Matter

Some vocabulary to start with

From a chemical point of view, matter is made of elements: atoms,
and molecules or ions made of one unique type of atoms, which
cannot be chemically broken down into simpler stable substances.
Different types of atoms can combine to form molecules or
polyatomic ions: compounds. They consist of atoms of different
elements, chemically bonded together in a fixed ratio.

Mixtures contain more than one element or compound, in no fixed
ratio. They are not chemically bonded, thus can be separated by
physical methods.

Ex: Arand O, are elements. H.O and C.HsO are compounds. Air (N2, O,, CO,, ...) is a mixture.
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Depending on the interactions between the entities constituting it, matter can be classified in 3

major categories:
e Solid:
o Propervolume and proper shape at macroscopic level

o Vibrating entities that are close to each other, with no displacement at microscopic level

e Liquid:

o Propervolume, but takes the shape of the container at macroscopic level
o Entities that are close to each other, but which move relative to each other at microscopic

level

o Volume and shape of the container at macroscopic level

o Entities that are independent from each other and move freely in the container
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Focus on the gaseous state

1. Whatis a gas?

a. Description at a microscopic level
On a microscopic scale, the gaseous state can be described as a collection of entities (molecules, atoms,
and sometimes ions) in disordered motion throughout the available space.
Since entities move randomly, it is not possible to give characteristics for each of them. However, it is
possible to obtain average values of characteristics from the measurement of macroscopic quantities.
b. Macroscopic quantities and microscopic characteristics
A gas can be characterized by 4 macroscopic quantities:
e The quantity of matter of the gas gives access to the number of entities that make it up.
e The temperature of the gas is a macroscopic measure of the average kinetic energy of its
constituent entities.
The higher the temperature of the gas, the higher the average kinetic energy of the entities, and therefore
the average value of their velocity.
e Thevolume of the gas is equal to the volume of the container in which it is contained.
The greater the volume occupied by the gas, the greater the average distance between entities.
e The pressure of the gas corresponds to the average frequency of collisions per unit area of the
entities that constitute it with the walls of the container that contains it.
The greater the pressure, the higher the frequency of collisions with the container walls.

2. Ideal gases

a. Working assumptions
A gas is said to be perfect when its constituent entities are of negligible size compared to the average
distance separating them. They can then be considered as point-Llike.
Consequently, they do not interact with each other (the only existing collisions are those with the walls of
the container) and each acts as if it occupied the entire volume of the container.

b. Equation of state for an ideal gas
In 1834, Frenchman Emile Clapeyron combined laws previously established by Boyle (P and V are inversely
proportional, with n and T constant), Charles (T and V are proportional, with P and n constant), Gay-Lussac
(P and T are proportional, with V and n constant) and Avogadro (V and n are proportional, with P and T
constant) to show that the macroscopic quantities that describe a gas in thermodynamic equilibrium are
all related and satisfy the equation of state for ideal gases:

PV = nRT
with:
e P, the pressureinPa e T,thetemperatureinK
e V, thevolumein m® e R, theideal gas constant:
e n, the quantity in mol R =8.314].K Y. mol™?

c. Molar volume of a gas

The molar volume of a gas is the volume occupied by one mole of that gas. It can be derived from

the law of ideal gases: V,,, = %
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