                1.Matter In Our Surroundings

 Characteristics Of Matter 

 Do you know that all substances present around us can be classified as matter?
The book that we read, the water that we drink, the food that we eat, the clothes that we wear, etc. are all examples of matter. Scientists have called everything that is present in the universe as matter.

What kind of properties can matter have?
We know that there are only two kinds of changes that can take place i.e., a physical change and a chemical change. Therefore, matter is classified using two kinds of classification:

1. Physical classification – based on the physical nature of matter
2. Chemical classification – based on the chemical nature of matter
Here, we will discuss the physical nature of matter.

Physical Nature of Matter
1. Is matter continuous or particulate in nature?
From the beginning, the scientific community has held a divided view on the physical nature of matter. While one group was of the view that matter is continuous such as a piece of stone or a block of wood, the other group believed that matter is particulate i.e., it is made up of small particles such as sand. This debate continued for a very long time until it was proved beyond doubt that matter is particulate in nature. This can be understood better by performing the following activity.

Take 50 mL water in a beaker. Mark the level of water in the beaker. Now, add some salt to the beaker and stir well with the help of a spoon (as shown in figure 1). Observe the level of water now. Add some more salt and repeat the above procedure. 

	

	Figure 1: Dissolving salt in water


What do you observe? Does the level of water change after every addition?
It will be observed that salt disappears after being added to water. However, there is no change in the level of water in the beaker.

This observation can be explained if we assume that matter is made up of particles. A chunk of salt consists of numerous salt crystals. Each crystal of salt is made up of many small salt particles. These particles become dissociated from each other and spread uniformly between the particles of water. Thus, the level of water in the beaker remains the same. These particles are so small that we cannot see them with the naked eye. Hence, it can be concluded that matter is made up of particles i.e., matter is particulate in nature.

2. How small are these particles of matter?
Once it was established that matter is made up of particles, a question was raised about the size of these particles.

we can say that particles of matter are very small and are not visible to the naked eye.

Now, we know that all substances present in the universe are called matter. Matter is made up of large amounts of particles. These particles are very small in size. Now, let us discuss the physical properties of matter.

Characteristics of particles of matter
1. Particles of matter have space between them
While performing the first activity, it was observed that the particles of salt got evenly distributed in water. Also, it was observed that the presence of salt particles did not change the level of water in the beaker. This could be possible only if the particles of salt were accommodated in between the water particles. Thus, this clearly demonstrates that space exists between water particles.

2. Particles of matter are in continuous motion
We know that there is a lot of space present between the particles of matter. Particles of matter are never at rest and keep moving continuously in these free spaces. Although their movements are not visible to the naked eye, it can be proved through the following activity.

Take some incense sticks and smell their fragrance. Now, place them at a distance from yourself and try to smell them. After this, light the incense sticks and try smelling their fragrance from a distance.
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	Figure 3: Movement of particles in air


You will be able to smell the fragrance of the unlit incense sticks when you are close to them. However, their fragrance will not reach you when you are at a distance from them. However, when the incense sticks are lit, you will be able to smell their fragrance even from a distance.

Hence, it can be concluded that particles of matter move continuously and their speed increases with an increase in temperature.
3. Particles of matter attract each other
Take an iron ball and a piece of chalk. Try to break the iron ball by hammering it. Repeat the process with the chalk piece.
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	Figure 4: Hammering an iron ball and a chalk piece


You will observe that the chalk piece breaks easily, but the iron ball does not break. This is because the forces of attraction between the chalk particles are lesser than the iron particles. Iron particles attract each other with a much greater force. This makes iron very hard and strong, because of which the iron ball does not break.

Therefore, on the basis of the above activity, we can conclude that particles of matter attract each other. However, this force of attraction varies from matter to matter.

States Of Matter

Matter around us exists in three different states as solid, liquid, and gas. Each state is distinct from the other and is characterized by unique properties. Let us discuss the properties of the states of matter.

The Solid State
A matter is said to be solid if it has a fixed shape and fixed volume, for example, a block of wood or a chair. Both these objects have a fixed shape and fixed volume. Hence, they are solids.

Hence, following are the characteristics of solids:

1. They have a fixed shape and volume.

2. They have fixed boundaries.

3. They have negligible compressibility. This is due to the presence of very little intermolecular space between the constituent particles of solids. Hence, they have a tendency to maintain their shape, when subjected to any external force.

4. Solids are rigid. They may break under force, but it is difficult to change their shape. Therefore, they resist a change in their shape.

Do You Know:
Although sponge is a solid, it can still be bent and compressed. This is because a sponge has small holes inside it. Air is trapped inside these holes. Air is expelled when we press or squeeze these holes. Hence, bending and squeezing is possible in the case of a sponge.

The Liquid State
Unlike solids, liquids have no fixed shape. However, they have a fixed volume. They take up the shape of the container in which they are kept. For example, water does not have a fixed shape, but its volume is fixed. When a certain volume of water is poured in a container, it takes the shape of the container, but its volume remains the same. On the other hand, a pen, which is a solid, has a fixed shape and volume. Liquids are not rigid i.e. they flow freely. The intermolecular space between the constituent particles of liquids is more than that of solids. Hence, they have more compressibility than solids.

Hence, following are the characteristics of liquids on the basis of particle nature of matter:

1. They do not have a fixed shape. They take up the shape of the container in which they are kept.

2. They have a fixed volume.

3. They are not rigid i.e. they flow freely.

4. They have more compressibility than solids. They can easily diffuse in other liquids.

5. In most cases, the density of a substance in the liquid state is lesser than in the solid state.

The characteristics of liquids can be understood in a better manner with the help of the following activity.
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ake three 100 mL syringes and remove their pistons. Also, close the nozzles of the syringes with rubber corks. Then, fill one syringe with chalk pieces and the other with water. Now, insert the pistons back into the syringes and push them.

It will be observed that the pistons of the syringes (containing chalk pieces and water) require a large amount of force, while the piston of the third syringe is comparatively easier to push.


The Gaseous State 
Gases have neither a fixed shape nor a fixed volume. Hence, they do not have fixed boundaries. They can flow in all directions and can be easily compressed.

In a given space, the number of particles in gases is lesser than in solids and liquids. The constituent particles of gases show a random motion because of the presence of large spaces between them. This increases the kinetic energy of the gas particles. Due to a large distance between the particles in gases, the force of attraction between them is the lowest.

The following figure shows the intermolecular spaces in the three states of matter.
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Arrangement of particles in the three states of matter 
 

Hence, following are the characteristics of gases on the basis of particle nature of matter:

1. Unlike solids and liquids, gases are highly compressible. They do not have any fixed shape. They take the shape of the container in which they are present.

2. They do not have a fixed volume. Thus, gases have no fixed boundaries.

3. They flow in all directions.

4. The rate of diffusion is very high in gases.

5. They have lesser density than solids and liquids.

Can you give an example of compressibility of gases?
Liquefied petroleum gas cylinders or LPG, which is used in our homes for cooking, contains gases in the compressed state. Similarly, compressed natural gas is used as a fuel in vehicles. Large volumes of gases can be compressed and transported in small cylinders.

Can you give an example to prove that gases have high rates of diffusion?
The aroma of food being cooked reaches us before we enter the kitchen. This happens because the aroma of food diffuses into the particles of air and spreads to other areas. This proves that gases have high rates of diffusion

In addition to the three states of matter, there are two more states of matter. These are:

1. Plasma, and

2. Bose-Einstein Condensate
Do You Know:
Plasma is a state consisting of super-energetic and super-excited particles. Bose −Einstein condensate is the fifth state of matter, as discovered by the Indian scientist S.N.Bose, in 1920. It is formed by cooling a gas of extremely low density to an extremely low temperature

Effect Of Change In Temperature And Pressure On The States Of Matter

 We know that matter exists in three different physical states – solid, liquid, and gas. The states of matter are interchangeable i.e., a substance can be changed from its solid state to its liquid state and vice-versa. Transitions from the liquid state to the gaseous state and vice-versa are also possible. However, some substances directly change into their gaseous state from their solid state and vice-versa. 

	Water exists in all three states (i.e., solid, liquid, and gaseous) as ice, water, and water vapour respectively. These states are interchangeable (see the given figure).
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	Interchangeable nature of the three states of matter


Let us now explore how matter changes its form.
Temperature is a major factor responsible for causing a change in the various states of matter. The changes in the states of matter with increasing or decreasing temperatures can be shown in the form of the following figure.
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	Effect of temperature on the states of matter


On heating a solid substance, the kinetic energy of its constituent particles increases. As a result, the particles start vibrating with greater speed. This extra energy helps the particles to overcome the inter-particle force of attraction. Soon, they leave their positions and start moving more freely. Consequently, the substance melts. The change of solid state into liquid state is known as fusion. The minimum temperature at which a substance starts melting and becomes a liquid at atmospheric pressure is known as its melting point.

	It has been observed that temperature remains constant till all solid melts into liquid. The heat supplied is used for changing a solid state into its liquid state by overcoming the particle-particle attraction force. The solid substance absorbs heat energy without showing any rise in temperature. This heat energy is called latent heat. The amount of heat required to convert a unit mass of a solid into its liquid state, without a change in temperature (i.e., at its melting point) is called the latent heat of fusion.
For ice, the latent heat of fusion is 334 kJ kg-1. This means that 334 kJ of heat is required to convert 1 kg of ice at 0ºC into 1 kg of water at 0ºC. Conversely, 334 kJ of heat is released when 1 kg of water freezes at 0ºC to give 1 kg of ice at 0ºC.


If heating is continued, then the kinetic energy of liquid particles increases further. This increases the velocity of the particles, and at a certain temperature, they obtain enough energy to break free from the force of attraction of the other particles. At this point, the liquid starts boiling i.e., starts changing into its gaseous state. This temperature is known as the boiling point of the liquid. 

	The latent heat of vaporization is the amount of heat required to convert a unit mass of liquid into its vapour state, without a change in its temperature. Latent heat of vaporization of water is 2,260 kJ kg-1. This means that 2,260 kJ of heat must be provided to convert 1 kg of water at 100ºC into 1 kg of vapour at 100ºC. Conversely, 2260 kJ of heat is released when 1 kg of vapour condenses at 100ºC to give 1 kg of water at 100ºC.


Conversely, when gas is cooled beyond its boiling point, it changes to its liquid state. This process is called condensation. When a liquid is cooled beyond its freezing point, it solidifies. This process is called freezing. The freezing point and boiling point of water are 0°C and 100°C respectively. 

	When a solid directly changes into its gaseous state on heating, the process is called sublimation. The reverse process is called deposition.

	The sun’s surface has a temperature of 6,000°C. Did you know that the interior of the sun has a temperature of 150,00,000°C? At this temperature, all its constituents are found only in the gaseous state.


Now, we know that a change in temperature can cause a change in the physical state of a substance. Similarly, change in pressure can also lead to a change in the physical state. 

	A gas is taken into a container (as shown in the given figure). When pressure is applied on the container, the gas particles come closer to each other. This reduces the kinetic energy of the particles. However, the particles are still quite far away from each other and are still in the gaseous state. When pressure is increased further, the gas particles come very close to each other and consequently, the gas liquefies.
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Hence, it can be concluded that a change in pressure can cause a change in the states of matter.
High pressure, together with low temperature, is generally used to liquefy gases.

A highly combustible gas, known as petroleum gas, is released during the fractional distillation of crude oil. Petroleum gas is liquefied by applying high pressure and low temperature. This is known as liquefied petroleum gas or LPG. LPG is used as a source of energy in houses for cooking food. 

	Thus, the temperature and the pressure at which a substance is present determine the physical state in which that substance will be present.


Factors Affecting Evaporation

We know that particles of matter are in continuous motion. Their motion is because of the kinetic energy possessed by these particles. At a given temperature, different particles have a different amount of kinetic energy. In liquids, a small fraction of particles present on the surface, having higher energy, break away from the force of attraction that binds them with other particles, and get converted into vapours.

The process of conversion of a liquid into its vapours at any temperature below its boiling point is known as evaporation.

Drying of wet clothes, drying of rain water from cement surfaces etc. takes place due to the evaporation of water.
Mechanism of Evaporation 
To understand the mechanism of evaporation, let us consider two molecules of water (as shown in figure 1). Molecule 1 is present on the surface of water, while molecule 2 ispresentdeep inside it. Thus, molecule 2 is surrounded by other water molecules from all sides. All these molecules exert forces of attraction on molecule 2. On the other hand, molecule 1 experiences such force only from one side. The other side is occupied by air. Therefore, molecule 1 experiences lesser force of attraction than molecule 2. Also, molecule 1, being present on the surface of water, absorbs more heat from its surroundings. Hence, it possesses higher kinetic energy than molecule 2. This allows molecule 1 to escape and get converted into vapours.
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Factors affecting the rate of Evaporation:
The rate of transformation of a liquid into vapours depends on various factors. They are:

· Humidity

· Temperature

· Wind Speed

· Surface Area

Do you know that increase in humidity decreases the rate of evaporation?
Humidity is the amount of water vapour present in air. Air can hold only a certain amount of water vapour at a particular temperature. Therefore, if humidity is high, there is no space for more vapour. Hence, the rate of evaporation decreases.

From these observations, we can conclude that:

1. Blowing of air increases the rate of evaporation. Thus, water evaporates faster from the china dish kept under the fan, than from the china dish kept in the cupboard.

2. The rate of evaporation increases with an increase in the wind speed. This isbecause fast moving air takes away water vapours from the atmosphere, thereby decreasing its amount, and making room for more. As a result, more evaporation occurs.

3. Increase in the surface area increases the rate of evaporation. Hence, water evaporates faster from the china dish kept under the fan, than from the test tube kept at the same place.

If the surface area is large, then there will be more molecules on the surface to turn into vapours.

4. Increase in temperature also increases the rate of evaporation. This is why water evaporates faster in summers, than in monsoons, or winters. With an increase in the temperature, kinetic energy of the particles also increases and more and more particles are able to break through the force of attraction from other particles. Hence, they get converted into vapours.

Now, can you tell why clothes are spread out for drying, and why do they dry faster on a windy day?
We know that the rate of evaporation depends on the surface area and the speed of wind. For this reason, clothes are spread out for drying and they dry faster on a windy day.

Effects Of Evaporation

You must have observed that the amount of water in a container gradually decreases, if left out during summers. It soon disappears completely. Similarly, wet clothes become dry when spread under the sun.

Can you tell how the water disappears from the container? And, how does the drying of clothes take place? Can you name the phenomenon that can explain the above observations?
The above observations can be explained using the phenomenon of evaporation. Evaporation is a physical process in which a liquid changes to its gaseous state, at a temperature lower than its boiling point. 

Here, we will study the effects of evaporation.

One most common effect of evaporation is cooling. We know that the particles in the gaseous state have more energy than the particles in the liquid state. Thus, for evaporation to take place, liquid particles need to gain energy. Particles gain this energy from their surroundings. Thereby, making the surroundings cool. During evaporation, energy is absorbed. Therefore, evaporation is an endothermic process. 

The cooling effect caused by evaporation can be easily observed in the following processes:

· An earthen pot has minute pores throughout its surface. Water keeps coming out of these pores. This water absorbs heat from the pot and evaporates. This is how the water present inside the pot remains cool.

· Perfumes and deodorants contain alcohol that is very volatile. When a deodorant is applied, it absorbs heat from the body, and gets evaporated. As a result, we feel cool on applying a deodorant or perfume.

· We perspire more during summers. The water molecules present in our sweat absorb heat energy from our body, and change into vapours. Thus, the body is cooled because of this heat loss. 

· You may have noticed people sprinkling water on their roofs during a hot sunny day. This is because water absorbs the heat from the roof, and changes it into water vapours, causing cooling of the roof

	We know that cotton absorbs water as well as allows air to pass through it. Also, cotton absorbs sweat and exposes it to the air. As a result, sweat evaporates and heat energy (equal to the latent heat of vaporization) is absorbed from the body, leaving it cool. For this reason, cotton clothes are preferred during summers. 


	The desert cooler also works on the principle of evaporative cooling. The water in the cooler is spread on the pads using a pump. This allows easy evaporation. Fresh outside air is pulled through moist pads where it is cooled by evaporation. The air cooled by this process is then thrown inside using a fan.


· The process of condensation is also observed when cold water is added a glass.

