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Board classes was discussed at length and finally decided to provide it to students. Various Regional
Offices were asked to prepare the study mateimadlifferent subjects while the task of its correction and
moderation was assigned to various ZIETs of KVS.

KVS, ZIET, Chandigarh received study material in the subjects of Physics, Chemistry, and Biology
&Maths for Xll, Maths and Science &Tech. fatass, from various Regional Offices. The study material
was got reviewed and suitably modified by organising workshops of experienced and competent subject
teachers with the capperation and guidance of AC,KVS,RO,CHD. Corrected study material was sent to
all regional offices for providing it to students and also uploaded on the Website

Subject teachers, both at the preparation and moderation levels have done a remajiialilg
preparing a comprehensive study material of multiple utility .It has been carefully designed and
prepared so as to promote better learning and encourage creativity in students through their increased
self efforts for solving assignments of diffeteatifficulty level. But theteachersand the students must
bear in mind that the purpose of the study material is in no way to replace thebexik, but to make it
a complete set by supplementing it with this study material so that it may provideisiéguand
adequate material for use in different ways.

The study material can be effectively used in the following ways:

x  Practice materiato supplement questions given in the textbook.

x  Material for Study CampsThe purpose of catucting study camps is to inculcate study habits
amongst students under active supervision of the teach@isese camps can beorganised within the
normal school hours and days. Day wise target will be ascertained and given to the students and
reviewed by he concerned subject teacher. If the target is not achieved by any student, it will be added
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x  Master Cards:The teachers can help students prepare master cards by taking the important
guestions/topics/points/concepts /reactions/terms etc from this study material for the quick revision for

the examination.

x  Crash Revision CoursesThe material can also be used for preparing handouts for
conducting Crash Revision Courses under the supervised guidance of the teachers just before or in the

gaps between papers during examination.

Effectiveness of the study material will ultimately dedarpon its regular and judicious use for
the above listed purposes both by teachers and students. While attempting the source material, it
would be quite useful to mark every time a question done successfully with a tick' Quar{d a
jdzSatAz2y y2i R2yS adzO0SaafdzZfte gA0GK I R24 0w 0 L
analysis and for effective subsequent revisions/remedial work etc. | am sure that this well prepared
study material if used sincerely and juidigsly will surely bring cheers to all sections of students.

I, also, take this opportunity to extend my most sincere gratitude to our
| 2y Qo f S I Commissioner KVS (HQ), New Delhi, and other higher authorities of KVS for providing
this opportunity for making some useful contribution to the study material.

| also extend my thanks to all the Assistant Commissioners of various Regions for their in
valuable contribution in preparation of the Study Material in various subjects.

Above all, sincere and dedicated efforts of the subject teachers in preparation of this study
YIEGSNALFE RSASNIBS FdzZAt | LIIINBOAFGA2Yyd ¢S OKSNRa& 203
AYLINRGSYSyld 2F GKS addzRe Y {5 MNNbehighy bppreciited. G 2 W dal

With best wishes to all users of this STUDY MATERIAL.

(HAR GOPAL)

Director

KVS ZIET Chd
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How to use this study material

o This study material is a supplement material to the NCERT
textbook. It is neither a guide nor a refresher.

. The teachers can prepare the master card by taking the
Important topics/points/concepts /reactions/terms etc from this
study material for the quick revision for the exam.

. The material can also be used during the study camp by
taking the important questions from the study material as
mentioned in the level 1, 2& 3 assignments depending on
the level of the student.

e The material can also be used during the crash course by
doing the revision of those topics by the teachers depending
upon the topics given in starting or at the end of the chapter.

. Systematic revision of the different topics according to their
level of difficulty & important.
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General Characteristics of Solid State

Solids have definite mass, volume and shape.

Intermolecular forces are strong.

The constituent particles (atoms, molecules or ions) have fixed
positions and can only oscillate about their mean positions.

They are incompressible and rigid.

Solids are classified as crystalline and amorphous on the basis of order of arrangement of

constit

uent particles.

Crystalline solid

Amorphous solid

1.Solids which have regular orderly
arrangements of constituent particles (Long
range order)

2. They have sharp melting point.
3. They give regular structure on cleavage.

4. They are anisotropic, i.e. ; they have
different optical and electrical prope rties in

different directions due to different
arrangements of particles in different
directions.

5. They have high and fixed heat of fusion.
6. Diamond, Graphite, NaCl,

Metal (Fe, Cu, Ag etc) ice.

1.Solids  which  have irregular
arrangement of constituent particles
Short range order

2. They melt
temperature.

over a range of

3. They give irregular structure on
cleavage.

4. They are isotropic, i.e ; the value of
physical properties is same in all
directions due to irregular
arrangement in all directions.

5. They do not have fixed heat of
fusion.

6.Glass,rubber,plastics, Quartz glass

Crystal lattice: A regular arrangement of atoms, molecules or ions in the three dimensional

space.

Unit Cell: The smallest repeating portion of a crystal lattice which, when repeated in different
direction generates the entire lattice.

Lattice sites (points): The positions which are occupied by the constituent particles in the

crystal

lattice.
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Crystalline solids are classified on the basis of nature of intermolecular forces (bonding)

into
Sl Nature of Constituent
; . Nature of Bond Example
No Type of solid Particles P
Molecular solids
Non polar molecules Molecules Dispersion force Ar. CCla H,
1 l2, CO2
Dipole ddipole
Polar molecules Molecules p . P HCI, SO,
interaction
Hydrogen bonded Molecules Hydrogen bonding H-0 (Ice)
Electrostatic (lonic NaCl, ZnS,
2 lonic Solids lons . (
bonding) MgO
: . Positive lons in a sea of : : Fe ,Cu, Ag,
3 Metallic Solids . Metallic Bonding g
delocalised electrons Mg
C(diamond)a
Covalent or i .
4 emork Solids Atoms Covalent bonding Clgraphie), SIC,
SiOz(quartz)

Types of Unit cells

Primitive Unit Cell:

The unit cell which contains constituent particles at its corner positions .

Centred unit cells :

The unit cells which contains constituent particles at other positions in addition to the corner
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positions.
Centred Unit cells are of three types:

Body centered unit cells: it contains constituent particles at its body centre in addition to the
corner positions.

Face centered unit cell: it contains constituent particles in all the corner positions and also at the
centre of each face.

End centered unit cell: it contains constituent particles at the centre of any two opposite faces
(end faces) in addition to the corner positions.

Cubic unit cells o o
@)
° o 6] o)
o o) © o
S
@) o) © Q ?
o Q @ Q o : O °
Q o :
o o '

Simple cubic Body-centred cubic

Face-centred cubic

The seven crystal systems are:

o cubic

o tetragonal

. orthorhombic,
. hexagonal,

. trigonal,

. monoclinic,

o triclinic

Bravais Lattices: there are 14types of crystal lattices (space lattices) corresponding to seven
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crystals systems

Types of cubic unit cells and no of atoms per unit cell

TYPE OF No. OF ATOMS
UNIT CELL CALCULATION OF No. ATOMS PER UNIT CELL

8 (corner atoms)x 1/8(atom per unit cell)
Primitive 1

Body centred 8 (corner atoms)x 1/8 (atom per unitcell) + 1 2

8 (corner atoms) x 1/8 (atom per unit cell) + 6 (face centred
Face centred _ 4
atoms) x 1/2 (atom per unit cell)

Close packed structures: various types of close packing of 3 constituent particles.
Close packing in three dimensions
Simple Cubic Lattice or Structure:

A AAAé. type arrangement generates simple cubic |
A Its unit cell is primitive cubic unit cell.
A Packing efficiency = 52.4%

Hexagonal Close Packing Structure (HCP):

A ABABé. Type arrangement

A Example: Mg, Zn.

A Packing efficiency = 74% o Coordination number = 12

A It has N no of octahedral voids and 2N no. of tetrahedral voids if it has N no. of spheres.
Cubic Close Packing Structure (CCP):

A ABCABCé. Type arrangement
A CCP structure is also called FCC structure.
Example: Ag, Cu.

A Packing efficiency = 74%
A Coordination number = 12.

A If there is N no. of close packed spheres then it has 2Nno. of tetrahedral voids and N no.
of octahedral voids.

Voids (Interstitial Voids or Sites or Hole):  Free space or vacant between close packed
constituent particles.

Types of voids:

u Tetrahedral void
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u Octahedral void
Coordination number: the no of nearest neighbors of a particle orthe no of spheres which are

touching a given sphere.

Packing efficiency: the percentage of total space filled by the particles in a crystal.3
Example: Packing efficiency of BCC structure = 68%.
Density of the crystal:

Density = mass of unit cell

Volume of unit cell

a®x N

Z = no of atoms per unit cell
M = molar mass (g mol -1)
a = edge length of the unit cell.
Na = Avogadro no. 6.022x 13 atoms per mole.
5. 1 pm =10%0cm
Relationship between edge length of unit cell (a) and radius of sphere(r):

PwbdPE

RELATIONSHIP between a . -
UNIT CELL Packing efficiency
andr
Simple cubic lattice a=2r 52.4%
a=4r
bcce structure 68%
as
a=4r
fce structure 74%
az

Imperfection in solids (or) crystal defects: The irregularities or deviations in the perfectly
ordered arrangements of constituent particles in a crystal.
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Types of defects (Imperfections)

1. Point defects: Irregularities from ideal arrangement around a point (or an atom) in a
crystalline substance.

2. Line defects: Irregularities from ideal arrangement in entire rows of lattice points
Types of point defects:

Stoichiometric defects are point defects that do not disturb or change the Stoichiometry
(Stoichiometric composition or formu la) of the crystalline substance. They are also called
intrinsic or thermodynamic defects.

Non Stoichiometric defects are point defects that disturb the Stoichiometry of the crystalline
substance.

Impurity defects 8 Eg- Solid solution of NaCl contain ing SrCl, impurity.  Solid solution of
AgCl and CdCl 2impurity.

This defect creates cation vacancies
Type of Stoichiometric defects:
Vacancy defects:- i) some of the lattice sites of the crystal are vacant.
i) This defect decreases the density of the crystal.
i) This defect can be developed by heating the substance.
Interstitial defects: - i) some constituent particles occupy the interstitial sites of the crystal.
i) This defect increases the density of the crystal.
lonic solids show Stoichiometric defects as Frenkel and Schottky defects

Frenkel Defect: -3

The ion (smaller ion, usually cation) is dislocated (moved) from its normal lattice site to an
interstitial site. So it is also called dislocation defect

It creates vacancy defect at its normal lattice site and interstitial defect at its new location
Condition: The difference between the size of the ions (cation and anion) should be larger.
Examples: ZnS ,AgCl, AgBr, and Agl due to small size of Zn2+and Ag+ ions
Consequence: It does not change the density of the crystal.

e Schottky Defect: -
e Some ions equal number of cations and anions) are missing in their lattice sites.
e |tis basically a vacancy defect in ionic solids
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e Condition: The size of the cation and anion should be almost similar.
e Examples: NaCl, KCI, CsCl and AgBr.
e Consequence: It lowers the density of crystal decreases due to mass of the crystal decreases
due to missing of ions in the crystal.
Types of non - stoichiometric efects:

Metal excess defect:

e Due to anionic vacancies
e Due to presence of extra cations interstitial sites, Eg. ZnO

Metal deficiency defect

Due to cation vacancies. Eg. In FeO crystal, some Fe cations are missing and extra negative
charge is balanced by acquiring extra positive charge by adjacent Fé+ion to become Fe3 ion.

F- Centers:
The anionic vacancies occupied by unpaired electrons.

F-centers impart colour to the crystals (Eg. NaCl toYellow, KCI to violet) due to excitation of
these electrons by absorbing energy from the visible light falli ng on the crystals.

Doping: the process of increasing the conductivity of intrinsic semiconductors by adding an
appropriate amount of suitable impurity.

n-type semiconductors: Silicon or Germanium (group 0 14) doped with electron rich impurity
(group-15element like P or As) is called n-type semiconductors. Here conductivity is due to the
extra electron or delocalized electron.

p-type semiconductors: Silicon or Gemanium (group & 14) doped with electron deficient
impurity (group -13 element like B or Al or Ga) is called p-type semiconductors. Here
conductivity is due to positively charged electron holes.

13-15 group compounds Eg: 3 InSb,AlP,GaAs,
12-16 group compounds Eg: ZnS,CdS,CdSe,HgTe.
Magnetic properties:

o Paramagnetic substancesare weakly attracted by a magnetic field. Example O,,Cu2+ Fe3+ Cr3+
due to presence ofunpaired electron . They lose their magnetic in the absence of magnetic field.

o Diamagnetic substances are weakly repelled by a magnetic field. Example H-O, NaCl, C¢Hs
due to the absence of unpaired electron

Pagel4/ 249



o Ferromagnetic substances are very strongly attracted by a magnetic field and can be
permanently magnetized . Example: iron, Cobalt, Nickel and CrO». The alignments of magnetic
moments of the domains are in the direction the magnetic field.

111

o Anti ferromagnetic substances: The magnetic moments and domains are oppositely oriented
and cancel out each otlkepledMn@ magneti ¢ moment

I

Ferrimagnetic substances: The magnetic moments of the domains are aligned in parallel and
anti parallel directions in unequal numbers. So they are weekly attracted by magnetic field.

Example Fe;O4 and ZnFe204

SOLVED QUESTIONS

1MARK QUESTIONS

1.How does amorphous silica differ from quartz?

In amorphous silica,SiO, tetrahedra are randomly joined to each other whereas in quartz they
are linked in a regular manner.

2. Which point defect lowers the density of a crystal?
Schottky defect.

3. Why glass is called super cooled liquids?
It has tendency to flow like liquid.

4. Some of the very old glass objects appear slightly milky instead of being transparent -
why?

Pagel5/ 249



Due to crystallization .
5. What is anisotropy?

Physical properties show different values when measured along different directions in
crystalline solids.

6.What is the coordination number of atoms
a) in fcc structure b) in bcc structure

a) 12 b) 8

7.How many lattice points are there in one unit cell of
a) fcc b) bcc  c¢) simple cubic

a) 14 b) 9 c)8

8. What are the co-ordination numbers of octahedral voids and tetrahedral voids?
6 and 4 respectively
9. Why common salt is sometimes yellow instead of being pure white?

Due to the presence of electrons in ®me lattice sites in place of anions these sites act as-F
centres. These electrons when excited impart colour to the crystal.

10. A compound is formed by two elements X and Y. The element Y forms ccp and atoms of
X occupy octahedral voids.What is formul a of the compound?

No. of Y atoms be N No. of octahedral voids = N
No. of X atoms =N Formula XY

2 MARKS QUESTIONS

1. Explain how electrical neutrality is maintained in compounds showing Frenkel and
Schottky defect.

In compound showing Frenkel defect, ions just get displaced within the lattice. While in
compounds showing Schottky defect, equal number of anions and cations are removed from the
lattice. Thus, electrical neutrality is maintained in both cases.
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2. Calculate the number of atoms in a cubic unit cell having one atom on each corner and
two atoms on each body diagonal.

8 corner atoms x 1/8 atom per unit cell = 1 atom
There are four body diagonals in a cubic unit cell and each has two body centre atoms.

S04x2=8 atomstherefore total number of atoms per unit cell = 1+8=9 atoms

3. Gold crystallizes in a fcc unit cell.what is the length of a side of the cell.(r= 0.144 nm)

r=0.144 nm
a= 2]az2r
=2x1.414x0.144nm
=0.407 nm
4. Classify each of the following as either a p -type or n-type semi-conductor;
(a) Ge doped with In.
(b) B doped with Si

Ans: (a) Ge is group 14 elements and In is group 13 element. Therefore, an electron  deficit
hole is created. Thus semiconductor is p-type.

(b) Since B is group 13 element and Si is group 14 element, there will be a free electron, Thus it
is n-type semi-conductor

5. In terms of band theory what is the difference between a conductor, an insulator and a
semi-conductor?

The energy gap between the valence band and conduction band in an insulator is very large
while in a conductor, the energy gap is very small or there is overlapping between valence band
and conduction band.

6. CaCLwill introduce Schottky defect if added to AgCl crystal. Explain

Two Ag+ ions will be replaced by one Caz2+ions to maintain electrical neutrality. Thus a hole is
created at the lattice site for every Ca&+ion introduced -

7. The electrical conductivity of a metal decreases with rise in temperature while that of a
semi-conductor increases.Explain.
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In metals with increase of temperature, the kernels start vibrating and thus offer resistance to
the flow of electrons.Hence conductivity decreases. In case of seritonductors, with increase
of temperature, more electrons can shift from valence band to conduction band. Hence
conductivity increases.

8. What type of substances would make better permanent magnets, ferromagnetic or
ferromagnetic, Why?

Ferromagnetic substances make better permanent magnets. This is because the metal ions of a
ferromagnetic substance are grouped into small regions called domains. Each domain acts as
tiny magnet and get oriented in the direction of magnetic field i n which it is placed. This
persists even in the absence of magnetic field.

9.in a crystalline solid, the atoms A and B are arranged as follows:
a. atoms A are arranged in ccp array

b. atoms B occupy all the octahedral voids and half of the tetrahedral voids. What is the
formula of the compound?

Ans: let no. of atoms of A be N
No. of octahedral voids = N
No. of tetrahedral voids = 2N
i)There will be one atom of B in the octahedral void
ii)There will be one atom of B in tetrahedral void (1/2 X 2N)
Therefore, total 2 atoms of B for each atom of A
Therefore formula of the compound = AB »

10. in a compound atoms of element Y forms ccp lattice and those of element X occupy 2/3rd
of tetrahedral voids. What is the formula of the compound?

No. of Y atoms per unit cell in ccp lattice = 4
No. of tetrahedral voids = 2x 4 = 8
No. of tetrahedral voids occupied by X = 2/3 x 8= 16/3
Therefore formula of t he compound = Xi63Y4
= X16Y12
= X4Y3

3 MARKS QUESTIONS
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1. The density of chromium is 7.2 g cm -3.ilf the unit cell is a cu bic with length of
289pm,determine the type of unit cell (Atomic mass of Cr = 52 u and N »=6.022x103 atoms
mol-1)

Ans)

d=2ZxM

a3xNa

Z =7, a= 289 pm=289 x 18°cm, M=52 g mol-}, d =7.2 g cm3

Z = dxa3xN=7.2(g cm3) x[]289%x1010 cm]3x6.022x103(atom mol-1)

M 52 g molt
Z~2

Since the unit cell has 2 atoms, it is body centered cubic ( BCC)

2. An element a crystallizes in FCC structure, 200 g of this element has 4.12x134atoms. If the
density of A is 7.2g cm -3, calculate the edge length of the unit cell

Ans) density =d = ZxM
a3x Na

a= ZxM

dxNa
Z= 4 atoms (since fcc)
d=7.2gcms3
NA=6.022x10@3atoms mol-1
Mass of 4.12x164 atoms=200 g
Mass of 6.022x1@3 atoms = M (molar mass)

M= 200 g x 6.022x1® atoms mol-1

4.12x1034atoms
M= 29.23 g moH!

Therefore a8 = 4(atoms) x 29.23 (g mol)

7.2 (g cm?) x 6.022x163 atoms mol-1
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=2.697x1023 cm3

Edge length = a = (2.697 x 183)13 cm = 2.999x1® cm

= 2.999x10 x10t° pm
=299.9 pm

3. Niobium crystallizes in bcc structure. If its density is 8.55 g cm -3, calculate atomic radius of
Niobium.[At. mass of Niobium=92.9 u, N a=6.022x1@3 atoms mol -]

Ans) density =d = ZxM
a3x Na

a= ZxM

dxNa
Z=2 atoms (sincebcc)
M=92.9 atoms mol!

as= 2(atoms)x 92.9 (g mol?)

8.55(g cm?3)x6.0222x163(atoms mol-1)
= 3.609x1@cm3
Edge length = a = (3.609 x 1@3)3cm

= 3.304%x16 cm=3.304%x1Ccm = 330.4 pm

In bce unit cell,
=4 (or) Ba = a
a3 4

Radius of ni 3k3BA4mmM=alt443xile pm 4143 pm
4

4.If radius of octahedral void is r and radius of atom in close packing is R, derive the
relationship between r and R.

Ans)

Page20/ 249 =




A B
An octahedr al void with radius is shown in the ab
then AB=BC=a
From rt. 2ABC,

AC= A&%BEB =2+@)a= 42 a

Andalso AC=d &= 82 = (1)
AB a 1
Here AB=2R,AC=R+2r+R=2R+2r
SO,AC=2R+2r=1+r. = - 2
AB 2R R

By equating equation (1) and (2)

1+r=382

R 1
r =-130414R
r=0414R

5. Non stoichiometric cuprous oxide can be prepared in the laboratory.In this oxide, copper to
oxygen ratio is slightly less than 2:1. can you account for the fact the fact that the substance is
a p-type semiconductor ?

Since copper to oxygen ratio is slightly less than 2:1, it indicates that some of the Cu ions are
missing from their sites leaving behind holes . The electrical neutrality is maintained by some of
the copper ions acquiring a 2+ charge. Due to the presence of holes norstoichiometric cuprous

Page21/ 249



oxide behaves as a ptype conductor.

8. The unit cell of an element of atomic mass 50u has edge length 290p m. Calculate its
density if the element has bcc structure (N = 6.02x 133 atoms mol 1)

density =d = ZxM
a3x Na
Z=2(since bcc), M=50 g mol-!

a = 290pm =290x 101 cm

d = 2(atoms) x 50(g mol?1)

(290x10cm)3x6.02x1023 (atoms mol-1)
=6.81gcms

9.Calculate the density of silver which crystallizes in face centred cubic form. The distance
between nearest metal atoms is 287pm.(molar mass of Ag=107.87gmol-1, No=6.022 x 1@3)

Ans:

a3x Na
distance between nearest neighbor, 2r = 287pm
therefore a= a2x2r
=405.87pm
Z=4
M=107.87gmol!
No=6.022 x 163

d=4x107.87gmol?

(405.87x16cm)3x6.022 x 1@3mol -1
=10.72g cm3

10.What is the distance between Na+ and Cl- ions in NaCl crystal if its density is 2.165gcm -3,
NacCl crystallizes in fcc lattice.
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Ans: 1.calculation of edge length of unit cell

Density of unit cell= mass of unit cell

Volume of unit cell

Mass of unit cell = Zx formula mass of NaCl

No
= 4 x 58.5gmol!
6.022 x 1683mol-!
= 3.886 x 1629
Therefore volume of unit cell(a3) = 3.886 x 12g
2.165gcm3

=1.795 x 1@2cm3
Edge length a = (1.795 x 1@02cm3)1/3
= 564x101%cm
=564pm

2. calculation of distance between Na+ and Cl-1

a = 2x(a* + rerl)
=564pm
(rna* + rerl) =564
2

=282pm
NUMERICALS

1. Analysis shows that Nickel oxide has Ni ¢.9301.00What fractions of nickel exist as Ni 2*ions
and Ni 3+ ions?

Ans) let no. of Ni 2+ ions = x then no. of Ni3+ions will be 0.98-x. Total charge on the Compound
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is equal to zero because it is neutral

+2(x) + [+3(0.98x)] + (-2)1 =0

x = 0.94, so no. of N¢+ion = 0.94 and

No. of Ni3+ion = 0.98-0.94 = 0.04

% of Ni2+=0.94x100 = 95.99 %
0.98

% of Ni3* = 0.04x 100 = 4.01 %
0.98)

2. Find the type of lattice for cube having edge length of 400 pm, at omic wt. = 60 and
density = 6.25 g/cc.

(Ans)
Let the no. of atoms in a unit cell =z

Mass of one unit cell = At. mass x Z
Avogadro No.

=60xZ

Na
Volume of unit cell = (Edge length) 3=( 4% 108 cm)3
=64x1024cm3

Density=Mass
Volum e

Mass = Density x Volume
60 x Z = 6.25x 64x 164
6.022x1@3

Z=06.25x64x1684x6.02 x 163

60
Z=4,fcc

3. It is face centered cubic lattice A metal has cubic lattice. Edge length of lattice cell is
2A0, The density of metal is 2.4g cm &, How many units cell are present in 200g of metal
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Edge length,a = 2A° =2 x 138 cm
Volume of the cell = a3
= (2 x 108cm)3
= 8 x 1024cm3
Mass of unit cell = Volume x Density = 8 x 10-24cm3 x 2.4gcms3
No. of unit cell in 200g of metal = mass of metal
mass of unit cell
= 2009
8 x 1024cm3 x 2.4gcm3
=1 x 1®5 unit cells

4. A metal crystallizes as face centered cubic lattice with edge length of 450pm. Molar mass
of metal is 50g molél. The density of metal is

Ans. Density = ZxM

a3 x Na
For fcc Z=4, a=450pm=450x16%m

Density = 4 x50

(450x1019)3 x 6.023 x 1¢€p
= 3.418 g cm3

5. A compound forms hexagonal close packed structure .What is the total number of voids in
0.5mol of it? How many of these are tetrahedral voids?

1 mole of hexagonal packed structure contains 1 mole of octahedral voids and two moles of
tetrahedral voids,

0.5 moles of hexagonal packed structure contains 0.5 moles of octahedral voids and 1 mole of
tetrahedral voids,

No. of tetrahedral voids = 6.022 x 13
No. of octahedral voids = %2 x No. of tetrahedral voids

No. of octahedral voids = %2 x 6.022 x 1@3
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=3.011 x 1es
Total no. of voids = (6.022+3.011) x 1€
=90.033 x 1@

6. Copper crystall izes into fcc lattice with edge length 3.61 X 10 -8cm.Show that calculated
density is in agreement with measured value of 8.92 g/cc.

Ans. Density = ZxXM
a3x Na

4 x 63.5

(3.61p x 1024 6.022 x 1@°

254.0 x10

47 .046 x 6.022

8.92gcms

7. Niobium crystallizes in bcc structure with density 8.55g/cc, Calculate atomic radius us ing
atomic mass .i.e., 93u.

Z=2 for bcc element (Niobium)
d=8.55 g cm3

M=93 g mol-

r=7?

d=7ZxM

adx Na
as=7ZxM

d x Na

2x93 g moll

8.55 g cm3x 6.022 x 1@ mol-!
=3.612x 1B cm3
=36.12x 14cm3

a3=x3x10-24cm 3 (Hint: 3logx = l0g36.12)
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a=xx168cm

a = 3.305x168x101%m
a = 330.5pm

4r = &a3a

r=83 x =31330pn5=0.143nm

Assignment s

Level |
1. Define F centers.
2. What type of stoichiometric defect is shown by
e 7ZnS
e AgBr
3.What are the differences between frenkel and schottky defect?
4.define the following terms with suitable examples
Ferromagnetism
Paramagnetism
Ferrimagnetism
12 -16 and 137 15 group compound
5. In terms of band theory what is the difference
Between conductor and an insulator
Between a conductor and a semi conductor
6. How many lattice points are there in one unit cell of the following lattices
FCC
BCC
SCC

7. A cubic solid is made of two elements X and Y.Atom Y are at the corners of the cube and
X at the body centres. What is the formula of the compound?

Level I
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1. Silver forms ccp lattice and X - ray studies of its crystal show that the edge length of its
unit cell is 408.6 pm. Calculate the density of silver.(Atomic wt = 107.9 u)

2. A cubic solid is made up of two elements P and Q. Atoms of the Q are present at the
corners of the cube and atoms of P at the body centre. What is the formula of the
compound? What are the co 1 ordination number of P and Q.

3. What happens when :-
CsCl crystal is heated
Pressure is applied on NaCl crystal

4. Analysis shows that Ni oxide has formula Nig¢sO1 0. What fraction of Ni exists
as ni** and Ni** ions?

5. What made glass different from a solid such as quartz? Under what conditions could
quartz be converted into glass?

6. Classify each of the following solids as ionic, metallic, network(covalent) or amorphous.
PO Tetra phosphorus decaoxide
NH,4):PO,4, ammonium phosphate
Brass
SiC
LiBr
P4
Plastics

7. How will you distinguish between the following pair of compounds
Hexagonal closed packing and cubic closed packing.
Crystal lattice and unit cell

Tetrahedral void and octahedral void

Level llI
1. Aluminium crystallizes in cubic closed pack structure. Its metallic radius  is 125

pm
What is the length of the side of the unit cell?
How many unit cells are there in 100 cm?® of aluminium.
2.  Clssify the following as either p i type or ni type semiconductors.

Ge doped with In

Page28/ 249



B dopped with Si
3. Zinc oxide is white but it turns yellow on heating. Explain.

4.  Calculate the distance between Na* and CI ions in NaCl crystal if its density is
2.165gcm™,

5.  If NaCl is dopped with 10 mol% SrCl,. what is the concentration of cation
valancies?

6. If the radius of the octahedral void is r and the radius of the atom in the close
packing is R. derive relationship between r and R.

7.  The edge length of unit cell of metal having having molecular weight 75g/mol is
5 A’which crystallizes into cubic lattice. If the density is 2g/cm? then find the radius of
metal atom(Na = 6.022 x 10%)

COMMON ERRORS

Unit I: Solid State

1. density = ZxXM

Na x dx 10

o]
v

pm d— glcc

2. density = ZxM
Na x a

o]
v

cm d— glcc

3. Simple cubic
fcc

N N
no
NG
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Bcc z=2

2. SOLUTIONS
2 SOLUTIONS Types of solutions * 34

Expressing conc of solutions | * 35QN021,2.2,23IN
TEXT Q. 2:2.5

| SYyNBEQa g | |* Page 410.no. 2.4, 2.6, 2.7

Vapour pressure of liquid and *** Page 42 in text Q.

whk 2dA §Qa I ¢ 2.6,2.7,2.14,2.16,2.19

Colligative properties and Fkkk Page no. 4563 example

determination of molar mass 2.6,2.7,2.8,2.9,2.10,2.11
in text 2.92.12 Q2.27¢
2.33

Abnormal molar mass Fohkk Page 56 Q 2.12,2.13,
2.33,2.40,2.41

POINTS TO REMEMBER

Solutions are homogeneous mixtures of two or more substances (components).
Binary solution: the solution consisting of two components.

Binary solution = solute + solvent.

Expressing concentration of solutions:
a) Mass percentage (w/w):

Mass% of a component =W of the component x 100

W solution
b) Volume percentage (v/v):

Volume% of a component = V of the component x 100
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V solution

c) Mass by volume percentage (w/v) = W solute x 100

V solution

d) Parts per million (ppm):

No of parts of the component x 10

Total number of parts of in the solution
e) Mole Fraction (x):

Mole fraction of a component (x) = No. of moles of the component

Total no. of moles of all the components

No. moles of the component (n) = mass (W)

Molar mass (M)
For binary solution,

€g. Xa = Na XB = N

Na + N Na + Ng

and xa +xg=1
f) Molarity (M): The no. of moles of solute per litre of solution
Molarity = N solute

V solution |n Ilter

Unit: mol L 1
g) Molality (m): The no. of moles of solute per kg of solvent
Molality = n solute

W solvent in kg
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Unit: mol kg -1

Effect of temperature: mass %, mole fraction and molality do not change with temperature
whereas molarity changes with temperature because volume of solution(liquid) changes with
temperature.

Solubility: Solubility of a substance is defined as the maximum amount of substance that can be
dissolved in a specified amount of solvent to a given temperature.

Solubility of a solid in liquid:

Effect of temperature: the solubility of a solid in a liquid changes with temperature.

dissolution

Solute + Solvent »  Solution

If the dissolution process is endothermic, the solubility should increase with the rise in
temperature and if it is exothermic the solubility should decrease with rise in temperat ure.

Effect of pressure: Solubility of a solid in a liquid does not change with pressure as solids and
liquids are highly incompressible.

Like dissolves like: Polar solutes dissolve in polar solvents and non-polar solutes dissolves in
non-polar solvents. In general, a solute dissolves in a solvent if the intermolecular attractions
are similar in both.

Solubility of a gas in liquid:

a) Increases with increase of pressure.

b) Decreases with increase of temperature.

As dissolution of gas in liquid is an exothermic process, the solubility should decrease
with increase in temperature.

Henryds | aw:

At constant temperature, the solubility of a gas in a liquid is directly proportional to the
pressure of gas over thesolution.

Or
The partial pressure of the gas in vapour phase (P) is directly proportional to

the mole fraction of the gas(x) of the solution.
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P =kyn.X

kn= Henryd s | aw constant. 't depends on the natur
Greater the ky value, the lower will be the solubility and vice versa.

kw increases with increase in temperature so solubility of a gas in a liquid

decreases with increase of temperature.

Raoul tds | aw:

Raoultdé s | aw in its general f om, rhe padial vaépeur st at ed
pressure of each volatile component in the solution is directly proportional to its mole fraction
in the solution. 6

According to Raoultd s law for a solution of two
P1a X Pa Xo.
P1=Po1x1 P2 = Po; X».

According to Raoultd s | aw for a s-ovblatiesowte. cont ai n

P solvent = I:)Osolvent X solvent
Since Psolution = P solvent

P solution = I:)Osolvent- X solvent

When a non- volatile solute is dissolved in a pure solvent, the vapour pressure of the pure
solvent decreases.

P solution < Posolvent

Because the nonvolatile solute particles are present on surface of the solution so the rate of
evaporation of molecule s of the volatile solvent from the surface of solution decreases.

Liquid -1 i qui d volatile solutions are classified into
asfollows:

Ideal solution:

The solution which obey Raoultdé s | aw at all conc

at all temperature i.e Pa = Poa Xa
Ps = PogXg
If the intermolecular attractive forces between the solute o

solvent(A & B interaction) are nearly equal to those between the solventd solvent (A 8 A) and
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solute d solute (B 8 B) it forms ideal soluti ons.

Ent hal py oOding¥FXi ng, e

Vol ume changem@¥W=0ni xi ng, @&
Examples:

n - hexane and n-heptane.

Bromoethane and chloroethane o Benzene and toluene.

TOTAL VAPOUR. PRESSURE CURVE FOR IDEAL SOLUTION

Vapour pressure
of solution
oBu.
e P=RytRy
z Py
- e,
§ P
Xa=0 Mole fraction L=
1B=1 Ty > gy
<= 1z

Non Ideal solution:
The solution which do not obey Raoultdo s |
Pal ofka Pel odRe

If the intermolecular attractive forces between the solute d solvent(A & B interaction) are not
equal (either stronger or weaker) to those between the solventd solvent (A d A) and solute o
solute (B 6 B) it forms non-ideal solutions.

Enthalpy of mi X i mighg, H isaBOt equal to O.

Vol ume c¢ hangemad¥ismotegualtod, e

Examples:
Ethanol and acetone, Ethanol and water, Chloroform and acetone Nitric acid and water
Types of Non -ldeal solutions:
Non -ideal solution showing pos itive deviations

In this case, intermolecular attractive forces between the solute and solvent(A d B) are weaker
than those between the solvent(A d A) and the solute (BA&B) i.e

Pa > PoaXa
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Ps > Pogxs
&Bnixing H = Ve &Bhixing V = +ve
Dissolution is endothermic so, heating increases solubility.

Ethanol and acetone, Ethanol and water, CS and acetone.

Positive deviation f

Vapour pressure
of solution

Vapour pressure =—g—=—

Xa=0 Mole fraction XA=1
An EE—> AB=0
14

o Non -ideal solution showing negative deviations
In this case, intermolecular attractive forces between the solute and
solvent(A 90 B) are stronger than those between the solvent(Ad A) and the solute (B dB) i.e
Pa < PoaXa Ps < PogXs
&nixing H = -V€  &8nixing V = -ve
Dissolution is exothermic so, heating decreases solubility.

Examples: Chloroform and acetone, Nitric acid and water, Phenol and aniline.
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Negative deviation frolR a 0 uléwt

Vapour pressure
of solution

Vapour pressure

=0 ! =1
=0 Mole fraction ., s> %
17l <<y, 75=0

Azeotropes are binary solutions (liquid mixtures) having the same composition in liquid and
vapour phase and it is not possible to separate the components of an azeotrope by fractional
distillation.

Types of azeotropes:
Minimum boiling azeotrope

The non- ideal solutions showing positive deviation form minimum boiling azeotrope at a
specific composition.

Example; 95% ethanol and 5% water (by volume)
Ethanol = 351.3K ,Water = 373 K, Azeotrope = 351.1K
Maximum boiling azeotrope

The non- ideal solutions showing negative deviation form maximum boiling azeotrope at a
specific composition.

Example : 68% Nitric acid and 32% water (by mass)
Nitric acid = 359K , Water = 373 K, Azeotrope = 393.5K

Colligative Properties:

The properties of solutions which depends on the no. of solute particles but irrespective of
nature of solute particles.

Example Relative lowering of vapour pressure , Elevation of boiling point ,Depression of
freezing point, Osmotic pressure
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Application: By measuring a colligative property of a solution molar  mass of the non volatile
solute can be calculated

Conditions for getting accurate value of molar mass:
3 Solute must be non volatile
Solution must be dilute
Solute patticles must not undergo any association or dissociation in the solution.

Relative lowering of vapour pressure:

When a non volatile solute is added to a pure solvent its vapour pressure decreases.
Psolu[ion < Posolven[ AC cor d | n g S-I_ImN Ra ou I t 6

P solvent = Posolvent X solvent

Where, Psoiution = P soivent (Since solute is non volatile)

P soliion = Vapour pressure of solution.
P sovent =Vapour pressure of solvent in the solution.

POsovent = Vapour pressure of pure solvent.

Therefore,

P solution = POsolvent.X solvent (Since Xsolutet Xsolvent =l)

Psolution = Posolvent - POsoIvent (Xsolute)

(Posolvent 6 P solution) = Posolvent X solute

(Lowering of vapor pressure)

Therefore relative lowering of vapour pressure

= POsoivent O P solution / P Osolvent = X solute -=—---- (1)

Since, it depends on mole fraction of the solute (Xoute), It is a colligative property
To calculate molar mass :

Xsolute = N solute/ N solute + N solvent

Since the solution is dilute, n solute is neglected from denominator.
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X solute — n solute/ n solvent — W SO|Ute / M SO|Ute

W Solvent / M Solvent

Elevation of boiling point

o Boiling point : The temperature at which vapour pressure of liquid becomes equal to
atmospheric pressure.
o The vapour pressure of the pure solvent decreases when non volatile solute is added to

it and the boiling point is inversely proportional to vapour pressure. Therefore, boiling point of
the pure solvent increases when a non volatile solute is added.
ie. T> Tob(solvent)

o The difference in boiling point of solution and pure solvent is called
el evation of BPoiling point (GT
G T = Tb (solution) 8 G Pb (solvent)
o For dilute solution, the elevation of boiling point is directly proportional to  molality

(molal concentration) of the solution.
GTh=Kp*molality ¢ ¢é ¢é& (1)

Where Ky = Boiling point elevation constant or molal elevation constant or ebullioscopic
constant.

Molality (m) = n soue / W solvent in kg = Wsolute/ Msolute ¢ é €& . ( 2)

Wsolvent in kg
By substituting (2) in (1), the molar mass of non volatile solute(M souwe) Can be calculated.
Depression of freezing point:

Freezing point: Temperature at which the vapour pressure of the substance in its liquid phase
is equal to its vapour pressure in its solid phase.

Since the vapour pressure of the pure solvent decreases in the presence of non volatile solute
and freezing point is direc tly proportional to vapour pressure, the freezing point of pure
solvent decreases when non volatile solute is added to it

T (solution)< T %(solvent)

The difference in freezing point of pure solvent and solution is called depression of freezing
point  GT

G T=T9%(solvent)-T¢(solution)

For dilute solution, the depression of freezing point is directly proportional to molality (molal
concentration) of the solution.
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GT=Kimol al ity 66666. (1) 1

Where K;= freezing point depression constant or molal depression constant or cryoscopic
constant.

|\/|O|a|lty(m): W solute/ M solute. é é é é é . ( 2 )
Wsolvent in kg

Osmosis: The process of flow of solvent molecules from pure solvent to the solution through
semi permeable membrane.

Osmotic pressure (9)

Minimum pressure that must be applied to the solution to prevent the flow of solvent into the
solution through a semipermiable membrane

ltd s a colligative property as it irdiondoitheect!|l y ©pr
solution at the given temperature.

= Mol arity | R | T (since J = (n/lV) | R|]T) ééé

Isotonic solutions : two different solutions having the same osmotic pressure at same
temperature.

Hypertonic and hypotonic solutions:  a solution which has more Osmotic pressure than other
solution is hypertonic and similarly the solution having less osmotic pressure than the other
solution is called hypotonic.

Reverse osmosis: When a pressure larger than osmotic pressure is applied to the solution side,
the pure solvent flows out of solution to solvent side through semi permeable membrane this
process is called reverse osmosis

Use: Reverse osmosis is used to desalination of sea water (into drinking water)
Abnor mal mol ar mass an3d vandét Hoff factor (i):

When the non volatile solute particles undergo association (Eg: acetic acid) or dissociation (Eg:
electrolytes like KCI, NaCl etc), the abnormal molar mass is observed.

Vano t Hof f edasct or i s defin

i = normal molar mass

Abnormal molar mass
Formula to calculate i;

i = Total number of moles of particles after association or dissociation.
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Total number of moles of particles before association or dissociation.

Al ways 01 0 value is |l ess than wunity (i < 1) for
dissociation, the modified equation for colligative properties for association or dissociation:

1. relative lowering of vapour pressure = i*X solute
2. G =1ix Kb x molality

3. GT =ixKf xmolality

4. @ =ixCxRxT

IMPORTANT FORMULAE

Molarity (M) = Wg
MgV
Molality (m) = Wpg x 1000
MeWa ()
aplp © =p°p = %
p
&y = kp X Wg x 1000
MgWa
&l = ki X Wg x 1000
MeWa
0 = WeRT
MgV

SOLVED QUESTIONS

1 MARK QUESTIONS

1.What type of liquids form ideal solutions?
Liguids having similar structures and polarities .

2.Why does chemist prefer to refer concentration of solution in terms of molality? (Or)Which
of the two molality and molarity is better to express concentration of solution? Why?
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Molality does not change with temperature where as molarity changes with t emperature
because volume changes with temperature. Therefore molality is better.

3. What is vandtHoff factor for KCI i n agueous
i=2
4. What happens when blood cells are placed in pure water?

Due to osmosis water enters theblood cells through the cell wall, as a result it swells and may
even burst.

5. Two liquids say X and Y boil at 380 K and 400 K respectively. Which of them is more
volatile? Why?

Liquid 0 X because lower the boiling point more will be volatile (evap oration)6.
6.What is the effect of rise in temperature on solubility of gases?

~

Dissolution of gas is exothermic process. Hence accordingtoLeCh at el i er ds princi pl €
solubility of gas should decrease with rise in temperature

7.Mentionalargescaleuse of the phenomenon called O6reverse
Desalination of Sea water.

8.Why it is advised to add ethylene glycol to water in a car radiator while driving in a hill
station?

As an antifreeze to lower the freezing point of water.
9. Whatisthe expected Vandt Hoffods factor 6id value for
Therefore, i= 4

10. The molar mass of bio molecules is determined by osmotic pressure and not by other
colligative properties. Why?

Osmotic pressure is measured around room temperature whereas bio molecules are generally
unstable at higher

temperatures.

2 MARKS QUESTIONS

1. Why is the freezing point depression of 0.1M NaCl solution nearly twice that of 0.1M
glucose solution?

NacCl is an electrolyte and dissociates completely whereas glucose being a nonrelectrolyte does
not dissociate.Hence, the number of particles in 0.1M NacCl solution is nearly double than that
in 0.1M glucose solution.Depression in freezing point being a colligative property is nearly
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twice for NaCl solution than for glucose solution of same molarity .

2. What is the effect of temperature on Henryds
on liquid?

Solubility of a gas in liquid decreases with increase in temperature. KH value increases with the
increase in temperature.

3. Calculate the no. of moles of methanol in 5L of its 2m solution, if the density of the
solution is 0.981KgL -1[molar mass of m ethanol = 32g mol -1]

Molality = n solute

W sowent iN kg
2 mol Kg-1= nsolute

W soiution @ W solute
= nsolute
0.981x58 n solute x 32

1000

N sowe = 9.21 mol.

4. What type of deviation from ideal behaviour  will be shown by a solution of cyclohexane
and ethanol? Why?

Positive deviation because ethanol has intermolecular hydrogen bond, but the addition of
cyclohexane will break some of the hydrogen bonds. Therefore solute-solvent molecular
attractive force will be weaker than solute -solute and solvent- solvent molecular attractive force.

5. What care is generally taken during intravenous Injections and why?

During intravenous injection, the concentration of the solution should be same as that of
blood so that they are isotonic. Because if the solution concentration is hypertonic than blood
cell will shrink and if it is hypotonic than blood cell will swells / burst.

6. When X and Y are mixed the solution becomesWarmer and when Y and Z are mixed the
solution becomes cooler. Which of this solution will exhibit positive Deviation and which
will be the negative deviation?

X and Y Show the negative deviation, Y and Z Shows the positive deviation
7.Calculate the concentrati on of sugar solution with osmotic pressure of 2.46atm at 300K.
g = 2.46atm

T= 300K
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R =0.0821LatmKmol-1
g = CRT
C = g | RT
= _ 2.46atm
0.08210821LatmK!mol-x 300K
=0.1M = 34.2gl:1

8.The mole fraction of helium in a saturated solution at 20°C is 1.2 x 10 -6. Find the pressure
of helium above the solution. Given Henryads

Pre = Kn X Xne
=(144.97 x 1@®bar)(1.2 x 166 = 0.174 bar

3 MARKS QUESTIONS

1) a) Why is 1 molar aqueous solution more conc. than a 1 molal solution?

b) Which out of molarity and molality will change with temperature and why?

c¢) Will the molarity of a solution at 50 °C be same, less or more than molarity at
25°C ?
Ans:- A molar solution contains one mole of solute in one ltr of solution while a one
molal solution contains one mole of solute in 1000 g of solvent. If density of water is 1,
then one mole of solute is present in 1000 ml of water in one molar solution while on
mole of solute is present in less than 1000 ml of water in one molar solutions. Thus, one
molar soluti on is more concentrated.
Ans:- Molarity changes with rise in temperature. Volume of a solution increases with
rise in temperature and this causes change in molarity because it is related as moles of
solute in a given volume of solution.
Ans:- Molarity at 5°C of a solution will be less than that of 25°C because morality
decreases with temperature. This is because volume of the solution increases with

increase in temperature but number of moles of solute remains the same.
2) Two liquids X and Y on mixing from an ideal solution. The vapour pressure of the

solution containing 3mol of X and 1mol of Y is 550mmHg. But when 4moles X and 1mol of Y
are mixed, the vapour pressure of solution, thus, formed is 560mmHg.what will be vapour
pressure of pure X and Y at this temp?

Let the vapour pressure of X be p1 and Y be p; and x; and xz be their mole fraction. Then

according to Raoultodés | aw, total pressure P

p = pPXz + p2xeo

In the first solution,
X1 = 3 =075 ;X2 = 1 =025
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3+1 3+1
p1 X 0.75+ p2x0.25 = 550 mm -(1)

In the second solution,

X1 = 4 = 080;X =1 =0.20
4+1 4+1
P1x 0.80 + 0.20 = 560 mm -(2)
(1) x4 and (2) x5 gives
3p1 + p2 = 2200 mm
4p + p2 = 2800 mm
-p1 = -600mm
pr = 600 mm of Hg.
Substituting in eq (1) we get
p2 = 400 mm of Hg.

Vapour pressure of pure component X = 600 mm of Hg
Vapour pressure of pure Component Y = 400 mm of Hg.

3) a) What happen to vapour pressure of wate r if a table spoon of salt is added to it?
b) Why does the use of pressure cooker reduce the cooking time?

¢) Two liquid A & B are mixed and the resulting solution is found to be cooler. What do
you conclude about from ideal behavior?

Ans a): - Addition of non volatile solute lower the vapour pressure of solvent(water)

Ans b): - At higher pressure over the liquid, the liquid boils at hi gh temperature. Therefore,
cooking occur fast.

Ans c): - Positive deviation.

4) The Vapour pressure of water at 293K is 0.0231 bar and the vapour pressure of the solution
of 108.24 g of a compound in 1000 g of water at the same temperature. Calculate the molar
mass of the solute.

. Vapour pressure of solvent
pa® = 0.0231 bar
Vapour pressure of solution

pa®= 0.0228 bar
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Lowering in vapour pressure

pa%- pa = 0.0231- 0.0228

= 0.0003 bar
Weight of solvent WA = 1000g
Weight of solute WB = 108.24 g
Molar mass of the solvent MA = 18
Molar mass of the solute MB =?
We know that
pA&pA/p°A = WBMAWA MB

MB = WB MA PAE&( P AARA)
= 108.24X 0.0231 X 18/ 0.0003 X 1000
= 150 g mol-1

5)A solution of an inorganic compound was prepared by dissolving 6.8g in 100g of water.
Calculate the osmotic pressure of this solution 298K when boiling point of this solution is
100.12C. Given Kb for water=0.52Km -1 and R=0.082LatmK-1mol-1.

Molecular mass can be calculated from Bpt data as
MB = Kb xWA x 1000
&Tb WA
WB =6.8g WA = 100g Tb = 100.11 Kb = 0.52 Kkgmol-1
MB = 0.52Kkgmol -1 x 6.8g x 1000
0.11K x 100kg
= 321.45 gmotl

n = 6.8
321.45
V =100g=0.11

R = 0.082Latmmol -1 K -1

T = 298K
@ = 6.8mol X 0.082L atm mol -1 K -1 X 298K
321.95X 0.1L = 5.17 atm
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6) A solution contains 0.8960g of K ».SO4 in 500 ml solution. Its osmotic pressure is found
to be 0.690atm at 270 C. calculate the value of vant hoff factor.

MB =WB RT/ VI
WB = 0.8960g V =500ml pa® = 05L
R = 0.082 L atm K -1 mol -1
@ = 0.69 atm
T = 300K
M = 0.896g x 0.082 L atm K -1 mol -1 x300K
0.69 atm x 0.5L= 63.9 g mol -1

Normal molarmass = 2 x 39 + 32 + 4 x32

174 g mol -1

Normal molar mass/ Observed molar mass
= 174 gmol -1 = 272
63.9 g mol -1

NUMERICALS

1. What is the molar concentration of solute particles in the human blood if the osmotic
pressure is 7.2 atm at the body temperature of 370 C ?

Osmotic pressure, p = molarity x R x T
Therefore molarity = _p
RxT

= 7.2 atm

0.0821 (L atm Kt mol-1) x 310 K = 0.823 mol L

2. Molal elevation constant for Benzene is 2.50 K m -1. A solution of some organic substance
in Benzene boils at 0.126°C higher than benzene. What is the molality of the solution ?

&l = Kp X molality
Therefore molality = &, =0.126 = 0.05 mol Kg-1
K 2.52

3. The molal freezing point depression constant of benzene is 4 .9 K Kg mol-&. When 3.26g of
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selenium is dissolved in 226 g of benzene , the observed freezing point is 0.112 © C lower than
for the Benzene. What is the molecular formula of Selenium? Atomic mass of Se =78.8 g
mol-1 Selenium exists as a polymer of the type Sex .

&t = Kt x molality
= Kt x Wsolute
M solute * Wisonvent(in Kg)
M soiute = Kt X Wsolute
&t x Wsowent(in kg)

= 4.9 KK kg mol-1 x 3.26

0.112 x 226 kg
1000
=630.4 g molt
Molar mass (Msolute) = x x atomic mass of Se
630.4 =x x 78.8
X=8

Hence molecular formula = Se g

4. A solution containing 12.5 g of non -electrolyte subst ance in 175 g of water gave a boiling
point elevation of 0.70 K. Calculate the molar mass of the substance. (Elevation constant for
water Kp =52 K kg mol-1)

&y = Kp X molality
= Kp x Wsolute
Msolute Wsonent (in Kg)
M soiute = Kp * Wsolute
aTp X Wasolvent (in Kg)

=0.52 K kg molt x 12.5¢

0.70 K x175kg

1000
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Msolute: 5306 g mOI'l

5. K3[Fe(CN)g) i s di ssociated 30% in solution. Calcul at e

Let the degree of dissociation be a, then
Ks[Fe(CN)s] b *3[Re(CN)g]*>
Initially at equilibrium 1 0 0
1-a 3a a

i = Total number of moles of particles after dissociation

Total number of moles of particles before dissociation
i=l-a+3a+a=1+3a

but a =30% =30 =0.3
100
So, i =1+ 3x(0.3) =1.9
6.At 298K, 100cn® of a solution containing 3.002g of an unidentified solute exhibits an
osmotic pressure pf 2.55atm. What is the molar mass of the solute? (R=0.082 L atm K-t mol-1)

V=100 cnB8=0.1L : T=298 K
W;g=3.002g 7 =2.55 atm
_ ngRT
vV
N 2%
5 RT
2.55x% 0.1

~ 0.082x 298
= 0.0104Mmoles

W,  3.002g
Ng 0.0104mol

= 288.6gmol™*

Mg =

7. Ozis bubbled through water at 298K. Assuming that O ;exerts a partial pressure of
0.98bar. Calculate the solubility of O ;in gL-1. The value of Henry law constant for O »is 34.84
k bar
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Po> = Ky X ¥oo2

_ Po2
Koz K.,

s = 9098 __ _>g1x10°

34.84x<10%bar
mol of H,0in 1L =55.5

nOZ nOZ

no, + 55.5 555

KXoz =

No, = 2.81x10° x 55.5 = 1.56 x 10 *mol

thus solubility of O, =1.56x107° x 32gL™
— 0.05gL™*

8. The boiling point of pure water is 373K.calculate the boiling point of an aqueous
solution containing 18g of glucose in 100g of water. Molal elevation constant of water is 0.52

K kg mol -1.
Mass of solvent (Wa) = 100g
Mass of solute (Wg) = 189

Molecular mass of solute (Mg) = 180g

W, x1000 18x1000 _

molality = = =1molkg™
M, xW, 180x100
AT, =K, xm
=0.52x1=0.52K

boiling point of solution=373+0.52
=373.52K

9. A solution conaining 13.5g urea per 500ml of solution in water has same  osmotic
pressure as a solution of sucrose in water. Calculate the mass of sucrose present in 500ml| of

its solution.

For solutions having same osmotic pressure

Ci=C, or = N»

W _ W
1 MZ
_ WM,
2 Ml
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Here, mass of urea = 13.59

Mass of sucrose =?

Molar mass of urea = 60 g mol1
Molar mass of sucrose = 342 g moll

_ 135x 342

W
2 60

= 76.95g

Assignments

Level |

1. Why a person suffering from high blood pressure is advised to take minimum

guantity of common salt ?

N

. What happens to vapour pressure of water, if a table spoon of glucose is

added to it ?

w

. Equimolar solutions of glucose and sodium chloride are not isotonic. Why ?

N

. Two liquids A and B boil at 145 oC and 190 oC respectively. Which of them has a

higher vapour pressure at 80 oC.

62

. Semipermeable membrane of cupric ferrocyanide is not used for studying osmosis
in non aqueous solutions. Why ?
6 Why is camphor preferred as a solvent
7. Addition of Hgl2 to aq Kl solution shows an increase in the vapour pressure. Why ?
8 What do you mean by mole fraction?
9 why sugar readily dissolves in H,O despite its covalent nature ?

10 What is the units of molel elevation constant.

LEVEL 2

Q1 when is the value of vant Hoff factor more than one.
Q2 Before giving intravenous injection. What care is generally taken and Why?
Q3 Explain why a solution of Ethyl alcohol and water cannot be
separated into pure components by fractional distillation.
Q4 Osmotic pressure measurements are profaned over other

colligative properties for molecular mass. Determination of
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polymers. Why?

Q5 4% NaOH solution (weight/volume) and 6% urea solution
(weight / volume) are equimolar but not isotonic. Explain.

Q6 What is the difference between molel elevation constant and molecular elevation constant.

Q7 Why does vapour pressure of a liquid decrease when a non-volatile
solute is added to it?

Q8 Why is molality of a solution preferred for expressing concentration
over molarity?

Q9 Calculate the mass present of aspirin (CgHgO,) in
acetonitrile(CH3CN) when 6.5g of aspirin is dissolved in 4509 of
CH3CN.

Q10 What is the trend in b.p. & f.p. temperatures of equimolar

solutions of urea , NaCl , K;SO, , K;[Fe(CN)g]?

LEVEL 3

Q1 CacCl;, is used to clear snow in cold countries . Explain.

Q2 H2S, atoxic gas with rotten egg like small is used for quantitative
analysis. If the solubility of H,S in water at STP is 0.195 m,
Calculate Herryds | ow constant.

Q3 Determine the amount of CaCl, (i= 2.47) dissolved in 2.5 litre of
water such that its osmotic presences 0.75 atm. At 27°C.

Q4 Calculate the molecules fraction of benzene in a solution containing 30% by mass of it in
carbon tetrachloride

Q5 8.0575x10-5 kg of Gl arberdés sadbtaini s di ssolved in wat
dm? of a solution of density 1077.2 kgm™ . Calculate the molarity
and mole factor of Na,So, in the solution.
Q6 Determine the osmotic pressure of a solution prepared by
dissolving 25 mg of K,SO, in 2 litre of water at 25°C, anuming
that it is completely dissociated .
Q7 (a) FeCl; on reaction with K4[Fe(CN)g] in aqueous solution gives blue

color. These are separated by a semi-permeable membrane will there
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be the appearance of a blue color in the side x due to osmosis?
(b) When two liquids A and B are mixed, the resulting solution is found

to be carbon. What do you conclude?

SEM N
M 0.01
—10.1* e
Lo
I I
—— =]
Kd[Fe(CN)6][-—~> = —(Fecl3
I S S
—— T
X v

05 MARKS QUESTIONS

Q8 (a) The melting point of camphor is 177.5°C while that of a mixture of
1g naphthalene (mol. Man 128 g mol’) and 10 g of camphor is
147°C. Calculate the oryoscopic constant if camphor.

(b) Dry vegetable are placed in water, they swell slowly why?

Q9 (@) Whatis the value of unit Hoff factor for a solute of K,SO,4 in water?

(b) What is molel depression constant? Write the unit also.

(b) The vapor pressure of pure benzene at a certain temp. is 0.850

bar. A non volatile , non electrolyte solid coughing 0.5g is added
to 39.0g of benzene (molar mass=78g/mol). The V.P of soln is
0.845 bar. What is the mol. Man of solid substances?

Q10 (a) Whatis the effect of temp. on the vapour pressure of a liquid?

(b) Name any one inorganic compound which can be used as semi-
permeable membrane.

(c) Herryés | ow constant for
kis 4.27 x 10 5 mm kg. Calculate the solubility of methane in
benzene at 298K under 760 mm Kg.

COMMON ERRORS

1. Number of moles = mass
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molar mass

HO £l yd 12FFQa FFOG2NI 0A0

i < 1 for association

i > 1 for dissociation

i = No. of ions per molecule

e.g. k.SQ

ks[Fe(CNy]

Dimerisation =1

Units of volume shald be in litresyt in atmosphereR = 0.082

3

4

Tetremerisation = ¥4

ELECTROCHEMISTRY

3 ELECTRO
CHEMISTRY

Galvanic cell and electrode
cell

PAGE 647

Q NO INTEXT 3315

Nernst equation

*kk

P-68-71

QNO31,32,33

INTEXT 3.43.6

EX 3.3 3.6
Conduction oklectrolyte Pc73¢76
solution

Qc3.4¢3.9

Electrolytic cell and
electrolysis

*k%k

P -84-86+INTEXT Q 3.1
c3.12
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EX 3.1¢ 3.18

Batteries and fuel cells *hk

P 86¢ 88

Corrosion

*kkk

P¢ 89 mechanism and
prevention

POINTS TO REMEMBER

. Types of conductors :

Metallic Conductors or Electronic
Conductors

Electric Conductors or lonic Conductors

Metallic substances which conduct electricity
through them due to movement of electrons.
E.g. Metals- Al, Cu, etc.

Substances which conductelectricity in their
molten or solution form due to movement of
ions.

E.g. Electrolysis- NaCl, NaOH, HCI, H .S,
NH 4OH, CH;COOH

Metallic Conductance decreases with
increase in Temperature

Electrolytic conductance increases with
increase in Temperature because movement
of ions increases.

. Types of electrolytes

Strong Electrolytes

Weak Electrolytes

The electrolysis which are completely
dissociated into ions in solution.
E.g. Strong Acids: HCI, H>.SQy, HNO 5.

The electrolyte which do not dissociate
completely in solution.
E.g. Weak Acids: CH;COOH, H,COs,
HCOOH.

Strong Base: NaOH, KOH.
Salts: NaCl, KCI, ZnCl..

Weak Base: NH,OH

The degree of

di s s |

The degree of diss

¢ Resistance (R): The obstruction to the flow of current.

S. |
A=

uni t

area of Cross

of oA or ROK m Rvhdie)LA lengfR of the conductor,
secti R

on R = resistivity

e Resi st i:Vhe tesistafc&of a conductor of 1 m length and1 m2area of

e Cross section. Its S.1. unit: Ohm m1.

e Conductance (G): The reciprocal of resistance (R) C=1/R

S.l unit of C=S (Siemens).

e Conductivity or specific conductance ( ) (kappa): It is the conductance of solution kept
between two electrodes with 1 m2area of cross section and distance of 1 m. Itis the

reciprocal of
i = 1 /S.R.
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. Rel ation between G and 1
R = R L/A 1/ R = 1/R * L/ A1l = G x G*
Conductivity ( 1 ) = Conductance (G) x Cel
e Cell constant (G*) : It is defined as the ratio of the distance between the two electrodes (l) to
their area of cross section A. Its S.I unit is m?
e Molar conductivity ( “m): It is defined as the conductance of the solution containing one
mole of electrolyte and kept between the two electrodes with unit (1 m 2) area of cross
section and distance of unit length (1m).
N (S cemol-t) = K ((Scml) X 1000(cn$ L-1)
Molarity (mol L -1)

. Limiting molar conductivity ( “m9: The molar conductivity at infinite dilution or zero
concentration.

Variation of conductivity (K) and molar  conductivity ( “m) with concentration (c)

(i) For strong electrolytes: ~n, increases slowly with dilution due to increase in movement of
ions on dilution. "m="m0d Ac*®

Where A is a constant which depends on the nature of electrolyte i.e. the charges on the cation
and anion.

(i) For weak electrolyte: ¢ m i ncreases steeply on mmderwot i on due
ions (or the degree of dissociation).

g

=

o]
I

CH3COOH

A /15 cm'mol’)

200 +

KClI

| | |
I I |
0 02 0.4

c'2 [ (mol / L) —
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o Kohlrausch | aw of independent migration of ions:

The limiting molar conductivity of an electrolyte (@ ©m) is the sum of limiting molar
conductivitiogsaoafl @ai oagom{=l" +To. + ' -T¢

Where’ +and’ - are no. of cation and no of anions formed on dissociation respectively.

o Applications:

(1)This law is used to calculate °m f or any el e c vafiodivigualéonsf r om t he 1
(2) to determine the Ademt éevherefo dm s=s oichieatmoolnar( A)
conductivity at t heon othelanitirigmaldr condactvityCé and o

For weak electrolyte like acetic acid, Ka= Coa2/ 1- a.

Difference between:

Electrochemical cell or Galvanic cell or Electrolytic Cell
Voltaic Cell
A device in which electrical energy is A device in which electrical energy is used to
produced from chemical reaction. bring about a chemical reaction.

E.g. Daniel cell, dry cell, leads storage battery.| E.g. Electrolysis of molten NaCl, Electrolysis
of dil . Ag. H2SOs sol. using Pt electrodes.

o Daniel cell: Zn (s) | Zn 2+(aq) || Cu 2*(aq) | Cu (s)

EOcen = 1.10V

o Electrode potential: the potential difference between electrode (metal) and the
electrolyte (metal ion solution).

o Cell potential: the potential difference between the two electrodes of a galvanic cell. E
cell = Ecathode - Eanode

o EMF (electromotive force) of cell: the potential difference between the two electrodes
when no current is drawn (flowing) through the cell.

o S H E (standard hydrogen electrode): It is used as a reference electrode to measure the

standard electrode potential of the other electrode by assigning standard electrode potential of S
H E is zero. [E° H+ = zero]. It consists of a platinum electrode (foil) coated with finely divided
platinum dipped in an acidic solution with 1 M H + (aq) ion and pure hydrogen gas (at 1 bar)
is bubbled through the solution.

H (aq) | H 2(9) | Pt(s)

o Nernst equation: It shows the relationship between the electrode potential (electrode)
and concentration of the solution.
For the electrode reaction. Mn+ (aq) + ne- M (s)
—>
E clectrode = EP%lectrode 6&"’] MT(S)
nF M (ag)

1

E electrode (a-t 298 K)= Belectroge O 0.059 |Og m

n
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[Since [M (s)] =1]

For cell, E cen at 298 K = B ¢ei - 0.059l0g [products]

Or emf n n [reactants]

E.g. for cell reaction Cu(s)+2Ag+aq 2 Cu?t(aq)+2Ag(s)

—_—
Ecell =k cell = 0.059 |Og [CU2+] [Aq (S)] 2
2 [Cu (s)] [Ag*] 2
Where E%¢ = E° cathoded E%node = E%ag+/ag O EOcus2/cu [Ag (s)]and [Cu (s)] =1
o Relationship between standard cell potential (E i) and equilibrium constant (K )
EO cen = 2303& |Og Kc
nF
At 298 K EO cen = 0.059l0g K ¢
n
o Relationship between E ciand Gi bbs @&@nergy (e
&G = -nF B0 ¢
®GO= -nF Eoe (at 25°C or 298K 1 atm)
o Rel ati ons hi (& afdedulibeéumrconstant K ¢
&Go=-2.303 RT log K¢
o Maximum work = &G0
o Electrolysis: At cathode, when there is competition between many cations or much

reduction reaction the reduction with higher E °value is preferred .Similarly, the oxidation
reaction with lower E 0 value is preferred.
o Faradays laws:

First law: the amount of substance formed (m) or chemical reaction occurs at any electrode is
directly proportional to quantity of electricity (Q ) passed through the electrolyte.

m=zQ Where Z=electrochemical equivalent.
Q =1 twhere Q = quantity of electricity in coulombs (C), | = current in ampere(A) andt =time
in (s)

Second law: When the same quantity of electricity is passed through the different electrolytic
solutions, the amount of different substance liberated are directly proportional to their chemical
equivalent weights.

Faraday: The charge on one mole of electrons is called one faraday (1F) and its value is 96478 C
mol-1 or approximately 96500 C mol-1

) Application of electrochemical series

1. The substance which has higher standard electrode potential (B value) is stronger oxidizing
agent or has greater tendency to get reduced.

2. The substance which has lower standardelectrode potential (E° value) is stronger reducing

agent or has greater tendency to undergo oxidation.
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o Primary Cells: In these the reaction occurs only once and battery then becomes dead
after use over a period of time. It cannot be recharged and reusedagain.
E.g. dry cell, mercury cell

Dry cell (leclanche cell)
(1.) Anode- Zn container.

(2.) Cathode- graphite rod surrounded by powered MnO > and carbon. Electrolyte- a moist
paste of NHCI and ZnCl ».

Anode: z21ag)stke B Zn

Cathode: MnO2+ NH 4+ +leb MnO ( OH3 + NH

Cell potential: nearly 1.5V.

Mercury cell

Anode 0 Zn-Hg amalgam

Cathode - A paste of HJO and carbon Electrolyte - a paste of KOH and ZnO

Anode: Zn (Hg) +20H-B Zn O( sQ+2¢ H

Cathode: HgO(s)+H.O + 2e B Hg (I ) + 2OH

Overall cell reaction: Zn (Hg) + HgO(s) B ZnO(s) + Hg (1)
Cell potential is 1.35V

Secondary batteries:
After use, they can be recharged by passing current through it in opposite direction and so
they can bereused again. E.g. Lead storage battery, nickel cadmium cell.

Lead Storage Battery
Secondary Batteries (Rechargeable)<
Nickel Cadmium Cell

Lead storage battery: anode & Pb plate

Cathode 0 grid of lead packed with PbO .

Electrolyte & 38% solution f sulphuric acid (1.3 g / ml)

Anode: Pb(s) +SQ2( aq) ba(sptBes O

Cathode: PbO;(s) + SO 2 (ag)+ 4 H+(ag)+2e b 2 PR)SFQ HO ()

Overall cell reaction : Pb(s) + PbQ(s) + 2 H,SQwb 2 R {3)SFQHO(I)
used in automobiles and inverters. On recharging the battery, the above reaction is reversed.

Nickel - Cadmium cell:
Anode: Cd Cathode: Ni(OH) 3
Overall cell reaction,

Cd(s)+2Ni(OH)s(s) B CdO ( sJs)+H0INi ( OH)
nickel cadmium cell has longer life than the lead storage cell but more expensive to
manufacture.

o Fuel Cells: galvanic cells which convert the energy of combustion of fuels like hydrogen,

Page58/ 249



methane directly into electrical energy.

E.g. Hydrogen & Oxygen Fuel Cell

Hydrogen and oxygen are bubbled through porous carbon electrode into concentrated aqueous
sodium hydroxide solution. To increase the rate of electrode reaction catalysts like palladium or
platinum are used.

Ho T
Anode: 2 Hz(g) + 4 OH- (aq)® 4 H>O (l) + 4e Cf |
cathode: O;(g) +2HO (1 ) + 4aq) B 4 OH
overall cell reaction : 2H2(g) +O.( g) BEO(RH H> 02
e
Advantages: — —
1. High efficiency NaOH (aq)
2. Continuous source of energy ¥ S

3. Pollution free.

Carbon Electrode Filled With
Pt/Pd

o Corrosion: formation of oxides or other salt of metal on the surface of metallic objects
when exposed to air or water. E.g. rusting of iron, tarnishing of silver.

Rusting Of Iron: Corrosion of iron is known as rusting. Rust is hydrated ferric oxide, Fe 203.X
HO. Itis an electrochemical phenomenon. At a particular spot oxidation takes place, which acts
as

Anode: 2 Fe ( s ¥ +4B ERr=e 0.44V
Electrons released at anode move through the iron metal and go to another spot and reduce the
oxygen in presence of H+ion.

Cathode: O2(g) +4H+*( aqgq) + @06 BEPLF++1.23V
Overall reaction: 2Fe (s)+Q(g)+4H+*( aq) ZB(ag2¢,0 (I)

EO cell = +167V

o Methods Of Preventing Corrosion:
(). Galvanization: the process of coating Zinc over iron

(2). Cathodic protection or sacrificial electrode: In this method more reactive metal like Mg
(or) Zn are made as sacrificial anode and are connected to iron pipe or tank.

SOLVED QUESTIONS

1 MARK QUESTIONS

(2). Name two metal which can be used for cathodic protection of iron. (Mg, Zn)

(2).What is the relationship between E° cell and equilibrium constant at 298 K?
E° cell =0.059log K¢
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n
(3). Can a nickel spatula be used to stir a solution of copper sulphate? Support your answer
with reason. [E® Ni2+/ Ni= -0.25V, P Cu2+/Cu =+ 0.34V]

No, since nickel has lower E°value than copper it undergoes oxidation.
(4). A Leclanche cell is also called dry cell. Why?
A. Leclanche cell consists of zinc anode (container) and carbon cathode. The
electrolyte is a moist paste of MnOz, ZnCl ., NH4CI and carbon black. Because there is

no free liquid in the cell, it is called dry cell.
(5). What are fuel cells?

A. A fuel cell is a galvanic cell for converting the energy of a fuel directly into electrical
energy without use of a heat engine.
(6). What is meant by Faraday®6s constant?
A. Faradayds constant is the quantity of electric
1 F =96500 C/mol
(7). Define the term 8 Resistivity?
A. The resistively of a substance is its resistance when it is one meter long and its
area of cross Section is one .
(8). State the factors that affect the value of electrode potential?
A. Factors affecting electrode potential values ared
a) Concentration of electrolyte
b) Temperature.
(9). Define the term & standard electrode potential?
A. When the concentration of all the species involved in a half-cell is unity, then the
electrode potential is called standard electrode potential.
(10). What does the positive value of standard electrode potential indicate?
A. The positive value of standard electrode potential indicates that the element gets
reduced more easily than H+ ions and its reduced form is more stable than Hydrogen gas.
2 MARKS QUESTIONS
(). Give reasons:
(a) Rusting of iron is quicker in saline water than in ordinary water
(b) Aluminium metal cannot be produced by the electrolysis of aqueous solution of aluminium
salt.

(a) Because the conductivity of salinewater is more than ordinary water.
(b) Al is highly reactive and cannot be reduced easily as compared to Al 3+ ions; water is
reduced easily since E requction for water is higher.

(2). Predict the products of electrolysis obtained at the dectrodes in each case when the
electrodes used are platinum. (a) An agueous solution of AgNO . (b) A dilute agueous solution
of H 2SO,

(a) Silver is deposited at cathode and oxygen is anode.
Cathode: Ag+(agq) + 1leb Ag ( s) , 0 (10(gB4HANrde e: 2 H
(b) H>gas at cathode and Q gas at anode.
Cathode: HO () + 1e b 1J 2 (B) + OH-, Anode: 2HO (| ) (g)B 4HD (aq) + 4e
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(3). Fill'in the blanks-

() 1 F is the charge present on of electrons.

(i) 1 F passed through CuSQ: sol deposits of Cu.

A (i) 1 mole (ii) ¥2 mole.

(3). Name the cell used for low current devices like hearing aids, watches etc. Also give the half-
cell reactions for such a cell?

A. This cell is mercury cell 8 Half cell reactions are

Anode: Zn (Hg) + 20H- — ZnO + H.0 + 2e and

Cathode: HgO + H,0O +2e —> Hg (e) + 20H-

(4). The conductivity of metals decreases while that of electrolytes increases

with increases in temperature. Why?

A. With increase in temperature, the K.E. of metal cation increases and obstructs the
free flow of electrons decreasing the conducts of metal while in case of
electrolytes, increased temperature increaseghe mobility of ions this increases
the conductance of ions.

(5). Can an electrochemical cell act as electrolytic cell? How?

A. Yes, An electrochemical cell can be converted into electrolytic cell by applying an
external opposite potential greater than its own electrical potential.

(6). What is an electrochemical series? How does it predict the feasibility of a certain

redox reaction?

A. The arrangement of metals and ions in increasing order of their electrode potential
values is known as dectrochemical series. The reduction half reaction for which the
reduction potential is lower than the other will act as anode and one with greater value will
act as cathode .Reverse reaction will  not occur.

(7). Give some uses of electrochemical ce?

A. Electrochemical cells are used for determining the

a) pH of solutions
b) solubility product and equilibrium constant
¢) in potentiometric titrations

(8). How is standard electrode potential of a cell related to :-

1) Equilibrium constant?
2) Gibbs free energy change.
A. (i) Standard electrode potential and equilibrium constant

2.303RT
EOcen = |Og Kec

Where B0
E % = standard electrode potential of cell
R = Gas constant
T = temperature in Kelvin
n = no .of electrons.
F = Faradayo6s constant and
Kc = Equilibrium constant
(ii) Standard electrode potential and Gibbs free energy change-
kGo=-nF B cell
WherekG°= Change in Gibbsd free energy
n = No. of electrons
(9). What are the factors on which conductivity of an electrolyte depend?
A. The conductivity of an electrolyte depends upon
i) The nature of electrolyte added
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i) Size of the ions produced and their solvation

iif) Concentration of the electrolyte

iv) Temperature
(10). What do you mean by primary and secondary battery?
A. In the primary batteries, the reaction occurs only once and after the use over a period of time
battery becomes dead and cannot be reused again. A secondary battery , after used, can be
recharged by passing current through it in the opposite direction so that it can be used again.

3 MARKS QUESTIONS
(1) State Kohlraush law. Write the reaction which occurs at the electrode of hydrogen- oxygen
fuel cell.
—> The | imiting mol ar c on dm)ithésum of jmitingf moam el ectr ol vy
conducti vity) oafn dc agtnipmmh.Te(H’ -T0-Where' .and’ - are no. of cation
and no. of anions formed on dissociation respectively.
Anode: 2 H,(g) + 40H-(aq)B 4.8 (l) + 4e Cathode: O2(g) +2H.O (1) + 4e b 4 OH

Overall cell reaction: 2 H2(g) +O2( g) BO(RH

(2). A current of 2A is passed for 1 hr b/w Ni electrodes in 0.5 L of 2 M Ni (NO 3)> soln. What
will be the M of sol at end of electrolysis?

— The changes taking place at the electrodes in the electrolysis of Ni (NQ)2 sol using
Ni electrode will be as follows -

At Cathode: Ni2*+2e A Ni

At Anode: Ni A Ni2*+2e

Thus, amount of Ni deposited on the Cathode from the solution = Ni dissolved from the
Anode. Hence, M of the solution will remain unchanged at the end of the electrolysis.
(3).Name the factors on which Metallic and lonic Conductance depend upon?

— Metallic Conductance depends upon d
(i) Nature and Structure of the metal (i) No of Valance electrons per atom (iii)
Temperature (It decreases with increase in temperature).

lonic Conductance depends upon-
(i) The nature of electrolyte (ii) Size of ions produced and their solvation (iii) The nature of the

solvent and its viscosity (iv) The concentration of electrolyte (iv) Temp (It increases with
increase in Temp)

(4). Give the reaction taking place in lead storage battery when it is on charging? Why is the
voltage of a mercury cell constant during its working? Write an expression relating cell
constant and conductivity?

A. When the lead storage battery is on charging 6
2 PbSQ (s) + 2H,0 (e)A Pb (s) + PbQ (s) + 2H.SO, (aq)
As all the products and reactants are either in solid or liquid state, their concentration

does not change with the use of the cell.
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Cell constant and conductivity are related by the expression-
k=GIR

where G = Cell constant

k = conductivity

R = Resistance.
(5). Enlist the factors affecting corrosion? What is SHE? What is its electrode potential?
A. Factors affecting corrosion are-

1) Water and air 2) Presence of electrolytes in water. 3) Presence of gases like GQ

SO.. SHE stands for standard Hydrogen electrode. By convention, its electrode
potential is taken as O (zero).

5 MARKS QUESTIONS

Q1. What do you mean by corrosion? Explain rusting of iron with well balanced
equations. Suggest preventive measures also.
A (i) The process of slowly eating away of the metal due to attack of atmospheric gases
on surface of metal resulting into formation of compounds such as oxides, sulphides,
carbonates, sulphates, etc is called Corrosion.
(i) Oxidation: (Anode) 2Fe (s) A 2Fet + 4de

Reduction: (Cathode) ©:(g) + 4H" + 4e A 2H20

Overall reaction: 2Fe + Q@+ 4H*A 2Fe*+ 2H20
(i) Prevention (a) Painting or coating of some chemicals

(b) Galvanising (c) Coating a metal surface by another metal

(d) By providing a sacrificial electrode of another metal (Mg, Zn, etc) which corrodes
itself but saves the object.
(2). Explain construction and working of standard Hydrogen electrode?

A. Construction: SHE consists of a platinum electrode coated with platinum black. The
electrode is  dipped in an acidic solution and pure Hydrogen gas is bubbled through it. The
concentration of both the reduced and oxidized Forms of Hydrogen is maintained at unity i.e.,
pressure of Hz gas is 1bar and concentration of Hydrogen ions in the solution is 1molar.

Working 0 The reaction taking place in SHE is H*(aq) + e A Y2 H2 (Q)

At 298 K, the emf of the cell constructed by taking SHE as anode and other halfcell as cathode
,gives the reduction potential of the other half cell whereas for a cell

constructed by taking SHE as cathode gives the oxidation potential of other half cell as
conventionally th e electrode potential of SHE is zero.

UNSOLVED QUESTIONS ( HOTS)
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1MARK QUESTIONS

(1) What would happen if the protective tin coating over an iron bucket is broken in some
places?

(2) In a dry cell, ammonia produced during reaction does not build up a gas pressure, why?
(3) The conductance of 0.1M HCI solution is greater than that of 0.1NaCl.Why?

2 MARKS QUESTIONS
(1) Why is SHE called reversible electrode?

(2) What substance can be used to oxidize fluorides to fluorine?

(3) Why the color of potassium iodide solution turn blue when chlorine water is added to
it?

3 MARKS QUESTIONS

(1) Why blocks of magnesium are often strapped to the steel hulls of oceandgoing ships?

(2) What are reversible and irreversible cells?

(3) What do you mean by concentration cells?

5 MARKS QUESTION

(1)What is fuel cell? Give balanced equations of the occurring reactions. How is it different from
thermal power plants?

Important Formulae

. For the reaction- M"™ (aq) + ne A M(S)
AccordingtoNernst 6 s eq,0 we have
Ecel) =E%ceny - (RT/nF) In(M]/[M ™))

. For the reactiond aA + bBA c¢cC +dD
Ecel) = Bcen - (RT/nF) In([C]¢[D]¢/[A] 2 [B]° )
At Equilibrium we have 8 ES%ceny = 2.303 (R /nF) log K¢
b (1 )GO=-nEE e (i irpB0=-RTanK

. (i) G = (| / ROQiiD (AG* A =L i/ (™

. 0 m= I/ C
o For strong el tO®ACHt es, 0
. (i) mlAo&E 0 (i) Ka= 2)/c(BBA)

SOLVED NUMERICALS:

1 MARK QUESTIONS:

(1) How many Faradays of electricity are required to liberate 2 moles of hydrogen gas in
electrolysis of a solution?
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H+(aqg) + %(@ B 13 H Imoleofe=1F gives¥ mole of H

4 Faradays are required to liberate 2 mole of H ».

(2) At what pH of HCI soln will h gas electrode show electrode potential of 80.118 V?
H2 gas is bubbled at 298k and 1 atm pressure.

H*+e A Y2H.. En*me = E%*m2 - (0.0591/1) log (1/[H*])
-0.118 =0 + 0.0591 log [H]- 0.118 = 0.0591 pH (Since, pH =-log [H*])
pH = 2.

(3) How many Coloumbs are required for oxidation of 1 mole of FeO to Fe 203?
The electrode reaction for 1 mole of FeO isd

i) FeO A %% FeO (i) Ferr A Fer +e

Therefore, quantity of electricity required = 1 F = 96500 C

(4) How many faradays are needed to reduce 3g mole of Cw?* to Cu metal?
A.Cu2t+2e-A Cu

Two faradays are needed to reduce 1g mole Cu+ . -- 6 Faradays will be needed to reduce 3g
mole of Cu?+.

(5) A cell is represented by notation
Cu (s) /cu2+ (aq) // Ag+ (aq) / Ag (s)
Calculate e.m.f of the cell if EOCu2+/Cu = + 0.34V and EO Ag+/Ag = 0.08V?
A. E%en= Ecathode @ E%node
=EO%g*/ag O Ecu2*/cu

=0.80Va (+0.34V) = +0.46V
2 marks Questions:

(1) At infinite dilution the molar conductance of Na +and SOs2 ions are 50 and 160 S criimol-1
respectively. What will be the molar conductance of sodium sulphate at infinite dilution?
A. NaeSO:b 2 + NSO

0°m (Na;SQ) =om@Naf]i om SO
= (2 X 50) + 160 =260 S cn? mol -1

(2) Predict the products of electrolysis obtained at the electrodes in each case when the
electrodes used are platinum. (a) An agueous solution of AgNO 3 (b) A dilute agueous solution
of H 2SOy

(a) Silver is deposited at cathode and oxygen is arode.

Cathode: Ag*(aq) +1le B Ag (s)
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Anode: 2HO (L O2(+4H++4e
b) H»gas at cathode and Qgas at anode.

Cathode:HO (1) + @@e+OBH- I3 H
Anode: 2H.O (| (9B 48+(aq) + 4e

(3) Ag is electro-deposited on a metallic vessel of surface area 800 crahby passing a
current 0.2 A for 3 hrs. Calculate the thickness of Ag deposited. Density of Ag = 10.47
gl/cc
At. Mass Ag = 107.92 amu.
Quantity of electricity passed = 0.2 x 3 x 60 x 60 C = 2160 C

Ag*+e A Ag 96500 C deposit Ag =107.92 g
2160 C will deposit Ag = 107.92 / (96500 x 2160) = 2.4156 g
Volume deposited = Mass / Density = 2.4156 / 10.47 cc = 0.2307 cc
Thickness deposited = Volume / Area = 0.2307 / 800 = 2.88 x 10* cm
(4) The measured resistance of a cell containing 7.5 x 18 M solution of KCI at

2%C was 1005 N calcul ate

(a) Specific conductance and

(b) Molar conductance of the solution. Cell Constant = 1.25 cm?
A . k=122/3x108N-1cm?

I m = 1 6'6m2ihol-W
B5)The conductivity of an

a eoulgmishe!l uti on of
resi stance offered by th

qu
is cell is 247. 8N.

L cell constant
Specific conductivity = ——
Resistance

Or cell constant = conductivity x Resistance
=92 Q 'om! x 2478Q

=22797.6 Q!

3 marks Questions:

(1) For what concentration of Ag+ (aq) will e.m.f of the cell be zero at 25C if concentration of
Cu2+0.01 M? Cu | Cu 2+(0.01M) || Ag *(aq) | Ag(s)

Given: - E%gag = + 0.80V and BPcy2tcy = + 0.34V
—» Anode (oxidati éfay)+22Cu (S) b Cu

Cathode (Reduction): [Ag*( aq) Ag (BeX 2b

Cellreaction: Cu (s) +2Ag*( aq) 2HaqlCH2 Ag (s)
According to Nernst equation
Ecen = E%e -0.059 log [products]
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n [reactants]
0= E’cathodea annode - 0059|Og [Cu 2+(aq)]

n [Ag+(aq)]?
0 = (0.800.40) - 0.059lo0g (0.01)

2 [Agr(ag))?

=> 0= 0.46-0.059log (0.01)

2 [Ag(ag)P
[Ag+ (ag)] = 1.48 X 1M
(2) Calculate the maximum possible work that can be obtained from the following cell under the
standard condition at 25 °C. Zn|Zn 2+ (aq) || Cu 2*(aq) | Cu
given: - B0 72424z, =-0.76V and P cy?*cy = + 0.34V

Eocell = Eocathode 6 annode= + 0346 (‘ 076) = 11V
Net cell reaction is

Zn(s) + Cu2t (agq) -2=__gn2+(aq) + Cu (s)
maxi mum w&t=k nFEa -2 X 96500X 1.1=212300J
maxi mum w@aP=k 21230G3

(3) The half cell reaction are
(i) Fer+ e B Fe Eo=0.76V  (i)Ag*( aq) + Ad(8) E°= OBOV

Calculate Kc for the following reaction at 250 C Ag+*(aq) + Fe+*b Ag (S) + Fe+
Given 1F = 96500 C mott.

> E%ei = Eathode O Eanode => Boce = E%g*iag - E0re¥*iFe2*  => B =0.800.76 =
0.04V P = 0.059l0g Kc

n

log Kc=E°cell Xn=0.04 X 1= 6779

0.059 0.059
Kc=4.763

5 MARKS QUESTIONS:

(1) Silver is electrodeposited on a metallic vessel of total surface area 900 cby passing current
of 0.5 A for 2 hours. Calculate the thickness of silver deposited. [Given: density of silver =10.5 g
cm-3,
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At. Mass of Ag=108 amu, F = 96500 C mot]
— Q=1 (inamp) Xt (in seconds) =0.5A X (2 X 60 X 60)s =3600C
Ag*(aq) + 1le B Ag (S)

1 mole of e deposits 1 mol of Ag

1F of charge deposits 108g of Ag

96500 C deposits 108g of Ag

3600 C deposits = 108 X 3600 =4.026 g of Ag
96500

Volume of silver deposited = mass= 4.026g =0.3845cm

Density 10.5g cm3
Thickness of silver deposited = volume = 0.385 cn?

Surface area 900 ¢n
=4.272 X 16tcm

(2) How many electrons flow when a current of 5 amps is passed through a
solution for 193 sec. Given f = 96500 C. NA=6.022 x 18 mol-1?
A.Q=1t=5X193=965C
96500C = 1 mol of electrons = 6.022X8mol -1
965 C =6.022 X 18 x 965/96500
= 6.022 x 18 electrons.
Assignments
Level 1
What is electronic concept of oxidation an reduction?
What bare electrolytes andthat are weak and strong electrolytes?
Which type of reaction is corroiiagpxidation reduction?

Give expression of equilibrium constant(k) for a reaction
Zn(s) + Cli*(aq) -----Zrt* (ag) +Cu(s)

PN PE

5. Dissociate the following electrolytes:
NaCl, CuglAgNQ
6. Conductivity of a solution is because of
7. How many electrons are needed for the reduction of thgAg and Mng.
8. Can youstir a copper sulphate solution with a nickel spoon?
9. Which electrode is considergmbsitive terminal in a cell?
10. What is the relation between resistance and conductance?

Level 2
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W hat are the signs of G, K arfglffor a spontaneous reaction?
2. for areaction : Zn(s) + €(aq)-----Zrt*(aq) + Cu(s)
1. Name thje positive and negative temals.
2. what is the function ofsalt bridge.
3. What is the direction of flow of current?
3. two metals A and B with electrode potential €3.76 V and +0.80 respectively
.which of the two willlibrate hydrogen from dil. H2S04?
4. for the following reaction:
Mg(s) + 2AH(0.0001M)-----Mg(0.10M) + 2A{s)

E> (Mg*/Mg)=-2.36V °@gd/Ag) =0.80V

5. A current of 0.50A was passed through an electrolyte solution containing AQNO3 solution with
inert electrodes.The weight of Ag deposited was 1.50g .How long did the current flow?

6. Why does the conductivity of a solution decreases with dilution?
7. Given the ¥of cell for KIK =-2.93V HiHg= 0.79V
CP/Cr=0.74V ,  A@g=0.80V, MgMg=-2.37
Arrange these metals in their increasing order of reducing power.

8. Gibve products of electrodes of aqueous solution of CuCl2 with platinum electrodes .
9. Why Kéquation const.) is related only t& Eell and not E cell.
10. Which type of metal can be used in cathodic protection of iron against rusting.

Level 3

1. What is the difference betweerf Eell and E cell? Calculate E cell of the following cell at 298 k
Cd/Cd*(0.1M)||Ag*(0.1M)/Ag

Given E for Cd/Cd =-0.40V and AgAg= 0.8V

2.a.) What is the number of electrons in 1 coulomb of electricity?

2.b ) Find the charge in couloms on 1 g ion 82 N

3.In the botton cells widely used inatches and other devices the following reaction

takes place:

Zn(s) +Ag20 (s) +H20(BA Zrf* (aq) +2Ag (s)+ 20Khq)

Determine delta r&and B for the reaction . Given :

E°Ag/Ag=0.344V  °Erf'/Zn =0.76 V.
4.Conductivity of 0.00241 M acetic acid is 7.896*8xnt ".Calculate its molar

conductivity and if ~0 for acetic acid is 390.5 Yonol;, what is its dissociation constant .
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5. Give reason:

a) Cudissolves in HNO3 but not in HCI.
b) Zn dissolves in dil HCI to liberate H2 gas but from conc. H2S0O4 gas evolved is SO2.
6. If Zrt*/Zn electrodeis diluted 100 times then what will be the change in Ecell?

COMMON ERRORS

1. In Nernst equation

+H R
w»
w O

gm
-~
n—
Qx
NS

0
Q)¢

< o
> N
<, ax
U S
pufi

2. Difference between cathodic pratgéon and galvanization

Products for electrolysis

* Electrode with higher reduction potantiorf Enathematically) is reduced first.

Z X
&

4. CHEMICAL KINETICS

N >+
CNK

(Vp))
D¢ T«

<, -

4 CHEMICALS
KINETICS

Expression of rate of reaction| *

Page 96, 97

Rate law, order &nolecularly
of a reaction

*%k

Page 98,99

Initial rate method

Exercise 4.4, 4-8.12

Integrated rate method Fhkk Page 103105
alongwith half life
Arrhenius equation and temp **** Page 113
dependence

Ex4.10,4.11

POINTS TO REMEMBER

* Rate of chemical reaction :-The change in molar concentration of the species taking part in a

reaction per unit time.

* Unit is mol L-1S1 or mol L -1 min -1

* For gaseous reactionsatm s or atm min -1
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* Average rate:-obtained by dividing the change in concentration of any one of the reactant or
product by the time taken for the change ie ax / aet

For a reaction of the type
aA+bBBb c¢cC+dD

the average rate expressions are

rase=-2e[ A] / et ] 1/ a

=-e[ B]/ &t |1/ Db

+e[ C] /et |1/ c

+e[ D]/ et | 1/d

* The negative sign implies that the change in concentration of reactant is negative
* Average rate does not give the true rate of the reaction

* Instantaneous rate of a reaction: The rate of a reaction at a particular moment of time.
Average rate expression becomes instantaneous r at

Instantaneous rate rinse= dx/dt
dx- infinitesimally small change in concentration
dt- infinitesimally small interval of time

* Instantaneous rate is experimentally obtained by taki ng the tangent at any instant on the curve
obtained by plotting concentration vs time.

Qn:- Write the average and instantaneous rate expressions of the following reaction
5Br(aq+BrOs g t6H *ag) B 3 &Bdf +3H20()

rav= - B¢ &b |

-2[ Ba] @ eet

-ee[H/ et | 1/ 6

+,) kB 1/ 3

+0%f BBt | 1/ 3

Finst = - d [Br-]/dt x1/5

-d [BrOs)/dt

+d[Br]/dt x1/3
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= +d[H .O)/dt x1/3

Qn:-ln a reaction 2ABProducts , the cohnecCimbltlati on o
in 10 minutes . calculate the rate during this interval.

Rate=-e[ A] / et | 1/ 2
= % (0.40.5) mol L-/20 min
=0.005 mol Lt min-1

Qn:- A chemical reaction2 AB 4 Bin gas fhase occurs in a closed vessel. The concentration
of B is found to increase by 5x1063 mol L-1in 10 seconds, Calculate (a) the rate of appearance of B
(b) the rate of disappearance of A.

Sol:-rate=-1/ 2 x e[ A] /| eet

+1/ 4 x e[ B]/ et

+ e[ C] / et

Rate of appearance of B = 5x18 mol L-%/10 s
= 5x104mol L1st
Rate of disappearance of A,ie @& A]/l & = 2/ 4] & B]/
= 1/2x5x10-4mol L-1S1 =2.5x104 mol L -1s1

*Rate law :- The expression in which reaction rate is given in terms of molar concentrations of
reactants with each term raised to some power , which may or may not be same as the
stoichiometric coefficient of the reacting species in a balanced chemical equation.

For a general reaction
aA + bBB cc + dD
The rate law expression is
Rate =k [A] ¥B]Y

k-rate constant , 6x06 may or may not be equal to

* Order of a reaction : - The sum of exponents of the concentration of the reactants in the rate
law expression

In the rate law expression ; rate = [A]* [B]Y
Ox-®rder of the reaction w.r.t reactantA ,0y06 ord

X+y is the overall order of t he reaction
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*for nth order reaction the unit of rate constant 6 kisimol L-1)n st
Qn:- The rate constant of a reaction is 2.3x 16mol-iLs1. What is the order of the reaction ?
Ans :- Here 1-n = -1 ,so n=2 ie, the reaction is of second order.

*Mol ecularity of a reaction :- The number of reacting species ( atoms,ions or molecules) taking
part in an elementary reaction which must collide simultaneously in order to bring about a
chemical reaction

* Complex reactions involving more than three molecules in the stoichiometric equation,
must(is assumed to be) take(ing) place in more than one step ( elementary reaction )

* The overall order of the reaction is controlled by the slowest step ,called rate determining step
* The rate can be written from the slowest step
* For a single step reactions, the order and molecularity will be the same
Qn :- Suggest a probable mechanism for the reaction
I-
H.O;, — 2H0 + O,
OH-
The rate law is rate = k[H202][I -].
Ans:- This reaction takes place in 2 steps
Q) H:O2+ 1B BD +10- - slow
(2) H:O02+10-B  bBO +I-+0Op - fast

*Qn: - Write any 3 important differences between order & molecularity

ORDER MOLECULARITY
1.Determined experimentally. 1.Theoretical concept.
2.Can be zero or fractional 2.Always whole numbers.
number.

3.For complex reactions, order
is applicable for both the
elementary and overall
reaction.

3. applicable only for
elementary reactions and no
meaning for overall complex
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reactions.

*For a reaction A + B B Products
Rate =k [A] %2 [B]2, what is the order of the reaction?
Ans:-order =1/2 + 2
=25

* |ntegrated rate expression for zero order reactions

k=[R]o 0 [R]/ t where k fi rate constant for zero order reaction
[R]o--- initial concentration of the reactant

[R]----concentration of the reactant at ti me

Concentration of R slope =-k
y intercept =[R]o

variation in the concentration Vs time graph for zero order reaction

ti me B

* for first order reaction

K = 2.303/t log [R] o[R]

Slope=-k/2.303
Log[R]oY y intercept = log [R] o
Log [R]
BO ti me b
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Plot of variation of log[R] Vs time for a first order reaction
* For first order gas phase reaction of the type
K =2.303/t log p i/ (2pi-pt)
Pi---- initial pressure of gas A
Pe----- parti al pressure of gas A at time 0y©o.

*Half life of a reaction : - Time taken for reducing the concentration of a reactant to one half of
itds concentration

* For zero order reaction, half life ti1» = [R]o/2k
* For first order reaction ty2 = 0.693/k
* For nth order reaction ti,A  [oMR ]

Qn:- The rate constant of a reaction w.r.t.the reactant A is 6 mint. If we start with [A]=0.8 moL -1,
when would [A] reach the value of 0.08 molL -1?

Ans:- For first order reaction t = 2.303/k log [R] o/[R]
[R]o=0.8 mol L1[R] =0.08 mol L1k = 6 min-1
t= 2.303/6 min-!log [0.8mol L-%/0.08 molL -]

2.303/6 min-1 x log 10

0.38 min

Qn:- If half life period for a first order reaction in A is 2 min. How long will it take [A] to reach
25% itds initial concentration ?

Ans:- for first order reaction k = 0.693/t 12
k =0.693/2 min.
k = 0.3465 min?
[Rlo=100 [R]=5

t= 2.303/k log [R] o/[R]

2.303/0.3465 min?. log 100/25

2.303/0.3465 mintlog 4

= 6.65 min
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*Pseudo first order reaction : - reaction which appears to be a second order ,but actually first
order are called pseudo first order reaction

Eg:- hydrolysis of esters
H+
CH3:COOCHs+ H2 O BsCQOH + C,HsOH
Rate law for this reaction is ; rate = K[CH3COOC:Hs][H 20]
But the concentration of water does not change during the course of the reaction
So ; [H20] is constant
Therefore rate = kifCH3COOC:Hs] . The reaction behaves as a first order eaction
*Arrhenius equation for temperature dependence of rate constant: -
k= Ae -EaRT
Or log k = logA d Ea/2.303RT
log ko/k 1 = Ea/2.303[T2-T/T 1T4]
A = pre exponential factor ; Eafi Activation energy
slope = -Ea/2.303R

Intercept = log A

Log k

1/ THB

Plot of variation of log k Vs 1/T

*Activation energy :- The energy required to form the reaction intermediate {refer NCERT Text
Book page no: 112}

*Effect of catalyst on reaction rate :- A catalyst alters the rate of a reaction as it provides an
alternate pathway or reaction mechanism by reducing the activ ation energy between reactants
and products and hence lowering the potential energy barrier [Refer NCERT Text Book fig.4.11
page no ; 115]

*A catalyst (a) does not alter the Gibbos
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(b) catalyses only spontaneots reactions
(c) does not change the equilibrium constant of a reaction

(d) is highly specific

* Collision theory of chemical reactions

(a) collision frequency :- The number of collisions per second per unit volume of the reaction

mixture {Refer NCERT Text Book page no 115&116}
(b) According to collision theory ; rate = p Zag € %EaRT
P --- probability factor ; Z ----collision frequency of reactants A&B
eEaRT represents the fraction of molecules with energies equal to or greater than Ea

SOLVED QUESTIONS

1 MARK QUESTIONS

1. The reaction A+B ©bBC has zero order
Ans:- rate =k [A] o[B]°
2. Give one example of a fractional order reaction .
Ans:-H+Br.b 2 HBr
rate = K[H][Br2]2
order of the reaction = 1/2
3. What is an elementary reaction?
Ans: - the reaction place in a single step
eg-N2g)+0O2(g) B 2NO(g)

4. In some chemical reactions , it is found that a large number of colliding molecules have
energy more than threshold energy value , yet the reaction is quite slow.Why?

Ans: - The reactant molecules may notbe properly oriented .

2/3 MARKS QUESTIONS

1. The following results have been obtained during the kinetic studies of the reaction
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2A+B B C+D. Write t

rate | aw expression

Expt. | [A] molL 1 [B] molL -1 Initial rate of formation
of D ,molL-1 min-1
1 0.1 0.1 6.0x 163
2 0.3 0.2 7.2 x 10
3 0.3 0.4 2.88 x 1+
4 0.4 0.1 24 x 1%
Initial rate = K[A] x [B]Y
k(0.1x(0.1y =6.0x1  ---------- (1)
k(0.3x(0.2y = 72x1® - )
k(0.3(0.4y = 2.88x 10 --------m-- (3)
k(0.4x(0.1y = 24x1® - 4)

eq:3leq:2 2y =4

eq:dleq:l 4x =4

Therefore; rate = K[A][B]?2

2. For afirst order reaction, show that time required for 99% completion is twice the time

required for the completion of 90% of the reaction.

ANS:- tooy = 2.303/k x log 100/10
= 2.303/k

togss = 2.303/k x log 100/1

2x2.303/k

2X toow

3. For the decomposition of azoisopropane to hexane and nitrogen at 543k,the following data

were obtained. Calculate the rate constant.
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t (sec) P(mm of Hg)

0 35.0
360 54.0
720 63.0

Ans :- (CH3),CH-N=N-CH(CH3)( g ) B 2Q) + NGH14(Q)

t=0 35mmHg 0 mm Hg 0 mm Hg
t=360 (35x) mm Hg X mm Hg X mm Hg
t=720 (35 ) mmHg y mmHg y mmHg

(35x) +x+x = 54
35+x =54
x =19
| case
partial pressure of azoisopropane at 360k = 3519
= 16 mmHg
Assuming first order kinetics
k =2.303/tlog pilp t

= 2.303/t log 35/16

=217x1®st
Il case :
(35y)+y+y = 63
35+y = 6335
= 28

Partial pressure of azoisopropane at 720k = 3528
= 7 mmHg
Rate constant k = 2.303/720 x log 35/7

= 222x1®¢st
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Since 6kd is constant in the both the cases

Hence the value of k =(2.17+2.22/2) x 103
=22 x1®¢st

4. The following data were obtained during the | order thermal decomposition of SO ,Cl, at a
constant volume.

SOLCl( g) BRg) 8@y(g).calculate the rate of the reaction when total pressure is 0.65atm

Experiment Time/s Total
pressure/atm

1 0 0.5

2 100 0.6

Ans:-  k=2.303/tlog pi/2p i-pt
= 2.303/100 log 0.5/(2 x 0.50 0.6)
= 2.23x 1Bs?
Partial pressure of SO,CIx(g) when the total pressure is 0.65 is

Psozci = 2pi-p

2x0.500.65

0.35 atm

Rate = K[SQCI;] (I order reaction)

2.23x1®x0.35
= 7.81x 16 atm st

5. The rateconstant for the decomposition of a hydrocarbon is 2.48 x 105 st at 546k . If the
energy of activation is 179.9 kj molt, what will be the value of pre - exponential factor?

Ans:- According to Arrhenius equation ; log A = log k + Ea/2.303RT

log A = log(2.41 x 105s1) +179.9 x 18] mol-%/(2.303 x 8.314 j kI mol-1 x 546Kk)

-4.6165 + 17.208

12.59
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A

antilog 12.59

A

3.8 x 1@ s1( A is the pre- exponential factor )
6. The rate constant for the | order decomposition of H2O: is given by the following equation
log k = 14.348( 1.25 x 10k /T)
Calculate Ea for the reaction and at what tempera
Ans: - according to Arr henius equation ; log k = log A- Ea/2.303 x RT
Comparing this equation with the given equation , we can write
Ea/2.303 x 8.314 =1.25x 10
Ea = 1.25x16x 2.303 x 8.314
= 239.33 kj mott
Rate constantk = 0.693/t
= 0.693/256 x 60 s
= 45x10s!
log k = 14.340( 1.25 x 160k )/T
log4.5x 105 = 14.3490(1.25x 10k)/T
-4.3456 = 14.38(1.25x 104k )/T
1.25 x16/T = 18.6856
T = 669k

7. The decomposition of A int ®oslgitOCdandebherghads val ue
activation 60kjmol-&. At what temperatdadte?would 6kdé be 1.5 x

Ans :- log k2/k 1 = Ea/ 2.303RT [1/T1-1/T 7]

1UT101T2 = (logkzak 1x2.303 x R)/Ea

log (1.5 x 1@)/(4.5 x 103) x 2.303 x 8.314 / ( 60 X 18)

1.66 x 16
T, = 1/T.:-1.668 x16¢
= 1/283 81.668 x 16

= 33.662x 16
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Therefore T = 297k
= 24C
8. The activation energy for the reaction

2 HI ( g)2(g) +B2(gHis 209.5 kj molt at 581k. Calculate the fraction of molecules of
reactants having energy equal to or greater than activation energy .

Ans:- Fraction of molecules having energy equal to or greater than activation energy = e éaRT

= ©(209500/8.34 x581)
= e(4337)

= 1/e 4337
=1/6.85 x 1018
=1.462 x 109

9. The time required for 10% completion of a | order reaction at 298k is equal to that required for
i tds 25% c 808iplfteetvdlue of pre exponential factor is 4 x 10t0s1 calcul at e
318k and Ea

ANS:- tig9 = 2.303/k 1 log 100/90
tose= 2.303/k 2 log 100/75
since tiou=t2s0 We can write
2.303/k1log 100/90 = 2.303/k; log 100/75
Kok 1 = log (100/75)/ log (100/90)
= 273
log ko/k 1= Ea/2.303 R [ To-To/T 1T2]
log 2.73 =Ea/2.30 x 8.314 [308298/308 x 298]
Ea = 76.65kj mot
logk = log A d Ea /2.303RT

logk = log4 x 100¢( 76.65 x 18j mol-1/8.314 x 318 x 2.303)

10.602112.58

-1.9783

K = antilog 61.9783

Pages2/ 249

0k d



K = 1.05x 1@st
LEVEL 1
Q1Write rate law for zero order reaction .
2 .. what is the order of reaction for the following rate law expression :
Rate = k [A]? [B]™?

3 :Express the relation between the half life period of a reactant and its initial conc. For
reaction of nth order .

4: How does the value of rate constant vary with reactant conc .?
5: How does rate constant vary with activation energy ?

6 : A reacton is 50% complete in 2 hours and 75% complete in 4 hours. What is the order of
reaction ?

7 :The rate constants for a first order reaction is 0.005 mintte Calculate its half life .

8 : If slope of line obtained by  plot of log {8k] vs Timeis -2.147 X10*s™. Calculate the
g tdzS 2F wlQo

9: Define pseudo unimolecular reaction. Give two examples .
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10. The rate of decomposition of Nklon platinum surface is zero order.What is the rate
of production of N and Hy, If k=2.5X 10*Ms™.?

LEVEL 2

1: The half life of radioactive decayot'®|S 5730years . An archeological artefact
contained wood had only 80% of theound in living tree .Estimate the age of the
sample .12. :At 300 k , a certain reaction is 50% complete in minutes. At 350 k , the same
reaction is 50% complete in 5 minutes . Caculate the activation energy of the reaction?

2. : Explain: (1) rate bw (2) order of reaction (3) molecularity .
3.: what is the effect of catalyst on rate of reaction ?

4. the following results have been obtained during the kinetic study of the reaction :
2A +B—>C+D

Experiment [A] [B] initial rate of formation
1 0.1 0.1 6.0-8 10mol/ L/s
2 0.3 0.2 7.2 X102
3 0.3 0.4 2.88-% 10
4 0.4 0.1 2.40 ® 10

determine the rate law and the rate constant for the reaction.

4.: Afirst order reaction is 20 % complete in 10 minutes .Calculate the time for 75 %
completion of the reaction .

5 .: State and explain Arrhenius equation. How cardetermine the activation energy of a
reaction using this equation ?

6.: Nitric oxide, NO, reacts with oxygen to produce nitrogen dioxide ,
2 NO(g) + Q(9) — 2NOx(9)
What is the predicted rate law , the mechaism is :
NO + @ < NOj (fast)
NO; + NO — NO; + NO, (Slow)

7.: The following data were obtained during the first order thermal decomposition of
N205(g) at constant volume:

N2Os(g)------- A 2N204(g) + &

S.no Timel/s Total pressure(atm)
1 0 .
2 100 0.512

Calculate the rate constant.
8.For the assumed reaction X, + 3Y, A - 2XY3, write the rate equation in terms of rate of

disappearance of Y, and X..

9. The time required for 10 % completion of a  first order reaction at 298 K is equal to that
required for its 25 % completion at 308 K, if the value of Ais 4 X 1010 s-1. Calculate k at
318 Kand Ea.

10. Two similar reactions have the same rate constant at 250 C, but at 350C

one of the reaction has a higher rate constant than the other . Account for these observations.
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LEVEL 3
1. Decomposition of NH;3 (g) on surface of catalyst
2NH3 A N (g) + 3H»(9)
Under low pressure follows first order kinetics while at high pressure it is zero
order reaction. Why?
2. In the reversible reaction
k1
2NO, <A N0,
k2
Find out the rate of disappearance of NO, .

3.Show that in a first order reaction, time required for completion of 99.9% is 10 times of half-life
(ty2) of the reaction.

4.The activation energy of a reaction is 94.14kJ mol™ and the value of rate constant

A~

at 313 K is 0.000018 sec™. Calculatet he frequency factor O6Abd.

5. For the reaction, the energy of activation is 75 kJ mol™. When a catalyst is added the reaction
its energy of activation is lowered to 20 kJ mol™ What is the effect of catalyst on the rate of
reaction at 20°C.

6. Thereaction S@ + CbL —SOCL , is a first order reaction with k = 2.2 X-B0s1 at
575 K. What %age of a initial amount of $Cl, will get decomposed in 90 minutes when
the reaction is carried out at 575 K

.7.. : Sucrose decomposes in acid solution into glucose and fructose according to the
first order reaction with half life period 3 hours . What fraction of sucrose remains after
8 hours ?

.8. The decomposition of hydrocarbon follows the equation ,

k=(4.5X 10 s?) e?8%0 ¥T calculate E, .
9. The activation energy for the reaction 2HI(g) A Ha(g) + I.(g) is 209.5kJ mol * at 581 K.

Calculate the fraction of molecule of reactants having energy equal to or greater than activation
energy.

10.Describe the role of activated complex in the reaction and give its stability with activation
energy ?

COMMON ERRORS
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Temperature in Kelvin should be used@5 273 = 298 K

logk = Ea [_1 -1 ]
K, 2.303R T T
R = 8.314 Joules/K/mole
SURFACE CHEMISTRY
5 SURFACE Physiosorption & chemical | **** Page 123126
CHEMISTRY adsorption, isotherms In text 5.15.3
Heterogenous and Page 127133
homogenous catalyst, zeolite In text5.55.6
and enzymes

POINTS TO REMEMBER

Adsorption :The accumulation of molecular species at the surface rather than in the bulk of a
solid or liquid

Adsorbate :The molecular species or substance, which concentrate at the surface.
Adsorbent :The material on the surface of which the adsorption takes place.
Adsorption is essentially a surface phenomenon.

Desorption :The process of removing an adsorbed substance from a surface on which it is
adsorbed.

Factors featuring adsorption

The extent of adsorption increases with the increase of surface area per unit nass of the
adsorbent at a give temperature and pressure.
Easily liquefiable gases(i.e., with higher critical temperatures) are readily asodrbed Adsorption
is accompanied by decrease in enthalpy as well as decrease in entpy of the system.

Types of Adsorption

Physical adsorption

Chemical adsorption

1.1t arises because of van der
Waal s forces.
2.1t is not specific in nature.

3. It is reversible in nature.

4. Enthalpy of adsorption is low
(20-40 kJ mobB1 )in this case

5. No appreciable activation

1.1t is caused by chemical bond
formation.

2. It is highly specific in nature.
3.t is irreversible.

4. Enthalpy of adsorption is high
(80-240 kJ mob1) in this case
5.High activation energy is
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energy is needed. sometimes needed.

6. It results into multimolecular | 6.1t results into unimolecular
layers on adsorbent surface layer

under high pressure

Freundlich adsorption isotherm : Empirical relationship between the quantity of gas adsorbed
by unit mass of solid adsorbent and pressure at a particular temperature.
x/m=k.P1/n (n > 1)

where X is the mass of the gas adsorbed on mass m of the adsorbent at pressure P, k and n are
constants which depend on the nature of the adsorbent and the gas at a particular temperature.

Taking logarithm

log x'/m=1log k + 1/n log P

slope = 1/n

|Og xI'm /
B

y intercept = log k

B I'pg

When 1/n = 0, x/m = constant, the adsorption is independent of pressure.
When 1/n = 1, x/m= k P, the adsorption varies directly with pressure.

Catalysis

Catalysts - Substances, which alter the rate of a chemical reaction andthemselves remain
chemically and quantitatively unchanged after the reaction.

Promoters - Substances that enhance the activity of a catalyst.

For exampl e, in Haberds process for manufacture o
for iron which is used as a catalyst.

Poisons d Substances that decrease the activity of a catalyst.

Homogeneous catalysis

When the reactants and the catalyst are in the same phase (i.e.,liquid or gas.
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Eg:- Oxidation of sulphur dioxide into sulphur trioxide with dioxygen in the presence of oxides
of nitrogen as the catalyst in the lead chamber process.

2SOx(g) + O2(g)  —No@ . 2S0Ox(g)

Heterogeneous catalysis

The catalytic process in which the reactants and the catalyst are in different phases. is known as
heterogeneous catalysis.

Eg:- Oxidation of sulphur diox ide into sulphur trioxide in the presence of Pt.
2SO( g) b (@S O

The mechanism of heterogeneous catalysis involves five steps:

(i) Diffusion of reactants to the surface of the catalyst.
(if) Adsorption of reactant molecules on the surface of the catalyst.

(i) Occurrence of chemical reaction on
intermediate

(iv) Desorption of reaction products from the catalyst surface.
(v) Diffusion of reaction products away from

Important features of solid catalysts

(a) Activity

The activity of a catalyst depends upon the strength of chemisorptions to a large extent. The
reactants must get adsorbed reasonably strongly on to the catalyst (but not so strongly) to
become active.

Eg-2H.(g) +O2(g)Pt B BD(I)H

(b) Selectivity

The selectivity of a catalyst is its ability to direct a reaction to yield a particular product.
Eg:-

Shape-selective catalysis: The catalytic reaction that depends upon the pore structure of the
catalyst and the size of the reactant. Zeolites are good shapeselective catalysts.

Eg:- ZSM-5 converts alcohols directly into gasoline (petrol) by dehydrating them to give a
mixture of hydrocarbons.

Enzymes :The enzymes arebiochemical catalysts.
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Eg:- Inversion of cane sugar: The invertase enzyme converts cane sugar
into glucose and fructose.

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. Range
of diameters is between 1 and 1000 nm.

Classification of Colloids

(lBased on PhysicalState of Dispersed Phase and Dispersion Medium See table 5.4 NCERT text
book

Solids in liquids dsols eg: starch sol
Liquids in solids d gels eg: butter
Liquids in liquids & emulsions eg:- milk

(inBased on nature of interaction between dispersed phase and the dispersion medium

Lyophilic colloids | Lyophobic colloids

1.Solvent liking 1. Solvent hating

2.Reversible sols | 2.Irreversible sols

3.Quite stable 3.Unstable.Need stabilising
agents to preserve

4.Cannot be easily | 4.Can be coagulated easily by

Coagulated adding small amount of electrolyte

(iilBased on the type of the particles of the dispersed phase

Multimolecular colloids Macromolecular colloids Associated colloids (Micelles)

Atoms or molecules | Solutions in which the size | At low concentrations behave as
aggregate together to| of the macro molecules| normal strong electrolytes, but at
form colloidal range | may be in the colloidal | higher concentrations exhibit
species . range. colloidal behaviour due to the
formation of aggregates.
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Eg:- gold sol,sulphur sol Eg:- starch sol Eg:- soaps & detergents

Kraft temperature (Tk)- Temperature above which the formation of micelles takes place.

Critical micelle concentration (CMC) & Concentration above which the formation of micelles
takes place.

Peptization_ Process of converting a precipitate into colloidal sol by shaking it with dispersion
medium in the presence of a small amount of electrolyte.

Dialysis: It is a process of removing adissolved substance from a colloidal solution by means of
diffusion through a suitable membrane .

Electro-dialysis : Dialysis can be made fasterby applying an electric field if the dissolved
substance in the impure colloidal solution is only an electrolyte..

idal solution.

Properties of colloidal solutions

()Tyndall effect : - The scattering of light rays by colloidal particles due to which the path of
light is illuminated. Tyndalleffect is observed only when

(@) The diameter of the dispesed patrticles is notmuch smaller than the wave length of the light
used

(b) The refractive indices of the dispersed phase and the dispersion medium differ greatly in
magnitude

(inBrownian movement :- The zig-zag movement of colloidal particles due to the unbalanced
bombard ment of the dispersed particles with the molecules of the dispersion medium.

(iii) Electrophoresis :- The movement of colloidal particles under an applied electric potential

Charge on colloidal particles :- The colloidal particles develop charge due to the following
reasons

(a) Electron capture by sol particles during electrodispersion of metals

(b) Due to preferential adsorption of ions from solutions

(c) Due to formulation of electrical double lay

Coagulation or precipitation of colloidal particles : - the process of settling of colloidal particles.

Caused due to (a) addition of electrolytes (b) electrophoresis(c) boiling (d)mixing two
oppositely charged sols

Hardy & Schulze rule :- Greater the valence of the coagulating ion added to a sol, the greate is
its power to cause precipitation . The coagulation power of some of the cations is in the order
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Al3+> Ba2* >Na+* The coagulating power of some of the anions is in the order [Fe(CN)e] 4 >PO4*
>S0s2>Cl-

Coagulating value of an electrolyte: The minimum concentration of an electrolyte in millimols
per litre required to cause precipitation of a sol in two hours.

Emulsion :- colloidal system where a liquid is dispersed in another liquid.
Types of emulsions

(a) oil in water type (o/w) eg: milk, vanishing cream

(b) water in oil type (w/0) eg: butter , cold cream

Emulsions are stabilized by emulsifying agents . eg : soaps

SOLVED QUESTIONS

1 MARK QUESTIONS

1. Adsorption is always exothermic. Why?

Adsorption decreases the surface energy of the adsorbent, which appears as heat.So it is
exothermic

2. The enthalpy of adsorption of chemisorption is high. Why?
Chemisorption involves chemical bond formation

3. When a solution of acetic acid in water is sh&ken with charcoal the concentration of the acid
decreases in the solution .Why?

Part of the acid is adsorbed by charcoal
4. What is meant by coenzyme ?

The non- protein substance present along with enzymes , which enhances the activity of
enzymes

5. 1 gm of activated charcoal adsorb more SOx(g) (critical temperature 630K) than methane
(critical temperature 190K ).Why?

Easily liquefiable gases (higher critical temperature) are easily adsorbed by a solid |,
because near the critical t emper at urmoletuleseandv an der
the solid adsorbents is stronger.

6. Why is FeCk preferred over KCl in case of a cut leading to bleeding ?
FeCk helps in coagulation of blood more effectively than KCI. Greater

the valency of coagulating ion, more will be coagulating power.
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7. What are aerosols? Give an eg.
colloids of a solid in gas . eg - smoke
8. The sky appears blue . Why?
Due to scattering of blue light by dust particles.
9. Why are powdered substance more effective adsorbents than their ciystalline forms?

Because powdered form provides more surface area due to which extent of adsorption
increases.

10. Give 2 examples of positively charged colloids.

(1) haemoglobin (blood) (2) Fe(OH); sol

2 MARK QUESTIONS

1. Write the suitable adsorbent for the following adsorbate
(a) chlorine gas (b) moisture (c) polluting gases like NO2& SO; (d) gases like H,,O,,COetc
(a) charcoal (b) silica gel (c) charcoal (d) transition metals like Ni, Co etc
2. What happens when
(i) A beam of light is passed through As,S; sol
(i) KCl is added to Fe(OH) ssol
() The path of the light become visible due to Tyndall effect
(i) Fe(OH)s gets coagulated
3. What happens when
(i) gelatin is added to gold sol (ii) colloidal sol of Fe ;O3 and As,S; are mixed

(i) gold sol gets stabilized (i) The oppositely charged colloids get neutralized and gets
coagulated

4. Explain the cleansing action of soap

Soap molecules form micelles around the oil droplets in such a way that the hydrophobic part
of soap points to the oil and hydrophilic part projects towards water. Thus soap helps in
emulsification and washing away of oils and fats .

5. Explain why hydrophilic sol s are relatively more stable than hydrophobic sols ?
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This is because hydrophilic sols are extensively hydrated and there is strong interaction
between dispersed phase and dispersion medium

6. What is electro dialysis ?

The process of dialysis used for the purification of colloids can be accelerated by applying an
electric field. The oppositely charged ions of the electrolyte present in the colloids migrate
towards the respective electrodes easily.

7. Account for the following
(i) Fe(OH)s sol is positively charged
(i) The extent of physical adsorption decrease with rise in temperature

(i) A deep red sol of Fe(OH)s is obtained by the hydrolysis of FeCls . The sol particles are
positively charged because of preferential adsomtion of Fe3+ions

(i) Adsorption is an exothermic process. So the rate of physical adsorption decreases with
the rise in temperature in accordance with the Le-Chatlier principle.

8. Give the preparation of sulphur sol & gold sol.
Oxidation of H »S with SO, gas gives sulphur sol.
SO(g) +2HS ( g ) = 3B (sol) + 2H
By reduction of auric chloride by formaldehyde gives gold sol.
2AuCl3z + 3HCHO +3H.O b 2 Au (sol) + 3HCOOH + 6 HCI
9. What is demulsification? How is it brought about?

The process of breaking an emulsion into constituent liquids is called  demulsification. It is
brought about by heating, freezing & centrifuging.

10.Name two industrial heterogeneous catalytic processes.

Ha b e pro@ess for the manufacture of ammonia,iron is used as catalyst. Contact process for the
manufacture of sulphuric acid, V ;Osis used as catalyst.

3 MARK QUESTIONS

1(i) Why is alum added to water for purification ?
(ii) Explain why deltas are formed where river & sea water meet.
(ii1i) Cottrellds smoke precipitator is fitted at

(i) For coagulating sand &soil particles.
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(i) River water gets coagulated by electrolytes in sea water so as to form deltas.
(iii) It removes poisonous gases by adsorption & smoke free from poisonous gases comes out.

2.(i) What are the two types of emulsions &how do they differ from one anoth er ? Give one eg
of each.

(i) Which one of the following electrolytes is most effective for the coagulation of ferric
hydroxide sol & why ? NaCl, NaSQ:, NazsPO4

() (a) oil in water type (o/w) doil is dispersed in water. eg:- milk
(b) water in oil type (w/o) o water is dispersed in oil eg: -butter

(ii) NasPO. is more effective because phosphate ion has highest negative charged ion whereas
ferric hydroxide sol is positively charged.

3.(i) What is collodion ? What is its use ?
(ii) The colloidal solution of gold prepared by different mrthods have different colours. Why?

(iii) A sol is prepared by addition of excess AgNO ssolution to Kl solution. What charge is
likely to develop on the colloidal particles ?

(i) Cellulose dispersed in ethanol.Used for making membranes for ultrafiltration.

(i) Due to difference in the size of colloidal particles. (iii) Positive

ASSIGNMENT

Level 1

Q1. What is meant by the terms Adsorption and Absorption? Give one eg of each.
Q2. Name the factors on which the adsorption of a gas on a solid depends.
Q3. What do x and m represent in the following expression? x/m =k p *"

Q4. The ziz-zag motion of colloidal particles is called

Q5. How can we differentiate colloidal solution from true solution and suspension on basis of
particle size?

Q6. What are lyophilic and lyophobic sols?
Q7. Define the terms

(a) Peptisation

(b) Coagulation

(c) Brownian Movement
Q8. Explain the following observation

(&) When a beam of light is passed through a colloidal sol
(b) Electric current is passed through a colloidal sol.
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Q9. Gie an eg. of associated colloid
Q10. Give 2 egs of heterogeneous catalysis.
Level 2
Q1. What is the range of particle size in colloidal solution in nm?
Q2. What is collodion?
Q3 How does an increase in temperatiure affect both physical as well as chemical adsorption?
Q4. Explain why lyophilic sols are relatively more stable tha lyophobic sols?
Q5. What are micelles? How do they differ from normal colloidal solution?
Q6. Explanin the following terms:

(a) Peptization

(b) Hardy- Schulze Rule

(c) Electrophoresis

(d) Coagulation

(e) Emulsification

Q7. What is the difference between multimolecular, macromolecular and associated colloids?
Give one eg. of each.

Q8. What do you understand by activity and selectivity of catalyst?
Q9. What is shape selective catalyst?
Q10 Give one eg. each of homogeneous and heterogeneous catalysts.

Level 3

Q1. Adsorption of a gas on the surface of solid is generally accompanied by decrease in
entropy, still it is a spontaneous process. Explain.

Q2. A colloidal solution of Agl is prepared by two different methods

AgNo; Kl

= : =1 AgNiD,

(a) What is the charge on Agl colloidal particles in the two tubes (A) and (B)?
(b) Give reason for origin of charge.
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Q3. What do you understand by Kraft temperature and CMC in colloids? What is CMC value for
soap solution?

Q4. Name a substance which acts both as a colloid and catalyst?
Q5. Explain the following observations:

0] Delta is formed when river water enters the sea?
(i) Physisorption is multimolecular while chemisorption is unimolecular.
(iii) Ferric hydroxide sol gets coagulated on adding of sodium chloride solution.
(iv) Colloidal particles scatter light.
(v) On passisng H,S through an aqueous solution of SO,, a yellow turbidity is
formed
es faster after sometime?

6. GENERAL PRINCIPLES A ND PROCESSES OF ISOLATION
OF ELEMENTS

6 GENERAL Occurrence of metals and * Page 148161
PRINCIPLES AND metallurgy In text 6.16.2
PROCESS OF
ISOLATION OF
ELEMENTS

POINTS TO REMEMBER

Metallurgy : - The entire scientific and technological process used for isolation of the metal from
itds ore.

The extraction involves 3 major steps
(i) concentration of the ore
(ii) isolation of the metal from itds concentra

(i) purification o f the metal

Metal Important ores

Aluminium | Bauxite(Al 203 xH 20)

Zinc Zinc blend (ZnS), calamine (ZnCO3)
Iron Haematite (Fe:O3) & magnetite (Fe;0,)
Copper copper pyrites (CuFeS,) , copper glance (CwS)

Concentration: Removal of the unwanted materials from the ore.
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(i) Hydraulic washing 9 Itis based on the differences in gravities of the ore & the gangue
particles.

(i) Magnetic separation 9 It is based on the differences in magnetic properties of the ore
components.

(iii) Froth floatation 4 It is used for removing gangue from sulphide ores. Collectors (e. g., pine
oils) enhance nonwettability of the mineral particles.

Froth stabilisers (e. g., cresols, aniline) stabilise the froth.
(iv) Leaching - It is often used if the ore is soluble in some suitable solvent.

Extraction of the crude metal from concentrated ore involves the following steps

(i) Conversion to oxide

Calcinaton: It involves heating when the volatile matter escapes leaving behind the metal
oxide.

Eg - ZnCOs3(s)B  ZnO(s) + CO(g)

Roasting : The ore is heated in a regular supply of air at a temperature below the melting point
of the metal

Eg-2ZnS+3G:6 2Zn0O + 2SO

(il) Reduction of the oxide to metal - It involves heating metal oxide with a reducing agent (C or
CO or even another metal).

MOy +yC B xM +y CO

Thermodynamic principle of metallurgy : The metal oxide is reduced to the metal by reducing
agent . This is a redox reaction and it is feasible only atatempeat ur e at ovalleisc h &G
negative .

aG0=  0FHES
Elingham Diagram:-Thi s i s a graph which represents the
energy with temperature for the formation of oxides of various elements .
(refer fig. 6.4 of NCERT text book )
From the Ellingham Diagram it is evident that

(a) Any met al o xXvatleis moretsthble tharvihe metaedXide with
hi gheéer &G

(b) The element (or metal) involved in the formation of oxide placed lower in the diagram
can reduce the oxide of the element (or metal ) placed higher in the diagram .

Electrochemical principle of metallurgy : When aqueous solution or molten form of a metal
oxide /halide is electrolyzed , the metal with higher value of reduction pot ential will get
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reduced (molten metal will be deposited ) and the metal with the lower value of reduction
potential will undergo oxidation .

Refining of crude metal

(i) Distillation - In this method the impure metal is evaporated to obtain the pure metal as
distillate.

(i) Liquation -In this method a low melting metal is separated from higher melting impurities.

(i Electrolytic refining 4 In this method, the impure metal is made as anode , a strip of the
same metal in the pure form is used as cathode. The electrolyte is agueous solution of a suitable
soluble salt of the same metal .

(iv)Zone refining : - This method is based on the principle that the impurities are more soluble in
the melt than in the solid state of the metal

(v) Vapour phase refining : - In this method the following requirements are needed.
(a) The metal should form a volatile compound
(b) The volatile compound should be easily decomposable.

(vi) Chromatographic separation : - This method is based on the principle that different
components of a mixture are differently adsorbed on an adsorbent

SOLVED QUESTIONS

1 MARK QUESTIONS

1. What is the role of silica in the metallurgy of copper ?

Silica (SiQ,) acts as an acidic flux and combines with FeO(gangue) to form fusible
FeSiOs(slag)

2 How is cast iron different from pig iron?
Cast iron contains 3% carbon where as pig iron contains 4% carbon .
3. What is the role of cryolite in the metallurgy of aluminium ?

Cryolite reduces the meltin g point of alumina and also increases the electrical conductivity of
alumina .

4. Why is Zn not extracted from ZnO through reduction using CO ?

Because the reaction is thermodynamiooathd y not f e
oxidation of COtoCO2i s | ess negati ve t hddanthaolkesall redoX Zn so t
reaction is positive and hence not feasible .

5. What is a flux ?

Flux is a substance which is added during carbon reduction process in order to remove the
gangue from the ore .
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6. The reduction of metal oxide is easier if the metal formed is in liquid state . Why ?

The entropy change will be higher when the metal is formed is in liquid state during the
reduction of i tds oxi deowilbedamd mare negatives leadiogriod i t i on t h
easier reduction .

7. What is meant by pyro metallurgy?

The process of converting the concentrated ore into metallic form upon strong heating with a
suitable substance.

8.What is the use of SQ formed in roasting of sulphide ores ?
It is used for the manufacture of sulphuric acid.
9. What criterion is followed for the selection of the stationary phase in chromatography ?

It should be immobile & should be immiscible with mobile phase. The components of the
mixture should be differently adsorbed on the stationary phase.

10. Differentiate between minerals & ores

Mi nerals are naturally occurring chemical subst a
minerals from which a metal can be extracted economically & conveniently.

2 MARK QUESTIONS

1. Write any two differences between calcination and roasting .

(a) Calcination is carried out in the absence of air where as roasting is carried out in the
presence of excess of air .

(b) Calcination is used to convert carbonate ore into oxide ore , where as roasting is used
to convert sulphide ore into oxide ore .

2. Copper can be extracted by hydro metallurgy but not zinc . Explain Copper dissolves in

agueous solution , as it can easily form complexes . From the solutin , copper can be

precipitated by adding a strong electropositive metal like zinc. On the other hand zinc being a

strong reducing agent, cand6t be extracted by this
complexes .

3. Name the common elements present in anode mud in the electrolytic refining of copper.
Why are they so present ?

The anode mud contains Ag, Au, Se, Te. These elements are less reactive than copper and do
not undergo oxidation at anode & hence settle down as such.

4. Describe a mehod for refining of Nickel.

Nickel is refined by Monds Process. The impure metal is heated in a stream of CO forming a
volatile complex, nickel tetracarbonyl. The carbonyl on heating to high temperature
decomposes to give pure metal.
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3300350 K
Ni+4CO  -------mmem- A [Ni(CO)4
4500470 K
[Ni(CO)4 -----mmm-mmm-- A Ni+4CO
5. Describe Van Arkel Method for the refining of Zirconium.

This method is used to remove nitrogen and oxygen present in the form of impurities in certain
metals like Zr, Ti. The crude metal is heated with iodine in an evacuated vessel.The metal
iodide being volatile will vaporize. The vapours are then decomposed to pur e metal by passing
through heated tungston filament at 1800K.

Zr+ 2. b Zar |
Zrla B Zr o, + 21
6. How is leaching carried out in case of low grade copper ores ?

It is leached out using acid or bacteria. The solution containing Cu2+is treated with scrap
iron or H ».

Cuz@aq) + FQuE)stFe )
Cuz+@q) + Hz( g )3 CH(s) + 2H* (aq)
7. What is the role of graphite rod in the metallurgy of aluminium ?

Graphite helps in the reduction of molten Al ,03 to Al by electrolysis. The oxygen gas
liberated at graphite anode reacts with graphite and form CO and CO ».

8. What are depressants ? Give an example .

Depressants are used to suppress the formation of froth , when a mixture of two sulphide
ores are oncentrated by froth floatation .

Eg:- For the separation of PbS from ZnS during froth floatation NaCN is used as depressant .
ZnS reacts with NaCN and goes into aqueous solution

4 NaCN + ZnS (an(Ch)sYag)B Na
So, ZnS does not form the froth and is separated.

9. The v @ foutlee foonfatiomoBCr .03 is -540 kJ moit and that of Al ;O3 is -827 kJmoft
Is the reduction of Cr,O3 possible with Al?

Yes b e cfar thesreducticse & Cr .03 by Al is n egative and hence feasible

2Cr+3/20.:6 GO3 , 0 =abB0 kj mol1
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2Al + 3/20 ;b 2Bl , 0 &7 kj molt
On adding the above two equations , we get
Cr:0s+ 2 Al ,0b+ A2 Cro=(540823) kj moli=-287 kJ molt

10. The reaction CpOs+ 2 Al B 0L reeeG+ 424 kdmolt) is thermodynamically feasible
as it is apparent from the Gibboés energy value |,

This reaction requires some activation energy. Hence heating is required and does not take
place at room temperature.

3 MARK QUESTIONS

1. Write the chemical reactions which take place in different zones in the blast furnace during
the extraction of iron .

In the upper part of the blast furnace (lower temperature zone ) , Fe;O3 and Fe;04, undergo
reduction with CO to form FeO and CO »

(at 500K 8 800K)
3Fe0s+ CO BOs2E®:
FeOs+ 4CO B 3Fe + 4CO
FeOs + CO 5) » 2FeO + CO
(at 900K- 1500K, lower part of the furnace )
FeO undergoes reduction with CO to form Fe and CO-
C + CO:b Fe + CO
FeO + CO B Fe + CO
Moreover limestone decomposes to CaO which form fusible slag CaSiOs; with SiO ;
CaCOsb CaO # CO
Ca0 +SIiOb Ca $(iSkg)

2. Write the chemical reactions taking place in the extraction of Zn from Zinc blend.
Zinc blend is concentrated by froth floatation and then roasted to give ZnO
ZnO is then redu ced with coke at about 673 K
inS+O0b ZnO + SO

673k

ZnO + C b Zn + CO

3. Write all the steps involved in the extraction of Cu from Copper pyrites .
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The ore is mixed with a small amount of silica and heated in a reverberatory furnace with oxygen
when the following changes occur.  2CuFeS+ O2 b S 2FeS + SQ

2FeS +3Qb 2Fe(0; + 2SO
2Cui,S + 3020625 Cu

FeO +SiGb F e(s%ag)O

Cu20 also combines with FeS to form Cw.S
CuO + Fe SS+HFeO Cu

The slag of iron silicate is removed while is present as copper matte, which contains Cu,S and
Cux0O

The copper matte is then charged into silica lined converter . Some silica is also added .
A hot blast of air is blown into the converter . The following reaction occurs

2FeS +3Qb 2Fe O, + 2SO

FeEO+SIGb Fesi O

2Cu:S +30: b 2C#2SGy

2Cu0+CuS b 6 Gu + SO

The solidified copper obtained has blistered appearance due to the evolution of SO..
And so it is called blister copper.

4. What is meant by leaching ?Explain its significance in the extraction of aluminium.

Leaching is chemical method of purification of ore . It is often used if the ore is soluble in
some suitable solvent.

For eg : Bauxite, ore of aluminium is concentrated by leaching. Powdered bauxite is digested
with a hot concentrated solution of NaOH at about 36 bar pressure . Al ;O3 and SiO; (gangue )
goes into solution as aluminate and silicate leaving the impurities behind

Al205(s) + 2NaOH (aq) + 3H.O b 2 Nal[ fdg OH)

The aluminate in solution is neutralized by passing CO ; gas and seeded with freshly
precipitated Al 20s.

2NalAl(OH) 4(aq) + COz( g ) B3.xAJ0(s) + 2 NaHCOs(aq)

The sodium silicate remains in the solution and hydrated alumina is filtered , dried and heated
to give pure Al 205

1470k

Al 203.XH-0 55)3(5) + XHA](Q)
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Unit: VI common errors
General Principles and Isolation processes of extraction of elements.
In Ellingham diagram

More qve is the value ok G better is the reducing agent.

7.p- BLOCK ELEMENTS

7 P1 BLOCK Oxoacids of phosphorous and | *** NCERT TEXT BOOK
ELEMENTS sulphur
Haber 6s procesg®** -DO-

Contact process
Ostwald process

TRENDS OF HYDRIDES OF gp| *** -DO-
15, 16AND 17 IN TERMS OF
REDUCING CHARACTER,
THERMAL STABILITY,
BOILING POINTS

POINTS TO REMEMBER

The general valence shell electronic configuration of p-block elements is ngnp1-6

GROUP 15 ELEMENTS
Group 15 elements: N, P, As, Sb & Bi

General electronic configuration: ns2np3

Element Occurence

Nitrogen Comprises 78% by volume of the atmosphere.
I n eart hds ¢aalledsChile aattpetidr&NKNO ;(Indian saltpetre)
In minerals of the apatite family & as an essential constituent in animal & plant

matter.
Phosphorus

As sulphide minerals

As, Sb &Bi

PHYSICAL PROPERTIES

a Dinitrogen is a diatomic gas while all others are solids.
1] N & P are non-metals. As & Sh metalloids & Bi is a metal .This is due to decrease in
ionisation enthalpy & increase in atomic size.
a Electro negativity decreases down the group.
CHEMICAL PROPERTIES
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0 Common oxidation states : -3, +3 & +5.

o] Due to inert effect, the stability of +5 state decreses down the group and stability of +3
state increases.
o] In case of nitrogen all oxidation states from +1 to +4 tend to disproportionate in acid

solution for eg: - 3BHNO A HNO 3+ H20 + 2NO
Anamalous behaviour of nitrogen - due to its small size, high electronegativity, high

ionization enthalpy and abs ence of d-orbitals.

Nhas unique abipléi tmultto pfi @r rb ophébgier wambersef thisgroup h e
do not HpO6rmopd because their atomic orbitals are
have effective overlapping.

Nitrogen exists as diatomic molecule with triple bond between the two atoms where as other
el ements form single bonds inpélbkbmedtadalestateheNn
availablity of d -orbitals where as other elements can.

TRENDS IN PROPERTIES

Stability - NH s>PH3>AsH 3>SbH3:>BiH 3.

Bond dissociation enthalpy - NH s>PH3>AsH 3>SbHs;>BiH 3
Reducing character - NH s<PH3<AsH 3<SbH3<BiH 3

Basic character- NH s>PH3>AsH 3>SbH3z>=BiH 3.

Acidic character . N 203> P>03s> As,03> ShO3z> BiO3

DINITROGEN (N )

PREPARATION
o Commercial preparation - By the liquification & fractional distillation of air
o Laboratory preparation - By treating an aqueous solution of NH 4Cl with sodium nitrate.

NH 4Cl (ag) +NaNO: (ag) A N2 (g) +2H20 (l) +NacCl (aq)

o Thermal decomposition of ammonium dichromate also gives N 2.
(NH 4)20I’207A N >+4H,0+Cr,03

. Thermal decomposition of barium or sodium azide gives very pure N .
PROPERTIES

At high temperature nitrogen combines with metals to form ionic nitride (Mg 3N2) & with non
metals, covalent nitrides.

AMMONIA PREPARATION

a In laboratory it is prepared by heating ammonium salt with NaOH or lime.
2NH 4Cl+ Ca (OH) 2A 2NH s+ 2H,0 +CaCl,

(NH 4)2SOs+ 2NaOH A 2NH 5+2H,0+Na,S0;
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a In large scale it is manufacturedbyHa b er 6 s process
N2 (g) +3H2=2NHs(9)

aH0=-46.1 kJ/mol

According to Lechatelierdds principle the
NH s are

Optimum temperature : 700 K

High pressure : 200 atm Catalyst : iron oxide
Promoter : K;O & Al ;03

PROPERTIES

Ammonia is a colourless gas with pungent odour.

Highly soluble in water.

In solid & liquid states it exists as an associated molecule due to hydrogen bonding which
accounts for high melting & boiling points of NH 5.

Trigonal pyramidal shape NH 3 molecule.

Aqueous solution of ammonia is weakly basic due to the formation of OH -ions.

It precipitates the hydroxides of many metals from their salt solution Ex:
ZnSOs+2NH sOHA Zn(OH) 2+(NH 4).SOu

Ammonia can form coordinate bonds by donating its lone pair on nitrogen, ammonia forms
complexes.

CuSO+4NH 3A [Cu (NH 3)a] SOu
AgCI+2NH 3A [Ag (NH 3)7] Cl

OXIDES OF NITROGEN

favour ab

NAME FORMULA OXIDATION CHEMICAL
STATE NATURE
Nitrous oxide or Laughing N0 +1 Neutral
gas
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Nitric oxide NO +2 Neutral

Dinitrogen trioxide N20s +3 Acidic

Dinitrogen tetra oxide N2O4 or +4 Acidic
NO 2

Dinitrogen pentoxide N20s +5 Acidic

Note: As the oxidation state of N, increases acidity increases.

NITRIC ACID

PREPARATION :Ost wal d 6 sltighbasedcupos satalytic oxidation of ammonia by
atmospheric oxidation. The main steps involved are

1) 4ANH 3+ 502-Pt500k, 9 bar-A 4NO + 6H20
2)  2NO+0; «—» 2NO,

3) 3NO2+ H20O A 2HNO:+ NO
PROPERTIES

(i) Conc HNO ;s is a strong oxidizing agent & attacks most metals except noble  metals gold &
Pt.

(i )Cr & Al do not dissolve in conc. HNO 3 because of the formation of a positive film of oxide
on the surface.

(iii )1t oxidises non metals like | ;to HIO 3,C to CO,,S to H.SOy

(iv) Brown ring test is used to detect the presence of NOs ion .This test is based on the fact that
Fe2+ ions can reduce nitrates to NO , which reacts with Fe2+ jons to form a brown coloured
complex [Fe(H20)sNO] 2+,

PHOSPHOROUS

Allotropic forms: Wh i t e, - brl eact, kblakk. a

White phosphorous is more reactive than red phosphorous because white P exists as discrete P
molecules. In red P several B molecules are linked to formed polymeric chain.

P P P P
P \ P
P P P P
White
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PHOSPHINE

Preparation :It is prepared in laboratory by heating white P with conc. NaOH solution in an
inert atmosphere of CO; [Ps+3NaOH+3H ;OA PHst+3NaHPO,]

Phosphorous hali des

Phosphorous forms two types of halides PX3 & PXs (X=F, |, Br)
Trihalides have pyramidal shape & penta halides have a trigonal bipyramidal structure.

OXOACIDS OF PHOSPHROUS

. The acids in +3 oxidation state disproportionate to higher & lower oxidation.
4H3POsA 3H3POs+PH;3

o Acids which contains P H bond have strong reducing properties. EX:-H3PO»
o Hydrogen atoms which are attached with oxygen in P fi OH form
are ionisable & cause the bascity.

H OH OH OH
OH OH
Dibasic Tribasic

STRUCTURES OF SOME IMPORTANT OXOACIDS OF PHOSPHOROUS

See Fig 7.4Page 179 NCERT

GROUP-16 ELEMENTS (CHALCOGENS)

Group 16 elements: O,S, Se, Te, Po
General electronic configuration: ns2np4

Element Occurence
Oxygen Comprises 20.946% by volume of the atmosphere.
Sulphur As sulphates such as gypsum CaSQ.2H-0, epsom salt MgSQ..7H,0 and

sulphides such as galena PbS, zinc blende ZnS, copper pyrites CuFeS
As metal selenides and tellurides in sulphide ores.
As a decay product of thorium and uranium minerals.

Se &Te
Polonium
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ATOMIC & PHYSICAL PROPERTIES

a lonization enthalpy decreases from oxygen to polonium.

a Oxygen atom has less negative electron gain enthalpy than S because of the
compact nature of the oxygen atom. However from the S onwards the value again
becomes less negative upto polonium.

a Eletronegativity gradually decreases from oxygen to polonium, metallic
character increases from oxygen to polonium.

a Oxygen & S are non-metals, selenium & tellurium are metalloids. Po is a
radioactive metal.

a Oxygen is diatomic gas while S, Se & Te are octa atomic § Se & Teg molecules

which has puckered O0ringd structure.
CHEMICAL PROPERTIES

o] Common oxidation states : -2, +2, +4 & +6.
o] Due to inert effect, the stability of +6 state decreses down the group
and stability of +4 state increases.

Oxygen exhibits +1 state in OF, + 2 in OF».
Anamalous behaviour of oxygen - due to its small size, high electronegativity
and absence of dorbitals.

TRENDS IN PROPERTIES

Acidic character - H20 < H3S < H;Se < H;Te
Thermal stability - H2O > H,S > H;Se >H,Te
Reducing character- H,S < H,Se < HTe
Boiling point - H;S < H.Se < H,Te < H,O
Reducing property of dioxides 8 SO,>Se(Q>TeO,

Stability of halides - F>Cl->Br->1-

HALIDES
DI HALIDES: sp3 hybridisation but angular structure .

TETRA HALIDES : sp3d hybridization 6 seesaw geometry
HEXA HALIDES : sp3d2,octahedral SFK

DIOXYGEN
Prepared by heating oxygen containing salts like chlorates, nitrates
2KCIlO3-heat----- A 2KCI+302

MnO2
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OXIDES
A binary compound of oxygen with another element is called oxide. Oxides can be
classified on the basis of nature
. Acidic oxides: - Non metallic oxides. Aqueous solutions are acids. Neutralize
bases to form salts. Ex: S@ CO», N2Os etc.
. Basic oxides:- metallic oxides. Aqueous solutions are alkalis. Neutralize acids to
form salts.Ex:Na2O, K20, Mgo etc.
o Amphorteric oxides: - some metallic oxides exhibit a dual behavior. Neutralize
both acids & bases to form salts.

Ex:- AlO 3, SkO3, SNO, PbQ et c é € é .

OZONE

PREPARATION

Prepared by subjecting cold, dry oxygen to silent electric discharge

306 230
PROPERTIES
Due to the ease with which it liberates atoms of nascent oxygen
(03B 02 + O0O), it acts as a powerldadidulphaeto di si ng

lead sulphate and iodide ions to iodine.
PbS+4QA PbSQi+ 40,

2KI+H 20+03A 2KOH+I ;+03

SULPHUR DIOXIDE

PREPARATION

Burning of S in air
S+OA SO,
Roasting of sulphide minerals
(Iron pyrites) 4FeS+110A 2Fe03+8S0O,
(Zinc blend) 2ZnS+30.A 2Zn0O+2S0;
PROPERTIES

o Highly soluble in water to form solution of sulphurous acid
SO+H20A H2S0s

) SO; reacts with Cl; to form sulphuryl chloride
SO+Cl,A SOLI,

) It reacts with oxygen to form SO in presence of \V,Os catalyst
2SO+02A 2S0s
o Moist SO, behaves as a reducing agent .It converts Fe (ll) ions to Fe (Il) ions & delocolourises

acidified potassium permanganate (VII) solution( It is the test for the gas).
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2Fe+ + SO +2H,0A 2Fe++ SOs21 + 4H+
5SG+ 2MnO4 -+ 2H,0A 5 SQ2 + 4H* + 2Mn2+
SO, molecule is angular .

OXOACIDS OF SULPHUR See Fig 7.6

SULPHURIC ACID

PREPARATION

It is manufactured by contact process which involves 3 steps

1. Burning of S or sulphide ores in air to generate SO..
2. Conversion of SO, to SO in presence of \,Os catalyst
3. Absorption of SOz in H>SO; to give oleum.
PROPERTIES
() In aqueous solution it ionizes in 2 steps
H2SOs+H20A H30++HSO4
HSO4+H20A H30++S042

(ii) Itis a strong dehydrating agent EQ:- charring action of sugar

H2S04
CiH201y — > 12C+11H,0

(iii) It is a moderately strong oxidising agent.
Cu + 2 HSOu(conc.) A CuSOs + SO+ 2H,0
C + 2 HaSOy(conc.)A CO2 + 2 S+ 2H20

GROUP 17 ELEMENTS (H ALOGENS)

Group 17 elements: F, Cl, Br, I, At
General electronic configuration: ns2nps

Element | Occurence

Fluorine | As insoluble fluorides (fluorspar CaF », cryolite NazAlF ¢ and fluoroapatite)
Sea water contains chlorides, bromides and iodides of

Cl, Br, | | sodium, potassium, magnesium and calcium, but is mainly sodium chloride solution
(2.5% by mass).

Certain forms of marine life (various seaweeds)
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lodine

ATOMIC & PHYSICAL PROPERTIES

(i) Atomic and ionic radii increase from fluorine to iodine .

(i) lonisation enthalpy gradually decreases from fluorine to iodine due to increase in atomic
size.

(iii) Electron gain enthalpy of fluorine is less than that of chlorine. It is due to the small size of
fluorine & repulsion between newly added electron & electrons already present in its small 2p
orbital.

(iv) Electronegativity decreases from fluorine to iodine.
Fluorine is the most electronegative element in the periodic table..
(v) The colour of halogens is due to absorption of radiations in visible
region which results in the excitation of outer electrons to higher energy level.

(vi) Bond dissociation enthalpy of fluorine is smaller than that of chlorine is due to electron -
electron repulsion among the lone pair in fluorine molecules where they are much closer to each
other than in case of chlorine. The trend: CI-CI > Br-Br > F-F > |-I.

CHEMICAL PROPERTIES

Oxidation states :01. However, chlorine, bromine and iodine exhibit + 1,+ 3, + 5and + 7
oxidation states also.

Fluorine forms two oxides OF ;and OzF.. These are essentially oxygen fluorides because of the
higher electronegativity of fluorine than oxygen.

Anamalous behaviour of fluorine - due to its small size, highest
electronegativity, low F -F bond dissociation enthalpy and absence of d-orbitals.

TRENDS IN PROPERTIES

Oxidising property 0 F>>Cl2>Br2> 2

Acidic strength d HF< HCI< HBr< Hi

Stability & bond dissociation enthalpy - HF>HCI>HBr> Hl
Stability of oxides of halogens 61 >Cl >Br

lonic character of halides d MF >MCI > MBr> Ml

CHLORINE

PREPARATION
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MnO 2+ 4HCI A MnCl 2+ Cl2+ 2H20

1. 4NaCl + MNnO 2 + 4H,SOs A MNCl 2+ 4NaHSO4 + 2H,0 + Cl;
2. 2KMnO 4+ 16HCI A 2KCI + 2MnCl + 8H,0 + 5Cl,
4. DEACON 'S PROCESS

4HCI + O3 cucl2 > 2Cl; + 2H0

5. By electrolysis of brine solution. Cl. is obtained at anode.

PROPERTIES

(i) With cold and dilute alkalies Cl , produces a mixture of chloride and hypochlorite but with
hot and concentrated alkalies it gives chloride and chlorate.

2NaOH +Cl, A NaCl + NaOCI + H ;0
6NaOH + 3Cl; -BNaeb+ NaClO3 + 3H0

(i) With dry slaked lime it gives bleaching powder.
2Ca(0OH), + 2Cl, A Ca(OH); + CaCl, + 2H,0

(iii) It is a powerful bleaching agent; bleaching action is due to oxidation.
Cla+ HO A 2HCI + (O)

Coloured substance + (O) A colourless substance

(iv) Action of concentrated H SO, on NaCl give HCI gas.

NaCl + H,SOs 420k6 NaHSO4 + HCI

3: 1 ratio of concentrated HCI and HNO 3 is known as aquaregia & it is used for dissolving
noble metals like Au and Pt.

OXOACIDS OF HALOGENS (SEE TABLE 7.10 & FG 7.9

INTER HALOGEN COMPOUNDS:

Inter halogen compounds are prepared by the direct combination of halogens.
Ex:CIF,CIFs,BrFs |F7.

They are more reactive than halogens because XXdis weaker than X-X bonds in halogens
(except FF).

TYPE STRUCTURE
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X X306 Bent T 6 shaped
X Xs0 Square pyramidal

X X70 Pentagonal bipyramidal

GROUP 18 ELEMENTS

Group 18 elements: He, Ne, Ar, Kr, Xe & Rn
General electronic configuration: ns2np®

Atomic radii dlarge as compared to other elements in the period since it corresponds to vander
Waal radii.

Inert - Due to complete octet of outermost shell, very high ionization enthalpy &electron gain
enthalpies are almost zero.

The first noble compound prepared by Neil Bartlett was XePtF ¢ by mixing PtF s & xenon.O2*PtFe
led to the discovery of XePtFs since the first ionisation enthalpy of molecular oxygen (1175
kJmoldl) was almost identical with that of xenon (1170 kJ moldl).

Properties
673K,lbar
Xe + kR ?> Xek
873k7bar
Xe(g) + 2R(g) > XeRy(s)
573k,6070bar
Xe(g) + 3R(g) > XeF(s)

XeFs + MF A M+ [XeF]-
Xek + PR A [XeF]* [PFe)-
XeFs + 3H0 A XeOs + 6HF
XeFs + 2H,0 A XeO: F; + 4HF(partial hydrolysis)

Structures of xenon compounds

See fig 7.9

SOLVED QUESTIONS

1 MARK QUESTIONS

1.Ammonia has higher boiling point than phosphine. Why?
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Ammonia forms intermolecular H - bond.
2. Why is BiH 3 the strongest reducing agent amongst all the hydrides of
Group 15 elements ?

It is the least stable hydride of group 15.
3. Why does PCl; fume in moisture?

In the presence of (H:0), PCl; undergoes hydrolysis giving fumes of HCI. PClz+ 3H0 A
H3POs + 3HCI

4. What happens when H3PO3 is heated ?
It disproportionates to give orthophosphoric acid and phosphine.
4H3POs A 3H3 PO, ©PH3

5. Why H .S is acidic and H.O is neutral ?

The S--H bond is weaker than O---H bond because the siz of S atom is bigger than that of O
atom. Hence H.S can dissociate to give H ions in aqueous solution.

6. Name two poisonous gases which can be prepared from chlorine gas.

phosgene (COCLb), tear gas(CCENO»)
7. Name the halogen which does not exhibit positive oxidation state.

Fluorine being the most electronegative element does not show positive oxidation states.
8. lodine forms I3 but F2 does not form Fs ions. Why?

Due to the presence of vacant dorbitals, |, accepts electrons from tions to form | -3 ions, but
because of the absence of érbital F, does not accept electrons from Fions to form F-; ions.

9. Draw the structure of peroxosulphuric acid.

10. Phosphorus forms PC} but nitrogen cannot f orm NCI s.why?

Due to the availability of vacant d orbitals in P.
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2 MARK QUESTIONS

1.Why is HF acid stored in wax coated glass bottles?

This is because HF does not attack wax but reacts with glass. It dissolves Si@present in glass
forming hydrofluorosilicic acid.

SiO; + 6HF A H.SiFs + 2H,0
2. What is laughing gas? Why is it so called? How is it prepared?

Nitrous oxide (N 20) is called laughing gas, because when inhaled it produces hysterical
laughter. It is prepared by gently heating ammonium nitrate.

NH4NOz A N20 + 2H20
3. Give reasons for the following:
(i) Conc HNO s turns yellow on exposure to sunlight.
(i) PCls behaves as an ionic species in solid state.

(i) Conc HNO 3 decomposes to NO; which is brown in colour & NO > dissolves in HNO 3 to it
yellow.

(i) It exists as [PCls]*[ PClg]- in solid state.

4. What happens when white P is heated with conc. NaOH solution in an atmosphere of CO,?
Give equation.

Phosphine gas will be formed.

P4+ 3NaOH + 3H,0A PHzt+ 3NaH PO
5. How is ozone estimated quantitatively ?

When ozone reacts with an excess of potassium iodide solution
buffered with a borate buffer (pH 9.2), iodine is liberated which can be
titrated against a standard solution of sodium thiosulphate. This is a
guantitative method for estimating O 3 gas.

6. Are all the five bonds in PCls molecule equivalent? Justify your answer.

PCls has a trigonal bipyramidal structure and the three equato rial

P-CI bonds are equivalent, while the two axial bonds are different and longer than equatorial
bonds.

7. NOz is coloured and readily dimerises. Why ?
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NO contains odd number of valence electrons. It behaves as a typical odd molecule. On
dimerisation, it is converted to stable N204 molecule with even number of electrons.

8. Write the balanced chemical equation for the reaction of Cl, with hot and concentrated
NaOH. Is this reaction a disproportionation

reaction? Justify.
3Cl,+ 6 Na O3BN&CI + NaClOs + 3H.0
Yes, chlorine from zero oxidation state is changed to 81 and +5
oxidation states.
9. Account for the following.
(i) Sk is less reactive than
(i) Of the noble gases only xenon forms chemical compounds.
() In SFe there is less repulsion between F atoms than in Sk,
(ii) Xe has low ionisation enthalpy & high polarising power due to
larger atomic size.
10.With what neutral molecule is CIO - isoelectronic ? Is that molecule
a Lewis base ?

CIF. Yes,it is Lewis base due to presence of lone pair of electrons.

3 MARK QUESTIONS

1. () Why is He used in diving apparatus ?
(ii) Noble gases have very low boiling points. Why ?
(i) Why is ICI more reactive than | ,?
(i) It is not soluble in blood even under high pressure.
(ii) Being monoatomic they have weak dispersion forces.
(iii) 1 -Cl bond is weaker than |- bond.
2 Complete the following equations.
(i) XeR +H.O A

(i) Ca3P2 + H:0 A
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(i) AgCI(s) + NH s(aqg) A

() 6XeR+12H,0 B 4 Xe 3#24 BIRK+30,
(i) CasP,+ 6H,0 B 3 Cat 2DHs)

(i) AgCI(s) + 2NH s(aq)A [Ag (NH 3);]Cl (aq)

3. (i) How is XeOF4 prepared ? Draw its structure.

(i) When HCl reacts with finely powdered iro n, it forms ferrous chloride and not ferric

chloride. Why?
(i) Partial hydrolysis of XeF s gives XeOF.
XeFs + H20 b X£e+QHF
Structure 0 square pyramidal. See Fig 7.9
(i) Its reaction with iron produces H ».
Fe+2 HCI| b Re¢lTl
Liberation of hydrogen prevents the formation of ferric chloride .

5 MARK QUESTIONS

1.Account for the following.
(i) Noble gases form compounds with F, &O2 only.
(i) Sulphur shows paramagnetic behaviour.
(iii) HF is much less volatile than HCI.
(iv) White phosphorous is kept under water.
(v) Ammonia is a stronger base than phosphine.

() F2 &0, are best oxidising agents.

(i) In vapour state sulphur partly exists as S, molecule which has two unpaired electrons in the
antibonding pi 3 * orbitals like O and, hence,exhibits paramagnetism.

(iii) HF is associated with intermolecular H bonding.

(iv) Ignition temperature of white phosphorous is very low (303 K). Therefore on exposure to
air, it spontaneously catches fire forming P4O10. Therefore to protect it from air, it is kept under

water.

(v) Due to the smaller size of N, lone pair of electrons is readily available.
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2. When Conc. HbSO4 was added to an unknown salt present in a test tube, abrown gas (A)
was evolved. This gas intensified when copper turnings were added in to test tube. On cooling
gas (A) changed in to a colourless gas (B).

(a) Identify the gases "A” and ‘B’
(b) Write the equations for the reactions involved
The gas "A’" is NO, whereas 'B" is NoOa.
XNO3z+ H2SO4 A XHSO,; + HNO 3
Salt (conc.)
Cu + 4HNO3( ¢ 0 n 8CU(NOBR); + 2NO;, + 2H,0
Blue Brown(A)
2NO: (on cooling) A N2O4
Colourless(B)
3. Arrange the following in the increasing order of the property mentioned.
(i) HOCI, HCIO ,,HCIO 3, HCIO 4 (Acidic strength)
(i) As 203, ClO2,Ge0,,Ga:03 (Acidity)
(i) NH 3PH3,AsH3,SbH; (HEH bond angle)
(iv) HF,HCI,HBr,HI (Acidic strength)

(v) MF, MCI, MBr, MI (ionic character)

(i) Acidic strength: HOCI < HCIO 2< HCIO 3< HCIO 4
(i) Acidity: Gax0O3 < GeO, < As,03< ClO;

(iif) Bond angle: SbH3;<AsH3; <PH3;<NH3

(iv) Acidic strength: HF < HCI < HBr < HI

(v) lonic character: Ml < MBr < MCI < MF

ASSIGNMENST

Levelc 1l
1) PH, has lower boiling point tharNH,. Explain.
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2) Why are halogens coloured.

3) What are chalcogens?

4) Which noble gas is Radioactive?

5) Explain why fluorine always exhibit an oxidation state bfonly.
6) Which compound led to the discovery of compounds of noble gas?
7) Name the most electronegative element.

8) why isOF, compound not known?

9) Why isN, not particularly reactive?

10) Ammonia acts as aligned. Explain.

Levelc I

1) White Phosphorous is more reactive than red phosphorous. Explain.
2) Why do noble gases have comparatively large atomic sizes.?
3) Arrange in decreasing order of lonic character

M-F, M-Cl, M-Br, M-I

4) Phosphinic acid behaves as a monoprotic acid

5) Arrange the following in the order of property indicated:

a) ASQO,, ClO,, Geg, Ga,0,__Increasing acidity

b) H,O, H,S, H,SeH, Te___Increasing acid strength.

6) Arrange in decreasing order of bond energy:

F, Cl, Br, I,

7) Complete the following:

i) HNG, + PO, ,——

iylo; +1- +H"——

8) Give the chemicakactions in support of following observations:

a) The + 5 oxidation state of Bi is less stable than +3 oxidation state.

b) Sulphur exhibits greater tendency for catenation than selenium.
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9) How would you account for following
i) Enthalpy of dissociatioof F, is much less than that oEl,.

if) Sulphur in vapour state exhibits paramagnetism.

10) Draw structures of following:

a) Perg oxomonosalphuric acidﬂzsq:

b) XeF,

Levelc

1. Complete and balance:

) F,+ H,O Cold ——

ii) BrO; + F, +OH™ ——

jii) Li+N, (cold)——>

Iv) NH, + NaOCl——

2) Despite lower electron affinity df,, is stronger oxidising agent thadl,. Explain.
3) Give reasons:

a) Nitric oxide becomes brown when released in air.
b) PCI; is ionic in nature in the solid state.

4) Which of the two is more covalent Sh@r SbCJ.

5) Addition ofCl, to Kl solution gives if brown colour but excess at if turns if colnirless.
Explain

Unit VII; P Block elementssommon errors

Difference between oxidation state and covelency

1. Itis same until there is no dative band
2. Difference arises where there is dative band e.godand HSQ

8.d&f - BLOCK ELEMENTS

8 d- & f- BLOCK 1) physical properties ok NCERT TEXT BOOK
ELEMENTS 2) variation in atomic
sizes
3) ionization
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4) oxidation states

5) electrode potential

6) stability of higher oxidation
states

7) chemical properties

8) magnetic properties

9) formation of coloured
compounds

10) formation of complex
compounds

11) catalytic properties

12) Interstitial compounds / Alloy
formation

II) Oxides of transition metal, xokk NCERT TEXT BOOK
and their oxidizing properties
0) K2Cr0;
(ii) KMnO,

[l) Lanthanoid Contractions i NCERT TEXT BOOK
and their consequences

POINTS TO REMEMBER

e The el ements ofédd block in the periodic table
6fd block are called inner transition el ements

e The general electronic configuration of d block elements is (n-1) d1-19nst-2

e Zn, Cd, and Hg (group 12) are not considered as transition metals due to fully filled
6ddéorbitals

e Transition metals have high melting points due to strong inter atomic bonding which
involves large number of unpaired electrons.

e Transition metals have high enthalpy of atomization due to str ong inter atomic bonding

e The atomic and ionic radii of 3d series shows progressive decrease as the atomic number
Increases

e The atomic / ionic radii of 4d and 5d series are almost same. This is due to lanthanoid
Contraction.

e The second ionization enthalpy of Cr and Cu are exceptionally high due to stable ds and d10
Configuration respectively.

e Among the 3d series Mn shows max. Number of oxidation states i.e., from +2 to +7. But the
common oxidation state is +2 for 3d series. The tendency to show highest (xidation state
increase from Sc to Mn and then this tendency decreases.

e Transition metals show variable oxidation states due to the involvement of (n-1) d
electrons along with ns electrons in bond formation

e The B (Mm/M) values for 3d serie s does not follow a regular trend .This is due to
irregularity in ionization enthalpy and heat of atomization.

e Transition metals and their ions show Para magnetism due to presence of unpaired
electrons

e The magnetic moment 1T is given by the formula

T =an(n+2) BM

e Transition metals and their compounds show colour. This is due to presence of unpaired
electrons. These unpaired electrons undergo excitation from lower energy d orbital to a
higher energy d orbital in the same shell by absorbing certain frequency of light. The colour
of the metal /compound will be the complementary colour of the one which is absorbed
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e Transition metals form complex compounds due to (a) comparatively small size of the metal
ion (b) high ionic charge (c) availability of vacantd -or bi t al 6 s

e Transition metals form interstitial compounds due to presence of voids in their crystal
structure which can accommodate small molecules of Hydrogen, Boron etc.

e Transition metals form alloys due to comparable size of their atoms.

e Transition metals and their compounds are used as catalyst. This is due to their ability to
show variable oxidation states and presence of vacant d- orbitals.

LANTHANOIDS AND ACTI  NOIDS
* The general electronic configuration of the Lanthanoid is [Xe] 4f 1514 5d 001 62
eThe regular decrease in size amongst Lanthanoids atomic number increases is known as
lanthanoid contraction. This is due to the imperfect shielding of one electron by ano ther in the
same 4f sub shell.
eThe common oxidation state of Lanthanoid is +3.
eLanthanoid ions are coloured due to the presence of unpaired electrons in 4f level.
eLu3+is colourless due to fully filled 4f level.
*Ce shows +4 oxidation states which has astable configuration of Xenon
eEu shows +2 oxidation states because of 4fconfiguration
*Yb also shows +2 oxidation states due to the stable 4% configuration.
eEu2+ and Yb2+ are strong reducing agrnts while Ce 4+ is strong oxidizing agent.
eThe general electronic configuration of Actinoids is [Rn] 5f 1614 6d 01 7
eThe irregularities is in the electronic configuration of Actinoids are related to the stability of
5fo, 5f7, 514 configurations.
eThe common oxidation states are +3 and +4
eLike Lanthanoids, Actinoids also show regular decrease in atomic and ionic size, which is
called Actinoid Contraction.

1 MARK QUESTION

1.Ti2+, 2+, &Cr2+ are strong reducing agents .Why?

A+4 is the stable oxidation state for Vanadium and +3 is the stable oxidation state for
Chromium in their aqueous solutions.

2 What does the Pvalue of M3+/M 2+ show for Mn 3+ & Co3+(+1.57 V & +1.97V respectively)
A:The high E° value of M3+/M 2+ for Mn 3+ and Co3+ shows that they are the strongest oxidizing
agents in agueous solutions amang all the rest of transition metal Series .

3.Why Na;Cr.07 is not used in volumetric analysis?

ABecause it is deliquescent.

4. Why is that orange solution of K2Cr,Oy7 turns yellow on adding NaOH?

A: It changes to CrOs2 ion
Cr,02+20H- A 2 CrO42
(Orange) (Yellow)

5. Arrange CrO, CrO3; and Cr20Osin increasing order of acidic strength.
A:CrO < Cr203< CrOs

6. Why does T#+ ion show diamagnetic nature?

ATi**has no unpaired t in it.
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7. Which metal in the first series of transition metal exhibits +1 oxidation state most frequently
and why?

A:Cu, due to stable d© e configuration.

8. Write an ionic equation representing the oxidizing property of acidified KMnO 4 solution.

A: 2MnO4 + 16H*+10FA 2 Mn2+t+ 51, + 8H,0

9. Why do Zr and Hf show similar properties?

A: It is due to similar ionic size, which is due to Lanthanide contraction.
10. Why are Cd2+ salts white?

A: Cdz2+ion has no unpaired electron.

11. Which element of the first transition series shows the highest number of oxidation
states?

A: Mn

12.What is meant by disproportionation reaction?

Alt is a transformation of a substance into two or more substances by simultaneous oxidation
and reduction.

2 /3 MARKS QUESTION S

1. Give examples and reasons for thefollowing features of transition metals

(@) The lowest oxide of transition metals is basic and the highest is acidic

(b) A transition metal exhibits highest oxidation state in oxides and fluorides
A (a) Lowest oxidation compounds of transition metals are basic due to their ability Get
oxidized to higher oxidation states, where as the higher oxidation state of metals and
compounds gets reduced to lower ones and hence acts as acidic in nature.

(c) Due to high electro negativities of oxyg en and fluorine, the oxides and fluorides
of Transition metals exhibits highest oxidation states

2.What is Lanthanoid contraction? What are its consequences?
Alt is filling up of 4f orbital before 5d orbital results in a regular decrease in atomic radi i is
called Lanthanoid contraction.
Consequences of lanthanoid contraction
() There is similarity in the properties of second and third transition series.
(iSeparation of lanthanoids is possible due to lanthanide contraction.
(i) Itis due to lanthanide contraction that there is variation in the basic strength
of lanthanide hydroxides. (Basic strength decreases from La(OH)s to
Lu(OH) 3.)

3. Why does Cerium act as strong oxidising agent?
ACe shows +4 oxidation states due to stable noble gas configuratian, but it is a Strong oxidizing
agent and reduced to Ce+. Its E° value for Ce4+ /Ce 3+is 1.74v

It oxidizes water, but the rate of reaction is slow and thus can be studied in detail and
analysed. Hence Ce acquires great use in analytical chemistry.

4. Compare the chemistry of Lanthanoids and Actinoids
A.

‘ Lanthanoids Actinoids
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(a) Electronic configuration is (a) Electronic configuration is

4f1-14 5do-1 62 5f1-14 6do-1 722
(b) common oxidation state is +3 | (b) common oxidation states are
(c) The size difference between | +3&+4

the successive Lanthanoids | (c) the size difference between two

is small. successive Actinoids is larger .

(d) the ionization enthalpies are

higher (d) the ionization enthalpies are
higher

5. How is K2Cr207 prepared?
AK Cr,07 is prepared from chromite ore (FeCr.04). The following steps are involved
(a) Fusion of chromite with Na 2COs in free access of air.
8Na,COs + 4FeCrO4+ 70, b &@u(yellow) + 2Fe0z + 8CO;
(b) Acidification of Na 2CrO4
2Na,CrO4+ H,SOs B 07 (orange) + Na;SOs + H,0
OR
Low pH
2CrO4 z(yellow) + 2H+ ———* Cr,0+2(orange) + H.O
High pH
(d) Na2Cr.07+ 2 K C 1 Crgd7 + 2KaCl

6.Explain the oxidizing property of K 2Cr20-.
A. K2Cr2Or7acts as an oxidizing agent. In acid medium it undergoes reduction to Cr3+
Cr,072+ 14H++6e b 2 €(green) + 7HO
Eg: acidified K,Cr.O- will oxidize
(a) Fe+to F3+
Cr,072 + 6Fe*+ 14H*Bb 2 €+ 6Fe* + 7H,0
(b) lodide to iodine
Cr072 +6l-+ 14H*B 34 2Cr3++ 7H.0

7.How is KMnO4 obtained from pyrollusite?
A pyrolusite is fused wi th KOH and air. This produces a green colored mass, i.e, Potassium
manganate .
2KOH+MnO 2+% 0O, B #¥MNnO4+ HO
Manganate ion disproportionate in neutral or acidic medium to give pink coloured
Permanganate.

8.Explain the oxidizing property of KMNO 4
AKMnO4 is a strong oxidizing agent in both acidic and basic medium
In acid medium
MnO 4% (Pink) + 8H+*+5e B M2 (colourless) + 4H,0
Eg : Acidified KMnO 4 oxidises Fe* to Fes+
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MnO4-+5Fe+*+ 8H*B MM+ 5Fe*+ 4H,0

Oxalate ion is oxidized to CO by acidified KMnO ..

2MnO4-+ 5C,042 + 16 H*B 2 Mt 2CO, +8H,0
In basic medium

MnQO 4% is reduced to MnO-

MnO4-+2H,O+3e b  Mn,® 40H-

Eg: Alkaline KMnO 4 oxidises I- to 103

2MnO4s +1-+HO B 2 Mnl@s + 20H-

9. Draw structures of a) CrO 42 b) Cr, O72
A B o) T2~ B _
a) l b) O\ 0 0 2
Cr 0— CFI%ACFZO
. o// \ / AN . .
10.  Actinc 0 0 | om el 0 .0 thanoid contraction.
Why? - N s
A: In act..._._._, Chromate ion. ___ ___.d. These 5f orbitals have a poorer shielding effect

than 4f orbitals (in lanthanoids). Thus, the effective nuclear charge experienced by
electrons in valence shells in case of actinoids is much more that that experienced by
lanthanoids. Hence, the size contraction in actinoids is greater as compared to that in
lanthanoids.

11. Why are Mn2+compounds more stable than Fe+ towards oxidation to their +3 state?

A: Electronic configuration of Mn 2*is [Ar] 183d5.

Electronic configuration of Fe 2+ is [Ar] 183d5.

It is known that half -filled and fully -filled orbitals are more stable. Therefore, Mn in (+2)
state has a stable d configuration. This is the reason Mn 2+ shows resistance to oxidation
to Mn3*. Also, Fe2* has 3 configuration and by losing one electron, its configuration
changes to a more stable 3d configuration. Therefore, Fe2+ easily gets oxdized to Fe*3
oxidation state.

12. Explain briefly how +2 states becomes more and more stable in the first half of the first
row transition elements with increasing atomic number?
A: The oxidation states displayed by the first half of the first row of tr ansition

metals are given in the table below.
Sc Ti V Cr Mn

+2 +2 +2 +2

Oxidation state +3 +3 +3 +3 +3

+4 +4 +4 +4
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+5 +5 +6

+6 +7

It can be easily observed that except Sc, all others metals display +2 oxidation state.
Also, on moving from Sc to Mn, the atomic number increases from 21 to 25. This means
the number of electrons in the 3d-orbital also increases from 1 to 5.

Sc(+2)=d
Ti (+2) =d2
V (+2) =ds

Cr (+2) = d4

Mn (+2) = d5

+2 oxidation state is attained by the loss of the two 4s electrons by these metals. Since
the number of d electrons in (+2) state also increases from Ti(+2) to Mn(+ 2), the
stability of +2 state increases (as dorbital is becoming more and more half -filled). Mn
(+2) has cf electrons (that is half-filled d shell, which is highly stable).

5 MARKS QUESTIONS

1. Explain giving reasons:

(i) Transition metals and many of their compounds show paramagnetic

behaviour.

(i) The enthalpies of atomisation of the transition metals are high.

(iii) The transition metals generally form coloured compounds.

(iv) Transition metals and their many compounds act as good catalyst.

A: (i) Transition metals show paramagnetic nature. Paramagnetism arises due to
the presence of unpaired (n-1)d electrons.

(i) Transition elements have high effective nuclear charge and a large number of
valence electrons. Therefore, they form very strong metallic bonds. As a result, the
enthalpy of atomization of transition metals is high.

(i) Most of the complexes of transition metals are coloured. This is because of the
absorption of radiation from visible light region to promote an electron from one of the
diorbitals -dtmnsédam)ot her ( d

(iv) The catalytic activity of the transition elements can be explained by two basic facts.
(a) Owing to their ability to adopt variable oxidation states

(b) Transition metals also provide a suitable surface for the reactions to occur.

2. Describe the preparation of potassium permanganate. How does the acidified

permanganate solution react with (i) iron(ll) ions (ii) SO » and (iii) oxalic acid?
Write the ionic equations for the reactions.
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A: Potassium permanganate can be prepared from pyrolusite (MnO»). The ore is
fused with KOH in the presence of either atmospheric oxygen or an oxidizing agent,
such as KNOs or KclOg4, to give KaMnO 4.
2MnO, +4KOH + 0, —*% 35 2K_MnO, + 2H,0
(Green)
At anode, manganate ions are oxidized to permanganate ions.
MnO,” «— MnO, +e
Gireen Purple
3. Acidified KmnO 4 solution oxidizes Fe (ll) ions to Fe (Ill) ions i.e., ferrous ions to
ferric ions.
MnO, +8H" +5¢ ——>Mn’" +4H,0

Fe™ »Fe' 4+ e |x5

MnO, +5Fe™ +8H" —— Mn™" +5Fe™ +4H,0

(i) Acidified potassium permanganate oxidizes SO to sulphuric acid.
MnO, +6H' + 5S¢ —— Mn"' + 3H,0 |x2

2H,0+2580,+0, —}4H'—25Cﬁ +2e x5
2MnO; +1080, 450, +4H,0——2Mn*" +1080; +8H'
(i) Acidified potassium permanganate oxidizes oxalic acid to carbon dioxide.
MnO, +8H + 5Se ——Mn" +4H.0]x2
C.0; »2CO, + 2e x5

2MnO, +5C,07 +16H ——2Mn*" +10CO, +8H,0

3. The chemistry of the actinoid elements is not so smooth as that of the Lanthanoids.
Justify this statement by giving some examples from the oxidation state of these elements.
A: Lanthanoids primarily show three oxidation states (+2, +3, +4). Among these

oxidation states, +3 state is the most common. Lanthanoids display a limited number of
oxidation states because the energy dfference between 4f, 5d, and 6s orbitals is quite
large. On the other hand, the energy difference between 5f, 6d, and 7s orbitals is very
less. Hence, actinoids display a large number of oxidation states. For example, uranium
and plutonium display +3, +4, +5, and +6 oxidation states while neptunium displays +3,
+4, +5, and +7. The most common oxidation state in case of actinoids is also +3.

Assignment: Level 1
Q1: Write the outer electronic configuration of Chromium atom (z=24)

Q2: What is the effect of increasing pH on Potassium dichromate solution.
Q3. Write the general configuration of d block elements.
Q4. Why are Zn and Cd are not regarded as transition elements.

Q5. Why do Zr and Hf exhibit similar properties
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Q6. Why is solution of Sc** colourless
Q7. Name an ore of Manganese and Chromium

Q8. Calculate the Magnetic moment of a divalent ion in aqueous solution if its atomic number is
25

Q9. Complete the reaction
Na,Cr,O; + 2KCIl —»
Q10. Name an alloy of lanthanoid metal

Assignment: Level 2

Q1. Which is more basic La(OH)3 or Lu(OH)3 ? Why?
Q2. Why are Mn** compounds more stable than Fe*? towards oxidation to their +3 state.

Q3. Why is HCI not used to acidify a permanganate solution in volumetiric estimation of Fe*? or
C,04”

Q4.Which is stronger reducing agent Cr*? or Fe*? 2 Why ?

Q5.Explain why Cu+ ion is not stable in aqueous solutions.

Q6.Write the steps involved in the preparation of KMnO,4 from pyrolusite ore .
Q7. Why are enthalpies of atomization of transition elements high.

Q8.Write down the number of 3d electron in Ti*2,V*2 Fe™ and Ni*%.

Q9.Pt (iv)compounds are relatively more stable than Ni(iv)compounds.
Q10.0ut of zinc and cobalt salts which is attracted in magnetic field. Why?

Assignment :Level 3

Q1. Why is E° value for Mn*¥/Mn*? couple much more positive than that for Cr*3/Cr*? or
Fe*¥/Fe*2. Explain

Q2. What happens when potassium dichromate solution is heated with conc. Sulphuric acid and
a soluble metal chloride. Write the structure of Orange Compound produced during the reaction.

Q3. Consider a titration of potassium dichromate
using diphenylamine as indicator. What are the nu
mole of dichromate?

Q4. Write the balanced Redox reaction between KMnO,4 (molecular weight = 158 ) and oxalic
acid. Calculate the equivalent weight of KMnO,4. How many moles of H,O, are required to
decolorize one mole KMnO,

Q6. State reasons for the following

0] Ce(lll) is readily oxidized to Ce(IV)
(i) Actinoids have a stronger tendency to form complexes than lanthanoids.

Pagel28/ 249



Unit VIII:d & f block elements

Oxoanions

MnGyin acidic, basic and neutral medium
MnO, —Nn*?(Acidic)

MnO, —— »MnO; (Basic)
MnO, ___ MnO; (Neutral)

9. CO-ORDINATION COMPOUNDS

9 CO-ORDINATION 1. Nomenclature of cordination NCERT Intext 9.1,9.2 page
COMPOUND compounds 244 Q 9.6,9.7 page 258
2. Hybridisation ceordination i Page no. 247
complexes
3. Isomerization ok Page no. 244
4. crystal field theory in *x Page no. 250
octahedral complexes

POINTS TO REMEMBER:

1. Coordination compounds
Coordination compounds are compounds in which a central metal atom or ion is linked to a

number of ions or neutral molecules by coordinate bonds or which contain complex ions.
Examples- KaFe(CN)g]; [ Cu(NH 3)4]SOs; Ni(CO) 4

2The main postulates of Wernerds theory of coord

i) In coordination compounds metals show two types of linkages or valencies - Primary
and Secondary.

ii) The primary valencies are ionisable and are satisfied by negative ions.

iii) The secondary valencies are non ionisable and are satisfied by neutral molecules or
negative ions. The secondary valence is equal to the C.N and is fixed for a metal.

iv) The ions or groups bound by secondary linkages to the metal have characteristic spatial

arrangements corresponding to different coordination nos.
3.Difference between a double salt and a complex

Both double salts as well as complexes are formed by the combination of two or more stable
compounds in stoichiometric ratio. However, double salts such as carnallite, KCI.MgCI ,.6H-0,
Mo hr &8s s aANH.)SOBIE.G, Potash alum, KAI(SO4)..12H,0, etc. dissociate into simple
ions completely when dissolved in water. However, complex ions such as [Fe(CNY¥]43 of
K4[Fe(CN)g], do not dissociate into Fe2+ and CN? ions.

4.lmportant Terminology -
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(i) Coordination entity : It constitutes the central metal ion or atom bonded to a fixed number
of ions or molecules represented within a square bracket.

(if) Central atom/ ion : In a coordination entity, the atom/ion to which a fixed number of
ions/groups are bound in a definite geometrical arrangement around it, is called the central
atom or ion.

iif) Ligands: The neutral or negative ions bound to the central metal or

ion in the coordination entity. These donate a pair/s of electrons to the central metal atom /ion.
Ligands may be classified as

a) Monodentate/Unidentate : Ligands bound to the central metal atom/ion through a
single donor atom. Ex- Cl-; H2O ; NH3; NO>-.
b) Didentate : Ligates through two donor atoms. Ex- C>04 2 (0x); H.NCH 2CH>NH »(en)

C) Polydentate : which ligates through two or more donor atoms present in a single ligand.
Ex- (EDTA)4

d) Chelating ligands : Di- or polydentate ligands that uses two or more donor atoms to
bind to a single metal ion to form ring - like complexes. (Ox); (edta)

e) Ambidentate ligand : A ligand that can ligate through two different atoms, one at a
time. EX-NO, ; SCN

V) Coordination number : The no. of ligand donor atoms to which the metal is directly
bonded through sigma bonds only. It is commonly 4 or 6.

Vi) Counter ions : The ionisable groups written outside the square bracket. Ex- K+ in

K4[F€(CN)6] OR 3CFlin [CO(NH 3)5]C|3
Vii) Coordination Polyhedron : The spatial arrangement of the ligand atoms which are
directly attached to the central metal atom/ion. They are commonly Octahedral, Square -planar
or Tetrahedral

Oxidation number : The charge that the central atom would carry if all the ligands are

removed along with their pairs of electrons shared with the central atom. It is represented in
parenthesis.

viii) Homoleptic complexes : Complexes in which a metal is bonded to only one
kind of donor groups. Ex - [Co(NH 3)¢] 3+

iX) Heteroleptic complexes : Complexes in which a metal is bonded to more
than one kind of donor groups. Ex - [Co(NH 3)4 Cl;]*

5. NAMING OF MONONUCLEAR COORDINATION COMPOUNDS

The principle of additive nomenclature is followed while naming the coordination compounds.
The following rules are used-

(i) The cation is named first in both positively and negatively charged coordination
entities.
(i) The ligands are named in an alphabetical order before the name of the central

atom/ion.
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(i) The name of the anionic ligands end in 8o, those of neutral and cationic ligands are

the same except aqua for HO, ammine for NH 3, carbonyl for CO and nitrosyl for NO.
these are placed within enclosing marks().

(iv) When the prefixes mono, di, tri, etc., are used to indicate the number of the

individual ligands in the coordination entity. When the names of the ligands include a
numerical prefix, then the terms, bis, tris , tetrakis are used, the ligand to which they
refer being placed in parenthesis.

(v) Oxidation state of the metal in cation, anion, or neutral coordination entity is
indicated by roman numeral in parenthesis.

(vi) Ifthe complex ion is a cation , the metal is same as the element.

(vii) The neutral complex molecule is hamed similar to that of the complex cation.

6.NAMES OF SOME COMMON LIGANDS

NEGATIVE LIGANDS CHARGE | NEUTRAL LIGANDS CHARGE
CN- Cyano -1 NH 3 Ammine 0
Cl- Chlorido -1 H-0 Aqua/aquo 0
Br- Bromido -1 NO Nitrosyl 0
F- Fluoride -1 (6{0) Carbonyl 0
SOy2 Sulphato -2 PH3; Phosphine 0
C,042 Oxalato -4 CH2-NH > (1,2-Ethane 0

CHNH diamine)

NH 2 Amido -1 POSITIVE LIGANDS

NH 2- Imido -2 NH >-NH3+ Hydrazinium +1
ONO- Nitrito -O -1 NO+ Nitrosonium +1
NO» Nitro -1 NO 2+ Nitronium +1
NO sz Nitrato -1

SCN- Thiocyanato -1

NCS Isothiocyanato -1

CH3(NH 2)COO- Glycinato -1

Pagel31/ 249




-OH Hydroxo -1

7. ISOMERISM IN COORDINATION COMPOUNDS

Two or more substances having the same molecular formula but different spatial arrangements
are called isomers and thephenomenon is called isomerism. Coordination compounds show
two main types of isomerism -

A) Structural Isomerism B) Stereoisomerism

STRUCTURAL ISOMERISM :- It arises due to the difference in structures of coordination
compounds. It is further subdivided into the following types -

1) lonisation isomerism : This form of isomerism arises when the counter ion in a
complex salt is itself a potential ligand and can displace a ligand which can then become the
counter ion. An example is provided by the ionization i somers [Co(NH3)sSOs]Br and

[CO(NH 3)5BI’]SO4.

2) Hydrate or solvate isomerism: Thi s form of isomerism is knowr
in case where water is involved as a solvent. This is similar to ionisation isomerism. Solvate
isomers differ by whether or not a solvent molecule is directly bonded to the metal ion or
merely present as free solvent molecules in the crystal lattice. An example is provided by the
aqua complex [Cr(H 20)¢]Cl 3 (violet) and its solvate isomer [Cr(H 20)sCI|Cl..H-0 (grey-green).
3) Linkage | somerism: Linkage isomerism arises in a coordination compound containing
ambidentate ligand. A simple example is provided by complexes containing the thiocyanate
ligand, NCSs, which may bind through the nitrogen to give M 8NCS or through sulphur to give
MASCN.

4) Coordination isomerism: It arises from the interchange of ligands between cationic
and anionic entities of different metal ions present in a complex .

Example [Co(NH 3)s][Cr(CN) 6] & [Cr(NH 3)s][Co(CN) ¢]

STEREOISOMERISM: Stereo isomers have thesame chemical formula and chemical bonds
but they have different spatial arrangement. They are of two kinds

A. Geometrical isomerism
B. Optical isomerism

GEOMETRICAL ISOMERISM - This type of isomerism arises in heteroleptic complexes due to
different possible geometric arrangements of the ligands. Important examples of this behaviour
are found with coordination numbers 4 and 6. In a square planar complex of formula [MX L]
(X and L are unidentate), the two ligands X may be arranged adjacent to each other in a cis
isomer, or opposite to each other in a trans isomer [MABXL]-Where A,B,X,L are unidentates
Two cis- and one trans- isomers are possible.
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cis

- KFI -
NHg ¢l

trans

Cl
NH

s | _NH;
Co
f"| \-‘“‘NHj

NHg

+

NH,
Cl

trans

Another type of geometrical isomerism occurs in octahedral coordination entities of the
type [Masbs] like [Co(NH 3)3(NO>)s]. If three donor atoms of the same ligands occupy adjacent
positions at the corners of an octahedral face, we have the faial (fac) isomer. When the
positions are around the meridian of the octahedron, we get the meridional (mer) isomer.

O, I
Co
D, T
i e
fauc—

T
o
TN T,

T

b) OPTICAL ISOMERISM: Optical isomers are mirror images that cannot be superimposed on
one another. These are called as enantiomers. The molecules or ionthat cannot be
superimposed are called chiral. The two forms are called dextro (d) and laevo () depending

upon the direction they rotate the plane of polarised light in a polarimeter

(d rotates to the right,

| to the left). Optical isomerism is common in octahedral complexes involving didentate ligands.
In a coordination entity of the type [Co Clx(en);]2+, only the cis-isomer shows optical activity
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Nlarror

+
Trans [CoCl.(en).] isomer-optically inacuve

(Supcnmposable muarror amages)

Nirror

- < -+ > =
Cis [CoCli(en).] isomer—optically active

(Non-supernmposable muarror immages)

TYPES OFHYBRIDISATION

Coordination number | Type of hybridisation | Acquired geometry
4 sp3 Tetrahedral

4 dsp? Square planar

5 spad Trigonal bipyramidal
6 sp3d2 Octahedral

6 d2sps Octahedral

8.CRYSTAL FIELD THEORY:

1. The metatligand bond is ionic arising purely from electrostatic interactions between

the metal ion and the ligand.

2. Ligands are treated as point charges or dipoles in case of anions and neutral

molecules.

3. In an isolated gaseous metal atom or ion the five d-orbitals are degenerate.

4. Degeneracy is maintained if a spherically symmetrical field of negative charges

surrounds the metal /ion.

5. In a complex the negative field becomes asymmetrical and results in sgitting of the
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d-orbitals.

A) CRYSTAL FIELD SPLLITING IN OCTAHEDRAL COORDINATION ENTITIES

® — ([ ® ) — e

i X - :.-.‘ r.;_ - ]
Vi -
E - 3/5A,
y —— _~ "Barycentre A,
—_—

Metal // Xy S SyE o Iy
d orbitals e
&

2. ds d,d_d, Averageenergy Splitting of d orbitals
of the d orbitals in in octahedral
Free metal ion  spherical crystal fleld crystal fleld

| d orbital splitting in an octahedral crystal field |

1. For d4ions, two possible patterns of electron distribution arise:
(1) o<IPfthe urth electron enters one of the g orbitals giving the

configurationt3,ely. Li gands KB are kwdwh as weaks
field ligands and form high spin complexes.

(it)y 1'f Go > P, it becomes more energetigally fav
orbital with configurati on t44 €%. Ligands which produce this effect are known as strong field
ligands and form low spin complexes.

B) CRYSTAL FIELD SPLLITING IN TETRAHEDRAL COORDINATION ENTITIES
1. The four surrounding ligands approach the central metal atom/ion along the pl anes
between the axes.

2. The b4 orbitals are raised in energy (2/5) A:.
3. The two g orbitals are lowered in energy (3/5) A
4. The splitting is smaller as compared to octahedral field splitting, A=(4/9) Ao.
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5. Paiing of electrons is rare and thus complexes have generally high spin
configurations.

dj_‘." 5{1:’ dj..
9 z\_] by
Encrgy I E.ﬁ,
................. At
h
————(
d._. d. Je
d orhitals Average energy of the  Splitting of o orbitals
free won o orbitals in spherical in tetrahedral crystal
crystal ficld ficld
BONDING IN METAL CARBONYLS
Themetakc ar bon bond in metal carbonyls PposR ebsosndbot h |

is formed by the donation of lone pair of electrons on the carbonyl carbon into a vacant orbital

ofthe meta. TheMdC 6 bond is formed by the donation of a
orbital of met al into the vacant ant etimlgdndng 6* o
bonding creates a synergic effect which strengthens the bond between CO and the metal .

Synergic bonding

SOLVED QUESTIONS

1 MARK QUESTIONS

1. What are ambidentate ligands? Give two examples for each.

ANS. Ambidentate ligands are ligands that can attachthemselves to the central metal atom
through two different atoms. For example:

O
M — N J —= Nitro group
.\'I—E— N —0 -+ Nitrito group
@ 0 -
(The donor atom is N) (The donor atom is oxygen)
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M —SCN — Thiocyanate @S —  Isothiocyanate
(b) O‘ - N

(The donor atom is S) (The donor atom is N)

Q2. Using IUPAC norms write the formula for the following: Tetrahydroxozincate(ll)
ANS. [Zn(OH) 4)2 7

Q3. Using IUPAC norms write the formula for the following: Hexaamminecobalt(l1l)
sulphate
ANS. [Co(NH 3)¢]2 (SQu)3

Q4. Using IUPAC norms write the formula for the following: Pentaamminenitrito -O-
cobalt(Il)
ANS. [Co(ONO) (NH 3)s]2*

Q5. Using IUPAC norms write the systematic name of the following: [Co(NH3)6]CI3
ANS. Hexaamminecobalt(lll) chloride

Q6. Using IUPAC norms write the systematic name of the following:
[Pt(NH3)2CI(NH2 CH3)]CI

ANS. Diamminechlorido(methylamine) platinum(ll) chloride

Q7. Using IUPAC norms write the systematic name of the following: [Co(en)  3]3*
ANS. Tris(ethane-1, 2-diammine) cobalt(lIl) ion

Q8. Draw the structures of optical isomers of:  ¢[Cr(C204)3]38

( ox
Cr s

[Cr(m‘);];- Mirror [(“r(ox)‘]H
ANS . (dextro) (Laevo)

Q9. What is meant by the chelate effect? Give an example.
ANS. When a ligand attaches to the metal ion in a manner that forms a ring, then the metal-
ligand association is found to be more stable.
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2 /3 MARK QUESTIONS

Q1. What is spectrochemical series? Explain the difference between a weak field ligand and a
strong field ligand.

ANS. A spectrochemical series is the arrangement of common ligands in the increasing order of
their crystal -field splitting energy (CFSE) values.

I"<Brf < I<SCN <CI'< N3<F <OH" <C02"™DHO<NCS DHT <CNT<NH3z<enD
S0s2 < NO2 < phen < CO

Q2. [Cr(NH 3)¢]3+ is paramagnetic while [Ni(CN) 4]2 Tis diamagnetic. Explain why?

ANS. Cris in the +3 oxidation state i.e., d3 configuration. Also, NH 3is a weak field ligand that
does not cause the pairing of the electrons in the 3d orbital.

L T] O O] CTT 1T

Cr3+ 3d 45 4p 4d

Therefore, it undergoes d2sp3 hybridization and the electrons in the 3d orbitals remain
unpaired. Hence, it is paramagnetic in natur e.
In [Ni(CN) 4]2 7 Ni exists in the +2 oxidation state i.e., d& configuration.

It [ CT 1]

Ni 2+

CNT' is a strong field ligand. It causes the pairing of the 3d orbital electrons. Then, Ni2+
undergoes dsp? hybridization.

miml ] [ I

ds p:

Q3. A solution of [Ni(H 20)6]2* is green but a solution of [Ni(CN) 4]2 Tis colourless. Explain.

ANS. In [Ni(H 20)¢)?+, H,O is a weak field ligand. Therefore, there are unpaired electrons in
Niz2+. In this complex, the d electrons from the lower energy level can be excited to the higher

energy | evel i.e., the possibili{O¥k>*séolodtadd tr ansi t
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In [Ni(CN) 4]27 the electrons are all paired as CN is a strong field ligand. Therefore, d-d
transition is not possible in [Ni(CN) 4]2 % Hence, itis colourless. As there are no unpaired
electrons, it is diamagnetic.

Q2. Draw all the isomers (geometrical and optical) of:

(i) [CoCl2(en)2]*
(i) [Co(NH 3)Cl(en)]2*
(iii ) [Co(NH 3)2Cl2(en)]*

ANS. (i) [CoCla(en)]*

cn

Cl
en/j:\ 1 Z
& Co -

MNarror
Trans [CoCl.(en )2]+|so|ner—0plica]ly inactuve

(Supenmposable mirror images)

Nirror

= -+ 2 z
Cis [CoCli(en),] isomer-optically active
(Non-supernmposable marror images)

mlirror

In total, three isomers are possible.
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Trans-isomers are optically inactive.

Cis-isomers are optically active.

(iif) [Co(NH 3)Cla(en)]*

Q3. Write all the geometrical isomers of [Pt(NH 3)(Br)(Cl)(py)] and how many of these will
exhibit optical isomers?

ANS. [Pt(NH 3)(Br)(Cl)(py)

From the above isomers, none will exhibit optical isomers. Tetrahedral complexes rarely show
optical isomerization. They do so only in the presence of unsymmetrical chelating agents.

Q4. What is meant by stability of a coordination compound in solution? State the factors
which govern stability of complexes.

ANS. The stability of a complex in a solution refers to the degree of association between
the two species involved in a state of equilibrium. Stability can be expressed quantitatively in
terms of stability constant or formation constant.

M + 3L «——— ML,

[ML,]

Stability constant, f = ———
[MJL]

For this reaction, the greater the value of the stability constant, the greater is the proportion of
ML 3 in the solution.
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5 MARKS QUESTIONS

Q1. (a) Discuss the nature of bonding in the following coordination entities on the basisof
valence bond theory:

(i) [Fe(CN)g)4 1(ii) [FeRe]3 T (iii) [Co(C204)3]3 T(iv) [CoFe)3 T
ANS. (i) [Fe(CN)e]4 1n the above coordination complex, iron exists in the +1l oxidation state.Fe 2+
: Electronic configuration is 3d 6 Orbitals of Fe2+ ion:

AT T [] DII

3d

As CNT is a strong field ligand, it causes the pairing of the unpaired 3d electrons.Since there are
six ligands around the central metal ion, the most feasible hybridization is d 2sp3. d2sp3
hybridized orbitals of Fe 2+ are:

AT ] ID L1 1]

d \'p

6 electron pairs from CNT ions occupy the six hybrid d 2sp3orbitals.Then,

ML L]

6 pairs of electrons

from 6 CN ™ ions

Hence, the geometry of the complex is octahedral and the complex is diamagnetic (as there are
no unpaired electrons).
(ii) [FeRe]3T
In this complex, the oxidation state of Fe is +3.
Orbitals of Fe*3ion:

) O O] T T T

3d ED 4p 4d

There are 6 F ions. Thus, it will undergo d 2sp3or sp3d2 hybridization. As F 7 is a weak field
ligand, it does not cause the pairing of the electrons in the 3d orbital. Hence, the most feasible
hybridization is sp 3d2.sp3d2 hybrid ized orbitals of Fe are:

T O O] LTI T

3d 45 ap Ad

14
spPd*

Pagel4l/ 249



Li1]111]

3d

] kel 111

4p

32
sp d*

6 electron pairs from F  1ons
Hence, the geometry of the complex is found to be octahedral.

(ii) [Co(C204)3)3 7

Cobalt exists in the +3 oxidation state in the given complex.Orbitals of Co3+ ion:Oxalate is a
weak field ligand . Therefore, it cannot cause the pairing of the 3d orbital electrons. As there are
6 ligands, hybridization has to be either sp3d2 or d2sp3 hybridization.sp 3d2 hybridization of Co 3+

MMl O CLO)CCIrIrIl

N P
S ———

.\'p"\( 13

The 6 electron pairs from the 3 oxalate ions (oxalate anion is a bidenate ligand) occupy these
sp3d2 orbitals.

(AN

el ) il 1]

—

6 electron pairs from
3 oxalate 1ons

Hence, the geometry of the complex is found to be octahedral.
(iv) [CoFe]2 Cobalt exists in the +3 oxidation state.

Orbitals of Cos+ion:

T ] O O] CTT 1T

3d 4 4p 4d

Again, fluoride ion is a weak field ligand. It cannot cause the pairing of the 3d electrons. As a
result, the Co3+ion will undergo sp 3d2 hybridization.sp 2d2 hybridized orbitals of Co 3+ion are:

mi] O O] CET 1T

spod*
l1l1111] Arr] @l 111
3d 4p i/
.\'p';(lZ

6 electron pairs from F  ions

Hence, the geometry of the complex is octahedral and paramagnetic.
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Q3. Write down the IUPAC name for each of the following comple  xes and indicate the
oxidation state, electronic configuration and coordination number. Also give stereochemistry
and magnetic moment of the complex:

(i) K[Cr(H 20)2(C204)2].3H20 (ii) [Co(NH 3)sCI]ICI ANS. (i) Potassium diaquadioxalatochromate
(1) trinydrate.

Oxid ation state of chromium =3 Electronic configuration: 3d 3: to3
Coordination number = 6 Shape: octahedral

Stereochemistry:

OH:\ ; OH‘\
0 0 P00 0
0 0 0 OH, B Py
\ : / \ / ( Cr ) E ( Cr )
( I (\l' ()/ \ ' ()/ \
0 f 0
o~ \o o~ |\ :
/(’ OH, | OH,
OH, 0
Trans Cis Trans is optically inactive
OH, OH,

(“\(\r/‘)”z
o~ |\
L P

d
0

Cis is optically active

. = n{n+2]
Magnetic n VoS ) )
= - (3+2]
~.J15
D 4BM

(i) [Co(NH 3)sCIICl >

IUPAC name: Pentaamminechloridocobalt(lll) chloride
Oxidation state of Co = +3

Coordination number = 6

Shape: octahedral.
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Electronic configuration: d 6: txgb.
Stereochemistry:

NH, : NH,

a NH HyN .
\(. / E \C /(l
T i r
u.r\'/ \""= H_IN/ \Nm
NH; NH;4
2 isomers Magnetic Moment = 0
LEVEL 1

1.Why do tetrahedral complex not show geometrical isomerism?

2. Why does the colour changes on heating [Ti(H.O)e]3* .

3. [Fe(H:0)¢]3+ is strongly paramagnetic whereas [Fe(CN)e]3 is weakly paramagnetic. Explain.
4. What happens when potassium ferrocyanide solution is added to a ferric salt solution?
LEVEL 2

5. A coordination compound has a formula (CoCl 3. 4NH3). It does not liberate NH sbut
precipitates chloride ion as AgCI. Give the IUPAC name of the complex and write its structural
formula.

6. Write the correct formula for the following co -ordination compounds. CrCls.
6H20 (Violet, with 3 Chloride ions/ Unit formula) CrCls. 6H20
(Light green colour with 2 Chloride ions/ unit formula)

7. Give the electronic configuration of the d-orbitals of Ti in [Ti (H 20) ¢]3* ion in anoctahedral
crystal field.

8. Co(ll) is stable in agueous solution but in the presence of strong ligands ard air, it can get
oxidized to Co(lll). (Atomic Number of cobalt is 27). Explain.

9. Give a chemical test to distinguish between [Co(NH 3)sBr]SO4 and [Co(NH 3)sBr]SO.Br. Name
the type of isomerism exhibited by these compounds.

10. What is the coordination entity formed when excess of agueous KCN is added to an aqueous
solution of copper sulphate? Why is that no precipitate of copper sulphate is obtained when H ,S
(9) is passed through this solution?

LEVEL 3
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11. Aqueous copper sulphate solution (blue in colour) gives a green precipitate with aqueous
potassium fluoride, a bright green solution with aqueous potassium chloride. Explain these
experimental results.

12. A metal complex having the composition Cr(NH) 4Cl>Br has been isolated in two forms, A
and B. The form A reacts with AgNO 3 solution to give a white precipitate readily soluble in
dilute agueous ammonia whereas B give a pale yellow precipitate soluble in concentrated
ammonia solution. Write the formulae of A and B and write their IUPAC names.

13. Expain the following

i. All octahedral complexes of Ni 2*rmust be outer orbital complexes.

ii. NH 4+ ion does not form any complex.

iii. (SCN)-tion is involved in linkage isomerism in co -ordination compounds.

14. A metal ion Mn+ having d 4 valence electronic @nfiguration combines with three didentate
ligands to form co.mP IDeawthesdiagrainssisowingidorpital €olitting
during this complex formation. Write the electronic configuration of the valence electrons of the
metal Mn+ion in terms of tog and eg. What type of the hybridization will Mn  +ion have? Name
the type of isomerism exhibited by this complex.

15. The coordination no. of Ni2+is 4.

NiCl,.+ KCN(excess) b A( a cyano compl ex )

A + Conc HCI (excess) b B ( a chloro complex )
i) Write ITUPAC name of A and B

i) Predict the magnetic nature of A and B

i) Write hybridization of Niin A and B

16. Explain the following
i. Cu(OH) 2 is soluble in ammonium hydroxide but not in sodium hydroxide solution.

ii. EDTA is used to cure lead poisoning

iii. Blue coloured solution of [CoCl 4] 2 changes to pink on reaction with HgCI ».
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11. HALOALKANES AND HALOARENES

10 HALOALKANES 1. Nomenclature * Intext Q.no. 10.1 page 285
AND
HALOARENCES
2. Name reactions roxk Page 287, 289
3. SN and SN ok Page 293

Aliphatic halogen compounds : - These are obtained by replacement of one or more
hydrogen atoms of an alkane by an equal number of halogen atoms. The haloalkanes
are further classified as mono-, di-, tri-, and tetra halogen derivatives etc. according as
the numbers of halogen atoms present in their molecules are 1, 2, 3, 4, etc respectively.

CH3Cl CiCl
Methyl chloride Methylene chloride
(Chloromethane) (Dichloromethane)

(Monohalogen derivative)  (Dihalogen derivative)

CHCl s CCl4
Chlor oform Carbon tetrachloride (Trichloromethane)
(Tetrachloromethane)
(Trihalogen derivative) (Tetrahalogen derivative)

o Alcohols can be converted into chlorides by reaction with (i) HCI/ZnCl 2, (i)

PCls, (iii) SOCI./ Pyridine. The reaction with SOCI ». Pyridine is preferred because in

this case side products are gaseous and can be expelled readily during distillation.

. Addition of HBr to alkenes in the presence of peroxides takes place through free
radicals as intermediates and results in ant- Mar kowni kof f BHARASCH du ct
EFFECT).

. Allylic substitution can be carried out using Cl. or Br, at 800 K or sulphuryl
chloride (SO.Cl») at 475 K in the presence of light and trace of peroxide. The reaction
proceeds via free radical as intermediates.

. Sandmey er 0:sTheRemdian bfibennene diazonium salts with CuCl or CuBr

or CuCN in the presence of HCI |, HBr or KCN
reaction
CuCl/ HCI -~
CsHsCl
CeHsN >t Cl- CuBr / HBr > CeHsBr
° Finkelstein reaction:
Acetone
R X + Nal > R | + NaX
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X= Cl or Br

REACTION OF ALKYL HALIDES
1. Sn1 type (unimolecular nucleophilic substitution). These reactions proceed in two steps.

The rate of reaction is dependent on step 1 i.e., only on the concentration of alkyl halide r = k
[RX]. It is a first order reaction.
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CH3 CHs CHs

| X- / +Nu |

CH:¢€ X ——» CH+ C+ ——— »CHz; — C —Nu

STEP j(slow) \(EP(Fast)

CHs CHs CHs
Alkyl halide planar carbocation substitution product

If we start with optically active halide , then a partial racemic mixture is obtained during Sn1
reaction. The inverted product is little more in proportion than the retained product. The
racemisation occurs because of the possibility of frontal as well as backside attack on planar
carbocation in the second step as shown below.

NUQL \ Fé___/NU/, R> R2 /

c R: {/—Nw- Nu C —R:
—_—
Frontal | Rs R3 tack
R3 /
(Enantinomeric forms)
Planar carbocation Racemisation

The tertiary halides usually follow through S N1 type of mechanism.

2. Sv2 type (bimolecular nucleophilic substitution). These reactions proceed in one step
and the rate of reaction depends on concentration of alkyl halide as well as nucleophile.i.e. r =
K[RX][Nu]. It is a second order reaction. During S n2 reaction inversion in configuration occurs
i.e., starting with dextrorotatory halide a laevo product is obtained and vice - versa.

For example,
H R1| _H 1 ] H /
—% N[ C e X x Nu C R
A N
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Nu: R2 R R>
Transition state Inverted product

This inversion of configuration is known as Walden inversion, which indicates that if alkyl
halide is optically active, the product is also optically active. Primary halide usually proceeds
through Sn2 type of mechanism.

It mu st be noted that the 2 halides may proceed either through Sn1 or Si2 type.

Retention: The preservation of integrity of the spatial arrangement of bonds to an asymmetric
centre during a chemical reaction.

Inversion: The spatial arrangement of bonds to an asymmetric centre reversed. We can say
there is an inversion in the configuration.

Racemic mixture : When two enantiomers of same substances are mixed in equal proportions an
optically inactive solution is obtained .I t is called racemic mixture (dl or = form). The absence of
optical activity in dl dmixture is due to external compensation.

Meso compounds : - The compounds which do not show optical activity in spite of presence of
chiral carbon atoms are called meso compmunds. The absence of optical activity in meso
compounds is due to an element of symmetry (plane, axis or point). In other words, the
molecule of a meso compound is achiral.

NAME REACTIONS

1. Mar k owni k o¥ndhe additioh & hydrogen halide to the unsymmetrical alkene,
the negative part of the addendum (reagent) will go to the double bonded carbon atom which
bears less number of hydrogen atoms.

2. anti-Mar kowni k o JRemxide effece or Kharausch effect): In the addition of
hydrogen bromide to the unsymmetrical alkene, the negative part of the addendum (reagent)
will go to the double bonded carbon atom which bears more number of hydrogen atoms.

3. Finkelstein reaction : Alkyl chloride/bromide on reaction with sodium iodide in
acetone, gives alkyliodide.

4, Swarts reaction: An alkyl chloride or bromide is heated in the presence of a metallic
fluoride like AgF, Hg 2F., CoF; or Sbk; to give alkyl fluoride.

5. Saytzeff rule : In dehydrohalogenation of alkyl halide, alkene is preferred product in
such away that the double bonded carbon atom must be maximum alkylated.

6. Wurtz reaction : A reaction in which alkyl halides react with sodium in dry ether to give
a hydrocarbon containing double the number of carbon atoms present in the halide.

7. Wurtz oFitti g reaction: A reaction in which mixture of alkyl halides and aryl halide react
with sodium in dry ether to give a hydrocarbon (alkyl arenes).

8. Fittig reaction : A reaction in which two aryl halides react with sodium in dry ether to
give a hydrocarbon (bip henyl).
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9. Carbylamine reaction (isocyanide reaction) : When chloroform is heated with ethanoic
potassium hydroxide and a primary amine, an isocyanide (carbylamine) is formed, which is
easily detected by its nauseating odour.

10. lodoform reaction : Organic compounds containing [CH 3z & CO ]- group or [CH3 &
CH(OH)] group, on heating with sodium and iodine in water or sodium carbonate and iodine
in water, gives a yellow precipitate of iodoform.

1 MARK QUESTIONS

1) Write the common name of (CH 3):Cfi Br.
A) IUPAC name of (CH3)sCi Br is tertiary butyl chloride.
2) Write the formula of one allylic chloride.
A) CH.>=CHfA CHCI
3) What happens when ethanol is termed with phosphorus tribromide?
A) 3CH3CH20H+PBT3A 3CH3CHBr+H3POs
Ethyl bromide

4) What happens when an alkyl halide reacts with AgNO 3& product is reduced?
A) RA X+ AgNO 3A Rii NO+AgX

Sn/HCI
Ri NO#6(H) — >  Rii NH 2+2H:0

5) Describe one method for the preparation of secbutylbromide.
A)

CH:—CH,—CH=CH +HB+r— CHz—CH,—CH—CHs5
I

Br

6) What happens when an alkyl halide reacts with Mg in the presence of dry ether?
A) Dry ether

Rfi X+ Mg —— W Mgi X
Grignard reagent

7) Give one method of preparation of haloarenes from benzene.

A)
@ e TSR b omer

8) What is the nature of CA X bond in haloalkanes?
A) Ci X bond in haloalkanes is polar.
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9) Aryl halides cannot be prepared by the action of sodium halide in the presence of H.SOx.

Why?

A) Due to resonance, the carboroxygen bond in phenols has partial double bond & it is

stronger than carbon-oxygen single bond.

10) What is the best method to prepare alkyl fluorides?

A) The best method to prepare alkyl fluorides is the halogen exchange method, using AgF.
CHsBr+AgFA CHsF+AgBr

11) Arrange the following halides in order of increasing S »2 reactivity:
CH3CH2Cl, CH3Br, CH3Cl, (CH3).CHCI

A) (CH3)2.CHCI<CH 3CH2CI<CH 3CI<CH 3Br

12) What is iodoform test?

A) A compound having structuring unit CH 3fi CH (OH) or CH st C=0 on heating with
NaOH & | >forms a yellow precipitate of iodoform.

13) Write the Structural formula of DDT?

A)
[y Y
C1 < X cH < N C1
DO1OT
2 MARKS QUESTIONS
1. The boiling point of an alkyl halide is higher than that of the corresponding alkane.

A) The boiling point of an alkyl halide is higher than that of the corresponding alkane due
to (a) its higher molecular mass than alkane and (b) its more polar nature than alkane.

2. The boiling points of C;HsCl,, CHsBr and C:;Hsl are in the order CzHsl> C:HsBr>
C2H:Cl2.

A) The boiling points of C;HsCl, C.HsBr and C:Hsl are in the order : CoHsl > CoHsBr >
C:HsCl,because for haloalkenes of same alkyl group ,boiling point increases with increasing
atomic mass and size of halogen.

3. Haloalkenes are not soluble in water.
A) Haloalkenes are not soluble in water due to the reason that neither they can form

hydrogen bonds with water molecules nor they break the hydrogen bonds already pr esent
among water molecules.

4. The treatment of an alkyl chloride with agueous KOH leads to the formation of an
alcohol.
A) The treatment of an alkyl chloride with agueous KOH leads to the formation of an

alcohol as KOH in aqueous solution is completely ionised to OH- which are strong nucleophile
and bring a substitution of dClI group.
5. Haloarenes are insoluble in water but are soluble in benzene.
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A) Haloarenes are insoluble in water due to the reason that neither they can form hydrogen
bonds with water molecules nor they can break hydrogen bonds clearly existing among water
molecules.

6. Haloalkenes are more reactive than haloarenes.
A) Haloalkenes are more reactive than haloarenes due to the following reasons.

()  Resonance effect in haloarenes. Let us explain te low reactivity of chlorobenzene. Itis a
resonance hybrid of following structures:

:Ej-l: :Cl: o Cls

I II il
o i o CI
] L
| — 1 "
. —
H 5
% v

Structures lll, IV and V show a strong stability due to carbon, chlorine double bond and low
reactivity towards nucleophilic reactions.

(ii) Hybridization. In benzene, carbon bearing chlorine atom is sp 2 hybridized and a sp?
hybridized orbital is smaller in size than sp 3 hybridized orbital (present in alkyl halides). So
C_Cl bond in aryl halides is shorter and stronger than in alky halides. Therefore, aryl halides
are lesser reactive than alkyl halides.

7. Why do haloalkenes undergo nucleophilic substitution whereas haloarenes undergo
electrophilic substitution?
A) Due to more electronegative nature of halide atom in haloalkanes, carbon atom becomes

slightly positive and is easily attacked by nucleophilic reagents. While in  hal oarenes, due to
resonance, carbon atom becomes slightly negative and attacked by electrophilic reagents.

8. It is difficult to prepare pure amines by ammonolysis of alkyl halides.

A) It is difficult to prepare pure amines by ammonolysis of alkyl halides, because in this
reaction a mixture of primary, secondary, tertiary amines and quaternary ammonium salts is
produced.

9. When an alkyl halide is treated with ethanolic solution of KCN,the major product is
alkyl cyanide where as if alkyl halide is treated with AQCN , the major product is alkyl
isocyanide.

A)KCN or alkali metal cyanides are ionic, with C of alkyl group, they can attach through C or
N, but C_C bond is strong than C_—N bond. So with KCN alkyl cyanides are the main product.
But silver cyanide is predominantly covalent so more electronegative N can attach to C and

forms (-N = C) or isocyanides.
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10. lodoform gives a yellow precipitate with silver nitrate solution on heating but
chloroform does not.

A) Due to less electronegative nature of iodine, C—I bond in iodoform is weaker than C i
Cl bond in chloroform. So | 2 is released easily to form yellow precipitate of Agl, with AQNO 3
11. What happens when tert-butyl alcohol is treated with Cu / at 573 K.

A) Dehydration reaction will take place. Isobutene will be formed.
CHg CH»
I Cu [

CHgfi CA OH  ——— CHgi C

| 573 K |
CHg dH>0 CHg
12.. Arrange the following halides in order of increasing SN2 reactivity :

CH3ﬁ CLCHsﬁ BhCH3CH%ﬂJCH§2CHC|
A) (CH3)2 CHCI < CH 3CHCl < CH3Cl < CH gBr.

(Hint : As the size of the alkyl group increases SN2 reactivity decreases.)

3 MARKS QUESTIONS

1. How can we produce nitro benzene from phenol?

A. () First convert phenol to benzene by heating with Zn dust.

(1 Nitration of benzene with conc. nitric acid in presence of conc. sulphuric acid.

2 Alcohols reacts with halogen acids to form haloalkenes but phenol does not form halobenzene. Explain.

Ans.The Cii O bond in phenol acquires partial double bond character due to resonance and
hence be cleared by ® ions to form halobenzenes. But in alcohols a pure C i O bond is

maintained and can be cleared by X3 ions.
3. Explain why o -nitrophenol is more acidic than o -methoxy phenol?
A.Duetofi Randf |effectof i NO, group, ddensit y ofin H Boédecredses@nd

loss of HY is easyd | effect  In contrast, in o-methoxy phenol due to + R effect, & OCHj

increases. ®d e nsi t y onii 1 gbalip, andl hence loss of HY is difficult.(both &ve charge
repel each other)
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4. Of benzene and phenol, which is more easily nitrated and why?

A. Nitration is an electrophilic substitution reaction.

The i OH group in phenol increases the €0 density at 0- and p- position as follows:

Since phenol has a higher electrondensity due to electron releasing nature of -OH group,
compared to benzene, therefore nitration is easy in phenol than benzene.

5. How will you account for the following?
Ethers possess a net dipole moment even if they are symmetrical in structure?

A. Becauseof greater electronegativity of o- atom than carbon C 8 O bonds are

polar.
C 0 O bond are inclined to each other at an angle of 110° (or more), two dipoles do not cancel

out each other.

6. How do 1° 2° and 3° alcohols differ in terms of their oxidation r eaction and
dehydrogenation ?

A. () Oxidation reaction :

©) ©)

1° alcohol — > aldehyde— carboxylic acid
©) ©)

2° alcohol ——» ketone ——»  carboxylic acid

(acid with loss of 1 carbon atom)

(©)

3° alcohol ———» resistant to oxidation

(1 Hydrogenation reaction :
give

1° alcohol——— aldehyde

2° alcohol—> Kketone

3° alcohol ——»alkene

3° alcohols prefer to undergo dehydration and form alkene.
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7.(1) How is diethyl ether prepared from ethyl alcohol ?

A. Ethyl alcohol is first treated with sodium to form sodium ethoxide.
CoH5OH +Na ——— »GHs09Na™ + Hoy

Sodium ethoxide is then treated with ethyl halide to form di ethyl ether.

SN2
CoHsO Na+ X CoHg —€3H50 CoHg + NaX
(Williamson synthesis)

(I) Complete the reaction:

(@) CH3OCHg+PClg ——*?
(b) CoHgOCHg+HClI ——* 2
(©) (CoHg)pO+HCI — >
A. €) 2 CH4CI
(b)  CH3Cl+ CoH5OH
(c) CoH5Cl+ CoH50H
8. Why are reactions of alcohol/phenol and with acid chloride in the presence of pyridine?

A. Because esterification reaction is reversible andpresence of base (pyridine) neutralises
HCI produced during reaction thus promoting forward reaction.

5 MARKS QUESTIONS

How the following conversions can be carried out?
(i) Propene to propan-1-ol

(ii) 1-Bromopropane to 2-bromopropane

(iii) Toluene to benzyl alcohol

(iv) Benzene to 4bromonitrobenzene

(v) Benzyl alcohol to 2-phenylethanoic acid

(vi) Ethanol to propanenitrile

(vii) Aniline to chlorobenzene

(viii) 2-Chlorobutane to 3, 4-dimethylhexane

(ix) 2-Methyl -1-propene to 2-chloro-2-methylpropane
(x) Ethyl chloride to propanoic acid

(xi) But-1-ene to n-butyliodide
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(xii) 2-Chloropropane to 1-propanol

(xiii) 1sopropyl alcohol to iodoform

(xiv) Chlorobenzene to p-nitrophenol

(xv) 2-Bromopropane to 1-bromopropane
(xvi) Chloroethane to butane

(xvii) Benzene to diphenyl

(xviii) tert-Butyl bromide to isobutyl bromide
(xix) Aniline to phenylisocyanide

(i)

CH; — CH=CH, HBr / Peroxide » CH;—CH;— CH; —Br

Propene (Ani - Markownikoy | — Bromopropane
addition »
(N"C'?“’P.""'Cl Aq KOH/ A
substitution)
CH; — CH; — CH; — OH
Propan — | — ol
(i)
CH; — CH; — CH, — Br KOH (alc)/ A
1 = Bromopropan > CHhy—ECH=CH,
B L (Dehydrohalogenation) Propene i Markovnikov
" | addition
Br

|
CH; — CH —CH;j
2 — bromopropane

(iii)
CHj3 CH,Cl CH>OH
Cly / UV light ‘\q KOH /
—
or heat (nu«.leoplnlu.
Toluene Benzyl substitution) Benzyl
chlonde alcohol
(iv)
Br
Bl': ! FeBr; “T\O‘ ”1\0‘
——
Dark (Nmauon)
Benzene Bromobenzene
4 - Bromonnrobenzene
V)
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CH,OH CH,(l CH,CN

PCl5 KCN, Aq. ethanol
- POCl4, - HCI -KCl
Benzyl Benzyl cyanide
alcohol
(Hydrolysis) |[H" / H,0
25401
CH,COOH
2 — Phenylethanoic acid
(vi)
red P/ Bry KCN, Aq. ethanol
CH;—CH; —OH ———%» CH;—CH,—Br —— (CH;— CH,—CN
Ethanol Bromoethane Propanenitrile
(vii)
NH;
NaNO, + 2HCI,
')73 278 ( uCly
- NaC l 2H,0
Aniline Benzenediazonium Chlorobenzene
chloride
(viii)
Cl CH; CH,

' 2 Na/ dry eth R
2CH; — CH— CHy —CHy  —— CH; — CHy — CH — CH — CH; — CH3 + 2NaCl
(woody reaction) x z 2 k

2 — Chlorobutane 3, 4 - dimethylhexane
(ix)
CH; CH;
1 HC l
CH;—C=CH2 — CH';—C—CH;
{Markovnikov ’ |
2-Methyl ~1-propesis’ 4 siion) cl
2-chloro-2-methylpropane
(X) KCN hanol
CH; — CHy — 0 ——22 S0 - cH, —~CHy;—CN + KCI
: ek - 4 (nucleophilic W
Ethylchlonde subsiitution} Propanenitrile
(Hydrolysis) |H"/H,O
CH; — CH; — COOH
Propanoic acid
(i)
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CH; — CH; — CH==CH, HBr/Peroxide

. O —CH, — M, — CH — Bi
But - | —ene (Ant - Markovnikov 1 - Bromobutane
addition)

Finkelstein | Nal, dry acetone
reaction

CH; — CH; — CHy — CH; — 1
i~ Butyliodide

(xii)
(lTl
CH; — CH — CH;,4 KOH (alc) / A > CH:—CH=CH, + HCI
2 - Chloropropane (Dehydrohalogenation) Propene
HBr / Peroxide (Anti - Mfirkovmkov
addition)
Ag KOH /A
CH; — CH; — CH; — OH 4—1 4. CH; — CH; — CH, — Br
(Nucleophilic | - Bromopropane
1 — Propanol substitution)
(xiii)
(I)H
Il
CH; — CH — CH; L CH; —C —CH;4
) ) (Oxadation)
Isopropyl alcohol Propanone
NaOl | (lodoform reaction)
I
CH; —C—ONa + CHI;
Todoform
(X|v)
Cl
HNO; / HySO, g
(Ntrahon)
Chlorobel
orobenzene NOs
p ~ Chloronitrobenzene  mr — Chloronitrobenzene o — Chloronitrobenzene
(Major product)
Cl OH
(i) NaOH, 433 K
(1) dil HCI

NO, NO,
P — Chloromtrobenzene p — Nitrophenol
(xv)
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Br

l
CH; — CH — CH;

2 - Bromopropane

KOH (alc) / A
—_—

: CH;—CH=CH; + HBr
Dehydrohalogenation : “

Propene

{Anti-Markovnikoy HBr / Peroxide

addition)

('Hj, = CH: = CH: — Br

| — Bromopropane
(xvi)
? Ng / ey »
CH; — CH, — Cl 2Na/diyether op. _om, —CH;—CHy + 2NaC
- ( Wurtz reaction) Butane
Chloroethane
(xvii)
Br
Br, / FeBr; 2Na/ dry ether
2 kI S + 2NaBr
(Fittig reaction)
Benzene Biphenyl
(xviii)
Ellx
CH; — C— CH; M’ CH; — C=CH> HBr / Peroxide ) . .
(Dehydrohalogenation) ) - f 3 CH3 — CH— CH, — Br
Br CH- (Anti-Markowvnikov
3 addition) CH;
: g 7 Aor o
Tert-Butylbronude 2-Methylpropene Isobutyl bromide
(xix)
NH, NC
CHCl;, 3KOH, A A
» & ¢ 3KCl + 3H,0
(Carbylamine reaction)
Aniline Phenylisocyanide
3. Primary alkyl halide C 4HoBr (a) reacted with alcoholic KOH to give compound

(b).Compound (b) is reacted with HBr to give (c) which is an isomer of (a). When (a) is reacted
with sodium metal it gives compound (d), C sH1g which is different from the compound formed
when n-butyl bromide is reacted with sodium. Give the structural formula of (a) and write the

equations for all the reactions.

A) There are two primary alkyl halides having the formula, C sH¢Br. They are n

T bul yl bromide and isobutyl

CH; — (H: — CH: . CH: - Br (H: — (H — CH: - Br

CH;
n — Butyl bromide
Therefor e,

Isobutyl bromide
compound (a) is

Pagel59/ 249

either

br omi de.

Nt butyl

br o



Now, compound (a) reacts with Na metal to give compound (b) of molecular formula,
CsH 18, which is different from the compound forme d when nT but y |l br omi de
Na metal. Hence, compound (a) must be isobutyl bromide.

2CH;CH,CH,CH,Br —2na/dry ether o op ¢ H,CH,CH,CH,CH,CHyCH; + 2NaBr
’ - “  {(Waurtz reaction) : AL ARSI RN

n — Butyl bromide n — Octane

2Na/dry ether

CH;CHCH-Br — -
- = (Wurtz reaction)

CH;CHCH,CH,; CHCH;y + 2NaBr

CH; CH; CH;
Isobutyl bromide 2, 5 — Dimethylhexane
(a) (d)
Thus, compound (d) is 2, 57dimethyl hexane.
It is given that compound (a) reacts with alcoholic KOH to give compound (b). Hence,
compound (b) is 2T methyl propene.
KOH(alc)/A

#» CH; — C=CH, + HBr

Hy — CH— CH; — B .
o CH Ch; J (Dehydrohalogenation) I

CH; CHy
Isobutyl chloride 2 — Methylpropene
(a) (b)
Also, compound (b) reacts with HBr to give compound (c) which is an isomer of (a).
Hence, compound (c) is 2T bromolT 27T methyl propan
Br
CH; — CH= CH, B e CHy— CH— CH;
I (Markovnikov addition) |
CH; CH;
2 — Methylpropene 2 — Bromo — 2 — methylpropane

(b) (c)
(an isomer of (a))

ASSIGNMENTS

LEVEL 1

1 What happens when?

a. N-butylchloride is treated with alcoholic KOH

b. Bromobenzene is treated with Mg in the presence of dry ether.

c. Chlorobenzene is subjected to hydrolysis.

d. Ethyl chloride is treated with aq. KOH

e. Methyl bromide is treated with sodium in presence of dry ether.
2. An alkyl halide X of formula C sH13Cl on treatment with potassium tert -butoxide gives 2
isomeric alkenes Y and Z (GH12). Both alkenes on hydrogenation gives -2
Dimethylbutane predict the structures of X, Y and Z?
3.Explain why chlorination of n -butane in presence of light at 298 K gives a mixture of 2-
Chlorobutane and 1-chlorobutane?
4. Describe the preparation of from ethanol using bleaching powder?
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5. The Cl atom in Chlorobenzene is ortho and para directing explain why?
6. Why chlorobenzene cannot be hydrolised with ag NaOH at room conditions?
7. What is chloropicrin and how do you obtain it?
LEVEL 2
8 Nucleophilic substitution in aryl halides is facilitated by electron withdrawing groups.While
electrophilic substitution reaction is facilitated by electron releasing groups? Give reason?
9. Cholobenzene reacts with sodamide in the presence of liquid of liquid ammonia whereas, 2-
bromo-3-methyl anisole fails to react? Give reason?
10. Which of the following has highest dipole moment?
CCl4,CHCI3,CHCl>
11. Differentiate between chiral and achiral molecules.

12. What are enantiomers ? Draw the structures of possible enantiomers of 3methylpent -1-ene.
13. Differentiate between retention and inversion.
14. Arrange the following in the order of increasing S n2 reactivity:
CH3Cl, CH3Br, CH3CHCl, (CH3),CHCI
15. Arrange the following in the decreasing order of SN1 reactivity:
CH3CHCHCI (1), CH2=CHCHCICH 3 (I1) and CH sCH>CHCICH 3 (Il1)
LEVEL 3

16. RCI is hydrolysed to ROH slowly but the reaction is rapid if a catalytic amount of Kl is
added to the reaction mixture.

17. ldentify and indicate the center of chirality ,if any in the following molecules ? How many
sterioisomers are possible for each?

@) 2-Aminobutane
(b) 3-Bromopent-1-ene
(c) 1,2-Dichloropropane

Halolkanes and haloarenes COMMON ERRORS

Resonating structures of halobenzene and their reactivity
SN and SN mechanism

11.ALCOHOLS, PHENOLS AND ETHERS
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11 Alcohols , Phenols 1. Preparation of alcohol| *** P-321
& ethers Hydration of alkenes &
Mechanism.

2. Preparation of ** P-324
Phenols: From aniline &
cumene. *x P-325
3. High boiling Point&
solubility in water of *x pP-327
alcohol & Phenols. *x P-328
4.Acidity of alcohols and
phenol ** P-331
5. Resonance of Phenol
and Phenoxide ion. ok P-334
6. Mechanism of
Dehydration of alcohol | ** P-337
7. Kol beds
Reimertimorn Reaction.
8. Wil | iams
Synthesisegrediction of
product

CH., — OH Methanol
CH, - CH, - CH,- OH Propan-1-ol
CH,— C|3H — CH, Propan-2-ol
OTrl
CH, - CH,—- CH,—- CH,- OH Butan-1-ol
CH,— CH — CH,— CH, Butan-2-ol
on
CH, - CH - CH,— CH, 2-Methylpropan-1-ol
o
CH,
CH,- II!.‘. - OH 2-Methylpropan-2-ol
CH,
"‘?’HE_ "?H N {I:IIE Propane -1, 2, 3-triol
OIl OH Ol
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g
(i) CHs-— (IZH - (IEH—(IZ —CHa
CHs OH CHs
2.2 A-Trimethylpentan-2-ol

IUPAC names of phenols

OH CH,
t @,OH

Phenol 2-Methylphenol
OH OH
fj o CL
OH
Benzene-1,2-diol Benzene-1,3-diol

IUPAC names of some ethers

(i) HC— CH—CH,~ CH— CH—CH,~CH,
OH OH C,H,

S-Ethyiheptane-2 4-dioi

CH, CH,
©\OH :
OH

3-Methylphenol 4-Methylphenol
OH CH,
OH CH,
Benzene-1.4-diol 2 5-Dimethylphenal

Compound IUPAC name

CH,0CH,
C,H;0C,H;
CH,0CH,CH,CH,
CsHsOCH3

C,H.OCH,CH,

C¢H;0(CH,);- CH,4
CHSD—(ljl—I —CH,
CH,
C;H,—O0—CH,~ CH,— CH-CH,
CH,
CH,- O - CH,- CH, - OCH,

H,C. CH,
OC,H,

Methoxymethane
Ethoxyethane
1-Methoxypropane
Methoxybenzene

(Anisole)
Ethoxybenzene
1-Phenoxyheptane
2-Methoxypropane

3- Methylbutoxybenzene

1,2-Dimethoxyethane

2-Ethoxy-
-1,1-dimethylcyclohexane
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NAME REACTIONS
1. Kol beds Reacti on:
Sodium phenoxide when heated with Carbon dioxide at 400K under a pressure of 4-7
Atmosphere followed by acidification gives 2 -Hydroxybenzoic acid (Salycilic acid) as the main
product along with a small amount of 4 -Hydroxybenzoic acid.

OH ONa OH

NaOH (1) CO, COOH
—_— —_—

(if) H*
2-Hydroxybenzoic acid
(Salicylic acid)
2. Reimer- Tieman n Reaction
Treatment of phenol with chloroform in presence of ag.NaoH or KOH at 340 K followed by
hydrolysis of the resulting product gives 2 -Hydroxybenzaldehyde (salicylaldehyde) as the
major product.

OH O Na* O Na* OH
CHC1 CHO N CHO
CHCI, + aq Z‘\Ia(}[l} 2| NaOH @’ H ©/
Salicylaldehyde
Intermediate

3. Williamson Synthesis

It involves the treatment of an alkyl halide with a suitable sodium alkoxide to prepare
symmetrical and unsymmetrical ethers. The reaction involves Sy2 attack of an alkoxide ion on
primary alkyl halide.

R-X + R—() Na—— R-O-R’ + Na X

4.Friedel-Cr af t 8s Reacti on

Anisole undergoes Friedel-Crafts reaction,i.e., the alkyl and acyl groups are introduced at ortho
and para positions by reaction with alkyl halide and acyl halide in the presence of anhydrous
aluminium chloride (a Lewis acid) as catalyst.
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OCH,

OCH, OCH,
hyd. AICI CH,
Anhvyd. ALC
+CH,CI y BN {
CS,
CH,
2-Mcthoxy- 4-Methoxy
Loluene toluene
(Minor) (Major)
QCH, OCH, OCH,
COCH,
+ CH.CcOCl Anhyd. AlCl:l} ,
COCH,
Ethanoyl 2-Methoxy 4-Methoxy-
chloride acetophenone acetophenone
(Winor) (Major)

DISTINCTION BETWEEN PAIRS OF C  OMPOUNDS

Lucas Test: This test consists of treating an alcohol with Lucas reagent (mixt. Of conc. HCI and
anhydrous ZnCl ,) at room temp, when turbidity due to the formation of insoluble alkyl

chlorides is observed

i) If the turbidity appears immediately, t he alcohol is tertiary.
ii)If the turbidity appears in about 5 minutes, the alcohol is secondary
ii) A primary alcohol, however does not react with Lucas reagent at room Temp. and hence no

turbidity is formed.

ROH + HX — R-X + H,0
a.Phenol and Benzoic acid
Test Phenol Benzoic acid
With FeCls Gives violet colour No characteristic colouration

With ag NaHCO ;

Does not give brisk
Effervescence of CQ

Gives brisk effervescence of CQ
RCOOH+NaHCO ;A RCOONa+H 0+ CO-

B. 1-Butanol and Diethyl ether

Test

1-Butanol

Diethyl ether

With sodium metal

Gives Brisk effervescenceOf H, Does not gives brisk -

2CH3-CH.-CH2-OH+2Na A

2CH3-CH2>-CH2>-CH.,ONa + H»

Effervescence of H

Ethanol and Phenol

Test Ethanol Phenol

With litmus paper No action Turns blue litmus to red

With | ; and NaOH Gives yellow ppt of No lodoform reaction.
lodoform
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| With FeCls

| No characteristic colour | Gives violet colouration. | d.

Ethanol and Methanol

e. 2Pentanol and 2-methyl 8 2 Propanol

Test

2-Pentanol

2-methyl -2propanol f

Lucas test:

Does not react at

Gives turbidity

Reaction with anhydrous room temperature. | immediately.
Zinc chloride and conc. HCI
Ethanol and 2-Propanol
Test Ethanol Methanol
Heat with | 2 solution | Forms yellow ppt of lodoform No yellow ppt.
And NaOH CH3-CH,-OH  [2/NadH cHi,
Test Ethanol 2-Propanol
Lucas test: Does not react at room Gives turbidity
Reaction with anhydrous Temperature Within five minutes.
Zinc chloride and conc. HCI
g. Ethanol and 1 -Propanol.
Test Ethanol 1-Propanol
Reaction with lodine Gives vyellow ppt of | No yellow ppt of
Solution and NaOH, on heating. lodoform lodoform
IMPORTANT MECHANISMS
i) Hydration of ethane to yield ethanol
ii) Alkenes react with water in the presence of acid as catalyst to form alcohols. In

case ofunsymmetrical alkenes, the addition reaction takes place in accordance with

Pagel66/ 249




Mar kovni kovds rul e

Sc=CcZ< + H,0 —>5H/C c<
H oH
H’
CH,CH=CH,+ H,O0 —/—— CH,-CH-CH,
|
OH

Mechanism
The mechanism of the reaction involves the following three steps:

Step 1: Protonation of alkene to form carbocation by electrophilic
attack of H,O".

H,O + H" — H,O"

H I l
<N N - %
ZC=06I *+ H— HT=> —c C +H,O
Step 2: Nucleophilic attack of water on carbocation.
H H

| ¥ Y. |
-¢~C{ + H0 ¥ -C-¢-O-H

Step 3: Deprotonation to form an alcohol.

H Il‘li HOII

| —-
—C—C—0 + o—>—c — +H,O
(I, (.FMH H, (F H,

iii) Dehydration of ethanol to yield ethane
Alcohols undergo dehydration (removal of a molecule of water) to form alkenes on treating

with a protic acid e.g., concentrated H,SO, or H3PO., or catalysts such as anhydrous zinc
chloride or alumina.

H* . N
¢ El.‘ Heat > /C"GFHO
IT OH
Ethanol undergoes dehydration by heating it with concentrated H SO, at 443 K.

S0
Cg[ [50[ I%’ CHZ = CH2+ HED

L
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Mechanism

Step 1: Formation of protonated alcohol.

H H - H H
H- c C & -1 +H o g - é q O-H
II II [—I H

Ethanol Protonated alcohol

(Ethy] oxonium ion)

Step 2: Formation of carbocation: It is the slowest step and hence, the
rate determining step of the reaction.

pRI g H
H-C-C70-H == H-¢-C'+ H,0
H H
Step 3: Formation of ethene by elimination of a proton.
I|_I [|I lI\ /II
H-CL ¢t — c=c +
I I
Ethene

The acid used in step 1 is released in step 3. To drive the equilibrium
to the right, ethene is removed as it is formed.

REASONING QUESTIONS

Q1. Explain why propanol has higher boiling point than that of the hydrocarbon, butane?
ANS. The mol ecul es of Butane are held together
while those of propanol are held together by stronger intermolecular hydrogen bonding.

Q2. Alcohols are comparatively more soluble in water than hydrocarbons of comparable
molecular masses. Explain this fact.

ANS. Alcohols can form hydrogen bonds with water and break the hydrogen bonds already
existing between water molecules Therefore they are soluble in water. Whereas hydrocarbons
cannot form hydrogen bonds with water and hence are insoluble in water.

Q3. While separating a mixture of ortho and para nitrophenols by steam distillation, name the
isomer which will be steam volatile. Give reason.

ANS. O-nitrophenol is steam volatile due to intramolecular hydrogen bonding and hence can be
separated by steam distillation from p -nitrophenol which is not steam volatile because of inter -
molecular hydrogen bonding.

Q4. Explain why is ortho nitrophenol more acidic than ortho methoxyphenol?
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OH OH

NO, OCH,;

ANS. o — Nitrophenol o — Methoxyphenol

The nitro-group is an electron-withdrawing group. The presence of this group in the

ortho position decreases the electron density
lose a proton. Also, the o-nitrophenoxide ion formed after the loss of protons is

stabilized by resonance. Hence, ortho nitrophenol is a stronger acid.

On the other hand, methoxy group is an electron-releasing group. Thus, it increases the

el ectron density in the O H begvenostnd hence, t
easily.Therefore ortho-nitrophenol is more acidic than ortho -methoxyphenol.

Q5. Preparation of ethers by acid dehydration of secondary or tertiary alcohols is not a suitable

method. Give reason.

ANS. The formation of ethers by dehydration of alcohol is a bimolecular reaction (S n2)
involving the attack of an alcohol molecule on a protonated alcohol molecule. In the
method, the alkyl group should be unhindered. In case of secondary or tertiary
alcohols, the alkyl group is hindered. As a result, elimination dominates substitution.
Hence, in place of ethers, alkenes are formed.

SOLVED QUESTIONS

1 MARK QUESTIONS

Q1. Write the IUPAC name of

(leHDH
CH,-CH,-CH-CH - CH— CH,
I I
CH,CI1 CH,
ANS. 3-Chloromethyl -2-isopropylpentan -1-ol
Q2. Write the IUPAC name of

CHE_(EH_CH::
@ OH

ANS. 1-Phenylpropan-2-ol

Q3. What is meant by hydroboration -oxidation reaction? lllustrate it with an example.
ANS. Diborane (BH3); reacts with alkenes to give trialkyl boranes as addition product. This is
oxidised to alcohol by hydrogen peroxide in the presence of aqueous sodium hydroxide.
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CH,~CH=CH, + (I-BH,),—> CHE—?H—(IZHE
H BH,

lCH,—CH=CH2
CH,-CH=CH,
(CH,~-CH,~CH,),B < (CH,~CH,~CH,),BH
HHUL 3H,0,. OH

3CH,-CH,-CH,-OH + B(OH),

Propan-1-ol

Q4. Give the equations of reactions for the preparation of phenol from cumene.
CH, CH,
CHy=-CH  CHf~C-0-0-H OH

0, H' BT £
—_— —W + CH,COCH,
Cumene Cumene
hydroperoxide

ANS.

Q5. Write chemical reaction for the preparation of phenol from chlorobenzene.

ANS. Chlorobenzene is fused with NaOH at 623K and 320 atmospheric pressure. Phenol is
obtained by acidification of sodium phenoxide so produced.

Cl ONa' OH

623 K HC1
J00 atm

Q6. How is aspirin (Acetylsalicylic acid) prepared from salicylic acid?
ANS. Acetylation of salicylic acid produces aspirin.

COOH COOH
OH ' OCOCIH,
+ (CH,CO),0=—> + CH,COOII
Salicylic acid Acetylsalicylic acid
(Aspirin)

Q7. Which out of propan -1-ol and propan-2-ol is stronger acid?

ANS Propan-1-ol is stronger acid than propan-2-ol. The acidic strength of alcohols is in the
order 10>20>30,

Q8. What is denaturation of an alcohol?

ANS. The commercial alcohol is made unfit for drinking by mixing in it some copper
sulphate (to give it a colour) and pyridine (a foul smelling liquid). It is known as denaturation
of alcohol.
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Q9. Give IUPAC name of CH30CH>0OCH3

ANS. Dimethoxymethane

Q10. Diethyl ether does not react with sodium. Explain.
ANS. Diethyl ether does not contain any active hydrogen.

2 MARKS QUESTIONS

Q1. Give two reactions that show the acidic nature of phenol. Compare acidity of phenol with
that of ethanol.

ANS. The acidic nature of phenol can be represented by the following two reactions:

(i) Phenol reacts with sodium to give sodium phenoxide, liberating H .

OFI ONa
+ Na —= @ + + H»
Phenol Sodium phenoxide
(ii) Phenol reacts with sodium hydroxide to give sodium phenoxide and water as by -products.
OF1L ONa

 NaOH ———» @ t H2O

Sodium phenoxide

The acidity of phenol is more than that of ethanol. This is because after losing a proton, the
phenoxide ion undergoes resonance and gets stabilized whereas ethoxide ion does not.

I

Ho
e
Q2. How does phenol react with dilute and conc. HNO 3?

ANS. (i) With dilute nitric acid at low temperature (298 K), phenol yields a mixture of ortho

OH OH OH
NO2
Dilute HNO4
. -
o-Nitrophenol NO2

. -Nitrophenol
and para nitrophenols. p-iviirophieno

(i) With concentrated nitric acid, phenol is converted to 2,4,6 -trinitrophenol. The product is
commonly known as picric acid.
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OH OH
O,N NO,
Conc. HNO,

NO;
2,4,6-Trinitrophenol
(Picric acid)
Q3. How does phenol react with Br, in CS; and Bromine water?
ANS. (i) When the reaction is carried out in solvents of low polarity such as CHCI s or CS; and
at low temperature, monobromophenols are formed.

OH OH OH
1-5-12 in Ft‘}g
2?'% K
Br
Minor Major

(i) When phenol is treated with bromine water, 2,4,6 -tribromophenol is formed as white
precipitate.

OH - OH
im] [3]
+ 3B ——>

Br

2.4,6- Tribromophenol
Q4. How do you account for the fact that u nlike phenol, 2, 4-dinitrophenol and 2,4, 6
trinitrophenol are soluble in aqueous solution of sodium carbonate?
ANS 2, 4Dinitrophenol and 2, 4, 6-trinitrophenol are stronger acids then carbonic acid (H 2COg)
due to the presence of electron withdrawing 6 NO; groups. Hence, they react with Na>COs to
form their corresponding salts and dissolve in aq. Na 2COs3 solution.
Q5. (i) Why is the Dipole moment of methanol higher than that of phenol?
(i) . Explain why phenols do not undergo substitution of the 60OH group like alcohols.

ANS. (i) Due to electron withdrawing effect of phenyl group, the C fi O bond in phenol is
less polar, whereas in case of methanol the methyl group has electon releasing effect and hence
Ci O bond in it is more polar.

(i) ChA O bond in phenols has partial double bond character due to resonance and hence
is difficult to cleave.
Q6. Account for the following:

a. Boiling point of the C 2HsOH is more than that of C;HsCl

b. The solubility of alcohols in water decreases with increase in molecular mass.

ANS. a. Because of hydrogen bonding.

b. With increase in molecular mass the non-polar alkyl group becomes more predominant.

Q7. Answer the following
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C. What is the order of reactivity of 19, 20 and 3° alcohols with sodium metal?

d. How will you account for the solubility of lower alcohols in water?
ANS: a. 10>20>30,
b. Herefi OH group is predominant and the alcohol molecules can form hydrogen bonds

with water mol ecules.
Q8. Give reasons:
i)Nitration of phenol gives ortho - and para- products only.
i)Why do alcohols have higher boiling points than the haloalkanes of the same molecular
mass?
ANS (1) -OH group increases the electron density more at ortho
and para positions through its electron releasing resonance effect.
(2) Alcohols are capable of forming intermolecular H -bonds.
Q9. Account for the following:
i) Phenols has a smaller dipole moment than methanol
i) Phenols do not give proto nation reactions readily.

ANS a. In phenol the electron withdrawing inductive effect of 6OH group is
opposed by electron releasing the resonance effect oBOH.
b. The lone pair on oxygen of dOH in phenol is being shared with benzene ring through

resonance. Thus, lone pair is not fully present on oxygen and hence phenols do not undergo
protonation reactions.

Q10. Explain the fact that in aryl alkyl ethers
(i) The alkoxy group activates the benzene ring towards electrophilic substitution and (i) It
directs the incoming substituents to ortho and para positions in benzene ring.
_ANS. (i)
:0—R

Aryl alkyl ether
In aryl alkyl ethers, due to the +R effect of the alkoxy group, the electron density in the benzene

ring increases as shown in the foIIowmg resonance structure.
:0—R +:0—R +:0—R O—R :0—R

‘—FG—P(@ -

Thus, benzene is activated towards electrophilic substitution by the alkoxy group.

(i) It can also be observed from the resonance structures that the electron density increases
more at the ortho and para positions than at the meta position. As a result, the incoming
substituents are directed to the ortho and para positions in the benzene ring.

3 MARKS QUESTIONS
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Q1. How are primary, secondary and tertiary alcohols prepared from Grignard
Reagents?
ANS.

H,O
HCHO + RMgX —» RCH,OMg¥X —a RCILOH + Mg(OH)X

R’ R’
H,O I I
RCHO + RMgX —— R-CH- OMgX —225 R _CH- OH + Mg(OH)X
R’ R’
| HO I
RCOR + R'MgX —> R-C- OMgX ———> R—(I: OH + Mg(OH)X
R R

The reaction produces a primary alcohol with methanal, a secondary alcohol with other
aldehydes and tertiary alcohol with ketones.

Q2. Give the equations of oxidation of primary, secondary and tertiary alcohols by Cu at 573
K.

ANS.
RCH [)IIC_} RCHO
2 573K
. C r
B CH—R W R-C—R
DH
CH, CH.,,
LL Cua 1 )
CH,— C — OH ——— CH,— C =CH,,
| 573K
CH,

Q3. Give equations of the following reactions:

(i) Oxidation of propan -1-ol with alkaline KMnO 4 solution.
(i) Bromine in CS2 with phenol.
(iii) Dilute HNO 3 with phenol.

ANS. (i)
CH,CH,CH,OH ——" CH,CH,COOH
Propan-1-ol Propanoic acid
(ii)
OH OH oH
Br
Bh nC \w
—2mK
Phenol

bromophcnol o - Bromophenol
(Major) (Minor)
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(iii)

OH OH OH
NO;
dilute HNO4
D +
NO,
o — Nitrophenol p — Nitrophenol

Q4. Show how will you synthesize:

(i) 1-phenylethanol from a suitable alkene.

(i) cyclohexylmethanol using an alkyl halide by an Sn2 reaction.

(i) pentan-1-ol using a suitable alkyl halide?

ANS. (i) By acid-catalyzed hydration of ethylbenzene (styrene), 1-phenylethanol can be

synthesized.
(l'H—(‘Hs,

Phenylethene | — phenylethanol
(i) When chloromethylcyclohexane is treated with sodium hydroxide,

cyclohexylmethanol is obtained.
CH, Cl CH, OH

t NaOH ———» © + NaCl

Chloromethylcyclohexane Cyclohexylmethanol
(i) When 1-chloropentane is treated with NaOH, pentan -1-ol is produced.
CH,CH.CH,CH.CH,Cl+NaOH —— CH,CH,CH.CH,CH,OH + NaCl

I-Chloropentane Pantan-1-ol

CH=CH,

Q5. How are the following conversions carried out?

YPropene BzodPropan

(iBenzyl chl oride B Benzyl al cohol

@i Et hyl magnesium chd.ori de b Propan
ANS. (i)If propene is allowed to react with water in the presence of an acid as a
catalyst, then propan-2-ol is obtained.

Ht

CHy—CH=CH; + H;0 &=——= CH;—CH — CH;,4
OH

Propene Propan — 2 — ol

(i) If benzyl chloride is treated with NaOH (follo wed by acidification) then benzyl
alcohol is produced.
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CH, Cl CH, ONa CH, OH

i
t NaOH —p L’
~HCI

Benzyl chloride Benzyl alcohol
(i) When ethyl magnesium chloride is treated with methanal, an adduct is the
produced which gives propan -1-ol on hydrolysis.

B, CH,— OMgCl
C=0 + CyH5 — MgC| —» | |
1 C,Hs
Adduct

lH:O

Mg (OH) C1 + C3H; -~ OH
Propan -1~ ol

Q6. Name the reagents used in the following reactions:
(i) Oxidation of a primary alcohol to carboxylic acid.
(i) Oxidation of a primary alcohol to aldehyde.
(i) Bromination of phenol to 2,4,6-tribromophenol.
ANS. (i) Acidified potassium permanganate

(if) Pyridinium chlorochromate (PCC)

(iif) Bromine water
Q7. How is 1-propoxypropane synthesised from propan -1-ol? Write mechanism of this
reaction.
ANS. 1-propoxypropane can be synthesized from propan -1-ol by dehydration.
Propan-1-ol undergoes dehydration in the presence of protic acids (such as HSOs,
H3POs) to give 1-propoxypropane.

2CH,CH,CH.-OH —— CH.,CH.CH,-0-CH.CH,CH,
Propane-1-ol | -Propoxypropane

The mechanism of this reaction involves the following three steps:

Step 1:Protonation
H

CH3;CHyCHy — O — H' —— CH3;CH;CHy— O —H
Popan — | — ol
Step 2:Nucleophilic attack

H
. L +
CH;CH,CH, — Ot + CHy - CH, (‘u:m — CH;CH,CH; — O — CH,CH,CH;
H
H H
H,0

Step 3:Deprotonation
CH;CH,CHy = 0 — CH;CH,CHy = CH;CH,CH; — O — CH,CH,CH; + H*
H | ~ Propoxypropane

Q8. Write the equation of the reaction of hydrogen iodide with:
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(1) 1-propoxypropane (ii) Methoxybenzene and (iii) Benzyl ethyl ether
ANS. (i)
C,H.CH,-0-CH,C,H, + Hl —: CH.CH,CH, - OH+CH,CH,CH, -1

I-Propoxypropane Propan-1-ol | — lodopropane
(i)
OCH;
© + HI ——» © + CHy— |
Methoxybenzone Phenol lodomethane
(i)
CH,-0-C;5H;
Benzy| ethyl ether Benzyl iodide Ethanol

5 MARKS QUESTIONS

Q1. Write equations of the following reactions:
(i) Friedel-Cr afts reactionial kyl ation of anisole.
(i) Nitration of anisole.

(i) Bromination of anisole in ethanoic acid medium.

(iv) Friedel-Cr aft 6s acetyl ation of anisole.
(v)Reaction of phenol with Zn dust.

ANS. (i)
OCH; OCH; OCH;
CH-
CHCl Anhyd AICI4 4
> -~ ————— e —
” CS,
Anisole
CH;
4 — Methoxytoluene 2 —~ Methoxytoluene
(Major) (Minor)
(ii)
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OCH; OCH; OCH;

_HS0,
HNO;

NO->
Anisole 2 — Nitroanisole 4 — Nitroanisole
(Minor) (Maor)
(iii)
OCH; OCH;
Br
Br« n
l:thanou. acid
Amsole » ~ Bromoanisole o ~ Nitroamsole
(Major) {Minor)
(iv)
OCH; OCH; OCH;,
COCH;
Anhyd AIC I1
+ CH;COC| >
COCH;
Anisole Ethanoyl chloride 2 — Methoxy - 4 — Methoxy -
acetophenone acetophenone
(Minor) (Major)
OH
+ Zn —— @
(V)
ASSIGNMENT
Level |

1. Classify the following alcohols as primary1°, secondary 2° and tertiary alcohols 3°
Ethanol, 2-methyl-1-propanol, 2-methyl-2-propanol, 2-proponal
2. Explain the following reactions-

(I) Reimer-Tiemann Reaction
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(ri) WilliamsofBthess Synt hesi s
3. Name an electron releasing and electron withdrawing group.
4. Mention two important uses of methanol.
5. Write the general formula for mixed ETHER.
6. Write IUPAC name of the compound-
CH;-CH,-CH-CH-CH3;
I
OH OH
7. Write one distinction test of 1
Phenol and alcohol
8. Give the pre paration of phenol from CUMENE
Level- I
(1) Which Of the Following Will Have Higher B.P?
CH3OH OR CHs;-CH,-CH,-OH
(2) Give Reaction of Phenol with Chloroform in Presence Of ag.Naoh.
(3) Name Reagent Used In Oxidation of 1° Alcohols to Aldehyore.
(4) Phenol Is More Acidic Than Alcohol. Why?
(5) Write One Distinction Test for Ethyl Alcohol and 2-Propanol.
(6) Why Are Ethers Sparingly Soluble in Water?

(7)Write The Isomeric Form Of Compounds With Molecular Formula Cz;Hg And
Give Their Names.

(8)Give Balance Chemical Equation for the Reaction-

0] Oxidation of methanol in presence of copper catalyst.
(i) Dehydration of ethanol at 443k.

Level Il

(1) Explain the mechanism of the acid cataysed dehydration of alcohol at high
temp.
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(2) Carry the following conversions:
(3) (NPHENOL TO ANILINE.
(INPHENOL TO PICRIC ACID.

(1) 2-PROPANOL TO 1-BROMOPROPANE.

(4) Amongst hi, hbr, hcl, hi, which is the most reactive towards alcohols? Why?

(5) What are the effects of electron withdrawing and electron releasing subsituents on
the acid strenth of alcohols?

(6) Why does cleavage of aryl ethers on hi yield only AROH & RI?

(7) Why are ethers used as solvents for bfz and grignardreagant?

B What i s L iswsitinsoreactionf \Where is it used?

(9) A compound with molecular formula C4H;003 on accetylation with acetic anhydride
gives a compound with mol.wt. 190. Find the no. Of hydroxyl groups present in the
compound.

Common errors

Comparison of acidic charaetof alcohols and phenols.

Prediction of products of reaction between ether and Hl.

12. ALDEHYDES, KETONES AND CARBOXYLIC ACIDS
13.

12 Aldehydes, Ketones 1. Structure and reactivity of | ** P-353
and Carboxylic Acids. Carbonyl group.
2. Name reactions: * P-354
Rosenmund, Eftde
reactions.

3. Nucleophilic Addition * P-358
Reactions (Mechanism)

4. Reactivity of Aliphonic and

aromatic Aldehydes.

POINTS TO REMEMBER

e Aldehydes, Ketones and Carboxylic acids are important classes of organic compounds
containing carbonyl groups.

e They are highly polar molecules.

e They boil at higher temperatures than the corresponding hydrocarbons and weakly polar
compounds such as ethers.

e Lower members are soluble in water because they can form H-bond with water.

¢ Higher members are insoluble in water due to large size of their hydrophobic group.

¢ Aldehydes are prepared by -
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Dehydrogenation of primary alcohols
Controlled oxidation of primary alcohols.
Controlled and selective reduction of acyl halides
Aromatic aldehydes can be prepared by-
Oxidation of toluene with chromyl chloride or CrO 3 in the presence of acetic anhydride
Formylation of arenes with carbon monoxide and Hydrochloric acid in the
presence of anhydrous aluminiumchloride / Cuprous chloride

opeooTw

C. Hydrolysis of benzal chloride
Ketones are prepared by-

a. oxidation of secondary alcohols

b. Hydration of alkenes

C. Reaction acyl chlorides with dialkylcadmium

d. By friedel crafts reaction

. Carboxylic acids are prepared by &

a. oxidation of primary alcohols, aldehydes and alkenes

b. hydrolysis of nitriles

C. Treatment of grignard reagent with carbondioxide.
NAME REACTIONS

1. ROSENMUND REDUCTION

Acyl chlorides when hydrogenated over catalyst, palladium on barium

sulphate yield aldehydes.

@]
N Pd-BasSQ
@ -C-Cl+ (H) > @ -CHO
Benzoyl chloride Benzaldehyde

2. STEPHEN REACTION

Nitriles are reduced to corresponding imines with stannous chloride in the presence of
Hydrochloric acid, which on hydrolysis give corresponding aldehyde.

H;O"
RCN+SnCL+HCI —5 RCH=NH _—5 RCHO

3. ETARD REACTION

On treating toluene with chromyl chloride (CrO:Cly), the methyl group is oxidized to a
chromium complex, which on hydrolysis gives corresponding benzaldehyde.

CS

O O -0



CH3+CrO.Cl: - - -CH(OCrOHCI 2)2 -CHO

Toluene Chromium complex Benzaldehyde

4. GATTERMAN -KOCH REACTION

When benzene orits derivative is treated with CO and HCI in the presence of anhyd.
aluminium chloride or cuprous chloride, it gives benzaldehyde or substituted benzaldehyde.

Anhyd.AICI 5/CuCl

Benzene benzaldehyde

5. FRIEDEL CRAFTS ACYLATION REACTION

When benzene or substituted benzene is treated with acid chloride in presence of anhydrous
aluminium chloride , aromatic ketones are obtained.

@+ArlR -CO-Cl  anhyd.AlCl 5 @ -COR/Ar

Benzene Acid chloride Aromatic ketones

6. CLEMMENSEN REDUCTION

The carbonyl group of aldehydes and ketone is reduced to 8CH: group on treatment
with zinc amalgam and conc. Hydrochloric acid.

>C=0 Zn-Hg >CH, + H,0
HCI Alkanes

7. WOLFF- KISHNER REDUCTION
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On treatment with hydrazine followed by heating with sodium or potassium hydroxide
in high boiling solvent like ethylene glycol

NH 2NH >

>C=0 ____,>C=NNH KOH/ethylene glycol >CH 2+ N>

v

-H,0 Heat
8. ALDOL CONDENSATION

Al dehydes and ket on e-ydbgercomienseantthe presensetof ditute alkalA
as catalydsitydroxfyormamhhd& hy des {haloxy &etohes @eatol)

dil.NaOH
2CHzCHO <——=> CH3zCH-CH>CHO _ A |  CHsCH=CH-CHO
ethanal 3 -H-0 But2-enal
OH (Aldol)
0] CH CH3;
| Ba(OH). 3 3 Heat

2CH3-C-CHs  ~—KHs-C-CH2-CO-CHs —€H»C=CH-CO-CH3
Propanone -H,O  4-Metylpent -3-en2-one 3
OH (Ketol)
9. CROSS- ALDOL CONDENSATION

When aldol condensation is carried out between two different aldehydes and / or ketones,a
mixture of self and cross-aldol products are obtained.

CHsCHO NaOH CH3CH=CH -CHO + CH3;CH,-,CH=C-CHO
+ A ' But-2-e n a |
CH3-CH,-CHO HE

2-Methylpent -2-enal

CH3-CH=C-CHO + CH3CH,-CH=CHCHO
3 3
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CHs CHs
2-Methylbut -2-enal Pent2-enal
10. CANNIZARO REACTION

Al dehydes whi ch -hdrogenatom, bnaerge sel oxidakion and reduction
(dispropotionation) reaction on treatment with concentrated alkali,to yield carboxylioc acid salt
and an alcohol respectively.

H-CHO + H-CHO + Conc. KOH —»  CH30OH + HCOOK

Formaldehyde Methanol Pot. Formate
@CHO + NaOH (COH.) — 5 CgHsCH,OH + CgHsCOONa

Benzaldehyde Benzyl alcohol  Sodium benzoate

CARBOXYLIC ACIDS

1. HELL -VOLHARD -ZELINSKY REACTION (HVZ)

Carboxylic acidhydhagiengaae Aal dpapidon anttreatimerst witht he A
chlorine or bro mi n e i n t he presence of smal | ambunt o f

halocarboxylic acids.

i) X2/ Red phosphorus

RCH,-COOH M H20 > BH-COOH
3
X
X=Cl,Br
A Shalocarboxylic acids

2. ESTERIFICATION

Carboxylic acids react with alcohols or phenols in the presence of a mineral acid such as
conc.H,SO, as catalyst to form esters.

H+
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RCOOH +R6 OH «—mm RCOORH:0

Carboxylic acid alcohol Ester

3. DECARBO XYLATION :

Carboxylic acids lose carbondioxide to form hydrocarbons when their sodium salts are
heated with sodalime (NaOH and CaO in the ratio 3: 1)

NaOH and CaO [/ e

RCOONa > R-H + Na.COs
MECHANISMS
Con H.SOy
1. CH;CH,OH —» CH=CH;+H0
443 K
Mechanism:

(i) H:SO, &——H++ HSO4*
+
(i) CH3CH,600H+H* >  CHs8CH,808H

|
H

(9‘

+
(i) CH3CH, 6 OOH+H~ — M3 CH> + H0

I
H

(iV) CH3z CH* _— CH,=CH, + H*

(v) H+*+HSOs E— H>SO4

Con HSOy

2. 2CH3CHOH —— 5 CH3CH20 CH2CH3z+ H20
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413 K

Mechanism: -
i) H2S0, — H+ + HSO
+
i) CH3 CH2 OH + H+ ——% CH33CH308H

H
+
(i) CHsCH, 803H =™  CH3CHyz +H.0
I

H

+
iV)CH3CH2606H+CH3CH2+ _ > CH3:0CH>d O0H

CH2CHs

L

V) CH:CH2060 o H _— CH:CH>d0O 0 CH,CHs+ H+

CH2CH3
Vi) HSO s+ H+ —> H.SO,
NOMENCLATURE
1. a. CH3CH(CH3)CHCH,CHO

4-Methylpentanal

b. CH3CH>COCH(C2H5)CHCHCI
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6-chloro-4-ethylhexan-3-one
C. CH3;CH=CHCHO
But-2-enal
d. CH3COCH>COCH3
Pentane-2,4-dione
e. OHCCeH4CHO-p
Benzenel,4-di carbaldehyde
f. CH3CH,CH(CeHs)CHO
2-Phenylbutanal
2. Draw the structures of the following compounds;

i) p-Methylbenzaldehyde i)4-Methypent -3-en-2-one

OHC - @cm CH3-C-CH=C-CH

O Chs

iii ) 3-Bromo-4-phenylpentanoic acid iv)Hex-2-en-4-ynoic acid

CH3-CH -CH-CH,-COOH ChC b €H=CH-COOH
K 3

CsHs Br

3 What do you mean by the following terms?
0] Cyanohydrin : When aldehydes and ketones react with HCN, hydrogen cyanide add
across the >C=0 to yield cyanohydrins.

O_

\\ / OH
C=0 CN P C\ H \C/
>C=0 +:.CN- <«

' "
CN CN
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Tetrahedral intermediate Cyanohydrin

Semicarbazone: Nucleophile such as ammonia derivative H:N-Z like Semicarbazide( H2N-
NH -CO-NH »)add to the carbonyl group of aldehydes and ketones,in the presence of acid to
yield addition product called semicarbazone.

R H+ R
N AN
/C=O + HoN-NH-CO-NH, <+—— % C=N-NH -CO-NH, + H,0

—

H Semicarbazide H Semicarbazone

(i) Oxime: Nucleophile such as hydroxylamine (H:.N-OH ) add to the carbonyl group of
aldehydes and ketones,in the presence of acid to yield addition product called OXIMES.

R\ HOOR N

C=0 + H3N-OH Cs>NOH + H0
/ 2 — 7 2

H H Oxime

(iii) Ketal : One mole of a dihydric alcohol adds to ketones in the presence of dry HCI to
yield cyclic products called ketals.

R CH,-OH HCI gas R O-CH:
AN N/
C=0 + — C +H0
R/ "CH2-OH Dil.HCI R OCH:
Ketone Ethylene glycol Ketal
(iv) Imine : Nucleophile such as ammonia (H2N-H)adds to the carbonyl group of aldehydes
and ketones,in the presence of acid to yield addition product called IMINES
R ~_ H R N
/C=O +HN-H —————>  C=NH + H:0
H ammonia H Imine

(V) 2,4-DNP -derivative :

Nucleophile such as ammonia derivative H:N-Z like 2,4-dinitrophenylhydrazine (
H2N-NH -CsHs)add to the carbonyl group of aldehydes and ketones,in the presence of acid to
yield addition product called 2,4 -Dinitrophenylhyrazone.

R O2N R N -

N C=0 +H2N-NH NO: C=N 8NH - -NO2+ H20
/ ﬁ
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2,4DNP Z2DNPDerivative

Schiffds base:

Nucleophile such as ammonia derivative H ;N-Z like Amine ( H.N-R)add to the carbonyl group
of aldehydes and ketones,in the presence of acid to yield addition product called substituted
imne(Schi f f)6s bas eH*

RCHO + RNH, €?RCH=NR H0

Aldehyde Amine Schi ffds base

1 MARK QUESTIONS

1. Name the reaction and the reagent used for the conversion of acid chlorides to the
corresponding aldehydes.
A. Name : Rosenmundds reaction

Reagent : Hy in the presence of Pd (supported over BaSQ) and partially poisoned by
addition of Sulphur or quinoline.

@] O
I Pd/BaSO4 I
RA CA Cl+Hgp-- A RA CA H+HCI
+ S or quinoline
2. Suggest a reason for the large difference in the boiling points of butanol and butanal,
although they have same solubility in water.
A The b. pt. of butanol is higher than that of butanal because butanol has strong

intermolecular H -bonding while butanal has weak dipole -dipole interaction. However both of
them form H -bonds with water and hence are soluble.

3. What type of aldehydes undergo Cannizaro r eaction ?

A. Aromatic and aliphatic aldehydes which do not contain hydrogens.

4, Out of acetophenone and benzophenone, which gives iodoform test ? Write the reaction
involved.

(The compound should have CH 3CO-group to show the iodoform test.)
A. Acetophenone (CgH5COCH 3) contains the grouping (CH 3CO attached to carbon) and

hence given iodoform test while benzophenone does not contain this group and hence does not
give iodoform test.
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