www.cbsepdf.com

Solid State

]l

I. MuLtipLE CHoicE QuesTions (Type-l)
1. Which of the following conditions favours the existence of a substance

in the solid state?
(/) High temperature (i) Low temperature
(ii) High thermal energy (iv) Weak cohesive forces

Ans. (ii) Low femperature
2. Which of the following is not a characteristic of a crystalline solid?
(7) Definite and characteristic heat of fusion.
(i) Isotropic nature.
(i) A regular periodically repeated pattern of arrangement of constituent
particles in the entire crystal.
(iv) A true solid
Ans. (ii) Tsotropic nature.
3. Which of the following is an amorphous solid?
() Graphite (C) (i) Quartz glass (Si0,)
(iify Chrome alum (i) Silicon carbide (SiC)
Ans. (i) Quartz glass (Si0,)
4. Which of the following arrangements shows schematic alignment of
magnetic moments of antiferromagnetic substances?

5, Which of the following is true about the value of refractive index of

quartz glass?
(i) Same in all directions (ii) Different in different directions
(#i)) Cannot be measured (iv) Always zero

Ans. (i) Same in all directions
5
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6. Which of the following statement is not true about amorphous solids?
() On heating they may become crystalline at certain temperature,
(i)) They may become crystalline on keeping for long time.
(iii) Amorphous solids can be moulded by heating,
(iv) They are anisotropic in nature.
Ans. (iv) They are anisotropic in nature.
7. The sharp melting point of crystalline solids is due to
() a regular arrangement of constituent particles observed over a
short distance in the crystal lattice.
(i) a regular arrangement of constituent particles observed over a
long distance in the crystal lattice.
(iii) same arrangement of constituent particles in different directions.
() different arrangement of constituent particles in different directions.
Ans. (i) a regular arrangement of constituent particles observed over a
long distance in the crystal lattice.
8. Iodine molecules are held in the crystals lattice by

() london forces (i) dipole-dipole interactions
(iif) covalent bonds (iv) coulombic forces

Ans. (i) London forces
9. Which of the following is a network solid?
() SO, (Solid) @1,
(#ii) Diamond (#v) H,O (Ice)
Ans. (iif) Diamond
10. Which of the following solids is not an electrical conductor?
(A) Mg(s) (B)TIO(s) (O)L,(s) (D)H,0(s)
(@) (A) only (i?) (B) Only
(i) (C)and (D) () (B), (C) and (D)
Ans. (jii) (C) and (D) |
11. Which of the following is not the characteristic of ionic solids?
(7) Very low value of electrical conductivity in the molten state.
(if) Brittle nature,
(iii) Very strong forces of interactions.
(iv) Anisotropic nature.
Ans. (i) Very low value of electrical conductivity in the molten state.
12. Graphite is a good conductor of electricity due to the presence of

(7) lone pair of electrons (if) free valence electrons
(iif) cations (iv) anions

Ans. (i) free valence electrons
6 B NCERT ExempLar ProsLEMS CHEMISTRY—XII
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13. Which of the following oxides behaves as conductor or insulator

depending upon temperature?
(» TIO (i) SiO,
(i) TiO, () MgO

Ans. (iii) TiO,
14. Which of the following oxides shows electrical properties like metals?
(i) SO, (if) MgO
(ii}) SOLs) (iv) CrO,
Ans, (v) CrO,
15. The lattice site in a pure crystal cannot be occupied by
() molecule (if) ion
(iii) electron (iv) atom
Ans. (i) electron
16. Graphite cannot be classified as .
(/) conducting solid (i?) network solid
(iif) covalent solid (#v) ionic solid
Ans. (iv) ionic solid
17. Cations are present in the interstitial sites in .
(i) Frenkel defect (if) Schottky defect
(iif) Vacancy defect (iv) Metal deficiency defect
Ans. (i) Frenkel defect
18. Schotiky defect is observed in crystals when .
() some cations move from their lattice site to interstitial sites.
(i) equal number of cations and anions are missing from the lattice.
(iif) some lattice sites are occupied by electrons.
(iv) some impurity is present in the lattice.
Ans. (i) equal number of cations and anions are missing from the lattice.
19. Which of the following is true about the charge acquired by p-type
semiconductors?
(i) positive (i) neutral
(#ii) negative
(i) depends on concentration of p impurity

Ans. (if) neutral
20. To get a n-type semiconductor from silicon, it should be doped with a
substance with valence .
(0 2 (i) 1
@if) 3 (i) 5
Ans, (V) 5
21. The total number of tetrahedral voids in the face centred unit cell is
6 (i$) 8
(i) 10 () 12
Ans, (i) 8
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22. Which of the following point defects are shown by AgBr1(s) crystals?

(A) Schottky defect (B) Frenkel defect

(C) Metal excess defect (D) Metal deficiency defect
() (A)and (B) (#) (C) and (D)

(i) (A) and (B) () (B) and (D)

Ans. (i) (A)and (B)
23. In which pair most efficient packing is present?
() hep and bee (i) hcp and ccp
(ii)) bec and ccp (#v) bce and simple cubic cell
Ans. (ii) hep and ccp
24. The percentage of empty space in a body centred cubic arrangement is

@ 74 (i) 68
(i) 32 () 26
Ans. (5ii) 32
25. Which of the following statement is not true about the hexagonal close
packing?

() The coordination number is 12.
(i) 1t has 74% packing efficiency.
(iti) Tetrahedral voids of the second layer are covered by the spheres
of the third layer.
(v} In this arrangement spheres of the fourth layer are exactly aligned
with those of the first layer.
Ans. (#v) In this arrangement spheres of the fourth layer are exactly aligned
with those of the first layer.
26, In which of the following structures coordination number for cations
and anions in the packed structure will be same?
(#) CI-ion form fec lattice and Na* jons occupy all octahedral voids
of the unit cell.
(i) Ca? ions form fec lattice and F- jons occupy all the eight tetrahedral
voids of the unit cell.
(if) O; ions form fec lattice and Na* jons occupy all the eight tetrahedrat
voids of the unit cell,
{(#v) S* ions form fec lattice and Zn?*- ions go into alternate tetrahedral
voids of the unit cell.
Ans. (i) CI ion form fec lattice and Na* jons occupy afl octahedral voids

of the unit cell.
27. What is the coordination number in a square close packed structure in
two dimtensions?
) 2 (in 3
(iiD) 4 (") 6
Ans. (iii) 4
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28. Which kind of defects are introduced by doping?
() Dislocation defect (i) Schottky defect
(iii)y Frenkel defects (#v) Electronic defects
Ans. (iv) Electronic defects
29. Silicon doped with electron-rich impurity forms .
(i) p-type semiconductor (if) n-type semiconductor
(iii) intrinsic semiconductor  (iv) insulator
Ans. (i) n-type semiconductor
30. Which of the following statements is not true?
(7)) Paramagnetic substances are weakly atiracted by magnetic field.
(ii) Ferromagnetic substances cannot be magnetised permanently.
(fii) The domains in antiferromagnetic substances are oppositely
oriented with respect to each other.
(iv) Pairing of electrons cancels their magnetic moment in the
diamagnetic substances.
Ans. (i) Ferromagnetic substances cannot be magnetised permanently.
31. Which of the following is not true about the ionic solids?
(i) Bigger ions form the close packed structure.
(i?) Smaller ions occupy either the tetrahedral or the octahedral voids
depending upon their size.
(iif) Occupation of all the voids is not necessary.
(iv) The fraction of octahedral or tetrahedral voids occupied depends
upon the radii of the ions occupying the voids.
Ans. (iv) The fraction of octahedral or tetrahedral voids occupied depends
upon the radii of the ions occupying the voids.
32, A ferromagnetic substance becomes a permanent magnet when it is
placed in a magnetic field because .
() all the domains get oriented in the direction of magnetic field.
(if) all the domains get oriented in the direction opposite to the
direction of magnetic field.
(i) domains get oriented randomly.
(iv) domains are not affected by magnetic field.
Ans. (i) all the domains get oriented in the direction of magnetic field.
33. The correct order of the packing efficiency in different types of unit
cells is .
() fee < bee < simple cubic (i) fec > bce > simple cubic
(iii) fee < bec > simple cubic  (iv) bcce < fec > simple cubic
Ans. (ii) fec > bee > simple cubic
34. Which of the following defects is also known as dislocation defect?
(#) Frenkel defect (i) Schottky defect
(iif) Non-stoichiometric defect (iv) Simple interstitial defect
Ans. (i) Frenkel defect
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35. In the cubic close packing, the unit cell has .
(i) 4 tetrahedral voids each of which is shared by four adjacent unit
cells.
(i) 4 tetrahedral voids within the unit cell.
(iii) 8 tetrahedral voids each of the which is shared by four adjacent
unit cells,
(i) 8 tetrahedral voids within the unit cells,
Ans. (iv) 8 tetrahedral voids within the unit cells,
36. The edge lengths of the unit cells in terms of the radius of spheres
constituting fce, bec and simple cubic unit cell are respectively

T = ar 4r
W2r,7L,2 i) —=»2v2r,2r
® 222 @
4r ar
iy 2r,2v2r, 2 ) 2r—=,22r
Gi)) 2r,2v2r N @(v) N
4r
Ans, (i 2\/2—r,—,2r
U N2
37. Which of the following represents correct order of conductivity in solids?
U] Koneats = Kinsulgtors < K semionductons
(D Kinerats < Kipgutaters < K oemions
@) w,, <x toctors > Kipaiaton = ZETO
)« <x__ puetors~ Kinsatators = ZETO
Ams, () k., >>k pators < Kiemiomd
Il. MuLtiPLE Choice QuesTions (T YPE-il)

Note: In the following questions two or more options may be correct,
38. Which of the following is not true about the voids formed in 3
dimensional hexagonal close packed structure?
(7) A tetrahedral void is formed when a sphere of the second layer is
present above triangular void in the first layer.
(i) All the triangular voids are not covered by the spheres of the
second layer.

(iii} Tetrahedral voids are formed when the triangular voids in the
second layer lie above the triangular voids in the first layer and
the triangular shapes of these voids do not overlap.

(%) Octahedral voids are formed when the triangular voids in the
second layer exactly overlap with similar voids in the first layer.

Ans. (jii) and (iv)
39. The value of magnetic moment is zero in the case of antiferromagnetic
substances because the domains,
() get oriented in the direction of the applied magnetic field.
(i) get oriented opposite to the direction of applied magnetic field,

10 B NCERT ExeMPLAR PROBLEMS CHeEMISTRY—XII
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(iii) are oppositely oriented with respect to each other without the
application of magnetic field.
(#) cancel out each other’s magnetic moment.
(iif) and (iv)
Explanation: Anti ferromagnetic substances: The magnetic moments
and domains are oppositely oriented and cancel out each others magnetic
moment. Example MnO
Which of the following statements are not true?
(i) Vacancy defect results in a decrease in the density of the substance.
(if) Interstitial defects results in an increase in the density of the
substance.
(i#7) Impurity defect has no effect on the density of the substance.
() Frenkel defectresults in an increase in the density of the substance.
(iif) and (iv) '
Explanation: In impurity defect the ion (usually cation) is dislocated
(moved) from its normal lattice site to an interstitial site. So it is also
called dislocation defect. It does not change the density of the crystal.
It only creates cationic vacancies. Frenkel defect causes vacancy defect
at its original site and an interstitial defect at its new location. Thus, it
does not change the density of the solid.
Which of the following statements are true about metals?
(i) Valence band overlaps with conduction band.
(if) The gap between valence band and conduction band is negligible.
(iify The gap between valence band and conduction band cannot be
determined.
(iv) Valence band may remain partially filled.
(), (if)and (iv)
Explanation: Gap between valence band and conduction band determines
the conductivity of the metal thus all the three options could be correct.
Under the influence of electric field, which of the following statements
is true about the movement of electrons and holes in a p-type
semi-conductor?
(7) Electron will move towards the positvely charged plate through
electron holes.
(i) Holes will appear to be moving towards the negatively charped
plate.
(i#ii) Both electrons and holes appear to move towards the positively
charped plate.
(iv) Movement of electrons is not related to the movement of holes.
() and (i)
Explanation: Silicon or Germanium (group — 14) doped with electron
deficient impurity (group-13 element like B or Al or Ga) is called p-type

1
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semiconductors. Here conductivity is due to positively charged electron
holes.
43. Which of the following statements are true about semiconductors?
(i) Silicondopedwith electronrich impurity is a p-type semiconductor,
(%) Silicon doped with an electron rich impurity is an n-type
semiconductor,
(ii9) Delocalised electrons increase the conductivity of doped silicon.
(iv) An electron vacancy increases the conductivity of n-type
semiconductor.
Aus. (i) and (iii)
44. An excess of potassium ions makes KCI crystals appear violet or lilac
in colour since .
{)) some of the anionic sites are occupied by an unpaired electron.
(71) some of the anionic sites are occupied by a pair of electrons.
(ii7) there are vacancies at some anionic sites,
(#v) F-centres are created which impart colour to the crystals
Ans. () and (iv)
Explanation: The anionic vacancies occupied by unpaired electrons,
F-centers impart colour to the crystals (E.g. yellow to NaCl and violet
to KCI) due to excitation of these electrons by absorbing energy from
the visible light falling on the crystals.
45. The number of tetrahedral voids per unit cell in NaCl crystal is
4
(i) 8
(iii) twice the number of octahedral voids.
(#v) four times the number of tetrahedral voids.
Ans. (i) and (iii)
Explanation: NaCl has Jec lattice. No. of atoms = 4
No . of octahedral void = 4, No, of tetrahedral void =2 x 4 =§
46. Amorphous solid can also be called

(i) pseudo solids (i) true solids
(#7) super cooled liquids (#v) super cooled solids

Ans. (i) and (jii)
Explanation: It has tendency 10 flow like liquid.

47. A perfect crystal of silicon Silicon atom ‘
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48. Which of the following statements are correct?
() Ferrimagnetic substances lose ferrimagnetism on heating and

become paramagnetic.
(i) Ferrimagnetic substances do not lose ferrimagnetism on heating
and remain ferrimagnetic.

(iii) Antiferromagnetic substances have domain sfructures similar to
ferromagnetic substances and their magnetic moments are not
cancelled by each other.

(iv) In ferromagnetic substances all the domains get oriented in the
direction of magnetic field and remain as such even after removing

magnetic field.

Ans. (i) and (v)

49. Which of the following features are not shown by quartz glass?
() This is a crystalline solid.

(i?) Refractive index is same in all the directions.

(#7) This has definite heat of fusion.

(iv) This is also called super cooled liquid.

Ans, () and (i)

50. Which of the following cannot be regarded as molecular solid?

() SiC (Silicon carbide)

(iif) Diamond
Ans. (), (i) and (i)

(i AIN
WL

51. In which of the following arrangements octahedral voids are formed?

() hcp
(iif) simple cubic
Ans. () and ()

(if} bec
() fec

Soup State B
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Frenkel defect is also known as .
(?) stoichiometric defect (#) dislocation defect
(iii) impurity defect (#v) non-stoichiometric defect
() and (i)
Which of the following defects decrease the density?
() Interstitial defect (i) Vacancy defect
(iii) Frenkel defect (iv) Schottky defect
(if) and (v)

Ill. SHoRT ANswWER TYPE

54.
Ans,

55,

Ans.

56.

Ans,

57.
Ans,

Ans.

59.
Ans,

60.

Why are liquids and gases categorised as fluids?

The liquids and gases have a property to flow i.c. the molecules can
move past and tumble over one another frecly. Hence, they have been
categorised as fluids.

Why are solids incompressible?

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

Inspite of long range order in the arrangement of particles why are the
crystals usually not perfect?

Crystals have long range order repeated pattern of arrangement of
constitutent particles but in the process of crystallisation some deviations
from the ideal arrangement (i.e. defects) may be introduced, therefore,
crystals are usually not perfect.

Why does table salt NaCl, sometimes appear yellow in colour?
Yellow colour in sodium chloride is due to metal excess defect due to
which unpaired ¢lectrons occupy anionic sites. These sites are called
F-centres. These electrons absorb energy from the visible region for the
excitation which makes crystal appear yellow.

. Why is FeO (s) not formed in stoichiometric composition?

In the crystals of FeO, some of the Fe?* cations are replaced by Fe**
ions. Three Fe?* ions are replaced by two Fe** jons to make up for the
loss of positive charge. Eventually there would be less amount of metal
as compared to stoichiometric proportion

Why does white ZnO (s) becomes yellow upon heating?

On heating ZnO loses oxygen according to the following reaction:
Zoo =2 721 Loy +2¢

Zn* ions and electrons move to interstitial sites and F-centres are
created which impart yellow colour to ZnO(s).

Why does the electrical conductivity of semiconductors increase with
rise in temperature?

14 NCERT ExempLAR ProeLEMS CHEMISTRY—XII
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Ans. In case of semiconductors, with increase in temperature, more electrons

can shift from valence band to conduction band. Hence conductivity
increases.

61. Explain why does conductivity of germanium crystals increase on

doping with galium.

Ans. On doping germanjum with galium some of the positions of lattice of

62.

germanium are occupied by galium. Galium atom has only three valence
electrons. Therefore, fourth valency of nearby germanium atom is not
satisfied. The place remains vacant. This place is deficient of electrons
and is therefore called electron hole or electron vacancy. Electron from
neighbouring atom comes and fills the gap, thereby creating a hole in
its original position. Under the influence of electric field electron move
towards positively charged plates through these holes and conduct
electricity. The holes appear to move towards negatively charged plates.
In a compound, nitrogen atoms (N) make cubic close packed lattice
and metal atoms (M) occupy one-third of the tetrahedral voids present.
Determine the formula of the compound formed by M and N?

Ans. Let the number of N atominccp = X

Number of tetrahedral voids = 2x
Number of M atoms = 1/3 x2x
N:M= 3x: 2x = 3:2
Formula of the compound = M,N,

63. Under which situations can an amorphous substance change to crystalline

Axs,

form?
On heating amorphous substance change to crystalline form at some
temperature. This is due to crystallization.

V. MarcHinG TYPE

Note: In the following questions match the items given in Column I with
the items given in Column IL In some questions more than one item of
Column I and Column IT may match. .

64. Match the defects given in Column I with the statements in given

Column I

Columml |~ Columnil .

(/) Simple vacancy defect (a) shown by non-ionic solids and
increases density of the solid.

(i) Simple interstitial defect | (b) shown by ionic solids and decreases

density of the solid.

(ii7) Frenkel defect (c) shown by non ionic solids and
density of the solid decreases

(iv) Schottky defect (d) shown by ionic solids and density
of he solid remains the same.

Ans. () > (¢); (if) > (@); GiD) — (@); () > (B)

15
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65. Match the type of unit cell

Column IT,

given in Columm I with the features given in

oluma Tl

(?) Primitive cubic unit
cell

(a) Each of the three perpendicular edges
compulsorily have the different edge
length i.e; a#b#c.

(i7) Body centred cubic

(b) Number of atoms per unit cell is one.

unit cell
(iif) Face centred cubic | (c) Each of the three perpendicular edges
unit cell compulsorily have the same edge
lengthic;a=b=¢
(iv) End centred (d) In addition to the contribution from
orthorthombic unit cell the comer atoms the number
unit cell of atoms present in a unit cell is one,

(e) In addition to the contribution from
the corner atoms the number of atoms
present in a unit cell is three,

Ans. (1) = (B), (c); (i) ~> (c), (@); (i) - (0, (e);

) = (a), (@

66. Match the types of defect given in Column I with the statement given in

Column II.

® Impurity defect

(@) NaCl with anionic sites called

F-centres
(if) Metal excess defect () FeO with Fe**
(#if) Metal deficiency defect (¢) NaCl with Sr** and some cationic
sites vacant

Ans. ()~ (¢); (if) - (a); i) ~ (b)
67. Match the items given in Column I with the items given in Column

IL

Column

(i)( Mg in soii;l state

(@) p-Type sermconducwr

(i) MgClL, in molten state

(b) n-Type semiconductor

(#ii) Silicon with phosphorus

(c) Electrolytic conductors

() Germanium with boron

(d) Electronic conductors

Ans. () = (d); (i) — (c); (1) — (B); (v) > (9

16 B NCERT ExemPLAR ProBLEMS CHEMISTRY—XI|
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68. Match the type of packing given in Column I with the items given in

Ans.

Column I1.
- Cowmmi -~ | - ColmnIl
(f) Square close packing in | (@) Triangular voids
two dimensions
(ii) Hexagonal close packing | (b) Pattern of spheres is repeated
in two dimensions in every fourth layer
(i#)) Hexagonal close packing | (¢) Coordination number 4
in three dimensions
(iv) Cubic close packing in| (d) Pattern of sphere is repeated
three dimensions alternate layers
(i) = (c); (i) = (a); (i) = (d); (V) —> (b)

V. AsserTiON AND REAsON TYPE

Note: In the following questions a statement of assertion followed by 2
statement of reason is given. Choose the correct answer out of the following
choices.

69.

70.

Ans.

(/) Assertion and reason both are correct statements and reason is
correct explanation for assertion.

(i) Assertion and reason both are correct statements but reason is not

correct explanation for assertion.

(iii) Assertion is correct statement but reason is wrong statement.

(iv) Assertion is wrong statement but reason is correct statement.
Assertion: The total number of atoms present in a simple cubic unit cell
is one.

Reason: Simple cubic unit cell has atoms at its corners, each of which
is shared between eight adjacent unit cells

. ()

Explanation: In simple cubic unit cell total no. of atoms =8 x 1/8 = 1
Assertion: Graphite is a good conductor of electricity however diamond
belongs to the category of insulators.

Reason: Graphite is soft in nature on the other hand diamond is very
hard and brittle.

(i)

Explanation: In graphite carbon atoms are arranged in different layers
and each atom is covalently bonded to three of its neighbouring atoms
in the same layer. The fourth valence electron of each atom is present
between different layers and is free to move which makes praphite a
good conductor of electricity. As different layers can slide over each
other so it is soft.

In case of diamond C atom is bonded covalently. So it is hard and
have very high melting point, It decomposes before melting so act as
insulator.

Soup Stare 8 17
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71. Assertion: Total number of octahedral voids present in unit cell of cubic
close packing including the one that is present at the body centre, is four.
Reason: Besides the body centre there is one octahedral void present
at the centre of each of the six faces of the unit cell and each of which
is shared between two adjacent unit cells.

Ans. (i)
Explanation: In ccp structure atoms are present at the face centre as
well as comer and create octahedral void at each body centre and all
the 12 edges of the unit cell which is surrounded by 6 atoms. 4 atoms
belong to the same unit cell and 2 belongs to the adjacent unit cell,

72. Assertion: The packing efficiency is maximum for the fec structure.
Reason: The cordination number is 12 in fec structures.

Ans. (i)
Explanation: The correct explanation is, in fcc no. of atoms present =
4 and packing efficiency is 74%.

73. Assertion: Semiconductors are solids with conductivities in the
intermediate range from 10 — 10* ohm"m™'.

Reason: Intermediate conductivity in semiconductor is due to partially
filled valence band.

Ans. (iii)
Explanation: Intermediate conductivity in semiconductor is due to
small energy gap between valence band and conduction band.

V1. Long ANsweR Tyre

74. With the help of a labelled diagram show that there are four octahedral
voids per umit cell in a cubic close packed structure.
Ans, Asweknow any atom surrounded by six atoms creates an octahedral void.
In fce body centre is surrounded by six atoms present at face centre. And
hence one octahedral void is present at body centre of each unit cell,

No. of octahedral void at the centre of 12 edge = 5% 12=3
No. of octahedral void at body centre = 1
Total no. of octahedral voidinccp= 3 +1=4

4

/ N

-
\ N ]
b\ h

i

(@ ()]
Fig. 1 Location of octahedral voids per unit cell of ccp or fc lattice (a) at the body centre of
the cube and (b) at the centre of each edge (only one such void is shown).
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Show that in a cubic close packed structure, cight tetrahedral voids are
present per unit cell.

Ans. In ccp structure unit cell is divided into 8 small cubes, Each small cube

has atoms at alternate corners. In all, each small cube has 4 atoms.
‘When joined to one another, they make a regular tetrahedron. Thus there
is one tetrahedral void in each small cube and 8 tetrahedral void in total.

%

0

\ [
(a) 5)

Flg. 2 {(a) Eight tetrahedral voids per unit cell of ccp structure
(b) one tetrahedral void showing the geometry.

76. How does the doping increase the conductivity of semiconductors?
Ans. For practical use conductivity of a semiconductor is very low

s

Ans.

conductivity can be increased by adding small impurity ,this process is
called doping. Doping can be done with an impurity which is electron
rich or electron deficient.
n-type semiconductors: Silicon or Germanium (group — 14) doped
with electron rich impurity (group-15 element like P or As) is called
n-type semiconductors. Here conductivity is due to the extra electron
or delocalized electron.
p-type semiconductors: Silicon or Gemanijum (group — 14) doped with
electron deficient impurity (group-13 element like B or Al or Ga) is
called p-type semiconductors. Here conductivity is due to positively
charged electron holes,
A sample of ferrous oxide has actal formula Fe O .. In this
sample what fraction of metal ions are Fe?* ions? What type of non-
stoichiometric defect is present in this sample?
Let us consider out of 100 the no. of Fe?*ion in the crystal = x
Fe**=93 —x
The positive charge on ferrous and ferric ions should balance the two
units of negative charge on oxygen

2x + 3(93-x) = 200

2x + 279 -3x= 200
x=-T79 orx=79
Fraction of Fe?* =79/93 = 0.849
Metal deficiency defect is present in the sample because iron is less in
amount than that required for stoichiometric composition.

Qaa
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Solution

l. MuLtipLe CHoice QuesTions (Type-l)

L

Ans.

Ans.

Which of the following units is useful in relating concentration of
solution with its vapour pressure?

(/) mole fraction (ii) parts per million
(iii) mass percentage (iv) molality
@

Explanation: p=k_x (According to Henry’s law)

. On dissolving sugar in water at room temperature solution feels cool to

touch. Under which of the following cases dissolution of sugar will be
most rapid?
() Sugar crystals in cold water.
(if) Sugar crystals in hot water.
(iif) Powdered sugar in cold water.
(iv) Powdered sugar in hot water.

. (V)

Explanation: Higher the surface area higher will be the solubility and
on increasing the temperature dissolution of sugar will increase since it
is an endothermic process.

. Atequilibrium the rate of dissolution of 2 solid solute in a volatile liquid

solvent is .
(/) less than the rate of crystallisation
(if) greater than the rate of crystallisation
(iii) equal to the rate of crystallisation
(iv) zero

(i) .

. Abeaker contains a solution of substance ‘A’. Precipitation of substance

‘A’ takes place when small amount of ‘A’ is added to the solution. The
solution is

() saturated . (if) supersaturated
(fii) unsaturated (iv) concentrated
. (i)

. Maximum amount of a solid solute that can be dissolved in a specified

amount of a given liquid solvent does not depend upon
(i) Temperature (i) Nature of solute
(iii) Pressure (iv) Nature of solvent
(iii) Explanation: Solubility of a solid in liquid does not depend upon
pressure since solid and liquids are almost incompressible.

20
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6. Low concentration of oxygen in the blood and tissues of people living
at high altitude is due to
(i) low temperature
(if) low atmospheric pressure
(Gii) high atmospheric pressure
(iv) both low temperature and high atmosphetic pressure
Ans. (i) Explanation: At high altitude due to low atmospheric pressure
the solubility of oxygen in blood get decreased.
7. Considering the formation, breaking and strength of hydrogen bond,
predict which of the following mixtures will show a positive deviation

from Raoult’s law?
(/) Methanol and acetone. (if) Chloroform and acetone.
(iti) Nitric acid and water. (iv) Phenol and aniline.

Ans. (i) Explanation: A-A interaction is greater than the A-B interaction.
Intermolecular hydrogen bonding in methanol is more than
methanol and acetone. So, methanol and acetone mixtures will
show a positive deviation from Raoult’s law.

8. Colligative properties depend on .
(i) the nature of the solute particles dissolved in solution.
(i) the number of solute particles in solution.
(i#i) the physical properties of the solute particles dissolved in solution.
(#v) the nature of solvent particles.

Ans. (i) ~
9. Which of the following aqueous solutions should have the highest
boiling point?
() 1.0 M NaOH (i) 1.0 M Na,SO,

(iii) 1.0 M NH\NO, (iv) 1.0 MKNO,

Ans. (D)
Explanation: In 1.0 M Na,SO, solution i > 1. So, the no. of ions
dissociated will be more.

10. The unit of ebulioscopic constant is
() Kkgmol” orK (molality)™
(i) mol kg K or K-! (molality)
(i) kg mol™ K™ or K-'(molality)™
() K mol kg™ or K (molality)
Ans. (i)
11. In comparisontoa 0.01 M solution of glucose, the depression in freezing
point of a 0.01 M MgCl, solution is
(i) the same (if) about twice
(iff) about three times (#v) about six times

21
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Ans, (iii)

Explanation: Depression in freezing point is a colligative property in

case of MgClL, value of van’t. Hoff factor will be more, No. of ijons

dissociated in MgCL, = 3 that is why depression in freezing point of

MgCL, will be three times.

12. An unripe mango placed in a concentrated salt solution to prepare
pickle, shrivels because .
(i) it gains water due to osmosis,
(i7) it loses water due to reverse 0Smosis,
(i) it gains water due to reverse 0SImosis,
() it loses water due to osmosis.
Ans. (iv)
13. At a given temperature, osmotic pressure of a concentrated solution of
a substance .
(?) is higher than that at a dilute solution,

(i7) is lower than that of a dilute solution.

(iii) is same as that of a dilute solution,

(v) cannot be compared with osmotic pressure of dilute solution.

Anms, ()
Explanation: Osmotic pressure is directly proportional to the molar
concentration of the solute particle in a solution,
14. Which of the following statements is false?
(1) Two different solutions of sucrose of same molality prepared in
different solvents will have the same depression in freezing point.

(#) The osmotic pressure of a solution is given by the equation 7 =
CRT (where C is the molarity of the solution).

(iii) Decreasing order of osmotic pressure for 0.01 M aqueous solutions
of barium chloride, potassium chloride, acetic acid and sucrose is
BaCl, > KCl > CH,COOCH > sucrose.

(i) According to Raoult’s law, the vapour pressure exerted by a
volatile component of a solution is directly proportional to its
mole fraction in the solution.

Ans. (i) ]
Explanation: AT, =km (K. depends on the nature of the solvent)
15. The values of van’t Hoff factors for KCl, NaCl and K,S0,, respectively,

are .
() 2,2and?2 (#) 2,2 and 3
(fi) 1,1 and 2 (v) 1,1and 1
Ans. (&)

16. Which of the following statements is false?
(#) Units of atmospheric pressure and osmotic pressure are the same,
(%) Inreverse osmosis, solvent molecules move through a semipermeable
membrane from-a region of lower concentration of solute to a
region of higher concentration,
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(i#) The value of molal depression constant depends on nature of solvent.
(iv) Relative lowering of vapour pressure, is a dimensionless quantity.
Ans, (i)
17. Value of Henry’s constant K,
(f) increases with increase in temperature.
(i) decreases with increase in temperature.
(ii{) remains constant.
(iv) first increases then decreases.
Ans, (i)
18. The value of Henry’s constant K, is
(#) greater for gases with higher solubility.
(#i) greater for gases with lower solubility.
(iif) constant for all gases.
(iv) not related to the solubility of gases
Ans. (i) greater for gases with lower solubility.

p=k,x k, =pk
19. Consider the figure and mark the correct option.

(#) water will move from side Piston (A) Piston (B)
(A) to side (B) if a pressure v M
lower than osmotic pressure 4|E| ﬁ
is applied on piston (B).

(i) water will move from .
dde (B) to side (A) ifa | o |G cionin
pressure  greater than water (B)
osmotic pressure is applied
on piston (B).

(#ii) water will move from side (B) to side (A) if a pressure equal to
osmotic pressure is applied on piston (B). ‘
(iv) water will move from side (A) to side (B) if pressure equal to
osmotic pressure is applied on piston (A).
Ans. (i)
20. We have three aqueous solutions of NaCl labelled as *A’, ‘B’ and ‘C’
with concentrations 0.1M, 0.01M and 0.001M, respectively. The value
of van’t Hoff factor for these solutions will be in the order .

(@) i,<iy<ig @) i,> iy > i
@iy i,=iy=i, W) i, <iy> i
Ans. (i)
21. On the basis of information given below mark the correct option.
Information:.

(A) In bromoethane and chloroethane mixture intermolecular interactions
of A—A and B-B type are nearly same as A-B type interactions.
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(B) In ethanol and acetone mixture A-A or B-B type intermolecular
interactions are stronger than A-B type interactions.

(C) Inchloroform andacetone mixture A—AorB-B type intermolecular
interactions are weaker than A-B type interactions.

() Solution (B) and (C) will follow Raoult’s law.

(i?) Solution (A) will follow Raoult’s law.

(ii)) Solution (B) will show negative deviation from Raoult’s law.

(i) Solution (C) will show positive deviation from Raoult’s law,

Ans. (i)

Explanation: For an ideal solution A-A and B-B interaction should be

nearly equal to A-B interaction.

22. Two beakers of capacity 500
mL were taken. One of these
beakers, labelled as “A”, was
filled with 400 mL water
whereas the beaker labelled
“B” was filled with 400 mL
of 2 M solution of NaCl. At the same temperature both the beakers
were placed in closed containers of same material and same capacity as
shown in Fig. 2.2.

At a given temperature, which of the following statement is correct
about the vapour pressure of pure water and that of NaCl solution.
(?) vapour pressure in container (A) is more than that in container (B).
(ii) vapour pressure in container (A) is less than that in container (B).
(ii#) vapour pressure is equal in both the containers.
(iv) vapour pressure in container (B) is twice the vapour pressure in
container (A).
Ans. (i)

23. Iftwo liquids A and B form minimum boiling azeotrope at some specific

composition then .
(i) A-B interactions are stronger than those between A-A or B-B,
(#9) vapour pressure of solution increases because more number of
molecules of liquids A and B can escape from the solution,
(#i§) vapour pressure of solution decreases because less number of
molecules of only one of the liquids escape from the solution.
(iv) A-B interactions are weaker than those between A-A or B-B.
Ans. (i)

24. 4L of 0.02 M aqueous solution of NaCl was diluted by adding one litre

of water. The molarity of the resultant solution is .

() 0.004 (i) 0,008
(iif) 0.012 (iv) 0.016
Ans. (iv)
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Explanation: Given, M, = 0.02M, V =4L, M,= 2, V,=3L
MV,=M,V, 002x4L=M,x5L
M, =0.08/5=0.016M
25. On the basis of information given below mark the correct option.
Information: On adding acetone to methanol some of the hydrogen
bonds between methanol molecules break.
(i) Atspecific composition methanol-acetone mixture will form minimum
boiling azeotrope and will show positive deviation from Raoult’s law.
(if) At specific composition methanol-acetone mixture forms maximum
boiling azeotrope and will show positive deviation from Raoult’s
law.

(fif) At specific composition methanol-acetone mixture will form
minimum boiling azeotrope and will show negative deviation from
Raoult’s law.

(iv) At specific composition methanol-acetone mixture will form
maximum boiling azeotrope and will show negative deviation
from Raoult’s law.

Ans. ()
Explanation: A-A interaction is more than the A-B interaction.
26. K, value for Ar(g), CO,(g), HCHO (g) and CH,(g) are 40.39, 1.67,
1.83%10°° and 0.413 respectively.
Arrange these gases in the order of their increasing solubility.
() HCHO < CH, < CO, <Ar (i) HCHO <CO, <CH, <Ar
(#if) Ar<CO,<CH,<HCHO (iv) Ar<CH, <CO,<HCHO
Ans. (iii)
Explanation: Higher the value of K lower will be the solubility of the
gas at 8 given pressure.

I1. MuctiPLe CHoice QuesTions (Type-ll)

Note: In the following questions ftwo or more options may be correct.
27. Which of the following factor (s) affect the solubility of a gascous
solute in the fixed volume of liquid solvent?
(@) nature of solute, () temperature, (c) pressure
() (@) and (c)atconstant T (i) (a) and (b) at constant P
(iify (b)and (c) only (iv) (c) only
Ans. (¢) and (i)

28. Intermolecular forces between two benzene molecules are nearly of
same strength as those between two toluene molecules. For a mixture
of benzene and toluene, which of the following are net true?

() A, H=zero

(i) A, V=zero
(#if) These will form minirum boiling azeotrope.
(iv) These will not form ideal solution.
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Ans. (iii) and (iv)
Explanation: In a mixture of benzene and toluene strength of the
solution will be same and they will form ideal solution according to
Raoult’s Law.

29. Relative lowering of vapour pressure is a colligative property because

(1) It depends on the concentration of a non-electrolyte solute in
solution and does not depend on the nature of the solute molecules.
(i) It depends on number of particles of electrolyte solute in solution
and does not depend on the nature of the solute particles.
(éi7) It depends on the concentration of a non-electrolyte solute in
solution as well as on the nature of the solute molecules.
(iv) Itdepends on the concentration of an electrolyte or non-elecirolyte
solute in solution as well as on the nature of solute molecules.
Ans. (J) and (i)
Explanation: Clligative property depends on the concentration and
as well as numbers of particles. It does not depend on the nature of
particles.
30. Van’t Hoff factor i is given by the expression

O = Normal molar mass
Abnormal molar mass
. . _. Abnormal molar mass
@ = Normal molar mass
Observed colligative property
Calculated colligative property
Calculated colligative property
Observed colligative property

() i=

(v =

Ans. (§) and (iii)
31. Isotonic solutions must have the same
(i) solute (i) density
(ii7} elevation in boiling point (#v) depression in freezing point
Ans. (if) and (iif)
32. Which of the following binary mixtures will have same composition in

liquid and vapour phase?
() Benzene - Toluene (i?} Water - Nitric acid
(iti) Water - Ethanol (iv) n-Hexane - n-Heptane

Ans. (i) and (jji)
Explanation: At particular composition Water-Nitric acid and
Water-Ethanol form azeotropic mixture which have same composition
in vapour phase and liquid phase. -
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33. In isotonic solutions
(i) solute and solvent both are same.
(if) osmotic pressure is same.
(iii) solute and solvent may or may not be same.
(i) solute is always same solvent may be different.
Ans. (i) and (i)
34. For a binary ideal liquid solution, the variation in total vapour pressure
versus composition of solution is given by which of the curves?

4‘/ °
@r (i) P
“Iis “ios
@i E (v)
i <

Ans. (i) and (v)
35. Colligative properties are observed when
() anon volatile solid is dissolved in a volatile 11qu1d.
(i?) a non volatile liquid is dissolved in another volatile liquid.
(ii¥) a gas is dissolved in non volatile liquid.
(iv) a volatile liquid is dissolved in another volatile liquid.
Ans. (i) and (i)

Ill. SHorT ANSWER TYPE

36, Components of a binary mixture of two liquids A and B were being
separated by distillation. After some time separation of components
stopped and composition of vapour phase became same as that of liquid
phase. Both the components started coming in the distillate. Explain
why this happened.

Ans. This shows that both liquids have form azeotropic mixture at definite
composition and boils at same temperature and hence cannot be
separated by distillation.

37. Explain why on addition of 1 mol of NaCl to 1 litre of water, the boiling
point of water increases, while addition of 1 mol of methyl aleohol to
one litre of water decreases its boiling point.

Ans. NaCl is a non-volatile solute when it is added to water it decreases, so
the vapour pressure and that is why the boiling point of the solution
increases. While methyl alcohol is a more volatile liquid water.
Therefore addition of methyl alcohol to water increases the total vapour
pressure and thus boiling point decreases.
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38. Explain the solubility rule “like dissolves like” in terms of intermolecular
forces that exist in solutions,

Ans. It means that non-polar solute dissolves in non-polar solvent. While
polar solute dissolves in polar solvent like ionic salts dissolves in water.

39. Concentration terms such as mass percentage, ppm, mole fraction and
molality are independent of temperature, however molarity is a function
of temperature, Explain.

Ans. mass percentage, ppm, mole fraction and molality does not depend
on temperature as they are dependent on mass of the solute particle.
However molarity depends upon volume of the solution which can vary
with temperature.

40. What is the significance of Henry’s Law constant KH?

Anms. P =k".x (k" = Henry’s law constant). It depends on the nature of gas.

Greater the k* value, the lower will be the solubility and vice versa.
41. Why are aquatic species more comfortable in cold water in comparison
to warm water.

Ans. On increasing the temperature solubility of oxygen in water decreases
that is why aquatic species are more comfortable in cold water.

42. (a) Explain the following phenomena with the help of Henry’s law.
(#) Painful condition known as bends.
(i) Feeling of weakness and discomfort in breathing at high altitude

(b) Why soda water bottle kept at room temperature fizzes on opening

Ans, (a) () According to Henry’s law pressure of a gas is directly

proportional to solubility. Scuba divers when comes towards
surface the pressure gradually decreases. This reduce pressure
releases the dissolve gas present in blood and leads to the
formation of bubbles of nitrogen in the blood. This blocks
capillaries and creates a medical condition known as bends,
which is painful and dangerous to life.

(i) At high altitude partial pressure of oxygen is less than that
of ground level. This leads to low concentration of oxygen in
blood and tissues of people living at high altitude. Low blood
oxygen causes weakness and discomfort.

(b) When the boftle is opened to air the partial pressure of CO, above
the solution decreases. As a result, solubility decreases and Co,
bubbles come out of the bottle.

43. Why is the vapour pressure of an aqueous solution of glucose lower
than that of water?

Ans. In a pure liquid the entire surface is occupied by the liquid molecules
only.The vapour pressure of the solution is solely from the solvent
alone. When a non volatile solute is added to water the fraction of
surface covered by the solvent molecule get reduced, and thus the
vapour pressure also reduced.
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44. How does sprinkling of salt help in clearing the snow covered roads in
hilly areas? Explain the phenomenon involved in the process.

Ans. Sprinkling of salt causes depression in freezing point of water which
helps in clearing the snow.

45. What is “semipermeable membrane”?

Ans. Continuous sheets or films which contains small pores through which
solvent molecules can pass but passage of bigger molecules of solute
are hindered.

46. Give an example of a material used for making semipermeable
membrane for carrying out reverse osmosis.

Ans. Cellulose acetate

IV. MarcHmnG TYPE
Note: In the following questions match the items given in Column I and
Column I1.
47. Match the items given in Column [ and Column IL
—Colmnl | Columall
(i) Saturated solution (@) Solution having same osmotic pressurc
at a given temperature as that of given
solution.
(if) Binary solution (b) A solution whose osmotic pressure is
less than that of another.
(iif) Isotonic solution (c) Solution with two components.
(iv) Hypotonic solution (d) A solution which contains maximum
amount of solute that can be dissolved
in a given amount of solvent ata given

temperature.
(v) Solid solution (€) A solution whose osmotic pressure is
more than that of another.
(vi) Hypertonic solution (/) A solution in solid phase.
Ans. () > (@ i) — (@} (iii) — (a)
() > (b) v =0 i) ()
48. Match the items given in Column I with the type of solutions given in
Column I1.
e Colommnl . - PR “Columnfl -
() Soda water (a) A solution of gas in solid
(i) Sugar solution (b) Asolution of gas in gas
(jt)) German silver (c) A solution of solid in liquid
(iv) Air (d) A solution of solid in solid
(v) Hydrogen gas in paliadium | (&) A solution of gas in liquid
() A solution of liquid in solid
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Ans. (i) > (e) @) - () @iy - (@)
(W) (b) () > (a)
49. Match the laws given in Column I with expresions given in Column II.

‘(i) Raou.lt’s law
(i) Henry’s law

(i) Elevation of boiling point (c) =x,p' +xp?
(v) Depression in freezing point | (d) AT=K m
(v) Osmotic pressure (&) p= K x
Ans. (i) - (c¢) @) - (e) (i) > (@)
(V) > (a) W) - (b)
50. Match the terms given in Column I with expressions given in Column II.

= Colmmgl . Cowmmmm T

(i) Mass (@) Number of moles of the solute component
percentage Volume of solution in litres

(#) Volume (5) Number of moles of the solute component
percentage Volume of solution in litres

(#ii) Mole fraction (c) Volume of the solute in solution

- x100
Total volume of solution
(v) Molality (d) Number of moles of the solute X100
Mass of solvent in kilograms
(v) Molarity (€) Number of moles of the solutc
Mass of solvent in kilograms
Ans. (i) - (@) i) - (o) (i) — (b)
M) (o) ) - (@
V. AsseErTION AND REASON Tyre

Note: In the Jollowing questions a statement of assertion followed by a
Statement of reason is given. Choose the correct answer out of the following
choices.
(7) Assertion and reason both are correct statements and reason is correct
explanation for assertion.
(i) Assertion and reason both are correct statements but reason is not
correct explanation for assertion,
(iif) Assertion is correct statement but reason is wrong statement.
(#v) Assertion and reason both are incorrect statements.
(v) Assertion is wrong statement but reason is correct statement,
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51. Assertion: Molarity of a solution in liquid state changes with temperature.
Reason: The volume of a solution changes with change in temperature
Ans. O No. of moles of sol
. o. of moles of solute component
Explanation: Molarity = Volume of solution in lig:s
increasing the temperature volume of the solution will increase.
52. Assertion: When methyl alcohol is added to water, boiling point of
water increases.
Reason : When a volatile solute is added to a volatile solvent elevation
in boiling point is observed
Ans. ()
Explanation: When methyl alcohol is added o water A-B interaction <
A-A or B-B interaction that is why it will show positive deviation from
Raoult’s law and boiling point will decrease.
53, Assertion : When NaCl is added to water a depression in freezing point
is observed.
Reason: The lowering of vapour pressure ofa solution causes depression
in freezing point.
Ans. (i)
Explanation: On addition of non volatile solute to solution lowering of
vapour pressure takes place and it cause depression in freezing point.
54. Assertion: When a solution is separated from the pure solvent by a
semipermeable membrane, the solvent molecules pass through it from
pure solvent side to the solution side.
Reason ; Diffusion of solvent occurs fromare gion of high concentration
solution to a region of low concentration solution.
Ans. (i)
Explanation: Flow of solvent molecule from solvent side to solution
side through semipermeable membrane is called osmosis.

V1. LonG ANSWER TYPE

55, Define the following modes of expressing the concentration of a solution.
Which of these modes are independent of tempetature and why?
(i) wiw (mass percentage)
(i) V/V (volume percentage)
(#i7) w/V (mass by volume percentage)
() ppm. (parts per million)
(v} x (mole fraction)
(vi) M (Molarity)
(vi)) m (Molality)
Ans. (§) Mass percentage (wiw):
Mass % of a component =
W of the component i the solution <100
W of the solution
SoTion B 31
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Ans.

57.
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(i) Volume percentage (v/v):

V of the co ent
Volume % of a component = o< compon

- x100
V of the solution

(iify Mass by volume percentage (w/v):
W of solute

= X
100 m! of solution

(i) 1 Parts per million (ppm):
a No of parts of the component % 106
Total number of parts of in the solution
(v) Mole Fraction (x):
Mole fraction of a component (%)=
No. of moles of the component

Total number of moles of all the components
{vi) Molarity (M): The no. of moles of solute per litre of solution
(vii) Molality (m): The no. of moles of solute per kg of solvent
Effect of temperature; mass %, ppm, mole fraction and molality do
not change with temperature whereas molarity, volume percentage and
mass by volume percentage changes with temperature because volume
of solution (liquid) changes with temperature.
Using Raoult’s law explain how the tota] vapour pressure over the solution
is related to mole fraction of components in the following solutions.
() CHC, (/) and CHCL(H  (if) NaCl(s) and HO ()
Raoult’s law in its general form can be stated as, for any solution, the
partial vapour pressure of each volatile component in the solution is
directly proportional to its mole fraction in the solution.

According to Raoult’s law for a solution of two volatile liquids,
P, o x and qucxw:2 P = Pf'.irl and P, = P:'Jl:2
P=P'x +P,x,

Il

5P+ (1= )P,
(PP )x +P;

P = Total vapour pressure

P, = Partial vapour pressure of solvent 1

P, = Partial vapour pressure of solvent 2
According to Raoult*s law for a solution containing volatile solvent and
non- volatile solute. P solvent = P solvent x mole fraction of solvent.
Explain the terms ideal and non-ideal solutions in the light of forces of
interactions operating between molecules in liquid solutions.

I

. Idealsolution: The solution which obey Raoult* slawatall concentration

and at all temperature LeP, =P, ,Py=P__
If the intermolecular attractive forces between the solute — solvent
(A-Binteraction)are nearly equal to those between the solvent—solvent
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(A—A) and solute — sohute (B — B) it forms ideal solutions. Enthalpy
of mixing, Amixing H = 0. Volume change on mixing, A mixing V = 0.
Examples: n - hexane and n-heptane. ‘
Non Ideal solution: The solution which do not obey Raoult’s law at
aﬂconcentgaﬁonandataﬂtemperaturei.ePAqéPmPsqéPm.Ifthe
intermolecular attractive forces between the solute — solvent(A — B
interaction) are not equal (either stronger or weaker) to those between
the solvent — solvent (A — A) and solute — solute (B — B) it forms non-
ideal solutions. Enthalpy of mixing, A H.is not equal to 0. Volume
changes on mixing, A ..V is not equal to 0. Example : °
CS, and acetone : )
Why is it not possible to obtain pure ethanol by fractional distillation?
What general name is given to binary mixtures which show deviation
from Raoult’s law and whose components cannot be separated by
fractional distillation. How many types of such mixtures are there? )
Ans. Azeofropes are binary solutions (liquid mixtures) having the same
composition in liquid and vapour phase and it is not possible to separate
the components of an azeotrope by fractional distillation. Ethanol - water
mixture (obtained by fermentation of sugars) on fractional distillation
gives a solution of approx. 95% ethanol by volume of ethanol. This has
the same composition in liquid and vapour phase and it is not possibie
to separate thern. : - ; ' :
Minimum boiling azeotrope: The non- ideal solutions showing positive
deviation form minimum boiling azeotrope at a specific composition.
Example; 95% ethanol and 5% water (by volume): Ethanol = 351.3K,
Water = 373 K, Azeotrope = 351.1K ' :
Maximum boiling azeotrope: The non-ideal solutions showing negative
deviation form maximum boiling azeotrope at'a specific composition
59, When kept in water, misin swells in size. Name and’ explain the
phenomenon involved withthe help of a diagram. Give three applications
of the phenomenon. ' .. Semi permeable
‘Ans. Phenomenon involved in the above process is - memberance
known as osmosis.
Osmosts is the process of flow of solvent molecules
from pure solvent to the solution through semi
permeable membrane. Three applications of osmosis
are: h
(/) Movement of water from soil into plant roots and subsequently
into upper portion of the plant is partly due to osmosis.
(#i) Preservation of meat against bacterial actior by adding salt.
(ii?) Preservation of fruits against bacterial action by adding super.
Bacterium in canned fruit loses water through the process of
osmosis, shrivels and dies.
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60. Discuss biological and industrial importance of osmosis.
Ans. (i) Movement of water from soil into plant roots and subsequently
into upper portion of the plant is partly due to osmosis.
(i) Preservation of meat, fruits and vegetables against bacterial action
by adding salt or sugar.
(iif) Movement of biomolecules inside and outside of a living cell
occurs due to osmosis.
(iv) Opening and closing of stomata in plants occur due to osmosis.
(v) Reverse osmosis is used for the purification of water in a large scale.
61. How can you remove the hard calcium carbonate layer of the egg without
damagingitssemiprermiablemembtane?Cauthiseggbeinsertedinto
aboﬁlewithanarmwneckwithomdistorﬁngituhape?Explninthe
process involved.

Ans. Eggisplacedinmineralacidsoluﬁon—)aﬂersome&meeggismmoved
and placed in hypertonic solution —» after some time size of the egg gets
reduced and shrivels due to osmosis ~»> egg is now placed in a bottle
with narrow neck — on adding hypotonic solution efg regains shape
due to osmosis.

a3 the egg shrivels due to osmosis
62, Whyisthemassdetermﬁxedbymeamwingacoﬂigaﬁvepropertyinmse
" of some solutes abnormal? Discuss it with the help of van't Hoff factor.
Ans. When the non volatile solute particles undergo association (E.g.:
acetic acid) or dissociation (E.g. electrolytes like KC1, NaCl ¢ic.), the
abnormal molar mass is observed.
Van’t Hoff factor is defined as = Normal molar mass/ Abnormal molar mass
Formula to calculate i;
. _Total number of moles of particles after association or dissociation
'" Total number of moles of particles before association or dissociation
Always value is less than unity (i < 1) for association and is greater
than umity (i >1) for dissociation.

(| [ ]
34 = NCERT ExempLAR PROBLEMS CHEMISTRY—XII


http://www.cbsepdf.com

www.cbsepdf.com

3 mmm Electrochemistry

I. MuLTiPLE CHoice QuesTions (Type-l)
1. Which cell will measure standard electrode potential of copper electrode?
() Pt(s)|H, (g,0.1 bar) | H* (ag,1 M) || Cv* (ag,1M) | Cu
(i) Pt(s)|H, (g, 1 bar) | H' (ag.,1 M) || Cv** (ag,2 M) | Cu
@ii)) Pt(s)| H, (g, 1 ber) | H* (aq.,1 M) || Cv** (ag,1 M) | Cu
() Pt(s)| H, (g, 1 bar) | H' (ag.,0.1 M) || Cu** (ag.,1 M) | Cu
Ans. (i)
2. Electrode potential for Mg electrode varies according to the equation
0.059 1
Em"‘m = E;BHWS - —2—- log [Mgz.p] . The graph of Eaaa"‘lus vs

log [Mg*] is
! 1/
® % (@) 5
=3 = 4 .
log[Ms™1—> logfMg™]—>
Gi) 2 @) 2
" | o ]
logIMg™]1— logiMg"]1—>
Ans. (i)

3. Which of the following statement is correct?
() E_,and AG of cell reaction both are extensive properties.
(i) E,, and A G of cell reaction both are intensive properties.
(#if) E, is an intensive property while AG of cell reaction is an
extensive property.
() EwisanextensivepropertywhileArGofcellreacﬁonisan
intensive property.
Ans, (iii)
4. The difference between the electrode potentials of two electrodes when
no current is drawn through the cell is called .

() Cell potential (i) Cell emf
(iif) Potential difference (iv) Cell voltage
Ans. (i)
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5. Which of the following statement is not correct about an inert electrode
in a cell?
(?) It does not participate in the cell reaction.
(i) It provides surface either for oxidation or for reduction reaction.
(#ii) It provides surface for conduction of electrons
(#v) It provides surface for redox reaction.
Ans. (iv)

. 6, An electrochenncal cell can behave like an elecn'olyttc cell when

() E_=0 - () E_>E_,
(i) E_>E_; (iv) Ewl]=
Ans, (iii)

W]nch of the statemenls about solutlons of elecu'olytae is not correct?
() Conductivity of sohution depends upon size of i fons.
(i) Conductivity depends upon viscosiy of solution,

(i) Conductivity doés not depend upon solvnnon of 1ons present in
solution.

(v) Conductivity of soluuon mcreasos with temperame
Ans. (i)

8. Using the data given below find out the strongest redncmg agent
&,o?‘/&s* =133V @ Ec:,,'cr =136V

A Em,;,.l,,,r+ =151V Ec,v,c, =-0.74V

o " Cr
(i) Cr () Mo*
Ans. (i)

Explanation- Out of four standard reduction potential, chromium has
negative value, Hence, it is the stronget reducing agent.

-9. Use the data given in Q. 8 and find out which of the following is the

strongest oxidising agent.
@ Cr (i) Mn*
(i) MnO, (iv) Cr**
Ans, (i)

Explanation: Highest positive value of standard reduction potentlal
means strongest oxidising agent. Hence, MnO,- mthestmng&stomdlsmg
agent.

10. Using the data gwen in Q8 find out in whlch optlon the order of
reducing power is correct. - '
(D C:"+<C1-<Mn2+<Cr @D Mn3++<Cl’<Ct3"‘<Cr
(i) C:"+<Cl‘<Cr20 <Mn0 () Mn2*<Cﬂ*<Cl”<Cr
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Ans, (i)
Explanation: Lower the value of standard reduction potential greater
* will be the reducing power.
11. Use the data given in Q.8 and find out the most stable ion in its reduced
form.
(0 Cr @) Cr
(iii) Cr (iv) Mn?*
Ans. (i)

Explanation: MnO,/Mn?" ‘has highest standard reduction potential
hence most stable form among four is Mn™.
12. Use the data of Q.8 and find out the most stable oxidised species

@ Cr (i) MnO,
(i#f) Cr,0F (iv) Mn*
Ans. (i)

Explanation: Cr**/Cr has most negative value of standard reduction
potential. Hence, Cr** is the most stable oxidised species.
13. The quantity of charge required to obtain one mole of aluminium from

ALO, is .
() IF (if) 6F
(iii) 3F (v) 2F
Ans. (iif)

Explanation: In ALO, oxidation state of Al is AP*.
14. The cell constant of a conductivity cell
() changes with change of electrolyte.
(i) changes with change of concentration of electrolyte.
(iif) changes with temperature of efectrolyte.
(iv) remains constant for a cell.
Ans. (iv)
15. While charging the lead storage battery
() PbSO, anode is reduced to Pb.
(i) PbSO, cathode is reduced to Pb.
(iif) PbSO, cathode is oxidised to Pb.
(i) PbSO, anode is oxidised to PbO,.
Ans. ()
Explanation: When the lead storage battery is gn charging
ZPJaSO4 (8) + 2H,0 ()) - Pb(s) + PbO,(s) + 2H,S0O (aq)
16. Am(m%m is equal t(: :
(i) A:; (NH, CH) + ﬁm(NB,iCI) - Agml)
(i) A, (NH, ) + A, (NH,OH) — oAtuacl)
(i) A: (NH, G * A vy~ ﬁ(mon)

. 0 0
M) Anpuont Anuar~ Aaom,e
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Ams. (i)
Explanation: Since we require only sum of molar conductivity of NH,*
and O,
17. In the electrolysis of aqueous sodium chloride solution which of the
half cell reaction will occur at anode?
+ - . o _
() Na’ (aq) + e — Na (s); Eop= —2.71\ef
(#) 2H,0 (7)) > O,(g) + 4H"* (aq) + 4e; Eop =123V

@) H' (ag) +& - T H, (2); ES, =0.00v

(™ Cr@g - 3CL @) +e; B2, =136V
Ans. (if) and (iv)

Explanation: At the anode the following oxidation reactions are possible:
Cr@)— Lc,@+e; ES, = 136v
2H,0 () — O, (g) + 4H" (ag) + 4e; ES, =123V

lower value of E® is preferred and therefore, water should get oxidised

in preference to CHaq). However, on account of overpotential of

oxygen, reaction Cl- (ag) —» -‘-l,_—CI1 (g) + e is preferred.

I MuLtipLe Choice QuesTions (T vee-ll)

Note: In the following questions two or more than two options may be correct.
18. The positive value of the standard electrode potential of Cu?/Cu
indicates that .
() this redox cou;:vleisa%.'11'01:|gerreducingage:rttllantheH*/H2
couple.
(if) this redox couple is a stronger oxidising agent than H'/H,,
(i#}) Cu can displace H, from acid.
) Cueannotdisplacel—l:ﬁ'omacid.
Ans. (i7) and (iv)
Explanation: Lower the value of standard reduction potential higher
will be the reducing power. ,
19. EZ,] for some half cell reactions are given below. On the basis of these
mark the correct answer.

@ H' (@ +e - TH,@); ES,=0.00v

(6) 2H,0 () -> O, (g) + 4H" (aq) + 4 ; E2 =1.23V

(©) 250] (2q)-» S,0) (ag) +2¢; Eo, =196V

() In dilute sulphuric acid solution, hydrogen will be reduced at
cathode.

(i7) In concentrated sulphuric acid solution, water will be oxidised at
anode.

38 B NCERT ExempLAR PROBLEMS CHemISTRY=XII



http://www.cbsepdf.com

www.cbsepdf.com

(i) In dilute sulphuric acid solution, water will be oxidised at anode.
(iv) Tn dilute sulphuric acid solution, SO jon will be oxidised to
tetrathionate ion at anode.
Ans. (i) and (i)
Explanation: In the electrolysis of dil. F,SO, above three reaction
takes place.
Oxidation half reaction occurs at anode, lower value of standard
reduction potential will be preferred. At cathode hydrogen ion will be
converted into hydrogen.
20. Eg, = 1.1V for Daniel cell. Which of the following expressions are
correct description of state of equilibrium in this cell?
2.303RT

() 11=K_ (i) F logK, =1.1
(iii} 1o KC=—%2— () logK.=1.1
%™ 0.059 BRe™
Anms. (i) and (i)
Explanation: A G, =-2.303 RT log K,
) 2.303RT
o = T oF logK.=1.1
21. Conductivity of an electrolytic solution depends on .
(i) nature of electrolyte. (if) concentration of electrolyte.
(iif) power of AC source. (iv) distance between the elecirodes.

Ans. () and (i)
Explanation: Conductivity or specific conductance (kappa): It is the
conductance of solution kept between two electrodes with 1 m? area of
cross section and distance of 1 m. It is the reciprocal of resistivity (p).
k= 1/p.
S.I unit of = Sm™
It depends on the nature of the electrolyte and concentration of the
electrolyte .

0 .
22. A,,o isequal to
0

0 0
0] Am(m)+ AmWaOH)_ Au-(mnrﬂ)
. 0 0 0
(id) Am(ﬂma)"' A (vavoy ~ A g (v0m)
. 0 0 0
({1 Agmoy* Mmoo~ Aoy
. 1] (1] [1]
) Appm,om ™ A~ Aam,o
Ans. (i) and (iv)
Explanation: This problem is based on the concept of Kohlrausch law
of independent migration of ions: (A,) is the sum of limiting %nolar

conductivities of cation (A% ) and anion (A0). Ay, =v*A, +Vv A
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23. What will happen during the electrolysis of aqueous solution of CusSO,
by using platinum electrodes? '
(?) Copper will deposit at cathode,
(i) Copper will deposit at anode.
(i7) Oxygen will be released at anode.
(#v) Copper will dissolve at anode.
Ans. (i) and (i)
Explanation: During electrolysis following reaction takes place at
cathode:
Cu*+2e — Cu
H+e — % H,
Standard electrode potential of Cu?/Cu is greater than H/iH,
therefore Cu will deposite at cathode,
24, What will happen during the electrolysis of aqueous solution of CuSO,
in the presence of Cu electrodes?
() Copper will deposit at cathode.
(#9) Copper will dissolve at anode.
(#if) Oxygen will be released at anode.
(#v) Copper will deposit at anode.
Ans. (j) and (ii) ’
25. Conductivity « , is equal to

O ¥4 @ %
(i) A, ) L
Ans. (9 and (i9)

Explanation: R=p L/A 1/p= L L
Conductivity x = Conductance (G) x Cell constant (GY
26. Molar conductivity of ionic solution depends on
() temperature
(i) distance between electrodes.
(iif) concentration of electrolytes in solution.
(#v) surface area of electrodes.
Ans. () and (iii)
Explanation: A_(S c*mol) =K
On increasing the terperature molar conductivity increases whereas
molar conductivity decreases on increasing the concentration.
27. For the given cell, MgMg? || Cu*|Cu
() Mg is cathode
(#) Cuis cathode
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(i) The cell reaction is Mg + Cu** — Mg™ + Cu

(iv) Cu is the oxidising agent

(7)) and (iid)
Explanation: Left side of the cell represent oxidation half cell and right
side represent reduction half cell.

Ill. SHoRT ANSWER TYPE

28.
Ans,
29.
Ans.

30.
Ans,

a1

Ans.

32.

Ans.

33.

Can absolute electrode potential of an electrode be measured?

No only the difference in potential between two electrode can be measured.
Can E., orAG for cell reaction ever be equal to zero?
Atequilibriom G=0 E_;=0

Under what condition is E_; =00r A G =0?
Ecm=0atequilibriumArG=-nFE;w

AG=0

What does the negative sign in the expression E;z+ m= 076V
mean?

A negative E.means that the redox couple is a stronger reducing agent
than the H'/H? couple.

Aqueous copper sulphate solution and aqueous silver nitrate solution
are electrolysed by 1 ampere current for 10 minutes in separate
electrolytic cells. Will the mass of copper and silver deposited on the
cathode be same or different? Explain your answer.

It will be different. According to Faraday’s second law, the amounts of
different substances liberated by the same quantity of electricity passing
through the electrolytic solution are proportional to their chemical

. . Atomi .

equivalent weights %?ﬁ@ electrons required to reduce
the cation.
Here, for the electrode reactions:

Cu?t +2e” — Cu(s)

Ag +e > Agls)

Hence, one mole of Cu®* and Ag* requirc 2 mol of electron (2F) and
1 mol of electrons (F,) respectively.
Depict the galvanic cell in which the cell reaction is
Cu+2Ag — 2Ag+ Cu*

X Cu+2Ag+—>2Ag+Cu’*cellcanberepmemedisCul(}u”"Ag*lAg
. Value of standard electrode potential for the oxidation of Cl- ions is

more positive than that of water, even then in the electrolysis of aqueous
sodium chloride, why is CI- oxidised at anode instead of water?

. At the anode the following oxidation reactions are possible:

Cr (@) — 3 CL @)+
Eg, =136V
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2H,0 () — O, (g) + 4H* (aq) + 4e-
Eq, =123V
The reaction at anode with lower value of E® is preferred and therefore,
water should get oxidised in preference to ClH(aq). However, on account
of overpotential of oxygen, oxidation of cI- is preferred.
35. What is electrode potential?
Ans. A potential difference developing between the electrode and the electrolyte
is known as electrode potential.
36. Consider the following diagram in which an electrochemical cell is
coupled to an electrolytic cell. What will be the polarity of electrodes
‘A’ and ‘B’ in the electrolytic cell?
Salt bridge

Ans.Theabovecelleanberepr&sentedasZniZn’*" Cu* | Cu Zinc is
oxidized at anode and copper is reduced at cathode,
A has negative polarity and B has positive polarity,

37. Why is alternating current used for measuring resistance of an
electrolytic solution?

Ans. Alternating current is used for measuring the resistance of am
electrolytic solution because DC current can change the composition of
the solution and the concentration will not remain constant.

38. A galvanic cell has electrical potential of 1.1V, If an opposing potential
of 1.1V is applied to this cell, what will happen to the cell reaction and
current flowing through the cell?

Ang, WhenEgn=Emcmrentwillstopﬂowing.

39. How will the pH of brine (aq. NaCl solution) be affected when it is
electrolysed?

Ans. Asthe product of electrolysis NaOH will be formed which will increase
the pH of the solution. The net reaction m the electrolysis.

NaCl (ag) + H,0 (1) — Na'(aq) + OH-(ag) + 1 H(g) + 1oye

40. Unlike dry cell, the mercury cell has a constant cell potential throughout
its useful life. Why?

Ans. Ions are not involved in the overall reaction of the mecury cell. Thus
the mercury cell has constant voltage through out the life.
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_ 41. Solutions of two electrolytes ‘A’ and ‘B’ are diluted. The A, of ‘B’
increases 1.5 times while that of A increases 25 times. Which of the
two is a strong electrolyte? Justify your answer.

Ans. ‘B’ is strong electrolyte. For strong electrolyte A, increases slowly with
dilution since the number of ions remains the same only the interionic
atiraction decrease thus the molar conductivity increases slightly.

42. When acidulated water (dil. H,S0O, solution) is electrolysed, will the
pH of the solution be affected? Justify your answer.

Ans, pH of the solution remains constant as H* remains same during the
whole reaction.

Atanode: 2H,0 (1) = O, (g) +4H" +4¢”
At cathode: 4H* + 4~ — 2H, (g)

43. In an aqueous solution how does specific conductivity of electrolytes
change with addition of water?

Ans. Conductivity always decreases with decrease in concentration for both,
weak and strong electtolytﬁ.Thiscanbeexplainedbythefactthat
the number of ions per unit volume that carry the current in a solution
decreases on dilution.

44. Which reference electrode is used to measure the electrode potential of
other electrodes?

Ans. SHE (standard hydrogen electrode) is used as a reference electrode
to measure the standard electrode potential of the other electrode by
assigning standard electrode potential of SHE as zero. [E’H" = zero].

45. Consider a cell given below:
Cu | Cu*|| CI| CL,Pt.
Write the reactions that occur at anode and cathode.

Ans, Two half cell of the cell reaction can be represente as:

At anode: Cu — Cu* +2¢”
At cathode: CL, + 2e” — 2CI

46. Write the Nemst equation for the cell reaction in the Daniel cell. How
will the E_, be affected when ;uncentmtion of Zn?* ions is increased?

Ans. B, = Epy — 2910 {22% :

E_, will decrease when the concentration of Zn** increases.
47. What advantage do the fuel cells have over primary and secondary
batteries?

Ans, Advantages:

(a) High efficiency (b) Continuous source of energy
(¢) Pollution free.
48. Write the cell reaction of a lead stomgebatterywhenitisdischarged.
How does the density of the electrolyte change when the battery is
discharged?
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Ans. Pb (s) + PbO, (s) + 2 H,SO, — 2 PbSO,
Density of the electrolyte will

acid is consumed.

49. Why on dilution the A of

(®)+2H,0()
of CH,COONa increases

CH,COOH increases drastically, while that
gradually?
Ans. For weak electrolyte(CH,COOH)
due to increase in the number of i

ons
For strong electrolytes (CH,COONa):
IV. Marchivg Type

as water is formed and sulphuric

questions.

50. Match the

remains the same but the interionic attraction decreases.

: A, increases steeply on dilution
(or the degree of dissociation).

A_ increases as number of jons

Note: Match the items of Column I and Co

o
@) E,
(i) x

terms given in C

_Column 1

lumn 1T in the following

olumn I with the

) G*
Ans. () —(c)

(#i5) — (a)
51.

".(a) S cm™
(5) m!

units given in Column II.

() Scm?mol!
@v

() — (@)

h the terms given in Column I with th
@ A,

D g,
(i) x

R

(a) intensive property

olamn I

(™) AG_,
Ams. () - (@)

¢ items given in Column II.

@if) — (b)

(b} depends on number of ions/volume
(c) extensive property

(d) increases with dilution

B

() Lead

@) — (o)

(if) Mercury cell

(i) Fuel cell

@) —(a)
52, Match the items of Column [ and Column I1.

lunn

() Rusting
Ans. () —(d)

i

(@) maxnnum efﬁclency

(i) — (a)

(b) prevented by galvanisation
(¢) gives steady potential

(@ Pb is anode, PbO, is cathode
(#) — (o)

() —(®)
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53. Match the items of Column I and Column
M x (@) Ixt
(D A, (B) AJA,
(i) o () x/c
@ Q (d G*R
Ans. () =@ (i) — (o)
@n —@® (V) — (@)

54, Match the items of Column ¥ and Column I1.
() Lechlanche cell |(4) cell reaction 2H, + 0, - 2H,0'

| (if) Ni—Cd cell (b) does not involve amy ion in solution and is |

- used.in hearing aids.

(#ii) Fuel cell | (c) rechargeable .

{iv) Mercury cell | (d) reaction at anode, Zn —> Zn™ + 2¢” 3

(e) converts energy of combustion into electrical

‘ . energy .
Ans. () —(@ R @) — () )
(iif) — (e) : ) — ()
55, Match the items of Column [ and Colunm I on the basis of data given

below: '
Ep, - =287V, Eypry, =35V, ES s+/p, = 14V, Ep = 1.09V
[-"Cotum Column I

BT | (a) metalis the strongest reducing agent
G| (F) metl ion which is the weakest oxidising agent

(i) Au® | () nonmetal which is the best oxidising agent
(iv) Br (d) unreactive metal L
MAuw '(e)'anionthatcanbeoxidisedbyAu”

D N )] anion which is the weakest reducing agent
e E ) metal ion which is an oxidising agent
Ans, () —(). (i) —(a) (#i) > (@)

() = (e ¥ - “(vi) = (B)

vi) — s

'V. ASSERTION AND ReASON TYPE
Note: In the following questions a statement of assertion followed by a statement
of reason is given. Choose the correct answer out of the following choices.
(/) Both assertion and reason are true and the reason is the correct
explanati ion of assertion. - :
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(#) Both assertion and reason are trye and the reason is not the correct
explanation of assertion.
(i7i) Assertion is true but the reason is false,
(iv) Both assertion and reason are false.
(v) Assertion is false but reason is true,
56. Assertion: Cu is less reactive than hydrogen.
Reason: Eguﬂ /cu 18 DEGAtiVE
Aus. (iii)
Explanation: Standard electrode potential of EQ s, = 034V and
Eg¢/y =0.00V. This shows that copper is less reactive than hydrogen.
57. Assertion: E_, should have a positive value for the cell to function.
Reason: E <E__.
Anms. (jii)
Explanation: For the cell reaction to be feasible E_, . should be
positive. AG® = — nF E° cell for the value of E°cell  to be positive
Ecathndn> Elmnin
S8. Assertion : Conductivity of all electrolytes decreases on dilution.
Reason : On dilution number of ions per unit volume decreases.
Ans. (i)
Explanation: Conductivity always decreases with decrease in
concentration both, forwmkmdsnongelecmlymmismbeexplained
hythefactthatthemnnberofionsperunitvolmnethatmrrythecment
in a solution decreases on dilution
59. Assertion : A_ for weak electrolytes shows a sharp increase when the
electrolytic solution is diluted.
Reason : For weak electrolytes degree of dissociation increases with
dilution of solution.
Ans. (i)
Explanation: For weak electrolyte: A_ increases steeply on difution
due to increase in the number of jons (or the degree of dissociation).
60. Assertion : Mercury cell does not give steady potential,
Reason : In the cell reaction, jons are not involved in solution.
Ans. (v)
Explanation: Con'ectasserﬁonismercmycellgivsswadypotenﬁal.
61. Assertion : Electrolysis of NaCl solution gives chlorine at ancde
instead of O,
Reason : Formation of oxygen at anode requires overvoliage
Ans, (i)
Explanation: At the anode the following oxidation reactions are possible:
Creg — YoL@+e;E=136v
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2HOM) — 0, (g) +4H'(ag) +4¢” ;E=123V
Lower value of E_ is preferred but due to overvoltage chlorine is
liberated at anode.
62. Assertion : For measuring resistance of an ionic solution an AC source
is used.
Reason : Concentration of ionic solution will change if DC source is used.
Ans. (i)
Explanation: DC current can change the composition of electrolytic
solution.
63. Assertion : Current stops flowing when E_; = 0.
Reason : Equilibrium of the cell reaction is attained.
Aps. (i)
Explanation: At equilibrium £_, =0 and therefore current stops flowing.
64. Assertion:E, .. increases with increase in concentration of Ag" ions.
Reason : E, ,, hasa positive value,
Ans. (ii)
Explanation: E_; = E° ;- 0.059 log V/[Ag*] therefore E increases
with increase in concentration of Ag* :
65. Assertion : Copper sulphate can be stored in zinc vessel,
Reason : Zinc is less reactive than copper.
Ans. (iv)
V1. LonG ANSwER TYPE

66. Consider the figure and answer the following questions.

Salt bridge
v

Lr J Copper plate
Zinc plate we M B orw
(B) Electrode

CellB

(i) Cell ‘A’hasz=2VandCell‘B’hasEm= 1.1V which of the two
cells *A’ or *B’ will act as an electrolytic cell. Which electrode reactions
will occur in this cell?

(i) Kcell ‘A’ has E__ =05V and cell ‘B'hasz=l.lvmenwhatwﬂlbe
the reaction at cathode and anode.

Ans. (i) Cell ‘B’ will act as an electrolytic cell following reaction can take
place at cathode and anode.
Atcathode : Zn** + 2 — Zn
Atanode: Cu —> Cu*+2e
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(i) Now the cell ‘B’ has higher e.m.f and it will act as an electrochemical
cell, :
Atcathode : Cu?* + 2¢ — Cu
Atanode : Zn — Znp*+2e
67. Consider the figure and answer the questions (i) to (w) given below:
() Redraw the diagram to show
the direction of electron flow.
(#) Is silver plate the anode or Zincp
~ cathode?
(#9) What will happen if salt
bridge is removed?
(v) When will* the cell stop
functioning?
(v) How will concentration of Zn?" ions and Ag* ions be affected when
the cell functions? )
(v)) How will the concentration of Zn?* ions and Ag" ions be affected

after the cell becomes ‘dead’?
‘Ans. (i) ‘

: Ag'(ag)
(i) 1t act as cathode. ]
(i) Cell will stop functioning, .
(#v) When equilibrium is attained i.c., E_ =0
(v) Concentration of Zn* will increase and Ag' will decrease,
(v)) When E_; = 0 (equlibrium is reached), concentratior of Zn*" jons
Ag" ions will not change. ' ,

68. What ig the relationship between Gibbs free energy of the cell reaction
in a galvanic cell and the emf of the ce]l? When will the maximum work
be obtained from a galvanic cell?

Ans. Thereversibleworkdonebythegalvaniccellisequalmdecrmein
gibbs free energy. _ :
AG=-oFE,_
Qaa
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1. MuLripLE CrHoice QuesTions (Type-l)
1. The role of a catalyst is to change
(i) gibbs energy of reaction.
() enthalpy of reaction.
(iii) activation energy of reaction.
(iv) equilibrium constant

~ Chemical Kinetics

Ans. (iii)
Explanation: Catalyst can change the activation energy of the reaction
by changing the path of the reaction.

2. In the presence of a catalyst, the heat evolved or absorbed during the
reaction .
(i) increases. (ii) decreases.

(iif) remains unchanged. (iv) may increase or decrease.

Ans. (iii)
Explanation: Catalyst do not change the stability of the reaction.and
thus the heat remains constant.

3. Activation energy of a chemical reaction can be determined by

(7) determining the rate constant at standard temperature.

(i) determining the rate constants at two temperatures.

(iif) determining probability of collision.

(i) using catalyst.

Ans. (i)
Explanation: log k/k, = E {2.303[T,— T/T,T,] this eq. can be used
to calculate the activation energy of the reaction. k, and k, are the rate
constant E_= activation energy T| and 7, are two different temperature.
4. Consider the figure and mark the correct option.

(i) Activation energy of forward reaction Activated complex
is E, + E, and product is less stable
than reactant. T

(if) Activation energy of forward reaction 5 " Products
is E,+ E, and product is more stable :'::1 E.

than reactant. Reactants

(iif) Activation energy of both forward Reaction coordinate —>
and backward reaction isE,+ E, and
reactant is more stable than product.

(iv) Activation energy of backward reaction is E, and product is more
stable than reactant.

49


http://www.cbsepdf.com

www.cbsepdf.com

Ans. (i)
Explanation: The energy required to form the reaction intermediate is
clled activation energy.The energy gap between reactant and product
molecule = E,+ E, some energy is released when complex decomposes
to form product.
5. Consider a first order gas phase decomposition reaction given below:
A(g) - B(g) + C(g)

The initial pressure of the system before decomposition of A was Pr
Afier lapse of time ‘¢, total pressure of the system increased by x units

and became ‘p ",
'I'herateconstamkfortherwctionisgivas.
2.303 D 2.303 Di
k= ——Ilo i) k= lo
@ t gPi‘x (& t gZPi‘P:
.303
(i) k= 2293 1o P @) k=28 1oy 2
t 2p, + p, t 2p,+x
Ans. (i)

Explanation: Let p,, p, and p,, are the partial pressures of 4, Band C
respectively. If x atm be the decrease in pressure of 4 at time t and one
mole each of B and C is being formed, the increase in pressure of B and

C will also be x atm each,
A®) - Bl + Cg
Atr=0piatm 0 atm 0 atm
At time ¢ (p~x) atm X atm X atm

where, p, is the initial pressure at time 7 = 0,
pt=(@p~-x)+tx+tx=p+x
x = (pt_pl)
Wheres 2= b—x= P,_(P,_P,)=2P;_p. D
According to the first order reaction rate constant k=2.303/s log ﬁ
' i (]
6. AccordingtoArrheniusequaﬁonrateconstantkisequaltok=Ae'W.
which of the following options represents the graph of In & vs1/T?

® Ir? k (i) Int( /

1m—> 17>
(it ln";( () lnq;( /
1T—=> 1m-=>
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Ans. (i)
Explanation: Inthe Artheniusequation the factork=Ae*#* corresponds
to the fraction of molecules that have kinetic energy greater than E .
Taking natural logarithm of both sides of equation

E
= 2 +hnk
Ink RT

The plot of In & vs 1/T gives a straight line according to the equation.

Thus, it has been found from Arrkenius equation that increasing the

or decreasing the activation energy will result in an increase

in the rate of the reaction and an exponential increase in the rate constant.

In graph, slope = —*

7. Consider the Arrhenius equation given below and mark the correct option.
k = Aeg®™

() Rate constant increases exponentially with increasing activation
energy and decreasing temperature.

(i) Rate constant decreases exponentially with increasing activation
energy and decreasing temperature.

(iif) Rate constant increases exponentially with decreasing activation
energy and decreasing temperature.

(iv) Rate constant increases exponentially with decreasing activation
energy and increasing temperature.

Ans. (iv)
8. A graph of volume of hydrogen released
vs time for the reaction between zinc
anddil, HClis giveninthefigure. Onthe  ¥°
basis of this mark the correct option.
(/) Average rate upto 40second is v,
3 2

40 :
(i7) Average rate upto 40 secondsis v,

3~ "2 v,
40-30
(#if) Average rate upto 40 seconds is
A/
40
(iv) Average rate upto 40 seconds is O 2030 40 50
VS_VI.
40 -20
Ans, (iii)
Explanation: Average rate for the reaction =
Changemconcenn'atmnofl-lz
Change in time
_h-0 % ge
-0 40
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9. Which of the following staternents is rot correct about order of a reaction.
() The order of a reaction can be a fractional number.
(#) Order of a reaction is experimentally determined quantity.

(iii) The order of a reaction is always equal to the sum of the
stoichiometric coefficients of reactants in the balanced chemical
equation for a reaction.

(r‘v)'l'heorderofareacﬁonisthesmnofthepowers of molar
concentration of the reactants in the rate law expression

Ans. (iif)

Explanation: The sum of powers of the concentration of the reactants

in the rate law expression is called the order of that chemical reaction.

Rate law is the expression in which reaction rate is given in terms of

- molar concentration of reactants with each term raised to some power,
which may or may not be same as the stoichiometric coefficient of the
reacting species in a balanced chemical equation. ~

10. Consider the graph given in figure 4.2 (see question no. 8). Which of the
following options does not show instantancous rate of reaction at 40*

second?
Vs -V, .. =V
® S0-30 () 2030
v, AR
(i) 2930 ™) 20-20
Ans. (i)

Explanation: The rate of a reaction at a particular moment of time.
Average rate expression becomes instantaneous rate expression as At — 0
(i), (iti) and (iv) are correct expression of instantaneous rate since small
change in volume and small interval of time is taken
11. Which of the following statements is correct?
() The rate of a reaction decreases with passage of time as the
concentration of reactants dereases.

(i) The rate of a reaction is same at any time during the reaction.
(ii)) The rate of a reaction is independent of temperature change.

() The rate of a reaction decreases with increase in concentration of

reactant(s).
Ans, (i)

Explanation: The rate of a reaction can be defined as the change in
concentration of a reactant or product in unit time. To be more specific,
it can be expressed in terms of:

(i) the rate of decrease in concentration of any one of the reactants, or
(#) the rate of increase in concentration of any one of the products.
Concentration of reactant decreases with the passage of time, we can
say that the rate is also decreasing. r = —d/dt (r = rate)
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12. Which of the following expressions is correct for the rate of reaction

given below?
SBr- (ag) + BrO; (ag) + 6H" (ag) - 3Br,(ag) +3H0 (D
- + - 6
A[Br"] _5AMH'] .« ABr']__AH']
(iii) == () =6
Ans. (iH) 6 & A &

Explanation: For the above equation rate of reaction can be written as
___LAPr]_ [BO] _1 A _1 ABs] 1 A0l
5 M At 6 Ar 3 M 3 Ar
_, _LABr]_ 1 AM) A[Br]_5 AD]
5 At 6 At At 6 At
13. Which of the following graphs represents exothermic reaction?

Agtivated complex Activated complex
@ B ®) B
g Reactants Soduce & Products
Reaction coordinate —> Reaction coordinate —>
Activated complex
(© &
'g Reactants Products

Reaction coordinate —>
(i) (a) only (i) (b) only
(i) (c)only (v} (a) and (b)
Ans. () (@)
Explanation: For an exothermic reaction activation energy of product
should be greater than the reactant.
14. Rate law for the reaction A + 2B — C is found to be
Rate = k[Al[B]

Concentration of reactant ‘B’ is doubled, keeping the concentration of
‘A’ constant, the value of rate constant will be .

(f) the same (i) doubled
(iti) quadrupled (iv) halved
Ans. (i)
Explanation: From the rate law expression it is clear that the rate w.r.t
to B is of first order.
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WhentheconcentaﬁonofAiskeptconsmntandtheconcentmﬁonof

B gets double than the rate will be twice.
Rate — R, = k[A][B]
Rate — R, = k[4][2B]

Dividing eq. (1) by eq. (i))=R,= 2R,
15. Which of the following statements is incorrect about the collison

theory of chemical reaction?

()
i)

@ Itconsidersreacﬁngnmleculmoratomstobehm'dSpheresand
ignores their structural features.

(#) Number of effective collisions determines the rate of reaction,
(i) Collision of atoms or molecules possessing sufficient threshold
energy results into the product formation.
(iv) Molecules should collide with sufficient threshold energy and
proper orientation for the collision to be effective,

Ans. (i)

16. A first order reaction is 50% completed in 1.26 x 1014s, How much
time would it take for 100% completion?

@ 1.26 x 1045
(i) 2.52 % 10% s

Ans. (iv)

@) 2.52 x 104s
(#v) infinite

Explanation: It is impossible to perform 100% of the reaction, whole

of the substance never react.

17. Compounds ‘A’ and ‘B’ react according to the following chemical

equation.

A(g)+2B(g) - 2C(g)

Concentration of either ‘A’ or ‘B’ were changed keeping the
concentrations of onc of the reactants constant and rates were measured
as a function of initial concentration. Following results were obtained.

Choose the correct

option for the rate equations for this reaction.

iy

t

. e

al

0.10

2, 0.30 0.60 0.40
3 0.60 0.30 0.20

(i) Rate = HAF [B]

(#%) Rate = K{A] [B]

Ans. (i)

(i) Rate = K A] [BP
() Rate = AT [B'

Explanation: Rate of experiment = KAF [BY = H0.30F {0.30]
Rate of experiment = £{0.30} [0.60F

Dividing experiment (1) by (2)°
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k[0.30Y°[0.30) _ 010
HO030[°[0.60F  0.40
[(12ly = /4 or y=2
Similarly, on dividing rate of experiment (1) by 3
#0.30]°[0.30F _ 0.10
k[0.60°[0.30F 020

(12 = 122 or x=1
So the rate law expression is Rate = k[4] [BP
18. Which of the following statement is not correct for the catalyst?
() It catalyses the forward and backward reaction to the same extent.
(i) It alters AG of the reaction.
(##) Tt is a substance that does not change the equilibrium constant of
a reaction.
(#) It provides an alternate mechanism by reducing activation energy
between reactants and products
Ans, (i) ,
Explanation: A catalyst does not alter Gibbs energy, (AG) of a
reaction. It catalyses the spontaneous reactions but does not catalyse
non-spontaneous reactions.
19. The value of rate constant of a pseudo first order reaction .
() depends on the concentration of reactants present in small amoun
(i) depends on the concentration of rcactants present in excess.
(i) is independent of the concentration of reactants. ‘
(iv) depends only on temperature
Ans. (i) :
Explanation: The concentration of the reactants that is present in
excess does not get altered much during the course of the reaction. Due
to this reaction behaves as first order reaction. Such reactions are called
pseudo first order reactions. Hence, concentration of reactants present
in excess determines rate constant of a pseudo first order reaction.

20. Consider the reaction A — B. The concentration of both the reactants
and the products varies exponentially with time. Which of the following
figures correctly describes the change in concentration of reactants and
products with time? - ‘

(i)
[A] N .,

Concentration —>

_—
=
‘Concentration —>»

(Al

Time—»
CuemicaL KineTics 8 55
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]
> Al

(@ @v)

Concentration —

Com::entraﬂon -2

Al N
Time—>» - Time—>»

[E]

. Ans, (i)
Explanation: In graph (i) concentration of reactant decreases
exponentially with time and the concentration of product increases
exponentially with time,
II. MurtirLe CHoice QuesTions (Tvee-ll)
Note : In the following questions two or more options may be correct.
21. Rate law cannot be determined from balanced chemical equation if
(i) reverse reaction is involved.
(if) it is an elementary reaction.
(#i) it is a sequence of elementary reactions.
(#v) any of the reactants is in excess
Ans. (9), (i) and (iv) , -
Explanation: Rate law can be determined from balanced chemical
equation if it is an elementary reaction.
22. Which of the following statements are applicable to a balanced chemical
equation of an elementary reaction? '
(7)) Order is same as molecularity.
(#) Order is less than the molecularity.
(i) Order is greater than the molecularity.
() Molecularity can never be zero,
Ans, (), (v) ‘
Explanation: For a single step reactions, the order and molecularity
will be the same.
23, In any unimolecular reaction . .
()] onlyonereacﬁngspeciwisinvolvedinthemtedeterminingshep.
(i) the order and the molecularity of slowest step are equal to one.
(iii} the molecularity of the reaction is one and order is zero.
(#v) both molecularity and order of the reaction arc one.
Ans. (i) and (i)
Explanation: In an unimolecular reaction only one redacting specics are
involved in the slowest step or rate determining step.
24. For a complex reaction .
() order of overall reaction is same as molecularity of the slowest
step.
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(if) order of overall reaction is less than the molecularity of the slowest
step.
(iif) order of overall reaction is greater than molecularity of the slowest
step.
(iv) molecularity of the slowest step is never zero or non interger.
Ans. () and (W)
Explanation: Order of a complex reaction can be determined
experimentally by the slowest step. Order of areaction is an experimental
quantity. It can be zero and even a fraction but molecularity cannot be
ZETo OT a non integer.
25. At bigh pressure the following reaction is zero order.
20,) - ) D
Which of the following options are correct for this reaction?
(i) Rate of reaction = Rate constant
(i) Rate of the reaction depends on concentration of ammonia.
@iif) Rate of decomposition of ammonia will remain constant umtil
ammonia disappears completely.
(iv) Further increase i pressure will change the rate of reaction.
Ans. (i), (iii) and (iv)
Explanation: Rate =k [NH,]’ or rate of reaction = rate constant
At high pressure, the metal surface gets saturated with gas molecules.
So, a further change in reaction conditions is unable to alter the amount
ofmnmoniaonthesm‘faceofcatalystmakingrateofthe reaction
independent of its concentration.
26. During decomposition of an activated complex
(i) energy is always released  (i7) energy is always absorbed
(iii) energy does not change (#v) reactants may be formed
Ans. (i) and (i)
Explanation: Eenergy required to form an intermediate, called
activated complex (C), is known as activation energy (E)). Some energy
is released when the complexdecomposstoformproduct.the entire
concenu‘mionofacﬁvatedcomplexdonotconvertinmmoductsume
activated complex may give reactant also.
27. According to Maxwell Boltzmann distribution of energy, -
(7) the fraction of molecules with most probable kinetic encrgy
decreases at higher temperatur¢s.
(if) the fraction of molecules with most probable kinetic energy
increases at higher temperatures.
(#ii) most probable kinetic energy increases at higher temperatures.
(#v) most probable kinetic energy decreases at higher temperatures.
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Ans, () and (iif)
Explanation: Maxwell Boltzmann distributon of energy can be explained
by fig.

Mast probable
velocity

Fraction of molecules —»

Kineflc enengy ——p
28. In the graph showing Maxwell Boltzman distribution of energy,

(i) areaunder the curve must not change with increase in temperature,
(i) areatmderthecmveincreas&swithincreaseintemperaun-e.
(i) area under the curve decreases with increase in temperature,
(i) with increase in temperature curve broadens and shifis to the right
hand side.
Ans, (/) and (iv)
Explanation: When the temperature is raised, the maximum of the
curve moves to the higher energy value and the curve broadens out, i.e.,
spreads to the right such that there is a greater proportion of molecules
with much higher energies. The area under the curve must be constant
since total probability must be one at all times,

—

_8 t

E Energy of This area shows
g activation  fraction of additional
5 molecules which
o react at (f +1

;‘B’ This area shows at(t+10)

g fraction of molecules

w reacting at ¢

Kinetic energy___y,
29. Which of the following statements are in accordance with the Arrhenius
equation?
- (9 Rate of a reaction increases with increase in temperature.
(i) Rate of a reaction increases with decrease in activation energy.
(ii§) Rateconstantdecreases exponentially withincrease in temperature.
() Rate of reaction decreases with decrease in activation energy.
Ans. (§) and (if)
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Explanation: It has been found from Arrhenius equation that increasing the
or decreasing the activation energy will result in an increase in
the rate of the reaction and an exponential increase in the rate constant.
390. Mark the Incorrect statcments.
(#) Catalyst provides an alternative pathway to reaction mechanism.
(i) Catalyst raises the activation energy.
(iif) Catalyst lowers the activation energy.
() Catalyst alters enthalpy change of the reaction
Ans. (if) and (iv)
Explanation; Catalyst provides an alternate pathway or reaction
mechanism by reducing the activation energy between reactants and
products and hence lowering the potential energy barrier
31. Which of the following graphs is correct for a zero order reaction?

) )
i
M 2 L @) Bg
g 8%
Time —> Time ->»
1 -
£ g1
i § @ %g Slope =k
g — 3%
e '
Aps. Qand () (], -[R] e
Explanation: k= ———— where, k = rate constant for zero order
reaction d

[R], = initial concentration of the reactant
[R] = concentration of the reactant at time ¢
32. Which of the following graphs is correct for a first order reaction?

@) tp2 (i) 4
[Rlg [Rlp
A k
e . |Sore=zany
=S ] ﬂg
(i) é% () g
8 Tme—> Time->
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Ans. (i) and (iv)
Explanation: For first order reaction K = 2.303/ log [R]/IR]
Slope = -%/2.303 :
For first order reaction t, = 0.693% ‘
Therefore 1, , for first order reaction is independent of the concentration
of the reactant,

lll. SHorT AnswEr TyPE

33. State a condition under which a bimolecular reaction is kinetically first
order reaction.

Ans. Bimolecular reaction becomes kinetically first order or pseudo first
order reaction when one of the reactant is in excess w.r.t to other, the rate
of reaction depends on one of the reactant only. For example, inversion
of cane sugm-isapseudoﬁmgrderreaction.

CIZI-IIZOU + H20 _L CGHIZOE + CGI-IIZOG
Cane sugar Glucose Fructnse
34. Write the rate equation for the reaction 2A + B — C if the order of the
reaction is zero. )
Ans. The rate law for the above reaction is
Rate = KHAJ[B]°
35. How can you determine the rate law of the following reaction?
2NO () +0,(g) > 2NO,(g)

Ans.Ratelawistheexpr&ssioninwhichreacﬁonraxeisgivenintermsof

~ molar concentration of reactants with each term raised to some power,
which may or may not be same as the stoichiometric coefficient of the
reacting species in a balanced chemical equation.
We can measure the rate of this reaction as a function of initial
concentrations either by keeping the concentration of one of the
reactants constant and changing the concentration of the other reactant
or by changing the concentration of both the reactants.

36. For which type of reactions, order and molecularity have the same value?

Ans. For an elementary reaction order and molecularity have same value.

37. In a reaction if the concentration of reactant A is tripled, the rate of
reactionbecomstwentyseventimm.Whatistheorderofthe reaction?

Ans. . rate r = K[AF (i)
according to equation 277 = A[34F (i)
Dividing eq. (¢) by eq. (i)
r _ H4ar
27r 34T
127 = [13F

3P ={113F x=3
Thus the order of reaction = 3.
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38. Derive an expression to calculate time required for completion of zero
order reaction.
Ans. R —» P

~

_ 4Rl _
= —a HRN

As any quantity raised to power zero is unity
Rate = —2H0 = kx1
dt
dR] = -kdt

Integrating both sides

[Rl=—-Fkt+1 (D
where, 1 is the constant of integration.
At t = 0, the concentration of the reactant R = [R],, where [R], is initial

concentration of the reactant.
Substituting in equation (i)

[R], = k*x0+1

R}, =1
Substituting the vatue of I in the equation ()

[R] = -k +[R],
For completion [R] =0

R
k

39, For a reaction A + B — Products, the rate law is — Rate = K{4){B]**
Can the reaction be an elementary reaction? Explain.
Ans. From the rate law expression it is clear that w.rt to Bis 3/2 and w.rtto
Aitis 1.
Thus the order of reaction is 5/2 for an elementary reaction order and
molecularity should be same.

Therefore the above reaction cannot be an elementary reaction.
40. For a certain reaction large fraction of molecules has energy more than
the threshold energy, yet the rate of reaction is very slow. Why?

Ans. If in a reaction large fraction of molecules has encrgy more than the
threshold energy and still the rate of reaction is slow it means there is
lack of proper orientation, so as to facilitate breaking of bonds between
reacting species and formation of new bonds to form products are called
as effective collision.

41. For a zero order reaction will the molecularity be equal to zero? Explain.

Ans. Molecularity shows the no. of reactants teking part in a chemical
reaction. It can never be zero or a fractional number.
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42. For a general reaction A — B, plot of
concentration of A vs time is given
in the figure. Answer the following
question on the basis of this graph.

() What is the order of the reaction?
(7)) What is the slope of the curve?
(ii}) What are the units of rate constant?
Ans. (f) The graph shows that it is a zero t—>
order reaction.
(i) [R]=-%t+ [R]° (mathematical expressions of zero order Teaction)
slope =k
(iii) Rate = £ [reactant]®
Or, nmte=%k
_4IR) =k mo] L'g!

43. The reaction between H,(g)and O,(g) is highly feasible yet allowing the
gasesmstandatroomtempe:atmeinthesmnevmeldoesnotleadto
the formation of water. Explain.

Ans. This is because activation energy for the above reaction is very high at
Toom temperature. For the reaction to be feasible it requires breaking of
H—H and O—O bonds which is not possible at room temperature.

44, Whydoestherateofamctionincmsewithriseintemperatme?

Ans, Increasing the temperature of the substance increases the fraction of
molecules, which collide with energies greater than E and leads to
faster rate,

45. Oxygen is available in plenty in air yet fuels do not burn by themselves
at room temperature. Explain.

Ans. Activation energy for combustion of any fuel is very high that is why it
could not be possible at room .

46. Why is the probability of reaction with molecularity higher than three
very rare?

Ans, Because it is very difficult for more than three molecules to collide
effectively with proper orientation,

47. Why does the rate of any reaction generally decreases during the course
of the reaction?

Ans. Rate of reaction directly depends on the molar concentration of the
Teactant with the progress of the reaction concentration of the reactant
startdecreasingthatiswhythemealsodecreasm.

48. Thermodynamic feasibility of the reaction alone cannot decide the rate
of the reaction. Explain with the help of one example,

Ans. Thermodynamically the conversion of. diamond into graphite is highly
feasible but the reaction is very slow because the activation energy is
very high,
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49. Why in the redox titration of KMnO, vs oxalic acid, we heat oxalic acid
solution before starting the titration?

Ans. In a mixture of potassium permanganate (KMnO,) and oxalic acid
(FLC,0,), potassium permanganate gets decolourised faster at a higher
temperature than that at a lower temperature. Because the rate of
reaction increases at high temperature.

50. Why can’t molecularity of any reaction be equal to zero?

Ans. Molecularity can be defined as the no. of reactant molecule taking part
in a chemical reaction. Without any reactant no product will be formed
that is why it cannot be zero.

51. Why molecularity is applicable only for clementary reactions and order
is applicable for elementary as well as complex reactions?

Ans. A complex reaction involves a number of steps that is why molecularity
is meaningless for complex reaction. Order of a complex reaction is
determined by the slowest step in the reaction mechanism. In elementary
reaction number of reactant molecule decide the molecularity of the
reaction.

52, Why can we not determine the order of a reaction by taking into
consideration the balanced chemical equation?

Ans. In a complex reaction order can not be predicted by balanced chemical
equation because the reaction takes place in several steps Which step
controls the rate of the overall reaction can be decide by the overall
mechanism of the reaction thus the order of a reaction is an experimental
quantity.

IV. MartcHING TYPE

Note : In the following questions match the items of Column I with

appropriate item given in Column IL

53, Match the graph given in Column I with the order of reaction given in
Column II. More than one itemn in Column I may link to the same item
of Column L
Column 1 Column I

T
o 8

" Concentratlon —»

() {a) Ist order

Rate —>

Concentration —>
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!
2
(iin) g (b) Zero order
3
Time—>
1
@ 8
g
Time—>

Ans. () = (a) (@) > () G} > B) (V) > (@)

54.

Ans.

64

Explanation: For the first order reaction rate of reaction is directly
proportional to the concentration of the reactant.

dRVdt < [R]
Hence the graph (i) will be a straight line.
Modifying the integrated rate equation for first order reaction
k=2.303/t log [R VIR] graph (iv) is of first order reaction.
For zero order reaction rate= % [R],- Therefore rate is independent of
the concentration of reactant.
Therefore graph (/) is of zero order reaction.
From integrated rate equation of zero order reaction & = [R] - [R]
thus graph (ji#) of zero order reaction.
Match the statements given in Column I and Column II.

(7) Catalyst alters the rate | (@) canmot be fraction or Zero
of reaction

(ii) Molecularity ()] proper orientation is not there always

(i) Second halflife of first[ (c) by lowering the activation energy
order reaction

(iv) efKT (d) is same as the first

(v) Energetically favourable | () total probability is one
regctions are sometimes
slow ‘

(vi) Areaunder the Maxwell | (/) refers to the fraction of molecules
Boltzman curve is with energy equal to or greater
constant than activation energy

M —-@© (i) —(a) (i) — (d)

-0 ) — () () — (e)
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Explanation:
(7) Catalyst can alter the rate of reaction by lowering the activation
energy.
(i) Molcularity is always a whole number it cannot be zero or fraction.
(iif) Second halflife of first order reaction is also temperature dependent.
() In the Arrhenius equation the factore—E, ' /RT correspondes to the
fraction of molecules that have kinetic energy greater than £ .
(v) In collision theory activation energy and proper orientation of the
molecules together determine the criteria for an effective collision
and hence the rate of a chemical reaction.
(vi) The area under the Maxwell Boltzmann distribution curve must be
constant since total probability must be one at all times.
55, Match the items of Column I and Column 1I.

() Diamond (a) short interval of time
(ii) Instantaneous rate (b) ordinarily rate of conversion is
imperceptible
(iii) Average rate (c) long duration of time
Ans. () — (D) (i) — (a) (iily — (¢)

Explanation: (i) Rate of conversion of diamond is imperceptible
because it requires high activation energy. (i) Instantaneous rate ofa
reaction is rate of a reaction at a particular moment of time. (iif) Average
rate is obtained by dividing the change in concentration of any one of
the reactant or product by the time taken for the change i.c., Ax/AL.

56. Match the items of Column I and Column IL

EREES

(i) Mathematical expression for| (a) rate constant
rate of reaction

(i) Rate of reaction for zero order | (b) rate law

reaction is equal to
(#éf) Units of rate constant for zero| (¢) order of slowest step
order reaction is same as that of .
(v) Order of a complex reaction is| (d) rate of a reaction
determined by
Ans. () — () (i) = (@
i) — (@ () — ()
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Explanation:
(/) Mathematical expressionsforrateofamctioncanbegivenbyrate
law.
(#%) Rate for zero order reaction : rate = & [reactant]’ = & (rate constant).
(ii}) Itis very clear from above that unit of rate constant = rate of reaction,
(v) Order of a complex reaction is determined by the slowest step
which is known as rate determining step.

V. AssermioN AND Reason Type
Note: In the following questions a statement of assertion followed by a
statement of reason is given. Choose the correct answer out of the following
chofces,
(i)Bothasserﬁonandreasonarecorrectandthereasoniscormct
explanation of assertion.
(#i) Both assertion and reason are correct but reason does not explain
assertion.
(7ii) Assertion is correct but reason is incorrect.
(iv) Both assertion and reason are incorrect.
(v) Assertion is incorrect but reason is correct.
57. Assertion : Order of the reaction can be zero or fractional,
Reason : Weeannotdetennﬁmorderﬁombalanmdchenﬁcalequaﬁon.
Ans, (i)

Explanaﬂon:Asserﬁoniscon'ectasordercanbezeroorﬁ'acﬁonbutit

can be determined experimentally.

58. Assertion : Order and molecularity are same,

Reason : 0:derisdeterminedexWentaﬂyandmolectﬂarityisthe
sum of the stoichiometric coefficient of rate determining
¢lementary step,

Ans. (v)

Explanation: Order and molecularity can be same only for clementary

reaction and it is different for complex reaction,

59. Assertion : Theenthalpyofreactionremainsconstaminthepmence
of a catalyst,

Reason : A catalyst participating in the reaction, forms different
acﬁvatedcomplexandlowersdowntheactivaﬁonenergy
butthediﬂ'ereminenergyofreactantandpro@ctremains
the same.

Ans. (i)

Explanation: It is believed that the catalyst provides an alternate

pathway or reaction mechanism by reducing the activation energy

between reactants and products and hence lowering the potential energy
barrier but the enthalpy of reaction remains constans.
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60. Assertion : All collision of reactantmolecules lead to product formation.
Reason : Only those collisions in which molecules have comrect
orientation and sufficient kinetic encrgy lead to compound
formation.
Ans, (v)
Explanation: The collisions in which molecules collide with sufficient
kinetic energy (called threshold energy) and proper orientation, leads to
the formation of product. g
61. Assertion : Rate constants determined from Arrhenius equation are
fairly accurate for simple as well as complex molecules.
Reason : Reactant molecules undergo chemical change irrespective
of their orientation during collision.
Ans, (fii)
Explanation: Rate = PZ &5/
Thus, in collision theory activation energy and proper orientation of the
molecules together determine the criteria for an effective collision and
hence the rate of a chemical reaction.

V1. Lon ANSwER TYPE
62. All energetically effective collisions do not result in a chemical change.
Explain with the help of an example.
Ans. All energetically effective collisions do not resuit in a chemical change.
For example, formation of methanol from bromoethane depends upon
the orientation of reactant molecules as shown below:

CH,Br + OH —» CH,0H + Br-
improper H‘-l_\és_gf? %>|-| —» No
H orentation / products
e T H
H—C—Br + OH — H
7 -5 B =5 |
H -
| Proper, o —c—Br —» HO —?—H + Br
/\
H H H
Intermediate

The proper orientation of reactunt molecules lead to bond formation
whereas improperorienmﬁonmak&sthemsimplybomcebackandno
products are formed.
To account for effective collisions, another factor P, called the probability
or steric factor is introduced. It takes into account the fact that in a
collision, molecules must be properly oriented i.e.,

Rate = sz_mm'
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63. What happens to most probable kinetic energy and the energy of activation
with increase in temperature?

fraction of molecules
reacting at ¢

Kinetic energy—.

Kinetic energy is directly proportional to the absolute temperature and
the number of molecules possessing higher energies increases with
increase in temperature, i.e., most probable kinetic energy increases
with increase in temperature.

Energy of activation is related to temperature by the following Arrhenius
equation

_B t

-g This area shows
E fraction of additional
B molecules which
& react at (£ +10)

B

£

k = AeToRT
Thus, it also shows an increase with rise in temperature.
64. Describe how does the enthalpy of reaction remain unchanged when a
catalyst is used in the reaction.

Ans. A catalyst is a substance which increases the rate of a reaction without
itself undergoing any permanent chemical change. The action of the
catalyst can be explained by intermediate complex theory. According
to this theory, a catalyst participates in a chemical reaction by forming
temporary bonds with the reactants resulting in an intermediate coinplex.
This has a transitory existence and decomposes to yield products and
the catalyst.

A small amount of the catalyst can catalyse a large amount of reactants.
A catalyst does not alter Gibbs energy, AG of a reaction. Difference in
energy between reactants and product is constant.

It is also found that a catalyst does not change the equilibrium constant
of a reaction rather, it helps in attaining the equilibrium faster, that is,
it catalyses the forward as well as the backward reactions to the same
extent so that the equilibrium state remains same enthalpy of reaction
means difference in energy between reactant and product it will also
remain unchanged. It can be shown by
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65. Explain the difference between instantaneous rate of a reaction and
average rate of a reaction.

Ans. Average rate depends upon the change in concentration of reactants or
products and the time taken for that change to occur. However, average
rate cannot be used to predict the rate of a reaction at a particular instant
as it would be constant for the time interval for which it is calculated.
So, to express the rate at a particular moment of time we determine the
instantaneous rate. It is obtained when we consider the average rate at
the smallest time interval say dt (i.e. when At approaches zero). Hence,
mathematically for an infinitesimally small dt instantaneous rate is
given by

Average r_ = Ax/At
Instantaneous rate r, , = ax/d?
66. With the help of an example explain what is meant by pseudo first order
reaction.

Ans. Pseudo first order reaction: Reaction which appears to be a second
order reaction, but actually is first order reaction is called pseudo first
order reaction. This condition occur in a chemical reaction between
two substances when one reactant is present in large amount. The
concentration of reactant present in excess does not get altered much
during the course of the reaction. Due to this reaction behaves as first
order reaction.

E.g. hydrolysis of esters
CH,COOCH, +H,0 —» CH,COOH + CH,OH
Rate law for this reaction is ; rate = k{CH,COOC,H,][H,0]
But the concentration of water does not change during the course of the
reaction. So; [F,0}] is constant.
Therefore rate = k,[CH,COOCH,]. Where k = K[H,0].
The reaction behaves as a first order reaction.
aQa

CHemicaL KiNeTics B 69



http://www.cbsepdf.com

www.cbsepdf.com

5 I . Surface Chemistry
—_— STy

l. MuLtirLe Crioice QuesTions (Type-l)
1. Which of the following process does not occur at the interface of phases?

() crystallisation (i) heterogenous catalysis
(i) homogeneous catalysis  (#v) corrosion
Ans. (i)

Explanation: In homogencous catalysis only, the reactant and product
are in same phase and composition is uniform throughout.
2. Atﬂleequih'bﬁmnposiﬁonintheprocmofadsorpﬁon

() AH>0 @) AH=TAS
(i) AH> TAS (iv) AH<TAS
Ans. (i)
Explanation: At equilibrium AG = 0
AG = AH-TAS
Therefore AH = TAS
3. Which of the following interface eannot be obtained?
() liquid-liquid (i) solid-liquid
(@) liquid-gas () ges-gas
Ans. (iv)
Explanation: Because gas-gas forms homogeneous composition.
4. The term “sorption’ stands for .
() absorption
(#) adsorption
(i) both absorption and adsorption
(V) desorption
Ans. (i)
Explanation: When adsorption and absorption occur simultaneously it
is known as sorption.

5. Extent of physisorption of a gas increases with
(7) increase in temperature.

(#) decrease in temperature.

(#i) decrease in surface area of adsorbent.

() decrease in strength of van der Waals forces

Ans. (i)
Explanation: Since the adsorption (Solid + Gas <« Gas/Solid + Heat)
process is exothermic, the physical adsorption occurs readily at low
temperature and decreases with increasing temperature as the equilibrium
will shift in backward direction. (Le-Chatelier’s principle).
70
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6. Extent of adsorption of adsorbate from solution phase increases with

(/) increase in amount of adsorbate in solution.
(if) decrease in surface area of adsorbent.
(iif) increase in temperature of solution.
(iv) decrease in amount of adsorbate in solution.
Ams. ()
Explanation: The extent of adsorption depends on the concentration
of the solute in solution as the concentration of adsorbate increases
interaction between adsorbate and adsorbent increases thus the extent
of adsorption increases.
7. Which one of the following is not applicable to the phenomenon of
adsorption?

() AH>0 (i) AG<0
(iti) AS<0 Gv) AH<0
Ans. ()
Explanation: Since adsorption is an exothermic process AH can not be
than zero.
8. Which ofthe following is not a favourable condition for physical adsorption?
(i) high pressure
(i) negative AH

(iif) higher critical temperature of adsorbate
(iv) high temperature
Ans. (iv)
Explanation: High temperature isnot favourable for physical adsorption
since it is an exothermic process.
9, Physical adsorption of a gaseous specics may change to chemical
adsorption with .
(i) decrease in temperature
(i) increase in temperature
(iii) increase in surface area of adsorbent
(iv) decrease in surface area of adsorbent
Ans. (i)
Explanation: on increasing the temperature activation energy of the
adsorbate molecule increases. Which can convert physical adsorption
into chemisorptions.
10. In physisorption adsorbent does not show specificity for any particular
gas because .
(i) involved van der Waals forces are universal.
(i) gases involved behave like ideal gases.
(iii) enthalpy of adsorption is low.
(iv) it is a reversible process.
Ans. (D)
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11. Which of the following is an example of absorption?
() Water on silica gel
(/) Water on calcium chloride
(i) Hydrogen on finely divided nickel
(iv) Oxygen on metal surface
Ans, (i)
12. On the basis of a data given below predict which of following gases
shows least adsorption on a definite amount of charcoal?

Gas Co, S0, CH,
Critical temp/K 304 630 190 33
() Co, (i) SO,
(i) CH, (iv) H,
Ans. (iv)

Explanation: Lesser the value of critical temp of gases lesser will the
force of attraction among molecules and least will be the adsorption.
13. In which of the following reactions heterogenous catalysis is involved?

(@) 280, (g) + 0, () —2— 250, (g)
(6) 250, (g) —9 250, (g)
© N, (g) +3H, () —22NH, (g)

(@ CH,COOCH, (1)+H,0 () —2* . CH .COOH (ag) + CH,OH (aq)
URONE)] @) (b), (©), (@)
(#) (a), (b), () W) @)
Ans. (i) (b), ()
Explanation: When the reactant and catalyst are in different phase it is
known as heterogeneous catalysis,
14. At high concentration of soap in water, soap behaves as
(?) molecular colloid (#) associated colloid
(i) macromolecular colloid (iv) lyophilic colloid
Ans. (i)
Explanation: There are some substances which at low concentrations
behave as normal strong electrolytes, but at higher concentrations
exhibit colloidal behaviour due to the formation of aggregates. The
aggregated particles thus formed are called micelles, These are also
known as associated colloids.
15. Which of the following will show Tyndall effect?
() Aqueous solution of soap below critical micelle concentration.
(i) Aqueous solution of soap above critical micelle concentration.
(i) Aqueous solution of sodium chloride,
() Aqueous solution of sugar.
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Ans. (i) :
Explanation: Tyndall effect is the optical property shown by the
colloidal particle. Above critical micelle concentration, a solution of
soap behave _as associated colloid that is why it shows tyndall effect.
16. Method by which lyophobic sol can be protected.
() By addition of oppositely charged sol.
(if) By addition of an electrolyte.
(i) By addition of lyophilic sol.
(iv) By boiling.
Ans. (i)
Explanation: Lyophilic colloids have a unique property of protecting
lyophobic colloids. When a lyophilic sol is added to the lyophobic sol,
the lyophilic particles form a layer around lyophobic particles and thus
protect the latter from electrolytes. Lyophilic colloids used for this
purpose are called protective colloids.
17. Freshly prepared precipitate sometimes gets converted to colloidal

solution by .
() coagulation (i) electrolysis
(iii) diffusion (iv) peptisation
Ans. (iv)

Explanation: Peptisation is the process in which freshly prepared
precipitate can be converted into colloidal solution.
18. Which of the following electrolytes will have maximum coagulating

value for Agl/Ag* sol?
() Na,8 (if) Na,PO,
(i) Na,SO, (iv) NaCl
Ans. (i)

Explanation: Higher the value of oppositely charge electrolyte faster
will be the rate of coagulation.

19. A colloidal system having a solid subtance as a dispersed phase and a
liquid as a dispersion medium is classified as

() solid sol (i) gel
(iii) emulsion (iv) sol
Ans. (iv)
Explanation: Solid + liquid = sol (here solid is the dispersed phase
and liquid is the dispersion medium.)

20. The values of colligative properties of colloidal solution are of small
order in comparison to those shown by true solutions of same cocentration
because of colloidal particles .

() exhibit enormous surface area.

(ii) remain suspended in the dispersion medium
(iif) form lyophilic colloids
(iv) are comparatively less in number.
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Ans. (iv)

Explanation: Colloidal particles being bigger aggregates, the number
of particles in a colloidal solution is comparatively small as compared
to a true solution. Hence, the values of colligative properties (osmotic
pressure, lowering in vapour pressure, depression in freezing point and
elevation in boiling point) are of small order as compared to values
shown by true solutions at same concentration

21. Anangeﬂ:efoﬂowingdiagmmsinconectsequenceofswpsinwlvedinﬂ:e
mechanism of catalysis, in accordance with modern adsorption the:n-y.

®
e N NN
@ b S Lol e
@ 1 11 T L1
O ~-ddd m-bbd
@ __—_(e)+l I
RAARBASEN
Daosboscordoe a>scobosdoe
(i) asco>bore—sd WMWas>bscoesd
Ans. (i)

Explanation: Correct sequence of steps involed in catalysis is:
({) — Adsorption of Aand B on surface
(i) — Interaction between Aand B to form intermediate
(iff) — Starting of desorption from surface
() — Complete desorption from the surface
22. Which of the following process is responsible for the formation of delta

at aplace where rivers meet the sea?
() Emulsification (#) Colloid formation
(i) Coagulation (iv) Peptisation
Ans. (iii)

Explanation: River water is a colloidal solution of clay. Sea water
contains a number of electrolytes. When river water meets the sea water,
the electrolytes present in sea water coagulate the colloidal solution of
clay resulting in its deposition with the formation of delta.

23. Which of the following curves is in accordance with Freundlich

adsorption isotherm?

! !
@ ‘§ (i) 'go
2=

?—>
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Explanation: Freundlich, in 1909, gave an empirical relationship
between the quantity of gas adsorbed by unit mass of solid adsorbent
and pressure at a particular temperature.
xim = kp' (n>1)
The adsorption varies directly.
Where x/m = mass of gas adsorbed per unit mass of adsorbent particle
P = Pressure of gas at particular temperature.
24. Which of the following process is not responsible for the presence of
electric charge on the sol particles?
(i) Electron capture by sol particles.
(i) Adsorption of ionic species from solution.
(iif) Formation of Helmholtz electrical double layer.
(iv) Absorption of ionic species from solution.
Ans. (iv)
Explanation: The charge on the sol particles is due to one or more
reasons, viz.,
(@) due to electron capture by sol particles during electrodispersion of
metals,
(b) due to preferential adsorption of ions from solution and/or
(c) due to formulation of
electrical double layer.
25. Which of the following
phenomenon is applicable to
the process shown in the
figure?
(i) Absorption
(i{) Adsorption
(iii) Coagulation
(iv) Emulsification
Ans. (i)
Explanation: In the figure
adsorption of coloured particle
fromcharcoal isshown. Solution
of raw sugar is filtered by
animal charcoal and yellowish
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brown colour of raw sugar is adsorbed and filterate is colourless which
gives white colour on crystallization,

Il. MuLnpLe CHotce QuesTions (T yre-ll)
Note: In the following questions two or more options may be correct.

26. Which of the following options are correct?
() Micelle formation by soap in aqueous solution is possible at all
temperatures.
(#) Micelle formation by soap in agueous solution occurs above a
particular concentration,
(iff) On dilution of soap solution micelles may revert to individual ions.
(iv) Soap solution behaves as a normal strong electrolyte at all
concentrations
Ans. (i) and (iii)
Explanation: The formation of micelles takes place only above a
particular temperature called Kraft temperature (7,) and above a
particular concentration called critical micelle concentration (CMC).
On dilution, these colloids revert back to individual ions.
27. Which of the following statements are correct about solid catalyst?
(?) Same reactants may give different product by using different
catalysts,
(i) Catalyst does not change AH of reaction.
(i) Catalyst is required in large quantities to catalyse reactions.
{(iv) Catalytic activity of a solid catalyst does not depend upon the
strength of chemisorption
Ans. (i) and (if)
Explanation: Action of a catalyst is highly selective in nature, i.e., a
given substance canactasa catalyst only in a particular reaction and not
for all the reactions. It means that a substance which acts as a catalyst
in one reaction may fail to catalyse another reaction. Catalyst do not
change the enthalpy of reaction.

1
28. Freundlich adsorption isotherm is given by the expression —:’— =k pn
which of the following conclusion can be drawn from this expression.

(/) When % = 0, the adsorption is independent of pressure.

(if) When % = 0, the adsorption is directly proportional to pressure,
(i) Whenn=0, i v p graph is a line parallel to x-axis.

(v) Whenn=0,plotofi vs p is a curve.
Ans. (i) and (#7)
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Explanation: Freundlich gave an empirical relationship between the
quantity of gas adsorbed by unit mass of solid adsorbent and pressure
at a particular temperature.

Ifl;-——o; -’x; = k extent of adsorption is independent of pressure.
When n=0; X =kp~
m

i vs p is a line paralle] to x-axis

29.Hzgasisad30rbedonactivawdchnrcoaltoavery little extent in
compaﬁsontoeasilyliqueﬁablegasesdueto .
(f) very strong van der Waal's interaction.
(i?) very weak van der Waals forces.
(it very low critical temperature.
(v) very high critical temperature.
Ans. (if) and (jii)
Explanation: H, molecule on an activated charcoal is adsorbed to a
very little extent in comparison to easily liquefiable gases because it has
(@) very weak van der Waals force of attraction
(b) very low critical temperature
30, Which of the following statements are correct?
() Mixing two oppositely charged sols neutralises their charges and
stabilises the colloid.
(if) Presence of equal and similar charges on colloidal particles
provides stability to the colloids.
(iif) Any amount of dispersed liquid can be added to emulsion without
destabilising it.
(iv) Brownian movement stabilises sols.
Ans. (i) and (V)
Explanation: The presence of equal and similar charges on colloidal
particles is largely r&sponsible in providing stability to the colloidal
solution, because the repulsive forces between charged particles having
same charge prevent them from coalescing or aggregating when they
come closer to one another.
The Brownian movement has a stirring effect which does not permit the
particles to settle and thus, is responsible for the stability of sols.

31. An emulsion cannot be broken by and
() heating
(i) adding more amount of dispersion medium
(iii) freezing

(iv) adding emulsifying agent
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Ans. (i) and (iv)

Explanation: Emulsions can be broken into constituent liquids by

heating, freezing and centrifuging.

32. Whichofthe following substanceswill precipitate the negatively charged

emulsjons?
@ KCl (i)} glucose
(#f) urea () NaCl
Ans. () and (i)

Explanation: Negatively charged emmlsion can be precipitated by
oppositely charged electrolyte. Na* and K* from the electrolyte can

neutralize the negatively charge emulsion

and precipitate the colloid.

33. Which of the following colloids cannot be coagulated easily?
(9 Lyophobic colloids. (#) Irreversible colloids.
(#7) Reversible colloids. () Lyophilic colloids.

Ans. (iify and (iv)

Explanation: Sols directly formed by mixing substances like gum,
gelatin, starch, rubber, etc., with a suitable liquid (the dispersion medium)
are called lyophilic sols. They are also known as reversible colloid,
These sols are very stable and cannot coagulate easily.

34. What happens when a lyophilic sol is added to a lyophobic sol?

(?) Lyophobic sol is protected.
(i) Lyophilic sol is protected.

(#i}) Film of lyophilic sol is formed over lyophobic sol.
() Film of lyophobic sol is formed over lyophilic sol.

Ans, () and (iif)

Explanation: Lyophilic colloids have a unique property of protecting
lyophobic colloids. When a lyophilic sol is added to the lyophobic sol,

the lyophilic particles form a layer around

lyophobic particles and thus

protect the latter from electrolytes. Lyophilic colloids used for this

purpose are called protective colloid.

35. Which phenomenon occurs when an electric field is applied to a
colloidal solution and electrophoresis is prevented?

(9) Reverse osmosis takes place.
(i) Electroosmosis takes place.
(iii) Dispersion medium begins to move.

(iv) Dispersion medium becomes stationary,

Ans. (i) and (jii)

Explanation: When electrophoresis, i.c., movement of particles is
prevented by some suitable means, itisobservedthatﬂledispersion
medium begins to move in an electric field. This phenomenon is termed

electroosmosis.
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36. In a reaction, catalyst changes .
(i) physically (#) qualitatively
(ii7) chemically (iv) quantitatively
Ans. (i) and (i) .
Explanation: Substances whichacceleratetherateofachemicalreaction
and themselves remain chemically and quantitatively unchsanged after
the reaction, are known as catalysts they can undergo physical change.
37. Which of the following phenomenon occurs when a chalk stick is
dipped in ink?
(7) adsorption of coloured substance
(i) adsorption of solvent
(iti) absorption and adsorption both of solvent
(iv) absoprtion of solvent
Ans. (i) and (W)
Explanation: When a chalk stick is dipped in ink, the surface retains
the colour of the ink due to adsorption of coloured molecules while the
solvent of the ink goes deeper into the stick due to absorption.

Ill. SxorT ANSWER TYPE

38. Why is it important to have clean surface in surface studies?

Ans. If the surface is covered by the other gaseous molecule it will not
available for the desired molecules. To accomplish surface studies
meticulously, it becomes imperative to have a really clean surface.

39, Why is chemisorption referred to as activated adsorption?

Ans. Chemisorption is caused by chemical bond formation. It involves a
high energy of activation and is, thercfore, often referred to as activated
adsorption. ‘

40, What type of solutions are formed on dissolving different concentrations
of soap in water?

Ans. Soap solutions at low concentrations behave as normal electrolytes,
but after a certain concentration, called critical micelle concentration,
exhibit colloidal behaviour due to the formation of aggregates. The
aggregated particles thus formed are called micelles. These are also
known as associated colloids.

41. Whﬂthappenswhﬂngelaﬁnisnﬁxedwithgoldsol?

Ans. Gold sol is a lyophobic colloid it is quite unstable in nature. Gelatin is
a lyophilic colloid it stablises the sol and act as protective colloid.

42. How does it become possible to cause artificial rain by spraying silver
iodide on the clouds?

Ans. Clouds are aerosols having small dropiets of water suspended in air. The
rainfall occurs when two oppositely charged clouds meet. Sometimes, it
isposm'bletocausemﬁﬁcialmh:bythrowingelecuiﬁeds and or spraying
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a sol carrying charge opposite to the one on the clouds, Spraying of silver
iodide, an electrolyte, on clouds results in its congulation leading to rain.
43. Gelatin which is a peptide is added in icecreams, What can be its role?

Ans. Gelatin act as a emulsifying agent in the icecreams. The emulsifying
agent forms an interfacial film between suspended particles and the
medium.

44. What is collodion?

Ans. Collodion is a 4% solution of nitrocellulose in a mixture of alcohol and
ether.

45. Why do we add alum to purify water?

Ans.Thewaterobtainedﬁ'omnaunalsmucesoﬁencontainssuspended
impuﬁtim.Alumisaddedtosuchwatertocoagulatethe suspended
impurities and make water fit for drinking purposes.

46. What happens when electric field is applied to colloidal solution?

Ans. The existence of charge on colloidal particles is confirmed by
electrophoresis experiment. When electric potential is applied across
two platinum electrodes dipping in a colloidal solution, the charged
colloidal particles start moving towards oppositely charged electrode.
The movement of colloidal particles under an applied electric potential
is called electrophoresis.

47. What causes brownian motion in colloidal dispersion?

Ans. The Brownian movement has been explained to be due to the unbalanced
bombardment of the particles by the molecules of the dispersion medium,
The Brownian movement has a stirring effect which does not permit the
particles to settle and thus, is responsible for the stability of sols.

48. A colloid is formed by adding FeCl, in excess of hot water. What will
happen if excess sodium chloride is added to this colloid?

Ans. By adding FeCl, in excess of hot water a positively charged colloid
is formed. When excess of sodium chloride is added to the solution
negatively charged chloride ions coagulate the positvely charged
colloidal solution of FeCl,.

49. How do emulsifying agents stabilise the emulsion?

Ans.'I‘heemulsifyingagentformsaninterfacialﬁlmbetwcensuspended
particles and the medium.

50. Why are some medicines more effective in the colloidal form?

Ans. Most of the medicines are colloidal in nature. For example, argyrol is
a silver sol used as an eye lotion, Colloidal antimony is used in curing
kalaazar. Colloidal medicines are more effective because they have
large surface area and are therefore easily assimilated.

51. Why does leather get hardened after tanning?

Ans. Animal hides are colloidal in nature. When a hide, which has positively

charged particles, is soaked in tannin, which contains negatively charged
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colloidal particles, mutual coagulation takes place. This results in the
hardening of leather.

How does the precipitation of colloidal smoke take place in Cottrell
precipitator?

Smoke is a colloidal solution of solid particies such as carbon, arsenic
compounds, dust, etc., in air. The smoke, before it comes out from the
chimney, is led through a chamber containing plates having a charge
opposite to that carried by smoke particles. The particles on coming
in contact with these plates lose their charge and get precipitated. The
particles thus scttle down on the fioor of the chamber.

How will you distinguish between dispersed phase and dispersion
medium in an emulsion?

Emulsion can be diluted with any amount of the dispersion medium. On
the other hand, the dispersed liquid when mixed, forms a sepatate layer.

. On the basis of Hardy-Schulze rule explain why the coagulating power

of phosphate is higher than chloride.

Greater the valence of the flocculating ion added, the greater is its power
to cause precipitation. This is known as Hardy-Schuize rule. Phosphate
jon has greater charge (~3) than chioride ion (1), so coagulating power
of PO’ is more than Cl.

Why does bleeding stop by rubbing moist alum?

Blood is 2 colloidal solution of an albuminoid substance. The styptic
action of alum and ferric chloride solution is due to coagulation of blood
forming a clot which stops further bleeding.

Why is Fe(OH), colloid positively charged, when prepared by adding
FeCl, to hot water?

If FeCl, is added to excess of hot water, a positively charged sol of
hydrated ferric oxide is formed due to adsorption of Fe** ions.

Why do physisorption and chemisorption behave differently with rise
in temperature?

Physisorption involves weak vander Waals forces. So, adsorption occurs
mdﬂyatlowtempemhremddacreas&swﬂhinmsingtm:pmahnebecause
vander Waals forces weaken with rise in temperature. Chemisorption
increases on increasing the temperatur¢ because it involves the
formation of chemical bond which requires high energy of activation.
What happens when dialysis is prolonged?

Colloid becomes unstable and coagulation occurs because the traces of
electrolyte which is needed for the stabilization of the sol get removed due
to prolonged dialysis.

Why does the white precipitate of silver halide become coloured in the
presence of dye eosin.

Because the dye eosin get adsorbed on the surface of the precipitate of
silver halide.
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What is the role of activated charcoal in gas mask used in coal mines?
Gas mask (a device which consists of activated charcoal or mixture
of adsorbents) is usually used for breathing in coal mines to adsorb
poisonous gases.

How does a delta form at the mecting place of sea and river?

River water is a colloidal solution of clay. Sea water contzins a number
of electrolytes. When river water meets the sea water, the electrolytes
present in sea water coagulate the colloidal solution of clay resulting in
its deposition with the formation of delta.

Give an example where physisorption changes to chemisorption with
rise in temperature, Explain the reason for change,

- Adsorption of H, on finely divided nickel is an example of physisorption

but when the temperature is increased it changes into chemisorption.
Hydroger molecule dissociate into hydrogen atom and form chemical
bond at the surface of the metal.

Why is desorption important for a substance to act as good catalyst?
The reactants must get adsorbed reasonably strongly on to the catalyst
to become active. However, they must not get adsorbed so strongly that
they are immobilised and other reactants are left with no space on the
catalyst’s surface.

Desorption is very important so that the surface of the catalyst can be
available for the other reactant,

What is the role of diffusion in heterogenous catalysis?

The catalytic process in which the reactants and the catalyst are in
different phases is known as heterogencous catalysis. First step involve
in the heterogeneous catalysis is the diffusion of reactant on the surface
of catalyst which facilitates adsorption. Second step involves diffusion
of reaction products away from the catalyst’s surface leaving the surface
free for more ractant molecules to get adsorbed and undergo reaction. It
is also very important for the whole process of catalysis.

- How does a solid catalyst enhance the rate of combination of gaseous

molecules?

The surface of the catalyst unlike the inner part of the bulk, has free
valencies which provide the seat for chemical forces of attraction, When
2 gas comes in contact with such a surface, its molecules are held up
there due to loose chemical combination. Different molecules adsorbed
side by side have better chance to react and form new moleculs. This
enhances the rate of reaction, Also, adsorption is an exothermic process.
The heat released in the process of adsorption is utilised in enhancing

Do the vital functions of the body such as digestion get affected during
fever? Explain your answer.
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Ans. The rate of an enzyme reaction is maximum at a definite temperature,
called the optimum temperature. On either side of the optimum
temperature, the enzyme activity decreases. The optimum temperature
range for enzymatic activity is 298-310 K. Human body temperature
being 310 K is suited for enzyme-catalysed reactions. Therefore during
fever, catalytic activity of the enzyme may get affected.

V. MarcHme TyPE
Note: Match the items of Column I and Column I in the following questions:
67. Method of information of solution is given in Column I. Match it with
the type of solution given in Column IL
~ .~  Colmnl - - - umu I
(i) Sulphur vapours passed through | () Normal electrolyte solution
cold water
| (ii) Soap mixed with water above | (5) Molecular colloids
critical micelle concentration
(iif) White of egg whipped with water | (c) Associated colloid
(iv) Soap mixed with water below | (4) Macro molecular colloids
critical micelle concentration
Ans. () — () (i) = (© (i) — (@) () — (@)
Explanation:
() By passing vapours of sulphur through cold water sulphur sol can
be prepared which is a molecular colloid.
(ii) When soap is mixed with water above critical micelle concentration
forms associated colloid. :
(iif) White of egg whipped with water forms macromolecular colloid.
(iv) Soap mixed with water below critical micelle concentration behave
as normal electrolyte.
68. Match the statement given in Column I with the phenomenon gives in
Column 11

(/) Dispersion medium moves in an electsic field | (@) Osmosis

(i) Solvent molecules pass through semi permeable | (5) Electrophoresis
membrane towards solvent side
(iii) Movement of charged colloidal particles| (c) Electroosmosis
under the influence of applied electric potential

towards oppositely charged electrodes
(#v) Solvent moleculespassthrough semi permeable | (d) Reverse osmosis
membranes towards solution side
Ans. () — () (i) — (d) (iif) — (b) ) —@
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Explanation:

() When electrophoresis, i.e., movement of particles is prevented by
some suitable means, it is observed that the dispersion medium
begins to move in an electric field. This phenomenon is termed
Electroosmosis. 7

(i) Solvent molecules pass through semi-permeable membrane towards
solvent side is termed as reverse osmosis.

(ii)) When electric potential is applied across two platinum electrodes
dipping in a colloidal solution, the colloidal particles move towards
one or the other electrode. The movement of colloidal particles
under an applied electric potential is called electrophoresis.

() Solvent molecules pass through semipermeable membrane towards
solution side is termed as osmosis.

() Protective colloid (@) FeCl, + NaOH
(ii) Liquid-liquid colloid (b) Lyophilic colloids
(i) Positively charged colloid (¢) Emulsion
(iv) Negatively charged colloid (d) FeCl, + hot wataer
Ans. (i) — (b) (i)) = () Gi)) — (d) ) — (@
Explanation:

70. Match the types of colloidal systems given in Column I with the name

L - Column oo Column T
() Solid in lquid (@) Foam
(i) Liquid in solid (%) Sol
| (i) Liquid in liquid (c) Gel
(#v) Gas in liquid (d) Emulsion

{?) Lyophilic colloids have a unique propetty of protecting lyophobic
colloids. When a lyophilic sol is added to the lyophobic sol, the
lyophilic particles form a layer around lyophobic particles and thus
protect the colloid,

(ii) If a mixture of two immiscible or partially miscible liquids is
shaken, a coarse dispersion of one liquid in the other is obtained
which is called emulsion.

(iii) If FeCl, is added to excess of hot water, a positively charged sol of
hydrated ferric oxide is formed due to adsorption of Fe** joms.

(iv) When ferric chloride is added to NaOH a negatively charged sol is
obtained with adsorption of OH- ions. :

given in Columm II.

Aps. () —(b) (@) — (o) (i) — ) () = (@)
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(i) liquid solid __gel
(iii) liquid liquid emmlsion
@) gas liquid foam
71. Match the items of Column 1 and Column IL
T T rTT
(a) Cleansing action of soap
(ii) Peptisation {b) Coagulation
- | (i) Emulsification (c) Colloidal sol formation
(iv) Electrophoresis (d) Purification
As. (D — @) (i) — (<) (ii) — (a) (iv) - (®)

Explanation:
(i) Dialysis: process used for the purification of colloid.

(i) Peptisation: Peptisation may be defined as the process of converting
aprecipitate into colloidal sol by ghaking it with dispersion medium
in the presence of small amount of electrolyte.

(iif) Emulsification: Process of cleansing of oil and dirt from soap by
emulsification.

(iv) Electrophoresis: The movement of colloidal particles under an
applied electric potential is called electrophoresis.

72. Match the items of Column I and Column IL

Column I 0 7 Colmmalf:
(i) Butter (a) dispersion of liquid in liquid
(i) Pumice stone (b) dispersion of solid in liquid
(i) Milk (c) dispersion of gas in solid
(iv) Paints (d) dispersion of liquid in solid
Aps. ()— () (i) = (©) (iif) — (a) (iv) — (d)
Explanation:
Dispersed phase. | Dispersion medium | Ex: cofloidal selution
solid Tiquid butter
__gas solid Pumice stone
ligquid liquid milk
solid liquid paint

V. AsserTioN AND ReasoN Tyre
Note: In the following questions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following choices.
()] Assertion and reason both are correct and the reason is correct
explanation of assertion.
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(i) Assertion and reason both are correct but reason does not explain
Assertion.
(#i) Assertion is correct but reason is incorrect.
(#v) Both assertion and reason are incorrect.
(v) Assertion is incorrect but reason is correct.
73. Assertion : An ordinary filter paper impregnated with collodion
solution stops the flow of colloidal particles.
Reason : Pore size of the filter paper becomes more than the size of
colioidal particle.
Auns. (iii)
Explanation: Colloidal particles can pass through ordinary filter paper
because the pores are too large. Howev , the pores of filter paper can
be reduced in size by impregnating with collodion solution to stop the
flow of colloidal particles.
74. Assertion : Colloidal solutions show colligative properties.
Reason : Colloidal particles are large in size. .
Ans. (i)
Explanation: Colloidal particles being bigger aggregates, the mumber
of particles in a colloidal solution is comparatively small as compared
to a true solution. Hence, the values of colligative properties (osmotic
pressure, lowering in vapour pressure, depression in freezing point and
elevation in boiling point) are of small order as compared to values
shown by true solutions at same concentration,
75. Assertion : Colloidal solutions do not show brownian motion,
Reason  : Brownian motion is responsible for stability of sols.
Ans, (v)
Explanation: Colloidal particle shows Brownian movement, The
Brownian movement has a stirring effect which does not permit the
patticles to settle and thus, is responsible for the stability of sols.
76. Assertion : Coagulation power of AP* is more than Na*,
Reason  : Greater the valency of the flocculating ion added, greater
is its power to cause precipitation (Hardy Schulze rule).
Ans, (i)
Explanation: The greater the valence of the flocculating ion added,
the greater is its power to cause precipitation. This is known as Hardy-
Schulze rule. In the coagulation of a negative sol, the flocculating power
is in the order: AP* > Ba?* > Na*, 7
77. Assertion : Detergents with low CMC are more economical to use.
Reason  : Cleansing action of detergents involves the formation of
micelles. These are formed when the concentration of
detergents becomes equal to CMC.
Ans, (i)
Explanation: Detergents with low CMC are more economical to use
as they involves the formation of micelle which is used for cleaning
of oil and dirt from our cloth, Micelle formation takes place when the
concentration of detergent become equal to CMC.
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V1. Long ANsSweR TYPE

78. What is the role of adsorption in heterogenous catalysis?
Ans. Inheterogeneouscatalysisreactantsare generally in gasphase andcatalyst

are in solid phase.The activity of a catalyst depends upon the strength
of chemisorption to a large extent. The reactants must get adsorbed
reasonably strongly on to the catalyst to become active. However, they
must not get adsorbed so strongly that they are immobilised and other
reactants are left with no space on the catalyst’s surface for adsorption.
it has been found that for hydrogenation reaction, the catalytic activity
increases from Group 5 to Group 11 metals with maximum activity
being shown by groups 7-9 elements of the periodic table. Catalyst also
direct a reaction to yield a particular product. For example, starting with
H, and CO, and using different catalysts, we get different products.

79. What are the applications of adsorption in chemical analysis?
Aps. (i) Separation of inert gases: Dhue to the difference in degree of adsorption

80.

Ans,

81.

Ans.

of gases by charcoal, a mixture of moble gases can be separated by
adsorption on cocomut charcoal at different temperatures.

(i) Adsorption indicators; Surfaces of certain precipitates such as silver
halidahavethepmpertyofadsorbingsomedymlikeeosin,ﬂuomoein,
etc. and thereby producing a characteristic colour at end point.

(it}) Chromatographic analysis: Chromatographic analysis based on
the phenomenon of adsorption finds a number of applications in
analytical and and industrial fields.

What is the role of adsorption in froth floatation process used especially

for concentration of sulphide ores?

This method has been in use for removing gangue from sulphide ores.

In this process, a suspension of the powdered ore is made with water.

To it, collectors and froth stabilisers are added. Collectors (e.g., pine

oils, fatty acids, xanthates, etc.) enhance non-wettability of the mineral

particles and froth stabilisers (. g., cresols, aniline) stabilise the froth.

What do you understand by shape selective catalysis? Why are zeolites

good shape selective catalysts?

The catalytic reaction that depends upon the pore structure of the catalyst

and the size of the reactant and product molecules is called shape-

selective catalysis. Zeolites are good shape-selective catalysts because
of their honeycomb-like structures. They are aluminosilicates with
three dimensional network of silicates in which some silicon atoms are
replaced by aluminium atoms giving Al-O-Si framework. The reactions
taking place in zeolites depend upon the size and shape of reactant and
product molecules as well as upon the pores and cavities of the zeolites.

They are found in nature as well as synthesised for catalytic selectivity.

Zeolites are being very widely used as catalysts in petrochemical

industries for cracking of hydrocarbons and isomerisation.

aaa

SuRFACE CHEMISTRY B 87


http://www.cbsepdf.com

www.cbsepdf.com

General Principles and
6 Processes of Isolation
YA of Elements

I. MuLtieLe CHoice QuesTions (T YPE-])
L. In the extraction of chlorine by electrolysis of brine
() oxidation of CI- jon to chlorine gas occurs.
(ii) reduction of CI jon to chlerine gas occurs.
(i5) For overall reaction AG® has negative value.
() a displacement reaction takes place.
Ans. ()
Explanation: 2H,0(f) + 2CI- (aq) — 20H- (aq) + H,(g) + CL(g)
The AG® for this reaction is + 422 kJ. When it is converted to E®
(using AG® = - nESF), we get E°=-22 V. Naturally, it will require an
external e.m.f. that is greater than 2.2 V. But the electrolysis requires
an excess potential to overcome some other hindering reactions. Thus,
Cl, is obtained by electrolysis giving out H, and aqueous NaOH as
byproducts. Electrolysis of molten NaCl is also carried out, But in that
case, Na metal is produced and not NaOH.
2, When copper ore is mixed with silica, in a reverberatory furnace copper
matte is produced. The copper matte contains .
(7) sulphides of copper (II) and iron 1n
(i) sulphides of copper (IT) and iron (1)
(iii) sulphides of copper (I) and iron (1)
() sulphides of copper (I) and iron (1)
Ans. (iii)
Explanation: the ore is heated in a reverberatory furnace after mixing
with silica. In the furnace, iron oxide ‘slags of” as iron silicate and
copper is produced in the form of copper matte, This contains Cu,S and
FeS.
FeO + §i0, > FeSiO, (slag)
Which of the following reactions is an example of autoreduction?
(i) Fe,0,+4C0O —» 3Fe + 4co,
(in 0+C—->2Cu+CO
(ii)) Cu** (aq) + Fe (§) - Cu (s) + Fe2* (aq)

(W) Cu,0 + -;—Cu?S—>SCu+ %so2
Ans. ()

3
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Explanation: In this reaction copper (I) oxide is reduced by copper (I)
sulphide. Here copper is reduced by itself hence this process is known

as autoreduction.
4. A number of elements are available in earth’s crust but most abundant
elementsare ..
() AlandFe (i) Aland Cu
(#ii) Fe and Cu (iv) Cuand Ag
Ans. ()

Explanation: Among metals, aluminium is the third most abundant
clement in earth’s crust (8.3% approx. by weight). It is a major
component of many igneous minerals including mica and clays. Iron is
the second most abundant metal in the earth’s crust.
5, Zone refining is based on the principle that .
(i) impurities of low boiling metals can be separated by distillation.
(i) impurities are more soluble in molten metal than in solid
metal.
(iii) differeny components of a mixture are differently adsorbed on an
adosroent.
(iv) vapours of volatile compound can be decomposed in pure metal.
Ans. (i)
Explanation: In zone refining method a circular mobile heater is fixed
at one end of a rod of the impure metal. The molten zone moves along
with the heater which is moved forward. As the heater moves forward,
the pure metal crystallises out of the melt and the impurities pass on into
the adjacent molten zone (See given Fig.).

Metal rod ———3 Inductioin-coil
Moiten zone heaters moving
as shown
6. In the extraction of copper from its sulphide ore, the metal is formed by
the reduction of Cu,0 with
(i) FeS @) CO
(iii) Cu,S @iv) SO,
Ans. (i)

Explanation: 2Co,0 + Cu,S — 6Cu + SO,
The solidified copper obtained has blisiered appearance due to the
evolution of SO, and so it is called blister copper.
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7. Brine is electrolysed by using inert electrodes. The reaction at anode is

() CF (1) > 2CL @)+ & B, = 136V
(i) 2H,0 (1) > O, (g) + 4H" + 4e~; EQy=1.23V
(iff) Na* (ag.) + e~ — Na(s) ; ER =271V
() H' (ag) + e — %Hz @®; EQ, = 0.00V
Ans, (3

Explanation: The reaction at anode with lower value of ER ; is preferred
but due to overvoltage oxygen cannot be obtained in this process.
8. In the metallurgy of aluminium
() AP* is oxidised to Al (s).
(i) graphide anode is oxidised to carbon monoxide and carbon
dioxide.
(i) oxidation state of oxygen changes in the reaction at anode,
(#) oxidation state of oxygen changes in the overall reaction involved
in the process.
Ans, (i)
Explanation: 2A!203 +3C o> 4A1+ 3Co,
This process of electrolysis is widely known as Hall-Heroult process.
Thus electrolysis of the molten mass is carried out in an electrolytic cell
using carbon electrodes. The oxygen liberated at anode reacts with the
carbon of anode producing CO and Co,.
9. Electrolytic refining is used to purify which of the following metals?

() Cuand Zn (i) Ge and Si
(iif) Zr and Ti (v} Zn and Hg
Ans. (i)

Explanation: Zinc and copper can be purified by electrolytic method.

In this method, the impure metal is made to act ag anode. A strip of the

same metal in pure form is used as cathode. They are put in a suitable

electrolytic bath containing soluble salt of the same metal.

The more basic metal remains in the solution and the less basic ones go

to the anode mud.

10. Extraction of gold and silver involves leaching the metal with CN— ion.

The metal is recovered by .
(#) displacement of metal by some other metal from the complex jon.
(i) roasting of metal complex.

(iif) calcination followed by roasting,

(#v) thermal decomposition of metal complex.

Ans, ()
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Explanation: Extraction of gold and silver involves Jeaching the metal
with CN-. This is also an oxidation reaction (Ag — Ag* or Au —> Auh).
The metal is later recovered by displacement method.

4Au(s) + BCN(ag) + 2H,0(ag) + O,g) > H{AUCN), [ ag) + 40H (ag)
2[Au(CN),I(ag) + Zn(s) —> 2Au(s) + [Z0(CN),}; (aq)

Note: Answer the questions 11-13 on the basis of figure.

—700 3

¢ 460 800 1500 1600 21500
Temperature (°C) >
11. Choose the correct option of temperature at which carbon reduces FeO
to iron and produces CO.

(7)) Below temperaturc at point A.
(i) Approximately at the temperature corresponding to point A.
(iif) Above temperature at point A but below temperature at point D.
(iv) Above temperature at point A.
Ans. (V)
Explanation: At temperatures above point A, the C, CO line comes
below the Fe, FeO line [AG ¢, ¢q) < AG g, I_.eo)]. So in this range, coke
will be reducing the FeO and will itself be oxidised to CO.
12, Below point ‘A’FeOcan .
(?) be reduced by carbon monoxide only.
(if) be reduced by both carbon monoxide and carbon.
(iii) be reduced by carbon only.
(iv) not be reduced by both carbon and carbon monoxide.
Ans. (i) J
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Explanation: Below the point A, Gibbs free energy change for the
formation of CO, from CO has lower value than Gibb's free energy
change for the formation of FeQ. AG, gy Hence FeO will be reduced
by CO only below point A.
13. For the reduction of FeO at the temperature corresponding to point D,
which of the following statements is correct?
() AG value for the overall reduction reaction with carbon monoxide
is zero.
(i) AG value for the overall reduction reaction with a mixture of
1 mol carbon and 1 mol oxygen is positive.
(#ii) AG value for the overall reduction reaction with a mixture of
2 mol carbon and 1 mol oxygen will be positive.
(iv) AG value for the overall reduction reaction with carbon monoxide
is negative.
Ams. ()
Explanation: At point D, AG curve for the formation of CO, from CO
and FeO from Fe intersect each other therefore, overall reduction of
FeO with CO is zero.
Il. MuLipLE Chotce QuesTions (T YPe-H)
Note: In the following questions two or more options may be correct.
14. At the temperature corresponding to which of the points in Fig. 6.1, FeQ
will be reduced to Fe by coupling the reaction 2FeQ —» 2Fe + 0, with

all of the following reactions?
(@ C+0,-CO,(h)2C + 0, 2CO and () 2CO + 0, - 2Co,
(!) Point A (#) Point B

(iti) Point D (iv) Point E

Ans. (7)) and (#v)
Explanation: Below the point B and E, FeO will be reduced to Fe by
all the three reactions shown above AG ¢ ), AGc, cor AG(co, co, lie
below AGg, Feo) CUrve at point B and E.
15. Which of the following options are correct?
(i) Cast iron is obtained by remelting pig iron with scrap iron and
coke using hot air blast.
(if) In extraction of silver, silver is extracted as cationic complex.
(éi) Nickel is purified by zone refining,
(iv) Zr and Ti are purified by van Arkel method.
Ans. (i) and (iv)
Explanation: Cast iron is different from pig iron and is made by melting
pig iron with scrap iron and coke using hot air blast.
—» van Arkel method is used for the refining of Zr and Ti
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The crude metal is heated in an evacuated vessel with jodine. The metal
jodide being more covalent, volatilises:
Zr+2L, > 711,
The metal iodide is decomposed on a tungsten filament, electrically
heated to about 1800K. The pure metal is thus deposited on the
filament.
Zsl, > Zr+ 21,
16. In the extraction of aluminium by Hall-Heroult process, purified AL,O,
is mixed with CaF, to
(7) lower the melting point of. ALO,.
(i7) increase the conductivity of molten mixture.
(iii) reduce AP into Al(s).
(iv) acts as catalyst.
Ans. (i) and (i)
Explanation: In the metallurgy of aluminium, purified AL,0, is mixed
with Na,AlF or CaF, which lowers the melting point of the mix and
brings conductivity.
17. Which of the following statements is correct about the role of substances
added in the froth floation process?
(i) Collectors enhance the non-wettability of the mineral particles.
(i) Collectors enhance the wettability of gangue particles.
(iif) By using depressants in the process two sulphide ores can be
separated.
(iv) Froth stabilisers decrease wettability of gangue.
Ans. () and (i)
Explanation: In froth floatation process, a suspension of the powdered
ore is made with water. To it, collectors and froth stabilisers are added.
Collectors (e.g., pine oils, fatty acids, xanthates, etc.) enhance non-
wettability of the mineral particles and froth stabilisers (e.g., cresols,
aniline) stabilise the froth.
18. In the Froth Floatation process, zinc sulphide and lead sulphide can be
separated by
() using collectors.
(if) adjusting the proportion of oil to water.
(iif) using depressant.
(iv) using froth stabilisers.
Ans. (i) and (jii)
Explanation: In froth floatation process it is possible to scparate
two sulphide ores by adjusting proportion of oil to water or by using
*depressants’. For example, in case of an ore containing ZnS and PbS,
the depressant used is NaCN.
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19. Common impurities present in bauxite are
(@ Cuo (i ZnO
(iff) Fe,0, () SiO,
Ans, (iif) and (iv)
Explanaion: The principal ore of aluminium, bauxite, usually contains
8i0,, iron oxides and titanium oxide (TiO,) as impurities.
20. Which of the following ores are concentrated by froth floation?
() Haematite (i) Galena
(iii) Copper pyrites (iv) Magnetite
Ans. (i) and (i)
Explanaion: Froth floatation method — is generally used for sulphide
ore. Here galena (PbS) and copperpyrites (CuFeS,) are sulphide ores,
21. Which of the following reactions occur during calcination?
(?) CaCO; > CaO + Co,

) 1
(#) 2FeS, + =0, Fe,0, + 450,

(ii)) ALO,x H,0 > ALO, +x H0
(v) ZnS + %02 —>7Zn0+ SO,

Ans. (i) and (iif)
Explanation: Calcinaton involves heating when the volatile matter escapes
leaving behind the metal oxide. It is generally done in absence of air.

22. For the metallurgical process of which of the ores calcined ore can be
reduced by carbon?
(Y) haematite (i) calamine
(éif) iron pyrites (#v) sphalerite
Ans. (i) and (if)
Explanation: In metallurgical process the oxide ore can be reduced
by carbon. Iron pyrite and sphalerite are sulphide ores that cannot be
reduced by carbon,
23. The main reactions occurring in blast furnace during extraction of iron
from haematite are .
(i) Fe,0, +3CO — 2Fe + 3C0,
(ii) FeO + 8i0, — FeSiO,
(iii) Fe,0,+3C — 2Fe +3C0O
{iv) CaO +8i0, - CaSio,
Ans. (i) and (iv)
Explanation:
(9} Itis the carbon monoxide which is the main reducing agent in the
furnace.
()] Thisisanendothernﬁcreacﬁon,ahsorbinghmtﬁ'omtheﬂmce.ltis
ﬂlereforeimporlantnottoaddtoomuchIimMOnebewuseitwould
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otherwise cool the furnace. Calcium Oxide is a basic oxide and reacts
with acidic oxides such as Silicon dioxide present in the rock.
Calcium oxide reacts with silicon dioxide to give calcium silicate.

24. Tn which of the following method of purification, metal is converted to

Ans.

its volatile compound which is decomposed to give pure metal?

(i) heating with stream of carbon monoxide. '

(#7) heating with iodine.

(iii) liquation. (#v) distillation.

(i) and (@)

Explanation; In vapour phase refining method, the metal is converted
into its volatile compoundand collected elsewhere. Itis then decomposed
to give pure metal.
Mond process for refining Nickel: In this process, nickel is heated in a
streamof carbon monoxide forming a volatile complex, nickel tetracarbonyl.

Ni+4co 222K, Ni(CO),

The carbonyl is subjected to higher temperature so that it is decomposed
giving the pure metal:
Ni(C0), 22-410% Ni +4C0

The metal iodide being more covalent, volatilises:

Zr+2L, - Z1,
The metal iodide is decomposed on a tungsten filament, electrically
heated to about 1800 K. The pre metal is thus deposited on the filament.

Zrl, - Zr+2,

. Which of the following statements are correct?

(i) A depressant prevents certain type of particle to come to the froth.
(ii) Copper matte contains Cu,S and ZnS.
(i) The solidified copper obtained from reverberatory furnace has
blistered appearance due to evolution of SO, during the extraction.
() Zinc can be exiracted by self-reduction.
(i) and (iii)
Explanation:

(i) — depressant prevents certain type of particle to come to the
froth for example, in case of an ore containing ZnS and FbS,
the depressant used is NaCN.

(i) —» Copper matte contains Cu,S and FeS.

(ii) — The solidified copper obtained has blistered appearance due
to the evolution of SO, and so it is called blister copper.

(v) » Zinc can be extracted from ZnO by reducing it with carbon.

26. In the extraction of chlorine from brine .

(i) AG® for the overall reaction is negative.
(if) AG® for the overall reaction is positive.
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(i) E® for overall reaction has negative value.

(iv) E® for overall reaction has positive value,

(i) and (iif)
Explanation: Extraction of chlorine from brine (chlorine is abundant in
5ea water as common salt).
2Cl(aq) + 2H,0() - 20H-(ag) + H,(g) + CL(g)
AGP® for the reaction is 422 kJ. When it is converted to E© (using AG®
=—nE®F), we et F®=-22V. Naturally, it will require an external
emf that is greater than 2.2 V. But the electrolysis requires an excess
potential to overcome some other hindering reactions.

Ml. SHorT ANSWER TYPE

27.

Ans,

29.

30.
Ans.

a1
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Why is an external emf of more than 2.2V required for the extraction of
Cl, from brine?
Extraction of chlorine from brine (chlorine is abundant in sea water as
common salt).

2Cl (aq) + 2H,0() — 20H-(aq) + Hy(g) + Cl(g)
AGE for this reaction is +422 kI,
When it is converted to E® (using AG® =— nE®F), we getE®=-22V,
Naturally, itwillrequireanextemalemfthatisgreaterthanz.zv

- At temperatures above 1073 K coke can be used to reduce FeO to Fe.

How can you justify this reduction with Ellingham diagram?

. At temperatures above 1073 K (approx.), the C,CO line comes below

the Fe,FeO line [AG ¢ 0, <AG o, Feqyl- SO in this range, coke will be
reducing the FeO and will itself be qrlised to CO.

Wrought iron is the purest forin of iron. Write a reaction used for the
preparation of wrought iron from cast iron. How can the impurities of
sulphur, silicon and phosphorus be removed from cast iron?

. Wrought iron or malleable iron is the purest form of commercial iron

and is prepared from cast iron by oxidising impurities in a reverberatory
furnace lined with haematite. This haematite oxidises carbon to carbon
monoxide:
Fe,0, + 3C — 2Fe + 3CO

Limestone is added as flux silicen, sulphur and phosphorus are oxidised
and passed into the slag. The metal is removed and freed from the slag
by passing through rollers.
How is copper extracted from low grade copper ores?
Copper is extracted by hydrometallurgy from low grade COpper ores,
It is leached out using acid or bacteria, The solution containing Cu?* is
treated with scrap iron or H,.

Cu**(ag) + Hy(g) - Cu(s) + 2H*(ag)
Write two basic requirements for refining of a metal by Mond process
and by van Arkel Method.
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Ans. Two basic requirements for both processes are:

() Themetal should form a volatile compound with an available reagent.
(i) The volatile compound should be easily decomposable, so that the
recovery of metal is easy.

32. Although carbon and hydrogen are better reducing agents but they are
not used to reduce metallic oxides at high temperatures. Why?

Ans. Carbon and hydrogen are not used to reduce mefallic oxides at high
temperatures as they react with metal at high temperature to form
carbides and hydrides respectively.

33. How do we separate two sulphide ores by Froth Floatation Method?
Explain with an example.

Ans. It is possible to separate two sulphide ores by adjusting proportion of
oil to water or by using ‘depressants’. For example, in case of an ore
containing ZnS and PbS, the depressant used is NaCN. It selectively
forms complex with ZnS prevents it from coming to the froth but allows
PbS to come with the froth.

34, The purest form of iron is prepared by oxidising impurities from cast
iron in a reverberatory furnace. Which iron ore is used to line the
furmace? Explain by giving reaction.

Ans. Haematite ore is used to line the fumace. This haematite oxidises carbon
to carbon monoxide:

Fe,0,+3C — 2Fe+3CO

35. The mixture of compounds A and B is passed through a column of
AL, by using alcohol as eluznt. Compound A is eluted in preference to
compound B. Which of the compounds A or B, is more readily adsorbed
on the column?

Ans, Compound ‘B’ is more readily adsorbed on column. Since compound
A is eluted in preference to B.

36. Why is sulphide ore of copper heated in a furnace after mixing with silica?

Ams. The sulphide ore of copper contains iron oxide as impurity. So, it is
heated in a reverberatory fumace after mixing with silica. In the furnace,
iron oxide ‘slags of” as iron silicate and copper is produced in the form
of copper matte. This contains Cu,S and FeS.

FeO +5i0, — FeSiO,

Copper matte is then charged into silica lined convertor.
37. Why are sulphide ores converted to oxide before reduction?
Ans. Sulphide ores are very difficult to reduce while metal oxide can be
reduced easily.
38. Which method is used for refining Zr and Ti? Explain with equation.
Ans. van Arkel method is very useful for removing all the oxygen and
nitrogen present in the form of impurity i certain metals like Zr and Ti.
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The crude metal is heated in an evacuated vessel with iodine. The metal
iodide being more covalent, volatilises.

Zr+21, - Z11,
Metal iodide electrically heated to about 1800 K. The pure metal is thus
deposited on the filament.

Ll, —» Zr+21, ;
What should be the considerations during the extraction of metals by
electrochemical method? '

Ans. For the reduction of molten metal electrolysis is done. Such methods

40.

are based on electrochemical principles which could be understood
through the equation,
AG® =— sE°F

Here 7 is the number of electrons and E® is the electrode potential of
the redox couple formed in the system. More reactive metals have large
negative values of the electrode potential. So their reduction is difficult.
If the difference of two E® values corresponds to a positive E© and
consequently negative AG® in equation , then the less reactive metal
will come out of the solution and the more reactive metal will go to the
solution, e.g.,

Cu?* (ag) + Fe(s) ~> Cu(s) + Fe** (ag)
What is the role of flux in metallurgical processes?

Ans. Flux is used to remove gangue particle from the ore and it also make the

41.

molten mass more conducting.
How are metals used as semiconductors refined? What is the principle
of the method used?

Ans. Zone refining method is very useful for producing semiconductor and other

42.

metals of very high purity, e.g., germanium, silicon, boron, This method is
based on the principle that the impurities are more soluble in the melt than
in the solid state of the metal. A circular mobile heater is fixed at one end of
arod of the impure metal. The molten zone moves along with the heater
which is moved forward. As the heater moves forward, the pure metal
crystallises out of the melt and the impurities pass on into the adjacent
molten zone. The process is repeated several times and the heater is
moved in the same direction. At one end, impurities get concentrated.
Write down the reactions taking place in Blast furnace related to the
metallurgy of iron in the temperature range 500-800 K .

Ans. At 500 — 800 K (lower temperature range in the blast furnace):

43,
Ans,

3Fe,0, + CO — 2Fe,0, + CO,
Fe,0,+4CO -> 3Fe +4C0,
Fe,0,+CO— 2Fe0 +CO,
Give two requirements for vapour phase refining,
The two requirements for vapour phase refining are:
(i) The metal should form a volatile compound with an available
reagent,
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(i) The volatile compound should be easily decomposable, so that the
recovery is easy. ‘
44. Write the chemical reactions involved in the extraction of gold by
cyanide process. Also give the role of zinc in the extraction.
Ans. Extraction of gold and silver involves leaching the metal with CN~, This
is also an oxidation reaction.
(Ag = AgtorAu — Auh).
The metal is later recovered by displacement method.
4Auls)+ BCN-(ag) + 2H,0(ag) + O,g) - 4[ Au(CN), | {ag) + 4OH (ag)
* 2[Au(CN),Iag) + Zn(s) > 2Au(s) + [Zn(CN) ] (ag)
In this reaction zinc acts as a reducing agent.
IV. MarcHine TYPE

Note : Match the items given in Column I and Column IT in the following
questions:
45. Match the items of Column I with items of Column II and assign the

(A) | Pendulum )

(B) | Malachite (2) |Nickel steel

(C)_| Calamine (3) | Na,AIF,

D) | Cryolite 4) | CuC0O,.Cu (OH),
(5) | ZacCo,

Code :

MANBQRCGD@H MARBMAHCGEDE)

() AQBRCMHDEG) MADBGBCHDE

Ans, (ii)

Explanation:
A. Pendulum is made up of nickel steel
B. Malachite — CuCO,Cu(OH),
C. Calamine —~ZnCO,
D. Cryolyte — Na,AlF,

46. Match the items of Column [ with the items of Column IT and assign the

correct code :
(A) | Coloured bands (1) | Zone refining
(B) |Impure metal to volatile | (2) | Fractional distillation

complex
(C) | Purification of Ge and Si | (3) | Mond Process

(D) | Purification of mercury | {(4) | Chromatography
(5) | Liquation
GeNeRAL PRINCIPLES AND PROCESSES CF ISOLATION oF ELEMENTS B8 99
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Code : :
) AMBR)C@DGB) @MAADBBRC(I)D(2)
(@) AG)B@C@)D(1) @MWAGBMACEDE)
Ans. (i)
Explanation;
A. Coloured bands are observed in chromatography.
B. Monds process is used to convert impure metal into volatile complex
compound.
C. Ge and Si can be purified by zone refining method.
D. Distillation is done for low boiling metal like mercury.
47. Match items of Column I with the items of Column II and assign the
correct code :

ml o Column L
(A) | Cyanide process Ultrapure Ge
(B) | Froth Floatation Process |(2) | Dressing of ZnS
(C) | Electrolytic reduction (3) | Extraction of Al

(D) | Zone refining (4) | Exiraction of Au

' (5) | Purification of Ni

Code : :
) A@DBQ@CE)D() ") AQ@BEC()DEG)
() ADBQ)CB3)DE@) @™ ABGBM@CEG)DO)
Ans, (i)
Explanation:
A. For the extraction of Au, cyanide process is used.
B. Froth floatation process is used for sulphide ore like for ZnS.
C. Electrolytic reduction can be used for the extraction of Al
D. Zone refining is used for ultrapure Ge.
48. Match the items of Column I with the items of Colomn IT and assign

(A) Sapphre L i Tas:
(B) | Sphalerite (2) | NaCN
(C) | Depressant 3) |Co '
(D) | Corundum (4) jZnS

(3 {Fe,0,
Code:

) AGBMACE2)DA) ((HAGBMACAEDQ)
@) AQBE)CADG) MAMB@RCED®
Ans. ()
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Explanation:
A. Sapphire is a gemstone containing Co
B. Sphalerite single is ZnS
C. NaCN is used as depressant
D. ALO, is known as corundum
49. Match the items of Column I with items of Cotumn II and assign the
correct code :

(A) | Blisterred Cu (1) | Aluminium
(B) | Blast furnace @) | 2Cw,0 + Cu,8 - 6Cu+ S0,
(C) | Reverberatory furnace (3) | fron
(D) | Hall-Heroult process (4) | FeO + SiO, - FeSiO,

(5) [2CuS +30,—» 2Cu,0 + 250,

Code :
HA@B@EC@HDM) HAMBEAC (3)D(3)
(i) AGB@HCRDQ@ G®AGBBEC 3D
Ans. ()
Explanation:
A. —2Cu,0+Cuy,S - 6Cu+ SO, (6.40)
The solidiﬁedcopperobtainedhasblisteredappeamnce due to the
evalution of SO, and so it is called blister copper.
B. Iron is extracted from blast furnace
C. —>Theoreisheatedinareverbemtoryfumaceaﬁermjxingwith
silica. In the furnace, iron oxide ‘slags of” as iron silicate and
copperisprodlmedmtheformofcoppermntte.
FeO + SiO, > FeSiO;
D. — Hall-Heroult process single is used for the extraction of AL

V. AsSERTION AND Reason TYPe
Note : In the following questions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following cheices.
(x‘)Bothasserlionandreasonareu-uemdreasonisthecon'ect
explanation of assertion.
(i) Bothasserﬁonandreasonareﬂ'uebutreasonisnotthecorrect
explanation of assertion.
(i) Assertion is true but reason is false.
(v) Assertion is false but reason is true.
(v) Assertion and reason both are wrong.

GENERAL PRINCIPLES AND PROGESSES OF ISOLATION OF Ewevents 8 101


http://www.cbsepdf.com

www.cbsepdf.com

50. Assertion : Nickel can be purified by Mond process.
Reason : Ni (CO), is a volatile compound which decomposes at
460K to give pure Ni.
Ans. ()
Explanation: Nickel is heated in a stream of carbon monoxide forming
avolatile complex, nickel tetracarbonyl which on further decomposition
gives pure Ni. This process is called Mond process.

Ni +4C0 240K, ),

Ni(CO), =470, i + 40
51. Assertion : Zirconium can be purificed by van Arkel method.
Reason : Zrl, is volatile and decomposes at 1800 K.
Ans. ()

Explanation: van Arkel method is very useful for removing all the
oxygen and nitrogen present in the form of impurity in certain metals
like Zr and Ti. The crude metal is heated in an evacuated vessel with
iodine. The meta! iodide being more covalent, volatilises and then
decomposes at 1800 K to given pure Zr,

Zr+2I, - Z1,

Zrl, 228, 7+ 21,
52. Assertion : Sulphide ores are concentrated by Froth Flotation method.
Reason : Cresols stabilise the froth in Froth Flotation method.
Ans. (i) '
Explanation: Sulphide ores are concentrated by froth floatation
process. This process is used for Temoving gangue from sulphide ore,
53. Assertion : Zone refining method is very useful for producing
semiconductors.
Reason : Semiconductors are of high purity,
Ans, (i)
Explanation: Zone refining method is very useful for producing
semiconductor and other metals of very high purity, e.g., germanium
$4. Assertion : Hydrometallurgy involves dissolving the ore in a suitable
reagent followed by precipitation by a more electropositive
inetal.
Reason : Copper is extracted by hydrometallurgy.
Anms. (i)
Explanation: Copper is extracted by hydrometallurgy from low grade
ore. Hydrometallurgy involves dissolving the ore in suitable reagent
followed by precipitation in this method more electropositive metal is
usedbywhichpmememlcanbedisplaced.
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V1. LonG ANSWER TYPE

55, Explain the following:

(a) CO, is a better reducing agent below 710 K whereas CO is a better
reducing agent above 710 K.

(b) Generally sulphide ores are converted into oxides before reduction.

(¢) Silica is added to the sulphide ore of copper in the reverberatory
furnace.

(d) Carbon and hydrogen are not used as reducing agents at high
temperatures.

(¢) Vapour phase refining method is used for the purification of Ti.

Ans. (a) From Ellingham diagram it is clear that above 710 K AG ¢ cog
<AG, coy S0 CO, is better reducing agent below 710K wﬁlerms
CO is better reducing agent above 710 K.

(b) Sulphide ores are difficult to reduce that is why it is converied into
oxide before reduction.

(c) Sulphide ore of copper contains jron oxide as impurity. So the ore
is heated in a reverberatory furnace after mixing with silica. In the
furnace, iron oxide *slags of” as iron silicate and copper is produced
in the form of copper matte.

(d) Athigh temperature carbon and hydrogen reacts with metal to form
metal carbides and hydrides respectively.

() Ti can form volatile compound (1,1,) with the iodine and the
compound is easily decomposible to give extra pure Ti. So the
recovery is easy.

aaa
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7 T ELEMENTS

|. MuLTPLE Crioice QuEsTIONS (Tyre-l)

1. On addition of con. H,S0, to a chloride salt, colourless fumes are

¢volved but in case of iodide salt, violet fumes come out. This is because
()) H,S0, reduces HI to L (ii) HI is of violet colour
(ii?) HI gets oxidised to L (iv) HI changes to HIO,
Ans. (jii)

Explanation: When iodide salt reacts with H,80,, Hl is formed which is
8 strong reducing agent. It reduces H,80, to SO, and itself get oxidised
to I,

H,80,+2H1 - SO, + L, +2H,0
(Violet colowr)

2. In qualitative analysis when H,S is passed through an aqueons solution of
salt acidified with dil. HCL, a black precipitate is obtained. On boiling the
precipitate with dil. HNO,, it forms a solution of blue colonr, Addition of
excess of aqueous solution of ammonia to this solution gives

(?) deep blue precipitate of Cu (On,
(#) deep blue solution of [Cu (NH,), 1>
(#ii) deep blue solution of Cu(NO,),
() decp blue solution of Cu(OH)z.Cu(NOJ)2
Ans. (if)
Explanation: When H,S is passed through acidified solution of salt
with dil. HCI black ppt is formed.
Cus0, + H,8 T55 cusd + H,50,
On boiling CuS with dil. HNO, it forms blue coloured solution and the
following reaction occur
3CuS + 8HNO, - 3Cu(NO,), + 2NO + 35S + 4H,0
§ +2HNO, - H,S0, + NO
2Cu?* + 802+ 2NH, + 2H,0 » Cu(OH), . CuSO, + 2NH,0H
Cu(OH), . CuSO, + 8NH, —» 2[Cu(NH,),)SO, + 20H- + S032-
Tetremine ()]
Deep bios sgtaton

3. Inacyclotrimetaphosphoric acid molecule, how many single and double
bonds are present?

() 3 double bonds; 9 single bonds
(i1} 6 double bonds; 6 single bonds
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(0 3 double bonds; 12 single bonds
(#) Zero double bonds; 12 single bonds

Ans. (i)
Explanation; Structure of Cyclotrimetaphosphoric acid
0\ /0\ /0
PN
Ho” | | ~OH
C\ 0
lon
(Cyclotrimetaphosphoric acid)

3-double bonds, 8-single bonds
4. Which of the following elements can be involved in pr—dx bonding?

(i) Carbon (i) Nitrogen
(iti) Phosphorus (iv) Boron
Ans. (iif)

Explanation: Among four choices only phosphorous has vacant d-otbital
5. Which of the following pairs of ions are iso¢lectronic and isostructural?

(H CO%2,NO; (i) Cl0;, COF
(iif) SO, NO; (i) CIO;, SO¥
Ans. (i)

Explanation: No. of electron in both the molecule is = 32
Both has similar structure that is triangular planar.

6. Affinity for hydrogen decreases in the group from fluorine to iodine.
Which of the halogen acids should have highest bond dissociation enthalpy?

() HF (#) HCl
(i) HBr (iv) HI
Ans. (i)

Explanation: On moving down the group atomic radii increases and
bond dissociation enthalpy increases. So the highest bond dissociation
enthalpy is of HF.

7. Bond dissociation enthalpy of E—H (E = element) bonds is given
below. Which of the compounds will act as strongest reducing agent?

Compound NH, PH, AsH, SbH,
A 4s (E—H)/KY mol-1 389 322 297 255
() NH, (if) PH,
(i) AsH, (iv) SbH,
Ans. (iv)

Explanation: On moving down the group size of the central atomn
increases i.e. bond length increases and bond dissociation enthalpy
decreases.
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8. On heating with concentrated NaOH solution in an inert atmosphere of
CO,, white phosphorus gives a gas. Which of the following statement
is incorrect about the gas?

(?) 1t is highly poisonous and has smell like rotten fish.
(i) 1t’s solution in water decomposes in the presence of light.
(#ii) It is more basic than NH,.
(V) 1tis less basic than NH,.
Ans. (it ,
White phosphorous is poisonous, insoluble in water but solublein carbon
disulphide and glows in dark (chemiluminescence). It dissolvesin boiling
NaOH solution in an inert atmosphere giving PH,.
P, +3NaOH + 3H,0 — PH, +3NaH, PO,
9. Which of the following acids forms three series of salts?

() H,PO, (#) H,BO,
(i) H,PO, () H,PO,
Auns. (iff)
]
Explanation: Structure of P
HO/OI o
H

H,PO, has 3-OH groups i.e. has three ionisable H-atoms and hence
forms three series of salts i.e., Nal,PO,, Na,HPO,, and Na,PO,.
10. Strong reducing behaviour of H;PO, is due to
() Low oxidation state of phosphorus
(ii) Presence of two~OH groups and one P-H bond
(#i) Presence of one—-OH group and two P-H bonds
(iv) High electron gain enthalpy of phosphorus
Ans. (iii)
Explanation: In H,PO,, two H atoms are bonded directly to P atom
which imparts reducing character to the acid.
11, On heating lead nitrate forms oxides of nitrogen and lead. The oxides

formed are .
() N,0, PbO (i#) NO,, PbO
(it)) NO, PbO (iv) NO, PbO,
Ans. (i)

Explanation: 2PbNO, — 2PbO + 4NO, +0,
12. Which of the following elements does not show allotropy?

(f) Nitrogen (i) Bismuth
(i) Antimony () Arsenic
Ans, (i)

Explanation: The single N—N bond is weak because of high
inter-electronic repulsion of the non-bonding electrons, owing to the
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small bond length. As a result the catenation tendency is weaker in
nifrogen that is why it does not show allotropy.
13. Maximum covalency of nitrogen is

@3 @5
Gi)) 4 @6
Ans, (ii})

Explanation: The electronic configuration of nitrogen is ns’np’. Nitrogen
is restricted to the maximum covalency of 4 since only four (one s and
three p) orbitals are available for bonding.
14. Which of the following statements is wrong?
(/) Single N-N bond is stronger than the single P-P bond.
(if) PH, canactas a ligand in the formation of coordination compound
with transition elements.
(iff) NO, is paramagnetic in nature.
(#v) Covalency of nitrogen in N,O, is four.
Ans. ()

Explanation: N—N bond is weaker than the single PP bond because
of high interelectronic repulsion of the non-bonding electrons, owing to

the small bond length.
15. A brown ring is formed in the ring test for NOj ion. It is due to the
formation of
() [Fe(H,0); (NO)P* (i) FeSO,NO,
(iii) [Fe(H,0),(NO),** (#) FeSO,.HNO,
Am. ()

Explanation: When freshly prepared solution of FeSO,, is added in a
solution containing NO; ion, it leads to the formation of brown coloured
complex.

NO, +3Fe?* +4H* > O +3Fe?** +2H,0

[Fe(t,,0)6)** + NO - [Fe(H,0)NO}** + H,0
Brownish
16. Elements of group-15 form compounds in +5 oxidation state. However,

bismuth forms only one well characterised compound in +5 oxidation
state. The compound is

() Bi,0, (&) BiF,
(i#f) BiClg (") Bi,S;
Ans. (i)

Explanation: Stability of +5 state decreases from top to bottom but
because of high electronegativity and smaller size of fluorine bismuth
can exist in this form.
17. On heating ammonium dichromate and barium azide separately we get
() N, in both cases
@) N, with ammonium dichromate and NO with barium azide
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@i N OmthmnmommndlchmmnteandN with barium azide

(v) N Ownthammomumd:chmmateandNO with barium azide
Ans. (i)

Explanation: On heating ammonium dichromate and barium azide

separately we get N, gas in both cases.

(NH),Cr,0, 25 N, +4H,0 +Cr,0,

Ba(N,), - Ba+3N,

18. In the preparation of HNO,, we get NO gas by catalytic oxidation of
ammonia. The moles of NO produced by the oxidation of two moles of

NH,willbe .
@2 @3
(i) 4 (iv) 6
Ans., (i)

Explanation: 4NH, + 50, 2, 4NO(g) + 6H,0

Hence, from above equation, oxidation of 2 moles of ammonia will
produce 2 moles of NO.
19. The oxidation state of central atom in the anion of compound NaH,PO,

willbe .
(M +3 (i) +5
@iin +1 () -3
Ans. (i)
Explanation: Oxidation state of NaH,PO,
+1 4+ p -2
Na H, PO,
H+2x+1+x+2 x-2=¢
+3+x-4=0
x—1=0
x=+1
20. Which of the following is not tetrahedral in shape?
() NH* (i) SiCl,
(it}) SF, ) SO7
Ans. (iii)
F
Exntan | _F
xplanation: C_> f<F

It has trigonal brpymgxdal geometry having sp*d hybridisation.
1. Which of the following are peroxoacids of sulphur?
() H,S0, and H,8,0, (i) H,80, and H, 8,0,
(i) H,8,0, and H,S,0, (v) H,8,0, and H,8,0,
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Explanation: Peroxoacids of sulphur must contain —0—0—or

o o o
{HzS05) (H2520g)
22. Hot conc. H,SO, acts as moderately strong oxidising agent. It oxidises
both metals and nonmetals. Which of the following element is oxidised
by conc. H,SO, into two gaseous products?

(® Cu @) S
(i) C () Zn
Ans. (iif)

Explanation: Hot concentrated sulphuric acid is a moderately strong
oxidising agent. Inthis respect, itis intermediate between phosphoric and
nitric acids. Both metals and non-metals are oxidised by concentrated
sulphuric acid, which is reduced to SO,. C is oxidised into two gaseous

C +2H,80 (conc.) > CO,+ 280,+2H,0
23. A black compound of manganese reacts with a halogen acid to give
greenishyellowgas.Whenexcm of this gas reacts with NH, an
unsmbleu-ihalideisformed.lnthisprocesstheoxidaﬁonsmeof

nitrogen changes from . _
() -3to+3 iH-3t00
(iif) —3to+5 (iv)0to-3
Aps. ()
Explanation:
+ + +
}‘3&?} 4HCl — MnCl, +2H,0 Cl,
-3 +3 yd]nw gas
NH, +3Cl, —» NCl, + 3HCI

Hence oxidation state of nitrogen changes from —3 to +3.
24. mtheprepMOnofeompoundSOer,Barﬂeuhadmkeno;Pthas
a base compound. This is because
0] bothOzandXehavesamesize.
()] bothOzandXehavesameelectmngainemhdpy.
(i) bomozandXehavealmostsmneionisaﬁonenthalpy.
(iv) both Xe and O, are gases.
Ans. (iif)
Explanation: Neil Bartlett, then observed the reaction of a noble gas.
First,hepteparedaredcompoxmdwhichisformlﬂatedas_o;PtF;.
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He, then realised that the first ionisation enthalpy of molecular oxygen
(1175 kJ mol~') was almost identical with that of xenon (1170 kJ mol-1),
25. In solid state PClisa
() covalent solid

() octahedral structure

(#ii) ionic solid with [PCl ]+ octahedral and [PCl,]- tetrahedra

(iv) ionic solid with [(PC1 ]+ tetrahedral and [PCi]- octahedra

Ams. (iv)

Explanation: o _ o .
Ci_ |I:,/CI 'L
a” | e o | el
cl cl
[PCleeld:n' Pel*

Octah,
In solid state PCI; exist as an ionic solid with [PCLI" tetrahedral and
[PCLJ" octahedrai.
26. Reduction potentials of some ions are given below. Arrange them in
decreasing order of oxidising power.

Ion Clo; (O BrO;
Reduction EV E®=119v  Ee=]¢5v E®=].74Vv
potential ES/Y
U] Clo; > 10, > BrO; (7)) 10, > BrO,; > Clo;
(i) BrO;>10; > Clo; () BrO; > ClO; > 10,
Ans. (iif)
Explanation: Higher the standard reduction potential higher will be
the oxidizing power.
27. Which of the following is isoelectronic pair?
(0 I1CL, Cio, (#) BrO;, BrF;
(# ClO,, BrF (W) CN-, 0,
Ans. (i)

Explanation: Isoelectronic species means no. of electron is same,
BrO; (no. of electron) = 35+ 16+ 1 = 52

BrF; ( no. of electron) = 35+ 17 = 52

II. MuLnPLE CHotce QuesTions (Tyre-l)

Note : In the following questions two or more options may be correct.
28. If chlorine gas is passed through hot NaOH solution, two changes are
observed in the oxidation number of chlorine during the reaction. These

are and -
(? O0to+5 (i) 0 to +3
(i) 0to—1 () 0to +1
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Ans. (?) and (iii)
Explanation: 6NaOH + 3Cl, — 5NaCl + NaClO, + 31,0
‘When chlorine gas is passed through hot NaOH solution it produces
NaCl and NaClO,. Thus oxidation state of chlorine changes from 0 to

—1 and 0 to +5 respectively.
29. Which of the following options are not in accordance with the property
mentioned against them?
() F,>Cl,>Br,> L Oxidising power.

(i) MI>MBr>MCl> MF lonic character of metal halide.

(i) F,>Cl,>Br,> L Bond dissociation enthalpy.

(iv) HI <HBr <HCI <HF Hydrogen-halogen bond strength.

Ans. (i) and (iii)

Explanation: MI < MBr <MCl < MF this is the correct order of ionic
metal halide.

The conectorderofbonddissociaﬁonenthalpy is Cl,>Br,>F,>1,
Due to electronic repulsion among lone-pairs in F, molecule.
30. Which of the following is correct for P, molecule of white phosphorus?
(7) It has 6 lone pairs of electrons.

(i) It has six P-P single bonds.

(éif) 1t has three P-P single bonds.

(iv) 1t has four lone pairs of electrons.

Ans. (i) and (iv)

It has four lone pairs of electrons at each p-atom
It has six p-p single bond.
31. Which of the following statements are correct?
(i) Among halogens, radius ratio between iodine and fluorine is
maximum.
(#) Leaving F—F bond, all halogens have weaker X—X bond than
X—X' bond in interhalogens.
(ii¥) Among interhalogen compounds maximum number of atoms are
present in iodine fluoride.
(iv) Interhalogen compounds are more reactive than halogen compounds.
Aus. (§), (i) and (W)
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Explanation: (;) Among group 17 elements radius ratio of icdine and
ﬂuorineismaximumbecausesizeofiodineislarg&standﬂuorineis

between I and F should be maximum.

() Interhalogen compounds are more reactive than halogens (except
fluorine). This is because X—X' bond in interhalogens is weaker
than X—X bond in halogens.

32. Which of the following statements are correct for S0, gas?
() tactsas bleaching agent in moist conditions.

(i) It’s molecule has lincar .

(ii¥) 1t’s dilute solution is used as disinfectant.

) Itcanbepmparedbytlmreacﬁonofdihnel-lzs_()4withmﬂal sulphide,

Ans. (i) and (jii)
Explanation: SOzisusedinblmhingofwoolandsilkandasan
anti-chlor, disinfectant and preservative.
33. Which of the following statements are correct?
{0 AI]Izllel'.hreeN—Obondlgtl:sinHNO3 are equal.

] AllP-—C]bondlengﬁsinPClsmoleculeingaseoussmmareequaL

(#) P, molecule in white phohsphorus have angular strain therefore
white phosphorus is very reactive.

(#) PCl is ionic in solid state in which cation is tetrahedral and anion
is octahedral.

Ans. (iii) and (iv)
Explanation: (/) All the three N-O bond length in HNO, are not equal

(#)) In gaseous phase all P—C} I:mndlengthsinPCls molecule are not
equal,

(iii) Whitephosphorusismomreacﬁveﬂmnﬂw other solid phases under
nonnalcondiﬁonsbecanseofangularsuainm the P, molecule.

(#v) Solid state it exists as an jonic solid, [PCLI" [PCL]in which the
cation, [PCLJ* is tetrahedral and the anion, [PCL}- octahedral,

() As,0,<si0, <P,0; <80, Acid strength.

(i) Asl%<PP§<NI—],Enﬂmlpyofvmouﬁsaﬁm

(#i) S<0<C1<FMorenegaﬁveelectmngainenﬂ:alpy.
() I-l,0>st>HZSe>H2Te Thermal stability.
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Ans. (i) and (iv)
Explanation: (i) As,0, < Si0, < P,0,<S0,
Order of acid strength
(if) Correct order of enthalpy of vaporization is AsH, > PH, >NH,
(i) Correct order of more negative electron gain enthalpy S <0<F<(
(iv) Order of thermal stability —H,0 >H,S > H,Se > H,Te
35. Which of the following statements are correct?
(i) S-S bond is present in H,S,0,.
(i) In peroxosulphuric acid (H,SO,) sulphur is in +6 oxidation state.
(iif) Iron powder along with ALO, and K,0 is used as a catalyst in the
preparation of NH, by Haber’s process.
(iv) Change in enthalpy is positive for the preparation of SO, by
catalytic oxidation of SO,.
Ans, (i) and (i)
Explanatlon:o

n
o HO-—ﬁ‘»—ﬁ—OH

O 0
It contains one S—S bond.
(i) 20
| -1
HO— §—0—0H
N
Oxidation state of S = +6.
(#if) Iron oxide with K,0 and ALO,; is used to increase the rate of
attainment of equilibrium in Haber’s process.
(iv) Change in enthalpy is negative for the preparation of SO, by
catalytic oxidation of SO,
36. In which of the following reactions conc. H,SO, is used as an oxidising
reagent?
(i) CaF,+H,S0,— CaSO, +2HF
(i) 2HI+H,S0, - L, + SO, + 2H,0
(fi)) Cu+2H,S0,— CuSO, + S0, +2H,0
(iv) NaCl+H,S0, — NaHSO, + HCI
Ans. (i) and (i)
Explanation: Among the above four (/i) and (jif) represent the oxidizing
behaviour of H,SO,. In (i) reaction it oxidizes HI and itself reduces to
SO, oxidation state of central atom sulphur decreases from +6 to+4. In
(i) it oxidizes copper and itself get reduced to SO,
37. Which of the following statements are true?
(i) Only type of interactions between particles of noble gases are due
to weak dispersion forces.
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(i) Tonisation enthalpy of molecular oxygen is very close to that of xenon.
(iify Hydrolysis of XeF, is a redox reaction.
(#) Xenon fluorides are not reactive.
Ans. (i) and (i)
Explanation:
(/) Attraction in noble gases is due to weak dispersion force.
(#) Ionisation enthalpy of molecular oxygen is very close to that of xenon.
(i) XeFg+3H,0 —» XeO, +6HF hydrolysis of XeF; is not a redox
reaction.
(iv) Xenon fluorides are reactive in nature.

. Storr Answer Tyre

38. Inthe preparation of H,S0, by Contact Process, why is SO, not absorbed
dircctly in water to form H,80,? .

Ans. In contact process 50, is not absorbed directly in water to form H,SO,
because the reaction is highly exothermic and the reaction forms a
corrosive acrosol that is very difficult to separate.

39. Write a balanced chemical equation for the reaction showing catalytic
oxidation of NH, by atmospheric oxygen.
Pt/Rh gauge catal

Ans. 4NH, + 50, —— 2 e Y%, 4NO + 6H,0

40. Write the structure of pyrophosphoric acid.

Ans. Structure of pyrophosphoric acid:

1 1
p P
FANNS
{H.P,0,)
41. PH, forms bubbles when passed slowly in water but NH, dissolves.
Explain why?
Ans. Because of H-bonding NH, dissolves in water whereas in PH, there is
lack of H-bonding that is why it remains as 2as and form bubbles in water.
42. in PCl,, phosphorus is in sp’d hybridised state but all its five bonds are
not equivalent. Justify your answer with reason.

Ans. In gaseous and liquid phascs, it has a Cl
trigonal bipyramidal structure as shown. R @
The three equatorial P-Cl bonds are BN
equivalent, while the two axial bonds ,—""/f p’.205 \.\
are longer than equatorial bonds. This is = 2m
due to the fact that the axial bond pairs Gl —By
suffer more repulsion as compared to
equatorial bond pairs. Cl
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Ans.

45.
Ans.

46.

Ans.

47.

Ans.

48.

49,

Ans.
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Why is nitric oxide paramagnetic in gaseous state but the solid obtained
on cooling it is diamagnetic?

NO has 11 valence electrons. It is impossible for them all to be paired,
and hence this is an odd number of valence electron and thus the gas
is paramagnetic. It is diamagnetic in liquid and solid states, because
the molecule dimerises to convert into stable N,O, molecule with even
numbers of electrons.

. Give reason to explain why CIF; exists but FCl, does not exist:

Halogens combine amongst themselves to form a number of compounds
known as interhalogens of the types XX’ , XX, XX, and XX’ where
X is a larger size halogen and X' is a smaller size halogen. Fluorine is
smallest in size due to high electronegativity therefore it cannot form
FCl, whereas reverse is true.
Out of H,0 and H,S, which one has higher bond angle and why?
As size of oxygen is small and due to its high electronegativity than
sulphur O—H bond becomes more closer and bond pair-bond pair
repulsion will be more. So, H,O has higher bond angle than H,S.
SF, is known but SCl, is not. Why?
Due to small size of fluorine, sulphur can accommodate 6 ‘F’ atom
around it. Chlorine is comparatively larger in size therefore because of
interionic repulsion with chlorine SCl; is not known.
On reaction with Cy,, phosphorus forms two types of halides ‘A’ and
‘B’. Halide A is yellowish-white powder but halide ‘B’ is colourless
oily liquid. Identify A and B and write the formulas of their hydrolysis
products.
Halide ‘A’ is PCl; and ‘B’ is PCl, their hydrolysis reaction are as follows:
PCl;+H,0 — POCI, +2HCY
GV
POCI, + 3H,0 — H,PO, +3HCI

PCl, + H,0 — H,PO, +3HCI
®

In the ring test of NOj ion, Fe2* ion reduces nitrate ion to nitric oxide,
which combines with Fe**(aq) ion to form brown complex. Write the
reactions involved in the formation of brown ring.

NO,” +3Fe*" +4H'> NO + 3Fe* +2H,0

[Fe (H,0),]** +NO — [Fe (H,0),(NO)]** + H,0

(brown) Brown ring
Explain why the stability of oxoacids of chlorine increases in the order
given below:

HCIO < HCIO, < HCIO, <HCIO,

The more oxygen atom that are bonded with the oxoacids the electrons
will be pulled away from the O—H bond, and the more this bond will
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be weakend. Thus HCIO, requires the least energy to break the O—H
bond and form H*. Hence HCIQ, is the strongest acid, and the order of
stability is HCIO < HCIO, < HCIO, <HCIO,.
50. Explain why ozone is thermodynamically less stable than oxygen.

Ans. Ozone is thermodynamically unstable with respect to OXygen since
its decomposition into oxygen results in the liberation of heat (AH is
negative) and an increase in entropy (AS is positive). These two effects
reinforce each other, resulting in large negative Gibbs energy change
(AG) for its conversion into oxygen.

51. PO reacts with water according to equation P,04+ 6H,0 —» 4H,PO,.
Calculate the volume of 0.1 M NaOH solution required to neutralise the
acid formed by dissolving 1.1 g of P,0; in H,0.
Ans.  P,0.+6H,0 - 4H,PO, (D)
For neutralisation
4 x H,PO, + 2NaOH — Na,HPO, +2H,0 (i)

Adding eq. (i) and (i)
P,O,+8NaOH — 4Na,HPO, + 2H,0

P,O4 (mol. mass) = (4 x 31 + 16 x 6)=220
Number of moles of
PO. = Given mass - 11
476 Molar mass 220

+ Product formed by 512% of P,0; will be neutralised by & moles of

NaOH.
. Product formed by % of P,O, will be neutralised by NaOH.

PO _8,(_2_ 88 1 NaOH
40s=8%= 575 = 250 Mol Na

Given molarity of NaOH in 1IL=0.1 M
. No. of moles
Molarity Volume in litres
No. of moles

Volum
© Molarity

= '._X"—=0.4L

52. White phosphorus reacts with chlorine and the product hydrolyses in the
presence of water. Calculate the mass of HCI obtained by the hydrolysis
of the product formed by the reaction of 62 g of white phosphorus with
chlorine in the presence of water.
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Ans.  P,+6CL,— 4PCL, )
PC, +3H,0 — H,PO,+3HCI }x 4 i)
On adding eq. (i) and (i)

P,+6Cl, — 4PCk
4PCt+ 12H,0 — 4H,PO, + 12HC

P, +6Cl, + 12H,0 — 4H,PO,+ 12HC1
31x4=124¢g 12x36.5=4380g
-+ 124 g white phosphorous produces 438g of HCl.
;. 62 g white phosphorous will produce HCL
438
mx& =219.0 g HCl
53, Name three oxoacids of nitrogen. Write the disproportionation reaction
of that oxoacid of nitrogen in which nitrogen is in +3 oxidation state.
Ans, Three oxoacids of nitrogen are:
() HNO,  (Nitric acid)
(#) HNO, (Nitrous acid)
(i) HN,0, (Hyponitrous acid)

3HNO, -0, HNO, +H,0 + 2NO
54. Nitric acid forms an oxide of nitrogen on reaction with PO, Write the
reaction involved. Also write the resonating structures of the oxide of
nitrogen formed.
Ans. 4HNO, +P,0,, —> 4HPO; + 2N, 0,
Resonating structure of N,O, are

°'\N/9\N/9’ - "O\N/Q\N/Q‘
.6./ \o.- .'bf/ \.o

55, Phosphorus has three ailotropic forms — (i) white phosphorus (i) red
phosphorus and (iif) black phosphorus. Write the difference between
white and red phosphorus on the basis of their structure and reactivity.

White phosphorus Red phosphorus
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White phosphorus is more reactive than red phosphorus because white P
exists as discrete P, molecules. In red P several P, tetrahedra molecules
are linked to formed polymeric chain.

Black phosphorus is the most stable form of phosphorus it is least
reactive among all the allotropic form of phosphorus.

- Give an example to show the effect of concentration of nitric acid on the

formation of oxidation product.

- Nitric acid is a strong oxidising agent and attacks most metals except

noble metals such as gold and platinum. The products of oxidation
depend upon the concentration of the acid, temperature and the nature
of the material undergoing oxidation.
For an example

Cu + 8HNO,(dil.) — 3Cu(NO,), + 2NO + 41,0

Cu + 4HNO,(conc.)—» Cu(NO,), + 2NO,+2H,0
PC) reacts with finely divided silver on heating and a white silver salt
is obtained, which dissolves on adding excess aqueous NH, solution.

Write the reactions involved to explain what happens.

. Finely divided metals on heating with PCl, give corresponding chlorides.

2Ag +PCl; — 2AgCl +PCl,
AgCl(s) + 2NH,(ag) — [Ag (NH,),]'CI" (ag)

. Phosphorus forms a number of oxoacids. Out of these oxoacids phosphinic

acid has strong reducing property. Write its structure and also write a
reaction showing its reducing behaviour,

. Hypophosphorus acid also known as phosphinic acid is a good reducing

agent as it contains two P—H bonds and reduces, for example, AgNO,to
metallic silver.

4AgNO, + 2H,0 + H,PO, > 4Ag + 4HNO, + H,PO, @

In the structure of phosphinic acid there is P==0 — 1

P—OH=1 (B
P—H bond =2 (53 )
IV. Marcane Type 0

Note : Match the ttems of Column 1 and Column 1l in the following questions.

59.

Match the compounds given in Column 1 with the hybridisation and
shape given in Column II and mark the correct option.
T Cowmnl_ T Colmmn
(A) XeF, (1) sp*d® - distorted octahedral
B) XeO, (2) sp’d® - square planar
(C) XeOF, (3) sp® - pyramidal
(D) XeF, (4) sp® d? — square pyramidal

Aans, (i)
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Explanation:

(d) Square planar
60. Match the formulas of oxides given in Column ] with the type of oxide
gwen in Column II and mark the correct opnon

: S ColimnY i - . Column 11
(A) Pb304 (l) Nemml oxide
(B) N,O (2) Acidic oxide
(C) MnO, (3) Basic oxide
D) B0, (4) Mixed oxide
Code :
M A1) B(2) c@ D@
@i A@) B (1) C@) D(@3)
(i) AQ3) B(2) C@ D(1)
) A@) B{3) c() D (2)
Ans. (ii)

Explanation'

A. Pb,0, is a mixed oxide. B. N,O is a neutral oxide.

C. Mn,O is a acidic oxide. D. Bi,0, is basic oxide.

61. Match the ﬂems of Columns 1 und Il and mark the correct optlon
e T2 Column 0 s

(A) HZSO4 (l) ngheet electron gain emhalpy
B) CCLNO, (2) Chalcogen

© q, (3) Tear gas

(D) Sulphur (4) Storage batteries
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Code :
) A@)
(#) AQ3)
@iy A@4)
) AQ2)
Ans. (i)
Explanation:

B@3)
B(4)
B(1)
B(1)

c()
c(1)
c@
c@3)

A. H,80, is used in Storage batteries.

B. CCL,NO, is known as tear gas.

C. Cl, has highest electron gain enthalpy.
D. Sulphur is also called as chalcogen.

62. Match the species given in Column I with the shape given in Column IT

D2
D(2)
D(3)
D)

and mark the correct option.

o = Columnl - - T " Columnil.
(A) SF, (1) _Tetrahedral
(B) BrF, (2) Pyramidal
(C) BrOj (3) Sea-saw shaped
(D) NH; (4) Bent T-shaped

Code:

) AQ) B(2) cm D (4)
(i) A(3) B4 C@2 D(1)
(i) A(1) B(2) C@ D (4)
) A(D) B(4) C@) D(2)

Ans. (i)
Explanation: F
F
A SF, @%@
(Sees:wsm;:ed)
QL A
B. BrF = Br—F
T 3 & \F
(Bent-shaped)
C BrO; /.B§\0
O ©
(Pyramidal}
H +
. : e
NH4 H/ \H H
(Tetrahedrak)
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63. Match the itéms of Columns I and II and mark the correct option.
T e Column I oo Columm o
(A) Its partial hydrolysis does not (1) He
change oxidation state of central atom
(B) It is used in modem diving apparatus (2) XeFg
(C) Itisusedto provide inert atmosphere (3) XeF,
for filling electrical bulbs
(D) _Its central atom is in sp *d Zhybridisation | (4) Ar
Code:

n A B(4) c@ D@3)

@i A(1) B(2) c® D®)
@iy AQ2) B(1) C@ D3)

() AQ1) B(3) c® D@

Ans. (lif)

Explanation: A—> Partial hydrolysis of XeF, gives oxyfluorides, XeOF,
and XeO,F,.
XeF, +H,0 = XeOF, + 2 HF
XeFg+2H,0—» XeO,F, + 4HF

We can see that oxidation state of central atom Xe remains unchanged.
B. He is used in modern diving apparatus

C. Ar is used to provide inert atmosphere for filling electrical bulbs
D. XeF, has Sp*d? bybridization (4-bond pair and 2-lone pair)

V. AsserTION AND REASON TYPE
Note: In the following questions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following chofces.
(i) Both assertion and reason are correct statements, and reason is the
correct explanation of the assertion.
(ii) Both assertion and reason are correct statements, but reason is not
the correct explanation of the assertion.
(iif) Assertion is correct, but reason is wrong statement.
(iv) Assertion is wrong but reason is correct statement.
(¥) Both assertion and reason are wrong statements
64. Assertion : N, is less reactive than P,.
Reason Nhogmhummelecﬁongainenthalpythanphosphorus.
Ans. (iif) Assertion is correct, but reason is wrong statement.
Explanation: N, is less reactive than P, molecule this is so, because
nitrogen has very high bond dissociation enthalpy because of triple
bond between two nitrogen atom which is not the case with phosphorus.
65. Assertion : HNO, makes iron passive.
Reason : HNO, forms a protective layer of ferric nitrate on the
surface of iron.
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Ams. (ji})

Explanation: HNO, makes iron passive . HNO, forms a protective

layer of oxides on the surface of iron.

66. Assertion : HI cannot be prepared by the reaction of K1 with
concentrated H,S0,

Reason  : HI has lowest H-X bond strength among halogen acids,

Ans, (i)

Explanation: HI cannot be prepared by the reaction of KI with

concentrated H,SO, because HI formed is converted to L.

67. Assertion : Both rhombic and monoclinic sulphur exist as S but
oxygen exists as O,.

Reason  : Oxygen forms prt— pr multiple bond due to small size and
small bond length but pr — px bonding is not possible in
sulphur.

Ans. ()

Explanation: Both rhombic and monoclinic sulphur exist as S; but

oxygen exists as O,. Oxygen forms Pa— pr multiple bond due to small

size and small bond length but pr—pr bonding is not possible in sulphur
due to its larger atomic size than Oxygen.

68. Assertion : NaCl reacts with concentrated H,S0, to give colourless
fumes with pungent smell. But on adding MnO, the fumes
become greenish yellow.

Reason MnO, oxidises HCI to chlorine gas which is greenish yellow.

Ans. (i)

Explanation: NaCl reacts with concentrated H,S0, to give colourless

fumes with pungent smell, Buton adding MnO, the fumes become greenish

yellow. MnO, oxidises HCI to chiorine gas which is greenish yellow .

NaCl + H,S0, - NaHSO, + HCl (fumes of HCl is colourless)

By heating manganese dioxide with concentrated hydrochloric acid.

MnO, +4HCl - MnCl, + CL, +2H,0

69. Assertion ; SF; cannot be hydrolysed but SF, can be.

Reason : Six F atoms in SF, prevent the attack of H,0 on sulphur

atom of SF,.
Ans. (i)
Explanation: SF¢ do not hydrolysed as it is in its maximum valency of
six and it is insoluble in water. SF, can be hydrolyse as follows:
SF, + 2H,0 —» SO, + 4HF
VI. Lone Answer Type

70. An amorphous solid “A” burns in air to form a gas “B” which turns lime

watcr milky. The gas is also produced as a by-product during roasting of

sulphide ore. This gas decolourises acidified aqueous KMnO, solution
and reduces Fe** to Fe?*. Identify the solid “A” and the gas “B” and
write the reactions involved.
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Ans. Anamorphous solid ‘A’ is Sg it react with airto form B (SO, (g)) which
is a by-product of roasting of sulphide ore.

S, + 80, —» 850,

2 Heat
550, + 2MnO,” +2H,0 — 550,> +4H" + 2Mn?
2Fe + 80, + 2H,0 —» SO > +4H* + 2Fe?

71. On heating lead (II) nitrate gives a brown gas *“A”, The gas “A” on
cooling changes to colourless solid “B”. Solid “B” on heating with NO
changes to a blue solid ‘C’. Identify ‘A%, ‘B’ and ‘C’ and also write
reactions involved and draw the structures of ‘B’ and ‘C.

Ans. Lead nitrate on heating produces brown gas ‘A’
Pb (NO,), za> 2PbO+4NO,
{Brown colour)

Brown gas NO, is unstable on cooling it dimerises to colourless solid N,O,
On cock
NO, === N,0,

(Colourless solid)
2NO +N,0, = 2N,0,
(Bluecsnlid)
-0} :0: o 0.
Structure of N,0, \N-———N/ “—> >N -—N///
o o
‘0" 0 NoJ (o)
o \ / e 3 \
Structure of N,O, /N—I}! «—> \/N——-N<
.0/ \p \Q-

2. On heating compound (A) gives a gas (B) which is a constituent of
air. This gas when treated with 3 mol of hydrogen (H,) in the presence
of a catalyst gives another gas (C) which is basic in nature. Gas C on
further oxidation in moist condition gives a compound (D) which is a
part of acid rain. Identify compounds (A) to (D) and also give necessary
equations of all the steps involved.

Ans. NH\NO, —» N, +2H,0
3 A- tB‘
N, with 3 moles of H, in presence of catalyst form NH, gas which is
basic in nature.
+
N, +3H, - 21(\1(%3

4NH, + 50, — 4NO+ 61,0
4NO + 0, - 2NO,
3NO, +H,0 - 2HNO, +NO
D) Qoo
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8 The d- and f- Block
A Elements

I. MuLtiPLE CHoice QUESTIONS (Tyre-l)

1.

Ans.

2

Ans.

3.

Electronic configuration of a transition element X in 43 oxidation state
is [Ar]34°. What is its atomic number?
M 25 (i 26
(i) 27 (V) 24
(i)
Explanation: Electronic configuration of element X = [Ar]34* oxidation
state= 18 + 5+ 3 =26,
The electronic configuration of Cu(ll) is 3d® whereas that of Cu() is
3d". Which of the following is correct?
() Cu(Il) is more stable
(i) Cu(1l) is less stable
(i) Cu(l) and Cu(TI) are equally stable
(iv) Stability of Cu(I) and Cu(IT) depends on nature of copper salts
@
Explanation: The stability of Cuv*'(ag) rather than Cu*(ag) is due to
the much more negative ﬁﬁdﬂe of Cu**(ag) than Cu*, which more than

. compensates for the second ionisation enthalpy of Cu.
Metallic radii of some transition elements are given below. Which of
these elements will have highest density?
Element Fe Co Ni Cu
Metallic radii/pm 126 125 125 128
() Fe
(i) Ni
(i) Co
() Cu
()

Ans,

4.

Explanation: On moving across the period in the periodic table the
atomic radii of the element decreases towards right that is why density
increases towards right in a period..

Generally transition elements form coloured salts due to the presence
of unpaired electrons. Which of the following compounds will be coloured
in solid state?

® AgSO, (i) CuF,
(iii) ZsF, (v) Cu,CL,
Ans. (i)

Explanation: Here copper is in +2 states in which Cu contains one
unpaired electron. Hence it produce colour in solid state,
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5. On addition of small amount of KMnO, to concentrated H,SO,, a green
oily compound is obtained which is highly explosive in nature. Identify

the compound from the following:
() Moo, (i#) MO,
(iii) MnSO, (iv) MO,
Ans. (i)

Explanation: KMnO, reacts with conc. H,SO, as:
2KMnO, + 2H,80, » Mn,0, + 2KHSO, +H,0
Mn,0, is highly explosive in nature.
6. The magnetic nature of ¢lements depends on the presence of unpaired
electrons. Identify the configuration of transition element, which shows

highest magnetic moment.
W 3 (i) 3a°
(#ii) 3d® (V) 3d?
Ans. (i)
Explanation: Greater the no. of unpaired electrons higher will be the
magnetic moment.

p= 1fn(rz +2) where n is the number of unpaired electrons and p is the
magnetic moment in units of Bohr magneton (BM).

Where n = no. of unpaired electron

That is why 34° has maximum magnetic moment due to maximum no.

of unpaired ¢lectrons.
7. Which of the following oxidation state is common for all lanthanoids?
@ +2 (i) +3
(iii) +4 (iv) +5
Ans. (i)

Explanation: In the lanthanoids, La(Il) and Ln(IIl) compounds are
predominant species. However, occasionally +2 and -+4 ions in solution
or in solid compounds are also obtained. This irregularity (as in
jonisation enthalpies) arises mainly from the extra stability of empty,
half-filled or filled f subshell.
8. Which of the following reactions are disproportionation reactions?
(@) Cu* > Cu?* +Cu
(») 3MnO, +4H" > 2MnO, +MnO,+2H,0
v (¢) 2KMnO, - K,;MnO, +MnO,+0,

(@ 2MnO, + 3Mn* + 2H,0 — 5MnO, + 4t

) (a), (®) (i) (a), (b), ()
@iif) (b), (), (@) ) @, @

Ans. ()
Explanation: Copper (I) compounds are unstable in aqueous solution
and undergo disproportionation.
2Cu* — Cu?* + Cu
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In a disproportionation reaction an element is simultaneously oxidized
and reduced,

9. When KMnO, solution is added to oxalic acid solution, the decolourisation
is slow in the beginning but becomes instantaneous after sore time
because

() CO, is formed as the product.
(i) Reaction is exothermic.
(#i) MnO, catalyses the reaction.
(iv) Mn?" acts as autocatalyst
Ans. (i)
Explanation: Oxalate ion is oxidized to CO, by acidified KMnO,,
2MnO, + 5C,0; +16H* — 2Mn* +2CO, + 8H,0
In acid medium
MnO, +8H*+5¢— Mn* + 4H,0
(Pink) {colourless)
Mn?* formed in the reaction act as autocatalyst,
10. There are 14 elements in actinoid series, Which of the following elements
does not belong to this series?

@»u (i) Np
(i) Tm () Fm
Ans. (iii)
Explanation: Tm (thulium) atomic no. = 69 belongs to Lanthanoids
(41) series.

11. KMnO, acts as an oxidising agent in acidic medium. The number of
moles of KMnO, that will be needed to react with one mole of sulphide
ions in acidic solution js

2 |
@ 5 (&) 5
iy 3 @ &

Ans. (J)
Explanation: Hydrogensulphide is oxidised, sulphurbeing precipitated:
HS —» 2" + §>-
58 + 2MnO* + 16H* — 2Mn2* + 8H,0 + 58
It is clear from the above reaction that 5 moles of sulphide ions needs
2 moles of permanganate ion therefore one mole of sulphide ion require

5 moles of permanganate ion.

12. Which of the following is amphoteric oxide?
Mn,0,, Cr0,, Cr,0,, CrO, v,0,,v,0,
() V,0,Cr,0, (#) Mn,0,, CrO,
(i) Cro, v,0, (v) V,0,,V,0,

273
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Ans. (9

13.

Ans.

14.

Ans.

15.

Ans.

16.

Explanation: Since they react with acid as well as base.
Gadolinium belongs to 4f series. It’s atomic number is 64. Which of the
following is the correct clectronic configuration of gadolinium?

(@) [Xel4f75d'65° (i) [Xe] 4/5d%6s>
@Gii) [Xe] 47%6d" (iv) [Xe] 4F°5s"
U]

Explanation: Gadolinium belongs to 4f series it has atomic no. = 64.
1t has extra stability due to half-filled 4fsub shell.
Interstitial compounds are formed when small atoms are trapped
inside the crystal lattice of metals. Which of the following is not the
characteristic property of interstitial compounds?
() They have high melting points in compatison to pure metals.

(in) They are very hard.

(iif) They retain metallic conductivity.

(iv) They are chemically very reactive

(v)
Explanation: Following are the principal properties of interstitial
compounds:

(i) They have high melting points, higher than those of pure metals.
(i) They are very hard, some borides approach diamond in hardness.

(iif) They retain metallic conductivity.

(iv) They are chemically inert,

The magnetic moment is associated with its spin angular momentum
and orbital angular momentum. Spin only magnetic moment value of
Cr* jonis

() 2.87BM. (i) 3.87 BM.
(i) 34TBM. (iv) 3.57 BM
(i)

Explanation: Paramagnetism arises from the presence of unpaired
electrons, cach such electron having a magnetic moment associated,
with its spin angular momentum and orbital angulat momentum. For
the compounds of the first series of transition metals, the contribution
of the orbital angular momentum is effectively quenched and hence is
of no significance. For these, the magnetic moment is determined by the
number of unpaired electrons and is calculated by using the ‘spin-only’
formula.
The magnetic moment p is given by the formula

= n(rn+2) BM
for C* = 3d° the magnetic moment = 33 + 2) = 15 =3.87BM
KMnO, acts as an oxidising agent in alkaline medium. When alkaline
KMnO, is treated with K1, iodide ion is oxidised to .
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0k i) 10
(i) 10, (») 10,
Anms. (ifi)
Explanation: lodide ion in neutral or faintly alkaline solutions converts
iodide to jodate:

2MnO, +HO +I" > 2MnO, + 20H- + 10,
17. Which of the following statements is not correct?
() Copper liberates hydrogen from acids.
(#) In its higher oxidation states, manganese forms stable compounds
with oxygen and fluorine.
(i) Mn** and Co*" are oxidising agents in aqueous solution,
(v) Ti* and Cr* are reducing agents in aqueous solution.

Ams. (@)

Explanation: Cu, having a positive £2 = +1.34 V accounts for its
inability to liberate H, from acids.

18. When acidified K,Cr,0, solution is added to Sn?* salts then Sp?* changes to

() Sn (i) Sn*
(lii) Sn* (iv) Sn*

Amns. (iif)

Thus, acidified potassium dichromate will oxidise tin(I) to tin(IV)
Explanation: Cr,0] + 14H* + 3Sn% — 2Cr* + 3Sn* + TH,0
19. Highest oxidation state of manganese in fluoride is +4 (MnF,) but
highest oxidation state in oxides is +7 (Mn,0.) because
(¥) fluorine is more electronegative than OXygen.
(if) fluorine does not possess d-orbitals.
(#ii) fiuorine stabilises lower oxidation state.
(#) in covalent compounds fluorine can form single bond only while
oxygen forms double bond.

Ans. (iv)

; Explanation: Manganese in fluoride is +4 (MnF,) but highest oxidation
state in oxides is +7 (Mn,0,) because in covalent compounds fluorine
can form single bond only while oxygen forms double bond. Oxygen
has ability to form multiple bonds.

20. Although Zirconium belongs to 4d transition series and Hafnium to
5d transition series even then they show similar physical and chemical
properties because .

() both belong to d-block.
(#%i) both have same number of electrons.
(ii}) both have similar atomic radius,
(iv) both belong to the same group of the periodic table.
Ans. (Fii)
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Explanation: The almost identical radii of Zr (160 pm) and Hf (159 pm),
aconsequence of the lanthanoid contraction, account for their occurrence

together in nature and for the similar physical and chemical properties.

Why is HCI not used to make the medium acidic in oxidation reactions
of KMnO, in acidic medium?
(?) Both HCl and KMnO, act as oxidising agents.
(if) KMnO, oxidises HCl into CL, which is also an oxidising agent
(i) KMnO, is a weaker oxidising agent than HCI.
(iv) KMnO, acts as a reducing agent in the presence of HCL

Ans, (i)

Explanation: Permanganate titrations in presence of hydrochloric acid
are unsatisfactory since hydrochloric acid is oxidised to chlorine .

li. MuTieLe CHoice QuesTions (Type-ll)
Note: In the following guestions two or more options may be correct.

22,

23.

24,

Generally transition elements and their salts are coloured due to the
presence of unpaired electrons in metal jons. Which of the following
compounds are coloured?

(i) KMnO, (if) Ce(SO)),
(ii?) TiCl, () Cu,C,
(9) and (i)

Explanation: It is due to charge transfer. In MnO, an electron is
momentarily transferred from O to the metal, thus momentarily O*
is changed to O~ and reducing the oxidation state of the metal from
Mn (VII) to Mn (VI).

Transition elements show magnetic moment due to spin and orbital
motion of electrons. Which of the following metallic ions have almost
same spin only magnetic moment?

(@) Co* (i) Cr
(#if) Mn® () Cr*
(7} and ()

Explanation: Co* = [Ar]3d” no. of unpaired electrons =3

Cr** = [Ar]34* no. of unpaired electrons =4

Mn?* = [Ar]3d® no. of unpaired electrons =5

Cr* = [Ar]4? no. of unpaired electrons =3
We can see that Co?* and Cr** have same no. of unpaired electrons i.e. = 3.
In the form of dichromate, Cr (VI) is a strong oxidising agent in acidic
medium but Mo (VI) in MoO, and W (VI) in WO, are not because

() Cr (V1) is more stable than Mo(VT) and W(VI).
(i) Mo (VI) and W(VT) are more stable than Cr(VD).
(#if) Higher oxidation states of heavier members of group-6 of transition
series are more stable.
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(#v) Lower oxidation states of heavier members of group-6 of transition
series are more stable,
Ams. (i) and (jii)
Explanation: In the groups of d-block element higher oxidation states
are favourable by heavier element. For example in group 6, Mo(VT) and
W(VT) are found to be more stable than Cr(VT). Thus Cr(V]) in the form
of dichromate in acidic medium is a strong oxidising agent, whereas

MoO, and WO, are not.
25. Which of the following actinoids show oxidation states upto +7?
() Am (i) Pu
(i) U (iv) Np

Ans, (7i) and (i)
Explanation: Oxidation states of the actinoids are as follows:
() Americtum (Z = 95)
Electronic configuration = R I’f6d%s
Oxidation states = +3, +4, +5, +6
(#) Plutonium (Z = 94)
Electronic configuration = [R,]5/%6d"7s*
Oxidation states = +3, +4, +5, +6, +7
(#if) Uranium (Z = 92)
Electronic configuration = [R ]5/°6d"7s
Oxidation states = +3, +4, +5, +6
(iv) Neptunium (Z = 93)
Electronic configuration = [R ] 516475
Oxidation states = +3, +4, +5, +6, +7
26. General electronic configuration of actionoids is (n—2)"1 (n— 1)d*ps,
Which of the following actinoids have one electron in 64 orbital?
() U (Atomic no. 92) (#7) Np (Atomic no.93)
(#i)) Pu (Atomic no. 94) (i) Am (Atomic no. 95)
Ans. (i) and (i1
Explanation: U — 5/%4'7s*
Np - 5/%6d"7s?
27. Which of the following lanthanoids show +2 oxidation state besides the
characteristic oxidation state +3 of lanthanoids?

() Ce {if) Eu

i) Yb (iv) Ho
Ans. (i) and (iif)
Explanation:

(i) Cerium (Z=57)
E.C. = [Xe] 4/°5d°6s?
Oxidation states of Ce = +3, +4
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(i) Buropium (Z=63)
E.C.=[Xe] 4f75d°6s
Oxidation states of Eu=+2, +3

(iif) Ytterbium (Z = 70)
E.C. =[Xe] 4/"5d°6s?
Oxidation states of Yb=+2, +3

(iv) Holmium (Z=67)
E.C.=[Xe] 4" 5d"6s*
Oxidation state of Ho=+3

28. Which of the following ions show higher spin only magnetic moment

value?
() T (i) Mn*
(iif) Fe** (iv) Co*

Ans. (i) and (iii)
Explanation: (if) Mn?* = [Ar]3d°. [’gg e:)

(iif) Fe** = [Ar]3d° [:;‘g eig)

According CFT, electron pair up in#, .and fe?* and Mn?* will show higher
spin magnetic value.

29, Transition elements form binary compounds with halogens. Which of
the following elements will form MF, type compounds?

() Cr (i) Co
(iii) Cu () Ni
Ans. (i) and (if)

Explanation: Only Co and Cr can form halides like MF, beyond Mn
no metal has a trihalide except FeX,, and CoF,.
30. Which of the following will not act as oxidising agents?
() Cro, (i) MoO,
(i) WO, () CrO;
Ans. (i) and (iif)
Explanation: Higher oxidation states of W and Mo are more stable that
is why they will not act as oxidizing agent.
31. Although +3 is the characteristic oxidation state for lanthanoids but
cerium also shows +4 oxidation state because .
(i) it has variable ionisation enthalpy
(i) it has a tendency to attain noble gas configuration
(iii) it has a tendency to attain f° configuration
(i) it resembles Pb**
Ans. (i) and (5ii)
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Explanation: This irregularity (as in ionisation enthalpies) arises mainly
fromthe extrastability of empty, half-filled or completely filled | fsubshell.
Thus, the formation of Ce(TV) is favoured by its noble gas configuration.

lll. SHorT AnswEeR TYPE

32. Why does copper not replace hydrogen from acids?

Ans. The unique behaviour of Cu, having a positive E® = + 0,34V accounts
for its inability to liberate H, from acids.

33. Why E® values for Mn, Ni and Zn are more negative than expected?

Ans. The stability of the half-filled d sub-shell in Mn?* and the completely
filled 4*° configuration in Zn?" are related to their E° values, whereas for
Ni is related to the highest negative A, H.

34. Why first ionisation enthalpy of Cr is lower than that of Zn?

Ans. The value of first jonisation enthalpy of Cr is lower because of the
absence of any change in the 4 configuration and the value for Zn is
higher because it represents an ionisation from the 4s level.

35. Transition elements show high melting points. Why?

Ans. The high melting points of these metals are attributed to the involvement
of greater number of electrons from (r2— 1)d in addition to the 75 electrons
in the interatomic metallic bonding.

36. When Cu* ion is treated with KI, a white precipitate is formed. Explain
the reaction with the help of chemical equation.

Ans. 2Cu™ +4I - Cu,L(s) + L,

When Cu® reacts with potassium iodide white precipitate of Cu,L, is
formed.
37. Out of Cu,Cl, and CuCL, which is more stable and why?

Ans. CuCl, is more stable than Cu,CL,.The stability of Cu?*(ag) rather than
Cu'(ag) is due to the much more negative A, H® of Cu**(ag) than Cu*,
which is more than to compensate for the second ionisation enthalpy of
Cu.

38. When a brown compound of manganese (A) is treated with HCI it gives
a gas (B). The gas taken in excess, reacts with NH, to give an ¢xplosive
compound (C). Identify compounds A, B and C.

Auns. MnO, + 4HCl —» MnCl, + ClL + 2HO
(A) ®)
(Brown compound)
NH, + C, — NCL + 3HC
(Excess) ©

MnO, is a brown compound of Mn which reacts with HCI to give Cl,
gas. This gas forms explosive compound NCL,.

39. Although fluorine is more electronegative than oxygen, but the ability
of oxygen to stabilise higher oxidation states exceeds that of fluorine.
Why?
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Ans.

40.

Ans.

41,

Ans.

42.

Ans.

43 .

Ans.

45.
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The ability of oxygen to stabilise high oxidation states exceeds that of
fluorine because oxygen has the ability to form multiple bond with the
metal.

Although Cr** and Co ions have same number of unpaired electrons
but the magnetic moment of Cr*” is 3.87 B.M. and that of Co?" is 4.87
B.M. Why?

Magnetic moment is associated with its spin angular momentum and
orbital angular momentum however due to symmetrical electronic
configuration there is no orbital motion in Cr*. In Co* appreciable
orbital contribution takes place.

Tonisation enthalpies of Ce, Pr and Nd are higher than Th, Pa and U.
Why?

All the actinoids are believed to have the electronic configuration of 75
and variable occupancy of the 5fand 6d subshells. The fourteen electrons
are formally added to 5f, though not in thorium (Z = 90) but from Pa
onwards the 57 orbitals are complete at element 103. Although the 5f
orbitals resemble the 4f orbitals(lanthanoids) in their angular part of the
wave-function, they are not as buried as 4forbitals and hence 5felectrons
can participate in bonding to a far greater extent that is why ionization
enthalpy of lanthanoids Ce, Pr and Nd are higher than Th, Pa and U.
Although Zr belongs to 4d and Hf belongs to 5d transition series but it
is quite difficult to separate them. Why?

The almost identical radii of Zr (160 pm) and Hf(159 pm), a consequence
of the lanthanoid contraction, account for their occurrence together in
nature and for the difficulty faced in their separation.

Although +3 oxidation states is the characteristic oxidation state of
lanthanoids but cerium shows +4 oxidation state also. Why?

This irregularity (as in ionisation enthalpies) arises mainly from the
extra stability of empty, half-filled or completely filled f'subshell. Thus,
the formation of Ce(IV) is favoured by its noble gas configuration.

. Explain why does colour of KMnO, disappear when oxalic acid is

added to its solution in acidic medium.

. In acidic medium

MnO, + 8H* +5¢ —» Mn* + 4H,0

(Pink) (Colourless)
Oxalate ion is oxidized to CO, by acidified KMnO, and itself changes
to Mn** ion which is colourless.

2MnO, + 5C, Oi' + 16H" > 22Mn2+ + 2C0, + 8HO

When orange solution containing Cr, O ion is treated with an alkali,
a yellow solution is formed and when H" ions are added to yellow
solution, an orange solution is obtained. Explain why does this happen?

. Chromates and dichromates are interconvertible in aqueous solution

depending upon pH of the solution.
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Acidification of Na,CrO,:
2Na,CrO, + H,S0, — Na,Cr,0, + Na,SO, + H,0
(Yellow) (Orange)
Or
200, + W =E. c,0f + HO
(yellow) (orange)
Na,Cr,0, + 2KCl — K.Cr,0, + 2NaCl
A solution of KMnO, on reduction yields either a colourless solution or
a brown precipitate or a green solution depending on pH of the solution.
What different stages of the reduction do these represent and how are
they carried out?
Oxidising behaviour of KMnO, depends on pH of the solution.
In acidic medijum (pH < 7)
MnO, + 8H' + 5¢ —» Mn* + 4H,0
(Colourless)

In alkaline medium (pH > 7)
MnO, + & - MnO>
(Green)
In neutral medium (pH = 7)
MnO;, + 2H0+ 3¢ — MnO, + 40H
(Brown precipiate)
The second and third rows of transition elements resemble each other
much more than they resemble the first row. Explain why?
When atomic sizes of one series are compared with those of the
corresponding elements in the other series. The curves show an increase
from the first (3d) to the second (4d) series of the elements but the radii of
the third (5d) series are virtually the same as those of the corresponding
members of the second series. This phenomenon is associated with
the intervention of the 4f orbitals which must be filled before the 5d
series of elements begin. The filling of 4f before 5d orbital results in a
regular decrease in atomic radii called Lanthanoid contraction which
essentially compensates for the expected increase in atomic size with
increasing atomic number.
E® of Cu is + 0.34V while that of Zn is — 0.76V. Explain.
The high energy to transform Cu(s) to Cu*(ag) is not balanced by
its hydration enthalpy. £° for Mn, Ni and Zn are more negative than
expected from the trend. The completely filled g configuration in Zn*
are related to their £° values,
The halides of transition elements become more covalent with increasing
oxidation state of the metal, Why?
Size of the transition elements decreases as the oxidation states of
element increases. Small size favours more covalent character.
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50. While filling up of electrons in the atomic orbitals, the 4s orbital is filled
before the 3d orbital but reverse happens during the ionisation of the
atom. Explain why?

Ans. During filling of electrons ( + 1) rule is followed. Hence 4s has lower
energy than 3d orbital. After the orbitals are filled 4s go beyond 3d. 4s
is farther from nucleus than 3d. Thus the removal of electron from 4sis
easier in comparison to 3d.

51. Reactivity of transition elements decreases almost regularly from Sc to
Cu. Explain.

Ans. From Sc to Cu ionization enthalpy increases that is why reactivity
decreases regularly from Sc to Cu.

V. MarcHING TYPE

Note: Match the items of Column I and Colamn X1 in the following
questions.
52, Match the catalysts given in Column I with the processes given in

Column 1L
[ “ColumnI(Catalys) | " Colunn H (Processes
(i) Ni in the presence of hydrogen (a) Zieglar Natta cataylst
@) CuCl, (b) Contact process
(i) V,0, (c) Vegetable oil to ghee
(iv) Finely divided iron (d) Sandmeyer reaction
(v) TiCl, +Al(CH), (e) Haber’s Process
(/) Decomposition of KCIO,
Ans. () — () (i) — @) (i) — (B)
(iv) — () ) — @)

Explanation: Catalyst — Process
() Ni in presence of H, — Vegetable oil to ghee
(#) Cu,Cl, — Sandmayer reaction
@iy v,0,— Contact process
(iv) Finely divided iron — Haber’s process
(v) TiCl, + A{(CH,), — Zicglar Natta catalyst
53. Match the compounds/elements given in Column I with uses given in
Column II.

(i) Lanthanoid oxide (@) Production of iron alloy
(ii) Lanthanoid (b) Television screen

(i) Misch metal {¢) Petroleum cracking
() Magnesium based alloy is (d) Lanthanoid metal + iron
| __constituent of

— — —— m— — Gm— e
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[ (v)_Mix; oxx%s orlan@oids_ -(e)_ﬁull;s T T
are employed
() In X-ray screen
Ans. () —(b) (i) — (a) (i) — (@
) — (o) ) —(©

Explanation: Compound /clement — use
(7) Lanthanoid oxide — television screen

(i7) Lanthanoid — production of iron alloy

(i) Misch metal — lanthanoid metal + jron

(iv) Magnesium based alloy — bullets

() Mixed oxide of lanthanoids are employed — petroleum cracking

54. Match the properties given in Column I with the metals given in Column 11,

- ColumnT(Property) . | Column [ (Metal),

() An element which can show (a) Mn
oxidation state
(i) 3dblock element that can show ) Cr
upto +7 oxidation state
(i#ii) 3d block element with highest (c) Os
melting point
(d) Fe
Ans. (i) —(c) (i) — (a) (i) — (b)
Explanation:

() An element can show +8 oxidation states — Os
(if) 3dblock element that can show upto +7 oxidation states — Mn
(ii7) 3dblock element with highest melfing point — Cr
55. Match the statements given in Column I with the oxidation states given
in Column II.

o i ColumnL Column 1 ©
(?) Oxidation state of Mn in MnO, is (@) +2
(#?) Most stable oxidation state of Mn is (b) +3

(i) Most stable oxidation state of Mn in oxides is (c) +4
(v) Characteristic oxidation state of lanthanoids is (d) +5

{e) +7
Ans. (i) — (o) (i) — () (i) — (o)
) — (b
Explanation;

(?) Oxidation state of Mn in MnO, — +4

(7)) Most stable oxidation state of Mn —» +2
(iii) Most stable oxidation state of Mn in oxides is — +7
(#v) Characteristic oxidation state of lanthanoid — +3
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56. Match the soluﬁonsgiveninCohnnnIandtheooloursgiveninColumnIL

Column I
(¥ FeSO,.7THO {a) Green
(i) NiCL4H,0 (b) Light pink
(#i7) MnCL.4H,0 {c) Blue
() CoCl.6H,0 (d) Pale green
(v) CuCl, (e) Pink
(H Colourless
Ans. () — () (i) — (a) (iif) — (b)
() — () -0
Explanation:
(i) FeSO,.7THO — Pale green
(i) NiCL.4H,0 — Green
(i) MnCl,.4H,0 —  Light pink
(iv) CoCL.6HO — Pink
() Cu,Cl —  Colourless

57. Match the property given

V(Vi) Lénthanoid which s ows +4 oxidation state (ﬁ) Pm
(i) Lanthanoid which can show +2 oxidation state | () Ce
(iii) Radioactive lanthanoid {c) Lu
(#v) Lanthanoid which has 4f” electronic configuration|(d) Eu
in +3 oxidation state
(v) Lanthanoid which has 4/ electronic configuration | (¢) Gd
in +3 oxidation state
{H Dy
Ans. () — (b) (if) — (@) (i) — (a)
(iv) — (o) ) — ()
Explanation:

() Lanthanoid shows +4 oxidation state — Cerium (Ce)

(i) Lanthanoid shows +2 oxidation state -— Europium (Eu)

(iif) Radioactive lanthanoid — Promethium (Pm)

(iv) Lanthanoid having 4f’configuration in+3 states — Gadolinfum (Gd)
(v) Lanthanoid having 4/ configuration in +3 states — Lutetium (Lu)
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58, MamhthepropelﬁwgiveninColunmeﬁﬂ:themetalsgiveninCohnnnﬂ.

__ ColumnI(Property) -~ | Columu Ii{Metal)_
(7} Element with highest second ionisation (a) Co
enthalpy
(i) Element with highest third ionisation &) Cr
enthalpy
(ii) M in M(CO), is (c) Cu
(#v) Element with highest heat of atomisation (d) Zn
{e) Ni
Ams. (D) - () (#) — (d) (ii)) — (b)
(v) - (a)
Explanation:

(1) Element with highest second ionization enthalpy — Cu

(i7) Element with highest third ionization enthalpy — Zn
(ii}) Metal carbonyl with formula M(CO), — Crasit forms Cr(CO),
(iv) Highest heat of atomisation — Co

V. AsseERTION AND REAsON TYPE

Note: In the following questions a statement of assertion followed by a
statement of reason is given. Choose the correct answer out of the following
choices.
(/) Both assertion and reason are true, and reason is the correct
explanation of the assertion.
(#) Both assertion and reason are true but reason is not the correct
explanation of assertion.
(iif) Assertion is not true but reason is true,
(iv) Both assertion and reason are false.
59. Assertion : Cu* iodide is not known.
Reasou : Cu* oxidises I- to iodine.
Ans. (i)
Explanation: All Cu(Il) halides are known except the iodide. In this
case, Cu?* oxidises I- to L:
2Cu* +4I' — Cu,L(s) +1,
60. Assertion : Separation of Zr and Hf is difficult.
Reason : Because Zr and Hf lic in the same group of the periodic
table.
Ans. (i)
Explanation: The almost identical radii of Zr (160 pm) and Hf
(159pm), a consequence of the lanthanoid contraction, account for
their occurrence together in nature and for the difficulty faced in their
separation,
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Assertion : Actinoids form relatively less stable complexes as compared
to lanthanoids. )

Reason  : Actinoids can utilise their Sforbitals along with 6d orbitals
in bonding but lanthanoids do not use their 4f orbital for
bonding,.

()

Explanation: The actinoids are highly reactive metals this is because

the Sf electrons, will therefore be more effectively shielded from the

nuclear charge than the 4f electrons of the corresponding lanthanoids.

Because the outer electrons are less firmly held, they are available for

bonding in the actinoids.

Assertion : Cu cannot liberate hydrogen from acids.

Reason : Because it has positive electrode potential.

Ans. (i)

Ans.,

Explanation: Cu having a positive £° accounts for its inability to
liberate H, from acids. Only oxidising acids (nitric and hot concentrated
sulphuric acid) react with Cu, as the acids being reduced. The high
energy to transform Cu(s) to Cu®(ag) is not balanced by its hydration
enthalpy.

. Assertion : The highest oxidation state of osmium is +8.

Reason : Osmium is a Sd-block element.

)

Explanation: By using all the electrons from 6s and 54 with expanded
octet osmium can show maximum +8 oxidation states.

V1. LonG ANSWER TYPE

64,

Identify A to E and also explain the reactions involved.
CuCO;,
Cu0 (D)
lheatwithCuS Ca(Ot)y
(A) v
(B)
NHj(ag) 2
v
© -Ca(HCO3)2
Blue solution Clear solution
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Ans,
A=Cu B =Cu(NO,), C=[Cu(NH,),] D=C0,

E=CaCo, F =Cu,[Fe(CN) ] G = Ca(HCO,),
CuCO, » CuO + Co,
ClO + CuS » Cu + S0,

®) W

Cu + 4HNO,(conc.) —)Cu(I\lOS)2 +2NO + 2HO
@B

C§+N1-]3—)[Cu((§)H3)4]

C(OH), + €O, - CaCO, + H,0
o) ®
65. When a chromite ore (A) is fused with sodium carbonate in free
excess of air and the product is dissolved in water, a yellow solution of
compound (B) is obtained. After treatment of this yellow solution with
sulphuric acid, compound (C) can be crystallised from the solution.
When compound (C) is treated with KCI, orange crystals of compound
(D) crystallise out. Identify A to D and also explain the reactions.
Ans. A=FeCr0, B= Na,CrO, C=Na,Cr0,. 2H,0 D=K.(Cr0,
4FeCr,0, + 8Na,CO, + 70, — 8Na,Cr0, + 2Fe,0; + 8CO,
A) ®)
2NaCrQ, + 2H* —» Na,Cr,0, + 2Na* + HO
Na,Cr,0, + 2KCl - K Cr.0, + 2NaCl
e S

66. When an oxide of manganese (A) is fused with KOH in the presence
of an oxidising agent and dissolved in water, it gives a dark green
solution of compound (B). Compound (B) disproportionates in neutral
or acidic solution to give purple compound (€). An alkaline solution
of compound (C) oxidises potassium iodide solution to a compound
(D) and compound (A) is also formed. Identify compounds A to D and

also explain the reactions involved.
Ans. (A) MnO, (B) K,MnO, (C) KMnO, (D) KIO,
2MnO, + 4KOH + 0, — 2K MnO, + 2H,0
GV ®)

3MnO; +4H' — 2MnO] +MnO, + 2HLO
©

3MnO; +H,0+KI — 2MnO, + 20H-+ KIO,
. (A) D)
67. On the basis of Lanthanoid contraction, explain the following:
() Nature of bonding in La,0, and Lu,0,.
(if) Trends in the stability of oxo salts of lanthanoids from La to Lu.
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(iif) Stability of the complexes of lanthanoids.
(iv) Radii of 4d and 5d block clements.
(v) Trends in acidic character of lanthanoid oxides.
Ans. Explanation:
() Because of lathanoid contraction La,0, is more jonic and Lu,0, is
more covalent.
(i) As the size decreases from lanthanum to lutetium the stability of
oxosalts decreases.
(iif) With the decrease in size of Lanthanoids stability of the complex
formed by lanthanoids decreases.
(iv) Radii of 44 and 54 clements will be almost same.
(¥) Acidic character increases from lanthanum to lutetium.
68. (a) Answer the following questions:
(/) Which element of the first transition series has highest second

jonisation enthalpy?
(i) Which element of the first transition series has highest third
jonisation enthalpy?
(/if) Which element of the first transition series has lowest enthalpy of
atomisation?
() Identify the metal and justify your answer.
(/) Carbonyl M (CO), (i) MO,F

Ans. (@) (i) Exchange the second ionisation enthalpy shows unusually
high values for Cr and Cu first trasition series where the
4 and d" configurations of the M* ions are disrupted, with
considerable loss of energy.

(i) The trend in the third jonisation enthalpies is not complicated
by the 4s orbital factor and shows the greater difficulty of
removing an electron from the d* (Mn?*) and d"° (Zn**) ions.

(iti) because of the completely filled 3d sub shell no unpaired
electron is left for metallic bonding.
(3) (i) ltis Fe(CO), by EAN rule
EAN=x+2 x5 =36 (Kris the nearest inert gas)
x = 26 (atomic no. of the metal) so the metal is iron

(i) MO,F is MnO,F
In MO,F let us assume M=x
x + 3x(ED)+()=0
x= +7
M is in +7 oxidation state so that the given compound is
MnO,F :

69. Mention the type of compounds formed when small atoms like H, C and
N get trapped inside the crystal lattice of transition metals. Also give
physical and chemical characteristics of these compounds.
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Ans, Interstitial compounds are formed when small atoms like H, C or N
are trapped inside the crystal lattices of metals, They are usually non
stoichiometric and are neither typically ionic nor covalent.

The principal physical and chemical characteristics of these compounds
are as follows:
(¥) They have high melting points, higher than those of pure metals.
(79) They are very hard, some borides approach diamond in hardness,
(iiY) They retain metallic conductivity.
(iv) They are chemically inert.

70. (a) Transition metals can act as catalysts because these can change their
oxidation state. How does Fe(IIl) catalyse the reaction between
iodide and persulphate ions?

(b) Mention any three Pprocesses where transition metals act as catalysts.

Ans. (a) The reaction between iodide and persulphate ions.

A+ 8,0, -1+ 250"
An explanation of this catalytic action can be given as:
2Fe* +2I" — 2Fe* +1,
2Fe* +8,0; —» 2Fe* + 250"

(8) Ny(g) + 3H,(g) == 2NH_(g)
In the above reaction Fe is used as catalyst.

2ZKCIO, 5+ 2KCl + 30,
250,+0, —1%. 350,

71. A violet compound of manganese (A) decomposes on heating to
liberate oxygen and compounds (B) and (C) of manganese are formed.
Compound (C) reacts with KOH in the presence of potassium nitrate
to give compound (B), On heating compound (C) with conc. H,S0,
and NaCl, chlorine gas is liberated and a compound (D) of manganese
along with other products is formed. Identify compounds A to D and
also explain the reactions involved.

Ans. A=KMnO, B=KMnO, C=MnO, D=MnC|,
KMnO, % K_MnO, + MnO, + 0
@ ! K‘(B) o
MnO, +KOH+0, —» 2K MnO, + 2H,0
MO, + 4NaCl +4H,S0, — M(xlx))cl1 +2NaHSO0, + 2H,0 +CL,

Since, compound (C) on heating with conc. H,80, and NaCl gives ClL,
gas. So it is manganese dioxide (MnO,).

Q0o
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Coordination
9 @ Compounds

——

1. Which of the following complexes formed by Cu* ions is most stable?
() Cv** +4NH; = [Cu(NH;),]*, logK = 11.6

(i) Cu? +4CN_ = [Cu(CN), ], logK = 213

(iii) Cu** + 2en == [Cu(en),}*", log K= 154

(iv) Cu* +4H,0 = [Cu(H;0),J*', log K = 8.9

Ans. (i)

Explanation: Greater the value of log K greater the stability of the

complex compound.

2. The colour of the coordination compounds depends on the crystal field
splitting. What will be the correct order of absorption of wavelength of
tight in the visible region, for the complexes, [Co(NH3)gl*, [Co(CN)g]*,
[Co(;0)6)*

(i) [Co(CN)sI* > [CoHs)e]** > [Co(H;0)e]™
(i) [Co(NH,)sJ** > [Co(H,0)¢]** > [Co(CN)s}
(i) [Co(H;0)s]* > [Co(NHa)e[** > [Co{CN)e]™
(i) [Co{CN)g]* > [Co(NHa)s]** > [Co(H;0)e]™*
Ans. (iii)
Explanation: In strong field ligand, there is more energy separation
than weak ficld ligand it means that as the strength of ligand increases
crystal field splitting energy increases.
AE=he/h or AEc 1/A
As AE increases, wavelength of light absorbed decreases.

3. When 0.1 mol CoCl;(NHa); is treated with excess of AgNQ,, 0.2 mol

of AgCl are obtained. The conductivity of solution will correspond to

(i) 1:3 electrolyte (#) 1:2 electrolyte
(iif) 1:1 electrolyte (iv) 3:1 electrolyte
Ans. (@i

4. When 1 mol CrCly-6H,0 is treated with excess of AgNO3, 3 mol of
AgCl are obtained. The formula of the complex is:
(1) [CrCly(H,0)5]-3H;0 (i) [CrCl(H0),]C1-2H0
@iif) [CrCIH0)]CL-H:0 (i) [Cr(H;0)6]Cly
Ans. (iv)
Explanation: 1 mol of AgCl is precipitated by one CY~ion.
3mol of AgClis precipitated by 3Cl-ions. So the formula of the complex
is Cr [(Hz20)6]Cls
5. The correct IUPAC name of [Pt(NH;3),Cl] is
() Diamminedichloridoplatinum (IT)
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(ii) Diamminedichloridoplatinum av)
(¢i) Diamminedichloridoplatinum @
() Dichloridodiammineplatinum av)
Ans. (i)
Explanation: The complex compound is [Pt(NH3),Cl,].
NH; is a neutral ligand and named as amine,
Clis anion ligand and named as chloride. Di or tri is prefixed to represent
the number.
So the name of the compound is — Diamminedichloridoplatinum (IF).
(IT) represent the oxidation state of platinum.
6. The stabilisation of coordination compounds due to chelation is called
the chelate effect. Which of the following is the most stable complex

species?
(9} [Fe(CO)s] (#) [Fe(CN)¢]*
({if) [Fe(Cy04)5]* (iv) [Fe(H,0)]*
Ans. (i)

Explanation: When a di- or polydentate ligand uses its two or more
donor atoms to bind a single metal ion, it is said to be a chelate ligand.
The number of such ligating groups is called the denticity of the ligand.
Such complexes, called chelate complexes tend to be more stable than
similar complexes containing unidentate ligands.

7. Indicate the complex ion which shows geometrical isomerism.

() [Cr(H,0),CL,]* (i) [Pt(NH;),Cl]
(ii}) [Co(NH;)]* () [Co(CN)s(NC)*>
Ans. (i)

Explanation: Because it is a MA/B, type co-ordination compound.
Possible geometrical isomers are

Cl Cl
O] Ho o

Poer i Cr
Hzo)/"ilz'i'&Hzo "'2°/|-! o\ H0

trans-isomer ds—lso?ner

8. The CFSE for octahedral [CoClg]* is 18,000 cm. The CFSE for
tetrahedral [CoCL, - will be

() 18,000 cm! (i) 16,000 cm!
(i#) 8,000 cm! (i) 20,000 cm™
Anms. (iif)
Explanation: CFSE for octahedral and teirahedral complex is related as
A= ;A,,

where A, = CFSE for octahedral complex
A= CFSE for tetrahedral complex
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A, = 18000 cor
A= f;-xlsooo =8,000 co!

Due to the presence of ambidentate ligands coordination compounds
show isomerism. Palladium complexes of the type [Pd(C¢Hs):(SCN),]
and [Pd(CgH;),(NCS),] are

() linkage isomers (if) coordination isomers
(iif) ionisation isomers (iv) geometrical isomers
@)

Explanations: Linkage isomerism arises in a coordination compound
containing ambidentate ligand. A simple example provided by complexes
containing the thiocyanate ligand, NCS—, which may bind through the
nitrogen to give M—NCS or through sulphur to give M—SCN.

The compounds [Co(SO4)(NH3)s}Br and [Co(SO4)(NH;)5]Cl represent
(9) linkage isomerism (i?) ionisation isomerism

(iii) coordination isomerism  (i¥) no isomerism

@)

Explanation: Isomers means having same molecular formula but
different structural formula but in the above question the molecular
formula is different. Hence they are not isomerts.
A chelating agent has two or more than two donor atoms to bind to a
single metal ion. Which of the following is not 2 chelating agent?

(i) thiosulphato (i7) oxalato
(iif) glycinato (#v) ethane-1,2-diamine

®
Explanation: Geometry of thiosulphato is not favourable to chelate a
metal ion.

12. Which of the following species is not expected to be a ligand?
(/) NO (i) NH,
(iti) NH,CH,CH,NH, () CO
Ans. (i)

13.

Anms.

Explanation: Ligand must have a lone pair electron to form M-L
(metal-ligand bond)

What kind of isomerism exists between [Cr(H;0)¢]Cl; (violet) and
[Cr(H,0)sClICL, - HoO (greyish-green)?

() linkage isomerism {(if) solvate isomerism
(#if) ionisation isomerism (i) coordination isomerism
(i)

Explanation: This form of isomerism is known as ‘hydrate isomerism’
in case where water is involved as a solvent. This is similar to ionisation
isomerism. Solvate isomers differ by whether or not a solvent molecule
is directly bonded to the metal ion or merely present as free solvent
molecules in the crystal lattice.
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14. TUPAC name of [Pt{NH;),CNO,)] is ;
(9 Platinum diaminechloronitrite
(#) Chloronitrito-N-ammineplatinum (II)
(#i7) Diamminechloridonitrito-N-platinum I
(v) Diamminechloronitrito-N-platinate (In
Ans. (i)
Explanation: The ligands are named in an alphabetical order before the
name of the central atom/ion. (This procedure is reversed from writing
formuta). Names of the anionic ligands end in —o. State of the metal
in cation, anion or neutral coordination entity is indicated by Roman
numeral in parenthesis,

Il. MuLtieLE Choice QuesTions (T YPe-Il)

Note : In the following questions two or more options may be correct.
15. Atomic number of Mn, Fe and Co are 25, 26 and 27 respectively. Which
of the following inner orbital octahedral complex ions are diamagnetic?

(@ [Co(NH,)¢I* (i) [Mn(CN)s}>
(iii) [Fe(CN)g]* (W) [Fe(CN)]>
Ans. () and (iif)
Explanation:
() Onbitals of Coion [N TAT414] [ [ [ ]
- 3d 4s 4p
s deed MINMN [T1T1T[]
d2sp3
[CoH) — NININ]  ININNINIEN
(inner orbital or Six palrs of electrons
low spin complex) from six NH3 motecules

No. of unpaired electron= 0
Magnetic property = diamagnetic
(if) Electronic configuration is 34° orbitals of Fe** jon:

AT O [T
3d 4s 4p

As CN-is a strong field ligand, it causes the pairing of the unpaired
3d electrons. Since there are six ligands around the central metal
ion, the most feasible hybridization o sp’. d’sp® hybridized
oribtals of Fe?* are;

AT T [0 [T
~ —
dzsp?
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6 electron pairs from CN- ions occupy the six hybrid dsp® orbitals.

ML

6 pairs of electm;frqn 6 CN™~ ions
Hence, the geometry of the complex is octahedral and the complex
is diamagnetic (as there are no unpaired electrons).

16. Atomic number of Mn, Fe, Co and Ni are 25, 26, 27 and 28 respectively.
Which of the following outer orbital octahedral complexes have same
number of unpaired electrons?

() MnCle]* (ir) {FeFg]>
(ii) [CoFgl* (iv) [Ni(NHy)l*
Anms. (i) and (iii)
Explanation: Outer orbital complex or high spin complex
Orbitals of Co* ion:

|1L|1|ld|1l1J EI r|4u L] Ll [ ]

Again, fluoride ion is a weak field ligand. It canmof cause the pairing of the
3delectrons. As a result, the Co** ion will undergo spa? hybridization sprd.

Hybridized orbitals of Co* ion are:
moro) O Ol
-
M1 Al a1
_ o >
e

6 electron pairs from F lons

Similarly [MnCl¢]* is also outer orbital complex or high spin complex.
Magnetic property-paramagnetic no. of unpaired electron = 4
17. Which of the following options are cotrect for [Fe(CN)s]*- complex?

(i) dsp® hybridisation (ii) sp*d”® hybridisation
(iif) paramagnetic (#v) diamagnetic
Ans. (i) and (ii})
Explanation:

monoa O CC Lty
3d 4s 4p

4d
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18.

Ans.

19.

Ans.

20,

Ans.

21.

Ans. (/) and (i)
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6 electron pairs from CN ions occupy the six hybrid dPsp® orbitals.
No. of unpaired electron = 1
Magnetic properiy = paramagnetic
An aqueous pink solution of cobalt(IT) chloride changes to deep blue on
addition of excess of HCI. This is because .
() [Co(H,0)F" is transformed into [CoCls)+
(i) [Co(H,0)4* is transformed into [CoClL, )
(iii) tetrahedral complexes have smaller crystal field splitting than
octahedral complexes.
() tetrahedral complexes have larger crystal field splitting than
octahedral complex.
(ii) and (sif)
Explanation: Aqueous pink solution of cobalt (I} chloride is due to
electric transition of electron from by to e, energy level of [Co(H,0p)
complex. When excess of HCl is added to this solution.

Which of the following complexes are homoleptic?
(7} [Co(NH;)]** (i) [Co(NH,),Cl,]"

(i) [Ni(CN),J* (v) [Ni(NH;),Cl,]
() and (iir)

Explanation: Complexes in which a metal is bound to only one kind of
donor groups, e.g., [Co(NH;)4]*, are known as homoleptic. Complexes
in which a metal is bound to more than one kind of donor groups. e.g.,
[Co(NH,),Cl,]*, are known as heteroleptic.

Which of the following complexes are heteroleptic?
() [Cr(NH,)¢]* () [Fe(NH;),CL,}I*

(#i) [Mn(CN)s]* () [Co(NH;),Cl,]
(i) and (i)

Explanation: Alrezady explained in answer no.19.

1dentify the optically active compounds from the following :
() [Colen)sJ (#) trans— [Co(en),Cl,]"
(@) cis—{Co(en),Cl,]* () [Cr(NH;)sCl)

LY

Explanation: Optical Isomerism

@ eﬂ 3+ . —l 3+
Q

gy
dextro mirror lasvo

Opfical isomers (d and 1) of [Co(en) J**
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91 CI:|
e T | STy
o] Cl
Mirror

Trans [CoCly(en),]* isomer-optically inactive
{Superimposable mirror images)

C|>| Cl cl gl —
va="valiaNaN,

22,

Ans.,

23.

Ans.

Mirror
Cls [CoCly(en),]* isomer-optically inactive
(Non-superimposable mirror images)
Optical isomers are mirror images that cannot be superimposed on one
another. These are called as enantiomers. The molecules or jons that
cannot be superimposed are called chiral. The two forms are called
dextro (d) and lacvo (J).

Identify the correct statements for the behaviour of ethane-1, 2-diamine
as a ligand.
() Itis a neutral ligand. (i) It is a didentate ligand.

(i) Itis a chelating ligand. (iv) Itis a unidentate ligand.

(), () and (i)
Explanation: When a ligand can bind through two donor atoms as in
HzNCHzCHzNHz (Ethﬂ.ﬂe-l, 2-diﬂmme) or 0204
2-(oxalate), the ligand is said to be didentate and when several donor
atoms are present in a single ligand as in N(CH,CH,NH,)s, the ligand
is said to be polydentate. Ethylenediaminetetraacetate ion (EDTA*) is
an important hexadentate ligand. When a di- or polydentate ligand uses
its two or more donor atoms to bind a single metal ion, it is said to bea
chelate ligand, Ethane-1, 2-diamine is a neutral ligand.
Which of the following complexes show linkage isomerism?

(® [Co(NH;)s (NOYY* (i) [Co(H,0)sCOT"
(iif) [Cr(NH;)s SCNI (iv) [Fe(en),Clo]*

(i) and (iif)
Explanation: Linkage isomerism ariscs in a coordination compound
containing ambidentate ligand. A simple example is provided by
complexes containing the thiocyanate ligand. NCS-, which may bind
through the nitrogen to give M-NCS or through sulphur to give M-SCN.
Jorgensen discovered such behaviour in the complex [Co(NH;3)sNO,Cl,,
which is obtained as the red form, in which the nitrite ligand is bound
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through oxygen (—ONO), and as the yellow form, in which the nitrite
ligand is bound through nitrogen (—NO,).

0
» Nitro N
=
@ @f group N=0—s 7010
o .
(The donor atom is N) (The donor atom is oxygen)

Ill. SHorT ANSWER TypPE

24. Arrange the following complexes in the increasing order of conductivity

of their solution: [Co(NH,);Cl,], [Co(NH;),CLICL, [Co(NH;)]Cl,,
[Cr(NH,),CI]CL,,
Ans. Complex which give more ions on dissolution is more conducting,
[Co(NH;)]Cl; > [Cr(NH;)5CIICL, > [Co(NH,), Cly] Cl >[Co(NH;);Cl;]
25. A coordination compound CrCl;-4H,0 precipitates silver chloride
when treated with silver nitrate. The molar conductance of its solution
corresponds to a total of two ions. Write structural formula of the
compound and name it.

Since only two ions are present in the solution only one CI- is present

outside the sphere.

The formula of the complex is [Co(H0),C1,]Cl1 and its [UPAC name is

Tetraaquadichioridocobalt (ITI) chloride.

26. A complex of the type [IM(AA),X,]™ is known to be optically active,
What does this indicate about the structure of the complex? Give one
example of such complex.

4 S

~ T | N
er’ Nen_/

1]

Aans

.

Mirror
Cis [CoCl)(en),]* isomer-optically active
(Non-superimposable mirror images)
An optically active complex of the type[ M(AA), X, ]~
27. Magnetic moment of [MnCl,J*- is 5.92 BM. Explain giving reason.
Ans. Since the coordination number of Mn?" jon in the complex ion is 4,
it will be either tetrahedral (sp® hybridisation) or square planar (dsp?
hybridisation). But the fact that the magnetic moment of the complex
ion is 5.9 BM, it should be tetrahedral in shape rather than square planar
because of the presence of five unpaired electrons in the 4 orbital.
28. On the basis of crystal field theory explain why Co(IIl) forms
paramagnetic octahedral complex with weak ficld ligands whereas it
forms diamagnetic cctahedral complex with strong field ligands.
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Ans. With weak field ligands Ag < P2 (pairing energy) so, the electronic
configuration of Co(II) with ;. €, i.e., it has 4 unpaired electrons

2378

A :
Degenerate d-orbital 1 t

29
In strong field ligands A, > P (pairing eneurgy). So pairing occurs, thus,
the electronic configuratioin will be £, °¢_. Ithasno unpaired electron
and is diamagnetic.

29, Why are low spin tetrahedral complexes not formed?

Ans. In tctrahedral coordination entity formation, the d orbital splitting is
inverted and is smaller as compared to the octahedral field splitting. For
the same metal, the same ligands and metal-ligand distances, it can be
shown that A,= (4/9) A,.

30, Give the electronic configuration of the following complexes on the
basis of Crystal Field Splitting theory.
[CoFg]*, [Fe(CN)gl* and [Cu(NH;)el™
Ans. According to spectrochemical series ligands can be arranged in a series
in the order of increasing field strength
CN-> NH3 >F-
Thus CN- and NH, are strong field ligand pair up the £, electrons before
filling e, set.
[CoFJ, Co™ = (d) 15,

AKIERIAK

[Fe(CN)gl*, Fe?* = (d*)t%,€p

A

Degenerate d-orbital

6 3
e

[Cu(NH;)[*', Cu* = (d°) e,

AN

Degenerate d-orbital

CoorpinaTion Compounps B 151


http://www.cbsepdf.com

www.cbsepdf.com

31. Explain why [Fe(H,0)s]** has magnetic moment value of 5.92 BM
whereas [Fe(CN)s]* has a value of only 1.74 BM.
Ans. Magnetic moment
p= ya(n+2)
() [Fe(H;0)g]** has magnetic moment value = 5.92 BM

It means no. of unpaired electron = 5
For [Fe(H,0)4])*
The electronic configuration of Fe* is

3d 4s 4p 4d
g [TTTT1]177] ] el 1711
e —

sp’d°hybridisation
(ii) This is an outer orbital complex CN- is strong ligand A, > P for
CN- Electronic configuration of Fe*

ad 4s 4p
SN

d’sp’
no. of unpalred electron = 1

p= 174 BM
32. Arrange following complex ions in increasing order of crystal field
splitting energy (A,) :
[CH{CD]>, [CH(CN)g*, [Cr(NH5)g]*.

Ans. Crystal field splitting energy increases in the order [CHCDe* <
[Cr(NH;)g]** < [CHCN)oJ*-

Because according to spectrochemical series the order of field strength
Cl-< NH,; <CN-

33. Why do compounds having similar geometry have different magnetic
moment?

Ans. It is due to the presence of weak and
strong field ligands in complexes. If R\
CFSEishigh, the complex will show low C°\ PaeN
value of magnetic moment and vice-versa, F | N NH, | NH
€.g.,[CoFgl* and[Co(NH;)sJ**, theformer T NH,
is paramagnetic, and the latter is diamagnetic because /- is a strong field
ligand while both have similar geometry.

34 CuSO;-5H,0 is blue in colour while CuSQ, is colourless. Why?

Ans. In CuS0,.5H,0, water acts as ligand as a result it causes crystal field
splitting. Hence d—d transition is possible in CuSO, . 5H,0 and shows
colour. In the anhydrous CuSO, due to the absence of water (ligand),
crystal field splitting is not possible and hence no colour.

35. Name the type of isomerism when ambidentate ligands are attached to
central metal ion. Give two examples of ambidentate ligands.
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Ans. Ambidentate ligands are ligands that can attach themselves to the
central metal atom through two different atoms. For example

0
Nitro Nitrito
—> —
@i group N o0— group
0

(The donor atom is N) (The donor atom is oxygen)
N— Thiocyanate —> lsolhiobyanate
(The donor atom is S) (The donor atom is N)

V. MatcHing TYPE
Note: In the following questions match the items given in Columns I and
Column IL
36. Match the complex ions given in Column I with the colours given in
Column 1 and assign the correct code :

~ Colurn I(Complexion) | Column If (Colour) - .
A. [Co(NH;)e]*" L. Violet
B. [Ti(H,0)e]** 2. Green
C. [Ni(H,0)6** 3. Pale blue
D. [Ni(H,0)4(em)”* (aq) 4. Yellowish orange
5. Blue .
Code:
@) A B (2) cCH D (5)
(i) A(4) B (3 C () D (1)
() AQ3) B (2) Cc@ D (1)
™ A4 B (1) c@ D @3)
Ans. (i)
Explanation:
0 oo Complexion - - b . Colour -
A. [Co(NH;)s** ‘ Yellowish orange _
B. [Ti(H,0)¢}*" Pale blue
C. INi(H,0)* Green
D. [Ni(H,0)4(em)** (aq) Violet

37. Match the coordination compounds given in Column I with the central
metal atoms given in Column II and assign the correct code:

o - Columml- & - o Columin |l =
| (Coordination Compound) | - (Central metal atom)
A. Chlorophyll 1. thodium
B. Blood pigment 2. cobalt
C. Wilkinson catalyst 3. calcium
D. Vitamin By, 4, iron
5. magnesium
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Code :
() A(S) B 4) c D (2)
(i) AQ3) B (4) C ) D (1)
@i A4 B (3) CQ D ()
() AQ) B 4) c@ D (2)
Ans, ] (i)

- - Colomnl- T T T Columall |

A. Chlorophyli Magnesium

B. Blood pigment Iron

C. Wilkinson catalyst Rhodium

D. Vitamin B,, Cobalt

38. Match the complex ions given in Cohumn I with the hybridisation and

mnnberoflmpairedelecimnsgiveninColumnlIandgnthecouectcode:
" Colamnl "] Colunm 1 (Rybridisafion,

| ~{Complexion) |- mumber of unpaired electror

A. [Cr(H,0)¢P* L. dp?, 1

B. [Co(CN).J>- 2.5p°@, 5

C. [Ni(NH;)¢J** 3. &sp’, 3

D. [MnF ]+ 4.5p°,4

5.5p°d&, 2

Code :

() A(3) B (1) C () D (2
(i) A@4) B (3) C @2 D (1)
(i) A(3) B (2) cC@ D (1)
(V) A4 B (1) C@® D (3)
Ans, (i)

ERSTT SR T T
A. [Cr(H,0)6]* P4
B. [Co(CN),J* &sp’, 3
C. [Ni(NH3)e** spd, 5
D. [MnFg]* dsp?, 1
39. Match the complex species given in Column I with the possible isomerism
given in Column IT and assign the correct code :
~Column I (Complex species) ]~ Column I (Isomerism) |
A. [Co(NH,),CL,]* 1. optical
B. cis-[Co(en),Cl,]* 2. ionisation
C. [Co(NH;3)+(NO,)ICL, 3. coordination!
D..[Co(NH;)s][Cr{CN),] 4. geometrical
5. linkage
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Code :
@) A1) B (2) C@ D (5)
(i) A@ B (3) C (2) D (1)
() A@ B () C (5) D (3)
(v) A@ B () c@® D (3)
Ans. ()

T Columnl o s Columall = -
A. [Co(NH3),Cl;] geometrical

B. cis-[Co(en),Cly]* optical

C. [Co(NH;)5s(NO»)ICl, ionisation

D. [Co(NH3)6[Cr(CN)g! coordination

40. Match the compounds given in Column I with the oxidation state of
cobalt present in it (given in Column IT) and assign the correct code.

T Columu 1 (Compound) | Column H{Oxidation state of Co)
A [Co(NCS)(NH,)5(S0;) [ 1.+4
B. [Co(NH,),CL]SO04 2.0
C. Nay[Co(S,03):] 3. +1
D. [Co,(CO)] 4.+2
5.+3
Code :
@) A() B (2) CcC® D (5)
(i) A@4) B (3) C (2 D (1)
(iii} A (5) B (1) C@ D (2)
(v) A@ B (1) cC@ D (3)
Ans. ()
T - Colmmml o | & " Columall = . o |
A. [Co(NCS)(NH;)5)(SO5) +4
B. [Co(NH;),C1,]S04 0
C. Nay[Co(8,0;);] +2
D. [Coy(CO)s] +3

V. AsserTioN AND ReEAsoN TYPE
Note: In the following guestions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following choices. ‘
(9 Assertion and reason both are true, reason is the correct explanation
of assertion.
(i) Assertion and reason both are true but reason is not the correct
explanation of assertion.
(it}) Assertion is true but reason is false.
(iv) Assertion is false, reason is true.
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41. Assertion : Toxic metal ions are removed by the chelating ligands.
Reason  : Chelate complexes tend to be more stable.
Ans. (i)
Explanation: Toxic metal jons are removed by the chelating ligands.
Metal ligand form stable complex compound with the toxic metal ions
and remove them from the solution.
42. Assertion : [Cr(H,0)]Cl, and [Fe(H,0)6]CI, are reducing in nature.
Reason : Unpaired electrons are present in their d-orbitals.
Ans. (if)
Explanation: [Cr(H,0),]Cl, and [Fe(H;0)]Cl, are reducing in nature.
They form more stable complex after gaining electrons.
43. Assertion : Linkage isomerism arises in coordination compounds
containing ambidentate ligand.
Reason  : Ambidentate ligand has two different donor atoms.
Ans. (i)
Explanation: Linkage isomerism arises in coordination compounds
containing ambidentate ligand because ambidentate ligand has two
different donor atoms,
44, Assertion : Complexes of MXgand MXL type (X and L are unidentate)
do not show geometrical isomerism.
Reason  : Geometrical isomerism is not shown by complexes of
coordination number 6.
Ans. (i)
Explanation: Complexes of MXg and MX,L type (X and L are unidentate)
do not show geometrical isomerism due to plane of symmetry shown

by them.
45. Assertion : ([Fe(CN)¢]* ion shows magnetic moment corresponding
to two unpaired electrons.
Reason  : Because it has a%sp° type hybridisation.
Ans. (iv)

Explanation: ([Fe(CN)4]* ion shows magnetic moment corresponding
to not two for one [Fe(CN);]* and [Co(C;04);]* are inner orbital
complexes involving &?sp® hybridisation.
VI. Lone ANswer Type
46. Using crystal field theory, draw energy level diagram, write electronic
configuration of the central metal atom/ion and determine the magnetic
moment value in the following :

() [CoFg]*, [Co(H,0)g]**, [Co(CN)g]*

(if) [FeFg]*, [Fe(H,0))*, [Fe(CN)¢)*+
111 e
G G L

1

Number of unpaired electrons = 4
va(n+2)=/4(4+2)= /24 =49BM b
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[Co®LO 1411111 r-,

88
Number of unpaired electrons = 3
3@ +2) =415 =387BM - f

[Co(CN)s] H|1|1l1|11/ ie. fy e

Co* = 3dS 25 s
No unpaired electrons so diamagnetic ...
‘h

@ E;FG]ZJS r‘ 11 | 1 I 1 l 1 |J ie. tzses
Number of unpaired electrons = 3
J5G+2) =35 =592BM -..

[Fe(H,0)sF* Wl 1 | 1 | 1 I 1 %

Fe* = 3d*¢ ie. tzgeg
Number of unpaired electrons = 4
J4(@+2)=/24=49BM .-.

[Fe(CN)s]* FHHHHI/ lete

Fe* = 3d*
Since CN- is strong field ligand all the
electrons get paired. .-. s
No unpaired electrons so diamagnetic
47. Using valence bond theory, explain the following in relation to the
complexes given below:
[Mn{CN)gJ*, [Co(NHa)g]*", [Cr(H;0)g]*, [FeClgl™
() Type of hybridisation. (i) Inner or outer orbital complex.

(iii) Magnetic behaviour. (iv) Spin only magnetic moment value.
Ans. M(CN)G]}
3d“
AT ] | _.
O dsp’

(i) Inner orbital complex
(#ii)) Paramagnetic

() V22 +2)=y/8=287BM
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[Co(NHy)eP*
Co** =348

M 8 W
(LI EPopod o |
0 dsp? o

(i) Inner orbital complex
(iify Diamagnetic

(iv) Zero
[Cr(H,0)
Mo 4 o,
LT Bhodod  pod oo
O diop i
(7)) Inner orbital complex
(iii) Paramagnetic
(i) 3.87BM
[FeClg]*
Fe?* = 34
3d ‘”“4.9 . P . -_._‘4d
[BITITTATT {fod oo oo T T
O e i

(#) Outer orbital complex
(i) Paramagnetic
(iv) 49BM
48. CoSO,Cl- 5NH; exists in two isomeric forms A’ and ‘B’. Isomer ‘A’
reacts with AgNO, to give white precipitate, but does not react with
BaCl,, Isomer ‘B’ gives white precipitate with BaCl, but does not react
with AgNO;. Answer the following questions,
(¥) Identify ‘A’ and ‘B’ and write their structural formulas.
(i) Name the type of isomerism involved.
(##) Give the TUPAC name of ‘A’ and ‘B’.
Ans. (i) A-[Co(NH;)sSO,]Cl
B - [Co(NH;);C1]SO,
(ii) lonisation isomerism,
(i A. Pentaamminesulphatocobalt(IIT) chloride.
B. Pentaamminechlorocobalt(IIT) sulphate,
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49. What is the relationship between observed colour of the complex and
the wavelength of light absorbed by the complex?

Ans. White light as it passes through the sample, so the light that emerges isno
longer white. The colour of thecomplex is complementary to that whichis
absorbed. The complementary colour is the colour generated from the
wavelength left over; if green light is absorbed by the complex, it

@] Colour of light absorbed| Co

- Yellow

[Co(NH,)s(H,0))*| 500 |BlueGreen &
[Co(NHy) ™ 475 |Bhe —
[Co(CNel* 310 Ultraviolet Not in visible
region
[Cu(H,0)]* 600 |[Red
[TiE,0)6* 498 |Blue Green EmE=m
Above table gives the relationship of the different wavelength absorbed

and the colour observed.
50, Why are different colours observed in octahedral and tetrahedral

complexes for the same metal and same ligands?

Ans. In tetrahedral coordination entity formation, the d orbital splitting is
inverted and is smaller as compared to the octahedral field splitting.
For the same metal, the same ligands and metal-ligand distances, it can
be shown that A, = (4/9) Ag. Consequently, the orbital splitting energics
are not sufficiently large for forcing pairing and, therefore, low spin
configurations are rarely observed.

Oy, Gy d,z]t
2

T F-3
Energy % A
At

B
. N A ] P
== de_p2, d2

dorpitals  Average energy of the Splitting of d crbitals
free Ion d orbitals in spherical  in tetrahednal crystal
crystal fleld fisld

d orbital splitting in a tetrahedral crystal field.

aQa
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Haloalkanes and
N 5 Haloarenes

I. MuLmiPLE CHoicE QuEsTIONS (Type-l)
1. The order of reactivity of following alcohols with halogen acids is

(A) CH,CH,—CH,—OH (B) CH,CH,— CH— OH

CH
CH, 3

(C) CH;CH,—C— OH

CH,
) (A)>®B)>(C) (@) (©)>®B)>(A)
(i) (B)>(A)>(C) ™) (A)>(CO)>(B)

Ans. (i)

Explanation: Greater the stability of carbocation, greater will be
its ease of formation from alkyl halide and faster will be the rate of
reaction. In case of alkyl halides, 3° alkyl halides undergo S,1 reaction
very fast because of the high stability of 3° carbocations.

2. Which of the following alcohols will yield the corresponding alkyl
chloride on reaction with concentrated HCI at room temperature?

() CH,CH,—CH,—OH (#) CH;CH,—CH—OH

CH;
CH,
(i) CH,CH,— (I3H— CH,O0H (#v) CH;CH,— (I:—— OH
CH3 CH3

Ans. ()
Explanation: The reactions of primary and secondary alcohols with HCl
requirethe presence of'a catalyst, ZnCl,. With tertiary alcohols, the reaction
is conducted by simply shaking with concentrated HC] atroom .
The order of reactivity of alcohols with a given haloacid is 3° > 2° > |°,
3. Identify the compound Y in the following reaction.

NH, N,Cl
NaNOy + HCl CyCly
O e (Y e
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Cl
@ Q) © )

(i) ()

Cl
Ans. ()
Explanation: The CI, Br and CN~ nucleophiles can easily be introduced
in the benzene ring of diazonjum salts in the presence of Cu(l) ion.
CuCl / HC! ArCl + N2
AR — s ATBr + N

CuCN/ KCN5 ACN + N,

4. Toluene reacts with a halogen in the presence of iron (III) chloride

giving ortho and para halo compounds. The reaction is
(i) Electrophilic elimination reaction

(i) Electrophilic substitution reaction

(ifi) Free radical addition reaction

(iv) Nucleophilic substitution reaction

Ans. (i)

Explanation: Aryl chlorides and bromides can be easily prepared by
electrophilic substitution of arenes with chlorine and bromine respectively
in the presence of Lewis acid catalysts like iron or iron{IIl) chloride,

CHj CHj CHs
X X

o-Halotoluene p-Halotoluena
5. Which of the following is halogen exchange reaction?
() RX+Nal —» RI+NaX

(i) Sc=c+HX — >(‘:—$<
H X

(i) R—OH + HX 2Z» R—X+H,0

CH; CH, CH
(iv) ©/+ X -{;—FPCC + /@
X X

3
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Ans. (1)
Explanation: Alky! iodides are often prepared by the reaction of alkyl
chlorides/bromides with Nal in dry acetone. This reaction is known as
Finkelstein reaction.
NaCl or NaBr thus formed is precipitated in dry acetone. It facilitates
the forward reaction according to Le Chatelier’s Principle.
6. Which reagent will you use for the following reaction?
CH,CH,CH,CH, ——> CH,CH,CH,CH,CI + CH,CH,CHCICH,
(M CL/UV light (i) NaCl + H,S0O,
(#i) Cl, gas in dark
(#v) Cl, gas in the presence of iron in dark
Ans. (i)
Explanation: Free radical chlorination or bromination of alkanes gives
a complex mixture of isomeric mono- and polyhaloalkanes, which is
difficult to separate as pure compounds. Consequently, the yield of any
one free radical chlorination or bromination of alkanes gives a complex
CH,CH,CH,CH, 2V I8 oy o1 CHLCH,CI + CH,CH,CHCICH,
7. Arrange the following compounds in the increasing order of their densities.

a a Br
(a) © ) © () @\ (‘0@\
a Cl

D) @<B)<()<@) () @< <@=<(b)
(@) @D <()< ()< (a) @) B) <@ <()<(a)
Ans. ()
Explanation: Density is related to molecular mass, Higher the mass,
higher will be the density of the molecule,
8. Arrange the following compounds in increasing order of their boiling

points.
CH,-_
(@) g~ CH—CHaBr (b) CH,CH,CH,CH,Br

3
CH,
© H;C——(It—CHg

Br
() B)<(@)<(c) (i) @<@®)<(c)
(i) () <(a)<(b) (W) ()< (B)<(a)

Ans. (iii) )
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Explanation: As the branching increases, surface area of the molecule
decreases. Because of these the vander Waals force of attraction between
the molecule decreases and cosequently boiling point decreases.

9, In which of the following molecules carbon atom marked with asterisk

(*) is asymmetric?

I ]
@ S~a ® S~a
N\, 7 \g,
! L
© o/ i‘CHa @ —CH
OH” o / \C2H53
(0 (a), ®), (0), (D (#) (a), (b), (©)
(@ (), (c), (d) (v} (a), (c), (d)
Ans, (i)

Explanation: Carbon atom attached with four different groups is

known as assymetric carbon.
10. Which of the following structures is enantiomeric with the molecule

(A) given below:
H

é w' G-I3
W\
\Br
(A)
E\\\...-QHS i:I\—\I:.--H
(@) (i)
H3C - \Br BI'/ \
H Br
“,Br “..H
(i) J:\\\\ @) é\\\
~ -~ \
HyC C,H; H,C, CH,

Ans, (i)
Explanatinn. The sterioisomers related to each other as non-super
impossable mirror images are called enantiomers. Enantiomers possess

identical physical propertics
11. Which of the following is an example of vic-dihalide?
() Dichloromethane (i) 1,2-dichloroethane
(iii} Ethylidene chloride (iv) Allyl chloride
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Ans, (i)
Explanation: In 1, 2 dichlorocthane, the two chlorine atoms are attached
to two adjacent carbon atoms,

12. The position of —Br in the compound in CH,CH=CHC(Br)(CH,), can
be classified as .
(i) Alyl (i) Aryl

(iif) Vinyl (iv) Secondary

Ans. (i)

Explanation: These are the compounds in which the halogen atom is
bonded to an sp*-hybridised carbon atom next to carbon-carbon double
bond (C=C) i.e., to an allylic carbon.

13. Chlorobenzene is formed by reaction of chlorine with benzene in the
presence of AICl,. Which of the following species attacks the benzene

ring in this reaction?
@ Cr (i) Cr
(i) AICH (W) [AICLT
Ans. (i)
14. Ethylidene chloride is a/an .
(i) vic-dihalide (i7) gem-dihalide
(iif) allylic halide (#v) vinylic halide
Ans. (i)

Explanation: In gem-dihalides, halogen atoms are present on the same

carbon atom. They are known as alkylidene halides CH,—CHCl,. Both

halogen atoms are present on same carbon atom so, it is gem-dihalide.
15. What is ‘A’ in the following reaction?

CI'Iz_CI'I—_—CHz
+HCl—» A
' CH;—CH=—CH, CHy—CH,—CH;—Cl
Cl
)] (@)
Cl
CI'IZ_"_CI:H’_CH_:; CI'I—CI'IZ_CI'IB
c
(iié) ()
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18.

Ans.

19.

Ans.
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(i) CH;—CH—CH,
Explanation: In this reaction addition of HC1 |
takes place on doubly bonded carbon atom c

in accordance with Markovnikov’s rule i.e.,
addition of negative addenum will take placeon
the carbon which has lesser number of hydrogen.

A primary alkyl halide would prefer to undergo
(i) Syl reaction (i) 8,2 reaction
(iif) o-Elimination (iv) Racemisation
(i)

Explanation: S,2 type (bimolecular nucleophilic substitution). These
reactions proceed in one step and the rate of reaction depends on
concentration of alkyl halide as well as nucleophile i.e. r= HRX][Nul.
Tt is a second order reaction. During Sy2 reaction inversion in configuration
ocCurs ie., starting with dextrorotatory halide a lacvo product is obtained
and vice-versa.

Which of the following alkyl halides will undergo Syl reaction most
readily?
() (CH),C—F (i) (CH;),C—Cl
(i) (CH,),C—Br (iv) (CH,),C—1
(v)

Explanation: Syl type (unimolecular nucleophilic substitution). These
reactions proceed in two steps. The rate of reaction is dependent on step 1
i.e., only on the concentration of alkyl balide » = k [RX]. It is a first
order reaction.
R———-e—X bond length in case of iodine is highest and that is why
Jowest bond dissociation enthalpy. Therefore, I is known as best leaving
group.
Which is the correct TUPAC name for CHy— —CH,Br?
({) 1-Bromo-2-ethylpropane

(i) 1-Bromo-2-ethyl-2-methylethane CHs

(i) 1-Bromo-2-methylbutane

(iv) 2-Methyl-1-bromobutane

(i)
Explanation; Numbering will start from the carbon attached with
halogen group and the longest chain will be selected.
What should be the correct TUPAC name for diethylbromomethane?

(/) 1-Bromo-1,I-diethylmethane

(if) 3-Bromopentanc

(if}) 1-Bromo-]-ethylpropane

(iv) 1-Bromopentanc

@
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20. The reaction of toluene with chlorine in the presence of iron and in the

absence of light yields .
CH]C1 CH;,
Cl
@ (i)

(iii) Hﬁ—@-(ﬂ (iv) Mixture of (ii) and (iif)
Ans. (iv)

Explanation:

CH3 CHj CH3
©/ e ©: ’ /©/
X X

o-Halotoluens p-Halotoluene
21. Chloromethane on treatment with excess of ammonia yields mainly
CH.
() N, N-Dimethylmethanamine ( CH,—N<__ )

(i) N-methylmethanamine (CH,—NH—CH,) CH,

(ii7) Methanamine (CH,NH,)

(#v) Mixture containing all these in equal proportion

Ams, (i#)

Explanation: Though primary amine is produced as the major product,
this process produces a mixture of primary, secondary and tertiary
amines, and also a quaternary ammonium salt.

RNH, > RNH B> RN X5 %
() 2) (3% ammonium salt
22. Molecules whose mirror image is non superimposable over them are
known as chiral. Which of the following molecules is chiral in nature?

(¥) 2-Bromobutane (i/) 1-Bromobutane
(i#) 2-Bromopropane (#v) 2-Bromopropan-2-o0l
Ans. (7)

Explanation: The objects which are nonsuperimposable on their mirror
imagesare called enantiomers. It eccurs on that molecule which contains
asymmetric carbon or chiral carbon i.e., a carbon atom attached with
four different group.
23. Reaction of C;H,CH,Br with aqueous sodium hydroxide follows .
() S\l mechanism
(i) Sy2 mechanism
(iif) Any of the above two depending upon the temperature of reaction
(iv) Saytzeffrule
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Ans. ()

Explanation: Greater the stability of carbocation, greater will be
its ease of formation from alkyl halide and faster will be the rate of
reaction. In case of alkyl halides, 3° alkyl halides undergo Sy1 reaction
very fast becauss of the high stability of 3° carbocations.

For the same reasons, allylic and benzylic halides show high reactivity
towards the Syl reaction. The carbocation thus formed gets stabilised
through resonance (Unit 12. Class XI) as shown below:

Hzc——(cl?—"-cﬁ'; «—>H— c|:= CH,

H H
@
S CH, CH2z Hy
©/ - > - >
CHz
>

24. Which of the carbon atoms present in the molecule given below are a

symmetric? OH H
HO O
c d
Ne b Lo 1/
7 1 1 ™=
H OH
() a,b,c,d @) b, c
(i) a,d (i) ab,c
Ans. (i)

Explanation: If all the substituents aitached to that carbon are different,
such a carbon is called asymmetric carbon or stereocentre. The resulting
molecule would lack symmetry and is referred to as asymmetric
molecule. The asymmetry of the molecule is responsible for the optical
activity in such organic compounds.

25. Which of the following compounds will give racemic mixture on
nucleophilic substitution by OH~ ion?

]|3r
(@ CI'Ig_?'l"_Bl' (b) CHs_(f—CHa
CoHs C2}‘I5
(©) CH;— —CH,Br
Lo
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@ (a) (i) (a), (b), ()
(i) (b), (c) () (a), (c)
Ans. (i)

Explanation: A mixture containing two enantiomers in equal proportions
will have zero optical rotation, as the rotation due to one isomer will
be cancelled by the rotation due to the other isomer. Such a mixture is
known as racemic mixture or racemic medification. A racemic mixture
is represented by prefixing 47 or case of optically active alkyl halides,
Syl reactions are accompanied by racemisation.

Note : In the questions 26 to 29 arrange the compounds In increasing

order of rate of reaction towards nucleophilic substitution,

Cl cl c
NG,
26. (a) (b) (©)
NO,

(D) @ <@)<(c) (#) ()< (b) <(a)
@) (@<(c)<(®) ™ @ <@<(®)
Ans. (ii)

Explapation: Aryl halides are extremely less reactive towards

nucleophilic substitution reactions due to the following reasons:

() Resonance effect : In haloarenes, the electron pairs on halogen atom
are in conjugation with electrons of the ring. C—Cl bond acquires a
partial double bond character due to resonance. As a result, the bond
cleavage in haloarene is difficult than haloalkane and therefore, they
are less reactive towards nucleophilic substitution reaction.

(i) Difference in hybridisation of carbon atom in C—X bond: In
haloalkane, the carbon atom attached to halogen is sp® hybridised
while in case of haloarene, the carbon atom attached to halogen is
sp*-hybridised. The sp® hybridised carbon with a greater s-character
is more electronegative and can hold the electron pair of C—X
bond more tightly than sp3-hybridised carbon in haloalkane with
less s-chararcter.

(iti) Instability of phenyl cation: In case of haloarenes, the phenyl
cation formed as a result of self-ionisation will not be stabilised by
resonance and therefore, Sy1 mechanism is ruled out. The presence
of an electron withdrawing group (—NO,) at ortho- and para-
positions increases the reactivity of haloarenes.

a 1 a
CH,
27. (a) b (©)

CH,
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) @<®) <@ (i) (@< (@<D®)
(i) (©)<®)<(a) () )<<
Ans. (iv)

Explanation: The presence of electron releasing group at ortho-and
para-positions decreases the reactivity of baloarenes. Because of the
possible repulsion, it is less likely for the electron rich nucleophile to
approach electron rich arenes.

Cl Cl 1
O,N NO,
28. (a) () (©)
NO, NO;

N ©@<®<@ @ ) <@ <@
(i) (@<@)<®) ) @< ®)<(©)
Ans. (iv)

Explanation: The presence of an clectron withdrawing group (—NO,)
at ortho- and para-positions increases the reactivity of haloarenes. The
presence of nitro group at ortho- and para-positions withdraws the
electron density from the benzene ring and thus facilitates the attack of
the nucleophile on haloarene. The carbanion thus formed is stabilised
through resonance. The negative charge appeared at ortho- and
para- positions with respect to the halogen substituent is stabilised
by —NO, group.
(a

d Cl c
CH,
S
|| ®) ©
2
* CHs CHj

29.

() @<®B)<() @ B)<@<(©)
(i) ©)<®)<(a) () (@ <)< ()
Ans. (i)

Explanation: The presence of electron releasing group at ortho-and
para- positions decreases the reactivity of haloarenes. Because of the
possible repulsion, it is less likely for the electron rich nucleophile to
approach electron rich arencs. More the electron releasing group is
attached lesser, will be the rate of reaction.
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30. Which is the correct increasing order of boiling points of the following
compounds?
1-Iodobutane, 1-Bromobutane, 1-Chlorobutane, Butane
() Butane < 1-Chlorobutane < 1-Bromobutane < 1-Iodobutane
(i) 1-Iodobutane < 1-Bromobutane < 1-Chlorobutane < Butane
(ii}) Butane < 1-lodobutane < 1-Bromobutane < 1-Chlorobutane
(iv) Butane < 1-Chlorobutane < 1-Iodobutane < 1-Bromobutane
Ans. ()
Explanation: For the same alkyl group, the boiling points of alkyl
halides decrease in the order: RI > RBr > RCI > RF. This is because
with the increase in size and mass of halogen atom, the magnitude of
van der Waal forces increases.
31. Which is the correct increasing order of boiling points of the following
compounds?
1-Bromoethane, 1-Bromopropane, 1-Bromobutane, Bromobenzene
() Bromobenzene< 1-Bromobutane< 1-Bromopropane < 1-Bromoethane
(#)) Bromobenzene< 1-Bromocthane < 1-Bromopropane < 1-Bromobutane
() 1-Bromopropane< 1-Bromobutane < 1-Bromoethane < Bromobenzene
(") 1-Bromoethane< l-Bmmop}'npane< 1-Bromobutane <Bromobenzene
Ans. (iv)
Explanation: The attractions get stronger as the molecules get bigger
in size and have more electrons.

lf. MuLTiPLE CHoicE QuesTions (Type-ll)

Note: In the following questions two or more options may he correct.
Consider the following reaction and answer the questions no. 32-34,

H H H y
-"l" I . \\\\\a
HO™ + /’C——Cl—> HOT\\CCCI —>HO—C\ + CI-
)
H H H H
(a) ®) © (@) (©)

32. Which of the statements are correct about above reaction?
() (a) and (e) both are nucleophiles.
(#) In (c) carbon atom is sp* hybridised.
(#1) In (c) carbon atom is sp? hybridised.
(i) (a) and () both are electrophiles.
Ans. () and (iif)
Explanation: It depicts a bimolecular nucleophilic displacement (8,2)
reaction; the incoming nucleophile interacts with alky! halide causing
the carbon halide bond to break while forming a new carbon-OH bond.
These two processes take place simultaneously in a single step and no
intermediate is formed. As the reaction progresses and the bond between
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the nucleophile and the carbon atom starts forming, the bond between
carbon atom and leaving group weakens. In part (c) it is the transition
state where carbon atom of the substrate molecule is sp? hybridised.
33. Which of the following statements are correct about this reaction?
() The given reaction follows Sy2 mechanism.
(i?) (b) and (d) have opposite configuration.
(i) (b) and (d) have same configuration.
(iv) The given reaction follows Sy1 mechanism.
Ans. (7) and (i)
Explanation: As the S,2 reaction progresses and the bond between the
nucleophile and the carbon atom starts forming, the bond between carbon
atom and leaving group weakens. As this happens, the configuration of
carbon atom under attack inverts in much the same way as an umbrella is
turned inside out when canght in a strong wind, while the leaving group
is pushed away. This process is called as inversion of configuration.
34. Which of the following statements are comrect about the reaction infermediate?
(i) Intermediate (c) is unstable because in this carbon is attached to 5
atoms.
(i) Intermediate (c) is unstable because carbon atom is sp® hybridised.
(ii7) Intermediate (c) is stable because carbon atom is sp? hybridised.
(iv) Intermediate (c) is less stable than the reactant (b).
Ans. () and (i)
Explanation: In the transition state, the carbon atom is simultaneously
bonded to incoming nucleophile and the outgoing leaving group and
such structures are unstable and cannot be isolated. This is because
the carbon atom in the transition state is simultaneously bonded to five
atoms and therefore is unstable.
Answer Q. No. 35 and 36 on the basis of the following reaction.
CH, CH,

3
HO™ + “\\\Jt——Cl —> WG OH+ar

HG Ny HG Sy
(a) ®) © @
35. Which of the following statements are correct about the mechanism of
this reaction?
(i) A carbocation will be formed as an intermediate in the reaction.
(ii) OH- will attach the substrate (b) from one side and CI~ will leave
it simultaneously from other side.
(#if) An unstable intermediate will be formed in which OH- and CI
will be attached by weak bonds.
() Reaction proceeds through S,1 mechanism.
Ans. (i) and (iv)
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Explanation: It occurs in two steps. In step I, the polarised C—Cl bond
undergoes slow cleavage to produce a carbocation and a chloride ion,
The carbocation thus formed is then attacked by nucleophile in step
I to complete the substitution reaction. It must be noted that the 2°
halides may proceed either through Sl or Sx2 type. The preservation
of integrity of the spatial arrangement of bonds to an asymmetric centre
during a chemical reaction depict that the reaction is followed by S,1
mechanism,

36. Which of the following statements are correct about the kinetics of this
reaction?

(9) The rate of reaction depends on the concentration of only (b).
(i?) The rate of reaction depends on concentration of both (a) and (b).
(iif) Molecularity of reaction is one.
(iv) Molecularity of reaction is two.
Ans. () and (3if)

Explanation: Syloccurs in two steps. In step I, the polarised C—Cl
bond undergoes slow cleavage to produce a carbocation and a chloride
ion. The carbocation thus formed is then attacked by nucleophile in
step Il to complete the substitution reaction. Step I is the slowest and
reversible. It involves the C~Cl bond breaking for which the energy
is obtained through solvation of halide ion with the proton of protic
solvent. Since the rate of reaction depends upon the slowest step, the
rate of reaction depends only on the concentration of alkyl halide and
not on the concentration of hydroxide ion.

37. Haloalkanes contain halogen atom (s) attached to the sp® hybridised
carbon atom of an alkyl group. Identify haloalkane from the following
compounds.

() 2-Bromopentane (i) Vinyl chloride (chloroethene)
(#if) 2-chloroacetophenone (iv) Trichloromethane
Ans. (i) and (iv)

Explanation: CHy— CH;—CH—CH,

Br

Here the —bromo group is attached to a carbon which is sp* hybridised.
Similarly, in trichloromethane also the carbon atom is sp® hybridised
which is directly attached to the chloro group. In vinyl chloride and
2-chloroacetophenone, halo group is attached to sp? carbon.
38. Ethylene chloride and ethylidene chloride are isomers. Identify the
cormect statements.
() Both the compounds form same product on treatment with
alcoholic KOH.
()] Boththecompomdsformsameprocmctonmuncntwithaq.NaOH.
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(ii¥) Both the compounds form same product on reduction.
(iv) Both the compounds are optically active.

Ans. (i) and (i)
Explanation: Both will give ethyne on treatment with alc. KOH and

both will give ethane on reduction.

39, Which of the following compounds are gem-dihalides?
(i) Ethylidene chloride (if) Ethylene dichloride
(iif) Methylene chloride (iv) Benzyl chloride
Ans. (/) and (i) H,C—CHCl,and methylene chloride CH,Cl,.
Ethylidene chloride
(gem-dihalide)
40. Which of the following are secondary bromides?
(i) (CH,),CHBr (#) (CH,),C CH,Br

(1)) CH,CH(Br)CH,CH, (#) (CH,),CBrCH,CH,
Ans. (i) and (i#)
Explanation: (CH,),CHBr - Bromide group is attached to sec —carbon
or 2°C. CH,CH(Br)CH,CH, - here also, the Bromide group is attached
to sec- carbon or 2°C.
41. Which of the following compounds can be classified as aryl halides?
U] P‘CICJLCHzCH(CHJ)z
(if) p-CH,CHCI(CH,)CH,CH,
(i) 0-BrH,C-CH,CH(CH;)CH,CH,
(iv) CH;-Cl

Ans. (i) and (iv)
Explanation: Aryl halides: These are the compounds in which the halogen
atom is bonded to the sp?-hybridised carbon atom of an aromatic ring.

42. Alkyl halides are prepared from alcohols by treating with

(f) HCl+ ZnCl, (i) Red P+ Br,
(iii) H,;S0,+KI (iv) All the above
Ans. (i) and (i)
Explanation: el
R—OH + HX —> R—X+H,0
red P/X,

R—OH m—) R—X

43. Alkyl fluorides are synthesised by heating an alkyl chloride/bromide in
presence of or .
() CaF, (if) CoF,
(lif) HegF, (iv) NaF

Ans. (i) and (i)
Explanation: The synthesis of alkyl fluorides is best accomplished by

hmﬁngana]kylchloﬁde/bromidehthepmenceofamemlﬁcﬂmﬂdesuch
as AgF, Hg,F,, CoF,oerF,.ThereacﬁoniswunedasSwartsreacﬁon.
CH,Br + AgF — CH,F + Ag'Br

HALOALKANES AND HALOARENES B 173



http://www.cbsepdf.com

www.chsepdf.com

. SHorT ANSWER TYPE

44. Aryl chlorides and bromides can be easily prepared by electrophilic
substitution of arencs with chlorine and bromine respectively in the
presence of Lewis acid catalysts, But why does preparation of aryl
iodides requires presence of an oxidising agent?

Ans. Preparation of aryl iodides requires presence of an oxidising agent
because, the HI formed during the reaction is a strong reducing agent,
which make the reaction reversible.

That is why iodination is carried out in presence of strong oxidizing
agent which covert HI into iodine,

45. Out of o-and p-dibromobenzene which one has higher melting point
and why?

Ans. The parg-isomers are high melting as compared to their ortho and meta-
isomers. It is due to symmetry of para-isomers that fits in crystal lattice
better as compared to ortho- and mela-isomers,

46. Which of the compounds will react faster in Syl reaction with the -OH
ion?

CH,— CH,—Cl or C;H,— CH—Cl

Ans. Sy1 reaction depends on the stability of the carbocation since the
benzylic cation is more stable than alkyl carbocation,

Benzylic carbecation can be stabilized by resonance. Thus, the rate will

be faster in C;H,CH,C,
R _~CHy CH, CH,

— @@f ‘—’( ¥

(]

47. Why iodoform has appreciable antiseptic property?
Ans. Tt was used earlier as an antiseptic but the antiseptic Properties are due
to the liberation of free iodinens:
48. Haloarenes are less reactive than haloalkanes and haloalkenes. Explain.
Ans. Haloarenes are less reactive than haloalkanes and haloalkenes due to
following reasons:
() Resonance effect: In haloarenes, the electron pairs on halogen atom are
in conjugation with electrons of the ring and the following resonating
structures are possible,

G0

C—Cl bond acquires a partial double bond character due to
résonance. As a result, the bond cleavage in haloarene is difficult than
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haloalkane and therefore, they are less reactive towards nucleophilic
substitution reaction. '

(#) Difference in hybridisation of carbon atom in C—X bond: In
haloalkane, the carbon atom attached to halogen is sp* hybridised
while in case of haloarene, the carbon atom attached to halogen is
sp? hybridised.

X
f‘[spz-hvbﬂd wmﬂ z/\{gpa-hybrid oarboﬂ

R/ ~x
H

The sp? hybridised carbon with a greater s-character is more
electronegative and can hold the electron pair of C—X bond
more tightly than sp® hybridised carbon in haloalkane with less s
chararcter. Thus, C—Cl bond-length in haloalkane is 177 pm while
in haloarene is 169 pm. Since, it is difficult to break a shorter bond
than a longer bond, therefore, haloarenes are less reactive than
haloalkanes towards nucleophilic substitution reaction.

(iti) Instability of phenyl cation: Because of the possible repulsion, it is
less likely for the electron-rich nucicophile to approach electron-
rich arenes.

49. Discuss the tole of Lewis acids in the preparation of aryl bromides and
chlorides in the dark.

Ans. Role of Lewis acid in this reaction is to generate electrophile. Arenes
are characterised by electrophilic substitution reactions proceeded via
the following three steps:

{(a) Generation of the eletrophile
(b) Formation of carbocation intermediate
(c) Removal of proton from the carbocation intermediate.
50. Which of the following compounds (a) and () will not react with a
mixture of NaBr and H,SO,. Explain why?

(a) CH,CH,CH,0H ()] QOH

Ans. Phenol will not react with NaBr + H,S0,
C—O bond in phenols has partial double bond character due to this it is
difficult to cleave.
51. Which of the products will be major product in the reaction given
below? Explain,
CH3(:['I= CI'IZ +H —> CI'IaCl'Iza'Izl + (:['13CI'HG'13
(A) (B}
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Ans. ‘B’ will be the major product as the reactiorfis followed by the formation

of carbocation; and secondary carbocati®n is more stable.
52. Why is the solubility of haloalkanes in water very low?

Ans. The haloalkanes are only very slightly soluble in water. In order for
a haloalkane to dissolve in water, energy is required to overcome the
attractions between the haloalkane molecules and break the hydrogen
bonds between water molecules. Less energy is released when new
attractions are set up between the haloalkane and the water molecules
as these are not as strong as the original hydrogen bonds in water. As a
resuit, the solubility of haloalkanes in water is low.

53. Draw other resonance structures related to the following structure and
find out whether the functional group present in the molecule is oriho,
para directing or meta directing,

Xz

Ans. Ortho-para directing due to increase in the electron density at ortho and
para positions.

34. Classify the following compounds as primary, secondary and tertiary

halides.
(i) 1-Bromobut-2-ene (#) 4-Bromopent-2-ene
(#if) 2-Bromo-2-methylpropane
Ans. CH;— CH=CH—CH,—Br (primary halide)
CH,—CH=—CH—CHBr —CH, (secondary halide)
(CH,);,CBr (tertiary halide)

55. Compound ‘A’ with molecular formula C.H,Br is treated with aq. KOH
solution. The rate of this reaction depends upon the concentration of the
compound ‘A’ only. When another optically active isomer ‘B’ of this
compound was treated with aq. KOH solution, the rate of reaction was
found to be dependent on concentration of compound and KOH both.

() Write down the structural formula of both compounds ‘A’ and ‘B°,
(i) Out of these two compounds, which one will be converted to the
product with inverted configuration.
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CHs;
Ans. A is tert-butyl Bromide H;C—C —CHj

Br
Since the rate of reaction depends on the concentration of A only, it is

followed by Sy1 mechanism.
‘B’ is sec-butyl bromide - CH3CH2(I:HCH3

Br
As the compound B is optically active, it must be 2-bromobutane.
As the rate of reaction depends on the concentration of both it means it
is followed by S,2 mechanism.

Gl

% ' o

Sx2 results in inversion of conﬁﬁon.
56. Writethe structures andnames of the compounds formed when compound
* A’ with molecular formula, C;H is treated with C, in the presence of FeCl,.

Cl Cl
FeCl CHs
Ans. CgH5CH; + Cl, -—Wll‘:_9 +

o-chiorotoluene CH, p-chiorotoluene
57. Identify the products A and B formed in the following reaction :
(@) CH,—CH,—CH—CH—CH,;+ HCl—>A+B
Ans. CH,CH,—CH=—CH—CH;+ HCl —>
CH,CH,—CHCI—CH,—CH;+ CH,CH,—CH,—CHCI—CH,
2- chioropentane (Minor) 3-chloropentane (Major)
Sec carbocation is more stable than primary. The major product is
3-chloropentane.
58. Which of the following compounds will have the highest melting point

and why?
CH

s CH, CH,
a Ct a cl
al C
CH, CH, 8
m an (on
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Ans, Compound I will have higher melting point since both CH, and C] are
at para position. The para-isomers are high melting as compared to their
ortho and meta-isomers, It is due to symmetry of para-isomers that fits
in crystal lattice better as compared to ortho- and meta-isomers.

59. Write down the structure and IUPAC name for neo-pentylbromide.

Ans, IUPAC Name: 1-Bromo-2,2 dimethylpropane

CH;
Structare: CH3_" C '_CHZ—_B[

CH;,

60. A hydrocarbon of molecular mass 72 g mol™ gives a single monochloro
derivative and two dichloro derivatives on photo chlorination. Give the
structure of the hydrocarbon.

Ans. As hydrocarbon is alkane whose general formula is Co H,,.,. Hence
it is CSH12 as molar mass is 72. As such alkane on monochlorination
forms single product hence it must have only one type of hydrogen.
Due to this reason, such alkane can only be 2, 2-dimethylpropane
(neo-pentane).

61. Name the alkene which will yield I-chloro-1-methylcyclohexane by its
reaction with HCI. Write the reactions involved,

Ans. It can be any one in between; 2-bromo-2-methylpropane (Hi) is a 3°
alkyi bromide. It readily undergoes jonization for a stable 3° carbocation.
Therefore, it reacts with ag. KOH most readily.

CH, CH,
- - +
cm—%—@r I—>°’1‘;""“ CH;—C—cCH, 2, CH;—(]J—OH
CH3 CH3 CH3
2-Bromo-2-Methylpropane 3" carbocation 2-methyl-2-proponal
(stable)
62. Which of the following haloalkanes reacts with aqueous KOH most
easily? Explain giving reason.
(/) 1-Bromobutane (i) 2-Bromobutane

(i) 2-Bromo-2-methylpropane (iv) 2-Chlorobutane
Ans. (iif} Reason: The tertiary carbocation formed in the reaction is stable.
63. Why can aryl halides not be prepared by reaction of phenol with HCl in
the presence of ZnCl,?
Ans. Method is not applicable for the preparation of aryl halides because the
carbon-oxygen bond in phenols has a partial double bond character and
is difficult to break being stronger than a single bond.
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64. Which of the following compounds would undergo Sy1 reaction faster

and why?
CH,Cl CH(CI
®)

A)

Ans. ‘B’compound will undergo Sy1 reaction faster because the carbocation

formed gets stabilised through resonance.
Resonating structure of Benzyl is shown in ans: no. 46.
65. Allyl chloride is hydrolysed more readily than n-propyl chloride. Why?

Ans. Allyl chloride will be hydrolyzed more readily because the reaction
proceeds through Sy 1 mechanism and carbocation formed in case of
allylic chloride is stabilized by resonance whereas; carbocation formed
by propyl chioride is not stabilized by resonance.

66. Why is it necessary to avoid even traces of moisture during the use ofa
Grignard reagent?

Ans. Grignard reagents are highly reactive and react with any source of proton
to give hydrocarbons. Even water, alcohols and amines are sufficiently
acidic to convert them to corresponding hydrocarbons.

It is therefore necessary to avoid even traces of moisture from a Grignard
reagent.
67. How do polar solvents help in the first step in Sy1 mechanism?

Ans. Syl occurs in two steps. In step L, the polarised C—Br bond undergoes
slow cleavage to produce a carbocation and a bromide ion. The
carbocation thus formed is then attacked by nucleophile in step II to
complete the substitution reaction. Step I is the slowest and reversible.
It involves the C—Br bond breaking for which the energy is obtained
through solvation of halide ion with the proton of protic solvent.

68. Write a test to detect the presence of double bond in a molecule.

Ans. Presence of multiple bond in a molecule can be tested by following methods:
The alkaline potassium permanganate solution is known as Baeyer’s
reagent. It has bright pink colour. It oxidizes alkenes to glycols which
is colourless. This reaction is used as a test for the presence of double

bond in a molecule. This is also known as Baeyer's test.
(5 Alk . KMnO,

CH,—CH=CH, @z > CH;COOH + CO,+H
Bromine water test can also be done to detect the presence of double bond.
69. Diphenyls are potential threat to the environment. How are these produced
from arylhalides?
Ans. Diphenyl can be prepared by treating two molecules of aryl halide with
two molecules of sodium in presence of dry ether. The reaction is called
Wartz -fittig reaction. -
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Br O
Bry/FeBr, 2Na/dry ether
Benzene

Blphenyl
Whatare the [UPAC names of the insecticide DDT and benzenehexachloride?
Why is their use banned in India and other countrics?
TUPAC name of DDT is 2,2-bis(4-chlorophenyl)-1,1, 1-trichloroethane
CCl3

o > >

DDT

TUPAC name of benzenehexachloride is 1,2,3,4,5,6-hexachlorocyclo-
hexane.

DDT is not metabolised very rapidly by animals; instead, it is deposited
and stored in the fatty tissues, If ingestion continues at a steady rate,
DDT builds up within the animal over time. Thus the use of DDT was
banned.

Elimination reactions (especially p-elimination) are as common as the
nucleophilic substitution reaction in case of alkyl halides. Specify the
reagents used in both cases,

- When a haloalhydrogen atom is heated with alcoholic solution of

potassium hydroxide, there is elimination of hydrogen atom from
beta-carbon and a halogen atom from the a-carbon atom. As a result, an
alkene is formed as a product.

Since beta-hydrogenation is involved in elimination, it is often called
beta-elimination. An alkyl halide with a-hydrogen atoms when reacted
with a base or a nucleophile has two competing routes: substitution (S\l1
and S,2) and elimination. Which route will be taken up, depends upon
the nature of alkyl halide, strength and size of base/nucleophile and
reaction conditions. For example:

Br

CH;-—(llH—— CHy Saiyianiom? CHy—CH=CH, + HBr
2-Bromopropane Propens

When same alkyl halide treated with aq KOH at low temperature, the

product will be 2-propanol.

How will you obtain monobromobenzene from aniline?

Sandmeyer’s reaction: When a primary aromatic amine, dissolved or

suspended in cold aqueous mineral acid, is treated with sodium nitrite,

a diazonium salt is formed. Mixing the solution of freshly prepared

diazonium salt with cuprous chloride or cuprous bromide results in the

replacement of the diazonium group by —Cl or —Br.
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NHz N"—NC! Br
Cw/HB
Diazotisation s ’a
NaNO,HCI
Aniline Berzenadiazonium Monobromobenzene
Chloride

73. Aryl halides are extremely less reactive towards nucleophilic substitution.
Predict and explain the order of reactivity of the following compounds
towards nucleophilic substitution:

cl cl cl

@ S8 OZN“@
NO,
()

NO, NO,
(I

Ans. The order of reactivity willbe I<II<II
The presence of nitro group at ortho- and para -positions withdraws the
electron density from the benzene ring and thus facilitates the attack of the
nucleophile on haloarene. The carbanion thus formed is stabilised through
resonance. The negative charge appeared at ortho- and para- positions
with respect to the halogen substituent is stabilised by —-NO, group.

74. tert-Butylbromide reacts with aq. NaOH by Syl mechanism while
n-butylbromide reacts by Sy2 mechanism. Why?

Ans. n-butyl bromide reacts by Sy2 mechanism because there is less steric
hinderance. Tertiary halides are the least reactive because bulky groups
hinder the approaching nucleophiles. Thus, the order of reactivity
followed is:

Primary halide > Secondary halide > Tertiary halide. Further, in Syl
greater the stability of carbocation, greater will be its ease of formation
from alkyl halide and faster will be the rate of reaction. In case of alkyl
halides, 3° alkyl halides undergo Syl reaction very fast because of the

high stability of 3° carbocations.
75. Predict the major product formed when HCl is added to isobutylene.
Explain the mechanism involved.
CHs; CH;
HCI
Ans. CH;— C==CH; —(M—~—-—> —— CH;—C—CH;
2-Methy-1-propens ‘addition)
Cl

Mechanism: 2-¢hloro-2-mathylpropans
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Markovnikov rule: Negative part of the addendum (adding molecule)
gets attached to that carbon atom which possesses lesser number of
hydrogen atoms, e.g.

+ CH CH
H I+ <
TW,, . “t—cH, B-» ) /cl:— CH,
3 o a
CHa\ 2 & H mare slaable cation Br
CH, /C— 2 Major Produr
CH, CH
H* ™~ —.rth _Br I~ -
Fipoier” o, ~CH—CH; B> G CHaBr
@ 3 o CH,
less stable cation Br
Minor Product
76. Discuss the nature of C—X bond in the haloarenes,

Ans.

7.

1828 NCERT ExeMPLAR PROBLEMS CHemisTRY—XII

In haloarenes, C—X bond acquires a partial double bond character due
to resonance. As a result, the bond cleavage in haloarene is difficult than
haloatkane and therefore, they are less reactive towards nucleophilic
substitution reaction.

In haloalkane, the carbon atom attached to halogen is sp* hybridised
while in case of haloarene, the carbon atom attached to halogen is
sp*-hybridised,

X
p@z ~hybrid w@ (I:H/\Epa-hybrid carboﬂ

R x
H

The sp* hybridised carbon with a greater s-character is more
electronegative and can hold the electron pair of C—X bond more
tightly than sp® hybridised carbon in haloalkane with less s-chararcter.
Thus, C—Cl bond-length in haloalkane is 177pm while in haloarene
is 169 pm.

How can you obtain iodocthane from ethanol when no other iodine
containing reagent except Nal is available in the laboratory?

ZnCly/conc HCI dry acetone

- GHOH ———" GH,Cl + Nal 2= 5 c H [ +NaCl
78.

Cyanide ion acts as an ambident nucleophile. From which end it acts as
a stronger nucleophile in aqueous medium? Give reason for YOUr answer.

» Groups like tyanides and nitrites possess two nucleophilic centres and

are called ambident nucleophiles. Actually cyanide group is a hybrid of
two contributing structures and therefore can act as a nucleophile in two
different ways :C=Hz—}, i.e., linking through carbon atom resulting in
alkyl cyanides and through nitrogen atom leading to isocyanides. It acts
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asasu-ongernucleophileﬁ'omthecmbonendbecauseitwﬂlleadtothe
formation of C—C bond which is more stable than the C—-N bond,

KCN, aq. ethanol
CH;— CH,—Cl ‘—“—__>' e CHa_CHz_CN
Ethylchloride (sl:.lbstlmﬁm) Propanenitrile

V. MarcHinG TYPE
Note : Match the items given in Column 1 and Column II in the following
questions:

79. Match the

mmnmdsgiveninCohnnanithiheeﬂ'ectsgivenmCohmnﬂ.

R 1 e
(/) Chloramphenicol |(a) Malaria
(if) Thyroxine (b) Anaesthetic
(iif) Chloroquine (c) Typhoid fever
(iv) Chloroform {d) Goiter
(e) Blood substituent
Ans. () 2@ @(->@ @@ @)->0)

Explanation:

(#) Chloramphenicol |(c)Typhoid fever (chloramphenicol is a
broad-spectrum  antibiotic used in the
treatment of typhoid fever)

(if) Thyroxine (d) Goiter (Thyroxine is a hormone secreted
by tiryroid gland. Patient with hyperthyroidism
have an enlarged thyroid gland i.e., goiter)
(iii) Chloroquine (a)Malaria (Chloroquine prevents the
development of malaria in blood)

(iv) Chloroform (b) Anaesthetic (Chloroform is a colourless
volatile liquid. Its vapours decreases the
activity of central nervous system and is

used as an anaesthetic.)
80. Match the items of Column I and Column II.

() Sul reaction

(@) vic-dibromides
(if) Chemicals in fire extinguisher (b) gem-dihalides
(iii) Bromination of alkenes (c)Racemisation
(iv) Alkylidene halides (d)Saytzeff rule

(v) Elimination of HX from alkyl halide|(¢) Chlorobromocarbons
Ans. () =@ ()—>(@ @@ @->0) 0W->@)
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Explanaﬂon.

 Column] o Colun H - :
(t') Sy 1 reaction () Rax:emlsatlon (SNI reactlons results
in the formation of racemic mixture,
Amixture containing two enantiomers
in equal proportions will have zero
optical rotaﬁun, as the rotation due
to one isomer will be cancelled by
the rotation due to the other isomer.
Such a mixture is known as racemic
mixture or racemic modification)
(ii) Chemicals in the fire|(e) Chlorobromocarbons (used as fire

extinguisher extinguisher)
(#if) Bromination of alkenes |(2)vic- dibromides (These are the
compounds in which the halogen atom
is bonded to an sp? hybridised carbon
atom of a carbon-carbon double bond)
() Alkylidene halides (b)gem-dihalides ((halogen atoms are
present on the same carbon atom)
(v) Elimination of HX from | (d) Saytzeff rule (in dehydrohalogenation

alkyl halide reactions, the preferred product is
that alkene which has the greater
number of alkyl groups attached to
the doubly bonded carbon atoms. )

81. Match the structures of compounds given in Column I with the classes
of compounds given in Column H

oo Column ks o il ColummEt
(D CH3— C,H—— CH, (@) Aryl halide
X
(i) CH=~CH—CH,—X (B)Alky! halide
Gin X (c) Vinyl halide
(v) CH~CH—X (d)Allyl halide

Ans. () > () (i) > @) (- @ - (@)
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82. Match the reactions given in Colurn I with the types of reactions given

in Column II. 7
T [Colomn |
0 ¢l a cl (a) Nucleophilic
a Cl aromatic
KTy " substitution
Cl
(i) CH;—CH=—=CH, + HBr :I (b) Electrophilic
aromatic
(i#i) CH3—CH—1 CH3—CH—OH () Saytzeff elimination
@ - @
(d) Elecirophilic
addition
+NaOH —>
) CH,CHZCHCH3 {¢) Nucleophilic
| B substitution (Sy1)
Br §

Ans, () >0 @)@

83. Match the structures given in Column [ with the names in Column II.

(i > (M—>@ )—>(©)

@ Br () 4-Bromopent-2-ene
,
(ih (b) 4-Bromo-3-methylpent-2-ene
B
| _ B - =
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@ | 7 T i Bromezmetybmzme ]
Q
Br
@(v) (d) 1-Bromo-2-methylpent-2-cne
Br/\:—/\

Aus. () > (@ @) G-G) &) - @)
M.MmhthemcﬁonsgivinCohmeﬁhthﬂnam&sgivenCohmﬂ.‘

Firt .
m@-X+RX&> @—R (a) Fittig reaction
W X () Wartz-Fittig

reaction

2 +2Na Ether J
N/ \ /WX
(i) 5% (c) Finkelstcin

2 X N
CusX. reaction
2 2a +N2

™) CH,Cl+ Nal Y2201 0 114 Nac) | Sandmeyer
reaction

Ams. ) >®B) o @ @)@ )= ()
V. AsserTION AND ReasoN Type

Note : In the following questions a statement of assertion followed by
a statement of reason Is given. Choose the correct answer out of the
following choices.
(/) Assertion and reason both are correct and reason is correct
explanation of assertion.
(i7) Assertion and reason both are wrong statements.
(i#) Assertion is correct but reason is wrong statement.
(iv) Assertion is wrong but reason is correct statement.
(v) Assertion and reason both are comrect statements but reason is not
correct explanation of assertion,
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85. Assertion : Phosphorus chlorides (tri and penta) are preferred over
thionyl chloride for the preparation of alkyl chlorides from
alcohols.

Reason : Phosphorus chlorides give pure alkyl halides.

Ans. (i)

Explanation: Thionyl chloride is preferred because the other two products

are escapable gases. Hence, the reaction gives pure alkyl halides.

86. Assertion : The boiling points of alkyl halides decrease in the order :
R1>RBr> RCl >RF

Reason : The boiling points of alkyl chlorides, bromides and iodides
are considerably higher than that of the hydrocarbon of
comparable molecular mass.

Ans. (v)

Explanation: For the same alkyl group, the boiling points of alkyl

halides decrease in the order: RI > RBr > RC1 > RF. This is because

with the increase in size and mass of halogen atom, the magnitude of
van der Waal forces increases.

87. Assertion : KCN reacts with methyl chloride to give methyl isocyanide

Reason : CN-is an ambident nucleophile.

Ans, (v)

Explanation: KCN is predominantly ionic and provides cyanide ions

in solution. Although both carbon and nitrogen atoms are in a position

to donate electron pairs, the attack takes place mainly through carbon
atom and not through nitrogen atom since C—C bond is more stable
than C—N bond.

88. Assertion : tert-Butyl bromide undergoes Wuriz reaction to give 2, 2,
3, 3-tetramethylbutane.

Reason : In Wurtz reaction, alkyl halides react with sodium in dry
ether to give hydrocarbon containing double the number
of carbon atoms present in the halide.

Ans. ()

Explanation: Wurtz reaction: A reaction in which alkyl halides react

with sodium in dry ether to give a hydrocarbon containing double the

number of carbon atoms present in the halide.

89. Assertion : Presence of a nitro group at ortho or para position
increases the reactivity of haloarenes towards nucleophilic
substitution.

Reason : Nitro group, being an electron withdrawing group decreases
the electron density over the benzene ring.

Ans. ()

Explanation: The presence of nitro group at ortho- and para-positions

withdraws the electron density from the benzene ring and thus facilitates
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the attack of the nucleophile on haloarene. The carbanion thus formed
is stabilised through resonance. The negative charge appeared at ortho-
and para- positions with respect to the halogen substituent is stabilised
by —NO, group.
90. Assertion : In monohaloarenes, further electrophilic substitution occurs
at ortho and para positions.
Reason  : Halogen atom is a ring deactivator.

Ans. (v)

Explanation: Halogen atom besides being slightly deactivating is o,
p-directing; therefore, further substitution occurs at orfho- and para-
positions with respect to the halogen atom. The o, p-directing influence
of halogen atom can be easily understood if we consider the resonating
structures.

91. Assertion : Aryl iodides can be prepared by reaction of arenes with

iodine in the presence of an oxidising agent.

Reason  : Oxidising agent oxidises I, into HI.

Ams. (i) .
Explanation: Reactions with iodine are reversible in nature and require
the presence of an oxidising agent (HNO,, HIO,) to oxidise the HI
formed during iodination,

92. Assertion : It is difficult to replace chlorine by —OH in chlorobenzene
in comparison to that in chloroethane.
Reason  : Chlorine-carbon (C—Cl) bond in chlorobenzene has a
partial double bond character due to resonance.
Ans. (i)
Explanation: Itis difficult to replace chlorine by—OH in chlorobenzene
in comparison to that in chloroethane,
93. Assertion : Hydrolysis of (-)-2-bromooctane proceeds with inversion
of configuration.
Reason  : This reaction proceeds through the formation of a carbocation,
Ans. (iif)
Explanation: Hydrolysis of (—)-2-bromooctane proceeds with inversion
of configuration because the reaction proceeds through 8,2 mechanism.
94. Assertlon : Nitration of chlorobenzene leads to the formation of
m-nitrochlorobenzene
Reason : —NO, groupisa m-directing group,

Ans, (iv)

Explanation: Halogen atom besides being slightly deactivating is o,
p-directing; therefore, further substitution occurs at ortho- and parg-
positions with respect to the halogen atom.
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V1. Long ANSWER TYPE

95.

Ans.

96.

Ans

Some afkyl halides undergo substitution whereas some undergo elimination
reaction on treatment with bases. Discuss the structural features of
alkyl halides with the help of examples which are responsible for this
difference.

An alkyl halide with hydrogen atoms, when reacted with a base or a
nucleophile, has two competing routes: substitution (S, and Sy2) and
elimination. Which route will be taken up depends upon the nature
of alkyl halide, strength and size of base/nucleophile and reaction
conditions. Thus, a bulkier nucleophile will prefer to act as a base and
abstracts a proton rather than approach a tetravalent carbon atom (steric
reasons) and vice-versa.

Similarly, a primary alkyl halide will prefer a S,:2 reaction, a sccondary
halide-S,2 or elimination depending upon the strength of base/
nucleophile and a tertiary halide- Syl or elimination depending upon
the stability of carbocation or the more substituted alkene,

() CHg—CHz—CH,—Br " CHy—CH==CH,

1-Bromuopropane (Dehydrohalogenation) Propene
If the same reaction is carried out in presence of aq KOH, 1-propanol
will be the product.
Some halogen containing compounds are useful in daily life. Some
compounds of this class are responsible for exposure of flora and fauna
to more and more of UV light which causes destruction to a great extent.
Name the class of these halocompounds. In your opinion, what should
be done to minimise harmful effects of these compounds.
Dichloromethane (Methylene Chloride): Dichloromethane is widely
used as a solvent, as a paint remover, as a propellant in aerosols, and as
a process solvent in the manufacture of drugs. It is also used as a metal
cleaning and finishing solvent.
Trichloromethane (Chloroform): Chemically, chioroform isemployed
as a solvent for fats, alkaloids, iodine and other substances. The major
use of chloroform today is in the production of the freon refrigerant
R-22.
Triiodomethane (Iodoform): It was used earlier as an antiseptic but
the antiseptic properties are due to the liberation of free iodine and not
due to iodoform itself.
Tetrachloromethane (Carbon tetrachloride): It is produced in large
quantities for use in the manufacture of refrigerants and propellants
for aerosol cans. It is also used as feedstock in the synthesis of
chlorofluorocarbons and other chemicals.
Freons: The chlorofiuorocarbon compounds of methane and ethane are
collectively known as freons. They are extremely stable, unreactive,
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non-toxic, non-corrosive and easily liquefiable pases. Freon 12 (CCLF))
is one of the most common freons in industrial use.

Green chemistry is a production process that aims at using the existing
knowledge and principles of chemistry for developing and implementing
chemical products and processes to reduce the use and peneration
of substances hazardous to the environment. The release of different
harmful chemicals (particulates, gases, organic and inorganic wastes)
causes environmental pollution. In green chemistry, the reactants to be
used in chemical reactions are chosen in such a way that the vield of the
end products is up to 100%. This prevents or limits chemical pollutants
from being introduced.

97. Why are aryl halides less reactive towards nucleophilic substitation
reactions than alkyl halides? How can we enhance the reactivity of aryl
halides?

Ans. Arylhalidesare extremely less reactive towards nucleophilic substitution
due to following reasons:

() Resonance effect: In haloarenes, the electron pairs on halogen atom are
in conjugation with the ring. C—Cl bond acquires a partial double bond
character due to resonance, As a result, the bond cleavage in haloarene
is difficult than haloalkane and therefore, they are less reactive towards
nucleophilic substitution reaction.

(ii) Difference in hybridisation of carbon atom in C—X bond: in
haloalkane, the carbon atom attached to halogen is sp-hybridised
while in case of haloarene, the carbon atom attached to halogen is
sp’-hybridised.

(iii) Instability of phenyl cation: In case of haloarenes, the phenyl cation
formed as a result of self-ionisation will not be stabilised by resonance
and therefore, Sy1 mechanism is ruled out. Because of the possible
repulsion, it is less likely for the electron-rich nucleophile to approach
electron-rich arenes.

aQa
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1 1 Aledhols, Phenols
B R | and Ethers

I. MuLmirLE Croice QuesTions (Type-l)
1. Monochlorination of toluene in sunlight followed by hydrolysis with

aq. NaOH yields
(i) o-Cresol (i) m-Cresol
(#if) 2, 4-Dihydroxytoluene (iv) Benzyl alcohol
Ans. (i)

Explanation: Monochlorination of toluene in sunlight gives benzyl
chloride. On hydrolysis with ag. NaOH, benzyl chloride, shows
nucleophilic substitution reaction to give benzyl alcohol.

2. How many alcohols with molecular formula C,H,(O are chiral in nature?

@1 (i) 2
GiD) 3 (v) 4
Ans. ()

Explanation: If all four groups or atoms attached to the carbon atom are
different, such a carbon is called asymmetric carbon or chiral carbon.
3. What is the correct order of reactivity of alcohols in the following reaction?

ZnCl.
R—OH + HCl —— R—Cl+H,0

) 1°>2°>3° (i) 1°<2°>3°
(i) 3°>2°>1° (iv) 3°>1°>2°
Ans. (i)

Explanation: This reaction is a type of nucleophilic substitution
reaction in which — OH group is replaced by — CL The intermediate
formed by tertiary alcohol is more stable as 3° carbocation is more stable
than primary and secondary carbocation. Thus, the order of reactivity of
alcohol will be 3° > 2°> 1°, '
4. CH5CH,0H can be converted into CH;CHO by
() catalytic hydrogenation
(if) treatment with LiAlH,
(ii7) treatment with pyridinium chlorochromate
(i) treatment with KMnO;
Ans, (iii)
Explanation: A better reagent for oxidation of primary alcohols
to aldehydes in good yield is pyridinium chlorochromate (PCC), a
complex of chromium trioxide with pyridine and HCL
5. The process of converting alkyl halides into alcohols involves
(9) addition reaction (#i) substitution reaction
(ii¥) dehydrohalogenation reaction (iv) rearrangement reaction
191
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Aans. (i)
Explanation: The reaction is a type of nucleophilic substitution reaction
in which —Cl group is replaced by —OH .
6. Which of the following compounds is aromatic alcohol?

OH CH,0H CH-CH OH
O 0 O
@) (®) © g
@ A,B,C,D (i) A, D
(iiH B,C (iv) A
Ams. (jii)

Explanation: Phenol is also known as, carbolic acid and it cannot be
considered as aromatic alcohol. On the other hand in compound (B) and
(C)—OH group is bonded to sp? hybridized carbon which is bonded to
benzene ring.
7. Give [UPAC name of the compound given below.
CH3_(I:H ——Cﬂz— CHz‘_ (?iIH - CH3

Cl OH
(") 2-Chloro-5-hydroxyhexane (if) 2-Hydroxy-5-chlorohexane
(#ii) 5-Chlorohexan-2-ol (i) 2-Chlorohexan-5-ol

Ans, (i)
Explanation: —OH group will be given priarity.
8. IUPAC name of m-cresol is

(i) 3-methylphenol (i) 3-chlorophenol
(i) 3-methoxyphenol (iv) benzene-1,3-diol
Ams. (i)
CH,
Explanation: IUPAC name of the compound is
3-methylphenol. OH
9. IUPAC name of the compound CH;,—?H— OCH, is
CH,3
() 1-methoxy-1-methylethane (i1) 2-methoxy-2-methylethane
(i) 2-methoxypropane (iv) isopropylmethyl ether
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Ans, (iii)
Explanation: TUPAC name of the compound is 2-methoxypropane.
10. Which of the following species can act as the strongest base?

(i) ®OH (in ®OR
)
(iff) ©0 CeHs ®») ©
Ans. (i) NO;

Explanation: Weakest acid has the strongest conjugate base. Among
all the four options ROH is the weakest acid.
11. Which of the following compounds will react with sodium hydroxide

solution in water?
() Cgtis;OH (if) CeHsCH,OH
(#if) (CH,),COH (v) C,H;OH
Ans. ()
Explanation: OH ONa
© +NaOH—> © +H,0
Sodum phenoxide
12. Phenol is less acidic than .
(§) ethanol " (#i) o-nitrophenol
(ii) o-methylphenol (iv) o-methoxyphenol

Ans. (i)
Explanation: In substituted phenols, the presence of ¢clectron withdrawing
groups such as nitro groups, enhances the acidic strength of phenol. This
effect is more pronounced when such a group is present at ortho and
parapositions. It is due to the effective delocalisation of negative charge
in phenoxide ion. On the other hand, electron releasing groups, such as
alkyl groups, in general, do not favour the formation of phenoxide ion
resulting in decrease in acid strength. Cresols, for example, are less

acidic than phenol.
13. Which of the following is most acidic?
() Benzyl alcohol (i) Cyclohexanol
(i) Phenol (iv) m-Chlorophenol
Ans. (iv)

Explanation; m-chlorophenol is most acidic. Alpha carbon of benzyl
alcohol and eyclohexanol is sp® hybridized. In m-chlorophenol, it is sp?
hybridized. In m-chlorophenol, electron withdrawing group —Cl is present
at meta position. -
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14. Mark the correct order of decreasing acid strength of the following
compounds.

?H fH ?H OH iH
OCH3 NO4
NO;
(a) (€) (0

OCH;,4
(b) (e)

) @>@)>@)>(@>(c) (i) (B)> (@) >(@)>()>(e)

@) @>(@>(©)>@)>@ @) @>@)>()>B)>(a)
Ans, (i)
Explanation: same as answer no. 12.
15. Mark the correct increasing order of reactivity of the following compounds

with HBr/HCl.

éZOH (SZOH $OH
NO, c
(a)

(b) (c)

D @< @®)<() () (B) < (@) < ()
(@) (B)<(c)<(a) @) ©<®)<()
Ans. (i)

Explanation: It is type of nucleophilic substitution reaction followed
by Syl mechanism. Syl mechanism depends on the stability of
carbocation. Presence of electron withdrawing group will decrease the
stability of carbocation.
16. Arrange the following compounds in increasing order of boiling point.
Propan-1-ol, butan-1-o0l, butan-2-ol, pentan-1-ol
(¥) Propan-1-ol, butan-2-ol, butan-1-ol, pentan-1-ol
(ii) Propan-1-ol, butan-1-ol, butan-2-o], pentan-1-ol
(iii) Pentan-1-ol, butan-2-ol, butan-1-ol, propan-1-ol
() Pentan-1-ol, butan-1-ol, butan-2-ol, propan-1-ol
Ans. (i)
Explanation: The boiling points of alcohols and phienols increase
with increase in the number of carbon atoms (increase in van der
Waals forces). In alcohols, the boiling points decrease with increase of
branching in carbon chain (because of decrease in van der Waals forces
with decrease in surface area.)
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ll. MuttirLe CHoice QuesTions (Tyee-ll)
Note : In the following questions two or more options may be correct.
17. Which of the following are used to convert RCHO into RCH;OH?
() Hy/Pd (i) LiAlH,
(iti) NaBH, (iv) Reaction with RMgX followed by hydrolysis
Ans. (i), (i), (i#)
Explanation: Aldehydes and ketones are reduced to the corresponding
alcohols by addition of hydrogen in the presence of catalysts (catalytic
hydrogenation. It is also prepared by treating aldehydes and ketones with
sodium borohydride (NaBH,) or lithium aluminium hydride (LiAIH,).
18. Which of the following reactions will yield phenol?

Cl
{i) fuslon with NaOH at 300 atm
U] mAor
NH2
s e m Oleum S
(i (i) NaNO/HCI N (iii) @) NaOH (Heating) *
() HyO (Warming) (i) H*
Cl
W) (1) NaOH (aqg.), 208 K/ atm
() HCH i
Ans. (), (i) and (iid)
Explanation: .
Cl ONa OH
+NaOH —2K © — @
NH, e OH
_NanGz 2 +N, + HCI
+HCI Warm
Aniline Benzene dlazonium
chloride
SO;H OH
© Gleum (DNaOH
(M H*
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19. Which of the following reagents can be used to oxidise primary alcohols
to aldehydes?
()) CrO; in anhydrous medium., (i) KMnO, in acidic medium.

(iify Pyridinium chlorochromate,
(fv) Heat in the presence of Cu at 573K.

Ans. (i), (iii) and (iv}
Explanation: Strong oxidising agents such as acidified potassium
permanganate are used for getting carboxylic acids from alcohols directly.
CrO,; in anhydrous medium is used as the oxidising agent for the isolation
of aldehydes, Cro,

RCH,OH ——> RCHO

A better reagent for oxidation of primary atcohols to aldehydes in good

yield is pyridinium chlorochromate (PCC), a complex of chromium

trioxide with pyridine and HCL.
20. Phenol can be distingnished from ethanol by the reactions with
(i) Bry/water (i) Na
(#if) Neutral FeCl, (#v) All the above
Ans. (i) and (i)
Explanation: Ethanol does OH OH
T Br

phenol gives violet color
with neutral FeCl;. When
phenol is treated with bromine Br
is formed as white precipitate. Ethanol does not react with bromine water
21. Which of the following are benzylic alcohols?
() CHs—CH,~—CH,0H (if) C¢Hs—CH,0H
(i) CgHs—CH—OH (#v) CgHs—CH; —OH

CH, CH,
Ans. (i) and (i)
Explanation: Benzylic alcohols: In these alcohols, the -—OH group is
attached to a sp*- hybridised carbon atom next to an aromatic ring. For
example,

not give any reaction with . B:
neutral FeCl, solution while +3Br, 3

e

H —_—
CH,0H ' ~OH —OH
SN g s igen
Primary 3mndanlf Tertiary !

Allylic and benezylic alcohols may be primary, secondary or tertiary.
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1ll. SHoRT ANSWER TYPE

22. What is the structure and TUPAC name of glycerol?
Ans. CH,— CH-—CH, TUPAC name is propane-1,2,3-triol.

OH H H
23. Write the JTUPAC name of the following compounds.

(A)CHa—trH—(l:H—-(l:H—,—TH—CH3 B) NO;
CH; OH CH; OH
Ans. (A) 3-Ethyl-S-methylhexane-2,4-diol,

(B) 1-Methoxy-3-nitrocyclohexane OCH3
24. Write the TUPAC name of the compound given below:
CHi—CH,— —OH
CH; CH,OH
Ans. 3-Methylpent-2-ene-1,2-diol /O\
25. Name the factors responsible for the solubility of H H
alcohols in water. R N
Ans. Solubility of alcohols and phenols in water is due R—C{" 0
to their ability to form hydrogen bonds with water Y I
molecules as shown. The solubility decreases with H
increase in size of alkyl/aryl (hydrophobic groups). /0\
26. What is denatured alcohol? H H

Ans. The commercial alcohol is made unfit for drinking
by mixing in it some copper sulphate (to give it a colour) and pyridine
(a foul smelling liquid). It is known as denaturation of alcohol.
27. Suggest a reagent for the following conversion.

OH O

Ans. Pyridinium chlorochromate (PCC), a complex of chromium trioxide
with pyridine and HCI '
CH;-—CH=CH—CH,;0H PCC CH;—CH=—CH—CHO

28. Out of 2-chloroethanol and ethanol which is more acidic and why?

Ans. The acidic character of alcohols is due to the polar nature of O-H bond.
2-Chloroethanol, is more acidic due to —I effect of chlorine atom.
It increases the polarity of O—H bond and increases the acidic strength,

29. Suggest a reagent for conversion of ethanol to ethanal.

Ans. A better reagent for oxidation of primary alcohols to aldehydes in good
yield is pyridinium chlorochromate (PCC), a complex of chromium
trioxide with pyridine and HCL

30. Suggest a reagent for conversion of ethanol to ethanoic acid.

Ans. Strong oxidising agents such as acidified potassium permanganate are

used for getting carboxylic acids from alcohols directly.
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31. Out of o-nitrophenol and p-nitrophenol, which is more volatile? Explain,

AnS. o-nitrophenol, dueto intramolecular hydrogen bonding, is more volatile in
nature. In para-nitrophenol, there is intermolecular hydrogen bonding,

32. Out of o-nitrophenol and o-cresol which is more acidic?

Ans. In substituted phenols, the presence of electron withdrawing groups such
as nitro group, enhances the acidic strength of phenol. This effect is more
pronounced when such a group is present at ortho and para positions. It is
due to the effective delocalisation of negative charge in phenoxide ion. On
the other hand, electron releasing groups, such as alkyl groups, in general,
do not favour the formation of phenoxide ion resulting in decrease in acid
strength. Cresols, for example, are less acidic.

33. When phenol is treated with bromine water, white precipitate is obtained.
Give the structure and the name of the compound formed.
Ans. When phenol is treated with bromine water, 2,4,6-tribromophenol is

formed as white precipitate.
OH OH
Br. Br
+ 3B|'2 _—>
Br
2,4,6-Tribromophenol

34. Amange the following compounds in increasing order of acidity and

give a suitable explanation. Phenol, o-nitrophenol, o-cresol
Ans. Increasing order of acidity will be o-cresot < phenol < o-nitrophenol.
Explanation is same as answer no. 32.

35. Alcohols react with active metals e.g. Na, K etc. to give corresponding
alkoxides. Write down the decreasing order of reactivity of sodium
metal towards primary, secondary and tertiary alcohols.

Ans, Decreasing order of reactivity of sodium metal is:
lo > 20 > 30
36. What happens when benzene diazonium chloride is heated with water?
Ans. Benzene diazonium ghloride when heated with water, phenol is formed,

)
N2Cl OH
H 0
T —— + Nz + HCI

Benzene diazonium chloride
37. Arrange the following compounds in decreasing order of acidity.
H,0, ROH, HC=CH
Ans.H;0 > ROH > HC=CH
38. Name the enzymes and write the reactions involved in the preparation
of ethanol from sucrose by fermentation.
Ans. Ethanol, C,H;OH, is obtained commercially by fermentation, the oldest
method is from sugars. The sugar in molasses, sugarcane or fruits such
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as grapes is converted to glucose and fructose, (both of which have the
formula C¢H;;O¢), in the presence of an enzyme, invertase.
CzH0y + H0 AmerE2 3 CeHi206 + CeHi206
Glucose Fructose
39, How can propan-2-one be converted into tert- butyl alcohol?
Ans. Using Grignard reagent.
40. Write the structures of the isomers of alcohols with molecular formula
C4H,00. Which of these exll{:libits optical activity?
1] R,

| |
Ans. RCOR + R'MgX —>R— C— OMgX 22> R—C—OH + Mg(OH)X
l |

R R
CH,—CH,—CH,—CH,—OH, r-Butyl alcohol | Butan-1-ol

CH;—CH—CH;— CH; sec-Butyl alcohol | Butan-2-ol
H
CHs—CH—CHz— CH; Isobutyl alcohol | 2-Methylpropan-1-ol
o
CH;
tert-Butyl alcohol | 2-Methylpropan-2-ol
CH;—C—OH ty ylprop
H,
The asymmetry of the molecule is responsible for the optical activity in
a molecule.

In the above structures, it is only butan-2-ol which is asyminetric
because of the chiral carbon ie the carbon atom attached to four
different substituents. Hence, it is optically active.

41, Explain why is OH group in phenols more strongly held as compared to
OH group in alcohols.

Ans. In phenols, the —OH group is attached to sp* hybridised carbon of
an aromatic ring, The carbon— oxygen bond length (136 pm) in phenol
isslighﬂyl&ssthanthatinmethannLThisisduemparﬁaldouble bond
character on account of the conjugation of unshared electron pair of oxygen
with the aromatic ringwhereasinalcohols,lhcoxygenofthe——OHgmup
is attached to carbon by a sigma bond formed by the overlap of 2 sp?
hybridised orbital of carbon with a sp® hybridised orbital of oxygen. That is
why —OH group in phenol is more strongly held as compared to alcohol.

42. Explain why nucleophilic substitution reactions are not very common
in phenols.
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Ans. The —OH group attached to the benzene ring activates it towards
electrophilic substitution reaction. Also, it directs the incoming group to
ortho and para positions in the ring as these positions become electron
rich due to the resonance effect caused by —OH group. That is why
nucleophilic substitution reaction is not common in phenol.

Y

:0—H +0—H +O0—H Cﬁ—H :0—H

43. Preparation of alcohols from alkenes involves the electrophilic attack
on alkene carbon atom. Explain its mechanism.

Ans.  >C—C< + HO 2 >(I:—(|3<

H OH
CH;CH=CH, +H,0 o> CHz—(llH—CH3

OH
Mechanism: The mechanism of the reaction involves the following
three steps:
Step 1: Protonation of alkene to form carbocation by electrophilic
attack 0fH30+.
H20 + H+ —_— H30+
H

+

A, o
=C=C< + H—O0—H &= —(’}—C\ + H0
Step 2: Nucleophilic attack of water on carbocation.
| i
—Cc—C<+ B0 &= —C—C—0n
Step 3: Deprotonation to form an alcohol.
H
—C—C—0—H + H0 —> —(,:—(I:- + HyQ'

44. Explain why is O=C=0 nonpolar while R—O—R s polar.

H :0H

OH ONa OH
COOH
) Cao,
Auns. +NaOH ——»> o>
2-Hydroxybenzoic acld
(Salicyclic acid)
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45.

Ans.

46'

47.

Ans.

48.

49.
Ans.
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Why is the reactivity of all the three classes of alcohols with conc. HCl
and ZnCl, (Lucas reagent) different?
Reaction with hydrogen halides: Alcohols react with hydrogen halides
to form alkyl halides

ROH+HX — R—X+Hy0
The difference in reactivity of three classes of alcohols with HC1
distinguishes them from one another (Lucas test). Alcohols are soluble
in Lucas reagent (conc. HCl and ZnCly) while their halides are immiscible
and produce turbidity in solution. In case of tertiary alcohols, turbidity is
produced immediately as they form the halides easily. Primary alcohols
do not produce turbidity at room temperature. The reaction is followed
by the formation of carbocation since tertiary carbocation is most stable.
Thus, the order of reactivity will be 3°>2°> 1°,
Write steps to carry out the conversion of phenol to aspirin.

OH ONa OH
COOH
O=08

2-Hydraxybenzotc acld
(Salicyfic acld)
COOH COCH
OH OCOCHa
+(CH,C0),0 > + CH3COOH
Sallcylic acld Acotylsalicylic acld
{Aspirin}

Acetylation of salicylic acid produces aspirin.

Nitration is an example of aromatic electrophilic substitution and its
rate depends upon the group already present in the benzene ring. Out of
benzene and phenol, which one is more easily nitrated and why?
Phenolwillbeeasilynitratedsincethe—OH groupattached tothebenzene
ring activates it towards electrophilic substitution. Also, it directs the
incoming group to ortho and para positions in the ring as these positions
become electron rich due to the resonance effect caused by —OH group.
In Kolbe’s reaction, instead of phenol, phenoxide ion is treated with
carbon dioxide. Why?

Phenoxide ion generated by treating phenol with sodium hydroxide
is even more reactive than phenol towards electrophilic aromatic
substitution. Hence, it undergoes electrophilic substitution with carbon
dioxide, a weak electrophile. Ortho hydroxybenzoic acid is formed as
the main reaction product.

Dipole moment of phenol is smaller than that of methanol. Why?

Due to electron withdrawing effect of phenyl group, the C—O bond
in phenol is less polar, whereas in case of methanocl the methyl group
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has electron releasing effect and hence C—O bond in it is more polar,
Dipole moment depends upon the polarity of bonds.

50. Ethers can be prepared by Williamson synthesis in which an alkyl halide
is reacted with sodium alkoxide. Di-fert-butyl ether can’t be prepared
by this methed. Explain.

Ans. In Williamson synthesis an alkyl halide is allowed to react with sodium
alkoxide . .
R—X+R—QNa —> R—O0—R’ + Na X
In case of secondary and tertiary alkyl halides, elimination competes
over substitution. If a tertiary alkyl halide is used, an alkene is the only
reaction product and no ether is formed. It is because alkoxides are not
only nucleophiles but strong bases as well. They react with alkyl halides

leading to elimination reactions.
CH,
CH,— T—Br + NaO—CH; ——>
CH3 CH3TCH2 + NaBr + CH30H
CH,
2-Methylpropene

S1. Why is the C—O—H bond angle in alcohols slightly less than the
tetrahedral angle whereas the C~— O— C bond angle in ether is slightly
greater?

Ans. The bond angle in alcohols is slightly less than the tetrahedral angle

(109°-28"). It is due to the repulsion between the unshared electron
pairs of oxygen.
In ethers, the four electron pairs, i.e., the two bond pairs and two lone
pairs of electrons on oxygen are arranged approximately in a tetrahedral
arrangement. The bond angle is slightly greater than the tetrahedral angle
due to the repulsive interaction between the two bulky (—R) groups.

52. Explain why low molecular mass alcohols are soluble in water.

Ans. The low molecular mass alcohols are solube in water due to the presence
of intermolecular hydrogen bonding between their molecules. Polar
O-H group favours dissolution process whereas non polar alkyl group
does not. As the size of the alkyl group-increases, it overcomes the
effect of the polar nature “OH group and the solubility decreases.

53. Explain why p-nitrophenol is more acidic than phenol.

Ans. In substituted phenols, the presence of electron withdrawing groups such
as nitro groups, enhances the acidic strength of phenol. This effect is more
pronounced when such a group is present at ortho and para positions, It
is due to the effective delocalisation of negative charge in phenoxide ion.

34. Explain why alcohols and ethers of comparable molecular mass have
different boiling points?

Ams. The high boiling points of alcohols are mainly due to the presence of
intermolecular hydrogen bonding in them which is lacking in ethers.
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55. The carbon-oxygen bond in phenol is slightly stronger than that in
methanol. Why?
Ans. C—O bond in phenols has partial double bond character due fo
resonance and hence is difficult to cleave.
56. Arrange water, ethanol and phenol in increasing order of acidity and
give reason for your answer.
Ans. phenol > water > ethanol
R—O:+ H—)—H —>R—O0—H + :OH
Base Acid Cu?muﬁm . Conbﬁate
an alkoxide ion is a better proton acceptor than hydroxide ion, which
suggests that alkoxides are stronger bases (sodium ethoxide is a stronger
base than sodium hydroxide). The reaction of phenol with aqueous sodium
hydroxide indicates that phenols are stronger acids than alcohols and water.
The icnisation of an alcohol and a phenol takes place as follows:

R—O—H &= R—0: + H

OH o
@ = @ &

In alkoxide ion, the negative charge is localised on oxygen while in
phenoxide jon, the chatge is delocalised. The delocalisation of negative
charge (structures I-V) makes

IV. MatcHING TYPE

Note ;: Match theitems of Column 1 and Column Il in the following questions.
57. Match the structures of the compounds given in Column I with the name
of the compounds given in Column IL

Column i - Comma
(® CHj (@) Hydroquinone
OH
() OH (b) Phenetole
OH
- - =
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Elil)— |:l— _ hEc) Caiech_ E _____
OH
(@) OH (d) o-Cresol
OH
(v) OCH, () Quinone -
(v)) OCH,CH,4 (/) Resorcinol
(g) Anisole

Ans. () > @@ @) @H>@ )o@ ) — )
n:

Explanatio

@ Chy

(¢) Catechol

Resorcingl
—Berzene 1,30l _

{f) Resorcinol

L _
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() H

OH

Benzene 1,4 diol

Hydroquinona or quinol

www.cbsepdf.com

Tompomaee ]

(v) OCH,

Methoxybernzene

(2) Anisole

(Vl') OCHch3

Ethoxybenzene

(b) Phenetole

S8. MatchthestmﬁngmateﬁalsgiveninColumnlwiththeprodtmtsformed

by these (Column IT) in the reacti with HL.

+ CHgl
(i) CH, @® 3
“>CH—0—CHy
CHs CHz—C—1 + CH3OH
CHs
(iif) Hy © 1
H,6—C—O0—C
3 Ha + CH3OH
CHs
(") OCH3 (d) CH;—OH + CH;—1
‘ ¢)CHa
© ~>SCH—OH + CHal
L L CH3
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-— —_—

N
CH3/

@

CH—1I+ CH;0H
Hs
CH3—C—0H + CHjI

CH;
D) =>@ @@ @EN—>G) () ()
Match the items of column I with items of column I1.
oo o o Colnmal - T Cohima W
(?) Antifreeze used in car engine {a) Neutral ferric chloride
(#7) Solvent used in perfumes (b) Glycerol
(¢ii) Starting material for picric acid {c) Methanol
iv) Wood spirit (d) Phenol
(v) Reagent used for detection of phenolic (¢} Ethleneglycol
group
(v)By product of soap industry used in
cosmetics
Ans. () > (e) (i)—
Explanation:
(9) Ethleneglycol (ITUPAC name of ethylene glycol is ethane-1,2 -
diol a small percentage of it is used in antifreeze formulation)
(i) Ethanol (it is less irritating to skin so it is used in perfumes)
(ii}) Phenol (by the reaction of phenol with conc. HNO; phenol can be
converted into picric acid)
(i) Methanol (metharol is known as wood
destructive distillation of wood)
(v) Neutral ferric chloride (Neutral ferric chloride gives violet colour
when treated with phenol)

(v) Glyceml([tisﬁlebypmductinsoapindusu-yandisusedincosmcﬁ)

59.

(N Ethanol

0 W@ W)->@€ O)>@ M) @k)

spirit as it was obtained by

60. Match the items of column I with items of column II.
~ T Cowmnil | | . Columa I
(i) Methanol (a) Conversion of phenol to
o-hydroxysalicylic acid
#i) Kolbe’s reaction (b) Ethyl alcohol
(i#) Williamson’s synthesis () Conversion of phenol to
salicylaldehyde
(iv) Conversion of 2° alcohol to ketonc, (d) Wood spirit
(v) Reimer-Tiemann reaction (¢) Heated copper at 573K
(vi) Fermentation (/) Reaction of alkyl halide with
sodium alkoxide

206 @ NCERT ExeMPLAR PROBLEMS CHEMISTRY=XI]



http://www.cbsepdf.com

www.cbsepdf.com

Ans. () »>@ (H-@ >N )>E 3> )0

Explanation:

(/) Methanol Wood spirit (methanol is known as wood spirit as it was
obtained by destructive distillation of wood).

(i) Kolbe's reaction Conversion of phenol to ortho-hydroxyl salicylic
acid (reaction of phenol with CO, gas gives ortho-hydroxysalicylic
acid)

(ii}) Williamson’s synthesis—> Reaction of alkyl halide with sodium
alkoxide (Reaction of alkyl halide with sodium alkoxide gives
ether. It is a very important method for the preparation of ether)

(#v) Conversion of 2° alcohol to ketone —> Heated copper at 573K
(by dehydrogenation of secondary alcohol it is converted into ketone).

(v) Reimer-Tiemann reaction —> Conversion of phenol fo
salicylaldehyde (phenol is treated with chloroform in presence of
NaOH and salicyldehyde is formed as the product)

(vi) Fermentation —> Ethylalcohol (cthanol is prepared by the
fermentation of sugar).

V. AsserTioN anD Reason TYPE

Note:lnﬂrefoﬂuwh:gqnesﬂoastaﬂmﬂnufasserﬁonfonowedbyamm
of reason is given. Choose the correct answer out of the following choices.
(i) Assertion and reason both are correct and reason is correct
explanation of assertion.
(if) Assertion and reason both are wrong staternents.
(ili) Assertion is correct statement but reason is wrong staternent.
(iv) Assertion is wrong statement but reason is correct statement.
(v) Both assertion and reason are correct statements but reason is not
correct explanation of assertion.
61. Assertion : Addition reaction of water to but-1-ene in acidic medium
yields butan-1-oL
Reason : Addition of water in acidic medium proceeds through the
formation of primary carbocation.
Ans. (i)
Correct assertion: Addition reaction of water to but-1-ene in acidic
medium yields butan-2-ol.
Correct reason: Addition of water in acidic medium proceeds through
the formation of secondary carbocation.
62. Assertion : p-nitrophenol is more acidic than phenol.
Reason : Nitro group helps in the stabilisation of the phenoxide ion
by dispersal of negative charge due to resonance.
Ans. (i)
Explanation: P-nitro phenol is more acidic as nitro group helps in the
stabilization of the phenoxide ion by dispersal of negative charge due
fo resonance.
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63. Assertion : JUPAC name of the compound
CHy——CH——0—CHz~—CH,~—CH; is 2-Ethoxy-2-methylethane.

CHy

Reason  : In I[UPAC nomenclature, ether is regarded as hydrocarbon
derivative in which a hydrogen atom is replaced by —
OR or —OAr group [where R = alkyl group and Ar = aryl
group]
Ans. (iv)
Explanation: Correct assertion is the TUPAC name of the compound is
1-(2-propoxy) propane.
64. Assertion : Bond angle in ethers is slightly less than the tetrahedral angle.,
Reason  : There is a repuision between the two bulky (—R) groups.
Ans. (iv)
Explanation: 141 pm .
HOSRA H
H—C 111.7°C—H
H” NH
Methoxymethane
65. Assertion : Boiling points of alcohols and ethers are high,
Reason  : They can form intermolecular hydrogen-bonding.
Ans, (i) |
Explanation: Correct assertion: Boiling points of alcohols are higher
than that of cthers of comparable molecular mass,
Correct reason: Alcohols can form intermolecular hydrogen bonding
while ethers cannot.
66. Assertion : Like bromination of benzene, bromination of phenol is
also carried out in the presence of Lewis acid.
Reason  : Lewis acid polarises the bromine molecule,
Ans. (i)
Explanation: Bromination of phenol cannot be carried out in presence
of Lewis acid.
67. Assertion : o-Nitrophenol is less soluble in water than the m- and
p-isomers. ‘
Reason  : m- and p- Nitrophenols exist as associated molecules.
Ans. (v)
Explanation: Due to intramolecular hydrogen bonding ¢-Nitrophenol
does not form hydrogen bond with water.
68. Assertion : Ethanol is a weaker acid than phenol.
Reason : Sodium ethoxide may be prepared by the reaction of
ethanol with aqueons NaOH.
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Ans, (i)
Explanation: Phenoxide ion is stabilized by resonance which is not
possible in alkoxide ion.
69. Assertion : Phenol forms 2, 4, 6 — tribromophenol on treatment with
Br; in carbon disulphide at 273K.
Reason : Bromine polarises in carbon disulphide.
Ans. (if)
Explanation: Correct assertion: Phenol on treatment with bromine
water can form 2,4,6-tribromophenol
Correct reason: In water, phenol gives phenoxide ions which activate
the ring towards electrophilic substitution reaction.
70. Assertion : Phenols give o-and p-nitrophenol on nitration with conc.
I'IN03 and HzSO4 mixture.
Reason : —OH group in phenol is o-, p- directing.
Ans. (iv)
Explanation: Phenol on treatment with dil. HNOQ; forms o-nitrophenol
and p-nitrophenol.

V1. Long ANsweR TYPE

71. Write the mechanism of the reaction of HI with methoxybenzene.
Ans. In case of anisole, methylphenyl oxonium ion, is CgHs— T— CH,3
H

formed by protonation of ether. The bond between O—CHs is weaker
than the bond between O—C¢Hj because the carbon of phenyl group
is sp? hybridised and there is a partial double bond character. Therefore,
the attack by I" jon breaks O—CHj3 bond to form CH;l. Phenols do
not react further to give halides because the sp* hybridised carbon of
phenol cannot undergo nucleophilic substitution reaction needed for
conversion to the halide.
72. (@) Name the starting material used in the industrial preparation of phenol.
(b) Write complete reaction for the bromination of phenol in aqueous
and non aqueous medium.
(¢) Explain why Lewis acid is not required in bromination of phenol?
Ans. (2} The starting material used in the industrial preparation of phenol is

cumene.
i T
CHy—CH CHy—C—0—0—H H
L2 © —H—”;—> é + CHyCOCH;§
2
cu
Cumeno nydmpémr:xiede
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) H H H
Br
Minor Br

Major
When phenol is treated with bromine water. 2,4,6-tribromophenol
is formed as white precipitate, y
H
Br Br

+3Brp, —>

Br
2,4,6-Tribromophenal

(¢) The usual halogenation of benzene takes place in the presence of a
Lewis acid, such as FeBr;, which polarises the halogen molecule.
In case of phenol, the polarisation of bromine molecule takes place
even in the absence of Lewis acid. It is due to the highly activating
effect of —OH group attached to the benzene ring.
73. How can phenol be converted to aspirin?

Ans, . H ONa H
COOH
NaOH 3 ('()ﬂ;'-::f 3

2-Hydroxybenzoic acid
(Salleylic acid)

2-hydroxybenzoic acid on treatment with acetic anhydride will give aspirin.
74. Explain a process in which a biocatalyst is used in industrial preparation
of a compound known to you.

Ans. Ethanol, C,H;OH, is obtained commercially by fermentation, the oldest
method is from sugars. The sugar in molasses, sugarcane or fruits such
as grapes is converted to glucose and fructose, (both of which have the
formula C¢H,,0¢), in the presence of an enzyme, invertase. Glucose
and fructose undergo fermentation in the presence of another enzyme,
Zymase, which is found in yeast.

CisHpOp + Hy0 5585 CH, 0, + CgH,,04

Ghicese Fructose

CeH 1,05 ~2=5 2C,H,OH +2CO0,
In wine making, grapes are the source of sugars and yeast. As grapes
ripen, the quantity of sugar increases and Yyeast grows on the outer skin.
When grapes are crushed, sugar and the enzyme come in contact and
fermentation starts, Fermentation takes place in anaerobic conditions
i.e. in absence of air. Carbon dioxide is released during fermentation.

Qg
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l 2 Aldehydes, Ketones and
B - Carboxyllc Acids

I. MuLtirLE CHoice QuesTions (Type-l)

1. Addition of water to alkynes occurs in acidic medium and in the
presence of Hg?* ions as a catalyst. Which of the following products will
be formed on addition of water to but-1-yne under these conditions?

(i) CHg_‘ CHZ_CHZ_C—H (ii) CHg_“' CHZ_'C—CH3

@) CH,—E—OH +H—C—H
Ans, (i)
Explanaﬂon Addition of water to ethyne in the presence of H,SO, and
HgSO, gives acetaldehyde. Addition takes place by Markovnikoff’s rule.
2 W]nch of the following compounds is most reactive towards nucleophilic

addition reactions?
()] CH;-—C-—'H (ij) CHy—C—CH,
i
(iif) O—C—H (iv) @-c—cm
Ans. (i)

Explanation: Aldehydes are generally more reactive than ketones in
nucleophilic addition reactions due to steric and electronic reasons.
Sterically, the presence of two relatively large substituents in ketones
hinders the approach of nucleophile to carbonyl carbon than in
aldehydes having only one such substituent. Electronically, aldehydes
arc more reactive than ketones because two alkyl groups reduce the
electrophilicity of the carbonyl more effectively than in former. In
benzaldehyde also, it is difficult for the nucleophile to attack on the
substrate molecule.
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3. The correct order of increasing acidic strength is

(9) Phenol < Ethanol < Chloroacetic acid < Acetic acid

(#) Ethanol < Phenol < Chloroacetic acid < Acetic acid

(#if) Ethanol < Phenol < Acetic acid < Chloroacetic acid

(#v) Chloroacetic acid < Acetic acid < Phenol < Ethanol

Ans, (fif)

Explanation: Carboxylic acids dissociate in water to give resonance
stabilised carboxylate anions and hydronium ion. That is why carboxylic
acids are weaker than mineral acids, but they are stronger acids than
alcohols and many simple phenols. Electron withdrawing groups
increase the acidity of carboxylic acids by stabilising the conjugate
base through delocalisation of the negative charge by inductive and/
or resonance effects. Thus, the order of increasing acidic strength is —
Ethanol < Phenol < Acetic acid < Chloroacetic acid.

4. Compound Ph—O —Ph can be prepared by the reaction of

() Phenol and benzoic acid in the presence of NaOH
(i¥) Phenol and benzoyl chloride in the presence of pyridine
(i) Phenol and benzoyl chloride in the presence of ZnCl,
(#v) Phenol and benzaldehyde in the presence of palladium
Ans. (i)
Explanation: Compound Ph—COO—Ph can be prepared by the
reaction of ﬁ

oo Lo O

This is an example of Schotten-Baumann reaction,
5. The reagent which does not react with both, acetone and benzaldehyde.
() Sodium hydrogensulphite (/i) Phenyl hydrazine
(i) Fehling’s solution (iv) Grignard reagent
Ans. (it
Explanation: Fehling’s test: Fehling reagent comprises of two
solutions, Fehling solution A and Fehling solution B. Fehling solution
A is aqueous copper sulphate and Fehling solution B is alkaline sodium
potassium tartarate (Rochelle salt). These two solutions are mixed
in equal amounts before test. On heating an aldehyde with Fehling’s
reagent, a reddish brown precipitate is obtained. Aldchydes are
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oxidised to corresponding carboxylate anion. Aromatic aldehydes do
not respond to this test.
6. Cannizzaro’s reaction is not given by .

CHO
O @O
CH;

(#iiy H CHO (i) CH,CHO
Ans. (iv)

Explanation: Cannizzare reaction: Aldehydes which do not
have an alpha hydrogen atom, undergo self oxidation and reduction
(disproportionation) reaction on treatment with concentrated alkali.
In this reaction, one molecule of the aldehyde is reduced to alcohol
while another is oxidised to carboxylic acid salt. CHL,CHO has one a
hydrogen that is why it will not give Fehling's test.

7. Which product is formed when the compound CHO is
treated with concentrated aqueous KOH solution?

@ fcé—@—cno
(ii) @—E—bﬁ + @—cnzou
(i) 126—@-@—6{: + ko—(_)—ok

Ans. (i)
Explanation: 2 @——CHO + Conc. NaOH —»
Benzaldehyde
@——CHZOH + @—COONa
Benzyl alcohol Sodium benzoate

Similar reaction will occur with KOH.
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8. CHy—C==CH -0 » A Dometiotion oy ﬁ—CH3
0

Structure of ‘A’ and type of isomerism in the above reaction are
respectively.
(9) Prop-1-en—2—ol, metamerism
(ir) Prop-1-en-1-ol, tautomerism
(i) Prop-2-en-2-ol, geometrical isomerism
(iv) Prop-1-en-2-ol, tautomerism
Ans. (iv)
Explanation: Chemical reaction can be shown as
OH H

CHy—C==CH “28 CH;—C—CH
Propyne ° 4 Prop-1-en-2-o0l

o
c > CH3—1L—'CH3

A is prop-1-en-2-ol, which undergo tautomerism to form acetone.
9. Compounds A and C in the following reaction are

Hydroboration
CHCHO g™ > (a) 14802, ) _midaio’, (c,
(#) identical (&) positional isomers
(#ii) functional isomers (iv) optical isomers
Ans. (i)
R'A

Explanation: RCHO + R'MgX ~2°+ R— CH—OMgX
Rf

25 R— CH—OH + Mg(OH)X
From the above reaction, it is clear that acetaldehyde on treatment with
Grignard reagent followed by hydrolysis will give propane-2-ol as the
product.
Alcohols undergo dehydration (removal of a molecule of water) to form
alkenes on treating with a protic acid e.g., concentrated H,SO, or H,PO,
now the product B will be propene which on hydroboration oxidation
will give propane-1-ol. :
Thus, propane-2-ol and propane -1-ol are position isomers.
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10. Which is the most suitable reagent for the following conversion?
0]
CHy— CH=CH—CH;— C—CH;—

CH,— CH=—CH—CH,—C— OH

(i) Tollens’ reagent (#i) Benzoyl peroxide
(#éi) 1, and NaOH solution (iv) Sn and NaOH solution
Ans. (i)

Explanation: Iodoform test is used for —COCH, group which is
converted into —COOH group. o

CH,— =CH-—CH2-—1’L—CH3

[szBOHl
0
CH;—CH=CH—CH,—C—OH + CHI,
pent-3-en-foic acid [odoform
11. Which of the following compounds will give butanone on oxidation
with alkaline KMnO, solution?
(/) Butan-1-ol (i") Butan-2-o0l
(#ii) Both of these (#v) None of these
Ans. (i)
Explanation: Aldehydes are easily o 0
oxidised to carboxylic acids on treatment 4 V4
with common oxidising agents like R—C +[0]—R—C
nitric acid, potassium permanganate, \H \OH

potassium dichromate, etc.
12. In Clemmensen Reduction carbonyl compound is treated with .
(i) Zinc amalgam + HC] (#) Sodium amalgam +HC]
(iii) Zinc amalgam + nitric acid (iv) Sodium amalgam + HNO,
Ans. (1)
Explanation: >C==0 %’i’i’ >CH2 + H,0 (Clemmensen reduction)

II. MuLmiPLE CHoice QuesTions (Type-ll)

Note : In the following questions two or more options may be correct.
13. Which of the following compounds do not undergo aldol condensation?

() CH,—CHO ) Q—CHO
(|3H3
(i) CHy—C—CH, @) C}I,—i—c:ﬁo
H;
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Ans, (#i) and (iv)
Explanation: Aldol condensation: Aldehydes and ketones having at
least one alpha-hydrogen undergo a reaction in the presence of dilute
alkali as catalyst to form beta-hydroxy aldehydes (aldol) or beta-
hydroxy ketones (ketol), respectively. This is known as Aldol reaction,
In (if) and (iv) alpha hydrogen is absent,

14. Treatment of compound Ph-—O—C—Ph with NaOH solution
yields
(i) Phenol (7)) Sodium phenoxide
(iff) Sodium benzoate {(iv) Benzophenone
Ans. (#) and (i)

Explanation: Treatment of compound Ph—O—C—Ph with
NaOH yields sodium phenoxide and sodium benzoate by means of
nucleophillic su(l))sﬁtution reaction as follows

NaOH "
Ph—O—+C-—Ph #Hydolysm)® [FBOH] + Ph—C—ONa

H-+ONa lma P

PhONa + H,0O
phesmaide
15. Which of the following conversions can be carried out by Clemmensen
Reduction?
() Benzaldehyde into benzyl alcohol
(i"} Cyclohexanone into cyclohexane
(ii{) Benzoyl chloride into benzaldehyde
(iv) Benzophenone into diphenyl methane
Ans. (i) and (iv)
Explanation: The carbonyl group of aldehydes and ketones is reduced
to CH, group on treatment with zinc amalgam and concentrated
hydrochloric acid [Clemmensen reduction)

>c=o ey >CHz + H,0 (Clemmensen reduction)

In (if) and (i) only the carbonyl compound is converted into hydrocarbon.
16. Through which of the following reactions number of carbon atoms can

be increased in the chain?
(#) Grignard reaction (i) Cannizzaro’s reaction
(#i) Aldol condensation {iv) HVZ reaction

Ans. (i) and (iii)
Explanation: Grignard reaction and aldol condensation is used to
increase the number of carbon atom in the chain as follows:
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Grignard reaction
0 e
CH3MgBr 3
)l\ H30% Cﬂg/kCI'lg
CH; CH3 3 alcohal
Acetone

Aldol condensation
0 0 0 H
/u\ )I\ OHQ M
CH; CH3;+CH; CHj CH
Acetone Acetane 3
4-hydroxy-4-methyl

4-methy] pent-3-en-2 one
or mesityl oxide
While other two reactions, cannizzaro reaction and HVZ reaction don’t
lead to increase in number of carbon atoms.
17. Benzophenone can be obtained by
(i) Benzoyl chloride + Benzene + AICL,
(if) Benzoyl chloride + Diphenyl cadmium
(iif) Benzoyl chloride + Phenyl magnesium chloride
(iv) Benzene + Carbon monoxide + ZnCl,
Ans. (§) and (i)
Explanation:
(a) Benzophenone can be obtained by Friedel-Craft acylation reaction.

The reaction is shown as

m:ﬁ@@ M +HCl

Benzophenane
(b) Benzophenone can also be obtained by the reaction between benzoyl
chloride and diphenyl cadmium.

o oo -

Benzoyl chloride
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18. Which of the following is the correct representation for
intermediate of nucleophilic addition reaction to the 'ba>'=0
given carbonyl compound (A) :

Nu Nu

e, _ [ s 2, _
@ l ;—0 @ |0
b a

a Nu b
an | > @] ">

o
Ans. (i) and (if)

(A)

Explanation:

lIl. SHorT ANSwER TYPE

19. Why is there a large difference in the boiling points of butanal and
butan-1-01?
Auns. Boiling points of aldehydes are lower than those of alcohols of similar
molecular masses due to absence of intermolecular hydrogen bonding,
20. Write a test to differentiate between pentan-2-one and pentan-3-one,
Ans. 2-pentanone has a CH,CO-group, hence gives positive iodoform test.
3-pentanone does not have a CH,CO-group, hence does not give
positive iodoform test.
Iodoform Test:

CH;CHZCHZ—E—CH:, +NaOH 2 CHI,
(Yellow ppt.)

CH;—CH,;—C—CH,—CH, 22, N, reaction.
218% NCERT ExempPLAR PROBLEMS CHemisTRY—XII



http://www.cbsepdf.com

www.cbsepdf.com

21. Give the TUPAC names of the following compounds.
CH=—CH—CHO

CHO
@ () U

0

() CHy—CH=—CH—CHO
Ans. (i) 3-Phenylprop-2-enal (i) Cyclohexanecarbaldehyde
(iif)3-oxopentanal (iv) But-2-enal
22. Give the structure of the following compounds.
() 4-Nitropropiophenone
(i) 2-Hydroxycyclopentanecarbaldehyde
(i#i) Phenyl acetaldehyde

Ans. () NO; —CH,CH,;

OH

23. Write [UPAC names of the following structures.

CHO Br
CHO
@ | (i) (iii)
CHO CHO
CHO

Ans. (J) Ethane-1, 2-dial (if) Benzene-1, 4-dicarbaldehyde
(#if) 3-Bromobenzaldehyde
24. Benzaldehyde can be obtained from benzal chloride. Write reactions
for obtaining benzalchloride and then benzaldehyde from it.

CH; CHCl, CHO
Cla/hv H20
Ans. AL T TR
Toluene Benzal chloride Benzaldehyde
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25. Name the electrophile produced in the reaction of benzene with benzoyl
chloride in the presence of anhydrous AICL,, Name the reaction also.
Ans, Benzene, on reaction with benzoyl chioride undergo formation of
benzophenone through intermediate benzoylinium cation.

i
@—C——Cl + AlCl; (anhydrous) —»
ot~ .J\. Q
Benznymmun:;nn @ Benzophenone

This is an example of Friedel-Craft acylation reaction.
26. Oxidation of ketones involves carbon-carbon bond cleavage. Name the
products formed on oxidation of 2, 5-dimethylhexan-3-one.

Ans. Being an unsymmetrical ketone, oxidation occurs on cither side
of the C = O group giving a mixture of 2-methy! propanoic acid,
3-methylbutanoic acid and prepan 2-one. Propan-2-one on firther
oxidation gives a mixture of ethanoic acid and methanoic acid.
Subsequent oxidation of methanoic acid gives CO, and HO.

o I
CHy—CH—C— CH;—CH—CH, 2 »
2,5 dimethylhexare3-one
(|3Hs
CH;,—CH— CHz——COOH + CH;— —CH;
3-methylpropanais acid |
pmpa.nqz-uns
27. Arrange the following in decreasing order of their acidic strength and
give reason for your answer.

CH,CH,OH, CH,COOH, CICH,COOH, FCH,COOH, CH,CH,COOH
Ams. FCH,COOH > CICH,COOH > C.H,CH,COOH > CH,COOH
>CH,CH,OH
Explanation: Effect of substituents on the acldity of carboxylic acids:
Subsﬁmentsmayaﬂ'ectthesmbﬂityoftheconjugatebaseandthus,also
affect the acidity of the carboxylic acids. Electron withdrawing groups
increase the acidity of carboxylic acids by stabilising the conjugate
base through delocalisation of the negative charge by inductive and/or
resonance effects. Conversely, electron donating groups decrease the
acidity by destabilising the conjugate base.
28, Whmgmductwi]]befomdonmcﬁonofpmpana]withz-methylpmpanal
in the presence of NaOH? What products will be formed? Write the
name of the reaction also.
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Ams. (/) Amixture of two aldehydes or ketones, atleast one of these must
contains a-hydrogen undergo cross-aldol condensation.
(i) A mixture of four product is formed.
(i) Cross Aldol Condensation.
3

CH,CH,CHO + CH,— CH—CHO B2,
. Propanal 2-methylpropanal

OH CH;(‘? CH3 OH CHE‘

| |
CH3CH2—CH—(|3—C—H + CHy—CH—CH—CH—CHO

CH;,
3. hydraxy-2, 2-dimethylpentanal 3-hydroxy-2, 4-dimethylpentanal

OH CH, (|3H3 OH CH,

|
+ CH,—CH,—CH—CH—CHO + CH;—CH—CH—C— CHO

CH
3-hydraxy-2-dimethylpertanal 3-hydroxy-2, L#hﬁnsthmngeﬂmﬂ
29. Compound ‘A’ was prepared by oxidation of compound ‘B’ with alkaline
KMnO,. Compound ‘A’ on reduction with lithium aluminium hydride
gets converted back to compound ‘B’ When compound ‘A’ is heated with
compound B iniheprmenceofl-leOjtpmd:mﬁlﬁtysmeﬂofcompmmd
C to which family the compounds *A’, ‘B’ and ‘C’ belong to?
Ans. Since, B and A on heating together in the presence of acid produces
ester (a fruity smell).
A[k.KMﬂOq

B —g— Al
Carbaxylic acid
[A] + B] £==  [C] + HO
Acid  Alcohol Ester
(fruity smell)

30. Arrange the following in decreasing order of their acidic strength. Give

explanation for the arrangement.
C H,COOH, FCH,COOH, NO,CH,COOH

Ans. NO,CH,COOH > FCH,COOH > C H,COOH
Explanation: Electron withdrawing groups increase the acidity of
carboxylic acids by stabilising the conjugate base through delocalisation
of the negative charge by inductive and/or resonance effects.

31. Alkenes ( >C=C<) and carbonyl compounds (C>C=0), both
contain a7 bond but alkenes show electrophilic addition reactions whereas
carbony] compounds show nucleophitic addition reactions. Explain.

Ans. Nature of chemical reaction occurring on >C=C< bond or
~>C=0 bond cen be explained on the basis of naturc of bond
between ~>C==C< and >c=o0.
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>c=c< >C=0
Non-polar covalent compound Polar covalent compound

‘Duetoelectmnegntm
difference between carbon Oxygen

Thus, in >C=O carbon acquires partially positive charge and O
acquires partially negative charge and show nucleophilic addition
reacﬁonduetoﬂleelecu'ophiliccarbonylwrbon.Ontheoﬂ:erhand,
>C=C< undergo electrophilic addition reaction due to mucleophilic
nature of >C=C< which contains 7 bond.
32. Carboxylic acids contain carbonyl group but do not show the nucleophitic
addition reaction like aldehydes or ketones, Why?
Ans. Due to resonance as shown below the partial positive charge on carbonyl
carbon atom is reguced. o
g [
—Cx0—He¢—> —C=0—H
33. Identify the compounds A, B and C in the following reaction.

CH,0H/H*
CH;—Br 5y (A)- 00, ) CHOW,

Ans. Complete chemical conversion can be done as
CH, —Br &, CHMepr O, cqcoon
Bromomethane [A]

(i) Water B
Methyl magresium Ethanoic acid
bromida .
SO, CH,COOCH,
[
Methyl Sﬂ]mmnte
0

Hence, A= CH,MgBr, B = CH,COOH, C=CH3—-(I!—O-—CH3
34. Why are carboxylic acids more acidic than alcohols or phenols although
all of them have hydrogen atom attached to a oxygen atom (—O—H)?
Ans. The higher acidity of carboxylic acids as compared to phenols can be
understood similarly. The conjugate base of carboxylic acid, a carboxylate
ion, is stabilised by two equivalent resonance structures in which the
negative charge is at the more electroncgative oxygen atom. The
conjugate base of phenol, a phenoxide ion, has non-equivalent resonance
structures in which the uegative charge is at the less electronegative
carbon atom. Therefore, resonance in phenoxide ion is not as important
as it is in carboxylate jon.

R—C//0+ HOs==—Ho' + R—ég\—b R—'é5
NOoH 0 &)
7

= R—(‘\<0
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35, Complete the following reaction sequence.

ﬁ () CH;Mghr Na metal | CHi—B
CHS—C_CHB! i) H,0 (A) l:.ther B) — ©
ﬁ H
1
Ans, CHy—C—CH, OSM&, (y0—ch, o=,
(i) K0 Ether
Propanone 3
CH;,
(A)
2-methry] propane-2-01

(Wi]l:ams_on’s l
) CH
%3 2-methy)-2-methoxypropane
Sodinm tert-butoxide (
Hence,

36. Ethylbenzene is generally prepared by acetylation of benzene followed
by reduction and ot by direct alkylation. Think of a possible reason.
Ans. Preparation of ethylbenzene from acylation of benzene and reduction
can be shown as

AlCh ™~
+ cHy Sa 22— CH,

[1+]lZn—Hg/HCl

©/\ CH;3
Ethylbenzene

37. Can Gattermann-Koch reaction be considered similar to Friedel Craft’s
acylation?

223

ALDEHYDES, KKETONES AND ...


http://www.cbsepdf.com

www.cbsepdf.com

Ans. Yes. The reason being that in F.C. acylation reactions, benzene (or
any other arene) is treated with an acid chloride in presence of anyhd.
AICl,, Since HCOCI (Formyl Chloride) is not stable. Therefore, in
Gattermann-Koch reaction, it is prepared in situ by reacting CO with
HCI gas in presence of anhydrous AICL. Thus, Gattermann-Koch
“action is similar to F.C, acylation reaction™.

IV. MarciinG Tyre

Note : Match the items of Column I and Column I1 in the following questions.

38. Match the common names given in Column I with the [UPAC names
given in Column II.

(§) Cinnamaldehyde () Pentanal )
(i) Acetophenone (b) Prop-2-enal
(#ii) Valeraldehyde (c) 4-Methylpent-3-en-2-one
(iv) Acrolein (d) 3-Phenylprop-2-enal

(v) Mesityl oxide (e) 1-Phenylethanone

Ans. () > (d) (D—>(e) @)@ W)>@B) M) - ()
39. Match the acids given in Column I with their correct IUPAC names

given in Column II.
~ . Column I{Acids) _ Column T {UPAC names)
(i) Phthalic acid (a) Hexane-1,6-dioic acid
(#i) Ozalic acid () Benzene-1,2-dicarboxylic acid
(#if) Succinic acid (c) Pentane-1,5-dioic acid
(iv) Adipic acid (d) Butane-1,4-dioic acid
(v) Glutaric acid () Ethane-1,2-dioic acid

Ans, () (B) (—>(e) (iN>@ M- @ ) ()
40. Match the reactions given in Column [ with the suitable reagents given
in Column II.

[Colamn II (Reagents)

(#) Benzaldehyde —»- 1-Phenylethanol (b) DIBAL—H
(ii) Cyclohexanone —» Cyclohexanol {c) Zn(Hg)/Conc. HCI
(iv) Phenyl benzoate —» Benzaldehyde (d) CH,MgBr

Ans. () > (@) oG (i) (iv)— (d)
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41. Match the example given in Column I with the name of the reaction in
Column I1.

@ (a) Friedel-Crafls acylation |
H,—C—Cl + H, ="
H,—C—H
(i) CHO ,OH COO"Na*|(?) HVZ reaction
NaOH
(iif) (c) Aldol condensation
+ CH: ——Cl NGy
0
|
—CH;
() R—CH,—COOH BryRedP (d) Cannizzaro’s reaction
R—(['H—COOH
Br
v (i) SzCl/HC] ¢) Rosenmund’s reduction
® oy, —on 22285 cncno (€
o) 2cH,cHO > (/) Stephen’s reaction
CH;— CH=—CHCHO

Ans. (D> (@ (->@ GN->@ W->0) M=) )-(©)
V. AsserTion AND ReasoN TYPE

Note : In the following questions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following chofces.
) Assertion and reason both are correct and reason is correct explanation
of assertion.
(i) Assertion and reason both are wrong statements,
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(iif) Assertion is correct statement but reason is wrong statement.

(#v) Assertion is wrong statement but reason is cormect statement.

(v) Assertion and reason both are correct statements but reason is not
correct explanation of assertion.

42. Assertion : Formaldehyde is a planar molecule.
Reason : It contains sp? hybridised carbon atom.

Ans. (i)

Explanation:

Orbital diagram for the formation of carbonyl group.
43. Assertion : Compounds containing —CHO group are easily oxidised

to corresponding carboxylic acids.

Reason  : Carboxylic acids can be reduced to alcohols by treatment
with LiAlH,,

Ans. (v)

Explanation: Aldehydes differ from ketones in their oxidation reactions.

Aldehydes are casily oxidised to carboxylic acids on treatment with

common oxidising agents like nitric acid, potassium permanganate,

potassium dichromate, etc. Even mild oxidising agents, mainly Tollens’

reagent and Fehling’s reagent also oxidise aldehydes.

R—CHO—Y » R _COOH
44. Assertion : The a-hydrogen atom in carbonyl compounds is less
acidic.
Reason : The anion formed after the loss of a-hydrogen atom is
resonance stabilised.

Ans. (i)
Explanation: Carboxylic acids dissociate in water to give resonance
stabilised carboxylate anions and hydronium jon.
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45. Assertion : Aromatic aldehydes and formaldehyde undergo Cannizzaro
reaction.
Reason : Aromatic aldehydesarealmostasreactiveas formaldehyde.
Ans. (i)

Explanation: Aldehydes which do not have an alpha a-hydrogen atom,
undergo self oxidation and reduction (disproportionation) reaction on
treatment with concentrated alkali. In this reaction, one molecule of the
aldehyde is reduced to alcohol while another is oxidised to carboxylic
acid salt.

46. Assertion : Aldehydes and ketones, both react with Tollens’ reagent to

form silver mirror.
Reason : Both, aldehydes and ketones contain a carbonyl group.
Ans. (iv)

Explanation: Ketones are generally oxidised under vigorous conditions,
j.e., strong oxidising agents and at elevated temperatures. Their
oxidation involves carbon-carbon bond cleavage. The mild oxidising
agents given below are used to distinguish aldehydes from ketones:
() Tollens’ test: On warming an aldehyde with freshly prepared
ammoniacal silver nitrate solution (Tollens’ reagent), a bright silver
mirror is produced due to the formation of silver metal. The aldehydes
are oxidised to corresponding carboxylate anion. The reaction occurs in
alkaline medium.
RCHO +2{Ag(NH,),]' + 30H — RCOO +2Ag +2H,0 + 4NH,

V1. Long ANsWER TYPE

47. An alkene ‘A’ (Mol. formula C,H, ) on ozonolysis gives a mixture of
two compounds °B’ and *C’”. Compound ‘B’ gives positive Fehling’s test
and also forms jodoform on treatment with I, and NaOH. Compound
“C* does not give Fehling’s test but forms iodoform. Identify the
compounds A, B and C. Write the reaction for ozonolysis and formation
of iodoform from B and C.

Ans. Molecular formula=CH,,

H
Degree of unsaturation = (C_+ 1) — —2-"—
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where, C_ = number of carbon atoms
H_ = number of hydrogen atoms = (5+1)—?=l

Compound A will be either alkene or cyclic hydrocarbon. Since, A is
undergoing ozonolysis hence 4 must be an alkene.
Possible structures of alkene are

L CH,—CH,—CH,~—CH=CH,
I. CH,—CH,—CH=CH—CH,
1L CH;——(|3H—CH=CH2

CH,

IV. CH—C=—=CH—CH,

CH,
Ozonolysis of structure I produces aldehyde only

CHy—CH,—CH,—CH—CH, 8%,

CHy—CH,—CHy— C—0 + o——~c<:lI
1'1
Ozonolysis of structure 11 produces aldehyde anly
CH—r—cri—cr—cs, €0
CH,—CH,—CHO + CH,CHO

Ozonolysis of structure I produces aldehyde only
CHg—T'H—CH=CH2 S CH3—$H—CH0 +HCHO

CH, CH;
Ozanolysis of structure IV produces both aldehyde and ketone
CH;—(IZH=CH-—-CH3 g—"f——mb CH:—(|l=0 +CH,CHO

CH, CH;

AﬂerozonolysisofwchofsuucumLIlmdﬂ]pmdlmonlyaldehydw

as both components. But as given in the question one compound doesn’t

give Fehling’s test but must give iodoform test. Hence, compouad must
0

be a ketone with CHs—C— group. Hence, correct structure is IV,
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00y
i — -
CH3——CH=T——CH3 Gz H:C CHdeO +0=C—CH,3
CH; {8} CH,
2-methylbut-2-one Acetone
{Al €]

Formation of iodoform from ‘B’ and ‘C” may be explained as follows:

CH,CHO + 31, + 4NaOH —2— CHI, + HCOONa + 3Nal + 3H,0
Acetaldehyde Todoform Sodinm

[B]
CH;COCH, + 31, + 4NaOH—2—% CHI; + CH;COONa + 3Nal + 3H;0
Ae[e;t:]um Iodoform Soditm

48. An aromatic compound ‘A’ (Molecular formula C;H,0) gives positive
2, 4-DNP ftest. It gives a yellow precipitate of compound ‘B’ on
treatment with iodine and sodium hydroxide solution. Compound
*A’ does not give Tollens’ or Fehling's test. On drastic oxidation with
potassium permanganate it forms a carboxylic acid ‘C’ (Molecular
formula CH,0,), which is also formed along with the yellow
compound in the above reaction. Identify A, B and C and write all the
reactions involved.

Ans. Molecular formula = CH.O

H 8
Degree of unsaturation = (C,,+l)——2—"=(8+1)—5=9—4=5

Degree of unsaturation > 5 ie., it may contain benzene ring having
degree of unsaturation equal to 4 and one degree of unsaturation must
be carbonyl group.

Thus, possible structures are

1
COCH; CH,— cC—H CH3
® i G
CHO
CH; CH;
CHO
(W) o)
CHO
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According to question, compound *4” does not respond to Tollens’ or
Fehling’s test, so, it is a ketone, not aldehyde. Therefore, structure 1 is
correct. Complete reaction sequence is as follows:

CH, NO,
C=N—NH NO,
2,4-DNP
Acctophenane-2-4-dinitro phenyl hydrazone
(‘31'13
O0=C COONa
()/NaOR
el
(Al (Yellow ppt.) :
[CsHl50] lodoform ~ Sodim
Acetophenons
COOH
KMnOy
i

49. Write down functional isomers of a carbonyl compound with molecular
formula C. HO. Which isomer will react faster with HCN and why?
Explain the mechanism of the reaction also. Will the reaction lead to
the completion with the conversion of whole reactant into product at
reaction conditions? If a strong acid is added to the reaction mixture
what will be the effect on concentration of the product and why?

Ans. Functional isomers of C,H,O containing carbonyl group are
CH;CHzc:HO and- CH3C()CH3
Propanal Propanone

{a) Propanal, CH,CH,CHO will react faster with HCN because there
is less steric hindrance and electronic factors, which increases its
electrophilicity.

(b) The reaction mechanism is as follows:

HCN +0H ==:CN +H,0
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H. &+ & - o° " OH

H>C—7i0_+/:CN —A\——[ < } — >C<CN
Tetrshedral Cyanohydrin
Intermediato

The reaction does not lead to completion because it is a reversible
reaction. Equilibrium is established.
If a strong acid is added to the reaction mixture, the reaction is inhibited
because production of CN ions prevented.
When liquid ‘A’ is treated with a freshly prepared ammoniacal silver
nitrate solution, it gives bright silver mirror. The liquid forms a white
crystalline solid on treatment with sodium hydrogensulphite. Liquid
‘B’ alsoformsawhitecrymﬂinesoﬁdwithsodiumhydrogmﬂplﬁtehnit
does not give test with ammoniacal silver nitrate. Which of the two liquids
is aldehyde? Write the chemical equations of these reactions also.
Since the liquid A reduces ammoniacal silver nitrate, (Tollen’s reagent),
‘A’ is aldehyde.
1. RCHO + 2[Ag(NH,),]NO, + 2NH,OH —» RCOOH + 2Ag!
Aldehyde Silver mirar

H,0 + 4NH, + 2NH,NO,
Note: Aldehyde and ketone both gives white crystalline solid with
sodium hydrogensulphite but this is only aldehyde which gives Tollens
test and Fehling’s test.

Qoo
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13

Amines
I. MuLmPLE CHoiceE QuESTIONS (Tyee-l)
L. Which of the following is a 3° amine?
()) 1-methylcyclohexylamine (i) Triethylamine
(iii) tert-butylamine (v) N-methylaniline
Ans. (i)
Explanation: The structure of given amines are as follows:
CH’ (LX)
NH N
(a) U ) chen, - f \CH,CH,
CH,CH,
1-mefhyicyciohexylamine Tristhylamine
{2° aming) (3° amine)
T"L SN,
A
@ 7\, @
s CH,
tert-butylamine
(1° amine) N-methylaniiine

Hence, triethylamine is tertiary amine, The correct choice is ().
2. The correct IUPAC name for CH;=CHCH,NHCH,; is

() Allylmethylamine (if) 2-amino-4-pentene
(#ii) 4-aminopent-1-ene (#v) N-methylprop-2-en-1-amine
Ans. (iv)
Explanation: IUPAC name of the compound is N-methylprop-2-en-1-
amine.
3. Amongst the following, the strongest base in aqueous medium is
() CH3;NH, (#}) NCCH,NH,
Ans, (ii})

Explanation: Due to the electron releasing nature of alkyl group, it (R)
pushes electrons towards nitrogen and thus makes the unshared electron
pair more available for sharing with the proton of the acid. Moreover,
the substituted ammonium ion formed from the amine gets stabilised
due to dispersal of the positive charge by the +I effect of the alkyl group.
Hence, alkylamines are stronger bases than ammonia.
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Thus, the basic nature of aliphatic amines should increase with increase
in the mumber of alkyl groups.
Which of the following is the weakest Bronsted base?

NH,
® ©/ @ N
NH,
Giii) (iv) CH;NH,

U
Explanation: In aniline or other arylamines, the—NH, group is attached
directly to the benzene ring. It results in the unshared eleciron pair
on nitrogen atom to be in conjugation with the benzéne ring end thus
making it less available for protonation.

. Benzylamine may be alkylated as shown in the following equation:

C6H5CH:2NH2 + R—X «—> C6H5CH:2NI'IR
Which of the following alkylhalides is best suited for this reaction
through Sy1 mechanism?

() CH;Br (if) CHsBr
(iif) C¢HsCH,Br (iv) C,HsBr
(i)

Explanation: S;N reaction proceeds through the formation of carbocation
since in C¢HsCH,Br benzyl carbocation is formed which is stabilized
by resonance.

. Which of the following reagents would not be a good choice for reducing

an aryl nitro compound to an amine?

(? H, (excess)/Pt (#) LiAlH, in ether
(iii) Fe and HC1 () Sn and HC1
(i)

Explanation: Nitroalkanes can be easily reduced to the corresponding
primary amines with LiAlH,
LiAHg
CH3CHI—N02 Dry Bthur-> ECﬂI;;h?::e——Nl‘h
In contrast, aromatic nitro compounds on reduction with LiAlH, give
a = 0 compounds and not primary amines.
LIAIH4
——=5CH—N=N—CH;
2CeHs—NO; 5o C

. In order to prepare a 1° amine from an alkyl halide with simultaneous

addition of one CH, group in the carbon chain, the reagent used as
source of nitrogen is .

() Sodium amide, NaNH,

(if) Sodium azide, NaN;
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(ii?) Potassium cyanide, KCN
(i) Potassium phthalimide, C¢H4(CO),NK*
Ans, (iii)
8. Thesource of nitrogen in Gabriel synthesis of amines is
() Sodium azide, NaN,
(#) Sodium nitrite, NaNQ,
(iti) Potassium cyanide, KCN
(i) Potassium phthalimide, C¢H,(CO),N'K*
Ans. ()
Explanation: Gabriel synthesis is used for the preparation of primary
amines. Phthalimide on treatment with ethanolic potassium hydroxide
forms potassium salt of phthalimide which on heating with alkyl halide
followed by alkaline hydrolysis produces the corresponding primary
amine. Aromatic primary amines cannot be prepared by this method
because aryl halides do not undergo nucleophilic substitution with the
anion formed by phthalimide.

o (o]
Phthalimide RE .
C—
©:f/ N—R
!
N-Alkyiphthafimide
9. Amongst the given set of reactants, the most appropriate for preparing

2° amine is .
(/) 2° R—Br+NH,

(#) 2° R—Br + NaCN followed by H,/Pt

Giif) 1° R—NH, + RCHO followed by Hy/Pt

(#) 1° R—Br (2 mol) + potassium phthalimide followed by H;0"/heat

Ans, (i)
Explanation: Chemical transformation can be shown as
R—NH, + RCHO —>[R——N=T—R]
H

H/Pt
H

R—N—C—R

l

H H
2° amine
While other given set of reactants give primary amine only.
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10. The best reagent for converting 2-phenylpropanamide into 2-phenyl-

propanamine is .
() excess H, ) (if) Br, in aqueous NaOH
(iif) iodine in the presence of red phosphorus
(iv) LiAlH, in ether
Ans. (iv)

Explanation: The best reagent for converting 2-phenylpropanamide into
2-phenylpropanamine is LiALH, in ether. Reaction is as given below:

0
E ““NH, E “SNH,
LIAIH, In ether
—_—

2-phenylpropanamide 2-phenylpropanamine
11. The best reagent for converting, 2-phenylpropanamide into 1-phemy-
lethanamine is .
() excess Hy/Pt (i) NaOH/Br,
(iif) NaBH,/methanol (iv) LiAlH /ether
Ans. (i)
Explanation: By Hoffmann bromamide reaction with NaOH/Br,
CH,

CH, |
NH, CH— NH,

NaCH/Br,
—_—>

1-pheny! ethanamine
12. Hoffmann Bromamide Degradation reaction is shown by

() ArNH, (i) AfCONH,
(i) AINO, (iv) ArCH,NH,
Ans. (if)

Explanation; Hoffmann developeda method for preparation of primary
amines by treating an amide with bromine in an aqueous or ethanolic
solution of sodium hydroxide. In this degradation reaction, migration
of an alkyl or aryl group takes place from carbonyl carbon of the amide
to the nitrogen atom. -

13. The comect increasing order of basic strength for the following
compounds is .
N, NH, NH,
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() D<m<l] (DM<I<n
(i MI<O<] (v O<I<m
Ans, (iv)

Explanation: The correct increasing order of basic strength is as follows:

NH, NH, NH,

> é >
I

CH, NO,

m i g
Greamrﬂaeelectmndensitywwardsrhlg,greaterwiubeitsbasic strength,
Electron withdrawing group decreases basic strength while electron

donating group increases basic strength,
14. Methylamine reacts with HNO, to form

() CHy—0—N=0 (i) CH;—O0—cCH,
(#i) CH,OH () CH;CHO
Ans. (i)
Explanation:

R—NH, + HNO, ——2"% (r_3.¢1) "% roH + N, +HCl

15. Thegasevolvedwhenmeﬂ:yl&minemc!sw&thnﬂmusacidis

() NH,3 (i) N,
(ii)) Hp (iv) CHg
Ans. (i)

Explanation: Primary aliphatic amines react with nitrous acid to form
aliphatic diazonium salts which being unstable, liberate nitrogen gas
quantitatively and alcohol.

16. In the nitration of benzene using a mixture of conc. H,S0, and conc.
HNO;, the species which initiates the reaction is

() NO, (iH NoO*
(it) NO,* (v) NO,
Ans. (iif)

Explanation: Nitration of benzene using a mixture of conc. H,SO, and
conc. HNO; proceeds as
o)

HO—N/

T *HS0,—>3>HQB +No, +2H,0 + S0,

0—H
. NO,
@ NO, | ©/

This reaction is known as electrophilic substitution reaction.
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17. Reduction of aromatic nitro compounds using Fe and HCIl gives

(/) aromatic oxime (if) aromatic hydrocarbon
(if{) aromatic primary amine () aromatic amide
Ans. (iif)
Explanation:

NO: e NH,
=,
or Fe + HCl

18. The most reactive amine towards dilute hydrochloric acidis

HgC\
() CH;,—NH, {1}] H,C /NH
NH,
H,C
. G .
iii) H; v
( HC >N—C ()

Ans. (i)
Explanation: Greater will be the strength of base, greater will be its
reactivity towards dilute HCL. Hence, (CH3),NH has highest basic
strength as it has highest reactivity.
HC HE
N—H —> N o]
HC -~ HGC ~N H
19, Acid anhydrides on reaction with primary amines give
(i) amide (i) imide
(iif) secondary amine (iv) imine
Ans. ()
Explanation: Acidanhydﬂdeonreacﬁonwithprhnarymnineprodum
amide as

R

|
Rjkoj%/:\% ngom OR -
R.;ﬁ\%ﬁ\MR—coS —> R—hij\R+Rc00H

H H H amigo
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20. ThereacﬁonArN;cF o, ArCl + Np + CuCl is named as

-
—

() Sandmeyer reaction’ (i) Gatterman reaction
(#if) Claisen reaction (iv) Carbylamine reaction
Ans. (i)
Explanation:

S, AICL + N,

ARNX BB, ABr + N,

LCoCNKCN  ArCN + N,
21. Best method for preparing primary amines from alky] halides without
changing the number of carbon atoms in the chain is
() Hoffmann Bromamide reaction
(i) Gabrie] phthalimide synthesis
(iii) Sandmeyer reaction
() Reaction with NH,

Ans. (i)
Explanation:
)
| | [
(>:§>N—H = 2>NK* R, Sn—-
] ] 11
Phihalimide N-Alyiphthalimide

] ]
C ™ N—R NeoHe C—ONa” | R—NH,
Cl.i/ "—6Na+ (1° amine)
0 )

22. Which of the following compound will not undergo azo coupling
reaction with benzene diazonium chloride.

() Aniline (i) Phenol
(iif) Anisole (iv) Nitrobenzene
Ans. (u r’)

Explanation: Nitrobenzene will not undergo azo coupling reaction with
benzene diazonium chloride while other three undergo diazo coupling
reaction very easily, Diazonium cation is a weak £* and hence reacts
with electron rich compounds containing electron donating group,
ie. —OH—NH, and —OCH, groups and not with compounds
containing electron withdrawing group, i.e., NO, etc.
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@—N:NCI K@_OH v@_l::—{: :>—::H3

23. Which of the following compounds is the weakest Bronsted base?
NHa NH>

® ()

OH OH

(i) ()

Ans. (iif)
Explanation: Phenol is the weakest Bronsted base as it is the strongest
acid among the four choices given above. Stronger the acid weaker is

its conjugate base.
24. Among the following amines, the strongest Brénsted base is
NH2
@ (i) NH,
H H
l l
N N
(i) <\ /} @) < >
Ans. (iv)

Explanation: Pyrrolidine is strongest of two base as lone pair of nitrogen
does not involved in resonance and aiso due to presence of two alkyl
basic strength becomes high among given four compounds.

25. The correct decreasing order of basic strength of the following species
is

H,0, NH;, OH-, NH;
() NHy >OH >NH;>H,0  (if) OH >NH, > H,0 > NH,
(iii) NHy >H,0>NH, >OH- () Ho0>NH; > OH >NH;™
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Ans. ()
Explanation: Basic strength depends upon the electron donating
capacity of the central atom, here amide is most basic due to presence
of negative ¢ and two lone pair of electrons on nitrogen atom,
26. Which of the following should be most volatile?

@ CH3CH2CH2NH2 ) (CHJ)JN
CH;CH,.__
am >N (IV) CH;CH,CH,
®1 @V (i) 1 (v) I
Ans, (i)

Explanation: Hydrocarbon is most volatile because of the absence of

hydrogen bonding. 1°, 2°, 3° amines are less volatile because of high

boiling point due to hydrogen bonding,

27. Which of the following methods of preparation of amines will give
same number of carbon atoms in the chain of amines as in the reactant?
() Reaction of nitrite with LiAlH,.

(i) Reaction of amide with LiAIH, followed by treatment with water,

(#i}) Heating alkylhalide with potassium salt of phthalimide followed by
hydrolysis.

(v) Treatment of amide with bromine in aqueous solution of sodium
hydroxide.

Ans. (#v)

Explanation: Only treatment of amide with Br; is aqueous solution of

NaOHwillgiveanaminewithlmsernumberofcaﬂxmatomsthminthe

reactant while RCONH, Br,/NaOH RNH, all the reamaining reactions

given an amine with the same number of carbon atoms as in the reactant.

— HaiNi
=N R-—
R C==N mmrcomson > R—CH, —NH,
]
) UAH4
R—C—NHy ~ap * R—CHz—NH;
c\ S—— + R—X C\
ﬁ)—ﬂ*—b ﬁ/NK iy f/N—R
0 (o} o}
Phihabmide N-Alkyiphihafimide
. NaOH(an) (T!——(_)Na+
_N—TR—/—» - , *R—NH,
f] —ONa (1° aming)

(o}
o
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il. MuLmipLe Croice QuesTions (Type-ll)
Note : In the following questions two or more options may be correct.

28. Which of the following cannot be prepared by Sandmeyer’s reaction?
(i) Bromabenzene

(/) Chlorobenzene
(iif) Iodobenzene (iv) Fluorobenzene

Ans. (i) and (iv)
Explanation: Sandmeyer’s reaction is used for preparation of
chlorobenzene and bromobenzene a

Iodobenzene and fluorobenzene can be prepared by direct reaction of
diazonium salt KI and HBF/A.

. O
0" L.

29. Reduction of nitrobenzene by which of the following reagent gives aniline?
() Sn/HC] (if) Fe/HCl]
(i) H,-Pd (iv) So/NH,OH
Ans. (9, (i) and (iif)
Explanation: Nitro compounds are reduced to amines by passing
hydrogen gas in the presence of finely divided nickel, palladium or

platinum and also by reduction with metals in acidic medium.

NO, o NH,
'd
SEE-301
NO, NH,
Q" =2 (Y
or Fe + HCl

30. Which of the following species are involved in the carbylamine test?
(i) R—NC (i) CHCly
(i) COCl (i) NaNO, + HCl
Ans. (i) and (#)
Explanation: Aliphatic and aromatic primary amines on heating with
chloroform and ethanolic potassium hydroxide form isocyanides or
Amines B 241
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carbylamines which arc foul smelling substances. Secondary and tertiary
amines do not show this reaction.
R—-NH, + CHCl; + 3KOH 2y R__NC + 3KCI + 3H,0
31. The reagents that can be used to convert benzenediazonium chioride to

benzene are .
(? SnCly/HCI (i) CH;CH,0H
(i) H;PO, (iv) LiAIH,

Ans. (i) and (iid)
Explanation: Certain mild reducing agents like hypophosphorous
acid (phosphinic acid) or ethanol reduce diazonium salts to arenes and
themselves get oxidised to phosphorous acid and ethanal, respectively.

ArN,Cl+ H;PO, + HjO —~—» ArH+N, + H;PO; + HCI
ATN,Cl + CHyCH;OH —» ArH + N, + CH,CHO + HCl
32. The product of the following reaction is
NHCOCH, "

+Br,/ CH,COOH —»

NHCOCH3 NHCOCH,
» Br
) (i
Br
NHCOCH;, NHCOCH,
Br Br
(i) (@)
Br
Ans. (i) and (i) Br
Explanation: Activating effect of ~—NHCOCH; group is less than that
of amino group.

o] (o]
| |

H—N—C—CH, H—N—C—CH, NH,
2
3

NH, 7
{GH,CO),0 8, O orH*
0) e m<) ——»@
Br

1
Br
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33. Arenium ion involved in the bromination of aniline is

NH, NH,
H H
@ @éa’ (& @f“’
NH, NH,
(i) ) ) H
H Br '

Ans. (i), (#)and (iii)
Explanation: Arenium ion involved in the bromination of aniline are

as follows:

NH, NH, NH, NH,
! o Br Br Br
o L H—>®<H > ©<H
attack- @ =
-4 ®
NH, NH,
&
(if) —> |
H/ r

34, Which of the following amines can be prepared by Gabriel synthesis?
() Tsobutyl amine (i) 2-Phenylethylamine
(i) N-methylbenzylamine (iv) Aniline
Ans. (i) and (i)

Explanation: Gabriel synthesis is used for the preparation of primary
amines, Phthalimide on treatment with ethanolic potassium hydroxide forms
potassium salt of phthalimide which on heating with alkyl halide followed
by allgaline hydrolysis preduces the corresponding primary anéine.

0
| )i u
©::z>N—H 2> ©c>ﬁK+ R, ©___§>N —R
| |
o o

Fhmg?nude N—NWlpWB
] |
Oy N, C—0ONa” R —NH
(ﬁ/ (|:|—-C-)Na+ (1° aming)

¢) o]
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Which of the following reactions are correct?

H H

U] Cl+2NH, ——» NH, +NH,CI
oo —

@) >— gy LM, —

KOH
(Do = ()

) NN, T2y S o

Ans. (1) and (iif)

36.

2448 NCERT ExempLAR PrOBLEMS CHemisTRY—X I

Explanation:

H H
) Cl+ 2NH, ——» NH, + NH,CI
H_>_ H>_
oo -==' ()

(?) is a nucleophilic substitution reaction.
(iii) is an elimination reaction.,
Under which of the following reaction conditions, aniline gives p-nitro
derivative as the major product?
(1) Acetyl chloride/pyridine followed by reaction with conc. H,S0,
+ conc. HNO;.

(i) Acetic anyhdride/pyridine followed by conc. H;80, + conc. HNO,.
(iif) Dil. HCI followed by reaction with conc. H,804 + conc. HNO,.
() Reaction with conc. HNO; + conc, H,S0,.

(9) and (i)

Explanation: Direct nitration of aniline yields tarry oxidation products
in addition to the nitro derivatives. Moreover, in the strongly acidic
medium, aniline is protonated to form the anilinium ion which is meta
directing. That is why besides the orho and para derivatives, significant
amount of meta derivative is formed.

However, by protecting the ~NH; group by acetylation reaction with
acetic anhydride, the nitration reaction can be controlled and the p-nitro
derivative can be obtained as the major product.

NH, NHCOCH, NHCOCH, NH,
HNOs, H,80,,
@ (CH,CO),0 @ 208K © GHor H*
Pyridine
NO, NO,
Acctanilide p-Nitroacetaniide p-Nitraanifine
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37. Which of the following reactions belong to electrophilic aromatic
substitution?
(9 Bromination of acctanilide
(i) Coupling reaction of aryldiazonium salts
(iti) Diazotisation of aniline
(iv) Acylation of aniline
Ans. (3 and (i)
Explanation: Benzene diazonium chloride reacts with phenol in which
the phenol molecule at its para position is coupled with the diazonium
salt to form p-hydroxyazobenzene. This type of reaction is known
as coupling reaction. This is an example of electrophilic substitution
reaction, The reaction can be shown as:

() immtn— w2
Oy e
p-Aminoazoberzens

{yollow dyo)

Aniline reacts with bromine water at room temperature to give a white
precipitate of 2,4,6-tribromoaniline. By protecting the —NH; group
by acetylation with acetic anhydride, then carrying out the desired
substitution followed by hydrolysis of the substituted amide to the
substituted amine,

NH, H—N— c—cn-g H—N—-C—CI-L NH,

[CH,COLO © OH orH” Q
—
Pvﬂdlm
Actina (Amlamﬁds)

1. SuorT Answer TYPE
38. What is the role of HNOj; in the nilrating mixture used for nitration of
benzene?
Ans. In the case of nitration, the electrophile, nitronium ion, NO, dis
produced by transfer of a proton (from sulphuric acid) to nitric acid in
the following manmer:
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Step 1
H
! ) s ]
HO.S0~—H + H—0-—NO, == H—Q-—NO, + HSO,
Step II
I
+1¥) @
H—O0—NO, == HO + NO,

39. Why is NH; group of aniline acetylated before carrying out nitration?
Ans. Direct nitration of aniline yields carrv oxidation products in addition to
the nitro derivatives. Moreover, in the strongly acidic medium, apiline
is protonated to form the anilinium ion which is meia directing. That is
why besides the or#ic and para derivatives, significant amount of mera
derivative is also formed,

3

NH, NH NH, NH.
, 1. o,
= HNO,. H.S0,, 288K =2
j ——— + + [ |
™ X
NO,
NO,

{51%) @) (2%}
However by prutecting the -NH, group by acefylation reaction with
acetic anhydride, the nitration reaction can be controlled and the p-nitro
derivative can be obtained as the major product.

NH, NHCOCH, NHCOCH, NH,
HNO, HS0,. _
= +
@ tt;H,GO)aO , d 268K SHor N
yridine . y
Acetaniide
NO, NO,
pHitroEceEnitd: p-Nilrosaline

40. What is the product when CetlsCHyNH, reacts with HNO,?
Ans, C(,H5CH20H .
41. What is the best reagent to convert nitrile to primary amine?
Ans. Nitriles on reduction with lithium aluminjum hydride (LiAIH.) or
catalytic hydrogenation, produce primary amiues.

R—C=N e R—CH—NH,

24BB NCERT ExempLarR PROBLEMS CHEMISTRY—XII -
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42. Give the structure of ‘A’ in the following 1eaction.

- CH,

l ~3 ) NaNO, + HC!,Z?S—ZTU&L} A
/,{, NO. EYHFQ, HO
NH,

Ans, Complete conversion can be shown as

cH, CH,
() NeXO, + HC .
273-28K | Cu
(@) HF 0, B0
NO, NO,
NH, ‘
H, v

N.Cl
2-mitro-4-mathyd ) Ci
aniline
e
| +HPO+ HCI+N,
SN
NO,
Fmclhvyt
nitrobianzeny

43. What is Hinsberg reagent?

Aus. Benzenesuiphonyl chloride (CgHsSO,Cl), is also koown as Hinsberg's
reagent. It reacts with primary aud secoudary amines to fomu sulphonamides.
Secondary and tertiary amines can be distinguished by allowing them to
react with Hinsberg ‘s reagent (benzenesulphonyt chloride, CgH;80,Cl).
Secondary amines react with Hinsberg’s reageut to form a product that
is insoluble in an alkali. For example, N, N-dictbylandne reacis with
Hinsberg's reagent t fonn N, N—diethylbenzenesulphonamide, which
is insoluble in au alkali. Tertiary amines, however, do not react with
Hinsberg's reagent.

o CH,
?—C! + H—N—CH, —
= i

o
Benzencsulphanyl chioride o

CH,
@_li |
ﬁ—N'— C_H, + HC!

(o]
N, N-Digihylbenzenzsulphonamids
44. Why is benzenediazonium chloride not stored and is used immediately
afier its preparation?
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Ans. Benzenediazonium chloride is prepared by the reaction of aniline with
nitrous acid at 273-278K. Nitrous acid is produced in the reaction
mixture by the reaction of sodium nitrite with hydrochloric acid. The
conversion of primary aromatic amines into diazonium saits is known
as diazotisation, Due to its instability, the diazonium salt is not generally
stored and is used immediately afier its preparation.
Benzenediazonium chloride is a colourless crystalline solid. It is readily
soluble in water and is stable in cold but reacts with water when warmed,
It decomposes easily in the dry state.

45. Why does acetylation of —NH, group of aniline reduce its activating
effect?

Ans. The activating effect of ~~NH; group can be controlled by protecting
the —NH, group by acetylation with acetic anhydride, then carrying
out the desired substitution followed by hydrolysis of the substituted
amide to the substituted amine.

The lone part of electrons on nitrogen of acetanilide interacts with
oXygen atom due to resonance as shown below:
((r :0:
ﬁ—c’:—-cu, «—> SN= (I:—CH,
46. Explain why MeNH, is stronger base than MeOH?
Ans. Pyridine being a base, is used to remove the side product i.e., HCI from

reaction mixture.
NH, NHCOCH,
CH; '
0% Q = Q=0
@ N /NeCl-

H
47. What is the role of pyridine in the acylation reaction of amines?
Ans. The products obtained by acylation reaction are known as amides. The
reaction is carried out in the presence of a base stronger than the amine,
ike pyridine, which removes HCI so formed and shifts the equilibrium

to the right hand side.
CH, H CH,

c,u,—iv'ﬂ—cn% CH—=N—C——cl

g 3

Efhananina qn,—w—cu, +H—Cl
H o
N-Ethylethenamide
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H

CH—N: + CH;—C—Cl =2 cH—N-—C—CH,+H—Cl

|
(o]
"‘E“"“‘”c‘gk'"m N,N-Dfuf'lé&gm
48. Under what reaction conditions (acidic/basic), the coupling reaction of
aryldiazonium chloride with aniline is carried out?

Ans. Theazoproducmobtninedhaveanextendedconjugatesystemhavingboth
the aromatic rings joined through the -N=N- bond. These compounds
are often coloured and are used as dyes. Benzene diazonium chloride
reacts with phenol in which the phenol molecule at its para position is
coupled with the diazonium salt to form p-hydroxyazobenzene. This
type of reaction is known as coupling reaction.

\ = B
N==NC + H OH —X—»
®—N=N—®—0H +CIT+HO

pHydroxyazobenzene {orange dya)

@—ﬁEN(ﬁ +H —O—NH,-—‘_’“—r
OO
p-Amincazobenzane

(yellow dye)
49. Predict the product of reaction of aniline with bromine in non-polar
solvent such as CS,.
Ans. Aniline on reaction with Br, in non-polar solvent CS; produces 2, 4,
6-tribromoaniline.
H, NHy

N
Br Br
Br;
————p
CS, <5°C
Anflina

24,6 tibomoaniiine
Aniline has high reactivity towards bromine as it gives the triply
substituted product.
50. Arrange the following compounds in increasing order of dipole moment.
CH,CH,CH;, CH;CH,;NH,, CH;CH,0H
Ans. Dipole moment of amine, alcohol and hydrocarbon can be explained
on the basis of bond polarity of C—H, N—H and O—H bond.

AMINES H 249



http://www.cbsepdf.com

www.cbsepdf.com

As the bond polarity increases, dipole moment increases
CH3CH2CH3 < CH3CH21\TH.3 < CH3CH20H
S1. What is the structure and IUPAC name of the compound, allyl amine?
Ans. Structural formula of allyl amine is as foltows:
CHZ:CH—C}iz—N}‘lz

prop-2-cue-1-amine

N(CHy),

=
52. Write down the lUPAC name of [}~ |.
. e

Ans. N,N-Dimethylaminobeazene,
53. A compound Z with molecular formula C;H,N reacts with CgHsS0,Cl
to give a solid, insoluble in alkali. Identify Z.
Ans. Z is an aliphatic amine which gives 2 solid insoluble in base,
The reaction of benzenesulphonyl chloride with primary amine yields
N-ulkylbenzenesulphonamide, '

QVES:)_CI + H“_IT_'_Csz
) H j T]) (|32Hs
@~ﬁ——n—~czﬂs + HCl

N-Ethylt phonamics (spjuble in atheri)
The hydrogen artached 1o nitrogen in sulphonamide is strongly acidic
due to the presence of strong electron withdrawing sulphonyl group.
Hence, it is soluble in alkali.
lnthereactionwilhsec-ondaryamine,N,N-diﬂlkyllbenzenesulphunamide

is formed.
Q o]
/| u -
ﬁ——cl + H—rlu—c,H,, — HC —O-ﬁ-—lr —-C,H,+HCI
o CH, O CH,
ALt Dietnylk iph

Since N, N-die:hylbenzenmulphonanddedmnotcomainany hydrogen
atoiu attached to nitrogen atom, it is not acidic and hence insoluble in
alkali.

54. A primary amiue, RNH;, can be reacted with CH 5—X to pet sccondary
amine, R-——NHCH; but the only disadvantage is that 3° amine and
quatemnary ammonium salts are also obtained as side products. Can you
suggest a method where RNH; forms only 2° amine? .

2505 NCERT ExemrLAR PROBLEMS CHEMISTRY-XII
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Ans. Nitriles on reduction with lithium aluminium hydride (LiAlHy) or
catalytic hydrogenation produce primary amines.

R—C=N ————— R—CH,—NH,
Na{Hg}C.H.OH
On catalytic reduction the isocyanide will give a secondary amine with
one methyl group. P
RNC——RNHCH;,

55. Complete the following reaction.
H

I\ ARG
S oN-

Ans. Benzene diazonium chloride- reacts with phenol in which the phenol
molecule at its para position is coupled with the dinzonium salt to form
p-hydroxyazobenzene. This type of rzaction is known as coupling reaction.

@-—ﬁENcﬁ + H—@—ou o,
ON=NOOH+Q"+ HO

p-Hydroxyazopenzene {orange dye)
56. Why is aniline soluble in aqueous HCI?
Ans. Amines, being basic in nature, react with acids to form salts.

N + —
R—NH, + HX 3=—= R—NH, X (Salt)

+ -
NH, NH.CI

+HCI.——_‘—“-"

Aniine Anilinium chioride
Amine salts are soluble in water.
§7. Suggest aroute by which the following conversion can be accomplished.

0
NH— CH,
Sael
0

+ -
J]\NH, BeiiOH, [)\T/Nl-(lfz_""mﬁﬂld g N=C

[

O/NH— CH,
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58. Identify A and B in the following reaction.

0
c
= TN LY
0 0
c &vcn CHNH,
LT M

(A) (B}
59. How will you carry out the following conversions?
(?) toluene —» p-toluidine
(i) p-toluidine diazonium chloride ——» p-toluic acid

CH, CH, CH,
Ans, (i) @ _HNO2H,80, R F":]a.
Toluene
No, NH,
poluidine

N, Cl CN COOH
m©&©ﬂ©
CH, CH, CH,
P-to luldine p-tolulc ecid
chicride
60. Write followix_lg conversions;
(i) nitrobenzene ——» acetanilide
(ii) acetanilide — —» p-nitroaniline
NO, NH, NHCOCH,
Sa/HCL Pyridine
Ans. (i) @ Reduction’ CH,COC! ©/
Niirobenzene Acetanifide
NHCOCH, NHCOCH, NH,
G o 50, Mo
Acetanilide
NO2 No,
P-Nitroacetanilide p-nitroantine

2528 NCERT ExempLAR PROBLEMS CHemisTrRY-XII
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61. A solution contains | g mol. each of p-toluene diazonium chloride and
p-nitrophenyl diazonium chloride. To this 1 g mol. of alkaline solution
of phenol is added. Predict the major product. Explain your answer.

Ans. So, nitrophenyl diazonium chloride couples preferentially with phenol.

ON ——@- Nier @_o,.,
+ —-———bo,N_@— N= N—QOH
CH, —@— N:CI' Major product

62. How will you bring out the following conversion?
NO, NO,
—
Br Br
NH, Br
p-Nitroaniline 3.4,5-Tribromonitrobenzene

Ans. Complete conversion of above reaction can be shown as

NO, NO,
BrgCH:pDOH NaNO,/HC!
273-278 k
Br Br
NH, NH,
NO, NO,
CugBro/HBr
Br Br ) Br Br
Br

N;Cl-

63. How will you carry out the following conversion?
NO,
NH,

Amines E 253
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Ans. Conversion of benzene to p-nitroaniline can be done as

NHCOCH,

NHCOCH,
HzOIH" canc. HNO, +
cong. H,SO‘

pn mmm

64. How will you carry out the following conversion?
NO,

55 QL

Ans. Conversum of aniline to m-bromo nitrobenzene can be completed as
N:CI- N:BF;

(j @ i

I

273-273K ™"
Benzane Benzene diazanium

chieride .

NO, £(9

NO, 2 g a

@ e @

—

63. How will you carry out the following conversions?

NH, NO,
oD — Jol
Br Br
NH, NO,
o) —
Br Br
|

2548 NCERT ExeMPLAR PROBLEMS CHemisTRY=XI| ————
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Ans. (7) Conversion of aniline to 3,5-dibromonitrobenzene can be completed as

NH, HCOGH, NHCOCH,
(CHaCO20 H,om
Pyiiding cone, H,so,
aAnfine Acetaniide
lBrJCHJCOOH
N or NH,
Br Br Br Br 8r Br
N
HF0z HNO,
273-278K
NO, NO, NO,
3,5-dibromoniirobenzene
(i) Conversion (A) given below is same as in part (i) given above after that
reaction (B) can be carﬁcd out.
N, Yo
Noi ﬁj
N, Ci‘

e

IV. MaTcHiNG TYPE

Note : Match the items of Column I and Column I in the following
questions.
66. Match the reactions given in Column I with the statements given in

Column IL
6] Amondljsis (@) Amine with lesséf number of carboﬁ
atoms
(i) Gabriel  phthalimide}(h) Detection test for primary amines,
L synthesis L
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(iif) Hoffmann Bromamidel(c) Reaction of phthalimide with KOH]
reaction and R—X

(d) Reaction of alkylhalides with NH;

D) >@ D) @@ @) - @)

Explanation:

() This process of cleavage of the C—X bond by ammonia molecule
is known as ammonolysis,

(%) Reaction of phthalimide with KOH and R—X.

(iv) Carbylamine reaction

Ans.

c ﬁ SNa*
NaOH C—o
O e (o2

ﬁ——GNa* (1 amine)
o o

(ii}) Amine with lesser number of carbon atoms

R—C—NH, + Br, + ANaOH —» R—NH, + Na,CO, + 2NaBr + 2H,0
(#) Detection test for primary amines

R—NH; + CHCl; + 3KOH B2y N+ 3KCl + 3H,0

67. Match the compounds given in Column I with the items given in
Column I1.

b

(?) Benzenesulphony] chloride (a) Zwitter ion

(i) Sulphanilic acid |(®) Hinsberg reagent
(i) Alkyl dinzonium salts  |(c) Dyes
(iv) Aryl diazonium salts (d) Conversion to alcohols

Ans. () >®) (D> @ GiD-> @) @) > ()
256 @ NCERT ExeMpLAR ProBLEMS CHEMISTRY-XII
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Explanation:

]
O
¢ i

o +
. HZ

H,
SOH s0,
(ili) R—NH, + HNO, MN0*FA, p_ N’Cr] 225 ROH +Na; +HCI

(®) @—ﬁ-:-Nc'l + H _O—NH'
OH
p-Aminpazobenzoens

{yeliow dye)

V. AsserTiON AND Reason Type
Note : In the following questions a statement of assertion followed by a
statement of reason is given. Choose the correct answer out of the following
choices. ,
(i) Both assertion and reason are wrong.
(i) Both assertion and reason are correct statements but reason is not
correct explanation of assertion.
(i) Assertion is correct statement but reason is wrong statement.
(iv) Both assertion and reason arc correct statements and reason is
correct explanation of assertion.
(v) Assertion is wrong statement but reason is correct statement.
68. Assertion : Acylationofamines gives a monosubstituted product whereas
alkylation of amines gives polysubstituted product.
Reason  : Acyl group sterically hinders the approach of further acyl
groups.
Ans. (iii)
Explanation: Acetylation (or ethanoylation) is the process of introducing
an acetyl group into a molecule. Aliphatic and aromatic primary and
secondary amines undergoacetylation reaction by nucleophilic substitution
when treated with acid chlorides, anhydrides or esters. This reaction
involves the replacement of the hydrogen atom of —NH; or > NH group
by the acetyl group, which in turn leads to the produil;ion of amides.
RNH, RX5 RNH RN e RNX
19 ey (3% :
ammonium salt
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69. Assertion : Hoﬂ’mann'sbmmmnidereactionisgivbyprﬁnaryanﬁnm
Reason Primary amines are more basic than secondary amines.
Ans. (i)
Explanation: Hoffmann developed a method for preparation of primary
aminmbyh’eaﬁnganmnidewithbmmineinanaqueousorethanolic
solution of sodium hydroxide.
70. Assertion : N-Ethylbenzene sulphonamide is soluble in alkali.
Reason  : Hydrogen attached to nitrogen in sulphonamide is strongly
acidic.
Ans. (iv)
Explanation: The hydrogen attached to nitrogen in sulphonamide
is strongly acidic due to the presence of strong electron withdrawing
sulphony! group. Hence, it is soluble in alkali.
71. Assertion : N, N-Diethylbenzenesulphonamide is insoluble in alkali,
Reason  : Sulphonyl group attached to nitrogen atom is strong
electron withdrawing group.
Ans, (i)
Explanation: Since N, N-diethylbenzenesulphonamide does not
contain any hydrogen atom attached to nitrogen atom, it is not acidic
and hence insoluble in alkali.
72. Assertion : Only a small amount of HC1 is required in the reduction of
niu'ocompoundswithironscmpandHClhlthepresence
of steam, .
Reason : FeCl, formed gets hydrolysed to release HCl during the
reaction.
Ans, (iv)
Explanation: Reduction with iron scrap and hydrochloric acid is
preferred because FeCl, formed gets hydrolysed to release hydrochloric
acid during the reaction. Thus, only a small amount of hydrochloric acid
is required to initiate the reaction.
73. Assertion : Aromatic | ° amines can be prepared by Gabriel Phthalimide
Synthesis.
Reason  : Aryl halides undergo mucleophilic substitution with anion
formed by phthalimide, .
Ans. ()
Explanation: Gabriel synthesis is used for the preparation of primary
amines. Phthalimide on treatment with ethanolic potassium hydroxide
forms potassium salt of phthalimide which on heating with alkyl halide
followed by alkaline hydrolysis produces the corresponding primary
amine. Aromatic primary amines cannot be prepared by this method
because aryl halides do not undergo mucleophilic substitution with the
anion formed by phthalimide. .
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74. Assertion : Acetanilide is less basic than aniline.
Reason : Acefylation of amiline results in decrease of electron
density on nitrogen.
Auns. (i)
Explanation: The lone pair of electrons on nitrogen of acetanilide
mteractsmthoxygenatomduetomonmceushownbelow

Q 07
i |
/N—C——CI-Ig +«— >N==C—CH,
Hence, the lone pair of electrons on nitrogen is less available for

donation to benzene ring by resonance. Therefore, activating effect of
~NHCOCH; group is less than that of amino group.
V1. LonG ANSwER TYPE
75. Ahydrocarbon ‘A’, (C4Hjg) on reaction with HC1 gives a compound ‘B’,
(C4HyCl), which on reaction with 1 mol of NH; gives compound *C’,
(C4H;;N). On reacting with NaNO, and HC1 followed by treatment with
water, compound ‘C’ yields an optically active alcohol, “D’. Ozonolysis
of ‘A’ gives 2 mols of acetaldehyde. Identify compounds ‘A’ to ‘D’.
Explain the reactions involved.
Ans. (/) Addition of HC! to compound ‘A’ shows that compound ‘A’ is
alkene. Compound ‘B’ is C4HgCL
(i) Compound ‘B’ reacts with NH, it forms amine ‘C’.
CH, 22> C4H,)Cl —’C-aHuN or C4H;NH,
6y @
(i) ‘C’ gives diazonium salt w1th NaNOZIHCL which yields an
optically active alcohol. So, C’ is alphatic amine.
(v) ‘A’ on ozomolysis produces 2 mioles of CH;CHO. So, ‘A’ is
CH;—CH—CH—CH, (But-2-ene).

Reactions:
)4 3 2 1 Ha 4 3 2 1
CH,— CH=CH—CH,—» CH,—CH.— CH—CH,
But-2-eno
[cﬁg 2-chlorobutane C

(©. ﬁu)
cl 4

I
(i) CH,—CH,—CH—CH, 2 CH,—CH,—CH—CH,
2-cilorobutome |
NH,
Z-aminobutane
[c]
[CsH43N)
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3 4
CH.CH,

1 2
(i) CH;—CH,—CH—CH, —=2"3, op S 4

HO
NH2 OH
2-aminobutame &m(b;za
(c,[l?“m (Opdically active)
O

() CH,—CH=CH—CH,+ 0,—»CH—CH CH —CH
But-2-ens
A o0—o0
Zn+H,0
CH,CHO + CH,CHO
2 males of acetaldehyde

76. Acolourless substance ‘A’ (C¢H;N) is sparingly soluble in water and gives
a water soluble compound ‘B’ on treating with mineral acid. On reacting
with CHCl; and alcoholic potash *A’ produces an obnoxious smell due to
the formation of compound ‘C’. Reaction of ‘A’ with benzenesulphonyl
chloride gives compound ‘D’ which is soluble in alkali. With NaNO,
and HC, ‘A’ forms compound ‘E’ which reacts with phenol in alkaline
medium to give an orange dye ‘F’. Identify compounds ‘A’ to ‘F’,

NH, H.C1
o) e — ()
[CHN] Ardlintum chioride
Aniline |
A
NH, NC
(¢ @ + CHCI, + KOH c"'ﬁ"’i @ +3KCl + 3H,0
Aniline Barzene
Al isoniirile
€]
NH, SO,CI NH —so,—O
G @ : @ — @
Aniline Benzena N-phenylbenzens sulphoanamido
1A sulphanyl (Soluble in aikafi)
chiaride . ()]
NH, N.Cr
+ H
NaNOy/HCl O—O
(iv)@ T T @ o Q—hN_QOH
Aniline Benzene diazonium chloride p-hydraxy azobenzena
A [E] (orm&lg dye)
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77. Predict the reagent or the product in the following reaction sequence.
CH,

Henee; (f) 1=So/HCI @) 2=

@if) 3 =H,0 H' () a=

NO,

NCI-

() 5=HyPO,/H,0
Qoo

Amines B 261



http://www.cbsepdf.com

www.cbsepdf.com

14 1 ¥ Biomolecules
%

I. MuLniPLE CHoice QuESsTIONS (Tyre-l)
1. Glycogen is a branched chain polymer of a-D-glucose units in which
chain is formed by C1-C4 glycosidic linkage whereas branching occurs
by the formation of C1-C6 glycosidic linkage. Structure of glycogen is

similar to .
() Amylose (#) Amylopectin
(i) Cellulose (&) Glucose
Ans. (i)

Explanation: Polysaccharides contain a large number of monosaccharide
units joined together by glycosidic linkages. These are the most
commonly encountered carbohydrates in nature. Amylopectin is
insoluble in water and constitutes about 80-85% of starch. It is a
branched chain polymer of alpha-D-glucose units in which chain is
formed by C,—C, glycosidic linkage whereas branching occurs by
C,—C; glycosidic linkage.
2. Which of the following polymer is stored in the liver of animals?

() Amylose (i) Cellulose
(ili) Amylopectin () Glycogen
Ans. (iv)

Explanation: The carbohydtates are stored in animal body as glycogen.
Itisalsoknownaqanimalstamhbecauseitssh’uctmeissimﬂarto
amylopectin and is rather more highly branched. It is present in liver,
muscles and brain.
3. Sucrose (cane sugar) is a disaccharide. One molecule of sucrose on
hydrolysis gives .
() 2 molecules of glucose
(#) 2 molecules of glucose + 1 molecule of fructose
(ii?) 1 molecule of glucose + 1 molecule of fructose
(iv) 2 molecules of fructose
Ans, (iii)
Explanation: Sucrose: One of the common disaccharides is sucrose
which on hydrolysis gives equimolar mixture of D-(+)-glucose and
D-(-) fructose.
Ci2Hz0p + H;0 —— CeH,,05 + CgH,,0,
Sucrose D-(+)-Glucose  D~(-)-Fructose
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4. Which of the following pairs represents anomers?

CHO CHO
H—~—OH  HO—1—H
() HO——H HO——H
H——OH H———OH
H——OH H——OH
CH,0H CH,0H
CHO CHO
u——oH HO——H
(i) Ho——H H—|—OH
H——OH HO——H
H—|—OH HO——H
CH,0H CH,OH
H——OH HO H
H——oH ) HO—[—H [
(ip HO——H H——OH
H—|—OH HO—|—H
H H
CH,0H CH,0H
H——OH HO——H
H——OH H—|—oOH
@ Ho——H §  HO——H 0
H——OH H——OH
H H
CH,OH CH,OH
Ans. (iii)

Explanation: The two cyclic hemiacetal forms of glucose differ only in
the configuration of the hydroxyl group at C1, called anomeric carbon
(the aldehyde carbon before cyclisation). Such isomers, i.e., alpha-form
and beta-form, are called anomers.

5. Proteins are found to have two different types of secondary structures
viz. a-helix and -pleated sheet structure. a-helix structure of protein is
stabilised by :

() Peptide bonds
(iif) Hydrogen bonds

(i) van der Waals forces
(iv) Dipole-dipole interactions

BiomoLecuLes B 263


http://www.cbsepdf.com

www.cbsepdf.com

Aans, (jii)

Explanation: a-helix and B-pleated sheet structure: These structures

arise due to the regular folding of the backbone of the polypeptide chain
due to hydrogen bonding between >C=0 and —NH— groups of the

peptide bond.

a-Helix is one of the most common ways in which a polypeptide chain
forms all possible hydrogen bonds by twisting into a right handed screw
(belix) with the —NH group of each amino acid residue hydrogen
bonded to the >C==0 of an adjacent turn of the helix.

6. In disaccharides, if the reducing groups of monosaccharides i.e.,
aldehydic or ketonic groups are bonded, these are non-reducing sugars,
Which of the following disaccharide is a non-reducing sugar?

CH,0H LOH
0]
H/4 H H/H H
U]
HO OH H O OH H OH
H OH H OH

CH,OH
H/H H HOH, H

i)

( mo\pH  H/A—o—N\n  on CH,0H
H OH OH H
CH,OH CH,OH

HO/H HO/H OH

(iii)

OH HA OH HA
H OH H OH
CH,OH CH,OH

H/yg H OH

{(v)

HOPH  HA OH H/A
H OH H OH
Ans, (i)

Explanation: Sucrose: One of the common disaccharides is sucrose
which on hydrolysis gives equimolar mixture of D-(+)-glucose and
D-(~) fructose. These two monosaccharides are held together by a
glycosidic linkage between C1 of a-glucose and C2 of beta-fructose.
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Since the reducing groups of glucose and fructose are involved in
glycosidic bond formation, sucrose is a non-reducing sugar.
7. Which of the following acids is a vitamin?

() Aspartic acid (i) Ascorbic acid
(iii) Adipic acid (iv) Saccharic acid
Ans. (i)

Explanation: Vitamin C is also known as Ascorbic acid.

8. Dinucleotide is obtained by joining two nucleotides together by
phosphodiester linkage. Between which carbon atoms of pentose sugars
of nucleotides are these linkages present?

(i) 5'and 3’ (if) 1’ and 5’
(¢if) 5'and 5' (iv) 3'and ¥’
Ans. (i)

Explanation: Nucleotides are joined together by phosphodiester
linkage between 5’ and 3’ carbon atoms of the pentose sugar.

3’ end of chain
9. Nucleic acids are the polymers of .

(7)) Nucleosides (i) Nucleotides

(iif) Bases (iv) Sugars

Ans. (i)

Explanation: Nucleic acids are long chain polymers of nucleotides, so

they are also called polynucleotides
10. Which of the following statements is not true about glucose?

(i) 1t is an aldohexose.

(i7) On heating with HI it forms n-hexane.

(iii) Tt is present in furanose form.

(iv) 1t does not give 2, 4-DNP test.
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Ans. (iii)
Explanation: Fructose is present in furanose form.
12l A1 |
HOH,C—C—OH HO—C—CH;0H
HOZ-H 0 HOS-H 0
H-3-oH H -~ OH
H-J H
CH,OH CH,OH
o-D-{-) - Froctofuranose P-D-(-) - Fructofuranase

11. Eachpo]ypepﬁdeinapmﬁeinhasaminoacidslinkedwitheachoﬂlerina
specific sequence. This sequence of amino acids is said to be
(i) primary structure of proteins.
(7)) secondary structure of proteins.
(iif} tertiary structure of proteins.
(#v) quaternary structure of proteins.

Ans, (i)
Explanation: Sequence of amino acids is said to be primary structure
of proteins.

12. DNA and RNA contain four bases each. Which of the following bases
is not present in RNA?
(i) Adenine (i) Uracil
(itiy Thymine (v) Cytosine
Aums. (iii)

Explanation: DNA contains four bases viz. adenine (A), guanine (G),
cytosme(C)andthymine(I).RNAalsoconmmsfombas&s,meﬁrstthree
basmmesameasinDNAbmthefomﬂ:oueismacil(U).

13. Which of the following B group vitamins can be stored in our body?

(?) Vitamin B, (#) Vitamin B,
(#ii) Vitamin B, () Vitamin B,,
Ans. (iv)

Explanation: Water soluble vitamins must be supplied regularly in diet
because they are readily excreted in urine and cannot be stored (except
vitamin B, ,) in our body.

14, Which of the following bases is not present in DNA?

() Adenine (if) Thymine
(iif) Cytosine (iv) Uracil
Ans, (iv)

Explanation: Uracil is present in RNA but not in DNA.
15. Three cyclic structures of monosaccharides are given below which of
these are anomers?
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HO—1—H
H——O HO——H HO—}—H
H———0O H——O HO—}—H ©
HO—-—HHO HO—-——HHO H——0H
H——OHl HE—1—OH HO——H
H— H H
CH,0H CH,OH CH,0H
@O m (I
() Tand I (i) D and Il
(iii) 1 and HI (iv) M is anomer of [ and I

Ans. (i)
Explanation: This behaviour could not be explained by the open chain
structure (I) for glucose. It was proposed that one of the —OH groups
may add to the —CHO group and form a cyclic hemiacetal structure. It
was found that glucose forms a six-membered ring in which —OH at
C-5 is involved in ring formation. This explains the absence of —CHO
group and also existence of glucose in two forms as shown below.

N _JII
H—C—OH H—C HO-C—H l
H%'— OH Hi—oH w8 —oH
HOY—H = HO3—H = podl—yg ©
H4—oH H4—OH HY —OH \
6 6
CH,OH CH,OH GCHZOI-I
a-D-(+)-Glucose p-D-(H)-Glucose
16. Which of the following reactions of glucose can be explained only by
its cyclic structure?

() Glucose forms pentaacetate.
(i) Glucose reacts with hydroxylamine to form an oxime.
(i) Pentaacetate of glucose does not react with hydroxylamine.
(#) Ghucose is oxidised by nitric acid to gluconic acid.
Ans. (jif)

Explanation: The pentaacetate of glucose does not react with
hydroxylamine indicating the absence of free —CHO group.

17. Optical rotations of some compounds along with their structures are
given below. Which of them have D configuration?
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CHO C|HZOH
CHO H—}—oOH C—0
H OH HO—7r—H HO—1—H
H—1—0H H——oOH
CH,OH H-—r—0H H—}+—0OH
. CH;0H CH,0H
(+) rotation (+) rotation (—)rzmﬁon
® an am
& LI, m () 10, m
Gi) LTI (v) T

Ans. ()
Explanation: All those compounds which can be chemically correlated
to (+) isomer of glyceraldehyde are said to have D-configuration
whereas those which can be correlated to (-) isomer of glyceraldehyde

are said to have L-configuration.
© CHO GroH
CHO i OH :
H OH HO———H HO——H
H——OH H——OH
CH,OH H—1——OH H—+—oH
. CH,OH
(+) rotation (+) rotation E)HZ QH
M (I (I

18. Structure of a disaccharide formed by glucose and fructose is given
below. Identify anomeric carbon atoms in monosaccharide units,

f
CH,OH
e a 0
H/g H HOH,C H
don  nf2 oKy o le
HO CH,OH
c b C d f
H OH OH H

(1) ‘@’ carbon of glucose and ‘a’ carbon of fructose.
(if) “a’ carbon of glucose and ‘e’ carbon of fructose.
(i) ‘a’ carbon of glucose and ‘b’ carbon of fructose.
(i) ‘f’ carbon of glucose and ‘f’ carbon of fructose.
Ans, (i)
Explanation: Two monosaccharides are held together by a glycosidic
linkage between C1 of a-glucose and C2 of B-fructose.
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19. Three structures are given below in which two glucose units are linked.
Which of these linkages between glucose units are between C1 and C4
and which linkages are between C1 and C6? '

CH,OH CH,OH
0
H H (8) H H OH
CHZOHO aO\OH B4 oH H/
H
H/y H OH H OH
og\H ¥ ® CH,OH
H ()
H
0 (8) 1 gﬂ
. © H
2 CH,OH OH OH
H o o
H H/
o Moy OH H
HO L
OH H OH
) (1n

(i) (A)is between C1 and C4, (B) and (C) are between C1 and C6
(if) (A) and (B) are between C1 and C4, (C) is between C1 and C6.
(iii) (A) and (C) are between C1 and C4, (B) is between C1 and C6
() (A) and (C) arc between C1 and C6, (B) is between C1 and C4
Ans. (i)
Il. MuwtipLE Croice QuesTions (Tyee Ii)

Naote : In the following questions two or more options may be correct.
20. Carbohydrates are classified on the basis of their behaviour on hydrolysis
andalsoasreducingornon—mducingsugar.Sucmseisa .

(i) monosaccharide (ii) disaccharide
(iii) reducing sugar (iv) non-reducing sugar
Ans. (i), (iv)

Explanation: One of the common disaccharides is sucrose which
on hydrolysis gives equimolar mixture of D-(+)-glucose and D~(-)
fructose. These two monosaccharides are held together by a glycosidic
linkage between C1 of o-glucose and C2 of P-fructose. Since the
reducing groups of glucose and fructose are involved in glycosidic
bond formation, sucrose is a non-reducing sugar.
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21. Proteins can be classified into two types on the basis of their molecular
shape i.c., fibrous proteins and globular proteins, Examples of globular

proteins are :
() Insulin (#) Keratin
(é7) Albumin (iv) Myosin
Anms. (i), (iii)

Explanation: Globular proteins: This structure results when the
chains of polypeptides coil around to give a spherical shape. These
are usually soluble in water. Insulin and albumins are the common

examples of globular proteins,
22. Which of'the following carbohydrates are branched polymer of glucose?
() Amylose (#i) Amylopectin
(iif) Cellulose (iv) Glycogen
Ans. (ji), (i)

Explanation: Amylopectin is insoluble in water and constitutes about
80-85% of starch. It is a branched chain polymer of-D-glucose units in
which chain is formed by C1-C4 glycosidic linkage whereas branching
occurs by C1-C6 glycosidic linkage. Glycogen: The carbohydrates are
stored in animal body as glycogen. It is also known as animal starch
because its structure is similartomnylopecth:andismthermorehighly
branched.

23. Amino acids are classified as acidic, basic or neutral depending upon
the relative number of amino and carboxyl groups in their molecule,
Which of the following are acidic?

U] (CHJ)ZCH-—(I'.!H—COOH

NH,
@if) Hooc—CH,—CH,—tl:H—-coon

NH,

(##) H;N—CH,—CH,—CH,—COOH
) HOOC——CHz—fH——COOH

NH,
Ans. (i), ()
Explanation: Amino acids are classified as acidic, basic or ncumral
dependingupontherelativenumberofa:minoandmrboxylgmupsh
theﬁ'mnlecule.Equalnumberofaminoandcarboxylgroupsmakmit
neutra];morenumberofamimthancarboxylgmupsmakaitbasicand
more carboxyl groups as compared to amino groups makes it acidic.
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24. Lysine, H,N —(CH2)4—(|3H-— COOH is

NH,
(7) a-Amino acid (i) Basic amino acid
(i) Amino acid synthesised inbedy (i) B-Amino acid
Ans. (), (i)
25. Which of the following monosaccharides are present as five membered
cyclic structure (furanose structure)?

(/) Ribose (i) Glucose
(iif} Fructose (iv) Galactose
Ans. (i), ()

Explanation: Fructose: It also exists in two cyclic forms which are
obtained by the addition of —OH at CS5 to the group. The ring, thus
formed is a five membered ring and is named as furanose with analogy
to the compound furan. Furan is a five membered cyclic compound
with one oxygen and four carbon atoms.

26. In fibrous proteins, polypeptide chains are held together by

(7)) van der Waals forces (if) disulphide linkage
(i) electrostatic forces of attraction (i) hydrogen bonds
Ans. (i), (i)

Explanation: In fibrous proteins, main forces which stabilize
struchnmofpmteinsaredisulphidelinkagesanﬂvanderWaals.
27. Which of the following are purine bases?

(H Guanine (if) Adenine
(iti) Thymine (iv) Uracil
Ans. (), (i)
28. Which of the following terms are correct about enzyme?
(i) Proteins (i) Dinucleotides
(iif) Nucleic acids (iv) Biocatalysts
Ans. (), (V) .

Explanation: Life is possible duc to the coordination of various
chemical reactions in- living organisms. This occurs with the help
of certain biocatalysts called enzymes. Almost all the enzymes are
globular Protein.

Ifl. SHoRT ANSWER TYPE

29. Name the sugar present in milk. How many monosaccharide units are
present in it? What are such oligosaccharides called?
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Ans. Lactose is commonly known as milk sugar since this disaccharide is
found in milk. It is composed of B -D-galactose and B-D-glucose, The
linkage is between C1 of galactose and C4 of glucose.

& 6
CH,OH CH,;0H

H OH
P-D-Galustose B-D-Glacose
Lactose
30. How do you explain the presence of all the six carbon atoms in glucose
in a straight chain?

Ans. Glucose is an aldohexose and is also known as dextrose. It is the
monomer of many of the larger carbohydrates, namely starch, cellulose. It
is probably the most abundant organic compound on earth. It was assigned
the structure given below on the basis of the following evidences:

(?) Its molecular formula was found to be CH,,0,.
(i©) On prolonged heating with HI, it forms n-hexane, suggesting that
all the six carbon atoms are linked in a straight chain.
CHO

{n-Hexane)

((IJHOI-Q4 Heay, CHy— CH;—CH,—CH,—CH,—CH,

CH,0H

31. In nucleoside a base is attuched at 1’ position of sugar moiety.
Nucleotide is formed by linking of phosphoric acid unit to the sugar
unit of nucleoside. At which position of sugar unit is the phosphoric
acid linked in a nucleoside to give a nucleotide?

Ans. In nucleosides, the sugar carbons are numbered as 1!, 2', 3 etc. in order
to distinguish these from the bases [Fig. (a)). When nucleoside is linked
to phosphoric acid at 5’-position of sugar moiety, we get a nucleotide

[Fig. (b)].

HO—H,C _O 0—P—O—H,C _O._ Base

~ Base

OH OH OH OH
() ®
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32. Name the linkage connecting monosaccharide units in polysaccharides.
Ans. The two monosaccharides are joined together by an oxide linkage
formed by the loss of a water molecule. Such a linkage between two
monosaccharide units through oxygen atom is called glycosidic linkage.

Sucrose

33. Under what conditions ghucase is converted to gluconic and saccharic acid?
Ans. On oxidation with nitric acid, glucose as well as gluconic acid both
yield a dicarboxylic acid, saccharic acid. This indicates the presence of
a primary alcoholic (—OH) group in glucose.

CHO COOH COOH

(CHOH), Oxidstion, (CHOH), «222% (CHOH),

CH,0H COOH CH,OH
Seccharic Gluconic
acid acid

34. Monosaccharides contain carbonyl group hence are classified, as aldose
or ketose. The number of carbon atoms present in the monosaccharide
molecule are also considered for classification. In which class of
monosaccharide will you place fructose?

Ans. Fructose is an important ketohexose. It is obtained along with glucose
by the hydrolysis of disaccharide, sucrose. Fructose also has the
molecular formula C(H,,0, and on the basis of its reactions it was
found to contain a ketonic functional group at carbon number 2 and six
carbons in straight chain as in the case of glucose.

35. The letters ‘D’ or ‘L’ before the name of a stereoisomer of 2 compound
indicate the correlation of configuration of that particular stercoisomer.
This refers to their relation with one of the isomers of glyceraldehyde.
Predict whether the following compound has ‘D’ or ‘L’ configuration.

CHO
HO——H
H—+—OH
HO——H
HO——H
CH,OH
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Ans. The letters ‘D’ or ‘L’ before the name of any compound indicate the

relative configuration of a particular stereoisomer. This refers to their
relation with a particular isomer of glyceraldehyde.
D* before the name of glucose represents the configuration whereas
‘(+)’ represents dextrorotatory nature of the molecule. It may be
remembered that ‘D’ and ‘L’ have no relation with the optical activity
of the compound. For assigning the configuration of monosaccharides,
it is the lowest asymmetric carbon atom which is compared. The given
compound has L-configuration.

36. Aldopentoses named as ribose and 2-deoxyribose are found in nucleic
acids. What is their relative configuration?

Ans. Configuration assigned is O. Thus, robose is B-D-ribose Deoxyribose is
B-D-2-deoxyribose.

37. Which sugar is called invert sugar? Why is it called so?

Ans. Sucrose is dextrorotatory but after hydrolysis gives dextrorotatory
glucose and laevorotatory fructose., Since the laevorotation of fructose
(~92.4°) is more than dextrorotation of glucose (+ 52.5°), the mixture is
laevorotatory. Thus, hydrolysis of sucrose brings about a change in the
sign of rotation, from dextro (+) to laevo () and the product is named
as invert sugar.

38. Amino acids can be classified as a-, B-, Y-, 8- and so on depending upon
the relative position of amino group with respect to carboxyl group.
Which type of amino acids form polypetide chain in proteins?

Ans. a-amino acids form polypetide chain in proteins.

39. a-Helix is a secondary structure of proteins formed by twisting of
polypeptide chain into right handed screw like structures. Which type
of interactions are responsible for making the a-helix structure stable?

Ans. Ina-helix, a polypeptide chain is stabilised by the formation of hydrogen
bonds between —NH— group of amino acids in one turn with the >C
==0 groups of amino acids belonging to adjacent turn.

40. Some enzymes are named after the reaction, where they are used. What
name is given to the class of enzymes which catalyse the oxidation of
one substrate with simultaneous reduction of another substrate.

Ans, Oxidoreductase is class of enzymes which catalyse the oxidation of one
substrate with simultaneous reduction of another substrate.

41. During curdling of milk, what happens to sugar present in it?

Ans. When milk is curdeled, its sugar get oxidize to form lactic acid.

42. How do you explain the presence of five —OH groups in glucose
molecule?

Ans, Acetylation of glucose with acetic anhydride gives glucose pentaacetate
which confirms the presence of five —OH groups. Since it exists as
a stable compound, five —OH groups should be attached to different
carbon atoms.
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CHO CHO (I'I)

. . |
(CHOH), Acticahydride  (CTI—Q—C—CHy),

L0
CH,0H CHz—O—é——CHg

43. Why does compound (A) given below not form an oxime?

AcO—+—H
H—1—O0Ac 0
AcO———OH
H——O0Ac
H
CH,0Ac

(A)

Ans. Glucose pentaacetate (structure A) doesn’t have a free —OH group
at C1 and so can’t be converted to the open chain form to give
—CHO group and hence doesn’t form the oxime.

AcO——H
H—1—0Ac 0
AcO—+— OH
H——O0Ac
H
CH20AC
. (Structure A)

44. Why must vitamin C be supplied regularly in diet?

Ans. Vitamin C are soluble in water. Water soluble vitamins must be supplied
regularly in diet because they are readily excreted in urine and cannot
be stored in our body.

45. Sucrose is dextrorotatory but the mixture obtained after hydrolysis is
laevorotatory. Explain.

Ans. Sucrose is dextrorotatory but after hydrolysis gives dextrorotatory
glucose and laevorotatory fructose. Since the laevorotation of fructose
(-92.4°) is more than dextrorotation of glucose (+ 52.57), the mixture is
laevorotatory.

46. Amino acids behave like salts rather than simple amines or carboxylic
acids. Explain.

Ans. Amino acids behave like salts rather than simple amines or carboxylic
acids. This behaviour is due to the presence of both acidic (carboxyl
group) and basic (amino group) groups in the same molecule. In aqueous
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solution, the carboxyl group can lose a proton and amino group cah accept
a proton, giving rise to a dipolar ion known as zwitter ion.

47. Structures of glycine and alanine are given below. Show the peptide
linkage in glycylalanine.

H,N—CH,—COOH ; H,N—CH,—COOH
(Giyeine) |
CH,

Ans. Glycylalanin, carboxyl group of glycine combines with the amino
group of alanine.
H;N— CH;—COOH + H.N—CH—COOH ——
(Glycine)
CH;
(Alanine)

0
l —H,0
HzN—CHr‘é—NH -CH—COOH +——

CH;
(Glycyhalanie)

48. Protein found in a biological system with a unique three-dimensional
structure and biological activity is called a native protein. When a
protein in its native form, is subjected to a physical change like change
in temperature or a chemical change like, change in pH, denaturation of
protein takes place. Explain the cause.

Ans. Protein found in a biological system with a unique three-dimensional
structure and biological activity is called a native protein. When a
protein in its native form, is subjected to physical change like change in
temperature or chemical change like change in pH, the hydrogen bonds
are disturbed. Due to this, globules unfold and helix get uncoiled and
protein loses its biological activity. This is called denaturation of protein.

49, Activation energy for the acid catalysed hydrolysis of sucrose is
6.22 kJ mol, while the activation energy is only 2.15 kJ mol when
hydrolysis is catalysed by the enzyme sucrase. Explain,

Ans, Enzymesarenwdedonlyinsmallquanﬁtiforthepmgms of a reaction.
Similar to the action of chemicat catalysts, enzymes are said to reduce the
magnitude of activation energy. For example, activation energy for acid
hydrolysis of sucrose is 6.22 kJ mol, while the activation encrgy is only
2.15 kJ mol™* when hydrolysed by the enzyme, sucrase.

50. How do you explain the presence of an aldehydic group in a glucose
molecule?

Ans. Glucose gets oxidised to six carbon carboxylic acid (ghiconic acid) on
reaction with a mild oxidising agent like bromine water. This indicates
that the carbonyl group is present as an aldehydic group.
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CHO COOH
Bra water
(CHOH), — * (ICHOH)4
CH,0H CH,OH
Gilucomic acid

51. Which moicties of nucleosides are involved in the formation of -
phosphodiester linkages present in dinucleotides? What does the word
diester in the name of linkage indicate? Which acid is involved in the
formation of this linkage?

Ans., When nucleoside is linked to phosphoric acid at 5-position of sugar
moiety, it forms a nucleotide, Nucleotides are joined together by
phosphodiester link between 5 and 3’ carbon atoms of the pentose sugar.

.. Fendofechzin @

OH
3" end of chain
Phospheric acid is involved in the formation of this linkage.
52, What are glycosidic linkages? In which type of biomolecules are they
present?

Ans. The two monosaccharides are joined together by an oxide linkage
formed by the loss of a water molecule. Such a linkage between two
monosaccharides are held together by a glycosidic linkage between C1
of o-glucose and C2 of p-fructose. Since the reducing groups of glucose
and fructose are involved in glycosidic bond formation, between two
monosaccharide units through oxygen atom is called glycosidic linkage.

6
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53. Which monosaccharide units are present in starch, cellulose and glucose
and which linkages link these units?

Ans. In starch and glycogen, glycosidic a-linkage is present. Cellulose is
a straight chain polysaccharide composed only of B-D-glucose units
which are joined by glycosidic linkage between C1 of one glucose unit
and C4 of the next glucose unit.

54, How do enzymes help a substrate to be attacked by the reagent
effectively?

Ans. Enzymes are highly specific. They react with substrate molecule and
form intermediate complex. They reduce the magnitude of activation

energy.
55. Describe the term D- and L- configuration used for amino acids with
examples.

Ans. Amino acid exist both in ‘D’ and ‘L’ forms. Most naturally occurring
amino acids have L-configuration. L-Amino acids are represented
by writing the —NH, group on left hand side and D-amino acids are
represented by writing the —NH, group on right hand side.

56. How will you distinguish 1° and 2° hydroxyl groups present in glucose?
Explain with reactions,

Ans. On oxidation with nitric acid, glucose as well as gluconic acid both
yicld a dicarboxylic acid, saccharic acid. This indicates the presence of
a primary alcoholic (—OH) group in glucose.

CHO COOH COOH

(JI:HOI-[)4M_, (CHOH), 28  ((HOH),

CH,0H COOH CH,OH
Saccharic Gluconic
acid acid

Acetylation of glucose with acetic anhydride gives glucose pentaacetate
which confirms the presence of five —OH groups. Since it exists as
a stable compound, five —OH groups should be attached to different
carbon atoms.

CHO CHO il)
(’ OH), Acticmhydride | (Jl:H__.o_C_CH) .
CH,OH CH;—0—C—CH,
57. Coagulation of egg white on boiling is an example of denaturation of
protein. Explain it in terms of structural changes,
Ans. During denaturation 2 and 3 structures are destroyed but 1° structure

remains intact. The coagulation of egg white on boiling is a common
example of denaturation.
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Note : Match the items of Column I and Column I in the following
gquestions. More than one option in Column II may match with the items

given in Column I.

58. Match the vitamins given in Column I with the deficiency disease they
cause given in Column IL

Column 1 iVitaaﬂns ,

(a) Permmous anaema/

(f) Vitamin A
(if} Vitamin B, (b) Increased blood clotting time
(iff) Vitamin B,, (¢) Xerophthalmia
-~ (#v) Vitamin C (d) Rickets
(v) Vitamin D (¢) Muscular weakness
(vi) Vitamin E (/) Night blindness
(vii) Vitamin K (g) Beri Beri
(h) Bleeding gums
(i) Osteomalacia

Ans. () > () (i)— ()
(vi) > (B)
Explanation:

(i@ W->E M- @ v)-(E)

(#) | Xerophthalmia (hardening of cornea of eye) night blindness.

(i) | Beri beri (loss of appetite, retarded growth).

(ii7) | Pernicious anacmia (RBC deficient in haemoglobin).

(#v) | Scurvy (bleeding gums).

(v) | Rickets (bone deformities in children) and osteomalacia (soft
bones and joint pain in adults).

(vi) | Increased fragility of RBCs and muscular weakness.

(vii) | Increased blood clotting time.

59, Match the following enzymes given in Column I with the reactions they

catalyse given in Column I1.
Coluimn I {Enzynies)  Columy I (Reactions) -
(i) Invertase (a) Decomposmon of urea into NH; and CO2
(i) Maltase (b) Conversion of glucose into ethyl alcohol
(iif) Pepsin (c) Hydrolysis of maltose into glucose
(iv) Urease {d) Hydrolysis of cane sugar
(v) Zymase (¢) Hydrolysis of proteins into peptides

Ans. () > (@) @D ()

(i) W) ->@ V-0
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V. AsserTion AND ReasoN Type
Note : In the following questions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following choices.
(i) Assertion and reason both are correct statements and reason
explains the assertion,
{if) Both assertion and reason are wrong statements,
(iii) Assertion is correct statement and reason is wrong statement.
(") Assertion is wrong statement and reason is correct statement.
(v) Assertion and reason both are correct statements but reason does
not explain assertion,
60. Assertion : D (+)-Glucose is dextrorotatory in nature.
Reason : ‘D’ represents its dextrorotatory nature.
Ans, (iii)
Explanation: Glucose is correctly named as D(+)-glucose. ‘D’
before the name of glucose represents the configuration whereas ‘(+)
Tepresents dextrorotatory nature of the molecule, The letters ‘D’ or ‘L’
before the name of any compound indicate the relative configuration of
a particular stereoisomer,
61. Assertion : Vitamin D can be stored in our body.
Reason : Vitamin D is fat soluble vitamin.
Ans. (i)
Explanation: Fat soluble vitamins are soluble in fat and oils but insoluble
in water. They canbe stored in liver and adipose (fat storing) tissues.
62. Assertion : B-glycosidic linkage is present in maltose,
CH,OH CH,0OH

o o)
H o VH H
o\PH H { H HA
H OH H OH

Reason : Maltose is composed of two glucose units in which C—1 of
one glucose unit is linked to C—4 of another glucose unit.

Ans. (iv)
Explanation: .
6
CH,OH CH,0H
H /¥ N
4 H
o\ H
H OH
o
a-D-Glucose Maltose o-D-Glucose
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maltose is composed of two a-D-glucose units in which C1 of one
glucose (T) is linked to C4 of another glucose unit (II).

63. Assertion : All naturally occurring a-amino acids except glycine are
optically active.
Reason : Most naturally occurring amino acids have L-configuration.

Ans. (v)

Explanation: Except glycine, all other paturally occurring e-amino
acids are optically active, since the a-carbon atom is asymmetric. These
exist both in ‘D’ and ‘L’ forms. Most naturally occurring amino acids
have L-configuration. L-Amino acids are represented by writing the
—NH, group on left hand side.

64. Assertion : Deoxyribose, CsH (0, is not a carbohydrate.
Reason : Carbohydrates are hydrates of carbon so compounds which
follow C,(F,0), formula are carbohydrates.

Ans. (ii)

Explanation: Complete hydrolysis of DNA (or RNA) viclds a pentose

sugar, phosphoric acid and nitrogen containing hetero-cyclic compounds

(called bases). In DNA molecules, the sugar moicty is p-D-2-deoxyribose.
65. Assertion : Glycine must be taken through diet.

Reason : It is an essential amino acid.

Ans, (i)

Explanation: The amino acids, which can be synthesised in the body,
are known as non essential amino acids. Glycine is an example of non
essential amino acid.

66. Assertion : In presence of enzyme, substrate molecule can be attacked
by the reagent effectively.
Reason : Active sites of enzymes hold the substrate molecule in a
suitable position.

Ans. (i)

Explanation: In presence of enzyme, substrate molecule can be
attacked by the reagent effectively because active sites of enzymes hold
the substrate molecule in a suitable position.

V1. Long ANSWER TYPE

67. Write the reactions of D-glucose which can’t be explained by its open-
chain structure. How can cyclic structure of glucose explain these reactions?

Ans. Following reactions and facts could not be explained by open chain
structure of glucose.

» Despite having the aldehyde group, glucose does not give
2,4-DNP test, Schiffs test and it does not form the hydrogensulphite
addition product with NaHSO;.

* The pentaacetate of glucose does not react with hydroxylamine
indicating the absence of free —CHO group.

° ItwaSpmposedthatoneofthe—Ongoupsnmyaddtothe—CHOgroup
andfonnacycﬁchemiaoetalsu-ucune.ltwasfmmdthatglucosefa
six-membered ring in which —OH at C-5 is involved in ring formation.
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68. On the basis of which evidences D-glucose was assigned the following

structure?
CHO

(CHOH),
CH,OH

Ans, Glucose is an aldohexose and is also known as dextrose. It is the monomer

69.

of many of the larger carbohydrates, namely starch, cellulose. Tt is

probably the most abundant organic compound on earth. It was assigned

the structure given below on the basis of the following evidences:
(7) Its molecular formula was found to be CH,,0,.

(i) On prolonged heating with HI, it forms n-hexane, suggesting that
all the six carbon atoms are linked in a straight chain. Glucose
reacts with hydroxylamine to form an oxime and adds a molecule
of hydrogen cyanide to give cyanohydrin. These reactions confirm
the presence of a carbony! group (>C=0) in glucose. Glucose gets
oxidised to six carbon carboxylic acid {gluconic acid) on reaction
with a mild oxidising agent like bromine water. This indicates that
the carbonyl group is present as an aldehydic group.

Carbohydrates are essentia! for life in both plants and animals, Name the

carbohydrates that are used as storage molecules in plants and animals,

also name the carbohydrate which is present in wood or in the fibre of
cotton cloth.

Ans, Starchisthemainstomgepolysacchmideofplams.ltisthemost'

70.

2821 NCERT EXxempLAR PROBLEMS CHemisTRY=XII

dietary source for human beings. High content of starch is found in
cereals. Cellulose occurs exclusively in plants and it is the most abundant
organic substance in plant kingdom. Cell wall of bacteria and plants is
made up of cellulose. We build fumniture, etc. from cellulose in the form
of wood and clothe ourselves with cellulose in the form of cotton fibre,

Explain the terms primary and secondary structure of proteins. What is
the difference between e-helix and P-pleated sheet structure of proteins?

. Primary structure of proteins: Proteins may have one or more

polypeptide chains. Each polypeptide in a protein has amino acids
linked with each other in a specific sequence and it is this sequence
ofaminoacidsthatissaidtobetheprimaryslrucun'eofthatpmtein.
Any change in this primary structure i.c., the sequence of amino acids
creates 2 different protein.

Secondary Structure of Proteins: The secondary structure of protein
refers to the shape in which a long polypeptide chain. The secondary can
exist. They are found to exist in two different types of structures viz.
o-helix and B-pleated sheet structure. These structures arise due to the
regular folding of the backbone of the polypeptide chain due to hydrogen
bonding between carbonyl group and —NH— groups of the peptide bond.
a-Helix is one of the most common ways in which a polypeptide chain
forms all possible hydrogen bonds by twisting into a right handed screw
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(helix) with the carbonyl and —NH group of each amino acid residue
hydrogen bonded to the (>C=0) of an adjacent turn of the helix.

In P-structure all peptide chains are stretched out to nearly maximum
extension and then laid side by side which are held together by
intermolecular hydrogen bonds.

71. Write the structures of fragments produced on complete hydrolysis of
DNA. How are they linked in DNA molecule? Draw a diagram to show
pairing of nucleotide bases in double helix of DNA.

Ans. Complete hydrolysis of DNA (or RNA) yields a pentose sugar,
phosphoric acid and nitrogen containing heterocyclic compounds (called
bases). In DNA molecules, the sugar moiety is p-D-2-deoxyribose.
Two nucleic acid chains are wound about each other and held together
by hydrogen bonds between pairs of bases. The two strands are
complementary to each other because the hydrogen bonds are formed
between specific pairs of bases.

5
HOHC _O._  OH

OH H
p-D-2-deoxyribose
5 3

ity

5 3
Double strand helix structure for DNA ooa
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15 I I B Polymers

l. MuLtPLE CHoicE QuesTions (T YPE-l)

1. Which of the following polymers of glucose is stored by animals?
(i) Cellulose (i) Amylose
(ii{) Amylopectin (iv) Glycogen
Ans. (iv) Glycogen ,
Explanation: Glycogen is a polymer of glucose found in lever, brain
and muscles of animals.
2. Which of the following is not a semisynthetic polymer?
() cis-polyisoprene (i) Cellulose nitrate
(iii) Cellulose acetate (iv) Vulcanised rubber
Ams. (i) cis-polyisoprene
Explanation: cis-polyisoprene is nota semisynthetic polymer whereas
others are semisynthetic polymers.
3. The commercial name of polyacrylonitrile is
() Dacron (#7) Orlon (acrilan)
(iiiy PVC (iv) Bakelite
Ans. (ii) Orlon (acrilan) .
Explanation: Polyacrylonitrile is used as a substitute for wool in
making commercial fibres as orlon or acrilan.
4. Which of the following polymer is biodegradable?

0] ‘('CHz‘—f=CH_CH2')n'
Cl (IIN
(i) -(-CHZ—CH=CH—CH2-—CH2—CH-),-,

(i) €0 —CH—CH;—C—0— CH— CH,—0)-
R B

0 CH>CH3 0
I 1] i
() ~N—(CHY—N—E—(CHt . :

Ans. (jii)
Explanation: Poly -hydroxybutyrate — co-f-hydroxy valerate (PHBV):

<0 —fH—CHz—ﬁ— 0— fH— CHz—-ﬁ‘-);
CH; O CH,CH; O
284
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It is obtained by the copolymerisation of 3-hydroxybutanoic acid
and 3-hydroxypentanoic acid. PHBV is used in speciality packaging
orthopaedic devices and in controlled release of drugs. PHBYV undergoes
bacterial degradation in the environment.
5. In which of the following polymers ethylene glycol is one of the
monomer units?
() €0CH,—CH,00C Cco¥;

(i) '(' CH,— CH, 9:7

(i) —CH;—CH==CH—CH;—CH—CHs);

(v) —fO—fH-—CHZ—ﬁ—O-—fH—CHz—hZ-);
CH; 0 CH,CHj; o
Ans. (i)
Explanation:
# HOB,C— CH,0H + n #o0C—({ _ )—COOH—
mm 1 3-31?(]31] Terepithalicacid =~
[Benzene-1,4 - dicarboxylic acid]
I ~ 01—
-E Z_CHZ_é é%’n ‘
Terylene ar dacron
6. Which of the following statements is not true about low density
polythene?
() Tough (if) Hard
(ii#) Poor conductor of electricity (iv) Highly branched structure
Ans. (ii)

Explanation: Low density polythene: Itisobtained by the polymerisation
of ethene under high pressure of 1000 to 2000 atmosphere at a
temperature of 350 K to 570 K in the presence of traces of dioxygen or
a peroxide initiator (catalyst).They are flexible in nature.

CH; CH,

7. '('CHZ-—C-—CH;;—T)—),, is a polymer having monomer units

CH; CH;3
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O =< @ \/
H
iy >=< @) >=
Ans. (i)
8. Which of the following polymer can be formed by using the following
monomer unit?
i
N A
-
B
H,C \CH
2 2
/
Hzc - CHZ
() Nylon 6, 6 (##) Nylon 2-nylon 6
(#i)) Melamine polymer (iv) Nylon-6
Ans. (iv)
Explanation: Nylon-6: It is obtained by heating caprolactum with
water at a high temperature

ll. MuLtiPLE Croice QuesTions (Tyee-ll)

Note : In the following questions two or more options may be correct.
9. Which of the following polymers, need atleast one diene monomer for

their preparation?
(i) Dacron (if) Buna-S
(##7)) Neoprene (i) Novolac
Ans. (i) and (jii)
Explanation:
n CHy==CH—CH==CH, + C¢Hs— CH==CH,—
1, 3-Butadiene Styrene
—CH,— CH=—CH—CH,—CH ~— CH;)—,, +—
Butadiene-styrene copolymer
(Bona - S)
Neoprene or polychloropreneis formed by the free radical polymerisation
of chloroprene.
Cl .t (l',‘l
1 CHy==C~—CHe=CH, -oymsistion -ECHZ—C=CH—CHA;z
Chl
memme Neoprene
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11.
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Which of the folloiwng are characteristics of thermosetting polymers?
(i) Heavily branched cross linked polymers.
(if) Linear slightly branched long chain molecules.
(i#{) Become infusible on moulding so cannot be reused.
(iv) Soften on heating and harden on cooling, can be reused.
(i) and (i)
Explanation: Thermosetting polymers: These polymers are cross
linked or heavily branched molecules, which on heating undergo
extensive cross linking in moulds and again become infusible. These
cannot be reused.
Which of the following polymers are thermoplastic?
(i) Teflon (i) Natural rubber
(fii) Neoprene (iv) Polystyrene

Ans. (i) and (v)

12.

Explanation: Thermoplastic polymers: These are the linear or
slightly branched long chain molecules capable of repeatedly softening
on heating and hardening on cooling. These polymers possess
intermolecular forces of attraction intermediate between elastomers
and fibres. Some common thermoplastics are polythene, polystyrene,
polyvinyls, etc. '
Which of the following polymers are used as fibre?

(#) Polytetrafluoroethane (i?) Polychloroprene
(iiiy Nylon (iv) Terylene

Ans. (i) and (iv)

13.

Explanation: Fibres are the thread forming solids which possess
high tensile strength and high modulus. These characteristics can be
aftributed to the strong intermolecular forces Iike hydrogen bonding.
These strong forces also lead to close packing of chains and thus impart
crystalline nature, The examples are polyamides (nylon 6, 6), polyesters
(terylene), etc.

Which of the following are addition polymers?

(i) Nylon (if) Melamine formaldehyde resin
(iify Orlon (iv) Polystyrene
(7) and ()

Explanation: The addition polymers are formed by the repeated
addition of monomer molecules possessing double or triple bonds, e.g.,
the formation of polythene from ethene and polypropene from propene.
However, the addition polymers formed by the polymerisation of a
single monomeric species are known as homopolymers.
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14. Which of the following polymets are condensation polymers?

(i) Bakelite (i) Teflon ‘
(éi)) Butyl rubber (iv) Melamine formaldehyde resin
Ans. (i) and (iv)

Explanation: Novolac on heating with formaldehyde undergoes cross
lil(])li_ilng to form an infusible solid mass called Bakelite.

H* or
+CH0 TG5>

OH OH OH
CH,0H CH,0H HOH, CH>OH
+ +
CH,OH CH,OH
OH

CH,0H

n i : U
OH OH OH
MCH2‘©—CH2 ‘©~CH2 CH,

Novolac
OH

OH OH
MHZC‘@fCHZ «@—Cﬂz CHyww~
CH, H, >
»«»Hzc—@—cm2 CH, CHyomn
OH OH

OH
Rakelite

Melamine formaldehyde polymer is formed by the condensation
polymerisation of melamine and formaldehyde.
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Ans.

16.

Ans.

17.

Ans.
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H,N /N\I/NHZ H,N ,NYNHCHZOH

+HCHO —» N
e v

NHZ NHZ
Melamine  Formaldehyde Resin intermediate
Which of the following monomers form biodegradable polymers?
() 3-hydroxybutanoic acid + 3-hydroxypentanoic acid
(ify Glycine + amino caproic acid
(iify Ethylene glycol + phthalic acid
(iv) Caprolactum
(7) and (i)
Explanation: Poly-B-hydroxybutyrate co-B-hydroxy valerate (PHBY)
It is obtained by the copolymerisation of 3-hydroxybutanoic acid
and 3-hydroxypentanoic acid. PHBYV is used in speciality packaging
orthopaedic devices and in controlled release of drugs. PHBV undergoes
bacterial degradation in the environment.
Nylon 2-nylon 6: It is an alternating polyamide copolymer of glycine
(H,N—CH,—COOH) and amino caproic acid [H,N(CH,);COOH]
and is biodegradable.

Which of the following are example of synthetic rubber?
(i) Polychloroprene (i) Polyacrylonitrile
(ii}) Buna-N (iv) cis-polyisoprene

(?) and (i)
Explanation: Synthetic rubbers are either homopolymers of 1, 3 -
butadiene derivatives or copolymers of 1, 3 - butadiene or its derivatives
with another unsaturated monomer.

Which of the following polymers can have strong intermolecular
forces?

(i) Nylon (i) Polystyrene
(ii{) Rubber (iv) Polyesters

(i) and (jv)

Explanation: Polyamides: These polymers possessing amide linkages
are important examples of synthetic fibres and are termed as nylons.
Polyesters: These are the polycondensation preducts of dicarboxylic
acids and diols. Dacron or terylene is the best known example of
polyesters.

18. Which of the following polymers have vinylic monomer units?

Ans,

(7) Acrilan (#) Polystyrene
(#if} Nylon (iv) Teflon

(1), () and (v)
Explanatlon. Polyacrylonitrile: The addition polymerisation of
acrylonitrile in presence of a peroxide catalyst leads to the formation
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of polyacrylonitrile. Polyacrylonitrile is used as a substitute for wool in
making commercial fibres as orlon or acrilan.

Polymerisation
n CH;—CHCN ———p : —ECH; CH+
Airylnnnnle P ide Polyacrylonitrile

Polystyrene has the monomer unit styrene. Teflon is manufactured by
heating tetrafluoroethene with a free radical or persulphate catalyst at

high pressures.
19. Vulcanisation makes rubber .
(1) more elastic (i) soluble in inorganic solvent
(iif) crystalline (#v) more stiff
Ans, (i) and (3v)

Explanation: To improve upon physical properties of natural rubber a
process of vulcanisation is carried out. This process consists of heating
a mixture of raw rubber with sulphur and an appropriate additive at a
temperature range between 373 K to 415 K. On vulcanisation, sulphur
forms cross links at the reactive sites of double bonds and thus the
ubber gets stiffened,
Ill. SHorT ANSWER TYPE
20. A natural linear polymer of 2-methyl-1, 3-butadiene becomes hard on
treatment with sulphur between 373 to 415 K and —S—S— bonds
are formed between chains. Write the structure of the product of this
treatment? 7
Ans. In the manufacture of tyre rubber, 5% of sulphur is used as a crosslinking
agent. The probable structures of vulcanised rubber molecules are

depicted below:
CH3 CH3

MCI-lz—(l?—?H—Csz awnCH—C=CH—CH, w~

1T I

MMCH2—-1:—-CI-I—CHZM s CH—CH=CH—CH,w

21. Identify the type of polymer.
—A—A—A—A—-A—A—
Ans, The addition polymers formed by the polymerisation of a single
monomeric species are known as homopolymers,
22. Identify the type of polymer.
—A—B—B—A—A—A B A—
Ans. The polymers made by addition polymerisation from two different
monomers are termed as copolymers, e.g., Buna-S, Buna-N, etc.
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23. Out of chain growth polymerisation and step growth polymerisation, in
which type will you place the following.

A+ €AYy —> €AR{AY, orCA—AYu,

Ans. This is a type of chain growth polymerisation.
24. Identify the type of polymer given in the following figure.

Ans. Cross linked or Network polymers: These are usually formed from bi-
functional and tri-functional monomers and contain strong covalent
bonds between various linear polymer chains, e.g. bakelite, melamine; etc.

25. Identify the polymer given below :
+>=\/>=/\>ﬂ:

Ans. The cis-polyisoprene molecule consists of various chains held together
by weak van der Waals interactions and has a coiled structure. Thus, it
can be stretched like a spring and exhibits elastic properties.

HiC H H3C ~H
D i e R
2 2 C-_—C\ Y] 2
- Kol H
Netural robber

26. Why are rubbers called elastomers?

Ans. Rubber is a natural polymer and possesses elastic properties. It is also
termed as elastomer and has a variety of uses. It is manufactured from
rubber latex which is a colloidal dispersion of rubber in water.

27. Can enzyme be called a polymer?

Ans. Enzymes are biocatalysts. They are basically proteins thus they are also
considered as polymer.

28. Can nucleic acids, proteins and starch be considered as step growth
polymers?

Ans, Yes, this type of polymerisation generally involves a repetitive
condensation reaction between two bi-functional monomers. These
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polycondensation reactions may result in the loss of some simple
molecules as water, alcohol, etc., and lead to the formation of high
molecular mass condensation polymers. .

29. How is the following resin intermediate prepared and which polymer is
formed by this monomer unit?

HZNI:N\(NHCHZOH
M

NH,
Ans. Melamine formaldehyde polymer is formed by the condensation
polymerisation of melamine and formaldehyde.

HZNY/N\hl/NHz HZNY,N\ILI/NHCHZOH

Nﬁ/ +HCHO ——» N§|/

NHZ NHZ
Melamine  Formaldehyde Resin intermediate

30. To have practical applications why are cross links required in rubber?

Ans. To improve upon physical properties of natural rubber, a process of
vulcanisation is carried out. This process consists of heating a mixture of
raw rubber with sulphur and an appropriate additive ata temperature range
between 373 K to 415 K. On vulcanisation, sulphur forms cross links at
the reactive sites of double bonds and thus the rubber gets stiffened.

31. Why does cis-polyisoprene possess elastic property?

Ans. The cis-polyisoprene molecule consists of various chains held together
by weak van der Waals interactions and has a coiled structure. Thus, it
can be stretched like a spring and exhibits elastic properties.

32. What is the structural difference between HDP and LDP? How does the
structure account for different behaviour and nature, hence the use of a
polymer?

Ans.Low density polythene: 1t is obtained by the polymerisation of ethene
under high pressure of 1000 to 2000 atmospheres at a temperature of 350
K to 570 K in the presence of traces of dioxygen or a peroxide initiator
(catalyst). The low density polythene (LDP) obtained through the free
radical addition and H-atom abstraction has highly branched structure.
High density polythene: 1t is formed when addition polymerisation
of ethene takes place in a hydrocarbon solvent in the presence of a
catalyst such as triethylaluminium and titanium tetrachloride (Ziegler-
Natta catalyst) at a temperature of 333 K to 343 K and under a pressure
of 6-7 atmospheres. High density polythene (HDP) thus produced,
consists of linear molecules and has a high density due to close packing.
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It is also chemically inert and more tougher and harder. It is used for
manufacturing buckets, dustbins, bottles, pipes.

33. What is the role of benzoyl peroxide in addition polymerisation of
alkenes? Explain its mode of action with the help of an example.

Ans. Role ofbenzoyl peroxide is to generate free radicals. A variety of alkenes
or dienes and their derivatives are polymerised in the presence of a
free redical generating initiator (catalyst) like benzoyl peroxide, acetyl
peroxide, fert-butyl peroxide, etc. For example, the polymerisation of
ethene to polythene consists of heating or exposing to light a mixture of
ethene with a small amount of benzoyl peroxide initiator. The process
starts with the addition of phenyl free radical formed by the peroxide to
the ethene double bond thus generating a new and larger free radical.
This step is called chain initiating step.

34. Which factor imparts crystalline nature to a polymer like nylon?

Ans. Polymers possessing amide linkages are important examples of
synthetic fibres and are termed as nylons strong intermolecular forces
like hydrogen bonding, lead to close packing of chains that imparts
crystalline character.

35, Name the polymers used in laminated sheets and give the name of
monomeric units involved in its formation.

Ans. Urea formaldehyde resins. Monomer units are:

Urea + formaldehyde
36. Which type of biomolecules have some structural similarity with
synthetic polyamides? What is this similarity?

Ans. Proteins are also like polyamides. Proteins and polyamide both contains
amide linkages.

37. Why should the monomers used in addition polymerisation through free
radical pathway be very pure?

Ans. Pure monomers are required because even the traces of impurities may
act like inhibitors which leads to the formation of polymers with shorter
chain length.

IV. MarcHiNG TYPE
Note : Match the items of Column I with the Items in Column I1.
38. Match the polymer of column I with correct monomer of column IL

() High density polythene (a) Isoprene
(i) Neoprene (b) Tetrafluoroethene
(iif) Natural rubber (c) Chloroprene
(iv) Teflon (d) Acrylonitrile
(v) Acrilan (e) Ethene
Ans. () —(e) (i) — (o) (iif) — (a)
) —=® ORdC)
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Explanation:
- Columa I [ | ColumnWl
() High It is formed when addition poly-mensatxon of

density ethene takes place in a hydrocarbon solvent in
polythene | the presence of a catalyst
(#) Neoprene | Neoprene or polychloroprene is formed by the
: free radical polymerisation of chloroprene
(iii) Natural Natural rubber may be considered as a linear

rubber polymer of isoprene (2-methyl-1, 3-butadiene)
(iv) Teflon Teflon is manufactured by heating tetraffuoroethene
with a free radical or persulphate catalyst at high
pressures

(v) Acrilan The addition polymerisation of acrylonitrile
in presence of a peroxide catalyst leads to the

formation of polyacrylonitrile
39. Match the polymers given in Column I with their chemical names given
in Column L.
: . Columnl .- - Column I
(i) Nylon 6 (a) Polyvinyl chloride
(i) PVC {b) Polyacrylonitrile
(iif) Acrilan {c) Polycaprolactum
(#) Natural rubber (d) Low density polythene
(v) LDP (e) cis-polyisoprene
Ans. () —(c) () = (@ (i) — (b)
() —(e) ) — @)
Explanation;
. Column[ o Celummm
() Nyloné6 It is obtmned by heating caprolacuml w1th
water at a high temperature,
(i) PVC Polymer of vinyl chloride
(ii)) Acrilan The addition polymerisation of acrylonitrile
in presence of a peroxide catalyst leads to the
formation of polyacrylonitrile

(#) Natural rubber | Natural rubber may be considered as a linear
polymer of isoprene (2-methy!-1, 3-butadiene)
and is also called as cis- 1, 4 polyisoprene.
(v) LDP The low density polythene (LDP) obtained
through the free radical addition and H-atom
abstraction has highly branched struciure
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40. Match the polymers given in Column I with their commercial names

given in Column I1.
= 7 Colgmal___ - | Columnll
() Polyester of glycol and phthalic acid (a) Novolac
(i) Copolymer of 1, 3-butadiene and styrene (b) Glyptal
(ji) Phenol and formaldehyde resin (c) Buna-S
(iv) Polyester of glycol and terephthalic acid (d) Buna-N
(v) Copolymer of 1, 3-butadiene and acrylonitrile | (¢) Dacron
Ans. (i) —(B) - @) (iif) — (a)
(» — () V) —@
41. Maich the polymers given in Column I with their main applications
given in Column IL : _
T Columal. _ | - Columall
() Bakelite (@) Unbreakable crockery

(i) Low density polythene | (b) Non-stick cookwares
(i) Melamine-formaldehyde (c) Packaging material for shock

resin absorbance
(iv) Nylon6 (d) Electrical switches
(v) Polytetrafluoroethane (e) Squeeze bottles
(vi) Polystyrene (f) Tyre, cords
Ams. () — (@ (i) — () (i) — (@
) —0 V) —® () — ()

42. Match the polymers given in Column I with the preferred mode of
polymerisation followed by their monomers.
" Golumnl_ | . .~ ConmnmMl
() Nylon-6,6 | (a) Free radical polymerisation
(i) PVC (b) Ziegler-Natta polymerisation or coordination
polymerisation
(¢) Anionic polymerisation
(d) Condensation polymerisation
Ans. () — (@ (i) — (@ (i) — (b)
43. Match the polymers given in Columm I with the type of linkage present
in them given in Column II.
T Columnd. | o | T Celunm Il - C
() Terylene (@) Glycosidic linkage
(i Nylon (b) Ester linkage
(iif) Cellulose (c) Phosphodiester linkage
(iv) Protein (d) Amide linkage
(v) RNA

(i) HDP
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Ans. () — () () — (@ (li) — (@)
W) =@ () —(c)

44, MatchmatenalsgwenmColumnlwnhthepolymemgwenmCohnnnH

i Columnl T U hmm
(y) Natural rubber latex (a) Nylon
(i) Wood laminates (b) Neoprene
(#i)) Ropes and fibres {(c) Dacron
(#v) Polyester fabric (d) Melamine formaldehyde resins
(v) Synthetic rubber (e) Urea-formaldehyde resins
(vi) Unbreakable crockery | (/) cis-polyisoprene
Ams. () > () (i) — (o) (ii}) > (@)
#) — () (v) — (b) (vi) — (d)
45. Match the polymers given in Column I with their repeating units given
in Column II.
SColumaX T T iy u
() Acrilan (a) —(—CHz—-fH—);
Cells
(i) Polystyrene ) Cl
—CH,—C=—CH— CH, ¥
CeHs
(i) Neoprene |(c) CN

-(-CHZ‘——CH==CH——CH2—-CH2—CH-),~,
(iv) Novolac (d) € CH—CHY);

() Buna—N |(¢) OH ‘ OH
CH, CHZ]~
n
7] —('CHz—fH')F
Cl
Ans. () —(d) @) — (@ (iiiy — (b)
() — (o) () = (c)
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V. AsSERTION AND ReasoN TYPE

Note : In the following questions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following choices.
() Assertion and reason both are correct statements but reason does
not explain assertion.
(if) Assertion and reason both are correct statements and reason
explains the assertion.
(if}) Both assertion and reason are wrong statements.
(iv) Assertion is correct statement and reason is wrong statement.

(v) Assertion is wrong statement and reason is correct statement.

46. Assertion : Rayon is a semi synthetic polymer and is taken as a better
choice than cotton fabric.

Reason : Mechanical and aesthetic properties of cellulose can be
improved by acetylation.

Ans. (i)
47. Assertion : Most of the synthetic polymers are not biodegradable.

Reason : Polymerisation process induces toxic character in organic
molecules.

Ans, (iv)

Explanation: Most of the synthetic polymers are not biodegradable.

Becausea large numberof polymers are quite resistant tothe environmental

degradation processes and are thus responsible for the accumulation of

polymeric solid waste materials.
48. Assertion : Olefinic monomers undergo addition polymerisation.

Reason : Polymerisation of vinylchloride is initiated by peroxides/

persulphates.
Ans. (i)
Explanation: In addition polymerisation, the molecules of the same
monomer or different monomers add together on a large scale to forma
polymer. The monomers used are unsaturated compounds, e.g., alkenes,
alkadienes and their derivatives. This mode of polymerisation leading
to an increase in chain length or chain growth can take place through
the formation of either free radicals or ionic species.
49. Assertion : Polyamides are best used as fibres because of high tensile
strength.

Reason : Strong intermolecular forces (like hydrogen bonding within
polyamides) lead to close packing of chains and increase the
crystalline character, hence, provide high tensile strength to
polymers.

Ans. (i)
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50. Assertion : For making rubber synthetically, isoprene molecules are
polymerised,
Reason : Neoprene (a polymer of chloroprene) is a synthetic rubber.
Ans, (v)
Explanation: Natural rubber may be considered as a linear polymer
of isoprene (2-methyl-1, 3-butadienc) and is also called as cis - 1,4
-polyisoprene.
51. Assertion : Network polymers are thermosetting.
Reason : Network polymers have high molecular mass.
Ans. (i)
Explanation: Thermosetting polymers: These polymers are cross
linked or heavily branched molecules, which on heating undergo
extensive cross linking in moulds and again become infusible.
52. Assertion : Polytetrafiuoroethene is used in making non-stick cookwares.
Reason : Fluorine has highest electronegativity.
Ans. (i)
Explanation: Teflon is manufactured by heating tetrafluoroethene with
a free radical or persulphate catalyst at high pressures. It is chemically
inert and resistant to attack by corrosive reagents. It is used in making
oil seals and gaskets and also used for non-stick surface coated utensils.

VI. Lone ANSWER TYPE

53. Synthetic polymers do not degrade in the environment for a long time.
How can biodegradable synthetic polymers be made. Differentiate
between biopolymers and biodegradable polymers and give examples
of each type.

Ans. 1. Poly-B-hydroxybutyrate — co-B-hydroxy valerate (PHBY)
It is obtained by the copolymerisation of 3-hydroxybutanoic acid
and 3-hydroxypentanoic acid. PHBYV is used in speciality packaging,
orthopaedic devices and in controlled release of drugs, PHBY undergoes
bacterial degradation in the environment.
H OH

CHg—'CH—CHz_'—COOH + CH3"‘— CHQ—CH_ CHZ—'COOH
3-Hydroxybutanois acid 3-Hydroxypentanoic acid

— -€(>—CIJH——CH2-——E|3—O—(I3H—CH2—("J+
CH, ) CHCH, O
PHBY

2. Nylon 2-nylon 6: It is an alternating polyamide copolymer of glycine
(H,N~CH,~COOH) and amino caproic acid [H,N (CH,); COOH] and
is biodegradable.
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Biopolymers are the natural polymers found in plants and animals like
protein, fat, cellulose etc. Biodegradable polymers are polymers that
contain functional groups similar to the functional groups present in
biopolymers. They are not resistant to the environmental degradation
processes .

54. Differentiate between rubbers and plastics on the basis of intermolecular
forces.

Ans. Rubbers: In rubber, the polymer chains are held together by the weakest

intermolecular forces. These weak binding forces permit the polymer to
be stretched. A few ‘crosslinks’ are introduced in between the chains,
which help the polymer to retract to its original position after the force
is released as in vulcanised rubber.

Plastics: These are the linear or slightly branched long chain molecules
capable of repeatedly softening on heating and hardening on cooling.
These polymers possess intermolecular forces of attraction intermediate
between elastomers and fibres.

55. Phenol and formaldehyde undergo condensation to give a polymer (A)
which on heating with formaldehyde gives a thermosetting polymer
(B). Name the polymers. Write the reactions involved in the formation
of (A). What is the'structural difference between two polymers?

Ans. Phenol - formaldehydepolymers are the oldest synthetic polymers. These

are obtained by the condensation reaction of phenol with formaldehyde
in the presence of either an acid or abase catalyst, The reaction starts with
the initial formation of o-and/or p-hydroxymethylphenol derivatives,
which further react with phenol to form compounds having rings joined
to each other through —CH, groups. The initial product could be a linear
product — Novolac.

Novolac on heating with formaldehyde undergoes cross linking to form
an infusible solid mass called bakelite. It is used for making combs,
phonograph records, electrical switches and handles of various utensils.
'A' is Novolac and ‘B’ is Bakelite.

H H H H
CH,0H CH,OH HOHC CH,OH
+CH0-L=» + +

CH,OH CH,OH

OH OH OH
CH,0H
L --CHZ CHZ 5 2-—-
Novolac
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OH OH

~HC CH,

OH
CH, CHy~

2 HZ
H H H

Bakelite
56. Low density polythene and high density polythene, both are polymers

of ethene but there is mar

lItlSo byﬂmpd L

P,

ed difference in their properties. Explain.

" HDP

of ethene under high pressure
of 1000 to 2000 atmospheres
at a temperature of 350 K to
570K in the presence of traces
of dioxygen or a peroxide
initiator (catalyst),

1. It is formed when uddition

polymerisation of ethene takes
place in a hydrocarbon solvent
in the presence of a catalyst
such as triethylaluminium and
titanium tetrachloride (Ziegler
Natta catalyst) at a temperature
of 333 K to 343 K and under
a pressure of 6-7 atmospheres.

. (LDP) obtainedthrough the frec

radical addition and H-atom
abstraction has highly branched
structure.

. (HDP) consists of linear molecules

and has a high density due to
close packing,

. Low density polythene is

chemically inert and tough but
flexible and a poor conductor
of electricity.

. It is also chemically inert and

more tough and hard.

57. Which of the following polymers soften on heating and harden on

What are
urea-formaldeh

cooling? What are the polymers with this property collectively called?
the structural similarities between such polymers? Bzkelite,
yde resin, polythene, polyvinyls, polystyrene.

Ans. Thermoplastic polymers are the linear or slightly branched long
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chain molecule

attraction intermediate between el
thermoplastics are

branched molecules, which
in moulds and again becom:

s capable of repeatedly softening on heating and
bardening on cooling. These polymers possess intermolecular forces of
astomers and fibres. Some common
polythene, polystyrene, polyvinyls, etc.
Thermosetting polymers: These polymers are cross linked or heavily
on heating undergo extensive cross linking
e infusible. These cannot be reused. Some
common examples are bakelite, urea-formaldelyde resins, etc.
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Chemistry-In
Everyday Life

1. MutipLE CHoice QuesTions (Type-l)

1. Which of the following statements is not correct?
(/) Some antiseptics can be added to soaps.
(i) Dilute solutions of some disinfectants can be used as antiseptic.
(iif) Disinfectants are antimicrobial drugs.
(#v) Antiseptic medicines can be ingested.
Ans. (i)
Explanation : Antiseptics are applied to the living tissues such as
wounds, cuts, ulcers and diseased skin surfaces. It either kill or prevent
the growth of microorganisms. It should not be ingested.
2. Which is the correct statement about birth control pills?
(i) Contzin estrogen only.
(i) Contain progesterone only.
(7i) Contain a mixture of estrogen and progesterone derivatives.
() Progesterone ephances ovulation.
Ans. (i)
Explanation: Birth control pills essentially containa mixture of synthetic
estrogen and progesterone derivatives. Both of these compounds are
hormones. Progesterone suppresses ovulation.
3. Which statement about aspirin is not true?
(7) Aspirin belongs to narcotic analgesics.
(if) 1t is effective in relieving pain.
(iii) It has antiblood clotting action.
(iv) It is a neurologically active drug.
Ans. ()
Explanation: Aspirin belongs to the class of non-narcotic analgesics.
4. The most useful classification of drugs for medicinal chemists is .
() on the basis of chemical structure.
(i) on the basis of drug action.
(iff) on the basis of molecular targets.
(#v) on the basis of pharmacological effect.
Ans. (i) .
Explanation: Drugs usually interact with biomolecules such as
carbohydrates, lipids, proteins and nucleic acids. These are called target
molecules or drug targets. Drugs possessing some common structural
features may have the same mechanism of action on targets. The
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classification based on molecular targets is the most useful classification
for medicinal chemists.
S. Which of the following statements is correct?
(/) Some tranquilisers function by inhibiting the enzymes which
catalyse the degradation of noradrenaline.
(i) Tranquilisers are narcotic drugs.
(i) Transquilisers are chemical compounds that do not affect the
message transfer from nerve to receptor.
() Tranguilisers are chemical compounds that can relieve pain and fever.
Ans. (i)
Explanation: Tranquilisers inhibit the enzymes which catalyse the
degradation of noradrenaline, If the enzyme is inhibited, this important
neurotransmitter is slowly metabolised and can activate its receptor
for longer periods of time, thus counteracting the effect of depression.
Iproniazid and phenelzine are two such drugs.
6. Salvarsan is arsenic containing drug which was first used for the

treatment of
() syphilis (i) typhoid
(#ii) meningitis (iv) dysentry
Ans. (i)

Explanation: Paul Ehrlich, a German bacteriologist, conceived this
idea. He investigated arsenic based structures in order to produce
less toxic substances for the treatment of syphilis. He developed the
medicine, arsphenamine, known as salvarsan.
7. A narrow spectrum antibiotic is active against
() gram positive or gram negative bacteria.
() gram negative bacteria only.
(##i) single organism or one disease.
(#v) both gram positive and gram negative bacteria,
Ams. (i)
Explanation: Antibiotics which kill or inhibit a wide range of Gram-
positive and Gram-negative bacteria are said to be broad-spectrum
antibiotics. But antibiotics that are effective against either Gram-
positive or Gram-negative bacteria are narrow spectrum antibiotics.
8. The compound that causes general antidepressant action on the central
nervous system belongs to the class of

() amalgesics (i) tranquilizers
(iff) parcotic analgesics (iv) antihistamines
Ans. (i)

Explanation: Tranquilizers are a class of chemical compounds used
for the treatment of stress, and mild or even severc mental diseases.
If the level of roradrenaline is low for some reason, then the signal-
sending activity becomes low, and the person suffers from depression.
In such situations, antidepressant drugs are required.

302 NCERT ExempLAR PROBLEMS CHEMISTRY=XII


http://www.cbsepdf.com

www.cbsepdf.com
9, Compound which is added to soap w impart antiseptic properties is

() sodium laurylsulphate
(i) sodium dodecylbenzenesulphonate
(ii) rosin (i) bithional
Ans. (iv)
Explanation: Sodium laurylsulphate and sodium dodecylbenzene-
sulphonate are anionic detergent. Whereas, bithional is added to soaps
to impart antiseptic properties of soap.

10. Equanil is .
(?) artificial sweetener (ii) tranquilizer
(iif) antihistamine (iv) antifertility drug
Ans. (i)

Explanation: Equanil is a tranquilizer that help in controlling
depression and hypertension. '
11. Which of the following enhances leathering property of soap?

() Sodium carbonate (in Sodium rosinate
(iii) Sodium stearate (#v) Trisodium phosphate
Ans. (i)

Explanation: A gum cailed, rosin is added while making them. It forms
sodium rosinate which lathers well.
12. Glycerol is added to soap. It functions .

(i) asafiller. (if) to increase leathering.
(i#)) to prevent rapid drying. (iv) to make soap granules.
Ans, (i)

13. Which of the following is an example of liquid dishwashing detergent?
() CH,(CH,),,—CH, 080, Na* '

(i) C9H19_©'0'('CH2—CH2—0'),——C1{20H20H

(i) CHB_-Q—SOJ_N3+

cH,

CH,
Ans. (i)
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Explanation: Liquid dishwashing detergents are non-ionic type.

Mechanism of cleansing action of this type of detergents is the same as

that of soaps. These also remove grease and oil by micelle formation.
14. Polyethyleneglycols are used in the preparation of which type of

detergents?
(?) Cationic detergents (¢ Anionic detergents
(#i7) Non-ionic detergents (iv) Soaps
Ans, (jii)

Explanation: Non-ionic detergents do not contain any ion in their
constitution. One such detergent is formed when stearic acid reacts with

polyethyleneglycol.
CHy(CH,)1COOH + HO(CH,CH,0),CH,CH,0H
Stearic acid Palyethyleneglycol
CH5(CH,)1CO0(CH,CH,0),CH,CH,0H «j_ﬂz°

15. Which of the following is not a target molecule for drug function in
body?

(i) Carbohydrates (i) Lipids
(#i7) Vitamins (v) Proteins
Ans, (ifi)

Explanation: Drugs usually intereact with biomolecules such as
carbohydrates, lipids, proteins and nucleic acids, These are called drug
targets. Vitamins are not a target molecule for drug function in body.

16. Which of the following statements is not true about enzyme inhibitors?

() Inhibit the catalytic activity of the enzyme.
(i) Prevent the binding of substrate.
(ii) Generally a strong covalent bond is formed between an inhibitor
and an enzyme.
() Inhibitors can be competitive or non-competitive.
Ans. (iif)

Explanation: If the bond formed between an enzyme and an inhibitor
is a strong covalent bond and cannot be broken easily, then the enzyme
is blocked permanently. The body then degrades the enzyme-inhibitor
complex and synthesises then new enzyme.

17. Which of the following chemicals can be added for sweetening of food
items at cooking temperature and does not provide calories?

(7} Sucrose (i) Glucose
(#i) Aspartame () Sucrolose
Ans. (#v)

Explanation: Sucrolose is trichloro derivative of sucrose, Its appearance
and taste are like sugar. It is stable at cooking temperature. It does not
provide calories.
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18. Which of the following will net enhance nutritional value of food?

() Minerals (i) Artificial sweeteners
(iii) Vitamins (v) Aminoacids
Ans, (jii)

Explanation: Artificial sweetners are non caloric substitutes for sugar.
They are often more sweeter than sugar but do not enhance nutritional
value of food.

Il. MuLtiPLe Croice QuesTions (Tvee-ll)

Note: In the following questions two or more options may be correct?
19. Which of the following statements are incorrect about receptor
proteins?
(i) Majority of receptor proteins are embedded in the cell membranes.
() The active site of receptor proteins opens on the inside region of the cell.
(iif) Chemical messengers are received at the binding sites of receptor
proteins.
(iv) Shape of receptor doesn’t change during attachment of messenger.
Auns. (i), (v)
Explanation: (i#) Receptor proteins are embedded in the cell membrane
in such a way that their small part possessing active site projects out of
the surface of the membrane and opens on the outside region of the cell
membrane,
(iv) To accommodate a messenger, shape of the receptor site changes.
This brings about the transfer of message into the cell.
20. Which of the following are not used as food preservatives?
() Table salt (i) Sodium hydrogencarbonate
(iif) Cane sugar (iv) Benzoic acid
Ans. (i), (iii)
Explanation: Food preservatives prevent spoilage of food due to
microbial growth. The most commonly used preservatives include table
salt, sugar, vegetable oils and sodium benzoate, CH,COONa. Cane
sugar and sodium hydrogencarbonate are not used as food preservatives.
21. Compounds with antiseptic properties are
() CHCL, (if) CHI,
(ii)) Boric acid
() 0.3 ppm aqueous solution of Cl,
Ans, (i), (i)
Explanation: Antiseptics are the chemicals which either kill or prevent
the growth of microorganisms.
(i) Todoform is also used as an antiseptic for wounds.
(iii) Boric acid in dilute aqueous solution is weak antiseptic for eyes.
22. Which of the following statements are correct about barbiturates?
(/) Hypnotics or sleep producing agents.
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(#) These are tranquilizers.
(iii) Non-narcotic analgesics.
() Pain reducing without disturbing the nervous system.

Ans. (i), (if)
Explanation: Derivatives of barbituric acid viz., veronal, amytal,
nembutal, luminal and seconal constitute an important class of
tranquilizers. These derivatives are called barbiturates. Barbiturates are
hypnotic, i.e. sleep producing agents.

23. Which of the following are sulpha drugs?

(f) Sulphapyridine (#) Prontosil
(iif) Salvarsan (iv) Nardil
Ans. (i), (i)

Explanation: These drugs inhibit the enzymes which catalyse the
degradation of noradrenaline. Sulphapyridine and prontosil contain
sulphur and hence are sulpha drugs.
24. Which of the following are antidepressants?

(#) Iproniazid (i) Phenelzine

(iify Equanil (iv) Salvarsan

Ans, (1), (if), (if)
Explanation: If the enzyme is inhibited, this important neurotransmiter
is slowly metabolised and can activate its receptor for longer periods of
time, thus counteracting the effect of depression. Iproniazid, phenelzine
and equanil are such drugs.
25. Which of the following statements are incorrect about penicillin?

(i} An antibacterial fungus,

(#) Ampicillin is its synthetic modification.

(#if) It has bacteriostatic effect.

' () Itis a board spectrum antibiotic.
Ans, (iii), (iv)

Explanation: Penicillin is a narrow spectrum antibiotic. Ampicillin
and Amoxycillin are synthetic modifications of penicillins, These have
broad spectrum. Pencillin kill microbes and hence it has bacteriocidal

effect.
26. Which of the following compounds are administered as antacids?
(/) Sodium carbonate (#7) Sodium hydrogencarbonate
(iii) Aluminium carbonate (iv) Magnesium hydroxide
Ans. (i), (iv)

Explanation: Treatment for acidity was administration of antacids,
such as sodium hydrogencarbonate or a mixture of aluminium and

magnesium hydroxide,
27. Amongst the following antihistamines, which are antacids?
(/) Ranitidine (#f) Brompheniramine
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(#ii) Terfenadine (iv) Cimetidine

Ans, (i), (iv)
Explanation: The drug cimetidine and ranitidine was designed to
prevent the interaction of histamine with the receptors present in the

stomach wall,
28. Veronal and luminal are derivatives of barbituric acid which are .
(i) Tranquilizers (i) Non-narcotic analgesic
(i) Anti-allergic drugs (iv) Neurologically active drugs
Ans. (i), (v)

~ Explanation: Derivatives of barbituric acid viz., veronal, amytal,
nembutal, luminal and seconal constitute an important class of
tranquilizers. These derivatives are called barbiturates.
29. Which of the following are anionic detergents?

(#) Sodium salts of sulphonated long chain alcohol.

(#) Ester of stearic acid and polyethylene glycol.

(i#7) Quarternary ammonium salt of amine with acetate ion.

(iv) Sodium salts of sulphonated long chain hydrocarbons.

Ans. (i), (W)
Explanation: Anjonic detergents are sodium salts of sulphonated long
chain alcohols or hydrocarbons.
30. Which of the following statements are correct?

(i) Cationic detergents have germicidal properties

(if) Bacteria can degrade the detergents containing highly branched

chains.
(iif) Some synthetic detergents can give foam even in ice cold water.
(iv) Synthetic detergents are not soaps.
Ans. (), (iif), (iv)

Explanation: Cationic detergents have germicidal properties and are
expensive, therefore, these are of limited use. Synthetic detergents
are cleansing agents which have all the properties of soaps, but which
actually do not contain any soap. These can be used both in soft and
hard water as they give foam even in hard water.

Ill. SHorT ANSWER TYPE

31. What is the average molecular mass of drugs?

Ans. Drugs are chemicals of low molecular masses (~100 — 500u). These

interact with macromolecular targets and produce a biological response.
32, Write the uses of medicines.

Ans. Medicines are used in diagnosis, prevention and treatment of diseases.
If taken in doses higher than those recommended, most of the drugs
used as medicines are potential poisons.

33. What are antiseptics?

Ans. Antiseptics are the chemicals which either kill or prevent the growth

of microorganisms. Antiseptics are applied to the living tissues such as
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wounds, cuis, ulcers and diseased skin surfaces.

. Which type of drugs come under antimicrobial drugs?

An antimicrobial tends to destroy or prevent development or inhibit
the pathogenic action of microbes such as bacteria (antibacterial
drugs), fungi (antifungal agents), virus (antiviral agents), or other
parasites (antiparasitic drugs) selectively. Antibiotics, antiseptics and
disinfectants are antimicrobial drugs.

Where are receptors located?

Receptor' proteins are embedded in the cell membrane in such a way
that their, smali part possessing active site projects out of the surface of
the membrane and opens on the outside region of the cell membrane.
What is the harmful effect of hyperacidity?

Over production of acid in the stomach causes irritation and pain. In
severe cases, ulcers are developed in the stomach.

Which site of an enzyme is called allosteric site?

» Some drugs do not bind to the enzyme’s active site. These bind to a

different site of enzyme which is called allosteric site.

What type of forces are involved in binding of substrate to the active
site of enzyme?

Substrates bind to the active site of the enzyme through a variety of
interactions such as jonic bonding, hydrogen bonding, van der Waals
interaction or dipole-dipole Interaction.

What is the commonality between the antibiotic arsphenamine and
azodye?

. Similarity in structures of salvarsan and azodyes. The —As =As- linkage

present in arsphenamine resembles the -N = N — linkage present in
azodyes in the sense that arsenic atom is present in place of nitrogen.
He also noted tissues getting coloured by dyes selectively.

Which class of drugs is used in sleeping pills?

Tranquilizer drugs are used in sleeping pills. Tranquilizers are a class
of chemical compounds used for the treatment of stress, and mild or
even severe mental diseases. These relieve anxiety, stress, irritability or
exc¢itement by inducing a sense of well-being,

Aspirin is pain relieving antipyretic drug but can be used to prevent
heart attack. Explain,

- Aspirin inhibits the synthesis of chemicals known as prostaglandins

whichstimulateinﬂammationinthetissueandeausepain. These drugs
are cffective in relieving skeletal pain such as that due to arthritis,
Aspirin prevents platelet coagulation and thus has anti blood clotting
action, therefore can prevent bloed clogging in heart.

Both antacids and antiallergic drugs are anthistamines but they cannot
replace each other. Explain why? .

Antiallergic and antacid drugs work on different receptors. Therefore,
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anithistamines remove allergy while antacid remove acidity.

What is a soft soap?

Only sodium and potassium soaps are soluble in water and are used for
cleaning purposes. Generally potassium soaps are soft to the skin than
sodium soaps. Hence known as soft soaps.

If soap has high alkali content it irritates skin.How can the amount of
excess alkali be determined? What can be the source of excess alkali?
A solution of soap is titrated with standard hydrochloric acid. It is
an acid-base titration. In this titration, phenolphthalein is used as an
indicator. During the preparation of soap, fat (i.. glyceryl ester of fatty
acid) is hcate% with aqueous sodium hydroxide

CHZ—-O—'@—C”HH CHzOH
CH—0—C— C] 7H35 + 3NaOH—» 3Cl 7H35C00Na + CHOH
Sodium Sodizm
| hydroxide stearate
(soap) CHZOH
CHz“"o_'ﬂ:“‘_C17H3s Glycerol
0

Glyceryl ester of stearic acid (Faf)

Thus, the source of this excess alkali (which irritates skin) is the alkali
left unused when the soap is prepared by hydrolysis of fat.

Explain why some times foaming is seen in river water near the place
where sewage water is poured after treatment?

. Slow degradation of detergents leads to their accumulation. Effluents

containing such detergents reach the rivers, ponds, etc. These persist in
water even after sewage treatment and cause foaming in rivers, ponds
and streams and their water gets polluted.

. Which category of the synthetic detergents is used in toothpaste?
. Anionic detergenis are used in toothpastes. The anionic part of

the molecule is involved in the cleansing action. Sodium salts of
alkylbenzenesulphonates are an important class of anionic detergents.
They are mostly used for houschold work.

. Hair shampoos belong to which class of synthetic detergent?
. Cationic detergents are used in shampoos. Cationic part possess a long

hydrocarbon chain and a positive charge on nitrogen atom. Hence,
these are called cationic detergents. Etyltrimethylammonium bromide
is a popular cationic detergent and is used in bair conditioners.
Dishwashing soaps are synthetic detergents. What is their chemical
nature?

Liquid dishwashing detergents are momn-iomic type. Mechanism of
cleansing action of this type of detergents is the same as that of soaps.
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These also remove grease and oil by micelle formation.
Draw the diagram showing micelle formation by the following detergent.

CH,(CH,), CH,050,Na

Ans. Sodium lauryl sulphate, CH.,(CHz)wCHZOSOINa is an example of

50.

Ans.

anionic detergent.

When added to water, it gis+sociates as follows: .
CH,—(CH,),,—CH,OSO,Na Ho, CH,—(CH,) ,CH,—O0S0,” + Na
These anions are present on the surface with their—OSO0," groups in water
and hydrocarbon part staying away from it and remain at the surface.

At higher concentration, these anions are pulled into the bulk of the
solution and form an aggregate of spherical shape with their hydrocarbon
part pointing towards the centre and OSO," part outwards on the surface

.of the sphere.

An aggregate thus formed is known as micelle.
0805 -

0S0; 0S0;

OS0; "MWWWWWAWW- MWW 0807

0803 0S0;3
0805
Micelle
How does the branching of hydrocarbon chain of synthetic detergents
affect their biodegradability?

Highly branched hydrocarbon chains cannot be degraded by bacteria
easily. Slow degradation of detergents leads to their accumulation.
Effluents containing such detergents reach the rivers, ponds, etc. These
persist in watcr even after sewage treatment and cause foaming in
rivers, ponds and streams and their water gets polluted. Less branching

leads to easy biodegradability.

51. Why is it safer to use soap from the environmental point of view?

Ans.

52.
Ans.

Unbranched chains can be bicdegraded more easily and hence pollution
is prevented. Therefore, soap is preferred more than detergent.

What are analgesics?

Analgesics reduce or abolish pain without causing impairment of
consciousness, mental confusion, incoordination or paralysis or some
other disturbances of nervous system.
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53. What is the scientific explanation for the feeling of depression?

Ans. Noradrenaline is one of the neurotransmitters that plays a role in mood
changes. If the level of noradrenaline is low for some reason, then
the signal-sending activity becomes low, and the person suffers from
depression. In such situations, antidepressant drugs are required.

54. What is the basic difference between antiseptics and disinfectants?

Ans. Antiseptics are applied to the living tissues such as wounds, cuts,
ulcers and diseased skin surfaces. Whereas, disinfectants are applied
to inanimate objects such as floors, drainage system, instruments, etc.
Same substances can act as an antiseptic as well as disinfectant by
varying the concentration. For example, 0.2 per cent solution of phenol
is an antiseptic while its one percent solution is disinfectant.

55. Between sodiumhydrogencarbonate and magnesium hydroxide which
is a better antacid and why?

Ans. Excessive hydrogencarbonate can make the stomach alkaline and
trigger the production of even more acid. Metal hydroxides are better
alternatives because of being insoluble, these do not increase the pH
above neutrality.

56. Which analgesics are called opiates?

Ans. Morphine narcotics are sometimes referred to as opiates, since they are
obtained from the opium poppy. Morphine and many of its homologues,
when administered in medicinal doses, relieve pain and produce sleep.
In poisonous doses, these produce stupor, coma, convulsions and
ultimately death.

57. What is the medicinal use of narcotic drugs?

Ans. These analgesics are chiefly used for the relicf of postoperative pain,

cardiac pain and pains of terminal cancer, and in child birth.
58, What are antagonistic drugs?

Ans, Drugs that bind to the receptor site and inhibit its natural function
are called antagonists. These are useful when blocking of message is
required.

59. What is the mode of action of antimicrobial drugs?

Ans. An antimicrobial tends to destroy/prevent development or inhibit the
pathogenic action of microbes such as bacteria (antibacterial drugs),
fungi (antifungal agents), virus (antiviral agents), or other parasites
(antiparasitic drugs) selectively.

60. What is the side product of soap industry? Give reactions showing soap
formation.

Ans. Soaps are the detergents used since long. Soaps used for cleaning
purpose are sodium or potassium salts of long chain fatty acids, e.g.,
stearic, oleic and palmitic acids. Soaps containing sodium salts are
formed by heating fat (i.e., glyceryl ester of faity acid) with aqueous
sodium hydroxide solution.
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CH,—OH

CHZ‘—O_TE—CFIHas
L

CH—O'—0—C17H35 +3NaOH —» 3CyyH;35CO00Na + CH—OH
, | CH,—OH

CH—0—C—Cy7Hys Sodium Sodium Glycerol
Giyceryl ester hydroxide stearate (or Glyeerine)

of stearic acid (Fat)

61, What is the difference between bathing soap and washing soaps?
Ans. Only sodium and potassium soaps are soluble in water and are used for
cleaning purposes. Generally potassium soaps are soft to the skin than
sodium soaps. These can be prepared by using potassium hydroxide
solution in place of sodium hydroxide.
Bathing soaps are potassium salts of long chain fatty acids while
washing soaps are sodium salts of long chain fatty acids.
62. How are transparent soaps manufactured?
Ans. Transparent soaps are made by dissolving the soap in ethanol and then
evaporating the excess solvent.
63. What is the advantage of using antihistamines over antacids in the
treatment of acidity? '
Ans. Antacids control only symptoms, and not the cause, Therefore, with
these metal salts, the patients cannot be treated easily. In advanced
stages, ulcers become life threatening and its only treatment is removal
of the affected part of the stomach Whereas, antihistamines in the
treatment of hyperacidity came through the discovery according to
which a chemical, histamine, stimulates the secretion of pepsin and
hydrochloric acid in the stomach. The drug cimetidine was designed
to prevent the interaction of histamine with the receptors present in the
stomach wall. This resulted in release of lesser amount of acid.
64. What are the functions performed by histamine in the body?
Ans. Histamine is a potent vasodilator. It has various functions. It contracts
the smooth muscles in the bronchi and gut and relaxes other muscles,
such as those in the walls of fine blood vessels. Histamine js also
responsible for the nasal congestion associated with common cold and
allergic response to pollen.
65. With the help of an example explain how do tranquilizers control the
feeling of depression?
Ans. Tranquilizers are a class of chemical compounds used for the treatment
of stress, and mild or even severe mental diseases, These relieve anxiety,
stress, irritability or excitement by inducing a sense of well-being,
For example, noradrenaline is one of the neurotransmitters that plays
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a role in mood changes. If the level of noradrenaline is low for some
reason, then the signal-sending activity becomes low, and the person
suffers from depression.

. Why are certain drugs called enzyme inhibitors?
. This can block the binding site of the enzyme and prevent the binding

of substrate, or can inhibit the catalytic activity of the enzyme. Such
drugs are called enzyme inhibitors.
What are fillers and what role these fillers play in soap?
Some substances are added to soap to affect the properties in order
to make it useful for a particular application. Example, glycerol is
added in shaving soaps to prevent it from drying. A gum called, rosin
is added to soaps while making them. It forms sodium rosinate which
lathers well. Laundry soaps contain fillers like sodium rosinate, sodium
silicate, borax and sodium carbonate.
Sugar is the main source of energy as it produces energy on metabolic
decomposition. But these days low calorie drinks are more popular,
why?
Natural sweeteners, €.g., sucrose add to calorie intake and therefore
many people prefer to use artificial sweeteners. These artificial
sweetening agents do not metabolise and hence do not produce any
energy. Ortho-sulphobenzimide, also called saccharin, is the first
popular artificial sweetening agent.
Pickles have a long shelf life and do not get spoiled for months, why?
Food preservatives prevent spoilage of food due to microbial growth.
The most commonly used preservatives include table salt, sugar,
vegetable oils and sodium benzoate, C.H,COONa. Plenty of salt and
cover of oil act as preservative. These do not allow bacteria to thrive on
them.
What is the difference between saccharin and saccharic acid?
Ortho-sulphobenzimide, also called saccharin, is the first popular
artificial sweetening agent.

[6.0]

S
50;

Saccharin
[Artificial sweetener]

Where as saccharic acid is obtained from oxidation of glucose by

concentrated HNO,. COOH

(CHOH),
COOH
Saccharic acid
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71. Name an artificial sweetener which is derivative of sucrose,

Ans. Sucrolose is trichloro derivative of sucrose. Its appearance and taste
are like sugar. It is stable at cooking temperature. It does not provide
calories, ‘

72. Name two a-amino acids which form a dipeptide which is 100 times
more sweet than cane sugar?

Ans. Aspartame is the most successful and widely used artificial sweetener.
It is roughly 100 times as sweet as cane sugar. It is methyl ester of
dipeptide formed from aspartic acid and phenylalanine.

73. Aspartame is unstable at cooking temperature, where would you
suggest aspartame to be used for sweetening?

Ans. Cold foods and soft drinks because it is unstable at cooking temperature.

74. Sodium salts of some acids are very useful as food preservatives.
Suggest a few such acids.

Ans. Food preservatives prevent spoilage of food due to microbial growth.
Sodium salts of benzoic acid, sorbic acid and propanoic acid can be
used as preservatives.

75. Explain the role of allosteric site in enzyme inhibition?

Ans. Some drugs do not bind to the enzyme’s active site. These bind to a
different site of enzyme which is called allosteric site. This binding of
inhibitor at allosteric site changes the shape of the active site in such a
way that substrate cannot recognise it.

Acti Active site with
ctive changed shape
site *

i

Enzyme  Allosteric site _ .
: Inhibitor occu
[l <= Inhibitor allosteric sﬁeymg

76. How are receptor proteins located in the cell membrane?

Ans. Receptor proteins are embedded in the cell membrane in such a way
that their small part possessing active site projects out of the surface of
the membrane and opens on the outside region of the cell membrane.

77. What happens when the bond formed between an enzyme and an
inhibitor is a strong covalent bond?

Ans. If the bond formed between an enzyme and an inhibitor is a strong
covalent bond and cannot be broken easily, then the enzyme is blocked
permanently, The body then degrades the enzyme-inhibitor complex
and synthesises the new enzyme.
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IV. MarcHING TYPE

Note: Match the items given in Column I with the items s given in Column Il
78. Matchihemedlcmes gwenmColmnnImthlhmrusegwenmCohnnnIl.

| o Column’ll
\a) Tmnqmllzer
(ify Furacine (b) Antibiotic
(#ii)) Phenelzine (¢) Antihistamine
(iv) Chloramphenicol (d) Antiseptic
(¢) Antifertility drug
Ans. () —(9) (i) — (@) (i) — (@
@) — ®)
Explanatlon-
- Columnk . =~ “ColumnH . " -
(1) Ranitidine Ramhdme was deﬂgned to prevent the
interaction of histamine with the receptors
present in the stomach wall.
(ii) Furacine Furacine is applied to the living tissues such as
wounds, cuts, ulcers and diseased skin surfaces.
(iii) Phenelzine Phenelzine is an important neuro-transmitter.

It is slowly metabolized and can activate
its receptor for longer periods of time, thus
counteracting the effect of depression.

(iv) Chloramphenicol Chloramphenicol, isolated in 1947, is a broad
spectrum antibiotic.

79. Match the soaps gwen m ColumnI w1th items given in Column II
“Colunm L | = - ColumnH .
(i) Soap clups (a) dnedmlmature soap bubbl&s
(i) Soap granules {(5) small broken pieces of soap formed from
melted soaps

(i) Soap powder |(c) soap powder -+ abrasives + builders
(Na,CO,, Na,PO)

(iv) Scouring soap (cbsoappowder+b1ﬁlde:slikeNa2C03andNa3PO
Ans. () — (D) (i) = @ (@) - @ —0©

Explanation:
L Columnl .} = Columull '
(#) Soap chips Soap Chlps are madebynmnmg atlun sheet of
melted soap onto a cool cylinder and scraping
| . _ __ _|offthesospsinsmall brokenpleos _ - _
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80. Match structures given in Column I with the

Ans. (i) —(c)

81.
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[ (ii)_ Soal;— granules

_FSoap— are_ dnegl:—mmﬁe s;p hH:lm_

(iif) Soap powder

Soap powders contain some soap, and builders
like sodium carbonate and trisodium phosphate.

(#v) Scouring soap

Scouring soaps contain some soap, a scourmg
agent (abrasive) such as powdered pumice or
finely divided sand, and builders like sodium
carbonate and trisodium phosphate.

Column 11

type of detergents given in

_Columnl

_ Columnil

CHCHOH

o aﬂcm.,coqcmcftm |

(a'i': ionic d

(i) C,H,COONa"

(6) Anionic detergent

(i) _CH,—~(CH) CH,SO;Na"

{c) Nonionic detergent

()

CH3(CH3)IF_T—CH3 Br~

CH; +  |(d)Soap

CH;3

Explanaﬁon

(i — (@

(@) =) () —(a)

Cnlnmn I

" Column I

| () Nonionic detergent

CHJ(CHQ;ECOO(CH,CHJ)) CHICHZOH

() Soap

C,;H,,COONa*

(i#) Anionic detergent

CH,—(CH,),,CH,SO, Na*

(#v) Cationic detergent

+

CH,
CH;(CHz)l 5 _hII_CH_'; Br
CH,

MatchthedetergemsglvenmColumnImththelrusmgwenmColumnlI
e - ColumnY - o :

- Column @I

@ |

CH;
CH3(CH3) 15—N—CHj;| Br-
CHj;

fa) Dishwashing pow;i:er

+

_ = 4 _ -
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(u) O [ ®) Laundrysoap
Hs—(CHy)is SO; Na*

www.cbsepdf.com

_— — —_— - — — =

(i) CjH,4CODNa+NazCO, + Rosin | (€) Hir conditioners

CH,CH,0H

() CH(CH,),COOCHCHO),  |@Toothpastc

Ans. (H—(9) (i — (d) Gi) =B ) — (@
82. Match the class of compounds given in Column I with their finctions given

in Column IL
Column 1 Coh:ma II .
(i) Antagonists | (a) Communicate message between two neurons

and that between neurons to muscles.

(i) Agonists

(b) Bind to the receptor site and inhibit its
natural function

(iiiy Chemical
messenger.

(¢) Crucial to body’s communication process

(iv) Inhibitors

(d) Mimic the natural messenger

(v) Receptors

() Inhibit activities of enzymes.

Ans. ()= @) —@ @@—@ ®—=E V-0

Explanation:

Cuhmm [[

(9 Antagonists

Drugs that blnd to the receptor site and lnlllblt its
natural function are called antagonists. These are
useful when blocking of message is required.

(i) Agonists

Compounds that mimic the natural messenger
by switching on the receptor, these are called
agonists.

(i) Chemical
mesengers

Ll:‘ne cell without entering the cell.

Chemical messengers are received at the binding
sites of receptor proteins. To accommodate a
messenger, shape of the receptor site changes.
This brings about the transfer of message into the
cell. Thus, chemical messenger gives message to
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F(W)_Inhiﬁors _FI'hes-e_can_l;l_ockEe bin_ding_sie of the eEyme_-
and prevent the binding of substrate, or can
inhibit the catalytic activity of the enzyme.

(v) Receptors |Receptors are proteins that are crucial to body’s
communication process. ’
83. Ma!nhﬂ:eclassesofdrugsgwenmCohnnnImththmachongwenm
Column ]I.
~ Columnl , ~ Columnn
0] Analgmlcs (a) Inhihrt the growth of m:croorganmns
can be given orally.
(i) Antisepties (b) Treatment of stress
(iif) Antihistamines (c) Applied to inanimate objects
(iv) Antacids (d Preventsthe interaction of histamine
with its receptor
(v) Tranquilizers (e) Pain killing effect
(vi) Antibiotics () Applied to diseased skin surfaces
(vii) Disinfectants (g) Treatment of acidity

Aos. () —=() @ =) @@ M)—-(@ V- @)
() =@ (i) -

Explanation:
- Columa I . . Column 1l L
() Analgesics Analgesws reduce or abohsh pain w1thout
causing 1mpa1rment of consciousness, mental
confusion, in coordination or paralysis or
some other disturbances of nervous system.
(i) Antiseptics Antiseptics are applied to the living tissues
such as wounds, cuts, ulcers and diseased skin
surfaces.
(ii}) Antihistamines |to prevent the interaction of histamine with
the receptors present in the stomach wall.
(v) Antacids treatment for acidity was administration of
antacids.
() Tranquilizers | Tranquilizers are a class of chemical compounds
used for the treatment of stress, and mild or
even severe mental diseases.
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(vi) Antibiotics Antibiotics were classified as chemical substances
produced by microorganisms that inhibit the
growth or even destroy microorganisms.

(vif) Disinfectants Disinfectants are applied to inanimate objects
such as floors, drainage system, instruments, €tc.

V. AsserTiON AND ReasoN TYPE

Note : In the following questions a statement of assertion followed by
a statement of reason is given. Choose the correct answer out of the
following choices.
(i) Assertion and reason both are correct statement but reason does not
explain assertion.
@ Asserﬁonandreasonbolhmconectandmsonexplainsthe assertion.
(i) Both assertion and reason are wrong statement.
(iv) Assertion is correct statement reason is wrong statement.
(v) Assertion is wrong statement reason is correct statement.
84. Assertion : Penicillin (G) is an antihistamine.
Reason  : Penicillin (G) is effective against gram positive as well as
gram negative bacteria.
Ans, (iii)
Explanation: Penicillin G is a antibiotic and it has a narrow spectrum.
§5. Assertion : Sulpha drug contain sulphonamide group.
Reason : Salvarsan is a sulpha drug.
Ans. (iv)
Explanation: Salvarsan is antibacterial.
86. Assertion : Receptors are crucial to body’s communication process.
Reason  : Receptors are proteins.
Ans. (1)
Explanation: Receptors are proteins that are crucial to body’s
communication process. Message between two neurons and thatbetween
neurons to muscles is communicated through certain chemicals. These
chemicals, known as chemical messengers are received at the binding
sites of receptor proteins.
87. Assertion : Enzymes have active sites that hold substrate molecule for
a chemical reaction.
Reason : Dmgscompetewithnannalmbsuatebyaﬂnclﬁngcomlenﬂy
to the active site of enzyme.
Ans. (v)
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Explanation: Substrates bind to the active site of the enzyme through
a variety of interactions such as ionic bonding, hydrogen bonding, van
der Waals interaction or dipole-dipole interaction,

88. Assertion : Chemical messengers are chemicals that enable
communication of message between two neurons or
between neurons and muscles.

Reason  : Chemicals enter the cell through receptor.

Ans. (iv)
Explanation: Binding sites of Teceptor proteins. To accommodate a
messenger, shape of the receptor site changes. This brings about the
transfer of message into the cell.

89. Assertion : Tramsparent soaps are made by dissolving soaps in ethanol.

Reason  : Ethanol makes things invisible.

Ans. (iv)
Explanation: Ethanol helps scattering the light as it removes air and
moisture,
90. Assertion : Sodium chloride is added to precipitate soap after

saponification.
Reason  : Hydrolysis of esters of long chain fatty acids by alkali
produces soaps in colloidal form.,
Ans. (ii)
91. Assertion : Competitive inhibitors compete with natural substrate
for their attachment on the active sites of enzymes.
Reason : In competitive inhibition, inhibitor binds to the allosteric
site of the enzyme.
Ans. (iv)
Explanation: In competitive inhibition, inhibitor binds to the active
sites of the enzymes.
92. Assertion : Non-competitive inhibitor inhibits the catalyic activity
of enzyme by binding with its active site,
Reason  : Non-competitive inhibitor changes the shape of the
active site in such a way that substrate can’t recognise it.
Ans, (v)
Explanation: This binding of inhibitor at allosteric site changes the
shape of the active site.
93. Assertion : Chemical messenger gives message to the cell without
entering the cell.
Reason  : Chemical messenger is received at the binding site of
receptor proteins.
Ans. (i)

320 NCERT ExempLAR ProsLEMS CHEMISTRY=XII



http://www.cbsepdf.com

www.cbsepdf.com

94. Assertion : Receptor proteins show selectivity for one chemical
messenger over the other.
Reason : Chemical messenger binds to the receptor site and
inhibits its natural fuction.
Ans. (iv)
‘Explanation: Chemical Messenger bind receptors and gives message
to the cell without entering the cell.
95, Assertion : All chemicals added to food items are called food

preservatives.
Reason : All these chemicals increase the nufritive value of the
food.
Ans. (iii)

Explanation: These are added to increase the shelf life of stored food
and they do not add nutritive value to food.

96. Assertion : Preservative are added to food items.
Reason : Preservatives inhibit the growth of microorganisms.

Ans, (i}
97. Assertton : Ariificial sweeteners are added to the food to control the
intake of calories.
Reason + Most of the artificial sweeteners are inert and do not
metabolise in the body.
Ans. (i)

V1. Lonc ANsSwER TYPE

98. In what respect do prontosil and salvarsan resemble. Is there any
resemblance between azo dye and prontosil? Explain.
Ans. Prontosil, which resembles in structure to the compound, salvarsan.
Soon it was discovered that in the body prontosil is converted to a
compound called sulphanilamide, which is the real active compound.

H
HzND/AS\ NH.
2
HO Salvarsan
l- _____________ 1
NHZ : /@SOQNH%
1
o 5
H,N Prontasil
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There is similarity in structures of salvarsan and azodyes. The —As =
As— linkage present in arsphenamine resembles the =N = N - linkage
present in azodyes in the sense that arsenic atom is present in place of
nitrogen.

HN Ns 0
pone et
HO Salvarsan Azoclye
99. How do enzymes catalyse a chemical reaction in the living system?
Explain drug target interaction taking the example of enzyme as target.
Ans. In their catalytic activity, enzymes perform two major functions:

(i) The first function of an enzyme is to hold the substrate for a
chemical reaction. Active sites of enzymes hold the substrate
molecule in a suitable position, so that it can be attacked by the
reagent effectively.

Substrates bind to the active site of the enzyme through a variety

of interactions such as ionic bonding, hydrogen bonding, van der
Waals interaction or dipole-dipole.

Enzymes holding substrate
(#) The second function of an enzyme is to provide functional groups

that will attack the substrate and carry out chemical reaction.

100. Synthetic detergents have advantage over usual soaps as far as cleansing
power is concerned. But use of synthetic detergents over a long time
creates ¢nvironmental pollution. How can the pollution caused by
synthetic detergents be minimised? Classify the detergents according
to their chemical nature.

Ans. Synthetic detergents are cleansing agents which have all the propertics
of soaps, but which actually do not contain any soap.Synthetic
detergents are mainly classified into three categories:

() Anionic detergents (ii) Cationic detergents and (i) Non-ionic
Detergents.

3225 NCERT ExeMPLAR PrOBLEMS CHEMISTRY—-XI|



http://www.cbsepdf.com

www.chsepdf.com

(/) Anionic detergents: Anionic detergents are sodium salts of

sulphonated long chain alcohols or hydrocarbons. Alkyl hydrogen-
sulphates formed by treating long chain alcohols with concentrated
sulphuric acid are neutralised with alkali to form anionic detergents.
CH,(CHy)1oCH,0H —22%» CHy(CHy),(CH,0S0:H

Laury] alcohol Laury! hydrogensulphate
m C}{g(c}lz)mCHzo'Ségﬁa
(Anionic detergent)
Hz504
CH3(CH2)1|—© — CHa(CHz)u—Q—SOaH
Dodecylbenzene Dudeceybenmmulplmmc aeid
— +
HoOHD CHz(CHz)u—@"SOE;Na
Sodium dodecylbenzenessulphonate

In anionic detergents, the anionic past of the molecule is involved
in the cleansing action. They are mostly used for houschold work.
Anionic detergents are also used in toothpastes.

(i) Cationic detergents: Cationic detergents are quarternary ammonium

salts of amines with acetates, chlorides or bromides as anions.
Cationic part possess along hydrocarbon chainanda positive charge
on nitrogen atom. Hence, these are called cationic detergents.

CH; +
CH;(CHj);s—N—CHs| Br-

CH;
Cetyitrimsthyl smmonium bromide

Cationic detergents have germicidal properties and are expensive,
therefore, these are of limited use.
Non-ionic Detergents: Non-ionic detergents do not contain any
jon in their constitution. One such detergent is formed when stearic
acid reacts with polyethyleneglycol.
CH,(CH,),,COOH + HO(CH,CH;0),,CH,CH,0H

Stearic acid Polyethylencglycol

CHy(CHa)1oCOO(CH;CH;0);oCH,CH,0H - 20
Liquid dishwashing detergents are non-ionic type.
Mainpmblcmthatappwsintheuseofdetergen!swthﬂtifmeir
hydrgembon‘chain is highly branched, then bacteria cannot degrade
CHEMISTRY IN EvERyDAY LIFE H 323



http://www.cbsepdf.com

www.cbsepdf.com
this easily. Slow degradation of detergents leads to thejr accumulation.
&sepersistinwﬁerevenaﬁersewagemnneznandmusefoaming
indvms,pondsandsirmsandtheﬁ'watergetspolluted.
These days the branching of the hydrocarbon chain is controlled
and kept to the minimum. Unbranched chains can be biodegraded
more easily and hence pollution is prevented.

101. What are enzyme inhibitors? Classify them on the basis of their mode
of attachments on the active site of enzymes. With the help of diagrams
explain how do inhibitors inhibit the enzymatic activity,

Ans. These can block the binding site of the enzyme and prevent the binding

—
W&bﬂnﬂe

Drug and substrate competing Drug blocks the active
for active site of enzyme site of enzyme

such a way that substrate cannot recognise it.
. Active site with
Active changed shape

site *

o f 4

Enzyme Allosteric site ibi i
. Inhibitof o¢ ying

[ *— Inhibitor auosteﬁflsl})te
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