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PREFACE 

   

Lƴ ǘƘŜ !/ǎΩ ŎƻƴŦŜǊŜƴŎŜ ƘŜƭŘ ƛƴ WǳƭȅΣ нлмл ŀǘ Y±{ όIvύΣ bŜǿ 5ŜƭƘƛΣ ƛǎǎǳŜ ƻŦ {ǘǳŘȅ aŀǘŜǊƛŀƭ ŦƻǊ 

Board classes was discussed at length and finally decided to provide it to students. Various Regional 

Offices were asked to prepare the study material in different subjects while the task of its correction and 

moderation was assigned to various ZIETs of KVS.  

   

KVS, ZIET, Chandigarh received study material in the subjects of Physics, Chemistry, and Biology 

&Maths for XII, Maths and Science &Tech. for X class, from various Regional Offices. The study material 

was got reviewed and suitably modified by organising workshops of experienced and competent subject 

teachers with the co-operation and guidance of AC,KVS,RO,CHD. Corrected study material was sent to 

all regional offices for providing it to students and also uploaded on the Website 

WWW.zietchandigarh.org.  

   

Subject teachers, both at the preparation and moderation levels have done a remarkable job by 

preparing a comprehensive study material of multiple utility .It has been carefully designed and 

prepared so as to promote better learning and encourage creativity in students through their increased 

self efforts for solving assignments of different difficulty level. But the  teachers  and  the students must 

bear in  mind that the purpose of the study material is in no way to replace the text-book, but to make it 

a complete set by supplementing it with this study material so that it may provide requisite and 

adequate material for use in different ways.  

   

The study material can be effectively used in the following ways:  

   

×      Practice material to supplement questions given in the textbook.  

   

×      Material for Study Camps: The purpose of conducting study camps is to inculcate study habits 

amongst students under active supervision of the teachers. These camps can beorganised within the 

normal school hours and days. Day wise target will be ascertained and given to the students and 

reviewed by the concerned subject teacher. If the target is not achieved by any student, it will be added 

ǘƻ ǘƘŜ ƴŜȄǘ ŘŀȅΩǎ ǘŀǊƎŜǘΦ  

   

http://www.zietchandigarh.org/
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×      Master Cards: The teachers can help students prepare master cards by taking the important 

questions/topics/points/concepts /reactions/terms etc from this study material for the quick revision for 

the examination.  

×      Crash Revision Courses: The material can also be used for preparing handouts for 

conducting   Crash Revision Courses under the supervised guidance of the teachers just before or in the 

gaps between papers during examination.  

 

Effectiveness of the study material will ultimately depend upon its regular and judicious use for 

the above listed purposes both by teachers and students. While attempting the source material, it 

would be quite useful to mark every time a question done successfully with a tick out (V ) and a 

ǉǳŜǎǘƛƻƴ ƴƻǘ ŘƻƴŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǿƛǘƘ ŀ Řƻǘ όω ύΦ Lǘ Ŏŀƴ ōŜ ƭŀǘŜǊ ǳǎŜŘ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŦŜŜŘōŀŎƪ ŦƻǊ ŜǊǊƻǊ 

analysis and for effective subsequent revisions/remedial work etc. I am sure that this well prepared 

study material if used sincerely and judiciously will surely bring cheers to all sections of students.  

   

I, also, take this opportunity to extend my most sincere gratitude to our 

IƻƴΩōƭŜΣ                    Commissioner KVS (HQ), New Delhi, and other higher authorities of KVS for providing 

this opportunity for making some useful contribution to the study material.     

   

I also extend my thanks to all the Assistant Commissioners of various Regions for their in-

valuable contribution in preparation of the Study Material in various subjects.  

   

Above all, sincere and dedicated efforts of the subject teachers in preparation of this study 

ƳŀǘŜǊƛŀƭ ŘŜǎŜǊǾŜ Ŧǳƭƭ ŀǇǇǊŜŎƛŀǘƛƻƴΦ ¢ŜŀŎƘŜǊΩǎ ƻōǎŜǊǾŀǘƛƻƴǎΣ ǎǳƎƎŜǎǘƛƻƴǎ ŀƴŘ ŎǊƛǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ŦƻǊ ŦǳǊǘƘŜǊ 

ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ǎǘǳŘȅ ƳŀǘŜǊƛŀƭ ƳŀƛƭŜŘ ǘƻ ΨƪǾǎȊƛŜǘŎƘŘΩ ϪƎmail.com, will be highly appreciated.  

   

With best wishes to all users of this STUDY MATERIAL.  

   

     

(HAR GOPAL)  

Director  

KVS ZIET Chd.  

http://mail.com/
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         K.V. OCF, SEC-29-B, 

CHANDIGARH. 

 

 

How to use this study material 

 

 

 This study material is a supplement material to the NCERT 
textbook. It is neither a guide nor a refresher. 

 

 The teachers can prepare the master card by taking the 
important topics/points/concepts /reactions/terms etc from this 
study material for the quick revision for the exam. 

 

 The material can also be used during the study camp by 
taking the important questions from the study material as 
mentioned in the level 1, 2& 3 assignments depending on 
the level of the student. 

 

 The material can also be used during the crash course by 
doing the revision of those topics by the teachers depending 
upon the topics given in starting or at the end of the chapter. 

 

 Systematic revision of the different topics according to their 
level of difficulty & important.  
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11 Alcohols , Phenols & ethers 

12 Aldehydes, Ketones and Carboxylic Acids. 

13. Amines 

14 BIOMOLECULES 

15 POLYMERS 

16 CHEMISTRY IN EVERYDAY LIFE 

 

 

 
                                1. SOLID STATE  

S.NO TOPIC CONCEPTS DEGREE OF 
IMP. 

REF. NCERT TEXT BOOK.: 
PAGE NOs 

1 SOLID STATE Types of solids *   4 

  Types of unit cells *  10 

  Formula of compound **  13 (Q.NO - 1.12) 

  Calculation in solving unit cell 
dimensions 

***  20 (SAMPLE 1.8) 

  Imperfections in solids ***  Q NO 1.11,1.13, 1.15, 
PAGE 22 

Q.NOs 1.20, 1.23, 1.25 

 

POINTS TO REMEMBER  
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 General Characteristics  of Solid  State  

 Solids have definite mass, volume and shape.  

 Intermolecular forces are strong.  

 The  constituent particles (atoms, molecules  or ions) have fixed  
        positions and can only oscillate about their mean positions.  

 They are incompressible and rigid.  
 

Solids are classified as crystalline and amorphous on the basis of order of arrangement of 

constituent particles.  

  

Crystalline solid  Amorphous solid  

1.Solids which have regular orderly   

arrangements of constituent  particles (Long 

range order)   

2. They have sharp melting point. 

3. They give regular structure on cleavage. 

4. They are anisotropic, i.e. ; they have 

different optical and electrical prope rties in 

different directions due to different 

arrangements of particles in different 

directions. 

5. They have high and fixed heat of fusion.                     

6. Diamond, Graphite, NaCl,                                       

    Metal (Fe, Cu, Ag etc) ice. 

1.Solids which have irregular                   

arrangement of constituent particles   

Short range order  

2. They melt over a range of 

temperature. 

3. They give irregular structure on 

cleavage. 

4. They are isotropic, i.e. ; the value of 

physical properties is same in all 

directions due to irregular 

arrangement in all directions.  

5. They do not have fixed heat of 

fusion. 

6.Glass,rubber,plastics, Quartz glass                            

 

Crystal lattice: A regular arrangement of atoms, molecules or ions in the three dimensional 

space. 

Unit Cell: The smallest repeating portion of a crystal lattice which, when repeated in different 

direction generates the entire lattice. 

Lattice sites (points):  The positions which are occupied by the constituent particles in the 

crystal lattice. 
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Crystalline solids are classified on the basis of nature of intermolecular forces    (bonding) 

into  

 

Sl 

No Type of solid  
Nature of Constituent 

Particles 
Nature of Bond  Example 

1 

 

Molecular solids  
   

Non polar molecules Molecules Dispersion force 

 

Ar, CCl 4, H2, 

I2, CO2 

Polar molecules Molecules 
Dipole ð dipole 

interaction  
HCl, SO2 

Hydrogen bonded  Molecules Hydrogen bonding  H 2O (Ice) 

2 Ionic Solids  Ions 
Electrostatic  (Ionic 

bonding)  

NaCl,  ZnS, 

MgO 

3 Metallic Solids  
Positive Ions in  a sea of 

delocalised  electrons 
Metallic Bonding  

Fe ,Cu, Ag , 

Mg 

4 Covalent or 

network Solids  
Atoms Covalent  bonding  

 

C(diamond) ,   

C(graphite),  SiC, 

SiO2(quartz)  

 

 

  

 Types of Unit cells  

Primitive Unit Cell:     

The unit cell which contains constituent particles at its corner positions . 

Centred unit cells :  

The unit cells which contains constituent particles at other positions in addition to the corner 
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positions.  

Centred Unit cells are of three types:  

Body centered unit cells: it contains constituent particles at its body centre in addition to the 

corner positions.  

Face centered unit cell: it contains constituent particles in all the corner positions and also at the 

centre of each face.  

End centered unit cell: it contains constituent particles at the centre of any two opposite faces 

(end faces) in addition to the corner positions.  

 
 

                                                              

Cubic unit cells

 

 The seven crystal systems are:  

 cubic 

 tetragonal 

 orthorhombic,  

 hexagonal, 

 trigonal,  

 monoclinic,  

 triclinic  
 

 Bravais Lattices: there are 14 types of crystal lattices (space lattices) corresponding to seven   
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crystals systems.  

                            Types of cubic unit cells and no of atoms per unit cell  

 

TYPE OF 

UNIT CELL  
CALCULATION OF No. ATOMS  

No. OF ATOMS 

PER UNIT CELL  

Primitive  
8 (corner atoms)× 1/8(atom per unit cell)  

 
1 

Body centred  8 (corner atoms)× 1/8 (atom per unit cell)  +  1 2 

Face centred 
8 (corner atoms) × 1/8 (atom per unit cell) +  6 (face centred 

atoms) × 1/2 (atom per unit cell)       
4 

 Close packed structures: various types of close packing of Ӟconstituent particles.  

 Close packing in three dimensions   

 Simple Cubic Lattice or Structure:  

Á AAAé.type arrangement generates simple cubic lattice in three dimension  
Á Its unit cell is primitive cubic unit cell.    
Á Packing efficiency = 52.4%  
Hexagonal Close Packing Structure (HCP):  

Á ABABé.Type arrangement  
Á Example: Mg, Zn.     
Á Packing efficiency = 74%  o Coordination number = 12  
Á  It has N no of octahedral voids and 2N no. of tetrahedral voids if it has N no. of spheres.  
Cubic Close Packing S tructure (CCP):  

Á ABCABCé.Type arrangement  
Á CCP structure is also called FCC structure.  
Example: Ag, Cu.    

Á Packing efficiency = 74%   
Á Coordination number = 12.   
Á If there is N no. of close packed spheres then it has 2N no. of tetrahedral voids and N no. 
of octahedral voids.  
 

Voids (Interstitial Voids or Sites or Hole):  Free space or vacant between close packed 

constituent particles.  

 Types of voids:   

ü Tetrahedral void    



Page 12 / 249 

ü Octahedral void  
Coordination number: the no of nearest neighbors of a particle or the no of spheres which are 

touching a given sphere.  

 

Packing efficiency: the percentage of total space filled by the particles in a crystal. Ӟ 

 Example: Packing efficiency of BCC structure = 68%.  

 Density of the crystal:   

    Density =  mass of unit cell  

                     Volume of unit cell  

  

                                                            

                                                      

 

 

 

1. Z = no of atoms per unit cell    
2. M = molar mass (g mol -1)  
3. a = edge length of the unit cell.  
4. NA = Avogadro no. 6.022× 1023 atoms per mole. 
5. 1 pm =10-10cm 

Relationship between edge length of unit cell (a) and radius of sphere(r):  

UNIT CELL  
RELATIONSHIP between a 

and r 
Packing efficiency  

Simple cubic lattice  a = 2r 52.4% 

bcc structure  
a = 4 r 

   ã3 
68% 

fcc structure  
a = 4r 

                  ã2 
74% 

 Imperfection in solids (or) crystal defects:  The irregularities or deviations in the perfectly 

ordered arrangements of constituent particles in a crystal.  

 

d =       Z×M   

                                           

a3×NA  
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 Types of defects (Imperfections)  

 1.   Point defects: Irregularities from ideal arrangement around a point (or an atom) in a     

crystalline  substance. 

2.   Line defects: Irregularities from ideal arrangement in entire rows of lattice points  

 Types of point defects:  

 Stoichiometric defects  are point defects that do not disturb or change the Stoichiometry 

(Stoichiometric composition or formu la) of the crystalline substance. They are also called 

intrinsic or thermodynamic defects.   

 Non Stoichiometric defects  are point defects that disturb the Stoichiometry of the crystalline 

substance.  

 Impurity defects  ð Eg- Solid solution of NaCl contain ing SrCl2 impurity.     Solid solution of 

AgCl and CdCl 2 impurity.  

 This defect creates cation vacancies 

 Type of Stoichiometric defects:  

 Vacancy defects: - i) some of the lattice sites of the crystal are vacant.  

  ii) This defect decreases the density of the crystal.  

 iii) This defect can be developed by heating the substance.  

 Interstitial defects: - i) some constituent particles occupy the interstitial   sites of the crystal.  

ii) This defect increases the density of the crystal.  

 Ionic solids show Stoichiometric defects as Frenkel and Schottky defects  

 Frenkel Defect: - Ӟ 

 The ion (smaller ion, usually cation) is dislocated (moved) from its normal lattice site to an 

interstitial site. So it is also called dislocation defect  

It creates vacancy defect at its normal lattice site and interstitial defect at its new location  

Condition: The difference between the size of the ions (cation and anion) should be larger.  

Examples: ZnS ,AgCl, AgBr, and AgI due to small size of Zn 2+ and Ag+ ions  

Consequence: It does not change the density of the crystal.  

 Schottky Defect: -  

 Some ions (equal number of cations and anions) are missing in their lattice sites.  

 It is basically a vacancy defect in ionic solids   



Page 14 / 249 

 Condition:  The size of the cation and anion should be almost similar.   

 Examples: NaCl, KCl, CsCl and AgBr.   

 Consequence: It lowers the density of crystal decreases due to mass of the crystal decreases 
due to missing of ions in the crystal.  

 Types of non - stoichiometric efects:  

 Metal excess defect: 

 Due to anionic vacancies    

 Due to presence of extra cations interstitial sites, Eg. ZnO  
 

 Metal deficiency defect  

Due to cation vacancies. Eg. In FeO crystal, some Fe2+ cations are missing and extra negative 

charge is balanced by acquiring extra positive charge by adjacent Fe2+ ion to become Fe3+ ion.  

 F- Centers:   

The anionic vacancies occupied by unpaired electrons.   

F-centers impart colour to the crystals (Eg. NaCl toYellow, KCl to violet) due to excitation of 

these electrons by absorbing energy from the visible light falli ng on the crystals.  

 

Doping:  the process of increasing the conductivity of intrinsic semiconductors by adding an 

appropriate amount of suitable impurity.  

n-type semiconductors:  Silicon or Germanium (group ð 14) doped with electron rich impurity 

(group -15 element like P or As) is called n-type semiconductors.  Here conductivity is due to the 

extra electron or delocalized electron. 

  

p-type semiconductors:   Silicon or Gemanium (group ð 14) doped with electron deficient 

impurity (group -13 element like B or Al or Ga) is called p-type semiconductors. Here 

conductivity is due to positively charged electron holes.  

13-15 group compounds Eg: ӞInSb,AlP,GaAs,  

12-16 group compounds Eg: ZnS,CdS,CdSe,HgTe.  

Magnetic properties:  

o Paramagnetic substances are weakly attracted by a magnetic field.  Example O2,Cu2+,Fe3+,Cr3+ 

due to presence of unpaired electron . They lose their magnetic in the absence of magnetic field.  

o Diamagnetic substances are weakly repelled by a magnetic field.  Example H2O, NaCl, C6H6 

due to the absence of unpaired electron  
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o Ferromagnetic substances are very strongly attracted by a magnetic  field and can be 

permanently magnetized . Example: iron, Cobalt, Nickel and CrO 2. The alignments of magnetic 

moments of the domains are in the direction the magnetic field.  

 

 

 

o Anti ferromagnetic substances: The magnetic moments and domains  are oppositely oriented 

and cancel out each otherõ s magnetic moment.  Example MnO 

 

 

 

Ferrimagnetic substances: The magnetic moments of the domains are aligned in parallel and 

anti parallel directions in unequal numbers. So they are weekly attracted by magnetic field. 

Example Fe3O4 and ZnFe2O4   

 

 

 

SOLVED QUESTIONS  

1MARK QUESTIONS  

  

1.How does amorphous silica differ from quartz?  

In amorphous silica,SiO4 tetrahedra are randomly joined to each other whereas in quartz they 

are linked in a regular manner.  

2. Which point defect lowers the density of a crystal?  

     Schottky defect. 

3. Why glass is called super cooled liquids?  

    It has tendency to flow like liquid.  

4.  Some of the very old glass objects appear slightly milky instead of being transparent - 

why?   
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   Due to crystallization .  

5.  What is anisotropy? 

Physical properties show different values when  measured along different directions  in 

crystalline solids.  

6.What is the coordination number of atoms   

a)  in fcc structure  b)  in bcc structure  

a) 12                           b) 8  

 

7.How many lattice points are there in one unit cell of   

a)   fcc          b) bcc      c) simple cubic  

a) 14             b) 9           c) 8   
 

8.  What are the co-ordination numbers of octahedral voids and tetrahedral  voids?  

 6 and 4 respectively  

 9. Why common salt is sometimes yellow instead of being pure white?  

Due to the presence of electrons in some lattice sites in place of anions these sites act as F-

centres. These electrons when excited impart colour to the crystal.  

 

10. A compound is formed by two elements X and Y. The element Y forms ccp  and atoms of 

X occupy octahedral voids.What is formul a of the  compound?  

No. of Y atoms be N     No. of octahedral voids = N  

No. of X atoms = N     Formula XY 

2 MARKS QUESTIONS  
 

1.  Explain how electrical neutrality is maintained in compounds showing Frenkel and 

Schottky defect.  

 In compound showing Frenkel defect, ions just get displaced within the lattice. While in 

compounds showing  Schottky defect, equal number of anions and cations are removed from the 

lattice. Thus, electrical neutrality is maintained in both cases. 
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2.   Calculate the number of atoms in a cubic unit cell having one atom on each corner and 

two atoms on each body diagonal.  

 8 corner atoms × 1/8 atom per unit cell = 1 atom  

 There are four body diagonals in a cubic unit cell and each has two body centre atoms.  

So 4×2=8 atoms therefore total number of atoms per unit cell = 1+8=9 atoms 

  

3. Gold crystallizes in a fcc unit cell.what is the length of a side of the cell.(r= 0.144 nm)  

 

        r=0.144 nm 

  a= 2Įã2 r 

    = 2x1.414xo.144nm 

    = 0.407 nm 

4. Classify each of the following as either a p -type or n -type semi -conductor ; 

                        (a) Ge doped with In.  

                        (b) B doped with Si 

 Ans: (a) Ge is group 14 elements and In is group 13 element. Therefore, an electron    deficit 

hole is created. Thus semi-conductor   is p-type. 

 

(b) Since B is group 13 element and Si is group 14 element, there will be a free electron, Thus it 

is n-type semi-conductor 

5. In terms of band theory what is the difference between a conductor, an insulator and a    

semi-conductor? 

The energy gap between the valence band and conduction band in an insulator is very large 

while in a conductor, the energy gap is very small or there is overlapping between valence band 

and conduction band. 

6. CaCl2 will introduce Schottky defect if added to AgCl crystal. Explain . 

Two Ag+ ions will be replaced by one Ca 2+ ions to maintain electrical neutrality. Thus a hole is 

created at the lattice site for  every Ca2+ ion introduced . 

7. The electrical conductivity of a metal decreases with rise in temperature while that of a 

semi-conductor     increases.Explain. 
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In metals with increase of temperature, the kernels start vibrating and thus offer resistance to 

the flow of electrons.Hence     conductivity decreases. In case of semiconductors, with increase 

of temperature, more electrons can shift from valence band to conduction band. Hence 

conductivity increases. 

8. What type of substances would make better permanent magnets, ferromagnetic or 

ferromagnetic,Why?                            

Ferromagnetic substances make better permanent magnets. This is because the metal ions of a 

ferromagnetic substance are grouped into small regions called domains. Each domain acts as 

tiny magnet  and get oriented in the  direction of magnetic field i n which it is placed. This 

persists even in the absence of magnetic field. 

9.in a crystalline solid, the atoms A and B are arranged as follows:  

        a. atoms A are arranged in ccp array 

       b. atoms B occupy all the octahedral voids and half of the tetrahedral voids. What is the 

formula of the compound?  

Ans: let no. of atoms of A be N 

         No. of octahedral voids = N  

         No. of tetrahedral voids = 2N  

      i)There will be one atom of B in the octahedral void  

     ii)There will be one atom of B in tetrahedral void (1/2 X 2N)  

    Therefore, total 2 atoms of B for each atom of A 

    Therefore formula of the compound = AB 2 

10. in a compound atoms of element Y forms ccp lattice and those of element X occupy 2/3rd 

of tetrahedral voids. What  is the    formula of the compound?  

No. of Y atoms per unit cell in ccp lattice = 4 

No. of tetrahedral voids = 2x 4 = 8 

No. of tetrahedral voids occupied by X = 2/3 x 8= 16/3  

Therefore formula of t he compound = X16/3Y4 

                                                                 = X16Y12 

                                                                 = X4Y3 

3 MARKS QUESTIONS  
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1.   The density of chromium is 7.2 g cm -3.iIf the unit cell is a cu bic with length of  

289pm,determine the type of unit cell (Atomic mass of Cr = 52 u and  N A=6.022×1023 atoms 

mol -1)  

Ans)   

d = Z×M    

a3×NA   

Z =? , a= 289 pm=289 × 10-10 cm, M=52 g mol-1, d =7.2 g cm-3  

                           Z =    d×a3×N= 7.2(g cm-3) ×[289×10-10 cm]3×6.022×1023(atom mol -1)  

                                          M  52 g mol-1  

                   Z ~ 2  

Since the unit cell has 2 atoms, it is body centered cubic ( BCC)   

 

2. An element a crystallizes in FCC structure, 200 g of this  element has 4.12×1024 atoms. If the 

density of A is 7.2g cm -3 , calculate the edge length of  the unit cell  

Ans)   density = d =   Z×M   

        a3 × NA   

a3 =  Z×M  

d×NA   

Z= 4 atoms (since fcc)  

d=7.2 g cm-3  

NA=6.022×1023 atoms mol-1  

Mass of 4.12×1024 atoms=200 g   

Mass of 6.022×1023 atoms = M (molar mass)  

M= 200 g × 6.022×1023 atoms mol-1  

4.12×1024 atoms  

M= 29.23 g mol-1  

Therefore a3 =            4(atoms)  ×  29.23  (g mol-1 )               

7.2 ( g cm-3) × 6.022×1023 atoms mol-1  
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    =2.697×10-23 cm3  

        

Edge length = a = (2.697 × 10-23)1/3  cm = 2.999×10-8 cm  

 

= 2.999×10-8 ×1010 pm  

= 299.9 pm  

 3. Niobium crystallizes in bcc structure. If its density is 8.55 g cm -3, calculate atomic radius of 

Niobium.[At. mass of Niobium= 92.9 u, N A = 6.022×1023  atoms mol -1]  

Ans)  density = d =   Z×M   

         a3 × NA   

                    a3 =    Z×M  

           d×NA  

Z=2 atoms (since bcc)  

M=92.9 atoms mol-1  

a3=  2(atoms)× 92.9 (g mol-1)      .  

8.55(g cm-3)×6.0222×1023(atoms mol-1)  

                                                   = 3.609×10-23cm3  

                                             Edge length = a = (3.609 × 10-23)1/3 cm    

= 3.304×10-8 cm=3.304×10-8cm = 330.4 pm  

 In bcc unit cell,  

a=   4r    (or) r =     ã3 a  

    ã3                    4  

Radius of niobium atom = ã3×330.4 pm = 1.443×102 pm = 143 pm  

4       

4.If radius of octahedral void is r and radius of atom in close packing is R, derive the 

relationship between r and R.   

Ans)   
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 C 

 

 

 

 

                                                    A                         B                                                                     

   

 

An octahedral void with radius is shown in the above fig. If the edge length of the  unit cell is ôaõ  

then AB=BC=a  

From  rt. æABC,  

AC= ã(AB2+BC2) = ã(a2 + a2 ) = ã2 a 

  

And also AC = ã2 a =   ã2                          ---------  (1)  

        AB       a           1  

Here AB = 2R , AC = R+ 2r + R = 2R + 2r   

So, AC = 2R + 2r = 1 +   r .               -------- (2)  

      AB       2R                 R   

By equating equation (1) and (2)  

1 + r = ã2  

      R    1  

r = ã2 -1 =0.414 R  

r = 0.414 R   

5. Non stoichiometric cuprous oxide can be prepared in the laboratory.In this oxide, copper to 

oxygen ratio is slightly less than 2:1. can you account for the fact the fact that the substance is 

a p-type semiconductor  ?  

 Since copper to oxygen ratio is slightly less than 2:1, it indicates that some of the Cu+  ions are 

missing from their sites leaving behind holes . The electrical neutrality is maintained by some of 

the copper ions acquiring a 2+ charge. Due to the presence of holes non-stoichiometric cuprous 
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oxide behaves as a p-type conductor.  

 

8. The unit cell of an element of atomic mass 50u has edge length 290p m. Calculate its 

density if the element has bcc structure (N A = 6.02× 1023 atoms mol -1)  

        density = d = Z×M  

      a3 × NA  

Z=2(since bcc), M=50 g mol-1  

a = 290pm =290 × 10-10 cm 

  

d =  2(atoms) × 50(g mol-1)                    

(290×10-10 cm)3 ×6.02×1023 (atoms mol-1 )  

= 6.81 g cm-3  

9.Calculate the density of silver which crystallizes in face centred cubic form. The distance 

between nearest metal atoms is 287pm.(molar mass of Ag=107.87gmol -1, No=6.022 x 1023) 

Ans: 

                     d = Z×M  

     a3 × NA  

distance between nearest neighbor, 2r = 287pm 

therefore a= ã2x2r 

                = 405.87pm 

              Z= 4 

              M=107.87gmol-1 

              No=6.022 x 1023 

           d=4x107.87gmol-1 

                       (405.87x10-10cm)3x6.022 x 1023mol -1 

= 10.72g cm-3 

10.What is the distance between Na + and Cl - ions in NaCl crystal if its density is 2.165gcm -3. 

NaCl crystallizes in fcc lattice.  
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Ans: 1.calculation of edge length of unit cell  

 

 Density of unit cell= mass of unit cell 

                 Volume of unit cell  

 

Mass of unit cell = Zx formula mass of NaCl  

                              No 

        = 4 x 58.5gmol-1 

6.022 x 1023mol -1 

        = 3.886 x 10-22g 

Therefore volume of unit cell(a 3) = 3.886 x 10-22g  

                                                         2.165gcm-3 

                                                     = 1.795 x 10-22cm3 

Edge length a  =  (1.795 x 10-22cm3)1/3  

                        = 564x10-10cm 

                        = 564pm 

2. calculation of distance between Na+ and Cl-1 

                     a = 2x(rNa+ + rCl-1) 

                        = 564pm 

    (rNa+ + rCl-1) = 564 

                             2 

                       = 282pm                                 

NUMERICALS  

 

1.   Analysis shows that Nickel oxide has Ni 0.98 O1.00 what fractions of nickel exist  as Ni 2+ ions 

and Ni 3+ ions?  

Ans) let no. of Ni 2+ ions = x then no. of Ni 3+ ions will be 0.98-x. Total charge on the   Compound 
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is equal to zero because it is neutral  

+2(x) + [+3(0.98-x)] + (-2)1 = 0  

x = 0.94, so no. of Ni2+ ion = 0.94 and   

No. of Ni 3+ion = 0.98 - 0.94 = 0.04  

% of Ni 2+ = 0.94 ×100 = 95.99 %  

0.98 

% of Ni 3+ = 0.04 × 100 = 4.01 %  

0.98)  

  2. Find the type of lattice for cube having edge length of 400 pm, at omic  wt. = 60 and 

density = 6.25 g/cc.  

 (Ans )   

                              Let the no. of atoms in a unit cell =z 

                                  Mass of one unit cell = At. mass x Z 

                                                                           Avogadro No.                                                          

                                                                       = 60 x Z 

                                                                           NA 

                                Volume of unit cell = (Edge length)  3=( 4 10-8 cm)3 

                                                                  =64x10-24cm3 

                              Density=Mass 

                                             Volum e                                                                                                      

                              Mass = Density x Volume 

                                             60 x Z        = 6.25x 64x 10-24 

                                             6.022x1023 

                                               Z = 6.25 x 64 x 10-24 x 6.02 x 1023 

                                                                        60 

                                               Z = 4 , fcc 

3. It is face centered cubic lattice  A metal has cubic lattice.   Edge length of lattice cell is 

2A0.  The density of   metal is 2.4g cm ð3.  How many units cell are present in 200g of metal  



Page 25 / 249 

Edge length,a = 2A° = 2 x 10-8 cm 

Volume of the cell = a3 

                              = (2 x 10-8cm)3 

                              = 8 x 10-24cm3 

Mass of unit cell = Volume x Density = 8 x 10-24cm3 x 2.4gcm-3 

No. of unit cell in 200g of metal = mass of metal 

                                                          mass of unit cell 

                                                         = 200g  

 8 x 10-24cm3 x 2.4gcm-3 

         = 1 x 1025 unit cells  

 4. A metal crystallizes as face centered cubic lattice with edge length of 450pm. Molar mass 

of metal is 50g  mol ð1.  The density of metal is  

 

         Ans.  Density = ZxM  

                                  a3 x Na 

          For fcc Z=4, a=450pm=450x10-10cm  

          Density =                  4 x 50                  

                           (450x10-10)3 x 6.023 x 1023    

                       =   3.418 g cm-3 

5. A compound forms hexagonal close packed structure .What is the total number of voids in 

0.5 mol of it?   How many of these are tetrahedral voids?  

1 mole of hexagonal packed structure contains 1 mole of octahedral voids and two moles of 

tetrahedral voids,  

0.5 moles of hexagonal packed structure contains 0.5 moles of octahedral voids and 1 mole of 

tetrahedral voids,  

No. of tetrahedral voids = 6.022 x 1023 

No. of octahedral voids = ½ x No. of tetrahedral voids  

No. of octahedral voids = ½ x 6.022 x 1023 
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   = 3.011 x 1023  

Total no. of voids = (6.022+3.011) x 1023 

    = 9.033 x 1023 

6. Copper crystall izes into fcc lattice with edge length 3.61 X 10 -8 cm.Show that calculated 

density is in agreement with measured value of 8.92 g/cc.  

Ans.  Density =  ZxM  

       a3 x Na  

                     =                  4 x 63.5             

(3.61)3 x 10-24 x 6.022 x 1023    

                     =              254.0 x10            

                                  47 .046 x 6.022   

                     =   8.92 g cm-3 

7. Niobium crystallizes in bcc structure with density 8.55g/cc, Calculate atomic radius us ing 

atomic mass .i.e.,    93u.  

Z=2 for bcc element (Niobium)  

d=8.55 g cm-3 

M=93 g mol -1 

r=? 

d = ZxM  

      a3 x Na  

a3 = ZxM  

     d x Na  

    =           2 x 93 g mol-1 

       8.55 g cm-3 x 6.022 x 1023 mol -1 

    = 3.612 x 10-23 cm 3   

    = 36.12 x 10-24 cm 3 

a 3 = x 3 x 10 -24 cm 3 (Hint: 3logx = log36.12) 
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a = x x 10-8 cm 

a = 3.305x10-8x10 10pm 

a = 330.5pm 

4r = ã3a 

r = ã3 x 330.5 = 143.1pm = 0.143nm 

             4  

Assignment s 

Level I 

1. Define F centers. 

2. What type of stoichiometric defect is shown by 

 ZnS 

 AgBr 

      3.What are the differences between frenkel and schottky defect? 

      4.define the following terms with suitable examples 

·        Ferromagnetism 

·        Paramagnetism 

·        Ferrimagnetism 

·        12 -16 and 13 ï 15 group compound 

5. In terms of band theory what is the difference 

·        Between conductor and an insulator 

·        Between a conductor and a semi conductor 

6. How many lattice points are there in one unit cell of  the following lattices 

·        FCC 

·        BCC 

·        SCC 

7. A cubic solid is made of two elements X and Y.Atom Y are at the corners of the cube and 

X at the body centres. What is the formula of the compound? 

Level II 
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1. Silver forms ccp lattice and X - ray studies of its crystal show that the edge length of its 

unit cell is 408.6 pm. Calculate the density of silver.(Atomic wt = 107.9 u) 

2. A cubic solid is made up of  two elements P and Q. Atoms of the Q are present at the 

corners of the cube and atoms of P at the body centre. What is the formula of the 

compound? What are the co ï ordination number of P and Q. 

3. What happens when :- 

·        CsCl crystal is heated 

·        Pressure is applied on NaCl crystal 

4. Analysis shows that Ni oxide has formula Ni0.98O1.0. What fraction of Ni exists 

as          ni2+ and Ni3+ ions? 

5. What made glass different from a solid such as quartz? Under what conditions could 

quartz be converted into glass? 

6. Classify each of the following solids as ionic, metallic, network(covalent) or amorphous. 

·        P4O10  Tetra phosphorus decaoxide 

·        NH4)3PO4 ammonium phosphate 

·        Brass 

·        SiC 

·        LiBr 

·        P4 

·        Plastics 

7. How will you distinguish between the following pair of compounds 

·        Hexagonal closed packing and cubic closed packing. 

·        Crystal lattice and unit cell 

·        Tetrahedral void and octahedral void 

Level III 
1.       Aluminium crystallizes in cubic closed pack structure. Its metallic radius      is  125 

pm 

·        What is the length of the side of the unit cell? 

·        How many unit cells are there in 100 cm3 of aluminium. 

2.      Clssify the following as either p ï type or n ï type semiconductors. 

·        Ge doped with In 
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·        B dopped with Si 

3.      Zinc oxide is white but it turns yellow on heating. Explain. 

4.      Calculate the distance between Na+ and Cl- ions in NaCl crystal if its density is 

2.165gcm-3. 

5.      If NaCl is dopped with 10-3 mol% SrCl2. what is the concentration of cation 

valancies? 

6.      If the radius of the octahedral void is r and the radius of the atom in the close 

packing is R. derive relationship between r and R. 

7.      The edge length of  unit cell  of metal having having molecular weight 75g/mol is 

5 A0which crystallizes into cubic lattice. If the density is 2g/cm3 then find the radius of 

metal atom(NA =  6.022 x 1023) 

COMMON ERRORS 

 

Unit I: Solid State 

 

1. density  =        Z x M 
                   

               Na x a3 x 10 -30  

 

 a  pm                           d    g/cc 

 

 

2. density    =    Z x M 
                  Na x a3  

                 

 

 a  cm                            d   g/cc 

 

3. Simple cubic z = 1 
fcc   z = 4 
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Bcc  z = 2 

 
 

 

2. SOLUTIONS  

2 SOLUTIONS Types of solutions  *  34 

  Expressing conc of solutions  *  35 Q NO 2.1, 2.2, 2.3 IN 

TEXT Q. 2.1 -2.5 

  IŜƴǊȅΩǎ ƭŀǿ ŀƴŘ ǎƻƭǳōƛƭƛǘȅ **  Page 41 Q.no. 2.4, 2.6, 2.7 

  Vapour pressure of liquid and 

wŀƻǳƭǘΩǎ ƭŀǿ 

***  Page 42 in text Q. 

2.6,2.7,2.14,2.16,2.19 

  Colligative properties and 

determination of molar mass  

****  Page no. 47-53 example 

2.6,2.7,2.8,2.9,2.10,2.11 

in text 2.9-2.12 Q-2.27 ς 

2.33 

  Abnormal molar mass ****  Page 56 Q 2.12,2.13, 

2.33,2.40,2.41 

 

POINTS TO REMEMBER    

 

Solutions are homogeneous mixtures of two or more substances (components).  

   Binary solution:  the solution consisting of two components.   

   Binary solution = solute + solvent.  

   

 Expressing concentration of solutions:  

a)  Mass percentage (w/w):   

Mass% of a component = W of the component x 100  

            W solution  

b)  Volume percentage (v/v):   

Volume% of a component = V of the component x 100  
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                      V solution   

 

c)   Mass by volume percentage (w/v) =     W solute       x 100  

                                   V solution  

d)  Parts per million (ppm):  

 

No of parts of the component             x 106  

Total number of parts of in the solution  

e)   Mole Fraction (x):   

Mole fraction of a component (x) =   No. of  moles  of  the  component                          

Total no. of moles of all the components  

 

No. moles of the component (n) =        mass           (W)       

                  Molar mass (M)  

For binary solution,  

 eg. xA =                nA                     xB   =  nB          . 

nA + nB                     nA + nB                                             

 

and xA + xB = 1  

f)   Molarity (M):  The no. of moles of solute per litre of solution  

Molarity   =                  n solute   

   V solution  in liter  

 

Unit: mol L -1   

g)  Molality (m):  The no. of moles of solute per kg of solvent  

Molality   =                    n solute  

   W solvent   in kg  
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Unit: mol kg -1   

 Effect of temperature:  mass %, mole fraction and molality do not change with temperature 

whereas molarity changes with temperature because volume of solution(liquid)  changes with 

temperature.  

Solubility:  Solubility of a substance is defined as the maximum amount of substance that can be 

dissolved in a specified amount of solvent to a given temperature.  

Solubility of a solid in liquid:  

 

Effect of temperature: the solubility of a solid in a liquid changes  with  temperature.  

    dissolution  

Solute + Solvent            Solution  

 

If the dissolution process is endothermic, the solubility should increase with the rise in 

temperature and if it is exothermic the solubility should decrease with rise in temperat ure.  

Effect of pressure: Solubility of a solid in a liquid does not change with pressure as solids and 

liquids are highly incompressible.  

Like dissolves like:  Polar solutes dissolve in polar solvents and non-polar solutes dissolves in 

non-polar solvents. In general, a solute dissolves in a solvent if the  intermolecular attractions 

are similar in both.  

Solubility of a gas in liquid:  

a) Increases with increase of pressure.    

b) Decreases with increase of temperature.  

As dissolution of gas in liquid is an exothermic process, the solubility should decrease   

with increase in temperature.  

Henryõs law:  

 At constant temperature, the solubility of a gas  in a liquid is directly  proportional to the 

pressure of gas over the solution.  

               Or   

The partial pressure of the gas in vapour phase (P) is directly proportional to  

the mole fraction of the gas(x) of the solution.  
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P = kH.x   

kH = Henryõ s law constant. It depends on the nature of gas.  

Greater the kH value, the lower will be the solubility and vice versa.   

kH increases with increase in temperature so solubility of a gas in a liquid  

decreases with increase of temperature.  

Raoultõs law:  

Raoultõ s law in its general form can be stated as, ò For any solution, the partial  vapour 

pressure of each volatile component in the solution is directly  proportional to its mole fraction 

in the solution.ó  

According to Raoultõ s law for a solution of two volatile liquids,  

         P1  x1               P2  x2.  

         P1 = Po1 x1   P2 = Po2 x2.  

According to Raoultõ s law for a solution containing volatile solvent and non-  volatile solute.  

P solvent = Posolvent x solvent  

Since P solution  = P solvent    

P solution  = Posolvent. x solvent  

When a non- volatile solute is dissolved in a pure solvent, the vapour pressure of the pure 

solvent decreases.  

P solution  < Posolvent  

 Because the non-volatile solute particles are present on surface of the solution  so the rate of 

evaporation of molecules of the volatile solvent from  the surface of solution decreases.   

Liquid - liquid volatile solutions are classified into two types on the basis of Raoultõs law 

asfollows:   

 Ideal solution:  

The solution which obey Raoultõ s law at all concentration and  

at all temperature i.e PA = PoA.xA   

PB = PoB.xB  

 If the intermolecular attractive forces between the solute ð  

solvent(A ð B interaction) are nearly equal to those between  the solvent ð solvent (A ð A) and 
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solute ð solute (B ð B) it  forms ideal soluti ons.  

Enthalpy of mixing, æmixing H = 0.   

Volume change on mixing, æmixing V = 0.  

Examples:  

 n - hexane and n-heptane.   

 Bromoethane and chloroethane  o Benzene and toluene.  

                                                                                

 Non Ideal solution:  

 The solution which do not obey Raoultõ s law at all concentration and at all temperature i.e   

PA Í PoAxA               PB Í PoBxB  

 If the intermolecular attractive forces between the solute ð solvent(A ð B interaction) are not 

equal (either stronger or  weaker) to those between the solvent ð solvent (A ð A) and  solute ð 

solute (B ð B) it forms non-ideal solutions.  

 Enthalpy of mixing, æmixing H is not equal to 0.  

 Volume change on mixing, æmixing V is not equal to 0.  

 Examples:  

 Ethanol and acetone, Ethanol and water, Chloroform and acetone Nitric acid and water  

Types of Non -Ideal solutions:  

 Non -ideal solution showing pos itive deviations  

 In this case, intermolecular attractive forces between the solute and solvent(A ð B) are weaker 

than those between the solvent(A ð A)  and the solute (B ð B) i.e   

                                                    PA > PoAxA  
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                                                    PB > PoBxB  

 æmixing H = +ve   æmixing V = +ve  

 Dissolution is endothermic so, heating increases solubility.  

 Ethanol and acetone, Ethanol and water, CS2 and acetone.     

                                                                       

                                                                  

A

B = 1

A =1

B =0A

B

Positive deviation from Raoultôs law

= 0

P B

P A

 

o Non -ideal solution showing negative deviations  

 In this case, intermolecular attractive forces between the solute and  

solvent(A ð B) are stronger than those between the solvent(A ð A)  and the solute (B ð B) i.e   

           PA < PoAxA          PB < PoBxB  

 æmixing H = -ve   æmixing V = -ve  

 Dissolution is exothermic so, heating decreases solubility.  

 Examples:  Chloroform and acetone, Nitric acid and water , Phenol and aniline.      
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A=0

B=1

A=1 

B=0
A

B

PA

PB

Negative deviation from Raoultôslaw

 

 

Azeotropes  are binary solutions (liquid mixtures) having the same composition in liquid and 

vapour phase and it is not possible to separate the components of an  azeotrope by fractional 

distillation.  

Types of azeotropes:  

 Minimum boiling azeotrope  

 The non- ideal solutions showing positive deviation form minimum boiling azeotrope at a 

specific composition.  

 Example; 95% ethanol and 5% water (by volume)  

 Ethanol = 351.3K , Water = 373 K,  Azeotrope = 351.1K  

 Maximum boiling azeotrope  

 The non- ideal solutions showing negative deviation form maximum boiling azeotrope at a 

specific composition.  

 Example : 68% Nitric acid and 32% water (by mass)  

 Nitric acid = 359K , Water = 373 K, Azeotrope = 393.5K  

Colligative Properties:  

The properties of solutions which depends on the no. of solute particles but irrespective of 

nature of solute particles.  

 Example Relative lowering of vapour pressure ,  Elevation of boiling point ,Depression of 

freezing point ,  Osmotic pressure  
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 Application: By measuring a colligative property of a solution molar  mass of the non volatile 

solute can be calculated 

Conditions for getting accurate value of molar mass:  

Ӟ Solute must be non volatile  

     Solution must be dilute  

     Solute    particles must not undergo any association or             dissociation in the solution.  

Relative lowering of vapour pressure:   

When a non volatile solute is added to a pure solvent its vapour pressure decreases.  

Psolution  < P0 solvent  According To Raoultõ s law   

P solvent = P0solvent x solvent  

Where,   P solution  = P solvent   (Since solute is non  volatile)  

                                

P solution  = vapour pressure of solution.   

P solvent   = vapour pressure of solvent in the solution.   

P0solvent = vapour pressure of pure solvent.  

 

Therefore,   

P solution  = P0solvent.x solvent                                              (Since xsolute+ xsolvent =1)  

Psolution  = P0solvent - P0solvent (xsolute)  

(P0solvent ð P solution ) = P0solvent x solute  

(Lowering of  vapor pressure)  

Therefore relative lowering of vapour pressure  

= P0solvent ð P solution  / P 0solvent  = x solute ------- (1)  

Since, it depends on mole fraction of the solute (Xsolute), It is a colligative property   

To calculate molar mass :        

xsolute = n solute / n solute + n solvent   

Since the solution is dilute, n solute is neglected from denominator.  
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x solute = n solute/ n solvent =  W solute / M solute                       

    W Solvent / M Solvent  

Elevation of boiling point :  

 

 Boiling point : The temperature at which vapour pressure of liquid  becomes equal to 
atmospheric pressure.  

 The vapour pressure of the pure solvent decreases when non volatile  solute is added to 
it and the boiling point is inversely proportional to  vapour pressure. Therefore, boiling point of 
the pure solvent increases  when a non volatile solute is added.  
 i.e. T> T0b(solvent)   

 The difference in boiling point of solution and  pure solvent is called  
     elevation of boiling point (ǤTb).  

     ǤTb = Tb (solution)  ð ǤT0b (solvent)  

 For dilute solution, the elevation of boiling point is directly proportional to  molality 
(molal concentration) of the solution.  
ǤTb = Kb * molalit yé é é (1)  

Where Kb = Boiling point elevation constant or molal elevation constant  or ebullioscopic 

constant.  

Molality (m) = n solute / W solvent in kg = Wsolute/ Msolute é é é .(2)  

                                                                          Wsolvent in kg  

By substituting (2) in (1), the molar mass of non volatile solute(M solute)  can be calculated.  

Depression of freezing point:  

Freezing point:  Temperature at which the vapour pressure of the substance in its liquid phase 

is equal to its vapour pressure in its solid phase.  

 Since the vapour pressure of the pure solvent decreases in the presence of  non volatile solute 

and freezing point is direc tly proportional to vapour  pressure, the freezing point of pure 

solvent decreases when non volatile  solute is added to it    

Tf (solution)< T 0f(solvent)  

The difference in freezing point of pure solvent and solution is   called depression of freezing 

point (ǤTf)   

ǤTf =T0f (solvent)-Tf(solution)   

For dilute solution, the depression of freezing point is directly proportional to molality (molal 

concentration) of the solution.  
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ǤTf = Kf  molality    ééééé.(1)     1  

Where Kf = freezing point depression constant or molal depression  constant or  cryoscopic 

constant.  

Molality(m)=  W solute / M solute. ééééé.(2)      

                   Wsolvent in kg  

Osmosis: The process of flow of solvent molecules from pure solvent  to the solution through 

semi permeable membrane. 

 Osmotic pressure (Ø) :  

Minimum pressure that must be applied to the solution to prevent the flow of solvent into the 

solution through a semipermiable membrane   

 Itõ s a colligative property as it is directly proportional to molarity (molar oncentration) of the 

solution at the given temperature.  

Ø = Molarity Į R Į T    (since ǰ = (n/V) ĮRĮT) éééééé..(1) 

 Isotonic solutions : two different solutions having the same osmotic pressure at same 

temperature.  

 Hypertonic and hypotonic solutions:  a solution which has more Osmotic pressure than other 

solution is hypertonic and similarly the solution having less  osmotic pressure than the other 

solution is called hypotonic.                                  

 Reverse osmosis: When a pressure larger than osmotic pressure is applied to the solution side, 

the pure solvent flows out of solution to solvent side through semi  permeable membrane this 

process is called reverse osmosis  

Use: Reverse osmosis is used to desalination of sea water (into drinking  water)  

Abnormal molar mass and vanõt Hoff factor (i): Ӟ 

When the non volatile solute particles undergo association (Eg: acetic acid) or dissociation (Eg: 

electrolytes like KCl, NaCl etc), the abnormal  molar mass is observed. 

  Vanõ t Hoff factor is defined as   

i = normal molar mass  

Abnormal molar mass  

 Formula to calculate i;  

 i = Total number of moles of particles after association or dissociation.   
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      Total number of moles of particles before association or dissociation.   

 

Always ôiõ  value is less than unity (i < 1) for association and ôiõ  is greater  than  unity (i >1) for 

dissociation, the modified equation for colligative properties  for  association or dissociation:   

1.   relative lowering of vapour pressure = i*X solute  

2.   ǤTb = i × Kb × molality  

3.   ǤTf  = i × Kf   × molality      

4.   Ø   = i × C× R x T  

                                     IMPORTANT FORMULAE  

Molarity (M) =                 WB   

                     M BV(L) 

Molality (m)  =      WB x 1000 

           M BWA (g) 

æp/p 0                    = p0-p              =    xB 

                   p 

æTb                        = kb x WB x 1000 

                             MBWA 

æTf                         = k f x WB x 1000 

                            M BWA 

ȏ                   =  WBRT 

                    M BV 

SOLVED QUESTIONS  

1 MARK QUESTIONS  

  

1.What type of liquids form ideal solutions?  

 Liquids having similar structures and polarities . 

2.Why does chemist prefer to refer concentration of solution in terms of molality?  (Or)Which 

of the two molality and molarity is better to express concentration of  solution? Why?  
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Molality does not change with temperature where as molarity changes with t emperature     

because volume changes with temperature. Therefore molality is better.  

3.   What is vanõtHoff factor for KCl in aqueous solution? 

         i = 2  

4.   What happens when blood cells are placed in pure water?  

 Due to osmosis water enters the blood cells through the cell wall, as a result it swells and may 

even burst. 

5.   Two liquids say X and Y boil at 380 K and 400 K respectively. Which of them is  more    

volatile? Why?  

 Liquid ð X because lower the boiling point more will be volatile (evap oration)6.  

6.What is the effect of rise in temperature on solubility of gases?  

Dissolution of gas is exothermic process. Hence according to Le- Chatelierõs principle, the  

solubility of gas should decrease with rise in temperature  

 7.Mention a large scale  use of the phenomenon called ôreverse osmosisõ. 

    Desalination of Sea water. 

8.Why it is advised to add ethylene glycol to water in a car radiator while driving in a hill 

station? 

    As an antifreeze to lower the freezing point of water.  

9. What is the expected Vanõt Hoffõs factor ôiõ value for K3[Fe(CN)6] ?  

      Therefore, i = 4  

10. The molar mass of bio molecules is determined by osmotic pressure and not by  other 

colligative properties.   Why?   

Osmotic pressure is measured around room temperature whereas bio molecules  are generally 

unstable at higher  

temperatures.  

2 MARKS  QUESTIONS   

1.   Why is the freezing point depression of 0.1M NaCl solution nearly twice that of 0.1M 

glucose solution?  

NaCl is an electrolyte and dissociates completely whereas glucose being a non-electrolyte does 

not dissociate.Hence, the number of particles in 0.1M NaCl solution is nearly double than that 

in 0.1M glucose solution.Depression in freezing point being a coll igative property is nearly 
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twice  for NaCl solution than for glucose solution of same molarity .  

2.   What is the effect of temperature on Henryõs law constant (KH) and on  solubility of a gas 

on liquid?   

Solubility of a gas in liquid decreases with increase in temperature. KH value  increases with the 

increase in temperature.  

3.   Calculate the no. of moles of methanol in 5L of its 2m solution, if the density  of the 

solution is 0.981KgL -1[molar mass of m ethanol = 32g mol -1]  

Molality   =         n solute  

W solvent in kg  

2 mol Kg -1 =    nsolute  

W solution  ð W solute  

=    nsolute  

0.981×5 ð n solute × 32  

                     1000  

n solute  = 9.21 mol.  

4.   What type of deviation from ideal behaviour will be shown by a solution of cyclohexane 

and ethanol? Why?     

      Positive deviation because ethanol has intermolecular hydrogen bond, but the addition of      

cyclohexane will break some of the hydrogen bonds. Therefore solute-solvent molecular 

attractive force will be weaker than solute -solute and solvent- solvent molecular attractive force.  

5. What care is generally taken during intravenous  Injections and why?  

  During intravenous injection, the concentration  of the  solution should be same as t hat of 

blood so   that they are isotonic. Because if the   solution concentration is hypertonic than blood 

cell   will shrink and if it is hypotonic than blood cell  will swells / burst.  

6. When X and Y are mixed the solution becomesWarmer and when Y and Z  are mixed the 

solution   becomes cooler. Which of this solution will exhibit  positive Deviation and which 

will be the negative   deviation?  

             X and Y Show the negative deviation, Y and Z Shows the positive deviation  

7.Calculate the concentrati on of sugar solution with osmotic pressure of 2.46atm at 300K.  

         Ø = 2.46atm 

         T=  300K 
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         R =0.0821LatmK-1 mol -1 

                   Ø = CRT 

          C  =  Ø /RT 

                 =      2.46atm 

                    0.08210821LatmK-1 mol -1x 300K 

                                            = 0.1M = 34.2gL-1 

 8.The mole fraction of helium in a saturated solution at 20°C is 1.2 x 10 -6. Find the pressure 

of helium above the solution.Given Henryõs constant at 20ÁC is 144.97 kbar. 

                         pHe = KH x XHe 

                                                = (144.97 x 10 3bar)( 1.2 x 10-6 = 0.174 bar 

3 MARKS QUESTIONS  

 1) a) Why is 1 molar aqueous solution more conc. than a 1 molal solution?   

      b) Which out of molarity and molality will change with temperature and why?  
      c) Will the molarity of a solution at 50 0C be same, less or more than molarity at 
250C  ?    

Ans:- A molar solution contains one mole of solute in one ltr of solution while a one 
molal solution contains one mole of solute in  1000 g of solvent. If density of water is 1, 
then one mole of solute is present in 1000 ml of water in one molar solution while on 
mole of solute is present in less than 1000 ml of water in one molar solutions. Thus, one 
molar soluti on is more concentrated.   
Ans:- Molarity changes with rise in temperature. Volume of a solution increases with 
rise in temperature and this causes change in molarity because it is related as moles of 
solute in a given volume of solution.    
Ans:- Molarity  at 500C   of a solution will be less than that of 250C because morality 
decreases with temperature. This is because volume of the solution increases with 
increase in temperature but number of moles of solute remains the same.   
     2)  Two liquids X and Y on mixing from an ideal solution. The vapour pressure of the 

solution containing  3mol of X and 1mol of Y is 550mmHg. But when 4moles X and 1mol of Y 

are mixed, the vapour pressure of solution, thus, formed is 560mmHg.what will be vapour 

pressure of pure  X and Y at this temp? 

  Let the vapour pressure of X be p1  and Y be p2 and x1 and x2 be their mole fraction. Then 

according to Raoultõs law, total pressure P is 

                 p        =      p1x1  +  p2x2 
  
              In the first solution,  
                                                X1    =       3         =  0.75    ;  X2     =     1   =  0.25 
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                                                                  3+1                                    3+1 
  
                                          p1  x  0.75  +  p2 x 0.25       =     550 mm                            -(1) 
  
              In the second solution, 
  
                                                        X1    =       4           =      0.80  ; X2   =  1     =  0.20 
                                                                        4+1                                     4+1 
                                           P1 x  0.80  +  0.20  = 560 mm                            - (2) 
  
(1) x 4  and (2)  x 5  gives 
         3 p1  +  p2    =          2200 mm 
         4 p1   +  p2    =          2800 mm 
--------------------------------------- 
                  -p1      =          -600mm 
     
                   p1       =           600 mm of Hg. 
               Substituting in e q (1) we get 
                                                        p2  =           400 mm of Hg. 
 Vapour pressure of pure component   X  =  600 mm of Hg 
Vapour pressure of pure Component Y   =  400 mm of Hg. 
  
3) a)   What happen to vapour pressure of wate r if a table spoon of salt is added to it?  

    b)  Why does the use of pressure cooker reduce the cooking time?  

    c) Two liquid A & B are mixed and the resulting solution is found to be cooler. What do 

you conclude about from ideal    behavior?                                                                                                               

Ans a): - Addition of non volatile solute lower the vapour pressure of solvent(water)  

Ans b): - At higher pressure over the liquid, the liquid boils at hi gh temperature. Therefore, 

cooking occur fast. 

Ans c): - Positive deviation.  

4) The Vapour pressure of water at 293K is 0.0231 bar and the vapour pressure of the solution 

of 108.24 g of a compound in 1000 g of water at the same temperature. Calculate the molar 

mass of the solute.   

             .   Vapour pressure of solvent 

                                         pA0   =   0.0231 bar 

             Vapour pressure of solution  

                                         pA0 =   0.0228 bar 
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               Lowering in vapour pressure  

                                         pA0-  pA  =   0.0231 -  0.0228 

                                                =   0.0003 bar 

              Weight of solvent   WA            =              1000g 

              Weight of solute WB               =              108.24 g 

  

              Molar mass of the solvent MA   =  18 

              Molar mass of the solute   MB  = ? 

              We know that    

                         pAě -  pA / p 0A      =   WB MA/WA   MB 

                                                 MB    =   WB MA PAě/ WA  (PAě  -  PA) 

                                                            =   108.24  X  0.0231  X  18/  0.0003  X  1000 

                                                                                                       =   150 g mol -1                                                                              

5)A solution of an inorganic compound was prepared by dissolving 6.8g in 100g of water. 

Calculate the osmotic pressure of this solution 298K when boiling point of this solution is 

100.110C. Given Kb for water=0.52Km -1 and R=0.082LatmK-1mol-1.                                                                         

Molecular mass can be calculated from Bpt data as 
                            MB   =   Kb x WA   x  1000 
                                               æTb x  WA  
                             WB  = 6.8 g  WA   =  100 g  Tb  =  100.11 Kb  =  0.52 Kkgmol-1 
                             MB  =  0.52 Kkgmol -1 x  6.8 g x 1000 
                                              0.11K  x 100kg 
                                    =   321.45 gmol-1 
                  Ø    =  n  R  T 
                                V 
 n    =  6.8 
          321.45 
 V    =  100 g  =  0.1 l 
  
R    =  0.082 L atm mol  -1  K  -1 
  
T     =  298  K 
Ø     =   6.8 mol X  0.082 L atm mol   -1  K  -1 X  298K 
                                                   321.95  X  0.1L     =    5.17  atm 
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6) A solution contains 0.8960g of K 2SO4 in 500 ml solution. Its osmotic pressure is found 

to be 0.690atm at 27o C. calculate the value of vant hoff factor.   

                  MB   = WB  RT/ Ø  V 

                WB   =  0.8960g       V  =  500 ml  pA0   =  0.5  L 

               R  =  0.082 L atm  K -1 mol  -1 

               Ø   =  0.69 atm 

                T  =  300 K  

                M  =    0.896 g x  0.082 L atm  K -1 mol  -1  x300K 

                                               0.69 atm  x  0.5L =    63.9  g mol  -1 

           Normal molar mass    =  2  x  39  +  32  +  4  x 32 

                                                    =  174  g mol  -1 

                                                i   =  Normal molar mass/ Observed molar mass  

                                                   =    174 g mol  -1          =      2.72 

                                                          63.9 g mol  -1 

NUMERICALS  

1.   What is the molar concentration of solute particles in the human blood if the  osmotic 

pressure is 7.2 atm at the body temperature of 37 0 C ?  

 Osmotic pressure, p = molarity × R × T  

Therefore molarity =   p  

                                  R×T  

=                  7.2 atm                        

          0.0821 ( L atm K-1 mol -1) × 310 K   = 0.823 mol L-1          

  2.   Molal elevation constant for Benzene is 2.50 K m -1. A solution of some organic  substance 

in Benzene boils at 0.1260C higher than benzene. What is the molality  of the solution ?  

 æTb = Kb × molality  

Therefore molality = æTb = 0.126    = 0.05 mol Kg-1   

                                     Kb     2.52  

 3.   The molal freezing point depression constant of benzene is 4 .9 K Kg mol -1. When 3.26g of 
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selenium is dissolved  in 226 g of benzene , the observed freezing point is 0.112 0 C lower than 

for the  Benzene. What is the molecular formula of Selenium? Atomic mass of Se = 78.8  g 

mol -1 Selenium exists as a polymer of the type Sex .  

                                  æTf = Kf × molality   

               = Kf × Wsolute     

                           M solute *  Wsolvent(in kg)  

M solute = Kf × Wsolute  

             æTf × WSolvent(in kg)   

=   4.9 K K kg mol-1 × 3.26                       

     0.112 ×     226   kg  

                     1000  

= 630.4 g mol-1  

Molar mass (Msolute) = x × atomic mass of Se 

  630.4 = x × 78.8  

x = 8  

Hence molecular formula = Se 8  

 

4.   A solution containing 12.5 g of non -electrolyte subst ance in 175 g of water gave a  boiling 

point elevation of 0.70 K. Calculate the molar mass of the substance.  (Elevation constant for 

water  K b = 52 K kg mol -1)  

 æTb = Kb × molality  

          = Kb × Wsolute  

                    Msolute Wsolvent (in kg)   

M solute = Kb × Wsolute  

            æTb × Wsolvent (in kg)  

= 0.52 K kg mol-1 × 12.5 g   

   0.70 K × 175 kg   

                 1000  
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M solute = 53.06 g mol-1     

5.   K 3[Fe(CN)6] is dissociated 30% in solution. Calculate the vant  Hoffõs factor.  

  Let the degree of dissociation be a, then   

                                               K3[Fe(CN)6] Ƅ 3K+ + [Fe(CN)6]3-                                                                         

Initially at equilibrium                    1                 0              0 

                                                        1- a           3a           a  

i = Total number of moles of particles after dissociation    

      Total number of moles of particles before dissociation  

 i = 1- a + 3a + a = 1+ 3a  

but a = 30% =  30  = 0.3  
                        100  

So,  i = 1+ 3 ×(0.3) = 1.9  

6.At 298K, 100cm3 of a solution containing 3.002g of an unidentified solute exhibits an 

osmotic  pressure pf 2.55atm. What is the molar mass of the solute? (R=0.082 L atm K -1 mol -1) 

                           V= 100 cm3 = 0.1L              ; T=298 K 

                           WB = 3.002g                          = 2.55 atm 

                                           

16.288

0104.0

002.3

0104.0

298082.0

1.055.2

gmol

mol

g

n

W
M

moles

RT

V
n

V

RTn

B

B
B

B

B

 

7. O2 is bubbled  through water at 298K. Assuming that O 2 exerts a partial pressure of     

0.98bar. Calculate the solubility of O 2 in gL -1. The value of Henry law constant for O 2 is 34.84 

k bar  
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  8.  The boiling point of pure water is 373K.calculate the boiling point of an aqueous 

solution containing 18g of glucose in 100g of water. Molal elevation constant of water is 0.52 

K kg mol -1. 

                          Mass of solvent (WA) = 100g 

                        Mass of solute (WB) = 18g 

                        Molecular mass of solute (MB) = 180g 

         

                        K

solutionofpoboiling

K

mKT

kgmol
WM

w
molality

bf

AB

B

52.373

52.0373int

52.0152.0

1
100180

1000181000 1

 

9. A solution conaining 13.5g urea per 500ml of solution in water has same     osmotic 

pressure as a solution of sucrose in water. Calculate the mass of sucrose present in 500ml of 

its solution.  

                     For solutions having same osmotic pressure 

                     C1 = C2      or      n1= n2 

                                       1

21
2

2

2

1

1

M

MW
W

M

W

M

W
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                          Here, mass of urea = 13.5g 

                          Mass of sucrose =? 

                          Molar mass of urea = 60 g mol-1 

                          Molar mass of sucrose = 342 g mol-1 

                                     
gW 95.76

60

3425.13
2

 

Assignments  

Level I                                                  

1. Why a person suffering from high blood pressure is advised to take minimum 

      quantity of common salt ?  

2. What happens to vapour pressure of water, if a table spoon of glucose is 

      added to it ?  

3. Equimolar solutions of glucose and sodium chloride are not isotonic. Why ?  

4. Two liquids A and B boil at 145 oC and 190 oC respectively. Which of them has a 

     higher vapour pressure at 80 oC. 

5. Semipermeable membrane of cupric ferrocyanide is not used for studying osmosis 

     in non aqueous solutions. Why ?  

6. Why is camphor preferred as a solvent in the determination of ȹTf ?  

7. Addition of HgI2 to aq KI solution shows an increase in the vapour pressure. Why ? 

8   What do you mean by mole fraction? 

9   why sugar readily dissolves in H2O despite  its  covalent nature ?  

10   What is the units of molel elevation constant. 

LEVEL 2 

Q1   when is the value of vant Hoff factor more than one. 

Q2   Before giving intravenous injection. What care is generally taken and Why? 

Q3    Explain why a solution of Ethyl alcohol and water cannot be  

          separated   into pure components by fractional distillation. 

Q4    Osmotic pressure measurements are profaned over other  

           colligative properties for molecular mass. Determination of  
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           polymers.  Why? 

Q5   4% NaOH solution (weight/volume)  and 6% urea solution  

           (weight / volume) are equimolar but not isotonic. Explain. 

Q6   What is the difference between molel elevation constant and molecular elevation constant. 

Q7    Why does vapour pressure of a liquid decrease when a non-volatile  

           solute is added to it? 

Q8   Why is molality of a solution preferred for expressing concentration  

           over molarity? 

Q9     Calculate the mass present of aspirin (C9H8O4) in 

           acetonitrile(CH3CN) when 6.5g of aspirin is dissolved in 450g of  

           CH3CN.  

Q10   What is the trend in b.p. & f.p. temperatures of equimolar  

           solutions of urea , NaCl , K2SO4 , K3[Fe(CN)6]? 

 LEVEL 3 

Q1   CaCl2 is used to clear snow in cold countries . Explain. 

Q2   H2S , a toxic gas with rotten egg like small is used for quantitative  

          analysis. If the solubility of H2S in water at STP is 0.195 m ,  

          Calculate Herryôs low constant. 

Q3    Determine the amount of CaCl2 (i= 2.47) dissolved in 2.5 litre of  

           water such that its osmotic presences 0.75 atm. At 270C. 

Q4   Calculate the molecules fraction of benzene in a solution containing 30% by mass of it in 
carbon tetrachloride 

Q5   8.0575 x 10-5 kg of Glarberôs salt is dissolved in water to obtain 1  

         dm3 of a solution of density 1077.2 kgm-3 . Calculate the molarity   

         and mole factor of Na2So4 in the solution. 

Q6   Determine the osmotic pressure of a solution prepared by  

         dissolving 25 mg of K2SO4 in 2 litre of water at 250C, anuming  

         that it is completely  dissociated . 

Q7  (a) FeCl3 on reaction with K4[Fe(CN)6] in aqueous solution gives blue  

              color. These are separated by a semi-permeable membrane will there  
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              be the appearance of a blue color in the side x due to osmosis? 

         (b) When two liquids A and B are mixed, the resulting solution is found  

                to be carbon. What do you conclude?  

                                                              

                                               

       05 MARKS QUESTIONS  

 

Q8   (a)  The melting point  of camphor is 177.50C while that of a mixture of  

                1g naphthalene (mol. Man 128 g mol-) and 1o g of camphor  is                

                1470C. Calculate the oryoscopic constant if camphor. 

(b) Dry vegetable are placed in water, they swell slowly why? 
Q9      (a)   What is the value of unit Hoff factor for a solute of K2SO4 in  water? 

             (b)  What is molel depression constant? Write the unit also. 

(b) The vapor pressure of pure benzene at a certain temp. is 0.850  
                     bar. A non volatile , non electrolyte solid coughing 0.5g is added  

                     to 39.0g of benzene (molar mass=78g/mol). The V.P of  soln is  

                     0.845 bar. What is the mol. Man of solid substances?  

Q10   (a)    What is the effect of temp. on the vapour pressure of a liquid? 

          (b)   Name any one inorganic compound which can be used as semi- 

                  permeable membrane. 

          (c)    Herryôs low constant for the molality of methane in benzene at 298  

                   k is 4.27 x 10 5 mm kg. Calculate the solubility of methane in  

                   benzene at 298K under 760 mm kg. 

COMMON ERRORS 

1. Number of moles  = mass 
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     molar mass  

 

нΦ ±ŀƴǘ IƻŦŦΩǎ ŦŀŎǘƻǊ όƛύ 

  i < 1 for association 

  i > 1 for dissociation 

i =  No. of ions per molecule 

e.g.   k2SO4  =   3 

k3[Fe(CN)6 ]  =   4 

Dimerisation  = ½   Tetremerisation = ¼  

Units of volume should be in litres,  in atmosphere, R = 0.082 

 

  

 

 

ELECTROCHEMISTRY  

3 ELECTRO 

CHEMISTRY 

Galvanic cell and  electrode 

cell 

*  PAGE 64-67 

Q NO INTEXT 3.1-3.5 

  Nernst equation  ***  P- 68-71 

Q NO 3.1, 3.2, 3.3 

INTEXT 3.4 ς 3.6 

EX 3.3 ς 3.6 

  Conduction of electrolyte 

solution 

  P ς 73 ς 76 

Q ς 3.4 ς 3.9 

  Electrolytic cell and  

electrolysis 

***  P  - 84-86+INTEXT  Q 3.10 

ς 3.12 
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EX 3.16 ς 3.18 

  Batteries and fuel cells ***  P 86 ς 88 

 

  Corrosion  ****  P ς 89 mechanism and 

prevention  

POINTS TO REMEMBER  

 Types of conductors  :  
 

Metallic Conductors or Electronic 
Conductors  

Electric Conductors or Ionic Conductors  

Metallic substances which conduct electricity 
through them due to movement of electrons.  

E.g. Metals- Al, Cu, etc. 

Substances which conduct electricity in their 
molten or solution form due to movement of 

ions. 
E.g. Electrolysis- NaCl, NaOH, HCl, H 2SO4, 

NH 4OH, CH 3COOH 

Metallic Conductance decreases with 
increase in Temperature 

Electrolytic conductance increases with 
increase in Temperature because movement 

of ions increases. 

 Types of electrolytes  
 

                  Strong Electrolytes                   Weak Electrolytes  

The electrolysis which are completely  
dissociated into ions in solution.  

E.g. Strong Acids: HCl, H2SO4, HNO 3. 

The electrolyte which do not dissociate 
completely in solution.  

E.g. Weak Acids: CH3COOH, H 2CO3, 
HCOOH.  

Strong Base: NaOH, KOH. 
Salts: NaCl, KCl, ZnCl2. 

Weak Base: NH4OH 

The degree of dissociation (Ȁ) = 1. The degree of dissociation (Ȁ) < 1. 

 

 Resistance (R): The obstruction to the flow of current.  

S.I. unit of R = Ohm (Ǹ).  R  l/A or R = Ȑ l/A where L = length of the conductor,  
A= area of cross section Ȑ = resistivity or specific resistance.  

 Resistivity (Ȑ): The resistance of a conductor of 1 m length and 1 m2 area of  

 Cross section. Its S.I. unit:  Ohm m-1.  

 Conductance (G):  The reciprocal of resistance (R)   C=1/R      S.I unit of   C=S (Siemens).  

 Conductivity or specific conductance ( )̇ (kappa): It is the conductance of solution kept 
between  two electrodes with 1 m 2 area of cross section and distance of 1 m. It is the 
reciprocal of resistivity (Ȑ).     

ȉ = 1 / Ȑ.   S.I unit of ȉ = S-m-1  
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 Relation between G and ȉ   
              R = Ȑ L/A               1 / Ȑ = 1/R * L/A                  ȉ = G x G*  
              Conductivity ( ȉ ) =  Conductance (G) x  Cell constant (G*)  

 Cell constant (G*) : It is defined as the ratio of the distance between the two electrodes (l) to 
their area of cross section A. Its S.I unit is m-1  

 Molar conductivity ( ^ m): It is defined as the conductance of the solution containing one 
mole of electrolyte and kept between the two electrodes with unit (1 m 2) area of cross 
section and distance of unit length (1m).      
                                             ^ m ( S cm2 mol -1) =  K ( Scm-1) X 1000(cm3 L-1)  

                                                              Molarity (mol L -1) 

 Limiting molar conductivity ( ^ m0): The molar conductivity at infinite dilution or zero 
concentration.  
Variation of conductivity (K) and molar  conductivity ( ^ m) with concentration (c)  
(i) For strong electrolytes:  ^ m increases slowly with dilution due to increase in movement of 

ions on dilution.      ^ m = ^ m 0  ð  A c ½  

Where A is a constant which depends on the nature of electrolyte i.e. the charges on the cation 

and anion.  

(ii) For weak electrolyte:  ǫ m increases steeply on dilution due to increase in the number of 

ions (or the degree of dissociation).  

 

 



Page 56 / 249 

 Kohlrausch l aw of independent migration of ions:  
 The limiting molar conductivity of an electrolyte  (ǫ0 m) is the sum of limiting molar 
conductivities of cation (Ȋ0+) and anion (Ȋ0-).   ǫ0 m =  +̾ Ȋ0 +   +  -̾ Ȋ0-  
Where +̾ and -̾ are no. of cation and no of anions formed on dissociation respectively.  

 Applications:    
(1)This law is used to calculate ̿ 0 m for any electrolyte from the Ȋ 0 of individual ions  
(2) to determine the degree of dissociation (Ȁ) Ȁ = m / 0m where  ǫ m = the molar 
conductivity at the concentration ôCõ and ǫ0 m   = the limiting molar conductivity.  

For weak electrolyte like acetic acid, Ka =   C 2 / 1- . 
Difference between:  
 

Electrochemical cell or Galvanic cell or 

Voltaic Cell  

Electrolytic Cell  

A device in which electrical energy is 

produced from chemical reaction.  

A device in which electrical energy is used to 

bring about a chemical reaction. 

E.g. Daniel cell, dry cell, leads storage battery. E.g. Electrolysis of molten NaCl, Electrolysis 

of dil . Aq. H2SO4 sol. using Pt electrodes. 

 Daniel  cell : Zn (s) | Zn 2+ (aq) || Cu 2+ (aq) | Cu (s)   
E0cell = 1.10 V 

 Electrode potential: the potential difference between electrode (metal) and the 
electrolyte (metal ion solution).  

 Cell potential:  the potential difference between the two electrodes of a galvanic cell. E 

cell = Ecathode - Eanode 

 EMF (electromotive force) of cell:  the potential difference between the two electrodes 
when no current is drawn (flowing) through the cell.  

 S H E (standard hydrogen electrode):  It is used as a reference electrode to measure the 
standard electrode potential of the other electrode by assigning standard electrode potential of S 
H E is zero. [E0 H+ = zero]. It consists of a platinum electrode (foil) coated with  finely divided 
platinum dipped in an  acidic solution with 1 M  H + (aq) ion and  pure hydrogen gas (at 1 bar) 
is bubbled through the solution.  
  H (aq) | H 2 (g) | Pt (s)  

 Nernst equation:  It shows the relationship between the electrode potential (electrode) 
and concentration of the solution.  
For the electrode reaction.  M n+ (aq) + ne-          M (s)  

E electrode = E0electrode ð
)(

)(
ln

aqM

sM

nF

RT
n

          

E electrode (at 298 K)=  E0electrode  ð  

n

059.0  log  
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[Since [M (s)] =1 ] 

For cell,  E cell at 298 K = E0 cell - 0.059 log [products]   

   Or emf                          n                        n           [reactants]  

E.g. for cell reaction    Cu (s) + 2 Ag + aq      2e-     Cu2+ (aq) + 2 Ag (s)  

E cell = E0 cell - 0.059    log [Cu2+] [Ag (s)] 2   

        2             [Cu (s)] [Ag +] 2     

Where E0cell = E0 cathodeð E0anode = E0Ag + /Ag  ð E0Cu+2/Cu           [Ag (s)] and [Cu (s)] = 1  

 Relationship between standard cell potential (E 0cell) and equilibrium constant ( K c) 
E0 cell = 2.303 RT log K C 

     nF 

At 298 K    E0 cell = 0.059 log K C 

        n 

 Relationship between E cell and Gibbs energy (ærG)   
ærG = - nF E0 cell 

ærG0 = -nF E0cell  (at 250C or 298K 1 atm) 

 Relationship between ærG and equilibrium constant K C   
ærG0 = - 2.303 RT log KC 

 Maximum work  =  ærG0 

 Electrolysis:  At cathode, when there is competition between many cations or much 
reduction reaction the reduction with higher E 0 value is preferred .Similarly, the oxidation 
reaction with lower E 0 value is preferred.   

 Faradays laws:  
  First law:  the amount of substance formed (m) or chemical reaction occurs at any electrode is 
directly   proportional to quantity of electricity (Q ) passed through the electrolyte.  
m = z Q     Where Z=electrochemical equivalent.     

Q = I t where Q = quantity of electricity in coulombs (C), I = current in  ampere(A)  and t = time 
in (s)  
  Second law: When the same quantity of electricity is passed through the different electrolytic 

solutions, the amount of different substance liberated are directly proportional to their chemical 

equivalent  weights.  

Faraday: The charge on one mole of electrons is called one faraday (1F) and its value is 96478 C 

mol -1 or approximately 96500 C mol-1  

 Application of electrochemical series  
1. The substance which has higher standard electrode potential (E0 value) is stronger oxidizing 
agent or has greater tendency to get reduced.  
2. The substance which has lower standard electrode potential (E0 value) is stronger reducing 

agent or has greater tendency to undergo oxidation.  
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 Primary Cells:  In these the reaction occurs only once and battery then becomes dead 
after use over a period of time. It cannot be recharged and reused again. 
   E.g. dry cell, mercury cell  

  Dry cell  (leclanche cell)  

 (1.) Anode- Zn container. 

 (2.) Cathode- graphite rod surrounded by powered MnO 2 and carbon. Electrolyte- a moist 

paste of                NH4Cl and ZnCl 2.  

 Anode:   Zn(s) Ƃ Zn 2+ (aq) + 2e- 

 Cathode: MnO2 + NH 4+ + 1e- Ƃ MnO (OH) + NH3   

 Cell potential: nearly 1.5V. 

  Mercury cell   

 Anode ð Zn-Hg amalgam  

 Cathode - A paste of HgO and carbon Electrolyte - a paste of KOH and ZnO  

 Anode: Zn (Hg) + 2OH - Ƃ ZnO(s) + H2O + 2e 

 Cathode:  HgO(s) + H2O + 2e Ƃ Hg (l) + 2OH-  

 Overall cell reaction :  Zn (Hg) + HgO(s)   Ƃ ZnO(s) + Hg (l)  

 Cell potential is  1.35V  

Secondary batteries:  
      A fter use, they can be recharged by passing current through it in opposite direction and so 
they can be reused again.  E.g. Lead storage battery, nickel- cadmium cell.  
 
                                                                               Lead Storage Battery 
Secondary Batteries (Rechargeable) 
                                                                               Nickel Cadmium Cell  
 Lead storage battery: anode ð Pb plate 

Cathode ð grid of lead packed with PbO 2. 

Electrolyte  ð 38% solution f sulphuric acid (1.3 g / ml)  

Anode:  Pb(s) + SO4 2- (aq) Ƃ PbSO4 (s) +2e- 

Cathode: PbO2 (s) + SO4 2- (aq) + 4 H +(aq)+2e- Ƃ 2 PbSO4 (s) + 2 H2O (l)  

Overall cell reaction : Pb(s) + PbO2 (s) + 2 H2SO4 Ƃ 2 PbSO4 (s) + 2H2O(l)  

used in automobiles and inverters. On recharging the battery, the above reaction is reversed.     

Nickel - Cadmium cell:  
Anode:  Cd  Cathode: Ni(OH) 3 
Overall cell reaction,    

Cd (s) + 2 Ni (OH)  3 (s) Ƃ CdO (s) + 2Ni (OH) 2 (s) + H2O (l)   

nickel cadmium cell has longer life than the lead storage cell but more  expensive to 

manufacture.   

 Fuel Cells: galvanic cells which convert the energy of combustion of fuels like hydrogen, 
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methane directly into electrical energy.  
E.g. Hydrogen ð Oxygen Fuel Cell   
Hydrogen and oxygen are bubbled through porous carbon electrode into concentrated aqueous 

sodium hydroxide solution. To increase the rate of electrode reaction catalysts like palladium or 

platinum are used.                                                                                                                                   

                                                                                                                                          H2O     

Anode:  2 H2 (g) + 4 OH- (aq) Ƃ 4 H2O (l) + 4e  

cathode: O2 (g) + 2H2O (l) + 4e Ƃ 4 OH-(aq)  

overall cell reaction : 2 H2 (g) + O2 (g) Ƃ 2H2O (l)                                  H2                                          O2 

Advantages:   

1. High efficiency                                                                                                              NaOH (aq)  

2. Continuous source of energy  

3. Pollution free.                                                              

                    Carbon Electrode Filled With 

Pt/Pd  

 Corrosion:  formation of oxides or other salt of metal on the surface of metallic objects 
when exposed to air or water.  E.g. rusting of iron, tarnishing of silver.  
 
Rusting Of Iron: Corrosion of iron is known as rusting. Rust is hydrated ferric oxide, Fe 2O3.X 

H2O. It is an electrochemical phenomenon. At a particular spot oxidation takes place, which acts 

as 

Anode:   2Fe (s) Ƃ 2Fe2+ +4e   E0 red = - 0.44V  

Electrons released at anode move through the iron metal and go to another spot  and reduce the 

oxygen in presence of  H + ion.  

Cathode: O2 (g) + 4 H + (aq) + 4e Ƃ 2H2O (l)      E0 red = +1.23V  

Overall reaction:    2Fe (s) + O2 (g) + 4 H + (aq) Ƃ 2Fe2+ (aq) + 2H2O (l)   

E0 cell = +1.67V  

 Methods Of Preventing Corrosion:  
(1). Galvanization: the process of coating Zinc over iron  

(2).  Cathodic protection or sacrificial electrode:  In this method  more reactive metal like Mg 

(or) Zn are made as sacrificial anode and are connected to iron pipe or tank. 

SOLVED QUESTIONS  

1 MARK QUESTIONS 

(1). Name two metal which can be used for cathodic protection of iron. (Mg, Zn)  

(2).What is the relationship between E0 cell and equilibrium constant at 298 K?  

        E0 cell = 0.059 log KC 
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                          n 

(3). Can a nickel spatula be used to stir a solution of copper sulphate? Support your answer 

with reason. [E0 Ni 2+ / Ni = - 0.25V, E0 Cu2+/Cu  = + 0.34V] 

         No, since nickel has lower E0 value than copper it undergoes oxidation.  

(4). A Leclanche cell is also called dry cell. Why? 

A. Leclanche cell consists of zinc anode (container) and carbon cathode. The 
electrolyte is a moist paste of MnO2, ZnCl 2, NH4Cl and carbon black. Because there is 
no free liquid in the cell, it is called dry cell.  
(5). What are fuel cells? 

A. A fuel cell is a galvanic cell for converting the energy of a fuel directly into electrical  

     energy without use of a heat engine. 

(6). What is meant by Faradayõs constant? 

 A. Faradayõs constant is the quantity of electricity carried by one mole of electrons. 

     1 F = 96500 C/mol 

(7). Define the term ð Resistivity? 

 A. The resistively of a substance is its resistance when it is one meter long and its 

      area of cross Section is one m2 . 

(8). State the factors that affect the value of electrode potential? 

A. Factors affecting electrode potential values are ð 

    a) Concentration of electrolyte  

    b) Temperature. 

(9). Define the term ð standard electrode potential? 

A. When the concentration of all the species involved in a half -cell is unity, then the 

     electrode potential is called standard electrode potential. 

(10). What does the positive value of standard electrode potential indicate? 

A. The positive value of standard electrode potential indicates that the element gets 

     reduced more easily than H+ ions and its reduced form is more stable than Hydrogen gas. 

2 MARKS QUESTIONS  

(1). Give reasons:  

(a) Rusting of iron is quicker in saline water than in ordinary water   

(b) Aluminium metal cannot be produced by the electrolysis of aqueous solution of aluminium 

salt. 

         (a) Because the conductivity of saline water is more than ordinary water.  

         (b) Al is highly reactive and cannot be reduced easily as compared to Al 3+ ions; water is 

reduced       easily since E0 reduction  for water is higher.  

 

(2). Predict the products of electrolysis obtained at the electrodes in each case when the 

electrodes used are platinum.  (a) An aqueous solution of AgNO 3.  (b) A dilute aqueous solution 

of H 2SO4.  

         (a) Silver is deposited at cathode and oxygen is anode.  

Cathode: Ag+ (aq) + 1e- Ƃ Ag (s),           Anode: 2 H2O (l) Ƃ O2 (g) + 4H+ + 4e- 

(b) H2 gas at cathode and O2 gas at anode.  

Cathode: H2O (l) + 1e- Ƃ Ĳ H2 (g) + OH -,       Anode: 2 H2O (l) Ƃ O2 (g) + 4H+ (aq) + 4e- 
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(3). Fill in the blanks- 

(i) 1 F is the charge present on __________ of electrons. 

(ii) 1 F passed through CuSO4 sol deposits _________ of Cu. 

Ą (i) 1 mole (ii) ½ mole. 

(3). Name the cell used for low current devices like hearing aids, watches etc. Also give the half-

cell reactions for such a cell? 

A.  This cell is mercury cell ð Half cell reactions are 
Anode: Zn (Hg) + 2OH -         ZnO + H 2O + 2e-   and  
Cathode: HgO + H 2O +2e-            Hg (e) + 2OH- 
(4). The conductivity of metals decreases while that of electrolytes increases 
       with increases in temperature. Why? 
A. With increase in temperature, the K.E. of metal cation increases and obstructs the 
    free flow of electrons decreasing the conducts of metal while in case of 
    electrolytes, increased temperature increases the mobility of ions this increases 
    the conductance of ions. 
(5). Can an electrochemical cell act as electrolytic cell? How? 
A. Yes, An electrochemical cell can be converted into electrolytic cell by applying an 
     external opposite potential greater than its own electrical potential.  
(6). What is an electrochemical series? How does it predict the feasibility of a certain   
      redox reaction? 
A. The arrangement of metals and ions in increasing order of their electrode potential  

values is known as electrochemical series. The reduction half reaction for which the 
reduction potential is lower than the other will act as anode and one with greater value will 
act as cathode .Reverse reaction will      not occur. 

(7). Give some uses of electrochemical cells? 
A. Electrochemical cells are used for determining the 
    a) pH of solutions  
    b) solubility product and equilibrium constant  
    c) in potentiometric titrations  
(8). How is standard electrode potential of a cell related to :- 
     1) Equilibrium constant?  
     2) Gibbs free energy change. 
A. (i) Standard electrode potential and equilibrium constant  

               E0cell =  log k c 

    Where E0 
     E 0cell = standard electrode potential of cell  
         R = Gas constant 
         T = temperature in Kelvin  
         n = no .of electrons. 
         F = Faradayõs constant and 
       Kc = Equilibrium constant  
(ii) Standard electrode potential and Gibbs free energy change- 

ҟG0 = - n F E0 cell 
     Where ҟG0 = Change in Gibbsõ free energy 
                 n = No. of electrons 
(9). What are the factors on which conductivity of an electrolyte depend? 
A.  The conductivity of an electrolyte depends upon  
      i) The nature of electrolyte added 
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     ii) Size of the ions produced and their solvation  
     iii) Concentration of the electrolyte  
     iv) Temperature  
(10). What do you mean by primary and secondary battery? 
A. In the primary batteries, the reaction occurs only once and after the use over a period of time 
battery becomes dead and cannot be reused again. A secondary battery , after used, can be 
recharged by passing current through it in the opposite direction so that it can be used again. 
 
3 MARKS QUESTIONS  

(1)  State Kohlraush law. Write the reaction which occurs at the electrode of hydrogen- oxygen 

fuel cell. 

        The limiting molar conductivity of an electrolyte(Ȋ0m) is the sum of limiting  molar 

conductivity of cation (Ȋ0+) and anion (Ȋ0-) ǫ0m = +̾ Ȋ0+ + -̾ Ȋ0- Where +̾ and -̾ are no. of cation 

and no. of anions formed on dissociation respectively.  

Anode: 2 H2 (g) + 4OH-(aq) Ƃ 4H2O (l) + 4e- Cathode: O2 (g) + 2H2O (l) + 4e Ƃ 4 OH- 

Overall cell reaction: 2 H2 (g) + O2 (g) Ƃ 2H2O (l) 

(2). A current of 2A is passed for 1 hr b/w Ni electrodes in 0.5 L of 2 M Ni (NO 3)2 soln. What 

will be the M of sol at end of electrolysis? 

       The changes taking place at the electrodes in the electrolysis of Ni (NO3)2 sol using 
Ni electrode will be as follows - 
At Cathode:   Ni 2+ + 2e-  Ą  Ni  
At Anode:   Ni Ą Ni 2+ + 2e-   
Thus, amount of Ni deposited on the Cathode from the solution = Ni dissolved from the 
Anode. Hence, M of the solution will remain unchanged at the end of the electrolysis.  
(3).Name the factors on which Metallic and Ionic Conductance depend upon?  
       Metallic Conductance depends upon ð 
 (i) Nature and Structure of the metal (ii) No of Valance electrons per atom (iii) 
Temperature (It decreases with increase in temperature). 
Ionic Conductance depends upon- 
(i) The nature of electrolyte (ii) Size of ions produced and their solvation (iii) The nature of the 

solvent and its viscosity (iv) The concentration of electrolyte (iv) Temp (It increases with 

increase in Temp) 

(4). Give the reaction taking place in lead storage battery when it is on charging? Why is the 

voltage          of a mercury cell constant during its working?  Write an expression relating cell 

constant and  conductivity?  

A. When the lead storage battery is on charging ð 

     2 PbSO4 (s) + 2H2O (e) Ą  Pb (s) + PbO2 (s) + 2H2SO4 (aq) 

      As all the products and reactants are either in solid or liquid state, their concentration  

     does not change with the use of the cell. 
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      Cell constant and conductivity are related by the expression- 

                    k = G/R  

    where G = Cell constant 

     k = conductivity  

     R = Resistance. 

(5). Enlist the factors affecting corrosion? What is SHE? What is its electrode potential? 

A. Factors affecting corrosion are - 

    1) Water and air 2) Presence of electrolytes in water. 3) Presence of gases like CO2 , 

      SO2. SHE stands for standard Hydrogen electrode. By convention, its electrode 

 potential is taken as 0 (zero). 

5 MARKS QUESTIONS  

Q1. What do you mean by corrosion? Explain rusting of iron with well balanced 
equations. Suggest preventive measures also. 
Ą(i) The process of slowly eating away of the metal due to attack of atmospheric gases 
on surface of metal resulting into formation of compounds such as oxides, sulphides, 
carbonates, sulphates, etc is called Corrosion. 
(ii) Oxidation: (Anode)  2Fe (s)  Ą 2Fe2+ +    4e- 
     Reduction: (Cathode)    O2 (g)     +   4H+   +   4e-   Ą   2H2O  
     Overall reaction:           2Fe   +   O2 +   4H+ Ą   2Fe2+ + 2H2O 
(iii)  Prevention (a) Painting or coating of some chemicals 
      (b) Galvanising   (c) Coating a metal surface by another metal 
      (d) By providing a sacrificial electrode of another metal (Mg, Zn, etc) which corrodes 
itself but saves the object. 
(2). Explain construction and working of standard Hydrogen electrode?  

A. Construction: SHE consists of a platinum electrode coated with platinum black. The 

electrode is     dipped in an acidic solution and pure Hydrogen gas is bubbled through it. The 

concentration of both the reduced and oxidized Forms of Hydrogen is maintained at unity i.e., 

pressure of H2 gas is 1bar and concentration of Hydrogen ions in the solution is 1molar.  

Working ð The reaction taking place in SHE is H+ (aq) + e- Ą ½ H2 (g) 

At 298 K , the emf of the cell constructed by taking SHE as anode and other half-cell as cathode 

,gives the reduction potential of the other half cell whereas for a cell  

constructed by taking SHE as cathode gives the oxidation potential of other half cell as 

conventionally th e electrode potential of SHE is zero. 

UNSOLVED QUESTIONS ( HOTS ) 
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1MARK QUESTIONS   

(1) What would happen if the protective tin coating over an iron bucket is broken in some 

places? 

(2) In a dry cell, ammonia produced during reaction does not build up a gas pressure, why? 

(3) The conductance of 0.1M HCl solution is greater than that of 0.1NaCl.Why? 

 

2 MARKS QUESTIONS  
(1) Why is SHE called reversible electrode?  

(2) What substance can be used to oxidize fluorides to fluorine?   

(3) Why  the  color of  potassium  iodide  solution  turn  blue  when  chlorine  water  is added to 

it? 

3 MARKS QUESTIONS  

(1) Why blocks of magnesium are often strapped to the steel hulls of ocean ðgoing  ships?   

(2) What are reversible and irreversible cells?   

(3) What do you mean by concentration cells?  

 

5 MARKS QUESTION   

(1)What is fuel cell? Give balanced equations of the occurring reactions. How is it different from 

thermal power plants?  

Important Formulae  

   For the reaction- Mn+ (aq)  +  ne-  Ą  M (s) 
   According to Nern stõs eq, we have ð 
   E (cell) = E0

 (cell)   - (RT / nF)    ln ([M] / [M n+])  
 

  For the reaction ð a A   +  b B  Ą  c C    +  d D 
   E(cell)  =   E0

(cell)  -  (RT/ nF)    ln( [C] c  [D] d  / [A] a  [B]b  ) 
  At Equilibrium we have ð    E0

(cell)  =  2.303  ( RT / nF)   log K c 

   (i)   ærG0 = - nFE0
cell    (ii)   ærG0  = - RT lnK 

 

   (i)   G = ( l / R ) = (A / Ȑl) = ȉ (A / l) (ii)   G* = ( L / A) = R ȉ 
 

  ǫ  m  =  ȉ / C 
 

   For strong electrolytes,       ǫm  =  ǫm
0 ð Ac1/2   

 

   (i)  Ȁ = ǫm / ǫm0    (ii)   K a  =  (cȀ2 ) /  (1 ð Ȁ) 
 

SOLVED NUMERICALS:  

1 MARK QUESTIONS:  

 

(1) How many Faradays of electricity are required to liberate 2 moles of hydrogen gas in 

electrolysis of a solution?  
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          H + (aq) + 1e Ƃ Ĳ H2 (g)   I mole of e = 1 F gives ½ mole of H2    

4 Faradays are required to liberate 2 mole of H 2. 
 
(2) At what pH of HCl soln will h gas electrode show electrode potential of ð 0.118 V? 
H 2 gas is bubbled at 298k and 1 atm pressure. 
      H + + e- Ą  ½ H2.  EH

+
/H2  = E0

H
+

/H2 - (0.0591 / 1)   log (1 / [H +]) 
 - 0.118 = 0 + 0.0591 log [H+]- 0.118     = - 0.0591 pH  (Since, pH = - log [H +]) 
  pH = 2. 
 
(3) How many Coloumbs are required for oxidation of 1 mole of FeO to Fe 2O3? 
The electrode reaction for 1 mole of FeO is ð 
(i)     FeO   Ą   ½ Fe2O                                  (ii)    Fe2+   Ą  Fe3+   + e- 
Therefore,   quantity of electricity required = 1 F = 96500 C 
(4) How many faradays are needed to reduce 3g mole of Cu2+ to Cu metal? 

A. Cu2+ + 2e- Ą Cu 

    Two faradays are needed to reduce 1g mole Cu2+ .  6 Faradays will be needed to reduce 3g 

mole of     Cu2+. 

(5) A cell is represented by notation ð 

                            Cu (s) /cu2+ (aq) // Ag+ (aq) / Ag (s)  

                Calculate e.m.f of the cell if E0Cu2+/Cu = + 0.34V and E0 Ag+/Ag = 0.08V?  

A. E0cell = E0cathode ð E0anode 

             =E0Ag+/Ag  ð E0Cu2+/Cu  

                    = 0.80V ð (+0.34V) = +0.46V 

2 marks Questions: 

(1) At infinite dilution the molar conductance of Na + and SO4 2- ions are 50 and 160 S cm2 mol -1 

respectively. What will be the molar conductance of sodium sulphate at infinite dilution?  

  A.         Na2SO4 Ƃ 2 Na+ + SO4 2- 

         ǫ0 m (Na2SO4) = 2 [Ȋ0 m Na+] + Ȋ0 m SO42- 

           = (2 X 50) + 160 = 260 S cm2 mol -1 

 

(2) Predict the products of electrolysis obtained at the electrodes in each case when the 

electrodes used are platinum. (a) An aqueous solution of AgNO 3 (b) A dilute aqueous solution 

of H 2SO4  

          (a) Silver is deposited at cathode and oxygen is anode.  

Cathode:  Ag+ (aq) + 1e-  Ƃ   Ag (s)  
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Anode:    2 H2O (L) Ƃ   O2 (g) + 4 H + + 4e- 

b) H2 gas at cathode and O2 gas at anode.  

Cathode: H2O (l) + 1e Ƃ Ĳ H2 (g) + OH-   

Anode:   2 H2O (l) Ƃ O2 (g) + 4 H + (aq) + 4e 

(3) Ag is electro-deposited on a metallic vessel of surface area 800 cm2 by passing a 
current 0.2 A for 3 hrs. Calculate the thickness of Ag deposited. Density of Ag = 10.47 
g/cc  
At. Mass Ag = 107.92 amu. 
         Quantity of electricity passed = 0.2 x 3 x 60 x 60 C = 2160 C 
Ag+ + e- Ą Ag          96500 C deposit Ag = 107.92 g 
2160 C will deposit Ag = 107.92 / (96500 x 2160) = 2.4156 g 
Volume deposited = Mass / Density = 2.4156 / 10.47 cc = 0.2307 cc 
Thickness deposited = Volume / Area = 0.2307 / 800 = 2.88 x 10-4 cm 

(4) The measured resistance of a cell containing 7.5 x 10-3 M solution of KCl at  
     250C was 1005 Ǹ calculate 
     (a) Specific conductance and 
     (b) Molar conductance of the solution. Cell Constant = 1.25 cm-1 
A. k = 1.2 2/3 × 10-3 Ǹ -1 cm-1 
    Ȋm = 165.7 W -1 cm2 mol -1 . 
(5) The conductivity of an aqueous solution of NaCl in a cell is 92 Ǹ-1 cm-1 the 
      resistance offered by this cell is 247.8Ǹ. Calculate the cell constant? 
 

 

 

3 marks Questions: 

(1) For what concentration of Ag + (aq) will e.m.f of the cell be zero at 250C if concentration of              

Cu2+ 0.01 M?    Cu | Cu 2+ (0.01M) || Ag + (aq) | Ag(s)   

Given: - E0Ag_/Ag  = + 0.80V and E0Cu2+/Cu = + 0.34V 

            Anode (oxidation): Cu (S) Ƃ Cu2+ (aq) + 2e- 

Cathode (Reduction): [Ag + (aq) + 1e Ƃ Ag (S)] X 2   

Cell reaction: Cu (s) + 2 Ag+ (aq) Ƃ Cu2+ (aq) + 2 Ag (s) 

According to Nernst equation   

E cell   =  E0cell  - 0.059  log  [products]   
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                  n            [reactants]  

0 =  E0cathode ð E0anode - 0.059 log [Cu2+(aq)] 

                                         n          [Ag+(aq)]2 

0 = ( 0.80-0.40)   - 0.059 log (0.01) 

                                    2       [Ag+(aq)]2    

=> 0 =  0.46 - 0.059 log (0.01) 

                                         2      [Ag+(aq)]2  

[Ag + (aq)] = 1.48 X 10-9 M  

 

(2) Calculate the maximum possible work that can be obtained from the following cell under the 

standard condition at 25 0C. Zn | Zn 2+ (aq) || Cu 2+ (aq) | Cu  

given: - E0 Zn2+/Zn  = - 0.76V and E0 Cu2+/Cu = + 0.34V 

     E0cell = E0cathode ð E0anode = + 0.34 ð (- 0.76) = 1.1V 

Net cell reaction is   

Zn(s) + Cu2+ (aq)     2e-      Zn2+ (aq) + Cu (s) 

maximum work = ærG0 = - nF E0cell = - 2 X 96500X 1.1= - 212300J 

maximum work = ærG0 = - 212300J 

(3) The half cell reaction are 

(i)  Fe3+ + e Ƃ Fe2+    E0 = 0.76V (ii) Ag + (aq) + 1e   Ƃ   Ag (S)  E0 = 0.80V  

Calculate Kc for the following reaction at 25 0 C   Ag+ (aq) + Fe2+ Ƃ   Ag (S) + Fe3+  

  Given 1F = 96500 C mol-1. 

        E0cell = E0cathode ð E0anode            =>      E0cell = E0Ag+/Ag  - E0 Fe3+/Fe 2+     =>   E0cell = 0.80-0.76 = 

0.04V E0cell = 0.059 log Kc  

               n  

log Kc = E0 cell X n = 0.04 X 1 = 6779  

                     0.059          0.059                                 

K c = 4.763 

 

5 MARKS QUESTIONS:  

(1) Silver is electrodeposited on a metallic vessel of total surface area 900 cm2 by passing current 

of 0.5 A for 2 hours. Calculate the thickness of silver deposited. [Given: density of silver = 10.5 g 

cm-3,  
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At. Mass of Ag=108 amu, F = 96500 C mol-1] 

           Q = I (in amp) X t (in seconds) = 0.5 A X (2 X 60 X 60) s = 3600 C 

Ag + (aq) + 1e Ƃ Ag (S) 

1 mole of e deposits      1 mol of Ag  

1F of charge deposits    108g of Ag  

96500 C deposits                     108g of Ag  

3600 C deposits  =  108 X 3600     = 4.026 g of Ag   

                                                  96500  

Volume of silver deposited = mass =   4.026 g       = 0.3845 cm3 

                                             Density   10.5 g cm-3  

Thickness of silver deposited =   volume       = 0.385 cm3 

                                                  Surface area                900 cm2 

= 4.272 X 10-4 cm 

(2) How many electrons flow when a current of 5 amps is passed through a  

     solution for 193 sec. Given f = 96500 C. NA=6.022 × 1023 mol -1? 

A. Q = It = 5X 193 = 965 C 

         96500C = 1 mol of electrons = 6.022X1023 mol -1 

965 C = 6.022 X 1023 x 965/96500 

´         = 6.022 × 1021 electrons. 

Assignments  

Level 1  

1. What is electronic concept of oxidation an reduction? 
2. What bare electrolytes and what are weak and strong electrolytes? 
3. Which type of reaction is corroiion ςoxidation reduction? 
4. Give expression of equilibrium constant(k) for a reaction 
              Zn(s) + Cu2+ *(aq) ----- Zn2+ (aq) +Cu(s) 

5. Dissociate the following electrolytes: 
              NaCl, CuCl2, AgNO3 

6. Conductivity of a solution is because of  ______________________ . 
7. How many electrons are needed for the reduction of Ag+ to Ag and Mno4

-. 
8. Can youstir a copper sulphate solution with a nickel spoon? 
9. Which electrode is considered positive terminal in a cell? 
10. What is the relation between resistance and conductance? 

 
Level 2 
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1. W hat are the signs of  G, K and Eo
cell for a spontaneous reaction? 

2. for a reaction : Zn(s) + Cu2+(aq) ----- Zn2+(aq) + Cu(s) 
1. Name thje positive and negative terminals. 
2. what is the function ofsalt bridge. 
3. What is the direction of flow of current? 

3. two metals A and B with electrode potential of  -0.76 V and +0.80 respectively                                     
.which of the two willlibrate hydrogen from dil. H2SO4? 

4. for the following reaction: 
              Mg(s) + 2Ag+ (0.0001M) ----- Mg(0.10M) + 2Ag+(s) 

              Eo (Mg2+/Mg)= -2.36V             Eo(Ag+/Ag) =0.80V 

5. A current of 0.50A was passed through an electrolyte solution containing AgNO3   solution with 

inert electrodes.The weight of Ag deposited was 1.50g .How long did  the current flow? 

6. Why does the conductivity of a solution decreases with dilution? 

7. Given the Eo of cell for K+/K = -2.93V     ,          Hg2+/Hg= 0.79V 

                                         Cr3+/Cr=-0.74V    ,       Ag+/Ag=0.80V ,     Mg2+/Mg= -2.37          

     Arrange these metals in their increasing order of reducing power. 

8. Gibve products of electrodes of aqueous solution of CuCl2 with platinum   electrodes . 

     9. Why K(equation const.) is related only to Eo cell  and not E cell. 

    10. Which type of metal can be used in cathodic protection of iron against rusting. 

Level 3 

1. What is the difference between Eo cell and E cell? Calculate E cell of the following cell at 298 k : 
          Cd/Cd2+(0.1M)||Ag+(0.1M)/Ag 

      Given E for Cd2+ /Cd = - 0.40V and  Ag+ /Ag= 0.8V 

2.a. ) What is the number of electrons in 1 coulomb of electricity? 

2.b  ) Find the charge in couloms on 1 g ion of  N3-? 

3.In the botton cells widely used in watches  and other devices the following reaction                                                      

   takes place: 

   Zn(s) +Ag2O (s) +H2O(l) -- -Ą Zn2+ (aq) +2Ag (s)+ 2OH-  (aq) 

  Determine  delta rGO and E0  for the reaction . Given : 

 E0Ag+/Ag =0.344V       E0 Zn2+/Zn =-0.76 V. 

     4.Conductivity of 0.00241 M acetic acid is 7.896*10-5  Scm-1 ..Calculate its molar                                                                                                                                            

conductivity and if ^0 for acetic acid is 390.5 Scm2/mol;, what is its dissociation constant . 
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5. Give reason: 
a) Cu dissolves in HNO3 but not in HCl. 
b) Zn dissolves in dil HCl to liberate H2 gas but from conc. H2SO4 gas evolved is SO2. 

6. If Zn2+/Zn electrode is diluted 100 times then what will be the change in Ecell? 
 

COMMON ERRORS 

1. In Nernst equation 

 

a) /ƘŜŎƪ ƴƻΦ ƻŦ ŜΩǎ ƭƻǎǘ ŀƴŘ ƎŀƛƴŜŘ 
b) LŦ ŜΩǎ ƭƻǎǘ ŀƴŘ ƎŀƛƴŜŘ ŀǊŜ ƴƻǘ ǎŀƳŜΣ ǘƘŜǊŜ ŎƻŜŦŦƛŎƛŜƴǘ ŦŀŎǘƻǊǎ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎΦ 

 

2. Difference between cathodic protection and galvanization 

Products for electrolysis 

* Electrode with higher reduction potantion Eo (mathematically) is reduced first. 

 

4. CHEMICAL   KINETICS  
4 CHEMICALS 

KINETICS 

Expression of rate of reaction  *  Page 96, 97 

  Rate law, order & molecularly 

of a reaction  

**  Page 98,99 

  Initial rate method  Exercise 4.4, 4.8-4.12 

  Integrated rate method 

alongwith half life  

****  Page 103-105 

  Arrhenius equation and  temp 

dependence 

****  Page 113 

Ex-4.10,4.11 

 

POINTS TO REMEMBER  

* Rate of chemical reaction  :-The change in molar concentration of the species taking part in a             

reaction per unit time.  

* Unit is mol L -1S-1 or mol L -1 min -1 

* For gaseous reactions atm s-1 or atm min -1  
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* Average rate:-obtained by dividing the change in  concentration of any one of the reactant or 

product by the time taken for the change  ie æx/æt 

  For a reaction of the type  

   aA+bBƂ cC+dD 

 the average rate expressions are  

 r ave = -æ[A]/ætĮ1/a 

        = -æ[B]/æt Į1/b 

        =  +æ[C]/æt Į1/c 

        =  +æ[D]/æt Į1/d 

* The negative sign implies that the change in concentration of reactant is negative  

*  Average rate does not give the true rate of the reaction  

*  Instantaneous rate of a reaction:- The rate of a reaction at a particular moment of time. 

Average rate expression becomes instantaneous rate expression as ætƂ0 

   Instantaneous rate rinst=  dx/dt  

dx- infinitesimally small change in concentration  

dt- infinitesimally  small interval of time  

* Instantaneous rate is experimentally obtained by taki ng the tangent at any instant on the curve 

obtained by plotting concentration vs time.  

Qn:- Write the average and instantaneous rate expressions of the following reaction 

        5Br-(aq)+BrO3-(aq) +6H +(aq) Ƃ 3Br2(aq) +3H2O(l) 

        rav =  -æ[Br-]/ æt Į 1/5  

              =  -æ[BrO3-]/æt 

              =  - æ[H+]/æt Į1/6 

              =  + æ[Br2]/ætĮ1/3 

              =  + æ[H2O]/ætĮ1/3 

      r inst =  - d [Br -]/dt ×1/5  

              =  -d [BrO3-]/dt  

              =  +d[Br2]/dt ×1/3  
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              =  +d[H 2O]/dt ×1/3  

Qn :-In a reaction 2AƂProducts , the concentration of A decreases from 0.5 mol L-1 to 0.4 molL-1 

in 10 minutes . calculate the rate during this interval.  

       Rate = -æ[A]/ætĮ1/2 

               =  ½ (0.4-0.5) mol L-1/10 min  

               = 0.005 mol L-1 min -1 

Qn:- A chemical reaction 2AƂ 4B + C in  gas phase occurs in a closed vessel. The concentration 

of B is found to increase by 5×10-3 mol L -1 in 10 seconds, Calculate (a) the rate of appearance of B 

(b) the rate of disappearance of A. 

Sol:- rate = -1/2 x æ[A]/æt 

                = +1/4 x æ[B]/æt 

                = +æ[C]/æt 

Rate of appearance of B = 5×10-3 mol L -1/10 s  

          = 5×10-4 mol L -1 s-1 

Rate of disappearance of A,ie æ[A]/æt = 2/4Įæ[B]/æt 

                = 1/2×5×10 -4 mol L -1S-1 =2.5×10-4 mol L -1s-1 

*Rate law :- The expression in which reaction rate is given in terms of molar concentrations of 

reactants with each term raised to some power , which may or may not be same as the 

stoichiometric coefficient of the reacting species in a balanced chemical equation. 

  For a general reaction  

      aA + bBƂ cc + dD 

    The rate law expression is  

       Rate =k [A] x[B] y 

       k- rate constant , ôxõ may or may not be equal to ôaõ ,õyõ may or may not be equal to ôbõ 

* Order of a reaction  : - The sum of exponents of the concentration of the reactants in the rate 

law expression 

In the rate law expression ; rate = [A]x [B]y  

   ôxõ--- order of the reaction w.r.t reactantA ,õyõ order of the reaction w.r.t reactant B 

x+y  is the overall order of t he reaction  
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*for n th order reaction the unit of rate constant ôkõ is (mol L -1)1-n s-1 

Qn:- The rate constant of a reaction is 2.3x 10-5mol -1Ls-1 . What is the order of the reaction ? 

  Ans :- Here 1-n = -1 ,so n=2 ie, the reaction is of second order. 

*Mol ecularity of a reaction  :- The number of reacting species ( atoms,ions or molecules) taking 

part in an elementary reaction which must collide simultaneously in order to bring about a 

chemical reaction  

* Complex reactions involving more than three molecules in the stoichiometric equation, 

must(is assumed to be) take(ing) place in more than one step ( elementary reaction )  

* The overall order of the reaction is controlled by the slowest step ,called rate determining step  

*  The rate can be written from the slowest step  

*  For a single step reactions, the order and molecularity will be the same 

Qn :- Suggest a probable mechanism for the reaction 

             I - 

               H2O2 2H2O + O2 

                 OH - 

The rate law is rate = k[H2O2][I -]. 

Ans:- This reaction takes place in 2 steps  

         (1)  H2O2 + I -Ƃ H2O + IO-    ------- slow 

         (2)  H2O2 + IO- Ƃ H2O + I- +O2 ----- fast 

*Qn: - Write any 3 important differences between order & molecularity  

              

ORDER MOLECULARITY  

1.Determined experimentally.  

2.Can be zero or fractional 

number. 

3.For complex reactions, order 

is applicable for both the 

elementary and overall 

reaction. 

1.Theoretical concept. 

2.Always whole numbers.  

 

3. applicable only for 

elementary reactions and no 

meaning for overall complex 
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reactions.  

 

*For a reaction A + B Ƃ Products , the rate law is given by  

             Rate =k [A]1/2  [B]2, what is the order of the reaction? 

    Ans:- order  = 1/2 + 2  

                         = 2.5 

* Integrated rate expression  for zero order reactions  

     k= [R]0 ð [R]/ t where  k ñrate constant for zero order reaction 

        [R]0--- initial concentration of the reactant  

        [R]---- concentration of the reactant at time ôtõ 

 

Concentration of R                        slope = -k       

                            y intercept =[R] 0     

                                             

                 

         time Ƃ  

          variation in the concentration Vs time graph for zero order reaction  

  

* for first order reaction  

     K = 2.303/t log [R] 0/[R]  

                                          Slope= -k/2.303 

Log[R]oŸ         y intercept = log [R] 0 

Log [R] 

 

            Ɓ 0                                                     time Ƃ 
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                        Plot of variation of log[R] Vs time for a first order reaction  

* For first order gas phase reaction of the type A(g) Ƃ B(g) +C(g) 

        K = 2.303/t log p i/ (2pi-pt) 

         Pi---- initial pressure of gas A 

         Pt----- partial pressure of gas A at time ôyõ.        

*Half life of a reaction : - Time taken for reducing the concentration of a reactant to one half of 

itõs concentration  

* For zero order reaction, half life t1/2 = [R]0/2k 

* For first order reaction  t1/2 = 0.693/k 

* For n th order reaction t1/2Ȁ [R]01-n 

Qn:- The rate constant of a reaction w.r.t.the reactant A is 6 min-1. If we start with [A]=o.8 moL -1, 

when would [A] reach the value of 0.08 molL -1? 

Ans:-  For first order reaction t = 2.303/k log [R] 0/[R]  

          [R]0 = o.8 mol L-1 [R] = 0.08 mol L-1 k = 6 min -1 

           t =  2.303/6 min -1 log [0.8mol L -1/0.08 molL -1] 

             =   2.303/6 min -1 x log 10 

             =   0.38 min 

Qn:- If half life period for a first order reaction in A is 2 min. How long will it take [A] to reach     

25% itõs initial concentration ? 

 Ans:-   for first order reaction  k = 0.693/t 1/2  

    k =0.693/2 min.  

             k = 0.3465 min-1 

   [R]0 = 100      [R] = 25 

           t= 2.303/k log [R] 0/[R]  

            =  2.303/0.3465 min-1. log 100/25 

            =  2.303/0.3465 min-1 log 4 

            = 6.65 min   
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*Pseudo first order reaction : - reaction which appears to be a second order ,but actually first 

order are called pseudo first order reaction  

Eg:- hydrolysis of esters   

                                        H+  

   CH3COOC2H5 +H2O Ƃ CH3COOH + C2H5OH 

    Rate law for this reaction is  ;   rate = k[CH3COOC2H5][H 2O] 

     But the concentration of water does not change during the course of the reaction 

   So ; [H2O] is constant  

    Therefore rate = k1[CH 3COOC2H5]  . The reaction behaves as a first order reaction  

*Arrhenius equation for temperature dependence of rate constant: -  

                           k= Ae -Ea/RT 

       Or            log k =  logA ð Ea/2.303RT    

                   log k2/k 1  = Ea/2.303[T2-T1/T 1T2] 

        A = pre exponential factor ; EañActivation energy  

       slope = -Ea/2.303R 

              Intercept = log A  

  

                                Log k 

 

                                1/TƂ 

             Plot of variation of log k Vs 1/T  

 

*Activation energy  :- The energy required to form the reaction intermediate {refer NCERT Text 

Book page no: 112}  

*Effect of catalyst on reaction rate  :- A catalyst alters the rate of a reaction as it provides an 

alternate pathway or reaction mechanism by reducing the activ ation energy between reactants 

and products and hence lowering the potential energy barrier [Refer NCERT Text Book fig.4.11 

page no ; 115] 

*A catalyst (a)  does not alter the Gibbõs energy æG of a reaction  
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                   (b)  catalyses only spontaneous reactions 

                   (c)  does not change the equilibrium constant of a reaction  

          (d)  is highly specific  

 

* Collision theory of chemical reactions  

    (a) collision frequency :- The number of collisions per second per unit volume of the reaction 

mixture {Refer NCERT Text Book page no 115&116} 

    (b) According to collision theory ; rate = p ZAB e ðEa/RT 

         P --- probability factor ;  Z ----colli sion frequency of reactants A&B  

         e-Ea/RT  represents the fraction of molecules with energies equal to or greater than Ea 

SOLVED QUESTIONS  

  1 MARK QUESTIONS  

  

1. The reaction A+B ƂC  has zero order , write itõs rate law equation  

    Ans:- rate =k [A] o[B]0  

2.  Give one example of a fractional order reaction . 

     Ans:- H2+ Br2 Ƃ 2HBr  

                rate  = k[H 2][Br 2]1/2  

                order of the reaction  = 1/2  

3.  What is an elementary reaction? 

     Ans:- the reaction place in a single step 

              eg :- N2(g)+ O2(g) Ƃ 2NO(g) 

4.  In some chemical reactions , it is found that a large number of colliding molecules have 

energy more than threshold energy value , yet the reaction is quite slow.Why? 

     Ans:- The reactant molecules may not be properly oriented .  

2/3 MARKS QUESTIONS  

 

1.  The following results have been obtained during the kinetic studies of the reaction  
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        2A+B Ƃ C+D. Write the rate law expression . 

Expt. [A]  mol L -1                         [B] molL -1 Initial rate of formation 

of D ,molL -1 min -1 

1 0.1 0.1 6.0 x 10-3 

2 0.3 0.2 7.2 x 10-2 

3 0.3 0.4 2.88 x 10-1 

4 0.4 0.1 2.4 x 10-2 

 

 Initial rate = k[A] x [B]y  

 k(0.1)x(0.1)y    = 6.0 x 10-3        -----------(1) 

 k(0.3)x(0.2)y    =  7.2 x 10-2       -----------(2) 

 k(0.3)x(0.4)y    =  2.88 x 10-1     -----------(3) 

 k(0.4)x(0.1)y    =  2.4 x 10-2       -----------(4) 

eq:3/eq:2  2y      =  4 

                  y       =  2 

eq:4/eq:1  4x      =  4  

                  x       =  1 

 Therefore;  rate  = k[A][B] 2 

2. For a first order reaction, show that time required for 99% completion is twice the time 

required for the completion of 90% of the reaction.  

   Ans:- t90% = 2.303/k x log 100/10  

                   =  2.303/k  

            t99%  =  2.303/k x log 100/1  

                      =  2x2.303/k  

                      =  2x t90% 

3. For the decomposition of azoisopropane to hexane and nitrogen at 543k,the following data 

were obtained. Calculate the rate constant.  
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t (sec) P(mm of Hg)  

0 35.0 

360 54.0 

720 63.0 

 

Ans :- (CH3)2CH-N=N -CH(CH 3)2(g)Ƃ      N2(g)        +      C6H 14(g)       Total pressure(mm Hg) 

     t=0              35mmHg                            0 mm Hg            0 mm Hg          35   

     t=360          (35-x) mm Hg                    x mm Hg            x mm Hg           54 

  t = 720        ( 35-y ) mmHg                     y mmHg                y mmHg           63 

   (35-x) +x+x = 54 

         35+x      = 54 

    x   = 19 

I case  

    partial pressure of azoisopropane at 360k = 35-19  

                       =  16 mmHg  

  Assuming first order kinetics  

        k = 2.303/t log p i/p t  

      = 2.303/t log 35/16  

        = 2.17 x 10-3 s-1  

II case : 

       (35-y) + y +y     =  63  

                   35+y      =  63-35 

             =   28  

Partial pressure of azoisopropane at 720k = 35-28 

       =  7 mmHg  

     Rate constant  k = 2.303/720 x log 35/7 

        =  2.22 x 10-3 s-1  
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 Since ôkõ is constant in the both the cases , the reaction follows I order kinetics  

 Hence the value of  k  =( 2.17+2.22/2) x 10-3  

             = 2.2  x 10-3 s-1 

4. The following data were obtained during the I order thermal decomposition of SO 2Cl2 at a 

constant volume. 

     SO2Cl2(g) Ƃ SO2(g) + Cl2(g).calculate the rate of the reaction when total pressure is 0.65atm 

     

Experiment  Time/s  Total 

pressure/atm  

1 0 0.5 

2 100 0.6 

                 

 Ans:-       k = 2.303/t log p i/2p i-pt 

                    = 2.303/100 log 0.5/(2 x 0.5 ð 0.6) 

        =  2.23 x 10-3s-1 

                Partial pressure of SO2Cl2(g) when the total pressure is 0.65 is  

                pSO2Cl2(g)   =  2pi-p 

       =  2 x 0.5 ð 0.65  

   =  0.35 atm  

                          Rate      =  k[SO2Cl2] (I order reaction)  

   =  2.23 x 10-3 x 0.35 

   =   7.81 x 10-4 atm s-1  

5. The rate constant for the decomposition of a hydrocarbon is 2.48 x 10-5 s-1 at 546k . If the 

energy of activation is 179.9 kj mol-1 , what will be the value of pre - exponential factor? 

  Ans:-  According to Arrhenius equation ; log A = log k + Ea/2.303RT  

            log A =  log(2.41 x 10-5 s-1) +179.9 x 103 j mol -1/(2.303 x 8.314 j k-1 mol -1 x 546k) 

              =   -4.6165 + 17.208 

          =    12.59 
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                A   =    antilog 12.59 

              A     =    3.8 x 1012 s-1( A is the pre- exponential factor ) 

6. The rate constant for the I order decomposition of H2O2 is given by the following equation  

      log k = 14.34 ð( 1.25 x 104 k /T)  

  Calculate Ea for the reaction and at what temperature will itõs half period be 256 min. ? 

    Ans:- according to Arr henius equation ; log k = log A - Ea/2.303 x RT 

            Comparing this equation with the given equation , we can write  

             Ea/2.303 x 8.314 = 1.25 x 104  

            Ea  =  1.25 x 104 x 2.303 x 8.314 

            =   239.33 kj mol-1  

             Rate constant k    =  0.693/t1/2  

     = 0.693/256 x 60 s 

        =  4.5 x10-5 s-1  

               log k       =  14.34 ð( 1.25 x 104 k )/T  

 log 4.5 x 10-5      =  14.34 ð( 1.25 x 104 k )/T  

                       -4.3456      =   14.34 ð( 1.25 x 104 k )/T  

                    1.25 x104/T  =   18.6856 

                          T    =   669k  

7. The decomposition of A into product has value of ôkõ as 4.5 x 103 s-1 at 100C  and energy of 

activation 60kj mol -1. At what temperature would ôkõ be 1.5 x 10 4 s-1? 

   Ans :-  log k2/k 1          =   Ea/ 2.303RT  [1/T1 -1/T 2] 

               1/T 1 ð 1/T 2      =  ( log k2/k 1 x 2.303 x R)/Ea 

    =   log (1.5 x 104)/(4.5 x 103) x 2.303 x 8.314 / ( 60 x 103 ) 

    =   1.66 x 10-4 

  1/T 2       =  1/T 1  - 1.668  x10-4 

                                         =  1/283 ð 1.668 x 10-4  

                 =   33.662 x 10-4 



Page 82 / 249 

       Therefore T2             =   297k  

                       =  240C  

8. The activation energy for the reaction  

       2HI(g)  Ƃ H2(g) +  I2(g)  is 209.5 kj mol-1 at 581k. Calculate the fraction of molecules of 

reactants having energy equal to or greater than activation energy . 

    Ans:- Fraction of molecules having energy equal to or greater than activation energy = e ðEa/RT  

               = e-(209500/8.34 x581) 

               = e-(43.37) 

               = 1/e 43.37 

               = 1/6.85 x 1018 

               =1.462 x 10-19 

9. The time required for 10% completion of a I order reaction at 298k is equal to that required for 

itõs 25% completion at 308k. If the value of pre- exponential factor is 4 x 1010s-1 , calculate ôkõat 

318k and Ea  

    Ans:- t10% = 2.303/k 1 log 100/90 

              t25% = 2.303/k 2 log 100/75 

         since t10%=t25% we can write  

          2.303/k 1 log 100/90  =  2.303/k 2 log 100/75 

           K2/k 1    =  log (100/75)/ log (100/90)  

                         =  2.73  

        log k2/k 1 = Ea/2.303 R [ T2-T1/T 1T2] 

        log 2.73   = Ea / 2.30 x 8.314 [308- 298/308 x 298] 

               Ea     = 76.65kj mol-1  

              log k  =  log A ð Ea /2.303RT 

              log k  =  log 4 x 1010 ð( 76.65 x 103 j mol -1 / 8.314 x 318 x 2.303) 

             =  10.6021- 12.58 

              =  -1.9783 

                   K  =  antilog ð 1.9783 



Page 83 / 249 

                    K  =  1.05 x 10-2s-1 

LEVEL 1 

Q1Write rate law for zero order reaction . 

2 .: what is the order of reaction  for the following rate law expression : 

                       Rate =  k [A]3/2  [B] 1/2  

 3 :Express the relation between the half life period of a reactant and its initial conc. For 

reaction of nth order . 

4: How does the value of rate constant vary with reactant conc .? 

5 :  How does rate constant  vary with activation  energy ? 

6 : A reaction is 50% complete in 2 hours and 75% complete in 4 hours. What is the order of 

reaction ? 

7 :The rate constants for a first order reaction is  0.005 minute-1     . Calculate its half life . 

8 : If slope of line obtained by     plot of log [N2O5] vs Time  is  -2.147 X  10-4 s-1. Calculate the 

ǾŀƭǳŜ ƻŦ ΨƪΩΦ 

9: Define pseudo unimolecular reaction. Give two examples . 
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10. The rate of decomposition of NH3 on platinum surface is zero order.What is the rate 
of production of N2 and  H2, If   k = 2.5 X 10

-4
 Ms

-1
.? 

 
 
 
LEVEL 2 

 
 1: The half life of radioactive decayof C6

14
 IS 5730years . An archeological artefact 

contained wood  had only 80% of the  C6
14

 found in living tree .Estimate the age of the 
sample .12. :At  300 k , a certain reaction is 50% complete in minutes. At 350 k , the same 
reaction is 50% complete  in 5 minutes . Caculate the activation energy of the reaction? 

  
2.  : Explain:- (1) rate law   (2)  order of reaction (3)  molecularity . 
   3.: what is the effect of catalyst on rate of reaction ? 
. 
4.:   the following results have been obtained during the kinetic study of the reaction :          
 2A  + B  C+ D 
                           
  Experiment          [A]                  [B]                  initial rate of formation  
            1              0.1                  0.1                         6.0 x 10-3     mol/ L/s   
            2              0.3                  0.2                          7.2  X 10-2 
    
            3              0.3                  0.4                          2.88 x 10-1 
            4             0.4                   0.1                          2.40  x  10-2                                         
                              
determine the rate law and the rate constant for the reaction. 
 
4.: A first order reaction is 20 % complete in 10 minutes .Calculate the time for 75 % 

completion of the reaction . 
5 .: State and explain Arrhenius equation. How can we determine the activation energy of a 

reaction using this equation ? 
 
6.: Nitric oxide, NO, reacts with oxygen to produce nitrogen dioxide , 
                                   2 NO(g) + O2(g)    2NO2(g) 
    What is the predicted rate law , if  the mechanism is : 
               NO  +  O2    NO3  (fast) 
              NO3  + NO   NO2  + NO2 (Slow) 
 
7.: The following data were obtained during the first order thermal decomposition of 

N2O5(g) at constant volume: 
  N2O5(g)-------Ą 2N2O4(g) + O2 
  
 S.no   Time/s  Total pressure(atm) 
 1      0    0.5 
 2   100    0.512 
 Calculate the rate constant. 
8.For the assumed reaction X2 + 3Y2 Ą-   2XY3 , write the rate equation in terms of rate of 

disappearance of Y2 and X2. 

9. The time required for 10 % completion of a     first order reaction at 298 K is equal to that 

required for its 25 % completion at 308 K, if the value of A is  4 X  1010 s-1. Calculate k  at 

318 K and  Ea . 

10. Two  similar reactions have the same rate constant at 250 C, but at 350C    

one of the reaction has a higher rate constant than the other . Account for these observations. 
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LEVEL 3 

 
1. Decomposition of NH3 (g) on surface of catalyst 

                               2NH3 Ą N2 (g) + 3H2(g) 

        Under low pressure follows first order kinetics while at high pressure it is zero 

        order    reaction. Why?  

2. In the reversible reaction 

                                  k1 

                       2NO2 <Ą  N2O4  

                                  k2 

     Find out the rate of disappearance of NO2 . 

3.Show that in a first order reaction, time required for completion of 99.9% is 10 times of half-life 

(t1/2) of the reaction. 

4.The activation energy of a reaction is 94.14kJ mol-1 and the value of rate constant  

        at 313 K is 0.000018 sec-1. Calculate the frequency factor óAô. 

5. For the reaction, the energy of activation is 75 kJ mol-1. When a catalyst is added the reaction 

its energy of activation is lowered to 20 kJ mol-1 What is the effect of catalyst on the rate of 

reaction at 200C.  

6. The reaction    SO2  +  Cl2  SO2Cl2  ,  is a first order reaction with k = 2.2 X 10-5 s-1 at 
575 K. What %age of a initial amount of  SO2 Cl2 will get  decomposed in 90 minutes when 
the reaction is carried out at 575 K  
 

.7.. : Sucrose decomposes in acid solution into glucose and fructose according to the 

first order reaction with half life period 3 hours . What fraction  of sucrose remains after 

8 hours ? 

.8. The decomposition of hydrocarbon follows the equation , 

      k =( 4.5 X   1011 s-1) e-28000   k/T .Calculate Ea . 
9. The activation energy for the reaction 2HI(g) Ą H2(g) + I2(g) is 209.5kJ mol -1 at 581 K. 

Calculate the fraction of molecule of reactants having energy equal to or greater than activation 

energy.                    

10.Describe the role of activated complex in the reaction and give its stability with activation 

energy ?  

 
 

COMMON ERRORS 
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Temperature in Kelvin should be used 250C + 273 = 298 K 

 

log K2 =  Ea                      1   --   1 

        K1     2.303R                T1       T2 

 R = 8.314 Joules/K/mole 

SURFACE CHEMISTRY  

5 SURFACE 

CHEMISTRY 

Physiosorption & chemical 

adsorption, isotherms 

****  Page 123-126 

In text 5.1-5.3 

  Heterogenous and 

homogenous catalyst, zeolites 

and enzymes  

 Page 127-133 

In text 5.5-5.6 

 

POINTS TO REMEMBER  

Adsorption :The accumulation of molecular species at the surface rather than in the bulk of a 
solid or liquid  

Adsorbate :The molecular species or substance, which concentrate at the surface. 

Adsorbent :The material on the surface of which the adsorption takes place. 

Adsorption is essentially a surface phenomenon. 

Desorption :The process of removing an adsorbed substance from a surface on which it is 
adsorbed. 

Factors featuring adsorption  

The extent of adsorption increases with the increase of surface area per unit mass of the 

adsorbent at a give temperature and pressure.  

Easily liquefiable gases(i.e., with higher critical temperatures) are readily asodrbed Adsorption 

is accompanied by decrease in enthalpy as well as decrease in entropy of the system. 

Types of Adsorption  

Physical adsorption  Chemical adsorption  

1.It arises because of van der 

Waalsõ forces. 

2.It is not specific in nature. 

3. It is reversible in nature.  

4. Enthalpy of adsorption is low  

(20-40 kJ molð1 )in this case 

5. No appreciable activation  

1.It is caused by chemical bond 

formation.  

2. It is highly specific in nature.  

3. It is irreversible.  

4. Enthalpy of adsorption is  high 

(80-240 kJ molð1) in this case 

5.High activation energy is  
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energy is needed. 

6. It results into multimolecular  

layers on adsorbent surface 

under high pressure 

sometimes needed. 

6.It results into unimolecular  

layer 

 

 

Freundlich adsorption isotherm : Empirical relationship between the quantity of gas adsorbed 

by unit mass of solid adsorbent and pressure at a particular temperature. 

x/m= k.P1/n (n > 1)  

where x is the mass of the gas adsorbed on mass m of the adsorbent at pressure P, k and n are 

constants which depend on the nature of the adsorbent and the gas at a particular temperature. 

Taking logarithm  

log x/m= log k + 1/n log P  

                                                                                

                                                                                      slope = 1/n  

                                       log x/ m                                                               

                                                       Ɓ 

 y intercept = log k  

                                                             Ƃ log p 

 

When 1/n = 0, x/m = constant, the adsorption is independent of pressure.  

When 1/n = 1, x/m= k P, the adsorption varies directly with pressure.  

Catalysis  

Catalysts - Substances, which alter the rate of a chemical reaction andthemselves remain 

chemically and quantitatively unchanged after the reaction.  

Promoters - Substances that enhance the activity of a catalyst. 

For example, in Haberõs process for manufacture of ammonia, molybdenum acts as a promoter 

for iron which is used as a catalyst. 

Poisons ð Substances that decrease the activity of a catalyst. 

Homogeneous catalysis  

When the reactants and the catalyst are in the same phase (i.e.,liquid or gas. 
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Eg:- Oxidation of sulphur dioxide into sulphur trioxide with dioxygen in the presence of oxides 

of nitrogen  as the catalyst in the lead chamber process. 

2SO2(g) + O2(g) NO(g)  2SO3(g) 

Heterogeneous catalysis 

The catalytic process in which the reactants and the catalyst are in different phases. is known as 

heterogeneous catalysis. 

Eg:- Oxidation of sulphur diox ide into sulphur trioxide in the presence of Pt.  

2SO2(g)Ƃ 2SO3(g) 

The mechanism of heterogeneous catalysis  involves five steps: 

(i) Diffusion of reactants to the surface of the catalyst. 

(ii) Adsorption of reactant molecules on the surface of the catalyst. 

(iii) Occurrence of chemical reaction on the catalystõs surface through formation of an 

intermediate  

(iv) Desorption of reaction products from the catalyst surface.  

(v) Diffusion of reaction products away from the catalystõs surface. 

Important features of  solid catalysts  

(a) Activity  

The activity of a catalyst depends upon the strength of chemisorptions to a large extent. The 

reactants must get adsorbed reasonably strongly on to the catalyst (but not so strongly) to 

become active.  

Eg:- 2H2 (g) + O2 (g) PtƂ 2 H2O(l) 

(b) Selectivity  

The selectivity of a catalyst is its ability to direct a reaction to yield a particular product.  

Eg:- 

Shape-selective catalysis: The catalytic reaction that depends upon the pore structure of the 

catalyst and the size of the reactant. Zeolites are good shape-selective catalysts. 

Eg:- ZSM-5 converts alcohols directly into gasoline (petrol) by dehydrating them to give a 

mixture of hydrocarbons.  

Enzymes :The enzymes are biochemical catalysts.  
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Eg:- Inversion of cane sugar: The invertase enzyme converts cane sugar 

into glucose and fructose. 

COLLOIDS : A colloid is a heterogeneous system in which one substance is dispersed 

(dispersed phase) as very fine particles in another substance called dispersion medium. Range 

of diameters is between 1 and 1000 nm. 

Classification of Colloids  

(i)Based on PhysicalState of Dispersed Phase and Dispersion Medium See table 5.4 NCERT text 

book 

Solids in liquids ð sols  eg:- starch sol 

Liquids in solids ð gels  eg:- butter  

Liquids in liquids ð emulsions eg:- milk  

(ii)Based on nature of interaction between dispersed phase and the dispersion medium 

 

 

Lyophilic colloids  Lyophobic colloids  

1.Solvent liking  

2.Reversible sols 

3.Quite stable 

 

4.Cannot be easily 

Coagulated 

1. Solvent hating 

2.Irreversible sols 

3.Unstable.Need stabilising 

agents to preserve 

4.Can be coagulated easily by 

adding small amount of electrolyte  

 

(iii)Based on the type of the particles of the dispersed phase 

Multimolecular colloids  Macromolecular colloids  Associated colloids (Micelles)  

Atoms or molecules 

aggregate together to 

form colloidal range 

species . 

Solutions in which the size 

of the macro molecules 

may be in the colloidal 

range. 

At low concentrations behave as 

normal strong electrolytes,  but at 

higher concentrations exhibit 

colloidal behaviour due to the 

formation of aggregates. 
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Eg:- gold sol,sulphur sol  Eg:- starch sol Eg:- soaps & detergents 

Kraft temperature (Tk )- Temperature above which the formation of micelles takes place. 

Critical micelle concentration (CMC)  ð Concentration above which the formation of micelles 

takes place. 

Peptization_  Process of converting a precipitate into colloidal sol  by shaking it with dispersion 

medium in the presence of a small amount of electrolyte. 

Dialysis:  It is a process of removing a dissolved substance from a colloidal solution by means of 

diffusion through a suitable membrane . 

Electro-dialysis : Dialysis can be made fasterby applying an electric field if the dissolved 

substance in the impure colloidal solution is only an electrolyte..  

idal solution.  

Properties of colloidal solutions  

(i)Tyndall effect : - The scattering of light rays by colloidal particles due to which the path of 

light is illuminated. Tyndalleffect is observed only when  

(a)  The diameter of the dispesed particles is not much smaller than the wave length of the light 

used 

(b) The refractive indices  of the dispersed phase and the dispersion medium differ greatly in 

magnitude  

(ii)Brownian movement  :- The zig-zag movement of colloidal particles due to the unbalanced 

bombardment of the dispersed particles with the molecules of the dispersion medium.  

(iii) Electrophoresis  :-  The movement of colloidal particles under an applied electric potential  

Charge on colloidal particles  :- The colloidal particles develop charge due to the following 

reasons 

(a)  Electron capture by sol particles during electrodispersion of metals 

(b)  Due to preferential adsorption of ions from solutions  

(c)  Due to formulation of electrical double lay  

Coagulation or precipitation of colloidal particles : - the process of settling of colloidal particles.  

Caused due to (a) addition of electrolytes (b) electrophoresis(c) boiling (d)mixing two 

oppositely charged sols 

Hardy ð Schulze rule  :- Greater the valence of the coagulating ion added to a sol, the greater is 

its power to cause precipitation . The coagulation power of some of the cations is in the order 
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Al 3+> Ba2+ >Na+. The coagulating power of some of the anions is in the order [Fe(CN)6] 4- >PO43-

>SO42->Cl - 

Coagulating value of an electrolyte: The minimum  concentration of an electrolyte in millimols 

per litre required to cause precipitation of a sol in two hours.  

Emulsion  :- colloidal system where a liquid is dispersed in another liquid.  

Types of emulsions 

(a) oil in water type (o/w)  eg: milk, vanishing cream 

(b) water in oil type  (w/o)  eg: butter , cold cream  

Emulsions are stabilized by emulsifying agents . eg : soaps  

SOLVED QUESTIONS  

1 MARK QUESTIONS  

1. Adsorption is always exothermic. Why?  

   Adsorption decreases the surface energy of the adsorbent , which appears as heat.So it is 

exothermic  

2. The enthalpy of adsorption of chemisorption is high. Why?  

    Chemisorption involves  chemical bond formation  

3.  When a solution of acetic acid in water is shaken with charcoal the concentration of the acid 

decreases in the solution .Why? 

     Part of the acid is adsorbed by charcoal  

4. What is meant by co-enzyme ? 

     The non- protein substance present along with enzymes , which enhances the activity of 

enzymes  

5. 1 gm of activated charcoal adsorb more SO2(g) (critical temperature 630K) than methane 

(critical temperature 190K ).Why? 

      Easily liquefiable gases (higher critical temperature) are easily adsorbed  by a solid , 

because near the critical temperature the van der Waalõs forces between the gas molecules and 

the solid adsorbents is stronger. 

6. Why is FeCl3 preferred over KCl in case of a cut leading to bleeding ? 

     FeCl3 helps in coagulation of blood more effectively than KCl. Greater  

     the valency of coagulating ion, more will be  coagulating power.  
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7. What are aerosols? Give an eg. 

    colloids of a solid  in gas . eg :- smoke 

8. The sky appears blue . Why? 

     Due to scattering of blue light by dust particles.  

 9. Why are powdered substance more effective adsorbents than their crystalline forms?  

Because powdered form provides more surface area due to which extent of adsorption 

increases.  

10. Give 2 examples of positively charged colloids. 

       (1) haemoglobin  (blood)  (2) Fe(OH)3 sol 

 

2 MARK QUESTIONS  

 

1. Write the suitable adsorbent for the following adsorbate  

       (a) chlorine gas  (b) moisture  (c) polluting gases like NO2& SO2  (d) gases like H2,O2,COetc 

      (a) charcoal (b) silica gel (c) charcoal (d) transition metals like Ni , Co etc  

2. What happens when  

   (i) A  beam of light is passed through As2S3 sol 

   (ii) KCl is added to Fe(OH) 3sol  

    (i)  The path of the light become visible due to Tyndall effect  

    (ii)   Fe(OH)3 gets coagulated  

3. What happens when 

   (i) gelatin is added to gold sol    (ii) colloidal sol of Fe 2O3 and As2S3 are mixed  

   (i)   gold sol gets stabilized     (ii)   The oppositely charged colloids get neutralized and gets 

coagulated  

4. Explain the cleansing action of soap  

    Soap molecules form micelles around the oil droplets in such a way that the hydrophobic part 

of soap points to the oil and hydrophilic part projects towards water. Thus soap helps in 

emulsification and washing away of oils and fats .  

5. Explain why hydrophilic sol s are  relatively more stable than hydrophobic sols ? 
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   This is because hydrophilic sols are extensively hydrated and there is strong interaction 

between dispersed phase and dispersion medium  

6. What is electro dialysis  ?  

    The process of dialysis used for the purification of colloids can be accelerated by applying an 

electric field. The oppositely charged ions of the electrolyte present in the colloids migrate 

towards the respective electrodes easily. 

7. Account for the following  

       (i) Fe(OH)3 sol is positively charged  

       (ii) The extent of physical adsorption decrease with rise in temperature  

      (i)  A deep red sol of Fe(OH)3 is obtained by the hydrolysis of FeCl 3 . The sol particles are 

positively charged because of  preferential adsorption of Fe3+ ions  

     (ii)  Adsorption is an exothermic process. So the rate of physical adsorption decreases with 

the rise in temperature in accordance with the Le-Chatlier principle.  

8.  Give the preparation of sulphur sol & gold sol.  

         Oxidat ion of H 2S with SO2 gas gives sulphur sol.  

                 SO2(g) + 2H2S(g)  Ƃ  3S(sol) + 2H2O 

        By reduction of auric chloride by  formaldehyde gives gold sol.  

                 2AuCl 3 + 3HCHO + 3H 2O Ƃ   2 Au (sol) + 3HCOOH  + 6HCl 

9. What is demulsification? How is it brought about?  

    The process of breaking an emulsion into constituent liquids is called     demulsification. It is 

brought about by heating, freezing & centrifuging.  

10.Name two industrial heterogeneous catalytic processes. 

Haberõs process for the manufacture of ammonia,iron is used as catalyst. Contact process for the 

manufacture of sulphuric acid, V 2O5is used as catalyst. 

3 MARK QUESTIONS  

1(i) Why is alum added to water for purification ?  

  (ii) Explain why deltas are formed where river & sea water meet.  

  (iii) Cottrellõs smoke precipitator is fitted at the mouth of the chimney used in factories. 

(i) For coagulating sand &soil particles.  
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(ii) River water gets coagulated by electrolytes in sea water so as to form    deltas.  

(iii) It removes poisonous gases by adsorption & smoke free from poisonous gases comes out. 

2.(i) What are the two types of emulsions &how do they differ from one anoth er ? Give one eg 

of each. 

 (ii) Which one of the following electrolytes is most effective for the coagulation of ferric 

hydroxide sol & why ?                    NaCl, Na2SO4, Na3PO4 

    (i) (a) oil in water type (o/w) ðoil is dispersed in water.  eg:- milk  

        (b) water in oil type  (w/o) ð water is dispersed in oil eg: -butter  

    (ii) Na 3PO4 is more effective because phosphate ion has highest negative charged ion whereas 

ferric hydroxide sol is positively charged.  

3.(i) What is collodion ? What is it s use ? 

(ii) The colloidal solution of gold prepared by different mrthods have different colours. Why?  

   (iii) A sol is prepared by addition of excess AgNO 3 solution to KI solution.   What charge is 

likely to develop on the colloidal particles ?  

   (i) Cellulose dispersed in ethanol.Used for making membranes for ultrafiltration.  

   (ii) Due to difference in the size of colloidal particles.    (iii) Positive  

ASSIGNMENT 

Level 1 

Q1. What is meant by the terms Adsorption and Absorption? Give one eg of each. 

Q2. Name the factors on which the adsorption of a gas on a solid depends. 

Q3. What do x and m represent in the following expression? x/m = k p 1/n 

Q4. The ziz-zag motion of colloidal particles is called ____________________ 

Q5. How can we differentiate colloidal solution from true solution and suspension on basis of 
particle size? 

Q6. What are lyophilic and lyophobic sols? 

Q7. Define the terms  

(a) Peptisation 
(b) Coagulation 
(c) Brownian Movement 

Q8. Explain the following observation 

(a) When a beam of light is passed through a colloidal sol 
(b) Electric current is passed through a colloidal sol. 



Page 95 / 249 

Q9. Gie an eg. of associated colloid 

Q10. Give 2 egs of heterogeneous catalysis. 

Level 2 

Q1. What is the range of particle size in colloidal solution in nm? 

Q2. What is collodion? 

Q3  How does an increase in temperatiure affect both physical as well as chemical adsorption? 

Q4. Explain why lyophilic sols are relatively more stable tha lyophobic sols? 

Q5. What are micelles? How do they differ from normal colloidal solution? 

Q6. Explanin the following terms: 

(a) Peptization 
(b) Hardy- Schulze  Rule 
(c) Electrophoresis 
(d) Coagulation 
(e) Emulsification 

Q7. What is the difference between multimolecular, macromolecular and associated colloids? 
Give one eg. of each. 

Q8. What do you understand by activity and selectivity of catalyst? 

Q9. What is shape selective catalyst? 

Q10 Give one eg. each of homogeneous and heterogeneous catalysts. 

Level 3 

 

Q1. Adsorption of a gas on the surface of solid is generally accompanied by decrease in 
entropy, still it is a spontaneous process. Explain. 

Q2. A colloidal solution of AgI is prepared by two different methods  

 

       AgNo3                     KI 

 

 

(a) What is the charge on AgI colloidal particles in the two tubes (A) and (B)? 
(b) Give reason for origin of charge. 
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Q3.  What do you understand by Kraft temperature and CMC in colloids? What is CMC value for 
soap solution? 

Q4. Name a substance which acts both as a colloid and catalyst? 

Q5. Explain the following observations: 

(i) Delta is formed when river water enters the sea? 
(ii) Physisorption is multimolecular while chemisorption is unimolecular. 
(iii) Ferric hydroxide sol gets coagulated on adding of sodium chloride solution. 
(iv) Colloidal particles scatter light. 
(v) On passisng H2S through an aqueous solution of SO2, a yellow turbidity is 

formed 

es faster  after sometime? 

6. GENERAL PRINCIPLES A ND PROCESSES OF ISOLATION 

OF ELEMENTS  

 

6 GENERAL 

PRINCIPLES AND 

PROCESS OF 

ISOLATION OF 

ELEMENTS  

Occurrence of metals and 

metallurgy 

**  Page 148-161 

In text 6.1-6.2 

 

POINTS TO REMEMBER  

Metallurgy : - The entire scientific and technological process used for isolation of the metal from 
itõs ore. 

The extraction involves 3 major steps  

    (i)  concentration of the ore  

    (ii)  isolation of the metal from itõs concentrated ore  

    (ii)  purification o f the metal 

  

Metal Important ores  

Aluminium   Bauxite(Al 2O3. xH 2O) 

Zinc Zinc blend (ZnS), calamine (ZnCO3)     

Iron  Haematite (Fe2O3) & magnetite (Fe3O4) 

 

Copper copper pyrites (CuFeS2) , copper glance (Cu2S) 

 

Concentration: Removal of the unwanted materials from the ore.  
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(i) Hydraulic washing ð It is based on the differences in gravities of the ore & the gangue 
particles. 

(ii) Magnetic separation ð It is based on the differences in magnetic properties of the ore 
components. 

(iii) Froth floatation ð It is used for removing gangue from sulphide ores. Collectors (e. g., pine 
oils) enhance non-wettability of the mineral particles.  

Froth stabilisers (e. g., cresols, aniline) stabilise the froth.  

(iv) Leaching - It is often used if the ore is soluble in some suitable solvent. 

Extraction of the crude metal from concentrated ore involves the following steps  

 (i) Conversion to oxide    

 Calcinaton: It involves heating when the volatile matter escapes leaving behind the metal 
oxide. 

             Eg :- ZnCO3 (s) Ƃ  ZnO(s) + CO2(g) 

 Roasting : The ore is heated in a regular supply of air at a temperature below the melting point 
of the metal 

              Eg :- 2ZnS + 3O2 Ƃ 2ZnO + 2SO2 

(ii) Reduction of the oxide to metal - It involves heating metal oxide  with a reducing agent (C or 
CO or even another metal).  

M xOy + yC Ƃ xM + y CO 

Thermodynamic principle of metallurgy  : The metal oxide is reduced to the metal by reducing 
agent . This is a redox reaction and it is feasible only at a temperature at which æG0 value is 
negative .  

                 æG0 =  æH0 -TæS0 

Ellingham Diagram : - This is a graph which represents the variation of standard Gibbõs  

energy with temperature for the formation of oxides of various elements .  

(refer fig. 6.4 of NCERT text book )  

 From the Ellingham Diagram it is evident that  

      (a) Any metal oxide with lower æG0 value is more stable than the metal oxide with  
higheræG0   

      (b) The element (or metal) involved in the formation of oxide placed lower in the diagram 
can reduce the oxide of the element (or metal ) placed higher in the diagram .    

Electrochemical principle of metallurgy : When aqueous solution or molten form of a metal 
oxide /halide is electrolyzed  , the metal with higher value of reduction pot ential will get 
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reduced (molten metal will be deposited ) and the metal with the lower value of reduction 
potential will undergo oxidation .  

 Refining of crude metal   

(i) Distillation - In this method the  impure metal is evaporated to obtain the pure metal  as 
distillate.  

(ii) Liquation -In this method a low melting metal is separated from higher melting  impurities.  

 (iii)Electrolytic refining ð In this method, the impure metal is made as anode , a strip of the 
same metal in the pure form is used as cathode . The electrolyte is aqueous solution of a suitable 
soluble salt of the same metal . 

(iv)Zone refining : - This method is based on the principle that the impurities are more soluble in 
the melt than in the solid state of the metal  

 (v) Vapour phase refining : - In this method the following requirements are needed.  

      (a) The metal should form a volatile compound  

      (b) The volatile compound should be easily decomposable. 

(vi) Chromatographic separation : - This method is based on the principle that different 
components of a mixture are differently adsorbed on an adsorbent 

 

SOLVED QUESTIONS  

1 MARK QUESTIONS  

1. What is the role of silica in the metallurgy of copper ? 

    Silica (SiO2) acts as an acidic flux and combines with FeO (gangue) to form fusible 
FeSiO3(slag)  

2  How is cast iron different from pig iron?  

    Cast iron contains 3% carbon where as  pig iron contains 4% carbon . 

3.  What is the role of cryolite in the metallurgy of aluminium ?  

     Cryolite reduces the meltin g point of alumina and also increases the electrical conductivity of 
alumina .  

4. Why is Zn not extracted from ZnO through reduction using CO ?  

    Because the reaction is thermodynamically not feasible . the reason is that the æGo for the 
oxidation of CO  to CO2 is less negative than that of Zn , so that æGo for the overall redox 
reaction is positive and hence not feasible .  

5. What is a flux ?  

    Flux is a substance which is added during carbon reduction process in order to remove the 
gangue from the ore .  
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6. The reduction of metal oxide is easier if the metal formed is in liquid state . Why ?  

The entropy change will be higher when the metal is formed is in liquid state during the 
reduction of itõs oxide . Under this condition the æG0 will become more negative, leading to 
easier reduction .  

7. What is meant by pyro metallurgy?  

The process of converting the concentrated ore into metallic form upon strong heating with a 
suitable substance. 

8.What is the use of SO2 formed in roasting of  sulphide ores ? 

    It is used for the manufacture of sulphuric acid.  

9. What criterion is followed for the selection of the stationary phase in chromatography ?  

It should be immobile & should be immiscible with mobile phase. The components of the 
mixture  should be differently adsorbed on the stationary phase. 

10. Differentiate between minerals & ores 

      Minerals are naturally occurring chemical substances in the earthõs crust. Ores are the 
minerals from which a metal can be extracted economically & conveniently.  

 2 MARK QUESTIONS  

1.  Write any two differences between calcination and roasting . 

(a) Calcination is carried out in the absence of air where as roasting is carried out in the 
presence of excess of air .  

(b)  Calcination is used to convert carbonate ore into oxide ore , where as roasting is used 
to convert sulphide ore into oxide ore .  

2.  Copper can be extracted by hydro metallurgy but not zinc . Explain  Copper dissolves in 

aqueous solution , as it can easily form complexes . From the solution , copper can be 

precipitated by adding a strong electropositive metal like zinc. On the other hand zinc being a 

strong reducing agent, canõt be extracted by this method . Zinc has less tendency to form soluble 

complexes .  

3.  Name the common elements present in anode mud in the electrolytic refining of copper. 

Why are they so present ?  

The anode mud contains Ag, Au, Se, Te. These elements are less reactive than copper and do 

not undergo oxidation at anode & hence settle down as such.  

 4. Describe a method for refining of Nickel.  

     Nickel is refined by Monds Process. The impure metal is heated in a stream of CO forming a 

volatile complex, nickel tetracarbonyl. The carbonyl on heating to high temperature 

decomposes to give pure metal. 
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                              330 ð 350 K        

            Ni + 4CO      -------------Ą  [ Ni (CO) 4]  

                                450 ð 470 K 

            [ Ni (CO) 4]    --------------Ą  Ni + 4 CO   

5. Describe Van Arkel Method for the refining of Zirconium.  

This method is used to remove nitrogen and oxygen present in the form of impurities in certain 

metals like Zr, Ti. The crude metal is heated with iodine in an evacuated vessel.The metal 

iodide being volatile will vaporize. The vapours are then decomposed to pur e metal by passing 

through heated tungston filament at 1800K. 

             Zr + 2I2 Ƃ ZrI4 

ZrI 4 Ƃ Zr + 2I2 

6. How is leaching carried out in case of low grade copper ores ? 

    It is leached  out using acid or bacteria. The solution containing Cu2+ is   treated with scrap 

iron or H 2. 

Cu2+(aq) + Fe(s) ƂӞCu(s) + Fe2+ (aq)  

Cu2+(aq) + H2(g) ƂӞCu(s) + 2H+ (aq)  

7. What is the role of graphite rod in the metallurgy of aluminium ?  

            Graphite helps in the reduction of molten Al 2O3 to Al by electrolysis. The oxygen gas 

liberated at graphite anode reacts with graphite and form CO and CO 2. 

8. What are depressants ? Give an example . 

    Depressants are used to suppress the formation of froth , when a mixture of two sulphide 

ores are concentrated by froth floatation .  

     Eg:-  For the separation of PbS from ZnS during froth floatation NaCN is used as depressant .  

ZnS reacts with NaCN and goes into aqueous  solution  

            4NaCN + ZnS (ore ) Ƃ Na2 [ Zn(CN) 4] (aq)  

           So , ZnS does not form the froth and is separated. 

9. The value of æGf0  for the formation of Cr 2O3 is -540 kJ mol-1 and that of Al 2O3 is -827 kJmol-1  

Is the reduction of Cr 2O3 possible with Al?  

     Yes , because  æGro for the reduction of Cr 2O3 by Al is n egative and hence feasible  

                  2Cr + 3/2 O 2 Ƃ Cr2O3  ,   æGf0  = -540 kj mol-1  
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                  2Al + 3/2O 2 Ƃ  Al2O3  ,   æGf0   = -827 kj mol-1  

                 On adding the above two equations , we get  

          Cr2O3 + 2Al Ƃ Al2O3 + 2Cr , æGo = (540-827) kj mol-1= -287 kJ mol-1 

10. The reaction Cr2O3 + 2Al Ƃ 2Cr + Al2O3 (æGo = - 421 kJmol-1 ) is thermodynamically feasible 

as it is apparent from the Gibbõs energy value , why does it not take place at room temperature?  

       This reaction requires some activation energy. Hence heating is required and does not take 

place at room temperature.  

3 MARK QUESTIONS  

1. Write the chemical reactions which take place in different zones in the blast furnace during 
the extraction of iron .  

    In the upper part of the blast furnace (lower temperature zone ) , Fe2O3 and Fe3O4, undergo 
reduction with CO to form FeO and CO 2  

        (at 500K ð 800K)  

    3Fe2O3 + CO Ƃ 2Fe3O4  + CO2  

     Fe3O4 + 4CO Ƃ 3Fe + 4CO2  

     Fe2O3 +  CO  Ƃ   2FeO + CO2  

       (at 900K- 1500K, lower part of the furnace ) 

      FeO undergoes reduction with CO to form Fe and CO2  

       C  +  CO2 Ƃ   Fe + CO2  

       FeO + CO Ƃ Fe + CO2  

    Moreover limestone decomposes to CaO which form fusible slag CaSiO3 with SiO 2 

     CaCO3 Ƃ CaO + CO2 

     CaO + SiO2 Ƃ CaSiO3 ( Slag) 

2. Write the chemical reactions taking place in the extraction of Zn from Zinc blend.  

            Zinc blend is concentrated by froth floatation and then roasted to give ZnO  

            ZnO is then reduced with coke at about 673 K 

            ZnS + O2 Ƃ ZnO + SO2 

                            673k   

            ZnO + C  Ƃ  Zn + CO  

3. Write all the steps involved in the extraction of Cu from Copper pyrites .  
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  The ore is mixed with a small amount of silica  and heated in a reverberatory furnace with oxygen 
when the following changes occur.      2CuFeS2+ O2 Ƃ  Cu2S + 2FeS + SO2 

             2FeS + 3O2 Ƃ  2FeO + 2SO2  

             2Cu2S + 3O2 Ƃ  2Cu2O + 2SO2  

              FeO  + SiO2 Ƃ  FeSiO3(slag) 

              Cu2O also combines with FeS to form Cu2S  

              Cu2O + FeS Ƃ  Cu2S + FeO  

 The slag of iron silicate is removed while is present as copper matte, which contains Cu2S and 
Cu2O  

The copper matte is then charged into silica lined converter . Some silica is also added .  

 A hot blast of air is blown into the converter . The following reaction occurs  

                2FeS + 3O2 Ƃ  2FeO + 2SO2  

                FeO + SiO2 Ƃ FeSiO3  

                 2Cu2S + 3O2 Ƃ  2Cu2O + 2SO2  

                2Cu2O + Cu2S Ƃ  6Cu + SO2  

                The solidified  copper obtained has blistered appearance due to the evolution of SO2. 
And so it is called blister copper.  

4. What is meant by leaching ? Explain its significance in the extraction of aluminium.  

    Leaching  is chemical method of purification of ore . It is often used if the ore is soluble in 
some suitable solvent. 

 For eg :  Bauxite, ore of aluminium is concentrated by leaching. Powdered bauxite is digested 
with a hot concentrated solution of NaOH at about 36 bar pressure . Al 2O3  and SiO2 (gangue ) 
goes into solution as aluminate and silicate leaving the impurities behind  

               Al 2O3(s) + 2NaOH (aq) +  3H2OƂ  2Na[Al(OH)4](aq) 

              The aluminate in solution is neutralized by passing CO 2 gas and seeded with freshly 
precipitated Al 2O3.  

              2Na[Al(OH) 4](aq) + CO2(g) Ƃ Al2O3.xH2O(s) + 2 NaHCO3(aq) 

  The sodium silicate remains in the solution and hydrated alumina is  filtered , dried and heated 
to give pure Al 2O3 

                       1470k 

                Al 2O3.xH2O    Ƃ    Al2O3(s) + x.H2O(g) 
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Unit: VI common errors 

 General Principles and Isolation processes of extraction of elements.  

In Ellingham diagram 

More ςve is the value of  G better is the reducing agent. 

7. p- BLOCK ELEMENTS  

7 P ï BLOCK 

ELEMENTS 

Oxoacids of phosphorous and 

sulphur 

***  NCERT TEXT BOOK 

  Haberôs process 

Contact process 

Ostwald   process 

***  -DO- 

  TRENDS OF HYDRIDES OF gp, 

15 , 16 AND 17 IN TERMS OF                    

REDUCING CHARACTER, 

THERMAL  STABILITY, 

BOILING              POINTS 

***  -DO- 

 

POINTS TO REMEMBER  

The general valence shell electronic configuration of p-block elements is ns2np1-6 

GROUP 15 ELEMENTS 
Group 15 elements: N, P, As, Sb & Bi  

General  electronic configuration: ns2np3 

Element Occurence 

Nitrogen  

 

 

Phosphorus 

 

As, Sb &Bi 

Comprises 78% by volume of the atmosphere. 

In earthõs crust as NaNO3(called Chile saltpetre) & KNO 3(Indian saltpetre)  

In minerals of the apatite family & as an essential constituent in animal & plant 

matter. 

As sulphide minerals  

PHYSICAL PROPERTIES  

ü Dinitrogen is a diatomic gas while all others are solids.  
ü N & P are non-metals. As & Sb metalloids & Bi is a metal .This is due to decrease in 
ionisation enthalpy & increase in atomic size. 
ü Electro negativity decreases down the group. 

CHEMICAL PROPERTIES  
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o Common oxidation states : -3, +3 & +5. 
o Due to inert effect, the stability of +5 state decreses down the group and stability of +3 
state increases. 
o In case of nitrogen all oxidation  states from +1 to +4 tend to disproportionate in acid 
solution for eg: - 3HNO 2Ą HNO 3 + H2O + 2NO 
Anamalous behaviour of nitrogen - due to its small size, high  electronegativity, high 

ionization enthalpy and abs ence of d-orbitals.   

N2 has unique ability to form pȏ-pȏ multiple bonds where as the heavier members of this group 

do not form pȏ-pȏ bond because their atomic orbitals are so large & diffuse that they cannot 

have effective overlapping.  

Nitrogen exists as diatomic molecule with triple bond between the  two atoms where as other 

elements form single bonds in elemental state. N cannot form dȏ-pȏ bond due to the non-

availablity of d -orbitals where as other elements can. 

TRENDS IN PROPERTIES  

Stability -  NH 3>PH3>AsH 3>SbH3>BiH 3. 

Bond dissociation enthalpy - NH 3>PH3>AsH 3>SbH3>BiH 3 

Reducing character - NH 3<PH3<AsH 3<SbH3<BiH 3 

Basic character - NH 3>PH3>AsH 3>SbH3>=BiH 3. 

Acidic character  - N 2O3> P2O3> As2O3> Sb2O3> Bi2O3 

DINITROGEN (N 2) 

  PREPARATION  

  Commercial preparation -  By the liquification & fractional distillation of air  

 Laboratory preparation - By treating an aqueous solution of NH 4Cl with sodium nitrate.  
            NH 4Cl (aq) +NaNO 2 (aq) ĄN2 (g) +2H2O (l) +NaCl (aq) 

 Thermal decomposition of  ammonium dichromate also gives N 2. 
            (NH 4)2Cr2O7ĄN2+4H2O+Cr2O3 

 Thermal decomposition of barium or sodium azide gives very pure N 2 . 
PROPERTIES 

At high temperature nitrogen combines with metals to form ionic nitride (Mg 3N2) & with non 

metals, covalent nitrides.  

AMMONIA PREPARATION  

ü In laboratory it is prepared by heating ammonium salt with NaOH or lime.  
                   2NH 4Cl+ Ca (OH)  2Ą2NH 3+ 2H2O +CaCl2 

                   (NH 4)2SO4+ 2NaOHĄ2NH 3+2H2O+Na2SO4 
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ü In large scale it is manufactured by Haberõs  process  
                N2 (g) +3H2 = 2NH 3 (g)               

                    æH0= -46.1 kJ/mol 

  According to Lechatelierõs principle the favourable conditions for the           manufacture of 

NH 3 are  

Optimum temperature : 700 K  

High pressure : 200 atm    Catalyst :  iron oxide 

Promoter :  K2O & Al 2O3 

PROPERTIES 

Ammonia is a colourless gas with pungent odour.  

Highly soluble in water.  

In solid & liquid states it exists as an associated molecule due to hydrogen bonding which 

accounts for high melting & boiling points of NH 3. 

 Trigonal pyramidal shape NH 3 molecule. 

  

Aqueous solution of ammonia is weakly basic due to the formation of OH - ions. 

It precipitates the hydroxides of many metals from their salt solution Ex:    

ZnSO4+2NH 4OHĄZn(OH) 2+(NH 4)2SO4 

Ammonia can form coordinate bonds by donating its lone pair on nitrogen, ammonia forms 

complexes. 

                 CuSO4+4NH 3 Ą[Cu (NH 3)4] SO4 

                  AgCl+2NH 3 Ą[Ag (NH 3)2] Cl 

OXIDES OF NITROGEN  

       NAME  FORMULA  OXIDATION 

STATE 

CHEMICAL 

NATURE  

Nitrous  oxide or Laughing 

gas 

N2O +1 Neutral  
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Nitric oxide   NO  +2 Neutral  

Dinitrogen trioxide  N2O3 +3 Acidic  

Dinitrogen  tetra oxide  N2O4  or  

NO 2 

+4 Acidic  

Dinitrogen  pentoxide  N2O5 +5 Acidic  

Note:  As the oxidation state of N2 increases acidity increases. 

NITRIC ACID  

PREPARATION  :Ostwaldõs process- It is based upon catalytic oxidation of ammonia by 

atmospheric oxidation. The main steps involved are  

1) 4NH 3 + 5O2-Pt500k, 9 bar --Ą4NO + 6H2O 

2) 2NO + O2    2NO2 

3) 3NO2 + H2O Ą2HNO 3 + NO 
PROPERTIES 

 (i) Conc HNO 3 is a strong oxidizing agent & attacks most metals except noble     metals gold & 

Pt. 

(ii )Cr & Al do not dissolve in conc. HNO 3 because of the formation of a positive film of oxide 

on the surface. 

(iii )It oxidises non metals like I 2 to HIO 3 ,C to CO2,S to H2SO4 

(iv) Brown ring test is used to detect the presence of NO3- ion .This test is based on the fact that 

Fe2+ ions can reduce  nitrates to NO , which reacts with Fe2+ ions to form a brown coloured 

complex [Fe(H2O)5NO] 2+. 

PHOSPHOROUS  

Allotropic forms:  White, red, Ȁ- black & ȁ-black. 

White phosphorous is more reactive than red phosphorous because white P exists as discrete P4 

molecules. In red P several P4 molecules are linked to formed polymeric chain.  
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PHOSPHINE  

Preparation :It is prepared in laboratory by heating white P  with conc. NaOH  solution in an 

inert atmosphere of CO2 [P4+3NaOH+3H 2OĄPH3+3NaH 2PO2] 

Phosphorous hali des 

Phosphorous  forms two types of halides PX3 & PX5 (X=F, l, Br) 

Trihalides have pyramidal shape & penta halides have a trigonal bipyramidal structure.  

             OXOACIDS OF PHOSPHROUS  

 The acids in +3 oxidation state disproportionate to higher  & lower oxidation.  
            4H3PO3Ą3H3PO4+PH3 

 Acids which contains PñH bond have strong reducing properties.  EX: -H3PO2 

 Hydrogen atoms which are attached with oxygen in P ñOH form  
           are ionisable & cause the bascity.                    

     

STRUCTURES OF SOME IMPORTANT OXOACIDS OF PHOSPHOROUS  

See Fig 7.4  Page 179 NCERT 

GROUP-16 ELEMENTS (CHALCOGENS)  

Group 16 elements:  O,S, Se, Te, Po 
General  electronic configuration: ns2np4 

Element Occurence 

Oxygen 

Sulphur  

  

 

Se &Te 

Polonium   

Comprises 20.946% by volume of the atmosphere. 

As sulphates such as gypsum CaSO4.2H2O, epsom salt MgSO4.7H2O and 

sulphides such as galena PbS, zinc blende ZnS, copper pyrites CuFeS2  

As metal selenides and tellurides in sulphide ores.  

As a decay product of thorium and uranium minerals.  
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 ATOMIC & PHYSICAL PROPERTIES  

ü Ionization enthalpy decreases from oxygen to polonium.  
ü Oxygen atom has less negative electron gain enthalpy than S because of the 
compact nature of the oxygen atom. However from the S onwards the value again 
becomes less negative upto polonium. 
ü Eletronegativity gradually decreases from oxygen to polonium, metallic 
character increases from oxygen to polonium. 
ü Oxygen & S are non-metals, selenium & tellurium are metalloids. Po is a 
radioactive metal. 
ü Oxygen is diatomic gas while S, Se & Te are octa atomic S8, Se8 & Te8 molecules 
which has puckered ôringõ structure.  

 CHEMICAL PROPERTIES  

o Common oxidation states : -2, +2, +4 & +6. 
o Due to inert effect, the stability of +6 state decreses down the group 
          and stability of +4 state increases. 

          Oxygen exhibits +1 state in O2F2, + 2 in OF2. 
              Anamalous behaviour of oxygen  - due to its small size, high electronegativity 
and absence of d-orbitals.   
    
                                   TRENDS IN PROPERTIES  

            Acidic character  -   H2O < H2S < H2Se < H2Te  

          Thermal stability - H2O > H2S > H2Se >H2Te 

          Reducing character - H2S < H2Se <  H2Te  

          Boiling point -  H2S < H2Se < H2Te < H2O 

          Reducing property of dioxides ð SO2 > SeO2 > TeO2  

             Stability of halides  - F-> Cl-> Br- > I - 

                                                   HALIDES  

      DI HALIDES: sp 3 hybridisation but angular structure . 

     TETRA HALIDES : sp3d  hybridization ð see-saw geometry 
    HEXA HALIDES : sp3 d2 ,octahedral SF6 
 
                                                  DIOXYGEN  

    Prepared by heating oxygen containing salts like chlorates, nitrates  
            2KClO3-heat------Ą 2KCl+3O2 

                                                          MnO2  
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OXIDES  

A binary compound of oxygen with another element is called oxide.  Oxides can be 
classified on the basis of nature  

 Acidic oxides: - Non metallic oxides. Aqueous solutions are acids. Neutralize 
bases to form salts. Ex: SO2, CO2, N2O5 etc.   

 Basic oxides: - metallic oxides. Aqueous solutions are alkalis. Neutralize acids to 
form salts.Ex:Na2O, K2O, Mgo etc. 

 Amphorteric oxides: - some metallic oxides exhibit a dual behavior. Neutralize 
both acids & bases to form salts.  
            Ex:- AlO 3, Sb2O3, SnO, PbO2 etcééé..                

OZONE 
PREPARATION  

Prepared by subjecting cold, dry oxygen to silent electric discharge                           
                             3O2 Ƃ 2O3  
PROPERTIES 

   Due to the ease with which it liberates atoms of nascent oxygen 
(O3Ƃ O2 + O), it acts as a powerful oxidising agent. For e.g., it oxidiseslead sulphide to 
lead sulphate and iodide ions to iodine.  
             PbS+4O3Ą PbSO4+ 4O2 

            2KI+H 2O+O3Ą2KOH+I 2+O2 

SULPHUR DIOXIDE  

PREPARATION  

          Burning of S in air  

                      S+O2ĄSO2 

          Roasting of sulphide minerals  

                     (Iron pyrites) 4FeS2+11O2Ą2Fe2O3+8SO2 

                     (Zinc blend) 2ZnS+3O2Ą2ZnO+2SO2 

PROPERTIES 

 Highly soluble in water to form solution of sulphurous acid  
            SO2+H 2OĄH2SO3 

 SO2 reacts with Cl2 to form sulphuryl chloride  
            SO2+Cl2ĄSO2Cl2 

 It reacts with oxygen to form SO 3 in presence of V2O5 catalyst 
            2SO2+O2Ą2SO3 

 Moist SO2 behaves as a reducing agent .It converts Fe (III) ions to Fe (II) ions & delocolourises 
acidified potassium permanganate (VII) solution( It is the test for the gas).   



Page 110 / 249 

            2Fe3+ + SO2 +2H2OĄ2Fe2+ + SO42ñ + 4H+         

5SO2 + 2MnO4  -+ 2H2OĄ5 SO42ñ + 4H+ + 2Mn2+ 

       SO2 molecule is angular . 

                               OXOACIDS OF SULPHUR  See Fig 7.6 

SULPHURIC ACID  

PREPARATION  

It is manufactured by contact process which involves 3 steps 

1. Burning of S or sulphide ores in air to generate SO2. 
2. Conversion of SO2 to SO3 in presence of V2O5 catalyst 
3. Absorption of SO 3 in H 2SO4 to give oleum. 
PROPERTIES 

    (i)  In aqueous solution it ionizes  in 2 steps 

            H2SO4+H2OĄH3O++HSO4- 

            HSO4-+H2OĄH3O++SO42- 

   (ii)  It is a strong dehydrating agent  Eg: - charring action of sugar 

             C12H22O11

H2SO4
12C+11H2O 

   (iii)  It is a moderately strong oxidising agent.  

          Cu + 2 H2SO4(conc.) ĄCuSO4 + SO2 + 2H2O 

           C + 2 H2SO4(conc.) ĄCO2 + 2 SO2 + 2H2O  

GROUP 17 ELEMENTS (H ALOGENS)  

Group 17 elements:  F, Cl, Br, I, At 
General  electronic configuration: ns2np5 

Element Occurence 

Fluorine  

 

Cl, Br, I 

 

 

As insoluble fluorides (fluorspar CaF 2, cryolite Na 3AlF 6 and fluoroapatite)  

Sea water contains chlorides, bromides and iodides of 

sodium, potassium, magnesium and calcium, but is mainly sodium chloride solution 

(2.5% by mass). 

 Certain forms of marine life (various seaweeds) 
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Iodine 

 

ATOMIC & PHYSICAL PROPERTIES  

   (i)   Atomic and ionic radii increase from fluorine to iodine .  

  (ii)  Ionisation enthalpy gradually decreases from fluorine to iodine due to increase in atomic 

size. 

  (iii) Electron gain enthalpy of fluorine is less than that of chlorine. It is due to the small size of 

fluorine & repulsion between newly added electron & electrons already present in its small 2p 

orbital.        

  (iv) Electronegativity decreases from f luorine to iodine.  

          Fluorine is the most electronegative element in the periodic table.. 

   (v) The colour of halogens is due to absorption of radiations in visible  

         region which results in the excitation of outer electrons to higher energ y level.  

   (vi)Bond dissociation enthalpy of fluorine is smaller than that of chlorine is due to electron -

electron repulsion among the lone pair in fluorine  molecules where they are much closer to each 

other than in case of chlorine. The trend: Cl -Cl  Br-Br  F-F  I-I. 

CHEMICAL PROPERTIES  

 Oxidation states :ð1. However, chlorine, bromine and iodine exhibit + 1,+ 3, + 5 and + 7 

oxidation states also.  

Fluorine forms two oxides OF 2 and O2F2. These are essentially oxygen fluorides because of the 

higher electronegativity of fluorine than oxygen.  

              Anamalous behaviour of fluorine  - due to its small size, highest 
electronegativity, low F -F bond dissociation enthalpy and absence of d-orbitals.   
 

TRENDS IN PROPERTIES  

Oxidising property ð F2> Cl2 >Br2 > I2 

Acidic strength ð HF< HCl < HBr< HI  
Stability & bond dissociation enthalpy - HF> HCl > HBr> HI  
Stability of oxides of halogens ð I > Cl > Br 
Ionic character of halides ð MF > MCl > MBr> MI  

 

CHLORINE   

PREPARATION  
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 MnO 2 + 4HCl  Ą  MnCl 2 + Cl2 + 2H2O 

1. 4NaCl + MnO 2 + 4H2SO4     Ą    MnCl 2 + 4NaHSO4 + 2H2O + Cl2 
2. 2KMnO 4 + 16HCl   Ą 2KCl + 2MnCl 2 + 8H2O + 5Cl2 

4. DEACON S PROCESS 

               4HCl + O2    CuCl     2Cl2 + 2H2O 

 5. By electrolysis of brine solution. Cl2 is obtained at anode. 

 

 

 PROPERTIES 

(i) With cold and dilute alkalies Cl 2 produces a mixture of chloride and hypochlorite but with 

hot and concentrated alkalies it gives chloride and chlorate. 

                  2NaOH + Cl 2   Ą         NaCl + NaOCl + H 2O 

                   6NaOH + 3Cl2                    5Nacl + NaClO3 + 3H2O 

(ii) With dry slaked lime it gives bleaching powder.  

                   2Ca(OH)2 + 2Cl2  Ą Ca(OH)2 + CaCl2 + 2H2O 

(iii) It is a powerful bleaching agent; bleaching action is due to oxidation.  

                  Cl2 + H2O Ą 2HCl + (O) 

        Coloured substance + (O)  Ą colourless substance 

(iv) Action of concentrated H 2SO4 on NaCl give HCl gas.  

                    NaCl + H 2SO4   420KƂ NaHSO4 + HCl  

       3: 1 ratio of concentrated HCl and HNO 3 is known as aquaregia &  it is used for dissolving 

noble metals like Au and Pt. 

                                    OXOACIDS OF HALOGENS  (SEE TABLE 7.10  & FIG 7.8) 

INTER HALOGEN COMPOUNDS:  

Inter halogen compounds are prepared by the direct combination of halogens. 

Ex:ClF,ClF3,BrF5,IF7. 

They are more reactive than halogens because X-Xõ is  weaker than X-X bonds in halogens 

(except F-F). 

                                      TYPE STRUCTURE 
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XXõ3 

XXõ5 

XXõ7 

Bent T ð shaped 

Square pyramidal  

Pentagonal bipyramidal  

GROUP 18 ELEMENTS 

Group 18 elements:  He, Ne, Ar, Kr, Xe & Rn  
General  electronic configuration: ns2np6 

 Atomic radii ðlarge as compared to other elements in the period since it corresponds to vander 

Waal radii.  

Inert - Due to complete octet of outermost shell, very high ionization enthalpy &electron gain 

enthalpies are almost zero. 

The first noble compound prepared by Neil Bartlett was XePtF 6 by mixing PtF 6 & xenon.O2+PtF6- 

led to the discovery of  XePtF6  since the first ionisation enthalpy of molecular oxygen (1175 

kJmolð1) was almost identical with that of xenon (1170 kJ molð1).  

Properties 

                  Xe + F2  

1bar     673K,
        XeF2       

 

Xe(g) + 2F2(g)  
7bar  873k,

      XeF4(s)                            

Xe(g) + 3F2(g)   
70bar    573k,60

      XeF6(s)          

XeF6 + MF Ą M + [XeF7]-       

                        XeF2 + PF5 Ą [XeF]+ [PF6]-                            

XeF6 + 3H2O Ą XeO3 + 6HF               

XeF6 + 2H2O Ą XeO2 F2 + 4HF(partial hydrolysis)  

Structures of xenon compounds  

See fig 7.9 

SOLVED QUESTIONS  

1 MARK QUESTIONS  

1.Ammonia has higher boiling point than phosphine. Why?  
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   Ammonia forms intermolecular H - bond. 

2. Why is BiH 3 the strongest reducing agent amongst all the hydrides of 

Group 15 elements ? 

    It is the least stable hydride of group 15. 

3. Why does PCl3 fume in moisture? 

    In the presence of (H2O), PCl3 undergoes hydrolysis giving fumes of HCl.        PCl 3 + 3H2O Ą 

H3PO3 + 3HCl 

4. What happens when H3PO3 is heated ? 

      It disproportionates to give orthophosphoric acid and phosphine.  

      4H3PO3 Ą 3H3 PO4 ӨPH3 

5. Why H 2S is acidic and H2O is neutral ? 

    The S---H bond is weaker than O---H bond because the size of S atom is bigger than that of O 

atom. Hence H2S can dissociate to give H+ ions in aqueous solution. 

6. Name two poisonous gases which can be prepared from chlorine gas. 

     phosgene (COCl2), tear gas(CCl3NO 2)  

7. Name the halogen which does not exhibit positive oxidation state.  

    Fluorine being the most electronegative element does not show positive oxidation states. 

8. Iodine forms I3- but F2 does not form F3- ions. Why? 

    Due to the presence of vacant d-orbi tals, I2 accepts electrons from I- ions to form I -3 ions, but  

because of the absence of d-orbital F2 does not accept electrons from F- ions to form F -3 ions. 

9. Draw the structure of  peroxosulphuric acid.  

 

10. Phosphorus forms PCl5 but nitrogen cannot f orm NCl 5.why? 

      Due to the availability of vacant d orbitals in P.  
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2 MARK QUESTIONS  

 1.Why is HF acid stored in wax coated glass bottles? 

  This is because HF does not attack wax but reacts with glass. It dissolves SiO2 present in glass 

forming hydrofluorosilicic acid.  

               SiO2 + 6HF Ą H2SiF6 + 2H2O     

2. What is laughing gas? Why is it so called? How is it prepared? 

    Nitrous oxide (N 2O) is called laughing gas, because when inhaled it produces hysterical 

laughter. It is prepared by gently heating ammonium nitrate.  

               NH 4NO3    Ą   N2O + 2H2O 

3. Give reasons for the following: 

    (i) Conc HNO 3 turns yellow on exposure to sunlight.  

    (ii) PCl5 behaves as an ionic species in solid state. 

    (i) Conc HNO 3 decomposes to NO2 which is brown in colour & NO 2 dissolves in HNO 3 to it 

yellow.  

    (ii) It exists as [PCl4]+[ PCl6]- in solid state. 

4. What happens when white P is heated  with conc. NaOH  solution in an atmosphere of CO2 ? 

Give equation. 

     Phosphine gas will be formed. 

     P4+ 3NaOH + 3H 2OĄ PH3+ 3NaH2PO2 

5. How is ozone estimated quantitatively ? 

     When ozone reacts with an excess of potassium iodide solution 

buffered with a borate buffer (pH 9.2), iodine is liberated which can be  

titrated against a standard solution of sodium thiosulphate. This is a  

quantitative method for estimating O 3 gas. 

6. Are all the five bonds in PCl5 molecule equivalent? Justify your answer. 

    PCl5 has a trigonal bipyramidal structure and the three equato rial  

  P-Cl bonds are equivalent, while the two axial bonds are different and longer than equatorial 

bonds. 

7. NO2 is coloured and readily dimerises. Why ? 
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NO 2 contains odd number of valence electrons. It behaves as a typical odd molecule. On 

dimerisation,  it is converted to stable N2O4 molecule with even number of electrons. 

8. Write the balanced chemical equation for the reaction of Cl2 with hot and concentrated 

NaOH. Is this reaction a disproportionation  

reaction? Justify. 

3Cl2 + 6NaOH Ƃ Ӟ5NaCl + NaClO 3 + 3H2O 

Yes, chlorine from zero oxidation state is changed to ð1 and +5 

oxidation states. 

9. Account for the following.  

    (i) SF6 is less reactive than  

    (ii) Of the noble gases only xenon forms chemical compounds. 

    (i) In SF6 there is less repulsion between F atoms than in  SF4. 

    (ii) Xe has low ionisation enthalpy & high polarising power due to  

         larger atomic size. 

10.With what neutral molecule is ClO - isoelectronic ? Is that molecule      

a Lewis base ? 

      ClF. Yes,it is Lewis base due to presence of lone pair of electrons. 

 

3 MARK QUESTIONS  

1. (i) Why is He used in diving apparatus ?  

    (ii) Noble gases have very low boiling points. Why ?  

    (iii) Why is ICl more reactive than I 2? 

    (i) It is not soluble in blood even under high pressure.  

    (ii) Being monoatomic they have weak dispersion forces. 

    (iii) I -Cl bond is weaker than I -I bond. 

2 Complete the following equations.  

    (i) XeF4 + H2O    Ą  

    (ii) Ca3P2 + H2O Ą 
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    (iii) AgCl(s) +  NH 3(aq) Ą   

     (i) 6XeF4 + 12 H2O Ƃ 4Xe + 2Xe03 + 24 HF + 3 O2 

     (ii) Ca3P2 + 6H2O Ƃ 3Ca(OH)2 + 2PH3 

     (iii) AgCl(s) +  2NH 3(aq) Ą  [Ag (NH 3)2]Cl (aq) 

3. (i) How is XeOF4 prepared ? Draw its structure. 

    (ii) When HCl reacts with finely powdered iro n, it forms ferrous chloride and not ferric 

chloride. Why? 

    (i) Partial hydrolysis of XeF 6  gives XeOF4.  

           XeF6 + H2O  ƂXeOF4 + 2 HF 

        Structure ð square pyramidal. See Fig 7.9 

    (ii) Its reaction with iron produces H 2. 

          Fe + 2HClƂFeCl2 + H2 

        Liberation of hydrogen prevents the formation of ferric chloride . 

5 MARK QUESTIONS  

1.Account for the following.  

  (i) Noble gases form compounds with F2  &O2  only.  

  (ii) Sulphur shows paramagnetic behaviour.  

 (iii) HF is much less volatile than HCl.  

  (iv) White phosphorous is kept under water.  

  (v) Ammonia is a stronger base than phosphine. 

  (i)  F2  &O 2  are best oxidising agents. 

  (ii) In vapour state sulphur partly exists as S2 molecule which has two unpaired electrons in the 

antibonding pi Ӟ* orbitals like O 2 and, hence,exhibits paramagnetism. 

  (iii) HF is associated with intermolecular H bonding.  

  (iv) Ignition temperature of white phosphorous is very low (303 K). Therefore on exposure to 

air, it spontaneously catches fire forming P4O10. Therefore to protect it from air, it is kept under 

water. 

(v) Due to the smaller size of N, lone pair of electrons is readily available.  
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2.  When Conc. H2SO4 was added to an unknown salt present in a test tube, a brown gas (A) 

was evolved. This gas intensified when copper turnings were added in to test tube. On cooling 

gas (A) changed in to a colourless gas (B). 

  (a) Identify the gases `A` and `B  ̀

  (b) Write the equations for the reactions involved  

  The gas `A` is NO2 whereas `B` is N2O4. 

          XNO 3 + H2SO4 Ą XHSO4 + HNO 3 

           Salt        (conc.) 

           Cu + 4HNO 3(conc.) ƂӞCu(NO 3)2 + 2NO2 + 2H2O 

                                              Blue         Brown(A) 

            2 NO 2  (on cooling) Ą N2O4  

                                               Colourless(B)   

3. Arrange the following in the increasing order of the property mentioned.  

   (i) HOCl, HClO 2,HClO 3, HClO 4 (Acidic strength)  

   (ii) As 2O3, ClO2,GeO2,Ga2O3 (Acidity)   

   (iii)  NH 3,PH3,AsH 3,SbH3 (HEH bond angle)  

   (iv)  HF,HCl,HBr,HI (Acidic strength)  

    (v) MF,  MCl, ,MBr,  MI (ionic character ) 

     

   (i) Acidic strength: HOCl < HClO 2< HClO 3< HClO 4 

   (ii) Acidity: Ga2O3 < GeO2 < As2O3 < ClO2 

    (iii) Bond angle:    SbH3 < AsH 3 < PH3 < NH 3 

   (iv)  Acidic strength: HF < HCl < HBr < HI  

    (v) Ionic character:  MI <  MBr <  MCl < MF 

ASSIGNMENTS 

Level ς 1 

1) 3PH  has lower boiling point than .3NH  Explain. 
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2) Why are halogens coloured. 

3) What are chalcogens? 

4) Which noble gas is Radioactive? 

5) Explain why fluorine always exhibit an oxidation state of ς 1 only.  

6) Which compound led to the discovery of compounds of noble gas? 

7) Name the most electronegative element. 

8) why is 6OF  compound not known? 

9) Why is 
2N  not particularly reactive? 

10) Ammonia acts as aligned. Explain. 

Level ς II  

1) White Phosphorous is more reactive than red phosphorous. Explain. 

2) Why do noble gases have comparatively large atomic sizes.? 

3) Arrange in decreasing order of Ionic character 

IMBrMClMFM ,,,  

4) Phosphinic acid behaves as a monoprotic acid  

5) Arrange the following in the order of property indicated: 

a) __,,, 322232 OGaGeoClOOAS Increasing acidity 

b) ___,,, 2222 TeHSeHSHOH Increasing acid strength. 

6) Arrange in decreasing order of bond energy: 

2222 ,,, IBrClF  

7) Complete the following: 

i) 1043 OPHNO  

ii) HIIO3  

8) Give the chemical reactions in support of following observations: 

a) The  + 5 oxidation state of Bi is less stable than +3 oxidation state. 

b) Sulphur exhibits greater tendency for catenation than selenium. 
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9) How would you account for following  

i) Enthalpy of dissociation of 
2F  is much less than that of .2Cl  

ii) Sulphur in vapour state exhibits paramagnetism. 

10) Draw structures of following: 

a) Per ς oxomonosalphuric acid  52SOH  

b) 
4XeF  

Level ς III 

1. Complete and balance: 

i) ColdOHF 22  

ii) OHFBrO 23  

iii) )(2 coldNLi  

iv) NaOClNH3   

2) Despite lower electron affinity of ,2F  is stronger oxidising agent than .2Cl  Explain.  

3) Give reasons:  

a) Nitric oxide becomes brown when released in air. 

b) 5PCl  is ionic in nature in the solid state.  

4) Which of the two is more covalent SbCl3  or .5SbCl  

5) Addition of 
2Cl  to KI solution gives if brown colour but excess at if turns if colnirless. 

Explain.                 

Unit VII: P Block elements  common errors 

Difference between oxidation state and covelency 

1. It is same until there is no dative band 
2. Difference arises where there is dative band e.g. N2O5 and H2SO4 

 

8. d & f - BLOCK ELEMENTS  

8 d- & f - BLOCK 

ELEMENTS 

1) physical properties 

2) variation in atomic                    
sizes 

3) ionization  

***  NCERT TEXT BOOK 
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4) oxidation states 
5) electrode potential  

6) stability of higher oxidation 

states 

7) chemical properties 

8) magnetic properties 

9) formation of coloured 

compounds  

10) formation of complex 

compounds  

11) catalytic properties 

12) Interstitial compounds / Alloy 

formation 

  II)  Oxides of transition metal, 

and their oxidizing properties 

(i) K2Cr2O7  

(ii)  KMnO4 

***  NCERT TEXT BOOK 

  III) Lanthanoid Contractions 

and their consequences  

***  NCERT TEXT BOOK 

 

POINTS TO REMEMBER 

 The elements ofôdõ block in the periodic table are called transition elements. The elements of 
ôfõ block are called inner transition elements  

 The general electronic configuration of d block elements is (n-1) d1-10 ns1-2 

 Zn, Cd, and Hg (group 12) are not considered as transition metals due to fully filled 
ôdõorbitals  

 Transition metals have high melting points due to strong inter atomic bonding which 
involves large number of unpaired electrons.  

 Transition metals have high enthalpy of atomization due to str ong inter atomic bonding  

 The atomic and ionic radii of 3d series shows progressive decrease as the atomic number 
Increases  

 The atomic / ionic radii of 4d and 5d series are almost same. This is due to lanthanoid 
Contraction.  

 The second ionization enthalpy of Cr and Cu are exceptionally high due to stable d 5 and d10 
Configuration respectively.  

 Among the 3d series Mn shows max. Number of oxidation states i.e., from +2 to +7. But the 
common oxidation state is +2 for 3d series. The tendency to show highest Oxidation state 
increase from Sc to Mn and then this tendency decreases. 

 Transition metals show variable oxidation states due to the involvement of               (n-1) d 
electrons along with ns electrons in bond formation  

 The E0 (M n+/M) values for 3d serie s does not follow a regular trend .This is due to 
irregularity in ionization enthalpy and heat of atomization.  

 Transition metals and their ions show Para magnetism due to presence of unpaired 
electrons  

 The magnetic moment ȋ is given by the formula 
               ȋ= ã n (n+2)      BM  

 Transition metals and their compounds show colour. This is due to presence of unpaired 
electrons. These unpaired electrons undergo excitation from lower energy d orbital to a 
higher energy d orbital in the same shell by absorbing certain frequency of light. The colour 
of the metal /compound will be the complementary colour of the one which is absorbed  
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 Transition metals form complex compounds due to (a) comparatively small size of the metal 
ion (b) high ionic charge (c) availability of vacant d - orbitalõs  

 Transition metals form interstitial compounds due to presence of voids in their crystal 
structure which can accommodate small molecules of Hydrogen, Boron etc.  

 Transition metals form alloys due to comparable size of their a toms. 

 Transition metals and their compounds are used as catalyst. This is due to their ability to 
show variable oxidation states and presence of vacant d - orbitals. 

 

LANTHANOIDS AND ACTI NOIDS  

 The general electronic configuration of the Lanthanoid is [Xe] 4f 1ð14 5d 0ð1 6s2   

The regular decrease in size amongst Lanthanoids atomic number increases is known as 

lanthanoid contraction. This is due to the imperfect shielding of one electron by ano ther in the 

same 4f sub shell. 

The common oxidation state of Lanthanoid is +3. 

Lanthanoid ions are coloured due to the presence of unpaired electrons in 4f level. 

Lu 3+ is colourless due to fully filled 4f level.  

Ce shows +4 oxidation states which has a stable configuration of Xenon 

Eu shows +2 oxidation states because of 4f7 configuration  

Yb also shows +2 oxidation states due to the stable 4f14 configuration.  

Eu2+ and Yb2+ are strong reducing agrnts while Ce  4+ is strong oxidizing agent.  

The general electronic configuration of Actinoids is [Rn] 5f 1ð14 6d 0ð1 7s2 

The irregularities is in the electronic configuration of Actinoids are related to the stability of 

5f0, 5f7, 5f14 configurations.  

The common oxidation states are +3 and +4 

Like Lanthanoids , Actinoids also show regular decrease in atomic and ionic size, which is 

called Actinoid Contraction.  

 

1 MARK QUESTION  
1.Ti2+, V2+, &Cr2+ are strong reducing agents .Why?  
A+4 is the stable oxidation state for Vanadium and +3 is the stable oxidation state for 
Chromium in their aqueous solutions.  
2  What does the E0 value of M 3+/M 2+ show for Mn 3+ & Co3+ (+1.57 V & +1.97V respectively) 
A:The high E0 value of M 3+/M 2+ for Mn 3+ and Co3+ shows that they are the strongest oxidizing 
agents in aqueous solutions among all the rest of transition metal Series .  
3.Why Na2Cr2O7 is not used in volumetric analysis? 
ABecause it is deliquescent. 
4. Why is that orange solution of K 2Cr2O7 turns yellow on adding NaOH?  
A: It changes to CrO42- ion 
 Cr2O72- + 2 OH-   Ą           2 CrO42- 
 (Orange)            (Yellow)  
 

5. Arrange CrO, CrO3 and Cr2O3in increasing order of acidic strength.  
A:CrO < Cr 2O3 < CrO3 
6. Why does Ti4+ ion show diamagnetic nature? 
A:Ti 4+ has no unpaired Ɨ in it. 



Page 123 / 249 

7. Which metal in the first series of transition metal exhibits +1 oxidation state most frequently 
and why? 
A:Cu, due to stable d10 e- configuration.  
8. Write an ionic equation representing the oxidizing property of acidified KMnO 4 solution.  
A: 2 MnO4- + 16H+ + 10 I- Ą  2 Mn2+ + 5 I2 + 8H2O 
9.  Why do Zr and Hf show similar properties?  
A: It is due to similar ionic size, which is due to Lanthanide contraction.  
10.  Why are Cd2+ salts white? 
A: Cd2+ ion has no unpaired electron. 
11.  Which element of the first transition series shows the highest number of oxidation 
states? 
A: Mn 
12.What is meant by disproportionation reaction?  
AIt is a transformation of a substance into two or more substances by simultaneous oxidation 
and reduction.  
 

2 / 3 MARKS QUESTION S 
 

1. Give examples and reasons for the following features of transition metals  

           (a)  The lowest oxide of transition metals is basic and the highest is acidic  

           (b)  A transition metal exhibits highest oxidation state in oxides and fluorides  

A (a) Lowest oxidation compounds of transition metals are basic due to their ability Get 

oxidized to higher oxidation states, where as the higher oxidation state of metals and 

compounds gets reduced to lower ones and hence acts as acidic in nature. 

(c) Due to high electro negativities of oxyg en and fluorine, the oxides and fluorides 
of Transition metals exhibits highest oxidation states  
 

2.What is Lanthanoid contraction? What are its consequences?  

 AIt is filling up of 4f orbital before 5d orbital results in a regular decrease in atomic radi i is 

called Lanthanoid contraction.  

 Consequences of lanthanoid contraction 
(i) There is similarity in the properties of second and third transition series.  
(ii)Separation of lanthanoids is possible due to lanthanide contraction.  

(iii)  It is due to lanthanide contraction that there is variation in the basic strength 
of lanthanide hydroxides. (Basic strength decreases from La(OH)3 to 
Lu(OH) 3.) 
 

3.    Why does Cerium act as strong oxidising agent?  

ACe shows +4 oxidation states due to stable noble gas configuration, but it is a Strong oxidizing 

agent and reduced to Ce3+. Its E0 value for Ce4+ /Ce 3+ is 1.74v  

  It oxidizes water, but the rate of reaction is slow and thus can be studied in detail and 

analysed. Hence Ce acquires great use in analytical chemistry.  

 

4. Compare the chemistry of Lanthanoids and Actinoids  

A.                                   

Lanthanoids  Actinoids  
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(a) Electronic configuration is  

      4f1-14 5d0-1 6s2 

(b) common oxidation state is +3 

(c) The size difference between 

the          successive Lanthanoids 

is small. 

(d) the ionization enthalpies are 

higher  

(a) Electronic configuration is  

      5f1-14 6d0-1 7s2 

(b) common oxidation states are 

+3&+4 

(c) the size difference between two 

successive Actinoids is larger . 

 

(d) the ionizatio n enthalpies are 

higher  

              

 5. How is K2Cr2O7 prepared?  

   AK 2Cr2O7 is prepared from chromite ore (FeCr2O4). The following steps are           involved  

           (a)  Fusion of chromite with Na 2CO3 in free access of air.  

               8Na2CO3 + 4FeCr2O4 + 7O2  Ƃ  8Na2CrO4(yellow) + 2Fe2O3 +   8CO2 

           (b) Acidification of Na 2CrO4  

                2Na2CrO4 + H2SO4  Ƃ  Na2Cr2O7 (orange) + Na2SO4 + H2O  

                                                               OR 

                Low pH  

                2CrO4 2-(yellow)  +  2H +                                       Cr2O72-(orange) + H2O     

                                                                 High pH                                          

(d) Na2Cr2O7 + 2KCl Ƃ  K2Cr2O7 + 2NaCl 
 

6.Explain the oxidizing property of K 2Cr2O7. 

A. K2Cr2O7 acts as an oxidizing agent.  In acid medium it undergoes reduction to Cr 3+  

                 Cr2O72- + 14H++ 6e-  Ƃ 2Cr3+(green)  + 7H2O 

           Eg: acidified K2Cr2O7 will oxidize  

           (a) Fe2+ to F3+  

                  Cr2O7 2- + 6Fe2+ + 14H+ Ƃ 2Cr3+ + 6Fe3+ + 7H2O 

           (b) Iodide to iodine  

                   Cr2O72- + 6I- + 14H+ Ƃ 3I2 + 2Cr3+ + 7H2O  

 

 7.How is KMnO4 obtained from pyrollusite?  

A pyrolusite is fused wi th KOH and air. This produces a green colored mass, i.e, Potassium 

manganate .  

                  2KOH + MnO 2 + ½ O2 Ƃ K2MnO 4 + H2O  

            Manganate ion disproportionate in neutral or acidic medium to give pink coloured 

Permanganate.  

 

8.Explain the oxidizing property of KMnO 4  

AKMnO4 is a strong oxidizing agent in both acidic and basic medium  

           In acid medium  

                   MnO 4 ð (Pink) + 8 H+ + 5e- Ƃ Mn2+ (colourless) + 4H2O 

                   Eg : Acidified KMnO 4 oxidises Fe2+ to Fe3+ 
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                   MnO 4 - + 5 Fe2+ + 8H+ Ƃ Mn2+ + 5Fe3+ + 4H2O 

                   Oxalate ion is oxidized to CO 2 by acidified KMnO 4. 

                   2MnO4 - + 5C2O42- + 16 H+ Ƃ 2Mn2+ + 2CO2 +8H2O 

           In basic medium 

                   MnO 4 ð is reduced to MnO2  

                   MnO 4 - + 2H2O + 3e- Ƃ MnO2 + 4OH-  

                   Eg: Alkaline KMnO 4 oxidises I- to IO3-  

                   2MnO4- + I - + H2O Ƃ 2MnO2 + IO3- + 2OH-  

 

9.  Draw structures of a) CrO 42-  b) Cr2 O7 2- 

A 
             a)          (   b)  

 

 

10. Actinoid contraction is greater from element to element than lanthanoid contraction. 

Why? 

A: In actinoids, 5f orbitals are filled. These 5f orbitals have a poorer shielding effect 
than 4f orbitals (in lanthanoids). Th us, the effective nuclear charge experienced by 
electrons in valence shells in case of actinoids is much more that that experienced by 
lanthanoids. Hence, the size contraction in actinoids is greater as compared to that in 
lanthanoids. 
 
11. Why are Mn 2+compounds more stable than Fe2+ towards oxidation to their +3 state? 

A: Electronic configuration of Mn 2+ is [Ar] 18 3d5. 
Electronic configuration of Fe 2+ is [Ar] 18 3d6. 
It is known that half -filled and fully -filled orbitals are more stable. Therefore, Mn in (+ 2) 
state has a stable d5 configuration. This is the reason Mn 2+ shows resistance to oxidation 
to Mn 3+. Also, Fe2+ has 3d6 configuration and by losing one electron, its configuration 
changes to a more stable 3d5 configuration. Therefore, Fe2+ easily gets oxidized to Fe+3 
oxidation state. 
 
12. Explain briefly how +2 states becomes more and more stable in the first half of the first 

row transition elements with increasing atomic number?  

A: The oxidation states displayed by the first half of the first row of tr ansition 
metals are given in the table below. 

 Sc Ti V Cr Mn  

Oxidation state 

 + 2 + 2 + 2 + 2 

+3 + 3 + 3 + 3 + 3 

 + 4 + 4 + 4 + 4 
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  + 5 + 5 + 6  

   + 6 + 7 

It can be easily observed that except Sc, all others metals display +2 oxidation state. 
Also, on moving from Sc to Mn, the atomic number increases from 21 to 25. This means 
the number of electrons in the 3d-orbital also increases from 1 to 5. 

Sc (+2) = d1 

Ti (+2) = d2 

V (+2) = d3 

Cr (+2) = d4 

Mn (+2) = d 5 

+2 oxidation state is attained by the loss of the two 4s electrons by these metals. Since 
the number of d electrons in (+2) state also increases from Ti(+2) to Mn(+ 2), the 
stability of +2 state increases (as d-orbital is becoming more and more half -filled). Mn 
(+2) has d5 electrons (that is half-filled d shell, which is highly stable).  
 
 
 
5 MARKS QUESTIONS  

 
1.  Explain giving reasons: 
(i) Transition metals and many of their compounds show paramagnetic  
behaviour. 
(ii) The enthalpies of atomisation of the transition metals are high. 
(iii) The transition metals generally form coloured compounds.  
(iv) Transition metals and their many compounds act as good catalyst. 

A:  (i) Transition metals show paramagnetic nature. Paramagnetism arises due to 
the presence of unpaired (n-1)d electrons.  
(ii)  Transition elements have high effective nuclear charge and a large number of 
valence electrons. Therefore, they form very strong metallic bonds. As a result, the 
enthalpy of atomization of transition metals is high.  
(iii)  Most of the complexes of transition metals are coloured. This is because of the 
absorption of radiation from visible light region to promote an electron from one of the 
dĭorbitals to another (d-d transition).  
(iv)  The catalytic activity of the transition elements can be explained by two basic facts. 
(a) Owing to their ability to adopt variable oxidation states  
(b) Transition metals also provide a suitable surface for the reactions to occur. 
 
2. Describe the preparation of potassium permanganate. How does the acidified 
permanganate solution react with (i) iron(II) ions (ii) SO 2 and (iii) oxalic acid? 
Write the ionic equations for the reactions. 
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A: Potassium permanganate can be prepared from pyrolusite (MnO 2). The ore is 
fused with KOH in the presence of either atmospheric oxygen or an  oxidizing agent, 
such as KNO3 or KclO4, to give K2MnO 4. 

 
At anode, manganate ions are oxidized to permanganate ions. 

 
3. Acidified KmnO 4 solution oxidizes Fe (II) ions to Fe (III) ions i.e., ferrous ions to 
ferric ions. 

 
(ii) Acidified potassium permanganate oxidizes SO2 to sulphuric acid.  

 
(iii) Acidified potassium permanganate oxidizes oxalic acid to carbon dioxide.  

 
 
3.  The chemistry of the actinoid elements is not so smooth as that of the Lanthanoids. 
Justify this statement by giving some examples from the oxidation state of these elements.  

A: Lanthanoids primarily show three oxidation states (+2, +3, +4). Among these 
oxidation states, +3 state is the most common. Lanthanoids display a limited number of 
oxidation states because the energy difference between 4f, 5d, and 6s orbitals is quite 
large. On the other hand, the energy difference between 5f, 6d, and 7s orbitals is very 
less. Hence, actinoids display a large number of oxidation states. For example, uranium 
and plutonium display +3, +4,  +5, and +6 oxidation states while neptunium displays +3, 
+4, +5, and +7. The most common oxidation state in case of actinoids is also +3. 
 
Assignment: Level 1 

Q1: Write the outer electronic configuration of Chromium atom (z=24) 

Q2: What is the effect of increasing pH on Potassium dichromate solution. 

Q3. Write the general configuration of d block elements. 

Q4. Why are Zn and Cd are not regarded as transition elements. 

Q5. Why do Zr and Hf exhibit similar properties 
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Q6. Why is solution of Sc+3 colourless 

Q7. Name an ore of Manganese and Chromium 

Q8. Calculate the Magnetic moment of a divalent ion in aqueous solution if its atomic number is 
25 

Q9. Complete the  reaction 

 Na2Cr2O7 + 2KCl  

Q10. Name an alloy of lanthanoid metal 

Assignment: Level 2 

Q1. Which is more basic La(OH)3 or Lu(OH)3  ? Why? 

Q2. Why are Mn2+ compounds more stable than Fe+2 towards oxidation to their +3 state. 

Q3. Why is HCl not used to acidify a permanganate solution in volumetiric estimation of Fe+2 or 
C2O4

2- 

Q4.Which is stronger reducing agent Cr+2 or Fe+2 ? Why ? 

Q5.Explain why Cu+ ion is not stable in aqueous solutions. 

Q6.Write the steps involved in the preparation of KMnO4 from pyrolusite ore . 

Q7. Why are enthalpies of  atomization of transition elements high. 

Q8.Write down the number of 3d electron in Ti+2,V+2,Fe+2 and Ni+2. 

Q9.Pt (iv)compounds are relatively more stable than Ni(iv)compounds. 

Q10.Out of zinc and cobalt salts which is attracted in magnetic field. Why? 

Assignment :Level 3 

Q1. Why is E0 value for Mn+3/Mn+2 couple much more positive than that for Cr+3/Cr+2 or 
Fe+3/Fe+2. Explain 

Q2. What happens when potassium dichromate solution is heated with conc. Sulphuric acid and  
a soluble metal chloride. Write the structure of Orange Compound produced during the reaction. 

Q3. Consider a titration of potassium dichromate solution with acidified Mohrôs salt solution 
using diphenylamine as indicator. What are the number of moles of Mohrôs salt required per 
mole of dichromate?  

Q4. Write the balanced Redox reaction between KMnO4 (molecular weight = 158 ) and oxalic 
acid. Calculate the equivalent weight of KMnO4. How many moles of H2O2 are required to 
decolorize one mole KMnO4 

Q6. State reasons for the following 

(i) Ce(III) is readily oxidized to Ce(IV) 
(ii) Actinoids have a stronger tendency to form complexes than lanthanoids. 
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Unit VIII: d & f block elements 

Oxoanions 

MnO4 in acidic, basic and neutral medium 

MnO4                 Mn+2 (Acidic) 

MnO4                  MnO2  (Basic) 

MnO4                 MnO2  (Neutral) 

 

9. CO-ORDINATION COMPOUNDS  
9 CO-ORDINATION 

COMPOUND  

1. Nomenclature of co-ordination 

compounds  

**  NCERT Intext 9.1,9.2 page 

244 Q 9.6,9.7 page 258 

  2. Hybridisation co-ordination 

complexes 

***  Page no. 247 

  3. Isomerization  ***  Page no. 244 

  4. crystal field theory in 

octahedral complexes 

**  Page no. 250 

 

POINTS TO REMEMBER:  

1. Coordination compounds   
Coordination compounds are compounds in which a central metal atom or ion  is linked to a 

number of ions or neutral molecules by coordinate bonds or which contain complex ions. 

Examples- K4[Fe(CN)6]; [ Cu(NH 3)4]SO4; Ni(CO) 4 

      2.The main postulates of Wernerõs theory of coordination compounds  

i)  In coordination compounds metals show two types of linkages or valencies - Primary 
and Secondary. 
ii)  The primary valencies are ionisable and are satisfied by negative ions. 
iii)  The secondary valencies are non- ionisable and are satisfied by neutral molecules or 
negative ions. The secondary valence is equal to the C.N and is fixed for a metal. 
iv)  The ions or groups bound by secondary linkages to the metal have characteristic spatial 
arrangements corresponding to different coordination nos.  
3.Difference between a double salt and a complex  

Both double salts as well as complexes are formed by the combination of two or more stable 

compounds in stoichiometric ratio. However, double salts such as carnallite, KCl.MgCl 2.6H2O, 

Mohrõs salt, FeSO4.(NH 4)2SO4.6H2O, potash alum, KAl(SO4)2.12H2O, etc. dissociate into simple 

ions completely when dissolved in water. However, complex ions such as [Fe(CN)6]4ð of 

K4[Fe(CN)6], do not dissociate into Fe2+ and CNð ions. 

    4.Important Terminology - 
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(i) Coordination entity :  It constitutes the central metal ion or atom bonded to a fixed number 

of ions or molecules represented within a square bracket. 

(ii) Central atom/ ion :  In a coordination entity, the atom/ion to which a fixed number of 

ions/groups are bound in a definite geometrical   arrangement around it, is called the central 

atom or ion. 

iii)  Ligands : The neutral or negative ions bound to the central metal or  

ion in the coordination entity. These donate a pair/s of electrons to the central metal atom /ion. 

Ligands may be classified as- 

a) Monodentate/Unidentate : Ligands bound to the central metal atom/ion through a 
single donor atom. Ex- Cl- ; H2O ; NH 3 ; NO2-. 
b) Didentate : Ligates through two donor atoms. Ex - C2O4 2- (ox); H2NCH 2CH2NH 2(en) 
c) Polydentate :  which ligates through two or more donor atoms present in a single ligand. 
Ex- (EDTA) 4- 
d) Chelating ligands :  Di- or polydentate ligands that   uses two or more donor atoms to 
bind to a single metal ion to form ring - like complexes. (Ox); (edta) 
e) Ambidentate ligand : A ligand  that can ligate through two different atoms, one at a 
time. Ex-NO 2- ; SCN- 
v) Coordination number : The no. of ligand donor atoms to which the metal is directly 
bonded through sigma bonds only. It is commonly 4 or 6.  
vi)  Counter ions :  The ionisable groups written outside the square bracket. Ex- K+ in 
K4[Fe(CN)6] OR 3Cl- in [Co(NH 3)6]Cl3 
vii)  Coordination Polyhedron : The spatial arrangement of the ligand atoms which are 
directly attached to the central metal atom/ion. They are commonly Octahedral, Square -planar 
or Tetrahedral 
           Oxidation number : The charge that the central atom would carry if all the ligands are 

removed along with their pairs of electrons shared with the central atom. It is represented in 

parenthesis. 

viii)  Homoleptic complexes : Complexes in which a metal is bonded to only one    
kind of donor groups. Ex - [Co(NH 3)6] 3+ 

ix) Heteroleptic complexes : Complexes in which a metal is bonded to more  
than one kind of donor groups. Ex - [Co(NH 3)4 Cl2]+  

 5. NAMING OF MONONUCLEAR COORDINATION COMPOUNDS  

The principle of additive nomenclature is followed while naming the coordination compounds. 
The following rules are used- 

i      The cation is named first in both positively and negatively charged coordination   

         entities. 

ii     The ligands are named in an alphabetical order before the name of the central  

         atom/ion.  
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iii   The name of the anionic ligands end in ðo, those of neutral and cationic ligands are  

the same except aqua for H2O, ammine for NH 3, carbonyl for CO and nitrosyl for NO.  

these are placed within enclosing marks  . 

iv   When the prefixes mono, di, tri, etc., are used to indicate the number of the  

individual ligands in the coordination entity. When the names of the ligands include a  
numerical  prefix, then the terms, bis, tris , tetrakis are used, the ligand to which they 
refer being placed in parenthesis. 

v     Oxidation state of the metal in cation, anion, or neutral coordination entity is  

indicated by roman numeral in parenthesis.  

vi    If the complex ion is a cation , the metal is same as the element. 

vii   The neutral complex molecule is named similar to that of the complex cation.  

6.NAMES OF SOME COMMON LIGANDS  

    NEGATIVE LIGANDS  CHARGE NEUTRAL LIGANDS  CHARGE 

CN-   Cyano -1 NH 3 Ammine  0 

Cl- Chlorido  -1 H2O Aqua/aquo  0 

Br- Bromido  -1 NO Nitrosyl  0 

F- Fluoride  -1 CO Carbonyl  0 

SO42- Sulphato -2 PH3 Phosphine 0 

C2O42- Oxalato -4 CH2-NH 2 

CH2NH 2 

(1,2-Ethane 

diamine)  

0 

NH 2- Amido  -1 POSITIVE LIGANDS  

NH 2- Imido  -2 NH 2-NH3 + Hydrazinium  +1 

ONO - Nitrito -O -1 NO + Nitrosonium  +1 

NO 2- Nitro  -1 NO 2+ Nitronium  +1 

NO 3- Nitrato  -1    

SCN- Thiocyanato -1    

NCS- Isothiocyanato -1    

CH2(NH 2)COO- Glycinato  -1    
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-OH Hydroxo  -1    

                                           

7. ISOMERISM IN COORDINATION COMPOUNDS  

Two or more substances having the same molecular formula but different spatial arrangements 

are called isomers and the phenomenon is called isomerism. Coordination compounds show 

two main types of isomerism - 

A) Structural Isomerism    B) Stereoisomerism 

STRUCTURAL ISOMERISM :- It arises due to the difference in structures of coordination 

compounds. It is further subdivided into the following types - 

1) Ionisation isomerism :  This form of isomerism arises when the counter ion in a   
complex salt is itself a potential ligand and can displace a ligand which can then become the 
counter ion. An example is provided by the ionization i somers [Co(NH3)5SO4]Br and 
[Co(NH 3)5Br]SO4. 
2) Hydrate or solvate isomerism : This form of isomerism is known as ôhydrate isomerismõ 
in case where water is involved as a solvent. This is similar to ionisation isomerism. Solvate 
isomers differ by whether or not  a solvent molecule is directly bonded to the metal ion or 
merely present as free solvent molecules in the crystal lattice. An example is provided by the 
aqua complex [Cr(H 2O)6]Cl3 (violet) and its solvate isomer [Cr(H 2O)5Cl]Cl 2.H2O (grey-green). 
3) Linkage I somerism : Linkage isomerism arises in a coordination compound containing 
ambidentate ligand. A simple example is provided by complexes containing the thiocyanate 
ligand, NCSð, which may bind through the nitrogen to give M ðNCS or through sulphur to give 
MðSCN.  
4)  Coordination isomerism:   It arises from the interchange of ligands between cationic 
and anionic entities of different metal ions  present  in a complex . 
Example  [Co(NH 3)6][Cr(CN) 6] &  [Cr(NH 3)6][Co(CN) 6]    

STEREOISOMERISM:   Stereo isomers have the same chemical formula and chemical bonds 

but they have different spatial arrangement. They are of two kinds  

  A. Geometrical isomerism    

  B. Optical isomerism 

GEOMETRICAL ISOMERISM - This type of isomerism arises in heteroleptic complexes due to 

different possible geometric arrangements of the ligands. Important examples of this behaviour 

are found with coordination numbers 4 and 6. In a square planar complex of formula [MX 2L2] 

(X and L are unidentate), the two ligands X may be arranged adjacent to each other in a cis 

isomer, or opposite to each other in a trans isomer  [MABXL]-Where A,B,X,L are unidentates 

Two cis- and one trans- isomers are possible. 
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            Another type of geometrical isomerism occurs in octahedral coordination entities of the 

type [Ma 3b3] like [Co(NH 3)3(NO 2)3]. If  three donor atoms of the same ligands occupy adjacent 

positions at the corners of an octahedral face, we have the facial (fac) isomer. When the 

positions are around the meridian of the octahedron, we get the meridional (mer) isomer.              

                                          

b) OPTICAL ISOMERISM: Optical isomers are mirror images that cannot be superimposed on 

one another. These are called as enantiomers. The molecules or ions that cannot be 

superimposed are called chiral. The two forms are called dextro (d) and laevo (l) depending 

upon the direction they rotate the plane of polarised light in a polarimeter (d rotates to the right, 

l to the left). Optical isomerism is common in octahedral complexes involving didentate ligands. 

In a coordination entity of the type [Co Cl2(en)2]2+, only the cis-isomer shows optical activity  
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TYPES OF HYBRIDISATION  

Coordination number  Type of hybridisation  Acquired geometry  

4 sp3 Tetrahedral 

4 dsp2 Square planar 

5 sp3d Trigonal bipyramidal  

6 sp3d2 Octahedral 

6 d2sp3 Octahedral 

 

8.CRYSTAL FIELD THEORY:  

1.    The metal-ligand bond is ionic arising purely from electrostatic interactions between   

       the metal ion and the ligand.  

2.    Ligands are treated as point charges or dipoles in case of anions and neutral  

       molecules. 

3.    In an isolated gaseous metal atom or ion the five d-orbitals are degenerate. 

4.    Degeneracy is maintained if a spherically symmetrical field of negative charges  

       surrounds the metal /ion.  

5.   In a complex the negative field becomes asymmetrical and results in splitting of the  
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   d-orbitals. 

               

A) CRYSTAL FIELD SPLLITING IN OCTAHEDRAL COORDINATION ENTITIES  

  

 

| |  

1.   For d4 ions, two possible patterns of electron distribution arise:  
(i) If Ǥo < P, the fourth electron enters one of the eg orbitals giving the  

configuration t 3 2g e1g . Ligands for which Ǥo < P are known as weak 

field ligands and form high spin complexes.  

(ii) If Ǥo > P, it becomes more energetically favourable for the fourth electron to occupy a t2g 

orbital with configurati on t42g e0g. Ligands which produce this effect are known as strong field 

ligands and form low spin complexes.  

     B) CRYSTAL FIELD SPLLITING IN TETRAHEDRAL COORDINATION ENTITIES  

1. The four surrounding ligands approach the central metal atom/ion along the pl anes   
      between the  axes. 

     2.   The t2g orbitals are raised in energy (2/5) t . 

     3.   The two eg orbitals are lowered in energy  (3/5) t 

     4.   The splitting is smaller as compared to octahedral field splitting, t=(4/9) 0. 
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     5.    Pairing of electrons is  rare and thus complexes have generally high spin   
            configurations.  

                      
 

BONDING IN METAL CARBONYLS  

The metal-carbon bond in metal carbonyls possess both Ȓ and ȏ character. The MðC Ȓ bond 

is formed by the donation of lone pair of electrons on the carbonyl carbon into a vacant orbital 

of the metal. The MðC ȏ bond is formed by the donation of a pair of electrons from a filled d 

orbital of metal into the vacant antibonding ȏ* orbital of carbon monoxide. The metal to ligand 

bonding creates a synergic effect which strengthens the bond between CO and the metal . 

 

 

SOLVED QUESTIONS   

1 MARK QUESTIONS  

1. What are ambidentate ligands? Give two  examples for each.  

ANS.  Ambidentate ligands are l igands that can attach themselves to the central metal atom 

through two different atoms. For example:  

(a)                                                    

                       (The donor atom is N)                               (The donor atom is oxygen) 
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 (b)                                                        

                        (The donor atom is S)                                   (The donor atom is N) 

Q2. Using IUPAC norms write the formula for the following:  Tetrahydroxozincate(II)            

ANS.  [Zn(OH) 4]2ĭ 

Q3. Using IUPAC norms write the formula for the following:  Hexaamminecobalt(III) 

sulphate                                       

ANS.  [Co(NH 3)6]2 (SO4)3  

Q4. Using IUPAC norms write the formula for the following:  Pentaamminenitrito -O-

cobalt(III)                                              

ANS. [Co(ONO) (NH 3)5]2+ 

Q5. Using IUPAC norms write the systematic name of the following: [Co(NH3)6]Cl3  

ANS.  Hexaamminecobalt(III) chloride  

Q6. Using IUPAC norms write the systematic name of the following: 

[Pt(NH3)2Cl(NH2 CH3)]Cl  

ANS. Diamminechlorido(methylamine) platinum(II) chloride  

 

Q7. Using IUPAC norms write the systematic name of the following: [Co(en) 3]3+ 

   ANS.   Tris(ethane-1, 2-diammine) cobalt(III) ion  

Q8. Draw the structures of optical isomers of:  c[Cr(C 2O4)3]3ð 

ANS     .  

Q9. What is meant by the chelate effect? Give an example.                     

ANS.  When a ligand attaches to the metal ion in a manner that forms a ring, then the metal- 

ligand association is found to be more stable. 
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2 / 3 MARK QUESTIONS  

Q1. What is spectrochemical series? Explain the difference between a weak field ligand and a 

strong field ligand.                                         

ANS.  A spectrochemical series is the arrangement of common ligands in the increasing order of 

their crystal -field splitting energy (CFSE) values.                     

Iĭ < Brĭ < S2ĭ < SCNĭ < Clĭ< N3 < Fĭ < OHĭ < C2O42ĭ Ḑ H2O < NCSĭ Ḑ Hĭ < CNĭ < NH 3< en Ḑ 

SO32ĭ < NO2ĭ < phen < CO 

Q2. [Cr(NH 3)6]3+ is paramagnetic while [Ni(CN) 4]2ĭ is diamagnetic. Explain why?  

ANS.  Cr is in the +3 oxidation state i.e., d3 configuration. Also, NH 3 is a weak field ligand that 

does not cause the pairing of the electrons in the 3d orbital. 

Cr3+    :                      

Therefore, it undergoes d2sp3 hybridization and the electrons in the 3d orbitals remain 

unpaired. Hence, it is paramagnetic in natur e.                                    

In [Ni(CN) 4]2ĭ, Ni exists in the +2 oxidation state i.e., d8 configuration.  

Ni 2+:  

CNĭ is a strong field ligand. It causes the pairing of the 3d orbital electrons. Then, Ni 2+ 

undergoes dsp2 hybridization.  

 

Q3. A solu tion of [Ni(H 2O)6]2+ is green but a solution of [Ni(CN) 4]2ĭ is colourless. Explain. 

ANS.  In [Ni(H 2O)6]2+, is a weak field ligand. Therefore, there are unpaired electrons in 

Ni 2+. In this complex, the d electrons from the lower energy level can be excited to the higher 

energy level i.e., the possibility of dĭd transition is present. Hence, Ni(H2O)6]2+ is coloured. 
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In [Ni(CN) 4]2ĭ, the electrons are all paired as CN- is a strong field ligand. Therefore, d -d 

transition is not possible in [Ni(CN) 4]2ĭ. Hence, it is colourless. As there are no unpaired 

electrons, it is diamagnetic. 

 

Q2. Draw all the isomers (geometrical and optical) of:  

(i)  [CoCl 2(en)2]+                                         

(ii)  [Co(NH 3)Cl(en) 2]2+                                         

(iii ) [Co(NH 3)2Cl2(en)]+ 

ANS.  (i)  [CoCl2(en)2]+ 

    

 

In total, three isomers are possible.  
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Trans-isomers are optically inactive.        

Cis-isomers are optically active.                                                                   

   

(iii)  [Co(NH 3)2Cl2(en)]+    

Q3. Write all the geometrical isomers of [Pt(NH 3)(Br)(Cl)(py)] and how many of these will 

exhibit optical isomers?  

ANS.  [Pt(NH 3)(Br)(Cl)(py)  

 

From the above isomers, none will exhibit optical isomers. Tetrahedral complexes rarely show 

optical isomerization. They do so only in the presence of unsymmetrical chelating agents. 

Q4. What is meant by stability of a coordination compound in solution? State the factors 

which govern stability of complexes.         

  ANS.  The stability of a complex in a solution refers to the degree of association between 

the two species involved in a state of equilibrium. Stability can be expressed quantitatively in 

terms of stability constant or formation constant.  

 

 

For this reaction, the greater the value of the stability constant, the greater is the proportion of 

ML 3 in the solution.            
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5 MARKS QUESTIONS  

Q1. (a) Discuss the nature of bonding in the following coordination entities on the basisof 

valence bond theory:  

(i)  [Fe(CN)6]4ĭ  (ii)  [FeF6]3ĭ  (iii)  [Co(C2O4)3]3ĭ (iv)  [CoF6]3ĭ                              

ANS.  (i)  [Fe(CN)6]4ĭIn the above coordination complex, iron exists in the +II oxidation state.Fe 2+ 

: Electronic configuration is 3d 6 Orbitals of Fe2+ ion:  

 

As CNĭ is a strong field ligand, it causes the pairing of the unpaired 3d electrons.Since there are 

six ligands around the central metal ion, the most feasible hybridization is d 2sp3. d2sp3 

hybridized orbitals of Fe 2+ are:  

 

6 electron pairs from CNĭ ions occupy the six hybrid d 2sp3orbitals.Then, 

 

Hence, the geometry of the complex is octahedral and the complex is diamagnetic (as there are 

no unpaired electrons).                              

(ii)  [FeF6]3ĭ              

      In this complex, the oxidation state of Fe is +3.      

                       Orbitals of Fe+3 ion:  

 

There are 6 Fĭ ions. Thus, it will undergo d 2sp3 or sp3d2 hybridization. As F ĭ is a weak field 

ligand, it does not cause the pairing of the electrons in the 3d orbital. Hence, the most feasible 

hybridization is sp 3d2.sp3d2 hybrid ized orbitals of Fe are: 
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Hence, the geometry of the complex is found to be octahedral. 

(iii)  [Co(C2O4)3]3ĭ                                  

Cobalt exists in the +3 oxidation state in the given complex.Orbitals of Co3+ ion:Oxalate is a 

weak field ligand . Therefore, it cannot cause the pairing of the 3d orbital electrons. As there are 

6 ligands, hybridization has to be either sp 3d2 or d2sp3 hybridization.sp 3d2 hybridization of Co 3+: 

 

The 6 electron pairs from the 3 oxalate ions (oxalate anion is a bidentate ligand) occupy these 

sp3d2 orbitals. 

 

Hence, the geometry of the complex is found to be octahedral. 

(iv)  [CoF6]3ĭCobalt exists in the +3 oxidation state. 

Orbitals of Co3+ ion:  

 

Again, fluoride ion is a weak field ligand. It cannot cause the pairing of the 3d electrons. As a 

result, the Co3+ ion will undergo sp 3d2 hybridization.sp 3d2 hybridized orbitals of Co 3+ ion are: 

 

 

Hence, the geometry of the complex is octahedral and paramagnetic. 
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Q3. Write down the IUPAC name for each of the following comple xes and indicate the 

oxidation state, electronic configuration and coordination number. Also give stereochemistry 

and magnetic moment of the complex:  

(i)  K[Cr(H 2O)2(C2O4)2].3H2O (ii)  [Co(NH 3)5Cl]Cl 2 ANS.  (i)  Potassium diaquadioxalatochromate 

(III) trihydrate.  

Oxid ation state of chromium = 3            Electronic configuration: 3d 3: t2g3       

Coordination number = 6                    Shape: octahedral 

Stereochemistry:  

                         

 

Magnetic moment, ȋ  

 

Ḑ 4BM 

(ii)  [Co(NH 3)5Cl]Cl 2 

IUPAC name: Pentaamminechloridocobalt(III) chloride        

Oxidation state of Co = +3                                

Coordination number = 6                                 

Shape: octahedral.                               
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Electronic configuration: d 6: t2g6.                      

Stereochemistry:  

 Magnetic Moment = 0 

LEVEL 1  

1.Why do tetrahedral complex not show geometrical isomerism?  

2. Why does the colour changes on heating [Ti(H2O)6]3+ . 

3. [Fe(H2O)6]3+ is strongly paramagnetic whereas [Fe(CN)6]3- is weakly paramagnetic. Explain.  

4. What happens when potassium ferrocyanide solution is added to a ferric salt solution?  

LEVEL 2 

5. A coordination compound has a formula (CoCl 3. 4NH3). It does not liberate NH3but 

precipitates chloride ion as AgCl. Give the IUPAC name of the complex and write its structural 

formula.  

6. Write the correct formula for the following co -ordination compounds.    CrCl3 . 

6H2O (Violet, with 3 Chloride ions/ Unit formula)      CrCl3 . 6H2O 

(Light green colour with 2 Chloride ions/ unit formula)  

7. Give the electronic configuration of the d -orbitals of Ti in [Ti (H 2O) 6]3+ ion in anoctahedral 

crystal field.  

8. Co(II) is stable in aqueous solution but in the presence of strong ligands and air, it can get 

oxidized to Co(III). (Atomic Number of cobalt is 27). Explain.  

9. Give a chemical test to distinguish between [Co(NH 3)5Br]SO4 and [Co(NH 3)5Br]SO4Br. Name 

the type of isomerism exhibited by these compounds.  

10. What is the coordination entity formed when excess of aqueous KCN is added to an aqueous 

solution of copper sulphate? Why is that no precipitate of copper sulphate is obtained when H 2S 

(g) is passed through this solution?  

LEVEL 3 
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11. Aqueous copper sulphate solution (blue in colour) gives a green precipitate with aqueous 

potassium fluoride, a bright green solution with aqueous potassium chloride. Explain these 

experimental results.  

12. A metal complex having the composition Cr(NH) 4Cl2Br has been isolated in two forms, A 

and B. The form A reacts with AgNO 3 solution to give a white precipitate readily soluble in 

dilute aqueous ammonia whereas B give a pale yellow precipitate soluble in concentrated 

ammonia solution. Write the formulae of A and B and write their IUPAC names.  

13. Explain the following  

i. All octahedral complexes of Ni 2+must be outer orbital complexes.  

ii. NH 4+ ion does not form any complex. 

iii. (SCN) -1 ion is involved in linkage isomerism in co -ordination compounds.  

14. A metal ion Mn + having d 4 valence electronic configuration combines with three didentate 

ligands to form complexes. Assuming Ǥo > P  Draw the diagram showing d orbital splitting 

during this complex formation. Write the electronic configuration of the valence electrons of the 

metal Mn + ion in terms of t2g and eg. What type of the hybridization will Mn + ion have? Name 

the type of isomerism exhibited by this complex.  

15. The coordination no. of Ni2+ is 4. 

NiCl 2 + KCN(excess) Ƃ A( a cyano complex ) 

A + Conc HCl(excess) Ƃ B ( a chloro complex ) 

i) Write IUPAC name of A and B 

ii) Predict the magnetic nature of A and B  

iii) Write hybridization of Ni in A and B  

16. Explain the following                                     

i. Cu(OH) 2 is soluble in ammonium hydroxide but not in sodium hydroxide solution.                

 ii. EDTA is used to cure lead poisoning              

iii. Blue coloured solution of [CoCl 4] 2- changes to pink on reaction with HgCl 2. 
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11. HALOALKANES AND HALOARENES  
 

10 HALOALKANES 

AND 

HALOARENCES 

1. Nomenclature *  Intext Q.no. 10.1 page 285 

  2. Name reactions  ***  Page 287, 289 

  3. SN1 and SN2 ***  Page 293 

 
 
Aliphatic halogen compounds : - These are obtained by replacement of one or more 
hydrogen atoms of an alkane by an equal number of halogen atoms. The haloalkanes 
are further classified as mono-, di-, tri -, and tetra halogen derivatives etc. according as 
the numbers of halogen atoms present in their molecules are    1, 2, 3, 4, etc respectively. 
 
             CH3Cl                                     CH2Cl2 
             Methyl chloride                     Methylene chloride 

          (Chloromethane)                    (Dichloromethane) 
       (Monohalogen derivative)      (Dihalogen derivative)  
      
            CHCl 3                                     CCl4 
               Chlor oform                           Carbon tetrachloride         (Trichloromethane)            
(Tetrachloromethane) 
       (Trihalogen derivative)     (Tetrahalogen derivative)  
 

 Alcohols can be converted into chlorides by reaction with (i) HCl/ZnCl 2,  (ii) 
PCl5, (iii) SOCl2 / Pyridine. The reaction with SOCl 2. Pyridine is preferred because in 
this case side products are gaseous and can be expelled readily during distillation. 

 Addition of HBr to alkenes in the presence of peroxides  takes place through free 

radicals as intermediates and results in anti- Markownikoffõs product (KHARASCH 
EFFECT). 

 Allylic substitution  can be carried out using Cl2 or Br2 at 800 K or sulphuryl 
chloride (SO2Cl2) at 475 K in the presence of light and trace of peroxide. The reaction 
proceeds via free radical as intermediates. 

 Sandmeyerõs Reaction: The reaction of benzene diazonium salts with CuCl or CuBr 
or CuCN in the presence of HCl, HBr or KCN respectively is known as Sandmeyerõs 
reaction 
                                                                                             

CuCl / HCl  

                                                                          
C6H 5Cl 
                  C6H5N 2

+ Cl-                                CuBr / HBr                      C6H 5Br 
 
 

 Finkelstein reaction: 
                                            Acetone 

             R ñ X  + NaI                                        R ñ  I  + NaX 
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            X= Cl or Br                           
 

REACTION OF ALKYL HALIDES  
1.  SN1 type (unimolecular nucleophilic substitution). These reactions proceed in two steps. 

The rate of reaction is dependent on step 1 i.e., only on the concentration of alkyl halide r = k 

[RX]. It is a first order reaction.  
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                 CH3                                                                                   CH3                  CH3       

       X-     + Nu  

       CH3    C      X                             CH3  -    C+       CH3        C       Nu  

STEP 1(slow)                                 STEP(Fast)    

            

                CH3           CH3      CH3       

         Alkyl halide                          planar carbocation                    substitution product  

If we start with optically active halide , then a partial racemic mixture is obtained during S N1 

reaction. The inverted product is little more in proportion than the retained product. The 

racemisation occurs because of the possibility of frontal as well as backside attack on planar 

carbocation in the second step as shown below.  

 

      

  Nu -                        R1          R2                   Nu -                           R2                                                                         R2                               

                                                                                R1           C   Nu +   Nu   C         R1                                                                                                                                                                

Frontal                                                                      R3                                                  R3    attack                      

R3                                                                                    

                                                                                       (Enantinomeric forms)  

                            

        Planar carbocation                                                  Racemisation 

 

The tertiary halides usually follow through S N1 type of mechanism. 

2. SN2 type (bimolecular nucleophilic substitution). These reactions proceed in one step 

and the rate of reaction depends on concentration of alkyl halide as well as nucleophile.i.e. r = 

k[RX][Nu]. It is a second order reaction. During S N2 reaction inversion in configuration occurs 

i.e., starting with dextrorotatory halide a laevo product is obtained and vice - versa.  

For example,  

             H        R1                          H               R1                                                           H            

                                                                                                           

                        C         X         Nu ------ C -------X -               -X:               Nu     C     R1  

C
+ 
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    Nu:     R2                                                 R2                                           R2 

                                                  Transition state                   Inverted product  

This inversion of configuration is known as Walden inversion, which indicates that if alkyl 

halide is optically active, the product is also optically active. Primary halide usually proceeds 

through SN2 type of mechanism. 

It mu st be noted that the 2o halides may proceed either through SN1 or SN2 type. 

Retention:  The preservation of integrity of the spatial arrangement of bonds to an asymmetric 

centre during a chemical reaction. 

Inversion:  The spatial arrangement of bonds to an asymmetric centre reversed. We can say 

there is an inversion in the configuration.  

Racemic mixture : When two enantiomers of same substances are mixed in equal proportions an 

optically inactive solution is obtained .I t is called racemic mixture (dl or ± form). The absence of 

optical activity in dl ðmixture is due to external compensation.  

Meso compounds : - The compounds which do not show optical activity in spite of presence of 

chiral carbon atoms are called meso compounds. The absence of optical activity in meso 

compounds is due to an element of symmetry (plane, axis or point). In other words, the 

molecule of a meso compound is achiral.    

NAME REACTIONS  

1. Markownikovõs rule: In the addition of hydrogen halide to the  unsymmetrical alkene, 

the negative part of the addendum (reagent) will go to the double bonded carbon atom which 

bears less number of hydrogen atoms. 

2. anti -Markownikovõs rule (Peroxide effect or Kharausch effect): In the addition of 

hydrogen bromide to the unsymmetrical alkene, the negative part of the addendum (reagent) 

will go to the double bonded carbon atom which bears more number of hydrogen atoms.  

3. Finkelstein reaction : Alkyl chloride/bromide on reaction with sodium iodide in 

acetone, gives alkyl iodide.  

4. Swarts reaction: An alkyl chloride or bromide is heated in the presence of a metallic 

fluoride like AgF, Hg 2F2, CoF3 or SbF3 to give alkyl fluoride.  

5. Saytzeff rule : In dehydrohalogenation of alkyl halide, alkene is preferred product in 

such a way that the double bonded carbon atom must be maximum alkylated.  

6. Wurtz reaction : A reaction in which alkyl halides react with sodium in dry ether to give 

a hydrocarbon containing double the number of carbon atoms present in the halide.  

7. Wurtz ðFitti g reaction: A reaction in which mixture of alkyl halides and aryl halide react 

with sodium in dry ether to give a hydrocarbon (alkyl arenes).  

8. Fittig reaction : A reaction in which two aryl halides react with sodium in dry ether to 

give a hydrocarbon (bip henyl). 
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9. Carbylamine reaction (isocyanide reaction) : When chloroform is heated with ethanoic 

potassium hydroxide and a primary amine, an isocyanide (carbylamine) is formed, which is 

easily detected by its nauseating odour. 

                                                      

10. Iodoform reaction : Organic compounds containing [CH 3 ð CO ]- group or [CH 3 ð 

CH(OH)]   group, on heating with sodium and iodine in water or sodium carbonate and iodine 

in water, gives a yellow precipitate of iodoform.  
 

1 MARK QUESTIONS  
 

1) Write the common name of (CH 3)3CñBr. 
A)   IUPAC name of (CH 3)3CñBr is tertiary butyl chloride.  
2) Write the formula of one allylic chloride.  
A)  CH2=CHñCH2Cl 
3) What happens when ethanol is termed with phosphorus tribromide?  
A)  3CH3CH2OH+PBr3Ą 3CH3CH2Br+H 3PO3                              
                                             Ethyl bromide  

4) What happens when an alkyl halide reacts with AgNO 3 & product is reduced? 
A)  RñX+ AgNO 3ĄRñNO 2+AgX 
                                           Sn/HCl  

          RñNO 2+6(H)                              RñNH 2+2H2O 

5) Describe one method for the preparation of sec-butylbromide.  
A) 

 

6) What happens when an alkyl halide reacts with Mg in the presence of dry ether?  
A)                         Dry ether  

         RñX+ Mg                   RñMgñX 

                                             Grignard reagent 

7) Give one method of preparation of haloarenes from benzene. 
A) 

 

8) What is the nature of CñX bond in haloalkanes? 
A)     CñX bond in haloalkanes is polar. 
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9) Aryl  halides cannot be prepared by the action of sodium halide in the presence of H2SO4. 
Why? 
A)  Due to resonance, the carbon-oxygen bond in phenols has partial double bond & it is 
stronger than carbon-oxygen single bond. 
10) What is the best method to prepare alkyl fluorides? 
A)  The best method to prepare alkyl fluorides is the halogen exchange method, using AgF. 
           CH3Br+AgFĄ CH3F+AgBr 

11) Arrange the following halides in order of increasing S n2 reactivity:  
        CH3CH2Cl, CH3Br, CH3Cl, (CH3)2CHCl  

A)    (CH3)2CHCl<CH 3CH2Cl<CH 3Cl<CH 3Br 
12) What is iodoform test? 
A)  A compound having structuring unit CH 3ñCH (OH) or CH 3ñC=O on heating with 
NaOH & I 2 forms a yellow precipitate of iodoform.  
13) Write the Structural formula of DDT?  
A) 

 

 

2 MARKS QUESTIONS  

1. The boiling point of an alkyl halide is higher than that of the corresponding alkane. 
A)  The boiling point of an alkyl halide is higher than that of the corresponding alkane due 
to (a) its higher molecular mass than alkane and (b) its more polar nature than alkane. 

2. The boiling points of C 2H5Cl2, C2H5Br and C2H5I are in the order C2H5I> C2H5Br> 
C2H5Cl2. 
A)  The boiling points of C 2H5Cl, C2H5Br and C2H5I are in the  order : C2H5I > C2H5Br > 

C2H5Cl,because for haloalkenes of same alkyl group ,boiling point increases with increasing 

atomic mass and size of halogen.  

3. Haloalkenes are not soluble in water. 
A)  Haloalkenes are not soluble in water due to the reason that neither they can form 

hydrogen bonds with water molecules nor they break the hydrogen bonds already pr esent 

among water molecules. 

4. The treatment of an alkyl chloride with aqueous KOH leads to the formation of an 
alcohol. 
A)  The treatment of an alkyl chloride with aqueous KOH leads to the formation of an 
alcohol as KOH in aqueous solution is completely ionised to OH - which are strong nucleophile 
and bring a substitution of ðCl group.  

5. Haloarenes are insoluble in water but are soluble in benzene. 
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A) Haloarenes are insoluble in water due to the reason that neither they can form hydrogen 

bonds with water molecules nor they can break hydrogen bonds clearly existing among water 

molecules. 

6. Haloalkenes are more reactive than haloarenes. 
A) Haloalkenes are more reactive than haloarenes due to the following reasons. 

   (i) Resonance effect in haloarenes. Let us explain the low reactivity of chlorobenzene. It is a 

resonance hybrid of following structures:                                                                                                                                                                         

                    

Structures III, IV and V show a strong stability due to carbon, chlorine double bond and low 

reactivity towards nucleophilic reactions.  

   (ii) Hybridization. In benzene, carbon bearing chlorine atom is sp 2 hybridized and a sp 2 

hybridized orbital is smaller in size than sp 3 hybridized orbital (present in alkyl halides). So 

C___Cl bond in aryl halides is shorter and stronger than in alky halides. Therefore, aryl halides 

are lesser reactive than alkyl halides. 

7. Why do haloalkenes undergo nucleophilic substitution whereas haloarenes undergo 
electrophilic substitution?  
A)  Due to more electronegative nature of halide atom in haloalkanes, carbon atom becomes 
slightly positive and is easily attacked by nucleophilic reagents. While in    hal oarenes, due to 
resonance, carbon atom becomes slightly negative and attacked by electrophilic reagents. 

8. It is difficult to prepare pure amines by ammonolysis of alkyl halides.  
A)  It is difficult to prepare pure amines by ammonolysis of alkyl halides, because  in this 
reaction a mixture of    primary, secondary, tertiary amines and quaternary ammonium salts is 
produced. 

9. When an alkyl halide is treated with ethanolic solution of KCN,the major product is 
alkyl cyanide where as if alkyl halide is treated with AgCN  , the major product is alkyl 
isocyanide. 
A)KCN or alkali metal cyanides are ionic, with C of alkyl group, they can attach through C or 

N, but C ___C bond is strong than C___N bond. So with KCN alkyl cyanides are the main product. 

But silver cyanide is predominantly covalent so more electronegative N can attach to C and 

forms (-N = C) or isocyanides. 
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10. Iodoform gives a yellow precipitate with silver nitrate solution on heating but 
chloroform does not.  
A)  Due to less electronegative nature of iodine, C___I bond i n iodoform is weaker than Cñ
Cl bond in chloroform. So I 2 is released easily to form yellow precipitate of AgI, with AgNO 3  
11. What happens when tert -butyl alcohol is treated with Cu / at 573 K.  

A) Dehydration reaction will take place. Isobutene will be formed. 

    CH3       CH2 

    |       Cu     ||  

 CH3 ñ C ñ OH                      CH3 ñ     C   

   |       573 K     |  

   CH3        ð H2O    CH3 

 12.. Arrange the following halides in order of increasing SN² reactivity :  

 CH3 ñ Cl, CH3 ñ Br, CH3CH2Cl, (CH3)2 CHCl  

A) (CH3)2 CHCl < CH 3CH2Cl < CH3Cl < CH3Br. 

(Hint :  As the size of the alkyl group increases SN² reactivity decreases.) 

 

3 MARKS QUESTIONS  

1. How can we produce nitro benzene from phenol?  

A. (I) First convert phenol to benzene by heating with Zn dust. 

(II)  Nitration of benzene with conc. nitric acid in presence of conc. sulphuric acid.  

2.Alcohols reacts with halogen acids to form haloalkenes but phenol does not form halobenzene. Explain. 

Ans.The CñO bond in phenol acquires partial double bond character due to resonance and 

hence be cleared by Xð ions to form halobenzenes. But in alcohols a pure C ñ O bond is 

maintained and can be cleared by Xð ions. 

3. Explain why o -nitrophenol is more acidic than o -methoxy phenol? 

A.Due to ñ R and ñ I effect of ñ NO2 group, eð density on ôOõ if O ñ H bond decreases and 

loss of H+ is easy.ð I effect In contrast, in o-methoxy phenol due to + R effect, ð OCH3 

increases. eð density on ôOõ of    O ñ H group, and hence loss of H+ is difficult.(both ðve charge 

repel each other) 
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4. Of  benzene and phenol, which is more easily nitrated and why? 

A. Nitration is an electrophilic substitution reaction.  

The ñ OH group in phenol increases the eð density at o- and p- position as follows:  

Since phenol has a higher electron density due to electron releasing nature of -OH group, 

compared to benzene, therefore nitration is easy in phenol than benzene. 

5. How will you account for the following?  

Ethers possess a net dipole moment even if they are symmetrical in structure? 

A. Because of greater electronegativity of o - atom than carbon C ð O bonds are 
polar. 

C ð O bond are inclined to each other at an angle of 110° (or more), two dipoles do not cancel 

out each other. 

6. How do 1°, 2° and 3° alcohols differ in terms of their oxidation r eaction and 

dehydrogenation ? 

A. (I) Oxidation reaction :  

    (O)         (O) 

  1° alcohol                   aldehyde                      carboxylic acid 

    (O)      (O) 

  2° alcohol                   ketone                      carboxylic acid 

            (acid with loss of 1 carbon atom) 

    (O) 

  3° alcohol                  resistant to oxidation 

 (II)  Hydrogenation reaction :  

          give 

  1° alcohol                   aldehyde 

  2° alcohol                   ketone 

  3° alcohol                   alkene 

  3° alcohols prefer to undergo dehydration and form alkene.  
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7.(i) How is diethyl ether prepared from ethyl alcohol ?  

A. Ethyl alcohol is first treated with sodium to form sodium ethoxide.  

 C2H5OH + Na                     C2H5Oð Na+ + H2 

Sodium ethoxide is then treated with ethyl halide to form di ethyl ether.  

 

               SN² 

 C2H5O Na + X ñ C2H5                  C2H5O C2H5 + NaX 

 (Williamson synthesis)  

(II) Complete the reaction: 

 (a) CH3OCH3 + PCl5                      ? 

 (b) C2H5OCH3 + HCl                     ? 

 (c)  (C2H5)2 O + HCl  

A. (a) 2 CH3Cl 

 (b) CH3Cl + C2H5OH 

 (c) C2H5Cl + C2H5OH 

8. Why are reactions of alcohol/phenol and with acid chloride in the presence of pyridine?  

A. Because esterification reaction is reversible and presence of base (pyridine) neutralises 

HCl produced during reaction thus promoting forward reaction.  

5 MARKS QUESTIONS  

How the following conversions can be carried out?  

(i) Propene to propan-1-ol 
(ii)  1-Bromopropane to 2-bromopropane 
(iii)  Toluene to benzyl alcohol  
(iv)  Benzene to 4-bromonitrobenzene 
(v) Benzyl alcohol to 2-phenylethanoic acid 
(vi)  Ethanol to propanenitrile  
(vii)  Aniline to chlorobenzene  
(viii)  2-Chlorobutane to 3, 4-dimethylhexane  
(ix) 2-Methyl -1-propene to 2-chloro-2-methylpropane  
(x) Ethyl chloride to propanoic acid  
(xi) But-1-ene to n-butyliodide  
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(xii)  2-Chloropropane to 1-propanol  
(xiii)  Isopropyl alcohol to iodoform  
(xiv)  Chlorobenzene to p-nitrophenol  
(xv) 2-Bromopropane to 1-bromopropane 
(xvi)  Chloroethane to butane 
(xvii)  Benzene to diphenyl 
(xviii)  tert-Butyl bromide to isobutyl bromide  
(xix) Aniline to phenylisocyanide  

 (i) 

 
(ii)   

 
(iii)  

 
(iv)  

 
(v)  
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(vi)  

 
(vii)  

 
(viii)  

 
(ix)  

 
(x)  

 
(xi)  
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(xii)  

 
(xiii)  

 
(xiv)  

 

 
 
 
(xv)  



Page 159 / 249 

 
(xvi)  

 
(xvii)  

 
(xviii)  

 
(xix)  

 
 

3. Primary alkyl halide C 4H9Br (a) reacted with alcoholic KOH to give compound 

(b).Compound (b) is reacted with HBr to give (c) which is an isomer of (a). When (a) is reacted 

with sodium metal it gives compound (d), C 8H18 which is different from the compound formed 

when n-butyl bromide is reacted with sodium. Give the structural formula of (a) and write the 

equations for all the reactions. 

A) There are two primary alkyl halides having the formula, C 4H9Br. They are                     n 

ĭ bulyl bromide and isobutyl bromide. 

 
Therefore, compound (a) is either nĭbutyl bromide or isobutyl bromide. 
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Now, compound (a) reacts with Na metal to give compound (b) of molecular formula, 
C8H 18, which is different from the compound forme d when nĭbutyl bromide reacts with 
Na metal. Hence, compound (a) must be isobutyl bromide.  

 
Thus, compound (d) is 2, 5ĭdimethylhexane. 
It is given that compound (a) reacts with alcoholic KOH to give compound (b). Hence, 
compound (b) is 2ĭmethylpropene. 

 
Also, compound (b) reacts with HBr to give compound (c) which is an isomer of (a). 
Hence, compound (c) is 2ĭbromoĭ2ĭmethylpropane.  

 

 

ASSIGNMENTS  

LEVEL 1 

1 What happens when?  
a. N-butylchloride is treated with alcoholic KOH  
b. Bromobenzene is treated with Mg in the presence of dry ether. 
c. Chlorobenzene is subjected to hydrolysis. 
d. Ethyl chloride is treated with aq. KOH  
e. Methyl bromide is treated with sodium in presence of dry ether.  

2. An alkyl halide X of formula C 6H13Cl on treatment with potassium tert -butoxide    gives 2 
isomeric alkenes Y and Z (C6H12). Both alkenes on hydrogenation gives                                2-3-
Dimethylbutane predict the structures of X, Y and Z?  
3.Explain why chlorination of n -butane in presence of light at 298 K gives a mixture of 2-
Chlorobutane and 1-chlorobutane? 
4. Describe the preparation of from ethanol using bleaching powder? 
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5. The Cl atom in Chlorobenzene is ortho and para directing explain why?  
6. Why chlorobenzene cannot be hydrolised with aq NaOH at room conditions?  
7. What is chloropicrin and how do you obtain it?  
LEVEL 2 
8 Nucleophilic substitution in aryl halides is facilitated by electron withdrawing groups.While 
electrophilic substitution reaction is facilitated by electron releasing groups? Give reason? 
9. Cholobenzene reacts with sodamide in the presence of liquid of liquid ammonia whereas, 2 -
bromo-3-methyl anisole fails to react? Give reason? 
10. Which of the following has highest dipole moment?  
 CCl4,CHCl 3,CH2Cl2  
11.  Differentiate between chiral and achiral molecules. 

12. What are enantiomers ? Draw the structures of possible enantiomers of 3-methylpent -1-ene. 

13. Differentiate between retention and inversion.  

14.  Arrange the following in the order of increasing S N2 reactivity:  

          CH3Cl, CH3Br, CH3CH2Cl, (CH3)2CHCl  

15.  Arrange the following in the decreasing order of SN1 reactivity:  

         CH3CH2CH2Cl (I), CH 2=CHCHClCH 3 (II) and CH 3CH2CHClCH 3 (III)  

LEVEL 3 

16. RCl is hydrolysed to ROH slowly but the reaction is rapid if a catalytic amount of KI is 
added to the reaction mixture.  

17.  Identify and indicate the center of chirality ,if any in the following molecules ? How many 
sterioisomers are possible for each? 

(a) 2-Aminobutane  
(b) 3-Bromopent-1-ene 
(c) 1,2-Dichloropropane  

 
Halolkanes and haloarenes COMMON ERRORS 

 

Resonating structures of halobenzene and their reactivity 

SN
1
 and SN

2
 mechanism  

 

11. ALCOHOLS, PHENOLS AND ETHERS  
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11 Alcohols , Phenols 

& ethers 

1. 1. Preparation of alcohol-

Hydration of alkenes & 

Mechanism. 

2. 2. Preparation of 

Phenols:- From aniline & 

cumene. 

3. 3. High boiling Point& 

solubility in water of 

alcohol & Phenols. 

4. 4.Acidity of alcohols and 

phenol 

5. 5. Resonance of Phenol 

and Phenoxide ion. 

6. 6. Mechanism of 

Dehydration of alcohol 

7. 7. Kolbeôs reaction & 

Reimertimorn Reaction. 

8. 8. Williamsonôs 

Synthesised prediction of 

product 

***  

 

 

**  

 

**  

 

**  

**  

 

**  

 

***  

 

**  

 

 

 

P-321 

 

 

P-324 

 

P-325 

 

P-327 

P-328 

 

P-331 

 

P-334 

 

P-337 
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IUPAC names of phenols 

 

  
IUPAC names of some ethers 
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NAME  REACTIONS  

1. Kolbeõs  Reaction: 

Sodium phenoxide when heated with Carbon dioxide at 400K under a pressure of   4-7 

Atmosphere followed by acidification gives 2 -Hydroxybenzoic acid (Salycilic acid) as the main 

product along with a small amount of 4 -Hydroxybenzoic acid. 

 
2. Reimer- Tieman n Reaction 

Treatment of phenol with chloroform in presence of aq.NaoH or KOH at 340 K followed by 

hydrolysis of the resulting product gives 2 -Hydroxybenzaldehyde (salicylaldehyde)  as the 

major product.  

 
3. Williamson Synthesis  

It involves the treatment of an alkyl halide with a suitable sodium alkoxide to prepare 

symmetrical and unsymmetrical ethers. The reaction involves  SN2 attack of an alkoxide ion on 

primary alkyl halide.  

 
4.Friedel-Craftõs Reaction 

Anisole undergoes Friedel-Crafts reaction,i.e., the alkyl and acyl groups are introduced at ortho 

and para positions by reaction with alkyl halide and acyl halide in the  presence of anhydrous 

aluminium chloride (a Lewis acid) as catalyst.  
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DISTINCTION BETWEEN PAIRS OF C OMPOUNDS  

Lucas Test: This test consists of treating an alcohol with Lucas reagent (mixt. Of conc. HCl and 

anhydrous ZnCl 2) at room temp, when turbidity due to the formation of insoluble alkyl 

chlorides is observed 

i) If the turbidity appears immediately, t he alcohol is tertiary. 

ii)If the turbidity appears in about 5 minutes, the alcohol is secondary  

iii) A primary alcohol, however does not react with Lucas reagent at room Temp. and hence no 

turbidity is formed.  

 
a.Phenol and Benzoic acid 

Test Phenol Benzoic acid 

With FeCl3 Gives  violet colour  No  characteristic colouration  

With aq NaHCO 3 Does not give brisk 
Effervescence of CO2 

Gives brisk effervescence of CO2 

RCOOH+NaHCO 3ĄRCOONa+H 2O+ CO2 

 

B. 1-Butanol and Diethyl ether  
 

 
c.  
 
 
 

 
Ethanol and Phenol  

Test 1-Butanol Diethyl ether  

With sodium metal  Gives Brisk effervescence Of H 2 
2CH3-CH2-CH2-OH+2NaĄ 
2CH3-CH2-CH2-CH2ONa + H 2 

Does not gives brisk 
Effervescence of H2 

Test Ethanol Phenol 

With litmus paper  No action Turns blue litmus to red  

With I 2 and NaOH  Gives yellow ppt of  
Iodoform  

No Iodoform reaction.  
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d.  
 

 
 
 
 
Ethanol and Methanol  
 

e. 2-Pentanol and 2-methyl ð 2 Propanol 
 
f .  
 
 
 

 
Ethanol and 2-Propanol  
 
 
 
 
 
 
 

Test Ethanol 2-Propanol 

Lucas test: 
Reaction with anhydrous  
Zinc chloride and conc. HCl  

Does not react at room 
Temperature 

Gives turbidity  
Within five minutes.  

 
g. Ethanol and 1-Propanol.  

 

Test Ethanol 1-Propanol 

Reaction with Iodine  
Solution and NaOH, on heating.  

Gives yellow ppt of 
Iodoform  

No yellow ppt of 
Iodoform  

 

IMPORTANT  MECHANISMS  
 

i) Hydration of ethane to yield ethanol        

ii) Alkenes react with water in the presence of acid as catalyst to form alcohols. In 
case of unsymmetrical alkenes, the addition reaction takes place in accordance with 

With FeCl3 No characteristic colour Gives violet colouration.  

Test 2-Pentanol 2-methyl -2propanol 

Lucas test: 
Reaction with anhydrous  
Zinc chloride and conc. HCl  

Does not react at  
room temperature.  

Gives turbidity  
immediately.  

Test Ethanol Methanol  

Heat with I 2 solution  
And NaOH  

Forms yellow ppt of Iodoform  

CH3-CH2-OH    CHI 3 

 

No yellow ppt.  
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Markovnikovõs rule 

 
 
iii) Dehydration of ethanol to yield ethane  
Alcohols undergo dehydration (removal of a molecule of water) to form alkenes on treating 

with a protic acid e.g., concentrated  H2SO4 or H 3PO4, or catalysts such as anhydrous  zinc 

chloride or alumina.  

 

 
Ethanol undergoes dehydration by heating it with concentrated H 2SO4 at 443 K. 
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REASONING  QUESTIONS  

 

Q1. Explain why propanol has higher boiling point than that of the   hydrocarbon, butane? 

ANS. The molecules of Butane are held together by weak van der Waalõs Forces of attraction 

while those of propanol are held together by stronger intermolecular hydrogen bonding.  

Q2. Alcohols are comparatively more soluble  in water than hydrocarbons of comparable 

molecular masses. Explain this fact. 

ANS. Alcohols can form hydrogen bonds with water and break the hydrogen bonds already 

existing between water molecules Therefore they are soluble in water. Whereas hydrocarbons 

cannot form hydrogen bonds with water and hence are insoluble in water.  

Q3. While separating a mixture of ortho and para nitrophenols by steam distillation, name the 

isomer which will be steam volatile. Give reason.  

ANS. O-nitrophenol is steam volatile due  to intramolecular hydrogen bonding and hence can be 

separated by steam distillation from p -nitrophenol which is not steam volatile because of inter -

molecular hydrogen bonding.  

Q4. Explain why is ortho nitrophenol more acidic than ortho methoxyphenol?  
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ANS.                               

The nitro -group is an electron-withdrawing group. The presence of this group in the 
ortho position decreases the electron density in the OĭH bond. As a result, it is easier to 
lose a proton. Also, the o-nitrophenoxide ion formed after the loss of protons is 
stabilized by resonance. Hence, ortho nitrophenol is a stronger acid. 
On the other hand, methoxy group is an electron-releasing group. Thus, it increases the 
electron density in the OĭH bond and hence, the proton cannot be given out 
easily.Therefore ortho-nitrophenol is more acidic than ortho -methoxyphenol.  
Q5.   Preparation of ethers by acid dehydration of secondary or tertiary alcohols is not a suitable 

method. Give reason. 

ANS.  The formation of ethers by dehydration of alcohol is a bimolecular reaction (S N2) 
involving the attack of an alcohol molecule on a protonated alcohol molecule. In the 
method, the alkyl group should be unhindered. In case of secondary or tertiary 
alcohols, the alkyl group is hindered. As a result, elimination dominates substitution. 
Hence, in place of ethers, alkenes are formed. 

SOLVED QUESTIONS   
1 MARK QUESTIONS  
 

Q1. Write the IUPAC name of      
 

           
ANS.  3-Chloromethyl -2-isopropylpentan -1-ol           
Q2. Write the IUPAC name  of  

                      
 
ANS.  1-Phenylpropan -2-ol                           

Q3. What is meant by hydroboration -oxidation reaction? Illustrate it with an example.  
ANS. Diborane (BH3)2 reacts with alkenes to give trialkyl boranes as addition product. This is 
oxidised to alcohol by hydrogen peroxide in the presence of aqueous sodium hydroxide.  
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Q4. Give the equations of reactions for the preparation of phenol from cumene.  

ANS.               
Q5. Write chemical reaction for the preparation of phenol from chlorobenzene.  
ANS. Chlorobenzene is fused with NaOH at 623K and 320 atmospheric pressure. Phenol is 
obtained by acidification of sodium phenoxide so produced.  

 
Q6. How is aspirin (Acetylsalicylic acid) prepared from salicylic acid?  
ANS.   Acetylation of salicylic acid produces aspirin.     
 

 
Q7.  Which out of propan -1-ol and propan -2-ol is stronger acid? 
ANS   Propan-1-ol is stronger acid than propan -2-ol. The acidic strength of alcohols is in the 
order 10>20>30.  
Q8. What is denaturation of an alcohol? 
ANS.     The commercial alcohol is made unfit for drinking by mixing in it some copper 
sulphate (to give it  a colour) and pyridine (a foul smelling liquid). It is known as denaturation 
of alcohol. 
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Q9. Give IUPAC name of CH3OCH2OCH3 
ANS.   Dimethoxymethane  
Q10. Diethyl ether does not react with sodium. Explain.  
ANS.   Diethyl ether does not contain any active hydrogen. 

2 MARKS QUESTIONS  
Q1. Give two reactions that show the acidic nature of phenol. Compare acidity of   phenol with 
that of ethanol. 
ANS.   The acidic nature of phenol can be represented by the following two reactions: 
(i) Phenol reacts with sodium to give sodium phenoxide, liberating H 2. 

 
(ii)  Phenol reacts with sodium hydroxide to give sodium phenoxide and water as by -products. 

 
 

The acidity of phenol is more than that of ethanol. This is because after losing a proton, the 
phenoxide ion undergoes resonance and gets stabilized whereas ethoxide ion does not. 

 
Q2. How does phenol react with dilute and conc. HNO 3 ?  
ANS.    (i) With dilute nitric acid at low temperature (298 K), phenol yields a mixture of ortho 

and para nitrophenols.         
 
(ii) With concentrated nitric acid, phenol is converted to 2,4,6 -trinitrophenol. The product is 
commonly known as picric acid.  
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Q3. How does phenol react with Br 2  in CS2 and Bromine water? 
ANS.   (i) When the reaction is carried out in solvents of low polarity such as CHCl 3 or CS2 and 
at low temperature, monobromophenols are formed.  

 
 
(ii)  When phenol is treated with bromine water, 2,4,6 -tribromophenol is formed as white 
precipitate. 

 
Q4.  How do you account for the fact that u nlike phenol, 2, 4-dinitrophenol and          2, 4, 6-
trinitrophenol are soluble in aqueous solution of sodium carbonate?  
ANS 2, 4-Dinitrophenol and 2, 4, 6-trinitrophenol are stronger acids then carbonic acid (H 2CO3) 
due to the presence of electron withdrawing ð NO2 groups.  Hence, they react with Na2CO3 to 
form their corresponding salts and dissolve in aq. Na 2CO3 solution.  
Q5.  (i) Why is  the Dipole moment of methanol  higher than that of phenol?  
(ii) . Explain why phenols do not undergo substitution of the ðOH group like   alcohols.   
           ANS. (i) Due to electron withdrawing effect of phenyl group, the C ñO bond in phenol is 
less polar, whereas in case of methanol the methyl group has electron releasing effect and hence 
CñO bond in it is more polar.  
(ii)  CñO bond in phenols has partial double bond character due to resonance     and hence 
is difficult to cleave.  
  Q6. Account for the following:  
a. Boiling point of the C 2H5OH is more than that of  C2H5Cl  
b. The solubility of alcohols in water decreases with increase in molecular mass. 
 
ANS.              a. Because of hydrogen bonding. 
b. With increase in molecular mass the non-polar alkyl group becomes more predominant.  
Q7. Answer the following  
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c. What is the order of reactivity of 1 0, 20 and 30 alcohols with sodium metal?  
d. How will you account for the solubility of lower alcohols in water?  
 
ANS:  a. 10>20>30. 
b. HereñOH group is predominant and the alcohol molecules can form hydrogen bonds 
with water mol ecules. 
Q8. Give reasons: 
      i)Nitration of phenol gives ortho - and para- products only.  
     ii)Why do alcohols have higher boiling points than the haloalkanes of the same molecular 
mass? 
ANS  (1) -OH group increases the electron density more at ortho  
             and para positions through its electron releasing resonance effect. 
 (2) Alcohols are capable of forming intermolecular H -bonds. 
Q9. Account for the following:  
i) Phenols has a smaller dipole moment than methanol 
ii) Phenols do not give proto nation reactions readily.  
ANS  a. In phenol the electron withdrawing inductive effect of ðOH group    is 
opposed by electron releasing the resonance effect of ðOH. 
b.  The lone pair on oxygen of ðOH in phenol is being shared with benzene ring through 
resonance.  Thus, lone pair is not fully present on oxygen and hence phenols do not undergo 
protonation reactions.  

 
Q10. Explain the fact that in aryl alkyl ethers  
(i) The alkoxy group activates the benzene ring towards electrophilic substitution and (ii)  It 
directs the incoming substituents to ortho and para positions in benzene ring.  
 ANS. (i)  

 
In aryl alkyl ethers, due to the +R effect of the alkoxy group, the electron density in the benzene 
ring increases as shown in the following resonance structure. 

 
Thus, benzene is activated towards electrophilic substitution by the alkoxy group.  
(ii)  It can also be observed from the resonance structures that the electron density increases 
more at the ortho and para positions than at the meta position. As a result, the incoming 
substituents are directed to the ortho and para positions in the benzene ring. 
 
 

 

3 MARKS QUESTIONS  
 



Page 174 / 249 

Q1. How are primary, secondary and tertiary alcohols prepared from Grignard 
Reagents? 
ANS.   

 
The reaction produces a primary alcohol with  methanal, a secondary alcohol with other 

aldehydes and tertiary alcohol with ketones.  

Q2. Give the equations of  oxidation of primary, secondary and tertiary alcohols by   Cu at 573 

K. 

ANS.     

 
 

Q3.  Give equations of the following reactions:  

(i) Oxidation of propan -1-ol with alkaline KMnO 4 solution.  
(ii)  Bromine in CS2 with phenol.  
(iii)  Dilute HNO 3 with phenol.  
ANS.  (i) 

 

(ii)   
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(iii)   

 
Q4. Show how will you synthesize:  
(i) 1-phenylethanol from a suitable alkene. 
(ii)  cyclohexylmethanol using an alkyl halide by an S N2 reaction. 

(iii)  pentan-1-ol using a suitable alkyl halide? 
ANS.  (i) By acid-catalyzed hydration of ethylbenzene (styrene), 1-phenylethanol can be 
synthesized. 

 
(ii)  When chloromethylcyclohexane is treated with sodium hydroxide, 
cyclohexylmethanol is obtained.  

 
(iii)  When 1-chloropentane is treated with NaOH, pentan -1-ol is produced. 

 
 
Q5. How are the following conversions carried out?  
(i) Propene Ƃ Propan-2-ol 
(ii)  Benzyl chloride Ƃ Benzyl alcohol 
(iii)  Ethyl magnesium chloride Ƃ Propan-1-ol. 
ANS.  (i)If propene is allowed to react with water in the presence of an acid as a 
catalyst, then propan-2-ol is obtained. 

 
(ii)  If benzyl chloride is treated with NaOH (follo wed by acidification) then benzyl 
alcohol is produced. 
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(iii)  When ethyl magnesium chloride is treated with methanal, an adduct is the 
produced which gives propan -1-ol on hydrolysis.  

 
Q6. Name the reagents used in the following reactions: 
(i) Oxidation of a primary alcohol to carboxylic acid.  
(ii)  Oxidation of a primary alcohol to aldehyde.  
(iii)  Bromination of phenol to 2,4,6-tribromophenol.  
ANS.  (i) Acidified potassium permanganate  
           (ii) Pyridinium chlorochromate (PCC)  
           (iii) Bromine water  
Q7. How is 1-propoxypropane synthesised from propan -1-ol? Write mechanism of this 
reaction. 
ANS. 1-propoxypropane can be synthesized from propan -1-ol by dehydration.  
Propan-1-ol undergoes dehydration in the presence of protic acids (such as H2SO4, 
H 3PO4) to give 1-propoxypropane.  

 
The mechanism of this reaction involves the following three steps:  
Step 1: Protonation  

 
Step 2: Nucleophilic attack  

 
Step 3: Deprotonation  

 
Q8. Write the equation of the reaction of hydrogen iodide with:  
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(i) 1-propoxypropane  (ii)  Methoxybenzene and (iii)  Benzyl ethyl ether 
ANS.  (i) 

 
 
(ii)   

 
(iii)   

 
 

 

 

 

 

 

5 MARKS QUESTIONS  

Q1. Write equations of the following reactions:  
(i) Friedel-Crafts reactionĭalkylation of anisole. 
(ii)  Nitration of anisole.  
(iii)  Bromination of anisole in ethanoic acid medium.  
(iv)  Friedel-Craftõs acetylation of anisole. 
(v)Reaction of phenol with Zn dust.  
ANS. (i)  

 
(ii)  
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(iii)  
 
 

 
(iv)  

 

(v)                                      
ASSIGNMENT  

 

Level I 

1. Classify the following alcohols as primary10, secondary 20 and tertiary alcohols 30 

Ethanol,   2-methyl-1-propanol, 2-methyl-2-propanol, 2-proponal 

2. Explain the following reactions- 

(I) Reimer-Tiemann Reaction 
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(Ii) Williamsonôs Synthesis of Ethers. 

3. Name an electron releasing and electron withdrawing group. 

4. Mention two important uses of methanol. 

5. Write the general formula for mixed ETHER.  

6. Write IUPAC name of the compound- 

CH3-CH2-CH-CH-CH3 

                    |        | 

                   OH    OH 

7. Write one distinction test of ï 

Phenol and alcohol 

8. Give the pre paration of phenol from CUMENE 

Level- II 

(1) Which Of the Following Will Have  Higher B.P? 

CH3OH OR CH3-CH2-CH2-OH 

(2) Give Reaction of Phenol with Chloroform in Presence Of aq.Naoh. 

(3)  Name Reagent Used In Oxidation of 10 Alcohols to Aldehyore. 

(4) Phenol Is More Acidic Than Alcohol.  Why? 

(5) Write One Distinction Test for Ethyl Alcohol and 2-Propanol. 

(6) Why Are Ethers Sparingly Soluble in Water? 

(7)Write  The  Isomeric  Form  Of  Compounds  With Molecular  Formula  C3 H8  And 

Give  Their  Names. 

(8)Give Balance Chemical Equation for the Reaction- 

(i) Oxidation of methanol in presence of copper catalyst. 
(ii)       Dehydration of ethanol at 443k. 

 

 

Level III 

(1) Explain  the  mechanism  of  the  acid  cataysed dehydration  of  alcohol  at  high  
temp. 
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(2) Carry  the  following  conversions: 
(3) (I)PHENOL TO ANILINE. 
(II)PHENOL TO PICRIC ACID. 

(III) 2-PROPANOL TO 1-BROMOPROPANE. 

(4) Amongst hi,  hbr,  hcl,  hi,  which  is  the  most  reactive towards alcohols? Why? 
(5)  What are the effects of electron withdrawing and electron releasing subsituents on 

the acid strenth of alcohols? 
(6) Why does cleavage of aryl ethers on hi yield only AROH & RI? 
(7) Why are ethers used as solvents for bf3 and grignardreagant? 
(8) What is Liebermannôs nitro so reaction? Where is it used? 
(9) A compound with molecular formula C4H1O03 on accetylation with acetic anhydride 

gives a compound with mol.wt. 190. Find the no. Of hydroxyl groups present in the 
compound. 

   Common errors 

Comparison of acidic character of alcohols and phenols. 

Prediction of products of reaction between ether and HI. 

12. ALDEHYDES, KETONES AND CARBOXYLIC ACIDS  
13.  
12 Aldehydes, Ketones 

and Carboxylic Acids. 

9. 1. Structure and reactivity of 

Carbonyl group. 

10. 2. Name reactions:-

Rosenmund,Stephenôs, Etard 

reactions. 

11. 3. Nucleophilic Addition 

Reactions (Mechanism)   

12. 4. Reactivity of Aliphonic and 

aromatic Aldehydes.  

**  

 

**  

 

 

*  

P-353 

 

P-354 

 

 

P-358 

 

POINTS TO REMEMBER  

 Aldehydes, Ketones and Carboxylic acids are important classes of organic compounds 
containing carbonyl groups.  

 They are highly polar molecules. 

 They boil at higher temperatures than the corresponding hydrocarbons and weakly polar 
compounds such as ethers. 

 Lower members are soluble in water because they can form H-bond with water.  

 Higher members are insoluble in water due to large size of their hydrophobic group.  

 Aldehydes are prepared by- 
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a. Dehydrogenation of primary alcohols  
b. Controlled oxidation of primary alcohols.  
c. Controlled and selective reduction of acyl halides  

 Aromatic aldehydes can be prepared by-  
a. Oxidation of toluene with chromyl chloride or CrO 3 in the presence of acetic anhydride 
b. Formylation of arenes with carbon monoxide and Hydrochloric acid in the  
presence of anhydrous aluminiumchloride / Cuprous chloride  

c. Hydrolysis of benzal  chloride 

 Ketones are prepared by- 

a. oxidation of secondary alcohols 
b. Hydration of alkenes  
c. Reaction acyl chlorides with dialkylcadmium  
d. By friedel crafts reaction 
 Carboxylic acids are prepared by ð 

a. oxidation of primary alcohols, aldehydes and alkenes  
b. hydrolysis of nitriles  
c. Treatment of grignard reagent with carbondioxide.  

 

NAME REACTIONS  

1. ROSENMUND REDUCTION : 

   Acyl chlorides when hydrogenated over catalyst, palladium on barium  

sulphate yield  aldehydes. 

                                  O 

                                  ʞ                          Pd-BaSO4 

                                 -C-Cl +  (H)                                                    -CHO         

 

          Benzoyl chloride                                              Benzaldehyde 

2. STEPHEN REACTION  

Nitriles are reduced to corresponding imines with stannous chloride in the presence of 
Hydrochloric acid, which on hydrolysis give corresponding aldehyde.  

                                                                     H3O  

        RCN  SnCl2  HCl                           RCH=NH                    RCHO 

3.  ETARD REACTION  

On treating toluene with chromyl chloride CrO2Cl2 , the methyl group is oxidized to  a 
chromium complex, which on hydrolysis gives corresponding benzaldehyde.       

                                                   CS2 
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                         CH3 CrO2Cl2                  -  -   -CH OCrOHCl 2 2                                -CHO    

 

Toluene                                 Chromium complex                       Benzaldehyde             

                                                                                                  

4. GATTERMAN -KOCH REACTION  

   When benzene or its derivative is treated with CO and HCl in the presence of anhyd. 

aluminium chloride or cuprous chloride, it gives benzaldehyde or substituted  benzaldehyde.            

 

 

                                       CO,+HCl                               --CHO 

                                 Anhyd.AlCl 3/CuCl  

       Benzene                                         benzaldehyde 

 

5. FRIEDEL CRAFTS ACYLATION REACTION  

When benzene or substituted benzene is treated with acid chloride in presence of anhydrous 

aluminium chloride , aromatic ketones are obtained.  

                                                                                                                                                                                                                                                                

              

                                             + Ar/R -CO-Cl      anhyd.AlCl 3                           -COR/Ar  

 

              Benzene       Acid chloride                      Aromatic ketones 

6.  CLEMMENSEN REDUCTION  

  The carbonyl group of aldehydes and ketone is reduced to ðCH2 group on treatment 

with zinc amalgam and conc. Hydrochloric acid.  

                   >C=O       Zn-Hg         >CH 2  + H2O 

                                     HCl            Alkanes 

 7.  WOLFF- KISHNER REDUCTION  
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  On treatment with hydrazine followed by heating with sodium or potassium hydroxide 

in high boiling solvent like ethylene glycol  

                                  NH 2NH 2 

            >C=O                        >C=NNH2     KOH/ethylene glycol         >CH 2 + N2 

                        -H2O                                              Heat 

8. ALDOL CONDENSATION  

Aldehydes and ketones having at least one Ȁ-hydrogen condense in the presence of dilute alkali 

as catalyst to form ȁ-hydroxy aldehydes (aldol) or                  ȁ-hydroxy ketones (ketol)  

                                  dil.NaOH  

             2CH3-CHO                         CH3-CH-CH2-CHO                          CH3-CH=CH -CHO 

                ethanal                                 ʓ                                         -H2O            But-2-enal 

                                                               OH (Aldol)  

                                                                             

                        O                                 CH3                                              CH3 

                                       Ba(OH)2          ʓ                         Heat           ʓ 

              2CH3-C-CH3                  CH3-C-CH2-CO-CH3              CH3-C=CH-CO-CH3                                                                                         

                Propanone                           ʓ                           -H2O      4-Metylpent -3-en2-one 

                                                             OH (Ketol)  

9.  CROSS- ALDOL CONDENSATION  

When aldol condensation is carried out between two different aldehydes and / or ketones,a 

mixture of  self and cross-aldol products are obtained. 

            CH3CHO    NaOH          CH3CH=CH -CHO + CH 3CH2CH=C-CHO 

                  +                                 But-2-enal                         ʓ 

           CH3-CH2-CHO                                                              CH3 

                                                                             2-Methylpent -2-enal 

 

                                       CH3-CH=C-CHO    CH3CH2-CH=CHCHO  

                                                      ʓ                               ʓ 
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                                                      CH3                           CH3 

                           2-Methylbut -2-enal           Pent-2-enal   

10.  CANNIZARO REACTION  

Aldehydes which do not have an Ȁ-hydrogen atom, undergo self oxidation and reduction 

(dispropotionation) reaction on treatment with concentrated alkali,to yield carboxylioc acid salt 

and an alcohol respectively. 

H-CHO + H -CHO + Conc.KOH                          CH3OH           + HCOOK  

              Formaldehyde                                        Methanol            Pot. Formate 

 

                              -CHO +  NaOH (con.)                           C6H5CH2OH  + C6H5COONa 

 

                     Benzaldehyde                                       Benzyl alcohol     Sodium benzoate 

 

CARBOXYLIC ACIDS  

 

1. HELL -VOLHARD -ZELINSKY REACTION (HVZ)  

Carboxylic acids having an Ȁ ð hydrogen are halogenated at the Ȁ ðposition on treatment with 

chlorine or bromine in the presence of small amount of red phosphorus to give Ȁ ð

halocarboxylic acids. 

                                          i  X2/ Red phosphorus  

  RCH2-COOH           ii  H2O                                   R-CH-COOH 

                                                                                                 ʓ 

                                                                                                 X 

                                                                                         X=Cl,Br 

                                                                         Ȁ ðhalocarboxylic acids 

2. ESTERIFICATION  

Carboxylic acids react with alcohols or phenols in the presence of a mineral acid such as 

conc.H2SO4 as catalyst to form esters. 

                                               H  
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RCOOH       RõOH                                     RCOORõ  H2O                                       

Carboxylic acid    alcohol                          Ester 

    

3. DECARBO XYLATION : 

  Carboxylic acids lose carbondioxide to form hydrocarbons when their sodium salts are 

heated with sodalime NaOH and CaO in the ratio 3: 1  

.                             NaOH and CaO / æ 

RCOONa                                                    R-H  Na2CO3 

MECHANISMS  

      Con H2SO4 

1.   CH3CH2OH                            CH2 = CH2 + H2O 
        443 K  

Mechanism:  

(i) H 2SO4                         H+ + HSO4+ 

     + 

(ii) CH 3CH2 ð O ð H + H +                                        CH3 ð CH2 ð O ð H  

                    |  

                                                H 

                           +    

(iii) CH 3CH2   ð  O ð H + H +                         CH3 CH2+  + H2O 

      |  

      H 

(iv)  CH3 CH2+                                CH2 = CH2  + H+ 

 

(v)   H+ + HSO4-  H2SO4 

 

                              Con H2SO4 

2. 2CH3 CH2 OH             CH3 CH2 O CH2 CH3 + H2O 
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            413 K  

Mechanism: - 

i) H 2SO4  H+ + HSO-4              

                                                                                         + 

ii) CH 3 CH2 OH + H +  CH3 ð CH2 ð O ð H  

     |  

                                                H 

                           +      

(iii) CH 3CH2   ð O ð H                            CH3 CH2+  + H2O 

      |  

     H   

                                                                                                                                 + 

iv) CH 3 CH2 ð O ð H + CH 3 CH2+  CH3 ð CH2 ð  O ð H  

                                                                                                                                 |  

                       CH2CH3 

 + 

v) CH 3CH2 ð O   ð   H  CH3CH2 ð O ð CH2CH3 + H+ 

 |  

 CH2CH3 

 

vi) HSO4-+ H+   H2SO4  

       

NOMENCLATURE  

1.  a.  CH3CH CH3 CH2CH2CHO 

    4-Methylpentanal  

b. CH3CH2COCH C2H5 CH2CH2Cl 
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       6-chloro-4-ethylhexan-3-one 

c. CH3CH=CHCHO                                     

  But-2-enal 

d. CH3COCH2COCH3 

    Pentane-2,4-dione 

e. OHCC6H4CHO-p    

  Benzene-1,4-di  carbaldehyde                                        

f. CH3CH2CH C6H5 CHO 

          2-Phenylbutanal  

2.  Draw the structures of the following compounds;  

      i  p-Methylbenzaldehyde                       ii4-Methypent -3-en-2-one 

 

                   OHC  -                  - CH3                    CH3-C-CH=C-CH3 

                                                                                        ʞ        ʓ          

                                                                                        O         CH3 

    iii   3-Bromo-4-phenylpentanoic acid        iv Hex-2-en-4-ynoic acid 

   

            CH3-CH -CH-CH2-COOH                         CH3-CƉC-CH=CH -COOH 

                    ʓ     ʓ 

                    C6H5 Br 

3  What do you mean by the following terms?  
(i) Cyanohydrin : When aldehydes and ketones react with HCN, hydrogen cyanide add 
across the >C=O to yield cyanohydrins.  
 

                                                          O- 

                                                                                                                 OH 

            >C=O  + :CN -                         ]C                        H+                       C 

                                                               CN                                            CN 
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                                Tetrahedral intermediate                      Cyanohydrin 

Semicarbazone:  Nucleophile  such as ammonia derivative H 2N-Z like  Semicarbazide  H2N-

NH -CO-NH 2 add to the carbonyl group of aldehydes and ketones,in the presence of acid to 

yield addition product called semicarbazone.   

 

     R                                                        H+             R  

         C=O  + H2N-NH -CO-NH 2                                  C=N-NH -CO-NH 2 + H2O 

     H                 Semicarbazide                        H     Semicarbazone 

(ii)  Oxime : Nucleophile such as hydroxylamine H2N-OH  add to the carbonyl group of 
aldehydes and ketones,in the presence of acid to yield addition product called OXIMES. 
 R                                       H+           R  

       C=O  + H2N-OH                               C=N -OH + H 2O 

 H                                                      H      Oxime 

(iii)  Ketal : One mole of a dihydric alcohol adds to ketones in the presence of dry HCl to 
yield cyclic products called ketals.  
   R                   CH2-OH        HCl gas                  R         O-CH2 

           C=O                                                           C             H2O 

   R                  ̀CH2-OH        Dil.HCl                  R         O-CH2 

           Ketone     Ethylene glycol                                         Ketal 

(iv)  Imine : Nucleophile  such as ammonia  H2N-H adds to the carbonyl group of aldehydes 
and ketones,in the presence of acid to yield addition product called IMINES  
          R                                       H+            R 

                     C=O  + H2N-H                                       C=NH    +   H 2O 

           H                 ammonia                      H     Imine 

(v) 2,4-DNP -derivative : 

  Nucleophile  such as ammonia derivative H 2N-Z like  2,4-dinitrophenylhydrazine  

H2N-NH -C6H5 add to the carbonyl group of aldehydes and ketones,in the presence of acid to 

yield addition product called 2,4 -Dinitrophenylhyrazone.  

R                                O2N                                    R               O2N  

             C=O  + H2N-NH  -             NO 2                      C=N ðNH -                 NO 2 +   H2O 
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H                                                                  H                       

                         2,4-DNP                                              2,4-DNPDerivative                       

Ƃ 

 

 

 

 

Schiffõs base: 

Nucleophile  such as ammonia derivative H 2N-Z like Amine  H2N-R add to the carbonyl group 

of aldehydes and ketones,in the presence of acid to yield addition product called substituted 

imine Schiffõs base           H+ 

RCHO  +   RNH2   RCH=NR+ H2O 

Aldehyde    Amine    Schiffõs base 

 
1 MARK QUESTIONS  

1. Name the reaction and the reagent used for the conversion of acid chlorides to the 
corresponding aldehydes. 
A. Name : Rosenmundõs reaction 
 Reagent : H2 in the presence of Pd (supported over BaSO4) and partially poisoned by 

addition of Sulphur or quinoline.  
         O                        O 
         ||     Pd/BaSO4              ||  

 R ñ C ñ Cl + H2 ---------Ą  R ñ C ñ H + HCl  

     + S or quinoline 
2. Suggest a reason for the large difference in the boiling points of butanol and butanal, 

although they have same solubility in water.  
A  The b. pt. of butanol is higher than that of butanal because butanol has strong 
intermolecular H -bonding while butanal has weak dipole -dipole interaction. However both of 
them form H -bonds with water and hence are soluble. 
3. What type of aldehydes undergo Cannizaro r eaction ? 
A. Aromatic and aliphatic aldehydes which do not contain  hydrogens. 

4. Out of acetophenone and benzophenone, which gives iodoform test ? Write the reaction 
involved.  
 (The compound should have CH 3CO-group to show the iodoform test.)  

A. Acetophenone (C6H5COCH3) contains the grouping (CH 3CO attached to carbon) and 

hence given iodoform test while benzophenone does not contain this group and hence does not 

give iodoform test.  




