
 

Abnormal Molar Masses 

In chemistry, when the molar masses are calculated and if they are 

higher or lower than the expected value are known as abnormal molar 

masses. These are calculated using the colligative properties. 

Colligative properties include; elevation of boiling point, lowering 

relatively of vapor pressure, freezing point depression, and ease of 

osmotic pressure. The name in itself has abnormal in it which suggests 

the abnormality of how the molar masses are being calculated, using 

the Van’t Hoff factor. Let’s find out. 

Introduction to Abnormal Molar Masses 

To understand the abnormal molar masses, first, we need to 

understand the total number of particles left either after the association 

or dissociation of the solute molecules present in a solution or a 

solvent. To study and understand more about more about the 

abnormalities, Dutch chemist Van’t Hoff, discovered (i), which is 

known as the Van’t Hoff’s factor. 
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This factor represents the extension of dissociation or association of a 
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we need to know about the association and dissociation of the solute 

particles. 
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In a solution, some solute molecules start to associate with each other. 

Thus, now there is less number of these particles inside a solution. The 

colligative properties will vary with a number of solute particles in the 

solution. As a result, they will now, start to decrease with the number 

of solute particles being less. 

The molecular mass of the solute is inversely proportional to its 

colligative properties. Thus a decrease in colligative properties will 

lead to an increase in the molecular masses. 

Example: acetic acid or ethanoic acid associate in the solution, when 

dissolved in benzene, dimerizes, because the number of particles and 

hydrogen bondings are reduced. This happens usually with the 

solvents which have low dielectric constants. This experiment 

increases the molar mass more than the expected value achieved 

theoretically. 

Dissociation of Solute Particles 

Contrary to the association, some solute particles will dissociate into 

more ions or particles when they are dissolved in the solution. Thus, 



 

this will increase the number of solute particles in the solution and 

thereby the colligative properties of the solution. 

Now, the molar mass being inversely proportional to the colligative 

properties will reduce the molar mass in the solution. This will result 

in the lower number of molar mass than the expected value. Thus the 

molar mass will be abnormal molar mass. 

Example: The weak electrolytes are dissolved in the water, ions are 

formed. Hydrofluoric acid will dissociate into fluorine anion and 

hydrogen cation. 

Van’t Hoff factor 

To understand the concept of abnormalities, Van’t Hoff introduced a 

factor called Van’t Hoff factor. This factor is used to sort out the 

dissociation and association problem while calculating the molar mass 

of the solute. The factor is denoted by ‘i’ and is obtained when the 

normal mass or the expected value is divided by the abnormal mass. 

Mathematically, the factor is represented by, i = Normal molar 

mass/Abnormal molar mass or i = observed or expected colligative 

properties/calculated colligative properties or i = Total moles in the 



 

particles after dissociation or association/total moles in the particles 

before dissociation or association 

Watch Solved Numericals on Molar Masses – 

How to calculate i? 

Firstly, we will write whether the solute is being dissociated or 

associated. 

For association, α= n 

i−1 

(n–1) 

where n is the no. of particles being associated and α is the degree of 

association. The equation is derived as follows: 

nα → αn 

Initial moles: 1 mol   and   0 mol 

Moles at equilibrium: 1 – α    and  



 
α 

n 

Therefore, total moles = 1 – α +  

α 

n 

Thus, α = n 

1−i 

(n–1) 

For solute which depicts the association, the Van’t Hoff factor will 

always be less than 1. For dissociation, i = 1 + (n – 1)α. Here, α 

(alpha) will be the degree of dissociation and n will be a number of 

dissociated particles. The above equation will be derived from, 

αn → nα 

Initial moles: 1 mole  and   0 moles 

At the equilibrium: 1-α  and   nα 



 

Total no. at equilibrium: 1 – α + nα 

Therefore, i = 1 – α +  

nα 

1 

Thus, α =  

i−1 

n−1 

For solutes depicting dissociation, Van’t Hoff factor will always be 

greater than 1. For particles, that shows neither association or 

dissociation, the Van’t Hoff factor is considered as 1. Thus, after the 

inclusion of Van’t Hoff’s factor, the equation of the colligative 

properties will be, 

● Boiling point elevation, ∆Tb = i x Kb x m 

● Vapour pressure of the relatively lowering solvent,  
● p 

● 1 

● º– 

● p 

● 1 



 

● p 

● 1 

● º 

●   =  
● i. 

● n 

● 2 

● n 

● 1 

●  

● Freezing point depression, ∆Tf = i x kf × m 

Solved Examples for You! 

Question 1: The depression of freezing point of the hydrofluoric acid 

solution is -0.201C° with molality being 0.10 m. Find the Van’t Hoff 

factor. Take off as 1.86C°m-¹. 

Solution: As discussed earlier, the solution of hydrofluoric acid will 

dissociate into fluorine anion and hydrogen cation. Given data, 

∆Tf = -0.201C° 

m = 0.10 



 

Kf = 1.86 C°m-¹ 

Taking into account Van’t Hoff factor, the formula for depression of 

freezing point is, ∆Tf = if Thus, 0.201 = i x 1.86 x 0.10 So, i = 1.08. 

Thus the Van’t Hoff factor value will be 1.08. 

Question 2: Find the Van’t Hoff factor for Sr(OH)2. 

Solution: For Sr(OH)2, when it dissolves, the solution is separated into 

two ions; OH− ions and Sr2+. It will break up into 2 OH ions and 1 Sr 

ion. Thus, it will break up into 3 ions and so it’s Van’t Hoff factor will 

be 3.   

 

 

 

 

 

 



 

Colligative Properties and Determination 
of Molar Mass 

The presence of innumerable elements and substances around us 

present a unique opportunity to understand their properties. We need 

to study different properties of such matter because then it becomes 

easy to comprehend the nature and action of these substances. 

Determination of molar mass of such matter helps the most in learning 

the different properties of these substances. 

Every matter, whether in solid or liquid or gaseous form, tends to 

behave in a certain way, which is highly dependent upon its 

properties. Therefore, all liquid substances can be studied in terms of 

their colligative properties. This helps in the study of the vapor 

pressure of the solution. So, let’s understand the colligative properties 

of matter and the determination of molar mass. 

Colligative Properties of Liquids 

Colligative properties are those properties of a liquid which depend on 

the number of solute particles and not on the concentration of the 

solution. These properties are studied in liquids. As per these 



 

properties, the mixing of a non-volatile solution in a volatile solution 

shows a decrease in the relative vapour pressure of the solution. 

Furthermore, this decrease in the vapour pressure can be further used 

to quantify and study the properties of all liquid solutions. 

Specifically, colligative properties are dependent upon the solute 

particles present in a given solution. Derived from the Latin word 

‘Coligare’, the word, colligative refers to ‘binding together’. 
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point and osmosis and osmotic pressures. Related to these properties, 

the following deductions can be made: 

1) Relative Lowering of Vapour Pressure 

When a non-volatile solute is added to a solvent, the vapour pressure 

gets lower. This phenomenon is the lowering of vapour pressure. A 

relation between the pressure of the solution, the vapour pressure of 

the pure solvent and the mole fraction of the solute was discovered by 

a French Chemist. 

It was also observed by him that it is mainly the concentration of the 

solute particles which was responsible for the lowering of vapour 

pressure. As per the laws devised by scientists at that time, Decrement 

in Vapour Pressure = Vapour Pressure of Pure Solvent – Vapour 

Pressure of Solvent. It is through this equation that we can determine 

the ultimate molar mass of a solute. 

(Psolvent = Xsolvent Posolvent) 

2) Elevation of Boiling Point 

The vapour pressure of a solute tends to decrease as a non-volatile 

solute is added in a solvent. What is to be noted here is that the boiling 



 

point of such solution is always greater than the pure solvent in which 

it is added. This happens because the pressure of vapour is in direct 

proportion to the temperature of the solution. 

If the solution is to be boiled, the temperature of such a solution has to 

be raised. This phenomenon comes to be identified as the elevation of 

boiling point. The solute particles in the solvent, along with the vapour 

pressure, together play a role in this phenomenon. 

Formula: ΔT = iKbm 

where ΔT= change in temperature 

i = the van’t Hoff factor, which is the number of particles into which 

the solute dissociates 

m = the molality, which is the moles of solute per kilograms of solvent 

Kb = the molal boiling point constant (for water, Kb = 0.5121oC/m) 

Watch Solved Numericals on Molar Masses 

3) Depression of Freezing Point 



 

Decreasing the vapor pressure of a solution results in decreasing the 

freezing of the solution as well. The freezing point of a solution can be 

identified as a point at which the vapor pressure of a given substance 

is equal in the liquid and vapor state. As per the law, the freezing point 

for a given dilute solution also stays directly proportional to molality 

of the solute, same as the boiling elevation point. 

Formula: ΔT = iKfm 

ΔT= change in temperature 

i = the van’t Hoff factor, which is the number of particles into which 

the solute dissociates 

m = the molality, which is the moles of solute per kilograms of solvent 

Kf = the molal freezing point constant (for water, Kf = -1.86 oC/m) 

4) Osmosis and Osmotic Pressure 

You may have observed raw mangoes shriveling when placed in salt 

water or wilted flowers reviving when placed in fresh water. This 

happens due to a process called osmosis. Osmosis is the flow of 



 

solvent molecules from pure solvent to the solution through a 

membrane. The flow continues until equilibrium is reached. 

The process of osmosis occurs through a membrane that looks 

continuous but contains small pores that allow small solvent 

molecules like water to pass through, but not bigger solute molecules. 

Such membranes are called semipermeable membranes (SPM). 

The flow of solvent towards the solution side across the 

semipermeable membrane can be stopped by applying extra pressure 

on the solution. This pressure is known as the osmotic pressure of the 

solution. 

Few important things to note – 

● During osmosis, the solvent flows from the dilute (lower 

concentration) to concentrated (high concentration) side across 

the semipermeable membrane. 

● Osmotic pressure depends on the concentration of the solution. 



 

The osmotic pressure of a solution is the excess pressure applied to the 

solution to prevent osmosis. It is also a colligative property and 

depends on the number of solute molecules and not their identity. 

For dilute solutions, osmotic pressure is directly proportional to the 

molarity (C) of the solution at a given temperature (T). 

Π = C R T =  (n2/V) R T 

where, Π – osmotic pressure, C – molarity, R – gas constant, T – 

temperature, V – a volume of solution in liters, n – the number of 

moles of solute. 

Since n2 = w2/M2, then Π V = w2RT/M2 OR M2= w2RT/Π V 

NOTE: The measurement of osmotic pressure is widely used to 

determine the molar masses of polymers, proteins, and other 

macromolecules. 

Determination of Molar Mass 



 

 

Usually, the measurement of boiling point elevation, freezing point 

depression or osmotic pressure, is used to calculate the molar mass or 

the molecular weight of a solute in a solution. 

Video on Strength of Solution 

Some Important Terms 

Isotonic solutions are solutions that have the same osmotic pressure at 

a given temperature. 



 

Hypotonic solutions are those that have a lower osmotic pressure than 

other solutions. 

Hypertonic solutions are those that have a higher osmotic pressure 

than other other solutions. 

 

Isotonic, Hypotonic and Hypertonic solutions [Source: Wikimedia Commons] 

 Solved Question for You 

Q: Discuss the formula for the determination of molar mass. 



 

Solution: Different aspects are to be considered for the determination 

of the molar mass of a solute in a solution. Here, let’s take a look at it 

now. 

1. Firstly, change in boiling point –  ΔT = T solution – T pure 

solvent 

2. Secondly, determining the molal concentration – Divide Delta 

T with constant of boiling point elevation. 

3. Finally, determine the molar mass from the mass of an 

unknown number of moles. Further, for this, divide the mass of 

unknown with moles of the unknown. 

Similarly, the molar mass can be determined from freezing point 

depression and osmotic  

 

 

 

 



 

 

point of view. You can determine the moles of the unknown, from the 

molality of the solution. For this, multiply the molality with the mass 

of the solvent to determine the same. The same would also be 

followed in case of freezing point depression and osmotic pressure. 

Thus, the molar mass can be determined. 

 

 

 

 

 

 

 

 

 



 

Expressing Concentration of Solutions 

You know what is concentration, right? But, do you know how to 

express it? When there is too much salt in your lemonade, you say that 

it is “too salty”. But in chemistry, there is nothing like “too”. We have 

to define it. That is why we are going to study all about the 

concentration of solutions in this chapter. We will look at the various 

methods of calculating the concentration of solutions. So, let us start! 

 Concentration of Solutions 

We can calculate the concentration of solutions by various methods. 

Let’s study each method and determine the formulas for this method. 

1) Mass/Weight Percentage or Percentage by Mass/Weight  

It is the amount of solute in grams present in 100 grams of the 

solution. Therefore, the formula will be: 
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The ratio mass of solute to the mass of the solvent is the mass fraction. 

Thus, the mass percentage of solute = Mass fraction × 100. 10% 

solution of sugar by mass means that 10 grams of sugar is present in 

100 grams of the solution, i.e., we have dissolved 10 grams of sugar in 

90 grams of water. 
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2) Volume Percentage 

It is the volume of solute in mL present in 100 mL solution. The 

formula will be: 
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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  

It is the mass of solute present in 100 mL of solution. We can 

calculate the mass of the solute using the volume percentage. The 

formula would be: 

 

A 10% mass by volume solution means that 10 gm solute is present in 

100 mL of solution. 

4) Molarity 

The molarity of a solution gives the number of gram molecules of the 

solute present in one litre of the solution. 
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For example, 1 mol L-1 solution of KCl means that 1 mol of KCl is dissolved in 1 L of 

water. Unit of molarity: mol L-1 

Watch Videos on Molarity 

5) Molality 

Molality of a solution is the number of moles of solute dissolved in 1 

Kg of the solvent. 

 

Thus, if one gram molecule of a solute is present in 1 kg of the 

solvent, the concentration of solutions is said to be one molal. The unit 

of molarity is mol kg-1. Molality is the most convenient method to 

express the concentration of solutions because it involves the mass of 

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

variation in temperature. 

6) Normality  

The normality of a solution gives the number of gram equivalents of 

the solute present in one litre of the solution. 

https://www.toppr.com/guides/physics/system-of-particles-and-rotational-dynamics/centre-of-mass/


 

 

Thus, if one gram equivalent of a solute is present in one litre of the 

solution,  the concentration of solutions is said to be 1 normal. 

● 1N = Normal  = One gram equivalent of the solute per litre of 

solution   = Normality is 1 

● N/2 = Seminormal   = 0.5 g equivalent of the solute per litre of 

solution   = Normality is 0.5 

● N/10 = Decinormal   = 0.1 g equivalent of the solute per litre of 

solution   = Normality is 0.1 

● N/100 = Centinormal  = 0.01 g equivalent of the solute per litre 

of solution   = Normality is 0.01 

● N/1000 = Millinormal  = 0.001 g equivalent of the solute per 

litre of solution   = Normality is 0.001 

Watch Videos on Normality 

7) Mole Fraction  

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. The total mole fraction of all the components of any 

solution is 1. For a binary solution of A and B 

Mole Fraction of A (XA) =   

Mole Fraction of B (XB) =   

And, XA+XB = 1 

8) Parts per million (ppm) 

When a solute is present in trace quantities, it is convenient to express 

the concentration of solutions in parts per million (ppm). The formula 

is as follows: 

 

In case of mass, we may express it as: (Mass of solute/Mass of 

solution )× 106 

In case of volume, we may express it as: (Volume of solute/Volume of 

solution) × 106 
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So, we can express the concentration of solutions in parts per million 

as mass to mass, volume to volume and mass to volume form. 

Atmospheric pollution in cities is also expressed in ppm by volume. It 

refers to the volume of the pollutant in 106 units of volume. 10 ppm of 

SO2 in the air means 10 mL of SO2 is present in 106 mL of air. 

9) Formality 

It is the number of mass in grams present per litre of solution. In case, 

formula mass is equal to molecular mass, formality is equal to 

molarity. Like molarity and normality, the formality is also dependent 

on temperature. It is used for ionic compounds in which there is no 

existence of a molecule. A mole of ionic compounds is called formal 

and molarity as the formality. 
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Where, 

● w = weight of solute, 

● f = formula weight of solute 

● V= volume of solution 

● nf = no. of gram formula weight 

A Solved Example For You 

Q: What is the weight percentage of urea solution in which 10 gm of 

urea is dissolved in 90 gm water. 

Solution: Weight percentage of urea = (weight of urea/ weight of 

solution)  100 

= 10/(90+10)  100 = 10% urea solution (w/W) 
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Ideal and Non-ideal Solutions 

Too often, you would hear your parents telling you to be an ‘ideal’ 

kid. What do they mean by that? You better know that! But, when we 

say ideal and non-ideal solutions, what do we mean? In this chapter, 

we will study all about ideal and non-ideal solutions. We will look at 

their properties and examples. 

 

Raoult’s Law 

In 1986, it was a French Chemist, Francois Marte Raoult who 

proposed a relationship between partial pressure and mole fraction of 

volatile liquids. According to the law, ‘the mole fraction of the solute 

component is directly proportional to its partial pressure’. 
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On the basis of Raoult’s Law, liquid-liquid solutions can be of two 

types. They are: 

● Ideal Solutions 

● Non-ideal Solutions 

Ideal Solutions 

The solutions which obey Raoult’s Law at every range of 

concentration and at all temperatures are Ideal Solutions. We can 

obtain ideal solutions by mixing two ideal components that are, solute 

and a solvent having similar molecular size and structure. 
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For Example, consider two liquids A and B, and mix them. The 

formed solution will experience several intermolecular forces of 

attractions inside it, which will be: 

● A – A intermolecular forces of attraction 

● B – B intermolecular forces of attraction 

● A – B intermolecular forces of attraction 

The solution is said to be an ideal solution, only when the 

intermolecular forces of attraction between A – A, B – B and A – B 

are nearly equal. 
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Characteristics of Ideal Solutions 

Ideal Solutions generally have characteristics as follows: 

● They follow Raoult’s Law. This implies that the partial 

pressure of components A and B in a solution will be PA = PA0 

xA and PB = PB0 xB .  PA0 and PB0 are respective vapour 

pressure in pure form. On the other hand, xA and xB are 

respective mole fractions of components A and B 

● The enthalpy of mixing of two components should be zero, that 

is, Δmix H = 0. This signifies that no heat is released or 

absorbed during mixing of two pure components to form an 

ideal solution 

● The volume of the mixing is equal to zero that is, Δmix V = 0. 

This means that total volume of solution is exactly same as the 

sum of the volume of solute and solution. Adding further, it 

also signifies that there will be contraction or expansion of the 

volume while the mixing of two components is taking place. 

● The solute-solute interaction and solvent-solvent interaction is 

almost similar to the solute-solvent interaction. 

Examples of Ideal Solutions 
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● n-hexane and n-heptane 

● Bromoethane and Chloroethane 

● Benzene and Toluene 

● CCl4 and SiCl4 

● Chlorobenzene and Bromobenzene 

● Ethyl Bromide and Ethyl Iodide 

● n-Butyl Chloride and n-Butyl Bromide 

Non-Ideal Solutions 

The solutions which don’t obey Raoult’s law at every range of 

concentration and at all temperatures are Non-Ideal Solutions. 

Non-ideal solutions deviate from ideal solutions and are also known as 

Non-Ideal Solutions. 
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Characteristics of Non-ideal Solutions 

Non-ideal solutions depict characteristics as follows: 

● The solute-solute and solvent-solvent interaction is different 

from that of solute-solvent interaction 

● The enthalpy of mixing that is, Δmix H ≠ 0, which means that 

heat might have released if enthalpy of mixing is negative 

(Δmix H < 0) or the heat might have observed if enthalpy of 

mixing is positive (Δmix H > 0) 

● The volume of mixing that is,  Δmix V ≠ 0, which depicts that 

there will be some expansion or contraction in the dissolution 

of liquids 

Non-ideal solutions are of two types: 

● Non-ideal solutions showing positive deviation from Raoult’s 

Law 

● Non-ideal solutions showing negative deviation from Raoult’s 

Law 

i) Positive Deviation from Raoult’s Law 



 

Positive Deviation from Raoult’s Law occurs when the vapour 

pressure of the component is greater than what is expected in Raoult’s 

Law. For Example, consider two components A and B to form 

non-ideal solutions. Let the vapour pressure, pure vapour pressure and 

mole fraction of component A be PA , PA0 and xA respectively and 

that of component B be PB , PB0 and xB respectively. These liquids 

will show positive deviation when Raoult’s Law when: 

● PA > PA0 xA and PB > P0B xB, as the total vapour pressure (PA0 

xA + P0B xB) is greater than what it should be according to 

Raoult’s Law. 

● The solute-solvent forces of attraction is weaker than 

solute-solute and solvent-solvent interaction that is, A – B < A 

– A or B – B 

● The enthalpy of mixing is positive that is, Δmix H > 0 because 

the heat absorbed to form new molecular interaction is less than 

the heat released on breaking of original molecular interaction 

● The volume of mixing is positive that is, Δmix V > 0 as the 

volume expands on the dissolution of components A and B 

Examples of Positive Deviation 
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Following are examples of solutions showing positive deviation from 

Raoult’s Law: 

● Acetone and Carbon disulphide 

● Acetone and Benzene 

● Carbon Tetrachloride and Toluene or Chloroform 

● Methyl Alcohol and Water 

● Acetone and Ethanol 

● Ethanol and Water 

Negative Deviation from Raoult’s Law 

Negative Deviation occurs when the total vapour pressure is less than 

what it should be according to Raoult’s Law. Considering the same A 

and B components to form a non-ideal solution, it will show negative 

deviation from Raoult’s Law only when: 

● PA < PA0 xA and PB < P0B xB as the total vapour pressure (PA0 

xA + P0B xB) is less than what it should be with respect to 

Raoult’s Law 

● The solute-solvent interaction is stronger than solute-solute and 

solvent-solvent interaction that is, A – B > A – A or B – B 
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● The enthalpy of mixing is negative that is, Δmix H < 0 because 

more heat is released when new molecular interactions are 

formed 

● The volume of mixing is negative that is,  Δmix V < 0 as the 

volume decreases on the dissolution of components A and B 

A Solved Question for You 

Q: Give some examples of solutions showing negative deviation from 

Raoult’s Law. 

Solution: Following are examples of solutions showing negative 

deviation from Raoult’s Law 

● Chloroform and Benzene 

● Chloroform and Diether 

● Acetone and Aniline 

● Nitric Acid ( HNO3) and water 

● Acetic Acid and pyridine 

● Hydrochloric Acid ( HCl) and water 
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Osmosis and Osmotic Pressure 



 

You have studied the principle of osmosis. You have possibly done 

some experiments with salt water as well. Haven’t you seen pickles 

being made at home? That is all the magic of osmosis. But, how does 

osmosis work? Do you know that osmosis is one major reason for the 

survival of many species? In this chapter, we will study all about 

osmosis and 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? Let us learn about it. 

Browse more Topics under Solutions 

● Abnormal Molar Masses 
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● Colligative Properties and determination of Molar Mass 

● Expressing Concentration of Solutions 

● Ideal and Non-ideal Solutions 

● Solubility 

● Types of Solutions 

● Vapour Pressure of Liquid Solutions 

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. 
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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. Learn more about Different Types of Solutions 

here. 

  

Mathematical Proof 

π = CRT 

Where, 

● π=osmotic pressure 
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● 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, 

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. 

Learn how to express the Concentration of Solution here. 

A Solved Example for You 

Q: Is osmosis a reason for cholera? 
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Ans: Osmosis allows for terrible things to happen, as well. Cholera 

would not be possible without osmosis. The choleric bacteria populate 

in our intestines and begin to reverse the intestinal cells’ ionic 

orientation. In other words, it changes the way ions and, subsequently, 

water transport in our intestines. It means that cholera performs a 

perfect coup. 

First of all, when our ions’ orientations are switched, the intestinal 

cells are no longer able to absorb water into the body. Now osmosis 

happens in the other direction and water moves from our intestinal 

cells into our intestines. This is what causes cholera’s infamously 

deadly watery diarrhoea. Second, this compounds the rate at which 

you get dehydrated. Not only can you not absorb water, you are 

literally being drained dry. This is why cholera can kill you so quickly 

because it does not rely on how much water you consume. 

 

 

Solubility 
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You know quite a bit about solutions. Your favorite lemonade is a 

solution! Isn’t it? However, do you know what solubility is? What is 

the solubility of a lemonade? Let us look at the concept of solubility in 

this chapter. We will look at the solubility of different solutions. Let’s 

begin. 

What is Solubility? 

Solubility is the maximum amount of solute which dissolves in a 

specified amount of solvent at a specific temperature. It is the 

interaction between particles of the solute and the solvent. 

Therefore, it depends on the nature of the solute and the solvent. The 

solubility of solids in liquids is independent of pressure. We will now 

look at the solubility of solids in liquids. 

Browse more Topics under Solutions 

● Abnormal Molar Masses 

● Colligative Properties and determination of Molar Mass 

● Expressing Concentration of Solutions 

● Ideal and Non-ideal Solutions 
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● Vapour Pressure of Liquid Solutions 

The Solubility of Solids in Liquids 

Two factors determine the solubility of solids in liquids, 

● Nature of the solute and solvent 

● The temperature 

1) Nature of the Solute and Solvent 

In general “like dissolves like”. Thus, a polar solute dissolves in a 

polar solvent, and a non-polar solute dissolves in a non-polar solvent. 

Therefore, polar (or) ionic molecules like sugar and sodium chloride 

dissolve in water molecules as these are polar. On the other hand, 

non-polar molecules like naphthalene and anthracene dissolve in 

solvents like benzene and carbon tetrachloride as these are non-polar. 

The solubility of ionic compounds is the result of the strong 

electrostatic interaction between the ions of the solute and the polar 

molecules of the solvent. On the other hand, the solubility of 
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non-polar solutes is the result of similar solute-solute, solute-solvent, 

and solvent-solvent interactions. 

When there is the addition of solid solute to a solvent, its 

concentration in the solution increases. This process is known as 

dissolution.  On continuous addition of the solute, there will come a 

state where no more solute can dissolve in the solvent at a given 

temperature. Such a solution is known as a saturated solution. 

 

A state of dynamic equilibrium reaches between the solute particles 

going into the solution and the solute particles separating out. The 

concentration of the solute in such a solution is its solubility. If any 

more solute is added to a saturated solution, it will separate out. This 

is the process of precipitation. A solution in which more solute can be 

dissolved at a specific temperature is an unsaturated solution. 

2) Temperature 



 

We require heat to break the bonds holding the molecules in the solid 

together. At the same time, the formation of new solute-solvent bonds 

gives off heat. If the heat liberated in the dissolving process is higher 

than the heat required to break the solid apart, the net dissolving 

reaction is exothermic. 

The Solubility of a Gas in Liquids 

If you thought only solids dissolve in liquids, you are wrong! Even 

gases dissolve in liquids. One common example of this would be the 

cold drinks that you enjoy or the aerated drinks. They have carbon 

dioxide dissolved in them. 

Solved Example for You 

Q: Explain the Le-Chatelier’s principle. 

Solution: As per Le-Chatlier’s principle, for an exothermic dissolution 

process, an increase in temperature inhibits the dissolving reaction. 

This is because the reaction already produces the excess heat. If the 

heat given off in the dissolving reaction is less than the heat we 

require to break the solid apart, the net dissolving reaction is 

endothermic. 



 

As per Le-Chatlier’s principle, for an endothermic dissolution 

reaction, more heat facilitates the dissolving reaction by providing 

energy to break the bonds in the solid. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Types of Solutions 

Solutions are a part of our everyday lives. The soda you enjoy sipping, 

the deodorant that you put on all important occasions are all examples 

of solutions. Did you ever wonder how many types of solutions are 

actually there? Well, in this chapter, we will talk about the different 

types of solutions and look at what exactly these are. 

What is a Solution? 

Going by the definition, a binary solution is nothing but a 

homogeneous mixture of two substances. These two substances or 

components are the solute and the solvent. The solute is the substance 

that gets dissolved. It is present in a smaller quantity. On the other 

hand, the solvent is the substance that dissolves the solute. It is present 

in a comparatively larger quantity. 

There are different types of solutions. But, what is the basis of their 

differentiation? 

Different Types of Solutions 
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Solutions are of different types, based on a number of criteria, like the 

difference in the solute or the solvent etc. Let us now look at the 

different types of solutions, based on different criteria. 

On the Basis of Water as Solvent 

Based on the whether the solvent is water or not, solutions are of two 

types. 

● Aqueous solutions: These solutions have water as the solvent. 

Examples of such solutions are sugar in water, carbon dioxide 

in water, etc. 

● Non-Aqueous Solutions:  These solutions have a solvent that is 

not water. It could be ether, benzene, petrol, carbon 

tetrachloride etc. Common examples include sulfur in carbon 

disulphide, naphthalene in benzene, etc. 

On the Basis of the Amount of Solute Added 

Based on the amount of solute present in the solution, we can classify 

them into the following types. 

https://www.toppr.com/guides/quantitative-aptitude/averages/average-of-number-series/
https://www.toppr.com/guides/chemistry/coal-and-petroleum/petroleum-and-refining-of-petroleum/
https://www.toppr.com/guides/chemistry/environmental-chemistry/hydrocarbons-and-oxides-of-carbon/


 

● Unsaturated Solution: An unsaturated is one that can dissolve 

more solute at a definite temperature. It means that we can still 

add more solute to the solvent. 

● Saturated Solution: A solution is said to be saturated when we 

can’t add any more solute to the solvent. This means that the 

solution can’t dissolve any more solute at a definite 

temperature. 

● Supersaturated Solution: A supersaturated solution is one 

where the solute is present in an excess amount. This solute is 

dissolved forcefully by raising the temperature or pressure of 

the solution. These generally crystal out in the bottom by the 

method called crystallisation. 

 

 On the Basis of Amount of Solvent Added 
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● Concentrated Solution: A concentrated solution has large 

amounts of solute in the given solvent. Examples include Brine 

solution, Orange juice, dark colour tea. 

● Dilute Solution: A dilute solution has a small amount of solute 

in a large amount of solvent. Examples include Salt solution, 

light colour tea. 

On the Basis of Concentration of Solute in Two Solutions 

Let us consider a cell placed in a solution in a beaker. Based on the 

concentration of solute in two solvents( in the cell and in the beaker), 

we can have the following types of solutions: 

● Isotonic Solution: These solutions have the same concentration 

of the solute in it. Therefore, water moves across the cell from 

the solution in the beaker in both directions. 

● Hypertonic Solution: The solution kept in beaker has a higher 

concentration of solute in it so water comes out of the cell and 

into the solution in beaker causing the cell to 

plasmolyze/shrink. 



 

● Hypotonic Solution: The solution kept in beaker has a lower 

concentration of solute in it so water moves into the cell 

causing cells to swell up and finally burst. 

  

 

(Source: clker) 

Learn more about How to Express Concentration of Solution here. 

A Solved Example for You 

Q: Give an example of a gas-solid solution. 

Answer: Hydrogen gas in palladium metal is an example of a gas-solid 

solution. 
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Vapour Pressure of Liquid solutions 

Vapour pressure can be defined as pressure formed by the vapor of the 

liquid (or solid) over the surface of the liquid. This pressure is formed 

in a thermodynamic equilibrium state in a closed container at a certain 

temperature. Liquid’s evaporation rate is identified by the equilibrium 

vapor pressure. Vapour pressure increases with the temperature. The 

boiling point of the liquid is the point when the pressure exerted by 

surrounding equals to the pressure exerted by vapor. In this chapter, 

we will study more about the Vapour Pressure on liquids and its 

characteristics. 

What is Vapour Pressure? 

You have read about pressure. It is the force that a mass exerts on 

another. But, do you know vapour also exerts pressure, even if you 

can’t see it? You have of course felt it! Haven’t you? 

We form a liquid Solution by dissolving a solid, liquid or gas in a 

specific liquid solvent. Vapour Pressure of liquid solutions is the 

amount of pressure that the vapours exert on the liquid solvent when 

they are in equilibrium and a certain temperature. 
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Vapour pressure changes with the temperature of the surroundings and 

the nature of the liquid. Let us now have a look a some of the 

important characteristics of vapour pressure on liquid solutions. 

Browse more Topics under Solutions 

● Abnormal Molar Masses 

● Colligative Properties and determination of Molar Mass 

● Expressing Concentration of Solutions 

● Ideal and Non-ideal Solutions 

● Osmosis and Osmotic Pressure 

● Solubility 

● Types of Solutions 

Characteristics of Vapour Pressure 

● A pure liquid experiences a greater amount of vapour pressure 

as against a liquid’s solution. 

● It is inversely proportional to the forces of attraction existing 

between the molecules of a liquid. 
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● It increases with a rise in the temperature. This is because the 

molecules gain kinetic energy and thus, vapourise briskly. 

 

A liquid solution might have a volatile solute and solvent as well. In 

the majority of the cases, we can see that the solvent is volatile, while 

the solute is not. Based on this, we will study it in two instances: 

Liquid-Liquid Solutions and Solid-Liquid Solutions. 

Vapour Pressure of Liquid-Liquid Solutions 

To evaluate this, we take two volatile liquid solutions. Let us name 

their liquid components as A and B. After placing the volatile liquid 
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with their components in a closed vessel, we find that equilibrium 

establishes 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 

The law states that the partial pressure is directly proportional to the 

mole fraction of the solute component. So, according to Raoult’s Law, 

the partial pressure of A will be 

PA ∝ xA 

PA = PA0 xA 

where PA0 is the vapour pressure of pure liquid component A. 

Similarly partial pressure of B will be 
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PB ∝ xB 

PB = PB0 xB 

where PB0 is the vapor pressure of pure liquid component B. Now, we 

will apply Dalton’s law of partial pressures. This law tells us that the 

total pressure ( Ptotal) of the solution placed in a container is the sum 

of partial pressures of its respective components. That is 

Ptotal = PA + PB 

Ptotal = PA0 xA + PB0 xB 

Also since, xA + xB = 1 , we can write the relation as: 

Ptotal = PA0 + (PB0 – PA0) xB 

Vapour Pressure of Solutions of Solids in Liquids 

Let us now look at the other type of solutions i.e. solids in liquid 

solution. Here we consider a solid as the solute, while the solvent is a 

liquid. In these cases, the solute is non-volatile in nature. The vapour 

pressure is less than the pure vapor pressure of the solution. Let us 
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now see how we can find the overall vapour pressure of such a 

solution. 

We consider a solution in which A is the solvent and B is the solute. 

Applying the Raoult’s Law, we know that partial vapour pressure of 

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

mole fraction. 

Now, if we add a non-volatile solute, it is imperative that vapour 

pressure comes only from the solvent part. This is because they are the 

only available component in the vapour phase. Hence, if PA is the 

vapor pressure of the solvent, xA is its mole-fraction and PA0 is the 

vapor pressure of the pure solvent, then by Raoult’s law, the relation 

will come out to be: 

PA ∝ xA 

PA = PA0 xA 

When we plot a graph between mole fraction of solvent and vapour 

pressure, we find its nature to be linear. 



 

Solved Example For You 

Question: Why does the Vapour Pressure decrease when we add a 

non-volatile solute in the solvent? 

Answer: We know that evaporation is a surface phenomenon. The 

greater the surface area, the more is the evaporation. Hence, the 

vapour pressure is more. In a pure liquid, we can see that there is more 

surface area available for the molecules to get evaporated. Therefore, 

they have more vapour pressure. 

On adding a non-volatile solute, we cause the solvent molecules to get 

less surface to escape. Hence, it decreases. 
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