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—
SOME BASIC CONCEPTS OF CHEMISTRY

Chapter at a glance :-

1. The branch of science which deals with preparations, properties , structure and the changes of
matter under different conditions and the laws which govern these changes is called Chemistry.

Chemistry is further divided into three main branches i.e. physical, inorganic and organic for
better understanding.

2. Many years before the development of modern science Indian Scientists were familiar with many
scientific matter. They utilised these knowledge’s in their daily life.

Acharya Kanad was the first to introduce the finest indivisible particle i.e. ‘paramanu’(atom).
He also said that like matter, paramanu (atom) also have variety.

3. InNational Economy Chemistry plays important significant role.

e For the fulfilment of increasing crysis of crops and fruits chemistry provided chemical
fertilizers, insecticides, pesticides, fungicides etc.

e Chemistry has also develops many kinds of life saving drugs. e.g. — Cis-platin and Taxol
(used in the treatment of cancer), AZT (Azidothimidine) used in the treatment of AIDS.

4. Anything around us that occupies some space and has mass is called matter. eg —book, pen, water,

air etc.
Matter can exist in three physical state viz solid, liquid and gas.
e  Solids: have definite volume and definite shape.
e  Liquids: have definite volume but not the definite shape. They take the shape of the container.

e  Gases: Have neither definite volume nor definite shape. They completely occupy the

containetr.

e  These three states of matter are inter-convertible by changing the conditions of temperature

and pressure.
. heat L. heat
Solids <—ﬁ Liquids %—1) gases
coo coo

5. At the microscope or bulk level, matter can be classified as mixtures or pure substances.

Pure substances are made up of same components and have fixed composition. e.g.: Copper,
Silver etc.

Mixtures contains two or more substances at any ratio. It is further classified in two form,
homogeneous and heterogeneous.
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The mixture in which the components completely mix with each other and its composition is
uniform throughout is called homogeneous mixtures. e.g.: air etc.

Homogenous Mixture has no visible boundaries of separation between the various constituents.

The mixture in which the composition is not uniform throughout and sometimes the different
components can be observed is called heterogeneous mixtures. e.g. mixture of salt and sugar,
grain and pulses along with some dirt, etc.

Heterogeneous mixture has visible boundaries of separation between the various constituents.
6. Pure substances can further be classified into elements and compounds.
Elements consist of only one type of particles and these particles may be atoms or molecules.
e.g.: Sodium, Copper, Silver, Oxygen, Hydrogen.
Elements cannot be decomposed into simpler substances by ordinary physical or chemical methods.

Compound is a pure substance containing two or more elements combined together in a definite
proportion by mass.

e.g.: Water, ammonia, sugar etc.
Compounds can be decomposed into its constituent elements by chemical methods.
7. The properties of a substance can be classified into physical properties and chemical properties.

Physical properties are those properties which can be measured or observed without changing the
identity or composition of the substance. e.g.: colour, odour, melting point, boiling point, density
etc.

Chemical properties are those properties in which a chemical change in the substances takes
place. e.g. - acidity, basicity, combustibility etc.

8. The International System of Units abbreviated as SI units was established in 1960.

The Seven Basic Physical Quantities and their SI units are

Basic physical Quantity [ Symbol for Quantity | Name of SI Unit [Symbol for SI Unit
Length 1 Metre m
Mass m Kilogram Kg
Time t Second S
Electric Current I Ampere A
Thermodynamic
Temperature T Kelvin K
Amount of Substances n Mole mol
Luminous Intensity I Candela cd
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9. Definition of SI Base Units :

Table 1.2 Definitions of SI Base Units

Unit of length

Unit of mass

Unit of time

Unit of electric
current

Unit of thermodynamic
temperature

Unit of amount of substance

Unit of luminous intensity

metre

kilogram

second

ampere

kelvin

mole

candela

The metre is the length of the path travelled
by light in vacuum during a time interval of
1/299 792 458 of a second.

The kilogram is the unit of mass; it is equal
to the mass of the international prototype of
the kilogram.

The second is the duration of 9 192 631 770
periods of the radiation corresponding to the
transition between the two hyperfine levels
of the ground state of the caesium-133 atom.

The ampere is that constant current, which
if maintained in two straight parallel
conductors of infinite length of negligible
circular cross-section and placed 1 metre
apart in vacuum, would produce between
these conductors a force equal to 2 x 107
newton per metre of length.

The kelvin, unit of thermodynamic
temperature, is the fraction 1/273.16 of the
thermodynamic temperature of the triple*
point of water.

1. The mole is the amount of substance of a
system, which contains as many elementary
entities as there are atoms in 0.012 kilogram
of carbon-12; its symbol is ‘mol’.

2. When the mole is used, the elementary
entities must be specified and these may be
atoms, molecules, ions, electrons, other
particles, or specified groups of such particles.

The candelais the luminous intensity, in a given
direction, of a source that emits monochromatic
radiation of frequency
540 x 10'? hertz and that has a radiant intensity
in that direction of 1/683 watt per steradian.




10. Chemistry is associated with experimental measurement. Every experimental measurement has
some amount of uncertainty associated with it.

Precision refers to the closeness of various measurements for the same quantity.
Accuracy is the agreement of a particular value to the true value of the result.
11. Significant figures are meaningful digits which are known with certainty.
There are certain rules for determining the number of significant figures. These are —
a) Allnon zero digits are significant.
b) Zeros preceding to first non-zero digit are not significant.
c) Zeros between two non zero digits are significant.

d) Zeros at the end or right of a number are significant provided they are on the right side of the
decimal point.

e) Exactnumbers have an infinite number of significant figures.
12. The combination of elements to form compounds is governed by the following five basic laws.

a) Law of conservation of mass: This law was put forth by Antonie Lavoisier in 1789. According
to this law, matter can neither be created nor be destroyed. The total mass of the reactants must be
equal to the total mass of the products for a chemical reaction.

b) Law of Definite proportions: This Law was given by Joseph Proust. According to this law- ‘A
given compound always contains exactly the same proportion of elements by weight.’

¢) Law of Multiple proportions: This Law was proposed by Dalton in 1803. According to this law
— ‘Iftwo elements can combine to form more than one compound, the masses of one element that
combine with the fixed mass of the other element are in the ratio of small whole numbers.’

d) Gay Lussac’s Law of Gaseous volume: This Law was given by Gay Lussac in 1808. According
to this law- When gases combine or are produced in a chemical reaction, they do so in a simple
ratio by volume, provided all gases are at same temperature and pressure.

Hydrogen(100ml) + Oxygen(50ml) —— Water(100ml)

e) Avogadro Law: This law was proposed in 1811 by Amedeo Avogadro. According to this law —
‘equal volumes of gases at the same temperature and pressure should contain equal number of
molecules.” Avogadro was the first to make a distinction between ‘atoms’ and ‘molecules’.

13. In 1808, Dalton published a atomic theory. The main postulates of his atomic theory are —
a) Matter consist of indivisible atoms.
b) All the atoms of a given element have identical properties including identical mass.
Atoms of different elements differ in mass.
¢) Compounds are formed when atoms of different elements combine in a fixed ratio.

d) Chemical reactions involve reorganisation of atoms. These are neither created nor destroyed in a
chemical reaction.

Daltons theory can explain all the laws of chemical combinations.

14. The average relative mass of an atom of any element as compared to the mass of an atom of
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carbon (12, ) taken as 12 - is called atomic mass.

mass of an atom

% mass of an =, atom

Atomic mass =

15. Atomic mass unit (amu) is defined as a mass exactly equal to one-twelfth the mass of one 2.
atom.

1 amu = 1.66056 x 10* g
Nowadays ‘amu’ has been replaced by ‘u” which is known as unified mass.

16. Average atomic mass: Many naturally occurring elements exist as more than one isotope. When
we take into account of the existance of these isotopes and their relative abundance (percent
occurrence) the average atomic mass of that element can be computed.

For example — the relative abundance (%) of "?c, *c and "¢ are 98.892%, 1.108% and 2x1010%
and their atomic mass (amu) are 12, 13.00335 and 14.00317.

Therefore, the average atomic
mass of Carbon = (0.98892) (12u) + (0.01108) (13.00335u) + (2x10-'?) (14.00317u)
=12.011u
17. Molecular mass: It is the sum of atomic masses of the elements present in molecule. For example:
Molecular mass of CH, (Methane) = (12.011u) +4(1.008u)
=16.043u

18. Formula Mass: Some substances do not contain discrete molecules as their constituent units. For
such compound instead of molecular mass, formula mass is used.

It is the sum of atomic masses of all atoms in a formula unit.

For Example :

Formula mass of Sodium Chloride(NaCl) = Atomic mass of Na + Atomic mass of Chlorine
=23.0u+355u
=58.5u

19. One mole is the amount of substance that contains as many particles or entities (atom, molecule or
ions) as there are atoms in exactly 12g (or 0.012 Kg) of the *c isotope.

One mole of any substance always contain the same number of entities.
This number is called Avogadro constant OR Avogadro Number and denoted by Na.
The value of Na = 6.022 x 10*

20. The mass of one mole of a substance in grams is called its molar mass. For example,

Molar mass of water = 18.02 g
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21. One mole of any gas at STP/NTP occupies 22.44 Lt. i.e volume of any gas at STP is 22.44 Lt.

22. Mass % of an element — 0SS of element in the compound x 100

molar mass of the compound

23. The formula representing the simplest whole number ratio of various atoms present in a compound
is called empirical formula.

The formula representing the exact number of various atoms present in a compound is called
molecular formula.

For example:

Empirical formula of di-chloroethane is CH,Cl. But its molecular formula is C,H,Cl,. Relation
between empirical formula and molecular formula is —

Molecular formula = (Emperical Formula) x (n)
Where n=1,2,3.... etc whole numbers.

24. A balanced chemical equation has the same number of atoms of each elements of both sides of the
equation. The balanced equation far the combustion of methane is —

CH,(g) +20,(g) = CO,(g) +2H,0 (g)

The coefficient 2 for O, and H,O are called Stoichimetric coefficients. Similarly the coefficient for CH,
and CO , for this reaction is 1.

25. Many a time the reactants are not present in the amount as required by a balance chemical reaction.
Hence, the reactant which gets consumed first, limits the amount of product formed and is therefore
called the limiting reagent.

26. The concentration of a solution can be expressed in any of the following —
a) Mass percent or Weight percent (W/W %)
b) Mole fraction
c¢) Molarity
d) Molality

Mass of solute
27. Mass percent of Solute = u x100
Mass of solution

28. Mole fraction is the ratio of number of moles of a particular component to the total number of moles of
the solution/mixture.

29. Molarities is defined as the number of moles of the solute in 1 litre of the solution.
Molarities is the most widely used unit and is denoted by M.

No. of moles of solute

Molarity (M) = S0
Volume of solution in litre
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30. Molarity is defined as the number of moles of solute present in 1 kg of solvent. It is denoted by m.

Molality (m) = No. of moles of solute

Mass of solvent in kg

A. Choose the correct answer (MCQ) :- (1 Mark for each question)

1. The finest undivisible particle concept for matter was first launched by -
a) Acharya Kanad b) Chakrapani
¢) Avagadro d) Berjeleous

2. The compound Mercury Sulphide was discovered by -
a) Chakrapani b) Nagarjun
c) Berjeleous d) Acharyaa Kanad

3. The compound used in the treatment of AIDS is -
a) Cisplatin b) Taxol
d)AZT d) None of these

4. The number of basic unit in SI system is -
a)5 b) 6 c)7 d) 8

5. The SI Unit of density is -
a) Kg-m? b) g-m? ¢) Kg-m? d) g-m?

6. How many significant number is present in 2.0034 -
a)2 b) 3 c) 4 d)5

7. Which one of the following will have largest number of atoms -
a) lgAu(S) b)lgNa(S) c¢)lgmLi(S) d) 1g of Cl(g)

8. The value of lamu is -

a) 16.605 x 102* b) 16.605 x 1023
¢) 16.605 x1022 d) 1.6605 x 103
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10.

Which has maximum number of significant figures -
a)3.1 x 10° b)0.315 c) 0.000020 d) 0.032

The value of 36% in farenheit scale is -
a)97.8 F b) 98.8 F c) 96.8 F d) 96.6 F

Assertion and Reason type Question :- (Each question marks - 1)
a) Both assertion and reason are correct and reason is the correct explanation of the assertion

b) Both assertion and reason are correct but reason is not the correct explanation of the assertion.
c) Assertion is correct but reason is incorrect

d) Assertion is incorrect but reason is correct.

Assertion(A) :  Both 17g of NH, and 16g of CH, contain same number of molecules.

Reason (R) : Equal moles of two compounds contain same number of molecules.
Assertion (A): 1 mole CO,and SO, have same volume at same temperature and pressure.
Reason (R) : AtN.T.Pmolar volume of any gas in 22.4 L.

Assertion (A):  Molarity is the number of moles of solute in one litre of the solution.
Reason (R) : Molarity is independent on temperature.

Assertion (A):  Molecular formula = n x empirical formula.

Reason (R) : Molecular formula and empirical formula are always same.
Assertion (A):  18g of water contains 6.022 x 10* molecules
Reason (R) : 1 moleofany substance contains Avogadro’s number of molecules.

Assertion (A):  Mole fraction depends on temperature.
Reason (R) : Mole fraction of any substance can’t be greater than one.

Assertion (A):  Molality increases with increase in temperature.
Reason (R) : Molality is expressed in Moles/kg Unit.

-



C. Very short answer type question :- (Each question marks- 2)

[am—

Cisplatin is used for the treatment of which disease?
2. Whatis the SI Unit of density?

3. How many particles contains in 1 mole substance?
4. How many electrons are present in 16 gm of CH,?

5. How many significant figures are present in 0.001420?

6. Round off the number 52.216 upto three significant figure.
7. Express the scientific notation of 0.0052.

8. How much copper can be obtained from 100gm of copper sulphate (CuSO,)?
9. What do you mean by significant figures?

10. What is the SI unit of Mass?

11. What is the SI unit of Luminous intensity?

12. What is the SI unit of Temperature?

13. What will be the mass of one =, atom in g?

14. What will be the number of atoms present in 1.4g of N, gas?
15. What is limiting reagent?

16. Define the term ‘molarity’?
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17. Define the term ‘molality’?
18. In which temperature scale negative value is not possible?
19. What is the atomicity of Na?

20. Write the name of the gas which burns in air with a pop sound?

D. Short answer type questions :- (Each question marks-2)
1. Write the statements of Law of definite proportion? Explain it with an example.

2. Define Density. Write its SI unit.

3. Calculate the molecular masses of the following -
a) H,0 b) CH,

4. Calculate the mass percent of different elements present in Sodium Chloride (NaCl).

5. Determine the empirical formula of an oxide of iron which has 69.9% iron and 30.1% hydrogen
by mass.

6. How much copper can be obtained from 100gm of Cupper Sulphate (CuSo,)?
7.  What do you mean by significant figures?

8. Ifthe density of methanol is 0.793 Kg L', What is the volume needed for making 2.5L of'its 0.25m
solution?

9. How many significant figures are present in the following?
a) 0.0017 b) 8003

10. Round up the following upto three significant figures -
a) 84. 326 b) 0.0598

g



I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

If two litres of N, is mixed with two litres of H, at STP, then what will be the volume of NH,
formed?

What is limitting reagent ? Is it true that reactant which is present in lesser amount in a reaction,
consumed first?

Define the following with an example -

a) Empirical formula b) Molecular formula

Define the following with an example -

a) Molecular mass b) Formula mass

What do you mean by Molar mass? What is the molar mass of water?

State Avogradro Law. Write the number of entities present in 1 mole of any substance.

How many moles of methane are required to produce 22g CO,(g) after combustion?

A solution is prepared by adding 2 g of a substance A to 18g of water. Calculate the mass percent
of the solute?

What mass of Calcium oxide will be obtained by heating 2 mol of CaCO,?

Calculate the mass of one '?C atom in g?
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E. Short Answer type Questions :- (Each question marks - 3)

—

Define Empirical and Molecular formula. What is the relation between Empirical and Molecular
formula.

2. A compound contains 4.07% Hydrogen, 24.27% Carbon and 71.65% Chlorine. Its molar mass is
98.96g. What is the empirical and molecular formula of the compound?

3. Calculate the molarity of NaOH solution prepared by dissolving 4g NaOH in enough water to
form 250 ml NaOH solution?

4. Calculate the mass of Sodium Acetate (CH,COONa) required to make 500ml 0.375m aqueous
solution. Molar mass of CH,COONa is 82. 0245 mol™".

5. How many significant figures are present in the following:
a) 0.0048
b) 234,000
c) 8008

6. Inthree moles of ethane (C,H ), Calculate the following:
a) Number of moles of carbon atoms.
b) Number of moles of Hydrogen atoms.

¢) Number of molecules of ethane.

7. Pressure is determined as force per unit area of the surface. The SI unit of pressure, pascal is as
shown below:

1Pa=1Nm=
If mass of air at sea level is 1034 g cm™, calculate the pressure in pascal.
8. [Ifthe speed of light is 3.0 x 10® ms™!, Calculate the distance covered by light in 2.00 ns.

9. Write the main postulates of Dalton’s atomic theory.

10. What do you mean by balanced chemical reaction? Why it is necessary to balance a equation?
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F. Long Answer type Questions :- (Each questions marks -5)
1. The following data are obtained when di-nitrogen and di-oxygen react together to form different
compounds.

Mass of di-nitrogen Mass of di-oxygen

i)l4g i)l6g

i) 14 g )32 ¢g

i) 28 g )32 g

iv)28 g iv) 80 g

Which law of chemical combination is obeyed by the above experimental data? Give its statement.

2. Inareaction, A+ B, =AB,
Identify the limiting reagent, if any, in the following reaction mixtures.
1) 300 atoms of A+ 200 molecules of B
ii) 2 mol of A + 3 mols of B
111) 100 atoms of A + 100 molecules of B
iv) 5 mol of A+ 2.5 mole of B
v) 2.5 mol of A + 5 mole of B

3. Dinitrogen and dihydrogen react with each other to produce ammonia according to the following
chemical reaction,

N,(g) + 3H,(g) = 2NH,(g)

1) Calculate the mass of ammonia produced if 2.00 x 10° g of dinitrogen reacts with 1.00 x 10° g
of dihydrogen.

i1) Will any of two reactants remain unreacted?

ii1) If yes, which one will remain unreacted and what would be its mass?

4. A welding fuel gas contains carbon and hydrogen gas only. Burning a small sample of it in
oxygen gives 3.38g of CO,, 0.690 g of water and no other products. A volume of 10.0 L (measured
at STP) of this welding gas is found to weight 11.6 g. Calculate -

1) Empirical formula of the fuel gas.
i1) Molar mass of the fuel gas.
111) Molecular formula of the fuel gas.

g



5. Calcium carbonate reacts with aquous HCI to give CaCl, and CO, according to the following
reaction -

CaCO,(g) +2HCI (aq) = CaCl,(aq) + CO,(g) + H,0(l)
What mass of CaCO, is required to react completely with 25ml of 0.75 (M) HCI?

6. Chlorine is prepared in laboratory by treating Manganese-di-oxide (MnO,) with aquous HCI
according to the following reaction -

4HCI (aq) + MnO(s) = MnCl (aq) + Cl,(g) + 2H,0(1)
How many grams of HCI will be required for the reaction with 5.0 g of MnO,?

7. If 4g NaOH dissolves in 36g of water, calculate the mole fraction of each components in the
solution. Also determine the molarity of the solution (specific gravity of solution is 1 g-1").




Solution

A. Choose the correct answer (MCQ)
1

A e A o
o o o A0 o0 o0 o o

10.d

B. Assertion and Reason :
l.a

o
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Structure of Atom

Chapter at a glance :

1. According to early Indian and Greek philosphers(400B.C), the continued subdivisions of matter
would ultimately yield atoms which would not be further divisible.

The world ‘atom’ has been derived from the Greek word ‘a-tomio’ means ‘uncutable’ or ‘non-
divisible’.

The atomic theory of matter was first proposed by John Dalton in 1808 on a firm scientific basis.
His theory, called Dalton’s Atomic Theory, regarded the atom as the ultimate particle of matter.

Towards the end of nineteenth and beginning of twentieth century scientists established that
atom can futher be divided in sub-atomic particles, i.e. electrons, protons and neutrons.

2. The basic rule regarding the behavior of charged particles is, ‘like charges repel each other and
unlike charges attract each others’.

3. In mid 1850 s’ many scientists mainly Faraday began to study electrical discharges in partially
evacuated tubes known as Cathod Ray Discharge tubes.

A cathod ray tube is made of glass containing two thin pieces of metal, called electrodes, sealed
in it. The electrical discharges through the gases could be observed only at very low pressures
and at very high voltages. When sufficiently high voltage is applied across the electrods, current
starts flowing through a stream of particles moving in the tube from negative electrode (cathode)
to the positive electrode (anode). These were called cathode rays or cathode ray particles.

This flow of current from cathode to anode was further checked by making a hole in the anode
and coating the tube behind anode with zinc sulphide.

The results of these experiments are summarised below:
1. The cathode rays start from cathode and move towards anode.

ii.  The cathode rays themselves are not visible but after passing through anode when these rays
strike the zinc sulphide coating, a bright spot on the coating is developed (same thing happens
in a television set).

iii. In the absence of electrical or magnetic field, these rays travel in straight lines.

iv. In the presence of electrical or magnetic field cathode rays behaves like negetively charge
particles, suggesting that the cathode rays consist of negetively charged particles called
electrons.

v.  The characteristics of cathode rays do not depend upon the material of electrodes and the
nature of the gas.

4. J.J. Thomson measured the ratio of electrial charge (e) to the mass of electron (m ) by using
cathode ray tube in 1897 by applying electrical and magnetic field perpendicular to each other as
well as to the path of electrons.
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He observed that the path of the negatively charged particles is deviated from their path in the
presence of electrical or magnetic field.

The amount of deviation depends upon the following:-
1. Greater the magnitude of the charge on the particle, greater is the deflection.
ii. Lighter the mass of the particle greater is the deflection.

iii. Increase the voltage across the electrodes or the strength of the magnetic field, greater is the
deflection.

Thomson was able to determine the value of %n as:
7 =1.758820 10''c kg
me

By Millikan’s oil drop experiment Millikan determine the charge on the electrons. He found that
charge on a electron is 1.6x10"c.
At present the value of charge on electron is —1.6022x10"c.

e 1.6022x10"c
e/ 1.758820x10"c kg’

(S

=9.1094x10""kg.

Mass of electron (m, ), ..

Positively charge particle also known as canal rays was discovered with the help of modified
cathode ray tube.

The smallest and lightest positive ion was obtained from hydrogen and was called proton.
Characteristics of positively charged particles are:-
i. It depends upon the nature of gas present in the cathode ray tube.

ii. The charge to mass ratio of the particles is found to depend on the gas from which these
originate.

iii.  Some of the positively charged particles carry a multiple of the fundamental unit of electrical
charge.

iv. The behaviour of these particles in the magnetic or electric field is opposite to that of electron
or cathode rays.

In 1932, Chadwick discovered electrically neutral particle neutron by bombarding a thin sheet of
beryllium by o — particles.

Properties of Fundamental particles :

Name |[Symbol | Absolute Relative Mass/Kg Mass/u | Approx.
Charge/ C Charge Mass /u.
Electron| ¢ —1.6022x10" -1 9.10939x107*" | 0.00054 0
Proton p +1.6022x107" +1 1.67262x107 | 1.00727 0
Neutron n 0 0 1.67493x10°% | 1.00867 0

&



9. Thomson Model of Atom :

J. J. Thomson in 1898 proposed that an atom possesses a spherical shape (radius approximately
10°'%) in which the positive charge is uniformly distributed . The electrons are embedded into it in
such a manner as to give the most stable electrostatic arrangement.

This model was also known as plum pudding, raising pudding or watermelon model.

An important feature of this model is that the mass of atom is assumed to be uniformly distributed
over the atom.

10. Ruthurford’s Nuclear Model of Atom :
Ruthurford performed an experiment by bombarding very thin (100nm) gold foil with
o — particles. The thin gold foil had a circular flurescent zinc sulphide screen around it. This
experiment was named as o — particles seattering experiment.
He observed that —
1.  Mostofthe oo —particles passed through the gold foil undeflected.
i.. asmall fraction of the ow — particles was deflected by small angles.
iii. avery few o — particles (1 in 20,000) bounced back i.e. were deflected by nearly 180°.
On the basis of these observations, Rutherford drew the following conclusions regarding the
structure of atom.
i.  Most of the space in the atom is empty.
ii.  The positively charge particles are concentrated in a very small volume in the atom.
iii. The volume of the nucleus is negligibly small as compared to the total volume of the atom.

On the basis of above observations and conclusions Rutherford proposed his nuclear Model of
Atom. According to this model:

1. Positively charge and most of the mass of the atom was densely concentrated in extremely
small region and is called nucleus by Rutherford.

ii. Thenucleus is surrounded by electrons that move around the nucleus with a very high speed
in circular paths, called orbits.

iii.  Electrons and the nucleus are held together by electrostatic forces of attraction.
11. Drawbacks of Rutherford Model :

Rutherford nuclear model of an atom is like a small scale solar system with the nucleus playing
the role of the sun and the electrons being similar to the lighter planets.

i.  The similarity between the solar system and nuclear model suggests that electron should
move around the nucleus in well defined orbit. However when a body is moving in an orbit
it must undergoes accelaration. According to the electromagnetic theory of Maxwell, a
charged particle when accelarated should emit electromagnetic radiation. The orbit will
thus continue to shrink. Calculations shows that an electron will take only 10°® sec time to
spiral into the nuclues. But this does not happen.

ii.  Another serious drawback of Ratherford Model is that it says nothing about the electronic
structure of atoms i.e. how the electrons are distributed around the nucleus and what are the
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energies of these electrons.
12. Atomic Number and Mass Numbers :

The total number of protons present in the nucleus of an atom is called the atomic number of that
atom. It is denoted as Z.

Atomic Number (Z) = Number of protons in the nucleus of an atom
= Number of electrons in a neutral atom.

The sum of total number of protons and total number of neutrons present in the nucleus of an atom
is called mass number of that atom.

It is denoted as A.
Mass Number (A) = Number of Protons(Z) + Number of Neutron (N)
13. Isobars and Isotopes :
Atoms with same mass number(A) but different atomic number (Z) are called isobars.

Example:- '}Cand "IN
Atoms with same atomic number (Z) but different mass number (A) are called isotopes.
Example:- ';C, ;C, ".C

All isotopes of a given element show same chemical behaviour as chemical properties of atoms
are controlled by the number of electrons, which are determined by the number of protons in the
nucleus.

14. Radioactivity :

Henry Becqueral (1852 - 1908) observed that there are certain elements which can emit radiation
on their own and named this phenomenon as radioactivity and the elements known as radioactive
elements.

This kind of radiation consist of three types of rays i.e. o, 3 and ~ rays.
« - rays : when combined with two electrons yielded helium gas. It is expressed as  He ™

(3 -rays : are negetively charge particles similar to electrons.

~ rays : are high energy radiation like X-rays and are neutral in nature and do not consist of
particles.

The increasing penitrative power of these three radiations is a<p <<n

15. Bohr’s Model for hydrogen atom :
Two developments played a major role in the formulation of Bohr’s Model of atom. These were:

i Dual Character of electromagnetic radiation which means that radiation possess both wave like
and particle like properties. and

ii.  Experimental results regarding atomic spectra which can be explained only by assuming quantized
electronic energy levels in atoms.

Postulates of Bohr’s model for hydrogen :
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16.

1.

1il.

The electrons in the hydrogen atom can move around the nucleas in a circular path at fixed
radius and energy. These paths are called orbit. These orbits are arranged concentrically
around the nucleus.

The energy of an electron in the orbit does not change with time. However, the electron can
move from one orbit to another, by loosing or gaining energies. The energy change does not
take place in a continious manner.

The frequency of radiation absorbed or emitted when transition occurs between two stationary
states, that differ in energy by AE is given by,

— ﬁ _ Ez _ El
h h
where E | and E, are the energies of the lower and higher allowed energy state respectively.

This expression is known as Bohr’s frequency rule.

The angular momentum of an electron (in a given stationery state) can be expressed by the
following equation,

h
myvr=n—— -
e 200 n=1,2,3..... etc.

Thus an electron can move only in those orbits for which its angular momentum is integral

multiple of %H . 1.e. certain fixed orbit are allowed for electron to move.

Properties of electromagnetic radiation :

1.

The oscillating electric and magnetic fields produced by oscillating charged particles are
perpendicular to each other and both are perpendicular to the direction of propagation of the
wave.

Electromagnetic waves do not require medium and can move in vaccum.

There are many types of electromagnetic radiations, which differ from one another in
wavelength or frequency. These constitute what is called a electromagnetic spectrum.

Different kinds of units are used to represent electromagnetic spectrum.

=— Increasing Freguency (v)

10 105 10 o' 1ot 1ot 10 o' 1o* 10° 1o '.':': 107 v (Hz)
¥ rys X rayvs LUA"S IR Microwave |FM AN Long radio waves
Radio waves
1 1 1 1 L] ol 1 i |
ITE R T T 10-1? [+ T 104 1o [V 12 1o* o 108 hoim}
~ L ERATEERET “e---o_____ Increasing Wavelength () —
= I Visible spectrum S s,
|§ v E| B E[ G E|Y?’:l o§| R E'

[Wave length 4 (nanometer)]
Electro-magnetic emission spectrum
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17. Frequency, wavelength and wave number :
Frequency is defined as the number of waves that pass a given point in one second. It is denoted
by ~ and its ST unit is hertz (Hz).
The SI unit of wavelength () ) is meter (m).
Wave number ( 7) is defined as the number of wavelengths per unit length.
Its ST unitis m™.
However commonly used unit is cm™'.

The frequency (), wavelength () ) and velocity of light (¢) are related by the following equation:
18. Black body radiation :

The ideal body which emits and absorbs all frequencies is called a black body and the radiation
emitted by such a body is called black body radiation.

The exact frequency distribution of the emitted radiation from a black body depends only on its
temperature.

First concrete explanation for the phenomenon of the black body radiation was given by Max
Planck in 1900.

Plank suggested that atoms and molecules could emit or absorb energy only in discrete quantities
and not in a continious manner.

The smallest quantity of energy that can be emitted or absorbed in the form of electromagnetic
radiation is called quantum.

The energy(E) of a quantum of radiation is proportional to its frequency (V) and is expressed by

the following equation.
o

Here h is Planck constant and has the value ¢ 626 x10*Js

19. Photoelectric Effect :

In 1887, H. Hertz performed a very interesting experiment in which electrons (or electric current)
were ejected when certain metals (for example potassium, rubidium, caesium etc) were exposed
to a beam of light. Theis phenomenon is called photoelectric effect.

Observations regarding photoelectric effect are —

1. There is no time lag between the striking of light beam and the ejection of electrons from the
metal surface.

ii. The number of electrons ejected is proportional to the intensity or brightness of light.
iii. For each metal, there is a characteristic minimum frequency ( ~, ) below which photoelectric

effect is not observed. This is known as threshold frequency (-, ).

iv. The kinetic energy of ejected electrons increases with the increase of frequency of light used.
v.  The number of electrons ejected should depend on the brightness of the light but the kinetic
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energy of the ejected electrons does not depend on the brightness of the light.

vi. Kinetic energy of the ejected electron is proportional to the frequency of the electromagnetic
radiation.

vil. Kinetic energy of the ejected electron is given by the following equation,
h~y = hry, —i—%mev2

Here, m =mass of electron and
v = velocity associated with ejected electron
20. Diffraction and interference :
Diffraction is the bending of wave around a obstacle.

Interference is the combination of two waves of the same or different frequencies to give a wave whose
distribution at each point in space is the algebraic or vector sum of disturbances at that point resulting
from each interfering wave.

21. Values of work function (W) for a few metals.

Metal Li Na K Mg Cu Ag
W /ev 242 2.3 2.25 3.7 4.8 4.3

22. Spectrum :
The colour band that can be found by splitting a beam of light is called spectrum.

When a ray of white light is passed through a prism it spread out into a series of colored bands. The
spectrum of white light ranges form violet at 7.50 x 10'* Hztored at4 x 10'* Hz.

This type of spectrum is called continious spectrum.
The spectrum of radiation emitted by a substance that has absorbed energy is called an emission spectrum.
Emission spectrum consist of bright colored lines separated by dark spaces.

Emission spectrum is line spectrum or discontinious spectrum. In case of emission spectrum 7 > 1, and
energy is released.

An absorption spectrum is like the photographic negative of an emission spectra.

Absorption spectrum is obtained when light is first passed through the substance and the transmitted
light is analysed with a spectroscope.

Absorption Spectrum consist of dark lines. It is a continious spectrum. In case of absorption spectrum

n>n, and energy is absorbed.
23. Line spectrum of hydrogen :
Ofall the elements hydrogen atom has the simplest line spectrum.

The hydrogen spectrum consist of several series of lines.

Balmer showed in 1885 that if spectral lines are expressed in terms of wave number (3,), the

visible lines of hydrogen spectrum obey the following formula :
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1 1
v = 109, 677(? — F)
where, n is an integer equal to or greater than 3.
The series of lines described by this formula are called Balmer Series.

Rydberg noted that all series of lines in hydrogen spectrum could be described by the following
expression,

_ =109, 677(L2 — Lz)cm‘1
|4 1/11 n2
Where, n=1,2,3,..... ..
n,=(n+1), (n+2).....
The value 109,677 cm! is called the Rydberg constant for hydrogen.
The Spectral lines for atomic hydrogen :

Series n, n, Spectral Region
Lyman 1 2,3 ... | Ultraviolet
Balmar 2 3,4... | Visible

Paschen 3 4,5... | Infrared
Brackett 4 5,6... | Infrared

Pfund 5 6,7 ... | Infrared

24. Bohr’s theory can also be applied to the ions containing only one electron. For example He", Li**,
Be’'. . . etc.

The energies of stationery states associated with these kinds of ions are given by the expression,

Z2

E, =-2.18x10"" [—]J

n T 2

n

and radii by the expression,

2
- 52.9(n )pm
Z
where Z is the atomic number.

25. The most important property associated with the electron is the energy of its stationary state. It is
given by the expression,

Where R, is called Rydberg constant and its value is —2.18 x10™"*J

The energy of the lowest state i.e. ground state is,
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E=2.18x10"" [112] =—2.18x107"J.

Similarly E, =—0.545x10""J.

2 2
i f ng 1y

AE=R, [iz— 1 ] - 2.18><10—18J[i2—i]
Here i stand for initial orbit and f stand for final orbit.

26. The frequency (~) associated with the absorption or emission of photon can be evaluated by
using the following equation,

AE =hry

_218x107°1 (11
6.626x10 *Js(n’ n;

11
n’ n;

De Brogle in 1924 proposed that matter, like radiation, should also exhibit dual behaviour.
According to De Brogle every object in motion has a wave character. Because of the large masses
wave properties of ordinary objects can’t be detected. But the wave-length associated with electrons
and other sub-atomic particles can however be detected experimentaly by the following equation,

\— _h
mv p

=3.29x10"

27. Dual behaviour of matter :

Where m = mass of particle, v = velocity of the particle and p = momentum of the particle.
29. Heisenberg’s uncertainly principle :

According to Heisenberg’s uncertainly Principle, it is impossible to determine simultaneously the exact
position and exact momentum (or velocity) of an electron (or any other moving particle).

Mathematically it can be expressed by the following equation,
h
AXXAp, > —
P 2 AT1

or,




Where Ax is the uncertainity in position and p,(or AV ) is the uncertainity in momentum (or
velocity) of the particle.

Significance of uncertainity principle :

1. Itrules out existence of definite paths and trajectories of electrons and other similar particles.

ii.  This principle is significant only for motion of microscopic objects and is negligible for that
of macroscopic object.

29. Quantum mechanical model of atom :

The branch of Science that takes into account the dual behaviour of matter is called quantum
mechanics.

Quantum mechanics deal with the study of the motions of the microscopic objects that have both
observable wave like and particle like properties.

Quantum mechanics was developed independently in 1926 by Heisenberg and Schrodinger.
Schrodinger equation is written as,

Hv = E, Where H is a mathematical operator called Hamiltonian.
Important features of quantum mechanical model of atom :
1. The energy of electrons in atoms is quantized.

ii. The existence of quantized electronic energy levels is a direct result of the wave like properties
of electrons and are allowed solutions of Schrodinger equation.

iii. Both the exact position and velocity of an electron in an atom cannot be determined
simultaneously
1v. An atomic orbital is the wave function 1 for an electron in an atom.

v.  The probability of finding an electron at a point within an atom is proportional to the square
of the orbital wave function i.e. |1 |*at that point.

|1 [*is known as probability density and is always positive.

From the value of | [*at different points within an atom, it is possible to predict the region around
the nucleus where electrons will most probably be found.
30. Orbitals and Quantum Numbers :
An orbital is the region in space around the nucleus where the probability of finding an electron is
maximum.
An orbital of smaller size means there is more chance of finding the electron near the nucleus.

Atomic orbitals are precisely distinguished by three quantum number and these are principal quantum
number(n), azimuthal quantum number (/) and magnetic orbital quantum number (1)

31. Principal quantum number (n):

It determines the size and to large extent the energy of the orbital. The principal quantum number also
identifies the shell.

With the increase in the value of ‘n’ the number of allowed orbitals increases and are gave by ‘n?’.
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n = 1 2 3 4
shell = K L M N
Size of an orbital increases with increase of n value.
32. Azimuthal quantum numbers (/) :

It is also known as orbital angular momentum or subsidiary quantum number. It defines the three
dimensional shape of the orbital.

For a given value of n, the possible values of /are 0, 1,2, ... .(n-1)

The number of subshells in a principal shell is equal to the value of . Each subshell is assigned an
azimuthal quantum number (/) :

Value for/: 0 1 2 3 4 5
Notation for
Subshell : s p d f g h

33. Magnetic orbital quantum number (m) :
It gives information about the special orientation of the arbital with respect to standard set of co-
ordinate axis.
For any sub-shell (defined by / value) 21 +1 values of m, are possible
m=~L—(-1),-(-2)...0...(-2),(-1),1
The following chart gives the relation between the sub-shell and the number of orbitals associated

with it.
Value of / 0 1 2 3 4 5
Sub-shell notation s p d f g h
Number of orbitals 1 3 5 7 9 11

34. Spin quantum number(m ) :
Spin quantum number refers to orientation of spin of the electron. An orbital cannot hold more

1 1
than two electrons and these two electrons should have opposite spins. +§ or —.
35. Energies of orbitals :
Energies of orbitals increases as follows :
I1s<2s=2p<3s=3p=3d<4s=4p=4f <
The orbitals having the same energy are called degenerate.

The main reason for having different energies of the sub-shells is the mutual repulsion among
the electrons in a multi electron atoms.

Due to presence of electrons in the inner shells, the electron in the outer shell will not experience
the full positive charge on the nucleus. This is known as shielding of the outer shell electrons
from the nucleus by the inner shell electrons.

The increasing order of shielding capacity of the orbitals is
s>p>d>f
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The lower the value of (n + 1) for an orbital, the lower is its energy. If two orbitals have the same
value of (n + 1), the orbital with lower value of n will have the lower energy.

Energies of the orbitals in the same sub shell decreases with increase in the atomic number (Z ).
For example, E, (H) > E, (Li) > E, (Na) > E, (K)
36. Aufbau Principle :
The filling of electrons into the orbitals of different atoms takes place according to the Aufbau
principle.
The principle states - “ In the ground state of the atoms, the orbitals are filled in order of increasing
energies.”
The increasing order of energies of orbitals are follows:
IS<2S<2p<3s<3p<4s<3d<4p<5s<4d<S5p<4f<5d<6p<Ts....
37. Pauli’s Exclusion Principle :
Its states that - ‘Only two electrons may exist in the same orbital and these electrons must have
opposite spin’.
The maximum no. of electrons in the shell with principal quantum number n is equal to 2n?.
38. Hund’s rule of Maximum Multiplicity :

It states - pairing of electrons in the orbitals belonging to the same subshell does not take place
until each orbital belonging to that subshell has got one electron each i.e. it is singly occupied.

39. Electronic configuration of atoms :
The distribution of electrons into orbitals of an atom is called its electronic configuration.
The electronic configuration of different atoms can be represented in two ways,

i)s?, pb d°, ... .notation

i1) Orbital diagram
O] LTIy OO TTT
s p d f

40. Stability of completely filled and half filled subshells :

The completely filled and completely half filled subshells attain an extra stability due to the
following reasons.

i.  Symetrical distribution electrons :

It is well known that symmetry leads to stability. The completely filled or half filled subshells
have symmetrical distribution of electrons in them and are therefore more stable.

ii. Exchange Energy :

Electrons in the degenerate orbitals of a subshell tend to exchange their positions and the
energy released due to this exchange is called exchanged energy.

The No. of exchanges that can take place is maximum when the subshell is either half filled
or completely filled. Larger the exchange energy greater is the stability.

41. Elements with exceptional electronic configurations :
Cr(24) : 1s*2s2p°3s?3p°3d*4s?
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Cu(29) : 1s2s?2p°3s?3p®3d'%4s!

Nb(41) : 15°2s2p®3s?3p®3d'°4s?4p®4d*Ss!
Mo(42) : 1s*2s?2p3s?3p®3d!°4s?4pS4d>5s!
Ru(44) : 1s%2s2p°3s?3p°3d!'°4s?4p4d’5s!
Rh(45) : 1s%2s2p°3s?3p°3d1°4s24p°4d35s!
pd(46) : 1s*2s2p®3s23p°®3d'1°4s?4p®4d'°
Ag(47) : 1s2s?2p°3s?3p®3d!°4s24p°4d'°5s!

A. Choose the correct answer (MCQ) [Each question mark 1]
1. Mass of an electron is —

a) 9.1094x10 *'kg. b) 1.758820x 10" kg

¢) 1.6022 x10%kg d) 1.67262x10?"kg

2. Mass of a proton is
a) 9.10939 x103'kg b) 1.67262 x 10" kg
¢) 1.67493 x10*kg d) 1.75882 x10"?kg

3. Neutron was discovered by
a) Chadwick b) Millikan
c¢)J. J. Thomson d) Rutherford

4. "C and N are -

a) Isotope b) Isobar
c) Isotone d) None of these

5. Whose penitrative power is maximum -
a) o particle b) 3 particle
c) Y particle d) photon

6. The energy of an electron in the orbit -
a) does not change with time  b) increase with time
¢) decreases with time d) none of these

I



7. The SI Unit of wavelength is -
a)cm b) m c)nm d) nano centimeter

8. The SI Unit of wavenumber is -

a) cm b) cm! c)m d) m’!

9. The frequency of the emitted radiation from a black body depends on -
a) mass of the body b) Temperature
c) Pressure d) None of these

10. The increasing order of shielding capacity of the orbital is -
ays<p<d<f b)s>p>d>f
c)s>p=d>f dys<p<d=f

11. In Bohr’s theory, the radius r of orbit is proportional to -
a)n b) n’! c) n? d) n?

12. Presence of three unpaired electron in Nitrogen atom can be explained by -
a) uncertainty principle b) Autbau’s rule
c) Pauli’s rule d) Hund’s rule

1
13. n=2,1=0,m=0,m=+ 5 this set of quantum number for outermost electron associated with the

element -
a) Hydrogen b) Lithium
¢) Beryllium d) Magnesium

14. The number of radial nodes possible of 3d orbital is -
a) 1 b) 0 c)2 d)3

15. A subshell with n=5,1= 2 can accomodate a maximum of -
a) 10 electrons b) 12 electrons
¢) 36 electrons d) 18 electrons
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16. Which of the following is not possible -
a)yn=3,1=3,m=2 b)n=3,1=2,m=0
c)n=1,1=0,m=0 d)n=4,1=3, m=-3

17. For 4s orbital, the magnetic quantum number has the value -
a) -1 b) +1 c)2 d)o

18. How many electrons in Argon have m =0 ?
a) 10 b) 12 c)8 d) 6

19. Which of the following electronic configuration is not possible according to Hund’s rule?
a) 1s2s? b) 1s22s! c) 1s2s’2p 2 d) 1s*282p 2p

20. Which of the following sets of the quantum number is correct far an electron in 4f orbital?

1 1
a)n=4,1=3,m=+1,s=+5 b)n=4,l=4,m=-4,s=—5
1 1
c)n=4,1=3,m=+4,s=+5 d)n=3,l=2,m=-2,s=—5

21. The radius of the first Bohr orbit of Hydrogen atom is 0.59 2& The radius of the third orbit of He"
will be -

a) 8.46 A b) 0.705 A ¢)2.38 A 4)1.59 A

22. Ifuncertainty in position and momentum are equal, then uncertainty in velocity is -
1 \ﬁ o[ 1w . \ﬁ
D5 m VI )\ 210 ) VI I

23. The correct set of four quantum numbers of outermost electron of potassium (Z=19) is -

1 1 1 1
a)3,13055 b)490’05§ 0)3,03055 d)4915055

24. Maximum number of electrons in a subshell of an atom is determined by -
a)2l+1 b)41-2 c) 2n? d) 41 +2
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25. Which one of the following ion has electronic configuration [Ar] 3d®?
a) Fe** b) Co* c) Ni** d) Mn’*+

26. If the energies of two photons are in the ratio of 3 : 2, their wavelength will be in the ratio of -
a)9:4 b)2:3 c)l1:2 d)3:2

27. Which of the following statement is correct ?

a) Size of an orbital increases with increase of n value.
b) Size of an orbital decreases with increase of n value.
¢) Size of an orbital increases with increase of 1 value.
d) Size of an orbital decreases with increase of | value.

28. Which of'the folloinwg statement is incorrect?
a) The lower the value of (n + 1) for an orbital, the lower is its energy.
b) Energies of the orbitals in the same subshell decreases with increase in the atomic number.
c) The orbitals having the same energy are called degenerate
d) None of these.

29. Which of the following does not represents the mathematical expression for the Heisenberg
uncertainity principle?

a) Axap>b o b) axav=h/om
¢) AEAL> %H d) AE.AX > %H

30. Who proposed dual nature of electron?
a) De - Broglie b) Einstein
¢) Bohr d) Heisenburg

31. The orbital diagram in which Aufbau principle is violated is -

D 11 O 1 (111
o] [ A ARNANAN
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32. The electronic configuration of Cu?* ion is -

a) [Ar]3d®4s! b) [Ar]3d°4s°
¢) [Ar] 3d74s? d) [Ar] 3d%4s°
Assertion -Reason type questions : [Each question mark 1]

The Question given below consist of an Assertion and the Reason. Use the following key to
choose the appropriate answer :

a) If both assertion and reason are correct and reason is the correct explanation of the assertion.
b If both assertion and reason are correct, but reason is not the correct explanation of the assertion.
¢) If assertion is correct but reason is incorrect.

d) If assertion is incorrect but reason is correct

Assertion :  Hydrogen has one electron in its orbit but it produces several spectral lines.
Reason : There are many excited energy levels available.

Assertion :  The configuration of carbon can’t be 1s*2s*2p *.

Reason : According to Pauli’s exclusion principle an orbital can have maximum of two
electrons.

Assertion :  Black body is an ideal body that emits and absorbs radiation all frequencies.

Reason : The frequency of radiation emitted by a body goes from a lower frequency to higher
frequency with an increase in temperature.

Assertion:  All isoptopes of a given element show the same type of chemical behaviour.

Reason : The chemical property of an atom are controlled by the number of electrons in the
atom.

Assertion :  The 19th electron in potassium atom enters into 4s orbital and not in the 3d orbital.
Reason : (n+ 1)ruleis followed for determining the orbital of lowest energy state.

Assertion :  Absorption spectrum consist of dark lines.

Reason : Itisan continious spectrum.

Assertion:  Emission spectrum consist of dark lines.
Reason : Emission spectrum is a line spectrum.
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8. Assertion: According to De-Brogle wave properties of ordinary objects can’t be detected.

Reason : Because of the large volume of ordinary object.

9. Assertion: The energy of electron in atoms is quatized.

Reason : Both the exact position and velocity of an electron in an atom cannot be determined
simultineously.

10. Assertion: Cathode rays are not visible.

Reason : Cathode ray is the flow of electron from cathode to anode in a discharge tube.

C. Very short answer type questions : (Each question mark 1)

—

Write the complete symbol of the atom with atomic number 17 and atomic mass 35.
2. How many protons, electrons and neutrons are present in 7, Mg nuclei.
3. Calculate the number of electrons which will together weigh one gram.

4. How many electrons in an atom may have the following quantum number?

5. Anelement with mass number 81 contains 31.7% more neutrons as compared to protons. Assign
the atomic symbol.

6. Anion with with mass number 37 possesses one unit of negative charge. If the ion contains 11.1%
more neutrons than the electrons, find the symbol of the ion?

7. Among 2s and 3s orbital which orbital will experience the larger effective nuclear charge?
8. How many unpaired electrons are present in Fe?

9. How many sub-shell are associated with n = 4?
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10.
I1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.

I -

Which of the following are isoelectronic species : Na*, K¥, Mg*", Ca*", S, Ar.

How many electrons are present in O," ion ?

Calculate the total number of electrons present in one mole of methane?

State the basic rule regarding the behaviour of charge particles.

Write the value of %, .

What is the mass of one electron (m )?

Write the name of element from which the smallest and lightest positive ion was obtained?
Name the sub-atomic particle which was discovered by Chadwick in 1932 ?

According to Rutherford’s model of atom by which force electrons and nucleus are held together?
Define the term isobar?

Define the term wave-number?

Write the relation between frequency, wave-length and velocity of light?

Define the term blackbody?

What is the value of Plank’s constant?

What do you mean by ‘interference’?

Write the expression for the Balmar series of Hydrogen spectrum.

What do you mean by ‘threshold frequency’?



27. Define the term ‘photo-electric effect’?
28. Write the value of ‘Rydberg constant’?
29. Write the expression of Rydberg equation for hydrogen like ions.

30. A certain particle carries 2.5 % 107'°C of static charge. Calculate the number of electrons present
init.

0
31. The diameter of Zinc atom is 2.6 A . Calculate the radius of Zinc atom in pm.

32. Which of'the following has lowest frequency?

X-rays, 7 -rays, microwaves.
33. Which series of hydrogen spectrum lies in the visible region?
34. Which transitions between orbits corresponds to second line in the Balmar series?
35. Write the statement of Pauli’s exclusion principle.
36. What sub-shells are possible in n = 3 energy level ?
37. How many orbitals are possible in n = 3 energy level?

38. Using the s, p and d notations, describe the orbital with the following quantum number -
ayn=1,1=0 byn=3,1=2 c)n=3,1=1

39. Write the electronic configuration of the following ions -
a) O* b) F~

40. Explain the meaning of the symbol 4d®?

41. What physical meaning is attributed to the square of the absolute value of wave function |))* |?
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42. Which of'the following orbitals has the highest energy?
5p, 5d, 51, 6s, 6p

43. Which of the following orbitals are degenerate?
3d,,4d,, 3d ., 3d,,4d,,,4d

44. If (n+1) value of two orbitals are same then which orbital has higher energy?

45. Name the phosphorescent material that was used by Faraday in cathod ray discharged tube?

D. Short answer type questions : (Each question marks =2)

1. Write the main characteristics of cathode rays.

2. Write the main drawback’s of Rutherford model of atom.
3. Defienatomic number and mass number.

4. What is isobars and isotopes? Give one example of each.
5. What is radioactivity? Write the symbol of « - particle.
6. Write two properties of electromagnetic radiation?

7. Define the term wave number? What is its SI Unit?

8. Write the equation which expresses the relation between frequency of light, wave length and
wave number? What is the conventional unit of wave number?

9. Define the term diffraction and interference?
10. What is absorption and emission spectrum? Write one difference between them.

11. Define the term orbit and orbital?
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12.

13.

14.
15.

16.

17.

18.
19.
20.
21.
22.

23.
24.

25.

I -

Write difference between orbit and orbital.

Write the statement for Heisenberg’s uncertainty principle. What is the significance of uncertainty
principal?

Why completely filled and half filled subshells are more stable?
Write the electronic configuration of Cu(29) and Ag(47).

The number of electrons, protons and neutrons in a species are equal to 18, 16 and 16 respectively.
Assign proper symbol to the species.

Calculate the mass and charge of one mole of electrons.

Yellow light emitted from a sodium lamp has a wave-length /4 of 580 nm. Calculate the frequency
and wave number of this light.

Wave length range of the visible spectrum extends from violet (400nm) to red (750nm). Express
these wavelengths in frequencies (Hz).

A 100 watt bulb emits electromagnetic light of wavelength 400nm. Calculate the number of photons
emitted per second by the bulb.

In the Rydberg equation a spectral line corresponds ton =3 and n, = 5. Calculate the wavelength
and frequency of the spectral line.

What transition in the hydrogen spectrum would have the same wavelength as the Balmar Transition,
n=4ton=2 of He*" spectrum?

Calculate the energy associated with the first orbit of He*. What is the radius of this orbit?
Between 2s and 3s subshell whose energy is more? and why?

Between 3p and 3d subshell whose energy is more? and why?



26. Calculate the wave number for the longest wavelength transition in Balmer series of atomic
hydrogen.

27. Symbols 2Br and ”Br can be written, whereas symbols 72Br and ,,Brare not acceptable.
Justify.

28. Energy of an electron in H atom in ground state 13.6 ev. What is the value in first exited state?

29. Which transitions between Bohr orbits corresponds to
i.  Second line in the Balmar series and
ii.  First line in Brakett series of hydrogen spectrum.

30. Give the number of electrons in the species H,", H, and O *

E. Long answertype questions : (Each Question marks 3)

1. Calculate the wavelength, frequency and wave number of light wave whose period is 2.0x10™"s .

2. Electrgns are emitted with zero velocity from a metal surface when it is exposed to radiation of wavelength
6800 A . Calculate threshold frequency (7, ) and work function ( w,) of the metal.

3. What is the maximum number of emission lines when the excited electron of a H atom inn =6
drops to the ground state?

4. i.  Anatomic orbited has n= 3. What are the possible values of 1 and m, ?
ii.  List the quantum numbers (m, and 1) of electrons for 3d orbital.
iii.  Which of the following orbitals are possible?
1p, 2s, 2p and 3f
5. a) Which atoms are indicated by the following configurations?

i) [He] 2s' (ii) [Ne]3s® 3p’
b) What is the lowest value of n that allows g orbitals to exist ?
6. (a) How many electrons in an atom may have the following quantum numbers ?

1
(i)n=4,ms=—§ (i)n=3,1=0
(b) Among the following pair of orbitals which orbital will experience the larger effective nuclear
charge?
(1) 4d and 4f (i1) 3d and 3p
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7. a) What is photoelectric effect?
b) State Aufbau principle. Write Electronic configuration of element with atomic number 24.

8. The ejection of photo electron from the silver metal in the photoelectric effect experiment can be
stopped by applying the voltage of 0.35v when the radiation 256.7 nm is used. Calculate the work
function for silver metal.

9. If the velocity of electrons in Bohr’s first orbit is 2.19 X10° ms™'. Calculate the De Broglie
wavelength associated with it?

10. a) Show the distribution of electrons in oxygen atom using orbital diagram.
b) Calculate the total number of angular nodes and radial nodes present in 3P orbital.

11. Wave lengths of different radiators are given below:
X (A)=300nm X(B)=300pm

X\ (C)=3nm N\ (D) =30zgs

Arrange these radiations in the increasing order of their energies.

12. a) Which of the following will not show deflection from the path on passing through an electric
field?

Proton, cathod rays, electron, neutron

b) What is the experimental evidence in support of idea that electronic energies in an atom are
quantized?

13. Calculate the energy required for the process, He'(g) — He*'(g) + ¢

The ionisation energy for the H-atom in the ground state is 2.18 X 10""¥J-atom'.

14. The longest wavelength doublet absorption transition is observed at 589 and 589.6 nm. Calculate
the frequency of each transition and energy difference between two excited states.

15. Calculate the Kinetic energy of moving electron which has a wavelength of 4.8 pm (mass of
electron =9.11 X 10*'Kg, h=6.63 X 107Js)

KN



F. Very long answer type questions : (Each question marks 5)
1. Choose the correct alternative -
i)  The reciprocal of wavelength is called wave function / wave number.

ii) 7 Cland 35 C Clare isotope / isobar.

ii1) Kinetic energy of ejected electron is proportional / inversely proportional to the frequency
of the electromagnetic radiation.

iv) The element helium (He) / hydrogen(H) was discovered in the Sun by spectroscopic method.

v) Angular momentum is integral multiple of %H / %H

2. a) Write the limitations of Bohr model of atom.
b) Isthere any difference between the orbital angular momentum of 3d and 4d electrons? explain.

c) Ifthe velocity of a electron is zero, can we apply uncertainity principle for that electron? -
Explain.

3. a) Calculate the energy difference between third and fourth orbits of H-atom.
b) Calculate the total mass of protons present in 34mg of NH, gas at STP.
c) How many nodes are present in 3s orbital?




Solution

A. 1. a 9. b 17. d 25. b
2. b 10. b 18. a 26. b
3. a 11. ¢ 19. ¢ 27. a
4. b 12.d 20. a 28. d
5. ¢ 13.b  21. ¢ 29. d
6. a 14. b 22. a 30. a
7. b 15.a 23. b 31. ¢
8. d 16. a 24. d 32. b
B. 1. a 6. a
2. b 7. d
3. b 8. ¢
4. a 9. a
5. a 10. d
C. 1.Cl 2.12,12,13 3 =1.098x10%
30.=1.56x10° 31. 130 pm 34. 4rth orbit to 2nd orbit
36.s,pand d 37. 9 orbitals 42.5f
45.7ZnS.
D. 16. S 17.5.486 X107Kg, 9.647 X 10%

18.  5.17x10"S", 1.72X10°m!
19. 7.5 X10"“Hz, 4.0 X 10"Hz
20. 2.01x10%

21, N =1282nm,~ = 2.34x10"S™!
22. Fromn=2ton=1

23, -8.72 X107%], 0.02645 nm
26.  1.523 X10°m™!

28. -34ev
29. 1)4thto2nd ii) 5thto 4th
30. 1,2,15
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E. 1. 5X%10°S1,6.0 X10?m, 16.66m™!
2. 441 x10"S1,2.92 X10")
3. 15 lines
4. 1) 1=0,1,2
1=0,m=0
I=1,m=-1,0,+1
1=2,m=-2,-1,0, +1, +2
M) n=3,1=2
1=2,m=-2,-1,0,+1, +2
I 2S,2P
5. a)LiP b)n=>5
6. a) 1) 16 electrons i1) 2 electrons
b) 1) 4d i) 3P
8.  448ev
0. 332 pm
10. angular -1, radial -1.
11. B<A<C=D
13.  8.72x10M"J
14. ~, =5.093x10"S™", ~, =5.083x10"S™", AE=3.313x10""]J
15.  1.05 X101J




Ch- 3rd
Classification of elements and periodicity in properties

Chapter at a glance :-

1. Periodic table is an arrangement of elements in which elements with similar properties are placed
together in the same vertical column.

2. The elements are arranged in rows (period) and columns (group). From the position of an element
in the periodic table, it is possible to know its properties.

3. Atpresent, 118 elements are known.

4. Dobereiner triads : Dobereiner classified the elements in groups of three elements (triads)
having similar properties and according to him, the middle elements of each of the triad had an
atomic weight very close to the arithmetic mean of the other two elements.

5. De Chancourtois classification : De Chancourtois arranged the known elements in order of
increasing atomic weights and made a cylindrical table of elements to display the periodic
recurrence of properties.

6. Newlands law of octaves : According to Newlands, when the elements are arranged in the
increasing order of their atomic weights, the properties of every eighth elements are similar to
the first one.

7. Lothar Meyer classification : Lothar Meyer proposed that, when the elements are arranged in
the increasing order of their atomic weights, similarities in physical and chemical properties
appear at regular intervals.

8. Mendeleev’s periodic law : According to Mendeleev’s periodic law, the properties of the elements
are a periodic function of their atomic weights.

9. Mendeleev’s proposed that some of the elements were still undiscovered and, therefore, left
several gaps in his table. For example, both gallium and germanium were unknown at that time.
He left the gap under aluminium and a gap under silicon, and called these elements Eka-Aluminium
and Eka-Silicon.

10. Modern periodic law : Modern periodic law can be stated as: the physical and chemical properties
of the elements are periodic functions of their atomic numbers.

11. Modern periodic table consists of seven periods and eighteen groups.

12. Elements of the same group have similar valence shell electronic configuration and, therefore,
exhibit similar chemical properties.

13. IUPAC nomenclature of elements with atomic number > 100 : [UPAC recommended an
nomenclature for naming elements with atomic numbers more than 100. This nomenclature is
based on the Latin words for their numbers (Root name). For example, nil for 0, un for 1, bi for
2, tri for 3 and so on. Then the names ore derived by combining together the roots in the order of
digits from atomic number and ium is added at the end. For example, IUPAC name for the
element with atomic number 106 is un (1) +nil (0) + hex (6) +ium — unnilhexium and its symbol is
Unh
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e Notation for [IUPAC nomenclature of elements :

Digit Name Abbreviation
0 nil n
1 un u
2 bi b
3 tri t
4 quad q
5 pent p
6 hex h
7 Sept S
8 oct
9 enn

14. The long form of the periodic table are divided into four blocks. There are s, p, d and f- blocks.
15. General electronic configuration for :

s-block : ;"2 (Elements of group 1 and 2)
p-block : ns*np'® (Elements of group 13 to 18)
d-block : (n—1)d"™ ,51-2 (Elements of group 3 to 12)
fblock : (n=2) ™ (n—=1)d"" ns* (Elements of group 3)
16. In modern periodic table,
(1) First period contains 2 elements.
(i) Second and third periods contain § elements each.

(ii1) Fourth and fifth periods contain 18 elements each.
(iv) Sixth and seventh periods contain 32 elements each.

17.

Group number Name
1 Alkali metals
2 Alkaline earth metals
3-12 Transition metals
13 Boron family
14 Carbon family
15 Pnictogens or Nitrogen family
16 Chalcogens or Oxygen family
17 Halogen family
18 Noble gas or inert gas

All s-block elements are metals (except-Hydrogen),
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18. P-block elements are mainly non-metals, d-block elements are known as transition elements and
f-block elements are known as inner-transition elements (i.e Lanthanoids and Actionids)

19. The two rows of elements at the bottom of the periodic table, called the Lanthanoids, Ce (Z=58)
to Lu (Z=71) and Actinoids, Th (Z=90) to Lr (Z=103)
20. Mercury (Hg) is the liquid metal, Bromine (Br) is the liquid non-metal and arsenic (As), antimony
(Sb) etc are metalloids.
21. Prediction of period, group and block of an element :
(1) Period — Principal quantum number of the valence shell.
(i) Group —
For s-block elements : Number of valence electrons (ns electrons)
For p-block elements : 10 + number of valence electrons (ns and np electrons)
For d-block elements : (n-1) d electrons + ns electrons.
For f-block elements : Group is 3.
(ii1) Block — Subshell which receives the last electron.

22. Atomic radius : It is the distance from the centre of the nucleus to the outermost shell of electrons
in an atom.

23. Atomic radius decreases while going from left to right in a period and increases while going
from top to bottom in a group.

24. Covalent radius : It is one half of the distance between the nuclei of the two similar atoms
covalently bonded to each other.

25. Metallic radius : It is one half of the distance between the nuclei of the two neighbouring atoms
of a metal in a metallic lattice.

26. Van der waals radius : It is one half of the internuclear distance hetween the nuclei of two
adjacent atoms belonging to the two neighbouring molecules of the same substance in the solid
state.

Van der waals radius > Metallic radius > Covalent radius.

27. lonic radius : It is defined as the effective distance from the centre of the nucleus of an ion upto
which it has influence on its electron cloud.

28. Cations are smaller than the parent atoms and anions are larger than the parent atoms.

29. Isoelectronic ions have same number of electrons. For example, N°*~, 0*", F~, Na*

Mg>*, A" are isoelectronic ions. All these ions have 10 electrons.

30. For isoelectronic ions, size decreases with increase in nuclear charge. For example, the order of
ionic radiiis N°~ > 0" >F > Na" > Mg**,>Al’*

31. Ionization enthalpy : It is the energy required to remove an electron from isolated gaseous
atom. It is expressed in units of KJmol™! or electron volt (ev) per atom or kcal mol.

32. Factors affecting ionization enthalpy :
(1) Nuclear charge

I -



33.

34.

3s.
36.
37.

38.

39.

40.

41.
42.

43.
44.
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(i1) Size of the atom.

(ii1) Screening effect of the inner electrons.

(iv) Penetration effect of electrons

(v) Electronic configuration.

(1) With the increase in nuclear charge, ionization enthalpy increases.

(1) Ionisation enthalpy increases with decrease in atomic size.

(111) With the increase in screening effect of the inner electrons, ionization enthalpy decreases.

(iv) Ionisation enthalpy increases with increases in penetration power of the electrons. In a given
shell the penetration power decreases in the order : s>p>d>f

(v) Ionisation enthalpy increases with the stability of the electronic eonfiguration.

In general, lonisation enthalpy (IE) increases in moving from left to right in a period and decreases
in moving from top to bottom in a group.

The order of ionization enthalpies of the second period elements is : Li<B<Be<C<O<N<F<Ne
The order of successive ionization enthalpies is : [E>IE >IE,

Electron gain enthalpy: The enthalpy change when an electron is added to an isolated gaseous
atom to convert it into a negative ion is known as electron gain enthalpy.

The process of adding an electron to the atom can be either endothermic or exothermic.

It is expressed in KJ mol™ unit and is represented as A, H

Halogens have very high negative electron again enthalpy values because they can attain stable
noble gas electronic configuration by picking up an electron.

Factors affecting electron gain enthalpy:

i. Nuclear Charge: As the nuclear charge increases, the electron gain enthalpy become more
negative.

ii. Atomic Size: The electron gain enthalpy become less negative with increase in the atomic
size.

iii. Electronic Configuration: The elements having stable electronic configurations will have
less negative electron gain enthalpy.

In general, electron gain enthalpy increases in a period from left to right and decreases on moving
down a group.

The electron gain enthalpies of halogens are in the order F< Cl > Br > 1

Electronegativity: A qualitative measure of the ability of an atom in a chemical compound to
attract shared electrons towards itself is called electronegativity.

Fluorine is the most electronegative element.
Factors affecting electronegativity:
i. Atomic radius: Electronegativity increases with the decreasing atomic radius.

ii. Effective nuclear charge: Electronegativity increases with the increasing effective nuclear
charge.



45.

46.

47.

48.

49.

50.
51.

52.

iii. Oxidation state: In general, the electronegativity increases as the positive oxidation state of
the atom increases.

iv. Hybridisation: Electronegativity increases with the increasing s-character of the hybrid orbital
of the atom.

Electronegativity generally increases across a period from left to right and decreases down a
group in the periodic table.

Metallic and non-metalic character : Metallic character increases on moving down the group
and decreases along the period. Reverse is true for non-metallic character.

Valency: it increases from 1 to 7 along a period with respect to oxygen and with respect to
hydrogen it first increases from 1 to 4 and then decreases to 1. In a group, there is no change in
valency. Noble gases have valency equal to zero.

Oxidising and reducing property : Oxidising property increases from left to right in a period,
but reducing property decreases. For example, the order of oxidizing property is:

Na<Mg<Al<Si<P<S<C(Cl

Reducing property increases from top to bottom in a group, but oxidizing property decreases.
For example, the order of oxidizing property is: F > Cl > Br>1

The basic strength of alkaline earth metal hydroxides in water increases down the group, i.e.,
Be(OH), < Mg(OH), < Ca(OH), < Sr(OH), < Ba(OH)-,

The solubility of alkaline earth metal hydroxide in water increases as we go down the group.
Oxides formed by the elements on the left of a period are basic while those of the elements on the
right of a period are acidic in nature. Oxides of elements in the centre are amphoteric or neutral.

Diagonal relationship occurs in Li with Mg, Be with Al and B with Si.

Non-metallic Character
4

Electronegativity

7/
Electron Gain Enthalpy
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lonisation enthalpy
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A.  Select the correct Answer for the following Questions :- (MCQ) (Each question Mark1)
1. Which property did Mendeleev use to classify the elements in his periodic table?

a) Atomic Weight b) Atomic Number

¢) Melting Point d) Boiling Point

2. Predict the position of an element in the periodic table having the electronic configuration
1S?2S*2P3S23P%3d34S?
a) Period - 4, Group - 6 b) Period - 4, Group - 7
b) Period - 5, Group - 7 d) Period - 6, Group - 5

3. The correct order of ionic radii of the species Na*, Mg**, F-, O* is -

a) F <O* <Mg”* <Na*

b) Mg*<Na*<F<O”
¢) O <F <Na"<Mg”*
d) O <F <Mg*<Na*

4. The maximum number of elements in 3rd period is
a) 18 b) 8 c) 32 d) 24

5. The order of screening effect of electrons of S, P, d and f orbitals of a given shell of an atom on its
outer shell electrons is

a)S>P>d>f b)P<d<s<F
©)f>d>S>p d)f>P>S>d

6. Which of the following has largest negative electron gain enthalpy?
a)F b) Cl ¢) Br d)I

7. Which one of the following processes proceeds with the absorption of energy?
a) Cl(g) +e —Cl(g)
b)O(g)+e — O (g)
¢)O(g)+te — 0> (g)
d)F(g)+te —F(g)

I - I



8. Which of the following grouping represents a set of isoelectronic species -
a) Na*, Mg*, Ca®,b) F, Na*, N*
¢) Na*, K*, Ca** d)Al*, Cl, K"

9. Which of'the following have no unit?
a) Atomic radius b) Electronegativity

¢) Electron gain enthalpy d) Ionisation Enthalpy

10. Electronic configuration of four elements A, B, C and D are given below:

A) 1S22S22P° B) 1S22S%2p*
C) 1S22S22P¢3S! D) 1S%2S22P?
Which of the following is the correct order of increasing tendency to gain electron?
a)A<B<C<D b)A<C<B<D
c)D<A<B<C d)D<B<C<A

11. The correct order of metallic character is :
a) Al<Mg<B <K b) B<Al<Mg<K
c)K>Mg>Al>B d)Mg>Al>K>B

12. In the modern periodic table, the period indicates the value of:
a) atomic number b) atomic mass

¢) azimuthal quantum number d) principal quantum number

13. Which of the following statment is correct?
a) Helium has the highest first ionisation enthalpy in the periodic table.
b) Chlorine has less negative electron gain enthalpy than fluorine.
c¢) Chlorine is the highest electronegative element in the periodic table.
d) In any period, atomic radius of alkali metals is the lowest.

14. The correct order of ionisation enthalpy of C, N, O, F is:
a) C<O<N<F b)F<N<C<O
¢c)C<N<OX<F dF<O<N<C

15. In which of the following, the order is not correct according to the property indicated against it?

a) A’ <Mg* <Na'<F-

Increasing ionic size
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16.

17.
18.

19.

20.

21.

22.
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b) I<Br<F<Cl

Increasing negative electron gain enthalpy
¢)B<C<N<O

Increasing first ionisation enthalpy
d) Li<Na<K<Rb

increasing metallic radius.

Which of the following represents the correct order of decreasing ionic radii?

a) Na*> Mg > AlI*>0* > F
b) Na*>F > Mg* > 0* > Al*
¢) O* >F >Na'" > Mg* > Al**
d) AIP*>Mg*>Na">F > 0>

The correct order of negative electron gain enthalpy of the halogen atoms is -
a)Cl>F>Br>1 b)[>Br>Cl>F
c)F<CI>Br>1 d)ClI>Br>I1>F

The tendency towards complex formation is maximum in -

a) S-Block elements b) P-Block elements
c¢) d-Block elements d) None of these

Which of the following oxide is most acidic?

a) MgO b) BeO ¢) CaO d) BaO

The family of elements with the highest ionisation enthalpy is -
a)Halogens b) Noble gases
c¢) Alkali metals d) Alkaline earth metals.

The atom having smallest atomic radius among the following is -

a) Na b) K c) Rb d) Li
General electronic configuration of d-block elements is -

a) (n—1)d""ns"? b) (n+1)d" "ns"?

¢) (n-1d'"ns"? d) (n-1d’ns"?



23. Which of the following is the correct order of size of the given species -
a)I'>T>1 b)I[>I >
I >1>T A>T >T

24. The diagonal partner of Be is -
a) Li b) Al c) Mg d) Si

25. The group of elements in which the differentiating electron enters the antipenultimate shell of
atoms are called -

a) S - Block Elements
b) P - Block Elements
¢) d - Block Elements
d) f - Block Elements

26. Among the following elements, the most electronegative is -
a) Chlorine b) Nitrogen
¢) Fluorine d) Oxigen

27. The energy released when an isolated gaseous atom takes up an electron is called -
a) lonisation energy b) Electronegativity
¢) Electron gain enthalpy d) Solvation energy

28. Which of'the following electronic configuration will have the highest ionisation enthalpy?
a) [Ne] 3S*3P? b) [Ne]3S?3P°
c) [Ar]3d'°4S%4p3 d) [Ne] 3S?3P!

29. The ionisation energy is -
a) Lowest in noble Gases
b) Highest in the alkali metals
c) Lowest in the alkali metals
d) Lowest in the alkaline earth metals.

30. Long form of the periodic table is based on the properties of elements as a function of

a) Atomic number b) Atomic size
¢) Atomic mass d) Atomic volume
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31.

32.

33.

34.

35.

Which of the following is wrong?

a) lonic size: N> 0*>F
b) Electron gain enthalpy : Cl>F>Br
¢) Atomic Size: O>F>N

d) lonisation enthalpy: N>O>F

According to modern periodic law, the properties of elements are the periodic functions of their
a) Atomic mass b) Density
¢) Atomic Number d) Mass Number

The number of periods and groups in the long periodic table are
a)7and 18 b) 7 and 9
c)6and 10 d) 8 and 18

The correct decreasing order of atomic radius among Na, K, Mg and Rb is -
a) Rb>Na>K>Mg b) Mg >Rb>K > Na
c) K>Rb>Na>Mg d)Rb>K>Na>Mg

Which of'the following statement is not correct?
a) lonisation energies of noble gases are high.
b) The IE, is always more than IE,

c¢) Within a group, there is a gradual increase in ionisation energy due to increase in nuclear
charge.

d) Ionisation energy of Be is more than B.

B. Assertion and Reason type questions : (Each question mark 1)

1.

The questions given below consists of an Assertion and the Reason. Use the following Key
to choose the appropriate answer.

a) Both assertion and reason are correct and reason is the correct explanation of the assertion.
b) Both assertion and reason are correct, but reason is not the correct explanation of the assertion.
c¢) Assertion is correct but reason is incorrect.
d) Assertion is incorrect but reason is correct.

Assertion (A):  Inert gases have zero electron affinity.

Reason (R) : Due to stable electronic configuration, inert gases have very little tendency to
gain additional electrons.
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10.

Assertion (A) :

Reason (R)

Assertion (A) :

Reason (R)

Assertion (A) :

Reason (R)

Assertion (A) :

Reason (R)

Assertion (A) :

Reason (R)

Assertion (A) :

Reason (R)

Assertion (A) :

Reason (R)

Assertion (A) :

Reason (R)

Assertion (A):

Reason (R)

Very short answertype questions :-

Mg 2" ion is smaller than Na* ion.

For iso-electronic species, greater the effective nuclear charge per electron,
lesser is the size.

F atom has less negative electron gain enthalpy than CI atom.

Additional electrons are repelled more effectively by 3P-electrons in Cl than
by 2P-electrons in F atom.

According to Mendeleev, periodic properties of elements is a periodic function
of their atomic number.

Atomic number is equal to the number of protons.

Atomic Size increases along a period.

Effective nuclear charge increases as the atomic number increases and results
in the increased attraction of electrons to the nucleus.

Helium is placed in group 18 along with P-block elements.
Helium shows similiar properties like P-Block elements.

The order of ionic radii is N> > O* > F-

These are iso electronic species. So, size decreases with increasing atomic
number.

The elements having 1S?2S*2P3 and 1S*2S22P¢3S23P3 configuration belong to
same group

These have same number of valence electrons.

Ionisation enthalpy decreases as we go down a group.
Size of atoms decreases on going down a group.

Ionisation enthalpy of nitrogen is greater than that of oxygen.
Nitrogen has half filled stable configuration.

(Each question mark 1)

Who developed the long form of periodic table?
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2. Write the [IUPAC name of the element with atomic number 103.

3. How many periods and groups are present in the long form of the periodic table?
4. Write the general electronic configuration of P-Block elements.

5. Give one example of representative element.

6. What are lanthanides?

7. Give one example of transition element.

8.  What are transition elements?

9. Give one example of metalloid?

10. Predict the position of the element in the periodic table whose electronic configuration is [Ar]3d'4S?.
11. How many elements are present in the third period of the periodic table?

12. What do you mean by iso electronic species?

13. Define electron gain enthalpy.

14. Which element has the highest electron gain enthalpy?

15. Arrange the following elements in order of increasing ionisation enthalpy.
B,C,N,O

16. Arrange the following in order of increasing ionic size.
Al**, Na*, F-, Mg*

17. Give example of one cation which is iso electronic with Ne.

18. Give one example of amphoteric oxide.
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19. Name the element present in the third period and sixteenth group of the periodic table.

20. Arrange S, P, d, f orbitals in order of decreasing penetration power.

21. Which element is most electronegative in the periodic table?

22. Which important property did Mendeleev use to classify the elements in his periodic tbale?
23. State modern periodic law.

24. Name one inner transition element.

25. Which element has diagonal relationship with Mg?

D. Short answer type questoin :- (Each question marks 2)

1. What is the basic difference between the Mendeleev’s periodic law and the modern periodic
law?

2. Why Na" ion is smaller in size than Na atom?

3.  Why oxygen has lower ionisation enthalpy than nitrogen?

4. What are the differences between electron gain enthalpy and electronegativity?
5. How does ionisation enthalpy vary in a period and in a group?

6. Why halogens have the highest negative electron gain enthalpies?

7. Zinc is not a transition element - Explain.
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8. 1)State Mendeleev’s periodic law.
i1) Write one drawbacks in Mendeleev’s periodic table.

9. Consider the following species: O%, Na*, N*-, Mg?*, Na*
1) What is common in them?
i1) Arrange these species in increasing order of ionic radii.

10. The electron gain enthalpy of chlorine is 349 Kjmol'. How much energy in Kj is released when
1g of chlorine is converted completely to Cl- ions in the gaseous state?

11. Assign the position of the following elements having outer electronic configuration:
i)(n-1)d’ns?, n=4
ii) (n-2)f(n-1)d'ns?, n = 6, in the periodic table.

12. Explain: ionisation enthalpy decreases in a group from top to bottom.

13. How does the metallic and non-metallic character vary on moving from left to right in a period?
14. What is diagonal relationship? Give example.

15. Why do elements in the same group have similar physical and chemical properties?

16. Write two properties of d-block elements.

17. Write the general outer electronic configuration of d and f-block elements.
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18. Give two examples of metalloids.

19. What do you mean by d-block elements? Give one example.

20. Write the [IUPAC name and symbol of the element with atomic number 112.

21. Why anions are larger in radii than their parent atom?

22. What are the various factors on which ionisation enthalpy does depend?

23. Arrange the elements P, O, N and S in the order of
i) Increasing non-metallic character.
i1) Increasing first ionisation enthalpy:.

24. 1) Define electronegativity.
i1) Arrange N, O, F and P in order of increasing electronegativity.

25. What are actinoids? Give one example.

E. Shortanswer type questions : (Each question marks 3)

—

1) Explain why the electron gain enthalpy of fluorine is less negative than that of chlorine.
i1) Arrange F, Cl, Br, I in order of increasing electron gain ethalpy.

2. The first ionisation enthalp of sodium is lower than that of magnesium but its second ionisation
enthalpy is higher than that of magnesium - explain.

3. 1) Why electron gain enthalpy values of nobles gases are positive?
1) Which is more metallic: Na or K?
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10.

Discuss the factors on which electron gain enthalpy does depend?

1) State Newland’s law of octaves.
i1) Define Van der Waal’s radius.

1) Explain why Be has higher AiH than B.
ii) Which is more basic : AI(OH), or Mg(OH),?

1) How would you react to the statement that electronegativity of N on Pauling scale is 3.0 in all
its compounds?

i1) Give one example of liquid metal.

1) How would you justify the presence of 18 elements in the 5th period of the periodic table?
1) Which block elements are strong reducing agents?

Discuss the factors affecting electronegativity and the trend in its variation in the periodic table.

What do you mean by exothermic reaction and endothermic reaction? Give one example of each

type.

Long answer type questions : (Each question marks 5)

Discuss the factors affecting electron gain enthalpy and the trend in its variation in the periodic
table.

Write the electronic configurations of the elements with atomic number 9 , 17, 19, 22 and 36.
Predict the following from these configurations:

1)  Which of them has the highest electronegativity?

i1) Which of them has the highest electron gain enthalpy?
ii1) Which of them has the lowest ionisation potential?
iv) Which of them has zero electron gain enthalpy?

v) Which of them is a transition element?
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i) All transition elements are d-block elements, but all d-block elements are not transition elements
- Explain.

i1) Electronegativity of elements increases on moving from left to right in the periodic table -
Explain.

ii1) Which block of elements consists of metals, non-metals and metalloids?

a) Energy of an electron in the ground state of the hydrogen atom is -2.18 x 10'%]. Calculate the
ionisation enthalpy of atomic hydrogen in terms of J mol.

b) The first (IE,) and second (IE,) ionisation enthalpies (Kj mol™) of three elements A, B and C
are given below:

A B C
IE, 403 549 1142
IE 2640 1060 2080

2
Identify the element which is likely to be (i) a non-metal ii) an alkali metal iii) an alkaline earth
metal.

i) Using the periodic table, predict the formulas of compounds which might be formed by
the following pairs of elements:

a) Silicon and Bromine b) Aluminium and Sulphur
ii) By reacting with water show that Na,O is a basic oxide and C1,0. is an acidic oxide.




Solution

A: 1. (a) 16. (¢) 31. (d)

2. (b) 17. (¢) 32.(¢)

3. (b) 18. (¢) 33.(a)

4. (b) 19. (b) 34. (d)

5. (a) 20. (b) 35.(¢)

6. (b) 21.(d)

7. (c) 22.(¢)

8. (b) 23. (c)

9. (b) 24. (b)

10. (a) 25. (d)

11. (c) 26. (¢)

12. (d) 27. (¢)

13. (a) 28. (b)

14. (a) 29. (¢)

15. (¢) 30. (a)

D:  10. 9.83K]

F: 4(a), 13.13 X 10° J mol’




Chemical Bonding

Chemical bond: Chemical bond is nothing but the force of attraction between the two oppositely
charged ions, two identical or different atoms or two molecules. Such as attraction between Na*
& CI, or attraction between water molecules.

Type of bonds: 1) lonic bond or Electrovalent bond. i1) Co-valent bond, iii) Co- ordinate bond or
Co-ordinate co-valent bond. iv) H - bond, v) Vanderwall force of attraction etc.

Necessity of Chemical bond : Tendency to attain the noble gas-configuration, minimum energy

and stability.

Lewis symbols: Valence electron of atom and ion are expressed by dot (.) symbol. Such as Na.,
0: 0 etc.

Ionic bond: Ionic bond is formed between metal and non metal. Such as NaCl, CaO, K_S etc.
This bond is formed by lossing and gaining electron (s) in between metal and non-metal. Like.

g A TP o
WA At =yt e
™4 — AsSe o I i - -
= td = Famms
eleadwan ﬁagﬂm

In ionic bond strong electro-static force of attraction are acting between the two oppositely charged
ions.

Factors on which the formation of ionic bond depend:
1) Atoms those have low IE and high electron gain enthalpy can easily form ionic bond.
i1) High lattice energy also goes to formation of ionic bond.

Lattice enthalpy : The amount of energy released during the formation of one mole of solid from
the constituent gaseous ion. Such as,

Na'(g) + Cl(g) — Na"CI(s) + Energy
This released energy is the Lattice Energy, denoted by symbol U.

On the other hand Lattice Energy can also be defined as the energy required for the separation of
one mole of ionic solid into gaseous ionic constituents.

Na'Cl(s) — Na'(g) + CI(g) - Energy
In both cases magnitude of energy are same. Higher the Lattice Energy stability of the molecule
will be more.
Factors on which lattice energy depends :
i.  Lattice enthalpy o Products of the charge of ions
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10.

11.

1
internuclear distance between the two oppositely charged ions

1. Lattice enthalpy

Lattice enthalpy of AL,O, is more than Na,O, Lattice enthalpy of MgO is more than CaO.
Some important properties of ionic compound:

1. Ionic compounds are non-directional. Ionic compounds usually exist in the form of crystalline
solid.

i1.  Melting and Boiling point of ionic compounds are generally more.

1. Tonic compounds are generally soluble in water and other polar solvents those have high di
electric constant.

1v. lonic compounds has isomorphism property.
v. Rate of reaction between ionic compounds in aqueous medium is more.
vi. lonic compounds can conduct electricity either in aqueous medium or in fused state.

Covalent bond: This type of bond is formed by mutual sharing of electron(s) in between the non-
metals. Such as -

Shane -

(@) * tla) H)/—\ ".
Chiaring slom, Ci l Chiorine alom, C3 "I
28T B L?ﬂ?:. \m___r AT S

‘o

o,

h
{2.8.8) (2.8.8) II\.‘:;‘E

Chiaring molecule, Cly

I\J

‘H

Figure Formation of @ chionng molecue, G, water molecule

Types of Covalent Bond:
On the basis of overlapping :
a) Sigma( ¢ ) bond
b) Pi () bond
On the basis of the difference of electronegativity -
a) Polar covalent bond
b) Non-polar covalent bond

12. Sigma( ) bond: During face to face overlapping sigma( ¢ ) bond is formed, such as -

BEomIcD

s-Orbital s-Orbital s-s 0 bond
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() CQ— (0>

S-orbital P-orbital S-P o bond
P-orbital P-orbital P-P 0 bond

Without sigma (5 ) bond a co-valent molecule does not exist and in between two atoms there are
only one sigma bond.

13. Pi (™) bond: During lateral overlapping a 7t bond is formed.

p-orbital p-orbital p-p () bond

r bond is weaker than sigma bond. If there are more than one bonds in between two atoms then
there will be pi - bond. Such as in C,H,,

One i1s g bond and left two are 1 bond

Il bond © bond

So in C,H, compound total o bond =3
and total ¢ bond =2
14. Polar and non-polar co-valent bond:-
Polar covalent bond:
If electronegativity difference between two hetero atom in a molecule is more, then it is polar

o+ 6= o+ 26— O+

covalent bond. Such as H-F°'H—-O—F
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Non-polar co-valent bond :

This type of bond will form between two identical atom or two hetero atom having less electro
negativity difference. Like, Cl, CH,, CO, etc.

15. Rules for writing Lewis structure:

1. Firstly calculate the total number of valence electrons of all the atoms, such as in the CH,
molecules there are 8 valence electron available for bonding (4 from carbon and 4 from 4
hydrogen) atoms.

1. For anions, each negative charge would be added with the total no. of valence electrons and
for cation each positive charge would be subtracted from the total no. of valence electron.

For example, NO, ion, total no. of electrons available for bonding 17 + 1= 18.
For NH,", Total No. of electron available for bonding=9-1=38

iii. Now you have to write the skeletal structure of the molecule and distribute the total no. of
electrons as bonding shared pairs between the atoms in proportion to the total bonds.

iv. Least electronegativity atom-will be the central atom of a molecule / ions. Such as NF, and
CO,*, ‘N’ and ‘C’ atoms are the central atom. Generally ‘H’, ‘N’ and ‘O’ are terminal atoms.

v.  After distributing the shared pairs of electrons for single bonds the remaining electron pairs
are used either for multiple bond or they constitute lone pair.

For example, for drawing the single bond between | NO, ion structure

Step-1 : Total No of electrons = 18
Step -2 : The skeletal structure of NO," ion is

O N O
Step-3 : Now draw the single bond between N & O.
O: N: O:
Step -4 : Now you have to complete the octets of atom
[o]
. . In this structure

= ‘N’ has no octet so
[O::N:ozl

16. Lewis dot representation of some molecules

H
CO,——:0:C:0: HS—— :S:H

17. Formal Charge : Formal charge help us to determine the lowest energy structure among the
Lewis dot structures.

S
Formal charge (F. C.) on an atom in a Lewis structure = V — 5 U
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Here, V = No. of valence electrons (S)
U = No. of non bonding electrons or unshared electrons

S = Total no. of shared electrons
Such as in, COCL,, (1)

Cl—C O
CL(2)
FC of CI’ (1):7—6—3:0
atom 2
, 2
FC of Cl (2):7—6——:O
atom 2
4
FC of O’ :6—4—520
atom

FCof C’ :4—%—0:0

atom

More stable structure is the lowest energy structure and the lowest energy structure is the one
which has lowest formal charges on the atoms.

18. Limitation of the Octet rule :
a) Incomplete octet of central atom :

BeCl,—— Cl ‘Be- Cl In this molecule ‘Be’ has ‘4’ valance electron(s).

BF ;— F:B:F: In this molecule ‘B’ has ‘6’ valance electron(s).
:F:
b) Expanded Octet :
:CI

1—I|’/

¢) Odd-electron molecule :

Cl In this molecule ‘P’ has 10 valence electrons

N=0: In this molecule ‘N’ has one odd electron and ‘N’ has no octet.

ks



Other Limitation of Octet theory :

Octet rule is based on the inertness of noble gases. But some noble gases can combine with
F,, O, etc and to form XeF,, XCOF, etc.

19. Some important properties of Covalent compound:

1. Covalent compound exist as molecule. Weak inter molecular force of attraction are acting
between the molecules.

Covalent compound has low melting point and low boiling point.

3. Covalent compounds are insoluble or less soluble in water. They are generally soluble in
organic solvent. Such as CCl,, CS, etc.

4. Generally covalent compounds are non condutor or poor conductor.

5. Covalent compound take part in the chemical reaction in molecular form. Hence rate of
reaction is slow.

20. Co-ordinate convalent bond:
Co-ordinate covalent bond is expressed by (_____, ) Co-ordinate covalent bond is also known as
dative bond or semipolar bond.

21. For the formation of co-ordinate bond one atom should have free lone pair after completion of
octet and another atom should have vacant orbital. Besides, size of the orbital should be same.

For example,

H F u F
I I
H—N: + B—F — H—ITT—>]I3—F I __+
H F' B has H |
after completion ~ empty ‘2P’
of octet one LP Orbital H—I{I: i H+—> H— I\|I —H
H
H
e
-+
F B F<—> =F-B=F

o]




Structure of H,SO, -0

N,O——:N=N:——0:

Due to presence of co-ordinate bond in between N & O, N,O can produce [O] more easily. Thus
N,O is the better supporter of combustion than O,.

CO——:C=0:
In presence of dative bond-in between C & O, the net dipole moment of CO is less than the
expected dipole moment.

20. Bond length:  Acctually bond length is the internuclear distance between the two homonuclear
covalent molecule and also two-heteronuclear molecule.

For example -
(D O—Ep
N

Cl atom Clatom

. . X-y
dx_y is the co valent distance

dx_y is the bond length of covalent molecule CI,

In case of heteronuclear molecule, d, , is the bond length of heteronuclear molecule.

Vb
:_I

[
Na
Vander Waal bond distance/ bond length :-

Inter nuclear distance of two adjacent atom of two nearest molecule is the vander waal bond
length. For example Cl, molecule.

Cl, molecule

Cl, molecule

Cl, molecule

K



dp_q is the vander waal distance and 1/2 dp_q is the vander waal radius.
Co-valent radius is always less than vander waal radius.
Note: 1) Size of the atom are small then bond length will be less.
i1) Bond order 1.e. no. of bonds in between two atoms is more, bond length is less.
Average bond length for some single, double or triple bonds are given below in a chart.

Bond Type Co valent bond length (Pm)
O-H 96
C-H 107
C-C 154
C=0 121
Cc=C 133
C=C 120

Bond length of some common molecule (in pm)

H, 74

F, 144
Cl, 199
Br, 228
L 267
N, 109
O 121

21. Bond Angle : Bond angle is the angle between the orbitals containing bonding electron pairs
around the central atom in a molecule. Bond angle is expressed in degree and bond angle also
help us in determining the shape of the molecule. Such as -

Bond angle depends upon the following factors -

1. If state of hybridisation of central atom are same and number of LP on the central atom are
different then with increasing number of Ip bond angle decreases.

Such as, @ @
CH, NH, HZOQ

Here all the central atom are SP* hybridised but no. of Ip on ‘C’ atom is nil and on ‘O’ atom are
two. Therefore order of Bond angle.

H-C-H>H-N-H>H-O-H
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ii.  State of hybridisation and number of Ip on central atom are same then with increasing electro
negativity of central atom bond angle increases.

)

NH, PH, AsH,  SbH,

Order of EN of central atom N >P>As> Sb
Therefore, order of bond angle
H-N-H>H-P-H>H-As-H>H-Sb-H.

iii. In presence of multiple bond between the atoms bond angle increases then the expected
value. For example,

Here ‘C’ atom is SP? hybridised. So, all the bond angle should be 120°.

But practically it is different. Value of H - C = O bond angle is more than 120° and

iv. Ifdative bond is formed between two atoms in a molecule then bond angle will be more. For
example,

Bond angle of N(SiH,), is more than N(CH,),

d / O o /j?\l -
<« \ /N\ SiH, — H_/S|1 \SIH3
—i
H ~ St !

No dative bond will be formed in between N & C due to lacking of empty orbital in C atom.
22. Bond Enthalpy or Bond Energy :

Energy required for the breaking of one mole of bond of a particular type between two atom in
gaseou