R\ Hints & Solutions £47

Solid State

WARM-UP
Topic-wise MCQs

1

(c) Both (a) and (b)

(@ Intermolecular distances are short in the solid state.
(b) Crystalline solids are anisotropic in nature that is
some of their physical properties like electrical resistance
or refractive index show different values when measured
along different directions in the same crystals.

4. (c) Amorphous silicon is used as best photovoltaic
material available for conversion of sunlight into electricity.

5. (c) Covalent bond force

6. (b) Ingraphite, the electrons are spread out between the
sheets.

7.  (d) Methane is a non-polar covalent molecular which
forms molecular solid when solidified.

8. (@ The aqueous solution or melt has ions.

9. (d) Covalentsolid have very high melting point due to
network like structure and they are insulator in both solid
and in molten state, e.g., diamond, SiO,.

10. (c)

11. (c) Silicon carbide (SiC) is a covalent network solid. In
this silicon atoms are connected with carbon atoms in a
tetrahedral manner.

12. ()

e T e P
SiO2 NCe(tJv\\llzlreknstoOI: q Atoms Very high Insulator
MgO ionic ions High Insulator

H20(ice) | Molecular solid [ molecule low Insulator
Ag(s) Metallic solid - Fairly High| Conductor

13. (d) Ag= Metallicsolid

ZnS = lonicsolid

CO, = Molecular solid
SO, = Molecular solid
HCI = Molecular solid
H,0 = Molecular solid
SiO, = Network solid
AIN = Network solid

14.

16.

17.
18.

19.

20.

21.

22.

(@ SiO, is acovalent network solid that forms a network
of tetrahedral SiO ,*" units.
MgO, CaF, and ZnS are ionic solids.

(d HCI Polar molecular solid, H,O hydrogen bonded
molecular solid, CCl, non-polar molecular solid. SiO, is
covalent or network solid.

() a#bzcanda=y=90°#p
are parameters of monoclinic unit cell.
(b) Fortetragonal g =p#c, a=PF=y=90°

(d) The bcc cell consists of 8 atoms at the corners and
one atom at centre. Contribution of each atom at each

. 1
corner is equal to R

.n =(8><lj+1= 2
8

The fcc cell consists of 8 atoms at the eight corners and
one atom at each of the six faces. This atom at the face is
shared by two unit cells.

.'.n=8xl+(6xljz4
8 2

(@ The number of octahedral voids is equal to number
of spheres. The number of tetrahedral voids is double the
number of spheres.

(C) Density = (EX—NI)
(a°x NA)
Ny = 74:58'5 5 =31g/cm?
(0.5x107")° x6.023%x10
(@ Given: Atoms are present in the corners of cube = A

and atom present at body centre = B. We know that a cubic
unit cell has 8 corners. Therefore, contribution of each

1
atom at the corner = 3 Since number of atoms per unit cell

1
is 8, therefore, total contribution = 8x 3" 1. We also know

thats atom is in the body centre, therefore number of atoms
per unit cell = 1. Thus formula of the compound is AB.

1,1 .1
‘B:C==-x8:-x2:=x4 =1:1:
b A:B:C g <Oiyxenx 1:1:2

N \\
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(d) Number of effective atoms in fcc arrangement

)2

Number of tetrahedral voids=2x 4 =8

() RbCI, NaCl and LiCl share the same crystal structure
with 6 : 6 coordination no. ratio. CsCl crystallises witn 8 : 8
C.N.ratio.

() Thevolume of the unit cell = (2.88 A)3
=23.9x10%*cmd,

The volume of 100 g of the metal

M 100 3

= o = 7—20 =13.9cm

Number of unit cells in this volume

. 139cm® ”
"~ 23.9x10 % cm?® =582x10

(d) Metal M ions form ccp structure. Let number of ions of
Mbe : X

No. of tetrahedral voids = 2x

No. of octahedral voids = x

1 1 3
Number of oxide ions will be —X+—-(2X) = —
2 2 2X

MxO
Formula of oxide = x 3 _ M, 03

() Edgelength (a) =412.1pm=4.12x108cm
Molecular mass (M) =133 + 35.5=168.5 g mol*
d= i M

a’-Np

Since it is a bce arrangement number of atoms per unit cell
of CsCl, Zz=1.

1x168.5g mol

d =
3
(4.12 « 10‘ch) « 6.023x10%3mol L

1x168.5g mol 1
(6.994 y 10—23cm3) % 6.023 %1023 mol L

_ 168509 3
42.12cm3 —40gcm

(d Density(d)=10gcm™3
Edge length (a) =100 pm =100 x 10~ cm
Z=4asitis fcc crystal lattice.

. 3
d= i M . Mzd'a'NA
BN, 7

29.

30.

31.

32.

33.

3
_ 10%(100x10)" x 6.023x10%
4

According to definition of Avogadro number 1.506 g of
element contains 6.023 x 102 no. of atoms.

=1.506 g

6.023x10%
1.506
=3.99 x 102 atoms ~ 4 x 102 atom
Number of atoms in the crystal is 4 x 103 atoms.
(d) Number of atoms per unit cell = 1

1 g of element will contain =

a
Atoms touch each other along edges. Hence r = 2
(r =radius of atom and a = edge length)

el
Therefore % fraction = 3 3 z
(2r)° 6
(@ Letradius of the sphere =r
Area occupied by sphere in hexagonal close packing

2 +6><(%><7tr2)= 2nr2

Area of hexagonal =6x {\@ x (2r)2}

4
= 6><§><4r2 =63 xr2
2nr?
0 i = x100
% occupied by 6xJ3xr?
2x3.14
= x100 = 60.43%
6x~/3 ’
M
(@ Forb.c.c.,Z=2,Now,d= W andV=a?
2
d= L — =7.92gml!
(6.02x10°) x (2.861x107°)
(c) Massoftheunitcell=V xd=asxd

=(5x1078)3x 3.84 x 6.023 x 102 =289¢g
Mass of one furmula units of FeO =56 + 16 =72 u

. . 289
Number of formula units per unit cell = E7) =4

If means that there are 4 Fe?* and 4 O%~ ions per unit cell.

(@ Following generalization can be easily derived for
various types of lattice arrangements in cubic cells between
the edge length (a) of the cell and (r) the radius of the
sphere.

For simple cubic:a=2ror r =%

N\ |\
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For body centred cubic : a =ir orr =£a
V3 4
For face centred cubic : a=2/2r or r =i a
22

Thus the ratio of radii of spheres for these will be

a3 . 1 41.

simple:bcc:fcc= =:—a: 7 a
"mp 274 22

i.e. option (a) is correct answer.

™M
@ d=——;Z=4for fcc

Npa®'
23 24
M — 9.03><6.02><1(; x64x10 _86.97
. 42.
(d) Given:

Edge Length (a) = 3.608 x 108 cm
Density of copper (d) = 8.92

. 43.
In fcc crystal structure, the value of zis 4.
ZzxM
d= Np x a

4x M
6.022x10% x (3.608 x10~8)3

8.92x 6.022x10%3

M = x 46,96 %1024

M =63.1 g/mol (Molar Atomic Mass)
M =63.1 u (Atomic Mass)

(@ In14types of Bravais lattices, body centred unit cell
is present in cubic, tetragonal and orthorhombic crystal
systems.

(@) Number of octahedral and tetrahedral voidsformed ,,

by N closed packed atoms are N and 2N respectively.
Hexagonal unit cell contains 6 atoms therefore, number
of tetrahedral void= 2N=6x2=12

Number of octahedral void=N =6

(d) Forbce, Ja=4r=r =%
Given, a=288pm
r=£><288 m
* 45
© Oh void (C) HCP (A) :
No. of i 6x 2 6
v 2.
0. ofions = 100 -
R
7
3 4 CA,

(@ Diamondis like ZnS. In diamond cubic unit cell, there
are eight corner atoms, six face centered atoms and four
more atoms inside the structure (tetrahedral voids).

Total no. of atoms present per unit cell

:8><1+6><1+4=8
8 2

(corners)  (face (inside
centered)  body)
® Unit cell No. of atoms
Simple cubic %x8=1

1

bec 3 x8+1x1=2

fcc 1 x 8+ 1 x6=4

8 2

(@ Fortriclinic crystal
a# b = c Edge lengths
o # =y Axial angle
(b) Forbccz=2
Let mass of 1 atom of M is A, Crystal lattice,
Edge length (a) =300 pm
Density (d) = 6g/cm?
ZxA
N A (300 x1071)

2xA

 27x107%7 x6.023x 103
Atomic mass = 48.69

6g/cm® =

. 180
Mole in 180g = 86" 3.7moles

Atoms of M = 3.7 x 6 x 102 = 22.22 x 102 atoms

(d) atoms of A (left) in the unit cell after the removal of
two opposite face atoms.

A—)4—(2><%)=3

atoms of B present in the lattice is

B—>12><%+1><1=4

So, Compound is A,B,
The value of x is 3.

(c) Thereare 4 formula units per unit cell.
ZzxM 4x58.5

®xNp 2®x6.02x102

= a=2.08x10%cm= a=2.08x10"%cm

Also a = 2(rNa+ + rcr)

- =104 x107 10 m

d= = 43.1=

r + I
=~ 'Na* C

The answer is|.
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(@ No. of tetrahedral voids = 2 x No. of atoms

2
X6 Y—>§X2X6=8

16
%X= ﬂ x100=42.8 = 43%

(c) Anions occupy ccp or fcc (B™) = 4 B~ per unit cell
Cations occupy all octahedral voids (A*) = 4A* per unit cell
- Cell formula=A,B,.

Empirical formula= AB

=x=1
ZxM
(b) d=-"
aXNA
7.62 = 4xM

3
(0.4518x1077) x6.022x1023
M =105.8 g/mol = 106 g/mol

(c) For bee,
4r=\@a:>r=$><27
For fcc,
—a=2/2r
= 2\/§><£><27

4
_ 2x1.41x1.73x27

=33A

(b) Gacrystallizesin a hexagonal close packing.

No. of Ga atoms per unit cell =%><12+%>< 2+1x3=6

No. of tetrahedral voids=2 x 6 =12
No. of octahedral voids = 6
Total voids per unit cell = 18

; 18
Total voids per atom of Ga = - 3

Total no. of atoms of Ga

Mass

3 y _0.581
Molar mass

A= x6.023x10%

Total no. of voids = 3 x total no. of atoms

=3 x@ x6.023x10%3
70

=14.99x10% ~15x10%!

(@ Ifnumber of lattice point=N
then effective octahedral voids = N
So, octahedral voids/lattice site = 1

52.

53.

54.

55.

(b) Copper crystallises is fcc unit cell with edge length,
a=3.569A
_ZxM

Na(@)®

- 4x63.54
1000 6.022x10%3(3.596 x10710)3

=9077 kgm~3
(c) The coordination number of an atom in a body
centered cubic structure is 8.

(d) Atom Xare present in bee lattice. For atom X, effective
number of atoms in the unit cell = 2.

For molecule X,,z=1.
zxM

d=
Na xa’

3 1xM
6x10% x (300x1071°)?
= M=100g/mol.
Number of molecules present in 200g of
_200g
27100 g/ mol
=2N, molecules.
d= ZxM
@ °= N, x Volume
2.7= 232 l 813
6.02x10°° x[4.05x107"]
Z=4 = fccunitcell

= 6.17

x N molecules/mol

For fcc unit cell 4r = +/2a

p o LAL4x405 )5 1675 pm =143.17 pm

56. (c) In fcc, tetrahedral voids are located on the body

57.

. . 3a
diagonal at a distance of [T from the corner. Together

they form a smaller cube of edge length . Therefore,
2

distance between centres of two nearest tetrahedral voids

. _ a

in the lattice is also >

(b) No. of lattice points in ccp structure =4
No. of atoms of B =4
No. of octahedral voids = 4

1
No. of atoms of A = 5 x No. of Oh voids

-EX4-2
=5 x4=

N\ |\
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No. of atoms of O = No. of all Td voids 63. (c) Volume of the cubic unitcell = a3
=2 x No. of lattice points =(2r)
=2%x4=8 =8x3
Hence, A:B:0=2:4:8=1:2:4 64. (@) An elementhas bcc structure with:
Therefore, the formula of the compound is AB,O,. edge length (a) = 288 pm
58. (c) RadiusofatomA=r No. of atoms (2) =2
Radius of atom B =2r ZM
Volume occupied by atoms in solid 2 As, density (d) = A
- gnrs + gn(Zf)?’ =12 3 Where, M = molar mass of element
. : ) ) N, = Avogadro Constant
Relationship between body diagonal and radius of atom (r), So
J3a=r+20Q2r)+r oM
6r 7.2gcm= 10 Ay 3 23 1
a= — (288 107" cm)* x (6.023 x10“°mol )
V3
. 3 2M
vol. of particles 7.2g/cm?® =

14.33 cm®mol 1
7.29=0.140M mol

Packing efficiency =————
g y vol. of unit cells

3
r
Packing efficiency = x 100 = 90% 729
[ 6r f M= 57140 mol = 5142 g/mol
V3 By mole concept, 51.42 g of the element contains
59. (@ Forbcc 6.022 x 1022 atom, 208 g of the element will contain
- R _\3a _ 6.022x10% x 208
4 = atoms
51.42
=24.22 x 10 atoms
. Empty space atedge =a-2R = a—&
2 M
= diameter of sphere. 65. (c) As,d= N, a3
ha
a-">a (,_f3 Where, d = density
lsphere = 22 == |27 0.067a Z = No. of atoms = 1 for simple cubic lattice

M = Molar mass
N, = Avogadro constant
a = edge length

60. (d) Here, A,B,can also be written as A ,By.
No. of effective atoms in hcp lattice = 6.
So, ‘B’ forms hcp lattice and ‘A’ is present in tetrahedral

voids. 7o 1x 2?2 -
Total tetrahedral voids = 12 6.02x10°° xa
1 a3 _ 250
Fraction of tetrahedral voids occupied by A=4/12 = 3 6.02 x1023 x 7.2

61. (d) Thegiven unitcell hasatoms at all the corners and at 250 3
two opposite face centres. a= [—)

23

Thus, it is an end-centred unit cell. 6.02x7.210
. a=3.86x108cm

62. (c) edgelength a=b=candaxial anglesa = =y=90°
Possible variations <. radius (r) = % =1.93x 10 8cm=1.93A
Primitive
Body centered
Face centered
End centred

fob]

66. (@ Numberof A*Yions=2 xnumber of atoms per unit cell.
Number of B> ions =2 (BCC) per unit cell.
= Number of A%ions=2x2=4
= Formula=A,B,

N \\
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(@ In CaF,, the coordination numbers for Ca*? = 8 and

F-=4

(d) Body diagonal (d) of a cubic crystal of edge length
(a) is given by,

d= aV3

putting a =400 pm, we get

d=/3x400 pm=692.8 pm ~ 693 pm.

(b) Number of tetrahedral voids in the unit cell
=2 x number of atoms = 2Z

() InAgl crystal, number of Ag*ions is equal to I~ ions.
However, the number of tetrahedral voids are twice
the number of atoms forming the cubic lattice.
.. Number of tetrahedral voids occupied by Ag* ion
is 50 %.

(b) ABAB.... is hexagonal close packing (hcp) in which
space occupied = 74 % and, empty space = 26%.

(c) 40g=N,atoms = 4g=0.1xN,atoms
2 atoms form 1 unit cell in bee crystal

Na

0.1x ]
- 0.1xN,atoms= — unit cells

(@ The number of spheres in one body centred cubic
and in one face centred cubic unit cell is 2 and 4
respectively.

(d) Monoclinic crystals have two Bravais lattices—
primitive and end centred.

- &
(c) For fcc, radius of the atom = o2

) 77. () 78. ()

a) Density, P=
@ Y, a3~NA

a=654pm=:654x10?2m =654 x10"°cm
Z x119
3

(654x10_10) x(6023x1023)

2.75= Z=3.89~4

lonic solid has fcc system with coordination number = 6
(@ Thereare twoatomsin a bcc unit cell.
So, number of atoms in 12.08 x 10% unit cells
=2x12.08 x 102 =24.16 x 10% atoms.

() Thecoordination number is 8 : 8 for Cs*and CI-.

(c) The no. of atoms is a unit cell may be calculated by

the the formula
e, My NN

8 1 2 4
Where n_ = no. of atom at the corner

n, = no. of atoms at body centre
n; = no. of atoms at face centre
n, = no. of atoms at edge centre.

83.

84.

85.

86.
87.

88.

89.

90.

91

92.

93.

94,

An fcc crystal contains

:%4—%: 4 atomsin aunit cell.

(b) 14 kinds of Bravais lattices (space lattices) are possible
inacrystal.

H
© .
F
a
C
A
a a
B

An isolated fcc cell is shown here. Each face of the cell
is common to two adjacent cells. Therefore, each face
centre atom contributes only half of its volume and
mass to one cell. Arranging six cells each sharing the
remaining half of the face centred atoms, constitutes
fcc cubic lattice. e.g., Cu and Al.

() Match box exhibits orthorhombic geometry i.e.,
azb=c, a=p=y=90°
(o) For orthorhombic system o = 8 =y = 90°

() Metal deficiency defect (cation is missing from lattice
site); in Frenkel defect the smaller ion occupies the
interstitial sites and Schottky defect equal number of
cations and anions are missing. Interstitial defect an atom
or molecule occupies interstitial sites so in these three
defects the ratio of positive and negative ions
(Stoichiometry) of a solid is not disturbed.

(d) Due to vacancy defect density of the substance will
decrease.

(c) Frenkel defect is due to dislocation of ion from its
usual lattice site to interstitial position.

(d) lonic solids must always maintain electrical neutrality.
lonic solids show vacancy or interstitial defects as Frenkel
and Schottky defect.

(d) When electrons are trapped in anion vacancies, these
are called F-centre.

(d) The appearance of colour in solid alkali metal halide
is due to presence of F-centre found as defect in the crystal
structure.

(@ Stoichiometric Frenkel defects occur in those
compound which have Low C.N. and Large difference in
size of cations and anions

(c) Pinkcolour of LiCl crystal is due to metal excess defect
and formation of anionic vacancies (F-Centre).
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(b) Transition metals exhibit this defect due to metal
deficiency. The compound obtained are non stoichiometric
e.g. It is difficult to prepare ferrous oxide with the ideal
composition of FeO; what we actually obtain is Fe, ,.O or
Fe, Owith x=0.93t00.96

(c) AgBrexhibit Frenkel defect.

(c) 1 Cd?* atom replace 2Ag* ions as a result cationic
vacancy are created.

(d) Excess of lithium makes LiCl crystal pink.

(b) More is the Schottky defect in crystal more is the
decrease in density.

(©)  NigggO = (Ni), (Ni**)q gg., (0%),
Net charge =0

[xx2]+[(0.98-x)x 3] +[-2x1]=0
x=0.94

Fraction of nickel existing as

Nz = 0:94

®)

=0.959=0.96

AgBr shows both, Frenkel as well as Schottky defects.

(@ Impurity present in a crystal does not establish
thermal equilibrium.

(@ Let molesof Fe?*in Fe, g,
Thus, moles of Fe3* = 0.93 —x.
For electrical neutrality,

(+2)x+ (+3)(0.93-x)=+2 = x=0.79

O bex.

0.93

(c) One Sr?* replaces two K*. It occupies one of the
position and one void is created.

% Fe?* = x100=84.9% ~85%

. 1
Moles of KBr given = 119

Number of vacancies in 1 mole of KBr

Total vacancies in KBr

107" x6.023x10%
119
(@ AgBrshows both Schottky as well as Frenkel defects.

(c) In Frenkel defect some of ions (usually cations due to
their small size) missing from their normal position, occupy
position in interstitial sites.

(c) The crystal lattice has vacant anion sites, which are
occupied by electrons. Anion sites occupied by electrons
are called F-centres (F is abbreviated from Farbe, the
German word for colour. These F-centres are associated
with the colour of the compound and the more F-centres
present, the greater the intensity of the coloration. F-centre
containing solids are paramagnetic, photoconductors.

= 5.06x10™ ~5x10™
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112.

113.
114,

115.
116.
117.
118.

1109.

120.

121.
122.

123.
124,
125.

@

Fe, 43 O is a metal deficiency defect. In FeO, some
Fe?* ions are missing and the loss of positive charge
is made up by Fe®* ions.

Zinc oxide is white in colour at room temperature. On
heating it loses oxygen and turns yellow

®)

heating

Zno Zn* + %oz +2e”

Now there is excess of zinc in the crystal and its
formula becomes Zn,,, O. The excess Zn®*ions move
to interstitial sites and the electrons to neighbouring
interstitial sites.

Schottky defect is shown by highly ionic compounds
e.g. NaCl, KCI, KBr, AgBr, CsCl etc.

®)

@
®)

On adding non-metal in metal, the metal becomes less
tensile.

Extrinsic semiconductor

Intrinsic semiconductors are insulators at room

temperature and become semiconductors when
temperature is raised.

(b) Doping by electron deficient atoms create p-type
semiconductors.

®)

() The ordering of domain even after removal of
magnetic field make ferromagnetic substance permanent
magnet.

(d) Both obribtal motion and spin of electron contributes
to the magnetic moment of electron.

(c) Rhenium oxide ReO, is like metallic copper in

@
)

conductivity.

(d CCl, — Non-conductor in solid and liquid phase.

Melting point of CCl, is -23 °C. It does not conduct
electricity in both solid and liquid state.

(c) Quartz exhibits piezoelectricity and thus, can be used
asa piezoelectric material.

(@ Ferromagnetism is maximum in Fe due to more number
of unpaired electrons.

(a) BaTiO,

©

() The doped silicon piece will become p-type.
ACCELERATOR

Topic-wise MCQs

1.

(d) lonic compounds are dissociated in solution state
and form ions. lons are good carrier of charge which make
solution conducting.

(d) Crystals show good cleavage because their
constituent particles are arranged in planes.

(c) Solid CH,isamolecular solid. In this, the constituent
molecules are held together by van der Waal’s forces.
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(@ Siisan example of covalent crystalline solid among
the given choices. Si atoms are covalently linked in
tetrahedral manner.

(b) Amorphous solids are isotropic, because these
substances show same properties in all directions.

®)

(c) Polymorphism is a ability of a substances to show
two or more crystalline structure.

(c) All metals and some alloys are metallic crystal.
(@ According to Born-Lande equation :
+—5—,2
U= VAVAN- AN[l 1)

4re.r, n
where,
A = Madelung constant (depends on type of crystal
lattice)

N = Avogadro’s number

Z*, Z~ = magnitude of charge

r, = distance between ions

e, = permitivity of vaccum

Lattice energy is inversely proportional to interionic
distance (r,) i.e., ions should be of small size to give
high lattice energy.

(d) lonic crystals exhibit non-directional properties of the
bond.

(@ Glass is a pseudo solid.

() ABis justlike NaCl. Thus twelve A* are at edges and
1 within body of fcc i.e. in octahedral voids and six B~ at
faces and 8 at corner.

(c) Influorite structure each F~ion is surrounded by four
Ca** ions whereas each Ca** is surrounded by eight F~
ions, giving a body centred cubic arrangement. Thus the
co-ordination number of Ca** and F~ are 8 and 4
respectively.

(b) hcpisaclosed packed arrangement in which the unit
cell is hexagonal and coordination number is 12.

(c) ABAB......ishexagonal close packing.

(d) Itrepresents ccp arrangement.

(b) For body centred cubic lattice Z=2
Atomic mass of unitcell =133+80=213a.m.u
Volume of cell = (436.6 x 10-19)3¢cm?

Density, p = ZM
Y a’N,

_ 2x213
(436.6 x10719)3 x 6.02 x10%2

=8.50 g/cm?

(b) Distance between K*and F~ =% x length of the edge

19.

20.

21.

22.

23.

24.
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28.
29.
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(@ For beestructure, atomic radius, r = Ta

V3

= T x4.3=1.86
Since, r = half the distance between two nearest
neighbouring atoms.
Shortest interionic distance =2 x 1.86 =3.72

(c) Ina fcc lattice, the distance between the cation and
anion is equal to the sum of their radii, which is equal to
half of the edge length of unit cell,

e rf4+r” =g (where a = edge length)
r*=95pm, rr=181pm

Edge length =2r* +2r = (2 x 95+ 2 x 181) pm
=(190 +362) pm =552 pm.

(b) Number of tetrahedral voids (V) in a crystal is twice
the number of atoms (n) ina crystal i.e.,

Vi =2n
So, number of tetrahedral voids per atom is given by
Vi/n=2
() A body-centred cubic system consists of all eight
corners plus one atom at the centre of cube.
(@ For a face centred cubic structure,

No. of X atoms =8><1=1
8

No. of Y atoms =6><%=3

Formula of the compound = XY,

(@ ZnS has cubic close packed (ccp) structure. The S
ions are present at the corners of the cube and at the centre
of each face. Zinc ions occupy half of the tetrahedral sites.
Each zinc ion is surrounded by four sulphide ions which
are disposed towards the corners of a regular tetrahedron.
Similarly, S>~ion is surrounded by four Zn?* ions.

@

. 1
(d) Inaunitcell, W atoms at the corner =§x8=1

1
O-atoms at the centre of edges = i 12=3

Na-atoms at the centre of the cube = 1
W:0:Na=1:3:1
Hence, formula = NaWO,

(@ Since MgO has a rock salt structure. In this structure
each cation is surrounded by six anions and vice versa.

(@ Potassium crystallises in bcce lattice.
(b) The face centered cubic unit cell contains 4 atom

Total volume of atoms = 4x£nr3 =Enr3

\U
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30.

31.

32.

33.

34.

35.

36.

37.

38.

N \\

(©) AsCsCl is body-centred, d =+/3a/2.

M =p><a3><NA><10_3O

(©) 7
_10x(100)° x 6.02x10%° x10™% _ 15.05
4
6.02x10%
: i = ————x100
.. Number of atoms in 100 g 15.05
=4 x10%
(d) Forbce, d Baorac 26452 o008 g
2 J3 1732
=522 pm
o= ZxM
adx Na x10730
_ 2x39
(522)% x (6.023x10?%) x 1070
=0.91g/cm® =910 kg m~
(d) Packing fraction of bcc = 68%
Empty space = 100— 68 = 32%
nM
Density =
(b) y NA X a3
4x58.5
= =2.16 glcm?
6.023x10% x (5.64x108)3 g
(d) For an fcc crystal
__ edge length
feation * fanion = - 5 40.
508

110+ Fypion = T
[y = 254—110 =144 pm
(d) For bee structure /3 a = 4r
V3 3
r=——a=—
4 4

() The hcp arrangement of atoms occupies 74% of the
available space and thus has 26% vacant space.

O (AB)2=42+42

x351=152pm.

2
AB*=32 a1,

4r=AB= 37

P
P

V2 M2 g

4

x = distance between two atom = 2r = 2,/2

density = 2SS _ _mass of unit cell
Y= "V 7 Volume of unit cell
M 4x197

“a3Na 43 x6.022x102

3 4x197
 64x10724 x10% x 6.022
=20.44gcm=

(c) Molecular formula=X,Y,
Y atom=ccp=4

Xamm_50><4+xx8 Td void =8
100 100 Oh void = 4
X(50><4)+X><8
100 100 y,
2
50><4+X><8
100 100 _4
2
or, 2+8—X=6
100
8x _
100
X=50%

(@ hcp contributioni.e (C) =4
Total octahedral void = 4

‘A contribute =4 x 50% = 2
Total tetrahedral void =8

2 16
‘B’ contribute= 8x—=—
ibu 37 3
AZ BlG/S C4
AG BlG C12
By simplify we get
A3 BS CG

(d) Number of octahedral voids = x (where x = total
number of atoms in the unit cell)

Number of tetrahedral Voids = 2x
= Total number of ‘A’ atoms = x + 2x = 3x
Since all ‘B’ atoms occupy all the FCC centres:-

8

= x=4sonumber of ‘Aatoms=3x=3x4=12
So, the formula will be A, B, or A,.B

1 1
= Total number of ‘B’ atoms = {6 x E} + [8 X —} =4
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x M

Np xa

for Cu;Z=4(forFcc) = a=xA =xx10%cm
N, =6.0x 102 mol™ = M=63.5gmal™

(c) density (d) = 3

(4)(63.5) _423.0
_ .
(6.0><1023)(X><10_8) x>
MxZ dN,a°
d= Z=—A

3
0.613x 6.023x10%3 x (5 x10*8)

Z=
23
=20.06 X101 =2.0

. 540N 5
(@ No. of atoms presentin 5409 of Ag = =5Np

108
Effective no. of atomsin fcc =4

In one unit cell, no. of Tetrahedral voids=2x4=8

) 5N
No. of fcc unit cell formed by 5 N, atoms = 2

Total no. of tetrahedral voids created by 5N, atoms

=8><5NA

=10N4

(b) Face-centred cubic packing (fcc) and cubic close
packing (ccp) has same packing efficiency.

(d) Inaunit cell of fcc lattice, A is present at 8 corners

and 6 faces.
. 1 1
Effective no. of A=§><8+E><6= 4

C is present at body centre and 6 edges.

1 5
Effectiveno. of C =1+6 XZ = >

2

(N \
(@ 2109 ofAcontainsL A x210) no. of atoms Aand

594 g of B contains L X 594) no. of atoms B.

[M, and M, are the atomic weights of Aand B, respectively].
x 210 = Mg %
A M B Mp 210

Effective no. of Aatoms in fcc = 4 and that of B atoms in
bcc=2

—=x594 or —

Now, Na
M

M 4 M 2
dp = Ax3anddB— B —1da =7g/cm®
NAXa NAX
d—B Mpx2. . 4q 7><£><2 9.9g/cm’
A MAX4

48.

49.

50.

Sl

52.

53.

(¢) In the face centred unit cell, (fcc) the lattice points
are present at the corners and face centres of unit cell.

(@ Aslo, number of tetrahedral voids = 2 x number of
metal atoms in close packed structure

=2x0.5=1mol

Number of octahedral void = number of metal atoms in
close packed structure

Total number of voids = tetrahcdral void + octahedral void
=(1+0.5) mol =1.5mol

(b) Given,

Radius of an atom (bcc) = 173.2 pm, = 1.732 x 10~8cm

-+ For bcc structure

J3.a = 4r where, a=edge-length

r = radius of atom.
and a®=V (volume of cubic unit cell).

a=.r
J3
4 -8
a= x1.732x10"°cm
73
a=4x10%cm
Therefore,

Volume (V) = (a3) = [10-8]3x 43
64 x 107 cm®*= 6.4 x 103 cm?
(d) Given, body centered cubic (bcc) Z =2
Edge length (a) = 400 pm = 400 x 10~°cm
M (atomic mass) = 24 g mol~*

ZxM

Density (d) = a3 <N

d= 2x24

3
(400 x 10‘10) x 6.022 x 1023
= d=125¢ cm™3
. 4r
(d) Forbcclattice: 2=2,a= E
For fcc lattice : Z=4,a= 2,/2r

dosoc Npa® bee

dgng oc _[ M j T4 4 | 42
3
Nad” J e 3

@ a=2(r,+r)
=a=2(102 +181)
= a =566 pm

N\ |\
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54.

55.

56.

57.

58.

59.

1 1
(d) No. of carbon atoms in fcc lattice = 8x§+ GXE =4

No. of tetrahedral voids=4x 2=38

1
No. of carbon atoms in tetrahedral voids =8x 3= 4

Total atoms=4+4=8

@) M1 M2 o}
50% 12.5% ccp
octahedral void tetrahedral void

50 125

—x4 x 8 4
100 100
2 1 4
Charge 2x ly 4 x2

S0,2x+y=8

X=2; y=4 (among given options, only option (a) is
possible)

(d) We know that, density = Z(M)3
Npxa

Given that: Z =4 (fcc)

M=63.5¢

N,=6x10%

a=xx10"%cm

After putting the values, we get

B 4x63.5 _ 422gem™®

0= 502221058 x P x10 2 ~ X3

(@ Hl is a covalent molecule, and crystallize in a face
centred cubic structure. Therefore HI molecules are
present at the lattice points of the crystal.

(c) Let the number of Z atoms in the ccp arrangement
=100
Thus the number of tetrahedral sites = 200
Since all the tetrahedral sites are occupied by X atoms,
the number of X atoms =200
Henceratioof X:Z2=2:1
Thus the formula is X,Z.

(d) Since in NaCl type structure 4 formula units form a
cell.
58.5 g of NaCl =6.023 x 10 atoms

6.023x10%
58.5
4 atoms constitute 1 unit cell

1gofNaCl = atoms

23
% atoms constitute
23
_ % =2.57 x 102 unit cells.
5x

In ZnS structure, sulphide ions occupy all fcc lattice
points while Zn?* ions are present in alternate
tetrahedral voids.

_ VxNaxp

61. (c) Z M

_24 23
_ 4.2x8.6x8.3x10 155>< 6.023x10™ x3.3 _ 3844

62. (o) Volume of unitcell = a3
=(3.04x108cm)3=2.81 x 102 cm3

63. (a) Letthe unitsof ferrous oxide inaunitcell =n,
molecular weight of ferrous oxide (FeO) =56 + 16
=72 gmol!
weight of nunits = 6,023 X102

Volume of one unit = (length of corner)®
=(5A)3=125x 10" cm?

. wt. of cell
Density= ————
volume
72xn
4,09=

6.023x10% x125x107%

o 3079.2x107"
T on

No. of hcp particles in 0.5 mole = 0.5 x 6.023 x 10%
=3.011x10%
No. of Octahedral void (n) = 3.011 x 103
No. of Tetrahedral void (2n) = 2 x 3.011 x 10%
=  6.022x10%
.. Total no. of voids = 3.011x10%%+6.022 x 10
9.033x10%

=427x101=4.27~4

64. (c)

65. (@ P M
. @ =N v
NAV
5 _PNaV _ 2x6x10% x (5x1078)3
M 75
Z =2, which represents bcc structure

o r =§a=§x5= 2.165A = 216.5 pm

~ 217 pm

ZxM
NA><a3
4xM

66. (c) Density=

9x103=

3
(2ooxﬁ ><10_12) 6x10%3

M = 305.4 x 10~4=0.0305 kg mol*

N \\
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(d Packing efficiency

_ Areaoccupied by circles within the square

Area of square
2

2
2 100=—2™" 100

— x1
L2 (2J2r)?
:%xlOO — 78.54%

(d) Thecoordination number is 12.

(d) For bcc lattice body diagonal = a3
The distance between the body centred atom and
3
one corner atom in cube will be = %
@ 71.
(d) InKCl, co-ordination number of cation and anion is 6

and 6 respectively. KCl is highly ionic so Schottky defect
iscommon.

Note : Schottky defect is common in compounds having
high coordination nummber while Frenkel defect is common
in compounds with low coordination number.

(@ Schottky defects are found in solid.

(d) Frenkel defect does not lower the density of the
crystal since the ions do not leave the crystal lattice.

(d) Schottky defect occurs in ionic crystals of type A* B,
when equal number of cations and anions are missing from
their lattice sites so that the electrical neutrality is
maintained. This defect generally appears in highly ionic
compounds which have high coordination number. NaCl,
KCl and CsCl all have high coordination numbersi.e., 6, 6
and 8 respectively. So, Schottky defect appear in all of the
given compounds.

(c) Frenkel and Schottky defects are crystal defects. It
arises due to dislodgement of cation or anion from their
places in the crystal lattice.

(c) The vacancy created due to missing of equal no. of
atoms or ions form normal lattice point is called Schottky
defect. In this type of defect electrical neutrality of ionic
crystal is maintained.

() When equal number of cations (Na*) and anions (CI-)
are missing from their regular lattice positions, we have
schottky defect.

(¢) One CdCl, creates one cationic vacancy by replacing
one Ag* due to Cd?* divalent cation.

Now, 10~* mol % CdCl,, per mole AgClI
=10~*mol CdCl, per 100 moles AgCl

=1072x 10~ =10-° mol CdCl, per mole AgCl
=106x6.023 x 103

=6.023 x 101 CdCl, per mole AgCl

=6.023 x 107 Cd?* ions per mole AgCl

=6.023 x 10" cationic vacancies per mole AgCl

80.

81.

82.
83.

84.

85.

86.

87.

88.
89.

90.

91.

92.
93.

(b) Zincoxide is white in colour at room temperature on
heating it loses oxygen and turns yellow.

i 1
Zno—eating 7,2+ +50p+2¢”

Excess of zinc in the crystal and its formula become

(Zn(1+X 0). The excess Zn %* ions move to interstitial site
and electrons to neighbouring interstitial site.

Itis metal excess defect due to the pressure of extra cations
atinterstitial sites.

So, (1) and (I11) are correct.

() NaCl has monovalent Na* ion. If SrCl, remains as
impurity in NaCl then one Na* ion has to be absent in
order to maintain electrical neutrality with divalent Sr?*,
Thus, it creats cationic vacancies.

(@)

(b) Schottky defect is caused if some of the lattice points
are unoccupied. The points which are unoccupied are
called vacancies or holes. The number of missing
positive and negative ions are of similar size.

(c) Pure silicon doped with phosphorus is a n-type
semiconductor, as n-type extrinsic semiconductor (Si) is
made by doping the semiconductor with pentavalent
element.

(d) The semiconductors formed by the introduction of
impurity atoms containing one elecron less than the parent
atoms of insulators are termed as p-type semiconductors.
Therefore silicon containing 14 electrons is to be doped
with boron containing 13 electrons to give a p-type semi-
conductor.

(d) For n-type, impurity added to silicon should have
more than 4 valence electrons.

©

©

(@ p-type of semiconductors are produced

(i) due to metal deficiency defects

(i) by adding impurity containing less electrons (i.e.,
atoms of group 13)

Ge belongs to Group 14 and In to Group 13. Hence on
doping, p-type semicondutor is obtained.

(@ Ferromagnetism is due to spontaneous alignment of
the magnetic dipoles in same direction.

(d) When insulators (non metal atoms) interact to form a
solid, their atomic orbitals mix to form two bunch of orbitals,
separated by a large band gap. Electrons cannot therefore
be promoted to an empty level, where they could move
freely.

@

() When polar crystal is subjected to a mechanical stress,
electricity is produced — a case of piezoelectricity.
Reversely, if electric field is applied, mechanical stress is
developed. Piezoelectric crystal acts as a mechanical
electrical transductor.
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94,
95.

96.

97.

98.
99.

100.

(c) Piezoelectric crystals are used in record player.

(@ Anelementcontaining an odd number of electrons is
paramagnetic.

(¢) Inantifluorite structure the oxide ions (anions) form a
face-centered cubic array and the metal ions (cations)
occupy all the tetrahedral voids. Example : Na,0O

(d) Ferrimagnetic substance become para-magnetic on
heating. This is due to randomisation of spins on heating.

() The conduction band is empty
(@ Lies towards the conduction band.

@

PREVIOUS YEARS MCQs

1.

(b) For fcc,
Y22 3 o
4 22

Given,a=361pm
r=0.3535x 361 =128 pm

@

—+ 0.V

Distance between two octahedral voids

2 2 2 2
(o (3) +(3) _pa_a
2 2 4 4 2

@ d=—0
a’xNp
Z=2; for bce
3_ 2xM
> glem*= (200x10720 cm)® x 6.0x10%
= M=12g
12 g of element contain = N, atoms

. 300
300 g of element contains = N Xf =25N,

(c) Octahedral voids are present at body centre and edge
centre.

Distance between octahedral void = —=

Sile

Length of body diagonal = ./33

X
x =+/3a a=——
NE]

a X X

Distance =E=\/§X«/§

10.

11.

12.

13.

14.

15.

16.

17.

18.

(b) Coordination number of an atom in BCC unit cell is 8.

(@ Brassisan alloy of copper and zinc metal and shoos
substitutional impurity defect.

() CrO, is ferromagnetic solid whereas NaCl, C;H,, H,O
are diamagnetic solid

0 p-ZM
N AV
PNV _ 8.92x6.02x10% x(362)°x10%° _
M 63.55
.. It has fcc unit cell.

(d) Diamond -crystalline solid, Glass, plastic and rubber
amorphous solids

(d) Cumetal forms ccp crystal structure.

(@ lodine molecules belongs to a class of non — polar
molecular solids in which constituents molecule are held
together by London or dispersion forces.

() InABAB packing (hcp), spheres occupy 74%. 26% is
empty.

(b) Tetragonal crystal system has 2 unit cell simple or
primitive unit cell and body centred

(b) Density is given by

4

_zxM. where Z = number of formula units present in

d =

NAa
unit cell, which is 4 for fcc
a = edge length of unit cell. M = Molecular mass
4xM
6.02x10% x (404><10_10)

272 = = (- 1pm=10"cm)

Vo 272%602x (404)°

7 =26.99=27 gmole™!
4x10

(b) Packing fraction is defined as the ratio of the volume
of the unit cell that is occupied by the spheres to the total
volume of the unit cell.

P.F. for cpp and bce are 0.74 and 0.68 respectively.

So, the free space in ccp and bcc are 26% & 32%
respectively.

(@ Incrystalline solid there is perfect arrangement of the
constituent particles only at 0 K. They have sharp M.P.
(c) Due to electrostatic force of attraction, the melting
points and boiling points of ionic compounds are high.
(d) Ifinanioniccrystal of the type A*, B, equal number
of cations and anions are missing from their lattice sites so

that the electrical neutrality is maintained. The defect is
called Schottky defect.

N \\
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(d) Forafccunitcell

_+J2a
4
_ A
R
(d) Frenkel defect is found in AgCI because there is a
large difference between the size of Ag* and CI-. Hence
the cation Ag* occupy the interstitial site by leaving a
corresponding number of normal lattice site vacant.

@
€ kgm™
(@ ZnS because it shows Frenkel defect.

r

= 22x0.14 =0.39~0.4nm.

24.

25.

(c) Thevolume occupied by the face centred cubic unit cell
4 3
= Zeff X g Ttr

=4><£th3
3

5
3

() Carbon dioxide is a non-polar solid because the bonds
are linear and dipole moment point in opposite directions,
cancel out the dipole moments, leaving a net polarity of zero.

:Q =C == ":
S (u=0)



Solutions

WARM-UP
Topic-wise MCQs

10.

11.

12.

1

(b)
(@)
(b) A gaseous solution is a solution in which the solvent
is a gas.
©
(b) According to Henry's law
pocX
= p=KX
As value of K, rises solubility of gases decreases.
(c) Dissolution ofgases in liquids is generally an exothernic
process accompanied by a large decrease in volume.

According to Le chatelier’s principle, high pressure and low
temperature favours the dissolution of a gas in a liquid.

(b) Exothermic and reversible process (according to
Le-Chatelier principle, solubility of gases in liquids
decreases with rise in temperature)

()

(@) As the value of Henry's law constant increases, the
solubility of gas decreases.

©
Gas | Temperature | Ky /k bar
He 293 144.97
H, 293 69.16
0, 293 34.86
N, 293 76.48

So, He has the highest Henry’s law constant.

(d) CO, reacts with water and therefore is high soluble
in water. So it greatly deviates from Henry's law in
water.

(d) Scuba divers must cope with high concentrations of
dissolved gases while breathing air at high pressure
underwater. Increased pressure increases the solubility of
atmospheric gases in blood. When the divers come towards
surface, the pressure gradually decreases. This releases
the dissolved gases and leads to the formation of bubbles
of nitrogen in the blood. This blocks capillaries and creates

13.

14,

15.
16.

17.

18.

19.

amedical condition known as bends, which are painful and
dangerous to life. To avoid bends, as well as, the toxic effects
of high concentrations of nitrogen in the blood, the tanks
used by scuba divers are filled with air diluted with helium
(11.7% helium, 56.2% nitrogen and 32.1% oxygen).

(d) Since CO, is most soluble in water among the given
set of gases. Therefore, CO, has the lowest value of
Henry’s law constant.

(c) Greater the Henry's constant (K,)), lower is the
solubility at the same pressure.

Order of K,,: CO>0,>C0O,>C,H,
Order of solubility : C,H,>CO, > O, > CO.
(d) All get dissolved with the evolution of heat.

(c) \Valueof K, depends upon nature of gases dissolved
in water

Gas | Temperature | Ky /k bar
Ar 298 K 40.3
co, 298 K 1.67
CH, 298 K 0.413

HCHO 298 K 1.83x107°

Hence correct order is Ar < CO, < CH, <HCHO.
(@ Pn,=5x0.8=4atm

Py, = Ky XXy, = Xy, =——=4x10"

1x10°
10 moles of water contain, 4 x 10~* moles of N,

(c) The partial pressure of the gas in vapour phase (p) is
proportional to the mole fraction of the gas (x).

p=Kg.X

Where K, is Henry’s constant.

(b) Attotal pressure 5atm, the partial pressure of
N,=5x0.8=4atm

According to Henry’s Law, Pn, = Ky Xy,

(Xn,) is the mole fraction of nitrogen gas dissolved in
water.
4 atm

Ny =7 ¢ o X =4x107°
2 1x10%atm N2

or,

N \\
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nN2 B nN2

= =4x107° [sincen >> N
H,0 N,
NN, +MH0 NHL0

Ny, =4x107° x10 = 4x10"*mol

(@) According to Henry’s law,
P=Ky Xy

Xgas+ XHZO =1 = Xgaszl_ XHZO

P=Ky (1= Xp0) = P=Ky=Ky. X0
y=c+mx;m=-K, = slope is negative and c = K,
Therefore, the intercept on Y axis increases from wto z.
(@) According to Henry’s law
pP=Kyx
for y constant : p oc K
p has max partial pressures.

Soit should have maximum K, and s have minimum partial
pressure, So K, should be minimum.

(d Moles of CO, dissolved 26.

= KX Pco, X Vportle =3x1072 x4x100=12;

Mass of CO,=12x 44 =528¢
(@ k=100 kbar =10°bar, p =1 bar

P=Ky XXy

p 1 -5
Xy= = ————=10
A Ky 100x10°

1000
Moles of water = ETH =555

Weight of water =1000g (-~ 1000mL =1000g)

X
Mole fraction = 10-° =
ole fraction =10 5551 x

As55.5>>> x, thus neglecting x from denominator

1075 = % — X =555x10 " moles

or 0.555 millimoles.

@

(@ FromHenry’slaw p =K, (x)
Higher the value of K, smaller will be the solubility of
the gas, so y is more soluble.

(b) Though solubility of gases will decrease with increase
in temperature but this conclusion can not be drawn
from the given table.

(c) Fory
®),=(Ky), - (),

28.
29.

25.

217.

30.

55.5

55.5+@
18

=2x107° =107

k bar = 102 bar

(d) Ford=p;=(K,);- (X5

55.5

1000

=05 ———
55.5+——
18

=0.5x05

=0.25 k bar = 250 bar.
(d) According to Henry’s law

R_5
P S
500 _ 0.01
750 S,
5, = POX00L_ g h159/1
500
() p=K,xx
molof O
0.920 bar = 46.82 x 103 bar X ————2—
molof H,0
0.920 = 46.82 x 10° molof O
= X X——————
: ' 1000/18

= 0.920=46.82xn,,x18
= ng,=109x10=° = millimolofO,=1

(@) Po, (overwater) =20kPa
Ky, for 0,=8.0 x 10*kPa

If on is the mole fraction of O, in solution, then
according to Henry’s law,

L“ =25x107

8.0x10

Mass of 1 kg of water containing O,= 1L
Molarity of O, in solution =25 x 10°M

(d) Solubility is directly proportional to pressure.

(b) According to Raoult’s law “The partial pressure of a
volatile component of a solution is directly proportional to
its mole fraction in solution at any temperature”.

p=p°

where, p = Partial pressure of component

P° = Vapour pressure of component in pure form

x = mole fraction of component in solution.

®)

Po, =KnXo,) = Xo, =
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40.

41.

42,
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(c) These two components A and B follows the condition
of Raoult’s law if the force of attraction between A and B is

equal to the force of attraction between A and A or B and B.

(c) Relative lowering of vapour pressure depends upon
the mole fraction of solute.

ie., =mole fraction of solute

(d) Solutions in cases | and Il are saturated and that in 111
is unsaturated.

(c) For high v.p. concentration of solute should be low
and temperature should be high.

(d P= Py+Pg =300 torr.
(@ GivenV.P,=80torr
V.P,=60torr

Piotar = VPpXXp+ VP XX

= [80><§+60><§} =16%x3+12x%x2

Ptotal =48+ 24="T72torr
d P= P X+ PgXg= P, X, +Pg (1—XA)
= P,X,+P; —PgX,

= P+ X, (P,—Py)

(€) Po=P:x,
PA=PrX

PO x
. 0 — A2
L PA=PAX2: PT X]_

(@ GivenV.P,,=800torr
V.P,, =600 torr
Pigtar =V Py X Xy + VP X%
2 3
=800x 5 + 6003 =320+ 360=680torr

() Thetotal pressure will be the sum of pressures of air
and benzene 400 + 220 = 620 torr.

(b) Vapour pressure of aqueous solution (p) =34.65 mm Hg
Mole fraction of non volatile solute is = 0.02
Mole fraction of water =1 —0.02 =0.98

o_ P 3465
Vapour pressure of pure water (p°) = ~ " 098 35.36
@ p°,=70mmHg, X;=0.2
P, =84 mmHg, X,=1-Xx3=0.8
Pr=p° X, +P°gXg = 84=70x0.8+p°;x0.2
= p°g= 2 =140 mm Hg.
0.2

43. (b) p, =?,Given pg =200 mm of He, x, =0.6,
Xg=1-0.6=0.4, P =290 of Hg

P=P,+Py= Ppxs + PaXg

= 290= P, x0.6+200x04 - p3 =350mmofHg.

44. (€) Protal =PaXa +Pgxg =50x%0.3+100x0.7=85torr
- _ 70 14
Py=Yg X Pryy = 710=yg x85=y, “85 17

45. (c) Total V.P,
P=PRXa +PgXg =PAXa + P8 (1-Xpa)
= (PR —Pg)Xa *+ P8
Thus, Pg° =114 torr; P2 — P§ =52

or PR =166torr

HenceP = 166><%+114x% =140 torr

46. (a) 40% Hydrogen contains 40g Hydrogen gas and 60g

of Oxygen gas.
40 60
nH2=?=20; n02 2521.8

NH, 20 20

) = = = =0.92
Mo 20+18 218

XH

PH, =h, Prota = 0.92x2.2=2.02 bar

47. (d) Mole fraction of substance Ain liquid phase = 0.2
The Raoult’s law equation is:
PT = 08, PA= PT X XA: PA= 0.4

Pa= (Pa)*Xa = 0.4atm=Pjx0.2

o

0.4
= Py, =——=2atm
AT02

48. (d) An ideal solution follows Raoult’s law over a wide
range of concentration and has zero enthalpy and volume
of mixing of the components.

49. (d) Ethanol has hydrogen bonding while acetone has
dipole-dipole forces. Thus, their mixture would form a non-
ideal solution.

50. (d) CH,OH+ CH,COOH mixture solution is an example
of ideal solution which obey Raoult’s law and AH_; = 0.

51. (a) Inethyl chloride and ethyl bromide the intermolecular

attraction is mostly Van der Waal’s force. Therefore, A-B
interactions are almost same as A—A and B-B.



52.
53.

54.
55.

56.

57.
58.

59.

60.

61.
62.

63.
64.

65.

N\ |\
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AH_. =0and AV, =0
Acetone breaks the H-bonding in ethanol on mixing. So,
the acetone-ethanol mixture shows positive deviation.
Phenol-aniline mixture has stronger H-bonding than A-A
and B-B. So, negative deviation is observed.
Chloroform-acetone mixture has dipolar interactions among
A-B. Hence, negative deviation is observed.
(d) Benzene and toluene have very similar molecular
structure. Thus, they form an ideal solution.
(d C,H.land C,H,OH form non-ideal solution, because
of hydrogen bonding in ethyl alcohol.
(d C,H.,OHand C.H, give positive deviation.
(d) Solution with negative deviation has
P <P X5+ Pgy Xg (Raoult’s Law) =P, <P, X, and
Py <Pg Xz
If vapour pressure decreases so boiling point increases,
due to stronger intermolecular forces.
(d) Conditions for real solutions showing negative
deviation from Raoult’s law are as follows :
AH_ . <0and AV _; <0
(d CCl,isnon-polar and CHCI, is polar.
(@ On adding acetone, its molecules get in between the
host molecules and break some of the hydrogen bonds

between them. Due to weakening of interactions, the
solution shows positive deviation from Raoult's law.

(b) Positive deviations are shown by such solutions in
which solvent-solvent and solute-solute interactions are
stronger than the solute-solvent interactions.

In pure methanol, there exists intermolecular H-bonding.

On adding benzene, its molecules come between ethanol
molecules, thereby breaking H-bonds which weaken
intermolecular forces. This results in increase in vapour pressure.

(c) Acetone and chloroform shows negative deviation
from Raoult's law. When these are mixed, the hydrogen
bonding takes place between the two molecular species
due to which escaping tendency of either liquid molecules
becomes less and boiling point of solution increases.

(b) Solution

(@ The molal depression constant or cryoscopic
constant is a characteristic property of a solvent.

() AT =K ,xm

AT
= Kb ——b

() Blood cells neither swell nor shrink in isotonic
solution. As isotonic solutions have equal concentration
therefore there is no flow of solvent occurs and hence
solvent neither enters nor flow out of the blood cells.

(@ Isotonic solutions have same molar concentration at
given temperature provided the van't Hoff factor (i) is same.

66.
67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

®

() AT =K xixm

Where AT, = Elevation in boiling point
K, = molal elevation constant

i = vant Hoff factor

AT, o molality.

(c) Properties which depend upon the number of particles
irrespetive of their nature (ions or molecules) are called
colligative properties. Thus amongst the given choices
only osmotic pressure is a colligative property.

() Solvent molecules only.

(@ CacCl, acts as a non-volatile solute and results in
depression in freezing point. Thus, snow fall is reduced
and prevents blocking of roads in the polar region.

(b) Low concentration of oxygen in the blood and
tissues of people living at high altitude is due to low
atmospheric pressure. Because at high altitude, the
partial pressure of oxygen is less than at the ground level.
This decreased atmospheric pressure causes
release of oxygen from blood.

(@ Molecular masses of polymers are best determined
by osmotic pressure method. Firstly because other
colligative properties give so low values that they cannot
be measured accurately and secondly, osmotic pressure
measurements can be made at room temperature and do
not require heating which may change the nature of the
polymer.

(c) During osmosis water flows through semipermeable
membrane from lower concentration to higher
concentration.

(@ According to Boyle-van't Hoff law,

nocC (at constant temp)

() Among the given options, CaCl, solution will
produce maximum (three) ions per molecule, so it will show
minimum freezing point.

0

P°—P,
@ 50 > = molality x (1 — o + Xou + you) the value of

P°— P, is maximum for BaCl,,.

(b) 4K*+[Fe(CN)J

n=5ie,i=5

@d AT,=iKim

As m = 0.1 molal for all given solutions, thus, lower the

value of i, lower will be the depression in freezing point
(AT,) and higher will be the freezing point of the solution.

For AL(SO,),;i=5

For BaCl,;i=3
ForAICL;;i=4
For NH,CI;i=2

Thus, 0.1 molal NH,CI will have highest freezing point.



79.

80.

81.

82.

83.

84.

85.

86.
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(@ [Isotonic mixtures have equal osmotic pressure so
there won't be any flow of liquid between the blood cells
and blood.

(d) Depression in freezing point of benzene takes place.
RTZM,
Ki =———;
@ = T000aH,
AH; = latent heat of fusion = 180 J/g
| 8.314x(290)% x1

1000 x180
=3.88 K kg mol™t M,

T,=Freezing temperature = 290K

_ _ _(L)Xmoo_i(m)
(b) Molality of the solution = 78) 500 39
ATy = m(Kf)HZO
Lx ol 39 o006

39 186 1.86

() Molecular mass of phosphorous

1000 x Kf X Wsolute
ATf x Wbenzene

_ 1000 x5.12 x 2.48
"~ 1.02x100

=1245=(P),

1245
X="" 4
o 31

(b) Greater is the effective molarity (i x C), higher the
ATf value and lower the freezing point.

() 0.1MNaCl=ixC=2x0.1=0.2

(i) 0.05MBaCI2=ixC=3x0.05=0.15
@iii) 0.1MNH2CSNH2=ixC=1x0.1=0.1
(iv) 0.025 MKNO3=ixC=2x0.025=0.50
Thus, order is (i) < (ii) < (iii) < (iv)

b) AsATr= Kr

For,
HX == H' + X~
t=0 1 0 0
t=eq (1-0.20) 020 0.0

Total no. of moles=1-0.20+0.20+0.20=1+0.20=1.2
ATi=12x186x05=1.1160 1.12K
(d) ATr=Kixm

1000 x K¢ x w, (solute)
AT; x wy (solvent)

M =

87.

88.

89.

90.

91

92.

93.

94,

95.

96.

1000 x 1.86 x 1.8

= 0465x40 —M=180
Molecular formula = (empirical formula)n

Molecular mass 180 _ 6
"= Empirical formulamass 30

(c) If compound dissociates in solvent i > 1 and on
association i < 1.

() i=1+(n-1a

i=1+(3-1a

i=1+2a

(@ [Isotonic solutions are those which have same
concentration.

(@ Lowering in vapour pressure depends on mole
fraction of the solute.

So, ‘a’ having highest mole fraction as compare to all given
options.

12
(@ Moles of urea = %0 =0.2

68.
=—=0.2
Moles of sucrose 312

Both are non electrolyte hence lowering of V.P. will be
same.

(d) Urea does not give ions in the solution.

: _ Tobs
@ =2
Tcal
(d) Asz kb.m
AT. — ke x weight of solute x1000
"0 ™ molecular weight of solute x weight of solvent
1.5 1000
= 2. -
0.75= 2.5x i =
_ 25x1.5x1000
M= 075x50 00
1000W, 1.86x1000x68.5
a) AT =K 2 =0.372
@ Al = W 342x1000
T, =T°%-AT;
T,=-0372°C

(b) Given K,=-1.86°Cm, mass of solute =5.00g,
mass of solvent = 45.0 g and AT, =-3.82°C
AT, =ixK.m
5x1000
142 x 45
i =2.62 (Molecular mass of Na,SO, = 142 g)

3.82=ix1.86x




97.

98.

99.

100.

®) [P ]xlOO:ﬂxﬂxloOﬂo

pe 2 W
w, 18
W2 18 L 100=10 =
60 180 or w,=60g

Thus, 60 g of the solute must be added to 180 g of water so
that the vapour pressure of water is lowered by 10%.

P°_P,

o

®)

(@ Lowering is always positive
(c) According to Raoult's law

= Mole fraction of solute = x,

p°—p Xg = Mole fraction of solute = 2 =1
—~ X8 2+8 5

p° p =60 mm of Hg

le or 4p°=(p)x5
p° 5

~ 60x5

o

=75mm of Hg

ACCELERATOR

Topic-wise MCQs

(c) Morethe value of K, (Henry’s law constant) less will
be the solubility.

- Order ofK
Ar>CO,>CH,>HCHO

So, the order of solubility
HCHO >CH,>CO,>Ar

(d) According toHenry’s law :-
P=xK,

For N, :- PN2 =Xn, K (N,)

For O,:- Po2 =Xp, K, (0,

We have, Py, =Po, , K, (N,) =76.48 k bar,
K, (O,)=34.86 k bar

i)
XN, Ky (N>) N XKH(OZ)
Xo, [ Po, ) Ky(Nz) P

Ky (02) 0O,
_ Ky(0,) 34.86 045

~ Kp(Ny) 7648 =7

(c) Total pressure of air over water = 1 atm.
Partial pressure of N, and O, are

1x79
= =0.79 atm
N2 7100
1x21
= =0.21atm
%2~ 100
Applying Henry’s law
PN2 =KX
Xy, = N2 079 g5, 406
Kn, 854x10
P
Xo, =22 =921 _ 46051076

2 Ko, 456x10*

Proportion of N,and O,

= 9.25x107°:4.60x107°

= 2:1

(d) According to Henry’s Law,
p=K,xXx

p = partial pressure

K, = Henry constant

x =mole fraction

given

p=1bar

K= 0.4 x 103 bar [1k bar = 10%bar]
1bar =0.4 x 10%bar x x

1
X=—""-
0.4x10

Nmethane — 1
Nmethane +NH,0  0.4% 108

n <<n

methane H20

Nmethane — 1
Nho  0.4x10°

N methane — 1
NHo0 0.4x10°

55.55

“oag =8

Nmethane = 1.38 %107

255

——=0.213
119.5

(@ NcHel, =

[n H,0 = % =55.55 mol}

MHT-CET-Chemistry
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nCHzc|22 = g = 047

Pr= PR X5 + P8 Xg

— 200x 0.213 L a5 0.47
0.683

DX ——
0.683

= 62.37 +28.55=90.92
(@) Penzene = 75 MM Hg
pe =22 mmHg

toluene

23.4
Mole of benzene = Ty =0.3mol

64.4
Mole of toluene = 92 =0.7 mol

Mole fraction of benzene = 10 =0.3

Mole fraction of toluene=1-0.3=0.7

Partial pressure of benzene = 0.3 x 75 = 22.5 mmHg
Partial pressure of toluene = 0.7 x 22 = 15.4 mmHg
Total pressure of solution =22.5 + 15.4 = 37.9 mmHg

0.3

Mole fraction toluene = 154 =0.406
Uene=379 =7

Mole fraction of toluene in vapour phase approximately
0.406.
@ AS, P = X;P%1 + X%,
= (1 - Xz)pol + szoz
Prota = P71+ (P° = P°)%, ()
Now, p,.,, = 475 torr
p°, =280.7 torr (for liquid A)
p°, =7 (for liquid B)
For mole fraction of liquid B :

n, 5555 5555
2 m+n, 5555+0.714 6.269

X =0.8861

So, using equation (i) we get —
475=280.7+ (p°,—280.7) 0.8861
475-280.7=0.8861 p°,—280.7 x 0.8861

1943424872
08861 2
443
™2 _ p3 =500
08861 "2

(d) Atlatmospheric pressure the boiling point of mixture
is80°C.
At boiling point the vapour pressure of mixture, p; = 1

10.

11.

atmosphere = 760 mm Hg.
Using the relation,

Pr = PaXa + PgXg. We get

p; =520x, +1000(1-x,) { " p, =520mm Hg ,

pg =1000 mm Hg, xp +Xg =1}
or 760 =520, +1000—1000x, OF 480X, =240

or Xp= 240 1 or 50 mol. percent
480 2

i.e., the correct answer is (d)

@) Pry = PAXA+PBXp
= P°Heptane XHeptane T P Octane XOctane

25/100
= 105x 55 ) 35 +45

100 114 100 114

0.25 0.3
+45 %
0.25+0.3 0.25+0.3

“ 35/114
25 35
+

=105x

_105x0.25 N 45x0.3  26.25+13.5

0.55 055 055 /2kPa

(b) ptota| = p,:XA + poBXB
o 1 o 3

550 = p° x =+ p° x>
Pa>3 " Py

P +3pg =550%4 ()
In second case

o 1 o 4
Piotal = Pa ><§+ Xg

p; +4 p; =560x5
Subtract (i) from (ii)
" Py =560x5-550x4 =600

(i)
Py =400

() When A=1mole,B=3mole

0 0
Protal = PAX A+ Pg Xp

s3]}

N \\



12.

13.
14,

2200 = P +3pP (1)
When one mole of B added

4
Xp ==
B 75

560 = PIXa + P Xp

1 4
560=P°(—) PO(—)
A5) "T85
2800 = Py + 4P (2
Substracting [eq. (2) —eq. (1)]

PS =600
Putting the value of in eqg. (1)

2200 = PP +3x 600
PS = 22001800 = 400

Theratio PY:pd
=400:600=2:3.

(@ According to Raoult’s law,
Pr=Xap°a* XgP’g

Given, Pr, =500 mm Hg

ny=landng=2 .. x,=1/3andx;=2/3

1. 2, .
:>500=§DA+§DB =1500= pl\ +2p5 (1)

Also given that, one more mole of B is added to the
solution, the pressure of the ideal solution increases by
25mm Hg.
sz =500 +25=525mm Hg
Also,n; =3

X, =1/4and x5 =3/4

1, 3, o o
525:ZpA+ZpB = 2100 = pp + 3pg

Subtract (i) and (ii),

p°g =600 mm Hg

pAt2p°5=1500 = p°,=300mm Hg.

©

(d) A solution containing A and B components shows

negative deviation when A-A and B-B interactions are
weaker than that of A-B interactions. For such solutions.

AH=—-veand AV = -ve

15.
16.

17.

18.

19.

20.

21.

®

(b) For thissolution, intermolecular interactions between
n-heptane and ethanol are weaker than n-heptane-n-
heptane & ethanol-ethanol interactions. Hence the
solution of n-heptane and ethanol is non-ideal and shows
positive deviation from Raoult’s law.

(@ A-Aand B-B type interaction are nearly same as A—
B interaction, hence they form ideal solution and follows
Raoult's law.

o

@ P p_ P Xsolute

Given, p°=0.8 atm, p=0.6 atm, x

solute="?

08-0.6 or 92 _x
08 Xsolute 08 olute »

O Xopute = 0-25
(@) T=iCRT
(_ n_ weight )
L v Molar mass x volume (1 kg =1000 g)J
= 1%2 | 0.083%300 = 0.00415 bar

60000x0.2 e

(* 1 bar =10°Pa)
S0,0.00415 x 10°Pa=415Pa

5 5
() Moles of urea = %0 moles of fructose = 180"

_ 008 x1000
=gy = 0833

moles of sucrose = >
UCTose = 340

1000
C =0.0146 x

sucrose 100

=0.146

moles of KCl(effective)

.5 __5 . 0134x1000
745 37.25° 100

nocC

=134

This order is m, > m; > m, > my

(b) KNO; is a strong electrolyte which dissociates into
two ions. Therefore, its van’t Hoff factor is 2. Acetic acid
(CH,COOH) is a weak electrolyte, it does not dissociate
completely. So, its van’t Hoff factor is less than that of
KNO,

. Osmotic pressure of 0.1 M KNO, >

Osmotic pressure of 0.1 M CH,COOH

N\ |\
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23.

24.

25.

26.
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28.

29.

30.

31.
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(@ Thesolution which provide same number of ions are
isotonic.

Ca(NO,),— Ca," +2NO,
Total ions produced = 3
Na,SO, —> 2 Na* + SO,*
Total ions produced = 3
. 0.1MCa(NO,),and 0.1 M
Na,SO, are isotonic.
@ P
pe m+ny

or M2 _ 640-630 _ 0.0156
n +ny 640 1

or 1 mole i.e., 78g benzene contains solute = 0.0156 mol

0.0156 x 102
78

(@ As both the solutions are isotonic hence there is no
net movement of the solvent occurs through the
semipermeable membrane between two solutions.

(@ Concentration of particles in CaCl, solution will be
maximum as i = 3 for CaCl, and i =2 for KCI.

Glucose and Urea do not dissociate into ions, as they are
nonelectrolytes.

(@) Depression in freezing point oc No. of particles.
(when concentration of different solutions is equal)

Molality of solution = =0.2m

Al,(SO4)3 provides five ions on ionisation

Al,(SO4)3—>2AI%* +350%"
while KCI provides two ions

KCl——KT +CI™

CgHy,0gand C.,H,,0,, are not ionised so they have
single particle in solution.

Hence, Al(SO,), have maximum value of depression in
freezing point or lowest freezing point.
() AT; =K;xm=1.86x0.5=0.93°C; T¢ =-0.93°C

(d) Boiling temperature is a temperature at which vapour
pressure is equal to the atmospheric pressure when external
pressure is equal to 1 atm.

(c) Solvent molecules flow from low concentration
solution to high concentration solution.
WRT  1.26x0.083x300

d M=
v 257x107°x200x1073

_ 31.374x10°

=61038 g
514

(¢) For dilute solution, A—E —, Dsolute

Nsolvent

APy WIM

_W My
For solution in A, Py Wa /My

M WA .. (i)

32.

33.

34.

35.

36.

37.
38.
39.

.. APg W Mg ;

For solution in B, P M WB .. (i)
PAlPA _ ., _ MaWg Mj
From (i) and (||) AP /P =2= MgWa = Mg

(W,=W,) M, =2M,
(b) Lowering of vapour pressure depends on mole
fraction of the solute.

02

Xurea = 5555 =0.03
04

Xsugar = 5555 =0.07

So, urea is half of the sugar.

o

. . - PS
(@ Relative lowering of vapour pressure = T
latm=760mm

760 684 76
760 760
PP _20

P 100

=01

@

20 _ w /40

100 114/114+w/40
w=10g.

@

Freezing point depression oc number of solute particles
(Colligative property) (Van't Hoff factor, i)

Acetic acid dissociates in water so 2i will be the van’t
Hoff factor. Acetic acid and benzoic acid will dimerise in

i
benzene so o will be the actual van’t Hoff factor.

Glucose does not dissociate in water so i will be the actual
van’t Hoff factor.

Thus, Acetic acid in water will have the highest van’t
Hoff factor and thus highest depression in the freezing
point.

@ A=01M,B=0.01M,C=0.001M

Value of i increases as solution becomes dilute so the
correct order is: i, <ig <ic

(c) Forassociationi<1.
@
b) nV=nRT
V,
500v, _ nRx283;ﬁ=180, V, =5V,
1053V, nRx298'V, 5
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40. (b) w=CRT

_ WxRxT  68.4x0.0821x273
T omv 342

=4.48atm.

T

i x1000 = ﬂ mol/L.

4L 342 100 342

() C=

2= 20 0,082 423=5.07atm.

342

m

) = VﬂRT :>MP=(V)

RT
—.

42,

T 0.0821

K BP0er 2
RT ~ 0.0821x300  2033x10

43. (c) m=CRT,C=

44, Isotonic solution =

L

(b) rnlvl m2V2
w6
342x1 60x1
(c) Given,
T,°=373.15,K,=0.52 Kkgmol™
T,=373.202
T,°=273.15,K;=1.86 K kg mol~*

(T,=T,)=mxKy
m=0.1
Again, (T -T)=mx K,
(273.15-T)=0.1x1.86
273.15-0.186=T,

T,=272.964
(@) Given, AT =0.01K
Molality=0.01m
K, =0.52 K kg mol
We know, AT, =iK m

_ 342x6
60

=34.2.

45.

46.

AT, 0.01

i= = =1.92
Kpm 0.52x0.01
47. (d) Given
AT,=0.052K
AT =K, xm
0.052=0.52xm 50.
m=0.1
AT,=mK;=0.1x1.86=0.186
Freezing point of solution = 273 -0.186 = 272.81 K.
48. (a) Given, weight of benzoicacid=xg

Molar mass of benzoic acid = 122 g mol !
Weight of benzene = 49g

N\ |\

49.

Molar mass of benzene = 78 g mol
depression in freezing point (AT)=1.12K
degree of association (o) = 88% = 0.88

K, for benzene = 4.9 k kg mol

For association,

1
Van’t Hoff factor (i) = 1+ (H—lja

=1+(1—1j><0.88
2

i=0.56

AT =ixKxm

xx1000  weight of solute x100

1.12=0.56x4.9x

122x49|  Molecular x Weight
Weight of  of
solventsolute
X=2449
() Osmotic pressure (1) = CRT
Given,

Weight of urea = 69

o
Molecular weight of urea [HzN _ (”3_ Nsz

=4x1+2x14+12+16=60gmol™?

Weight
Molecular weight

Number of mole of urea =

= 6 =0.1mole
60

mole
volume

concentration (C) =

0.1
= — = 3
05 [1L=10°mL]

(C)=0.2mole/liter

n=0.2x0.082 % 300

n=4.92atm

(c) AT,=0.0405K

Concentration of formic acid (HCOOH) solution
=0.5ml/L

=05x1059/L=0525¢g/L (- dycoon = 1.05 g/ml)
No. of moles of HCOOH in 1 L solution

0525

76 =00114 (:

MW = 46)

HCOOH



Molality (m) of HCOOH = 0.0114 mol/kg
(considering d,,, = 1kg/L)
AT,=iKm
AT; 0.0405

i= - -1.91~19
Kem 1.86x0.0114

The van’t Hoff factor of the formic acid solution is
nearly 1.9.

51. (c) Given: Kola _
(Kp)s

(ATg)a _ (Kp)a-m 1
(ATg)g  (Kp)g-m 8

y =8 (nearest integer)
From Raoult law

|+~

=

|~

X
y

52. (@

p°—p _ No.of moles of solute
p° No. of moles of solvent+ No. of moles of solute

When the concentration of solute is much lower than the
concentration of solvent,

p°—p _ No. of moles of solute
p° No. of moles of solvent

AszKbxm

_ Number of moles of the solute

- x1000
Mass of solvent in grams

Number of moles of the solute N

ATb = Kb X "
Mass of solvent in grams

Number of moles of solute

_ ATy x Mass of solvent in grams

2x100
K} x1000 0.26,

= 0.76x1000
Number of moles of solvent = % =5.56

From equation (i) we get, /60— P _0.26
760 5.56

Onsolving, p=724.46 ~ 724

53. (c) Isotonic solutions have same osmotic pressure
Tcglucose = Tynknown solute
m
LR T I VI,
M, M, ~ 180 M,
10.2
54. () Moles of ascorbic acid -——9 __0.058mol

176gmol
AT, = (xx 10 °C

55.

56.

57.

58.

59.

60.

61.

AT,=K,. molality = 3.9 x—0'058 x1000=1.5°C
150
=15x101°C
(c) Mass of C,H.OH = density x volume
=62.5x0.8=50¢
AT=K¢xm [m =molality]
0.9= 2% 1.8x1000
M,, x50
Y= 2x1.8x1000 _80
0.9x50
©)
P
@ P°—Ps _ Msolute . 2 _ Nsolute
p° Nsolvent pe Nsolvent
100

n =n [2=—"—=277
= solute solvent 2%18
(c) According to Raoult's law

p°—p %3 = Mole fraction of solute = 0.2 =l
——=xg 0.2+0.8 5

p° p =60 mm of Hg

L—OP:% or 4p°=(p)x5

. 60x5

=p =75mm of Hg

(c) Elevation in boiling pointand depression in freezing
point are colligative properties and their value depends
only on the amount of solute present in the solution.

ATb = iKbm X ATf = lem

4 Kyl Ky
4_ - Ko _
4 K45 Ky

3

) K,[Fe(CN)] 2 4K* +[Fe(CN).]"

and Al(SO,), — 2AIF* +3S0,*

. van’t Hoff factor is 5 for both Al, (SO,), and
K,[Fe(CN)]

(@ The solution which provide same number of ions are
isotonic.

Ca(NO,), — Ca* +2NO,
Total ions produced = 3
Na,SO, —> 2Na*+S0O,*
Total ions produced = 3
- 0.1MCa(NO,),and 0.1 M Na,SO, are isotonic.

N \\



62.

63.

64.

65.

66.

67.
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(C) ATb = Kb xm
Elevation in boiling point is a colligative property, which
depends upon the no. of particles (concentration of
solution). Thus, greater the number of particles, greater is
the elevation in boiling point and hence, greater will be its
boiling point.

Na,SO, — 2Na*+S0,%;i=2
AT, =3x0.01 xK,
(@ K,[Fe(CN).] and Al(SO,), both dissociates to give
Sionsori=5
K, [Fe(CN);] — 4K*+ [Fe(CN)G]“’

and Al,(S04)3 =—=2AP" +350%"

(©) T,=100.18 K,=0.52
T,=2 K,=1.86
AT, =K, m
0.18=052m
0.18
=——=0.34
M= 052

AT,=1.86x%0.34=0.6324=0.64
@ 7.5mol; AT,=Km

n, x1000 n, x1000
= il 14=186x—~4——
ATf Kf w, = x 1000
n,=7.5mol

ApT —#xloooxK
@ Al Ty 100 b

8 L 1000xK,
B X 00

Given, A,T, =AgT,

AgTy =

i:i = MB=4MA
Ma Mg
b) w=25¢g

Solute

759

K,=0.52 Kkg

W M = Mol. Wt. of solute

solvent =
Ty, = 373.15K
AT,=0.385K

3
AT, = Ky x10” Wgpyte

Msolute X Wsolvent

0.385= 0.52X(EX@)
M 75

M =45 g mol.

68.

69.

70.

71.

72.

observed colligative properties
calculated colligative properties

(c) Van’tHofffactor (i) =

Observed colligative properties = AT, (1)
Calculated colligative properties,

AT (2)=mxK;

=0.5x1.86=0.93

O ATE@)  AT( (@)
'TAT.@ 093

= AT(1)=1.075x0.93~1

(d) p°=xkPa
Let p is the vapour pressure of non-volatile solute.

p°-p _ Nsolute
p° Nsolute + Nsolvent

X—p 1 1
X  1+5555 56.55
= 56.55x—56.55p=X

=

_ 55.55x - 0,982
= P= 5556 70X

. . No. of particles after ionisation
@ @) i= P

No. of particles before ionisation
@[ AT, =ixK,xm

CuCl, — Cu®*" +2CI”

1 0 0
(1-a) o 2a

14+ 20
1= ,1=1+2a

1
Assuming 100% ionization
So,i=1+2=3
AT, =3x0.52x0.1=0.156~0.16 [m—%—01]

p =2 Taex DA m TR T1344

@ (HX = H +X,i=13);
1-0.3 03 03
AT, =K xmx i
ATf =185%x0.2x1.3=0.481°C
T, = Tf —AT; =0-0.481°C =-0.481°C

(d) Let x is the atomic weight of XY and y is the atomic
weight of XY,

AT.=mx K,
ATy 5333
= = kf 2



Soltons |

Where, T¢ is the freezing point of pure solvent which is

weight x1000

. = 2.6665 273.16K
Molecular weight of XY T, is the freezing point of the solution which is 272.814 K
x Weight of solvent mis molality
10 %1000 k; is freezing point depression constant
Y AT,=0.336K
200 75 As, AT, =km
=> Xy = —=
2.665 AT,
Again for XY, compound. som= _kf
AT
_, 10x1000 | A%t 22857 00 0.336 K
%37 71,1428 x50 Ky 2 “ M= 186 K kg mol*
M, =175 m = 0.18065 mol/kg
X+y=75 (i)
- -- no. of moles of solute
X* = .175 . (") As, molality (M) = 2c5 of solvent in kg
By solving equation (i) and (ii) we get
X=25 and as Mass of solvent =21.5 9 =0.0215 kg
y=50 mol
73. (b) As per the formula relative lowering of vapour <. no. of moles of solute = 0‘18065k_g x0.0215kg
pressure:
no. of moles of solute = 0.00388 mol
0
PL—P_Ny mass of solute
0 As, Molar mass of solute =
P 0] no. of moles of solute
Where, p, is vapour pressure of the solvent = 12.078 kPa Molar mass of solute = “__515g/mol
p,” is the vapour pressure of pure solvent = 12.3 kPa 0.00388
n, is no. of moles of solvent 75. () =« =ﬂ or T =ﬂ
n, is no. of moles of solute v nR

10% (w/v) aqueous solution of glucose means

. 123-12078 10 g glucose is present in 100 mL of H,0

123 m 14 x100x107% x180
= 22X ST X% -307.3K
n, 0.082x10
i.e.,,0.0180 = n 76 @ AT;=iKm
1000 KBr ——K*+Br~
_ 1 0 o
SN =g (for H,O as solvent) ) o0
n, =555.5 I=1l+a
B i
0.0180x55.5=n,=0.999~1 Here a.=0.8 (80% ionization)
i=18
- My AT, =(1.8)(1.86) (0.4) = 1.339
Molality (m) = f = \H0) L ‘ :
Mass of solvent (k _ o
(ko) T, =-1.339°C
L 1mol/k ATy
=——————=1mo =i iz——
1kg of water g 77. (@) AT,=iKm =i Kem
74. (d) Thedepression in freezing point is calculated as : _ 2 06
AT,=T°-T, 5X(2.44/122.12) :
30/1000

N \\



78.

79.

80.

81.
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Now, 2C,H,COOH(benzene) —(C,H.COOH),(benzene)

Initial 1 mol 0 mol

X
After associationl — x mol EmOI

Where, x = degree of association
Thus, total moles at equilibrium (after association)

X X
=(1-X)+=-=1-—
A-x)+o=1-7

Moles after association

Thus, i= —
Moles before association

X
2. 4. X
1 2
= Degree of association (x) =2(1 1)
=2(1-0.6)=0.80r80%
(d) Osmotic pressure is a colligative property. Hence
resulting osmotic pressure of the solution is given by

n.=1.64+2.46=4.10atm.

(d) Addition of solute to water decreases the freezing
point of water (pure solvent).

When 1% lead nitrate (solute) is added to water, the
freezing point of water will be below 0°C.

(b) AsAT, =K. m

AT, =K, m
AT
Hence, we have moit ATy
Kt Ky
o AT, = ATy
1 =AT

b
= [AT, =100.18-100 = 0.18°C]

- 1 6 - o
=0.18 x 0512 =0.654°C
As the Freezing Point of pure water is 0°C,
AT,=0-T,
0.654=0-T,
T,=-0.654

Thus the freezing point of solution will be — 0.654°C
(d) Givenoa=30%i.e., 0.3
HA —— H"+A-

l-a a o

1-03 03 03
i=1-0.3+0.3+0.3
i=13

82.

83.

84.

85.

86.

87.

88.

ATf =13x1.86%x0.1=0.2418

Tf =0-0.2418=-0.2418°C

(b) Sodium sulphate dissociates as
Na,SO, —>2Na* +S0;"~

hence van’t hoff factor i = 3

Now AT; =iK;.m

=3x1.86x0.01=0.0558 K

(b) For isotonic solutions

TC]_=TC2
C]_:Cz
5/342 _1/M
01 01
o 1
342 M

= M =3;;'2= 68.4 gm/mol

(b) AT,=ixK;xm

Given AT,=2.8,K,=1.86 Kkgmol-2i=1
(ethylene glygol is a non- electrolyte)
wt. of solvent = 1 kg

Let of wt of solute = x

Mol. wt of ethylene glycol =

X
28=1x186% o —
_28x62 _
o X=T1ge T°9M

(d) The saltthat ionises to least extent will have highest
freezing point. [ i.e., minimum A T,]

) nV=CRT
m_ Gl
ny,  Colh

m=P,n,=2atm.C;=C, C, =%

T,=600K, T,=700K

P _2xCx600
2 Cx700
b 24

7

(o) AICI, furnishes more ions than CaCl,, and thus possess
higher boiling pointi.e., T, >T,.
(a) Van’t Hoff equation is

=inRT

N\ |\



For depression in freezing point.
AT =ixKxm

For elevation in boiling point.
AT, =ixK xm

For lowering of vapour pressure,

o
Feotvent — Feolution zi( n )

° N+n
I:)solvent

89. (b) AT = i.Kf.m ;0.0054 =ix%1.8%0.001
i =3soitis [Pt(NH,),CL]CL,

90. (c) Given,W=500cc=500¢
(- density of water = 1g/cc)

Weight

Volume

As, Density =

Weight = Density x Volume = 9 x500cc =5009
cc

w = amount of urea = ?
K;=1.86°C; AT, =0.186°C
M = Molecular mass of urea = 60

1000x K¢ xw
W x ATy

60 — 1000x1.86 x w
500 x 0.186
60=20xw
60
LWEo T 39
91. (d) AT,=0-(0.00732°C)=0.00732
AT, =ixK,xm

AT¢ 0.00732

i= = =1.97~2
K¢xm 1.86x0.002

1000
92. (d) AT, =K, ¥«
(d) b =Koy

3 1000
52=0.6x—x——(W =200x1
0.52=0.6 x M X 200 ( X ))

1.8x5

M= =17.3g mol*
0.52

93. (b) AT,=freezing point of water - freezing point of solution

=0°C-(-1.1°C)=1.1°
We know that, AT, =ixK;xm
1.1=ix1.86x0.2
1.1

i=——— =295
1.86x0.2

94,

95.

96.

97.

s-XI1/29
Butweknow, i=1+(n-1)«a

295=1+(3-1)a=1+20 = a=0.975
van’t Hoff factor (i) = 2.95, ‘Degree of dissociation
=0.975,” Percentage degree of dissociation =97.5

(b) Given k,=x K kgmol™
AT, =k, xm
Soy=xXxm

m=

X |<

We know
AT, =k, .m
On substituting value of m,

AT =2
X

(@ T_n=iCraciRT +iClycoseRT

Van’t Hoff of factor (i) for NaCl
izl+(n-Da

For NaCl (n) =2
i=1+094=194

0.01 0.03

I ,=194x %0.082x300 +1x % 0.082x300
0.5 0.5

sol"

_ 0.082x300 4 g4,0,01+0.03)

0.0494x0.082x 300
0.5

Im_,=243atm.
sol

(@) Using formula,

AT, =k, x molality

(100.17-100)°C =0.512°C kg mol x molality
17

——m

0.512

Now, depression in freezing point is given by,

AT, =Kk x molality

molality =

AT.=1.86°Ckg X 2 m=0.62°C
= 9% o512

Thus, the freezing point of the solution
=0°C-0.62°C=-0.62°C.

(b) Given,

Wy (mass of ethylene glycol) =31 g
W, (mass of water) =600 g

K (for water) = 1.86 K kg mol~!

N \\



98.

99.

100.

101.
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and Mg (for C,H;0,) =62

W, 1000

ATe= Ki - Bx——

Mg Wy

AT.= 1.86 x 31x1000
= 7 e2x600 - L9OK

(b) According to Raoult's law

Ap n

F “hIN (mole fraction of solute)
1p_(3’ =0.2 .. p°=50mmofHg

For other solution of same solvent
% -0 (Mole fraction of solute)

- % = Mole fraction of solute

= Mole fraction of solute = 0.4

As mole fraction of solute + mole fraction of solvent =1
Hence, mole fraction of solvent=1-0.4 =0.6

(@) The vapour pressure of a solution of glucose in water
can be calculated using the relation

P°—Ps _ Moles of glucose in solution
08 Moles of water in solution
17.5- 18/180
or R _ [ p°=17.5]
n,  178.2/18
or 17.5-p. = 0.1x ps or p,=17.325 mm Hg.

Hence (a) is correct answer.

(a) Given vapour pressure of pure solvent

(P°) = 121.8 mm Hg; Weight of solute (W) =159

Weight of solvent (W) = 250 g; Vapour pressure of
solution (P) = 120.2 mm Hg and Molecular weight of
solvent (M) =78

From Raoult’s law

_P°-P_w M

po m W
1218-1202 _15 78

121.8 m 250
o m= 15%x78 « 121.8 _356.2

250 1.6
« Po—P n 640-600 _ 2.5/x
Pe N 640 39/78

. 640x78x2.5
39x40

80

PREVIOUS YEARS MCQs

1.

10.

(@ AT,=K;xm
=221 o 5 ik

l1kg g
AT, =1.86°C kg/mol x 0.5 mol/kg
AT,=0.93°C
(d) According to Henry’s law,
S=K,xp

=0.159x0.242=0.0384
=3.84 x 102mol dm3

. . A
(c) Relative lowering of vapour pressure = o =X,
1
_woM;
MW

Ap

Given: =—-=0.050
1
w,=4g
M, =18 g/mol~*
W, =549

4x18
M, x 54

0.050 =

. 3x18
27 0.050 x 54
(d) Solutions in which solute - solute and solvent-solvent
interactions are almost similar to solute-solvent
interactions are known as ideal solution.
(b) AT, =i mk +i,m,k,

=20 g/mol*

2 1x2
1= x0.52 4+ x052=4.16
“05 " 05

(To)sotution = 373.16 +4.16 = 377.3K

(@) At high altitudes, the partial pressure of oxygen is
less than that at the ground level. This leads to low
concentrations of oxygen in the blood and tissues of
people living at high altitudes or climbers. Low blood
oxygen causes climbers to become weak and unable to
think clearly, symptoms of a condition known as anoxia.

(c) Foranideal solution, AH =0, AV =0
Hence, option (c) isincorrect.
(d) Compounds Number of particles (i)

@ [Co(H,0)JCl, 4
(b) [Co(H,0).CIICl,H,0 3
© [CoH,0),CLICl2H0 2
(@ [Co(H,0).Cl,]3H,0 1

(@ The value of Henry's constant (K,) increases with
increase in temperature.
_ 0.1x180x100

c) K,= =1K/m
© Ky 1.8x1000

N\ |\



11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

N \\

©
Kt xW, x1000
AT =Kim=——2_""""-5
MW,
(d) According to Henry’s law,
solubility=k x p = 1.4 x 10~3x 0.5 mol/L
=7x10"*mol/L
Number of moles in 100 mL =7 x 10™°
Mass of oxygen m=7 x 107° x 32g = 2.24 mg
(@ w=iCRT

1 1000
x X——=

— 0.4K
250 51.2

_n_ weight
v Molar mass x volume (1 kg =1000 g)

1x2

=—F—F—F—FFFF XU, X =
5000002 0.083x300 =0.00415 bar

(- 1bar =10°Pa)
So,0.00415 x 10°Pa =415 Pa
(@) A solution of acetone in ethanol shows positive
deviation from Raoult's law. It is because ethanol molecules
are strongly hydrogen bonded. When acetone is added,
these molecules break the hydrogen bonds and ethanol
becomes more volatile. Therefore its vapour pressure is
increased.

P°_p n w M
© N w
p° N m W
0112, 18 12x18
= — X— = =
47 108 — ™7 0.1x108
18

Moles of glucose = — =0.1
@) g 180

Moles of water = % =99

Total moles=0.1+9.9=10

Ph,0 = Mole fraction x total pressure

= 99 x 760 =752.4Torr
10

@ 0.80-0.6
0.80

(@ Maximum lowering of vapour pressure will be given

by the substance which give maximum number of particles

in solution.

(d) 0.1molar ~0.1molis presentin 1L

Givenvolume=200mL ~0.2L

No. of mole in 0.2 L liquid

=Xg; Xg =0.25

2
=—x0.1
1><

= 0.02mol of CO,

V=0.02x22.4=0.448L

(d) Ethyl alcohol and water, after mixing, can very easily
become a homogeneous mixture, because the two liquids
are miscible, soluble in all proportions. The dipoles on the
ethanol and water molecules cause the formation of
hydrogen bonds between the molecules.

21.

22.
23.

24.

25.

26.

217.

28.

© T=iKm
Given, T, =T3-T,
= 0-(-0.680)
= +0.680°C
m= 0.2
K= 1.86
Thus,0.680= ix0.2x1.86
0680
1= O2xi8e 183
(d moldm=atm

@ Ba(NO3), —>Ba?* +2NO;

n mol 0 0
n-na no 2no
Total moles of particles =n—na + na + 2no = n(1 + 2a)
nil+2
Vant Haff factor (i) = %
nil+2a)
274= —=1+2a
n
o 274-1 0.87
@ AT, - Kp x W, x1000
Wl X M2
_ KpxW,p
ATb X Wl

(d) The solubility of NaBr changes slightly with
temperature.

(@) Osmotic pressure, t1=CRT or n= % RT

where, C = concentration of solution.
Given,w=34.2g,V =1L, M =342 gmol!
T=20°C,C=20+273=293°K

=Y RT
MV
__ 34229  oo082Latm K Imol 1 x293 K
342 g mol™! 1L
=240atm.

(d) Number of total ions present in the solution is known
as van’t Hoff factor.

Urea is a molecular solid hence, does not undergo
association or dissociation therefore, has the lowest value
of van’t Hoff factor (i).

n
(a) van’t Hoff equation is = v RT



lonic Equilibria

WARM-UP
Topic-wise MCQs

1. (d) Base accepts protons and acid donates protons.

(d) (CH,), B -isan electron deficient, thus behave as a
lewis acid.

(c) Boron in B,H is electron deficient

(&) Bronsted base is a substance which accepts proton.
In option (a), H,0 is accepting proton, i.e., acting as a base.

(c) HSO; accepts a proton to form H,SO,.
Thus, H,SO, is the conjugate acid of HSO;.

~  +H'
HSO4 _—> H2804
base conjugate acid
of HSOy4
(@)
(l) H3PO4+ H20—)H30++ HZPOZ
acid;  base, acidy base;

(ll) H2POZ+ Hzo——) HPO4_+ H30+
acidy base, baseq acidy

(i) H,POz+O0H ——H3PO,+ 0%
base; acidy acidy  base,

Hence, only in (ii) reaction H,PO; is acting as an acid.

(d [Cu(H,0),]*" + 4ANH; —= [Cu(NH,),]** + 4H,0
involves lose and gain of electrons. H,O is coordinated to
Cu by donating electrons (LHS). It is then removed by
withdrawing electrons.

(d) BF;isan electron deficient molecule and thus, it can
accept a pair of electrons.

In stannic chloride and stannous chloride, the Sn atom
has vacant d-orbitals. Sn can increase its covalency to 6
by accepting pair of electrons. Thus SnCl, and SnCl, can
also act as Lewis acids.

(c) Dissociation of a weak acid in water :
HA(aq) + H,0() == H30" (aq) + A~ (aq)

acid base conjugate acid ~ conjugate base

If HA is a stronger acid than H,0*, then HA will donate
protons and not H,O*, and the solution will mainly contain
A~ and H,0" ions. Hence, the equilibrium moves in the
direction of formation of weaker acid and weaker base.

Similarly, this is true for dissociation of a weak base also.

11.

12.

13.

14.

15.

16.

17.

(c) Strong base has higher tendency to accept the proton.
Increasing order of base and hence the order of accepting
tendency of proton is

I~ <HS™ < NH3 <RNH,
(b) Because NH, after losing a proton (H*) gives NH,~
NH, +H,0 == NH; +H30"
(Conjugate acid-base pair differ only by a proton)
(b) HA— H*+A-

_HTATT
Ka= [HA] ' o [H]=10"H

. [H]=10'%; and at equilibrium [H] = [A]

5 _1n-5
0107 5 08
0.0015
-8
o= % - Zxolo% —V4x108 =2x1073

Percentage ionization = 0.2
(b) Given [OH]=10"

pOH=3
pH+pOH=14
pH=14-3=11

(@) Given[H;0'1=1x10"°M
at25° [H,0*] [OH] =101

10714

a4
1010 =10

- [OH ] =

Now, [OH ]=10"°" =107*

pOH=4
(@) Given K, =1.00 x 1075, C = 0.100 mol for a weak
electrolyte, degree of dissociation

-5
(@) = Sa = [PI07 102106
C 0.100

(b) The value of ionic product of water changes with the
temperature.

() Acidicstrength o \[K,

N\
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18.

19.

20.
21.

22.

23.

24,

25.

26.

N \\

(b) pK,=-logK,
Smaller the value of pK, stronger will be acid
~. Acid having pK, value of 108 is strongest acid.

o o [ =\/3.14><10_4 i
ay \Ka V1.96x107°

(8 K=co?=0.1x (1'34
100

(b) CH,COOH is weak acid while NaOH is strong base,
so one equivalent of NaOH can not be neutralized with
one equivalent of CH,COOH. Hence the solution of one
equivalent of each does not have pH value as 7. Its pH will
be towards basic side as NaOH is a strong base. Hence,
conc. of OH~ will be more than the conc. of H*.

(¢) Ondilution [H*]=10°M =10-%mol
Now dissociation of water cannot be neglected,
Total [H*]=10"6+ 107" =11 x 10”7
pH=-log [H*] =-log (11 x 107) =5.98
(d --pH=1;H"=101=0.1M
pH=2 ;H*=102=0.01M
~M;=01V,=1
M,=0.01 V, =?
From M,V,=M,V,
0.1x1=0.01xV,
V, =10 litres
.. Volume of water added = 10 -1 =9 litres

(@) Molarity (M) = 10M. HCl is a strong acid and it is
completely dissociated in aqueous solutions as :

HCI (10) == H*(10) +CI".

So, for every moles of HCI, there is one H*. Therefore,
[H]=[HCl] or [H"] = 10.

pH=-log[H*] =-log [10] =-1.

2
) ~1.8x107°

4
(d) No. of moles of NaOH = 0 =0.1

[Molecular weight of NaOH = 40]
No. of moles of OH™ =0.1

0.1
Concentration of OH™ = —— =0.1Imol / L

~ 1litre
As we know that, [H*][OH]=10"%
[H]=10"% (. OH =107

© MV, =My,
1x0.10 =M, x 100 =M, =0.001 =103

BOH ——B*+OH"~

C 0 0
C(l-a) Co Ca
Ky = S9C% k= o
Cl-o)

217.

28.

29.

30.

31.

32.

33.

:>(X=1[Kb/C

[OH ]=Ca= /%xc = JK,C

=v107° %1073 =107*
L pH+pOH=14 = . pH=14-4=10
(b) K, depends upon temperature as it is an equilibrium
constant.

(b) The solution with lowest pH will have the highest
value of pOH.

(-1-a~1)

[H*]order:  (A)>(D)>(C)>(B)
pH order (B)>(C)> (D) >(A)
pOH order (A)>(D)>(C)>(B)

(€) Number of meg. of the acid =0.04 x 100 =4
Number of meg. of the base =0.02 x 100 =2
Number of meg. of the acid left on mixing
=4-2=2
Total volume of the solution = 200 mL
" No. of meq ofthe acid present in 2000 mL of the solution
or No. of eqg. of the acid in 1000 mL of the solution

= 10 =0.01
1000

Since the acid is monobasic and completely ionises in solution
0.01NHCI=0.01 M HCI

Thus [H'] =0.01

.. pH=-log (0.01)=-(-2) =2

(c) 0.001 M NaOH

[OH]=10

pOH=-log [OH] = pOH=3

pH+pOH=14 =pH=11

(d) For acidic buffer,

[Salt]
pH = pK, + log m

0.1
=457 +log (0—01) =557

(d) Dimethylammonium acetate is a salt of weak acid and
weak base whose pH can be calculated as

1
pH = 7+E(pKa -pKyp)

= 7+%(4.77 -3.27) =775

(d) [OH]=0.01M=102M
pOH = -log[OH] = ~log(107) = 2
pH=14-pOH=12
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34. (d) HClcannot accept H* therefore cannot act as Bronsted
base.

35. () When aproton is removed from an acid, we obtain 4o

its conjugate base.

Hy0 ==H"+0H"

HF —==H" +F~

1
36. (c) Meq.ofHCI=75X§X1=15

=2.36+0.36=27

pH=27 x 1071,

(c) C-concn. of salt, NH,ClI, produced by neutralization
of NH,OHand HCI.

NH,CI, no. of moles = 2m mol =2 x 10-3mol

2mmol 1

INHCI= 0+ a0)ml ~ 30

1 1
H=7-=pK,-=logC
p 5 PKp — log

1 1 1 1 5 148
Meg. of NaOH = 25x -x1 =5 > (+5) 5199 35 St =5.24
Meg. of HCI in resulting solution = 10 ut -
10 1 43.© ( ho?ﬁz'(u)sacid) 'Hth(b)3
Molarity of [H*] in resulting mixture = 100° 10 pRosp conjugate base (x)

1
pH =-log[H*] =—log [E} =10

37. (@ geqofNaOH=0.1xV=0.1V
geqof HCI =0.01 x V=0.01V
geqof NaOH > g eq. HCI
hence, resultant solution should be basic, hence from the

44,

eqn 45.
M,V, = M,V, = MV
0.1V-0.01V=MV

0.09
M= > " 0.045=45x 107
Now, pOH =-log [OH]
=-log4.5x102=1.34
~ pH+pOH=14
pH=14-1.34=12.65
Na, CO, from basic solution.
BF; acts as Lewis acid.

HCI(ag.)+ NaOH (ag.) > NaCl(aq.) + H,0(¢)

8 ©
39. (b)
40. (b)

50mm 30 mm - -
20 mm 20 20

[HCI] =20 i 25x10M
80 4

pH=-log2.15x 101 =1-0.33979 =0.6021
= pH=6021x10"%,

41. (d) K,ofButyricacid=2x 10
pK,=—logK,=—log (2 x 10°) = 4.7
The pH of butyric acid is calculated as:

Initial
Final

1 1 1, 1
H==-pK, —=logc ==(4.7)=1loqg (0.2
PH =2 PK, > loge =—(4.7)210g 02

N\ |\

46.

_H*
H2$207 _—>
(oleum)

HS,07

conjugate base (y)

(c) NH;, OH, COare acting as Lewis bases because they
have lone pair of electrons in them.
Whereas, C,H, has one double bond that means it has
pielectrons which are electron rich.

@ 12

Moles of HCI = 0.4m x 0.1L = 0.04 moles

For NaOH:-

Moles of NaOH =0.5M x 0.1 L =0.05 moles
HCl and NaOH react in 1: 1 Ratio

HCI + NaOH — NaCl + H,O
NaOH is in excess since 0.05 moles of NaOH react with
0.04 moles of HCI
0.05 moles —0.04 moles = 0.01 moles of NaOH remaining
The total volume after mixing — 100ml of HCI + 100 ml

of NaOH + 800 ml of

distilled water

=1000mlorlL

. 0.01 moles
so the concentration of NaOH = i

pOH=-log [OH]

pOH=-log [0.01] =2
As we know pH + pOH =14
pH=14-pOH=14-2=12
(b) Balanced stoichiometric equation is:
P,+30H" +3H,0 —PH,+3H,PO,"
conjugate of H,PO,~ is H,PO,.

=0.01m

H,PO, is hypophosphorous acid.
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47. (d) HCIO, = CIO, +H* 59.
chloric Conjugate 60.
acid base
48. (a) Lewisacids=AICl,, H*, Co*, Mg®, BF,.
49. (c) Acidic solutions (pH < 7) are Black coffee, Lemon 61
juice, Human Saliva, Tomato juice. '
50. (b) Conjugateacid of HCO, =H,CO, (hasan extra H")
Conjugate base of HCO, = CO,>" (has an less H")
51. (@ H30"——H"+ H,0 62.
conjugate base
52. (c) Ca(OH),’!Ca®* +20H"
0.01 (N) 63.
At298K, pH =14 —pOH = 14— [- log (0.01)]
=14 +l0g102=14-2=12 64
53. (c) Base have pH value more than seven. Distilled H,0 '
is neutral, HCl is acidic, NaOH and NH, both are base but,
NaOH is a strong base among the given options. Therefore, 65.
it has highest pH. 66.
54. (b) HFisweakestacid, thus, F-isthe strongest conjugate
base.
55. (d)
Acid
I & & =
H,0+H,0 —> H,0 +OH  (Bronsted acid as
L | well as base) 67.
Base
s H,80, (acting as acid)
HS0y
SO?~  (acting as base]
56. (d) Molecular mass of NaOH=23+16+1=40
) Mass of solute (in g) 0.04x1000 ,
= = =1
Molarity= Molecular mass of the solute 40 x100 0
x Volume of solution (in L) 68.
OH-=10"?mol/L
So, pOH=-log[OH]
pOH+pH=140rpH=14-2=12
57. (a) Withincrease in temperature, K of water increases
So, degree of dissociation of water increases.
pH as well as pOH of water decreases.
At80°C, pH ~ 6.93.
58. (b) NsH —=Nz+H"

N \\

Hydrazoic acid

(b) I~ iselectron donor. Hence it is Lewis base.
(d) Strongest Bronsted base has weakest conjugate acid.

- HOClI is weakest acid among HOCI, HCIO,, HCIO  and
HCIO,.

.. Conjugate base of HOCI (i.e. OCI") is strongest Bronsted
base.

(c) Proton donors are acids. Thus conjugate base of an
acid has one H* less than the acid.

HBr—— Br~ +H*

Acid Conjugate
base
(d) Buffering action is maximum when

[Salt] = [Acid]

ie, pH=pK,

() PbS = Pb*+S-
S S

Kp=8xS=8

(c) Solubility of weak electrolyte decreases in solvent
having common ion. So solubility of Agl in Nal solution is
less than in pure water because of common ion effect.

(d) HNO, is aweak acid and NaNO, is salt of that weak
acid and strong base (NaOH).

(@ ThepOH ofa buffer consisting of NH, (i.e., NH,0OH)
and salt NH,CI (salt) is given by the equation

, 0.1]
OH = pK. + log 2Mmonial _ g o o [0-4]
POR= PR 10 ™ al ¥ [L9]
=50 -log10 =5-1=4.0
. pH=14 —pOH =14-4.0=10
(@ For acidic buffer pH = pK_ + log [i"}
acid
[A7]
H = pK., +logiid
or p p a + Og [HA]

Given pK, =4.5and acid is 50% ionised.
[HA] = [A] (when acid is 50% ionised)

pH=pK, +logl

pH=pK, =45
pOH=14-pH=14-45=95
(@) Lets take an example of an acidic buffer CH,COOH
and CH,COONa.
CH,COOH —— CH,COO~ +H";
CH,COONa —— CH,COO™ +Na*
when few drops of HCI are added to this buffer, the H* of
HCI immediatly combine with CH,COO~ ions to form
undissociated acetic acid molecules. Thus there will be no
appreciable change in its pH value. Like wise if few drops
of NaOH are added, the OH ~ ions will combine with H*

ions to form unionised water molecule. Thus pH of solution
will remain constant.



69.

70.
71.

72.

73.

74.

75.
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® Mg(OH), ==Mg?" +20H"
Ky = [Mg*][OH T
1.0x 101 =103 x [OHJ2

10*11
1073
pOH=4
pH+pOH=14
s pH=10
(d) pH or [H*] of a buffer does not change with dilution.
(b) According to Henderson-Hasselbalch equation

[Salt]
[Acid]

[OH]= =10"*

pH = pKj, +log

[CH3CH,CO0™]
[CH4CH,COOH]

—log1.3+log

[CH3CH,CO0™]
[CH;CH,COOH]

1.3
=logl.3-1=log—
g g 10

". log A—1log(B) = log (%)

[CH3CH,CO0™]

=0.13
[CH3CH,COOH]
() Cr(OH);(s) == Cr®* (ag.)+30H (aq.)
S 3s
(s) (3s)®=K
275" = Kgp

1/4
(K" (16x10%)
21) 27
(b) Solubility product is the product of ionic concentration
in a saturated solution of an electrolyte at a given temperature.
(c) Letbinary electrolyte be AB
AB—— A"+ B~
S S S
Hence, solubility product of AB

Ky, = (A [B]
S=[s][s] =>s=5"
(b) Given pH=12
or [HT]=10"

Since, [H*][OH]=10""
~14

S=

102" 107

Ba(OH), =— Ba2++ 20H

[OH]=

76.

77.

78.

79.

80.

[OH]= 102
25=107?
1072
s=—"——
2
3 4 10_2\3 —7
Kp=ds'= 4x| =] =5x10

O K= [Fe**].[30H]
So molar solubility of Fe3* = sand [30OH] =3s
Fe(OH);= Fe®" +30H"
[s] [3s]

1.0 x1078=s] [3s]®
1.0x108=g*x27

_1.0x10°8

- 27

§4=3.703 x 1074

1
5= (3.703 x 10—40)4 =1.386x 1010

(d) In deionized water no common ion effect will take
place so solubility of AgCl will be maximumiin it.

KCl—> K*+CI-
HCl— H*+CI-
AgNO,—— Ag* + NO;

(@) Bi,S;=—="2Bi% +35%"
2s 3s

Kep= (2s)? (3s)° =108 (s)°

1.08x10773

=1 —15
108 = s=10

(s)° =
(b) AgBr——Ag" +Br-

K, = [Ag*] [Br]

For precipitation to occur

lonic product > Solubility product

5x1078
005

K
[Bri]=—> =101

[Ag"]
i.e., precipitation just starts when 10-** moles of KBr is
added to 1L AgNO, solution
.. Number of moles of Br~ needed from KBr =10
. Massof KBr=10"x 120=1.2 x10°g

b)) AB——>A*+B”
S S
Ky=8xs=¢°

= s=[Kg =

4x1078 = 2x1074 mol L1,

N\ |\
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81.

82.

83.

84.

85.

d Ni(OH), == Ni2+20H"

S S 2s
NaOH—— Na*+ OH~
Total [OH]=2s+0.1=0.1
lonic product = [Ni]**[OH]?
2x105=5(0.1)?
s=2x107"3
Solubility of Ni(OH), =2 x 103 M
(d) CaF, —= Ca®+2F

t=0 0 0
At eqm. S 2s
NaF——Na*+F
0.1 01 0.1

Due to common ion effect of NaF, solubility of CaF, is
further supressed. Therefore, the concentration of F~ will
be mainly due to NaF.

K, = [Ca? ] [F

Ky, =(5) (0.1+25)2 0.1+25~0.1
Ko  53x10™

T (0% (0.1)

(@) Ca(OH), Ca®*+20H"

pH=9,pOH=14-9=5

[OH]=10"8

[ca] -2

S =5.3x10%mol L

107°
K, = [Ca?*] [OH ] =( 5

=0.5x 10715
(a) Solubility of BaSO,=2.42 x 103 gL

]x (1075)?

2.42x10 3 gt
5T 233g mol
Ky= $?=(1.038 x 1075)? =1.08 x 10~ mol? L2

=1.038x107° mol L1

(© A02C204(5)==2Ag" (ag)+C,0;" (aq)
2s s
Ksp = [Ag+]2 [C2042_]
[Ag]=2.2x10%*M
Given that:
Concentration of C,0,%" ions,

4
[c,05 ] _22x10 7\ 114104 M
Ky, =(2.2% 1042 (11 x 104)
=5.324 x 10-12

86.

87.

88.

89.

90.

(d NaCl(ag) —» Na*(ag) + Cl+(aq)
0.1M 0 0
0 0.1M 01+$
AgCl(s) =——Ag"(aq) + Cl(aq)
a 0 0
a-s S S+0.1

K, =1.6x100=[Ag"][CI]=S (0.1 +5)

QK is small, S is neglected with respect to 0.1 M
Hence, 1.6 x 1071°=S5x 0.1

S=1.6x10°M

b) MY M*+Y-

Kp= $?=6.2x 10713

s=+/6.2x10713

$=7.87x107"mol L
NY, == N*+3Y-
Ky =5 (35)°=275*=6.2x 10

1/4
o [6.2x10_13]
27

$=3.89x 10 mol L
molar solubility of N, is more than MY in water.

(@ Among t_he gi_ven acids, HCIO, is a very strong acid,
completely dissociates

. [HA] — 0 inthis case, hence cannot be used for acidic
buffer.

(@) CaCO,— Ca®*+CO%"
X X

CaC,0,— Ca®*+C,05"
y y

- [Ca?]=x+y
Now, K, (CaCO,) = [Ca?"] [CO,*]
or 47x10°=(x+y)x
similarly, K, (CaC,0,)= [Ca**][C,0,7]
or 13x107°%=(x+y)y
On solving, we get
[Ca?*]=7.746 x 105 M
(c) Given, K,= 1x10°*

pK, = —log (1x 10-%) = 4
Now from Handerson equation

[Salt]
[Acid]
Putting the values

[Salt]
[Acid]

pH =pK_+ log

5=4+ log

N \\
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92.

93.

94,

95.
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N %.
[Acid] = >4
Taking antilog
[Salt]/[Acid]=10=10:1
(c) Since, (NH,),PO, is salt of weak acid (H,PO,) and
weak base (NH,OH).
1
pH= 7+ (PKq —pKp)
1
= 7+E(5.23—4.75) 97.
=7.24~7.0
€ Ky,=%°
S=[Kgp =V8x107% =2/2x107
=2.82x10™
=282 x 1016
(@ Solubility of CaF,=2.34 x 103 x 10 g/L 98.
s=234 10 2mol/L
78
s=3x 10" mol/L
CaF, ==Ca%" +2F~
S 2s
Ky =5(25)° =4 (3x 107%°
=0.0108 x 1078 (mol/L)?
@ Zn(OH),(s)= Zn?* (aq) + 20H™ (aq)
s (0.1+2s)=0.1
Ky, =5(0.1)2
2x100 =5x 1072 = s=2x 10718 %9
Therefore, x =2 '
(@ NH3+H,0=NH,"+0H"™
[NH,] =2x0.0210=0.042 m mol
NH ,Cl——>NHj +CI~
[NH,CI]=5x0.0504 =0.252 m mol
By Henderson — Hasselbalch equation,
[Salt]
OH=pK, +lo
P PR 19 [Base]
_ 0.252
= —1log(1.8x107°) +Io (—) = 100.
9( X )+ g 0.042 4.74+0.77
pOH =551

[OH ] =105 =3.09x107® =3x107

() Henderson — Hasselbalch equation,

[Salt]
[Acid]

pH =pK, +log

— 574=474+log [CLSONE‘]

5.74 - 4.74 = log[CH,COONa] - log 1
1=1log[CH,COONa] -0
[CH3COONa] =10'~10M

[Salt]

[Acid]

) pH=pK,+ log

| 0.2 -
pH=5+ Oga [pPK,=~-log K,=—1log10™=5]

pH=5+1log 2
pH=5+0.3
pH=5.3

(€) Pb(NO,), = Pb?* + NO3
0.2 0.2

Pbl, Pb 2+ 2I-

S+0.2 2S5
Solubility of Pb?*=S + 0.2
Kgp=(§+0.2) x (2S)?
Kgp=45%+0.852
438<<(.852
. 0.882=Kg,

1
_ [Kep _(KSP\E
08 (08

[salt]

[base]

Mole of NH,OH = 30 x 0.2 = 6m mol = 0.006 mol
Mole of NH,CI = 30 x 2= 60 m mol = 0.06 mol
pH+pOH=14

pOH=14-pH=14-8.2=538

(d) pOH=pK, +log

pOH =pK, + log 006
b 0.006
5.8=pK, +log 10
5.8=pK,+1=pK, =58-1=438
(© AgBr= Ag+Br-
S

S
Ky, =4x 1071
In presence of strong electrolyte 0.1 M K Br
Br-ion increases and dissociation of AgBr as
[AgT]=5

N\ |\



lonic Equilibria

101.

102.

103.

104.

105.

106.

107.

[Br]1=0.1+5

Ky, =5%(0.1+5)

=0.15+¢?

for very diluted s? <<< 1 thus s? ignored
K, =0.15

_4x1078

01

=4x102M

() Solubility product (K)) of Ax = 10710
[H]=[X]=10"'M

[KI=[HT0XT]

1010=[10] x [9]

S

10710
“10t
(d) Basic buffer solution is made by mixing a weak base

S -107°

with strong acid.

() Asolution that has the concentration of Ag* or ClI~
greater than or equal to the solubility of Ag* or CI~ from
the value of Ksp,
Ky =[AgT[CIT]=(s) (5) =s*=1x 1070 M?

= s=10°M

Thus, (iv) 1L of 10 M AgNO, and (v) 1L of 10-> M NaCl
will precipitate

will precipitate out.

© K,=1x1070

MCI’I M™*+CI-

InNaCl soln., total [CF]= (0.1 +s)M .. s(s+0.1)=10"°
or, 0.1s=107° [+s+0.1- 0.1ass<<<0.1]

or, s= 1%_10 =107°M

() Smaller the value of Kep of the salt, quicker is the

formation of precipitate.
Sequence of precipitation : HgS, CdS, ZnS, NiS.
(b) Given, [K ] of AgBr="5x 10"
[NaBr]=0.2M; [Na*]=[Br]=02M
Now, [K]= [Ag'] [Br]
$(0.2)=5x 1070 (s<<0.2)
_ 5 x 10710
-~ 02

(© Ni(OH)2= Ni?* + 20H"
smol/ L 2smol /L

=25x107° M

108.

109.

110.

= K, = [Ni#] [OH]?=s x (25) = 4s°
2x 1075 (mol/L)3=4s®

2 5 1/3
:>s=(2><10_) =7.9x10%=8x 10 mol/L

[OH] =25=2 x8x108 mol/L
POH=6-log 16 =4.983 5
- pH=14-pOH=14-5=9at 25°C.
(b) A,B—2A*+B*
2s s
K, = [A'] [B*] = (25)2(5) = 4°

Given, Ke forA,B=32x10" . 3.2x101=4s

1/3
1/3
Sz(%zxm‘“) = (8x1072) " = 2x107*

Thuss=2x10"

(c) Dissolution NH,Cl - NH,"+CI~

Cl-will CI~(aq) and will not undergo hydrolysis.
Hydrolysis NH,+ H,0 =——= NH,+ H,0*

(@ Letsolubility of AgCl = x mole/L

AgCl — Ag" + CI”

lLe., Ksp(AgCI)z XX X

KCl—s K" +CI”
0.1

[CF]fromKCI=0.1m
Total [CI7] in solution =x +0.1
Ksp(AgCI) =[AgT[CIT]=x (x+0.1)
1.0x100=x(x+0.1)
1.0x 1070=x?+0.1x
1.0x109=0.1x

x=1.0 x 102 mol/L

(asx?<<1)

ACCELERATOR

Topic-wise MCQs

1
=_ 1= 1 e
) pH=-log[H'] OQ{HJ

(c) Electron acceptors are Lewis acids

AICl, is electron deficient compound (Al has 6 electrons
in valence shell), so it is electron acceptor and Lewis acid.

(b)
(d Conjugate acid of HF, is H,F,.

HF, +H"——  H,F,
base conjugate acid

N \\
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(c) BF, behaves as lewis acid.

@ HyA H +HA™
Kl =1.0x10%5= m (Given)
[H2A]

HA-—>H'"+A™
e
" K, =50 x10710 = W(Given)
[HAT]
_HPIAT]
[HoA]
=(1.0x10%) x (5x 1010 =5x 1071
(@ (HSO,) can accept and donate a proton
(HSO,)"+ H* = H,SO, (acting as base)
(HSO,)~—H* = SO,*. (acting as acid)

=K1XK2

(d) Given concentration of NaOH= 1071 M

NaOH ——>Na* +OH"
1071°M 1071

~. [OH"] from NaOH = 10710
We have to consider dissociation of H,0O

[OH"] from H,0 =10

Total [OH] =107 +1071°

1001

=1077(0.001+1) = 1077 | —=
1000

j =109 %1001
- pPOH=-log [OH]

= —(log1001x1071%) =—3.004 + 10=6.9996
pH=14-pOH=14-6.996 =7.004

pH of 101° M NaOH solution is nearest to 7.
0 () HCIl—— H' + CI7

01M 01M

S [H=0aM

pH=-log [H*]=-1log0.1=1
(i) NaCl is a salt of strong acid and strong base so it is
not hydrolysed and hence its pH is 7.

(i) NH,Cl+H,0 == NH,0H+HClI

.. The solution is acidic and pH is less than that of
0.1 MHCL.
(iv) NaCN+H,0 == NaOH+HCN

.. The solution is basic and pH is more than that of
0.1 MHCL.

. Correct order for increase in pH is

HCI< NH,Cl<NaCl <NaCN.

(c) H,S0,==2H"+SO*

Given concentration of H,SO, = 0.005 M
[H1=0.005x2=0.01=10"

11.

12.

13.

14,

15.

16.

pH=-log [H*]=-log 10?=2

(@ pOH=-log[OH]

pH+pOH=14

For 10*KOH, [OH] =10

pOH=-log [OH] =-log10*=4

pH=14-pOH=10

(b) According to Arrhenius, acids are those substances
which give proton in aqueous solution, hence gaseous
HCl is not an Arrhenius acid.

(@ NH3+H,0 === NH} +OH"~
C[NHZI[OH]  xxx

~ [NH3] ) 01

1

b

>

or 1.8x107° =
x?=1.8x107°
x=1.35x10"3
Thus at equilibrium, [OH]=1.35x 1072

pOH =—log (1.35 x 10-3) = 2.87
o pH=14.00-2.87=11.13
(d) Lewis acids are electron pair acceptor whereas
Bronsted acids are protozn_donor.

SO; +:0:——>S03

o

Lewis acid
(@ Theneutral water has[OH]=1x10"M
By adding 10-® M NaOH, a concentration of 108 M OH-
has increased in solution.
Thus, total [OH] =102+ 10""=108+10x 10
=11x 1078
pOH=-log 11 x 108 =6.9586
pH=14-6.9586 = 7.04
(o) Concentration (C)=0.5M,V; = %
Concentration (C,)=0.4M
V,=0.1L

n,(mole)=C, xV,
=05%0.1=0.05
n,(mole)=C,xV,
=04x01=0.04

ny=(n,-n,)
=0.05-0.04
n,=0.01
.. Final volume after adding water
=200+800=1000mL=1L

0.01
Final concentration = EE =0.01mol/L

pH =-log H*
=—-log[107]
pH=2.

[for SA & SB]
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17. () O=C=0 e deficiency due to attraction of more
— >
electronegative atom oxygen.
AICl, electron deficient Al
Ag* electron deficient
SnCl,, Sn electron deficient
Thus 4 species act as Lewis acid.
18, @ pH=pK. + log A "]
Acid] =[CH, COOH -O——OlM
[Acid] = 1= T00
20x0.5
= -] = =0.1M
[Salt] = [CH, COO] 100
H=4.76+ Iog%-4 76
= pR=s 01"
H
19. @ H— N:—>
H
can donate this e~ pair.
20. (o)
Citric acid: Oxalicacid  Chromicacid
CH,-COOH COOH 0] 0
| | Ne?
HO —(l:— COOH COOH P \
CH, —COCH HO OH
Pyrosulfuric acid: Sulfurous acid
ﬁ ﬁ ||
7~ \
o~ \\o/ \\\OH HO OH
21. (a) 118% oleum means 118 g f H,SO,, is obtained when
we add 18 g of water in 100 g of oleum sample.
2 NaOH +H,S0, — Na, SO, + 2H,0
2 moles of NaOH neutralise 1 mole of H,SO,
118
Moles of NaOH required to = ZXQ
Complete neutralisation =2.4 mol
22. (d) pHofwater at 25°C is 7 as the dissociation of water

generates 10~7(M) of H* and OH- each. As the temperature
increases the dissociation of water increases. Therefore,
the concentration of H* becomes more than 10~" M. Hence,
pH of the solution becomes < 7.0.

23. (d) The overall ionisation constants (K) will be product
of ionisation constants of three steps, i.e.

K=K;xKjyxKj
. .
H3Po4—\_H++H2Po;;Kl=—[H 1H5P0,] (i)
[H3PO,]
. .
H,PO; == H" + HPO?"; K, = [H JtHPO4] ][HP?“] i
[H2PO4]
. } H*][PO3
HPOZ —=H" +PO}; K3_—[ I - ] (i)
[HPO3 "]

Adding Egs. (i), (ii) and (iii), we get

HgPOy —=3H" +PO;" (V)
KixKyxKg = [H+][H2PO4] [H+][HPO4 ]
[H3PO,] [H,PO1]
[HPO3™]
+ 3-
K x Ky xKg _w
[H3PO,]

The above expression is the ionisation constant for overall
reaction (iv).

24. (a) Order of acidic strength is: HCIO, > HCIO, > HCIO,
Thus, order of basic strength is: CIO~, > CIO~,>CIO",

25. (c) Ammonium chloride NH,Cl s a salt of weak base (NH,)
and strong acid (HCI). Hence, it is acidic in nature,
ie,pH<7.

26. (d) GivenK,=1.0x10"

[BOH]=0.01M; [OH]="?

BOH —— B' + OH~

t=0 c 0 0

teq C(1-x) Cx Cx
22 2 0.01x?

b= X O x102=
Cl-x) (1-x) 1-x)

On calculation, we get, x =1.0 x 10-°
Now, [OH]=Cx=0.01 x10°=1x10"mol L

27. (b) [H,0]" for a solution having pH = 3 is given by
[H,O]* =1x10-3moles/litre  [.. [H,O]*=10"P"]
Similarly for solution having pH =4,
[H,0]* =1 x 10~* moles/ litre and for pH =5
[H,0%] = 1x10-° moles/ litre
Let the volume of each solution in mixture be IL, then total
volume of mixture solution L=(1+1+1) L=3L
Total [H,O]* ion present in mixture solution
=(10-3+10~* + 10-%) moles

N \\



28.

29.

30.

31.

MHT-CET-Chemistry

Then [H,0]* ion concentration of mixture solution

_ 1072410 +107° y = 0:00111
3 3

= 0.00037M=3.7x 10* M.

(@) K,at 25°C=1x10"

At 25C

K, =[HT[OH]=10"

At 100°C (given)

K, =[H][OH]=55x 10-14

- for a neutral solution
[HT=[OH]
[H*]2=55 x 10714

or [H*]=(55x 10"%4)12
pH=-log [H']

On taking log on both side

—log [H*] =-log (55 x 10~14)12

M

pH= —%Iog 55+71logl0

pH=-0.87+7 = 6.13

(c) Higher the value of K_ lower will be the value of pK
i.e., higher will be the acidic nature. Further since, CN-, F-
and NO; are conjugate base of the acids HCN, HF and
HNO, respectively hence, the correct order of base strength
will be F-<NO; <CN-

(.- stronger the acid weaker will be its conjugate base)

wt. of solute per litre of solution
Mol. wt. of solute

(d) As, molarity, =

. 1000 .
Molarity of H,0 = 8 mole/litre
H,0 = H* + OH-
c(l-w co ca

2
Thus, K, = fi =co? =1.8x 104

() CH,COOH —— CH,COO +H*
_ [CH3COO [H"]
4" [CH4COOH]
Given that,

[CH3COO0 ]=[H"]=34x10"* M

K, for CH,COOH=1.7 x 10"

CH,COOH is weak acid, so in it [CH,COOH] is equal to
initial concentration. Hence

 (34x107)(3.4x107%)
[CH3COOH]

1.7x107°

3.4x1074 x3.4x107%

[CH3COOH] = -
1.7x10"

=6.8x10°M

32.

33.

34.

35.

(¢) Given, CH,COOH = CH,COO™ +H";
Ka» =1.5%x1075 ...(i)
HCN = H*+CN~; Ky, =4.5x10710

or H*+CN- =HCN;

N S
2 K, 45x1070

(i)
.. From (i) and (ii), we find that the equilibrium constant
(K,) for the reaction,
CN~+CH,COOH = CH,COO +HCN, is

1.5x107°
“a=Ka>Ker = Y oo™
= %xlOS =3.33x10%

(¢) In aqueous solution BA(salt) hydrolyses to give
BA + HO —— BOH + HA

Base acid

Now pH is given by
1 1 1
H==pK,+=pKa-=pK
p 2 PRw 2 p 2 PKp
substituting given values, we get
pH = %(14+ 4.80-4.78) =7.01

(b) Given [NH,]=0.3M,[NH,"]=0.2M,

K,=1.8x105,

[salt]

[base]

[pK, = —log K,; pK, =—log 1.8 x 10%]
pK,=4.74

pOH = PKy +log

0.2
pOH=4.74 + log 03 =4.74+0.3010-0.4771=4.56

pH=14-456=9.43

Salt

d H=pK + | —_—
@ pH=pK, og[Acid}
Salt
log [H]=log K, -log | ——
g[H] =logK, g[Acid}
Acid
log [H]=logK_ +log | ——
g [H] = logK, g[SaIJ

Acid 5_01 6
H1=K | =22 | =18x10"°x—— =9x%x 10
[H1 a[ Salt } 0.2

N\ |\
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36.

37.

38.

e * ()
( H" Jnel  \H JH,s0,

Total volume

b [H1=

(Mict % Nactor et * Vel )+ Mi,so, X M50,

B *VH,50,
B 600

= (0.01><1>< 200)+(0.01>< 2><400)

(1= 600

_2+8_10 1

600 600 60

— _|og |:i:| —
pH= 50| =178

(@ Foran acid,
pH of an acid solution will be lower as the solution is more
concentrated.

pH=-log[H"]
M. = MlVl + M2V2
a Vi +V,
_2x107° %1072 +2 Xio_z x2x107% L5x10-2
4%10”
-2 -2 —2 -3
M, = 2x107° %10 +2><§0 x5x10 —0.75x102
4x10™
M. — 2x1072x1072 +2x1072 x1x1072
¢ 4x1072
M, =1x 1072
_2x107?x10° +4x1072 x5x10°°
d 6x1072
_4x107
6x1072
M, =0.66 x 10-2

Order of concentration : M, >M_> M, > M,
Order of pH:- M, > M, > M_>M,
Ma have the lowest pH.

(c) (a) NH,Clgivesacidic solution in water due to cationic
hydrolysis.

(b) CH,COONa gives basic solution due to anionic
hydrolysis.

(d) NH,OH is a weak base.

39.

40.

41.

42,

43.

44,

45.

(c) HCI+ NH,CI. HCl is strong acid hence not used in
buffer.

@ Ag,S0,—>2Ag*+S03"
2X X
Moles after dissociation

Ky, = [Ag1?[SO5 ] = (2x)2x x=4x3
Given solubility =x = 2.5 x 102 mole/litre
Kyp=4%(25x107%)°
=4x15.6%x106=62.5% 10
(c) Letsolubility of PbCl, = x moles/L
PbCl, =—=Pb%* +2CI~
X

X 2X
Kep= [Pb>] [CI-]?
1.7 x 107°= (x) (2x)?
or 1.7x10°=4x3

5
X = ,3/% =1.62 x 102

(o) Letsolubility of BaCl, = x moles/L
BaCl, = Ba*" + 2CI-
No. of mole X X 2x
K= [Ba?*] [CI]?
=(x) x (2x)?=4x3
4x109=4x3

-9
or, x=,3/4xio ~1x1073

(b) Dissociation of CH3COOH is suppressed by the
addition of sodium acetate (CH3;COONa) due to common

Moles

ion (CH;COO™) effect. The [H'] decreases raising the
pH of the acid solution.

Note : After the addition of CH,COONa to CH,COOH,
a buffer solution is formed which has reserved pH value.

(d) BasO, =— Ba’" +50%"
. Kgp =[Ba®*][SO] ]=sx5=5?
s=[Kgp =V15x107°

or, s=39x107°
@ CaR, = Cca®" +2F"
S 2s

Kgp = 5% (25)% = 45>
Kep = 4% (2.3x107)3

= 4.9x10 Y (mol dm3)3

N \\



46.

47,

48.

49.

50.

51

52.

N\ |\

@ BA, > B+2A
X 2X

Solubility product = [x] [2x]?>=4x®

—12
4x1072=4%3 or x = 3/_“12

. x=10"
() Weak acid + its conjugate base —— acid buffer

Weak base + its conjugate acid —— basic buffer
A buffer solution resist the change in pH on adding a drop
of acid or a base.

(c) Since for sparingly soluble salts, solubility (s) will be
less than one. Therefore as the powers of s increases in
KSp expression, magnitude of KSp will become smaller.
©) K, (AgBr) <K, (AgCl)

Therefore, AgBr will precipitate first and at that time
all CI-will be present.
© K,xK,=K,

K -14
o K forHx = Sw 10 —=10"°
Ky 10°
pK,=9
X7]
H=pK_+Ilo [_
pH =pK, +log [AX]

0.1
H=9+log —= =9-1log3
p 90_3 g

@ PbCro,—— PbS2++ Croz-
S

Given Ky, =1x 1076

Kep = [Pb?*][CrO,*]
1x10716=(S) x(S)
1x10%6=82=5=1x10"
(d Itisgiventhat pH +pK_ =13

We know,
_ _ [Base]
pOH =pK, - log [Sal]
[Base]

14 =pH+pK, -
PR+ Pi,— log [Salt]

14=13 - log [Base]
[Salt]

_ . [Base]
~1=log [Salt]

[Base]
[Salt]

53.

54.

55.

56.

MHT-CET-Chemistry
(b) ForBi,S,

K= (25)2.(3s)3=4s% 275 = 108s°
where s = solubility

K
5 s=5]—F
108
For MnS, K5p=s2
E S:@}Ksp = \]7><10_16

For CuS, K, =¢

ss= Ky =v8x107
For Ag,S, K, = 4s®

Ksp
4
Thus MnS has maximum solubility.

(@ Letsolubility of AgCl =x moles/L
AgCl—==Ag" +CI~

before dissociation X 0 0

after dissociation X X

NaCl—— Na*t +CI~
Connection of CI-=0.2

_3

Total [CI"] =x+0.2

Ksp(AQCI) =[Ag*I[CI7] = () (x+0.2) = x* +0.2x

Kep =0.2% (o X2 <<1)
1.2x10710 = 0.2x
x=6x10"1M
(d) Total volume =100 mL
1.0
id]=10 mL x—=0.1
[acid] X 100
0.5
It] = 20mLx——=0.1
[salt] x 100
idi K, +lo [salt]
pH of acidic buffer = PKa g [acid]

0.1
=4.76 + log — =4.
90.1 4,76

(c) Precipitation will occur when, ionic product > Ksp.

Among the given choices, the ionic product of 10™* M
AgNO,and 10~ M KCl is 25 x 10-1°which exceeds the Ke
of AgCl which is shown below :

AgNO, ionizes completely in the solution as
AgNO; ——Ag™ + NO3
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S7.

58.

59.

60.

[Ag"]=[AgNO3] =10"*M
KCl ionizes completely in the solution of

KCl— K* +CI™
[CI]=[KCl]=10"*M
Since equal volumes of two solutions are mixed together,
therefore, the concentration of Ag* ions and CI- ions after
mixing will be

107
[Ag” ]——l\/I

1074
and [CIT]=—
[CIT] 5

4 il
lonic product of AgCI = 0° 10" _ 2510710

(@) The pH of mixture is due to the HCI only, because
CH,COOH is negligibly ionised due to common ion effect.
Thus,

[H*]=0.05M=5x102M
pH=-10g (5% 107?)=—[log5 + log 107
pH=13

(d) Ba(OH),(s) —— Ba?*(aq) +20H" (aq)
pH=120rpOH=2
[OH 1= 107?M
Ba(OH), —— pa2+ +20H"

0.5x1072 1072
[-. Concentration of Ba®" is half of OH™]
Kgp=[Ba**][OHJ?

=[05x 1021 [1 x 1072]?

=05x10°=5x10"7 m®

@ Kp=10": K, =107 or pK,=4

For the buffer solution containing equal concentration of
B-and HB

pH= pK, +log 1

pH= pK, =4

(@ Na,CO3——> 2Na™ + COz*"
1x107*M 107*M  1x107*M

Ksp(Bacos) = [Ba**][CO57]

[Ba®]= M_sl 107°M

61.

62.

63.

64.

65.

(b) K, values determine solubility. Based on the Kep
values and salt analysis cation identification, the order of
K, valuels

HgS <PbS <AgBr < Ca(OH),

K,p values

HgS — 4 x 10753

PbS — 8 x 1028

AgBr —5x 1073

Ca(OH), »5.5x10°°

Lower K, means lower solubility.

@) peg SO ==Cr"(a0)+30H (a0)

Kgp = (6)-(35)° = 27s*

L6 1/4
2754=1.6x10-0: s = (?xlo‘%j

@  Zry(PO,)4(s) ==3Zr**(aq) + 4P0O;° (aq)
- 3s 4s
Ky = (35)(4s)" = 2753 x 256 5" = 6912 57
1
KSp 7
) (6912)

(b) Let s be the solubility of Ca(OH), in water

Ca(OH), =—=Ca?"+20H"
S 2s
Ksp =[Ca®* J[OH ] = sx(25)?

3 55 .6
=55x107° =453 = 5" =—=x10

1
s = [5?5}3 x1072 =1.11x1072

(c) Letthesolubility of AI(OH), in 0.2M NaOH solution
be s.

Then, AI(OH)3é_AI3++3%H_
S S

and NaOH—=Na*+OH"
02M 02M 02M

[AP*]=sand [OH]=3s+0.2~0.2
K, =2.4x 102 =[AI*] [OH]*
2.4x102%=5(0.2)°

24
6= 24107 5 10 2mol/L

8x103

N \\
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67.

68.

69.

70.
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(@ When ionic product, i.e., the product of the
concentration of ions in the solution exceeds the value of
solubility product, formation of precitpiate occurs.

CaF, ——Ca* +2F
lonic product=[Ca?"] [F]?=(1x10-?)
(1x1076)=1x10-8
In this case,
lonic product (1x 10-8) > solubility product (1.7x 10719
(@ Mg(OH), - [Mg*]+2[OH]
X 2X

Ky = [Md] [OH]? = [X][2X]? = x.4x? = 4x3,

(@) PbCl,==Pb®"+2CI-
S 2s

Ky =5 (25)° =4s®

453=32x 107

s=2x1073

Molecular weight of PbCl, =278
Weight of PbCl,=0.1 g

Mole of PbCI, =2 = 3.6x107

Let ‘v’ is the volume of water.

. 3.6x107*
. Solubility (s) = >———

4
3:6x10 ° _ 2x1073

v, =1.8x101x103ml =180 ml.
(d) CO,* from MgCO,

Ksp = [CO32_] [Mgz*']
1.6%x10°%= [C032‘] [3.2x1079]

1.6x1078

_ —2
32x10° >x10

[Cogz_] =
CO,* from MgCO;, suppress the dissociation of Ag,CO,.
Applying common ion effect

Ksp Ag,cO5= [Cog_] [Ag” ]2

8x10712
x1072 -

(b) Volumeof HCI (V,)=200ml=0.2L

Concentration of HCl = 102 M

Moles of HCI =2 x 10-3

[Agt]= J1.6x1075,

71.

72.

73.

74.

Volume of NaOH (V,) =300mI=0.3 L
pH of NaOH = 12
pOHofNaOH=14-12=2
Concentration of NaOH =102 M
Moles of NaOH =3 x 103
Excess moles of NaOH=3 x 103 -2 x 103
=1 x 10 moles

-3
07 _103m
L

Concentration of excess OH™ =
pOH =-log[OH]=3
pH=14-3=11.
(b) KOH— K* +0OH-

0.1 01
Cd (OH), = Cd?*" +2OH-

S 2S
Solubility product ky, = [SI*[2S +0.1)?
Ky = [SI*[0.1F (- 0.1>>>2S)
2.5x1074=[S] x0.01
[S]=2.5%x 1012
[S]=25% 108 =xx 107
So,x=25,y=13.
(c) Abuffersolution is formed when we have a mixture
of a weak acid or base and its corresponding salt with a
strong base or acid.
A 1: 1mixture of NaOH and CH,COOH will have unequal
concentrations of CH,COOH and CH,COONa so it will
not act as a buffer.
(o) ForH,SO,
100 x 0.5=50mmol =50 x 98 x 10~3g
2NaOH + H,SO,—— Na,SO, + 2H,0
2x409 989
98g9=2x40g

50x98x10_352x_;0

x50 x 98 x 10~ =x = 4g NaOH
Mass of Na,SO, = 100 - 4g = 96g.
(@) If[Conjugate acid] = [Base]
According to Henderson Hassel balch equation for buffer
solution.
POH = pK, + log [Conjugate acid]
[Base]
Then, [pOH =pK,]
So, pOH of the buffer solution is same as pK of base.

N\ |\
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75.

76.

77.

78.

79.

80.

81.

(c) Concentration of salt (NH,CI) = 0.01 M
Concentration of base (NH,OH) = 0.1 M
pK,=5
[Salt] 0.01
OH=pK, +log —— = pOH=5+log —=4
P Py ™10 [Base] P 901
=pH=14-pOH=14-4=10
(a) Given, K, of NH,OH=5.00 x 1071
K,=10"at298 K
~14
Ky —tw 107
Ky, 5x1071
(€) PbCI,(s) == Pb*(aq) +2Cl-(aq)
Given; Kyp=16x 10-°

300x0.134
400

_100x0.4 _
400
Q=[Pb?*][CIF]?=0.1005 x (0.1)? = 1.005 x 10-3

Therefore, Q>K,

=2x107°

[Pb?] = =0.1005; [CI]

(b) Cr(OH),— Cr*"+ 30H"
S S
— 3
K= s+(3s) . i
—6x 103 =27.¢%; 5= (Exloslj

6 1/4
[OH]=3s=3x (E ><1031)

= (18 x 10734 Mm

(b) From the given curve,
if[X]=1mMthen[Y]=2mM .. SaltisXY,
Ky = XI[Y?=(10%) (2% 107%)?=4 x 107° M3

(d) Cd(OH), —— Cd%"+20H"

S 2s
At equilibrium, K  =s (2s)%=4s®
= K5p= 4x(1.84x 10753

Solubility in buffer solution having pH = 12
[OH]=107?

Cd(OH), == Cd?" +

s’

20H"
254107221072

Ky =4 (1.84x109)=5' (102

-15
= 2A9AY 5 49x10 1M
10~
(d) pH ofacidic buffer = —log K, + log {iﬂ
aci

. pH of acidic buffer depends upon value of K..

82.

83.

84.

(c) ForAg,CrO,
K, =[Ag]?[Cr07 | =1.1x 102

1.1x107*

[Ag™]= [CrOZZJ

For AgCl;
Kp= [AgT1[CIF]=1.8x10710

.. 18x107°

For AgBr;
Ky =[Ag'][Br]=5.0x10"

53x107

[Ag'] (Br]

For Agl;
KSp =[Ag*][I"]=8.3 x 107V

83x107Y
(]

Ifwetake [ cro;? | =[CI"]=[Br]=[1"]=1

[Ag’]

then maximum [Ag*] will be required in case of Ag,CrO,,.

(@ AgCN —— Ag*+CN-
Solubility of AGCN is x.
pH=3 = [H*]=103
HCN —= H*+CN-

[10°][CN7]
[HCN]

_[H1ICN7]
a [HCN]

—6.2x10710

[CN7]
[HCN]
Each CN- hydrolyses to give one HCN as:

CN-+H,0 == HCN +OH"
HCN is a weak acid, thus, [HCN] >>[CN"]
x=[Ag*]=[CN] +[HCN]

= x=[Ag*]=[HCN] = [CN-]=xx 6.2 x 1077
Ky (AGCN) =[Ag'T[CNT]

= 2.2x106=(x) (xx6.2x107)

= x?=355x10"° =  x=1.88x10"

@) Ky, MX,=5x107%

= K, =sx (25)° = 4s°

MX=16x10"=K =sxs=¢

K
Solubility MX, = 3 :p

—6.2x1077

N \\
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86.

87.

88.

89.
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SOIUblIlty MX = 1’ Ksp

Pox1072
Ratio of solubility= —4
1.6x107
%h25x10%2 Y1o5x107
4x107° 4x1078
-5
= 5x10 5= 1.25x10 =125
4x10~

(b) AB,(s) = A*?(aq)+ 2B (aq)
Ky =[A?][BT

=1.2x 1074 x (2.4 x 10742

=6.91 x 1072 M3

(b) K,=32x10°

PbCl, (s) = Pb*" (ag) + 2CI" (aq)

K= 0S5 3
K,y = (1)(2)%s2) =45

-5
stijp _ /3.2><410 =W

=2 x 102 mol/dm?

(a) Basic buffer is mixture of weak base and its salt with
strong acid.

NH,OH + NH,Cl — NH,OH is weak base.
NH,Cl is salt of strong acid and weak base.
(c) Using Henderson’s equation for an acidic buffer,

Salt }
Acid

pH = pK, +log,, {

=4.56+0.3010=4.861

=456 +log2

(€) Caz(PO,), == 3Ca®" +2PO}"

W x 1000 _ W x 10
“ 1| Mx100 M
- Ky, = [Ca?t1[POY ]
= (38)3 (28)2= 108Ss°

5
= 108><[W Xloj = 108x105(ﬂ)
M M
= 1.08x 10’ (ﬂ)
M

5
-107 W

90. (b) AgCI(s) > Ag* (ag.) + Cl(aq.)

=g? :(ﬁ 10~

=107 JogK_ =1
1434 j 0g Ky =10

sp

1. (d) HCl+NaOH— NaCl+H,0
Excess NaOH=0.02-0.01=0.01 mol

PREVIOUS YEARS MCQs

[OH] = w =0.06M
pOH=—Iog(0.05) =13
pH=14-1. 3 =127

2. (c) pH = —(pK +pK,—pKp)
= —(14+ 4 5)=6.5

3. (b) pH = —log[H*]
[H]=1x 10"
pH=4

4, (@ pOH =-log[OH]
pOH =-log(0.1)
pOH=1
pH+pOH=14
pH=13

5 (@) K,=Co?=(4.24x1022x0.01
=17.9%x10°%=179x10°

6. (b) A[H'=1000

ApH =—-log A[H*] = -log 103
=-3; (—ve) sign indicates decrease in pH.

® AB,= 3@\2* (aq) + 2%‘9’7 (aq)
S S

~

K,y = (35)%(25)* = 108s°
X s X
oo %) ()
M M

(Given) Kg, = a(ﬁ);’

On comparing,a =108

8. (@ NH,F is formed from a weak base, ammonium
hydroxide and a strong acid, hydrogen fluoride.

On dissolving in water, NH,F undergoes hydrolysis to
form more H* ions than OH ions.

As the aqueous solution of the salt is acidic. So, it turns
blue litmus red.

9. () car(5)= Ca2++ 2k
ConS|der|ng the solublllty of CaF, tobe Smol dm=3,
= [Ca2+][F 1°=Sx(25)?

\\_\\
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10.

11.
12.

13.

14,

15.

16.

17.

N \\

1.08x 107" =4S3

1.08x1077

S = - 0.27x1077

S=(27x10°° )% =(27x10°° )%
S=3x10"% mol dm3

@ K,=0a’C

Percent of dissociation = 3%

Degree of dissociation (o) = 0.03 (Given)

K,=18x10
K
c=—2
0(.2 "
1.8x10 _0.02M
0 03x0.03
() ClOz+HCO; — HCIO, + Co3~
Base Acid Acid Base

(@) NaOH(ag) — Na*(aq) + OH(aq)

[OH]=C=0.01M

Now, K, = [H30+][OH‘] =10

1x 10—14
0.01

Percent dissociation 5

- — > 005
@ o 100 100

Now, K, = Ca?=(0.05)(0.05)>=1.25x 10

(c) KOH being a strong electrolyte so it is completely
dissociate in water.

KOH(aq) — K*(aq) + OH-(aq)
[OH]=C=0.002M=2x10°M

pOH = —log,,[OH] = - log,[2 x 10]

=-log,,2 - log,,[10~*] =-0.3010 — (-3)
pOH=3-0.3010=2.669

Now, pH + pOH =14

pH=14-2.669=11.3

(@ CH,COONa it is salt of strong base and weak acid.

hence, it is a basic in nature and it turns red litmus to blue
litmus.

(@ ForPbl,,
Pbl,(s) = Pb* (aq) + 21" (aq)
X= 1, y=2

: (1)1(2)2(Sl+2) = 483

sp 0><10 -
=1.21 x 103 mol/L

(b) 0.5 Msodium acetate and 5 M acetic acid form acidic
buffer.

pH = pK, +Iogm{

=1072Mm

[H;07]=

Salt }
Acid

18.

19.

20.

21.

22.

23.

24.

25.

26.

=4.74+1log [E} =4.74+log [i}
5 10

=474+ (-1)=3.74
pH=3.74
(8 K,=1.8x105 C=0.045M.
For monobasic acid,
K. = Co?ia - \/* /1 8x107°
0.045
=4x10™*

o=2x10"2

(b) Conjugate base is formed when a Bronsted-Lowry
acid donates a proton.

HCO; +H,0 == H,0" +CO3~

HSO, + H,0 = H,0" +S0;~

Therefore, conjugate base of HCO; is CO3~
conjugate base of HSO, is SO; ™.

(c) KNO, (Potassium nitrate) is a salt of strong base and
strong acid. When KNO, is dissolved in water, it gives
neutral solution. i.e., The pH of the solution isequal to 7.

(@ For abasic buffer solution,

Salt
OH =pK, +lo
p PKp glO[Base}

and

0.25
6= pr+loglo{ } 6—[log5—log 2]

=6-[0.699-0.301]

pK, =5.602

(b) Strong acid have weak conjugate base.

Acidicstrength :

H-CI> CH,COOH >H,0>R-OH

Conjugate base strength :

Cl~ <CH3CO0O™ <OH <RO"~

b K,=18x107

a=0.02

For a weak mono basic acid, K, = Co?
K, 1.8x10°

o (0.02)?
-5
_18A0 7 5102Mm
4x107
(d) The equilibrium is established between ions and
unionised molecules involves ions in aqueous solution.

o - Kay \/3 14x107*
a; K, V1.96x10°

@ My xV)=(M,xV,)
101x1=102xV,

V,=10L
Water added = 10 -1 =9 Litre = 9000 mL




Chemical Thermodynamics

Topic-wise MCQs

10.

®)

The laws of thermodynamics deal with energy

changes of macroscopic systems involving a large number
of molecules rather than microscopic systems containing
a few molecules.

©

Closed system can exchange energy but not matter

with surroundings. Pressure cooker provides closed system.

®)

pressure (P), volume (V), temperature (T ), amount (n) etc.

©

We can describe the state of a gas by quoting its

Enthalpy is a state function which depends on the

initial and final state.

@
@

(i
(iid)
@

The factor which affects the internal energy is:
Heat passes into or out.

Work is done on or by the system. 13.

Matter enters or leaves the system.
AE =AQ-W

For adiabatic expansion, AQ=0
= AE=-W
The negative sign shows decrease in internal energy,

which is equal to the work done by the system on the
surroundings.

©

State Variable is an independent variable of a state 14

function.
Internal energy, volume and enthalpy are state variable.

@ Mathematical expression offirst law of thermodynamics
AE = q + w, AE is a state function, where AE = Internal
energy

@ w=- Pext (V2 - Vl)

(Irreversible isothermal expansion)
=-2(0.25-0.1)=-2(0.15)=-0.3 L bar
=-0.3x100J=-30J.

®)

The system is in isolated state.

For an adiabatic process, q =0 15.

AU=qg+w

AU=w

= —PAV
=-25atmx(45-25)L
=-25x2L-atm
=-5x101.3J

=-506.5 J=-505]

WARM-UP 11.

12.

16.

(b) n=5mol

T=300K

V,=10L

V,=20L

Work done in isothermal condition.

Vv
Wrey = ~NRT IN"2 — _5x83x300n 22 =—-8630.38
Vv, 10

(@ For free expansion: w=-P_.dV
P=0

w=0

isothermal expansion, AU=0

AU=q+w=qg=-w=0

(d) Given equation is

H,O(D) - H,0(g): AH =41

= Fromtherelation: AH=AU + An RT
8.3

1000

AU =41-3.0959 =38 kd/mol

x 373

41£ =AU +(1) x
mol

(@ Fe+2HCI—FeCl, +H,

50
No. of moles of Fe = 55.85 moles

50
No. of moles of H, produced = 5585 moles

Word done = —Pey; - AV = -AngRT

50 | 8.314x298 ~ 2218 J
85

(d) The difference between AH and AU is not usually
significant for systems consisting of only solids or liquids.
Solids and liquids do not suffer any significant volume
changes upon heating. The difference, however, becomes
significant when gases are involved.

(@ Volume of 0.5 mole of steam at 1 atm pressure

_ NRT _0.5x0.0821x373

P 10 =153L

N\ |\
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17.

18.

19.
20.

21.
22.

23.

24.

25.

26.

217.

28.

N \\

Change in volume = vol. of steam —vol. of water
=15.3-negligible=15.3L

Work done by the system,

w =P, x volume change

=1x15.3=15.3 litre-atm

= 15.3x101.3J=1549.89J

‘w’ should be negative as the work has been done by the
system on the surroundings.

w=-1549.89 J=-1.54 kJ.

() AU=nCAT

5000=4x C, (500-300)
C,=6.25JK " mol

(@ H=U+PV (Bydefinition)

AH = AU + A(PV) at constant pressure
AH= AU+ PAV

) An =-%; AH =AE—%RT; = AE >AH

(@ Volume depends upon mass. Hence, it is an extensive
property.
(b) 1Calorie=4.184Joule

5
—R
d &=2—=§=1.67
& 35 3
2

(b) AH=AE+PAV, for solid and liquid,
AV =0 or AH=AE +An RT, for solids and liquids An=0.

(d) The magnitude of the heat capacity depends on the
size, composition and nature of the system.

(a) _Wirreversible = Pext (VZ - Vl)
=10atm (2L-1L)=10atm-L

Vy

-W =2.303nRT log W

reversible

2
= 1x2.303x0.0821 x 298 atm—L /K /mol x |09I

=16.96 atm—-L

Wreversible _ 16.96
10.00

=1.69=17

Wirreversible

(@ For reactions involving gases, there is no work done
asAV=0.

() g=150Joules
w =-200 Joules
AE=q+w (First law of thermodynamics)
= AE =150+ (-200) =-50 Joules
(d) Inexpansion againstvacuum,
P.=0
=-P,,AV=0

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

() w=-PAV
=—(1lbar)x(9L)
=—(10°Pa) x (9% 10%) m3
=-9x10°N.m
=-900J=-0.9kJ
(c) w=10kJ
=-2kJ
AU=q+w=-2+10=8kJ
(d) Freeexpansion of ideal gas
P,=0 - w=-P,AV=0
.+ Adiabatic process = q=0
AE = g + w (first law of thermodynamics)
AE=0
AE=nCvdT = AE=0
So, q=0,AT=0,w=0.
© W=-P_, (V,-V,)=-10%102-10"7)
=-900J

(@ Since graph A to C represents adiabatic reversible
expansion, so work is done on the expense of internal
energy, therefore, there is decrease in internal energy. So
the temperature decreases.

ie, To<T,
(@ Area under the p-V curve is maximum in the first
option, which is equal to work done.

[ 1Pa=1N/m?]

V
(©) w=-2.303nRT log —%
Vi
V, B 6
= —_—=—— == 2
PVI=PYV, = T T3
w=-2.303x1x8.3x300x log (2)

=-1718.1J
(c) Zeroth law of thermodynamics is called the law of
thermal equilibrium.

(d) A process during which no heat enters or leaves the
system during any step of the process is known as adiabatic
process. i.e., dq=0

Such reaction (processes) are often carried out in closed
insulated containers such as thermos bottle.

() Internal energy is the sum of all type of energies
present in the molecule, namely translational energy,
rotational energy, vibrational energy, electronic energy and
bonding energy.

(@ Thermodynamic is based on conservation of energy.
According to Ist law of thermodynamics heat supplied to
any system is used as work and change in internal energy

(AE).
Supplied heat to the system, AQ =w + AE
AE = AQ —w



40.
41.

42,

43.

44,

MHT-CET-Chemistry

@

(@ Work done by the gas under isothermal and at

P
P

reversible condition is (W) = —2-303nRT log ,

2
=-2.303x1x8.3x300log ?O
=-5734 Jmol~1 = -5.73 kimol~1
. =% =5.73 kdmolL.

@ Cp=10.314Jmolt K1
AT=10K

ca-(21)
AT )b

= 10.314 = %
AH=10.314 Jmol!
Op = NAH
O0p=1x10.314=10.314J.
(@ Forideal gas,
Mole=3
Temp = 300K
Pressure = 3 atm
PV=nRT

_ nRT _ 3mole x0.082 atm k'mol* x 300K
P 3atm

\Y

V,=246L

AV=V,-V,
=12.3-24.6
AV=-123L
Pext=6atm

W =—Pext (AV)
=-6x(-12.3)atm L
=73.8atmL

73.8x101.3kJ
1000

W/inkd =

W=7.476kJ.

(@ 1152Latm

Given=V,;=10L V,=100L

T=61K n=1 R=0.0821Latm/molK
Work done for Isothermal and Reversible Expansion
W=nRTIn(V,/V,) ..(0)

Substituting the value in the equation (1)

45.

46.

47,

48.

49.

50.

o
W=1x0.0821x61In (10

W=5.0081 x—2.302
W= -11.52 Latm.

P2 P2
(d W=-nRTIn P =-2.303 nRT log )

10
W=-2303%x2x8.314xT log El

W=3829TJ) =>W=382x102TkJ

(c) Extensive properties = Internal energy, enthalpy;,
Mass, volume, Heat capacity, Gibbs energy
Intensive properties = Density, pressure

(c) Reversible isothermal work is given by :-

(V)
W =-2.303nRT log Lvl)

20
=-2303(25) (8.314) (T) log (7)

=-47.87T=-16500J

=T =344.68 = 345K
@ g, =nxCyx AT

= 500= 0.5><%x8.3(Tf —298)

{Cp for ideal manoatomic gas = gR}

= T; =346.2K
AH CpAT G, _(5)

AU C,AT C, \3

{CV for ideal manoatomic gas = gR}

= AU =&><AH =§><500=300J

[q = AH at constant p]
@ (10L,300K) —"=1 5 (20L, 300K)

—q=w=-nRT In V2 =-8.3x300x% In (@)

A\ 10

=-1.718 kJ=q=1.718 kJ

w=-1.718kJ

AU=0 (.. AT =0; Isothermal process)

() Combustion of glucose takes place as :
C¢H,,04(s) + 60,(g) — 6CO,(g) + 6H,0(¢)

. 900
Moles of glucose in 900g of glucose = 180 5 mol

1 mole glucose requires 6 moles of O,
5 moles of glucose require 30 moles of O,
Mass of O, required = 30 x 32 =960 g.

N\ |\
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52.

53.

54.

55.

56.
57.

(d) For standard state pressure should be 1 bar and
temperature is specified only.
= (AH? ) =0

2(9)

The enthalpy of formation of O, is zero even at high
temperature.

(@ The hydrogenation of benzene forms cyclohexane.
Ce¢Hg +3H, —> CiHy,

Benzene Cyclohexane

Enthalpy of hydrogenation of cyclohexane =—119.5 kJ/mol
.. Calculated enthalpy of benzene

=3 x(-119.5) =-1358.5 kJ/mol
Resonance energy of benzene =
As we know,

Actual value of enthalpy

= Calculated enthalpy — Resonance energy

.. Actual value of enthalpy = (-358.5) — (- 150.4)
=-208.1 kJ/mol

Hence, the enthalpy of hydrogenation of benzene is
—208.1 kd/mol.

(b) Heatof combustion of a substance is always negative
asitisthe amount of heat evolved (i.e. decrease in enthalpy)
when one mole of the substance is completely burnt in air
or oxygen.

(@ Inendothermicreaction , the enthalpy of reactants is
less than the enthalpy of products, since heat is absorbed
in endothermic reaction.

Therefore, in endothermic reaction change in enthalpy is
always positive.

—150.4 kJ/mol

A+B C+D AH=+ve
Hr Hp
AHzHP—HR =+ve ('.' HP>HR)

(@ Inexorthermic reactions heat is always given out by
the reaction. For exothermic reactions :

D Hr > Hp

(@ Hess’s lawis used for calculating enthalpy of reaction.
() CH4(g)+20,(g)—> CO,(g) +2H0(l);
AH® = -890 kJ - (1)
C(s) + 0, (9) —> CO,(g); AH® = -394 kJ ... (ii)
CO,(g) ——>C(s)+0,(g); AH® = 394 kJ
CH4 + 0, —— C(s) + 2H,0;

(AH® = -890+394 = —496 kJ)

58.

59.

60.

61.

62.

63.

64.

(c) ABO,4(s) —> AO(s) + BO,(9) A, H°=175
AMHO = AH (AO + BO,) — AH° (ABO3)

ArH® = AfHRo + AfHB, —AfHRg,
175=-635+ x— (-1210)
175 +635=x+1210

x+1210=175+635

or, Xx=-400.

(b) C+0,—>CO,AH=-393kJmol*
2H,+0,—2H,0 AH=-2x 286 =-572kJ mol~
CO, +2H,0— CH;0H + 0,AH=+726

C+2H, +20, — CHy0H+ 0, AH=-239 kI mol~!

(c) AH= Zi:ai A{H° (products)— ZI: b A{HC (Reactants)
=[2x AgH® (NHR)] - [AH? (N,) + 3AH° (H,)]
=[2x (-46.2)]-[(0.0) + 3(0.0)]

=-92.4KJ.
(@ For the combustion of CO :-

1
CO@ + 5 0,() > CO, (@)

For O,(g), AH; =0.0kJ/mol.

= AHeompcoy = AH:
= AHfco,) ‘[AHf(CO) +AHf(02)}

=393 - [-110 + 0] =283 kI mol L.

() AH° =[2AH%(NO)]-[AH¢(N,0) +% AHE (O,)]

AH’%¢ (0,) = 0 (standard state of an element)
= AH,°=[2x90.0] -[82.0+0.0]
=180.0-82.0=+98.0kJ.

(b) D2 +%02 —)Dzo

AH° = Bond enthalpies of
HD D+ (0~ o)} (D—O)}

= 400+ G x 498) (2% 490) = ~331kJ/ mol

(d Asweknowthat,q=-C,, x AT

=-20.7 x(300-298) =—41.4kJ

For combustion of 1 mol of graphite
12 0 g/mol x(—41.4)

N \\



65.

66.

67.

68.

69.

70.

71.

N\ |\
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=-4.96 x 10?2 kJ/mol, since Any =0
AH= AE =—4.96 x 102 kJ/mol
(b) Molar mass of NH, = 17 g/mol

moles of NH, given =% =1mole.

For 1 mole enthalpy change = 23.4 kJ
5 moles enthalpy change = 23.4 x5 =117 kJ

(b) The coefficients in a balanced thermo-chemical
equation refer to the number of moles (not to molecules) of
reactants and products involved in the reaction.

(o) Enthalpy of formation of C,H,,CO,and H,O are
52, —394 and — 286 kJ/ mol respectively. (Given)

The reaction is
C2H4 +302 —> 2C02 +2H20.

change in enthalpy, 74

(AH) = AHproducts - AH
= 2% (~394) + 2 x (-286) — (52 + 0) = — 1412 kJ/ mol.
(b) Heat of combustion per mol (for 12 g) = -2.48 x 102 kJ

reactants

—2.48x102

Heat generated for 1 g of graphite = 1

=-20.66 kJ~ 21 kJ 5.

@ H,0 (1) —>H,0(g); AH,, = 40.79 ki/mol
AH =AU+ An RT
= 40.79 kJ/mol = AU + (1) (8.314 K-t mol-%) (373 K)

8.314x 373

kJ
=(40.79 -3.10) kd/mol = 37.69 —
mol

Internal energy change for 36 g of water

_37.60 K 360
18g/mol

mol

76.

AU=75.98kJ

(d) 4NO3(9)+03(9) » 2N705(9), A, H=-111kJ

l— 54 kJ

2N,05(5)

AH’

77.

AH’ -111-54=

AH’=-165kJ

@ HO() ==H,0(9)+Q;An,=1
AH=AE + An RT = 40660 = AE +8.314 x 373
AE =37558J/mol =37.56 kimol-

72.

73.

®) H,(g)+Bry(g)—> 2HBr(g)
[H-H] [Br-Br] [H-Br]
= AH = Z(BE)gesctants = Z(BE)progucts
[ BE =hond energy]

= =[(BE)y, +(BE)g,]1-(BE)yg, x2
= ~109= (435 +192)  (BE), g, X 2

= [(BE),5, =368 kI mol:

(c) We know that, Cl,(g) — 2CI(g) is endothermic
reaction because it required energy to break bond.

Soreverse reaction, 2CI(g) — 2Cl,(g) will be
exothermic, AH<O.

Also, two gaseous atom combine together to form 1
gaseous molecule.

(d) LetB.Eof X,, Y,and XY are xkJmol,
0.5 x kI mol~* and x kJ mol~* respectively
AH=-200=% (B‘E)Reactants - z“(B‘E)Product

= %xz +%Y2 — XY; AH=-200kJ mol™
On solving, x =800 kJmol!
(@ C+0,—CO0,+393.5kl/mol
129 44 ¢
44 g CO,is formed from 12g of carbon

12x35.2
TE
=9.6g0ofC=9.6/12=0.8 mole
1 mole release heat 393.5 kJ
0.8 mole release heat =393.5 x 0.8
=314.8kJ=315kJ.

35.2g is formed from gof C

() CH4 +202 — C02+ 2H20

X 2x
C3Hg + 50, —— 3CO,+4H,0
(5-x)  5(5-x)
= 2x+5(5-x)=16 = x=3L

The amount of heat released = Heat released during
CH, combustion + Heat released during C,H, combustion.

:i %890 +
224 224

® Cpp=Cpy=R = 20.785-C, =8.314
= C,,=124713K" mol!
AU=NC, AT

x 2220 =317 kJ.

o 5000
12.471x(500—300) —MN=2
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78.

79.

80.

81.

82.

() Letxgofgasisburnt

X
moles of gas = 280

Heat released by % mole =2.5x 0.45kJ

2.5x0.45% 280
Heat released by 1 mole = % kJ
AH=AU+ AngRT
AH = AU
2.5%x280x%0.45
9= T Ox= 35¢

@ AH=AU+ An RT

Ang= ng(9) —np(g) =2-1=1
AH=-59.6+1x8.314x300 x 103=- 57.10
@

NHZCN(s) +§02(9)—> N2(g) +CO(9) +H0())

~AH=AU +AngRT

Ang =2 305
2
AH pog = —742.24 4 228314298
1000

=—742.24+1.24=-741kJ.

@

C3Hg +50, —3CO, +4H,0 ...(1)
AH, =-2220.0 kJ/mol

C+0,; —»CO, -(2)
AH,=-393.5kJ/mol

H2 +%02 —)Hzo (3)

AH,=-285.8kJ/mol
Formation of C;H, (1 mole):
3C+4H, — C,H, (4
Eq. (4) obtained by
3xEq(2)+4xEq.(3)-Eq. (1)
=3x(-393.5) +4 x (-285.8) — (—2220.0)
=-1180.5-1143.2 + 2220.0 =—103.7 kJ/mol

(©) Mg(s)+05(@)—>MgO®)

AH =AU+ AngRT

83.

84.

85.
86.

87.

88.

1
AN, =3np —3ng =0-==—-=
g P R 2 2

—601.70x10% = AU —%xs.sx 300

—-601.70 ki = AU —1.245kJ

AU = —600.455 kJ ~ —600 kJ
(b) AU=-726 kd/mol

Ang =1-3/2=-1/2

AH=AU + AngRT

_ —726—1x 8.3x300
2 1000
() AH=ZAH (Reactant) - A H (Product)
=3 x (- 1300) - (- 3268) =- 632 kI mol*
(@) AH,=AH;, +AH,,,=2.8+98.2= 101 kJ/mol
@)

C,H50H (1) +0,(9) ——>20,(g) +3H,0(1);

=-727.245

fus.

AH =-327 kcal

AH =AU +AngRT

= —327x10° = AU + (~1) x 2x 300

= AU =-327x10% + 600
.. AU =-326400 cal
(@ Given chemical reaction:

AH=51.4 kJ/mol
AS=7?
= From therelation AG = AH-TAS

AH —AG _ [51.4-(-49.4)]x1000 J

=AS 300 mol K
= AS=336JKmol
d Bi(s) —— Bi(9); AH=207kJ

2Bi (s) — Bi,(g); AH=125kJ per mole of Bi(s)
Reversing the first reaction and multiplying by 2,
2Bi (g) — 2Bi(s); AH=—2x 207 kJ
2Bi (s) —— Bi, (9); AH=2x125k]
Adding, 2Bi(g) ——— Bi,(9);
AH=-414+250

=—164 kJ per mole of Bi,(9)
The bond energy of Bi — Bi bond = 164 kJ mol~!

N \\
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97.
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(@ Crystallization of sucrose solution. Entropy is a
measure of randomness during the crystallisation of
sucrose solution liquid state is changing into solid state
hence entropy decreases.

d In 2H(g) — H,(g), number of moles decreases,
therefore entropy decreases.

(@ Asystem at higher temperature has greater entropy
(randomness). Sand AS are related with T as:

TnC-dT
St = Io T
Thus, both S and AS are function of temperature.

(d Inthe process of synthesis of ammonia from N, and
H,, number of moles decreases which implies that the
change in entropy will be negative.

N,(9) +3H,(9) == 2NH(9)

and AS = I%

®)

(@ When diamond is converted into graphite (it is heated
t0 1500 °C) entropy is increased, AS >0

(b) When pressure increases then molecules of gas will
come closer and intermolecular distance decreases, so
entropy will also decrease, AS<0

(¢) When we increase the temperature of a gas then
randomness is increased as the kinetic energy is gained
by molecules. So, AS>0

(d) H,moleculeis converted into atoms, the no. of particles
increases. Thus entropy will increase, AS>0

b) Given, C,=10 calsat 1000 K
T,=1000K.T,=100K

m=32¢g, AS=?

at constant pressure

.
AS=C,In-2 =2303%C, log 12
T S
=2303x 10log 2% =_23.03 cal deg
1000
q
as=3
@ T

g — required heat per mole
T — constant absolute temperature
Unit of entropy is JK- mol—

(d) Entropy is measurement of randomness. When ice
(solid) melts into water (liquid) randomness and thus
entropy increases.

() Follow Il law of thermodynamics.
(b) Given,

Heat =1kJ=1000J
Temperature=3K

99.

100.

101.

102.

103.

104.

105.

_ Absorb heat 1000J
Entropy = Temperature 3K

Entropy=333.3JK
() AG=AH-TAS
AG = —TAS (when AH=0and AS = +ve)
= AG=-ve
(d) Sincethe processisat equilibrium AG =0, for AG=0,
there should be AH > 0, AS>0.

(@ For spontaneous reaction, dS > 0 and dG should be
negative i.e. <0.

() AH=200Jmol, AS =40 JK-* mol~*
For spontaneous reaction,

AG<0

AH-TAS<0; AH<TAS

% <T; i—(? <T=5<T
So, minimum temperature is 5 K
(@ Given AH 35.5kJmol!
AS=83.6 Kt mol!
AG=AH-TAS
For a reaction to be spontaneous, AG = —ve
i.e.,, AH<TAS

AH  35.5x10%Jmol™?

T>7As ™ g3piKt

So, the given reaction will be spontaneous at
T >425K.
() AG=AH-T-AS
For a spontaneous reaction AG = —ve (always)
which is possible only if
AH<0and AS>0
-~ spontaneous at all temperatures.
() GivenAU=2.1kcal, AS=20cal. K-?
T=300K
AH=AU+ AngRT
Putting the values given in the equation

AH= 2.1+2x x 300

1000
=2.1+1.2=3.3kcal.
Now, AG = AH-TAS

20
1000

= 3.3-300x =-2T7kcal
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) AG°=RTIK,

= —R(300)In(10)? =-R(300x2x2.3)

AG° =-1380R.

b) AG=AH-TAS=0atequilibrium

= -165x10%3-T x(-505)=0 = T =300K.

() AG=AH-TAS

AG=-57.8-298 x (=176 x 10%) =—5 kI mol*

(c) Arreaction is spontaneous if AGg is negative.
AGg, = AH— TAS

A reaction will be spontaneous at all temperatures if AH,
is negative and AS is positive.

(€©) MgO(s) +C(s) »Mg (s) + CO (9)

For a reaction to be spontaneous,

AG<0
AHP—TAS <0 = T > 2AH°
AS°
491.1x1000
T 5 491.1x1000
198
T >2480.3K

(d) AG is negative for a spontaneous process.

(@ The relation between free energy change and
equilibrium constant is given by Nernst equation

E= EO—EInQ
nF
Atequilibrium, E=0and Q=K

AL (i)
nF

Again - AG®=nFE®

_ —AG°

~nF

By substituting value of E° in equation (i) we get,

_ 0
AG =EInK ;. AG°=-RTInK
nkF nkF

(@ The Gibb’sfree energy s zero at equilibrium because
the rate of backward reaction is equal to the rate of forward
reaction.

Hence, option (@) is correct.
(d) For acyclic process

AE=0,AH=0and AG=0. As all depend upon final
state and initial state,w doesn’t depend on path followed.
(c) For aspontaneous reaction

AG should be — ve, which is possible if AS = +ve,
AH=+ve

and TAS> AH

o

[ AG=AH-TAS]

116.
117.

118.

119.

120.

(@ AG = AH-TAS s negative for spontaneity.

(b) Entropy is a measure of randomness or disorderness
of the system. At absolute zero, the movement of molecules
of the system or randomenss of the system is zero, hence
entropy is also zero.

(d) Foran exothermic reaction all three enthalpy, entropy
and Gibb's free energy change have negative values.

(c) For reaction to be spontaneous according to 11" law:
AG<0

= AH-TAS<O0(AHor ASare +ve)

AH
= T> (A_S) =T, (AG = -veat high temperature)
= T>T,
@ IfAG,, =0, the system has attained equilibrium, is
right choice.

In it, alternative (d) is most confusing as when AG > 0, the
process may be spontaneous when it is coupled with a
reaction which has AG < 0 and total AG is negative, so

right answer is (a).

ACCELERATOR

Topic-wise MCQs

4.

(d) AU=q+w, where AU s internal energy and AU isa
state function.

(c) Given AH=176kJ,

T =975°C=975+273=1248K
CaCO, (s) —> CaO(s) + CO,(g)
Angznp—nrz 1-0=1
AE=AH- Ang RT

8.314

=176 -1x x1248
1000

=176-10.375=165.63kJ
() AH=AE-AngRT
For the reaction,
Hy+1, = 2HI
Ang=0 (atequilibrium)
. AH=AE
@ AH = AE +PAV
For isochoric process, AV =0

AH = AE
reversible path

©

A B

irreversible path

N \\
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For a cyclic process the net change in the internal energy
is zero because the change in internal energy does not
depend on the path.

(d) Temperature remains constant during isothermal
reaction.

According to thermodynamics’s Ist law
AH = AE +nRT
Where AH = enthalpy of reaction at constant pressure
AE = Heat of reaction at constant volume
R = molar gas constant
T = temperature of the reaction
n = (no. of moles of product) — (no. of moles of reactant.)
From reaction,

AN=Np—-Np=2-4=-2

Hence, AH = AE - 2RT.

(d) Heatenergy is absorbed during endothermic reaction.
In all the given reactions, heat is absorbed during reaction.

All of them are endothermic reactions.
(b) Foran isothermal process AE =0
(© AH=AE+nRT
An=3-(1+5)=3-6=-3
AH — AE = (-3RT)
b) W=- pAV =-3(6-4) =-6 litre atmosphere
=-6x101.32 = -608J
(d) Weknowthat AH=AE + An RT
In the reaction, H,(g) + Br,(g) — 2HBr(g)
Anznp—nr=2—2=0
So, AH = AE for this reaction

€ W=-PAV =-10°(1x1072 —~1x107%) = —900J

(® AH=AU+AnRT for N, +3H, —— 2NHj4
An,=2-4=-2

~AH=AU-2RT or AU=AH+2RT ..AU>AH

(@ Internal energy is dependent upon temperature and
according to first law of thermodynamics total energy of
an isolated system remains same, i.e., in a system of
constant mass, energy can neither be created nor
destroyed by any physical or chemical change but can be
transformed from one form to another

AE=q+w

For closed insulated container, g =0, so, AE = +w, as work
is done by the system

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

® A(g)+2B(g)—>2C(g)+3D(g)
An=5-3=2
AH =AE+nRT OF AE=AH —-nRT

=19-2x2x103x300=17.8 kcal
@ gq=+10kJ,W=-4kJ

AE=q+W

=10-4=6KkJ

So, energy increases by 6 kJ

(c) Inisolated system neither exchange of matter nor
exchange of energy is possible with surroundings.

(@ Ideal gas during spontaneous expansion into vacuum
does not do any external work.

(b) As volume is constant hence work done in this
process is zero therefore heat supplied is equal to change
in internal energy.

(d) AH =AU +An(g)RT ; An(g) =1in (d), An(g) =0
in other cases.

(c) Duringisothermal expansion of ideal gas,

AT=0. NowH=E +PV
" AH = AE + A(PV)

.. AH= AE+ A(nRT);

Thusif AT=0.,, AH=AE

i.e., remain unaffected

(d) We know that heat (q) and work (w) are not state
functions but (g + w) is a state function. H- TS (i.e. G) is
also a state function. Thus Il and 111 are not state functions
so the correct answer is option (d).

(d As AH=AE+ AnRT

ifnp< n, Ang =n,-n.=-ve

Hence AH< AE

(d) The positive sign expresses when work is done on

the system. Similarly, negative sign expresses when work
is done by the system.

(d) When work is done by the system, AU=q-W

(@ It is fact that absolute values of internal energy of
substances cannot be determined. It is also true that it is
not possible to determine exact values of constitutent
energies of a substance.

(d As AH=AE+ AnRT

if n,<n;An,=n,-n =-ve.

Hence AH< AE.

(@ Massindependent properties (molar conductivity and
electromotive force) are intensive properties. Resistance
and heat capacity are mass dependent, hence extensive
properties.
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(c) Itmayinvolve increase or decrease in temperature of 41,

the system. Systems in which such processes occur, are
thermally insulated from the surroundings.

() In an isothermal process change in internal energy

(AE) s zero (asit isa function of temperature). 42.

According to first law of thermodynamics
Q+W=AE.Hence Q=-W (ifAE=0)
If a system undergoes a change in which internal energy
of the system remains constant (i.e. AE = 0) then-W = Q.
This means that work done by the system equals the heat
absorbed by the system.

() Internal energy and molar enthalpy are state functions. ~ 43

Work (reversible or irreversible) is a path function.
(c) Forisothermal reversible expansion

W = —nRTlnﬁ
Vi

@ A-(p).B-(s),C-(r),D-(a)

(@ The shaded area shows work doneon anideal gasina 44

cylinder when it is compressed by a constant external pressure.
() Given C+0, — CO,, AH®= —xkJ (i)
(D)

(1))

2C0, —2C0O +0, AH°=+yk]

or CO, > CO+1/20,, AH°=+y/2kJ
By adding no. (i) and (iii) eqg.

45.
46.

C+02 +C02—)C02 +CO+%02

C+%02—>CO AHO=y/2-x = y‘22X Kk

(C) SOZ +%02 —)803
0
AH = AHY 6y
=-98.2 +298.2 = 200 kJ/mole
(d) Heat of reaction

£(SO,)

@ 2H,0,(1)——2H,0(1) + 05(g) AH =2
AH = [2x AH¢ of H,0(I) + (AHg of O,)
—(2x AHy of H,0,(1))]
= [(2x—286) + (0) — (2x ~188)]
=[-572+376] =-196 kJ/mole

@ Haz(g)+Bry(g) — 2HBr(g)
AH = (BE) csctant ~ (BE) prociut

= (433+192) — (2% 364) = 625 728 = — 103 kJ

49.

reactant

—AH? 47.

48.

(@ Dissolution of NaOH in water is an exothermic reaction
as indicated by negative value of enthalpy leading to
increase in temperature.

b) AH= Z[AHF products} —Z[AHF reactants}

AH® =[AH{ (CO)(g) + AHf (H20)(9)] —

[AHF (CO,)(g) + AHf (H2)(9)]
=[-110.5+(-241.8)]-[-393.5+0]=41.2
(b) C,H4+30, > 2C0O, +2H,0.
Change in enthalpy,

AH = AH - AH

prod ucts reactants

= 2x(—394) +2x (-286) — (52 +0)
=-1412 kJ/ mol.
() CH,+20, —— CO,+2H,0

AH of reaction = [A;HCO, + 2A(HH,O] -

[A{HCH,-2A (HO,]
=—-400+2x(-280)—(-70)-(0)
=-890 kJmol*
(d) eq. (i) +eq. (i) find the required result and divide by 2.
(c) Thereaction for formation of HCI can be written as
H,+ Cl,—2HCI
H-H+Cl-Cl—>2(H-CI)
Substituting the given values, we get enthalpy of formation
of
2HCI=(676-862) =-186 kJ.

Enthalpy of formation of HCI = %%kJ =-93kJ.

(@ Fe,04(s) +3CO(g) — 2Fe(s) +3COL9);
AH=-26.8KJ ..(i)

FeO(s) + CO(g) —— Fe(s) + CO,(9);
AH=-165KJ ...(ii)

eq. (i) —2 x eq. (i), we get

Fe,0,(s) + CO(g) —— 2FeO(s)+ CO,(g)

AH=-26.8+33.0=+6.2kJ

(d) Combustion is heating of substance in excess of

oxygen so as to form carbon bioxide and water. Sometimes
water is not formed during combustion.

b)) A——B,AH =+24 kJ/mol
= Hy—H,=+24  ..()

B —— C, AH=-18kJ/mol
=  Hg-Hg=-18
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or Hg-H.=+18

From Egs. (i) and (ii), we have
H.-H,=6 (i)
Hg>H.>H,

@ X, +Y,—— 2XY, AH=2(-200) kmol™
Let x be the bond dissociation energy of X,,. Then

AH - —400 == EX*X + Ey,y - szfy

=X+0.5x —2x = —0.5x

_ 400

or X=2 —800 kJ mol !

@ 15(s)+Cly(g)—>2ICI(g)
AH = [AH(L(s) —1,(9)) + AH,_, + AHq_o ] - [AH, o]
= 151.0+242.3+62.76-2 x 211.3 =33.46

AgH°(ICI) :&246 =16.73kJ/mol

(d This reaction shows the formation of H,0, and the —
X, represents the enthalpy of formation of H,0O because
as the definition suggests that the enthalpy of formation
is the heat evolved or absorbed when one mole of
substance is formed from its constituent elements.

(b) %Hz +%CI2——)HCI

AsHycr = z B.E. of reactants
- z B.E. of products

—90= % X 430+% x 240—-B.E. of HCI

.. B.E.ofHCI=215+120+90
=425 kJ mol~!

(b) Enthalpy of reaction

=B.E “B.E

(Reactant)

= |:B'E(C:C) + 4B‘E'(C—H) + B'E'(H—H)i|

(Product)

-[BE(c_c)+6BEc t)]
= [606.1+ (4 x 410.5) + 431.37)] - [336.49 + (6 x 410.5)]
=-120.0 kimol*
() Given
4H(g)——>2H,(g); AH =-869.6 ki
O 2H,(g)——4H(g); AH =869.6 kJ

Hy(9)——2H(9); AH =@ =434.8kJ

56.

57.

58.

59.

60.

61.

(b) Given AH

1

SA—B +150 (1)
3B——2C+D 125 (2
E+A——2D  +350 ()

To calculate AH operate

2xeq.(1)+eq.(2)—eq. (3)
AH=300-125-350=-175
(b) The energy involved in the conversion of

1
EClz(g) to CI-1 (aq) is given by

1 e e e
AH= EAdissHCIz +AegHc) + ApygHcl
Substituting various values from given data, we get
AH = (% x 240) +(~349) + (-381) kJmol

=(120-349 —381) kJ mol* =— 610 kJ mol*
i.e., the correct answer is (b)

_ Latent heat of fusion _ AH

a) AS =

@ Melting point T
2930

=== yk-1mol-l= -1 mol-L
300 JK1mol=1=9.77 JK-1 mol

®) 2AI+§OZ — Al,03, AH=-1596kJ ....(J)

2Cr +202 —> Cr203, AH =-1134 kJ (ll)
By (i) —(ii)
2A1+Cr,05 —> 2Cr + Al,O3, AH =462 KJ.
1
(@) C(s)+§Oz(g)—>CO @)

1 1
=1-—=—
[An > 2]

AH-AU=AnRT = %XS.314>< 298 =1238.78 J mol 1

©)

() 2C(s)+H,(g) —> H-C =C-H(g)
AH =225 kImol
(i) 2C(s) ——>2C(g) AH=1410kImol
C(s)—>C(g)AH = % = 705kJmol

(i) H,(g) —— 2H(g) AH=330kImol*
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From equation (i) :
225=[ 2% S 1 T ]

—[2xBE¢_y +1xBEc_c]
225=[1410+1x330]-[2x350+1xBE._ ]
225=[1410 +330]-[700 + BE. _ ]
225=1740-700-BE._ .

BE._ .=815kJmol™

(c) Standard heat of formation of a substance is amount
of heat evolved or absorbed when one mole of substance
is formed from its elements in their standard states. Since
standard state of carbon and hydrogen are graphite and
gaseous H, respectively. Hence standard heat of formation
of methane is given by

C(graphite) + 2H,(g) —» CH4(9)
H

@ N=N+3H-H—> 2N-H
945 +3x436
H

absorbed energy 2 x (3% 391) = 2346

Energy released

AH=2253-2346=—93kJ
(b) For the equation
BoHg(9) +30,(9) —> B,03(9) + 3H,0(9)
Eqgs. (i) + 3 (i) + 3 (iii) — (iv)
AH=-1273+3(-286) + 3(44) - 36
=-1273-858+132-36
=-2035 kJ/mol
(d) Entropy change

AS= ASproduct ~ ASreactant = 2(186.7) - (223 +130.6)

=373.4-353.6 =19.8 K-t mol*

(€) When gas is compressed its entropy decreases so,
AS is negative.

AH
AS =—
@ T
AS(per mole) = AH per mole _ 6000

T 273
=21.98 JK-tmol-!

(@ Foraspontaneous process, ASyy isalways positive

(@ Because randomness is decreased.
(d) For isothermal reversible expansion

w=0=nRTx2.303 Iog%
1

=2RT x2.303 Iog%

71.

72.
73.

74.

75.

76.

77.

78.
79.

80.

81.

=2x2xTx2303x1=92T

9.2T
Entropy change, AS = % = 9.2 cal.

(c) Conversion of graphite into diamond is an
endothermic reaction. But AS would be negative for the
conversion of graphite into diamond. Diamond has more
compact structure so the volume is smaller. However, the
atoms in graphite are able to move with in their lattice so
the entropy is higher.

(c) For reverse reaction signs will be change.

(d) Entropy of a gas is greater than liquid and solid
because gaseous particles are quite apart from each other
and are in random motion.

(d) Given AH=30kImol1 T=273+27=300K

4
AST = AHT = ﬂ Jmo|—1
T 300
=100J mol-t K-1

(d) Raking up leaves intoa thrash bag results in decrease
in randomness i.e. decrease in entropy.

(c) AS has negative value if number of gaseous moles
decreases during a reaction, Ang = -ve

For the reaction

250, + 0, - 250,

Ang=2-3=-1

(b) Spontaneity of reaction depends on tendency to
acquire minimum energy state and maximum randomness.
For a spontaneous process in an isolated system the
change in entropy is positive.

(b) Eg. (b) shows largest phase change i.e., gas — solid

(@ Measure of disorder of a system is nothing but
entropy. For a spontaneous reaction, AG < 0. As per Gibbs
Helmbholtz equation,

AG=AH-TAS

Thus AG is—ve only

When AH =-ve (exothermic)

and AS = +ve (increasing disorder)

(d) Weknowthat, AG=AH-TAS
When the reaction is in equilibrium, AG =0

0=AH-TAS :T=AA—H

~ 30x1000

T =285.7K

105
@ If AGg e =0 the system has attained equilibrium is
right choice.

In it alternative (d) is most confusing as when AG > 0, the
process may be spontaneous when it is coupled with a
reaction which has AG < 0 and total AG is negative, so
right answer is (a).
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@ AG=AH-TAS
=177.9— (298 x 160.4/1000) = 177.9~47.79 = + 130.1kJ

(@ For a spontaneous process AG < 0. Hence, for a
spontaneous process AG must be —ve or we can say free
energy s the quantity that decreases to a minimum in any
chemical reaction.

(d) All are correct statements.

(b) For the reaction

2ZnS—>22Zn+S,; AG,°=293KJ .......... (1)
2Zn+0,—-27Zn0; AGL =480k ......... @)
S,+20,—-2S0,;AG,.=-544K] ......... 3)
AGP for the reaction
2ZnS+30,—22Zn0+2S0,

can be obtained by adding eqn. (1), (2) and (3)
= AG°=293-480-544=-731KJ

(d) Anprocessis spontaneous onlywhen there is decrease in
the value of free energy; i.e., AG is—ve.

(b) For the reaction

PCl;(g) = PCl;(9) +Cl,(9)

The reaction given is an example of decomposition
reaction and we know that decomposition reactions are
endothermicin nature, i.e., AH>0.

Further

An=(1+1)-1=+1

Hence more number of gaseous molecules are present in
products which shows more randomness i.e., AS>0 (ASis
positive)

() AG=AH-TAS

Atequilibrium, AG=0

= 0=(170x10%J)-T (170 JK"1)

= T=1000K

For spontaneity, AG is — ve, which is possible only if
T>1000K.

(@ AS for the reaction %X2+2Y2 = XVY3

AS =50-(30+60)=-40J

For equilibrium AG =0= AH — TAS

T AH _ 30000

AS -40

(@ AG°=AH°-TAS°

For a spontaneous reaction AG°® <0
AH®
AS°

=750K

or AH°-TAS°<0 = T>

3
T> 179.1x10
160.2

= >1117.9K =~ 1118K

91

92.

93.
94,
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b A——B
AG°=AH°-TAS®

AG® =-2.303 RTlog,, K
~2.303RT log,, K = AH° - TAS?
2.303 RT log,, K = TAS® - AH®

TAS°—AH®° _ 298x10+54.07x1000
2.303RT 2.303x%8.314x%298

logyo K =

=0.998~10
(b) For combustion reaction, AH is negative,

An =(16+18)-(25+2) = +7,50 ASis + Ve, reaction is
spontaneous, hence AG is —ve.

(@ AG =-ve means the process is spontaneous.

©  AG=AH-T-AS

For a spontaneous reaction AG should be negative
AH= -238kJ,AS=-87 JK!

Hence, reaction will be spontaneous when AH >T -AS.
Therefore, at 1000, 1500 and 3000 K the reaction would be
spontaneous.

(@ By2x(ii)—(i) + (iii)

H,(g) + 2C(s) = C,H,(9), AG® = 209 kJ

® A-().B-(p).C-(a).D-(s)

For spontaneity, AH-TAS <0

(@ AG=AH-TAS

w AS;> AS;> AS,

.. on melting the entropy increases and AG becomes more
negative and hence it becomes easier to reduce metal

(@ AG=AH-TASand AH=AU+ PAV

=AU+ AngRT

= AH=(2100) + (2 x 2 x 298) = 3292 cal

= AG = 3292 - 298 (20) =—2668 cal =—2.67 k cal.

(d AG=AH-TAS; AGis positive for areaction to be
non-spontaneous when A His positiveand A S is negative.

(b) (A)For a spontaneous process Gibb’s free energy value
is negative at constant temperature and pressure i.e. AG; , <0.

(B) In isobaric pressure, pressure remains constanti.e.,
AP =0 while in isothermal process, temperature remains
constanti.e., AT =0.

© AH = (Z bond energies of reactants)

— (= bond energies of products)
(D) In exothermic process, energy is released.
So, the value of enthalpy is negative i.e., AH< 0.

reaction

N\ |\
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(@ A,G°=-2303RTlogK,

T=298K
R =8.314 JK1mol-1

AG® =-115x 10%J
—115x 102 J=-2.303 x 8.314 JK~Imol1
x 298 K log, o Kp
log;Kp=20.15
(d) entropy (AS) =—-42.4 JK1
enthalpy (AH) =—41.2 x 103

_AH
T

AS

7o AH _ -412x10°]

=== =971.7 K.
AS 424 K

b) AG=AH-TAS
AG=-57.8-298 x (=176 x 10%) =—5 kI mol~*
(b) Metallic bonding breaks in this reaction.

(c) The repulsion between two lone pair of electrons on
oxygen atom decreases the bond angle whereas the -R
groups at ‘oxygen’ atom shows repulsive interaction. As a
result, there is a slight increase in the bond angle.

() GivenC =75 JKmol-?

100
n==——mole. Q=1000J AT=?
18
Q=nCAT = AT =2000x18 5 1k
P 100x 75

(d) Weknowthat AG=AH-TAS

When AH < 0 and AS < 0 then AG will be negative at low
temperatures (positive at high temperature) and the reaction
will be spontaneous.

b AU=qg+w
=10x1000-2 x (20) x 101.3=5948J

®) PV=RT, PV :% RT,

20P = 120 x.0821x 400
40

or P=4.92atm

® AG=AH-TAS
—-382.64+ (298x145.6x107°)
=-339.3kJ mol™!

11.

12.

13.

14.

15.

16.

17.

(@ Work done during adiabatic expansion
=Cy(T2-Ty)

or —3000=20(T, —300) = T, = 150K

(@ Given, n = 3 moles, v, = 0.3L, v, = 2.5L,
P=19atm

Workdone in isothermal process, w=-P_ dv
w=-19x%(25-0.3)

w=-4.18L atm
w=-4.18L atm x 101.325 JLatm
=-423.54)

© CO@+50,()—>C0,(0)

AH = AU+AngRT
AH-AU = AngRT

Ang =1—1+l= 1
2 2

AH =AU = —%x 2x 300 =-300cal

Qrev
As = rev
@ T

@ AU=q+W

According to first law of thermodynamics
=q+(-P,.AV) (- W=-P_.AV)
AU=q P, .AV

(@ Workdoneisas :-

W =-PdV

W=-P(V,-V)
V,=10dm®*=10?m?

V,=2m?

P=101.325x10°pa

W=-101.325x 103 (1.99) = -201.6 kJ
() Combustion of ethanol is as :-

C,HsOH +30,—-» 2CO, + 3H,0

3 \ \ \

1 3 2 3
0.138 kg = 138/46 = 3 mole
138¢g
3C,H.OH(l) +90,(g) — 6CO,(9) + 9H,0(I)
An=6-9=-3
Work = - AnRT

=—(-3)x8.314x 300="7482]

N \\



18.

19.

MHT-CET-Chemistry

() Work done in a chemical reaction,
W= —AngRT
Where, An_ = number of moles of gaseous products —
number of moles of gaseous reactants.
Reaction involved in combustion of ethane is,

CoHg(0) + 3 02(6)——>2C0,(9) +3H;0()

Ang = 2-45=-25

W = (2.5 mol) (8.314 JK-tmol 1) x 300 K
=6235.5] =6.2355 KJ
1 mole of C,Hs=30g of CH,
Work done during combustion of 30 g of
C,H,=6.2355kJ
Work done during combustion of 90g of C,Hj

6.2355x90
= ———=18.7065k]=18.71 kJ
30
(b) Work done during compression,
W=p,, AV
Given, p,,,=100KPa, T=300K
AV=V,-V,

=(10-1)dm3=9dm3=0.99 m*
W =100KPa (0.99) m3=99kJ.

20.

21.

22.

23.
24.
25.

(@ According to first law of thermodynamics,
AU=qg+W
where, AU = Internal energy
g = Heat ; w = Work done
For isothermal process, AT =0, AU=0
q=-W
(c) Relation between heat of reaction (AHr°) and bond
enthalpies of reactants and products is
AHr = z:BEreactants_ XBE
g AHoreaction = z:Hoproduct bonds_ZHcreactant bonds
(@ Foran isochoric process, AV =0
In this process, Acc to the first law of thermodynamics
g=AU-W
q=AU-pAV
As AV=0
g, =AU
(b) The criterion for a spontaneous process is AG < 0.
(b) Heat capacity is an extensive property.

(@ Primary nitroalkanes are obtained in good yield by
oxidising aldoximeswith the help of trifluoroperoxy acetic acid.

o

products

RCH— NOH——I% __ ,RCH— N*—OH

Aldoxime CF3COOC0H

—— RCH,NO,

(1°nitroalkane)

N\ |\



Electrochemistry

WARM-UP
Topic-wise MCQs

(d) Charge on Mg and Ca ion is greater than that of Na
and K, so Mg and Ca ions possess higher conductivity,
also solvation of metal ion decreases as we move down
the group, hence conductivity increases).

(d) Larger the size, lower the speed.

(d) ohmtcm™

(d) Conductance G =$

Molar conductivity of a solution at a given concentration
is the conductance of the volume V of solution containing

one mole of electrolyte kept between two electrodes with
area of cross section A and distance of unit length.

I
Since, | = 1 and A = V (volume containing one mole of

electrolyte) then Ap, =KV

Molar conductivity Apm =

If the concentration is C mol/litre then A, =K /C
! 1 ¢ 14

1
@ w=gxg=I3=5 X =

(i « 65 m’l) %1000 ¢m®
260

Kx1000 _
~ molarity

__6som? 1
260x 4 mol 1000
) [G (conductance) —siemens or ohm=(S).]

@ x=— /A [[150 jx1.14jSCm1

(1.14)
= 1000xﬂ8 cm?mol
0.001

0.4 moles

m? = 6.25x 10*Sm2mol-!

A = 1000 x
=760 Scm2mol?

(d) Cellconstant=1I/a .. Unit=m/m?=m",

K
(©) A =100
-5
~1000x 210" _ 50 5¢m2 mol
0.001
A
L Am_20 (2)
Ao 190 (19

10.

11.

12.

13.

14.

15.

16.

17.

HA p— H" + A~
0.001(1-o) 0.001a 0.001a
2
2| 0001 (12)
Ky = 0.001[1 ] - S —123x10%
-

%)
(0)  Arcon =Afict + AAcoNa ~NaCl

=[426.2+91.0-126.5] =390.7
(b) Molar conductivity

AA|2(SO4)3 + 3ASOZ_

3+
AI 4

(b) ABa(oH), = Aacl, +2ANaoH —2ANacl

ABa(oH)y, =280x107* +2x 248x107* - 2x126x10™*

ABa(oH), =524 x10"*sm’mol ™.

() A°for CH,COOH= Agyy coo- iy

= (kCH_q,COO’ A ) +(}\'H* o )_ (}\'Na* +her )
=90+ 425-125 =390 mho cm?mol-L.

C
Degree of dissociation (o) = A—m _ 18 _ 0.02
A, 390

m
(@) xy==x*"+y> Ay =57+73=130 Sem?molt

1k x1000

(d) Molar conductivity Ap, = v

K 1 cell constant 1 X ¢
= —X = —X—
R " R A

_ 1 “ lcm
" 5x10%Q 100cm?

6
2x10 Q7 temtorsem™

2x107°x1000  _ 2 N
= 01 =100 Scm?mole
(b) Electronic conductance decreases with increase in
temperature whereas electrolytic conductance increases
with increase in temperature as no. of ions or charge
carriers increases with increase in temperature.
() According to Kohlrausch law of independent
migration of ions.

A%, (CH4COOH)

N \\




18.
19.

20.

21.

22.

23.

24.

N\ |\
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=Am (CH3COONa)+ A, (HCI)—Ap, (NaCl)
=91.0 Scm?mol +426.16 Scm?mol-! —126.45 Scm? mol~
=390.71 ScmZmolt

Ay =A° +A
(d) “*mCH,COOH MCH,CO0™ © *"MH*

=50+ 350 =400 Scm?mol!
g=Am_20 1
A%, 400 20
2 2
Ky _ G0 ce? =710 L
l-a 20
=1.7x10°mol L™
(@) According to Kohlrausch’s law
A (AB)=A° (AY)+A° (B)
So, A°,(CH,COOH)=A° (CH,COO") +A° (H)
So A% (CH,COOH)

1 1
=27 (CH,CO0K) + 2 4°,(H,80,) ~5 4%, (K,SO,)

=7+ g—% :Z+(—X;y)

(d) Given;
¢,,=0.5mol/dm?
k=5.76x10°3Scm

T=208K
3
Dy =% ’;1000 =276x10 7 11 52 sem?/mol
m

(b) HCI completely dissociates to give H" and CI- ions,
hence it acts as very good electrolyte. While others are
non-electrolytes.

Ay 954

=_m_== _ = 0,
b) o G 238 0.04008 =4.008 %.
m

. oM
(@) Ratioof Molarity = M,

3 W, I mVv _ﬂ _ppmp 745 1
W, /mV W, ppm, 149 " 2
1000
KlX
A M

M M
A 1000 = ~Lx—2 = 30,5
2 e, xOW
M

2 Ko Ml 100
2

@ An=g

from question, x, = x,
Aml xCy = Amz xCy

= xk=A,xC

10x10° 20x103
Ay X— = m, X
™= 20 2 80
20, = A,

25. () A;(Agl) = A7 (Nal) + Ay (AgNO3) —Ajn (NaNO3)
=127+133-12.0=14.0

26. (a) Given,x=0.013cm™,R=300Q
Cell constant G* = conductivity(i) x Resistance(R)
Cell constant = 0.013 x 300 =3.9cm™!

27. (b) With the increase in concentration, conductivity of
solution increases due to an increase in the number of ions.

Thus, Z> X>Y.
28. (d)
Ry = 1000 Ry = py—; - — = Ryly =1.29x 100 cm
ATTA
R, = 258Q; Now, L Rohp Ay = 100x1.29 _1gom-t
A 258 2

=0.5Scm™

29. (b) Aceticacidisaweak electrolyte. Gradual increasein
dilution facilitates the dissociation of acetic acid. Therefore,
molar conductivity increases.

30. (c)
aCl
lTI'I
JC

31. (a) Given for0.2 Msolution,
R=50Q
k=14Sm1=14x10?Scm*
Now, R =

= LAz Rxk =50x1.4x10%cmt

For 0.5 M solution,

R=280Q

K="

| ) | 1 1

—=50x1.4%x10 — R=p— = = x—

A xRl eml=s R=pon= oy
1 ) 1 _2

= k=—x50x1.4%x10"7 =——x70x10
280 280

=25%x103Scm
Now, A, = K ><I\1/|000
2.5%x1073S cm~ 1000 cm3/L
- 0.5 mol/L
=5ScmZmol1=5x10*SmZmol
32. (¢) CICH,COONa+ HCl— CICH,COOH + NaCl

AcicH,cooNa T AHcl = AcicH,cooH + ANacl
224 + 203 — AC'CHzCOOH + 382

AcicH,coon = 427382
=388.8 ohm~tcm?geqt.
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33.

34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

\V

)
(d) Molar

conductivity

de

Molar conductivity decreases sharply with the increase in
concentration because the total volume V of solution
containing 1 mol of electrolyte decreases

(d) Daniell cell is a type of galvanic cell.

(b) The cell in which Cu and Zn rods are dipped in its
solution is called Daniell cell.

(d) Inelectrolytic cell, the flow of electrons is from anode
to cathode through internal supply.

(d) When both the electrodes are kept in the same
solution there will be no requirement of salt bridge.

() The magnitude of the electrode potential of a metal is
ameasure of its relative tendency to loose or gain electrons.

M — M ™ +ne~ (oxidation potential)

M™ 4+ne” — M (reduction potential)
(©) 2AgCI(s)+H,(g) — 2HClI(aq) + 2Ag(s)
The activities of solids and liquids are taken as unity and

at low concentrations, the activity of a solute is
approximated to its molarity.

The cell reaction will be

Pt(s)| H2(g),1bar |H" (aq)IM | AgCl(aq)IM | Ag(s)

(a) Salt bridge allows the flow of current by completing
circuit. No current will flow and voltage will drop to zero, if
salt bridge is removed.

(b) The oxidation state of Cr changes from +6 to +3.

+6
Cr,072+ 66~ —»2Cr*3
1mol 6mol

= number of faradays = moles of electrons = 6
(b) Quantity of charge passed = 0.5 x 30 x 60 = 900
coulomb
900 coulomb will deposit = 0.2964g of copper
96500 coulomb will deposit
_ 0.2964

x 96500 =31.75 g of copper

Thus, 31.75 is the eq. mass of copper
At. mass = Eq. mass x Valency
63.56 =31.75 x X
X=+2.
(@) The charge carried by 1 mole of electrons is one
faraday. Thus for a reaction

M™ +ne”——M

nF=1moleof M
Al¥ +3e”—— Al
3F 1 mol

1/3 mol

44,

45.

46.

47,

48.

49.

50.

51

52.

Cu®*+2e — Cu

2F 1 mol
1F 1/2 mol
Na*+e"—— Na

1F 1 mol

The mole ratio of Al, Cu and Na deposited at the respective

cathodeis%:%:l or2:3:6.

(b) At Anode, CI” —>%CI2 +e”

35.5x2
Equivalent wt. of chlorine (Ec|2) = X2 _355
Eq, x| xt
We, = Cly _ 35.5x2x30x%60 _132¢,
2 96500 96500
() H,0 H" +OH™

H+ +e” ——)%Hz

0.5 mole of H, is liberated by 1 F = 96500 C
0.01 mole of H, will be liberated by

96500

5 ———x0.01=1930C
Q: | xt
1=Q_ 1930C

I 10x10~°A
(c) Electrorefining and electroplating are done by
electrolysis.

(d) W_A=W_B;

En Eg 8
S Wt.of Ag=216¢g
)y Cu*+ 2e”

2x96500C

—19.3x10% sec

1.6 Wt of Ag
108

— Cu(s)
63.6 ¢

9650 C will deposit = x9650 =3.18¢

2% 96500
(d Ag"+e ——Ag
96500 coulombs deposit = 108 g of Ag

108 965-1.089Ag
96500
(@) According to Faraday law of electrolysis, amount of
electricity required to depaosit 1 mole of metal = 96500 C=1F
i.e., for deposition of 108g Ag, electricity required =1 F
© E= 96500 x w _ 96500xm
Ixt Cxt
(d) Charge (Coulombs) pass per second = 106
Number of electrons passed per second
. 10°

1.602x1071°

(d) Chargeon one mole of electrons = 96500 C.

965 coulombs deposit =

= 6.24x10%



54.

55.

56.

S7.

58.

59.

60.

61.

62.

N\ |\
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(c) According tothe definition, 1 F or 96500 C is the charge
carried by 1 mol of electrons. When water is electrolysed:
2H,0 —— 4H"+ 0, +4e”
So, 4 Faraday of electricity liberate = 32 g of O,
Thus 1 Faraday of electricity liberate
32

=79 of 0,=8gof0,

(@ When molten or fused NaCl is electrolysed, it yields
metallic sodium and gaseous chlorine. Reactions involved
are as follows:

NaCl (s)— Na* (I) + CI=(l) 64.

Na*(l) +ee——>Na(l) (at cathode) CI-(I)—> CI(Q)
+ e~ (at anode)
(b) Pt** +4e—— Pt
4F electricity is required to deposit 1 mole of Pt.
0.80 F of electricity will deposit
=1/4 % 0.80 moles of Pt =0.20 mol.
(d) 1moleofe =1F=96500C
27g of Al is deposited by 3 x 96500 C

5120 g of Al will be deposited by 66.

_ 3x96500x5120
B 27

—5.49x10°C

+4 +5
@) VO%‘ —>VO§‘ This reaction involves transfer
of one electrons.
Thus, for conversion of 1 mole, 1 F of electricity is required.
Charge = 0.2 x 1 Faraday = 0.2 x 96500 coulombs
=19300 = 1.93 x 10* coulombs

(d) CgHsNO, +6H™ +6e” ——> CgH:NH, +2H,0

123 67.

EC6H5NOZ (qut) 2? =205

Number of coulombs required

_ wx96500 _ 12.3x96500
" Eqwt 205

(d) Oxidation reaction at anode, upon electrolysis of water:
2H,0 (I) —> O, (g) + 4H* (ag) + 4e~; ES =+ 1.23V
Thus, 1 mole of oxygen is liberated by 4 moles of electrons.
4 x 96500 coulombs electricity liberates = 22.4 L.O, gas

9650 coulombs electricity liberates

224

=257 49650 =
7796500 0.56 L. 0, gas

(b) Fe*" +2e"—>Fe; Eg, = 5—26 =28

1 Faraday liberates = 28 g of Fe 69.

3 Faraday liberates =3 x 28 =84 g

(d) Change in temperature, electrode or electrolyte
compsoition does not effect faraday’s law.

63.

Cl (g) +Cl(g)— Cl, (g) 65.

=57900 C 68.

© Fe*+3e —>Fe
3F =1mole Fe is deposited
For 56 g =3 x 96500 (required charge)

3x96500
6

For0.3482¢g= x0.3482

=1800 coulomb

Q=it

= 1800=1.5t

= t=12005s=20min

(@) Gold is an inert metal. Electrodes made up of inert
metals does not participate in chemical reaction.

(c) Using Faraday’s second law of electrolysis,
Weight of Cu deposited  Equ. wt. of Cu
Weight of Ag deposited Equ. wt. of Ag

Wey _635 1
018 2 108
63.5x18

W, = 5%108x100 =0.0529¢.

(b) Fe,O,is amixture of FeO and Fe,O,. The oxidation
state of Fe in FeO and Fe,O, are +2 and +3 respectively.

(+2) 2%
FeO ———Fe

(+3) 6=
Fez 03 —2Fe

8
Fe,0, —>—> 3Fe

3 mole Fe requires = 8F

8
1 mole Fe requires EF =26F

(@) During the electrolysis of dil. sulphuric acid using Pt
electrodes following reaction occurs.
Atcathode : 4H"(aq) + 4~ — 2H,(9)
Atanode : 2H,0 () = O, (g) + 4H" (aq) + 4e~
(d) lequivalent of anysubstanceis deposited by 1 F of charge.
20 g calcium contains,

Given mass

Number of equivalents = —————
Equivalent mass

Atomic mass _ 40 _
Valency 2

Equivalent mass of Ca = 20

. 20
Number of equivalents = 0 1

So, 1 Faraday of charge is required to deposit 1 equivalent
of Ca.

(+6) (+7)
© MnO3 —>MnOj; +e~
0.1 mole

Quantity of electricity required = 0.1F
=0.1x96500 = 9650 C
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70.

71.
72.

73.

74.

75.

76.

77.

N \\

. Elt
() Applying, w = 96500
Equivalent weight of cobalt (1) =59/2
1=10A
Time (t) = 109 min = 109 x 60 sec
Substituting these values we get,

_ 59x10x109x 60
2x96500

(d) Calomel electrode is used as reference electrode.
(b) Given E_ 4. Jsn2* =+0.15V; Egae o =074V

=20.0

Sn** will reduce and Cr will oxidize, as the standard
reduction potential value is positive for Sn**.
Ecell = Egx + Efpg =(0.74+0.15)V =0.89V
(d) As the reduction potential for second reaction is more

than that of first reaction, Ag,O will reduce and Zn will oxidize.
E°e =B’ tE°p =0.76+0.34=1.10V
(@) E=E°o- 0.059 log 1

N

0.059 Iogi =-0.236V
1 107

(d) Heren=4,and[H"]=10"3(aspH=3)
Applying Nernst equation

Cell ™

=0-

2+72
£ po 0059 log [+Fe4 ]
n [H"T" (Po,)
—-342
_1.67- 9059 log (12 4)
4 1073)%x0.1
0. 059
—1.67— log10’ =1.67-0.103=1.567V
() For Zn2+—>Zn
Lo 2303RT  [Zn]
ZnZtizn ~ “zn?tizn nE [Zn2+]
=-0.76 —@log L o 0.76-0.03
]
E, 2t /5y =079V

(d) When the concentration of all reacting and product
species kept unity, then E =E° and the given

relation will become A, G = —nFE°, . €.g. redox reaction
for Daniell cell :

Zn(s) + Cu®* (ag) — Zn?* (aq) + Cu(s)

solutions of CuSO, and ZnSO, are the reacting species.

The E_, for this cell :
Ecell = B
Zn2+
“hE ECUZJréll = Ecell = Ecell

if [Zn2*] = [Cu?*] =1

78.

79.

80.

81.

82.

83.

84.

(c) Using the relation,

2.303RT 0.0591
ES= —F logK, = log K,
0.0591 2x0.295
: = logK =———=10
0.295V gK¢ =log K, 0.0591

or K, =1x10%
(@ Thecell reactionis

H,(g)+Cu?*(ag.) > 2H" (ag.) + Cu(s)
n=2
According to Nernst equation

031=0. 34—%|og [H+2]+2

[Cu™]
pH = 3-log[H*] = 3 [H*] =103
[Cu?*1=10"M
X=7
(d) cell reaction — Cu + 2Ag* — Cu?* + 2Ag
According to Nernst equation

- 006, [Cu®*

Ecell =Ecen ————10 g[ n 2]

2 [Ag]
043=E2,, 006 og (0.0012)

2 (0.02)
Eep = 0.46V
Ecel = Epge/ag ~ Ecu? /oy =046 = 0.80-EL 2 o,
E0Cu2+/(:u =0.34 volt =34 %1072

RT
Ecell = Ecelt ——1In

(d) cell cell nF Q
At equilibrium,

ceII =0 andQ= K = Eeen # Ecell
(b) For the given cell

e 0059V, [Zn?" (aq)]
Ecell =E cell — 2 [Cu2+ (aq)]

The cell potential decreases with increase in [Zn?* (aq)]
and increases with increase in [Cu?*(aq)].

(b) %Hz +Ag" >H +Ag; n=1
AG®°=-nE°F=-1x%0.5332x 96500
=-51.35kJ/mol

(c) Fe¥*+1Im—— 1, +Fe?

The E° value for spontaneous reaction is positive.

Ecen = E((:)athode - Ee;node =(0.77-054) V=023V

=23x1072V.



85. (b) From NernstEq.

Zn2+}
2x1.1
e RT log [ = =373
Ecenl = Ecen _Fln Q [CUZJF} 0.059
0 2.303RT
or, E.oj =Eey ———10 2+
cell cell "= gQ ' [Zn ] 3
= o 2+
or, 0.801= (0.008 + 0.763)— 2282 o =4 [C” ]
n 91. (c) Mg——> Mg?* 2e- (oxidation at anode)
86. (d) Ered = Epg + 0. Sgllog[M "] Ag* + ee—— Ag (reduction at cathode)

Anode is written on the left and cathode is written on the

Lower the concentration of M ™, lower is the reduction right side.
potential. 2 303RT
Hence order of reduction potential is: Q>R >S>P 92. (¢) Egen= —F log K
n
87. (c) AG=-nFEg Given: Egy =059V,n=1
Sn?" +2e” >SN AG; =+2x0.140xF  ....(i) 050 = %958 1o
Sn* +4e” >SN AG, =-4x0.01xF .. (ii) 1
Subtracting (i) from (ii), we get 059 _ 0g K
4+ — 2+ o o O 059
Sn +2e —Sn AG3 :_ZXESn4+/Sn2+ x F _|OgK
K =10

AGq = AG, —AG; = —2xE’ xF=-(004+028)xF g3 (@) AG =—nFE°

° 2 =-2 % 96500 x 0.24 = - 46320 J/mol
E =0.16 volt =16x107°V

=-46.32 kJ/mol
88. (a) TheHalfcell reactionis Zn?* +2e~ —Zn. 94. (b) Forecell,
- 0.059 1 [E°=—E° Zn|ZnSQ,(0.01 M) || CuSO,(1.0 M)|Cu
—lo
cell = “cell — 2 9 [Zn2+] o 2.303RT log [Zn2+]
0,059 L Ecen = E%cen — nE [C 2+]
= ~0.763—~>> Jog—-— = -0.822V !
2 0.01 , . 2.303RT (0.01)
E,;=0822V B =Bl —— ——xlog—
89. (a) Apply Nernst equation to the reaction When concentrations are changed for ZnSO, and CuSO,,
Pb+Sn® — Pb?* +Sn We can write
- 0.059 [Pb?*] 2.303RT 1
E.n=E — | Ey, =E° — lo
cell 5 x 109 [sn 2+] 2 cell oF X 90.01
E,>E
0.059 Sk 17 2
or E°+——log {sz+} Ecen 95. (a) 2H*(aq) +2e"—H,(9)
gIS0%]_001x2 e _po_ 20590 P
n X . ~ _
=0.3 (" Eqep =0 o 2 +12
or [Pb2+] 0.059 (- Ecen =0) [H']
Pu,
S 2+
or {sz I]I _ antilog (0.3) 0=0-0.0295 log 7.7
90. (d) Eg, =0;when cellis completelydischarged. P, -1
—7y2
712 (107")
. o 059 [ ] y
Eeen = E%cen — log |:CU2+i| PHZ =10"*atm
96. (a) AE°=E°,+E° ;,=-1.81-151=-2.69
[anq Since AE® is negative
or0=11- 0. 059 log AG =-nFE®°, AG will have positive value so, forward
Cuzq reaction is not possible.

N\ |\
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97.

98.

99

100.

101.
102.
103.
104.

105.

106.
107.
108.

109.

110.

111.

N \\

(@ H,——2H"+2e"
10710
~1042
L —0- 0.059 log (107)
Hz/H 2 1

EH2/H+ =+0.59V

1 atm

nl:Ecell
RT
After putting the given values, we get

2x96000x 2
InK= W =160 ..

(b) Cellreaction :

(d) We know that, InK=

K = g160

M(s) +3Ag* (aq) —— M®* (aq) + 3Ag (s)

E_g0_ 0.0591Io [Reduced state]
n [Oxidised state]
0421 = E° _ 0.0591 log 0.0013
3 (0.01)

E°=048V

0_ =0 0
E" = EAg*/Ag - EM:”IM

0
Eppss = 0.8V —0.48V = 0.32 Volt
(@ pHofsolutionl=3
. [H],=103M
pH of solution 11 =6
- [H],=10°M

- 0059, 107

Novvi Ecell = Ece" - T |Og 10_73 =0+0.059%x 3
Eqy=0.177V
@
@

() H,-0, fuel cell supply electrical power.

(c) Fuel cells produce electricity with an efficiency of
about 100%.

(b) In H,- 0O, fuel cell, the combustion of H, occurs to
create potential difference between the two electrodes.
(b) Oxidation takes place at zinc anode.

(€) 2NH,Cl+2Zn — 2NH;+2ZnCl, +H, T.

(d) Primary cells are those cells, in which the reaction
occurs only once and after use over a period of time, it
becomes dead and cannot be reused again. e.g., Leclanche
cell and mercury cell.

(c) Theelectrolyte used in Leclanche cell is moist paste
of NH,Cland ZnCl.,.

() Mercury cell being primary in nature can be used
only once.

(b) During charging, the lead storage battery behaves
like an electrolytic cell. So, at anode the reaction is

PbSO, + 2H,0——>PbO, +4H* +S07~ +2e~

112.

113.

114,

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

125.

() Ni—Cd cells have longer half-life than lead-storage
battery.

Discharge

(d) Pb+ Pb02 + 2H2804 2PbSO4 + 2H20

Recharge

Sulphuric acid is consumed on discharging.
(c) Atcathode, reduction occurs according to following
reaction.

+4 +3
MnO, + NHj; +6~ ——>MnO(OH)+ NH3

(a) Batteriesand fuel cells convert chemical energy into
electrical energy.
(c) Asthevalue of standard reduction potential decreases

Z > X >

the reducing power increasesi.e.,
(-3.0) (-1.2)

(+0.5)

(a) Higher the value of reduction potential higher will be
the oxidising power whereas the lower the value of
reduction potential higher will be the reducing power.

(b) Without losing its concentration, ZnCl, solution
cannot kept in contact with Al because Al is more reactive
than Zn due to its highly negative electrode reduction
potential.

(a) According to standard electrode potential table, the
order of electrode couple from top to bottom is :

CL/CI->Ag*/Ag > 1,/I">Na*/Na> Li*/Li

(d) Higher the reduction potential, stronger is the
oxidising agent.

(@) Since oxidation potential of Zn is highest hence
strongest reducing agent.

(c) Fuel cell converts the chemical energy into electrical
energy.

(b) The cell reactions during charging of lead storage
battery are

At anode PbSO,(s) + 26~ — Pb(s) + SO3~ (aq)
At cathode PbSO,(s) + 2H,0(I) -

PbO,(s) + SO5 (aq) +4H" (aq) + 2¢~.
(b) During the charging of lead storage battery, the

following reaction takes place.

2PbS0O,(s)+2H,0(1)—>Pb(s)+PbO(s)+2H,SO (aq)
At anode PbSO, reduced back to metallic Ph. At cathode
PbSO, oxidised back to PbO.,,.

From the balanced reacation.
Xy = +2, y, = 0
X, =+2,y,=4

(b) Reducing power ocL
Erp



ACCELERATOR

Topic-wise MCQs

1.

(d) Molarity=0.01M ; Resistance =40 ohm;
| _
Cell constant —- = 0.4cm L

Specific conductivity (x)

cell constant _ 0.4 1
=———=——=0.0lohm™ cm
resistance 40
1000k

Molar conductance (Ap) =————
Molarity

1000 x 0.01
0

(a) Difluoroacetic acid being strongest acid will furnish
maximum number of ions showing highest electrical
conductivity.

-=10%ohm™t cm? mol !

(c) k= %x Cell constant = % =0.01487

(d) Am(NH4CI) = A?nNHz + A?ncr
Am(NaoH) = Amy+ + Amoy-

o

Am(Nact) = Ampgs + Amey-

: A?n(NHZ) * A(F“(OH*)

o

- A?n(NHZ) * A?“(cr) * A”‘(Na*)

]

A?n(NH40H):A?n(NH4C|) + Acr)n( NaOH) _A?n(NaCI)
©

(b) AZZchOOH is given by the following equation

AcHacoon = (AcHacoona T Anct) — (Anact)

Hence A?\jau is required.
(b) Here,R=31.60hm

1 1 1
t = —=——0hm™" =0. -1
Conductance R =316 0.0316 ohm

Specific conductance = conductance x cell constant.
=0.0316 ohm=' x 0.367 cm*

=0.0116 ohm™ cm™?

Now, molar concentration =0.5M (given)

=0.5x 10 molecm

K 0.0116
Molar conductance= = =————=
C 05x10

=23.2S cm?mol-t

10.

11.

12.

(d) (A?n) NaBr — (A?‘n)NaI

= A° N&+A° Br— (A, Na+A° )
= ASBr—A%I-
(A?n) KBr (A?n) NaBr
= A K+ A Brr— (A3 Na*+ Af Br-)
= A°K'-A° Na
o (A Nasr — (A e # (A% e = (AT
(@ Order of acidic strengthis:
HCOOH > C;H.COOH > CH,COOH

More the acidic strength, more will be the dissociation of
acid into ions and more will be the conductivity.

Thus, order of conductivity will be,
HCOOH> CH.COOH > CH,COCH
A > © > (B)
(@) Since, KClis more conducting than NaCl, therefore,
graph (a) is correct.
(€ Given: Ay (NaCl) =126.4Scm?mol, A’ (HCI)=

425.9Scm?moland A, (NaA)=100.5Scm?mol-
AL (HA) = X°H+ + XZ_

A G g gy g
= Ap (HCI) + A (NaA) — A, (NaCl)

A (HA) =429.5-126.4+ 100.5=400 S cm? mol~*
K (HA)=5x10"°Scm™

k(HA)x1000 _5x107°x1000

A _(HA) = =

m(HA) Molarity of HA 0.001
= 50 Scm? mol

= Am(HA)_ S0 1

A:n (HA) 400

@ X (NH,CI)=185Scm? mol

o

= (km)NHX +(7“:“)C|— =185

(k:“)r\m‘l+ - (}”:“)NH4C| _(}”:“)cr

=185-70=115Scm2mol-!

(;\‘m)NH‘lOH =(}””‘)NHX +(Xm)0H* =115+170
=285 Scm?mol

NH,OH
degree of dissociation = ((}”ﬂ)—“o

m)NH4OH

—@—03—3“0-1
285

N\ |\
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13.

14.

15.

16.

17.

18.
19.
20.
21.

22.

23.

24.

25.

26.

N \\

(c) Wehave 0.2 gof NaOH in 100 mL solution
0.2

= ><1000 =
40x100 0.05M
1 -1
=———=1.15Sm"= -2 -1
K =387 1.15x 102Scm
x£x1000 1.15x1072 x1000
A, = = =2 m?2 mol-L
m — 008 30 Scm?mo

=23 x10*m Scm?mol~t =23 x 10°m Sdm? mol

() Given: A, =57 Scm?mol-; A_=73Scm?mol~
Apply Kohlrausch's law

A, =k, +A_=57+73=130 Scm’mol~

@ A,=A%-AJC

Unit of AYC = unit of A, =Scm?mol
Unitof A=Scm2mol 3212,

() Conductivity of electrolytic cell is affected by
concentration of electrolyte, nature of electrolyte and
nature of solvent.

1
® 6=
@

@
@

(@) Onapplying an external voltage greater than 1.1 Vin
a Daniell cell the current flows in the reverse direction i.e.,
from Zn to Cu (cathode to anode) and electrons flow from
CutoZn.

(d) Electrolysis of H,SO,
Cathode: 2H* +2e”—H,
Anode: 2H,0 - O, + 4H* + 4e”
(€) AP +3e——AI(s)
3F required for 27 gm
_ Exixt  Mxixt
96500 N x96500
_27x2x30x60

3% 96500
(c) At anode.

=0.336 gm Al

2HSO; — H,S,0g + 26
(b) Au* +3e—Au(s)

w_Q
TE 1F
WxF _W 1.314
=———=—F="2""_F = = -2
=Q £ £ EF 0.02F=2x10~F
3

() Agt+e——Ag

1 Fisrequired for 1 mole. So 3 Fwill produce 3 mole
Ca’*+2e ——Ca

2F isrequired for 1 mole.

217.

28.

29.

30.

31.

32.

33.
34.

35.

. 1 3
So 3 Fwill produce Pl 3= 2 mole.
Al +3e— Al
3F is required for 1 mole. So 3F will produce 1 mole.
Molar ratio 3: % :1=6:3:2

(@ Charges passing through solution =5 x 193 = 965C
Cu™+ne’ICu

965C charge deposit 0.32g
or 96500n C charge deposit
_032x96500n _ oo 64,
965 32
. . W xF
(b) Equivalent weight = TS
0.96 x 96500
=————=321g =31.
1.2x40x 60 19 = 31759

(d) Charge on 1 mole of electron is required for electrode
deposition of 1 equivalent of substance.
(@ Time,t=1.608minor96.5s

Formula. W _Z><i><t:> _£X10><96.5
ormuta, Al = 96500 Al T 3 " 96500
= W, =009g

(c) Given,

Charge used =19296 C
Molar mass of Cu=63.5
2 x 96500 C of charge give =63.5 g of Cu
) 63.5 x 19296
Thus, 19296 C of charge give = T2 %X 96500
=6.35 g of copper (Cu).
Hence, option (c) is the correct answer.
(b) When same amount of electricity is passed through
AgNO, and CuSO, agueous solution.
Then 1 mole of Ag* will deposit and half mole of Cu?* will
deposit.
The relation between Ag* and Cu?* ion is as follows

1
1 mol of Ag* = 3 mol of Cu?*

x mol of Ag*™ 1 mol

y molof Cu?* /2 mole
X=2y

Thus for,

@)
(@) Anode has negative polarity.

0) E=E g, ~ESe

0
cu®*|cu Zn 11V

|zn —

So, if Egy =1.1V, noelectron will flow.

At E_ > 1.1V, cell act as electrolytic cell and electron will
flow from Cu to Zn.

At E,, < 1.1V, cell act as electrochemical cells so Zn
dissolves at anode and Cu deposits at cathode.



36.

37.

38.

39.

40.

41.

42,

43.
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(c) Correct Nernst equation is 44,

2.303RT
E=E°+—————Iloga,,.. .
nF 98

(d) In electrolytic purification cathode is of pure metal
and anode impure metal.

(a) Total charge on one mole of monovalent metal ion
= Charge on N, electrons

1F = 96500 coulombs = 9.65x10% coulombs .

(@) For deposition of silver, reaction is

Agt+e — Ag
1 mol of Ag will be deposited by

=1F=96500C=9.65x10*C 45,

Since 1 equivalent weight of Ag is also equal to the weight
of its 1 mol, hence 1 equivalent weight of Ag will be
deposited by = 9.65 x 10* C

(b) Givenl=3.86amp

t =41 min 40 seconds = 2500 seconds

Mass deposited = ZIt

Equivalent weight

Where Z =

96500 46.

40
Equivalent weight of Ca= > (Ca** - Ca)=20

20
96500

(d) 1F—>11.2LCl,atSTP

9.65x5x60x 60
96500 -

<. Vol.ofCl,=1.8x11.21.=20.16

(@ --Q=ixt

- Q=4.0x10*x6x60x60C
=8.64 x 108C

Z= x3.86x2500 =2

. No. of Faradays = 18

AR+ 3¢ — Al
3x96500C 279

[3x% 96500 C liberates =27 g of Al]
.. 96500 C liberates 9 g of Al

8.64 x 108 C liberates =

9 8
8.64x10° g Al
96500 8 . g I

=8.1x 10%g of Al
(b) At anode:

)

I I I
2—o—ﬁ—o1m)__»1)—ﬁ—o—o—ﬁ-4y@@+2y

N\ |\

At cathode :

2H" (aq) + 26— H,(9)
Hence, the product will be
HO,S-0-0-SO,H.

47,

(@ Millimoles of Au*=0.1x 250 =25

25 1
Mole of Au* = ——— = — = 0.025
Ol OTAU" = 7000 ~ 40

Similarly, moles of Ag* =0.025
Charge passed =1 xt=1x15x60=900C

900
- =———=0.0093 )
Moles of e~ passed 96500 mol

Species with higher value of SRP will get deposited first at
cathode.

Aut(ag)+ e& ——Au(s)

0.025 0.0093
So, only Au will get deposited.
() The anodic half cell reaction when the battery is
recharged :
PbSO,(s) + 2e"—> Pb(s) + SO~ (aq)
We require 2F for the electrolysis of 1 mol or 303 g of
PbSO,.

Amount of PbSO, electrolysed by 0.05 F

303
== x0.05=75759~7.69

(© B,Hg+30, —>B,03+3H,0

27.66 g of B,H, (1 mole) requires 3 moles of oxygen (O,)
for complete burning.

Now the oxygen is produced by the electrolysis of H,O.

On electrolysis : 2H,0—4F 5 2H, + 0,

1 mole O, is produced by 4F charge
3 mole O, will be produced by 12F charge.
S Q=1
12x96500C=1xt
12 x 96500 C=100 xt
12 x 96500 12 x 96500
=———— second = ———
100 100 x 3600
(c) 9.65 ampere current was passed for 1.0 hour (3600
seconds)
Number of moles of electrons passed
_I(A)xt(s) 9.65Ax3600s

hour =3.2 hours

=0.36 moles
96500 96500
NO, NHOH
Conc. H>SOy4
4[H]
NH,
[Rearrangement]é
OH

CgHsNO, +4e”™ + 4H" —— p-Aminophenol + H,0

4 moles of electrons reduces 1 mole of nitrobenzene
to p-aminophenol.
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48.

49.

50.

Sl

52.

53.

0.36 moles of electrons will reduce 036 _ 0.09 moles
of nitrobenzene to p-aminophenol.
p-aminophenol molar mass = 109.14 g/mol
Mass of p-aminophenol obtained
=109.14 g/mol x 0.09 mol =9.81g
(d) Reduction at cathode:
2~ +2H,0 - H, +20H" (valence factor) H,=2
AtNTP, 22400 mL of H,=1mole of H,

112 mL of H, = fmoxm ~0.005moleof H,

M f H d d-iE
ass of H, produced = oo EH,

2x0_005:ﬂ><2
96500 ~ 2

I=1.0A

(b) AG=—RTInk=—nFE°

= —RTIN1=-nFE°=nFE°=0 =E°=0
Reduction

| ¥

b F + & — o+ &

| Oxidation 4

Ecell = Eox + Ereg = (~1.6+0.76) = -0.84 V
(c) Reduction process: 2H" + 2e — H,
neutral pH at 25°C,

. 0059  PH
E=E —ngﬁ log[H™] =7
[H } ~[H =107
=0_00_0‘259 log ! 5 =_Mx14=—0.413v
[107)

(b) Fe**+e —Fe*
Using Nernst equation,
2.303RT

- EO(Fe3*/Fe2*) nE log

E(Fes* /Fez*)

Here,n =1, [Fe?*] = 2M, [Fe**]1 =0.02 M,
2.303RT

——— =0.059,E°=0.771V (Fe*"/Fe?)

2
E (Fe**/Fe?*) =0.771-0.059 log
E (Fe3*/Fe?*)=0.653 V.

() AG°=nFE°
AG®=-RTInK,

cell

_ —2.303RT
nF

log K,

nFE°,,=-RTInK,

cell —

n = no. of electrons involved = 1

54.

55.

56.

S7.

58.

Eocell = Eocathode - EoAnode =0.5- (_ 0'5) =1
_ —2.303RT log Ke
cell — nF
100
1=0.06 log K.. ~logK, = o

(@) The nernst equation for reduction potential of an
electrode is ;-

E=E°

_230RT, [C'_]
nF PC|2

0.0591 [C'_]

_—|Og_
Pel,

Thus the reduction/electrode potential will be highest for
the lowest concentration of Cl~ions.
The lowest concentration of Cl-—is 2.5 x 103 M.
Thus,x=2.5x1073,
() A+B*=A%*+B
G°=-RTInK,

=-8.314 x 298 x 2.303 x log10%? = 68.47 kJ/mol

(d) Given E_ 2 ,.,=034V

r E=E°

S0, E% oy =034V

At anode Cu(s)—> Cu?* (aq) + 2¢~
At anode Cu?* + 2e=—> Cu(s)
Overall reaction Cu(s) + Cu?*—— Cu?* + Cu(s)

Using formula, E,, =E,,—E

— (e}
cell — OxXi.

Using Nernst equation,
o 0.0591  C;

E

cen = ceel T n c,
E zeel =(0.34-0.34) —&259 log |:%i|

=-0.029 x log10™* (. log10=1)
=-0.029 x (-log10) =-0.029 x (-1) = 0.029 V

(b) Electrode with higher reduction potential will act as
cathode.

Hence, silver electrode act as a cathode. Because reduction
potential of silver electrode (E°) is +80 V. Which is more than
given reduction potential of Cu (+34 V).

E(‘;ell = Ecoathode - E;node =+0.80—(+0.34)=+0.46V
@) E°cen = E°c —E°A =0.34- (-0.76)V =1.1V

. 2303RT, [zn?*)
Ecel = Ece =——2 IogLCu“J
0059, C, [zn**=c,)
= ECE" =1.1——|Og— L 2 J
n Cy Cut =¢;

N \\
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60.

61.

62.

63.

MHT-CET-Chemistry

E; Value wil be maximum when, Iog% will be minimum.
1

0.01
From the given option IOg— log10™* will give the

maximum value of E;,.
(b) According to Nernst equation:
T 0 [Product]

R
E= EC-—
nF [Reactant]

. [P] [P] - (E-E°)nF
o E= B "IR] © n[A]_ RT

B e )

() The Nernst equation is shown below:
£ - _ 2.303RT log [P]
cell cell nF [R]
AG = _nFEce", AGO = nFEce"
P1
[R]
[R]
[P]

(@ MCl+e”——M+cl™ cathode (reduction)

or

AG°® = AG + 2.303RT log —

AG°® = AG + 2.303RT log —

_ 1 _
Cl —>§CI2 +€e  anode (oxidation)

1
MCl—— M +—CI2 (Cell reaction)

0.059

0
Ecen = Ecen — log K¢

0. 059

= -1.140=-0.55- log K,

= -0.59=-0.059log KC = logK; =10
K, =101
1
K,p is for M +§CI2 ——> MCI
_1 1 _10-10
1010

sp T KC

© 4H" +4e” —=2H,

£ _ o 0059 (PH2)® (pH,)?
n [H*]*
0. 059 1
—0.059=0- log———
= [H+]4

= [HT]=10"1=01M.
(d) Here Ni is anode and Au is cathode

Given E° =-0.25V and

Ni 2* / Ni

64.

65.

66.

67.

68.

69.

Ep 3 0y = L5V

EZeII = EO(: - EZ =15-(-0.25)=15+0.25=1.75V
(o) Reduction of MnQj is pH dependent.
In acidic medium
MnO; + 56— Mn2*
In neutral medium
MnO; + 3e"—> Mn*
In basic medium
MnO; + e —> Mn®*
So, according to pH, the reaction and potential of cell
changes.
(b) Cu®+2e"——Cu,AG,"=-2F(0.34) ..(i)
Cu*+e——Cu,AG, =-F(0.522) (i)
Subtract (ii) from (i)
Cu?* +e=—— Cu*, AG; =-F(E?)
. AG, -AG, = AG;
= -FE°=-2F(0.34) + F(0.522)
= E°=0.68-0.522=0.158V
©  Ag”(ag) + Fe?* (aq)——> Fe*" (aq) + Ag(5)

o

Ecen=E, —E 3

Fe3t /re2*
y

Ag /Ag

Fe3+ 2+

E°

> Fe

v
sl
o

z

Fedt/Fe2t ~ =3z-2y

E Ag*tIAg =X (given)

. Eze" =Xx-3z+2y

(@) zn+2Agt—2Ag+2Zn®t (n=2¢")

EoceII = (EOR.P.)cathode - (EOR.P.)anode
=0.80—(-0.76) =1.56 V for 2e~

156
ceIIfor le = > =0.78V

@ e O'Orfgllog K

Here, n=2,E°=0.295

2x0.295
0.0591
(c) TheE°,, isgiven by

o 0.0591
E cell = TIOg K

. logK = =9.98~100r K =10%

€q

0. 0591

0591=———log K¢

N\ |\
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0.591 74.

70.

71.

72.

73.

or log Ko™ =10

~ 0.0591

or Keq =1x 100

®) sn**2e” ——Sn?" E°=0.13V
Br, + 26" —»2Br~ E°=1.08V

E° value shows Br, has higher reduction potential.
Hence

Ecen™ EBrZ/Br’ - ESn‘L“/SnJrz
=1.08-0.13=0.95V
Now —AG =nF Ece".

75.
n =2, F=96500.
—AG = 2 x 96500 x 0.95 kJ/mol.
Also, AG =-2.303RTlog K,
AG
logK,. =———— ——
9 Kea =~ 3308 x R T 76.
~ —(-2x96500x0.95) _
© 2.303x8.314x298 32.13

Keq =antilog 32.682 ~10%

b) (A +e———>A* AG,=-1Fy,
(i) A% +2e-—— A, AG,=-2F(-y,) = 2Fy,
Add, (i) and (ii) we get
A¥ +3e——A;
AG,=AG,+AG,
~3FE°=-Fy, + 2Fy,
-3FE° =-F (y,—-2y,)

Yo —2y;

o= 22—

3

(d) Cu? +2e" —Cu; AG°=-nE°F 77.

=-2xFx0.337
=-0.674F ...(»0)
Cut - Cu?* + e ; AG°=—nE°F
=-1xFx-0.153
= 0.163F ....(ii)

Onadding eqn (i) & (ii)

Cu*+e —>Cu;

AG®=-0.521 F=—nE°F;

Heren=1 .. E°=+0.52V

@ Cu+2Ag*(ag) — Cu®*(ag) +2Ag(s)

Here,n=2, Egg=+046V

AG® = -nE°F

- 204696500 | g0,
1000

78.

® cu® +1e” »cu* Ef =0.15V;AG = -nEPF

Cut+le” > Cu EJ=050V;AGS =-n,E5F

Cu?* +2e~ — Cu AG°=AG° +AG?,
—nE°F=-1n,EL°F + (1) n, ESF
~nE°F=-1(n, E,°F + n, ESF)

Eo mE° +npEf _ 0.15x1+0.50x1
n 2
E°=0.325V
(d) Standard Gibbs free energy is given as AG® =—nE°F
IfE° _,<0i.e.,—ve
AG°>0
Further AG®° =—RTIn Keq
AG®>0andK,, <0

(d) Fromthe given representation of the cell, E_; can be
found as follows.

cell

2
Ecell =(E0 2+ e 0 3+ )_ 0.059 lo [Cr3+]
Fect/Fe  Cr°t/cCr 6 [Fe2+]3
[Nernst-Equ.]
2
— 042 (-0.72) - 289 1og O
6 (0.01)
042407200595y 01x01
6 0.01x0.01x0.01
-2
_03.0059, 107 . 0059
6 1078 6

=0.30-0.0393=0.26

Hence option (d) is correct answer.
(c) AG=-nFE

For 1 mol of Al,n=3

4 4
For — mol of Al, n=—x3=4
0 3 ol of Al 3

3
_AG _ 966x10 _ o5y
—nF  —4x96500

The potential difference needed for the reduction
=25V.

(d) For a spontaneous reaction AG must be —ve
Since AG =—nFE°

Hence for AG to be -ve AE® has to be positive. Which is
possible when X=2n, Y =Ni

or E

Zn+ Ni**—— Zn™ +Ni

EOZn/Zn+2 + E?\“2+ /Ni= 0.76 + (—023)
= +0.53 (positive)

N \\
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(b) Maximumworkdone=W,__.

= —NFEgy = —2x96500%x1.10 = —212.30 KJ

(d) For the concentration cell, E; =0
Anode : Cu(s) —>Cu?" (ag)a

Cathode : Cu®* (aq). —>Cu (s)

Overall : Cu?*(aq). ——> Cu?* (aq),
(CoM) (C1M)

AG = -nFE

If AG =—-ve,thenE_ is +ve.

cel

RT, C
ECeII ——In -1
2F G,

RT Gt
2F ' C,

EceII RT InC2
2F ¢

So,C,>C,.

EceII

ceII =0-—

Thus, C, =/2C, relation is correct.
(8) AG°=-nFES,

=2 % (96000) x 2V/ =
2. 303RT

— 384000 J/mol =-384 kJ/mol
0.059V

(C) ECG‘" - Iog KC or Ece" = |Og KC

_ 0.029V |OglOl6

=0.4736V

(d) Giventhat:
Pt(s) | H,(g, 1 bar) / HCI(aq) || AgCI(s) / Ag(s) | Pt(s)
Ey =092V

0.06

E’ +E; ——logQ

NOW. B = By )1 o) + Bngcitmarsncr ™

1 _
Cell reaction: EHz(g) ——H"(aq) +e

AgCI(s)+e"——>Ag(s)+Cl (aq)
Net cell reaction:

%Hz (9) + AgCI(s) ——> Ag(s) + H" (aq) + CI™ (aq)

=[H+][C|_]
(P, )2
Here, 10~ molal HCI solution is used
—6 -6
so Q= 0 X107 :10 -10722

(assuming molality = molarity)

84.

85.

86.

87.

88.

89.
90.

91

92.

93.

94,
95.

00

. 6 12
Now, 0.92 = Ey i) mgercr ~ ——log10”

EAogCI(s)IAg(s),CI’ =0.92+[0.06 x(-12)]

=0.92-0.72=020V

(©) From the given data we find Fe® is strongest
oxidising agent. More the positive value of E°, more is the
tendency to get oxidized. Thus correct option is (c).
(d) This is because zinc has higher oxidation potential
than Ni, Cu and Sn. The process of coating of iron surface
with zinc is known as galvanization. Galvanized iron sheets
maintain their lustre due to the formation of protective
layer of basic zinc carbonate.
(b) Magnesium provides cathodic protection and prevent
rusting or corrosion.
(b) In electrochemical cell H, has greater tendency to
release electrons.

H, is liberated at anode and Cu is deposited at the
cathode.
(c) The given values show that Cr has highest negative

value of E:/I3+ v i.e., Cristhe strongest reducing agent

among given metals therefore its oxidation will be easiest.
(d)

(d) The metal placed below in electrochemical series does
not react with that metal salt solution whose metal is placed
above in electrochemical series.

(&) Anoxidising agent with a higher reduction potential
will oxidise only reducing agent with a lower reduction
potential.

() Egell = Egathode - Egnode = E(r)ight - E?eft
Ce" =0.25-0.52 =-0.27V

(@) The value of E:/I2+/M for given metal ions are
E° 02+ n =-1.18V,

E° a2 o =09V,

EFe2+/Fe

Ecg2t /oo = 028 V.

=—-0.44V and

The correct order of E:Az+ M values without considering

negative sign would be
Mn?* > Cr?* > Fe?* > Co?".

©)

@) E s

Eq o, =136V ECr3+ 00 =133V
E;r/Crg+ =+0.74V

Since Cr is having highest oxidation potential, Cr is the
best reducing agent.

N\ |\
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96.

97.

98.

99.

o o
(C) (I) A|3+ E =-1.66 Al E°=+0.55 Al*
Most stable Less stable
(ii) T|3+ E°=+1.26 TI E°=-0.34 T
Less stable More stable

TI* has negative electrode potential (E° =—-0.34) means, it
does not prefer to convert into Tl but reverse must be
preferred that's why it is more stable than TI3*
(E°=+1.26). In Al, A** ismore stable (E° =-1.66) than Al*
(E° = +0.55) and also from TI* due to more negative value
of E°. Therefore, by comparison it confirms that TI* is more
stable than Al*.

(@ CH,OH(1) + gOz(g) — CO,(g) + 2H,0(/)

Egell = Egathode - EOAnode = EOOZIHZO - EEOZ,CHgoH
— 0
121=1229- E2q /ch om
0 - -
= EQo, cm,on =0019V=19mV

Fuel cell involves oxidation of methanol which will occur
at anode and reduction of O, will occur at cathode.

(d) Fuel cell is used in spaceship and it is type of galvanic
cell. It has efficiency of about 70%.

(b) Mn, Niand Cd metals used in battery industries.

100. (b) H,SO, isregenerated.

Questions Bank

PREVIOUS YEARS MCQs

(b) Higher the charge of the metal cation higher is the
molar conductivity. For same charge, higher is solvation
lower will be the molar conductivity where H® cation isa
exceptional case.

(d) Anodic Reaction at Anode : [TE(S) —> T

Reaction at Cathode :
Cu*?(ag) + 26~ — Cu(s)
Overall Redox Reaction
2T0(s) +Cu*?(ag) — 2T¢* (aq) + Cu(s)

L2
Ecetl = Ecell - 0'0591 log E;fﬁ%

E.e increases by increasing concentration of [Cu*?] ions.
(a) Reaction occurs at cathode is :

MnO; + NH; +e~ ——> MnO(OH) + NH3

In the cathode reaction manganese (Mn) is reduced from
the +4 oxidation state to the +3 oxidation state.

(@) According to the Faraday’s law of electrolysis, nF of
current is required for the deposition of 1 mol.

According to the reaction,

@ T €12

10.
11.

Ni(NO3), —> Ni** +2NO;
2 F of current deposits =1 mol

0.1
.. 0.1F of current deposits = e 0.05 mol

() Molar conductance of solution is related to specific
conductance as follows :

1000
x——

Npm = K
m C

(d)

1000
(0.1mol/cm®)
=6.3 x 1072 x 10* ohm~tcm? mol~! = 630 chm~* cm? mol~*
@ (M—>M3*+3e)x2;(N>*+2e—>N)x3
Overall reaction : 2M(s) + 3N?*(aq) — 2M3*(aq) + 3N(s)
0.059

3+ 2
Ecen — 6 log [|:I\N/|2+ %3
[r07)

)

Am =(6.3x1020hm=tcm™) x

" Egen =

=-0.6+0.1- 0'%59 log

log10~t =051V

_ o5 0.059
6

(@ 2H"+2e——H,

_ 22400

2
E,,(Eq.w)= 3 =g =11200 mL (STP)

96500x112
11200

Q=I1t=965and t=965s.

Total charge passed = =965 coulomb

= % =Jlamp
~ 965 '

(d) Fuel cells produce electricity with an efficiency of
about 70% compared to thermal plants whose efficiency
is about 40%.

b) W=2zit
where Z = Electrochemical equivalent
63 31.5
Wi =—=315;Z2=——
Eq. wt. of copper > 1 Z 96500

315 1 5x%10%60 = 0.2938
96500

W=2zit=

k%1000 1.06x1072x1000
@ Am= -
M 0.1
(c) Higher the value of reduction potential stronger will
be the oxidising hence based on the given values Ag* will
be strongest oxidizing agent.

-1.06x10°

N \\
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@ m= Exixt 9o 31.75x.5xt
96500 96500
t=12157.48 sec.

(@ Since concentration of ions is the same hence

Ecell = Ecell

(o) CI-isoxidised to Cl, at anode.

(@ Conductivity decreases with decrease in
concentration as the number of ions per unit volume that
carries the current in a solution decreases on dilution.

(b) Applying Faraday’s second law of electrolysis

wt.of Cu _ E,, of Cu
wt.of Al E,, of Al

E,, of Cu= Atomic wt _ 63.5
n factor 2

27
EW Of AI =?

. 0.4x635 3175
" wt of Al 9

wtofAl=7.2¢g

7.2
wt of Al in moles =57 = 0.27 mol

(b) Resistance (R) = 2.5 x 10% ohm

Cell constant

Conductivity () = Resisiance

Condudtivity () 1.25cm~t
onauctivi LY R
y 2.5x10%0hm

=5x10*ohm~tem™

Molar conductivity (Ap,) = % %1000

18.

20.
21.
22.

23.

24.

25.

_ 95X 10~*ohmtem™?

3 X 1000

m 0.1 mol cm™

Am=5o0hm=71cm2mol
(b) Zincis used for coating iron surface.

Because zinc get oxidized first when comes in contact
with moisture and hence iron suface is protected from
corosion.

Charge  Current x Time
© 96500

() Moles of electron =

2x20x60

96500
or 2.487 x 102 mol e~

(b) 1.2gmL™*
(b) S.1Unit of conductivity (k) is Sm™

(d) The reaction involved for lead accumulator during
discharging i.e., when cell isin the use are

=0.02487

At anode : Pb(s) + HSO, (aq) —> PbSO,(s) + H* + 2e~

At cathode : PbO,(s) + 3H*(aq) + HSOy (aq)+ 26—
PbSO,(s) + 2H,0(1)

Overall reaction : Pb(s) + PbO,(s) + 2H*+ 2 HSO, (aq)
— 2PbSO (s) + 2H,0(1)
(@) We require nF to deposit 1 mol or 40 g of Ca.
n =2 (no. of e~ involved)
10 g Cais deposited by 0.5 F.
(@) Inthe cell represented by
Ph(s) | Pb%* (1IM) || Ag* (1M) | Ag(s), the

reducing agent is Pb because it readily gets oxidised to
Pb2*

(@) Inadrycell, zinc acts as a negative electrode.



Chemical Kinetics

WARM-UP

Topic-wise MCQs

©)
@

1d[A] _1d[B] - d[A] _1 d[B]
2 dt 4 dt dt 2 dt
1 5x1073
— X
2
(@ mA+y,B——y3C+v4D
d[b] _-3d[B]
dt 2 dt
_, LdE]_+1dD]
2 dt 3 dt
dB] __,dAl _ _1dB]_-dA]
dt dt 2 dt dt
d[D]
dt

= =25%x10%Ms.

Given: +

Given, + =9mmoldm~3s~! and

+d[C] _
dt 10

+d[c] 1
d 9

M =1m mol dm3s71
+d[D] N 1d[D] _ 3d[C]
dt 3 dt dt
N —d[A] _ 1 dB] _ 3d[C] _ 1d[D]
dt 2 dt dt 3 dt

Therefore,

Hence, the chemical reaction is A +2B —— %C +3D

Assuming y,, v,, Y, and y, are integers.

=3A+6B—— C+9D

+d[C] 1
dt '

Rate of reaction = —1mmoldm=2s

ky

(b) 2NO, k: N,O,,
2

For forward reaction rate

1dNO, dN,O,

= _ 2
2 dt da k[NO,]
For backward reaction
dN,O 1 dNO
Rate = — (?t 4 = > dt 2 = kz[N204] .

Rate of disappearance of NO, = (Rate of disapperance of
NO, - Rate of appearence of NO,)

= 2k, [NO,]2— 2k,[N,0,].
(c) fourtimes .. rate o [B]2

10.

11.

12.

13.

14.

15.
16.

k, [AT
(©) k_i{?j Or2=(8)"..n =%
(@) rate=K[A]?
[A] doubling, rate becomes four time. Hence rate a[A]?
[B] doubling, no effect on the rate. Hence rate o[B]°
rate = K[A]? [B]°
(c) Rate=K[A][B]?
@) (p+tg)=(m+n)or(p+aq)=(m+n)
Keeping [B] constant, [A] is made a 4 times, rate also
become 4 times. Hence rate a. [A]
Keeping [A] constant, [B] is doubled, rate becomes 4 times.
Hence rate o. [B]2
rate = K[A] [B]?
(@ 0.012atmmint
d[NO4] ! d[NO,]

a2 dt
_ N
_M — 0006 — EM

30 2 dt

N
) d[dt 2] =0.012 atm min~!

(d) AHofreaction
~1d[A] _ d[B]  1d[Cc]  d[D]
(c) - =- =+— =+
4 dt dt 2 dt dt

@ el [ dt2] = -03x107*Ms7?

1d[Hy] 1 d[NHs]
But Rate = —= =+=
WREE="3Ta T2 a
d[NH3] 2d[H2]
dt 3 dt
=0.2x 10~
1d[A diB 1d[C
o LdAl_ dBl_ 1dc]
2 dt dt 3 dt
(c) Definition of the rate of reaction
) xA-B
—dA=1dB —dA dB X
xdt vy dt = dt dt y

ol ] ol 2] )

Comparing this equation with the equation given in
question. We get,

Hence ( 0.3x107%)

Iog——03010 or Iog— log2

\U




X_, 25. (c) Rate, =k[A]*[B]%; Rate,=k[2A]*[B]?
y . Rate, k[2AJ*[%B]
. Thereaction is of type 2A — B. " Rate,  K[AP[BF

Hence, option (c) is correct.

=[2? [t =222t = 221=2

1
17. (d) 2H,(g)+2NO(g) — N,(9) +2H,0(9) 26. ) N,O——N, +§Oz
Re=K; [NOJ? [H,] d
This means_that, for forward reacti_on the order of reaction ax . [N 20] i.e. order of reaction = 1
wr.t. [NO] is 2 and that w.r.t. [H,] is 1. dt
Assuming the equilibrium expression, 27. (c) Thereisnodifference between order and molecularity

2 of a reaction.
_[NRI[H01" _ Ke.

= te M/s_l__l —AK = liter3
€q 2 2 K 28. (d) 4k = ra =M* st when n=4 K = liter
[H2] [NO] b \ [1R] Mn
2 -
) B [N,][H20] mole_ min~ _
= K¢ [NOJ"[H, ]| = bT 29. (c) timeand square of concentration
2
Atequilibrium, R.=R, K= rati :M_/ns =M "s-Lwhenn=3M2s-!
N[O -
B 2]|H2
= Ry =Kp [H,] 30. () k="t _ba/S whenn=2 k=barlst
: [RI" bar"

Note: In this question, the order of reaction for backward

reaction is not given. _ _ 31 (d) zeroorder K= "2 K = rate, whenn =0
18. (c) k=(mol L-Y)"time™L. For given reactionn=2. [R]"

- k=mol! L sec? 32. (c) moles litre~! sect
19. (b) \elocity constant ‘k’ is characteristic constant of a ate M/s

reaction and depends only on temperature and catalyst. K=—=—- n=0
20. (a) 2A+B—— AB [RI" M

r, =Kk[A*[B] (i) K=M"st o K=M/

B 33. (d) r=K[AJ?B]
When, [A]=[2A], [B]= |+ ) .
[A1=[2A], [B] [2} @) r=k[A*[B}Y (i) 8r=k[2A]*[2B)Y
_ 2[B]._ 2[B] (iii) 2r=k[A]*[2B}Y
r, = k[2A] [5} = k4Al" = i) = () ~y=2.y=1
, ) @i = (@) =2X=4 . x=2
= k2[AJB] = 2r, ( n=k[A] [B]) 34. (c) concentration increased = 10 times
Rate of reaction is increased two times. rate increased = 10 times

21. (a) Rate=K[A] o Order=2

Unit of k =mol L sec? 35. (d) r=k[A]"
22. (a) Givenr=k[A]¥?[B]? 2r=K[A]"16"

Order=3/2—1/2=%=§=1 r_KlAl'16" 1

—..2=16" ~.n=

23. (@ The order w.r.t. acetone is 1 because the rate is ' K[A] ) 4 )

dependent on the concentration of acetone. 36. (d) Zero;Nol, in the rate law equation.
24. (b) Given dx/dt=2.400 x 10~ mol litre~! sec® 37. (c) temperatureischanged

k=3.10 x 105 sec~'thus, it is a first order reaction. 1 R

For first order reaction 38. (d) 5 Rate = k[A]2[A}3[c]

2N 05—)2N02 +02 1 1 1 11

.. Order of reaction =-+-+-
at = k[N205] 39. (c) Itishimolecular firstorder reaction since Rate oc [N,Oc]
or 2.4x10°=3.0x105[N,0] 40. (c) Rate,=k[A]"[B]™; Rate,=k [2A]" [*2B]"
2.4x107 . Rate, _ k[2A]"[%:B]" _ onom =
or [N 05] - X— =0.8 mol. litre™! . Ratel k[A] [B] [2]"' [1/2]m 2n 2-m — on-m

N\
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41.

42,

43.

44,
45.

46.

47,

48.

(d) Rate, =k[AJ’[B]?
when concentrations of both A and B are doubled then
Rate, = k [2A]7[2B]* = 32k [A]{[B]®
Rate will increase by a factor of 32.
(@) When concentration A is doubled, rate is doubled.
Hence order with respect to A is one.
When concentrations of both A and B are doubled, rate
increases by 8 times hence order with respect to B is 2.
rate = k [A]* [B]?
Total order=1+2=3
(c) Orderwrt.A,=1;order wr.t.B,=1

1d[AB
Rate :E% =k [A2][B,];
%x (25x107) =k, (0.2)(0.1)
k,=1.25 x 107

(b) Slow reaction isthe rate determining step.

(d) Incaseof (I1)and (111), keeping concentration of [A]
constant, when the concentration of [B] is doubled, the
rate quadruples. Hence, it is second order with respect to
B. In case of | & IV, keeping the concentration of [B]
constant, when the concentration of [A] is increased four
times, rate also increases four times. Hence, the order with
respect to A is one. Hence,

Rate = k [A] [B]?

(c) Aswe know that, units of rate constant.

= (unit of conc.)*" (unit of time)~*

= (mol L)1 (sec)?

On comparing these units with the given units of rate
constant, we get

(mol L)+ (sec)t = L mol~tsec

= L"™Imolt" sec™! = L molsec?

On comparing the powers, we get
n-1=1=n=2

So, reaction is of second order.

(d) Ifrate=k[A]*[B}Y[C]

From first two given data

8.08 x 10-3=k [0.2]*[0.1] [0.02]* ()
2.01 x 103 =k [0.1]*[0.2]Y [0.02 ... (i)
Divide (i) by (ii) we get, 4 = 2% (1/2)Y

Similarly, from second and third data

9y @©Fr=3 2y+2z=1.

From first and fourth data 4?=8=23
22=3.S02=3/2,y=-1,x=1

0.693 0.693
C t = = k=
(©) Wwa=—p s
t
(L2303 (Al bz [Ao]
< A 03 Al
200, [Aol [A O]
83=——Ilog——
03 g Al =0.125= g

49.

50.

Sl

52.
53.

54.

55.

56.

Al 8

. x100 =—x100= 75%
[Alo 4

l=1O:>W=1><10‘1ug
w

(d) A—>B
For first order reaction;

k=mlog Aol
t ty, 2

2303x03010 2303, Ag
0.3010 2 A

Iog ﬂ=102
t At

(@) As doubling the initial conc. doubles the rate of

reaction, order =1

0.693 2.303 (AO J
e |Og -
At

=100

. a
(@) Forazeroorder reaction t,, = o

(@ When initial pressure of NO increases by a factor of 2
(2 x 20.1 =~ 40) then initial rate increases by a factor of 4
(4% 0.033~0.135). Therefore, order of reaction wir.t. NO =2
(b) A — BForafirst order reaction
Givena=0.4mol, (a-x)=0.4-0.2=0.2
2.303, 0.4
k =—1 Iog— or k=2.303log 2
againa=0.6, a-x=0.6-0.3=0.3
2303, 0.6
k == Iog— = 2.303log 2 =—303 log 2
Hence, t=1 hour
(b) Given: 75% reaction gets completed in 32 min
2.303 a 2.303I 100

Thus, k= <22°| - 0
U K= 1990 T a2 Yoo-75)

= @Iog 4 =0.0433 min™?

Now we can use this value of k to get the value of time
required for 50% completion of reaction

2.303 a 2.303 , 100
t= log = log—
k (a—x) 0.0433 " 50
- 2.308 log2 =16 min
0.0433
© 1, =233 L 2303, 4
V4T 93/4_ k %3
2‘r')’o‘?}(log 4-lo gS)——(ZIogZ log 3)
=@(2 0.301— 04771)—0k—9

\V
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60.
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62.

63.

64.
65.

66.

67.

68.
69.

70.
71.

MHT-CET-Chemistry

(b) Since doubling the concentration of B does not
change half life, the reaction is of 1st order w.r.t. B.
Order of reaction with respect to A = 1 because rate of
reaction doubles when concentration of A is doubled
keeping concentration of B constant.

Order of reaction = 1 + 1 = 2 and units of second order
reaction are L mol-'sec™.
@ t,,,=70min; for Ist order reaction,

0.693 0.693 _1 6930 , ¢ _ 72
ke——=—s =22 10051 1 .
ty,  70x60 7><6>< 0"s 165x10°°s
n-1 ( _z\n—l
(oh _(2) ~. 120 _[4x10) "
(t/2)2 L3‘1) ' 240 L8x10‘2J '
(d) Since the half life for the decomposition of gas is not
dependent on initial concentration, the order of the
reaction is one.
n-1
© (u2h =[a_z] N - [CTL%)
(ty2)2 (& log (ap/ ) 73,
2.303 ao 2.303 ao
() ty = fog = log—
& I a0 —ao0 x 3 K a%
4
2.303
=——Ilog4
K g
0.693
@ ty=——
@ t /]/zaCO

© [Al=[A], e
b Kt=[Ao]-[A]

1
(c) For Zero order reaction t = E{[A]o -[Al}
But[A],=a

. a
And when reaction complete [A] =0.. t= K
(b) concentration of reactants
(b) rate of zero order reaction is independent of the

concentration of the reacting species

@ H,+Cl,—" 5 2Hcl

(d) Sincetheslow step is the rate determining step hence ~ 74.

if we consider option (A) we find
Rate= k[Cl, |[H,S]
Now if we consider option (B) we find

Rate= k[Cl,][ HS™ | (i)

For equation,
H,S == H"+HS~

K —m or [HS‘}z—

[HS]

Substituting this value in equation (i) we find

Rate = k[Cl,|K [:2+S] _ k'[CIELEH]ZS]

Slow step should involve 1 molecule of Cl, and 1 molecule
of H,S only.

Hence, only mechanism (A) is consistent with the given
rate equation.
b) A — B Forafirstorder reaction
Givena=0.8mol, (a—x)=0.8-0.6=0.2
2.303, 0.8

k= log— =2.

1 90.2 or k=2.303log 4
againa=0.9, a-x=0.9-0.675=0.225

2.303 0.9

k=——Ilog——

t 0.225
2.303log4 = 2'?03I094
Hence t =1 hour
(b)

N205 —> 2N02 + %02
Att=0 50 0 0
. P

At t = 50 min 50-p, 2p, ?

Total pressure at 50 minutes
= 50-p;+2p +% -875
_375x2
3
Thismeans, 50 min. is half-life.
For 100 minutes, i.e., 2 halflives,
50-p,=125
p,=37.5mm of Hy
Total pressure at 100 minutes

p1 :25:%><50mmHg

= 50-p, +2p, +p—22 - 50+3% =50+§><37.5
=106.25 mm of Hg

(@) From experiment | and Il, it is observed that order of
reaction w.r.t. (B) is zero.

From experiment Il and 111, x can be calculated as:

6.93x10° _ ( E)X ( g)y
13.86x10°% 10.2) { 0.3
Order of reaction w.r.t. B=0,s0y=0

6.93x10°° _ ( %)X
0.2

13.86x10°°
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75.

76.

77.

78.

79.

80.

N \\

x=1
Now, Rate = K[A]*[B]°
or, 6.93x103=K[0.1]*[0.2]°
K=6.93x107
_ 0693 _ 0.693
b= 2K T 5.93x107x2

(c) Forthe reaction 2X — B, follow zeroth order
Rate equation is
Kt = [Aly- [A]
For the half-life; t=t, ,and [A] =0.1

t,,=02-0.1

02 01_01
6 6

. Timerequired toreach from0.5Mt00.2M =t
Kt =[A],-[A]

ZZMhrt

0.1
< *1=(05-02)

= t=18hour
(@) Rate constant of decomposition of X = 0.05 pg/year.
Unit of rate constant confirms that the decomposition

of X isazero order reaction.

For zero order Kinetics,

[X]=[X],-
kt=[X],-[X]

(= Xl -[X]

_ 25

005 - =50 years
1

a_ 1
t —min=——x60sec =100sec.
@ oo =1 =g 06

Reaction will be finish in 100 sec., so concentration of B
will reach maximum value 2 M after 100 sec.

() Use the formula:
t= 2303Io Vo_lan_o

Tk g Vi Tk Vi

_ 1 o 25mL _ loge 5

45x10 2min! " 5mL  45x1072
(d) 2N205 E— 4N02 + 02

a 0

(a=x) (2x)
C,=Ce™ = (a—x)=ae™
= x=a-aeM=x=a(l-e"
[NO,] = 2x = 2a(1—<™*)

2.303 a
b) k=——Io
(b) o9 @
(a—x) is the concentration left after 100 sec.
2.303 0.29

2.7x1073 =5""0g
100~ (a-x)

t=0
(x/2) time=t

81.

82.

83.

84.

85.

86.
87.

88.

89.

027 100029 (110 16g 029
2.303 (a-x) (a-x)
= (a-X)=0.22M.
0 k=009 1 2308, a
45 togos ~ a-0.999a
2.303x 45

0g10° = 448 min ~ 7.5 hrs

099% = 0693
b |Ogﬁ= Ea l_i
® ™ T230R|T, T,

log(2) =

L W I
2.303x8.314/ 300 310

- Ea_(0.0001075)
15

= [E,=53441.86 Jmol~ =53.442 kimol
~53 kJmol-!

(d k=aecEa/RT logk=logA- Ea

1
2.303R'T
Equation of straight line slope = — Ea

2.303R
o 0 5 %) s
rlooc

temperature coefficient of reaction)

=512 (where2is

K, E, [1 1
@ 'Ogloﬁzz.eosR{T_l_ﬁ}
T,=300K, T,=309K
Ky Ep (1 1
K, 2.303R(%_ﬁj

logyg —=

E, 9
B 2.303><8.3(300><309)
0.3x2.303x8.3x300x% 309
9
=59065.04J/mol = 59 k] mol*
(b) AH=Ea; ~E4 =0
(d) The activation energy depends upon the nature of

chemical bonds undergoing rupture during chemical reaction
and is independent of enthalpies of reactants and products.

E, =

®) k= Ae "1 = nk=InA-E_RT
ForInkvs 1/T
In A=intercept; - E_/R =slope=-2 x 10K

E,=8.3x2x10*Jmol™
=16.6 x 10* Imol~ or 166 kJ mol-!

E[T,-Ty
R TT,
k, 9.0x10° {308—298}
kg 2.303x2|308x298

(@ 2.303 Iogk—2
ky
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ko _ 1.63; k, =1.63ky;
ki

_kl

Increase in k, = k2 =K1 100

_ 163k —ky
1

%100 = 63.0%

_Ea

“Fa E
90. (c) k= AeRT =Ink=InA =2

RT

8.3x10°
8.3xT x2.3
8.3x10°
8.3xTx2.3

= log (2% 107 =log (4 x 10%3) -

= log(2)-6=2xlog (2)+13 -

3

= -193=- 10
T x

91. (c) Energy activation depends on the nature of the
chemical bond being ruptured in the reactant molecule.
92. (a) Threshold Energy = Energy of activation
+ Internal energy
93. (c) Forthe exothermic reaction the energy of products is
always less than the reactants. If E, is the energy of
activation for the forward reaction, the energy of activation
for backward reaction is E, + AH

94. (@) K=AeEalRT _(65x101251)e 26000K/T
Ea

8.314

= E,=216.164kJ/mol .

95. () For 10°C rise of temperature, the rate is almost
doubled.

3 =T=225x101K

= 26000

E
. Ink=InA-—=2
96. (c) RT

4
Ink = 33.24_ 2910

Given:

. i Ea - 4
. on comparing R 2.0x10

= E,=2.0x10*x83J=16.6 x 10*J =166 kJ
97. (c) Proper orientation of reactants during collision leads
to product.

98. (a) 1

E, = x kl/mol

— 40 kJ/mol
Eforward
(A>B) | _2 X
Ebackward 3 —40+x
(B—>A)

= -80+2x=3x = x=-80kJ/mol for forward

For backward =—40 + (-80) =-120 kJ/mol
Because activation energy cannot be negative
so, for forward reaction E, = 80 kJ/mol
for backward reaction E, = 120 kJ/mol.

99. (b) T,=273+25=298K
T,=273+60=333K

ko _ Ea [To-Tg
k,  23R| 1T,

ko Ea -
or IOge =& (W

2.1x10‘2_5 35
®15x107% R |333x298

29833 21
a~ 35 g _5

100 oge-_Fa |1 1
@ 09 T o3|, T,

2.2x107°
= log —
2x10™
_ E, x(303—287)
2.303x 2x10 2 kcal / mol — k x 287 x 303k

[T,=273+14=287k T,=273+30=2303K]

E, x16
400.542kcal / mol
= E,=26 kcal/mol

-3000 -2000
10%e A =10"e A

log—=

= logll=

101. () ky=kp ..
10.6—300/|_ 1 e—ZOO%_
. 1o 3000 _ 2000
T T
. 53033000 _ 2000
T
_ 1000
2.303

E, -E, -E,
(C) Kl = Ker AT, Kl = Al.e AT, K2 = A2_e AT

102.
E
ﬁzﬂxe(Ez—El)/RT _ Ael2EE)/RT _ A g %T
K, A,
E
Kl = K2 Ae
103. (a) fog ___EabT
K1 2.303RT,T;
~ 9000 x5 01104
2. 303><2><300><295 e

Eog——O 1104——1289 K,=K;x1.289

N\ |\



Chemical Kinetics

K Ea [T,-T,
104. (c) (log—2 = 21
K, 2303R| T,T,

0.0693 Ea (320 - 300)
0.0231 2.303x8.3\300x 320

(og

¥4o} 3—3(&) Ea=4 4
9°= 1901\ 9000/ FA=43-8

105. (d) Activation energy and frequency factor.
106. (a) increasing the temperature.

107. (d) AH=Ea"-Ea"-30=70-Ea' .. Ea"=100
108. (a) AH=Ea"-Ea"..+5=15-Ea' .. Ea"=10
109. (¢) morethan AH

110. (@) E¢<E,

111. (¢) Bimolecular

112. (b) Threshold Energy — Energy of the reactants
113. (@) an increase in the number of activated molecules

114. (a) Slow

115. (c) Activation energy is always Positive
116. (c) Collision frequency

117. (d) threshold energy.

118. (a) According to Arrhenius Theory,

Ink=1InA— Ea
RT

straight line graph
y=mx+c

| __E

slope (m) = - R

Intercept (c)=InA

C =InA

InK Slope = —

Ea
Slope (m) =- Y

Ea
= - =-10°K
E,=8.314 x 10°JK-1molK
8.3214x10°
10°
E,=8.314 kJmol
119. (b) K,=3.46x 102
T, =298k
K,=?
T,=350
E,=50.1kJmol™
R=8.314 JK-' mol-.

E, = Jmol ™ [1ki=10%]]

According to Arrhenius theory,

g2 -_Ea {1 1}

K, 2303R|T, T,
og—Ke___ 50.1x10° {L_L}
346x107% 2.303x8.314| 298 350
Ky

log——2 _ -1.30
g 3.46 %1072

K
——2 =10 =20
3.46x10™

K,=3.46 x 102x 20

K,=69.03x 102

o K,=0.69s™
. (d) According to Arrhenius theory.
K=Axeg® /R
|Ogﬁ = i|:l _ii|
Ki 2303R|Ty T,
Given,

K, =x, T,=300
K,=2x T,=310
2X E, 1 1
log—=——"—F|-7=
X  2.303x8.3[ 300 310

_ log2x2.303x8.3x300x310

E
a 10

E,=53.49 kimol™.
ACCELERATOR

m Topic-wise MCQs

(o) Averagerate = —AIRT.

At
(d) For reversible reaction, the forward rate of reaction
decreases as the concentration of the reactant decreases.
Simultaneously, the backward rate of reaction increases
as the concentration of the product increases.
(@) To understand the chemical reaction completely the
rate of reaction and factors controlling the rate are equally
important with the thermodynamics.
® r=k[XI[YI=K[X]

Using l and I1:

-3
4x10 =[LJ:L=0.2
2x107° (0.1
Using I and Il1:

-3
Mx10™ 04 _ \\ o
2x107° 0.1
M_8 4
L 02

N \\



5.

10.

11.

12.

13.
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(a) Ifwe write rate of reaction in terms of concentration
of NH; and H,,then

Rate of reaction =~ 9INHal _ 1 d[H,]
2 dt 3 dt
d[NHs] _ _ 2 d[H,]
dt 3 dt

(b) The curve Y shows the increase in concentration of
products with time.

So,

2303 01

K =222 p0g——
© 20 90025
=0.03466 min—

Rate = [A]1=0.03466 x 0.01 = 3.466 x 104 M min~!
Change in concentration
Change in time

(b) Average velocity = {

C-G
- { -4 }
[0.03-0.04]
= [2400-0]
0.01
= 5400 =4.167x107°
Change in concentration Cx-y]

(a) rateofreaction = Change in time T

(a) A+2B—>3C+2D

dA  1dB 1dC 1dD

dt 2dt 3dt 24t

dB _
Rate of disappearance of B = T X x1072

1dB

Rate of reaction = (———) =-7X

1072
2 dt 8

3dB

2 dt

dcC
Rate of appearance of C = o =

= —§ x X x1072
2
Ratio of reaction : Rate of appearance

X102 3 xx107?
2 2

1:3

(d) The reaction involving two different reactant can
never be unimolecular.

(a) Forazeroorder reaction.

rate =k[A]° i.e. rate =k

hence unit of k = M.sec™?

For a first order reaction.

rate =k [A]

k = M.sec’/M = sec™?

(b) The value of rate constant can be increased only by
increasing the temperature.

14.

15.

16.

17.
18.

19.
20.

21.

22.

23.
24.

O 0,—F,0,+0; 0+0;—% 520,

k = % () Rate=k'[O,][CO] put [O] from (I)
3
; _ K103IK[Os]
[O;]
Intermediates are never represented in rate law equation.
(d) Overall order = sum of orders w.r.t each reactant.
Let the order be x and y for G and H respectively

= k[03]°[0,] "

[G]mole | [H]mole | rate(mole
Exp.No. |~ o . 4
litre™ litre™ litre"time™)
1 a b r
2 2a 2b 8r
3 2a b 2r

For (1) and (3), the rate is doubled when conc. of G is
doubled keeping that of H constant i.e., rate «c[G]
soox=1
From (2) and (3), y=2

Overall order is 3.

(©) FromOtolh, N, =Ng'
When drug is administered bacterial growth is given by,
dN _ _5N?2
dt
So,att=1h, N,=eN,
Integrating the differential equation,

N dN t
jeNOW N _5.[1 dt
1 1 No 1
S = oB(t-1) = —2-==5Ng(t-1
N eNg (t- = ~§ = =>No(t-D

No 1
20 _5Npt+| =-5N
NCO? (e 0)

The above equation is similar to straight line equation
with positive slope.

Np . . .
Thus WO increases linearly with t.

(d)

(b) Both order and molecularity of a reaction are always
the same.

(d) For Zero order reaction t B Co

() The rate is not depend upon the reactant present in
excess
(b) 2"=43"=9 - n=2

(b) N205—) N204 +%02

(¢) molellitre sec?

@
r,=K[A]"[B]™
Now A is doubled & B is halved in concentration

m
= =k [A]". [E]m_
2

N\ |\
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25.

26.

217.

28.

29.

r,=k[A]" [B]™. 2". G)

r m- oy
Now -2 =2n 1) = -2 =2(n-m)
i 2 i

(b) Before applying medicine

dA

o KIA] (First order Rate law)
AN

Ao No

After applying medicine
Active Bacteria — Inactive Bacteria

A 0]
r= _Z_'i‘ = k[A] (Rate law)

y = kx? Parabola

k
@ k<—)—1 A+A

Rate=k, A [A][B,] ....(1)

ky [A]
:'(k )‘Ke“ [[A JJ

= [A] \/E N Az

Substituting in (1); we get

Rate = k, \/7 [A,1Y2[B,]

. Order = 1+—— 15
=(3)-

(from slow step)

(d) Because no. of bacteria initial =
and No. of bacteriaatanytimet=N
Since bacterial growth is given as
N = N, e«
Where K = growth constant for bacterial growth

N
No

time

1
d) typ < 2z

1
We know that ty/, o« ——
a”

ie.n=3
Thus, reaction is of 3™ order.
(@) Plots of conc. [A] Vstime, t

Zero

1‘ order

(Al

30.

31.

32.

33.

34.

(@) Giveninitial concentration (a) =2.00 M; Time taken
(t) =200 min and final concentration (a—x) =0.15 M.
For a first order reaction rate constant,

2303, a 2303, 2.00
k= log = log
t a-x 200 0.5
_2 303 x (0.301+0.824) =1.29x10 2 min L.
0693  0.693
Further, (t;,,) = = =53.72min.
(2= = 0102

(&) Rewriting the given data for the reaction
CH3COCH; (aq) + Br, (aq)—"

CH3COCH,Br(aq) + H* (aq) + Br~(aq)

Actually this reaction is autocatalyzed and involves
complex calculation for concentration terms.

We can look at the above results in a simple way to find the
dependence of reaction rate (i.e., rate of disappearance of Br,).
From data (1) and (2) in which concentration of CH,COCH,
and H* remain unchanged and only the concentration of Br,
is doubled, there is no change in rate of reaction. It means
the rate of reaction is independent of concentration of B,
Again from (2) and (3) in which (CH,CO CH,) and (Br,)
remain constant but H* increases from 0.05 M to 0.10 i.e.
doubled, the rate of reaction changes from 5.7x10°t0 1.2
x 107* (or 12 x 10-5), thus it also becomes almost doubled.
It shows that rate of reaction is directly proportional to
[H*]. From (3) and (4), the rate should have doubled due to
increase in conc of [H*] from 0.10 M to 0.20 M but the rate
has changed from 1.2x 10~* to 3.1x104. This is due to
change in concentration of CH,COCH, from 0.30 M to 0.40
M. Thus the rate is directly proportional to [CH, COCH,].
We now get

rate = k [CH,COCH,]*[Br,]°[H*]*

=k [CH,COCH,][H"].
(b) 42s
po B Aoy Aoy Ao “3xty,
2 4 8
(b) Forazeroorder reaction : Rate = K[A]°=K

Thus, the rate does not change with concentration.
Therefore, | is of zero order reaction.

For the integrated rate law of zero order : C=-kt +C,
Thus, the graph Il is for a zero order reaction.

For a first order reaction:-

t= @ log=—2 [Rl, —

[R] [R] ~ 2303
Thus, III is a graph for a first order reaction.
(@) Ingraph (i), In [Reactant] vs time is linear with positive
intercept and negative slope. Hence it is 1 order. In graph
(i), [Reactant] vs time is linear with positive intercept and
negative slope. Hence, it is zero order.

or Iog[ b _ K

\V



35.

36.

37.

38.

39.

40.
41.

42,

43.

44,

45.

N\ |\
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(b) For zero order reaction,
rate, r=k[R]°

—d[R]
= rate=T=kx1 = d[R]= kdt

= [R]=-kt+R,

where R, is the concentration of reactant at time t = 0.
Thus, [R] decreases with time t.

(@ For first order reaction

1. (P
k= ;'n[FJ = In [5j:kt = In[ijz—kt
P P,

On comaring with straight line equation y = mx
k = slope = 3.465 x 10*

_In2 0693

27 K 3.465x10°%
(d) From first order reaction,

a
In—— =Kt

-X
Ina-In(a-x) =Kt
In(@a-x)=Ina-Kt
y=C—-mx
C(intercept) =Ina
m (slope) =-K

\ given,

C=lna
or,Ina=-2.303
2.303loga=-2.303
loga=-1

again, -K =—(10)=

@ A, =Ag* where A = (a-x) = conc. of reactant
remained after time =t
A, = a=Initial concentration of reactant when t=0

b) tyoa "

(b)
@
(b)

t t
© 100% % 5012 250 - T=2xtY

=2x107°s

—I-3Om'
h in
(c) 500 s

My M g My My M
10 20 40 80

180
T=3xttl todx ty =450t0600s

d ct= COX(EJ

60/15 1
Ct= COX(—) ,Ct=Cox—
2 16

46.

47,

49.

50.

96
@ T=nxtyn=—=4

24
_a _10_10
. Amount left N o4 16 =0.63
) _ 2.303 ‘0 a
1.386x60x60 ~a-—0.75a
=28x10s7
(@ For Zero order reaction
_Al, 2 =1mol L *hr?
Zt% 2x1
. [A], -[A] _050-0.25 _ 0.25hr
K 1
2303 P, 5 _ 2303 ,,,500
=27 pog-2 .. 3.38x107° =—— fog
@ K=——rfog g 600 P
500 500
fogp—t =0.0088 or —— =1.021 or P, =490 atm
t
(d) According to given conditions t, and t, can be given as
=t = Lo 1y
=k Ay k
4
t,=t; = 1|nﬁ=1| 8
3 k Ay k
- Ratio t,/t, will be given by
4 _In4_2in2_2
t, In8 3In2 3
©
A@ — B@ + C(
t=0 po 0 0
t=t PO - x X X
t=o 0 po po
— DO - 0 — POO
P,=P°+X=x=P,-P —Pt—7
P
P, =2P0=Po= —=
2
[0]
k=1£n P
t po_x
kzlgnL
t 2(P, -P)
© AlQ — 2B + C@
t=0 P,
tow 0 2p, P,
P, =3P,=240

P, =80 mmof Hg

kt=1In M
P, —Pt
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53.

54.

55.

56.

S7.

kx10 = In( 240-80 j

240-160

2

Kk =0.0693mint
10

.. Option (c) isincorrect
() The graph given is for 1% order reaction

(2303, [AG] 2303, [50]
t A 25 °[10]
(2303, o 230307
25 25
2.303x0.7 2.303 50 1.699 2.303
— = log— =———=———1og20
25 t 25 25 t
to 1.301x 25x 2.303 _ 46.465 ~ 475
0.699

(c) t,,=oc[A],= Order = zero
A, 1

t,,= = =Slope= — =76.92

Y2 2k Pe= %

k= ;
2x76.92
1

2% 76.92
=2435 x 10~ mol/L
(c) For zeroorder reaction :

[A]w:_kt+A0= x10+25=2.435

Half life = AL, 60min = 2 k= 1 M/ min
Tk T T2k T 60
Al -[A
Now, [A], =[A],-kt = t= %
_05-025 _ 15 min
1/60

(d) Halflife of A= 10min
Half life of B=40min
[A], = 8[B], (given)
= [A],=8[B], —™, 4[B], — ™", 2 [B]
10 min 10min _[Blp
—> [B
[B.] 5

40 min [B]o

2

Therefore, 40 min. is the time required for concentration
to be same for both the reactants A and B.

= [Bo]

t, (¢ )
2 1
d —=|="1| andn=1
@ t (Czj

C,=16mg/mL
t;=?,C;=8mg/mL
t,=12,C,=4mg/mL

58.

59.

60.

_XC, 12x4
C 8

1

:tl 6

® r,=KAJ*[B]*

(][]
=KV LV

By Reducing the volume to 1/3 of its original volume, the
concentration of rectants will becomes 3 times.

3nA_l 3nB !
=NV

Rate will become 9 times to its initial rate.

C _
(A)\ tyyp o L (t); _ (A0 i
@ Ayt (wa), (AN~
200 (o.oz5j”‘1 (1)”‘1
b Bttt - 2=|=
100 (0.100 4
1 )" 1
Zx2=|= =4"= n == (order
=% ( 4) =2=4"= 2( )
(B) typ <Ag
200 @Y% (0.2 )
by (Y2 @Yz WeNATIM
ty, = 200v10 min
(C) The order would change to 0.769 if the concentration

was 0.500 instead of 0.100. Thus, C is not correct.
tl/2 (16)1/2
t,, =800 min

D) whenA,=1.6 M

In2
(d) For first order reaction ty/ = T«

t,, is independent of [R], 1
t1/2

For first order reaction

Ko 2.3;03 o [{F:g]

. . . Rl
Iog[ ]°= kt - Iog[ ]°= jxt
[R] 2303 [R] 2.303

[R]o __k
log T Slope = 5303
Time—
(b) For zeroorder reaction: A—P
Al. —
Rate =k = AL —[Al _

t
Thus, concentration o t and rate is constant.

N \\



62.

63.

64.

65.

66.
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67.
[A],
(@) Given:2N Os(g)—>2N 0 (g) +0,(9)
t=0 0.6 0
t=100s 06-y y yi2
y
Total (0 6- y+y+ _) 06+ E
As given in question,
k =4.606 x 10~?sec™?
kt = |n 6 —2303Iog 06
-y
0.6
4.606 x 1072 x 100 =2.303 log 06y =y=0.5%4
4
=Py =06+ =0.897 atm =897 x 10-3atm
Thus, x =897 x 10-3 and answer is 897.
() Nuclear phenomenon independent of temperature.
Decay constant is a nuclear property.
(c) Rate constant remain same even change in
concentration of reactant.
(@ For first reaction,
R
Kt=In=—7 [Rol
[R] 69.
Kt=InR,-InR
= InR=InR,-Kt
= y=C+mx
Slope=-K
Intercept=1InR,
Y
Slope =—-K
[Ral >
InR
2
0 > X
t
(a) For zero order reaction
i - Al
V2 =50
[Alp;=4mol L7t ,=05hr
05-—— K=—2_4mol LtHr?
2K 2x05
Zero order intigrated rate equation
[Al =[Alo -

0 20-10 10 1

(b) For first order reaction,
Initial pressure =200 mm
Final pressure =250 mm
Time =20 minutes

A(9)——>B(g9) + C(9)
t=0 200 0 0
t=20 200 - x X X

Pi=Pa*Pg+Pc

250=200-x+x +x

x=50

at 20 mint pressure become = 200 — 50 = 150.

P
Kt = 2.303log -2
R

2.303, 200
K=——log—
20 150
K=0.013818
typ = 0.693  0.693 5016
K 0.013818

(b) Half life is independent of initial concentration of the

reactant, so it is a first order reaction.

[ Ro]] L Ki= [[Ro]]

So graph ‘2’ is not the correct for this reaction.

(a) Forafirst order reaction, the time taken is given by:—

t= @Iog (ﬁ]
k A

Where, t = time taken

k = rate constant

A, = initial concentration of reactant

A = concentration of reactant at time t

t,;, = halftime

Kt=In 2.303 log

2. 303 ( A
for ty, = —
1/2 = LAOJ
2.303 .
t1/2 =T|092 (l)
for t3/4 = 3 0g {%}
2.303
t3/4 = |Og4 (ll)
Dividing equation (ii) by equation (i)
2.303 2 2.303
——log (2 ———2log(2
ey 09@° 7200
tn 2.3k03 log?2 2. iOS log 2

N\ |\
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70.

71.

72.

73.

(c) For a1%torder reaction :

[Alo
[A]

Where, k = rate constant

t =time taken

[A], = initial concentration of reactant
[A] = concentration of reactant at time “t’
Now, for t =75min

kt =2.303log——

[A]
[A]=—2
‘. 2303 Og([A]o\
15 | A
8
=222 10g )
k = 2‘303 x 3log 2
hence, k—ﬂ 3x0.30
75
. A
Now, for t = t2 = half life [A] = %
V2 _ 2.303log 2
2303, a0
R
x3x030

(d) A — Product
rate = K[A]
0.2=Kx0.02
K=10
For x
0.4=10[x]

0.4

x=——=0.04
10

Fory1.0=10[y]
1
=—=01
=10

Ratiox :y

(1t order reaction)

y 01
(b) For a 10 Krise in temperature, collision frequency
increases merely by 1 to 2% but the number of effective
collisions increases by 100 to 200%.

(b) For areversible reaction,

AH = E_ (forward) — E, (backward)

AH=150-260=-110 kJmoI‘1

74.

75.

76.

77.

78.

79.

80.

() We know that the activation energy of chemical

ko By |To-Tg
k, 2803R| T,T, |

where k, is the rate constant at temperature T, and k, is the
rate constant at temperature T, and E, is the activation
energy. Therefore, activation energy of chemical reaction
is depends on rate constant at two different temperatures.
(b) According to Arrhenius equation

nke _EBafl_ 1
k RUT T

|nk_2—_E i_i
Kk R\T, T

(b) Arrhenius equation

reaction is given by formula = log

E
=AeE/RT 5 InK=InA- =2
k=Ae = RT
-E
lope = —2
slope R

S0, activation energy of reaction can be determined from

1
the slope of In k vs T

(d) Arrheniusequation :
K = Ae—Ea/RT

Ink =In A—(E)l
R/T

E 10°
Ink=InA—( a ]x—
= Rx102) T

“E,__-10
Rx10® 5
E, = 2Rx10% J=2R kJ
Taking In both sides;

Slope of graph =

-E
Ink=—2+InA, y=mx+c
RT y

S S E,=4R=8cal/mol
ope= -5 =75 =E,=4R=8cal/mo

(@) As per Arrhenius equation (k = Ae %2/RT), the rate
constant increases exponentially with temperature.

@ ke =A¢ e 5RT and ky, = A, e 5/RT
f =K. =Bt ~(E-Ep)RT
We know that Ko = — = eq =€
b
A E; -E
=InKgq = In—f—M
A, RT
A
= In Keq LH l + n- f

N\
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Comparing this equation with y=mx + ¢

-AH
m=——=+ve
R
Thus, AH< 0 or reaction is exothermic.
(b) Step Il with highest activation energy is rate
Determining Step.
No. of activated complex =3

activated
complex

v

Reaction Coordinate ———>
Number of intermediates = 2

3
><103=|nA+£ —E—;
T 10°R

E
a) Ink=InA-—32
@ 10°RT

From the graph,
_Ea
103xR

=-18.5; E,=153.735 =154 kJ/mol

@ Arrhenius equation is, k = Ae Fa/RT
E, xl

2303R T

logk=logA -

a

2.303R

Given : Slope =-10000 =

k, E, [1 1

log—%=—H2a_| ———

k, 2303R|T, T,
—4

log2 ~10000| - - 1.
107° 500 T,

oz 20

2
©

(c) Withincrease in temperature, the number of collision
per unit volume per second increases.

(a) Catalyst provides an alternative reaction pathway
which has lower energy of activation than that of the
reaction without catalyst.

(@) The collosion frequency increases. As a result,
probability of product formation increases.

(c) Proper orientation of reactants during collision leads
to product.

(c) Applicable to bimolecular reactions.

() With the increase in temperature the fraction of
molecules having energy equal to threshold energy or
more increases.

(b) For a 10 K rise in temperature, collision frequency
increases merely by 1 to 2% but the number of effective
collisions increases by 100 to 200%.

_ 10000 _ 526.3~526 K
19

92.

93.

95.

97.

98.

(©) Weknowthat the activation energy of chemical reaction

__Ea

- log-2=_Fa_|To T
is given by formula = k  2.303R

Tt

isthe rate constant at temperature T, and k, is the rate constant
at temperature T, and E, is the activation energy. Therefore,
activation energy of chemical reaction is determined by
evaluating rate constant at two different temperatures.

(@ k=AgtaRT

} , wherek;

E
logk=logA - ——&
g g 2.303RT

For graph between log k with %

Ea
2.303R
From given graph :
Magnitude of slope = (2) > (1) > (3)
Hence Ea, > Ea, > Ea,
@ A,+B,= 2AB
E,=180 kimol*
E, =200 kJ mol-
AH=E,~E, =-20kJmol™
In presence of catalyst :
E,=180-100 =80 kImol*
E,=200-100= 100 kmol-*
Catalyst does not change AH or AG of a reaction.
Catalyst only reduces activation energy of the reaction.
(c) Arrheniusequation holds true for elementary as well
as complex reactions.
Unit of A is same as unit of k. Rate of reaction is high if
activation energy is low.
Aand E, are temperature independent.
(@) A net release of heat is observed in the process.

|Slope of curve| =

Energy —»

AH <0 Reaction coordinate —p

(c) Activation energy of forward reaction=E; + E,
Energy of product > Energy of reactant

Stability * £oro

E
logK = log A———2— i
(d) logK=logA-——r s ..(0)

1x10%K

Given, logK =7.14— (i)
Comparing equation (i) and (ii) we get
E, 10°K
2.303RT T
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E,=10%x2.303x8.3Jmol1=191.1x 103 Jmol-!
E,=191.1kImolL.
99. (c) The Arrhenius equation expressed as

—

Taking log both side

E, 1
InK=InA- —.—

R T
y-axis=m x x-axis

E
lope=m= ——2
Slope R

E,=2x10°KxR
E,=2x10*Kx 8.3JK 1 mol?
E, =16.6 x10*Jmo?

E,=16.6x 10%

=166 kJ mol~?
100. (b) E,=25-10=15kImol~!
|AH|=15-10| =5kJmol~!

m PREVIOUS YEARS MCQs

1.  (b) increase four times
2. According to given conditions t, and t, can be given as

1000

A
tl l In 0=1|n4
LTk A, k
4
A
t2=tl=%|nA—o=%ln8
8 0

- Ratio t,/t, will be given by
t_l In4 2In2 2
to In8 32 3

2303, 1 2303, 4
3. © wa=T o loogg =T ooy

=@(2 0.301-0.4771) = 22%

4.  (c) Forfirstorder reaction, k = 0.693
TP
where k = rate constant
t,,, = halflife period = 480 sec.
0.693
" =— = -3 -1
k 280 1.44 x 103 sec

5. (b) Forareversiblereaction,
AH = E_ (forward) — E, (backward)
AH=150-260=-110 kJmol!

6. (b) Forzeroorderreaction,

—d[R]
rate, r =k[R]° = rate = N k x1

N \\

10.

11.

12.
13.

14.

= d[R]=kdt = [R]=—kt+R,

where R, is the concentration of reactant at time t = 0.
Thus, [R] decreases with time t.
(b) For zero order reaction,

—d[R]
rate, r =k[R]° = rate = - k x1

= d[R]=kdt = [R]=-kt+R,
where R, is the concentration of reactant at time t = 0.
Thus, [R] decreases with time t.

E 1
d —-Ea/RT Jogk =log A— a_ -
d k=AcFa g g 5303R'T
. . . -E,
Equation of straight line slope =
a g P 2.303R

2.303I 1 2 303I 4

t,, =S
© twa=— gy = l0gy

2‘r')’o‘?}(log 4-lo gS)—ﬂ(Zlogz log 3)

_2 303 (2% 0.301-0.4771) = ok_9

1
(C) N20—> N2 +502

dx
pris [N,OF i.e. order of reaction = 1
(c) For afirst order reaction,

2.303 [Al,
=——log —7
k [A]

for 99% completion of the reaction,
(= 2.303 | 100

Tk ' 7100-99
t= | 102 t= 4606

= Ty loglo? = k

(d) none of the above
(d) It is a second order reaction, first order both w.r.t
S,0.7 and I,
. r=k[S,0.%1[I7]
All other options are of first order reaction.
—E,, /RT
ko _Ae "2 o(Eay ~Eap) RT

© P A Ear/RT

E, —E 3
2.303Iog%=M _ (83314-75)x10° _

1 RT  8.314x500

|Og k2 = ﬁ =0.868

Taking Antilog
k,=7.38
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B2
(b) halved rate” = k [A] [B]? rate " = k [2A] {T}

=§k[A1[B]2

(c) t,,isindependent of initial concentration.

typ o ac.
@ A _—5B,AH=-10kImol-!
Itis an exothermic reaction,
Ea(b) = Ea(f) —(AH)

=50-(-10)=60kJ
©) 8xV,=k[A]?[B]=xV,=k[2A]?[2B] .. V, =8x
© —LUS0;]_ ~dO;] _1d1SO)

2 dt d 2 dt

d[SO3] -2d[O,]
d dt
(c) Accto Arrhenius equation.

K = AeEa/RT

Ink = InA Eq

MK=IAT T

logk=log A - Eq xl
2303R T

y=mx+C

21.

22.

23.

24.
25.

1 -E

=log k; x == Slope = a

Y1096 X =3 910P8 =5 a8 R
A
2.303R

(a) Pseudo first order reaction e.g., inversion of cane
sugar is an example of

H+
C12H22011 + H,O ———CgH1506+ CgH1204
Sucrose Glucose Fructose
(Canesugar)

The concentration of water remains constant

(c) \Variation of rate constant k with temperature T(K) is
given by Arrhenius equation.

A-EJRT A )
k=Ae 2’7" = JEalRT (i)
(@) Given,k=7x10"s [A],=0.08 M

0.693 0.0693
typ=—= =990s
Y27 T k107
0.693
@ S

(b) Forreaction, 250,(g) + O,(g) —> 2S0,(9)
_1A[SO0,] _ ~A[0,] _ , 1 A[SOg]

2 At At 2 At
So, average rate of reaction is written as

_A[Oy]
At




Elements of Groups 16, 17 and 18

WARM-UP
Topic-wise MCQs

10

11.
12.
13.

14.
15.

16.

17.
18.

N \\

(b) Oxygen is the second most electronegative element.
(d) lonisation potential decreases down the group.

(@ On moving left to right in period electronegativity
increases and decreases down the group.

F>O0>Cl>Br
(@ Reactivity follows the order F > Cl > Br > |

(b) lonization potential of inert gases is highest in
periodic table due to stable electronic configuration.

(@ lonisation energy decreases as we move away from
nucleus due to less electrostatic attraction between
electrons and nucleus

(c) Aristhe most abundant in atmosphere.

(d) Due to weak van der Waal’s forces, He has lowest
boiling point.

(d) He was observed in the spectrum of the sun.

(d) Xe forms maximum compounds hence, it is most
reactive.

(b) Noble gases exhibit low chemical activity
b) At2.2K, liquid helium can flow.

(d) Electron gain enthalpy for noble gases is positive
and it becomes less positive with increase in size of atom.

Value of electron gain enthalpy

He— 48 kJmol~, Ne-116 kJmol™

Ar, Kr—96 kmol, Xe-77 kJmol
Hence, Ne has highest positive electron gain enthalpy.
(c) Solubility increases from He to Rn.

(cd) Noble gases have low boiling point and low
melting point because of

(i) weak van der Waal’s interactions and,
(ii) weak dispersion forces.
Hence, option (c) and (d) both are the correct answer.

() H,O has exceptionally high b.p. due to hydrogen
bonding.
(@ Acidity increases as we go down the group.

(d S-Hbond is weaker than, O-H bond. Hence, H,S will
furnish more H* ions

19.

20.

21.

22.

23.
24.

25.

26.

217.

28.

29.

30.

p
/ 60°
p P

(d) All hexafluorides of group 16 elements are gaseous
in nature.
@ 2Ag,0(s) >4Ag(s) + 0,(9)

2Pb,0, (s) = 6PbO (s) + 0, (9)

2PbO, (s) — 2PbO (s) + O,(g)
(@ Mn,0,is an acidic oxide. BaO and Na,O are basic
oxides while N,O is a neutral oxide.
(@ SnO, is an amphoteric oxide because it reacts with
acids as well as with bases to form corresponding salts.
Sn0, +2H,S0,(conc) —— Sn(SO,), +2H,0
SnO, +2NaOH — 5 Na,Sn0, + H,0
(c) Itispresentas Sy molecules.
(c) S,isparamagnetic. It contains two unpaired electrons
in the antibonding =* orbital.

() On going down the group, bond dissociation
enthalpy of the hydrides of oxygen family decreases.
Therefore, thermal stability also decreases.

(@ Theweakning of M—H bond with increase in size of
M (where M = S, Se, Te) explains the acid character of
hydrides.

(@ Water molecule is significantly more polar than the
other group 16 hydride molecules so the attraction between
H3* and O3 between water molecules is stronger than the
attraction of H®" and E®- between other group 16 hydride
molecules.

(o) All hydrides excepts H,O possess reducing property
with increases in the order H,S < H,Se < H, Te.

©
S

\ 107° /
S

Crown Structure

AN

Strained ring

(d) Onmoving down the group from S to Te, the boiling
point of hydrides increases due to increase in van der
waal force of attraction. But H,O has highest boiling point
due to presence of hydrogen bonding.

Hence, the increasing order of boiling point of group 16
hydrides is given as : H,S <H, Se <H, Te <H,0

Thus, H,S has lowest boiling point while H,O has highest
boiling point.
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(d) Bond energy decreases from Clto I.

(d) Oxidising power decreases down the group.

(d) Due to hydrogen bonding, HF is a liquid.

(b) Except ionisation potential, other factors are true to
explain the oxidising (strong) behaviour of F, .

() On moving from top to bottom of halogen group the
bond dissociation energy of hydrogen halides decreases

and so the heat of formation of halogen acids also
decreases.

(c) \olatile character; HCI > HBr >HI > HF

(c) TheH-Xbond strength decreases from HF to HI. i.e.
HF > HCI > HBr > HI. Thus, HF is most stable while Hl is
least stable. The decreasing stability of the hydrogen
halide isalso reflected in the values of dissociation energy
of the H-X bond.

H-F H-Cl H-Br H-1
135kcal mol ™! 103kcal mol~! 87kcal mol™! 71kcal mol_1
(d) HClacid at 25° Cis a gas and polar in nature.

(d) Ingaseous state, HCI is covalent in nature, while in
aqueous solution it ionises to give H* and CJ ions.

(d H,0, HF and NH, have hydrogen bonding as the
intermolecular forces while HCI has weaker dipole-dipole
interaction.

Thus, HCI has the lowest boiling point.

Among H,O, HF, and NH, H,O has the highest boiling
point due to extensive network of hydrogen bonds.

Among NH, and HF, HF forms stronger hydrogen bonds
due to very high electronegativity of fluorine.

Thus, the order of boiling point will be :-
HCI < NH,<HF <H,0
(d) The oxidizing power decreases down the group.
(c) Theproducts XandY are HIO, and HCI respectively,

I, +5Cl, + 6H,0 — 2HIO; + 10HCI
lodic acid

(@ Mixture of (He + O,) is used for asthma patient.
(b) Thermal decomposition of O is exothermic.

Ozone is diamagnetic in nature (due to presence of paired
electron) and both the O — O bond length are equal. It has
a bent structure.

(@ 250,(0)+0,(g) —2% 250,(q)
(@ In SO,, sp? hybridisation is for Sulphur atom.
2 9
®) o:|S—O—O—?=O
OH OH
Peroxodisulphuric acid
(HZSZOS)

48. (@) Sulphurhave a general tendency to form two double
bond.

H25,03
49. (c) HO.SO,0H+2PCls — CISO,Cl+2POCl; + 2HCI

Sulphuryl chloride

50. () Conc. H,SO, is a strong dehydrating agent due to
which carbohydrates becomes charred on reaction with
conc. H,SO, acid.

i
51. (b) HO—ﬁ—O—O—ﬁ}—OH
O O
Peroxodisulphuric acid
52. (b) OleumisH,S,0.,.
7 7 i
5. @ (-S-S5-S-S-0¢ 4
I I ) o
QT_ b
S,08~ S,05”

54. (@) Sulphur have a general tendency to form two double
bond.

T Mol
0=5"oH HO - |S|'+§ﬁ+§ OH
OH 0 O
H25,03 H25,06
i i
HO - ﬁ*fO—ﬁ*fOH HO—'ﬁtGO—O—ﬁtGOH
o)
H,S,07 H,S,0g

NN B

I |
OH
5. @ of Lon  HOTNOT
OH (0] e
(H,S0;) (H5,04)
Sulphurous Peroxodisulphuric
acid acid
| |
HO™ ﬁ\ O/ﬁ\OH
H,S,0;
Pyrosulphuric
acid
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56.

S7.

58.
59.

60.
61.

62.

63.

64.

65.
66.

(c) Peroxysulphuric acid (Peroxydisulphuric acid) =
H,S,0q.

Pyrosulphuric acid = H,S,0,

= Sum of O-atoms=8+7=15

+6 +6
@ H,S04+ SO3—> H,S,07(oleum)

= Sum of oxidation states

=6+6=12

@ O3(9) +217(aq) + HyO(l) - 20H(aq) + 15(s) + O,(9)
(@ Preparation of H,SO, from iron pyrite (FeS,):
FeS,+ O, —» Fe,05+S0O,and fromS: S+ 0, " — SO,
() H,SO,+S0O;’—H,S,0,

©
() SO,%:
0
,II
0O —S—O0
|
O
Average bond order =6/4 =1.5
(i) SO;:
O
|
/N
O O
Average bond order = 6/3 =2
(iii) S,04%:
S
I
O0—S—0O
|
O

Average bond order =4/3=1.33

Correct sequence of bond order is

SO, > S0,%~>S,0,2"

() MnO, and KMnO, with conc HCl give Cl,,.

0 -1 +5
() 6NaOH +3Cl2 —— 5NaCl + NaClO3 + 3H,0

+7 +2
(d) 2KMnO 4+16HCI — 2MnCl 2+ 2KCl +8H,0 +5Cl,

0.S of Mn changes from +7 to +2 hence reduction occurs
and Cl, is formed.

(b) 2KMnO, + 16HCI — 2KCl + 2MnCl, + 8H,0 + 5Cl,
(d 3Ca(OCl), - Ca(ClO,), + 2CaCl,
It is autooxidation and disproportionation.

68.

69.

70.
71.

72.

73.

74.

75.

76.

N \\

(b) Chlorine water loses its yellow colour on standing
because in the presence of lighta mixture of hypochlorous
acid (HOCI) and hydrochloric acid are fomed.
H,0 + Cl,—>HOCI + HCI
+1 +5 -1
(d) NaClO—— NaClO3+2NaCl All statements are

correct as evident from the reaction

(d) As the oxidation state of the central halogen atom
increases, the halogen-oxygen bond becomes more and
more covalent. As a result, the thermal stability of the
oxoacid increases. Thus, HCIO, is most stable to heat,
whereas HCIO is least stable to heat.

(d) Interhalogen compounds are not highly volatile.

(d) Number of Cl = O bonds

HCIO, HCIO, HCIO,
o o O
I | [

cl cl
A No-H AN - ME\O/H

Chlorous acid Chloric acid Perchloric acid

(d) The stability of oxides of halogens decreases in the
order 1> Cl>Br

The stability of oxides of iodine is greater than those of
chlorine and bromine. lodine oxygen bond is stable due to
greater polarity of the bond while the stability of the chlorine
oxygen bond is due to multiple bond formation involving
d-orbitals of the chlorine atom. Bromine being in between,
lacks both these characteristics. Thus the stability of oxides
of halogens decreases as mentioned above.

(c) ABq species have square pyramidal structures.
Hence, BrF,, IF. and CIF..
(o) Br, + Excess F, - Br F,

[Hint: Due to high reactivity of BrF, it absorbs moisture
from surrounding resulting into formation of HBrO,]

(c) SiCl,
1 Hydrolysis of P, O,, —
P,0,,+ 6H,0—— 4H,PO,
H,PO, and P,O,, are not solid under standard
conditions.
2. Hydrolysis of F, —
2F,+2H,0——>4HF + O,
HF is a liquid or gas and O, is a gas
3. Hydrolysis of SiCl, —»
SiCl, + 2H,0—— SiO, + 4HCI
SiO, is a solid and HCl is a gas
Hydrolysis of Azide ion
Azide ion does not hydrolyse under normal conditions.
@ 3Cl, +6NaOH——> 5NaCl + NaClO, + 3H,0
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() Ti + 2L, > Til, —> Ti + 2L, (van Arkel)
I, + HOfi 10" +2H" +T

(o) The shape of XeO, is Trigonal Pyramidal.

(b) XeOF, issquare pyramidal.

(b) XeF,is planar.

(@ InXeO,the hybridisation is sp®. L.

() XeF, +H,0 — 2HF + XeOF,

@ XeF,+H,0— XeO,F,+4HF

(c) He has adiffusing property through rubber, glass or 92

plastics. ‘
93.

(d) The products of the concerned reaction react each
other forming back the reactants.

XeFe + 3H20—)X903 +6HF-
(©) 2XeFg +SiO, —> SiF, +2XeOF,

b) Xe=[KrJ4dwss2 |1, | 1L |1

5p
GS.
5d
In first excited state, Xe can form XeF, 94.
Xe= 1 [1[1 {1
5p 5d

In second excited state, Xe can form XeF,

Xe= |11 [1][1][1

Inthird excited state, Xe can form XeF,

Xe=1[1[1{(1[1]"

Hence, xenon can combine with only even number of
fluorine atoms.

(@ XeFy+H,0’— XeO,+6HF

1
H=§(V+M—C+A)

1
=3 8 = 4 = sp® hybridisation 96.

(@ 6 XeF,+12H,0—— 4Xe+2XeO, + 24HF + 30,

Xe
o TN

pyramidal

95.

(o) Xenon forms three binary fluorides XeF,, XeF, and
XeF, by direct reaction of elements under appropriate
conditions.

Xe(g) + 2F,(9)
(1:5ratio)

(@ Xe forms fluorides of even number of fluorine atoms.
This is so because the promotion of one, two or three
electrons from the 5p- orbital will result in two, four or six
half-filled orbitals and this will give XeF,, XeF, or XeF,
respectively.

(@ XeF,+3H,0— XeO,+6HF
@

873K, 7bar XeF4(S)
_—>

XeF, (sp3d)

XeO; (sp3)

XeF, (sp3 d2)

() XeF, +SbR——I: Xe F31° [SbRs]™

Cation  Anion
Hybridisation  sp3d (Xe) sp3d?(Sh)
Geometry: Trigonal bipyramidal octahedral
Shape: T-shaped octahedral

(c) XeF, is sp*d? hybridised and due to presence of 2
lone pair of electrons its shape is square planar.

/AN
F @ F
spad2
CCl, is sp® hybridised due to 4 bonds. Its geometry is
sigma.

C‘l
C

c1/ ‘ \01
Cl o (sp)

)

(d) Helium has lowest boiling point among all the noble
gases. Due to minimum van der Waal’s force of attraction.

573k

@ Xe(g) + 3F,(g) —2="®F , XeF, (s)

(b) Ar used in electric bulbs.
(c) 3lone pairs are present in XeF,.
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F
= )l(ep

[N

F
(sp®d) Linear
573K

97. (@ Xe+F—g o X (120)

98. (c) InKMnO,manganese isalready present in its highest
possible oxidation state i.e. +7. So no further oxidation is
possible.

99. (b
100. (c) Number of n-bonds

0
H,S,0, = HO—Sl—O—S—OH
o)

o=

I
H,S0, =HO-5-OH 2

o

H,S0, = HO — 'ﬁl—OH 1
o)

101. (C) 6NaOH +4S — Na25203 + 2Na28+3H20
102.(0) H,S
103. () H,Te

104. (c) In liquid state BrF, dissociates into BrF," and BrF,
ions most easily.

1
105. (8) ICI,. The hybridisation is 5(7 +7+0-0)=7 (5p°c)

106. (C) 2N328203 + |2 —> Na28406+ 2Nal
Sodium
tetrathionate

MnO, or KMnO, with conc. HCl give CL,
Interhalogen compounds are not highly volatile.

Since the electronegativity of halogens follow the
order Cl > Br > | the strength of acids follow the order
HCIO >HBr > HIO.

107. (d)

108. (d)
109. (8)

110. (b)

111. d)
112. ()

HSOZ -6 - HSO4 g stzog g 82082_
K,Cr,07 +conc.HCIl — Cl,

2Br+Cl, — Br, +2CI. Chlorine is more oxidising is

nature

113. (d) XeO,F, has trigonal bipyramidal geometry, but due to
presence of lone pair of electrons on equitorial position,
its actual shape is see-saw.

@)

N\ 7

F

|

Xe D
e

114. (c) Hybridisation of XeF, is sp*d? and structure is square

planar
XeOF, square pyramidal.

XeFy +H,0 —> 2HF + XeOF,

115. ()
116. ()

117. ()
118. c)
119. (b)
120. (d)

1.  (c) Airisliquified by making use of the joule-Thompson
effect (cooling by expansion of the gas) Water vapour and
CO, are removed by solidification. The remaining major
constituents of liquid air i.e., liquid oxygen and liquid
nitrogen are separated by means of fractional distillation
(b.p. of 0,=-183°C:b.P.of N,=—-195.8°C)

2. (c) Due to greater tendency for catenation, sulphur
shows property of polyanion formation to a greater extent.

2KCIOz — 2KCl+30,

ACCELERATOR

Topic-wise MCQs

. . 2= ~2—
For example, in polysulphides such as S5~,S57,Sg

3. (c) Outer electronic configuration of Cl atom
= 35%3pZ p7 p;

Outer electronic configuration of CI-ion = 3s23 pf pf, pf

Hence CI~ has 4 unshared pair of electrons.

4. (d) We know that positive ion is always smaller and
negative ion is always larger than the corresponding atom.
Therefore the correct order of the sizeis I=>1>1*

5. (c) lodine is a molecular solid as weak van der Waal’s
forces are present between its molecules.

6.

7. (@

@ A HCH<AMHEF)
(-349) (-333) Correct
(b) AegH(Se)<AegH S)
(-195) (-200) Incorrect
© A HI) <A H(AY
(-296) (-270) Correct
(d) A H(Te) <A, H (Po)
(+190) (-174)Correct

N \\



8.

10.
11.

12.
13.
14.
15.

16.
17.
18.

19.

20.

21.

22.

23.

MHT-CET-Chemistry

(c) Fluorine is most electronegative element in periodic
table and exhibits O.S. value of -1 only.

(c) The electron gain enthalpy order for halogens is
CI>F>Br>1

Due to small size of fluorine the extra electron to be added
feels more electron-electron repulsion. Therefore fluorine
has less value for electron affinity than chlorine.

©

(b) Polarizibility of noble gases increases down the group

because of increase of distance of electrons from nucleus.
Thus He (first member of group) is least polarized.

®

@

@

(@ Rn because it is radioactive element obtained by the
disintegration of radium

88 Ra226 —86 Rn222 +2 He4

®)
®)

(c) Argonisused in high temperature welding and other
operations which require a non-oxidising atmosphere and
the absence of nitrogen.

(b) Neon givesa distinct reddish glow when used in either
low-voltage neon glow lamps or in high voltage discharge
tube.

(@ Assize increases, van der Waal's forces of attraction
between noble gas atoms also increases. Consequently,
ease of their liquefaction increases.

(d) Electron gain enthalpy for noble gases is positive
and it becomes less positive with increase in size of atom.

Value of electron gain enthalpy

He— 48kImol, Ne-116 kJmol™

Ar, Kr-96 kJmol, Xe-77 kJmol

Hence, Ne has highest positive electron gain enthalpy.

(c) Heliumistwice as heavyas hydrogen it is inflammable
but not lighter than hydrogen. Helium has the lowest
melting and boiling point of any element which makes liquid
helium an ideal coolant for many extremely low temperature
application such as super conducting magnet and
cryogenic research where temperature close to absolute
zero are needed. He is used in gas cooled atomic reactors
as a heat transfer agent.

© [Element AggH[KJ / mol]
He +48
Ne +116
Kr +96
Xe +77

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

(@ Instantaneous dipole-induced dipole forces are most
responsible in allowing xenon gas to liquify.

(b) Aswe move down the group, the melting and boiling
points show a regular increase due to corresponding
increase in the magnitude of their van der Waals forces of
attraction as the size of the atom increases.

(d) As the size of anion (M) increases M — H bond
strength decreases, so release of H* becomes easier. Thus
H,Te is most acidic because size of Te is highest.

(c) SO, is highly soluble in water and therefore cannot
be collected over water.

() H - Sbond is weaker than H—O bond due to large
size of S. Moreover due to high electronegativity of oxygen
it forms hydrogen bond in H,O.

(d H,Oisliquid but H,S isa gas. This can be attributed
to the presence of intermolecular hydrogen bonding in
case of H,0.

(d) Oxidation state of sulphur varies from—-21to + 6 in its
various compounds.

(@ The first member of a group exhibits anomalous
behaviour and shows different physical and chemical
properties than the rest of the elements due to smallest
size and highest electronegativity.

e.g. Oxygen is diatomic while other members are poly
atomic.

(@ Bond dissociation energy of E-H bond in hydrides
of group 16 follows the order:

H,0>H,S>H,Se>H,Te

(@ Atroom temperature, water is liquid and has boiling
point 373 K due to hydrogen bonding. Whereas H,S is a
gas and it has no hydrogen bonding. Hence boiling point of
H,S is less than 300 K (boiling point of H,S is—60°C).

(@ The S;molecule has a chair-form hexagon ring with
the approx same bond length as that in Sy, but with some
what smaller bond angles, i.e., bond lengths are approx.
same but bond angles are different.
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35.
36.

37.

38.

39.

40.

41.

42,

43.

44,
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(c) Selenium oxide (SeQ,) is colourless solid.

() H,0<H,S<H,Se<H,Te (Boiling point)
N,O < NO < N,05 < N,O,4 < N,O5 (Acidic nature)
HF < HCI < HBr < HI (Acidic nature)

H,Te < H,Se < H,S < H,0 (Bond angle)

(d) Among Sand Te, Swill be more stable in +6 state than
in +4 state due to inert pair effect.

That is why SO, is the strongest reducing agent.

(d) Increasing order of bond angles :-

P,<S;<S;<0,

S—_

/P6O° i

P P < o022 |

\ / S S\S
S\S/ﬁ;\

S/S o
\ / o
S
s— " T~5

(c) The H-X bond strength decreases from HF to HI.
i.e. HF > HCI > HBr > HI. Thus HF is most stable while HI
is least stable. The decreasing stability of the hydrogen
halide is also reflected in the values of dissociation energy
of the H-X bond

H-F H-Cl H-Br H-1

135kcal mol_1 103kcal mol_1 87 kcal mol_1 71kcal mol_1

() Cl, + 2NaOH — NaCl +NaCIO+H,0

(cold & dil)

, + 6NaOH — 5NaCl +NaClO,+3H,0
(hot & conc.)

(d) As the oxidation state of the central halogen atom
increases, the halogen-oxygen bond becomes more and
more covalent. As a result the thermal stability of the
oxoacid increases. Thus, HCIO, is most stable to heat,
whereas HCIO is least stable to heat.

(@ Longer bond length means weaker bond energy i.e.
less bond dissociation energy or more reactivity. Larger
the size of anion more will be bond length thus the order of
reactivityis HI > HBr > HCI.

(@ The order of bond energy is

CI-Cl >F-F>Br-Br > -1

The small value of bond energy in F, than Cl, (anomaly) is
due to smaller size of F atom which leads to
inter-electronic repulsions.

(@ Fluorine, like other halogens has seven electrons is
the valence shell. Since it is the most electronegative

element, therefore, it readily accepts one electron to acquire
the stable electronic configuration of the nearest noble

3Cl

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

gas. Therefore, like other halogens, it also exhibits an
oxidation state of —1.
Further, since fluorine is the most electronegative element
and does not have d-orbitals is its valence shell, therefore,
it cannot expand its octet and hence does not show positive
oxidation states. On the other hand, other halogens have
d-orbitals and, therefore, can expand their octets and thus
show positive oxidation states of +1, +3, +5 and +7 in
addition to oxidation state of —1.
(c) Bryreacts with Nal only to get I.

2Nal + Br, — 2NaBr + |,
() MI > MBr > MCI > MF. As the size of the anion
decreases covalent character also decreases.

(d) Since all the halogens have a strong tendency to
accept electrons. Therefore halogens act as strong
oxidising agents and their oxidising power decreases from
fluorine to iodine.

(c) From the given options we find option (a) is correct.
The oxidising power of halogens follow the order
F,>Cl,>Br,>l,. Option (b) is incorrect because itin not
the correct order of electron gain enthalpy of halogens.

The correct order is Cl, > F,> Br,> 1. The low value of F,
than Cl, is due to its small size.

Option (c) is incorrect. The correct order of bond
dissociation energies of halogens is

Cl,>Br,>F,>1,.
(@ Bondenergy of F, less than Cl, due to lone pair-lone
pair repulsions and small size of fluorine.

Bond energy order Cl,>Br,>F,>1,

a) Generally, bond ener _—
@ y gy Bond length

So, bond energy order is : C—F>C-CIl>C-Br>C-l

(c) Dueto strong H-bonding between HF molecules. HF
has highest boiling point among the hydrogen halides.

® 1, +6H,0+5Cl, —>2HIO3 +10HCI

Chlorine oxidises iodine to iodic acid. So statement b is
incorrect.

(c) Boiling point of hydrogen halides are

HF > HI > HBr > HCI

HF have hydrogen bond so its boiling point is high and
molecular mass increases hence boiling point of other halide
increases.

(c) OleumisH,S,0, (H,SO,+ SO,) which is obtained by
dissolving SO, in H,SO, and is called fuming sulphuric acid.

(d) Caro’sacidis H,SOg which containsoneS -0 -

OH peroxy linkage. It is also known as permonosulphuric
acid.
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59.

60.
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I
HO - |S|, -0-0OH
0]
@ 25,032 +1,> S,05% +2I°
Thiosulphate Tetrathionate
(d Hypo (Na,S,0,) is used in photography. It is used
during fixing of image. It dissolves AgBr that has not been
affected by light during exposure leaving metallic silver
(Ag) as such

AgBr + 2Na28203 _—> Na3[Ag(8203)2]+ NaBr
Hypo Soluble complex
(@ Sodium thiosulphate is areducing agent. It isused in
volumetric titration (lodimetry) to reduce I, to I,
2Na,S,0, + 1, —> NaS,0, + 2Nal
Sod. thiosulphate Sod. tetrathionate

() Ozone layer is beneficial to us, because it stops
harmful ultraviolet radiations from reaching the earth.

() Atanode: 20H" =——= H,0 +%02
(© X=NasSo,
SO2 +H,S0, — [H,S0;]— H,0+S0,

(X) ()

SO, + 2NaOH — Na,S05+ H,0
(X)

Na,SOj+S0,+ H,0 — 2NaHSO,
(X) () (2)

© 80, (g) + Cl, (8) — SO,CI, (2)

(A)
I
PCI; + SO,
(B)
|Cl cl
Cl— 1|3<
1 Cl
Shape of B is Trigonal bipyramidal (TBP)

Hydrolysis of B :
PC|5 + Hzo —_—> POC|3 +2HCI

POC|3 + 3H20 _—> H3PO4 +3HCI
(Phosphoric acid)

PCl, is a yellowish white powder and in solid state exists
as an ionic solid.

PCI, has three equatorial P-Cl bonds which are equivalent
while the two axial bonds are longer than equatorial bonds.
d Fe,0,.xH,0

In the contact process for the manufacturer of sulfuric
acid [H,SO,] the arsenic purifier is crucial to remove arsenic

64.

65.

66.

67.

68.

69.

70.

71.

72.

impurities from the sulfur dioxide (SO,) gas before it enters
the catalytic converter. The arsenic purifier typically
contain a mass of ferric oxide (Fe,O,) or other suitable
materials. Which effectively adsorb arsenic compounds.

(@ Ozone has a central oxygen atom that forms a single
bond and a double bond.

Thus, it has one lone pair and other oxygen atoms have
two and three respectively.

@
(0
o7 ot
= Total number of lone pairs =6
Total number of bond pairs =3
= Ratio=6:30r2:1

(c) The S-O-S bond is present in disulphuric or
pyrosulphuric acid that has the formula H,S,0..

.
S S
HO/H\O/lcl)\OH

(c) The structure of Peroxydisulphric acid is:-

0]
|| +6 | +6
HO—ﬁ —O—O—ﬁ - OH
0
Oxidation states of s-atoms = +6 and + 6 Number of
S—-OHbonds = 2.

(d) Bleaching action of chlorine is due to oxidation in
presence of moisture.

Cl,+H,0—HCI+HCIO
HCIO - HCI+0
Colouring matter + | O | — Colourless matter
(c) Astronger oxidising agent (Cl,) displaces a weaker
oxidising agent (Br,) from its salt solution.
2KBr +Cl, — 2KCI+Br,

(@ Due to absence of reaction between marble and
bromine.

0 +1 -1
®  H,0+Br,——HOBr+HBr

Thus here oxidation number of Br increases from 0 to +1
and also decreases from 0to—1. Thus itis oxidised as well
as reduced.

@ 1, +10HNO; —
(Conc)

@ HOCI<HOCIO<HOCIO, <HOCIOq4
+1 +3 +5 +7

2HIO; +10NO, + 4H,0

Periodic acid

In case of oxyacids of similar element as the oxidation
number of the central atom increases, strength of acid also
increases.
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75.

76.

77.

78.

79.

80.

81.

(b) CIO, contains 7 +12i.e. 19 valence electrons which

isan odd number, i.e., there is (are) free electron(s). Hence
itis paramagnetic in nature.

(b) HCIO, is the strongest acid amongst all because the
oxidation state or Cl is maximum (+7).

(@) The structure of IF, is distorted octahedral
This is due to presence of a “weak” lone pair.

() The correct order of increasing bond angle is

Cl,0 < ClO; <Clo,
C1,0

%
AT

*In CIlO; there are 2 lone pairs of electrons present onthe

c:|o2

central chlorine atom. Therefore the bond angle in CIO5 is

less than 118° which is the bond angle in ClO, which has
less number of electrons on central chlorine atom.

(d) Chlorine reacts with excess of ammonia to produce
ammonium chloride and nitrogen.

3Cl,, + 8NH, (excess) —> 6NH,CI + N,

(b) The molecular geometry of BrF, is square pyramidal
with asymmetric charge distribution on the central atom.

(@ Br,+F,(excess)——>BrF,
Structure of BrF is

So, bond pairs =5, wbonds =3 lone pairs=0

(c) InXeOF,, Xeisspd? hybridised having 5 bond pairs
and 1 lone pair respectively.

82.

83.

84.

85.

F\ II
F @\F
XeOF,
Square pyramidal
3,2
(spd’)
(b) The hybridization of XeO,F, is sp*d and its structure
istrigonal bipyramidal in which oxygen atoms are situated
on the plane and the fluoride atoms are on the top and
bottom.

(b) The shape of XeO,F, is trigonal Pyramidal.
Xe
O// g\\'O

(o) XeF, has zero dipole moment. It has square planar
structure due to which the bond moments of Xe — F cancel

each other.
F&Q P
2R
(c) XeF,: .

lip

N \\



@ 97. (c) CI2+H20—>2HCI+%OZ

Xe Hydrogen has more affinity for chlorine.
XeO,: O/ ” \O 99. (c) Helium isobtained during radioactive decay.
@] 99. (b) Xeisalsoknown as stranger gas.
1lp 100.(c) (CH4COO0),Pb+H5,S — PbS+2CH3;COOH
o 0
” ” PbS+4H202—)PbSO4+4H20
86. (c) HO—|S|— o— o—Isl— OH +H,0 —> White
0 0 m PREVIOUS YEARS MCQs
peroxodisulphuric acid 1. (o) Order of reactivity of halogens: Cl, > Br, >,
o o But the interhalogen compounds are generally more
I I reactive than halogens (except F,), since the bond between
HO —S—O— OH + HO— S—OH two dissimilar electronegative elements is weaker than the
[l Il bond between two similar atoms, i.e, X - X.
o o 2. () F<Cl<Br<I: Covalent radius — Size increases
peroxomonosulphuric acid sulphuric acid down the_ gr(_JUP' .
Irregularity in electron affinity, as Cl has more electron
87. (@ 2HBr+H,SO, — Br, +2H,0+S0O, HBr isoxidised affinity than F due to larger size and less repulsion.
to Br, Cl>F>Br> 1 :Electron affinity

F- < CI- < Br= < I7: lonic radius — lonic size increases
down the group

F> Cl>Br>1I: lonisation enthalpy — Decreases down the

88. (@ In H,SO,,the Satomispresentin its highest oxidation
state of +6. Hence H,SO, can act an oxidant only by

gain of electrons group
89. (d) 3. (@) TeO,primarily behave as an oxidizing agent. Because
3KCIO3 +3H,S04 — 3KHSO 4 + HCIO,4 +2CIO, + H,0 in TeO, tellurium is present in +4 oxidation state thus, it

has tendency to accept electrons. TeH, is acidic in nature

90. (@) 2KBr+3H,504 - 2KHSO, +S0; +Brp +2H,0 as Te — H bonds are unstable hence TeH, can act as an

91. (d) Ozoneis an allotrope of oxygen. acid.
uv 4.  (d) Fluorine does not show variable oxidation state as it
92. @) 30, > 203 is the most electronegative element and shows only -1
93. (a) 3Cl,+ 2Nal —2NaCl + 1, state.
I, gives violet colouration in CHCI,,. 5. (o) Thekey stepin the manufacture of H,SO, is catalytic
oxidation of SO, with O, to give SO, in presence of V,O,.
5Cl; +6H,0 +1; — HIO5 +10HCI 6. () V,O,catalysestheoxidation of SO, in the manufacture
Colourless
of H,S0,.
%. () 2R, +(ﬁ(’)\tlacgr!'c|)—>4NaF+2H20+02 7. (d Xehas8einitsvalence shell.
' (©) Cl,+NaOH—>NaCl+NaClO +H,0
2F,+ 2H,0 = 4HF + O, [cold and dilute]
Cl, + 2NaOH — NaCl + NaCIO + H,0 . . . .
(cold, il 9. (c) Chlorinated water is yellow in colour on standing

reaction occurs

2Ca0Cl, + H,50, — CaCl, + CaS0, + 2HCI + O, Cl. + H.O — HCl + HOCI
2 2

95. () 2F,(9)+2H,0(l) ~> 4H* (aq) + 4F (aq) + 0,(9)

C|2 (g) + 2H20 (|) S HCl (aq) +HocClI 10. (C) Na28203 + C|2 + H20—> 2HCI+S+ Nast4
96. (b) 1. (@)
2KMnO, +16HCI —2KCI +2MnCl, +8H,0 +5Cl, (i) Thefirstionization energy of xenon (1, 170 kJmol-) is

quite close to that of dioxygen (1,180 kJ mol~Y).

(i) The molecular diameters of xenon and dioxygen are
almost identical.

N\ |\
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14.
15.

16.

17.
18.
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Based on the above similarities Barlett (who prepared
OJ[PtF.]~ compound) suggested that since oxygen
combines with PtF,, so xenon should also form similar
compound with PtF.

(d K,Cr,O7+conc.HClI— Cl,

(c) Nitricoxide (pollutant) act as an homogeneous catalyst
in the conversion of oxygen to ozone, since at very high
concentration in air it converts into NO, which generate free
oxygen atom.

(@ Nitricoxide

(¢) Inthe preparation of sulphuric acid (H,SO,) by lead
chamber process, mixture containing SO, air and NO is
treated with steam (H,0). In this reaction, NO acts as a
catalyst.

2802 + 02

(fromair)

+2H,0+ [NO] — 2H,S0, + [NO]
Catalyst Catalyst

(b) Argon is the most abundant noble gas in the
atmosphere.
(@ No compound of Ar has yet been reported with F,.

(b) Oxygen being more electronegative, will be best
oxidising agent among given options.

19.

20.

21.

22.

23.
24.

25.
26.
217.

(b) Electron gain enthalpy becomes less negative on
moving from chlorine to iodine. However, negative
electron gain enthalpy of fluorine is less than that of
chlorine due to small sized of fluorine atom. It has very
high inter electronic repulsion in the relatively small 2p
orbitals. Hence, incoming electron experience less
attraction from the nucleus.

Chlorine has the highest value of electron gain
enthalpy.

(@ Octahedral sulphur (rhombic or a-sulphur) is the most
stable allotrope of sulphur.

(d) The highest oxidation state exhibited by group 17
elementsis+7.

(c) S, isparamagnetic. It contains two unpaired electrons
in the antibonding =* orbital

(c) See oxy acids of sulphur

@ 2H,S+0, —»2H,0+2S

(c) O, isparamagnetic and O, is diamagnetic
(c) Fluorine always -1

(c) Oxy acids having higher + O.S for halogen are more
stronger in nature . Hence the order

HCIO, > HCIO,> HCIO, > HCIO



Transition and Inner Transition
Elements

WARM-UP
Topic-wise MCQs
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11.

12.
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(@) 4Pt =[Xe] 4f1*5d9 6s® (Exceptional electronic
configuration)

() Cr(24)=1s?,2s? 2p® 352 3p®, 3d°, 4s
® zn* =[Ar]3d'%4st Fe?* =[Ar]3d®4s?,

Ni* =[Ar]3d®4s?, cu* =[Ar]3d*%s?;
Fe?* contains maximum number of unpaired electrons.
(@ Osshows maximum oxidation state of + 8.

© Mn¥*=[Ar3d*=[AT[1[1]1[1] |

Number of unpaired electrons =4

crer=[am3d = (A [T T ]

No. of unpaired electrons = 3

ver=[Argad2=[AN|1]1] | | |

No. of unpaired electrons = 2

(b) Atomicno. of Ni=28

Ni (Ground state) = 1s?, 257, 2pb, 3s?, 3pf, 3d 8, 4s?

Ni2+ = 1s?, 252, 2p5, 3s?, 3p®, 3d8, 4s°

3d
AV 1]1]

It has 2 unpaired electrons
(c) Duetocompletely filled d-orbitals, these metals are
not considered as transition metals.
(b) Since reduction potential of fluorine is highest,
transition metals exhibit highest oxidation state with
fluorine.
() 54Znand 4 Hg have their d-orbitals completely filled
so they do not show any variable valency.
(@ Febecause it easily gets oxidised in moist air.

Fe %) F6203.XH20
H,0/H Rust

() Cr=23d%4s?; half-filled d-orbital

Cu = 3d¥4s?; completely-filled d-orbital

(@ Highest O.S. by Mn (+7)

(d) The minimum oxidation state in transition metal is
equal to the number of electrons in 4s shell and the
maximum oxidation state is equal tothe sum of the 4sand 3d

14.
15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

electrons.

Ti = [Ar] 3d%4s?
Hence, minimum oxidation state is +2 and maximum oxidation
state is +4. Thus, the common oxidation states of Ti are +2,
+3and +4
(@ (n-1)d°ns?attains the maximum O.S. of + 7.
(c) Due to absence of unpaired electrons, Zn has the
lowest enthalpy of atomization.
() Rhenium oxide has conductivity similar to copper.
® 24Cr, 26Fe’ 27C°’ 25Mn' 21SC
Electonic configuration

Cr: [Ar]3d°4s', Fe:[Ar]3d®4s?, Co:[Ar]3d 4s?,
Mn : [Ar]3d°4s®, Sc:[Ar]3d"4s?
Configuration of ions

cr3t[Ar]ad®  Fedt[Ar]ad®
Co3*[Ar]3d®  Mn?*[Ar]ad®
sc3+ [Ar]ad®

Fe3*, Mn?* have same electronic configuration

(@ Inreactivity series, Cu lies below hydrogen and it is
least electropositive among the given metals.

(d) The substances which are strongly attracted by
magnetic field and show permanent magnetism even in
absence of magnetic field are ferromagnetic e.g., Co, Fe,
Ni.

() Zn, Cdand Hg are non typical transition elements
because they have complete d-orbitals.

(d) The catalyst used in manufacturing polyethylene is
known Ziegler-Natta catalyst. It is a mixture of TiCl,,
Al(C,Hy), or Al(CH,), works at 333 — 343K at pressure 6 -
7 atm pressure in a hydrocarbon solvent.

(@ In Cr® number of unpaired e~ = 3. Electronic
configuration of Cr3* = 1s22s22p83s23p63d3.

(d) Zr%(4d) Hf *4(5d) series-size almost same due to
lanthanoid contraction.

(@ Transition elements form coloured ions due to d-d
transitions. In the presence of ligands, there is splitting of
energy levels of d-orbitals. They no longer remain
degenerated. So, electronic transition may occur between
two d-orbitals. The required amount of energy to do this
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is obtained by absorption of light of a particular
wavelength in the region of visible light.

() Thetransition metals and their compounds are used
as catalysts. Because of the variable oxidation states, they
may form intermediate compound with one of the reactants.
These intermediate provides a new path with low
activation energy.

(d) Most of the transition metal compounds (ionic as
well as covalent) are coloured both in the solid state and
in aqueous solution in contrast to the compounds of s
and p-block elements due to the presence of incomplete
d-subshell.

(@ 40elementsare present in d-block.

(d) Sc does not show variable valency because of only
one electron in 3d-subshell : [Ar]3d'4s.

(©) Zn, Cd, Hg or group 12 have full d'° configuration
and hence are not regarded as transition metals.

() Cerium (Ce) belongs to lanthanide series and is
member of inner-transition metals.

(c) Ifnon metal is added to the interstital site, the metal
becomes less malleable due to formation of covalent bond
between metal and non metal.

() Vhasthehighest enthalpy of atomization.

(d) For chromium ion +3 oxidation state is most stable.
(d) The electronic configuration of different species
given in the question are

5, T1%" 152 252 pP 3s? p° d?

V3" 1 152 252 pP 352 p° d?

5,Cré* : 152 252 p® 3s? pb df?

,sMn>* ;152 252 pb 3s? p® d?

@ V? —violet, V3 —green, V** -Dblue,

Fe?* — green, Fe®" —yellow

(d) Sc3*:1s?, 2578, 3s%ptdC, 4s% no unpaired electron.
Cu*: 1s?, 25?p®, 3s2p%d 19, 4s% no unpaired electron.

Ni2*: 12, 252p%, 3s2pfd 8, 4s; unpaired electrons are present.
Tid*: 1s?, 2s2p8, 3s?p®d?, 4s0; unpaired electron is present
Co?*: 152, 2s?p%, 3s2pfd”, 4s°; unpaired electrons are present
So from the given options the only correct combination is
Ni%* and Ti®".

(@ Mn?-5unpaired electrons; Fe>* —4 unpaired electrons
Ti?* -2 unpaired electrons; Cr?*—4 unpaired electrons
Hence, maximum no. of unpaired electron is present in
Mn?*, Magnetic moment oc number of unpaired electrons
@ Ti* (3d% and Zn?* (3d'°) are colourless.

(@ Strongest oxidising agent have highest reduction
potential value.

EoMn3+/Mn2+ =1.51V (highest)

(b) Colour of transition metal ion salt is due to d-d
transition of unpaired electrons of d-orbital. Metal ion
salt having similar number of unpaired electron in d-orbitals
shows similar colour in aqueous medium.

41.

42,

43.

44,
45,
46.

47,

48.

49,
50.

51.

52.

53.

54.

V7 [Ar13dt 1

c pansd L[] ] 1

Number of unpaired electrons = 1.
(d) Magetic moment w=./n (n+2) where n=number
of unpaired electrons /15 = /n(n+2) .. n=3

d Ni®: [Ar]3d7; Mn3 : [Ar]3d*4
Fe3*: [Ar] 3d®; Co® : [Ar] 3d®
(b) 2Fe**+2I-—— 2Fe* +1,
2Fe?* +5,05” ——2Fe®" +2503%"
(d) Niand Coare used as catalyst.

(@ Veryhigh ionisation energy and weak metallic bond.

(c) Only Cuin its +2 oxidation state is able to oxidizes
thelI"to I,

() M?* —23e ; +2e~ (M should be Mn)

3d%s? p=.[/5(5+2)=+/35=5.9

(@ In Sc3* there is/are no unpaired electrons. So the
aqueous solution of Sc3* will be colourless.

(b) +8oxidation state is observed in Osmium.

(@ Osand Sc

Os=22.60 g/lcm?®
Sc=3.01g/cm?®

(c) Magneticmoment u=,/n(n+2)BM

1.73 = {/n(n+2) .. n=1, ithas one unpaired electron

hence electronic configuration is [Ar]3d* and electronic

configuration for Z = 22 is [Ar] 3d? 4s?. Hence charge on

Tiis +3.

@ Cu > Ni > Zn > Sc
Densityin (g cm™) 892 890 7.14 299

(@ Paramagnetic nature oc number of unpaired electron

Metal ion d-electrons Number of
unpaired e~

cu? 101 2

Ve KIENEN I

crr MMM 4

Mn* MMM s

Hence, increasing order of paramagnetic nature is,
Cuz*<V2* < Cr*<Mn?

(b) cu?[Ar]3d®;Ti** [Ar]3d%; Co?* [Ar]3d’;

Fe?* [Ar]3d® 1,3,4 are coloured ions.
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(@ VZ=[Ar]3d®; Cu? =[Ar] 3d°; Fe?* = [Ar] 3d®
Zn?* = [Ar]3d'?; Fe®* = [Ar] 3d°; Ti®* = [Ar] 3d!
Ni*3=[Ar] 3d"; Co® =[Ar] 3d®; Cu* = [Ar] 3d°

Thus, Zn?, Fe?*, Co®" and Cu* can have zero magnetic
moment, due to even number of electrons that can get
paired in a complex.

(@ Many of transition metals are sufficiently electro-
positive to react with dilute acid in order to produce
hydrogen gas. But those having lower standard reduction
potential are not able to liberate H, from dilute acid

(c) Allthe oxides of Fe(FeO, Fe,O, and Fe,O,) are basic
in nature.

(@ Sc electronic configuration = 1s? 25 2p® 3s? 3p°® 4s?
3d! to form the oxide Sc have to remove 2 electrons from
its d and s-orbital. It will form a very unstable
configuration. Sc only shows +3 oxidation state and make
inert gas configuration.
@ ,,Cr=[Ar]3d%s!;

125

Mn = [Ar] 3d%4s?
. Fe = [Ar] 3d°4s?; ,.Co = [Ar] 3d " 4s?

Due to half-filled d-orbital in Mn?*, it is most stable.

(@ The outermost electronic configuration of Fe is

Fe = [Ar] 3d6 4s?; Fe?* = [Ar] 3d® 4s°

Since Fe?* has 4 unpaired electrons, it is paramagnetic in

nature.

Zn =[Ar] 3d'°4s? ——no unpaired e

Hg?* = [Ar] 4f14 50 —— no unpaired e~

Ti* = [Ar] 3d°4s®——no unpaired e~

(@ Theionisation energies increase with increase in atomic

number. However, the trend is some irregular among d-block

elements. On the basis of electronic configuration, the

Zn: 3d¥04s?; Fe : 3d54s?

Cu: 3d¥4s!; Cr: 3d°4st

IE, follows the order : Zn > Fe > Cu > Cr

(c) Solid potassium dichromate when heated with

concentrated sulphuric acid and a soluble chloride gives

orange red vapours of a volatile oily liquid CrO,Cl,.

K.Cr,0, +4NaCl + 6H,50,—

2KHSO, + 4NaHSO, + 2CrO,Cl,

chromyl
chloride

(¢) Inacid medium

MnOj +8H™ +5e~ — Mn?" +4H,0
(O.S. of Mn changes form +7 to +2)
(b) 2Mn02+4KOH +02 —>2K2MnO4 +2H20

dark green

(@ The green colour appears due to the formation of
Cr¥ion

Cr,05” +350%™ +8H* —— 350%™ + 2Cr** +4H,0
@ 2KMnO, _4 , K,MnO,+MnO,+0,

68.
69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

(o) Hydrated copper sulphate CuSO,. 5H,0 is blue in
colour, because the ligand (water) molecules facilitates d-
d- transition. Anhydrous copper sulphate CuSO, is
colourless. In the absence of ligand (water) molecules,
splitting of d-orbitals is not possible. Hence, d-d transition
is not possible. Hence, option (b) is correct.
©
(b) Inneutral or faintly alkaline medium thiosulphate is
quantitatively oxidized by KMnO, to SO,*
8KMnO, +3Na,S,0,+H,0—>

3K,SO, + 8MnO, + 3Na,SO, + 2KOH
(c) In laboratory, manganese (I1) ion salt is oxidised to
permanganate ion in aqueous solution by
peroxodisulphate.

2Mn?* +55,03” +8H,0 —> 2MnOj +10S03™ +16H*

peroxodisulphate ion

@ Cr,02" +20H” ——2Cro3™ +H,0

Hence, CrOj;" ion is obtained.

() Chromate and dichromate ions both are
interconvertible due to pH change.

OH™

H+

Cr,0%~ 2Cro3”

(c) Al isconcentrated by leaching.
(@) Sphalarite ore containing metal zinc. This impure metal
is evaporated to obtain the pure metal by distillation.

) SiO,+Ca0 ——> CaSiO,
(slag)

It is related to the extraction of iron.

(b) Bauxite is a chief ore of Al that is concentrated by
leaching. Haematite is concentrated by magnetic separation
and zinc blende and calamine are concentrated by froth
floatation process.

(b) Crispresentin +6 oxidation state. In both of chromate
(CroZ") and dichromate ions (Cr,03")

i.e. d%-configuration. So, d-d transition is absent in them.
The yellow colour of CrOZ~ and orange colour of Cr,02~

is due to charge transfer of oxygen to vacant d-orbital of
metal Cr (V1).

() The term chromic acid is usually used for a mixture
made by adding concentrated sulphuric acid to dichromate.

chr207 + HzSO4 —> K2804 + Hzcrzo7
chr207 + 4H202 —> CrO5 + 5H20
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(€) Intheextraction of iron using blast furnace to remove
impurity SiO, is used and limestone i.e. CaCO, chemical
is added to the ore.

S I

AN AN
(0] o) (0] o (@]

2—

Dichromate ion
There are six equivalent Cr — O bonds and one
Cr— O —Cr bond.

(@ The given reaction is cyanide leaching which can be
used for metals like Ag and Au.

Levigation is the process of grinding of an ore into fine
powder.

Froth floatation is used for sulphides of Fe, Pb, etc and is
a physical process.

Liquation is used for purifying metals by partially heating
them.

©
() Inneutral or faintly alkaline medium, iodide ion is
oxidised to iodate as:
2MnO,” +H,0 + I"— 2MnO, + 20H" + 10,
lodate ion
(b) Byvan Arkel method for refining Zr and Ti

+7

@  8Mn0O;+38,032 + H,0 —

+4 2
8Mn0O,+6S0,° +20H"
Change in oxidation state of Mn is from +7to +4 i.e., 3

(d) Potassium permangnate on heating at 513 K gives
potassium manganate (K,MnO,) and its colour is green.
2KMNO, —2—> K,MnO,+ MO, + 0,

Green Black

In K,MnO,, manganese oxidation state is +6 and hence, it
has one unpaired electron and paramagnetic.

CaO + Si0, —— CaSiO4
(C) Flux  Gangue Slag

(b) Copper matter is composed of copper sulphite Cu,S
and (Iron Sulphide) FesS.

(©) 2Cu,0+Cu,S—>6Cu+S0,

This reaction is self reduction.

©

9L
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93.

94,

95.
96.

97.

98.

99.

100.

101.
102.

+7 A +6 +4
2KMnO, —— K,MnO, + MnO, +0,7
(Almost black (Water soluble  (Water insoluble

crystal)

Mn6+*(3d%4s®) — Paramagnetic; Mn**(3d%4s°)
— Paramagnetic

Green solvent)  Black residue)

@)
(d) Calcination involves heating it removes the volatile
matter which escapes leaving behind the metal oxide:

Fe,0,. xH,0(s) 2, Fe,0,(s) +xH,0(q)

Fusion with KOH,

®) MnO, air/ KNO3 KaMnO,
(A)
electrolytic N
oxidation in alkaline KMnO4
medium (B)
(b) Distillation is a process that can be used to separate a

pure liquid from a mixture of liquids. It works when the
liquids have different boilings points.

@

() Na,Cr,0,is hygroscopic.

(c) [I-isconverted to 103 by neutral or faintly alkaline
MnOj as shown below.

2MnO4 +H,0+ 1" ——>2MnO, +20H™ +103

(d) Deacon’s process is used for the manufacture of
chlorine in this process.

4HCI+0, —S3222Cl, +2H,0.

(@ Mond process is used for refining of nickel. van Arkel
method is used for refining zirconium or titanium. Zone
refining method is used for producing semiconductor and
other metals of very high purity eg., germanium, silicon,

boron, gallium and indium.
(d PbCrO,+ NaOH (hot excess) —

[Pb(OH),12+ Na,CrO,
The product is dianionic complex with coordination number
four.
(@ Pyrolusite (Itis MnO,)
() CusO,5H,0
In K,Cr,0, and K,CrO,, the Cr is in +6 oxidation state and
hence contain no “‘d” electron.
In KMnO,, Mn is in +7 oxidation state and this also do
not contain any ‘d’ electrons.
They exhibit colour due to charge transfer spectra and
not due to d-d transistion.
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(@ Thepermanganate ion has an intense purple colour.
Mn(+VII) has a d° configuration. Sothe colour arises from
charge transfer and not from d-d spectra.

o)
(@ 4Au+8CN-(aq)+2H,0(aq) +0, (9)

—— 4[Au(CN),]” +2H,0
(A)

—206) 5 2[Zn(CN), >~ + 2Au

(B)
(c) Atomicradius of Zr (Z = 40) is 160 pm, while
Atomic radius of Hf (Z =72) is 169 pm.
@ oLa=[Xe]5d"6s?
5Ce = [Xe]4f! 5d6s?
+l1 and +111 oxidation states are common for lanthanum.

Ce and other lanthanides do not show +11 oxidation state
often.

(b) The correct order of ionic radii :-

70Yb3+ < 66Dy3+ < 628m3+ <59 Pr3+
(86 Pm)  (91) (96)  (101)

This order can be explained on the basis of lanthanide
contraction due to which the atomic and ionic radii
decrease steadily.
() Nd(60) = [Xe] 4f*5d° 6s°

Nd?* = [Xe] 4f*5d° 6s°
(©) Both Eu*? and Yb*? tends to acquire common
oxidation state of +3 by loosing 1 electron and becomes
highly stable.
(c) Elements Np and Pu both show maximum oxidation
state of 7.

(d) Ce—[xe]4f'sdl6s?; Ce** —[Xe]

Ybh — [xe]4f46s?; Yb?* — [Xe]4 f4
Lu — [xe]4f45d! 6s?; Lud* — [Xe]4 f4
Eu — [xe]4f’ 6s; Eu?* — [Xe]4
@

(@ 4forbital is nearer tonucleus as compared to 5f orbital
therefore, shielding of 4 f is more than 5f.

©

() Ongoing from left toright in lanthanoid series ionic,
size decreases i.e.,

Ce¥ >Th3* > Erd* > Lus*.

(c) Europium (Eu)

Atomic No. - 63

Electronic configuration - [Xe]4f ’6s?

It shows only +2 and +3 oxidation state.

118. (b) The lanthanide contraction relates to atomic as well

as M3* radii in which the regular decrease in the size of
lanthanoid ion from La%* to Lu®* are found.

119. (@ Lanthanum is the first element of Lanthanide series

so size decreases with increase in atomic number so La
has the largest atomic radii.

120. (b) Ce-lanthanide, Cs-alkali metal, Cf-actinide, Ca-alkaline

earth metal.

ACCELERATOR

Topic-wise MCQs
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10.

11.
12.

13.

14,

(c) Dueto unpaired d-electrons.

(d) Thefirstionization energies of Ti, V, Cr and Mn are
656, 650, 652 and 717 kJ/mole respectively. |.E. increase in
a period from L — R hence, manganese has maximum first
ionisation potential.

®

d Fe*=[Ar]3d®

(c) Chromium Cr (Z = 24) = [Ar] 3d*4s?

. Common positive oxidation state of Cr are from +2
to+6.
Where +3 and +6 are the most stable oxidation states.

() ,sFe=[Ar]3d°s% Third ionisation results into stable
d® configuration.

(b) Bronzeisamixture of Cu + Sn.

() Cu*ionis colourless.

(d) Scandium always shows +3 oxidation state, hence it
form colourles conpounds.

(@ Elements or ions containing unpaired electrons are
paramagnetic.

,gNi = [Ar] 3d84s?; Ni?* = [Ar] 3d® 4s°

3d 4s

NN

Because Ni?* have 2 unpaired electrons in 3d subshell
therefore it is paramagnetic.

(c) lons having unpaired electrons are coloured.

@ Fepg = 3d°4s

3d° 4¢
4 unpaired €
©
Metal ion Colour
Fe?* green
Cu? blue
Fe3* yellow
V3 green
@
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Metal ~ Valence shell | Unpaired Magnetic
Electronic electron moment
configuration (u=+/n(n+2)

Cr3* 3d34s0 3 pu= .15 =3.87

Cust 3d%s0 1 p=.3=173

Cco%* 3d64s0 4 u= /24 =4.90

Fe?* 3d64s0 4 n=./24 =4.90

() MnF, = +4 state = [Ar]3d®

MnF, = +3 state = [Ar]3d*
(Strongest O.A)
MnF, = +2 state = [Ar]3d®
For n=4,
= /4(4+ 2) = J24=489=5
(@) The Cr*3/Cr*? reduction potential is negative because

Cr*3is more stable than Cr*2 due to its halffilled t,g orbitals
in an octahedral crystal field. This means Cr*? readily
oxidized to Cr*® making Cr*? a strong reducing agent.
(©) Crt—4s°3d®

Mn?* — 4s0 3d°
So, the outermost electronic configuration will be same in
case of Cr* and Mn?*,
(c) Cuispresentin brass, bronze and german silver.
(@ Theelement having atomic number 26 is Fe.

Fe (26) = 3d, 4s% = Fe?* =3d°

In aqueous solution, it exists as [Fe(H,0).]** which is high
spin complex due to weak field nature of H,O ligand.

So, total no. of unpaired electrons = 4

n= J4(4+2) BM =24 = 4.8BM
@

(@ Such ions, which have unpaired electrons exhibit
colour and paramagnetic behaviour.

Cu?* —3d ? (one unpaired &)

Cr3 —3d 3 (three unpaired &)

Sct —3d ? (two unpaired e")

®)

(@ General electronic configuration of valence shell of
Gr oup 12 elements: (n —1)d-°ns?

() The melting point of metals are higher for heavier
elements. Thus, the order of melting points will be W >
Mo > Cr.

(€) In all other compounds

CuCl, — [Cu®] = [Ar]3d®

CuCl — [Cu*] = 3d104s°

ScCl, — [Sc3] = 3d%s°

TiCl, — [Ti*] = 3d%s°

217.

28.
29.

31
32.

33.

34.
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38.

39.

40.

41.

CuCl, contains one unpaired electron.
Hence, it is coloured compound.

() Magnetic moment is directly proportional to number
of unpaired electrons in the atom.

lon Unpaired electrons
Fe3* 5
Mn#* 3
Ni%* 2
\al 1

(¢) V,0.isamphoteric
(@ Cr*3due to presence of unpaired electrons.

() Magneticmoment= \/n(n+2)=592i.e,n=5
Number of unpaired electrons in Mn?* =5

Number of unpaired electrons in Ti** =1

Number of unpaired electrons in Cr3* =3

Number of unpaired electrons in Cu?* =1

Thus Mn?* have magnetic moment = 5.92 BM.

@

(©) Inset Cu?, Fe?*, Co?, all the ions have unpaired d-
electrons. Hence, they are all coloured ions.

Cu?* — [Ar]3d°® 4s°

Fe?* — [Ar]3d®4s°

Co?* — [Ar]3d" 4s°

®)

(b) Both have 3 unpaired electrons.

(@ The +7 oxidation state of Mn is not represented in
simple halides but MnO,F is known.

(d) Catalyticactivity of transition elements is due to their
variable oxidation states and to form complexes.

(b) Interstitial compounds retain metallic conductivity.
() V+=23d%st, Cr+=3d5 Mn*=3d%s!, Fe* = 3d%4s!
Clearly, IE, of Cr will be highest as Cr* has exactly half
filled d-subshell.

(©) Metallic bond made by elements with d° configuraiton
can be stronger (Cr) or weaker (Mn) than that with d3
configuration (V).

(d) The ions with unpaired electrons are coloured and
those with paired electrons are colourless

Zn?" = 1522526 35236310
(No.of e7s=28)

cr3t = 1s22s%pb3s23p®3d3
(No.of e7s=21)

NiZt =152 2528 3523p®3d®

(No.of e7s=26)

Thus zn%*, Cr®* and Ni?* have zero, 3 and 2 unpaired
electrons respectively.

(@ Inaperiod on moving from left to right, ionic radii
decreases. So order of cationic radii is

Cr* > Mn% > Fe* > Ni#
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() Themelting points of the transition element first rise
toa maximum and then fall as the atomic number increases;
manganese have abnormally low melting point.

(c) Standard electrode potential value for M3*/M?* is
Cr>Fe>Mn.

Magnetic moment (1) = /n(n + 2

n = no. of unpaired electron.

So Mn?* = 3d® =5 unpaired election
Cr?* = 3d*= 4 unpaired electron
Fe?* = 3d® = 4 unpaired electron

So, Mn?* > Cr?* ~ Fe?*

(3 (+6) (+7)

VO3 <Cr, 0™ <MnOj

Mn*” have highest oxidation state then Cr*® and V*° so it
is act as strongest oxidising agent.

First ionisation enthalpy Ti > Cr >V

() Inmanganese heptoxide, there are 6, Mn = o bonds.

(@) (@)
\ /
o= O,
O/ \O

(@ In the extraction of iron from haematite (Fe,O) is
first reduced to Fe;O, and then to FeO.
FeO+CO—Fe+CO,

C+C0,—2CO

CaO + SiO, — CaSiOq

*) (%)
(Flux) (gangue) slag

(c) Due to d® configuration, Mn has exactly half filled
d-orbitals. As a result the electronic configuration is stable
which means 3d electrons are more tightly held by the
nucleus and this reduces the delocalization of electrons
resulting in weaker metallic bonding.
() KMnO, isan oxidising so it can oxidise SO, readily.
KMnO, + SO, - Mn?* + SO,
NO, is strong oxidising agent, CO, is neither oxidising
agent nor reducing agent.
() Fe,0,+3C——2Fe+3CO
Lime stone (CaCO,) is added as a flux and sulphur, silicon
and phosphorus are oxidixed and passed into the slag.
(d In Deacon’s process, chlorine (Cl,) gas is produced
by catalytic oxidation of hydrogen chloride

4HCI + O,(0) — 2Cl,(g) + 2H,0

Thus X isCl,

Chloride react with iodine and water to form iodic acid

5Cl, + I, + 6H,0 — 2HIO; + 10HCI

() CrOz+2NaOH — Na,CrO, +H,0
@ Cr,02 +61~ +14H" —3I, + 7TH,0 + 2Cr**
oxidation state of Cris +3.

52.

54.

55.

56.
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@ 3S0,+Cr,0% +2H" — 3507 +2Cr*3+H,0

green

(b) This method is used for removing gangue from
sulphide ores. In this process a suspension of the
powdered ore is made with water. Collectors & froth
stabilisers are added to it. Collectors like pine oils, fatty
acids enhance non wettability of the mineral particles and
froth stabilisers like cresols, aniline stabiline the froth.
(b) The iron obtained from blast furnance contain about
4% carbon and many impurities in smaller amount (e.g., S,
P, Si, Mn).

This is known as pig iron.

() Composition of German silver is Zinc (35%)

Copper 50%

Nickel (15%)

Composition of brass

Zinc (30%) and Copper (-70%) and some quantity of Nickel
(Ni).

Therefore, iron (Fe) is not common to German silver and

brass.
(o) H, is not a very strong reducing agent.

(@ Mond’sProcess:
Ni (s) (impure) +4CO _4 , Ni(CO),(g) 2,

Ni (s) (pure) +4CO
Van Arkel process :

Zr+2, _A 7, A Zr+2l,

(d) Zone refining method is useful for producing
semiconductor grade metals of high purity.
(d) Inacidic medium,

2 +7
5Fe* +8H" + MnOy +5e~
— > Mn%* +4H,0 + 5Fe3*
x =5 moles of Ferrous ion

Cr,05” +14H" +6Fe®" — 5 2Cr3" +6Fe%" +7H,0
y = 6 moles of Ferrous ion
Than,x+y=5+6=11.
() Zn+NaOH — Na,ZnO, + H,
Conc. Sodium zincate Hydrogen

Thus in this reaction hydrogen gas is produced when
zinc is treated with concentrated NaOH.

(b) Roasting involves an ore in the presence of air to
convert it into its oxide.

@ 2MnOj +5503" — 2Mn?" +550%"
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63.

64.

65.

66.

67.

68.

69.

70.
71.

72.
73.
74.

75.

N \\

(b) Inneutral or weaklyalkaline solution oxidation state
of Mn changes by 3 unit

+7 1 +4

Mn OZ — Mn 02
@ In VO3, Visin+3 oxidation state.
Cr,02 Cris in +6 oxidation state.

MnO, Mn isin +7 oxidation state.

Oxidising power means substance have more tendency to
accept electron. Mn is in highest oxidation state so ithave
more oxidising power. So correct is:

MnOj > Cr,03” > VO3

() 2Na,CrO,+2H*—— Na,Cr,0,+2Na"+H,0
Na,Cr,O,

+2+2x-14=0

2x-12=0

X=+6

(d) Leaching is based on the principle of relative/selective
solubility to concentrate an ore from its impurities.

e.g., in Al, O, ore from bauxite.

(d) Levigation or gravity separation is the process of
separating the light impure particles from the heavier ore

particles by washing in current of water.
(©) InAcidic medium

+6 2 3
Cr05~ +14H" +6e~ — 2Cr** +7H,0
In basic medium

+6 2 +6 2

Crp07” +20H" —» 2CrO7 +H,0

Oxidation state of Crin CrO,>

= X+4(-2) =-2 = x=+6

(o) Copper matter is composed of copper sulphite Cu,S
and (Iron Sulphide) FesS.

(€) 4MnOy +40H™ — 4MnO3™ +0, +H,0 +3H,0
4 4 2t H2 2

(d) In Mond process nickel is heated in a steam of carbon
monoxide forming a volatile complex.
2gNi [Ar] =308 4s?

ANANANEN
Two unpaired electron.
©

@ 2K,CrO,+2HNO,—K,Cr,0,+2KNO,+H,0
(d) In Neutral or fainty alkaline solutions
Oxidation of iodide to iodate

2MnOy4 +H,O0+1" — 2MnO, +20H™ +103

(b) HgCl, compound is easily volatile. They are insoluble
in water and soluble in acids.

76.

77.

78.

79.

80.

81.
82.

83.
84.
85.

86.

() In acidic medium hydrogen sulphide is oxidised,
sulphur being precipitated

H,S—> 2H"+ 5S>

552 +2MnOj + 16H"*—> 2Mn# +8H,0 +5S

(c) Balanced equation is

2KMnO, +3H,S0, +5H,S -

K,SO,+2MnSO, +8H,0+5S

5 mole H,S required 2 mol of KMnO,

2
1mol H,S required 5= 0.4 mol of KMnO,
(€©) SO3 +H,S0, ——>S0Z™ +S0, +H,0
580, +2KMnOy4 +2H,0——
K,SO, +2MnSO, +2H,S0,
Oxidation state of Mn in MnSO,is + 2.
(b) Zonerefining method is used for semiconductors that
are B, In, Ge, Si and Ga.

(b) Inthe blast furnace reduction of iron oxides take place
at different temperature ranges.

At900 -500K
FeO+CO——>Fe +CO,
C+CO,—2CO
CaO+ SiO,—— CasSiO, (slag)
(d) Cr,0.> +14H" + 6Fe*" — 6Fe® +2Cr3* + 7TH,0
@ 2KMno, —2%  K,MnO,+MnO, +0,
(X) ) gas
MnO, +4NaCl +4H,S0, —
Conc.
MnCl, +4NaHSO, + Cl, +2H,0
Punéeth gas

+|6 2 + " \l' 3+
0 Cr,0; +14H +6e —— 2Cr +7H,0
(c) HCI, HNO, oxidised on reation with acidified KMNO,.
(d) When the yellow solution (sodium chromate) is
acidified with dilute sulphuric acid and adding small amount
of amyl alcohol and 10%, H,0,, the organic layer turns blue
and confirms the formation of chromium pentoxide. The
oxidation state of Cr in chromium pentoxide is +6.

CrO* +2H*+2H,0——> CrO5 +3H,0

Chromium
pentoxide

®)
()  2MnOj +101~ +16H" —— 2Mn?* +5I, +8H,0

(i) 2MnOz +1~ +H,O——>2MnO, + 103+ 20H"
Y

Hence, (X) and () are respectively 1, and 103
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87. (c) SO,+dil.H,SO,— SO,(9) 88. @ 8MnO; +3SZO§_ +H,0 neutral or
(X) alk.solution
. 2— —
SO3 +K2Cr207 %)CFZ(SO“)g 8Mn02 +6$04 +20H
2°V4 . . - .
(Gr?f(;) 89. (b) During electrolytic refining of copper impure copper
is used as anode and pure copper is used as cathode.
90. @)
Complex Nature of Metal oxidation Configuration Unpaired Magnetic
ligand state after splitting electron moment
(uy =+/n(n+2))
. [Fe(CN) ]+ Strong Field Fe? 5469 0 0
. [MnCI > Weak Field Mn2+ e5t3 5 5.91
. [Mn(CN)J+ | Strong Field Mn2* t5469 1 1.73
V. [Cr(NH3)J3* | Strong Field Cré+ 3460 3 3.87
Order of magnetic momentis Il > 1V > 111> 1
91. (d) Chemlc_al reacj‘tlon occurring m_blast furnace related © Eu(NO3)s
tothe extraction of iron from haematite are:-
() 3Fe,0,+Co—>2Fe0,+CO, s3EU =[Xe]4 f 5d°6s2
(i) Fe,0,+4CO—> 3Fe+4CO,
(ii)) Fe,0,+CO—»2Fe0 +CO, Eu®t =4f°
92. (b) Ytterbium shows +2 oxidation state with diamagnetic
nature due to 4f 146s? configuration. n=4/6(6+2) =+/48 BM.
93. (@) Gd(Z=64)=4/5d"6s* Order of spin only magnetic moment is
Gd3 = 4f7
o , (B)>(C)>(A)
Gd>* is stable due to the presence of exactly half-filled 4 f-
subshell. 96. (b) Asaresultof lanthanoid contraction, change in
94. (b) Ceriumexists in two different oxidation states +3 and +4. ionic radii on going from elements of 4d to 5d transition
Ce'* +e — Ce¥* E0=+1.61V series is very small. Thus, chemical properties of 4d and
It shows, Ce** prefer to gain electron and acts as a strong 5d series of transition elements are similar.
oxidising agent. 97. (@) 4,Sm:4f%6s?; ,Gd: 4f'5d'6s% Eu: 4f'6s%;
9. @ 651D : 419652 . Pm : 4f%s?
(A) (NHy), [Ce(NO3)g] 98. (d) All members do not show +4 oxidation state.
55 Ce = [Xe] 4f 25d°652 99. (b) Ce% =[Xe]4f!; Ce* =[Xe]4f°

N\ |\

®

100.

Ce*t = 40 (diamagnetic)
Gd(NO3)3

64Gd = [Xe]4 f '5d'6s2
Gd =4f’

w=./7(7+2) =/63 B.M.

(@ The energy difference between 5f and 6d orbitals is
less than that between 4fand 5d orbitals. The penultimate
and anti-penultimate orbitals of lanthanoids and actinoids
are respectively (4f and 5d) and (5f and 6d). Removal of
electrons from anti-penultimate shell of actinoid (5f) is
easy compare to that from lanthanoid (4f).

Hence actinoids show a large number of oxidation states.
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(€) Mn,0, isacidic, V,0s is amphoteric adn GrO is basic

(b) Impure metal is made the anode and a solution
containing a salt of the same metal is used as an electrolyte

(d) Mineral Metal
Calamine Zinc
Chalcocite Copper
Chalcopyrite Copper
Siderite Iron

(¢) Zinc has compeletely filled orbirtals (Ar)3d* 4s?)

Hence, among the given elements, Zn has highest
ionization enthalpy

) ,Lu:[Xe]4f*5d'6s?
Lu®*: [Xe] 4f4
(d) Fe?* — Green colour
Fe3* — Yellow colour
(@ Ce=[Xe]4f' 5d' 652
Ce3* = [Xe] 4f! 5d°
Ce** = [Xe] 41 5d° (Noble gas configuration)

Ce®" get easily oxidised to Ce** by acheiving noble gas
configuration.

(@ V=3d34s2;V?*=3d23=23 unpaired electrons
Cr=3d54s!; Cr?* =3d“*=4 unpaired electrons
Mn = 3d®4s?; Mn?* = 3d 5 = 5 unpaired electrons
Fe = 3d%4s?; Fe?* = 3d % = 4 unpaired electrons
Hence the correct order of paramagnetic behaviour
V2+ < Cr2+ - Fe2+ < Mn2+

(d d®——strong ligand field

Ay

by &

u=4n+2) =3 =1.73B.M.

d®—in weak as well as in strong field

(HENENp

by &

1=+3(0) = 15 =387BM.

10.

11.

12.
13.

14,

15.

d*~in weak ligand field

L M

by &

“=\/4(4+2 = \/ﬂ =4.89

d “~in strong ligand field

WL

by &

u=+2(4) = 8 =282

(@ In Cu*[Ar]3d0 there is no unpaired electron,
Cu?*[Ar]3d°® contains one unpaired electron hence
coloured.

@ lon Valence shell electronic configuration
Eu? 47
Pm2* 45
Ce? 4f2
Gd** 4f75dt

Due to stable halffilled 4f orbitals, Eu2* will be most stable.
() Sc?* has one unpaired e~ in its d-orbital.

(b) Theoxidation state in both (lanthanide and actinide)
is +3. The property of actinide are very similar to those of
lanthanide when both are in +3 state.

(b) The required equation is
2KMnO 4 +3H 2504 —_—>

K804 +2MnSO, +3H,0+  5[0]

nascent oxygen

2Fe(C,04) +3H,504 +3[0]—

Fe,(SO4)3+2C0, +3H,0
O required for 1 mol. of Fe(C,0,) is 1.5, 50 are obtained
from 2 moles of KMnO,
. 1.5 [O] will be obtained from = éxl-5 = 0.6 moles of
KMnO,,
€) K,Cr,0,+3S0,+ 4H,50, -

K,SO, +Cr,(SOy)3 +3505 +4H,0
O.N.of chrominum changes from +6 to +3

N \\



16.

17.

18.

19.

20.

N\ |\
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(b) Inlanthanides, there is poorer shielding of 5d electrons
by 4f electrons resulting in greater attraction of the nucleus
over 5d electrons and contraction of the atomic radii.

(@ K,Cro;—>2K" +Croz

K,Cry0; —2K* +Cr,03"

Both ions contain — 2 charge.

(d La(OH),(Z=57)isthe most basic hydroxide due to
lanthanide contration.

(c) Ti*, Cu'*are colourless compound

Ti:[Ar]4s?3d?  Cu: [Ar] 4s'3d®

Ti*: [Ar] 4s°3d° Cul*: [Ar] 4s° 3d™°

(d) Zirconium (Zr) with atomic number 40 and Hafnium

(Hf) with atomic number 72 belongs to period 5th and 6th
respectively.

21.

22.

23.

24,

(@ Oxidation state of Mn in MnOZ~ is +6.
Mn (+6) = 1s? 25? 2p%,3s? 3p® 3d,4s°

Hence, manganate ion MnOj3 is paramagnetic due to
presence of unpaired electron. Also, MnO3-is green in
colour.

(d) When lanthanoids (Ln) are heated with sulphur, then
Ln,S; are formed.

(@ Bytheaction of concentrated sulphuric acid, sodium
chromate gets converted into sodium dichromate in the
manufacture of potassium dichromate.

(d) Forscandium (Z= 21)electronic
configuration is 4s23d*. After the removal of 3 electrons;
(Sc®), acquires a stable configuration (4s°d9).

Hence, it forms colourless compounds.
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