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CHAPTER -3

ATOMS AND MOLECULES

LAWS OF CHEMICAL COMBINATIONS
Before Dalton concept of atom was mere philosophical. Dalton explained about atom on the
basis of Laws of Chemical Combinations.

There are three laws of chemical combination.

1. Law of Conservation of Mass
2. Law of Constant Proportions
3. Law of Multiple Proportions

Laws of chemic
combination

The Law of
conservation of

Thelaw of constant The Law of Multiple

roportions ~ Proportions
mass AL P
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scientist, established the theory of Law of Conservation of

Antoine L. Lawv
; f mass states. “Mass can neither be ereated nor destroyed

Mass. Thel
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All matters in the universe exi;‘hree states. There are two ways of classification of matter.
1. According to physical state as solid. liquid or gas.
2. According to its composition as element, compound or mixture.

According to this law mass of an isolated system will remain constant over time. This means
when mass is enclosed in a system and none is allowed in or out, its guantity will never
change. That is mass will be conserved. and hence this is called Law of Conservation of Mass.
This means total mass of products is always equal to the total mass of reactants. As there is no
loss of mass of substances. i.e. mass is conserved. that’s why Lavoisier called this the law of
conservation of mass.

REACTANTS AND PRODUCTS:
In a chemical reaction the substances that combine or react are known as reactants and the new
substance/substances formed are called product or produets.
A chemical reaction can be represented in general as follows:

Reactant + Reactant —— Product
Example: When caleium oxide is dissolved in water caleinm hydroxide is formed. The reaction
involve in this can be written as:




Calcium Oxide + Water ———— Calcium hydroxide

LV

Reactants Product
In this reaction calcium oxide and water are reactants while calcium hydroxide is product.
In this reaction 74 g of caleium hydroxide is obtained when 56 g of calcium oxide reacts with
18 g of water, which is proved by experiment.

Calcium Oxide + Water

56g +18g=74g
Here the total mass of reactants, i.e. caleium oxide and water 1s equal to 74 g. And the mass of

product. 1.e. caleium hydroxide is also equal to 74g. This proves that the total mass of reactants
15 always equal to the total mass of product. which proves the Law of Conservation of Mass,

Calciym hydroxide

74g
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LAW OF CONSTANT PROPORTIONS

Law of Constant Proportion states that a‘ehemical compound always contains exactly the
same proportion of elements by mass.

This law is also known as Law of.definifeproportions. Joseph Louis Proust gave this law
hence, this law is also known as Proust’s Law.

Explanation of the law:-

Compounds are formed, by the combination of two br more elements. In a compound the ratio
of the atoms or elément bymass remains always same wrrespective of the source of compound.
This means a certain eompound always formed by'the combination of atoms in same ratio by
mass. If the ratio of mass of eonstituent atoms will be altered the new compound is formed.

Examples:-

Water is formed by the combination of hydrogen and oxygen. The ratio of masses of hydrogen
and oxygen is always in 1:8 in water irrespective of source of water. Whether you colleet the
water from a well. river. pond or from anywhere the ratio of their constituent atoms by mass
will always same.
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Nitrogen dioxide is a compound. which is formed by the combination of nitrogen and oxygen.
The ratio of nitrogen and oxygen by mass in nitrogen dioxide 184in 7:16.

Nitrous oxide is a compound which is also formed &y the combination of nitrogen and oxygen.
The ratio of nitrogen and oxygen in nitrous oxidé is 1 28: 16.

Nitric oxide is a compound, which is also forfueddy the combination of pitrogen and oxygen.
The ratio of nitrogen and oxygen in nitric oxmde 15 in 7:8.

From the above three examples it is clear that if the ratio of the atoms’by mass is altered then
the new compound is formed. such as in the @ase of nitrogen dioxide, nitrous oxide, nitric
oxide. These three compounds are'formed byithe combination of same atoms but because of
combination of the constituent atoms indifferent ratios by mass new compound is formed.

Law of Conservationof mass:

proposed by the French chemist”
Antoine Lavoisier (1774)

rMa can neither be

chemical reaction.
OR

roducts.
\

w

created nor destroyedina

For any chemical process in
a closed system, the mass
of the reactants must be
equal the mass of the

C+0, = CO,
12g +32g = 44g

b

Law of definite proportion:

proposed by Louis Proust
(1799)

'A chemical compound
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'.

J

One molecule of a compound
water always contains same ratio
of Hydrogen and Oxygen by mass
l.e.

H,O0= 2:16=1:8

John Dalton, a British Chemists and scientists gave the Atomie Theory in 1808. This theory is
popularly known as Dalton’s Atomic Theory in the honour of John Dalton. He gave the theory
on the basis of Laws of Chemical Combination and explains them properly. In his theory he

explains about atom.



Main postulates of Dalton's atemic theory

1. Elements are made of extremely small particles called atoms.

2. Atoms of a given element are identical in size. mass. and other properties:
3. Atoms of different elements differ in size. mass, and other properties.

4. Atoms cannot be subdivided, created, or destroyed.

q

Atoms of different elements combine in simple whole-number ratios to form chemical
compounds.

6. In chemical reactions. atoms are combined. separated. or rearranged.

Dalton’s Atomic Theory

1. Each element is composed of extremely small particles called atoms,

. An atom of the element oxygen . An atom of the element nitrogen

2. All atoms of a given element are identical, but the atoms of one element
are different from the atoms of all other elements.

. ..Oxygen . . . Nitrogen

3. Atoms of one element cannot be changed into atoms of a different element
by chemical reactions; atoms are neither created nor destroyed in chemical
reactions.

Oxygen . -@* . Nitrogen

4. Compounds are formed when atoms of mere than one
element combine; a given compound always has the
same relative number and kind of atbms,

0@
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Eleménts Compound

INTEXT QUESTIONS PAGE NO. 32
Q1. In a reaction, 5.3 g of sodimm carbonate reacted with 6 g of ethanoic acid., The
products were 2.2 g of carbon dioxide, (L9 g water and 8.2 g of sodium ethanoate. Show
that these observations are in agreement with the law of conservation of mass.

sodium carbonate + ethaneic deid — sodium ethanoate + carbon dioxide + water
Answer:
In the given reactiond sodinm carbonate reacts witli ethanoic acid to produce sodium ethanoate.
carbon dioxide, and water.

sodium carbonate + ethanoic acid — sodium ethanoate + carbon dioxide + water
Mass of sodium carbonate = 5.3 g (Given)
Mass of ethanoic acid = 6 g (Given)
Mast of sodium ethanoate = 8.2 g (Given)
Mass of carbon diexide = 2.2 g(Given)
Mass of water = 0.9 g (Given)
Now, total mass before the reaction=(53+6)g =11.3 g
And, total mass after the reaction = (8.2 +2.2+09)g=113¢
Therefore. Total mass before the reaction = Total mass after the reaction



Hence, the given observations are in agreement with the law of conservation of mass,

Q2. Hydrogen and oxygen combine in the ratio of 1:8 by mass to form water. What mass
of oxygen gas would be required to react completely with 3 g of hydrogen gas?

Answer:

It is given that the ratio of hydrogen and oxygen by mass to form water is 1:8,

Then, the mass of oxygen gas required to react completely with 1 g of hydrogen gas i1s 8 g
Therefore, the mass of oxygen gas required to react completely with 3 g of hydrogen gas is
§x3g=24¢g

Q3. Which postulate of Dalton’s atomic theory is the resulf of the law of conservation of
mass?

Answer:

The postulate of Dalton’s atomie theory which 1s a result of the law of conservation of mass 1s:
Atoms are indivisible particles, which can neither beereated nor destroyed in a chemical
reaction.

Q4. Which postulate of Dalton’s atomicotheory can explain the law of definite
proportions?

Answer:

The postulate of Dalton’s atomic theory whigh is a result of the law of conservation of mass is:
Atoms are indivisible particleswhich ean neither be created nor destroyed in a chemical
reaction.

ATOMS

On the basis of Dalton’s Atomie On the basis of Dalfon’s Atomic Theory atom can be defined
as the smallest particles of miatter are called atoms.

Characteristies of atoms:

« Atom is the smallest particle of matter.

« Allelements are made of tiny particles called atom.

« 0 Afoms arewery small in size and cannot be seen through naked eyes.

« Atom does not exist in free-state in nature. But atom takes part in a chemical reaction.

¢ The properties of @ matter depend upon the characteristics of atoms,

« Atoms arc the building block of an element similar to a brick which combine together
to make a building.

¢ The size of atoms is indicated by its radius.

« In ancient time atoms was considered mdivisible.

Dalton was the first scientist to use the symbols for elements in a very specific sense. When he
used a symbol for an element he also meant a definite quantity of that element, that is, one
atom of that element. Berzilius suggested that the symbols of elements be made from one or
two letters of the name of the element.

Many of the symbols are the first one or two letters of the element’s name in English. The first
letter of a symbol 1s always written as a capital letter (uppercase) and the second letter as a
small letter (lowercase).

For convenience elements are represented by unique symbols. For example: Hydrogen is
represented by ‘H’. Oxygen is represented ‘O’. Nitrogen is represented by ‘N°. Iron is
represented by ‘Fe’. ments are represented by unique symbols. For example: Hydrogen is



represented by ‘H'. Oxygen is represented ‘O°. Nitrogen is represented by ‘N°. Iron is
represented by ‘Fe'.

@ Hydrogen O Carbon O Oxygen
® Phosphorus @ Sulphur @ Iron
@ Copper @ Lead @ Silver
@ Gold ® Platina (:} Mercury

His worked proved as boon to science. For his marvelous work Berzilius, together with John
Dalton. Antoine Lavoisier, and Robert Boyle is considered as the Father.of Modern Chemistry.

Symbol and Name of some elements

Element Symbol | Element Symbol | Element | Symbol
Hydrogen H Sodium Na Cramium | Cr
Helium He Magnesium Mg Mangese | Mn
Lithium Li Aluminium Al iron fe
Beryllium Be Silicon Si Cobalt Co
Boron B Phosphiorous ), P Nickel Ni
Carbon C Sulphur 5 Copper Cu
Nitrogen N Chlgrine cl Zinc Zn
Oxygen o Argon Ar Silver Ag
Fluorine F Potassium K Gold Au
Neon Ne Calcium Ca Mercury | Hg

Symbol ef hany elements are taken from their English name, while symbol of many elements
are tdken from their Greek'or Latin names.

Symbol of some element which are derived from their Latin name
Several elements are named after the place where they discovered, such as *Copper’ which was

taken from Cyprus. Some elements are named after their colour, such as *Gold” which means
yellow.



Symbols of some elements taken from their Latin Name
English Name | Symbol | Latin Name

of Elements of Elements
Sodium Na Natrium
Potassium K Kalium
Iron Fe Ferrum

Copper Cu

Silver Ag
Gold Au

Mercury Hg
Lead Pb
Tin Sn

Mass of atom is called atomi
an atom is very small. For e
10* g. This is equal to 0.00
nuber is very difficult. Thus fo
Carbon-12 is considered as unit to calculatg@atomic mass. Carbon-12 is an isotope of carbon.
The relative toms are found witliaespect to C-12.

One atomic

the mass of one atom of C-12.

tual mass o tom of hydrogen is equal to 1.673 x

00000000000001673 gram. To deal with such small
venience relative atomic mass is used.

1
atomic mass unit = Et& of Carbon — 12

Atomic Mass o lements
Element Swnhi Atomic Mass Element Symbol | Atomic Mass

Hydrogen H lu Sodium Na 23u
Helium He 4u Magnesium Mg 24u
Lithium L 7u Aluminium Al 27u
Beryllium Be Su Silicon Si 28u
Boron B 11u Phosphorous | P 31u
Carbon C 12u Sulphur S 32u
Nitrogen N 14u Chlorine o] 35u
Oxygen o] 16u Potassium K 39u
Fluorine F 19u Calcium Ca 40u
Neon Ne 20u Iron Fe 56

Thus atomic mass is the relative atomic mass of an atom with respect to 1/12 th of the mass of
carbon-12 atom. ‘amu’ is the abbreviation of Atomic mass unit, but now it is denoted just by
u’



The atomic mass of hydrogen atom = 1u.
This means one hydrogen atom is 1 times heavier than 1/12% of the carbon atom.

The atomic mass of oxygen is 16w, this means one atom of oxygen is 16 times heavier than
1/12%0f carbon atom.

Absolute mass or Actual atomic mass:
It is found that, the actual atomic mass of a carbon-12 atom is equal to

1. 9926 x 1023
Therefore,lu=——————g = 16 %
Thus by multiplying the relative atomic mass with 1.66 ﬁ%

10%g.

an get the absolute or

actual mass of an atom.

Example -1 - Find the absolute mass oxygen.
Solution:

The atomic mass of oxygen is 16u KQ\
We know lu=1.6605x 102 ¢ &
Therefore, Absolute mass of oxygen = (:z}

=26.568 x 10724 =2.6568 x 1072

Example — 2 — Find the absolut

Sodium. :
Solution:

The atomic mass of 1 is 23u
We know lu=1. g @
Therefore, Absoh dium =1.6605x 107*x 23 ¢

=38191x 107 =

Exalm — Caleula

Solution:
The atomic mass of hydrogen is
We know 1u=1.6605x 10 ¢
Therefore, Absolute mass of hydrogen = 1.6605x 107#x 1 g =1.6605x 107 ¢

solute mass of hydrogen atom.

Example — 4 - Calculate the absolute or actual mass of Nitrogen atom.
Solution:

The atomic mass of Nitrogen is 14u

We know lu=1.6605x 102 ¢

Therefore, Absolute mass of hydrogen = 1.6605 x 107 x 14 g
=23247x10%g=23247x10% ¢

Atoms of most of the elements exist in the form of molecule or ion. since they are most
reactive. For example, hydrogen, oxygen, chlorine, ete. However, atoms of some elements,
which are non-reactive. exist in free-state in nature. For example helium, neon, argon. ete.
Usually atoms are exist in following two forms -

* In the form of molecules

« In the form of ions



INTEXT QUESTIONS PAGE NO. 35

Q1. Define the atomic mass unit.
Answer:

. (1) .
Mass unit equal to exactly one-twelfth ‘ o |t11€ mass of one atom of carbon-12 is called one

atomic mass unit. It 1s written as ‘u’.

Q2. Why is it not possible to see an atom with naked eyes?

Answer:

The size of an atom is so small that it is not possible to see it with naked eyes. Also. the atom
of an element does not exist independently.

MOLECULE
Molecule is the smallest particle of a compound.
Atoms exist in free states in the form of molecule.

+ A molecule may be formed by the combindtion of \tWo or more similaryatoms of an
element. such asoxygen molecule 1s formed by the eombination of twoloxygen atoms.
molecule of hydrogen which is formed by the eombination of two hydrogen atoms.

» Molecules may be formed by the comibination of atoms of two or more different
elements. For example molecule of wates: It i formed by the combination of two atoms
of hydrogen and one atom of gkyegen. Molecule of Nitric.oxide or nitrogen monoxide. Tt
1s formed by the combination of one nittogen atom and e oxygen atom.

» A molecule takes part in chemical reaction.

Most of the atoms exist ainthe form of molecule. Molegules are formed by the combination of
two or more elements

Example: Molecule of hydrogen(Hz. Molecule of oxygen (02). Molecule of nitrogen (N2). ete.
* Molecules of elements

* Molecules of Gommipounds

MOLECULES OF ELEMENTS

When two of more atoms of same element combine to form a molecule these are called
molecules of element.

Example:

Hydrogen molecule (Hi). Hydrogen molecule (H2). Molecule of hydrogen is formed by the
combination of two hydrogen atoms.

Oxygen molecule (O2). Molecule of oxygen is formed by the combination of two oxygen
atoms.

Sulphur molecule (Sg). Molecule of sulphur is formed by the combination of eight sulphur
atoms.

Phosphorous molecule (Pg). Molecule of phosphorous is formed by the combination of four
phosphorous atoms.



L 90 9@

Helium Hydrogen Oxygen Chlorine
He H, 0, Cl,

Ozone

Sulfur
S,

Molecules of some non-reactive elements are formed by single atom. For
neon, argon. ete. molecules: Molecules of metals formed as big ¢
represented by their symbols simply. For example: Iron (Fe). C 1), Zine (Zn), ete.
These molecules are known as giant molecules.

le — helium.

Carbon is a non-metal. but it also exists as giant molecule an ntedby its symbol ‘C”.
@\\
ATOMICITY W
>
Monoatomic: (,;2}(’

monoatomic maolecule. Generally

lium (He), Nean (Ne). Argon (Ar).
’Z§Q/

\9)

When molecule is formed by single atom onl
noble gas forms monoatomic molecules. For
Kr (Krypton). Xenon (Xe). Randon (Rn).

Diatomic

; \
1en moleculeyis formed by the combination of
e. For examplel Hydrogen (H). Oxygen (02)

nbination of three atoms it is called triatomic molecule.

Triatomic
When moleucule 1s fo
For example:

Tetra-atomic a,,
When molecule is formed by the combination of four atoms it is called tetra-atomic molecule.
For example: Phosphorous molecule (Ps)

Polyatomic
When molecule is formed by the combination of more than two atoms, it is called polyatomic
molecule. For example: Sulphur molecule (Ss)



Atomicity of some elements

Name Atomicity Formula
Argon Monoatomic Ar
Helium Monoatomic He
Oxygen Diatomic 0,
Hydrogen Diatomic H,
Nitrogen Diatomic N,
Chlorine Diatomic cl,
Phosphorous Tetra-atomic Ps
Sulphur Poly-atomic Sg

[ ATOMICITY

A
[ MONOATOMIC ] [ DIATOMIC

— %

Mono-atomic ri-ato Poly-atomic
[1 Afom Element] [ 3 Afom Molecule ] [More than 3 Afom
He, Ne, Ar, Os Molecule] Pe, S8

MOLECULES OF COMPO S

When molecule is formed by the comblllation of two or more atoms of different elements. it is
called the molecule of compound.

Example:Molecule of water (H20). Molecule of water 1s formed by the combination of two
hydrogen and one oxygen atoms.



Molecules of some compounds

Compound Combining Elements
Water (H,0) Hydrogen, Oxygen
Ammonia (NH,) Nitrogen, hydrogen
Carbon dioxide(CO,) Carbon, oxygen

Hydrogen Chloride (HCl) Hydrogen, Chlorine

Methane (CHy) Carbon, Hydrogen

Ehtane (C;Hg) Carbon, hydrogen

Sodium chloride (NaCl) Sodium, chlorine.

Copper oxide {Cu0) Copper and oxygen

water amm

carbon dioxide

IONS
Atoms of several elements exists in the form of ion. Atoms or molecule with negative or
positive charge over them are calle .

For example: Sodium ion (Na*), postaSsiun ion (K *), Chlorine ion (C{~), Fluoride ion (F ~)etc.




Cations:

Tons having positive charge over them are called cations.
For example: sodium ion (Na®). potassium ion (K¥). ete
Anions:

Tons having negative charge over them are called anions.
For example: Chloride ion (CI7), Fluoride 1on (F7), ete
Monoatomic ions:

Tons formed by one atom are called monoatomic ions.
For example: sodium ion (Na®). potassium ion (K¥), Chloride ion (CI7). Fluoride ion (F7). etc.
Polyatomic ions:

Tons formed by two or more atoms are called polyatomic ions. These are gro
different elements which behave as single units, and are known as polyato
For example: Ammonium ion (NHy"). Hydroxide ion (OH"). ete

Some Common ions

of atoms of

Cations Anions

Lithium ion Li* Chloride ion OH™ \
Sodium ion Na* | Fluorine N;gb‘ef

(&
Potassium ion K* | lodide }c;‘NG;'

Silver ion Ag® | Hydride Bicarbonate _or'| HCO3
Copper ion H"'dwgendé@
ca
Hydrogen ion
Magnesium ion Sulphate 503~
Calcium ion Carbonate co3
Iron ion Sulphite 503~
Phosphate POZ"
Copper ion
Aluminium ion AL+t

Chemical formula of the compound is the symbolic representation of its composition. To write
chemical formula of a compound, symbols and valencies of constituent elements must be

known. The valency of atom of an element can be thought of as hands or arms of that atom.

Points to remember
» The symbols or formulas of the component radicals of the compound are written side
by side.
» Positive radicals are written left and negative radicals on the right.

» The valencies of the radicals are written below the respective symbols.
» The criss-cross method is applied to exchange the numerical value of valency of each
radical. Tt is written as subseript of the other radical.



# The radical is enclosed in a bracket and the subscript is placed outside the lower right
corner.

# The common factor 1s removed.

# If the subscript of the radical is one. it 15 omitted.

The rules that you have to follow while writing a chemical formula are as follows:

# the valencies or charges on the ion must balance.

# when a compound consists of a metal and a non-metal, the name or symbol of the metal is
written first. For example: caleium oxide (Ca0). sodium chloride (NaCl), iron sulphide
(FeS). copper oxide (CuO) ete.. where oxygen, chlorine, sulphur are non-metals and are
written on the right, whereas calcium, sodium, iron and copper are metals, and are written
on the left.

# in compounds formed with polyatomic ions. the 1on is enclosed in a bracket before writing
the number to indicate the ratio.

The simplest compounds, which are made up of two different elements are called binary
compounds. While writing the chemical formulas for compounds, we write the constituent
elements and their valencies as shown below. Then we must er

o the valencies of the
combining atoms.
The formulae of ionic compounds are simply the whole numn positive to negative
ions in the structure. For magnesium chloride, we write mbol of cation (Mg’") first

followed by the symbol of anion (CI7). Then their char ssed to get the formula.

EXAMPLES
Formula of Sodium oxide

ula of So dm%@@romde

AVt
- wnembe
Remember -charge

charge +

Cross the é:\a e NaOH

charge

Sodium Chloride Formula of Calcium chloride

Ca cl

W 7
Remember +2 >< 1
/ charge
charge

[N

C th
Cross the M Cl c'l-::;e. ¢ Ca Clz

charge
Formula of Potassium hvdroxide Formula of Zinc hvdroxide
X-, Remember ><
t:harge charge

o KOH o Zn(OH),



Formula of Zinc chloride Formula of Aluminium hvdroxide

g Al OH
-1 +3° ™1

ae  ZnClL,  $= AI(OH),

Formula of Calcium oxide

charge Ca O

Formula of Silver oxide

e | ey S

Cross the -
charge
Formula of Ammonium

dage. NH4Cl  tene (NH4)2CO0s3

Formula of Silver Carbonate Formula of Silver Sulphate
e e R

+1 -2 +1 -2

s gt = oS0,



Formula of Calcium hvdroxide

write Ca OH
symbol w 7
Remember +2 >< 1
charge

Cross the
charge Ca (OH) 2
INTEXT QUESTIONS PAGE NO, 39

Q1. Write down the formulae of
(i) sodium oxide

(ii) aluminium chloride

(iii) sodium suphide

(iv) magnesium hydroxide

Answer:

(1) Sodium oxide — NaO
(11) Aluminium chloride — AlICl;
(111) Sodium sulphide — NasS

(1v) Magnesium hydroxide — Mg(OH)2

Formula of Ammonium sulphate

write
symbol NH3(570"

Remember
+ B
charge 1 2

e (NH 4)2804

Q2. Write down the names of compounds represented bydhe following formulae:

(i) A:(SO4)3

(ii) CaClz

(iii) K2SO04

(iv) KNO3

(v) CaCOs.

Answer:

(1) Al2(SOyg)35 —Aluminium Sulphate
(1) CaCla — Caleium Chloride
(iii) K2SOs  — Potassium sulphaté
(iv) KNOs — Potassium nitrate
(v) CaCO3;.  — Calcium carbonate

Q3. What is meant bythe term chemical formula?

Answer:

The chemical formula of a compound means the symbolic representation of the composition of
a compound. From the chemical formula of a compound. we can know the number and kinds

of atoms of different elementSithat constitute the compound.

For exdmple. from the chemuieal formula CO2 of carbon dioxide. we come to know that one
carbon atom and two oxygen atoms are chemically bonded together to form one molecule of

the compound, carbon dioxide.

Q4. How many atoms are present in a
(i) H2S molecule and

(ii) POs* ion?

Answer:

(1) In an HaS molecule, three atoms are present: two of hydrogen and one of sulphur.
(ii) In a PO4> jon. five atoms are present: one of phosphorus and four of oxveen.



Atomic mass: The atomic mass of an element is the mass of one atom of that element in
atomic mass units or (u).

Atomic mass unit (amu): 1/12% of the mass of an atom of carbon-12 is called atomic mass
wnit. It 15 a unit of mass used to express atomic masses and molecular masses,

Molar mass: The molar mass of an element 1s equal to the numerical value of the atomie
mass. However, in case of molar mass, the units change from ‘v’ to ‘g”. The molar mass of an
atom is also known as gram atomic mass.

For example, the atomic mass of carbon =12 atomic mass units. So, the gram atomic mass of
carbon = 12 grams.

Molecular mass of the molecule: The sum of the atomic masses of all the atoms in a
molecule of a substance is called the molecular mass of the molecule.

Molecular mass - calculation: Generally we use relative atomic_masses of atoms for
calculating the molecular mass of 1 mole of any molecular or 1onic substances.

Example: Molecular mass of H2SO4

Atomic mass of Hydrogen =1

Atomic mass of sulphur =32

Atomic mass of oxygen = 16

Molecular mass of H2SO4 = 2(Atomic mass of Hydrogen) + 1 (Atomic mass of sulphur) + 4
(Atomic mass of oxygen) =2x1+32+4x 16 =98 ul

Calculation of molecular mass of hydrogen chloride:
Atomic mass of hydrogen + Atomic mass of ¢hlopine =1 % 35.5 =36.5 .

FORMULA UNIT MASS

The formula unit mass of a substance is the sum of the atomic ma<ses of all atoms in a formula
unit of a compound. The term ‘formula unit? 15 used for those substances which are made up of
10ns.

Formula unit mass of NaCl: 1 = Atomic masswof Na + 1 x Atomic mass of Cl
1x 23 +1 x 35.5=58.5 atemicmass units.

Formula unit mass of ZnO:
=1 x Atonue'mass of Zn + 1 x Atomic mass O
=1lx65+1x16=81u

INTEXT QUESTIONS PAGE NO. 40

Q1. Calculate the molecular masses of Hz, Oz, Clz, COz, CHy, C:Hs, C:Hy, NH3, CH30H.
Answer:

Molecular mass of 02 =2 » Atomicmass of O =2 =16 =32 u

Molecular mass of Clz = 2 x Atomic mass of C1=2 = 355 =71 u

Molecular mass of CO2 = Atomic mass of C +2 x Atomicmass of O =12+2x 16 =44 u
Molecular mass of CHy = Atomic mass of C +4 x Atomicmassof H=12+4x1 =16u
Molecular mass of CoHg =2 x Atomic mass of C +6 x Atomicmassof H=2 =12 +6 = 1
=30u

Molecular mass of C;Hy =2 x Atomic mass of C +4 x Atomicmassof H=2 %12 +4 = 1
=281




Molecular mass of NH: = Atomic mass of N+ 3 % Atomicmassof H=14+3x1 =17u
Molecular mass of CH3;0H = Atomic mass of C + 4 x Atomic mass of H + Atomic mass of O
=12+4%x1+16=32u

Q2. Calculate the formula unit masses of ZnO, Na:0, K:CO3, given atomic masses of Zn
=65u,Na=23u, K=3%u, C=12u,and O =16 u.

Answer:

Formula unit mass of ZnO = Atomic mass of Zn + Atomic mass of O =65+ 16 =81 u
Formula unit mass of NaxO = 2 = Atomic mass of Na + Atomic mass of O

=2=x23+16 =62u

Formula unit mass of K2COs; = 2 =« Atomic mass of K + Ato. mass of C + 3 = Atomic mass
of O=2=x39+12+3 =16 =138u

Mole: Mole 1s the measurement in chemistry,
substance.
One mole 1s defined as the amount of s c ystem which contains as many enfities
like. atoms. molecules and 1ons as  the e ms inl12 g;rg@ of carbon - 12".

xpress the amount of a chemieal

Avogadro number: The number artieles present in one ﬁ’mle of any substance is equal
to 6.022x10%. This is called ayogadr €r or av ogadmsb}onstant

S
<
4

ts 6.022 » 107 é*ﬁ;?gen atoms.
. *hydrogen molecules.
.02 ater molecules.

Number of particles in 1 mo

1 mole of hydrogen
1 mole of water mol

 Divide by MM ﬁ

Multlply by MM

MM: Molecular mass

The key concept used in these kind of problems is that a mole of any substance contains gram
formula mass or molecular mass of that substance i.e. molecular mass of Hydrogen is 2 am.u.



so mass of 1 mole of hydrogen which is also known as molar mass will be 2 gram. Similarly if
we have 2 moles of hydrogen. it will weigh 2*#2 grams which is equal to 4 grams.

MOLE CONCEPT CALCULATION

This is the most basic and the most used calculation that a student comes across while solving a
mole concept problem. Most of the times, moles or number of atoms or molecules are given in
the question and the mass is needed to be calculated. In that case proceed as shown in the
above example. In rest of the cases. mass will be given and moles or number will be needed to
be calculated. In those questions also. proceed by:

STEP 1:- Establishing relationship between molar mass and the number (NA&) o moles of that
particular entity (atom. molecule or ion).

STEP 2:- Use unitary method to calculate what is asked in th€ queSsion,
NOTE: — When we say oxygen gas weighs 32 gram thensve mean to say that 1 mole of

oxygen molecule (O2) weighs 32 grams and not 1 mele of oxygen atom which is.O. This is
because in natural form, oxygen exists as O2 mélecule.

7 of Q}(
6.023 x 103 % y 224 L of a
particles Pt o WSe® (7 gasatNT.P
s ‘ N
Mole

1 mole of oxygen atoms (
= 6.023 x 10 23 atoms
1 mole of oxygen molecules L :::ss of
= 6.023 x 10 ?* molecules

1 gram atom of 1 gram molecule 1 BI‘IT :;m;ula
elements of substance WRIgIL O
substance
| | | | |
12g 23g 18g 44g 8.5
< Na H20 co2 Nacl ACO

PROBLEMS (BASED ON MOLE CONCEPT)

1. When the mass of the substance is given:

: given mass
Number of moles =————
atomic mass

Example 1. Calculate the number of moles in 81g of aluminium

: given mass 81 = 5%
Number of moles =—=——— = — = 3 moles of aluminium

atomic mass 27



Example 2. Calculate the mass of 0.5 mole of iron
Solution: mass = atomic mass x number of moles
=559x05=2795¢

2. Calculation of number of particles when the mass of the substance is given:

. . Avogadro number x given mass
Number of particles =

gram molecular mass

Example 1. Caleulate the number of molecules in 11g of CO2
Solution: gram molecular mass of CO» =44g

. 6.023x10% x11 )
Number of particles =+ =1.51 x10” molecules

3. Calculation of mass when number of particles of a substance is given:
gram molecular mass » number of particles

Mass of a substance= -
6.023x10

Example 1. Calculate the mass of 18.069 x 10* molecules of SO2
Sol: Gram molecular mass SO, = 64g
. 6418.069 x10%
Mass of SOy =————— _=102¢
6.023x10°

. 2,
Example 2. Calculate the mass of glucose in 2 x 10°* diblccules
Gram molecular mass of glucose = 180¢g

108
Mass of glchose=M =597.7¢g
6.023x10°

4. Calculation of number of moles when you are given number of‘molecules:

. Numlbier of molecules
Number of moles of atom =

Avogadro Number

Example 1. Calculate number of meles in 12.046 x 107 atoms of copper
Number of moleculesty, 12:046 107

—=—=10.2 moles
Avogadro Number 6.023x10%

Number of moles®f atom =

INTEXT QUESTIONS PAGE NO. 42

Q1. If one mole of carbon atoms weighs 12 gram, what is the mass (in gram) of 1 atom of
carbon?

Answer:

One mole of carbon atoms weighs 12 g (Given)

1.e., mass of 1 mole of carbon atoms =12 g

1
Then, mass of 6.022 %107 number of carbon atoms =12 ¢
9l

Therefore. mass of 1 atom of carbon = g =1.9926x« 107 g

6.022x10

Q2. Which has more number of atoms, 100 grams of sodium or 100 grams of iron (given,
atomic mass of Na=23 u, Fe =56 u)?



Answer:
Atomic mass of Na =23 u (Given)
Then, gram atomic mass of Na=23 g

Now. 23 g of Na contains = 6.022 x10” number of atoms

23
Thus, 100 g of Na contains = % %100 =2.6182x10™ number of atoms

Again, atomic mass of Fe = 56 u(Given)
Then, gram atomic mass of Fe =56 g

Now. 56 g of Fe contains 6.022 x10” number of atoms

S
Thus, 100 g of Fe contains = % %100 =1.0753%10* number of atoms

Therefore. 100 grams of sodium contain more number of atoms than 100 grams of iron.

Q1. A 0.24 g sample of compound of oxygen and boron was found by an ax
0.096 g of boron and 0.144 g of oxvgen. Calculate the percentage compo

compound by weight.

Answer:

Mass of boron = 0.096 g (Given)
Mass of oxygen = 0.144 g (Given)
Mass of sample = 0.24 g (Given)

Thus, pereentage of boron by weight in the compound =

L 1
And, percentage of oxygen by weight in the compoun 0=60% <

Q 2. When 3.0 g of carbon is burnt in 8.00 g oxygen, 11.00 g of carb ide is
produced. What mass of carbon dioxide will be formed when 3.00 g bon is burnt in
50.00 g of oxygen? Which law of chemical ¢ ion will goyern your answer?
Answer:

Carbon + Oxygen — Carbon di
3 g of carbon reacts with 8 g
If 3 g of carbon is burnt in 5
The remaining 42 g of o

In this case alz?
The above answer 1s governed by t

Q 3. What are polyatomic ions? Give exa .

Answer:

A polyatomic ion is a group of atoms carrying a charge (positive or negative). For example.
ammonium ion (NHy"). hydroxide ion (OH™). carbonate ion (CO3;”7). sulphate ion(SO4”)

constant proportions.

Q 4. Write the chemical formulae of the following.
(a) Magnesium chloride

(b) Calecium oxide

(c) Copper nitrate

(d) Aluminium chloride

(e) Calcium carbonate.

Answer:

(a) Magnesium chloride — MgCl2



(b) Caleium oxide — CaO

(c¢) Copper nitrate — Cu(NOsz)
(d) Aluminium chloride — AICI3
(&) Caleium carbonate — CaCOs

Q 5. Give the names of the elements present in the following compounds.
(a) Quick lime

(b) Hydrogen bromide

(c) Baking powder

(d) Potassium sulphate.

Answer:

(a) Quick lime

Chemical formula : CaO

Elements present: Caleium, Oxygen
(b) Hydrogen bromide

Chemical formula : HBr

Elements present: Hydrogen. Bromine
(c) Baking powder

Chemical formula : NaHCO3

Elements present: Sodium, Hydrogen. Carbon. Oxygen ’b(:b
&
. >
(d) Potassium sulphate. &Q\
Chemical formula : K2S04 P
Elements present: Potassium, Sulphur, Oxyge (?}

(e) Nitric acid, HNO3
Answer:

Q 6. Calculate the molar mass of the following s o
(a) Molar mass of

(a) Ethyne, C:H:
(b) Sulphur molecule, Ss L4
(c) Phosphorus molecule, Py ic mass of phosphor )

(d) Hydrochlorie acid, HC @

(b) Molar ma sulphur molecule;

() Molar mass of phosphorus molecule. x31=124¢g

(d) Molar mass of hydrochloric acid. HCl= 355=365¢

(e) Molar mass of nitric acid. HNO; =1+ 14+3 % 16=63 ¢

Q 7. What is the mass of

(a) 1 mole of nitrogen atoms?

(b) 4 moles of aluminium atoms (Atomic mass of aluminium = 27)?
(c) 10 moles of sodium sulphite (Na:503)?

Answer:

{(a) The mass of 1 mole of nitrogen atoms is 14 g.

(b) The mass of 4 moles of aluminium atoms is (4 % 27) g =108 g

() The mass of 10 moles of sodium sulphite (Na;SO3) is
10x[2%x23+32+3x16]g=10x126g=1260¢g

Q 8. Convert into mole.
(a) 12 g of oxvgen gas

(b) 20 g of water

(c) 22 g of carbon dioxide.



Answer:
(a) 32 g of oxygen gas = 1 mole

Then, 12 g of oxygen gas = %mole =0.375 mole

(b) 18 g of water = 1 mole

Then, 20 g of water = % mole = 1.11 moles (approx)
(c) 44 g of carbon dioxide = 1 mole

5
Then, 22 g of carbon dioxide = ﬁ mole = 0.5 mole

Q 9. What is the mass of:

(a) 0.2 mole of oxygen atoms?

(b) 0.5 mole of water molecules?

Answer:

(a) Mass of one mole of oxygen atoms =16 g

Then, mass of 0.2 mole of oxygen atoms =02 = 16g=32¢g
(b) Mass of one mole of water molecule=18 g
Then, mass of 0.5 mole of water molecules=0.5x18g=9¢

&
Q 10. Calculate the number of molecules of sulphur (Ss) t g of solid sulpgl(ﬁ'.
Answer: \067
1 mole of solid sulphur (Sg) =8 < 32 g=256 ¢ Q}Q

i.e.. 256 g of solid sulphur contains = 6.022 x 10 mol &

>
. . 6.022x1 Y
Then, 16 g of solid sulphur contains = 2;; =16 ecules c\
=3.76 = 10*? molecules (approx)

Q 11. Calculate the number of a inium ions present in 0,051 g of aluminium oxide.
that of an atom o @ ame element. Atomic

(Hint: The mass of an ion is t e
mass of Al=27 u)
Answer:

1 mole of aluminium «16 =102 ¢
ic., 102 g of ALOS=6.022 = 10% f AbLOs
Then, 0.051 g of AlO3 contains = % {051 molecules

=3.011 x 10%° molecules of ALO;
The number of aluminium ions (A7) present in one molecule of aluminium oxide is 2.

Therefore, the number of aluminium ions (AF7) present in 3.011 = 10”® molecules (0.051 g ) of
aluminium oxide (AhOs3) =2 = 3.011 = 10%° = 6,022 x 10



1. Avogadro’s number represents the number of atoms m

(a) 12g of C1a (b) 320g of sulphur
(c) 32g of oxygen (d) 12.7g of iodine
2. The number of moles of carbon dioxide which contamn 8 g of oxygen 1s
(a) 0.5 mol (b) 0.20 mol
(¢) 0.40 mol (d) 0.25 mol
3. The total no of ions present in 111 g of CaClz is
(a) One mole (b) Two mole
(¢) Three mole (d) Four moles

4. Which of the following weighs the most ?
(a) one g-atom of nitrogen (b) One mole of water
(¢) One mole of sodium (d) One molecule of H2S0y

5. 5.0 litre of 0.4 M H,SO4 Contains-
(a) 2.0 Mole Of HaSO4 (b) 0.4 mole H2SO4
() 5.0 mole HaSOy4 (d) 2.0 moles H2O

6. Which of the following correctly represents 360 g of water?
(1) 2 moles of Hy0
(11) 20 moles of water
(111) 6.022 = 1023 molecules of water

(1v) 1.2044x1025 molecules of water R
@@ ®) @and () &
(¢) (1) and (111) (d) (11) and (1v) \@’b

7. Which of the following statements is not true a@o 17 c

(a) Atoms are not able to exist independently
(b) Atoms are the basic units from w.

ich molecules and ions are formed
() Atoms are always neutral in natiire @
(d) Atoms aggregate in large mu the matter that we'can see, feel or touch
8. The chemical symbol for nitr
(a) N1 (b) N2 (¢) N+

9. The chemical symbol for sodium is ‘
(a) So (b) Sd (¢) NA (d) Na

10. Which of the following would weigh the highest?
(a) 0.2 mole of sucrose (C12 Hn On)
(b) 2 moles of CO2
(¢) 2 moles of CaCOs
(d) 10 moles of H20




11, Which of the following has maximum number of atoms?
(a) 18g of HHO
(b) 18g of O7
(c) 18g of COy
(d) 18g of CH4

12. Which of the following contains maximum number of molecules?
(a) 1g COn
(b) 1g N>
(c) lg H2
(d) 1g CHs

13. Mass of one atom of oxygen is
16 32 1
a)——— o)—— d)8u

( )6.023x101‘g @ ) 602310 ° ( )6.023x10”g )

14. 3.42 g of sucrose are dissolved in 18g of water in a beaker. The number of oxygen atoms i
the solution are
(a) 6.68 = 107
(b) 6.09 = 107
(c) 6.022 = 10%
(d) 6.022 x 10%!

15. A change in the physical state can be brought about
(a) only when energy is given to the system
(b) only when energy is taken out from the system
() when energy is either given to. or taken out from the syst
(d) without any energy change

16. Which of the following represents a correct chemicalformula?
(a) CaCl (b) BiPO4 (¢) NaS0Oa4 (d) NaS

17. Write the molecular formulae for the following compounds
(a) Copper (II) bromide
(b) Aluminium (IIT) nitrate
(c) Caleium (IT) phosphate
(d) Iron (M) sulphide
() Mercury (IT) chloride
(f) Magnesium (IT) acetate

18. Write the molecular formulae of all the compounds thL can be formed by the combination
of following ions

Cu**. Na", Fe*". C17, SO;". PO;”

19. Write the cations and anions present (if any) in the following compounds
(a) CH3COONa
(b) NaCl
(c) Ha
(d) NH4NO;

20. Give the formulae of the compounds formed from the following sets of elements
(a) Calcium and fluorine



(b) Hydrogen and sulphur
(c) Nitrogen and hydrogen
(d) Carbon and chlorine
(e) Sodium and oxygen

(f) Carbon and oxygen

21. Which of the following symbols of elements are mcorrect? Give their correct symbols
(a) Cobalt CO
(b) Carbon ¢
(c¢) Aluminium AL
(d) Helium He
(&) Sodium So

22. Give the chemical formulae for the following compounds and compute the ratio by mass of
the combining elements in each one of them.
(a) Ammonia
(b) Carbon monoxide
(c¢) Hydrogen chloride
(d) Aluminium fluoride
(e) Magnesium sulphide

23. State the number of atoms present in each of the following ehemical species
(a) COs™
(b) PO+
(c) P.0s
(d)CO
24. Find the ratio by mass of the combining&lements in the compound — C3H;0H.
25. Give the formula of the compound formed by the ‘€lements calein ‘and fluorine.
26. What is the acid radieal present in sodinmyperoxide?
27. Carbon and silicon have thesame valency. What 1s thefermula of sodium silicate?
28. What is the ratio by nusiben of atoms in mercurous chlotide?
29, Name the element whose Latin name 1s Stibium.
30. What is the valene¥ of a sulphide ion?
31. How many atoms of oxygen are present in 50g of CaCO3?
32. How many molecules are present in 1'ml of water?
33. What is the unit of measurement of atomic radius?
34. Name the international organization who approves names of elements.
35. How do we know the presence of atoms if they do not exist independently for most of the
elements?
36. Give an example to show Law of conservation of mass applies to physical change also.
37. Explain with example that law of conservation of mass is valid for chemical reactions.

38. Is there any exception to law of conservation of mass?

39, In a reaction, 5.3 g of sodium carbonate reacted with 6 g of ethanoic acid. The products
were 2.2 g of carbon dioxide, 0.9 g water and 8.2 g of sodium ethanoate. Show that these
observations are in agreement with the law of conservation of mass.
sodium carbonate + ethanoic acid — sodium ethanoate + carbon dioxide + water

40. If 12 g of carbon is burnt in the presence of 32 g of oxygen, how much carbon dioxide will

be formed?



