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GENERAL CHEMISTRY-I 
Unit-V: Colloids and Macromolecules 

A colloid is a mixture that has particles ranging between 1 and 1000 nanometers in 
diameter, yet is still able to remain evenly distributed throughout the solution. These are also 
known as colloidal dispersions because the substances remain dispersed and do not settle to 
the bottom of the container. 

In chemistry, a colloid is a phase separated mixture in which one substance of 
microscopically dispersed insoluble or soluble particles is suspended throughout another 
substance.  
Types of Colloids 
 Sol is a colloidal suspension with solid particles in a liquid. 
 Emulsion is between two liquids. 
 Foam is formed when many gas particles are trapped in a liquid or solid. 
 Aerosol contains small particles of liquid or solid dispersed in a gas. 

 
Preparation of Colloids 

Colloids can be prepared by a variety of techniques involving physical, chemical as well 
as some dispersion methods. However, there are two principal ways of preparation of colloids: 
 Dispersion of large particles or droplets to the colloidal dimensions by milling, 

spraying, or application of shear (e.g. shaking, mixing, or high shear mixing). 
 Condensation of small dissolved molecules into larger colloidal particles by 

precipitation, condensation, or redox reactions. Such processes are used in the 
preparation of colloidal silica or gold. 

 
Chemical Methods of Preparation of Colloids 

Hydrophilic or Lyophobic colloidal solutions can be prepared by various chemical 
techniques such as: 
 Double Decomposition Technique: When hydrogen sulphide is passed through a 

solution of arsenious oxide in distilled water, we get a colloidal solution of arsenious 
chloride. 

As2O3 + 3H2S → As2S3 +  3H2O 
 Oxidation Technique: A colloidal solution of Sulphur is made to pass through an 

aqueous solution of sulphur dioxide. It can also be obtained by passing the gas through 
a solution of an oxidization agent such as bromine water as well as nitric acid. 
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SO2 + 2H2S →  2H2O + 3S 
H2S + [O] →  H2O + S 

 Reduction Technique: Another technique of preparing colloidal solutions of metals 
such as silver, gold as well as platinum involves the use of reducing agent for reduction 
of the salt solutions of these metals. Example of reducing agent include stannous 
chloride. 

 Hydrolysis Technique: It involves the use of boiling water to obtain a reduced 
solution of ferric chloride. 

FeCl3 + 3H2O →  Fe(OH)3 + 3 HCl 
 
Purification of Colloidal Solution 

The following methods are commonly used for the purification of colloidal solutions. 
 
Dialysis 
 The process of separating the particles of colloid from those of crystalloid, by means 

of diffusion through a suitable membrane is called dialysis. 
 It’s principle is based upon the fact that colloidal particles can not pass through a 

parchment or cellophane membrane while the ions of the electrolyte can pass through 
it. 

 The impurities slowly diffused out of the bag leaving behind pure colloidal solution 
 The distilled water is changed frequently to avoid accumulation of the crystalloids 

otherwise they may start diffusing back into the bag. 
 Dialysis can be used for removing  from the ferric hydroxide sol. 

 
Electrodialysis 
 The ordinary process of dialysis is slow. 
 To increase the process of purification, the dialysis is carried out by applying electric 

field. This process is called electrodialysis. 
 The important application of electrodialysis process in the artificial kidney machine 

used for the purification of blood of the patients whose kidneys have failed to work. 
The artificial kidney machine works on the principle of dialysis. 
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Ultra – filtration 
 Sol particles directly pass through ordinary filter paper because their pores are larger 

(more than  or ) than the size of sol particles (less than ). 
 If the pores of the ordinary filter paper are made smaller by soaking the filter paper in 

a solution of gelatin of colloidion and subsequently hardened by soaking in 
formaldehyde, the treated filter paper may retain colloidal particles and allow the true 
solution particles to escape. Such filter paper is known as ultra - filter and the process 
of separating colloids by using ultra – filters is known as ultra – filtration. 

 
Ultra – centrifugation 
 The sol particles are prevented from setting out under the action of gravity by kinetic 

impacts of the molecules of the medium. 
 The setting force can be enhanced by using high speed centrifugal machines having 

15,000 or more revolutions per minute. Such machines are known as ultra–
centrifuges. 

 
Stability of Colloids 

The stability of a colloidal system is defined by particles remaining suspended in 
solution at equilibrium.Stability is hindered by aggregation and sedimentation phenomena, 
which are driven by the colloid's tendency to reduce surface energy. Reducing the interfacial 
tension will stabilize the colloidal system by reducing this driving force. Aggregation is due 
to the sum of the interaction forces between particles. If attractive forces prevail over the 
repulsive ones particles aggregate in clusters.Electrostatic stabilization and steric stabilization 
are the two main mechanisms for stabilization against aggregation. 

Electrostatic stabilization is based on the mutual repulsion of like electrical charges. 
In general, different phases have different charge affinities, so that an electrical double layer 
forms at any interface. Small particle sizes lead to enormous surface areas, and this effect is 
greatly amplified in colloids. In a stable colloid, mass of a dispersed phase is so low that its 
buoyancy or kinetic energy is too weak to overcome the electrostatic repulsion between 
charged layers of the dispersing phase. The electrostatic repulsion between suspended 
colloidal particles is most readily quantified in terms of the zeta potential, a measurable 
quantity describing electrical potential at the slipping plane in an electrical double layer. 
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Steric stabilization consists in covering the particles in polymers which prevents the 
particle to get close in the range of attractive forces. 

 
Gold Number 

The Gold Number is the minimum weight (in milligrams) of a 
protective colloid required to prevent the coagulation of 10 ml of a standard hydro gold sol 
when 1 ml of a 10% sodium chloride solution is added to it. 

The coagulation of gold sol results in an increase in particle size, indicated by a colour 
change from red to blue or purple. The higher the gold number, the lower the protective 
power of the colloid, because a greater amount of colloid is required to prevent coagulation. 
The gold numbers of some colloids are given below. 

Protective Colloid Gold Number 
Gelatin 0.005-.01 
Haemoglobin 0.03-0.07 
Egg Albumin 0.15-0.25 
Potato Starch 20-25 
Gum arabic 0.15-0.25 
Caseinate 0.01-0.02 
Sodium Oleate  1-5 
Dextrin 125-150 

 
Properties of Colloids 
Electrical properties 
Electrical double layer theory: In this theory, charge is imparted to the particles by placing 
ions which are adsorbed preferentially at immovable points which for the first layer. The 
second layer consists of diffused mobile ions. The charge present on both the layers is equal. 
This two-layer arrangement leads to a development of potential called zeta or Electrokinetic 
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potential. As a result of this potential developed across the particles, under the influence of 
electric field these particles move. 
Electrophoresis: It is a process in which an electric field is been applied to a colloidal 
solution which is responsible for the movement of colloidal particles. Depending upon the 
accumulation near the electrodes the charge of the particles can be predicted. The charge of 
the particles is positive if the particles get collected near a negative electrode and vice versa. 

 
Electro-osmosis: It is a process in which the dispersing medium of the colloidal solution is 
brought under the influence of electric field and the particles are arrested. 

 
 
Optical properties 

Tyndall’s effect is defined as the phenomenon in which light is scattered by the 
colloidal particles. The light is been absorbed by the particles present in the solution. Once 
the light is been absorbed a part of the light gets scattered in all the directions. The result of 
scattering exhibits this effect. 
Kinetic properties 

During the observation of the colloidal dispersion under an ultra-microscope, it is 
clearly seen that the particles are in a continuous movement in the solution. This random 
zigzag movement of the particles in the colloidal solution is called Brownian effect. This 
movement is mainly due to the unique bombardment of the molecules present in the 
dispersed medium on the colloidal particles. 
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Emulsions  
An emulsion is a type of colloid formed by combining two liquids that normally don't 

mix. In an emulsion, one liquid contains a dispersion of the other liquid. Common examples 
of emulsions include egg yolk, butter, and mayonnaise. The process of mixing liquids to form 
an emulsion is called emulsification. 
 
Types of Emulsions 

 
Emulsions can exist as “oil in water” or ” water in oil” of emulsions. The type of 

emulsion depends upon the properties of the dispersed phase and continuous phase. If the oil 
phase is dispersed in a continuous aqueous phase the emulsion is known as “oil in water”. If the 
aqueous phase is the dispersed phase and the oil phase is the continuous phase, then its known as 
“water in oil” 

Whether an emulsion of oil and water turns into a “water-in-oil” emulsion or an “oil-in-
water” emulsion depends on the volume fraction of both phases and the type of emulsifier used 
to emulsify them. 
 
Preparation of Emulsions 

The methods commonly used to prepare emulsions can be divided into two categories 
A) Trituration Method  

This method consists of dry gum method and wet gum method.  
Dry Gum Method  

In this method the oil is first triturated with gum with a little amount of water to form 
the primary emulsion. The trituration is continued till a characteristic ‘clicking’ sound is 
heard and a thick white cream is formed. Once the primary emulsion is formed, the remaining 
quantity of water is slowly added to form the final emulsion. 4:2:1 formula 4 parts (volumes) 
of oil 2 parts of water 1 part of gum. 
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Wet Gum Method 
Wet Gum Method As the name implies, in this method first gum and water are 

triturated together to form a mucilage. The required quantity of oil is then added gradually in 
small proportions with thorough trituration to form the primary emulsion. Once the primary 
emulsion has been formed remaining quantity of water is added to make the final emulsion. 
4:2:1 formula 4 parts (volumes) of oil 2 parts of water 1 part of gum. 
 
Bottle Method 

This method is employed for preparing emulsions containing volatile and other non-
viscous oils. Both dry gum and wet gum methods can be employed for the preparation.  As 
volatile oils have a low viscosity as compared to fixed oils, they require comparatively large 
quantity of gum for emulsification.  In this method, oil or water is first shaken thoroughly 
and vigorously with the calculated amount of gum. Once this has emulsified completely, the 
second liquid (either oil or water) is then added all at once and the bottle is again shaken 
vigorously to form the primary emulsion. More of water is added in small portions with 
constant agitation after each addition to produce the final volume. 
 
Properties of Emulsion 
 Emulsions show all the characteristic properties of colloidal solution such as 

Brownian movement, Tyndall effect, electrophoresis etc. 
 These are coagulated by the addition of electrolytes containing polyvalent metal ions 

indicating the negative charge on the globules. 
 The size of the dispersed particles in emulsions in larger than those in the sols. It 

ranges from 1000 Å to 10,000 Å. However, the size is smaller than the particles in 
suspensioins. 

 Emulsions can be converted into two separate liquids by heating, centrifuging, 
freezing etc. This process is also known as demulsification. 

 
Applications of Emulsions 
 Concentration of ores in metallurgy 
 In medicine (Emulsion water-in-oil type) 
 Cleansing action of soaps. 
 Milk, which is an important constituent of our diet an emulsion of fat in water. 
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 Digestion of fats in intestine is through emulsification. 
 
Donnan Membrane Equilibrium 

The Gibbs–Donnan effect (also known as the Donnan's effect, Donnan law, Donnan 
equilibrium, or Gibbs–Donnan equilibrium) is a name for the behaviour of charged particles 
near a semi-permeable membrane that sometimes fail to distribute evenly across the two sides 
of the membrane. 

 
Osmosis 

Osmosis is the spontaneous net movement of solvent molecules through a selectively 
permeable membrane into a region of higher solute concentration, in the direction that tends 
to equalize the solute concentrations on the two sides. 

 
Reverse osmosis (RO) 

Reverse osmosis (RO) is a water purification process that uses a partially permeable 
membrane to remove ions, unwanted molecules and larger particles from drinking water. In 
reverse osmosis, an applied pressure is used to overcome osmotic pressure, a colligative 
property that is driven by chemical potential differences of the solvent, 
a thermodynamic parameter. Reverse osmosis can remove many types of dissolved and 
suspended chemical species as well as biological ones (principally bacteria) from water, and 
is used in both industrial processes and the production of potable water. 
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Desalination  

Desalination is a process that takes away mineral components from saline water. 
More generally, desalination refers to the removal of salts and minerals from a target 
substance, as in soil desalination, which is an issue for agriculture.  

Saltwater is desalinated to produce water suitable for human 
consumption or irrigation. The by-product of the desalination process is brine. Desalination is 
used on many seagoing ships and submarines. Most of the modern interest in desalination is 
focused on cost-effective provision of fresh water for human use. Along with 
recycled wastewater, it is one of the few rainfall-independent water sources. 

 
 
Macromolecules 

Macromolecules are large molecules composed of thousands of covalently connected 
atoms. Carbohydrates, lipids, proteins, and nucleic acids are all macromolecules. 
Macromolecules are formed by many monomers linking together, forming a polymer. 

A macromolecule is a very large molecule, such as protein, commonly composed of 
the polymerization of smaller subunits called monomers. They are typically composed of 
thousands of atoms or more. A substance that is composed of monomers is called a polymer. 
The most common macromolecules in biochemistry are biopolymers (nucleic acids, proteins, 
and carbohydrates) and large non-polymeric molecules (such 
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as lipids and macrocycles), synthetic fibers as well as experimental materials such as carbon 
nanotubes.  
 
Molecular Weight of Macromolecule 

Macromolecules are composed of much larger numbers of atoms than ordinary 
molecules. For example, a molecule of polyethylene, a plastic material, may consist of as 
many as 2,500 methylene groups, each composed of two hydrogen atoms and one 
carbon atom. The corresponding molecular weight of such a molecule is on the order of 
35,000. Insulin, a protein hormone present in the pancreas and responsible for regulation of 
blood-sugar levels, has a molecular unit derived from 51 amino acids (by themselves 
molecules containing carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur). The 
exact molecular weight of insulin from cattle has been determined to be 5,734. 
 
Determination of Molecular Weight by Osmotic Pressure 

Osmometry is used to determine the molecular mass, which depends on colligative 
properties, meaning that the number of dissolved molecules is the only factor that alters the 
properties of a solution. In addition, boiling point elevation, osmotic pressure, freezing point 
depression, and vapor pressure reduction are based on colligative properties. 

There are two principal methods of osmometry that are suitable for determining 
average molecular weights of polymers: membrane and vapor pressure osmometry. While the 
first one is suitable for molecular weights between 50000 and 2 million (g mol−1), the second 
one is applicable for ‘short’ polymeric chains below 40000 g mol−1. Both methods deliver the 
absolute value of the number average molecular weight (Mn). 

In the first case, a solution of a polymer and the pure solvent are placed in 
compartments separated by a semipermeable membrane. The membrane allows diffusion of 
small solvent molecules, but restricts the larger polymer chains to one compartment only. 
Hence, a net diffusion of solvent takes place from the solvent side to the solution side until 
sufficient hydrostatic pressure develops that prevents further diffusion. This hydrostatic 
pressure is the osmotic pressure, which is related to molecular weight by the van't Hoff 
equation extrapolated to zero concentration: 

π/CC=0 = RT/Mn + A2C 
where π is the osmotic pressure, C the concentration of polymer (g l−1), T the temperature 
(K), R the gas constant, and A2 the second virial coefficient (solvent dependent). 
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A plot of π/C versus C is a straight line of slope A2, and γ-intercept equal to RT/Mn. 
The permeability of the membrane to low molecular weight chains renders membrane 
osmometry useful for polymer molecular weights greater than 50000, while inaccuracy in the 
measurement of very small osmotic pressures sets the upper limit at 2 million. 

The second method is based on the vapor pressure difference of pure solvent and 
a polymer solution. A sample of the solution and pure solvent are introduced into a 
temperature-controlled measuring chamber, which is saturated with solvent vapor. Since the 
vapor pressure of the solution is lower than that of the solvent, solvent vapor condenses on 
the solution sample causing its temperature to rise. This temperature difference (ΔT) can be 
measured for different concentrations (C) of the polymer solution and 1/Mn can be calculated 
according to the following formula: 
ΔT/KC = 1/Mn + A2C 
K is a measuring constant determined for a given solvent and temperature with an organic 
substance (e.g., benzoin) with exactly known molecular weight. A plot of (ΔT/KC) 
versus C delivers 1/Mn as the γ-axis intercept (slope A2). 
 
Determination of Molecular Weight by Light Scattering Method 
Static light scattering is a technique in physical chemistry that measures the intensity of the 
scattered light to obtain the average molecular weight Mw of a macromolecule like a polymer 
or a protein in solution. 

A light scattering instrument composed of many detectors placed at various angles, all 
the detectors need to respond the same way. Usually detectors will have slightly 
different quantum efficiency, different gains and are looking at different geometrical 
scattering volumes. In this case a normalization of the detectors is absolutely needed. To 
normalize the detectors, a measurement of a pure solvent is made first. Then an isotropic 
scatterer is added to the solvent. Since isotropic scatterers scatter the same intensity at any 
angle, the detector efficiency and gain can be normalized with this procedure. It is convenient 
to normalize all the detectors to the 90° angle detector. 
 
Molecular Weight Determination by Light-scattering Method 

One of the most used methods to characterize the molecular weight is light scattering 
method. When polarizable particles are placed in the oscillating electric field of a beam of 
light, the light scattering occurs. Light scattering method depends on the light, when the light 
is passing through polymer solution, it is measure by loses energy because of absorption, 
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conversion to heat and scattering. The intensity of scattered light relies on the concentration, 
size and polarizability that is proportionality constant which depends on the molecular 
weight. Figure shows light scattering off a particle in solution. 

 
Figure: Modes of scattering of light in solution. 

A schematic laser light-scattering is shown in Figure. A major problem of light 
scattering is to prepare perfectly clear solutions. This problem is usually accomplished by 
ultra-centrifugation. A solution should be as possible as clear and dust free to determine 
absolute molecular weight of polymer. The advantages of this method, it doesn’t need 
calibration to obtain absolute molecular weight and it can give information about shape and 
Mw information. Also, it can be performed rapidly with less amount of sample and absolute 
determinations of the molecular weight can be measured. The weaknesses of the method is 
high price and most times it requires difficult clarification of the solutions. 

 
Figure: Schematic representation of light scattering.  

The weight average molecular weight value of scattering polymers in solution related 
to their light scattering properties, where K is the wave vector. C is solution concentration, 
R(θ) is the reduced Rayleigh ratio, P(θ) the particle scattering function, θ is the scattering 
angle, A is the osmotic virial coefficients, where n0 solvent refractive index, λ the light 
wavelength and Na Avagadro’s number. The particle scattering function, where Rz is the 
radius of gyration. 
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KC/R(θ) = 1/MW(P(θ) + 2A2C + 3A3C2 + ...) 
K = 2π2n20(dn/dC)2/Naλ2 

1/(P(θ)) = 1+16π2n20(R2z)sin2(θ/2)3λ2 
Weight average molecular weight of a polymer is found from extrapolation of data in 

the form of a Zimm plot. Experiments are performed at several angles and at least at 4 
different concentrations. The straight line extrapolations provides Mw. 

 
Figure: EA typical Zimm plot of light scattering data.  
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Periodic table and periodic properties 

Quantum Numbers 

The most prominent system of nomenclature spawned from the molecular orbital theory of 

Friedrich Hund and Robert S. Mulliken, which incorporates Bohr energy levels as well as 

observations about electron spin. This model describes electrons using four quantum 

numbers: energy (n), angular momentum (ℓ), magnetic moment (mℓ), and spin (ms). It is also 

the common nomenclature in the classical description of nuclear particle states (e.g. protons 

and neutrons). 

  

 

 

 

The Principal Quantum Number (n) 

The first quantum number describes the electron shell, or energy level, of an atom. The value 

of n ranges from 1 to the shell containing the outermost electron of that atom. For example, in 

caesium (Cs), the outermost valence electron is in the shell with energy level 6, so an electron 

in caesium can have an n value from 1 to 6. For particles in a time-independent potential, per 

the Schrödinger equation, it also labels the nth eigenvalue of Hamiltonian (H) (i.e. the energy 

E with the contribution due to angular momentum, the term involving J2, left out). This 

number therefore has a dependence only on the distance between the electron and the nucleus 

(i.e. the radial coordinate r). The average distance increases with n, thus quantum states with 

different principal quantum numbers are said to belong to different shells. 

The Azimuthal Quantum Number (l) 

The second quantum number, known as the angular or orbital quantum number, describes the 

subshell and gives the magnitude of the orbital angular momentum through the relation. In 

chemistry and spectroscopy, ℓ = 0 is called an s orbital, ℓ = 1 a p orbital, ℓ = 2 a d orbital, and 



ℓ = 3 an f orbital. The value of ℓ ranges from 0 to n − 1 because the first p orbital (ℓ = 1) 

appears in the second electron shell (n = 2), the first d orbital (ℓ = 2) appears in the third shell 

(n = 3), and so on. In chemistry, this quantum number is very important since it specifies the 

shape of an atomic orbital and strongly influences chemical bonds and bond angles. 

The Magnetic Quantum Number (m) 

The magnetic quantum number describes the energy levels available within a subshell and 

yields the projection of the orbital angular momentum along a specified axis. The values of 

mℓ range from − to ℓ, with integer steps between them. The s subshell (ℓ = 0) contains one 

orbital, and therefore the mℓ of an electron in an s subshell will always be 0. The p subshell 

(ℓ = 1) contains three orbitals (in some systems depicted as three “dumbbell-shaped” clouds), 

so the mℓ of an electron in a p subshell will be −1, 0, or 1. The d subshell (ℓ = 2) contains 

five orbitals, with mℓ values of −2, −1, 0, 1, and 2. The value of the mℓ quantum number is 

associated with the orbital orientation. 

The Spin Projection Quantum Number(s) 

The fourth quantum number describes the spin (intrinsic angular momentum) of the electron 

within that orbital and gives the projection of the spin angular momentum (s) along the 

specified axis. Analogously, the values of ms range from −s to s, where s is the spin quantum 

number, an intrinsic property of particles. An electron has spin s = ½, consequently ms will be 

±, corresponding with spin and opposite spin. Each electron in any individual orbital must 

have different spins because of the Pauli exclusion principle, therefore an orbital never 

contains more than two electrons. 

For example, the quantum numbers of electrons from a magnesium atom are listed below. 

Remember that each list of numbers corresponds to (n, l, ml, ms). 

Two s electrons: (1, 0, 0, +½) (1, 0, 0, -½) 

Two s electrons: (2, 0, 0, +½) (2, 0, 0, -½) 

Six p electrons: (2, 1, -1, +½) (2, 1, -1, -½) (2, 1, 0, +½) (2, 1, 0, -½) (2, 1, 1, +½) (2, 1, 1, -½) 

Two s electrons: (3, 0, 0, +½) (3, 0, 0, -½) 

 



 

 

Pauli Exclusion Principle 

Pauli Exclusion Principle states that in a single atom no two electrons will have an identical 

set or the same quantum numbers (n, l, ml, and ms). To put it in simple terms, every electron 

should have or be in its own unique state (singlet state). There are two salient rules that the 

Pauli Exclusion Principle follows: 

• Only two electrons can occupy the same orbital. 

• The two electrons that are present in the same orbital must have opposite spins or it 

should be antiparallel. 

However, Pauli Exclusion Principle does not only apply to electrons. It applies to other 

particles of half-integer spin such as fermions. It is not relevant for particles with an integer 

spin such as bosons which have symmetric wave functions. Moreover, bosons can share or 

have the same quantum states, unlike fermions. As far as the nomenclature goes, fermions are 

named after the Fermi–Dirac statistical distribution that they follow. Bosons, on the other 

hand, get their name from the Bose-Einstein distribution function. 

Formulation of the Principle 

An Austrian physicist named Wolfgang Pauli formulated the principle in the year 1925. With 

this principle, he basically described the behavior of the electrons. Later in the year 1940, he 

expanded on the principle to cover all fermions under his spin-statistics theorem. Meanwhile, 

fermions that are described by the principle include elementary particles such as quarks, 

electrons, neutrinos, and baryons. 

Wolfgang Pauli was also awarded the Nobel Prize in the year 1945 for the discovery of the 

Pauli Exclusion Principle and his overall contribution in the field of quantum mechanics. He 

was even nominated by Albert Einstein for the award. 

Pauli Exclusion Principle in Chemistry 

In chemistry, the law is mainly used to explain or determine the electron shell structure of 

atoms and predict which atoms are likely to donate electrons. How does the principle work or 
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where does it apply? Well, if we look at the atoms whenever it gains a new electron or 

electrons it usually moves to the lowest energy state or it shifts to the outermost shell. If the 

state has one electron then it can either be spin-up or spin down. Now, if we consider the 

Pauli exclusion principle if there are two electrons in a state, then each of the electrons will 

have spin-up or spin down-state but not the same. 

Pauli Exclusion Principle Example 

We can take a neutral helium atom as a common Pauli Exclusion Principle example. The 

atom has 2 bound electrons and they occupy the outermost shell with opposite spins. Here, 

we will find that the two electrons are in the 1s subshell where n = 1, l = 0, and ml = 0. 

Their spin moments will also be different. One will be ms = -1/2 and the other will be +1/2. If 

we draw a diagram then the subshell of the helium atom will be represented with 1 “up” 

electron and 1 “down” electron. In essence, 1s subshell will consist of two electrons, which 

have opposite spins. 

Similarly, if we take Hydrogen it will have 1s subshell with 1 “up” electron (1s1). Lithium 

will have the helium core (1s2) and then one more “up” electron ( 2s1). What we are trying to 

depict here is that the electron configuration of the orbitals is written in this manner. 

 

From the above example, we can further deduce that successive larger elements will have 

shells of successively higher energy. The number of electrons in the outermost shell is also 

directly related to the different chemical properties that elements possess. Elements with the 

same number of electrons in the outermost shell will have similar properties. 

Importance and Applications Of Pauli Exclusion Principle 

• The Pauli Exclusion Principle helps to explain a wide variety of physical phenomena. 

• It helps in describing the various chemical elements and how they participate in 

forming chemical bonds. 
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• The periodic table can also be defined with the help of this principle. 

• Apart from chemistry, the principle is a fundamental principle in quantum mechanics 

which is mainly studied in physics. 

• It is also used in astrophysics. 

Aufbau principle 

You may consider an atom as being "built up" from a naked nucleus by gradually adding to it 

one electron after another, until all the electrons it will hold have been added. Much as one 

fills up a container with liquid from the bottom up, the orbitals of an atom are filled from the 

lowest energy orbitals to the highest energy orbitals. 

Orbitals with the lowest principal quantum number (n) have the lowest energy and will fill up 

first, in smaller atoms. Larger atoms with more subshells will seem to fill "out of order", as 

the other factors influencing orbital energy become important. Within a shell, there may be 

several orbitals with the same principal quantum number. In that case, more specific rules 

must be applied. For example, the three p orbitals of a given shell all occur at the same 

energy level. So, how are they filled up? Answer: all the three p orbitals have same energy so 

while filling the p orbitals we can fill any one of the Px, Py or Pz first. It is a convention that 

we chose to fill Px first, then Py and then Pz for our simplicity. Hence you can opt for filling 

these three orbitals from right to left also. Aufbau principle state that “atomic orbitals are 

filled with electrons in order of increasing energy level” 

 

The Aufbau principle is illustrated in the diagram by following each red arrow in order from 

top to bottom: 1s1s, 2s2s, 2p2p, 3s3s, etc. 



 

Hunds Rule of Maximum Multiplicity 

Hunds Rule of Maximum Multiplicity rule states that for a given electron configuration, the 

term with maximum multiplicity falls lowest in energy. According to this rule electron 

pairing in p, d and f orbitals cannot occur until each orbital of a given subshell contains one 

electron each or is singly occupied. 

State Hund’s Rule 

It states that: 

1. In a sublevel, each orbital is singly occupied before it is doubly occupied. 

2. The electrons present in singly occupied orbitals possess identical spin. 

The electrons enter an empty orbital before pairing up. The electrons repel each other as they 

are negatively charged. The electrons do not share orbitals to reduce repulsion. 

When we consider the second rule, the spins of unpaired electrons in singly occupied orbitals 

are the same. The initial electrons spin in the sub-level decides what the spin of the other 

electrons would be. For instance, a carbon atom’s electron configuration would be 1s22s22p2. 

The same orbital will be occupied by the two 2s electrons although different orbitals will be 

occupied by the two 2p electrons in reference to Hund’s rule. 

Electron Configuration  



 

The above image helps in understanding the electronic configuration and its purpose. The 

valence shells of two atoms that come in contact with each other will interact first. When 

valence shells are not full then the atom is least stable. The chemical characteristics of an 

element are largely dependent on the valence electrons. Similar chemical characteristics can 

be seen in elements that have similar valence numbers. 

The stability can also be predicted by the electron configuration. When all the orbitals of an 

atom are full it is most stable. The orbitals that have full energy level are the most stable, for 

example, noble gases. These type of elements do not react with other elements. 

Hund’s rule of maximum multiplicity 

The rule states that, for a stated electron configuration, the greatest value of spin multiplicity 

has the lowest energy term. It says if two or more than two orbitals having the same amount 

of energy are unoccupied then the electrons will start occupying them individually before 

they fill them in pairs. It is a rule which depends on the observation of atomic spectra, which 

is helpful in predicting the ground state of a molecule or an atom with one or more than one 

open electronic shells. This rule was discovered in the year 1925 by Friedrich Hund. 

Uses of Hund’s Rule: 

It has wide applications in the following – 

It is majorly used in atomic chemistry, quantum chemistry, and spectroscopy, etc. 

https://byjus.com/chemistry/electron-configuration/


Stability of half filled and completely filled orbitals: 

 The exactly half filled and completely filled orbitals have greater stability than other partially 

filled configurations in degenerate orbitals. This can be explained on the basis of symmetry 

and exchange energy. For example chromium has the electronic configuration of 

[Ar]3d5 4s1 and not [Ar]3d4 4s2 due to the symmetrical distribution and exchange energies of 

d electrons. 

 Symmetrical distribution of electron: 

 Symmetry leads to stability. The half filled and fully filled configurations have symmetrical 

distribution of electrons (Figure 2) and hence they are more stable than the unsymmetrical 

configurations. 

 

Figure 2. Half filled and fully filled p, d and f orbitals 

The degenerate orbitals such as px, py and pz have equal energies and their orientation in 

space are different as shown in Figure 2.14. Due to this symmetrical distribution, the 



shielding of one electron on the other is relatively small and hence the electrons are attracted 

more strongly by the nucleus and it increases the stability. 

 

  

Exchange energy: 

If two or more electrons with the same pinare presenting degenerate orbitals, there is a 

possibility for exchanging their positions. During exchange process the energy is released and 

the released energy is called exchange energy. If more number of exchanges are possible, 

more exchange energy is released. More number of exchanges are possible only in case of 

half filled and fully filled configurations. 

 For example, in chromium the electronic configuration is [Ar] 3d5 4s1. The 3d orbital is half 

filled and there are ten possible exchanges as shown in Figure 2.15. On the other hand only 

six exchanges are possible for [Ar]3d4 4s2 configuration. Hence, exchange energy for the 

half filled configuration is more. This increases the stability of half filled 3d orbitals. 



 

Possible exchanges in Chromium d orbitals: a) for d5 configuration b) for d4 configuration 

The exchange energy is the basis for Hund's rule, which allows maximum multiplicity, that is 

electron pairing is possible only when all the degenerate orbitals contain one electron each. 

Variation of Atomic Volume   

Atomic size: It refers to the distance between the centres of the nucleus of the atom to the 

outermost shell containing electrons. Since absolute value of the atomic size cannot be 

determined, it is usually expressed in terms of the following operational definitions. 



 

Covalentradius. It is defined as one-half of the distance between the nuclei of two covalently 

bonded atoms of the same element in a molecule. 

 

Single Bond Covalent Radius, SBCR- (a) For Homolatomic molecules 

For hetrodiatomic molecules while electronegativityis approx same. 

dA–B = rA + rB 

For heteronuclear diatomic molecule. A–B, while difference between the electronegativity 

values of Atom A and atom B is relatively larger, (XA and XB) are the electron negativity in 

Pauling Scale. 

dA–B = rA + rB – 0.09 |(XA –XB)| [Bond length or radius expressed in Å] 

Where XA and XB is electronegativity values of high electronegative element A and less 

electronegative element B, respectively. This formula was given by Stevenson & 

Schomaker.  

Covalent radius is slightly smaller than actual radius. 

Van derWaals’ radius. It is defined as one-half of the distance between the nuclei of two 

non-bonded isolated atoms or two adjacent atoms belonging to two neighboring molecules of 

an element in the solid state. By definition, van derWaals’ radius of an element is always 

larger than its covalent radius. 

Variation of atomic radii : 



(i) Across the period atomic radii decreases 

(ii) Where we move from 17th group to 18th atomic radii increases the period decreases 

Atomic Radii 

Atomic radii are useful for determining many aspects of chemistry such as various physical 

and chemical properties. The periodic table greatly assists in determining atomic radius and 

presents a number of trends. 

Definition 

Atomic radius is generally stated as being the total distance from an atom’s nucleus to the 

outermost orbital of electron. In simpler terms, it can be defined as something similar to the 

radius of a circle, where the center of the circle is the nucleus and the outer edge of the circle 

is the outermost orbital of electron. As you begin to move across or down the periodic table, 

trends emerge that help explain how atomic radii change. 

The effective nuclear charge (Zeff) of an atom is the net positive charge felt by the valence 

electron. Some positive charge is shielded by the core electrons therefore the total positive 

charge is not felt by the valence electron. A detailed description of shielding and effective 

nuclear charge can be found here. Zeff greatly affects the atomic size of an atom. So as 

the Zeff decreases, the atomic radius will grow as a result because there is more screening of 

the electrons from the nucleus, which decreases the attraction between the nucleus and the 

electron. Since Zeff decreases going down a group and right to left across the periodic table, 

the atomic radius will increase going down a group and right to left across the periodic table. 

Types of Radius 

Determining the atomic radii is rather difficult because there is an uncertainty in the position 

of the outermost electron – we do not know exactly where the electron is. This phenomenon 

can be explained by the Heisenberg Uncertainty Principle. To get a precise measurement of 

the radius, but still not an entirely correct measurement, we determine the radius based on the 

distance between the nuclei of two bonded atoms. The radii of atoms are therefore 

determined by the bonds they form. An atom will have different radii depending on the bond 

it forms; so there is no fixed radius of an atom. 

Covalent Radius 

https://chem.libretexts.org/Bookshelves/Ancillary_Materials/Reference/Periodic_Table_of_the_Elements
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Quantum_Mechanics/10%3A_Multi-electron_Atoms/Multi-Electron_Atoms/Penetration_and_Shielding
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Quantum_Mechanics/09._The_Hydrogen_Atom/Atomic_Theory/Electrons_in_Atoms/Uncertainty_Principle


When a covalent bond is present between two atoms, the covalent radius can be determined. 

When two atoms of the same element are covalently bonded, the radius of each atom will be 

half the distance between the two nuclei because they equally attract the electrons. The 

distance between two nuclei will give the diameter of an atom, but you want the radius which 

is half the diameter. 

The covalent radius depicted below in Figure 1 will be the same for both atoms because they 

are of the same element as shown by X. 

 

Fig.1 Covalent radii 

Ionic Radius 

The ionic radius is the radius of an atom forming ionic bond or an ion. The radius of each 

atom in an ionic bond will be different than that in a covalent bond. This is an important 

concept. The reason for the variability in radius is due to the fact that the atoms in an ionic 

bond are of greatly different size. One of the atoms is a cation, which is smaller in size, and 

the other atom is an anion which is a lot larger in size. So in order to account for this 

difference, one most get the total distance between the two nuclei and divide the distance 

according to atomic size. The bigger the atomic size, the larger radius it will have. This is 

depicted in Figure 2 as shown below where the cation is displayed on the left as X+, and 

clearly has a smaller radius than the anion, which is depicted as Y- on the right. 

 

Fig. 2 Ionic radii 

• The cation, which is an ion with a positive charge, by definition has fewer electrons 

than protons. The loss in an electron will consequently result in a change in atomic 

radii in comparison to the neutral atom of interest (no charge). 

https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Chemical_Bonding/Fundamentals_of_Chemical_Bonding/Covalent_Bonds
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Fundamentals/Ionic_and_Covalent_Bonds


• The loss of an electron means that there are now more protons than electrons in the 

atom, which is stated above. This will cause a decrease in atomic size because there 

are now fewer electrons for the protons to pull towards the nucleus and will result in a 

stronger pull of the electrons towards the nucleus. It will also decrease because there 

are now less electrons in the outer shell, which will decrease the radius size. 

• An analogy to this can be of a magnet and a metallic object. If ten magnets and ten 

metallic objects represent a neutral atom where the magnets are protons and the 

metallic objects are electrons, then removing one metallic object, which is like 

removing an electron, will cause the magnet to pull the metallic objects closer because 

of a decrease in number of the metallic objects. This can similarly be said about the 

protons pulling the electrons closer to the nucleus, which as a result decreases atomic 

size. 

Figure 3 below depicts this process. A neutral atom X is shown here to have a bond length of 

180 pm and then the cation X+ is smaller with a bond length of 100 pm. 

 

Fig. 3: The ionic radius decreases for the generation of positive ions. 

An anion, on the other hand, will be bigger in size than that of the atom it was made from 

because of a gain of an electron. This can be seen in the Figure 4 below. The gain of an 

electron adds more electrons to the outermost shell which increases the radius because there 

are now more electrons further away from the nucleus and there are more electrons to pull 

towards the nucleus so the pull becomes slightly weaker than of the neutral atom and causes 

an increase in atomic radius. 

 

Fig. 4: The ionic radius increases for the generation of negative ions 



 

IONISATION POTENTIAL 

The energy required to remove the most loosely bound electron from the outermost orbit of 

one mole of isolated gaseous atoms of an element, is called ionisationpotential (IP).This 

ionization is an endergonic or energy-absorbing process. 

An electron cannot be removed directly from an atom in solid state. For this purpose, the 

solid state is converted to gaseous state and the energy required for this is called sublimation 

energy. 

 

The energyrequired to remove one electron froma neutral gaseous atomto convert it to 

monopositive cation, is called first ionisation potential (Ist IP).The energy required to convert 

a monopositive cation toa diapositive cation is called second ionisation potential (IInd IP) of 

an atom  

Ist IP < IInd IP < IIIrd IP because as the electrons go out of the atom, the ionic size goes on 

decreasing and the amount of positive charge goes on increasing. 

Factors Affecting Ionisation Potential 

(i) Atomic size:  

When the size of an atom is very large the electron of the outermost orbit bound to the 

nucleus by weaker attractive forces. Such an electron will be readily removed from the atom. 

Therefore, The value of ionisation potential will be low. 

 

 (ii) Effective Nuclear Charge: 

Atomic size decreases with increase in effective nuclear charge because, higher the effective 

nuclear charge stronger will be the attraction of the nucleus towards the electron of the 

outermost orbit and higher will be the ionisation potential 

 

(iii) Shielding Effect:  



The electrons of internal orbits repel the electrons of the electron of the outermost orbit due to 

which the attraction of the nucleus towards the electron of the outermost orbit decreases and 

thus atomic size increases and the value of ionisation potential decreases. 

 

(iv) Stability of half filled and fully filled orbitals : 

The atoms whose orbitals are half-filled (p3, d5, f7) or fully-filled (s2 , p6 , d10 , f14) have 

greater stability than the others. Therefore, they required greater energy to for removing out 

electron. However stability of fully filled orbitals is greater than that of the half filled orbitals 

 

(V) Penetration power : In any atom the s orbital is nearer to the nucleus in comparison to p, 

d and f orbitals. Therefore, greater energy is required to remove out electron from s orbital 

than fromp, d and f orbitals. Thus the decreasing order of ionisation potential of s, p, d and f 

orbitals is as follows s > p > d> f 

 

Periodic Table & Ionisation Potential 

(a) In aPeriod :The value of Ionisation potential normally increase ongoing from left to right 

in a period, because effective nuclear charge increases and atomic size decreases. 

Exceptions: 

• In second period ionisation potential of Be is greater than that of B, and in the third 

period ionization potential of Mg is greater than that of Al due to high stability of 

fully filled orbitals. 

• In second period ionisation potential of Nis greater than O and in the third period 

ionisation potential of P is greater than that of S, due to stability of half filled orbitals. 

• The increasing order of the values of ionisation potential of the second period 

elements is Li < B < Be < C < O < N < F < Ne 

The increasing order of the values of ionisation potential of the third period elements 

is Na <Al < Mg < Si < S < P < Cl <Ar 



Inner Transition Elements: The size of inner transition elements is greater than that of d 

block elements. Therefore the value of ionisation potential of f block elements is smaller than 

that of d block elements and due to almost constant atomic size of f block elements in a 

period the value of their ionization potential remains more constant than that of d block 

elements. 

In a Group 

• The value of ionisation potential normallydecreases on going fromtop to bottomin a 

group because both atomic size and shielding effect increase. 

Exception: 

• The value of ionisation potential remains almost constant from Al to Ga in the IIIA 

group. 

 (B>Al, Ga > In) 

 IP1(Sn) < IP1(Pb) 

 IP1(In) < IP1(Tl) 

• In the periodic table the element having highest value of ionisation potential is He. 

• The values of ionisation potential of noble gases are extremely high, because the 

orbitals of outermost orbit are fully-filled (ns2, np6) and provide great stability. 

• In a period, the element having least value of ionisation potential is an alkalimetal 

(group IA) and that having highest value is inert gas (Group 0) 

Applications of Ionisation Potential 

• The elements having high values of ionisation potential have low reactivity, e.g. inert 

gases. 

• The value of ionisation potential decreases more ongoing from top to bottom in a 

group in comparison to a period. Therefore, reactivity of metal increases and the atom 

forms a cation by loss of electron. 

 

• The elements having low value of ionisation potential readily lose electron and thus 

behave as strong reducing agents. 

 

• The elements having low value of ionization potential readily lose electron and thus 

exhibit greater metallic property. 



 

• The elements having low value of ionisation potential readily lose electron and thus 

have basic property. 

 

ELECTRON AFFINITY (EA) 

The energy released on adding up one mole of electron to one mole of neutral atom(A) in its 

gaseous state to form an anion (A–) is called electron affinity of that atom. In general, 

electron affinity is associated with an exothermic process. 

 

When one electron adds up to a neutral atom, it gets converted to a unit negative ion and 

energy is released. On adding one more electron to themononegative anion, there is repulsion 

between the negatively charged electron and anion. In order to counteract the repulsive 

forces, energy has to be provided to the system. Therefore, the value of the second electron 

affinity is positive. 

 

Factors Affecting Electron Affinity 

• Effective Nuclear charge: When effective nuclear charge is more, then the atomic 

size less. Hence EA increases. 

 

• Atomic Size or Atomic Radius: When the size or radius of an atom increases, the 

electron entering the outermost orbit is more weakly attracted by the nucleus and the 

value of electron affinity is lower. 

 

• Shielding Effect: Shielding effect is directly proportional to atomic size and atomic 

size is inversely proportional to electron affinity. 

 

• Stability of Fully-Filled and Half-Filled Orbitals : 

The stability of the configuration having fully-filled orbitals (p6, d10, f14) and half 

filled orbital (p3, d5, f7) is relatively higher than that of other configurations. 



• Periodic Table and Electron Affinity: 

In a period, atomic size decreases with increase in effective nuclear charge and hence 

increases in electron affinity. 

ELECTRONEGATIVITY ALONG PERIODS AND GROUPS  

• The measure of the capacity or tendency of an atom to attract the shared pair of 

electrons of the covalent bond towards itself is called electronegativity of that atom. 

• Electronegativity is a relative value that indicates the tendency of an atom to attract 

shared electrons more than the other atom bonded to it. Therefore it does not have any 

unit. Pauling was the first scientist to put forward the concept of electronegativity. 

• The numerical value of electro negativity of an atom depends on its ionisation 

potential and electron affinity values. 

Factors Affecting Electronegativity 

• Atomic size – Electronegativity of a bonded atom decreases with increase in its size. 

 

In a Group 

• The values of electron affinity normally decrease ongoing from top to bottom in a 

group because the atomic size increases which decreases the actual force of attraction 

by the nucleus. 

Exceptions (E.A. 2nd period p-block element < E.A. 3rd period p-block element) 

• The value of electron affinity of Fis lower than that of Cl, because the size of Fis very 

small and compact And the charge density is high on the surface. Therefore, the 

incoming electron experiences more repulsion in comparison to Cl .That is why the 

value of electron affinity of Cl is highest in the periodic table. 

• The values of electron affinity of  alkali metals and alkaline earth metals can be 

regarded as zero, because they do not have tendency to form anions by accepting 

electron. 

Pauling Electronegativity 

Linus Pauling described electronegativity as “the power of an atom in a molecule to attract 

electrons to it.”1 Basically, the electronegativity of an atom is a relative value of that atom's 

ability to attract election density toward itself when it bonds to another atom. The higher the 

electronegativity of an element, the more that atom will attempt to pull electrons towards it 

and away from any atom it bonds to. The main properties of an atom dictate it's 



electronegativity are its atomic number as well as its atomic radius. The trend for 

electronegativity is to increase as you move from left to right and bottom to top across the 

periodic table. This means that the most electronegative atom is Fluorine and the least 

electronegative is Francium. 

There are a few different 'types' of electronegativity which differ only in their definitions and 

the system by which they assign values for electronegativity. For example, there is Mulliken 

electronegativity which is defined as "the average of the ionization energy and electron 

affinity of an atom, which as we will see, differs slightly from Pauling's definition of 

electronegativity. 

Pauling Electronegativity 

Linus Pauling was the original scientist to describe the phenomena of electronegativity. The 

best way to describe his method is to look at a hypothetical molecule that we will call XY. By 

comparing the measured X-Y bond energy with the theoretical X-Y bond energy (computed 

as the average of the X-X bond energy and the Y-Y bond energy), we can describe the 

relative affinities of these two atoms with respect to each other. 

 

Δ Bond Energies = (X-Y)measured – (X-Y)expected 

 

If the electonegativities of X and y are the same, then we would expect the measured bond 

energy to equal the theoretical (expected) bond energy and therefore the Δ bond energies 

would be zero. If the electronegativities of these atoms are not the same, we would see a 

polar molecule where one atom would start to pull electron density toward itself, causing it to 

become partially negative. 

By doing some careful experiments and calculations, Pauling came up with a slightly more 

sophisticated equation for the relative electronegativities of two atoms in a molecule: EN(X) - 

EN(Y) = 0.102 (Δ1/2).1 In that equation, the factor 0.102 is simply a conversion factor 

between kJ and eV to keep the units consistent with bond energies. 

By assigning a value of 4.0 to Fluorine (the most electronegative element), Pauling was able 

to set up relative values for all of the elements. This was when he first noticed the trend that 

the electronegativity of an atom was determined by it's position on the periodic table and that 

the electronegativity tended to increase as you moved left to right and bottom to top along the 

table. The range of values for Pauling's scale of electronegativity ranges from Fluorine (most 

electronegative = 4.0) to Francium (least electronegative = 0.7). 2 Furthermore, if the 

electronegativity difference between two atoms is very large, then the bond type tends to be 



more ionic, however if the difference in electronegativity is small then it is a nonpolar 

covalent bond. 

Classification of elements 

s-block elements.  

Elements of groups 1 and 2 including He in which the last electron enters the s-orbital of the 

valence shell are called s-block elements. There are only 14 s-block elements in the periodic 

table. 

p-block elements.  

Elements of groups 13–18 in which the last electron enters the p-orbitals of the valence shell 

are called p-block elements. 

d-block elements. 

There are three complete series and one incomplete series of d-block elements. These are: 1st 

or 3dtransition series which contains ten elements which atomic numbers 21–30 (21Sc – 

30Zn). 2nd or 4d-transition series which contains ten elements with atomic numbers 39 – 48 

(39Y – 48Cd). 3rd or 5d transition series which also contains ten elements which atomic 

numbers 57 and 72 – 80 ( 57La, 72Hf – 80Hg).  

4th or 6d transition series which is incomplete at present and contains only nine elements. 

These are 89Ac, 104Rf, 105Ha, Unh (Unnihexium, Z = 106), 107Ns (Neilsobohrium), 108Hs 

(Hassium), 109Mt (Meitherium), Uun (Ununnilium, Z = 110) and Uud (Unundium, Z = 112) 

or Ekamercury. The element, Z = 111 has not been discovered so far. Thus, in all there are 39 

d-block elements. 
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GENERAL CHEMISTRY-I 
Unit-V: Colloids and Macromolecules 

A colloid is a mixture that has particles ranging between 1 and 1000 nanometers in 
diameter, yet is still able to remain evenly distributed throughout the solution. These are also 
known as colloidal dispersions because the substances remain dispersed and do not settle to 
the bottom of the container. 

In chemistry, a colloid is a phase separated mixture in which one substance of 
microscopically dispersed insoluble or soluble particles is suspended throughout another 
substance.  
Types of Colloids 
 Sol is a colloidal suspension with solid particles in a liquid. 
 Emulsion is between two liquids. 
 Foam is formed when many gas particles are trapped in a liquid or solid. 
 Aerosol contains small particles of liquid or solid dispersed in a gas. 

 
Preparation of Colloids 

Colloids can be prepared by a variety of techniques involving physical, chemical as well 
as some dispersion methods. However, there are two principal ways of preparation of colloids: 
 Dispersion of large particles or droplets to the colloidal dimensions by milling, 

spraying, or application of shear (e.g. shaking, mixing, or high shear mixing). 
 Condensation of small dissolved molecules into larger colloidal particles by 

precipitation, condensation, or redox reactions. Such processes are used in the 
preparation of colloidal silica or gold. 

 
Chemical Methods of Preparation of Colloids 

Hydrophilic or Lyophobic colloidal solutions can be prepared by various chemical 
techniques such as: 
 Double Decomposition Technique: When hydrogen sulphide is passed through a 

solution of arsenious oxide in distilled water, we get a colloidal solution of arsenious 
chloride. 

As2O3 + 3H2S → As2S3 +  3H2O 
 Oxidation Technique: A colloidal solution of Sulphur is made to pass through an 

aqueous solution of sulphur dioxide. It can also be obtained by passing the gas through 
a solution of an oxidization agent such as bromine water as well as nitric acid. 
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SO2 + 2H2S →  2H2O + 3S 
H2S + [O] →  H2O + S 

 Reduction Technique: Another technique of preparing colloidal solutions of metals 
such as silver, gold as well as platinum involves the use of reducing agent for reduction 
of the salt solutions of these metals. Example of reducing agent include stannous 
chloride. 

 Hydrolysis Technique: It involves the use of boiling water to obtain a reduced 
solution of ferric chloride. 

FeCl3 + 3H2O →  Fe(OH)3 + 3 HCl 
 
Purification of Colloidal Solution 

The following methods are commonly used for the purification of colloidal solutions. 
 
Dialysis 
 The process of separating the particles of colloid from those of crystalloid, by means 

of diffusion through a suitable membrane is called dialysis. 
 It’s principle is based upon the fact that colloidal particles can not pass through a 

parchment or cellophane membrane while the ions of the electrolyte can pass through 
it. 

 The impurities slowly diffused out of the bag leaving behind pure colloidal solution 
 The distilled water is changed frequently to avoid accumulation of the crystalloids 

otherwise they may start diffusing back into the bag. 
 Dialysis can be used for removing  from the ferric hydroxide sol. 

 
Electrodialysis 
 The ordinary process of dialysis is slow. 
 To increase the process of purification, the dialysis is carried out by applying electric 

field. This process is called electrodialysis. 
 The important application of electrodialysis process in the artificial kidney machine 

used for the purification of blood of the patients whose kidneys have failed to work. 
The artificial kidney machine works on the principle of dialysis. 
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Ultra – filtration 
 Sol particles directly pass through ordinary filter paper because their pores are larger 

(more than  or ) than the size of sol particles (less than ). 
 If the pores of the ordinary filter paper are made smaller by soaking the filter paper in 

a solution of gelatin of colloidion and subsequently hardened by soaking in 
formaldehyde, the treated filter paper may retain colloidal particles and allow the true 
solution particles to escape. Such filter paper is known as ultra - filter and the process 
of separating colloids by using ultra – filters is known as ultra – filtration. 

 
Ultra – centrifugation 
 The sol particles are prevented from setting out under the action of gravity by kinetic 

impacts of the molecules of the medium. 
 The setting force can be enhanced by using high speed centrifugal machines having 

15,000 or more revolutions per minute. Such machines are known as ultra–
centrifuges. 

 
Stability of Colloids 

The stability of a colloidal system is defined by particles remaining suspended in 
solution at equilibrium.Stability is hindered by aggregation and sedimentation phenomena, 
which are driven by the colloid's tendency to reduce surface energy. Reducing the interfacial 
tension will stabilize the colloidal system by reducing this driving force. Aggregation is due 
to the sum of the interaction forces between particles. If attractive forces prevail over the 
repulsive ones particles aggregate in clusters.Electrostatic stabilization and steric stabilization 
are the two main mechanisms for stabilization against aggregation. 

Electrostatic stabilization is based on the mutual repulsion of like electrical charges. 
In general, different phases have different charge affinities, so that an electrical double layer 
forms at any interface. Small particle sizes lead to enormous surface areas, and this effect is 
greatly amplified in colloids. In a stable colloid, mass of a dispersed phase is so low that its 
buoyancy or kinetic energy is too weak to overcome the electrostatic repulsion between 
charged layers of the dispersing phase. The electrostatic repulsion between suspended 
colloidal particles is most readily quantified in terms of the zeta potential, a measurable 
quantity describing electrical potential at the slipping plane in an electrical double layer. 
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Steric stabilization consists in covering the particles in polymers which prevents the 
particle to get close in the range of attractive forces. 

 
Gold Number 

The Gold Number is the minimum weight (in milligrams) of a 
protective colloid required to prevent the coagulation of 10 ml of a standard hydro gold sol 
when 1 ml of a 10% sodium chloride solution is added to it. 

The coagulation of gold sol results in an increase in particle size, indicated by a colour 
change from red to blue or purple. The higher the gold number, the lower the protective 
power of the colloid, because a greater amount of colloid is required to prevent coagulation. 
The gold numbers of some colloids are given below. 

Protective Colloid Gold Number 
Gelatin 0.005-.01 
Haemoglobin 0.03-0.07 
Egg Albumin 0.15-0.25 
Potato Starch 20-25 
Gum arabic 0.15-0.25 
Caseinate 0.01-0.02 
Sodium Oleate  1-5 
Dextrin 125-150 

 
Properties of Colloids 
Electrical properties 
Electrical double layer theory: In this theory, charge is imparted to the particles by placing 
ions which are adsorbed preferentially at immovable points which for the first layer. The 
second layer consists of diffused mobile ions. The charge present on both the layers is equal. 
This two-layer arrangement leads to a development of potential called zeta or Electrokinetic 
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potential. As a result of this potential developed across the particles, under the influence of 
electric field these particles move. 
Electrophoresis: It is a process in which an electric field is been applied to a colloidal 
solution which is responsible for the movement of colloidal particles. Depending upon the 
accumulation near the electrodes the charge of the particles can be predicted. The charge of 
the particles is positive if the particles get collected near a negative electrode and vice versa. 

 
Electro-osmosis: It is a process in which the dispersing medium of the colloidal solution is 
brought under the influence of electric field and the particles are arrested. 

 
 
Optical properties 

Tyndall’s effect is defined as the phenomenon in which light is scattered by the 
colloidal particles. The light is been absorbed by the particles present in the solution. Once 
the light is been absorbed a part of the light gets scattered in all the directions. The result of 
scattering exhibits this effect. 
Kinetic properties 

During the observation of the colloidal dispersion under an ultra-microscope, it is 
clearly seen that the particles are in a continuous movement in the solution. This random 
zigzag movement of the particles in the colloidal solution is called Brownian effect. This 
movement is mainly due to the unique bombardment of the molecules present in the 
dispersed medium on the colloidal particles. 
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Emulsions  
An emulsion is a type of colloid formed by combining two liquids that normally don't 

mix. In an emulsion, one liquid contains a dispersion of the other liquid. Common examples 
of emulsions include egg yolk, butter, and mayonnaise. The process of mixing liquids to form 
an emulsion is called emulsification. 
 
Types of Emulsions 

 
Emulsions can exist as “oil in water” or ” water in oil” of emulsions. The type of 

emulsion depends upon the properties of the dispersed phase and continuous phase. If the oil 
phase is dispersed in a continuous aqueous phase the emulsion is known as “oil in water”. If the 
aqueous phase is the dispersed phase and the oil phase is the continuous phase, then its known as 
“water in oil” 

Whether an emulsion of oil and water turns into a “water-in-oil” emulsion or an “oil-in-
water” emulsion depends on the volume fraction of both phases and the type of emulsifier used 
to emulsify them. 
 
Preparation of Emulsions 

The methods commonly used to prepare emulsions can be divided into two categories 
A) Trituration Method  

This method consists of dry gum method and wet gum method.  
Dry Gum Method  

In this method the oil is first triturated with gum with a little amount of water to form 
the primary emulsion. The trituration is continued till a characteristic ‘clicking’ sound is 
heard and a thick white cream is formed. Once the primary emulsion is formed, the remaining 
quantity of water is slowly added to form the final emulsion. 4:2:1 formula 4 parts (volumes) 
of oil 2 parts of water 1 part of gum. 
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Wet Gum Method 
Wet Gum Method As the name implies, in this method first gum and water are 

triturated together to form a mucilage. The required quantity of oil is then added gradually in 
small proportions with thorough trituration to form the primary emulsion. Once the primary 
emulsion has been formed remaining quantity of water is added to make the final emulsion. 
4:2:1 formula 4 parts (volumes) of oil 2 parts of water 1 part of gum. 
 
Bottle Method 

This method is employed for preparing emulsions containing volatile and other non-
viscous oils. Both dry gum and wet gum methods can be employed for the preparation.  As 
volatile oils have a low viscosity as compared to fixed oils, they require comparatively large 
quantity of gum for emulsification.  In this method, oil or water is first shaken thoroughly 
and vigorously with the calculated amount of gum. Once this has emulsified completely, the 
second liquid (either oil or water) is then added all at once and the bottle is again shaken 
vigorously to form the primary emulsion. More of water is added in small portions with 
constant agitation after each addition to produce the final volume. 
 
Properties of Emulsion 
 Emulsions show all the characteristic properties of colloidal solution such as 

Brownian movement, Tyndall effect, electrophoresis etc. 
 These are coagulated by the addition of electrolytes containing polyvalent metal ions 

indicating the negative charge on the globules. 
 The size of the dispersed particles in emulsions in larger than those in the sols. It 

ranges from 1000 Å to 10,000 Å. However, the size is smaller than the particles in 
suspensioins. 

 Emulsions can be converted into two separate liquids by heating, centrifuging, 
freezing etc. This process is also known as demulsification. 

 
Applications of Emulsions 
 Concentration of ores in metallurgy 
 In medicine (Emulsion water-in-oil type) 
 Cleansing action of soaps. 
 Milk, which is an important constituent of our diet an emulsion of fat in water. 
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 Digestion of fats in intestine is through emulsification. 
 
Donnan Membrane Equilibrium 

The Gibbs–Donnan effect (also known as the Donnan's effect, Donnan law, Donnan 
equilibrium, or Gibbs–Donnan equilibrium) is a name for the behaviour of charged particles 
near a semi-permeable membrane that sometimes fail to distribute evenly across the two sides 
of the membrane. 

 
Osmosis 

Osmosis is the spontaneous net movement of solvent molecules through a selectively 
permeable membrane into a region of higher solute concentration, in the direction that tends 
to equalize the solute concentrations on the two sides. 

 
Reverse osmosis (RO) 

Reverse osmosis (RO) is a water purification process that uses a partially permeable 
membrane to remove ions, unwanted molecules and larger particles from drinking water. In 
reverse osmosis, an applied pressure is used to overcome osmotic pressure, a colligative 
property that is driven by chemical potential differences of the solvent, 
a thermodynamic parameter. Reverse osmosis can remove many types of dissolved and 
suspended chemical species as well as biological ones (principally bacteria) from water, and 
is used in both industrial processes and the production of potable water. 



drmurugesanchemistry@gmail.com 

 
Desalination  

Desalination is a process that takes away mineral components from saline water. 
More generally, desalination refers to the removal of salts and minerals from a target 
substance, as in soil desalination, which is an issue for agriculture.  

Saltwater is desalinated to produce water suitable for human 
consumption or irrigation. The by-product of the desalination process is brine. Desalination is 
used on many seagoing ships and submarines. Most of the modern interest in desalination is 
focused on cost-effective provision of fresh water for human use. Along with 
recycled wastewater, it is one of the few rainfall-independent water sources. 

 
 
Macromolecules 

Macromolecules are large molecules composed of thousands of covalently connected 
atoms. Carbohydrates, lipids, proteins, and nucleic acids are all macromolecules. 
Macromolecules are formed by many monomers linking together, forming a polymer. 

A macromolecule is a very large molecule, such as protein, commonly composed of 
the polymerization of smaller subunits called monomers. They are typically composed of 
thousands of atoms or more. A substance that is composed of monomers is called a polymer. 
The most common macromolecules in biochemistry are biopolymers (nucleic acids, proteins, 
and carbohydrates) and large non-polymeric molecules (such 
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as lipids and macrocycles), synthetic fibers as well as experimental materials such as carbon 
nanotubes.  
 
Molecular Weight of Macromolecule 

Macromolecules are composed of much larger numbers of atoms than ordinary 
molecules. For example, a molecule of polyethylene, a plastic material, may consist of as 
many as 2,500 methylene groups, each composed of two hydrogen atoms and one 
carbon atom. The corresponding molecular weight of such a molecule is on the order of 
35,000. Insulin, a protein hormone present in the pancreas and responsible for regulation of 
blood-sugar levels, has a molecular unit derived from 51 amino acids (by themselves 
molecules containing carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur). The 
exact molecular weight of insulin from cattle has been determined to be 5,734. 
 
Determination of Molecular Weight by Osmotic Pressure 

Osmometry is used to determine the molecular mass, which depends on colligative 
properties, meaning that the number of dissolved molecules is the only factor that alters the 
properties of a solution. In addition, boiling point elevation, osmotic pressure, freezing point 
depression, and vapor pressure reduction are based on colligative properties. 

There are two principal methods of osmometry that are suitable for determining 
average molecular weights of polymers: membrane and vapor pressure osmometry. While the 
first one is suitable for molecular weights between 50000 and 2 million (g mol−1), the second 
one is applicable for ‘short’ polymeric chains below 40000 g mol−1. Both methods deliver the 
absolute value of the number average molecular weight (Mn). 

In the first case, a solution of a polymer and the pure solvent are placed in 
compartments separated by a semipermeable membrane. The membrane allows diffusion of 
small solvent molecules, but restricts the larger polymer chains to one compartment only. 
Hence, a net diffusion of solvent takes place from the solvent side to the solution side until 
sufficient hydrostatic pressure develops that prevents further diffusion. This hydrostatic 
pressure is the osmotic pressure, which is related to molecular weight by the van't Hoff 
equation extrapolated to zero concentration: 

π/CC=0 = RT/Mn + A2C 
where π is the osmotic pressure, C the concentration of polymer (g l−1), T the temperature 
(K), R the gas constant, and A2 the second virial coefficient (solvent dependent). 
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A plot of π/C versus C is a straight line of slope A2, and γ-intercept equal to RT/Mn. 
The permeability of the membrane to low molecular weight chains renders membrane 
osmometry useful for polymer molecular weights greater than 50000, while inaccuracy in the 
measurement of very small osmotic pressures sets the upper limit at 2 million. 

The second method is based on the vapor pressure difference of pure solvent and 
a polymer solution. A sample of the solution and pure solvent are introduced into a 
temperature-controlled measuring chamber, which is saturated with solvent vapor. Since the 
vapor pressure of the solution is lower than that of the solvent, solvent vapor condenses on 
the solution sample causing its temperature to rise. This temperature difference (ΔT) can be 
measured for different concentrations (C) of the polymer solution and 1/Mn can be calculated 
according to the following formula: 
ΔT/KC = 1/Mn + A2C 
K is a measuring constant determined for a given solvent and temperature with an organic 
substance (e.g., benzoin) with exactly known molecular weight. A plot of (ΔT/KC) 
versus C delivers 1/Mn as the γ-axis intercept (slope A2). 
 
Determination of Molecular Weight by Light Scattering Method 
Static light scattering is a technique in physical chemistry that measures the intensity of the 
scattered light to obtain the average molecular weight Mw of a macromolecule like a polymer 
or a protein in solution. 

A light scattering instrument composed of many detectors placed at various angles, all 
the detectors need to respond the same way. Usually detectors will have slightly 
different quantum efficiency, different gains and are looking at different geometrical 
scattering volumes. In this case a normalization of the detectors is absolutely needed. To 
normalize the detectors, a measurement of a pure solvent is made first. Then an isotropic 
scatterer is added to the solvent. Since isotropic scatterers scatter the same intensity at any 
angle, the detector efficiency and gain can be normalized with this procedure. It is convenient 
to normalize all the detectors to the 90° angle detector. 
 
Molecular Weight Determination by Light-scattering Method 

One of the most used methods to characterize the molecular weight is light scattering 
method. When polarizable particles are placed in the oscillating electric field of a beam of 
light, the light scattering occurs. Light scattering method depends on the light, when the light 
is passing through polymer solution, it is measure by loses energy because of absorption, 
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conversion to heat and scattering. The intensity of scattered light relies on the concentration, 
size and polarizability that is proportionality constant which depends on the molecular 
weight. Figure shows light scattering off a particle in solution. 

 
Figure: Modes of scattering of light in solution. 

A schematic laser light-scattering is shown in Figure. A major problem of light 
scattering is to prepare perfectly clear solutions. This problem is usually accomplished by 
ultra-centrifugation. A solution should be as possible as clear and dust free to determine 
absolute molecular weight of polymer. The advantages of this method, it doesn’t need 
calibration to obtain absolute molecular weight and it can give information about shape and 
Mw information. Also, it can be performed rapidly with less amount of sample and absolute 
determinations of the molecular weight can be measured. The weaknesses of the method is 
high price and most times it requires difficult clarification of the solutions. 

 
Figure: Schematic representation of light scattering.  

The weight average molecular weight value of scattering polymers in solution related 
to their light scattering properties, where K is the wave vector. C is solution concentration, 
R(θ) is the reduced Rayleigh ratio, P(θ) the particle scattering function, θ is the scattering 
angle, A is the osmotic virial coefficients, where n0 solvent refractive index, λ the light 
wavelength and Na Avagadro’s number. The particle scattering function, where Rz is the 
radius of gyration. 
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KC/R(θ) = 1/MW(P(θ) + 2A2C + 3A3C2 + ...) 
K = 2π2n20(dn/dC)2/Naλ2 

1/(P(θ)) = 1+16π2n20(R2z)sin2(θ/2)3λ2 
Weight average molecular weight of a polymer is found from extrapolation of data in 

the form of a Zimm plot. Experiments are performed at several angles and at least at 4 
different concentrations. The straight line extrapolations provides Mw. 

 
Figure: EA typical Zimm plot of light scattering data.  
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