
MODULE-10 

1. Liquids and gases are called fluids because of their ability to flow. The fluidity in both of these 

states is due to the fact that the molecules are free to move about. 

2. The constituent particles in solids have fixed positions and can only oscillate about their mean 

positions. This explains the rigidity in solids. 

3. There are only 14 possible three dimensional lattices. These are called Bravais lattices. 

4. Seven types of primitive unit cells: Cubic, Tetragonal, Orthorhombic,Monoclinic, Hexagonal, 

Rhombohedral, Triclinic. 

5. Each cubic unit cell has 8 atoms on its corners, the total number of atoms in one unit cell is 8 x1/8 

=1atom. 

A body-centred cubic (bcc) unit cell has an atom at each of its corners and also one atom at its body 

centre.  

In a body-centered cubic (bcc) unit cell: 

(i) 8 corners × 1/8 per corner atom = 8 x 1/8 = 1 atom. 

(ii) 1 body centre atom = 1 × 1 = 1 atom. 

∴Total number of atoms per unit cell = 1+ 1 = 2 atoms. 

 

A face-centred cubic (fcc) unit cell contains atoms at all the corners and at the centre of all the faces 

of the cube. 

In a face-centred cubic (fcc) unit cell: 

(i) 8 corners atoms × 1/8 atom per unit cell = 8 x 1/8 = 1 atom. 

(ii) 6 face-centred atoms × 12atom per unit cell = 6 x 1/2= 3 atoms. 

∴Total number of atoms per unit cell = 1+ 3 = 4 atoms. 

 

6. The number of nearest neighbours of a particle is called its coordination number. 

7. Metals like magnesium and zinc crystallise in  hexagonal close packed (hcp) structure. 

Metals such as copper and silver crystallise in cubic close packed (ccp) or face-centred cubic (fcc) 

structure. 

Both these types of close packing are highly efficient and 74%space in the crystal is filled. In either of 

them, each sphere is in contact with twelve spheres. Thus, the coordination number is 12 in either of 

these two structures. 

 

7. Stoichiometric defects are the point defects that do not disturb the stoichiometry of the solid. They 

are also called intrinsic or thermodynamic defects. 

When some of the lattice sites are vacant, the crystal is said to have vacancy defect. This results in 

decrease in density of the substance. This defect can also develop when a substance is heated. 

 

When some constituent particles (atoms or molecules) occupy an interstitial site, 

the crystal is said to have interstitial defect. This defect increases the density of the substance. 

 

Vacancy and interstitial defects as explained above can be shown by non-ionic solids. Ionic solids 

since they must always maintain electrical neutrality, show Frenkel and Schottky defects. 

8. Frenkel defect is also called dislocation defect. 



9. Frenkel defect is shown by ionic substance in which there is a large difference in the size of ions, 

for example, ZnS, AgCl, AgBr and AgI due to small size of Zn
2+

 and Ag
+
 ions. 

10. Schottky defect is shown by ionic substances in which the cation and anion are of almost similar 

sizes. For example, NaCl, KCl, CsCl and AgBr. 

11. AgBr shows both, Frenkel as well as Schottky defects. 

12. Zinc oxide is white in colour at room temperature. On heating it loses oxygen and turns yellow. 

Now there is excess of zinc in the crystal and its formula becomes Zn1+xO. The excess Zn
2+

 ions move 

to interstitial sites and the electrons to neighbouring interstitial sites. The colour results by excitation 

of these electrons.  

13. When crystals of NaCl are heated in an atmosphere of sodium vapour, the sodium atoms are 

deposited on the surface of the crystal. The Cl – ions diffuse to the surface of the crystal and combine 

with Na atoms to give NaCl. This happens by loss of electron by sodium atoms to form Na + ions. 

The released electrons diffuse into the crystal and occupy anionic sites. As a result the crystal now has 

an excess of sodium. The anionic sites occupied by unpaired electrons are called F-centres. They 

impart yellow colour to the crystals of NaCl. The colour results by excitation of these electrons when 

they absorb energy from the visible light falling on the crystals. Similarly, excess of lithium makes 

LiCl crystals pink and excess of potassium makes KCl crystals violet (or lilac). 

14. Rhenium oxide, ReO3 is like metallic copper in its conductivity and appearance. 

15. Each electron in an atom behaves like a tiny magnet. Its magnetic moment originates from two 

types of motions (i) its orbital motion around the nucleus and (ii) its spin around its own axis. 

16. Each lattice point in the crystal lattice gives the location of one particle in space. 

17. Solubility of a substance is its maximum amount that can be dissolved in a specified amount of 

solvent. It depends upon the nature of solute and solvent as well as temperature and pressure.  

When a solid solute is added to the solvent, some solute dissolves and its concentration increases in 

solution. This process is known as dissolution. Some solute particles in solution collide with the solid 

solute particles and get separated out of solution. This process is known as crystallisation. A stage is 

reached when the two processes occur at the same rate (dynamic equilibrium). At this stage the 

concentration of solute in solution will remain constant under the given conditions, i.e., temperature 

and pressure. 

18. A solution in which no more solute can be dissolved at the same temperature and pressure is 

called a saturated solution. An unsaturated solution is one in which more solute can be dissolved at 

the same temperature. 

19. Pressure does not have any significant effect on solubility of solids in liquids. It is so because 

solids and liquids are highly incompressible and practically remain unaffected by changes in pressure. 

20. Henry’s law:  

―The solubility of a gas in a liquid is directly proportional to the pressure of the gas.‖ 

 

OR 

 



―The mole fraction of gas in the solution is proportional to the partial pressure of the gas over the 

solution.‖ 

OR 

―The partial pressure of the gas in vapour phase (p) is proportional to the mole fraction of the gas (x) 

in the solution.‖ 

                                                           p = KH. x 

 

21. Some applications of Henry‘s law: 

 

(i) To increase the solubility of CO2 in soft drinks and soda water, the bottle is sealed under high 

pressure. 

(ii) Scuba divers must cope with high concentrations of dissolved gases while breathing air at high 

pressure underwater. Increased pressure increases the solubility of atmospheric gases in blood. When 

the divers come towards surface, the pressure gradually decreases. This releases the dissolved gases 

and leads to the formation of bubbles of nitrogen in the blood. This blocks capillaries and creates a 

medical condition known as bends, which are painful and dangerous to life. 

(iii) At high altitudes the partial pressure of oxygen is less than that at the ground level. This leads to 

low concentrations of oxygen in the blood and tissues of people living at high altitudes or climbers. 

Low blood oxygen causes climbers to become weak and unable to think clearly, symptoms of a 

condition known as anoxia. 

22. To avoid bends, as well as, the toxic effects of high concentrations of nitrogen in the blood, the 

tanks used by scuba divers are filled with air diluted with helium (11.7% helium, 56.2% nitrogen and 

32.1% oxygen). 

23. Raoult’s law (for a solution of volatile liquids) = ―The partial vapour pressure of each component 

in the solution is directly proportional to its mole fraction.‖ 

For binary solutions of two volatile liquids 1 and 2, 

p1 ∝ x1 and p1 = p 
0

1. x1  andp2∝ x2 and p1 = p 
0

2 . x2  , where p 
0

1 and p 
0

2 represents  the vapour 

pressure of pure component 1 and pure component 2 respectively. 

According to Dalton‘s law of partial pressures, ptotal = p1+ p2. Substituting the values of  

p1 and p2, we get 

ptotal = x1. p 
0
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0
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0
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0
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24. Following conclusions can be drawn from equation, ptotal = p 
0

1 + (p 
0

2 – p 
0
1) x2: 

 

(i) Total vapour pressure over the solution can be related to the mole fraction of any one component. 

(ii) Total vapour pressure over the solution varies linearly with the mole fraction of component 2 

[ptotal = (p 
0
2 – p 

0
1) x2+p 

0
1 is in the form y = mx + c]. 

(iii) Depending on the vapour pressures of the pure components 1 and 2, total vapour pressure over 

the solution decreases or increases with the increase of the mole fraction of component 1. 



25. At equilibrium, vapour phase will be always rich in the component which is more volatile. 

26. In a pure liquid the entire surface is occupied by the molecules of the liquid. If a non-volatile 

solute is added to a solvent to give a solution, the vapour pressure of the solution is solely from the 

solvent alone. This vapour pressure of the solution at a given temperature is found to be lower than 

the vapour pressure of the pure solvent at the same temperature. In the solution, the surface has both 

solute and solvent molecules; thereby the fraction of the surface covered by the solvent molecules gets 

reduced. Consequently, the number of solvent molecules escaping from the surface is correspondingly 

reduced, thus, the vapour pressure is also reduced. 

Note: The decrease in the vapour pressure of solvent depends on the quantity of non-volatile solute 

present in the solution, irrespective of its nature.  

27. Raoult’s law (for a solution containing non-volatile component): For any solution the partial 

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

28. A perfectly ideal solution is rare but some solutions are nearly ideal in behaviour. Solution of n-

hexane and n-heptane, bromoethane and chloroethane, benzene and toluene, etc. fall into this 

category. 

29. A mixture of ethanol and acetone is a non - ideal solution showing + ve deviation from Raoult‘s 

law. A mixture of phenol and anilineis a non - ideal solution showing — ve deviation from Raoult‘s 

law. 

30. Maximum boiling azeotrope = 68% nitric acid and 32% water by mass. 

Minimum boiling azeotrope = 95.6% by mass of ethanol in the mixture of ethanol and water. 

31. Froth floatation method is used for removing gangue from sulphide ores. In this method, the 

mineral particles become wet by oils while the gangue particles by water. 

32. It is possible to separate two sulphide ores by adjusting proportion of oil to water or by using 

‗depressants‘. For example, in case of an ore containing ZnS and PbS, the depressant used is NaCN. It 

selectively prevents ZnS from coming to the froth but allows PbS to come with the froth. 

33. During metallurgy, ‗flux‘ is added which combines with ‗gangue‘ to form ‗slag‘. Slag separates 

more easily from the ore than the gangue. 

34. Copper matte contains Cu2S and FeS. 

35. Anode mud which is separated during electrolytic refining contains antimony, selenium, tellurium, 

silver, gold and platinum; recovery of these elements may meet the cost of refining. 

36. Zone refining is based on the principle that the impurities are more soluble in the melt than in the 

solid state of the metal. This method is very useful for producing semiconductor and other metals of 

very high purity, e.g., germanium, silicon, boron, gallium and indium. 

37. Vapour phase refining involves conversion of metal into its volatile compound followed by 

decomposition of the volatile compound to give pure metal. 

38. The two requirements of vapour phase refiningprocessare: 

(i) The metal should form a volatile compound with an available reagent. 



 

(ii) The volatile compound should be easily decomposable, so that the recovery is easy. 

 

39. Chromatographic method is based on the principle that different components of a mixture are 

differently adsorbed on an adsorbent. 

40. In column chromatography, the mobile phase and the stationary phase are chosen such that 

components of the sample have different solubilities in the two phases. A component which is quite 

soluble in the stationary phase takes longer time to travel through it than a component which is not 

very soluble in the stationary phase but very soluble in the mobile phase. Thus sample components are 

separated from each other as they travel through the stationary phase. 

41. Water vapours are absorbed by anhydrous calcium chloride but adsorbed by silica gel. In other 

words, in adsorption the concentration of the adsorbate increases only at the surface of the adsorbent, 

while in absorption the concentration is uniform throughout the bulk of the solid. 

42. 1g of activated charcoal adsorbs more sulphur dioxide (critical temperature 630K), than methane 

(critical temperature 190K) which is still more than 4.5 mL of dihydrogen (critical temperature 33K). 

Easily liquefiable gases (i.e., with higher critical temperatures) are readily adsorbed as van der 

Waals’ forces are stronger near the critical temperatures. 

43. The extent of adsorption increases with the increase of surface area of the adsorbent. Thus, finely 

divided metals and porous substances having large surface areas are good adsorbents. 

44. Enthalpy of physisorption is quite low (20–40 kJ mol
-1

). This is because the attraction between gas 

molecules and solid surface is only due to weak van der Waals‘ forces. Enthalpy of chemisorption is 

high (80-240 kJ mol
-1

) as it involves chemical bond formation. 

45. The following observations have been made in the case of adsorption from solution phase: 

(i) The extent of adsorption decreases with an increase in temperature. 

 

(ii) The extent of adsorption increases with an increase of surface area of the adsorbent. 

 

(iii) The extent of adsorption depends on the concentration of the solute in solution. 

 

(iv) The extent of adsorption depends on the nature of the adsorbent and the adsorbate. 

 

46. Solids can adsorb solutes from solutions also. When a solution of acetic acid in water is shaken 

with charcoal, a part of the acid is adsorbed by the charcoal and the concentration of the acid 

decreases in the solution. Similarly, the litmus solution when shaken with charcoal becomes 

colourless. The precipitate of Mg(OH)2 attains blue colour when precipitated in presence of 

magneson reagent. The colour is due to adsorption of magneson.  

47. The cleansing action of soap is due to the fact that soap molecules form micelle around the oil 

droplet in such a way that hydrophobic part of the stearate ions is in the oil droplet and hydrophilic 

part projects out of the grease droplet like the bristles. Since the polar groups can interact with water, 

the oil droplet surrounded by stearate ions is now pulled in water and removed from the dirty surface. 

Thus soap helps in emulsification and washing away of oils and fats. The negatively charged sheath 

around the globules prevents them from coming together and forming aggregates. 



48. During peptization, the precipitate adsorbs one of the ions of the electrolyte on its surface. This 

causes the development of positive or negative charge on precipitates, which ultimately break up into 

smaller particles of the size of a colloid. 

49. Tyndall effect is observed only when the following two conditions are satisfied. 

(i) The diameter of the dispersed particles is not much smaller than the wavelength of the light used; 

and 

 

(ii) The refractive indices of the dispersed phase and the dispersion medium differ greatly in 

magnitude. 

 

50. The colour of colloidal solution depends on, 

 

(i) the wavelength of light scattered by the dispersed particles.  

(ii) the size and nature of the particles. 

(iii) the observer receives the light. 

For example, a mixture of milk and water appears blue when viewed by the reflected light and red 

when viewed by the transmitted light. Finest gold sol is red in colour; as the size of particles 

increases; it appears purple, then blue and finally golden. 

 

51. Brownian motion is independent of the nature of the colloid but depends on the size of the 

particles and viscosity of the solution. Smaller the size and lesser the viscosity, faster is the motion. 

52. The Brownian movement has been explained to be due to the unbalanced bombardment of the 

particles by the molecules of the dispersion medium. The Brownian movement has a stirring effect 

which does not permit the particles to settle and thus, is responsible for the stability of sols. 

53. The charge on the sol particles may be due to any one of the following reasons:  

(i) Electron capture by sol particles during electro-dispersion of metals.  

 

(ii) Preferential adsorption of ions from solution. 

 

(iii) Formulation of electrical double layer. 

 

Note: Preferential adsorption of ions is the most accepted reason. The sol particles acquire positive 

or negative charge by preferential adsorption of +ve or –ve ions. When two or more ions are present 

in the dispersion medium, preferential adsorption of the ion common to the colloidal particle usually 

takes place. 

54. The presence of equal and similar charges on colloidal particles is largely responsible in providing 

stability to the colloidal solution, because the repulsive forces between charged particles having same 

charge prevent them from coalescing or aggregating when they come closer to one another. 

55. The movement of colloidal particles under an applied electric potential is called electrophoresis. 

Positively charged particles move towards the cathode while negatively charged particles move 

towards the anode. When electrophoresis, i.e., movement of particles is prevented by some suitable 

means, it is observed that the dispersion medium begins to move in an electric field. This 

phenomenon is termed electroosmosis. 



56. Electrokinetic potential or zeta potential: Consider, 

(i) When silver nitrate solution is added to potassium iodide solution, the precipitated silver iodide 

adsorbs iodide ions from the dispersion medium and negatively charged colloid results (AgI/I
—

) 

(ii) When KI solution is added to AgNO3 solution, positively charged sol results due to adsorption of 

Ag 
+
 ions from dispersion medium (AgI/Ag

+
) . 

Having acquired a positive or a negative charge by selective adsorption on the surface of a colloidal 

particle as stated above, this layer attracts counter ions from the medium forming a second layer, as 

shown: AgI/I
—

K
+
    or,   AgI/Ag

+  
I
—

 

The combination of the two layers of opposite charges around the colloidal particle is called 

Helmholtz electrical double layer. According to modern views, the first layer of ions is firmly held 

and is termed fixed layer while the second layer is mobile which is termed diffused layer. Since 

separation of charge is a seat of potential, the charges of opposite signs on the fixed and diffused parts 

of the double layer results in a difference in potential between these layers. This potential difference 

between the fixed layer and the diffused layer of opposite charges is called the electrokinetic 

potential or zeta potential. 

 

57. The coagulation of the lyophobic sols can be carried out in the following ways: 

 

(i) By electrophoresis, the colloidal particles move towards oppositely charged electrodes, get 

discharged and precipitated. 

(ii) By mixing two oppositely charged sols, neutralization of charges takes place and the sols get 

partially or completely precipitated. [Mixing of hydrated ferric oxide(+ve sol) and arsenious sulphide 

(–ve sol) = mutual coagulation] 

(iii) By boiling, the adsorbed layer is disturbed due to increased collisions with the molecules of 

dispersion medium which reduces the charge on the particles. 

(iv) Onprolonged dialysis, traces of theelectrolyte present in the sol are removed almost completely 

andthe colloids become unstable and ultimately coagulate. 

(v) By addition of electrolytes, colloids interact with ions carrying charge opposite to that present on 

themselves. This causes neutralisation leading to their coagulation. 

58. Emulsions are colloidal systems in which both dispersed phase and dispersion medium are liquids. 

These can be of: (i) oil in water type, and (ii) water in oil type. In the first system, water acts as 

dispersion medium. Examples of this type of emulsion are milk and vanishing cream. In milk, liquid 

fat is dispersed in water. In the second system, oil acts as dispersion medium. Common examples of 

this type are butter and cream. 

 The process of making emulsion is known as emulsification. To stabilise an emulsion, an emulsifying 

agent or emulsifier is added.  

59. Emulsions of oil in water are unstable and sometimes they separate into two layers on standing. 

For stabilisation of an emulsion, a third component called emulsifying agent is usually added. The 

emulsifying agent forms an interfacial film between suspended particles and the medium. The 

principal emulsifying agents for O/W emulsions are proteins, gums, natural and synthetic soaps, etc., 

and for W/O, heavy metal salts of fatty acids, long chain alcohols, lampblack, etc. 



60. Sky appears blue to us because of the scattering of blue light by dust particles and water vapour in 

the atmosphere. 

61. Blood is a colloidal dispersion of an albuminoid substance. The styptic action of alum and ferric 

chloride solution is due to coagulation of blood forming a clot which stops further bleeding. 

62. River water is a colloidal solution of clay. Sea water contains a number of electrolytes. When river 

water meets the sea water, the electrolytes present in sea water coagulate the colloidal solution of clay 

resulting in its deposition with the formation of delta. 

63. Use of Cottrell precipitator: Smoke is a colloidal dispersion of solid particles such as carbon, 

arsenic compounds, dust, etc., in air. The smoke, before it comes out from the chimney, is led through 

a chamber containing plates having a charge opposite to that carried by smoke particles. The particles 

on coming in contact with these plates lose their charge and get precipitated. The particles thus settle 

down on the floor of the chamber. The precipitator is called Cottrell precipitator. 

64. Alum is added to muddy water to coagulate the suspended impurities and make water fit for 

drinking purposes. 

65. Argyrol is a silver sol used as an eye lotion. Colloidal antimony is used in curing Kalaazar. 

Colloidal gold is used for intramuscular injection. Milk of magnesia, an emulsion, is used for stomach 

disorders. Colloidal medicines are more effective because they have large surface area and are 

therefore easily assimilated. 

66. For zero order reaction t1/2∝[R]0. For first order reaction t1/2is independent of [R]0. 

67. A small amount of the catalyst can catalyse a large amount of reactants. A catalyst does not alter 

Gibbs energy, ΔG of a reaction. It catalyses the spontaneous reactions but does not catalyse non-

spontaneous reactions. It is also found that a catalyst does not change the equilibrium constant of a 

reaction rather, it helps in attaining the equilibrium faster, that is, it catalyses the forward as well as 

the backward reactions to the same extent so that the equilibrium state remains same but is reached 

earlier. 

68. 

 

69. 



 

70.  

 

 

 

 

 


