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Disclaimer 

Precise Chemistry Std. XII, Vol. I is intended for every Maharashtra State Board aspirant of Std. XII, 
Science. The scope, sequence, and level of the book are designed to match the new textbook issued by the 
Maharashtra State board.  
We understand that Board Examinations can be daunting and the stress of cracking the examination can often 
leave students struggling to make sense of the curriculum.   
With the examination in focus, the Precise Series has been specifically designed to make preparation easier, by 
providing a methodical and organized perspective of the curriculum, thus greatly improving the chances of 
scoring well.  
Chemistry is a science that has the potential to unlock the understanding of the natural world by allowing us to 
appreciate the changes that characterize matter interactions.  
In order to make sure that students fully grasp the nub of the subject, it is important to present such concepts 
meaningfully and in an easy to read format.  
In this vein, the Precise Chemistry book has been crafted to provide an exam-centric approach to the 
curriculum, while retaining the essence of the subject. Each chapter is thus structured to provide a conceptual 
foundation, in addition to offering ample practice for acing the board examination. Chemical formulae, 
bonding structures and chemical equations form the basic building blocks of Chemistry and students are 
advised to memorise them perfectly.  
To quote the Nobel Prize winner, chemist Irving Langmuir, “A chemist who does not know Mathematics is 
seriously handicapped!”, a solid theoretical foundation must always be put to the test by solving numericals. 
Students should take advantage of the extensive array of numericals provided in the book to ascertain their 
command on problem solving.   
A holistic preparation is the key to mastering any subject and conquering the board examination. 
 
Our Precise chemistry book adheres to our vision and achieves several goals: building concepts, developing 
competence to solve numericals, recapitulation and self-study —all while facilitating effective preparation of 
the chapter. 
 
The journey to create a complete book is strewn with triumphs, failures and near misses. If you think we’ve 
nearly missed something or want to applaud us for our triumphs, we’d love to hear from you. 
 
 Please write to us on: mail@targetpublications.org  
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FEATURES 

   Reading between the lines 

Reading between the lines provides 
elaboration or missing fragments of 
concept which is essential for complete 
understanding of the concept. 
This is our attempt to help students to 
understand the underlying concept 
behind an answer. 
 

Weak acid + Its salt of strong base  
Acidic buffer 

Weak base + Its salt of strong acid  
Basic buffer 
CH3COOH is weak acid and CH3COONa is its 

salt of strong base  Acidic buffer 
NH4OH is weak base and NH4Cl is its salt of 

strong acid  Basic buffer 
Benzoic acid is weak acid and sodium 

benzoate is its salt of strong base  Acidic 
buffer 
Cu(OH)2  is weak base and CuCl2 is its salt of 

strong acid  Basic buffer 
 

Reading between the lines 

QR code provides access to a video/pdf 
in order to boost understanding of a 
concept or activity. 
This is our attempt to facilitate learning 
with visual aids. 

      QR  Code 

[Note: Students can scan the adjacent
QR code to get conceptual clarity with
the aid of a relevant video.] 

   Sub‐topic wise Segregation 

Every chapter is segregated sub-topic 
wise. A subtopic encompasses textual 
content in the format of Question-
Answers.  All Textual Exercise 
questions and Intext questions are placed 
aptly amongst various additional 
questions in accordance with the flow of 
subtopic. 
This is our attempt to enable easy 
assimilation of concept and lay strong 
foundation for understanding as well as 
writing answers in exam. 

Q.57.  Explain the term: Packing efficiency. 
Ans:  
i. The magnitude of packing efficiency gives a 

measure of how tightly particles are packed 
together. 

ii. Packing efficiency is the fraction or a percentage of 
the total space occupied by the spheres (particles).  

 Packing efficiency  

 = Volume occupied by particles in unit cell

Total volume of  unit cell
  100 

1.7   Packing efficiency 
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Quick review includes tables/ flow chart 
to summarize the key points in chapter. 
This is our attempt to help students to 
reinforce key concepts. 

Quick Review 

Quick Review 

 Types of electrolytes:  

Strong electrolytes

Electrolytes 

e.g. HCl, NaOH

Weak electrolytes 

e.g. CH3COOH 

Solved Examples offer complete solution 
to numerical including log calculations 
(as seemed required). 
This is our attempt to  prepare students 
with the numerical aspect of the subject 
and  promote problem solving abilities in 
students. 

Solved Examples 

*Q.80.  What fraction of molecules in a gas at   
300 K collide with an energy equal to 
activation energy of 50 kJ/mol?  

Solution: 

Given:   Activation energy (Ea) = 50 kJ mol1  

= 50  103 J mol1 
   Temperature (T) = 300 K 
To find:    Fraction of molecule (f) with energy 

equal to Ea  

Formula:    f = E / RTae-   
Calculation:  Substituting the given value above 

   f = 

3 150  10 J  mol
1 1J  K  m8.314  300  ol Ke

æ ö÷ç - ÷ç ÷ç ÷ç ÷ç ÷÷ç ´è ø

-´
- -

 

   log10f = 
350 10

8.314 300 2.303

- ´
´ ´

  

   log10f = 8.70 
   f = antilog (–8.70) 

                      f = 1.99 × 10-9 2.0  109 
Ans:  Fraction of molecules having energy equal to 

activation energy is 2.0  109. 

Solved Examples
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Important Formulae includes all of the 
key formulae in the chapter. 
This is our attempt to offer students tools 
of formulae handy while solving 
problems and last minute revision at a 
glance. 

  Important Formulae 
3. Relationship between radius of atom (r) 

and edge length (a): 

 sc: r = a

2
= 0.5000 a 

 bcc: r = 
3

a
4

 = 0.4330 a 

          fcc: r = 
2

a
4

 = 0.3535 a  

Important Formulae 

*8.  When an excess of AgNO3 is added to the 
complex one mole of AgCl is precipitated. 
The formula of the complex is _______. 

 (A) [CoCl2(NH3)4]Cl  
 (B) [CoCl(NH3)4]Cl2 
 (C) [CoCl3(NH3)3]  
 (D) [Co(NH3)4]Cl3  

Multiple Choice Questions 
    Multiple Choice Questions 

Multiple Choice Question includes 
textual as well as additional MCQs.  
This is our attempt to give students 
practice of MCQs and prepare them 
thoroughly for board examination. 

Exercise includes subtopic-wise 
additional questions and problems. 
This is our attempt to provide 
additional practice to students to 
gauge their preparation. 

Exercise 

Exercise 

5.6  Galvanic or voltaic cells 
 
19. Define salt bridge. 
Ans: Refer Q.66. 
 
5.7  Electrode potential and cell potential 
 
20. Define electrode potential. 
Ans: Refer Q.78. (iii) 
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Chapter 1: Some Basic Concepts of Chemistry 

 
 

 
 

 
 
 
 
 
   
     
 
 
Q.1. Define ionic equilibrium. Give four examples of ionic equilibrium. 
Ans:  The equilibrium between ions and unionized molecules in solution is called ionic equilibrium. 
e.g.  
i. Equilibrium between H+ and OH  ions and unionized water molecules. 
ii. Ionization of weak acids and weak bases. 
iii. Reactions between ions of salt and ions of water. 
iv. Solid salt and its ions in water.  
 
  
Q.2. Define electrolytes. 
Ans:  The substances which give rise to ions when dissolved in water are called electrolytes.  
Q.3. Define nonelectrolytes. 
Ans:  The substances which do not ionize and exist as molecules in aqueous solutions are called non-electrolytes.  
Q.4. How are electrolytes classified? 
Ans:  The electrolytes are classified into strong and weak electrolytes. This classification is based on their extent 

of ionization in dilute aqueous solutions. 
i. Strong electrolyte: The electrolytes ionizing completely or almost completely are strong electrolytes.  
 e.g. Strong acids, strong bases and salts  
ii. Weak electrolyte: The electrolytes which dissociate to a smaller extent in aqueous solution are weak electrolytes.  
 e.g. Weak acids and weak bases  
Q.5. Explain the dissociation of weak electrolytes in water. 
Ans:  
i. Weak electrolytes are partially dissociated in dilute aqueous solutions. Hence, an equilibrium exists between 

the ions and the nonionized molecules.  
ii. A double arrow ( ) between the ions and nonionized molecules of the weak electrolyte is used to 

represent the ionization reaction.  
Q.6. Use your brain power (Textbook Page no. 47) 
 Which of the following is a strong electrolyte? 
 HF, AgCl, CuSO4, CH3COONH4, H3PO4 
Ans:  HF is a weak electrolyte while others are strong electrolytes.  

*Q.7. Define degree of dissociation. 
Ans:  The degree of dissociation (α) of an electrolyte is defined as a fraction of total number of moles of the 

electrolyte that dissociates into its ions when the equilibrium is attained. 

3.1  Introduction

Ionic Equilibria 3 

3.2  Types of electrolyte 

3.1   Introduction 
3.2   Types of electrolyte 
3.3   Acids and bases 
3.4   Ionization of acids and bases 
3.5   Autoionization of water 

3.6   pH scale 
3.7   Hydrolysis of salts 
3.8   Buffer solutions 
3.9   Solubility product 
3.10  Common ion effect 

Contents and Concepts 
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Q.8. Write a short note on degree of dissociation. 
Ans:  
i. Definition: Refer Q.7.  
ii. It is denoted by symbol  and given by  

  = Number of moles dissociated
Total number of moles

   

iii. Percent dissociation = α × 100     
iv. If c is the molar concentration of an electrolyte X+Y–, the equilibrium concentration of cation or anion is  

(  × c) mol dm–3. 
 
 
  

*Q.9. What are acids and bases according to Arrhenius theory? 
Ans: According to Arrhenius theory, acids and bases are defined as follows:  
i. Acid: An acid is a substance which contains hydrogen and gives H+ ions in aqueous solution. 
 e.g.  HCl(aq) 

water
(aq)H + (aq)Cl  ;  CH3COOH(aq) 

waterwater
(aq)H  + 3 (aq)CH COO  

ii. Base: A base is a substance which contains OH group and produces hydroxide ions (OH  ions) in aqueous 
solution. 

 e.g.  NaOH(aq) water  (aq)Na  + (aq)OH            ; NH4OH(aq) 
waterwater  4 (aq)NH  + (aq)OH  

Note: i. Although, Arrhenius described H+ ions in water as bare ions, we now know that they are hydrated in 
aqueous solutions and are represented as hydronium ions, H3O+. However, we will conveniently 
represent them as H+. 

 ii. Acids and bases are familiar chemical compounds. Acetic acid is found in vinegar, citric acid in lemons, 
magnesium hydroxide in antacids, ammonia in household cleaning products. The tartaric acid is present 
in tamarind paste. 

 iii. Hydrochloric acid, HCl present in the gastric juice is secreted by our stomach and is essential for 
digestion of food.  

Q.10. What are the limitations of Arrhenius theory? 
Ans:  Limitations of Arrhenius theory:  
i. Arrhenius theory accounts for properties of different acids and bases but is applicable only to aqueous solutions.  
ii. It does not account for the basicity of NH3 and Na2CO3 which do not have OH group.  
Q.11. Give a brief account of Bronsted-Lowry theory of acids and bases. 
Ans:  Bronsted-Lowry theory: J. N. Bronsted and T. M. Lowry (1923) proposed a more general theory known as 

the Bronsted-Lowry proton transfer theory.  
 According to this theory, acids and bases are defined as follows:  
 Acid: Acid is a substance that donates a proton (H+) to another substance. 
 Base: Base is a substance that accepts a proton (H+) from another substance.  
 e.g.  HCl  +  NH3  4NH  +  Cl– 
  Acid1     Base2                Acid2      Base1 
 In the above reaction, HCl and 4NH  are proton donors and act as acids. The NH3 and Cl– are proton 

acceptors and act as bases. From the above reaction, it is clear that the products of the Bronsted-Lowry 
acid-base reactions are acids and bases.  

*Q.12. What is meant by conjugate acid-base pair?     
Ans:   
i. The base produced by accepting the proton from an acid is the conjugate base of that acid.  
ii. Similarly, the acid produced when a base accepts a proton is called the conjugate acid of that base.  
iii. A pair of an acid and a base differing by a proton is said to be a conjugate acid-base pair. 
  e.g. 
 
 
 
 
 

3.3  Acids and bases

HCl(aq) + H2O(l)  3 (aq) (aq)H O Cl  
Acid1 Base2 Acid2 Base1 

conjugate acid-base pair2 
conjugate acid-base pair1 
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Q.13. Identify the Bronsted-Lowry conjugate acid-base pairs in the following reactions:  
i. CH3COOH(aq) + NH3(aq)  4+

(aq)NH  + 3 (aq)CH COO   

ii. (aq)CN  + H2O(l)  (aq)OH  + HCN(aq)                                                                      
Ans:  
i. CH3COOH(aq) +  NH3 4+

(aq)NH   +  3 (aq)CH COO
     Acid1                   Base2               Acid2                     Base1 

 In this, Acid1 (CH3COOH) and Base1 (CH3COO ) is one conjugate acid-base pair whereas, Base2 (NH3) and 
Acid2 ( +

4NH ) is another conjugate acid-base pair.  

ii. (aq)CN    +  H2O(l) (aq)OH  + HCN(aq) 

  Base1          Acid2                  Base2        Acid1 

 In this, Base1 (CN ) and Acid1 (HCN) is one conjugate acid-base pair whereas, Acid2 (H2O) and Base2 
(OH ) is another conjugate acid-base pair.  

*Q.14. Label the conjugate acid-base pair in the following reactions: 

i. HCl + H2O  H3O+ + Cl−  ii.  2
3CO + H2O  OH− + 3HCO  

Ans:  

i.  HCl    +  H2O  H3O+ + Cl− ii. 2
3CO + H2O  OH− + 3HCO  

 Acid1         Base2                Acid2     Base1  Base1     Acid2               Base2      Acid1   
Q.15. Explain the Lewis acid-base theory with suitable examples. 
Ans:  Lewis acid-base theory:  
 A more generalized acid-base concept was put forward by G.N. Lewis in 1923.  
 According to this theory, acids and bases are defined as follows:  
 Acid: Any species that accepts a share in an electron pair is called Lewis acid.  
 Base: Any species that donates a share in an electron pair is called Lewis base.  
 e.g. i.    ii.  
 
 
 
 
  
 In example (i), NH3 donates the electron pair which is accepted by H+. Hence, NH3 acts as a Lewis base and 

H+ acts as a Lewis acid.  
 In example (ii), NH3 donates the electron pair which is accepted by BF3. Hence, NH3 acts as a Lewis base 

and BF3 acts as a Lewis acid.  
*Q.16. Why cations are Lewis acids?  
Ans:  Cations are electron deficient species and can accept an electron pair. Hence, cations are Lewis acids.  

*Q.17. Ammonia serves as a Lewis base whereas AlCl3 is Lewis acid. Explain.  
Ans:   
i. According to Lewis theory, an acid is a substance which can accept a share in an electron pair. 

 In AlCl3 molecule, the octet of Al is incomplete. Therefore, it can accept an electron pair to complete its 
octet. Hence, AlCl3 acts as a Lewis acid.  

ii. According to Lewis theory, a base is a substance which can donate an electron pair.  
 In ammonia (NH3) molecule, nitrogen atom has one lone pair of electrons to donate. Hence, NH3 acts as a 
Lewis base.  

Q.18. Use your brain power (Textbook Page no. 49) 
 All Bronsted bases are also Lewis bases, but all Bronsted acids are not Lewis acids. Explain. 
Ans:  Bronsted bases are those which can accept a proton.  
 Lewis bases contain one or more lone pairs of electrons. Therefore, they can accept a proton. That is, they 

can behave as Bronsted base. Hence, all Bronsted bases are also Lewis bases. 
 Lewis acid is a substance which can accept a share in an electron pair.  
 Bronsted acids are those which can give a proton (e.g. HCl, H2SO4). These acids are not capable of 

accepting a pair of electrons. Hence, all Bronsted acids are not Lewis acids. 

F 

F – B + N – H F – B N – H

F 

H 

H 
(acid) (base) 

F 

F 

H 

H 

H

H+ +  N – H   H  N – H 

H

H 

H 
(acid) (base)

+ 
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Q.19. Explain the amphoteric nature of water. 
Ans:  Amphoteric nature of water: 
 Water has the ability to act as an acid as well as a base. Such behaviour is known as amphoteric nature of 

water.  
 e.g. 

 i. H2O(l) + NH3(aq) –
(aq)OH  + +

4(aq)NH  ii. H2O(l) + HCl(aq) +
3 (aq) (aq)H O Cl  

  (Acid)      (Base)  
 H2O acts as an acid towards NH3 and as a base towards HCl. Therefore, H2O is amphoteric.  

*Q.20. Write a reaction in which water acts as a base.  
Ans:  Refer Q.19. Reaction (ii)  
 
 
Q.21. How are acids and bases classified on the basis of extent of dissociation? Give examples. 
Ans:  
i. Acids and bases are classified as strong acids and strong bases, weak acids and weak bases on the basis of 

their extent of dissociation.  
ii. Strong acids and bases are almost completely dissociated in water.  
 e.g. HCl(aq) water  (aq) (aq)H Cl  
  NaOH(aq) water

(aq) (aq)Na OH  
iii. Typical strong acids are HCl, HNO3, H2SO4, HBr and HI while typical strong bases are NaOH and KOH. 
iv. Weak acids and weak bases are partially dissociated in water. The solution of a weak acid or a weak base 

contains undissociated molecules along with a small number of ions at equilibrium.  
 e.g. CH3COOH(aq) 

waterwater
3 (aq) (aq)CH COO H   

  NH4OH(aq) 
waterwater +

4(aq) (aq)NH OH  
v. HCOOH, HF, H2S are examples of weak acids while Fe(OH)3, Cu(OH)2 are examples of weak bases. 
Q.22. Give four examples of:  i. Strong acids ii. Weak acids 
Ans:  
i. Strong acids: HCl, HNO3, H2SO4, HI ii. Weak acids: CH3COOH, HCOOH, HF, H2S  

*Q.23. Activity: 
 Take two test tubes and label them as A and B. Add zinc filings in both the test tubes. In the test tube 

labelled A, add 5 mL of 1 M HCl and in test B, 5 mL of acetic acid. Keep the test tubes on the stand. 
Note down your observations.  

i. Do you see any effervescence coming from the two test tubes?  
ii.  Which gas is evolved?  
iii.  How do you identify the gas? 
iv.  What is the relative rate at which the gas is evolved in the two test tubes?  
v.  Based on your observations comment on the strength of acids used. 
Ans:  
i. Yes, there is effervescence coming from both the test tubes. 
ii. Hydrogen gas is evolved in both the cases. 
iii. We can identify the gas (hydrogen) by bringing a lighted candle is brought near the mouth of the test tube. 

The gas burns with a pop sound. 
iv. The gas is evolved faster in test tube A (containing HCl) as compared to test tube B (containing acetic acid). 
v. Since gas is evolved faster in test tube A, we can say that HCl is stronger acid as compared to acetic acid.  
Q.24. Write a short note on the dissociation constant of weak acids and weak bases. 
Ans:  Dissociation constant of weak acids and weak bases:  
i. The dissociation of a weak acid HA in water is expressed as:  

 HA(aq)  (aq) (aq)H A  
ii. The equilibrium constant called acid dissociation constant (Ka) for this equilibrium is: 

 Ka = [H ][A ]
[HA]

 

3.4  Ionization of acids and bases 
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iii. Similarly, the dissociation of weak base BOH in water is represented as:  

 BOH(aq)  (aq) (aq)B OH  
iv. The equilibrium constant called base dissociation constant (Kb) for this equilibrium is: 

 Kb = [B ][OH ]
[BOH]

 

v. Thus, the dissociation constant of a weak acid or a weak base is defined as the equilibrium constant for 
dissociation equilibrium of weak acid or weak base, respectively.  

Q.25. Derive Ostwald’s dilution law for weak acid HA. 
Ans:  
i. Consider an equilibrium of weak acid HA that exists in solution partly as the undissociated species HA and 

partly H+ and A– ions. Then  

 HA(aq) (aq) (aq)H A   
ii. The acid dissociation constant is given as: 

 Ka = [H ][A ]
[HA]

  …(1) 

iii. Suppose 1 mol of acid HA is initially present in volume V dm3 of the solution. At equilibrium, the fraction 
dissociated would be α, where α is degree of dissociation of the acid. The fraction of an acid that remains 
undissociated would be (1 − α).   
                                                     HA(aq)     (aq)H      +     (aq)A  

Amount present at 
equilibrium (mol) (1  α) α α 

Concentration at 
equilibrium (mol dm−3) 

1 α
V
α  α

V
 α

V
 

 
iv. Thus, at equilibrium [HA] = 1 α

V
α  mol dm–3,  

 [H+] = [A–] = α
V

 mol dm–3 

v. Substituting these in equation (1), 

 Ka = 
2α / V α / V α

1 α / V 1 α V

2α
α / V 1 α V1 α V

 …(2) 

vi. If c is the initial concentration of an acid in mol dm–3 and V is the volume in dm3 mol–1 then c = 1/V. 
Replacing 1/V in equation (2) by c, we get 

 Ka = 
2α c

1 αα
   …(3) 

vii. For the weak acid HA, α is very small, or (1 − α) ≅ 1.   
 With this equation (2) and (3) becomes: 
 Ka = α 2/V and Ka = α 2c   …(4) 

 α = aK
c

 or α = aK .V   …(5) 

 The equation (5) implies that the degree of dissociation of a weak acid is inversely proportional to the square 
root of its concentration or directly proportional to the square root of volume of the solution containing 1 
mol of the weak acid.  

*Q.26. Derive Ostwald’s dilution law for CH3COOH. 
Ans:  
i. Consider an equilibrium of weak acid CH3COOH that exists in solution partly as the undissociated species 

CH3COOH and partly H+ and CH3COO– ions. Then  

 CH3COOH(aq) (aq) 3 (aq)H CH COO   
ii. The acid dissociation constant is given as: 

 Ka = 3

3

[H ][CH COO ]
[CH COOH]

  …(1) 
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iii. Suppose 1 mol of acid CH3COOH is initially present in volume V dm3 of the solution. At equilibrium, the 

fraction dissociated would be α, where α is degree of dissociation of the acid. The fraction of an acid that 
remains undissociated would be (1 − α).   
                                                                  CH3COOH(aq)      (aq)H       +     3 (aq)CH COO  

Amount present at equilibrium (mol) (1  α) α α 

Concentration at equilibrium (mol dm−3) 1 α
V
α  α

V
 α

V
 

  
iv. Thus, at equilibrium [CH3COOH] = 1 α

V
α  mol dm–3,  

 [H+] = [CH3COO–] = α
V

 mol dm–3 

v. Substituting these in equation (1), 

 Ka = 
2α / V α / V α

1 α / V 1 α V

2α
α / V 1 α V1 α V

 …(2) 

vi. If c is the initial concentration of CH3COOH in mol dm–3 and V is the volume in dm3 mol–1 then c = 1/V. 
Replacing 1/V in equation (2) by c, we get 

 Ka = 
2α c

1 αα
   …(3) 

vii. For the weak acid CH3COOH, α is very small, or (1 − α) ≅ 1.   
 With this equation (2) and (3) becomes: 
 Ka = α 2/V and Ka = α 2c   …(4) 

 α = aK
c

  or  α = aK .V  …(5) 

 The equation (5) implies that the degree of dissociation of a weak acid (CH3COOH) is inversely proportional 
to the square root of its concentration or directly proportional to the square root of volume of the solution 
containing 1 mol of the weak acid.  

Q.27. Derive Ostwald’s dilution law for weak base BOH. 
Ans:   
i. Consider 1 mol of weak base BOH dissolved in V dm3 of solution. The base dissociates partially as  

 BOH(aq) (aq) (aq)B OH   
ii. The base dissociation constant is: 

 Kb = [B ][OH ]
[BOH]

  …(1) 

iii. Let the fraction dissociated at equilibrium is α and that remains undissociated is (1 − α).  
                                                         BOH(aq)     (aq)B       +     (aq)OH  
Amount present at equilibrium (1  α) α α 

Concentration at equilibrium 1 α
V
α  α

V
 α

V
 

 
iv. At equilibrium,  

 [BOH] = 1 α
V
α  mol dm–3,  

 [B+] = [OH– ] = α
V

 mol dm–3 

v. Substituting these concentrations in equation (1),  

 Kb = 
2α / V α / V α

1 α / V 1 α V

2α
α / V 1 α V1 α V

 …(2)  

vi. If c is the initial concentration of a base in mol dm–3 and V is the volume in dm3 mol–1 then c = 1/V. 
Replacing 1/V in equation (2) by c, we get 

 Kb = 
2α c

1 αα
   …(3) 

vii. For the weak base, α is very small, or (1 − α) ≅ 1.   
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 With this equation (2) and (3) becomes: 
 Kb = α 2/V and Kb = α 2c 

 α = b
b

KK .V       or      α
c

bK
c

 …(4)  

 The degree of dissociation of a weak base is inversely proportional to square root of its concentration and is 
directly proportional to square root of volume of the solution containing 1 mol of weak base.  

*Q.28. Derive the relationship between degree of dissociation and dissociation constant in weak electrolytes. 
Ans:  Refer Q.25 or Q.27.  
 
   

+Q.29. A weak monobasic acid is 0.05% dissociated in 0.02 M solution. Calculate dissociation constant of the 
acid.   

Solution:  
Given: Percent dissociation = 0.05%,    Concentration (c) = 0.02 M 
To find: Dissociation constant of acid (Ka) 
Formulae: i. Percent dissociation = α × 100   ii.  Ka = α2 c 
Calculation: Using formula (i),  

  α = Percent dissociation
100

 = 0.05
100

 = 5  10–4 

  c = 0.02 M = 2  10–2 M 
  Using formula (ii),  
  Ka = (5  10–4)2  2  10–2 
   = 25  10–8  2  10–2  = 50  10–10 = 5  10–9  
Ans:  Dissociation constant of acid (Ka) is 5 × 10 9.    

*Q.30. Acetic acid is 5% ionised in its decimolar solution. Calculate the dissociation constant of acid. 
Solution:
Given:   Percent dissociation = 5%,    Concentration (c) = 1 decimolar 
To find:   Dissociation constant of acid (Ka) 
Formulae:  i. Percent dissociation =   100 ii. Ka = 2 c  
Calculation: Using formula (i),

    = Percent dissociation
100

 = 5
100

 = 0.05 

   c = 1 decimolar = 0.1 M   
   Using formula (ii), 
   Ka = (0.05)2  (0.1) = 2.5  10–4  
Ans:  Dissociation constant of acid is 2.5  10–4.  
Q.31. The dissociation constant of a weak monobasic acid is 3.5  10 8. Calculate its degree of dissociation in 

0.05 M solution.              
Solution: 
Given:   Dissociation constant (Ka) = 3.5  10 8, Concentration (c) = 0.05 M 
To find:   Degree of dissociation ( ) 
Formula:  Ka = 2 c 
Calculation:  Using formula,       

    = 
aK

c
 

    = 
83.5 10

0.05
 

    = 
6 33.5 10 0.7 10

5
 

    = 0.8366  10–3 = 8.366  10–4
 

Ans:  Degree of dissociation for 0.05 M weak monobasic acid is 8.366  10–4. 

Solved Examples 

Calculation using log table: 
0.7 = Antilog10 [log10 0.7 ]  

 = Antilog10[ 1
2 × log10 0.7] 

 = Antilog10 [ 1
2 × 1.8451] 

  = Antilog10 [ 1
2 × ( 2 × 1.8451)]  

 = Antilog10 [1.9225 ] = 0.8366 
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+Q.32. The dissociation constant of NH4OH is 1.8 × 10–5. Calculate its degree of dissociation in 0.01 M 

solution. 
Solution:  
Given:  Dissociation constant (Kb) = 1.8 × 10 5, Concentration (c) = 0.01 M 
To find:  Degree of dissociation (α) 
Formula:  Kb = α2 c 
Calculation:  c = 0.01 M = 1  10–2 M  
   Using formula,  
   Kb = 2 c 

    = 
bK

c
 

   Hence, α = 
5

3
2

1.8 10 1.8 10
1 10

= 418 10   

       = 4.242  10–2 = 0.04242 
Ans:  Degree of dissociation (α) of 0.01 M NH4OH is 0.04242. 
 

*Q.33. Dissociation constant of acetic acid is 1.8  10 5. Calculate percent dissociation of acetic acid in 0.01 M 
solution.              

Solution: 
Given:   Dissociation constant (Ka) = 1.8  10 5, Concentration (c) = 0.01 M 
To find:   Percent dissociation  
Formulae:  i. Ka = α2 c     ii.  Percent dissociation = α × 100  
Calculation:  c = 0.01 M = 1  10–2 M 
   Using formula (i),       

    = 
aK

c
 

    = 
5

3
2

1.8 10 1.8 10
1 10

= 418 10   

       = 4.242  10–2  
   Using formula (ii), 
   Percent dissociation = α × 100 = 4.242  10–2 × 100 = 4.242% 
Ans:  Percent dissociation of 0.01 M acetic acid solution is 4.242%. 
 

+Q.34. A weak monobasic acid is 12% dissociated in 0.05 M solution. What is percent dissociation in 0.15 M 
solution? 

Solution:  
Given:  Percent dissociation = 12%, Concentration (c1) = 0.05 M, Concentration (c2) = 0.15 M 
To find:  Percent dissociation in 0.15 M solution 
Formulae:  i. Ka = α2 c     ii.  Percent dissociation = α × 100  
Calculation:  If α1 and α2 are the values of degree of dissociation at two different concentrations c1 and c2 

respectively, then  
   Ka = 2 2

1 1 2 2α c α c22 2α c222   
   2 2

1 1 2 2α c α c22 2α c222   

   α1 = 12
100

 = 0.12 

   (0.12)2 × 0.05 = 2
2α  × 0.15  

   2
2α  = 

20.12 0.05
0.15

0.05
 = 0.0048  

   Hence, α2 = 0.0693 
   Percent dissociation in 0.15 M solution = 0.0693 × 100 = 6.93% 
Ans:  Percent dissociation in 0.15 M solution is 6.93%. 
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+Q.35. Calculate [H3O+] in 0.1 mol dm–3 solution of acetic acid. [Given: Ka (CH3COOH) = 1.8 × 10 5]
Solution:
Given:  Dissociation constant (Ka) = 1.8 × 10 5, Concentration (c) = 0.1 mol dm 3 

To find: Concentration of H3O+

Formula:  Ka = α2 c  
Calculation:  Let α be the degree of dissociation. 

Concentrations of various species involved at equilibrium are as follows: 

CH3COOH + H2O CH3COO– + H3O+  (1- α)c     αc     αc 
 Using formula, 

  α = 
5

aK 1.8 10
c 0.1

10 501.8
0 1

1  = 1.34 × 10–2  

 [H3O+] = α × c = 1.34 × 10–2 × 0.1 
                  = 1.34 × 10–3 mol dm–3 

Ans: Concentration of H3O+ in 0.1 mol dm–3 solution of acetic acid is 1.34 × 10 3 mol dm 3.  

Q.36. Derive an expression for ionic product of water.
Ans:
i. Pure water ionizes to a very small extent. The ionization equilibrium of water is represented as,

H2O(l) + H2O(l) 3 (aq) (aq)H O OH(aq)OHOH
ii. The equilibrium constant (K) for the ionization of water is given by

 K = 3
2

2 ( )

[H O ][OH ]
[H O ]l

  …(1) 

 or K[H2O]2 = [H3O+][OH–]  …(2) 
iii. A majority of H2O molecules are undissociated, consequently concentration of water [H2O] can be treated as

constant. Then,
[H2O]2 = K'.

iv. Substituting this in equation (2), we get,
K × K' = [H3O+][OH ] …(3)
Kw = [H3O+][OH–]
 where Kw = KK' is called ionic product of water.

v. The product of molar concentrations of hydronium (or hydrogen) ions and hydroxyl ions at equilibrium in
pure water at the given temperature is called ionic product of water.

Q.37. What is the value of Kw at 298 K?
Ans:  In pure water, H3O+ ion concentration always equals the concentration of OH– ion.

Thus, at 298 K, this concentration is found to be 1.0 × 10–7 mol/L.
 Kw = 3[H O ] [OH–] = (1.0 × 10–7) (1.0 × 10–7) 

 Kw = 1.0 × 10–14 

Q.38. Internet my friend (Textbook Page no. 51)
Find out the values of ionic product Kw of water at various temperatures: 
237 K, 283 K, 293 K, 303 K, 313 K, 323 K 

Ans: The values of Kw at various temperatures are:   
Temperature Value of Kw 
273 K 0.114 × 10 14 
283 K 0.292 × 10 14 
293 K 0.681 × 10 14 
303 K 1.47 × 10 14 
313 K 2.92 × 10 14 
323 K 5.47 × 10 14 

Note: Kw of water increases as the temperature increases. 

3.5  Autoionization of water 
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v. According to Le-Chatelier's principle, the addition of Ag+ ions from AgNO3 to the solution of AgCl shifts 

the solubility equilibrium of AgCl from right to left. The reverse reaction in which AgCl precipitates, is 
favoured until the solubility equilibrium is re-established.  

vi. However, the value of Ksp remains the same since it is an equilibrium constant. Thus, the solubility of a 
sparingly soluble compound decreases with the presence of a common ion in solution.  

*Q.103. Sulphides of cation of group II are precipitated in acidic solution (H2S + HCl) whereas sulphides of 
cations of group IIIB are precipitated in ammoniacal solution of H2S.  

 Comment on the relative values of solubility product of sulphides of these.  
Ans: Group II and group IIIB cations are precipitated as their sulphides. However, the solubility product of 

sulphides of group II cations is lower than group IIIB cations. Therefore, for the precipitation of cations of 
group II only small concentration of sulphide ion is required. This is achieved by passing H2S gas in 
presence of strong electrolyte HCl, which has a common ion (H+) with H2S. Due to common ion effect, the 
dissociation of H2S is suppressed and thus, the concentration of S2  ions decreases. This results only in the 
precipitation of sulphides of group II while sulphides of higher group remain in solution as they require 
higher concentration of S2  ions for precipitation.  

 
 
  
 

 Types of electrolytes: 
 
 
 
 
 
  
 
 

 Various theories of acids and bases:  
Theory Acid Base 

Arrhenius theory A substance that contains hydrogen and 
produces H+ ions in aqueous solution. 

A substance that contains OH group and 
produces OH  ions in aqueous solution. 

Bronsted-Lowry 
theory 

Any substance that can donate a proton (H+) 
i.e., proton donor. 

Any substance that can accept a proton i.e., 
proton acceptor. 

Lewis theory Any species that can accept a share in an 
electron pair. 

Any species that can donate a share in an 
electron pair. 

   
 Classification of acids and bases: 

 
 
 
 
 
 
 
    

 pH of solutions:  
Acidic solutions  [H+] > 1.0  10 7 M pH < 7.00 

Basic solutions [H+] < 1.0  10 7 M pH > 7.00 

Neutral solutions [H+] = 1.0  10 7 M pH = 7.00 

 

Quick Review 

Strong electrolytes 

Electrolytes 

e.g. HCl, NaOH 

Weak electrolytes 

e.g. CH3COOH 

Acids and Bases 

Based on extent of dissociation 

Strong acids 

e.g. HNO3 

Weak acids 

e.g. HF 

Strong bases 

e.g. KOH 

Weak bases

e.g. Cu(OH)2Sam
ple
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 Types of salts: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Buffer solutions: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     

 Different expressions for solubility product:   
Type of electrolyte Example Equation Ksp expression Molar solubility 

AB (1 : 1 type salt) AgCl AgCl  Ag Cl
SS

 Ksp = [Ag+] [Cl ]  
Ksp = S2 spS K  

AB2 (1 : 2 type salt) PbCl2 
2

2PbCl Pb 2Cl
S 2S

Pb
S

2Pb2

S
  

Ksp = [Pb2+] [Cl ]2  
Ksp =  [S] [2S]2  
Ksp = 4S3   

sp3
K

S
4

 

A2B (2 : 1 type salt) Ag2CrO4 Ag2CrO4  2
42Ag CrO

2S S
 

Ksp = [Ag+]2 2
4[CrO ] 

Ksp = [2S]2 [S]  
Ksp = 4S3 

sp3
K

S
4

 

AB3 (1 : 3 type salt) AlCl3 AlCl3  3

S S3
Al 3Cl  

Ksp = [Al3+] [3Cl ]  
Ksp = [S] [3S]3   

Ksp = 27S4 
sp4

K
S

27
 

A2B3 (2 : 3 type salt) As2S3 As2S3 3 22As 3S
2S S3

 
Ksp = [As3+]2 [S2 ]3 

Ksp = [2S]2 [3S]3  

Ksp = 4S2  27S3  
Ksp =108S5 

sp5
K

S
108

 

Salts of weak acid 
and strong base 
 Solution will be 
basic. 

 e.g. CH3COONa, 
KCN, Na2CO3 

  

Salts of weak acid 
and weak base 

 Solution may be 
acidic, basic or 
neutral depending 
on Ka and Kb 
values of weak 
acid and weak 
base respectively. 

 e.g. CH3COONH4, 
NH4CN, 
(NH4)2CO3 

  

 If Ka > Kb, solution is 
acidic.  

 e.g. NH4F Salts of strong 
acid and strong 

base 
 Solution will be 
neutral. 

 e.g. NaCl,       
 KNO3, Na2SO4 

Acidity and basicity of salts 

Salts of strong 
acid and weak 

base 
 Solution will be
acidic. 
e.g. NH4Cl, 
NH4NO3 
(NH4)2SO4 

 If Ka < Kb, solution is 
basic.  

 e.g. NH4CN 

 If Ka = Kb, solution is 
neutral. 

 e.g. CH3COONH4 

 Buffer solutions 
A buffer solution resists drastic changes in pH upon the addition of a small 
amount of either an acid or a base.  

 When a small amount of
strong acid (or strong base) is
added to a buffer solution,
there is no significant change
in the value of pH. 

 The dilution of a buffer
solution will not change its
pH. 

 The pH of a buffer solution
does not change with time. 

Properties 

Basic buffer solution  
 A solution containing a weak 
base and its salt with a strong 
acid. 

 e.g.  
 NH4OH and NH4Cl in water. 
 Henderson-Hasselbalch 
equation is:

 b 10

salt
pOH pK log

base
 

Acidic buffer solution  
 A solution containing a weak 
acid and its salt with a strong 
base.  

 e.g.  
 CH3COOH and CH3COONa 

in water. 
 Henderson-Hasselbalch 
equation is: 

 a 10

salt
pH pK log

acid
 

Types 
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 Condition for the formation of a precipitate:  
Condition Type of solution Result 

Ionic product = Ksp  Saturated solution No precipitation 
Ionic product > Ksp  Supersaturated solution Precipitation 
Ionic product < Ksp  Unsaturated solution No precipitation 

  
 
 
 
1. Degree of dissociation (α): 
  = Number of moles dissociated

Total number of moles
 

 
2. Ostwald’s dilution law: 

   1
C       

OR      V  
 
3. Acid dissociation constant (Ka): 

 For weak acid HA, Ka = [H ][A ]
[HA]

 

 Ka = α 2/V and Ka = α 2 c  
4. Base dissociation constant (Kb): 

 For weak base BOH, Kb = [B ][OH ]
[BOH]

 

 Kb = α 2/V and Kb = α 2 c  
5. Ionic product of water (Kw): 
 Kw = [H3O+][OH–] = 1.0 × 10–14  
6. pH of solution: 
 pH = – log10[H3O+]  
7. pOH of solution: 
 pOH = –log10[OH–]  
8. Relation between pH and pOH: 
 pH + pOH = 14  
9. Henderson-Hasselbalch equation: 
 Acidic buffer: 

 a 10

salt
pH pK log

acid
 

 Basic buffer: 

 b 10

salt
pOH pK log

base
 

 
10. Solubility product (Ksp): 
 Ksp = [By+]x [Ax–]y    
11. Molar solubility, S (mol/L)  

 = Solubility in g/L
Molar mass in g/mol

 
 
12. Relation between Ksp and S: 
 Ksp = xx yy Sx+y 
 
   
3.1   Introduction  
1. What is ionic equilibrium? 
Ans:  Refer Q.1. 

3.2   Types of electrolyte  
2. Define strong electrolytes. 
Ans:  Refer Q.4. (i)  
4. What is degree of dissociation? Give its formula. 
Ans:  Refer Q.7 and  Q.8. (ii)  
3.3   Acids and bases 
 
5. Define acids and bases according to the 

Arrhenius theory. Give suitable examples. 
Ans:  Refer Q.9.  
6. What are acids and bases according to Bronsted-

Lowry theory? Give an example.  
Ans: Refer Q.11.  
7. Explain conjugate acid-base pair with a suitable 

example. 
Ans: Refer Q.12.  
8. What are acids and bases according to Lewis 

theory? Give an example.  
Ans: Refer Q.15.  
9. AlCl3 is a Lewis acid. Explain.  
Ans: Refer Q.17. (i)  
3.4   Ionization of acids and bases 
 
10. Give two examples of weak bases.  
Ans: Refer Q.21. (v)  
11. Give two examples of strong acids.  
Ans: Refer Q.22. (i)  
12. Define dissociation constant of a weak acid or 

weak base.  
Ans: Refer Q.24. (v)  
13. The dissociation constant of NH4OH is           

1.8 × 10–5. Calculate its degree of dissociation in 
0.05 M solution. 

Ans: 0.01897  
14.  The dissociation constant of weak monobasic 

acid is 3.2 × 10–4. Calculate its degree of 
dissociation in 0.02 M solution. 

Ans: 0.1265  
15. A weak monobasic acid is 12% dissociated in 

0.05 M solution. What is percent dissociation in 
0.1 M solution? 

Ans: 8.485%  
16. Calculate [H3O+] in 0.3 mol dm–3 solution of 

acetic acid.  
 [Given: Ka (CH3COOH) = 1.8 × 10 5] 
Ans: 2.324 × 10 3 mol dm 3 

Important  Formulae 
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3.5   Autoionization of water  
17. Define ionic product of water. 
Ans: Refer Q.36. (v)  
18. Derive the expression: Kw = [H3O+][OH–]. 
Ans: Refer Q.36.  
3.6  pH scale  
19.  Define pH and pOH. 
Ans: Refer Q.39. (i) and (ii)  
20. Calculate pH of 0.02 M sulphuric acid. 
Ans: 1.398  
21. The concentration of hydrogen ion in a sample 

of soft drink is 3.8 × 10–3 M. What is its pH? 
Ans: 2.420  
22. pH of a solution is 5.68. Calculate the 

concentration of H3O+ ion. 
Ans: 2.089 × 10 6 M  
23.  A weak monobasic acid is 0.05 % dissociated in 

0.2 M solution. What is pH of the solution? 
Ans: 4  
24.  pH of a weak monobasic acid is 2.52 in its  

0.02 M solution. Calculate its dissociation constant. 
Ans: 4.557  10 4  
3.7   Hydrolysis of salts  
25. Give four examples of salts derived from strong 

acid and strong base. 
Ans: Refer Q.55. (i)  
26. Explain hydrolysis of a salt of strong acid and 

strong base.  
Ans: Refer Q.57.  
27. Explain hydrolysis of CuSO4.  
Ans: Refer Q.59.  
28. To get clear solution of CuSO4, the addition of 

H2SO4 would be required. Give reason.  
Ans: Refer Q.60.  
3.8   Buffer solutions  
29. Define acidic buffer solution.  
Ans: Refer Q.72. (i)  
30. Give two properties of buffer solution.  
Ans: Refer Q.77.  
31. Give two applications of buffer solution.  
Ans: Refer Q.80.  
32. Find the pH of buffer solution if it contains  

0.06 mol NaF per litre and 0.02 mol HF per litre.   
 [Ka = 7.2 × 10–4 for HF] 
Ans: 3.62 
 
3.9   Solubility product  
33. Define solubility product.  
Ans: Refer Q.84. (x)  
34. Define molar solubility.  
Ans: Refer Q.88. (i) 

35. What is the relationship between molar 
solubility and solubility product for Ca3(PO4)2?    

Ans: Refer Q.92. (ii)  
36. A solution is prepared by mixing equal volumes 

of 0.2 M MgCl2 and 0.5 M Na2C2O4 at 293 K. 
Would MgC2O4 precipitate out? Ksp of MgC2O4 
at 293 K is 8.56 × 10–5.   

Ans: Yes, MgC2O4 will precipitate out from the solution.  
37. Solubility product of BaF2 is 1.7  10 6. 

Estimate its molar solubility.   
Ans: 7.52 × 10 3 mol dm 3 
 
3.10  Common ion effect  
38. Write a short note on common ion effect. 
Ans: Refer Q.98.  
39. Solubility of AgCl decreases by the addition of 

AgNO3. Explain. 
Ans: Refer Q.102. 
 
    

*1.  The conjugate base of [Zn(H2O)4]2+ is _______ 
 (A) [Zn(H2O)4]2– NH3 (B) [Zn(H2O)3]2– 
 (C) [Zn(H2O)3OH]+ (D) [Zn(H2O)H]3+  
2. Which of the following fluoro compounds is 

most likely to behave as a Lewis base? 
 (A) SiF4 (B) BF3

 (C) PF3 (D) CF4  
3. Acidity of BF3 can be explained on the basis of 

which of the following concepts?         
 (A) Arrhenius concept   
 (B) Bronsted Lowry concept 
 (C) Lewis concept  
 (D) Bronsted Lowry as well as Lewis concept.  

*4.  For pH > 7, the hydronium ion concentration 
would be _______. 

 (A) 10 7 M  (B) < 10 7 M 
 (C) > 10 7 M  (D) ≥ 10 7 M 
5. The pH of 10−4 M KOH solution will be _______.         
 (A)  4  (B)  11  (C)  10.5  (D)  10  

*6.  The pH of 10 8 M of HCl is _______. 
 (A) 8  (B) 7 
 (C) less than 7  (D) greater than 7  
7. What is the pH of millimolar solution of 

ammonium hydroxide which is 20% dissociated?   
 (A) 3.699 (B) 10.301 
 (C) 4.691 (D) 9.301 
8.  Aqueous solution of which of the following will 

be basic?                     
 (A) NH4Cl  (B) FeCl3 
 (C) CuSO4 (D)  CH3COONa  
9.  Which of the following salts will give highest 

pH in water? 
 (A) KCl  (B) NaCl 
 (C) Na2CO3 (D)  CuSO4 

Multiple Choice Questions 
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*10.  Which of the following solution will have pH 

value equal to 1.0? 
 (A) 50 mL of 0.1 M HCl + 50 mL of 0.1 M 

NaOH 
 (B) 60 mL of 0.1 M HCl + 40 mL of 0.1 M 

NaOH 
 (C) 20 mL of 0.1 M HCl + 80 mL of 0.1 M 

NaOH 
 (D) 75 mL of 0.2 M HCl + 25 mL of 0.2 M 

NaOH  
*11.  Which of the following is a buffer solution? 
 (A) CH3COONa + NaCl in water 
 (B) CH3COOH + HCl in water 
 (C) CH3COOH + CH3COONa in water  
 (D) HCl + NH4Cl in water  

*12.  Blood in human body is highly buffered at pH 
of _______. 

 (A) 7.4  (B) 7.0 (C) 6.9  (D) 8.1 
 
13.  Penicillin preparation are stabilized by addition 

of _______ as buffer. 
 (A) sodium citrate   
 (B) sodium carbonate  

 (C) sodium benzoate   
 (D) sodium acetate  
14. A buffer solution contains 0.1 M of acetic acid 

and 0.1 M of sodium acetate. What will be its 
pH, if pKa of acetic acid is 4.75? 

 (A) 4.00 (B) 4.75 
 (C) 5.00 (D) 5.25 
 
15. What is the solubility product (Ksp) of BaSO4 in 

pure water? 
 [S = molar solubility]                               
 (A) 4 S3 (B) S2 

 (C) 27 S4 (D) 108 S5  
16. What is the solubility product (Ksp) of calcium 

phosphate in pure water? 
 [S = molar solubility]                               
 (A) 108 S5 (B) 72 S3 

 (C) 6 S5 (D) 121 S2  
*17.  The solubility product of a sparingly soluble salt 

AX is 5.2 × 10 13. Its solubility in mol dm 3 is 
_______. 

 (A) 7.2 × 10 7  (B) 1.35 × 10 4 

 (C) 7.2 × 10 8  (D) 13.5 × 10 8 
 
18. Concentration of the Ag+ ions in a saturated 

solution of Ag2C2O4 is 2.2  10–4 mol L–1. 
Solubility product of Ag2C2O4 is _______.     

 (A) 2.42  10–8 (B) 2.66  10–12 

 (C) 4.25  10–11 (D) 5.3  10–12 

 
19. Solubility of AgCl is least in _______.            
 (A) 0.1 M BaCl2  (B) 0.1 M AlCl3  
 (C) 0.1 M NaCl  (D) pure water 

  
 
  
 1. (C) 2. (C) 3. (C) 4. (B) 
 5. (D) 6. (C) 7. (B) 8. (D) 
 9. (C) 10. (D) 11. (C) 12. (A) 
 13. (A)  14. (B) 15. (B) 16. (A) 
 17. (A) 18. (D) 19. (B) 
 
    
6. 10–8 M indicates a very dilute solution.  
 Thus, H+ of water cannot be ignored.  
 But dissociation of water is suppressed due to 

common ion effect. 
 [H+] ≠ 10–7 but less than 10–7. 

   
  
 Kw = (10–8 + )   

 2 + ‧10–8 – 10–14 = 0 
 Solving above quadratic equation, we get 
  = 0.95  10–7 

 [H+] = 10–8 + 0.95  10–7 = 1.05  10–7 M 
 pH = 6.9788 

 i.e., pH is less than 7.  
7. c = 1 mM = 10 3 M 
 For a weak base, 
 [OH ] = c   

 [OH ] = 10–3  20
100

 

[OH ] = 2 10 4 M
 pOH = log10 [OH ] =  log10 (2  10–4) 
 pOH = 3.699 
 pH + pOH = 14 

 pH = 14 – pOH = 14 – 3.699 
 pH = 10.301  
10. (A) [H+] = [OH–]  Neutral solution (pH = 7) 
 (B) H+ = 6  10–3 mol, OH– = 4  10–3 mol 
  Excess H+ = 2  10–3 mol 
  Total volume = 0.06 + 0.04 = 0.1 L 

  [H+] = 
32 10

0.1
 = 2  10–2 M 

  pH = –log10 [H+] = –log10 (2  10–2)  
   = 1.7 
 (C) H+ = 2  10–3 mol, OH– = 8  10–3 mol 
  Excess OH− = 4  10–3 mol 

  pH > 7 
 (D) H+ = 0.015 mol, OH– = 0.005 mol 
  Excess H+ = 0.01 mol 
  Total volume = 0.075 + 0.025 = 0.1 L 

  [H+] = 0.01
0.1

 = 0.1 M 

  pH = –log10 [H+] = – log10 (0.1)  
   = –log10 (10–1) = 1.0  

Answers to Multiple Choice Questions

H2O   
10 b

    H+    +   OH– 
 (10–8 + )      

Hints to Multiple Choice Questions
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