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Solutions and Colligative Properties 

Solution is a homogeneous mixture of two or more substances in same or different physical 

phases. The substances forming the solution are called components of the solution. On the 

basisof number of components a solution of two components is called binary solution. 

Solute and Solvent 

In a binary solution, solvent is the component which is present in large quantity while the 

other component is known as solute.[if water is used as a solvent, the solution is called 

aqueous solution and if not, the solution iscalled non-aqueous solution.] 

Depending upon the amount of solute dissolved in a solvent we have the following types of 

solutions: 

Unsaturated solution A solution in which more solute can be dissolved without raising 

temperature is called an unsaturated solution. 

Saturated solution A solution in which no solute can be dissolved further at a given 

temperature is called a saturated solution. 

Supersaturated solution A solution which contains more solute than that would be 

necessary to saturate it at a given temperature is called a supersaturated solution. 

Solubility 

The maximum amount of a solute that can be dissolved in a given amount of solvent 

(generally100 g) at a given temperature is termed as its solubility at that temperature. 

The solubility of a solute in a liquid depends upon the following factors: 

(i) Nature of the solute 

(ii) Nature of the solvent 

(iii) Temperature of the solution 

(iv) Pressure (in case of gases) 

 

Henry’s Law 

The most commonly used form of Henry’s law states “the partial pressure (P) of the gas in 

vapour phase is proportional to the mole fraction (x) of the gas in the solution” and is 

expressed as 

p = KH .x 

Greater the value of KH, higher the solubility of the gas. The value of KH decreases with 

increase in the temperature. Thus, aquatic species are more comfortable in cold water [more 

dissolved O2] rather than Warm water. 

 

Applications 
 

1. In manufacture of soft drinks and soda water, CO2 is passed at high pressure to increase its 

solubility. 

2. To minimise the painful effects (bends) accompanying the decompression of deep sea 

divers. O2 diluted with less soluble. He gas is used as breathing gas. 

3. At high altitudes, the partial pressure of O2 is less then that at the ground level. This leads 

to low concentrations of O2 in the blood of climbers which causes anoxia 

Concentration of Solutions 

The concentration of a solution is defined as the relative amount of solute present in a 

solution. 

On the basis of concentration of solution there are two types of solutions. 

(i) Dilute solution 



 

2 
 

(ii) Concentrated solution 

 

Methods of Expressing Concentration of Solutions 
 

(i) Percentage by weight (w / w %) It is defined as the amount of solute present in 100 g of 

solution. 

w / w % = weight of solute / weight of solution x 100 

 

(ii) Percentage by volume (w / v%) It is defined as the weight of solute present in 100 mL of 

solution. 

w / v % = weight of solute /volume of solution x 100 

or the volume of solute present in 100 mL of solution. 

v / v % = volume of solute / volume of solution x 100 

 

(iii) Mole fraction (x) It is defined as the ratio of the number of moles of a component to the 

total number of moles of all the components. For a binary solution, if the number of moles of 

A and B are nAandnBrespectively, the mole fraction of A will be 

 
(iv) Parts per million (ppm) It is defined as the parts of a component per million parts (106) 

of the solution. It is widely used when a solute is present in trace quantities. 

ppm = number of parts of the component / total number of parts of all the components x 106 

(v) Molarity (M) It is the number of moles of solute present in 1L(dm3) of the solution. 

M = number of moles of solute / volume of solution (L) 

M = mass of solute (in gram) x 1000 / mol. wt. of solute x volume of solution (in mL) 

Molarity varies with temperature due to change in volume of solution.[When molarity of a 

solution is 1 M, it is called a molar solution. 0.1 M solution is called a decimolar solution 

while 0.5 M solution is known as semi molar solution] 

Molarity = Percent by mass x density x 10 / molecular weight 

Dilution law, M1 V1 = M2 V2 (for dilution from volume V1 to V2) 

For reaction between two reactants, M1 V1 / n1 = M2 V2 / n2 

where, n1 and n2 arc stoichiometric coefficient in balanced equation. 

 

(vi) Molality (m) It is the number of moles of solute per kilogram of the solvent. 

Molality = mass of solute in gram / mol. wt. of solute x mass of solvent (in kg) 

Molality is independent of temperature. 

(vii) Normality (N) The number of gram equivalents of solute present in 1 L of solution. 

Normality = number of grams equivalent of solute / volume of solution in L 

Number of gramequivalents of solute = mass of solute in gram / equivalent weight 

[Relationship between normality and molarity N x Eq. weight = M x mol. weight ] 

If two solutions of the same solute having volumes and molarities V1, M1 and V2, M2 are 

mixed, the molarity of the resulting solution is 
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To dilute V1 mL of a solution having molarity M1 to molarity M2 up to the final volume V2 

mL, the volume of water added is 

 
 

(viii) Formality (F) It is the number of formula weights of solute present per litre of the 

solution. 

Formality = moles of substance added to solution / volume of solution (in L)) 

 

(ix) Mass fraction Mass fraction of any component in the solution is the mass of that 

component divided by the total mass of the solution. 

Molality, mole fraction and mass fraction are preferred over molarity, normality, etc., 

because former involve weights which do not change with temperature 

Concept of Solubility (Saturated solution)  

 When solute (sugar) is added to solvent (water) , it gets dissolved due to attractive force 

between solute particles and solvent molecules.  

 Solute particles are constantly in state of random motion and constantly collide with each 

other and with solvent molecules.  

 Solute particles are held together due to/ by physical forces of attraction. 

If physical forces are not sufficient, dissolved sugar solute crystallizes out.  If solute is added 

continuously, Dissolution and crystallization takes place simultaneously.  

 At low concentration of solute, rate of dissolution is very high and rate of crystallization is 

very low.  

With increase in concentration of solute rate of dissolution decreases and rate of 

crystallization increases. 

 At a particular stage, rate of dissolution and rate of crystallization becomes equal and 

equillibrium is established.  

 At this stage solution is called as  saturated.  

 sugar(s)+ H2O( l) sugar solution  

Solubility- It is defined as the maximum amount of solute which dissolves completely in 

given amount of solvent at a constant temperature.  

 It is expressed as mol/lit.   

Solubility changes with temperature.  

Effect of temperature on solubility of solid solute in liquid solvent. 
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Generally solubility of solid in liquid increases with increase in temperature. 

 Solubility of solid solute is almost doubled for every rise of temperature by 1000C which is 

always not true.  

 The solubility of solid solute in liquid solvent may be exothermic or endothermic process.  

 Depending on nature of process, solubility may increase or decrease by increasing 

temperature.  

 For exothermic process, solubility decreases by increasing temperature while in case of 

endothermic process, solubility increases with increase in temperature.  

Variations of solubility with temperature for some ionic compounds. 

 Solubility of NaBr, NaCl, KCl change slightly with temperature.  

 Solubility of salts like KNO3, NaNO3, KBr increases appreciably with temperature.  

Solubilities of Na2SO4 decrease with increase in temperature.  

 Solubility of NH4NO3 being endothermic process increases with increase in temperature.  

Exceptional behavior: solubility of CaCl2 is exothermic process still it is increased when 

temperature increases.  

 By knowing solubility, it is easy to separate individual component from mixture of water 

soluble salt from aqueous solutions. This process is called as fractional crystallization.  

 This technique can be used if the substance is highly soluble at higher temperature and 

solubility is poor at lower temperature. E.g. separation of pure NaCl from mixture of NaCl 

and NaBr at 00C. Separation of 80% dissolved KNO3 from mixture of KNO3 and NaNO3.  

 

Effect of pressure on solubility of solid solute in liquid solvent. 

Solids are incompressible hence change of pressure has no effect on solubility of solids in 

liquids.  

How Solubility of gases in liquids depends on their nature?  

 Gases are soluble in liquids including water.  

Being non polar, solubility of gases like oxygen and nitrogen is very low in water. 

 CO2 reacts with water to form carbonic acid and ammonia reacts with water to form 

ammonium hydroxide, hence CO2 and NH3 are more soluble in water.  

HCl is polar; hence its solubility is very high in water.  

 

Effect of change of temperature on solubility of gas in liquid –  
 According to Charle’s law, volume of given mass of gas increases with increase of 

temperature.  

 Thus volume of given mass of dissolved gas in solution increases with increase of 

temperature.  

 Due to this, solvent in the solution cannot accommodate the gaseous solute and hence gas 

bubbles out.  

Thus solubility of gas in liquid decreases with increase in temperature. 
 

Adverse effect of increase in temperature on solubility of O2. 
 Many times, sea water or river water is used as coolant.  
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 Cold water is taken from sources of water and after removing heat, hot water from plant is 

released into source of water.  

 Due to this temperature increases and solubility of oxygen gas in water decreases.  

 This results in difficulty of survival of marine life  

 

Explain why marine life like fish prefers to stay at lower sea level in summer?  
 In summer hot day, temperature of surface of water is relatively very high and solubility of 

oxygen at upper layer is minimum.  While temperature of water at lower level is much less 

and hence it contains more amount of dissolved oxygen.  

 Due to this, marine life prefers to stay at lower level for their survival.  

Effect of addition of soluble salt on solubility of gases. 

 The solubility of dissolved gas is reduced by addition of soluble salt to the solution of gas. 

E.g. addition of table salt, to carbonated soft drink decreases solubility of CO2 gas hence it 

escapes out with effervescence.  

Solid solutions – A solid solution of two or more metals or of a metal or metals with one or 

more non metal is called an Alloy or solid solution. 

 

Name       composition        properties        uses 

 

Duralumin  Aluminium 

.copper, 

magnesium and 

manganese.  

It is light and 

strong as steel  

It is used in the 

construction of 

aircrafts.  

Lead hardened by 

the addition of 10-

20% antimony  

Lead and 10 to 

20% Sb 

(Antimony)  

It is acid resistant  Used for 

manufacturing lead 

storage battery 

plates and bearings, 

bullets, and 

shrapnel.  

Babbitt metal  Alloy of antimony 

with tin and copper  

it is antifriction  extensively used in 

machine bearings  

Stainless steel  Contains chromium 

and some nickel.  

Hard and strong. It 

is resistant to 

corrosion,  

Used in cutlery  

spiegeleisen 5 to 20% 

manganese in iron  

very hard  to manufacture 

rails, safes and 

heavy machinery  

Ferromanganeous 70 to 80% 

manganese and 30 

to 20% iron  

very hard  to manufacture 

rails, safes and 

heavy machinery  

Manganin 84% Cu, 12% Mn 

and 4% Ni  

almost zero 

temperature 

coefficient of 

electrical resistance  

Used in instruments 

used for making 

electrical 

measurements.  

Amalgams.  Mercury with other 

metals  

This property of 

mercury to from 

amalgams is used 

for extracting 

metals from the 

Silver and gold 

from the ores, 

dissolve in mercury 

to form liquid 

amalgams. Gold 
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ores.  and silver are 

recovered by 

distilling off 

mercury.  

 

 

In alloys like bronze and lead shot arsenic is used as hardening agent.  

 Most of the chromium produced all over the world is used to produce steel alloys  

Aluminium bronze contains Aluminium, copper and small amount of manganese.  

Colligative properties: The properties of solutions that depend only on the number of solute 

particles in solution and not on the nature of the solute particle are called as Colligative 

properties.  

 Colligative properties are used to determine molar masses of non electrolyte solutes.  

 The relations derived by measuring colligative properties hold good for dilute solutions, with 

concentration less than or equal to 0.2M.  

 

Four Colligative Properties  
1. Lowering of vapour pressure of solvent in solution  

2. Elevation of boiling point of solvent in solution  

3. Depression of freezing point of solvent in solution  

4. Osmotic pressure  

 

Lowering of vapour pressure of solvent in solution  
 All liquids exhibit tendency for evaporation. The gaseous state of a substance is called 

vapour. If the intermolecular forces of attraction are weak the liquids evaporate readily and 

are called volatile liquids. E.g Ethyl acetate is the most volatile liquid. Ethyl alcohol, acetone 

are also volatile liquids. Due to strong intermolecular forces of attraction, Lubricating oils are 

slightly volatile.. 

Concept of Vapour pressure of liquid  

 Liquid escapes from an open vessel by evaporation.  

 If the vessel is closed, the process of evaporation continues 

The molecules of liquid escaping from the surface of liquid remain in the container above the 

surface of liquid.  These molecules of vapour are in continuous random motion  

 They collide with each other, with the walls of the container and with the surface of the 

liquid and return to the liquid state. This is reverse of evaporation, called condensation  

 After some time interval, equilibrium is established between two phases of the substance, 

liquid and its vapour. At this stage the rate of evaporation equals the rate of condensation.  

 The pressure exerted by vapor at this stage is called as Vapor pressure.  

Vapour pressure of a liquid, increases with the increase of temperature.  

Note: If the boiling is carried out in an open atmosphere then external pressure is the 

atmospheric pressure.  

 

 



 

7 
 

 
 

Definition of Vapor pressure of Liquid  
 The vapour pressure of a substance is defined as the pressure exerted by the gaseous state of 

that substance when it is in equilibrium with the solid or liquid phase.  

 

Concept of Lowering of vapor pressure of solvent in solution  
 The vapour pressure of a liquid solvent is lowered when a non –volatile solute is dissolved in 

it to form a solution.  

 In case of pure solvent, its surface area is completely occupied by volatile solvent molecules.  

 In case of solution of nonvolatile solute, its surface area is not completely available for 

volatile solvent but it is partly occupied by non volatile solute.  

 Hence, rate of evaporation of the solution will be less as compared to that of pure solvent  

 Thus vapour pressure of solution is lower than that of the pure solvent.  

Definition: The difference between vapour pressures of pure solvent and the vapor pressure 

of solvent from solution is called vapour pressure lowering  

 

 
 

Describe the experiment for lowering of vapor pressure of solvent due to addition of 

non-volatile solute.  
 Consider three beakers numbered as 1, 2, and 3 containing 100 ml each of pure solvent 

water, 1M copper sulphate and 2 M copper sulphate solution respectively.  

 The three beakers are placed in airtight dessicator, so that at constant temperature, solvent 

from all the three beakers evaporates and condense and equillibrium is reached.  

Observations at Equillibrium 

Beaker 1 is empty i.e solvent evaporates completely from beaker 1.  
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In beaker 2, conc.Of copper sulphate does not change i.e. volume of solution remains almost 

same. 

In beaker 3, condensation of solvent takes place hence volume of solution becomes almost 

200 ml and conc. Of solution becomes 1M i.e. almost equal to that of beaker 2.  

 

 
Conclusion of experiment  
Vapor pressure of pure solvent water is maximum.  

Vapor pressure of 1 M copper sulphate is intermediate.  

Vapor pressure of 2 M copper sulpahte is minimum.  

Thus lowering of vapor pressure of solvent takes place due to addition of non-volatile 

solute.  

Mathematical Expression for lowering of vapour pressure  
 If is the vapour pressure of pure solvent is p0

1 and p is the vapour pressure of the solution of 

nonvolatile solute in the same solvent, then and the lowering of vapour pressure is,  

             ∆p = p0
1--  p 

The relative lowering of vapour pressure: The relative lowering of vapour pressure for the 

given solution is the ratio of vapour pressure lowering of solvent from solution to the vapour 

pressure of pure solvent. Thus,  

Relative lowering of vapour pressure =
∆𝑝

𝑃1
0 =

    𝑃1
0−𝑃

𝑃1
0  

Raoult’s Law 

The partial vapour pressure of any volatile component of a solution is the product of vapour 

pressure of that pure component and the mole fraction of the component in the solution 

The Raoult’,s law can also be stated  as “For a solution of two volatile liquids, the vapour 

pressure of each liquid in the solution is less than the respective vapour pressure of the pure 

liquids and the equilibrium partial vapour pressure of the liquid is directly proportional to its 

mole fraction. 

For a solution containing two liquids A and B, the partial vapour pressure of liquid A 

is 

 
The proportionality constant is obtained by considering the pure liquid when χA= 1 then k = 

P°A, the vapour pressure of pure liquid, hence 
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Ideal Solutions 

Those solutions in which solute-solute (B-B) and solvent-solvent (A-A) interactions are 

almost similar to solvent solute (A-B) interactions are called ideal solutions. These solutions 

satisfy the following conditions 

 

Ideal Solutions 

Those solutions in which solute-solute (B-B) and solvent-solvent (A-A) interactions are 

almost similar to solvent solute (A-B) interactions are called ideal solutions. These solutions 

satisfy the following conditions 

 
 

(i) Solution must obey Raoult‟s law, i.e., 

 
(ii) ΔHmix = 0 (No energy evolved or absorbed) 

(iii) ΔVmix = 0 (No expansion or contraction on mixing) 

Some solutions behave like nearly ideal solutions, e.g., benzene + toluene. n-hexane + 

nheptane, ethyl iodide + ethyl bromide, chlorobenzene + bromobenzene. 

Non-ideal Solutions 

Those solutions which shows deviation from Raoult‟s law is called non-ideal solution. 

For such solutions, 

ΔHmix≠ 0 

ΔVmix≠ 0 

(a) Non-ideal solutions showing positive deviation In such a case, the A – B 

interactions are weaker than A – A or B – B interactions and the observed vapour 

pressure of each component and the total vapour pressure are greater than that 

predicted by Raoult‟s law 

 
For such solutions 
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(b) Non-ideal solution showing negative deviation In such a case, the A – B 

interactions are stronger than A – A or B – B interactions and the observed vapour 

pressure of each component and the total vapour pressure are lesser than that 

predicted by Raoult‟s law 
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Azeotropic Mixture 

A mixture of two liquids which boils at a particular temperature like a pure liquid and distils 

over in the same composition is known as constant boiling mixtures. These are formed by 

nonideal solutions. 

(i) Minimum boiling azeotropesare formed by those liquid pairs which show positive 

deviation from ideal behaviour. Such azeotropes have boiling points lower than either of the 

components, e.g., C2H5OH (95.57%) + H2O (4.43%)(by mass). 

(ii) Maximum boiling azeotropesare formed by those liquid pain; which show negative 

deviation from ideal behaviour. Such azeotropes have boiling points higher than either of the 

components. e.g., H2O(20.22O%)+ HCl (79.78%] by mass. 

Colligative Properties 

[Colligatil1e : from Latin. = Co mean „together'; ligare means „to bind‟.] 

Colligative properties are those properties which depends only upon the number of solute 

particles in a solution irrespective of their nature. 

 

Relative Lowering of Vapour Pressure 

It is the ratio of lowering in vapour pressure to vapour pressure of pure solvent. The relative 

lowering in vapour pressure of solution containing a nonvolatile solute is equal to the mole 

fraction of solute in the solution 

 
 

 

Above expression is used to find the molecular weight of an unknown solute dissolved in a 

given solvent. Where, WB and WA = mass of Solute and solvent respectively. MB and MA = 

molecular weight of solute and solvent respectively. 

Ostwald and Walker method is used to determine the relative lowering of vapour pressure. 
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Elevation in Boiling Point (ΔTb) 

Boiling point of a liquid is the temperature at which its vapour pressure becomes equal to the 

atmospheric pressure. As the vapour pressure of a solution containing a nonvolatile solute is 

lower than that of the pure solvent, it boiling point will be higher than that of the pure solvent 

as shown in figure. The increase in boiling point is known as elevation in boiling point, ΔTb 

 

 
ΔTb= Tb – T°b 

ΔTb= Kb m (where; m = molality) 

Kb is molal elevation constant or ebullioscopic constant. Molecular mass of solute can be 

calculated as 

 

 
 

 
where, WB and WA = mass of solute and solvent respectively. 

Kb has units of K / m or K kg mol-1, for water, Kb = 0.52 K kg mol-1 

The boiling point elevation of a solution is determined by 

(i) Landsberger‟s method 

(ii) Cottrell‟s method 

Depression in Freezing Point (ΔTf) 

Freezing point of a liquid is the temperature at which vapour pressure of the solvent in its 

liquid and solid phase become equal. As we know that vapour pressure of solution containing 

non-volatile solute is lower than that of pure solvent, solid form gets separated out at a lower 

temperature as shown in the figure. 
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This decrease in freezing point of a liquid is known as depression in freezing point. 

Depression in freezing point (ΔTf) = T°f– Tf 

 
where, Kfis molal depression constant or cryoscopic constant. 

Kfhas units of K / m or K kg mol-1. 

Ethylene glycol is usually added to water in the radiator to lower its freezing point. It is called 

antifreeze solution. 

[Common salt (NaCI) and anhydrous CaC12 are used to clear snow on the roads because they 

depress the freezing point of water. The freezing point depression is determined by 

Beckmannmethod or Rast method.] 

Calculations of molal elevation constant (Kb) and molal depression constant (Kf) 

 
 

Semi permeable membrane:  
 It is a membrane which allows the solvent molecules, but not the solute molecules, to pass 

through it. The thin films of the copper ferrocyanide , deposited in pores of porous porcelain 

pot is the best semipermeable membrane. Cu2 [Fe(CN)]6 Cellulose, cellulose nitrate, animal 

bladder, etc. are used as semi permeable membranes.  

Osmosis  
When a solution is separated from pure solvent by a semipermeable membrane as shown in 

figure, the solvent molecules pass through the membrane into the solution and dilute it.  

Similarly, when two solutions of different concentrations are seperated by semipermeable 

membrane then the direction of flow of solvent molecules is from the solution of lower 

concentration to the solution of higher concentration.  

Due to flow of solvent into the high concentrated solution, the solution gets diluted. The flow 

continues till the concentrations of the two solutions become equal  
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Definition of Osmosis-  
The spontaneous and unidirectional flow of solvent molecules through a semi permeable 

membrane, into the solution or flow of solvent from a solution of lower concentration to the 

solution of higher concentration through a semi permeable membrane is called osmosis 

Describe the Abbe Nollet Experiment for osmosis  
 The apparatus consists of a long stem thistle funnel.  

 The mouth of the thistle funnel is closed by semipermeable membrane like pig’s bladder.  

 Sucrose solution of some concentration is then filled in the thistle funnel.  

 The thistle funnel is then placed in beaker containing water in inverted position.  

 The net flow of solvent molecules occurs into the solution through the semipermeable 

membrane.due to this, the original volume of the solution increases and the liquid level of 

solution rise.Hydrostatic pressure is developed due to the liquid column in thistle funnel.  

due to osmosis, solvent molecules from beaker enter into thistle funnel through 

semipermeable membrane. The liquid level in the thistle funnel tube rises until the excess 

pressure so produced is sufficient to stop the flow of solvent molecules. The equilibrium is 

reached when the hydrostatic pressure of the column matches the osmotic pressure.  

Osmotic Pressure: The excess of pressure on the side of solution that stops the net flow of 

solvent into solution through semipermeable membrane is called osmotic pressure.  

Note: The osmotic pressure is not the pressure produced by solution. It exists only when the 

solution is separated from the solvent by the semipermeable membrane. The resulting 

osmosis produces an excess pressure (osmotic pressure) in the solution. The entry of the 

solvent into the solution causes its dilution and concentration changes.  

 

 

 

 
Drawbacks of Abbe Nollet Experiment:  

 

Remedy for Abbe Nollet Experiment:  
 The experimental set up must have the arrangement for applying an external mechanical 

pressure on the solution so that there is no flow of solvent and concentration remains 

unchanged. The external pressure applied to stop osmosis is a measure of osmotic pressure.  
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Alternative Definition of Osmotic Pressure (π)  

 Osmotic pressure of a solution can also be defined as the excess mechanical pressure which 

must be applied on the side of solution to stop the flow of solvent molecules through 

semipermeable membrane into the solution.  

 

 
 

where, d = density, R = solution constant, 

T = temperature, MB = molar mass of solute 

Osmotic pressure can be determined by anyone of the method listed below 

(i) Pfeffer‟s method 

(ii) Berkeley and Hartley‟s method (very good method) 

(iii) Morse and Frazer‟s method 

On the basis of osmotic pressure, -the solution can be 

(i) Hypertonic solution A solution is called hypertonic if its osmotic pressure is higher than 

that of the solution from which it is separated by a semipermeable membrane. When a plant 

cell is placed in a hypertonic solution, the fluid from the plant cell comes out and cell shrinks, 

this phenomenon is called plasmolysis. 

(ii) Hypotonic solution A solution is called hypotonic if its osmotic pressure is lower than 

that of the solution from which it is separated by a semipermeable membrane. 

(iii) Isotonic solution Two solutions are called isotonic if they exert the same osmotic 

pressure. These solutions have same molar concentration. 0.91% solution of pure NaCl is 

isotonic with human RBC‟s. 

Two solutions are isotonic if they have the same molar concentration, e.g., if x % solution of 

X is isotonic with y % solution of Y, this means molar concentration of X = Molar 

concentration of Y  

Osmotic pressure method is the best method for determining the molecular masses of 

polymers since observed value of any other colligative property is too small to be measured 

with reasonable accuracy. 

Reverse osmosis When the external pressure applied on the solution is more than osmotic 

pressure, the solvent flows from the solution to the pure solvent, I which is called reverse 

osmosis. Desalination of sea water is done by reverse Osmosis. 

Abnormal Molecular Masses 

In some cases, observed colligative properties deviate from their normal calculated values 

due to association or dissociation of molecules. As we know, 

Colligative property ∝ 1 / MB 

lienee, higher and lower values of molar mass is observed in case of association and 

dissociation respectively, e.g., in benzene, acetic acid gets associated, so, its observed 

molecular mass is 120. Similarly KCI undergoes dissociation in aqueous solution, so its 

observed molecular mass is 37.25. 

These observed values are corrected by multiplying with van‟t Hoff factor (i). 
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Osmosis in day today life:  
A raw mango kept in a concentrated salt solution loses water due to osmosis and shrivel into 

pickle. A limp carrot and celery due to water loss into atmosphere can be placed into water 

making it firm once again. Water moves in carrot due to osmosis. People eating lot of salt 

experience edema i.e. swelling of tissue cells due to water retention in cells. The preservation 

of fruits by adding sugar protects against bacterial action. Due to osmosis, a bacterium on 

candid fruit loses water, shrivels and dies. 0.91 % solution of sodium chloride (called saline 

water) is isotonic with Human Blood. Thus medicines are mixed with saline water during 

intravenous injections which prevents blood cells from shrinking or bursting.  

When blood cells are kept in hypertonic solution (5% NaCl), water comes out of the cells and 

they shrink in size. While when blood cells are kept in hypotonic solution (Distilled water) 

water flows into the cell and they swell or burst.. 

 Osmotic pressure is responsible for transporting water upward from soil to top of trees. In 

plants the leaves of the tree loose water to the atmosphere constantly by transpiration. The 

solute concentration in leaf fluid increases and water is pulled up by osmotic pressure. In case 

of some of the tall trees, water reaches to the height of almost 120 meters by osmosis and 

capillary action.  

Laws of osmotic pressure:  
 According to the theory, solute molecules in dilute solutions possess kinetic energy and 

move in random directions in the solution and behave like gas molecules.  

 On collision against semipermeable membrane, the solute molecules exert osmotic pressure 

equal to the pressure, which the solute molecules would exert if it were gas molecules at the 

same temperature and occupying the same volume as the solution.  

 Thus the osmotic pressure could be considered to be due to bombardment of solute particles 

on semipermeable membrane.  

 The osmotic pressure is thus directly proportional to the number of solute particles or the 

concentration of solute at constant temperature.  

State Van’t Hoff – Boyle’s Law and its math ematical expression.  
At constant temperature the osmotic pressure of a dilute solution is directly proportional to 

its molar concentration or inversely proportional to the volume of the solution.                                

𝝅  𝜶  𝑪 

If n moles of solute is dissolved in V liters then 

  C= n/V 

Hence, 𝝅  𝜶  𝒏/𝑽  or  𝝅  𝜶  𝟏/𝑽 for constant n hence , 

πV = constant or π/C = constant 

State Van’t Hoff – Boyle’s Law and its math ematical expression 
The concentration remaining constant ; the osmotic pressure of a dilute solution is directly 

proportional to the absolute temperature.                                                                              

𝝅  𝜶  𝑻i.e.π/T = constant 

 

van’t Hoff Factor (i)It is the ratio of observed value of colligative property to the calculated 

value of colligative property. 

i = observed value of colligative property / calculated value of colligative property 

or i = normal molecular mass / observed molecular mass 

 

or i = number of particles after association or dissociation / number of particles initially So to 

correct the observed value of molar mass, van‟t Hoff factor (i) must be included in different 

expressions for colligative properties. 
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Degree of Dissociation (α) and van’t Hoff Factor (i) 

(i) If one molecule of a substance gets dissociated into n particles or molecules and α is the 

degree of dissociation then 

 

 
Degree of Association (α) and van’t Hoff Factor (i) 

If n molecules of a substance A associate to form Anand α is the degree of association then 

 

 
van‟t Hoff factor (i) > 1 for solutes undergoing dissociation and it is < 1 for solutes 

undergoing association 


