


 Surface chemistry deals with phenomena that 
occur at the surfaces or interfaces. 

The interface or surface is represented by 
separating the bulk phases by a hyphen or a 
slash. 

For example, the interface between a solid 
and a gas may be represented by solid-gas or 
solid/gas. 

There is no interface between gases because 
of their complete miscibility  

 

 

 

 



ADSORPTION 
1) Adsorption is a surface phenomenon. 
2) In this process, accumulation or concentration of a 

substance takes place at the surface or interface of a 
solid or liquid as compared to the bulk phases. 

3) The molecular species or substance, which concentrates 
or accumulates at the surface is termed adsorbate and 
the material on the surface of which the adsorption 
takes place is called adsorbent. 

 
 



Adsorption in action 

(i) If a gas like O2, H2, CO, Cl2, NH3 or SO2 is taken in a closed vessel containing 
powdered charcoal, it is observed that the pressure of the gas in the enclosed 
vessel decreases. The gas molecules concentrate at the surface of the charcoal, 
i.e., gases are adsorbed at the surface. 

(ii) In a solution of an organic dye, say methylene blue, when animal charcoal is 
added and the solution is well shaken, it is observed that the filtrate turns 
colorless. The molecules of the dye, thus, accumulate on the surface of charcoal, 
i.e., are adsorbed. 

(iii) Aqueous solution of raw sugar, when passed over beds of animal charcoal, 
becomes colorless as the coloring substances are adsorbed by the charcoal. 

(iv) The air becomes dry in the presence of silica gel because the water molecules 
get adsorbed on the surface of the gel. 



   DESORPTION: The process of removing an 
adsorbed substance from a surface on which it 
is  adsorbed is called desorption. 

Distinction between Adsorption and Absorption: 

In adsorption, the substance is concentrated only 
at the surface and does not penetrate through 
the surface to the bulk of the adsorbent,  

while in absorption, the substance is uniformly 
distributed throughout the bulk of the solid. 

  



 EXAMPLES:  

(1) When a chalk stick is dipped in ink, the surface retains the 
colour of the ink due to adsorption of coloured molecules while 
the solvent of the ink goes deeper into the stick due to 
absorption. On breaking the chalk stick, it is found to be white 
from inside. 

(2) Water vapor is absorbed by calcium chloride while it is 
adsorbed by silica gel. In the same manner, ammonia is 
absorbed by water and is adsorbed by charcoal.  

 Sorption: The process in which both absorption and adsorption 
take place simultaneously is known as sorption. 



Difference between Adsorption & 
Absorption 

Absorption 
 It is the phenomenon in which 

particles of gas or liquid get 
uniformly distributed throughout 
the body of the solid. 

 Occurs at uniform rate. 

 Occurs throughout the body 

 e.g. Anhydrous calcium chloride 
absorbs water, Ammonia in 
water 

 

      Adsorption 
 It is the phenomenon of higher 

concentration of particles of a 
gas or liquid on the surface 
than in the bulk. 

 Rapid in the beginning and rate 
slowly decreases to reach 
equilibrium 

 Surface phenomenon 
 e.g. Silica gel adsorbs water 

vapour, Ammonia on charcoal 

 



MECHANISM OF ADSORPTION  

  In adsorption, the substance is concentrated only at the surface and 

this happens because the molecules of the bulk phase at the surface 
are attracted only from below and from the sides as compared to the 
molecule inside the bulk of the phase. In the interior, molecules 
experience forces of attraction from all sides. 

   



Enthalpy of adsorption:  

(1) It is defined as the enthalpy change when 1 mole of adsorbate 
is adsorbed on an adsorbent. 

(2) When a gas is adsorbed, the freedom of movement of its 
molecules become restricted. i.e. S is negative. Adsorption is thus 
accompanied by decrease in enthalpy as well as decrease in entropy 
of the system.  

(3) For a process to be spontaneous,G  must be negative. On the 
basis of equation, G = H–TS, G can be -ve if H has 
sufficiently high -ve value as –TS is positive. Thus,in an 
adsorption process, which is spontaneous, a combination of these 
two factors makes  G negative.  



Types of Adsorption 
 
Depending on the nature of attractive forces 
existing between the adsorbate and adsorbent, 
adsorption can be classified as:  
 
 
i) Physical adsorption 
ii) Chemical adsorption  
 
 
 

 

 



i) Physical adsorption (Physisorption) 
In physical adsorption, the forces of attraction between the 
molecules of the adsorbate and the adsorbent are of the 
weak vander Waals' type. Since the forces of attraction are 
weak, the process of physisorption can be easily reversed by 
heating or decreasing the pressure of the adsorbate. 

 



ii) Chemical adsorption (Chemisorption) :  

In chemisorption, the forces of attraction between 
the adsorbate and the adsorbent are very strong; 
the molecules of adsorbate form chemical bonds 
with the molecules of the adsorbent present in the 
surface. 

 



Comparison between Physisorption and Chemisorption 
 

 Physisorption 
 

 Chemisorption 
 

Forces of attraction are vander Waals’ forces 

-weak forces 

 Forces of attraction are chemical 

bonding-ionic or covalent 

 

Low enthalpy of adsorption (20 – 40 kJ/mole) 

 

 High enthalpy of adsorption (80 - 

240 kJ/mole) 

 

 This process is observed under conditions 

of low temperature 

 

 This process takes place at high 

temperatures 

 

 It is not specific in nature,easily liquefiable 

gases are adsorbed 

 

 It is highly specific in nature. 

 

 Multi-molecular layers may be formed 

 

 Generally, monomolecular layer is 

formed 

 

 This process is easily  reversible 

 

 This process is irreversible 

 



Adsorption of gases on solids depends on the following 
factors:  

 
i) Nature of the gas (adsorbate) 
 
ii) Nature of the solid (adsorbent)  
 
iii) Specific area of the solid 
 
iv) Pressure of the gas  
 
v) Temperature 
 
vi) Activation of adsorbent.  
 



i) Nature of the adsorbate  

Since physical adsorption is non-specific, every gas gets adsorbed on 

the surface of any solid. Under a given condition of T and P, the 

easily liquefiable gases such as NH3, HCl and SO2 are adsorbed more 

than the gases like H2, N2 and CO. The ease with which a gas can be 

liquefied is determined by its critical temperature, Tc. The below 

table illustrates the correlation between the extent of adsorption of 

gases on charcoal with their ease of liquefaction. 

 
 

Volume of gases at N.T.P adsorbed by 1g charcoal at 288 K 

 

 

 



Since chemisorption is specific in nature, a gas is chemisorbed only 

when it forms chemical bonds with the adsorbent. A gas which is 

physisorbed at a certain temperature can be chemisorbed when the 

temperature is increased dramatically. For e.g., at 83 K nitrogen 

(N2) is physisorbed on iron surface as N2 molecules. At room 

temperature there is no physisorption of N2 on iron surface. 

However, at 773K nitrogen is chemisorbed on iron surface as 

nitrogen atoms. 

ii) Nature of the adsorbent  

Solids with porous structure are potentially good adsorbents. Ex: 

activated carbon, silica gel, aluminium oxide  



iii) Specific area of the adsorbent 
Specific area of an adsorbent is the surface area available for 
adsorption per gram of the adsorbent. Specific area of the 
adsorbent increases tremendously when finely divided forms of the 
solid adsorbent are used. Porous solids are very good adsorbents 
too, however, the pores should be large enough to allow the gas 
molecules to enter them. 
 
iv) Pressure of the gas - Adsorption Isotherms  
The extent of adsorption of a gas on a solid generally increases 
with pressure. The extent of adsorption is given by x/m, the ratio 
of the mass (x) of the adsorbate and the mass (m) of the 
adsorbent when dynamic equilibrium has been attained. The plot of 
extent of adsorption(variation in the amount of gases adsorbed by 
the adsorbent) versus pressure of the gas at a given temperature is 
called the adsorption isotherm.  



Freundlich adsorption isotherm: 

Freundlich, in 1909, gave an empirical relationship between 
the quantity of gas adsorbed by unit mass of solid adsorbent 
and pressure at a particular temperature. The relationship 
can be expressed by the following equation:  
x/m = k.P1/n (n > 1) ... (1) 
where x is the mass of the gas adsorbed on mass m of the 

adsorbent at pressure P, k and n are constants which depend 
on the  nature of the adsorbent and the gas at a particular 
temperature. 

Taking logarithm of eq. (1) 

log x/m = log k + (1/n) logP 



 
At equilibrium,pressure Ps, x/m reaches its maximum value, that 
is, no further adsorption takes place even if the pressure is 
increased. A saturation state has been achieved. 
 



When 1/n = 0,  

x/m =constant,  

the adsorption is independent of pressure.  

When 1/n =1,  

x/m = k P, i.e. x/m α P,  

the adsorption varies directly with pressure.  

Both the conditions are supported by experimental results 



The validity of Freundlich isotherm can be verified by plotting  

log x/m on y-axis and log P on x-axis. If it comes to be a straight 
line, the Freundlich isotherm is valid, otherwise not. 

 



ADSORPTION FROM SOLUTIONS: 
Freundlich adsorption isotherm is also applicable to adsorption 
processes in solutions. In place of equilibrium pressures, 
equilibrium concentrations of the adsorbates are used and the 
isotherms are expressed in the forms, 
 

 

 

Eg (i) Charcoal adsorbs acetic acid from an aqueous solution of 
the acid.concentration of the acid in solution decreases 
(ii) Magneson test –Magneson reagent is adsorbed by Mg(OH)2 
precipitate 
(iii) Raw sugar solution is decolorised by animal charcoal 
 
 



ADSORPTION FROM SOLUTION PHASE 

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

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

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

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

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



Freundlich’s equation approximately describes the 
behaviour of adsorption from solution with a difference 
that instead of pressure, concentration of the solution 
is taken into account, i.e., 

X/m = kC1/n  

(C is the equilibrium concentration, i.e., when 
adsorption is complete). 

On taking logarithm of the above equation, we have 

log x/m = log k + (1 /n) log C  

Plotting log x/m against log C a straight line is 
obtained which shows the validity of Freundlich 
isotherm. 



Applications of Adsorption 
(i) Production of high vacuum: The remaining traces of air can be 
adsorbed by charcoal from a vessel evacuated by a vacuum pump 
to give a very high vacuum 

(ii) Gas masks: Gas mask (a device which consists of activated 
charcoal or mixture of adsorbents) is usually used for breathing in 
coal mines to adsorb poisonous gases. 

(iii) Removal of colouring matter from solutions: Animal charcoal 
removes colours of solutions by adsorbing coloured impurities. 

 
(iv) Froth floatation process: A  sulphide ore is concentrated by 
separating it from silica and other earthy matter by this method 
using pine oil and froth stabilisers  

(v)A number of drugs are used to kill germs by   getting 
adsorbed on them  



          CATALYSIS 

Substances, which alter the rate of a chemical reaction 
and themselves remain chemically and quantitatively 
unchanged after the reaction, are known as catalysts, 
and the phenomenon is known as catalysis.  

Promoters and poisons 

Promoters: are substances that enhance the activity of 
a catalyst. 
Poisons: decrease the activity of a catalyst. 
 For example, in Haber’s process for manufacture of 
ammonia, molybdenum acts as a promoter for iron which 
is used as a catalyst. 

N2(g) + 3H2(g) 
Fe(s) Mo(s)   2NH3(g) 



Types of Catalysis  
Catalysis can be broadly divided into two groups: 
(a) Homogeneous catalysis 
(b)Heterogeneous catalysis 
 
(a) Homogeneous catalysis: When the reactants and the catalyst 

are in the same phase (i.e.liquid or gas), the process is said 
to be homogeneous catalysis. 

 Ex: 2SO2(g) + O2(g)    
NO(g)     2SO3(g) 

CH3COOCH3(l) + H2O(l)     HCl(l)  CH3COOH(aq)+CH3OH(aq) 
 
(b) Heterogeneous catalysis: The catalytic process in which the 

reactants and the catalyst are in different phases is known 
as heterogeneous catalysis. 

 Ex:   2SO2(g)     
Pt(s)    2SO3(g) 

        N2(g) + 3H2(g) 
Fe(s) Mo(s)   2NH3(g) 



 Modern adsorption theory: is the combination of intermediate 
compound formation theory and the old adsorption theory. The 
catalytic activity is localised on the surface of the catalyst. 
The mechanism involves five steps: 

(i) Diffusion of reactants to the surface of the catalyst. 

(ii) Adsorption of reactant molecules on the surface of     the 
catalyst. 

(iii) Occurrence of chemical reaction on the catalyst’s surface 
through formation of an intermediate 

(iv) Desorption of reaction products from the catalyst surface, 
and thereby, making the surface available again for more 
reaction to occur. 

(v) Diffusion of reaction products away from the catalyst’s 
surface. 





Important features(characteristics) of solid catalysts 

(a) Activity: The activity of a catalyst depends upon the 
strength of chemisorption to a large extent.It is the ability 
of a solid to catalyse a particular reaction. Catalytic 
activity for hydrogenation increases increases from group 5 
to 11,metals of 7,8,9are the best. 

(b)  Selectivity:The selectivity of a catalyst is its ability to 
direct a reaction to yield a particular product. For example 



Shape- Selective Catalysis by Zeolite 

The catalytic reaction that depends upon the pore structure 
of the catalyst and the size of the reactant and product 
molecules is called shape-selective catalysis. Zeolites are 
good shape-selective catalysts because of their honeycomb-
like structures. They are micro porous aluminosilicates with 
three dimensional network of silicates in which some silicon 
atoms are replaced by aluminium atoms giving Al–O–Si 
framework. The reactions taking place in zeolites depend 
upon the size and shape of reactant and product molecules 
as well as upon the pores and cavities of the zeolites. 

Ex: ZSM-5. It converts alcohols directly into gasoline 
(petrol) by dehydrating them to give a mixture of 
hydrocarbons. 



Enzyme Catalysis 

Enzymes: are complex nitrogenous organic compounds which 
are produced by living plants and animals. They are 
actually protein molecules of high molecular mass and form 
colloidal solutions in water. They are very effective 
catalysts.The enzymes are also known as biochemical 
catalysts and the phenomenon is known as biochemical 
catalysis. 

 

Ex:  



1.The invertase enzyme converts cane sugar into glucose and 
fructose.  
2. The zymase enzyme converts glucose into ethyl alcohol and carbon 
dioxide.  
3. The diastase enzyme converts starch into maltose.  
4. The maltase enzyme converts maltose into glucose.  
5. Decomposition of urea into ammonia and carbon dioxide is 
catalyzed by the enzyme urease.  
6. In stomach, the pepsin enzyme converts proteins into peptides 
while in intestine, the pancreatic trypsin converts proteins into amino 
acids by hydrolysis.  
7. Conversion of milk into curd is an brought about by lacto bacilli 
enzyme present in curd. bacilli enzyme present in curd  



Characteristics of enzyme catalysis 
 

(i) Most highly efficient: One molecule of an enzyme can 

catalyse one million molecules of the reactant per minute. 

(ii) Highly specific nature: one enzyme cannot catalyse more than 

one reaction 

(iii) Highly active under optimum temperature:The optimum 

temperature range for enzymatic activity is 298-310K. On 

either side of the optimum temperature, the enzyme activity 

decreases. 

(iv) Highly active under optimum pH: optimum pH is between pH 

values 5-7. 



(v) Increasing activity in presence of activators and co-enzymes: 

When a small non-protein (vitamin) is present along with an 

enzyme, called co-enzyme, the catalytic activity is enhanced 

considerably. Activators are generally metal ions such as Na+, 

Mn2+.These metal ions, when weakly bonded to enzyme molecules, 

increase their catalytic activity.Eg. Amylase in presence of NaCl. 

 

(vi) Influence of inhibitors and poisons: The inhibitors or poisons 

interact with the active functional groups on the enzyme surface 

and often reduce or completely destroy the catalytic activity of 

the enzymes. 



Mechanism of enzyme catalysis 
 

There are a number of cavities present on the surface of 
colloidal particles of enzymes. These cavities are of 
characteristic shape and possess active groups such as -NH2,  
-COOH,  -OH. 
 
 The molecules of the reactant (substrate), which have 
complementary shape, fit into these cavities just like a key fits 
into a lock.  
On account of the presence of active groups, an activated 
complex is formed which then decomposes to yield the products. 
 
Thus, the enzyme-catalysed reactions may be considered to 
proceed in two steps. 



Step 1: Binding of enzyme to substrate to form an activated 
complex. E + S →    ES* 

Step 2: Decomposition of the activated complex to form 
product. ES*         E + P 



Colloids 

Solutions are homogenous systems while suspensions are heterogeneous 
systems, i.e., they consist of more than one phase.  
In between the extremes of suspensions and solutions lies the colloidal 
system. 
  
 

  A colloid is a heterogeneous system in which one substance is dispersed 
(dispersed phase) as very fine particles in another substance called 
dispersion medium. 

DISPERSED PHASE: the substance which dispersed in another substance 
(like solute) 

DISPERSION MEDIUM: the substance in which dispersion take place(like 
solvent) 

 

 



DIFFERENCE b/w a SOLUTION & a COLLOID 

SOLUTION COLLOID 

the constituent particles are 

ions or small molecules 

the dispersed phase may consist of 

particles of a single macromolecule or 

an aggregate of many atoms, ions or 

molecules. 

the constituent particles are 

smaller than colloidal 

particles. 

Colloidal particles are larger than 

simple molecules but small enough to 

remain suspended. 

Size is less than 1nm. sizes range from about 1nm to 1000 

nm.  



Colloids are characterized  
 
a) according to the state of the dispersed phase and 

the state of dispersion medium. 
 
b) nature of interaction between dispersed phase and 

dispersion medium.  
 
c) types of particles of the dispersed phase. 
 



Classification Based on the State of the Dispersed Phase 

and Dispersion Medium  



Classification Based on the Nature of Interaction Between 

Dispersed Phase and Dispersion Medium 

 
Depending upon the nature of interaction between the dispersed 
phase and the dispersion medium, colloidal sols are divided into 
two categories, namely, lyophilic (solvent attracting) and lyophobic 
(solvent repelling). 

If water is the dispersion medium, the terms used are hydrophilic 
and hydrophobic. 



LYOPHILIC COLLOIDS LYOPHOBIC COLLOIDS 

The word ‘lyophilic’ means liquid-loving. The word ‘lyophobic’ means liquid-

hating. 

the dispersed phase has great attraction for 

the dispersion medium  

the dispersed phase has little 

affinity for the dispersion medium  

formed by mixing substances like gelatine, 

starch etc.with a suitable liquid (the 

dispersion medium)  

 

can be prepared only by special 

methods 

 

also called reversible sols 

 

also called irreversible sols 

 

 these sols are quite stable 

and cannot be easily coagulated 

These sols are readily precipitated 

(or coagulated) need stabilising 

agents for their preservation 



Classification  Based on Type of Particles of the 
Dispersed Phase 
 

1) Multimolecular colloids 
2) Macromolecular colloids  
3) Associated colloids 
 

Depending upon the type of the particles of the dispersed 
phase,colloids are classified as: 

1. Multimolecular colloids 
    In this type of colloids the colloidal particles are aggregates of atoms or 

small molecules with molecular size less than one nanometer (1 nm). For 
e.g., gold sol, Sulphur sol. The molecules in the aggregates are held 
together by Van der Waal forces. 



2. Macromolecular colloids 

    Macromolecular colloidal particles are formed when on dissolution in a 
suitable solvent, the macromolecules have sizes which are in the colloidal 
range. These colloids are quite stable and resemble true solutions in many 
respects. 

    Examples: starch, cellulose, proteins polythene, nylon, polystyrene, 
synthetic rubber etc. 

3. Associated colloids (Micelles) 

    Certain substances behave as strong electrolytes at low concentration but at 

higher concentrations these substances exhibit colloidal characteristics due to 

the formation of aggregated particles. These aggregated particles are called 

micelles. Micelles are called associated colloids. The formation of micelles 

takes place only above a particular temperature called Kraft temperature (Tk) 

and above a particular concentration called critical micelle concentration (CMC). 



Mechanism of micelle formation 

Micelles are formed by specific molecules which have lyophilic as well as lyophobic 
ends. Ordinary soap which contains sodium stearate (C17H35COONa) forms micelle 
in water.  



When the concentration of sodium stearate is below its CMC, 
then it behaves as a normal electrolyte and ionizes to give 
Na+ and C17H35COO- ions.  



As the concentration exceeds the CMC, the hydrophobic end starts receding 
away from the solvent and approach each other. However, the polar COO- part 
interacts with water. This leads to the formation of a cluster having the 
dimensions of a colloid particles. In each cluster a large number of stearate 
groups clump together in a spherical manner such that the hydrocarbon parts 
interact with one another and the COO- groups remains projected in water.  



Cleansing action of soaps 

The cleansing action of soap is due to the fact that soap molecules 
form micelle around the oil droplet in such a way that hydrophobic 
part of the stearate ions is in the oil droplet and hydrophilic part 
projects out of the grease droplet like the bristles. Since the polar 
groups can interact with water, the oil droplet surrounded by 
stearate ions is now pulled in water and removed from the dirty 
surface. Thus soap helps in emulsification and washing away 

of oils and fats. The negatively charged sheath around the globules 
prevents them from coming together and forming aggregates. 



Preparation of Colloids 

(a) Chemical methods: Colloidal solutions can be prepared by 
chemical reactions leading to formation of molecules by 
double decomposition, oxidation, reduction or hydrolysis. 
These molecules then aggregate leading to formation of 
sols. 

As2O3 + 3H2S  double decomposition As2S3(sol) + 3H2O 

SO2 + 2H2S      oxidation 3S(sol) + 2H2O 

2 AuCl3 + 3 HCHO + 3H2O     Reduction 2Au(sol) + 3HCOOH + 6HCl 

FeCl3 + 3H2O   Hydrolysis Fe(OH)3 (sol) + 3HCl 

 



b) Electrical disintegration or Bredig's Arc Method 
    In this method, an electric arc is struck between electrodes 

of the metal immersed in the dispersion medium. 

 

The intense heat produced by the arc vaporizes the metal, which 
then condenses to form particles of colloidal size. By this 
method, sols of metals such as gold, silver and platinum can be 
prepared.  
 

 Dispersion medium 

Ice-Bath 



c) Peptization 
The process of converting a precipitate into a colloidal 
sol by shaking it with the dispersion medium, in the 
presence of a small amount of electrolyte, is called 
peptization. The electrolyte used is called the peptizing 
agent. This method is used to convert a freshly 
prepared precipitate into a colloidal sol. 
 
During peptization, the precipitate adsorbs one of the ions of 
the electrolyte on its surface. This causes the development of 
positive or negative charge on precipitates, which ultimately 
break up into smallerparticles of the size of a colloid. 



Purification of Colloidal Solutions 
The process used for reducing the amount of impurities to 
a requisite minimum is known as purification of colloidal 
solution. The purification of colloidal solution is carried out 
by the following mehods: 

(i) Dialysis: It is a process of removing a dissolved 
substance from a colloidal solution by means of diffusion 
through a suitable membrane. 



The movement of the ions across the membrane can be 
enhanced by applying electric potential across two electrodes. 
This is known as electrodialysis. 
 

 

 



Ultra-Filtration 
In this method, colloidal sols are filtered through graded filters 
called ultra-filterers. These filters allow the electrolytes to 
pass through but not the colloidal particles. These ultra-filters 
are made from ordinary filter papers by impregnating them with 
colloidal particles. Filtration is usually carried out by either by 
applying pressure or by the use of suction. 
 



Properties of Colloidal Solutions 

(i) Colligative properties: Colloidal particles being bigger 
aggregates, the number of particles in a colloidal solution is 
comparatively small as compared to a true solution. Hence, the 
values of colligative properties are of small order as compared to 
values shown by true solutions at same concentrations. 



(ii) Tyndall effect: Although a colloidal solution appears to be 
homogenous it can be distinguished from a true solution by its 
ability to scatter light. The scattering of light by colloidal sized 
particles is called the Tyndall effect. This effect was first 
observed by Tyndall in 1869. A strong beam of light was passed 
through a colloidal sol placed in a dark place. The path of the 
beam got illuminated. The illuminated path of the beam is called 
Tyndall cone. 
 Tyndall effect is observed only when the following two conditions 
are satisfied. 

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

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

 

 

 





Mechanical Properties 
 

 

iii) Brownian Movement: Brownian movement was first discovered 
by Robert Brown, a botanist, in 1827.  

When colloidal solutions are viewed under a powerful ultra 
microscope, the colloidal particles appear to be in a state of 
continuous zig-zag motion all over the field of view. This motion 
is known as Brownian movement. It depends on the size of the 
particles and viscosity of the solution. Smaller the size and 
lesser the viscosity, faster is the motion.  

It occurs due to the unbalanced bombardment of the particles by 
the molecules of the dispersion medium. The Brownian movement 
does not permit the particles to settle and thus, is responsible 
for the stability of sols. 



Zig-zag or Brownian motion 

 



iv) Colour: The colour of colloidal solution depends on the 
wavelength  of light scattered by the dispersed particles. The 
wavelength of light further depends on the size and nature of 
the particles.  

The colour of colloidal solution also changes with the manner in 
which the observer receives the light. For example, a mixture 
of milk and water appears blue when viewed by the reflected 
light and red when viewed by the transmitted light. 

v)Charge on colloidal particles: Colloidal particles always carry 
an electric charge. The nature of this charge is the same on all 
the particles in a given colloidal solution and may be either 
positive or negative. 



Origin of Charge on Colloids 
 

Why colloidal particles get charged?  
 
There are various reasons: 
i) Due to friction between the colloidal particles and molecules 

of dispersion medium, the colloidal particles become charged. 
  
ii) The colloidal particles may acquire charge by capturing 

electrons from air or during electro-dispersion in Bredig's arc 
method. 

  
iii) Charges on colloids appear due to preferential adsorption of 

ions from solutions.  



Preferential adsorption of ions is the most accepted reason. The sol 
particles acquire positive or negative charge by preferential 
adsorption of +ve or –ve ions. When two or more ions are present in 
the dispersion medium, preferential adsorption of the ion common to 
the colloidal particle usually takes place. 
Examples: 
 (a) When AgNO3 solution is added to KI solution, the precipitated 
AgI adsorbs I-  from the dispersion medium and negatively charged 
colloidal solution results. AgI/I– 

 (b) When KI solution is added to AgNO3 solution, positively charged 
sol results due to adsorption of Ag+ ions from dispersion medium. 
AgI/Ag+ 
 



(c) If FeCl3 is added to excess of hot water, a positively charged 
sol of hydrated Fe2O3 is formed due to adsorption of Fe3+ ions.  

Fe2O3 .xH2O/Fe3+  Positively charged sol 

However, when FeCl3 is added to NaOH a negatively charged sol is 
obtained with adsorption of OH- ions. 

Fe2O3.xH2O/OH–     Negatively charged sol 

 



ZETA POTENTIAL 
Having acquired a positive or a negative charge by selective 
adsorption on the surface of a colloidal particle this layer attracts 
counter ions from the medium forming a second layer. 

 When AgNO3 solution is added to KI solution, the precipitated AgI 
adsorbs I- 

Ex:      AgI/I- K+         AgI/Ag+  I-  

The combination of the two layers of opposite charges around the 
colloidal particle is called Helmholtz electrical double layer. 

The first layer of ions is firmly held and is termed fixed layer 
while the second layer is mobile which is termed diffused layer. 



The charges of opposite signs on the fixed and diffused parts of 

the double layer results in a difference in potential between these 

layers. This potential difference between the fixed layer and the 

diffused layer of opposite charges is called the electro kinetic 

potential or zeta potential. 

The presence of equal and similar charges on colloidal particles is 

largely responsible in providing stability to the colloidal solution, 

because the repulsive forces between charged particles having same 

charge prevent them from coalescing or aggregating when they 

come closer to one another. The dispersion medium has an equal 

and opposite charge making the system neutral as a whole.  



Electrical Properties 
 

 

vi) Electrophoresis: 
The colloidal particles are electrically charged.  
The existence of charge on the colloidal particles is inferred 
from the observation that the colloidal particles move either 
towards the cathode or anode when the colloidal sol is placed in 
an electric field.  
This phenomenon of movement of colloidal particles towards the 
oppositely charged electrodes in the presence of an electric field 
is called electrophoresis. 
 





Electro osmosis: When electrophoresis, i.e., movement of 
particles is prevented by some suitable means, it is observed 
that the dispersion medium begins to move in an electric field. 
This phenomenon is termed electro osmosis. 
vii) Coagulation or precipitation: The process of settling of 
colloidal particles is called coagulation or precipitation of the 
sol.  
The coagulation of the lyophobic sols can be carried out in the 
following ways:                                                                                             
(i) By electrophoresis 

(ii) By mixing two oppositely charged sols 

(iii) By boiling 

(iv) By persistent dialysis 

(v) By addition of electrolytes 



Hardy-Schulze rule: The greater the valence of the flocculating 
ion added, the greater is its power to cause precipitation. This is 
known as Hardy-Schulze rule.  

In the coagulation of a negative sol, the flocculating power is in 
the order: Al3+>Ba2+>Na+ 

Similarly, in the coagulation of a positive sol, the flocculating 
power is in the order:  

[Fe(CN)6]
4– > (PO4)

3– > (SO4)
2– > Cl– 

 



For e.g., (PO4)
3– ions gather more closely to the positively charge 

Fe3+ particle than do Cl– ions.  

            (A)  Fe(OH)3 surrounded by Cl-          (B)  Fe(OH)3 surrounded by PO4
3- ions  

 



Coagulating value: The coagulation of colloids by an electrolyte 
takes place only when the electrolyte has a certain minimum 
concentration.  
The minimum concentration of electrolyte in millimoles that is 
added to one liter of the colloidal sol to bring about complete 
coagulation is called the flocculation value or coagulating value of 
the electrolyte for the sol. 
According to Hardy and Schulze, coagulation of colloids by 
electrolytes is governed by two factors: 
i) Ions carrying charge opposite to that of the colloidal particles 
are effective in bringing about coagulation. 
ii) Coagulation power of an electrolyte is directly proportional to 
the valency of its ions.  
These two observations made by Hardy and Schulze are called 
the Hardy Schulze rule.  
 



Coagulation of lyophilic sols 
There are two factors which are responsible for the stability of 
lyophilic sols. These factors are the charge and solvation of the 
colloidal particles. 
When these two factors are removed, a lyophilic sol can be 
coagulated. This is done (i) by adding an electrolyte and (ii) by 
adding a suitable solvent.  
Protection of colloids                                                                        
Lyophilic sols are more stable than lyophobic sols. This is due to 
the fact that lyophilic colloids are extensively solvated. Lyophilic 
colloids have a unique property of protecting lyophobic colloids. 
When a lyophilic sol is added to the lyophobic sol, the lyophilic 
particles form a layer around lyophobic particles and thus protect 
the latter from electrolytes. Lyophilic colloids used for this purpose 
are called protective colloids 



EMULSIONS 
Emulsions are colloids in which both the phases are liquids. 

Emulsions are of two types, namely  
a) oil-in-water type (O/W type)  
b) water-in-oil type (W/O type). 
 
 
 
 
 

Oil-in-water type Water-in-oil  type 

Disperse phase is oil and dispersion 
medium is water 

Disperse phase is water and 
dispersion medium is oil 
 

Low viscosity High viscosity 

High electrical conductivity Low electrical conductivity 

Can be diluted with water Cannot be diluted with water ,form 
different layers 

Oil soluble dye produces droplets of 
water 

Oil soluble dye colours the entire 
medium 

Eg:milk, vanishing cream Eg:butter, cold cream 



EMULSIONS 
EMULSIFICATION: 
The process of making emulsions is called emulsification. Emulsions 

are stabilized by adding emulsifying agents or stabilizers. For 
O/W  type emulsions soaps,detergents gum ,protein and for 
W/O type emulsions heavy metal salts of fatty 
acids,alcohols,lampblack are used 

 
Tests 
(i)Dye test-an oil soluble dye is added to the emulsion.if droplets 

of colour is observed it is oil-in-water emulsion.If the back 
ground becomes coloured then it is water-in –oil emulsion 

(ii)Dilution test-Water is added to the emulsion.If a separate 
layer emerges out it is water- in- oil type otherwise it is oil-
in-water emulsion 

 



Colloids Around Us 

(i) Blue colour of the sky: Dust particles along with water 
suspended in air scatter blue light which reaches our eyes and 
the sky looks blue to us. 

(ii) Blood: It is a colloidal solution of an albuminoid substance. The 
styptic action of alum and ferric chloride solution is due to 
coagulation of blood forming a clot which stops further bleeding. 

(iii)Formation of delta: River water is a colloidal solution of clay. 
Sea water contains a number of electrolytes. When river water 
meets the sea water, the electrolytes present in sea water 
coagulate the colloidal solution of clay resulting in its deposition 
with the formation of delta 

 



(iv)Soils: Fertile soils are colloidal in nature in which humus acts as a 
protective colloid.  
(v)  Food articles: Milk, butter, halwa, ice creams, fruit juices, etc., ood 
articles: Milk, butter, halwa, ice creams, fruit juices, etc.,  
 Applications of colloids 
(i) Electrical precipitation of smoke: Smoke is a colloidal solution of 
solid particles such as carbon, arsenic compounds, dust, etc., in air. 
The smoke, before it comes out from the chimney, is led through a 
chamber containing plates having a charge opposite to that carried by 
smoke particles. The particles on coming in contact with these 
plates lose their charge and get precipitated. The particles thus settle 
down on the floor of the chamber. The precipitator is called Cottrell 
precipitator 



(ii) Purification of drinking water: The water obtained from natural 
sources often contains suspended impurities. Alum is added to such 
water to coagulate the suspended impurities and make water fit for 
drinking purposes 



(iii) Medicines: Example-  
 Argyrol is a silver sol used as an eye lotion.  
 Colloidal antimony is used in curing kalaazar.  
 Colloidal gold is used for intramuscular injection.  
 Milk of magnesia, an emulsion, is used for stomach disorders.  
Colloidal medicines are more effective because they have large surface area and are 
therefore easily assimilated.  
 
(iv) Tanning: Animal hides are colloidal in nature. When a hide, which has positively charged 
particles, is s soaked in tannin, which contains negatively charged colloidal particles, mutual 
coagulation takes place. This results in the hardening of leather. This process is termed as 
tanning. 
 (v) Cleansing action of soaps and detergents:  
(vi) Photographic plates and films are prepared by coating an emulsion of the light sensitive 
AgBr in gelatin over glass plates or celluloid films.  
 
(vii) Latex is a colloidal solution of rubber particles which are negatively charged.  
Rubber is obtained by coagulation of latex.  
 
(viii) Industrial products: Paints, inks, synthetic plastics, rubber, graphite lubricants, cement, 
etc., are all colloidal solutions 



THANK YOU 


