CCla/SC1a States of Matter

Solids | A 1) There are strong forces of attraction between particles, which
- __o_‘rlw s (H(_}LI hold them in fixed positions in a very regular lattice arrangement.

""{'“ e 7)) The particles don't move from their positions, so all solids
(‘(__, < \-{L; e keep a d.eﬁﬂitel shape and volullfne. arl'lril don't flow like liquids. |
j N i , 3) The particles vibrate about their positions — the hotter the solid becomes,
CLLLLUDLLL the more they vibrate (causing solids to expand slightly when heated).
4) If you heat the solid (give the particles more energy), eventually the solid will melt and become liquid.

1)  There is some force of attraction between the particles.

: They're free to move past each other, but they do tend to stick together.
‘ quu:dsv{u o , b - .
. 2) Liquids don't keep a definite shape and will flow to fill the
L(_JLA £ K) k"/ bottom of a container. But they do keep the same volume.
{,_, 3) The particles are constantly moving with random motion. The hotter the liguid
(, P constantly ) q
$>,/ (..., (5‘/ L (M gets, the faster they move. This causes liquids to expand slightly when heated.
e ¢

W 4) If you cool a liquid, it will freeze and become solid.
If you heat a liquid enough, it evaporates (or boils) and becomes a gas.

1) There's next to no force of attraction between the particles — they're free to move.

C':'LESE'S They travel in straight lines and only interact when they collide.

/""-\-.‘ - . . 0

\ - i

AN _:;/l_) 2) Gases don't keep a definite shape or volume and will always fill any container.

When particles bounce off the walls of a container, they exert a pressure on the walls.

C{é" EC‘ 3) The particles move constantly with random motion. The hotter the gas gets, the
faster they move. Qases either expand when heated, or their pressure increases.

4)  If you cool a gas, it will condense and become a liquid.




CCla/SCla States of Matter Question

; Strong forces of attraction hold the particles close together in a fixed,
Y233 regular arrangement. The particles don't have much energy in their
e kinetic energy stores so they can only vibrate about their fixed positions.

The forces of attraction between the particles
are weaker. The particles are close together,

but can move past each other and form irregular
arrangements. They have more energy in their

kinetic energy stores than the particles in a solid

— they move in random directions at low speeds.

LIQUID

@ 3 | There are almost no forces of attraction between the particles. Particles

4 =0 Be have more energy in their I(inefin energy sf?res .+han ihnﬁse in liquids
and are free o move — travel in random directions at high speeds.
GAS

Describe the differences in the movement and arrangement of particles in a solid, a
liquid and a gas.



CC2a/ SC2a Mixtures

In everyday life, the word 'pure’ ie often used to mean ‘clean’ or 'natural’.
In chemigtry, it's got a more specific meaning — a substance is pure if it's

completely made up of a single element or compound.

If you've got more than one compound present, or different elements that aren't
all part of a single compound, then you've got a mixture, not a pure substance.

8o, for example, fresh air might be thought of as nice and 'pure’, but it's
chemically impure, because it's a mixture of nitrogen, oxygen, argon,
carbon dioxide, water vapour and various other gases.

Lots of mixtures are really useful for example alloys but sometimes chemists need to
obtain a pure sample of a substance.

Every pure substance has a specific melting point and boiling point.

For example, pure ice melts at O °C, and pure water boils at 100 °C.

8o you can test the purity of a sample of a substance by comparing the
actual melting or boiling point of the sample to the expected value.

If a substance is impure, the melting point will be too low.
So if some ice melts at -2 °C, it's probably got an impurity in it (e.g. salt).

The boiling point of an impure substance will be too high. For example, seawater
contains salt (and other impurities). Hs boiling point tends to be around 100.6 °C.




CC2a/ SC2a Mixtures

 Explain why mixtures melt over a range of
temperatures but pure substances have
precise melting points.

e Describe how you would separate marbles for
sand .

e List the ways in which pure substances are
different from mixtures.



CC2b/SC2b Filtration and Crystallisation

If you've mixed a golid with a liquid, it should be pretty easy to separate them out again.
Which method you'll need to use depends on whether or not the solid can dissolve in the liquid.

Filtration is Used to Separate an Insoluble Solid from a Liquid

1) If the product of a reaction is an insoluble solid, you can use Filter paper folded o -
filtration to separate it out from the liquid reaction mixture. into a cone shape.

2) It can be used in purification as well. For example, solid impurities The solid is left in c==
can be separated out from a reaction mixture using filiration. the filter paper. T
3) All you do is pop some filter paper into a funnel and pour your mixture into it. ___i_

The liquid part of the mixture runs through the paper, leaving behind a solid residue. =l

Crystallisation Separates a Soluble Solid from a Solution

Here's how you crystallice a product...

1) Pour the solution into an evaporating dish and gently heat the solution. Some of the solvent
(which will usually be water) will evaporate and the solution will get more concentrated.

2) Once some of the solvent has evaporated, or when you see crystals evaporating <
start to form (the point of crystallisation), remove the dish from the dish
heat and leave the solution to cool. =

3) The salt should start to form crystals as it becomes insoluble in the cold, highly concentrated solution.

4) Filter the crystals out of the solution, and leave them in a warm place to dry. You could also use a
drying oven or a desiccator (a desiccator containg chemicals that remove water from the surroundings).

fJ“."%’.,‘.??@'IE‘-' i




CC2b/SC2b Filtration and Crystallisation

* Give one example of a mixture that can be
separated by filtration. Explain how this
mixture is separated by filtration.

e You are given a solution that has been made
by dissolving copper sulfate crystals in water.

e Describe a method you could use to extract
pure copper sulfate crystals from the solution.



CC2c¢/SC2c Chromatography

* Inks, paints and foods often contain mixtures of coloured compounds. Some coloured
compounds dissolve better in a solvent than others . ‘Solvent’ is what substances dissolve
into e.g water.

 Mixtures of coloured compounds can be separated by their solubilities through
chromatography:
— In paper chromatography, samples are placed near the bottom of a sheet of special
paper (‘base line’ on diagram). The solvent soaks up the paper (solvent must be placed
above the bottom edge of the paper but below where the samples are placed)

— More soluble compounds in a sample are carried up the paper faster (and further) than
less soluble ones, separating them. The paper with the separated components on it is
called a chromatogram

Rf value:
e the distance the compound has moved up the paper divided by the distance the solvent has
moved

*  Further up the paper the compound has moved, greater Rf value, more soluble compound

Uses:
 The Food Standards Agency - to separate food colourings — ensures colourings used are safe

e The police - to compare a suspect’s DNA sample to the DNA sample
found at the crime scene -
* Analysing paints and dyes — museum staff can mix exact copies of '

old-fashioned paints, to restore old paintings or to identify fakes



CC2c¢/SC2c Chromatography -
Questions
How does the process of chromatography
work?
What is the Rf value?

What does it mean if the liquid has a higher rf
value?

How would museum staff and police use
Chromatography?



CC2d/SC2d Distillation

Distillation is used to separate mixtures that contain liquids.
There are two types that you need to know about — gimple and fractional.

\\l|‘|'||||1|||'|III'||-'|I"|I"II'(1_
z If the liquid you're heating
_: is flammable, use an electric
= heater aor a water bath to heat

Simple distillation is used for separating out a liquid from a golution. = it rather than a Bunsen burner.
Here's how to use simple distillation to get pure water from seawater:

Simple Distillation is Used to Separate Out Solutions

IR AN
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1) Pour your sample of seawater into the distillation flask. = thermometer
2) Set up the apparatus as shown in the diagram. Connect

the bottom end of the condenser to a cold tap using rubber

tubing. Run cold water through the condenser to keep it cool.
3) Gradually heat the distillation flagk. The part of

the solution that has the lowest boiling point will

evaporate — in this case, that's the water.
4) The water vapour passes into the condenser where

it cools and condenses (turns back into a liquid).

It then flows into the beaker where it is collected.

5) Eventually you'll end up with just the galt left in the flask.

The problem with simple digtillation is that you can only use
it o separate things with very different boiling points.

If you have a mixture of liguids with gimilar boiling points, you need

another method to separate them out — like fractional distillation...

Explain what distillation is and how the distillation apparatus works



CC2d/SC2d Distillation

Fractional Distillation is Used to Separate a Mixture of Liquids

thermometer [
g

coolest bit

of column — condenger

I’rlaIM|unahng
column -« o
filed with =N =
glass rods S

crude oil

fractions collected
at lower temperatures

LYY
heat

N

2)

3)

4)

5)

If you've got a mixture of liguide you can separate it using
fractional distillation. Here's a lab demonstration that can be

water out used to model fractional distillation of crude oil at a refinery:

Put your mixture in a flask. Attach a fractionating

column and condenser above the flask as shown.

Gradually heat the flask. The different liquids will all

have different boiling points — so they will evaporate
at different temperatures.

The liquid with the lowest boiling point evaporates first.
When the temperature on the thermometer matches
the boiling point of this liquid, it will reach the top of
the column.

Liquids with higher boiling points might also start to
evaporate. But the column is cooler towards the
top, so they will only get part of the way up before
condenging and running back down towards the flask.

When the firet liquid has been collected, raice the
temperature until the next one reaches the top.

Compare and contrast simple and fractional distillation



CC2e/SC2e Drinking Water

Water is Purified in Water Treatment Plants

How much purification the water needs depends on the source. Groundwater from aquifers
is usually quite pure, but surface water needs a lot of treatment. Before we can use it,
most water will be purified using the following processes:

1) Filtration — a wire mesh screens out large twigs etc., e mesh
and then gravel and sand beds filter out any other solid bits. | 0o _

2) Sedimentation — iron sulfate or aluminium sulfate is added to the water, U | sand/gravel fitration
which makes fine particles clump together and settle at the bottom. codimentation

8) Chlorination — chlorine gas is bubbled through to kill D@ o
harmful bacteria and other microbes. 2% 0 ¢ o | chlorination

Some soluble impurities that are dissolved in the water are not removed — because they can't be filtered
out. These include minerals which cause water hardness and some harmful chemicals (see below).

Tap Water Can Still Contain Impurities

The water that comes out of our taps has to meet strict safety standards, but low
levels of pollutants are still found. These pollutants come from various sources:

1) Nitrate residues from excess fertiliser ‘run-off' into rivers and lakes. If too many
nitrates get into drinking water it can cause serioug health problems, especially for
young babies. Nitrates prevent the blood from carrying oxygen properly.

2) Lead compounds from old lead pipes. Lead is very poisonous, particularly in children.

3) Pesticide residues from spraying pesticides too near to rivers and lakes.



CC2e/SC2e Drinking Water

You Can Get Fresh Water by Distilling Sea Water

1) In some very dry countries, e.g. Kuwait, sea water is distilled to produce drinking water.

2) Distillation needs loads of energy, so it's really expensive and not
practical for producing large quantities of fresh water.

e Qutline how surface water is purified in a water treatment
plant

e Name 3 impurities that could be present in tap water and
where they come from .

 Explain why it may not be safe to drink water straight from a
river .

 Describe how water is treated to deal with leaves and twigs,
grit and silt and with micro organisms



CC3aSC3a Structure of the Atom

The 3 subatomic particles are protons, neutrons, electrons.
The nucleus contain protons and neutrons.

The masses and charges of subatomic particles are very small and can only be measured
relative to the mass of something else - the ‘relative mass’ and the ‘relative charge’

All atoms contain the same number of protons (+) and electrons(-) so there is no overall charge
All elements have a different number of protons in their atoms

Relative atomic mass (A,) - atoms have very small masses - relative atomic mass is used instead of
its actual mass in kilograms. A_is the top number shown in periodic table

A, is the relative mass of an atom based on the mass of Carbon atoms.
— Carbon has a relative atomic mass of 12
— Mass of a helium atom is one third that of carbon - its relative atomic mass is 4

Isotopes - different atoms of an element with the same number of protons and electrons, but
different numbers of neutrons (i.e same atomic number, different mass number)

The presence of isotopes means that some relative atomic masses aren’t whole numbers:

— The relative atomic mass is the average mass of all the different atoms (isotopes) of an
element (relative to carbon), taking their abundance into account

Subatomic particle Relative charge
| Proton | 1
| Neutron | 1 0

____Electron | Negligible (ie0) [ -1 |



CC3a/SC3a Structure of Atom -
guestions

What is an atom made up of?
What is the charge of an atom and why?
Define relative atomic mass

What is the relative atomic mass of a proton?
A neutron? An electron?

What is the relative charge of a proton?
Neutron? Electron?

What is an isotope?



CC3b/SC3b Atomic Number , Mass Number

Afomic Number and Mass Number Describe an Alom
Thees fwo numbere tell you how many

TR e . T v, |

I same nul‘.:l'.l-u-r':: il‘ld penadic bles
Qlike the ane on the dota shect in e sam),

The Atomic Bumber EREN: L R T '|'I

chese nurrbers are the otber sy reural
= _Iurtr-lmﬂ-ﬁ'ﬂ-:rmibig_qﬂrﬂfdi:ﬁeH-‘:._1:5F|J"|1|:ILI'.~_\_— = Number of protana gl Sl N -
S EEEER R AR ER R ] il tiLrrr s g i Hz _'l'_lle_l-.i::g'x!;;hl;cl_
1) The sltomie (proton) number telle you how many profone there are. = demaents spmbol. -

2) Atome of the eame elemeant all have the same number of profone
— eo afome of differend selements will have differend numbers of profone.
3) To get the number of neutrong. just subtract the adomio number from the mase number.
4) The mase (nuoleon] number e alwaye the biggest number. On a p-anrlndin
table the maee number ie achually the relative atomio mass
5) MNeutral stome have no oharge oversll [unlike one, see bebow).

This is because they have the game number of profons ae slecirons. The charge on the alecirons
ie the eame sire ae the charge on the protones, but opposite — eo the charges oanoel ouf.
8o, the number of slectrons in a neutral atom s aleo equal to the glomic number.

Jons have Different Numbers of Protons and Electrons

1) lone form when afome (or groups of atome) gain or lose elecfrons

2) MNegathre lone form when atome gain slecfrons — fhey hawve more electrone than profone.
Poeithve lone form when afome lose eleotirons — they have more protone fhan electrons.

* F — there's a gingle negative charge, o there muet be one more electron than profon e.
F hae an stormic number of 8, eo hae 8 protone. 8o F muet have 8 + 1 = 10 slectrone.

* Feft _ there's & 2+ charge, o there must be two more protone than electrone.
Fe has an alomic number of 26, 20 hae 28 profone. 8o Fe2* muet have 28 — 2 = 24 slagfrons.




CC3b/SC3b Atomic Number , Mass
Number Questions

e Carbon has an atomic number of 6. How many
protons does it have?

e Use a periodic table to find the number of
protons and electrons in nitrogen and
potassium.

* |n terms of structure what do all atoms of a
certain element have in common?



CC3c¢/SC3c Isotopes

lsotopes are different forme of the eame elamant, which have the
same number of protons but & different number of neutrone.

1) leofopee have the eame afomio e e o
b —_— Carbon-13 L Larbon-13 . .

number but differerd maes numbers. 172 : P ™, i E I P

1 E I| 5 ) i J

- 4:--1

2) I they had differend atomio numbers, a ! I: Y | U
they'd be differend elements altogether. | ¢ promons . ; GPROTONS % = / |
BEELECTROMS ™ & ELECTROMS 777 A
%) :‘E'm: ]mlmp:: :'lha! nom g & MELTRONS e THEUTRONS =~ e

In the periodio fable, the elements all have two numbere next 1o them.
The bigger ane ie the ralafive atomic mass (4 ) of the element.

The relstive stomio mags of an element i the average mass of one atom
of the element, compared to ¥ of the mass of one atom of carbon-12.

1) If an element only hee one ieotope (eee p.B5), He A will be the same ae He maee number.

2) W an elernent hae more than one isotope, He .|I|r will be the average of the mase numbers
of all the different ieotopes, taking info aooount how much thers iz of each one.

Example: Chlorine has fwo etable iectopes, chlorine-85 and ohlorine-37. There's guite a lof of
chlorine-3%5 around and not eo much ohlorine-37 — eo chlorine's A works out as 35.5.




CC3c¢/SC3c Isotopes Questions

e \What does the relative atomic mass of an
element tell you?

e Describe with examples the similarities and
differences between isotopes of the same
element.

e State the number of protons and neutrons in
an atom of uranium - 235



CC4a&b/SC4a&b History of the
Periodic Table

MENDELEEV - 1800s, a chemist put the properties of elements into a table: _
— order of increasing atomic mass (number of protons and neutrons) N8

— Elements with similar properties into vertical columns (called ‘groups’). Horizontal rows are called
periods

— sometimes broke the ‘increasing atomic mass rule’

* he switched tellurium and iodine around so that they would be in the same groups as elements with similar
properties

* |eft some gaps in his table - realised from the big jumps in atomic mass that there were still some elements to
discover. He predicted their properties

THE MODERN PERIODIC TABLE - elements in the modern periodic table are arranged in order of
increasing atomic number rather than in order of increasing atomic mass

* |nachemical symbol the atomic number is the bottom number (the smaller one, number of
protons) and the mass number is the top number (the bigger one, numbers of
protons+neutrons)

e The vertical columns are called groups:

— numbered 1-7 from left to right The group on the far right is called group O.
* Diagram of periodic table below: | _[#]

— Elements to the left of the jagged line are metals

Se Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge[As Se B Kr
Z oMb Mo To Ry Rh Rd A9 G3 b Sn Sb[Te T xe

— Elements to the right of the line are non-metals

a La H Ta W Re Os Ir Pl Au Hg T Pb Bi Po




CC4a&b/SC4a&b Periodic Table -
Questions

How did Mendeleev order the elements?
Why were elements placed in groups?
How is the modern Table a bit different?
Where is group 07

Explain how the stepped line divides the
periodic table.



CC4c/SC4c Electron Configurations

Electronic configuration - electrons are arranged in shells around the nucleus of the
atom - shown as a circle drawn around the chemical symbol for the atom

Full outer shells are stable

Elements which have the maximum number of electrons in their outer shells are said
to have ‘full outer shells’. The first shell takes 2, the second 8, then 8, then 8...
Electronic configurations can be worked out using atomic numbers e.g:

— Atomic number of sodium is 11-2>it has 11 protons—>11 electrons

— 2 electrons in first shell 3

— 8 electrons in second shell

— 1 electron in third (outer) shell

— Its electronic configuration can also be written in the form ‘2.8.1". The dots separate each shell
The number of occupied shells is the same as the period number:

— E.g magnesium is in period 3 of the periodic table...its configuration is ‘2.8.2’...=2has 3
occupied shells
The number of outer electrons is the same as the group number (apart from
elements in group 0 which all have full outer shells):

— E.g magnesium is in group 2 of the periodic table...its configuration is ‘2.8.2’...~>has 2
electrons in its outer shell


https://www.pinterest.com/pin/374432156490060887/

CC4c/SCAcElectron Configurations - questions

What do the electronic configurations of sodium and
the other elements in group 1 have in common?

Explain how you can tell from their electronic
configuration that sodium and chlorine are in the same
period.

Describe how you can determine the atomic number,
Z, of an element from its electronic configuration.

Write the electronic configuration of phosphorus,
/=15.
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cCsa,b&c / 5C5a,b&c lONIC Compounds

.. . - . © S
An ion is an atom or groups of atoms with a positive or negative charge. When electrons are
gained or lost, the atoms become ions. lonic bonds form between +ve and -ve charged ions

Atoms of most elements have incomplete outer shells. They lose/gain electrons during
chemical reactions to obtain full outer shells

Cations: Metal atoms lose their outermost electrons to form positively charged ions. For
elements in groups 1 and 2, the number of outer electrons lost is the same as their group
number: Sodium is in group 1, (2.8.1), loses 1 electron to become a Na* cation (2.8)

Anions: Non-metal atoms gain electrons to form negatively charged ions. For elements in
groups 6 and 7, the number of electrons they gain is 8 minus their group number: Oxygen is
in group 6 (2.8.6), gains 2 electrons to become an anion (2.8.8)

lonic Compounds: form when a metal reacts with a non-metal because electrons lost by the
metal are transferred to the oppositely charged non-metal

Names of ionic compounds: lonic compounds end in —ide (e.g NaCl - sodium chloride), if
they contain oxygen, end in —ate (e.g Mg(NO;), - magnesium nitrate)

Structure of ionic compounds: ions in an ionic compound are tightly together and arranged
in a regular lattice structure, held together by strong electrostatic forces of attraction (ionic
bonds).

Properties of ionic compounds: don’t conduct electricity when solid (but they do when
molten or in a solution) as the ions must be free to move; high boiling and melting points as
ionic bonds are very strong and need a lot of energy to break



cesapac/scsapae |ONIC Compounds - questions

What is an ion?
How do atoms gain full outer shells?

What is the difference between an anion and
a cation?

How do you name ionic compounds?
What is the structure of an ionic compound?
What are the properties of ionic compounds?



CCb6a/SCba Covalent Bonds

* Non-metal compounds held together by pairs of electrons in the outer shell (covalent bonds)

e Electron sharing allows both atoms to have full outer shells (more stable) = formation of
molecules

e Shown by dot-cross diagrams (only outer electrons are shown because they form the bonds)

—
f/

- -,
d .,

Between atoms of the same element: /

[
|

", \

o
A

| H (g H
e 2 hydrogen atoms (H) form 1 molecule of hydrogen gas (H,): N

" —

— Each hydrogen atom contributes one electron to the covalent bond. Both hydrogen atoms
have full outer shells. Stable H, molecule is formed.

* Indiagram they’re shown as dots and crosses to show which atom each electron is from
Between atoms of different elements:
* Water (H,0):

(1)
(88
 Methane (CH,): "

Double bonds: Atoms share more than one electron pair if needed for each atom to have a full outer

shell. Two pairs of shared electrons form a double bond. oy
/ ."rJ.\\.. ..l‘-.

° E.g O=0 (02)2 [ 0o |>: o |

Properties (simple molecular eg. hydrogen, methane, oxygen, water): Yoy “x’i *-;’

e Low melting and boiling points - (although there are strong covalent bonds between atoms in each
molecule) there are only weak intermolecular forces between neighbouring molecules

*  Poor conductors of electricity - they haven’t gained or lost electrons - no ions can move around



CC6a/SCbha Covalent Bonds - Questions

e What is a covalent bond?

e Why does bonding make the atoms more
stable?

e Can you draw the dot-cross diagram for
water?

 Why do covalent bonds have low boiling
points?

 Why are they poor conductors of electricity?



CC7a/SC7a Molecular Compounds

e All compounds contain atoms of more than one element, chemically
joined together by bonds. The properties of a compound are influenced by
its atoms and by its type of bonding.

e Some compounds exist as molecules-distinct groups of atoms joined by
covalent bonds for example water. One molecule of water always contains
one atom of oxygen covalently bonded to two atoms of hydrogen. These
molecules are also known as simple molecules.

* Simple molecular substances have low melting and boiling points. They
also have no overall charge so therefore cannot carry an electric current.

e Monomers are small simple molecules that can be joined in a chain to
form a polymer.

* Poly(ethene) or polythene is a common polymers made of ethene
molymers.



CC7a/SC7a Molecular Compounds
Questions

e Given that fluorine atoms have the electronic
structure 2.7, draw a dot and cross diagram to
show the covalent bonding in the fluorine
molecule F,

* Explain why water is a poor conductor of electricity.
e What is a polymer?



CC7b/SC7b Allotropes of Carbon

Giant molecular covalent substances (sand - silicon and oxygen atoms), diamond and graphite (both
made of carbon atoms). Billions of atoms all joined together by covalent bonds.

 Most of these substances have high melting and boiling points because all the atoms are joined
to other atoms by strong covalent bonds (lots of heat energy is needed to break these bonds)

Properties of diamond and graphite:

 Both diamond and graphite have high melting and boiling points because of the strong covalent
bonds between the carbon atoms. But they have very different properties, eg. graphite is a form
of carbon in layers whereas diamond is a very compact structure.

e Diamond:
— Hard because all the atoms joined with strong covalent bonds. Used to make
cutting tools.Doesn’t conduct electricity because there are no free (‘delocalised’)

electrons that can move around (all four outer shell electrons in each carbon atom are inwol
in making bonds)

e Graphite: is very soft because although the covalent bonds within the
layers are very strong, there are only weak forces between the layer. Graphite  crpnte

. . |:. ...\{ o- .‘ -
is used as a lubricant and for electrodes. * e o %o o* %
g i an !
Conducts electricity because only 3 outer shell electrons in each carbon atom o, o e,
.o _ e _
are involved in making bonds. 1 electron from each carbon atom is free to move % %% %

(electron is said to be ‘delocalised), current can flow.
Different structural forms of the same element are called Allotropes


http://igcsechemisrtynotes.blogspot.com/2009/11/diamond-and-graphite-igcse-gcse.html

CC7b/SC7b Allotropes of Carbon - Questions

What are the similarities and differences
between graphite and diamond?

Name a use of diamond and graphite
Describe the structure of graphite

Explain why graphite can conduct electricity,
and why diamond can’t.

Why do they both have such a high boiling
point?



CC7b/SC7b Allotropes of Carbon 2

Graphite and Graphene

L ; . _ 1) Graphite ie blaok and opague, but efill kind of chiny.
T % 2) Each carbon stom only forme three oovalent bonde, oreafing
": I i : : : eheete of carbon slome which are free to slide over sach ofhee.
_ 4 : 11 3) The layere are held fogether weakly eo they are elippery and can be
m rubbed off ondo paper fo leave a black mark — that'e how a penoil worke.
—_— _ Thie aleo makee graphite ideal ae a lubricating maferal.
4) Oraphife’s got a high melfing point — the oovalent bonde need loade of energy fo break.
5) 8inoe only three out of saoh oarbon's four outer electrone are ueed in bonde, thers ars
lote of delocalieed (free) elecirons that can move. Thie meane graphite oonducts elsotroihy.

B8) A single eheet of graphite ie palled graphens. Graphene’s 8 bit of 8 wonder material

\‘} : — ite oovalent bonde make i ecdremely girong and a sheet of graphene e so thin
<_ that i'e traneparent and inoredibly ight. lie delocalieed eleotrone are pompledsly free

- to move about, which makee i even better af ponducting slecirioiy than graphite.

Fullerenes are Large Carbon Molecules

1) Fulleranes are another form of parbon. They aren't giant oovalent etructures, they're large moleoules ehaped
like hollow balls or fubes. Different fullerense contain different numbers of carbon atome.

2) The carbon stome in fullerenee are arranged in ringe, similar to thoee In graphie. -2
And like graphite, they have delocaliced eleotrons eo they can gonduct elegtralty.

3) Thelr melting and boiling points aren't anything like se high as thoee of dismond
ard graphite, but they're pretly high for molecular eubsfanoes because they're
big moleoulee (and bigger moleoules have more infermolecular foroee).




CC7b/SC7b Allotropes of Carbon 2
Questions

e Give 2 similarities and 2 differences between
diamond and graphite, in terms of their
structure and their properties.

e What is an allotrope?
* Explain why : a) graphite is used as electrodes.

b)Diamonds are used on cutting
heads when drilling through rocks.

c)Spherical fullerenes are used
in some lubricants .
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Precipitation reactions: a reaction where an insoluble solid
(precipitate) is produced from two soluble substances

Lead nitrate + potassium iodide = lead iodide + potassium
nitrate

Pb(NO3), ) + 2Kl (5q) 2 Pbl, (5 + 2KNO;3

State symbols show that all substances are dissolved in
water (aq) except for lead iodide, which is insoluble (so it’s
shown as a solid s)

The precipitate is separated from the unreacted ions by
filtration, washed on filter paper, dried in an oven.
Diagnosing intestinal problems: patients swallow a drink -
‘barium meal’ - containing barium sulfate. As it passes
through the patient’s digestive system, x-ray photos are
taken. Barium (like bone) absorbs x-rays, shows up as white
on the photos, shows problems with digestive system

Most barium salts are toxic but barium sulphate is insoluble,
so can’t enter the patient’s blood so is safe to swallow

CC8g/SC8g Solubility

Soluble in water | Insoluble

All common
sodium,
potassium and
ammonium
salts

All nitrates _

Most chlorides

Most sulfates

sodium/
potassium/
ammonium
carbonates
sodium/
potassium/

ammonium
hydroxides

Silver/lead
chlorides or
iodides
lead/barium/
calcium
sulfates

Most
carbonates

Most
hydroxides
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CC8g/SC8g Solubility - Questions

What is a precipitation reaction?

How would you recognise a
reaction from the state sym

nich chlorides are insolub
nich hydroxides are solub

S £ ==

ny doesn’t barium poison

precipitation
ools?

e in water?

e in water?

nat is barium meal used for?

us?



CC7¢/SC7c Properties of Metals

The atoms in metals are held together by metallic bonding (see below) — this gives metals different properties
from other types of substances
— Metals are good conductors of electricity and heat
— Metals are solids at room temperature (= metallic bonds are strong), except for mercury, which is a
liquid at room temperature
— Metals don’t dissolve in water
— Metals are malleable (can be hammered into shape) metals have many uses e.g. they’re used to make
cars, buildings, tools

Metallic bonding:

*  Metal structure is a giant lattice of positive ions surrounded by a ‘sea’ of outer shell electrons. The term
‘sea of electrons’ is used because electrons in the outer shells of metal atoms are free to move through the
structure. The electrons aren’t located in specific atoms so we say they are ‘delocalised electrons’.

*  Metals conduct electricity because delocalised electrons move around randomly in all directions between

the positive ions. If a potential difference (i.e voltage) is applied across a piece of metal, all the delocalised
electrons start to move in the same direction. This movement of electrons is an electric current

*  Metals are malleable: i
— If alarge force is applied, the layers of positive ions in a metal can WANF LSS A W
slide over each other. The positive ions are still held together by the sea IO

of electrons and the metal spreads out (changes shape) instead of breaking ( + '« + [+ /[ + 1+ [+

— akcion

<+ metal on



CC7¢/SC7c Properties of Metals
Questions

Give four properties of metals

What is the word that means metals can be
hammered into shape?

What is the phrase that describes the
structure of metals?

Explain why metals can conduct electricity.

Explain why metals are malleable.



CC7d/SC7d Bonding Models

Type of Giant lonic Simple Molecular Giant molecular
structure Covalent covalent
& bonding
How bonds metal reacts with a non-metal Between atoms of non-metal between atoms of non-metal
(g“a* elements: elements

form o Metals lose electrons to

become positive cations Electrons are shared between Electrons are shared between

atoms so they end up with atoms so they end up with a
. Non-metals gain electrons to stable, full outer shells stable, full outer shells
become negative anions
. Oppositely charged ions attract
sodium chloride water, oxygen iamon
Examples di hlorid di d
Strength of strong Strong covalent bonds between | Strong across all atoms in a
atoms, but weak forces holding structure
bonds separate molecules together
i igh - solids at room temperature ow — most are liquids or gases igh — solids at room

Meltlng high - solid I liquid high lid
and boili ng at room temperature temperature
points
Solubil ity many dissolve in water some dissolve in water Insoluble in water
Do they e yeswhen moltenorinan no no, except graphite

aqueous solution
conduct e nowhen solid
electricity?
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CC7d/SC7d Questions on Bonding Models

e How does an ionic bond form? What does it
form between?

 What is a giant structure compared to a
simple structure?

 Which type of structures have strong bonds?

 Describe how the melting and boiling point of
structures is linked to their structure.

e Which structures are soluble?



CC8a/SC8a Acids, Alkalis and Indicators

The PH Scale

Acidic Alkaline
e T A .
1 5

T

o 1 2 3 4 B 8 10 11 12 13 14

* Acids and alkalis can be described using the pH scale . v o
* Scale runs from pH1 (strong acid) to pH14 (strong alkali) ‘L i J—
* Aneutral liquid has a pH of 7 (e.g. water) ! e e !
*  pH5 - weak acid and pH9 - weak alkali

Neutral

Note - difference between a base and an alkali
— Some bases are soluble and when dissolved in water, bases are called alkalis

e Universal indicator can be used to find out if a liquid is an acid or an alkali by dipping it into the
liquid and observing its colour:
* Yellow/orange/red —acid 4 v,
 green—neutral = U
*  blue/purple — alkali gﬁ’*_
* The closer to red the stronger the acid (i.e red — strong acid, yellow — weak acid)
* The closer to purple the stronger the alkali (i.e purple — strong alkali, blue — weak alkali)

e Litmus paper (must be damp to work) is also an indicator LITMUS PAPER

The main use is to test whather the solution is

— Blue litmus paper turns red under acidic conditions (no change under alkaline or acidic or akaline.

neutral conditions) N N =y
— Red litmus paper turns blue under alkaline conditions (no change under acidic or

neutral conditions)

Test with acid Test with alkali

Red litmius paper Mo changes fied = blus

Blue litmus paper Blue = red Mo changes



CC8a/SC8a Questions Acids, Alkalis
and Indicators

If the pH of a substance =6, what two words would you
use to describe it?

If the pH of a substance = 14, what two words would
you use to describe it?

Water has a pH of 7 which means it is neutral. What
colour would it turn Universal Indicator?

How is an alkali related to a base?
What do you have to do to litmus paper for it to work?

What colour would blue litmus turn in acidic
conditions?



CC8b/SC8b Looking at Acids

Acids Can be Strong or Weak

1) Strong aoide (e.g. sulfurio, hydroohlorio and nitrio acide) ionise almost completely in water,

A large proporfion of acid moleoules diszooiate to release H* lone. They fend to have low pHs (pH 0-2).
2] Weak soide (e.g. ethanoio, oitric and oarbonio aoide) do not fully jonize in eolution.

Only a gmall proportion of aoid molsoulee diesooiate fo release H* jone. Their pHe tend o be around 2-8.

8) The lonieation of a weak aocid ie & reversible reaction, which eete up an equilibriurm mbdurs.
Qirnoe only a few of the aoid moleoulee relesee H* lone, the squilibrium lies well to the left.

Btrong aoid: Hl —» H* + CF
Wesak soid: CH, COOH =—— H* + CH,COO"

Don’t Confuse Strong Acids with Concenifraled Acids

1) Aoid etrength (l.e. etrong or weak) tells you what proportion of the acid molecules ionise in water.

2) The poncendration of an aold ie differend. Concentrafion measures how much acid
there ie in a [#re (1 dm®) of water. Concendration e baeioally how watered down your aoid k.
3) An aoid with a high proportion of soid molsoulss compared to the volume of S
water e gaid to be concentrated. An aokd with a low proportion of aoid  Concamtr. - o 1114

- iy
- wencertration 5 measyrad -

maoleoules compared to the volume of water ie eaid to be dilufe. = ingddm? o med,

- pr
4] Mote that oonoendration deecribes the total number of dissolved aoid moleoules i
— not the number of moleoulee that produce hydrogen lone.

5) The more grame (or molee) of acid per dm®, the more poncentrated the aoid ie.
B) Bo you oan have a dilufe but efrong acid, or 8 ponoendrated but weak aoid.

-

T




CC8b/SC8b Questions Looking at Acids

Changing the Conceniration of an Acid Affects iis pH

If the conoentration of H* lone inoresces by a faotor of 10, the pH deorsaces by 1. 8o if the H* jon
ponoerdration [noreases by a factor of 100 (= 10 x 10), the pH decreages by 2 (= 1 + 1), and eo on.
Deoreasing the H* jon oonoendration hae the oppoeite effect — a deoresee by

a faotor of 10 in the H® concentration meane an inoreass of 1 on the pH soale.

m A, solution with a hydrogen fon concentration of 0.001 molfdm’ has a pH of 4.
VYWhat would happen to the pH if you increased the hydrogen ion concentration ta 0.01 mol/dm™?

The H® concentration has increased by a factor of 10, so the pH would decrease by 1.
S0 the new pH would be 4 — 1 = 3.

Explain the difference between a strong acid and a
weak acid.

What does the pH of a solution measure?

The most acidic rain recorded in Britain had a pH of 2.
How much more acidic is this than normal rainwater

with a pH of 57



CC8c/SC8c Bases and Salts

Bases are substances that neutralise acids to form a salt
and water only. All metal oxides are bases

Acid + Metal oxide (base) - salt + water
Acid +Metal hydroxide (alkali) = salt + water
Acid +Metal carbonate - salt + water + carbon dioxide

The salt formed depends on the acid. In the case of indigestion remedies the acid being neutralised is HCl (as it
is the one present in the stomach) so chloride salts are produced.

e.g. if indigestion tablet contains calcium carbonate
Hydrochloric acid + calcium carbonate = calcium chloride + water + carbon dioxide
2HCl () + CaCos 2 CaCl, g +H,0 )+ CO, g

Sulphuric acid and nitric acid can also be neutralised.

If sulfuric acid is neutralised—> sulphate salts are produced: i i G
e.g. Sulfuric acid + copper oxide—> copper sulfate + water Decaying Teeth Toothpaste Acid + Alkali = Neutra
HZSO4(aq) + CuO (s) -> CUSO4 (aq) + HZO (0 Indigestion Milk of Magnesia Acid + Alkali = Neutral
Wasp Sting Vinegar Alkali + Acid = Neutral
If nitric acid is neutralised—> nitrate salts are produced: Bee Sting Baking Soda Acid + Alkali = Neutral
e.g. Nitric acid + sodium hydroxide = sodium nitrate + water e SN T

HNO; ) + NaOH =~ NaNO; +H,0,




CC8c/SC8c Questions on Bases and
Salts

Finish the following general equations:
Acid + Base 2

Acid + Metal 2

Acid + Metal carbonate =

Name the salt formed in the following reactions:
Hydrochloric acid + potassium oxide
Nitric acid + Lithium hydroxide
Sulphuric Acid + copper carbonate



1.

CC8c/SC8c Bases and Salts

Making Copper Sulphate

from Copper Oxide

React excess oxide
(insoluble) with
accurate volume acid.

Filter excess copper
oxide and collect
copper sulphate
solution.

Evaporate solvent
(water) to crystallise
the salt.

spatula —.

H\\.
& insoluble
& copper oxide
‘!
'

sulfuric acid

\

Step 1: Add the base until
no more reacts,

Step 5: Filter off the crystals
and leave to dry on
filter paper.

left aver
copper oxide

“'*"
: copper
Bunsen sulfate
J solution
Step 2 \Warm the mixture Step 3: Filter off the
to speed up the unreacted
reaction. solid.

copper sulfate

crystals formed
by evaporating | /
the solution \ ]

Step 4: Leave to cool.
This is erystallisation.
The slower the cocling
the larger the crystals.



CC8c/SC8c Bases and Salts Questions

 Draw a flow chart to explain the steps
involved in preparing a soluble salt from an
insoluble base



CC8d/SC8d Alkalis and Balancing Equations

A base is any substance that reacts with an acid to form a salt and water only. Many

bases are insoluble in water. A base that can dissolve in water is called an alkali . Alkalis
form alkaline solutions with pH values above 7

Symbeol Equations Need to be Balanced
1) Therse muet shvays be the same number of atoms on
both eides of the equation — they oan't just disappear.

2) You balanoce the equation by putting numbers in front of the formulae where nesded.
Take this equsation for reaofing sulfurio aoid with eodium hydroxide:

H 20, + NaOH — Na 80, + H,O

3 The formulss are all correof but Hhe numbere of eonve atome don't matoh up on both eides.
4) You pan't change formulae like H, 80, fo H,80,. You can only put numbers in frond of them.

The more you practiee, the guicker you get, but all you do ie thie:

L]

L]

Find an elemeant that dosen’t balanoe and penoil in 8 number fo try and eort i owt.

Sse where i gels you. H may create annther imbalance, but H 0. pancll in -
another number and eee where that gele you.

-

Carry on charing unbalanced elements and the equation will sort teelf oul pretiy quickly.

m In the equation abowve you'll notice we're short of H _atoms on the RHS (Right-Hand Side).

1]

£)

2]

The anly thing you can do about that & make it ZH O instead of just H, O
H53C, <+ FasH — Ma, 50, « 2H O

But that row gives tos mary H atoens and O atoms on the RHS, so to balance that up you could try
putting 2Mal0H an the LHS (Left-Hand Sade]:

HJS'I:I_‘ + 2RalH — Na.J S'C:I_‘ S EHJD
A .'nl.lddlzr"ll_:.' here it izl Everyithing balamces, S _','Su'" notice the Ma just sored itself cut.




CC8d/SC8d / Alkalis and balancing
eguations - questions

* Explain why all alkalis are bases but not all bases are
alkalis.

e What happens when metal hydroxides react with
acids?

e Magnesium hydroxide solution reacts with stomach
acid which is hydrochloric acid. Magnesium chloride
solution is a product. Write a balanced equation for
the reaction including state symbols.



Acid=s and Bases Neutralise Fach Other

CC8e/SC8e Alkalis and Neutralisation

The reaction bethween soide and bagee ie oalled neutralization. HCl + NaOH — NsCl + H,0
It produces a ealt and water

Neutralication reactions in aqueous solufion can aleo be ehown

a& an lonlo equation In teerne of H* and OH- lone:

mcid

e st bt

."I
= This

e

i ;]
is just the -

- ioric sguation -

H
1=

=+ ﬂH‘Iw—}HEﬂml# aboee

- -
Frrit

Z af the resctian :

When an aold neulralieee a baee (or vioe versa), the producte are neulrsl, l.e. they have a pH of 7. At pH 7,
the ponoendration of hydrogen lone equale the concendration of hydroxide lone.  An indioator oan be ueed to

ehow that a neutralization reaction Ie over (Univereal indicator will go green).

Titration Curves Show pH Changes with Volume

1) Experimente oalled fifrations are ueed fo work
o how rmuch of an acld & used fo neutralies =

2}

baee of unknown conoentration (or vioe versa).

THeation ourves are ueed o ehow where
neutralisation happene during a fitrafion.
There's a verlioal poind in the ourve which e
where the eolution ke neulral (&t pH 7).

Thie iz oalled the end point of the fitration.

i

]

1o

w¥

I you add seid to d Bdir, the aH

= will decreass, IF pou add a base 1o

= ang, then the pH il Forease,

D pd & M

x’f 12
] 10

| -

‘H,____
D ki & m

<

E%
(NN

g

vy o ..--F.|'.-

walume af Eass aded

walume of g =dded



CC8e/SC8e Alkalis and Neutralisation
Questions

 Explain how water is formed in neutralisation
reactions.
e Explain in terms of ions how potassium

hydroxide solution reacts with sulphuric acid
to form water and potassium sulphate.

 The pH of an unknown solution is found to be
6. Is this solution acidic or alkaline?



CC8f/SC8f Reactions of acids with
metals and carbonates

Many Metals React With Acids to Give Salls
Roid + Metsl — Balt + Hydrogen [REERNNHIAR A
Hydroohlorio Acid Produces Chloride Sslis: LUt R ey " e AR TH | {H;E;jj'na:ulllln nlinrl:llnj .
BHCI + 24l — 2AIC1, + 3H, (Aluminium ohloride)
Sulfurio Acid Produoes Sulfate Qalte: Hf_:mq + Mg — Mg=0, + H, (Magneeium culfste)
3H, 20, + 24l — Al {20,), + 8H, [Aluminium sulfais)

ULV R g gda
NHrio Ackd Produoes Nirate Salte When NEUTRALIGED, But... YVou earit resly pradict
= the balwne
The reaction of nitrio ackd with metals k& more complioated — you get a nitrate ealf, but E{c.,h::_::i:lﬂ;:l
inetead of hydrogen gae, the other producte are ueually a midure of water, NO and NO,. .:q acd with metals

Tdbhinry AEENREREE

i

TEFETT
_\_". I.II||I|||| TR

Metal Carbonates Give Sall + Water + Carbon Dioxide
Agair, an abvue, hpdrochler: =
acd produces chlarde s,

Acid + Metsl Carbonate — 8sh + Waler + Oa
ilfure acid praduces sukate

Exampleg: 2HCI + Na,CO, — 2ZNaCl + H O + CO, {Sodium ohioride) " salts, and pitric geid
H90, + KCO, - K20, + HO + €O,  (Pofsesium sulfate) | - (%" Proswes

2HNO, + ZnCO, — Zn{NO,), + H,0 + €O, (Zino ritrste) TTTTIT Ay SO




CC8f/SC8f Reactions of acids with
metals and carbonates - questions

e Zinc reacts with dilute hydrochloric acid.
Write a) the word equation and b) the
balanced equation.

 Write a balanced chemical equation for
the reaction of hydrochloric acid with
calcium carbonate.

e Describe a test that is to show a gas is
hydrogen.



CC9a/SC9a Masses and Empirical
Formulae

The true formula for a simple molecular compound is called the ‘molecular formula’ — this shows the actual
number of atoms of each element in a molecule

Substances can also be represented by an empirical formula — this shows the simplest whole number ratio of
atoms or ions of each element in a substance.

e.g. Ethene has the molecular formula C,H, and Propene has the molecular formula C;Hj.

For every molecule of ethene or propene, there are twice as many hydrogen atoms than carbon atoms. The
molecular formulae of both ethene and propene can be simplified to CH, —-the empirical formula.

So ethene and propene have different molecular formulae (C,H, and C;H;) but the same empirical formula
(CH,)

Calculating the empirical formula
If you know the mass (in grams) of each element present in a compound, you can use this and the relative
atomic mass of each element to calculate the empirical formula of the compound e.g. for calcium chloride:

- ca o d_
Wewmg | w0 | w5 ]
Relatveatomemass | a0 | 35 |

Step 1. Divide the mass of 10.0/40 = 0.25 17.8/35.5=0.5
each element by its relative
atomic mass

Step 2. Divide the answers 0.25/0.25=1 0.5/0.25 =2

by the smallest number

obtained after step 1 (in

this case 0.25) to find the i.e for every molecule of calcium chloride, there are twice as
simplest ratio many chlorine atoms than calcium atoms

Empirical formula



CC9a/SC9a Masses and Empirical
Formulae Questions

What does the formula CO, mean?

What is the difference between the molecular
formula and the empirical formula?

What is the empirical formula of C.H,,0.?
What is the empirical formula of Na,0,?

Outline the key steps to calculate the
empirical formula given the masses of
elements reacting.




CC9a/SC9a Masses and Empirical
Formulae 2

RELATIVE MASSES

The relative atomic mass (A,) is the mass of an atom compared to that of
carbon-12

Calculating the relative formula mass (M,)
The ‘relative formula mass’ (M) of a substance is the sum of the relative
atomic masses (A,) of all the atoms or ions in its formula:
e.g CO, — 1 carbon atom, 2 oxygen atoms:
— A ofC=12
— A of 0=16x2=32
— relative formula mass (M,) of CO, =12 +32=44
e.g Ca(NO;), — 1 calcium atom, 2 nitrogen atoms, 6 oxygen atoms:
— A of Ca=40
— A of N=14x2=28
— A of O=16x6=96
— relative formula mass (M,) of Ca(NO;), =40+ 28 + 96 = 164



CC9a/SC9a Questions on Masses and
Emperical Formulae 2

 Helium has an atomic mass of 4. Magnesium
nas an atomic mass of 24. How many times
neavier is an atom of Magnesium than an
atom of Helium?

e Calculate the formula masses of the following:
CaCO,
LiCl
CO,
Glucose - C.H,,0Oq



CC9b/SC9b Conservation of Mass

Atoms/matter/mass are NOT made or destroyed in a chemical reaction. They
are only rearranged to form new products.

total mass before = total mass after a reaction

This rearrangement of atoms means products and reactants have different
physical and chemical properties

Precipitation reactions

* Thisis when two soluble (shown by ,, state symbol) substances react
together to form an insoluble (shown by, state symbol) product, called
the precipitate.

e.g.
Silver nitrate + potassium bromide = potassium nitrate + silver bromide
AgNO; oy  +KBr 2 KNO; + AgBr

AgBr is the solid precipitate formed in this example

Remember that even though a solid is formed, the total mass before and after
the reaction is still the same!



CC9b/SC9b Questions on Conservation
of Mass

e State the Law of Conservation of Mass.

* How would you identify a precipitation

reaction?
 AgNO, (aq) +KBr(aq) - KNO, @ Tt AgBr(S)

58g + 45¢g - 63g + X

e Using the Law of conservation of mass what is
the mass of AgBr in the equation above?



CC9b/SC9b Calculating the Masses of
Reactants or Products:

During a chemical reaction, no atoms are lost or made — they are just rearranged to make new substances (the ‘products’.) You can use relative masses and
the balanced equation for a reaction to calculate the mass of a reactant or product.

E.g potassium nitrate (KNO,) is decomposed to potassium nitrite (KNO,) and oxygen (O,).
what mass of potassium nitrate is needed to make 1.6g of oxygen?

Step 1 — balanced chemical equation: 2KNO; = 2KNO, + O,
Step 2 — work out the relative masses of the substances needed in the calculation
« M, of KNO, = 101
* There are two particles of KNO; in the balanced equation =>we multiply the M, of KNO, by
2.2 101x2 =202

* Relative mass (only one atom so A,/M, it’s the same) of O, = 32

Step 3 — divide the answers by the smallest relative mass calculated above (in this case 32) to find the
ratio:

« 2KNO,:202/32=6.3
« 0,:32/32=1
e —ratio of 2KNO;:0, is 6.3:1

Step 4 — use the ratio to find the answer!
* Ratiois 6.3:1->6.3g of potassium nitrate are needed to make 1g of oxygen

* to find the mass of potassium nitrate needed to make 1.6g of oxygen we multiply 1.6 by
6.321.6x6.3=10.1

e —210.1g of potassium nitrate are needed to make 1.6g of oxygen



CC9b/SC9b Questions on Masses of
Reactants and Products
i+0, > Li,0

How much Lithium oxide can form from 7g of
Lithium if there is an excess of oxygen?

C,H, + 0O, 2 2CO, + 2H,0
What mass of ethene is needed to make 8.8g of
Carbon dioxide?



CC9c/SC9c Moles

“The Mole™ is Simply the Name Given to a Certain Number

1) Juet like g million & this many: 1 000 000, or g billion = this many: 1 000 000 000, a mole Ie ghen by
Avogadro's conefant, and W'e thie mamny: 802 200 000 000 000 OO0 OO0 OO0 or B.022 = 10,

2) But what doee Avogadro's conetant ehow? The anewer is that when you get that number of atome or
moleoules, of ary element or compound, then, oonveniently, they weigh exactly the eame number of
grame a& the relative alomlo mass, 4, (or relstive formula maee, M ) of the element or compound.

 To calculate the number of moles use the
following formulas:

mass of element

number of in grams ———
molesof an = : -
element relative atomic
i - concen-| volume
mass of IrStHh (de)
number of compound in
molesofa = grams

compound relative formula
mass



CC9¢/SC9c Questions on Moles

e Calculate the mass of : a) 2mol of nitrogen
molecules, N, b) 0.1mol of sulphur dioxide
molecules, SO,.

e Calculate the number of molecules in 90g of
water, H,O0.

e Give the mass of the Avogadro constant
number of a) carbon atoms b) sodium atoms .



CC10a/SC10a Electrolysis

e Electrolysis can only happen when IONIC
substances are either DISSOLVED or MOLTEN.

e Sodium metal is produced through the
electrolysis of MOLTEN Sodium Chloride.

electron o {: D
flow -
—l
_I_ —_
N e
positive—______ negative
electrode electrode
o ’ Na*“€
negative |ons\
attracted to

positive
electrode
(where they
lose electrons) |

positive ions attracted
to negative electrode
(where they gain electrons)




CC10a/SC10a Electrolysis 2

e Oxidation is the loss of electrons and happens at the ANODE.
e Reduction is the gain of electrons and happens at the CATHODE.

Half-equations

A half-equation shows the change at just one of the electrodes. In the
electrolysis of molten sodium chloride, the reaction at the cathode is:

Z2Nat + Ze” —= Z2Na
The reaction at the anode is:
2CI- — Cl, + 2e

Note that two Cl-ions are needed to form one chlorine molecule, Cl..

 Sodium metal is used in street lights as it gives out a yellow
coloured light.

e Liquid Sodium is used as a coolant in Nuclear Reactors as it has a
high THERMAL CONDUCTIVITY.



CC10a/SC10a Uses of Electrolysis

e Purification of Copper

 An electrode of impure copper is used as the
ANODE.

 Pure copper is used as the CATHODE.
e The electrolyte is Copper Sulphate solution.

impure copper .
anode (+)

impurities from

the copper ¥

anode collect
here

[
electrons I
T .__‘____‘7_ +T T_ _J_'_____J-—-

——= -

N

__pure copper
cathode (-) The half-equation for the anode reaction is:

Cu(s) —= Cu*(ag) + 2e-

The half-equation for the cathode reaction is:

____solution

containing Cu#(ag) + 2e” —  Cu(s)
Cu2+(aq) ions

(for example,

copper sulfate)



CC10a/SC10a Electrolysis Questions [ ©)

Name the type of copper used at the anode.

Name the type of copper used at the cathode.

Name the electrolyte in the purification of copper.

State the half equations for the purification of
copper.
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CC10b/SC10b Products of Electrolysis

e Electrolysis of salts in solution

— This involves both the electrolysis of the salt and the
electrolysis of water.

— The salt splits into its two component ions.

— The water splits into Hydrogen ions (H*) and Hydroxide
lons (OH").

— To perform electrolysis you must have INERT (unreactive)
electrodes as some of the products can be highly

corrosive.



CC10b/SC10b Questions Products of
Electrolysis ; D

Write the half equations for the electrolysis of Lead
Bromide.

Write the symbol and charge for a hydrogen lon.
Write the symbol and charge for a Hydroxide lon.
Name the 4 aqueous ions in salt water.

What is the overall equation for the electrolysis of
Sodium chloride? And the half equations?
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CC10b/SC10b Electrolysis of Sea Water
(NaCl)

The most common dissolved substance in sea water is sodium chloride (common salt).

If a direct current is passed through sea water, chlorine gas is produced at one of the electrodes (hydrogen

produced at the other.

Chemical test for chlorine: chiorine hydrogen
Hold a piece of damp blue litmus paper in the mouth of the test tube

If the gas is chlorine the paper will first turn red and then turn white as it’s o
bleached

electrolyte
(brine)

'S 1,
/“5 " /) .

cathode —
-——anode

© www.science aid.net

Uses of chlorine
Chlorine is a yellow-green gas with a pungent smell
Uses of chlorine:
*  Kills microorganisms so is used to treat water supply (e.g. used in swimming pools)

* In manufacturing bleach and other cleaning products
* Inthe manufacture of plastics such as PVC

Chlorine has many uses mainly because of its high reactivity and ability to readily form compounds with
other substances. However, chlorine gas is also toxic and if a gas leak occurred near a town, or a tanker
transporting the gas had an accident, it could have devastating consequences



CC10b/SC10b Questions on Electrolysis of Sea
Water

What is the most abundant substance found
in sea water?

Name the two products formed during this
electrolysis.

How would you test for the gases produced?
Give two uses for chlorine gas.
What risks are associated with chlorine gas?



CCl1l1a/SC11a Reactivity

How Metals React With Acids Tells You About Their Reactivity

1) The easier it iz for a metal afom fo loee He outer elecirone
and form a posifive lon, the more reactive H will be.

) Here'e a olassio experiment that you oan do fo ehow that eome metale are more reactive than others.
All you do e to plum little pieces of varlouse metals into dilute hydroohlorio acid:

'“1'& m#*"

?""’1 // f“ Pﬂ:‘/ F'"'P1 e _‘Ué/f
N 1:: ‘mﬁ =

S G falr
MAGNESIUM ALLUMINIUM ZINC IRON COPPER
3] The more reactive the metal iz, the facier the reaction will go.

4] Very reaciive metale (e.g. magnesium) will fizz vigorousdy, leee reactive metale (e.g. zino)
will bubble a bif, and unreactive metale (e.g. popper) will nof react with dilute acide af all.

5) You oan ehow that huydrogen ie forming ueing the burning eplind feef ~ The louder the
equeaky pop, the more hydrogen hae been made in the fime period and the more reactive the metal ie.

6) Tho spad of reaction Ie also Indioated by the san of wioh ~meet 1 1uiiuttin i ittt
the bubblee of hydrogen are given off — the faster the bubbles "’i';]ﬂ:-“ J:: 31':--'11;: rr::ﬂlﬂwﬂ:;iul-::-ﬂl =
form, the faster the reaction and the more reactive the metal. by using & g 4

= af gas gien afF at regular b interals.  Z
."'I.|.||I|||I|| AFEFEE NN Bidqidtmpnir




CC11a/SC1l1a Reactivity 2
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Metals Also React With Water
The reactions of mefale with water aleo ehow the reacthity of mefale. Thie ie the basio reaction:

metal + water — metal hydroxide + hydrogen

(Or: leus ressiive melal + eieam — metal cuid + hydrogen) [N S

B~ = matl
) Very reactive metals ke potaselum, sodium, Bhium and calolum .. E‘_‘ lj;:.guhuﬂ of H, gas
wll all reaot vigorously with water. =2y wier

2) Lese reaotive metale like magnesium, zino -

and Iron won't react muoch with cold water, I M, qas gn of
but they will react with stesm. You oould scaked in e tegm_mekd 4 hh“‘-‘"':”.“ui
i & 1IE WIEN &
ghow thiz In the lab uging thie sxperimert: - witer- | A_:H:[_*;f’ purming spt
3] Copper won't react with either water or steam. A h:ul EF;.-.---



CCl1la/SC11a

Reactivity 3

The Reaciivily Series Shows How Reactive Metals Are

A reaotivity eeries Ie just

g table that lizte metale in The Reactivity Seriee

order of their reactivity. Potageium
Here's an example: S dium

Calolun
Magnecium
Alurminium
Ziren

lrom
Coppar
Qibvar

Cu lase
ﬁl reantiva

You oan uee dieplacement reactions fo work ouf where in the reactivity seriee 8 metal ehould go.

Example: A sfudent adde eome metale to medal salf eclufione and recorde whether any reactions

hilr PEdstEcn

magnesium Ekilm
U T nitrate and | ho reaotion | sulfete and
copper formed Zing formed

zing hitrake and

ho resiMich | ho Peabton

happen. Use her table of resulte, below, fo work out an order of reactivity for the metale.

* Magneeium dicplaoes both copper and zine,
eo it muet be more reactive than both.

* Copper & dieplaoed by both magneeium and
zino, eo It must be |eee reactive than both.
* Zino oan dieplsoe oopper, but not magnesium,
eo i must go between tham.
The order of reactivily, from moet fo leaet, s:
magnesiunm, zing, copper




CC11a/SC11a Reactivity Questions

* Write the word equation for the reaction of
calcium with water.

* Write the balanced equation for the reaction
of magnesium with dilute hydrochloric acid.
Include state symbols.

e Tin sits between iron and copper in the
reactivity series. State whether tin would
displace zinc from zinc sulphate solution and
explain your answer



CC11b/SC11b Ores

Some Metals are found as pure elements

e.g gold and platinum — are found naturally in the Earth’s crust as elements. They are found as uncombined elements
because they are very unreactive and don’t form compounds. A physical method can be used to collect them such as sieving
or panning.

Most Metals are found as compounds

However, most metals are reactive and readily form compounds (the more reactive a metal is, the more easily it reacts with
other substances to form compounds). The compounds formed are mainly metal oxides which are found in rocks called ores
in the Earth’s crust as metal ores.

To obtain these metals they must be extracted from ores in the Earth’s crust
Examples

— Haematite (iron ore) contains enough iron oxide for it to be profitable to extract iron from it
—  Similarly, aluminium is extracted from bauxite (aluminium ore) and copper from malachite (copper ore)

Summary
Extracting metals from ores ==y .
. . . Sodium . )
Some metals can be extracted by heating their compounds with carbon: Calcium [ [eactive ——— Electrolysis
e.giron: iron oxide + carbon = iron + carbon dioxide ':,’fr:f:i'::
Chemical equation: 2Fe,05+3C - 4Fe +3CO, [Carbon] Heating metal
Zinc oxide with
Iron Less / carbon
. . Tin T i
Other metals are extracted from their compounds by electrolysis of a molten compound: o i “~~__, Heating the metal
e.g aluminium: aluminium oxide = aluminium + oxygen ‘Zs‘j:jfr’ eaide
Chemical equation: 2A1L,0; 2 4Al +30, Gold  |— Unreactive —, Physical
metal methods

The method used to extract a metal depends on its reactivity. The less reactive metals are extracted using carbon (e.g iron,
zinc, lead, copper). More reactive metals are more difficult to extract because they form stronger, more stable compounds.
The more reactive metals need to be extracted by electrolysis (e.g sodium, calcium, magnesium, aluminium) —a more
powerful method. Metals with very low reactivity (e.g. gold) are found as elements and don’t need to be extracted.

Extraction using electrolysis is more expensive than with carbon due to the cost of electricity and the more reactive the
metal, the harder and more expensive it is to extract from its ore



CC11b/SC11b Questions on Ores

Why are gold and platinum found as pure
elements?

What is an ore? Name an ore of iron and copper.

Why can you extract zinc using carbon but to
extract aluminium from its ore you have to use
electrolysis?

Write the word equation for the extraction of iron
from iron oxide using carbon. Can you write the
symbol equation?

Why would scientists prefer not to use
electrolysis?



CC11c/SC11c OXIDATION AND
REDUCTION

Corrosion of metals is oxidation W /‘*ﬁ

&

Oxidation reactions: gain of oxygen

Corrosion happens when the surface of a metal changes by reaction with oxygen (sometimes with water). e.g

when iron corrodes it forms rust which is iron oxide.

Most metals corrode. The more reactive the metal, the more readily it becomes oxidised and the more rapidly it
corrodes

Exception : aluminium!

*  Aluminium doesn’t corrode as much as expected because upon reaction with oxygen it forms aluminium
oxide, which acts as a protective layer and prevents any further corrosion.

Dense Aluminium Oxide Layer
el

. Less reactive metals are more resistant to oxidation and corrode less
*  Very unreactive metals e.g. gold - don’t corrode at all

Metal extraction is reduction Auminidim eta
The majority of the compounds found in ores (from which metals are extracted) are metal oxides.

In order to obtain metals from their oxides, oxygen is removed and the process of extracting metals from their ores

. . . . . K Pot | A
is a reduction reaction (the metal oxides lose their oxygen and are therefore ‘reduced’) Na Sodium | |most

Ca Calcium reactive
Mg Magnesium
Al Aluminium
e.g. iron oxide + carbon = iron + carbon dioxide G Carbon————
Fe Iron
5n Tin
. . . . . . . Pb Lead
In this example, the iron oxide is reduced to iron (it has lost its oxygen) Cu Copper
Ag Silver least
Au Gold reactive
Pt Platinum ~}-




CC11b/SC11b Questions on Oxidation and
Reduction

What type of reaction involves gaining
oxygen?

What type of reaction involves losing oxygen?
Which of the above is the corrosion of metals?

Why doesn’t aluminium corrode?

Is extracting metals from their ores a
reduction or oxidation?



CC11d/SC11d Lifecycle Assessment and
Recycling

Tonnes of waste is produced every year, much of it ending up buried in the ground in
landfill sites. Problems with landfill sites:
*Use up a lot of land
*Risk of pollution
*Materials can’t be used again (this is a problem because we are running out of some
raw materials completely e.g zinc)
Recycling is the process of taking materials out of waste before disposal and converting
them into new products we can use.
Recycling can reduce demand for resources and also reduce the problem of waste disposal.
e Materials that can be recycled:Metals in drinks cans can be melted down and recycled as
new drinks cans or part of a car
* Paper can be recycled as more paper or cardboard
* Plastic bottles can be recycled as fleece clothing

Life-cycle Assessments Show Tolal Environmental Costs

A [ife-oyple sesessment (LCA) looke &t each gfage of the life of a produot — from making the matersl
from natural raw materlale, making the product from the materdal, ueing the product
and dicposing of the product. 1 worke out the potential envdronmental impact of each efage.




CC11d/SC1d Questions on Life Cycle Assessment and
Recycling

Give three problems associated with landfill
sites.

Define recycling.
Describe two advantages of recycling.

Give two examples of materials that can be
recycled.

Which material can be recycled to form fleece
clothing?



CC11d/SC11d Life Cycle Assessments and Recycling 2

Metals can be melted down and made into something new —recycling.

Advantages of recycling

Natural reserves of metal ores will last longer

For most metals, less energy (and therefore less expense) is needed to recycle them
Sluggi

than to extract them from their ores. Cebustion ﬁ g

Recycling reduces the need to mine ores (mining can damage the landscape and =

create dust and noise pollution in the same way as limestone quarrying.

aration by eddy

It leads to less pollution as extracting some metals produces greenhouse gases.

e.g. sulphur dioxide is formed when lead is extracted from its ore, galena

Souce: FOST Plus

Disadvantages of recycling

progu:u
N o = = @
% @ "h!‘,’g Melting

— unit

Costs and energy used in collecting, sorting and transporting metals to be recycled
For some metals, it is more expensive to recycle them than to extract them from their
How metals are recycled

Iron and steel are easily separated from other metals as they’re magnetic. Others are separated by hand which is labour intensive.
PROPERTIES OF METALS

Shiny, conduct heat, conduct electricity, malleable (can be hammered into shape), ductile (can be stretched into wires.) Different metals,
though, have slightly different properties and have different uses.

Aluminium: Has a low density and doesn’t corrode as a protective layer of aluminium oxide forms quickly on its surface
It is used to make aeroplanes as it has such low density (the lighter the aircraft, the less fuel it needs to fly).

Copper: Good electrical conductor so copper is used to make electrical cables. It has low reactivity and doesn’t react with water so is
also used in water pipes.

Gold: Very unreactive, doesn’t corrode, easily worked into shapes so can be used for jewellery. It’s also a very good electrical conductor
and tiny amounts are used inside most electronic devices, including mobile phones and

good conductors

7= gl el good co: of heat
computers. Ldonse | e
Iron and steel: Iron is fairly cheap to extract from iron ore by heating with carbon, Nigh meiting point Eﬁa e

/\

iron
cobalt

nd other metals), which is stronger and harder. Prnrma,  dusenlE ": =

1 be drawn out into wire
win (rings when struck)

however, pure iron is too soft and it is often made into steel (a mixture of iron, carbon a




CC11d/Sc11d Questions on Life Cycle
Assessment and Recycling 2

Define recycling.
Name two advantages of recycling metals.
Explain two disadvantages of recycling metals.

How are metals separated during the recycling
process?

What do ductile and malleable mean?

What property of aluminium makes it suitable for
building aeroplanes?

If gold is an excellent conductor why aren’t all
wires made of gold?



CC12a/SC12a Dynamic Equilibrium

nitrogen + hydrogen ==ammonia

This means that it can be considered as two reactions:

Forward: nitrogen + hydrogen — ammonia

Backward: ammonia — nitrogen + hydrogen

e When AMMONIA is formed it releases heat
(EXOTHERMIC). This is the FORWARDS reaction.

 The reverse reaction will be the opposite which makes it
ENDOTHERMIC (takes in heat)

e When DYNAMIC EQUILLIBRIUM is reached these two
reactions occur at the SAME RATE.

e Adjusting the temperature and pressure will affect the
position of the equilibrium, favour the PRODUCT or
REACTANT.



CC12a/SC12a Dynamic Equilibrium 2
N,+3H,=2NH;

e Reactant =4 molecules
e Products = 2 molecules

Pressure and the Haber process

e |If you increased the pressure of the reaction the equilibrium would favour
the PRODUCTS (move to the right). This is because the particles are being
forced closer together and therefore more likely to react.

Temperature and the Haber process

e Asthe reaction is EXOTHERMIC it favours cooler conditions (it releases
energy into the surrounding environment).

 Anincrease in temperature would move the equilibrium to the left (favour
the reactants).

e Alow temperature would increase the yield but slow the rate of reaction.




CC12a/SC12a Dynamic Equilibrium 3

Optimal conditions are used to ensure that the maximum possible yield is
produced safely and at a sufficient rate to be economically viable.

Temperature — approx. 4500C
Pressure — 200atm (200 times atmospheric)
Catalyst — Iron catalyst

A catalyst increases the rate of reaction without ever being used in the
reaction. It works by lowering the activation energy for the reaction
(energy required for a successful collision)

If the temperature or pressure is too high then there can be safety
implications and too low will result in a lower yield.



CC12a/SC12a Dynamic Equilibrium Questions

What is happening when a reaction reaches ‘dynamic
equilibrium’?

What happens to the amount of ammonia after equilibrium is
reached in the Haber process?

Explain how pressure affects the yield in the Haber process.

Explain how a high and a low temperature affect the yield of
ammonia.

State the temperature of the Haber process.

State the atmospheres needed for the Haber process.
Name the catalyst used.

Explain the role of a catalyst.



CC13a/SC17a Group 1

The alkali metals are found in group 1 of the periodic table so they have 1 electron in their outer shell.
To gain a full outer shell they must lose their outer electron so they form ions with a charge of +1

The atoms in alkali metals are held together by metallic bonding and are solids at room temperature, but they
have low melting points compared to other metals.

10|52 3 4,5/ 6 7|0
Alkali metals are soft metals and be cut with a knife.
Li Be B C N O F Ne
Na Mg Al Si P S Cl Ar
K CaSc Ti V CrMnFe Co Ni CuZn Ga Ge As Se Br Kr
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd AgCd In Sn Sb Te | Xe
|€s Ba La Hf Ta W Re Os Ir Pt AuHg Tl Pb Bi Po At Rn

All alkali metals react with water to form a metal hydroxide and hydrogen gas:

lithium + water = lithium hydroxide + hydrogen
2Li (+ 2H,0 ;, =2 2LIOH ) + H, (g
Note: all metal hydroxides are alkaline I

Reactivity

If lithium is dropped in water, it just floats on the water and fizzes (that’s the hydrogen being produced) until the
reaction is finished. Sodium reacts more strongly with water. Sodium has a lower melting point and reaction
produces enough heat to melt the metal so a molten ball of sodium that whizzes around the surface of the water
(releasing hydrogen) until the reaction is finished.

Potassium reacts even more strongly and the hydrogen produced during the reaction catches fire, producing a
lilac flame so the reactivity of alkali metals increases as you go down group 1.The elements at the bottom of
group 1 have more electrons than the elements at the top of the group so they have more electron shells. The
electron in the outer shell is further from the nucleus The attraction between the nucleus and the outer electron
is weaker when charges are further apart..

— outer electron in a potassium atom (configuration: 2.8.8.1) is not held as strongly as the outer electron
in a lithium atom (configuration: 2.1) T\ o aveimes

hd
— Metals react by losing their outer electron, forming ions with a +1 charge and a «©
full outer shell
— Potassium loses its outer electron more easily and it’s more reactive




CC13a/SC17a Questions on Group 1

Explain why alkali metals become ions with a +1
charge.

Give two properties of alkali metals that are
similar to other metals and two properties that
are not typical.

Describe what you would see as you added
Lithium, Sodium then Potassium to water.

Explain these observations using the structure of
the metals.



CC13b&c/SC17b&c Group 7 and Halogen
Reactivity

Group 7 so have 7 electrons in their outer shell, to form a full outer shell they gain 1 electron, form
ions with a -1 charge.

At room temperature fluorine is a pale yellow gas, Chlorine is a yellow-green gas, Bromine is a brown
liquid, lodine is a grey solid.
Reactivity: less reactive as you go down group 7, because they react by gaining an electron - this is

easier with fewer electron shells (because outer electrons are closer to the nucleus), so fluorine is the
most reactive halogen

Halogens React With metals to form metal halides e.g. sodium + chlorine = sodium chloride
Chlorine=>’chloride’, fluorine=> ‘fluoride’, lodine—> ‘iodide’

Halogens React With hydrogen: react with hydrogen gas to form hydrogen halides (they form acids
when dissolved in water (when hydrogen chloride dissolves in water it forms hydrochloric acid))

Displacement reactions: more reactive halogens can ‘displace’ less reactive halogens from their
compounds. Less reactive halogens cannot ‘displace’ more reactive halogens from their compounds.

F most reactive
attracts electrons easily
Cl
Br
I
At least reactive
has great difficulty

attracting electrons
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CC13b&c/SC17b&c Group 7 and
Halogen Reactivity Questions

How many electrons do halogens have in their
outer shell?

What charge will the halide ion have?

As you go down group 7 what happens to the
reactivity. Explain why.

Give a word equation for a halogen reacting with
a metal and reacting with hydrogen.

What is a displacement reaction? What would
you see if the following reacted together?

Kl +Cl, 2



CC13d/SC17d Group O

Group 0 or 8 of the periodic table. They already have full outer shells,
compared to other elements so do not need to gain or lose electrons
so do not react — they are inert (very unreactive)

Properties: All are gases at room temperature, low boiling points,
increase down the group. Particles in a gas are spread far apart, low
densities, decreasing down the group

Discovery: Chemists noticed that the density of pure nitrogen made in
chemical reactions was less than the density of nitrogen extracted
from the air. Experiments were done to find the identity of this dense
gas —argon. The other noble gases were discovered soon after.

Uses: useful because unreactive. When electric current is passed
through a tube filled with neon under low pressure, coloured light is
produced - used in fluorescent lamps and advertising displays

12 3456 70

|H He
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CC13d/SC17d Questions on Group 0

What group are the noble gases?
Why are noble gases unreactive?
Name some properties of the noble gases.

Give a use for noble gases and explain why
they can be used in this way.



CC14a7b/SC18a&b RATES OF REACTION

The rate of a chemical reaction is the speed at which it takes place — or how fast reactants are used up and
products are made. In an explosion very fast chemical (exothermic) reactions release lots of heat energy and gas
in a short space of time. In the rusting of iron is a slow chemical reaction occurs.

Collision theory

For a reaction to occur, particles of the reactants must collide with each other and if particles collide more
frequently, rate of reaction will increase

Not all collisions lead to a reaction — particles must collide with enough energy to break the bonds in the
reactants. The more energy particles have, the greater the chance of ‘successful collisions’. The rate of reaction
will increase if there are more high-energy collisions between particles.

The effect of temperature

The higher the temperature of the reactants, the faster the reaction - e.g eggs cook faster in boiling water than
in warm water. As temperature is increased, particles have more energy, they move faster, they have a greater
chance of collision and when they do collide there is a greater chance of successful collisions.

Increase in temperature = increased rate of reaction
Sometimes we cool reactions to slow them down e.g some foods are put in a fridge to slow down chemical
reactions that make food go off.
The effect of concentration:

The higher the concentration of a reactant in a solution, the faster the reaction. The more concentrated a
solution, the more solute particles there are in a given volume therefore it is more likely that reactant particles
will collide with one another

Increase in temperature = increased rate of reaction

The effect of surface area:

The greater the surface area of a solid, the faster the rate of reaction. Increasing the surface area increases the
number of particles exposed on the surface (that can collide and react) more frequent collisions between
reactant particles and hence an increased rate of reaction.

To increase surface area, solids are crushed into lots of small pieces e.g. in power stations, coal is ground up into
a fine powder to help it burn faster



CC14a7b/SC18a&b Questions on Rates of

Reaction

What is the collision theory?
Do all particles that collide react?

What is the effect on the rate of reaction of increasing
temperature?

W

W
ca

W

nat is the effect on rate of increasing concentration?

nich has the biggest surface area — powdered
cium carbonate or lumps of calcium carbonate?

hat effect does decreasing the surface area have on

the rate of reaction?



CC14¢/SC18c Catalysts and activation energy

Catalysts are substances that speed up chemical reactions without being used up in the reactions (note:
they are neither reactants nor products)

Catalysts speed up chemical reactions by increasing the probability of successful collisions by providing
an alternative pathway for the reaction to occur - i.e when particles collide they don’t need as much
energy to react

Many chemical processes use catalysts to increase the rate at which products are generated which
means that reactions can be done at lower temperatures and pressures than they would otherwise so
less energy is used to heat the reactants and it saves money.

Catalytic converters

The combustion of petrol in car engines produces carbon monoxide (toxic) and unburned hydrocarbons.
Cars are now built with catalytic converters which help to combine carbon monoxide and unburned
petrol with oxygen from the air to form carbon dioxide and water vapour.

This reduces pollutants in exhaust gases. Catalytic converters contain the transition metals platinum,
rhodium or palladium (all very expensive), which act as catalysts. The catalysts have a high surface area
(‘honeycomb structure) so the rate at which carbon monoxide and unburned petrol react with oxygen
from the air to form carbon dioxide and water vapour is increased.

Catalytic converters work best at high temperatures (as particles collide more frequently and with more
energy). When a car engine is first started, a catalytic converter is cool and doesn’t work well. However,
the hot gases from the engine quickly heat it up.

Particulate

Hydrocarben — @ * lco| — Carbon Manoxide

Nitrogen — NOX
Oxide

@ — Water

@ — Carbon
DIESEL OXIDATION CATALYST Dioxide



CC14c/SC18c Questions on Catalysts and
activation energy

What is a catalyst?
How does it work?
Why does it save money?

What toxic gases are emitted from a car
exhaust?

What gases are these converted into?

Why does a large surface area (honeycomb
structure) increase the efficiency of a catalyst?



CC15a/SC19a Exothermic and

Exothermic reactions

endothermic reactions

In chemical reactions heat energy transfers between the reactants and the surroundings

e Exothermic reactions give out heat energy to the surrounding which is shown by the temperature
of the reaction mixture and its surroundings increasing.

e  Most reactions are exothermic. Examples of exothermic reactions include all combustion reactions
and explosions which release their heat energy quickly. e.g combustion of methane:

methane + oxygen = carbon dioxide + water

Endothermic reactions

e  Endothermic reactions take in heat energy from the surroundings so the temperature of the
reaction mixture and of the surroundings decreases

e Few chemical reactions are endothermic but examples of endothermic reactions are:
— Reaction of sodium hydrogencarbonate with hydrochloric acid (if you touch the test tube it
feels cold because heat energy is taken from your hand)
— Dissolving ammonium nitrate in water
— Photosynthesis (takes in heat energy from the sun)

Stored chemical energy

Endothermic Reaction

Products

Energy
absorbed

Reactants

Direction of reaction

Stored chemical energy

Exothermic Reaction

Reactants

Energy
released

Products

Direction of reaction


https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjnh8WfntHLAhXIJZoKHRdUDLIQjRwIBw&url=https://sites.google.com/a/maricopa.edu/genesis-de-la-rosa-m/home/chemistry&psig=AFQjCNFqmzdyoRZ5pNeC5lZsSLB2Vz7XjQ&ust=1458630935551115

CC15a/SC19a Questions on
Exothermic and endothermic reactions

e \What is an exothermic reaction?

 Draw the energy diagram for an exothermic
reaction?

e What will a thermometer do if it is in an
exothermic reaction?

* Give an example of an exothermic reaction.

e Now answer all the questions above for an
endothermic reaction.



CC15b/SC19b Energy changes in
reactions

In chemical reactions, bonds in the reactants are broken and new bonds are formed to make the
products.

Breaking bonds requires energy so it’s an endothermic process (+)
Making bonds releases energy so it’s an exothermic process (-)
In an exothermic reaction (-)
More heat energy is released making bonds (in the products) than is required to break
bonds (in the reactants) so the net result is that heat energy is released (-)

EI JERGY {c} doc by

:)OITS bonds
hroken made

endothermic
reactants overall
heat given out
to surroundings

products

EXOTHERMIC

course of reaction

In an endothermic reaction (+)

 More heat energy is required to break bonds (in the reactants) than is released making bonds
(in the products) so the net result is that heat energy is taken in (+)

* These energy changes can be shown using diagrams:

bonds
maile

broken exothermic  products
endothermic A overall
heat taken in
{ahzorbed)

bonds

ENERGY l

reactants

ENDOTHERMIC
course of reaction (¢} doc b



CC15b/SC19b Energy changes in
reactions Questions

Chloe says in exothermic reactions bonds are
formed. Is she correct?

Does Bond Breaking require energy to go in or be
taken out of the reaction?

Does Bond Making require energy to go in or be
taken out of the reaction?

If a reaction is overall exothermic and gives out
energy what does this tell you about the energy
released and absorbed during the bond making
and breaking process?



CC16a/SC20a Hydrocarbons in crude oil and
natural gas

QLEAN QCREAN
100-400 mdllian years ago 50-100 mifllan years ags

Crude oil and natural gas are fossil fuels found in some sedimentary e
Ty ada planes and sodmnsbs died Over milons of pears, Tha remaine  Teday, we drill dows through MByers
rocks deep underground "L‘ﬁ.’i‘.iﬁ-:_“.','“?.“, i i 1‘::::':..'%‘7.'.}'13}'.27’.;:::::’1':& L.?’.:Z'I.?.;EJC.?’:TT.T.‘IE’::.T.T..
° - laveers OF S0 drsd s, Lemesd them Inta Sil Al AR ol mnd gam depoaite
Formation of crude oil/natural gas
. When microscopic plants and animals in the sea die, their remains fall to the bottom of the sea
. Over millions of years, their remains are buried by sediments, stopping entry of oxygen and preventing their decay

. As more sediments build up on top of the remains, the heat and pressure increases and crude oil or natural gas are gradually

N
Composition of crude oil H — C_C_ C _ C_ C_C — C_ H
A hydrocarbon is a compound that contains only carbon and hydrogen atoms. I I I I I | I
Hydrocarbons with many carbon atoms are said to have ‘long’ carbon chains. H H H H H H H

Hydrocarbons with few carbon atoms are said to have ‘short’ carbon chains.

Crude oil is a mixture of different hydrocarbon molecules (i.e some with long carbon chains and others with short carbon chains). Crude oil can
also contain some impurities like sulphur.

Crude oil is a non-renewable resource:

The rate at which we are using crude oil is much greater than that at which it is being formed underground. At the present rate of
consumption, the supply of crude oil is estimated to run out in the next 40 to 50 years

Currently most oil is obtained from drilling wells, but as demand for oil increases, surface mining of oil sands (which contain aver half of the
world’s remaining reserves of oil) will increase. ng g

o But is it economic to mine these sands? L

‘ QY ¢
* Isit worth the damage to habitats? (3 ' .

Non-Renewable Energy



CC16a/SC20a Hydrocarbons in crude oil
and natural gas questions

Describe how crude oil is formed.

Which two elements are found in a
nydrocarbon?

s crude oil renewable or non-renewable?

Draw the hydrocarbon that has 7 carbons and
16 Hydrogen atoms.



CC16b/SC20b Fractional distillation of crude oil

=—+ Refinery Gas C, - C,

Gasoline/Petrol
C-Cy

Naphtha
(N i (H

Fractional distillation
e The mixture of hydrocarbons in crude oil needs to be
separated into simpler mixtures (called ‘fractions’) in a |
process called fractional distillation. e
 The mixture of liquids is boiled in a fractional distillation
tower and the vapour from it is condensed. W Sl o

 The fractional distillation tower is hot at the bottom and cooler near the top.

» Different liquids condense at different temperatures so separates the mixture into
smaller fractions of crude oil (bitumen, kerosene, petrol, diesel oil).
e Fractions with short carbon chains (e.g. gases):

e lgnite (set alight) easily, have low boiling points and have low viscosity (they are runny) when
in liquid form and condense at the top of the fractionating column

e Fractions with long carbon chains (up to 40 carbons e.g bitumen):

Have much higher boiling points, are harder to ignite and have high viscosity (they are thick and
sticky) when in liquid form and condense at the bottom of the fractionating column

e Order of fractions according to carbon chain length (from shortest to longest):

Kerosine

C 0” CI\
Diesel Oil
CmCy
Lubricating Oil

CIE ” C'Jl

Fuel Oil

C:q cvc

Fraction Length of molecule Ease of ignition Boiling point Viscosity
935€s short carbon chains easy low (< 0°C) runny
petrol (only a few carbon atoms)

kerosene

diesel oil l l 1 l

fuel ol long carbon chains

bitumen (up to 40 Carbon atoms) difficult high (> 350°C) | thick and sticky
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CC16b/SC20b Fractional distillation of
crude oil questions

e What are fractions of crude oil?

e |s it hotter at the top or bottom of the
fractionating column?

Do shorter chains travel to the top of the
column or the bottom?

e Describe the properties of shorter chain
alkanes?

e Describe the properties of longer chain
alkanes?



CC16b/SC20b Fractional distillation of
crude oil 2

The different fractions of crude oil have different properties so
have different uses.

e Gases (e.g methane): fuel for vehicles, bottled gas for
camping stoves, heating and cooking in homes

e Petrol: fuel for cars el

Small Molecules

e Kerosene: fuel for aircraft TYT%W /’:ﬁ;ﬁ\; =T
e Diesel oil: fuel for diesel engines l S Ao
(some cars, lorries, trains) gy
* Fuel oil: fuel for large ships and B X
some power stations, fuel for | m:g
heating. = o w
e Bitumen: making roads, waterproofing .Vfi
flat roofs Reng”

Fractioning Column
Copyright © 2009 science-resources.co, ul ke
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CC16b/SC20b Fractional distillation of
crude oil questions 2

Give a use of:
 (Gases

e Petrol

* Kerosene
e Diesel Oil

e Fuel Oil

e Bitumen




CC16¢c/SC20c The alkane homologous
series

Carbon is in group 4 of the periodic table which means it has four electrons in the outer shell so
needs four more to gain a full shell. This means each carbon forms four bonds with other atoms (either 4

single bonds, or 2 single bonds and a double bond). &

Hydrogen is in group 1 so forms just one bond with other atoms.

Alkanes

In an alkane molecule, each carbon is bonded to four other atoms with single bonds (see diagrams
below).

Hydrocarbons with single carbon-carbon (C-C) bonds are referred to as ‘saturated’.

Alkanes are known as saturated hydrocarbons (‘saturated’ because they can’t form bonds with any more
atoms). Alkanes follow the general formula:

CnH2n+2
H
| | ] oy
H—T—H H—G— C —H H—?—[}:—(l:—H
H | l HHH

Methane (CH, ) is the simplest alkane, with one carbon atom joined to four hydrogen atoms
Ethane (C,H¢) has two carbon atoms
Propane (C;Hg ) has three carbon atoms.

|O
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CC16¢c/SC20c The alkane homologous
series questions

 What group is carbon in? How many electrons
does it have in its outer shell? How many
bonds does it try to form?

 What is the general formula for an alkane?
What would the formula of hexane be if it
contains 6 carbon atoms?

e What does saturated mean?
 Draw the displayed formula for octane.



CC16¢c/SC20c The alkane homologous
series 2

A HOMOLOGOUS series is a series of compounds that have the same general
formula and similar chemical properties but have variation in boiling points.

 Alkanes — a hydrocarbon -
containing only | ol

C-C bonds.
e Alkenes —a hydrocarbon | |
containing at least one | ' __ '
C=C bond. H | H#H |
e Alcohol —a hydrocarbon
containing at least one —
O-H group. ® D @

@
EL

H methanol, CH;OH  H) H ethanol,C;H;OH
H ®& ©

(H H)

H @ @ propanol, C3H;OH




CC16¢c/SC20c The alkane homologous

series 2
Define the term homologous. 2 o
Describe the type of bonds in an alkane. Gj

Describe the bonds in an alkene.

State the group found in alcohols.
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CC16d/SC20d Complete and Incomplete Combustion

When hydrocarbon fuels burn they react with oxygen and release heat and light energy. This is an oxidation reaction called combustion. When enough oxygen
is present, all the hydrocarbon is used up and the only products are carbon dioxide and water. This is known as ’complete combustion’

e.g combustion of methane (the main gas in natural gas): . -
Methane + oxygen = carbon dioxide + water To pump
Balanced equation:  CH, + 20, - CO, + 2H,0 -
~Funns

Coball

chloride i
'Taa light" ar Diper
mght light'

Detecting products of a complete combustion reaction:

Anhydrous copper sulphate turns blue when it comes into contact with water and Limewater turns cloudy when carbon dioxide is bubbled through it. So when
hydrocarbons are burnt fully in air (i.e when complete combustion occurs), anhydrous copper sulphate turns blue and limewater turns cloudy

INCOMPLETE COMBUSTION

Sometimes a burning fuel may not have enough oxygen. In this case, ‘incomplete combustion’ occurs which means there isn’t enough oxygen for all the
carbon atoms to form carbon dioxide (as each carbon must combine with 2 oxygen atoms) and some of the carbon may form carbon monoxide (CO — 1 carbon
combines with 1 oxygen atom) and/or solid particles of carbon (C — no oxygen combined with carbon atom).

2 possible reactions occur when hydrocarbon fuels burn without enough oxygen.

e.g with methane:
Methane + oxygen ->carbon monoxide + water less oxygen
Methane + oxygen > carbon + water very little oxygen

Bunsen burners and combustion
When the air hole of a Bunsen burner is open, complete combustion occurs and the flame is blue so is often called a ‘clean’ flame.

When the air hole of a Bunsen burner is closed there isn’t enough oxygen so incomplete combustion occurs and flame is yellow. The yellow colour is caused by
the hot carbon particles (soot) glowing.

Carbon monoxide problems
Carbon monoxide is an odourless, colourless toxic gas andilt reduces the amount of oxygen that can be transported around the body in the blood.

Faulty gas boilers (in which oxygen flow is restricted) and fires produce carbon monoxide and this can lead to death by carbon monoxide poisoning so it is
essential that all fuel-burning appliances must be serviced regularly and homes should be fitted with carbon monoxide detectors.

Soot (carbon) problems

. Soot produced in appliances such as boilers can clog up pipes carrying waste gases away
. Soot is also produced by vehicles. Breathing in sooty air can lead to lung disease

. Soot also leaves black marks on buildings/walls




CC16d/SC20d Questions on Complete and
Incomplete Combustion

When a hydrocarbon combusts completely what are the
two products formed?

Which tests will prove that the above products have
been formed?

During incomplete combustion which gas is less
abundant than during complete combustion?

What are the products of incomplete combustion when
there is a little less oxygen and when there is a lot less
oxygen?

Which of the products is dangerous?

How does a Bunsen burner demonstrate incomplete
and complete combustion and how are the flame
colours linked to the type of combustion?



CC16e/SC20e Combustible fuels and
pollution

Discovering the problem

In the 1970s, the numbers of fish caught in lakes and rivers in southern Norway started to decrease and
Scientists noticed that these lakes and rivers were much more acidic than those in other parts of the
country that still had healthy fish.

Looking at weather patterns, scientists concluded that pollution from factories and power stations in
Europe was being carried in the atmosphere, making the rainfall (more) acidic and this acid rain was
killing the fish.

Causes of acid rain
Acid rain is rain that is more acidic than usual (has a pH of less than 5.2)

Hydrocarbon fuels contain sulphur impurities so when fuels are burnt, the sulphur reacts with the
oxygen from the air to form sulphur dioxide gas. Sulphur dioxide dissolves in rainwater and lowers its

pH, forming acid rain. Nitrogen oxides from cars are also released into the air. g
©Peso i gsuﬁfﬁrg:n:c,id((H,SOO!zJ'-
q &
Effects of acid rain o] &?
Makes rivers, lakes and soils acidic and harms organisms that live there. e
e Damages trees e i

e Speeds up the weathering of buildings/statues made of limestone or marble and
the corrosion of metal

Solutions to problem of acid rain:

*  Reducing amount of sulphur in petrol, diesel and fuel oil

 Removing acidic gases from power station emissions (by neutralising them with a basic (alkaline)
compound such as calcium carbonate)
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CC16e/SC20e Combustible fuels and
pollution questions

What did Norwegian Scientists notice about

the lakes in Norway?

How did they explain what they had
observed?

How does acid rain form?
State two effects of acid rain.

Give details of two methods that are being
used to solve the problem of acid rain.



CC16f/SC20f Breaking down
hydrocarbons

Longer hydrocarbons can be broken down by heat (‘thermally decomposed’) into more useful shorter
hydrocarbons by a process called cracking. In most cases, a long chain alkane is thermally decomposed
into a shorter chain alkane and an alkene.

Note: there are still the same numbers of carbon and hydrogen atoms before and after cracking

Long Hydrocarbon

Ethene Alkane

Shorter chain alkanes produced in cracking are used as fuels (e.g petrol). Most of the short chain alkenes
produced in cracking are used for making plastics. Ethene is also used for ripening fruit

Why is cracking needed?
*  When crude oil is separated by fractional distillation, some fractions are present in greater amounts
than others (e.g more fuel oil is present than petrol or diesel).

e The shorter fractions in crude oil (petrol, diesel) are in greater demand than the longer fractions
(fuel oil, bitumen). To make supply meet demand, oil companies use cracking to break down longer
molecules into more useful shorter molecules



CC16f/SC20f Breaking down
hydrocarbons questions

What happens during cracking?

Why is this also known as a thermal
decomposition?

If C,,H, is cracked give 6 possible products
that might form.

What are the alkenes that are made used for?

How is cracking related to supply and
demand?



CC17a/SC21a THE EARLY ATMOSPHERE

The Young Earth

Evolution of life on Earth has caused the Earth’s atmosphere to change. When looking for clues into the
composition of the Earth’s early atmosphere, scientists study planets and moons (whose atmosphere
has not changed for millions of years). In particular, scientists study volcanoes because they release lots
of gases

Conflicting evidence

The atmospheres of Mars and Venus are mainly carbon dioxide. The atmosphere of Titan, one of
Saturn’s moons, is 98% nitrogen.

Space probes have shown that Titan has an icy interior rather than a rocky one (like Earth, Mars and
Venus) which makes it more likely that the Earth’s early atmosphere resembled that of Mars or Venus
(i.e that it contained lots of carbon dioxide).

Oxygen
It’s known what there was little or no oxygen in the Earth’s early atmosphere
Evidence

The young Earth had lots of active volcanoes releasing ammonia (NH;) and water. Volcanoes don't
release oxygen. Iron compounds found in the Earth’s oldest rocks could only form in the absence of
oxygen.

The Earth’s early atmosphere is generally considered to have lots of carbon dioxide and little oxygen.
It also contained water vapour and other gases (e.g methane and ammonia).
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CC17a/SC21a Questions on the Early
Atmosphere

Where do scientists look for clues about the
Earth’s early atmosphere?

What fact has made scientists think that the
Earth’s early atmosphere was not the same as
Titan’s?

How much oxygen was there in the Earth’s
early atmosphere?

Where did the ammonia (NH,)come from in
the Earth’s early atmosphere?



CC17b/SC21b The Changing
Atmosphere y <

e
The Oceans LeChac i
As the Earth became older, it cooled, and the water vapour in the
atmosphere condensed into liquid water, forming the oceans.

1. Carbon dioxide dissolves in the oceans

2. Some marine organisms (e.g. coral) use carbon dioxide to make

shells of calcium carbonate (over time these formed sedimentary
rocks)

These mechanisms reduced the amount of carbon dioxide in the
atmosphere.

Photosynthesis

 Around 1 billion years ago some organisms developed the ability to
photosynthesise which involves taking in carbon dioxide and
releasing oxygen into the atmosphere.

e Qver time, more and more photosynthesising organisms evolved
(e.g. plants) which further reduced the levels of carbon dioxide in the
atmosphere and increased levels of oxygen in the atmosphere.

_ —_light energy . )
6C0O, # 6H,0 —np-C, H O, 60,
chlorophyll -




CC17b/SC21b Questions on the Changing
Atmosphere

How did the oceans form?
Name the gas that dissolved in the oceans.
What did marine organisms do with this gas?

Which process started happening about a billion
years ago?

What effect did this process have on the early
atmosphere?

Write down the symbol equation for
photosynthesis.



CC17c/SC21c THE ATMOSPHERE
TODAY

The composition of the atmosphere

Nitrogen: 78%.

oxygen: 21%.

argon: 0.9%.

carbon dioxide: 0.04%

water vapour — variable from day to day so not included

There are also traces of other gases in the atmosphere e.g. nitrogen oxides, carbon monoxide, methane and sulphur
dioxide. The amounts of these gases in the atmosphere can vary as they can be changed by natural causes or by human

activities. |

Natural causes

Volcanoes release carbon dioxide and sulphur dioxide

Lightning can produce nitrogen oxide

Human Activities

Deforestation: removal of trees so less photosynthesis and more carbon dioxide in the atmosphere.
Burning fossil fuels increases the amounts of carbon dioxide, carbon monoxide and sulphur dioxide in the
atmosphere (harmful!)

Engines and furnaces release nitrogen oxides

Cattle and rice fields release large quantities of methane

Formation of nitrogen

Theory 1: volcanoes released nitrogen when the Earth was young (i.e. the early Earth’s atmosphere already contained
lots of nitrogen and resembled Titan’s atmosphere. *As discussed previously, this theory is less likely*

Theory 2: nitrogen was added to the atmosphere gradually due to the reactions of nitrogen-containing compounds
released from volcanoes



CC17c¢/SC21c The Atmosphere Today

Questions
Which gas is most abundant in today’s
atmosphere?

The amount of which gases are affected by
volcanic activity?

Give two human activities which affect the
amount of gases in the air.

How did the amount of nitrogen in the air
increase to the levels it is now?



CC17c¢/SC21c THE ATMOSPHERE TODAY 2

The Sun radiates energy which is either reflected back into space (by clouds,
atmosphere and Earth’s surface) or absorbed (by clouds, greenhouse gases in the
atmosphere and Earth’s surface).

The energy that is absorbed by the Earth’s surface is re-radiated as infrared radiation, which can
heat up the atmosphere.

For the Earth’s temperature to stay the same, the energy per second absorbed by the Earth and its
atmosphere must equal the energy per second radiated.

Effects of greenhouse gases on the Earth’s energy balance

Greenhouse gases (such as carbon dioxide) trap heat energy so more is absorbed in the
atmosphere and less is radiated back into space. This causes the temperature of the

Earth to increase (global warming). To decrease the temperature of the Earth we would
have to actively remove greenhouse gases from the atmosphere.

Strategies to stop the Earth’s temperature rising
To reduce the Earth’s temperature, we must reduce the amount of

Sunlight that is absorbed by the Earth and its atmosphere. We can do this by increasing
the amount of Sunlight that is reflected .

Possible strategies: Place huge white screens in space, about 2000km along each side
or Float millions of white ping pong balls on ocean surfaces.



CC17c¢/SC21c THE ATMOSPHERE TODAY 2
guestions

How does the Sun’s energy get reflected back into
space?
Name three ways the sun’s energy is absorbed.

If the Earth’s temperature is to stay the same
then what must happen?

Name a greenhouse gas and explain how it
contributes to global warming.

Suggest a possible strategy to reduce global
warming.



CC17d/SC21d CLIMATE CHANGE

Some gases in the atmosphere, such as carbon dioxide, methane and water vapour, trap heat energy and help
keep the Earth warm and this is known as the greenhouse effect and these global warming gases are referred
to as ‘greenhouse gases’.

Over the last 200 years there has been a dramatic increase in the levels of these greenhouse gases in the
atmosphere, particularly CO, which has led to the global warming effect. Global warming effect is an increase
in temperature and is likely to change weather patterns, causing climate change (also, the rising sea levels
caused by melting ice caps mean flooding is an ever increasing danger to low-lying places).

The concentration of gases in the atmosphere (and the Earth’s temperature) can change

due to natural processes however, most scientists believe that the large increases in the

levels of greenhouse gases in the atmosphere are due to human activities. The dramatic increase in CO,
concentration in the atmosphere is thought to be due to more burning of fossil fuels and the increase in
methane levels is thought to be due to increased large-scale farming.

Reducing the amount of carbon dioxide

One way of reducing the amount of carbon dioxide being added to the atmosphere is by limiting the use of
fossil fuels. Chemists are currently investigating two further methods to actively reduce the level of carbon
dioxide in the atmosphere.

1. Adding iron compounds to oceans —known as iron seeding -Iron is an essential nutrient for plants and is
often in short supply so by adding iron encourages plants to grow. Plants use carbon dioxide for
photosynthesis and when they die, the plants sink to the ocean floor and the carbonate in their shells is
buried so carbon is removed from the atmosphere for a long time.

2. Converting carbon dioxide into hydrocarbons. The idea is to capture carbon dioxide from fossil-fuelled
power stations and reacting it to make hydrocarbon compounds such as propane and butane.



CC17d/SC21d CLIMATE CHANGE questions

e Name three greenhouse gases.
e How do these gases lead to global warming?

 Which of these gases has increased the most
over the last 200 years? How has this
nappened?

* How does global warming affect cold, icy
nabitats?

e Give two ways of reducing the amount of
carbon dioxide in the air.
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