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Chapter1 

Part (1): The ionic equations 

Chemical equation: 

A group of chemical symbols and formulas of the reactants and products. They connected 

by an arrow between them that express the direction of this reaction and carry the reaction 

condition. 

2Mg(s) + O2 (g)                            2MgO(s) 

• The equation includes the physical states written at the bottom left of the chemical 

symbols. 

•The equation must be balanced. (G.R) 

To achieve the law of mass conservation. 

--------------------------------------------------------------------------------------- 

Example: Try to balance these reactions 

1) H2 + O2  H2O 

2) N2 + H2  NH3 

Answer: 

1) 2H2 + O2 2H2O 

2) N2 +3 H2 2NH3 

 

Ionic equations 

 

It is the chemical equation in which reactants and products are written in the form of ions. 

1)Dissolving equations: 

As dissolving sodium chloride in water 

NaCl(s) water  Na+ + Cl- 

2)Neutralization reaction: 

It is the reaction between acid and base to produce salt and water. 

Example: 
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Reaction between sulphuric acid and sodium hydroxide. 

H2SO4(aq) + 2NaOH(aq) Na2SO4(aq) + 2H2O(l) 

2H+(aq) + SO4 2-(aq) + 2Na+(aq) +2OH- (aq)  2Na+ (aq) + SO4-2(aq) + 2H2O(l) 

2H+(aq) + 2OH- (aq) 2H2O(l) 

Solid s 

Liquid l 

Gas g 

Aqueous solution aq 

 

 

3)The ionic equation for precipitation reaction: 

As precipitation of silver dichromate on adding potassium dichromate solution to 

silver nitrates solution. 

K2Cr2O7(aq) + 2AgNO3(aq) 2KNO3(aq) + Ag2Cr2O7(S) 

2K+(aq) + Cr2O7 2-(aq) + 2Ag+(aq) +2NO3- (aq)  2K+ (aq) + 2NO3-(aq)+Ag2Cr2O7(S) 

2Ag+(aq) + Cr2O7 2-(aq)  Ag2Cr2O7(S) 

*Molecule: 

It is the smallest part of the substance that can be found in a single form and carry 

the properties of matter. 

*Atom: 

It is the smallest building unit of the substance that can participate in chemical 

reactions 

 

 

Part (2): The mole and molar mass 

 

The mole: 

It is the amount of substance that contains Avogadro number. 

• If the substance is in the form of atoms , the mass of one atom is called atomic mass 
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It is very small and measured by atomic mass unit (a.m.u.). 

• If the atomic mass of carbon atom (C) = 12 a.m.u., then one mole of carbon atom = 12 

grams of carbon atoms. 

• If the substance is in the form of molecules , then the mass of one molecule is called 

molecular mass . It is equal the sum of atomic mass of atoms forming this molecule. 

Molecular mass: 

It is the sum of the atomic mass of the atoms forming the molecule. 

Example: 

Calculate the molecular mass of carbon dioxide (CO2).If you know that the atomic mass of 

oxygen is 16 and carbon is 12. 

Answer: 

Molecular mass of CO2 = (atomic mass of carbon) + (2 x atomic mass of oxygen) 

= (12) + (2 × 16) 

= (12) + (32) = 44 a.m.u. 

One mole of CO2 = 44 g 

• If we use 44 g carbon dioxide, this means that you use one mole of it. 

• If we use 22 g carbon dioxide, this means that you use half mole of it. And so on 

• In ionic compounds the building units can expressed in formula unit not molecules. So 

ionic compounds have formula unit mass not molecular mass. 

Example: Calculate the formula unit mass for ionic calcium chloride (CaCl2). 

If you know that the atomic mass of calcium ion is 40 and chloride ion is 35.5 . 

Answer: 

mass of CaCl2 = (mass of calcium ion) + (2 x mass of chloride ion) 

= (40) + (2 × 35.5) 

= (40) + (71) = 111 a.m.u. 

One mole of CaCl2= 111 g 

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒍𝒆𝒔 = 𝐦𝐚𝐬𝐬 𝐨𝐟 𝐬𝐮𝐛𝐬𝐭𝐚𝐧𝐜𝐞 (𝐠𝐫𝐚𝐦)/𝐌𝐚𝐬𝐬 𝐨𝐟 𝐨𝐧𝐞 𝐦𝐨𝐥𝐞 𝐨𝐟 𝐭𝐡𝐢𝐬 substance (𝐠/𝐦𝐨𝐥) 
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* The mass of a mole (molar mass) different from one matter to another.(G.R) 

Due to the difference in composition from one matter to another. 

• The mole of molecules of monatomic element is different from the mole of the same 

element if it is diatomic. 

*The molar mass of oxygen molecules = 16 × 2 = 32 g 

*The molar mass of oxygen atom = 16 × 1 = 16 g 

• There are elements with different molecular composition due to difference in their 

physical state as 

- phosphorus in vapour state formed from four phosphorus atoms (P4), while in solid state 

it consists of one atom 

-Sulphur in vapour state formed from eight sulphur atoms (S8), while in solid state it 

consists of one atom 

Calculation of the mass of reactants and products: 

Example: 

Calculate the mass of magnesium needed to react with excess amount of 

oxygen to produce 160g of magnesium oxide. [Mg = 24, O=16] 

Answer: 

2Mg + O2  2MgO 

2moles 2 moles 

2x24=48g  2(24+16)=80g 

???      160g 

Mass of magnesium= 160 x 48/80= 96 𝑔 

Part (3): The mole and Avogadro's number and volume of gases 

*The mole and Avogadro’s number: 

Avogadro reached that the number of atoms, molecules or ions found in one mole 

is a constant number whatever the form of substance. 

*Avogadro number = 6.02 × 1023 

Avogadro number: 
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It is the number of atoms , molecules or ions found in one mole of the substance 

and equals 6.02 × 1023 (atoms, molecules or ions). 

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒍𝒆 =𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐩𝐚𝐫𝐭𝐢𝐜𝐥𝐞𝐬/𝐀𝐯𝐨𝐠𝐚𝐝𝐫𝐨 𝐧𝐮𝐦𝐛𝐞𝐫 

 

Exercise (1): 

Calculate the number of molecules of 2 mol of CO2 gas. 

Answer: 

Number of molecules = number of moles × Avogadro number 

= 2 × 6.02 × 1023 = 12.04 × 1023 molecules 

---------------------------------------------------------------------------------------------------- 

Exercise (2): 

Calculate the number of carbon atoms found in 50 g of calcium carbonates 

[ Ca = 40, C = 12,O = 16 ] 

Answer: 

1 mole of calcium carbonate CaCO3 = 40 + 12 + (16 × 3) = 100 g 

1 mole CaCO3 contains 1 mol of carbon atoms 

100 g CaCO3 contains (6.02 × 1023) atoms 

50 g CaCO3 contains × carbon atoms 

𝑥 = (6.02 𝑥 10^23 𝑥 50)/ 100 = 3.01 × 10^23 atoms 

 

---------------------------------------------------------------------------------------------------- 

Exercise (3): 

Calculate the number of magnesium oxide molecules produced from 

reaction of 24 grams of magnesium with excess amount of oxygen. [Mg = 24] 

Answer: 

2Mg + O2 2MgO 

2moles 2 moles 

2 x 24= 48g  2x 6.02 x 1023 

24 g ?? 

Number of magnesium oxide molecules=24 x 2 x 6.02x10^23/48= 6.02 × 10^23molecules 



 

6 
Ms. Salma Shiha (Alexandria)                                                                                                        01270070097/01016642359 
 

 

The mole and the volume of gas 

•Solid or liquid matter has a definite volume. 

•The volume of gas equal the volume of the container it occupies 

•The mole of any gas in standard temperature and pressure (STP) occupies a certain volume 

=22.4 liters. 

•(STP) means 

1-Temperature equals 273 k or 0o c 

2-pressure = 760 mmHg (normal atmospheric pressure = 1 atm.p) 

3-Concentration = 1 molar 

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒍𝒆𝒔 =𝐯𝐨𝐥𝐮𝐦𝐞/𝟐𝟐. 𝟒 𝐋 

Example(1): 

Calculate the volume of 3 moles of oxygen gas 

Answer: 

Volume = number of moles × 22.4 = 3 × 22.4 = 67.2 L 

Example(2): Calculate the volume of oxygen needed to produce 90 g of water 

by reacting with an excess amount of hydrogen at the standard temperature 

and pressure (STP) [H = 1 , O = 16] 

Answer: 

2H2(g) + O2(g)  2H2O(l) 

1 mol  2 mol 

22.4L  2[(2 × 1) + 16] = 36 g 

??  90 g 

Volume of oxygen = 22.4 × 90/36= 56 L 

 

*Avogadro Hypothesis: 

Equal volume of different gases contain the same number of molecules under the same 

standard temperature and pressure (STP). 

*Avogadro Law: 
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At constant temperature and pressure the volume of gas is directly proportional 

to its number of moles 

 

*Limiting reactant 

It is the reactant which is completely consumed during chemical reaction 

Example: 

When magnesium reacts with oxygen according to the equation 

2Mg + O2 2MgO 

 

What is limiting reactant when 32 g of oxygen reacts with 12 g of magnesium?  

[Mg = 24 , O=16] 

Limiting reactant is magnesium 

 

chapter 2 

Part (1): Calculation of chemical formula 

Weight percentage: 

It used to calculate the ratio of each component from the component of certain sample. 

𝑴𝒂𝒕𝒕𝒆𝒓 𝒘𝒆𝒊𝒈𝒉𝒕 %=𝒎𝒂𝒕𝒕𝒆𝒓 𝒎𝒂𝒔𝒔 𝒊𝒏 𝒕𝒉𝒆 𝒔𝒂𝒎𝒑𝒍𝒆 𝐱 𝟏𝟎𝟎% /𝒕𝒐𝒕𝒂𝒍 𝒎𝒂𝒔𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒑𝒍𝒆  

--------------------------------------------------------------------------------------------------- 

Example: 

Calculate the weight percentage of nitrogen in one mole of ammonium 

2Mg 2MgO 

2moles  2moles 

2×24=48g 2(24+16)=80g 

12g ?? 

 Mass of magnesium oxide=20 g 

O2 2MgO 

1 moles 2 moles 

32 g 80 g 

32 ?? g 

mass of magnesium oxide = 80 g 
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nitrates fertilizers [ N = 14 , H=1 , O=16] 

Answer: 

Molar mass of ammonium nitrate NH4NO3 = (14 + (1 ×4) +14 + (3 × 16) )= 80 g 

Each one mole of ammonium nitrate contains 2 mol nitrogen = (2 × 14) = 28g 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑛𝑖𝑡𝑟𝑜𝑔𝑒𝑛 = 28x 100/80 = 35% 

Each one mole of ammonium nitrate contains 3 mol nitrogen = (3 × 16) = 48g 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 oxygen = 48x 100/80 = 60% 

By calculating the weight percentage of oxygen and hydrogen. 

Weight percentage of oxygen = 60% 

Weight percentage of hydrogen = 35% 

• The sum of the weight percentage of a compound must be equal 100 

 

Example: 

Calculate the mass of iron found in one ton (1000 kg) of hematite ore Fe2O3 , if you 

know that the weight percentage of iron is 58% 

Answer: 

58% means that each 

100 ton ore contains  58 ton iron 

1 ton contains  ??? ton 

𝑥 =1 × 58/100 = 0.58 ton = 580 kg 

---------------------------------------------------------------------------------------------------- 

Example: 

Calculate the number of moles of carbon in an organic compound containing 

only carbon and hydrogen. If you knew that the weight percentage of carbon 

in this compound is 85.71% and the molar mass of this compound is 28 g 

(C=12 , H= 1). 

Answer: 

There is 85.71 g carbon  in 100 g of the sample 

So there is × g carbon  in 28g 
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X = (28 × 85.71) / 100 = 24 g 

Number of carbon moles = 24/12 = 2 mol 

Another answer: 

𝑐𝑎𝑟𝑏𝑜𝑛 𝑚𝑎𝑠𝑠=𝑐𝑎𝑟𝑏𝑜𝑛 we𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑥 𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑/100 

                          =85.71 𝑥 28/100= 24 g  

Number of carbon moles = 24/12 = 2 mol 

*Empirical formula: 

A formula expressing the simplest ratio of true numbers between the atoms of elements 

which formed the compound. 

Example: 

The molecular formula of propylene is C3H6 ----------- That means that the molecule of 

propylene is formed of 6 atoms of hydrogen and 3 atoms of carbon with ratio of 6(H) : 3(C). 

By simplifying this ratio to its true value the ratio becomes 

2 (H) : 1 (C) so the empirical formula is CH2 

--------------------------------------------------------------------------- 

•Sometimes the empirical formula is similar to chemical formula like (carbon dioxide CO2) 

– (Nitric oxide NO) 

•The empirical formula of two different compounds may be the same like acetylene C2H2 

and benzene C6H6 . Both of them has empirical formula (CH) 

•The empirical formula of the compound can be calculated in terms of weight percentage of 

elements that represent that mass of elements found in 100 g 

 

Example: 

Calculate the empirical formula of a compound containing nitrogen with a weight 

percentage of 25.9 % and oxygen with a weight percentage of 74.1 % knowing that  

(N = 14 , O = 16) 

Answer:             
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Number of moles 

Ratio by Divide on 

the smallest number 

of moles 

N 

25.9/14=1.85 

 

1.85/1.85=1         *2 

2 

 

O 

74.1/16=4.63 

 

4.63/1.85=2.5     *2 

5 

 

The empirical formula is N2O5 

*Molecular formula: 

Is a symbolic formula of the molecule of the element, or molecule or formula unit. It express 

the actual type and number of atoms or ions that form this molecule or unit. 

Example: 

Chemical analysis of acetic acid prove that it is formed from 40% carbon, 

6.67% hydrogen , and 53.33% oxygen. If the molecular molar mass of it is 60 

g find the molecular formula of the acid knowing that (C= 12, H=1, O=16) 

Answer: 

 

Number of moles 

ratio Divide on the 

smallest number of 

moles 

C 

40/12=3.33 

3.33/3.33=1 

H 

6.67/1=6.67 

6.67/3.33=2 

 

O 

53.33/16=3.33 

3.33/3.33=1 

Ratio = 1 : 2 : 1 

Empirical formula is CH2O 

Molecular mass of empirical formula= 16 +(1 x2) + 12 = 30 g 

Number of units of empirical formula = 60/30= 2 

Molecular formula is CH2O × 2 = C2H4O2 

Part (2): Practical and theoretical yield 

Practical product and theoretical product 

When we make a chemical reaction to obtain a certain substance the theoretical results that 
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expected to get from the reaction is different from the produced substance practically 

(practically yield). 

*Theoretical yield: 

It is the quantity of product calculated according to the chemical equation. 

*Practical yield: 

It is the quantity of product that is actually produced from the reaction. 

• The practically yield usually less than the calculated amount theoretically. 

Due to 

1-The product substances may evaporates. 

2-Some of the product may clink on to the walls of of the reaction cylinder. 

3-There are some side reactions (competitive reactions) that consume the product 

4-The used substance may be not pure enough. 

Percentage of actual yield = 𝐩𝐫𝐚𝐜𝐭𝐢𝐜𝐚𝐥 𝐲𝐞𝐢𝐥𝐝× 𝟏𝟎𝟎 /𝑻𝒉𝒆𝒐𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝒚𝒆𝒊𝒍𝒅 

 

 

Example: 

Methyl alcohol is produced under high pressure through the followingreaction 

CO (g) + 2H2 (g) CH3OH (l) 

If 6.1 g of methyl alcohol is produced from a reaction of 1.2 g of hydrogen 

with abundance of carbon oxide, calculate the percentage of the actual yield 

(C= 12, O = 16, H=1) 

Answer: 

Molecular mass of CH3OH = 1×4 + 16 +12 = 32 g 

2mol of H2  

4g  

1.2  

1 mol of CH3OH 

32 g 

x g 

X = 32 x 1.2/4= 9.6 g 

Percentage of yield =6.1× 100/9.6 = 63.54 % 

 


