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Introduction To

The

Matter And Chemical Change.
States Of Matter

Particular Nature Of

Matter is defined as anything that has mass and takes up space (it has
volume). The properties of three states of matters are summarized

below:

Properties
Volume

Solids
Fixed volume

Liquids
Fixed volume

Gases
No fixed volume.

Shape

Fixed definite shape

No fixed definite
shape, takes the
shape of the
container.

No fixed definite
shape, spread out to

occupy the entire
available space.

Intermolecular Space

Least intermolecular
space

Less intermolecular
space than gases and
more than solids.

Maximum
intermolecular space.

of Attraction

intermolecular force

| of attraction.

Less intermolecular

force of attraction as
compared to solids.

intermolecular force

-of attraction.

Movement of
molecules

The molecules move
about their mean
position.

Molecules
continuously move
fast or slide over each
other.

Molecules move in
any random direction.

Fluidity

| Cannot flow.

Can flow.

Can flow.

Compressibility

No compressibility i.e.
cannot be compressed
easily.

Slight compressibility
i.e. can be
compressed to a small
amount.

High compressibility,
i.e. can be compressed
easily.

Diffusion

Diagram

| No diffusibility.

| Highdiffusibility. __|
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Temperature And Kinetic Energy

Temperature is a measure of the average kinetic energy of the
particles of a substance.

The SI unit for temperature is the Kelvin (K).




e You can convert temperatures from the Celsius scale to the Kelvin
scale using the algorithm: Temperature (K) = temperature (°C) +
273.15

« Kinetic energy (KE) refers to the energy associated with movement or
motion.

o State symbols are used to show the states of the reactants and
products taking part in a reaction.

State Symbol Example
Solid (s) Mg(s)
Liquid (1 Be2(1)
Gas (9) N2(g)
Aqueous (Dissolves  (aq) HCL(aq)
In Water)

Changes Of State

Changes of States

:U Condensation \ , [

LIQUID (—i GAS

Boiling

Figure 1: Changes of state for water



As the movement or kinetic energy of the particles increases with
temperature, they will overcome the inter-particle forces and change
state.

Sublimation: When solid turns into a gas without first becoming liquid.

Deposition: The reverse of sublimation that changes a gas directly to
solid.

Condensation: When gaseous state changes into liquid state.

As shown in Figure 2 the temperature increases until it reaches the
melting point of water i.e. 0°C.

There is no change in temperature while melting is occurring. All of
the energy is being used to disrupt the lattice, breaking the attractive
forces between the molecules and allowing the molecules to move
more freely.

The temperature rises until it reaches the boiling point of water at 100
°C (373 K), and the water starts to boil.
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Figure 2: The heating curve of water.

Again the temperature does not change as energy is required to
overcome the attractive forces between the molecules in the liquid
water in order to free water molecules from the liquid to form a gas.




o Melting and boiling are endothermic processes. Energy must be
transferred to the water from the surroundings to bring about these
changes of state.

o Condensation and freezing are exothermic processes. Energy is
transferred to the surroundings from the water during these changes
of state.

Elements, Compounds And Mixtures

« Elements: Elements are substances (like hydrogen and oxygen) that
can’t be split into simpler substances.

« Compounds: A substance like water that is made up of two or more
elements is called a compound.

o Mixtures: A mixture is a combination of two or more distinct
substances that are physically joined together without the use of any
chemical bonds.

Matter - any substance that occupies space and has mass
|

| !

mixture -a combination of two or mare pure pure substance - a has a definite and
substances that retain their individual properties constant composition

! !
! ! ! !

homogeneous mixture - heterogeneous mixture SIS < compound -
has both uniform = has non-uniform ce L oF made up of
composition and composition and varying AROLAEREME Aol ':uve a combination of atoms
properties throughout, Properties, o9 salad the SR fponvp or lons in a fixed ratio
eg salt water, metal dressing, paint, garden Psebiess 00 SMAE D0y
s soll mercury, Hg, bromine, and having different
alloys Be properties from the

constituent elements, g
water, H20, carbon
dioxide, CO2s0dium
chioride, NaCl

Flow Chart 1: Elements, Compounds and mixtures.

Common Combinations Of Elements: Background To
Writing Equation

« Anion is a charge species. Anions are negatively charged and cations
are positively charged.

o Compounds contain a fixed proportion of elements, and are held
together by chemical bonds.



The formation of compounds from elements is an example of chemical
change and can be represented by a chemical equation.

The total number of atoms in each element must be the same on both
sides of the equation due to the fact that atoms are neither created nor
destroyed during a chemical reaction.

This is known as balancing the equation, and uses numbers called
stoichiometric coefficients
to denote the number of units of each term in the equation.

To balance an equation we change the coefficients of a formula not the
formula itself.

First balance the metallic element on each side of the equation- add a
number in front of the symbol on one side if necessary so that there is
the same number of atoms of this element on each side.

Balance any elements that occur in only one formula on the reactant
and products side. Sometimes polyatomic ions remain unchanged in
reactions and they can be balanced easily at this stage

Hydrogen -+ Oxygen — Water
2H, 4 O3 — 2H.0

« Balance the remaining elements if necessary.

The Atom Economy

Atom economy is the efficiency of chemical reactions by comparing the
molecular mass of atoms in the reactants with the molecular mass of
useful compounds.
Percentage atom economy = (Molecular mass of atoms of useful
products /Molecular mass of atoms in reactants)x 100%

In an ideal chemical process the amount of reactants = amounts of
products produced.

So an atom economy of 100% would suggest that no atoms are wasted.

A higher atom economy indicates a more efficient and less wasteful
rocess.




The Mole Concept

A 4

« All chemical substances are made up of elements that are composed of
their constituent atoms, which vary in the number of protons,
neutrons, and electrons.

o The mole is an SI unit, symbol mol, defined as a fixed amount, n, of a
substance.

« This fixed amount is a number of particles called Avogadro’s constant
(symbol L or NA) and it has a value of 6.02 x 102 mol-

« We can calculate the number of particles in any portion or multiple of
a mole of a substance.

Divide by Avogardo constant, L

Number of particles (N) Number of molecules (n)

Multiply by Avogardo constant, L

Figure 4: Calculating number of particles or number of moles.

Relative Atomic Mass, Relative Formula Mass, And Molar
Mass

« Isotopes are atoms of the same element with different numbers of
neutrons but the same number of protons in the nucleus.

o The relative atomic mass Ar of an atom is a weighted average of the
atomic masses of its isotopes and their relative abundances.

e The relative molecular mass or relative formula mass Mr for a
molecule or formula unit is determined by combining the Ar values of
the individual atoms or ions.

e A:and M, have no units as they are both ratios.
« The mass of one mole of a substance is known as the molar mass.It has
the unit of grams per mole, g mol-




Multiply by molar mass, M

Number of molecules (n) Mass (m)
Divide by molar mass, M
Figure 5: Calculating mass and number of moles.
Mole Calculations
Divide by Avogadro constant, L Multiply by molar mass, M
Number of Number of Mass in
particles moles, n grams
Multiply by Avogadro constant, L Divide by molar mass, M

Figure 6: The relationship between amount, mass, and number of particles.

Experimental ~ Empirical And  Molecular Formula
Determination
o The empirical formula of a compound is the simplest whole-number

ratio of atoms or amount (in mol) of each element present in a
compound.



o The molecular formula is the actual number of atoms or amount (in
mol) of elements in one structural unit or one mole of the compound,

respectively.
Substance Molecular Formula  Empirical Formula
Ethane C:zHs CHs
Water H.0 H0
Hydrogen peroxide H20. HO
Butanoic acid C4HsO2 C:H4O
Glucose CsH12 Oe CH:0

Reacting Masses And Volumes

Chemical Equations Show Reactants Combining In A fixed
Molar Ratio

o Chemical change, as summarized in chemical equations, is simply an
expression of reactants combining in fixed ratios to form products.

« The most convenient means to express this ratio is as moles, as that
gives us a means of relating the number of particles that react to the
mass that we can measure.

« Example:

CH, + 20, —— CO, + 2H,0O
Reacting Ratio
By Mole: 1Mole 2 Moles 1Mole 2 Moles

16.05gm 64 gm 44.01gm 36.04gm

Reacting Ratio
By Mass:

80.05 gm reactants 80.05 gm products




The Limiting Reagent

A 4

The limiting reactant is the reactant that determines the quantity of
the product.

The limiting reagent, often the more expensive reactant, will be
completely consumed during the reaction.

Other reactants will therefore not be fully used, and are said to be in
excess.

The theoretical yield, which is usually expressed in grams or moles,
refers to the maximum amount of product obtainable, assuming 100%
of the limiting reactant is converted to product.

Note that identification of the limiting reactant depends on the mole
ratios in the balanced chemical equation for the reaction. This means
that if reactant quantities are given in grams, they must first be
converted to moles.

Theoretical And Experimental Yields

The balanced chemical equation represents what is theoretically
possible when a reaction is carried out under ideal conditions.

It allows the expected amount of products to be calculated - the
theoretical yield.

To calculate the percentage yield a comparison is made between the
theoretical yield and the actual amount produced in the process - the
experimental yield:

Percentage yield = ( experimental yield / theoretical yield )x 100%

Avogadro’s Law And The Molar Volume Of A Gas

A model used to explain and predict the behaviour of gases at the
microscopic level is the kinetic theory of gases. An important physical
property of a gas is its pressure, the force exerted by a gas as its
particles collide with a surface.

Imagine taking a mass numerically equal to the molar mass of different
gases and using each to inflate a balloon.



Under the same conditions of temperature (0 °C/273 K) and pressure
(100kPa) the balloons will have the same volume.

o These particular temperature and pressure conditions are known as
standard temperature and pressure (STP).

H He CH N @) CI2

2 \ 4 2 2

DDA DD

2.02g mol” 400g mol  16.05g mol  28.02g mol”’ 32.00g mol ] 70.90g mol’

Figure 7: The molar volume of any gas is identical at a given
temperature and pressure.

o At STP, the balloons will have identical volumes of 22.7 dm3 mol-. This
is the molar volume of an ideal gas and it is constant at a given
temperature and pressure.

o This understanding is known as Avogadro’s law, which states that:
Equal volumes of all gases, when measured at the same temperature
and pressure, contain an equal number of particles.

o Using V for volume and n for number of moles: V « n.

The Gas Laws

1. Boyle’s Law: Relationship Between Volume And Pressure

o If the temperature is held constant, it is found that increasing the
pressure on a fixed mass of gas decreases its volume.

o To put it another way, the ratio of a gas’s volume to its pressure is
negative, and the sum of the two is constant
P «(1/V); PV =a constant

o This relationship is often known as Boyle’s law, as it was first
established by Robert Boyle in 1662.
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Pressure x volume

Pressure

Figure 8: Boyle’s law. Gas pressure is inversely proportional to its
volume.

2. Charles’s Law: Relationship Between Volume And

Temperature

o If the pressure is held constant, it is found that increasing the
temperature of a fixed mass of gas increases its volume.

In other words, the volume of a gas is directly proportional to its
absolute temperature, and volume divided by absolute temperature is
a constant.
VxT; V/T=aconstant




o This relationship is often known as Charles’ law, as it was first
established by Frenchman Jacques Charles in the late 18th century.

A

Volume, V

Temperature, T (K)

3. Gay-Lussac’s Law: Relationship Between Pressure And

Temperature

o If the volume is held constant, it is found that increasing the
temperature of a fixed mass of gas proportionately raises its pressure.

In other words, the pressure of a gas is directly proportional to the
absolute temperature, and pressure divided by temperature is a
constant.




constant

Pressure

Temperature/ K

The Combined Gas Law

The three gas laws, Charles’s law, Boyle’s law, and Gay-Lussac’s law,
are combined in one law
called the combined gas law.

For a fixed amount of gas, the relationship between temperature,
pressure, and volume is:
(P1V1)/T1=(P2V2)/T2

The Ideal Gas Equation

The combined gas equation tells us that PV/ T = a constant.

The value of the constant is directly proportional to the fixed mass of
gas, or the number of
moles, n. So (PV/T)x n.




o This can be made into an equation by introducing a constant, R, known
as the universal gas constant.
PV = nRT

« This equation is known as the ideal gas equation.

o This means that for one mole of gas, the relationship PV/RT should be
equal to 1. So a graph of PV/RT against P for one mole of an ideal gas
is a horizontal line of intercept 1

PV 1
RT

For one mole of an ideal gas, the relationship PV/RT is a constant at all pressures

Concentration

« A homogeneous mixture of a solute that has been dissolved in a
solvent is called a solution.

o The solute is usually a solid, but could be a liquid or gas. When the
solvent is water the solution is described as an aqueous solution.

« We express the amount of solution through its concentration.



The molar concentration of a solution is defined as the amount (in
mol) of a substance dissolved in 1 dm: of solvent. 1 dms3 =1 litre (1 L).
Concentration of solution (mol dm=3) = amount of solute
(mol)/volume of solution (dms) orc=n/V

Chemists routinely prepare solutions of known concentration, known
as standard solutions

A different unit of concentration is known as ppm, parts per million. It
denotes one part per 10s by mass, and is useful in describing very low
concentrations such as those found in air and water pollution.
Parts per million (ppm) = (mass of component/total mass of
solution) x 10s

A common practice in laboratory work is to make a dilution from a
more concentrated starting solution, called the stock solution, by
adding solvent.

Titrations

Quantitative analysis includes a range of laboratory techniques used
to determine the amount or concentration of an analyte.

Volumetric analysis is a quantitative technique used by chemists
involving two solutions.

A titration involves a standard solution of known concentration which
is added to a solution of unknown concentration until the chemical
reaction is complete.

The reaction progress is monitored through colour changes using
indicators.
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