 

elevate electrons to higher energy level. The absorbed wavelength of light appears as dark 

lines in a unique pattern specific for that element. by examining the absorbed wavelength, a 

chemist can identify the presence of specific element in the sample. 

 

 b) Atomic emission spectroscopy 

 In atomic emission spectroscopy, the electron in an atom is first excited by providing 

energy from external source such as heat or electrical energy. When the excited electrons 

return to their ground state, they emit excess energy in the form of light of specific 

wavelengths. This emitted light appears as a series of bright lines against a dark background. 

Since each element has its distinct set of bright lines, chemist can identify the element based 

on this information. 
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5. Mass Spectrometry 

It is a technique used to determine the mass to charge ratio (m/z) of ions in a sample. It 

provides information about the mass of different fragments of the molecule. 

In mass spectrometry, the vapors of compounds are bombarded with beam of high energy 

electrons from electron gun that makes the neutral molecules loose and electron and change 

into molecular ion. These molecular ion further break into smaller possible fragments of 

specific mass to charge ratio (m/z). 

 

These molecular ions then pass though magnetic field where they follow a curved path. A 

highly sensitive detector is attached in mass spectrometer which detects the molecular mass of 

ions and record on paper as specific lines. 

 

It is used to determine the molecular mass of unknown compounds on the basis of mass to 

charge ratio. 
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