
UNIT 20 STATES OF MATTER & CHANGE 
 

MATTER – Matter is anything that takes up space. There are 5 states of matter – solids, 

liquids, gases.  

1) Solid – It has a definite shape. It has a definite mass. It has a definite volume. It does 

not flow. Examples are an apple, cabinet, flower  

2) Liquid -They do not have a definite shape, they take the shape of the container that they 

are in. It has a definite mass and has a definite volume. Examples are coke, water, paint. 

They flow.  

3) Gas – It does not have a definite shape. It does not have a definite mass. It does not 

have a definite volume. That means gases do not always take the same amount of 

space, nor weigh the same all the time. They flow or diffuse. Examples are oxygen, 

hydrogen and helium. 

4) Plasma – Plasmas are hot ionized gases. They are formed under conditions of very high 

energy, such as those existing in stars (like the Sun). Plasmas have so much energy 

that the outer electrons are ripped off individual atoms and this forms a gas of highly 

energetic charged particles. 

5) Bose-Einstein Condensates – Increasing energy leads to more molecular motion. 

Conversely decreasing energy results in less molecular motion. The temperature at 

which molecular motion stops is called absolute zero. While scientists have cooled 

substances to very near absolute zero, they have never actually reached it. B-E 

condensates are the 5th state of matter seen in 1995. They are gaseous superfluids 

cooled to temperatures very near absolute zero. 
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PHASE CHANGES OR PHASE TRANSITION 

A phase transition is the transformation of one state of matter to another. It is the reversible 

physical change that occurs when a substance changes from one state of matter to another. 

During a phase change, energy is either absorbed or released during the change. 

Phase transitions occur at very precise points, when the energy of a substance (measured as 

temperature) in a given state, exceeds that allowed for that state. For example, liquid water can 

exist at a range of temperatures. However at 100 degrees C, water undergoes a phase transition 

into the gas state. At this point, the energy introduced into the liquid will not increase its 

temperature, it will be used to send molecules of water into gas state. 

Sublimation: It is the process of a solid changing to a gas without changing into a liquid first. 

Deposition: It is the process of a gas changing to a solid without changing into liquid first. 

 

 

 

  



WHAT HAPPENS WHEN A GAS GETS HOT 

Boyles Law : The pressure of a gas gets greater when its volume becomes smaller. This 

relationship is called Boyles Law. 

This is only true when the temperature of the gas does not change. A change in temperature 

can affect the pressure of a gas. This is because at higher temperatures, the particles move 

faster. The increased speed of the particles makes them hit the walls of the container with more 

force. This increased force and greater number of collisions cause the pressure to go up (as 

long as the containers volume does not change). 

Charles Law: The volume of a gas increases when we raise its temperature, while keeping its 

pressure constant.  

 

  



MASS – Mass is a basic measure of the amount of matter in an object. For example, a 1 

kilogram ball.  

MEASURING SOLIDS & LIQUIDS  

 

PHYSICAL PROPERTIES OF MATTER 

There are two basic types of properties associated with matter – physical and chemical properties. 

Physical properties are those that can be observed or measured without changing the 

composition of matter, or without changing the identity of a substance. A physical change takes 

place without any changes in molecular composition. The same element or compound is present 

before and after the change. These include  

1. appearance  

2. texture  

3. color  

4. smell  

5. melting point- the temperature at which a solid changes to liquid. 

6. boiling point- the temperature at which a liquid changes to a gas. 

7. density – mass divided by volume  

8. solubility  

9. luster – how shiny it is  

10. ductility – ability to be drawn into thin wires eg copper  

11. malleability – ability to be beaten into thin sheets – aluminium foil  

12. hardness – ability to be scratched  

13. conductivity – allows energy flow, electricity or heat flow.   

 

DO PHYSICAL PROPERTIES DEPEND ON SIZE 

Physical properties may be classified as either intensive or extensive. 

Intensive physical properties do not depend on size (or mass). Examples are the temperature 

at which a material boils and freezes, or the hardness of an object. A diamond no matter how 



small it is cut, it maintains its intrinsic hardness. Other examples are ductility, malleability, 

density, viscosity, pH. The more intensive properties we know, the more precisely we can 

characterize a sample of matter. 

Extensive physical properties depend on the mass or amount of matter in the sample. For 

example: the length, weight, momentum, are extensive properties. 

 

HOW ARE PHYSICAL PROEPRTIES USED TO IDENTIFY, SEPARATE AND CLASSIFY 

SUBSTANCES 

Matter is usually classified by its physical and chemical properties. On way that elements can be 

classified is to group them into two categories: metals and nonmetals. Physical properties like 

luster, malleability, ductility, and being good conductors, can classify the metals.  

 

CHEMICAL PROPERTIES OF MATTER 

Chemical properties of matter describe its potential to undergo some chemical change or reaction 

because of its composition. A chemical change alters the composition of the original matter, and 

results in one or more substances with entirely different composition from the original substances. 

Different elements or compounds are present at the end of a chemical change. Examples of 

chemical properties are – Heat of combustion, pH, reactivity with water, electromotive force. 

  



HOW DOES VISCOSITY AFFECTED BY CHANGE OF STATE 

Viscosity is a physical property. It describes a fluid’s resistance to flow. The fluid can be a liquid 

or a gas, but this term is more usually used for a liquid. An example: honey has much more 

viscosity than water.  

Temperature has a major effect on viscosity. In liquids, viscosity decreases with increasing 

temperature. For example, if honey or maple syrup is heated, they will flow better. This is 

because the molecules are more spread out and have less friction to movement. In contrast, 

with gases, the resistance to movement increases with temperature. This is because as the 

molecules move faster, there are more collisions between them. This reduces the ability to flow. 

So in gases, viscosity decreases with increasing temperature. 

Practical examples of this 

1. Crude oil is often piped long distances across regiosn with varying temperatures. Oil 

flowing through Alaska is more viscous than oil in the Persian Gulf, since Alaska is 

colder. More pressure needs to be applied to keep the oil moving in Alaska. 

2. The viscosity of magma is important in the study of volcanoes. Runny lava results in 

more frequent but less violent eruptions, since it flows easily out of the volcano vent. 

Thicker magma traps gas and needs more force to expel it, which can cause explosive 

eruptions. 

 

HOW IS SURFACE TENSION AFFECTED BY CHANGE OF STATE 

Surface tension is the attraction between the molecules of a liquid that causes it to stay together 

or join together. If the temperature is increased, then surface tension will decrease. This is 

because as temperature rises, the molecules spread further apart and do not stay together. 

 

  



CLASSIFICATION OF MATTER: 

MIXTURE – A mixture is a combination of 2 or more things that are combined together. In a 

mixture, the substances can be separated out, and the amount of each thing is variable. It is 2 or 

more substances that are mixed together but not chemically joined. A good example of a mixture 

is a salad. There are tomatoes, lettuce, cucumbers and salad dressing all mixed together.  No 

chemical reactions occur between the vegetables and the dressing. 

1. Homogeneous mixture (Solution) – It is a type of mixture where the composition of 

particles is uniform. They are well mixed. The particles that make up this type of mixture 

are very small and do not settle out when allowed to stand. For example salt or sugar 

dissolved in water  

2. Heterogeneous mixture – A type of mixture where the composition can be identified 

because there are 2 or more phases. They are the least mixed. The particles of this 

mixture are large enough to be seen and to separate. The particles will settle out on 

standing. For example, sand and water, cereal & milk, orange juice with pulp.  

 

 

 

 

 



COMPOUND: A compound is a combination of 2 or more things, which cannot be separated out. 

It is a substance that is formed when 2 or more elements are chemically joined. Water, salt, sugars 

are all examples of compounds. When elements are joined, the atoms lose their individual 

properties and the resulting compound has different properties from the elements they are 

composed of. For example water H2O is made up of the elements hydrogen H and oxygen O2. It 

is has different properties (water is a liquid while hydrogen and oxygen are gases) 

Another example of a compound would be a baked cake where it would be difficult to separate 

the ingredients once the cake is baked.  

  



CLASSIFICATION OF MIXTURES BASED ON PARTICLE SIZE 

The 3 kinds of mixtures are distinguished by the size of the particle that makes them up. 

Solutions:   particle size 1 nanometer 

Suspensions:  particle size > 1000 nanometer 

Colloids:   particle size 1 – 1000 nanometers 

 

 
  



SOLUTIONS 

A solution is a mixture of 1 substance dissolved in another so the properties are the same 

throughout. All parts of the solution have the same properties- color, odor, and taste. The particles 

have dimensions between 0.1 – 2 nanometers. Typically solutions are transparent and light can 

pass through them. 

a) Solute – It is the substance being dissolved. 

b) Solvent – It is the solution that does the dissolving. 

c) Dissolution- The dissolving of a material in a liquid is called dissolution. 

Strength of solutions– solubility is the amount of solute that can be dissolved in any given 

amount of solvent at any one temperature. A solution can have different strengths based on the 

amount of solute in it, or the proportion of solute to solvent.  

1. Unsaturated – A solution is unsaturated as long as more solute can be dissolved. 

2. Dilute or weak solution – Only a small amount of solute compared to solvent is present. 

3. Concentrated solution – There is a large amount of solute to solvent  

4. Saturated solution – A solution is saturated when no more solute can be dissolved at the 

current temperature and pressure conditions. 

5. Supersaturated solution – A solution that has more dissolved solute than it has solvent. 

As a result, the solution is not in equilibrium and the excess solute precipitates out, since 

there is not enough solvent to dissolve it. An example is adding juice powder to water. At 

one point it will stop dissolving and become too much, so we can see excess powder in 

the water. 

SUSPENSION  

A suspension is a mixture made up of parts that separate upon standing. A suspension is a 

mixture between 2 substances, one of which is finely divided and dispersed in the other. Particles 

in a suspension are larger than those of solutions, they are visible under microscope and naked 

eye. The particles will settle down if undisturbed or can be separated through a filter. Examples 

are sand in water, dust in air, tomato juice and pulp. 

  



COLLOIDS 

A colloid is a homogeneous solution. It has an intermediate particle size between a solution and 

a suspension. Milk, fog and Jell-O are examples of colloids. Colloids are one of the 3 major types 

of mixtures, the other two being solutions and suspensions.  

Every colloid has 2 parts: colloidal particles and the dispersing medium (which is the substance 

in which the colloidal particles are distributed).  

In a colloid (unlike a suspension and like a solution) the colloidal particles typically do not settle 

out. They also show Brownian movement (random zig zag movement of particles) and Tyndall 

effect (when a strong light is shone through, the light beam becomes visible like a column. For 

example, when a spot light turned on during a foggy night, you can see the beam and its trace in 

fog). Fog is a liquid-in-gas colloid. It is a mixture of fine water droplets in air. Smoke is a solid-in-

gas colloid.  

 

  

 

EMULSION –  An emulsion is a suspension of 2 liquids that usually do not mix together. These 

are special colloids and have mixture of oils and water e.g. a bottle of salad dressing. Before you 

mix it, there are 2 separate layers of liquids. But when you shake it, an emulsion is created. As 

time passes, the oil and water will separate to their original states. 



ALLOYS – Alloys are actually solid solutions. They are made by heating. Melting, and mixing 

parts of two or more metals together. The solution then cools and hardens. The parts remain 

dissolved in each other in solid phase.  

  



SOLUBILITY – In general, solubility is an ability of a substance to dissolve. The substance which 

is being dissolved is called a solute, while the substance in which the solute is dissolved is called 

a solvent. 

Factors affecting solubility 

1. Temperature – Solubility increases with temperature. 

2. Polarity – In most cases solutes dissolves in solvents that have similar polarity “like 

dissolves like” 

3. Molecular size – The larger the molecules of solute, the more difficult to dissolve. Usually 

the one with smaller particles is more soluble. 

4. Stirring – It increases the speed of solubility e.g. sugar in tea. 

5. Pressure – In gases, the solubility increases with pressure. 

 

  



HOW CAN MIXTURES BE SEPARATED 

These are some ways in which mixtures can be separated 

1. Chromatography – To separate different colored dyes in inks or chlorophyll in plants. The 

dyes travel up the chromatography solution. The more soluble dyes move further up then 

less soluble ones, hence separating from each other. 

 

 

 

2. Distillation – To separate and collect a liquid from a solution of a soluble solid e.g. 

separating water from ink. The solution is heated in a flask until the liquid boils. The vapor 

produced passed into the condenser where it is cooled and condenses to a liquid. The 

pure liquid (distillate) is collected in a beater. 

 

 



3. Evaporation – This method is suitable to separate soluble solid from a liquid e.g. 

separating salt from water. The solution is heated, the liquid evaporates leaving the solid 

behind. 

4. Fractional distillation – This is a special type of distillation used to separate a 

temperatures. When heated, they boil off and condense at different times. The apparatus 

mixture of liquids e.g. separating ethanol and water. Different liquids boil at different has 

fractionating column, which ensures that only the liquids art is boiling point will pass into 

the condenser. 

 

 

5. Filtration – To separate an insoluble solid from a liquid e.g. sand from water. The solid 

remains in the filter paper and the liquid goes through the paper into the beaker 

 

 



REVERSIBLE AND IRREVERSIBLE REACTION 

A reversible reaction is one that be changed back. For example, the freezing and melting of ice 

or water. An irreversible reaction is one which cannot be reversed or changed back. For example, 

making bread into toast is irreversible, so is rusting. 

PHYSICAL AND CHEMICAL CHANGE 

1) A physical change is reversible while a chemical change is not. For example freezing of 

water is a physical change because it can be reversed, while burning of wood is a chemical 

change – you cannot change it back.  

2)   A physical change is a change in which no new substance is formed, while a chemical 

change results in the formation of one or more new substances. For example, freezing 

water still keeps the same water molecules which are just stuck together. So does 

breaking glass or ripping up paper. But burning wood results in ash and gases which are 

all new things.  

3) In a chemical change, at molecular level there is a rearrangement, making and breaking 

of bonds between atoms. A physical change rearranges molecules but does not affect 

their internal structure. 

4) Examples of physical changes are whipping egg whites, magnetizing a compass needle 

(there is a realignment of the domains of iron atoms but no real change within the iron 

atoms themselves), boiling water, cutting potatoes, dissolving sugar in water. Examples 

of chemical changes are iron rusting, gasoline burning, eggs cooking, bread rising, milk 

turning sour, and sun tanning.  

HOW TO IDENTIFY A CHEMICAL CHANGE 

1. They are difficult to reverse 

2. They may create heat or light given off.  

3. Bubbles of a gas or a smell may form 

4. Smoke may form 

5. They may create a precipitate (a solid material) during the change 

6. They may change the color of a the substance 

  



REACTANTS AND PRODUCTS IN A CHEMICAL REACTION 

A chemical reaction is a process that leads to the transformation of one set of chemical 

substances into another.  

Reactants are the substances that are present before the chemical change takes place. They 

are the things present at the starting point. They are written on left side of the chemical reaction 

equation. 

Products are the substances that are formed during the chemical change. They are the things 

present at the end. They are written on the right hand side of the chemical reaction equation. 

A reaction arrow is the symbol that signifies the actual change. It separates the reactants from 

the products. 

HNO3 + NaHCO3    NaNo3 + Co2 + H2o 

In this equation, HNO3 and NaHCO3 are the reactants. NaNo3, CO2 and H2O are the products. 

 

WHAT HAPPENS DURING A CHEMICAL REACTION 
 
During a chemical reaction, the starting chemicals (reactants) interact with each 
other when they are brought together. This forms new products which have 
different properties. During this reaction, the chemical bonds of the reactants 
change. They are reconfigured and combine with the atoms of the other reactants. 
The atoms of the reactants are preserved in the products, just in a different form. 
Heat may be consumed or generated during this reaction. 
 

  



HOW DO CATALYSTS AFFECT A CHEMICAL REACTION 
 
Catalysts speed up a chemical reaction. All reactions need a certain amount of 
energy in order to happen. The energy needed to make a reaction happen is called 
activation energy. A catalyst lowers the energy that is needed for a reaction to 
happen. This means that the reaction happens more easily and more quickly. A 
catalyst is not consumed during the chemical reaction. 
 
For example, if a room is filled with hydrogen gas and oxygen gas, very little will 
happen. But if a match is lit, these gases will react in an explosive way. The match 
acts as a catalyst.  
 
HOW DO INHIBITORS AFFECT A CHEMICAL REACTION 
 
An inhibitor works exactly opposite to a catalyst. It slows a reaction down or even 
stops it completely. The reason inhibitors might be used, would be to make a 
reaction slower and more controllable. Without inhibitors, some reactions might go 
on and on.   
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WHAT IS THE ROLE OF ENERGY IN A CHEMICAL REACTION 
 
Energy plays a key role in a chemical reaction. In a chemical reaction, bonds 
between atoms of the reactants need to be broken, and then reassembled by 
forming new atomic bonds to make the products. Energy is absorbed and needed 
to break bonds, and energy is given off when bonds are formed. Chemical 
reactions commonly need an initial input of energy to start.  
 
 
EXOTHERMIC AND ENDOTHERMIC REACTION 
 
An exothermic reaction releases energy. The released energy can be in the form 
of heat, light, sound, electricity, shock waves, or a combination of all of these. For 
example, in burning fuel, freezing water, splitting an atom, condensing water vapor, 
combustion, mixing of acids and bases, energy is released so these are 
exothermic reactions. 
 
An endothermic reaction absorbs energy. The energy absorbed may be in various 
forms, just as in an exothermic reaction. For example, in cooking an egg, baking 
bread, evaporating liquid water, melting ice, photosynthesis, electrolysis of water 
to form hydrogen and oxygen, energy is absorbed so these are endothermic 
reactions. While exothermic reactions can keep themselves going once started, 
endothermic reactions require a constant supply of energy.  
 
 
 

 

  



ACTIVATION ENERGY 
 
It is the minimum amount of energy needed to start a chemical reaction. In a reaction, a 
certain amount of energy is required to activate atoms to a condition in which they can 
undergo a chemical transformation. 
 
 
BALANCING CHEMICAL EQUATIONS 
 
Atoms are neither created nor destroyed during any chemical reaction. Chemical 
changes simply rearrange the atoms. This statement is supported by the Law of 
conservation of mass.  
 
Chemical reactions are represented in a concise way by chemical equations. For 
example 

H2 + O2 ---→ H2O 
 

A chemical equation must have the same number of atoms of each element on both 
sides of the arrow. When this condition is met, the equation is balanced. If the above 
equation was balanced, it would look like this: 

2 H2 + O2 ----→ 2 H2O 
 

Chemical equations need to be balanced so that you know how much of the reactants 
you need to make a certain amount of product. It can also tell you how much or how 
little of a product, you will get from the reaction. In order to get an accurate picture, the 
number of atoms need to be equal on both sides of the reaction. If you start with a 
certain quantity of something, you must end with the same quantity. Matter can be 
neither created nor destroyed.  
 
 
ALLOYS  

An alloy is a mixture of 2 or more metals, an alloy is a solid in solid solution. The main idea with 

alloys is that they are better at something than any of the metals would be alone. Sometimes 

chromium and nickel are added to steel. Though steel is alloy and very strong, the addition of 

small amounts of metals helps resist rusting. 

  



ACIDS, BASES AND SALTS 
 

ACID: It is a substance that releases hydrogen ions H+ in an aqueous solution (when mixed with 

water). “Aqueous” means water. An acid is considered a proton donor. An acid is a source of 

hydronium ions. 

1. Acids have sour taste.  

2. They turn litmus paper red. 

3. They are less than 7 on the pH scale 

4. In a reaction with phenolphthalein, it stays colorless 

5. Acids react with metals 

6. Acids contain hydrogen 

7. Acids are poisonous and corrosive to skin 

There are strong acids like sulphuric acid, hydrochloric acid, hydrobromic acid, citric acid and 

perchloric acid. There are weak acids like acetic acids (vinegar) and carbonic acid. 

 

BASE / ALKALI: It is a substance that releases hydroxyl ions (OH –) in an aqueous solution 

(when mixed with water). It is considered an electron acceptor. A base is a source of hydroxyl 

ions.  

1. Bases have a bitter tastes 

2. Bases feel slippery 

3. Bases contain hydroxide ions 

4. Strong bases are also poisonous and corrosive to skin. 

5. They turn litmus paper blue. 

6. They turn phenolphthalein pink. 

7. They are electron acceptors. 

8. Strong bases can react chemically with animal substances. They dissolve hair, wool, 

grease etc and this property makes them useful for cleaning clogged drains. They are also 

used in soaps and shampoos.  

Common strong bases are calcium hydroxide, strontium hydroxide, barium hydroxide, potassium 

hydroxide, sodium hydroxide, lithium hydroxide. There are a few rare bases that don’t have OH 

ions,  for example ammonia NH3. 

  



NEUTRALIZATION – When an acid and base react with each other, the characteristic 

properties of both are cancelled out. This is called neutralization. 

 

 

SALTS When an acid and base react, they give water and a salt. Salt means any ionic compound 

from an acid / base reaction. 

Acid  +  base    Water  +  Salt 

For example 

HCl  +  NaOH   H2O  +  NaCl 

(acid)              (base)                       (Waters)   (Salt)  

    

HNO3 +  KOH    H2O  +  KNO3 

(acid)             (base)                                (water)   (salt)      

 

 
HYDRONIUM ION 
 
A hydronium ion is formed by the combination of a hydrogen ion H+ with water H2O.  

H2O + H+ -----→  H3O 
 

Its concentration is a direct measure of the pH of a solution. Pure water is a neutral 
substance with equal numbers of hydronium (H+) and hydroxyl (OH-) ions.  

  



pH SCALE 

pH stands for potential hydrogen. It is a measure of how many H+ ions (hydrogen ions) there are 

in solution. Scientists use the pH scale to measure how acidic or basic a liquid is, or whether a 

solution is acidic or alkaline. The pH scales goes from 1- 14 with 1 being the most acidic and 14 

being the most alkaline or basic. The pH of 7 is neutral (water) 

 Acidic and basic are 2 extremes that describe chemicals, just like hot and cold are 2 extremes 

that describe temperature. Mixing acids and bases can cancel out their extreme effect, much like 

mixing hot and cold water can even out the water temperature. 

The pH scale measures how acidic and basic a substance is. It ranges from 0 – 14. A pH of 7 is 

neutral. A pH less than 7 is acidic and a pH greater than 7 is basic. Each pH value is 10 times 

more acidic or basic. For example an acid with a pH of 3 is ten times more acidic than one with a 

pH of 4. 

 

 

 



LAW OF CONSERVATION OF MASS 

This law was stated in 1789 by a French chemist Lavoisier. It states that matter is neither created 

nor destroyed in a chemical reaction. Simply, the mass of substances produced (products) by a 

chemical reaction is always equal to the mass of the reacting substances (reactants). The law 

implies that mass cannot be created or destroyed, although it may be rearranged in space and 

changed into different types of particles. 


