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CHEMISTRY NOTES: CLASS 12TH
  

CHAPTER- 01:   SOLUTIONS 

 

1. INTRODUCTION  

A solution is a homogeneous mixture of two or more substances. A solution may exist in any phase. A 

solution consists of a solute and a solvent. The solute is the substance that is dissolved in the solvent. 

The amount of solute that can be dissolved in solvent is called its solubility. For example, in a saline 

solution, salt is the solute dissolved in water as the solvent. For solutions with components in the same 

phase, the substances present in lower concentration are solutes, while the substance present in highest 

abundance is the solvent. Using air as an example, oxygen and carbon dioxide gases are solutes, while 

nitrogen gas is the solvent. 

In this chapter, we will learn about the various components of a solution and the ways in which 

concentration of solutions are expressed. 

2. TYPES OF SOLUTION  

Types of Solutions Solute Solvent Examples 

Gaseous solutions Gas Gas Mixture of O2 and N2 

  Liquid Gas Chloroform mixed with N2 Gas 

  Solid Gas Camphor in nitrogen gas 

        

Liquid Solutions Gas Liquid Oxygen dissolved in water 

  Liquid Liquid Ethanol dissolved in water 

  solid Liquid Glucose dissolved in water 

        

Solid Solutions Gas solid Solution of H2 and Pd 

  Liquid solid Amalgam of Hg with Na 

  Solid solid Alloy 

Amongst the nine type of solutions, the important ones are  

a) Solid-liquid           b) Liquid-Liquid                     c) Gas-Liquid  

a) Liquids in Liquids:  In the solution of liquids in liquids such as alcohol in water, the constituent 

present in smaller amounts is designated as solute and the constituent present in larger amounts is called 

the solvent. When two liquids are mixed, three different situations may arise:  

https://www.thoughtco.com/mixture-definition-chemistry-glossary-606374
https://www.thoughtco.com/definition-of-phase-in-chemistry-604603
https://www.thoughtco.com/definition-of-solute-and-examples-605922
https://www.thoughtco.com/definition-of-solvent-604651
https://www.thoughtco.com/definition-of-solubility-604649
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(i) Both the liquids are completely miscible, i.e., when, two liquids are mixed, they dissolve in each other 

in all proportions, e.g., alcohol and water, benzene and toluene. 

(ii) The liquids are partially miscible, i.e., they dissolve in each other only to a certain extent, e.g., water 

and phenol.  

(iii) The liquids are immiscible, i.e., they do not dissolve in each other, e.g., water and benzene, water 

and toluene.  

The solubility of liquids in liquids generally increases with rise in temperature.  

b) Gases in Liquids: Gases are generally soluble in liquids. Oxygen is sufficiently soluble in water, 

which allows the survival of aquatic life in ponds, rivers and oceans. Gases like CO2 and NH3 are soluble 

in and water. The nature solubility of the of gas in a liquid depends on the pressure, temperature, and 

the nature of gas and the solvent.  These factors are discussed below in detail :  

1. Effect of Pressure: The variation of solubility of a gas in a liquid with pressure is governed by Henry’s 

law. The law states that “The mass or mole fraction, of a gas dissolved in a solvent is directly 

proportional to the partial pressure of the gas.” 

Henry’s law is represented by x= Kp where K is a constant, p is the partial pressure of the gas and x  is 

the mole fraction of the gas in the solution. Let us now see what are the conditions for the validity of 

Henry’s law.  

i.  Conditions for validity of Henry’s law: It is found that gases obey Henry’s law under the following 

conditions.  

(i) the pressure is not too high.  

(ii) the temperature is not too low.  

(iii) the gas does not dissociate, associate or enter into any chemical reaction with the solvent.  

ii. Effect of temperature: The solubility of a gas in a liquid at constant pressure decreases with rise in 

temperature.  

iii) Effect of the nature of the gas and the solvent: Gases like CO2, HCl and, NH3 are highly soluble 

in water where as H2, O2 and N2, are sparingly soluble.  

C. Solid in liquids: When a solid is dissolved in a liquid, the solid is referred as the solute and the 

liquid as the solvent. For example- in a solution of sodium chloride in water, the solute is sodium 

chloride and water are the solvent. Different substances dissolve to different extent in the same solvent. 

The Solubility of solid into liquid depends upon :- i) Nature of solute   ii) Nature of Solvent   iii) 

Temperature  

METHODS OF EXPRESSING CONCENTRATION OF SOLUTION  

 

1.  Mass/Weight Percentage or Per cent by Mass/Weight :  

  

It is defined as the amount of solute in grams present in 100 grams of the solution.     
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a. The ratio mass of solute to the mass of solvent is termed as mass fraction. 

b. Thus, Mass percentage of solute = Mass fraction × 100   

c. 10% solution of sugar  by mass means that 10 grams of sugar is present in 100 grams of the solution, 

2. Volume Percentage 

a. It is defined as the volume of solute in mL present in 100 mL solution.     

 

b. 10% solution of HCl by volume means that 10 mL of liquid HCl is present in 100 mL of the 

solution.  

3. Mass by Volume Percentage  

a. It is defined as the mass of solute present in 100 mL of solution.     

 

b. A 10% mass by volume solution means that 10 gm solute is present in 100 mL of solution.  

4. Molarity 

a. The molarity of a solution gives the number of gram molecules of the solute present in one litre of 

the solution. 

 

b. Thus, if one gram molecule of a solute is present in 1 litre of the solution, the concentration of the 

solution is said to be one molar. 

c. Units of molarity: mol L-1 

Molarity of dilution:   

Before dilution                After dilution   

        M1V1                =              M2V2   

Molarity of mixing:   

Let there be three samples of solution (containing same solvent and solute) with their molarity M1, M2, 

M3 and volumes V1, V2, V3 respectively. These solutions are mixed; molarity of mixed solution may be 

given as:   

M1V1 + M2V2 + M3V3 = MR(V1 + V2 + V3)   

Where MR = resultant molarity          

V1 + V2 + V3 = resultant molarity   

Molarity is dependent on volume, therefore, depends on the temperature.  
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5. MOLALITY 

 

a. Molality of a solution is defined as the number of moles of solute dissolved in 1 Kg of the solvent. 

 

b. Thus, if onegram molecule of a solute is present in 1 kg of the solvent, the concentration of the 

solution is said to be one molal. 

c. Units of molarity: mol kg-1??? 

d. Molality is the most convenient method to express the concentration because it involves the mass 

of liquids rather than their volumes. It is also independent of the variation in temperature. 

e. Molality and solubity are related by the following relation. 

Molality = Solubility×10/Molecular mass of the solute 

[Solubility = Mass of solute in grams/Mass of solvent in grams × 100] 

6. MOLE FRACTION  

a. The mole fraction of any component in a solution is the ratio of the number of moles of 

that  component to the total number of moles of all components . 

b. Total mole fraction of all the components of any solution is 1. 

c. For a binary solution of A and B 

Mole Fraction of A (XA) =  

 

Mole Fraction of B (XB) =                         And, XA+XB = 1 

 

 

VAPOUR PRESSURE OF LIQUID SOLUTIONS 

 

Liquid Solution is formed when we dissolve a solid, liquid or gas in a particular liquid solvent. Vapour 

Pressure of liquid solutions is defined as the pressure exerted by the vapours on the liquid solvent when 

kept in equilibrium and a certain temperature. It varies with the nature of liquid and temperature of the 

surroundings. Some characteristics of the vapour pressure of liquid solutions are as follows: 

1. The pure liquid has more vapour pressure as compared to liquid’s solution. For Example, take two 

beaker one filled with water and other with lemon juice and water, you’ll find that the beaker filled with 

water has more vapour pressure 

2. Vapour pressure is inversely proportional to forces of attraction between molecules of a liquid 

3. Vapour pressure increases with increase in temperature, as molecules gain kinetic energy and vapourise 

briskly 
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Liquid solution can contain volatile solute and solvent as well. In most cases, the solvent is volatile in 

nature and the solute left out to be non-volatile. Vapour pressure can be evaluated in two cases which 

are: 

1. Vapour pressure of liquid-liquid solutions that is, solute and solvent both are in liquid phase 

2. Vapour pressure of solid- liquid solutions that is, solute is in solid state and solvent is in liquid phase 

 

VAPOUR PRESSURE OF LIQUID-LIQUID SOLUTIONS 

 

To find out vapour pressure of the liquid-liquid solution, we take two volatile liquid solutions and name 

their liquid component as A and B. When we place the volatile liquid with their components in a closed 

vessel, we find that equilibrium is established between the liquid phase and vapour phase. 

Suppose Ptotal is the overall vapour pressure at an equilibrium state and let PA and PB be the partial vapour 

pressures of components A and B respectively. Adding further, the mole fraction of respective 

components is xA and xB respectively. 

To evaluate vapour pressure of volatile liquids, we use Raoult’s Law. 

  

RAOULT’S LAW 

In 1986, a French Chemist named Francois Marte Raoult proposed a quantitative relation between 

partial pressure and mole fraction of volatile liquids. The law states that mole fraction of the solute 

component is directly proportional to its partial pressure. 

So, according to Raoult’s Law, the partial pressure of A will be                

PA ∝ xA,         PA = PA
0 xA                                                      Graph between mole fraction and vapour pressure 

in liquid-liquid solution 

where PA
0 is the vapour pressure of pure liquid component A. Similarly, partial pressure of B will be 

PB ∝ xB,         PB = PB
0 xB 

where PB
0 is the vapour pressure of pure liquid component B. 

Now, by Dalton’s law of partial pressures, this states that total pressure ( Ptotal) the solution placed in a 

container is the sum of partial pressures of its respective components. That is 

Ptotal = PA + PB ,       Ptotal = PA
0 xA + PB

0 xB 

Also since, xA + xB = 1 the relation can also be re-written as,     Ptotal = PA
0 + (PB

0 - PA
0) xB 

 

Conclusions on Vapour pressure relation in liquid-liquid solutions 

Following conclusions are observed from the following relation. 

a. Total vapour pressure relies on mole fraction of any one of the component that is, either A or B. For 

Example, the equation can also be written as 

Ptotal = PB
0 + (PA

0 – PB
0) XA 

https://files.askiitians.com/cdn1/images/2017727-131727186-5690-graph-between-mole-fraction-and-vapour-pressure-in-liquid-liquid-solution.gif
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b. We can draw a linear graph between total pressure and mole fraction of any of the following 

component 

c. Total vapour pressure increases or decreases with respect to mole fraction of component A, 

depending on pure vapour pressures of components A and B 

If the components are in vapour form, the total vapour pressure can be calculated as 

PA = yA Ptotal,          PB = yB Ptotal 

where yA and yB are mole fraction of components A and B in the vapour phase. 

 

Vapour Pressure of Solutions of Solids in Liquids 

Another type of solutions is solids in liquid solution, in which we take solid as the solute and liquid as 

the solvent. For example, when we dissolve glucose, sugar or salt in water, we get solids in liquids type 

of solution. Generally, the solute is non-volatile in nature and the vapour pressure is less than the pure 

vapour pressure of the solution. 

 

Why Vapour Pressure decreases when we add a non-volatile solute in the solvent? 

The decrease in vapour pressure is due to: 

1. As evaporation is a surface phenomenon, the more the surface, the greater the evaporation and hence 

more the vapour pressure. In a pure liquid, there is more surface area available for the molecules to 

vapourise, thereby have more vapour pressure. On the other hand, when we add a non-volatile solute, 

the solvent molecules get less surface to escape and hence experience low vapour pressure 

2. The number of molecules evaporating or leaving the surface is much greater in pure liquid solutions to 

that of non-volatile solute in solvent 

                                                      
Pure solvent has more number of molecules on the surface as compared to non-volatile solute- 

solvent solution 

To find out overall vapour pressure of the solid-liquid solution, we consider a solution in which lets say 

A is solvent and B is solute. According to Raoult’s law, we know that partial vapour pressure of 

individual component (solute/solvent) is directly proportional to its mole fraction. 

Now, when we add a non-volatile solute, it is obvious that vapour pressure will only come from the 

solvent part, as they are an only available component in the vapour phase. Hence, if PA is the vapour 

pressure of the solvent, xA is its mole-fraction and PA
0 is the vapour pressure of the pure solvent, then 

by Raoult’s law, the relation will come out to be: 

PA ∝ xA,         PA = PA
0 xA 

https://files.askiitians.com/cdn1/images/2017727-133919187-5812-pure-solvent-has-more-number-of-molecules-on-the-surface-as-compared-to-non-volatile-solute--solvent-solution.png
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Graph between Vapour Pressure and mole fraction in case of solid in liquid solution. 

When we plot a graph between mole fraction of solvent and vapour pressure, we find its nature to 

be linear. 

IDEAL AND NON-IDEAL SOLUTION  

The binary liquid-liquid solution may be classified into two types : 1. Ideal solutions 2.  Non-ideal 

solutions 

1) IDEAL SOLUTIONS 

An ideal solution may be defined as the solution which obeys Raoult’s law over the entire range of 

concentration. 

a. Such solutions are formed by mixing two components which are identical in molecular size, in structure 

and have almost identical intermolecular forces. 

b. The intermolecular interactions between the components (A – B attractions) are of same magnitude as 

the intermolecular interactions in pure components (A- A and B-B attractions). 

According to Raoult’s law, the partial vapour pressure of two components of the solution may be given 

as :  pA = pA°xA 

pB = pB°xB 

Total pressure p is given by 

p= pA +pB 

p= pA°xA + pB°xB 

The ideal solutions have also the following characteristics:  

1) Heat change on mixing is zero: Since there is no change in magnitude of the attractive forces in the 

two components present, the heat change on mixing i.e. ΔmixingH in such solutions must be zero. 

2) Volume change on mixing is zero: In ideal solutions, the volume of the solution is the sum of the 

volumes of the components before mixing i.e. there is no change in volume on mixing or Δmixing V is 

zero. 

The solutions generally tends to become ideal when they are dilute. 

The characteristics of an ideal solution may be summed up as follows 

(i) It must obey Raoult’s law. 

(ii) Δmixing H should be zero. 

(ii) Δmixing V should be zero. 

https://files.askiitians.com/cdn1/images/2017727-134118793-3506-graph-between-vapour-pressure-and-mole-fraction-in-case-of-solid-in-liquid-solution..png
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Example of Ideal Solutions(i) Benzene and toluene (ii) n-hexane and n-heptane 

Solutions which obey Raoult’s law are called ideal liquid solution. 

 

Composition in Vapour Phase 

The composition of vapour phase in equilibrium with the solution is determined by the partial pressure 

of the components. If y1and y2 are the mole fraction of the two components 1 and 2 respectively in the 

vapour phase, then according to Dalton’s law of partial pressures: 

Partial pressure of a component =Mole fraction of the component x Total pressure 

p1= y1 p 

p2 =y2 p 

In general, Pi = yi p total 

Mole fraction of component 1 in vapour phase y1 = p1/p 

Mole fraction of component 2 in vapour phase, y2 = p2 /p 

 Mole fraction of a component in vapour phase = Partial vapour pressure of component  

                                                                            —————————————————- 

                                                                                     Total Vapour Pressure 

 

2) NON-IDEAL SOLUTIONS 

The solutions which do not obey Raoult’s law over the entire range of concentration are called non-

ideal solutions. Therefore, for such solutions 

pA ≠ pA° xA 

pB ≠ pB° xB 

The vapour pressure of such solutions is either higher or lower than that predicted by Raoult’s law. 

In non-ideal solutions, there is a noticeable change in volume and heat energy when the two components 

are mixed.Most of the solutions are non-ideal because they deviate from ideal behaviour to more or less 

extent. 

Thus, for non-ideal solutions, 

a) none of the components obey Raoult’s law over the entire composition range, i.e. 

pA ≠ pA° xA and  pB ≠ pB° xB 

b) Δmixing H is not equal to zero 

(ii) Δmixing V is not equal to zero 

Types of Non-ideal Solutions 

Non-ideal solutions show positive and negative deviations from the ideal behaviour depending upon 

their nature. 

(1)  Non-ideal solutions showing positive deviations from Raoult’s law 

Consider a binary solution of two components A and B. 
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If the A-B interactions in the solutions are weaker than the A-A and B-B interactions in the two liquids 

forming the solution, then the escaping tendency of A and B types of molecules from the solution 

becomes more than from pure liquids. As a result, each component of solution has a partial vapour 

pressure greater than expected on the basis of Raoult’s law. The total vapour pressure will be greater 

than corresponding vapour pressure expected in case of ideal solution of the same composition. This 

type of behaviour of solution is described as positive deviations from Raoult’s law.  

pA >pA° xA  and  pB >pB° xB 

The total vapour pressure, p= pA+ pB is always greater than (pA° xA +  pB° xB ). Examples of 

solutions showing positive deviations are : (i) Ethyl alcohol and cyclohexane (ii) Acetone and carbon 

disulphide 

  

Explanation for positive deviations. 

In ethyl alcohol, the molecules are held together due to hydrogen bonding. When cyclohexane is added 

to ethyl alcohol, the molecules of cyclohexane tend to occupy the spaces between ethyl alcohol 

molecules. Consequently, some hydrogen bonds in alcohol molecules break and the attractive forces in 

alcohol molecules are weakened. The escaping tendency of alcohol and cyclohexane molecules from 

the solution increases. Consequently, the vapour pressure of the solution is greater than the vapour 

pressure as expected according to Raoult’s law. 

(i) ΔmixingH is positive because energy is required to break A-A or B-B attractive forces. Therefore, 

dissolution process is endothermic. 

(ii)Because of the decrease in the magnitude of intermolecular forces in solutions, the molecules will be 

loosely held and, therefore, there will be increase in volume on mixing. Thus, ΔmixingV will be positive. 

(iii) Since the dissolution process in endothermic, heating will increase the solubility of such a solution. 

 

(2 ) Non-ideal solutions showing negative deviations from Raoult’s law. 

In such solutions, the A-B interactions are stronger than the A-A and B-B 

interactions present in the two liquids forming the solution. Due to stronger A-B interactions, the 

escaping tendency of A and B types of molecules from the solution becomes less than from pure liquids. 

Consequently, each component of the solution has a partial vapour pressure less than expected on the 

basis of Raoult’s law. As a result , the total vapour pressure becomes less than the corresponding 

vapour pressure expected in case of ideal solution. 

pA < pA° xA  and pB < pB° xB 

p= pA+ pB is always less than (pA° xA +  pB° xB ) 

Examples of Negative Deviation  (i) Acetone and chloroform (ii) Chloroform and diethyl ether 
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Explanation for Negative Deviations 

When acetone and chloroform are mixed there are new attractive forces due to intermolecular hydrogen 

bonding. Thus the attractive forces become stronger and the escaping tendency of each liquid from the 

solution decreases. Therefore, the vapour pressure of the solution is less than that expected for an ideal 

solution. 

1. ΔmixingH is negative because energy is released due to increase in attractive forces. Therefore, 

dissolution process is exothermic and heating the solution will decrease solubility. 

2. Because of the increase in the magnitude of forces of attraction in solutions, the molecules will be 

loosely held more tightly. Therefore, there will be decrease in volume on mixing. Thus, ΔmixingV will be 

negative. 

 

AZEOTROPES 

a) Some solution exhibit very large positive deviation from Raoult’s law that there is a maximum in the 

vapour pressure curve which is above the vapour pressure of either pure components. For one of the 

intermediate composition, the total vapour pressure of such a solution will be the highest and the 

boiling point will be the lowest. At this point, the composition of liquid and vapour phase is same and 

the liquid mixture boils at constant temperature and remains unchanged in composition. Therefore, this 

liquid mixture distills over as if it is a pure liquid. Solution acquires the property of boiling at constant 

temperature and remains unchanged in composition.The solutions (liquid mixtures) which boil at 

constant temperature and can distil unchanged in composition are called azeotropes or azeotropic 

mixtures.Thus, the azeotropes distil over as if it were pure liquids. These types of solutions 

are called minimum boiling azeotropes. 

b) In the case of solutions showing negative deviations, total vapour pressure becomes less than the 

corresponding ideal solution of same composition. The boiling points of such solutions are increased. 

For one of the intermediate composition, the total vapour pressure will be the least and the boiling point 

will be the highest. At this composition, the solution also boils at constant temperature without a change 

in composition. This is also called azeotrope. The solutions which show negative deviations 

from Raoult’s law are called maximum boiling azeotropes because they have a composition having 

maximum boiling point 

Colligative property  

Colligative properties are properties of a solution which depend only on the number of particles like 

ions or molecules of the solute in a definite amount of the solvent but not on the nature of the solute. 

These are as follows: 

1. Relative lowering of vapour pressure 

2. Osmotic pressure 

3. Elevation in boiling point 

4. Depression in freezing point 
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1. Relative Lowering in Vapour Pressure 

When a non-volatile solute is added to a solvent, the vapour pressure of the solution decreases. 

Let xA be the mole fraction of the solvent, xB be the mole fraction of the solute and p be the vapour 

pressure of the pure solvent and p be the vapour pressure of solution. Since solute in non-volatile, there 

will be no contribution of solute to the vapour pressure and the vapour pressure of the solution will be 

only due to the solvent. Therefore, the vapour pressure of the solution (p) will be equal to the vapour 

pressure of the solvent (pA), over the solution, i.e.,p=pA. But, according to Raoult’s law, the vapour 

pressure of solvent is equal to the product of its vapour pressure in pure state and its mole fraction,  

pA =p°A xA,  pB = p°B xB 

Since xA is always less than one, the vapour pressure of the solution is always less than pA° i.e., vapour 

pressure of the pure solvent. The lowering in vapour pressure is 

ΔpA = p°A – pA 

ΔpA = p°A – p°A xA 

xA = 1- xB 

ΔpA = p°A – p°A(1- xB ) 

ΔpA = p°A – p°A + p°A xB 

ΔpA  = p°AxB 

ΔpA  

—– = xB 

p°A 

 p°A – pA  

———– = xB 

p°A 

where, pA – p°A (difference in vapour pressure of pure solvent and solution) represents the lowering in 

vapour pressure on the formation of solution and (p°A – pA )/p°A  gives the relative lowering in vapour 

pressure. Thus, the relative lowering in vapour pressure of an ideal solution containing the non-volatile 

solute is equal to the mole fraction of the solute at a given temperature. 

Relative lowering of vapour pressure-a colligative property 

The relative lowering in vapour pressure depends only on the molar concentration of the solute (mole 

fraction) and is independent of its nature. Therefore, relative lowering in vapour pressure is a colligative 

property 

Determination of Molar Mass of a Solute from Relative Lowering in Vapour Pressure 

A known mass of the solute is dissolved in a known quantity of solution and relative lowering in vapour 

pressure is measured experimentally. 

According to Raoult’s law, the relative lowering in vapour pressure on the addition of a non-volatile 

solute to the solvent is: 

(p°A – pA ) 

————— = xB 

  p°A 
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Suppose wA and wB are the weights of the solvent and solute respectively and MA and MB are their 

corresponding molar mass. Then, 

Mole fraction of solute= 

xB 

——– 

nA+nB 

where nA and nB are the moles of the solvent and the solute and 

nA = wA /MA 

nB = wB /MB 

Since the law is applicable to the ideal solutions which are dilute, the molar concentration of the solute 

being very small can be neglected as compared to that of the solvent. Thus, 

 

Thus, the molar mass of the solute can be determined if the other quantities and relative lowering 

in vapour pressure are known. 

2. Elevation in Boiling point 

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

atmospheric pressure.The vapour pressure of the solution containing non-volatile solute is less than that 

of the pure solvent. Therefore, the solution has to be heated to a higher temperature  so that its vapour 

pressure becomes equal to the atmospheric pressure. Thus the boiling point of the solution is always 

higher than that of the pure solvent. 

The difference in the boiling points of the solution (Tb) and pure solvent (Tb°) is called the elevation in 

boiling point (ΔTb). 

 

                                                        
 

The vapour pressure of the pure solvent or solution increases with rise in temperature. 
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a) The curve AB gives the vapour pressure for the pure solvent and the curve CD gives the vapour 

pressure for the solution at different temperatures. 

b) The curve CD representing the vapour pressure of the solution at different temperatures lies below 

the curve AB which corresponds to the vapour pressure of the pure solvent. This is because of the fact 

that the vapour pressure of the solution is less than that of the pure solvent at all temperatures. 

c) The vapour pressure of the pure solvent becomes equal to atmospheric pressure at X (corresponding 

to temperature Tb°) while the vapour pressure of the solution becomes equal to atmospheric pressure at 

Y (corresponding to temperature Tb). 

d) Thus, the b.p. of the pure solvent is Tb° while that of the solution is Tb Since Tb is greater than Tb° 

there is an elevation or increase in boiling temperature of the solution as compared to that the solvent. 

For example: Vapour pressure of water is 1.013 bar (or 1 atm) at 373 K. Therefore, water boils at 373 

K because its vapour pressure at this temperature becomes equal to one atmospheric pressure which is 

1.013 bar.The vapour pressure of an aqueous solution of sucrose is less than 1.013 bar at 373 K 

and therefore, the solution will not boil at 373 K. In order to make the solution to its temperature must 

be increased so that its vapour pressure becomes equal to 1.013 bar (1 atm). 

Mathematically, elevation in boiling point, ΔTb , may be expressed as : 

ΔTb = Tb – Tb° 

The elevation in the boiling point (ΔTb) of a solution is proportional to the molal  concentration of the 

solution, i.e., Tb ∝ m 

ΔTb = Kb m 

where m is the molality of the solution and represent moles of solute in 1 kg of solvent and Kb is 

called molal boiling point elevation constant or molal boiling point constant or ebullioscopic 

constant. 

If m=1 

then 

ΔTb = Kb 

Thus, molal boiling point elevation constant, Kb is defined as the elevation in boiling point for 1 molal 

solution i.e. a solution containing 1 gram mole of solute dissolved in 1000 g of the solvent. 

 

Elevation in boiling point-a colligative property 

Elevation in boiling point is directly proportional to the molal concentration of the solute (i.e., number 

of molecules) and therefore, it is a colligative property. 

 

Determination of Molar Mass of Solute from Elevation in Boiling Point Temperature 

The elevation in boiling point (ΔTb) is useful in determining the molar mass of the solute. 

Let wB gram of a non-volatile solute is dissolved in wA grams of the solvent and MB is the molar mass 

of the solute. 

Therefore, the molality, m of the solution is: 

m = (Moles of solute x 100) / Wt. of solvent in grams 

where moles of solute = wB /MB 

m= (wB × 1000) / MB × wA 

ΔTb = Kb m 

ΔTb = (Kb × wB × 1000) / MB × wA 

Thus , molar mass of solute 
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MB = (Kb × wB × 1000) / ΔTb × wA 

 

Depression In Freezing point  

At the freezing point of a solvent, the solid and the liquids are in equilibrium. This is only possible if 

they have the same vapour pressure. Therefore, a solution will freeze when its vapour pressure becomes 

equal to the vapour pressure of the pure solid solvent. Thus, the freezing point is the temperature at 

which the solid and the liquid states of the substance have the same vapour pressure. When a non-volatile 

solute is added to a solvent, the freezing point of the solution is always lower than that of the pure 

solvent.         

 

The orange curve gives vapour pressure of the pure solvent. The addition of a non-volatile solute lowers 

the vapour pressure and the purple curve gives the vapour pressure curve for the solution at different 

temperature. 

The temperature corresponding to the point where the solid and liquid solvent meet (i.e., solid and liquid 

states have the same vapour pressure) represents the freezing point temperature of pure solvent (Tf°). 

The temperature corresponding to the point where the solid solvent and liquid solution meet (i.e., solid 

and liquid states have the same vapour pressure) represents the freezing point temperature of the solution 

(Tf) 

Since Tf, is less than Tf°, this shows that the freezing temperature of the solution is less than that 

of pure solvent and the depression in freezing temperature (ΔTf) is given as: 

ΔTf = Tf°- Tf 

The depression in freezing point of a solution is proportional to the molal concentration of the solution 

i.e., 

ΔTf  ∝ m 

ΔTf  =Kf  m 

where Kf is the molal freezing point depression constant. It is also called molal cryoscopic constant. 

If m=1 

ΔTf  =Kf 

Thus, molal freezing point depression constant is defined as the depression in freezing point for 1 molal 

solution i.e, a solution containing 1 gram mole of solute dissolved in 1000 g of solvent. 

 

Depression in freezing point- a colligative property 

ΔTf  ∝ m 

The depression in freezing point temperature is directly proportional to the molal concentration of the 

solute (i.e., number of molecules) and therefore, it is a colligative property 

Determination of Molar mass of solute from Depression in Freezing point temperature 

The depression in freezing point temperature (ΔTf) is useful in determining the molar mass of the solute 

(MB). 
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Let wt. of the solute = wB g 

Wt. of solvent = wA g 

Molar mass of the solute = MB 

Molality of solution, m = (wB × 1000) /(MB × wA) 

By substituting the value of m in the relation , ΔTf  = Kf × m 

ΔTf  =( Kf × wB × 1000 ) / MB × wA 

MB  = ( Kf × wB × 1000 ) / ΔTf  × wA 

3. Osmotic pressure 

What is Osmotic Pressure? 

Osmotic pressure is the pressure that we need to apply to stop the flow of solvent molecules from a dilute 

solution to a concentrated solution through a semi-permeable membrane. Now, the above statement has 

many terms that need a thorough explanation. We will look at them one by one. 

Let us consider the semi-permeable membrane. It is a membrane that selectively allows the movement of 

particles through it. At some point or the other, we all have seen shrivelling of raw mango when it is pickled 

in salt water. Blood cells collapse when exposed to saline water. What causes these phenomena? 

What is Osmosis? 

We have observed that when we separate a dilute solution from a concentrated solution of the same type by 

a membrane, the solvent molecules flow from the dilute solution to the concentrated solutions. 

This movement continues until it reaches an equilibrium. This process of flow of solvent molecules due to 

the difference in concentration is osmosis. 

We can stop the flow of solvent molecules through the membrane by applying external pressure. As we 

discussed at the beginning, the pressure that just stops the flow of solvent particles is the osmotic pressure. 

It is true that osmotic pressure is a colligative property as it only depends on the concentration of the solution. 

In other terms, osmotic pressure is the extra pressure that we need apply in order to prevent 

osmosis.  Experimental data shows that this pressure is directly proportional to the molarity (number of 

moles of solute per litre of solution) of the solution at a certain given temperature. Two solutions which have 

the same osmotic pressures at a given temperature are Isotonic solutions. 

Mathematical Proof 

π = CRT 

Where, 

• π=osmotic pressure 

• C=molarity of the solution 

• R=Universal Gas constant: 

• T=Temperature 

Molarity is the number of moles of solute per litre of the solution. Suppose w2 is the mass of solute having 

molar mass M2 in a solution of volume V, then we can write, 

https://www.toppr.com/guides/economics/organisation-of-data/raw-data-classification-of-data-and-variables/
https://www.toppr.com/guides/physics/ray-optics-and-optical-instruments/some-natural-phenomenon-due-to-sunlight/
https://www.toppr.com/guides/science/body-movements/movement/
https://www.toppr.com/guides/chemistry/equilibrium/
https://www.toppr.com/guides/chemistry/structure-of-atom/charged-particles-in-matter/
https://www.toppr.com/guides/physics/force-and-pressure/introduction-to-pressure
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π=w2RT/M2V 

We use the above equation extensively in the determination of the molar mass of complex molecules of 

proteins, polymers and other macromolecules. Scientists use this preferably for bio-molecules as it shows 

a significant value even at room temperature. 

Reverse osmosis 

Reverse osmosis (RO) is a water purification technology that uses a semipermeable membrane to 

remove ions, molecules, and larger particles from drinking water. In reverse osmosis, an applied pressure 

is used to overcome osmotic pressure, a colligative property, that is driven by chemical potential differences 

of the solvent, a thermodynamic parameter. Reverse osmosis can remove many types of dissolved and 

suspended species from water, including bacteria, and is used in both industrial processes and the 

production of potable water. The result is that the solute is retained on the pressurized side of the membrane 

and the pure solvent is allowed to pass to the other side. To be selective this membrane should not allow 

large molecules or ions through the pores holes, but should allow smaller components of the solution such 

as solvent molecules to pass freely. 

Istonic Solution- An isotonic solution refers to two solutions having the same osmotic pressure across 

a semipermeable membrane. This state allows for the free movement of water across the membrane 

without changing the concentration of solutes on either side. 

Hypotonic Solution- A hypotonic solution is any solution that has a lower osmotic pressure than 

another solution. In the biological fields, this generally refers to a solution that has less solute and more 

water than another solution. 

Hypertonic Solution - A hypertonic solution is a particular type of solution that has a greater 

concentration of solutes on the outside of a cell when compared with the inside of a cell. 

ABNORMAL MOLECULAR MASS AND VANT’S HOFF FACTOR  

 A substance is said to have an abnormal molecular/molar mass*when the molecular mass of a 

substance that is determined by measuring any of the colligative properties is different from the 

theoretically expected value. 

*Molecular mass is the sum of the masses of all the atoms present in a molecule. Generally, then 

it is in the range of 10ˉ²⁷ to 10ˉ²⁵ kg. Molar mass is the mass of one mole of any substance and it is 

expressed in grams per mole. 

We have earlier learned to determine the molecular masses of the solute with the help of colligative 

properties i.e.relative lowering in vapor pressure, boiling point elevation, freezing point depression, 

and osmotic pressure. The relation between the molecular mass of solute and colligative properties are 

determined by considering some assumptions like: 

• The solution is diluted to an extent that concentration of solvent is negligible and the solution obeys 

Raoult’s 

• The solute neither undergoes dissociation or association in the solution. 

The abnormality in the molecular mass of the solute particles occurs due to either of the following: 

https://www.toppr.com/guides/chemistry/atoms-and-molecules/molecule-and-molecule-of-elements/
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• Association of solute particles or 

• Dissociation of solute particles 

Association of Solute Particles 

It is possible that some solute molecules start to associate inside the solution. This suggests, that there 

are a decreased number of solute particles in the solution. As colligative properties depend on the number 

of solute particles in the solution, so there will be a decrease in the colligative property along with the 

solute particles. The colligative properties are inversely proportional to the molecular mass of 

solute; thus, we get a higher molar mass of the solute. For Example, ethanoic acid or acetic acid 

(CH3COOH) associate in solution to form a dimer due to hydrogen bonding. 

Dissociation of Solute Particles 

It is very likely that some solute molecules, generally electrolytes dissociate into two or more 

ions/particles when they are dissolved in a solution. This causes an increase in solute particles in the 

solution, hence there is an increase in colligative properties of solutions. As colligative properties and 

molecular mass of solute vary inversely, hence the molar mass of the solute is decreased. 

  

 Vant’s Hoff Factor 

The Vant’s Hoff factor (named after the Dutch chemist Jacobus Henricus van ‘t Hoff) given by the letter 

“i” is a measure of the effect of a solute upon colligative properties. 

The vant’s Hoff factor is defined as the ratio between the actual concentration of particles (solute) 

produced when the substance is dissolved in a solvent and the concentration of a substance as 

calculated from its mass. The van ‘t Hoff factor is basically 1, for most non-electrolytes dissolved in 

water, 

Vant’s Hoff’s factor (i) is also defined as the ratio of the observed colligative property to the calculated 

colligative property.  i = Observed colligative property / Calculated colligative property 

Observed colligative property ∝ 1/Molar Mass 

i = Mc/Mo 

Vant’s Hoff’s factor (i) tells the extent to which association (or) dissociation of solute molecules 

take place. 

Mathematically, i is represented in three forms: 
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i= Normal molar mass / Abnormal molar mass 

= Observed colligative property / Calculated colligative property 

= Total number of moles of particles after the association/dissociation /Number of moles of particles 

before the association/dissociation 

Value of i :    For association, i < 1          dissociation, i > 1,      No association or dissociation, i = 1 

Degree of dissociation (α): It is the fraction of total molecules which dissociate into simpler molecules 

or ions. It is given by the symbol α. 

α= i – 1 / m – 1,          m= number of particles in solution 

Degree of association (α): It is defined as the fraction of the total number of solute molecules which 

combine together to form a bigger molecule. 

α =i – 1 / 1/m – 1,         m = number of particles in solution. 

The table below shows that the different colligative properties change with the dissociation and 

association of the solute particles in the solvent. The values of the colligative properties are given in 

terms of vont’s Hoff factor i. 

 


