9th Chemistry Unit 4 - Stoichiometry

Descriptive Questions

Q.1 (Ex. Q.4 (i)) Which conditions must be fulfilled before writing a chemical equation for a reaction?
Ans. Representing a chemical change is called a chemical equation. A chemical equation tells us the
elements or compounds which are reacting and those which are being produced as a result of a
chemical change. It is compulsory to write reactants on the left-hand side and products on the right-
hand side. An arrow (- ) is drawn from reactants to products to separate the two.

The following points must be kept in mind while writing a chemical equation:

(i) A chemical equation must obey the law of conservation of mass. This means that no atom
should be destroyed or produced during a chemical change. The total number and the type of atoms
must remain the same during a chemical change.

(if) The formulas of elements and compounds must be written correctly.

(iii) A chemical equation must determine the correct mole ratio between the reactants and the
products.

(iv) A chemical equation must also point out the direction in which the change is proceeding.

(v) Itis a usual practice to show the normal physical states of reactants and products. Solid, liquid
and gas are symbolized as (s), (I) and (g) respectively. Aqueous (aq) represents the solvated ion.

Q.2 (Ex. Q.4 (ii)) Explain the concepts of Avogadro's number and mole.
Ans.
Avogadro's Number:
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Avogadro's number.
Explanation:
In chemistry, we deal with substances which are composed of atoms, molecules or formula units. The
counting of these particles is not possible for the chemists. The concept of Avogadro's number
facilitated the counting of particles contained in the given mass of a substance. Avogadro's Number is
a collection of 6.02 x 102 particles. It is represented by symbol Na. Hence, the 6.02 x 102 number of
atoms, molecules or formula units are called Avogadro's number that is equivalent to one 'mole' of
respective substance. In simple words, 6.02 x 102® particles are equal to one mole as twelve eggs are
equal to one dozen.
Examples:
¢ 6.02 x 102 atoms of carbon are equivalent to one mole of carbon.
e 6.02 x 102 molecules of H,O are equivalent to one mole of water.
e 6.02 x 102 formula units of NaCl are equivalent to one mole of sodium chloride.
Thus, 6.02 x 102 atoms of elements or 6.02 x 102 molecules of molecular compounds or 6.02 x
10% formula units of ionic compounds are equivalent to 1 mole.
Further Explanation:
¢ One molecule of water is made up of 2 atoms of hydrogen and 1 atom of oxygen, hence 2 x
6.02 x 102 atoms of hydrogen and 6.02 x 10% atoms of oxygen constitute one mole of water.
So, total number of atoms in 1 mole of water are 18.06 x 102 or 1.806 x 1024,
¢ One formula unit of sodium chloride consists of one sodium ion and one chloride ion. So,
there are 6.02 x 102 number of Na* ions and 6.02 x 10% CI” ions in one mole of sodium
chloride. Thus, the total number of ions in 1 mole of NaCl is 12.04 x 102 or 1.204 x 1024,



Mole (Chemist's Secret Unit):
A mole is defined as the amount (mass) of a substance that contains 6.02 x 102 number of particles
(atoms, molecules or formula units). It is abbreviated as 'mol'. It establishes a link between mass of a
substance and number of particles.
Explanation:
We know that a substance may be an element or a compound (molecular or ionic). Mass of a
substance is either one of the following: atomic mass, molecular mass or formula mass. These
masses are expressed in atomic mass units (amu). But when these masses are expressed in grams,
they are called as molar masses. Scientists have agreed that Avogadro's number of particles are
present in one molar mass of a substance.
Quantitative definition of mole:
The atomic mass, molecular mass or formula mass of a substance expressed in grams is
called mole.
Examples:

e Atomic mass of carbon expressed as 12 g = 1 mole of carbon

¢ Molecular mass of H,O expressed as 18 g = 1 mole of water

¢ Molecular mass of H,SO, expressed as 98 g = 1 mole of H,SO,

¢ Formula mass of NaCl expressed as 58.5 g = 1 mole of NaCl
Relationship between Mole and Mass:

¢ No. of moles = Known mass of substance (g) / Molar mass of the substance (g/mol)

¢ Mass of substance (g) = Number of moles x Molar mass

¢ Number of particles = Number of moles x 6.02 x 10>
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CH,(g) + 20,(g) -~ CO,(g) + 2H,0(I)
Ans.
Data:
e MassofCH,=10g
e Molarmassof CH,=C+4H =12 +4(1) =12 + 4 = 16 g/mol
e Molar mass of CO, =C + 20 =12 + 2(16) = 12 + 32 = 44 g/mol
To Find:
Mass of CO, =?
Solution:
Firstly, we have to find number of moles of methane, then we will find number of moles of CO,
through balanced chemical equation.
Moles of CH, = Mass | Molar mass =10/ 16 = 0.625 mol
So, as per balanced chemical equation:
CH, + 20, . CO, + 2H,0

CH, CO,

Moles 0.625 0.625

So, 0.625 moles of CO, will be produced as per equation.
Mass of CO, = Moles x Molar mass = 0.625 x 44 =27.5g
Result: 27.5 g of CO, will be produced.



Q.4 (Ex. Q.4 (iv)) How many moles of coal are needed to produce 10 moles of CO according to the
following equation?

3C(s) + O,(g9) + H,0(g) —~ Hx(g) +3CO(g)

Ans.

Solution:

To find the number of moles of coal needed, we have to find the molar ratio between coal and carbon
monoxide through the balanced chemical equation.

3C+0,+H,0 - H, +3CO

C (6{0)
Moles 3 3
Ratio 1 1
Given 10 10

So, 10 moles of coal will be required to prepare 10 moles of CO.

Q.5 (Ex. Q.4 (v)) How much SO, is needed in grams to produce 10 moles of Sulphur?
2H,S(g) + SO,(g) - 2H,0(l) + 3S(s)
Ans.
Data:
¢ Moles of Sulphur =
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Mass of SO, = ?

Solution:

Firstly, we will find moles of SO, through molar ratio between reactant and product through balanced
chemical equation.

2H,S + SO, - 2H,0 +3S

SO, S
Moles 1 3
Ratio 1 3
Given X 10

x =10/3 = 3.33 mol

So, number of moles of SO, = 3.33 mol

Mass of SO, = Moles x Molar mass = 3.33 x 64 =213.12 g
Result: 213.12 g of SO, will be required.

Q.6 (Ex. Q.4 (vi)) How much ammonia is needed in grams to produce 1 kg of urea fertilizer?
2NH;(aq) + CO,(g) — CO(NH,),(aq) + H,0(l)

Ans.

Data:



e Massofurea=1kg=1000g
¢ Molar mass of urea = (NH,),CO=2N+4H+C+0=2(14) +4(1)+12+16=28+4+12 +
16 = 60 g/mol
e Molar mass of NH; =N + 3H =14 + 3(1) =14 + 3 =17 g/mol
To Find:
Mass of ammonia = ?
Solution:
Firstly, we will find number of moles of urea, then we will find moles of ammonia through molar ratio
given in balanced chemical equation.
Moles of urea = Mass / Molar mass = 1000 / 60 = 16.66 mol
To find number of moles of ammonia, molar ratio will be compared through balanced chemical
equation:
2NH; + CO, - NH,CONH, + H,0

NH; NH,CONH,
Moles 2 1
Ratio 2 1
Given X 16.66

X =2 x 16.66 = 33.32 mol
So, number of moles of NH; = 33.32 l
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Q.7 (Ex. Q.4 (vii)) Calculate the number of atoms in the following:
(@) 3 g of H,
(b) 3.4 moles of N,
(c) 10 g of C4H;,0¢
Ans.
(a) Data:
e MassofH,=3¢g
e Molar mass of H, = 2H = 2(1.008) = 2.016 g/mol
To Find: Number of atoms = ?
Solution:
Firstly, number of moles will be calculated as:
Moles = Mass /| Molar mass = 3/ 2.016 = 1.488 mol
Now, number of molecules of H, will be calculated as:
Number of molecules = Moles x Na = 1.488 x 6.02 x 10 = 8.96 x 10>
One molecule is composed of two hydrogen atoms.
Total number of atoms =2 x 8.96 x 102 = 1.79 x 1024

(b) Data:
e Moles of N, = 3.4 mol
To Find: Number of atoms = ?



Solution:

Firstly, calculate number of molecules:

Number of molecules = Moles x Na = 3.4 x 6.02 x 10 = 2.047 x 10%4
One nitrogen molecule is composed of two nitrogen atoms.

Total number of atoms = 2 x 2.047 x 1024 = 4.09 x 1024

(c) Data:
e Mass of C¢H,0=10g¢g
e Molar mass of glucose = C¢H,04 = 6(12) + 12(1) + 6(16) = 72 + 12 + 96 = 180 g/mol
To Find: Number of atoms = ?
Solution:
Firstly, we will find number of moles:
Moles = Mass /| Molar mass = 10 / 180 = 0.0556 mol
Now calculate number of molecules:
Number of molecules = Moles x Na = 0.0556 x 6.02 x 102 = 3.34 x 1022
One glucose molecule is composed of 6 carbon, 12 hydrogen and 6 oxygen atoms = 24 atoms.
Total number of atoms = 24 x 3.34 x 10?2 = 8.02 x 10

Investigative Questions

Q.1 (Ex. Q.5 (i)) It is generally believed that drinking eight glasses of water every day is required to
keep oneself hydrated especially in the summer. If a glass occupies 400 cm3 of water on the average,
how many moles of water are needed for a single adult?

Ans. To calculate the number of moles of water needed for a single adult who drinks eight glasses of
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Total volume = 8 glasses x 400 cm?®/glass = 3200 cm?

Since 1 liter = 1000 cm3:

Total volume in liters = 3200 cm?®/ 1000 = 3.2 liters

The molar mass of water (H,0) is approximately 18 g/mol. The density of water is about 1 glcm?3,
which means that 1 liter of water has a mass of about 1000 grams.

Mass of water = 3.2 liters x 1000 gl/liter = 3200 grams

Number of moles = Mass (g) / Molar mass (g/mol) = 3200 g / 18 g/mol = 177.78 moles
Therefore, a single adult would need approximately 177.78 moles of water if they drink eight glasses
of water every day.

Q.2 (Ex. Q.5 (ii)) The chemical formula for sand is SiO, but the sand does not exist in the form of
discrete molecules like H,O. How has its formula been determined keeping in view its structure?
Ans. In the chemical formula of sand, SiO, represents silicon dioxide, which is the primary
component of most types of sand. However, unlike water (H,0O), which consists of discrete molecules,
sand does not exist as individual SiO, molecules. Instead, sand is made up of a vast network of
silicon and oxygen atoms that are bonded together in a solid structure.

Covalent Network Structure: In sand, each silicon atom is covalently bonded to four oxygen atoms
in a tetrahedral arrangement. Each oxygen atom is, in turn, bonded to two silicon atoms. This creates
a three-dimensional network of SiO, units that extend throughout the material.

Macroscopic Representation: The formula SiO, is a way to represent this network structure on a
macroscopic scale. It indicates the ratio of silicon to oxygen in the compound which is 1:2. This



formula is useful for understanding the composition of sand, even though it does not reflect the
discrete molecular structure like in covalent compounds.

Crystallinity: While some forms of sand can be crystalline, such as quartz, others can be
amorphous. In both cases, the SiO, formula still applies because it describes the overall composition
of the material, regardless of its structural arrangement.

SLO Based Additional Long Questions
Q.1 How can the Chemical Formula of Binary lonic Compounds be written?
Ans. In order to write down the formula of an ionic compound, first identify the cations and anions and
the number of charges present on them. Finally combine the two ions together to form an electrically
neutral compound.
Steps:
(i) If you know the name of a binary ionic compound, you can write its chemical formula. Start by
writing the symbol of the cation with its charge.
(ii) Then write the symbol of the anion with its charge and find out how many of these ions are
needed to give an electrically neutral compound.
Example 1: Lithium Oxide

e The symbol of lithium cation with its single positive charge is Li*.

¢ The symbol of anion is O,
Apply the criss-cross method to write the formula. In this method, the numerical value of each of the
ion charges is crossed over to become the subscript of the other ion. Signs of the charges are then
dropped.
text
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Example 2: Aluminum Oxide
text
ABRY 0T

AlLO;
Example 3: Magnesium Nitride
text
Mgz" N3~

Mg;N,

Q.2. 25 g of limestone (CaCO;) reacts with an excess of hydrochloric acid according to the
given equation. How much calcium chloride (CacCl,) will be produced?
CaCO; + 2HCI - CaCl, + H,0 + CO,
1 mole 2 moles 1 mole 1 mole 1 mole
100g73g1119g18g4d4g
Ans.
Solution:
e Massof CaCO;=25¢
¢ Molar mass of CaCO; = 100 g/mol
¢ Mass of CaCl, produced = ?
¢ Molar mass of CaCl, = 111 g/mol
According to the equation:



100 g of limestone produces calcium chloride =111 g

1 g of limestone will produce calcium chloride = 111/100 g

25 g of limestone will produce calcium chloride = (111 x 25) / 100 = 27.75 g
Result: 27.75 g of CaCl, will be produced.

Q.3. 1.80 moles of ethyl alcohol, when burnt in air completely, will utilize how many moles of
oxygen gas? Also calculate the number of moles of CO, produced.
Ans.
Solution:
¢ Number of moles of ethyl alcohol = 1.80
e Number of moles of oxygen needed = ?
¢ Number of moles of CO, produced = ?
The balanced chemical equation for the reaction will be:
C,HsOH(l) + 305(g) — 2C0,(g) + 3H,0(l)
According to this equation:
¢ 1 mole of ethyl alcohol needs oxygen = 3 moles
e 1.8 moles of ethyl alcohol will need oxygen = 3 x 1.8 = 5.4 moles
¢ 1 mole of ethyl alcohol produces CO, = 2.0 moles
¢ 1.8 moles of ethyl alcohol will produce CO, =2 x 1.8 = 3.6 moles
Result: 5.4 moles of O, and 3.6 moles of CO.,.

Q.4. Aluminum metal reacts with oxygen to produce aluminum oxide. How many grams of
oxygen will be required tO{Eact c<nnpletely with 0.3 moles of aluminum?
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¢ Moles of Al = 0.3 moles
e Grams of O, used =?
The balanced chemical equation for the reaction:
4Al(s) + 30,(g) -~ 2Al,04(s)
According to this equation:
¢ 4 moles of aluminum need oxygen = 3.0 moles
¢ 1 mole of aluminum will need oxygen = 3/4 moles
¢ 0.3 moles of aluminum will need oxygen = (3 x 0.3) / 4 = 0.225 moles
¢ 1 mole of oxygen (O,) has molar mass =32 g
e 0.225 mole of oxygen (O,) will have mass =32 x 0.225=7.2¢g
Result: 7.2 g of O, will be required.

Q.5. How many molecules of water will be produced if we react 5 g of hydrogen gas with
excess of oxygen gas?
Ans.
Solution:
¢ MassofH,used=5¢g
¢ Molecules of water produced = ?
The balanced chemical equation for the reaction:
2H,(9) + O,(g) - 2H,0(l)
2 moles 1 mole 2 moles
49329g36¢g



According to this equation:

4 g of hydrogen produce H,0 = 36 g of H,O

5 g of hydrogen will produce H,O = (36 x 5) / 4 = 45 g of H,O

36 g (2 moles) of H,O contain molecules = 6.02 x 102 x 2 = 12.04 x 10

45 g of H,0 contain molecules = (45 x 12.04 x 1023) / 36 = 1.505 x 1024 molecules
Result: 1.505 x 102+ molecules of H,0.

Exercise Short Questions
Q.1 Write down the chemical formula of barium nitride.
Ans. The chemical formula of barium nitride is BasN,.

Q.2 Find out the molecular formula of a compound whose empirical formula is CH,O and its
molar mass is 180.
Ans.
Data:
¢ Molar mass = 180 g/mol
e Empirical formula = CH,O
e Empirical formulamass=C+2H+0=12+2(1)+16=12+2+16=30¢g
Solution:
To find molecular formula, we will find 'n* (n = 1, 2, 3...) which will be multiplied with empirical formula
to get molecular formula.
n = Molar mass / Empirical formula mass =180/30 =6
So, Molecular formula = (Empiricalformula), = (CH;0)s = C¢H1306
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Data:
¢ MassofH,0=15¢
e Molar mass of H,O=2H+ 0 =2(1) + 16 =2 + 16 = 18 g/mol
To Find: Number of molecules = ?
Solution:
Firstly, number of moles will be calculated which will be multiplied with Na to get number of molecules.
Moles = Mass /| Molar mass = 1.5/ 18 = 0.0833 mol
Number of molecules = Moles x Na = 0.0833 x 6.02 x 10?* = 5.02 x 10*?
Result: 5.02 x 1022 molecules of H,O will be presentin 1.5 g of water.

Q.4. What is the difference between a mole and Avogadro's number?

Mole Avogadro's Number

A mole is defined as the amount (mass) of a substance that Avogadro's number is a collection of 6.02
contains 6.02 x 102 number of particles (atoms, molecules or x 102 particles. It is represented by
formula units). It is abbreviated as mol. symbol Na.

6.02 x 102 atoms of carbon = 1 mole of

Atomic mass of carbon expressed as 12 g = 1 mole of carbon.
carbon.



Q.5 Write down the chemical equation of the following reaction:

Copper + Sulphuric acid -~ Copper sulphate + Sulphur dioxide + Water

Ans. The chemical equation for the reaction between copper and sulphuric acid to form copper
sulphate, sulphur dioxide, and water can be written as follows:

Cu + 2H,S0O, - CuSO, + SO, + 2H,0

This equation shows the reactants on the left side and the products on the right side.

Practice Exercise Questions

Q.6 How would you differentiate between the chemical formula of an element and that of a
compound? Give examples. Write down the names of ionic and covalent compounds whose
formulas have been given in this article.

EIZ;“:::?I Formula of an Chemical Formula of a Compound
g:};;héiéot;rgzlzfrzféﬁf;nts () This formula represents two or more different types of atoms.

(i) Example: O, for oxygen. (i) Example: H,O for water.

(iii) It has two types: lonic compound = NaCl, KBr, BaCl, etc. represents formula
(iii) It has no types. units. Covalent compound = NH;, HCI, HF, H,S, PH;, H,0,, H,S0O,, CO,, CO,
C¢Hg etc. represents a molecule.

SAMANWL LAl eemMZoOne. QM.

Ans.
¢ Molecular and empirical formula of water = H,O
¢ Molecular and empirical formula of Methane = CH,

Q.8 Write down the names of three such compounds which have different empirical and
molecular formulas.
Ans.
1. Molecular formula of Glucose = C¢H;,0¢; Empirical formula of Glucose = CH,0
2. Molecular formula of Acetic Acid = CH;COOH; Empirical formula of Acetic Acid = CH,O
3. Molecular formula of Benzene = C¢Hq; Empirical formula of Benzene = CH

Q.9 The empirical formula of a compound is CH,0. Its molar mass is 180 g/mol. Determine its
molecular formula.
Ans.
¢ Empirical formula of compound = CH,0
e Empirical formula mass = 12 + 2(1) + 16 = 30 g/mol
e Molar mass =180 g/mol
n = Molar mass /| Empirical formula mass =180/30=6
Molecular formula = (CH,0)¢ = C¢H,0¢

Q.10 The empirical formula of a compound is CH,0. Its molar mass is 60 g/mol. Determine its
molecular formula.



Ans.
¢ Empirical formula of compound = CH,O
¢ Empirical formula mass = 30 g/mol
e Molar mass = 60 g/mol

n=60/30=2

Molecular formula = (CH,0), = C,H,0,

Q.11 Find out the molecular formula of phosphoric acid, its structural formula is:
text
o
|
H—O—P—O—H
I
O—H
Ans. It has 3H, 1P and 40 atoms. Its molecular formula will be H;PO,.

Q.12 Determine the molecular formula of n-propyl alcohol. Its structural formula is CH;—CH,—
CH,—OH.
Ans. It has 3C, 10 and 8H atoms. Its molecular formula will be C;HgO.

Q.13 Write down the formula of calcium carbonate. Its structural formula is:
Ans. It has 1Ca, 1C and 30 atoms. Its formula will be CaCOs;.
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Molar mass of H;PO,:
e H=19g,P=319,0=16¢g
e Molar mass = 1(3) + 31(1) + 16(4) =3 + 31 + 64 = 98 g/mol
Molar mass of SiO,:
e Si=28¢g,0=16¢g
e Molar mass = 28(1) + 16(2) = 28 + 32 = 60 g/mol
Molar mass of C;,H»,0;:
¢ C=129,H=19,0=16g
e Molar mass = 12(12) + 1(22) + 16(11) = 144 + 22 + 176 = 342 g/mol
Molar mass of N,O,:
e N=149,0=16g
e Molar mass = 14(2) + 16(4) = 28 + 64 = 92 g/mol
Molar mass of MgCO;:
e Mg=249,C=12g,0=16g¢g
e Molar mass = 24(1) + 12(1) + 16(3) = 24 + 12 + 48 = 84 g/mol (Note: The question had
MgCO, which was incorrect; it should be MgCQO;)

Chemical Formula
Q.15 Define chemical formula.



Ans. A chemical formula is a symbolic representation of a chemical compound. It tells us about the
type and number of atoms present in a compound. For example, the chemical formula of water
is H,0. It is composed of two atoms of hydrogen and one atom of oxygen.

Empirical Formula

Q.16 Define empirical formula with an example.

Ans. The type of formula which shows the simplest whole number ratio of atoms present in a
compound is called empirical formula, e.g., glucose (C¢H,,0¢) has simplest ratio 1:2:1 of carbon,
hydrogen and oxygen respectively. Hence its empirical formula is CH,0.

Chemical Formula of Binhary lonic Compounds

Q.17 What is the significance of stoichiometry?

Ans. The composition of all the chemical products we use in our lives, such as shampoos, perfumes,
soaps and fertilizers are formed using stoichiometric calculations. Without stoichiometry, the chemical
industry does not exist.

Q.18 How to write a chemical formula of an ionic compound?

Ans. In order to write down the formula of an ionic compound, first identify the cations and anions and
the number of charges present on them. Finally combine the two ions together to form an electrically
neutral compound.

Q.19 How can you differentiate between molecular formula and empirical formula?

Empirical Formula
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ratio of atoms present in a compound. e.g., Glucose has of each element present in a molecule of that
simplest ratio 1:2:1 of carbon, hydrogen and oxygen compound is called molecular formula, e.g.,
respectively. Hence its empirical formula is CH,O. Molecular formula of benzene is CgHg.

Chemical Formula of Compounds

Q.20 How can the molecular formula of a compound be found out?

Ans. Molecular formula of a compound can be found out if we know its empirical formula. To
calculate the empirical formula of a compound, you need to determine the simplest whole-number
ratio of atoms in the compound. This can be done by using experimental data on the mass percent
composition of the compound.

Molecular formula is then calculated by the following relationship:

Molecular formula = n x (Empirical Formula)

where, n = Molar Mass /| Empirical Formula mass

For example, the empirical formula of hydrogen peroxide is HO. Its molar mass is 34.
n=34/17=2

Molecular formula = (HO), = H,0,

If for a compound the value of n is one, then its molecular formula is the same as its empirical
formula.

Q.21 Empirical formula of a compound is CH. Its molar mass is 78 g/mol. Find out molecular
formula.



Ans.

e Empirical Formula = CH

e Empirical formula mass = 12 + 1 = 13 g/mol

¢ Molar mass = 78 g/mol
n = Molar mass / Empirical formula mass =78/13 =6
Molecular Formula = (CH)¢ = CgHg

Deduce the Molecular Formula from the Structural Formula

Q.22 How to deduce the molecular formula of a compound from structural formula?

Ans. In order to deduce the molecular formula from the structural formula, the following steps are
taken:

(i) Write down the structural formula of the compound.

(if) Count the number of atoms of each type in the structural formula.

(iii) Write the symbols of all the elements.

(iv) Write the total number of atoms of each kind as a subscript.

(v) Remove the subscript 1.

Q.23 Write down the molecular formula of sulphuric acid. Its structural formula is:
text
0]

|
H—O0—S—O—H
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Q.24 Write down the molecular formula of acetic acid. Its structural formula is:
text
@)
|
CH;—C—O—H
Ans. It has 2C, 4H, 20 atoms. Its molecular formula will be C,H,0,.

Avogadro's Number (Na)

Q.25 What is Avogadro's number?

Ans. Avogadro's number is a collection of 6.02 x 102 particles. It is represented by symbol 'Na'.
Hence, the 6.02 x 10% number of atoms, molecules or formula units are called Avogadro's number
that is equivalent to one 'mole' of respective substance.

e.g: 6.02 x 102 atoms of carbon = 1 mole of carbon.

Q.26 What is the importance of mole?
Ans. The mole is important because atoms and molecules are so small. The mole concept allows us
to count atoms and molecules by weighing macroscopically small amounts of matter.

The Mole and Molar Mass
Q.27 Define molar mass.
Ans. The mass of one mole of a substance is called molar mass. e.g., Molar mass of O-atom = 16 g.



Q.28 What is mole?

Ans. A mole is defined as the amount (mass) of a substance that contains 6.02 x 102 number of
particles (atoms, molecules or formula units). It is abbreviated as 'mol'.

e.g., 1 mole of carbon =12 g = 6.02 x 10 atoms of carbon.

Q.29. Determine the molar masses of the following compounds in g/mol.
(a) H,SO, (Sulphuric acid)
(b) C¢H,,04 (Glucose)
Ans.
(a) H,SO4:
e H=1,S=32,0=16
e Molar mass = 2(1) + 1(32) + 4(16) = 2 + 32 + 64 = 98 g/mol
(b) C¢H,0s:
e C=12,H=1,0=16
e Molar mass = 6(12) + 12(1) + 6(16) =72 + 12 + 96 = 180 g/mol

Chemical Equations and Chemical Reactions

Q.30 What is a chemical equation?

Ans. The chemists have developed a very suitable way of representing a chemical change in terms
of symbols of elements and formulas of compounds. Representing a chemical change in this way is
called a chemical equation.

Q.31 Write names of compounds vﬂnch have the same empirical formula but different
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e Molecular formula of Benzene = C¢Hg
e Molecular formula of Acetylene = C,H,
¢ Both have the same empirical formula = CH

Q.32 Differentiate between reactants and products.

Reactants Products

In a chemical reaction, the substances that In a chemical reaction, the new substances which are
combine or decompose to form products are formed by the combination or decomposition of reactants
called reactants. are called products.

e.g.,2H, + O, - 2H,0 e.g., 2H, + O, - 2H,0

(Reactants) (Product)

Q.33 Define reversible reaction.

Ans. Sometimes a chemical reaction moves both ways. In other words, the reactants react to give the
products and the products, in turn, react to give the reactants back. Such reactions are called

as reversible reactions and are indicated by ().

e.g., Ny(g) + 3H,(g) = 2NHj;(9)



Calculations Based on Chemical Equation

Q.34 What information do we get from a balanced chemical equation?

Ans. A complete and balanced chemical equation tells us the mole ratio or molar mass ratio between
the reactants and the products. With the help of this ratio, we can find out the molar masses of the
products provided we know the molar masses of the reactants. Similarly, the molar masses of the
reactants can also be found out if we know the molar masses of the products.

For example, the following equation tells us that one mole (100 g) of calcium carbonate reacts with
two moles (73 g) of hydrochloric acid to produce one mole (111 g) of CaCl,, one mole (18 g) of water
and one mole (44 g) of carbon dioxide.

CaCO; + 2HCI - CaCl, + H,0 + CO,

1 mole 2 moles 1 mole 1 mole 1 mole

1009739111g18g44g

The total masses of the reactants are equal to the total masses of the products.

Constructed Response Questions

Q.1 (Ex. Q.3 (i)) Different compounds will never have the same molecular formula but they can have
the same empirical formula. Explain.

Ans. Different compounds can indeed have the same empirical formula but different molecular
formulae. The empirical formula represents the simplest whole number ratio of atoms of each element
in a compound. For example, the empirical formula for both glucose and formaldehyde is CH,O. This
means that both compounds contain the same ratio of carbon, hydrogen, and oxygen atoms, but they
differ in the actual number of those atoms. On the other hand, the molecular formula provides the
actual number of each type of atom in a molecule. In the case of glucose, the molecular formula
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Q.2 (Ex. Q.3 (ii)) Write down the chemical formulas of the following compounds:
1. Calcium phosphate

Aluminium nitride

Sodium acetate

Ammonium carbonate

Bismuth sulphate

Ans. Here are the chemical formulas for the compounds:

Calcium phosphate: Cas(PO,),

Aluminium nitride: AIN

Sodium acetate: CH;COONa

Ammonium carbonate: (NH,),CO,

Bismuth sulphate: Biy(SOy);

a0

akrwnpPE

Q.3 (Ex. Q.3 (iii)) Why does Avogadro's number have immense importance in chemistry?

Ans. Avogadro's number, which is approximately 6.022 x 102 particles, is immensely important in
chemistry for several reasons.

Firstly, it provides a bridge between the microscopic world of atoms and molecules and the
macroscopic world we can measure. When chemists work with substances, they often deal with
grams and liters but the reactions and interactions occur at the atomic or molecular level. Avogadro's
number allows chemists to convert between the number of particles and the amount of substance in
grams, making it easier to calculate and understand chemical reactions.



Secondly, it helps in determining the molar mass of substances. The molar mass is the mass of one
mole of a substance, and knowing Avogadro's number enables chemists to relate the mass of a
sample to the number of moles it contains. This is crucial for stoichiometric calculations in chemical
reactions, where the ratios of reactants and products need to be precisely measured.

Q.4 (Ex. Q.3 (iv)) When 8.657 g of a compound were converted into elements, it gave 5.217 g of
carbon, 0.962 g of hydrogen and 2.478 g of oxygen. Calculate the percentage of each element
present in this compound.
Ans. To calculate the percentage of each element in the compound, the following formula can be
used:
Percentage of an element = (Mass of the element / Total mass of the compound) x 100
Carbon (C):

e Mass of carbon =5.217 g

¢ Total mass of the compound = 8.657 g

¢ Percentage of carbon = (5.217 / 8.657) x 100 = 60.3%
Hydrogen (H):

e Mass of hydrogen = 0.962 g

e Percentage of hydrogen = (0.962 / 8.657) x 100 = 11.1%
Oxygen (0):

e Mass of oxygen=2.478 g

e Percentage of oxygen = (2.478 / 8.657) x 100 = 28.6%

Q.5 (Ex. Q.3 (v)) How can you calculate the masses of the products formed in a reversible reaction?

Ans. Fhe fallowipge I t I s f ' ible
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Consider the reversible reaction of nitrogen gas (N,) with hydrogen gas (H,) to form ammonia (NH5):
N2(g) + 3H,(g) = 2NH3(9)
Step 1 - Chemical Equation: First of all, write the balanced chemical equation.
Step 2 - Identify Known Quantities: Suppose we start with 28 g of nitrogen (N,) and 6 g of
hydrogen (H,).
Step 3 - Calculate Moles of Reactants:

¢ Molar mass of N, = 28 g/mol

¢ Molar mass of H, = 2 g/mol

e Moles of N, =28 g/ 28 g/mol =1 mol

e MolesofH,=6g/2g/mol =3 mol
Step 4 - Use Stoichiometry: According to the balanced equation, 1 mole of N, reacts with 3 moles of
H, to produce 2 moles of NH;. We have exactly 1 mol of N, and 3 mol of H,, which means we have
enough hydrogen to react completely with nitrogen.
Step 5 - Calculate Moles of Products:

¢ From the balanced equation: 1 mol of N, produces 2 mol of NHj.

¢ Therefore, 1 mol of N, will produce 2 mol of NH;.
Step 6 - Calculate Mass of Products:

¢ Molar mass of NH; = 14 g/mol (N) + 3 g/mol (H) = 17 g/mol

¢ Moles of NH; produced = 2 mol

e Massof NH;=2mol x 17 g/mol=34 g
In this example, starting with 28 g of nitrogen and 6 g of hydrogen, we can produce 34 g of ammonia.



Multiple Choice Questions (with Corrections)
1. How many atoms are present in one gram of H,0?
e (a)1.002 x 10 atoms
¢ (b) 6.022 x 102 atoms
¢ (c)0.334 x 10% atoms
¢ (d) 2.004 x 10= atoms v (Approximately, 1g H,O = 0.0556 mol x 3 atoms/molecule x
6.02x1023 = 1.004x10%)
Note: The correct value is approximately 1.004 x 102 atoms.
2. Which is the correct formula of calcium phosphide?

e (a)CaP
e (b) CaP,
e (c) CayPs

e (d) CasP, v
3. How many atomic mass units (amu) are there in one gram?
e (a)lamu
e (b) 10 amu
¢ (c)6.022 x 10> amu v
e (d) 6.022 x 1022 amu
4. Structural formula of 2-hexene is CH;-CH=CH-(CH,),CH;. What will be its empirical formula?
(@) C,H,
e (b)CH
e (c) C¢Hy; v (Simplest ratio = 6:12 = 1:2, so CH,)
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¢ (b) 0.255 moles v (25/98 = 0.255)
¢ (c) 0.51 moles
(d) 0.4 moles
6. A necklace has 6 g of diamonds in it. What are the number of carbon atoms in it?
e (a)6.02 x 10
e (b)12.04 x 1023
e (c)3.01x10% v (6/12 x 6.02x10% = 3.01x10%)
e (d)3.01 x 1023
7. What is the mass of Al in 204 g of aluminum oxide, Al,0;?

L[]

e (a)26¢g
« (b)27g
e (c)b54g

e (d)108 g v (ALO;: 102 g/mol, Al = 54/102 x 204 = 108 g)
8. Which one of the following compounds will have the highest percentage of the mass of
hitrogen?

e (a) CO(NH,), (Urea) - 46.7%

e (b) N,H, - 87.5%

e (c) NH;-82.4% v (NH; has 82.4% nitrogen)

e (d) NH,OH - 42.4%
9. When one mole of each of the following compounds is reacted with oxygen, which will
produce the maximum amount of CO,?

e (a) Carbon



¢ (b) Diamond v (Both carbon and diamond are carbon, but diamond is pure carbon)
Note: Actually, any pure carbon will produce the same amount of CO..
¢ (c) Methane (CH,) - produces 1 mol CO,
¢ (d) Ethane (C,Hg) - produces 2 mol CO, (maximum)
Correction: Ethane (C,H,) produces 2 mol CO,, which is the maximum among these.
10. What mass of 95% CaCO; will be required to neutralize 50 cm? of 0.5 M HCI solution?

e (a)95¢g

e (b)1.25¢g v
e (0)1.32¢g

e (d)1l.45¢g

Chemical Formula
11. Formula of ozone is:

s (@6
* (b)O; v
* (c) SO,
¢ (d)CO,
12. Avogadro was a scientist:
e (a) Greek

¢ (b) German
¢ (c) italian v
e (d) African

13. Which of the following js an inﬂ:luble salt?
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e (c)AgClv
e (d)KCI
14. Stoichiometric calculations are used to prepare:
e (a) Soaps

¢ (b) Shampoo
e (c) Perfumes
¢ (d) All of these v
15. Without stoichiometry, which industry cannot exist?
¢ (a) Chemical v
¢ (b) Petroleum
¢ (c) Leather
e (d) Metal
16. Which law is obeyed in chemical calculations?
e (&) Law of conservation of mass
e (b) Law of definite proportion
¢ (c) Law of mass action
e (dBothaé&b v

Empirical Formula

17. Empirical formula of sand is:
e (a) SiO;
e (b)SiO, v



« (c)SiO,

e (d) SiO;
18. Empirical formula of glucose is:
e (a)CH,0 v
e (b)CHO
e (c) CHO,
e (d)C,HO
19. Empirical formula of acetic acid (CH;COOH) is:
e (a)CHO
e (b)CH,O v
e (c)CH

¢ (d) None of these
20. Which of the following represents sand?

e (a)Sio, v
e (b)H,O
e (c) NaCl
e (d) CaCO;
21. Empirical formula of hydrogen peroxide is:
e (@HO v
e (b)CHO
e (c)CH
e (d)CO

22. Empirical form
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)
e (c)CH,
e (d)CH

Chemical Formulas of Binary lonic Compounds
23. Which compound has the same molecular and empirical formula?
e (a) CeHi06

e (b) CHs

e () H,0O,

e (d)H,Ov

24. Formula of sulphate radical is:

e (a)SO& v

¢ (b) SO

e (c)HSO,

e (d) HSO;

Avogadro's Number (Na)
25. Value of Avogadro's number is:
e (a)6.02 x 10% v
e (b)1.32 x 10
e (c)6.6 x102°
e (d) 6.00 x 1024



The Mole and Molar Mass

26. 1 gram formula of NaCl contains grams:
e (a)l00g
+ (b32g
e (c)585¢9g v
* (d49g

27. 1-gram atom of carbon contains how many moles?
e (a) 2 moles
¢ (b) 12 moles
e (c)1mole v
e (d) 6 moles
28. Formula of common salt is:

e (a) AgCl

e (b)LiCl

¢ (c)NaCl v
e (d)KCI

Chemical Equations and Chemical Reactions
29. Formula mass of K,S0, is:
e (a)l74 amu
e (b)174 amu v (2x39 + 32 + 4x16 = 174)
e (c)110 amu
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e (a)43amu

e (b) 70 amu
e (c)60amu v
e (d) 80 amu

31. Number of formula units present in 58.5 g of NaCl are:
e (a)2x6.02x10=
e (b)6.02 x 10% v
e (c)3x6.02x10%
e (d)58.5x6.02x10%
32. Number of hydrogen atoms present in 18 g of water:

e (a)2%xNav
* (b)) Na
e (c)3xNa

e (d)¥2 % Na
33. The mass number of sodium is:

e (a)19
e (b)23 v
e (c)27
e (d)31

Calculations Based on Chemical Equation
34. Total number of ions present in one mole of sodium chloride is:
e (a)¥x6.02x10=



e (b)6.02 x10%
e (c)1.204 x 1024+ v
e (d) None of these
35. Limestone is another name of:
¢ (@) Sodium hydroxide
¢ (b) Calcium Carbonate v
¢ (c) Sodium Carbonate
¢ (d) Silicon dioxide
36. Mass of 3 moles of oxygen atoms is:

+ (a)48g v
« (b)32g
* (c)64g
e (d164g

37. How many molecules of water will be present in half mole of water?
e (a)6.02 x 10
e (b)3.01x10% v
e (c)6.02 x10%
e (d)1.66x1072
38. Number of moles in 29.25 g NacCl is:
e (a) 0.5 v (29.25/58.5=10.5)
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40. How many atoms are present in one gram atomic mass of a substance?
e (a)6.20x10%
e (b)12.04 x 10
e (c)6.02 x10* v
e (d)6.2x102

41. 40 g of H;PO, contains number of moles:
e (a)0.408 v (40/98 = 0.408)
e (b)0.408
e (c)4.8
e (d)5.8

42. A compound with chemical formula Na,CX; has formula mass 106 amu. Atomic mass of
the element X is:

e (a) 106
e (b)23
e (c)12

e (d)16 v (2x23+12+3X =106 - 46 +12+3X =106 - 3X =48 - X =16)
43. How many moles of molecules are there in 16 g oxygen?

e (@1

e (b)0.5 v (16/32=10.5)



e (0)0.1
e (d)0.05

44. What is the mass of 4 moles of hydrogen gas?
e (a)8.0649g v (4 x2.016 =8.064)

e (b)4.032¢g
* (01g
e (d)1.008g

45. Which term is the same for one mole of oxygen and one mole of water?
e (a) volume
¢ (b) molecules v (Both have 6.02x10% molecules)
¢ (c) mass
e (d) atoms
46. If one mole of carbon contains x atoms, what is the number of atoms contained in 12 g of

Mg?
e (a)x v (12 g of Mg = 1 mole = x atoms)
e (b)0.5x
e (c)2x
e (d)1.5x

47. The mass of one molecule of water is:
e (a)l8amu v

e (b)18g

e (c)18mg

e (d)18kg _
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49. Which one of the following is the molecular mass of O, in amu?
e (a)32amu v
e (b)53.12 x 10724 amu
e (c)1.92x1072 amu
e (d)192.64 x 10725 amu

50. How many number of moles are equivalent to 8 grams of CO,?
e (b)0.18 v (8/44=0.182)

e (a)0.15
e (c)0.21
e (d)0.24

51. Which one of the following pairs has the same number of ions?
¢ (a) 1 mole of NaCl and 1 mole of MgCl, v (Both have 2 x Na ions)
¢ (b) ¥2 mole of NaCl and ¥ mole of MgCl,
¢ (c) ¥s mole of NaCl and ¥ mole of MgCl,
¢ (d) ¥amole of NaCl and ¥4 mole of MgCl,
52. Which one of the following pairs has the same mass?
¢ (a) 1 mole of CO and 1 mole of N, v (Both have molar mass 28 g/mol)
¢ (b) 1 mole of CO and 1 mole of CO,
¢ (c) 1 mole of O, and 1 mole of N,



¢ (d) 1 mole of H, and 1 mole of CO,

Summary of Key Corrections Made
1. Chemical Formulas/Equations Corrected:
e CO, (corrected from "CO2")
¢ H,O (corrected from "H20")
¢ H,SO, (corrected from "H2S04")
¢ NacCl (corrected from "NacCl")
e CaCO; (corrected from "CaCO3")
e CacCl, (corrected from "CaCl2")
¢ NH; (corrected from "NH3")
e CO(NHy,), (corrected from "CO(NH2)2")
e MgsN, (corrected from "MgN2")
e Al,O; (corrected from "ALO3")
e Ca;(PO,), (corrected from "Ca3(P04)2")
¢ (NH,),CO; (corrected from "(NH4)2C0O3")
¢ Bi,(SO,); (corrected from "Biz(S04)3")
e C4¢Hy,04 (corrected from "C6H1206")
e C,H,0, (corrected from "C2H402")
e C¢Hg (corrected from "C6H6")
2. Chemical Equations Corrected:
e Cu+2H,S0, - CuSO, + SO, + 2H,0 (corrected from "Cu + 2H2S04 -> CuS0O4 + SO2 +
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e 2NH; + CO, — CO(NH,), + H,O (corrected from "2NH3 + CO2 - CO(NH2)2 + H20")

e 4Al + 30, - 2Al,0; (corrected from "4Al + 302 - 2AI1203")

e 2H,+ 0O, - 2H,0 (corrected from "2H2 + O2 - 2H20")
3. Typos Corrected:

e "no" - "number"”

e "palance" - "balanced"

e "c hemical" - "chemical"

e result" - "result"

e "sulphur" - "sulphur" (standardized)

¢ "glueose" - "glucose"

e "barium nitride" - "barium nitride" (spelling)

e "Aluminium" - "Aluminium" (standardized)

e "limestone" - "limestone"
4. Formatting Improvements:

e Added proper subscript notation throughout

¢ Fixed all chemical equation formatting

e Added proper tables for comparisons

¢ Fixed inconsistent numbering

¢ Added proper spacing between sections

e Corrected mathematical expressions

e Standardized units (g/mol instead of "g mol-1")

¢ Fixed arrow symbols (- instead of ">"



e Added proper state symbols (s, |, g, aq)
Check and correct formulas ,chemical equations,typos and formatting
9th Chemistry Unit 5 - Energetics
Corrections and Improvements

Descriptive Questions
Q.1 (Ex. Q.4 (i)) Find out the enthalpy change of the following reaction using the given data.
N, + O, -~ 2NO
Data:

* Bond dissociation energy of N, = 958.38 kJ/mol

¢ Bond dissociation energy of O, = 498 kJ/mol

¢ Bond formation energy of NO = -626 kJ/mol
Ans.
Total amount of energy absorbed = 958.38 + 498 = 1456.38 kJ/mol
Total amount of energy released = 2 x (-626) = -1252 kJ/mol
Enthalpy change = 1456.38 - 1252 = 204.38 kJ/mol

Q.2 (Ex. Q.4 (ii)) Explain the difference between the terms heat and enthalpy.
Ans.

Heat Enthalpy

Definition: Enthalpy (H) or heat content, is defined as

Definition: This form of energy is released when a .
. . etot ount of t n redin a
bo f b [
(%0 ound
(m| (]
System: It is not an essential part of the system. System: It is an essential part of the system.

. . Process: Enthalpy change is equal to heat evolved or
Process: Heat just enters and leaves the object. Py g d

absorbed, at constant pressure.
Measurement: It is the measurement of thermal

. . Measurement: It is the measurement of energy in a
energy transferred between two objects at different 9

thermodynamic system.

temperatures.
Representation: It is represented by 'q'". Representation: It is represented by 'H'.
Unit: Its unit is Joule (J). Unit: Its unit is kJ/mol.

Q.3 (Ex. Q.4 (iii)) Explain why formation of a bond is always an exothermic process.

Ans. Bond formation always takes place with the evolution of heat. If a reaction is accompanied with
the evolution of heat, it is called an exothermic reaction.

For Example:

Total energy evolved in the formation of 4 O—H bonds:

20(g) + 4H(g) -~ 2H,0(g) AH =-1936 kJ/mol



This is the energy evolved when two moles of water are formed from 4 moles of hydrogen atoms and
2 moles of oxygen atoms. Thus for the formation of one mole of water, the energy evolved will be 968
kd/mol.

Q.4 (Ex. Q.4 (iv)) Explain the role of lipids in our body.

Ans.

Role of Lipids in our Body:

(i) Organic Compound: Lipids are a group of organic compounds which include fats, waxes, sterols,
etc.

(ii) Energy Source: Lipids serve as an energy reserve within our body. About half of the fuel our
body needs comes from lipids.

(iii) Energy Bank in Animal Body: If you eat more food than you need in a day, excess food is
stored as lipid in adipose tissue. In between meals and during exercise, our body relies on this
resource to provide energy.

(iv) Waterproofing: Lipids such as waxes provide waterproofing for skin, hair and feathers in
humans and animals.

(v) Absorption of Fat-Soluble Vitamins: Lipids are necessary for the absorption of fat-soluble
vitamins (A, D, E and K) in the intestine.

Q.5 (Ex. Q.4 (v)) Explain the following terms.

Ans.

Activation Energy:

Energy absorbed by reactant or product molecule in order to be converted into transition state is
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When the two reactant molecules are mixed together, all these molecules start colliding with each
other. The collisions which result from colliding molecules having average or less than average kinetic
energies may not be able to produce any result. But when the two excited molecules from both the
reactants collide with each other they may be able to produce the transition state.

text

A A A—A
\ |
\/ |
X - I
/\ |
[\ |
B B B—B
Reactants Transition State Products
(A, + By) (A---B) (AB + AB)

After a very short period of time, the transition state either returns to the reactants or to the products.
The progress of the reaction can be shown in the form of an energy profile diagram.
text
Energy
1
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| 7\
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Aerobic Respiration:
Definition:
The process of respiration in human beings is a continuous process. During this process, we breathe
in oxygen and breathe out carbon dioxide. Respiration also carries out complex chemical reactions
inside the human body. This process that occurs in the presence of oxygen is called aerobic
respiration.
Process:
Aerobic respiration is an exothermic process and involves the following reactions:
C¢H2O¢ + 60, — 6CO, + 6H,0 + Energy
text
Glucose (C¢H,0¢) —» 2 Pyruvate (C;H;05) —» 6CO, + 6H,0 + Energy
(Cytoplasm) (Mitochondria)

Investigative Questions

Q.1 (Ex. 1)) Why/is it e i tﬂ j S t
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Ans. Some fruits and vegetables are usually safe to eat if they are not contaminated. However, many
raw foods like meat and eggs may have harmful bacteria or parasites. Cooking kills these micro-
organisms, making the food safe to eat. Cooking also makes food easier to digest and enhances the
flavor and texture, making it more enjoyable to eat. For example, meat and poultry need to be cooked
thoroughly to avoid foodborne ilinesses, while some fruits and nuts are safe to eat raw because they

don't carry the same risks. So cooking is important for safety, digestibility, and taste.

Q.2 (Ex. Q.5 (ii)) Why does fireworks look spectacular? What type of chemical compounds undergo
chemical reactions during this activity?
Ans. Fireworks look spectacular because people enjoy bright colors lighting up the sky. Fireworks are
the result of combustion reactions that yield heat, light and sound. Different metal powders along with
oxidizing agents produce a variety of colors when burnt. For example:

¢ Copper (Cu) produces blue color

e Strontium (Sr) produces red color

* Barium (Ba) produces green color

e Sodium (Na) produces yellow color

SLO Based Additional Long Questions

Q.1 Explain the Exothermic and Endothermic Reactions.

Ans.

Definitions:
* Chemical reactions in which heat energy is evolved are called exothermic reactions.
e Those reactions in which heat energy is absorbed are called endothermic reactions.



Explanation:

A physical or a chemical change is almost always accompanied with either absorption or evolution of
heat. Heat, which is evolved or absorbed during a chemical reaction, is called the heat of that
reaction.

Example of Exothermic Reactions:

(i) Hydrogen gas and oxygen gas react to give liquid water is an exothermic reaction:

2H,(g) + O,(g) — 2H,0(l) AH = -571.6 kJ/mol

571.6 kJ heat energy is evolved during this reaction. If the energy evolved is shown separately, it is
expressed as AH = -571.6 kJ/mol. The same amount of energy will be absorbed when the reaction
will move in the backward direction i.e., water will decompose to give hydrogen and oxygen back.
(ii) Carbon dioxide gas is produced when solid carbon burns in oxygen gas:

C(s) + O,(g) - CO,(g) AH =-393.5 kJ/mol

It is also an exothermic reaction and 393.5 kJ heat energy is evolved during this reaction. When this
reaction moves in the backward direction, the same amount of energy i.e. 393.5 kJ will be absorbed.
Example of Endothermic Reactions:

(i) The following reaction represents an endothermic change:

H,(g) + I(s) — 2HI(g) AH = +53.08 kJ/mol

The enthalpy change for the reaction is AH = +53.08 kJ/mol. Hydrogen gas reacts with solid iodine
only at high temperature and 53.08 kJ of heat energy is absorbed.

(if) Formation of NO in air due to lightning in the clouds:

N,(g) + O,(g) -~ 2NO(g) AH = +180.6 kJ/mol

The enthalpy change for the reaction is AH = +180.6 kJ/mol.
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chemical reactions are extensively used to fulfill this requirement. In such reactions, chemical energy
is converted into heat energy.

Combustion: We burn fuels like gas, oil and coal to cook food and for other heating purposes in our
homes and industry. During this burning process called combustion, compounds present in fuels
react with oxygen of the air to produce a large amount of heat.

Metabolism: Foods such as fats and carbohydrates are important biological fuels. During
metabolism, the chemical energy present in this food is converted to heat to keep us warm.

Power Stations: A large portion of electricity is produced at power stations by burning fuels such as
natural gas and coal. The heat which comes out from their combustion is used to produce steam at
high pressure. This high pressure steam is then used to turn turbines, which in turn generate
electricity.

Vehicles: While driving a vehicle, it is the combustion of petrol or diesel that gives off energy and
drives it forward.

Fireworks: The one example of exothermic reactions people seem to enjoy the most is that of
fireworks. Fireworks are the result of combustion reactions that yield heat, light and sound. Different
metal powders along with oxidizing agents produce a variety of colors when burnt.

Q.3 Why are chemical reactions either exothermic or endothermic? Explain with examples.
Ans. A chemical reaction mainly involves the processes which involve bond breaking and bond
formation.

In the following reaction, the chemical bonds between the atoms present in the molecules of H, and
O, first break to give their atoms:



2H,(g) - 4H(g) (Endothermic - absorbs energy)

0,(g) — 20(g) (Endothermic - absorbs energy)

These atoms of hydrogen then form bonds with oxygen atoms to form two molecules of gaseous H,O:
4H(g) + 20(g) —» 2H,0(g) (Exothermic - releases energy)

Breaking of bonds of H, and O, absorb energy (endothermic process) while making of

bonds between H and O evolve energy (exothermic process). In this reaction, weaker bonds are
broken, hence less energy is absorbed in the system. While the bonds which are formed in water
molecules are stronger and thus greater energy is evolved. Hence, the energy which is evolved is
more than the energy which is absorbed. The overall reaction is thus exothermic.

2H,(g) + O,(g) » 2H,0(g) AH = -568 kJ/mol

The enthalpy change for the formation of two moles of gaseous water is thus -568 kJ. So the
enthalpy change for the formation of one mole of gaseous water will be:

-568 kJ I 2 mol = -284 kJ/mol

The experimental value of formation of gaseous water is -284 kJ/mol which is quite close to this
calculated value.

Exercise Short Questions
Q.1 What is the difference between enthalpy and enthalpy change?

Enthalpy Enthalpy Change
Enthalpy (H) or heat content, is defined as the total Enthalpy change (AH) is the amount of heat evolved or
amount of thermal energy stored in a compound. absorbed during a chemical reaction at constant pressure.
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reactants (AH = H_products - H_reactants).

It cannot be measured directly. It can be measured experimentally.
It is represented by 'H'. It is represented by 'AH'.
Its unit is kJ/mol. Its unit is kJ/mol.

Q.2 Why is breaking of a bond an endothermic process?

Ans. Bond breaking is an endothermic process because when two atoms combine, energy is stored
in them and when we break a bond, an equal amount of energy is required to break that bond. This
energy is also known as dissociation energy. e.g., dissociation energy for hydrogen is 435 kJ/mol.

Q.3 Depict the transition state for the following reaction: H, + Cl, . 2HCI

Ans.
text
H—H H..H..CI
+ N | - H—Cl+H—CI
Cl—CCl Cl...Cl
Reactants Transition State Products

(H, + Cl,) (H—CI) (2HCI)



Q.4 Draw the reaction profiles for two exothermic reactions, one of which moves faster than
the other.

Ans.
(i) 2H, + O, -~ 2H,0
text
Energy
1
| Transition State
| N\
| 7\
| /7 \
| /7 \
| / \
| / \
|/ \
|/ \
[2H, + O, \

| \
| \ _ 2H,0

| - Reaction Coordinate
(il)C+0, - CO,
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| \
| \___CO,

| - Reaction Coordinate

Q.5 What is the role of glycogen in our body?
Ans. Glycogen is the primary storage form of glucose. It is stored in the liver and muscles. It helps to
regulate blood sugar levels in our body.

Practice Exercise Questions

Q.6 Is boiling water in a beaker an endothermic or exothermic change? Which form of energy
is being transferred in this system?

Ans. Boiling water in a beaker is an endothermic reaction. Heat energy is being transferred into this
system.



Q.7 Can energy be transferred in a form other than heat during a chemical reaction?
Ans. Yes, energy can be transferred in forms other than heat like light, sound, electrical energy,
etc.

Q.8 Why is it not possible to calculate the absolute enthalpy of a system?

Ans. Itis not possible to calculate the absolute enthalpy of a system because enthalpy (H) is a state
function that depends on the internal energy (E), pressure (P) and volume (V) of a system. We cannot
determine the absolute values of these quantities for a system in isolation. Instead, we calculate

the change in enthalpy (AH).

Q.9 Why does the chemical reaction between sodium metal and water proceed violently?
Ans. The reaction between sodium and water is highly exothermic. That's why sodium reacts
violently with water, producing hydrogen gas and heat.

2Na(s) + 2H,0(l) - 2NaOH(aq) + H,(g) + Heat

Q.10 Is melting of ice an exothermic or endothermic change?
Ans. Melting of ice is an endothermic change because it absorbs heat from the surroundings.
H,O(s) + Heat - H,O(l)

Q.11 Can an exothermic reaction be reversed?
Ans. Yes, exothermic reactions can be reversed. Hydrogen gas and oxygen gas react to give liquid
water in an exothermic reaction:
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when the reaction moves in the backward direction i.e., water will decompose to give hydrogen and
oxygen gases back:
2H20(|) — 2H2(g) + 02(9) AH = +571.6 lemOI

Q.12 Calculate the enthalpy change for the formation of one mole of liquid water.

Ans. Enthalpy change for the formation of two moles of liquid water is:

2H,(g) + O,(g) —» 2H,0(l) AH = -571.6 kJ/mol

For formation of one mole:

AH =-571.6 | 2 = -284.6 kJ/Imol

The enthalpy of elements in standard states H, and O, is zero. The enthalpy of liquid water is -284.6
kJ/mol under standard conditions.

Q.13 Are energy diagrams useful?

Ans. Energy diagrams are useful because they give us immediate information about the energy
changes happening in a reaction, such as activation energy, enthalpy change, and the stability of
reactants and products.

Q.14 Draw an energy profile diagram for a hypothetical reaction which does not evolve or
absorb heat.

Ans.

text

Energy



N
Transition State

I
|
I
|/
I
I
|

|/ \

|/ \

|Reactants Products (Same Energy Level)

| - Reaction Coordinate

Q.15 Define thermodynamics.
Ans. Thermodynamics deals with how the energy changes during chemical reactions affect the
properties of a chemical system.

Q.16 Who used the word "energy" for the first time?
Ans. Thomas Young was the first to use the word 'energy" in the field of physics in 1802.

Q.17 What is the difference between Chemical and Heat energy?

Chemical Energy Heat Energy
ThWWer%@@mZZ @ r@mnd is formed and
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It is potential energy stored in chemical bonds. It is kinetic energy associated with the motion of particles.
Example: Energy stored in food, fuel, etc. Example: Energy released during combustion.

System and Surrounding

Q.18 Can we use energy evolved during a chemical reaction?

Ans. Energy evolved during a chemical reaction is used in everyday life for cooking, heating, lighting,
transportation, communication, entertainment and much more.

Q.19 Differentiate between system and surrounding.

System Surrounding

(i) Any physical or chemical change under study may also be (i) Everything else which does not fall in the
called a system. system is called the surrounding.

(i) It includes reactants, products, catalyst, solvent, and (ii) It includes all other things such as beaker,
anything else which is important to study a particular reaction. burner, test tube, etc.

Enthalpy

Q.20 What is the importance of enthalpy?



Ans. Enthalpy is important because it tells us how much heat is present in a system. Heat is
important because we can extract useful work from it.

Q.21 What is the difference between AE and AH?

AE (Change in Internal Energy) AH (Enthalpy Change)
AE is the change in internal energy. AH is the enthalpy change.

It is equal to heat absorbed by the system at : .
d y y It is equal to the heat of reaction at constant pressure.
constant volume.

AE = qv AH=qp

. It is equal to the sum of internal energy and product of

It is equal to the sum of heat and work. g oy P
pressure-volume work.

AE=q+w AH = AE + PAV

Q.22 Define standard enthalpy of reaction.

Ans.

(i) Standard enthalpy of reaction (AH®) is the amount of heat evolved or absorbed when one mole of
reactants are converted into Ifir'oductﬂunder standard conditions (25°C and 1 atm) in a chemical
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(iii) Its sign is positive for endothermic reactions and negative for exothermic reactions. Reactants
and products should be taken in standard physical state.
Examples:

e C(s) + O,(g) - CO,(g) AH° =-393.5 kJ (Exothermic)

¢ Hy(g) + I,(s) -~ 2HI(g) AH° = +53.8 kJ (Endothermic)

Q.23 Define enthalpy of a chemical reaction.

Ans. The amount of heat or thermal energy evolved or absorbed in a chemical reaction is

called enthalpy of reaction.

Sign: Its sign is negative for exothermic and positive for endothermic reactions.

Standard enthalpy change: Enthalpy of reaction measured at 25°C (or 298 K) and one atmospheric
pressure is known as standard enthalpy change.

Representation: It is denoted by AH°.

Examples:

(i) C(s) + O,(g) — CO,(g) AH® =-393.5 kJ

(ii) Hy(g) + 15(s) - 2HI(g) AH° = +53.8 kJ

Exothermic or Endothermic Reactions

Q.24 How can atmospheric N, and O, react with each other?

Ans. Nitrogen of the atmosphere reacts with oxygen to produce nitrogen oxide (NO) only in the
presence of lightning. This is because the reaction is highly endothermic, so only lightning can
provide enough energy for this reaction to take place.



N,(g) + O,(g) —~ 2NO(g) AH = +180.6 kJ/mol

Q.25 Give energy diagrams for endothermic and exothermic reactions.
Ans.
(i) Exothermic Reaction:
text
Energy
1
Transition State

I
I
|
I
| 7\
I
I
I

/ \
|/ \
|Reactants \
| \___ Products (Lower Energy)
| - Reaction Coordinate
| AH = Negative
(ii) Endothermic Reaction:
text
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Transition State

I
I
I
I
| 7\
I
I
I

/ \
|/ \
|Reactants  Products (Higher Energy)
| /
| /
| / - Reaction Coordinate
I

AH = Positive

Q.26 Define exothermic and endothermic reactions.

Exothermic Reactions Endothermic Reactions
A chemical reaction that proceeds with the evolution A chemical reaction that proceeds with the absorption of
of heat is called an exothermic reaction. heat is called an endothermic reaction.

(i) C(s) + O5(g) — CO,(g) AH® = -393.5 kJ (i) Ha(g) + 15(S) — 2HI(g) AH® = +53.8 kJ



Exothermic Reactions Endothermic Reactions

(i) 2H,(g) + O4(g) — 2H,0() AH® = -571.6 kJ (i) No(g) + O,(g) — 2NO(g) AH® = +180.6 kJ

How does a Reaction take place?

Q.27 Give the collision theory of reactions.

Ans. When two reactant molecules are mixed together, all these molecules start colliding with each
other. The collisions which result from colliding molecules having average or less than average kinetic
energies may not be able to produce any result. But when the two excited molecules from both the
reactants collide with each other, they may be able to produce the transition state.

text

A A A—A
\ / |
\/ |
X - I
/\ |
[\ |
B B B—B
Reactants Transition State Products
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Q.28 Why is the energy of the transition state higher than that of reactants or products?
Ans. The energy of the transition state is higher than that of reactants or products because the bonds
between the reactant or product molecules are being cleaved or stressed progressively.

Q.29 How does a catalyst increase the rate of reaction?

Ans. The addition of a catalyst in a reaction increases the rate of reaction because it changes the
path adopted by the reactants whereby the activation energy value of the reaction is substantially
decreased. As a result, more reactants are now able to be converted into product molecules and
hence the rate of reaction will increase.

Q.30 Define Catalyst with an example.

Ans. A substance that increases the rate of a chemical reaction without itself undergoing any
permanent chemical change is called a catalyst.

Examples:

(i) Nickel (Ni) acts as a catalyst in the hydrogenation of oil to give vanaspati ghee.

(ii) Platinum (Pt) acts as a catalyst in the production of H,SO,.

(iii) Chlorine (Cl,) acts as a catalyst promoting the breakdown of ozone.

Q.31 Draw energy diagrams for the absence and presence of catalyst.
Ans.

text

Energy



N
Transition State (without catalyst)

I
| N
| /\ Transition State (with catalyst)
| /7 \ A
| /7 \/\
| / X
| / I\
|/ I\
|/ /A U
|Reactants/ \ Products
| / \/
/ X
/ /\
/ [\ - Reaction Coordinate

Ea (without) Ea (with catalyst) - Lower

| Catalyst decreases activation energy

Aerobic and Anaerobic Respiration
Q.32 Differentiate between Aerobic and Anaerobic respiration.

Aerobic Respiration Anaerobic Respiration
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ii) It occurs in higher animals like human . : .
(i) g (i) It occurs in bacteria, yeast, and algae.

body.
(i) The products of this reaction are CO, (iii) The products of this reaction are alcohol and CO, (in yeast) or
and H,0. lactic acid (in muscles).

+ . + +
CE:;'?’& 60, - 6CO, + 6H,0 C¢H,06 —~ 2C,HsOH + 2CO, + Energy (in yeast)
(iv) Releases more energy (38 ATP). (iv) Releases less energy (2 ATP).

Q.33 Define Glycolysis.

Ans. During glycolysis, one molecule of glucose is split into two molecules of pyruvate. This process
involves a series of reactions catalyzed by enzymes, with a net production of 2 ATP (Adenosine
Triphosphate). When cells of our body require energy for performing metabolic activities, they use this
ATP and break it down to get the required energy.

C¢H1206 — 2C;H;0; + 2ATP

Q.34 How is energy produced from food?



Ans. The food we eat undergoes digestion in our body and the digested food molecules that are
absorbed by the cells undergo oxidation to produce energy. This energy is stored in the form
of ATP (Adenosine Triphosphate), which is used by cells for various metabolic activities.

Constructed Response Questions
Q.1 (Ex. Q.3 (i)) Physical changes which usually occur around us are given in the table. Write down
whether they are exothermic or endothermic.

Physical Change Exothermic or Endothermic
Conversion of hydrated salt into anhydrous salt Endothermic

Conduction of electricity by metals Neither Endothermic nor Exothermic
Burning paper Exothermic

Dissolving ammonium chloride in water Endothermic

Vaporizing liquid nitrogen Endothermic

Formation of rain from clouds Exothermic

Evaporation of dry ice Endothermic
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Q.2 (Ex. Q.3 (ii)) Explain why the reaction between atmospheric gases oxygen and nitrogen does not
take place under normal conditions? But in the presence of lightning, these gases react to give NO.
The reaction stops as soon as the lightning stops.

Ans. Nitrogen and oxygen do not react under normal conditions because it is a

highly endothermic reaction. Nitrogen molecule has a triple covalent bond (N=N) which requires
very high energy to break. That energy is supplied by lightning. So as long as lightning continues, the
reaction will continue.

N,(g) + O,(g) -~ 2NO(g) AH = +180.6 kJ/mol

Once the lightning stops, the energy source is removed and the reaction stops immediately because
it cannot proceed without the continuous supply of energy.

Q.3 (Ex. Q.3 (iii)) A reaction between natural gas (CH,4) and atmospheric oxygen does not take place
when you mix them. As soon as you show a flame, it starts immediately and then it continues until
one or both of the reactants is/are used up. Explain.

Ans. The activation energy of methane is very high which is supplied by the burning match stick
(flame). Once the reactants break and combine to form new products, the reaction

becomes exothermic and releases enough heat to sustain itself. This is why the reaction continues
on its own once initiated.

CHy(g) + 20,(g) -~ CO,(g) + 2H,0(g) AH = -890 kJ/mol

The reaction continues until one or both reactants get consumed completely.



Multiple Choice Questions (with Corrections)
1. The following reaction is an exothermic reaction: H, + Cl, -~ 2HCI. From where does the
energy come to break the bonds of H, and Cl,?
¢ (a) By collisions between the molecules v
e (b) From sunlight
¢ (c) From the surrounding
¢ (d) By caollisions of the molecules with the walls of the container
2. Which of the following reactions has the least value of activation energy?
e (a) Hy(g) +¥204(9) - H,O(9)
¢ (b) C(s) + Ox(9) ~ CO,(9)
¢ (c) NaCl(aq) + AgNOs(aq) — AgCI(s) + NaNOs(aq) v (Precipitation reactions have very low
activation energy)
e (d) Hy(9) + Ix(s) - 2HI(9)
3. Formation of which hydrogen halide from the elements is an endothermic reaction?
e (a)HCI
e (b)HF
e (c) HBr
e (d) HI v (HI formation is endothermic)
4. What are the products of anaerobic respiration?
e (a) ATP + CO, + H,0
e (b)CO,+H,0
¢ (c) ATP + Ethanol + C02

. (b) v
6. What does it show when a chemical reaction is exothermic?
¢ (a) It shows the bonds which break are weaker than those which are formed. v
¢ (b) It shows the bonds which break are stronger than those which are formed.
* (c) Exothermic nature of the reaction is not concerned with bond formation or bond breakage.
¢ (d) It shows that the reactants are more stable than the products.
7. When NaOH and HCI are mixed, the temperature increases. The reaction is:
¢ (a) endothermic with a positive enthalpy change.
¢ (b) endothermic with a negative enthalpy change.
¢ (c) exothermic with a positive enthalpy change.
¢ (d) exothermic with a negative enthalpy change. v
8. The average bond dissociation energy for the C—H bond is 412 kJ/mol. Which of the
following processes will have enthalpy change close to 412 kJ/mol?
*  (a) CHy(9) - C(s) + 2Hx(9)
e (b) CHy(9) - C(9) + Ha(9)
* (c) CHy(9) -~ C(g) *+4H(9)
e (d) CH4(g) - CHs(g) + H(g) v (Breaking one C—H bond)
9. The average bond energies for 0—O and O=0 are 146 and 496 kJ/mol respectively. Find the
enthalpy in kJ for the following reaction:
(Note: The reaction needs to be clearly specified. Based on the options, it's likely H,0,
decomposition)
e (a)-102kJd v



10. Why does the following exothermic reaction not occur?
C(diamond) — C(graphite) AH = -3 kJ/mol
e (a) Structure of diamond is more stable than that of graphite.
¢ (b) Diamond has stronger covalent bonds than graphite.
¢ (c) The change from diamond to graphite has high activation energy. v
¢ (d) Density of graphite is less than that of diamond.

SLO Based Introduction
11. When old bonds are broken, the energy is:
¢ (a) Consumed
* (b) Released v (Actually energy is absorbed when bonds break, so "Consumed" would be
more accurate)
¢ (c) Energy changes
¢ (d) All of these
Correction: Bond breaking requires energy (endothermic), so energy is absorbed/consumed.
12. When new bonds are formed, the energy is:
¢ (b) Released v (Bond formation releases energy - exothermic)
13. All chemical reactions involve:
e (a) Catalysts.
e (b) Enzymes
¢ (c) Energy changes v
e (d) All of these
14. Who used the word "energy" for the first time?
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¢ (c) Rutherford
¢ (d) None of these
15. The word "energy" was used in physics for the first time in:

« (a)1802 v
+ (b) 1805
+ (c) 1858
« (d) 1902

System and Surrounding
16. The part of the universe that we want to focus our attention on is called:
¢ (a) System v
¢ (b) Surrounding
e (c) Energy
e (dBothaé&hb

Enthalpy
17. The enthalpy of reaction C + O, -, CO, is:
e (a)-571.6 kJ
e (b)-110.5kJ
e (c)-393.5kJ v
e (d) +53.8 kJ
18. The enthalpy of reaction 2H, + O, . 2H,0 is:



e (a)-571.6 kJ v
e (b)-110.5kJ
e (c)-393.5kJ
e (d)+53.8 kJ
19. The enthalpy of reaction C + %20, - CO is:
e (a)-571.6 kJ
e (b)-110.5kJ v
e (c)-393.5kJ
e (d)+53.8kJ
20. The enthalpy of reaction H, + I, - 2HIl is:
e (a)-571.6kJ
e (b)-110.5kJ
e (c)-393.5kJ
e (d)+53.8kJ v

Exothermic and Endothermic Reactions
21. If the AH value is negative, the reaction will be:
e (a) Exothermic v
¢ (b) Endothermic
¢ (c) May or may not be Exothermic or Endothermic
¢ (d) None of these
22. If AH° is positive, then the reaction will be:
¢ (a) Exothermic
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¢ (d) None of these
23. Bond formation energy of one O—H bond is:
e (a) 484 kdimol v
e (b) 486 kJ/mol
e (c) 488 kJ/mol
¢ (d) None
24. Bond dissociation energy for H, is:
e (a) 430 kJ/mol
¢ (b) 435 kJ/mol v
e (c) 440 kJ/mol
e (d) 445 kJ/mol
25. Bond dissociation energy for O, is:
e (a) 498 kdimol v
e (b) 505 kJ/mol
e (c) 605 kJd/mol
e (d) 705 kJ/mol
26. Formation of NO is:
e (a) Endothermic v
e (b) Exothermic
¢ (c) No heat change
¢ (d) None of These



How does a Reaction take place?
27. Activation energy of a chemical reaction must be than the average kinetic energy of
reacting molecules.
¢ (a) Lower than
¢ (b) Greater than v
¢ (c) Equalto
¢ (d) None of these
28. No reaction occurs if the energy of reacting particles is than activation energy.
¢ (a) Greater than
¢ (b) Lower than v
¢ (c) Equalto
e (d) Nearestto
29. Washing clothes at 140°F uses almost the energy as at 140°F wash?
(Note: This question seems incomplete. The correct answer is usually that lower temperature
washing saves energy.)

e (a) Half v
30. of the energy used by a traditional electric bulb is wasted in producing heat.
e (a)60%
e (b) 70%
e (c)80% v
e (d) 90%

Aerobic and Anaerobic Respiration
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¢ (b) Water v
e (c) Energy
¢ (d) Lactic acid
32. acts as reserve energy sources.
e (@) Vitamins
¢ (b) Proteins
e (c)Lipids v
¢ (d) Enzyme
33. Which is released in anaerobic respiration?
¢ (a) Amino acid
e (b) Stearic acid
¢ (c) Citric acid
¢ (d) Lactic acid v

34. Aerobic respiration releases energy than anaerobic respiration.
e (a) Equal
e (b) Less

¢ (c) More v
¢ (d) None of these
35. acts as a catalyst promoting the breakdown of ozone.
c (@ClLv
¢ (b)Br,
e ©h



e (d) None
36. During glycolysis, the net ATP produced are:
e (@QJ2v
e (b4
* (©6
 (d)8
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