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i PREFACE

Kendriya Vidyalaya Sangathan Is a pace setter organization In the field of School
Education and always strives to provide quality education to its students. It Is
alse known for It innovations and experimentations to achieve academic
excellence. Preparing and printing of Study Material for Classes IX to XII is one
of the important aspects of providing quality education in an Innovative way to
the students,

It gives me an Immense pleasure In presenting the Study Material for the
Classes 1¥ to XII for the session 2014-15 which has been written as per latest
CBSE pattern.

Subject teachers, both at the preparation and moderation levels have done a
remarkable job by preparing a comprehensive study material of multiple utility.
It has been carefully designed and prepared so as to promote better learning
and encourage creativity In students through their Increased sell efforts for
solving assignments of different difficulty level. But the teachers and the
students must bear in mind that the purpose of the study material is in no way
to replace the text-book, but to make it a complete set by supplementing it with
this study material so that It may provide requisite and adequate material for
use In different ways. Effectiveness of the study material will ultimately depend
upon its regular and judicious use for the above listed purposes both by teachers
and students. 1 am sure that this well prepared study material If used sincerely
and judiciously will surely bring cheers to all sections of students.

Traditionally the support material aims in familiarizing the students with the
different type of questions of various lessons and orienting them towards a
better performance In the forthcoming Examination. This material is to be used
one among the resources provided to the students for preparing the exams.
Teacher's initiation and guidance in using this material in the classroom Is
earnestly solicited

Above all, sincere and dedicated efforts of the subject teachers in preparation of
this study material deserve full appreciation. Teacher's observations,
suggestions and critical analysis for further improvement of the study material

will be highly appreciated
o ecurra G

(P DEVAKUMAR)
BEPUTY COMMISSIONER
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UNIT 1
SOME BASIC CONCEPTS OF CHEMISTRY
Chemistry: Chemistry is the branch of science that deals with the
composition,structure and properties of matter. Chemistry is called the science of
atoms and molecule
Branches of Chemistry

1 Organic Chemistry-This branch deals with study of carbon compounds
especially hydrocarbons and their derivatives.

1 Inorganic Chemistnfhis branch deals with the study of compounds of all
other elementand compoundsxcept carborompoundsit largely concerns
itself with the study of minerals found in the Earth's crust.

1 Physical Chemistifhe explanation of fundamental principles governing
various chemical phenomena is the main concern of this brinshbasically
concerned with laws and theories of the different branches of chemistry.

1 Industrial ChemistryThe chemistry involved in industrial processes is studied
under this branch.

T Analytical ChemistryThis branch deals with the qualitative andagttative
analysis of various substances.

1 BiochemistryThis branch deals with the chemical changes going on in the
bodies of living organisms; plants and animals.

T Nuclear ChemistnNuclear reactions, such as nuclear fission, nuclear fusion,
transmutation processes etc. are studied under this branch.

PROPERTIES OF MATTER AND THEIR MEASUREMENT --Every
substancehas unique or characteristic properties. These properties can be classified
into two categories physical propertiesandchemical propeties.

Physical properties are those properties which can be measured or observed
withoutchanging the identity or the composition of the substance. E.g. colour, odour,
melting point, boiling point, density etc.

The measurement or observationcbhémical properties requires a chemical change

to occur. e.g. Burning of Mgbbon in air

Chemical properties are characteristic reactions of different substances;
theseinclude acidity or basicity, combustibility etc.Many properties of matter such as
length, areayolume, etc., are quantitative in nature.

Metric Systemwas based on the decimal system.

The International System of Units (SI)

The I nternational System of Uni tsi (in
abbreviated as Sl) was established by théa General Conference on Weights and
Measures (CGPM fror@onferenceGenerale des Poids at Measurége Sl system

has sevelase units




Quantity Unit Symbol
Length metre m
Mass kilogram kg
Time second 5
Temperature kelvin K
Amount of substance| mole mol
Electric current ampere B
Luminous intensity | candela Cd

Prefixes in Sl system

Multiple | Prefix | Symbol
1012 pico |[p
10~ nano |n
10" micro |p
103 milli m
10“ centi |c
101 deci d
10 deca |[da
10° hecto |h
10’ kilo |k
10° mega |M
10° giga |G
10°° tera [T

Mass and Weight- Mass of a substance is the amount of matter present in it while
weight is the force exerted by gravity on abject. The mass of a substance
isconstant whereas its weight may vary from one place to another due to change in
gravity. The mass of a substance can be determined very accurately by using an
analytical balance

. : 3
Volume-- Volume has the units of (Iengﬁn) So volume has units of Tor
cmordm.A common unit, litre (L) is n%t an Slgunit, is used for measurement of
volume of liquids. 1 L = 1000 mL, 1000 €rs 1 dm
Density: Density of a substance is its amount qf mass per unit volume.SI unit
ofdensity = Sl uit of mass/SI unit of volume = kg/nor kg m “This unit is quite
large and a chemist often expresses density in'g.cm

Temperature--There are three common scales to measure tempéreiQre
(degreecelsius), °F (degree Fahrenheit) and K (kelvin). Herethi€ iSI unit.

9
°F =—(°C)+ 32
5

K=°C+273.15

Noted Temperature below 0 °C (i.e. negative values) are possible in Celsius scale
but in Kelvin scale, negative temperature is not possible.



Scientific Notation

In which any number can be representedtha form N x 10 (Where n is an
exponent having positive or negative values and N can vary between 1 to 10).

e.g. We can write 232.508 as 232508 Xit0scientific notation. Similarly, 0.00016
can be written as 1.6 x 1

Precision refers to thecloseness of various measurements for the same quantity.
Accuracy is the agreement of a particular value to the true value of the result
Significant Figures

The reliability of a measurement is indicated by the number of digits used to
represent it. Taexpress it more accuratelywe express it with digits that are known
with certainty. These are called as Significant figures. They contain all thecertain
digits plus one doubtful digit in a number.

Rules for Determining the Number of Significant Figures

1 All nonzero digits are significant. For example, 6.9 has two significant
figures, while 2.16 has three significantfigures. The decimal place does not
determine the number of significant figures.

1 A zero becomes significant in case it comes in between nomaenbers. For
example, 2.003 has four significantfigures, 4.02 has three significant figures.

1 Zeros at the beginning of a number are not significant. For example, 0.002 has
one significant figure while 0.0045has two significant figures.

1 All zeros placedo the right of a number are significant. For example, 16.0 has
three significant figures, while 16.00has four significant figures. Zeros at the
end of a number without decimal point are ambiguous.

T In exponential notations, the numerical portion repr’essehe number of
significant figures. For example, 0.00045 isexpressed as 4. 5 inlerms of
scientific notations. The number of _significant figures in this number is 2,
while inAvogadro's number (6.023 xﬁit is four.

1 The decimal point does nobunt towards the number of significant figures.
For example, the number 345601 has sixsignificant figures but can be written
in different ways, as 345.601 or 0.345601 or 3.45601 all having same number
ofsignificant figures.

Retention of Significant Figures- Rounding off Figures
fT_he rounding off procedure is applied to retain the required number of significant
igures.

1. If the digit coming after the desired number of significant figures happens to
be more than 5, the precedangnificant figure is increased by one, 4.317 is
rounded off to 4.32.

2. If the digit involved is less than 5, it is neglected and the preceding significant
figure remains unchanged, 4.312 isrounded off to 4.31.

If the digit happens to be 5, the last menéd or preceding significant
figure is increased by one only in case ithappens to be odd. In case of even
figure, thepreceding digit remains unchanged. 8.375 is rounded off to 8.38
while8.365 is rounded off to 8.36.



Dimensional Analysis During calculations generally there is a need to convert

unitsfrom one system to other. This is calfadtor label method or unit factor
method or dimensional analysis

For example5 feet and 2 inches (height of an Indian femaldpisonverted in SI

unit
1inch =2.54 x 1'6 m
,_2.54x10%m
Llinch then, 5 feet and 2 inch = 62 inch
_62inch x254X108m 4 oo
linch
Physical Classification of Matter
Properties Solid Liquid Gas
1. volume Definite Definite Indefinite
2.Shape Definite Indefinite Indefinite
3.Inter molecular |Very high Moderate Negligible / Very
forceof attraction low
4. arrangemenof |Orderly arranged |Free to move | Free to move every
molecules within the volume | where
5.Inter molecular |Very small Slightly greater Very great
space
7.Compressibility [ Not compressible | Not compressible | Highly
compressible
8. Expansion on [Very little Very little Highly expanc
heating
9. Rigidity Very rigid Not rigid knownas| Not rigid and
fluid known as fluic
9. Fluidity Canot Can flow Can flow
10. Diffusion They can diffuse | Can diffuseAnd |Candiffuse And
due to Kkinetic |rate of diffusion is |rateof diffusion is
energ) of very fast very fast
liquid/gase:
Chemical Classification of matter--
Matter
I
Miztures ] !Pure Substances
] |
| [ Elements | | Compounds




Elements

An element is the simplest form of matter that cannot be split into simpler substances
or built from simplersubstances by any ordinary chemical or physical method. There
are 114 elements known to us, out of which 92 are naturally occurring while the rest
have been prepared artificially.
Elements are further classified into metals,nwetals and metalloids.
Compounds
A compound is a pure substance made up of two or more elements combined in a
definite proportion by mass, which could be split by suitable chemical methods.
Characteristics of compound
T Compounds always contain a definite proportion of the sal@ments by
mass.
1 The properties of compounds are totally different from the elements from
which they are formed.
T Compounds are homogeneous.
T Compounds are broadly classified into inorganic and organic compounds.
Inorganic compounds are those, which areobtained fromliviog sources
such as minerals. For example, common salt, marble and limestone.
Organiccompounds are those, which occurvimg§ sources such as plants and
animals. They all contain carbon. Commonorganic compounds are oils, wax,
fats etc.
Mixtures
A mixture is a combination of two or more elements or compounds in any proportion
so that the components do not lose their idgnfir is an example of a mixture
Mixtures are of two types, homogeneous and heterogeneous.

Homogeneous mixtures have the same composition throughout the sample.
Thecomponents of such mixtures cannot be seen under a powerful microscope. They
are also cafld solutions. Examples of homogeneous mixtures are air, seawater,
gasoline, brass etc.

Heterogeneous mixturesconsist of two or more parts (phases), which have
differentcompositions. These mixtures have visible boundaries of separation between
the different constituents and can be seen with the naked eye e.g., sand and salt,
chalk powder in water etc.

LAWS OF CHEMICAL COMBINATIONS

Law of Conservation of Mass (Given by Antoine Lavoisier in

1789).Itstates that matter (mass) can neither be createlkstooyed

Law of Definite Proportions or Law of Constant Composition:

This law was proposed by Louis Proust in 1799, which states that:

‘A chemical compound always consists of the same elements combined together in
the same ratio, irrespective of theethod of preparation or the source from where it

Is taken'.

Law of Multiple Proportions Proposed by Dalton in 1803, this law states that:



'‘When two elements combine to form two or more compounds, then the different
masses of ondament, which combine with a fixed mass of the other, bear a simple
ratio to one another'.

Gay Lussacb6s Law (Given®GyuGaglaussac in\1&808.)Acoading

to this law when gases combine or are produced in a chemical reaction they do so in
a smple ratio by volume provided all gases are at same temperature and
pressuree.gpfg) +Ch( g) Y2 HCI ( g}V 1V 2V

All reactants and products have simple ratio 1:1:2.

Avogadro Law (In 1811, Given by Avogadro)

According tothis law equal volumes of gases at the same temperature and pressure
should contain equal number of molecules.

Dalton's Atomic Theory

All substances are made up of tiny, indivisible particles called atoms.

Atoms of the same element are identical in shajze, mass and otherproperties.

Atoms of different elements are different in all respects.

Atom is the smallest unit that takes part in chemical combinations.

Atoms combine with each other in simple whole number ratios to form compound
atoms called molecules.

Atoms cannot be created, divided or destroyed during any chemical or physical
change.

Atoms and Molecules

The smallest particle of an element, which may or may not have independent

existence,is called an atom, while the smallest particle of a substance which is
capable of independent existence is called a molecule.

Molecules are classified as homoatomic &eteroatomic. Homoatomic molecules

are made up of the atoms of the same element and heteroatomic molecules are made
up of the atoms of the different element have different atomicity (number of atoms in

a molecule of an element) like monoatomic, diatormiatdmic and polyatomic.

Atomic Mass Unit

One atomic mass unit is defined as a mass exactly equal to one twelfth the mass of
one carbonl2 atom. And 1 amu = 1.66056><'f§g.

Today, O6amubdé has been replaced by 06ud v
Atomic Mass

Atomic mass of an element is defined as the average relative mass of an atom of an

element as compared to the mass of an atom of catBaaken as 12.
mass of an atom

1/12 massofacarbon ator{12 C)
Gram Atomic Mass

The quantity of an element whose mass in grams is numerically equabktonis
mass. In simple terms, atomic mass of an element expressed in grams is the gram
atomic mass or gram atom.

Atomic mass =




For example, the atomic mass of oxygen = 16 amu
Therefore gram atomic mass of oxygen = 16 g

Molecular Mass

Molecularmass of a substance is defined as the average relative mass of its molecule
as compared to the mass of an atom-df2Gaken as 12. It expresses as to how many
times the molecule of a substance is heavier than 1/12th of the mass of an atom of
carbon.

For example, a molecule of carbon dioxide is 44 times heavier than 1/12th of the
mass of an atom of carbon. Therefore the molecular mass-.a§@® amu.

It is obtained by adding the atomic masses of all the atoms present in one molecule.
Gram Molecular Mass

A quantity of substance whose mass in grams is numerically equal to its molecular
mass is called gram molecular mass. In simple terms, molecular mass of a substance
expressed in grams is called gram molecular mass.

e.g., the molecular mass of oxygen32 amu
Therefore, gram molecular mass of oxygen = 32 g

Formula Mass-

Sum of atomic masses of the elements present in one formula unit of a compound. It
is used for the ionic compounds.

Mole Concept

Mole is defined as the amount of a substamdd@ch contains the same number of
chemical units (atoms, molecules, ions or electrons) as there are atoms in exactly 12
grams of pure carbeh2.

A mole represents a collection of 6.022 g&oﬂxvogadro's number) chemical units..

The mass of one mole of aubstance in grams is called its molarmass. Molar
Volume

The volume occupied by one mole of any substance is called its molar volume. It is
denoted by Vm. One mole of all gaseous substances at 273 K and 1 atm pressure
occupies a volume equal to 22.4 lime22,400 mL. The unit of molar volume is litre

per mol or millilitre per mol

PERCENTAGE COMPOSITION &

The mass percentage of each constituent element present in any compound is called
its percentage composition

o ey ,an.Q‘ "Q,‘,Q, ,mm
Mass % of the elements————— "
. DEAI adi €Q0MuEa NEOEQ
Empirical Formula and Molecular Formula
An empirical formula represents the simplest whole number ratio of various atoms

present in a compound.g. CH is the empirical formula of benzene.
The molecular formula shows the exact number of different types of atoms present
in a molecule of a compound. E.g;Hg is the molecular formula of benzene.
Relationship between empirical and molecular formiae
The two formula are related as Molecular formulgempirical formulg,

0 DcdbEl O
N=x NOGED @i ¢ 6dd O G

x 100




Chemical Equation

Shorthand representation of a chemical change in terms ofsyarmbfrmulae of
the substances involved in the reaction is called chemical equation.

The substances that react among themselves to bring about the chemical changes are
known as reactants, whereas the substances that are produced as a result of the
chemicéchange, are known as products.

Limiting Reagent- The reactant which gets consumed first or limits the amount
ofproduct formed is known digniting reagent

Reactions in Solutions- The concentration of a solution can be expressed in any
ofthe followingways.

1. Mass Percentis the mass of the solute in grams per 100 grams of the solution.
Mass of the solute . 100
Mass of the solution
A 5 % solution of sodium chloride means that 5 g of NaCl is present in 100g
of the solution.

2. Volume percentis the number of units of volume of the solute per AO@sof
the volume of solution.

Volume % of the solute = ¥olume of the solute . 100
Volume of the solution

A 5 % (v/v) solution of ethyl alcohol contains 5 2f alcohol in 100 crof
the solution
3. Molarity of the solution is defined as the number of moles of solute
dissolvedper litre (dr%) of the solution. It isdenoted byhé symbol M.
Measurements in Molarity can change with the change in temperature because
solutionsexpand or contract accordingly.
Molarity of the solution = No. of moles of the solute =n
Volume of the solution in litre V
The Molarity of thesolution can also be expressed in terms of mass and molar mass

Mass % of the solute =

Molarity of the solution : Mass of the solute
Molar mass of the solute X volume of the solution in |

In terms of weight, molarity of the substance can be expressed as:

W W
Molarity = 9 = mol/L

Mgmol-lx‘v‘Iitre M x W
Molarity equation

To calculate the volume of a definite solution required to prepare solution of other
molarity, the following equation is used:

M.V: = M,V,, where M= initial molarity, M,= molarity of the new solution, ¥
initial volume and V= volumeof the new solution.
4. Molality - Molality is defined as the number of moles of solute dissolved per
1000 g (1 kg) of solvent. Molality is expressed as 'm'.

Moles of the solute 1000
Wt, of Solvent (in gm)

Molality =



5. Mole Fraction is the ratio of number of moles of one component to the total
number of moles (solute and solvents) present in the solution. It is expressed
as 'x.

Mole fraction of the solute - Moles of the solute
Moles of solute +Moles of solvent

Mole fraction of the solvent Moles of the solvent
Moles of solut¢ + Moles of solver

Mole fraction of the solute + Mole framn of sdvent = 1

One Mark guestions with answers

1. What is the significant figures in 1.050 x'20
Ans. Four
2. What is the S.I. unit of Density?
-3
Ans. Kg m
3. What do mean by Mole fraction?
Ans. Mole Fraction is the ratio of humber of moles of one component to the
total number of moles (solute and solvents) present in the solution. It is
expressed as 'X'.
4. Round off up to 3 significant figure (a) 1.235 (b) 1.22¢
Ans. (a) 1.24 (b) 1.22
5. What is AZT?
Ans. Azidothymidine.
6. What is limiting reagent?
Ans.The reactant which gets consumed first or limits the amount ofproduct
formed is known abmiting reagent
7. What is the relation between temperature in degree Celsius and degree
fahrenheit?
Ans.

9
°F =—(°C)+32
5

8. Define one mole?

Ans. One mole is the amount of a substance that contains as many particles

as there are atoms in exactly 12 g of¢adhon12.

9. Calculate the formula mass calcium chloride.

Ans. Formula mass of Cag&s 40+2 x35.5=40+71 =111 u

10. What is the law called which deals with the ratios of the volumes of the
gaseous reactants and products?

Ans. Gay Luss aswolusmesl aw of gaseou

Two Marks guestions with answers

1. Give the two points of differences between homogeneous and heterogeneous
mixtures.

AnNs.




Homogeneous mixture Heterogeneous mixture

1. Homogeneous mixtures|l. Heterogeneous mixturesonsist of
have the same compositio two or more parts (phases), whig
throughout the sample. have different compositions

2. These mixtures have Vvisible

2. The components of such boundaries of separation between t
mixtures cannot be seen different constituents and can be se
under a powerful with the naked eye
microscope.

2. Copper oxide obtained by heating copper carbonate or copper nitrate contains
copper and oxygen in the same ration by mass. Which law is illustrated by this
observation? State the law.

AnslLaw of Definite Proportions This law states that: A chemical cooynd
always consists of the same elements combined together in the same ratio,
irrespective of the method of preparation or the source from where it is taken.

3. Write the empirical formula of the following:

(@) NpO4  (b) GsH1206 (€) HO  (d) HxO2
Ans. (NG, (b) CHLO (c) BO (d) HO
4. Briefly explain the difference between precision and accui
Ans. Precision refers to the closeness of various measurements for the same
guantity. However, accuracy is the agreement of a particular value to the
true value of the result.

5. Define the law of multiple proportions. Explain it with one example.
Ans.When two elements combine to form two or more compounds, then
the different masses of one element, which combine with a fixed mass of
the other, bear ample ratio to one another. For examytarbon combines

with oxygen to form two compounds CO and £(

Compound CO CO
Mass of C 12 12
Mass of O 16 32

Masses of oxygen which combine with a fixed mass of carbon (12g) bear

a simple ratio of 16:32 dr:2.

6. Chlorine has two isotopes of atomic mass units 34.97 and 36.97. The relative
abundance of the isotopes is 0.755 and 0.245 respectively. Find the average atomic
mass of chlorine.

Ans. Average atomic mass = 34.97 x 0.755 +36.97 x 0.245 = 35.46 u

7. Calculate the percentage compositiof water.

Ans. Mass % of an elementmass of that element in the compound x 100

molar mass of th€onmd

Molar mass of water = 18.02 g

Mass % of hydrogen 2x 1.008 x 100

18.02

=11.18
Mass % of oxyger 16.00 x 100 = 88.79

18.02




8. State the number of significant figures in each of the following:
(i) 208.91 (ii) 0.00456 (iii) 453 (iv) 0.346
Ans.
(i) 208.91 has five significant figures.
(1) 0.00456 has three significant figures.
(iii) 453 has three significant figures.
(iv) 0.346 has three significant figures.

9 Express the results of the following calculations to the appropriate number of
significant figures.

(iy 324008666 .y (1.36x10”%)(0.5)
5.006 2.6

ANsS.
. 3.24x0.08666

(i)
5.006
=0.05608 = 0.0561
(i (1.36x107%)(0.5)
2.6
=0.2615 x 1¢ = 0.3 x 10"
9. How are 0.50 moNa,CO; and 0.50 MNa,CO; different?
Ans. Molar mass of Na2C0O3=2 x 23 +12 + 3 x 16 =106 g / mol
0.50 moINa,COsmeans 0.50 x 106 =53 g

0.50 M NaCO; means 0.50 mol i.e. 53 g dfa,CO; are present in | L of the
solution.

Three Marks guestions with answers
1 What is unit factor method? Express the following in Sl uni®3 million
miles (distance between earth and sun)
Ans. Method taonvert units fromone systetm otheris called unit factomethod.
93 million miles =93 x 1(5’ miles

1 mile = 1.60934 km = 1.60934 x 1
_ 1.60934x 107 m
B 1 mile

1

1.60934% 10° m

a3 million mile = 93 x 107 mile x _
1 mile

=15x 10 m

2. Write the three points of difference between compound and
mixture. Ans.

Compound Mixture

Constituents are always present in| Constituents may be present in ar
fixed ratio by mass ratio

May or may not be homogeneous i| Always homogeneous in nature
nature

Constituents can be easily separat{ Constituents cannot be easily




by simple mechanical means separated by simple mechanical mee
Properties are midway between thd Properties are entirely different fro
of its constituents. those of its constituents.

3. qut do mean bygram atomic mass.One million silver atoms weigh 1.79 x
107" g. Calculate the gram atomic mass of silver.

Ans.atomic mass of an element expressed é'n grams is the gram atomic

mass Number of silver atoms = 1 million =1 x 10

Mass of one million Ag atoms = 1.79 xjf(g

Mass of 6.023 x 1%)'3 atoms of silver =1.79 x 166q X 6.023 x 153
1x 10
=107.8¢

1 What is the percentage of carbon, hydrogen and oxygen in ethanol?
Ans. Molecular formula of ethanol is 2Bs0OH

Molar mass of ethanol is : (212.01 + 61.008 + 16.00) g = 46.068
g Mass per cent of carbon = (24.02g / 46.0689g) x100 = 52.14%

Mass per cent diydrogen = (6.048g / 46.0689)x100 = 13.13% Mass per cent of
oxygen = (16.00 g / 46.0689)x100 = 34.73%

5. What do mean by molarity .Calculate the molarity of NaOH in the solution
prepared by dissolving its 4 g in enough water to form 250 mL csdhgion.

Ans.The number of moles of solute dissolved per Iitre3§ohsf1the solution is
called molarity

Since molarity (M) = No. of moles of solute /Volume of solution in
litres =(Mass of NaOH/Molar mass of NaOH)/0.250 L
=(4 g /40 g 0.1 mol)/0.250LG<1 mol/0.250 L
=0.4 mol L'
=04 M
6. Classify the following as pure substances or mixture

(a) ethyl alcohol (b) oxygen (c) blood (d) carbon (e) steel (f) distilled
water

Ans. Pure substancethyl alcohol ,oxygen , carbon, distilled water
Mixture- blood, steel
7. What are the rules for rounding off?

Ans.l. If the digit coming after the desired number of significant figures happens
to be more than 5, the precedingsignificant figure is increased by one,

2. If the digit involved is less than 5, i neglected and the
preceding significant figure remains unchanged,



3. If the digit happens to be 5, the last mentioned or preceding significant figure
is increased by one only in case it happens to be odd. In case of even figure,
thepreceding digit remains unchanged.

9 8.Definei (a) Average atomic mass (b) Molecular mass (c) Formula mass

Ans. (a) Average atomic mas&tomic mass of an element is defined as the

average relative mass of an atom of an element as compared to thef anass

atom of carbonl12 taken as 12.

(b) Molecular massit is sum of atomic masses of the elements present in a
molecule.

(c) Formula massit is sum of atomic masses of the elements present in a
formula unit of a compound.

9. Express the following in the scientific notation with 2 significant figures
(@) 0.0048 (b) 234,000 (c) 200.0

Ans. (a) 4.8 x 10 (b) 2.3 x 10 (c) 2.0 x 16

10. Calculate the number of atoms in each of the following (i) 52 moles of Ar
(i) 52 u of He  (iii) 52 g of He
Ans. (i) 1 mole of Ar = 6.022 x 1209’ atoms of Ar
-.52 mol of Ar.= 52 x 6.022 x 10 atoms of
Ar = 3.131 x 16° atoms of Ar
(i)l atom of He = 4 u of
He Or,
4 u of He = 1 atom of He

1 u of He = 1/4 atom of He
52u of He = 52/4 atom of He
=13 atoms of He
(iii) Molar mass of He = 4 g/mol
4 g of He contains = 6.022 x Thatoms of He

52 g of He contains 6.022 x 163x 52=78.286 X 163 atoms of He
4

Five Marks questions with answers

1. What is the difference between empirical and molecular formula? A compound
contains 4.07 % hydrogen, 24.27 % carbon and 71.65 % chlorine. Its molar

mass is98.96 g. What are its empirical and molecular formulas?

Ans. An empirical formula represents teenplest whole number ration of various
atoms present in a compound whereas the molecular formula shows the exact
number of different types of atoms present in a molecule of a compound.



Name of | Percentage | Step-1Conversion of | Step 2.  mumber | Step 3. Divide the mole

element |ofelements | mass per cent to|moles of each|vale by the smallest
grams. element number

& 2427% 2427g 242712=2.0225 | 2.0225/2.018 =1

H 4.07% 407g 4.07/1=4.07 4.07/2.018 =2

Q1 71.65% 71.65g 71.65355=2.018 |2.0182.018=1

The empirical formula of the aboveompound is
CH,CI. empirical formula mass is 12 + (1x2) + 35.5 =49.5

n= molecular mass/ empirical formula mass =98.96/49.5
= 2 Hence molecular formula iB4Cl»

2. Dinitrogen and dihydrogen react with each other to produce ammonia
according to the followig chemical equation:
No@ + Heg Y 2 DNlgH 3
(i) Calculate the mass of ammonia produced if 2.00 % d.@initrogen

reacts with 1.00 x ng of dihydrogen.
(i) Will any of the two reactants remain unreacted?

(i) If yes, which one and what would be its mass?

: : : : N, +3H, , —> 2NH,
Ans. (i) Balancing the given chemical equati 2 "~ () (e)

From the equation, 1 mole (28 g) of dinitrogen reacts with 3 mole (6 g) of
dihydrogen to give 2 mole (34 g) of ammonia.

6¢ 3
28 2.00x10° g

t 2.00 x 189 of dinitrogen will react witt 28 £ dihydrogen i.e., 2.00 x 10
g of dinitrogen will react with 428.6 g of dihydrogen.

Given,
Amount of dihydrogen = 1.00 x

10° g Hence, N is the limiting
reagent.

.28 g of N> produces 34 g of Ni

-~
=]

Hence, mass of ammonia produced by 2000 gx 2%

= |

x 2000 g

¥

¥

= 2428.57 g

(ii) N2 is the limiting reagent and-Hs the excess reagent. Hence, Wil
remain unreacted.

(i) Mass of dihydrogen left unreacted = 1.00 2 @0 428.6 g
=571.4¢g

3. A welding fuel gas contains carbon and hydrogen only. Burning a small
sample of it in oxygen gives 3.38 g carbon dioxide, 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 weigh 11.6 g. Calculat¢ ¢mpirical formula, (i) molar mass of
the gas, and (iii) molecular formula.

Ans. (i) 1 mole (44 g) of C@contains 12 g of carbon.

2¢
=]_£"><3.38g

3.38 g of CO, will contain carbon 448
=0.9217¢
18 g of water contains 2 g of hydrogen.
0.690 g of water will contain hydrogen
2g

x0.690
18 ¢ =
0.0767 g

Since carbon and hydrogen are the only constituents of the
compound, the total mass of the compound is:= 0.9217 g + 0.0767 g=

0.9984 g
9921 "€ 100

Percent of C in the compour  0-9984 ¢ =92.32%

0.0767 g

= —=x 100
Percent of H in the compour._0-9984 ¢ = 7.68%
92.32
Moles of carbon in the compow— 12.00 =7.69
7.68

Moles of hydrogen in the compounc 1 =7.68

Ratio of carbon to hydrogen in the compound = 7.69: 7.68=
1: 1 Hence, the empirical formula of the gas is CH.
(i) Given,
Weight of 10.0L of the gas (at S.T.P)=11.6¢
= OB 55iT
Weight of 22.4 L of gas at ST. '0-0L

= 25.984 ga 26 g
Hence, the molar mass of the gas is 26 g.

(i) Empirical formula mass of CH=12+1=13¢g

Molar mass of gas

n=
Empirical formula mass of gas

26 ¢

13g
n=2
~.Molecular formula of gas = (CHF CoHa»

HOTS (Higher Order Thinking Skills)




1. What is the difference between 160 cm and 160.0 cm

Ans. 160 has three significant figures while 160.0 has four significant figures.
Hence, 160.0 represents greater accuracy.

2. In the combustion of methane, what is limiting reactant and why?

Ans. Methane is the limiting reactant because the other reactant is oxygen of
the air which is always present in excess. Thus, the amounts o0
formed depend upon the amount of methane burnt.

3. A compound made up of two elements A and B has A= 70 %, B = 30 %.
Their relative number of moles in the compound is25 and 1.88.
calculate

a. Atomic masses of the elements A and B
b. Molecular formula of the compound , if its molecular mass is found
to bel60
Ans. Relative no. of moles of an elemerto-of the element
Atomic mass
Or atomic mass £ of the element =70= 56
Relative no. of moles 1.25
Atomic mass of B = 30/1.88 = 1¢
Calculation of Empirical formula

Element| Relative no. of | Simplest molar | Simplestwhole no.
moles ratio molar ratio

A 1.25 1.25/1.25=1 2

B 1.88 1.88/1.25=1.5 |3

Empirical formula =

A-oB3 Calculation of molecular

formula

Empirical formula mass =2 x 56 + 3x 16 = 160
n= molecular mass / Empirical formula mass =
160/160 = 1 Molecular formula =283

Value basedjuestions

Q. 1. Chemistry plays a very important role in our everyday life. Beginning from morning when
we use toothpaste to brush our teeth and throughout the day we use a large number of
materials which have been provided to us by R & D ( Research aetbpment ) carried out

in the field of chemistry.

Now, answer the following questions :

(i) Why should we use iodized salt ?

(i) Why should our toothpaste contain fluoride?

(i) What are the relative advantages and disadvantages of using soaps angehasér

(iv) Why earlier leaded petrol was used but now a days unleaded petrol is used?



Ans. (i) lodine is needed to protect us from thyroid disorders.
(ii) Fluoride protects our gums and prevents tooth decay.

(i) Soap is a good cleansing ap& is 100% biodegradable. As a result, it does not cause
any pollution problem. However, soaps have two disadvantages. Firstly, they cannot be used
in hard water. Secondly, they cannot be used in acidic solution. Howevedgeteegentshave
one disadvatage that they are not completely biodegradable and hence cause water
pollution.

(iv) Earlier, tetraethyl lead was added to petrol by the oil companies to act akrenaking
agent. But on decomposition, it produces lead which is poisonous. Hence, its use has been
stopped. Quality of petrol has been improved by other methods.

Q. 2 Chemistry has made a significant contribution in the medical field by providing a large
number of drugs and medicines to fight our diseases. It is an endless effort by pharmaceutical
companies to develop better and better medicines. The day is not favtoén treatment of
disease like cancer will be considered as common as bad cold.

Now, answer the following questions :

(i) Why should we avoid the use of drugs?
(i) What for are analgesics used?

(iif) What for are antibodies used?

(iv) What for are anagketics used?

(v) What for are tranquilizers used?

(vi) What for Dettol and savlon are used?
(vii) What for do we use Gammexane?

(viil) Which compunds are generally present in the life saving drugsfasedrinjg cancer and
AIDS?

(iX) What is hhe role ofvitamins in our life?

(x) Which vitamin is produced in our body when we sit in the sun or which vitamin helps in the
absorption of calcium in our body?

Ans. (i) A medicine is a chemical substance which cures the disease, is safe to use, has
negligible toxcity and does not cause addiction. In contrast, a drug is a chemical substance
which also cures the disease but is habit forming, causes addiction and has serious side
effects. Hence, its use should be avoided.

(i) Analgesics are medicines used to gdiefdrom pain.
(iif) Antibiotics are medicines used to curb infection.

(iv) Anaesthetics are medicines given during surgery (operation) to stop you feeling pain in the
whole of your body when you are unconscious or in a part of your body when you are.awak



(v) Tranquilizers are drugs used for the treatment of mental stress/disease.

(vi) Dettol and savlon are antiseptics used to stop infection of wounds.

(vil) Gammexane is an insecticide used to kill rats, mosquitos and flies.

(viii) cisplatin and taxol ee used for cancer and AZT ( Azithymidine) is used for AIDS.

(ix) Vitamins are chemical substances, the deficiency occurs, they have to be taken in the form
of pills or capsules.

(x) Vitamin D.

Q. 3. Chemistry has played a vitale in the field of agiculture. It has provided us with
chemical fertilizers which have helped to increase the yield of fruits, vegetables & other crops.
It has given us insecticide and pesticides which protect the plants from insects and pests. It
has given us preservation pyeserve food products like jam, butter etc. for a longer period.

Now, answer the following questions :

(i) How is the use of chemical fertilizers harming the aquatic life and mankiritht
alternative do you suggest?

(i) How is the use of pesticides amtsecticides harming the mankind? What alternative do
you suggest?

(i) Huge amounts of synthetic milk and milk products are flowing into the market. Suggest
what should be done to check it?

Ans. (i) During rainfall, nitrogenous fertilizers Wasvay into rivers, lakes & oceans. It help the
algae to bloom. Wheshort livealgae die, decomposing bacteria consume dissolved oxygen.
As a result, aquatic life begins to perish. Secondly, artificial fertilizers deplete the soil of
organic matter. As aesult, it loses ability to hold water and is more subject to erosion.
Moreover, these fertilizers tavel from soil to plant and then from plant to human being
causing health hazards. The solution to the problem is that natural fertilizers likedwogv
shoud be encouraged, i.e., production of organic food should be increased.

(i) Pesticides have neurological effects on humans such as headache and hand tremors. A
number of them are responsible for cancer. The solution to the problem is that their use
should be minimized and such chemicals should be produced which kill pests but have no
effect on humans.

(ii)) The supply of milk and milk products should not flow direct to the consumer through the
vendor. It should be regulated through a centre ( set up byGoet. or licenced by the Govt.

to private agency) where all milk and milk products are received and tested before they are
sold to consumer.

Q. 4. India is a fast developing nation when a very large number of chemical industries are
coming evry year. Thesnclude industries like those of glass, paper, textile, plastics, leather,
dye paints, sugar, pharmaceuticals etc. The rate for earning more profits and also due to



competition of rates in the market, some industries are producing poor quality mtscand
chemicals which are harming the society at large.

Now, answer the followinguestions:

(i) Production of spurious drugs is harming the mankind. What steps should be taken to check
it.

(i) How do paints sometimes prove to be harmful?
(iif) Why shold the production of polythene bags be banned?

(iv) Name afew industrial products which are recyclable. What should we do with their
products?

(v) What are the relative advantage and disadvantages of using synthetics fibres versus natural
fibres (cotton,silk, wool etc.)?

Ans. (i) Strict quality control law should be enforced. Not only such factories should be closed,
people running such factories should be severely punished. These factories should be black
listed and photographs of owners should be psibéd in all leading newspapers.

(i) Many paints contain lead which is poisonous.

(i) Use of polythene bags should be banned because it is not biodegradable. It may,
therefore, pile up as waste and swallowed by animals causing death or choke the sewer.

(iv) Advantages of synthetic fibres.

(a) Strong (b) Es$o wash and wear ( need no ironing )

(c) can be stretched easily to different sizes like nylon socks
(d) Available in variety of colours

(e ) Generally cheaper than natural fibres

(f) do not shink.

Disadvantages of synthetic fibres.

(a) does not absorb moisture/at keeping the heat trapped in the body.
(b) Give uncomfortable feel for being used as underwears
(c) Catch fire or melt more easily than natural fibres.
Advantages of natural fibres.

(a) Clothes made from natural fibores are more comfortable because tasy absorb
moisture/sweat.

(b) As they are natural materials, they are harmless to environment.
(c) They are firgedstant.

Disadvantages of natural fibres,



(a) More expensive
(b) Need ironing as they are not creasssistant.

(c) Might shrink on aggressive washing.

CHAPTER 2
STRUCTURE OF ATOM

A Atom is the smallest indivisible particle of the matter. Atom is made
ofelectron,proton and neutrons.

PARTICLE ELECTRON PROTON NEUTRON

Discovery Sir. J. J. Thomson | Goldstein (1886) | Chadwick (1932)
(1869)

Nature of charge |Negative Positive Neutral

Amount of charge [1.6 x 10" "Coloumb| 1.6 x 10" Coloumb]| 0

Mass 9.11 x 10° kg 1.672614 x 10 'kg | 1.67492 x10 kg

1 Electrons werediscovered using cathode ray discharge tube
experiment. Nucleus was discovered by Rutherford in 1911.

1 Cathode ray discharge tube experiment: A cathode ray discharge tube
madeof glass is taken with two electrodes. At very low pressure and high

voltage,curent starts flowing through a stream of particles moving in the

tube fromcathode to anode. These rays were called cathode rays. When a
perforatedanode was taken, the cathode rays struck the other end of the

glass tube atthe fluorescent coating and a begbt on the coating was
developed

Results:

Cathode rays consist of negatively charged electrons.

1 Cathode rays themselves are not visible but their behavior can be
observed witthelpof fluorescent or phosphorescent materials.

1 In absence of electrical or magnetic field cathode rays travel in
straight lines

— ==

1 In presence of electrical or magnetic field, behaviour of cathode rays is

similar to that shown by electrons
1 The characteristics of the cathode rays do not depend upomatkeal

of the electrodes and the nature of the gas present in the cathode ray

tube.

1 Charge to mass ratio of an electron was determined by Thomson. The

chargeto mass ratio of an electron as 1.758820 %(CL(IXg'l

1 Charge on an electron was determinedRoyA Millikan by using an
?gildropexperiment. The value of the charge on an electreh.Gsx 10
C

T The mass on an electron was determined by combining the results
of Thomsonds experiment and Mil |
mass of anelectron was detgned to be 9.1094 x i%)lkg.

1 Discovery of protons and canal raysModified cathode ray

k a
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tubeexperimentwas carried out which led to the discovery of

protons. Characteristics of positively charged particles:

Charge to mass ratio of particles depends arfigen which these originate

The positively charged particles depend upon the nature of gas present in
the cathode ray discharge tube

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

Behaviour of positively charged particles in electrical or magnetic field

IS opposite to that observed for cathode rays

Neutrons were discovered by James Chadwick by bombarding a thin
sheet ofberyllium by - particles. They are electrically neutral pelgs
having a mass slightly greater than that of the protons.

Atomic number (Z): the number of protons present in

thenucleus (Moseley1913).

Mass Number (A) Sum of the number of protons and neutrons
present inthenucleus.

Thomson model of an atomiThis model proposed that atom is considered
asauniform positively charged sphere and electrons are embedded in it.An
important feature of Thomson model of an atom was that mass of atom
isconsidered to be evenly spread over the atom.Thomson model of atom is
alsocalled as Plum pudding, raisin pudding orwatermelon modelThomson
model of atom was discarded because it could not explain
certainexperimental results like the scatterind} -oparticles by thin metal
foils.

Observations fromh - particles scattering experiment by Rutherford:

Most of theh - particles passed through gold foil undeflected

A small fraction ofh - particles got deflected through small angles

Very few h- particles did not pass through foil but suffered large
deflection nearly18?lhey werebounced back to the same medium.
Conclusions Rutherford drew from h - particles scattering experiment

Since most of thé -particles passed through foil undeflected, it means
most of the space in atom is empty

Since some of thé-particles are deflectetb certain angles, it means

that there is positively mass present in atom

Since only some of thé -particles suffered large deflections, the
positively charged mass must be occupying very small space

Strong deflections or even bouncing backhgparticles from metal

foil were due to direct collision with positively charged mass in atom

Rut herfordds mbhid e rhodel odxplained dhat atom
consistsofnucleus which is concentrated in a very small volume. The
nucleus comprisesof protons and tmens. The electrons revolve around
the nucleus in fixedorbits. Electrons and nucleus are held together by
electrostatic forces ofattraction.

Drawbacks of Rutherfordds model of

According to Rutherfordds model of




charged particles revolve around the nucleus in fixed orbits. Thus,
theelectrons undergo acceleration. According to electromagnetic theory
of Maxwell, a charged particle undergoing aecation should
emitelectromagnetic radiation. Thus, an electron in an orbit should
emitradiation. Thus, the orbit should shrink. But this does not happen.

The model does not give any information about how electrons
araistributed around nucleus and what are energies of these electrons
Isotopes: These are the atoms of the same element havmg the
sameatomicnumber but different mass number.& g—|2|,1H

Isobars: Isobars are the atoms of different elements havmg the
sanemassnumber but different atomic numberlgﬁg ,zoCa 0

Isoelectronic species These are those species which have the same
numberofelectrons.

Electromagnetic radiations The radiations  which are
associatedwithelectrical and magnetic fields are cadlledtromagnetic
radiations. When anelectrically charged particle moves under acceleration,
alternating electricaland magnetic fields are produced and transmitted.
These fields aretransmitted in the form of waves. These waves are called
electromagneticwaeor electromagnetic radiations.

Properties of electromagnetic radiations:

Oscillating electric and magnetic field are produced by oscillating

charged patrticles. These fields are perpendicular to each other and both
areperpendicular to the direction obpagation of the wave.

They do not need a medium to travel. That means they can even travel
in vacuum.
Characteristics of electromagnetic radiations

Wavelength: It may be defined as the distance betweemaighbouring
crests or troughs of wave as shown. It is denoted by

Frequency (V): It may be defined as the number of waves
whichpassthrough a particular point in one second.

Velocity (v): It is defined as the distance travelled by a wawsesecond.

In vacuum all types of electromagnetic radiations travel with thesame
velocity. Its value is 3 X1tm sec™ It is denoted by

Wave number: Wave numbe®lis defined as the number of wavelengths
per unit length.

Velocity = frequency x wavelength cr=<

Planck's Quantum Theory-

o The radiant energy is emitted or absorbed not continuously but
discontinuously in the form of small discrete packets of energy called

6qguantumé. I n case of Ilight , the

o The energy o€ach quantum is directly proportional to the frequency of
theradlatlon, I . e. E U g or E-=
6.626 x 107 Js

o Energy is always emitted or absorbed as integral multiple of
this quantum. E=nhg Where n=1, 2, 3,
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Black body: An ideal body, which emits and absorbs all frequencies, is
calledablack body. The radiation emitted by such a body is called black
bodyradiation.

Photoelectric effect The phenomenon of ejection of electrons from
thesurfaceof metal when light o$uitable frequency strikes it is
calledphotoelectric effect. The ejected electrons are called photoelectrons.
Experimental results observed for the experiment of Photoelectric-effect

When beam of light falls on a metal surface electrons are
ejectedimmeditely.

Number of electrons ejected is proportional to intensity or brightness of
light
Threshold frequency {y. For each metal there is a characteristicminimum

frequency below which photoelectric effectnist observed. Thisis called
thresholdfrequency.

If frequency of light is less than the threshold frequency there is
noejection of electrons no matter how long it falls on surface or how
high isits intensity.

Photoelectric work function (W The minimum energy

required to ejectelectrons iscalled photoelectric work
function.W,= hv, Energy of the ejected electrons :

h(v-vg)=2m_v2

Dual behavior of electromagnetic radiatiohhe light possesses both
particle and wave like properties, i.e., light has cedlavior,whenever
radiation interacts with matter, it displays particle like properties.(Black
body radiation and photoelectric effect) Wave like properties are
exhibited when it propagates(interference an diffraction)

When a white light is passed through a ptigmsplits into a series
ofcoloured bands known as spectrum.

Spectrum is of two types: continuous and line spectrum

The spectrum which consists of all the wavelengths is called
continuous spectrum.

A spectrum in which only specific wavelengths are present is known as a
line spectrum. It has bright lines with dark spaces between them.
Electromagnetic spectrum is a continuous spectrum. It consists of a
range ofelectromagnetic radiations arrangedhm d¢rder of increasing
wavelengths ordecreasing frequencies. It extends from radio waves to
gamma rays. Spectrum is also classified as emission and line spectrum.

Emission spectrum: The spectrum of radiationemitted by a
substancethat has absorbed en&galled an emissionspectrum.

Absorption spectrum is the spectrum obtained when radiation is
passedthrough a sample of material. The sample absorbs radiétion
certairwavelengths. The wavelengths which are absorbed are missing
and comeas dark lines.

The study of emission or absorption spectra is referred asspectroscopy.



Spectral Lines for atomic hydrogen:

Series ny n2 Spectral Region

Lyman 1 2:3; 4,5 Ultraviclet

Balmer 2 3,.4,.5. .. Visible

Paschen 3 4,5 Infrared

Brackett 4 5,6 . Infrared

Pfund 5 6,7 Infrared
Rydberg equation

v=109.677 . —L = 1. em™
‘n; n; 1
R = Rydbergds constant =

Bohrdos model for hydrogen at om:

4. An electron in the hydrogen atom can m@areund the nucleus in a circular
path of fixed radius and energy. These paths are called orbits orenergy levels.
These orbits are arranged concentrically around thenucleus.

5. As long as an electron remains in a particular orbit, it does not lose or
gain energy and its energy remains constant.

6. When transition occurs between two stationary states that differ inenergy,
the frequency of the radiation absorbed or emitted cealtidated
o=AOE_E-F
T . h
7. An electron can move only in those orbits for which its angularmomentum
is an integral multiple of h72

h
m,_ VI :11.5 n=123.....

The radius of thath orbit is given by =52.9mX %
energy of electron inth orbit is :

E =-2.18x10™ ];ZT]J

Limitations of Bohroés model of at om:
a Bohr 6s mo d e | fail ed t o account f o
hydrogen spectrum.

b. Bohr 6s mo d e | was al so unabl e t o

containing more than one electron.

Dual behavior of matter. de Broglie proposed that matter
exhibitsdualbehavior i.e. matter shows both particle and wave nature. de
Brogl i eﬁs==d—%:er?l ation 1is

Hei senbergbs un c eltr stades nhaty it ip nmpaossiblep | e :
todetermine simultaneously, the exact position and axachentum (or
velocity) of an electron.The product of their uncertainties is always equal
to or greater thangh/ 4"

Mathematically Axx<Ap= A
where Ax = uncertainty in position,
Ap = uncertainty in momentum




Hei senber gos uncertainty principle
pathsor trajectories of electrons and other similar particles

Fai l ure of Bohros model
a. It ignores the dual behavior of matter.
b.lt contradicts Heisenbergbs unc

Cl assical mechani cs S based on
successfullydescribes the motion of macroscopic particles but fails in the
case ofmicroscopic particles.

Reason: Classical mechanics ignores the concept of dual behaviour of
matter especially for sudt o mi ¢ particles and t he F
principle.

Quantum mechanicsis a theoretical science that deals with shedy
ofthemotions of the microscopic objects that have both observable
wavelike andparticle like properties.

Quantum mechanics is based on a fundamental equation which
is calledSchrodinger equation.

Schrodingerods equation: mérarmoleculesy st e
whoseenergy does not change with time) the Schrédinger equation is
written as:

HY = B
His the Hamiltonian operator
E is the total energy of the system
¥ represents the wave function which is the amplitude of the electron

W =
L

When Schrédinger equation is solved for hydrogen atom, the solution
givesthe possible energy levels the electron can occupy and the
correspondingave function(s) of the electron associated with each energy
level.Out of the possible values, only certain solutions are permitted.
Eachpermitted solution is highly significant as it corresponds to a definite
energy stateThus, we can say that energyjisntized.

- gives us the amplitude of wave. The value bas no physicalsignificance.

/\Zgives us the region in which the probability of finding an
electronismaximum. It is called probability density.

Orbital : The region of space around the nucledrere the probability
offinding an electron is maximum is called an orbital.

Quantum numbers. There are a set of four quantum numbers which specifythe
energy, size, shape and orientation of an orbital. To specify an orbital only



three quantum numbers arequired while to specify an electron all four
guantum numbers are required.

Principal quantum number (n):It identifies shell, determines sizes and
energy of orbitals

N 1 2 3 3

N
N

..,
"
e

Shell no.: K

"

Total number of orbitals in

1 - ) 16
a shell = n*
Maximum number of .
» 2 8 18 32
glectrons = 2n°
Azimuthal quantum number (I): Az i mut hal guantum nasmber

orbital angular momentum or subsidiary quantum number. I. It identifies sub
shell, determines the shape of orbitals, energy of orbitals in-edattiron atoms
along with principal quantum number and orbital angutamentum,i.e.,

Ji(i=1) L

27 The number oforbitals in a subshell =I2+ 1. For a given
value ofn, it can haven values ranging from 0 to-h. Total number of
subshells in a particular shell is equal to the value of n.

Subshell S p d f g
notation
Val ue® o]0 1 2 3 4
Number of 1 3 5 7 9
orbitals

Magnetic quantum number or Magnetic orbital quantum number (m):

Itgives information about the spatial orientation of the orbital with respect
tostandard set of eordinate axis.For any stbh e | | (defined by

values of mhare possible.For each value of f,#i I, 7 (171),7 (Ii 2)... 0,1...
(17 2), (1),

Electron spin quantum number (my): It refers to orientation of the spin
oftheelectron. It can have two value¥,+and -'/,. If +/, identifies the
clockwisespirand—llz identifies the anticlockwise spin.

The region where this probability density function reduces to zero
iscallednodal surfaces or simply nodes.

Radial nodes Radial nodes occur when the probability density of
wavefunctioror the electron is zero on a spherical surface of a particular
radius. Numberof radial nodes 5 i 1

Angular nodes Angular nodes occur when the probability density
wavefunction for the electron is zero along the directions specified by
a particularagle. Number of angular nodes = |



Total number of nodes =inl

Degenerate  orbitals Orbitals having the same energy are
calleddegenerateorbitals.

Shape of p and-drbitals

2p, ap,
=

Shielding effect or screening effectDue to the presence of electrons
intheinner shells, the electron in the outer shell will not experience the
full positivecharge on the nucleus.

So, due to the screening effect, the net positive charge experienced by
theelectron from the nucleus is lowered and is knownefésctive
nuclearcharge.Effective nuclear charge experienced by the orbital
decreases with increase of azimuthal quantum number (I).

Aufbau Principle: In the ground state of the atoms, the orbitais
filledinorder of their increasing energies




(n+1) rule-Orbitals with lower value of (n+l) have lower energy. If two orbitals
have the same value of (n+l) then orbital with lower value of nwill have
lower energy.

The order in which the orbitals are filled isas follows: 1s,2s, 2p, 3s, 3p, 4s,
3d, 4p, 5s, 4d, 5p, 4f, 5d, 6p, 7s...

Pauli Exclusion Principle: No two electrons in an atom can have the
samesetof four quantum numbers. Only two electrons may exist in the
same orbitaland these electrons must have opposite spin.

Hundos rul e of ma:x Pamngmof ehacttobsi ipl i ci t
theorbitalsbelonging to the same subshell (p, d or f) does not take place
until eachorbital belonging to that subshell has got ondreleeach i.e.,
it is singlyoccupied.

Electronic configuration of atomsArrangement of electrons in
differentorbitals of an atom. The electronic configuration of
differentatoms can be represented in two ways.

ab.c .
Tspd.... notation.
1 Orbital diagram:, each orbital of the subshell is represented by a box and the
electron is represented by an array) @ positive spin or an arrou@( a negative
spin.

Stability of completely filled and half filled subshells

1 Symmetrical distributionof electrons the completely filledor half

filled sub-shells havesymmetrical distribution of electrons in them and
are more stable.

1 Exchange energyhe two or more electrons with the same spin present in
the degenerate orbitals of a ssliell can exchage their position and the
energy released due to this exchange is called exchange energy. The
number of exchanges is maximum when the subshell is either half filled
or completely filled. As a result the exchange energy is maximum and so
is the stability.

ONE MARK QUESTIONS
1 Neutrons can be found in all atomic nuclei except in one case. Which is
this atomic nucleus and what does it consists of?
Ans. Hydrogen atom. It consists of only one proton.
2. Calculate wave number of yellow radiations hawayelength of 5800 A
Ans. Wave number = 1/ Wawiength 10
Wavelength = 5800 A= 5800 x 10"° m

Wave number = 1/5800 x T8 m = 1.72 x 16 m™

1 What are the values of n and | for 2p
orbital? Ans. n=2 and I= 1

1 Which of the following orbitals are not possible? 1p, 2s, 3f and 4d
Ans. 1p and 3f are not possible.

1 Write tr}e %Iec%roni'c Cé)nggur]ef\tion of the element having atomic number
24. Ans. 152s 2p 3s 3p 3d 4

1 What atoms are indicated by the following electronic configurations?



a 1€2¢2p" b. [Ar]4s’ 3d"
Ans. a. Boron b. Scandium
7. What is the relationship between frequency and wavelength of light?
Ans. velocity of light = frequencyx wavelength. Frequency and wavelength
are inversely proportional to each other.
8. State Pauli Exclusion Principle.
Ans. No two electrons in an atom can have the same set of four quantum numbers
or an orbital can have maximum two electrons and thesg have opposite spin.
9. WhreaydJ hit a t hi n-plaraclesis deffected backd , v er
What does it prove?
Ans. There is a very small heavy body present within the atom.
10. What is the difference between a quantum and a photon?
Ans. The smallest packet of energy of any radiation is called a quantum
whereas that of light is called photon.
TWO MARKS QUESTIONS
1. Write the complete symbol for the atom with the given atomic number (Z) and
mass number(A). (a) Z=17,A=35 (b) Z2=92, A=233
Ans. (a) 17Cl (b) %
 Using s,p,d and f notation, describe the orbital with the following
guantum numbers
(@) n=1,1=0 (b) n=3, I=1(c) n=4, I=2 (d) n=4, I=
Ans. (a) 1s (b) 3p (c)4c(d) 4f
3. How many electrons in an atom haveftiilwing quantum numbers?
a. n=4, g=-1/2 b.n=3,I=0
Ans. (a) 16 electrons (b) 2 electrons.
4. An element with mass number 81 contains 31.7 % more neutrons as
compared to protons. Assign the atomic symbol.
Ans. Mass number =81, i.e.,p+n=81
If protons = X, then neutrons = x3..7X x = 1.317 X
100
Xx+1.317x = 81 or 2.317/x =
81 x=35
Thus proton = 35_j.e., atomic no. =
35 Hence symbol iS35Br
2. (i) The energy associated with the first orbit in the hydrogen ate?li8 x

10 “"J/atom. What is the energy associated with the fifth orbit
(ir1) Calcul ate the radius of Bohr o6s

Ans. (i) B, =-2.18 x 10" n° Eg=-2.18x 1095 =-8.72 x 16703
(ii) For H atom, = 0.529 x & r5=0.529 x 5 = 13.225 A= 1.3225 nm

6. Explain, giving reasons, which of the following sets of quantum numbers are
not possible.
(@) n=0,1=0; m=0, m=+% (c)n=1,|=0; =0, m=-2%

(b)n=1,1=1; Mm=-0, m=+ % (d; n=2,1=1;, m=0, m=+
Ans.(aNot possi bl & Not possible be



(c) possible

(d) Possible

3. (a)What is the lowest value of n that allows g orbitals to exist?
(b)An electron is in one of the 3d orbitals, Give the possible valuesl of

and njfor this electron.

Ans.(a) minimum value of n= 5
(b)n=3, =2, m=-2,-1, 0, +1, +2
8. Calculate the total number of angular nodes and radial nodes prespnt in 3

orbitals.
Ans. For 3p orbitals, n=3, I= 1
Number of angular nodes =1=1

Number of radial nodes =lrl = 31-1=1

9Me nt |

on

t he

draw backs of

Ans. 1. It could not explain the stability of an atom.
= It could not explain the line spectrum of &tom.

10.State deBroglie concept of dual nature of matter. How do dual nature of
electron verified?

Ans. Just as light has dual nature, every material particle in motion has dual nature
(particle nature and wave nature). The wave nature has been verified bgddavi

and

1. St at e
n+l rule

Ans.(a) Pairing of electrons in the orbitals belonging to the sarshell (p, d
or f) does not takeplace until each orbital belonging to that subshell has got one
electron each i.e., it is singly occupied.

(b)In the ground state of the atoms, the orbitals are filled inorder of

their increasing energies

Germer 6sexperi ment

(a) Hundd&s

THREE MARKS QUESTIONS
Rul e of

Rut her fordos

wher eas

ma X i

.particle

mum Mul

(c) Orbitals wih lower value of (n+l) have lower energy.If two orbitals have
the same value of (n+l) then orbital with lower value of n will have lower energy.

2. Write down the quantum numbers n and | for the following orbitals

Ans.

a. 2p

b. 3d

a.n=2, =1

c. 5f
b.n=3,1=2c.n=5, |I=3

3. Write the 3 points of difference between orbit and orbital.

ANS.

Orbit

Orbital

1. An orbit is a well defined
circular path around the
nucleus in which the
electrons revolve

1. An orbital is the three dimensional
space around the nuclewgthin
which the probability of finding an
electron is maximum(upto 90 %)

2. It represents the planar

the nucleus

motion of an electron aroun

. It represents the three dimensional

motion of an electron arouride
Nucleus

disc like

3. All orbits are circular and

Different orbitals have different
shapes, i.e.-erbitals are spherically
symmetrical, porbitals are dumibell
shaped and so on.




4. St at e Hei senber go6Galcuate the unteddinty ingthe pr i nc i
position of an electron if the uncertainty in its velocity is 5.7 Xrh(k.

Ans. It states that it is impossible to determine simultaneously, the exact
position and exact momaurh (or velocity) of an electron. The product of their

uncertainties iIs always
P X X (m’'x ¢ ] ]
ox = xh/m x @ 6.6x10°" =1.0x10"m

4x3.14x9.1x10 x5.7x 10
5. Write 3 points of differencesetween electromagnetic waves and matterwaves.

Electromagnetic waves Matter waves
1. These are associated witl1. These are not associated wit
electric and magnetic electric and magnetic field.
fields
2. They do not require any [2. They requiranedium for
medium for propagation. Propagation
3. They travel with the same3. They travel with lower speed
speed a that of light not constanr for all matter
Waves

6. (i) Calculate the number of electrons which will together weigh one
gram. (ii) Calculate the mass and charge of one mole of electrons

Ans. (i) Mass of one electron = 9.10939 Q?ﬂﬂ(g
~.Number of electrons that weigh 9.10939 i%(kg =1

Number ofelectrons that will weigh 1 g = (1 x 'Eﬁkg)

|
9.10939x 107" kg

x(1x107 kg)

=0.1098 x 10° * 3

=0.1098 x 16°

=1.098 x 16’

(i) Mass of one electron = 9.10939 x"'fbkg

Mass of one mole of electron = (6.022 xzc])ox (9.10939 ><1b31
kg) = 5.48 x 10" kg



Charge on one electron = 1.6022 *'Teoulomb
Charge on one mole of electron = (1.6022 13%0) (6.022 x 163)

—9.65x18C

7. Find energy of each of the photons which

(i) Correspondo light of frequency 3x 10Hz.
(i) (i) have wavelength of 0.50 A.

Ans.(i) Energy E) of a photon is given by the expression,

E - hv
Where,

h = Planckos c 0 st fraguency: of Iﬁght632>61](?ﬁ|z 10
Substituting the values in the given expressidr of

E=(6.626 x 10°) 3x 10°  E=1.988x10'%

(i) Energy €) of a photon having wavelengt&)i€ given by the expression,

h = Planckoés cOHstant . 626 1 1

c = velocity of light in vacuum = 3 X fm/s
Substituting the values in the given expressioR:of

1
o

(6.626 10 )(3x10%)
E= A
0.50x107"
LE=3.98x10" ]

=3.976x107" J

8. What is the wavelength of light emitted when the electron in a hydrogen atom
undergoes transition from an energy level with 4 to an energy level with
n=2?

Ans.Theyj= 4 to = 2 transition will give rise to a spectral line of the
Balmer series. Thenergy involved in the transition is given by the relation,

1 1

y

n;oon;

E=2.18x10"




Substituting the values in the given expressiok:of

T1=4]
=2.18x10°%| 1 J

2.18x107"® x| —— ]
\ ](),.‘

E =i (4.0875 x 10™)
The negative sign indicates the energy of emission.

he

Wavelength of light emitte(A‘ E

[ . . he)
| since £ =—
\ A /

Substituting the values in the given expressioa of

(6.626x107)(3x10")

4.0875x107"
A=4.8631x10" m
=486.3x10"m
=486 nm

9. An atom of an element contains 29 electrons and 35 neutrons. Deduce
()the number of protons arfil) the electronic configuration of the element
(iii) Identify the element.

Ans(i)For an atom to be neutral, the number of protons is equal to the
number of electrons.

(||3 electronlc configuration of  the atom IS
15°2¢° 2p 35 3p 45”30 (|||) Copper

10. Give the number of electrons in the spe¢H:384, and ©:
Ans. Number of electrons present in hydrogen molecujg€H + 1 =2

¢ Number of electrons ":= 2§ 1 =1

Numberof electronsinfJ=1+1=2

Number of electrons present in oxygen moleculg) €08 + 8 = 16
CNumber of electrons irO- =167 1 = 15

FIVE MARKS QUESTIONS WITH ANSWERS



1.Wh

at are the draw backs of Bohr 6s at on

the Bohr orbit for the hydrogen atom is an integral multiple of the de Broglie

wavel

Ans.

2.

3.
4.

ength associated with the electron revolving around the orbit.
1. Bo hr 6 s acooandfer kthe finer detaks of thie loydrogen spectrum.

Bohr6s model was al so unabl e to exc¢g
more than one electron.

Bohrds model was wunable to explain Z
Bohr s model could not explain the

by chemical bonds

Since a hydrogen atom has only one
postulate, the angular momentum of that electron is given by:

h
mvr = B—......... (1)

1
2 Wheren= 1, 2, 3, &
Accordingtod e Br ogl i eds equation:
s
my
h
or My = —........ (2)
A
Substituti mygd tfhreo nv ael xuper eosfs idon ( 2)
hr_,h
A 2n

T g . (3)

Sincréeb@presents the cirecryim$poveehyce of
equation (3) that the circumference of the Bohr orbit of the hydragman

IS an I ntegr al mul tiple of de Br o
theelectron revolving around the orbit.

State photoelectric effect. The work function for caesium atom is 1.9 eV.
Calculate (a) the threshold wavelength and (b) the threshold freqoetie
radiation. If the caesium element is irradiated with awavelength 500 nm,
calculate the kinetic energy and the velocity of the ejected photoelectron.
Ans. Photoelectric effect: The phenomenon of ejection of electrons from the
surface of metal whelight of suitable frequency strikes it is called
photoelectric effect. The ejected electrons are called photoelectrons. It

is given that the work function (¥yfor caesium atom is 1.9 eV.

AL

(a) From the expressiol , %, we get:
. _ hc
0T
Where,
ap = threshold wavelength
h = Planckds constant

c = velocity of radiation
Substituting the values in the given expressioreg)f (



(6.626107"" Js)(3.010" ms™

1.9 :-t:__l B02x107" ]
1653 x 10" m

A, =

Hence, the threshold wavelen: is 653 nm.
(b) From the expressic o ="u we get:

W,
o 0
h
Where,
30= threshold
frequencyh = Pl anckds

constant
Substituting the values in the given expressi@g-of
_1.9x1.602x107"]
6.626x107* Js
(1eV =160 Z‘-.-Jibng)
30=4.593x10 s )
Hence, the threshold frequency of radiatigg) (s 4.593 x 10%' L,
(c) According to the question:
Wavelength used in irradiatiorsy(= 500
nm Kinetic energy = ha(i 3q)
(1

! ’U

= he

1)
%)

- t6'6263‘- 10+ JS-)(V?.!.O % 10" ms™ ) ‘ dy =4 ’
| B '\ A4

} 4

. e o | (653-500)10"m
=(1.9878 %7 Im)| —— -
v ! )

(
(653)(500)10° " m*
(1.9878x107)(153x107)
] (653)(390)
=9.3149 x 167°J
Kinetic energy of the ejected photoelectron = 9.3149 ¥ WI0Since

I al - “ . - 2
L, 105 1012
CE =2 9314910 )

[2(9.3149x 10 J)
V= I . - J
V 9.10939=107" kg

= /2.0451x 0" m’s
v=4.52 x 10ms )
Hence, the velocity of the ejected photoelec{ins 4.52 x 10ms *.

3. (a)The quantum numbers of six electrons are given below. Arrange them in
order of increasing energies. If any of these combination(s) has/have the



same energy lists:



1.n=4,1=2,m=12,ms11/2
2.n=3,1=2,m=1,me= +1/2
3n=4,1=1,m=0,ms< +1/2
4.n=3,=2,m=2,msi1/2
5n=3,I=1,m=i1l ms= +1/2
6.n=4,1=1,m=0,ms= +1/2

(b)Among the following pairs of orbitals which orbital will experience the
larger effective nuclearcharge? (§and 3, (ii) 4d and 4, (iii)) 3dand $
Ans.(a)Fon = 4 andl = 2, the orbital occupied isd4

Forn = 3 andl = 2, the orbital occupied isd3

Forn=4 and = 1, the orbital occupied igp4

Hence, the six electrons i.e., 1, 2, 3, 4, 5, and 6 are prestm #, 3d,

4p, 3d, 3p, and 4 orbitals respectively.

Therefore, the increasing order of energies i9p€32(A) = 4(A) < 3(4)

= 6(4p) < 1 (4).
(b)Nuclear charge is defined as the net positive charge experienced by an
electron in the orbital of a ntu-electron atom. The closer the orbital, the
greater is the nuclear charge experienced by the electron (s) in it.

(i) The electron(s) present in the @rbital will experience greater nuclear
charge (being closer to the nucleus) than the electron(s) 8s trbital.

(i) 4d will experience greater nuclear charge th&sinte 4l is closer to
the nucleus.

(i) 3p will experience greater nuclear charge since it is closer to the
nucleus thanf3

4. (i) The unpaired electrons in Al and Si are present in 3p orbital. Which
electrons will experience more effective nuclear charge from the nucleus?
(ii) Indicate the number of unpaired electrons in: (a) P, (b) Si, (c) Cr, (d) Fe
Ans. (i) the electrons in thep3orbital of silicon will experience a more
effective nuclear charge than aluminium.

(i) (@) Phosphorus (P):
Atomic number = 15
Th3e electronic configuration of P i1 25° 2p63$.2
3p~ The orbital picture of P can be represented as:

HE

ls  2s 2p 3 3p
From the orbital picture, phosphorus hiaie unpaired electrons.
(b) Silicon (Si):
Atomic number = 14
5 The electronic configuration of Si s 28" 2p6

3s 3p™ The orbital picture of Si can be represented as:
[t]t] |

Is 25 2p 3s 37
From the orbital picture, silicon haso unpaired electrons.
(c) Chromium (Cr):Atomichnumber = 24



The electronic configuration of Cr i$21252 2p6 3523p6 4sl 3d5

The orbital picture of chromium is:
[HIHTH] [ [T

s 2y 2p 3s 3p 45 3d
From the orbital picture, chromium hsig unpaired electrons.
(d) Iron (Fe):
Atomic number = 26
The elegtrogic configuration i$?[ 252 2p6 3523p6
4s” 3d” The orbital picture of chromium is:
[MIfTs 00 [T

Iy 25 2p 3s ip 4 3d
From the orbital picture, iron hésur unpaired electrons.

HOTS QUESTIONS WITH ANSWERS

1. Give the name and atomic number of thert gas atom in which the total
number of delectrons is equal to the difference between the numbers of total
pand total s electrons.

Ans. dectronic configuration of Kr gtomic no0.=36) 232 2s 2p6
3323p63d104324p6 Total no. of selectrons = 8, total no. of-@lectrons = 18.
Difference = 10
No. of d electrons = 10

2. What is the minimum product of uncertainty in position and momentum
of an electron?

Ans.h/4

3. Which orbital is nordirectional ?
Ans. s orbital

4. What is the difference between the notatibrasdL?

Ans. | represents the swhell and L represesshell.

5. How many electrons in an atom can have | = 6?

Ans. 18 3

6. Ananion A~ has 18 electrons. Write the atomic number of A.

Ans.15

7. Arrange theelectron €), protons f) and al pha particl
increasing order for the valuesefm(charge/mass).

Ans.Up<e

2



Value Based questions

Q1. The use of fluorescent light tubes for lighting homes, offices etc are very common. Also ,
in the advertisements displayed in front of offices , shops etc., you have quiet often seen use of
colures light tubes.To reduce the consumption of electricibe of CFLs (compact fluorescent
lamps light bulbs ) is becoming very popular . To further cut consumption, now a days, we
have LED ( light emitting diodes ) in the form of very efficient solid bulbs grouped in clusters .

Now, answer the following qugsn:

(i) How do differ from fluorescent light tubes? Whatthe basic principles? What harm they
do to the atmosphere after they are discarded?

(i'How do LED bulbs differ from CFL bulbs?

(i) A laymen asks you how different colors are obtained in igji@ kubes of advertisements?
How would you explain this to him?

ANS:(i) Fluorescent light tubes are cathode ray tubes coated with a suitable material ( called
phosphor) which produces visible light when hit by cathode rays. CFLs are simply miniature
versons of fultsized fluorescent. They screw into standard lamp sockets and give off light
similar to the fluorescent light tubes.They are more efficient. They contain mercury vapuors.
When, broken mercury vopours enter into atmosphere and cause healtls.hazard

(i) LED bulbs do not contain mercury and hence are-faeadly. They consume less
electricity than CFLs. Moreover, they last longer than CFLs.

(i) The light tubes emitting different colors are basically dischauees.The color of the

light emitted depends upon the gases taken inside the discharge tube and the color of the glass.
For example, neon in colorless tubes produces orange red light and deep red in light red tube.
Similarly, a mixture ofneon,argon and mercury vapor emit light blue, dark blue and light
green light depending upon weather the tube colorless, purple or green.

Q2. All sources of energy such as sun, electric bulb , heater etc. emit energy which travels in
the form of wavescalled electromagnetic wave because they are associated with
electric and magnetic field®epending upon the nature of tkeurce, we have different
types of electromagnetic waves such as microwaves, radiowaves y gays, apsmic rays
etcdiffering from each other their wavelength or frequency.

Now, answer the following question :

(i) Should microwave oven be used for heating or cooking the food at home? Comment with
points in favour and against.

(i) Why is it advised not to keep yocellphone in the breast pocket of your shirt?

(iif) Why a person should go for minimum-pays and a pregnant woman should not go for X
rays at all?

(iv) Give one important application of ultrasound waves in medical field. How is it being
misused in medicdleld ?



ANS:(i)Microwaves are high energy electromagnetic waves. It is believe that they
agitate the molecules to move faster and fastéestroysvitamins, minerals and protein.

It changes them into products which may cause cancemonyeloss and decrease in
intelligence.However, it is believed that a limited use tafiarmfuleffects. In a modern fast

life, it saves a lot of time and is a clean method of warming the food.

(iDlt is believed that microwaves or radio waves of cellmpd could interact with our heart.
This problem is more serious for people using cardiac pace makers. Hence it is advised not to
keep cell phone in breast pocket.

(i) X -ray is a type of high energy radiation. This can be destructive to all living oelllsaan

cause DNA damage and mutation. They have bad effects on pregnancy and child birth. They
can deform the body of infant and could be fatal to his life. They can harm the tissues of the
bones cal |l ed Thug thereean e zangenital disonde(birth defects).

(iv)Ultrasound waves are high frequency sound waves. They are used to treat pain conditions
and promote tissue healing in physiotherapy. The ultrasound machine is also used in the
medical field to follow the growth of baby in the wombtiee pregnant women. However, it is
being misused to know the sex of the unborn baby.

Q3. Nobody has seen electrons, protons and neutrons. However, the discovery of Rutherford
model,Bohr model and further modification have revolutionized their applipatiodifferent
fields.

Now, answer the following questions:
(I) Give one application where electron beam is used.
(i) Give one application of proton in medical field.

(i) Like electrons, protons in the nuclei also spin. This property of protons hpsdnhtd
develop machine called nuclear magnetic Resonance (PNMR or simply NMR). What for this
machine is used?

(iv) How has the discovery of neutron been useful as well as harmful to the society?

Ans. (i) Cathode rays (beam of electrons) when focused beasy metal like tungsten,
molybdenum etc. produce-bays which find wide applications in medical field. Also, electron
microscope which uses a beam of electrons to illuminate a specimen (an extremely small
piece) produces a magnified image.

(i)Proton trerapy is a type of particle therapy which uses a beam of protons to irradiate disease
tissue, most often in the treatment of cancer.

(iNMR spectroscopy is used to determine the structure of an organic compound by revealing
the hydrogen and carbon skele.

(iv)When a neutron hits uranium, a chain reaction is set up accompanied with evolution of
tremendous amount of energy. The energy can be used in the atom bomb for destruction or it
can be used in the nuclear reactor to produce electricity.

Q4. Whena light or some other form of electromagnetic radiation strike the surface of metal,
or certain kinds of matter, electrons are ejected. This phenomenon is called photoelectric



effect. Two or most important applications of the photoelectric effect is th@gtemical cell

and solar cells. A photocell consist of a vacuum fitted with 2 metal plates, on one of which
light falls and act as cathode and the other receives the electrons and act as anode( connected to
a source of positive charge). A solar cell cens light energy into electrical energy and
generally uses silicon as an emitter.

() Give 3 important applications of everyday life where photocells are used.
(if) Give one important application of photocell in factory.

(i) Give 3 applicationswhere star cells are used or can be used. Why there use is not so
common?

Ans. (i) (&) In automatic door opener&s a approaches the door, light between the emmiter
and the receiver is cut off. The current stdlpsving. It activates the switch and the door is
opened automatically.

(b) In intrusion alarm(burglar alarm)hen a family is not at home and they lock the door,
they switch on the photocell. When a thief enters the house, the switch is activated and the bell
starts ringing .Photo cell thus used somes is also called electric eye. This is also used in
bank security system.

(c)In turning street lights on and off during dusk and dawhis is done by installing photo
cells on the light poles.

(iNln a factory, the items on a conveyer belt pass betveebaam of light and photocell. As
each time passes the beam, it intersceptsthe light. The current in the photocellstops and counter
is turned on.With this method,the exact numberof items living the factory can be counted.

(i) (a)Solar cells can be uséd provide small amounts of electricity in remote location where
other sources are not available.

(b)In solar lantern in place of torches.
(c) In solar geysers for heating water.
There use is not so common because:

(1) Individual solar cells produce a lowltage of about 0.6 volt.

(2) They are quite expensive.



CHAPTER-3

CLASSIFICATION OF ELEMENTS AND PERIODICITY IN
PROPERTIES OF ELEMENTS

Mandel eev s :Pé&heipombeities ofltteewelements are the
periodicfunction of their atomic masses.

Moseley, the English physicist showed that atomic number is more fundamental
property of an element than its atomic mass. Therefore, the position of an
element in the periodic table depends on its atomic number than its atomic mass.

Modern Periodic Law: The physical and chemical properties of elements are
theperiodic functions of their atomic numbers.

Types of Elementss-, p-, d and £ blocks.
MAIN GROUP ELEMENTS/ REPRESENTATIVE ELEMENTS:

The s and p block elements are called main group elements or
representative elements.

s block elements: Groupl (Alkali metals) and Grouzﬁ elements

(Alkalineearth metals) which respectively have" rxd n§ outermost
electronic configurations.

p- Block elements: They beIongGS to groupl3 to 18. The outer most
) : . .02 o 1° 2, . :
electronicconfiguration is nsnp= . He (1S) is a s block element but is

positioned with the group 18 elementsz(nQG) because it has completely filled
valence shell and as a result, exhibits properties characteristic of other noble
gases.

d- block elements (Transition elementsare the elements of group 3 to
12having outer electronic configuration-Ii ¢ ns"2 Four transition

series are 3d, 4d, 5d and 6d. The 6dries is incomplete. Atomic radius
generally decreases across a period andaseseas we descend the group.

f-Block elements (Inner transition Series)

Lanthanoids charecterised by the filling of#tbitals, are the elements following
lanthanum fronggCe to71Lu. Actinoids characterised by filling of &irbitals, are

the elements following actinium fromoTh to 103.r. Characteristic outer
electronic configuration is (&) g4 (n-1) nd



Noble Gases The gaseous elements of group 18 are called noblezgases.
Thegeneral outermost electronic configuration of nobkegdexcept He) is ns

np6. He exceptionally has _?Ls:onfiguration. Thus the outermost shell of noble
gases is completely filled.

PERIODICITY: The repetition of similar properties after regular intervals
iscalled periodicity.

Cause of Periodicity The properties of elements are the periodic repetition
ofsimilar electronic configuration of elements as the atomic number increases.

ATOMIC PROPERTIES: The physical characteristics of the atom of
anelement are called atomic properties. The properties suatoragc radius,
lonic radius, ionisation energy, elecinegativity, electron affinity and valence
etc., called atomic properties.

ATOMIC RADIUS - The distance from the centre of the nucleus to
theoutermost shell of the electrons in the atom of any elemmesdlled its
atomic radius.

Periodicity- (a) In period Atomic radius of elements decreases from left to
rightin a period.

(b) In Group Atomic radius of elements increases on moving top to bottom in
a group.

COVALENT RADIUS - Half the internuclear distance between two
similaratoms of any element which are covalently bonded to each other by a
single covalent bond is called covalent radius.

VAN DER WAAL S0 HaR %® intekRuclear separation between
twosimilar adjacent atoms belonging to the meaghbouring molecules of the
same substance in the solid state iIs

METALLIC RADIUS: Half the distance between the nuclei of the two
adjacentmetal atoms in a close packed lattice of the metal is called @Hiamet
radius.

Van der Waal séradius > Met al | i1 c
IONIC RADIUS: The effective distance from the centre of the nucleus of an
ilonupto which it has an influence on its electron cloud is called its ionic radius.

A cation issmaller but the anion is larger than the parent atom. In case-of iso
electronic species, the cation with greater positive charge has smaller radius

but anion with greater negative charge has the larger radii.

IONISATION ENTHALPY: The ionisation enthalpy si the molar



enthalpychange accompanying the removal of an electron from a gaseous phase
atom or ion in its ground state. Thus enthalpy change for the react'@’iﬁ M

M)+ €

Is the ionisation enthalpy of the element M. Like ionisation energies for
suce@ssive ionisation, the successive ionisation enthalpy may also be termed as

i onisati ofy)enttthalrpdy i(osejHs att. Theterment h a
l oni sati on ent hal py S t akenHpfior t he
expressed injkmol orin eV.

Periodicity:
1) Generally the ionisation enthalpies follow the order ( there are few
exceptions):
( dd) H2) < (H3) (=

3. The ionisation enthalpy decreases on moving top to bottom in a group.
4. The ionisation enthalpy increases on moving from left to right in a period.

ELECTRON GAIN ENTHALPY: The el ectron gfdiisn ent

themolar enthalpy change when an isolated gaseous atom or ion in its ground
state adds an electron to form the cgpanding anion thus the enthalpy change

for the reaction; ¥y +e Y ¥g)

is called the el gtlhr ofi ¢aien edgidmayalt p . (
be positive or negative.

The successive values for the addition of second, third etc. Electron, these
are called second, third etc. electron gain enthalpies. For example,

Xeg + e Y X &eH =¢qlda is called first electron gain
enthalpy

- 2 :
X (g) + e Y X' (g &H =¢qglé® is called second electron g:
enthalpy

2- - .. 3 . . .
X" @)+ e Y X &H =¢gld3 is called third electron gain

ent hal py Usually the t g4f)mmeaas teecfirst on g
electron gain enthalpy.
Periodicity:
1. In period The electron gain enthalpy increases from left to
right in a period.

2. In group The electron gain enthalpy decreases from top to



bottom in a group.

ELECTRONEGATIVITY: fiThe relative tendency of an atom in a molecule
toattract the shared pair of electrons towards itself is termed as its€leetgpa t i vi t y .

Periodicity:

1. In period The electrenegativity increases from left to right in a period.
2. In group The electrenegativity decreases from top to bottom in a group.

VALENCE ELECTRONS: The electrons present in outermost shell are
calledas valence electron. Because tle&ctrons in the outermost
shelldetermine the valency of an element.

VALENCY OF AN ELEMENT: The number of hydrogen or halogen atom
ordouble the number of oxygen atom, which combin with one atom of the
element is taken as its valency. According to thetedaic concept of valency,

A the number of el ectrons which an at
atom to attain the noble gas configur e

Periodicity:

6. In period The valency first increases then decreases from lefghd in
a period.

7. In group The valency remains constant from top to bottom in a group.

ELECTROPOSITIVE OR METALLIC CHARACTER: The tendency of
anelement to lose electrons and forms positive ions (cations) is called
electropositive or metallicharacter. The elements having lower ionisation
energies have higher tendency to lose electrons, thus they are electropositive or
metallic in their behaviour.

Alkali metals are the most highly electropositive elements.

Periodicity: In period The electrpositive or metallic characters decreases
fromleft to right in a period.

In group The electropositive or metallic characters increases from top to
bottom in a group.

ELECTRO-NEGATIVE OR NON- METALLIC CHARACTERS:
Thetendency of an element to accelgtctrons to form an anion is called its non
metallic or electronegative character. The elements having high electro



negativity have higher tendency to gain electrons and forms anion. So, the
elements in the upper right hand portion of the periodic taklelactrenegative
or nonmetallic in nature.

Periodicity:

3. In period The electrenegative or non metallic characters increases
from left to right in a period.

4. In group The electrenegative or nommetallic characters decreases from
top to bottom in a group.

REACTIVITY OF METALS:
Periodicity:

1. In period The tendency of an element to lose electrons decreases in
a period. So the reactivity

of metals decreases from left to right in a period.

2. In group The tendency of an element to lose electrons increases in a
period. So the reactivity

of metals increases from top to bottom in a group.
REACTIVITY OF NON - METALS:

1. In period The tendency of an element to gain electrons increases in
a period. So the reactivity of nanetals increases from left to right
in a period.

2. In group The tendency of an element to gain electrons decreases in a
group. So the reactivity of nemetals increases from top to bottom
in a group.



SOLUBILITY OF ALKALI METALS CARBONATES
AND BICARBONATES:

PERIODICITY IN GROUP: The solubility of alkali metal carbonates
andbicarbonates in water increases down the group (From Lithium to
Caesium).

SOLUBILITY OF ALKALINE EARTH METAL HYDROXIDES
AND SULPHATES:

PERIODICITY IN GROUP: The solubility of alkaline earth metal
hydroxideand sulphates in water increases down the group (From Beryllium to
Barium).

BASIC STRENGTH OF ALKALINE EARTH MET AL HYDROXIDES:

PERIODICITY IN GROUP: The basic strength of alkaline earth
metalhydroxide in water increases down the group (From Beryllium to
Barium), i.e.,

Be(OH) < Mg(OH)< Ca(OH)< Sr(OItI)2< Ba(OH)

Basic strength increases

THERMAL STABILITY OF CARBONATES OF ALKALI
AND ALKALINE EARTH METALS:

Except lithium carbonate, (LiC§) the carbonates of all other alkali metals
are stable towards heat, i.e., carbonates of alkali metals (except)LdG@ot
decompose on heating. LiG@ecomposes on heating to give lithium oxide
(LICO3).

The carbonates of alkaline earth metals are relatively less stable. On heating,

they decompose to give corresponding oxide and §43. The decomposition
temperature for alkaline earth metal carbonateseases as we go down the

group.

Anomalous Properties of Second Period Elements

Their anomalous behaviour is attributed to their small size, large charge/radius
ratio, high electro negativity, nemvailability of ¢ orbitals in their valence shell.

The first member of each group offplock elements displays greater ability to
foomp-pmul tiple bonds to 1 tself (e. g.
second period el ements (e.g. C=0, CIl
of the group.

C

N






ONE MARK QUESTIONS

Q1. Select the species which are-éectronic (same number of electron) with
each other.

(1) Ne ) I 3) c&" (4) Rb'
Ans-Thecl  and c&". Both have 18-eeach.

Q.2. What the elements of a group hasenmon among them?
Ans- They have same number of electrons in the valence shell.
Q.3. What thesand p block elements are collectively called?
Ans- Representative elements.

Q.4. Define atomic radius.

Ans- The onehalf the distance between the nuctdi two covalently
bonded atoms of the same element in a molecule is called as atomic radius.

Q.5. State the modern periodic law.

Ans- The physical and chemical properties of the elements are theperiodic
function of their atomic numbers.

Q.6. Name thgroups of elements classified ass and d blocks.

Ans- s block= 1,2 (including He), fblock= 13 to 18 (except He); Block= 3 to 12.

Q.7. Define the term ionisation enthalpy.

Ans- The energy required to remove the outer most electron from the
valence shell of an isolated gaseous atom is called as ionisation enthalpy.

Q.8.In how many groups and periods the elements in modern periodic table
are classified?

Ans- In 18 groups and 7 periods.

Q.9. What do you mean by electronic configuration ofeleenents?



Ans- The systematic distribution of the electrons among the orbitals of an
atom of an element according to increasing order of their energies is called as
electronic configuration of that element.

TWO MARKS QUESTIONS

Q.1. Describe the two merits of long form periodic table over the
Mendel eevdéds periodic tabl e?

Ans- 1. It removed the anomalies about the position of isotopes which existed
i n the Mendel eevds tabl e.

2. It relates the position of an element in the periodicetalith its
electronic configuration.

Q.2. What is a period in the periodic table? How do atomic sizes change in
a period with an increase in atomic number?

Ans- The horizontal rows in periodic table are called as periods. The atomic
sizes decrease inpeeriod with an increase in atomic number.

Q.3. The outer electronic configuration of some elements are:
(@) 3€3p" (b)3d4s (c)3€3p° 48  (d) 6€ 4
To which block of elements in the periodic table each of these belongs?

Ans- (a) p Block (b) d Block (c) s Block (d) f Block

Q.4. What is meant by periodicity in properties of elements? What is the reason
behind this?

Ans- The repetition of similar properties after regular intervals is called as
periodicity. It is due to the similarityn the outer electronic configurations
which gives rise to the periodic properties of the elements.

Q.5. How do atomic radii vary in a group and a period?
Ans- In group Atomic size increases on moving from top to bottom.
In period Atomic size decrases on moving left to right in a period.
Q.6. Arrange the following in the order of increasing radii:
@111 (b)O,P,N
Ans- (@) I'<1<1 (b)) O<N< P



Q.7. Name the factors which affect the ionisation enthalpy efement.

Ans- (i) Size of atom or ion (ii) Nuclear charge (iii) Electronic configuration

(iv) Screening effect  (v) Penetration effect of the electrons

Q.8. How does ionisation enthalpy vary in a group and a
period?Ans In Period It increases from let right

In group It decreases down the group.
Q.9. Noble gases hayesitiveelectron gain enthalpy values. Explain.

Ans- Because the outer most shell of noble gases is completely filled and
no more electrons can be added.

Q.10. Elements in the sargeoup have equal valency. Comment on it.

Ans- Because the general outer most electronic configurations of the elements of
a group remain same and they contain equal number of electrons in their
respective outer most shells.

THREE MARKS QUESTIONS

Q.1. The first ionisation enthalpy of magnesium is higher than that of sodium. On
theother hand, the second ionisation enthalpy of sodium is very much higher than that of
magnesium. Explain.

Ans- The T ionisation enthalpy of magnesium is higher than thdti@fdue to higher
nuclear charge and slightly smaller atomic radius of Mg than Na. After the loss of first
electron, Na formed has the electronic configuration of neon (2,8). The higher
stability of the completely filled noble gas configuration leads ty \Vegh second
lonisation enthalpy for sodium. On the other hand,+l\fqmed after losing first

electron still has one more electron in its outermost (3s) orbital. As a result, the second
lonisation enthalpy of magnesium is much smaller than that of sodium

Q.2. What are the major differences between metals and non
metals?Ans

Property Metal Non Metal

Nature Electropositive Electronegative

Type of ion Cation (Positively Charged| Anion (Negatively
formed Charged)

Reaction with | Active metals displace Do not displace hydroge
acids hydrogen

Oxides Basic Acidic




Q.3. Among the elements of the second period Li to Ne pick out the element:
(i) with the highest first ionisation energy(ii) with the highest electronegativity

(i) with the largest atomic radius Give the reason for your choice.

Ans- (i) The ionisation energy increases on going from left to right.
Therefore, the element with the highest ionisation energy is Ne.

i) The electro negativity is electromccepting tendencylhis increases on
going from left to right and decreases down the group. Therefore, the element
with the highest electranegativity is F.

lil) The atomic radius decreases across a period on going from left to right.

Thus, the first element of amperiod should have the largest atomic radii. Here,
Li has the largest atomic radlii.

Q.4. Arrange the following as state

() N2, Op, B, Clp (Increasing order of bond dissociation enel
(i) F, CI, Br, | (Increasing order of electron ganthalpy)
(i) F2, N2, Clb, O2  (Increasing order of bond length)

Ans- (i) Fo < Clh < O < N>
i 1 < Br < F < Cl
(i) N2 < O, < Fo < Cly

Q.5. Why does the first ionisation enthalpy increase as we go from left to
right through a given period die periodic table?

Ans- In a period, the nuclear charge (the number of protons) increases on going
from left to right. The electron added to each element from left to right enters
the same shell. This results in an increase of the effective nucleae dwogs

the period on moving from left to right. As a result, the electron get more firmly
bound to the nucleus. This causes an increase in the first ionisation enthalpy
across the period.

Q.6. Use the periodic table to answer the following questions.
(i) Identify the element with five electrons in the outer-shbll.
ii) Identify an element that would tend to lose two electrons.

i) Identify an element that would tend to gain two electrons.



Ans- (i) Chlorine (ii) Magnesium (i) Oxygen

Q.7. Explain why are cations smaller and anions larger in size than their
parent atoms?

Ans (@) The cations are smaller than their parent atoms due to the
followingreasons:

Disappearance of the valence shell.
Increase of effective nuclear charge
b)The anions are larger than their parent atoms due to the following reason:

An increase in the number of electrons in the valence shell reduces
the effective nuclear charge due to greater mutual shielding by tiemak As
a result, electron cloud expands, i.e., the ionic radius increases.

Q.8.Describe the theory associated with the radius of an atom as it

(a) gains an electron (b) loses an electron

Ans- (a)When an atom gains an electron, its srmeases. When an electron
isadded, the number of electrons goes up by one. This results in an increase in
repulsion among the electrons. However, the number of protons remains the
same. As a result, the effective nuclear charge of the atom decreadbg and
radius of the atom increases.

(b) When an atom loses an electron, the number of electrons decreases by
onewhile the nuclear charge remains the same. Therefore, the interelectronic
repulsions in the atom decrease. As a result, the effective nuclege cha
increases. Hence, the radius of the atom decreases.

Q.9. How does atomic radius vary in a period and in a group? How do
youexplain the variation?

Ans- Atomic radius generally decreases from left to right across a period. This
Isbecause within @eriod, the outer electrons are present in the same valence
shell and the atomic number increases from left to right across a period, resulting
in an increased effective nuclear charge. As a result, the attraction of electrons to
the nucleus increases.

On the other hand, the atomic radius generally increases down a group. This is
because down a group, the principal quantum numbgrinCreases which
results in an increase of the distance between the nucleus and valence electrons.



Q.10.Consider the following species:
N*, 0 F, Na', Mg® and APY
(d) What is common in them?

(b) Arrange them in the order of increasing ionic radii.

Ans- (a) the same number of electrons (10 electrons). Hence, the given
speciesare isoelectronic.

(b) AI3+< Mg2+< Na+< FT< O2'|'< N3'|'
FIVE MARKS QUESTIONS

Q.1. What is the cause of the periodicity in the properties of the elements? How
do the following properties vary in (a) a group and (b)in a perio

(i) electronegativity (i) ionisation enthalpy (iii) Atomic size

Ans- It is due to the similarity in the outer electronic configurations which gives
rise to the periodic properties of the elements.

(@) In a group:
(i) Electronegativity It decreases down the group.
(i) lonisation enthalpylt decreases down the group.
(i) Atomic size It increases down the group.

(b)In a period:
(i)  Electronegativity Increases
(i) lonisation enthalpylncreases
(i) Atomic size Dereases.

Q2.The fHI)starfdp t hjed) iosiztonentdalpiésqin ki mol)
andt hge) elecumn gain enthalpy (in kJ rr'mo) of a few elements are given
below:

Elements iHL H2 egH
I 520 7300 160
[l 419 3051 148
[l 1681 3374 1328
vV 1008 1846 1295
V 2372 5251 +48

Vi 738 1451 140



Which of theabove elements is likely to be :

(a) the least reactive element. (b) the most reactive metal.
(c) the most reactive nemetal. (d) the least reactive nrametal.
exhe metal which can form a stable binary halide of the formulg,MX
(X=halogen).

f) the metal which can form a predominantly stable covalent halide of

the formula MX (X=halogen)?

Ans (a)Element V is likely to be the least reactive element. This is because it hasthe
highest first jHY andapoditiveclectren gainke ahl aplagpl)y( of
b)Element Il is likely to be the most reactive metal as it has the lowest first
i oni zati ojiy) eratnidalapy owpnegati vegl. el ectron
c)Element Il is likely to be the most reactive iometal as it has a high firginization
ent hajHjpyaOd the highest negegt)i ve el ectr
d)Element V is likely to be the least reactive horetal since it has a very high first
ioni zati ojiy) ermtnidalapyp o(sdot i ve ¢gl)hectron gai
e)Elemen t VI has a | ow negat gg¥).eThus,litescat r on
met al . Further, It has t heH)lHengee $¢an s e c C
form a stable binary halide of the formula MX=halogen).
f)Element | has low first ionization energy and high second ionization energy.
Therefore, it can form a predominantly stable covalent halide of the formula MX
(X=halogen).

VALUE BASED QUESTSON

1. In the long form of the periodic table, all the knoalements have been divided into four
blocks called s, p, d and f block elements. Till today elements with atomic humber up to
112 have been fully characterized while momentary detection /isolation of elements with
atomic numbers 11318 have been succed$fuobserved. The present set up of the long
form of periodic table as on today can accommodate at the maximum, elements with
atomic numbers up to 118. What would happen, if in future, elements with atomic
numbers more than 118 are discovered? now ank@dolowing questions:

)] What modifications in the present set up of the long form of periodic table do you
propose to accommodate elements with atomic numbers 119 and 120, if discovered
in future? Which group and period would you assign to these two reigetne

) If an element with atomic number 121 were discovered in future, can you still
classify it into one of the four blocks; s ,p ,d and f. if not , then do you propose a
new block for this element ? If yes, then what name do you propose for this block
andhow many new elements it can accommodate and where to place this block in
the present set up of the long form of the periodic table?

Ans. (i) The maximum number of elements which can be accommodated in the present set up
of the Long form of the periad table is 118. Thereatfter, filling of 8s orbital shall begin for this,



8th period will have to be incorporated in the present set of the long form of the periodic table.
Since ssubshells can accommodate only 2 electrons therefore, elements with Z3I14® an

alkali metal, placed in group 1 with'8as the outer electronic configuration. Similarly, Element
with Z= 120 will be an alkaline earth metals, placed in group 2 witta8she outer Electronic
configuration.

(i)  An element with atomic number 121f discovered , cannot be placed into one of the
already known four blocks, i.e., s ,p, d and f. it has to be placed in a new block called
the gblock. It will have nine orbitals which can accommodate eighteen elements with
Z=121-138. Like tblock, this newly conceived-glock will have to be placed at the
bottom of the present set up of the long form of periodic table.

The main discrepancy of the long form of the periodic table is the placement of Lanthanoids and
Actinoids at the bottom ofhe table. To include them in the main body of the periodic table,
extended version of the long form of the periodic table has been proposed. Now answer the
following questions :

I.  Construct the extended version of the long form of the periodic table.
II. Whatare the drawbacks of the extended version of the periodic table, if any why?

Ans.(i) Place the representative elements of group 1 and 2 on the left hand side and those of
group 13 18 on the right hand side in the same way as they appear in the tadiing form of
the Periodic table. Divide the space between these 2 sets of the representative elements into 2
parts. on the left Part, place the inner transition elements in 2 horizontal series of 14 elements
each, the first Horizontal series which liesthe " period consist of 14 Lanthanoids (Z=30)
while the second horizontal series which lies in tie@riod also consists of 14 Actinoids(Z=89
to 102).

On the right part, place the transition elementd horizontal series of 10 elements each:
first series with Z=21 to 30 lies in the fourth period, second series with Z=39 to 48, lies in fifth
period, & series, with Z= 71 to 80 lies in the sixth period afcsdries with Z=103 to 112 lies in
the 7" period. The outlines of the extended version of the periodic table thus obtained are shown
below.

Noble
Representative Elements Gases
1 [z=1 N Z=2
Transition
2 |z=3 |[z=4 Elements  '7-5.9 Z=10
3 Z=11 | Z=12 Z=1317 /=18
Inner Transition Elements
4 Z=19 | Z=20 Z=21-30 Z=31-35 /=36
5 Z=37 | Z=38 Z=39-48 Z=49-53 Z=54
6 Z=55 | Z=56 Lanthanoids (Z= 570) Z=71-80 Z=81-85 /=86
7 /=87 | Z=88 Actinoids (Z= 89102) Z=103112 | Z=113117 | Z=118







