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  REGULAR CHEMISTRY 
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  UNIT 02: States of Matter 
 

States of matter and particle representations 

 
All matter has two distinct characteristics. It has mass and it occupies space. Properties 

associated with the three states of matter, and the behaviors of the particles that make up each, 

are summarized below. 

 

SOLIDS LIQUIDS GASES 
   

Have a definite shape and 

definite volume. 

The particles in a solid are 

packed tightly together and 

only vibrate relatively gently 

around fixed positions. 

Have no shape of their own 

but take the shape of their 

container. A liquid has a 

definite volume. 

The particles in a liquid are 

free to move around one 

another. 

Have neither a definite shape 

nor a definite volume. 

The particles in a gas spread 

apart filling all the space of the 

container available to them 

and interactions between the 

particles are considered to be 

negligible. 

   
The circles in the diagrams below represent the relative positions and movements of the particles 

in the three states of matter. Expect to see many such particulate representations during the 

course. 
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  Physical and chemical changes and properties 

 

All matter exhibits physical and chemical properties by which it can be classified. Examples of 

physical properties are color, odor, density, hardness, solubility, melting point, and boiling point.  

 

Chemical properties are those exhibited when a substance reacts with other substances. 

Examples of chemical properties are reactions with acids and bases, oxidation and reduction 

(REDOX) and a huge number of other chemical reactions. Changes in which the physical or 

chemical properties of a substance are altered are considered physical or chemical changes, 

respectively. 

 

Physical change 
 

If some aspect of the physical state of matter is altered, but the chemical composition remains the 

same, then the change is considered to be a physical change. The most common physical 

changes are changes of state. These are summarized below. 

 

SOLID → LIQUID Melting 
LIQUID → GAS Boiling  

GAS → LIQUID Condensing 
SOLID → GAS Sublimation 
GAS → SOLID Reverse sublimation or deposition 

LIQUID → SOLID Freezing 
 

In solids, the particles have relatively little energy and vibrate around fixed positions. If a solid is 

heated, the particles gain energy, move around move, and eventually gain enough energy to 

break away from their fixed positions and form a liquid. Continued heating leads to the liquid 

particles gaining sufficient energy to break away from one another and form a gas. In a gas, the 

particles move freely and with relatively large amounts of energy. 

 

Chemical change 
 

In a chemical change, which is often called a chemical reaction, the atoms of a substance are 

rearranged to form new substances. A chemical change requires that the new substance or 

substances formed have a different chemical composition to the original substance or 

substances. Chemical changes are often accompanied by observable changes such as color 

changes and energy changes.  
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  Heating and cooling curves 

 

It is possible to investigate the changes from one phase to another when the pressure is kept 

constant and energy is added or removed. In these cases only the temperature is changed and 

heating and cooling curves result. Starting with a solid below its melting point the following effects 

can be observed. 

 

1. The temperature of the solid increases at a constant rate until it begins to melt. 

2. When melting begins, the temperature is constant until the solid has all turned to liquid. 

3. The temperature of the liquid increases at a constant rate until it begins to boil. 

4. When boiling begins, the temperature is constant until the liquid has all turned to gas. 

5. The temperature of the gas increases at a constant rate. 

 

In summary, energy is either being used to change the temperature but not the phase, or it is 

being used to change the phase and not the temperature. A plateau represents a stage when two 

phases exist together with one another and the phase change is occurring. 

Heating curve 
 

 
Energy added 

In the regions where the temperature of the solid, liquid or gas is being increased, the amount of 

energy being added is, q = m c DT. where, q = energy, m = mass, c = specific heat capacity of the 

substance and DT = Tfinal – Tinitial, i.e., the change in temperature. 

Where the solid is melting, the amount of energy being added is, q = (DHfusion)(moles). where, DHfusion 

is the molar enthalpy of fusion and is the energy absorbed when 1 mole of a solid melts. 

Where the liquid is boiling the amount of energy being added is, q = (DHvaporization)(moles), where, 

DHvaporization is the molar enthalpy of vaporization and is the energy absorbed when 1 mole of a liquid 

vaporizes. 



© Adrian Dingle’s Chemistry Pages and ChemEducator LLC 2014 – All rights reserved. 
 

8/24/2017 11:32 AM   Page 5 of 7 

  Cooling curve 
 

 
Energy removed 

A cooling curve shows the same process as the heating curve only in reverse, where the energy is 

released rather than being absorbed. 

 
Notes: 

 

1. The mole is a unit used in chemistry to denote the “amount” of a substance present. This is 

discussed in much greater depth later in the course, but for now it is sufficient to think of it 

simply as an ‘amount’. 

 

2. In the equations above; 

 

 q = Enthalpy or Energy or Heat (although technically very different, we will tend to use these 

words interchangeably). Energy that is absorbed (taken in) is referred to as being part of an 

ENDOTHERMIC change and is given a positive sign, and energy that is released (given out) 

is referred to as being part of an EXOTHERMIC change and is given a negative sign. Again, 

more later in the course. 

 

 m = mass 

 

 c = specific heat capacity, a constant that is different for different substances and is defined 

as the energy required to raise the temperature of 1 g of a substance by 1 degree Celsius. 

 

 DT = change in temperature 
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   DHfusion = the enthalpy of fusion, a constant that is different for different substances and is 

defined as the energy required to convert 1 mole of solid to one mole of liquid and vice-versa. 

 

 DHvaporization = the enthalpy of vaporization, a constant that is different for different substances 

and is defined as the energy required to convert 1 mole of liquid to one mole of gas and vice-

versa. 
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  Elements, atoms, mixtures and compounds 

 
An element is defined as a substance that cannot be broken down into other substances by 

chemical means. Any single element is comprised of only one type of atom. The elements are 

displayed on the periodic table. 

 

A compound is formed when a number of these elements bond together. Compounds always 

have a fixed composition of atoms, i.e., they always contain the same, definite amount of each 

element’s atoms. For example, a water molecule always contains two hydrogen atoms bonded to 

one oxygen atom, and it always has the formula, H2O. When the ratio of each type of atom is 

fixed within a compound, so is the ratio of the masses of the atoms. If that ratio changes, then the 

chemical formula changes, and the substance ceases to be water. All pure substances are either 

elements or compounds. 

 

Unlike a pure compound or element, a mixture has varying composition and is made up of a 

number of pure substances. Mixtures are either; 

 

Homogeneous, with a uniform in composition throughout a given sample but with a composition 

and properties that vary from one sample to another, for example, a solution of salt water taken 

from different bodies of water in different locations, or 
 

Heterogeneous, with separate, distinct regions within the sample with a composition and 

properties that vary from one part of the mixture to another, for example, a chocolate chip cookie. 


