
Heard of Reverse Osmosis? Written on 

the mineral water bottle. 

 

What are the benefits of adding salt  

when cooking Dal(Pulse)? 

 

What happens to water in the radiators 

during extreme winter? 



EDUDIGM 



 Solute, Solvent & Solution 
 Types of Solution 
 Concentration of Solutions 
 Henry’s law 
 Colligative Properties 
 Vapour Pressure of liquids 
 Raoult’s law 
 Ideal and Non-ideal Solutions 
 Lowering of Vapour Pressure 
 Elevation in Boiling Point 
 Depression of Freezing Point 
 Osmotic Pressure 
 Abnormal Behaviour (van’t hoff factor) 

Liquid Solutions 



Solute 

A substance dissolved in another substance, usually the component of a solution 
present in the lesser amount. 

For Example : Salt (NaCl) ,Sugar etc. 



Solvent 

A solvent is a liquid, solid, or gas that dissolves another solid, liquid, or gaseous solute, 
resulting in a solution that is soluble in a certain volume of solvent at a specified 
temperature.  
 
For Example : Water ,Milk ,Oil etc. 



Solution 
Solution is a homogeneous mixture of two or more chemically non-reacting 
substances called components. The composition of the components can be varied 
within certain limits. 



Types of Solutions 

Type of Solution Solvent Solute Example 

Liquid 

Solid in Liquid Water NaCl Sea Water 

Liquid in Liquid Water Alcohol Rubbing Alcohol 

Liquid in Liquid Water Ethylene Glycol Antifreeze 

Gas in Liquid Water Carbon dioxide Soda drinks 

Gas in Liquid Water Oxygen Lakes, rivers 

Gas 

Gas in Gas Nitrogen Oxygen Air 

Solid 

Liquid in Solid Silver Mercury Dental amalgam 

Solid in Solid Iron Carbon Steel 



The Solution Process 
Hydration or Solvation 



3 Stages of Solution Process 
 Separation of Solute 

 must overcome IMF or ion-ion attractions in solute 

 requires energy,  ENDOTHERMIC  ( + ∆H) 

 Separation of Solvent 

 must overcome IMF of solvent particles 

 requires energy, ENDOTHERMIC (+ ∆H) 

 Interaction of Solute & Solvent 

 attractive bonds form between solute particles and solvent particles 

 “Solvation” or “Hydration” (where water = solvent) 

 releases energy, EXOTHERMIC (- ∆H) 



 Consider the dissolution of NaOH in H2O 



Concentration of Solutions 
 Concentration is a measure of the amount of solute dissolved in a solvent. A solution 
that has a relatively small amount of solute dissolved is known as a dilute solution while  
a solution with a relatively large amount of solute is called a concentrated solution. 
 Concentrations are also expressed more precisely by the following units: 

Units Symbol Definition 

Mass Percent % m/m mass solute/mass solution x 100% 

Mole Fraction X moles solute/moles solute+moles solvent 

Volume Percent % v/v volume solute/volume solution x 100% 

Molarity  M moles solute/L solution 

Molality m moles solute/kg solvent 



Example Problem 
A solution is made up of 10.0 ml ethyl alcohol (C2H5OH, d=0.785 g/ml) dissolved in 50.0 
ml water. Calculate for the following concentrations:  

1. % m/m, 2. X solute, 3.Molarity, 4. molality 

mass solute = 10.0ml x 0.785g/ml = 7.85g 
mass solvent = 50.0ml x 1.00g/ml = 50.0g 
moles solute = 7.85g x 1 mol solute/46g = 0.171 mols 
moles solvent = 50.0g x 1 mol solvent/18g = 2.78 mols 

Solution 



1. % m/m = 7.85g/57.85g x 100 = 13.7% 
2. X = 0.171 / (0.171 + 2.78) = 0.0579 
3. M = 0.171mol / 0.060L = 2.85M 
4. m = 0.171mol / 0.050kg = 3.42m 

Answers 



                      Henry’s Law 
The effect of partial pressure on solubility of gases 

At pressure of few atmosphere or less, solubility of gas solute follows Henry Law 
which states that the amount of solute gas dissolved in solution is directly 
proportional to the amount of pressure above the solution. 

  c = k P 

 
c = solubility of the gas (M) 
k = Henry’s Law Constant 
P = partial pressure of gas  
 

Henry’s Law Constants (25°C), k 

N2  8.42 •10-7 M/mmHg 

O2  1.66 •10-6 M/mmHg 

CO2        4.48•10-5 M/mmHg 



The solubility of pure N2 (g) at 25oC and 1.00 atm pressure is  

6.8 x 10-4 mol/L.  What is the solubility of N2 under 

Atmospheric conditions if the partial pressure of N2 is 0.7 atm? 

 

Step 1:  Use the first set of data to find “k” for N2 at 25°C 

 

 

 

Step 2: Use this constant to find the solubility (concentration) when P is 0.78 atm: 

4
4 16.8 10

6.8 10
1.00

c x M
k x M atm

P atm

-
- -= = =

4 1 4(6.8 10 )(0.78 ) 5.3 10c kP x M atm atm x M- - -= = =

Example Problem 

Solution 



 

 Colligative properties depend on quantity of solute molecules.  (e.g. freezing 
point depression and boiling point elevation.) 

 
    Colligative Properties  are properties of a liquid that change 
     when a solute is added.   

 
    The magnitude of the change depends on the number  of   
     solute particles in the solution, NOT on the identity of the  
     solute particles. 

Colligative Properties 



Vapor Pressure on the Molecular Level 

 

Vapor Pressure 



Vapour Pressure of Liquids 
Vapour pressure is defined as the partial pressure exerted by the vapors above the 
liquid surface in equilibrium with liquid at a given temperature. 

In illustrations 1a and 1b, the liquid and vapor states of a given 
     substance are represented.  
The individual molecules or particles are represented at a  
     particular instant of their random motion.  



When equilibrium is reached (illustration 1c), the number  
     of molecules evaporating is equal to the number of  
     molecules condensing.  
The pressure read on the manometer M is the vapor  
     pressure of the liquid at that temperature. 



Vapor pressure of a liquid depends on the 
following factors 

•Nature of the liquid 
•Temperature of the liquid 

Nature of the liquid 
Liquids that have weak intermolecular forces 
are more volatile and have a higher vapor 
pressure 

For e.g., vapor pressure of ethyl alcohol is 
greater than that of the water. 



Temperature of the liquid 

Vapor pressure 
increases with increase 
in temperature. This is 
because with an 
increase in temperature, 
rate of evaporation also 
increases. 



• Non-volatile solutes reduce the ability of the surface solvent molecules to escape 
the liquid. 

• Therefore, vapor pressure is lowered. 

• The amount of vapor pressure lowering depends on the amount of solute. 

Lowering Vapor Pressure 



Application of Vapor Pressure Lowering 

 Describe what is happening in the pictures below. 

 Use the concept of vapor pressure lowering to explain this phenomenon. 



                       Raoult’s Law 
     Describes vapor pressure lowering mathematically. 

The lowering of the vapour pressure when a non-volatile 

solute is dissolved in a volatile solvent (A) can be described 

by Raoult’s Law: 

 

 PA = cAP°A 

 

PA = vapour pressure of solvent A above the solution 

cA = mole fraction of the solvent A in the solution 

P°A = vapour pressure of pure solvent A 

only the solvent (A) contributes to  
the vapour pressure of the solution 



What is the vapor pressure of water above a sucrose (MW=342.3 g/mol) solution 
prepared by dissolving 158.0 g of sucrose in 641.6 g of water at 25 ºC? 
The vapor pressure of pure water at 25 ºC is 23.76 mmHg. 

mol sucrose = (158.0 g)/(342.3 g/mol) = 0.462 mol 

mol water = (641.6 g)/(18 g/mol) = 35.6 mol 

    
Xwater =

mol water

(mol water) + (mol sucrose)
=

35.6

35.6+ 0.462
= 0.987

PǎƻƭΩƴ = Xwater P̄ water = (0.987)(23.76 mm Hg)  
                           
                               =  23.5 mm Hg 

Example Problem 

Solution 



        Mixtures of Volatile Liquids 
Both liquids evaporate & contribute to the vapor pressure 



Raoult’s Law: Mixing Two Volatile Liquids 

 Since BOTH liquids are volatile and contribute to the vapour, the total vapor 
pressure can be represented using Dalton’s Law: 

 

                    PT = PA + PB  

 

 The vapor pressure from each component follows Raoult’s Law: 

 

                         PT = XAP°A + XBP°B 

Also,  XA + XB = 1     (since there are 2 components) 



P = (Po
A - Po

B)cA + Po
B 



Benzene and Toluene 

Consider a two solvent (volatile) system 
 The vapor pressure from each component follows Raoult's Law. 

 Benzene - Toluene mixture: 
 

 Recall that with only two components,   XBz + XTol = 1 
 

 Benzene: when XBz = 1,  PBz =  P°Bz = 384 torr       &   

   when XBz = 0 , PBz = 0 
 

 Toluene: when XTol = 1,  PTol = P°Tol = 133 torr       &      

    when XTol = 0, PBz = 0 

Example 



384 torr

133 torr

X Benzene

X Toluene

0 1

1 0

P (Total)

P (Benzene)

P (Toluene)

133 torr

384 torr



Ideal Solution 

An Ideal solution is the one which obeys Roault's Law at all concentrations and 
temperature and during the formation of which no change in enthalpy and volume takes 
place i.e., 

PA = Po
A XA 

PB = Po
BXB 

If the solution is made up of two components which are liquids then, 

In the ideal solutions, solvent- solute interactions are equal to solute-solute and 
solvent-solvent interactions. 

0

0

=D

=D

mixing

mixing

V

H



Few examples are: 

• n-hexane and n-heptane 
• Chloro benzene and bromo benzene 
• Ethylene bromide and ethylene chloride 
• Carbon tetrachloride and silicon tetrachloride. 

 



Non-ideal Solutions 

In general, most of the solutions deviate from ideal behavior. There are two types of 
deviations, positive deviation and negative deviations. Such solutions are called non ideal 
solutions. 



Solutions With Negative Deviation 

Solvent-solute interaction 
is greater than solute-solute 
and solvent- solvent 
interaction.  

 
Therefore the escaping 
tendency decreases which 
results in the decrease in 
their partial vapor 
pressures. 
 
In such solutions, total 
vapor pressure of the 
solution is also less than the 
vapor pressure expected 
according to Raoult's law.  

 



An Example  of solution exhibiting negative deviation is chloroform and acetone, the 
molecular interaction of which can be shown as below.  

Since a new force of attraction exists 
between the molecules, the partial vapor 
pressure decreases. 

This is due to 
force of attraction 
between  the 
molecules 



Examples of negative (-ve) deviation, 

•   Acetic acid and pyridine 

•  CH3COOH + C5H5N 

    Chloroform and acetone 

•  CHCl3 + (CH3)2CO 

    Cloroform and benzene 

•  CHCl3 + C6H6 

    Chloroform and Diethylether 



Solutions With Positive Deviation 

These types of solutions where ∆ 
H of mixing is >0 and ∆ V of mixing 
>0 are found to exhibit positive 
deviation from Raoult's law.  
 
Here solute-solute interactions 
and solvent-solvent interactions 
are greater than solute - solvent 
interactions. 



As expected from Raoult's law. 

An example  of such liquid mixture is ethanol n hexane mixture. 
The H-bond in ethanol molecules are broken by the n hexane molecules coming in 
between the ethanol molecules. As a result the escaping tendency increases there by 
increases the vapor pressure of individual component therefore a positive deviation is 
observed. 

Consider  a solution of liquid mixtures A and B. 



Other examples are: 

1) (CH3)2CO + CS2 

   Acetone       Carbon-di-sulphide  

2) C6H6 + (CH3)2CO 

    Benzene   acetone 

3) CH3OH + H2O 

    Methanol   water 

4) CCl4 + C6H6 



Azeotropic Mixtures 

In case of solutions showing positive deviation from Raoult's law, at one of the 
intermediate compositions, the total vapor pressure is the highest and the boiling point is 
the lowest.  

 
Similarly in case of solutions showing negative deviations from Raoult's law, at one of 
the intermediate compositions, the vapor pressure is the lowest and boiling point is the 
highest.  

 
For such solutions the composition in the liquid and the vapor phase is the same. In 
other words such solutions vaporizes without any change in the composition i.e., they 
behave as pure liquid. 



Such mixture of liquids that 
boil at constant 
temperature behaving like a 
pure liquid, and its 
composition in liquid phase 
is same as in vapor phase, is 
called Azeotropic mixture. 

Azeotropic Mixtures 



Solutions that show positive deviation form minimum 
boiling  azeotropy. 

Solutions of ethanol and water 
show a large negative deviation 
from Raoult's law and there exists 
a minimum boiling mixture which 
consists of 95% of ethanol by 
volume. To separate the 
components of this mixture 
distillation cannot be used. 



Solution that show negative deviation form maximum 
boiling  azeotropy. 

A solution of HNO3 and H2O of approximately 68% nitric acid and 32% of water by mass is 
an example of maximum boiling azoetrope. 



Boiling Point Elevation 

 

∆ Tb = (Tb -TbÁ) = m ·kb 

 Where, ∆ Tb = BP. Elevation  

  Tb = BP of solvent in solution  

  Tb° = BP of pure solvent 

   m = molality ,     kb = BP Constant 

  

   

•Boiling Point Elevation:  
  A liquid boils at the    
  temperature at which its   
  vapor pressure equals  
  atmospheric pressure.  
 
•The presence of a solute  
   lowers the vapor pressure of  
   the solution at each  
   temperature, making it  
   necessary to heat the  
   solution to a higher  
   temperature to boil the  
   solution.  



Dissolve 62.1 g of glycol (1.00 mol) in 250. g of water. 
What is the boiling point of the solution? 
    Kb = 0.52 oC/molal for water 
 
Solution  ∆TBP  =  Kb • m 
 
1. Calculate solution molality = 4.00 m 
2. ∆TBP  =  Kb • m 
   ∆TBP  =  0.52 oC/molal (4.00 molal) 
   ∆TBP  =  2.08 oC 
   BP  =  100 + 2.08 = 102.08 oC  
 

         (water normally boils at 100) 

 

Example Problem 



1.15g of an unknown, nonvolatile compound raises the boiling point of 75.0g benzene 
(C6H6) by 0.275oC.  
Calculate the molecular mass (formula weight) of the unknown compound.  

Example Problem 

 
Calculate the molality of solute particles:  
m = ΔTb ÷ Kb  
ΔTb = 0.275oC  
Kb = 2.53oCm-1 (from table above)  
m = 0.275 ÷ 2.53 = 0.109m 

Solution 



 
•Calculate the moles of solute present:  
 
         molality = moles solute ÷ kg solvent  
         n(solute) = m x kg solvent = 0.109 x 75.0 x 10-3  
                          = 8.175 x 10-3 mol 
  
•Calculate the molecular mass (formula weight) of the solute:  
 
       n(solute) = mass(solute) ÷ MM(solute)  
      MM(solute) = mass(solute) ÷ n(solute)  
                     = 1.15 ÷ 8.175 x 10-3 = 141 g/mol  



When solution freezes the solid form is almost 
always pure. 
 
 
 
 
 
 
Solute particles does not fit into the crystal 
lattice of the solvent because of the differences 
in size.  The solute essentially remains in 
solution and blocks other solvent from fitting 
into the crystal lattice during the freezing 
process. 

Freezing Point Depression 
 Normal Freezing Point:  FP of Substance @ 1atm 

 When solute is added, FP < Normal  FP 

 FP is depressed when solute inhibits solvent from crystallizing. 



Phase Diagram and the lowering of 
the freezing point. 

 

  ∆ Tf = m ·kf 

Where,   ∆ Tf =  FP depression                  
m = molality ,      

                                kf = FP Constant 

 

Generally freezing point depression is used to 
determine the molar mass of an unknown 
substance. 

 

Freezing Point Depression 



Calculate the Freezing Point of a 4.00 molal glycol/water 

solution. 

                    Kf = 1.86 oC/molal 

Solution 
                   ∆TFP  =  Kf • m  

                    =  (1.86 oC/molal)(4.00 m) 

                    ∆TFP =  7.44  

                       FP = 0 – 7.44 =   -7.44 Oc 

 
      ( because water normally freezes at 0) 

 

 

Example Problem 



What is the freezing point of a solution containing 478 g of ethylene glycol (antifreeze) in 
3202 g of water? The molar mass of ethylene glycol is 62.01 g.  

 

∆ Tf = Kf m 

m  = 
moles of solute 

mass of solvent (kg) 

= 2.41 m =  

3.202 kg solvent 

478 g x  
1 mol 

62.01 g 

Kf water = 1.86 0C/m 

∆ Tf = Kf m = 1.86 0C/m x 2.41 m = 4.48 0C 

∆ Tf = T f   – Tf 0 

Tf = T f   – ∆Tf 0 = 0.00 0C – 4.48 0C = -4.48 0C 

Example Problem 

Solution 



Osmotic pressure 

 Osmotic Pressure - The Pressure that must be applied to stop osmosis 

P = CRT 
 

where  P = osmotic pressure 
               C = molarity 
               R = ideal gas constant 
               T = Kelvin temperature 



Osmosis 

 Osmosis is the spontaneous movement of water across a semi-permeable membrane 
from an area of low solute concentration to an area of high solute concentration. 

• Osmosis is spontaneous. 

• Red blood cells are surrounded by semi permeable membranes. 

 

A semi permeable membrane lets 
certain molecules pass through and 
prevents other molecules from crossing.  



Isotonic solutions 

Isotonic solutions are the solutions that have equal osmotic pressure. 



Hypertonic solution 
A hypertonic solution is one with a high concentration of solutes when compared to 
another solution which is separated from it by a semipermeable membrane. 



Hypotonic solution 

A hypotonic solution is one with a low concentration of solutes when compared to 
another solution which is separated from it by a semipermeable membrane. 



hypertonic solution hypotonic solution 



Colligative Properties of Non electrolyte 
Solutions 

Colligative properties are properties that depend only on the number of solute particles in 
solution and not on the nature of the solute particles. 

Vapor-Pressure Lowering P1 = X1 P
0

1 

Boiling-Point Elevation ∆ Tb = Kb m 

Freezing-Point Depression ∆ Tf = Kf m 

Osmotic Pressure (p) π= CRT 



Colligative Properties of Electrolyte 
Solutions 

0.1 m NaCl solution 0.1 m Na+ ions & 0.1 m Cl- ions 

Colligative properties are properties that depend only on the number of solute particles in 
solution and not on the nature of the solute particles. 

0.1 m NaCl solution 0.2 m ions in solution 



van’t Hoff factor (i) =  

actual number of particles in  
Solution  after  dissociation 

number of formula units initially  
dissolved in solution  

nonelectrolytes 

NaCl 

CaCl2 

i should be 

1 

2 

3 



Boiling-Point Elevation ∆ Tb = i Kb m 

Freezing-Point Depression ∆ Tf = i Kf m 

Osmotic Pressure (p)  ̄= iCRT 

Colligative Properties of Electrolyte  
Solutions 



What is the boiling point of a 1.5m NaCl solution? 

 

Each formula unit of NaCl dissociates into two particles, Na+ and Cl-,  

the effective molality is 2 x 1.5m = 3.00m. 

 Calculate the boiling point elevation and then add it to 100ºC. 

ΔTb = Kb x m   =   (0.512 ºC/m) (3.00m) = 1.54 ºC 

Boiling Point = 100ºC + 1.54ºC = 101.54ºC 

Example Problem 

Solution 



What is the boiling point of a solution that contains 1.25 mol CaCl2 in 1400 g of water. 

 

ΔTb = Kb x m   =   (0.512 ºC/m) (2.68m) = 1.37 ºC 

Boiling Point = 100ºC + 1.37ºC = 101.37ºC 

What mass of NaCl would have to be dissolved in 1.000 kg of water to raise the boiling 
point by 2.00ºC 

ΔTb = Kb x m   =   (0.512 ºC/m) (?m) = 2.00 ºC 

m = 3.91 / 2 = 1.96 (Na+ and Cl-) 

1.96 mol NaCl      58.5 g   = 115 g NaCl 
 1 kg solution       1 mol 

Example Problem 

Solution 



At what temperature will a 5.4 molal solution of NaCl freeze? 

Solution 

 ∆TFP  =  Kf • m • i 

  ∆TFP =  (1.86 oC/molal) • 5.4 m • 2 

  ∆TFP =  20.1 oC  

   FP = 0 – 20.1 = -20.1 oC 

Example Problem 


