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STRUCTURE OF THE ATOM

CONCEPTS
1. Experiments on static electricity have proved that seemingly electrically neutral matter consists

of electrically charged particles, such that positive charges in it are equal to the negative charges.
2. The electron was discovered by J.J. Thomson.
3. The proton was discovered by E. Goldstein.
4. Rutherford’s experiment regarding the scattering of alpha particles led to the discovery of

nucleus inside the atom.
5. J.J. Thomson’s atomic model proposed that electrons are embedded in a positive sphere made

from the protons.
6. Rutherford’s atomic model proposed that a very, very small nucleus is present inside the atom

and the electrons revolve around it in fixed orbits or shells, much like the planets revolve around
the sun. The stability of the atom could not be explained by this model.

7. Neils Bohr’s model best explains the model of atom. According to him, electrons are distributed
in different shells/orbits/energy levels around the nucleus and are associated with discrete
amounts of energy. When an atomic shell is complete, the atom has least energy and is very
stable and least reactive.

8. Chadwick discovered the presence of neutrons within the nucleus.
9. An atom consists of three sub-atomic particles, the protons, the neutrons and the electrons. The

protons have a positive charge of 1.6 × 10–19 C and mass equal to 1 amu or 1 u (unified mass).
The neutrons have no charge and mass equal to 1 amu. The electrons have a negative charge of
1.6 × 10–19 C and mass 1/1837 amu. The protons and neutrons constitute the nucleus, whereas
the electrons revolve around the nucleus in energy levels designated as K, L, M, N, ..... .

10. Valency is the combining capacity of an element. Its value is the same as the number of electrons
in the valence shell, if the number of electrons are 1, 2 or 3. Its value is (8 – No. of electrons in
valence shell), if the number of electrons in the valence shell are 4, 5, 6 or 7. All atoms having
only 2 electrons or 8 electrons in their valence shell have zero valency.

11. The mass number of an atom is equal to the number of nucleons (protons + neutrons) in the
nucleus of an atom.

12. The atomic number of an atom is equal to the number of protons in its nucleus.
13. Isotopes are atoms of the same element, having same atomic number, but different mass

numbers.
14. Isobars are atoms of different elements, having same mass number, but different atomic

numbers.
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I. SUMMATIVE ASSESSMENT

NCERT QUESTIONS WITH THEIR ANSWERS

SECTION A : IN-TEXT QUESTIONS
Page 47
Q.1. What are canal rays?
Ans. The positively charged radiations which consist of positively charged particles which passed

out of the perforated cathode in a gas discharge tube, were named canal rays. These radiations
were discovered by E. Goldstein in 1866.

Q.2. If an atom contains one electron and one proton, will it have any charge or not?
Ans. It will not carry any detectable electric charge, as the positive charge on the proton, neutralise

the negative charge on the electron.
Page 49(I)
Q.1. On the basis of Thomson’s model of an atom, explain how the atom is neutral as a whole.
Ans. J. J. Thomson believed that an atom is made

up of positively charged substance in the
form of a sphere. Into this sphere are
embedded electrons, much the same way as
the apples are embedded in an apple pie.
Furthermore, the total positive charge of the
sphere is equal to the total negative charge
of the electrons and hence the atom remains
electrically neutral.

Q.2. On the basis of Rutherford’s model of an
atom, which subatomic particle is present in the nucleus of an atom?

Ans. Protons which are positively charged are present in the nucleus of an atom.
Q.3. Draw a sketch of Bohr’s model of an atom with three shells.

Ans.                        

Bohr’s model of an atom

Q.4. What do you think would be the observation, if the α–particles scattering experiment is carried
out using a foil of a metal other than gold?

Ans. If some other metal can be beaten into a foil as thin as the gold foil, the scattering of
α–particles will take place, because it is produced by the positively charged nucleus.

Page 49(II)
Q.1. Name three subatomic particles of an atom.
Ans. (i) Protons (positively charged particles) present within the nucleus.

J.J. Thomson’s atomic model
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(ii) Neutrons (neutral particles) present within the nucleus.
(iii) Electrons (negatively charged particles) revolving around the nucleus.

Q.2. Helium atom has an atomic mass of 4 u and two protons in its nucleus. How many neutrons
does it have?

Ans. Number of neutrons = Mass number – Number of protons
= (4 – 2) = 2

Page 50
Q.1. Write the distribution of electrons in carbon and sodium atoms.
Ans. For carbon atom :

Number of electrons = Atomic number = 6
∴ Electron distribution, K–shell = 2 electrons

L–shell = (6 – 2)  = 4 electrons.
For sodium atom :
Number of electrons = Atomic number = 11

∴ Electron distribution, K–shell = 2 electrons
L–shell = 8 electrons

  M–shell = 1 electron
Q.2. If K and L shells of an atom are full, then what would be total number of electrons in an atom?

[2011 (T-II)]
Ans. Number of electrons in full K–shell = 2

Number of electrons in full L–shell = 8
∴ Total number of electrons in an atom = (2 + 8) = 10 electrons

Page 52(I)
Q.1. How will you find valency of chlorine, sulphur and magnesium?
Ans. (i) Valency of chlorine (a non-metal) = 8 – Number of electrons in the valence shell

= 8 – 7 = 1
(ii) Valency of sulphur (a non-metal) = 8 – Number of electrons in the valence shell

= 8 – 6 = 2
(iii) Valency of magnesium (a metal) = Number of electrons in the valence shell

= 2
Page 52 (II)
Q.1. If number of electrons in an atom is 8 and number of protons is also 8, then

(i) what is the atomic number of the atom? and
(ii) what is the charge on the atom?

Ans. (i) Atomic number of the atom = Number of protons in its nucleus = 8
(ii) The charge on the atom is zero, because total number of positive charges due to the

protons is equal to total number of negative charges due to electrons.
Q.2. With the help of the given table, find the mass number of oxygen and sulphur atom.

Element Symbol No. of Protons No. of Neutrons No. of  Electrons
Oxygen O 8 8 8
Sulphur S 16 16 16
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Ans. For oxygen atom :
Number of protons = 8

Number of neutrons = 8
∴ Mass number of oxygen = Number of protons + Number of neutrons

= 8 + 8 = 16 u
For sulphur atom :

Number of protons = 16
Number of neutrons = 16

∴ Mass number of sulphur = Number of protons + Number of neutrons
= 16 + 16  = 32 u

Page 53
Q.1. For the symbol H, D and T, tabulate three subatomic particles found in each of them.
Ans. Element Symbol Protons Neutrons Electrons

Hydrogen H 1 0 1
Deuterium D 1 1 1
Tritium T 1 2 1

Q.2. Write the electronic configuration of any one pair of isotopes and isobars.

Ans. Isotopes Protons Neutrons Electrons Electron
configuration

35
17 Cl 17 18 17 2(K), 8(L), 7(M)
37
17 Cl 17 20 17 2(K), 8(L), 7(M)

Isobars Protons Neutrons Electrons Electron
configuration

40
20 Ca 20 20 20 2(K), 8(L), 8(M), 2(N)

40
18 Ar 18 22 18 2(K), 8(L), 8(M)

SECTION B : QUESTIONS AT THE END OF CHAPTER

Q.1. Compare the properties of electrons, protons and neutrons.

Ans. Property Electron Proton Neutron

Mass Has 1/1837 the Has unit Has unit
unit atomic mass atomic mass atomic mass

Charge Has unit Has unit Has no
negative charge positive charge electric charge

Q.2. What are the limitations of J.J. Thomson’s model of an atom?
Ans. The major limitation of J.J. Thomson’s model is that it does not explain how positively charged

particles are shielded from negatively charged particles, without getting neutralised.
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Q.3. What are the limitations of Rutherford’s model of an atom?
Ans. The comparison of electrons to the planets in the solar system is the main drawback of

Rutherford’s atomic model.
According to classical electrodynamics, if an electrically charged particle
revolves around a circular path, then it always radiates out energy. Thus, if
an electron moves around a nucleus, it must continuously radiate out
energy and hence, gradually move towards the nucleus in a spiral path, till
it collides with the nucleus.
However, we know that an atom is very stable. Rutherford’s model cannot
explain this stability.

Q.4. Describe Bohr’s model of an atom. [2011 (T-II)]
Ans. (i) An atom is made up of three kinds of particles : electrons, protons and neutrons.

(ii) Electrons are negatively charged, protons are positively charged and  neutrons are neutral,
i.e, they have no electric charge.

(iii) The number of electrons and protons are equal, so that an atom on the whole is electrically
neutral.

(iv) Protons and neutrons are present within the nucleus. Due to the presence of protons, the
nucleus is positively charged.

(v) The electrons revolve around the nucleus in fixed  orbits called energy levels or shells which
are represented by numbers 1, 2, 3, 4, 5, and 6 or letters K, L, M, N, O and P. These numbers
are counted from the nucleus outwards.

(vi) Each energy level has a fixed amount of energy. The orbit nearest to the nucleus has
minimum energy, whereas the orbit farthest from the nucleus has highest energy.

(vii) There is no change in the energy of electrons as long as they revolve in the same orbit and
remain stable. But if an electron gains energy, it jumps to a higher energy level and if it loses
energy it falls to a lower energy level.

(viii) The mass of the atom is almost entirely due to the nucleus, as electrons have negligible mass.
Q.5. Compare all the proposed models of an atom given in this chapter.

Ans. Thomson’s Model Rutherford’s Model Bohr’s Model

Recognised subatomic Recognised subatomic particles It overcame all the objections
particles i.e. protons and electrons, protons and undiscovered raised for Rutherford’s model
electrons, but failed to neutrons. Recognised the presence and accurately fixed the
explain how are they of nucleus containing protons and number of electrons in each
arranged within the neutrons revolving around it. It shell or energy level around
atom and how are they failed to explain how the electrons the nucleus.
electrically shielded. continued revolving around the

nucleus without loosing energy and
how they are actually arranged in
different shells.
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Q.6. Summarise the rules for writing distribution of electrons in various shells for the first eighteen
elements.

Ans. (i) The maximum number of electrons revolving around the nucleus of an atom in different
shells is given by the formula 2n2, where n is the number of the shell as counted from the
nucleus of an atom. So,
Maximum number of electrons in shell number 1  = 2n2 = 2(1)2 = 2
Maximum number of electrons in shell number 2  = 2n2 = 2(2)2 = 8
Maximum number of electrons in shell number 3  = 2n2 = 2(3)2 = 18

(ii) The outermost shell will not have more than 8 electrons. For example, if there are
9 electrons after filling the first two shells then in the third shell there will  be 8 electrons
and one electron goes to the fourth cell.

Q.7. Define valency by taking examples of silicon and oxygen.
Ans. The number of electrons donated or accepted or shared by an atom of an element, so as to have

a stable configuration of the nearest noble gas is called its valency.
The valency is equal to the number of electrons in the outermost shell (valence shell) of an
atom, provided it has 1 to 3 electrons in it. Such atoms are generally metals.
The valency is equal to 8 – number of electrons in valence shell of an atom, provided it has
4 to 8 electrons in the valence shell.
Silicon has electronic configuration 2(K), 8(L), 4(M). As silicon has four electrons in its
valence shell, therefore, its valency is (8 – 4) = 4.
Oxygen has electronic configuration 2 (K), 6(L). As oxygen has six electrons in its valence
shell, therefore, its valency is (8 – 6) = 2.

Q.8. Explain with examples (i) atomic number  (ii) mass number   (iii) isotopes and  (iv) isobars.
Give any two uses of isotopes.

Ans. (i) Atomic number : The number of protons in the nucleus of an atom is called its atomic
number.
Example : Chlorine has 17 protons in its nucleus, therefore, its atomic number is 17.

(ii) Mass number : The number of protons and neutrons present in the nucleus of an atom
is known as its mass number.
Example : Sodium has 11 protons and 12 neutrons in its nucleus, therefore, its mass
number is (11 + 12) = 23.

(iii) Isotopes : Atoms of the same element having the same atomic number but different mass
numbers are called isotopes.

Example : Chlorine has two isotopes 35
17 Cl  and 37

17 Cl , in which atomic number is 17 for
both, but mass numbers are 35 and 37.

(iv) Isobars : Atoms of different elements having the same mass number, but different atomic
numbers are known as isobars.
Example : Calcium and argon atoms have the same mass number 40, but different atomic
numbers 20 and 18 respectively.

Uses of Isotopes
1. Isotope of uranium 235

92 U  is used as a nuclear fuel in atomic reactors.
2. Cobalt – 60, an isotope of cobalt is used in the treatment of cancer.
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Q.9. Na+ has completely filled K and L shells. Explain.
Ans. The neutral atom of sodium has electronic configuration 2(K), 8(L), 1(M). Thus, in order to

acquire a stable structure like that of the nearest noble gas (neon), it donates one electron from
the M shell. In doing so it has one unit more positive charge, and hence, changes into sodium ion
(Na+) with electronic configuration 2(K), 8(L), such that both of its shells are completely filled.

Q.10. If bromine atom is available in the form of, say, two isotopes 79
35 Br  (49.7%) and 81

35 Br

(50.3%), calculate the average atomic mass of bromine atom.
Ans. Atomic mass of 49.7% bromine atoms = 49.7 × 79 = 3926.3 u

Atomic mass of 50.3% bromine atoms = 50.3 × 81    = 4074.3 u
∴ Atomic mass of 100% bromine atoms = 3926.3 + 4074.3 = 8000.6 u

∴ Average atomic mass of bromine atom = 
8000.6

100
 = 80.006 u

Q.11. The average atomic mass of a sample of an element  X is 16.2 u. What are the percentages
of isotopes 16

8 X  and 18
8 X  in the sample? [2011 (T-II)]

Ans. Let the number of atoms in the sample = 100
Average atomic mass of element X = 16.2 u

∴ Total mass of 100 atoms of X = 16.2 × 100 = 1620 u ... (i)
Let the number of atoms of 16

8 X  in 100 atoms = P

∴ Number of atoms of 18
8 X  in 100 atoms = (100 – P)

Total mass of ‘P’, 16
8 X  atoms = 16 P

Total mass of (100 – P), 18
8 X  atoms = 18(100 – P) = 1800 – 18 P

∴ Total mass of 100 atoms of X = 16 P + 1800 – 18P
= 1800 – 2P ...(ii)

Comparing (i) and (ii) 1620 = 1800 – 2P
⇒ 2P = 180

⇒  P = 
180

2
 = 90

Thus, percentage of 16
8 X  atoms = 90% and, percentage of 18

8 X atoms = (100 – 90) = 10%

Q.12. If Z = 3, what would be the valency of an element? Also name the element.
Ans. Atomic number = Z  = 3

∴ Electronic configuration = 2(K), 1(L)
  As there is 1 electron in the valence shell, therefore, valency of the element is 1. The element is lithium.
Q.13. Composition of the nuclei of two atomic species X and Y are given as under : [2011 (T-II)]

X Y

Protons 6 6

Neutrons 6 8

Give the mass numbers of X and Y. What is the relation between the two species?



8

GOYA
L B

ROTHERS P
RAKASHAN

© GOYAL BROTHERS PRAKASHAN

Ans. Mass number of X = No. of protons + No. of neutrons = 6 + 6 = 12 u
Mass number of Y = No. of protons + No. of neutrons = 6 + 8 = 14 u

The species X and Y are isotopes, because they have the same atomic number (6), but
different mass numbers 12 u and 14 u respectively.

Q.14. For the following statements, write T for true and F for false.
(a) J.J. Thomson proposed that nucleus of an atom contains only nucleons.
(b) A neutron is formed by an electron and a proton combining together. Therefore, it is

neutral.

(c) The mass of an electron is about 
1

2000
 times that of proton.

(d) The isotope of iodine is used for making tincture iodine which is used as a medicine.
Ans. (a) False    (b) True    (c) True    (d) False

Q.15. Tick (✓) the correct answer :
Rutherford’s alpha-particle scattering experiment was responsible for the discovery of :
(a) Atomic nucleus     (b) Electron     (c) Proton      (d) Neutron

Ans. (a) Atomic nucleus is true.
Q.16. Tick (✓) the correct answer :

Isotopes of an element have :
(a) the same physical properties (b) different chemical properties
(c) different number of neutrons (d) different atomic numbers

Ans. (c) different number of neutrons is true.
Q.17. Number of valence electrons in Cl– ion are :

(a) 16 (b) 8 (c) 17 (d)  18
Ans. (b) 8 is true.
Q.18. Tick (✓) the correct answer

Which one of the following is the correct electronic configuration of sodium?
(a) 2, 8     (b) 8, 2, 1   (c) 2, 1, 8   (d)  2, 8, 1

Ans. (d) 2, 8, 1 is true.
Q.19. Complete the following table

Atomic Mass Number of Number of Number of Name of the
number number neutrons protons electrons atomic species

9 10

16 32 Sulphur

24 12

2 1

1 0 1 0
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Ans. Atomic Mass Number of Number of Number of Name of the
number number neutrons protons electrons atomic species

9 19 10 9 9 Fluorine

16 32 16 16 16 Sulphur

12 24 12 12 12 Magnesium

1 2 1 1 1 Deuterium(D)

1 1 0 1 0 Protium

ADDITIONAL QUESTIONS
(As Per CCE Pattern)

A. Very Short Answer Questions (1 Mark)

Previous Years' Questions
Q.1. Name the fundamental particle not present in the nucleus of hydrogen atom. [2011 (T-II)]
Ans. Neutron.

Other Important Questions
Q.1. Why does the nucleus not disintegrate inspite of repulsion among the protons?
Ans. Stability of the nucleus is due to the presence of neutral subatomic particles (neutrons)

between the positively charged protons. The neutrons neutralise the repulsion among protons.
Q.2. Mention one postulate about Rutherford’s atomic model which makes the atom highly

unstable.
Ans. According to the classical laws of mechanics and electrodynamics, if an electrically charged

particle is in motion, it radiates energy continuously, i.e., loses energy. Therefore, an electron
should lose energy and fall into the nucleus. This would make the atom highly unstable.

Q.3. What are discrete orbits of atoms?
Ans. The discrete orbits are those orbits of atoms in which the electrons do not radiate energy.
Q.4. What is the difference between magnesium atom and magnesium ion in terms of number of

electrons?
Ans. Magnesium ion contains two less electrons than magnesium atom.

Mg – 2e–  →  Mg2+

Q.5. Among H+ and H–, which one has a single electron in its outermost shell?
Ans. None.

H+ has no electrons in its outermost shell.
H– has 2 electrons in its outermost shell.

Q.6. The mass of an atom of any natural element is taken as the average mass of all the naturally
occurring atoms of that element. Replace the underlined phrase by a word.

Ans. Isotopes
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Q.7. An element X is represented as 7
3 X . How many protons and neutrons are present in the

element?
Ans. No. of protons = 3

No. of neutrons = 7 – 3 = 4

Q.8. 235 Z  and 238 Z  are two isotopes. How do the two isotopes differ (w.r.t. number of subatomic
particles)?

Ans. There are 3 more neutrons in 238Z than in 235Z.

Q.9. Represent the structure of  23
11  Na  geometrically..

Ans.

Q.10. Why is an atom electrically neutral?
Ans. The number of positively charged particles in the atom is equal to the number of negatively

charged particles, thus making the atom neutral.
Q.11. What will be the charge on an ion formed from an atom which has seven valence electrons?
Ans. – 1

Q.12. Why is the atom of an element P (at. no. 16) more reactive than an atom of an element Q
(at. no. 18)?

Ans. P (2, 8, 6) can easily gain two electrons to form an octet while Q (2, 8, 8) already has an octet
and does not gain or lose electrons. Therefore, P is more reactive than Q.

Q.13. What is the similarity in the electronic configuration of the following set of elements?

9 F , 17 Cl  and 35 Br
Ans. All the elements have seven valence electrons.

9F = 2(K), 7(L)
17Cl = 2(K), 8(L), 7(M)
35Br = 2(K), 8(L), 18(M), 7(N)

Q.14. What is the maximum number of electrons present in the N-shell?
Ans. 32

Q.15. What is the difference between mercury atom ( )200
80 Hg  and mercurous ion in terms of the

fundamental particles?
Ans. A mercurous ion contains one electron less than a mercury atom.

   Hg – e–   →   Hg+

mercury      mercurous ion



11

GOYA
L B

ROTHERS P
RAKASHAN

© GOYAL BROTHERS PRAKASHAN

Q.16. What is the atomic number of a species which contains 20 protons, 20 neutrons and
18 electrons?

Ans. Atomic number = no. of protons = 20
Q.17. A uni-negative ion contains 18 electrons. What will be its atomic number?
Ans. An atom gains one electron to form a uninegative ion. Therefore, the neutral atom will

contain one electron less. Thus, its atomic number is 17.
Q.18. Which isotope of hydrogen contains one neutron?
Ans. ‘Deuterium contains one proton and one neutron in its nucleus.

Q.19. Write the mass number of the isotope of the element A
Z X  which has two excess neutrons.

Ans. A + 2
Q.20. Write the mass number of neon and argon from the data given below :

Element No. of Protons No. of Neutrons
Neon 10 10
Argon 18 22

Ans. Mass number of neon = no. of protons + no. of neutrons = 10 + 10 = 20
Mass number of argon = no. of protons + no.of neutrons = 18 + 22 = 40

Q.21. Find the valency of sulphur (atomic number = 16).
Ans. Electronic configuration of sulphur (Z = 16) = 2, 8, 6. Therefore sulphur can gain two

electrons to form an octet. So, valency of sulphur is 2.
Q.22. Write the electronic configuration of K (19) and P (15).
Ans. Electronic configuration of K(19) = 2, 8, 8, 1

Electronic configuration of P(15) = 2, 8, 5.
Q.23. Who discovered the neutron?
Ans. J. Chadwick discovered the neutron.

Q.24. Who discovered the electron?
Ans. J.J. Thomson discovered the electron.

Q.25. What is the charge and mass of a neutron?
Ans. A neutron is neutral and has a mass of 1 amu or 1 u.

Q.26. What do the species 3
1 A and 3

2 B  represent?
Ans. The species A and B are isobars since they have the same atomic mass but different atomic

numbers.
Q.27. Identify the pair of isotopes from the following.

16 16 17
8 7 8X, X, X

Ans. 16 17
8 8X, and X are isotopes (since they have the same atomic number but different mass numbers.)

Q.28. What is the atomic number of the element X which has 2 shells, K and L having 2 and 6
electrons respectively?

Ans. Total number of electrons in an atom of X = total number of protons in the atom of
X = atomic number = 2 + 6 = 8.
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Q.29. The atomic number of neon is 10. Write its electronic configuration.
Ans. Electronic configuration of Ne (Z = 10) = 2 (K), 8(L).

Q.30. How many electrons are present in the outermost orbit of a noble gas other than helium?
Ans. Eight

Q.31. Atomic number of an element is 16. What is its valency?
Ans. Electronic configuration of the element (Z = 16) = 2, 8, 6

Valency of the element = 8 – 6 = 2
Q.32. There are 15 protons and 16 neutrons in the nucleus of an element. Calculate its atomic

number and mass number.
Ans. Atomic number = no. of protons = 15

Mass number = no. of protons + no. of neutrons = 15 + 16 = 31.
Q.33. What happens to an element 'Z' if its atom gain three electrons?
Ans. The element forms Z3– ion.

Q.34. Which sub atomic particles of an atom are responsible for atomic mass?
Ans. Protons and neutrons.

Q.35. Mention one application each of cobalt and uranium isotopes.
Ans. Isotope of cobalt is used in the treatment of cancer while isotope of uranium is used as a fuel

in nuclear reactors.
Q.36. How is an α-particle different from a helium atom?
Ans. An α-particle contains two units of positive charge and has a mass of 4 units, i.e., it is a

doubly charged helium atom.
An atom of helium is neutral with a mass of 4 units.

B. Short Answer Questions – I (2 Marks)

Previous Years' Questions
Q.1. The following data represents the distribution of electrons, protons and neutrons in atoms of

four elements A, B, C, D. [2011 (T-II)]

Element Protons Neutrons Electrons
A 9 10 9
B 16 16 16
C 12 12 12
D 17 22 17

Answer the following questions :
(a) Give the electronic distribution of element B. (b) The valency of element A.
(c) The atomic number of element B. (d) The mass number of element D.

Ans. (a) Electronic distribution of element B = 2, 8, 6
(b) The valency of element A = 8 – Number of electrons in valency shell.

Electronic configuration of element A = 2, 7
Valency of element A = 8 – 7 = 1
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(c) Atomic number of element  B = no. of protons = 16
(d) Mass number of element D = number of protons + number of neutrons

                               = 17 + 22 = 39
Q.2. Explain the following terms :

(i) Isotopes (ii) Isobars [2011 (T-II)]
Ans. (i) Isotopes : Atoms of the same element, having the same atomic number, but different mass

number, are called isotopes.
(ii) Isobars : Atoms of different elements, having the same mass number but different atomic

number, are called isobars.
Q.3. The atomic numbers of atoms of two elements are 18 and 20 respectively and their mass

numbers are 40. Mention the term that can be given to relate such pairs of atoms. Will they
have the same chemical properties? Justify your answer. [2011 (T-II)]

Ans. As these two elements have same mass numbers, so these are called isobars. They show
different chemical properties because isobars of different elements have different number of
protons in their nuclei.

Q.4. An atom of an element has one electron in the outermost M shell. State its :
(a) Electronic configuration (b) Number of protons
(c) Atomic number (d) Valency of this element [2011 (T-II)]

Ans. (a) As the element have 1 electron in M shell. Its electronic configuration = 2,  8,  1
                             K  L  M

(b) Number of protons = no. of electrons = 11
(c) Atomic number = no. of protons = 11
(d) Valency of this element = no. of electrons in its outermost shell = 1

Q.5. Which of the Na+ and He has completely filled K and L shells. Give reason to support your
answer. [2011 (T-II)]

Ans. Na+ has electronic configuration = 2, 8
So it has completely filled K and L shells. While He has electronic configuration = 2
So, it has only K shell completely filled.

Q.6. The electronic configuration of an element 'X' is 2, 8, 2 :
(a) Find the number of electrons present in the atom of element X
(b) Write its atomic number.
(c) This element 'X' is a metal or a non metal?
(d) Find out the valency of the element X. [2011 (T-II)]

Ans. (a) Number of electrons present in atom of element X = 12
(b) Atomic number = no. of protons = no. of electrons = 12
(c) Metal
(d) Valency of element X is 2 because it has 2 electrons in its valency shell.

Q.7. (a) J. Chadwick discovered a subatomic particle which has no charge and has mass nearly
equal to that of a proton. Name the particle and give its location in the atom.

(b) If 'K' and 'L' shells of an atom are completely filled with electrons, then what would be
(i) the total number of electrons in the atom and (ii) its valency? [2011 (T-II)]
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Ans. (a) J. Chadwick discovered neutron. It is found in the nucleus of an atom.
(b) Completely filled K and L shell will have 2 and 8 electrons respectively.

(i) Total number of electrons = 10
(ii) Its valency is zero because it has complete octet structure.

Q.8. The number of electrons in the outermost 'L' shell of an atoms is 5.
(a) Write its electronic configuration. (b) What is its valency and why? [2011 (T-II)]

Ans. (a) Electronic configuration = 2, 5
(b) Valency = 8 – Number of electrons in valency shell = 8 – 5 = 3
Its valency is 3 because to complete its octet structure this element will gain 3 electrons
easily.

Q.9. Composition of the nuclei of two atoms "X" and "Y" are given below. [2011 (T-II)]
X Y

Protons 4 4
Neutron 4 6

Give the mass number of X and Y. Mention the relationship between the two atoms.
Ans. Mass number of X = no. of protons + no. of neutrons = 4 + 4 = 8

Mass number of Y = no. of protons + no. of neutrons = 4 + 6 = 10
These two atoms are isotopes because they have same number of protons (atomic number).

Q.10. The following data represents the distribution of electrons, protons and neutrons in atoms of
four elements A, B, C, D.

Element Protons Neutrons Electrons
A 19 21 19
B 17 18 17
C 17 20 17
D 18 22 18

Answer the following questions :
(i) Describe the electronic distribution in atom of element B.

(ii) Is element B a metal or a non-metal? Why?
(iii) Which two elements form a pair of ISOTOPES?
(iv) Which two elements form a pair of ISOBARS? [2011 (T-II)]

Ans. (i) Electronic distribution of element B = 2, 8, 7
(ii) Element B is a non-metal because it will accept one electron to complete its nearest noble

gas configuration.
(iii)B and C are isotopes (iv) A and D are isobars

Q.11. An atom of an element has three electrons in its 3rd orbit which is the outermost shell.
Write :
(i) The electronic configuration (ii) Atomic number

(iii) Number of protons (iv) Valency [2011 (T-II)]
Ans. (i) Electronic configuration = 2, 8, 3

(ii) Atomic number = no. of protons = no. of electrons = 13
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(iii) No. of protons = Atomic no. = 13
(iv) Valency = 3

Q.12. Composition of the nuclei of two atomic species 'X' and 'Y' are given below :

X Y
Protons 8 8
Neutron 8 10

(i) Give the mass number of 'X' and 'Y'.
(ii) What is the relationship between the two species? [2011 (T-II)]

Ans. (i) Mass number of X = no. of protons + number of neutrons = 8 + 8 = 16
Mass number of Y = no. of protons + number of neutrons = 8 + 10 = 18

(ii) The two species are isotopes.
Q.13. The atom of an element has 9 protons, 10 neutrons and 9 electrons. Mention its atomic

number, mass number, electronic configuration and valency. [2011 (T-II)]
Ans. Atomic number = no. of protons = 9

Mass number = no. of protons + no. of neutrons = 9 + 10 = 19
Electronic configuration = 2, 7. Valency = 8 – no. of electrons in valency shell = 8 – 7 = 1

Q.14. An atom of an element is represented as 19
9 X . How many electrons and neutrons are present

in this atom? What will be the valency of the element? [2011 (T-II)]
Ans. Atomic number of X = 9 = no. of protons present in X = no. of electrons present in X

Atomic mass of X = 19 = no. of protons + no. of neutrons
∴ no. of neutrons = 19 – 9 = 10
Electronic distribution – K shell = 2 electrons
                           L shell = (9 – 2) = 7 electrons
Valency = 8 – number of electrons in valency shell = 8 – 7 = 1

Q.15. Nucleus of an atom is heavy and positively charged. Justify your answer. [2011 (T-II)]
Ans. In an atom, the mass of protons and neutrons are one unit each while the mass of electron is

negligible. Since a nucleus consists of protons and neutrons, it is heavy. Also the proton is
positively charged while the neutron is neutral, which makes the nucleus positively charged.

Q.16. Give two postulates of Thomson's model of an atom. [2011 (T-II)]
Ans. Thomson's postulates are :

(a) An atom consists of a positively charged sphere and the electrons are embedded in it.
(b) The negative and positive charges are equal in magnitude and so an atom as a whole is

electrically neutral.
Q.17. Composition of the nuclei of two atomic species X and Y are given as : [2011 (T-II)]

Protons Neutrons
X 17 18
Y 17 20

What are the mass numbers of X and Y? State the relationship between the two.
Ans. Mass number of X = 17 + 18 = 35
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Mass number of Y = 17 + 20 = 37
Since the number of protons (or atomic number) is the same for both X and Y but their
mass numbers differ, therefore, they are isotopes.

Other Important Questions
Q.1. What will be the mass of one atom of potassium, if there are 94 atoms of K-39 and 6 atoms

of K-41?

Ans. Mass of 1 atom of potassium = 
94 639 41

100 100
× + ×  = 36.66 + 2.46 = 39.12

Q.2. What is the ratio of neutrons/protons in 208
  82 Pb and 209

  82 Pb ?
Ans. Ratio of neutrons/protons for 208

  82 Pb = 126 : 82 ≈ 1.54 : 1

Ratio of neutrons/protons for 208
82Pb = 127 : 82  1.55 : 1≈

Q.3. (i) Why is an alpha particle called a helium nuclei?
(ii) What is the charge on the above mentioned particle?

Ans. (i) An α-particle carries two units of positive charge and four units of mass just like a helium
nuclei which contains two protons and two neutrons.

(ii) The charge on an alpha particle is +2.
Q.4. State one difference and one similarity between the isotopes of an element.
Ans. (i) All isotopes of the same element have different physical properties.

(ii) All isotopes of the same element have similar chemical properties.
Q.5. Select a pair of isotopes from the following list

24
11  A ,   24

12  B ,   23
11  C ,   27

13  D
Give reasons for your choice.

Ans. Isotopes have the same atomic number but different mass numbers.
Therefore 24 23

11 11A and C are isotopes.
Q.6. Give reasons :

(i) Isotopes have different mass numbers. (ii) Isotopes are electrically neutral.
Ans. (i) Isotopes have different number of neutrons which result in different atomic masses.

(ii) The number of protons is equal to the number of electrons in the isotopes of an element.
So, they are electrically neutral.

Q.7. 16
8  O ,   17

8  O  and 18
8 O  represent different atoms of oxygen.

(i) What do superscripts and subscripts represent?
(ii) Which subatomic particle is responsible for the change in superscript?

Ans. (i) Superscripts represent the mass numbers and the subscripts represent the atomic numbers
of different atoms of oxygen.

(ii) Neutrons
Q.8. Amongst the electrons revolving around the nucleus which electrons

(i) determine the chemical properties of an element?
(ii) do not determine the chemical properties of an element?
Give reasons for your answer.
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Ans. (i) The electrons present in the valence shell determine the chemical properties of an element.
It is because a chemical reaction takes place only, if the valence electrons are transferred
or shared by the atoms of other elements.

(ii) The electrons other than the valence electrons do not determine the chemical properties
of an element. It is because, these electrons are firmly held by the nucleus and hence
cannot be shared or transferred.

Q.9. State two differences between a cation and an atom, by taking sodium ion (Na+) and sodium
atom (Na) as an example.

Ans. (i) Sodium atom is electrically neutral whereas sodium ion has a unit positive charge.
(ii) Sodium atom has the electronic configuration 2(K), 8(L), 1(M) and hence has three

electron shells, whereas sodium ion has the electronic configuration 2(K), 8(L) and hence
has two electron shells.

Q.10. An atom has mass number 40 and atomic number 20.
(i) How many electrons are revolving around the nucleus?

(ii) How many electron shells are there in the atom?
Ans. (i) 20 electrons are revolving around the nucleus.

(ii) The electronic configuration of the element is 2(K), 8(L), 8(M) and 2(N).
So, there are 4 electron shells in the atom of the element.

Q.11. The number of electrons in the outermost shell of chlorine is 7. What is its valency and why?
Ans. Chlorine can gain one electron in its outermost shell to form an octet. Hence its valency is

determined by subtracting seven electrons from octet which gives a valency of one.
Q.12. Number of protons, neutrons and electrons in the four specimen A, B, C and D are respectively

6, 6, 6; 7, 7, 7; 6, 8, 6; and 9, 10, 10. Tell which of them are :
(a) Isotopes         (b)  Isobars. Why?

Ans. (a) Isotopes of an element have the same atomic number but different mass numbers, i.e., they
have different number of neutrons.
Therefore A and C are isotopes.

(b) Isobars are atoms of different elements having the same mass number but different atomic
numbers.
Mass no. of B = no. of protons + no. of neutons = 7 + 7 = 14
Mass no. of C = no. of protons + no. of neutrons = 6 + 8 = 14

Q.13. An atom of an element has two electrons in the K shell and four electrons in the L shell. What is
the atomic number of the element? Identify the element.

Ans. Electronic configuration of the element  =  2         4
                                                                     K        L
Therefore, atomic number of the element = 2 + 4 = 6. The element is oxygen (O).

Q.14. (a) Why is Thomson's model of an atom compared with a watermelon?
(b) Why do isotopes have different mass numbers?

Ans. (a) In the Thomson's model of an atom, the negative charges (or electrons) are spread in a sphere
of positive charge just like the seeds are spread inside a watermelon.

(b) The number of neutrons present in isotopes are different. Since mass number of an element
is equal to the sum of protons and neutrons, therefore mass numbers of isotopes are
different.
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Q.15. State the characteristics of the nucleus of an atom.
Ans. The nucleus is positively charged and located in the centre of the atom. It is made up of protons

and neutrons. Its size is very very small as compared to the size of the atom.
Q.16. Find the electron distribution in the element which has atomic number 12 and also write its

valency.
Ans. Electronic configuration = 2, 8, 2

The element can easily lose two electrons to attain an octet structure. Therefore its valency is 2.
Q.17. Name the constituents of an atom. What is the net charge on the nucleus of an atom?
Ans. An atom consists of positively charged protons, negatively charged electrons and neutral

neutrons. The nucleus is positively charged due to the presence of protons.
Q.18. The number of electrons in the outermost shell of an element is 5. What is its valency and

why?
Ans. Valency of the element = 8 – 5 = 3

An atom of the element can gain or share 3 electrons to achieve an octet of electrons in the
outermost shell and this gives the valency of the element.
If there are four, five, six or seven valence electrons in an atom of an element then the
valency is determined by subtracting the number of electrons from the octet.

C. Short Answer Questions – II (3 Marks)

Previous Years' Questions
Q.1. An element X has a mass number 27 and it contains 13 protons. [2011 (T-II)]

(i) Write the symbolic representation of the element.
(ii) Find the number of neutrons and electrons in the element.

(iii) Write the electronic configuration of the element.
Ans. (i) Atomic number = no. of protons = 13

Symbol — 27
13 X

(ii) No. of neutrons = mass number – no. of protons = 27 – 13 = 14
No. of electrons = no. of protons (in a neutral atom) = 13

(iii) Electronic configuration of element = 2, 8, 3
Q.2. On the basis of the number of protons, neutrons and electrons in the samples given below

identify (a) the cation (b) the pair of isobars and (c) the pair of isotopes.

Sample Protons Neutrons Electrons
A 17 18 16
B 18 19 18
C 17 20 17
D 17 17 17 [2011 (T-II)]

Ans. (a) A is a cation because it number of protons is not equal to number of electrons. It has
donate one electron to form a cation.

(b) Mass number = number of protons + number of neutrons
Mass number of A = 17 + 18 = 35
Mass number of B = 18 + 19 = 37
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Mass number of C = 17 + 20 = 37
Mass number of D = 17 + 17 = 34
B and C have same mass numbers. So, these are isobars.

(c) Atomic number = no. of protons
As C and D have same atomic number and different mass numbers. So, these are isotopes.

Q.3. (a) Give one important application of an isotope of cobalt.
(b) Elements from A to E have in them the distribution of e, p and n as follows.

Elements Electrons Neutrons Protons
A 4 4 3
B 8 9 9
C 18 22 18
D 17 20 17
E 17 18 17

Making use of these data find
(i) cation (ii) anion (iii) a pair of isotopes (iv) an atom of noble gas [2011 (T-II)]

Ans. (a) An isotope of cobalt 
60

27
Co⎛ ⎞

⎝ ⎠
 is used in treatment of cancer..

(b) (i) B is a cation because it has 9 protons and 8 electrons. By losing electron it gains
positive charge hence forms cation.

(ii) A is an anion because it has 3 protons and 4 electrons. By accepting an electron it
gains negative charge, hence forms anion.

(iii) D and E have same number of protons hence they have same atomic numbers. D and
E are isotopes.

(iv) C has 18 electrons its configuration is 2, 8, 8. Hence it is a noble gas.
Q.4. In the following table the mass number and the atomic number of certain elements are given.

Elements A B C D E
Mass No. 1 7 14 40 40
At. No. 1 3 7 18 20

(a) Select a pair of isobars from the above table.
(b) What would be the valency of element C listed in the above table?
(c) Which two subatomic particles are equal in number in a neutral atom? [2011 (T-II)]

Ans. (a) D and E have same mass numbers. So these are isobars.
(b) In element C, no. of electrons = numbers of protons = atomic number

∴ Number of electrons = 7
Electronic configuration of element C = 2, 5
Valency = 8 – number of electrons in valency shell = 8 – 5 = 3

(c) In a neutral atom, number of protons is equal to the number of electrons.
Q.5. Enlist the conclusions drawn by Rutherford from his α-ray scattering experiment.

OR
List three main features of Rutherford's nuclear model of an atom. [2011 (T-II)]
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Ans. Rutherford concluded from the α-particle scattering experiment that :
(i) Most of the space inside the atom is empty because most of the α-particles passed through

the gold foil without getting deflected.
(ii) Very few particles were deflected from their path indicating that the positive charge of the

atom occupies very little space.
(iii) A very small fraction of α-particles were deflected by 180°, indicating that all the positive

charges and mass of the gold atom were concentrated in a very small volume within the
atom.

Q.6. What is meant by valency? How will you find the valency of chlorine and magnesium?
[2011 (T-II)]

Ans. Valency is the combining capacity of an element.
Chlorine ( Z = 17) has the electronic configuration 2, 8, 7. Since the number of electrons in
the outermost shell is close to full capacity, therefore it is easier for chlorine to gain one
electron rather than lose seven electrons to achieve an octet. Therefore valency is determined
by subtracting seven electrons from the octet. This gives a valency of one for chlorine.
Similarly for magnesium (Z = 12) with electronic configuration 2, 8, 2 valency is 2.

Other Important Questions
Q.1. What are the important properties of the neutron? Compare these properties with those of the

electron and proton.
Ans. (i) A neutron is an electrically neutral particle whereas a proton is positively charged and an

electron is negatively charged.
(ii) Mass of a neutron is almost equal to the mass of a proton whereas the mass of an electron

is 1/1837 times the mass of a proton.
(iii) A neutron resides within the nucleus just like a proton but an electron revolves around the

nucleus in fixed orbits.
Q.2. Define atomic number, mass number and valency.
Ans. The number of protons present within the nucleus of an atom is called its atomic number.

The number of protons and neutrons (nucleons) present in the nucleus of an atom is called
its mass number.
Valency is the combining capacity of an element. Its value is the same as the number of
electrons in the valence shell, if the number of electrons are 1, 2 or 3. If the number of
electrons are 4, 5, 6 or 7, the valency is given by subtracting the number of electrons in the
valence shell from 8. Atoms having 2 or 8 electrons in the valence shell have zero valency.

Q.3. What were the drawbacks of Rutherford’s model of an atom?
Ans. The orbital revolution of the electron as suggested by Rutherford was not expected to be

stable. This is because any particle in a circular orbit would undergo acceleration and radiate
energy continuously. Thus the revolving electron would lose energy and fall into the nucleus.
Therefore, the atom would be highly unstable and matter would not exist in the form that we
know.

Q.4. In the Gold foil experiment of Geiger and Marsden, that paved the way for Rutherford’s
model of an atom, ∼  1.00% of the α-particles were found to deflect at angles > 50°.If one
mole of α-particles were bombarded on the gold foil, compute the number of α-particles that
would deflect at angles less than 50°.
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Ans. % of α-particles deflected more than 50° = 1% of α-particles
% of α-particles deflected less than 50° = 100 – 1 = 99%
Number of α-particles bombarded = 1 mole = 6.022 × 1023 particles
Number of particles that deflected at an angle less than 50°

= 
99

100
 × 6.022 × 1023 = 23596.178 10

100
×  = 5.96 × 1023

Q.5. Show diagramatically the electron distributions in a sodium atom and a sodium ion and also
give their atomic number.

Ans. Atomic number of sodium atom is 11. So, it
contains 11 protons and 11 electrons.
A sodium ion is formed by the removal of one
electron from a sodium atom. Thus, the number
of electrons in a sodium ion will be 11 – 1
= 10, but the number of protons will be the
same. Therefore, the atomic number of both
(sodium atom and sodium ion) will be 11.

Q.6. Write down the symbols of the ions formed from the elements A (at. no. 11), B (at. no. 17)
and C (at. no. 16). Also write the electronic configuration of the ions.

Ans. (i) The electronic configuration of A is (2, 8, 1) and hence its ion is A+. Electronic configuration
of A+ is (2, 8).

(ii) The electronic configuration of B is (2, 8, 7) and hence its ion is B–. Electronic configuration
of B– is (2, 8, 8).

(iii) The electronic configuration of C is (2, 8, 6) and hence its ion is C2–. Electronic configuration
of C2– is (2, 8, 8).

Q.7. Choose the noble gases from the table.
Element A B C D
Mass number 4 40 27 20
Number of neutrons 2 22 14 10

Ans. (i) Atomic number of A = Mass number – no. of neutrons = 4 – 2 = 2
Electronic configuration of A = 2(K). Therefore, A is a noble gas.

(ii) Atomic number of B = 40 – 22 = 18.
Electronic configuration of B = 2(K), 8(L), 8(M). Therefore B is a noble gas.

(iii) Atomic number of C = 27 – 14 = 13
Electronic configuration of C = 2(K), 8(L), 3(M). Therefore, C is not a noble gas but a metal.

(iv) Atomic number of D = 20 – 10 = 10
Electronic configuration of D = 2(K), 8(L). Therefore, D is a noble gas.

Q.8. (a) What was Thomson's model of an atom?
(b) Write any two observations of Rutherford's model of atom.

Ans. (a) Thomson proposed the model of an atom which was similar to that of a Christmas pudding.
The electrons like currents are spread over in a sphere of positive charge like in a spherical
Christmas pudding.

 Sodium atom             Sodium ion
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(b) (i) There is a positively charged centre in an atom called the nucleus. Nearly all the mass
of the atom resides in the nucleus.

(ii) The size of the nucleus is very small as compared to the size of the atom.
Q.9. (a) During a radioactive disintegration, an atom gets converted into another atom whose mass

number remains the same but atomic number increases by 1. Will the new atom formed
be an isobar or isotope of the parent atom?

(b) Which is heavier : a proton or an electron and how many times?
(c) How many electrons are present in the outer shell of the atom of a noble gas other than

helium?
Ans. (a) The new atom formed will be an isobar since isobars have same mass numbers but

different atomic number.
(b) A proton is heavier than an electron. The mass of a proton is 1837 times that of an

electron.
(c) Eight.

Q.10. Elements from A to F have in them the distribution of electrons, neutrons and protons as
follows :

Ans. Atom/ion Number of Elecrtrons Number of Neutrons Number of Protons
A 4 4 3

B 10 12 11

C 17 18 17

D 17 20 17

E 18 22 18

F 19 21 19

Making use of these data, find
(i) a pair of ions. (ii) an atom of a noble gas.

(iii) a pair of isobars (vi) a pair of isotopes.
Ans. (i) A and B [since the number of protons is not equal to the number of electrons]

(ii) E [Electronic configuration of E(Z = 18) is 2, 8, 8]
(iii) E and F [Mass number is 40 for both but atomic numbers are 18 and 19 respectively]
(iv) C and D [Atomic number is same for both i.e., 17 but mass numbers are different

(i.e., 35 and 37 respectively]
Q.11. State the three rules proposed by Bohr and Bury regarding distribution of electrons in

different orbits of atoms.
Ans. The Bohr-Bury rules regarding the distribution of electrons in different orbits of atoms are :

(i) The maximum number of electrons present in a shell is given by the formula 2n2, where
'n' is the orbit number or energy level index 1, 2, 3, ...
Hence maximum number of electrons in the first orbit or K-shell will be = 2 × 12 = 2,
second orbit or L-shell will be = 2 × 22 = 8, and so on.
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(ii) The maximum number of electrons that can be accommodated in the outermost orbit is 8.
(iii) Electrons are not accommodated in a given shell, unless the inner shells, are filled up.

Q.12. With the help of schematic representation of atomic structures of magnesium and sulphur,
explain how electrons are distributed in different orbits?

Ans. Atomic number of magnesium is 12. According to the Bohr-Bury rule
of electronic distribution in the different orbits of atom, the maximum
number of electrons that can be accommodated in the first orbit (K-
shell) of magnesium is 2 × 12 = 2 electrons. The second shell
(L-shell) can accommodate 2 × 22 = 8 electrons. The third shell (M-
shell) can accommodate a maximum of 2 × 32 = 18 electrons. But
after accommodating 2 + 8 = 10 electrons in the first two shells,
magnesium is left with only 2 electrons which can be accommodated
in the third orbit or M-shell.
Similarly for sulphur (Z = 16),
K-shell can hold 2 × 12 = 2 electrons
L-shell can hold 2 × 22 = 8 electrons
M-shell can hold the rest 6 electrons.

Q.13. (a) Define valency.
(b) Why helium gas is considered as chemically inert? Explain.
(c) Write valency of potassium in the compound K2CO3.

Ans. (a) Valency is the combining capacity of an atom of an element.
(b) Helium has two electrons in the outermost shell which is the maximum number of

electrons that can be accommodated in this shell. Thus it cannot gain, lose or share
electrons and hence its valency is zero.

(c) Since valencies are exchanged while forming a molecule, we find the valency of
potassium to be one in K2CO3.

D. Long Answer Questions (5 Marks)

Previous Years' Questions
Q.1. (i) What is the drawback of Rutherford’s model of an atom?

(ii) Mention the postulates Neils Bohr put forth to overcome the objections raised against
Rutherford’s atomic model.

(iii) Chlorine occurs in nature in two isotopic forms, with atomic masses 35 u and 37 u in the ratio
of 3 : 1. Calculate the average atomic mass of chlorine atom. [2011 (T-II)]

Ans. (i) The comparison of electrons to the planets in the solar system is the main drawback of
Rutherford's atomic model.
According to classical electrodynamics, if an electrically charged particle revolves around
a circular path, then it always radiates out energy. Thus, if an electron moves around a
nucleus, it must continuously radiate out energy and hence, gradually move towards the
nucleus in a spiral path, till it collides with the nucleus.
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However, we know that an atom is very stable. Rutherford's model cannot explain
stability.

(ii) Bohr's postulates which overcome the drawbacks of Rutherford's model of atom are :
(a) Only certain special orbits konwn as discrete orbits of electron are allowed inside the

atom.
(b) While revolving in discrete orbits, the electrons do not radiate energy.

(iii) Average atomic mass of chlorine atom = 
35 × 3 + 37 × 1 105 + 37 142= =

4 4 4  = 35.50

Q.2. (i) State Bohr’s postulates about the model of an atom. Draw a sketch of Bohr’s model of
an atom with three shells

(ii) Mention one use of each of the following :
(a) Isotope of cobalt    (b) Isotope of iodine [2011 (T-II)]

Ans. (i) The postulates of Bohr's model of an atom are :
(a) Only certain special orbits known as discrete orbits of electrons

are allowed inside the atom.
(b) While revolving in discreate orbits the electrons do not radiate

energy. These orbits are called energy levels. They are
represented by 1, 2, 3, 4, ......... or by the letters K, L, M, N,
...............

(ii) (a) Isotope of cobalt is used in the treatment of cancer.
(b) Isotope of iodine is used in the treatment of goitre.

Q.3. Read the following passage and with your own knowledge answer the following questions :
In order to overcome the objections raised against Rutherford’s model of the atom, Neil Bohr
put forward the following postulates about the model of an atom.
(i) Only certain special orbits known as discrete orbits of electrons are allowed inside the

atom.
(ii) While revolving in discrete orbits the electrons do not radiate energy. Write the following

statements in your answer book after completing them :
(a) Atoms are made up of ........., ........... and .........
(b) ........... amended Rutherford’s short-comings.
(c) Electrons do not radiate energy while revolving in ............ orbits
(d) Discrete orbits are also known as ...........
(e) The K shell can accommodate ........... electrons whereas L can accommodate...........

electrons.
(f) Atomic mass of an element is the sum of number of ........... and ........... [2011 (T-II)]

Ans. (a) Atoms are made up of protons, electrons and neutrons.
(b) Neil Bohr amended Rutherford's shortcomings.
(c) Electrons do not radiate energy while revolving in discrete orbits.
(d) Discrete orbits are also known as energy levels.
(e) The K shell can accommodate 2 electrons whereas L can accommodate 8 electrons.
(f) Atomic mass of an element is the sum of number of protons and neutrons.

Q.4. (a) Write the maximum number of electrons which can be accommodated in K, L, M, N shells
and give the rule on basis of which decides it.
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(b) Atom A has a mass number 238 and atomic number 92 and atom B has a mass number
235 and atomic number 92.
(i) How many protons, atoms A and B have?

(ii) How many neutons, atom A and B have?
(iii) Are atoms A and B isotopes of the same element ? How? [2011 (T-II)]

Ans. (a) The maximum number of electron which can be accommodated in K, L, M, N shells are
respectively 2, 8, 18, 32. This distribution of electrons is given by Bohr and Bury.

(b) (i) Number of protons of atom A = Atomic number = 92
Number of protons of atom B = Atomic number = 92

(ii) Number of neutrons of atom A = Mass number – Atomic number = 238 – 92 = 146
Number of neutrons of atom B = Mass number – Atomic number = 235 – 92 = 143

(iii) Yes, A and B are the isotopes of the same element, because they have same atomic
numbers.

Q.5. (a) Describe briefly Thomson’s model of an atom.
(b) Who discovered Neutron?
(c) What are Canal Rays?
(d) What is the mass of proton as compared to electron? [2011 (T-II)]

Ans. (a) J.J. Thomson believed that an atom is made up of positively charged substance in the form
of a sphere. Into this sphere are embedded electrons, much the same way as the apples
are embedded in an apple pie. Furtheremore, the total positive charge of the sphere is
equal to total negative charge of the electrons and hence the atom remained electrically
neutral.

(b) Chadwick
(c) The positively charged radiations which consists of positively charged particles,

originated from the anode and passing through the perforated cathode in a gas discharge
tube is known as canal rays.

(d) Mass of proton is approximately 2000 times more than the mass of an electron.
Q.6. (a) Give Bohr - Bury rules for distribution of electrons in different shells (any 2).

(b) For chlorine, Z = 17, A = 35. Give the number of protons, electrons and neutrons in
(i) Chlorine (ii) Chloride ion. [2011 (T-II)]

Ans. (a) (i) The maximum number of electrons which can be present in any shell of an atom is
given by the formula 2n2, where n is the number of shell as counted from nucleus.
Thus, according to above formula :
Maximum no. of electrons in first shell (K-shell) = 2n2 = 2(1)2 = 2
Maximum no. of electrons in second shell (L-shell) = 2n2 = 2(2)2 = 8
Maximum no. of electrons in third shell (M-shell) = 2n2 = 2(3)2 = 18
Maximum no. of electrons in fourth shell (N-shell) = 2n2 = 2(4)2 = 32

(ii) The outermost shell cannot have more than 8 electrons and the last but one shell
cannot have more than 18 electrons.

(b) (i) Atomic number of chlorine = 17
Atomic number = number of protons = number of electrons = 17
Number of neutrons = Mass number – Atomic number = 35 – 17 = 18

(ii) Chlorine has electronic configuration 2, 8, 7. By accepting one electron its form
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chloride ions. So the number of electrons will be 18. Number of protons and neutrons
remains same as for chlorine.

Q.7. Answer the following in one line or one word
(a) Who discovered neutron?
(b) On the basis of Thomson’s model of an atom, explain how the atom is neutral as a whole.
(c) What is the maximum number of electrons that can be accommodated in the outermost

shell of an atom?
(d) What term is assigned to the atoms of different elements having same atomic mass but

different atomic numbers.
(e) How many neutrons are present in a hydrogen atom? [2011 (T-II)]

Ans. (a) Chadwick
(b) According to Thomson's model of an atom, an atom is made up of positively charged

substance in the form of a sphere. Into this sphere electrons are embedded. The total
negative charge of the electrons is equal to the positive charge of sphere, hence atom
remains electrically neutral.

(c) The outermost shell of an atom is N shell, that can accommodated upto 32 electrons.
(d) Isobars
(e) No neutrons

Q.8. (i) Name the scientist who proposed this model of
atom.

(ii) Write the three postulates of this model.
(iii) How many maximum electrons can be

accommodated in M orbit ? [2011 (T-II)]
Ans. (i) Neils Bohr

(ii) 1. An atom is made up of three kinds of
particles : electrons, protons and neutrons.

2. Electrons are negatively charged, protons are positively charged and neutrons are
neutral, i.e, they have no electric charge.

3. The number of electrons and protons are equal, so that an atom on the whole is
electrically neutral.

(iii) 18 electrons

Q.9. (a) Which popular experiment is shown in the figure?
(b) List three observations of this experiment.
(c) State conclusions drawn from each observation of this

experiment.
(d) State the model of atom suggested on the basis of the

above experiment. [2011 (T-II)]
Ans. (a) Scattering of alpha particles by gold foil.

(b) 1. Most of the alpha particles passed through the foil
straight, without suffering any change in their
direction.

2. A small fraction of alpha particles deflected through small angles and a few through
large angles.
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3. One out of 12000 particles rebounded.
(c) 1. The nucleus of an atom is positively charged.

2. The atom on the whole is relatively empty and the positively charged mass in the
nucleus, is concentrated over a very, very small space.

3. Nucleus of the atom is very dense and hard.
4. The angle through which alpha particles get scattered, depends upon the angle at

which they approach the positively charged nucleus of the concentrated mass.
(d) Rutherford's model of an atom.

Q.10. (a) Write the symbol and name of the element having 14 proton.
(b) Complete the table.

Element Atomic No Mass No Proton Neutron

Cl 17 - - 18

Si - 28 - -

F - - 9 10

(c) Give one drawback of Rutherford model. [2011 (T-II)]

Ans. (a) 28
14 Si  (Silicon)

(b) Element Atomic No Mass No Proton Neutron

Cl 17 35 17 18

Si 14 28 14 14

F 9 19 9 10

(c) Rutherford could not explain the stability of atom.
Q.11. State postulates of Neils Bohr to describe model of an atom. Draw diagram indicating the

distribution of electrons in the atoms of the elements having atomic numbers 6, 16, 20. Write
the name and symbols of the elements. [2011 (T-II)]

Ans. Postulates of Neils Bohr's atomic model
1. Atom is made up of electrons, protons and neutrons.
2. Electrons are negatively charged, protons are positively charged and neutrons are neutral.
3. The number of electrons and protons are equal so that an atom is electrically neutral.
4. Protons and neutrons are present within the nucleus. Due to the presence of protons, the

nucleus is positively charged.
5. The electrons revolve around the nucleus in fixed orbits, called energy levels or shells,

which are represented by numbers 1, 2, 3, 4, 5 and 6 or letters K, L, M, N, O and P. These
numbers are counted from the nucleus outwards.

6. Each energy level has a fixed amount of energy. The orbit nearest to the nucleus has
minimum energy, whereas the orbit farthest from the nucleus has highest energy.

7. There is no change in the energy of electrons as long as they revolve in the same orbit and
remain stable. But if an electron gains energy, it jumps to a higher energy level and if it
loses energy it falls to a lower energy level.
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8. The mass of the atom is almost entirely due to the nucleus, as electrons have negligible
mass.
Atomic number — 6
Number of electrons = number of protons = atomic number = 6

Electronic configuration : 2, 4

Name and Symbol — Carbon ( )12
6 C

Atomic number — 16
Number of electrons = number of protons = atomic number = 16
Electronic configuration : 2, 8, 6

Name and Symbol : Sulphur ( )32
16S

Atomic number — 20
Number of electrons = number of protons = atomic number = 20
Electronic configuration = 2, 8, 8, 2

Name and Symbol — Calcium ( )40
20Ca

Q.12. (a) What are isobars?
(b) Atomic number of an element Y is 17.

(i) Write its electronic configuration.
(ii) What is the number of valence electrons in Y?

(iii) How many electrons are needed to complete the octet of Y?
(iv) It is a metal or non metal ?

(c) The valency of Na is 1 and not 7. Give reason. [2011 (T-II)]
Ans. (a) Atoms of different elements, having the same mass number but different atomic numbers,

are calle isobars.
(b) (i) Electronic configuration = 2, 8, 7

(ii) Number of valency electrons = 7
(iii) One electron is needed to complete the octet of Y.
(iv) It is a non-metal because it accept electron to complete its octet.

(c) Electronic configuration of Na = 2, 8, 1. It donates 1 electrons and aquire its stable gas
configuration. It is easy to donate 1 electron rather than to accept 7 electrons, hence,
sodium has a valency of 1 not 7.

Q.13. (a) State the rules followed for writing the number of electrons in different energy shells.
(b) List the important observations made by Rutherford from his α-particle scattering

experiment. [2011 (T-II)]
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Ans. (a) The distribution of the electrons in different orbits of an atom occurs according to the
Bohr-Bury rules.
(i) The maximum number of electrons present in a shell is given by the formula 2n2,

where ‘n’ is the orbit number or energy level index, 1, 2, 3, ........
(ii) The maximum number of electrons that can be accommodated in the outermost orbit

is 8.
(iii)Electrons are not accommodated in a given shell unless the inner shells are filled up.

(b) The observations made by Rutherford in his α-particle scattering experiment were :
(i) Most of the fast moving α-particles passed straight through the gold foil.

(ii) Some of the α-particles were deflected by the foil by small angles.
(iii)One out of every 12000 particles rebounded.

Q.14. (a) Describe Rutherford's model of the atom with the help of a diagram. [2011 (T-II)]
(b) What was the limitation of the above model?

Ans. (a) Rutherford proposed the following model of an atom :
(i) There is a positively charged centre in an atom called

the nucleus. Nearly all the mass of an atom resides
in the nucleus.

(ii) The electrons revolve around the nucleus in well
defined orbits.

(iii) The size of the nucleus is very small as compared to the size of the atom.
(b) The comparison of electrons to the planets in the solar system is the main drawback of

Rutherford's atomic model.
According to classical electrodynamics, if an electrically charged particle revolves around
a circular path, then it always radiates out energy. Thus, if an electron moves around a
nucleus, it must continuously radiate out energy and hence, gradually move towards the
nucleus in a spiral path, till it collides with the nucleus.
However, we know that an atom is very stable. Rutherford's model cannot explain this stability.

Other Important Questions
Q.1. Describe the essential features of the model of an atom proposed by Rutherford. How is it

different from that proposed by J. J. Thomson?
Ans. (i) The nucleus, containing positively charged particles called protons is located within the

atom.
(ii) The size of the nucleus is extremely small as compared to the size of an atom.

(iii) The electrons revolve around the nucleus at various distances at a very high speed, such
that they counterbalance the electrostatic force of attraction between the positively charged
nucleus by the centrifugal force, much the same way as the planets revolve around the sun.
The volume occupied by an atom consists mostly of large empty space. Rutherford’s
model is different from J.J. Thomson’s model in a sense that it provides an explanation,
how the electrons do not fall into protons and neutralise themselves. J.J. Thomson’s model
does not provide the above explanation.
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Q.2. The ratio of the radii of hydrogen atom and its nucleus is 105. Assuming the atom and the
nucleus to be spherical,
(i) What will be the ratio of their sizes?

(ii) If an atom is represented by the planet earth ‘Re’ = 6.4 × 106m, estimate the size of the
nucleus.

(iii) How many neutrons are present in each of the three isotopes of hydrogen?

Ans. (i) Volume of the sphere = 34 ×
3

rπ

Let R be the radius of the atom and r that of the nucleus ⇒  R = 105r

Volume of the atom = ( )π π=
33 54 4

R 10
3 3

r = 3 154 π 10
3

r× ×

Volume of the nucleus = 34 π ×
3

r

Ratio of the atom to that of the nucleus = 
3 15

15

3

4 10 103
4 1
3

r

r

π

π

×
=   = 1015 : 1

(ii) If the atom is represented by the planet earth (Re = 6.4 × 105m) then the radius of the

nucleus would be rn = e
5

R
10

6

n 5
6.4 10 m

10
r ×

=  = 6.4 × 10 m = 64 m

(iii) Protium contains no neutron, deuterium contains one neutron while tritium contains two
neutrons.

Q.3. (a) Write the three features put forward by Rutherford about his nuclear model of an atom.
(b) The atom of an element has mass number 20 and atomic number 10. Write its electronic

configuration. What will be its valency?
Ans. (a) (i) There is a positively charged centre in an atom called the nucleus, where all the mass

of the atom resides in the nucleus.
(ii) The electrons revolve around the nucleus in well-defined orbits.
(iii) The size of the nucleus is very small as compared to the size of the atom.

(b) Electronic configuration of the element = 2, 8. Since the atom of the element has a
complete octet hence cannot lose or gain or share any electron, therefore it has zero
valency.

Q.4. Give reasons for the following :
(a) 40

18 Ar and 40
20 Ca are called isobars.

(b) 'He' and 'Ne' have zero valency.
(c) An atom is neutral.
(d) Nucleus is positively charged.
(e) Isotopes have similar chemical properties.
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Ans. (a) Argon and calcium have the same mass number but different atomic numbers. Atoms of
elements having the same mass number but different atomic numbers are called isobars.

(b) Helium has two electrons in its outermost shell (duplet structure) while neon has eight electrons
in its outermost shell (octet structure). Both the elements have completely filled outermost
shell and cannot lose or gain or share electrons and hence their valencies are zero.

(c) The number of positively charged protons is equal to the number of negatively charged
electrons in an atom. Thus an atom is electrically neutral.

(d) The nucleus is made up of positively charged protons and neutral neutrons. Therefore it
is positively charged.

(e) Isotopes are atoms of the same element having the same atomic number but different mass
numbers. Since the number of electrons or more precisely the number of valence electrons
in isotopes are same, therefore they have similar chemical properties.

Q.5. (a) What are isobars? Give one example.
(b) Write two differences between isobars and isotopes.
(c) Write any two uses of isotopes.

Ans. (a) Isobars are atoms of different elements having the same mass number but different atomic
numbers.

Chlorine 35
17 Cl  and 37

17 Cl  are isotopes.
(b) (i) Isobars have the same mass number but different atomic numbers while isotopes have

the same atomic number but different mass numbers.
(ii) Isobars have different chemical properties while isotopes have similar chemical properties.

(c) (i) An isotope of uranium is used as a fuel in nuclear reactors.
(ii) An isotope of cobalt is used in the treatment of cancer.

Q.6. State the three observations made by Rutherford in the α-particle scattering experiment.
Write the electronic configuration of an element whose mass number is 31 and atomic number
is 15. What is its valency?

Ans. The observations made by Rutherford in his α-particle scattering experiment were :
(a) Most of the fast moving α-particles passed straight through the gold foil.
(b) Some of the α-particles were deflected by the foil by small angles.
(c) One out of every 12000 particles rebounded.

Mass no. of the element = 31
Atomic no. of the element = 15
Electronic configuration = 2, 8, 5
Since there are 5 electrons in the outermost shell, the element can gain three electrons to
complete its octet. Therefore, the valency of the element is 3.

Q.7. (a) What are canal rays?
(b) If an atom contains one electrons and one proton, will it carry any charge? Identify the

element.
(c) 'X' and 'Y' are isobars. 'X' has mass number 14 and atomic number 6.

'Y' has 7 neutrons. Predict the atomic number and mass numbers of 'Y'.
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Ans. (a) The positively charged radiations which consists of positively charged particles, originating
from the anode and passing through the perforated cathode in a gas discharge tube are
known as canal rays.

(b) No, the atom will be neutral since the opposite charges are balanced.
The element having one proton and one electron has a mass number one and atomic
number one. So it is identified as a hydrogen atom.

(c) Isobars of elements have the same mass number.
Therefore mass number of Y = mass no. of X = 14
Atomic number of Y = Mass number – no. of neutrons

= 14 – 7 = 7
Q.8. (a) What is an octet? How do elements reach an octet?

(b) Make a schematic atomic structure of magnesium or phosphorus.
(given : number of proton of magnesium = 12, phosphorus = 15)

(c) If bromine atom is available in the form of two isotopes 79 81
35 35Br and Br  in 49.7% and

50.3% respectively. Calculate the average atomic mass bromine.
Ans. (a) The outermost shell of an atom which has eight electrons is said to possess an octet.

Atoms of elements by gaining, losing or sharing electrons with other atoms of elements
to make an octet of electrons in the outermost shell.

(b)

(c) Average atomic mass of bromine = 
79 × 49.7 + 81 × 50.3

100
 = 

3926.3 + 4074.3
100

= 
8000.6

100
 =  80.006 u.

Q.9. (a) Why do the inert gases like neon and argon have zero valency?
(b) The atomic number of sodium is 11 and oxygen is 8. Predict their valencies.

(c) Draw the schematic atomic structure of 24
12 Mg

(d) State the difference between a proton and an electron on the basis of their location.
(e) Give one use of an isotope of cobalt and one use of an isotope of iodine.

Ans. (a) Neon and argon have completely filled electrons in their outermost shell with eight electrons
and cannot lose, gain or share electrons with atoms of other elements. Therefore, the
valency of these gases is zero.

(b) Electronic configuration of sodium (Z = 11) = 2, 8, 1
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Therefore, its valency is 1
Electronic configuration of oxygen (Z = 8) = 2, 6
Therefore, its valency is (8–6) = 2

(c)

(d) A proton is located within the nucleus of an atom while an electron revolves in the orbits
around the nucleus of an atom.

(e) An isotope of cobalt is used in the treatment of cancer.
An isotope of iodine is used in the treatment of goitre.

II. FORMATIVE ASSESSMENT

A. Science Quiz

I.  Q.1. An atom has mass number 14 and 8 neutrons in its nucleus. The atom is an isotope of
(a) carbon (b) nitrogen (c) oxygen (d) silicon

Ans. (a) Reason : No. of neutrons in the atom = 8
No. of protons in the atom = mass no. – no. of neutrons = (14 – 8) = 6
Thus, the atom is identified as a carbon atom.

Q.2. An element has mass number 31 and atomic number 15. The number of electrons, protons
and neutrons in it are respectively

(a) 15, 16, 15 (b) 16, 15, 15 (c) 15, 15, 16 (d) 31, 15, 15
Ans. (c) Reason : No. of protons = atomic number of the element = 15

No. of electrons = number of protons = 15
No. of neutrons = mass number – atomic number = 31 – 15 = 16

Q.3. Rutherford’s experiment of scattering of α-particles showed for the first time, an atom has :
(a) neutrons (b) protons (c) electrons (d) nucleus

Ans. (d) Reason : The central positive (and rigid) nucleus in an atom was established for the
first time by Rutherford’s α-particle scattering experiment.

Q.4. Which of the following classes of elements differ in their chemical properties?
(a) Allotropes (b) Isotopes (c) Isobars (d) Allotropes and isobars

Ans. (c) Reason : Isobars are atoms of different elements having the same mass numbers. Thus
they have different chemical properties.

Q.5. Which of the following has equal number of protons and neutrons?
(a) Sulphur (b) Magnesium (c) Oxygen (d) All the above
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Ans. (d) Reason : 32
16S has 16 protons and 16 neutrons.

24
12 Mg  has 12 protons and 12 neutrons.
16

8O  has 8 protons and 8 neutrons.

II.  Q.1. An isotope of carbon ( )14
6  C  is used in dating of _______ samples.

Ans. fossil

Q.2. An isotope of iodine ( )128
53  I  is used in the treatment of ______.

Ans. goitre
Q.3. All isotopes of an element have ______ valency.

Ans. same
Q.4. Isotope of uranium used in nuclear reactors is _______.

Ans. 235
92  U

Q.5. An isotope of cobalt used in the treatment of cancer is _______.

Ans. 60
27 Co

Q.6. The isobars of elements can be separated easily by ______ means.
Ans. chemical

Q.7. ______ number is never fractional.
  Ans.  atomic

Q.8. An element loses/gains electron from/in its valence shell so as to attain a structure of the
nearest ______.

Ans. noble gas
III.  Q.1. An electron has 6 protons in its  nucleus. What is the atomic number of the element?

Ans. Atomic number of an element = no. of protons = 6
Q.2. An element has mass number 37 and atomic number 17. How many neutrons are present

in its nucleus?
Ans. No. of neutrons = Mass number – atomic number = 37 – 17 = 20

Q.3. The symbols of an element are 1 2 3
1 1 1E,  E and  E . What is the scientific name given to

them?
Ans. The mass numbers of the elements are different but their atomic number is the same.

Thus the elements are isotopes.

Q.4. 40 40
20 18 Ca and  Ar are the atoms of calcium and argon. How are they related to one another?

Ans. The mass number of calcium and argon are the same. So, they are isobars.
Q.5. What is the maximum number of electrons in the K-shell of an element?
Ans. The K shell is the first shell. Hence it can have a maximum of 2 × 12 = 2 electrons.
Q.6. How many electrons can be present in the  valence shell of an atom?
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Ans. The valence shell of an atom can have a maximum of 8 electrons.

Q.7. 39
19  K changes to its ions by the loss/gain of electrons. How many electrons will it lose
or gain?

Ans. Electronic configuration of 39
19K is = 2, 8, 8, 1. Therefore, one atom of the element will

lose one electron to form a stable octet.

Q.8. 39
19  K changes to an ion of the nearest noble gas. What kind of change occurs when it
forms a K ion?

Ans. It is a chemical change as an ion is formed with a different electronic configuration.
Q.9. Name the part of the atom, where most of its mass is concentrated.
Ans. Most of the mass of an atom is concentrated in the nucleus.

Q.10. An element 16
8  O⎡ ⎤⎣ ⎦ acquires two protons by nuclear bombardment. To which element does

it change.
Ans. The element 16

8O gains two protons by nuclear bombardment. Therefore, the mass number
and the atomic number both increase by 2. The element therefore changes to neon

( )18
10 Ne .

B. Projects / Models

Take 10 cm by 10 cm pieces of thermcol. On each of the piece draw the geometric model
of :
(i) Sodium (ii) Phosphorus (iii) Calcium (iv) Lithium
(v) Silicon (vi) Potassium (vii) Sulphur (viii) Fluorine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


