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1. THE SOLID STATE

Based on structural features solids are classified into two. Crystalline solids and amorphous solids.
Crystalline solids

# Long range order

#  Sharp melting point

#  Amsotropic in nature (Physical properties are different in different directions. )
Amorphous solids

# Short range order

-,

# No sharp melting point
# Isotropic in nature (Physical properties are same in all directions)

Crystal lattice : The three dimensional arrangement of constituent particles in a crystal is called crystal

lattice or space lattice.14 types of crystal lattices are possible called Bravais lattices.
Unit cell : The smallest repeating unit in a crystal lattice 1s called unit cell.

(a) Primitive unit cell (simple unit cell): In this unit cell, the constituent particles are present at the

corners only.

(b) Centred unit cell: In this unit cell, the constituent particles are present at the cormners and other

positions
These are of three types.:

(1) Face-Centred unit cell: In this unit cell, the constituent particles are present at the corners and

centres of each faces.

(11) Body-Centred unit cell: In this unit cell, the constituent particles are present at the corners and

centre of the body,

{111} End-Centred unit cell: In this unit cell, the constituent particles are present at the corners and any

two opposite faces.

Number of atoms in different cubic unit cells:

1) Primitive {or simple) cubic unit cell — 1 (particles at all the corners)
i) Face centred cubic unit cell — 4 (particles at all corners and centre of each faces)
iii) Body centred cubic unit cell — 2 (particles at all corners and at the centre)

Close packing

In the formation crystals. the packing of constituent particles take place in such a way that the available

space 18 used most economically. This type of packing 1s called close packing.
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Coordination number
It is the number of nearest neighbours of a particle in a crystal.
Interstitial void
The vacant space present in close packing is called interstitial void. These are two types.
(a) Tetrahedral void: The void surmrounded by four spheres 1s called tetrahedral void.
(b) Octahedral void: The void surrounded by six spheres is called octahedral void.
If *N” is the number of close packed particles(spheres),

The number of tetrahedral voidsgenerated = 2N

The number of octahedral voidsgenerated = N
Close packing in three dimensions:
(1) Hexagonal close packing (hep): The AB, AB ...pattern of arrangement of constituent particles in
crystal. Zn, Cd ete possess hep structure. Its co.ordination number 1512

i) Cubic close packing (cep) or face centred cubic (fec) : The ABC, ABC. .pattern of arrangement of

particles in crystal. Cu, N1 etc possess cep structure. Its co.ordination number 1512
Imperfections or defects in crystals

Any deviation from perfectly ordered arrangement of atoms or ions in erystals is called defeets
or imperfection. These are of two types. (1) Line defect (i1) Point defect

Point defects are three types ¢ 1. Stoichiometric point defects 2. Non stoichiometric point defects and

3. lmpurity defects

1.5toichiometric point defect (Thermodynamic point defect / intrinsic point defect)

The defect which do not disturb the stoichiometry of the solid 1s called stoichiometric point defect.
Two types of stoichiometric point defects shown by ionic solids are:

{1) Schottky defect:- This defect i1s due to the missing of equal number of anions and cations from

lattice site. It 15 also a vacancy defect. Due to this defect density of the crystal decreases.
Examples:- NaCl, KC1, CsCl, AgBr, etc.
(11) Frenkel defect (Dislocation defect):-

This defect is due to the dislocation of the cations from the lattice site to the interstitial site. It 1s an

interstitial defect and vacancy defect.During this defect density of the crystal remains unchanged.

Examples:- AgCl, AgBr, Agl, ZnS elc
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2.Mon stoichiometric point defect
The defect which disturb the stoichiometry of the solid is called non-stoichiometric point defeet
(a) Metal excess defect due to anion vacancies: -

In this defect, the amon 15 missing from lattice site.To mamtam electrical neutrality, electron is
occupicd in the anionic vacancies. This centre is called F-centre (Colour centre). Due to the formation
of F-centre, the crystals become coloured. Examples:- Heating of NaCl in an atmosphere of Na develops
yvellow colour. 1e, excess of Na in NaCl gives yellow colour. Stmilarly, Excess of K 1in KCI gives violet

colour and excess of Li in LiCl gives pink colour.
(b) Metal excess defect due to extra cation at interstitial site

In this defect, extra cations are present at the interstitial site. To maintain electrical neutrality, electron is

also present at the neighboring interstitial site.
Examples:- When ZnQ is heated, it loses oxygen and turns yellow in colour.

Here excess Zn"  formed present at the interstitial site and equivalent number of electrons are also

accommodated in the neighbouring interstitial site.
(¢c) Metal deficiency defect due to cation vacancy

In this defect, some cations are missing from lattice site. To maintain electrical neutrality an adjacent

metal atom acquires extra positive charge. IExamples:- FeO.
FeO is mostly found with a composition of FepesO
3. Impurity Defects: Tt s the defect ansing due to the presence of foreign particles i a crystal.

Ez. when molten NaCl is crystallised in presence of small amount of SrCl; |, some Na + ions are
F s . . . . . L . . .
replaced by Sr°' ions and some cationic vacancies are formed. The no. of cationic vacancies produced 1s

equal to the number of Sr°" ions occupied. Another example is a solid solution of CdClyand AgCl.
Properties of solids

1) Electrical properties:

Conduction of Electricity in metals, semi-conductors and insulators - Band Model

According to band model, in metal there are two types of bands — valence band and conduction band.
Valence band is the lower energy electron occupied band and conduction band is the higher energy

unoccupied band,

In metals, the valence band is either partially filled or it is overlapped with the conduction band.
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So electron can easily flow from the valence band to the conduction band.

In semi-conductors, there 1s a small energy gap between the valenee band and conduction band and
only a few electrons can enter into the conduction band. So they conduct only partially,

In insulators, the gap between the valence band and the conduction band 15 large and so they do not
conduct electreity,

Magnetic properties of Solids

1. Paramagneiic substance:- The substance which is weakly attracted by magnetic field is called
paramagnetic substance. It can be magnetised in a magnetic field in the same direction. It loses its
magnetism in the absence of magnetic field. Paramagnetism is due to the presence of unpaired

electrons.
% 1 :'| ]‘l’ = ‘:"I"
Example:- O, , Cu™', Fe'', Ci

2. Diamagnetic substance: The substance which is weakly repelled by magnetic field is called
diamagnetic substance. It can be weakly magnetised in a magnetic field in the opposite direction,

Diamagnetism 1s due to the absence of unpaired electrons. Example:- NaCl, H.O , benzene

3. Ferromagnetic substance:-The substance which is strongly attracted by magnetic field is called
ferromagnetic substance. It retains magnetism even in the absence of magnetic field. ie, It can be
permanently magnetised. Ferromagnetism is due to the spontancous alignment of magnctic moments

{domains) in the same direction. These substances are used for making peramanent magnet.
Lxample:- Fe, Co, Ni, CrO: . Gd (Gadolinium)

4. Antiferromagcnetic substance: The substance which are expected to have high magnetic moments but
actually it posscss zero magnetic moments arc called antiferromagnetic substance. It is due to the

alignments of magnetlic moments in the opposite direction alternatively.
Example:- MnO

3. Ferrimagnetic substance: The substance which are expected to have high magnetic moments but
actually it possess small magnetic moments are called ferrimagnetic substance. Here some of the

magnetic moments arecancelled each other and remaining exhibit magnetic properties.
Example:- Fe;(Oy (magnetite), ZnFe-04 (Zinc ferrite), MgFe»04 (Magnesium ferrite)

On heating ferrimagnetic substance, it becomes paramagnetic.
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Model Questions

1. Defects arc found even in crystals prepared very carcfully.

(1) Which stoichiometric defect can cause decrease in density of solid ?

(1) Frenkel defect 15 not found in Sodium Chlonde. Why 7

()KCT erystal 15 colourless. But on heating it m an atmosphere of potassium vapour, it
becomes violet in colour. Account for this.

Hint:( 1) Schottky defect (ii) Size of Na  is larger (i1i1) F-Centre

2.a)A compound formed by P and Q crystallises in the cubic structure. The P atoms
present at corners of a cube while (@ atoms are at face centres. What 1s the formula of

the compound 7 (b) Give reason for the following: ZnO on heating become yellow. Why?
Hint: {(a) PQs (b)) Metal excess defect due to interstitial cation.

3.Differentiate ferromagnetic and fernmagnetic substance,

Hint: Refer note given above

4.Differentiate tetrahedral voids and octahedral voids.

Hint: Refer note given above

5.0n terms of band theory. what 15 the difference between a conductor and semiconductor?
Hint: Reler note given above

6. Draw the uniteell of copper which erystallises in fee lattice and ealculate the number of atoms in its

unit cell.
Hint: 4

7.a) What tvpe of substance could make better permanent magnets — ferrimagnetic or ferromagnetic?

Justify your answer,

b) In terms of band theory, write the difference between conductor and insulator.

Hint: a) Ferromagnetic — Domains aligned in one directions (b) Refer note given above,
&. The smallest repeating structural unit of a crystal is called

{a) Lattice point (b) Bravais lattice {(c) Space lattice (d) Unit cell Hint: Unit cell
9.From the following choose the incorrect statement about crystalline solids.

i) Melt at sharp temperature 11) They have definite heat of fusion
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Applications of Henry's law:
(1) To mncrease the solubility of COs 1n soft drinks or soda.

(11} Bend experienced by Scuba divers. (Medical condition created by solubility of nitrogen in the

blood). To avoid bends, oxygen taken in oxygen cylinder is diluted with less soluble Helinum

(111} Anoxia experinced by peoples at high altitude where the partial pressure of oxygen 1s less than the

ground level .
Effect of temperature the solubility of a gas in a liquid

When temperature increases, the value of Ky 15 increases . Therefore solubility of the gas in lhiquid

decreases. Therefore aquatic life is more comfortable in cold water.

Vapour pressure of Liguid-Liguid solution

P
: " - = ) ' = it
Raoult’s Law: For a solution of volatile hquids, the partial vapour ":M
nir’"";ff T At
pressure of each component in the solution is directly proportional to its & Vot
£ e
molefraction. 5 R
: & =1 Blike frmotion o =0
lCHP_1=P'!_1.K,1& PH=P“H.KH II'_ Sl *
; b ap = 1

Giraph for an ideal solution

Ideal solution:

The 1deal solution will satisfy the follwing conditions.

(i) obey’s Raoult’s law,

e Pys=P"% X\ & Pp=P%h.X

(i) AH iy =0

(iii) AV pix =10

Examples of 1deal solution:

(1) solution of n-hexane and n-heptane

(2) solution of bromoethane and chloromethane

(3) benzene and toluene

Note: Consider a binary solution contains two components A (solvent) and B (solute).
In ideal solution, A-A (solvent-solvent) and B-B(solute-solute) interactions are equal to the A-B
(solvent-solute) interactions.

MNon ideal solution

(i) Does not obey Raoult’s law, (ii) AHmix #0, (iii) AVmix # 0.
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Abnormal molecular mass

Muolccular mass calculated on the basis of colligative propertics may be lower or higher than the normal
value. Such molecular mass 15 called abnormal molar mass. Abnormal molecular mass 15 due to the

following reasons,
(1) Dhssociation of particles
{11) Association of particles.

Due to dissociation of particles, the number of particles increases. Therefore colligative property

increases., Hence molecular mass decreases.
Eg:- KCI solution (Here KCI dissociated in to K + and Cl - . Therefore number of particles increases.)

Due to association of particles , the number particles decreases. Therefore colligative property decreases

and hence molecular mass increases.

Eg:- Acetic acid (ethanoic acid) in benzene. ( In benzene, acetic acid dimerises due to hydrogen

bonding. Therefore number of particles decreases).
Model questions:

Q1. What will happen if a pressure greater than osmotic pressure is applied on the solution separated by

a semipermeable membrane from the solvent? Explain. (Hint: Reverse osmosis)

Q2. Whar tvpe of deviation is shown by a mixture of acetone and chloroform? Justify on the basis of

strength of intermolecular interactions that develop in the solution. What tvpe of azeotropic

mixture will be formed by the above solution?  (Hint: Non ideal solution showing negative

deviation, molecular interaction btw acetone and chlorofom increases through H-bond than....)

Q3. Calculate the osmotic pressure exerted by a solution prepared by dissolving 1.5 g of a polymer of

molar mass 185000 in 500 ml of water at 27 " C. (R=0.0821 L atm K -1 mol -1 )

szir 3 W,= I-5g " M, = IHS"‘“", YV =5 ml =0.5 L , T = 31]["{}

(Hint: m =
Q4. Write down any four examples for osmosis which are shown in daily life ?
Answer: a) Raw mango placed in concentrated salt solution loses water and shrink.
b) Wilted flowers revive when placed in fresh water
¢) Blood cells collapse when suspended in saline water.
d) The preservation of meat by salting and fruits by adding sugar protect against

bacterial action.
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Kohlrausch’s law of independent migration of ions: The law states that the limiting molar
conductivity of an electrolyvte at infinite dilution is equal to the sum of the conductivities of the anions

and cations.

Applications of Kohlrausch’s law:

1) Determination of }bﬂm of weak electrolytes:

2} Determination of degree of dissociation of weak clectrolytes:

Batteries: A batteryicell is a galvanic cell in which the chemical energy of a redox reaction is

converted to electrical energy.

Two types a) Primary cells: These are cells which cannot be recharged or reused. Here the reaction
occurs only once and after use over a period of time, they become dead E.g. Dry cell, mercury button

cell etc.

1. Dry Cell. It is a compact form of Leclanche cell. It consists of a zinc container as anode and a carbon
(graphite) rod surrounded by powdered manganese dioxide (MnQ;) and carbon as cathode. Electrolyte

is a moist paste of ammonium chloride (NHsCl) and zinc chloride (ZnCls).
At anode: Zn — Zn° + 2e
At Cathode: MnOs+ NHy + e — MnO(OH) + NH;

Ammonia produced in this reaction forms a complex with Zn® and thus corrodes the cell. The cell has a

potential of nearly 1.5 V.

2. Mercury cell: Here the anode is zinc — mercury amalgam and cathode is a paste of HgO and carbon.

The electrolyte is a pasie of KOH and Zn(). The electrode reactions are:
Anode reaction: nf{Hg)+ 20H — Zn0O+ H0 + 2¢”
Cathode reaction: HgO + HyO + 2¢ — Hg + 20H™

The cell has a constant potential of 1.35 V.

b) Secondary cells: These are cells that can be recharged after use by passing current through the

electrodes in the opposite direction, i.e. from the negative terminal to the positive terminal.

Example 1s lead storage cell, which is used in automobiles and invertors., Anode 1s lead and a grid of

lead packed with lead dioxide (PbOs;) as the cathode. The electrolvie is 38% H->SO, solution.
At anode: Pb + S04~ — PbSO, + 2¢
At cathode: PbO, + S{Jf' +4H" + 2¢ — PbSO, + 2H.0

On charging the battery. the reaction 1s reversed and PbS0y4 on anode and cathode is converted into Pb

and PbO., respectively.
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Fuel cells: These are galvanic cells which convert the energy of combustion of fuels like hydrogen,
methane, methanol, etc. directly into electrical energy. Ha-02 fuel cell 15 an example for fuel cell.
which 1s used in the Apollo space programme. Here hydrogen and oxygen are bubbled through porous

carbon clectrodes into concentrated aqueous sodium hydroxide solution. The electrode reactions are:

Cathodce: 0> + 2H,0 + 4c—40H™
Anode; 2H- +40H — 4H-0 + 4e
Overall reaction 1s; 2H; + 0> — 2 H20O

Advantages of Fuel cells:

1. The cell works continuously as long as the reactants are supplied.

2. It has higher efficiency as compared to other conventional cells.

3. It is eco-friendly (i.e. pollution free) since water is the only product formed.

Corrosion: it is the process of formation of oxide or other compounds of a metal on ity surface.

Example: The rusting of iron.

Rusting of iron. It occurs in presence of water and air. It is a redox reaction. At a particular spot of the

metal, oxidation takes place and that spot behaves as anode. Here Fe is oxidized to Fe®",
At anode 2Fe — 2 Fe* + 4e”

L:lectrons released at anodic spot move through the metal and go to another spot on the metal and

reduce oxygen in presence of H™. This spot behaves as cathode.

At cathode Qs+ 4H + 4 s 2T H0O

The overall reaction is: 2Fe + O, + 4H' — 2Fe? '+ 2 H-.O

The Fe*  are further oxidised and hydrated to ferric oxide (Feo0s. xH-0), which 1s called rust.
Methods to prevent corrosion:

1. By barrier protection through coating the metal surface with paint or varnish or electroplating etc.
2. By coating the metal surface with another electropositive metal like zinc, magnesium etc. The
coating of metal with zinc 1s called galvanisation and the resulting iron 1s called galvamized 1ron.

3. By coating with anti-rust solution (bis phenol).
4. By cathodic profection in which a metal is protected from corrosion by connecting it to another
metal that 1s more easily oxidised. An electrochemical method 1s to provide a sacrificial electrode of

another metal (like Mg, Zn, etc.) which corrodes itself but saves the object.
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Model questions:

1} Write MNernst cquation for Daniel Cell. (Hint: E.. = E“EE” + 2.303RT/n log [M"+];"|'M]}
2) Define Kohlrausch’s law. (Hint: Conductivity is the sum of the conductances)

3)  What are primary cells? Give examples. (Hint: Non-rechareeable cells, Dry cell)

4)  What are fuel cells? Explam with an example. (Hint: Energy of combustion to electrical energy. Hs-

O- fiel cell)

53)  Descnbe corrosion using iron as an example. How to prevent corrosion of iron? (Hint: Formation

of oxide)

4. CHEMICAL KINETICS

Factors affecting rate of a reaction

The important factors which affect the rate of a chemical reaction are:
1. Concentration of the reactants

2. Temperature

3. Presence of calalyst

Dependence of rate of reaction on concentration

The representation of rate of reaction in terms of molar concentration of reactants as experimentally

determined is called rate law or rate equation or rate law expression
For the reaction aA+bhB -------- > cC+dD
Rate expression 1s  Rate a [A]* [B]Y
xand vy may notbeequaltoaand b . % and v determined experimentally
Rate = k[A]* [B]*. K is called rate constant or velocity constant or specific reaction rate
x = order of reaction with respect to reactant A.
v = order of reaction with respect to reactant B

overall order of reaction= x+y
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Order of reaction: It is the sum of powers of the concentration of the reactants in the rate law

expression.
Unit of K
Reaction order Unit of rate constant (k)
n concentration )™ time ™!
0 (mol L)1 % 1= mol L7151
] (mol L2157 = 871
2 (mol L~ 1)1"2571 = mol-1LS?

Molecularity of a reaction :

It is the number of reacting species (molecules, atoms or ions) which must collide simultaneously in

order to bring about a chemical reaction.

Examples : Unimolecular reaction NHyNO; — N» + 2 H-.O
Bimolecular reaction 2HI(g) — Hag)+:(g)
Trimolecular reaction 2NO (g) + Oaxg) — 2 NO;

Difference between Molecularity and order

Molecularity of reaction Order of reaction

1. | It 15 the number of species taking part in a | It 1s sum of the powers of the concentration
chemical reaction. terms in rate law.

> It is a theoretical concept. It is an experimental quantity.

It can be neither be zero nor fractional. It is | It may be zero, fractional or an integer.
always a whole number,

Lad

Pseudo First order reaction :

Reactions which are not truly first order .but become first order under special conditions are called

pseudo unimolecular or pseudo first order reaction

For example,

1) inversion of cane sugar C;; H»» O, + H:O > CeH 206 + CeH 204
R =k [Cz H:20,]
This reaction 15 Pseudo first order reaction.

i1} Acid catalysed hydrolysis ethylacetate in excess of water

H+

CH1COOCHs + H-0 s CH;COOH + CoHsOH

ALl

strict Panchay

[i
Fi

A1ANpUram

vIay¥anner: — vy



Focus 21 - Plus Two Chemistry Short Notes

G

R

Rate = k [CH;COOC,Hs]
This recaction is Pscudo first order reaction.

Integrated rate equation

First order reaction A =P
DifTerential rale equation _d[R] _ k [R]
et
Integrated rate cquation PO L o L
|R”]
Half life period 0.693
b e
k
Unit of K g
Straight line plot graph of log [R] agamst t gives a straight line with slope
k
T 2303

Examples for first order reaction

*  All natural and artificial radioactive decay of unstable nuclei take place by first order kinetics
*  Hydrogenation of ethene is an example of first order reaction.
CaHa(g) + Ha (g) — CaHal(g) Rate = & [CaHy]

Half life of a reaction (t .;)

It 15 the time reguired for half of the reactant converted in to prouduct

First Order reaction

- 2.303 lﬂg[ﬂ]” r: 2.303 fiig [R],
¢ [R] k [R]

Whent=112 [R]=1/2 [R]y

Thiitip= 2B gy k. =23y 23 a0
k [ {5 M . k
Thus t;» = #

ie. ty;z of first order reaction is independent of initial concentration of reactants.
Effect of Temperature :

As temperature increases rate of reaction Increases

=
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For every 10°C rise in temperature, the rate of reaction becomes almost double.

Threshold energy: The mimimum energy that the reacting molecules must posses 1 order to undergo

cffeetive collisions to form product is called threshold energy
Activation energy (E,) = Threshold energy — Actual energy possessed by reacting molecules
Arrhenius Equation:
This is an equation which relates velocity constant with temperature
Where A i1s Arrhenius factor or frequency lactor , E, is the energy of activation
k = A E_E alRT
As temperature increases k increases ,thus rate of reaction increases

Determination of E,

1 & L4 * Ld E * * +*
1. A plot of log k vs. 1/T is a straight line whose slope is — F ﬂ'; = and intersection is log A,
47 s yintercept = InA
= -

Ink \H\Q:H Hslnj:u‘ - -E,

) "

0 1
T
2. By using the cquation log 22 = —u [TI_TJ]
’ ¥ Using q 8 ky 2303R | TT>

k; and k; are the values of rale conslanis at temperature T; and T-

Model questions

1. Write two factors influencing rate of a reaction
2. For areaction A + B-—-- > C + D, the rate equation is r = K [A]"?[B]'”. Give the overall order
and molecularity of the reaction
[order=3/2 + % =4/2 =2 molecularity =2 ]
3. For the reaction, 2NO(g) + Oz(g) -------=2> 2ZNO1(g), the rate law is given as,
Rate = k[NO]" [O1]. The order of the reaction with respect to Os is ......
[ans; 1]
4. Identify the order of reaction if the unit of rate constant is mol L' s
| ans ; zero|

5. Find the unit of k for a first order reaction.
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Catalysis
A catalyst is a substance that changes the rate of a chemical reaction without undergoing any
permanent chemical change by itself.

Chemical reaction imvolving catalyst is known as Catalysis. It 15 of two types

Homogeneous catalysis Heterogeneous catalysis

Reactants and catalyst are in same phase. Reactant and catalyst are in different phases.

Fg 2 S{)g {gﬁ‘ f]‘g lgﬁ%" 2 5{}1 {g]{ Nitric eg s S[—}g ':E]+ {]EIQ}H 2 “;{}3 (gl {VE[]q

oxide catalyst 1s used which is gas) catalyst 15 used which is solid ) [Contact
Process)
Ester hydrolysis E.g. Fe(s)

M. (g)+ 3H:(g) — 2ZNH; [Haber Process]

Mature of solid catalysts

Activity selectivity
Ability to speed up a chemical reaction Ability to direct a reaction to vield a
Eg.: Fe(s) particular product.

CO + H; —= CHy+ H20 (N1 catalyst) ;
CO +H, —= HCHO (Cu catalyst)

MNa(g)+ 3H:(g) —=2NH; [Habecr Process|

Shape selective catalyst :

The catalytic which determine size of product molecule formed is called shape selective catalys. eg.

Zeolite (aluminosilicates). (Reason: They have microporous cavities).
Promoters and poisons
Promoters are substances that enhance the activity of a catalyst while poisons decrease the

activity of a catalyst.For example, molybdenum (Mo) acts as a promoterand CO act as poisonin

Haber’s process for the manufacture of ammonia.
Enzyme (biological catalyst)
catalysis in presence of enzyme is enzyme catalysis. Eg. invertase, maltase, pepsin etc.

The enzyme invertase converts cane sugar into glucose and fructose.
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Characteristics of enzyme catalysis

1. Highly specific. 2. Highly ctficient.

3. Occurs at optimum temperature (298k — 310k). 4. Occurs at optimum pll.(5-7)

Lock and key mechanism of enzymatic action:

Enzyme + substrate — enzyme subsirate complex — enzyme product complex — product + enzyme
COLLOIDS

Colloid is a heterogenous mixture of dispersed phase and dispersion medium where particle
diameter is in between Inm and 1000nm.

Classification colloids

1.Based on the nature of particles.colloids are of three types

A. Multimolecular colloids: Atoms or small molecules having dimension<Inm bind together by

weak vander Wall's force to form particles of colloidal dimension.e.g. Gold sol.sulphur sol

B . Macromolecular colloids: size of the particle i1s in the colloidal range. Example:solutions of starch

cellulose, protien,etc.

C. Associated colloids (micelles): These are substances which behave as normal electrolyvtes at low

concentrations, but as colloids at higher concentrations.

It is formed only above a particular temperature called Kraft temperature (1) and above a particular

concentration called eritical micelle concentration (CMC). Eg: Soap detergent
Cleansing action of soaps
The cleansing action of soap 1s due to micelle formation.

2. Based on the physical state of dispersed phase and dispersion medium- 2 types

Properties Lyophilic colloids Lyophobic colloids

Force of attraction Strong. Weak

Preparation | Easy to preparc Difficult to prepare

FEeversibility Reversible(ie. they «can be easily lrreversible.
separated and remixed)

Stability Stable Unstable,
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In the coagulation of +ve sol like ferric hydroxide the coagulating power is PO, =80, =>Cl" .
Protective colloid

it 15 a lyophilic sol which 1s used to stabilise a lyophobic sol. Eg. Gelatin.gum.egg albumin
Emulsion :

hquid in hguid colloidal system 1s called emulsiom. Eg mulk. They divided into two.

Water in oil type emulsion Qil in water type emulsion

Dispersed phase is water &Dispersion medium Dispersed phase is oil & Dispersion
15 o1l medium 1s water

Eg. Butter, cod liver oil Eg. milk

The substance which i1s used to stabilize emulsion is called emulsifying agent.Eg. proteins, gums,

natural and synthetic soaps. etc.

Applications of Colloids or colloids in daily life

I. Formation of Delta, 2. Electrical precipitation of smoke (Cottrell precipitation).
3. Purification of drinking water. 4. Tanning. (in leather industry)

5. Medicines.(Example, argyrol is a silver sol used as an cye lotion. )

6. Blood:-Blood is a colloidal selution of an albuminoid substance. When alum or fermic chlonde (FeCl,

} solution arc added to blood. coagulation of particles take place resulting blood clotting.

7. Blue colour of sky 8. Artificial raining 9. Making rubber sheetsfrom rubber latex

Model questions:

Q1.Gelatine is mostly used in making ice cream. Why 7 (Hint. Gelatine is a protective colloid)
Q2. Alum purify muddy water by......... (Answer. Coagulation)
3. What is observed when: (a) A beam of light is passed through a colloidal sol?

(b} Na(’l 15 added to hydrated ferric oxide sol?

(c) electric current is passed through a colloidal sol?

(Hint: a- tyndal effect, b-coagulation, c-electrophoresis)

Q4. Which of the followmg 1s true about adsorption? Or Thermodynamic prmciple of adsorption

(a) AG=0,AS =0, AH <0 (b) AG <0, AS >0, AH >0

-
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()AG<0,AS<0,AH<0 (dYAG=0,AS =0, AH < () (Answer. C)

(5. What arc the differences in cach of the following citing cxamples

(a) Multimolecular colloid and Associated colloid

(b) Coagulation and Peptisation

(¢) Homogeneous catalysis and Heterogeneous catalysis

{d) Lyophilic sols and Lyophobic sols. (Hint:. Refer above notes)

(J6. The temperature above which the formation of micelle takes place iscalled ................
(Answer. Kraft temperature)

7. What 1s an adsorption isotherm? Describe Freundlich adsorption isotherm ? (Hint:Refer notes).
Q8. Write any four applications of colloids ? . (Hint:. Refer notes)

Q9. The accumulation of molecular species at the surface rather than in the bulk of a solid or liquid is

termed adsorption. a) What i1s adsorption isotherm?
b) Write the mathematical expression of Freundlich adsorption isotherm?

¢) Enzymes are known as biochemical catalysts. Write any two important characteristics of  enzyme

catalysis 7. (Hint:. Refer above notes).

Q10, Colloids exhibit some special properties. a) Name the property of colloid involved in the
construction of ultra microscope? b) Lxplain the above property ¢) What are the conditions to be
satisfied to exhibit Tyndall effect? (Hint: a & b Refer above notes, c-there are two conditions

(i)The diameter of the dispersed particles is much larger than the wavelength of the light

used

(ii) The refractive indices of the dispersed phase and the dispersion medium differ greatly

in magnitude).

Q11. Ferric hydroxide sol can be prepared from freshly prepared ferric hydroxide precipitate. It can
also be prepared by adding ferric chloride solution to boiling water. In both cases the sol particles

arc positively charged.
a) Mame the above two methods for the preparation of ferric hydroxide sol?
b) What happens when an electric potential 1s apphied across two electrodes dipped in this sol?

(Answer., A-peptisation & hydrolysis-chemical methods, b- electrophoresis/ particles move

to negatively charged electrode).

-
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Q12.In homogenous calalysis, reactants and catalyst are m the same phase. In heterogeneous catalysis,

reactants and catalyst are in different phases a) Define catalysis
b) Give one example each for homogenous and heterogeneous catalysis? (Hint:. Refer notes).

0Q13. As 2 5 3 sol particles are negatively charged. a) What happens when Barium chloride solution

15 added to the above sol? b) How do you account for the above process?
c) What is the effect of adding Aluminium Chloride instead of Barium chloride? Justify 7

(Hint: a- coagulation take place, b-Ba2+ ion neutralise the charge of colloidal particles and

leads to aggregation of them., ¢- coagulating power increases- Refer Hardy schultz rule)

6. GENERAL PRINCIPLES AND PROCESS OF ISOLATION OF ELEMENTS

Minerals: The metallic compounds present in the earth crust are called minerals.
Ore: A mineral [rom which a metal can be extracted conveniently and profitably is called ore,
Metallurgy: The process ol extraction of @ metal from 1ts ore 1s called metallurgy, Various steps are;

I) Concentration of the ore: The removal of impurities from the ore is called concentration of the ore.
The impurities present in the ore are called gangue. Depending on the nature of the impurities, any one

of the following methods can be used.

a) Hydraulic washing: This method is used when the gangue is lighter than the ore. The powdered ore
1 washed m a stream of water. The hghter gangue particles are washed away leaving behind the ore

particles.

b) Magnetic separation: It 1s based on difference in the magnetic properties of the ore components. For

this method either the ore or the gangue is magnetic.

¢) Froth floatation: This method is used for the concentration of the sulphide ores. Principle of this
method is that sulphide ores are preferentially wetied by oils and gangue is welted by water. In this

process, a suspension of the powdered ore is made with water, collectors (e.g. pine oil) and froth

stabilizers (c.p. cresols) are added. On Agitating the mixture by passing air, froth is formed which

carrics the mineral particles. The froth is skimmed off and dried to get the ore particles.

7
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a) Mond’s process for Refining Nickel: In this process, nickel is heated in a stream of carbon
monoxide forming a volatile complex, nickel tetracarbonyl. Tt 1s then decomposed to Ni and CO by

heating at very high temperature.

b) van Arkel Method for Refining Zirconium or Titanium: Here the crude metal is heated in an
evacuaied vessel with iodine. The meial forms it volatile iodide. The meial iodide is decomposed
electrically bv using a tungsien filament, clectrically heated to about 1800K. The purc metal is thus
deposited on the Hilament.

Model questions:

1) What tvpes of ores can be seperated by magnetic seperation? (Hint: Ores shows magnetic

properiies like, Heamatite, Magnetite, Iron pyrites)

2) What do you mean by leaching? (Hint: If the ore is soluble in some suitable solvent, eg. Bauxite is

concentrated by dissolving hot concentrated NaOH)

3) Which method can be recommended for purification of titanium and nickel? (Hint: 7itanium by

van-Arkel, Nickel by Mond s process)

4} What is the principle behind the froth flotation process? (Hint: Principle of this method is that

sulphide ores are preferentially wetied by oils and gangue is wetied by water)

5) What is the role of lime stone in the extraction of iron? (Hint: Gangue + Flux — Slag)

7. P-BLOCK ELEMENTS

Dinitrogen (N:)
« [nert at room temperature
= HReason — High bond enthalpy of N= N bond
Ammonia (NH3)
e On large scale, obtained by Haber’s process
N;+3H, <=5 2NH;

High pressure favours the formation of NHa.

= Optimum condition : Pressure = 200 x 107 Pa (about 200 atm), Temperature ~ 700 K

7
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o Catalysts used — Iron oxide with small amounts of K;0O and Al:0O; to increase the rate of

attainment of equilibrium

o Ammonia act as Lewis base due io presence of lone pair of eleciron

Structure
¢ Trigonal pyramidal "%
Uses

« In the production of various nitrogen fertilisers
« In the manufacture of HNO-
Nitric acid (HNO;)
o On large scale — By Ostwald’s process
Steps involved:

« Catalytic oxidation of NH;

4MH e 5[”}!' = I.LH::-::E_I.:E:UHI »4NO. e 6H :[j. -

{(from air)

ZNO,,., +0,., «—»INO,

2 3NO,, ., +H,0,,—>2HNO, . +NO,,
HNO;y  act as sirong acid strong oxidising agent
Phosphorus Halides
& PCl; hydrolyses in the presence of moisture giving fumes of HCI

PCl, + 3H, 0 —— H, PO, + 3HCI

PCl, —== 5 PCl, +Cl,

Trigonal bipyramidal shape in gaseous and liquid phase

Cl

Three equatorial bonds are equivalent while the two axial bonds are longer than equatornal

\
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bonds. Reason — More repulsion is suffered by axial bonds as compared to equatorial bonds.
Sulphuric Acid
Manufacture (Contact Process)
o Burming of sulphur or sulphide ores 1n air to produce 50:
S+ 02 —50;
o Conversion of SO to SO; by the reaction with O- in presence of V.05 (catalyst)
2805 + Osg) 2 28035y ; AH® = —196.6 kJ mol™
o Absorption of SO;: in H,50; to produce H>5:05 (oleum)
o SO; + HaSO4 — H28:04

Oleum

«  Dhlution of oleum (H25:07) with water gives sulphuric acid (H>50s4) of desired concentration.

Uses
« Important industrial chemical
« In the manufacture of fertilisers
+ As alaboratory reagent
« In storage batteries

Interhalogen Compounds

+ Two different halogens react with each other to form interhalogen compounds.

B Ay s s i N
« General composition

o X = Halogen of larger size
o X =Halogen of smaller size

" r.on P
o X is more electropositive than X

. XX (eg:- CIF: BrF;) - Bent T-shaped
. XX, ( eg;- IFs) Square pyramidal
XX:

( eg:- IF; ) Pentagonal bipyramidal
In general, interhalogen compounds are more reactive than halogens (excepit fluorine).

This is because X-X'" bond in interhalogens is weaker than XX bond in halogens
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Group 18 Elements

« Hehum (He), Neon (Ne), Argon (Ar), Krypton (Kr), Xenon (Xe), and Radon (Rn)

«  All are gases.

« Chemically uncreative — Hence, they are termed as noble gases.
Occurrence

s  Oceur i atmosphere (except Rn)
Atomic Properties

« General outer electronic configuration is ns” np”.

Exception — He (157)
« High ionisation enthalpy
o Reason — Stable electronic configuration

= However, ionisation enthalpy decreases down the group (that is, with the increase in

atomic size).
» Large positive values of electron gain enthalpy
F.cason — 5Stable electronic configurations
Chemical Properties
« Less reactive
Reason:
o Completely filled ns” 2p° valence shell electronic configuration (Except He — 157)
o High 1omisation enthalpy and more positive electron gain enthalpy
s First noble gas compound — Xe PtF,
o Obtained by mixing PtF, and Xe
Xenon-Fluorine Compounds

e XeFs, XeF4, and XeFg

'.h:':lu +Fyy) CRE XeF,,,
{Xe In excess)

Xe , +2F,  ——="= 3 XeF |
(1:5 ratio)

Xe, , +3F,, , —REED , Yop

(1:20 ratio)
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+ Xenon and Krypton
In light bulbs designed for special purposcs

Model questions:
Why does NH; act as a Lewis base 7
Lxplain the manufacture of ammonia
Mention the conditions required to maximise the yield of ammonia
Explain how nitric acid 1s manufactured by Ostwald’s process?
Why does PCl; fume in moisture 7
Briefly explain the manufacture of sulphuric acid by contact process.
Write two uses of a) ammonia b) nitric acid ¢) sulphuric acid

What are interhalogen compounds? Write any two examples.

oo NoEn B

Write the formula of any two interhalogen compounds and explain their shapes

—

. Why is ICIl more reactive than I»
[Interhalogen compounds are more reactive than halogens due to weaker X—X' bonding than
X—X bond. Thus, ICI1 is more reactive than I. ]
11. Noble gases have very low boiling points. Why?
[Moble gases being monoatomic and they have only weak dispersion forces between them .
Hence, they have low boiling points]
12, Suggest any two fluordes of Xenon
13. Draw the structures of Xe(: and Xel;.
14, Why is helium used in diving apparatus? [ due its very low solubility in blood]

15, Write uses of noble gases

8. THE d and f BLOCK ELEMENTS

A transition element is defined as the one which has partially filled 4 orbitals in its ground state or

in any one of its oxidation states.
Zn, Cd and Hg are not considered as transition elements

Zn, Cd and Hg - general electronic configurations (n—])dmns}, The orbitals in these elements are

completely filled (4'")in the ground state as well as in their common oxidation states. Therefore,

A i
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they are not considered as transition elements general the clectronic configuration d block elements is

(n-1) & "ns',

Properties of transition elements

Property

Reason

Paramagnetism

Due lo presence ol unpaired eleciron

form a large number of complex compounds

Comparatively smaller size of metal 1ons, high
ionic charges and availability of d-orbitals for
bond formation

Form Interstitial compounds

small atoms like H, C, N are trapped inside the
crystal lattices of metals

Form alloys

Because of similar size

Form coloured compound

due to the presence of unpaired d-electrons, d-d
transition

catalytic activity

ability to show vanable oxidation state

*Atomic size of transition elements decreases with increase in atomic number till middle of the series.

Reason: With increase in atomic number, an cxtra clectron is being added to inner d-orbital

Shielding effect of a o electron is not much effective .Thus attraction increases and hence

decreases.

*Size of 53d series elements is almost same as 4d elements.

Reason: Lanthanoid contraction

Magnetic properties

« Paramagnetism arises due to the presence of unpaired electrons.

« Magnetic moment can be calculated by using “spin-only’ formula, i.e.,

p=n(n+2)

Where, # = Number of unpaired electrons p = Magnetic moment in Bohr magneton (BM)

« Magnetic moment increases with the increase in the number of unpaired electrons.

Potassium Dichromate (K:Cr:(0-)

s Prepared from chromite ore(FeCr:04) 1n the following steps:

1. Chromite ore 1s first fused with sodium carbonate 1n presence of air to form sodium

gize
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-General configuration — ns*(n-1)d" ' (n-2)¢" " \
2.7n,Cd, Hg are not transition elements . Why ?

- Hint — Transition clements should have partially filled d orbital . Zn . Cd , Hg have completely filled

d orbitals

3. Account for magnetic behaviour of transition metals | Why transition clements are Paramagnetic ?
- Hint — They have unpaired clectrons — Magnetic behaviour is calculated using spin only formula
4 . Transition elements form coloured compounds . Why 7

- Hint — Due to d-d transition — They have partially filled d orbital

5 . Why transition elements can form a number of complexes 7

- Hint — Their size 1s small — d orbitals are available for bond formation .

6 . Transition elements are good catalysts . Why ?

- Hint — They can show variable oxidation states — They can bind easily to reactant molecules .
7 . How is K»CryO- prepared ?

- Hint — From chromite ore

-Chromite ore i1s fused with sodium carbonate . Sodium chromate 1s formed .

- Sodium chromaie is acidified . Sodium dichromate is obtained .

- Sodium dichromate is treated with Potassium chloride . We get K-Cra()4

8 . Draw the structure of chromate ion and dichromate ion .

Hint: Refer the note given above
9 . How 1s polassium permanganale prepared ?

- Hint - From pyrolusite ore

- MnO; is fused with KOH . Green potassium chromate is obtained

- K:MnOy 15 electrolysed . KMnOy is formed .

10 . Draw the structure of manganate and permanganate ions

Hint: Refer the note given above
11 . What is lanthanide contraction 7 What is the reason for it ?

- Hint — The atomic and 1onic radn of lanthanides decrease from La to Lu
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/— - Reason : Electrons are added to antipenultimate [ orbital . The f orbitals are diffuse . So 5]1ielding\

effect is poor .

12 . What are the consequences of Lanthanide contraction ?

- Hint — 4d and 5d series of transition elements have similar properties
- Lanthanides ocecur together in nature . Their isolation 1s difficult .

- Basic character of hydroxides from La(OH); to Lu{OH); decreases .
13 . What are the uses of d and f block elements ?

-Hint — In alloys — misch metal — steel | brass , bronze etc

- Coinage metals — Cu , Ag . Au

- As catalysts V20s , Fe etc

- For building purposes

9. CO-ORDINATION COMPOUNDS

These are compounds in which a metal atom/ion 1s surrounded by a group of anions or neutral
molecules, The meltal atomAon 1s called central atom/ion and the neutral molecules or amons are called
lisands. The central atom/ion should contain vacant orbitals and the ligand should contain one or more

lone pairs of clectrons. The central metal atom or ion and ligands form a co-ordination entity.

A ligand that binds to the central atom/ ion through a single donor atom is said to be unidentate

ligand. Eg.: CI', Br, I, OH", H-0, NH;, CN_ NC, 5CN’ etc.

A ligand that binds to the central atom through two donor atoms is called a bidentate ligand.
Eg: Ethane-1, 2-diamine or ethylenediamine (H-NCH-CH-NH-) notated as ‘en” and oxalate ion {C;Df"
). A ligand that binds to the central atom through more than two donor atoms is called polvdentate
hgand. E.g.: Ethvlenediamine tetraacetate 1on (EDTA" ) is an important hexadentate ligand. The total
number of ligand donor atoms to which the metal is directly bonded is called the co-ordination number

of the metal atom/ion.
IUPAC Nomenclature of Co-ordination Compounds

The following rules are used while naming co-ordination compounds: (1) The cation 15 named first in

both positively and negatively charged co-ordination entities. (i1) The ligands are named in alphabetical

7
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inner orbital complexes involving ¢ sp” hybridisation. While [MnCls]*, [FeFq]" and [CoF,]" are outer

orbital complexes involving spja’z hybridisation and are paramagnetic.
Application of Co-ordination Complexes

1. In Qualitative & Quantitative Analysis: Ni~~ is detected and estimated by the formation of a
complex with Dimethyl Glyoxime (DMG). The brown ning test for the detection of mitrate 1on 15 due to
the formation of the brown complex [Ff::{H3(:1')51“{'{3!]2 . 2. In water treatment: The Hardness of water 1s
cstimated by simple titration with Na;EDTA (sodium salt of EDTA). The hardness of water can be

removed by the formation of a complex with calgon. 3. In Metallurgy for the extraction of

some metals like Ag & Au and for refining of metal like Ni. 4. Biological Applications: Chlorophyll, 1s
a co-ordination compound of magnesium, Haemoglobin is a co-ordination compound of fren and
Fitamin B> 15 a co-ordination compound of cobalt. 5. In Catalysis: Co-ordination compounds are used
as catalysts for many industrial processes. 6. In electroplating 7. In Photography 8. In medicine:

Cis-platin is used for the treatment of cancer. EDTA is used in the treatment of lead poisoning.

Model Questions
e Write the TUPAC name ol the following (1) [N1(CO)4] (11) K4[Fe(TN)g]
Hint : Tetracarbonylnickel(0), Potassiumhexacyanoferrate(II)

eDraw thc geometrical isomers of [PtCla(en),] =~ . Which among the isomer is optically active?

Hint: Cis 1somer

e [dentily the co-ordination compound which can exhibit linkage 1somerism, among the lollowing:
o [PU(NH3):Cl;] (b) [Co(NH3)s(S04)]Br (¢) [Co(NH;3)s(NO2)]Clz (d) [Cr{NH:)s][CoFg] Hint: ¢

o Write the TUPAC names of the following compounds: (a) [N1{(CO)4] (b) K;3[Fe(C204)5]

e Draw the structures of geometrical isomers of [Fe(NH;)2(CN)4]

o[ Co(NH1)sS0,4]C1 and [Co(NH3)sC1]S0; are co-ordination compounds.

e [dentify the isomerism shown by the above compounds.

e Write the IUPAC names of the above compounds.

Hint: (a) Ionisation isomerism

o[ Cr{NH1)sCO;]Cl is a co-ordination compound.

¢ What is the IUPAC name of above compound ?

* What is the lonisation isomer of the above mentioned co-ordination compound?

i
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eConsider the co-ordination compound [Co(NH;)sS04]Br. Write the TUPAC name of the co-

ordination compound and name the isomerism shown by it.
o Explain three important applications of co.ordination compunds 7
o« Which co-ordination compound 1s used for the treatment of cancer?

Hmt: Cisplatin

10.HALOALKANES AND HALOARENES

« Methods of Preparation
From Alcohols
Preparation: 1) from alcohols;
CHs-OH + (PCl; or PCls or SOCly) —————-- . CH;s-CI
The reaction with SOCI, is better because the by products are gases (SO, and HCI)
From Hydrocarbons

« Electrophilic Substitution

LRy

LM,
4 H-E s e = | ’ ﬁl\la
R T L__\H_ i L

T
N
(X = I, Br)
e From Alkenes
H H o
~ / CCl
C=¢ By ——ig BrCH-CHBr
; HY \H
o By adding halogens vic-Dibromide

o This method is used to detect double bond in a molecule as reddish brown colour of

bromine is discharged during the reaction.
Reactions of Haloalkanes
« Nucleophilic Substitution Reactions

- Né+ & Y :
Nu 4 =—=—X =2t —(—Nu + X

7
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Mechanism

a) Sy2 mechanism:
It occurs in one siep.
The reactivity alkyl halides is in the order 17 =2" =3°
It may results in inversion of configuration( if it is asymmetric)
b) Sx1 mechanism:
It occurs in Two steps.
In the first step it forms a carbocation

In the second step the nucleophile is able to attack from both sides of the carbon atom.

The reactivity alkyl halides is in the order 3" > 2" >1"

It may results in inversion and retension of configuration( if it is asymmetric)
« For both Sy1 and S«2 reaction, the order of reactivity of halides is
R—F << R—Cl<R-Br<R-1I
Example CH3-Cl + KCN === - CH;-CN
CH3-Cl + AgCN ————- = CH;3-NC
CH3-Cl +aq.NaOH---=> CH;-OH
Reactions of Halo arcnes
« Electrophilic Substitution

Substitution occurs at o- and p-direction due to availability of electrons at these positions

because of resonance.

« Halogenation

Cl | |
Cl
@ T B
— — ——
1,
i

3 — Dhehbambstizeng

{nuinos)
I, 4« Dichlorobenzene

| magor

« Nitration

|;.| 1 |
| | M,
:_:-_.-_':'H. | — .-____J\IJ/ ] =
e O B0, [“ﬁ..el e
r o
oA, Thik 4 — i Esrvhon

L
-
1= Tl - 1~ milroterinssg
Erminarf

1 i Febul
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Reaction with Metals

Polyhalogen Compounds
« Trichloromethane or Chloroform (CHCl,)

o CHCl; is oxidised to an extremely poisonous gas phosgene (COCI,) in the presence of light.

That is why chloroform is stored in closed dark-coloured bottles completely filled so that no air is

left inside the bottles.

Model questions:

M R RS

\

Friedel-Crafts Alkylation

Cl Cl L

| .
L 1
o Ankyd ANTE, o
i | O Y ' |
o 0 T
I = hlopn - T
i H'.' ety e sene
1 -~ Chioro - 4 | MiEng £h
mthy | benizene
A TELDT )

X 14

l..a-"'" ) . diy ether ;
. i i | N A4 R =i L Pda
Wurtz—Fittig Reaction = @
* ol
g i Thy .?—r:“ﬂq- | v IaN
2 e
Fittig reaction Dripheny!

2CHCI, + 0, —=2= 5 2C0Cl, + 2HCI

Write a method for the preparation of alkyl halides.
Write a method for the preparation of aryl halides
Write the differences between Sy 1 and Sy2 reaction
What is Sy1 reaction?

Complete the reaction

CH;-Cl + KCN ----- o RSN

CH3-Cl + AgCN ----—-- - LT

CH3-Cl+ag.NaDH-=-=2 . uaminmmnm i
Write any 2 examples of electrophilic substitution reaction of chlorobenzene

Write equations showing Wurtz-Fittig reaction and Fittig reaction
Chloroform is stored in closed, dark coloured bottles completely filled up to the neck. Give

reason.
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Model questions:
() 1. Write the preparation of propan-2-ol from a Grignard reagent.

(Hint: Ethanal + methyl magnetium chloride to form addition product which on hydrolysis to

form propan-2-ol).

@ 2. Writc the chemical cquation representing Reimer-Ticmann reaction. (refer above
notes).

@ 3. Phenol when treated with Cone. HNO 3 gives ... (Answer: 2,4,6-
Trinitrophenol).

Q 4. Write a test to distinguish between phenol and alcohol.
Answer : Alcohol Neutral give no reaction neutral ferric chloride
Phenol give Violet Colour with neutral ferric chloride
Q) 5. Explain a method for the manufacture of ethanol (refer above notes).
Q 6. How will you prepare the following compounds using a Grignard reagent?
1} Primary alcohol i1) Secondary alcohol (refer above notes).
) 7. Primary, secondary and tertiary alcohols can be distinguished by Lucas test.
1) What is Lucas reagent?
i) Write the observations, for primary, secondary and tertiary alcohols in Lucas test (refer notes)

Q 8. Mixture of Conc. HCI and anhydrous ZnCl 2 is an important reagent which helps to distinguish

between 17 ,E“ and 3" alcohols.
a) Give the name of the above reagent.
b) Give one example each for 1" ,2” and 3" alcohols.
¢) Explain how the above reagent helps to distinguish above three types of alcohols. (refer notes).
Q 9. Phenols are more acidic than alcohols.
a) Name the product obtained when phenol is treated with chloroform in the presence of NaOH.
b) Name the above reaction,
¢) What is the product obtained when phenol is treated with Conec. HNO 3 ?
d) Write the structure and IUPAC name of the above product.

(Hint. A-salicylaldehyde , b-Reimer-salicylaldehyde ,¢- picric acid , d- 2,4,6-trinitrophenol ).

Q 10. Williamson’s synthesis 1s an important method of ether synthesis.
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a)To synthesis tertiary butyl ether, which of the following reagent sels are better? Justily.
i} (CH3); C-Br = CH;ONa
N CIly); C-ONa + CLH: Br.  (Answer: ii, otherwise product become alkenerefer above note)

b) Alcohols undergo dehydration. How is ethanol converted to ethene? (refer above notes).

12. ALDEHYDES, KETONES AND CARBOXYLIC ACIDS

Preparation of Aldehvdes and Ketones

1. By oxidation of alcohols: Primary alcohols on oxidation with mild oxidising agents like CrOs to

give aldehydes while secondary alcohols give ketones.  R-CH,OH 2L R-CHO

2. By dehydrogenation of alcohols: Alcohols when heated with Cu catalyst at 573K, Primary alcohols

give aldehvdes, secondary alcohols give ketones. R-CH,OH 25 E SR.CHO
Preparation of Aldehvdes from acyl chloride:

Rosenmund’s Reduction: Acid chlorides react with hydrogen in presence of Pd supported on BaSOy,
we cet aldehydes. R-COCI+H; MBS < p cHO+ HCI

Preparation of Aromatic aldehydes:

1. By oxidation of methylbenzene: Methyl benzenes when oxidised using mild oxidising agents like

chromyl chlorde (Cr-Clz) or chromic oxide (CrO;) in acetic anhydnde, we get benzaldehyde,

Etard reaction: Chromy! chloride oxidises methyvl group to a chromium complex, which on hydrolysis

gives corresponding benzaldehyvde.

2. By Gatterman — Koch reaction: When benzene is treated with carbon monoxide and hyvdrogen

chloride in the presence of anhvdrous aluminium chloride or cuprous chioride, we get benzaldehyde.
Preparation of Ketones:

Friedel-Crafts acylation reaction: When benzene or substituted benzene is treated with acid chloride

(R-COCI) in the presence of anhyvdrous aluminium chloride, we get a ketone,

Chemical reactions. Reduction reactions:
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2. Electrophilic substitution reactions: The —COOH group 15 a deactivating group and meta-

directing. 50 on electrophilic substitution reactions, we get metaderivatives.

o Nitration: Benzoic acids in presence ol conc. Nitric acid/Cone, Sulphuric acid gives m-
Nitrobenzoic acids acid.

o Bromination: Benzoic acids in presence of Bro/FeBrs gives m-Bromobenzoic acid.

»  Carboxylic acids do not undergo Friedel-Crafis reactions because ithe carboxvl group is
deactivating and the catalvst aluminium chloride (Lewis acid) gets bonded to the carboxyl group to

form salts.

Model questions:

1} Explain the following reactions: a) Rosenmund reduction b) Gatterman — Koch ¢) Clemmensen
reduction d) Aldol condensation. (Hint: a) Acid chlorides with Hs b) benzene treat with CO, ¢)
aldehydes and ketones with Zn/Hg and HCI, d) aldehydes and ketones having a-hydrogen atom with
dilute alkali)

2) Explain the acidity of carboxylic acids. (Hint: carboxylic acids are acidic)

3) What is Friedel-Crafts acylation reaction? (Hint: henzene with acid chloride/anhydrous aluminium

chioride)

4) What are the products on the oxidation of primary alcohols and secondary alcohols? (Hint: Primary

gives aldehvdes, secondary gives ketones)

5) How carboxylic acids obtained from aldehydes? (Hint: Aldehvdes on oxidation)

13. AMINES

Preparation of Amines:

1. Reduction of nitro compounds: Nitro compounds when reduced by passing hydrogen gas in the
presence of finely divided nickel. palladium or platinum or by reduction with metals in acidic medium,

we get amines.
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2. Reduction of Nitriles: Nitriles on reduction with lithium aluminium hydride (LiATH,) or catalyiic

hydrogenation produce primary amines.

R_{:H LialH4 ¢ l:l]' HE({L R—(: HE_—N Hz

3. Reduction of amides: The amides on reduction with lithium aluminium hydride give amines.

R-'E-{-J-HHE 1) LiAIH4 7 ) H2O 4 R.-'CH;E-NHj

4. Hoffmann bromamide degradation reaction: In this method, an amide 15 treated with Bromine and

cthanolic solution of NaOH to give an amine.
CH;-CO-NH; + Bra + 4 NaOH — CH;3-NH; + NaxCO; + 2 NaBr + 2 H;0
Chemical Reactions:

. Carbylamine reaction (isocvanide test): Aliphatic and aromatic primary amines on heating with
chloroform and alcoholic potassium hydroxide form foul smelling isocyanides or carbylamines. This
reaction 1s known as carbylamines reaction or isocvanide test and is used as a test for primary

amines. Secondary and tertiary amines do not give this reaction.
CH;-NH; + CHCL; + 3 KOH — CHs-NC + 3 KC1 + 3 H.0O

2. Reaction with benzene sulphonyl chloride |Hinsberg’s Test]: This test is used for the distinction
of primary, secondary and tertiary amines and also for the separation of a mixture of amines.

Benzencsulphonyl chloride (CsHs50-Cl) is known as Hinsberg’s reagent.

a) Primary amines react with benzenesulphonyl chloride to form N-alkyl benzenesulphonamide, which

is soluble in alkail.

b) Secondary amines react with benzene sulphonyl chloride to give N . N-dialkylbenzene sulphonamide,

which is insoluble in alkali.

¢) Tertiary amines do not react with benzenesulphonyl chloride. Nowadays, Benzenesulphonyl chloride

15 replaced by p-toluenesulphonyl chloride.

3. Electrophilic substitution Reactions: Bromination: Aniline reacts with bromine water at room

temperature to give a white precipitate of 2,4.6- tribromoaniline.
AROMATIC DIAZONIUM SALTS
Chemical reactions:

1. When a diazonium salt is treated with hydrogen halide in presence of cuprous halide, we get
halobenzene. This reaction 15 called Sandmeyer’s reaction, For the preparation of cyanobenzene,

benzenediazonium salt is treated with KCN in presence of cuprous cyanide.
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Glucose
« Preparation of glucose
o By boiling sucrose with dilute TICI or I1:504 1n alcoholic solution

C,.H,,0, +H,0—»C.H,,0, +CH,O,

Sucrose Glucose Fructose

o By boiling starch with dilute H;S0; at 393 K, under pressure

{ ('.-r.I. I:”{-}.‘ ]Il + (F I !:{]' T -.'-1_1-“-:11;-__-* " {.-- r.i il:{.)fl

Starch or cellulose Glucose
Disaccharides
Glyveosidic linkage — Linkage between two monosaccharide units through oxyeen atom
* Sucrose
o Hydrolysis of sucrose:

C.H,.0,; + H.O —— CH.0, + C.H,,0,

SUCrose D —=({+)—glucose D ={-)-lructose

& The product formed on the hydrolysis of sucrose 1s called invert sugar as the sign of

rotation changes from dextro (+) of sucrose to lacvo (—) of the product.
o MNon-reducing sugar
Polysaccharides
They mainly act as food storage or structural matenals.
« Starch
o Main storage-polysacchande of plants
o Polvmer of a-glucose; consists of two components — amylose and amylopectin
+« Cellulose
o Predominant constituent of the cell wall of plant cells.
o Straight-chain polysaccharide, polymer of f-D-Glucose
+ Glycogen
o Storage-polysaccharide in animal body

o Also known as animal starch because its structure is similar to amyvlopectin.
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Proteins
Proteins arc polvmers of o — amino acids joined through peptide linkage (-CONH- bond)

Denaturation of Proteins: When a protein in its native form, is subjected to physical change like
change in temperature or chemical change like change in pH, the hydrogen bonds are disturbed. Duc to

this, protein loses 1ts biological activity. Thas 1s called denaturation of protein.
«  During denaturation 29 and 3° structurcs are destroyed but 1” structure remains intact
Example — Coagulation of egg white on boiling, curdling of milk
Nucleic Acids
« Two types:
= Deoxyribonucleic acid (DNA)
= Ribonucleic acid (RNA)
« Chemical composition of nucleic acids:

o Nucleic acid contains a pentose sugar, phosphoric acid and a base (heterocycelic

compound containing nitrogen).
o In DNA, sugar is f-D-2-deoxyribose; in RNA, sugar is f-D-ribose
= Bases in DNA: Adenine (A), guanine ((3), cytosine (C) and thymine (T)
= 1ases in RNA: Adenine (A), guanine (G), cytosine (C) and uracil (U}

The pentose sugar combines with the base to form nucleoside, which combines with the

phosphoric acid group to form nucleotide. The nucleotide units combine to form nucleic acid.

Nucleotides are joined together by phosphodiester linkage

Model questions:

1. Which of the following is a polysaccharide?
i) Maltose i1) sucrose iii) fructose iv) cellulose
2. Write a method to prepare Glucose from Starch. Write the chemical equation of the reaction.

3. Write one example each of monosaccharide and oligosaccharide.

4. Write any two methods of preparation of glucose
Whal 1s invert sugar 7

6. What is the basic structural difference between Starch and Cellulose?
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7. What are polysaccharides? Give two examples of polysaccharides?

8. What is a peptide linkage?

9. What is denaturation ol proteins?

10, Write any three differences of RNA and DNA

11. Differentiate between nucleoside and nucleotide

12. Write the names of linkages and monomeric units in the following class of biomolecules.

1) Starch i1} Protein 111) Nucleie acid

15. POLYMERS

Classification of Polyvmers:
1) Classification Based on Source:

1)  Natural polymers: These polymers are found in nature. Examples are proteins, cellulose, starch,
natural fibres and natural rubber.

i} Semi-synthetic polymers: Cellulose derivatives such as cellulose acetate (rayvon) and cellulose
nitrate arc cxamples.

m} Synthetic polymers: These are man-made polymers. E.g. plastics hike polythene, poly styrene,

PV etc. Synthetic fibres like nylon 6.6 and synthetic rubbers like Buna — 5.
1) Classification Based on Structure of Polymers:

i) Linear polymers: They contain long and straight chains of polymers. E.g. high density polythene,
polyvinyl chlonde, etc
i1) Branched chain polymers: These polymers contain linear chains having some branches. E.g. low

density polythene (LDPE).

i11) Cross linked or Network polymers: These are usually formed from bi-functional and tri-functional
monomers and contain strong covalent bonds between various linear polymer chains. E.g. bakelite,

melamine, etc.
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111y Classification Based on Mode of Polymerisation:

i) Addition polyvmers: Polvmers formed by addition polymerisation reaction. Here the monomer
molecules should possess double or triple bonds. Addition polymers are now known as chain growth

polymers. E.g. polythene, polvpropene, polystyrene, polyvinyl chloride etc.

11) Condensation polvmers: These are polymers formed by condensation polvmmerisation reaction,
where elimination of small molecules such as water, alcohol, hydrogen chioride, etc rake place. Here
the monomers should be bifunctional or polyfunctional. Condensation polymers are now known as step

growth polymers. E.g. Nylon- 6.6, Nylon- 6, terylene, glyptal eic.
I'V) Classification based on the type of monomers:

i) Homopolymers: These are polymers containing only one tvpe of monomer unit. E.g.: polythene,

polystyrene. polypropene etc.

1) Copolymers: These are polymers containing different types of monomer units. E.g.: Polyesters like

glyptal, terylene etc. poly amides like Nylon-6, Nylon-6.6 etc.

V) Classification based on the Molecular Forces: 1) Elastomers: These are rubber like solids with
elastic properiies. Here the polymer chains held together by the weakest intermolecular forces (van der

Waal’s force). E.g. buna-S, buna-N, neoprene, eic.

i) Fibres: {ibres are the thread forming solids which possess high tensile strength and high modulus.
Here the polymer chains are held together by strong intermolecular force they have close packed

structure and are crystalline 1n nature,

i1} Thermoplastic polyvmers: These are the linear or slightly branched long chain molecules

repeatedly softening on heating and hardening on cooling. Eg. polythene, polystyrene, polyvinyls, etc.

1v) Thermosetting polymers: These polymers are cross linked they undergo extensive cross link

chemical change on heating. Eg. Terylene,
Addition Polymerisation or Chain Growth Polymerisation:

1.Teflon: It is manufactured by heating tetrafluoroethene with a free radical or persulphate catalyst at

high pressures. It 15 chemically inert and resistant to attack by corrosive reagents.
2. Polythene: Polymerisation of ethene.

a) Low density polythene (LDPE). Addition polymerisation of of ethane under high pressure,

temperature and catalyst.

b) High density polythene (HDPE). Addition polymerisation of ethene in presence of

tertracthylaluminium and titaniumtetrachloride.
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Condensation Polvmerisation or Step Growth polvmerization:

1. Polyamides: a) Nylon 6.6 is preparcd by the condensation polymerisation of hexameihylenediamine
with adipic acid under high pressure and al high temperature. It 1s used in making sheets, bristles for

brushes and in textile industry.

b) Nylon 6 15 obtained by Aeating caprolactum with water at a high temperature. It 15 used for the

manufacture of tyre cords, fabrics and ropes.

RUBBER: Natural rubber: It 1s a linear polymer of isoprene (2-methyl-1, 3-butadiene) and 15 also

called as cis-1, 4 — polyvisoprene.

Vulcanisation of rubber: To improve the physical properties of natural rubber, it is heated with
sulphur and an appropriate additive at a temperature of 373 to 415 K. This process is called
vulcanisation. On vulcanisation, sulphur forms cross links between the different poly isoprene units and

thus the rubber gets stiffened.
Biodegradable Polymers: Polymers which undergo degradation by microorganisms.

1. Poly p-hvdroxybutyrate — co-f-hydroxy wvalerate (PHBY): It is obtained by the
copolymerisation of 3- hvdroxybutanoic acid (B-hydroxy butyric acid) and 3 - hydroxypentanoic acid
(B-hydroxy valeric acid). Used in packaging orthopaedic devices.

2. MNylon 2-n¥lon 6: A biodegradable polyamide of gycine and amimocaproic acid.

Model Questions:

1) Classify the polymers based on addition and condensation polymerization, Terylene, PV, bakelite,
polvthene, (Hint: Addition — PVC, polvthene. Condensation - Terviene, bakelite)

2} What is vulcanization? (Hint: Heating with sulphur)

3) What arc biodegradable polymers? (Hint: Degradaiion by microorganisms)

4) Give the name of monomers of 1) Nylon 6,6 11) Dacron

5) What 15 the difference between addition polymerization and condensation polymerization?(Hint:
Addition polvmerization- monomer molecules should possess double or iriple bonds. Condensation

polvimerization - monomers should be bifunctional or polyfunctional)
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16. CHEMISTRY IN EVERYDAY LIFE

Antacid: The chemicals used to reduce the acidity in stomach are called antacids.

Lg. NaHCO, , metal hydroxides, ranitidine etc.

Neurologically Active Drugs:

Tranquilizers and analgesics are neurologically active drugs.

Tranquilizers are a class of

diseases by inducing a sense of well-being. They are essential component of sleeping pills

Eg. Ipromazid, phenelzine (nardil), chlordiazepoxide, meprobamate, Equanil, derivatives of barbituric

acid like veronal, amytal, nembutal, luminal and seconal.
Iproniazid, phenelzineare used as anti-depressant drugs.

Analgesics : They reduce pain &They are classified into TWO:

chemical compounds used for the treatment of stress and several mental

(i) Non-Narcotic Analgesics

(ii) Narcotic Analgesics

They give immediate relief from pain and fever and
prevent platelet coagulation

They help to relieve the feeling of pain. These
arc sleep inducing analgesics

They remove the cause of pain.

They do not remove the cause of pain.

Eg. aspirin, paracctamol, novalgin ctc

E.g. morphine, heroin, codeine cte.

Anti microbials: Eg. Antiseptics and disinfectants

Antiseptics

Disinfectants

Chemicals which either kill or prevent the growth
of harmful microorganisms

These are chemicals  which  kill  the
microorganisms and are harmful to the living
tissues

It can be applied to the living tissues such as
wounds, cuts, ulcers and diseased skin surfaces

It can be applied to floors, drainage system,
Instruments,

Eg. 0.2% phenol, tincture of 1odine, dettol etc.

Eg. 1% phenol , Clz , SO; etc.

Note: Some substance can act both as an antiseptic and disinfectant at different concentrations. For

example 0.2% solution of phenol is an antiseptic, while its one percent solution is disinfectant.

Model gquestions:

() 1. Grive an example for a Non-narcotic analgesic.( Hint: refer above notes for the answer)
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/_ () 2. Differentiate between antiseptics and antibiotics. ( Hint: refer above notes for the answer)
Q 3. Tranquilizers and analgesics are neurologically active drugs.
a) What arc tranguilizers? Give one cxample. ( Hint: refer above notes for the answer)
b) What are analgesics? Give one example. ( Hint: refer above notes for the answer)
Q 4. Antiseptics, disinfectants and antibiotics are antimicrobial drugs,
a) Write one similanty between antiseptics and disinfectants?
b) Write onc difference between antiseptics and disinfectants?

(Hint: a- Both are chemicals which either kill or prevent the growth of microorganisms ).
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