Term 2

Knowledge Booklet: P4.3 The particle model of matter

Big Questions and Vocabulary


What do we mean by the density of a substance and what affects how dense a substance is?



How is pressure different from force and how is it calculated?



How does the pressure of water change with depth and how does the atmosphere exert pressure?



What uses are made of the very high specific heat capacity of water?



What is meant by the internal energy of a substance?



What are the specific latent heat of fusion and the specific latent heat of vaporisation?



How does heating a gas affect the motion of its particles and the pressure it exerts?

States of matter
Substances (matter) can exist in three
states: the solid state, the liquid state
and the gas state.

Density
The mass per unit volume of a
substance.

Eureka can
The volume of irregular objects can
be found by immersing them in
water in a Eureka can. Its sometimes
called a displacement can.

Change of state
Melting, freezing, boiling, condensing,
evaporating and sublimation are the
names given to changes of state. Eg.
Melting is the change of the state of a
substance from solid to liquid.

Kinetic theory
The idea that all matter is made of
particles that are in constant motion.
Heat energy can increase the motion
of the particles and raise the
temperature or break the bonds
between them and change the state.

Internal energy
The total thermal energy stored in
the particles of a substance. Particles
have kinetic energy because of their
motion and potential energy stored
in their bonds.

Specific heat capacity
The energy needed to raise the
temperature of 1kg of a substance by
1oC.

Specific latent heat of fusion
The energy required to melt 1kg of a
substance from solid to liquid with no
temperature rise.

Specific latent heat of vaporisation
The energy needed to boil 1kg of
substance from liquid to gas without
temperature rise.

Temperature
How hot or cold something is.
Temperature increases if the average
speed of the particles increases.

Liquid pressure
The pressure exerted by the particles
of a liquid on objects immersed in
them. Liquid pressure increases as you
go deeper.

Gas pressure
The pressure exerted when the
particles of a gas collide with its
surroundings. Gas pressure increases
as the gas gets hotter.

Sample exam question

OJ

The figure below shows a balloon filled with helium gas.

(a)

Describe the movement of the particles of helium gas inside the balloon.

(b)

What name is given to the total kinetic energy and potential energy of all the particles of
helium gas in the balloon?

(2)

Tick one box.

□
□
□

External energy

Internal energy

Movement energy
(c)

(1)

Write down the equation which links density, mass and volume.

(1)

(d)

The helium in the balloon has a mass of 0.00254 kg.
The balloon has a volume of 0.0141 m3.
Calculate the density of helium. Choose the correct unit from the box.
m3 / kg

kg / m3

Density=

kg m3

Unit

_
(3)

(Total 7 marks)

Two marks so
two clear points
in the answer

The particles are moving:



In random directions.
With random speeds.

Learn the
definition



Learn the
equation

𝜌=

𝑚
𝑉

=

0.00254
0.0141

= 0.18

0.18

𝑘𝑔/𝑚3

Solids, liquids and gases




Solids have fixed shape because their particles don’t move much so are
close together. The forces between particles are very strong.
Liquids have the shape of their container because their particles move
more so are a bit further apart. The forces between particles are weaker.
Gases fill their container completely because their particles move fast so
are far apart. The forces between particles are very weak.

Equation
𝜌=

Meaning of terms in the equation and units
𝑚
𝑉

𝐸 = 𝑚𝑐∆𝜃

𝐸 = 𝑚𝐿

𝜌 = density (kilograms/metre3, kg/m3)
m = mass (kilograms, kg)
V= volume (metre3, m3)
E = energy needed (joules, J)
m = mass (kilogram, kg)
c = specific heat capacity (joule/kilogram/degee celcius, J/Kg/oC)
 = temeperature change (degrees celcius, oC)
E = energy needed (joules, J)
m = mass (kilogram, kg)
L = Latent heat of fusion or latent heat of vaporisation (joules
per kilogram, J/kg)

Change of state
When a substance changes state energy is transferred to change the arrangement
of the particles:
Heating transfers energy to the particles so melting and boiling can happen.
Cooling removes energy from the particles so condensing and freezing can
happen.
Density
The density of an object is its mass per unit volume. This is the mass of one metre
cubed of the material.


Denser materials have particles which are packed more closely together.



Solids are generally denser than liquids and gases are least dense.



Objects float if they are less dense than the liquid they are in and sink if
they are more dense.




mass is conserved (no material is lost or gained).
the change is reversible.

The processes of changing state are







melting – from solid to liquid
freezing – from liquid to solid
boiling – from liquid to gas at the boiling point
evaporating – from liquid to gas when the temperature is below the
boiling point
condensing – from gas to liquid
sublimating – from solid to gas without becoming a liquid.

Required practical – measuring density

Specific heat capacity

The density of a material can be found if its mass and its volume can be measured.

When a substance is heated its particles gain kinetic energy and its temperature
rises.



Mass is measured using a top-pan balance.



The volume of regular solids can be found by measuring the sides with a
ruler and multiplying the length x height x width.



The volume of liquids can be found by using a measuring cylinder.



The volume of irregular solids can be found using a large measuring
cylinder or a displacement can (sometimes called a eureka can)

The specific heat capacity of a substance is the energy needed to change the
temperature of 1kg of it by 1oC.
 Substances with a low specific heat capacity heat up quickly and store little
energy
 Substances with a high specific heat capacity heat up slowly and store
much energy

Latent heat of fusion or vaporization
When a substance changes state (melting/freezing or boiling/condensing) the
temperature stays constant.
The energy is used to break bonds not raise temperature.
The specific latent heat is the energy needed to change the state of 1kg of
substance at constant temperature.



For melting use the specific latent heat of fusion.
For boiling use the specific latent heat of vaporisation.

Gas Pressure
Internal energy
The particles of solids, liquids and gases have:




kinetic energy because they are moving.
potential energy because of the forces of attraction between them.

The internal energy of a substance = kinetic energy + potential energy of its
particles.
Heating a substance always increases its internal energy.

Gases contain particles that are fast moving and fill the container.
Particles collide with the walls of the container.
Collisions exert a force
Force over the area of the walls is pressure.
Pressure is increased if temperature is higher:
 particles move faster,
 collisions with walls are more frequent so exert more force
 and create higher pressure.

Knowledge Booklet: Quantitative chemistry

Big Questions and Vocabulary


What is conservation of mass and how does it apply to chemistry



What is the relative formula mass and how does it help us work out the number of particles



Why do chemists use the term moles where referring to amounts of substance?



What can be calculated using moles and balanced equations?



What does the term limiting reactant mean and why is this important in industry



What is concentration and how is it calculated

Conservation of mass

Relative atomic mass

Relative formula mass

The total mass at start of the reaction
is equal to the total mass at the end
of the reaction. This is because there
are the same number and type of
atoms in reactants and products

The relative atomic mass tells us the
number of protons and neutrons in
an atom. It also tell us how many
grams of the substance we need to
have 1 mole of it. There are no units

The relative formula mass is the sum
of the relative atomic masses of the
atoms in a compound ( e.g CO2  1
Carbon atom (12) 2 oxygen atoms
(2x16 = 32) so RFM = 44

Uncertainty

Mole

The uncertainty is the interval (range)
in which the true value can be
expected to be. The higher the
uncertainty, the less confident you
can be in accuracy of your result

The amount of a substance, it is
essentially telling us the number of
particles. 1 mole of a substance has
the same number of particles as 1
mole of any other substance

Balanced equation

Limiting reactant

An equation that shows the relative
quantities of reactant and product
expressed in the number of moles. It
obeys conservation of mass (same
number and type of atoms both sides
of equation

The limiting reactant is the reactant
that is used up first in a reaction. It is
present in the least number of moles
compared to the other reactants
(must check mole ratio before
determining)

Avogadro’s number
The number of particles in 12g of
Carbon -12  6.02 x 10 23
This is the number of particles in 1 mole

Mole ratio
The mole ratio of one substance to
another is based on the balanced
equation
i.e 2Mg + O2  2MgO
The ratio between Magnesium to
oxygen in 2:1
The ratio between magnesium and
magnesium oxide is 2:2  1:1

Knowledge Booklet: Quantitative chemistry

Sample Extended Questions / Practical based questions
Explain how the equation CH4 + 2O2  CO2 + 2H2O obeys conservation of mass

Why does the reaction between Magnesium and Oxygen to form Magnesium Oxide not appear to obey
conservation of mass?

Balance the equation : Al + Br2  AlBr3

What is the uncertainty in a 25cm3 measuring cylinder?

If 2 g of magnesium reaction with 20 g of water, what is the limiting reactant and therefore how much hydrogen is
formed in grams.

If you have 10 tonnes of iron oxide, how many tonnes of Iron can be extracted

Balanced
symbol
equations

Conservation
of mass

No atoms are lost or made during a
chemical reaction. This is why
chemical equations must be balanced,
otherwise we don’t know the ratio of
one substance to another

Represent chemical
reactions and have the
same number of atoms of
each element on both
sides of the equation

Mass of the products equals the mass of the
reactants since the same number and type of atoms
are found both sides of the equation

H2 + Cl2  2HCl
Subscript numbers (the little ones) show the number of atoms of the
element to its left.
Normal script numbers show the number of molecules. (the one in
front of the molecules)

When balancing equations, you can only change the number of that particle molecule, you CANNOT change the
actual chemical itself.
For example in the reaction between hydrogen and water
H2 + O2  H2O
This equation is not balanced. There is 2 oxygens on the left and 1 on the right
It is tempting to add a two next to the Oxgen in water to give
H2 + O2  H2O2 THIS IS NOT CORRECT, you have changed the chemical being made, not balancing the equation

H2

Write the chemical symbol for each substance
Count up atoms each side, 2 Hydrogen on left and right is balance
2 oxygens on left by one on right not balanced. Add another water to
provide second oxygen.
You’ve added another 2 Hydrogens to right, so add another H2 on left
Overall, we have 2 H2

1 O2

and 2 H2O

so the overall equation is

+



O2

H2O

H2O
H2
 2 H2O

2H2 + O2

It is vital when writing chemical equation they are balanced to accurately show what is happening in the reaction.
All chemical reactions obey conservation of mass … even when they appear not to!
Mass appears to
increase during a
reaction

One of the reactants is a
gas

Mass appears to
decrease during a
reaction

One of the products is a
gas and has escaped

Magnesium + oxygen  magnesium oxide
2Mg (s) + O2 (g)  2MgO (s)
Calcium carbonate  carbon dioxide + calcium oxide
CaCO3 (s)  CO2 (g) + CaO (s)

Describing balanced chemical equations  Need to use the number in front to refer to the number of moles of
each substance.
I.e : 2Na + Cl2  2NaCl
2 moles of Sodium reacts with 1 mole of chlorine to form 2 moles of Sodium chloride
CaCO3  CaO + CO2
1 mole of calcium carbonate decomposes to form 1 mole of calcium oxide and 1 mole
carbon dioxide

Mr

The sum of the relative atomic
masses of the atoms in the
numbers shown in the formula

The sum of the Mr of the
reactants in the quantities
shown equals the sum of the Mr
of the products in the quantities
shown.

2Mg + O2  2MgO
24x2 + 32  2 x (40)
48 + 32 = 80
80 = 80

When doing practical’s and taking measurements, your answer is unlikely to be exactly correct, and part of that is
due to uncertainty caused by the equipment. The resolution of the equipment is the smallest change in quantity
that gives a change in reading. E.g a 2 decimal place balance can only tell you when the mass has changed by
0.01g, any smaller readings won’t be detected. The uncertainty is the range in which the true value is likely to
occur based on your results. For an individual reading the uncertainty is + half the resolution

Whenever a
measurement is taken,
there is always some
uncertainty about the
result obtained

Can determine whether the
mean value falls within the
range of uncertainty of the
result

1. Calculate the mean
2. Calculate the range of the results
3. The estimate of uncertainty in mean would
be + half the range

One mole of H2O = 18g (1 + 1 + 16)
Chemical amounts
are measured in
moles (mol)

Mass of one mole of a
substance in grams =
relative formula mass

One mole of Mg = 24g
Remember 1 mole will have the same number of particles;
the particles just have different masses!

To work out the moles we used the formula:
Moles = mass / Mr
rearranged gives
Mass = moles x Mr
Mr = mass / mole

1 mole has the same number of particles as 12grams of Carbon-12. This is 6.02 x 1023 (avogadro’s number NA )
Number of particles = moles x NA
Because the number of particles is so huge, standard form is used, or more simply we just use moles.

If we know the mass or moles of one substance, we can use this to work out either the theoretical amount of
product that would be produced, or the minimum about of the other reactant that is required.
If you follow the steps below you should never have a problem calculating it!

If you wanted to find the amount of the other reactant, or if you had the product to start with then wanted to find
the reactant its exactly the same method.
It boils down to 1) find out the moles for which you have mass of. 2) use the equation to work out the moles of
the unknown 3) Multiply the moles by the Mr

Often in a reaction one of the reactants is excess to speed up the reaction. The other reactant is known as the limiting
reactant as once it runs out the reaction stops. It also controls how much product can be produced since it is present in
the smallest number of moles in the balanced equation.
If you are provided with both masses, you need to work out the moles of each. Using the mole ratios, whichever can all
be reacted (not in excess) is the limiting reactant.
e.g 2Mg + O2  2MgO If you have 24 g of Magnesium and 24 g of Oxygen, how much magnesium oxide can be made
2Mg + O2  2MgO
m
24
24
Mr
24
32
n
1
0.75 There is less moles of O2 , but the ratio of Mg is 2:1, so only 0.5 moles of oxygen needed
n
1
1
As Magensium is limiting reactant, it controls amount of product formed
1 x 40 (Mr of MgO) = 40 g of Magnesium oxide produced
Even though there is less moles of oxygen, for every 1 mole Mg only 0.5 moles is needed, we had 0.75 so it was
in excess compared to the Magnesium

Concentration is the amount of substance in grams per units of
volume.
It is calculated using the equation concentration = mass / volume
Or rearranged mass = concentration x volume
Volume = mass / concentration
The volume for concentration is typically given in dm3
cm3 / 1000 = dm3

Practice  Balancing and calculating formula: If you have 10g of first reactant, how much of first product
will you make?

Mole = mass / Mr
Work out the Mr of the carbon dioxide first

Use the mole ratio, what is the ratio
between CO2 and MCO3
Use your answer for above question

