
Chapter-1 : Chemical kinetics

 TOPIC-1
  Rate of a Chemical Reaction and Factors  

Affecting Rate of Reaction

Revision Notes
 ¾ Chemical kinetics is the branch of Physical Chemistry, which deals with the study of the rate of chemical 

reaction and mechanism of the reaction.
 ¾ Classification of Reactions on the basis of Rate of Reaction:

  Fast (Instantaneous) reaction: The reaction proceeds so rapidly, that the determination of rate of reaction 
is difficult. It occurs within few seconds.

 � Example: ionic reactions, organic substitution reactions.

  Slow reaction: The reaction proceeds extremely slow and may take several months for completion.

 Example: Rusting of iron.

  Moderate (Molecular) reaction: The reaction proceeds between very fast and very slow reaction and 
their rate can be measured conveniently. Example: Hydrolysis of esters.

  Elementary reaction: The reaction in which one or more of the chemical species react directly to form 
products in a single reaction step and with a single transition step.

 ¾ Rate of reaction: The rate of reaction is the change of concentration of any reactant or product, with time for 
a reaction.

 � For reaction,                      A + B → C

 � Rate of reaction, A
A A

= =
Decrease in concentration of 

Time taken
−∆
∆ t

 � Similarly for reaction, B
B

=
−∆
∆ t

 and for product C
C

=
∆
∆ t

 � Unit : mol L–1 s–1 or atm s–1 .
 ¾ Instantaneous Rate of Reaction: Instantaneous rate is defined as the rate of change in concentration of any 

one of the reactant or product at a particular time. Instantaneous rate,

 �                                        
dx
dt

d
dt

d
dt

d
dt

= = =
− −[ ] [ ] [ ]A B C

 ¾ Average Rate of Reaction: The rate of reaction measured over a long time interval is called average rate of a 

reaction. Average rate =
∆
∆
x
t

, where, Dx = change in concentration in given time and Dt = time taken.

 ¾  Factors affecting the Rate of a chemical reaction:
 (i) Effect of concentration: Rate of reaction is directly proportional to the concentration of the reactants. 

Thus, to increase the rate of a reaction, the concentration of the reactants has to be increased.
 (ii) Temperature of the reaction: The rate of a reaction increases with the increase in temperature. Increase in 

temperature increases the kinetic energy of the molecules which results in the increase in rate of reaction.
 (iii) Pressure of the reaction: Pressure affects the rate of only gaseous reactions. Increase in pressure decreases 

volume and increases concentration. Increase in concentration increases the rate of reaction.
 (iv) Presence of catalyst: In the presence of a catalyst, the activation energy of a reaction decreases due to 

which the reaction proceeds at a faster rate.
 (v) Nature of the reactants: In a chemical reaction, some bonds are broken while some new bonds are formed. 

Thus, if the molecules are simpler, then less bonds will rupture and the rate of reaction becomes faster 
while in complex molecules more bonds will rupture and the rate of the reaction decreases.

 (vi) Surface area of the reactants: In some heterogeneous reactions, the reaction takes place at the surface 
of the reactant. Thus in such reactions, the reaction rate is greatly affected by the surface area. Marble 
powder reacts faster than marble chips.
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 (vii) Effect of radiations: Those reactions which are initiated by the radiations of particular wavelengths are 
termed as photochemical reactions. These reactions generally proceed at a faster rate than normal thermal 
reactions.

 (viii) Effect of physical state: Rate of reaction depends upon physical state of the reactant, e.g., I2(g) reacts faster 
than I2(s), AgNO3(aq) reacts with NaCl but AgNO3(s) does not react with NaCl.
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 ¾ Law of Mass Action: “At constant temperature, the rate of a chemical reaction is directly proportional to 
the product of active masses of reacting species with each active mass term raised to the power equal to the 
stoichiometric coefficient of that species in the chemical reaction.”

 �                                                                        aA + bB → Products
 �  Here, Rate of reaction [A]a[B]b, where [A] and [B] are active masses of the reactants A and B respectively.

 ¾ Active mass of a substance in the solution or gas phase is equal to its molar concentration.
 ¾ Rate Law: The rate law states that the rate of reaction is directly proportional to the product of molar 

concentration of reactants and each concentration is raised to some power which may or may not be equal to 
stoichiometry coefficients of reacting species.

 �                                                   Rate = k[A]m[B]n

 ¾ Rate Constant: Rate constant is also called specific reaction rate. When concentration of both the reactants are 
unity (one), then the rate of reaction is known as rate constant. It is denoted by ‘k’.

 ¾ Molecularity: Total number of atoms, ions or molecules of the reactants involved in the reaction is termed as 
molecularity. It is always in whole number. It is never more than three. It cannot be zero.

 � Example:
 �                                                                     NH4NO2  → N2 + 2H2O (Unimolecular reaction)
 �                                                                               2HI  → H2 + I2 (Bimolecular reaction)
 �                                                                  2NO + O2  → 2NO2 (Trimolecular reaction)
 � For a complex reaction, generally, molecularity of the slowest step is same as the order of the overall reaction.

 ¾ Rate determining step: The slowest step in the reaction mechanism is called as the rate determining step.
 ¾ Initial rate of reaction: The rate at the beginning of the reaction when the concentrations have not changed 

appreciably is called as the initial rate of reaction.
 ¾ Order of a reaction: It is the power to which concentration term of a particular reactant in the rate law is raised.

 �                                                             pA + qB + rC  → Products
 �                                         Rate = k[A]p[B]q[C]r

 � where p, q and r represents the order of reaction with respect to A, B and C respectively.
 � Overall order of reaction = p + q + r

 ¾ Pseudo first order reaction: It is the reaction which seems to be of higher order but behaves as first order 
under certain conditions.

Know the Formulae
 ¾ Rate of reaction of a reactant

Decrease in concentration
     

   
�=

oof reactant
Time taken

�
 

 ¾ Instantaneous rate of reaction = [ ] [ ] [ ]d A d B Cdx
= = =

dt dt dt dt
- -

 ¾ Average rate =
D
D

x
t

 where ∆x = change in concentration in given time and ∆t = time taken
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Know the Terms
 ¾ Catalyst: A substance that increases the rate of a chemical reaction without itself undergoing any permanent 

chemical change at the end of the reaction.

 TOPIC-2
  Order of a Reaction, Integrated Rate Equations 

and Half-Life of a Reaction

Revision Notes
 ¾ Order of reaction: Order is defined as the sum of powers of concentration of the reactants in the rate equation 

or rate law. Order of reaction is experimentally determined and is not written from the balanced chemical 
equation. Order of reaction can be whole number, zero or fractional.

 ¾ Zero order reaction: The rate of reaction does not change with the concentration of the reactants.
 � i.e.,                                                   Rate = k[A]0

 �                                                               k
t

=
[ ] [ ]A A0 −

 � where, ‘k’ is rate constant and unit of the rate constant k is mol L–1 s–1.
 � This reaction will be zero order reaction.
 � Photosynthesis of HCl(g) is an example of zero order reaction.
 � Graphical representation of a zero order reaction:
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Fig. 2.
 ¾ First order reaction: The rate of reaction is directly proportional to the concentration of reacting substance.

 � In reaction,         A → Products
 �                                                          Rate ∝ [A]

 �                                                       −d
dt

k
[ ]

[ ]
A

A=

�� ⇒                                                  −d
kdt

[ ]
[ ]

A
A

=

 � On integration,    
                    

−
∫ ∫
d

kdt
[ ]

[ ]
A

A
=

 �                                                  – loge[A] = kt + C [where, C is the constant of integration] …(1)
 � At initial, t = 0, [A] = [A]0
 �                                                 – loge[A]0 = C
 � Therefore, equation (1) becomes,
 �                                                  – loge[A] = kt – loge[A]0

 � or                                                          k t e= −
1

0
log

[ ]
[ ]

A
A

 �                                                               k
t

=
2 303 0.

log
[ ]
[ ]
A
A

 � Unit of rate constant is s–1.
 � Decomposition of NH4NO2 is an example for first order reaction.
 � Graphical representation of a first order reaction: �
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Fig. 3.
 ¾ Second order reaction: The reaction in which sum of powers of concentration terms in rate law or rate 

equation is equal to 2.

�� ∴�������������������������������������������������������
dx
dt

k= [ ] [ ]A B′ ′

 � Unit of rate constant is mol–1 L s–1 or M–1s–1, where M is molarity.

Reaction Order Unit of rate constant Example

Zero order 0 mol L–1 s–1 H +Cl 2HCl2 2
Sunlight →

First order 1 s–1 2N2O5 → 4NO2 + O2

Pseudo first order 1 s–1
C H O +H O C H O +C H O22 2

H
12 1212 11 6 6 6 6

+
 →

Second order 2 mol–1 L s–1
H +I 2HI2 2 � ⇀�↽ ��

 ¾ Equation for typical first order gas phase reaction: A(g) → B(g) + C(g)

 �                                                               k
t

p
p
i

A
=

2 303.
log

 � or                                                          k
t

p
p p

i

i t
=

2 303
2

.
log

( )−
 � where pi is the initial pressure of A at time, t = 0 and pt is the total pressure at time t.

 ¾ Half-life of a reaction: The time taken for a reaction when half of the starting material has reacted is called 
half-life of a reaction.

 � For zero order reaction,                t
k1 2

0
2/

[ ]
=

A

 � Where, [A]0 is the initial concentration of reactant it means there is no change in concentration and ‘k’ is rate 
constant.

 � For 1st order reaction,                   t
k1 2

0 693
/

.
=

 ¾ nth Order reaction: In general for nth order reaction of the type

 �                                                 A → products, where,
dx
dt

k n= [ ]A

 �                                              k
t nn n n

=
1

1
1 1

1
0

1( ) [ ] [ ]−
−











− −A A

 � Where, [A]0 is initial concentration, [A] is final concentration after time t and n can have all the values except 1.
 ¾ Half-life of a reaction of nth order:

 �                                                            t1/2 ∝
1

0
1[ ]A n−

 �                                                             t1/2 ∝�[A] for zero order

 �                                                            t1/2 is independent of [A] for 1st order

 �                                                           t1/2 ∝ 
1

[ ]A  for 2nd order

 �                                                            t1/2 ∝�
1

2[ ]A
 for 3rd order
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 � Amount of substance left after n half-lives =
[ ]A 0

2n

 ¾ Integrated rate laws for the reactions of zero and first order:

Order Reaction type
Differential 

rate law
Integrated rate 

law
Straight line plot Half life Units of k

0 A → P
d

dt
k

[ ]A
= - kt = [A]0 – [A] [A] Vs. t

[ ]A 0
2k conc. time–1

1 A → P d
dt

k
[ ]

[ ]
A

A= -

[A] = [A]0e
–kt

kt =
ln[ ]

[ ]
A
A

0 ln[A] Vs. t ln
2
k

time–1

 ¾ Lifetime: The time in which 98% of the reaction is completed is called lifetime.

Know the Formulae
 ¾ Zero order reaction: 

[ ] [ ]

[ ]

0

0
1 / 2

A A
k =

t
A

t =
2k

-

 ¾ First order reaction:
[ ]0

1 / 2

A2.303
k = log

t A
0.693

t =
k

Know the Terms
 ¾ Photochemical reactions: The chemical reaction whose rate is influenced by radiations, particularly from 

ultraviolet and visible light is known as photochemical reactions.
 ¾ Intermediate: Species formed in one step and consumed in another.

 TOPIC-3
  Concept of Energy and Arrhenius Equation

Revision Notes
 ¾ Temperature Coefficient: The rate of reaction is dependent on temperature. This is expressed in terms of 

temperature coefficient.

 �                           Temperature coefficient =
Rate constant at 308 K
Rate constant at 298 K

 ¾ It is observed that for a chemical reaction, with rise in temperature by 10°, the rate constant is nearly doubled.

 ¾ Activation energy: It is an extra energy which must be possessed  by reactant molecules so that the collision 
between  reactant molecules is effective and leads to the formation of product molecules.

 � Activation energy (Ea) for a reaction cannot be zero. It is not possible that every collision between molecules 
will be effective. Ea cannot have negative value.

 ¾ Threshold energy: The minimum energy that the reacting species must possess in order to undergo effective 
collisions to form product molecules is called threshold energy.

 ¾ Arrhenius equation: Activated complex is defined as an unstable intermediate formed between reacting 
molecules. It is highly unstable and readily changes into product. Arrhenius equation gives the relation between 
rate of reaction and temperature.
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 �                                                            k e a= A E RT- /

 � where      k = Rate constant
 �                  A = Frequency factor (Arrhenius factor)
 �                 Ea = Activation energy 
 �                  R = Gas constant
 �                  T = Temperature in Kelvin
 �                                           ln k = ln A – Ea/RT

 �                                          log log
.

k a= A
E

-
2 303RT

 � A plot of log k vs 1/T gives a straight line with slope =
Ea

R2 303.

 � If k2 and k1 are rate constants at temperature T2 and T1 respectively, then

 �                                       log
.

k
k

E
R

T T
T T

a2

1

2 1

1 22 303
=

-
×

é

ë
ê

ù

û
ú

Know the Formulae
 ¾

0

0

Rate constant at (T 10)
Temperature coefficient =

Rate constant at T


 

 ¾ aE / RTArrheniusequation:k = Ae-

Chapter-2 : Surface Chemisstry

 TOPIC-1
  Adsorption, Absorption and Factors Affecting 

Adsorption and Absorption

Revision Notes
 ¾ Surface Chemistry: The branch of Chemistry which deals with the phenomenon that occurs on the surfaces 

or interfaces is called Surface Chemistry. Such phenomenon includes corrosion, catalysis, crystallization, etc.

 ¾ Adsorption: Adsorption is a surface phenomenon in which the substance gets accumulated on the surface of 
a solid. The surface that adsorbs is called adsorbent and the one that gets adsorbed is called an adsorbate. For 
example: Silica gels adsorb water molecules from air.

 ¾ Physisorption: Physisorption is also called physical adsorption. If the adsorbate is held on a surface of 
adsorbent by weak van der Waals forces, the adsorption is called physical adsorption or physisorption.

 ¾ Chemisorption: Chemisorption is also called chemical adsorption. If the forces holding the adsorbate are as 
strong as in chemical bonds, the adsorption process is known as chemical adsorption or chemisorption.

 ¾ Desorption: The process of removing an adsorbed substance from the surface on which it is adsorbed is called 
desorption.

 ¾ Absorption: In this process, molecules of a substance are uniformly distributed throughout the body of solid 
or liquid. For example: Ammonia absorbed by water, water absorbed by anhydrous CaCl2.

 ¾ Sorption: When adsorption and absorption take place simultaneously, it is called sorption, e.g., dyeing of 
cotton fabrics. The dye is adsorbed on the surface of cotton fibre but after it is dyed, the fibre looks dyed 
uniformly throughout. 

 ¾ Enthalpy of adsorption: Adsorption generally occurs with the release in energy, i.e., it is exothermic in nature. 
The enthalpy change for the adsorption of one mole of an adsorbate on the surface of adsorbent is called 
enthalpy or heat of adsorption.

ln
 k

Slope =

1
T

–E
R

a

Intercept =ln A

 � Fig. 4
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 ¾ Differences between adsorption and absorption:

S. No. Adsorption Absorption
1. It is a surface phenomenon. Adsorbate 

molecules are held at the surface of absorbent.
Absorption occurs in the bulk of absorbing 
substance.

2. The concentration of the adsorbate at the 
adsorbent surface is much more than that in 
the bulk.

Absorbed material is uniformly distributed 
throughout the bulk. Thus, concentration is 
same throughout.

3. Initially rate of adsorption is rapid. It decreases 
slowly till equilibrium is attained.

Absorption occurs with uniform rate.

4. Example: Water vapours are adsorbed on 
silica gel.

Example: Water vapours are absorbed by 
anhydrous CaCl2.

 ¾ Factors affecting adsorption of gases on solids:
 (i) Nature of gas    (ii) Nature of adsorbent
 (iii) Specific area of the solid  (iv) Pressure of the gas
 (v) Effect of temperature   (vi) Activation of adsorbent.

 ¾ Adsorption isobar: A plot of extent of adsorption (x/m) v/s. temperature at constant pressure is called as 
adsorption isobar.

 ¾ Adsorption isotherm: The plot of extent of adsorption  (x/m) v/s. equilibrium pressure (p) at constant 
temperature is called as adsorption isotherm, where, ’x’ is the quantity of gas adsorbed by unit mass ‘m’ of 
the adsorbent. 

 ¾ Freundlich Adsorption Isotherm: It gives the empirical relationship between magnitude of adsorption (x/m) 
and pressure at a particular temperature. It can be given by the mathematical equation:

 

xo Log p

y

a

Log k Intercept

Freundlich isotherm

b

Lo
g
x m

Slope = 1
n

θ

 

             
x
m

k n= p1/
              ... (i) 

                          
log log log

x
m

k
n

p= +
1

            ... (ii) 

  A plot of log 
x
m

vs. log p gives a straight line with slope 
1
n

 and y intercept = log k.
  In case of solution, the isotherms take the form

               
x
m

k
x
m

k
n

n= =(C) ;log log logC/1 1
+

  where, x is amount of adsorbate adsorbed on m gram of adsorbent at pressure p or concentration C of the 
adsorbate, k and n are constants, n>1.

 ¾ Applications of Adsorption:
 (i) In removing colouring matter from the solution.    (ii) In gas masks.
 (iii) In separating noble gases.     (iv) In dyeing of cloth.
 (v) In chromatography.      (vi) In froth flotation process.
 (vii) In quantitative analysis.        (viii) In dehumidifiers.
 (ix) In adsorption analysis.      (x) In creating high vacuum.
 (xi) In ion-exchange resins. 

Know the Terms
 ¾ Saturation pressure: The pressure beyond which adsorption becomes independent of pressure is called as 

saturation pressure. 
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 ¾ Competitive Adsorption: A strong adsorbate gets adsorbed more efficiently as compared to weak adsorbate. 
That strong adsorbate can displace already adsorbed one from the surface of the adsorbent. This is known as 
competitive adsorption or preferential adsorption.

 TOPIC-2
 Colloidal State

Revision Notes
 ¾ Colloids: A colloid is a heterogeneous system in which one substance is dispersed (dispersed phase) as very 

fine particles in another substance called dispersion medium. The size of colloidal particles is in the range 
1-1000 nm. 

 ¾ Colloidal solution: A colloidal solution is a heterogeneous system in which a definite substance is distributed 
in the form of very small particles as dispersed phase in another substance called dispersion medium, e.g. 
glue, ink, smoke, etc.

 ¾ Dispersed phase: Dispersed phase is the component present in small proportion like solute in the solution.

 ¾ Dispersion medium: The medium in which the colloidal particles are dispersed is called dispersion medium. 

 ¾ Crystalloids: The substances whose aqueous solution can pass through the semi-permeable membrane are 
called crystalloids.

 ¾ Types of colloidal solutions:

S. No. Dispersed 
phase

Dispersion 
medium Name Examples

1. Solid Gas Aerosols Smoke, dust particles.

2. Solid Liquid Sols As2S3, gold sol, starch, gum, muddy water.

3. Solid Solid Solid sols  Coloured gem stones, some alloys, pearls, ruby, glass.

4. Liquid Solid Gels Jellies, cheese, shoe polish.

5. Liquid Liquid Emulsions Milk, hair cream, cod-liver oil.

6. Liquid Gas Aerosols Fog, mist, cloud.

7. Gas Solid Solid foam Pumice stone, foam rubber, cork.

8. Gas Liquid Foam Whipped cream, lemonade, froth.

 ¾ When dispersed phase is solid and dispersion medium is either solid or liquid, the colloidal system is known 
as sol. e.g., paints, starch dispersed in water, etc.

 ¾ When dispersion medium is gas and dispersed phase is either solid or liquid, the colloidal system is called 
aerosol. e.g., fog, clouds, smoke, etc.

 ¾ When dispersed phase is liquid and dispersion medium is solid, such colloidal system is called gel e.g., cheese, 
butter, boot polish, etc.

 ¾ When dispersed phase is liquid and dispersion medium is also liquid, such colloidal system is called emulsion. 
e.g., milk, emulsified oils, etc.

 ¾ Classification based on nature of interaction between dispersed phase and dispersion medium:

 (i) Lyophilic colloids: Lyophilic means “solvent loving”. Those substances which when mixed with a suitable 
solvent as the dispersion medium directly form the colloidal solution are called lyophilic substances 
and the solution thus formed is called lyophilic solution. They are also known as intrinsic colloids. For 
example: gum, gelatin, starch, rubber, etc,

 (ii) Lyophobic colloids: Lyophobic means “solvent hating”. These are the substances which when mixed 
with dispersion medium do not form colloidal solution. Their solutions can be prepared only by special 
method, such substances are called lyophobic and the solutions formed by them are called as lyophobic 
solutions. They are also known as extrinsic colloids. For example: metals and their sulphides.
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 ¾ Classification based on the type of particles of the dispersed phase:

 (i) Multimolecular colloids: Multimolecular colloids contain dispersed particles less than 1 nm made of 
aggregates of many molecules. These are lyophobic colloids. In multimolecular colloids, particles are held 
together by weak van der Waals forces. For example: sulphur sol, gold sol, etc.

 (ii) Macromolecular colloids: Macromolecular colloids are molecularly dissolved solutions of a polymer with 
particle size of colloidal range and are lyophilic colloids. In macromolecular colloids, particles are held 
together by chemical bonds.

        For example:

  (a) Naturally occurring macromolecular colloids (starch, cellulose, proteins and enzymes).

  (b) Man-made macromolecular colloids (Polythene, nylon).

 (iii) Associated colloids (Micelles)

  Micelles: Those colloids which behave as normal strong electrolytes at low concentrations, show colloidal 
properties at higher concentrations due to the formation of aggregated particles of colloidal dimensions. 
Such compounds are also referred as associated colloids. Surface active agents like soaps and synthetic 
detergents belong to this class. They also form ions. Molecules of soaps and detergents consist of lyophilic 
as well as lyophobic parts which associate together to form micelle. Micelles may contain 100 molecules 
or more.

 ¾ Mechanism of micelle formation: Micelles are generally formed by the specific type of molecules which 
have lyophilic as well as lyophobic ends. Such molecules are known as surface active molecules or surfactant 
molecules.

  Sodium oleate, C17H33COO–Na+(one of the soaps) is a typical example of such type of molecule. The long 
hydrocarbon part of oleate radical (C17H33—) is lyophobic end while COO– part is lyophilic end. When the 
concentration of the solution is below its CMC (3×10–3 mol L–1), sodium oleate behaves as a normal electrolyte 
and ionizes to give Na+ and C17H33COO– ions. As the concentration exceeds CMC, the lyophobic part starts 
receding away from the solvent and are made to approach each other. However, the polar COO– parts tend 
to interact with the solvent. This ultimately leads to the formation of the cluster having the dimensions of the 
colloidal particles. In each such cluster, a large number of (usually 100 or more) oleate groups are clumped 
together in a spherical manner so that their hydrocarbon parts interact with one another but COO– parts 
remain projected in water. Hence, the mechanism of micelles formation is same as that of the soap. 

         
 ¾ Peptization: The conversion of precipitate into a colloidal solution in the presence of peptizing agent is called 

peptization. Peptizing agent is generally an electrolyte. 

 ¾ Purification methods of colloidal solutions: Colloidal solution can be purified by the following methods:

 (i) Dialysis: In dialysis, particles of true solutions can pass through parchment paper or cellophane 
membrane. On the other hand, sol particles cannot pass through these membranes. A bag made up of 
such a membrane is filled with the colloidal solution and is then suspended in fresh water.

 (ii) Electrodialysis: The crystalloid particles pass out leaving behind the colloidal sol. Movement of ions across 
the membrane can be quickened by applying electric potential through two electrodes. This method is 
faster than simple dialysis and is known as electrodialysis.
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Fig. 5.Electrodialysis
 (iii) Ultrafiltration: This process is done by passing colloidal solutions through filters of unglazed porcelain.

 ¾ Properties of colloids:
 (i) Brownian movement: The zig-zig movement of colloidal particles when seen under powerful microscope 

is called Brownian movement.

                    Fig. 6. Brownian movement 

 (ii) Tyndall effect: Scattering of light by colloidal particles is called Tyndall effect.

                     

Eye

Tyndall cone

Light
source

Microscope

Scattered light

Colloidal solution
Fig. 7. Tyndall Effect

 (iii) Electrophoresis: The movement of colloidal particles towards one of the electrodes on passage of 
electricity through colloidal solution is called as electrophoresis.

 ¾ Hardy-Schulze rules:

 (i) Opposite charged ions are effective for coagulation.

 (ii) The coagulating power of electrolyte increases with the increase in charge on the ions used for coagulation. 
e.g,  Al3+ > Ba2+> Na+ for positively charged colloids.

  [Fe(CN)6]
4–  > PO4

3– > SO4
2– > Cl– for negatively charged colloids.

  The reciprocal of coagulation value is called as coagulating power. i.e., lower the coagulation value, higher 
will be coagulating power.

 ¾ Electrokinetic potential or Zeta potential: The potential difference between the fixed layer and diffused layer 
of opposite charges is called as zeta potential.

 ¾ Coagulation: The process of aggregation of colloidal particles into an insoluble precipitate by the addition of 
suitable electrolyte is called as coagulation. It is also called as flocculation.

 ¾ Coagulating value: The minimum concentration of an electrolyte which is required to cause the coagulation 
or flocculation of a sol is known as coagulation value.

      Coagulation value µ
1

Coagulating power
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 ¾ Gold number: The number of milligram of protective colloids which must be added to 10 ml of given gold sol 
to prevent it from coagulation by the addition of 1 ml of 10% of NaCl solution.

 ¾ Emulsions: Emulsions are colloidal system in which both the dispersed phase and dispersion medium are 
liquids. There are two types of emulsions:

 (i) Oil in Water: In such emulsion, oil is dispersed phase and water is dispersion medium. For example, milk, 
vanishing cream.

 (ii) Water in Oil: In such emulsion, water is dispersed phase and oil is dispersion medium. For example, 
butter. 

 ¾ Applications of colloids:

 (i) Sewage disposal    (ii) Purification of drinking water

 (iii) Smoke precipitation   (iv) Medicines

 (v) Tanning      (vi) Rubber industry

 ¾ Distinction between True solution, Colloids and Suspension:

S. No.  True Solution Colloids Suspension

1. It is homogeneous. It appears to be 
homogeneous but actually 
it is heterogeneous. 

It is heterogeneous.

2. Its particle size is less than 1 nm. Its particle size is 1 nm to 
1000 nm.

Its particles are larger than 1000 
nm.

3. It passes through filter paper. It passes through ordinary 
filter paper but not through 
ultrafilters.

It does not pass through filter 
paper.

4. It does not show Tyndall effect.  It shows Tyndall effect.  It does not show Tyndall effect 
appreciably.

5. It has high value of colligative 
property.

It has low value of 
colligative property.

It has very low value of colligative 
property.

6. Its particles cannot be seen even 
with powerful microscope. 

 Its particles can be seen by 
powerful microscope due 
to scattering of light.

Its particles can be seen even with 
naked eye.

Know the Terms
 ¾ Congo Rubin number: The Rubin number was proposed by Ostwald as an alternative to the Gold number in 

order to measure the protective efficiency of a lyophillic colloid.

 ¾ Streaming potential: When a liquid is forced through a porous material or a capillary tube, a potential 
difference is set up between the two sides. This is known as streaming potential. 

 ¾ Dorn potential: When a particle is forced to move through a resting liquid, a potential difference is set up. It 
is known as Dorn potential.

 ¾ U-number: The number of mgs of a hydrophilic sol which is sufficient to produce the colour change from red 
to blue in 1cc of gold sol.

 ¾ Critical micellization concentration (CMC): It is the lowest concentration of the surfactant (soap solution) at 
which micelle formation takes place.
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Chapter-3 : d- and f-Block Elements

 TOPIC-1
  d-Block: 3d, 4d and 5d Series

Revision Notes
 ¾ d-Block elements: The elements in which last electron enters the d-subshell of penultimate shell. The general 

electronic configuration of these elements is (n – 1)d1-10ns1-2, where n is outermost shell. The d-block consisting 
of groups 3–12 occupies the large middle section of the periodic table.

 ¾ Transition elements: The elements of d-block are known as transition elements as they possess properties that 
are transitional between the s-block and p-block elements. Transition elements are defined as elements which 
have incompletely filled d-orbitals in its ground state or in any of its oxidation state. Transition elements have 
four series:

 (i) First transition series: These elements have incomplete 3d orbitals and they are from Sc(21) to Zn(30).

 (ii) Second transition series : These elements have incomplete 4d orbitals and they are from
  Y(39) to Cd(48).

 (iii) Third transition series: These elements have incomplete 5d orbitals and they are from La(57) and Hf(72) 
to Hg(80).

 (iv) Fourth transition series: This series is incomplete yet and the elements have incomplete 6d orbitals. The 
known elements of this series are Ac(89) and Rf(104) to Uub(112) and three other elements.

 ¾ General electronic configuration: (n – 1)d1-10, ns1-2 where (n – 1) stands for penultimate shell.
 ¾ General characteristics:

 z Metallic character: Almost all the transition elements exhibit typical metallic properties like metallic 
lustre, malleability, ductility, high tensile strength, etc.

 z Atomic radii: Atomic radii of transition elements first decreases till the middle, become almost constant 
and then increases towards the end of the period. This decrease in atomic radii in the beginning is due to 
increase in effective nuclear charge. However, with an increase in the number of electrons in (n – 1) sub-
shell, the screening effect of the d-electrons on the outermost ns electrons increases.

 z Ionic radii: The ionic radii of the transition elements follow the same order as their atomic radii. It 
decreases with an increase in oxidation number.

 z Ionisation enthalpy: The ionisation energies of transition elements are quite high and lies between those 
of s-block and p-block elements. The first ionisation energy increases with increase in atomic number 
across a given transition series, although the increase is not very regular.

 z Variable oxidation state: Since the energies of ns and (n – 1)d electrons are almost equal, therefore 
the electrons of both these orbitals take part in the reactions, due to which transition elements show 
variable oxidation states. Oxidation state is the measure of the electronic state of an atom in a particular 
compound, equal to the number of electrons it has more than or less than the number of electrons in free 
atom. Transition metal ions show variable oxidation states.

 z Electrode potential: The electrode potential developed on a metal electrode when it is in equilibrium with 
a solution of its ions, leaving electrons from the electrode. Transition metals have lower value of reduction 
potential. Variation in E°, value is irregular due to regular variation in ionisation enthalpies (I.E1 + I.E2), 
sublimation and hydration enthalpies.

 z Catalytic properties: Many of the transition metals and their compounds, particularly oxides act as 
catalysts for a number of chemical reactions. Iron, cobalt, nickel, platinum, chromium, manganese and 
their compounds are commonly used catalysts.

 z Magnetic properties: On the basis of the behaviour of substances in magnetic field, they are of two types:
 � (i) Diamagnetic, (ii) Paramagnetic
 � Diamagnetic substances have paired electrons only. e.g., Zn has only paired electrons.
 � In paramagnetic substances, it is necessary to have at least one unpaired electron. Paramagnetism 

increases with the increase in number of unpaired electrons.
 � Paramagnetism may be measured by magnetic moment.
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 � Magnetic moment ( ) ( )m = +n n 2 B.M.
 � where, n = number of unpaired electrons in an atom or ion and B.M. = Bohr magneton (unit of magnetic 

moment). Diamagnetic and paramagnetic substances are repelled and attracted in the magnetic field 
respectively (Magnetic properties of transition elements).

Ion
Outer electronic 

configuration
Unpaired electrons

Magnetic moment 
calculated (B.M.)

Magnetic moment 
experimental (B.M.)

Sc3+ 3d0 0 0 0
Ti3+ 3d1 1 1.73 1.75
Ti2+ 3d2 2 2.84 2.86
V2+ 3d3 3 3.87 3.86
Cr2+ 3d4 4 4.90 4.80
Mn2+ 3d5 5 5.92 5.95
Fe2+ 3d6 4 4.90 5.0–5.5
Co2+ 3d7 3 3.87 4.4–5.2
Ni2+ 3d8 2 2.84 2.9–3.4
Cu2+ 3d9 1 1.73 1.4-2.2
Zn2+ 3d10 0 0 0

 z Formation of coloured compounds: Transition metals form coloured ions due to the presence of unpaired 
d-electrons. As a result, light is absorbed in the visible region to cause excitation of unpaired d-electrons 
(d-d transition) and colour observed corresponds to the complementary colour of the light absorbed. 
Cu2+, Zn2+ and  Cd2+ are colourless due to the absence of unpaired d-electron (d10).

 z Melting and boiling points: These elements have high melting and boiling points because of strong 
interatomic bonding.

 z Formation of alloys: Alloy formation is due to almost similar size of the metal ions, their high ionic charges 
and the availability of d-orbitals for bond formation.

 ¾ Coinage metals and currency metals: Copper (Cu), silver (Ag) and gold (Au) present in group 11 are known 
as coinage or currency metals.

 ¾ Interstitial compounds: These are those compounds in which small atoms occupy the interstitial sites in the 
crystal lattice. Interstitial compounds are well known for transition metals because small sized atoms of H, B, 
C, N, etc., can easily occupy position in the voids present in the crystal lattice of transition metals.

 ¾ Metal-Metal bonding: The heavier transition metals show strong tendency to form strong M-M bonds than 
their light congeners. This is due to their greater enthalpy of atomization.

 ¾ The atomic size or the ionic radii of tri-positive ions decreases steadily from La3+ to Lu3+ due to increasing 
nuclear charge and electrons entering inner (n-2)f orbital . This gradual decreases in the size with an increasing 
atomic number is called Lanthanide Contraction.

Mnemonics

1. 3d-Series
Scary Tiny vicious Creatures ae Mean; Females Come to Night Club Zen

Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn

2. 4d-Series
Yes S(Z)ir, Nob Most Technicians Rub Rod’s Pale Silver Cadillace

Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd

3. 5d-Series
Late Harry Took Walk, Reached Office In Pajamas After an Hour

La ... Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg 

4. Lanthanides
Ladies Can’t Put Needles Properly is Slot-machines. Every Girl Tries Daily, However, Every Time You’d be Lose

La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu
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 TOPIC-2
  f-Block Elements: 4f and 5f Series

Revision Notes
 ¾ Elements in which last electron enters into f-orbital are called f-block elements.
 ¾ The elements in which the differentiating electrons enter into (n – 2) f-subshell are called inner-transition 

elements.
 ¾ It consists of two series called lanthanoid series and actinoid series.

 ¾ Lanthanoids: The series involving the filling of 4f-orbitals following Lanthanum La(Z = 57) is called the 
lanthanoid series. There are 14 elements in this series starting with Ce(Z = 58) to Lu (Z = 71).

 z Electronic configuration: [Xe] 4f0-145d0-16s2

 z Highly dense metals.
 z High melting points.
 z Form alloy easily with other metals.
 z Soft, malleable and ductile with low tensile strength.
 z Oxidation state: The most common oxidation state is +3. It exhibits +2 and +4 oxidation state.
 z Colour: Some of the trivalent ions are coloured. This is due to the absorption in visible region of the 

spectrum, resulting in f-f transitions as they have partly filled orbitals.
 z Magnetic properties: La3+ and Lu3+ have 4f0 or 4f14 electronic configurations which are diamagnetic and 

all the other trivalent lanthanoid ions are paramagnetic due to presence of unpaired electrons.
 z Reactivity: Highly electropositive metals have an almost same chemical reactivity.

 z Combines with hydrogen gas on gentle heating to form hydride.

 z On heating with carbon form carbides of formula Ln3C, LnC2, Ln2C3.

 z With dilute acids, they liberate hydrogen.

 �                                              2Ln + 6H+ → 2Ln3++ 3H2

 z With halogens, burn to form halides.

 �                                               2Ln + 3X2 → 2LnX3

 z Burn in oxygen to form oxides

 �                                               2Ln + 3O2 → Ln2O3

 z Form oxides and hydroxides of formula M2O3 and M(OH)3.

 z Lanthanoid contraction is a steady decrease in the size of lanthanoids with increase in atomic number. 
On moving from Ce to Lu, the size of atoms and ions decreases regularly. The 4f orbitals are too diffused 
to screen the nucleus as effectively as the more localised inner shell. So, the attraction of the nucleus for 
the outermost electrons increases steadily with the atomic number.

 z Uses:

 z For producing alloy steels for plates and pipes. e.g., Mischmetal, which is an alloy of cerium and 
various other lanthanoid elements.

 z Steel mixed with La, Ce, Pr and Nd is used in the manufacture of flame throwing tanks.

 z Used as a catalyst for hydrogenation, dehydrogenation and petroleum cracking.

 z Pyrophoric alloys are used for making tracer bullets and shells.

 ¾ Actinoids:

 z Elements following actinium, Ac (Z = 89) upto lawrencium (Z = 103) are called as actinoids.
 z General electronic configuration: [Rn] 5f0-146d0-27s2

 z Highly dense metals with a high melting point.
 z Form alloys with other metals, specially iron.
 z Silvery white metals which are highly reactive.
 z Gets tarnished when exposed to alkalies.
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 z Actinoid contraction: The atomic and ionic size decrease with an increase in atomic number. Electrons 
when added to the 5f-shell, result in an increase in the nuclear charge causing the shells to shrink inwards.

 z Oxidation state: All actinoids show +3 oxidation state. The elements in the first actinoid series show 
higher oxidation states also.

 z Colour: Actinoid ions are coloured.
 z Magnetic properties: All the actinoids and their compounds are paramagnetic.
 z Reactivity: Highly electropositive and form salts as well as complexes.
 z Uses:

 z Thorium is used in the treatment of cancer, incandescent gas mantles and in nuclear chemistry.
 z Uranium is used in the glass industry, textile industry, in medicines and as nuclear fuel.
 z Plutonium is used in nuclear reactors.

 ¾ Difference between Lanthnoids and Actinoids:

Lanthanoids Actinoids

 z 4f orbitals is filled progressively.  z 5f orbital is filled progressively.

 z Only Pm is radioactive.  z All are radioactive.

 z Less reactive than actinoids.  z More reactive.

 z  Common oxidation is +3 where other oxidation 
states are +2, +4. It is due to a large energy gap 
between 4f, 5d and 6s subshell.

 z  Common oxidation state is +3 where other 
oxidation states are +2, +4, +5 and +7 due to small 
energy difference between 5f, 6d, and 7s orbitals.

 z Paramagnetic properties are easily explainable.  z Paramagnetic properties are hard to explain.

Know the Terms
 ¾ Transuranic elements: All the elements beyond uranium are known as transuranic or man-made elements.
 ¾ Platinum black: It is the finely reduced form of platinum in the form of velvety black powder.

Chapter-4 : Coordination Compounds

 TOPIC-1
  Concept of Complexes, Ligands, IUPAC Nomenclature 

of Mononuclear Coordination Compounds

Revision Notes
 ¾ Coordination compound: A coordination compound contains a central metal atom or ion surrounded by a 

number of oppositely charged ions or neutral molecules. It retains identity in solid as well as in dissolved 
state. There is a coordinate bond between central metal atom or ion and ligands, these ions or molecules, e.g., 
[Cu(NH3)4]

2+.
 ¾ Double salt: When two salts in equimolar ratio are crystallized together from their saturated solution, they 

are called double salts. These are stable in solid state but dissociate into constituent ions in the solution. e.g., 
FeSO4(NH4)2SO4.6H2O (Mohr’s salt).

 ¾ Properties of Double salts:
 (i) They give simple ions in aqueous solution because they are ionic compounds.
 (ii) They do not contain coordinate bonds.
 (iii) They exist only in solid state as double salt.
 (iv) They are soluble in water.

 ¾ Coordinate bonds: A type of covalent bond in which one of the atom supplies both the electrons. It can be 
considered as a combination of transfer and sharing of electrons. Coordinate bonds are also called semipolar 
bonds.
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 ¾ Terms related to Coordination compounds
 1. Complex ion or coordination entity: It is an electrically charged species in which central metal atom or ion 

is surrounded by number of ions or neutral molecules.
   (i) Cationic complex entity: It is the complex ion which carries positive charge. 
  (ii) Anionic complex entity:  It is the complex ion which carries negative charge.
 2. Central atom or ions
 3. Ligand

 ¾ Central metal atom or ions: The atom or ion to which a fixed number of ions or groups are bound to central 
atom or ion. It is also referred as Lewis acid. It is generally transition or inner transition element. e.g., in 
K4[Fe(CN)6], Fe2+ is central metal ion.

 ¾ Ligand: A ligand is an ion or a small molecule having atleast one lone pair of electrons and capable of forming 
a coordinate bond with central atom/ion in the coordination entity. e.g., Cl–, OH–, CN–, CO, NH3, H2O, etc. A 
ligand may be neutral  or charged species. It always acts as a Lewis base.

 ¾ Types of Ligands:
 (i) Monodentate ligand: A ligand which forms only one bond with central atom/ion, or have only one donor 

atom. e.g., CO, NO, NH3, H2O, OH– etc.
 (ii) Bidentate or didentate ligand: A ligand which forms two bonds with central atom/ion or two donor 

atoms/ion. e.g., 1, 2-ethane diamine or ethylene diamine (en).  
       CH2—NH2

        |
        CH2—NH2

 (iii) Polydentate ligand: A ligand which forms more than two bonds with central atom/ion or have more than 
two donor atoms, e.g., Ethylenediamine tetraacetate (EDTA). Ligands which have three donor atoms per 
ligand are called as tridentate ligand, e.g., (dien) diethyl triamine. Tetradentate ligands are ligands that 
bind with four donor atoms to a central atom to form a coordination complex, e.g., triethylenetetramine. 
Pentadentate ligands bind with five donor atoms, e.g., triethylenetetramine and hexadentate ligands bind 
with six donor atoms, e.g., EDTA.

 (iv) Chelating ligand: Di or polydentate ligands cause cyclisation around the metal atom which are known as 
chelate, such ligands uses two or more donor atoms to bind a single metal ion and are known as chelating 
ligand.

  More the number of chelate rings, more is the stability of complex. The stabilization of coordination 
compounds due to chelation is known as chelate effect. e.g., [Pt(en)2]Cl2.

 ¾ Coordinating of chelating ligand with a metal results in the formation of a closed cyclic ring and the compound 
is known as chelate. e.g., ethylenediamine complexed with Cu (II) ion forms a chelate:

 �                                                                                                    
 ¾ Applications of Chelates:

 (i) In the softening of hard water.
 (ii) In the separation of lanthanoids and actionids.
 (iii) In the detection as well as estimation of some metal ions such as nickel (II) ion.
 (iv) Ambidentate ligand: A ligand which can form bond with two different atoms. e.g., NO2

– or ONO–, SCN–

or NCS–.
 (v) Flexidentate ligand: A ligand which forms different number of bonds with central atom/ion in different  

complexes. e.g., EDTA.
 ¾ Coordination number: It is defined as the number of coordinate bonds formed by central atom, with the 

ligands. It may also be defined as total number of chemical bonds formed between central metal ion and 
donor atom of ligand e.g., in [Ni(NH3)6]

2+, the coordination number of Ni2+ is 6.
 ¾ The central metal ion and the ligands directly attached to it are written inside a square bracket [ ]. It is called 

coordination sphere. Werner called it first sphere of attraction.

                            

Coordination sphere
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 ¾ Coordination polyhedron: The spatial arrangement of the ligand atoms which are directly attached to the 
central atoms or ions define a coordination polyhedron about the central atom e.g., [PtCl4]

2– is square planar.
 ¾ Charge on the complex ion: The charge on the complex ion is equal to the algebraic sum of the charges on all 

the ligands coordinated to the central metal ion.
 ¾ Donor atom: An atom in the Lewis base that forms the bond with the central atom/ion is called donor  atom 

because it donates the pair of electrons.
 ¾ Denticity: The number of ligating groups in a ligand is called as denticity e.g., unidentate, didentate etc.
 ¾ Oxidation number of central atom: It is defined as the charge it would carry, if all the ligands are removed 

along with the electron pairs that are shared with the central atom. It can be calculated by taking the sum of 
oxidation state of metal and total ligands equal to charge present on its coordination sphere. 

 ¾ Types of Complexes:
1.  Homoleptic and Heteroleptic complexes: Complexes in which the metal atom or ion is linked to only one 

type of ligands are called homoleptic complexes., e.g.,[Co(NH3)6]
3+ and [Fe(CN)6]

4–, etc. The complexes in 
which the metal atom or ion is linked to more than one kind of ligands are called heteroleptic complexes e.g., 
[Co(NH3)Cl2]

+ and [Cr(en)2Cl2]
+ etc.

2.  Homonuclear and Polynuclear complexes: Complexes in which only one metal atom is present are known 
as homonuclear complexes. e.g., [Co(NH3)6]Cl3 and [Cu(NH3)]4SO4. Complexes in which more than one metal 
atom is present are known as polynuclear complexes e.g., [Co(NH3)5Br]SO4

 ¾ Counter ions: The ions which are not included in the primary coordination sphere are known as counter 
ions. e.g., in K4[Fe(CN)6], K

+ ions are counter ions.
 ¾ IUPAC rules for naming complex compounds are: 

 (i) Name of compound is written in two parts (a) name of cation (b) name of anion
 (ii) The cation whether simple or complex is named first followed by anion. 
 (iii) Ligands are named in alphabetical order. 
 (iv) For indicating the number of each kind of ligand within the coordination entity, two kinds of numerical 

prefixes are used (di, tri, tetra, etc.) For ligands containing any of these prefixes in their names, their 
numbers are indicated by prefixes bis, tris, tetrakis, etc. Anionic ligands end in -o. Neutral ligands retain 
their names while cationic end in -ium. 

 (v) The coordination sphere is written in square bracket. 
 (vi) In naming, ligands are named first in alphabetical order followed by metal atom and then the oxidation 

state of metal by a Roman numeral in parenthesis. 
 (vii) Name of coordination compounds starts with a small letter and the complex part is written as one word. 
 (viii) Oxidation number of central atom is indicated in Roman numerals. No space is left between the number 

and the rest of the name. 
  Examples:
  (a) [Cr(NH3)3(H2O)3]Cl3 triamminetriaquachromium (III) chloride
  (b) K4[Fe(CN)6] potassium hexacyanoferrate (II)

Mnemonics

I Bought Some Copies to Study Fundamental of Chemistry
He Nurtured Excellence in Necessary Coordination Compounds
I– < Br– < SCN– < Cl– < S2– < F– < OH– < C2O4

2– <H2O < NCS– < EDTA < NH3 < CN– < CO

I– = I   Br– = Brought SCN– = Some
Cl– = Copies to S2– = Study F = Fundamental
OH– = Of  C2O4

2– = Chemistry NCS– = Nurtured
EDTA = Excellence in NH3 = Necessary CN– = Coordination
CO = Compounds
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Pairing of e- Octahedral Complexes
Common League People win Hearts
Vice-Versa
 (i)    CFSE (∆0) < Pairing Energy (P.E.) 

Ligand → Weak field Ligand 
Type of complex → High spin Complex 
Pairing of e- in t2g orbital

(ii)  CFSE (∆0) < Pairing Energy (P.E.)

Know the Terms
 ¾ Coordination Chemistry: The study of the coordination compounds is known as coordination chemistry.
 ¾ Labile Complex: A complex in which ligand substitution is fast.
 ¾ Inert Complex: A complex in which ligand substitution is slow.
 ¾ Synergic Bonding: A ligand donates a pair of electrons to the metal atom or ion and then accepts a pair of 

electrons back in its vacant orbital also from d-orbitals of the metal or ion. This is called synergic bonding and 
the ligands involved are known as p–acid ligands.

 ¾ Effective Atomic Number (EAN): It can be calculated for the metal atom or in the coordination complex by 
using following reaction:

 � EAN = Atomic no. (Z) of metal atom – Oxidation number+2 C.N. where, C.N. is coordination number.

 TOPIC-2
  Isomerism, Werner’s Theory, VBT, CFT, Stability 

and Importance of Coordination Compounds

Revision Notes
 ¾ Compounds having same molecular formula but different properties and structures are known as isomers 

and this phenomenon is known as isomerism. 
 ¾ Isomerism in coordination compounds is of two types:

 (a) Structural isomerism: Complexes having same molecular formula but different structural formula are 
called as structural isomers and the phenomenon is called as structural isomerism. It is of following types:

 (i) Ionisation isomerism: In this type of isomerism, there is an interchange of groups between the 
coordination sphere of the metal ion and ions outside the coordination sphere, e.g., [Co(NH3)5Cl]2+ 
SO4

2– and [Co(NH3)5(SO4)]
+ Cl–.

 (ii) Coordination isomerism: This type of isomerism arises from the interchange of ligands between 
cationic and anionic complexes of different metal ions present in a complex. e.g. [Co(NH3)6][Cr(C2O4)3] 
and [Cr(NH3)6][Co(C2O4)3].

 (iii) Linkage isomerism: In this type of isomerism, the ligand can form linkage with metal through 
different atoms. It is shown by ambidentate ligands. e.g., nitro (–NO2) group can link to metal through 
nitrogen (–NO2) or through oxygen (—O—N = O) atom i.e., 

 �   [Co(NH3)5ONO]Cl2  and              [Co(NH3)5NO2]Cl2

 �              Pentamminenitro–O–                                    Pentamminenitro–N–

 �                 cobalt (III) chloride                                                                                     cobalt (III) chloride

 (iv) Solvate isomerism: This is also known as hydrate isomerism. In this isomerism, water is taken as 
solvent. It has different number of water molecules in the coordination sphere and outside. e.g., 
[Cr(H2O)6]Cl3 (violet) and its solvate isomer [Cr(H2O)5Cl]Cl2.H2O( grey-green).

 (b) Stereoisomers have the same chemical formula and chemical bonds but they have different spatial 
arrangement. These are of two types:

 (i)  Optical isomerism 
 (ii) Geometrical isomerism or cis-trans isomerism 
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¾ Racemic mixture: An equimolar mixture of dextro and laevo form is called racemic mixture. It has zero rotation. 

¾ Werner’s theory: Werner explained the nature of bonding in complexes. The brief outlines of Werner’s theory 
are as: 

	 z		Metal shows two different kinds of valencies:

 (i) Primary valency

 (ii) Secondary valency

 z Primary valencies are satisfied by anions while secondary valencies are satisfied either by oppositely 
charged ions or neutral molecules and sometimes by cationic groups.

 z Secondary valencies are equivalent of coordination number and they are directed in space in specific 
number around each central metal atom within the lattice while primary valencies correspond to 
oxidation number of the metal and are satisfied by anions.

 ¾  Limitations of Werner’s theory: This theory does not explain the following queries:

 (i) Why is the complex forming tendency limited to a few elements only?

 (ii) Why do bonds in the coordination complexes are of directional nature?

 (iii) Why are certain complexes of magnetic nature and show geometrical and optical isomerism?

 ¾ Valence Bond theory: It was developed by Pauling. The brief points are:

 (i) A suitable number of vacant orbitals must be present in the central metal atom or ion for the formation of 
coordinate bond with the ligands.

 (ii) Central metal ion can use appropriate number of s, p or d-orbitals for hybridization depending upon total 
number of ligands.

 (iii) The hybridised orbitals are allowed to overlap with those ligands orbitals that can donate an electron pair 
for bonding.

 (iv) The outer orbitals (high spin) or inner orbitals (low spin) complexes are formed depending upon whether 
outer d-orbitals or inner d-orbitals are used.

 ¾ Limitations of Valence bond theory: 

 (i) It cannot explain the detailed magnetic properties of complex compounds.

 (ii) It cannot explain the optical absorption spectra of coordination compounds.

 (iii) It cannot predict properly whether a particular 4-coordinate complex is square planar or tetrahedral in nature.

 (iv)  It fails to make distinction between strong and weak ligands.

 ¾ Crystal field theory (CFT):

 (i) According to crystal field theory, ligands are point charges.

 (ii) On approaching ligands, d-orbitals of metal ion gets split.

 (iii) Three d-orbitals i.e., dxy, dyz, dzx are oriented in between the coordinate axes and are called t2g orbitals.

 (iv) The other two d orbitals, i.e., dx2–y2 and dz2 oriented along xy axis are called eg orbitals.

  The energy difference between t2g and eg level is designated by triangle and is called crystal field splitting 
energy.

 (v) eg orbitals have higher energy in octahedral and lower energy in tetrahedral complexes.

 (vi) t2g orbitals have high energy in tetrahedral complexes.

  Some ligands are able to produce strong fields in which case, the splitting will be  large whereas others 
produce  weak field and consequently result in small splitting of d-orbitals. In general, ligands can be 
arranged in series in the order of increasing field strength as given below and called as spectrochemical 
series:

  I– < Br– < SCN–< Cl– < S2– < F– < OH– < C2O4
2–< O2

– < H2O < NCS– < EDTA4- < NH3 < en < CN– < 
CO < NO
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 (vii) Explanation of colour and magnetic behaviour in complexes is possible by crystal field theory.

 ¾ Colour in coordination compounds: Transition metal atom/ion has five degenerate d-orbitals in free state. 
On formation of coordination compounds, d-orbitals split into two or more parts as per geometry of complex. 
When light falls on the complex, it absorbs a portion of light from visible region to excite electrons from lower 
to higher level and transmits the rest of the light. The colour transmitted is complementary to the absorbed 
light. This electronic transition is known as d-d transition. e.g., [Ti(H2O)6]

3+ appears purple as it absorbs light 
of blue green colour for the promotion of the only electron from t2g to eg level and emits purple colour.

 z Colour of compound with similar metal and ligand in different geometry is dissimilar.
 z Colour of same metal with different ligand is different. 
 z Colour of complex of same metal in different oxidation states with similar ligand in similar geometry is different.

 ¾ Magnetic property in coordination compounds: Coordination compounds with unpaired electrons are 
paramagnetic. 

 ¾ Coordination compounds containing all the paired electrons are diamagnetic. Paramagnetic compounds are 
attracted to applied magnetic field whereas diamagnetic compounds are weakly repelled by magnetic field.             

 ¾ Shapes of Coordination compounds: 

  Coordination number  Type of hybridisation   Geometry of complex 
    2      sp     Linear
    3      sp2     Trigonal planar
    4      sp3     Tetrahedral
    4      dsp2     Square planar
    5      dsp3, sp3d    Trigonal bipyramidal
    6      sp3d2, d2sp3    Octahedral
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 ¾ Stability of Coordination compounds: It depends on the charge present on central atom, nature of metal 
ion, basic nature of ligand, presence of chelate ring and effect of multidentate cyclic ligand. It is measured as 
stability constant denoted as K.

 � In the reaction, Ma+ + nLx–  [MLn]b+

 �                                                                  
K =

[ ]

[ ][ ]

ML

M L
n

b

a x n

+

+ -
 

 � Higher the value of stability constant K, greater will be the stability of the complex.
 ¾ Limitations of CFT

 1. It does not consider the formation of pi bonding in complexes.
 2. It does not explain why H2O is stronger ligand than OH–.
 3. It gives no account of the partly covalent nature of metal-metal bonds.

 ¾ Importance of Coordination compounds:
 (i) They are used in photography, i.e., AgBr forms coloured  complex with sodium thiosulphate in photography.
 (ii) K[Ag(CN)2] is used as catalyst for electroplating of silver, K[Au(CN)2] is used for gold plating.
 (iii) Some of ligands oxidize Co2+ to Co3+ ion.
 (iv) EDTA is used for estimation of Ca2+ and Mg2+ in hard water.
 (v) Silver and gold are extracted by treating Zn with their cyanide complexes.
 (vi) Ni2+ is tested and estimated by DMG (dimethylglyoxime).
 (vii) Cis-platin [Pt(NH3)2Cl2] is used as anti-tumor agent in treatment of cancer.
 (viii) EDTA is used to remove Pb by forming Pb-EDTA complex which is eliminated in urine.
 (ix) Haemoglobin contains Fe, chlorophyll contains Mg and vitamin B12 contains Co.

 (x) Bauxite is purified by forming complex with NaOH.

Know the Terms
 ¾ Macrocylic effect: Multidentate ligands happen to be cyclic in nature without causing any steric hindrance, 

the stability of the complexes is further increased. This is known as macrocyclic effect.
 ¾ Stability constant (K): The relative stabilities of coordination complexes can be compared in terms of stability 

constant (K) also denoted by b (Beta).
 ¾ Polymerisation isomerism: This is not a true isomerism. It occurs between compounds having the same 

empirical formula but different molecular masses. e.g., [Pt(NH3)2Cl2], [Pt(NH3)4][PtCl4] and [Pt(NH3)3Cl]2[PtCl4].
 ¾ Perfect or penetrating complexes:  These are the complexes in which complex ion is fairly stable and is either 

completely or feebly dissociated in solution.
 ¾ Imperfect or abnormal complexes: These are the complexes in which the complex ion is less stable and is 

dissociated reversibly to give enough simple ions.

Chapter-5 : Aldehydes Ketones  
and Carboxylic Acids

 TOPIC-1 
  Aldehydes and Ketones: Methods of Preparation, 

Properties and Uses

Revision Notes
 ¾ Aldehydes and Ketones:

 (i) Aldehydes are those compounds in which carbonyl group is attached to either two hydrogen atoms or 
one hydrogen atom and one carbon containing group such as alkyl or aryl group with  hydrogen atom. 
e.g., CH3CHO, C2H5CHO, C6H5CHO, etc.
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 (ii) Ketones are those compounds in which carbonyl group is attached with two alkyl or two aryl or one alkyl 
and one aryl group. e.g., CH3COCH3, CH3COC6H5, C6H5COC6H5, etc. 

 ¾ Classification of aldehydes:
 z Aliphatic aldehyde: An alkyl group or a H-atom is attached to an aldehydic (—CHO) group. e.g., 

formaldehyde (HCHO), acetaldehyde (CH3CHO).
 z Aromatic aldehyde: An aryl group is attached to an aldehydic (—CHO) group. e.g., benzaldehdye 

(C6H5CHO).
 ¾ Classification of ketones:

 z Simple or symmetrical: Both the attached alkyl or aryl groups are similar. e.g.,

 �   CH C CH
||
O

3 3
Propanone
−− −−                    

Diphenylmethanone

O
||
C

 z Mixed or unsymmetrical: Both the attached alkyl or aryl groups are different. e.g.,

 �   CH C CH CH
||
O

3 2 3
Butan-2-one

−− −− −−         

O
||
C—CH3

Phenylethanone

 ¾ Nomenclature of Aldehydes and Ketones:

 z Common names of aldehydes are derived from the common names of carboxylic acids by replacing the 
‘ic’ with aldehyde. Greek letter a, b, g and d etc. denote the location of the substitution in the carbon chain.

 �   

CHO

Benzaldehyde

                                       H C CH
|
Br

CH C
||
O

H3 2

-bromobutyraldehyde
γ β α

β

−− −− −− −−

 z Common names of the ketones are derived by writing the names of alkyl groups attached to the > C==O 
group in alphabetical order, followed by the word ketone.

 �    CH C
||
O

C H3 2 5−− −−  (Ethyl methyl ketone)

 z IUPAC names are written by replacing the word ‘e’ of corresponding alkanes by ‘al’ and ‘one’ of the open 
chain aliphatic aldehydes and ketones respectively.

Aldehyde General formula:R C
||
O

H−− −−  whereR=C Hn n2 1+

Structural formula
Condensed structural 

formula
Common name IUPAC name

H C
||
O

H−− −−
HCHO Formaldehyde Methanal

CH C
||
O

H3 −− −−
CH3CHO Acetaldehyde Ethanal

CH CH C
||
O

H3 2−− −− −−
CH3CH2CHO Propionaldehyde Propanal
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CH CH CH C
||
O

H2 23 −− −−

CH3CH2CH2CHO Butyraldehyde Butanal

CH CH
|
CH

C
||
O

H3

3

−− −− −−
CH CH

|
CH

CHO3

3

−− −−
Isobutyraldehyde 2-Methylpropanal

CH CH CH CH C
||
O

H2 23 2 −− −−
CH3CH2CH2CH2CHO Valeraldehyde Pentanal

CH CH
|
CH

CH C
||
O

H3

3

2−− −− −− −−

CH CH
|
CH

CH CHO3

3

2−− −−

Isovaleraldehyde 3-Methylbutanal

CH CH CH
|
CH

C
||
O

H3 2

3

−− −− −− −−
CH CH CH

|
CH

CHO3 2

3

−− −− −−
a-Methylbutyraldehyde 2-Methylbutanal

CHO

C H6 5CHO or

Benzaldehyde

CH —2 CHO

Phenylacetaldehyde

(2-Phenylethanal)

CH CH
|
Br

CH C
||
O

H3

1

-Bromobutyraldehyde
(3-Bromobu

4 3

2

2
−− −− −− −−

β
ttanal)

CH == CH CHO2
          Acrolein
(Prop-2-en-1-al)

−−

CHO

(Cyclohexanecarbaldehyde)

CH CH CH == CH C

O

H3
Pent-2-enal

-- -- -- --2



C H CH == CH C

O

H5
        Cinnamaldehyde
(3-Phenylprop-2-

6 -- -- --


een-1-al)

|
CHO

CHO

       Glyoxal
(Ethane-1,2-dial)

CH CH CH CH
|
Br

CH
|
CH

CH C
||
O

H3 2 2

3

4-Bromo-3-methyl
−− −− −− −− −− −− −−2

hheptanal

Ketone General formula:R C
||
O

R−− −− ′  and R´ = Cn’H2n´ + 1 (n = n´, n’ ≠ 0)

Structural formula Condensed formula Common name IUPAC name

CH C
||
O

CH3 3−− −−
CH3COCH3 Acetone Propanone
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CH C
||
O

CH CH3 2 3−− −− −−
CH3COCH2CH3 Ethyl methyl ketone Butan-2-one

CH C
||
O

CH CH CH3 2 2 3−− −− −− −−
CH3COCH2CH2CH3 Methyl n-Propyl ketone Pentan-2-one

CH CH
|
CH

C
||
O

CH
|
CH

CH

3 3

3 3−− −− −− −− (CH3)2CHCOCH(CH3)2 Diisopropyl ketone 2,4-Dimethyl 
pentan-3-one

CH CH C
||
O

CH CH3 2 2 3−− −− −− −−
CH3CH2COCH2CH3 Diethyl ketone Pentan-3-one

CH CH
|
CH

C
||
O

CH

3

3 3−− −− −− (CH3)2CHCOCH3
Isopropyl methyl 

ketone
3-Methylbutan-2-

one

CH C
|
CH

== CH C
||
O

CH

3

3 3−− −− −− (CH3)2C == CHCOCH3 Mesityl oxide 4-Methylpent-3-en 
-2-one

O

CH3
β-Methylcyclopentanone

(3-Methylcyclopentanone)

CH C
||
O

C
||
O

OH3 −− −− −−
          Pyruvic acid
(2-Oxopropanoic accid)

O

O

Cyclohexan-1, 4-dione

CH C
||
O

C
||
O

CH3 3-- -- --
          Diacetyl
(Butane-2-3-dione)

O

O
1

2

3
4

5

6

p-Benzoquinone
(Cyclohexa-2, 5-
diene-1, 4-dione)

O

C —CH3

Acetophenone

(Phenylethanone)

O

C —CH2

( )Phenyl Propanone

—CH3

Br
m-Bromoacetophenone

1-(3-Bromophenyl)

ethanone

COCH3

Br

COC H6 5

m-Bromobenzophenone
(Bromediphenyl 

methanone)

 ¾ Structure of Carbonyl group: The carbon atom of the carbonyl group is sp2 hybridised. All the three atoms 

attached to carbonyl carbon lie in the same plane.

 �                                                       C==O

R

R

120°

120°

120°

 � It is polar in nature. Carbonyl compounds may be regarded as resonance hybrid of the two given structure.

 �                                           

C==O

















C O
+ –

––



Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-2, CHEMISTRY, Class –XII [  25

 ¾ Methods of preparation of Aldehydes and Ketones:
 (A) Preparation of Aldehydes:

 (i) By oxidation of primary alcohols: Aldehydes can be prepared by the oxidation of primary alcohols.

     RCH OH R CHO +H2
1° alcohol

KMnO

Aldehyde
2

4+  → −−[O] O

     R CH OH R CHO2
1° alcohol

PCC/CH Cl

Aldehyde
2 2−− −−  → −−

 (ii) By catalytic dehydrogenation of alcohols: In this method alcohol vapours are passed over heavy 
metal catalyst (Ag/Cu). 

     
RCH OH R CHO +H2

1° alcohol

Cu / 573 K

Aldehyde
2¾ ®¾¾¾¾ --

 (iii) From hydrocarbons: 
 (a) By ozonolysis of alkenes:

  R CH == CH R  +O
Alkene

−− −− ′  →3 R — CH CH—R′
O O

O

 (b) By hydration of alkynes:

   

 (iv) From acid chloride (Rosenmund’s reduction):

    R C
||
O

Cl +H
   Acid chloride

2
Pb-BaSO , S
Rosenmund
Reducti

−− −− 4

oon
Aldehyde

R C
||
O

H +HCl → −− −−

  Formaldehyde cannot be prepared by this method as HOCl is highly unstable.
 (v) From nitriles and esters:
   R C N +HCl+SnCl R CH == NH R CHO+NH

Imine

H O3
+

−− ≡≡  → −−  → −−2 3

       R CN R CHO AlH(iBu)
 H Aldehyde

-- ¾ ®¾¾¾¾¾ --1
2

2

2

.
. O

   CH (CH ) C
||
O

OC H3 2 2 59 -- -- DIBAL-H: Di-isobutyl aluminum hydridee
2 9

2. H 3 2
Aldehyde

CH (CH ) C
||
O

H
O

¾ ®¾¾¾¾¾¾¾¾¾¾¾¾¾¾ -- --

 (B) Preparation of Benzaldehyde:
 (i) By oxidation of toluene:

   

CH3

Toluene

CrO Cl

CCl
2 2

4

CH
OCr(OH)Cl2

Chromium complex

OCr(OH)Cl2

H O3
+

CHO

Benzaldehyde

  This reaction is called Etard reaction.
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 (ii) By side chain chlorination followed by hydrolysis:

     

CH3

Toluene

+Cl2
hv

CHCl2

Benzal chloride

+H2O

∆, 343 K

CHO

Benzaldehyde

 (iii) By Gatterman – Koch reaction:

                  CO, HCl
Anhyd. AlCl /CuCl3

CHO

BenzaldehydeBenzene

 (C) Preparation of Ketones:
 (i) By oxidation of secondary alcohols:

      

 

R

R′
CH—OH+[O]

R

R′
C==O+H O2

2° Alcohol Ketone

K Cr O /H SO

or CrO
2 2 7 2 4

3

 (ii) By catalytic dehydrogenation of secondary alcohols:

                          

R

R′
CH—OH

R

R′
C==O+H2

2° Alcohol Ketone

Cu

573 K

 (iii) From Hydrocarbons: 
 (1) By catalytic ozonolysis of alkenes:

         

R

R
C== C

R

R
+O3

O O

OR

R
C C

R

R

R

R
C==O2

Ketone

H O, Zn
–H O
2

2

 (2) By hydration of alkynes:

   CH C CH CH C
| 
OH

== CH3
H SO /HgSO

3 2

U

2 4 4−− ≡≡ +  → −−



















nnstable

3 3
Acetone

CH C
||
O

CH → −− −−

 (iv) From acyl chlorides and Grignard’s reagent:
         2R — MgX + CdCl2 → R2Cd + 2MgXCl

      
 (v) From nitriles:

               
CH CH MgBr+CH C N CH C

|
==NMgBr

CH CH

3 2 3
Ether

3

2 3

−− −− −−  → −−

−−

≡

                                          
 (vi) Oppenauer oxidation: 

  

R CHOH  + (CH )  C == O 
CH CO Al

2 3 2

3 3 3

2 Alcohol°



















 → ( ) R C == O + CH CHOH2
Ketone  isopropyl alcohol

3 2
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 (D) Preparation of Aromatic ketones:
 (i) By Friedel-Crafts acylation:

 (ii) From nitriles:

            

                                         H O

Propiophenone

3
+

CH CH C
||
O

C H¾ ®¾¾¾ -- -- -- +3 2 6 5
NH2

Br
Mg

 ¾ Physical properties of Aldehydes and Ketones:
 (i) Most of the aldehydes (except formaldehyde which is a gas) are liquids at room temperature. The lower 

ketones are colourless liquids and have a pleasant smell.
 (ii) Both of these have relatively high b.p. as compared to hydrocarbons of comparable molecular masses. 

But they have lower b.p. than alcohols of comparable molecular masses due to absence of intermolecular 
hydrogen bonding.

 (iii) The lower members of aldehydes and ketones (upto four carbon atoms) are soluble in water in all 
proportions due to hydrogen bonding capacity. In water, their solubility decreases with increase in the 
size of alkyl group.

 (iv) Aldehydes and ketones are fairly soluble in organic solvents like benzene, ether, methanol, chloroform 
etc.

 (v) Acetophenone is a hypnotic (sleep producing drug) so used as a medicine under the name hypnone. 
 ¾ Chemical properties of Aldehydes and Ketones: Aldehydes and ketones are highly reactive compounds. 

Both undergo nucleophilic addition reaction.
 � Some important nucleophilic addition reactions: Reactivity order is: 

 �
HCHO>CH CHO>C H CHO>CH C

||
O

CH3 2 5 3 3-- --

 � It is due to +I effect of alkyl groups which decrease the positive charge on carbonyl carbon and steric 
hinderance. 

 (i) Addition of hydrogen cyanide (HCN):

                     HCN + OH– CN + H O2

                  

C==O+ CN C
O–

CN

H+

C
OH

CN

Cyanohydrin

 (ii) Addition to sodium hydrogen sulphite:      

 

  This reaction is used for the separation and purification of aldehydes and ketones.
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 (iii) Addition of Grignard reagent:

      
C==O

Carbonyl
compound

Grignard
reagent

Alcohol

+ RMgX C
OMgX

R

H O/H2
+

C
OH

R
+Mg

OH

X

 (iv) Addition of alcohol:

            C==O

Aldehyde Hemiacetal Acetal

R OH
HCl gas
′ + H O2C

R

H

R

H

OH

OR′
R OH

HCl gas
′

C
R

H OR′

OR′

  Ketones do not react with monohydric alcohols but react with dihydric alcohols to give ketals.

       C==O +
R CH —OH2

CH —OH2

HCl gas

dil HCl
C

R

R′R′

O—

O— CH2

CH2
+ H O2

Ethylene glycol kEthylene glycol Ketone etal

 (v) Addition of ammonia and its derivatives:

                        C==O+H N—Z2 C
OH

NHZ
Ethylene glycol ketal

C==N—Z+ H O2

  RCHO + RNH2 → RCH == NHR
   (Schiff’s Base)
  where Z = Alkyl, aryl, OH, NH2, C6H5NH, NHCONH2 etc.
  6HCHO + 4NH3 → (CH2)6N4 + 6H2O

                                    (urotropine)
  Urotropine on controlled nitration gives the well known explosive RDX (Research and Development 

explosive).
 ¾ Reduction: Aldehydes and ketones are reduced to primary and secondary alcohols respectively by NaBH4 

or LiAlH4.
 (i) Reduction to alcohols:
                              R CHO +2[H] R CH

Aldehyde

LiAlH
or NaBH

 Alcoh

4-- ¾ ®¾¾¾¾ -- --
°4

2
1

OH
ool

                                C==O +
R

R
H2

Ketone

Ni or Pt CH—OH
R

R
2° Alcohol

 (ii) Reduction to hydrocarbons:

                                C==O
Zn-Hg

HCl CH + H O2 2 (Clemmensen reduction)

                                
 ¾ Oxidation: Aldehydes are easily oxidised to carboxylic acids on treatment with common oxidising agents or 

mild oxidising agent like Tollen’s reagent or Fehling’s solution.

 �                                      R CHO +[O]
Aldehyde

K Cr O /H SO
              or
KMnO /H SO2

−− 2 2 7 2 4

4 44

 → −−R COOH
Carboxylic acid

 � Ketones undergo oxidation under vigorous conditions with cleavage of carbon bond.

 �                              

O


CH C CH +3[O] HCOOH+CH COOH3 3
Conc. HNO

3
3-- -- ¾ ®¾¾¾¾¾ --

 �                 
C

–C
1

2
bond

Cleavage

C
–C1

2 bond
Cleavage

HCOOH + CH CH CH COOH3 2 2
(Minor product)

CH —COOH+CH —CH COOH3 3 2—
(Major product)
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 (a) Tollen’s test – Aldehydes give bright silver mirror with tollen’s reagent: 
  RCHO + 2[Ag(NH3)2]

+ + 3OH− →�RCOO− + 2 Ag ↓ + 2H2O + 4NH3

 (b) Fehling’s test – Fehling solution gives a reddish brown precipitate with aldehydes except benzaldehyde.
  R–CHO + 2Cu2+ + 5OH− →�RCOO− + Cu2O↓ + 3H2O

 ¾ Iodoform reaction: When the reaction takes place with sodium hypoiodite, NaOI (NaOH + I2), the iodoform 
formed is a bright yellow precipitate.

 �                                 CH C
||
O

CH 3NaOI CH COCI +3NaOH3 3 3−− −− +  → 3

 �                                           CH COCI NaOH CH COONa+ CHI3 3 3
Iodoform

+  → 3

 � Among aldehydes, this test is given by only acetaldehyde as other aldehydes do not possess CH C
||
O

3 −− −−
group. Among ketones, all methyl ketones give this test.

 ¾ Reaction due to a-hydrogen.
 � a-hydrogen in aldehydes and ketones is acidic in nature due to strong electron withdrawing effect of carbonyl 

group. As a result, aldehydes and ketones undergo a number of reactions.

                                  

–

 (i) Aldol condensation: Aldehydes and ketones having at least one a-hydrogen react in the presence of 
dilute alkali to form b-hydroxy aldehydes (aldol) or b-hydroxy Ketones (ketol).

                       2CH CHO CH CH
|
OH

CH CH3 3 2−− −− −− −−
Ethanal

dil.NaOH
OO

3-Hydroxybutanal
        (Aldol)

∆
–H O2

         CH CH CH CHO3
But-2-enal

-- == --

                      2CH3 — CO — CH3 

Ba OH( )2
3� ⇀�����↽ ������ CH C

|
CH

|
OH

CH CO CH3

3

2

Ketol

-- -- -- ∆
–H O2

                                                                                       CH C
|
CH

CH CO CH3

3

4-Methyl pent -3-en-2-one
-- == -- -- 3

Simple or aaldol products (ii) Cross aldol condensation: When two different aldehydes and/or ketones undergo aldol condensation, it 
is called cross aldol condensation.

  Base catalysed cross aldol condensation between an aromatic aldehyde and an aliphatic aldehyde or 
ketone is called Claisen reaction or Claisen–Schmidt condensation.

                     

              +

          

CH C
|
CH

CH CO CH3

3

4-methyl pent-3-en-2-one
−− == −− −− 3

Simple or alldol products

silver  
mirror

red ppt

Propanone



30  ] Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-2, CHEMISTRY, Class –XII

          CH CH = C
|
CH

CHO3

3

−− −−

          CH3 CH2 — CH= CHCHO
           Cross aldol products

 (iii) Cannizzaro Reaction: Aldehydes undergo self oxidation and reduction on heating with conc. alkali. The 
aldehydes which do not have a-hydrogen undergo this reaction.

              

C==O +
H

Carbonyl
Methanol

Potassium formate

Sodium benzoateBenzyl alcohol

compound

H
C==O+ conc. KOH

H

H
∆ H—C—OH + H — C

O

OK

H
|

|
H

2 CHO+conc. NaOH ∆ CH OH+2 COONa

Benzaldehyde

 ¾ Electrophilic substitution reaction: Aromatic aldehydes and ketones undergo electrophilic substitution. 
Carbonyl group shows +R effect, therefore acts as a deactivating and meta directing group.

 �                                  

CHO

+HNO3
conc. H SO2 4

(conc.)

CHO

+H2O

NO2

+HNO3
conc. H SO2 4

(conc.)
+H2O

NO2

CH3

O
||
C— CH3

O
||
C—

Benzaldehyde

Acetophenone m-nitroacetophenone

m-nitrobenzaldehyde

273-283K

 �                                 Acetophenone m-bromoacetophenone

 ¾ Test to distinguish between formaldehyde and acetaldehyde by Iodoform test:
 � Acetaldehyde gives a yellow precipitate of iodoform on heating with iodine in the presence of an alkali.

 �                            CH CHO +4NaOH+3I CHI3
Acetaldehyde

3
   Iodoform
(yellow ppt

2
∆ →

..)

2HCOONa+3NaI+3H O+

 � Formaldehyde does not give this test.
 ¾ Test to distinguish between aldehydes and ketones:

Test Aldehydes Ketones
Tollen’s reagent Gives silver mirror No reaction

Fehling’s solution Gives reddish brown precipitate No reaction
Schiff’s reagent Restores pink colour No reaction

Reaction with LiAlH4 Forms primary alcohol Forms secondary alcohol
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 ¾ Uses of Aldehydes and Ketones:
 z Formaldehyde is used as disinfectant and germicide.
 z Formaldehyde is used in the manufacture of Bakelite, resin and other polymers.
 z Formaldehyde is used to manufacture medicine for urine infection.
 z Acetaldehyde is used as a starting material for synthesis of acetic acid, drugs and polymers.
 z Acetone is a constituent of liquid nail polish.
 z Paraldehyde is used as a hypnotic in medicine.

 ¾ Physical properties of benzaldehyde:
 z Colourless liquid with a characteristic almond like odour:
 z Highly reactive.
 z Boiling point of 452K.

 ¾ Chemical properties of benzaldehyde:
 z Oxidation:

 �                          

CHO

+ O2
dil. HNO3

or alk. KMnO4

COOH

1
2

Benzoic acid

 � Reduction:

 �                               

CHO

+ 2 [H] Zn/dil. HCl

Benzyl alcohol

CH2OH

 z Nucleophilic Addition Reaction:

 (i) With HCN:

                        

CHO

+HCN

Benzaldehyde
cyanohydrin

H
|

OH—C—CN

 (ii) With NaHSO3:

                            

CHO

+NaHSO3

Benzaldehyde
bisulphite compound

C —H

OH SO3Na

 (iii) With Grignard’s reagent:

   

CHO

+

MgBr

C

H OMgBr
Addition product Diphenyl

carbinol
(2° alcohol)

H2O

–Mg
OH

Br

C

H OH
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 (iv) With ammonia:

          

+2NH3 +O==C

Hydrobenzamide

+3H2O

H

O
||
C—

2

H
|

C

|
H

C==N

C==N

H
|

 (v) With hydroxyl amine:

      
H

C==O+H NOH2

Hydroxyl

amine

Benzaldoxime

H

C==NOH+H2O

 (vi) With hydrazine:

     

H

C==O+H N NH2 2�

Benzaldehyde hydrazone
H

C==N.NH2+ H O2

H

C==N N==C—

H

CHO

Benzaldehyde dihydrazone

 (vii) With phenyl hydrazine:

   

H

C==O+H N NH2 .

Benzaldehyde phenylhydrazone
H

C==N.NH +H O2

 (viii) With PCl5:
                                     C H CHO+PCl C H CHCl POCl6 5 2

Benzal chloride
5 6 5 3 → +

 (ix) Benzoin condensation:

        

H — C

O
|| ||

OH
|
C
|
H

CN
H2O/C2H5OH

–
— C

O

BenzoinAcetaldehyde
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 (x) Perkin’s reaction:

         

C=O+
|
H

O
||

CH COONa

(–H O)

3

2

∆
CH3— C

CH3— C |

O

||

O
|

CH==CH—C

Acetic anhydride

O
||

CH3— C |

O

||
O

|
H O2

CH==CH—COOH +CH COOH3
Cinnamic acid Acetic acid

 (xi) Wittig reaction:

  

|
C=O+PPh3=CH2

|

|
C=CH2+Ph3P=O

|

 z Electrophilic  Substitution Reaction:

 (i) Halogenation:

                                          

CHO

+ Br2
Catalyst

CHO

Br
m-bromobenzaldehyde

 (ii) Nitration:

           

CHO

+ HNO3

CHO

m-nitrobenzaldehyde

Fuming

H SO2 4

NO2

 (iii) Sulphonation:

           

CHO CHO

m-benzaldehyde
sulphonic acid

conc. SO3H

+H SO2 4

 ¾ Test to distinguish between benzaldehyde and acetaldehyde by Iodoform test :

 � Acetaldehyde gives a yellow precipitate of iodoform when heated with iodine, in the presence of alkali.

 � CH CHO+4NaOH+3I CHI HCOONa+33 3
   Iodoform
(yellow ppt.)

2
D¾ ®¾ ¯ + NNaI+3H O2

 � Benzaldehyde does not give iodoform test.

 ¾ Uses of Benzaldehdye :

 z Manufacturing of dyes.

 z As a flavouring essence in perfumery.

 z Synthesis of cinnamic acid, cinnamaldehyde, etc.



34  ] Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-2, CHEMISTRY, Class –XII

Mnemonics

Detection Test

TASte FAAR IMLy
Interpretation: 
TASte →�Tollen’s test, Aldehyde group, Silver Morror
FAAR →�Fehling’s Aliphatic Aldehyde, Red-Brown ppt.

IMLy → Iodoform test, Methyl group linked to 

    O
    ||
—C—  , Yellow ppt

Know the Terms
 ¾ Hydroformylation: In this process, alkenes give aldehydes by the reaction of hydrogen and CO.

 ¾ Collin’s reagent: This reagent can be prepared by mixing pyridine (C5H5N), CrO3 and HCl in the presence of 
dichloromethane. This reagent is used to prepare aldehydes, by controlled oxidation process.

 ¾ Bayer-Villiger oxidation: In this process, when ketones are treated with peroxy acids (per acetic acid) e.g., in 
the presence of an acid catalyst give carboxylic esters by insertion of esters.

 ¾ MPV-reduction: It is Meerwein Ponndorf Verely reduction. In this process, ketones are reduced to secondary 
alcohols with isopropyl alcohol in the presence of aluminium isopropoxide.

 ¾ Oppenaur oxidation: It is the reverse process of MPV-reduction.

 ¾ Urotropine: It is hexamethylenetetramine and used as a urinary antiseptic.

 ¾ Formalin: 40% aqueous solution of formaldehyde.

 TOPIC-2
  Carboxylic Acids: Methods of Preparation, 

Properties and Uses

Revision Notes

 ¾ Carboxylic acids are the organic compounds which contain the carboxyl group [
||

]−− −−C

O

OH .

 ¾ Classification of carboxylic acid:
 (i) Based on nature of group attached to the carboxyl group:

 z Aliphatic carboxylic acids: Alkyl group or hydrogen atom is attached to carboxylic group. e.g., acetic 
acid (CH3COOH), formic acid (HCOOH).

 z Aromatic carboxylic acids: Aryl group is attached to carboxylic group. e.g., benzoic acid (C6H5COOH).
 (ii) Based on number of carboxyl group:

 z Monocarboxylic acid: If carboxylic acid contains one —COOH group, it is termed as monocarboxylic 
acid. e.g. acetic acid (CH3COOH).

 z Dicarboxylic acid: If carboxylic acid contains two —COOH groups, it is termed as dicarboxylic acid. 

e.g., oxalic acid |          
COOH

COOH







 .

 z Tricarboxylic acid: If carboxylic acid contains three —COOH groups, it is termed as tricarboxylic acid. 
e.g., citric acid. 
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 ¾ Nomenclature of carboxylic acid: Monocarboxylic acids are named as alkanoic acids, i.e., name of parent 
alkane + oic acid. Dicarboxylic acids are termed as alkanedioic acids.

Carboxylic acid General Formula:R C

O

OH,−− −−
||

 where R = CnH2n + 1

Structural formula Condensed formula Common name IUPAC name

H C

O

OH−− −−
||

HCOOH Formic acid Methanoic acid

CH C

O

OH3 −− −−
||

CH3COOH Acetic acid Ethanoic acid

CH C

O

OH3 2CH
||

−− −− CH3CH2COOH Propionic acid Propanoic acid

CH C

O

OH3 2 2CH CH
||

−− −− CH3CH2CH2COOH Butyric acid Butanoic acid

CH C

O

OH3

3

−− −− −−CH
|
CH

||
(CH3)2CHCOOH Isobutyric acid 2-Methylpropanoic 

acid

 � Dicarboxylic Acids

|         
COOH

COOH

        (Oxalic acid)
Ethane-1, 2-dioic accid

CH2

COOH

COOH
(Malonic acid)

Propane-1, 3-dioic acid

|                 
CH COOH

CH COOH

2

2

      (Succinic acid)
Butanee-1, 4-dioic acid

CH2

COOH

(Glutaric acid)

Pentane-1, 5-dioic acid

CH2

COOHCH2

|                         
CH CH COOH

CH CH COOH

2 2

2 2

      (Adipicc acid)
Hexane-1, 6-dioic acid

CH COOH
|                       

CH COOH2

|                
−−

−−

                
2CH COOH−−

  Propane-1,2-3-
tricarboxylic acidd

CH CH == CH COOH3 −− −−
   (Crotonic acid)
But-2-en-1-oic acid CH CH

|
OH

COOH3 −− −−
             (Lactic acid)
2-Hydroxypropanoic  acid

 ¾ Structure of —COOH group: In the carboxyl group, the bonds to the carboxyl carbon lie in one plane and 
are separated by about 120°. It exhibits resonance due to the presence of lone pair of electrons present on the 
O-atoms.
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 �

 ¾ Methods of preparation of Carboxylic acids:

 (i) By oxidation of primary alcohols and aldehydes:

     R CH OH R COOH2
 Alk. KMnO

 H O3
+−− −−  → −−(i)

(ii)
4

     R CHO+[O] R COOHK Cr2O /H SO2  7 2 4−−  → −−

 (ii) From alkyl cyanides and amides:

     R C N R C
||
O

NH R C
|

H O
H O

Acid amide

H O
H O

3
2

3
2

−− ≡≡  → −− −−  → −−
+ +

2

||
O

OH−−

 (iii) From Grignard reagent:

     R Mg X C

O

== O R C
||
O

OMg R C
||
O

Dry
Ether

H O3−− −− +  → −− −−  → −− −
+||

X −− OH

 ¾ Physical properties of Carboxylic acids:
 (i) Lower  members are colourless liquid with pungent smell, while higher members are odourless waxy 

solid. Benzoic acid is a crystalline solid.
 (ii) First four members are water miscible due to tendency to form hydrogen bond. Higher acids are insoluble.
 (iii) Carboxylic acid have higher boiling point due to their ability to form intermolecular hydrogen bonding.

 ¾ Chemical Properties: Chemical properties of carboxylic acids are classified as follows:
 (i) Reduction involving H atom:

 (a) Acidic nature:

                         R C
||
O

OH H O R C
||
O

O
Carboxylic acid Carboxylate

−− −− + −− −− −
2 � ⇀�↽ ��

  ion
3

+

Hydronium
        ion

H O+

  Greater the extent of ionisation, greater is the strength of the acid. The presence of an electron releasing 
group decreases the acidic strength of the carboxylic acid while the presence of electron withdrawing 
group increases the acidic strength of the carboxylic acid.

 (b) Reactions showing acidic character:

                   2 2 2 2RCOOH Na RCOONa H+  → +

         R COOH NaOH COONa H O−− +  → + 2R−−

     R COOH NaHCO R COONa H O+CO−− + → −− + ↑3 22

     2 22 3 2 2R COOH Na CO RCOONa CO +H O-- + ¾ ®¾ + -

 (ii) Reaction involving —OH group:

  (a) Formation of acid anhydride:

                          

R—C

R—C

O

O

O

O

+ H2O

Acid anhydride

2R—C—OH
H ,

or P O ,

+

2 5

∆
∆

  (b) Esterification:

           R COOH R OH R COOR H O
H−− + ′ −− −− ′ +

+
� ⇀���↽ ���� 2

  (c) Reaction with PCl5, PCl3 and SOCl2

                      R COOH PCl RCOCl +POCl HCl
Acyl chloride

−− +  → +5 3
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                    3 33 3 3R COOH PCl R C

O

Cl+ H PO
Acid chloride Phosphorus

 

−− +  → −− −−
||

      acid

                   R COOH SOCl RCOCl+SO +HCl−− +  → ↑ ↑2 2

  (d) Reaction with ammonia:

                     R COOH NH R COO NH R CO
Carboxylic acid H O

−− + −− −−  → −−
−3 4

2
� ⇀�↽ ��

∆ NNH
Acid amide

2

 (iii) Reaction involving carboxyl group:

 (a) Decarboxylation (Removal of —CO2)

 ⇒             R C

O

ONa NaOH
Sodium salt of 
carboxylic acid

CaO
Heat

−− −− +  →
||

RR H Na CO
Alkane

2−− + 3

 ¾ Electrolysis of aqueous solution of sodium or potassium salt:

 �                                         2 2 2RCOONa RCOO Na
Carboxylate ion

 → +− +

 � At anode:                   2 2 22RCOO R R CO
Carboxylate ion Alkane

− − → −− + + e

 � At cathode:                          2H O 2H +2OH 2H H2
+ +

2� ⇀�↽ �� − −+  →( )2e

 � This process is known as Kolbe’s electrolysis.

 ⇒                        

 ⇒            CH COOAg +Br CH Br3
Silver ethanoate

CCl ,Reflux

Bromom

4
2 3 →

eethane
+CO AgBr2 +

 � This is called as Hunsdiecker reaction.
 (b) Reduction:

 ⇒ Partial reduction to alcohols:

 �            RCOOH +2H RCH OH+Copper chromite
(or LiAlH )

Alcohol4
2 2 → HH O2

 ⇒ Complete reduction to alkanes:
 �                             RCOOH +6HI RCH +3I +2H ORed P

Heat
Alkane

 → 3 2 2

 (iv) Reaction involving alkyl group

 z Halogenation

 �         CH COOH CH ClCOOH
Acetic acid

Cl ,Red P

Monochloro

2
3 2( HCl)−

 →

   acetic acid

Cl ,Red P

 Dichloro
aceti

2 CHCl COOH
( HCl)−

 → 2

cc acid

Cl ,Red P

 Trichloro
acetic acid

2 CCl COOH
( HCl)−

 → 3

 � This is called as Hell-Volhard-Zelinsky (HVZ) reaction.

 (v) Electrophilic substitution in aromatic carboxylic acids:
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COOH

conc. HNO /conc. H SO
Nitration

3 2 4

Br /FeBr
Bromination

2 3

conc. H SO
Sulphonation

2 4

m-nitrobenzoic acid

m-bromobenzoic acid

m-sulphobenzoic acid

COOH

NO2

COOH

Br

COOH

SO H3

+H2O

+HBr

+H2O

 ¾ Test for carboxylic acid:
 z Test Formic acid

 � Tollen’s reagent  Gives silver mirror or black precipitate.
 � Fehling’s solution   Gives red precipitate.
 � With acidified KMnO4 Decolourises pink colour.

 z Test Acetic acid
 � With bicarbonates and carbonates Liberates CO2 gas.
 � With ferric chloride Forms wine red colour.
 � On warming with ethyl alcohol and Pleasant fruity odour of ethyl acetate is formed.
 � conc. H2SO4

 z Test Benzoic acid
 � On boiling Dissolves in water.
 � On cooling Separates out in the form of white shining leaflets.
 � With ferric chloride Gives buff coloured precipitate.
 � On warming with a little alcohol and A fragrant odour of ethyl benzoate is formed.
 � conc. H2SO4

 ¾ Uses of Formic acid:
 z As an antiseptic.
 z As coagulating agent in rubber industry.
 z For dye baths in textiles.

 ¾ Uses of acetic acid:
 z As vinegar.
 z Solvent for resins, cellulose, etc.
 z Production of esters, perfumes, acetone etc.
 z Manufacture of cellulose acetate.

 ¾ Uses of benzoic acid:
 z Food preservative.
 z As urinary antiseptic in medicine.
 z Manufacture of antiseptics and dyes.

 z Esters of benzoic acid are used in perfume.

Know the Terms
 ¾ Electron withdrawing group: An atom or functional group that withdraws electron density from neighbouring 

atoms towards itself by resonance or inductive effects.
 ¾ Electron donating group: An atom or functional group that releases electron density to neighbouring atoms 

from itself by resonance or inductive effects.
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Chapter-6 : Organic Compounds  
Containing Nitrogen

Revision Notes
 ¾ Amines: Derivatives of ammonia obtained by the replacement of hydrogen atoms of alkyl or aryl groups. 

Aliphatic amino compounds are called as amino alkanes. e.g., CH3NH2, C2H5NH2. Aromatic amino compounds 
are called as amino arenes. e.g., C6H5NH2.

 ¾ Classification:
 z Primary amines: Amines containing — NH2 group. e.g.,

   CH3—NH2,                                  C6H5—NH2

 Methanamine            Aniline

 z Secondary amines: Amines containing — NH group. e.g.,
 �                                                                                     |

 �   CH3 — NH— CH3,                           C6H5—NHCH3
 �                    N–Methyl                                         N–Methylaniline
 �         methanamine

 �                                                                                |
 z Tertiary amines: Amines containing — N group. e.g.,

 �                                                                                |

 �  CH3—N—CH3,  C6H5—N—CH3

 �                    |                                         |
 �             CH3                                      CH3

 � N,N–Dimethyl methanamine             N,  N– Dimethylaniline

 ¾ Nomenclature: In common system, aliphatic amines are named as alkylamines or aminoalkanes. In the 
IUPAC system they are named as alkanamines.

 ¾ Nomenclature of some Alkylamines and Arylamines: 

Amines Common name IUPAC name

CH3—CH2—NH2 Ethylamine Ethanamine

CH3—CH2—CH2—NH2 n-Propylamine  Propan-1-amine

CH3—CH—CH3 
             |
            NH2

Isopropylamine Propan-2-amine

CH3—N—CH2—CH3

                |
            H

 Ethylmethylamine N-Methylethanamine

CH3—N—CH3
             |
            CH3

Trimethylamine N, N-Dimethylmethanamine

                        1         2           3          4
C2H5—N—CH2—CH2—CH2—CH3
               |
              C2H5

N, N-Diethylbutylamine N,N-Diethylbutan-1-amine

              1          2       3 
NH2—CH2—CH=CH2

Allylamine  Prop-2-en-1-amine

NH2—(CH2)6—NH2 Hexamethylenediamine Hexane-1,6-diamine
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Aniline    

    
Aniline or Benzenamine

   
o-Toludine 2-Aminotoluene

   
p-Bromoaniline

4-Bromobenzenamine 
               or 
4-Bromoaniline

 N, N–Dimethylaniline N,N–Dimethylbenzenamine

 ¾ Structure: Nitrogen in amines is sp3 hybridized and geometry is pyramidal. Nitrogen atom has one orbital 
containing an unshared pair of electrons.

                      
 ¾ Methods of preparation of amines: 

 (i) By reduction of nitro compounds:

  (a)       

  (b)             

  (c) R—NO2 + 6 [H] 
Sn / HCl or Fe / HCl

or LiAlH4 (or H2 / Ni)
→   RNH2 + 2H2O

 (ii) By ammonolysis of alkyl halides: (Hoffmann’s ammonolysis method)

                     
RX+NH RNH R NH R N3

373K

-- HX
2

RX

-- HX
2

RX

-- HX
3

RX

-- H
¾ ®¾¾ ¾ ®¾¾ ¾ ®¾¾ ¾ ®¾¾

XX
4

+ --
R N X

 Haloalkane          (1° amine) (2° amine) (3° amine)          Quaternary 
                  ammonium salt

   The free amine can be obtained from the ammonium salt by treatment with a strong base.

                 R NH X  + NaOH  R NH  + H O + NaX3 2 2

+ - + -
® --¾  

  This method is not suitable for 1° arylamine because aryl halide does not give nucleophilic substitution 
reaction.

  (a)  Ammonolysis has the disadvantage of yielding a mixture of primary, secondary and tertiary amines 
and also a quaternary ammonium salt.

  (b) Order of reactivity of halides with amines is RI > RBr > RCl.
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  (c)  Aromatic amines could not be prepared since aryl halides are much less reactive towards nucleophilic 
substitution reactions.

 (iii) From cyanides:

        R C N R CH NH
Na(Hg)/C H OH

H /Ni
2 2

2 5

2-- º ¾ ®¾¾¾¾¾¾¾ -- --
                                            Primary amine

 (iv) By reduction of amides:

                     R C NH R CH NH
(ii)  H O

(i) LiAlH
2 2

2
-- -- ¾ ®¾¾¾ -- --

||
O

2
4

                                           Primary amine

  By Hoffmann bromamide reaction:

                            R C NH Br +4NaOH R NH +Na CO NaBr+2H O2 2 2 3 2-- -- + ® -- +
||
O

2 2¾

 (v) By the ammonolysis of alcohols:

               
CH OH+NH CH NH +H O3 3

Al O
3 2
amine

2
2 3¾ ®¾¾¾

° °( )350 1C

         CH3NH2 + CH3OH → (CH3)2NH + H2O
           2° amine

            (CH3)2 NH + CH3OH → (CH3)3N + H2O
           3° amine

 (vi) Gabriel’s Phthalimide Synthesis:

                                 

 (vii) Schmidt reaction

  
RCOOH+ N H R- NH + N + C3 2 2

Hydrazoic
acid

Alkylamine

Conc H2SO4¾ ®¾¾¾¾¾ OO2

 ¾ Physical properties of amines:

 z Lower aliphatic amines are gases, primary amines with more than two carbon atoms are liquids and 
higher amines are solids.

 z Solubility: Lower members are readily soluble in water which decreases in water and increases in organic 
solvents with an increase in molecular weight.  Amines are soluble in organic solvents like alcohol, ether 
and benzene. Alcohols are more polar than amines and forms stronger intermolecular hydrogen bonds 
than amines.

 z Boiling point of 1°amine is higher than 3° amine because of the presence of two H-atoms attached directly 
with N resulting in H-bonding in 1°amines. Boiling points of amines are lower than that of alcohols of 
almost similar molar mass. The relative order of boiling point among amines is:

 �                                                  1° amine > 2° amine > 3° amine
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 ¾ Basic character of amines: Aliphatic amines are more basic whereas aromatic amines are less basic than 
ammonia. Basic strength of amines depends on inductive effect of substituent attached to nitrogen as well as 
salvation effect and steric hindrance.

 �  In small alkyl groups, the order of basicity is secondary amine > primary amine > tertiary amine. In case of 
bigger alkyl groups, the order of basicity is secondary amine > tertiary amine > primary amine.

 �  Aromatic amines are weaker bases than ammonia, due to lone pair of electrons present on nitrogen atom is 
delocalised over benzene ring due to resonance and less  available for protonation.

 �                           
 �  In aromatic amines, basic strength increases in the order tertiary > secondary > primary. Electron releasing 

groups like —OCH3 , —CH3 increase basic nature while electron withdrawing groups like – NO2, —SO3H, 
–  X decrease basic character.

 ¾ Chemical properties of amines:

 (i)  Basic nature:

 •  With water:

       RNH2 + H2O  RNH3.OH  [RNH3]
++ OH–

                          1° amine

       R2NH + H2O  R2NH2.OH  [R2NH2]
++ OH–

                          2° amine

       R3N + H2O  R3NH.OH  [R3NH]++ OH–

                          3° amine

•  With acids: They form salts with acids.H

RNH2 + HCl → RN
+

H3.C
–
l

  Amine  acid  Salt

 (ii) Alkylation:

       

RNH R NH R N
amine

RX

HX amine

RX

HX
3

amine

RX

H
2

1
2

2 3° - ° - ° -
¾ ®¾¾ ¾ ®¾¾ ¾ ®¾¾

XX
4

Quaternary salt
[R N] X+ -

 (iii) Acylation:
                 R—NH2 + R’COCl  →   R —NH—COR’ + HCl

                                                        O
                                                        ||
         CH3CH2NH2 + (CH3CO)2O  → CH3 — C— NHCH2CH3 + CH3COOH

           Ethyl amine             Acetic anhydride                   N-ethylethanamide

                      R2NH + R’COCl →  R2N.COR’ + HCl

  In aromatic amines, acylation occurs in the presence of base such as pyridine as catalyst.

                      C6H5NH2 + CH3COCl Base¾ ®¾¾  C6H5NHCOCH3 + HCl 
      Aniline  Ethanoyl chloride  N-Phenylethanamide 

                 (Acetanilide)

             C6H5NH2 + (CH3CO)2O Base¾ ®¾¾   C6H5NHCOCH3 + CH3COOH
          Aniline   Ethanoic anhydride  N-Phenylethanamide       Acetic acid

   Mechanism:

                               

 (iv) Benzoylation: Primary and secondary amines react with benzoyl chloride (C6H5COCl) in the presence of 
base to give substituted amide.
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 (v) With carboxylic acid:

                                                                                      – +

                R—NH2 + RCOOH → RCOONH2R
           N–Alkylammonium 

                   alkanoate

 (vi) Carbylamine reaction (Isocyanide test): Aliphatic and aromatic primary amines on heating with 
chloroform and ethanolic potassium hydroxide form isocyanides (or carbylamines) having unpleasant 
smell. 

        R—NH2 + CHCl3 + 3KOH Heat¾ ®¾¾   R — NC + 3KCl + 3H2O
                Chloroform        Alkyl 
                               isocyanide

  Secondary and tertiary amines do not show this reaction.

 (vii) With nitrous  acid:

             R–NH2 + O= N—OH NaNO +HCl
2

H O[R N Cl] 22¾ ®¾¾¾¾¾ - ¾ ®¾¾
+ -

R–OH + N2 + HCl

                R2NH + HO—N=O -
¾ ®¾¾¾

H O2
 R2N—N=O

              Nitrosoamine

                                         R3N  NaNO +HCl
3

+
2

2 R NH] NO¾ ®¾¾¾¾¾ -[
                                Tertiary ammonium nitrite 

 ¾ Identification of primary, secondary and tertiary amines:

S. 
No.

Test Primary amine Secondary amine Tertiary amine

1. Action with HNO2 Alcohol is formed and ni-
trogen is evolved.

Nistrosoamine is formed 
which reacts with phe-
nol and conc. H2SO4 gives 
green odour (Liebermann 
Test).

In cold, nitrite salt 
is formed which 
on heating gives 
nitrosoamine. This 
nitrosoamine gives 
Liebermann test.

2. Action with CHCl3 and 
alc. KOH

Isocyanide with offensive 
odour is formed.

No reaction. No reaction.

3. Action with CS2 and 
HgCl2 (Mustard oil re-
action) 

Formed compound has 
smell like that of mustard 
oil.

No reaction. No reaction.

4. Action with acetyl 
chloride.

Acetyl derivative is 
formed.

Acetyl derivative is formed. No reaction.

5. Action with Hinsberg’s 
reagent (C6H5SO2Cl) 

Mono alkyl sulphonamide 
derivative is formed which 
is soluble in KOH.

Dialkyl sulphonamide de-
rivative is formed which is 
insoluble in KOH.

No reaction.

 ¾ Preparation of aniline:
 (i) Reduction of nitrobenzene:
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 (ii) Hoffmann bromamide reaction:

              

 ¾ Physical properties of aniline:
 z Steam volatile.
 z Toxic in nature.
 z Aniline and other aromatic amines are colourless liquids but get coloured on storage due to atmospheric 

oxidation.

 ¾ Chemical properties of aniline:

 z With HCl and H2SO4 (Basic nature):

 �                                                        C6H5NH2 + HCl → C6H5N
+

H3.C
–
l

 �                                                        Benzenamine                       Anilinium hydrogen chloride

                                          C6H5NH2 + H2SO4 → C6H5N
+

H3· HSO
–

4

                      Benzenamine   Anilinium hydrogen sulphate

 z Alkylation:

 �                            

 z Acetylation:

 �                                      

 z  Benzoylation:

 �                                     
 z Benzoylation of aniline is known as Schotten Baumann reaction.
 z Carbylamine reaction:

                                        

Chloroform

 z Diazotisation:               NaNO2 + HCl → NaCl + HNO2

 �                             +HNO2 + HCl 273-278 K¾ ®¾¾¾¾    + 2H2O

 �

                Benzene 

            diazonium chloride 
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 z Electrophilic Substitution Reaction:
 �        – Bromination:

 �        
           – Nitration:

     
–   Sulphonation:

 �                   
–   Friedel-Crafts Reaction: Aniline does not undergo Friedel-Crafts reaction.

                       

Anhyd.

+

 z Aniline does not undergo Friedel-Craft reaction due to salt formation with ammonium chloride, the lewis 
acid, which is used as a catalyst.

 ¾ Test for aniline: Aniline gives carbylamine test and azodye test.
 ¾ Uses of aniline:

 z Preparation of benzenediazonium chloride.
 z Preparation of Schiff’s bases, sulpha drugs.
 z As a solvent in rubber industry.

 ¾ Preparation of cyanides:

 (i) From alkyl halides: On heating alkyl halide with an alcoholic solution of sodium or potassium cyanide, 
alkyl cyanides are formed.

                           +   –                              + –
               RX + KCN  →  R—C º �N + KX

                           (alc.)

 (ii) From acid amides: On heating an acid amide with P2O5 or SOCl2, the amide undergoes dehydration to 
form corresponding cyanide.

                          

 ¾ Preparation of isocyanides:

 (i) From alkyl halides: When an alkyl halide is treated with an alcoholic solution of silver cyanide, alkyl 
isocyanide is formed.

            RX + AgCN (alc.) →   R—N º  C + AgX

 (ii) From primary amines: On heating suitable primary amine with chloroform and alcoholic KOH solution, 
alkyl isocyanide is formed. This reaction is known as carbylamine reaction.
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          RNH2 + CHCl3+3KOH D¾ ®¾  R —N º  C + 3KCl+3H2O 
       Primary                    (alc.) Alkyl isocyanide
                    amine

 ¾ where X– ion may be Cl–, Br–, HSO4
–, NO3. Diazonium salts are the compounds containing N X2

+ - as functional 

group. Their general formula is ArN X2
+ -

 Preparation of diazonium salts: Aniline is treated with sodium nitrite and hydrochloric acid at 273-278 K 
resulting in the formation of benzenediazonium chloride. This reaction is called diazotisation. 

                                   
 ¾ Physical properties of diazonium salts: 

 z Colourless crystalline solid.
 z Readily soluble in water.
 z Stable for short time in solution at low temperature thus cannot be stored.
 z Alkyl diazonium salts are highly unstable.
 z Arene diazonium salts are relatively more stable.

 ¾ Importance of Diazonium Salts in Organic Synthesis: All chemical reactions of diazonium salts are very  
important in organic synthesis. Synthesis of all types of organic compounds is possible by these reactions. 
These compounds in brief are given below:

 �
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Mnemonics

1. Carbylamine test

Mnemonics: Pafsi (Say Pepsi)
Primary amine gives Foul smell of Isocyanide with CHCl3 + KOH 
RNH2 + CHCl3 + KOH →�RNC + KCl + H2O

2. Coupling Reaction

Mnemonics: DSPO DAY (Say, DeSPO Day)
Diazonium Salt + Phenol → Orange dye
Diazonium Salt + Aniline → Yellow dye

_N2Cl
_+ _OH

_OH

(Orange dye)

_N = N_OH–
+

_N2Cl
_+ _NH2

_NH2

(Yellow dye)

_N = N_OH–
+

Know the Terms
 ¾ Gomberg-Bachmann reaction: In the alkaline medium of sodium hydroxide, benzene diazonium chloride 

reacts with aromatic compound like benzene.  When the diazo group is replaced by phenyl or aryl group, 
the reaction is called Gomberg-Bachmann reaction.

 ¾ Baker-Mulliken test: The hydroxyl amines when warmed with Tollens’ reagent convert it to metallic silver. 
This reaction is used as a test for nitro compound and known as Baker-Mulliken test.

 ¾ Schotten-Baumann reaction: Benzoylation of amines with benzoyl chloride is known as Schotten-Baumann 
reaction.

 ¾ Cope Elimination: It is quite useful to determine the structure of tertiary amines. It involves the treatment 
of a tertiary amine in which one of the alkyl group contains at least one b-hydrogen atom with hydrogen 
peroxide to get an amine oxide, which later upon heating forms an alkane and a dialkyl hydroxyl amine.

Chapter-7 : Biomolecules

 TOPIC-1 
  Carbohydrates

Revision Notes
 ¾ Biomolecules: These are the naturally occurring organic compounds present as essential constituents of 

living organism in different cells. e.g., proteins, carbohydrates, etc.
 ¾ Carbohydrates: These may be defined as optically active polyhydroxy aldehydes or ketones or compounds, 

which produce such units on hydrolysis. e.g., cellulose, glycogen, starch, etc. 
 ¾ Classification of carbohydrates: On the basis of molecular size, carbohydrates have been classified into 

following four types:
 (i) Monosaccharides: Monosaccharides include non-hydrolysable carbohydrates. They are soluble in 

water. Those containing aldehydic group are called aldoses while other containing a ketonic group are 
called ketoses. Some monosaccharides with examples are given in the table as shown below:
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Class Molecular 
Formula

Structural formula Example

Aldoses

Aldotriose C3H6O3 CH2OH.CHOH.CHO Glyceraldehyde

Aldotetrose C4H8O4 CH2OH.(CHOH)2.CHO Erythrose, Threose

Aldopentose C5H10O5 CH2OH.(CHOH)3CHO Arabinose, Ribose, Xylose, Lyxose

Aldohexose C6H12O6 CH2OH.(CHOH)4CHO Glucose, Mannose,  Galactose, 
Talose, Iodose, Allose, Altrose

Ketoses

Ketotriose C3H6O3 CH2OH.CO.CH2OH Dihydroxyacetone

Ketotetrose C4H8O4 CH2OHCOCHOHCH2OH Ariprulose

Ketopentose C5H10O5 CH2OH.CO(CHOH)2CH2OH Ribulose, Xylulose

Ketohexose C6H12O6 CH2OHCO(CHOH)3.CH2OH Fructose, Sorbose, Tagatose, etc.

 (ii) Disaccharides: Those carbohydrates which on hydrolysis yield two molecules of monosaccharides are 
called disaccharides. They are crystalline, soluble in water and sweet in taste. e.g., canesugar, maltose etc.

 (iii) Oligosaccharides: Those carbohydrates which yield 2 to 10 monosaccharides molecules on hydrolysis are 
called oligosaccharides. e.g., Raffinose on hydrolysis gives glucose, fructose and galactose.

  (iv) Polysaccharides: Those carbohydrates which produce large number of monosaccharide units on hydrol-
ysis  are called polysaccharides. They are formed by linking together a large number of monosaccharide 
units through glycosidic linkage. e.g., starch, amylose and cellulose.

 ¾ Classification of carbohydrates based on reducing property:
 (i) Reducing sugars: Carbohydrates which reduce Fehling’s solution and Tollens’ reagent are known as 

reducing sugars. e.g., All the monosaccharides.
 (ii) Non-reducing sugars: Carbohydrates which do not reduce Tollens’ reagent and Fehling’s solution are 

known as non-reducing sugars. e.g., sucrose.
 ¾ Structure of Glucose and Fructose:

 z Open chain structure:

 Glucose

 

CHO

H

HO

H

H

OH

H

OH

OH

CH OH2

D (+) Glucose     

CHO

HO

H

HO

HO

H

OH

H

H

L ( ) Glucose
CH OH2

 

CH OH2

HO C H

H C OH

H C OH

CH OH2

 Fructose
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 z Cyclic structure: All the pentoses and hexoses exist in cyclic hemiacetal or hemiketal structures. In the 
free state, they form six-membered cyclic structures called pyranose form while in combined state, some 
of these form five-membered cyclic structures called furanose form.

                  

                

H2COH H2COHCH2OH

CH2OH

OH

OH

OH

OH

H

H

OH

OH

H

HH H

O O

  α-D–(–)–Fructofuranose  β-D–(–)–Fructofuranose
 ¾ Glucose: Glucose occurs in nature in free as well as in combined form. It is present in sweet fruits and honey. 
 ¾ Methods of preparation of Glucose:

 (i) From sucrose:

             
C H O H O C H O C H O2

Sucrose
2

H
6 12 6
Glucose

6 12 6
Fructose

12 2 11 +  → +
+

 (ii) From starch: Commercially, glucose is obtained by hydrolysis of starch by boiling it with dil. H2SO4 at 
393K.

       
(C H O )  + H O  C H O6 10 5 2

H
393K, 2-3 bar 6 12 6

Glucose

+

n n n →

 ¾ Reactions of Glucose: 
 (i) With HI:

  

∆

 (ii) Reactions showing the presence of carbonyl group (> C = O):

  



50  ] Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-2, CHEMISTRY, Class –XII

 (iii) Acetylation of glucose:

  

 (iv) Reaction showing the presence of alcoholic (-OH) group:

  

CHO COOH COOH

COOH
Saccharic acid

CH OH
Gluconic acid

2

(CHOH)4 (CHOH)4 (CHOH)4

CH OH
Glucose

2

Oxidation
HNO3

Oxidation

 (v) Reaction with phenyl hydrazine:

  

NNHPh NNHPh
NNHPhOH

HO HO

OH OH

OH OH

2 equiv
PhNHNH2

–PhNH2

–NH3

CH OH2 CH OH2

D-glucose phenylhydrazone osazone

1 equiv
PhNHNH2

 ¾ Fructose: Fructose is found in free state along with glucose in many fruits and in honey (50%).

 ¾ Methods of preparation of fructose:
 (i) From hydrolysis of cane sugar:

       
C H O H O C H O C H O2

Cane sugar
2

Dil.H SO
6 12 6
Glucose

6 1212 2 11
2 4+ ¾ ®¾¾¾¾ + 66

Fructose

 (ii) From inulin:

       
(C H O ) H O C H O

Inulin
2

Dil.H SO
6 12 6

Fructose
6 10 5

2 4
n n n+ ¾ ®¾¾¾¾
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 ¾ Reactions of Fructose:

 z With HI:

  Fructose HI CH CH CH CH CH CH+  → − − − − −∆
3 2 2 2 2 3

 z With hydroxylamine:

  

 z With Br2 water: No reaction

 z With HCN:

  

 z With HNO3 :

  

 z With phenyl hydrazine:

  

CH OH2

HO

O

OH

OH

CH OH2

D-fructose
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–PhNH
–NH

2

3

3 equiv.
PhNHNH2

     

NNHPh
NNHPh

HO

OH

OH

CH OH2

osazone

  

 ¾ Test for Glucose and Fructose: Bromine water test - When glucose is treated  with bromine water, red 
colour of bromine water disappears as —CHO group changes to —COOH group whereas fructose does not 
decolourise  the red  colour of bromine water.

 �

 ¾ Importance of carbohydrates:
 z It acts as food reserve in animals and plants.
 z It is the major source of energy for human beings and animals.
 z Cell wall of bacteria and plants is made up of cellulose.
 z Wines are made by fermentation of carbohydrates.
 z Nucleic acids contain D-ribose and a-deoxy-D-ribose.
 z Manufacturing of dyes.
 z As a flavouring essence in perfumery.
 z Synthesis of cinnamic acid, cinnamaldehyde, etc.

Know the Terms
 ¾ Triose: Monosaccharide which has three carbon atoms.
 ¾ Invert Sugar: An equimolar mixture of glucose and fructose which is formed as a result of hydrolysis of sucrose is 

known as invert sugar.
 ¾ Mutarotation: When either of the two forms of glucose is dissolved in water, there is a spontaneous change in 

specific rotation till the equilibrium value of +52.5 degree. This is known as mutarotation.
 ¾ Epimers: Monosaccharides differing in configuration at a carbon other than anomeric carbon are called epimers, 

e.g., glucose and galactose differ in configuration at C4 hence called epimers.

Mnemonics

Disaccharides

Mnemonics: Non-reducing SGF
Sucrose → Glucose + Fructose
Non-Reducing Sugar

 TOPIC-2
  Proteins and Nucleic Acids

Revision Notes
 ¾ Proteins: Proteins are complex polyamides formed from amino acids. They are essential for proper growth 

and maintenance of body. They have many peptide ( C
||
O

NH )-- -- --  bonds.
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 ¾ Amino acids: The compounds, which contain carboxylic acid group and amino group, are called amino acids. 
Amino acids form proteins.

 ¾ Types of Amino Acids:
 � Acidic, Basic and Neutral Amino Acids: Amino acids are acidic, basic or neutral depending upon the relative 

number of amino and carboxyl group in their molecule. If equal number of amino and carboxyl group is 
present, it is neutral. More number of amino groups than carbonyl group makes it basic and more carboxyl 
group as compared to amino group makes it acidic.

 � Essential and Non-essential Amino Acids: The amino acids which can be synthesized in the body are known 
as non-essential amino acids. e.g., glycine, alanine, glutamine etc. On the other hand, those which cannot be 
synthesized in the body and must be obtained by diet are known as essential amino acids.

 ¾ Zwitter ion: In aqueous solution, the carboxyl group can lose a proton and amino group can accept a proton, 
giving rise to a dipolar ion known as zwitter ion. This is neutral but contains both positive and negative charges.

 
 ¾ Isoelectric point: The hydrogen ion concentration of the solution (or pH) in which the concentration of cation 

and anion is equal and does not migrate under the influence of electric field is known as isoelectric point of 
that amino acid. Each amino acid has a characteristic isoelectric point.

 ¾ Classification of Proteins: Proteins are classified into two types on the basis of their properties:
 (i) Fibrous Proteins: They have thread like molecules which tend to lie side by side to form fibers. e.g., 

keratin, collagen, etc.
 (ii) Globular Proteins: They have molecules which are folded into compact units that often approach 

spheroidal shape. e.g., insulin, albumins, haemoglobin, etc.
 ¾ Classification of proteins on the basis of hydrolysis products: 

 (i) Simple proteins: These yield only alpha amino acids upon hydrolysis. e.g., albumin
 (ii) Conjugated proteins: These yield alpha amino acids and non protein part called prosthetic group. e.g., 

glycoprotein
 (iii) Derived proteins: These are obtained by partial hydrolysis of simple or conjugated proteins. e.g., Protease

 ¾ Structure of Proteins: There are four levels at which the structure of proteins are studied. These are primary, 
secondary, tertiary and quaternary level.

 (i) Primary structure: The sequence of amino acids present in a polypeptide chain held by peptide linkage is 
known as primary structure. e.g., Val, Ala, Gly, Ala, Val, Gly .........

 (ii) Secondary structure: It refers to the shape and arrangement of polypeptide chains due to H-bonding. These 
are of two types:

 (a) a-helix structure: Polypeptide chains are coiled like a helix with two adjacent turns held by forming 
hydrogen bond between C O==  of one turn and NH of next turn. e.g., keratin in hair, nails.

 (b) b-pleated sheet structure: Polypeptide chains run parallel to each other and are held together by 
forming H-bond between C O== and NH of adjacent chain. e.g., silk.

 (iii) Tertiary structure: It represents overall folding of polypeptide chains by H-bonds, disulphide linkages, 
van der Waal’s and electrostatic form of attraction. e.g., fibrous and globular proteins.

 (iv) Quaternary structure: Conformation of tertiary structure in three dimensional space is called quaternary 
structure.

 ¾ Peptide bond: Proteins are the polymers of →-amino acids and they are connected to each other by peptide 
bond or peptide linkage. When two a-amino acids combine, —COOH of one condenses with —NH2 of 

second amino acid with the elimination of water forms -- --C
||
O

NH  or peptide linkage.
 ¾ Different Proteins and their functions:

S.No. Type of Protein Example Function
1. Enzyme Trypsin, Pepsin As a catalyst in biochemical reactions.
2. Structural Collagen, Keratin Structural and protective action in teeth, nails and hair.
3. Transport Haemoglobin Transport of oxygen from lungs by blood stream to 

different tissues.
4. Motion Myosin, Actin For motion of muscles.
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5. Hormone Insulin Regulate body metabolism.
6. Storage Ferritin, Caesin Store nutrients.

 ¾ Haemoglobin is a globular protein. Its prosthetic group is heme. It contains 574 amino acid units distributed 
in 4 polypeptide  chains. 2 chains containing 141 amino acid residues  each are called alpha chains and 2 
chains containing 146 amino acid residues are called beta chains. 

 ¾ Sickel cell anaemia is caused by defective haemoglobin obtained by replacing only one amino acid i.e., 
glutamic acid by valine.

 ¾ Denaturation of Protein: When a protein in its native form is subjected to change, like change in temperature 
or pH, the hydrogen bonds are disturbed. Due to this, globules unfold and helix get uncoiled and protein 
loses its biological activity. It is called denaturation of protein. e.g., coagulation of egg white on boiling, 
curding of milk etc.

 ¾ Nucleic acid: The polymers of nucleotides help in synthesis of protein and transfer genetic traits.
 Nucleic acids are of two types:
 (i) Deoxyribonucleic acid (DNA)
 (ii) Ribonucleic acid (RNA)
  Constituents of nucleic acids: Pentose sugar, phosphoric acid and nitrogenous bases.

 ¾ Nitrogen containing bases:
 z Pyrimidines: These are three bases derived from, pyrimidine. These are 

cytosine (C), thymine (T) and uracil (U). In DNA, T is present but in RNA, 
U is present.

 z Purines: There are two bases derived from purine. These are adenine (A) 
and guanine (G).

 z Nucleoside: A unit formed by the attachment of a base to 1’-position of 
sugar is known as nucleoside.

 z Nucleotide: When nucleoside is linked to 
phosphoric acid at 5’-position of sugar moiety, 
the unit obtained is called nucleotide.

 ¾ Simple structure of nucleic acid chain:

 
− n

Base Base Base
| | |

Sugar- Phosphate[-Sugar- Phosphate-] Sugar-

 ¾ DNA: DNA consists of two polynucleotide chains, each chain form a right handed 
helical spiral with ten bases in one turn of the spiral. The two chains coil to double 
helix and run in opposite direction. These are held together by hydrogen bonding.

 �

 ¾ RNA: 
 (i) m-RNA (Messenger RNA)
 (ii) r-RNA (Ribosomal RNA)
 (iii) t-RNA (Transfer RNA)

HOH2C
5 Base

H H
H H

1

23

4

OH OH24
5
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Phosphoric acid

 ¾ Differences between DNA and RNA:

S.No. DNA RNA
(i) It is the genetic material. It is not the genetic material except in certain 

viruses. e.g., TMV, Retrovirus.
(ii) It is double stranded with a-helix structure 

with two strands coiled spirally.
RNA is single stranded with some viruses as 
exception.

(iii) It contains deoxyribose sugar. It contains ribose sugar.
(iv) Bases present are thymine, adenine, cytosine 

and guanine.
Bases present are uracil, adenine, cytosine and 
guanine.

(v) DNA transcribes genetic information to 
RNA.

RNA translates the transcribed message for  
forming polypeptides.

Know the Terms
 ¾ N-Terminal end: There is a free amino group at one end of molecule of amino acid which is known as 

N-Terminal end.
 ¾ C-Terminal end: There is a free carboxyl at the end of amino acid molecule which is known as C-Terminal 

end.

Mnemonics

1. Essential Amino Acids

Mnemonics: PVT TIM HALL
(Phenylalanine, Valine, Threonine, Tryptophan, 
Isoleucine, Methionine, Histidine, Arginine, Leucine, 
Lysine)

2. Fat soluble Vitamins → Vitamin K, E, D, A

Mnemonics: KEDA

Rest all Vitamins are water Soluble

3. DNA & RNA

Mnemonics: G3Cinema At 2PM
DNA A=T, G≡C
(2H–bonds b/w Adenine & Thymine 3H–bonds b/w 
Guanine & Cytosine)
G≡ C   A=T
Also GCAT

Chapter-8 : Chemistry in Everyday Life

Revision Notes
 ¾ Drugs: Drugs are the chemical substances of low molecular mass, interacting with macromolecular targets 

and produce a biological response.
 ¾ Medicines: Drugs which produce a therapeutic and useful response. 
 ¾ Chemotherapy: It is the scientific technique in which chemicals are used in treatment of diseases. These 

chemicals destroy the microorganism without affecting to any material extent, the tissues (of the host).
 ¾ Drug Manufacturing: There are two factors which are kept in mind for designing a drug.

 (i) Drug target
 (ii) Drug metabolism
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 ¾ Interaction of drugs with targets:
 (i) Drugs interact with macromolecules like carbohydrates, proteins, lipids, nucleic acid which performs 

specific functions in our body.
 (ii) Some proteins act as receptors because they are important for communication system.
 (iii) Some proteins carry polar molecules across the cell membrane.
 (iv) Nucleic acids are responsible for genetic information for cell.

 ¾ Types of drugs on the basis of therapeutic action:
 (i) Analgesics: These are the medicines which give relief from pain. These are of two types:

 (a) Non-narcotic (non-addictive) analgesics: These are non habit forming chemicals which reduce mild 
to moderate illness such as headache, muscle and joint pain, etc., Aspirin (2-acetoxy benzoic acid), 
paracetamol, phenylbutazone or butazolidine etc., are the common examples of this group. Aspirin 
is the most common analgesic with antipyretic properties. It has anti blood clotting action. It also 
reduces body temperature in fever.

 (b) Narcotic analgesics: These are the drugs which produce sleep and unconsciousness e.g., opium, 
alkaloids like morphine, codeine, heroine (morphine diacetate), etc. These are, however, addictive 
drugs, hence used in severe pain only.

 (ii) Anti-microbials: These are drugs which are used to cure diseases caused by a variety of microbes such as 
bacteria, fungi, virus etc. Antibiotic, antiseptic and disinfectants, etc., are all anti-microbials.

 (iii) Antiseptics: These are the chemicals which prevent the growth of micro-organisms or kill them but are 
not harmful to human beings. These are applied externally to the living tissues such as wounds, cuts and 
diseased skin surface. Dettol (chloroxylenol + a-terpineol), bithional, furacin, dilute solution of boric acid 
is common example of antiseptics.

 (iv) Disinfectants: These are chemicals which kill microorganisms or prevent their growth but are not safe for 
human beings. These are applied to inanimate objects such as floors, drainage systems. For example, 0.2% 
solution of phenol is an antiseptic while its one percent solution is disinfectant. 

 (v) Tranquilizers: It is a group of chemical substances which is used in the treatment of stress and severe 
mental stress. These are essential component of sleeping pills and psychotherapeutic drugs. These are of 
two types:

 (a)  Barbiturates: (Derivatives of barbituric acid)– These are sleep inducing and hence also called 
hypnotics. e.g., veronal, amytal, nembutal, luminal and seconal.

 (b)  Non-hypnotic tranquilizers: Chlordiazepoxide and meprobamate are relatively mild tranquilizers 
which are used for relieving tension. Equanil is another non-hypnotic tranquilizer which is used 
for controlling depression and hypertension. Valium, serotonin, reserpine, etc. are some other 
tranquilizers.

 (vi) Antibiotics: These are the substances (produced wholly or partially by chemical synthesis) which in low 
concentrations inhibit the growth of microorganisms or destroy them by intervening in their metabolic 
processes. Antibiotics are products of microbial growth.

  Antibiotics are of two types:
 1. Bactericidal antibiotics have cidal (killing) effect on microbes. For example, penicillin, ofloxacin, amino 

glycosides, etc.
 2. Bacteriostatic antibiotics have a static (inhibitory) effect on microbes. For example, erythromycin, 

tetracycline, chloramphenicol, etc. 
 3. Penicillin was the first antibiotic discovered (by Alexander Fleming) in 1929. It is a narrow spectrum 

antibiotic.
 (vii) Anti-fertility drugs: These are the chemical substances used to control the pregnancy in woman. 

e.g., norethindrone and ethinylestradiol, etc.
 (viii) Antihistamines: These drugs are also called as antiallergy drugs and are used to treat allergy. e.g., skin 

rashes, conjunctivitis, inflammation of conjunctiva of eye and rhinitis (inflammation of nasal mucosa) 
e.g., diphenylhydramine, chlorpheniramine.

 (ix) Antacid: An antacid is a substance that removes the excess of acid and raises the pH of stomach to 
appropriate level. The most commonly used antacids are magnesium hydroxide, magnesium carbonate, 
sodium bicarbonate, etc.

 ¾ Differences between Antiseptics and Disinfectants:

Antiseptics Disinfectants

(i) Antiseptics are applied to living tissues 
such as wounds, cuts, ulcers, diseased 
skin surfaces.

(i) Disinfectants are applied to inanimate objects such 
as floors, drains, instruments, etc.

(ii) Example: Furacine, dettol (ii) Example: 0.2 to 0.4 ppm of chlorine in aqueous 
solution, sulphur dioxide in low concentration.

(iii) They are less toxic than disinfectants. (iii) They are more toxic than antiseptics.
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 ¾ Chemicals in food: Chemicals are added to food for various purposes like, for preservation, for enhancing 
their appeal and for adding nutritive value. 

 (i) Artificial Sweeteners: These are the chemical compounds which are non-nutritive in nature and used as 
substituent for sugar in foods and beverages specially soft drinks. Some common artificial sweeteners are:

 (a)  Saccharin: It is 550 times as sweet as cane sugar, since it is insoluble in water. It is non-biodegradable 
so excreted from the body in urine (unchanged). It is useful as a sugar substitute for diabetic persons 
and those who need to control their calorie intake.

 (b)  Aspartame: It is methyl ester of dipeptide formed from aspartic acid and phenylalanine. Aspartame 
is used only in cold foods and soft drinks as it is unstable at cooking temperature.

 (c)  Alitame: It is 2000 times as sweet as sucrose. It is high potency sweetener. The control of sweetness of 
food is difficult while using alitame.

 (d)  Sucralose: It is trichloro derivative of sucrose. It is stable at cooking temperature.
 ¾ Food preservatives: Food preservatives are the substances which are capable of inhibiting or arresting the 

process of fermentation, acidification of the food. e.g., sodium benzoate, sodium metabisulphite.
 ¾ Antioxidants: These are the other important and necessary food additive. These compounds retard the action 

of oxygen on the food and thereby help in its preservation. They also reduce the rate of involvement of free 
radicals in the aging process. e.g., butylated hydroxyl toluene (BHT) and butyrated hydroxyl anisole (BHA) 
are used as antioxidants.

Know the Terms
 ¾ Neurologically active drugs: The drugs which are used to cure tension and anxiety.
 ¾ Hypnotics: These are sleep inducing medicines.

Mnemonics

1. Artificial Sweetening Agents

Mnemonics: ASSA
Aspartame, Saccharin, Sucralose, Alitame

2. Antiseptic & Disinfectants

Mnemonics: Bitter Chlor
Bithionol, Terpineol, Chloroxylenol

3. Antacids

Mnemonics:  His Interaction Presented by Lime 
Ran (Say Simran)

Interaction of Histamine prevented by limetidine, 
Ranitidine


