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States of matter and mixtures
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States of matter and changes of state
* See ‘How to be a scientist’ - knowledge organiser. You need to know

Substance A material with particular properties
the state names, names of state changes and properties of each
Matter Anything that has mass and takes up space. state
Solute Substance that dissolves in a liquid to make a solution * (as to solid or solid to gas is called sublimation.
Solvent The liquid in which a solute dissolves to make a solution * The properties of each state of matter depend on the forces
: ——— between molecules.
_ Formed "'"fhen a Slfb'c'ta”‘:e has dissolved e liquidegsalt | | . \yhen substances change state it is a physical change (easily
Solution {sﬂl"'tf"]' dissolves in water (solvent) forming salt water reversed by heating or cooling and no new substances are created).
(solution). * A chemical change results in the formation of a new substance.
insolubl Describes a substance that cannot be dissolved in a * On a graph showing temperature and time horizontal lines show a
naoliule
certain liquid eg nail varnish is insoluble in water. change of state for a pure substance (ie temperature does not
A substance that can be split into simpler substances change during a change of state for pure substances).
Compound because it contains two or more different elements Worked example — explain what happens when a gas is cooled.
chemically joined together. » When cooled particles in the gas lose energy.
Two or more substances jumbled together but not * The particles vibrate less strengthening the bonds between them
Mixture chemically joined together. Many mixtures can be easily making the gas’ volume decrease.
separated. Melt over a range of temperatureseg4—9°C * At a certain temperature the bonds between particles become
‘ . A substance made of only atoms with the same number of strong enough to hold them together. This is called condensing and
emen i i
protons in the nucleus. the gas changes to a liquid.
- : - — * Asthe liquid is cooled the bonds continue to strengthen, the volume
A single S"'bf‘tar_"ce’ with 3 fixed composition, that does continues to decrease and particle energy continues ot decreases.
Pure not haf anything else mlze;"uglilt eea godld b;'r:IMEIt || . Atacertain tem perature particles have lost enough energy for the
a specilic temperature eg - Ais opposed to dally use particles to be held together even more tightly fixing them to a
of pure often used to mean natural or clean. . . . . C .
particular point. This is called freezing; the liquid is now a solid.
impure A mixture of different substances eg air contains, water, » As cooling continues particles continue to lose energy and vibrate
oxygen, carbon dioxide, nitrogen etc less and less.
Predicting state from data
* Look at the given temperature. Substance MP/°C BP/°C Stateat30°C
* [f this temperature is less than the melting point (MP) of a substance it will be a .
_ P g point (MP) A 450 700  solid
solid.
+ [f this temperature is between the melting and boiling points (BP) of a substance it B -200 -10 gas
will be a liquid. .
. . . " . . C 7 85 liquid
* If this temperature is above the boiling point the substance will be a gas.
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§ Separation method Used to separate... Example mixture Notes on method
E Simple distillation a solvent and solute froma  Water and salt from Can only be used to separate substances with very
X solution salt water different boiling points
£ Fractional distillation a mixture of liquids with Fractions from crude Substance with lowest BP collected first, highest BP
-E different boiling points oil collected last
E Filtration a mixture of a liquid and Sand from rock salt Insoluble solid impurities can be removed from solutions
Q solid this way
e
"r'u' Crystallisation a solute from a solution Copper sulfate from The solvent will evaporate leaving crystals of the solute.
E (solvent is lost) copper sulfate solution  Using an oven will speed this up.
"E Paper chromatography  and identify soluble Identify dyes used to Moaobile phase — solvent in which molecules move eg water
N substances from a mixture  make an ink Stationary phase — molecules cannot move eg paper
3
0 Chromatography
E + The rate a substance travels up the stationary phase differsfor * R;factors can be used to identify what substances are in a mixture
.. each substance. It depends on how soluble they are in the by comparison to a known substances R;value.
mobile phase and how strongly they are attracted to the * Rjvalues are always less than 1.
stationary phase. . R.-= distance travelled by solute

« Very soluble substances that are weakly attracted to the distanse trapellad hy solvent

stationary phase will travel furthest up the paper.
* Chromatography can be used to see if a substance is pure or if
it is @ mixture.

SCIENCE

Water treatment and analysis
* Woaste and ground water can be made potable (drinkable) using
the following processes:

Worked example 1. Filtration — large solids (sand, twigs etc) are removed by wire

ST IVO

= mesh and gravel and sand beds

E £ | 2. Sedimentation — the water is held in large tanks to let smaller

g E ?0 Uf"t | . * Rrof X=8+10=0.8 particles settle to the bottom

O E ron . . * Xismade of A (A and 3. Chlorination — Chlorine gas bubbled through water to kill bacteria
< X travelled same and other microbes

‘J:g"; o distance) * Distillation can be used to make seawater drinkable. It requires a
I % * Xis made of only one lot of energy to do and is therefore expensive.
Baseline ! substance (only one *  Water used for chemical analysis must be pure. Tap water
(pencil) - A B X|10cm 8cm dot). contains dissolved substances that can affect experiments and

give false results if used in chemical analysis.
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Word Meaning

atom Atoms are small particles from which all substances
are made. They are the smallest neutral part of an
element that can take part in chemical reactions.

electron Tiny particle with a negative charge that is found in

shells around the nucleus of an atom.

Area around a nucleus that can be occupied by
electrons, usually drawn as a circle (in 'target

electron shell

-All matter made of atoms which:

- Are tiny hard spheres

- Can’t be broken down

- Can’t be created or destroyed

- Atoms of an element are identical

- Different elements have different atoms

Dalton's model of
atoms

Discovered that atoms contain even smaller
particles called subatomic particles. He
discovered electrons

J] Thompson

diagrams'). Also called an electron energy level or an
‘orbit".

element A simple substance made up of only one type of
atom.

neutron Electrically neutral subatomic particle found in the
nucleus of most atoms.

nucleus The positively charged centre of an atom.

proton A positively charge subatomic particle in the nucleus

of all atoms.

The electric charge of a subatomic particle compared
to the charge on a proton.

relative charge

The mass of a subatomic particle compared to the
mass of a proton.

relative mass

The smaller particles that make up atoms — protons,
neutrons and electrons.

subatomic particles

___ The nucleus of an

neutran

eleciron shells

Atoms in elements have
no overall charge
because they have equal
numbers of positive
protons and negative
electrons, so the charges
cancel each other out

proton

alectron -

mass number (A)
/ (protons + neutrons)

proton +1 [pﬂSiti‘u‘E} 1 atom contains nearly

| all of its mass 23
electron -1 (negative) 1/1835 (negligible) 11 Na <+—— atom symbol
neutron 0 (no charge) 1 e atomic number (2)

(protons only)

Word Meaning
chemical property How a substance reacts with other substances.
periodic table An ordered list of all known elements.

A description of how a material behaves and responds
to forces and energy. Hardness is a physical property.

physical property

What you think will happen in an experiment and why
you think this.

prediction

The mean mass of an atom relative to the mass of
one-twelfth of an atom of carbon-12, which is assigned
a mass of 12. The A, of an element is the mean
relative mass of the isotopes in the element.

relative atomic
mass, A,

Word Meaning

The number of protons in the nucleus of an atom
(symbol £). Also known as the proton number.

atomic number

mass number The total number of protons and neutrons in the
nucleus of an atom (symbol A). Also known as the

nucleon number.

Chart in which the elements are arranged in order
of increasing atomic number.

periodic table
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Word Meaning

A, Symbol for relative atomic mass (RAM).

isotopes Atoms of an element with the same number of protons
(atomic number) but different mass numbers due to
different numbers of neutrons.

mean An average calculated by adding up the values of a

set of measurements and dividing by the number of
measurements in the set.

nuclear fission

The reaction in which the nucleus of a large atom,
such as uranium, splits into two smaller nuclei.

relative atomic mass
(RAM)

The mean mass of an atom relative to the mass of an
atom of carbon-12, which is assigned a mass of 12.
The RAM of an element is the mean relative mass of
the isotopes in the element.

Word

Meaning

electron

Tiny particle with a negative charge that is found in
shells around the nucleus of an atom.

electron shell

Areas around a nucleus that can be occupied by
electrons, usually drawn as circles. Also called an
electron energy level.

electronic
configuration

The arrangement of electrons in shells around the
nucleus of an atom.

Each electron shell can hold a maximum number of electrons:
First shell = 2 electrons
Second and third — maximum of 8 electrons

1 2

3 N 5 6 7 0

®

©

Electron configuration of elements 1-20
Written form is e.g. 2.8.1 for K

o ° °
- ° o
g Li @ protons ) neutrons @ electrons

Isotopes of Lithium have different numbers of neutrons

Calculating relative atomic mass

Relative atomic mass can be calculate using:
Mass number of an elements isotopes
The abundance ( how much) of each isotope

Example:

Chlorine naturally exists as two isotopes, 2CI (chlorine-35) and
97Cl (chlorine-37). The abundance of chlorine-35 is 75% and the
abundance of chlorine-37 is 25%. In other words, in every 100
chlorine atoms, 75 atoms have a mass number of 35, and 25
atoms have a mass number of 37.

To calculate the relative atomic mass, A, of chlorine:

A = total mass of atoms _ '35 X 75) + (37 % 25)
total number of atoms (75 + 25)

A, = 2625 + 925 _ 3550
r 100 100

A, = 35.5 (to 1 decimal place)

Notice that the answer is closer to 35 than it is to 37. This is
because the chlorine-35 isotope is much more abundant than
the chlorine-37 isotope.
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Word

Meaning

atomic number

The number of protons in the nucleus of an atom
(symbol Z). Also known as the proton number,

periodic table:

group A vertical column of elements in the periodic table,
Elements in the same group generally have similar
properties.

inert Does not react.

period A horizontal row in the periodic table.

aleciron

relative atomic mass

The mean mass of an atom compared to 1/12'" the
mass of an atom of carbon-12. {One atom of carbon-
12 has been assigned a mass of 12.)

Sodium

Electron configuration is related to an elements position on the

Number of occupied shells = period number
Number of electrons in the outer shell = group number

Atomic Number 11

X-ray Electromagnetic radiation that has a shorter ( ¢ [ ] i Electron configuration 2.8.1
wavelength than UV but longer than gamma rays. b L/Q / Group=1
\; Period = 3
Remember from KS3 — the periodic table hasn't always looked like the \ wﬂ .
one we see today —
Dmitri Mendeleev Russian chemist, developed the e —_— 2410|817 _I_]
periodic table. o J
Mendeleev’s periodic |Ordered by increasing A, some oy w
table elements switched according to ol _ a0
their chemical properties. K ca s%c T- Y @ W oNGR wr Pl el it B
Gaps in Mendeleev's |Mendeleev left gaps where no Rb & Y Zr Nb Mo Tc Ru Rh Pd Ag Cd Xa divide between metals
periodic table known element fitted and Cs Ba La H Ta W Re Os F P Au Hp a» | and nonmetals in the
predicted these would be filled Fr R ﬂ ~ periodic table

with newly discovered elements.

Eka-aluminium

An element that Mendeleev
thought would fill a gap. He
predicted its properties, which
matched gallium when discovered.

Knowledge of isotopes made it possible to explain
why the order based on atomic weights was not
always correct, because some elements have a
higher mass than others when isotopes are taken
into account, but a lower one if you only look at one

specific isotope.

® Metals = elements that react to form positive ions.
o Majority of elements are metals.

o Found to the left and towards the bottom of the periodic table., because they
lose electron(s) in order to form these positive ions, forming an electronic
structure that is stable, like that of a noble gas

¢ Non-metals = elements that do not form positive ions.

o Found towards the right and top of the periodic table, because they gain

electron(s) in order to form these negative ions, forming an electronic structure
that is stable, like that of a noble gas

Pair reversals

mass.

Elements (like Ar and K) that are not in order of increasing

reversals

Explaining pair

atomic number instead.

It means elements should be order elements by increasing




Ll
8 8 Keyword Definition Allotropes of carbon (continued)
O Intermolecular . Fullerenes
E force A weak force of attraction between molecules + Simple molecules of carbon atoms joined covalently into a ball (eg
v 5 Cgo). Each carbon atom makes 3 covalent bonds.
O Allotropes Different structural forms of the same element . L -
S + Delocalised electrons exist in fullerenes but can only move within a
(7, Covalent, giant I T e e e I e e E A v single molecule so fullerenes are electrical insulators.
"'6 structure * Weak intermolecular forces between molecules mean a low melting
v Lattice Regular grid-like repeating arrangement of particles point and make fullerenes soft and slippery.
Q structure such as atoms, molecules or ions
S A long-chain molecule made by joining many small Graphene
= Polymer R e s e » A sheet of carbon atoms one atom thick. Each atom is covalently
molecules (monomers) together.
I..I.i bonded to 3 others.
@) Allotropes of carbon » FEach ato.m has one delocalised electron making graphene electrically
E * (Carbon can take several different structures each with c?nductl\\lre. bond . h |
. . . - L] P
kel differing physical properties. The covalent bonds make graphene extremely strong.
% Ball and stick models of:
Graphite - :;‘-T';?—f‘;,.
o B R
+ Sheets of carbon atoms joined by weak intermolecular forces A " b :
between sheets. Each atom is covalently bonded to 3 others. II 1 I e L
* Each atom has one delocalised electron that can move T o) ""*‘aT . e i
throughout the structure making graphite electrically = ".'_1;'.‘:_-_',_' R -
conductive. As it is also chemically non—reactive it is used to LI . e
make electrodes. a) A fullerene b) graphene c) diamond d) graphite
* The weak intermolecular forces between sheets means they
can easily slide past each other meaning graphite can be
O)- 5 p -vl bri .p ; gerap Polymers
>E }} usedds a fubricant. * Polymers are long molecules made of a chain of covalently bonded
—_— § : Diamond carbon atoms which other atoms are joined to.
|—°: = i * They are formed when many small, identical units (monomers) join
mg = * A giant tetrahedral arrangement of carbon atoms. Each atom together.
B is covalently bonded to 4 others. - :
LA . . . * An example of a polymer is poly(ethene); made from monomers of
1& y * No delocalised electrons result in diamond being an ethene:
% . . : .
electrical insulator. H H H H
* As the entire structure is joined through strong covalent n (-|_;=CI; N é_é
bonds diamond is extremely hard with a high melting and . |1| |l|
boiling point. It is therefore used in cutting tools. n
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lonic

Lattice structure made of
billions of ions

Simple molecular

Small, separate groups
of covalently bonded
atoms

Giant covalent

Lattice structure made of
billions of atoms

Metallic

Lattice structure made of
billions of cations in layers in a
‘sea’ of delocalised electrons

boiling points

High

Low

High

High

Explanation

Types of substances

Strong electrostatic forces
between ions must be
broken. Therefore a lot of
energy is needed so MP/BP
are high.

Only the weak
intermolecular forces
between molecules are
broken. Therefore little
energy is needed so
MP/BP are low.

Strong covalent bonds
between atoms must be
broken. Therefore a lot of
energy is needed so MP/BP
are high.

Strong electrostatic forces
between ions and delocalised
electrons must be broken.
Therefore a lot of energy is
needed so MP/BP are high.

properties

SCIENCE

Conductors when molten
(liquid) or in solution
(dissolved in water).

Insulators

Most are insulators
(graphite and graphene are
conductive).

Conductors when solid or
liquid.

Explanation

Only electrically conductive
when ions can move (ie

when molten or in solution).

No ions or delocalised
electrons are present so
electricity cannot be

No ions or delocalised
electrons are present so
electricity cannot be

Delocalised electrons can
move through the structure.

conducted.

conducted.

Solubility

Many are soluble in water

Few are soluble in water

Insoluble in water Insoluble in water

ST IVO
ACADEMY

Astren Academy Trust

Metals and non-metals

*= Metals - Generally, shiny
solids at room temperature
with high melting/boiling
points, high density, good
electrical conductors,
malleable.

* Non-metals - Generally, low
melting/boiling points, poor

electrical conductors, brittle.

Malleability of metals

* Metals can be
hammered or rolled into
shape (they are
malleable).

* The layers of ionsina
metal can slide over
each other and the 'sea’
of delocalised electrons
will hold them together.

Problems with bonding models

Ball and stick models — show which atoms are joined together and
shape of structure but show atoms too far apart and sticks that do
not exist or hold atoms together.

Dot and cross diagrams — show how electrons are shared in covalent
bonds but suggest electrons in different atoms are different and does
not show formed structures.

3D space filling models — show relative size of atoms/ions but do not
show how electrons have been shared/transferred.

No printed model can show vibrations of ions/atoms or show the
movement of delocalised electrons.
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An atom or group of atoms with a positive or

lon negative charge (ie unequal numbers of protons and
electrons)

Ani A negatively charged ion (a molecule with more

nion

electrons than protons)

P A positively charged ion (a molecule with fewer
electrons that protons)

Bond A force that holds some atoms tightly together

) Force of attraction between oppositely charged
Electrostatic ) . .
particles and force of repulsion between particles

force
with the same charge

Strong electrostatic force of attraction between

lonic bond ' .
oppositely charged ions

The bond formed when pair of electrons is shared
Covalent bond
between two atoms

Bonding found in metals. Can be thought of as
Metallicbond  positively charged ions in a ‘sea’ of negatively
charged delocalised electrons

Delocalised An electron that is free to move (ie not bound to one
electrons nucleus) and can carry an electrical charge

Lattice Regular grid-like repeating arrangement of particles
structure such as atoms, molecules or ions

lonic compound structures

* lonic compounds form a lattice with a regular, repeated
arrangement of oppositely charged ions held together by the
strong electrostatic forces of attraction between them.

* lonic compound formulgs show E}he ratio of ions in the

compound. o o A ball and stick
O o * % ©  model showing the
- %4 P! lattice structure of
Na e R . A
o o sodium chloride.

lonic bonding

* lonic bonds are formed when electrons are transferred from one
atom to another producing a cation and an anion. They typically form
between a metal and a non-metal.

Dot and cross diagrams

* Only electrons in the outermost shells need to be shown.

* The number of electrons in the outer shell of an atom is the same as
the group number it is in. (eg Cl group 7, 7 electrons in outer shell).

= An atom of sodium transfers one electron to the outer shell of
chlorine creating an anion and a cation.

e R ot o o o

Formation of ions
+ When forming ions, atoms will gain or lose electrons until they have a
full outer shell — a stable arrangement of electrons.

Outer Electrons Charge
electrons gainedorlost onion
1 1 1 lost +1
2 2 2 lost +2
6 2 gained -2
7 7 1 gained -1

* Mass number = the number of protons + the number of neutrons
+  Atomic number = the number of protons
* The number of electrons, neutrons and protons can be calculated if
given the formula of an ion.
* For example: Li*
* Lithium: mass number = 7; atomic number=3
* Therefore Li has 4 neutrons (7-3 = 4) and 3 protons.
* For an atom the number of electrons = the number of protons
* Li* has a charge of +1 and therefore has lost 1 electron
compared to an atom of lithium leaving 2 electrons.
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Mames of compounds

* A name ending in —ide indicates an element has gained one or
more electrons eg a chlorine anion is called a chloride ion.

* A name ending in —ate indicates the presence of oxygen eg
sodium carbonate is Na,CO,

Calculating an ionic compound’s formula

* lonic compounds are always neutral. This means that the charges
of the ions that make up the compound add together to make 0.

* The formula of an ionic compound can therefore be calculated if
the ions that are in it are known.

Worked example

* Deduce the formula of sodium carbonate.

1. Sodium is in group 1 and therefore forms an ion with a charge
of +1.

2. Carbonate ions have the formula CO,* and therefore have a

charge of -2.

A ratio of 1 Na*: 1 CO;* gives: (+1) + (-2) =-1

To reach 0 we must add one more ion with a charge of +1

A ration of 2 Na*: 1 CO,% gives: 2(+1) + (-2) =0

The charge is 0 so the formula is Na,CO;.

Common ion name Formula of ion

;oUW

Covalent bonding

* A covalent bond is pair of electrons shared between two atoms.

* They typically form between non-metal atoms.

* Covalent bonds cause molecules to form.

+ Atoms and small molecules (eg H,0) are typically about 10-%m
across

Drawing covalent bonds

Number of
covalent
bonds formed

Extra electrons
needed to fill
outer shell

Electrons

in outer

Group 7 (egF) 7 1 1

Group6(eg0) 6
Group S (egN) 5
4

Group 4 (eg C)

2 2
3 3
4 4
1 1

Hydrogen 1

* By matching the number of bonds formed by an element a
formula for a covalent molecule can be figured out:

* Carbon dioxide is made form carbon and oxygen atoms.

* Carbon will form 4 covalent bonds; oxygen 2.

Nitrate NO,
* Therefore 2 oxygen atoms will bond with 1 carbon atom:
Carbonate Co,* R e
Sulfate S0,* ..Oi C ;O_.
Hydroxide OH-
Metallic bonds * There is a strong electrostatic force of Metal ion ’—"o

* Metals form structures with a giant lattice
structure,

delocalised.

attraction between delocalised electrons and
the metal cations — a metallic bond.

* The electrons in the outer shell of metals are = All metals (including alloys) are held together
by metallic bonds.

Delocalised /’E cj
electron




make a solution.

Tp] Weord Meaning Structural formula
— empirical formula The formula showing the simplest whole number ratio on
o of atoms of each element in a compound. LI ' o
— molecular formula The formula showing the actual number of atoms of " ' . ¢ Moteculerformula - Empirical formuta
: L~ # ~. C.H.,.,0 CH.O
"E; each element in a molecule of a compound. T\“” W |E & 1= 2
— relative formula mass | The sum of the relative atomic masses of all the o t 0 H
- atoms in a formula. ! L
= : . We can divide each number in C_H,,0, by 6 to make a simpler
O The information you need to calculate ) Lk
1 16 . . .o whole number ratio — the empirical formula
J relative formula mass is on the periodic
= H 0 table ( top number) i d
E 1 8 A atoms t:"rluidehg- '
MOIES Mass
— Water (H,0O contains 2 Hatoms and 1 O S SO [ mm——
% stom) Y — o Lo o
x1= '
E HZO minlar mass
1x16=16
% Relative formula mass =2 + 16 = 18 WORKED EXAMPLE
O Symbolforelement G o
The concentration of a solution can be calculated using: Mass (g) 10.0 178
the mass of dissolved solute in grams, g rE—— B 1 0 o6
the volume of solution (or solvent) in cubic decimetres, dm? T s, :
. Divide the mass of each element by its 10.0 17.8
= 0.25 = 0.5
concentration = —— 1922 of SGlulte ”|1 B - relative atomic mass 40 355
volume of solution in dm Divide the answers by the smallest 025 _ 4 05 _,
Volumes used in concentration calculations must be in dm?3, number to find the simplest ratio 025 0.25
not in cm? or ml. 1 dm? = 1000 cm?. GCSE de Empirical formula CaCl,
This means:
eruieible
+ divide by 1000 to convert from cm? to dm? By weighing before and after magnesium
o;;. g | multiply by 1000 to convert from dm? to cm? heating [ to constant mass) you can pipaciay tnangls
>E E practically find empirical formula tripod
r . . . haal-resislant .
—EII 3 https://www.bbc.co.uk/bitesize/guides/ztd mat
EU g smsg/revision/1
<L 20 To find a molecular |- Calculate M, for the empirical formula
concentration The amount of a solute dissolved in a certain volume -
of solvent. formula from an - Divide the M, of the molecular formula by
solute A substance that dissolves in a liquid to make a empirical formula  |this number
solution. - Multiply the empirical formula by your
solvent Describes the liquid in which a substance dissolves to T

Pt l T
TFevea

[st]
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L. b i
Cacl —,J'—qf ." — / _
bu'?ll,l,_‘lﬂ I." I|l 'j Na.SO, I."’I. J‘l I".I Cas0, white

pracipitate
solution

i Mall
" solufion
| EETR

Mass does not change in a reaction-the mass of product will
always equal the mass of reactants

An insoluble substance that is formed when two
soluble substances react together in solution.

precipitate

When substances cannot enter or leave an
observed environment, e.g. a stoppered test
tube and a precipitation reaction.

closed system

The idea that mass is never lost or gained during
a chemical reaction or physical change.

law of conservation of
mass

When substances can enter or leave an
observed environment . For example, a
carbonate reacting with acid producing CO,
bubbles: the mass appears to decrease because
you can’t weigh the gas that goes into the air,
however it is still there.

non-enclosed system

Avogadro constant This is the number of particles in one mole of a

substance (6.02 =102 mol~).

limiting reactant The reactant that determines the amount of product
formed in a chemical reaction. Any other reactants

will be present in excess.

mole The mass of a mole of a substance is the relative
formula mass expressed in grams.

stoichiometry The molar ratio of the reactants and products in a

chemical reaction.

1 mol of a substance contains the Avogadro constant number of particles

1 mol of magnesium has a mass of 24g and contains 6.02 x1022 atoms

mass of substance (g)

number of moles of substance = A o M

AorM

Reacting masses
Used to calculate mass of a product or reactant from a
balanced equation

Calculate the mass of chlorine needed to make 53.4 g of aluminium chloride.

Write the balanced equation 2AL + 3CL, — 2AICL
MClL=2x355=T1

M ALCL =27 + (3 x 35.5) = 133.5

Calculate relative formula masses
of the substances needed

Calculate ratio of masses (multiply M values by the balancing numbers
shown in the equation;.
3C1, makes 24AICI,

w503 %« 71 =213 Cl, makes 2x133.5=_267g AlC| mm—,

--""Work out the mass for 1g of reactant or product. (Here we want 1g of
lhe product because that's the mass we know already)

| = moles

. 26?' — 213 - Cl, makes EE'? 267° AlC, pmm— 26?
i U.Tgﬂg Cl, makes lg AIC[, Y
x534L : S Jx534

Scale up or down "9 42.6g Cl, makes 53.4gAlCI, W

(from 1g to the

mass you are given)
Calculating moles Quantity in moles =
from a number of number of particles
particles 6.02 x 10%
Calculating the Number of particles =
number of particles mass X 6.02 x 10%
from a mass of relative formula mass)
substance

Deducing - Calculate number of moles present of

stoichiometry |each of the reactants (or products)
- Find the simplest whole-number ratio
- Balance in the normal way to find the
numbers of products (or reactants)
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Word

actual yield

The actual amount of product obtained from a
chemical reaction.

percentage yield

The actual yield divided by the theoretical yield, as a
percentage.

side reactions

A reaction which takes place at the same time as
another main reaction.

theoretical yield

The maximum calculated amount of a product that
could be formed from a given amount of reactants.

yield

The amount of product formed in a reaction.

atom economy

The percentage, by mass, of reactants that are
converted into useful products.

by-product

Any product formed in a reaction in addition to the
required product.

atom economy =

relative formula mass (M) of the useful product

=
sum of relative formula masses of all the reactants

CH,0, —(@LHOH + 2C0,

(M, = 180)

(M, = 46)

@46 100 = 51.1%

180

Atom economy shows how efficient a reaction is in making use of all of
the atoms in a reaction.

Not all product s may be useful

1 product = 100% atom economy

Industry could sell by products, or use in another process

00%

Yield is less than expected due to:

Incomplete reaction — not left long enough to react, or
equilibrium reached

Loss of product (in transfer)

Unwanted side reactions — reactions making different products

High % yield is useful. Less waste, more profit

actual yield
theoretical yield

percentage vield = x 100

Disadvantage — does not indicate amount of waste product.

If a reaction has high yield but low atom economy — lots of
waste products.

Waste reduction is important
Energy consumption, rate of reaction, raw materials and

conditions all need to be considered to produce a high yield
if an equilibrium is reached.

100%
atom
economy

raw materials carbohydrates (e.g. ethene obtained from
from sugar cane, sugar | crude oil - this is
beet, maize) - these are | non-renewable
renewable

temperature 30-40°C 300°C

pressure atmospheric pressure high pressure (60-T0atm)

catalyst enzymes in yeast concentrated phosphoric

acid

rate of reaction | slow fast

purity impure — must be pure
fractionally distilled



Word Meaning : : ; : ;
wn calibrated Marked with a scale for accurate readings. Solutions with accurate concentrations are made in volumetric
c - -
) volumetric flask A flask which is accurately calibrated to hold a given flasks.
= volume of solution. A known amount of solute is dissolved in distilled water, then made
© up to the graduation,. The flask is stoppered and shaken.
‘—3' Volume is measured from the BOTTOM of the meniscus.
Q : 3 3
— _ concentration in g dm
oo concentration in moldm™ = : &
O relative formula mass of solute
Q
o) - . number of f
9‘ concentration in moldm = umber o mole; 2 _SOIUU?
|: volume of solution in dm
N concentration % relative
S (mol dm) bruzsu: Worked example
o : :
= Acid-alkali titration are used to find the exact volume of acid 25.0cm’ of O.ZlOOmol.dm ) sodium hydroxide solution was ﬁeut.rahsed by
ﬂ that neutralises a specific volume of alkali 0.150 mol dm f.sulfunc acid. Calculate the volume of sulfuric acid needed
2 for the neutralisation.
1. Use the pipette to add 25 cm? of alkali to a conical flask )
(W and add a few drops of indicator. 2NaOH +H,SO, —» Na,S0, + 2H,0 mole ratio NaOH:H,SO, = 2:1
i I
O Step 1: work out moles of NaOH ( from given information)
il 2. Fill the burette with acid and note the starting volume. .
‘ Slowly add the acid from the burette to the alkali in the number of moles of NaOH = concentration of NaOH x volume used
! conical flask, swirling to mix. (mol dm™) (dm?)
3. Stop adding the acid when the end-point is reached (the =(0.200 % ﬂ = (0.00500 mol
appropriate colour change in the indicator happens). Note 1

the final volume reading. Repeat steps 1 to 3 until you get
consistent readings. Step 2:Use equation to find moles of acid that reacted

2mol of NaOH reacts with 1 mol of H,SO,,

0.00500

s0 0.00500 mol of NaOH reacts with

: = 0.00250 mol of H,SO,
mass of solutein g e

volume of solution in dm? Step 3:Calculate volume of acid needed.

concentration in gdm=

ST IVO

ACADEMY
Astrea Academy Trust

number of moles of acid
concentration in moldm™

volume in dm? =

Word Meaning 0.00250
mole ratio The ratio between the amounts, in moles, of =T - 00167dmiPor16.7cm?
substances in a balanced equation. 0.150 /
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Word Meaning

Avogadro’'s law The law that states that, if the temperature and
pressure are the same, egual volumes of different
gases contain an equal number of molecules.

molar gas volume The volume occupied by one mole of molecules of any
gas. Itis 24 dm?, or 24 000 cm®, at room temperature
and pressure,

N,(g) + 3H,(g) = 2NH.(g)

1 mole of nitrogen reacts with 3 moles of hydrogen to form 2 moles of
ammonia.

So:

100cm? of nitrogen reacts with 300cm? of hydrogen to produce
200cm? of ammonia at the same temperature and pressure.

1 mole of any gas occupies 24dm? at
room temperature and pressure,

n = amount in mol, v = volume of gas,
V_=molar volume

g —— _» Hydrogen
" moleade

- Carbon dioxde
5 molecde

1 mol Hy at
§TPm 2241

1mal 3 at 1 mal £, at \
iTP=ilAl STE=3241L
Volume of gas does not depend on relative formula mass.

Temperature, pressure and number of particles determines
volume

volume of gas = amount of gas (mol) x molar volume

Remember:

* Balance equation

* Calculate number of
moles

* Use equation to work

out moles of unknown

Calculate unknoﬁwn

Calcium carbonate decomposes to form calcium oxide and
carbon dioxide when it is heated:

CaCO,(s) = Ca0(s) + CO,(g)

Calculate the volume of carbon dioxide produced from
completely decomposing 1.0 g of calcium carbonate. (M, of

CaCO, = 100, molar volume = 24,000 cm?)

Amount of calcium carbonate = 1.0/100 = 0.010 mol
Amount of carbon dioxide = 0.010 mol (because the mole
ratio is 1:1)

Volume of carbon dioxide = 0.010 = 24,000

=240 cm?
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Word Meaning

acid A solution with a pH of less than 7 and that contains an
excess of hydrogen (H¥) ions. Acids turn litmus red.

acidic Containing or having the properties of an acid. [adjective)

acidity The amount of acid in a solution.

alkali A solution with a pH of mare than 7 and that contains an
excess of hydroxide (OH-) ions. Alkalis turn litmus blue.

alkaline Having a pH of more than 7.

alkalinity The amount of alkaliin a solution.

agueous solution

A solution with water as the solvent.

pH Scale
A measure of how acidic or alkaline something is

1 2 3 4 5 6 7 8 9 10 11 12 13 14

concentration

A measure of how much solute is dissolved in a solvent
such as water. [Units g dm? or mol dm-3)

acidic neutral alkaline

indicator A substance that changes colour depending on the pH of a
solutian.

neutral A substance that is neither an acid nor an alkali. Neutral
solutions have a pH of 7 and the same concentrations of
hydrogen (H*) and (OH7) ions.

pH scale A numerical scale up to 14 that measures the acidity or

alkalinity of a solution based on the concentrations of
hydrogen {H*) and (OH) ions.

universal indicator

Anindicator, containing a mixture of differant pH
indicators, designed to produce a range of colours
depending on the pH.

Enplnsiyies

&b
OL® |

Many substances are
HAZARDOUS and are identified
by a universal symbol so they
can be used safely

OB o: o

(Fiamem ol 8

Hasits asand A.  Acids produce excess H+ ions in
solution
B.  Alkalis produce excess OH-ions in
solution

Indicators
Different colours with different indicators.
Universal indicator produces the colours on the pH
scale

colour in
alkaline
solutions

colourin
acidic
solutions
colourless

HIGHER

More H+ ions= higher concentration, more acidic,
lower pH

More OH- ions = more alkaline, higher pH

Neutral H* = OH- ion concentration
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Word Meaning
concentrated Containing a large amount of solute dissolved in a small _-
volume of solvent. hydrochloric acid HCl
dilute Containing a small amount of solute dissolved in a large ‘ i
volume of solvent. sulfuric acid H,SO,
issoci To spli i iff 2 [ '
dissociate o split up or separate into different parts nitrie acid HNO,
For example, acid molecules dissociate into H* ions and
negative ions when they dissolve in water. _-
pH meter. EIectr_opnc device used'to m_easure the pH of 3 so!utlon. sod;um hydroxide NaOH
strong acid An acidic solute that dissociates completely into ions when
it dissolves. potasssum hydroxrde KOH
weak acid An acidic solute that does not dissociate completely into '
E SEs L calcium hydroxide Ca(OH)
ions when it dissolves. £
pH

difference in
concentration of
H* ions

An acid with a pH of 0 1S 10 x 10 x 10 x 10 = 100000 times more acidic than an acid of pH4

RIRITRIRIRIRIR)

x10 x10 x10 x10 x10 x10 x10

amount dissolved

Concentration = Note: the minus sign shows
| that g is divided by dm®. 1dm’
is the same volume as 1litre

or 1000 cm’.

volume of solution
/
Units: grams per decimetre cubed, g dm™

For example, if 4g is dissolved in 50 cm?
| Note: divide cm® by 1000 to

on=iS )
Concentration BoE 80gdm change into dm.

ST IVO
ACADEMY

Astrea Academy Trust

»
*

ﬁi@

% ethanoic acid molecules

ethanoate ions | _& r

chloride ions i

A dilute strong acid and
a concentrated weak
acid can have a similar

O O pH and reactivity due to

Lower pH = more H+ ions

Higher pH = less H+ ions
Lower pH react faster with
metals such as Mg

'e @

-‘“& Q

A weak acid like ethanoic acud

similar concentrations of
H*ions

*— ~——— hydrogen ions -

A strong acid like hydrochlonc acid

contains lots of hydrogen ions. contains only a few hydrogen ions.
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base Any substance, soluble orinsoluble, that neutralises an The type of
acid, forming a salt and water only. hydrochloric acid | chloride salt formed
crystallisation The process of forming crystals. . . comes from
filter {verb) To remove or separate a solid from a liquid by passing the sulfuric acid | sulite the acid
mixture through a porous material. nitric acid nitrate used
neutralise (verh) To make a solution neither acidic nor alkaline. During
neutralisation a base reacts with an acid, forming a salt and Neutralisation reactions
water. ACID + BASE —= SALT + WATER
salt Anionic compound produced by a neutralisation reaction. ACID + ALKALl —————> SALT + WATER
state symbols Standard set of symbols written after chemical formulae to ACID + METAL—————  SALT + HYDROGEN
indicate the state of a substance. Thase are: solid (s), liquid ACID + CARBONATE——> SALT + WATER + CARBON
{1, gas (g) and dissolved in water (ag) DIOXIDE

Making SOLUBLE salts

-_ ...
. Ja &
_stiming rod funnel and unreacted
T A— filter paper  copper oxide s
powder
—hliste
sulture
acid copper sulfate solution

Add excess base to acid and stir
Warm in water bath to speed up reaction
Filter to remove excess base
Heat over water bath to concentrate solution b
Leave to crystallise

[T T

mipeths fllsr

Carbon dioxide
turns limewater
cloudy

I Test for hydrogen-
I squeaky pop with a

Titration can be used to make salts
from alkalis. This ensures you mix an
conkas [if acid and alkali in the correct

proportions so you end up with a salt
and water ONLY

E
E
L lit splint
]
3

Meaning

Apparatus used to accurately measure the volume of
solution that has been added during a titration.

In a titration, when just enough solution has been added
from the burette to react with all the solution in the flask.

Apparatus used to accurately measure a set volume of a
solution, which can be used in a titration.

Method used to mix acids and alkalis in the comect
proportions to produce a solution containing only salt and
water. It can be used to find the concentration of an acid
or an alkali.

Word
You can monitor changes in pH buretta
be adding small amounts of
base to acid, and take a pH end-point
reading after each addition
pipette
3 pH can be titration
measured
with a pH
¥ meter
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all common sodium, potassium and ammonium
salts

all nitrates

most chlorides

silver, lead chlorides

most sulfates

lead, barium, calcium
sulfates

sodium), potassium and ammonium carbonates

most carbonates

sodium, potassium and ammonium hydroxides

most hydroxides

— .
copper sulfate + potassium carbonate - copper carbonate + potassium sulfate

In precipitation reactions, the ions from the salts swap, The solubility
rules can help to decide whether a precipitate will form

Useful websites

To make an insoluble salt, two soluble salts need to
react together in a precipitation reaction

the precipitate e Tl & pracipitale
s Al ol wiashied several thes with
dsianised fpire) walei

filen
fapar ahie purfled
neabilile sal

tavs sahnioms of solubla
substancs are miwed
togathar in a heake

precipliste

precipitaie
i the ingadiibls i
=alt is formed Tilware

Mix solutions, filter, rinse solid with delonised
water, leave to dry in a warm place

LUL

Tunmal the insaluble salt s

carehully scraped oM the
filrer papes imto a dish
and diigd in am oven

et J

GCSE Pod

https://fwww.bbc.co.uk/bitesize/topics/zsgcviqg

hittps:.//a
-10e2-11e8-92d6-f7c3df19f7be/section/d092e750-159¢-
1128-946f-958618255889 /section-overview

Ssenecalearning.com/classroom/course/1fd02c70

Word Meaning
effervescence Fizzing or a stream of bubbles produced during a
reaction.

half equation

A balanced equation, including electrons, that shows
what happens to one substance during a redox
reaction.

ionic equation

A balanced equation that only shows the ions that
react together. The spectator ions are not included in
the equation.

oxidation

A reaction in which a substance gains oxygen orin
which an atom or ion loses electrons.

reactivity series

HIGHER

not included — spectator ions

Pb®(aq) 2Cl(aq)

-+

lonic equations show the ions that react togetherin a
precipitation reaction- the ions that do not change are

- PbCl,

A list of metals in order of reactivity with the most
reactive at the top.

reduction

A reaction in which a substance loses oxygen ar in
which an atom or ion gains electrons.

spectator ions

These are ions that do not change during a reaction.

precipitate

An insoluble product formed when solutions of two
soluble reactants are mixed.

precipitation

(s)

A reaction in which an insoluble product is formed
from two soluble reactants in solution.
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Electrodes are named after the ion that they attract. Positive
cations are attracted to the negative cathode. Negative anions are

Electrolysis of aqueous compounds
Some water molecules will
dissociate to form H* and OH- ions.
Therefore four ions will be present
during electrolysis.

Cathode

If the metal present is less reactive
than hydrogen (ie copper, silver or
gold) that metal will form at the
cathode. If the metal is more
reactive than hydrogen, hydrogen

gas will form at the cathode.

Anode

If there is a halogen present (F, Cl,
Br or I) molecules of that gas will
form at the anode, eg Cl,

Keyword | Definition Naming electrodes
, The composition (breakdown) of a compound into its
Electrolysis . . .
elements using a direct electric current. .
- attracted to the positive anode.
A conductor used to make contact with the electrolyte. PANIC — Positive Anode Negative Is Cathode.
Electrode The negatively charged electrode is called the cathode.
The positively charged electrode is called the anode. Electrolysis of molten
Electrolyte A molten or aqueous ionic compound compounds .
The only source of ions
An atom that has lost electrons to become positively are from the maolten
lon charged (AKA a cation) or gained electrons to become compound. Therefore a
negatively charged (AKA an anion). metal is always formed at
the cathode and the non-
Agueous Dissolved in water metal always forms at the
anode.
Oxidation Loss of electrons EG electrolysis of KBr will
form K + Br,
Reduction Gain of electrons
. L. The break up of an ionic compound into individual ions
Dissociation i .
when dissolved in water.
Metal An element from the left hand side of the periodic table
eta
that always forms a cation (a positively charged ion).
Inert Mon-reactive. Does not participate in a chemical reaction.

Half-equations (HIGHER ONLY)

» Half-equations show us what is happening at each electrode during electrolysis

* Half-equations are balanced by adding or removing a number of electrons (e-) equal to the
total charge on the ion in the equation.

* For electrolysis - to the left of the arrow there is always an ion

* For electrolysis - to the right of the arrow there is always an element (uncharged) [sometimes
a molecule]

* Electrons left of the arrow are added to the ion

* Electrons right of the arrow have been removed from the ion

EG Half equations for electrolysis of Al,0,:  APF*+ 3e = Al 20" = 0, + de”

If no halogen is present molecules
of oxygen will form at the anode ie
02

Electrolytes

Electrolysis can only take place when
ions are free to move. Therefore
covalent compounds (no ions present)
and solid ionic compounds (ions cannot
move) cannot undergo electrolysis.
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Electrolysi

Chemistry

Electrolysis of CuSO,
with inert electrodes

DC power supply

Graphite anode

(positive terminal)

* Negative anions
(hydroxide ions)
attracted

* Anions LOSE
electrons

* Therefore
oxidised

Observation
Bubbles of gas form

(oxygen)

Graphite cathode

[negative terminal)

* Positive cations
(copper ions)
attracted

* (Cations GAIN
electrons

* Therefore
reduced

Observation
Metal forms on
electrode

Electrolyte
Aqueous copper sulfate, CuSQ, ., (blue)

Electrolysis of CuSO, with
non- inert electrodes

/ DC power supply

Copper anode

(positive terminal)

+ Mass decreased

* Copper removed
from anode

* Copper atoms
turned into copper
ions by losing
electrons (oxidised)

Observation

Mass of electrode
decreased

Impurities from
electrode collect under
anode

Copper cathode
(negative terminal)
* Mass increased
* Copperions
turned into
copper atoms by
gaining
electrons
(reduced)

Observation
Mass of electrode
increased

Electrolyte
Agueous copper sulfate, Cus0O, ., (blue)
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Keyword | Definition

Oxidation | A reaction in which a substance gains oxygen or loses electrons.

Reduction | A reaction in which a substance loses oxygen or gains electrons.

Ore A rock that contains a high concentration of metal or metal
compound.

Extraction | A process in which a metal in obtained from its ore.

Recycling | Converting waste products into new products.

Reactions of metals with acids

* The more reactive the metal the more vigorously and faster
hydrogen bubbles will be generated.

* Reactive metals like magnesium produce lots of hydrogen quickly
(giving a loud squeaky pop when ignited).

* Relatively unreactive metals like copper will not react with dilute
acids at all.

Reactions of metals with water

* metal + water = metal hydroxide + hydrogen

* less reactive metal + steam = metal oxide + hydrogen

* Highly reactive metals like potassium , sodium and lithium will
react vigorously with cold water.

* Less reactive metals like magnesium and zinc will react with
steam and slowly with cold water.

* Copper will not react with water or steam.

The reactivity series
* Metals can be sorted by their reactivity. Carbon and hydrogen are
commonly included.
* The more easily a metal loses an electron (the more easily it is
oxidised) the more reactive it will be.
* Potassium Most reactive
* Sodium A
* Calcium
* Magnesium
*  Aluminium
» [Carbon]
* Jinc
= lron
* [Hydrogen]
* Copper v
* Silver
* Gold to oxidation
* The order of metals can be worked out from observations of their
reactions with dilute acids and water

Least resistive
to oxidation

. Most resistive
Least reactive

Displacement reactions are redox reactions — (HIGHER ONLY)

* Reduction and oxidation happen simultaneously during a
displacement reaction - they are an example of a redox reaction.

* The more reactive metal is oxidised and the less reactive metal is
reduced.

Displacement reactions

* A more reactive metal will displace a less reactive metal from a
salt. eg copper sulfate + iron = copper + iron sulfate

* A less reactive metal cannot displace a more reactive metal from
a salt. eg zinc sulfate + iron = no reaction

* A series of displacement reactions can be used to sort metals into
a reactivity series.

* Count the total number of time a metal displaces another. The
more displacements the more reactive that metal is.

Extraction of metals with carbon
* QOres containing metals below carbon in the reactivity series can
be reduced using carbon.
* iron oxide + carbon = iron + carbon dioxide
* 2Fe,0;, + 3C =2 4Fe+ 3C0,
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Ores and extraction of metals

* Many metals are found in ores in the Earth’s crust chemically
combined to other elements.

* Some unreactive metals (eg gold, platinum) are found as
uncombined elements and only require refining before use.

* The ores are mined and the metals extracted from them. Metals
that are chemically combined with other elements must be
reduced to form pure metals.

* Generally the less reactive the metal the cheaper it is to extract.

Extraction of metals by electrolysis

* QOres containing metals above carbon in the reactivity series can
be reduced using electrolysis. (See ‘Electrolysis” KO)

* Electrolysis costs more than carbon extraction due to higher
energy costs from the required electricity and energy needed to
melt ores.

*  Aluminium is extracted by electrolysis

* Overall reaction:  2Al,05, = 4Al, + 30,
* Atthe cathode: AP +3e = Al
* At the anode: 207 =2 0, +4e

Extraction of metals by biological methods — (HIGHER ONLY)

= As the limited supply of some ores (eg copper) begin to run low
new extraction methods are being developed to use ores that
are uneconomically viable using traditional methods:

1. Bioleaching: bacteria are used to separate metals from their
ores (eg separating copper from copper sulfide). A solution
from the process (the leachate) contains the metal ions that
are then reduced using electrolysis or a displacement reaction.

2. Phytoextraction: Plants are grown in soil containing metal
compounds. These compounds are absorbed and
concentrations become higher in the leaves than the soil. The
plants are harvested, dried, and burnt to leave the metal
compounds. Metals are extracted using electrolysis or a
displacement reaction.

= Advantage - less environmentally damaging than traditional
mining. Disadvantage — slower than traditional mining.

Life cycle assessment (LCA)

* A LCAs can be used to determine the potential environmental
impact of a product at every stage of its ‘life’ from cradle to
grave.

1. Choice of material: eg metals require mining and extracting

which uses a lot of energy and can create pollution

2. Manufacture: different methods can result in more or less
energy and water usage and waste production.

3. Product use: some products give off more pollution than others
during use eg solvent based paints are more polluting during
use than water based paints.

4. Disposal: some products are easily recycled (eg aluminium
drinks cans) reducing landfill usage and pollution and others are
harder to recycle (eg blended plastics).

Recycling

* Recycling conserves finite resources (both ores and fossil fuels
that form a large source of the energy needed to extract and
refine raw materials).

= Recycling uses a tiny fraction of the energy needed to extract
and refine a raw material — therefore saving money.

= Raw materials commonly come from mines that damage the
environment and destroy habitats. Recycling reduces the
number of mines needed.

= Recycling reduces the amount of waste sent to landfills which
take up space and can pollute their surroundings.

* Recycling creates more jobs than disposing of waste in landfills.
Recyclable materials need transporting to and processing at
recycling centres and reprocessing into new saleable products.

* Recycling aluminium saves: ~95% of the energy needed to mine
and extract the same mass of aluminium; 4 kg of aluminium ore
and associated waste.
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Keyword Definition
Dynamic When the forwards and backwards reactions of a
equilibrium revisable reaction are occurring at the same rate.

The amount of a solute dissolved in a certain volume of

C trati
oncentration 4 solvent. Typical units mol / dm?® (NB 1 dm?®=1L).

ic equi

When substances cannot enter or leave an observed

Closed system ,
environment eg a stoppered test tube.

Dynam

A change of temperature, concentration or pressure to

Le Chatelier's
a dynamic equilibrium will result in the point of

Reversible reactions & the Haber process
* A reversible reaction is a chemical reaction that can work in
both directions. The products of one reaction are the reactants
for another.
* The Haber process is a reversible reaction that can reach
dynamic equilibrium:
Najg) * 3Hye) = 2NH, )
* Nitrogen is taken from the air and hydrogen is obtained from
natural gas.
* The reaction conditions for the Haber process are:
1. Temperature: 450 °C
2. Pressure: 200 atm (atmospheres)
3. lron catalyst present

SCIENCE

Principl
rincipie equilibrium changing to minimise the change.
There are different types of equilibriums. A dynamic
Dynamic equilibrium is specifically an equilibrium in which

equilibrium vs
equilibrium

reactions are constantly taking place but the rates of
reactions are identical. You may see both terms being
used to mean the same thing during your GCSEs.
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Equilibrium

* Take the general reversible reaction A+B=C+D

* As A and B react their concentrations decrease and so the rate
of the forward reaction decreases. At the same time the
concentrations of C and D will increase and so the rate of the
backwards reaction will increase.

* Eventually the rates of the forward and backward reactions will
be the same — equilibrium has been reached.

= At equilibrium both reactions are still happening but there is no
change in concentration of reactants or products.

= Equilibrium can only be reached in closed systems. Equilibriums
do not usually end with equal concentrations of products.

Position of Equilibrium
* At equilibrium there will typically be either more reactants (A
and B - the equilibrium lies to the left) or more products (C and
D - the equilibrium lies to the right).
* The exact point of equilibrium depends on the reaction
occurring and the following conditions:
1. Temperature
2. Pressure (when gases are involved)
3. Concentrations
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g HIGHER ONLY - Le Chatelier’s principle
- * You can predict how the point of equilibrium will change when the conditions are changed. Collectively these rules form what is called Le
S Chatelier’s principle.
Q increased endothermic reaction rate increases (heat absorbed from the environment).
(8 Temperature
é decreased excthermm reaction rate increases [heat released to the emrlrc-nment}.
(1 mcreased rate c-f reaction that produces Iess moles c-f gas increases.
c Pressure of a gas
5‘* decreased rate of reaction that prcrduces more moles of gas increases.
o Concentration of mcreased rate c-f reactlc-n that uses up the added su bstance increases.
5 a substance decreased rate of reaction that forms the removed substance increases.
Ll
O
v Worked example
Exothermic
4 moles of gas + = 2 moles of gas
Nyg + 3H, = 2NH, ) &

%

Endothermic

m Equilibrium point changes to...

ST IVO

E E increased endothermic reaction rate increases — more N, and H, produced
W Temperature
0c decreased exatherm|c reaction rate increases — more NH3 produced
| o s st
‘&" = increased rate c-f reaction that prclduces Iess mclles c-f gas increases — more NH3 produced
¥ Pressure
decreased rate of reaction that produces more moles of gas increases — more N and H2 praduced
Concentration mcreased rate of reaction that uses up the added substance increases - more N and H, prc-duced
of NH, decreased rate of reaction that forms the removed substance increases - more NH; produced
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QU Keyword Definition Conditions of industrial manufacturing — (HIGHER ONLY)
QO
&) E A method of manufacture in which a substance is made * The aim of chemical industriﬁl manufa_-::turing is t.o produce a
o Batch process in separate stages rather than continuously. Eg making a substance at an acceptable yield and timeframe in an
- bottle of bleach at a time. economically viable way (ie a profit can be made).
_g , ) - : * Conditions (temperature, pressure, presence of a catalyst) are
Continuous A method of manufacture in which a substance is made : _ .
1] ) ; , controlled to balance costs, yields and rates of production.
T process continuously. Eg making a continuous stream of bleach. .
» Higher temperatures and pressures generally cost more to
E Fertiliser Water soluble compounds added to soils to replace the maintain due to higher energy demands.
; minerals used by plants. * The cost of extraction and refining of raw materials also impacts
c Vield The amount of useful product you can get from the economic viability of a process.
m - .
something
- : — Predicting rate of reaching equilibrium — (HIGHER ONLY)
a Refining Thebremoval ST S I TR B B e e T * Increasing the temperature and pressure (or concentration) of
= a substance. reactants increase the rate at which equilibrium is reached.
= When the forwards and backwards reactions of a * Depending on the reaction being carried out these conditions
&_’ Equilibrium revisabhle reaction are occurring at the same rate. In a could result in a higher or lower yield.
S closed system the concentration of each compound * A catalyst will increase the rate reaction (and so equilibrium will
o would be constant. be reached faster) without affecting the yield or equilibrium
; point of a reaction.
5 Fertilisers
w * Nitrogen, phosphorus and potassium (N, P, K) are the three Conditions of the Haber process
6 essential elements in fertilisers. *The Haber process is used to produce ammonia industrially
+ Plants absorb these elements from the soil gradually reducing * Ny, + 3H,, = 2NH, ., (+ heat)
(2) (g) (e)
their concentration. *Higher pressures favour the forward reaction (4 moles of gas : 2)
> * Without enough of these elements a plants growth and life *Lower temperatures favour the forwards reaction (forwards is
'OE é process are negatively affected. exothermic) but slow the rate of reaction.
2 H § * Fertilisers add (or increase the amount of) these elements to a *The pressure is maintained at ~200 atmospheres —an acceptable
- < 3 soil increasing crop yields as plants can grow faster and larger. compromise between costs and yield.
W g 5 + Ammonia based fertilisers have advantages over traditional *Temperature is maintained at ~450 "C — an acceptable
Yy fertilisers such as manure. The composition of ammonia based compromise between yield and rate of reaction.
ﬁ 13 fertilisers can be carefully controlled as well as the amount *An iron catalyst is used to reach equilibrium faster.
P i
produced.
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Transition metals, alloys and corrosion

CHEMISTRY:

o

Keyword Definition

Transition A metal element in the block between groups 2 and 3 of
metal the periodic table.
All A metal with one or more other elements added (usually
0 . . .
¥ metals) to improve its properties (eg hardness).
The gradual deterioration of a substance when it reacts
Corrosion with substances in the environment. (eg when a metal
oxidises in the air).
Sacrificial Using a more reactive metal to protect another metal from
. corrosion (eg attaching zinc blocks to iron to prevent the
protection . .
iron rusting).
A substance that can be split into simpler substances
Compound because it contains atoms of two or more elements
chemically joined together.
Alloys

+ Pure metals are malleable due to the regular arrangement of
ions in layers that can easily slide over each other

+ Some pure metals are not strong enough for certain uses

* Adding another element to a pure metal that has a different size
disrupts the regular arrangement of metal ions and makes it
difficult for the ions to slide over each other - creating a harder
material

Transition metals

* The majority of metals are transition metals

* A transition metal typically has the following properties: high
melting point, high density, forms coloured compounds (eg Fe?*
is green, Fe®*is orange-brown) and can be used as a catalyst (eg
Fe is the catalyst for the Haber process for making ammonia)

Alloys of aluminium

* Aluminium has a low density which is suitable for aircraft
manufacturing but is not strong enough when pure. Alloys can
increase the strength of aluminium without increasing its density.

+ Magnalium (aluminium + magnesium) — at 5% magnesium
magnalium is suitable for aircraft manufacturing. It is stronger,
less dense and more corrosion resistant than pure aluminium.

Alloys of copper

* Bronze (copper + tin) — harder than copper. Used for decorative
items such as medals, ornaments and statues

* Brass (copper + zinc) — more malleable than bronze. Used where
low friction is needed such as in water taps and door fittings

Alloys of gold
* Goldis used to make jewellery —when pureit is very soft and
malleable.

> g * Metals such as zinc, copper and silver are used to make gold
% g [> . . . . ... alloys that are harder than pure gold and have a different colour.
2] ocee i ooe®
22 C ) ) .<:| C N X | Alloys of iron
L

* Alloys of iron, called steels, have different properties depending
on what is added to the iron.

* Adding carbon to iron produces steel. It is harder than iron.

+ Adding carbon and another metal produces a steel alloy. Adding
chromium (and sometimes nickel) produces stainless steel. Unlike
iron, stainless steel is resistant to corrosion.

2
-
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Corrosion

* Most metals will corrode when exposed to oxygen and water to
form metal oxides.

* Corrosion of metals is a redox reaction. The metal is oxidised (it
loses electrons) and oxygen is reduced (it gains electrons).

GCSE

tals, alloys and corros

Ition me

Corrosion — Prevention of rusting

* Rusting is the corrosion of iron. Both oxygen and water are
required for rusting to happen. Preventing either of these from
contacting the iron will stop rusting.

* Coating the iron with a barrier will prevent it from rusting. Paint
prevents rusting for non-moving parts and oil/grease can be used
for moving parts like bike chains.

* A more reactive metal thaniron (eg zinc) can be used as a
sacrificial protection by attaching it to the iron. Electrons are taken
from the zinc in preference to the iron preventing rusting.

* @Galvanising is an example of sacrificial protection. A barrier of a
more reactive metal is coated over the iron (eg steel buckets are
often galvanised).

d the Haber process

Ammonia based fertilisers

Ammonia is used to produce nitrogen containing compounds

that are used as fertilisers.

Reacting ammonia with different chemicals will produce

different fertilising compounds.

Reactions of ammonia with water and oxygen are used to

produce nitric acid (HNO) which is then used to produce a

fertiliser.

nitric acid + ammonia = ammonium nitrate (a fertiliser)
HNO + NH - NH,NO

Fertilisers an

CHEMISTRY: Trans

O

ACADEMY
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Corrosion prevention - Electroplating

* Electroplating is process of coating the surface of a metal object
with another metal using electrolysis.

* Electroplating is typically carried out to improve corrosion
resistance or the appearance of the metal obhject

* Gold and silver plated objects (eg jewellery) can be made this way.

* The cathode (negatively charged) is the object to be plated and
the anode (positively charged) is a bar of the metal that will form
the plate. The electrolyte contains ions of the metal that will form
the plate.

CHEMISTRY

3(aq) 3(aq) 3(aq)
sulfuric acid + ammonia = ammonium sulfate
HyS04mq + NHsng = (NH,),50,4q
Production Small scale (lab) Large scale
of ammonia (industrial)
sulfate
Starting Ammonia solution and Raw materials of
materials dilute sulfuric acid ammonia and
sulfuric acid
Stages * Titration — methyl Several stages

orange indicator,
ammonia solution in
flask, sulfuric acid in
burette (see ‘Acids’ KO
for method)

* Crystallisation

Type of Batch Continuous
process

ST IVO
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Keyword Definition

A liquid fossil fuel. Formed from remains of dead plants
Crude oil and animals that lived in the sea. It is a complex mixture
of hydrocarbons. It is a finite resource.

. Something useful that is no longer made or that is being
Finite resource
made very slowly.

Hydrocarbon A compound containing only hydrogen and carbon.

Viscosit How thick or runny a liquid is. High viscosity is thick eg
Y honey, low viscosity is runny eg water,

A family of compounds with similar chemical properties
and a gradual variation in physical properties (eg boilin

Homologous ] 5 Py prop ( ,g g
. points). They have the same general formula with
series . e o .
successive members differing in their molecular

formulae by CH,.

A type of formula that represents the composition of
General formula | any member of an homologous series eg Alkanes —

C:r'|HZn+2
Saturated A molecule containing only single bonds between
(relating to . .

carbon atoms in a chain. Alkanes.
hydrocarbons)

Unsaturated

. A molecule that contains one or more double bonds
(relating to

hetween carbon atoms in a chain. Alkenes.
hydrocarbons)

Hydrogen as a fossil fuel alternative

+ Hydrogen can be used to fuel vehicles

* Advantages: very clean (only product of combustion is water).
Obtained from water (a renewable resource).

* Disadvantages: Special (expensive) engine needed (a fuel cell).
It needs manufacturing; expensive and energy often comes
from fossil fuels. Difficult to store and not widely available.

Crude oil and fractional distillation

Crude oil contains a mixture of hydrocarbons where the carbon
atoms form rings or chains. It is an important source of useful
substances (fuels and feedstock for the petrochemical industry).
Fractional distillation is used to separate crude oil into fractions
(simpler mixtures of hydrocarbons with similar chain lengths)
using the differing hoiling points of the fractions.

Crude oil is heated until it is mostly gas (only bitumen remains
liguid). The lower the boiling point of a fraction the higher up
the tower it travels before it is cool enough to condense to a
liguid and be tapped off.

Gases
Used in domestic
heating and cooking

. Petrol .
Cool Low High
Fuel for cars
-
Kerosene £ -
i:'_.' Fuel for aircraft 2ls 2 -
= 23 ¢E=
¢ Diesel oil w oz T
4 g We =
£ Fuel for some cars g = : ® :G,
- 0
A and trains S E
- e
1+]
Fuel oil . S
Fuel for large ships &
some power stations
Hot  Bitumen High  Low
Crude Used to surface

oil roads and roofs.

Good Penguins Keep Diving For Bass
Gas Petrol Kerosene Diesel Fuel oil Bitumen
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Combustion — complete and incomplete
* Burning hydrocarbons releases a lot of energy.
* Complete combustion occurs when hydrocarbons are burnt in
excess oxygen. Only water and carbon dioxide is produced:
* hydrocarbon + oxygen = carbon dioxide + water
* Incomplete combustion occurs when hydrocarbons are burntin
a limited supply of oxygen:
* hydrocarbon + oxygen = carbon dioxide + water
+ carbon + carbon monoxide
* Carbon from incomplete combustion is called soot. It is a black
dust that makes buildings look dirty and can worsen respiratory
problems like asthma.
+ Carbon monoxide is a toxic gas. It combines with haemoglohin
in red blood cells and prevents oxygen being transported
around the body. In severe cases this leads to death.

Cracking

* Cracking turns unwanted long alkanes (saturated) into shorter,
more useful alkanes and alkenes (unsaturated — can be made
into plastics).

* Cracking helps match supply and demand eg more bitumen is
produced than is needed but less petrol is produced than is
needed.

* Cracking is a form of thermal decomposition. One molecule
breaks down into two or more smaller molecules when heated.
A catalyst is used to increase the rate of the reaction.

* The total number of each element is the same before and after
cracking eg CyoHsy =2 CgH g + CH,

Acid rain

* When burnt sulfur impurities in fossil fuels form sulfur dioxide
(50,).

* Sulfur dioxide will react with water in the atmosphere forming
sulfuric acid — aka acid rain.

+ Acid rain can cause lake and rivers to hecome acidic; killing
plants and animals. Acid rain also damages limestone buildings
and corrodes metals.

ST IVO
ACADEMY
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Nitrogen oxides

* Nitrogen oxides (NO,) form from oxygen and nitrogen in the air
at high temperatures when hydrocarbons are burnt eg in car
engines — they are pollutants.

* NO, contribute to acid rain and photochemical smog at ground
level (a type of air pollution that can cause breathing difficulties
and otherissues).

Properties of hydrocarbons

* Alkanes (saturated, C_H,,,, eg C,H.) and alkenes (unsaturated,
C.H,, eg C,H,) are two different homologous series found in
hydrocarbons.

* All molecules within a homologous series have similar chemical
properties.

* The physical properties change gradually with the number of
carbon atoms in the molecule.

* Shorter molecules have weaker intermolecular forces that need
less energy to overcome so are less viscous, easier to ignite and
have lower hoiling points.

* Longer molecules have stronger intermolecular forces that need
more energy to overcome so are more viscous, harder to ignite
and have higher boiling points.

Can you define homologous series?
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Keyword Definition
. A chemical reaction in which a compound reacts with
combustion
OXygen.
. When a substance reacts only partially with oxygen, such
incomplete vP Y ¥e

combustion

as when carbon burns in air producing carbon monoxide
and soot (unburnt carbon).

Fuel + oxygen = carbon dioxide + water
Combustion is an oxidation reaction. Energy is also released (Exothermic) .
Complete combustion occurs when there is plenty of oxygen for the reaction.
Incomplete combustion happens when there is not enough oxygen to allow a fuel to

burn completely:

Fuel + oxygen —* carbon dioxide + carbon monoxide + carbon + water

Product Problem

A reaction in which oxygen is added to a substance; loss

Carbon dioxide

Greenhouse gas

Carbon monoxide

Toxic — binds irreversibly to haemoglobin so it can't
carry oxygen, reduces oxygen in blood: tiredness, coma
and death.

Carbon (soot)

can block flues, makes buildings dirty, respiratony
problems and reduced air quality

Water

Damages decorations

When buring fossil fuels there are also impurities

Sulphur + oxygen —* sulphur dioxide (causes acid rain)

Witrogen + oxygen —* oxides of Mitrogen (acid rain and photochemical smog — a type
of air pollution that causes breathing difficulties)

oxidation
of electrons by an atom or negative ion
toxic Poisonous.
Rainwater that is more acidic than usual due to air
acid rain pollution, usually caused by sulfur dioxide and nitrogen
oxides.
oxide of Any one of a variety of gaseous compounds consisting of
nitrozen only nitrogen and oxygen atoms. Together they are often
& represented as NO,.
A substance that harms living organisms when releasad
pollutant ) )
into the environment.
weathering When rocks are broken up by physical, chemical or

greenhouse gas

biological processes,

A gas that helps to trap ‘heat’ in the atmosphere. Carbon
dioxide, methane and water vapour are greenhouse
gases.

atmosphere

The layer of gases that surrounds the Earth.

climate change

Changes that happen to the global weather patterns as a
result of global warming.

Acid rain

Causes: acidic gases which dissalve in
rain water

Examples: sulfur dioxide, oxides of
nitrogen

Problems: makes lakes and rivers

acidic, which harms fish and other life.

It also damages trees, buildings made
of limestone or marble, and makes
metal corrode.

Solutions: 1) removing sulfur from car
fuels; 2) by removing sulfur dioxide
from power station waste gases.

Climate change
Causes: greenhouse gases trap heat

{Infrared radiation) that is radiated from
the earth, keeping sarth warm
Activities that release greenhouse gases:
burning fuel, cows (digestive processes)
and rice fields

Increased human population means an
increased demand for energy, greater
deforestation (demand for space, fewer
trees taking CO, from atmosphere)
Examples: carbon dioxide, methane and
water vapour

Effects: Global warming

Solutions: Reduce use of fossil fuels and
be more energy efficient

The Evidence

The evidence for climate change shows a correlation between human activities such as burning fossil fuels and an increase of temperature. However there are some
uncertainties caused by the location where these measurements were taken and historical accuracy.
We can estimate by looking at: fossils, tree rings, gas bubbles in ice. (Less precise)
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History of the Atmosphere

Stage

Gases

Volcanoes (Hot)

Large amounts of Carbon dioxide, ammaonia, nitrogen and
water vapour — no oxygen.

Earth cooled Water vapour condense to make oceans.

Carbon dioxide dissolved in oceans
Marine plants Photosynthesised, absorbed carbon dioxide, gave out
evolved aXyEEn

Marine aorganisms
evolved

Some carbon dioxide taken in to make shells, some shells
form sedimentary carbonate rocks

Current Atmosphere

Qur atmosphere 78% Nitrogen, 21% oxygen, 1% Argon, 0.04% carbon dioxide
Processes that affect the amount of gasses in our atmosphere:

Take in CO,

Release CO,

Photosynthesis

Respiration, burning fossil fuels, deforestation,

Measuring the amount of Oxygen in the air:

Warious experiments exist to demonstrate the amount of oxygen in
the air by calculating the percentage of air used when a substance
is burned.

Here is one example:

Vo o o o hat o [T
A i 0 RE e R
[EE——
- S 1
[ES—

Heat a metal in air, push / pull syringes to move air

* volume of air in syringes decreases as oxygen removed from air
as metal reacts with oxygen, metal oxide formed » continue until
no further change and allow (apparatus) to cool

« final reading on gas syringe will decrease 21 cm”® if you start
with 100cm? as oxygen has reacted, shows it's 21%
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= Keyword Definition Recycling polymers

(© A substance of high average relative molecular mass made up of Advantages

20 | Polymer - + Red f non-biodegradabl in landfill
small repeating units called monomers. educes amount of non-biodegradable waste in landfi

O , - : * Reduces emissions of greenhouse and toxic gases

.. Functional An atom or group of atoms that are mainly responsible for a .

- lecule’s chemical properties released through combustion

o Eroup mo prop = Generally uses less water, energy and crude oil than

E Biodegradable A substance that can be broken down by microorganisms making ‘new’ polymers from raw materials

§ Organi A compound with a central framewaork of carbon atoms onto which * Generally saves money and creates jobs.

reanic 4 hydrogen and other molecules are attached. CH, organic. CO, is not Disadvantages

% compoun as it contains no hydrogens. * Polymers must be separated by type before being

recycled — can be difficult and expensive

o Homologous A series of compounds that fit a general formula, have similar Y , , P

: . . er . * If polymers are mixed the final recycled polymer
series chemical properties and differ in structure by a number of CH, units )
guality can be reduced
Hydrocarbons A compound containing only carbon and hydrogen atoms. « Melting polymers can release toxic gases
Carbohydrates A group of compounds made of C, H and O eg sugars like glucose. * Polymers can only be recycled a finite number of times.
Hydrocarbon combustion Covalent bonds
* Hydrocarbons undergo * Lines between element symbols in a displayed formula represents a covalent bond (See ‘Bonding” KO)
combustion reactions with
Alkane Alkene (C,Hs,)
OXygen. "
* See ‘Fuels’ knowledge - Molecular Molecular Displayed
. . . Name Displayed formula Name
organiser for details. formula Al formula formula
Hydrocarbons — saturated and [II
unsaturated 1 Meth- Methane CHq H—C—H - - -

> & * Alkanes are saturated [L

5 < hydrocarbons — they [II H H

W . .

Nt contain only single bonds 2 Eth- Ethane C,Hg H—C—C—H Ethene  C,Hy C=C

< 1 between carbon atoms [lI b L)

g ; * Alkenes are unsaturated H H H H H H
Ly hydrocarbons — they 3 p P C4H H—C—C—C—H | P C3H C
‘]:g‘ contain one or more double rop- ropane s ropene 36

'}

bonds between carbon H H H H H
H H H H H HHH
atoms | CaHsg I
* See ‘Fuels’ knowledge 4 But- Butane CyHyg C—C—C—C—H| Butene C=C can be &t the C=C=C=C
. R | end ar centre of
organiser for details. H H H H molecule H H H
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Testing for alkenes — Bromine water

Adding bromine water to an alkene and shaking will
result in a colour change. Orange = colourless.
This is an addition reaction (bromine is ‘added’ to
the alkene).

Alkanes will not react as they do not have a double

bond. 'I' H H I‘T%r
C=C +Br, > H—C—C—H
H H ér H

CHEMISTRY

Addition polymerisation

Molecules containing a C=C bond can open up this
bond and join together to form a polymer.

They are named by adding “poly” in front of the
mMonomer name in brackets

H H

Poly(ethene) n C C > é (':
|

H H/,

H C| cl

Poly(chloroethene) n C C N | [|:
| |

H CI

n
If given a monomer you need to be able to draw the

palymer. If given a polymer you need to be able to
draw a monomer.

Condensation polymerisation — (HIGHER ONMLY)
* Typically two different monomers react to form a polymer and a small
molecule (eg water) is formed for every bond formed in the polymer chain.
Polyesters
* Formed between dicarboxylic acid and diol (compound containing two
alcohol functional groups) monomers.
OH

o
A\ /
o =

Problems with polymers

* Starting materials are commonly from
crude oil — (see "Fuel’ Knowledge
organiser for issues with this).

* Most are non-biodegradable. Filling
landfills and taking up valuable land.

* Disposal by combustion (to avoid landfill
and produce energy) often releases
toxic gases like HCl and greenhouse
gases like CO,.

Naturally occurring polymers

+ DNAis a polymer made from
four different monomers
called nucleotides.

+ Starch is a polymer formed
from glucose monomers.

* Proteins are polymers based
on amino acid monomers.

03!
>E .
_3 s Properties and uses of polymers - Each polymer has its own properties making them suitable for different uses
§
ES g Polymer Properties Uses
<L 3
"l:g"* Poly(ethene) Cheap, electrical insulator, flexible Wire insulation, bags, bottles
N7 Poly(propene) Mouldable, flexible, strong, tough Crates, furniture, pipes

Poly(chloroethane) (aka PVC)

Cheap, tough

Window frames, water pipes

)
L
y

Poly(tetrafluoroethene) (aka PTFE)

Tough, unreactive, non-stick

MNon-stick pans, waterproof clothing
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Alcohols Alcohols as fuels * To compare different alcohols as fuels you
Molecular . * When burnt, alcohols release energy and can heat a known volume of water using
Name formula Displayed formula so can be used as fuels, different alcohols. See ‘Chemistry
- * Some alcohols are better fuels than practicals’ KO for details.
others — they release more energy per * The longer the carbon chain in an alcohol
Methanol  CH,OH il gram of alcohol burnt. the more efficient it will be as a fuel.
H
H H Alcohaols Production of ethanol by fermentation
Ethanol C,H-OH H_(I:_:I:_D_H *  Alcohols are a homologous series. * Fermentation uses yeast (containing
'|1 '|4 containing the functional group —OH. natural enzymes) to convert
A * Alcohols can be dehydrated (ie have carbohydrates to ethanol (and CQ,).
[ water removed from them) to form 1. Mix yeast and carbohydrate solution in
Propanol  C;H;0H SR TR S alkenes. sterile container. Seal container.
Ll 2. Store at 30 — 40 °C. Lower temperatures
T H T T Homologous series slow reaction, higher denatures enzyme
Butanol C;H-,0H H—c—c—c—c—o—n|| * Members of a homologous series will stopping reaction.

y = uil react in similar ways to each other »  The container must be sealed to
because they all contain the same maintain an anaerobic atmosphere (no
functional group oxygen present). If oxygen entered the

+ |f you know how one member of a ethanol would oxidise to form ethanoic

series reacts you can predict how all acid.
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ACADEMY

Agkrea Acadenmy Trust

2
-

e T
- e
i
-
oy

-

¥

Name N:S::Tslljr Displayed formula members of that series react «  When the ethanol concentration
0 Carboxvlic acids reaches 10-20 % the yeast will be killed
Methanaic CH-,00H " c:u . Carb\::n lic acids are a homolo by the ethar?ol.
acid 3 o—H . xy o : gous *  The yeast will settle to the bottom and
series containing the function group the alcohol solution can be collected.
" —COOH.
Etl:ﬁmmc CH,COOH ne T AN They can be formed from the Concentrating ethanol
acid w o oxidation of certain alcohols. * Increasing ethanol concentration to
R ’ Omdmmg.metlhanol makes >20% can be achieved by fractional
Propanoic C.H.COOH H—¢t—¢— ¢’ Hﬁt?:thEl.nDIC acid distillation of the fermentation mixture.
acid o Vi No—H : O’“d's"?g et_hanol makes » Ethanol has a lower boiling point than
W oOH H ethanoic acid water so will evaporate and be collected
Butanoic I #° T et . . . before the water evaporates.
acid C;H;,COOH A~ ‘|3— T —&=c, They have t\_.r;::_ucal pr’-DpEFtIES of acids . See ‘States of matter and mixtures’ KO
Hono- ° eg form solutions with pH <7 for more on fractional distillation.
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periodic table

The Periodic Table has changed aver time as scientists have organised it differently. Mendelesy was
able to accurately predict the properties of undiscovered elernents based on the gaps in the table.

By atomic mase

rormally bry atomic mase but some
elemente wene swapped around

bry atamic rumber

i gaps

gapa lefe for undiscovanad slemanta

na gags - all elementa wp to a certain

atomic number have been diacovened

ot grouped

grouped by chemical properties

greuped by the number of slectronain

the outer shells

e dear distinction

o clear distinction

metals tothe keft, non-metals to
the right

ORI SN T PO P
inapprogriataey

incomplete, with no explanation for Hl':,'
oo demerrte had to b awapped ta
fit in the appropriats diaips

o €

Group 0

Elements in Group 0 are called the noble gases. Moble gates have the

fallowing properties:

*  full outer shells with sight eledrong, <o do not need to lose or gain

elecirans

*  are very unresclive (inert) 4o exist as single atoms as they da not band

to farm rmalecules
»  biling points that incresss down the group.

®- Make sure you can write a definition for these key terms.,

alkali metals chemical propertias

noble gas orgafisad

displacammant.
Feriodic Talda

groups
reactivity

halog sis
undiscoverad

inart

unraactive

isotopes

I R R R LR R e R R R R R R R R R R S R SR T E R RN T

Group 1 elements

Group 1 slements react with caygen, chlorine, g L
and water, for example: ""II,""""“ E ™
lithium + ouygen =+ Fthium owids o | ae plclulolr| s
lithiurm + chiorine =+ kthium chiorids
| g als|els|o|s
lithium + watar =+ lithium hydrodds + ypbdogen
K |ea|scfm|w | e Jonfem |oo|m|ou|on oo |ce | an | se|er]er
Group 1 elements ane called alkali metals B = | v = | [ = [m= | =] o |2 = l= = f=] 1 =
because they react with water to forrm an alkali
:amumﬂtuirmmmﬂ_ Cn |Ba | Lo §f ) Toi | W QG 0n | ir | Pt |Aw Mg T (P | B f Po | A | Fn
Fr | Aa of |ob | sg fon o | e | oa | g

Group 1 properties

Group 1 elements all have one electron in their outer shell.

Reactivity increases down Group 1 because &4 you move down

thee group:

*  the aloms increase in sise

*  the outer electron is further away fram the nucleuws, and there
are more shells shielding the outer electran frem the nucleus

= the electrostatic attraction between the nucleus and the auber
electron is weaker 30 it is easier to lose the one auter electron

+ the melting point and bailing point decreases down Group L.

444
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Group T elements ane called the halogens. They are non-metals that exist a8 mobecules made up of pairs of atorns.

fluorine 5 das
chlorine Cl, gas
m_' Increases down the group decrezses down the group
bromine 3 kguid
ioding 1 aolid

‘4—

Reactivity decreades down Group T because a5 you mave down the group:

= the sloms inorease in size

»  the owter shell is further sway from the nucleus, and there are more shells
Between the nuclews and the outer shell

= the electrostatic attraction fram the nucleus to the auter shell is weaker so it s
hiarder to gain ane electron to il the outer shell.

rEaCtiity

More resctive Group T elements can take the place of less reactive anes
in a cormpound. This is called displacement.
For exarnple, fluarine displaces chlorine asit is more reactive:

fluorine + potassium chloride = potassiom flusride » chlorine
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Word

Meaning

alkali metals

A group of very reactive metals found in group 1 of the
periodic table.

group (chemistry)

A vertical column of elements in the periodic table.
Elements in the same group generally have similar
properties.

periodic table

The chart in which the elements are arranged in order
of increasing atomic number.

reactivity

A description of how quickly or vigorously something
reacts.

Li

lithium bubbles fiercely
+ water on the surface
fy sodium melts into a ball
=
S + water and fizzes about
] the surface
| potassium | bursts into
/| +water flames and flies—7

about the surface

lithium
2.1

)

Li — Li* +

>

e

Alkali Metals

* React with oxygen to form oxides
* React with water to form the hydroxide and hydrogen
¢ React with chlorine to form chlorides

4K(s) 2K,0(s)
potassium + oxygen — potassium oxide

+ 0,8 -

2Li(s) + 2H,0() —» 2LiOH(aq) +  H,(g)
lithium + water — lithium hydroxide + hydrogen

potassium ,
2.8.8.1 o
sodium ,
281 v
Na — Na*' + e- K—K'+e
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Boiling points

The noble gases all have low beiling points:

m helium, at the top of group 0, has the lowest boiling point of
any element

m boiling point increases going down the group
3
0
254
-50 +
.75 o
-100 o
-125 o
150 o

175 4

Boiling point (°C)

-200 o
-226

-250 =
]

Helium Neon Argon Krypton
The boeiling points of group 0 elements

This is because, going down group 0:

m the atoms become larger
® the intermolecular forces between the atoms become stronger

B more energy is needed to overcome these forces

Properties and uses of noble gases
The main properties of the noble gases include:

® they have low densities

® they are inert, so they are not flammable

Many uses of the noble gases are linked to one or more of these
properties.

Helium

Helium is used as a lifting gas in party balloons and airships.
Helium is:

m less dense than air, so balloons and airships rise

= non-flammable so the helium cannot set on fire

Xenon

Argon

Argon is used as a 'shield gas' when welding pieces of metal

together. Argon is:

m denser than air, so it stops air getting to the metal

® inert, so the hot metal cannot oxidise and spoil the weld

Question

Filament lamps contain thin metal wires. These become very hot
and glow brightly when an electric current is passed through
them. Explain why argon, krypton or xenon are used in these
lamps.

The alkali metals share similar physical and

chemical properties.

Physical properties
The alkali metals:

m are soft (they can be cut with a knife)

¥ have relatively low melting points

The alkali metals also have low densities. They are low enough

for the first three (lithium, sodium and potassium) to float on
water.

Example

The table shows the melting points of five alkali metals. Use this
information to describe how the melting point changes in group
1.

Element Melting point
Lithium, Li 180°C
Sodium, Na 98°C
Potassium, K 63°C
Rubidium, Rb 39°C
Caesium, Cs 28°C
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Word Meaning
bleach To take the colour out of something.
diatomic Two atoms chemically bonded together

disinfectant Something that destroys or neutralises disease-

carrying microorganisms.

halide A compound formed between a halogen and another
element such as a metal or hydrogen.

halegen An element in group 7 of the periodic table.

salt A compound formed by neutralisation of an acid by a
base.

Chiorine

Physical properties

The halogens exist as simple molecules. Each molecule contains

two halogen atems joined by a single covalent bond. The table

shows the colour and physical states of chlorine, bromine and
iodine at room temperature.

Element Colour State
Chlorine, Cl Pale green Gas
Bromine, Br; Brown Liquid
lodine, I Purple-black Solid

The melting points and boiling peints of the halogens increase

going down group 7. This is because, going down group 7:
m the molecules become larger
= the intermolecular forces become stronger

® more energy is needed to overcome these forces

Chemical test for chlorine

Damp litmus paper is bleached white when it is placed in
chlorine. If damp blue litmus paper is used, the paper turns red
then white.

Chemical properties of the halogens

Atoms of group 7 elements all have seven electrons in their
outer shell. This means that the halogens all have similar
chemical properties

Reactions with metals

The halegens react with metals to produce salts (the word

‘halogen’ means 'salt former'). For example, chlorine reacts with
sodium:

Sodium + chlorine — sodium chloride
2Ma(s) + Clp(g) — 2MNaCl(s)

Sodium and chlorine react vigorously when heated, giving an
orange flame and clouds of white sodium chloride.

The halogens become less reactive going down group 7. The
table describes what is seen when halogens react with iron wool.

Halogen Reaction

Fluorine  Cold iron wool burns to produce white iron(lll} fluoride
Chlorine  Hot iron wool burns vigorously to produce orange-brown iron(lll) chloride
Bromine  Hot iron wool burns quickly to produce red-brown iron(lll) bromide

lodine Hot iron wool reacts slowly in iodine vapour to produce grey iron(ll) iodide

Reactions with hydrogen

The halogens react with hydrogen to produce compounds called
hydrogen halides. For example, chlorine reacts with hydrogen:

Hydrogen + chlorine — hydrogen chloride
Ha(g) + Cla(g) — 2HCl(g)

The hydrogen halides are gases at room temperature. They
dissolve in water to produce acidic solutions. Hydrogen

chloride dissolves in water to produce hydrochloric acid, HCl{aqg).

The table describes what is seen when halogens react with
hydrogen.

Halogen Reaction
Fluorine  Explodes in the cold and dark, forming hydrogen fluoride
Chlorine  Explodes with a flame or in sunlight, forming hydrogen chlaride

Bromine  Vigorous reaction with burning hydrogen, forming hydrogen bromide

lodine Very slow reaction when heated strongly, forming some hydrogen iodide
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Halogen displacement reactions

A more reactive halogen can displace a less reactive halegen

from solutions of its salts. For example, chlorine is more
reactive than iodine. A solution of chlorine can displace iodine
from potassium iodide solution:

chlorine + potassium iodide — potassium chloride + iodine
Cly(aq) + 2Ki{aq) — 2KCl(aq) + I5(aq)
The reaction mixture turns darker and iodine solution forms.

The slideshow shows what happens when solutions of chlerine,

bromine and iodine are added to various potassium halide salts.

Add chlorine water

Potassium Potassium Potassium

chloride bromide iodide

Determining a reactivity series

A reactivity series can be produced by attempting some
displacement reactions. Different combinations of halogen

solution and salt solution are tested. The table shows the results
of these tests. A halogen cannot displace itself from a selution of

one of its salts, so these three tests were not done.
In the table below, the following formula names are used:

m KCl - potassium chloride solution
m KBr - potassium bromide solution

m Kl - Potassium iodide solution

KCl solution KBr solution
Chlorine  Not done Solution darkens Solution darkens
Bromine Mo visible reaction Mot done Solution darkens
lodine Mo visible reaction Mo visible reaction Mot done

Example

Use the results in the table to deduce an order of reactivity,
starting with the most reactive halogen.

The order of reactivity is chlorine > bromine > iodine. This is

because chlorine could displace bromine and iedine, bromine
could only displace iodine, but iodine could not displace chlorine

or bromine.

Kl solution

Explaining the trend

When an element in group 7 takes part in a reaction, its atom's
outer shells gain an electron and form negatively charged ions,

called anions. The less easily these anions form, the less reactive

the halogen.
Going down group 7:
m the atoms become larger

® the outer shell becomes further from the nucleus

m the force of attraction between the nucleus and the outer shell
decreases

m an outer electron is gained less easily
m the halogen becomes less reactive

Displacement reactions as redox reactions - Higher

A balanced equation for the reaction between chlorine and

potassium bromide solution can be written in terms of the ions
involved:

Cly(aq) + 2K™(aq) + 2Br(aq) — 2K"(aq) + 2CL(aq) + Bra(aq)

Notice that potassium ions, K, appear on both sides of the
equation. They do not take part in the reaction and are called
spectator ions. The equation can be rewritten without them:

Cly(aq) + 2Br7{aq) — 2Cl(aq) + Bra(aq)

This equation is an example of a balanced ionic equation. It can

be split into two half equations:
Cly(ag) + 2e” — 2Cl7(aq), (reduction)
2Br(aq) — Bra(aq) + 2e, (oxidation)

Motice that:

Reactions

B chlorine atoms (in chlorine molecules) gain electrons - they are

reduced

m bromide ions lose electrons and form molecules - they are
oxidised

Reduction and oxidation happen at the same time, so the

reactions are called redox reactions.

Displacement reactions are just one example of redox reactions.
Electrolysis reactions are also redox reactions.
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product A substance formed in a reaction.

rate How quickly something happens.

reactant A substance used up in a chemical reaction.
variable A factor that can change.

activation energy

The minimum amount of energy needed to start a
reaction.

Rate of reaction is the speed at which reactants are turned into

products

Some reactions are fast (like explosions)
Some reactions are slow (like rusting)
If we alter variables in a reaction, we can control the rate

Concentration (g dm—=)

starts quickly
reaclants

Iime (5]

Faster reaction — steeper part
of graph

Curve gets less steep as
reaction slows

Reaction stops when curve
flattens

react

For chemical reactions to occur, particles must COLLIDE with enough energy to

Effect of concentration on rate

collisions and more reactions.

Increasing the concentration increases the rate because there are more particles so there are more

Effect of surface area on rate

collisions leading to more collisions and more reactions.

Increasing the surface area (by decreasing particle sizes) in creases the rate by exposing more particles to

Effect of pressure on rate

often.

Increasing the pressure increases the rate because particles are pushed closer together so they collide more

Effect of temperature on rate

collide with more energy to a greater proportion of collisions lead to reactions.

Increasing the temperature increases the rate because particles move faster so they collide more, and

Measuring rates—

- Collect gasin a gas syringe and measure the volume every 30 secs.

Volume of
gas produced (cm3)

reactions that produce gas |- Collect gas over water (up-turned measuring cylinder full of water) and measure volume every 30 secs.
- Do reaction on a balance and record the change in mass every 30 secs.
Measuring rates - Do the reaction in a beaker placed on piece of paper with a cross marked on it. Looking down through the beaker,
reactions that form a time how it takes for the cross to disappear.
precipitate  go cloudy)
o RS Urng cylindar ] _:!?I:?-:\:.::”F:Iag # : h
) : B hen o s i o B | esCaping l
N - | ql ]
e .ﬁ ubra fram the top
diluie
| 1 hydrechionc
fas syings aoid
\ trough ;T::e : I
dilgba suluric acid _ watter balance \\—
\ PRAGIASET _

(granules. or rbbon|

withemt preciptate with precipitae

|
ANLNE
y

dilute hydrochioric |

marble
chins arid

The magnesium
granules react faster,

Va
A& magnesium
{ ribbon reacts slower.

*

Time (5)

Smaller pieces of solid
reactant- more gas is
produced



_—without catalyst

~ activation energies

averall enargy change
during the reaction

energy of products

of reaction —

Heal anargy

Heal anengy

exclher mic reackion

reactants

anargy
given out

products

Progress of reaction

endathermic reaction

reactants

products

anargy
Laken in

c Word Meaning Catalysts provide an alternative reaction route that requires less
_9 active site The space in an enzyme where the substrate fits activation energy.. As less energy is needed to start the reaction,
+ during an enzyme-catalysed reaction. : more reactant molecules have enough energy y = more collisions =

O catalyst A substance that increases the rate of a reaction faster reaction

© without itself being used up. :

E denatured An enzyme in which the shape of the active site has Reaction
— changed so much that its substrate no longer fits and

o) the reaction can no longer happen. profiles show

enzyme A protein produced by living organisms that acts as a | the energy F

) catalyst to increase the rate of a reaction. changes . &

b protein A polymer made up of amino acids. Overall energy &

o reaction profile A diagram to show how the energy stored in d energy of _

. . . oes not reaclants itk catalyst -
o substances changes during a chemical reaction.

. substrate A substance that is changed during a reaction. change =
>- rogress
o Energy is transferred between surroundings and reactants in chemical reactions- most often by heat
l— Word Meaning Endathermic Reaction Exothermic Reaction
ﬂ endothermic A type of reaction in which energy from the
2 surroundings is transferred to the products.

L The products have more stored energy than
the reactanis have.
L exothermic A type of reaction in which energy is
) transferred to the surroundings from the
reactants. The products have less stored — —
energy than the reactants have.
Measuring -5it a polystyrene beaker inside a glass beaker Temperature INCREASES in exothermic reactions
energy changes |(insulation) Temperature DECREASES in endothermic reactio

- Measure the starting temperature of the reactants.
- Mix the reactants in the polystyrene beaker

- Cover with lid fitted with a thermometer

- Monitor and record the lowest temperature,

MEAS
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Exothermic reaction — more energy given out making bonds than needed to break bonds
Endothermic reaction — more energy needed to break bonds than is given out when bonds made

Bond breaking- Endothermic

Frogress ol reaclion

Endothermic
reaction
examples

Bond making- Exothermic

- Dissolving (most) salts
- Some precipitation
- Photosynthesis

Exothermic
reaction
examples

- Neutralisation

- Displacement

- Combustion

- Some precipitation
- Respiration
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Keyword | Definition
An atom that has lost electrons to become positively
lon charged (AKA a cation) or gained electrons to become
negatively charged (AKA an anion).
. An insoluble product formed when solutions of two
Precipitate )
soluble reactants are mixed.
Flame A machine used to identify metal ions in solution and
photometer determine their concentration.
Standard
] A solution with a known concentration of a substance.
solution
Halide A compound containing an element from group 7 (ie F, Cl,
Brorl)
Calibration A graph used to determine the concentration of a
curve substance in a sample.
Emission The spectrum of light emitted by an atom, ion or
spectrum maolecule.
Aqueous (ag) | Dissolved in water

Flame photometry

Allows the identification of ions in dilute solutions by comparison
of data with reference data.

Can be used on mixtures of ions (unlike flame tests).
Concentrations of ions can be calculated using intensity of light and
a calibration curve.

The calibration curve below shows that at an emission intensity of
4 the concentration of AP ions is 0.4 mol dm

]
= 5 ___,-"'"
= -~
o4 .__Ff
§ =
£ -~
— 3
5 A
2 /./
5 o~

1 //!‘

0 ¥

0 0.1 0.2 0.3 0.4 0.5 0.6
Cancentration of A/ maol dm -3

Testing for ions

Each test is unigue. An observed result only indicates one ion is

present. A test with a result that indicate one or more different ions

is not a useful test.

Instrumental analysis

These tend to be faster, more accurate and have a higher sensitivity

(can detect smaller amount of ions) than flame tests or simple

chemical tests.

Flame test method

1. Clean a nichrome wire loop by dipping in acid then rinse in
distilled water.

2. Dip the wire loop in a sample of the metal compound

3. Put the wire loop in the blue flame of a Bunsen burner and
record the colour observed

Anion tests — addition of acid

Acid is added to all anion tests to remove any compounds that
could give a misleading result.

For example, when testing for halides, acid is added before the
silver nitrate solution so that any carbonate ions in solution are
removed otherwise they form a precipitate that would invalidate
the test.
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Cation Flame test Add sodium hydroxide
Lithium ions Li* Red flame -
Sodium ions Na* Yellow flame _
Potassium ions K* Lilac flame )
Calcium ions Ca¥ Orange-red flame White precipitate (does not dissolve when more NaOH added)
Cal"[aql + 20H7 ., = Ca(OH),,
Copper ions Cu® Blue-green flame Blue precipitate
Eiu2+,:aq]+ 20H = EZU(OH]IZM
Aluminium ions AR+ i White precipitate (dissolves when more NaOH added)
AI3+|:aq] * E'DH_-:aq] > AI{OH)3[5:|
Iron (1) ions Fe?* Green precipitate
F92+[aq] + 20 H_I:aq] % FE[DHJQI:S]
Iron (111} ions Fe3* i Brown precipitate
Fe¥* g+ 30H7, = Fe(OH);,
Ammonium NH,* i} Ammonia gas released — will turn damp red litmus paper blue

Add dilute acid

Add barium chloride (aq) with Add silver nitrate (aq) with nitric acid

hydrochloric acid

Carbonate ions COo,> Bubbles of gas that turns (Bubbles of gas formed when acid (Bubbles of gas formed when acid added)
limewater cloudy added)
Sulfate ions 50,* White precipitate
) Baz-".:aq] + 5042_&\1] = EaSD4[s:, )
Chloride ions cl - - White precipitate Ag,,, + CI7 ., = AgCl,
Bromide ions Br _

- Cream precipitate A€+|aq:-+ Briaq —> AgBry,

lodide ions

, Yellow precipitate Ag* ., + 7., = Agly
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wn Keyword Definition Ceramics
E . Piece of a material consisting of a few hundred atoms, * Ceramics are stiff, brittle, strong and hardwearing materials that
Q Nanoparticle and between 1 nm and 100 nm in size. are electrical and thermal insulators. They are resistant to
‘E - - - corrosion and do not degrade overtime like some other
Cerami A hard, durable, non-metallic material that is generally materials
E eramic unaffected by heat eg china and glass ' . .
. * They are produced by heating substances to high temperatures
p- Surface area to , o ; ; icks : in; ;
o e ares e T S e e el el b | e such as clay to produce bricks and china, and sand to produce
= its volume glass. o . o
v (SA:V) » Glass is different to other ceramics as the atoms inside it are not
arranged regularly and so glass is transparent.
E Brittle A material that breaks before it deforms (changes shape) & & Y & :
L A material that resists both deformation (changing shape) Metals
O LR and failure (eg snapping) + Metals are good thermal and electrical conductors. They are
malleable, strong, have high melting temperatures and typically
Hard A material that resists dents, scratches etc have a high density and are less brittle than ceramics or
polymers.
Stiff Resists deformation (changing shape) * Some metals corrode easily (eg iron) but corrosion resistant
- - metals can last a very long time (eg copper, gold).
Malleahle A.'Tte”sl th:_t can be hammered or pressed into shape * Metals can be mixed with other elements to form alloys (such as
without breaking steel) that can have improved properties such increased hardness
Polymers or corrosion resistance over individual metals.
* A wide range of polymers exist with differing physical properties -
such as strength, stretchiness, density, ease of moulding etc Conjp05|te.:'. ] ] ]
« The properties of a polymer determine its use. . C.ompos:ltes are made frlom two or more r.naterlals with different
« Strong, rigid polymers (eg high-density poly(ethene), HDPE) are prope.rtles. The propemles of the composite depend on the
>3 used to make water pipes. rﬁaterlal.s used to r.nake 't . .
E > « Light, stretchy polymers (eg low-density poly(ethene), LDPE) are . C.omp?sﬁgs (eg reinforced conc.rete) are.matltie from a reinforcing
0 E used to make carrier bags. material (iron bars) em.bedded in a matrix/binder l(concrete}.
S = * Poly(styrene) foam is used for packaging and thermal insulation ’ The component r.naterlals can be chanlg.ed to obtain a material
<< * Heat resistant polymers (eg poly(propene), PP) are used to make with the propertlesl needed fo.r d Spec'ﬁF use.l )
I, kettles * The cost of producing compaosites is their main disadvantage.
! .
ﬁna
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Nanoparticles

* Manoparticles contain only a few hundred atoms. They are larger
than atoms (~0.1 — 0.5 nm) and simple molecules (eg O,) but are
smaller than nearly everything else.

* A nanoparticle has very different properties than the bulk
material — eg fullerenes (carbon nanoparticles) have different
properties than a lump of carbon. Gold nanoparticles will change
colour from red to purple depending on the size of the particles.

* Nanoparticles have extremely high surface area to volume ratios
which means a greater proportion of their atoms can interact
with substances compared to their bulk material.

Nanoparticles and health

* The full impact of nanoparticles on health is not yet fully
understood. New products need to be tested to minimise risks to
health.

* Some people worry that products containing nanoparticles are
available without full investigations into possible side-effects or
long-term impacts of their use on human health or the
environment. The higher surface area to volume ratio could mean
they are more toxic compared to their bulk materials.

* For example, some nanoparticles used in medicines do not break
down easily so could build up in cells. Breathing nanoparticles in
could lead to breathing issues such as inflamed lungs.

Uses of nanoparticles

* The high surface area to volume ratios means nanoparticles can
make excellent catalysts as reactions can take place on the
surface of the nanoparticles.

* Some sunscreens use certain nanoparticles as they absorb UV
light without leaving white marks on the skin.

* MNanomedicines using fullerenes that contain drugs are being
developed. Fullerenes are more easily absorbed into the body
than most particles and could deliver drugs into cells where they
are needed.

* Carbon nanotubes conduct electricity and can be used to make
smaller parts for computers.

* Certain nanoparticles can be added to plastics in sporting
equipment to make them stronger without adding much mass

* Silver nanoparticles have antibacterial properties and can be
added to polymer fibres used to make surgical masks and wound
dressings.
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