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/ Acids and Bases 4CHAPTER  

Section 1: Introduction to Acids and Bases 

Properties of Acids and Bases: 
 

Acetic acid  Cetric and Ascorbic 
acids  

Hydrochloric 
acid  

Carbonic and 
Phosphoric acids  

Methanoic Acid 
( Formic Acid)  The Acid  

In vinegar  In Lemon and 
Grapefruit   In stomach  In carbonated 

beverages  In Ants  Its 
presence  

 
 Uses of bases: 

- Sodium hydroxide uses in making of soap. 
- Magnesium hydroxide uses in making of antiacid tablets. 

 
 

Physical properties: 

Bases  Acids  

1- Basic solutions taste bitter and feel 
slippery 1- Acidic solutions taste sour 

2- Basic solutions are electricity conductors  
     ( produce ions ) 

2- Acidic solutions are electricity  
conductors ( produce ions ) 

    

  
 
Chemical Properties: 

  

Bases  Acids  

1- Aqueous solutions of bases cause red    
litmus paper to turn blue 

1- Aqueous solutions of acids cause blue litmus paper to 
turn red 

2- Not react with metals. 
2- React with active metals to produce hydrogen gas: 

3- Not react with metal carponates 
  

3- React with metal carbonates and hydrogen carbonates to 
produce CO2 

  
Question: How did the geologists identify rocks as limestone ( CaCO3)? Write equation. 

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

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

  

  

  

  

  

Reactivity 
series  

 .  

 .  

 .  

H  

Cu  

Ag  

Hg  

Pt  

Au  
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----------------------------------------------------------------------------------------------------------------------------------

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

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

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

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

 
 

Hydronium and Hydroxide Ions: 

 All water solutions contain hydrogen ions ( H+) and hydroxide ions ( OH- ). 
 An acidic solution contains more hydrogen ions than hydroxide ions. 
 A basic solution contains more hydroxide ions than hydrogen. 
 A neutral solution contains equal concentrations of H+ and OH-. 

 Self – ionization of water:water molecules react to form a hydronium ion ( H3 O +) and a hydroxide ion. 
H2O(l)+  H2O(l)  ⇌  H3O+

(aq)   +     O H-
(aq)         or    

    Water molecules          Hydronium ion        Hydroxide ion 
 The hydronium ion:is a hydrogen ion which has a water molecule attached to it by a covalent bond. 
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The Arrhenius Model: 
 

 An acid: is a substance that contains hydrogen and ionizes to produce hydrogen ions in aqueous 
solution. 
 

 A base:is a substance that contains a hydroxide group and dissociates to produce a hydroxide ion in 
aqueous solution. 
 

 Arrhenius model shortcoming:  
- ammonia (NH3 ) and sodium carbonate (Na2CO3) do not contain a hydroxide group, yet both 

substances produce hydroxide ions insolution. 
- Sodium carbonate is the compound that causes the alkalinity of Lake Natron, Tanzania. 

 
The Brønsted-Lowry Model: 

 An acid is a hydrogen-ion donor. 
 A base is a hydrogenion acceptor. 

QUESTION: determine the Bronsted-Lowry acid and base in the following reactions: 
 

The reaction The acid The base 

HCl  +  NH3   →     NH4
+ + Cl-   

HCl  +  H2O    →     H3O+ + Cl-   

H2O  +  NH3   →    NH4
+ + OH-   

HCO3
- + H2O→ H2CO3 + OH-   

 
Hydrogen ion donors and acceptors: 

 A conjugate acid: is the species produced when a base accepts a hydrogen ion. 
 A conjugate base: is the species that results when an acid donates a hydrogen ion. 
 A conjugate acid base pair: consists of two 

substances related to each other by thedonating 
and accepting of a single hydrogen ion. 
- Hydrogen fluoride is used to manufacture a 

variety of fluorine containing compounds, such 
as the nonstick coating on the kitchenware. 
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 Complete the following table: 

  

The conjugate base  The compound or ion  The conjugate acid  The compound or ion  

 HF  O2H 

  2H    2-
3CO  

  O2H    3NH  

  -OH    -H  
  

 Amphoteric substance: A substance that can act as both acids and bases , like 
water and any anion that contain hydrogen like HCO3

- . 

Question: Explain how the ion HCO3
- can be both an acid and a base (amphoteric substance). 

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

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

 

 

 

 

 

 

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

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

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

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

Monoprotic and Polyprotic Acids:  
 Monoprotic acid : An acid that can donate only onehydrogen ion like HCl,CH3COOH  
 Polyprotic acid: any acid that has more than one ionizable hydrogen atom. 

- Diprotic acid: An acid that contain two ionizable hydrogen atoms per molecule like 
H2SO4 : 

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

-------------------------------------------------------------------------------------------------------------------------  
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- A triprotic acid: An acid with three hydrogen ions to donate like H3PO4 , H3BO3. 

Question: write the ionizations steps of phosphoric acid: 

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

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

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

Ionizable hydrogen atoms:  
 The difference in electronegativity makes the bond between oxygen and hydrogen 

polar, and weak , then it will be ionize easily. 
 the hydrogen atoms in benzene are each bonded to acarbon atom. Carbon atoms have 

about the same electronegativity as hydrogen. These bonds are nonpolar, so benzene is 
not an acid. 
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The Lewis Model:( more general model ) 

 Lewis acid :is an ion or molecule with a vacant atomic orbital that can accept (share) an electron pair 
, like : BF3 , BCl3 , AlF3 , AlCl3 or any positive ion H+ , Ag+ . 

 Lewis base :an ion or molecule with a lone electron pair that it can donate (share), like : NH3, H2O 
or any negative ion Cl- , F- . 

  
 

 
 
 
 

 

 
 
 

 The reaction of SO3 and MgO is important because it produces magnesium sulfate, a 
salt that forms the heptahydrate known as ……………………………………... 

 Epsom salt has many uses, including …………………………………… and acting as 
a plant…………………. . 

 The reaction to form magnesium sulfate also has environmental applications: 
1-  MgO is injected into the flue gases of coal-fired power plants. 
2- It reacts with and removes SO3 . 

( If SO3 is allowed to enter the atmosphere, it can combine with water in the air to 
form sulfuric acid, which falls to Earth as acid precipitation ) . 
 

 
H.W : SOLVE questions 55 - 64  . 
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Section 2 : Strengths of of Acids and Bases: 

Strength of Acids:  

 Degree of ionization: 
- Strong Acids: completely ionized ( strong electrolytes) and good conductors ,  

because strong acids produce the maximum number of ion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
 

- Weak Acids: partially ionized ( weak electrolytes ) and weak conductors ,because  weak acids 
produce fewer ions.  
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 Acid strength and the Brønsted-Lowry model: 
 
- HX represents a strong acid and its conjugate base is weak. 
- H2O is a stronger base (in the forward reaction) than 

is the conjugate base X- (in the reverse reaction). 
- the ionization equilibrium lies almost completely to 

the right because the base H2O has a much greater 
attraction for the H+ ion than does the base X-. 

 
 The ionization equilibrium for a weak acid lies far to the 

left because the conjugate base Y - has a greater 
attraction for the H+ ion than does the base H2O. 

 The conjugate base Y- (in the reverse reaction) is stronger 
than the base H2O (in the forward reaction) 

 
 

Acid ionization constants: 

 The equilibrium constant, Keq , provides a quantitative measure of the degree of ionization of the 
acid acid strength. 
- Consider hydrocyanic acid (HCN), also known as prussic acid which is used in : dying, 

engraving, and tempering steel. 

 

 

 

 The acid ionization constant:  is the value of the equilibrium constant expression for 
the ionization of a weak acid. 

 The value of Ka indicates whether reactants or products are favored at equilibrium 

 

 

 

 

 

  

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

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

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

----------------------------------------------------------------------------------------------------------------------------------  
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Strengths of Bases:  
 Strong base : a base that dissociates entirely into metal ions and hydroxide ions  

 
 
- calcium hydroxide and other slightly soluble metallic hydroxides are considered 

strong bases because all of the compound that dissolves is completely dissociated. 
 

 

 A weak base ionizes only partially in dilute aqueous solution. 
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 Base ionization constants Kb: 
 Is the value of the equilibrium constant expression for the ionization of a base. 
 

  
  
  
  
  
  
  
  
  
 

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

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

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

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

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

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

 

 
 
 

H.W: Solve the question 65 – 74  . 
 



Work sheets / 12 advance                                                                                                           By Mr. Qadomi 
  

 

 

Chemistry - 12 Advanced - Term 2   

 مادة الكيمياء  - 2024-25 - أوراق عمل الفصل الثاني 

 على موقع الأكاديمية ولالحلالشرح و

https://www.manasra.academy 

P a g e  Contact us at: +971 50 620 6080  قدومي   معبد الرحيعداد الأستاذ: إتقديم و 12 | 
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Section 3 : Hydrogen Ions and PH:  

Ion Product Constant for Water: 

 The self ionization equation of water is : 
 

  

  

 

 

 

 The ion product constant for water Kw : is the value of the equilibrium constant 
expression for the self-ionization of water. 
 
 
 
 

 

 Experiments show that in pure water at 298 K, [ H +] and [O H -] are both equal to 
1.0 × 1 0 -7M. 

 Therefore, at 298 K, the value of Kw is 1.0 × 10 -14 . 
 
 

 

 Explain why Kw does not change when the concentration of hydrogen ions increases. 
(in terms of Le Châtelier’s principle) 
…………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………..  
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Question: Complete the following tables: 

 

 Type of the solution 

( Acidic , Basic or neutral )  

]-[OH Type of the solution 

( Acidic , Basic or neutral )  

]+ H [ 

 M4-1.0 x 10    M4-1.0 x 10  

  M 11-1.0 x 10    M 11-1.0 x 10  

  M 7-1.0 X 10    M 7-1.0 X 10  

 

 Calculate the [ H+] or [OH-] 

]+[ H ]-[OH  

M 5-1 x 10    

M 13-1 X 10    

  M  3-1 X 10  

M 5-4 X 10   

 

  

 

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

--------------------------------------------------------------------------------------------------------  
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pH and pOH: 

 pH of a solution: is the negative logarithm of the hydrogen ion concentration. 

 

 

 

- The logarithmic nature of the pH scale means that a change of one pH unit represents a tenfold 
change in ion concentration. 

- A solution having a pH of 3.0 has ten times the hydrogen ion concentration of a solution with a 
pH of 4.0. 

 pOH of a solution: is the negative logarithm of the hydroxide ion concentration. 
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----------------------------------------------------------------------------------------------------------------

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

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

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

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

 

 

 

 

  

 

 

 

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

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

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

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

---------------------------------------------------------------------------------------------------------------- 
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Calculating ion concentrations from pH: 

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

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

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

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

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

 

Molarity and the pH of strong acids: 

 For all strong monoprotic acids, the concentration of the acid is the concentration of 
H+ ions. Thus, you can use the molarity of the acid to calculate pH . 

 

Molarity and the pH of strong bases: 

 One formula unit of NaOH produces one OH- ion. Thus, the concentration of the OH- 
ions is the same as the molarity of the solution, 0.1M . 

 Some strong bases, such as calcium hydroxide Ca(OH )2 , contain two or more OH- 
ions in each formula unit. The concentration of OH- ion in a solution of Ca(OH )2 is 
twice the molarity of the ionic compound 

 Remember that weak acids and weak bases are only partially ionized. Therefore, you 
must use Ka and Kb values to determine the concentrations of H+ and O H- ions in 
solutions of weak acids and bases. 
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Calculating Ka from pH: 

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

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

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

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

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

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

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

 

Measuring pH: 

 indicator papers to measure the pH of a solution. 
 All pH paper is treated with one or more substances called indicators that change 

color depending on the concentration of hydrogen ions in a solution. 
 pH paper:To determine the pH, the new color of the paper is compared with 

standard pH colors on a chart.  
 The pH meter: provides a more accurate measure of pH. 
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H.W: Solve the questions 75 – 84 . 
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Section4 :Neutralization 

 A neutralization reaction: is a reaction in which an acid and a base in an aqueous 
solution react to produce a salt and water. 

 A salt: is an ioniccompound made up of a cation from a base and an anion from an 
acid. 

 Write the net ionic equation for the following neutralization reaction: 
 

  

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

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

 

Acid-base titration: 
 Titration :is a method for determining the concentration of a solutionby reacting a 

known volume of that solution with a solution of known concentration.( if one of them 
is acid the other is base )  
 
Titration procedure:  

 A measured volume of an acidic or basic solution of unknown concentration is placed 
in a beaker.( Initial pH of the solution is read and recorded ) 

 A buret is filled with the titrating solution of known concentration.This is called the 
standard solution, or titrant. 

 Measured volumes of the standard solution are added slowly andmixed into the 
solution in the beaker. The pH is read and recordedafter each addition. 

 This process continues until the reaction reaches the equivalence point. 
 
The equivalence point:which is the point at which moles of H + ionfrom the acid 
equal moles of O H - ion from the base. 
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Figure 18.22a shows: 

 How the pH of the solution changes during thetitration of 50.0 mL of 0.100M HCl, a 
strong acid, with 0.100M NaOH,a strong base. 

 The initial pH of the 0.100M HCl is 1.00. 
 As NaOHisadded, the acid is neutralized and the solution’s pH increases gradually. 
 However, when nearly all of the H + ions from the acid have been usedup, the pH 

increases dramatically with the addition of an exceedinglysmall volume of NaOH. 
 This abrupt increase in pH occurs at the equivalencepoint of the titration. 
 Beyond the equivalence point, the additionof more NaOH again results in a gradual 

increase in pH. 
 Question  :Identify two ways in which the graphs in Figure 18.22 are different.  

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

--------------------------------------------------------------------------------------------------------  
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Acid-base indicators: 

 Acid-base indicators: Chemical dyes whose colors are affected by acidic and basic 

solutions. 

 Many natural substances act asindicators like tea.  

 Tea contains compounds called polyphenolsthat have slightly ionizable hydrogen 
atoms and therefore are weakacids: 
HA    +   H2O      ↔     H3O+  +  A- 

         indicator molecules                                      indicator ions 

 Adding acid in the form of lemon juice to a cup of tea depressesthe ionization 
according to Le Châtelier’s principle, and the color of theun-ionized polyphenols 
becomes more apparent. 

 As shown in Figure 18.22, bromthymol blue is a good choice for a titration of a strong 
acid with a strong base, and that phenophthalein changes color at the equivalence 
point of a titration of a weak acid with a strong base . 
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Indicators and titration end point:  

 Many indicators used for titration are weak acids. 
 Each has it own particular pH or pH ranges over which it changes color.  
 End point: The point at which the indicator used in a titration changes color. 
 It is important to choose an indicator for a titration that will change color at the 

equivalence point of the titration. 

 

 

 

 

 

 

 

 

 

 

 

95. How many milliliters of 0.225M HCl would be required to titrate 6.00 g of KOH? ( KOH = 56 g/mol  
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Salt Hydrolysis: 

 Salt Hydrolysis: means the reaction of salt ions with water that come from weak 
acids or bases. 

 Salts that produce basic solutions: ( hydrolysis of anion) 
For example, KF: 

- The K+ ions do not react with water, but the F- ion is a weak BrønstedLowrybase. 
 

 
- The production of the O H - ions makes the solution basic. 

 Salts that produce acidic solutions: ( hydrolysis of cation)  
- For example : NH4Cl is the salt of a weak base (NH3 ) and a strong acid (HCl). 
- The Cl- ions do not react with water, but the NH4

+ ion is a weakBrønsted-Lowry 
acid. Ammonium ions react with water molecules: 
 

- The presence of hydronium ions makes the solution acidic. 
 Salts that produce neutral solutions:  

- For example: Sodium nitrate (NaNO3 ) is the salt of a strong acid (HNO3 ) and a 
strong base (NaOH). 

- No salt hydrolysis occurs because neither Na+ nor NO3
-react with water. 

Therefore, a solution of sodium nitrate is neutral.  
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Question : which ion react with water? 

  

-3NO -F  +4NH +K  -COO3CH  2-4SO 2-3CO 3-4PO  

                

  

 

 H.W: solve the questions 85 – 93  , 108 , 111  

  

 

 

  


