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THE GURUKUL INSTITUTE 
Plot 5C, 2nd floor, Ganapati complex, sec-13, opp. 

Jaipuria School, Vasundhara, Ghaziabad (U.P) 
UNIT - I  
THE SOLID STATE  
KEY CONCEPTS  
1. The state of matter whose M.P is above room temp is solid state.  
2. Solids have definite shape and volume, having high density and constituent particles are held strongly.  
3. Crystalline solids have regular arrangement of constituent particles throughout, melting point is 
sharp, Anisotropic (Some Physical Properties Like Refractive Index, Electrical Conductance may vary in 
different directions) in nature and give clear cut cleavage.  
4. Amorphous solids have no regular arrangement, no sharp M.P, isotropic (Some Physical Properties 
Like Refractive Index, Electrical Conductance may not vary in different directions) in nature they do not 
exhibit cleavage property.  
5. Amorphous silica is used in photovoltaic cells.  
6. Space lattice is a regular 3D arrangement of constituent particles in the crystalline solid.  
7. Smallest repeating unit in a space lattice is called unit cell.  
8. There are 4 types of unit cells, 7 crystal systems and 14 bravais lattices.  
9. Types of unit cell No. of atoms per unit cell  
i. Simple cubic unit cell 8 X 1/8=1  
ii. FCC (Face centered cubic) 8 X 1/8+6 X 1/2=4  
iii. BCC (Body centered cubic) 8 X 1/8+1 X 1=2  
10. Hexagonal close packing and cubic close packing have equal efficiency i.e 74% and coordination no. 
is 12.  
11. Coordination no.: The no. of nearest neighbour points surrounding a particular (May point is called 
coordination no (point may be atom, ions & molecules).  
12. Packing efficiency = (volume occupied by total spheres ) × 100 
                  Volume of unit cell 
моΦ CƻǊ ǎƛƳǇƭŜ ŎǳōƛŎ ǳƴƛǘ ŎŜƭƭ ǘƘŜ ǇŀŎƪƛƴƎ ŜŦŦƛŎƛŜƴŎȅҐм · пκо · ˉǊоκу · Ǌо · млл ҐрнΦп ҈  
мпΦ ¢ƘŜ ǇŀŎƪƛƴƎ ŜŦŦƛŎƛŜƴŎȅ ƛƴ ōŎŎ Ґн · пκо · ˉǊоκсп · ооκн Ǌо · млл Ґсу҈  
мрΦ ¢ƘŜ ǇŀŎƪƛƴƎ ŜŦŦƛŎƛŜƴŎȅ ƛƴ ŦŎŎ Ґп · пκо · ˉǊоκмс · н мκн Ǌо · млл Ґтп҈  
16. Packing efficiency in simple cubic unit cell is 52.4%, bcc arrangement in 68% and fcc is 74%.  
17. Unoccupied spaces in solids are called interstitial voids or interstitial sites.  
18. Two important interstitial voids are (I). Tetrahedral void and (II). Octahedral void.  
19. Radius ratio is the ratio of radius of void to the radius of sphere.  
a. For tetrahedral void radius ratio =0.225 For octahedral void radius ratio=0.414  
20. No. of tetrahedral void=2 X N (N=No. of closed packed particles)  
21. No. of octahedral void=N  
22. Formula of a compound depends upon arrangement of constituent particles in the unit cell.  
23. Density of unit cell  
D=Z X M/a3 X NA  
D=density, M=Molar mass, a=side of unit cell, NA=6.022 X 1023  
24. The relationship between edge length and radius of atom and interatomic or interionic distance for 
different types of unit cell is as given below  
a. Simple cubic unit cell a=2r  
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b. FCC             a=4r/  
c. BCC             a=4r/  
25. Interatomic distance=2r  
26. Interionic distance=Rc+Ra (Rc=Radius of cation, Ra=Radius of anion)  
27. Imperfection is the irregularity in the arrangement of constituent particles.  
28. Point defect or Atomic defect - It is the deviation from ideal arrangement of constituent atom. Point 
defects are two types (a) Vacancy defect (b) Interstitial defect  
29. Vacancy defect lowers the density.  
30. Interstitial defect increases the density of crystal.  
31. Point defects in the ionic crystal may be classified as:  
a. Stoichiometric defect (Ratio of cation and anion is same).  
b. Non Stoichiometric defect (disturb the ratio).  
c. Impurity defects (due to presence of some other ions at the lattice sites)  
32. Schottky defect arises due to missing of equal no. of cations and anions from lattice sites in the 
crystalline solid and it lowers the density of crystal e.g. NaCl.  
33. Frenkel defect is the combination of vacancy and interstitial defects. Cations leave their actual lattice 
sites and occupy the interstitial space in the solid. In this defect density remains same e.g. AgCl.  
34. AgBr is the compound which shows both Schottky Defect and Frenkel Defect.  
35. Non stoichiometric defect  
a. Metal excess defect due to anion vacancy.  
b. Metal excess due to presence of extra cation.  
c. Metal deficiency due to absence of cation.  
36. F-Center - In metal excess defect, trapping of electrons in the anion vacancies which act as color 
center. E.g. NaCl gives yellow color in excess of Na+ ions.  
SHORT ANSWER QUESTION (1)  
Q1. What do you mean by paramagnetic substance?  
Ans.: - Substances which are attracted by external magnetic field are called paramagnetic substances. 
The paramagnetic property is due to the presence of unpaired electrons in atoms or ions e.g. Cu2+, Fe3+ 
etc.  
Q2. Which substance exhibit schottky and Frenkel both defects.  
Ans: - AgBr  
Q3. Name a salt which is added to Agcl so as to produce cation vacancies.  
Ans.:-CdCl2 
Q4. Why Frenkel defects not found in pure Alkali metal halide.  
Ans: - Due to larger size of Alkali metal ions.  
Q5. What is the use of amorphous silica?  
Ans.:- It is used in Photovoltaic cells.  
Q6. Analysis shows that a metal oxide has the empirical formula M0.98 O. Calculate the percentage of 
M2+ and M3+ ions in the crystal.  
Ans: - Let the M2+ ion in the crystal be x and M3+ = 0.98-x  
Since total charge on the compound must be zero  
2x+3(0.98-x)-2=0  
X=0.88  
% of M2+ = (0.88/0.96) X 100=91.67  
% of M3+=100-91.67=8.33  
Q7. What is the co-ordination no. of cation in Antifluorite structure?  
Ans: - 4  
Q8. What is the Coordination Number of cation and anion in Caesium Chloride.  



 

PREPARED BY: TEAM GURUKUL, www.thegurukulinstitute.in 

 

Ans: 8 and 8  
Q9. What is F centre?  
Ans.:- F-Center - In metal excess defect, trapping of electrons in the anion vacancies which act as color 
center. E.g. NaCl gives yellow color in excess of Na+ ions.  
Q10. What makes Alkali metal halides sometimes coloured, which are otherwise colourless?  
Ans.:- It is due to F-Center.  
Very Short Answers(1 marks) :  
1. How does amorphous silica differ from quartz?  
Ans- In amorphous silica, SiO4 tetrahedral 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?  
Ans- Schottky defect.  
3. Why glass is called supper cooled liquids?  
Ans- It has tendency to flow like liquid.  
4. Some of the very old glass objects appear slightly milky instead of being transparent. why?  
Ans- Due to conversion amorphous glass into crystalline.  
5. What is anisotropy?  
Ans- Physical properties show different values when measured along different direction in crystalline 
solids.  
6. What is the coordination number of atoms?  
a) in fcc structure b) in bcc structure  
Ans- a) 12 b) 8  
7. How many lattice points are there in unit cell of -  
a) fcc b) bcc c) simple cubic  
Ans- a) 14 b) 9 c) 8  
8. What are the co-ordination numbers of octahedral voids and tetrahedral voids?  
Ans- 6 and 4 respectively.  
9. Why common salt is sometimes yellow instead of being pure white?  
Ans- Due to the presence of electrons in some lattice sites in place of anions these sites act as F-centers. 
These electrons when excited impart color 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 formula of the compound?  
Ans- No. of Y atoms be N No. of octahedral voids N  
No. of X atoms be =N Formula XY 
HOTS Very Short Answers:  
1. Define F centers.  
2. What type of stoichiometric defect is shown by  
a. ZnS  
b. AgBr  
3. What are the differences between frenkel and schottky defect?  
4. Explain the following with suitable examples  
o Ferromagnetism  
o Paramagnetism  
o Ferrimagnetism  
o 12-16 and 13-15 group compounds  
5. In terms of band theory what is the difference between  
o Conductor and Insulator  
o Conductor and Semi-conductor  



 

PREPARED BY: TEAM GURUKUL, www.thegurukulinstitute.in 

 

 
Short Answers (2 Marks):HOTS  
1. Explain how electrical neutrality is maintained in compounds showing Frenkel and Schottky defect.  
Ans- 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 missing from the lattice. Thus, 
electrical neutrality is maintained in both cases.  
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 X (1/8) atom per unit cell = 1 atom  
Ans- There are four body diagonals in a cubic unit cell and each has two body centre atoms.  
So 4 X 2=8 atoms therefore total number of atoms per unit cell =1+8=9  
3. Gold crystallizes in an FCC unit cell. What is the length of a side of the cell (r=0.144 nm)  
r=0.144 nm  
ŀҐн · ҞнǊ  
=2 X 1.414 X 0.144 nm  
=0.407 nm  
4. Classify each of the following as either 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 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?  
Ans- 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. In semi-conductor there is small energy gap between the valence band and 
conduction band.  
6. CaCl2 will introduce Schottky defect if added to AgCl crystal. Explain  
Ans- Two Ag+ ions will be replaced by one Ca2+ 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.  
Ans- 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 semi-conductors, 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 ferrimagnetic, 
why?  
Ans- 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 in 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?  
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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 the tetrahedral void ((1/2) X 2N)  
Therefore, total 2 atoms of B for each atom of A  
Therefore formula of the compound =AB2 
10. In 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?  
Ans- No. of Y atoms per unit cell in ccp lattice=4  
No. of tetrahedral voids= 2 X 4=8  
No. of tetrahedral voids occupied by X= (2/3) X 8=16/3  
Therefore formula of the compound =X16/3 Y4  
=X16 Y12  
=X4 Y3  
HOTS Short Answer:  
1. How many lattice points are there in one unit cell of the following lattices?  
o F.C.C.  
o B.C.C.  
o S.C.C. (Simple Cubic Cell)  
2. 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 centers. What is the formula of the compound?  
3. Silver forms ccp lattice and X ςray studies of its crystal show that the edge length of its unit cell is 
408.6 pm. Calculate the density of silver (Atomic mass= 107.9 u).  
4. 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-
ordination number of P and Q.  
5. What happens when:-  
o CsCl crystal is heated  
o Pressure is applied on NaCl crystal.  
Short Answers (3 marks):  
1. The density of chromium is 7.2g cm-3. If the unit cell is a cubic with length of 289pm, determine the 
type of unit cell (Atomic mass of Cr=52 u and NA = 6.022 X 1023 atoms mol-1). 
 d = z ×M 
       a3×NA  
Z=? , a= 289 pm =28910-10 cm, M=52g mol-1 , d=7.2g cm-3  
Z = d×a3NA = 7.2 ×[289× 10-10 ]3×6.022×1023 
            M   52 
2. An element crystallizes in FCC structure; 200 g of this element has 4.12 X 1024 atoms. If the density of 
A is 7.2 g cm-3, calculate the edge length of unit cell.  
3. Niobium crystallizes in bcc structure. If its density is 8.55 g cm-3, calculate atomic radius of Niobium. 
[At. Mass of Niobium = 92.9u, NA = 6.022 X 1023 atoms mol-1 ].  
4. If radius of octahedral void is r and radius of atom in close packing is R, derive the relationship 
between r and 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 that the substance is a p-type semiconductor?  
6. The unit cell of an element of atomic mass 50 u has edge length 290pm. Calculate its density the 
element has bcc structure (NA = 6.022 X 1023 atoms mol-1).  
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7. Calculate the density of silver which crystallizes in face centered cubic form. The distance between 
nearest metal atoms is 287pm (Ag= 107.87g mol-1, NA= 6.022 X 1023).  
8. What is the distance between Na+ and Cl- ions in NaCl crystal if its density 2.165 g cm-3. NaCl 
crystallizes in FCC lattice.  
9. Analysis shows that Nickel oxide has Ni 0.98 O 1.00 what fractions of nickel exist as Ni2+ ions and Ni3+ 
ions?  
10. Find the type of lattice for cube having edge length of 400pm, atomic mass = 60 and density =6.25 
g/cc.  
HOTS Short Answer:  
1. Aluminium crystallizes in cubic closed pack structure. Its metallic radius is 125 pm  
o What is the length of the side of the unit cell?  
o How many unit cell are there in 100 cm3 of Aluminium.  
2. Classify the following as either p-type or n-type semiconductors.  
Ge doped with In  
B doped with Si  
3. Zinc oxide is white but it turns yellow on heating. Explain.  
Long Answer(3 Marks):  
1. In a face centered cubic lattice Edge length of lattice cell is 2A0. The density of metal is 2.4 g cm-3. 
How many units cell are present in 200g of metal.  
2. A metal crystallizes as face centered cubic lattice with edge length of 450pm. Molar mass of metal is 
50g mol-1. Calculate the density of metal.  
3. 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?  
4. Copper Crystallizes 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.  
5. Niobium crystallizes in bcc structure with density 8.55 g/cc, Calculate atomic radius using atomic mass 
i.e. 93 u.  
HOTS Long Answer:  
1. The compound CuCl has Fcc structure like ZnS, its density is 3.4 g cm-3. What is the length of the edge 
of unit cell?  
Hint: d=((Z X M) /(a3 X NA)  
a3=(4 X 99) / (3.4 X 6.022 X 1023)  
a3=193.4 X 10-24 cm3  
a=5.78 X 10-8cm  
2. If NaCl is doped with 10-3 mol% SrCl2. What is the concentration of cation valancies?  
3. 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.  
4. The edge length of the unit cell of metal having molecular mass 75 g/mol is 1 A0 which crystallizes 
into cubic lattice. If the density is 2g/cm3 then find the radius of metal atom (NA = 6.022 X 1023) 
UNIT-II  
Solution  
KEY CONCEPTS  
Solution is the homogeneous mixture of two or more substances. The substances which make the 
solution are called components. Most of the solutions are binary i.e., consists of two components out of 
which one is solute and other is solvent.  
Solute - The component of solution which is present in smaller quantity.  
Solvent ς The component of solution present in larger quantity or whose physical state is same as the 
physical state of resulting solution.  
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Solubility - The amount of solute which can be dissolved in 100 gm. of solvent at particular temperature 
to make saturated solution.  
Solid solutions are of 2 types -  
1. Substitutional solid solution e.g. Brass (Components have almost similar size)  
2. Interstitial solid solution e.g. steel (smaller component occupies the interstitial voids)  
Expression of concentration of solution  
1. Mass percentage= amount of solute in gm. present in 100 gm. solution.  
Percentage =  mass of solute WB            × 100 
          Mass of solution (WA+WB) 
For liquid solutions percentage by volume is expressed as =   volume of solute VB            × 100 
              Volume of solution (VA+VB) 
2. Mole fraction it is the ratio of no. of one component to the total no. of moles of all components. It is 
expressŜŘ ŀǎ ΨȄΩΦ CƻǊ ǘǿƻ ŎƻƳǇƻƴŜƴǘ ǎȅǎǘŜƳ ƳŀŘŜ ƻŦ ! ŀƴŘ .Σ ·!= (nA)/ (nA+nB), 
XB= (nB)/(nA+nB), Sum of all the components is 1 ; XA+XB =1  
3. Molarity (M) =  no. of moles of solute 
      Volume of solution (L) 
It decreases with increase in temperature  
4. Molality (m) =  no. of moles of solute 
     Mass of solvent (in kg) 
No effect of change of temperature on molality.  
5. Normality (N) = no. of gram equivalent of solute 
               Volume of solution (L) 
It changes with changes temperature. 
6. Parts per million (ppm) concentration of very dilute solution is expressed in ppm.  
Ppm =    WB        × 106 
           WA+ WB 

Vapor pressure ς It is defined as the pressure exerted by the vapour of liquid over the liquid in 
equilibrium with liquid at particular temperature. Vapour pressure of liquid depends upon nature of 
liquid and temperature.  
wŀƻǳƭǘΩǎ [ŀǿ ς  
1. For the solution containing non-volatile solute the vapor pressure of the solution is directly 
proportional to the mole fraction of solvent at particular temperature  
PA  h  XA  
PA = P0A.XA  
2. For the solution consisting of two miscible and volatile liquids the partial vapor pressure of each 
component is directly proportional to its own mole fraction in the solution at particular temperature.  
PA=P0A. XA, PB=P0B .XB  
And total vapor pressure is equal to sum of partial pressure. Ptotal = PA + PB  
Ideal solution ς ¢ƘŜ ǎƻƭǳǘƛƻƴ ǿƘƛŎƘ ƻōŜȅǎ wŀƻǳƭǘΩǎ ƭŀǿ ǳƴŘŜǊ ŀƭƭ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ 
concentration and during the preparation of which there is no change in enthalpy and volume on mixing 
the component.  
Conditions ς  
PA = P0A XA,                PB = P0B.XB  
ҟHMix = 0,                  ҟVmix = 0  
This is only possible if A-B interaction is same as A-A and B-B interaction.  
Nearly ideal solutions are ς  
1. Benzene and Toluene  
2. Chlorobenzene and Bromobenzene  
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Non-ideal solution ς  
όŀύ t! ґ tл!Φ·!               όōύ t. ґtл.Φ·.  
(b) ҟHƳƛȄ ґ л                (d) ҟVƳƛȄ ґ л  
For non-ideal solution the A-B interaction is different from A-A and B-B interactions  
i. For solution showing positive deviation  
PA > P0A XA    &  PB > P0B XB  
ҟHMix = positive,   ҟ±mix=positive   (A-B interaction is weaker than A-A and B-B interaction)  
e.g. alcohol and water  
ii. For the solution showing negative deviation  
PA < P0A.XA,       PB<P0B.XB  
ҟHMix= negative,       ҟVmix = negative   (A-B interaction is stronger than A-A and B-B interactions)  
e.g. Chloroform and acetone, HCl and water 

 
The vapour pressures of two component systems as a function of composition (a) a solution that shows 
positive deviation from Raoult's law and (b) a solution that shows negative deviation from Raoult's law.  
What is Azeotrope? ς The mixture of liquids at particular composition which has constant boiling point 
which behaves like a pure liquid and cannot be separated by simple distillation. Azeotropes are of two 
types:  
(a) minimum boiling Azeotrope (mixture which shows +ve deviations ) ex. alcohol and water  
(b) maximum boiling Azeotrope (which shows ςve deviations) ex. acetone and chloroform  
Colligative Properties - Properties of ideal solution which depends upon no. of particles of solute but 
independent of the nature of particle are called colligative property  
Relative lowering in vapour pressure:     (P0A ς PA)/ P0A = XB  
Determination of molar mass of solute:        MB =( WA× MA× P0A)/WA ×(P0A ςPA)  
Elevation in Boiling Point :   ɲ¢ō Ґ YōΦ Ƴ  
²ƘŜǊŜ ɲ¢ ō Ґ ¢Ωō- T0b  
Kb = molal elevation constant (Ebullioscopic constant)  
m = molality  
a. ҐόYōҎмлллҎ².ύκɲ¢ōҎ²!  
Depression in Freezing Point:    ɲ¢Ŧ Ґ ƪŦΦ Ƴ  
           ²ƘŜǊŜ ɲ¢Ŧ Ґ ¢ϲŦ ς Tf, m = molality  
            Kf = molal depression constant (Cryoscopic Constant)  
           unit = k.kg mol-1  
Osmotic Pressure 
The hydrostatic pressure which is developed on solution side due movement of solvent particles from 
ƭƻǿŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǘƻ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǘƘǊƻǳƎƘ ǎŜƳƛǇŜǊƳŜŀōƭŜ ƳŜƳōǊŀƴŜ ŘŜƴƻǘŜŘ ŀǎ ˉ ŀƴŘ ƛǘ ƛǎ 
expressed as  
                           ʃ Ґ n/v  ×RT 
                           ʃ Ґ /w¢  
              n = No. of moles of solute; v = volume of solution (L)  
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             R = 0.0821 L atm K -1mol-1; T = temperature in kelvin.  
Isotonic solutions have same osmotic pressure and same concentration.  
Hypertonic solutions have higher osmotic pressure and hypotonic solutions have lower osmotic 
pressure.  
0.91% solutions of sodium chloride is hypertonic to blood and RBC swells up or burst.  
 Q1- ²Ƙŀǘ Řƻ ȅƻǳ ƳŜŀƴ ōȅ IŜƴǊȅΩǎ [ŀǿΚ ¢ƘŜ IŜƴǊȅΩǎ [ŀǿ Ŏƻƴǎǘŀƴǘ ŦƻǊ ƻȄȅƎŜƴ ŘƛǎǎƻƭǾŜŘ ƛƴ ǿŀǘŜǊ ƛǎ 
4.34×104 atm at 25o C. If the partial pressure of oxygen in air is 0.2 atm, under atmospheric pressure 
conditions. Calculate the concentration in moles per Litre of dissolved oxygen in water in equilibrium 
with water air at 25o C.  
Ans: Partial pressure of the gas is directly proportional to its mole fraction in solution at particular 
temperature.  
                          t! ʰ ·! Τ YI Ґ IŜƴǊȅΩǎ Ŏƻƴǎǘŀƴǘ  
                          PA = KH ×A  
                          KH = 4.34×104 atm  
                          PO2 = 0.2 atm  
                          Xo2 = PO2 / KH =0.2 / 4.34×104= 4.6×10-6  
                          If we assume 1L solution = 1L water  
                          n water = 1000/18 = 55.5  
                          XO2 = nO2 /(nO2+ n H2O )   Ғ  nO2 /nH2O  
                          nO2 = 4.6 X 10-6 X 55.5 = 2.55 X 10-4 mol  
                          M = 2.55 X 10-4 M 
 Q.2. What is Vant Hoff factor?  
!ƴǎΦ Lǘ ƛǎ ǘƘŜ Ǌŀǘƛƻ ƻŦ ƴƻǊƳŀƭ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ ǘƻ ƻōǎŜǊǾŜŘ ƳƻƭŜŎǳƭŀǊ Ƴŀǎǎ Φ Lǘ ƛǎ ŘŜƴƻǘŜŘ ŀǎ ΨƛΩ  
                              i = normal m.m / observed m.m  
                                = no. of particles after association or dissociation / no. of particles before  
Q.3. What is the Vant Hoff factor in K4[Fe(CN)6] and BaCl2 ?  
Ans 5 and 3 respectively  
Q.4. Why the molecular mass becomes abnormal?  
Ans. Due to association or dissociation of solute in given solvent .  
Q.5. Define molarity, how it is related with normality ?  
Ans. N = M x Basicity or acidity. 
Q.6. How molarity is related with percentage and density of solution ? Ans. M = P x d x10/M.M  
Q.7. What role does the molecular interaction play in the solution of alcohol and water?  
Ans. Positive deviation from ideal behavior .  
Q.8. What is Vant Hoff factor , how is it related with ,a. degree of dissociation b. degree of association  
!ƴǎΦ ŀΦ ʰҐόƛ ς 1) /(n-мύ ōΦ ʰ Ґό ƛ -1) /( 1/n -1)  
Q.9. Why NaCl is used to clear snow from roads ?  
Ans. It lowers f.p of snow  
Q10. Why the boiling point of solution is higher than pure liquid  
Ans. Due to lowering in v.p.  
HOTS  
Q1. Out of 1M and 1m aqueous solution which is more concentrated  
Ans. 1M as density of water is 1gm/Ml  
Q2. Henry law constant for two gases are 21.5 and 49.5 atm, which gas is more soluble .  
Ans. KH is inversely proportional to solubility.  
Q.3. Define azeotrope , give an example of maximum boiling azeotrope.  
Q.4. Calculate the volume of 75% of H2SO4 by weight (d=1.8 gm/ml) required to prepare 1L of 0.2M 
solution  
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       Hint: M1 = P x d x 10 /98  
               M1 V1 = M2V2  
              14.5ml  
Q.5. Why water cannot be completely separated from aqueous solution of ethyl alcohol?  
Ans. Due to formation of Azeotrope at (95.4%) 
SHORT ANSWERS (2 MARKS)  
Q.1. How many grams of KCl should be added to 1kg of water to lower its freezing point to -8.00C (kf = 
1.86 K kg /mol)  
Ans. Since KCl dissociate in water completely i=2  
                ҟT f = ikf ×m                     ; m = ҟTf/ ikf 
               m= 8 / 2X1.86        =             2.15mol/kg.  
Grams of KCl= 2.15 X 74.5 = 160.2 gm.  
Q.2. With the help of diagram: show the elevation in boiling point colligative properties?  
Q.3. what do you mean by colligative properties, which colligative property is used to determine 
molecular mass of polymer and why?  
Q.4. Define reverse osmosis, write its one use.  
Ans. When the pressure more than osmotic pressure is applied on the solution side, and the process of 
osmosis is reversed this is called reverse osmosis. e.g. Desalination of water.  
Q.5. Why does an azeotropic mixture distills without any change in composition.  
Hint: It has same composition of components in liquid and vapour phase.  
vΦсΦ ¦ƴŘŜǊ ǿƘŀǘ ŎƻƴŘƛǘƛƻƴ ±ŀƴǘ IƻŦŦΩǎ ŦŀŎǘƻǊ ƛǎ  
a. equal to 1 b. less than 1 c. more than 1  
Q.7. If the density of some lake water is 1.25 gm /ml and contains 92gm of Na+ ions per kg of water. 
Calculate the molality of Na+ ion in the lake .  
Ans.        n = 92/23 = 4  
             m= 4/1 = 4m  
Q.8. An aqueous solution of 2% non-volatile exerts a pressure of 1.004 Bar at the normal boiling point of 
the solvent . What is the molar mass of the solute .  
Hint:                  P0A ς PA/P0A = wB X mA / mB X wA  
                          1.013 ς 1.004 / 1.013 = 2X 18 /mB X 98  
                          mB = 41.35gm/mol  
Q.9. Why is it advised to add ethylene glycol to water in a car radiator in hill station?  
Because it make the anti-freezing solution and lower the freezing point of water.  
Q.10. what do you mean by hypertonic solution, what happens when RBC is kept in 0.91% solution of 
sodium chloride? 
UNIT-3  
ELECTROCHEMISTRY  
CONCEPTS  
Electrochemistry may be defined as the branch of chemistry which deals with the relationships between 
electrical energy taking place in redox reactions.  
A cell is of two types:-  
I. Galvanic Cell  
II. Electrolytic cell.  
In Galvanic cell the chemical energy of a spontaneous redox reaction is converted into electrical work.  
In Electrolytic cell electrical energy is used to carry out a non-spontaneous redox reaction.  
The Standard Electrode Potential for any electrode dipped in an appropriate solution is defined with 
respect to standard electrode potential of hydrogen electrode taken as zero. The standard potential of 
the cell can be obtained by taking the difference of the standard potentials of cathode and anode.  
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                     E0cell = E0cathode-E0anode  
The standard potential of the cells are related of standard Gibbs energy.  
                    ɲǊDϲҐ-nFE0cell  
The standard potential of the cells is related to equilibrium constant.  
                    ɲǊDϲҐ -RT lnk  
Concentration dependence of the potentials of the electrodes and the cells are given by Nernst 
equation.  
                     ŀ! Ҍ ō. Ҧ Ŏ/ Ҍ Ř5  
Nernst equation can be written as :  Ecell= E0

cell  - RT   In [C]c[D]d 
          nF        [A]a[B]b 

The conductivity, K of an electrolytic solution depends on the concentration of the electrolyte, nature of 
solvent and temperature.  
aƻƭŀǊ /ƻƴŘǳŎǘƛǾƛǘȅΣ ɲƳΣ ƛǎ ŘŜŦƛƴŜŘ ōȅ Yκ/ ǿƘŜǊŜ / ƛǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴΦ  
Conductivity decrease but molar conductivity increases with decrease in concentration. It increases 
slowly with decrease in concentration for strong electrolyte while the increase is very sharp in dilute 
solutions.  
Kohlrausch law of independent migration of ions. The law states that limiting molar conductivity of an 
electrolyte can be represented as the sum of the individual contribution of the anions and cations of the 
electrolyte. 
CŀǊŀŘŀȅΩǎ ƭŀǿǎ ƻŦ 9ƭŜŎǘǊƻƭȅǎƛǎ  
I. The amount of chemical substance deposited at any electrode during electrolysis is proportional to the 
quantity of electricity passed through the electrolyte.  
II. The amount of different substances liberated by the same quantity of electricity passed in same time 
through the electrolytic solution is proportional to their chemical equivalent weights.  
Batteries and fuel cells are very useful forms of galvanic cells  
There are mainly two types of batteries.  
(a) Primary (b) Secondary (Rechargeable)  
Corrosion of metals is an electrochemical phenomenon  
In corrosion metal is oxidized by loss of electrons to oxygen and formation of oxides.  
   Anode  όhȄƛŘŀǘƛƻƴύΥ нCŜόǎύ ҦнCŜнҌ Ҍ пŜ-  
   Cathode (Reduction): O2(g) + 4H+(aq) + 4e-ҦнIнh  
Atmospheric Oxidation:  
нCŜнҌόŀǉύ Ҍ нIнhόƭύ Ҍ мκнhнόƎύҦCŜнhоόǎύ Ҍ пIҌόŀǉύ  
QUESTION CARRING 1 MARK  
1. What is the effect of temperature on molar conductivity?  
Ans- Molar conductivity of an electrolyte increases with increase in temperature.  
2. Why is it not possible to measure single electrode potential?  
Ans- (It is not possible to measure single electrode potential because the half cell containing single 
electrode cannot exist independently, as charge cannot flow on its own in a single electrode.)  
3. Name the factor on which emf of a cell depends? 
Ans- emf of a cell depends on following factor-  
a. Nature of reactants.  
b. Concentration of solution in two half cells.  
c. Temperature  
d. Pressure of gas.  
4. What are the units of molar conductivity?  
Ans- ( cm2 ohm-1 mol-1 or Scm2mol-1)  
5. Write Nernst equation- 
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           For the general cell reaction  
          ŀ!Ҍō.ҦŎ/ҌŘ5  
Ans- Ecell=E0

cell ς RT In [C]c[D]d 
       nF      [A]A[B]b 
6. What is the emf of the cell when the cell reaction attains equilibrium?  
Ans- Zero 
7. What is the electrolyte used in a dry cell?  
Ans- A paste of NH4Cl, MnO2 and C  
8. How is cell constant calculated from conductance values?  
Ans- Cell constant= specific conductance/ observed conductance.  
9. What flows in the internal circuit of a galvanic cell.  
Ans- Ions  
10. Define electrochemical series.  
Ans- The arrangement of various electrodes in the decreasing or increasing order of their standard 
reduction potentials is called electrochemical series.  
QUESTIONS CARRYING TWO MARKS  
1. How can you increase the reduction potential of an electrode.?  
Ans- For the reaction  
                        Mn+(aq) + ne-- Ҧ a όǎύ  
          Nernst equation is:  
              EMn+ /M  = E0

Mn+/M   -   2.303RT   log       1  
                                                          nF                  [Mn+]  
             EMn+ /M  can be increased by  
a. increase in concentration of Mn+ ions in solution  
b. by increasing the temperature.  
2. Calculate emf of the following cell at 298K  
Ans:-            Zn/Zn2+ (10-4 M) || Cu2+ (10-2M)/Cu  
                       Given E0 Zn2+/Zn=-0.76V  
                          E0Cu2+/Cu=+0.34V  
                                        Cell reaction is as follows.  
                                  ½ƴόǎύ Ҍ /ǳнҌόŀǉύҦ ½ƴнҌόŀǉύ Ҍ /ǳόǎύ  
                                       n=2  
                                       T=298K  
                                      Ecell=(E0Cu2+/Cu-E0Zn2+/Zn)-0.0591V log [Zn2+(aq)]  
                                                                                                              [Cu+(aq)]  
                                             = 0.34V-(-0.76)-0.02955V log 10-4  
                                                                                               10-2  
                                             = 1.10V-0.02955V log 10-2  
                                             = 1.10V + 2 X 0.02955 V  
                                             = 1.10V + 0.0591 V  
                                             = 1.1591V  
3. Electrolysis of KBr(aq) gives Br2 at anode but KF(aq) does not give F2. Give reason  
Ans: Oxidation takes place at anode. Now higher the oxidation Potential, easier to oxidize. Oxidation 
potential of Br-, H2O,F- are in the following order.  
Br - >H2O>F-  
Therefore in aq. Solution of KBr. Br- ions are oxidized to Br2 in preference to H2O. On the other hand, in 
aq. Solution of KF, H2O is oxidized in preference to F-. Thus in this case oxidation of H2O at anode gives 
O2 and no F2 is produced.  
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4. What happens when a piece of copper is added to (a) an aq solution of FeSO4(b) an Aq solution of 
FeCl3?  
a. Nothing will happen when the piece of copper is added to FeSO4 because reduction potential E0 
Cu2/Cu(0.34) is more than the reduction potential E0(Fe2+/Fe) (0.44V).  
b. Copper will dissolve in an aq solution of FeCl3 because reduction potential E0Fe3+/Fe2+(0.77V) is 
more than the reduction potential of E0Cu2+/Cu(0.34)  
/ǳόǎύҌ нCŜ/ƭо όŀǉύ Ҧ /ǳнҌόŀǉύ Ҍ н CŜ/ƭнόŀǉύ  
5. Define corrosion. Write chemical formula of rust.  
Ans: Corrosion is a process of destruction of metal as a result of its reaction with air and water, 
surrounding it. It is due to formulation of sulphides, oxides, carbonates, hydroxides, etc.  
Formula of rust- Fe2O3.XH2O  
6. Write short notes on reduction and oxidation potentials.  
7. How are standard electrode potentials measured?  
8. What is cell constant? How it is determined?  
9. Why it is necessary to platinize the electrodes of a conductivity cell before it is used for conductance 
measurement?  
QUESTION CARRYING THREE MARKS  
1. Write any three differences between potential difference and e.m.f.  
                         E.M.F  POTENTIAL DIFFERENCE  
1.It is difference between electrode potential of 
two electrodes when no current is flowing 
through circuit.  

1.it is difference of potential  
between electrode in a closed circuit.  

2. it is the maximum voltage obtained From a 
cell.  

2.it is less than maximum voltage  
Obtained from a cell.  

3. it is responsible for steady flow of Current.  3.it is not responsible for steady  
Flow of current.  

2. Why an electrochemical cell stops working after sometime?  
Ans: The reduction potential of an electrode depends upon the concentration of solution with which it is 
in contact.  
As the cell works, thŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǊŜŀŎǘŀƴǘǎ ŘŜŎǊŜŀǎŜΦ ¢ƘŜƴ ŀŎŎƻǊŘƛƴƎ ǘƻ [Ŝ ŎƘŀǘŜƭƛŜǊΩǎ ǇǊƛƴŎƛǇƭŜ ƛǘ 
will shift the equilibrium in backward direction. On the other hand if the concentration is more on the 
reactant side then it will shift the equilibrium in forward direction. When cell works concentration in 
anodic compartment in cathodic compartment decrease and hence E0 cathode will decrease. Now EMF 
of cell is  
E0cell= E0cathode ς E0anode  
A decrease in E0 cathode and a corresponding increase in E0 anode it means that EMF of the cell will 
decrease and will ultimately become zero i.e., cell stops working after some time.  
  
i. Identify the cathode and the anode as the current is drawn from the cell.  
ii. Write the reaction taking place at the electrodes.  
iii. Calculate the standard cell potential.  
Ans (i)-. From the cell representation  
                      Ag/Ag+ electrode is cathode and Cu/Cu2+ electrode is anode .  
Ans(ii)-  At anode :  
 
                                  /ǳόǎύҦ /ǳнҌ ό ŀǉ ύҌнŜ-  
                                    E0cell = E0cathode ς E0anode  
                                            = E0Ag+/Ag ς E0Cu2+ /Cu  
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                                            = +.80 V ς (+0.34V)  
                                            = +0.80V-0.34V  
                                            = 0.46V  
Ans- (iii)for the standard cell  
                                Cu(s)/Cu2+(aq)|| Ag+(aq)/Ag(s)  
                                  E0 cell Cu2+/Cu =+0.34 V  
                                    E0 Ag+/Ag =+0.80 V  
3. Can we store copper sulphate in (i)Zinc vessel (ii) Silver vessel? Give reasons.  
Given E0 Cu2+/Cu = +0.34V, E0Zn2+/Zn= -0.76V) , E0Ag+/Ag = +0.80V  
Ans:- A metal having lower reduction potential can displace a metal having higher reduction potential 
from solution of its salt.  
I. Since standard reduction potential of Zn2+(E0Zn2+/Zn = -0.76V) is less than the standard reduction 
potentialof Cu2+ (E0Cu2+/Cu=+0.34V), Zn can displace copper from copper sulphate solution. Thus, 
CuSO4 solution can be stored in silver vessel. 
4. How many grams of chlorine can be produced by the electrolysis of molten NaCl with a current of 
1.02 A for 15 min?  
Ans:-        нbŀ/ƭόƭύ ҦнbŀҌόƭύҌн/ƭ-(l)  
                    2 Cl- Ҧ/ƭ2 (g) + 2e- 

                   2 mole 1mol  
                     Q= nf  
                     Q= 2 x 96500 C/mol= 1.93 x 105 C  
                             Quantity of electricity used = it  
                                                                             = 1.02 A × (15 × 60)sec  
                                                                             = 900C  
         Molar mass of Cl2 = 2 ×35.5 = 71 gmol-1  × 105C of charge produce chlorine = 71g  
               1.93 × 105 C of charge produce chlorine = 71gm  
               900 C of charge produce chlorine 71 × 900    = 0.331gm 
                                                                           1.93 × 105   
5. What is understood by a normal hydrogen electrode? Give its significance.  
6. Define electrode potential. Why absolute value of reduction potential of electrode cannot be 
determined?  
7. Write the equation showing the effect of concentration on the electrode potential.  
уΦ 5ŜǊƛǾŜ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ DƛōōΩǎ ŦǊŜŜ ŜƴŜǊƎȅ ŎƘŀƴƎŜ ŀƴŘ ǘƘŜ ŎŜƭƭ ǇƻǘŜƴǘƛŀƭΦ  
9. How Nernst equation can be applied in the calculation of equilibrium constant of any cell reaction.  
10. The cell reaction as written is spontaneous if the overall EMF of the cell is positive. Comment on this 
statement.  
QUESTIONS CARRYING 5 MARKS  
1. Explain the term electrolysis. Discuss briefly the electrolysis of (i) molten NaCl (ii) aqueous sodium 
chloride solution (iii) molten lead bromide (iv) water.  
2. stŀǘŜ ŀƴŘ ŜȄǇƭŀƛƴ CŀǊŀŘŀȅΩǎ ƭŀǿǎ ƻŦ ŜƭŜŎǘǊƻƭȅǎƛǎΦ ²Ƙŀǘ ƛǎ 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŜǉǳƛǾŀƭŜƴǘΚ  
оΦ ²Ƙŀǘ Řƻ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ ōȅ ΨŜƭŜŎǘǊƻƭȅǘƛŎ ŎƻƴŘǳŎǘƛƻƴΩΚ ǿƘŀǘ ŀǊŜ ǘƘŜ ŦŀŎǘƻǊǎ ƻƴ ǿƘƛŎƘ ŜƭŜŎǘǊƻƭȅǘŜ 
conduction depends.? What is the effect of temperature on electrolytic conduction?  
4. How is electrolytic conductance measured experimentally?  
HOT QUESTIONS  
1 Mark questions:-  
1. Why in a concentrated solution, a strong electrolyte shows deviations from Debye-Huckle- Onsagar 
equation?  
Ans:- Because interionic forces of attractions are large.  
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2. What is the use of Platinum foil in the hydrogen electrode?  
A: It is used for inflow and outflow of electrons.  
3. Corrosion of motor cars is a greater problem in winter when salts are spread on roads to melt ice and 
snow. Why?  
4. Is it safe to stir AgNO3 solution with copper spoon? (E0

Ag+/Ag = 0.80 Volt; E0Cu+/Cu  = 0.34 Volt)  
Ans: No it is not safe because reacts with AgNO3 Solution ( emf will be positive.)  
5. Why is it necessary to use salt bridge in a galvanic cell?  
Ans: To complete inner circuit and to maintain electrical neutrality of the solution.  
2 mark questions:-  
1. Why Li is best reducing agent where as Fluorine is best oxidizing agent ?  
2. Equilibrium constant is related to E0cell but not to Ecell. Explain.  
3. Why sodium metal is not obtained at cathode when aq NaCl is electrolysed with Pt electrodes but 
obtained when molten NaCl is electrolysed ?  
4. Zn rod weighing 25 g was kept in 100 mL of 1M copper sulphate solution. After  
certain time interval, the molarity of Cu2+ was found to be 0.8 M. What is the  
molarity of SO-24 in the resulting solution and what should be the mass of Zn rod after cleaning and 
drying ?  
5. Which will have greater molar conductivity and why?  
Sol A. 1mol KCl dissolved in 200 cc of the solution or Sol B. 1 mol KCl dissolved in 500cc of the solution.  
3/ 5 mark questions:-  
1. What do you mean by ( i) negative standard electrode potential and  
                                           (ii) positive standard electrode potential ?  
2. Which cell is generally used in hearing aids? Name the material of the anode, cathode and the 
electrolyte. Write the reactions involved.  
3. Iron does not rust even if Zinc coating is broken in a galvanized iron pipe but rusting occurs much 
faster if tin coating over iron is broken .Explain.  
пΦ Ψ /ƻǊǊƻǎƛƻƴ ƛǎ ŀƴ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ǇƘŜƴƻƳŜƴƻƴΩΣ ŜȄǇƭŀƛƴΦ  
5. Calculate the pH of following cell: Pt, H2/ H2 SO4, if its electrode potential is 0.03V.  
6 . A cell contains two hydrogen electrodes. The negative electrode is in contact with a solution of 10-5  
M H+ ions. The emf of the cell is 0.118 V at 298 K. Calculate the concentration of the H+ ions at the 
positive electrode.  
7. Crude copper containing Fe and Ag as contaminations was subjected to electro refining by using a 
current of 175 A for 6.434 min. The mass of anode was found to decrease by 22.260 g, while that of 
cathode was increased by 22.011 g. Estimate the % of copper, iron and silver in crude copper.  
8 Zinc electrode is constituted at 298 K by placing Zn rod in 0.1 M aq solution of zinc sulphate which is 95 
% dissociated at this concentration. What will be the  
electrode potential of the electrode given that E0 Zn2+/Zn= - 0.76 V.  
9. At what pH will hydrogen electrode at 298 K show an electrode potential of  
-0.118 V, when Hydrogen gas is bubbled at 1 atm pressure ?  
10 Electrolysis of the solution of MnSO4 in aq sulphuric acid is a method for the  
preparation of MnO2 as per the chemical reaction  
Mn2+ + 2H2 h Ҧ aƴh2 + 2H++ H2  
Passing a current of 27 A for 24 Hrs gives 1 kg of MnO2. What is the current  
efficiency ? What are the reactions occurring at anode and cathode ? 
UNIT-4  
CHEMICAL KINETICS  
CONCEPT  
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Chemical kinetics- The branch of physical chemistry which deals with the study of rate of reaction and 
their mechanism is called chemical kinetics.  
Rate of chemical reaction- The change in concentration of any reactant or product per unit time is called 
rate of reaction.  
TYPES OF RATE OF REACTION-  
1. Average rate of reaction- The rate of reaction measured over the long time interval is called average 
rate of reaction.  
                        Avg rate                    ɲȄκɲǘ Ґ -ɲώwϐκɲǘ Ґ ҌɲώǇϐκɲǘ  
2. Instantaneous rate of reaction- The rate of reaction measured at a particular instant of time is called 
instantaneous rate of reaction.  
      Instantaneous rate                    dx/dt= -d[R]/dt=+d[P]/dt  
FACTORS AFFECTING RATE OF REACTION-  
1. Concentration of reactant  
2. Surface area  
3. Temperature  
4. Nature of reactant  
5. Presence of catalyst  
6. Radiation  
RATE CONSTANT (k)- It is equal to the rate of reaction when molecular concentration of reactant is at 
unity.  
RATE LAW- The rate of reaction is directly proportional to the product of concentration of reactant and 
each concentration is raised to some power.  
For a reaction  
                  ŀ!Ҍō. Ҧ Ŏ/ҌŘ5  
                Rate law =   k[A]p[B]q  
MOLECULARITY ς The total no. of reactants taking part in a chemical reaction is called molecularity.  
ORDER OF REACTION- The sum of powers to which the concentrations of the terms are raised in a rate 
law expression is called order of reactions.  
HALF-LIFE PERIOD- The time during which the concentration of the reactant is reduced to half of its 
initial concentration is called half-life period.  
ACTIVATION ENERGY- The minimum extra amount of energy absorbed by reactant molecules so that 
their energy becomes equal to the threshold energy is called activation energy.  
Activation energy = Threshold energy ς kinetic energy  
TEMPERATURE COEFFICIENT- The ratio of rate constant at two temperatures having difference of 100 C 
is called temperature coefficient.  
Temperature coefficient = (Rate constant at T+100 C) / Rate constant at T0 C  
Arrhenius Equation-  
K= Ae ς Ea/RT  
K-rate constant  
A-Arrhenius energy  
Ea-Activation energy  
R- Rate constant  
T-Temperature 
1 MARKS QUESTION  
1. The gas phase decomposition of acetaldehyde  
/Iо/Ih Ҧ /IпҌ/h  
It is found that the rate of reaction is proportional to[ CH3CHO]1.5 

What is the order of reaction  
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Ans. Order is 1.5  
2. State the order with respect to each reactant and overall reaction.  
H2O + 3I - + 2H+Ҧ нIнh Ҍ L-3  
Rate = k[H2O2]1[I-]1  
Ans. Order of reaction= 1+1= 2  
3. Give one example of pseudo first order reaction.  
Ans. Hydrolysis of an ester  
/Iо/hh/нIр Ҍ Iнh Ҧ /Iо/hhI Ҍ /нIрhI  
4. The conversion of molecules X to Y follows the second order of kinetics. If concentration of X is 
increased 3 times, how will it affect the rate of formation of Y.  
Ans. Rate = k [A]2  
                    = k [3A]2   
                    = k [9a]2   
The rate of formation will become nine times.  
5. The rate law for a reaction is  
                 Rate = K [A] [B]3/2   
Can the reaction be an elementary process? Explain.  
Ans. No, an elementary process would have a rate law with orders equal to its molecularities and 
therefore must be in integral form.  
сΦ ²Ƙŀǘ Řƻ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ ōȅ ΨǊŀǘŜ ƻŦ ǊŜŀŎǘƛƻƴΩΚ  
7. Name the factors on which the rate of a particular reaction depends.  
8. Why rate of reaction does not remain constant throughout?  
9. Define specific reaction rate or rate constant.  
10. What is half-life period of a reaction? 
2 MARKS QUESTION  
1. The rate of a particular reaction quadruples when the temperature changes from 293K to 313K. 
Calculate activation energy.  
Ans.                             K2/K1 = 4,  
                                    T1= 293K,                 T2 = 313K  
                                    Log [K2/K1] = Ea[T2-T1]  
¢Ƙǳǎ ƻƴ ŎŀƭŎǳƭŀǘƛƴƎ ŀƴŘ ǎǳōǎǘƛǘǳǘƛƴƎ ǾŀƭǳŜǎ ǿŜ ƎŜǘΧΦΦ  
              Ea = 52.86 KJ mol-1  
2. If the decomposition of nitrogen oxide as  
                  2N2O5ƄƄƄƄ> 4NO2 + O2  
follows a first order kinetics.  
(i) Calculate the rate constant for a 0.05 M solution if the instantaneous rate is 1.5 ×10-6mol/l/s?  
Ans.          Rate = K [N2O5]  
                       K= Rate  
                           [N2O5]  
K=1.5 × 10-6 

          0.05  
K= 3.0 × 10-5 

ii) What concentration of N2O6 would give a rate of 2.45 × 10-5 mol L-1 s-1 

                Rate = 2.45 × 10-5 mol L-1 s-1  
                [N2O5] = Rate = 2.45 × 10-5 

                                    K        3.0 × 10-5  
                                           = 0.82 M  
3) Write the difference between order and molecularity of reaction.  



 

PREPARED BY: TEAM GURUKUL, www.thegurukulinstitute.in 

 

Ans.              ORDER                                                              MOLECULARITY  
It is the sum of the powers of concentration               It is the number of reacting speci-  
terms in the rate law expression.                                 -es undergoing simultaneously  
                                                                                      Collision in a reaction.  
It is determined experimentally                                     it is a theoretical concept  
Order of reaction need not be a whole   
number  
Order of reaction can be zero.  
4) Define Threshold energy and activation energy. How they are related?  
Ans. Threshold Energy: It is the minimum amount of energy which the reactant molecules must possess 
for the effective collision in forming the products.  
Activation Energy: It is the excess energy required by the reactants to undergo chemical reaction.  
Activation energy = Threshold energy ς Average kinetic energy of molecules.  
5(a). Draw a schematic graph showing how the rate of a first order reaction changes in concentration of 
reactants. 

 
Variation of rate of first of first order reaction with concentration.  
(b). rate of reaction is given by the equation  
Rate = k [A]2[B]  
What are the units of rate constant for this reaction?  
Ans. Rate = k [A]2[B]  
                     K =    mol L-1 s-1  
                          (mol L-1)2(mol-1)  
                      K= mol-2 L2 s-1  
6. List the factors affecting the rate of reaction.  
7. Explain with suitable example, how the molecularity of a reaction is different from the order of a 
reaction.  
8. 5ŜŦƛƴŜ ǘƘŜ ǘŜǊƳ ΨǊŀǘŜ ŎƻƴǎǘŀƴǘΩ ƻŦ ΨǎǇŜŎƛŦƛŎ ǊŜŀŎǘƛƻƴ ǊŀǘŜΩΦ  
9. What are Pseudo unimolecular reactions? Explain with the help of a suitable example.  
10. What is half life period? Derive and expression for half-life period in case of a first order reaction.  
3 marks question  
Q1. The rate constant for first order reaction is 60/s. How much time will it take to reduce the 
concentration of the reaction to 1/10 of its initial value.  
Ans:-                  t = 2.303  log   [R0]  
                                      K              [R]  
                            t = 2.303  log  [R0] 
                                    K              [R0/10] 
                           t = 2.303 log10  
                                  60  
                                t = 2.303 = 3.38× 10-2 s-1  
                    60  
2. The rate of most of reaction double when their temperature is raised from 298k to 308k. Calculate the 
activation energy of such a reaction.  
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Ans:-  
                                   Log K2  =         Ea           1 ς  1  
                                          K1          2.303 R    T1    T2  
                 Ea = 2.303 × 8.314 × 298 × 308 × 0.3010  
                                                    1000  
                Ea = 52.89KJ/mol 
3. A first order reaction takes 69.3 min for 50% completion. Determine the time needed for 80% 
completion.  
Ans.                 K=0.693  
                                T1/2   
                           = 0.693/69.3min  
                           = 10-2 min-1  
                                  T= 2.303 log [R0]  
                                           K            [R]  
                                  T= 2.303/10-2 log5  
                                  T= 160.9min  
4. Following reaction takes place in one step  
                          нbh Ҍ hнҦ нbhн  
How will the rate of the reaction of the above reaction change if the volume of reaction vessel is 
diminished to 1/3 of its original volume? Will there be any change in the order of reaction with reduced 
volume?  
Ans.                     нbhҌ hнҦнbhн  
                           dx/dt = k[NO]2[O2]1  
             [Since it is one step]  
If the volume of reaction vessel is diminished to 1/3, conc. Of both NO and O2 will become 3 time, the 
rate of reaction increased 27 times.  
In the order of reaction with the reduced volume.  
5. The decomposition of NH3 on platinum surface is a zero order reaction. What are the rate of 
production of N2 and H2.       If k= 2.5 × 10-4  
Ans.                             нbIо Ҧbн Ҍ оIн  
                              -1   d [NH3] = d[NH2]  +1   d[H2]  
                               2        dt              dt        3     dt  
                                   -d[NH3] = rate = k x [NH3]0  
                                         dt  
                                                  = 2.5 X 10-4 molL-1sec-1  
                                       d [N2] = - 1    d [NH3]  
                                            dt         2        dt  
                                                   = 1/2 ×2.5×10-4 molL-1sec-1  
                    d[H2] = - 3   d[NH3] = 3/2 ×2.5×10-4 

                                    2       dt  
                              = 3.75×10-44molL-1 sec-1  
                        Rate = - d[NH3] = k ×[NH3]0   
                                          dt  
                                                    = 2.5 × 10-4 molL-1 sec-1  
           Rate of production of N2 = 2.5×10-4 molL-1 sec-1  
6. How is the rapid change in concentration of reactants/products monitored for fast reactions.  
7. What are photochemical reactions? Give two examples,  
8. What is the effect of temperature on the rate of reaction? Explain giving reasons.  
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фΦ /ƻƳƳŜƴǘ ƻƴ ŦǊŜŜ ŜƴŜǊƎȅ ŎƘŀƴƎŜ ƻŦ ΨǇƘƻǘƻŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎΩΦ  
10. State the role of activated complex in a reaction and state its relation with activation energy. 
QUESTIONS CARRYING 5 MARKS  
1. What do you understand by the rate of a reaction? How it is expressed? How it is the rate of reaction 
determined?  
2. What do you understand by order of a reaction? How does rate law differ from law of mass action? 
Give two example of each of the reactions of (i) zero order (ii) first order (iii) second order  
3. Derive the equation for the rate constant for a first order reaction. What would be the units of the 
first order rate constant if the concentration is expressed in mole per litre and time in seconds.  
4. Explain why the rate of reaction increases with increase in temperature.  
5. Briefly explain the effect of temperature on the rate constant of a reaction.  
HOTS  
1. The half-life period of two samples are 0.1 and 0.4 seconds. Their initial Concentrations are 200 and 
50 mol L-1  respectively. What is the order of reaction?  
2. What is the ratio of t3/4 : t1/2 for a first order reaction ? 3. Higher molecularity reactions (viz. 
molecularity, 4 and above) are very rare. Why?  
4. Consider the reaction 2A + B Products  
When concentration of B alone was doubled, half life time does not change. When conc. of A alone is 
doubled, the rate increases by two times. What is the unit of K and what is the order of the reaction?  
5. For the reaction, the energy of activation is 75KJ / mol. When the energy of activation of a catalyst is 
lowered to 20KJ / mol. What is the effect of catalyst on the rate of reaction at 200C.  
6. The gas phase decomposition of CH3OCH3 follows first order of kinetics  
/Iоh/Iо Ҧ /Iп όƎύ Ҍ Iн όƎ) + CO (g)  
The reaction is carried out at a constant volume of the container at 5000C and has t1/2 =14.5min.  
Initially only dimethyl ether is present at a pressure of 0.40 atm. What is the total pressure of the system 
after 12 min? Assume ideal behavior. 
Chapter-5 SURFACE CHEMISTRY  
POINTS TO BE REMEMBERED: ---  
1. Adsorption: - The accumulation of molecules species at the surface rather in the bulk of a solid or 
liquid is termed adsorption.  
2. Desorption:-Removal of adsorbate from the surface of adsorbent is known as Desorption.  
3. Sorption:-When adsorption and absorption both takes place simultaneously.  
4. Type of adsorption: - On the basis of interaction between adsorption and absorption, adsorbate are of 
two types:  
(i)Physical adsorption/physisorption: - When weak vander waal interaction involve between adsorbate 
and adsorbent.  
(ii) Chemical adsorption/chemisortion:-When chemical bonds form between adsorbate and adsorbent.  
5. Adsorption isotherm:-The variation in the amount of gas adsorbed by the adsorbent with pressure at 
constant temperature can be expressed by means of a curve termed as adsorption isotherm.  
6. Application of adsorption:-  
(a) Removal of colouring matter from solution using animal charcoal.  
(b)Chromatographic analysis is based on adsorption.  
7 .Factors affecting adsorption:-  
(i)Surface area: - Adsorption increases with increases of surface area of adsorbent.  
(ii)Nature of adsorbate:- Easily liquefiable gases are readily adsorbed.  
(iii)Temperature:-Low temperature is favorable for physical adsorption and High temperature for 
chemisortion.  
(iv)Pressure: - Pressure increases, adsorption increases.  
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8. CATALYSIS:- Substances which alter the rate of chemical reaction and themselves remain chemically 
and quantitatively unchanged after the reaction are known as catalyst and the phenomenon is known as 
catalysis.  
9. PROMOTERS AND POISONS  
Promoters are substance that enhance the activity of catalyst while poisons decrease the activity of 
catalyst.                                           Fe 
                                      N 2 + 3H 2                                      2NH3 (g)  
                                              Mo 
                                        Fe =catalyst                                 Mo= promoter  
10. Homogenous catalyst ς when reactants and catalyst are in same phase.  
                  NO(g) 
e.g.                 2 SO2 (g)   +    O 2 (g)                                      2SO3(G)_  
11. Heterogeneous catalyst ς the catalytic process in which the reactants and catalyst are in different 
phase.                      Pt 
e.g.                                  SO2 + O2                                         2SO3 (g)  
12. Adsorption theory of Heterogeneous catalysis ς It explains the mechanism of heterogeneous 
catalyst.  
The mechanism involves 5 steps:-  
a. Diffusion of reactants to the surface of catalyst.  
b. Adsorption of reactant molecules on the surface of catalyst.  
c. Chemical reaction on the catalyst surface through formation of an intermediate.  
d. Desorption of reaction product from the catalyst surface.  
e. Diffusion of reaction product away from the catalyst surface.  
13. IMPORTANT FEATURES OF SOLID CATALYST  
Activity - The activity of a catalyst depend on the strength of chemisorption. Catalytic activity increases 
from group 5 to group 11 elements of the periodic table. 
                                                         Pt  
                                     2H2 + O2                 2H2 O  
Selectivity ς The selectivity of a catalyst is its ability to direct a reaction to yield a particular product.  
Ni  
      1.                          CO + 3H2                    CH4 + H2 O  
                                                       Cu  
      2.                          CO + H2                      HCHO  
14. SHAPE SELECTIVE CATALYSIS  
The catalytic reaction that depends upon the pore size of the catalyst and the size of reactant and 
product molecules is called shape selective catalysis.  
e.g. Zeolites are good shape selective catalysis  
15. ENZYME CATALYSIS  
Enzymes are protein molecules of high molecular mass which catalyse the biochemical reaction.  
e.g. Inversion of cane sugar by invertase enzyme.  
16. Characteristic of enzyme catalysis ς  
a. Enzymes are specific to substrate.  
b. Enzymes are highly active under optimum temperature.  
c. Enzymes are specific to pH. e.g. Pepsin act in acidic medium  
d. Enzymes are inhabited by the presence of certain substance.  
Mechanism of enzyme catalysis ς  
1. Binding of enzyme to substrate to form an activated complex.  
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E + S               ES*  
2. Decomposition of activated complex to form product.  
ES*              E + P  
17. Colloid-a colloid is a heterogeneous system in which one substance is dispersed(dispersed phase)in 
another substance called dispersion medium.  
18. TYPES OF COLLOIDS  
(1) On the basis of nature of interaction between dispersed phase and dispersion medium.  
(a) Lyophobic colloid-Solvent hating colloid, these colloids can not be prepared by simply mixing of 
dispersed phase into dispersion medium.  
e.g. metallic sols.  
(b) Lyophobic colloid-solvent loving these colloids can be prepared by simply mixing of dispersion phase 
into dispersion medium.  
e.g. Starch sol.  
(2) On the basis of types of particles of the dispersed phase  
(a) Multimolecular colloid-on dissolution, a large number of atoms or smaller molecules of a substance 
aggregate together to form species having size in colloidal range. The species thus formed are called 
Multimolecular colloids.  
e.g. Sulphur sol.  
(b) Macromolecular colloids - macromolecules in suitable solvent form solution in which size of the 
particles are in range of colloidal range.  
e.g. starch sol.  
(c) Associated colloids (micelles)-some substances in low concentration behaves as normal strong 
electrolyte but at higher concentration exhibit colloidal behavior due to formation of aggregates. The 
aggregated particles are called micelles and also known as associated colloids.  
(3) Kraft temperature- Temperature above which formation of micelles takes places.  
(4) Critical micelle concentration (cmc) - concentration above which micelle formation takes place is 
known as cmc. 
(5) PREPERATION OF COLLOIDS  
(a) Chemical methods- By double decomposition, oxidation reaction or hydrolysis  
OXIDATION  
     e.g.                       SO2 +2H2 S                    3S (SOL)+2H2 O  
HYDROLYSIS  
     e.g.                       FeCl3 +3H2 O                     Fe (OH) 3+3HCl  
         (sol)  
όōύ .ǊŜŘƛƎΩǎ ŀǊŎ ƳŜǘƘƻŘ- For preparation of metallic sol. It involves dispersion as well as condensation.  
(c) Peptization- Process of converting a precipitate into colloidal sol. By shaking it with dispersion 
medium in the presence of a small amount of electrolyte.  
(6)PURIFICATION OF COLLIODAL SOLUTION :-  
(a) Dialysis-it is a process of removing a dissolved substance from a colloidal solution by membrane.  
(b)Electro dialysis-when dialysis is carried out with an electric field applied around the membrane.  
(c) Ultra filtration- Use of special filters which are permeable to all ionic substances except colloidal 
particles.  
(7)PROPERTIES OF COLLOIDAL SOLUTION:-  
(1) They show colligative properties  
(2) Brownian movement-zig-zag motion of colloidal particles  
(3) Tyndall effect-scattering of light by colloidal particles by which path of beam becomes clearly visible. 
This effect is known as tyndall effect.  
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 /ƘŀǊƎŜ ƻƴ ŎƻƭƭƻƛŘŀƭ ǇŀǊǘƛŎƭŜǎ ς Colloidal particles carries electric charge and nature of charge is same 
on all particles.  
 9ƭŜŎǘǊƻǇƘƻǊŜǎƛǎ - Movement of Colloidal particles towards opposite electrode in presence of external 

electric field.  
 /ƻŀƎǳƭŀǘƛƻƴ ς The process of setting of colloidal particles by the addition of small amount of 

electrolyte is called coagulation of the sol.  
 IŀǊŘȅ {ŎƘǳƭȊŜ [ŀǿ ς Coagulating value of a coagulating ion is directly proportional to the charge on 

the ion.  
                  Eg: Na+  < Ca++  < Al3+ for negatively charged sol.  
                 Cl-  < CO2-

3  < PO3-
4  < [Fe (CN)6  ]

4- for positive sol.  
Emulsion ς Liquid ς liquid colloidal system is known as Emulsion.  
o There are two types of Emulsion.  
o O/W type - Oil dispersed in water. Eg: milk, vanishing cream.  
o W/O type ς Water dispersed in oil. Eg: Butter & Cream.  
 9ƳǳƭǎƛŦȅƛƴƎ !ƎŜƴǘ ς The substance which stabilizes emulsion.  

VERY SHORT ANSWER TYPE QUESTION  
(1 marks)  
1. What are the physical states of dispersed phase and dispersion medium of froth?  
Ans - Dispersed phase is gas, dispersion medium is liquid.  
2. What is the cause of Brownian movement among colloidal particles?  
Ans - Due to collision between particles.  
3. Arrange the solutions: True solution, colloidal solution, suspension in decreasing order of their 
particles size?  
Ans ς Suspension > colloidal > true solution.  
4. Give an example of micelles system?  
Ans ς Sodium stearate (C17 H35 COO- Na+)  

5. Why is it necessary to remove CO when ammonia is obtained by Habers͍ process?  

Ans- CO acts as poison catalyst for Habers͍ process therefore it will lower the activity of solution 

therefore it is necessary to remove when NH3 obtained by Habers͍ process.  
6. How is adsorption of a gas related to its critical temperature?  
Ans- Higher the critical temperature of the gas. Greater is the ease of liquefaction. i.e. greater Vander 
walls forces of attraction and hence large adsorption will occur.  
7. What is meant by Shape Selective Catalyst?  
Ans ς On the Shape Selective Catalyst, the rate depends upon pore size of the catalyst and the shape & 
size of the reactant and products molecules.  
8. Of the physiorption & chemisorptions, which type of adsorption has higher enthalpy of adsorption?  
Ans - chemisorptions.  
9. Write down the Example of Positive Sol?  
Ans ς Ferric hydro-oxide sol.  
10. Write down the Example of Negative Sol?  
Ans ς Arsenic sulphid 
                                  SHORT ANSWER TYPE QUESTION            (2 marks)  
1. Differentiate between physical & chemical adsorption?  
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Ans ς Physical adsorption  Chemical adsorption  
 
a) Forces between adsorbate &  
adsorbent are week Vander waal  
forces.  
b) Low heat of Adsorption.  
 

 
a) Forces between adsorbate &  
adsorbent are strong chemical  
forces.  
b) High heat of Adsorption.  
 

2. Differentiate between Lyophobic & Lyophilic colloids?  
 Ans ς  
           Lyophilic colloids        Lyophobic colloids  
 
    a) These are easily formed by direct   
     mixing.  
    b) Particles of colloids are not easily 
    visible even under ultra microscope.  
    c) These are very stable.  
  
 
 
 
 

 
  a) These are easily formed by Special  
   method.  
  b) Particles of colloids are easily   
     visible under ultra microscope.  
    c) These are unstable.  
 
 
 

3. Differentiate between multi molecular, macromolecular and associated colloids? 
Ans: 
     Multi Molecular Colloids                       Macromolecular Colloids      Associated Colloids 
    (a) They consist of aggregates of          (a) They consist of large       (a)Behave as colloidal size particle 
     Atoms or molecules which generally  molecules.                                 At higher conc. 
     Have diameter less than 1 nm.            (b) They are lyophobic.         (b)They have both lyophobic 
     (b) They are usually lyophobic.                                                                Character and & Lyophilic. 
    
6. What is difference between Sol. & Gel?  

Ans ς .ƻǘƘ ŀǊŜ ŎƻƭƭƻƛŘŀƭ ǎƻƭǳǘƛƻƴǎΦ {ƻƭ Ƙŀǎ ǎƻƭƛŘ ŀǎ αŘƛǎǇŜǊǎŜŘ ǇƘŀǎŜ ϧ ƭƛǉǳƛŘ ŀǎ ŘƛǎǇŜǊǎƛƻƴ ƳŜŘƛǳƳ.͍ 

²ƘƛƭŜ αDŜƭ ͍has liquid as dispersed phase and solid as dispersion medium.  
7. Action of Soap is due to Emulsification & Micelle formation? Comment.  
Ans ς soaps are sodium & potassium salts of higher fatty acids.  
Eg: C17H35COONa oil & Grease in dirt adhere firmly to clothing and is undisturbed by washing in tap 
water. Soap acts as an Emulsifying agent and brings the Greasy dirt into colloidal dispersion the 
hydrocarbon chain of soap molecule is soluble in oil or grease. It dissolves in grease and encapsulates. It 
to form micelle. The anionic ends of chain protrude from droplets and interact with water molecules, 
preventing coalescence of droplets.  
SHORT ANSWER TYPE QUESTION  
(3 marks)  
8. Discuss the effect of pressure & temperature on the adsorption of gases on solids?  
Ans ς Effect of pressure on adsorption: - At constant temp the extent of adsorption of gas(x/m) in the 
solid increases with pressure. A graph between x/m and the pressure P of a gas at constant temp is 
called adsorption isotherm.  
Freundlich adsorption isotherm -  
i) At lower range of pressure, (x/m) is directly proportional to the applied pressure.  
          ·κƳ ʰ ǇI  
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ii) At high pressure range, the extent of adsorption of a gas (x/m) is independent of the applied pressure 
i.e.  
          ·κƳ ʰ Ǉ0  
iii) At intermediate pressure range, the value of (x/m) is proportional to the fractional power of pressure 
i.e.  
          ·κƳ ʰ Ǉ1/n  
Where 1/n is fraction. Its value may be between 0 and 1  
X/m = kp1/n 
Log(x/m) = log k + 1/n log p  
Effect of temp on Adsorption ς Adsorption is generally temp dependent. Mostly adsorption processes 
are exothermic and hence, adsorption decreases with increasing temp. However for an endothermic 
adsorption process adsorption increases with increase in Temperature.  
1. Explain What is observe when  
i) An electrolyte, NaCl is added to hydrate ferric oxide sol.  
ii) Electric current is passed through a colloidal sol.  
iii) When a beam of light is passed through a colloidal sol.  
Ans ς(i) The positively charged colloidal particles of Fe(OH)3 get coagulated by the positively charged Cl- 
ions provided by NaCl.  
(ii) On passing direct current, colloidal particles move towards the positively charged electrode where 
they lose their charge and get coagulated.  
(iii) Scattering of light by the colloidal particles takes place and the path of light becomes visible (Tyndall 
effect). 7  
2. Describes some features of catalysis by Zeolites?  
Ans ς Features of catalysis by Zeolites:-  
I) Zeolites are hydrated alumino silicates which have a three dimensional network structure containing 
water molecules in their pores.  
II) To use them as catalysts, they heated so that water of hydration present in the pores is lost and the 
pores become vacant.  
III) The size of pores varies from 260 to 740 pm. Thus, only those molecules can be adsorbed in these 
pores and catalyzed whose size is small enough to enter these pores. Hence, they act as molecular 
sieves or shape selective catalysts.  
An important catalyst used in petroleum industries in ZSM-5. It converts alcohols into petrol by first 
dehydrating them to form a mixture of hydro carbons.  
          ZSM ς 5  
                     Alcohols                                                Hydro carbons    
оΦ /ƻƳƳŜƴǘ ƻƴ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ǘƘŀǘ άŎƻƭƭƻƛŘ ƛǎ ƴƻǘ ŀ ǎǳōǎǘŀƴŎŜ ōǳǘ ǎǘŀǘŜ ƻŦ ŀ ǎǳōǎǘŀƴŎŜέΚ  
Ans ς The given statement is true. This is because the statement may exist as a colloid under certain 
conditions and as a crystalloid under certain other conditions.e.g:NaCl in water behaves as a crystalloid 
while in benzene, behaves as a colloid (called associated colloid). It is the size of the particles which 
matters i.e. the state in which the substance exist. If the size of the particles lies in the range 1nm to 
1000nm it is in the colloid state.  
4. Write short notes on followings:-  
(a) Tyndall effect  
(b) Brownian Movement  
(c) Hardy Schulze Rule  
Ans- (a)Tyndall effect-scattering of light by colloidal particles by which path of beam becomes clearly 
visible. this effect is known as tyndall effect  
(b) Brownian movement-zig-zag motion of colloidal particles.  
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(c) Hardy Sehulze Law ς Coagulating value of a coagulating ion is directly proportional to the charge on 
the ion.  
e.g: Na+  < Ca++  < Al3+  for negatively changed sol.  
Cl-  < CO2-

3 < PO3-
4 < [Fe (CN)6  ]

4- for positive sol.  
Chapter:-6  
General Principles & Process of Isolation of Elements  
Important Points :  
мΦ ¢ƘŜ ŎƘŜƳƛŎŀƭ ǎǳōǎǘŀƴŎŜǎ ƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ŎǊǳǎǘ ƻōǘŀƛƴŜŘ ōȅ ƳƛƴƛƴƎ ŀǊŜ ŎŀƭƭŜŘ aƛƴŜǊŀƭǎΦ  
2. Minerals, which act as source for metal, are called Ore.  
3. The unwanted impurities present in ore are called Gangue.  
4. The entire process of extraction of metal from its ore is called Metallurgy.  
5. Removal of gangue from ore is called Concentration, Dressing or Benefaction of ore.  
6. Concentration by Hydraulic washing is based on the difference in gravities of ore and gangue particles.  
7. Concentration by Magnetic separation is based on differences in magnetic properties of ore 
components. If either of ore or gangue is capable of attracted by a magnet field, then such separation is 
carried out.  
8. Concentration by Froth Flotation Process is based on the facts that sulphide ore is wetted by oil & 
gangue particles are wetted by water.  
9. Concentration by Leaching is based on the facts that ore is soluble in some suitable reagent & gangue 
is insoluble in same reagent. e.g. Bauxite ore contains impurities of silica, iron oxide & TiO2 .The 
powdered ore is treated with NaOH which dissolve Al & impurities remains insoluble in it.  
 
                          Al2 O3 +2NaOH + 3 H2 O                                          2 Na [Al(OH)4 ].  
10. Calcination involves heating of ore in absence of air below melting point of metal. In this process 
volatile impurities escapes leaving behind metal oxide.  
                                         Fe2 O3.xH2 O                                          Fe2 O3 +xH2 O  
                                                   ZnCO3                                                   ZnO +CO2  
                                     CaCO3.MgCO3                                                  CaO + MgO + 2CO2  
11. Roasting involves heating of ore in presence of air below melting point of metal in reverberatory 
furnace. In this process volatile impurities escapes leaving behind metal oxide and metal sulphide 
converts to metal oxide.  
                                        2 ZnS + 3 O2                                             2ZnO+2SO2  
                                         2PbS + 3 O2                                             2 PbO +2 SO2  
                                      2 Cu2 S + 3 O2                                             2Cu2 O + 2 SO2  
12. Reduction of metal oxide involves heating of metal in presence of suitable reagent Coke or CO2.  
13. Reactions taking place at different zones of blast furnace in extraction of iron:-  
(i) Zone of reduction:- Temperature range 2500 C-7000 C  
                                          3Fe2 O3 + CO                                    2Fe3 O4 +CO2  
                                            Fe3 O4 + CO                                    3FeO+ CO2  
                                              FeO + CO                                     Fe+ CO2  
(ii) Zone of slag formation:- Temperature range 8000 C-10000 C  
                                                   CaCO3                                            CaO+CO2  
           CaO+SiO2                                           CaSiO3,  P4 O10+10C                                 4P+10CO,  
             SiO2+2C                                     Si+2CO, MnO2+2C                                   Mn+2CO  
(iii) Zone of fusion: - Temperature range 11500C-13500C  
                                                        CO2 + C                                     2CO  
(iv) Zone of fusion: - Temperature range 14500C-19500C  
                                                            C +O2                                      CO2 
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14. FLOW SHEET FOR EXTRACTION OF IRON:-  
                                         Iron ore(Magnetite Fe3 O4)  
 
Concentration is done by Gravity separation followed by magnetic separation 
 
Calcination &Roasting i.e. Ore + Air ҌIŜŀǘҦaƻƛǎǘǳǊŜΣ/h2 ,SO2, As2 O3 removed  
                                             And FeO oxidized to Fe2 O3  
                            
 Smelting of charge i.e. mixture of ore, coke & CaCO3 takes place in long BLAST FURNACE.         
                       Following reaction take place at different zones:-   (refer to point 13)  
 
Pig iron is obtained, which is remelted and cooled then cast iron is obtained 
15. Pig Iron: - It contains Fe 93-95%, Carbon 2.5-5%, and Impurities 3%.  
16. Cast Iron: - It contains Fe 99.5-99.8%, Carbon 0.1-0.2% Impurities 0.3%.  
17. Spongy iron: - Iron formed in the zone of reduction of blast furnace is called spongy iron. It contains 
impurities of C, Mn , Si, etc 
 
18. FLOW SHEET FOR EXTRACTION OF COPPER:- 
                                                   Copper Pyrites CuFeS2  
                           
                            Concentration is done by Froth floatation process  
 
                  tƻǿŘŜǊŜŘ ƻǊŜ Ҍ ǿŀǘŜǊ ҌǇƛƴŜ ƻƛƭ ҌŀƛǊҦ {ǳƭǇƘƛŘŜ ƻǊŜ ƛƴ ǘƘŜ ŦǊƻǘƘ  
 
                           Roasting is presence of air. following reactions take place:-  
                     S+ O2Ҧ{h2, 4As+3O2Ҧн!ǎнh3, 2CuFeS2+O2 Ҧ/ǳн{ҌнCŜ{Ҍ{h2  
 
               Smelting in small blast furnace of a mixture of Roasted ore, coke, and silica.  
                            2FeS + 3O2 Ҧ нCŜh Ҍ н{h2, FeO + SiO2 ҦCŜ{ƛh3(slag)  
 
     A mixture of Cu2S, FeS & silica is obtained from blast furnace known as Copper matte  
 
      Bessemerisation of copper matte is done in Bessemer converter in presence of air. Following  
       reactions take place:-  
                      2FeS + 3O2ҦнCŜh Ҍн {h2, FeO + SiO2 ҦCŜ{ƛh3 (slag),  
                      2Cu2 S + 3O2 ҦнCu2 O+2SO2, 2Cu2 O+2Cu2 {Ҧ с/ǳ Ҍ {h2  
 
       Melted copper is cooled, and then SO2 is evolved. such copper is known as BLISTER   
                                        COPPER(98%Cu+2% impurities) 
19. FLOW SHEET FOR EXTRACTION OF ALUMINIUM:-  
                                     Bauxite Al2O3.2H2O  
 
Concentration of ore is done by leaching .Bauxite is treated with NaOH . 
                  Following reaction takes place:-  
            Al2O3 +2NaOH + 3 H2O                2 Na [Al (OH)4 ] and impurities of Fe2O3,  
            TiO2 &SiO2 are removed.
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                   Na [Al (OH)4] ,then reacts with CO2 then pure Alumina is obtained.  
                        Na [Al(OH)4] + 2CO2 Ҧ !ƭ2 O3.xH2 O + 2NaHCO3  
 
           Electrolytic reduction of pure alumina takes place in iron box (cathode) with cryolite 
        (Na3AlF6) & fluorspar CaF2.Graphite rods act as anode. Following reactions take place:-  
                          At cathode:- Al3+ + 3e- Ҧ !ƭΣ !ǘ !ƴƻŘŜΥ- 2O2- Ҧh2 + 4e-  
 
                            By this process 98.8% pure Aluminum is obtained  
20. Vapour phase refining is used for extraction of Nickel (MOND PROCESS) and Zirconium &Titanium 
(VAN ARKEL PROCESS).  
21. Zone refining is used for extraction of Si, Ge, Ga, etc.  
22. Chromatography method is based on selective distribution of various constituents of a mixture 
between two phases, a stationary phase and a moving phase. The stationary phase can be either solid or 
liquid on solid support.  
22. Column chromatography is based on adsorption phenomenon. This method is useful for those 
elements, which are available in small amounts and the impurities are not much different in chemical 
properties from the element to be purified. 
VERY SHORT ANSWER TYPE QUESTION  
(1 marks)  
Q.1- What is slag? 
A.1- It is easily fusible material, which is formed when gangue still present in roasted ore combines with 
the flux.  
e.g. CaO (flux) + SiO2 όƎŀƴƎǳŜύ Ҧ/ŀ{ƛh3 (slag) 
Q.2- Which is better reducing agent at 983K, carbon or CO?  
A.2- CO, (above 983K CO being more stable & does not act as a good reducing agent but carbon does.)  
Q.3- At which temperature carbon can be used as a reducing agent for FeO?  
A.3- Above 1123K, carbon can reduce FeO to Fe.  
Q.4- What is the role of graphite rods in electrometallurgy of aluminium?  
A.4- Graphite rods act as anode, are attacked by oxygen to form CO2 and so to be replace time to time.  
Q.5- What is the role of cryolite in electrometallurgy of aluminium?  
A.5- alumina cannot be fused easily because of high melting point. Dissolving of alumina in cryolite 
furnishes Al3+ ions, which can be electrolyzed easily.  
Q.6- What are depressants?  
A.6- It is possible to separate two sulphide ore by adjusting proportion of oil to water in froth flotation 
process by using a substance known as depressant.  
e.g. NaCN is used to separate ZnS and PbS.  
Q.7- Copper can be extracted by hydrometallurgy but not Zn. Why?  
A.7- The E0 of Zn is lower than that of Cu thus Zn can displace Cu2+ ion from its solution. On other hand 
side to displace Zn from Zn2+ ion, we need a more reactive metal than it.  
Q.8- Give name and formula of important ore of iron .  
A.8- Haematite ς Fe2O3, Magnetite ςFe3 O4, Iron pyrites FeS2.  
Q.9- Give name and formula of important ore of Copper .  
A.9- Copper pyrites CuFeS2, Malachite CuCO3 . Cu (OH)2 , Cuprite Cu2 O.  
Q.10- Give name and formula of important ore of Zinc .  
A.10- Zinc blende - ZnS, Calamine- ZnCO3, Zincite ς ZnO . 
SHORT ANSWER TYPE QUESTION  
(2 marks)  
Q.1 Describe the method of refining of nickel.  
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A.1- In the Mond Process, Ni is heated in a stream of CO forming a volatile complex, which then 
decomposes at higher temperature to give Ni.  
At 330-350K: -                      bƛ Ҍ п/h Ҧ bƛ ό/hύ4   
At 450-470K                          Ni (CO)4 Ҧ bƛ Ҍ п /h  
Q.2- What is Zone Refining? Explain with example.  
A.2- Zone refining is a method of obtaining a metal in very pure state. It is based on the principal that 
impurities are more soluble in molten state of metal than solidified state.  
In this method, a rod of impure metal is moved slowly over circular heater. The portion of the metal 
being heated melts & forms the molten zone. As this portion of the rod moves out of heater, it solidified 
while the impurities pass into molten zone. The process is repeated to obtain ultrapure metal and end of 
rod containing impure metal cutoff.  
Q.3 Write the principal of electro-refining.  
A.3- In this method of purification impure metal is made Anode and pure metal is made the cathode. On 
passing electricity, pure metal is deposited at the cathode while the impurities dissolve in solution as 
anode mud. E.g. electro- refining of copper:-  
At Cathode: - Cu2+ + 2e- Ҧ /ǳ  
At Anode: - /ǳ Ҧ /ǳ2+ + 2e- 

Q.4- Write difference between calcinations and roasting.  
Q.5- Describe the method of refining of Zirconium and Titanium.  
A.5- Van Arkel process is used for obtaining ultrapure metal. The impure metal is converted into volatile 
compound, which then decomposes electrically to get pure metal.  
At 850K: -                          Zr impure) + 2 I2 Ҧ ½ǊL4  
At 2075K:-                         ½ǊL Ҧ ½Ǌ όǇǳǊŜύ Ҍ н L2 

Q.6- Out of C & CO, which is better reducing agent for ZnO?  
A.6- Since free energy of formation of CO from C is lower at temperature above 1120K while that of CO2 
from carbon is lower above 1323K than free energy of formation 0f ZnO. However, the free energy of 
formation of CO2 from CO is always higher than that of ZnO. Hence, C is better reducing agent of ZnO.  
Q.7- ¢ƘŜ ǾŀƭǳŜ ƻŦ ɲf G

0 for Cr2 O3 is -540kJ/mole & that of Al2 O3 is -827kJ/mole. Is the reduction of Cr2 O3 
possible with aluminium?  
A.7- The desired conversion is  
                          4 Al + 2Cr2 O3 Ҧ н!ƭ2 O3 + 4Cr  
It is obtained by addition of following two reactions:-  
                          4Al + 3O2 Ҧ н !ƭ2 O3 ɲf G

0=-827kJ/mole  
                          2Cr2 O3 Ҧ п/Ǌ Ҍ оh2 ɲf G

0=+ 540 kJ/mole  
¢ƘŜǊŜŦƻǊŜΣ ɲ Dл ŦƻǊ ŘŜǎƛǊŜŘ ǊŜŀŎǘƛƻƴ ƛǎ -827+540=-287, as a result reduction is possible.  
Q.8:- Why copper matte is put in silica lined converter?  
A.8:- Copper matte consists of Cu2S and FeS. When blast of air is passed through molten matte in silica-
lined converter, FeS present in matte is oxidized to FeO, which combines with silica to form slag.  
     (i) 2FeS + 3O2ҦнCŜh Ҍн {h2,                              (ii) FeO + SiO2 ҦCŜ{ƛh3 (slag),  
     (III) 2Cu2 S + 3O2 ҦнCu2 O+2SO2,                        (IV) 2Cu2 O+2Cu2 {Ҧ с/ǳ Ҍ {h2  
Q.9- What is meant by term chromatography?  
A.9-Chromato means Colour and graphy means writing because the method was first used for 
separation of coloured substance. It is based on selective distribution of various constituents of a 
mixture between two phases, a stationary phase and a moving phase. The stationary phase can be 
either solid or liquid on solid support.  
Q.10-Why is reduction of metal oxide easier if metal formed is in liquid state at temperature of 
reduction.  
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A.10- The entropy of a substance is higher in liquid state than solid state. In the reduction of metal 
ƻȄƛŘŜΣ ǘƘŜ ŜƴǘǊƻǇȅ ŎƘŀƴƎŜ ǿƛƭƭ ōŜ ǇƻǎƛǘƛǾŜ ƛŦ ƳŜǘŀƭ ŦƻǊƳŜŘ ƛǎ ƛƴ ƭƛǉǳƛŘ ǎǘŀǘŜΦ ¢ƘǳǎΣ ǘƘŜ ǾŀƭǳŜ ƻŦ ɲ Dл 
becomes negative and reduction occurs easily. 
SHORT ANSWER TYPE QUESTION  
(3 marks)  
Q.1- Explain the following:-  
(i) Zinc but not copper is used for recovery of Ag from the complex [Ag(CN)2]

-.  
(ii) Partial roasting of sulphide ore is done in the metallurgy of copper.  
(iii) Extraction of Cu from pyrites is difficult than that from its oxide ore through reduction.  
A.1- (i) Zn is more powerful reducing agent in comparison to copper.Zn is also cheaper than Cu.  
(ii) Partial roasting of sulphide ore forms some oxide. This oxide then reacts with remaining sulphide ore 
to give copper i.e. self-reduction occurs.  
                                2Cu2 S + 3O2 Ҧн/ǳ2 O+2SO2,  
                                2Cu2 O+2Cu2 {Ҧ с/ǳ Ҍ {h2 

 . (iii) Though carbon is good reducing agent for oxide but it is poor reducing agent for sulphides. The 
 reduction of metal sulphide does not have large negative value. 
Q.2- Explain the method for obtaining pig iron from magnetite.  
A.2- Extraction of iron from Magnetite takes place in following steps:-  
(i) Concentration of ore: - It is done by Gravity separation followed by magnetic separation process.  
(ii) Calcination: - It involve heating when the volatile matter escapes leaving behind metal oxide.  
                             Fe2O3.xH2 hҦ CŜ2 O3 + xH2O .  
(iii) Roasting: - It involves heating of ore in presence of air, thus moisture,CO2,SO2, As2O3 removed And 
FeO oxidized to Fe2 O3.  
(iv) Smelting of roasted ore: - A mixture of ore, coke & CaCO3 is smelted in long BLAST FURNACE. 
Following reaction takes place at different temperature zones:-  
(i) Zone of reduction: - Temperature range 2500C-7000C  
                                     3Fe2 O3+CO                          2Fe3O4+CO2  
                                       Fe3 O4+CO                          3FeO+ CO2  
                                         FeO +CO                          Fe+ CO2  
(ii) Zone of slag formation:- Temperature range 8000C-10000C  
                                              CaCO3                          CaO+CO2  
                 CaO+SiO2                               CaSiO3,          P4O10+10C                           4P+10CO,  
                   SiO2+2C                         Si+2CO,            MnO2+2C                            Mn+2CO  
(iii) Zone of fusion:- Temperature range 11500C-13500 C  
                                         CO2 + C                             2CO  
(iv) Zone of fusion:- Temperature range 14500 C-19500C  
                                              C +O2                                             CO  
Thus, Pig iron is obtained from Blast Furnace.  
Q.3- Describe the principles of extraction of copper from its ore .  
Q.4- Name the principal ore of aluminium and describe how Al is extracted from its ore.  
A.4- Important ores -(i) Bauxite Al2 O3.xH20 (ii) Corrundum Al2O3. Bauxite is commercially important ore 
of Al.  
Extraction from Bauxite ore involves the following two stages:-  
(i) Purification of bauxite to get pure alumina (Al2O3 )  
(ii) Electrolysis of pure alumina in molten cryolite  
Step:-1 Bauxite is treated with NaOH .Following reaction takes place:-  
                               Al2 O3 +2NaOH + 3H2                                               O 2 Na [Al(OH)4]  
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and impurities of Fe2 O3,TiO2 &SiO2 are removed . Na [Al(OH)4] ,then reacts with CO2 then pure Alumina 
is obtained.  
                                       Na [Al(OH)4] + 2CO2                                          Al2 O3.xH2 O + 2NaHCO3  
Step:-2 Electrolytic reduction of pure alumina takes place in iron box (cathode) with cryolite (Na3AlF6) & 
fluorspar CaF2.Graphide rods act as anode. Following reactions take place:-  
          At cathode:- Al3+ + 3e- Ҧ !ƭΣ                At Anode:- 2O2- Ҧh2 + 4e-  
By this process 98.8% pure Aluminum is obtained. 
Q.5- Describe the principles of extraction of Zinc from zinc blende .  
A.5- Important ores of Zn:-Zinc blende - ZnS, Calamine- ZnCO3, and Zincite ς ZnO. ZnS is commercially 
important ore of Zn.Various stages involved in the extraction of Zn from ZnS are as following:-  
(i) Concentration of ore:-It is concentrated by Froth flotation process followed by gravity separation 
process.  
(ii) Roasting: - The concentrated ore is roasted in presence of air. Following reactions take place:- 
                                  2ZnS + 3O2                                  2ZnO + 2SO2  
The mass obtained during roasting is porous and is called porous clinker.  
(iii) Reduction of ZnO to Zn: - ZnO is made into bricketts with coke and clay and heated ai1163K.Zn 
formed distills off and is collected by rapid cooling of zinc vapours.  
                                     ZnO + C                           Zn + CO 
Chapter- 7.  
p-Block Elements  
Points to remember:-  
The general valence shell electronic configuration of p-block elements ns1 np1-6  
GROUP 15 ELEMENTS:-  
Group 15 elements ; N, P, As, Sb & Bi  
General electronic configuration: ns2 np3  
Physical Properties:-  
Dinitrogen is a diatomic gas while all others are solids.  
N & P are non-metals. As & Sb metalloids & Bi is a metals. This is due to decrease in ionization enthalpy 
& increase in atomic size.  
Electro negativity decreases down the group.  
Chemical properties:-  
o Common oxidation states : -3, +3 & +5.  
o Due to inert pair effect, the stability of +5 state decreases down the group & stability of +3 state 
increases .  
o In the case of Nitrogen all Oxidation states from +1 to +4 tend to disproportionate in acid solution ,                            
                       e.g.:               - 3HNO2  Ҧ  HNO3 + H2 O + 2NO  
Anomalous behavior of Nitrogen :- due to its small size, high electronegativity, high ionization enthalpy 
and absence of d-orbital.  
N2 Ƙŀǎ ǳƴƛǉǳŜ ŀōƛƭƛǘȅ ǘƻ ŦƻǊƳ Ǉˉ-Ǉˉ ƳǳƭǘƛǇƭŜ ōƻƴŘǎ ǿƘŜǊŜŀǎ ǘƘŜ ƘŜŀǾƛŜǊ element of this group do not 
ŦƻǊƳ Ǉˉ ςǇˉ ōŜŎŀǳǎŜ ǘƘŜƛǊ ŀǘƻƳƛŎ ƻǊōƛǘŀƭǎ ŀǊŜ ǎƻ ƭŀǊƎŜ ϧ ŘƛŦŦǳǎŜ ǘƘŀǘ ǘƘŜȅ Ŏŀƴƴƻǘ ƘŀǾŜ ŜŦŦŜŎǘƛǾŜ 
overlapping.  
Nitrogen exists as diatomic molecule with triple bond between the two atoms whereas other elements 
form single bonds in elemental state.  
b Ŏŀƴƴƻǘ ŦƻǊƳ Řˉ-Ǉˉ ŘǳŜ ǘƻ ǘƘŜ ƴƻƴ-availability of d-orbitals whereas other elements can.  
Trends In Properties:-  
                          Stability ς NH3>PH3>AsH3>SbH3>BiH3  
                          Bond Dissociation Enthalpy- NH3>PH3>AsH3>SbH3>BiH3  
                          Reducing character ς NH3>PH3>AsH3>SbH3>BiH3  
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                          Basic character- NH3>PH3>AsH3>SbH3>BiH3  
                          Acidic character- N2O3>P2O3>As2O3>Sb2O3>Bi2O3  
Dinitrogen:-  
Preparation  
 /ƻƳƳŜǊŎƛŀƭ ǇǊŜǇŀǊŀǘƛƻƴ ς By the liquefaction & fractional distillation of air. 
 [ŀōƻǊŀǘƻǊȅ ǇǊŜǇŀǊŀǘƛƻƴ ς By treating an aqueous solution NH4Cl with sodium nitrate .  

NH4Cl +NaNO2Ҧb2 + 2H2O + NaCl  
 ¢ƘŜǊƳŀƭ ŘŜŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŀƳƳƻƴƛǳƳ ŘƛŎƘǊƻƳate also give N2.  

(NH4)2Cr2 O7 Ҧ b2 +4H2O + Cr2O3  
 ¢ƘŜǊƳŀƭ ŘŜŎƻƳǇƻǎƛǘƛƻƴ ƻŦ .ŀǊƛǳƳ ƻǊ {ƻŘƛǳƳ ŀȊƛŘŜ ƎƛǾŜǎ ǾŜǊȅ ǇǳǊŜ b2.  

PROPERTIES  
At high temperature nitrogen combines with metals to form ionic nitride (Mg3 N2) & with non-metals , 
covalent nitride.  
AMMONIA PREPARATION  
In laboratory it is prepared by heating ammonium salt with NaOH or lime.  
                         2NH4 Cl + Ca(OH)2ҦнbI3+2H2O + CaCl2  
Lƴ ƭŀǊƎŜ ǎŎŀƭŜ ƛǘ ƛǎ ƳŀƴǳŦŀŎǘǳǊŜŘ ōȅ IŀōŜǊ ΩǇǊƻŎŜǎǎ  
                                   N2+3H2 2NH3  
                                   ɲI0= -46.1kJ/mol  
!ŎŎΦǘƻ [ŜŎƘŀǘŜƭƛŜǊΩǎ ǇǊƛƴŎƛǇƭŜ ǘƘŜ ŦŀǾƻǳǊŀōƭŜ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜ ƻŦ bI3 are:-  
Optimum temperature: 700 K  
High pressure: 200 atm  
Catalyst: Iron Oxides  
                                  Promoter: K2O & Al2O3  
PROPERTIES  
Ammonia is a colorless gas with pungent odour.  
Highly soluble in water.  
In solids & liquid states it exists as an associated molecule due to hydrogen bonding which accounts for 
high melting & boiling points of NH3  
Trigonal Pyramidal shape of NH3 molecule.  
Aqueous solution of ammonia is weakly basic due to the formation of OH- ion .  
                                               ZnSO4+ 2NH4OH    Ҧ    Zn(OH)2+ (NH4)2SO4  
Ammonia can form coordinate bonds by donating its lone on nitrogen, ammonia forms complexes.  
                                               CuSO4+4NH3         Ҧ      [Cu(NH3)4]2SO4 

Name  Formula  Oxidation state  Chemical nature  
Nitrous oxide or 
Laughing gas  

N2O  +1  Neutral  

Nitric oxide  NO  +2  Neutral  
Dinitrogen trioxide  N2O3  +3  Acidic  
Dinitrogen tetra oxide  N2O4or NO2  +4  Acidic  
Dinitrogen pentaoxide  N2O5  +5  Acidic  
NITRIC ACID  
tw9t!w!¢LhbΥ hǎǘǿŀƭŘΩǎ tǊƻŎŜǎǎ ς it is based upon catalytic oxidation of ammonia by atmospheric 
oxidation . The main steps are                         Pt 
                                             1) 4NH3 + 5O2                          4NO + 6H2O  
     500k,9 Bar 
                                             2) 2NO+O2      Ҧ      2NO2  
                                                                      3) 3NO2 + H2O                   2HNO3 +NO  
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PROPERTIES:-  
(i) Conc. HNO3 is a strong oxidizing agent & attacks most metals gold & Pt. .  
(ii) Cr & Al do not dissolve HNO3 because of the formation of a positive film of oxide on the surface.  
(iii) It oxidizes non-metals like I2 to HIO3, C to CO2 , S to H2so4  
(iv) Brown ring test is used to detect NO3

-.  
PHOSPHOROUS:-  
![[h¢whtL/ Chwa{Υ ²ƘƛǘŜ Σ ǊŜŘ ʰ-ōƭŀŎƪ ϧ ʲ-black .  
White phosphorous is more reactive red phosphorous because white P exists as discrete P4 molecules . 
in red P several P4 molecules are linked to formed polymeric chain.  
PHOSPHINE  
Preparation:It is prepared in laboratory by heating white P with concentrated NaOH solution in an  
Inert atmosphere of CO2  
                                        P4+3NaOH+3H2O                      PH3+3NaH2PO2  
Phosphorous halides  
Phosphorous forms two types of halides PX3 & PX5 (X=F,I,Br) 
Trihalides have pyramidal shape and pentahalides have trigonal bipyramidal structure.  
OXOACIDS OF PHOSPHOROUS  
 The acids in +3 oxidation state disproportionate to higher & lower oxidation.  

                             4H3 PO3                          3H3PO4+PH3  
 Acids which contains P-H bond have strong reducing properties.EX:-H3PO2  

are ionisable and cause the basicity.  
 Hydrogen atom which are attached with oxygen in P-OH form are ionisable  

GROUP-16 ELEMENTS (CHALCOGENS)  
Group 16 Elements:O,S,Se,Te,Po  
General electronic configuration:ns2 np4   
                    Element                          Occurrence  
                   Oxygen                                        Comprises 20.946% by volume of the atmosphere.  
                    
                   Sulphur                                        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 are in sulphide ores.  
 
                    Se & Te                                        as a decay product of thorium and uranium minerals.  
ATOMIC & PHYSICAL PROPERTIES  
 Ionisation enthalpy decreases from oxygen to polonium.  
 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.  
 Electronegativity gradually decreases from oxygen to polonium, metallic character increases from 

oxygen to polonium.  
 Oxygen & S are non-metals, selenium and telerium are metalloids. Po is a radioactive metal.  
 Oxygen is a diatomic gas while S,Se&Te are octa atomic S8,Se8&Te8 molecules which has puckeǊŜŘ Ω 

ǊƛƴƎΩ ǎǘǊǳŎǘǳǊŜΦ  
CHEMICAL PROPERTIES  
 Common oxidation state:- -2,+2,+4 &+6.  
 Due to inert effect,the stability of +6 decreases down the group and stability of +4 increases.  
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Oxygen exhibits +1 state in O2F2,+2 in OF2.  
Anamolous behavior of oxygen-due to its small size,high electronegativity and absence of d-orbitals.  
TREND 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-SO2>SeO2>TeO2  
Stability of halides-F>Cl>Br>I  
HALIDES  
DI HALIDES: sp3hybridisation but angular structure.  
TETRA HALIDES:sp3hybridisation-see-saw geometry  
HEXA HALIDES:sp3d2,octahedral SF6  
DIOXYGEN  
Prepared by heating oxygen containing salts like chlorates, nitrates  
                                                     -heat 
                                2KClO3                            2KCl+3O2 

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 alkalies. Neutralize acids to form salts.Ex:Na2O, 

K2o etc.  
 Amphoteric oxides:-some metallic oxides exhibit a dual behavior. Neutralize both acids & bases to 

form salts.  
Ex:-Al2O3, SbO2Σ {ƴhΣŜǘŎΧΧΦΦ  
OZONE  
PREPARATION  
Prepared by subjecting cold, dry oxygen to silent electric discharge.  
                                                3O2   Ҧ  нh3  
PROPERTIES  
Due to the ease with which it liberates atoms of nascent oxygen, it acts as a powerful oxidizing agent. 
For eg:- it oxidises lead sulphide to lead sulphate and iodide ions to iodine.  
                                          PbS +4O3   Ҧ  PbSO4+4O2  
SULPHUR DIOXIDE  
PREPARATION  
Burning of S in air  
                                           S+O2   Ҧ   SO2  
Roasting of sulphide minerals  
(Iron pyrites)               4FeS2+1102      Ҧ     2Fe 2O3+8SO2  
(Zinc blend)                2ZnS+3O2         Ҧ     2ZnO+2SO2  
PROPERTIES  
 Highly soluble in water to form solution of sulphurous acid  

                                      SO2+H2O     Ҧ       I2SO3  
 SO2 reacts with Cl2 to form sulphuryl chloride  

                                      SO2+Cl2     Ҧ      SO2Cl2  
 It reacts with oxygen to form SO3 in presence of V2O5 catalyst  
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                                    2SO2+O2     Ҧ    2SO3  
 Moist SO2 behaves as a reducing agent. It converts Fe(III) ions to Fe(II) ions& decolourises acidified 

potassium permanganate (VII) solution( It is the test for the SO2 gas).  
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 SO3 in H2SO4 to give oleum.  
PROPERTIES  
1. In aqueous solution it ionizes in 2 steps  
                             H2SO4+H2O                             H3O

++HSO-4  
                              HSO-

4+H2O                             H3O
++SO2-

4  
2. It is a strong dehydrating agent Eg:-charring action of sugar  
       H2SO4 

                             C12H22O11                         12C+11H2O  
3. It is a moderately strong oxidizing agent.  
                       Cu+2H2SO4(conc.)    Ҧ   CuSO4+SO2+2H2O  
                         C+2H2SO4(conc.)    Ҧ   CO2+2SO2+2H2O  
GROUP 17 ELEMENTS(HALOGENS)  
Group 17 elements: F,Cl,Br,I,At  
General electronic configuration:ns2np5 
                           Element  Occurence  
                          Fluorine  
                          Cl, Br,I  

                 As insoluble fluorides(fluorspar CaF2,Cryolite and     
                 fluoroapattie)  
                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)  

 
ATOMIC & PHYSICAL PROPERTIES  
i. Atomic & ionic radii increase from fluorine to iodine.  
ii. Ionization 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 small size of fluorine & 
repulsion between newly added electron &electrons already present in its small 2p orbital.  
iv. Electronegativity decreases from fluorine to iodine. Fluorine is the most electronegative element in 
the periodic table.  
v. The color of halogens is due to absorption of radiations in visible region which results in the excitation 
of outer electrons to higher energy 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:-1.However, chlorine, bromine &iodine exhibit +1, +3, +5, +7 oxidation states also.  
Fluorine forms two oxides OF2 and O2F2. These are essentially oxygen fluorides because of the higher 
electronegativity of fluorine than oxygen.  
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Anomalous behavior of fluorine- due to its small size, highest electronegativity, low F-F bond 
dissociation enthalpy and absence of d-orbitals.  
TRENDS IN PROPERTIES  
             Oxidizing property ς F2>Cl2>Br2>I2  
            Acidic strength- HF<HCl<HBr<HI  
            Stability & bond dissociation enthalpy- HF>HCl>HBr>HI  
            Stability of oxides of halogens- I>Cl>Br  
            Ionic character of halides ςMF>MCl>MBr>MI 
CHLORINE  
PREPARATION  
                1. MnO2 +4HCl                            MnCl2+Cl2+2H2O  
                2. 4NaCl+MnO2+4H2SO4                           MnCl2+4 NaHSO4+2H2O+Cl2  
                3. 2KMnO4+16HCl                         2KCl+2MnCl2+8H2O+5Cl2  
                           пΦ 59!/hbΩ{ twh/9{{  
                 CuCl2 

                                           4HCl+O2                                      2Cl2+2H2O  
5. By electrolysis of brine solution. Cl2 is obtained at anode.  
PROPERTIES  
i. With cold and dilute Cl2 produces a mixture of chloride and hypochlorite but with hot and 
concentrated alkalis it gives chloride and chlorate.  
                            2NaOH+Cl2                          NaCl+NaOCl+H2O  
                          6NaOH+3Cl2                          5NaCl+NaClO3+3H2O  
ii. With dry slaked lime it gives bleaching powder.  
                   2Ca (OH) 2+2Cl2                          Ca (OH)2 +CaCl2+2H2O  
iii. It is a powerful bleaching agent; bleaching action is due to oxidation  
                              Cl2+H2O                           2HCl+(O)  
Colored substance+(O)        colorless substance  
iv. Action of concentrated H2SO4 on NaCl give HCl gas.  
                          NaCl+H2SO4                                         NaHSO4+HCl  
3:1 ratio of conc. HCl & HNO3 is known as aquaregia & it is used for dissolving noble metals like Au and 
Pt.  
OXOACIDS OF HALOGENS  
Interhalogen compounds are prepared by direct combination of halogens.  
Ex: ClF, ClF3, BrF5, IF7  
They are more reactive than halogens because X-·Ω ƛǎ ǿŜŀƪŜǊ ǘƘŀƴ ·-X bonds in halogens (except F-F). 
                                  TYPE                             STRUCTURE  
                                   ··Ω3                           Bent T-shaped  
                                  ··Ω5                           Square pyramidal  
                                  ··Ω7                           Pentagonal bipyramidal  
GROUP 18 ELEMENTS  
GROUP 18 ELEMENTS: He, Ne, Ar,Kr,Xe &Rn  
General electronic configuration:ns2np6  
Atomic radii- large as compared to other elements in the period since it corresponds to Vander Waal 
radii.  
Inert ς due to complete octet of outermost shell, very high ionization enthalpy & electron gain 
enthalpies are almost zero.  
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The first noble compound prepared by Neil Bartlett was XePtF6 &Xenon. O+
2 PtF-

6.led to the discovery of 
XePtF6 since first ionization enthalpy of molecular oxygen (1175 kJmol-1) was almost identical with that 
of xenon (1170kJmol-1).  
PROPERTIES             673K, 1bar 
                                   Xe+F2                       XeF2  
               873K,7bar 
                     Xe (g) +2F2(g)                        XeF4(s)  
                             573K,60-70 bar 
                   Xe (g) +3F2 (g)                            XeF6(s)  
                            XeF6+MF                         M+ [XeF7]

-  
                          XeF2+PF5                          [XeF]+ [PF6]

-  
                      XeF6+2H2O                          XeO2F2+4HF(partial hydrolysis)  
SOLVED QUESTIONS  
1 MARK QUESTIONS  
1. Ammonia has higher boiling point than phosphine. Why?  
Ans-Ammonia forms intermolecular H-bond.  
2. Why does PCl3 fume in moisture?  
Ans-In the presence of (H2O), PCl3 undergoes hydrolysis giving fumes of HCl .  
                       PCl3 + 3H2O                         H3PO3 + 3HCl  
3. What Happens when H3PO3 is Heated ?  
Ans-It disproportionate to give orthophosphoric acid and Phosphine.  
                             4H3PO3                          3H3PO4 PH3  
4. Why H2S is acidic and H2O is neutral ?  
Ans-The S ς H bond is weaker than O ς 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.  
5. Name two poisonous gases which can be prepared from chlorine gas?  
Ans-Phosgene (COCl2), tear gas (CCl3 NO2)  
6. Name the halogen which does not exhibit positive oxidation state .  
Ans-Flourine being the most electronegative element does not show positive oxidation state .  
7. Iodine forms I-3 but F2 does not form F-3 ions .why?  
Ans-Due to the presence of vacant d-orbitals , I2 accepts electrons from I- ions to form I3- ions , but 
because of d-orbitals F2 does not accept electrons from F- ions to form F3 ions.  
8. Draw the structure of peroxos ulphuric acid.  
9. Phosphorous forms PCl5 but nitrogen cannot form NCl5. Why?  
Ans-Due to the availability of vacant d-orbital in P. 
2 MARK QUESTION (SHORT ANSWER TYPE QUESTION)  
1. Why is HF acid stored in wax coated glass bottles?  
Ans-This is because HF does not attack wax but reacts with glass. It dissolves SiO2 present in glass 
forming hydrofluorosilicic acid.  
                           SiO2 +6HF                           H2SiF6+2H2O  
2. What is laughing gas? Why is it so called? How is it prepared?  
Ans-Nitrous oxide (N2O) is called laughing gas, because when inhaled it produced hysterical laughter. It 
is prepared by gently heating ammonium nitrate.  
                            NH4NO3                             N2O+2H2O  
3. Give reasons for the following:  
(i) Conc.HNO3 turns yellow on exposure to sunlight.  
(ii) PCl5 behaves as an ionic species in solid state.  
Ans-(i)Conc HNO3 decompose to NO2 which is brown in colour & NO2 dissolves in HNO3 to it yellow.  
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(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.  
Ans-Phosphorus gas will be formed.  
                        P4+3NaOH+3H2O                             PH3+3NaH2PO2  
5. How is ozone estimated quantitatively?  
Ans-When ozone reacts with an excess of potassium iodide solution  
Buffered with a borate buffer (pH 9.2), Iodide is liberated which can be titrated against a standard 
solution of sodium thiosulphate . This is a quantitative method for estimating O3 gas.  
6. Are all the five bonds in PCl5 molecule equivalent? Justify your answer.  
Ans-PCl5 has a trigonal bipyramidal structure and the three equatorial 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 ?  
Ans-NO2 contains odd number of valence electrons.It behaves as a typical odd molecules .On 
dimerization; 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 dispropotionation reaction? Justify:  
                      3Cl2+6NaOH                           5NaCl+NaClO3+3H2O  
Yes, chlorine from zero oxidation state is changed to -1 and +5 oxidation states.  
9. Account for the following.  
(i)SF6 is less reactive than SF4.  
(ii) Of the noble gases only xenon compounds are known.  
Ans. (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 electron.  
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 I2?  
Ans-(I)It is not soluble in blood even under high pressure.  
(ii)Being monoatomic they have weak dispersion forces.  
(ii)I-Cl bond is weaker than l-l bond  
2. Complete the following equations.  
(i)               XeF4+H2O 
(ii)            Ca3P2+H2O 
(iii)AgCl(s) +NH3 (aq) 
Ans-(i) 6XeF4+12H2O                            4Xe+2XeO3+24HF+3O2  
(ii)Ca3P2+6H2O                             3Ca (OH)2 +2PH3  
(iii)AgCl(s) +2NH3 (aq)                          [Ag(NH3)2]Cl(aq)  
3. (i)How is XeOF4 prepared ?Draw its structure.  
(ii)When HCl reacts with finely powdered iron, it forms ferrous chloride and not ferric chloride .Why?  
Ans-(i)Partial hydrolysis of XeOF4  
                        XeF6+H2O                         XeOF4+2HF  
Structure -square pyramidal.  
(ii) Its reaction with iron produces H2  
                          Fe+2HCl                          FeCl2+H2  
Liberation of hydrogen prevents the formation of ferric chloride.  
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5 MARK QUESTION  
1. Account for the following.  
(i)Noble gas form compounds with F2 &O2 only.  
(ii)Sulphur shows paramagnetic behavior.  
(iii)HF is much less volatile than HCl.  
(iv)White phosphorous is kept under water.  
(v)Ammonia is a stronger base than phosphine.  
Ans(i)F2 &O2 are best oxidizing agents.  
(ii)In vapour state sulphur partly exists as S2 molecule which has two unpaired electrons in the 
antibonding pi *orbitals like O2 and, hence, exhibit paramagnetism.  
(iii)HF is associated with intermolecular H bonding.  
(iv) Ignition temperature of white phosphorous is very low (303 K). Therefore on explosure 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. 
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).  
όŀύLŘŜƴǘƛŦȅ ǘƘŜ ƎŀǎŜǎ Ψ!Ω ŀƴŘ Ψ.Ω  
(b)Write the equations for the reactions involved  
Ans- ¢ƘŜ Ǝŀǎ Ψ!Ω ƛǎ bh2 ǿƘŜǊŜŀǎ Ψ.Ω ƛǎ b2O4.  
                       NaNO3 + H2SO4                              NaHSO4 + HNO3  
                                           Salt (conc.)  
              Cu + 4HNO3 (Conc.)                            Cu (NO3)2 + 2NO2 + 2H2O  
                                           Blue Brown (A)  
                   2NO2 (on cooling)                         N2O4  
                                          Colourless(B)  
3. Arrange the following in the increasing order of the property mentioned.  
(i)HClO, HClO2, HClO3, HClO4 (Acidic strength)  
(ii)As2O3, ClO2, GeO3, Ga2O3 (Acidity)  
(iii)NH3, PH3, AsH3, SbH3 (H-E-H bond angle)  
(iv)HF, HCl, HBr, HI (Acidic strength)  
(v)MF, MCl, MBr, MI (ionic character)  
Ans-(i)Acidic strength:HClO<HClO2<HCIO3<HCIO4  
(ii)Acidity: Ga2O3<GeO2<AsO3<CIO2  
(iii)Bond angle: SbH3<AsH3<PH3<NH3  
(iv)Acidic strength: HF<HCl<HBr<HI  
(v)Ionic character: MI<MBr<MCl<MF 
ASSIGNMENTS  
Very shot answer type questions:  
1) PH3 has lower boiling point than NH3. Explain.  
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 - 1 only.  
6) Which compound led to the discovery of compounds of noble gas?  
7) Name the most electronegative element.  
8) Why is OF6 compound not known?  
9) Why N2 is not reactive?  
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10) Ammonia acts as a ligand. Explain.  
Short answer type questions:  
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  
M ς F, M ς Cl, M ς Br, M ς I  
4) Phosphinic acid behaves as a monoprotic acid  
5) Arrange the following in the order of property indicated:  
a) AS2O3, ClO2, GeO2, Ga2O3__Increasing acidity  
b) H2O, H2S, H2Se, H2Te__Increasing acid strength.  
6) Arrange in decreasing order of bond energy:  
        F2, Cl2, Br2, I2  
7) Complete the following:  
i)          HNO3 +P4O10  
ii)          IO-

3 + I- + H+  
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.  
9) How would you account for following?  
i) Enthalpy of dissociation of F2 is much less than that of Cl2.  
ii) Sulphur in vapour state exhibits paramagnetism.  
10) Draw structures of following:  
a) Per-oxomonosulphuric acid H2SO5  
b) XeF4 

Level ς III  
1. Complete and balance:  
i)           F2 + H2O Cold  
ii)      BrO-3 + F2 + OH-  
iii)         Li + N2 (cold)  
iv)         NH3 + NaOCl  
2) Despite lower electron affinity of F2, it is stronger oxidising agent than Cl2. Explain.  
3) Give reasons:  
a) Nitric oxide becomes brown when released in air.  
b) PCl5 is ionic in nature and exist in the solid state.  
4) Which of the two is more covalent SbCl3 or SbCl5?  
5) Addition of Cl2 to Kl solution gives a brown colour but excess of it turns colourless. Explain. 
 
Chapter:-8 The d-and f-Block Elements  
POINTS TO BE REMEMBERED: ---  
1. The elements of periodic table belonging to group 3 to 12 are known as d-Block elements.  
2. The general electronic configuration of these elements is (n -1)d1-10 ns 1-2  
3. d- Block elements are collectively known as Transition Elements because properties of these elements 
vary in between s-Block and p-Block elements.  
4. A transition element should have partially filled (n-1) d orbital.  
5. Group 12 elements i.e. Zn, Cd, Hg have completely filled (n-1) d-orbital in atomic & ionic state & thus 
these elements are considered as Typical Transition Elements.  
6. All these elements are metals. They are less electropositive than s-block elements & more 
electropositive than p-block elements.  
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7. The atomic radii decreases from group 3 to 6 (i.e. Sc to Cr) because of increase in effective nuclear 
charge gradually.  
8. The atomic radii of group 7,8 9 &10 elements (i.e. Fe,Co,Ni) is almost same because pairing of 
electrons take place in (n-1)d orbital causing repulsion i.e. shielding of (n-1)d orbital.  
9. Group 11 &12 elements i.e. Cu & Zn have bigger size due to strong shielding of completely filled (n-1)d 
orbital.  
10. The transition elements show variable oxidation state due to small energy difference between (n-1)d 
&ns orbital as a result both (n-1)d &ns electrons take part in bond formation.  
11. The highest oxidation state of an element is equal to number of unpaired electrons present in (n-1)d 
&ns orbital.  
12. Transition elements have high enthalpy of atomization/ sublimation Because of large number of 
unpaired electrons in their atoms, they have stronger interatomic interaction and hence strong metallic 
bonding is present between atoms.  
13. Most of transition elements are paramagnetic due to presence of unpaired electrons in (n-1) d 
orbital.  
14. Most of transition elements are used as catalyst. It is due to (i) partially filled (n-1) d orbital (ii) 
Variable oxidation state (iii) Ability to change oxidation state frequently.  
15. Most of transition elements form coloured compounds due to presence of unpaired electrons in (n-
1) d orbital & thus they can undergo d-d transition.  
16. Most of transition elements form complex compounds due to (i) small size (ii) high charge (iii) 
presence of vacant d-orbital of suitable energy.  
17. Transition elements have lower value of Reduction Potential due to high ionization potential, high 
heat of sublimation & low enthalpy of hydration.  
18. Transition elements form interstitial compounds because size of interstitial voids is similar to size of 
non- metals C, N, O, H.  
19. Transition elements form alloys due to similar ionic radii.  
20. The oxides of transition metals in lower oxidation state are BASIC, intermediate oxidation state are 
AMPHOTERIC, highest oxidation state are ACIDIC.  
 
LANTHANOIDS: ---  
1. The 14 elements after Lanthanum having atomic number 58 to 71 are collectively known as 
Lanthanoids.  
2. The general electronic configuration of these elements is [Xe] 4f1 -14, 5d0-1 ,6s2 .  
3. Most common oxidation state of these elements is +3, but Ce shows +4, Eu +2, because they acquire 
stable configuration.  
4. The size of Lanthanoids and its trivalent ion decreases from La to Lu due to poor shielding of 4f 
electrons. It is known as lanthanoids contraction.  
ACTINOIDS:--  
1. The 14 elements after Actinium having atomic number 90 to 113 are collectively known as Actinoids.  
2. The general electronic configuration of these elements is [Rn] 5f1-14, 6d0-1 ,7s2.  
3. The size of actinoids and its trivalent ion decreases from Ac to Lw due to poor shielding of 5f 
electrons. It is known as actinoids contraction.  
4. The elements after U (92) are man made known as transuranic elements.  
POTASSIUM DICHROMATE:--  
Preparation: - It takes place in three steps-  
(i) Conversion of chromite ore to sodium chromate.  
(ii) Conversion of sodium chromate to sodium dichromate.  
(iii) Conversion of sodium dichromate to potassium dichromate  
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Following reaction take place:--  
           4 FeCr2O4+ 4 Na2CO3 +7O2                          2 Na2CrO4+ 2Fe2O3 +8 CO2  
                           2Na2CrO4 + 2 H+                               Na2Cr2O7 + 2 Na+ + H2O  
                         Na2Cr2O7 + 2 KCl                               K2Cr2O7 + 2 NaCl  
POTASSIUM PERMANGNATE:--  
Preparation: --  
It takes place in two steps:-  
(i) Conversion of pyrolusite ore into potassium magnate  
(ii) Conversion of potassium mangnate to potassium permaganate  
Following reactions take place:-  
                       2 MnO2 + 4 KOH + O2                             2 K2 MnO4 + 2H2O  
                                3 MnO4

2- +4H+                             2 MnO-
4 +MnO2 +2H2O  

QUESTION ANSWERS  
(TWO MARK QUESTIONS)  
Q.1-Explain briefly how +2 oxidation state becomes more and more stable in the first half of the first 
row transition elements with increasing atomic number.  
A.1-In M2+ ions, 3d-orbitals get occupied gradually as the atomic number increases. Since, the number of 
empty d-orbitals decreases, the stability of cations increases from Sc2+ to Mn2+ .Mn2+ is most stable as all 
d-orbitals are singly occupied.  
Q.2- Explain why transition elements have many irregularities in their electronic configurations?  
A.2-In the transition elements, there is a little difference in the energy of (n-1) d-orbitals and ns-orbitals. 
Thus, incoming electron can occupy either of shell. Hence, transition elements exhibit many 
irregularities in their electronic configurations.  
Q.3-What are different oxidation states exhibited by Lanthanides?  
A.3-The common stable oxidation state of lanthanides is +3.However some members also show 
oxidation states of +2 & +4.  
Q.4-How is the variability in oxidation states of transition metals different from that of the non-
transition metals? Illustrate with examples.  
A.4-The transition elements use its (n-1)d, ns and np orbital and the successive oxidation states differ by 
unity. For example, Mn shows all the oxidation states from +2 to +7. On other hand non transition 
elements use its ns, np and nd orbitals and the successive oxidation states differ by two units e.g. Sn2+, 
Sn4+ etc.  
Q.5- Why do transition elements show variable oxidation states?  
A.5- The transition elements show variable oxidation state due to small energy difference between (n-1) 
d &ns orbital as a result both (n-1)d &ns electrons take part in bond formation.  
Q.6-Why are Mn2+ compounds more stable than Fe2+ compounds towards oxidation to +3 state?  
A.6-The electronic configuration of Mn2+ is [Ar] 3d5, i.e. all five d-orbitals are singly occupied. Thus this is 
stable electronic configuration and further loss of electron requires high energy .on other hand the 
electronic configuration of Fe2+ is [Ar] 3d6, i.e. Loss of one electron requires low energy. 
Q.7-To what extent do the electronic configuration decide the stability of oxidation state in the first 
series of the transition elements? Illustrate your answer with an example.  
A.7-In a transition series, the oxidation state which lead to exactly half filled or completely filled orbitals 
are more stable.e.g. the electronic configuration of Fe is [Ar] 3d6 ,4s2. It shows various oxidation state 
but Fe(III) is more stable than Fe(II).  
Q.8-What is meant by disproportionation? Give two examples.  
A.8-Those reactions in which same substance undergoes oxidation as well as reduction are called 
disproportionation reactions.e.g.  
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                                            2Cu+       Ҧ       Cu2+ + Cu  
                         3 MnO2-

4 +4 H+       Ҧ       2 MnO-
4 +MnO2 + 2 H2O  

Q.9- Which metal in the first series of transition metals exhibits +1 oxidation state most frequently and 
why?  
A.9- Copper with configuration [Ar] 3d10 4s1 exhibits +1 oxidation state. Copper loses 4s1 electron easily 
and achieved a stable configuration 3d10 by forming Cu+.  
Q.10- What are inner transition elements?  
A.10- The f-block elements in which the last electron accommodated on (n-2) f-subshell are called inner 
transition elements. These include atomic numbers 58 to 71 and from 90 to 103.  
Q.11- The paramagnetic character in 3d-transition series elements increases upto Mn and then 
decreases. Explain why?  
A.11- In the 3d-transition series as we move from Sc (21) to Mn (25) the number of unpaired electrons 
increases and hence paramagnetic character increases. After Mn, the pairing of electrons in the d-orbital 
starts and the number of unpaired electrons decreases and hence, paramagnetic character decreases.  
Q.12- Comment on the statement that elements of the first transition series possess many properties 
different from those of heavier transition metal  
A.12-The following points justify that the given statement is true:-  
(i) Ionization enthalpies of heavier transition elements are higher than the elements of 3d series. 
Consequently, heavier transition elements are less reactive in comparison to 3d-elements.  
(ii) Melting points of heavier transition elements are higher than 3d-elements.  
(iii) Higher oxidation states of heavier transition elements are stable whereas lower oxidation states are 
stable in 3d-elements.  
Q.13-What are transition elements? Which d-block elements are not regarded as transition elements 
and why?  
A.13- An element which has partially filled (n-1) d orbital is known as transition elements. Group 12 
elements i.e. Zn, Cd, Hg have completely filled (n-1) d-orbital in atomic & ionic state & thus these 
elements are not considered as Transition Elements.  
Q.14-What are interstitial compounds? Why are such compounds well known for transition metal?  
A.14- Compounds of transition metal with relatively smaller non-metals are known as interstitial 
compounds. These compounds are well known for transition metals because size of C, N, O, and B is 
similar to size of interstitial voids of transition metal  
Q.15-For the first row of transition metals the E0 values are:- 
E0values      V  Cr  Mn  Fe  Co  Ni  Cu  
M2+/M  -1.18  -0.91  -1.18  -0.44  -0.28  -0.25  +0.34  
Explain the irregularity in the above values.  
A.15-The E0 ( M

2+/M) values are not regular which can be explained from the irregular variation of 
ionization energy and sublimation energy of Mn due to half-filled orbitals.  
(THREE MARK QUESTIONS)  
Q.1- Decide giving reason which one of the following pairs exhibits the property indicated:  
(i)Sc3+ or Cr3+ exhibits paramagnetism  
(ii)V or Mn exhibits more number of oxidation states  
(iii)V4+ or V5+ exhibits colour  
A.1- (i) Sc=[Ar] 3d1 4s2 ; Sc3+=[Ar] ; it has no unpaired electron so diamagnetic  
Cr=[Ar] 3d5 4s1 ; Cr3+=[Ar]3 d3 ; it has three unpaired electrons paramagnetic 4  
 
(ii) V=[Ar] 3d3 4s2 Mn=[Ar] 3d54s2 Thus V exhibit oxidation states of +2, +3, +4, +5  
Whereas Mn exhibit oxidation states of +2 to +7.  
(iii) V4+=[Ar] 3d1 Ҧ coloured V5+=[Ar] Ҧ colourless  
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Q.2-(a) Describe the general trends in the following properties of the first series of the transition 
elements:-  
(i) Stability of +2-oxidation state  
(ii) Formation of oxometal ions  
(b) Write steps involved in the preparation of KMnO4 from K2MnO4  
A.2- (a) i-The elements of first transition series show decreasing tendency to form divalent cation as we 
move left to right in the series. This trend is due to general increase in the first and second ionization 
energy. The greater stability of Mn2+ is due to half filled d5 configuration and that of zinc is due to d10 
configuration.  
(ii) All metal except Sc from oxide of type MO which are basic. The highest oxidation number in all oxide, 
coincide with the group number and is attain in Sc2O3 to Mn2O7. Formation of oxoanions is due to high 
electro negativity and small size of oxygen atom.  
2-(b) It takes place in two steps:-  
(iii) Conversion of pyrolusite ore into potassium mangnate.  
(iv) Conversion of potassium mangnate to potassium permanganate.  
 
Following reactions take place:-  
                              2 MnO2 + 4 KOH + O2                            2 K2MnO4 + 2H2O  
                                        3 MnO2-

4 +4H+                           2 MnO-
4 +MnO2 +2H2O  

Q.3-(a) Write the steps involve in the preparation of K2Cr2O7 from chromite ore.  
(b) What is the effect of pH on dichromate ion solution?  
A.3-(a):- It takes place in three steps-  
(iv) Conversion of chromite ore to sodium chromate.  
(v) Conversion of sodium chromate to sodium dichromate.  
(vi) Conversion of sodium dichromate to potassium dichromate  
Following reactions take place:--  
              4 FeCr2O4+ 4 Na2CO3 +7O2                                2 Na2CrO4+ 2Fe2O3 +8 CO2  
                                 2Na2CrO4 + 2 H+                             Na2Cr2O7 + 2 Na+ + H2O  
                               Na2Cr2O7 + 2 KCl                              K2Cr2O7 + 2 NaCl 
(b) Dichromate ion is orange in acidic solution (pH<7) and turns yellow in basic solution. It is due to 
interconversion of dichromate ion to chromate ion. Following reactions take place:-  
             2 CrO2-

4 (yellow) +2 H+       Ҧ         Cr2O
2-

7 (orange) + H2O  
           Cr2O

2-
7 (orange) +2 OH-        Ҧ         2 CrO2-

4 (yellow) + H2O.  
Q.4- (a) What is lanthanide contraction? What effect does it have on the chemistry of the elements, 
which follow lanthanoids?  
(b) The chemistry of actinoid elements is not so much smooth as that of lanthanoids. Justify these 
statements by giving some examples from the oxidation state of these elements.  
A.4- (a)The size of Lanthanoids and its trivalent ion decreases from La to Lu. It is known as lanthanoids 
contraction.  
Cause: - It is due to poor shielding of 4f electrons.  
Consequences of lanthanide contraction: - (i) Basic strength of hydroxide decreases from La(OH)3 TO 
Lu(OH)3. (ii) Because of similar chemical properties lanthanides are difficult to separate.  
(b) Lanthanoids show limited number of oxidation states i.e. +2, +3, +4 (out of which +3 is most 
common) . This is because of a large energy gap between 4f, 5d and 6s subshell. The dominant oxidation 
state of actinides is also +3 but they show a number of other oxidation state also e.g. +4, +5, and +7. This 
is due to small energy difference between 5f, 6d and 7s orbitals.  
Q.5- Give examples and suggest reasons for the following features of the transition metal chemistry:  
(i) The lowest oxide of transition metal is basic, the highest is amphoteric/acidic.  
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(ii) A transition metal exhibits highest oxidation state in oxides and fluorides. 5  
(iii) Of the d4 species, Cr2+ is strongly reducing while manganese(III)is strongly oxidizing. 
A.5-(i) The oxide of transition metals in lower oxidation states are generally basic while those in the 
higher oxidation states are acidic. Acidic character increases with increase in oxidation state is due to 
decrease in size of metal ion and increase in charge density.e.g. MnO (basic), Mn3O4 (amphoteric), 
Mn2O7 (acidic).  
(ii) A transition metal exhibits higher oxidation states in oxides and fluorides because oxygen and 
fluorine are the most electronegative elements and thus easily can unpair electrons of metal atom.  
(iii) Because oxidizing and reducing property depends on E0 value. Since E0 value of Cr3+/Cr2+ is negative 
while that of Mn3+/Mn2+ is positive, as a result Cr(II) act as reducing agent and Mn(III) is strong oxidizing.  
Q.6-For M2+/M and M3+ /M 2+ systems ,the E0 values for some metals are as follows:  
         Cr2+/Cr                 -0.9V                 Cr3+/Cr2+             -0.4V  
      Mn2+/Mn                 -1.2V              Mn3+/Mn2+           + 1.5V  
         Fe2+/Fe                 -0.4V                 Fe3+/Fe2+           +0.8V  
Use this data to comment upon :-  
(i)the stability of Fe3+ in acid solution as compared to Cr3+ or Mn3+ and  
(ii)the ease with which iron can be oxidized as compared to a similar process for either chromium or 
manganese metal.  
A.6- (i)E0 for Cr3+/Cr2+ is -0.4V i.e. negative, this means Cr3+ ions in the solution cannot be reduced to Cr2+ 
easily i.e. Cr3+ is stable. As Mn3+/Mn2+ is +1.5V i.e positive means Mn3+ can easily reduced to Mn2+ ions 
in comparison to Fe3+ ions. Thus relatively stability of these ions is:-  
Mn3+ < Fe3+ < Cr3+  
(ii) The oxidation potentials for the given pairs will be +0.9V, +1.2V and 0.4V. Thus, the order of their 
getting oxidized will be in the order Mn>Cr>Fe.  
Q.7-Account for the following statements:  
(i)Cobalt (II) is stable in aqueous solution but in the presence of strong ligands and air, it can be oxidized 
to Co (III).  
(ii)The d1 configuration is very unstable in ions.  
(iii)One among the lanthanides, Ce (III) can be easily oxidized to Ce (IV).  
A.7- (i) Strong ligands force cobalt (II) to lose one more electron from 3d-subshell and thereby induced 
d2 sp3 hybrisation.  
(ii) The ion with d1 configuration try to lose the only electron in order to acquire inert gas configuration.  
(iii) The configuration of Ce is [Xe] 4f1, 5d1 ,6s2. There is no much difference between the energy of 4f, 5d 
and 6s orbitals and thus, Ce can utilize electrons present in these orbitals and hence oxidation state of 
+4.  
Q.8- Compare the chemistry of actinides with that of the lanthanoids with special reference to:  
(i) electronic configuration (iii) oxidation state  
(ii) atomic and ionic sizes and (iv) chemical reactivity 
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Ans:- Comparison of Lanthanoids and Actinoids 
 
          Properties    Lanthanoids      Actinoids 
Electronic configuration  [Xe] 4f1-14, 5d0-1 ,6s2  [Rn]5f1-14,6d0-1,7s2 

Atomic/ionic sizes  Size decreases from La to Lu, 
and size is more than 
actinides.  

Size decreases from Ac to Lw, 
and size is smaller than 
lanthanoids due to poorer 
shielding of 5f electrons  

Oxidation states  Common oxidation is +3 
where other oxidation states 
are +2, +4.It is due to a large 
energy gap between 4f, 5d 
and 6s subshell  

Common oxidation is +3 
where other oxidation states 
are +2, +4,+5 and+7 due to 
due to small energy 
difference between 5f, 6d and 
7s orbitals  

Chemical reactivity  The earlier member quite 
reactive but with increasing 
atomic number they behave 
like aluminum.  

The actinides highly reactive 
,especially in finely divided.  

Complex formation  Less tendency to form 
complex due to less charge 
density.  

More tendency to form 
complex due to high charge 
density.  

Q.9-(a) What is actinoid contraction? What effect does it have on the chemistry of the elements, which 
follow actinides?  
(b) Name an important alloy, which contains some of the lanthanide metals. Mention its uses.  
A.9- (a) The size of actinoid and its trivalent ion decreases from Ac to Lw. It is known as l actinides 
contraction.  
Cause: - It is due to poor shielding of 5f electrons.  
Consequences of actinides contraction: - (i) Basic strength of hydroxide decreases from Ac(OH)3 To 
Lw(OH)3. (ii) Because of similar chemical properties l actinides are difficult to separate.  
(b) An important alloy containing lanthanoid metals is mischmetal, which contains 95% lanthanide metal 
and 5% Fe along with traces of S, C, Ca and Al. It is used in Mg-based alloy to produce bullets, shells and 
lighter flint.  
Q.10- Complete following reactions:-  
(i) MnO-

4 + H+ + Fe2+       Ҧ    ------------+--------------+--------------  
(ii) MnO-

4 + C2O2-
4 + H+      Ҧ   ------------+--------------+--------------  

(iii) MnO-
4 + OH- + I-       Ҧ  ------------+--------------+--------------  

A.10-(i) MnO-
4 + 8H+ + 5 Fe2+      Ҧ    Mn-

2++ 5 Fe3+ + 4H2O  
(ii) 2MnO-

4 + 5C2O4
2- + 16H+    Ҧ   2 Mn-

2+ + 10 CO2 + 8H2O  
(iii) 2 MnO-

4 + H2O + I-    Ҧ   2MnO2 + 2OH- + IO-
3  

(FIVE MARK QUESTIONS)  
Q.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.  
(v)Transition metals have a strong tendency to form complexes.  
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A.1- (i)Transition metals and many of their compounds show paramagnetic behaviour due to presence 
of unpaired electrons in (n-1) d orbital.  
(ii) The enthalpies of atomisation of the transition metals are high Because of large number of unpaired 
electrons in their atoms, they have stronger interatomic interaction and hence strong metallic bonding 
is present between atoms.  
(iii) The transition metals generally form coloured compounds due to presence of unpaired electrons in 
(n-1) d orbital & thus they can undergo d-d transition.  
(iv) Transition metals and their many compounds act as good catalyst It is due to (i) partially filled (n-1) d 
orbital (ii) Variable oxidation state (iii) Ability to change oxidation state frequently.  
(v) Transition metals have a strong tendency to form complexes Most of transition elements form 
complex compounds due to (i) small size (ii) high charge (iii) presence of vacant d-orbital of suitable 
energy.  
Q.2- Give reasons for the following:-  
(i) Fe has higher melting point than Cu.  
(ii) [Ti (H2O)6]

3+ is coloured while [Sc(H20)6] is colourless.  
(iii)The 4d and 5d series of transition metals have more frequent metal-metal bonding in  
their compound than do the 3d metals.  
(iv)Transition metals some time exhibit very low oxidation state such as +1and 0. 7  
(v)Hg is not considered a transition metal. 
A.2-(i) This is because Fe (3d6, 4s1) has four unpaired electrons in 3d-subshell. While Cu (3d10, 4s1) only 
one unpaired electron in 4s shell. Hence metallic bonding is stronger in Fe than those in Cu.  
(ii) The oxidation state of Ti in [Ti (H2 O)6]

3+ is +3 and its configuration is [Ar] 3d1 i.e one unpaired 
electron and hence it is coloured. Whereas the oxidation state of Sc in [Sc (H2O)6]

3+ is +3 and its 
configuration is [Ar] 3d0 i.e no unpaired electron and hence it is colourless.  
(iii)In the same group of d-block elements, the 4d and 5d transition elements are larger size than that of 
3d elements. Hence, the valence electrons are less tightly held and form metal-metal bond more 
frequently.  
(iv)+1 oxidation state is shown by elements like Cu because after loss of one electron, it acquire stable 
configuration. Zero oxidation state is shown iƴ ƳŜǘŀƭ ŎŀǊōƻƴȅƭΣ ōŜŎŀǳǎŜ ʃ -electrons donated by CO are 
accepted into the empty orbital.  
(v)The characteristic properties of transition metal are due to partially filled d-orbitals.Hg has completely 
filled d-ƻǊōƛǘŀƭΣ ŀǎ ŀ ǊŜǎǳƭǘ ƛǘ ŘƻŜǎƴΩǘ ǎƘƻǿ ǇǊƻǇŜǊǘƛŜs of transition metals and hence is not considered as 
transition metal.  
Q.3-(a) write electronic configuration of element having atomic number 101.  
(b) Which element show maximum oxidation state in 3d transition series?  
(c) What is mischmetal?  
(d) Explain why Cu+ ion is not stable in aqueous solution?  
(e) Name the transition metal which is well known to exhibit +4 oxidation state?  
A.3-(a) [Rn] 5f13,6d0, 7s2.  
(b) Mn, Which shows +7 oxidation state in KMnO4.  
(c) It is an important alloy, which contains 95% lanthanide metal and 5% Fe along with traces of S, C, Ca 
and Al. It is used in Mg-based alloy to produce bullets, shells and lighter flint.  
(d) Water is a good complexing agent and thus Cu forms complex by losing one more electron from 3d 
orbital.  
(e)Cerium (Z=58)  
Q.4-(a) Write the preparation of potassium dichromate from iron chromite. What happens when 
potassium dichromate reacts with (i) Hydrogen sulphide (ii) FeSO4?  
(b) Why do Zr and Hf exhibit almost similar properties?  
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(c)Why is La(OH)3 stronger base than Lu(OH)3.  
A.4- (a) Preparation:- It takes place in three steps-  
(i) Conversion of chromite ore to sodium chromate.  
(ii) Conversion of sodium chromate to sodium dichromate.  
(iii) Conversion of sodium dichromate to potassium dichromate  
Following reaction takes place:--  
                     4FeCr2O4+ 4Na2CO3 +7O2                                        2Na2CrO4+ 2Fe2O3 +8CO2 

                                      2Na2CrO4 + 2H+                                           Na2Cr2O7 + 2Na+ +H2O  
                                    Na2Cr2O7 + 2KCl                              K2Cr2O7 + 2NaCl  
Reactions: - (i)    Cr2O

2-
7 + 8H+ + 3H2S    Ҧ    2Cr3+ + 7H20 + 3S  

(ii)   Cr2O
2-

7 + 14H+ + 6Fe2+      Ҧ    2Cr3+ + 7H20 + 6Fe3+.  
(b) Because both have similar ionic size  
(c)Due to lanthanoid contraction size of La3+ is smaller than Lu3+ as a result Lu-O bond will stronger than 
La-O bond. 
Q.5- Give reasons for the following:-  
(i) Transition metals have high enthalpy of hydration.  
(ii) Zn, Cd and Hg are not regarded as transition metal.  
(iii) d block elements exhibit a large number of oxidation state than f block elements.  
(iv)The second and third members in each group of transition element have similar atomic radii.  
(v) K2 [PtCl6] is well known compound whereas the corresponding Ni compound is not known.  
A.5-(i) Transition metal ions are smaller and have higher charge, therefore have high enthalpy of 
hydration. 
(ii) Group 12 elements i.e. Zn, Cd, Hg have completely filled (n-1) d-orbital in atomic & ionic state & thus 
these elements are not considered as transition elements. 
(iii)The difference in the energy of (n-1) d orbital and ns orbital is very small and thus both 
sub-shells are used for bond formation. Whereas in f block elements (n-2)f orbitals lie underneath and 
hence are not available for bond formation. 
(iv) The second and third members in each group of transition element have similar atomic radii due to 
lanthanoid contraction. It arises due to poor shielding of d and f electron.  
(v)The oxidation state of Pt in is +4 which is stable for Pt. The +4 oxidation state for Ni is very difficult to 
achieve because the sum of first four ionization energies is very high. Hence ,the corresponding Ni(II) 
compound is known. 
UNIT- 9 : CO- ORDINATION COMPOUNDS 
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(NH3)4]SO4; Ni(CO)4  
нΦ ¢ƘŜ Ƴŀƛƴ ǇƻǎǘǳƭŀǘŜǎ ƻŦ ²ŜǊƴŜǊΩǎ ǘƘŜƻǊȅ ƻŦ ŎƻƻǊŘƛƴŀǘƛƻƴ ŎƻƳǇƻǳƴŘǎ  
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.MgCl2.6H2hΣ aƻƘǊΨǎ 
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salt, FeSO4.(NH4)2 SO4.6H2O, potash alum, K2SO4Al2(SO4)3.24H2O, etc. dissociate into simple ions 
completely when dissolved in water. However, complex ions such as [Fe(CN)6]

4- of K4[Fe(CN)6], do not 
dissociate into Fe2+ and CN- ions. 
IMPORTANT TERMINOLOGY  
(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 ; NH3 ; NO-

2.  
b) Didentate: The Ligands which bind to the central metal atom/ion through two donor atoms.  
            Ex- C2O

2-
4 (ox); H2NCH2CH2NH2(en)  

c) Polydentate: The Ligands which bind to the central metal atom/ion 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  
    Cl- in [Co(NH3)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(NH3 )6]

3+
  

ix) Heteroleptic complexes: Complexes in which a metal is bonded to more than one kind of donor 
groups.  Ex- [Co(NH3)4 Cl2]

+ 

5. NOMENCLATURE OF MONONUCLEAR 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  
iii The name of the anionic ligands end in ςo, those of neutral and cationic ligands are  
the same except aqua for H2O, ammine for NH3, 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. 
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6. Names of some Ligands 
     NEGATIVE LIGANDS  CHARGE NEUTRAL  LIGANDS          CHARGE 
     CN-                    Cyano     -1  NH3           Ammine  0 
    Cl-                    Chlorido    -1  H2O          Aqua/aquo 0 
    Br-                   Bromido     -1  NO          Nitrosyl  0 
    F-              Fluoride     -1  CO          Carbonyl  0 
    SO2-

4              Sulphato    -2  PH3          Phosphine  0 
    C2O

2-
4             Oxalato     -4  CH-

2NH2          (1,2-Ethane 0 
        |         diamine) 
      CH2NH2 
    NH2

-             Amido     -1  POSITIVE LIGANDS 
    NH2-             Imido     -2  NH-

2NH+
3        Hidrazinium +1 

    ONO-             Nitrito     -1  NO+          Nitrosonium +1 
    NO-

2            Nitro     -1  NO+
2          Nitronium  +1 

   NO-
3            Nitrato     -1 

   SCN-              Thiocyanato    -1 
   NCS-         Isothiosiyanato    -1 
   -OH             Hydoxo     -1 
   CH2(NH2)COO-      Glycinato    -1 
 
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 isomers [Co(NH3)5 SO4]Br and [Co(NH3)5Br]SO4.  
2) Hydrate or solvate isomerism: This form of isomerism is known as ŲƘȅŘǊŀǘŜ ƛǎƻƳŜǊƛǎƳΨ ƛƴ ŎŀǎŜ ǿƘŜǊŜ 
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(H2O)6]Cl3 (violet) and its 
solvate isomer [Cr(H2O)5Cl]Cl2.H2O (grey-green).  
3) Linkage Isomerism: Linkage isomerism arises in a coordination compound containing ambidentate 
ligand. A simple example is provided by complexes containing the thiocyanate ligand, NCSς, which may 
bind through the nitrogen to give MςNCS or through sulphur to give MςSCN.  
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(NH3)6][Cr(CN)6] & [Cr(NH3)6][Co(CN)6]  
STEREOISOMERISM: stero isomers have the same cemical formula and chemical bonds but they have 
different spatial arrangement . They are of two kinds 
A. Geometrical Isomers 
B.Optical Isomers 
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GEOMETRICAL ISOMERS ς This types of isomerism arises in heteroleptic complexes due to different 
possible geometric arrangements of the ligands.Important examples of this behavior are found with 
coordination numbers 4 and 6.In a square planar complex of formula [MX2L2] 
(X and L are unidentate ), the two ligands X may be arranged adjacent  to each other in a cis isomers, or 
opposite to each other in a trans isomers [MABXL]- where A,B,X,L are unidentates Two cis - and one 
trans ς isomers are possible. 

                                                   
   

 
 
Another type of geometrical isomerism occurs in octahedral coordination entities of the type [Ma3b3] 
like [Co(NH3)3(NO2)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. 
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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 
[CoCl2(en)2]

2+, only the cis-isomer shows optical activity 

 
TYPES OF HYBRIDISATION 

Coordination number       Type of Hybridisation       Acquired Geometry 

             4                                          sp
3 

       Tetrahedral 

             4        dsp
2
         Square planar 

 5        sp
3
d         Trigonal bipyramidal 

 6        sp
3
d

2
        Octahedral 

 6        d
2
sp

3
        Octahedral 


