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Preface

This book is meant for the IIT-JEE and other examinations in which multiple-
choice questions are asked. The book is divided into five parts. The first three
parts cover physical, inorganic and organic chemistry, topicwise. In each of
these parts a chapter is devoted to assertion–reason questions. In the fourth
part miscellaneous questions have been given. In the fifth part a number of test
papers have been given. The last two parts form a very important part of a
student’s preparation.

In a book of this nature, a balance has to be achieved between the number
of questions and the quality of the questions, especially because it is relatively
easy to frame a very large number of multiple-choice questions. The questions
in this book have been selected keeping three things in mind. First, the
questions are such that they really test the understanding of the subject.
Second, among themselves, the questions cover all the concepts. Third, the
number of questions has been kept large enough to offer meaningful practice
to the students. Wherever required, hints have been given. In various
competitive entrance examinations including the IIT-JEE, questions with
multiple correct options are also asked sometimes. We have included
questions of this type also. It should be remembered that in such questions
marks are awarded only if all the correct options are chosen and no incorrect
option is chosen.

We would like to thank the editors and production staff at Bharati
Bhawan for their efforts in bringing out this revised edition of the book.
Suggestions from readers for the improvement of the book are always
welcome.
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Atomic Structure

�x Type 1 �x

Choose the correct option. Only one option is correct.

1. A Cr atom in its ground state has a 3d 5 4s 1 configuration and a Cu atom
a 3d 10 4s 1 configuration. This is because a shell which is half-filled or
completely filled is particularly

(a) strongly exchange-destabilized

(b) weakly exchange-stabilized

(c) strongly exchange-stabilized

(d) weakly exchange-destabilized

2. A d-shell containing four un paired electrons can exchange
(a) four electrons (b) three electrons

(c) sixteen electrons (d) six electrons

3. Based on quantum mechanical theory, the electronic configuration of
Pd��Z �  46�� is

(a) 4d 9 5s 1 (b) 4d 10

(c) 4d 8 5s 1 (d) 4d 10 5s 2

4. When a gold sheet is bombarded by a beam of �D-particles, only a few of
them get deflected whereas most go straight, undeflected. This is because

(a) the force of attraction exerted on the �D-particles by the oppositely
charged electrons is not sufficient

(b) a nucleus has a much smaller volume than that of an atom

(c) the force of repulsion acting on the fast-moving �D-particles is very
small

(d) the neutrons in the nucleus do not have any effect on the
�D-particles
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5. Which of the following statements  is incorrect for anode rays?

(a) They are deflected by electric and magnetic fields.

(b) Their e/m ratio depends on the gas in the discharge tube used to
produce the anode rays.

(c) The e/m ratio of anode rays is constant.

(d) They are produced by the ionization of the gas in the discharge
tube.

6. Rutherford’s �D-particle scattering experiment led to the conclusion that

(a) mass and energy are related

(b) the mass and the positive charge of an atom are concentrated in
the nucleus

(c) neutrons are present in the nucleus

(d) atoms are electrically neutral

7. The radius of 13
27Al will be

(a) 1.2 �u 10 ��15 m (b) 27 �u 10 ��15 m

(c) 10.8 �u 10 ��15 m (d) 3.6 �u 10 ��15 m

8. The density of the nucleus of an atom is

(a) 2.4 �u 10 15 kg m ��3 (b) 2.4 �u 10 19 kg m ��3

(c) 2.4 �u 10 17 kg m ��3 (d) 2.4 �u 10 14 kg m ��3

9. In an X-ray experiment, different metals are used as the target. In each
case, the frequency �Q of the radiation produced is measured. If Z �  atomic
number, which of the following plots will be a straight line?

(a) �Q against Z (b)
1
�Q

 against Z

(c) �—�Q against Z (d) �Q against �—Z

10. In Moseley’s equation [�—�Q �  a��Z �� b��], which was derived from the
observations made during the bombardment of metal targets with
X-rays,

(a) a is independent of but b depends on the metal

(b) both a and b depend on the metal

(c) both a and b are independent of the metal

(d) b is independent of but a depends on the metal

11. Which of the following reactions led to the discovery of the neutron?

(a)   6
14C �� 1

1p �o    7
14N �� 0

1n (b)   5
11B �� 1

2D �o    6
12C �� 0

1n

(c) 4
9Be �� 2

4He �o    6
12C �� 0

1n (d) 4
8Be �� 2

4He �o    6
11C �� 0

1n
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 12. Let mp be the mass of a proton, mn that of a neutron, M1 that of a 10
20Ne

nucleus and M2 that of a 20
40Ca nucleus. Then

(a) M2 �  2M1 (b) M1 �� 10��mp �� mn��

(c) M2 �! 2M1 (d) M1 �  M2

13. Positronium consists of an electron and a positron (a particle which has
the same mass as an electron, but opposite charge) orbiting round their
common centre of mass. Calculate the value of the Rydberg constant for
this system.

(a) R�f /2 (b) R�f /4 (c) 2R�f (d) R�f

14. What are the average distance and the most probable distance of an
electron from the nucleus in the 1s orbital of a hydrogen atom (a0 �  the
radius of the first Bohr orbit)?

(a) 1.5a0 and a0 (b) a0 and 5a0

(c) 1.5a0 and 0.5a0 (d) a0 and 0.5a0

15. Calculate the mass of a deuteron, given that the first line in the Lyman
series of hydrogen lies at 82259.1 cm ��1.

(a) 1.66 �u 10 ��27 kg (b) 8.3 �u 10 ��28 kg

(c) 6.68 �u 10 ��27 kg (d) 3.34 �u 10 ��27 kg

16. The energy of a 700-nm photon is
(a) 1.77 eV (b) 2.47 eV

(c) 700 eV (d) 3.57 eV

17. A 1-kW radio transmitter operates at a frequency of 880 Hz. How many
photons per second does it emit?

(a) 1.71 �u 10 21 (b) 1.71 �u 10 30

(c) 6.02 �u 10 23 (d) 2.85 �u 10 26

18. The ratio of the e/m values of a proton and an �D-particle is
(a) 2 : 1 (b) 1 : 1 (c) 1 : 2 (d) 1 : 4

19. Which of the following pairs have identical values of e/m?
(a) A proton and a neutron

(b) A proton and deuterium

(c) Deuterium and an �D-particle

(d) An electron and �J-rays

20. Which of the following is an arra ngement of increasing value of e/m?

(a) n �� �D �� p �� e (b) e �� p �� �D �� n

(c) n �� p �� e �� �D (d) p �� n �� �D �� e
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21. Which particle among the following will have the smallest de Broglie
wavelength, assuming that they have the same velocity?

(a) A positron (b) A photon

(c) An �D-particle (d) A neutron

22. The velocity of the de Broglie wave is given by

(a)
c 2

�Q (b)
h�Q
mc

(c)
mc 2

h
(d) �Q�O

23. de Broglie wavelength is related to applied voltage as

(a) �O �  12.3
�—h

 Å (b) �O �  12.3
�—V

 Å

(c) �O �  12.3
�—E

 Å (d) �O �  12.3
�—m

 Å

24. Find the de Broglie wavelength of a 1-mg grain of sand blown by a
20-m s ��1 wind.

(a) 3.3 �u 10 ��29 m (b) 3.3 �u 10 ��21 m

(c) 3.3 �u 10 ��49 m (d) 3.3 �u 10 ��42 m

25. The momentum of a hydrogen atom is given by

(a) p �  
h�Q
c (b) p �  

h�Q

mc 2

(c) p �  
mv
h

(d) p �  mvr

26. For an electron, the product vn (velocity �u principal quantum number)
will be independent of the

(a) principal quantum number

(b) velocity of the electron

(c) energy of the electron

(d) frequency of its revolution

27. Assume that the potential energy of a hydrogen atom in its ground state is
zero. Then its energy in the first excited state will be

(a) 13.6 eV (b) 27.2 eV

(c) 23.8 eV (d) 10.2 eV

28. The ratio of E2 �� E1 to E4 �� E3 for the hydrogen atom is approximately
equal to

(a) 10 (b) 15 (c) 17 (d) 12
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29. The ionization energy of a hydrogen atom is 13.6 eV. The energy of the
third-lowest electronic level in doubly ionized lithium ( Z �  3�� is

(a) ��28.7 eV (b) ��54.4 eV

(c) ��122.4 eV (d) ��13.6 eV

30. What is the most probable distance from the nucleus at which a 2p
electron will be found in the hydrogen atom?

(a) 53 pm (b) 106 pm

(c) 212 pm (d) 26.5 pm

31. The energy needed to excite a hydrogen atom from its ground state to its
third excited state is

(a) 12.1 eV (b) 10.2 eV

(c) 0.85 eV (d) 12.75 eV

32. The frequency of one of the lines in the Paschen series of a hydrogen
atom is 2.34 �u 10 14 Hz. The quantum number n2 which causes this
transition is

(a) 3 (b) 4 (c) 6 (d) 5

33. The line spectra of two elements are not identical because
(a) the elements do not have the same number of neutrons

(b) they have different mass numbers

(c) their outermost electrons are at different energy levels

(d) they have different valencies

34. The wavelength of the third line of th e Balmer series for a hydrogen atom
is

(a)
21

100R�f
(b)

100
21R�f

(c)
21R�f

100
(d)

100R�f

21

35. In which of the following transiti ons will the wavelength be minimum?

(a) n �  6 to n �  4 (b) n �  4 to n �  2

(c) n �  3 to n �  1 (d) n �  2 to n �  1

36. In which of the following is th e radius of the first orbit minimum?
(a) A hydrogen atom (b) A tritium atom

(c) Triply ionized beryllium ( d) Doubly ionized helium

37. When the electron of a hydrogen atom jumps from the n �  4 to the n �  1
state, the number of spectral lines emitted is

(a) 15 (b) 6

(c) 3 (d) 4
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38. The quantum number not obtained from the Schrödinger wave equation
is

(a) n (b) l

(c) ml (d) ms

39. If a magnetic field is applied to the electron of a hydrogen atom in the
z-direction, the z-component of the spin angular momentum is given by

(a) sz �  �—�C�C�C�C�C�C�Cs��s �� 1�� (b) sz �  
�—3
2  �u 

h
2�S

(c) sz �  ms 
h
4�S

(d) sz �  �r 
1
2
 �u h

2�S

40. What are the values of the orbital angular momentum of an electron in
the orbitals 1s, 3s, 3d and 2p?

(a) 0, 0, �—6N, �—2N (b) 1, 1, �—4N, �—2N

(c) 0, 1, �—6N, �—3N (d) 0, 0, �—�C�C�C20N, �—6N

41. In an excited state, a calcium atom has the electronic configuration
1s 22s 22p 63s 23p 64s4d. What is the angular momentum of this state?

(a) �—4N (b) �—�C�C�C16N

(c) �—�C�C�C20N (d) �—�C�C�C10N

42. For a hydrogen atom, what is the orbital degeneracy of the level that has

energy �  
��hcR�f

9  , where R�f  is the Rydberg constant for the hydrogen

atom?
(a) 1 (b) 9

(c) 36 (d) 3

43. The maximum number of electrons in a subshell is given by the
expression

(a) 4l �� 2 (b) 4l �� 2 (c) 2l �� 1 (d) 2n 2

44. The total number of subshells in the nth energy level is

(a) n 2 (b) 2n 2 (c) n �� 1 (d) n

45. When the value of the azimuthal qu antum number is 3, the maximum
and the minimum values of th e spin multiplicities are

(a) 4, 3 (b) 8, 1 (c) 1, 3 (d) 8, 2

46. If the value of the principal quan tum number is 3, the maximum number
of values the magnetic quantum number can have is

(a) one (b) four

(c) nine (d) twelve
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47. The correct set of quantum numbers for the unpaired electron of a
chlorine atom is

(a) 2, 0, 0, �� 
1
2

(b) 2, 1, ��1, �� 
1
2

(c) 3, 1, ��1, �r 
1
2

(d) 3, 0, 0, �r 
1
2

48. The Pauli exclusion princi ple is not applicable to
(a) electrons (b) positrons (c) photons (d) protons

49. Four sets of values of quantum numbers ��n, l, m and s) are given below.
Which of these does not provide a permissible solution of the wave
equation?

(a) 3, 2, ��2, 
1
2

(b) 3, 3, 1, �� 
1
2

(c) 3, 2, 1, 
1
2

(d) 3, 1, 1, �� 
1
2

50. Which of the following sets of quantum numbers represents the highest
energy of an atom?

(a) n �  4, l �  0, m �  0, s �  �� 1
2

(b) n �  3, l �  0, m �  0, s �  �� 1
2

(c) n �  3, l �  1, m �  1, s �  �� 1
2

(d) n �  3, l �  2, m �  1, s �  �� 1
2

51. The four quantum numbers of the valence electron of potassium are

(a) 4, 1, 1, 
1
2

(b) 4, 0, 0, 
1
2

(c) 4, 1, 0, 
1
2

(d) 4, 4, 0, 
1
2

52. The following sets of quantum numbers represent four electrons in an
atom.
(i) n �  4, l �  1 (ii) n �  4, l �  0 (iii) n �  3, l �  2 (iv) n �  3, l �  1
In this context, which of the followi ng represents the order of increasing
energy?

(a) (iv) �� (ii) �� (iii) �� (i) (b) (ii) �� (iv) �� (i) �� (iii)

(c) (i) �� (iii) �� (ii) �� (iv) (d) (iii) �� (i) �� (iv) �� (ii)

53. The total number of orbitals in a shell with principal quantum number n is

(a) 2n (b) 2n 2 (c) n 2 (d) n �� 1

54. If m �  magnetic quantum number and l �  azimuthal quantum number,
then

(a) m �  l �� 2 (b) m �  2l 2 �� 1

(c) l �  
m �� 1

2
(d) l �  2m �� 1
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55. Which of the following sets of quantum numbers represents the 19th
electron of chromium ��Z �  24��?

(a) 4, 0, 0, �� 
1
2

(b) 4, 1, ��1, �� 
1
2

(c) 3, 2, 2, �� 
1
2

(d) 3, 2, ��2, �� 
1
2

56. Which option gives the values of the quantum numbers for the 21st
electron of scandium ��Z �  21��?

(a) 3, 1, 1, �� 
1
2

(b) 3, 2, 2, �� 
1
2

(c) 3, 2, ��2, �� 
1
2

(d) 3, 2, 2, �� 
1
2

57. The electronic configuration of Fe 3�� is

(a) [Ar]3d  54s 1 (b) [Ar]3d  64s 0

(c) [Ar]3d  54s 0 (d) [Ar]3d  64s 2

58. The number of unpaired electrons in Mn  4����Z �  25�� is
(a) four (b) two

(c) five (d) three

59. The configuration [Ar]3d  104s 24p 1 is similar to that of
(a) carbon (b) oxygen

(c) nitrogen (d) aluminium

60. Among the following, the configuration 1s  22s 22p 53s 1 is valid for the
(a) ground state of fluorine (b) excited state of fluorine

(c) excited state of neon (d) excited state of the O2
 �� ion

61. After np orbitals are filled, the next orbital filled will be

(a) ��n �� 1��s (b) ��n �� 2��p

(c) ��n �� 1��d (d) ��n �� 2��s

62. The value of the magnetic moment of a particular ion is 2.83 Bohr
magneton. The ion is

(a) Fe 2�� (b) Ni  2��

(c) Mn 2�� (d) Co 3��

63. Which of the following violates the Pauli exclusion principle?

(a) �n�p �n�p (b) � n� p � n � p � n

(c) � n� n � n � n � n(d) � n � n � n � n
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64. Which of the following violates the Aufbau principle?
2s 2p 2s 2p

(a) �n�p �n�p �n (b) �n�p �n�p �n�p �n

2s 2p 2s 2p

(c) �n�n �n�p �n�p �n (d) � n � n� p � n � n

65. Which of the following electronic configurations have the highest
exchange energy?

3d 4s

(a) � n � n � n � n

3d 4s

(b) � n � n � n � n � n � n

3d 4s

(c) �n�p �n�p �n�p �n�p �n �n

3d 4s

(d) �n�p �n�p �n�p �n�p �n�p �n

66. Which of the following sets of orbitals is arranged in the correct order of
increasing energy?

(a) 3d �� 4s �� 4p �� 6s �� 4d (b) 2s �� 3d �� 4p �� 4f �� 1s

(c) 4s �� 3d �� 4p �� 5s �� 4d (d) 1s �� 2s �� 2p �� 4d �� 3f

67. The number of spherical nodes in 3p orbitals is
(a) one (b) three

(c) two (d) zero

68. In which of the following orbitals is  there zero probability of finding the
electron in the xy plane?

(a) px (b) dyz (c) dx
 2
 �� y

 2 (d) pz

69. Which of the following electronic  configurations have zero spin
multiplicity?

(a) � n � n � n(b) � n � n � p

(c) � n � p � p(d) � p � p � p

70. The radial distribution functions for all orbitals is given by

(a) n �� l (b) n �� l �� 1

(c) n �� l �� 2 (d) n �� l �� 1
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71. The angular distribution func tions of all orbitals have

(a) l nodal surfaces    (b) l �� 1 nodal surfaces

(c) n �� l nodal surfaces    (d) n �� l �� 1 nodal surfaces

72. Which of the following radial dis tribution graphs correspond to l �  2 for
the H atom?

   

   

73. Which of the following graphs correspond to one node?

   

   

74. Which of the following statements is incorrect with reference to the
Zeeman effect?

(a) In a magnetic field, the energy of a particular atomic state depends
on the values of ml and n.

� �

�r �

(a)

� �

�r �

(b)

� �

�r �

(c)

� �

�r �

(d)

� �

(a)

� �

(b)

� �

(c)

� �

(d)
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(b) Individual spectral lines are split  into separate lines. The distance
between them is independent of the magnitude of the field.

(c) The Zeeman effect involves the splitting of a spectral line of
frequency �Q0 into three components whose frequencies are

      �Q1 �  �Q0 �� 
e

4�Sm
 B, �Q2 �  �Q0 and �Q3 �  �Q0 �� 

e
4�Sm

 B,

where B is the magnetic field applied on the spectral line.

(d) From the Zeeman effect, one can calculate the e/ m ratio for an
electron.

75. The wave function for a hydrogen atom  with its electron in the 2p state
varies with direction as well as distance from the nucleus. What is the
probability of a 2p electron, for which  ml �  0, existing on the xy plane?

(a) 0 (b) 1 (c) 2a0 (d) a0

�x Type 2 �x

Choose the correct options. More than one option is correct.

76. Which of the following is true for Thomson’s model of the atom?
(a) The radius of an electron can be calculated using this model.

(b) In an undisturbed atom, the electrons will be at their equilibrium
positions, where the attraction  between the cloud of positive
charge and the electrons balances their mutual repulsion.

(c) When the electrons are disturbed by collision, they will vibrate
around their equilibrium positions and emit electromagnetic
radiation. The frequency of this radiation is of the order of
magnitude of the frequency of electromagnetic radiation, typical
of these electrons.

(d) It can explain the existence of protons.

77. From the �D-particle scattering experiment, Rutherford concluded that
(a) �D-particles can come within a distance of the order of 10 ��14 m of

the nucleus

(b) the radius of the nucleus is less than 10 ��14 m

(c) scattering follows Coulomb’s law

(d) the positively charged parts of the atom move with extremely
high velocities

78. Rutherford’s scattering formula fails  for very small scattering angles
because

(a) the full nuclear charge of the target atom is partially screened by
its electron
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(b) the impact parameter between the �D-particle source and the
nucleus of the target is very large compared to the size of the
nucleus

(c) the kinetic energy of the �D-particles is large

(d) the gold foil is very thin

79. Which of the following transitions ar e allowed in the normal electronic
emission spectrum of an atom?

(a) 2s �o  1s (b) 2p �o  1s (c) 3d �o  2p (d) 5p �o  3s

80. Choose the correct statements.
(a) Every object emits radiation whose predominant frequency

depends on its temperature.

(b) The quantum energy of a wave is proportional to its frequency.

(c) Photons are quanta of light.

(d) The value of the Planck constant depends on energy.

81. The mathematical expression for the uncertainty principle is

(a) �' x �' p �t h
4�S

(b) �' E �' t �t h
4�S

(c) �' x �' p �t hp (d) �' E �' t �t hp

82. To which of the following is Bohr’s theory applicable?

(a) He �� (b) Li  2��

(c) Tritium (d) Be  3��

83. Bohr’s theory is not applicable to

(a) He (b) Li  2��

(c) He 2�� (d) the H atom

84. Choose the correct relations on the basis of Bohr’s theory.

(a) Velocity of electron �v 
1
n

(b) Frequency of revolution �v 
1

n 3

(c) Radius of orbit �v n 2Z

(d) Force on electron �v 
1

n 4

85. The change in orbital angular momentum corresponding to an electron
transition inside a hydrogen atom can be

(a) 
h
4�S

(b) 
h
�S

(c) 
h
2�S

(d) 
h
8�S
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86. The magnitude of the spin angular mo mentum of an electron is given by

(a) S �  �—�C�C�C�C�C�C�Cs��s �� 1�� 
h
2�S

(b) S �  s 
h
2�S

(c) S �  
�—3
2

 �u 
h
2�S

(d) S �  �r 
1
2

 �u 
h
2�S

87. Choose the correct configurations from among the following.

(a) Cr��Z �  24�� : [Ar]3d 5 4s 1 (b) Cu��Z �  29�� : [Ar]3d 10 4s 1

(c) Pd��Z �  46�� : [Kr]4d 10 4s 0 (d) Pt��Z �  78�� : [Xe]4d 10 4s 2

88. The configuration [Ar]3d  104s 24p 2 is similar to that of
(a) boron (b) oxygen

(c) sulphur (d) aluminium

89. In which of these options do both constituents of the pair have the same
magnetic moment?

(a) Zn 2�� and Cu �� (b) Co 2�� and Ni  2��

(c) Mn 4�� and Co 2�� (d) Mg  2�� and Sc ��

90. Which of the following ions are diamagnetic?

(a) He2
 �� (b) Sc 3�� (c) Mg 2�� (d) O2

 2��

91. The ground-state electronic configuration of the nitrogen atom can be
represented as

(a) �n�p �n�p �n �n �n (b) �n�p �n�p �n �p �n

(c) �n�p �n�p �n �p �p (d) �n�p �n�p �p �p �p

92. Choose the correct statements from among the following.
(a) A node is a point in space where the wave function (�<) has zero

amplitude.

(b) The number of peaks in radial distribution is n �� l.
(c) Radial probability density �Un, l��r�� �  4�Sr 2Rn, l

 2  ��r��.

(d) �< 2 represents the atomic orbital.

Answers

 1. c  2. d  3. b  4. b  5. c
 6. b  7. d  8. c  9. c 10. d
11. c 12. b 13. a 14. a 15. d
16. a 17. b 18. a 19. c 20. a
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21. c 22. b 23. b 24. a 25. a
26. a 27. c 28. b 29. c 30. b

31. d 32. d 33. c 34. b 35. c

36. c 37. b 38. d 39. d 40. a

41. c 42. b 43. b 44. d 45. d
46. c 47. c 48. c 49. b 50. d

51. b 52. a 53. c 54. c 55. a

56. b 57. c 58. d 59. d 60. c

61. a 62. b 63. c 64. d 65. d
66. c 67. a 68. d 69. c 70. b

71. a 72. c 73. b 74. b 75. a

76. b, c 77. a, b, c 78. a, b 79. b, c, d 80. a, b, c

81. a, b 82. a, b, c, d 83. a, c 84. a, b, d 85. b, c
86. a, c 87. a, b, c 88. b, c 89. a, c 90. b, c, d

91. a, d 92. a, b, c, d

Hints to More Difficult Problems

  2. nC2
 �  4C2

 �  
4 !

2 ! 2 !
 �  6.

7. r �  1.2 �u 10 ��15A
1�e3m.

For Al, A �  270.
�? r �  1.2 �u 10 ��15��27�� 

1�e3m �  3.6 �u 10 ��15 m.

8. �U �  
Au

4
3
 �S [1.2 �u 10 ��15 A

1�e3] 3
 �  

u

��1.33�S��1.2 �u 10 ��15�� 3

  �  
1.66 �u 10 ��27 kg

1.33�S��1.2 �u 10 ��15�� 3m 3
 �  2.4 �u 10 17 kg m ��3.

  9. Using Moseley’s equation �Q �  a��Z �� b�� 2, �—�Q �  �—a��Z �� b�� �  �—a Z �� �—�C�C�Cab which

is in the form of y �  mx �� c. Therefore, a plot of �—�Q against Z is a straight
line.

 13. The reduced mass is given by

        �P �  
meme

 ��

me �� me
 ��

 �  
me

 2

2me
 (mass of electron �  mass of positron)

�P �  
1
2

 me          

�? Rydberg constant �  R�f /2

1-16 Chemistry MCQ



 16. E �  
hc
�O

 �  
1242 eV.nm

�O
 �  1242 eV.nm

700 nm
 �  1.77 eV.

 17. E �  h�Q �  ��6.626 �u 10 ��34 Js�� ��880 s ��1��

  �  5.831 �u 10 ��31 J.

No. of photons emitted �  
1

5.831 �u 10 ��31 �  1.71 �u 10 30 per second.

 18. For a proton ��1
1H��, e

m �  
1
1 �˜

For an �D-particle ��2
4He��, 

e
m �  

2
4 �  

1
2 �˜

��e�em��p
��e�em���D

 �  
1 /  1
1 / 2

 �  2 : 1.

 21. The de Broglie equation is �O �  
h
p �  

h
mv �˜

Here h and v are constant. So �O �v 
1
m �˜

Since the �D-particle has the highest mass among the given entities, it has
the smallest de Broglie wavelengths.

 22. Momentum �  p �  
h�Q
c  �˜

�? mv �  
h�Q
c  �Ÿ v �  

h�Q
mc �˜

 23. E �  eV �  
1
2

 mv 2 �  
p 2

2m
 ,

where V �  applied voltage.

We know that �O �  
h
p �˜

2meV �  p 2 �Ÿ p �  �—�C�C�C�C�C2meV.

�? �O �  h
�—�C�C�C�C�C2meV

 �  
12.3
�—V

 Å.

 26. We know that v �v 
1
n and n �  principal quantum number. Therefore, vn

will be independent of the principal quantum number.

 27. ��PE �  2KE �  2 �u ����13.6�� �  27.2 eV.

�? PE �  ��27.2 eV

PE with respect to ground state  �  27.2 eV which we assume to be zero.

                   KE �  �� 
13.6

n 2
 eV.

For the first excited state, n �  2.
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�? KE �  �� 
13.6

2 2
 eV �  ��3.4 eV

Total energy �  ��27.2 �� 3.4�� eV �  23.8 eV.

 31. En �  �� 
13.6

n 2
 Z 2, where n �  1 for ground state, 2 for first excited state, and

so on. Z �  1 for hydrogen.

 34. 
1
�O

 �  R�f  
�§
�¨
�©

1
n1

 2 �� 
1
n2

 2
�·
�¸
�¹
 for the H atom.

For the Balmer series,
n1 �  2 and n2 �  5 (for the third line).
1
�O

 �  R�f  
�§
�¨
�©

1

2 2
 �� 1

5 2

�·
�¸
�¹
 �  21

100
 R�f .

�? �O �  100
21

 R�f .

 37. N �  number of lines emitted �  
1
2

 n��n �� 1��

  �  
1
2

 �u 4��4 �� 1�� �  6.

 42. Here n �  3, which corresponds to 3s, 3p, 3d orbitals which have a

degeneracy �  1 �� 3 �� 5 �  9.

45. l �  3 corresponds to s, p, d and f orbitals.
Maximum multiplicity for the f orbitals (7 electrons)

                 �  2s �� 1 �  2 �u 
7
2 �� 1 �  8.

Minimum multiplicity for the f orbital (1 electron)

                 �  2s �� 1 �  2 �u 
1
2 �� 1 �  2.

49. n �  l is not permissible.

50. The state corresponds to the 3d atomic orbitals.

55. The 19th electron corresponds to the 4s orbital. For this orbital,

                 n �  4, l �  0, m �  0, s �  
1
2 �˜

56. The 21st electron corresponds to 3d 1. For this orbital,

                 n �  3, l �  2, m �  2, s �  �� 12 �˜

57. Fe��Z �  26�� �  [Ar] 3d  64s 2

Fe 3��(23 electrons) �  [Ar] 3d  5

58. Mn  4�� (21 electrons) �  [Ar] 3d  3 contains three unpaired electrons.

61. Follow the Aufbau principle.
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62. The spin-only formula is given by
�Pspin only  �  �—�C�C�C�C�C�C�Cs��s �� 1�� BM
The value of �P �  2.83 BM corresponds to the presence of two unpaired
electrons. So the ion is Ni 2����3d 8��.

66. Use the energy-level diagram.

67. For the 3p orbital, n �  3, l �  1.
The number of spherical nodes

�  n �� l �� 1 �  3 �� 1 �� 1 �  1.

69. Spin multiplicity �  ��2�6s �� 1��.

82. All the species have one electron each. So Bohr’s theory is applicable.

83. Because He and He 2�� have two electrons and no electron respectively,
Bohr’s theory is not applicable to them.

88. Boron (1s 22s 22p 1) as well as aluminium (1s 22s 22p 63s 23p 1) have an s 2p 1

configurations, and so does [Ar] (3d  10 4s 2 4p 1).

89. Zn 2�� and Cu �� have a 3d 10 configuration, n �  0.
Mn  4�� and Co �� have a 3d 3 configuration, n �  3.

90. The number of unpaired  electrons is zero. So �P �  0 BM.

�T
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Answers

  1. a   2. b   3. a   4. d   5. b
  6. c   7. d   8. a   9. b  10. a
 11. b  12. c  13. b  14. b  15. c
 16. c  17. b  18. c  19. d  20. d
 21. b  22. d  23. c  24. a  25. c
 26. b  27. b  28. a  29. b  30. c
 31. d  32. c  33. c  34. c  35. a
 36. d  37. a  38. d  39. b  40. b
 41. a  42. a  43. b  44. a  45. a
 46. c  47. b  48. a  49. b  50. c
 51. a  52. b  53. b  54. c  55. a
 56. d  57. c  58. a  59. c  60. b
 61. a  62. b  63. c  64. a  65. a
 66. b  67. c  68. a  69. b  70. b
 71. c  72. a  73. b  74. a  75. b
 76. b  77. c  78. a  79. a  80. a
 81. b  82. b  83. c  84. c  85. a
 86. b  87. c  88. b  89. a  90. b
 91. c  92. c  93. a  94. b  95. b
 96. b  97. a, b, c, d  98. a, b  99. a, b 100. a, b, c
101. a, b, c 102. a, b, c 103. a, b, c 104. a, c 105. b, c
106. b, c 107. a, b, c 108. a, b, c 109. a, b, c, d 110. b, d
111. a, b, c, d 112. a, b, c 113. a, b, c 114. a, b 115. a, b, c
116. a, b, c 117. a, c 118. a, b, d 119. a, b, c 120. b, c
121. a, b, c, d

Hints to More Difficult Problems

1. A low ionization energy helps the formation of cations and a high
electron affinity that of anions.

9. The energy required to form the hydrogen atom is greater than that
required to form the H2 molecule, as H2 molecules are held by strong
forces of attraction.

12. Among these pairs, the difference in electronegativity between Na and Cl
atoms is the greatest.

17. The least charge on Mn favours ionic character.
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18. Apply Fajans’ rules (a large positive charge, and a small cation favour
covalency).

23. Consider Sidgwick’s covalency rule.

 

37. Apply Fajans’ rules.

40. Hydrogen bonding is facilitated by the high electronegativity and small
size of the atoms concerned.

44. The tendency to form hydrogen bonds is greater in the —COOH group
than in ethers, alcohols and ketones.

50. The amplitude of the wave function is zero, and hence the probability of
finding an electron in the region concerned is almost zero.

51. From considerations of energy

55. Ag has no unshared electrons.

63. The molecule MX3 has the general formula AX3. The number of unshared
electrons on M is zero and it is, therefore, sp 2-hybridized.

 

 

 

 

O     P    H
H

O     H
(monoprotic acid)

34.

C     C
sp2 sp69.

Xe
F

F

F

F

73.

Xe

O74.

Xe

F

O

O
F

75.
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58. The rate law for the reaction
             2H2��g�� �� 2NO��g�� �•�o  N2��g�� �� H2O��g��

is  
d[N 2]

dt
 �  k[H 2][NO]  2.

Which of the following mechanisms is consistent with the rate law?

(a) H2��g�� �� 2NO��g��  
k1

�•�•�o   N2O��g�� �� H2O��g��

(b) H2��g�� �� N2O��g��  
k2

�•�•�o   N2��g�� �� H2O��g��

(c) H2O��g�� �� NO��g��  
k3

�•�•�o   H2��g�� �� NO2��g��

(d) H 2��g�� �� 2NO��g��  
k4

�•�•�o   N2��g�� �� H2O��g�� �� 
1
2

 O2��g��

59. In the decomposition of N 2O5��g��, i.e.,

          2N2O5��g��  
kobs

�•�•�o   4NO2��g�� �� O2��g��

the observed rate law is given by

                
d[O2]

dt
 �  kobs[N 2O5].

Which of the following proposed mechanisms is consistent with the rate
law?

(a) N2O5��g��  
k1

�•�•�o   N2O3��g�� �� O2��g��

(b) N2O5��g��  
k2

�•�•�o   NO2��g�� �� NO3��g��

(c) NO2��g�� �� NO3��g��  
k3

�•�•�o   NO��g�� �� NO2��g�� �� O2��g��

(d) NO 3��g�� �� NO��g��  
k4

�•�•�o   2NO2��g��

�x Type 2 �x

Choose the correct options. More than one option is correct.

60. Which of the following statements are correct?
(a) The order of a reaction is the sum of the components of all the

concentration terms in the rate equation.

(b) The order of a reaction with respect to one reactant is the ratio of
the change of logarithm of the rate of the reaction to the change in
the logarithm of the concentration of the particular reactant,
keeping the concentrations of all other reactants constant.

(c) Orders of reactions can be whole numbers or fractional numbers.

1-176 Chemistry MCQ



(d) The order of a reaction can only be determined from the
stoichiometric equation for the reaction.

61. Which of the following statements are correct?

(a) The rate of the reaction involving the conversion of ortho-hydrogen

to parahydrogen is  �� 
d[H 2]

dt
 �  k[H 2]

 3/2.

(b) The rate of the reaction involving the thermal decomposition of
acetaldehyde is k[CH 3CHO]  3/2.

(c) In the formation of phosgene gas from CO and Cl2, the rate of the
reaction is k[CO][Cl 2]

 1/2.

(d) In the decomposition of H 2O2, the rate of the reaction is k[H 2O2].

62. Which of the following isomerization reactions is of the first order?

(a) cyclopropane �•�o  propane

(b) cis-but-2-ene �•�o  trans-but-2-ene

(c) vinyl allyl ether �•�o  pent-4-enal

(d) CH 3NC �•�o  CH3CN

63. Which of the following reactions is of the first order?

(a) The decomposition of ammonium nitrate in an aqueous solution

(b) The inversion of cane-sugar in the presence of an acid

(c) The acidic hydrolysis of ethyl acetate

(d) All radioactive decays

64. Which of the following are examples of unimolecular reactions?

(a) O3 �o  O2 �� O

(b)

(c) NO �� O3 �o  NO2 �� O2

(d) O �� NO �� N2 �o  NO2 �� N2

65. The calculation of the pre-exponential factor is based on the

(a) idea that, for a reaction to take place, the reactant species must
come together

(b) calculation of the molecularity of the reaction

(c) idea that the reactant species must come together, leading to the
formation of the transition stat e which then transforms into the
products

(d) calculation of the order of the reaction

CH 2

CH2 CH 2 CH  CH       CH3 2
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(c) The number of molecules with energy Ea is the mean of all
temperatures.

(d) The graph follows the Maxwe ll–Boltzmann energy distribution
law.

70. In Arrhenius’s equation, k �  A exp 
�§
�¨
�©
�� 

Ea

RT
�·
�¸
�¹
 . A may be termed as the rate

constant at
(a) very low temperature

(b) very high temperature

(c) zero activation energy

(d) the boiling temperature of the reaction mixture

Answers

 1. c  2. b  3. d  4. b  5. d
 6. c  7. a  8. b  9. a 10. d
11. b 12. c 13. c 14. c 15. d
16. b 17. c 18. d 19. a 20. c
21. c 22. a 23. d 24. c 25. a
26. c 27. c 28. c 29. c 30. a
31. d 32. c 33. d 34. b 35. c
36. d 37. a 38. a 39. a 40. b
41. b 42. d 43. c 44. d 45. b
46. a 47. b 48. d 49. b 50. c
51. d 52. a 53. d 54. c 55. a
56. b 57. d 58. a 59. b 60. a, b, c
61. a, b, c, d 62. a, b, c, d 63. a, b, c, d 64. a, b 65. a, c
66. a, b, c 67. a, c 68. a, b, c 69. a, d 70. b, c

Hints to More Difficult Problems

  2. Use the formula k �  
2.303

t  log 
a

a �� x �˜

  8. For a zero-order reaction, �� 
d[A]
dt

 �  k.

  �� �³  
C0

 Ct

d[A] �  k �³  
t �  0

 t �  0

dt.

  C0 �� Ct �  kt  �Ÿ  k �  
C0 �� Ct

t  �˜
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 10. k �  
C0 �� C

t  �˜

At t1�e2, C �  
1
2

 C0 and t �  t1�e2  or  k �  
C0 �� 

1
2 C0

t1�e2
 �  

1
2 C0

t1�e2
 �˜

�?   t1�e2 �  
C0

2k
 �  

a
2k

  [C0 �  a].

 15. Rate �  KC n  or r �  KC n. (1)

8r �  K��4C�� n. (2)
Dividing Equation (2) by Equation (1), we get

2 3 �  2 2n  or 2n �  3  �Ÿ  n �  1.5.

 17. C2H4O��g�� �•�o CH4��g�� �� CO(g)

At t �  0 p0 0 0

At t �  t p0 �� p p p

According to the question,
   p0 �� p �� p �  120 mm or p0 �� p �  120 mm or p �  120 �� 80 �  40 mm.
For a first-order reaction,

k �  
1
t  ln 

p0

p0 �� p
 �  

1
20

 ln 
80

80 �� 40
 �  

1
20

 ln 2. (1)

But we know that t1�e2 �  
ln 2

k  �˜ (2)

From Equations (1) and (2),

k �  
1
20

 kt1�e2  �Ÿ  t1�e2 �  20 min.

 19. k �  
1
t
 ln 

100
100 �� 99.9

 �  
1
t
 ln 

100
0.1

or
ln 2
t1�e2

 �  
1
t
 ln 10 3

or
log 2

t1�e2
 �  

1
t  �u log 10 3 �  

3
t  �˜

t1�e2 �  
log 2

3
 �u t �  

0.30103
3

 �u t �| 0.10t.

�? t �  10 t1�e2.

 21. k �  
1
t  ln 

a
a �� x

  �Ÿ  ln 
a

a �� x
 �  kt.

�Ÿ ln 
a �� x

a  �  ��kt  �Ÿ  a �� x �  ae ��kt

or x �  a��1 �� e ��kt��  �Ÿ  
x
a �  ��1 �� e ��kt��.
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28. When T �o  �f  then k �  A.

�? k �  4 �u 10 15 s ��1.

 33. Ea

�o
 �� Ea

�m
 �  �' U. When Ea

�o
 �  Ea

�m
then �' U �  0.

 34. [H ��] �  
6 �u 10 ��7 mol

0.05 �u 10 ��3 L
 �  1.2 �u 10 ��2 M

or r �  
�' x
�' t

  or �' T �  
�' x
r  �  

1.2 �u 10 ��2 M

6 �u 10 5 M s ��1
 �˜

�? t �  2 �u 10 ��8 s.

 40. Rate �  
dC
dt  �  

0.6 �� 0.3
10 �� 5

  or 
0.9 �� 0.6
15 �� 10

 �  0.06 mol dm ��3 s ��1.

 45. Ea �  
K2Ea �� K2�cEa�c

K2 �� K2�c
 �  

1.0 �u 10 ��2 �u 60 �� 3.0 �u 10 ��2 �u 70

1.0 �u 10 ��2 �� 3.0 �u 10 ��2

  �  67.5 kJ mol ��1

 48. kuncatl �  A[��exp��Euncat /RT��]  

kcatl �  A[��exp��Euncatl /RT��]

kuncatl �  exp[�� ��Euncatl �� Ecatl /RT]

kcatl �  exp ����8.314 �u 10 3/8.314 �u 300�� �  e ��3.33 

or 
kcatl

kuncatl
 �  e 3.33 �| 28

53. Represent the reaction in terms of an elementary reaction.

58. Experimental finding

�T
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14

Ionic Equilibrium

�x Type 1 �x

Choose the correct option. Only one option is correct.

1. If the H  �� ion concentration of a solution is increased to ten times its initial
value, its pH will

(a) increase by one (b) remain unchanged

(c) decrease by one (d) increase by ten

2. What will be the H  �� ion concentration in a solution prepared by mixing
50 mL of 0.20 M NaCl, 25 mL of 0.10 M NaOH and 25 mL of 0.30 M HCl?

(a) 0.5 M (b) 0.05 M

(c) 0.02 M (d) 0.10 M

3. Determine the pH of the solution that results from the addition of
20.00 mL of 0.01 M Ca(OH)2 to 30.00 mL of 0.01 M HCl.

(a) 11.30 (b) 10.53

(c) 2.70 (d) 8.35

4. To 250 mL of M/50 H 2SO4, 40.0 g of solid NaOH is added and the resulting
solution is diluted to 1.0 L. The pH of the resulting solution is

(a) 12.00 (b) 11.25 (c) 11.95 (d) 12.95

5. The pH of milk lies between
(a) 6.6 and 6.9 (b) 2.60 and 4.40

(c) 7.0 and 7.5 (d) 7.35 and 7.45

6. Which of the following is correct?
(a) Ka (weak acid) � ̃Kb (conjugate weak base) �  Kw

(b) Ka (strong acid) � ̃Kb (conjugate weak base) �  Kw

(c) Ka (weak acid) � ̃Kb (weak base) �  Kw

(d) Ka (weak acid) � ̃Kb (conjugate strong base) �  Kw
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7. Which of the following concentrations has the largest degree of
dissociation for a weak acid?

(a) 1.0 M (b) 0.5 M

(c) 0.10 M (d) 0.01 M

8. A given weak acid (0.01 M) has pKa �  6. The pH of the solution is
(a) 3 (b) 4

(c) 5 (d) 6

9. Two weak solutions are isohydric when their

(a) hydrogen-ion concentrations are the same before mixing

(b) hydrogen-ion concentrations are the same before and after mixing

(c) degrees of dissociation are the same

(d) chemical properties are the same

10. An acidic solution (0.1 M) of  a salt is saturated with H2S (0.1 M). The
concentration of H 2S is, given K1K2 �  10 ��21,

(a) 10 ��22 (b) 10 ��19

(c) 10 ��20 (d) 10 ��18

11. Which of the following solutions can be titrated with HCl as well as
NaOH?

(a) Glycine (b) Pyruvic acid

(c) Triethylamine (d) Aniline

12. The pH of 10 ��10 M H 2SO4 will be almost
(a) 4 (b) 7

(c) 6 (d) 0

13. How much water should be added to 10.0 g of acetic acid to give a
hydrogen-ion concentration equal to 1.0 �u 10 ��3 M (given p Ka �  4.74��?

(a) 4 L (b) 6 L

(c) 5 L (d) 3 L

14. The pH of an HCl solution is 2.0. Sufficient water is added to it to make
the pH of the new solution 5.0. The hydrogen-ion concentration is
reduced

(a) tenfold (b) sevenfold

(c) thousandfold (d) hundredfold

15. Calculate the pH of a solution prepared by mixing 2.0 mL of a strong acid
(HCl) solution of pH 3.0 and 3.0 mL of a strong base (NaOH) of pH 10.0.

(a) 2.5 (b) 3.5

(c) 4.5 (d) 6.5
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16. The dissociation constant of monobasic acids A, B and C are 10 ��4, 10 ��6

and 10 ��10 respectively. The concentration of each is 0.1 M. Which of the
following has been arranged in order of increasing pH?

(a) A �� B �� C (b) C �� A �� B

(c) B �� C �� A (d) B �� A �| C

17. Among the following, which causes the greatest change in pH on
addition to 50 mL of a 0.2 M malonic acid solution?

(a) 25 mL of 0.02 M malonic acid

(b) 25 mL of 0.02 M NaOH solution

(c) 25 mL of 0.02 M HCl solution

(d) 50 mL of 0.2 M acetic acid

18. An acetic acid and sodium acetate buffer has pH �  5.36. The ratio of
concentrations [OAc]/  [HOAc] is (p Ka of acetic acid �  4.76)

(a) 6 : 1 (b) 4 : 3

(c) 1 : 1 (d) 4 : 1

19. Calculate the pH at the equivalence point in the titration of 25 mL of 0.10
M formic acid with a 0.1 M NaOH solution (given that p Ka of formic acid
�  3.74).

(a) 4.74 (b) 8.74 (c) 8.37 (d) 6.06

20. A buffer solution is used in the
(a) preparation of chrome alum

(b) removal of PO4
 3�� ions in qualitative analysis

(c) precipitation of Zn(OH) 2 from ZnSO4

(d) determination of the ionic product of water

21. Which of the following mixture solutions has pH �  1.0?

(a) 100 mL 
N
10

 HCl �� 100 mL 
M
10

 NaOH

(b) 55 mL 
M
10

 HCl �� 45 mL M
10

 NaOH

(c) 10 mL 
M
10

 HCl �� 90 mL M
10

 NaOH

(d) 75 mL 
M
5

 HCl �� 25 mL 
M
5

 NaOH

22. Fear or excitement generally causes one to breathe rapidly and results in
the decrease of CO2 concentration in one’s blood. In what way does this
change the pH of blood?

(a) It increases. (b) It decreases.

(c) There is no change in the pH. (d) The pH level is adjusted at 7.
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23. The pKa of acetyl salicyclic acid (aspirin) is 3.5. The pH of gastric juice in
the human stomach is about 2–3 and that in the small intestine about 8.0.
Aspirin will be

(a) unionized in the small in testine and in the stomach

(b) completely ionized in the sma ll intestine and in the stomach

(c) ionized in the stomach and almost unionized in the small intestine

(d) ionized in the small intestine an d almost unionized in the stomach

24. At 25�qC, the dissociation constants of CH3COOH and NH 3 in aqueous
solutions are almost the same. The pH of a solution of 0.01 M CH3CO2H
is 4.0 at 25�qC. The pH of a 0.01 M NH3 solution at the same temperature is

(a) 3.0 (b) 4.0

(c) 10.0 (d) 11.0

25. The pH of blood does not appreciably change by a small addition of acid
or a base because blood

(a) contains serum protein which acts as a buffer

(b) contains iron as a part of the molecule

(c) can be easily coagulated

(d) is a body fluid

26. What will be the Kb value of a weak base (BOH) of which a 0.1 M solution
has a pH of 8, when it is half neutralized with 0.1 M HNO 3?

(a) 10 ��8 (b) 10 ��4

(c) 10 ��6 (d) 10 ��7

27. For the precipitation of cations of gr oup IV in qualitative analysis, the
medium is made alkaline before passing H2S gas. The medium is made
alkaline because this helps

(a) suppress the ionization of H2S

(b) increase the ionization of H2S

(c) increase the ionization of metal salts

(d) reduce the ionization of metal salts

28. The solubility of AgCl in 0.1 M NaCl will
(a) increase

(b) decrease

(c) remain unchanged

(d) AgCl will dissociate completely.

29. The solubility of a salt A 2B3 is 1.0 �u 10 ��3 M. Its solubility product is

(a) 1.08 �u 10 ��13 (b) 1.08 �u 10 ��15

(c) 1.08 �u 10 ��10 (d) 1.08 �u 10 ��17
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30. M2SO4 (M
 �� is a monovalent metal ion) has a Ksp of 3.2 �u 10 ��5 at 25�qC. The

maximum concentration of SO4
 2�� ions possible in a saturated solution of

this solid is

(a) 4 �u 10 ��4 M (b) 5 �u 10 ��6 M

(c) 2 �u 10 ��2 M (d) 8 �u 10 ��3 M

31. The pH of an aqueous solution of Ba(OH)2 is 10.0. If the Ksp of Ba(OH)2 is
1 �u 10 ��9 then the concentration of Ba 2�� ions in the solution is

(a) 1 �u 10 ��4 M (b) 1 �u 10 ��6 M

(c) 1 �u 10 ��2 M (d) 1 �u 10 ��1 M

32. The Ksp of Mg(OH) 2 is 1 �u 10 ��12. 0.01 M MgCl2 will precipitate at the
limiting pH

(a) 3 (b) 9 (c) 12 (d) 8

33. M(OH) x has a Ksp of 4 �u 10 ��9 and its solubility is 10  ��3 M. The value of x is
(a) 4 (b) 1 (c) 3 (d) 2

34. When equal volumes of the follo wing solutions are mixed, the
precipitation of AgCl ��Ksp �  1.8 �u 10 ��10�� will occur with

(a) 10 ��4 M (Ag  ��) and 10 ��4 M (Cl  ��)

(b) 10 ��5 M (Ag  ��) and 10 ��5 M (Cl  ��)

(c) 10 ��5 M (Ag  ��) and 10 ��6 M (Cl  ��)

(d) 10 ��10 M (Ag  ��) and 10 ��10 M (Cl  ��)

35. Why does only As  3�� get precipitated as As2S3 and not Zn 2�� as ZnS when
H2S is passed through an acidic solution containing As 3�� and Zn 2��?

(a) The solubility product of As 2S3 is less than that of ZnS.

(b) Enough As 3�� ions are present in an acidic medium.

(c) A zinc salt does not ionize in an acidic medium.

(d) The solubility product change s in the presence of an acid.

36. A solution containing NH 4Cl and NH 3 has a hydroxide-ion concentration
of 10 ��6 M. Which of the following hydroxides may be precipitated when
this solution is added to an equal volume of a 0.1 M solution of a metal
ion?

(a) Ba��OH��2 ��Ksp �  1.0 �u 10 ��4�� (b) Ca��OH��2 ��Ksp �  2.2 �u 10 ��5��

(c) Mg��OH��2 ��Ksp �  3.0 �u 10 ��12�� (d) Fe��OH��2 ��Ksp �  8.0 �u 10 ��16��

37. What is the maximum possible concentration of Ni  2�� ions in a solution
containing 0.15 M HCl and 0.10 M H2S? Given that Ksp��NiS�� �  2 �u 10 ��21

and [S 2��]H2S
 �  4 �u 10 ��21.

(a) 0.65 M (b) 0.45 M (c) 0.10 M (d) 0.15 M
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38. 50 mL of a solution containing 10 ��3 mol of Ag  �� is mixed with 50 mL of a
0.1 M HCl solution. How much Ag  �� remains in solution ( Ksp of AgCl
�  1.0 �u 10 ��10)?

(a) 2.5 �u 10 ��9 (b) 2.5 �u 10 ��7

(c) 2.5 �u 10 ��8 (d) 2.5 �u 10 ��10

39. At a certain temperature, a saturated solution of Zn(OH) 2 has a pH of
8.63. The value of Ksp of Zn(OH) 2 at this temperature is

(a) 4.0 �u 10 ��18 (b) 3.9 �u 10 ��28

(c) 3.9 �u 10 ��17 (d) 2.0 �u 10 ��19

40. Which of the following will not hy drolyse in an aqueous solution?

(a) A salt of a strong acid and a strong base

(b) A salt of a strong acid and a weak base

(c) A salt of a weak acid and a strong base

(d) A salt of a weak acid and a weak base

41. Which of the following salts will pr oduce a neutral solution in water?
(a) CH3COONa (b) CH3COONH4

(c) ��NH 4��2CO3 (d) HCOONH 4

42. When a 0.20 M solution of acetic acid is neutralized with 0.20 M NaOH in
0.50 L of water, the pH of the resulting solution will be (given that p Ka for
CH3COOH �  4.74)

(a) 12.67 (b) 7.87

(c) 8.87 (d) 7.00

43. Equivalent amounts of aqueous solutions of a weak acid and a weak base
have a dissociation constant of 5.0 �u 10 ��7 each. The percentage of
hydrolysis of the salt formed by them is

(a) 40 (b) 60

(c) 50 (d) 25

44. Assuming complete dissociation of solutes, calculate the pH of the
solution obtained by mixing equal volumes of N/10 NaOH and
N/20 HCl.

(a) 7.6 (b) 12.4

(c) 1.6 (d) 13.4

45. If pKb for the fluoride ion at 25 �qC is 10.83, the ionization constant of
hydrofluoric acid in wate r at this temperature is

(a) 1.74 �u 10 ��5 (b) 3.52 �u 10 ��3

(c) 6.76 �u 10 ��4 (d) 5.38 �u 10 ��2
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46. Calculate the molar solubility of Fe ��OH��2 at a pH of 8.00 [Ksp of
Fe��OH��2 �  1.6 �u 10 ��14].

(a) 0.06 (b) 0.016 (c) 0.010 (d) 0.16

47. Calculate the molar solubility of AgCl  in a 1-L solution which contains
10.0 g of CaCl2 [Ksp��AgCl �� �  1.6 �u 10 ��10].

(a) 8.9 �u 10 ��10 (b) 8.9 �u 10 ��11

(c) 8.9 �u 10 ��9 (d) 8.9 �u 10 ��12

48. K1 and K2 for oxalic acid are 6.5 �u 10 ��2 and 6.1 �u 10 ��5 respectively. What
will be [HO  ��] in a 0.01 M solution of sodium oxalate?

(a) 9.6 �u 10 ��6 (b) 1.4 �u 10 ��1

(c) 1.3 �u 10 ��6 (d) 1.3 �u 10 ��8

49. Calculate the pH of a solution containing 0.1 M HCO 3
 �� and 0.2 M CO3

 2��

[K1��H2CO3�� �  4.2 �u 10 ��7 �u 10 and K2��HCO3
 ���� �  4.8 �u 10 ��11].

(a) 3.18 (b) 10.62

(b) 6.62 (d) 9.31

50. Calculate the pH at which an acid indicator with Kacid(indicator)
�  1.0 �u 10 ��5 changes colour when the concentration of the indicator is
1 �u 10 ��3 M.

(a) 5 (b) 11

(c) 3 (d) 8

 51. At what pH will a 1 �u 10 ��4 M solution of an indicator will Kb (indicator)

�  1 �u 10 ��11 change colour?
(a) 7.0 (b) 3.0

(c) 5.5 (d) 11.0

52. An acid-base indicator has a Ka �  1.0 �u 10 ��5. The acid form of the
indicator is red and the basic form is blue. Calculate the pH change
required to change the colour of the indicator from 80% red to 80% blue.

(a) 1.20 (b) 0.80

(c) 0.20 (d) 1.40

53. Calculate the pH of a 0.01 M NaHCO3 solution [ K1��H2CO3�� �  4 �u 10 ��7,
K2��HCO3

 ���� �  4.8 �u 10 ��11].
(a) 9.38 (b) 6.38 (c) 8.38 (d) 7.38

54. Which of the following statem ents is correct for glycine?
(a) It behaves as a base when titrated with HCl.

(b) It behaves as an acid when titrated with NaOH.

(c) It forms the zwitterion N
��

H3CO2COO ��.

(d) All of these
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55. The pH of glycine at the first half-equ ivalence point is 2.34 and that at the
second half-equivalence point is 9.60. At the equivalence point (the first
inflection point), the pH is

(a) 3.63 (b) 2.34

(c) 5.97 (d) 11.94

56. The pH at which a dipolar ion does not migrate from the anode to
cathode in an electric field is called the

(a) isomeric point (b) isoelectric point

(c) inflection point (d) equivalence point

57. The pKa�c values for the A �o  B, B �o  C and C �o  D dissociations are 2.09,
3.86 and 9.82 respectively. Since only B has an equal number of positive
and negative charges, the value of the isoelectric point is

(a) 5.26 (b) 3.86

(c) 2.98 (d) 15.77

58. The effectiveness of a buffer is measured in terms of

(a) buffer action (b) buffer capacity

(c) hydrolysis constant (d) p Ka and pKb

59. Buffer capacity is defined as the amount of acid or base that must be
added to the buffer to cause

(a) one unit change of pH (b) two unit changes of pH

(c) no change in pH (d) the pH to equal p Ka �r 1

60. Which of the following buffers has a pH range from 8.25 to 10.25?

(a) Na2CO3/ NaHCO3 (b) Na3PO4/ Na2HPO4

(c) Na2HPO4/ NaH 2PO4 (d) sodium borate/boric acid

61. Which of the following does not indicate buffer action?

(a) HA �� HCO3
 �� S  A �� �� H2CO3

B �� H2CO3 S  BH �� �� HCO3
 ��

(b) HA �� HPO4
 2�� S  A �� �� H2PO4

 ��

B �� H2PO4
 �� S  BH �� �� HPO4

 2��

(c) HA �� PO4
 3�� S  HPO4

 2�� �� A ��

B �� HPO4
 2�� S  PO4

 3�� �� BH

(d) HA �� CH3COO �� S  A �� �� CH3COOH

B �� CH3COOH S  BH �� �� CH3COO ��
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62. Blood plasma is maintained at a pH of 7.4 largely by the

(a) HCO3
 ��/H 2CO3 buffer

(b) HPO4
 2��/PO 4

 3�� buffer

(c) HCO3
 ��/H 2CO3 and HPO4

 2��/H 2PO4
 �� buffers

(d) HPO4
 2��/H 3PO4 and haemoglobin buffers

63. The [HCO3
 ��]/[H 2CO3] ratio in the blood (pH  �  7.4) is approximately

(pKa �  6.1 for H2CO3)

(a) 20 (b) 16

(c) 24 (d) 10

64. In the titration of a weak diprotic acid (H 2A) with a strong base (NaOH),
[H  ��] is given by

(a) �—�C�C�C�C�CKa1
ca (b) Ka�—�C�C�Cca1

(c) Kaca1
(d) Ka1

(where Ka is the dissociation constant for the first stage and ca is the
concentration of the weak acid).

65. During the titration of a weak diprotic acid ��H2A�� against a strong base
(NaOH), the pH of the solution half-w ay to the first inflection point and
that at the first inflection point are given respectively by

(a) pK1 and pK1 �� pK2 (b) �—�C�C�C�CK1ca and 
pK1 �� pK2

2

(c) pK1 and 
pK1 �� pK2

2
(d) pK1 �� pKw and 

pK1 �� pK2

pKw

where K1 and K2 are the first and second dissociation constants of H2A,
and ca is the initial concentration of the weak acid.

66. Which of the following curves indicat es the titration of a weak diprotic
acid by NaOH of equivalent strength?

�� �

������� �

�

�� �

��

	
��
��
������������

(a)
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67. Which of the following represents hydrolysis?
(a) HCO3

 �� �� H2O S  CO3
 2�� �� H3O

 ��

(b) HCO3
 �� �� H2O S  H2CO3 �� OH ��

(c) H3BO3 �� H2O S  H2BO3
 �� �� H3O

 ��

(d) H 2PO4
 �� �� H2O S  HPO4

 2�� �� H3O
 ��

68. The concentration of a sample of H2CO3 is 1.0 �u 10 ��3 M. Which of the
following is correct?

(a) 1.0 �u 10 ��3 M �  [H 2CO3] �� [HCO3
 ��] �� 2[CO3

 2��]

(b) 1.0 �u 10 ��3 M �  [H 2CO3]

(c) 1.0 �u 10 ��3 M �  [H 2CO3] �� [HCO3
 ��] �� [CO3

 2��]

(d) 1.0 �u 10 ��3 M �  [H 2CO3] �� [HCO3
 ��]

69. The inflection point of a titration curve is the point at which

�� �

�� �

��

	
��
��
������������

(b)

�� �

������� �

�
�� �

��

	
��
��
������������

(c)

�� �

������� �

�

�� �

��

� 
��
��
 �������� �� � �

(d)
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(a) the second derivative is zero (b) pH �  0

(c) pH �  7 (d) the first derivative is zero

�x Type 2 �x

Choose the correct options. More than one option is correct.

70. Which of the following mixtures constitute a buffer?
(a) CH3COOH �� CH3COONa (b) Na2CO3 �� NaHCO3

(c) NaCl �� HCl (d) N H4Cl �� ��NH 4��2SO4

71. Which of the following mixtures constitute a buffer?
(a) Na2CO3 �� HCl (b) N aOH �� CH3COOH

(c) NH3 �� CH3COONH 4 (d) N aOH �� BaCl2

72. In which of the following pairs of so lutions is there no effect on the pH
upon dilution?

(a) 0.1 M NH3 and 0.1 M (NH4)2SO4

(b) 0.1 M NaH2PO4 and 0.1 M Na2HPO4

(c) 0.1 M HCl and 0.01 M NaOH

(d) 0.1 M KCl and 0.1 M HCl

73. Which of the following will suppress the ionization of phthalic acid in
an aqueous solution?

(a) KCl (b) H 2SO (c) HNO3 (d) NaOH

74. Which of the following buffers have a pH greater than 7?
(a) NaHCO3 �� Na2CO3 (b) CH3COOH �� CH3COONa

(c) Na3PO4 �� NaH 2PO4 (d) N H3 �� ��NH 4��2SO4

75. Which of the following mixtures can act as a buffer?

(a) NaOH �� CH3COONa (1 : 1 molar ratio)

(b) CH3COOH �� NaOH (2 : 1 molar ratio)

(c) CH3COOH �� NaOH (3 : 1 molar ratio)

(d) CH 3COOH �� NaOH (1 : 1 molar ratio)

76. When HCl(g) is passed through a saturated solution of common salt,
pure NaCl is precipitated because

(a) HCl is highly soluble in water

(b) the ionic product [Na  ��][Cl  ��] exceeds its solubility product ��Ksp��

(c) the Ksp of NaCl is lowered by the presence of Cl �� ions

(d) HCl causes precipitation
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Answers

 1. c  2. b  3. a  4. d  5. a
 6. a  7. d  8. b  9. a 10. c
11. a 12. b 13. d 14. c 15. b
16. a 17. b 18. d 19. c 20. b
21. d 22. c 23. d 24. b 25. a
26. c 27. b 28. b 29. a 30. c
31. d 32. b 33. d 34. a 35. a
36. d 37. b 38. c 39. c 40. a
41. b 42. c 43. d 44. b 45. c
46. b 47. a 48. c 49. b 50. a
51. b 52. a 53. c 54. d 55. c
56. b 57. c 58. b 59. a 60. d
61. c 62. c 63. a 64. a 65. c
66. a 67. b 68. c 69. a 70. a, b
71. a, b 72. a, b 73. b, c 74. a, b 75. b, c
76. b, d

Hints to More Difficult Problems

  2. H �� �  
��25 �u 0.3 �� 25 �u 0.1�� meq

100 mL
 �  0.05 M.

  6. HA �� H2O S  H3O
 �� �� A ��,  Ka��HA �� �  

[H 3O
 ��][A  ��]

[HA]
 �˜ (1)

A �� �� H2O S  OH�� �� HA  ��,  Kb��A
 ���� �  

[OH  ��][HA]

[HA  ��]
 �˜ (2)

Multiplying Equation (1) by Equation (2),

Ka��HA �� �u Kb��A
 ���� �  [H 3O

 ��][OH  ��] �  Kw.

7. The degree of dissociation increases with dilution.

8. pH �  
1
2

 pKa �� 
1
2

 log C �  
1
2

 �u 6 �� 1
2

 log��0.01��

   �  3 �� 1 �  4.

11. Glycine ��H2N � ̃CH2CO2H�� contains an acidic group as well as a basic
group.

15. Number of milliequivalents of HCl �  2 �u 10 ��3.

We know that pH �� pOH �  14
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�Ÿ 10 �� pOH �  14.

pOH �  10 ��4 M.

3 mL of 10 ��4 M NaOH  �{ 3 �u 10 ��4.

Number of milliequivalents of NaOH �  3 �u 10 ��4.
The resulting solution is acidic.

[H  ��] �  
��2 �u 10 ��3 �� 3 �u 10 ��4 m. eq.

��2 �� 3�� mL
 �  3.4 �u 10 ��4 M

or pH �  ��log[H  ��] �  ��log��3.4 �u 10 ��4�� �  3.5.

18. Use the Henderson equation

pH �  pKa �� log 
[OAC  ��]

[HOAC  ��]
 �˜

19. At the equivalence point, 0.10 M of HCOONa (sodium formate) is
formed. This problem is solved by the considering the concept of
hydrolysis equilibria.

pH �  
1
2

 pKw �� 
1
2
 pKa �� 

1
2

 log C

   �  
1
2

 �u 14 �� 1
2

 �u 3.74 �� 1
2

 log 0.1 �  8.37.

26. Ka � ̃Kb �  Kw

Under this condition,

pH �  pKa �  8  �Ÿ  Ka �  10 ��8

or 10 ��8 � ̃Kb �  10 ��14  �Ÿ  Kb �  10 ��6.

29. Ksp for A 2B3 equilibria �  108 S 5 �  108 �u ��1.0 �u 10 ��3�� 5

                 �  1.08 �u 10 ��13.

34. The precipitation will occur when Q �! Ksp.
Q �  10 ��4 �u 10 ��4 �  10 ��8 �! Ksp��1.8 �u 10 ��10��.

38.    Ag ��

�p
1 �u 10 ��3 mol

     ��     Cl ��

�p
             5 �u 10 ��3 mol

  �•�o   AgCl ��s��

{[HCl] �  50 mL �u 0.1 mol L ��1

     �  5.0 m mol �  5.0 �u 10 ��3 mol.
[H  ��] �  [Cl ��] �  5.0 �u 10 ��3 mol}.
[Cl  ��] �  4 �u 10 ��3 mol after the reaction.

[Ag  ��] �  
1.0 �u 10 ��10

4.0 �u 10 ��3
 �  2.5 �u 10 ��8.

1-194 Chemistry MCQ



44. [OH  ��] �  
x �u 0.1 �� x �u 0.05

2x
 �  2.5 �u 10 ��2.

pOH �  2 �� 0.4 �  1.6  �Ÿ  pH �  12.4.

45. pKb �  10.83,  logKb �  ��10.83 �  11
�B�B

.17

�Ÿ Kb �  1.479 �u 10 ��11.

Ka � ̃Kb �  Kw

or Ka �u 1.479 �u 10 ��11 �  1.0 �u 10 ��14 �Ÿ Ka �  6.76 �u 10 ��4.

48. The hydrolysis of C 2O4
 2�� is represented by

C2O4
 2�� �� H2O S   HC2O4

 �� �� OH ��

Kh �  
Kw

K2
 �  

1.0 �u 10 ��14

6.1 �u 10 ��5
 �  

x 2

0.01
 �˜

�? x �  1.3 �u 10 ��6.

49. HCO3
 �� �� H2O  �•�o   H3O

 �� �� CO3
 2��

K2 �  
[H 3O

 ��][CO3
 2��]

[HCO 3
 ��]

 �  4.8 �u 10 ��11.

[H 3O
 ��] �  4.8 �u 10 ��11 �u 

[HCO 3
 ��]

[CO3
 2��]

 �  4.8 �u 10 ��11 �§�¨
�©

0.1
0.2

�·
�¸
�¹
 .

pH �  ��log[H 3O
 ��] �  ��log [4.8 �u 10 ��11 �u 0.5]

   �  10.62.

 50. Use the equation

pH �  pKIn �� log [In  ��]
[HIn]

 �˜

During change of colour, i.e., at the neutral point,

[In  ��] �  [HIn]  or pH  �  pKIn �  ��log ��1.0 �u 10 ��5��.

�? pH  �  5

52. Consider an indicator of the type HIn which is ionized as
                  HIn S  H �� �� In ��

According to the question, 20% of the final form of the indicator is blue
(acidic) and 80% red (basic).

KIn �  
[H  ��][In  ��]

[HIn]
 , where KIn is the indicator constant. 

[H  ��] �  KIn 
[In ��]
[HIn]

 �  1 �u 10 ��5 �§�¨
�©

80
20

�·
�¸
�¹
 �  4 �u 10 ��5.

pH �  4.4.
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For 80% blue, [H ��] �  1 �u 10 ��5 �§�¨
�©

20
80

�·
�¸
�¹
 .

pH �  6 �� 0.4 �  5.6.

�' pH �  5.6 �� 4.4 �  1.2.

57. The pH at which the dipolar ion does not migrate in an electric field is
called the isoelectric point, denoted by pI.

The isoelectric point pI �  
2.09 �� 3.86

2
 �  2.975 �| 2.98.

60. pKa��H3BO3�� �  9.25.
pH �  pKa �r 1, i.e., 8.25 and 10.25.

 63. pH �  pKa �� log 
[HCO 3

 ��]
[H2CO3]

or 7.4 �  6.1 �� log 
[HCO 3

 ��]
[H 2CO3]

or
[HCO3

 ��]
[H 2CO3]

 �  20.

64. For H2A S  H �� �� HA  ��,

Ka1
 �  

[H  ��][HA  ��]
[H2A]

 �| 
[H ��] 2

ca
 �˜

�? [H ��] �  �—�C�C�C�C�CKa1
ca.

65. At this point, half of the H 2A has been converted to HA �� so that
[HA] �| [H 2A], giving
Ka1

 �  [H  ��]   pH �  pK1.

68. Use the electroneutrality principle.

75. Both will give a mixture of CH 3COOH and CH 3COONa which serve as
buffers.

�T
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15

Electrochemistry

�x Type 1 �x

Choose the correct option. Only one option is correct.

1. Which of the following aqueous solutions remains neutral after
electrolysis?

(a) CuSO4 (b) AgNO 3

(c) K2SO4 (d) NaCl

2. Which of the following aqueous solutions remains acidic after
electrolysis?

(a) K2Cr2O7 (b) KMnO 4

(c) CH3COONa (d) CuCl 2

3. Which of the following statements is correct for a solid-state lithium
battery?

(a) The  electrolyte is made of a polymer material that permits the
passage of electrons but not ions, and the battery is not
rechargable.

(b) The electrolyte is made of a polymer material that permits the
passage of ions but not electrons, and the battery is rechargable.

(c) The voltage of the battery can go up to 12 V.

(d) The anode is made of what is known as an insertion compound.

4. How many faradays are requir ed to reduce 1 mol of BrO3
 �� to Br �� ?

(a) 3 (b) 5

(c) 6 (d) 4

5. How many moles of Zn  2�� carry a charge of 2 �u 10 ��5 C?
(a) 1 �u 10 ��4 (b) 4 �u 10 ��10

(c) 4 �u 10 ��5 (d) 1 �u 10 ��10
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6. A steady current of 3.0 A for 1 hour corresponds to a passage of

(a) 1.08 �u 10 5 C (b) 0.11 F

(c) 1.08 �u 10 4 electrons (d) 1.51 V

7. How many kilojoules of energy is expended during the passage of a
current of 0.1 A for 100 s under a potential of 150 V?

(a) 1.50 (b) 0.15

(c) 2.50 (d) 9.65

8. A metal wire carries a current of 1 A. How many electrons move past a
point in the wire in one second?

(a) 6.02 �u 10 23 (b) 3.12 �u 10 18

(c) 3.02 �u 10 23 (d) 6.24 �u 10 18

9. In the electrolysis of aqueous NaCl, for how long would you have to pass
a current of 1.0 A through the cell to convert 1.0 L of a 1 M NaCl solution
into 1 M of NaOH?

(a) 35.5 hours (b) 23.8 hours

(c) 15.6 hours (d) 26.8 hours

10. How much charge is required to produce hydrogen gas at the rate of
1 mL s ��1 by the electrolysis of molten NaCl?

(a) 8.6 C (b) 18.4 C

(c) 4.3 C (d) 1.4 C

11. The number of electrons gained and lost during the electrolysis of 35.5 g
of Cl �� and 65.4 g of Zn 2�� respectively are

(a) 3.01 �u 10 23 and 3.01 �u 10 23

(b) 6.02 �u 10 23 and 3.01 �u 10 23

(c) 6.02 �u 10 23 and 6.02 �u 10 23

(d) 3.01 �u 10 23 and 6.02 �u 10 23

12. Chromium metal can be plated out fr om an acidic solution containing
CrO3 according to the following equation (atomic weight of Cr �  52).
          CrO3��g�� �� 6H �� �� 6e �o  Cr��s�� �� 3H2O
How many grams of chromium will be plated by 22400 C?

(a) 2.96 (b) 2.16

(c) 21.6 (d) 23.2

13. A current of 0.250 A is passed through 400 mL of a 2.0 M solution of
NaCl for 35 minutes. What will be the pH of the solution after the current
is turned off?

(a) 12.98 (b) 12.13

(c) 10.48 (d) 9.24
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14. After the electrolysis of a sodium chlo ride solution with inert electrodes
for a certain period of time, 600 mL of a 1 N NaOH solution was left.
During the same time 31.80 g Cu was deposited in a copper voltameter in
series with the electrolytic cell. Calculate the percentage of NaOH
obtained (atomic weight of Cu �  63.6).

(a) 40 (b) 50

(c) 60 (d) 25

15. During the purification of copper by electrolysis
(a) the anodes used are made of copper ore

(b) pure copper is deposited on the cathodes, with the evolution of
hydrogen at the cathodes

(c) the impurities such as Ag, Au, Zn and Fe go into solution

(d) the voltage is carefully contro lled to prevent the deposition of Zn
and Fe at the cathode

16. The density of copper is 8.94 g mL ��1. Find the charge needed to plate an
area of 10 �u 10 cm 2 to a thickness of 10 ��2 cm using a CuSO4 solution as
electrolyte (atomic weight of Cu  �  63.6).

(a) 2.7 �u 10 4 C (b) 8.8 �u 10 4 C

(c) 18.3 �u 10 4 C (d) 1.7 �u 10 4 C

17. Calculate the volume of gas liberated at the anode at stp during the
electrolysis of a CuSO4 solution by a current of 1 A passed for 16 minutes
5 seconds.

(a) 224 mL (b) 56 mL

(c) 112 mL (d) 448 mL

18. Acidified water was electrolysed using an inert electrode. The volume of
gases liberated at stp was 168 mL. The amount of electricity passed
through the acidified water was

(a) 96,500 C (b) 9,650 C

(c) 965 C (d) 168 C

19. For the cell reaction
      2Hg��l�� �� 2Ag ����aq�� �o  2Ag��s�� �� Hg2

 2����aq��
it is given that

      EAg
 ��
/Ag

 0  �  0.800 V,  [Ag ��] �  10 ��3 M,      

      EHg2

 2��
/Hg

 0  �  0.785 V and [Hg2
 2��] �  10 ��1 M

(a) The forward reaction is spontaneous.

(b) The backward reaction is spontaneous.

(c) Ecell �  1.585 V

(d) Ecell �  3.170 V
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20. Consider the cell reaction
          Mg��s�� �� Cu 2����aq�� �o  Cu��s�� �� Mg 2����aq��
If the standard reduct ion potentials of Mg  2��/ Mg��s�� and Cu 2��/Cu ��s�� are
��2.37 V and ��0.34 V respectively, E�q for the cell is

(a) ��2.71 V (b) ��2.71 V

(c) ��2.03 V (d) ��2.03 V

21. If all species are in their standard states, which of the following is the
strongest oxidizing agent?

(a) Br �� (b) Zn 2��

(c) Fe 2�� (d) Co 3��

22. During the electrolysis of a concentrated brine solution, the amount of
chlorine gas produced by the passage of 2F of electricity is

(a) 0.25 mol (b) 0.50 mol

(c) 1.00 mol (d) 2.00 mol

23. Fe 3����aq�� �� e �o  Fe 2��; E 0 �  ��0.77 V
Al  3����aq�� �� 3e �o  Al ��s��; E 0 �  ��1.66 V
Br2��aq�� �� 2e �o  2Br ����aq��; E 0 �  ��1.08 V
Considering the above data, state which of the following represents the
correct order of reducing power.

(a) Br �� �� Fe 2�� �� Al (b) Fe 2�� �� Al �� Br ��

(c) Al �� Br �� �� Fe 2�� (d) A l �� Fe 2�� �� Br ��

24. ENa
 ��
/Na ��s��

 0  �  ��2.71 V,

EMg
 2��

/Mg ��s��
 0  �  ��2.37 V,

EFe
 2��

/Fe ��s��
 0  �  ��0.44 V and

ECr
 3��

/Cr ��s��
 0  �  ��0.41 V.

Based on this data, state which of the following is the weakest reducing
agent.

(a) Na �� (b) Na

(c) Cr (d) Fe 2��

 25. Given that EAg
 ��
/Ag

 0  �  ��0.80 V and EZn
 2��

/Zn
 0  �  ��0.76 V, which of the

following is correct?
(a) Ag �� can be reduced by H2.

(b) Ag can oxidize H 2 into H  ��.

(c) Zn 2�� can be reduced by H2.

(d) Ag can reduce Zn 2��.
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26. For the cell reaction

      Cu 2����aq����c1�� �� Zn��s�� �o  Zn 2����aq����c2�� �� Cu��s��

the change in free energy �' G at a given temperature is a function of

(a) ln c1 (b) ln ��c2 /c1��

(c) ln ��c1 �� c2�� (d) ln  ��c2��

27. A gas X at 1 atm is bubbled through a solution containing a mixture of
1 M Y �� and 1 M Z �� at 25�qC. If the order of reduction potential is
Z > Y > X,

(a) Y will oxidize X and not Z

(b) Y will oxidize Z and not X

(c) Y will oxidize X as well as Z

(d) Y will reduce as well as X and Z

28. The value of the reaction quotient, Q, for the cell

       Zn��s�� |Zn  2����0.01 M�� �_�_ Ag ����1.25 M��|Ag ��s�� is
(a) 156 (b) 125

(c) 1.25 �u 10 ��2 (d) 6.4 �u 10 ��3

29. The logarithm of the equilibrium constant, log Keq, of the net cell reaction

of the cell, X��s��|X  2�� �_�_ Y ��| Y��s�� (given Ecell
 0  �  1.20 V), is

(a) 47.2 (b) 40.5

(c) 21.4 (d) 12.5

30. The temperature coefficient of a cell whose operation is based on the

reaction Pb��s�� �� HgCl 2��aq�� �o  PbCl2��aq�� �� Hg��l�� is

�§
�¨
�©

�wE
�wT

�·
�¸
�¹ p

 �  1.5 �u 10 ��4 V K ��1.

The amount of heat released during the operation is

(a) 8.4 kJ mol ��1 (b) 16.4 kJ mol ��1

(c) 6.5 kJ mol ��1 (d) 4.5 kJ mol ��1

31. Calculate the useful work done during the reaction

                Ag��s�� �� 1
2

 Cl2��g�� �o  AgCl ��s��

given that ECl2/ Cl
 ��

 0  �  ��1.36 V and EAgCl, Ag, Cl
 ��

 0  �  ��0.220 V if pCl2
 �  1 and

T �  298 K.

(a) 110 kJ mol ��1 (b) 220 kJ mol ��1

(c) 55 kJ mol ��1 (d) 100 kJ mol ��1
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32. Determine the electrode potential for

                
Pt, H2��g��
pH2

 �  1 atm
 �°�°
�°
 H

 ����aq��
aH

 �� �  0.1

(a) 0 (b) 0.0592 V

(c) ��0.0592 V (d) 0.1184 V

33. Calculate the equilibrium co nstant of the reaction
            Cd 2����aq�� �� Zn��s�� �o  Zn 2����aq�� �� Cd��s��
if ECd

 2��
/Cd

 0  �  ��0.403 V and EZn
 2��

/Zn
 0  �  ��0.763 V.

(a) K �  1.45 �u 10 12 (b) K �  4.25 �u 10 14

(c) K �  1.45 �u 10 18 (d) K �  14.4 �u 10 11

34. Given that at 25�qC,
for  Cr  3����aq�� �� e �o  Cr 2����aq��, E 0 �  ��0.424 V
    Cr 2����aq�� �� 2e �o  Cr��s��, E 0 �  ��0.900 V
find E 0 at 25�qC for Cr 3����aq�� �� 3e �o  Cr��s��.

(a) ��0.74 V (b) ��0.74 V (c) ��1.324 V (d) ��0.476 V

35. Calculate the emf of the following cell at 25�qC.
 Ag��s��|A gNO3��0.01 mol kg ��1�� �_�_ AgNO 3��0.05 mol kg ��1��|Ag ��s��

(a) ��0.414 V (b) 0.828 V
(c) 0.414 V (d) 0.0414 V

36. Consider the given data.
Half-cell reaction                      Standard reduction
                                   potential, E 0 (volts)

1. Cr2O7
 2�� �� 14H �� �� 6e S  2Cr 3�� �� 7H2O           1.33

2. Cr 3�� �� 3e S  Cr��s��                        ��0.74

3. Cu �� �� e S  Cu��s��                          0.52

4. Cu 2�� �� 2e S  Cu��s��                         0.34
The numerical value of the standard cell potential for the reaction
         2Cr 3�� �� 3Cu 2����aq�� S  2Cr 3����aq�� �� 3Cu��s��
is

(a) ��1.08 V (b) ��0.40 V (c) 1.08 V (d) 0.34 V

37. For the electrochemical cell

          Ag
� 

 �_ AgCl ��s��, KCl��aq�� �_�_ AgNO3��aq�� �_ Ag
�†

the overall cell reaction is

(a) Ag �� �� KCl��aq��  �•�o   AgCl ��s�� �� K ��

(b) Ag��s�� �� AgCl ��s��  �•�o   2Ag��s�� �� 
1
2
 Cl2��g��
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(c) AgCl ��s��  �•�o   Ag �� �� Cl ��

(d) Ag  �� �� Cl ��  �•�o   AgCl ��s��

38. When �' G �  ��100 kJ mol ��1 and n �  1, the potential of the cell is
(a) 2 V (b) 1 V (c) 10 V (d) 5 V

39. Given the half-cell reactions

 (i) Fe 2����aq�� �� 2e  �•�o   Fe��s��;  E 0 �  ��0.44 V

(ii) 2H  ����aq�� �� 
1
2

 O2��g�� �� 2e  �•�o   H2O��l��;  E 0 �  ��1.23 V

E 0 for the reaction

       Fe��s�� �� 2H �� �� 
1
2
 O2��g��  �•�o   Fe 2����aq�� �� H2O��l��

is

(a) ��1.67 V (b) ��1.67 V (c) ��0.77 V (d) ��0.77 V

40. Given the half-cell reactions
        Cu ����aq�� �� e  �•�o   Cu��s��,  E 0 �  ��0.52 V
        Cu 2����aq�� �� e  �•�o   Cu ����aq��,  E 0 �  ��0.16 V
the equilibrium constant for th e disproportionation reaction
2Cu ����aq��  �•�o   Cu��s�� �� Cu 2����aq�� at 298 K is

(a) 6 �u 10 4 (b) 6 �u 10 6

(c) 1.2 �u 10 6 (d) 1.2 �u 10 ��6

41. Which of the following statements are incorrect for an electrode
concentration cell?

(a) The emf is usually small.

(b) The emf of the cell decreases continually during its operation as
the concentrations in the two compartments approach each other.

(c) When the concentrations of the ions in the two compartments are
the same, E(emf of cell) becomes zero.

(d) When the concentrations of the ions in the two compartments are
the same, E 0 of the cell becomes zero.

42. Which of the following statements is incorrect?
(a) E 0 changes sign whenever a half-cell reaction is reversed.

(b) Changing the stoichiometric coefficients of a half-cell reaction
does not affect the value of E 0 because electrode potential is an
intensive property.

(c) The half-cell reactions are reversible.

(d) Changing the stoichiometric coefficients of  a half-cell reaction
does affect the value of E 0 because electrode potential is an
extensive property.
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43. The following concentratio n cell is a step-up cell.
  Zn��s�� �_ Zn 2����aq, 0.20 M�� �_ KCl��sat’d�� �_ Zn 2����aq, 2.0 M�� �_ Zn��s��
Choose the correct option.

(a) Zn 2�� reacts with Cl �� to form ZnCl 2.

(b) Zn(s) reacts with K(s) to form an intermetallic compound.

(c) Reduction occurs in the more concentrated compartment and
oxidation takes place in the more dilute, according to Le
Chatelier’s principles

(d) Oxidation takes place in the more concentrated compartment and
reduction in the more dilute, follo wing Le Chatelier’s principles.

44. A quantity of 0.300 g of Cu was deposited from a CuSO4 solution by
passing a current of 3.00 A through it for 304 s. The value of the faraday
constant is

(a) 9.66 �u 10 4 C (b) 9.66 �u 10 3 C

(c) 9.66 �u 10 5 C (d) 9.66 �u 10 2 C

45. A solution containing H  �� and D �� ions is in equilibrium with a mixture of
H2 and D2 gases at 25�qC. If the partial pressures of both the gases are
1.0 atm, calculate the ratio
             [D ��]/[H  ��] ��ED ��/D

 0  �  ��0.003 V��.
(a) 1.2 (b) 1.1

(c) 0.11 (d) 1.0

46. A galvanic cell is constructed as follows. A half-cell consists of a
platinum wire immersed in a solution containing 1.0 M of Sn  �� and 1.0 M
of Sn 4��, and another half-cell has a thallium rod immersed in a 1.0 M
solution of Tl  ��.
Given Sn 4����aq�� ��2e  �•�o   Sn 2����aq��;  E 0 �  ��0.13 V
and   Tl 4����aq�� �� e  �•�o   Tl��s��;  E 0 �  ��0.34 V,
what is the cell voltage if the Tl  �� concentration is increased tenfold?

(a) 0.411 V (b) 4.101 V (c) 0.492 V (d) 0.222 V

47. The cell formed by the two-redox couple ox 1/red 1 and ox2/red 2 may be
denoted by
                 red1, ox1 �_�_ red2, ox2.
The cell reaction is

(a) red1 �� ox1  �•�o   red2 �� ox2 (b) red2 �� ox2  �•�o   red1 �� ox1

(c) red1 �� ox2  �•�o   ox1 �� red2 (d) red1 �� red2  �•�o   ox1 �� ox2

48. Given the cell reactions
         AgCl��s�� �� e  �•�o   Ag��s�� �� Cl ����aq��;  E 0 �  ��0.22 V
and       Ag ����aq�� �� e  �•�o   Ag��s��;  E 0 �  ��0.80 V
the solubility product of AgCl(s) at 298 K is
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(a) 1.6 �u 10 ��18 (b) 1.6 �u 10 ��5

(c) 1.6 �u 10 ��12 (d) 1.6 �u 10 ��10

49. For the half-cell reaction

             H ����aq�� �� e  �•�o   
1
2

 H2��g��
1 atm

(a) E��H ��/H 2�� �  ��59.2 mV �u pH

(b) E 0��H  ��/H 2�� �  ��59.2 mV �u pH

(c) E 0��H  ��/H 2�� �  pH log[H  ��]

(d) E��H ��/H 2�� �  ��pH log[H  ��]

50. In an H2-O2 fuel cell,

(a) the cell reaction is 2H2O��l��  �•�o   2H2��g�� �� O2��g��

(b) the cell reaction is 2H2��g�� �� O2��g��  �•�o   2H2O��l��

(c) the cell voltage is 2.0 V

(d) chemical energy is stored

51. The unit of ionic mobility is

(a) m ��2V ��1s ��1 (b) m 2V ��1s ��1

(c) m ��2V s ��1 (d) m 2V ��2s ��1

52. Drift speed of an ion is directly proportional to
(a) the strength of the applied field

(b) the strength of the applied fi eld and the charge on the ion

(c) the strength of the applied field, the viscosity and the charge on the ion

(d) the cell constant of the conductivity cell

53. Which of the following statements is incorrect?
(a) Specific conductance of an electrolytic solution decreases with

dilution

(b) Conductance of an electrolytic solution increases with dilution

(c) Equivalent conductance of an electrolytic solution increases with
dilution

(d) Conductance of an electrolytic solution decreases with dilution

54. Which of the following compounds shows maximum valu e of equivalent
conductance in a fused state?

(a) MgCl2 (b) BeCl2 (c) CaCl2 (d) SrCl2

55. Kohlrausch given the following relation for strong electrolyte
                   �/  �  �/ 0 �� B�—C.
Which of the following equality holds?
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(a) �/  �  �/ 0 as c �o  1 (b) �/  �  �/ 0 as c �o  0

(c) �/  �  �/ 0 as c �o  �f (d) �/  �  �/ 0 as c �o  �—B

56. Which of the following statements is incorrect?

(a) There is no corelation between ionic size and conductance.

(b) Ions of normal fatty acids and ionic conductance attain a constant
value.

(c) The ionic conductivity at infinite dilution is the highest for H  �� ion.

(d) The ionic conductivity of OH  �� ion at infinite dilution is greater
than that of H  �� ion.

57. The ionic conductance at an infinite dilution is related to

(a) the speed of the ions which move under the influence of an
applied potential gradient

(b) the conductance ratio and the concentration of the solution

(c) equivalent and molar conductance

(d) weak van der Waals forces

58. Which of the following is arranged  in order of increasing ionic
conducrtance?

(a) NH 4
 �� �� Ag �� �� Na �� �� Li  �� (b) Na �� �� NH 4

 �� �� Ag �� �� Li  ��

(c) Li �� �� Na �� �� Ag �� �� NH 4
 �� (d) Ag  �� �� Li  �� �� Na �� �� NH 4

 ��

59. Which of the following compounds of  0.1 N concentration has smallest
�/ 0?

(a) NaCl (b) NiSO4

(c) CaCl2 (d) Na2SO4

60. If �U is the resistance in ohm of a centimeter cube, generally called the
specific resistance of the substance constituting the conductor, the
resistance r of the layer containing “a” cubes is given by

(a)
1
r  �  1�U �� 

1
�U �� �} (b)

1
r  �  1

�Ua �� 
1
�Ua �� �}

(c) r �  a/�U (d) r �  �U �� �U �� �}

61. A graph was plotted between the equivalent conductance of various
electrolytes (CH3COOH, Ni SO4 and HCl) and their concentrations in
equivalents per litre.
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which of the followings represents the correct setting?

(a) I ��NiSO4��,  II ��CH3COOH��,  III ��HCl��

(b) I ��HCl ��,  II ��NiSO4��,  III ��CH3COOH��

(c) I ��CH3COOH��,  II ��HCl ��,  III ��NiSO4��

(d) I  ��HCl��,  II ��CH3COOH��,  III ��NiSO4��

62. Which of the following statements is incorrect?

(a) Increase in temperature increases the equivalent conductance.

(b) Conductance ratio decreases with increase in temperature.

(c) The solvent with low dielect ric constant and the equivalent
conductance decrease with increase in concentration.

(d) The solvent with high dielect ric constant and the equivalent
conductance decrease with increase in concentration.

63. The expression �D �  �/ /�/ 0 will not hold good for the electrolyte
(a) HOCN (b) H 2SO4

(c) CH3CH2OH (d) CH 3CO2H

64. The mathematical expression for law of independent migration of ions
and Ostwald’s dilution law are given by

(a) �/  �  �/ m
0  �� BC 1/2 (b) �/ 0 �  F��U�� �� U����

(c) �/ m
0  �  �Q�� �O�� �� �Q�� �O1 (d)

�/ 0

�/ m

 �  1
�/ m

0  �� 
�/ mc

Ka���/m
0 �� 2

65. The conductance of a solution of an electrolyte is equal to that of its
specific conductance. The cell constant of the conductivity cell is equal to

(a) resistance (b) faraday

(c) zero (d) unity

��

��

��

���

���

�	�� �	�� �	�� �	�
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66. The equivalent conductance of an acetic acid solution of concentration
0.01 M is 1.65 m S m 2 mol ��1 at 298 K. The dissociation constant of acetic
acid at this temperature is (given, �/ 0 �  39.0 m S m 2 mol ��1)

(a) 1.8 �u 10 ��4 (b) 4.0 �u 10 ��10 (c) 1.8 �u 10 ��5 (d) 1.8 �u 10 ��6

67. The ionic mobility of H  �� ions are much higher than the other ions. These
high values are the results of hydrogen bonding. In water, the proton is
hydrated and its movement  can be represented as

68. In the equation �/  �  �/ m
0  �� Bc 1/2, the constant B depends upon

(a) c 1/2 (b) stoichiometry of the electrolyte
(c) resistance (d) specific conductivity

69. Which of the following is arranged in  increasing order of ionic mobility?

(a) I �� �� Br �� �� Cl �� �� F �� (b) F �� �� Cl �� �� Br �� �� I ��

(c) F �� �� I �� �� Cl �� �� Br �� (d) F �� �� Cl �� �� I �� �� Br ��

70. Ionic mobility principle (utilized fo r purifying and identifying proteins)
is based on

(a) electroosmosis (b) electrophoresis

(c) electrolysis (d) isoelectronic point

71. If the voltage across the electrode is 1 V, then c���O0
 �� �� �O0

 ���� represents the
(a) current (b) molar conductance

(c) conductance (d) ionic mobility

O     H ····· O     H ·····  O              O ····· H     O ····· H     O

H

H
+

H

H

H

H H H
+

H

H
(a)

O     H ····· O     H ·····  O             O ····· H     O ····· H     O

H

H

H

H

H

H H H
+

H

H
+ + +

(b)

O     H ····· O     H ·····  O               O ····· H     O ····· H     O

H

H

H

H

H

H H H
+

H

H
+ ––

(c)

O     H ····· O     H ·····  O             O ····· H     O ····· H     O

H

H

H

H

H

H H H

H

H

(d)
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72. The specific conductance ���N�� is given by

(a) ���O0
 �� �� �O0

 ���� (b) Vc���O0
 �� �� �O0

 ����

(c) c���O0
 �� �� �O0

 ���� (d) F��u�� �� u����

73. The specific conductance of a saturated AgCl solution is found to be
1.86 �u 10 ��6 S cm ��1 and that for water is 6.0 �u 10 ��8 S cm ��1. The solubility of
AgCl is                              (�/ 0 �  137.2 S equiv ��1 cm 2)

(a) 1.7 �u 10 ��3 mol L  ��1 (b) 1.3 �u 10 ��5 mol L  ��1

(c) 1.3 �u 10 ��4 mol L  ��1 (d) 1.3 �u 10 ��6 mol L  ��1

74. Which of the following solutions of  KCl will have the highest value of
specific conductance?

(a) 0.01 M (b) 0.1 M (c) 1.0 M (d) 0.5 M

75. The variation of equivalent conductance of a weak electrolyte with
(concentration) 1/ 2 is represented as

76. The equivalent conductance of strong electrolyte increases with dilution
because of

(a) intermolecular intera ction between the ions

(b) increase in number of ions per unit volume

(c) increase in degree of dissociation

(d) lower enthalpy of hydration

77. The ionic mobility of ions at infi nite dilution is related to ionic
conductance by

(a) �/ 0 �  F�N (b) �/ 0F �  U�� �� U��

(c) �/ 0 �  U�� �� U�� (d) �/ 0 �  F��U�� �� U����

�

(a)

�

(b)

�

(c)

�

(d)
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78. The increase in equivalent conductance of a weak electrolyte with
dilution is due to

(a) increase in degree of dissociation and decrease in ionic mobility

(b) decrease in degree of dissociation and decrease in ionic mobility

(c) increase in degree of dissociatin and increase in ionic mobility

(d) decrease in degree of dissociation and increase in ionic mobility

79. The variation of equivalent conductance of strong electrolyte with
(concentration) 1/ 2 is represented by

80. The relation among conductance ���N��, specific conductance ��G�� and cell
constant ��l/A�� is

(a) G �  �N l
A (b) G �  �N Al (c) G�N �  l

A (d) G �  �NAl

81. During conductivity measurement (based on Wheatstone bridge
principle) using conductivity cell,  alternating current (AC) is used
because a direct current would lead to

(a) association and ionization

(b) electrolysis and polarization

(c) polymerization and polarization

(d) polarization

82. During conductivity measurement we use platinized platinum
electrodes which

(a) catalyze the union of hydrogen and oxygen which tend to be
liberated by the successive pulses of the current

(b) eliminates the polarization of emf

(c) both (a) and (b)

(d) none of these

�

(a)

�

(b)

�

(c)

�

(d)
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83. The value of molar conductance of HCl is greater than that of NaCl at a
given temperature and concentration because

(a) ionic mobility of HCl is greater than that of NaCl

(b) the dipole moment of NaCl is greater than that of HCl

(c) NaCl is more ionic than HCl

(d) HCl is Bronsted acid and NaCl is  a salt of a strong acid and strong
base

84. Which of the following statements is correct?
(a) The conductivity of a solution decreases with increasing viscosity

and ion size.

(b) Molar conductivities of the alkali metal ions decrease from Li  �� to
Cs ��

(c) Stokes formula is given by f �  6�S�KGa

(d) According to the Grotthuss mechan ism, there is an effective
motion of a proton and neutron that involves the rearrangement
of bonds in a group of water moelcules.

85. Aniline hydrochloride ��C6H5NH 3Cl�� is a salt of a weak base and strong
acid. The hydrolysis equilibria

Kh �  
h 2c

��1 �� h��
 �˜

On the basis of conductivity, h is given by

(a) h �  
�/  �� �/ 1

�/ 2 �� �/
(b) h �  

�/  �� �/ 1

�/ 2 �� �/ 1

(c) h �  
�/ 2 �� �/ 1

�/
(d) h �  

�/  �� �/ 1

�/ 2 �� �/ 1

Where �/ , �/ 1, �/ 2 are equivalent conductance of hydrolysed salt,
unhydrolysed salt and HCl respectively, Kh �  hydrolysis constant,
c �  concentration of C6H5NH3Cl and h �  degree of hydrolysis.

�x Type 2 �x

Choose the correct options. More than one option is correct.

86. Which of the following statements  is correct for ionic mobility?
(a) It depends upon the voltage across the electrodes.

(b) Lower the voltage, higher is the velocity.

(c) Ionic velocity per unit electr ic field strength is constant.

(d) All of these.
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87. Which of the following units is correctly matched?
(a) SI units of conductivity ��k�� �o  siemens per metre (S m ��1)

(b) SI units of molar conductivity �o  siemens squared per mol (S m 2

mol  ��1)

(c) SI unit of ionic mobility �o  m V ��1s ��1

(d) All of these

88. According to Grotthuss model
(a) there is no coordinated motion of a proton along a chain of water

molecules.

(b) there is a rapid hopping between neighbouring sites of water
molecules.

(c) the system H ����H2O��4 has low activation energy

(d) none of these

89. Oxygen and hydrogen gas are produced at the anode and cathode
during the electrolysis of dilute aqueous solutions of

(a) Na2SO4 (b) AgNO 3

(c) H2SO4 (d) NaOH

90. Which of the following statements are correct?
(a) The electrolysis of aqueous NaCl produces hydrogen gas at the

cathode and chlorine gas at the anode.

(b) The electrolysis of a dilute solution of sodium fluoride produces
oxygen gas at the anode and hydrogen gas at the cathode.

(c) The electrolysis of concentrated sulphuric acid produces SO2 gas
at the anode and O2 gas at the cathode.

(d) After the electrolysis of aqueous sodium sulphate, the solution
becomes acidic.

91. Which of the following cell reactions correctly represent the electrolysis
of water?

(a) 2H �� �� 2e �o  H2��g�� (b) 2H2O �� 2e �o  H2��g�� �� 2��OH ����

(c) 4��OH ���� �o  2H2O �� O2��g�� �� 4e (d) 2H2O �o  O2��g�� �� 4H �� �� 4e

92. Which of the following statements are correct?
(a) The electrolysis of concentrated H2SO4 at 0–5�qC using a Pt

electrode produces H2S2O8.

(b) The electrolysis of a brine solution produces NaClO3 and NaClO.

(c) The electrolysis of a CuSO4 solution using Pt electrodes causes the
liberation of O 2 at the anode and the deposition of copper at the
cathode.

(d) All electrolytic reactions are redox reactions.
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93. How much charge must be supplied to a cell for the electrolytic
production of 245 g NaClO 4 from NaClO 3? Because of a side reaction, the
anode efficiency for the desired reaction is 60%.

(a) 6.43 �u 10 5 C (b) 6.67 F

(c) 6.43 �u 10 6 C (d) 66.67 F

94. In an electrochemical process, a salt bridge is used

(a) to maintain electroneutrality in each solution

(b) to complete the circuit so that current can flow

(c) as an oxidizing agent

(d) as a colour indicator

95. Consider the cell
         Cd��s��|Cd  2����1.0 M�� �_�_ Cu 2����1.0 M��| Cu��s��
If we wish to make a cell with a more positive voltage using the same
substances, we should

(a) increase [Cd 2��] as well as [Cu 2��] to 2.0 M

(b) reduce only [Cd  2��] to 0.1 M

(c) increase only [Cu 2��] to 2.0 M

(d) decrease [Cd 2��] as well as [Cu 2��] to 0.1 M

96. A concentration cell is a galvanic cell in which

(a) the electrode material and the solutions in both half-cells are
composed of the same substances

(b) only the concentrations of the two solutions differ

(c) �' Ecell
 0  �  0

(d) the Nernst equation reduces to �' Ecell �  �� 
�§
�¨
�©

0.0592
n

�·
�¸
�¹
 log Q at 25�qC

97. Which of the following statements are correct?

(a) A reaction is spontaneous from left to right if Keq �! Q, in which
case �' Ecell �! 0.

(b) A reaction occurs from right to left if Keq �� Q, in which case
�'Ecell �� 0.

(c) If the system is at equilibrium, no net reaction occurs.

(d) �' Ecell is temperature-independent.

98. Which of the following are concentration cells?

��a�� Pt, H2��g��
p1

 �_ HCl �_
��m��

 H2��g��, Pt
p2

��b�� Cd, ��Hg��
a1

 �_ Cd 2�� �_
��m��

 ��Hg��,
a2

 Cd
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��c�� Zn��s�� �_ Zn 2�� 
m1

�_�_ Cu 2�� �_
m2

 Cu

��d�� Ag��s��, AgCl ��s�� �_ HCl
m

 �_�_ HCl �_
m

 AgCl ��s��, Ag��s��

99. Pb(s) �_  PbSO4  �_�_   PbI2   �_ Pb(s)

                
saturated
solution      

saturated
solution

Which of the following expressions re present the emf of the above cell at

25�qC?

(a) E �  0.0592
2

 log 
��aPb

 2����2
��aPb

 2����1

(b) E �  0.0592
2

 log 
��aPb

 2����1
��aPb

 2����2

(c) E �  0.0592
2

 log 
[Ksp��PbI2��]

 1�e3

[Ksp��PbSO 

4��]
 1�e2

(d) E �  0.0592
2

 log 
Ksp��PbI2��

Ksp��PbSO4��

100. Which of the following represent electrodes of the second kind?

(a) Ag��s�� �_ AgCl ��s��, Cl �� (b) Cu��s�� �_ CuSO4��aq��, SO4
 2��

(c) Hg��l�� �_ Hg2Cl2��s��, Cl �� (d) Pb��s�� �_ PbSO4��s��, SO4
 2��

Answers

 1. c  2. d  3. b  4. c  5. d
 6. b  7. a  8. d  9. d 10. a
11. a 12. b 13. b 14. c 15. d
16. a 17. b 18. c 19. c 20. b
21. d 22. c 23. a 24. a 25. a
26. b 27. a 28. d 29. b 30. c
31. a 32. c 33. a 34. a 35. a
36. c 37. d 38. b 39. a 40. c
41. c 42. d 43. c 44. a 45. b
46. a 47. c 48. d 49. a 50. b
51. b 52. a 53. d 54. b 55. b
56. d 57. a 58. c 59. b 60. a
61. b 62. d 63. b 64. c 65. d
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66. c 67. a 68. b 69. d  70. b
71. a 72. c 73. b 74. c  75. a
76. b 77. d 78. c 79. a  80. b
81. b 82. c 83. a 84. a  85. b
86. a, c 87. a, b 88. a, b, c 89. a, b, c, d  90. a, b
91. b, c 92. a, b, c, d 93. a, b 94. a, b  95. b, c
96. a, b, c, d 97. a, b, c 98. a, b, d 99. a, c 100. a, c, d

Hints to More Difficult Problems

1. K2SO4 is a salt of a strong acid and strong base. So the electrolysis of
K2SO4��aq�� is the electrolysis of water.

4. BrO3
 �� �� 6H �� �� 6e  �•�o   Br �� �� 3H2O

7. Energy �  0.1 �u 150 �u 100 J �  1.5 kJ.

10. 1 equivalent �  11200 mL mol ��2 �{ 1 F mol ��1 �  96500 C mol ��1.
As we know Q �  nF where n �  no. of moles.

Q �  
1 mL

11200 mL mol ��1
 �u 96500 C mol ��1

  �  8.6 C.

13. After electrolysis aqueous NaCl is converted into aqueous NaOH.
The quantity of electricity passed

�  
0.250 �u 35 �u 60

96500 C
 A s �  5.44 �u 10 ��3 F

The number of equivalents of OH  �� ion formed

�  5.44 �u 10 ��3.

�? Molarity of NaOH  �  5.44 �u 10 ��3

0.400 L
 eq.

                  �  1.36 �u 10 ��2.
pOH �  ��log��1.36 �u 10 ��2�� �  2.00 �� 0.13 �  1.87.

�? pH �  12.13.

16. W �  
A
nF

 It   or �U �u V �  
A
nF

 Q.

Q �  
�U �u area �u thickness

A
 �u nF

  �  
8.94 �u 10 �u 10 �u 10 ��2 �u 2 �u 96500

63.6
 �  2.7 �u 10 4 C.
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 18. 2H2O  �•�o   2H2��g��
2x

 �� O2��g��
x

3x �  168.
 x �  56 mL.
VH2

 �  2x �  112 mL.
VO2

 �  x �  56 mL.
11200 mL of H2 at stp �{ 1 F.
112 mL of H2 at stp �{ 0.01 F.
5600 mL of O2 at stp �{ 1 F.
56 mL of O2 at stp �{ 0.01 F.
Amount of electricity passed �  0.01 F �  0.01 �u 96500 �  965 C.
We get identical results whether we consider H2 or O2.

20. The cell is represented as

           Mg
��

��s�� �_ Mg 2�� �_�_ Cu 2�� �_ Cu
��

��s��
E 0 �  ECu 2�� 0  �_ Cu �� EMg 2��

 0  �_ Mg
  �  0.34 �� ����2.37�� �  2.71 V.

28. The cell reaction is
     Zn��s��  �•�o   Zn 2����0.01�� M
     [Ag ����1.25 M�� �� e  �•�o   Ag��s��] �u 2

   Zn��s�� �� 2Ag ����1.25�� M �o  Zn 2����0.01 M�� �� 2Ag��s��

Q �  [Zn  2��]

[Ag  ��] 2
 �  0.01

��1.25�� 2
 �  6.4 �u 10 ��3.

29. �' G 0 �  ��nE 0F �  ��RT ln Keq

�Ÿ ln Keq �  
nE 0F
RT

 �  
nE 0

RT/F
 �˜

log Keq �  
nE 0

2.303 RT
F

 �  nE 0

0.0592
 (at 25�qC)

      �  
2 �u 1.20
0.0592

 �  40.5.

31. For the cell reaction

             Ag��s�� �� 1
2

 Cl2��g��  �•�o   AgCl��s��

E 0 �  ��1.14 V

or E �  E 0 �� 
0.0592

1
 log [Cl2]

 1�e2.

In standard conditions, p Cl2
 �  1.

�?  log[Cl2]
 1�e2 �  0.

1-216 Chemistry MCQ



Useful work �  ��Wmax �  �' G �  ��nEF
          �  ����1�� �u ����1.14�� �u 96500 �u 10 ��3 kJ mol ��1

          �  110 kJ mol ��1.

34. Adding the first two reactions, we ge t the third equation and using the
free-energy concept, we have

�' G1
 0 �� �' G2

 0 �  �' G3
 0 (n �  no. of electrons involved).

��n1E1
 0F �� n2E2

 0F �  ��n3E3
 0F.

E3
 0 �  

n1E1
 0 �� n2E2

 0

n3
 �  

1 �u ����0.424�� �� 2 �u ����0.900��
3

      �  ��0.741 V.

35. It is a concentration cell. The emf of a concentration cell is

E �  ��0.0592 log 
C1

C2
 at 25�qC and n �  1

     �  ��0.0592 log 
0.01
0.05

 �  ��0.414 V.

39. Equation (ii) �� equation (i) �  1.67 V

40. E 0 �  0.52 �� 0.16 �  0.36 V.

log Keq �  
nE 0

0.0592
 �  

1 �u 0.36
0.0592

 �  6.081.

�? Keq �  1.20 �u 10 6.

46. The cell is represented as
          ��0.34 M                         ��0.13 M

       Tl��s�� �_ Tl ����1.0 M�� �_ �_ Sn 4����1.0 M��, Sn 2����1.0 M�� �_ Pt
The cell reaction is Tl(s) �•�o  Tl �� �� e �u 2

Sn 4�� �� 2e �•�o  Sn 2��

Overall reaction 2Tl��s�� �� Sn 4�� �•�o  2Tl �� �� Sn 2��

E �  ��ERight
 0  �� ELeft

 0 �� �� 
0.0592

2
 log 

[Tl  ��] 2[Sn 2��]
[Sn 4��]

      �  0.47 V �� 0.0296 log ��10�� 2   [Tl �� concentration increases tenfold]

      �  0.47 �� 0.0592 �  0.411 V.

 48. log Ksp �  
nE 0

0.0592

      �  
1 �u ����0.58��

0.0592
 �  ��9.797 �  10

�B�B
.203 (here E 0 �  ��0.58 V and n �  1).

�? Ksp �  1.6 �u 10 ��10.
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 49. EH
 ��

/ H2
 �  EH

 ��
/H 2

 0  �� 
0.0592

1
 log 

p
H2

 
1
2

[H  ��]

      �  0 �� 0.0592 log [H ��] �  ��0.0592 pH

      �  ��59.2 mV �u pH.

51. Ionic velocity is in ms  ��1 and electric field strength is V m  ��1, so ionic
mobility is (m s  ��1)/V m  ��1 or m 2 s ��1V ��1

54. BeCl2 is covalent

56. Smallest ion possesses maximum mobility

58. Water molecules carries in its hydration sphere based on Stokes formula

59. Bi-bivalent nature

61. Uni-univalent strong electrolyte

64. H2SO4 is a strong electrolyte

67. K �  
c�/  2

�/ 0���/0 �� �/��

�/  �  1.65 m S m 2mol  ��1, c �  0.01 M   �/ 0 �  39.05 m S m 2mol  ��1

72. Electrical property of colloids

73. I �  
V
R �  VG �  

V�NA
l  �  V�N �  Vc���O0

�� �� �O0
����

75. S(Solubility) �  
1000���NAgcl �� �NH2O

��

�/ 0

 �  1000��1.86 �u 10 ��6 �� 6.0 �u 10 ��8��
137.2

          �  1.3 �u 10 ��5 mol L  ��1

79. F��U�� �� U����c �  G�N �  c���O0
�� �� �O0

����
F��U�� �� U���� �  �O0

�� �� �O0
�� �  �/ 0

84. Large surface area of the finely divided platinum.

93. ClO4
 �� �� 2H �� �� 2e  �•�o   ClO3

 �� �� H2O

Eq. wt. of NaClO4 �  
23 �� 35 �� 64

2
 �  61.25.

No. of equivalents of NaCl O4 �  
245

61.25
 �  4 �{ 4.0 F.

The anode efficiency is 60%.

No. of faradays �  
4.0
60

 �u 100 �  6.67 F.

6.67 F �  6.67 �u 9.65 �u 10 4 C �  6.43 �u 10 5 C.

�T
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Colligative Properties of Solutions

�x Type 1 �x

Choose the correct option. Only one option is correct.

1. The relative lowering of the vapour pressure of an aqueous solution
containing a nonvolatile solute is 0.0125. The molality of the solution is

(a) 0.70 (b) 0.50

(c) 0.80 (d) 0.40

2. The vapour pressure of a deliquescent substance is
(a) equal to the atmospheric pressure

(b) equal to that of the water vapour in air

(c) greater than that of the water vapour in air

(d) less than that of the water vapour in air

3. Which of the following aqueous solu tions has the highest boiling point?
(a) 0.1 M KNO3 (b) 0.1 M Na3PO4

(c) 0.1 M BaCl2 (d) 0.1 M K2SO4

4. Which of the following has been arrang ed in order of decreasing freezing
point?

(a) 0.05 M KNO3 > 0.04 M CaCl2 > 0.140 M sugar
                       > 0.075 M CuSO4

(b) 0.04 M BaCl2 > 0.140 M sucrose > 0.075 M CuSO4
                        > 0.05 M KNO3

(c) 0.075 M CuSO4 > 0.140 M sucrose > 0.04 M BaCl2
                          > 0.05 M KNO3

(d) 0.075 M CuSO4 > 0.05 M NaNO3 > 0.140 M sucrose
                         > 0.04 M BaCl2
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5. Among the following, the solution which shows the highest osmotic
pressure is

(a) 0.05 M NaCl (b) 0.10 M BaCl2
(c) 0.05 M FeCl3 (d) 0.05 M Na2SO4

6. The osmotic pressures of equimolar solutions of BaCl2, NaCl and
C12H22O11 will be in the order

(a) NaCl > C12H22O11 > BaCl2
(b) BaCl2 > NaCl > C12H22O11

(c) NaCl > BaCl2 > C12H22O11

(d) C12H22O11 > NaCl >BaCl2

7. 10 g of glucose (�S1), 10 g of urea (�S2) and 10 g of sucrose (�S3) are dissolved
in 250 mL of water at 300 K (�S �  osmotic pressure of solution). The
relationship between the osmoti c pressures of the solutions is

(a) �S1 �! �S2 �! �S3 (b) �S3 �! �S1 �! �S2

(c) �S2 �! �S1 �! �S3 (d) �S2 �! �S3 �! �S1

8. When mercuric iodide is added to an aqueous solution of KI, the
(a) freezing point is raised

(b) freezing point is lowered

(c) boiling point does not change

(d) freezing point does not change

9. Which of the following pairs of solutions can be expected to be isotonic at
the same temperature?

(a) 0.1 M urea and 0.1 M NaCl

(b) 0.1 M urea and 0.2 M MgCl2
(c) 0.1 M NaCl and 0.1 M Na2SO4

(d) 0.1 M Ca(NO3)2 and 0.1 M Na2SO4

10. If a solute undergoes dimerizatio n and trimerization, the minimum
values of the van’t Hoff factors are

(a) 0.50 and 1.50 (b) 1.50 and 1.33

(c) 0.50 and 0.33 (d) 0.25 and 0.67

 11. At 323 K, the vapour pressure in millimetres of mercury of a
methanol-ethanol solution is represented by the equation

p �  120XA �� 140, where XA is the mole fraction of methanol. Then the

value of  lim
XA �o  1

    
pA

XA
 is

(a) 120 mm (b) 140 mm

(c) 260 mm (d) 20 mm
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12. The van’t Hoff factors i for an electrolyte which undergoes dissociation
and association in solvents are respectively

(a) greater than 1 and greater than 1

(b) less than 1 and greater than 1

(c) less than 1 and less than 1

(d) greater than 1 and less than 1

13. A compound X undergoes tetramerization in a given organic solvent.
The van’t Hoff factor i is

(a) 4.0 (b) 0.25 (c) 0.125 (d) 2.0

14. A solution containing 0.8716 mol L  ��1 of sucrose at 298 K is iso-osmotic
with a solution of sodium ch loride containing 0.5 mol L  ��1 of NaCl. The
degree of dissociation of NaCl is

(a) 0.743 (b) 0.894

(c) 0.876 (d) 0.943

15. Calculate the ebullioscopic constant for water. The heat of vaporization is
40.685 kJ mol ��1.

(a) 0.512 K kg mol ��1 (b) 1.86 K kg mol ��1

(c) 5.12 K kg mol ��1 (d) 3.56 K kg mol ��1

16. Calculate the molecular weight of a substance if the freezing point of a
solution containing 100 g of benzene and 0.2 g of the substance is
0.17 K below that of benzene. The cryoscopic constant of benzene is
5.16 K kg mol ��1.

(a) 70.46 (b) 85.66

(c) 60.23 (d) 178.25

17. An aqueous solution of NaCl freezes at ��0.186�qC. Given that
Kb

H2O �  0.512 K kg mol ��1 and Kf
H2O �  1.86 K kg mol ��1, the elevation in boiling

point of this solution is

(a) 0.0585 K (b) 0.0512 K

(c) 1.864 K (d) 0.0265 K

18. The decrease in the freezing point of an aqueous solution of a substance
is 1.395 K and that in the freezing point of a benzene solution of the same
substance is 1.280 K. Explain the difference in �' T. The substance

(a) dissociates in the aqueous solution as well as in the benzene
solution

(b) forms complexes in solution

(c) associates in the benzene solution

(d) dissociates in the aqueous solution and not in the benzene
solution
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19. Which of the following represents correctly the changes in
thermodynamic properties during the formation of 1 mol of an ideal
binary solution.

20. Which of the following statements is correct for a binary solution?

(a) A solution in which heat is ev olved exhibits positive deviations
from Raoult’s law.

(b) A solution in which heat is ab sorbed shows negative deviations
from Raoult’s law.

(c) When one component in solution shows negative deviation from
Raoult’s law, the other exhibits positive deviation.
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���
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� ���
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(d) When one component in solution shows positive deviation from
Raoult’s law, so does the other.

21. The normal boiling point of toluene is 110.7 �qC, and its boiling point
elevation constant is 3.32 K kg mol ��1. The enthalpy of vapourization of
toluene is nearly

(a) 17.0 kJ mol ��1 (b) 34.0 kJ mol ��1

(c) 51.0 kJ mol ��1 (d) 68.0 kJ mol ��1

22. Consider the following statements.
1. Isotonic solutions have the same molar concentration at a given

temperature.
2. The molal elevation constant Kb is characteristic of a solvent, and is

independent of the solute added.
3. The freezing point of a 0.1 M aqueous KCl solution is more than that

of a 0.1 M aqueous AlCl3 solution.
Which of these statements is correct.

(a) 1 and 2 (b) 2 and 3

(c) 1 and 3 (d) 1, 2, and 3

 
Choose the correct option.

(a) A represents vapour composition and B liquid composition.
(b) A as well as B prepresent liquid composition.
(c) Both A and B represent vapour composition
(d) A represents liquid composition and B vapour composition.

24. The phase diagrams for a pure solvent (represented by the solid line) and
a corresponding solution (contain ing a nonvolatile solute and
represented by the dashed lines) are shown below.
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94. Which of the following crystals have 6 : 6 coordination?
(a) NH4I (b) MgO

(c) MnO (d) ZnS

95. Which of the following crystals have 4 : 4 coordination?
(a) HgS (b) NH4F

(c) SiC (d) NaCl

96. The fluorite structure shows 8 : 4 coordination. Which of the following
solids have fluorite-like lattices?

(a) CaF2 (b) SrCl2
(c) BaF2 (d) ThO2

97. TiO2 (rutile) shows 6 : 3 coordination. Which of the following solids have
a rutile-like structure?

(a) MnO2 (b) ZnS

(c) KCl (d) SnO2

98. Which of the following structures have layered lattices?
(a) Cadmium iodide (b) Ice
(c) Graphite (d) Diamond

99. Which of the following crystals show 4 : 2 coordination?
(a) CaF2 (b) BeF2

(c) SiO2 (d) PbO2

100. The hcp and ccp structure for a given element would be expected to have
(a) the same coordination number
(b) the same density
(c) the same packing fraction
(d) all the above

101. In an NaCl structure, all the
(a) octahedral sites are occupied
(b) tetrahedral sites are unoccupied
(c) octahedral as well as the tetrahedral sites are occupied
(d) octahedral as well as the tetrahedral sites are unoccupied

102. Which of the following statements are correct for  the rock-salt structure?
(a) The tetrahedral sites are smaller than the octahedral sites.
(b) The octahedral sites are occupied by cations and the tetrahedral

sites are empty.
(c) The radius ratio is 0.732.
(d) The radius ratio is 0.999.
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Matrix-Matching-Type Questions (Mixed)

Matrix A

1. Expansion of gas to fill a cylinder (a) The work done is zero

2. EFe
2��

|Fe
�q  �  ��0.44 V and

E�q��O2 �� 4H�� �� 4e �  2H2O�� �  ��1.23 V

(b) A spontaneous process

3. Uniform mixing of Br 2 vapour
and N2 gas

(c) �' S �  ��R�6��xi ln xi��

4. N2O4��g�� S 2NO2��g�� (d) From colourless to brown

Matrix B

1. Minimum half-life period (a) Polonium-212

2. log �O �  A log E �� B is the
mathematical form of Geiger–
Nuttal rule

(b) Neutron decay

3. Beta negative decay (c) 4n, 4n �� 2 and 4n �� 3 series

4. Beta positive decay or electron
capture

(d) �' m �  mparent �� mdaughter �! 0

Matrix C

1. Transition between two atomic
energy levels

(a) X-rays

2. Electron emission from a material (b) Photoelectric effect
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3. Moseley’s law (c) Hydrogen spectrum

4. Change of photon energy into
kinetic energy of electrons

(d) �E-decay

Matrix D

1. Steam engine (a) Energy conversion

2. Galvanic cell (b) Redox reactions

3. Lead storage cell (c) A primary cell

4. Leclanché cell (d) A secondary cell

Matrix E

1. ��CH3��3CBr �� H2O �o (a) A pseudo-unimolecular reaction

2. HCOOH ��aq�� �� Br2��aq�� �o (b) A first-order reaction

3. H2��g�� ��I2��g�� �o  2HI��g�� (c) A fractional-order reaction

4. CH3CHO��g�� �o  CH4��g�� �� CO��g�� (d) A zero-order reaction

Matrix F

1. Zinc blende has a hexagonal
close-packed structure

(a) The crystal has a 6 : 6 coordination

2. Wurzite has a cubic close-packed
structure

(b) Space occupancy = 74%

3. The crystal having an fcc
structure and maintaining equal
numbers of cation and anion
vacancies

(c) The crystal has alternate
tetrahedral void

4. Anisotropic properties (d) The crystal has the coordination
number 4 and possesses Frenkel
defects

Matrix G

1. Lyophilic sol (a) Isoelectric point

2. Tyndall cone (b) Self-stabilized sol
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3. Process of converting a
suspension into a colloidal
solution by the addition of
electrolyte

(c) Coagulation

4. Precipitation of a colloidal
solution by the addition of
electrolyte

(d) Peptization

Matrix H

1. Depression of freezing point (a) The vapour pressure of a solution
is less than that of the pure
solvent

2. Elevation of boiling point (b) On ly solvent molecules solidify at
the freezing point

3. Elevation of freezing point (c) Addition of K 4[Fe��CN��6]

4. The van’t Hoff factor may be less
than or greater than one

(d) During complexation

Matrix I

1. Negative deviation from Raoult’s
law

(a) Benzene–methanol system

2. Positive deviation from Raoult’s
law

(b) Acetone–ethanol system

3. Minimum boiling azeotrope (c) Water–hydrochloric acid system

4. Maximum boiling azeotrope (d) �'Hmix �! 0 and �' Vmix �! 0

Matrix J

1. Change in Gibbs free energy (a) An extensive property

2. Enthalpy change (b) Efficiency of energy conversion

3. Entropy change (c) dwadd, max

4. dG (d) �' H �� nF 
�wE
�wT

�º
�»
�¼ p
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Matrix K

1. Equivalent conductivity of a weak
electrolyte at infinite dilution

(a) Kohlrausch’s law

2. Molar conductivity at infinite
dilution ���/m�q��

(b) �Q�� �O�� �� �Q�� �O��

3. Limiting molar conductivity (c) �/ m �� Kc1/2

4. Parameter which changes with
dilution

(d) Solubility product

Answers

          

          

       

�T

1

2

3

4

a b c d

Matrix A

1

2

3

4

a b c d

Matrix B

1

2

3

4

a b c d

Matrix C

1

2

3

4

a b c d

Matrix D

1

2

3

4

a b c d

Matrix E

1

2

3

4

a b c d

Matrix F

1

2

3

4

a b c d

Matrix G

1

2

3

4

a b c d

Matrix H

1

2

3

4

a b c d

Matrix I

1

2

3

4

a b c d

Matrix J

1

2

3

4

a b c d

Matrix K
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Comprehension-Type Questions

�z In thermodynamics, the work done by a gas when it expands against
a constant external pressure, pex, is equal to the area pex�' V. The work done by
a perfect gas when it expands reversibly and isothermally is equal to

�� nRT  �³ 
V1

V2
dV
V

 � ̃But due to irreversible expansion at the same final pressure, the

work done is equal to pex�' V. The work done is greater in reversible process
than in irreversible process. The internal energy thus produced in the system is
plotted against temperature at constant volume. The slope will be the heat
capacity. A similar graph can be plotted between enthalpy ��H�� and temperature
��T��. The internal energy during adiabatic process is CV�' T. In isothermal

process, p �v 1/V, and in adiabatic process, p �v 1/V �J �˜

1. The energy transferred as heat to a system at constant volume is equal to

(a) �' U (b) IVt (c) �' H (d) d��q �� d��w

2. From the graph,
(a) the heat capacity is lesser at B than at A

(b) Cp �� CV
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(c) the heat capacity is greater at B than at A

(d) the heat capacity at B is equal to that at A

3. Indicate the correct statement for ideal gases.
(a) Cp, m �� CV, m �  R

(b) The slope of the graph of enthalpy versus temperature is steeper
than that of the graph of inte rnal energy versus temperature

(c) The slope  of the graph of internal energy versus temperature is
steeper than that of the graph of enthalpy versus temperature

(d) Cp, m/CV, m �  �J �  
4
3

 for a gas with nonlinear polyatomic molecules

4. Which of the following is the correct expression for adiabatic process?
(a) PV�J �  constant (b) VT

CV, m/R
 �  constant

(c) �' U �  Wad (d) All of these

5. The molar heat capacity of water in equilibrium with ice at constant
pressure is

(a) zero (b) infinity ( �f )

(c) 40.45 kJ K��1 mol��1 (d) 75.48 J K��1 mol��1

6. In a given process on an ideal gas, dw �  0 and dq �� 0. Then, for the gas, the
(a) temperature will decrease (b) volume will increase

(c) pressure will remain constant (d) temperatue will increase

�z The colligative property of a solution is a property that depends only on the
number of solute particles present, not on their identity. An ideal solution is a
solution in which all components obey Raoult’s law (i.e., pA  �  xA pA�q)
throughout the composition range. The vapour pressure of a binary volatile
mixture is p �  pB�q �� ��pA�q �� pB�q� �xA . The composition of the vapour is given by
yA  �  xA pA

 �
/{pB
 �
 �� ��pA

 �
 �� pB
 �
��}xA  and yB �  1 �� yA . The total vapour pressure of a

mixture is p �  pA
 �
pB

 �
/pA
 �
 �� ��pB

 �
 �� pA
 �
��yA. Azeotrope is a mixture that boils

without change in composition. In colligative properties , the elevation of
boiling point is given by �' T �  Kbm and the depression of freezing point by
�' T �  Kf m. During dissociation of ionic electrolytes, the van’t Hoff factor equals

                     i �  1 �� ��n �� 1���D �  
M th

M obs
 �˜

During association of electolytes,

                     i �  1 �� �E �� 
�E
n �  

Mth

M obs
 �˜

Here �D and �E are the degrees of dissociation and association, respectively, of
electrolytes.

7. The vapour-phase compositions in two binary liquid mixtures follow
(a) Boyle’s law (b) Dalton’s law

(c) Raoult’s law (d) Henry’s law
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8. The mole fraction of a solute is 0.4. The relative lowering of vapour
pressure is

(a) 60% (b) 80% (c) 40% (d) 20%

9. The van’t Hoff factor is 3 for
(a) Na2SO4

(b) Al 2��SO4��3
(c) CaCl2 with 80% disociation

(d) K4[Fe��CN��6] with 50% dissociation

10. The most accurate method for the measurement of molar mass is
(a) osmotic pressure (b) ebullioscopy

(c) cryoscopy (d) Raoult’s law

11. The freezing point of a solution containing 0.2 g of acetic acid in 20.0 g
benzene is lowered by 0.45�qC. The degree of association of acetic acid is
(given that Kf for benzene is 5.12 K kg mol��1)

(a) 0.985 (b) 0.945 (c) 0.845 (d) 0.795

12. In a 0.2-molal aqueous solution of a weak acid HX, the degree of
ionization is 0.3. If Kf  for water is 1.86 K kg mol��1, the freezing point of
the solution is nearly equal to

(a) –0.480�qC (b) –3.56�qC (c) –0.260�qC (d) 0.48�qC

�z According to the nature of the fo rces which are holding the gaseous
molecular species over the surface of the solid, adsorption can be classified as
physisorption and chemisorption. In physisorption, the molecules are held by
van der Waals forces. This process has �' Hads�q  �  ��20 kJ mol��1; occurs at low
temperatures; is reversible, having almost zero activation energy; shows
multilayer phenomena; is a function of only the adsorbate; adsorption
increases with pressure. On the other hand, in chemisorption, the molecules
are held by strong chemical forces. This process has �' Hads�q  �  ��200 kJ mol��1;
occurs at high temperatures, having activation energy; shows unilayer
phenomena; is a function of both the adsorbate and adsorbent; adsorption
decreases with pressure.
Easily liquefiable gases and consequently larger cohesive force are more
easily adsorbed. Adsorption is accompanied by decrease in entropy. The
amount of gas adsorbed (x) on the mass of the adsorbent (m) is the function of
both pressure and temperature. The variation of amount of gas adsorbed per
unit mass with pressure is expressed by empirical equation given by

Freundlich as 
x
m �  kp 1/n where k, n are constants depending upon the nature

of adsorbent. This equation is also applicable in solution. At high pressure of
gases, deviation occurs. In order to rectify the deviation, Irving Langmuir
modified the above equation as
                     

x
m �  �T �  

bp

1 �� bp
 ,

where b �  
Ka

Kd
, Ka �  rate constant for adsorption, Kd �  rate constant for

desorption.
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13. Physical adsorption is
(a) a monolayer phenomenon (b) a multilayer phenomenon

(c) both (a) and (b) (d) none of these

14. In the Freundlich adsorption isotherm, when 
1
n �  0,  

x
m is

(a)
1
k

(b) zero (c) k (d) infinity

15. In the adsorption isotherm,

(a)
x
m �  f ��p�� (b)

x
m �  f ��T��

(c)
x
m �  constant (d)

x
m �  f ��V��

16. Which of the following is true during adsorption?

(a) �' H�q is negative. (b) �' G�q is negative.

(c) �' S�q is negative. (d) All of these

17. At equilibrium in adsorption,

(a) �' S�q �  
�' H�q

T
(b) �' G�q �  0

(c) �' G�q �� 0 (d) �' G�q �  �f

18. When k �  1, the surface coverage is
(a) 25% (b) 75% (c) 50% (d) 100%

19. The surface coverage, �T, is related to the pressure and the equilibrium
constant by the Langmuir isotherm,

(a) �T �  
bp

1 �� bp
(b) �T �  bp

(c) �T �  
1 �� bp

bp
(d) �T �  

b
p

�z The Bohr model is represented by the figure shown, where v �  tangential
speed.The attractive coulomb force provides the centripetal acceleration vz/r .

The angular momentum, L
�o

 �  r
�o
 �u p

�o
 �  mvr. Thus Bohr’s postulate is mvr �  

nh

2�S
 �˜

When the electron and the nucleus are
separated by an infinite distance
corresponding to n �  �f , we have E �  0. We
might begin with the electron and electron
is separated by an infinite distance and then
bring the electron closer to the nucleus until
it is in the orbit in a particular state n. Since
this state has less energy than E �  0, with
which we began. We have ‘gained’ an
amount of energy equal to En. Conversely,
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if we have an electron in a state n, we can ‘take the atom apart’ by supplying
an energy En. This energy is known as the binding energy of the state n. If we
supply more energy than En �  ��13.6 eV, the excess energy will appear as the
kinetic energy of free electrons.
The excitation energy of an excited state n is just the energy above the ground
state, En �� E1. Thus for the first excited state, n �  2, has excitation energy
�  ��3.4 �� ����13.6�� �  10.2 eV. Similarly, the second excited state is 12.1 eV. The
photon appears with energy h�Q �  En1

 �� En2
 or hc/�O �  hc�Q�� �  En1

 �� En2
. The

Balmer formula �O �  364.5  nm ��n1
 2/n1

 2 �� 4��. There are five spectral series only,
Lyman series appears in the absorption spectra, all series are present in the
emission spectrum.

20. The Bohr-orbit radius for the hydrogen atom ��n �  1�� is approximately
0.53 Å. The radius for the first excited state ��n �  2�� orbit is

(a) 0.27 Å (b) 1.27 Å (c) 2.12 Å (d) 3.12 Å

21. The wavelength of the first line of the Balmer series is approximately
(a) 212 nm (b) 654 nm (c) 120 nm (d) 446 nm

22. If the radius of the nth orbit is directly proportional to En
 x, the value of x

will be
(a) +2 (b) +1 (c) –2 (d) –1

23. The angular momentum in lowest orbit is
(a) 2 (b) 1 (c) 0 (d) �f

24. The ratio of vn/Kn (vn being the velocity of an electron in the nth shell and
Kn being the kinetic energy of the nth shell) is

(a) +2 (b) –2 (c) –1 (d) +1

25. If 
1
r n �vZy (Z �  atomic number) the value of y will be

(a) 2 (b) 3 (c) 4 (d) 1

�z A buffer solution is one which is resistant to change in pH by the
addition of small amount of acid or alka li. The acidic buffer consists of (a) the
weak acid CH 3COOH  and a salt of its conjugate base CH 3COON a

(b) CH 3COOH �� NaOH  (2 : 1 molar ratio) (c) CH 3CON a �� HCl  (2 : 1 molar
ratio. Similarly, the basic buffe r consists of (a) week base, NH 3 and a salt of its

conjugate acid ��NH 4Cl�� (b) NH 3 �� HCl  (2 : 1 molar ratio) (c) NH 4Cl �� NaOH
(2 : 1 molar ratio). The pH of a buffer solution is given by the Henderson

equations, pH �  pKa �� log [salt ]
[acid]  (for acidic buffer) and pOH �  pKb ��

log 
[salt]
[base]  (for basic buffer). Addition of a sm all amount of acid or base causes

a little change in pH. Range of pH is pH �  pKa �r 1 or pOH �  pKb �r 1. The unit
change in pH by the addition of acid or alkali is called the buffer capacity.

26. The buffer capacity is defined as
(a) dpH/dnacid or base (b) dpH/pKa or pKb

(c) dnacid or base/ dpH (d) dpH/pKa �� pKb

1-288 Chemistry MCQ



27. A buffer solution is one which has
(a) reserve acidity

(b) reserve alkalinity

(c) a pH equal to 7

(d) reserve acidity and reserve alkalinity

28. 0.1 mol of CH3NH 2 ��Kb �  5 �u 10 ��4 mol L ��1) is mixed with 0.08 mol of HCl
and diluted to 1 L. What will be the H  �� ion concentration of the resulting
solution?

(a) 8 �u 10 ��2 mol L ��1 (b) 8 �u 10 ��11 mol L ��1

(c) 1.6 �u 10 ��11 mol L ��1 (d) 8 �u 10 ��5 mol L ��1

29. The pH of a buffer solution depends upon
(a) concentration of salt

(b) concentration of either acid or base

(c) the ratio of salt and acid or salt and base

(d) pKa or pKb

30. Which pair will show the common-ion effect?

(a) MgCl2 and Mg��NO3��2 (b) KCl and HCl

(c) C6H5NH 2 and C6H5NH 3Cl (d) AuCl 3 and Au ��OH��3
31. A buffer solution can be prepared from a mixture of

(a) sodium acetate and acetic acid in water

(b) sodium acetate and hydrochloric acid in water

(c) ammonia and ammonium chloride in water

(d) all of these

�z The feasibility of a reaction is determined by �' G. Consider a gaseous reaction
of the type
                    n1A �� n2B  S  n3C �� n4D.

�' G is related to the reaction quotient as
                       �' G �  �' G�q �� RT ln Q
For the above reaction,

               �' G �  �' G�q �� RT ln 
CC

n3 � ̃CD

n4

CA
n1 � ̃CB

n2

At equilibrium, �' G �  0.

�?   �' G�q �  ��RT ln Kp  or  �' G �  ��RT ln Kp �� RT ln Q �  RT ln 
Q
Kp

 �˜

�' G�q is related to �' H�q as

                      �' G�q �  �' H�q �� T�' S�q        (at standard conditions).
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The relation between Kp and Kn are

                    Kp �  
nC

n3 � ̃nD

n4

nA
n1 � ̃nB

n2
 �§�¨
�©

P

�6n
�·
�¸
�¹

�' n

,

where �6n �  total number of moles after the addition of inert gases.
For the reaction

                    n1A �� n2B  S  n3C �� n4D,

we have

             Kp �  
pC

n3 � ̃pD

n4

pA
n1 � ̃pB

n2
    and    Kc �  

cC

n3 � ̃cD

n4

cA
n1 � ̃cB

n2
 �˜

Kp and Kc are related by

                     Kp �  Kc 
�§
�¨
�©

c�qRT

p�q

�·
�¸
�¹

�' n

.

32. The unit of Kc

(a) depends on �' n
(b) depends upon the speed of reaction

(c) depends on the concentration

(d) is always mol L ��1

33. For the feasibility of reaction,
(a) Q �  Kp (b) Q �� Kp

(c) Q �! Kp (d) all of these are true

34. Addition of inert gase s on equilibrium PCl 5��g��  S  PCl3��g�� �� Cl2��g�� at
constant volume

(a) will shift the equ ilibrium to the right

(b) will shift the equilibrium to the left

(c) the equilibrium will remain unchanged

(d) will explode the reaction

35. �'Gf�q of N2O4��g�� and NO2��g�� are respectively –100 kJ mol��1 and ��50 kJ
mol ��1. An equilibrium mixture of N 2O4��g�� and NO2��g�� is enclosed in a
vessel at a pressure of 20 atm and a temperature of 25�qC. In which
direction will the reaction 2NO 2��g�� S N2O4��g�� proceed?

(a) Forward direction
(b) Reverse direction
(c) The reaction will remain in equilibrium.
(d) Data are insufficient.

36. The spontaneous reaction is not easily possible if
(a) both �' H and �' S are negative

(b) both �' H and �' S are positive

(c) �' H is negative and �' S is positive

(d) �' H is positive and �' S is negative
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�z The rate of reaction is the change of concentration of reactant or product with
time. The rate law for the reaction aA  �� bB �o  cC �� dD the rate law is
rate �  k[A] a[B]b. The rate of reaction is calculated by knowing k, a and b. The
rate laws are determined experimentally. The order of reaction is always
defined in terms of reactants.
During the collisions among two A and two B molecules, doubling the
number of either type of molecule incr eases the number of collisions to eight.
The species temporarily formed by the reactant molecules as a result of the
collision before they form the product is called the activated complex. The
temperature-dependent rate constant is given by the Arrhenius equation.
In many cases, the sum of a series of simple reactions are called elementary
steps or elementary reactions because they represent the progress of the
overall reaction at the molecular level. The sequence of elementary steps that
leads to product formation is called the reaction mechanism. The number of
molecules reacting in an elementary step determines the molecularity of a reaction.

37. For a zero-order reaction the plot of the rate of reaction versus [A] gives
(a) a zigzag line

(b) a straight line

(c) a straight line with negative slope

(d) none of these

38. On which of the following quantities does the rate constant of a reaction
depend?

(a) Concentrations of reactants (b) Nature of reactions

(c) Temperature (d) All the above

39. Instantaneous rate of reaction is measured from the
(a) graph of time versus concentration

(b) molecularity of reaction

(c) integration method

(d) reaction mechanism of a reaction

40. The order of reaction is always defined in terms of
(a) product concentration

(b) rate constant of a reaction

(c) reactant concentration

(d) ratio of the product concentration to the reactant concentration

41. During the collision between A and B molecules, doubling the A and B
molecules increases the number of collisions to

(a) 4 (b) 8 (c) 32 (d) 16

42. In terms of collision theory  the rate of reaction is
(a) proportional to the number of  molecular collision per second

(b) frequency of the molecular collisions

(c) depend on concentration of reactants

(d) all of these
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43. The number of molecules reacting in an elementary step of a reaction
may be

(a) 1 (b)
1
2

(c)
3
2

(d) 5

�z The compressibility factor, Z, is defined by the relation Z �  
pV

nRT � ̃ For ideal
gases, Z �  1 at all temperatures and pressures. The deviation from unity is an
index of  deviation from ideal behaviour.

     
Z may be calculated from the above equation. Plot of pV �o  p and Z �o  p is
shown. Actually p �  0 to p �  100 atm Z changes only from 1.00 to 1.02. Beyond
100 atm Z increases rapidly with pressure and attains value above Z �  1. This
temperatue at which a real gas obeys ideal gas law over an appreciable range
of pressure is called the Boyle temperature or Boyle point ��TB��. Above TB the
gas shows only positive deviations from ideality, so Z �! 1.

After making correction on pressure  and volume on ideal gas equation,
van der Waals derived the following eqn of state for a real gas for n moles
��p �� n2a/v2����v �� nb�� �  nRT, where a and b are the van der Waals constants. This
equation is valid for wider range of pressure.

44. The compressibility factor ��Z�� for a real gas at a very high temperature
and a very low pressure is

(a) Z �o  �f (b) Z �! 1 (c) Z �� 1 (d) Z �  1

45. The compressibility factor ��Z�� for a real gas at a moderately low pressure
is given by

(a)
pV

nRT
(b) 1 �� �§�¨

�©

bp
nRT

�·
�¸
�¹
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(c) 1 �� �§�¨
�©

bp
nRT

�·
�¸
�¹

(d) 1 �� �§�¨
�©

pV
nRT

�·
�¸
�¹

46. The Boyle temperature ��TB�� is given by

(a)
a

bR
(b)

a
R

(c)
ab
R

(d)
bR
a

47. Identify the conditions of pressure and temperature at which a real gas
shows maximum deviation from ideality.

(a) 12 atm, 273 K (b) 7 atm, 273 K

(c) 12 atm, 373 K (d) 7 atm, 373 K

48. Which of the following gases has the least intermolecular force of
attraction? (Use the first figure.)

(a) He (b) CO (c) CH4 (d) CO2

49. At which of the following te mperatures the maximum dip N 2 shows?
(Use the second figure.)

(a) –25�qC (b) –70�qC (c) 200�qC (d) –100�qC

50. Which of the following gases are easily condensed and has the maximum
value of a?

(a) NH 3 (b) H2O (c) SO2 (d) CO2

�z The atmosphere contains both 12CO2 and 14CO2. These 12CO2 and 14CO2 are

consumed by plants and animals. The concentration of 14C in living organism
remains almost constant for longer time. When plants or animal dies, they are
no longer in a position to take up CO2 from the atmosphere. 14C is
assimilated by animal or plant during  its life time, after that the species
begins to decay by emitting �E-particles, which have a half-life of 5760 years.
The decay rate is 15.3 counts per minute per gram of carbon. Now measuring
the decay rate of a sample of dead matter (wood, fossils etc.) at any period
from the date, it is possible to calculate the life of a living body which had

died. The half-life is calculated by using the equation N �  N0e ���Ot or

t �  
2.303

�O
 log 

N0

N  �˜

51. 14C is produced in the atmosphere by the nuclear reaction of

(a) 14C��n, p�� (b) 14N��n, p��

(c) 15N��n, p�� (d) 12C��n, p��

52. The radioactivity due to 14C isotope ��t1/2 �  5760 years) of a sample of
wood from an ancient tomb was found to be nearly half that of fresh
wood. The tomb is, therefore, about

(a) 5760 years old (b) 2880 years old
(c) 11520 years old (d) 4320 years old
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53. A piece of wood recovered in an excavation has 25.6% as much as 14C as
ordinary wood has when did this piece get burried? ��t1/2 of 14C is given
5760 years)

(a) 22649.6 years (b) 5662.4 years
(c) 2831.2 years (d) 11324.8 years

54. The scientist who was  awarded the Nobel prize for chemistry in 1960 for
the discovery of carbon-14 dating is

(a) Willard Libby (b) Otto Hahn
(c) Hideki Yukawa (d) Hans Bethe

55. The age of fossils is determined by

(a) 14C (b) 40K (c) 238U (d) all of these

�z In the Daniell cell, the copper electrode is the anode. The electrons leave the
cell from the zinc and enter into the copper electrode. To complete the circuit
a salt bridge (an inverted U-tube) is used. Salt bridge consists of a
concentrated solution of agar-agar �� KCl/K NO3/N H4NO 3. The mobility of
cations and anions are the same. The maximum electrical work is given by
We, max �  �' G. This �' G is related to emf as �' G �  ��nFE. The extent of reaction is

measured by �' G. The emf of a cell is determined by the Nernst equation,

E �  E�q �� 
0.0592

n  log Q. The Nernst equation is also used to calculate the emf of

concentration cell. M|M ����aq, L�����_�_��M ����aq, R��| M.  When a given cell is at
equilibrium, Q �  Keq. To calculate the standard electrode potential of a cell

like Ag/ Ag ��, Cu/ Cu2��, one has to complete it with SHE e.g. Pt/H 2��g��/

H ����aq�� its E�q �  0 (by convention). From the emf study, we can calculate E�q,
pH, valency, Keq, Ks, thermodynamic parameters, etc.

56. The electrical energy of a Daniell cell produces due to
(a) movement of cations and anions

(b) increase in �' S
(c) decrease in �'H
(d) decrease in �'G

57. The simplest reference electrode is the
(a) SHE (b) calomel electrode

(c) O2 electrode (d) quinhydrone electrode

58. The least strongly reducing metal is
(a) copper (b) silver

(c) platinum (d) gold

59. The most strongly reducing metal is
(a) sodium (b) zinc (c) calcium (d) iron
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60. The standard potential of a Daniell cell is +1.10 V. The equilibrium
constant for cell reaction is

(a) 1.5 �u 1012 (b) 1.5 �u 1037

(c) 1.5 �u 1022 (d) 1.5 �u 1030

61. When a calomel electrode is coupled with hydrogen electrode, the pH of
the cell is given by

(a) pH �  
E �� Ecal

0.0592
(b) pH �  

E �� Ecal

0.0592

(c) pH �  
Ecal

0.0592
(d) pH �  

2E �� Ecal

0.0592

62. The temperature coefficient is given by

(a)
dE�q
dT

 �  
�' S�q
n

(b)
dE�q
dT

 �  
�' S�q
F

(c)
dE�q
dT

 �  
�' S�q
nF

(d)
dE�q
dT

 �  
�' G�q
nF

63. The solubility, S, of a sparingly soluble 1 : 1 salt is related to the solubility
product, Ks, by

(a) S �  Ks
 2 (b) S1/2 �  Ks

(c) S �  Ks
 3/2 (d) S �  Ks

 1/2

Answers

  1. b  2. c  3. a, b, d  4. d  5. b  6. a
  7. b  8. c  9. d 10. c 11. b 12. a
 13. b 14. c 15. a 16. d 17. a 18. c
 19. a 20. c 21. b 22. d 23. c 24. b
 25. d 26. a 27. d 28. b 29. c, d 30. c
 31. d 32. a 33. b 34. c 35. a 36. d
 37. b 38. a 39. a 40. c 41. d 42. d
 43. a 44. d 45. b 46. a 47. c 48. a
 49. d 50. b 51. b 52. a 53. d 54. a
 55. a 56. d 57. a 58. d 59. c 60. b
 61. a 62. c 63. d

�T
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Integer-Answer-Type Questions

�x Set I �x

1. Calculate the coordination numb er of carbon in diamond.

  2. Calculate the change in the oxidation state of Mn when KMnO 4 reacts
with concentrated HCl to produce the Mn 2+ ion.

3. Calculate the value of the equilibrium constant, by  using the relationship
between K and �' G�q. Given E0 �  0.028 V.

4. Compute the time required to pass 36000 C through an electroplating
bath using a current of 5 A.

5. 20.0 mL of 0.2 M NaOH is added to 50.0 mL of 0.2 M CH3COOH to give
70.0 mL of the solution. Calculate the additional volume of the 0.2 M
NaOH required to make the pH of the solution 4.74 (pKa for CH 3COOH
= 4.74.)

6. For a reaction 3A �o  B �� C with a constant rate at every concentration of
A, find the order of the reaction with respect to A.

7. The difference between wavelengths for the first lines of the Balmer
series and the Lyman series is 59.3 nm for a hydrogen-like ion. Calculate
the value of Z. (Given RH �  109,678 cm��1.) 

8. 25.4 g of iodine and 14.2 g  of chlorine are made to react completely to
yield a mixture of ICl and ICl 3. Calculate the ratio of the moles of ICl and
ICl3 formed.

�T
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�x Set  II �x

1. The dichromate ion reacts with an NaOH solution to produce the
chromate ion. Calculate the change in the oxidation number of chromium
during this transformation.

2. Indicate the overall order of the following reaction.  
              3I�� �� S2O8

2�� �o  I3
�� �� 2SO4

2��

3. 10.0 A of current flowed for 1.0 hour through water containing a little
sulphuric acid. How many litres of gas were formed at both electrodes at
27�qC and 740 mm pressure?

4. Calculate the ratio of the value of any colligative property for a
K4[Fe��CN��6] solution (assuming complete dissociation) to that of the
corresponding property for a sucrose solution.

5. How much calcium (in g) is present in Ca ��NO3��2 that contains 1.4 g of
nitrogen?

6. Calculate the  resonance  energy of NO2.                       Bond  energies of

N �•  O, N �= O, N �> N and O �= O are 222, 607, 946 and 498 kJ mol��1

respectively. Given, �' H of NO2 is 134 kJ mol��1.

7. 1.5 g of an organic acid was dissolved in water and the volume made up
to 300 mL. 10.0 mL of this acid required 12.3 mL of N�e10 NaOH for
complete neutralization. If the molecular weight of the acid be 122.0, find
the basicity of the acid.

8. Calculate the pH of a 0.1 M CH3COONH 4 solution. Given, pKa of
CH3COOH is 4.74 and pKa of NH 3 is 4.74.

�T��
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�x Set III �x

1. The chromate ion reacts with an HCl solution to produce the dichromate
ion. Calculate the change in the oxidation number of chromium during
this transformation. 

2. How many litres of water should be added to 10.0 g of acetic acid to give
a hydrogen ion concentration equal to 1.0 �u 10��3 M. ��Ka �  1.8 �u 10��5.�� 

3. Calculate the order of reaction for the gas-phase reaction
2NO2 �� O3 �o  N2O5 �� O2, which has the rate constant K �  2.0 �u 104 dm3

�P�R�O�������V���� at 300 K.

4. The lattice of crystelline CoCl2 is body-centred tetragonal with 16
formula units per unit cell. How many  molecules does the basis consist
of?

5. An aqueous solution containing an  ionic salt with molality equal to
0.1892 freezes at –0.704�qC. Calculate the van’t Hoff factor of the ionic salt.
(Kf   for water = 1.86 K/m.)

6. Calculate the value of the reaction quotient Q for the cell
Zn��s��| Zn 2����0.01 M�� �_�_ Ag����0.05 M��|Ag ��s��.

7. 10.0 g of CaCO3 is placed in a 10.0-L vessel at 1100 K. Calculate the
approximate amount of CaCO 3 unreacted at this temperature, given that
Kp for the reaction CaCO3��s�� �  CaO��s�� �� CO2��g�� is 0.060 at 1100 K.

8. A gas is kept at 1 atm. It is compressed to 1�e4th of its initial volume.
Calculate the pressure applied .  

�T
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�x Set IV �x

1. Metallic iron can exist in the �E form. (bcc, cell dimension =  2.90 Å) and
the gamma (�J) form (fcc, cell dimension = 3.68 Å). The �E form can be
converted into the �J form by applying high pressures. Calculate the ratio
of the density of the �E form to that  of the �J  form.

2. The emf of the cell Ni(s)|Ni  2+ (0.10 M) �_�_ HCl ���D��� ���"�����_���+�� (g, 1 atm)|
Pt(s) at 25�qC is 0.1615 V. Calculate the pH of HCl solution, given
E0

Ni
2��

/Ni  �  ��0.25 V.   

3. The rate of decomposition of a gas at a certain temperature is 5.14 and
7.25 in some units for 20% and 5% decomposition respectively. Calculate
the order of the reaction.

4. 0.05 M HA is titrated against a 0.05 M NaOH solution. Find the pH at the
equivalence point. The dissociation constant for the acid HA is 5.0 �u 10��6.

5. The formula weight of an acid is 123 g mol��1.  100 mL of a solution of this
acid containing  39.0 g of the acid per litre was completely neutralized by
95.0 mL of aqueous NaOH containing 40.0 g of NaOH per litre. Calculate
the basicity of this acid.

6. A gaseous reaction A �� 2B S 2C �� D takes place in a reaction vessel kept
at 25�qC. The initial concentration of B is 1.5 times that of A. After the
equilibrium is established, the concentrations of A and D are equal.
Calculate the equilibrium constant for the reaction at 25�qC.

7. 10.0 mL of a mixture of nitrogen and oxygen was mixed with 20 mL of
hydrogen and the mixture then exploded. The volume after explosion
was found to be 21.0 mL. Calculate the volume of nitrogen gas.  

8. Water rises to a height of 6 cm in a capillary tube of radius r. If the radius

is made 
2r
3 , calculate the capillary rise in cm.

�T
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Answers

Set I

  1. 8   2. 0   3. 3  4. 2   5. 5
  6. 0   7. 3   8. 1

Set II

  1. 0   2. 2   3. 7  4. 5   5. 2
  6. 8   7. 3   8. 7

Set III

  1. 0   2. 3   3. 2  4. 8   5. 2
  6. 4   7. 9   8. 4

Set IV

  1. 1   2. 2   3. 2  4. 9   5. 3
  6. 4   7. 7   8. 9

�T��
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Numerical Problems

�x Objective Type �x

Choose the correct option. Only one option is correct.

1. Calculate the concentration of I3
 �� ions in a standard solution of iodine in

0.5 M KI, making use of the following standard electrode potentials:
    I2 �� 2e  S  2I ��;  E�q �  ��0.5355 V and I3

 �� �� 2e  S  3I ��;  E�q �  ��0.5365 V.
The molarity of I  �� in the 0.5-M KI solution can be assumed to be
0.5 mol L��1.

(a) 0.12 mol L��1 (b) 0.48 mol L��1

(c) 0.88 mol L��1 (d) 0.24 mol L��1

2. The boiling point of n-hexane at 760 Torr is 68.9�qC. The critical
temperature of n-hexane is

(a) 240 K (b) 513 K

(c) 531 K (d) 342 K

3. Consider an orthorhombic unit cell having dimensions a �  487 pm,
b �  646 pm and c �  415 pm. Find the separation of the {222} planes of the
crystal.

(a) 425 pm (b) 175 pm (c) 125 pm (d) 250 pm

4. Given that rNa
�� �  0.55 Å and rCl

�� �  1.81 Å, calculate the dipole moment of
NaCl. Assume that NaCl is 100% ionic in character.

(a) 8.74 �u 10��29 C m (b) 3.78 �u 10��29 C m

(c) 1.97 �u 10��29 C m (d) 5.84 �u 10��29 C m

5. Calculate the elevation of boiling po int for an aqueous solution which
contains 90 g of glucose and 45 g of urea in 1000 g of solvent water (given
that the boiling point of water is 373 K and the entropy of vaporization
per gram of water is 1.448 cal/�qC at the boiling point).

(a) 0.85 K (b) 0.65 K (c) 1.65 K (d) 0.065 K
1-301



6. A monolayer of N 2 molecules, having an effective area of 0.20 nm2, is
adsorbed on the surface of 1.00 g of an Fe/Al2O3 catalyst at 77 K, which is
the boiling point of liquid nitrog en. Upon warming, the nitrogen
occupies 3.00 cm3 at 0�qC and 760 Torr. What is the surface area of the
catalyst (given that R �  0.0821 L atm K ��1 mol ��1)?

(a) 16 m2 (b) 18 m2

(c) 14 m2 (d) 20 m2

7. The compressibility factor for one mo le of a van der Waals gas at 273 K
and 100 atm is found to be 0.5. Assuming the volume of the gas to be
negligible, find the van der Waals coefficient a.

(a) 4.25 atm L2 mol��1 (b) 2.25 atm L2 mol��1

(c) 5.25 atm L2 mol��1 (d) 1.25 atm L2 mol��1

8. Calculate the Rydberg constant ��R�f �� if He�� ions are known to have a
wavelength difference between the fi rst lines of the Balmer and Lyman
series equal to �'�O �  133.7 nm.

(a) 1.1 �u 107 m��1 (b) 2.2 �u 107 m��1

(c) 1.1 �u 109 m��1 (d) 1.1 �u 105 m��1

9. A solution contains oxalate and hy drogenoxalate ions but not any other
material with either reducing or acidic properties. A sample of the
solution decolorizes 48.0 mL of a 0.1-N KMnO4 solution, and another
sample of the same solution of equal volume neutralizes 18.0 mL of a
0.08-N KOH solution. What fraction of the oxalate ions present is
protonated to hydrogenoxalate ions?

(a) 0.2 (b) 0.6 (c) 0.4 (d) 0.8

10. The time required for the 20% completion of a first-order reaction at 27�qC
is 1.5 times that required for its 30% completion at 37�qC. If
A �  3 �u 10 9 s��1, calculate the time required for the 40% completion at
47�qC. Also calculate the activation energy, Ea, for the reaction.

(a) 15 s;  88.8 kJ mol��1 (b) 29 s;  76.8 kJ mol��1

(c) 29 s;  90.8 kJ mol��1 (d) 19 s;  67.6 kJ mol��1

11. The emf of the cell
       Hg��l��|Hg 2SO4|H 2SO4��1 M��|  PbSO4��s��| Pb ��s��

is –0.932 V. The cell reactions are as follows:

       Hg2SO4 �� 2e  S  2Hg��l�� �� SO4
 2��; E�q �  ��0.62 V

        PbSO4 �� 2e  S  Pb��s�� �� SO4
 2��; E�q �  ��0.36 V     

Given that Ks for Hg 2SO4 is 1.6 �u 10 ��8 ��mol L ��1��3, calculate the solubility
product of PbSO4 at 25�qC.

(a) 7.0 �u 10��12 ��mol L ��1��2 (b) 3.0 �u 10��11 ��mol L ��1��2

(c) 6.6 �u 10��7 ��mol L ��1��2 (d) 1.8 �u 10��9 ��mol L ��1��2
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12. LiBr, NaBr, KBr and RbBr have the same crystal structure shown by
X-ray diffraction. The first three have the fcc structure. The structure of
RbBr is

(a) face-centred cubic (b) body-centred cubic

(c) simple cubic (d) both (a) and (c)

13. The conductivity of pure water at 298 K is 5.55 �u 10��8 �: ��1 cm��1. The molar
conductivities of H  �� and OH �� ions at infinite dilution are 350 �: ��1 cm 2

mol ��1 and 200 �: ��1 cm 2 mol��1 respectively. Calculate Kw of pure water at
298 K.

(a) 1.0 �u 10��12 ��mol L��1��2 (b) 1.0 �u 10��14 ��mol L��1��2

(c) 1.0 �u 10��16 ��mol L��1��2 (d) 1.0 �u 10��18 ��mol L��1��2

14. Metallic tin in the presence of HCl is oxidized by K 2Cr2O7 to stannic
chloride. What volume of a decino rmal dichromate solution would be
reduced by 1 g of   50

119Sn?
(a) 525 mL (b) 168 mL

(c) 18 mL (d) 336 mL

15. The heat of neutralization of a weak acid in a normal solution by a strong
alkali is 13 385 cal. Assuming that the acid is 14% dissociated in the
normal solution, calculate the heat of dissociation of the acid.

(a) 236 cal (b) 366 cal

(c) 428 cal (d) 192 cal

16. The dissociation constants of acetic acid and benzoic acid are 1.80 �u 10 ��5

mol L ��1 and 7.32 �u 10 ��5 mol L ��1 respectively. Calculate the pH of a
mixture of 20 g acetic acid and 10 g benzoic acid dissolved in one litre
of water.

(a) 3.5 (b) 3.0 (c) 2.5 (d) 4.5

17. An electron in a hydrogen  atom makes a transition n1 �o  n2, where n1 and
n2 are principal quantum numbers of the two states. Assume the Bohr
model to be valid. The time period of the electron in the initial state is
eight times that in the final state. What is the relation between n1 and n2?

(a) n1 �  4n2 (b) n1 �  2n2 (c) 2n1 �  n2 (d) n1 �  n2

18. Green light has a wavelength of about 550 nm. To have this wavelength,
an electron must be accelerated through a potential difference of

(a) 2 �PV (b) 15 �PV (c) 10 �PV (d) 5 �PV
19. Diamond crystallizes in a cubic unit cell in which there are carbon atoms

at the positions ��0 0 0��, �§
�¨
�©

1
2
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�¹
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�¨
�©
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�¸
�¹
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�¨
�©
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2
  
1
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�·
�¸
�¹
 , �§

�¨
�©

1
4

  
1
4
  1
4

�·
�¸
�¹
 , �§

�¨
�©

1
4

  
3
4
  3
4

�·
�¸
�¹
 ,

�§
�¨
�©

3
4

  
1
4
  3
4

�·
�¸
�¹
 and �§�¨

�©

3
4

  
3
4
  1
4

�·
�¸
�¹
 � ̃What is the lattice parameter of this crystal if the

density of diamond is 3.515 g cm ��3?
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(a) 356.6 pm (b) 35.66 cm

(c) 556.8 Å (d) 0.568 nm

20. Ka for acetic acid is 1.8 �u 10 ��5 mol L ��1. A decinormal solution of acetic
acid is also 0.1-molar with respect to sodium acetate. Calculate the cell
potential between a hydrogen electrode in this solution and a decinormal
calomel electrode, assuming complete dissociation of the 0.1-M sodium
acetate solution. E�q of the calomel electrode is +0.337 V.

(a) 0.544 V (b) 0.326 V

(c) 0.816 V (d) 0.618 V

21. For the reaction 2NO �� H2 �o  2NOH, the following reaction mechanisms
have been proposed.

Mechanism A.

Step I:          NO �� H2  �I�=�H
        K

       NOH2

Step II:       NOH2 �� NO  �•�o
k

 2NOH

Mechanism B.

Step I:              2NO  �I �=�H
        K�c

         N2O2

Step II:          N2O2 �� H2  �•�o
k�c

 2NOH

On the basis of these two mechanisms we observe that the rate of the
reaction is proportional to 

(a) [NO][H 2] (b) [NO][H 2]
2

(c) [NO] 2[H 2]
2 (d) [NO] 2[H 2]

22. If one mole of a monatomic gas  �§�¨
�©
�J �  

5
3

�·
�¸
�¹
  is mixed with one mole of a diatomic

gas �§�¨
�©
�J �  

7
5

�·
�¸
�¹
 , calculate the value of �J for the mixture.

(a) 2.50 (b) 1.50

(c) 1.67 (d) 2.00

23. The activity of a radioactive sample is 6000 Bq after 280 days. After
another 140 days, the activity reduces to 3000 Bq. The initial activity of
the sample is found to be

(a) 6000 Bq (b) 9000 Bq

(c) 24 000 Bq (d) 3000 Bq

24. The energy of a photon is equal to the kinetic energy of a proton. Let the
energy of the photon be E. If �O1 and �O2 are respectively the de Broglie
wavelength of the proton and the wa velength of the photon,  the ratio

�O1
�O2

 will be proportional to

(a) E�q (b) E1/2 (c) E��1 (d) E��2
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�x Subjective Type �x

Solve the following problems.

25. The standard free energy change for the reaction

           H2��g, 1 atm�� �� 
1
2

 O2��g, 1 atm�� �o  H2O��l��

is –240 kJ at 298 K.

(i) Write the galvanic cell which represents the cell reaction

     H2��g, 1 atm�� �� 
1
2

 O2��g, 1 atm�� �o  H2O��l��.

(ii) Determine the standard reduct ion potential for the electrode
OH ��, O2| Pt, given that the cell potential for the reaction

               H2O��l�� �o  H �� �� OH ��

is E�q �  ��0.6 V.

26. The freezing point of an aqueous solution of 0.1892 mol kg��1 KCN is
–0.704�qC. The freezing point, however, becomes –0.53�qC on adding 0.095
mol Hg(CN) 2. Assume that the complex is formed according to the
equation
            Hg��CN��2 �� nCN�� �o  [Hg ��CN��n �� 2]

n��.

Find the formula of the complex formed.

27. Auric hydroxide dissolves in hy drochloric acid according to the
thermochemical equation 

    Au��OH��3 �� 4HCl �•�•�o
�' H

 HAuCl 4 �� 3H2O; �' H�q �  ��23 kcal

and in hydrobromic acid according to the equation

    Au��OH��3 �� 4HBr  �•�•�o
�' H

  HAuBr4 �� 3H2O; �' H�q �  ��36.8 kcal.
On mixing 1 mol HAuBr 4 with 4 mol HCl, there is a heat of absorption of
510 cal. What percentage of bromoauric acid has been transformed into
chloroauric acid in the process?

28. The emf of cell
        Ag��s��| AgNO3��0.01 M�����_�_��AgNO3��0.001 M��|Ag

is 0.0579 V at 25�qC. The 0.001-M AgNO3 solution is completely
dissociated. Calculate the degree of dissociation and the concentration of
Ag �� in the 0.01-M AgNO 3 solution.

29. An ideal gas is initially at a temperature T and with a volume V. Its
volume is increased by �' V due to the increase in temperature, �' T,
pressure remaining constant. The quantity �G is defined by �G �  �' V/V�' T.
Establish the relation between �G and T.

30. Given that the second dissociation constant for H2SO4 is 10��2 mol L ��1,
calculate the pH of a 0.1-M H2SO4 solution.

Numerical Problems 1-305



31. Calculate the cell potential of a Daniell cell having 1.0 M Zn  2�� and
originally having 1.0 M Cu  2�� after sufficient NH 3 has been added to the
cathode compartment to make the NH 3 concentration 2.0 mol L��1 (given
that EZn

2��
| Zn�q  �  ��0.76 V, ECu

2��
| Cu�q  �  ��0.34 V, and Kforwa rd for Cu��NH 3��4

 2�� is
1.0 �u 10 12 mol��4 L4).

32. AB crystallizes in the rock-salt structure, with A :  B �  1 : 1. The shortest
distance between A and B is Y1/3  nm and the formula mass of AB is 6.022 Y
u,  where Y is any arbitrary constant. Find the density of crystal AB.

33. For the galvanic cell

     Ag��s��|AgCl ��s��, NaCl��0.2 M��||NaB r��0.02 M��, AgBr��s��|Ag,

calculate the emf of the cell at 25�qC and assign correct polarity, given that
Ks��AgCl �� �  2.8 �u 10 ��10 ��mol  L��1��2 and Ks��AgBr�� �  3.3 �u 10 ��13 ��mol  L��1��2.

34. Find the quantum number n corresponding to the excited state of an He��

ion if on transition to the ground  state the ion emits two photons in
succession with the wavelengths 108.5 nm and 30.4 nm respectively.

35. What amount of heat is to be transferred to oxygen in an isobaric heating
process so that the gas may perform 2 J work (given that �J �  1.4 for O2)?

36. Calculate the order of the rate-determining step in the pyrolysis of
B2H6��g�� at 100�qC from the following data.

Concentration of B2H 6

(in 102 mol L ��1)

Rate of increase of pressure

(in 104 mol L ��1 h��1)

2.153 7.40
0.433 0.73

37. In the reaction
                  2N2O5 �o  4NO2 �� O2,

the rate can be expressed as

 (i) �� 
d[N2O5]

dt
 �  k1[N 2O5]

 (ii) 
d[NO 2]

dt  �  k2[N2O5]

(iii) 
d[O2]

dt  �  k3[N2O5]

How are k1, k2 and k3 related?

38. 5 mol of an ideal gas expands isothermally and reversibly from a
pressure of 10 atm to 2 atm at 300 K. What is the largest mass which can
be lifted through a height of 1 m in this expansion?

39. Hydrogen iodide is very strongly ad sorbed on gold but slightly adsorbed
on platinum. Assume that the adsorption shows the Langmuir isotherm
and predict the order of the HI decomp osition reaction on each of the two
metal surfaces.
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40. KCN, which crystallizes in the rock -salt structure, has a density of
1.52 g cm��3. Calculate d100 for the unit cell.

Answers

 1. d  2. b  3. c  4. b
 5. b  6. a  7. d  8. a
 9. b 10. d 11. c 12. c
13. b 14. d 15. b 16. b
17. b 18. d 19. a 20. d
21. d 22. b 23. c 24. b
25. (ii) ��0.643 V 26. [Hg ��CN��4]

2�� 27. 3.7 28. 96%; 9.6 �u 10��3 mol L ��1

29. �G �  1
T

30. 0.9 31. 0.70 V 32. 5 kg m��3

33. –0.0549 V 34. 5 35. 7 J 36. 
3
2

37. 2k1 �  k2 �  4k3 38. 205 kg 39. 0; 1 40. 6.57 Å

Hints to More Difficult Problems

1.             I2��s�� �� 2e  S  2I ��; E�q �  ��0.5355 V

            
          3I �� S  I3

 �� �� 2e; E�q �  ��0.5365 V 

            
I2��s�� �� I ��  S  I3

 ��; E�q �  ��0.0010 V         

As we know, �' G�q �  ��nE�qF �  ��RT ln Keq.

�? log Keq �  
nE�q

0.0592
 �  

2����0.0010��
0.0592

 �  3.34 �u 10 ��2.

�? Keq �  0.925.

I2��s��   �� I ��  S  I3
 �� Keq �  0.925 �  

x
0.5 �� x

 –    0.5 �� x     x �?  x �  0.24 mol L ��1.

2. We know that Tb �  
2
3

 Tc, where Tb is the boiling point at 1 atm and Tc the
critical temperature.

�? Tc �  
3
2

 Tb �  
3
2

 ��273.15 K �� 68.9 K�� �| 513 K.

3.
1

dhkl
 2  �  

h 2

a 2
 �� k

 2

b 2
 �� l

 2

c 2
 �  

2 2

��487 pm�� 2
 �� 2 2

��646 pm�� 2
 �� 

2 2

��415 pm�� 2

   �  2 2��4.216 �u 10 ��6 �� 2.396 �u 10 ��6 �� 5.8055 �u 10 ��5�� pm��2

   �  64.667 �u 10 ��6 pm��2.
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�?
1

dhkl
 �| 8 �u 10 ��3 pm��1.

Therefore, the separation of the {222} planes is given by

dhkl �  
1
8

 �u 10 3 pm �  125 pm.

4. The radius of NaCl is given by

rNaCl �  rNa
�� �� rCl

��

       �  ��0.55 �� 1.81�� Å �  2.36 Å �  2.36 �u 10��10 m.

�? the dipole moment of NaCl will be

           �P �  e �u r �  ��1.602 �u 10��19 C�� �u ��2.36 �u 10��10 m��

                  �| 3.78 �u 10��29 C m.

5. Kb �  
RTb

 2

1000Lvap
 �  

RTb

1000Lvap/ Tb
 �  

RTb

s

  �  
0.002 �u 373

1.448
 �  0.52  K kg mol ��1.

�6n �  nglucose �� nurea �  
90
180

 �� 
45
60

 �  1.25;  m �  1.25 mol kg ��1.

�' Tb �  Kb � ̃m �  0.52 K kg mol��1 �u 1.25 mol kg��1 �  0.65 K.

6. n �  
pV
RT

 �  1.00 atm �u ��3 �u 10 ��3�� L

0.0821 L atm K ��1 mol ��1 �u 273 K
 �  1.3385 �u 10 ��4 mol.

N �  nNA �  ��1.3385 �u 10 ��4�� mol �u ��6.02 �u 10 23�� mol��1 �  8.06 �u 10 19.

A �  8.06 �u 10 19 �u 0.2 �u 10 ��18 m2 �  16.12 m2.

7. Z �  
pV

nRT �Ÿ V �  Z � ̃
nRT

p  �  0.111 93 L.

For negligible volume,  �§
�¨
�©
p �� 

a

��V/n�� 2
�·
�¸
�¹
 � ̃

V
n  �  RT.

Upon proper substitution, we have a �  1.253 atm L2 mol��2.

8. The first Lyman line for He ��

�Q
�B�B
 �  R�f  Z

 2 �§�¨
�©

1

m 2
 �� 1

n 2
�·
�¸
�¹
 �  R�f  � ̃4 � ̃�§�¨

�©

1
1
 �� 1

4
�·
�¸
�¹
 �  3

R�f

The first Balmer series for He��

�Q
�B�B
 �  R�f  2

 2 �§�¨
�©

1

2 2
 �� 1

3 2
�·
�¸
�¹
  and  �OA �  

1
3

 � ̃ 1
R�f

 , �OB �  
9
5
 � ̃ 1

R�f

�'�O �  �OB �� �OA �  �§�¨
�©

9
5
 �� 1

3
�·
�¸
�¹
 1
R�f

�? 133.7 �u 10 ��9 m �  
22
15

 � ̃ 1
R�f

 �Ÿ R�f  �  1.097 �u 10 7 m��1.
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9. From the KMnO 4 titration,
amount of e reacted �  48 mL �u 0.1 mol L��1 �  4.80 mmol.

C2O4
 2��  S  2CO2 �� 2e

Amount of oxalate reacted �  
4.80

2
 mmol �  2.40 mmol.

From the KOH titration,
amount H �� in sample �  18 mL �u 0.08 mol L ��1 �  1.44 mmol.

Hence, the fraction of oxalate protonated is   
1.44
2.40

 �  0.60.

10. K300 K �  
1
t1

 ln 
100

100 �� 20
  and  K310 K �  

1
t2

 ln 
100

100 �� 30

Given t1 �  1.5t2;     
K300 K

K310 K
 �  0.417

      ln 
K2

K1
 �  

Ea

R
 �§�¨
�©

1
T1

 �� 
1
T2

�·
�¸
�¹
  �Ÿ  ln 0.417 �  �� 

Ea

R
 �§�¨
�©

1
T1

 �� 1
T2

�·
�¸
�¹

      Ea �  67.6 kJ mol ��1

      ln k �  ln A �� 
Ea

RT
 �  ln ��3 �u 109�� �� 

67.6 �u 10 3

8.314 �u 320

      k �  0.027 s��1

      t �  
1

0.027 s��1
 ln 

100
100 �� 40

 �  19 s.

11. The cell reactions are as follows:
Anode:   2Hg��l�� �� SO4

 2�� �o  Hg2SO4��s��; E�q �  �� 0.62 V

Cathode:   PbSO4��s�� �� 2e �o  Pb��s�� �� SO4
 2��; E�q �  �� 0.36 V     

      2Hg��l�� �� PbSO4��s�� �o  Pb��s�� �� Hg2SO4; E�q �  �� 0.98 V

     PbSO4 �  Pb2�� �� SO4
 2�� and Hg2SO4 �  Hg2

 2�� �� SO4
 2��

Using the Nernst equation,
        E �  ��EPbSO4/Pb, SO4

 2���q  �� EHg2SO4/Hg,  SO4

 2��� q � � �� 0.0592
2

 log 
[Hg 2SO4]
[PbSO4]

��0.932 �  ��0.98 �� 
0.0592

2
 log 

[Hg ��]2[SO4
 2��]

[Pb2��][SO4
 2��]

��0.932 �  ��0.98 �� 
0.0592

2  log 
Ks��Hg2SO4��

Ks��PbSO4��

     �  ��0.98 �� 
0.0592

2
 log 1.6 �u 10��8 ��mol L��1��3

Ks��PbSO4��

Ks��PbSO4�� �  6.6 �u 10 ��7 (mol L ��1)2.

12. In the RbBr molecule, the Rb�� and Br�� ions have equal (36) number of
electrons. Thus these two ions diffract (or ‘reflect’) X-rays in the similar way.
As these ions are identical, an RbBr crystal appears to be simple cubic,
whereas the other three crystals have the face-centred cubic structure.
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13. �/  �  
1000�N

c
 �  

1000 �u 5.55 �u 10 ��8 �: ��1 cm��1

55.5 mol cm��3
 �  10 ��6 �: ��1 cm2 mol��1.

�/�q �  �OH���q �� �OOH
���q  �  ��350 �� 200�� �: ��1 cm2 mol��1 �  550 �: ��1 cm2 mol��1.

�D �  
�/
�/�q

 �  
10 ��6

550
 �  1.8 �u 10 ��9.

H2O  S  H��

�Dc
  ��  OH��

�Dc
          Kw �  [H  ��][OH]

Kw �  ��1.8 �u 10 ��9 �u 55.5�� 2 ��mol L��1��2 �  1.0 �u 10 ��14 ��mol L ��1��2.

14. 1 equivalent Sn �{ 1 equivalent K2Cr2O7

119
4

 g  of Sn �  1000 mL N 

1 g  �{  1000
119/4

 mL N         

According to question 
1000
119/4

 mL N �  V �u N

�? V �  336 mL.

15. We know that

            �' Hdiss�q  �� �' Hneut (strong acid and strong base)

                      �  �' Hneut (weak acid and strong base)

or �' Hdiss�q  �� 13 700 cal �  ��13 385 cal.

�?              �'Hdiss�q  �  ��315 cal.

�'Hdiss�q per equivalent �  
315 cal

86
 �u 100 �  366 cal

(HA
��1 �� �D��c

  S  H��

�Dc
  ��  A��

�Dc
          �D �  14% and c �= 1 N��

16. CH3COOH  S  H �� �� CH3COO ��  C6H5COOH  S  C6H5COO �� �� H ��

K �  
[H ��][CH 3COO �� ]

[CH 3COOH]
   (1) K �  

[H ��][C6H5COO ��]
[C6H5COOH]

(2)

[CH 3COOH] �  
20
60 [C6H5COOH] �  

10
122

[H  ��] �  [CH3COO ��] [H  ��] �  [C6H5COO ��]

From (1), [H ��] 2 �  1.80 �u 10 ��5 �u 20
60

 (mol L ��1��2. (3)

From (2), [H ��] 2 �  1.80 �u 10 ��6 �u 10
122

 (mol L ��1��2. (4)

From (3) and (4) we get �>�+�����@��� �������������u������������ mol L ��1.   �?  pH �  2.46.

�ª
�«
�¬
 Sn �o  Sn4�� �� 4e; ESn �  

119
4  �º�»

�¼
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17. T �  
2�Sr
v     or    T �v 

r
v �˜

Now, r �v n2 and v �v 
1
n �˜

�? T �v n3  �Ÿ  T1 �  8T2  �Ÿ  n1 �  2n2.

18. The de Broglie wavelength is given by

          �O �  
h

��2meeV��1/2 �˜

�?           �O2 �  h2

2meeV �˜

Then the electron must be accelerated through the potential difference

   V �  
h2

2�O2mee
 �  ��6.626 �u 10��34 J s��2

2��550 nm��2��9.109 �u 10��31 kg����1.602 �u 10��19 C��
     

        �  
43.903 876 �u 10��68 J2 s2

2��550 �u 10��9 m��2��14.592 618 �u 10��50 kg C��

        �  
43.903 876 �u 10��18��kg m2 s��2��2 s2

2��302 500 �u 10��18 m2����14.592 618 kg C��

        �  0.000 004 97 kg m2 s��2 C��1

        �  4.97 �u 10��6 J C��1 �| 5 �u 10��6 V

        �  5 �PV.

19. According to the question, the number of atoms per unit cell is Z �  8.

Using the formula �U �  
Z � ̃M

NA � ̃a 3
 , we have

3.515 g cm��3 �  
8 �u 12 g mol��1

��6.022 �u 10 23 mol��1�� �u a 3
 �˜

�? a �| 356.6 pm.

20. HAc  S  H�� �� Ac�� and NaAc �o  Na �� �� Ac��

Ka �  
[H ��][Ac ��]

[HAc]
 �  

[H ��] �u 0.1 mol L��1

0.1 mol L��1
 �  1.8 �u 10 ��5 mol L ��1.

�? [H ��] �  1.8 �u 10��5 mol L ��1.

Ecell �  Ecal�q �� EH2
�q �  0.337 V �� 

0.0592
1

 log��1.8 �u 10 ��5�� V

   �  ��0.337 �� 0.281�� V �  0.618 V.
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21. For Mechanism A we have

        v �  k[NOH 2][NO] and K �  
[NOH 2]

[NO][H 2]
 �˜

�?            [NOH2] �  
v

k[NO]
 �  K[NO][H 2].

�?                 v �  Kk[NO] 2[H 2].

�?                 v �v [NO] 2[H 2]. (1)

For Mechanism B we obtain

         v�c �  k�c[N 2O2][H 2] and K�c �  
[N 2O2]

[NO] 2
 �˜

�?             [N2O2] �  
v�c

k�c[H 2]
 �  K�c[NO] 2.

�?                 v�c �  K�ck�c[NO] 2[H 2].

�?                 v�c �v [NO] 2[H 2]. (2)

Now, from (1) and (2) it is clear that the rate of the given reaction is
proportional to [NO] 2[H 2] for either of the two mechanisms proposed.

22. Let U1 and U2 be the internal energies per mole of the monatomic gas and
the diatomic gas respectively.

Thus  U1 �  
3
2

 RT;   U2 �  
5
2

 RT

or U �  
U1 �� U2

2
 �  

3
2

 RT �� 
5
2

 RT

2  �  2RT  (Total mole =  2)

or Cv �  
�wU
�wT

�º
�»
�¼ v

 �  2R.

We know that  Cp �� Cv �  R  or  Cp �� 2R �  R  or  Cp �  3R.

� ? � J �  
Cp

Cv
 �  

3R
2R

 �  
3
2

 �  1.5.

23. As the activity of the sample reduces from 6000 Bq to 3000 Bq in
140 days, it is clear that the half-life of the sample is t1/2 �  140 days.
�?  in 2t1/2 �  280 days, the activity becomes one-fourth of the initial activity.

�?  the initial activity of the radioactive sample equals

                4 �u 6000 Bq �  24 000 Bq.

24. Since the kinetic energy of the proton is E and its de Broglie wavelength
is �O1, we have

            �O1 �  
h

��2mpeV��1/2 �  
h

��2mpE��1/2 �˜ (1)
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Again, the wavelength of the photon having an energy equal to E is
given by

                   �O2 �  
hc
E  �˜ (2)

Now, from (1) and (2) we find that

          
�O1
�O2

 �  

h
��2mpE��1/2

hc
E

 �  E
�—�C�C�C�C2mp  � ̃cE1/2 �  

E1/2

�—�C�C�C�C2mp  � ̃c
 �˜

As the mass of a proton ��mp�� and the speed of light in vacuum (c) are
fundamental constants, we conclude that

                      
�O1
�O2

 �v E1/2.

25. (i) The galvanic cell is

      Pt |
��

 H2��g, 1 atm�� | Na OH��1 M�� | O 2��g, 1 atm��|
��

 Pt

  LHE ��ox��:         H2 �� 2OH ��  �o  2H2O �� 2e

    RHE ��red��:      
1
2

 O2 �� H2O �� 2e �o   2��OH ����          

    Net reaction:    H2��g�� �� 
1
2

 O2��g�� �o  H2O��l��             

(ii) Pt|
��

 H2��g, 1 atm�� | H  �� || OH ��, O2��g, 1 atm�� |
��

 Pt

  LHE ��ox��:          H2��g��  �o   2H �� �� 2e

    RHE ��red��:      
1
2

 O2 �� H2O �� 2e �o   2��OH ����                  

    Net reaction:    H2 �� 
1
2

 O2 �� H2O �o  2H �� �� 2��OH ����       

For the reaction H2O��l��  S  H �� �� OH ��,

�'G�q �  ��nFE�q �  ����1�� ��96 500 C mol ��1������0.6 V�� �  57.9 kJ mol ��1.

For the reaction H2 �� 
1
2
 O2 �� 2H2O �o  H2O �� 2H �� �� 2OH ��,

�'Gr�q�  �' formation GH2O
�q  �� 2�' ions GH2O

�q

      �  57.9 �u 2 �� 240 �  ��124.2 kJ

Ecell�q  �  �� �' G�q
nF

 �  124.2 �u 10 3

2 �u 96 500
 �  0.643 V.

Thus, Ecell�q  �  Ered�q  |OH  ��|O 2, Pt �� EH
 ��
|H 2

�q  �  Ecell�q  | OH ��|O 2|Pt �  0.643 V.
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26. The equilibrium composition of the given reaction is given below.

Equation: Hg ��CN��2 +    nCN��    �•�o [Hg ��CN��n �� 2]
n��

Initial amounts:  0.095 mol   0.1892 mol 0 mol  

Changes to reach
equilibrium:

 
–0.095 mol –0.095n mol ��0.095 mol

Amounts at
equilibrium:     0 mol (0.1892–0.095n) mol  0.095 mol

Hence, the total molality obtained after the addition of Hg ��CN��2 is

mtotal �  m��K���� �� m��CN���� �� m��[Hg ��CN��n �� 2]
n����

        �  0.1892 mol kg ��1 �� ��0.1892 �� 0.095n�� mol kg ��1 �� 0.095 mol kg ��1

        �  ��0.4734 �� 0.095n�� mol kg ��1.
Since the freezing point of pure water is 0�qC and that of the aqueous
solution of KCN is –0.704�qC, the depression of freezing point of water on
adding KCN is �' Tf, KCN �  0�qC �� ����0.704�qC�� �  0.704�qC.
Also, the van’t Hoff factor for KCN is i �| 2 as the solute dissociates almost
completely.
�? the freezing-point constant is given by

    Kf �  
�' Tf, KCN

m��KCN �� � ̃i
 �  0.704

0.1892 �u 2
 K kg mol ��1 �| 1.86 K kg mol ��1.

Now, the depression of freezing point of water on adding Hg ��CN��2 is
given by

            �' Tf, Hg��CN��2
 �  Kf � ̃mtotal.

�? 0�qC �� ����0.53�qC�� �  ��1.86 K kg mol��1�� � ̃��0.4734 �� 0.095n�� mol kg��1

�Ÿ     0.53 K �  ��0.880 524 �� 0.1767n�� K

�Ÿ    0.1767n �  0.880 524 �� 0.53 �  0.350 524.

�?              n �  0.350 524
0.1767  �  1.9837�}  �| 2.

Therefore the formula of the complex formed is found to be [Hg ��CN��4]
2��.

27. The ratio of the quantity of bromoa uric acid transformed into chloroauric
acid to the total quantity of bromoauric acid employed is equal to the
ratio of the observed heat of evolution to the molar heat of the reaction
            HAuBr4 �� 4HCl �o  HAuCl 4 �� 4HBr.
The molar heat of this reaction is obtained as follows by subtracting
equation (2) from equation (1), giving equation (3):

Au ��OH��3 �� 4HCl �  HAuCl 4 �� 3H2O; �' H�q �  ��23.00 kcal (1)
Au ��OH��3 �� 4HBr �  HAuBr 4 �� 3H2O; �' H�q �  ��36.8 kcal (2)
HAuBr 4 �� 4HCl �  HAuCl 4 �� 4HBr; �' H�q �  ��13.8 kcal (3)

Let  x% bromoauric acid be transformed into chloroauric acid.
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�?
x

100
 �  

0.51 kcal
1.38 kcal

  �Ÿ  x �| 3.7.

28. The emf of concentration cell is

          E �  �� 0.0592
n  log 

aL

aR

or         0.0579 �  �� 
0.0592

1
 log 

0.001�D1

0.01�D2
 �˜

or         0.0579 �  �� 
0.0592

1
 log 

0.001 �u 1
0.01�D2

�?            �D2 �  0.96 �  96%.
�?            [Ag��] �  0.01 mol L ��1 �u �D2 �  9.6 �u 10 ��3 mol L ��1.

29. Use the ideal gas equation, i.e. pV �  nRT. (1)
Differentiating both sides w.r.t. T at constant pressure, we get

                 p 
dV
dT

 �  nR. (2)

Dividing (2) by (1),

               
1
V

 
dV
dT

 �  
1
T

    or    �G �  1
T

 �˜

30. The dissociation of H2SO4 takes place in the following steps.

Step I:            H2SO4  �•�o
K1

  H �� �� HSO4
 ��

Step II:             HSO4
��  �I�H

   K2

     H�� �� SO4
 2��

Now, consider the equilibrium compos ition of Step II as shown below.

 Equation:    HSO4
 ��   �•�o  H�� �� SO4

2��

 Initial amounts:     0.1 mol  0 mol  0 mol

 Changes to reach equilibrium:     ��x mol ��x mol ��x mol

 Amounts at equilibrium: ��0.1 �� x�� mol  x mol  x mol

Hence, we have 

           K2 �  
[H ��][SO4

 2��]

[HSO4
��]

 �  ��x mol L ��1����x mol L ��1��

��0.1 �� x�� mol L ��1
 �˜

�?               10��2 mol L ��1 �  x2 ��mol L ��1��2

��0.1 �� x�� mol L ��1

�Ÿ                    x2 �  10��2��0.1 �� x�� �  0.001 �� 0.01x

�Ÿ         x2 �� 0.01x �� 0.001 �  0.

�?         ��x �� 0.027����x �� 0.037�� �| 0.
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Since x cannot be negative, x �| 0.027.

�?          [H��]total �  [H
��]H2SO4

 �� [H ��]HSO4

��

         �  ��0.1 �� x�� mol L ��1

      �  ��0.1 �� 0.027�� mol L ��1 �  0.127 mol L��1.

�?             pH �  ��log 0.127 �  ������0.896 19�}��  �| 0.9.

31. The cell is Zn��s��|Zn  2����1 M�� �_�_ Cu 2����1 M��| Cu��s�� �� NH 3(excess)

      Cu 2��  ��  4NH3    S    Cu��NH 3��4
 2��        Kf �  

[Cu��NH 3��4
 2��]

[NH 3]
 4[Cu 2��]

Initially,  1.0 M        excess      0

At equilibrium, ��1 �� x��    2.0 M       x     1.0 �u 10 ��12 �  
x

2 4��1 �� x��

x
1 �� x

 �  16 �u 10 ��12  �Ÿ  
1 �� x

x  �  
1

16  �u 10 ��12
  �Ÿ  

1
x �� 1 �  

1

16 �u 10 ��12
 �˜

1
x �  1

16 �u 10 ��12
  �Ÿ  x �  16 �u 10 ��12.

Ecell �  ��ER�q �� EL�q�� �� 
0.0592

2
 log [Zn  2��]

[Cu 2��]
  V

   �  1.10 V �� 0.0296 log 
1.0

16 �u 10 ��12
 V

   �  1.10 V �� 0.0296����log 2 4 �� 12��  V.

�? Ecell �  0.70 V.

32. Since the crystal is fcc, the edge length of the unit cell is a �  2 �u shortest
distance between A and B �  2Y 1/3 nm.

As we know,     �U �  
Z � ̃M

NA � ̃a 3
 �  

4 �u 6.022Y u mol  ��1

��6.022 �u 10 23 mol ��1����2Y 1/3 �u 10 ��9 m�� 3

             �  0.5 �u 10 4 u m��3 �  0.83 �u 10 ��23 kg m��3.

33. Ecell �  
0.0592

1  log 
Ks��AgBr/Br  ����

Ks��AgCl/Cl  ����
  V

   �  
0.0592

1  log 
3.3 �u 10 ��13/ 0.02

2.8 �u 10 ��10/ 0.2
  V

    �  ��0.115  V.
Since Ecell is negative, the reverse reaction is spontaneous.

34.       �O1 �  108.5 nm �  108.5 �u 10 ��9 m
      �O2 �  30.4 nm �  30.4 �u 10 ��9 m
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Let the excited state be n2. The electron falls first from n2 to n1 and then
from n1 to the ground state.

         
1
�O2

 �  Z 2R�f  
�§
�¨
�©

1

1 2
 �� 

1

n1
 2

�·
�¸
�¹

or
1

30.4 �u 10 ��9 m
 �  2 2 �u ��1.097 �u 10 7 m��1�� �u �§�¨

�©

1

1 2
 �� 

1

n1
 2

�·
�¸
�¹

or          n1 �  2.

Again,       
1
�O1

 �  Z 2R�f  
�§
�¨
�©

1

2 2
 �� 1

n2
 2

�·
�¸
�¹

or  
1

108.5 �u 10 ��9 m
 �  2 2 �u ��1.097 �u 10 7 m��1�� �u �§�¨

�©

1

2 2
 �� 

1

n2
 2

�·
�¸
�¹

or         n2 �  5.

35. We know that �'U �  p�' V
�J �� 1

 �˜

At constant pressure, dw �  p�' V. (1)

From (1) and (2),

�' U �  
dw

�J �� 1
 or �' U �  dq �� dw or dq �  �' U �� dw �  

dw
�J �� 1

 �� 1.

�? dq �  
�J

�J �� 1
 dw �  1.4

1.4 �� 1
  �u 2 J �  

2.8
0.4

 J �  7 J.

36. Let the order of the rate-determini ng step in the pyrolysis of B2H6��g�� be
n. Then the rate law for the reaction is

                  v �  k[B2H6]
n.

Hence, from the given data we obtain

      7.40 �u 104 mol L��1 h��1 �  k��2.153 �u 102 mol L ��1��n (1)

and

      0.73 �u 104 mol L��1 h��1 �  k��0.433 �u 102 mol L ��1��n (2)

Now, dividing (1) by (2),

                  
7.40
0.73

 �  �§�¨
�©

2.153
0.433

�·
�¸
�¹

n

�?             log 
7.40
0.73

 �  log �§�¨
�©

2.153
0.433

�·
�¸
�¹

n

�Ÿ  log 10.137 �  n log 4.972.

�?                  n �  
log 10.137
log 4.972

 �| 
1.006
0.696

                      �| 1.4454�}  �| 1.5 �  3
2

 �˜
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37. The rate law of the given reaction is

        rate �  �� 
1
2
 
d[N 2O5]

dt
 �  

1
4

 �u 
d[NO2]

dt
 �  

d[O2]
dt

 �  k[N 2O5].

d[N 2O5]
dt

 �  2k[N 2O5] �  k1[N 2O5] or  2k �  k1      or  4k �  2k1.

d[NO 2]
dt

 �  4k[N 2O5] �  k2[N 2O5] or  4k �  k2      or  4k �  k2.

d[O2]
dt

 �  k[N 2O5] �  k3[N2O5] or  k �  k3        or  4k �  4k3.

The relation is 2k1 �  k2 �  4k3.

38. Work done by the system ��w�� �  ��nRT ln 
p1

p2
 �˜

w �  ��2.303 nRT log 
p1

p2
 �  ��2.303 �u 5 �u 8.314 �u 300 log 

10
2

  �  ��2.0075 �u 10 4 J.
Let m be the mass which can be lifted through a height of 1 m.
w �  mgh   or  2.0075 �u 10 4 J �  m �u 9.8 �u 1 J

�? m �  205 kg (approx.)

39. Rate �  v �  K�T �  
kKp

1 �� Kp
 �˜

(a) Adsorption on gold is �T �| 1, and v �  K �  constant.

   Hence, it is a zero-order reaction.

(b) Adsorption on platinum is �T �| Kp as Kp �� 1.

So v �  kKp, and the reaction is of the first order.

40. The formula weight of KCN is equal to

                Mr �  39.1 �� 12 �� 14 �  65.1.
�?  the molar mass is given by

                 M �  65.1 g mol ��1.

�?  molar volume, Vm �  
M
�U �  

65.1 g mol��1

1.52 g cm��3
 �| 42.8289 cm3 mol��1.

�?  the volume of a formula unit is

        V �  
Vm

NA
 �  

42.8289 cm3 mol��1

6.022 �u 1023 mol��1

                  �| 7.112 07 �u 10��23 cm3

                  �  71.1207 �u 10��24 cm3.

Since the rock-salt structure is a face-centred cubic crystal containing four
formula units, the volume  of the unit cell equals

            a3 �  4V �  4��71.1207 �u 10��24 cm3��

             �  284.4828 �u 10��24 cm3.
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�?            a �  ��284.4828 �u 10��24 cm3��1/ 3

              �  ��284.4828��1/3  �u 10��8 cm

             �  ��284.4828��1/3  �u 10��10 m

             �  ��284.4828��1/3 Å.

�?        d100 �  
a

��12 �� 02 �� 02��1/2 �  ��284.4828��1/3 Å.

�?      ln d100 �  
1
3

 ��ln 284.4828�� Å �| 
5.6507

3
 Å �| 1.883 Å.

�?        d100 �  ��exp 1.883�� Å �| 6.57 Å.

�T
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Part 2

Inorganic Chemistry

2-1





1

Periodic Table

�x Type 1 �x

Choose the correct option. Only one option is correct.

1. The correct order of increasing radius of the elements Si, Al, Na and P is
(a) Si, Al, P, Na (b) P, Si, Al, Na

(c) Al, Si, P, Na (d) Al, P, Si, Na

2. Which of the following series of elements have nearly the same atomic
radii?

(a) F, Cl, Br, I (b) Na, K, Rb, Cs

(c) Li, Be, B, C (d) Fe, Co, Ni, Cu

3. In which of the following pairs is the second atom larger than the first?
(a) Br, Cl (b) Na, Mg

(c) Sr, Ca (d) N, P

4. Which of the following compounds may one expect to be strongly ionic
in character?

(a) BaCl2 (b) CsCl (c) CaCl2 (d) SrCl2

5. The order of increasing electron affinity of the electronic configurations
 (i) 1s 2 2s 2 2p 6 3s 2 3p 5    (ii) 1s 2 2s 2 2p 3

(iii) 1s 2 2s 2 2p 5           (iv) 1s 2 2s 2 2p 6 3s 1

is
(a) (ii), (iv), (iii), (i) (b) (i), (ii), (iii), (iv)

(c) (i), (iii), (ii), (iv) (d ) (iv), (iii), (ii), (i)

6. The highest ionization energy is exhibited by
(a) halogens (b) alkaline earth metals

(c) transition metals (d) noble gases
2-3



7. Which among the following electronic configurations represents the
element with the maximum electron affinity?

(a) 1s 2 2s 2 2p 6 (b) 1s 2 2s 2 2p 5

(c) 1s 2 2s 2 2p 6 3s 1 (d) 1s 2 2s 2 2p 6 3s 2 3p 5

8. In which of the following pairs does  one element exist as a solid and the
other as a liquid under normal conditions?

(a) I2 and F2 (b) I2 and Br2
(c) Br2 and Hg (d) Na and Cs

9. Among the following, the element which has the configuration

(a) [Ne] 3s 1 3p 2 (b) [Ne] 3s 2 3p 5

(c) [Ne] 3s 2 3p 4 (d) [Ne] 3s 2 3p 6 3d 5 4s 1

has the highest electron affinity.

10. Which of the following sets of a tomic numbers corresponds to elements
of group 16?

(a) 8, 16, 32, 54 (b) 16, 34, 54, 86

(c) 8, 16, 34, 52 (d) 10, 16, 32, 50

11. Among the following electronic conf igurations, the one corresponding to
the element with the highest ionization energy is

(a) [Ne] 3s 2 3p 1 (b) [Ar] 3d  10 4s 2 4p 2

(c) [Ne] 3s 2 3p 2 (d) [Ne] 3s 2 3p 3

12. Of which of the following elements is the first ionization energy the
lowest?

(a) Lead (b) Carbon (c) Silicon (d) Tin

13. Among the following elements, which has the highest ionization energy?
(a) Nitrogen (b) Chromium

(c) Neon (d) Manganese

14. The thermal stability of BaCO3, CaCO3, SrCO3 and MgCO3 decreases in
the order

(a) BaCO3 �! SrCO3 �! MgCO3 �! CaCO3

(b) CaCO3 �! SrCO3 �! MgCO3 �! BaCO3

(c) MgCO3 �! CaCO3 �! SrCO3 �! BaCO3

(d) BaCO3 �! SrCO3 �! CaCO3 �! MgCO3

15. Which of the following has the maxi mum number of unpaired electrons?

(a) Ti 3�� (b) V 3��

(c) Fe 3�� (d) Fe 2��
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16. If the aufbau principle ha d not been followed, Ca(Z �  20) would have
been placed in the

(a) s-block (b) p-block

(c) d-block (d) f-block

17. Among the equations given below, the one whose �' H�q value equals the
first ionization energy of Ca is

(a) Ca ����g��  �•�o   Ca 2����g�� �� e (b) Ca��g��  �•�o   Ca ����g�� �� e

(c) Ca��s��  �•�o   Ca ����g�� �� e (d) Ca��g��  �•�o   Ca 2����g�� �� 2e

18. Which of the following oxides is neutral?
(a) SnO2 (b) CO

(c) Al 2O3 (d) Na2O

19. Which of the following is the least stable?
(a) PbI4 (b) KCl (c) GeI4 (d) SnI4

20. Among the following, the element with  the lowest atomic number that
has a ground-state electronic configuration of ��n �� 1��d 6ns 2 is located in
the

(a) fifth period (b) sixth period

(c) fourth period (d) third period

21. Which of the following properties does not depend on periodicity?
(a) Atomic weight (b) Atomic number

(c) Ionization energy (d) Electronegativity

22. The electronegativity of the following  elements increases in the order

(a) C �� N �� Si �� P (b) Si �� P �� C �� N

(c) N �� C �� P �� Si (d) C �� Si �� N �� P

23. Which of the following is arranged  in order of increasing radius?

(a) K ����aq�� �� Na ����aq�� �� Li  ����aq��

(b) K ����aq�� �! Na ����aq�� �! Zn 2����aq��

(c) K ����aq�� �� Li  ����aq�� �� Na ����aq��

(d) Li  ����aq�� �� Na ����aq�� �� K ����aq��

24. The third ionization energy is maximum for
(a) nitrogen (b) phosphorus

(c) aluminium (d) boron

25. The correct order of increasing atomic radius of the following elements is
(a) S < O < Se < C (b) O < C < S < Se

(c) O < S < Se < C (d) C < O < S < Se
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26. Which of the following arrangements shows the correct order of
decreasing paramagnetism?

(a) N > Al > O > Ca (b) N > O > Al > Ca

(c) O > N > Al > Ca (d) O > N > Ca > Al

27. A large difference between the fourth and fifth ionization energies
indicates the presence of

(a) 5 valence electrons in an atom

(b) 6 valence electrons in an atom

(c) 4 valence electrons in an atom

(d) 8 valence electrons in an atom

28. Which of the following has been arrang ed in order of increasing covalent
character?

(a) BaCl2 �� AlF3 �� BeCl2 �� LiCl

(b) KCl �� NaCl �� BeCl2 �� PbCl4

(c) NH 4Cl �� BCl3 �� CCl4 �� AlF3

(d) KCl �� CaCl2 �� AlCl 3 �� SiCl4

29. Electron affinity is defined as the
(a) energy required to remove an electron from an isolated gaseous

atom

(b) energy released when an electron is added to an isolated atom in
the gaseous state

(c) energy required to add an electron to an isolated atom in the
gaseous state

(d) ability of an atom to attract an electron

30. Which of the following halides is stable to hydrolysis?
(a) SiCl4 (b) PF3 (c) NCl3 (d) NF3

31. Which of the following is arranged  in order of increasing thermal
stability?

(a) HgCl2 �� BeCl2 �� CaCl2 �� BaCO3

(b) BaCl2 �� CaCl2 �� BeCl2 �� HgCl 2

(c) CaCl2 �� BeCl2 �� BaCO3 �� HgCl 2

(d) BeCl2 �� BaCl2 �� HgCl 2 �� CaCl2

32. The correct order of increasing electron affinity of the following elements
is

(a) C < Be < N < O < F (b) Be < C < O < N < F

(c) Be < C < N < O < F (d) Be < C < N < F < O
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33. Which of the following has been arranged in order of the increasing
stability of the +2 oxidati on state of the ions?

(a) Ca 2�� �� Ba 2�� �� Sr 2�� (b) Pb 2�� �� Ge 2�� �� Sn 2��

(c) Ge 2�� �� Sn 2�� �� Pb 2�� (d) Cu 2�� �� Au  2�� �� Ag 2��

34. Which of the following is arranged  in order of increasing density?
(a) Al < Mg < C (graphite) < B

(b) B < Al < Mg < C (graphite)

(c) C (graphite) < Al < B < Mg

(d) Mg < C (graphite) < B < Al

35. Which of the following represents the correct outer-shell electronic
configuration of Group 13 elements?

(a) ns 2 nd 1 (b) ns 2 np 6

(c) ns 2 np 1 (d) ns 2 np 3

36. Among the following, which has the lowest enthalpy of fusion?
(a) Fluorine (b) Hydrogen

(c) Chlorine (d) Helium

37. Which of the following is arranged  in order of increasing density?
(a) Ag < Au < Fe < Cu (b) Cu < Au < Ag < Fe

(c) Fe < Cu < Ag < Au (d) Au < Ag < Cu < Fe

38. What is the electronic configuration of the outer shell of the elements of
Group 14?

(a) ns 2 np 4 (b) ns 2 np 6 (c) ns 2 np 2 (d) ns 2

39. Which of the following is arranged in order of increasing boiling point?

(a) H2O �� CCl4 �� CS2 �� CO2 (b) CO2 �� CS2 �� CCl4 �� H2O

(c) CS2 �� H2O �� CO2 �� CCl4 (d) CCl4 �� H2O �� CO2 �� CS2

40. Which of the following is arranged  in order of increasing density?

(a) Ne �� Cl2 �� N2 �� O2 (b) N2 �� O2 �� Ne �� Cl2

(c) Cl2 �� Ne �� O2 �� N2 (d) Cl2 �� N2 �� O2 �� Ne

41. Which of the following is arranged  in decreasing order of size?

(a) Mg 2�� �! Al  3�� �! O 2�� (b) O 2�� �! Mg 2�� �! Al  3��

(c) Al  3�� �! Mg 2�� �! O 2�� (d) Mg  2�� �| Al  3�� �! O 2��

42. Which of the following compounds has a positive enthalpy of solution?
(a) LiF (b) LiCl

(c) LiBr (d) LiI
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43. Which of the following is arranged  in order of increasing second
ionization energy?

(a) C < N < O < F (b) F < C < N < O

(c) C < N < F < O (d) F < O < N < C

44. The order of increasing ionic radius of the following is

(a) K �� �� Li  �� �� Mg 2�� �� Al  3��

(b) K �� �� Mg 2�� �� Li  �� �� Al  3��

(c) Li �� �� K �� �� Mg 2�� �� Al  3��

(d) Al  3�� �� Li  �� �� Mg 2�� �� K ��

45. Which of the following compounds has a negative enthalpy of solution?
(a) KCl (b) KBr

(c) KF (d) KI

46. Which of the following statements is incorrect?

(a) The second ionization energy of sulphur is greater than that of
chlorine.

(b) The third ionization energy of phos phorus is greater than that of
aluminium.

(c) The first ionization energy of aluminium is approximately the
same as that of gallium.

(d) The second ionization energy of boron is greater than that of
carbon.

47. Which of the following electronic configurations corresponds to the
element with the highest electron affinity?

(a) [Ar] 3d  10 4s 2 4p 3 (b) [Ar] 3d  10 4s 2 4p 4

(c) [Ar] 3d  10 4s 2 4p 5 (d) [Ar] 3d  10 4s 2 4p 6

48. The ionization energies of which of the following pairs of elements
increase in a regular and integral manner?

(a) Nitrogen and phosphor us (b) Oxygen and fluorine

(c) Boron and aluminium (d) Sodium and magnesium

49. Among the following elements, the second ionization energy is
maximum for

(a) boron (b) beryllium

(c) magnesium (d) aluminium

50. Arrange N, O and S in order of decreasing electron affinity.
(a) S > O > N (b) O > S > N

(c) N > O > S (d) S > N > O
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51. Arrange the elements with the following electronic configurations in
increasing order of electron affinity.

 (i) 1s 2 2s 2 2p 5        (ii) 1s 2 2s 2 2p 4

(iii) 1s 2 2s 2 2p 3       (iv) 1s 2 2s 2 2p 6 3s 2 3p 4

(a) i < ii < iii < iv (b) iv < iii < ii < i

(c) iii < ii < iv < i (d) ii < iii < i < iv

52. Which of the following pairs of compounds has positive enthalpies of
solution?

(a) NaF and NaCl (b) NaBr and NaI

(c) NH 4Cl and NH 4F (d) CaF2 and CaCl2

53. Among the following elements, which has the least electron affinity?
(a) Phosphorus (b) Sulphur

(c) Oxygen (d) Nitrogen

54. The basicity of the hydroxides of the following alkali metals is of the
order

(a) Li > Na > Rb > Cs (b) Na > Li > Rb > Cs

(c) Cs > Rb > Na > Li (d) Rb > Cs > Na > Li

55. The basic strengths of the hydroxides of the following alkaline earth
metals follow the order

(a) Be > Mg > Sr > Ba (b) Mg > Be > Ba > Sr

(c) Ba > Sr > Mg > Be (d) Sr > Be > Mg > Ba

56. The solubilities of Na 2SO4, BeSO4, MgSO4 and BaSO4 follow the order

(a) BeSO4 �! MgSO4 �! Na2SO4 �! BaSO4

(b) Na2SO4 �! BeSO4 �! MgSO4 �! BaSO4

(c) BeSO4 �! Na2SO4 �! MgSO4 �! BaSO4

(d) MgSO4 �! BeSO4 �! Na2SO4 �! BaSO4

57. The basic character of MgO, SrO, K2O and NiO increases in the order

(a) K2O �� SrO �� MgO �� NiO (b) NiO �� MgO �� SrO �� K2O

(c) MgO �� NiO  �� SrO �� K2O (d) K2O �� MgO �� NiO  �� SrO

58. Which of the following is arranged  in order of increasing electron
affinity?

(a) C < O < N < B (b) N < O < B < C

(c) O < C < B < N (d) N < B < C < O

59. Which of the following statements is correct?
(a) The magnitude of the second electron affinity of sulphur is greater

than that of oxygen.
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(b) The magnitude of the second electron affinity of sulphur is less
than that of oxygen.

(c) The first electron affinities of bromine and iodine are
approximately the same.

(d) The first electron affinity of fluorine is greater than that of
chlorine.

60. Which of the following pairs of molecules have the identical bond
dissociation energies?

(a) F2 and H2 (b) N2 and CO

(c) F2 and I2 (d) HF and O2

61. Which of the following arrangements is correct in terms of electron
affinity?

(a) Chlorine > fluorine > iodine > bromine

(b) Bromine < iodine < chlorine < fluorine

(c) Bromine  < iodine < fluorine < chlorine

(d) Bromine �| iodine > chlorine < fluorine

62. Among the following oxides, whic h has the maximum lattice energy?
(a) MgO (b) CaO

(c) SrO (d) BaO

63. Among the following molecules, wh ich has the maximum lattice energy?
(a) KBr (b) NaCl

(c) NaF (d) LiF

64. Which of the following is arranged in increasing order of hydration
energy?

(a) Cu 2�� �� Fe 3�� �� Fe 2�� �� Al  3��

(b) Fe 2�� �� Cu 2�� �� Al  3�� �� Fe 3��

(c) Al 3�� �� Fe 3�� �� Fe 2�� �� Cu 2��

(d) Fe 3�� �� Al  3�� �� Cu 2�� �� Fe 2��

65. Among the following, which has the maximum hydration energy?

(a) OH �� (b) NH 4
 �� (c) F �� (d) H  ��

66. Which of the following is arranged in  order of increasing melting point?
(a) Zn < Cu < Ni < Fe (b) Fe < Ni < Cu < Zn

(c) Ni < Fe < Zn < Cu (d) Cu < Zn < Fe < Ni

67. Which of the following is arranged in  order of decreasing melting point?
(a) S > P > Si > Al (b) Al > Si > P > S

(c) Si > Al > S > P (d) P > S > Al > Si
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68. Among the following, which has the maximum density?
(a) Sulphur (b) Phosphorus (c) Silicon (d) Aluminium

69. Which of the following is arranged in order of decreasing boiling point?
(a) Mg > Ca > Hg > Zn (b) Hg > Zn > Mg > Ca

(c) Ca > Mg > Zn > Hg (d) Zn > Hg > Ca > Mg

70. Which of the following pairs includes elements with almost the same
covalent radii?

(a) Hydrogen and helium (b) Iodine and bromine

(c) Nitrogen and oxygen (d) Sulphur and chlorine

71. Among the following metals, the most dense is
(a) osmium (b) iridium (c) platinum (d) gold

72. Which of the following sets has elements with identical covalent radii?
(a) B, C, N, O (b) Al, Si, P, S

(c) Cr, Mn, Fe, Cu (d) Li, Be, B, C

73. Among the following, the third ionization energy is maximum for
(a) aluminium (b) boron

(c) magnesium (d) beryllium

�x Type 2 �x

Choose the correct options. More than one option is correct.

74. Paramagnetism is exhibited by elements, the atoms of which have
(a) only an odd number of electrons

(b) only an even number of electrons

(c) the d-shell partially filled

(d) none of these

75. In halogens, which of the following  increases from iodine to fluorine?
(a) Bond length

(b) Electronegativity

(c) The ionization energy of the element

(d) Oxidizing power

76. Which of the following have  isoelectronic structures?
(i) CH 3

 ��  (ii) H 3O
 ��  (iii) CH 3

 ��  (iv) NH 3

(a) (i) and (ii) (b) (i) and (iii)

(c) (iii) and (iv) (d) (ii), (iii) and (iv)
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77. Which among the following are isostructural pairs?

(a) NF3 and H3O
 �� (b) NO3

 �� and BF3

(c) NF3 and NO3
 �� (b) NF3 and NH 3

78. Which of the following statements are correct?
(a) F is the most electronegative and Cs the most electropositive

element.

(b) The electronegativity of halogens decreases from F to I.

(c) The electron affinity of Cl is higher than that of F though their
electronegativities are in the reverse order.

(d) The electron affinity of noble gases is almost zero.

79. Which of the following statements are true?
(a) Mendeleev’s periodic law is based on the atomic numbers of

elements.

(b) The table presented by Mendeleev did not have the zero group.

(c) Each group in Mendeleev’s periodic table was divided into two
subgroups.

(d) Mendeleev’s periodic table consists of ten horizontal rows or
series.

80. Which of the following have  a diagonal relationship?
(a) Li and Mg (b) B and Mg

(c) Be and Al (d) Be and Na

81. Which of the following belong to a triad?
(a) Osmium (b) Platinum

(c) Iridium (d) Palladium

82. Which of the following are correct?

(a) The configuration of M o ��Z �  42�� is [Kr] 4d  5 5s 1.

(b) The configuration of Pd ��Z �  46�� is [Kr] 4d  8 5s 2.

(c) The configuration of Pd��Z �  46�� is [Kr] 4d  10 5s 0.

(d) The configuration of Pt ��Z �  78�� is [Xe] 4d 9 6s 1.

83. Which of the following elements are present in group 16 of the periodic
table?

(a) Sulphur (b) Arsenic

(c) Tellurium (d) Silicon

84. Which of the following species are isoelectronic with Ne?

(a) N 3�� (b) Mg 2��

(c) Al  3�� (d) Ca 2��
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85. In which of the following are the or ders of electron affinity of the
elements or ions shown correctly?

(a) S �! O �� (b) O �! S ��

(c) O �� �! S �� (d) N  �� �! P

86. Which of the following salts does not undergo hydrolysis?
(a) NaCl (b) KCN

(c) KClO4 (d) Na2CO3

87. Which of the following statements are correct?

(a) Liquid oxygen sticks to the poles of magnet.

(b) Silver perchlorate is soluble in water.

(c) The atomic size of silver is less than that of gold.

(d) Many peroxides are coloured because of the presence of
superoxides.

88. Which of the following halides are soluble in water?
(a) AlF3 (b) AgI

(c) AgCl (d) AgF

89. Which of the following pairs have approximately the same atomic radii?
(a) Pd and Pt (b) Al and Mg

(c) Al and Ga (d) Na and Ne

90. Diagonal relationships are shown by
(a) Be and Al (b) Li and Mg

(c) Mg and Al (d) B and P

91. The ionic bonds X ��Y �� are formed when the
(a) electron affinity of Y is high

(b) ionization energy of X is low

(c) lattice energy of XY is high

(d) lattice energy of XY is low

92. Which of the folloiwng statements are correct?
(a) The melting point of boron is greater than that of carbon.

(b) The melting point of boron is less than that of carbon.

(c) BF3 is a weaker electron acceptor than BBr3.

(d) trans-1,2-Dichloro-2-pentene has a dipole moment.

93. Which of the following species are not known?
(a) AgOH (b) SH 6

(c) PbI4 (d) PI5
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12. Greatest size, and hence lowest value of ionization energy

14. Lattice energy considerations

19. PbI4 disproportionates easily: PbI4 �o  PbI2 �� I2.

22. The smaller the size, the greater is the electronegativity

23. The reason for this apparent anomaly is that the ions are hydrated in
solution. Since Li �� is very small, it is heavily hydrated. This makes the
radius of the hydrated io n large. In contrast K �� (aq.) is the least hydrated
because it is the largest.

28. Apply Fajans’ rules.

30. The electronegative fluorines in NF3 balance the electron distribution
around N to such an extent that the dipole moment is only 0.2 D.

31. The size of the cations, and lattice energy considerations

33. Inert-pair effect

37. Close-packed structures

39. Hydrogen-bonding in water, and molar mass for the rest of the
molecules

43. The size of the elements and electronic configuration

54. Greater size and lower ionization energy

56. Lattice-energy considerations

60. The low dissociation energy of F2 arises from the repulsion between the
unpaired electrons on the two atoms which are themselves small

61. Electron-electron interaction and effect of p-orbital repulsion

63. Lattice energy U �� �v Z�� Z��

               �v 
1
r

64. The smaller the size, the greater is the lattice energy.

68. Al has the most packed structure.

69. Hg has the weakest metallic bond, and Ca the strongest.

73. Stable electronic configuration

77. Both have pyramidal structures

80. On moving across a period, the charge on the ions increases and the size
decreases, causing the polarizing power to increase. On moving down a
Group, the size increases and the polarizing power decreases. On
moving diagonally these two effects pa rtly cancel each other. So there is
no marked change in properties.
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43. The presence of water can be inferred by
(a) using anhydrous CuSO4 which changes colour
(b) using anhydrous CoCl2 which changes colour from blue to pink
(c) the use of hydrated CuSO4

(d) smell

44. Hydrogen peroxide is used as
(a) a reducing agent (b) an oxidant of rocket fuel
(c) an oxidizing agent (d) a bleaching agent

45. Which of the following statements are correct?
(a) Hydrogen, like alkali metals, is electropositive.
(b) Like alkali metals, hydrogen shows an oxidation state of +1 in its

compounds.
(c) Like alkali metals, hydrogen acts as a strong reducing agent.
(d) Hydrogen shows an oxidation state of –1 in covalent hydrides.

46. Which of the following statements are correct?
(a) Like halogens, hydrogen combines with nonmetals to form

covalent compounds.
(b) Hydrogen as well as halogens have a tendency to accept electrons.
(c) The oxide of hydrogen is neutral, as is the case with the oxides of

halogens, e.g., Cl2O7.
(d) Hydrogen and halogens form hydride ions with equal ease.

47. In which of the following does hydrogen exist in a negative oxidation
state?

(a) HCl (b) CaH2

(c) B2H6 (d) Li[AlH4]

48. Which of the following statements are correct?
(a) Water is amphoteric.
(b) Water acts as an oxidizing agent.
(c) Water acts as a reducing agent.
(d) Sodium hydride is insoluble in water.

49. The decomposition of H2O2 is retarded by
(a) acetanilide (b) glycerol
(c) sodium bicarbonate (d) oxalic acid

50. Which of the following statements are correct?
(a) Dihydrogen is neutral to litmus.
(b) Dihydrogen dissociates into hydrogen atoms only on being heated

to above 2000 K.

Hydrogen and Oxygen 2-23













































22. In the reaction of (S) 2-phenylpropamide with NaOBr/H2O to give
1-phenylethylamine,

(a) there is retention of configuration
(b) there is inversion of configuration
(c) a mixture of two products is obtained
(d) there is no reaction

23. The oxidation of m-dinitrobenzene with alkaline potassium ferricyanide
gives

24. Nitrobenzene can be converted into phenylhydroxylamine by reduction
with

(a) Zn–NH4Cl–H2O (b) alkaline sodium arsenite

(c) alkaline sodium stannite (d) Zn–aqueous NaOH

25. In pyridine, the state of hybridization of the nitrogen atom is

(a) sp 2 (b) sp 3

(c) sp (d) none of these
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(c) There is no reaction.(d)
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14. Petroleum consists mainly of
(a) aromatic hydrocarbons (b) aliphatic hydrocarbons 
(c) aliphatic alcohols (d) none of these

15. The first product obtained during the fractional distillation of petroleum is
(a) petroleum ether (b) diesel
(c) kerosene (d) none of these

16. Which of the following fractions of petroleum has the lowest boiling
point?

(a) Diesel (b) Kerosene
(c) Gasolene (d) Heavy oil

17. Paraffin wax is
(a) an ester (b) an alcohol 
(c) a saturated hydrocarbon (d) an unsaturated hydrocarbon

18. Natural gas is a mixture of
(a) CO and N2 (b) CH4, C2H6 and C3H8

(c) CO and CO2 (d) CO, H2 and CH4

19. Petroleum ether can be used as
(a) a fuel
(b) a solvent for fats, oils and varnish
(c) both
(d) neither

20. Gasoline has the composition
(a) C3–C5 (b) C6–C10 (c) C8–C12 (d) C10–C13

21. Synthetic petrol is produced from water gas by the
(a) Baeyer process (b) Fischer–Tropsch process
(c) oxo process (d) Bergius process

22. The detection of leakage from LPG cylinders is facilitated by the addition
of

(a) phenols (b) glycols
(c) thioalcohols (d) alcohol

23. Which of the following produce the highest knocking?
(a) Olefins (b) Aromatic hydrocarbons
(c) Straight-chain paraffins (d) Branched-chain paraffins

24. Which of the following has been given the octane number zero?
(a) n-Octane (b) Iso-octane
(c) n-Heptane (d) Tetraethyl lead
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21. Which of the following statements are correct?
(a) The letters D and L refer to relative configuration around the

asymmetric carbon atom.

(b) The signs (+) and (–) refer to the direction of rotation of polarized
light.

(c) A carbohydrate with a D configuration must belong to the (+)
series.

(d) A carbohydrate with an L configuration must belong to the (–)
series.

22. On hydrolysis, which of the following carbohydrates gives only glucose?
(a) Sucrose (b) Lactose

(c) Maltose (d) Starch

23. The presence of a —CHO group in glucose is inferred by its,
(a) reaction with HCN to give a cyanohydrin

(b) reduction by Na–Hg to give sorbitol

(c) reaction with Fehling’s solution

(d) reaction with the Tollens reagent

24. Which of the following indicates that all the carbon atoms in glucose are
in a straight chain?

(a) On being heated with HI, glucose forms n-hexane.

(b) On hydrolysis, the cyanohydrin of glucose gives n-heptanoic acid.

(c) On acetylation, glucose gives a penta-acetate.

(d) None of these

25. Which of the following statements are correct for glucose?
(a) It gives a positive reaction to Schiff’s test for aldehydes.

(b) It reacts with sodium bisulphite and ammonia.

(c) Glucose penta-acetate does not react with hydroxylamine.

(d) It gives a negative reaction to Schiff’s test for aldehydes.

26. The phenomenon of mutarotation is exhibited by
(a) glucose (b) fructose

(c) lactose (d) maltose

27. A carbohydrate gives the following compound on reaction with
phenylhydrazine.
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(c) The left and right ends of the peptides are referred to as the N
terminous (or amino terminous) and C terminous (or carboxyl
terminous) respectively.

(d) All of these.

Answers

  1. c   2. a   3. b   4. a   5. b
  6. d   7. c   8. a   9. b  10. c
 11. d  12. c  13. c  14. b  15. d
 16. b  17. b  18. a  19. c  20. d
 21. c  22. b  23. a, b, c  24. a, b  25. b, c

Hints to More Difficult Problems

2. Amino acids are the basic unit of proteins

  

  
It is a neutral molecule and not an ion.

11. The three pyrimidine bases ( cytosine, thymine and uracil) and two
purine bases (adenine, guanine) are units in nucleotides.

12. Proteins have             linkage.

14. Guanine is a purine.

18. Zwitterion is the hybrid of positive and negative ionic groups.
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41. Examples of step-growth polymer is/are
(a) nylon 6 (b) nylon 6,6
(c) Kevlar (d) none of these

42. Polycarbonate is
(a) used in the manufacture of compact disc (CD)
(b) prepared by the reaction between phosgene and bisphenol A
(c) PVC
(d) all of these

43. Epoxy resin is
(a) prepared by the reaction of bisphenol A and epichlorohydrin

followed by a hardener
(b) a cross-linked polymer
(c) an epoxy adhesive
(d) all of these

44. Polyacetylene is a conducting polymer and
(a) is prepared by the polymerization of acetylene using a

Ziegler-Natta catalyst
(b) the conjugated double bonds in polyacetylene causes it to conduct

electricity
(c) is used for the manufacture of electrodes for measuring pH
(d) is not a synthetic metal

45. Crystalline polymers are
(a) denser
(b) harder
(c) heavier and good conductor of heat
(d) all of these

46. Thermoplastic polymers are those
(a) that have ordered crystalline regions and amorphous

noncrystalline regions both.
(b) that are hard at room temperature but on heating they become

soft enough to be moulded.
(c) that are used in combs, toys, light switch plates and telephone

casting.
(d) none of these

47. Thermosetting polymers are
(a) cross-linked chain polymers
(b) hard enough and cannot be remelted by heating
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13. Benzoic acid can be separated from a mixture of phenol and benzoic acid
by treatment with

(a) NaHCO3 solution (b) NaOH solution

(c) Na2S2O3 solution (d) FeCl3 solution

14. Orthonitrophenol can be separated from paranitrophenol by
(a) chromatography (b) solvent extraction
(c) steam distillation (d) sublimation

15. Anthracene can be purified by
(a) sublimation (b) crystallization
(c) distillation (d) filtration

16. Rectified spirit contains
(a) 95.6% ethanol and 4.4% methanol
(b) 100% ethanol
(c) 95.6% ethanol and 4.4% water
(d) 95.6% ethanol and 4.4% benzene

17. A liquid organic compound decomposes at its boiling point. It can be
purified by

(a) simple distillation
(b) sublimation
(c) distillation under reduced pressure
(d) all of these

18. Aniline can be separated from phenol using
(a) NaHCO3 (b) dilute HCl

(c) NaCl (d) conc. HNO3

19. KOH can be used as drying agent for
(a) amines (b) acids
(c) phenols (d) esters

20. Which of the following compounds are purified by steam distillation?
(a) Nitrobenzene (b) Chlorobenzene
(c) Orthonitrophenol (d) All of these

21. Quick time can only be used for drying
(a) ethanol (b) phenols
(c) esters (d) carboxylic acid

22. Silver salt method is used for the determination of molecular weight of
(a) organic bases (b) organic acids
(c) aliphatic amines (d) esters
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31. Which of the following aldehydes do not undergo the usual Cannizzaro
reaction?

32. Which of the following reactions are possible?

O CH2 CH CH2

CH3H3C

200°C

CH2 CH CH2

OH

CH3H3C

(b)

O CH2 CH CH2

200°C

OH

CH2CHCH2

(c)

O CH2 CH CH2

CH3H3 C

200°C

CH2 CH CH2

OH

CH3H3 C

(d)

��


�

�

(a) ��


��


�

(b)

���	 � ��



(c) CHO

CHO

(d)

CH3 C C

CH3 CH3

CH3

OHOH

CH3 C CCH3

CH3

CH3

O
2 4

+H   (dil. H  SO  )

(a)

C C

C6H5

H

OHOH

C6H5

H
H C C

C6H5

H

C6H5

H

OΔ

+

(b)
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The product (P) will be

HOOC

O  N

OH

CH

2

OH

2 mol NaNH2 (P).

 50.

OOC

O  N

OH

CH

2

O–

–

(a)

OOC

O  N

OH

C

2

OH

–

–

(b)

(c)
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Which compound(s) among the following is/are given by the above
compound on hydrolyis in aqueous acetone?

(a) Mixture of I and II (b) Mixture of I and III

(c) Only III (d) Only I

  
Arrange in the increasing order of acidic strength.

(a) (X) > (Z) > (Y) (b) (Z) < (X) < (Y)

(c) (X) > (Y) > (Z) (c) (Z) > (X) > (Y)

75. A 0.004-M Na2SO4 solution is isotonic with a 0.01-M glucose solution.
The degree of dissociation of Na2SO4 is

(a) 75% (b) 50% (c) 25% (d) 85% 

76. Cyclohexene on ozonolysis followed by a reaction with Zn dust and
water gives a compound (E). (E) on further treatment with aqueous KOH
yields a compound (F). The compound (F) is

 73.

 (I)

 (II)

(III)

H  N3 NH3

COOH

(X)

⊕

(Z)

(Y)

⊕74.

CHO(a) CHO(b)
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5. The aqueous solution of Na2S2O3 on reaction with Cl 2 gives
(a) Na2S4O6 (b) NaHSO4

(c) NaCl (d) NaOH

6. Hyperconjugation involves overlap of the orbitals

(a) �V and �V (b) �V and p

(c) p and p (d) �S and �S

7. A gas described by the van der Waals equation
(a) behaves similar to an ideal gas in the limit of large molar volumes

(b) behaves similar to an ideal gas in the limit of large pressure

(c) is characterised by van der Waals coefficients that are dependent
on the identity of the gas but are independent of the temperature

(d) has the pressure that is lower than the presure exerted by the same
gas behaving ideally

8. A solution of a colourless salt (H) on boiling with excess NaOH produces
a nonflammable gas. The gas evolution ceases after some time. Upon
addition of Zn dust to the same solu tion, the gas evolution restarts. The
colourless salt(s) (H) is/are

(a) NH 4NO3 (b) NH 4NO2 (c) NH 4Cl (d) ��NH 4��2SO4

Which is/are the correct statement(s) about the above compound?
(a) The compound is optically active.
(b) The compound possesses a centre of symmetry.
(c) The compound possesses a plane of symmetry.
(d) The compound possesses an axis of symmetry.

(a) (b)

(c) (d)

  9.
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Which is/are the correct statement(s) concerning the structures (E), (F)
and (G)?

(a) (E), (F) and (G) are resonance structures.

(b) (E), (F) and (E), (G) are tautomers.

(c) (F) and (G) are geometrical isomers.

(d) (F) and (G) are diastereomers.

11. Among the following, the surfactant that will form micelles in aqueous
solution at the lowest molar concentration at ambient conditions is

(a) CH3��CH2��15N
����CH3��3Br�� (b) CH3��CH2��11OSO3

��Na��

(c) CH3��CH2��6COO��Na�� (d) CH 3��CH2��11N
����CH3��3Br��

12. The solubility product constants ��Ksp�� of salts of types MX, MX2 and M3X
at temperature T are 4.0 �u 10��8, 3.2 �u 10��14 and 2.7 �u 10��15, respectively.
The solubilities (in mol dm ��3) of the salts at temperature T are in the
order

(a) MX �! MX2 �! M3X (b) M3X �! MX2 �! MX

(c) MX2 �! M3X �! MX (d) MX �! M3X �! MX2

13. Electrolysis of dilute aqueous NaCl solution was carried out by passing
10 mA current. The time required to liberate 0.01 mol of H 2 gas at the
cathode is (given that Faraday constant �  96 500 C mol��1)

(a) 9.65 �u 104 s (b) 19.3 �u 104 s

(c) 28.95 �u 104 s (d) 38.6 �u 104 s

14. Cellulose upon acetylation wi th excess acetic anhydride/H 2SO4
(catalytic) gives cellulose triacetate, whose structure is

10.

(a)
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In the above reaction sequence, the correct structures of (E), (F) and (G)
are respectively

(b)

(c)

(d)

15.

(a)

(b)

(c)

(d)

IIT Questions—4 5-81



 
The correct stability order for the above set of species is

(a) (II) > (IV) > (I) > (III) (b) (I) > (II) > (III) > (IV)

(c) (II) > (I) > (IV) > (III) (d ) (I) > (III) > (II) > (IV)

17. Which is a coloured compound among the following?

(a) CuCl (b) K3[Cu��CN��4]

(c) CuF2 (d) [Cu ��CH3CN��4]BF4

18. The IUPAC  name for [Ni ��NH 3��4] [N iCl4] is
(a) tetrachloronickel(II) tetraamminenickelate(II)

(b) tetraamminenickel(II) tetrachloronickelate(II)

(c) tetraamminenickel(II) tetrachloronickelate(II)

(d) tetrachloronickel(II) tetraamminenickelate(0)

19. Both [Ni ��CO��4] and [Ni ��CN��4]
2�� are diamagnetic. The hybridisations of

nickel in these complexes, respectively, are

(a) sp3 and sp3 (b) sp3 and dsp2

(c) dsp2 and sp3 (d) dsp2 and dsp2

20. STATEMENT-1: Pb4�� compounds are stronger oxidizing agents than
Sn4�� compounds.

STATEMENT-2: The higher oxidation states for the group 14 elements
are more stable for the heavier members of the group
due to inert-pair effect.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

21. STATEMENT-1: The plot of atomic number ( y-axis) versus number of
neutrons (x-axis) for stable nuclei shows a curvature
towards the x-axis from the line of 45�q slope as the
atomic number is increased.

STATEMENT-2: Proton-proton electrostatic repulsions begin to overcome
attractive forces involving protons and neutrons in
heavier nuclides.

16.
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(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

22. STATEMENT-1: Bromobenzene upon reaction with Br 2/Fe gives
1,4-dibromobenzene as the major product.

STATEMENT-2: In bromobenzene, the inductive effect of the bromo
group is more dominant than the mesomeric effect
directing the incoming electrophile.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

23. STATEMENT-1: For every chemical reaction at equilibrium, standard
Gibbs energy of reaction is zero.

STATEMENT-2: At constant temperature and pressure, chemical
reactions are spontaneous in the direction of
decreasing Gibbs energy.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

24. STATEMENT-1: Aniline on reaction with NaNO 2/HCl at 0 �qC followed
by coupling with �E-naphthol gives a dark blue
precipitate.

STATEMENT-2: The colour of the compound formed in the reaction of
aniline with NaNO 2/HCl at 0 �qC followed by coupling
with �E-naphthol is due to the extended conjugation.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.
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25. STATEMENT-1: The geometrical isomers of the complex [M��NH 3��4Cl2]
are optically inactive.

STATEMENT-2: Both geometrical isomers of the complex [M��NH 3��4Cl2]
possess an axis of symmetry.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

26. STATEMENT-1: There is a natural asymmetry between converting
work to heat and converting heat to work.

STATEMENT-2: No process is possible in which the sole result is the
absorption of heat from a reservoir and its complete
conversion into work.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

27. STATEMENT-1: [Fe��H2O��5NO]SO4 is paramagnetic. 

STATEMENT-2: The Fe in [Fe��H2O��5NO]SO4 has three unpaired
electrons.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is not  a
correct explanation for Statement-1.

(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

Answer the questions below (28-30) using the following information.

In the following reaction sequence, products (I), (J) and (L) are formed. (K)
represents a reagent.
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28. The structure of the product (I) is

29. The structures of the compounds (J) and (K) are respectively.

30. The structure of the product (L) is

Answer the questions below (31–33) using the following information.

There are some deposits of nitrates and phosphates in earth’s crust. Nitrates are more
soluble in water. Nitrates are difficult to reduce under the laboratory conditions but
microbes do it easily. Ammonia forms large number of complexes with transition
metal ions. Hybridization easily explains th e ease of sigma donation capability of NH 3
and PH3. Phosphine is a flammable gas and is prepared from white phosphorous.

31. Which is the correct statement among the following?
(a) Phosphates have no biologial significance in humans.

(b) Between nitrates and phosphates, phosphates are less abundant in
earth’s crust.

(c) Between nitrates and phosphates, nitrates are less abundant in
earth’s crust.

(d) Oxidation of nitrates is possible in soil.

32. Which is the correct statement among the following?
(a) Between NH3 and PH3, NH 3 is a better electron donor because the

lone pair of electrons occupies a spherical s orbital and is less
directional.

(b) Between NH3 and PH3, PH3 is a better electron donor because the
lone pair of electrons occupies an sp3 orbital and is more directional.

(a) (b)

(c) (d)

(a)

(b)

(c)

(d)

(a) (b)

(c) (d)
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(c) Between NH3 and PH3, NH 3 is a better electron donor because the
lone pair of electrons occupies an sp3 orbital and is more
directional.

(d) Between NH 3 and PH3, PH3 is a better electron donor because the
lone pair of electrons occupies a spherical s orbital and is less
directional.

33. White phosphorus on reaction with NaOH gives PH 3 as one of the
products. This is a

(a) dimerization reaction (b) disproportionation reaction

(c) condensation reaction (d) precipitation reaction

Answer the questions below (34–36) using the following information.

Properties such as the boiling point, freezing point and vapour pressure of a
pure solvent change when solute molecules are added to get a
homogeneous solution. These are called colligative properties. Applications of
colligative properties are very useful  in our day-to-day life. One of its
examples is the use of ethylene glycol and water mixture as an antifreezing
liquid in the radia tor of automobiles.

A solution (M) is prepared by mixing ethanol and water. The mole fraction of
ethanol in the mixture is 0.9

Given: Freezing point depression constant of water ��Kf
water�� �  1.86 K kg mol��1

      Freezing point depression constant of ethanol ��Kf
ethanol�� �  2.0 K kg mol��1

      Boiling point elevation constant of water ��Kb
water�� �  0.52 K kg mol��1

      Boiling point elevation constant of ethanol ��Kb
ethanol�� �  1.2 K kg mol��1

      Standard freezing point of water �  273 K

      Standard freezing point of ethanol �  155.7 K

      Standard boiling point of water = 373 K
      Standard boiling point of ethanol = 351.5 K
      Vapour pressure of pure water = 32.8 mm Hg
      Vapour pressure of pure ethanol = 40 mm Hg

      Molecular weight of water = 18 mol ��1

      Molecular weight of ethanol = 46 mol ��1

In answering the following questions, consider the solution to be ideal dilute
solutions and solutes to be nonvolatile and nondissociative.

34. The freezing point of the solution (M) is
(a) 268.7 K (b) 268.5 K

(c) 234.2 K (d) 150.9 K
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35. The vapour pressure of the solution (M) is
(a) 39.3 mmHg (b) 36.0 mmHg

(c) 29.5 mmHg (d) 28.8 mmHg

36. Water is added to the solution (M) such that the mole fraction of water in
the solution becomes 0.9. The boiling point of this solution is

(a) 380.4 K (b) 376.2 K

(c) 375.5 K (d) 354.7 K

Answer the questions below (37–39) using the following information.

A tertiary alcohol (H) upon acid-cata lysed dehydration gives a product (I).
Ozonolysis of (I) leads to the compounds (J) and (K). The compound J upon
reaction with KOH gives benzyl alcohol and a compound (L), whereas (K) on
reaction with KOH gives only (M).

37. The compound (H) is formed by the reaction of

38. The structure of the compound (I) is

(a)

(b)

(c)

(d)

(a) (b)

(c) (d)
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39. The structures of the compounds (J), (K) and (L) are respectively
(a) PhCOCH3, PhCH2COCH3 and PhCH2COO��K��

(b) PhCHO, PhCH2CHO and PhCOO��K��

(c) PhCOCH3, PhCH 2CHO and CH 3COO��K��

(d) PhCHO, PhCOCH3 and PhCOO��K��

Answer the questions below (40–42) using the following information.

In the hexagonal system of crystals, a frequently encountered arrangement
of atoms is described as a hexagonal prism. Here, the top and bottom of the
cell are regular hexagons and three atoms are sandwiched between them. A
space-filling model of this  structure, called the hexagonal close-packed
(hcp) structure, is constituted of a sphere on a flat surface surrounded in the
same plane by six identical spheres as closely as possible. Three spheres are
then placed over the first layer so that they touch each other and represent
the second layer. Each one of these three spheres touches three spheres of
the bottom layer. Finally,the second layer is covered with a third layer that
is identical to the bottom layer in relative position. Assume radius of every
sphere to be r.

40. The number of atoms in this hcp unit cell is
(a) 4 (b) 6 (c) 12 (d) 17

41. The volume of this hcp unit cell is
(a) 24�—�C�C2 r3 (b) 16�—�C�C2 r3 (c) 12�—�C�C2 r3 (d)

64
3�—�C�C3

 r3

42. The empty space in this hcp unit cell is
(a) 74% (b) 47.6% (c) 32% (d) 26%

This section contains three questions (43–45). Each question contains
statements given in two columns, which have to be matched. Statements in
column A are labelled (i), (ii), (iii) and (iv), whereas statements in column B are
labelled (a), (b), (c) and (d). The answers to these questions have to be
appropriately bubbled, as illustrated in the following example.

If the correct matches are (i) �l  b, (i) �l  c, (ii) �l  a, (ii) �l  d, (iii) �l  c, (iii) �l  d

and (iv) �l  b then the correctly bubbled matrix will look like the following.
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43.       Column A                    Column B

 (i) (a) sodium fusion extract of the
compound gives Prussian blue
colour with FeSO4

 (ii) (b) gives positive FeCl3 test

(iii) (c) gives white precipitate with
AgNO 3

(iv) (d) reacts with aldehydes to form
the corresponding hydrazone
derivative

44.       Column A                    Column B

 (i) Orbital angular (a) Principal quantum number
momentum of the electron
in a hydrogenlike atomic
orbital

 (ii) A hydrogenlike (b) Azimuthal quantum number
one-electron wave
function obeying the
Pauli principle

(iii) Shape, size and orientation (c) Magnetic quantum number
of hydrogenlike atomic
orbitals

(iv) Probability density of (d) Spin quantum number
electrons at the nucleus in
hydrogenlike atoms

45.       Column A                    Column B

 (i) PbS �o  PbO (a) Roasting

 (ii) CaCO3 �o  CaO (b) Calcination

(iii) ZnS �o  Zn (c) Carbon reduction

(iv) Cu 2S �o  Cu (d) Self-reduction
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Answers

  1. d   2. b   3. a  4. a   5. b
  6. b   7. a, c, d   8. a, b  9. a, d  10. b, c, d
 11. c  12. d  13. b 14. a  15. c
 16. d  17. c  18. c 19. b  20. c
 21. a  22. c  23. d 24. d  25. b
 26. b  27. a  28. d 29. c  30. c
 31. c  32. c  33. b 34. d  35. b
 36. b  37. b  38. a 39. d  40. b
 41. a  42. d

 

 

 

�T

43.

44.

45.
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IIT Questions—5

1. In the following carbocation, which is the most likely to migrate to the
positively charged carbon? 

            
(a) CH3 at C-4 (b) H at C-4

(c) CH3 at C-2 (d) H at C-2

2. For a first-order reaction A �o  P, the temperature (T)-dependent rate
constant ��k�� was found to follow the equation log k �  ����2000�� 1

T
 �� 6.0. The

pre-exponential factor A and the activation energy Ea, respectively, are 
(a) 1.0 �u 106 s��1  and  9.2 kJ mol��1

(b) 6.0 s��1            and 16.6 kJ mol��1

(c) 1.0 �u 106 s��1  and  16.6 kJ mol��1

(d) 1.0 �u 106 s��1  and  38.3 kJ mol��1

3. Given that the abundances of isotopes 54Fe, 56Fe and 57Fe are 5%, 90% and
5% respectively, the atomic mass of Fe is

(a) 55.85 (b)   55.95

(c) 55.75 (d) 56.05

4. Among the following, the polymer in which the intermolecular force of
attraction is the weakest is 

(a) nylon (b) polyvinyl chloride

(c) cellulose (d) natural rubber

5. The Henry’s law constant for the solubility of N 2 gas in water at 298 K is
1.0 �u 105  atm. The mole fraction of N2 in air is 0.8. The number of
moles of  N2 from air dissolved in 10 moles of water at 298 K and 5 atm
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pressure is 

(a) 4.0 �u 10��4 (b) 4.0 �u 10��5 (c) 5.0 �u 10��4 (d) 4.0 �u 10��6

6. I2 is obtained from IO 3
�� by reduction with

(a) HCO3
�� (b) H2O2

(c) HSO3
�� (d) HNO 2

7. The spin only magnetic moment va lue (in Bohr magneton units) of
Cr(CO)6 is

(a) 0 (b) 2.84 (c) 4.90 (d) 5.92

8. The correct order of stability of the resonance structures 

H2C �= N
��

 �= N
��

H2C
��
�• N �= N

��
H2C

��
�•   N

��
 �> N H 2C

��
 �•  N �= N

��

(I) (II) (III) (IV)

is

(a)   (I)  >  (II)  >  (IV)  >  (III) (b)  (I)     >  (III)  >   (II)   >  (IV)

(c)  (II)  >   (I)  >  (III)  >  (IV) (d) (III)   >    (I)   >  (IV)  >  (II)

9. The correct order of acidity of

is

(a) (III)  >  (IV)  >  (II)  >   (I) (b) (IV)  >  (III)  >    (I)  >  (II)

(c) (III)  >   (II)  >   (I)  >  (IV) (d)  (II)  >  (III)  >  (IV)  >  (I)

 10. Among the electrolytes Na 2SO4, CaCl2, Al 2��SO4��3  and  NH 4Cl, the most
effective coagulating agent for  Sb2S3 sol is 

(a) Na2SO4 (b) CaCl2 (c) Al 2��SO4��3 (d) NH 4Cl

11. The reaction of P4 with X leads selectively to P4O6. X is
(a) dry O2

(b) a mixture of  O2 and N2

(c) moist  O2

(d) O2 in the presence of aqueous NaOH 

12. Which of the following is not a pplicable to physical adsorptions?
(a) Adsorption on solids is reversible.
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(b) Adsorption increases with  increase in temperature.

(c) Adsorption is spontaneous.

(d) Both the enthalpy and entrop y of adsorption are negative.

13.  Among the following, the complex lik ely to show optical activity is 

(a) trans��[Co��NH 3��4Cl2] (b) [Cr ��H2O��6]
3��

(c) cis��[Co��NH 3��4Cl2] (d) [Pt ��NH 3��3Br3]
��

14. The term that corrects for the attractive forces present in a real gas in the
van der Waals equation is 

(a) nb (b)
an2

V2 (c) �� 
an2

V2 (d) ��nb

15. The IUPAC name of

            
is

(a) 4-bromo-3-cyanophenol

(b) 2-bromo-5-hydroxybenzonitrile

(c) 2-cyano-4-hydroxybromobenzene

(d) 6-bromo-3-hydroxybenzonitrile

16. The compound(s) formed upon the combustion of sodium metal in an
excess of air is(are)

(a) Na2O2 (b) Na2O

(c) NaO2 (d) NaOH

17. Which of the following statement(s) regarding defects in solids is(are)
correct?

(a) A Frenkel defect is usually favoured by a very small difference in   

the size of the cation and anion.

(b) A Frenkel defect is a dislocation defect.

(c) The trapping of an electron in the lattice leads to the formation of 

an F-centre.

(d) Schottky defects have no effect on the physical properties of solids.

18. Which of the following compounds exhibit(s) geometrical isomerism?
(a) [Pt(en)Cl2] (b) [Pt(en)2] Cl2
(c) [Pt(en)2 Cl2]Cl2 (d) [Pt(NH 3)2Cl2]
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19. Which of the following statements is(are) correct about the compound
H3C��HO��HC�• CH �= CH�• CH��OH��CH3 ��X��? 

(a) The total number of stereoisomers possible for X is 6.

(b) The total number of diastereomers possible for X is 3.

(c) If the stereochemistry about the double bond in X is trans, the 

number of enantiomers possible for X is 4.

(d) If the stereochemistry about the double bond in X is cis, the 

number of enantiomers possible for X is 2.

20. In the reaction
            2X �� B2H6 �o  [BH2��X��2]

�� [BH4]
��

the amine(s) X is(are)
(a) NH 3 (b) CH3NH 2

(c) (CH3)2 NH (d) (CH 3)3 N

21. Among the following, which is(are) state function(s)
(a) Internal energy (b) Irreversible expansion work

(c) Reversible expansion work (d) Molar enthalpy

22. For the reduction of NO 3
�� ion in an aqueous solution, E0 is �� 0.96 V values

of E0 for some metal ions are given below.

V2����aq�� �� 2e�� �o  V E0 �  ��1.19 V

Fe3����aq�� �� 3e�� �o  Fe E0 �  ��0.04 V

Au 3����aq�� �� 3e�� �o  Au E0 �  ��1.40 V

Hg2����aq�� �� 2e�� �o  Hg E0 �  ��0.86 V

The pair(s) of metals that is(are) oxidized by NO3
�� in an aqueous solution

is(are)
(a) V and Hg (b) Hg and Fe

(c) Fe and Au (d) Fe and V

23. Which of the following are the amide derivatives of monoamino
dicarboxylic acid?

(a) Asparagine (b) Lysine

(c) Proline (d) Glutamine

24. The nitrogen oxide(s) that contain(s) N — N bond(s) is(are)
(a) N2O (b) N2O3

(c) N2O4 (d) N 2O5
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25. For sugars X and Y (shown below), which of the given statements is(are)
correct?

       
(a) X is a reducing sugar and  Y is a nonreducing sugar. 

(b) X is a nonreducing  sugar and Y is a reducing sugar.

(c) The glucosidic  linkages in X and Y are �D and �E respectively.

(d) The glucosidic linkages in X and Y are �E and �D respectively.

26. CV and Cp denote the molar specific heat capacities  of a gas at constant
volume and constant pressure respectively. Which of the following
statements is(are) correct?

(a) Cp �� CV is larger for a diatomic ideal gas than for a monoatomic 
ideal gas.

(b) Cp �� CV is larger for a diatomic ideal gas than for a monoatomic
ideal gas.

(c) Cp/CV is  larger for a diatomic ideal gas than for a monoatomic
ideal gas.

(d) Cp � ̃CV  larger for a diatomic ideal gas than for a monoatomic
ideal gas.

27. Match List I (reactions) with List II (reagents) and select the correct
answer using  the codes given below the lists.

List I (reactions)                   List II (reagents)                        

(A) Wolff–Kishner reduction 1. NaCN

(B) Witting reaction 2. Ph3P = CHR
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(C) Benzoin condensation 3. Concentrated NaOH

(D) Cannizzaro reaction 4. N2H4, KOH

5. NaOBr

Codes: 
(a) A B C D (b) A B C D

4  3  2  1 1  2  5  3

(c) A B C D (d) A B C D

 4  2 1  3 1  3  5  2

Questions 28 through 31 contain two columns, which have to be matched. The
items in Column I  are labelled A, B, C and D, while those in Column II are
labelled p, q, r, s and t. Any given item in Column I can match ONE OR MORE
in Column II. The appropriate bubbles corresponding to the answers to these
questions have to be darkened as illustrated in the following example. 

If the correct matches are A – p and t; B – q and r; C – p and q; and D – s
and t; the bubbles should be darkened as follows.  

             

28. Match each of the reactions given in Column I  with the corresponding
product(s) given in Column II.

Column I        Column II      

(A) Cu + dil.HNO 3 (p) NO

(B) Cu + conc. HNO3 (q) NO2

(C) Zn + dil. HNO 3 (r) N2O

(D) Zn + conc. HNO 3 (s) Cu(NO 3)2

(t) Zn(NO 3)2

 29. Match each of the compounds given in Column I with the reaction(s) that
they can undergo, given in Column II.

Column I        Column II      

(p) Nucleophilic substitution
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(q) Elimination

(r) Nucleophilic addition

(s) Esterification with 
acetic Anhydride 

(t) Dehydrogenation

30. Match each of the diatomic molecules in Column I  with its
property/properties in Column II.

Column I               Column II                    

(A) B2 (p) Paramagnetic

(B) N2 (q) Undergoes oxidation

(C) �2��
�� (r) Undergoes reduction

(D) O2 (s) Bond order �t 2

(t) Mixing of s and p orbitals

31. Match each of the compounds in Column I  with its characteristics
reaction(s) in Column II.

Column I               Column II                    

(A) CH3CH2CH2CN (p) Reduction with Pd – C/H 2

(B) CH3CH2OCOCH3 (q) Reduction with SnCl 2/HCl

(C) CH3�• CH�=CH�• CH2OH (r) Development of foul smell on
treatment  with chloroform
and alcoholic KOH

(D) CH3CH2CH2CH2NH 2 (s) Reduction with diisobutyl-
aluminium hydride (DIBAL-H)

(t) Alkaline hydrolysis
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Answer questions (32–34) using the following information.

p-Amino -N, N-dimethylaniline is added to a stro ngly acidic solution of X. The
resulting solution is treated with a fe w drops of an aqueous solution of Y to
yield a blue coloration due to the formation of methylene blue. Treatment of
the aqueous solution of Y with the reagent potassium hexacyanoferrate(II)
leads to the formation of an intense blue precipitate. The precipitate dissolves
on excess addition of the reagent. Similarly, treatment of the solution of Y with
the solution of potassium hexacyanoferrate(III) leads to a brown coloration due
to the formation of Z. 

32. The compound X is 
(a) NaNO3 (b) NaCl

(c) Na2SO4 (d) Na2S

33. The compound Y is 
(a) MgCl2 (b) FeCl2
(c) FeCl3 (d) ZnCl 2

34. The compound Z is
(a) Mg2[Fe(CN)6] (b) Fe[Fe(CN)6]

(c) Fe4[Fe(CN)6]3 (d) K2Zn3[Fe(CN)6]2

Answer questions 35–37 using the following information.

A carbonyl compound P, which responds positively to the iodoform test, reacts
with MeMgBr followed by dehydration to give an olefin Q. Ozonolysis of Q
leads to the formation of a dicarbonyl compound R, which undergoes an
intramolecular aldol reaction to give predominantly S.

35. The structure of the carbonyl compound. P is
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36. The structures of the products Q and R, respectively, are

37. The structure of the product S is

              
  

           
The answer to each of the questions (38–45) is a single-digit integer, ranging from 0 to 9.
The appropriate bubbles below the respective question numbers in the ORS have to be
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darkened. For example, if the correct answers to question numbers X, Y, Z and
W (say) are 6, 0, 9 and 2, respectively, the bubbles should be darkened as
follows.          

38. The dissociation constant of a substituted benzoic
acid at 25�qC is 1.0 �u 10��4. The pH of a 0.01 M
solution of its sodium salt is 

39. At 400 K, the root mean square (rms) speed of a
gas X (molecular weight = 40) is equal to the most
probable speed of gas Y at 60 K. The molecular
weight of the gas Y is

40. The  total  number  of �D and �E particles  emitted
in  the  nuclear  reaction

  92
238U �o    82

214Pb is

41. The oxidation number of Mn in the product of
alkaline oxidative fusion of MnO 2 is 

42. The coordination number of  Al in the crystalline
state of AlCl3 is

43. The number of water molecule(s) directly bonded
to the metal centre in CuSO4 � ̃5H2O is 

44. In a constant-volume calorimeter, 3.5 g of a gas with molecular weight 28
was burnt in excess oxygen at 298.0 K. The temperature of the
calorimeter was found to increase from 298.0 K to 298.45 K due to the
combustion process. Given that the heat capacity of the calorimeter is 2.5
kJ K��1, the numerical value for the enthalpy of combustion of the gas in kJ
mol ��1 is

45. The total number of cyclic structures as well as stereoisomers possible for
a compound with the molecular formula C 5H10 is 

 Answers

  1. d      2. d   3. b  4. d   5. a

  6. c   7. a   8. b  9. a  10. b

 11. b  12. b  13. c 14. b  15. b

 16. a, b  17. b, c  18. c, d 19. a, d  20. a, b, c

 21. a, d  22. a, b, d  23. a, d 24. a, b, c  25. b, c

 26. b, d   27. c
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 28.       29. 

 30.                          31. 

 32. d      33. c      34. b       35. b      36. a      37. b

 

  

�T� � � �
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IIT Questions—6

1. The correct statement about the following disaccharide is

(a) Ring (a) is pyranose with �D - glycosidic link

(b) Ring (a) is furanose with �D - glycosidic link 

(c) Ring (b) is furanose with �D - glycosidic link

(d) Ring (b) is pyranose with �E - glycosidic link

2. The synthesis of 3-octyne is achieved by adding a bromoalkane into a
mixture of sodium amide and an alkyne. The bromoalkane and alkyne
respectively are

(a) BrCH2CH2CH2CH2CH3 and CH3CH2C #  CH

(b) BrCH2CH2CH3 and CH3CH2CH2C #  CH

(c) BrCH2CH2CH2CH2CH3 and CH3C #  CH

(d) BrCH 2CH2CH2CH3 and CH3CH2C #  CH

3. The ionization isomer of [Cr ��H2O��4Cl��NO2��]Cl is
(a) [Cr��H2O��4��O2N��]Cl2 (b)   [Cr��H2O��4Cl2]��NO2��

(c) [Cr��H2O��4Cl��ONO��]Cl (d) [Cr ��H2O��4Cl2��NO2��] � ̃H2O
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4. The correct structure of ethylenediaminetetraacetic acid (EDTA) is

5. The bond energy (in kcal mol ��1) of a C—C single bond is approximately 
(a) 1 (b) 10

(c) 100 (d) 1000

6. The species which by definition has ZERO standard molar enthalpy of
formation at 298 K is 

(a) Br2 ��g�� (b) Cl2 ��g��
(c) H2O ��g�� (d) CH 4 ��g��

7. Plots showing the variation of the rate constant (k) with temperature ( T)
are given below. The plot that follows Arrhenius equation is

(a)

(b)

(c)

(d)

(a) (b)
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8. In the reaction                                           the products are 

9. The species having pyramidal shape is 
(a) SO3 (b) BrF3 (c) SiO3

2�� (d) OSF2

 10. The compounds P, Q and S

were separately subjected to nitration using  HNO 3/H 2SO4 mixture. The
major product formed in each case respectively, is

(c) (d)

(a)

(b)

(c)

(d)

(a)
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11. Assuming that Hund’s rule is violated, the bond order and magnetic
nature of the diatomic molecule B2 is

(a) 1 and diamagnetic (b) 0 and diamagnetic

(c) 1 and paramagnetic (d) 0 and paramagnetic

12. The packing efficiency of the two- dimensional square unit cell shown
below is

(a) 39.27% (b) 68.02%

(c) 74.05% (d)   78.54%

13. In the reaction                                                                 T   the

structure of the product T is

(b)

(c)

(d)
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14. The complex showing a spin-only magnetic moment of 2.82 BM, is 

(a) Ni ��CO��4 (b) [NiCl 4]
2��

(c) Ni ��PPh3��4 (d) Ni ��CN��4]
2��

15. Among the following, the intensive property is (properties are)
(a) molar conductivity (b) electromotive force

(c) resistance (d) heat capacity

16. The reagent(s) used for softening the temporary hardness of water is(are)
(a) Ca3��PO4��2 (b) Ca��OH��2
(c) Na2CO3 (d) NaOCl

17. Aqueous solutions of HNO 3, KOH, CH 3COOH, and CH 3COONa of
identical concentrations are provide d. The pair(s) of solutions which
form a buffer upon mixing is(are)

(a) HNO 3 and CH3COOH

(b) KOH and CH 3COONa

(c) HNO 3 and CH3COONa

(d) CH 3COOH and CH 3COONa

(a)

(b)

(c)

(d)
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18. In the Newman projection for 2, 2-dimethylbutane

X and Y can respectively be
(a) H and H (b) H and C 2H5

(c) C2H5 and H (d) CH 3 and CH3

19. In the reaction                                                        the intermediate(s) is(are)

20. One mole of an ideal gas is taken from a to b along two paths denoted by
the solid and the dashed lines as shown in the graph below. If the work
done along the solid line path is ws and that along the dotted line path is
wd, then the integer closest to the ratio wd/ ws is

     

(a) (b)

(c) (d)
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21. Among the following, the number of elements showing only one
nonzero oxidation state is

      O,    Cl,    F,   N,    P,    Sn,    Tl,    Na,    Ti

22. Silver (atomic weight = 108 g mol��1) has a density of 10.5 g cm��3. The
number of silver atoms on a surface of area 10��12m2 can be expressed in
scientific notation as y �u 10x. The value of x is 

23. The total number of diprotic acids among the following is
H3PO4      H2SO4      H3PO3      H2CO3     H2S2O7

H3BO3      H3PO2      H2CrO4     H2SO3

24. Total number of geometrical isomers for the complex [RhCl(CO)(PPh3)
(NH 3)] is

Paragraph Type Questions
This Section contains 2 paragraphs. Based upon the first paragraph 3 multiple
choice questions  and based upon the second paragraph 2 multiple choice
questions have to be answered. Each of these questions has four choices (a), (b),
(c) and (d) out of which ONLY  ONE  is correct.

Paragraph for Questions 25 to 27

Copper is the most noble of the first row transition metals and occurs in small
deposits in several countries. Ores of copper include chalcanthite
��CuSO4�5̃H2O��, atacamite [Cu2Cl��OH��3], cuprite ��Cu2O��, copper glance ��Cu2S��
and malachite [CU2��OH��2CO3]. However, 80% of the world copper production
comes from the ore chalcopyrite ��CuFeS2��. The extraction of copper from
chalcopyrite involves partial roasting , removal of iron and self-reduction.

25. Partial roasting of chalcopyrite produces
(a) Cu2S and FeO (b) Cu2O and FeO

(c) CuS and Fe2O3 (d) Cu2O and Fe2O3

26. Iron is removed from chalcopyrite is
(a) FeO (b) FeS

(c) Fe2O3 (d) FeSiO3

27. In self-reduction, the reducing species is

(a) S (b) O2��

(c) S2�� (d) SO2
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Paragraph for Questions 28 to 29

The concentration of potassium ions inside a biologial cell is at least twenty
times higher than the outside. The resulting potential difference across the cell
is important in several processes such as transmission of nerve impulses and
maintaining the ion balance. A simple  model for such a concentration cell
involving a metal M is

M��s��| M�� (aq; 0.05 molar)|| M �� (aq; 1 molar)|M(s)

For the above electrolytic cell the magnitude of the cell potential
| Ecell |  �  70 mV.

28. For the above cell
(a) Ecell �� 0; �' G �! 0 (b) Ecell �! 0; �' G �� 0

(c) Ecell �� 0; �' G�q �! 0 (d) Ecell �! 0; �' G�q �� 0

29. If the 0.05 molar solution of M �� is replaced by a 0.0025 molar M�� solution,
then the magnitude of th e cell potential would be

(a) 35 mV (b) 70 mV

(c) 140 mV (d) 700 mV

Paragraph Type Questions

This Section contains 2 paragraphs. Based upon each of the paragraph 3
multiple choice questions  have to be answered. Each of these questions has four
choices (a), (b), (c) and (d) out of which ONLY  ONE  is correct.

Paragraph for Questions 30 to 32

Two aliphatic aldehydes P and Q react in the presence of aqueous K2CO3 to
give compound R, which upon treatm ent with HCN provides compound S. On
acidification and heating, S gives the product shown below:
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30. The compounds P and Q respectively are

31. The compound R is

(a)

(b)

(c)

(d)

(a)

(b)
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