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Introduction

In the context of developing education to keep pace with global and local changes, and as a
continuation of the diligent efforts made by the Ministry of Education to elevate the level of
curriculum content and link it to society and the environment, the Minister of Education has
commissioned a reevaluation and review of the scientific content of the chemistry subject for the

second secondary grade.

The committee assigned to make the necessary amendments and additions has led to:

(2) Eliminating repetition and unjustified padding, excluding parts that students have previously
studied, and rephrasing some parts of the book in a logical, sequential, and organized
manner.

(2) Adding some concepts and applications to keep pace with modern scientifc trends.

(3) Linking study topics to daily life, their environmental impacts, and industrial applications.

(4) Focusing on mathematical treatments to help students understand certain topics and
strengthen their intellectual skills..

(5) Preparing illustrative figures and employing them to support scientific concepts.

(6) Defining the expected learning objectives for each chapter in its introduction to provide students
and teachers with clear indicators of achievement..

(7) Ensuring diversity in assessment to measure different levels of learning.

The book, in its current form, contains three integrated and interconnected chapters that align
with the content of chemistry books in global curricula and include useful industrial and
environmental applications.

It demonstrates a clear focus on developing students’ understanding, analytical, and
innovative skills, in alignment with the national standards set by the ministry for the

development of the chemistry curriculum.

We hope that this book, in its new form, will serve as a valuable source of knowledge in
the field of chemistry, achieve its intended objectives, and provide effective support to our
students, to whom we wish success and prosperity.

Development Committee
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Chapter One

Chemical Calculation




- By the end of this chapter the student
should be able to:

1- Defne the mole.

2- Calculate the molar masses of some

compounds.

3- Apply Avogadro's hypothesis in chemical

calculations for gas reactions.
4- Determine the limiting reactant of a reaction.

5- Differentiate between empirical and

molecular formulas.

6- Deduce the molecular formula for some

compounds.

7- Calculate the volumes of reactant or

product gases in a chemical reaction.

8- Calculate the molar concentration

(molarity) of some solutions.




The amount of a chemical substance is expressed in the International System of Units
(S in in mole unit, and one mole of any substance contains a fixed number of particles
(molecules, atoms or ions) called Avogadro's number which equals 6.02 x 10%

Number of particles = Number of moles of particles x Avogadro's number

Calculate the number of atoms of hydrogen in 2 mol of methane CH4
Answer

> 1 mol of CH4 contains 4 mol atom of H
-2 mol of CH4 contains 8 mol atom of H
The number of hydrogen atoms = 6.02 x 10%* x 8
= 48.16 x 10* atom

And the molar mass represents the gram-relative atomic mass of the substances or the
gram molecular mass, measured in g/mol, and equals the sum of the gram-relative atomic
masses of the substances constituting the molecule.

% Application

Calculate the molar mass of water H,O in terms of the gram-relative atomic masses of

the elements which constitute one molecule of it. [H=1,0=16]

Answer

The molar mass of HZO =16+ (2 x 1) =18 g/mol

Calculate the molar mass of hydrated blue copper sulphate crystals CuSO4- 5H 2O
[Cu=635,5S=32,0=16,H=1]

Answer
Cu S O4 . 5H20
/N

63.5 + 32 + (16 x 4) + 5 [(L x 2) + 16] = 249.5 g/mol
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The relation between the mass of substance, its number of moles, and its molar mass is
given by the following relation:

Mass of the substance (g)

Number of moles (mol) =
Molar mass (g/mol)

A sample of sodium carbonate has mass of 265 g
Given the relative atomic masses of the constituent elements [Na=23,C =12, O = 16],

Calculate:

(1) Number of moles in the sample.
(2) Number of moles of sodium ions in the sample.
(3) Number of sodium ions produced from dissolving the sample in water.

Answer

(1) Molar mass of Na2C03 =(2x%x23)+12 + (3 x16) =106 g/mol

Mass of the substance 265
Number of moles = = = 2.5 mol
Molar mass 106

water + 2_
@ Na2CO3 0 2Na(aq) + CO3 (@)

1 mol 2 mol
*" Since each 1 mol of Na2C03 contains 2 mol of Na" ions
= Therefore, the number of moles of Na" ions in the sample = 2 x 2.5 =5 mol ion

(3) " Since the number of Na" ions = number of moles of Na" x Avogadro's number
. Therefore, the number of Na* ions =5 x 6.02 x 10 =30.1 x 10® ions

Molar volume of gases

Avogadro's law states that one mole of any gas occupies the same volume under the same
conditions of pressure and temperature. Later measurements revealed that one mole of any
gas occupies a volume of 22.4 L under standard conditions (STP), namely a temperature
of 0°C (273 K) and a normal atmospheric pressure of 1 atm (760 mmHg) or occupies a
volume of 24 L at (rtp) room temperature pressure which is a temperature of 25°C (298 K)
and normal atmospheric pressure.
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Avogadro's postulate states that equal volumes of different gases under the same conditions
of pressure and temperature contain the same number of molecules.

The same volume of any gas at STP contains the same number of molecules.

The following table shows the relation: between the number of moles, volume, and number of
molecules for some gases (at STP) and (at rtp):

Gas O2 N2 H2
Number of moles 1 mol 1 mol 1 mol
\olume (at STP) 224 L 224 L 224 L
\Volume (at rtp) 24 L 24 L 24 L
Number of ” ’3 ”
molecules 6.02 x 10 <> molecule | 6.02 x 10 “"molecule | .02 x 10 <° molecule
Molar mass 32 g/mol 28 g/mol 2 g/mol

Calculate the volume occupied by 1.6 g of methane gas CH4 at:
(1)STP (2)rtp [C=12 ,H=1]
Answer

molar mass of CH4 =12+ (4 x 1) =16 g/mol

Number of moles of CH4 = 11—2 = 0.1 mol

(1) Volume of gas (at STP) =0.1 x 22.4 =224 L
(2) Volume of gas (at rtp) = 0.1 x 24 =24 L
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Chemical calculation in terms of the balanced symbolic equation

The balanced symbolic equation is used to calculate or determine each of:
(1) Masses of substances. (2) Number of moles. (3) Number of particles.
(4) Volumes of gases. (5) The limiting reactant of the reaction.

%=/ Application (1)

=

The acidifed water is electrolyzed according to the balanced equation:

+
2H.00 M9t Oy

Calculate: [H=1,0=16]

(1) Number of water moles needed to produce 2.5 mole of oxygen.
(2) Mass of water needed to produce 2 g of hydrogen.
(3) Number of oxygen molecules produced from the electrolysis of 1 mol of water.

Answer
@
2HZO(D O2(@1)
2 mol 1 mol
? mol 2.5 mol

Number of water moles = 2.5 x 2 =5 mol

©)
2HZO(D 2I_|2(g)
2(2+16)=36¢g 2 (1x2)=4g
79 29
36 %2
Mass of water = Tx =18¢g
©), .
2|_|20(l) O2(9)
2 mol 1 mol
1 mol ? mol

1x1
Number of O2 moles = — = 0.5 mol

Number of O2 molecules = 0.5 x 6.02 x 10%

=3.01 x 10?2 molecule

Chemistry - Second Secondary Grade
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% Application (2)

Potassium nitrate decomopses upon heating, according to the following symbolic
equation: 2KNO A 2KNO @]
+
39 25)  2(g)

Calculate the volume of oxygen gas produced from the decomposition of 5 mol of
potassium nitrate at:

(1)STP (2)rtp
2KN03(S)—> Oz(g)
2 mol 1 mol
5 mol ? mol

Number of O2 moles produced = % = 2.5 mol

\Volume of O_gas (at STP) =2.5x22.4=56 L
2
(2) Volume of O2 gas (atrtp)=25x24=60L

The limiting reactant of the reaction

Hydrogen gas reacts with fuorine gas, according to the following balanced equation:
H +F ——»2HF
(©)

2(9)  2(g)
1 mol 1 mol 2 mol

What happens when 6 mol of hydrogen gas is added to 4 mol of fuorine gas in the
reaction vessel, As shown in the following fgure:

-

QR P9

+ - 9 D3P <
6 mol of H2 4 mol of F2 Mixture of reactants The result product of the reaction is 8 mol of HF

The remaining substance is 2 mol of H 5

The entire amount of fluorine (4 mol) is completely consumed in the reaction with 4 mol
of hydrogen to form 8 mol of hydrogen fluoride, 2 mol of hydrogen gas remain unreacted
(excess amount).

Fluorine is described in this reaction as the limiting reactant, because its amount is entirely
consumed in the reaction, and it determines the amount of the formed product.
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I Calculation of the limiting reactant

The limiting reactant is determined by calculating the ratio of the number of moles present
in the reaction mixture to the number of moles in the balanced chemical equation for each
reactant . The reactant with the smaller ratio is the limiting reactant. It is the substance
that is completely consumed first, causing the reaction to stop even if other reactants are
present in excess.

from the reaction: 2H_ _+ —> 2H
0 € reactio 2(9) 02(g) 20(1)

Clarify with chemical calculations:
(1) The limiting reactant when mixing 14.4 L of oxygen gas with 24 L of hydrogen gas
(at rtp) under suitable conditions for the reaction.
(2) The excess mass of the other reactant.
(H=1,0=16)

Answer

\Volume of gas
(1) Number of moles = —————

24

14.4

Number of given moles of O2 =4 0.6 mol

Number of given moles of H2 = % =1 mol

Ratio of the number of moles of each reactant =

Number of moles given

Number of moles in the balanced symbolic equation

Ratio of the number of moles of O2 = OT6 =0.6
Ratio of the number of moles of H2 = % =05

" The ratio of the number of moles of H2 is less.

. The limiting reactant for the reaction is hydrogen.
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It reacts

(2)2mol H ——————> 1molO «From the balanced symbolic equation»
2 completely with 2
2x1x2=4g —— > 1x16x2=32¢
1x1x2=2g ?9
32 %2
Mass of O2 reactant = i - 16 g

Mass of O, given=0.6 x32=19.2¢

Excess mass of O2 (remaining unreacted) =19.2-16=3.2 g

Calculating chemical formulas

Chemical formulas of compounds are classified in terms of the type of information they
provide, into three main types, which are:

* The empirical formula.  The molecular formula.
The empirical formula expresses the simplest integer numerical ratio of the atoms or
ions of the elements composing the molecule.

The molecular formula expresses the types and numbers of the atoms or ions that
compose the molecule.

the structural formula expresses the types and numbers of the atoms of the elements in
the molecule and the way of their bonding together.

The following table shows the empirical formula and molecular formula of some

 The structural formula.

compounds:
[ Compound Empirical formula | Molecular formula\
Ethane CH3 (;2|-|6
Hydrogen peroxide HO HZO2
\ Hydrazine |\||-|2 |\|2|-|4 )

It is concluded that the empirical formula of an unknown compound can be determined

based on the percentage of the elements constituting the compound, considering this

percentage represents the masses of each element present in every 100 g of the compound.

and with the help of experimental results, this is done by calculating:

- The number of moles of atoms of each element in the compound.

- The ratio of the number of moles of atoms of each element in the compound molecule
divided by the smallest value of the number of moles, from which the empirical formula
of the compound can be determined.

14
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=| Application

L —=

Calculate the empirical formula for compound (X)
which consists of 85.63% C, and 14.37% H [C=12,H=1]

Answer Outline

Steps H C
Number of moles of atoms of each element Lf’? = 14.37 mol %: 7.136 mol
Ratio of the number of moles of atoms of 14.37 _ ) 7136 _ 4
each element 7.136 7.136

. The empirical formula of the compound (X) : CH2

The molecular formula of compounds is calculated based on the number of units of the
empirical formula (n) which is calculated as follows :

The molar mass of the compound

Number of units of the empirical formula (n) = —
The molar mass of the empirical formula

If the molar mass of the compound (X) equals 28 g/mol
And the molar mass of the empirical formula (CH2) equals 14 g/mol
Then:n=28 =2

14

Its molecular formula is: (CHZ)2 = C2H4

[ Example (1) ]

A hydrocarbon compound in which the mass percentage of carbon is 83.7 %
and its molar mass 86 g/mol [C=12,H=1]

Calculate the molecular formula of this compound
Answer

The mass percentage of hydrogen in the compound = 100 % — 83.7 % = 16.3%
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The number of moles of C atoms in the compound = 832 =6.975 mol

1
The number of moles of H atoms in the compound = $ = 16.3 mol
6.975

6.975

The ratio of the number of moles of C atoms in the compound = =1

16.3
6.975

The simplest integer numerical ratio of H , C atoms in the empirical formula
by multiplying (x 3): C3H7

The ratio of the number of moles of H in the compound = =2.337

The molar mass from the empirical formula = (3 x 12) + 7 = 43 g/mol

86
43

The molecular formula of the compound : (C3H7)2 = CGH14

The number of units of the empirical formula (n) = =2

[ Example (2) ]

A hydrocarbon with molecular formula C H and molar mass 58 g/mol produces, upon
complete combustion in an abundance of oxygen gas, an amount of carbon dioxide gas
with a mass of 88 g [CO_= ,= 44 g/mol] and an amount of water vapor with a mass of

459 [HZO = 18 g/mol] Calculate the value of both x and y [C=12,H=1]

Answer

" Carbon atoms in the hydrocarbon compound convert into molecules of carbon dioxide

CO2

. Mass of CO2 is used to calculate the mass of C in the hydrocarbon.
The molar mass of C

Mass of carbon in CO_ = the mass of CO_ x
2 2 The molar mass of CO2

Mass of carbon in CO = 1— x88=24¢
" The hydrogen atoms of the hydrocarbon compound convert into molecules of water
vapor H 2O

. Mass of H 2O is used to calculate the mass of H in the hydrocarbon.
Molar mass of H2

Mass of hydrogen in H,O = Mass of H,0 x Molar mass of H O
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The number of moles of C in the hydrocarbon = % =2 mol

The number of moles of H in the hydrocarbon = % =5 mol

The ratio of the number of moles of C atoms in the hydrocarbon = % =1

The ratio of the number of moles of H atoms in the hydrocarbon = % =25
The simplest integer numerical ratio of atoms C , H in the empirical formula of
the hydrocarbon (by multiplying x 2) : C2H5

The molar mass of the empirical formula Csz =5+ (2 x 12) =29 g/mol

_ 98 _
nN=-g = 2
The molecular formula of the hydrocarbon : (C2H5)2 — C4H10

~X=4andy=10

Concentration of solutions

The concentration of solutions is expressed in several ways, including the molar
concentration (Molarity) which indicates the number of moles of solute per liter of

solution.
Number of moles of solute mol (n)

Molarity (Molar concentration) (M) =
y( ) (M) \Volume of solution (V) in liters

Molarity is estimated in mol/L (or M) units.

Calculate the molarity of the solution resulting from dissolving 2 g of sodium hydroxide
in distilled water to make a solution its volume is 500 mL

[Na=23,0=16,H=1]
Answer

Molar mass of NaOH =23 + 16 + 1 = 40 g/mol

Mass 2
Number of moles NaOH = = =0.05 mol
Molar mass 40
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Number of moles of solute

Molarity =
y Volume of solution in liters

= 2% =01 moliL (0.1 M)

Dilution of solutions

When a solution of known concentration is diluted with water, the volume of this solution
changes while the amount of the solute remains constant, thus the concentration of

the solution decreases.

The volume of water needed to be added to a certain volume of a solution of known
concentration, in order to change this concentration to a certain amount, can be calculated
using the following relation:

Concentration of Concentration
the concentrated X Its volume V1 — ofthediluted X Itsvolume V2
solution Ml solution M2
«Before dilution» «After dilution»

Calculate the volume of water in liters should be added to 1.5 M sodium carbonate
solution to obtain one liter of a solution in which each 10 mL contain 0.53 g of solute.
[Na2CO3 =106 g/mol]

Answer

- Each 10 mL (0.01 L) <2 _ 53 g of solute

1000mL(1L) ——— ? g of solute

. . . 053x1
Mass of the solute in one liter of it = ool - 53¢

53
Number of moles of the solute = E = 0.5 mol

The concentration of the dilute solution equals its number of moles (0.5 mol) because its
volumeis (1 L)

M1><V1:M2><V2
1.5><V1:0.5><1
0.5

V. =—=033L
1 15

The volume of water should be added to the concentrated solution =1 -0.33 =0.67 L
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Assessment on Chapter One

Choose the correct answer from the following options:

(1) Which of the following has the smallest molar mass?
[H=1,0=16,C=12, Cl=355]
(@ Water (o) Carbon Dioxide
(© Methane (@ Hydrogen Chloride

(2) How many ions are present in 16 g of anhydrous copper sulphate CuSO 4?
[Cu=635,S=32,0=16]

@ 1.2 x 102 ® 3.61 x 10 ©1.2x10* @3.61x10%

(3) What is the mass of 0.2 mol of carbon? [C=12]
@ 2.4x107%g ©®4.8x107°g
©0.29¢ @249

(4) Each of the following represents 0.25 mol of nitrogen gas (at rtp), except ...........

[N = 14]

(® 0.5 mol of atoms ® 3.01 x10°® atom
©7g @5.6L

(5) 264 g of strontium Sr reacts completely with 213 g of chlorine to form a compound
with the molecular formula ............... [Sr=287.6, Cl = 35.5]
@ SrCl ® SrCl, ©SrCl, @sr.Cl

(6) From the reaction: 2NH3(g)+ NaCIO(s) — N2H4(g) + NaCI(aq) + HZO(’)
What is the number of moles and mass of N 2H4 produced from the reaction of 34 g
of NH_? [N =14, H=1]
@ 1mol/18¢g ® 2 mol/36 g
© 2mol/ 64 g @1mol/32¢g
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(7) A sample of oxygen gas whose mass is 8 g contains the same number of atoms
found in 16 g of element X.
What is the molar mass of element X? [O =16]
@4 ®8 © 16 @ 32

(8) What is the volume of gas (at STP) produced when 4.6 g of sodium reacts with an

excess of water, according to the equation:

2Na +2HO — »2NaOH +H
(s) 2 (aq) 2(g)

@ 1.12L ® 2.24 L © 4.48L @ 11.2L

(9) What is the number of moles of sodium hydroxide in a solution of volume
2 L and concentration 5 M?
@ 2.5 mol ® 5 mol © 7 mol (@ 10 mol

(10) What is the concentration of sodium carbonate solution resulting from adding
240 cm® of water to 10 cm® of a solution with a concentration of 0.8 M?
@ 0.016 M ® 0.032M © 0.04 M @ 0.064 M

Calculate the mass of each of:

(1) 0.2 mol of calcium. [Ca =40]
(2) 0.25 mol of oxygen gas. [O =16]
(3) 1 mol of CO, [C=12,0=16]
(4) 0.5 mol of NaOH [Na=23,0=16,H=1]

Calculate the number of molecules in 4.4 g of carbon dioxide gas. [C =12, O =16]

@ Calculate the number of atoms in 4 g of hydrogen gas. [H=1]

B Calculate the number of ions produced from dissolving 10.6 g of sodium carbonate
in water. [Na=23,C=12,0 =16]

B Calculate the mass of P4Olo that can be obtained from adding 1.33 g of P4 to5g
of O2 under suitable reaction conditions. [P=31, O =16]
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Calculate the number of moles of HZSO4 that can be prepared from 3 g of the compound

CUZS, if each sulphur mole turns into a mole of HZSO4 [Cu=635,S=32]

€) Calculate the mass of NH4CI needed to prepare a 100 mL aqueous solution, where

each 1 mL contains 70 mg of solute. [N=14,H=1, Cl =35.5]

o . N
) From the reaction C,Hyg 30, —>2C0,  +2H,0

What is the number of moles of the gases produced upon mixing 1 mol of CH, with

4 mol of 02 under suitable reaction conditions?

Calculate the volume of Na_SO, solution with a concentration of 0.3 M required to

prepare a solution of 2 L with Na" ions concentration of 0.4 M

(8 Calculate the volume of BaCI2 solution containing 3 mol of chloride ions at 0.5 M

%) A sample of an organic compound with a mass of 10.2 g contains carbon, hydrogen, and

oxygen, producing 23.1 g of CO2 and 4.72 g of HZO when burned in excess oxygen.
Deduce the empirical formula of the compound mathematically.

[C=12,H=1,0=16]

Calculate the volume of 2 M hydrochloric acid solution required to prepare 250 cm®

of a solution its concentration is 0.15 M
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