                        2.Is Matter Around Us Pure

Solutions 

You must be aware that seas and oceans contain a large amount of salts dissolved in it; air contains gases like oxygen, carbon dioxide, ozone etc., soil contains a large amount of substances like clay, leaves, stones, pebbles etc. Also, sea water at different places contains different amounts of salt dissolved in it. Similarly, the amount of stones and clay present in the soil also varies at different places. Therefore, we can see that substances such as sea water, soil, and air are not pure. Also, their concentrations are not fixed in nature.

Then, how do we classify these substances? 
These substances are known as mixtures. 
A mixture is formed by the physical combination of two or more pure substances in any proportion. No chemical process is involved in the formation of a mixture. For example, milk is a mixture of water, fats, and proteins. Air is a mixture of gases, while sea water is a mixture of water and salts. Constituents of a mixture can be separated by physical processes such as evaporation, boiling etc.

Depending upon the interaction of the components that form a mixture, mixtures can be classified into two types:

a) Homogeneous mixtures
b) Heterogeneous mixtures
What is a Homogeneous mixture? 
A mixture is said to be homogeneous if its constituents are uniformly distributed and are not physically distinct. For example, sugar solution, salt in water etc.

Characteristics of a homogenous mixture: 
1. Constituents are uniformly distributed.

2. Constituents are not physically distinct from each other.

What is a Heterogeneous mixture? 
A mixture is said to be heterogeneous if its constituents are not uniformly distributed and are physically distinct. Mixture of sand in water and soil in water are examples of heterogeneous mixtures. The constituents of these mixtures are physically distinct, and are not uniformly distributed.

Characteristics of a heterogeneous mixture: 
1. Constituents are not uniformly distributed.

2. Constituents are physically distinct from each other.

Whenever we talk about solutions, we instantly think of liquids. But is it necessary that all solutions are liquids? 
No. A solution is simply a homogeneous mixture of two or more substances. We can also have solid solutions and gaseous solutions. Alloy is an example of a solid solution, while air is a gaseous solution.

	Alloys are mixtures of two or more metals, or a metal and non-metal. They cannot be separated into their components by components. For example, brass is an alloy. It is the solid solution of zinc and copper. Steel is also an alloy of iron and carbon.


The only condition that needs to be fulfilled for a mixture to be called a solution is that it should have homogeneity at particle level. For example, when sugar is dissolved in water, a solution is obtained because sugar particles are evenly present throughout the solution. As a result, all parts of a sugar solution taste the same.

A solution has two components, namely the solvent and the solute.

1. Solvent is that part of the solution in which the other component is dissolved. In other words, solvent is that component of a mixture that is present in large amounts.

2. Solute is that part of the solution that is dissolved in the solution. This is present in a lesser quantity as compared to the solvent. Also, more than one solute can be present in a solution.

Some common examples of solutions are:

· Solution of salt in water: Salt is the solute and water is the solvent.

· Solution of iodine in alcohol: Iodine is the solute and alcohol is the solvent. It is also called ‘tincture of iodine’.

· Vinegar: Acetic acid is the solute and water is the solvent.

· Soda water: CO2 is the solute and water is the solvent.

· Air: N2 is the solvent and the other gases are the solutes.

Properties of a solution:
1. It is a homogeneous mixture of solutes and solvents.

2. The solute particles in a solution are extremely small in size. They are less than 1 nm (10-9 m) in diameter.

3. Solute particles are not visible to the naked eye.

4. As a result of the small size of the solute particles, a solution does not scatter light.

5. Solute particles being small in size get dissolved in the solvent. Hence, the solute cannot be separated from the solution by filtration.

6. Solute particles do not settle down when left undisturbed.

Concentration Of A Solution

A solution is a homogeneous mixture of two or more constituents. The component of the solution that is dissolved is called the solute, and the component that dissolves the solute is called the solvent. However, the amount of solute in a solution may vary. To determine the amount of solute present in a solution, a concentration of the solution is used.

Concentration of a solution is the amount of solute present in a given amount (mass or volume) of solution, or the amount of solute dissolved in a given mass or volume of solvent.
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Depending on the amount of solute present, a solution can be classified as follows:

1. Dilute solution: It is a solution that has a small concentration of solute, in comparison to the concentration that could dissolve in it.

2. Concentrated solution: It is a solution that contains a large amount of solute, in comparison to the concentration that can be dissolved in it.

3. Saturated solution: It is a solution that has dissolved the maximum amount of solute at a particular temperature. This means that no more solute can be dissolved further in this solution.

The maximum amount of solute present in a saturated solution at a particular temperature is called the solubilityof that solution.

4. Unsaturated solution: It is a solution where more solute can be dissolved further at a particular temperature. An unsaturated solution can be dilute as well as concentrated. 

The concentration of a solution can be expressed as follows:

a)
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In this formula, the mass of a solution is equal to the masses of the solute and the solvent.

Thus, mass of a solution = Mass of solute + Mass of solvent

b)
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In this formula, the volume of a solution is equal to the volumes of the solute and the solvent.

Volume of a solution = Volume of solute + Volume of solvent

Hence, the concentration of a solution can be calculated by using mass by mass, or mass by volume percentage of the solution.

The mixture of sugar and water is homogeneous whereas the mixture of chalk-powder and water is non-homogeneous.

Non-homogeneous systems in which solids are dispersed in liquids are called suspensions. Chalk-water mixture, sand-water mixture, etc. are some examples of such suspensions.

In other words, suspension is a heterogeneous mixture in which the solute particles are spread throughout the bulk of the liquid, rather than being dissolved in it. The solute particles in a suspension can be seen with naked eyes.

	Properties of a suspension:
1. A suspension is a heterogeneous mixture.

2. The solute particles in a suspension are quite large. The diameter of these particles is more than 100 nm.

3. The particles of a solute can be easily seen with naked eyes.

4. If a beam of light passes through a suspension, then it gets scattered. This is because of the presence of large sized particles. This can be demonstrated by performing a simple activity.

Take a beaker and fill it with 50 mL water. Add one spatula of chalk powder to it. Stir the contents of the beaker using a glass rod and use a torch to direct a beam of light through the beaker. Then, leave the mixture undisturbed for 5-10 minutes.

What do you observe?
5. The solute particles being quite large can be filtered using a filter paper.

6. Suspensions are unstable as their particles settle down when left undisturbed for some time
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Therefore, we can conclude that suspensions such as chalk powder in water are heterogeneous mixtures. Particles of suspensions can be seen with naked eyes. The particles of a suspension scatter a beam of light (passing through it), and the chalk particles settle down when a suspension is left undisturbed.

Colloidal Solutions

The size of the particles present in homogeneous solutions is very small. But, in suspensions it is very large.

Do you know what happens when the size of the particle present in a solution or mixture is intermediate to the other two solutions? What is the name given to such solutions, and do these solutions have similar or different properties from the other two types?
Such a solution is called a colloidal solution. Milk, blood, ink, starch solution etc. are some of examples of colloidal solutions. Here, we will discuss colloidal solutions and their properties in detail.

As the size of the particles present in colloidal solutions is quite small, they appear to be homogeneous solutions, but they are not. Hence, a colloidal solution is a heterogeneous mixture in which the size of the solute particles is greater than the solute particles of the solution, but lesser than the solute particles of the suspension. A colloidal solution seems to be a homogeneous mixture because of the uniform distribution of its particles throughout the suspension. However, it is in fact a heterogeneous mixture. Milk is an example of colloidal solution.

Properties of colloidal solutions are different from the properties of both true solutions and suspensions. Let us perform a simple activity to observe the properties of colloidal solutions.

	Observations of the Tyndall effect
You must have observed that when a beam of light enters through a small hole in a room, it gets scattered by the dust particles present in air. Similarly, when sunlight passes through the canopy of a dense forest, it gets scattered by the tiny droplets of water (mist) present in air.

The Tyndall effect is used to distinguish between the different types of mixtures, namely true solutions and colloidal solutions.


A colloidal solution consists of two phases:

1. Dispersed phase, and

2. Dispersion medium
Dispersed phase: It is formed by a solute-like component or colloidal particles in a colloid.

Dispersion medium: It is the medium in which the dispersed phase (solute) is suspended (solvent).

For example, milk is an example of colloidal solution. The constituents of milk such as proteins and fats are dispersed in water. Colloids are classified according to the state of the dispersing medium and dispersed phase. Some common examples are shown in the table given below.

	 
	Dispersed Phase

	
	Solid
	Liquid
	Gas

	Dispersion Medium
	Solid
	Solid sol
Coloured gemstone, ruby glass
	Gel
Cheese, jelly
	Foam
Sponge foam, rubber

	
	Liquid
	Sol
Mud, milk of magnesia
	Emulsion
Milk, cream
	Foam
Shaving cream

	
	Gas
	Aerosol
Smoke, automobile exhaust
	Aerosol
Fog, cloud
	None
all gases are soluble


Common examples of colloid
Properties of colloidal solutions: 
1. A colloid is a heterogeneous mixture.

2. The size of the solute particles in a colloid is bigger in a solution, but smaller in a suspension. They are between 1 nm and 100 nm in diameter.

3. The solute particles present in a colloidal solution cannot be seen even with a microscope.

4. As the size of the particles present in colloids is quite large, they scatter the beam of light passing through them.

5. The solute particles of a colloid cannot be filtered using a filter paper.

6. Colloids are quite stable. Their particles do not settle down when left undisturbed.

Methods Used To Separate The Components Of Different Kinds Of Mixtures

We know that most substances occurring in nature are mixtures. To obtain pure substances, it is necessary to separate the components of a mixture. Pure substances have great importance in chemical industries. These are used in laboratories to study the chemical nature of substances and to produce a chemical compound laboratory.

Separation of the coloured component (dye) from blue or black ink:
Blue or black ink is prepared by dissolving blue or black dye in water. Blue or black dye can be separated from ink by the process of evaporation. Evaporation is a process in which a liquid is changed into its vapour state by heating. It is used to separate solid substances dissolved in water. Let us explore.
	Fillhalf a beaker with water. Put a watch-glass on the top of the beaker. Add a few drops of blue ink on the watch-glass (as shown in the figure). Now, heat the beaker till a solid mass is obtained. 

You will observe that a solid residue of the dye is obtained in the watch-glass. Ink is a colloidal solution. It is a heterogeneous mixture of dye and water. Heating leads to the evaporation of water. This leaves behind the dye in the watch-glass.
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Separation of cream from milk:
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Milk is a heterogeneous mixture of proteins, fats, and other nutrients. Cream is separated from milk as a fat-rich substance by the process of centrifugation. It is a process that utilizes the centrifugal force, generated by a spinning motor, to separate molecules by size or density. The given figure represents how cream is separated from milk by the process of centrifugation.

It will be observed that cream collects in the upper layer of milk after centrifugation. This is because fat (cream) is the lightest component of milk. Thus, it forms a layer on top.

Separation of two immiscible liquid mixtures:
Two liquids that are mutually insoluble and form separate layers when put in a container are referred to as immiscible liquids. These separate layers or phases are referred to as dispersed phase and continuous phase. For example, oil and water, petrol and water.

Immiscible liquids can be separated by using a separating funnel. The use of separating funnel is shown in the given animation

Separation of two miscible liquid mixtures:
Two or more liquids that can be mixed together in all proportions and which remain mixed under normal conditions are referred to as miscible liquids. They form a single layer when put in a container. For example: alcohol and water, acetone and water.

Miscible liquids can be separated by distillation, if their boiling points are different. Distillation is the method of separating chemical substances based on differences in the boiling points.

Fractional distillation: This technique is used when two or more miscible liquids of a mixture have a difference of less than 25 K in their boiling points. It involves an apparatus similar to that used in simple distillation, with the exception that this apparatus has a fractionating column fitted between the condenser and the distillation flask. This fractionating column is packed with glass beads, which provide a large surface area for the hot vapours to cool and condense repeatedly.

Separation of gases by fractional distillation
Air is a homogeneous mixture of different gases such as oxygen, nitrogen, carbon dioxide, etc. You must have observed oxygen cylinders in hospitals and cylinders of carbon dioxide in cars and buildings. These cylinders are prepared by separating individual gases from the air.

[image: image8.png]Fractionatin
column.

Disillaion
flask
Mixture of
acetone and
water





Separation of the components of air:
1. Air is first filtered to remove dust particles. Then, it is compressed under high pressure.

2. This compressed air is then passed through a water condenser to decrease its temperature.

3. The cold compressed air is now passed through a separator. Here, carbon dioxide separates as dry ice (solid carbon dioxide). Due to repeated compression, air becomes cold that turns into liquid.

4. The liquid air coming out of the separator is passed through an expansion jet into the distillation column. Here, it is warmed slowly. Liquid nitrogen, having the lowest boiling point of –196°C, boils to form liquid nitrogen gas. This gas is collected from the upper part of the column. Argon, having a boiling point of
–186°C, is collected next. Oxygen, having a higher boiling point of –183°C, is collected last.
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Separation of a mixture by sublimation:
Crystals of ammonium chloride and common salt look similar. It is difficult to separate the mixture of these two salts by ordinary methods. Thus, sublimation is the best process to separate ammonium chloride from common salt.

The following activity explains the methodology of separating ammonium chloride from common salt by the process of sublimation. Take a mixture of common salt and ammonium chloride in a china dish. Place this china dish on a tripod stand and cover the dish by inverting a funnel over it. The funnel should be plugged on the top with cotton to prevent the vapours of ammonium chloride from escaping into the atmosphere. Heat the china dish using a burner.
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On heating, ammonium chloride sublimes. As a result, ammonium chloride gets separated from common salt and solidifies on the cold walls of the funnel.

Separation of pure copper sulphate from an impure sample:
We can obtain pure copper sulphate from an impure sample through the process of crystallization. It is a process in which solid crystals are formed by cooling a hot concentrated solution. Take a small amount (5 g) of an impure sample of copper sulphate in a china dish. Dissolve the sample in 10 mL of water. Then, filter it to remove impurities. Evaporate the fresh solution on a water bath till small crystals are formed indicating that a concentrated solution has been obtained. After this, cover the solution with a filter paper and leave it undisturbed at room temperature for the rest of the day.
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Figure 8: Crystallization
It will be observed that crystals of pure copper sulphate are obtained and the impurities are left behind in the solution.

Classification Of Substances As Mixtures And Compounds On The Basis Of Physical And Chemical Changes

A lot of changes such as evaporation of water, melting of butter, spoiling of food, burning of fuels etc. take place around us all the time. All these changes can be classified as physical or chemical changes, depending on their characteristics. We will now discuss the characteristics of physical and chemical changes.

Physical changes:

Physical changes can be defined as changes which involve a change in the physical properties of a substance. The composition of a substance undergoing a physical change remains the same.

Melting of butter, boiling of water, glowing of a bulb, cutting of trees, etc. are some examples of physical changes.

Characteristics of physical changes:
· Formation of a new substance does not take place during a physical change.

· Most physical changes can be reversed easily.

· The chemical composition of the substance undergoing a physical change remains the same.

Chemical changes:

Chemical changes can be defined as changes which involve a change in the chemical composition of a substance, undergoing the change. Formation of one or more new substances always takes place during a chemical change.

Rusting of iron, burning of paper etc. are examples of chemical changes.

Characteristics of chemical changes:
· Formation of one or more new substances takes place during a chemical change.

· Most chemical changes can not be reversed easily.

· The chemical composition of the substance undergoing a chemical change does not remain the same.

· Chemical changes are always accompanied by a change in energy.

Now, let us study what are compounds.
A compound is a substance that is formed when two or more substances combine chemically in a fixed ratio. 

Water, copper sulphate, ammonium chloride, sodium chloride (common salt) etc. are some examples of compounds.

Compounds can be understood better by performing the following activity.

A compound is formed when two or more elements combine chemically in a fixed proportion and a mixture is formed when two or more substances are mixed in any proportion. The composition of elements present in a compound is fixed and remains same everywhere. For example, a water molecule will always contain one atom of oxygen and two atoms of hydrogen. 

A mixture displays the properties of all its constituents. On the other hand, a compound may or may not have properties similar to that of its constituent elements. For example, the mixture prepared above by mixing sulphur and iron will display the properties of both sulphur and iron, but the compound that was obtained when sulphur was heated with iron did not display the properties of iron.

The constituents of a mixture can be separated by physical methods, but elements present in compounds cannot be separated with the help of physical methods. For example, in the mixture of iron and sulphur (prepared above), sulphur can be easily separated with the help of a magnet, but the iron part present in the compound cannot be separated using a magnet.

Mixtures and Compounds can be compared in the following way:

	Mixture
	Compound

	1. It is obtained by the physical combination of either elements, or compounds, or both.
	1. It is obtained by the chemical combination of more than one element.

	2. The composition of elements present in a mixture is not fixed.
	2. The composition of elements present in a compound is fixed.

	3. It shows the properties of all its constituents.
	3. It may or may not show the properties of its constituent elements. 

	4. Its constituents can be separated using physical methods.
	4. Its constituents can be separated by using only chemical and electrochemical methods
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Classification of Pure Substances

We know that mixtures are formed when two or more pure substances are combined in any proportion. Also, mixtures are of two types—homogeneous and heterogeneous mixtures. Here, we will study about pure substances that combine to form mixtures.

Unlike mixtures which contain two or more types of particles, pure substances are composed of the same type of particles or molecules. Pure substance can be classified as elements or compounds.

Elements
The term element was first used by Robert Boyle in 1661. Later, a French chemist, L. Lavoisier, defined elements as ‘the basic form of matter that cannot be broken down into simpler substances by chemical reactions’. Iron, carbon, sulphur, mercury, oxygen etc. are examples of elements.

Elements can be further classified as metals, non-metals, and metalloids. We will now briefly discuss the properties of metals, non-metals, and metalloids.

The general properties of metals are:

1. They are generally hard and strong.

2. They have a shine (lustre), and they can be polished.

3. They are good conductors of heat and electricity.

4. They are ductile. This means that they can be drawn into thin wires.

5. They are malleable. This means that they can be hammered into thin sheets.

6. They are sonorous. This means that they make a ringing sound on being struck.

7. They generally have high boiling and melting points.

Iron, gold, silver, copper, sodium, potassium etc. are all examples of metals. Mercury is the only non-metal, which is liquid at room temperature.

The general properties of non-metals are:

1. They are not strong like metals. They are generally soft.

2. They are dull in appearance.

3. They are bad conductors of heat and electricity.

4. They are not ductile. They break on stretching.

5. They are not malleable. They break into pieces when hammered.

6. They are not sonorous.

7. They have low melting and boiling points.

Hydrogen, oxygen, carbon, iodine etc. are all examples of non-metals. Bromine is a non-metal, which is liquid at room temperature.

There are some elements having intermediate properties between metals and non-metals. Such elements are called metalloids.

Boron, silicon, germanium etc. are examples of metalloids.

Compounds
Compounds are formed when two or more elements combine chemically in a fixed proportion.

For example, water is a compound. It is formed when two atoms of hydrogen combine chemically with one atom of oxygen. This composition of water is constant throughout the universe, no matter where and how it is formed.

The properties (physical and chemical) of compounds may or may not be similar to their constituents. For example, hydrogen is a combustible substance and oxygen supports combustion. However, water, which is a compound of hydrogen and oxygen, neither burns nor supports combustion. On the other hand, it is used as a fire extinguisher.

Thus, matter found in nature can be classified in the following manner.
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