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Chapter # 4
Stoichiometry e

Student Learning Outcomes

After studying this chapter, students will be able to:

Qi.
Ans.

State the formulae of common elements and compounds. ;

Define molecular formula of a compound as the number and type of dlffcrcm
atoms in one molecule. :

Define empirical formula of a compound as the simplest whole number ratio of
different atoms in a molecule. :

Deduce the formula ard name ofa binary ionic compounds from ions given
rclevant information. i

Deduce the‘ formula of a molecular substance from the given structure of
molecules. ' -

Use the relationship amount of substance = mass/molar mass to calculate number
of moles, mass, molar mass, relative mass (atomic/molecular formula) and number
of particles. '

Define mole as amount of substance containing Avogadros number 6,02 x 10% of
particles.

Explain the relationship between a mole and Avogadro's constant.

Construct chemical equations and ionic equations to show reactants formmg,
products, including state symbols.

Deduce the symbol equation with state symbols for a chemical reactton given
relevant mformatlon

Subject Questions & Answers

What is Stoichiometry? Give its importance.
Stoichiometry:
The branch of chcmlstry which deals with the quantltatlve relationship bctwcen

reactants and products in a balanced chemical equation is called Stoichiometry.

OR

The branch of chemistry which deals with the determination of unknown masses by

using the known masses from a balanced chemical equation is called stoichiometry.
Importance of stoichiometry: It helps us to calculate the amounts of reactants and
products by using a balanced chemical equation.
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Q2. Write down the name of law on which stoichiometry based.
&ns. It is based on the Law of Conservation of Mass.

03. Define the Law of Conservation of Mass.

Ans. Law of Conservation of Mass: .

This law states that- "Matter can neither be created nor destroyed during a chemical

reaction. The total mass of all the reactants must be cqual to the total mass of products.

Q4. How can you find the mole ratio between reactants and products?
Ans. The stoichiometric coefficients used to balance a chcmlcal equation provnde the
mole ratio between reactants and products.
Q5. What is the importance of stoichiomefry in industry?
Ans. Stoichiometry is used in industry quite often to determine the amount: of raw
materials required to produce the desired-amount of the products.
Q6. What is meant by chemical formula? Give its importance.
Ans. Chemical formula:

The representation of chemical compound of a substancc interns of symbols and
valencies is called chemical formula. OR

A chemical formula is a shorthand notation of a compound.
Example: The chemical formula of calcium carbonate is CaCOs.
Importance of chemical formula: '
1. It shows the clements present in a compound.
2. It shows the number of atoms of each element present.
Q7. Describe the types of chemical formula with examples.
Ans. There are two types of chemical formulas:
1. Molecular formula
2.  Empirical formula
1. Molecular formula: The formula which shows the actual number of atoms of each
element present in the molecule of substance is called molecular formula.
Examples: The molecular formula of benzene is C4Hg and molecular formula of
hydrogcn peroxide is HzOx.
2. Empirical formula: The formula which shows the minimum ratio between the atoms
present in a compound is called empirical formula.
Examples: The empirical formula of benzene (CéHs) is CH and empirical formula of
hydrogen peroxide (H202) is HO.
Q8. How the ionic compounds are represented?
Ans. All the ionic compounds are represented by their empirical formulas.
These formulas show the simplest ratio present between their ions.

: E.xample: The empirical formula of calcium fluoride is CaF, which shows the ratio -
present between calcium and fluoride ions in its crystal. ’
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Q9. Define formula unit with an example.

Ans. Formula unit:
The simplest ratio of opposncly charged ions that gives an clectrically nculral unit
of an ionic compound:is called formula unit.
Example: The formula unit of sodium chloride (common salt) consnsls of one Na*
and one C( ion and its formula unit is NaCl. 5|mllarly formula unit of" polassnum

“bromide is KBr.
Q10. Is it possible that a compound has same empirical and molecular formula?

Ans. Yes, it is possible that some molecules have same cempirical and molccular
formulas. .
Example: Water has same empirical and molecular formula i.c. H20.

Q11. Give two examples of the compounds which have same empirical and

molecular formulas.
Ans. Examples of molccules having same empirical and molecular formula :
(I) Mecthane CH4 (2) Ammonia NH3

Q12. Is it possible that two compounds have same empirical formula?
Ans. Yes. it is possible that some compounds have same empirical formulas.
Example: Both benzene (CHg,) and acetylene (C;H;) have same empirical formula CH.

Q13. Define binary ionic compounds.
Ans. The ionic compounds consist of two.ions (anion and cations).

. Examples: Sodium chloride = NaCt

Calcium oxide = CaO

d Exercise ’

I. . How would you differentiate between the chcmlcal 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.

Ans. The chemical formula of an clement consists of only one symel representing that clement.
The formula‘of a chemical compound consist of two or more diffcrent symbols of various
elements present in'a compound.
CaCl, represents calcium chloride which is made up of calcium and chlorines

Formiilas of ioni¢ compounds”™ |77 Formula of covalent compounds

Sodium chloride - =NaCl - Hydrogen chloride - = HClI

Potassium bromide = KBr Carbon dioxide - CO,
Calcium chloride - =CaCly Benzene = Cgllg
Barium chloride = BaCl, Ammonia N,

2.  Give two examples of the compounds which have same empirical and molealar formula.

- AmS. Water: Molccular formula of water = H,0

Empirical formula of water = H-:O
Ammonia:
Molecular formula of ammonia = NH,

Empirical formula of ammonia = NH,.
3. :Nnteldown the names of three such compounds which have different empirical and molecular
ormulas '

-

- Ans. (i) Molecular formula, CH, COOH = CzH,, 0,
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(i)

(iii)

Ans.

As

As

Empirical formula = HO

Molecular formula of acetic acid is CH;COOH

Empirical formula of acetic acid is CH,0

Molecular formula of benzene is C¢H,.

Empirical formula of benzene is CH.

The empirical formula of a compound is CH30. It molar mass is 180 gmole -I. Determine its

molecular formula.

Empirical formula = CH,0

Empirical formula mass of CH,O _
=(I2x1)+(1 x2)+(16x 1)
=12+2+16=30

Molar mass = 180 g/mol

Molar mass 180
< : n= —=6
Empirical Formula mass 30
Molecular formula = 6 (CH20) '
= CeH O

Result: Molecular formula = CeH1206

Q14. Explain the mé;hod to write the chemical formula of ionic compounds (Binary).
Ans. 1. In order to write down the formula of an ionic compound. first identify the

cations and anions and the number of charges prcsent on them.

2.  Write the symbols of two ions (anion and cation) side by side. the positive radical
on the left and negative radical to the right. | ‘ '
3.  Write the charge (valency) of each ion on it.
4. Cross the valencics (charges) to the lower right of each ion. If valencies (charges)
are cqual, do not.cross. ' ‘
Examples: * :
Lithium oxide Aluminium oxide Magnesium nitride
Litt O . A8 0 Mg*2 N-3
Lizo A(zOg Mg; N2
Atoms and their Cations Atoms and their Anions and
with charges Cations with charges
Atom Charge Atom Charge
H . HI+ . @) O
Na Nal* N N3-
Li Lit* iy Cl Ci-
K KR R Br!
Mg : Mg2* F ' [-
Ca Ca* e Cu - Cult, Cu??
_Ba BaZ+* Fe ]:c‘h1 Fe3t
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Zn _ Zn?t : -, . Sh Sn2*, Sn**

Al AP Ni 3 Niz*

Q15. How can you calculate the molecular and empirical formula? Write down the
relationship between molecular and empirical out formula.

Ans. Molecular formula of a compound can be find out if we know its empirical

formula. :

. To calculate the empmcal formula, of a compound to determine the simplest whole
number ratio of atoms in the compound. This can be donc by using experimental data on
the mass percent composition of the compound.

Relation between molecular and empirical formula:
Molecular formula =n (Empirical formula)
Molar Mass

Empmcal Formula mass :
Example: Empirical formula of hydrogen peroxide is HO Its molar mass is 34.
" Calculate its molecular formula.
Sol: Empirical formula of hydrogen peroxide = HO
Empirical formula mass of HO =(1 x 1)+ (16 x 1)=
Molar mass of hydrogen peroxide = 34

where n =

Molecular formula = 2(HO)

Q16. Empirical formula of a compound is cH its mulecular mass is 78 gmole-1.
Find out its molecular formula.
Sol. EmplrlcarFonnula = CH
Empirical formula mass of CH = 13
‘Molecular mass (molecular) = 78
Molecular mass

As = Empirical formula mass
- = —Jf— = 6.
‘ ]
. As. Molecular formula = n (Empirical formula)
.. Molecular formula= 6 (CH)
= C6H6

Q17. Define molecular mass and formula mass.

Ans. Molecular mass:

Sum of the atomic masses of all the atoms that are present in the molecular of a
substance is called molecular mass.
Examples: Molecular mass of benzene C¢Hg

= (12%x.6)+(l x6)=72+6:78amu
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Molecular mass of hydrogen peroxide H,0,
= (1x2) + (16%2) =2+32 = 34 amu
Formula Mass: The sum of  the atomic masses of all the atoms that are present in one
formula unit of a substance (ionic compound) is called formula mass.
Examples: Formula mass of NaCl
= (@3x¥FE35%1)
= 23+35.5=58.5amu
Formula mass of K,;SOy,
= (39 ><2)+(32>< l)+(16 x 4)
= 78+32+64=174 amu
* Q18.The empmcal formula of compound is CH,0. Its molecular mass is 180g mole-1

Determine its molecular formula.

Sol. . Empirical formula = CHzO
Empirical formula mass of CH,O = (12x1)+ (1x2)+ (16%1) .
g : = 12+2+16=30
Molar mass = 180g mole-!
As ' Molecular formula = n (Empirical formula)
= 6 (CHy0)
= CgHj2 Os

. Molecular formula = C¢H 204 |
Q19. The empirical formula of a compound is CH,0. Its molar mass is 60g mole-1.
Determme its molecular formula: :

Sol. Empirical formula = CH,O
Empirical formula mass of CH,O = (12x1I)+(1x2) + (16><1)
Molar mass of compound = 150
e Molar mass
As | M = Empirical formula mass
2
n = ﬂ =2
M
As ; Molecular formula = n.(Empirical formul)
= 2 (CH;0)
= Cz H402

Molecular formula = C;H40;
| 020. What is meant by mole? Explain with examples.
Ans. Mole:

. Atomic mass, molecular mass or formula mass of a substance expressed in grams is

- called mole.
OR

The quantity of a substance containing Avogadro's number of particles is called -
mole. i
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Examples: One mole of carbon atom = 12g

~ One mole of oxygen molecule O; = 16%2 =32g

One mole of sodium chloride NaCl = (23x1)+(355%x1)=5835¢
Q21.'What do you know ahout Avogadro's number? Explain with examples.

Ans. Avogadro's number: (NA)

ah

The number of particles (atoms, ions or molcculcs) present in one molc of a
substance is called Avogadro's number. Its value is 6. 022 x 1023,
Representation: It is represented by Ny.

Examples: One mole of Carbon atom (12g) = 6.0_22>< 1023 atoms

One mole of water molecule, H,O (18g) = 6l022><1023 Molecules
One mole of sodium ion. Na+* (23g) = 6.022x1023 ions

Q22. Define molar mass with examples

Ans. Molar mass: e
The mass of one mple of a substance is called molar mass.
Examples:Molar mass of Carbon atom = 12g |
Molar mass of water H,0 = 18g _
Molar mass of CaCO; = (40x1)+(12x1)+(16%3)
' ; = 40+ 12+48=100g
Molar 'mass of sodium chloride; NaCl =~ =.(23x1)+(35.5x1)=58.5g
&ample problems
Q23. Determine the molar masses of following. (a) Sulphurlc acid (H;S0y)
(b) Glucose (CEH,ZOE)
Sol. Molar mass of sulphuric acid HySO4 .= (1 x 2) +(32x1) + (16x4)
' ; = 2+432+64.= 98 gmole!.
Molar mass of gluco_sc CeH 1205 = "(12%6) + (1x12) + (lﬁxﬁ)
= 72+ 12+ 96 = 180 g mole- L

" 024. Determine the ‘molar masses of lollowmg

i.  Naphthalene (GmHs)

W.  Urea (NH,), CO.
Sol. (i) Molar mass of naphthalene, CmH,; = (12x10)+(1x8) = 120 + 8 = 128 g/mole.
(ii) Molar mass of urca, (NH;), CO: :
= (14x2)+(1x4)+(12x1) +(16%1)
= 28+4+ 12+ 16=60gmol!.

'025. Calculate the molar mass of the following compounds HzP0,, Si0z, Cq2Hy;044,

N,0;, MgCO;.
Sol. Molar mass of HsPO4 = (Ix3)+ (31x1) + (4><16) =3+31+64 =98 gmolc-!
Molar mass of SiQ, = (28x1)+(16x2) = 28 +32 = 60 gmolec~! :
Molar mass of Cj3H»,0y = (12x12)+(1x22)+(10%16)=144+22+176=342 gmole-™

-+
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Molarmoss of N2Og "= (14x2)+(16x4) = 28 + 64 = 92 gmole-!
Molar massof MgCO; = (24x1)+(12x1)+(16x3) =24 + 12 +48 = 84_gg,mol"I
026. What is meant by chemical change? Give one example.

Ans. Chemical change:

When two or more substances combine in such a way, that a new substance is
formed which has entire different properties from its constituents is called chemical
change. Y :

Examplcs: 1. C(S] + 02(9 —> COQ(L)

2. S5t Oz = SQyy

3. Rusting of [ron: 4 Fe(,) + 30,y + 6H 10— 4F c(OHh[g,
027.(a) What is meant by chemical equation?

Ans. Chemical equation:

Representing a chemical change in terms of symbols and formulas is called
chemical equation.
Example : C) +Oyg) — ('02&)
(a) Information obtained from chemical equations:
A chemical cquation tells us the-elements or compounds which are rcactmg, and
those which are being produced as a result of a chemical change.
Reactants: The substances which react together are called reactants. "C" and O, arc
reactants. In above equation (C + O, —» CO;)

Products: The substances which are produccd as a result of a chemical change arc
called products.

~ Inabove equation (C+0, — CQ,), the CO; is product
(b) How to write a chemical equation?
1. A chemical equation must obey the law of conservation of mass. This mcans that
number atoms are neither created nor destroyed during a chemical rcaction: The
total number and the type of atoms must remain the same during a chcm:cal
change.
2.  The formulas of clements and compounds must be written correctly.

3. A chemical equation 'must determine th¢ correct mole ratio among the reactants
and the products.

4. A chemical equation must also pomt out the direction in which the chan;:,c is
proceeding.
S.  Itis a usual practice to show the normal physical states of rectants and products.

Solid, Liquid and gas are symbolized as (s), (¢) and (g) respectively. Aqucous (aq)
represents the solved ions.

6. It is customary to write the reactants on the left hand side and products on right
hand side.

7.-  Anarrow head drown from reactant to product, which separatcs the two.
Examples : 4Al;)  + 304, - 2A60;5
Reactants ; : Poducts

Zn(s) 2 HZSO4(aq) "") ZnSO4m + \'\2{ 2)
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028. What is meant by balancing of a chemical equation?
Ans. Balancing a chemical equation:

The process of writing the equal number of atoms of each element on the both sides
of chemical equation is ‘called balancing of chemical equation.
Examples: C(s) + Oz(g] —> COg(a)

Sis).+ Ozg) —> SOz
" Both are balanced chemical equations.
Q29. Balance the following chemical equations.
~ Ans. (i) CaCO;;(E) + HCI(nq) = CaClyaq+ H Ol + Coz(s)

(i) Hag) + Ozg) = 2H;0)
Unbalanced equation: ' :
CaC(_)g(s) + HCf(oq) - CaCEz(,q)+ HZO(()‘*' Coz(g)

Balanced chemical equation
2Hy) + Oy = 2H20
CﬁCOg(s) +2 HCf{aq) i o C&Cfg(gq) 0 _HZO“) + COI(g}

Exercise | _
I. The Empirical formula of a compound is CH;0. Its molar mass is 60 gmole™!. Determine its molecular
formula. . :
Ans. Empirical formula= CH20
Empirical formula mass of CHyO=(12 x 1)+ (1 x2) + (16 x 1)
=12+2+16=30

N . =60
P Molar mass

Molar mass
~ Empirical Formula mass

56" _
n= ,36 =2

Molecular formula = n(Empirical formula)
Molecular formula =2 (CHz O)

= C2H402
Result Molecular formula = C2H402
2. ~ Find out the molecule of phosphoric acid. Its : (|3”
structural formula is : - HO— P —0Il
| 0
o |

Ans. Structural formula = "HO— III) —OH

Molecular fc_)rmula = H3POy4
3.  Determine the molecular formula of n - propyl alcahol. Its structural formula is:

h —CH;-CH, -
" Ans. Structural formula = CH3 - CHz - CH2 - OH
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Molecular formula = C3.Hg O
4. Write down the formula of calcium carbonate. Its structural formula is:
' O o
N A 2
_ (|3 Ca
Ans. Formula = CaCO; O_ |
5.  Calculate the molar mases of the following compounds, H3 POy, §i0y, Cpz Hx2 Oy, N104. MgCOo;
Ans. Molar mass of H; POy:
={1 x3)+(31 X l)+(16 x 4)

=3+31+64=98¢
Molar mass of SiO;:

=(1 x 28) + (2 x 16)

=28 +32-=60g

Molar mass of C12 H22011:

=(12 x 12)+(I x22)+ (11 x 16)
=144 +22 + 176 = 342g

=(1 x 14) + (4 x 16)
=14+64=78g
Molar mass of MgCO;
=(1%x24)+(1 x12)+ (3 x.16)
=24 +12+48=84g ;

‘Molar mass of N20j4:

Q30. What is meant by reversible reaction? Give one example.

Ans. Reversible reaction:

The reactions which can proceed in forward as well as in backward directions are
called reversible reactions, -
Representation: Reversible reactions are represented by a double arrow : ik
Example . NZ(g) + 3H2(g) (——" ) 2NH3(B)
Calculation Based on Chemical Equation:
Example 1: 25g of Limestone (CaCOj) reacts with an excess of hydrochloric acnd
according to the equation:

CaCO; +2 HC¢ — CaC#?, + H,0 + CO,
How much calcium chloride CaC¥, will be produced?

Solution: Mass of CaCO; = 25g Molar mass of CaCQ3 = 100g mol-!
_ Mass of CaCl, product Molar mass of CaC¢; = 111g mol~!
According to the equation -
100g of limestone reacts to produce calcium chloride = 111g
_ § A o - _ . 111
I g of limestone will react to produce calcium chioride = 10 Og

1
100

25g of limestone will react to produce calcium chloride x 25 =27.75¢g

" Example?2 :

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.

.
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Solution: No. of moles-of ethyl alcohol = 1.80 moles
No. of moles of oxygen needed = ?
The balanced chemical equation for the reaction will be
. ; Cz”sO” -+ 302—)2C02+ 3H,0 -
According to this equation:.

I mole of ethyl alcohol necded oxygen = 3 moles
1.8 mole of ethyl alcohol néeded oiygcn N 1.8
"= 5.4 molcs
.1 mole of ethyl alcohol produces moles of CO; = 2 moles
1.8 mole of ethyl alcohol will produce CO, = 2x1.8
= 3.6 moles

Example 3 '
luminium metal reacts with oxygen to produce aluminium ox1dc How many

grams of oxygen will be required to react completely w1th 0.3 moles of aluminium?
Solution: * Molesof Al = 0.3 :
Grams of Ojused = ?
The balanced chemical equation ‘for the reaction:
4AL5) + 3095 = 2 AlyOsq).
According.to this cquation:

4 moles of aluminium will nccd oxygen = 3.0 moles
\ 3
1.0 mole of aluminium will need oxygen = 2
3. =
0.3 moles of aluminium will need oxygen = 7 x0.3 = 0.225 moles

.32g
32X0225 12g

I mole of oxygen (O) has moler mass
0.225 mole of oxygen (O), will have molar mass,
Example 4
How many molecules of water wnll be produced if we react 5g of hydrogen gas
with excess of oxygen gas?
Solution: Mass of H, used = 5g
Molecules of water produccd =7
The balanced chemical equation for the reaction:
2!*12(8) o 02(}3} - 2 HZO(,{]
2moles 1'mole 2 moles
4g 32 36g .1
* According to this cquation
4g of hydrogen produce H,0 =36 g of 5,0

i

36 .
- o8 ofhydrogcn will produce H;O = Iy x 5 =45g of water
18g (I mole) of H,0 contain molecules =6.02 x 102 .
36g of H,O contain molecules = 6.02 x lOZJ x2=12.04 x 102
45
- 36

45g of H,0 contain = —= x12.04%103=1.505x1024 molcculcs
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Conceptual Long Questions

1. . Calculate the percentage of nitrogen in following:
(i) CO(NH,), (i) N,Hy (iii) NH,OH (iv) NH;
Ans. (i) CO(NH;); '
Molar mass of CO(NH,);=(12% 1)+(16%1)+(14x2)+(1x4) = 12+16+28+4=60g/mol

~ Mass of Nltrc?gcn <100
Molar Massof Urea -

28
Nitrogen = 0 X 100 = 46.67%

% age of Nitrogen in CO(NH3); = 46.66 %
(i1) NoH,4
Molarmass of No)H; = (14x2) + (1x4)
=28+4=32p

28 .
Nitrogen = 3 x 100=  87.5%

% age of Nitrogen in N,H; = 87.5%
(iii) NH,OH : :
Molar mass of NH,OH = (14x1) + (1x3) +(16x1) = 14+ 3+ 16=33g

. 14
Nitrogen = 7 100 =42.42 %

% age of Nitrogen in NH,OH = 42.42%
(iv) NH; _
Molar mass of NH; = (14 x 1)+ (] % 3)
=14+3=17

Nitrogen = 13 x 100 = 82.35%

% age of Nitrogen in NH3 = 82.35%
2.  Calculate the number of atoms in 6g of carbon (diamond)
Ans. Mass of carbon in grams = 6g
Molar mass of carbon= 12g
Mass in grams

No.of moles =
As ey Molar mass
No.of moles = % = 0.5 moles
As No.of atoms = No. of moles x Avogadro's number

. =0.5x6.022 x 102 atoms
_ =3.011x1023 atoms
- Result  No. of atoms in 6g of diamond (carbon
=3.011x102 atoms
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3.  Aluminium is a llight metal. It is used to make milk tanks. Calculate the mass
"~ ofaluminium (A?) in 204g of aluminum oxide, (AZ,03).
" Ans. Molar mass of aluminum oxide A¢, Os:
= (27x2)+(16x3)
=54 + 48 = 102g/mol
'102g A/¢, O5 contains, aluminum,' Al=54g

54
1038

1g of A¢; O; contains, aluminum, Al =
204g A¢, O contains, aluminum, A¢ = I5042x204 - 108g
"Result: Mass ofalummum in 204 of Al O3 =108g
4. Calculate the amount of carbon dioxide, which is pmduced by complete.
combustion of 30g of methane gas (CHy).
Ans. Balanced chemical equation:

CH,+20, __ - 'CO;+2H,0 .

(12x1) + (1x4) — - (12x1) + (16x2)

16g/mol = - 44g/mol

16g of methane (CHy) produces CO2 = 44¢g
44

1g of methane (CHy) produ'ces COz. = 778

36g of methane (CHy4) produces CO2 = ?g x30g = 82.5g

" Result: Amount of CO, = 82.5g"
5.  Air is a homogeneous mixture of various gases. It contains 78% by volume of
nitrogen. Calculate the number of atoms in 3.5g of nitrogen (N3).

Ans. Molar mass of N, = 14x2 =28g
Mass in grams of N, =3.5¢ - |
' Mass ingrams
As No. of moles ofNiu:ogen 2 v nes
= -32—51 = 0.125 moles
As No. of molecules - ~=No. of moles x Avogadro's number
=(0.125 % 6.022 x 1023
No. of molecules =0.75 2 x 1023 molecules

One molecule of N> contains atom =2 atoms
10.75 2x1023 molecules contains atom = 2x(.75x1023 atom= 1.505 x 1023 alom

Result: No. of atoms in 3.5g of N; = 1,505 x 1023 atoms
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11.

Additional MCQs

Chemical formula

Empirical formula

The chemical formula of ozone is: Fh=

@ 0, (b) Oq ®® ° DO

The formula which shows the smallest whole number ratio between the atoms
of various elements in a compound is called:

(@) Empirical formula (b) Moleccular formula

(c) Structural formula (d) Condcnsed formula

The chemical formula of common salt is:

(a) CaCts, (b). NaC¢ (c) NaBr (d) Na,CO;
The empirical formula of hydrogen peroxidc is:

(a) HO, (b) H,O (c) HO, (d) HO
The symbol of iron is: %

(a) Fe ) Ir (c) Tn (d) Fe

The molecular formula of benzenc is: _

(@ CH (b) C¢Hg (©) CH; (d) CsHs

The formula which shows the actual number of atoms of each elemént present
in a compound is called:

(a) Molecular formula " (b) Empirical formula

(c). Structural formula (d) Simple formula

The chemical formula of sulphuric acid is : R

(a) HNO; (b) HC?¢ (¢) HySO4 (d) SO4
The chemical formula of acetylene is: ' -

(@) CyH, @® CH (c) CeHe (d) C3Hj
"CH" is the empirical formula of : ’
(a) Water : (b) Benzene

(c) Hydrogen peroxide (d) Chlorine

FEM  Chemical formulas Of’binary tonic corhpounds

| 4.4 Chemical formulas of compounds

The negatrvcly charged ions are called:
(a) Anions (b) Cations (c) Bothaandb (d) None of these
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12.

3.

14.

15.

16.

17

18.

19.

20.

21.

22.

23.

24.

The_positively c‘hargéd ions are called:

(a) Anions (b) Cations (c) Bothaandd (d) None of these
The formula of Aluminum nitride is: :

(@) ACN (b) A(5N, (c) A(3N; (d) Al4N,

The formula of Aluminum oxide is: ' :

(a)- ALO . (b) Af203_ R () A(O, (d) A(yOy

The molecular formula of glucose is:

(@) CHO - (b) CoH4Oy () CeH 206 (d) Ci2H»Oy,
The formula of Magnesium nitride is: _ '

(a) Mg;N; (b) Mg3N; () MgN (d) MgN,

%3 Deduce the molecular formula from the structural formula

The Avogadro's number was introduced by: ' :
(a) ltalian scientist (b) American scientist
(c) British chemist (d) Pakistani chemist
The Avogadro's number is represented by: :
(a) Ay (b) Nj (c) Av (d) An
The number 6.022x102 is called: v
(a) Avogadro's number (b) Constant number
(¢) Empirical number (d) Nonec of these
Who discovered the Avogadro's number?
(a) Bohr =~ ' (b) Rutherford

(¢) Amaedo Avogadro (d) Jabir Bin Hyan
- 4.7 The Mole and Molar mass

4.8 Chemical Equations and Chemical Reactions

'X'B  Calculations Based on Chemical Equation

~ The atomic mass, molccular mass or formula mass of a substance expressed in

grams is called:

(a) Avogadro's number (b) Mole

(¢) Empirical formula (d) Molecular formula.
The mass of one mole of a substance is called: '

(a) Avogadro's number (b) Mole

(¢) Molar mass (d) None of these

A mole of oxygen molecule contains:

(@)’ 6.022x1023 atom ' (b) 6.022x1023 molecules
(c) 6.022x1023 ions  (d) 6.022 molecules

Onc mole of oxygen molecule contains: - ,

@ 328 . (b) 16g (c) 48g (d) 8g
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25,

The way of representing a ‘chenrical changc in terms of symbols and formulas
is called:
- (a) Chemical equation (b) Chemical calculatlon
-(c) Product . (d) reactant
26. The substances which react to give a chemical change are called:
(a) Ractants  (b) Products (c) Substitute (d) None of these
27. The substances which arc produced as a result of chemical change are called:
(a) Reactants. (b) Products (c) Bothaandb (d) Nonc of these
28. One mole of calcium carbonate CaCOj is equal to: -
- (a) 1008 (b) 10g (c) 110g (d) 80g
ANSWERS:
L - {c) 2. (a) 3. (b) & @) 5 ) 6. (b) 7. "
8. () 9% () 10. () 1. (@ 12..(b). 13. (@ 4. (b)
15. (¢) 16. (b) 17. (a) . 18 ()" 19. (a) 20. (c) 21.- (b) ,
22. (¢) 23. B)Y24. (a) 25 (a) 26, 2. M) 28. (a) -
Conceptual MCQs
1. The ionic compounds are represented by their:
(a) Molecular formula (b) Empirical formula
(c) Structural formula ' 4 (d) Both (a) and (b)
The stoichiometry is based upon the:. ;
(a) Law of conservation of mass (b) Law of mass action
. (c) Distributive law (d) Scientific law
3.  The molecular formula of glucose is: :
(a) Cg Hg (b) CH,O. . (c) CgH;206 ~ (d) CH
4. . The molecular formula of calcium oxide is: '
(a) CO, (b) CaCO;, (c) CaO (d) CaO
; k i on
-
5. The structural formula of a corhpound is H- ?— (1-7— H , What is its molecular
H "
formula? E b s
(a) C2H4 : (b) C3 ”(, (C) C;_ H(, (d) Cz H;
6. The number 6.022x10% is called:
(a) Avogadro's number (b) Bohr's number
(c) Rutherford number b (d) Lewis number
7. The molar mass of benzene (CgHg) is:
(a) 100g/mol (b) 78g/mol (c) 80g/mol (d) 13g/mol
The amount of a substance which contains Avogadro's number of particles is

called:
(a) Mole A (b) Empirical formula
(¢) Molecular formula (d) Both (b) and (¢)
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9. A compound has structural formula, CH3 - CH, - CH_, What will be the
empirical formula?

(@) C3 Hyg (b) C4 Hyo (c) C;Hs d Cz Hg
10. How many atoms are presented in 2g of CH,? :
(a) 3.763%1028 - (b) 7.52x10% . (c) 0.75x102¢ (d) 37.63x1025

.
(b) 2. 4 & () 4. (¢ 5 (0 6. (a) 7 (b)
8. (@ 9. () 10. (a)

Additional Short Questions

IRER¥M  Chemical formula + Empirical formula

Chemical formulas of binary ionic compounds

Chemical formulas of cnmpnund

1. Define the law of conservation of mass.

Ans. The matter can neither be created not destroyed during a chemical reaction.

2. What do you know about empirical formula? 3

Ans. Empirical formula: The formula which shows the smallest whole number ratio
between the atoms of various elements in a compound is called empirical formula

3. Write down the relationship between empirical and molecular formulas.

Ans. Relationship: Molccular formula = n (Empirical formula)

Molar mass
n= m—
Where Empirical formula mass

4. What do you know about molecular formula? Give two examples.
Ans. Molecular formula: The formula which shows the actual number of atoms of each
. element present in a compound is called molecular formula.
Examples: Molecular formula of sulphuric acid = H,SO4
Molecular formula of glucose = CgH ;204
5. Write down the chemical formula of following compounds.
(i) Barium chloride (i) Zinc oxide '

Ans. (i) Barium chloride: BaCl, (ii) Zinc oxide: ZnO
'l Deduce the molecular formula from the Structural Formula
4.6 Avogadro's Number (N,) ‘_
6. Writec down the molecular formula of sulphuric acid from its structural
formula. ~
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Ans. " No.ofH-atom =2

- No. of S —atom =1
No. of O —atom =4
Molecular formula of sulphuric acid = H,SO;

7.  What is meant by Avogadro s number? Give one example.

Ans. The number of particles (atoms, ions or molecules) present in one mole of a
substance is called Avogadros number. It is represcntcd by Na. Its value is
6.022x1023,

Exaimple: One mole of water (18g) = 6.022x1023 molecules.

8. Deduce the molecular formula of acetic acid from its structural formula.

W
CH,-C-Of
Ans. No. of carbon atoms =2

No.of H —atoms =4
No.of O—atoms =2
Molecular formula of acetic acid® =C; H;0,
9. The emplrlcal formula hydrogen pcroxndc is HO its molar mass is 34. Find its
molecular formula.
Ans. Empirical formula of hydrogen peroxide HO=1+16=17
Molar mass of hydrogen peroxide = 34
Empirical formula of HO = 34

Molar mass
Empirical formula mass

2

n= -}f— =2

e

Molecular formula = n (Empirical formula)

=2(HO)
: 4 =,H2 02 ‘

Rcsult: Molecular formula of hydrogen peroxide = H, O,
e The Mole and Molar Mass

4.8 Chemical Equations and Chemical Reactions

4.9 alculations Based on Chemical Equation

10. .Define mole with one example. é
Ans. Mole: The atomic mass, molecular mass or formula mass expressed in grams is
called mole.
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11.
Ans.

“12.
Ans.

13.

~ Ans.

14.

Ans.

Ans.

Ané.

Ans.

Ans.

Ans.

Ans.

Example: One mole of oxygcn molecule (02) = 16 %= 32g

What is molecular mass?

Molecular mass: The mass of one mole of a substance is called molar mass.
Example: The molar mass of water HyO =(1x2) + 16x1'= 18g

Calculate xhe molar mass of SiO,.

Molar mass of SiO, = (28x1) + (16x2)
=28 +32=60g
Define chemical equation with one example.
Chemical equation: The way.of representing a chcmlcal change in terms of

symbols and formulas is called chemical equation.
Zn,,+H,S0, —» ZnSO,+H,

(aqi {nl
Calculate mass of 2 moles of water.

Mass of one mole of water, H,O = (1x2) + (16x1) = ISg
Mass of 2 moles of water =2 x 18 = 36g
Result: The mass of 2 moles of water = 36g

Conceptual Short Questions

What do you know about stoichiometry which law provide the basis of it?
The branch of chemistry which helps us to calculate the amounts of reactants and
products by using a balanced chemical equation.
Basis of Law: It is based on the law of conservation of mass.
How stoichiometry is helpful in the industry?
It is used in industry quite often to determine the amount of raw materials required
to produce the desired amount of the products.
How the empirical formula helps us to calculate the molecular formula?
The molecular formula of a compound can be calculated by using empirical
formula, if we know the value of "n" with the help of relation.
Molecular formula = n (Empirical formula)
Determine the molecular formula of n-propyl alcohol, ltS structural formula is
CHJ—CHZ—CHZ—OH
No. of‘Carbop atoms =3
No. of Hydrogen atoms = 8
-No. of Oxygen atoms = |
Molecular formula = C3HgO
Balance the following chemical equation A¢ + O; — AE;O;

Unbalance equation Al +0O; = AlO4
Balanced chemijcal equation  4A(¢+ 30, — 2A(;0;
Calculate the molar mass of ethyl alcohol, C;HsOH.

Molar mass of C,HsOH
= 12x2+5x1 + 16x1 + 1x1

Examples:
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7.

Ans.

As.

As.

= 24+5+16+1=46
-How many atoms are present in onc gram of HZO"
Mass of water in grams = Ig
Molar mass of watcer H,O (1x2) +(16x1) = ng

Il

Mass in grams

No. of moles of water =

Molar mass
: L
No. of moles = ﬁg' = 0 055 moles
No. of molecules = No. of moles x Avogadno's No.

= 0.05,5><6:022 %1023 molecules
= 0.03345x102 molecules

One molecule of water contains atoms= 3 atoms

8.

~Ans. -

As

0.3345 x 1023 molecules = 3x0. 3345%1023 atoms
"= 1.0036x1023 atoms
Calculate the number of moles in 25 g of HzSO.;

Mass in grams of H,SO4 = 25g
- Molar mass H,SO, = (1x2)+ (32x4) + (16x4) = 98¢
) Mass in gram |
No. of moles = Molar mass

25
= — =(). il
08 0.255 moles

Result: No. of moles in 25g of H,SO4 = 0.255 moles

N

Key Points

Molecular formula of an element or a compound shows the actual number of atoms
present.in the molecule of the element or a compound

The formula of a compound ‘which gives the minimum ratio present ‘between its
atoms is called its empirical formula. All the ionic compounds and some of the
covalent compounds are represented by their empirical formulas.

Chemical formula of a binary. [omc~compounds can be written if you know their
names and the charges present on the ions.

Chemical formula of a compound is n times its empirical formula where n is s the
ratio of molar mass to empirical formula mass.

Avogadro's number has been calculated to know the mass ratio of reactants and
products in a chemical reaction. The value of this nimber is 6.022x1023.

The quantity of an element or a compound, which contains Avogadro's number of
particles, is called a mole and the mass of a substance present in its is called the
molar mass.

A chemical cquation tells the reacting and producing elements or compounds in a’

chemical reaction. It also tells the mole ratio between reactants or products and

~between reactants and products. A chemical equation must be balanced and. should
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show the correct.formulas of all the participating elements and’compounds.

The mole ratio between reactants and products as shown by a chemical equation
enables us to find out the mass ratio of these substances. A chemical equation is
used to calculate the' masses of the reactants as well as the products which lakc
part in a chemical reaction.

Exercise Questions

@

(i)

(iii)

(iv)

v)
(vi)

0 Tick (V) the Correct answer,

How many atoms arc present in one gram of H,O?

- (a) 11002 x 1023 atoms (b) 6.022 x 1023 atoms -
(¢) 0.334 x 1023 atoms (d) 2.004 x 1023 atoms
Which is the correct formula of calcium phosphide? - i o
(a) CaP (b) CaP, (¢) CayP3 (d) Ca;P;
How many atomic mass units (amu) are there in one gram?
(a) lamu g (b) 102 amu-
(¢) 6.022 x 1023 amu (d) 6.022 x 1022 amu

Structural formula of 2-hexene is CH; - CH = cH - (CH;)Z - CH;. What will
be its empirical formula? ;

(a) CoHy (b) CHA (c) CeH\2 (d) CH,

How many moles are there in 25 g of H,SO,4? i

(a) 0.765moles  (b) 0.51 moles (c) 0.255moles  (d) 0.4 moles

A necklace has 6g of diamonds in it. What are the number of carbon atoms in
it? : :

(a) 6.02 x.10% (b) 12.04 x 10®  (c) 1.003 x 10*  (d) 3.01x10%

~ (vii) 'What is the mass of Al in 204g of aluminium oxide, AI,O3?

(a) 26g (b) 27g (c) S4g . . (d) 108g

(viii) Which one of the following compounds will have the highest percentage of the

b

mass of nitrogen? .
(@) CO (NHy),..  (b) NaHg (c) NH; (d) NH,OH

i
viii.

(i;:) When one mole of each of the following compounds is reacted with oxygen,
which will produce the maximum amount of Co,? _
(a) Carbon (b) Diamond - (¢) Ethanc (C;yHe) (d) Mecthane (CHy)
What mass of 95% CaCOj will be rcqmrcd to neutrall.cc 50 cm? of 0.5M HCI
solution? R
(a) 9.5g ~ (b) 1.25¢ (c). 1.32¢ (d) 1.45g
R CNSWERS: '

(a) ii. -(c) PR () T A W (- OO | AR () I | )
(b) ix. (¢) % (d) S
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3 Questions for Short Answers

i.  Write down the chemical formula of barium nitride.

Ans. The chemical formula of barium nitride is B;N,. :

ii. Find out the molccular formula of a compound whose cmpirical formula is

CH;O and its molar mass is 180.

Sols " Empirical formula = CH,O
Empirical formula mass of CH,O = (12x1)+ (1x2) + (16x1) = 12+2+16 = 30
-3 Molar mass of compound = 180
Molar mass
e Empirical formula mass
6
As : 30 )
Molecular formula = n (Empirical formula)
= 6 (CH,0)
= CgH 204
iii. How many moleculcs are present in 1.5g H,0?
Sol. Mass in gram of H,O = [.5g
Molar mass of H,O = (1x2) +(16x1)=2+ 16 = ]8g
: Molar mass
As . No. of moles = Empirical formula mass
15
. No.of moles = 1—8;- =0.0833 moles
As No. of moles = No. of moles x Avogadro's Number

=0.0833%6.022 x 1023

= 0.501 x 1023 molecules
= S.OI x 1024 moleculcé :
Result:

No. of moleculesin 1.5g of water = 5.01 x 1024 molcculcs

iv. What is the difference between a mole and Avogadro's number?
Ans.

~ Mole - Avogadro's Number

The atomic mass, molecular mass or | The number of particlcs' (atoms, ions and
formula mass of a substance expressed in | molecules) present in onc mole of a
grams is called mole. . _ | substance is.called Avogadro's number.
| It is a unit of measurement. ‘It is the number of particles in a mole.

V. Write down the chemical equation of the following reaction.
Ans. Cu(g) + HySO4aq) = CuSOy(y + SOy + HaOq
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@ Constructed Response Questlohi

.
Il

Ans.

Ans.

Ans.

iv.

Sol,

Different compounds will never have the same moleculer formula but they can

have the same empirical formula. Explain.

Different components will never have the same molecular formula hecause
different compounds have different elements combined in a fixed ratio.

Empirical formula does not show tell us the actual number of atom present in that
compound, rather it represents the simplest ratio between atoms.

It is possible that some compound may have same empirical formula.

Example: Both benzene (CgHg) and acetylene (C,H>) have same emplrlcal
formula, CH.

Write down the chemical formulas of the Iollnwlng compounds.

Calcium phosphate, Alumimum nitride, Sodlum acetate, Ammonium carbonate

and Bismuth sulphate. “

Calcium phosphate = Ca3(POy)s
Aluminum nitride = A(N
Sodium acetate = CH;COONa
Ammonium carbonate = (NH,4), CO;
Bismuth sulphate = Biz (SO4)3

Why does Avogadro's number have an immense Importance in chemlstry?
Avogadro's number is important because it connects the microscopic world of
atoms and molecules to the macroscopic-world we experience energy day.
Avogadro's number allows the scientists to calculate the number of particles in a
given substance. :

When 8.657g of a compound were converted into elements, it gave 5. 217g of
carbon, 0. 962g of hydrogen and 2.478g of oxygen. Calculate the percentage of

each element present in this compound.
Mass of compound = 8.657.g
Mass of carbon = 5.217¢g
Mass of hydrogen 0.962 g
Mass of oxygen = 2.478¢g
% age of carbon
7.657 g of compound contains carbon = 5.217 g

: 5.217g
1 g of compound contgms carbon = 8657g
: : = 4 i |
100 g of compound contains carbon = 5657 %100

100 g of compound contains carbon = 60.26 %
% age.of carbon = 60.26%
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% age of hydrogen

8.657 g of Compound contains hydrogen = 5.217g
: Sl _0.962
| g of Compound contam's hydrogen = 2657
it 0.962
100 g of Compound contains hydrogen = 3657 x100
% age of hydrogen = 11.11 %

% age of oxygen
8.657 g compound contains oxygen = 2.478 %

| gcompound contains oxygen = *ﬂg
8.657
100 g compound conta;rl.s oxygen = Al s 100
8.657
% age of oxygen = 28.62% . :
~ v. How can you calculate the masses of the products formed in a reversible

reaction?

Ans. To calculate the masses of products formed in a reversible reaction, first write a
balanced chemical equation, 'thcn convert the givcn mass of reactants into moles,
use the mole ratio from the balanced e_cj'ual;iqn to find the moles of product formed,
and finally convert those moles back to mass by multiplying by thé molar mass of
the product.

...................

QO Descriptive Questions
i.  Which conditions must be luliillegl before writing a chemical equation for a
reaction?

Ans. For answer See Q. 27 (b)
ii.  Explain the concepts of Avogadro's number and mole.
Ans. For answer See Q. 21
iii. How many grams of CO, will be produced when we react 10 g of CH, with
excess of 0, according to.the following equation?
 CHyg + 209 —> COzy + 2Hy0y
- Sol. Balanced chemical equation
CHy; +20, - Cop +2H,0
(12x1) (1x4) = (12x1)+ (16 x 2)
16g - 44g
16 g of CHy produces CO, = 44g
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| g of CHy produces CO, - L
. . 44
16 g of CH4 produces CO, = ek 10g
Result A
The amountof CQ, = 27.5g

iv. " How many moles of coal are needed to produce 10 moles of CO according to
the following equation?
3Ce) + 0z + H0() - Hyq) + 3C0(
Ans. Balanced chemical equation
3C+0,+H,O — H, +3CO
From balanced chemical equation.

3 moles of CO required moles of coal = 3 moles
3 :
] moles of CO required moles of coal = 3 mole
3 ’}dlli
10 moles of CO required moles of coal = 3 10 = &
_ = 10 moles
Result: : Moles of coal . = 10 moles

v. How much S0, is needed in grams to produce 10 moles of sulphur?
2"23@ + S0, » 2“20(]) + 33(;)

Ans. Balanced chemical equation

2H,S(+ SOz = 2Ha0()+ 38 |
From balanced chemical equation. : :
3 'moles of sulphur required SO, = 1 mole
| moles of squhur'rcqui'rcd SO, = -;: mole -
g R 30
10 moles of sulphur required SO, = 3 x 10 = T
| = 3.33 moles
Moles of SO, = 3.33 moles
1 Molar.mass of SO, =- (32x1) + (16%2)
= 32+32=64g
Mass in gram
No.ofmoles = o 4 o
OR :
Mass in grams = No. moler x Molar mass
= 3.33 x64
= 213.12g
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~ Result:

No. of grams of SO, = 213.12¢
vi. How much ammonia is needed in grams to produce 1 kg of urea fertilizer?
2""3(;@ + 002(“) — CO(NHz)z(“) + Hzom
Sol. Balanced chemical equation
2NH; +CO;, = CO(NH;), + H,0
(14%2) + (1%6) = (12x1) + (I6><l) +(I4><2)+ (1x4)
34kg — 60kg

60 Kg urca fcmhzcr rcqunrcd ammoma = 34kg
34

| Kg urea fertilizer required ammonia = 50 kg

= 0.566 kg
Amount of amonia in kg .= (2566 ke
Amount of ammonia in grams = 0.566%1000 g

= 5664
Result: Amount of ammonia in grams = 566 g
vii. Calculate the number of atoms in the following.

(a) 3g of H, (b) 34 ITIOIB_S of N, (c) 10g of CgH,,05.

Ans. (a) 3g of H,
Mole in grams = 3gm
Molar mass of Hy = 12 =2g

No. of moles of Hy = = = 1.5 moles

(NS} RS}

As. ‘ ;
No. of particles (molecules) = No. of moles x Avogadro s numbcr

1.5 % 6.022x1023 molecules
=9.033 % 10 Avogadro's molecules

I molecule of hydrogen contain atoms= 2 atoms

9.033x1023 molecules of hydrogen contain atoms .

2%9,033x1023 atoms

1.8066x 1022 atoms

Result:
No. of atoms in 3g of hydrogen (H) = L. 8066><1022 atoms
(b) 3.4 molesof N, -
; Number-of moles of N, = 3.4 moles
As. No. of molecules of N, - =No. of molesxAvogadro's number
= 3.4%6.022x1023 molecules
=20.4748x1023 molecules
As. . \
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- One mole of N, _contéins-atoms = 2 atoms
~20.4748x1023 molecule = 2%20.47x102 atoms
" mole of N, molecule contains atoms = 40.949x1023 atoms

= 4.0949 x 1022 atoms
Result: :
3 4 moles of N contains atoms = 4 0949x1022 atoms
(c) 10g of 05H1203 i
Mass in grams of CgH 206 = (12><6) + (I ><12) + (16%6)

= 180g
Molar mass of C¢H20= (12%6) + (1x12) + (16x6)
- 180g
As _
2 Mass in grams
Number of moles = Mo‘lar =y
_ Numbers. of moles = 180 =0. 055 molcs
As

No. of molgqﬁles= No. of molesxAvogadro's number
=0.0555%6.022x1023
No. of molecules = 0.334x1023 molecules
1 molecules of CgH 204 contains atoms = 24 atoms
0.334x1023 molecules contains atoms =‘2.4><0.334><l023 atoms
| = 8.02%1023 atoms

- Result :
No. of atoms in 10g of Cg4H ;04 = 8.02%1023 atoms

© Investigative Questions

i. Itis gensrally believed that drinking eight glasses of water everv dav is
required to keep oneself hydrated especially in the summer. if a glass
occupies 400 ecm?® of water on the average, how many moles of water are
needed for a single adult?

Ans. No. of glass of water required.every day = 8 glass

Volume of water occupied by one glass = 400 cm3

~ Volume occupied bjf 8 glass of water = 8x400

' = 3200 cm3

18¢cm3 of water = 1| mole

U 1 em3 of water = Emolc
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3200 cm3 of water = ]—lé- x 3200

= 177.77 moles
 Result: '
Water need by a single adult =177.77 moles

ii. The chemical formula for sand is Si0, but the sand_ does not exist in the form
of discrete molecules like H,0. How has its formula been determined keeping
in view its structure? .
Ans. Some covalent compounds, like ionic compounds, do not exist in the form of
molecules, rather they exist as network arrangement of atoms. Such covalent compounds
are.also given empirical formulas. For example, SiO, is a covalent compound but it does
not exist as individual molecules, rather silicon and oxygen atoms are arranged in such
away that there exists a simple ratio of 1:2 between them. Theréfore sand is represented
by an empirical formula SiO,. ‘

S0 —0—Si—0—8i—0—

§504 1

‘—Si—(|)—Si—(I)—-Si__—(I)—Si—C|)——-
bk

o) (o) 0 o}
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