- The smallest part of an Hawe a radius of around 0.1 . ) Before the discovery of the ‘ C 1
element that can exist nanometres and have no charge {0). Pre 1900 Tiny solid spheres that electron, John Dalton said the
could not be divided solid sphere made up the different
'E W . Around 100 different elements 2ach elements.
.m 2 Contains anly one type of -
4w 5 / Element atom one is representad by a symbol 2.g. O, uTh X _ t
EE D Na, Br. 1897 A ball of positive charge ompson 5 EXperments
S o o . . showed that showead that an atom
Z E E ‘plum with negative electrons . I i
3 S Compound Two or more elements Compounds can only be separated pudding’ embedded in it must contain small negative
@ po chemically combined into elements by chemical reactions. charges (discovery of electrons).
T : I| 1909 Fe? A Positively charge nucleus Ernest Rl._.l‘thEI'fDrd_S alpha particle
F N Central nucleus Contains protons and neutrons | nudear | ® @ = | of the centre surrounded scattering experiment showed
/ |I odel 3 &/ ti lectr that the mass was concentrated at
s @ ~*—| Electronshells Contains electrons | mode S negative electrons the centre of the atom.
W o {
\, i £, | L _
. o — Miels Bohr proposed that electrons
—m— ‘\ Electronic | Max number of '| 1913 dd'@-' 2 Electrons orbited irF'l:lﬁ:Ead shells: this was
shell electrons |I Bohr L rl orbit the nucleus at subported by ex erirmental
1 1 u N, o e .
Mame of Relative Relative E S| | model Nyt specific distances PP . ¥ t_F'
Particle Charge Mass 1 2 S 3 \ ohservations.
=" 4+ |
oo |
Proton + - 2 8 = 2\ The developmentof || James Provided the evidence to
MNeutron 0 1 3 8 \II the model of the atom Chadwick show the existence of neutrons within the nucleus
Electron -1 Very small —
— i) 4 ? \ = | o0 A beam of alpha particles are
== AQA Trilogy ".\ = directed at a very thin gold foil Most of the alpha particles
Relative electrical charges of subatomic particles —__ V| 8 ” s T passed right through.
—— i \| 8 4 A few (+) alpha particles were
— | C1: Atomic Structure - Xe = - "
Mass The sum of the protons and neutrons in the L % = T N | deflected by the positive
71| umber nucleus & The Periodic Table 5 a ——) . nucleus.
Li @ 5 —"‘-.-;”_________________+ A tiny number of particles
3 Atomic The number of Mumber of electrons = - 3 reflected bhack from the
*T—| number protons in the atom number of protons 2 nucleus.
Mixtures Two or more elements or compounds Can be separated by Chemical Show chemical reactions - need Law of conservation of mass states
not chemically combined together physical processes. eauations reactant(s) and product(s] energy the total mass of products = the
- q always involves and energy change total mass of reactants.
. I
Method Description Example -
| — Uses words to show reaction Does not show what is
Filtration Separating an r;i:m!dufbfe solid To get s;znd flrom ; mixture of || equa'c::zons reactants = products happening to the atoms or the
from a liquic sand, salt and water. I|I magnesium + oxygen = magnesium oxide number of atoms.
- To separate a solid from a To obtain pure crystals of sodium ! .
Crystallisation . _ | Uses symbols to show reaction
'y solution chloride from salt water. \ symbol €s sy Shows the Pumber of a_tomS and
; | | equations reactants = products molecules in the reaction, these
simple distillation To Stpﬂmr:ﬂi;?o:?m froma To get pure water from salt water. \ 2Mg + 0, 2> 2Mg0 need to be balanced.
i
Fractional Separating a mixture of liguids To separate the different E Atoms of the same element 35Cl (75%) and 37Cl (25%)
distillation each with different boiling points compounds in crude oil. g E with the same number of Relative abundance =
Separating substances that mave & 2 [—| Isotopes rotons and different (%6 isotope 1 x mass isotope 1) + (% isotope
—— ) To separate out the dyes in food o E p 2 x mass isotope 2) + 100
Chromatography at different rates through a louri @ o numbers of neutrons P .
medium rolourng. = e.g. (25 x 37) + (75x 35) + 100 = 35.5




9 . ~ Alkali metals
.u\—’”’

Halogens Noble gases Elements e Elements in the same group have the c1
. . Elements with similar
! arranged in ) . o same number of outer shell electrons and
1.7 3 4 5 7 0 . properties are in columns i .
. order of atomic called arouns elements in the same period (row) have
H Transition metals He number group the same number of electron shells.
Li | Be | F [Ne
[ | | | §
MNa|Mg| | 5| Cl|Ar . - 2 o -E @ Early periodic tables were incomplets,
Klcalsc| Til v |criMnlFelCo| NilCulZn |GalGe Br| Kr The Periodic B ‘E g g Elements arranged in order some elements were placed in
table - E of atomic weight inappropriate groups if the strict order
g o g pprop group
Rb 5r Y £r Nb Mol| Tc | Ru Rh Pd Ag Cd In | Sn S-b Xe T I-E "E ; o atomic WE‘igth was followed.
]
Cs|Ba|La|Hf| Ta|W |Re|Os| Ir | Pt [Au|Hg| Tl |Pb | Bi | Po = @
T
Fr|Ra|Ac|Rf|Db|Sg|Bh|Hs|Mt| 2 | ? | ? 1|I E_ o / E Elements with properties predicte_d by
- o a =2 Mendeleev were discovered and filled
Metals to the left of this line, non - v 3 = Left gaps for elements that - -
. = 3 . . ] in the gaps. Knowledge of isotopes
L metals to the right il c hadn’t been discovered yet ) )
To the left of Form positive ions. a8 3 explained why order based on atomic
- Conductors, high melting and ; = weights was not always corract.
Metals the Periodic i : i Metals and
table boiling points, ductile, ‘._,-"‘"'f eal . .
malleable. non metals “ Very reactive with Only have one electron in their outer
. — oxygen, water and .
Non To the right of Form negative ions. Insulators, = . S g chlorine shell. Form +1 fons.
metals the periodic low mEItE}n and bcu-ilin Dints’ 3 ™ AQA Trllogy B &
table g EP : G G T e e Negative outer electron is further
) Reactivity increases f th iti | -
e C1: Atomic Structure = down the group away from the positive nucleus so is
. . . . . .. i maore easily lost,
Consist of molecules made of a pair Have seven electrons in their & The Periodic Table J
of atoms outer shell. Form -1 ions.
% Melting and boiling points increase — with Forms a metal Metal + oxygen > e.g.4Na+0, >
5 down the group {gas = liquid = Increasing atomic mass number. Group O Dcysen oxide metal oxide 2Na,0
z solid)
- Forms a metal Metal + water =
; With - ) e.g. 2Na + 2H,0 >
Reactivity decreases down the group Inch_;asmg proton numb_;armgan; hJ AT hydroxide and metal hydroxide + INa0H + :I
an electron is more easily gaine hydrogen hydrogen 2
= Metal + halogen 2 metal met:IE.toNricllc:ses . Thiiig _due With Forms a metal Metal + chlorine = e.g. 2MNa +Cl; >
g Forms a metal halide outer shell electrons ;.l'mem r"”_e’ :0” aving chlorine chloride metal chloride 2Nacl
£ halide e.g. Sodium + chlarine = . o not form ull outer
= : - and halogen gains an molecules shells of
= sodium chloride
outer shell elactron electrons.
A
c Hydrogen + halogen = g
= % Forms a hydrogen hydrogen halide e Ol + H. = 240 %
=5 halide e.g. Hydrogen + bromine B Mt °
E = hydrogan bromide Boiling
it | i
S m A more reactive Jpo..ln ° nu:reas_lng
g5 = halogen will Chlorine + potassium fnerease atomic
2c o . . : P i a.g. Cl, +2KBr =2KCl down the number.
o o & displace the less bromide = potassium )
2= . - . + Br, group
£§32 ¢ reactive halogen chloride + bromine
= ] from the salt




Electrons are transferred so

that all atoms have a noble

gas configuration (full outer
shells).

become positively charged ions

Group 1 metals form +1 ions
Group 2 metals form +2 ions

MNon metals atoms gain electrons to
become negatively charged ions

Group &6 non metals form -2 ions
Group 7 non metals form -1 ions

~\

W E w Particles are oppositel Occurs in compounds formed ] CZ
E . PP y from metals combined with . Saial, (HT only)
2 charged ions Melting and SEsEiasEs N . .
non metals. . =iaiaiais Limitations of simple model:
. freezing happen at meNsHaEsn .
£ Occurs in most non metallic ?uh-d' melting point * Thereare no forces in the 5 solid
& Particles are atoms that . liquid, boiling and model
[ y irs of electrons elements and in compounds of gas ng The amount of energy needed |, particles are shown as
share pairs of efe non metals. condensing happen for a state change depends on
- spheres
at boiling point. the strength of forces between h lid I liquid
& Particles are atoms which ) . particles in the substance. * Spheres are soli
= ) . Occurs in metallic elements
-g share delocalised and alloys
= electrons ) '\ —
= i ) Delocalised electrons g gas
@ Good conductors .
) ) . o E lectricit carry electrical charge
High melting and boiling Large amounts of energy needed to O b *'E“ of electricity through the metal.
points break the bonds. g g £ o High melting This is due to the
: Q " apa -
g a = @ Pt Good conductors Energy is transhlarred by and blon'.lng strong metallic
O w 8 = the delocalised points bonds.
— g = ] of thermal energy lact
Do not conduct electricity lons are held in a fixed position in 5 £ * electrons. Atoms are arraneed
when solid the lattice and cannot move. ™~ o 2 — % Pure metals in lavers that cagn
tE can be bent slid\; over each
28 AQA Trllogy Metals as conductors and shaped
o —— other.
Do conduct electricity Lattice breaks apart and the ions a Cc2: Bonding Structure
when molten or dissolved are free to move. .| : e - §-
& The Properties of o =
- Mixture of two or | Harder than pure metals because
Matter = = e elements at t f different sizes disrupt
] : e 5 & [ alloys more elements a atoms of different sizes disrup
lonic bonding o least one of the layers so they cannot slide
O T ik
‘L s & which is a metal over each other.
=
Metal atoms lose electrons and

Metallic

bonding
CLCLL
CeCLl

Alloy

-

AN

LIEE L Na '/::T\' = na +— lonic compounds

Cross B K‘ 1} o
diagram \'

22 jzz7) |28 |2 2.8
= Held together by strong
electrostatic forces of
Giant attraction between oppositely
Structure
structure charged ions
= Forces act in all directions in
the lattice

Giant structure
of atoms
arranged in a
regular pattern

I.'lalnr.alstd electrons

080006
©00.004%
000000

Mela ions

Electrons in the outer shell
of metal atoms are
delocalised and free to
maove through the whole
structure. This sharing of
electrons leads to strong
metallic bonds.




The sum of the relative
atomic masses of the

atoms in the numbers
shown in the formula

The sum of the M,_of the
reactants in the quantities
shown equals the sum of
the M, of the products in
the guantities shown.

zTg + Ciz = 2MgO
48g + 32g = 8B0g

80g = 80g

The reactant that is
completely used up

Limits the amount of
product that is made

C3

Less moles of product
are made.

e e Whenever a 1. Calculate the mean
Mass appears to — E measurement is Can determine 2. Calculate the range
= = ’ { . . . ) = = i ] r o,
- One fol‘ﬁe reactants Magnesium + oxygen - magnesium oxide o 3 3 taken, there is whether thel' mean of t_he results
reaction is a gas g 2 -'5*_ =L always some value falls within the | 3. Estimate of
o E' [ 2 ; uncertainty range of uncertainty uncertainty in mean
Mass appears to One of the products = F o o about the result of the result would be half the
decrease during a is a gas and has Calcium carbonate 2 carbon dioxide + calcium oxide _.g 5 5 c obtained range
reaction escaped - £ 2 3 ey
— o & ﬁ Example:
Mass changes when a reactant or product is a gas n Concentration of 1. Mean “aILfE is 46.55
y > solutions 2. Range of results is 44s to 495 =5s
i 3. Time taken was 46.55 +2.5s
. No atoms are lost or AQA Trllogy /
Conservation made during a Mass of the products equals . HT only
of mass = e the mass of the reactants. C3: Quantitative Chemistrv L= et T Greater mass = higher
chemical reaction mass per given | Conc. = mass (g) .
'l concentration.
volume of volume {dm?3)
3 . Greater volume = lower
w0 o w solution (g/dm?3) .
Represent H; + Cl;, = 2HCI = = £ in o 5 concentration.
- hemical o = =B | B=
5 chemica 7 ® oo = = - o B
. ey . . - = (=]
= reactions and Subscript MNormal script 2 7= ™ s o = ° = . . .
= E have the same = 2 = il = 2 3 E @ The balancing numbers in a Convert the masses in grams to
§ number of subscript numbers show the number of el E‘ -4 = :_|3| Ei ] 7 oo z symbol equation can be amounts in moles and convert
E g atoms of each atoms of the element to its left. 2 @ 9 ) S 5 = g E calculated from the masses of the number of moles to simple
o element on both 3 3 = = = reactants and products wheole number ratios.
= sides of the Mormal script numbers show the number of g2 =
. —
equation molecules.

If you have a 60g of Mg, what mass of
HCl do you need to convert it to MgCl,?

Chemical amounts are One mole of H,0 =18g (1 + 1 + 16)
measured in moles

(mol)

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

+

A Mg =24 so mass of 1 mole of Mg =
24g

M, : HCl (1 + 35.5) 50 mass of 1 mole of
HCl = 36.5g

One mole of Mg = 24g

Mg + 2HCl = Mgcl, + H
. 6.02 x 102 per mole g gtz +7z
One mole of any substance will

contain the same number of particles,

atoms, molecules or ions.

One mole of magnesium reacts
with two moles of hydrochloric
acid to make one mole of
magnesium chloride and one
mole of hydrogen

One mole of H,O will contain 6.02 x 102 molecules 50 60g of Mg is 60/24 = 2.5 moles

One mole of NaCl will contain 6.02 x 102 Na* ions

!

How many moles of sulfuric acid molecules are there in
4.7g of sulfuric acid (H,50,)7
Give your answer to 1 significant figure.

Avogadro
constant

Balanced symbol equation tells us that
for every one mole of Mg, you need
two moles of HCl to react with it.

Number of moles = mass {g) or mass {q)
A, M,

-

So you need 2.5x2 = 5 moles of HCI

reacting and the number of moles made

Chemical equations show the number of moles

4.7 = 0.05 mol You will need 5 x 36.5g of HCl= 182.5g

a8 =

(M, of H,50,)




High atom economy is
important or sustainable
development and economic
reasons

A measure of the amount | Atom economy = Relative formula mass of desired product from equation  x 100
of starting materials that sum of relative formula mass of all reactants from equation

end up as useful products

Calculate the atom economy for making hydrogen
by reacting zinc with hydrochloric acid:

Zn + 2HCl = ZnCl, + H,

M, ofH, =1+1=2
M of ZIn + 2ZHCI =65+ 1+ 1+ 355+ 355=138

Atom economy = 275, = 100

?
Awouoda woyy

=2/, %100 = 1.45% ad
X AQA Trilogy
This method is unlikely to be chosen as it has a C3: Quantitative
low atom economy. q
L Chemistry
HT only: L 4
200g of calcium carbonate is heated. It decomposes to make calcium oxide -
and carbon dioxide. Calculate the theoretical mass of colcium oxide made. @
(=]
1]
CaCo, > Ca0 + €0, =
M, of CaCO; =40+ 12 + (16x3) = 100 N o
M, of Cald =40+16=756 .
100g of CaCO; would make 56 g of Ca0 o
So 200g would make 112g o
e
The reaction may not go to completion because itis
amount of f ! some of the product may be lost when it is separated
the calculated . .
product from the reaction mixture.
obtained amount of a
product Some of the reactants may react in ways different to
the expected reaction.
’

A piece of sodium metal is heated in

chlorine gas. A maximum theoretical

mass of 10g for sodium chloride was

% Yield = Mass of product made x 100 calculated, but the actual yield was
Max. theoretical mass only 8g.

Calculate the percentage yield.

Percentage yield is
comparing the
amount of product
obtained as a
percentage of the
maximum

theoretical amount Percentage yield = 8/10 x 100 =80%




HT OMNLY: Reactions between metals and acids are redox reactions as the metal donates
electrons to the hydrogen ions. This displaces hydrogen as a gas while the metal ions are
left in the solution.

Oxidation |s Loss (of electrons) Reduction |s Gain (of electrons)

C4

e

lonic half equations (HT only)

— Real:_tlons metal + acid > metal salt magnesium + hydrochloric acid 2 magnesium chloride + hydrogen
ple: with
he ioni ion for th . . + hydrogen . — .
The ionic equation for the reaction acids zinc + sulfuric acid > zinc sulfate + hydrogen
lonic half between iron and copper (Il) ions is: I
H v el 24 T a u
For equations show Fe + Cu** 2 Fe® + Cu Acids react with some metals to Extraction using carbon
displacement what happens produce salts and hydrogen
reactions to each of the The half-equation for iron (1) is: . i Metals less reactive than
reactants during Fe > Fe™ + 2 Reactinnls of acids carbon can be extracted For example:
reactions from their oxides by zinc oxide + carbon = zinc + carbon dioxide
The half-equation for copper {ll) ions is: and metals reduction.
Cu + 2e > Cu | /
— Reactions of -
: Oxidation and . Extraction of Unreactive metals, such as gold, are found in
Acid name Salt name A bR e T acids / metals and the Earth as the metal itself. They can be mined
. i from the ground.
Hydrochloric i : e g
acid Chloride A T |
QA rilogy Reactions with water Reactions with acid
Sulfuric acid Sulfate \ Neutralisation of acids C4: Chemical Changes Reactions get more Reactions get more
and salt production o Group 1 metals vigorous as you go down vigorous as you go down
Nitric acid Nitrate — Reactivity of the group the group
e
— metals Observable reactions

-~

Do not react with water include fizzing and

temperature increases

sodium hydroxide + hydrochloric acid 2 sodium chloride + water L

pd

The reactivity series

calcium carbonate + sulfuric acid = calcium sulfate, + carbon dioxide + water

Zinc and iron react slowly

Metal Y Ilm'::,'}lmn and Do not react with water with acid. Copper does not
Acids can An alkali is a soluble base e.g. metal ?da I‘"'., pper react with acid.
be hydroxide. oxides \
Meutralisation | neutralised | A base is a substance that . o ]
by alkalis neutralises an acid e.g. a soluble Metals form The reactivity of a The reactivity series arranges
and bases | metal hydroxide or a- r'rlmtal oxide positive ions metal is related to its | metals in order of their reactivity potassium most reactive K
’ when they tendency to form (their tendency to form positive sodium fia
react positive ions ions). calcium ca
Metals and Metals react with magnesium + oxygen > magnesium oxide magnesium Mg
oxygen to form metal B v8 & These two non-metals are aluminium il
oxygen oxides Mg+ O, = 2MgO Carbon and hydrogen | ) o ] carbon c
- Carbon and are non-metals but are Included in the reactivity series as zinc n
This is when oxygen is hydrogen included in the the::,r Ta? be L:'t;E[_j to extr;act 50:11'?‘3 i'":]" Fe
. removed from a 2.g. metal oxides reacting with hydrogen, reactivity series matals from thelr ores, depending . Sn
Reduction . . s 4 on their reactivity. lead Ph
compound during a extracting low reactivity metals ) hydregan H
reaction copper cu
A more reactive metal - . i i i
. Silver nitrate + Sodium chloride = sitver Ag
This is when oxygen is e.g. metals reacting with oxygen, rusting of Displacement can displace a less gald Au
idati ine ¥ i reactive metal from a platinum least reactive  py
Oxidation Q'GI[;H-_GT by a mmﬁmmd iron e mmp{;[mé Sodium nitrate + Siver chioride
uring a reaction .




C4

E The ions discharged when an agueous wWhen an ionic compound is melted or dissolved in
solution is electrolysed using inert Process of | “Pltting up | water, the ions are free to move. These are then able
electrodes depend on the relative rectralvi using to conduct electricity and are called electrolytes.
/ reactivity of the elements involved. CIECUOWSIS | olectricity | Passing an electric current though electrolytes causes Metals can be extracted from molten
the ions ta move to the electrodes. a compounds using electrolysis.
At th mMetal will be produced on the electrode g - N -

t'e if it is less reactive than hydrogen. FHlectrode Anode The positive electrode is called the anode. 5 e T’"S process is used when the metf'.rf Is f'?o
MEGALVE Hydrogen will be produced if the metal is Cathode The negative electrode is called the cathode. \ 4| reactive to be extracted by reduction with
electrode more reactive than hydrogen. 4 carbon.

Where do Cations are positive ions and they move to the w h ] e due to |
At the Oxygen is formed at positive electrode. th:'re Cations negative cathode. 2w € process is expen_:;u; e odmgef

e If you have a halide ion (CI, I', Br) then lt_:ns Anions Anions are negative ions and they move to the e amounts ofenerg}:’ needed to produce the
positive u will get chlorine, bromine or iodine Ch it d = electrical current.
electrode e & ) posttive anode- = Example: aluminium is extracted in this

formed at that electrode. ’
N way.
N ) Higher tier: You can display what is happening
:‘m‘ | at each electrode using half-equations:
C e . e . . | sromideionsBry At the cathode: Pb**+ 2e” = Ph
strong acids fomp!e_tefy m:_i'rsedl in aqueous sq:’utmlns = AQA Tr||ogy Leadifions®h At the anode: 2Br -> Br, + 2¢-
e.g. hydrochloric, nitric and sulfuric acids. E Molter
5' 3 C4: Chemical Chanees B eoside
= =
. Only partially ionised in agueous solutions =B
Weak acids P — i
e.g. ethanoic acid, citric acid. : Reactions of |
(%] -
= acids
3 3 w e
Hydrogen fon As the pH decr eases by one unit {be‘cmmng
. a stronger acid), the hydrogen ion
concentration o . 1
concentration increases by a factor of 10. .

Soluble salts can be made from reacting
acids with solid insoluble substances

sies a|qn|os

SnllzEr B {e.g. metals, metal oxides, hydroxides
and carbonates).
Production of Add the solid to the acid until no more

soluble salts

dissolves. Filter off excess solid and then
crystallise to produce solid salts.

iI2345I

You can use universal
indicator or a pH probe to
measure the acidity or
alkalinity of a solution
against the pH scale.

J OB 9 1011 12 13 14

3
o
33
ge
&+ ™
5 w
3 5
o

acidic R — alkaline [
— _ Acids Acids produce hydrogen ions (H*)
In neutralisation reactions, hydrogen in aqueous solutions.
ions react with hydroxide ions to
produce water: Alkalis Agueous solutions of alkalis
H* + OH = H,0 contain hydroxide ions ({OH).




Endothermic

* Thermal decompaosition
+ Sports injury packs

Exothermic

= Combustion
» Hand warmers
» MNeutralisation

Reaction
profiles

Breaking bonds in reactants

Making bonds in products

Overall energy change

of a reaction

Energy released making new
bonds is greater than the
energy taken in breaking

existing bonds.

Energy needed to break existing
bonds is greater than the
energy released making new

bonds.

Bond energy calculation

Calculate the overall energy change for the
forward reaction
N, + 3H, = 2NH,

Bond energies (in k)/mol): H-H 436, H-N 391,
MN=MN 945

Bond breaking: 945 + (3 x 436) = 945 + 1308 =
2253 ki/mol

Bond making: 6 x 391 = 2346 kl/mol
Overall energy change = 2253 - 2346 = -93lJ/mol

Therefore reaction is exothermic overall.

Types of
reaction

AN

The energy
change of
reactions

C5

AQA Trilogy

C5: Energv Changes

Reaction
profiles

HT onl

Activation energy

The minimum amount
of energy that colliding
particles must have in
order to react is called
the activation energy.

Endothermic
Energy

Raactants

Activation

/lnlrﬂ

Time

Products are at a higher energy

level than the reactants. As the

reactants form products, energy

is transferred from the

surroundings to the reaction

mixture. The temperature of the

surroundings decreases because
energy is taken in during the

reaction.

Energy

Exothermic

J/'IT_;")/ Activation
b1
f | enerey

____“___4‘
Reactants

Time

Products are at a lower energy
level than the reactants. When
the reactants form products,
energy is transferred to the
surroundings. The temperature
of the surroundings increases
because energy is released
during the reaction.




e o This can be calculoted by Rate = quantliﬁ;rrsz rtziztr?nt used Factors affecting the rate of reaction C6
chemical measuring the guantity of i Temperature The higher the temperature, the quicker the
reaction reactant used or product Rate = quantity of product formed b= P rate of reaction.
formed in a given time. =1 TR = - ) -
time taken g’ Concmylmtion The higher the concentration, the quicker the
[ ‘E ] rate of reaction.
Quanti Unit : : B ,
Tty Calculating rates of reactions | = S e The larger the surface area of a reactant solid,
Mass Grams (g) g the guicker the rate of reaction.
Wk S u
100 M -
w When gases react, the higher the pressure
Vol 3 - - . -
e o = Rate of D upeon them, the quicker the rate of reaction.
: 3 & reaction
Rate of Grams per cm® (g/cm?) -
. HT: moles per second o o 1
reaction (mol/s) - Collision theory and 5 rj) P : -
v . activation energy () ‘- i E
rs AQA Trilogy Br. B
PN A catalyst changes the rate \
P Catalyst of a chemical reaction but o C6: The Rate and Chemical reactions can Increasing the temperature increases
P — L is not used in the reaction. o X extent of chemical - onf}r‘occm' w-hen r.leartmg the frec!u_encyr of collisions E!nd rmakes
E | - - = h Collision theory | particles collide with each | the collisions more energetic,
E These are biological o change other with sufficient therafore increasing the rate of
_— nzymes catalvsts @
- YsLs. energy. reaction.
= / Catalysts provide a This is the minimum
facatalystisused |||  powdo | differentreaction pathway Reversible reactions amount of energ Increasing the concentration, pressure
in a reaction. it is [ thev work? where reactants do not and dvnamic Activation idi oy -}" (gases) and surface area (solids) of
not shown in the ¥ * | require as much energy to Y energy _ colliding partic E'S_ mna reactions increases the frequency of
: i ilibri reaction need in order to | cg|lisions, therefore increasing the rate
word equation, react when they collide. equilibrium g
react. of reaction.
_’/’,,-f Reversible reactions
; - Changing conditions
Reversible In some chemical reau:t.mns, the and equilibrium (HT Le chatelier’s | States thatwhen a system experiences a disturbance (change in
reactions E:Oducft' catn react again to re-form E Principles condition), it will respond to restore a new equilibrium state.
e reactants.
S
Representing = The relative amounts of reactants and . .
. —_— = I If the concentration of a reactant is increased, more products
reversible A+ B — C + D 5 products at equilibrium depend on the Changing will be formed
; = . ) .
reactions ! conditions of the reaction. concentration | If the concentration of a product is decreasad, more reactants
The direction of reversible reactions will react,
can be changed by changing
. . conditions: When a reversible reaction occurs I .
The direction haat in apparatus which prevents the Changing If the temperature of a system at equilibrium is increased:
A+ B = C+ D ;iqf;::f:;;g; escape of reactants and products, temperature : Eﬂﬁi:“ﬂﬁige;?;ﬁg; Emr[:,l.[ﬁtstg 'ier?:rf:fe
cool reactions equilibrium is reached when the P
= forward and reverse reactions
Energy changes and reversible reactions occur exactly at the same rate. e Fora gaseous system at eq_u_ilit_:rium: B . _
“\ presre | Preseure narease saulbrum potion s oside o
If ane direction of a reversible reaction is exothermic, For example: endothermic {gaseous ~ P?essure decrease = equilibrivm position 5hi-1‘t5 to side of
the opposite diraction is endothermic. The same — Hydrated copper — Anhydrous copper + Water reactions) i ith | q ber of P lecul
amount of energy is transferred in each case. sulfate suatharmic sulfate equation with larger number of molecules.




—V.

Display formula for first four alkanes
- | pay Each fraction contains C7
= / . -
AN G e yrocarbons in | OIS WD asler
Consisting mainly of o H—C—H H—C—C—H Fractions | crude oil can be split
i = = I I . B them. The process used to
plankton that was buried o - H H H into fractions do this is called fractional
Crude oil A finite resource | inthe mud, crude ail is @ =
! Methane (CH Ethane (C;H istillati
the remains of ancient g .:é,' (CHa) (CaHg) distillation.
biomass. o E H H H HHHBH We depend on many of
;-'. H_.,::_JI:_JI:_H H—é—(::—(::—c::—H Fra;tfons can be these fuels; petrol, diesal
oy | Mest ot 3| AR g | e, [t
Propane (C3H Butane (CyH
AT the compounds hydrocarbons are called P (Gt (CaHro) fractions feedstock for Many useful materials are
. , alkanes. ) . .
in crude ail petrochemical made by the petrochemical
Carbon compﬂunds as fuels industry industry; solvents, lubricants
For example: and feedstock and polymers.
General formula
for alkanes CaHlznsz CaHe
Fractional distillation and
g L Bu
CgHya AQA Trllogy petrochemicals CTTe— &LFET;pGanE
- . |
C7: Oreanic Chemistrv wl B Hydrocarbon chains in crude ail come Petrol
Alkanes to Long chain alkanes are cracked into short £ = in lots of different lengths.
alkenes chain alkenes. S
Carbon compounds g| 2 The bailing point of the chain Kerosene
as fuels and ‘s i depends on its length. During
Alkenes are hydrocarbons with a double feedstock g fractional distillation, they boil and  [grude il Dresel
Alkenes bond {some are formed during the } = separate at different temperatures
cracking process). \ 2 due to this. Fuel il
] Alkenes are more ret:acﬁve that r:J'kan'es Cracking and alkenes Properties of hydrocarbons L\
Prﬂ[::rtles of arr:l' r.eTct with bmane watter. BJ;OH‘J‘;HE' : During the complete combustion of “The oil Is
alkenes water c;:;a:}}iesgf;:f; g?%?kj}g: ouriess '|III Combustion hydrocarbons, the carbon and hydrogen in Lubricating oil,
P : | the fuels ar= oxidised, releasing carbon E’;‘;‘: .
. The smaller chains are mara \ dioxide, water and energy.
The breaking down of ful. Cracki be d b
] long chain useful. Lracking can be cone by Decane —» pentane + propene + ethane Complete combustion of methane:
Cracking ) various methods including h bon dioxid
hydrocarbons into catalvi i et Methane + oxygen —» carbon dioxide + water + energy
smaller chains crazk"ir:; cracking and steam CiHazz & GHypy + GHy + GH, CH.(g) + 20;(g) = COy(g) +2 HO{l)
o _ Used to produce polymers. Boiling point - )
The tion i After vaporisation, the vapour is Alkenes They are also used as the e As the hydrocarbon chain length
. . 1e heavy frac ff-'”‘ 15 passed over a hot catalyst and uses starting materials of many which liquid boils} increases, boiling point increases.
SR ey heated‘un;rl forming smaller, more useful as other chemicals, such as "
vaporise hydrocarbons. polymers alcohol, plastics and
detergents. Viscosity As the hydrocarbon chain length
After vaporisation, the vapour is Without cracking, many of the (how easily it flows) increases, viscosity increases.
The heavy fraction is | mixed with steam and heated to Why do long hydrocarbons would be
Steam cracking heated until a very high temperature forming we crack d as there i h o .
vaporised <maller. more useful long wasted as there is not muc Flammability As the hydrocarbon chain length
g b chains? demand for these as for the (how easily itburns) | increases, flammability decreases.
hydrocarbons. ; shorter chains.




A pure substances is a

. Pure substances melt and boil at
single element or

Pure . specific temperatures. Heating
compound, not mixed - A
substances . graphs can be used to distinguish
with any other )
pure substances from impure.
substance.
T ——
--“’| Pure substances |
T
Purity,
Melting point of o Melting point of an .
pure substance impure substance formulations and
chromatography
m
. o
A fi:mufr::m:rr:s a 3 | T e |
. mixture that has = .
Formulation . = AQA Trilo
o
been designed as a 2 Position solvent gy
useful product. = reaches \\ C8: Chemical
] =]
o ) f I AN Analysis
How are By rr;ﬂ:ﬂ; g chemicals If Mictare ||
formulations pm'tffim:'a_t:ﬁrzo 52 separared
3 - -
LE S in careful gquantities. — =T Identification
of common
Fuels, cleaning gases
Examples of agents, paints,
formulations. medicines and
fertilisers. ——— —
i )
Mixture Gas Test Positive result
Burnin
Can be “S',Ed to Involves a mohile phase (2.g. water Hydrogen g ‘Pop’ sound.
separate mixtures - splint
Chromatography and help identify or ethanol) and a stationary phase
substances. (e.g. chromatography paper).
The ratio of the Oxygen Gi O:}"::g Eel_i IrI\EhE the
distance moved by ) P plint.
R, = distance moved by substance
R; Values a compound to the -
. distance moved by solvent
distance moved by Lit
solvent. Chlorine a:::: Bleaches the
pap paper white.
{damp)
. This depends on the solvent used.
The compounds in A pure substance will produce a
Pure substances | mixture separate sir?gle spot in all solvef':ts wheresas Goes cloudy {as
into different an impure substance will produce Carbon Limewater | 2SOlid calcium
spots. ! dioxide carbonate
multiple spots. forms)

C8



Gas Percentage These produced the oxygen that is o Cg
; wom o= Algae and plants now in the atmosphere, through carbon dioxide + water = glucose + oxygen
Nitrogen ~80% - m © = 6C0O, +6H,0 > C.H,,0, +60,
CT 2 photosynthesis.
Oxygen ~20% |18 » 3
'g. El=) Over the next billion years plants evalved to
Argon 0.93% E ;:;" = Oxygen in the First produced by algae 2.7 billion gradually produce maore oxygen. This gradually
R < atmosphere years ago. increased to a level that enabled animals to
. 0.09% avolve.
dioxide ',I
" | A
— |
o This released gases 4 | | Tl El o EEsi Reducing carbon These gradually reduced the carbon dioxide
volcano 3”“9“!5 of years {mainly CO,) that =3 \ How carbon dioxide in the Algae and plants levels in the atmosphere by absorbing it for
. . ago there was \ ;
activity g intence formed to early m| dioxide decreased atmosphere photosynthesis.
R
1 \r::a“rlsm volcanic :;?c?jrprﬁ;fcaonndd:s;:; g_ These ore mocde Remains of biological matter falls to the
activity o] Com ition and . bottom of oceans. Cver millions of years
to form the oceans. E pn_s Formation of D”L?‘;?E?;if::ms layers of sediment settled on top of them
Nitrogen was also = evolution of the sedimentary rocks matter. fgm:-ed and the huge pressures turned them into
released, gradually = atmusphere and fossil fuels over m;'Ha‘ons of coal, oil, natural gas and sedimentary rocks.
Released from | building up in the / g cars The sedimentary rocks contain carbon
Other gases volcanic atmosphere, Small 4 y dioxide from the biclogical matter.
eruptions proportions of ammania = AQA Trilogy
and methane also o . G h |
produced. LI Co9: Chemlstry of the REET OT.ISE gases
This formed carbonate atmosphere COZ and methane
Reducing when the precipitates, forming as greenhouse Carbon dioxide, Exa{npff:s of greenhouse gases ﬂrfﬂ
carbon oceans formed, | sediments. This reducad water vapour maintain temperatures on Earth in
dioxide in carbon dfoxfdr; the levels u:;fcarbon Common gases and methane order to support life
the . R A .
dissolved into it | dioxide in the atmospheric i
atmosphere atmosphera. P Carbon footprints Radiation fram the Sun enters the
— P'ﬂ“lltﬂ nts (2] Earth’s atmosphere and reflects off
Atmospheric pollutants from fuels The total amount of greenhouse o & The greenhouse | of the Earth. Some of this radiation is
gases emitted over the full life 5 :"T effect re-radiated back by the atmosphere
Properties and effects of cycle of a product/event. This @ § to the Earth, warming up the global
Source of atmaspheric atmospheric pollutants can be reduced by reducing ® 3 temperature.
o - @
Combustion pollutants. Most fuels emissions of ca-athrbq:rn dioxide and =
of fuels may alse contain some methane. — Human activities and greenhouse gases
sulfur. L — -
Carbon Towic, colourless and odourless Effects of climate change Carbon d{i'm?;m; mt; w‘t:e;ls ::m; fnerease m‘:bcrnx
Carbon dioxide, water monoxide | gaos. Not easily detected, can kill. dioxide foniae feve 5(‘][”; uae :” ;T‘”‘—" fossil fuels
Gases from vapour, carbon Rising sea levels and deforestation.
; monoxide, sulfur Sulfur Human activities that increase methane
LIPS dioxide and oxides of dioxide and Cause respiratory problems in Extreme weather events such as levels include raising livestock (for food)
it . humans and acid rain which sevare storms Methane . ising .
nitrogen. oxides of . and using landfills (the decay of organic
. dffects the environment. -
nitrogen Change in amount and matter released methane).
Solid particles and istributi i .
uijrbur'ned distribution of rainfall There is evidence to suggest that human
Particulates hvdrocarbons released Particulates Cause global dimming and health Changes to distribution of Climate activities will cause the Earth’s
{;he” burning fuels problems in humans. wildlife species with some change atmaspheric temperature to increase and
g ' becoming extinct cause climate change.
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A mixture of two elements, one of which must be a metal e.g. Bronze is an alloy of
copper and tin and Brass is an alloy of copper and zinc.

Gold jewellery is usually an alloy with silver, copper and zinc. The carat of the jewellery is
a measure of the amount of gold in it e.qg. 18 carat is 75% gold, 24 carat is 100% gold.

Alloys of iron, carbon and other metals.

High carbon steel is strong but brittle.

Low carbon steel is softer and easily shaped.

Steel containing chromium and nickel (stainless) are hard and corrosion resistant.

Aluminium alloys are low density.

Thermosetting

polymers that do not melt when
they are heatad.

Polymers

Thermosoftening

polymers that melt when they are
heated.

A mixture of
materials put
together for a
specific purpose
e.g. strength

Soda-lime glass, made by heating sand, sodium
carbonate and limestone.

Borosilicate glass, made from sand and boron
trioxide, melts at higher temperatures than
soda-lime glass.

MDF wood (woodchips, shavings, sawdust and
resin)

Concrete (cemeant, sand and gravel)

Made from clay

Made by shaping wet clay and then heatingin a
furnace, common examples include pottery and
bricks.

Many
monomers can

These factors affect the properties of the
polymer. Low density (LD) polymers and high
density (HD) polymers are produced from

make polymers

ethene. These are formed under different
conditions.

Used to manufacture
ammaonia

Ammenia is used to produce fertilisers
Nitrogen + hydrogen—= ammonia

Nitrogen from the air
while hydrogen from
natural gas

Both of these gases are purified bafore
being passed over an iron catalyst. Thisis
completed under high temperature {about
450°C) and pressure (about 200
atmospheres).

a
P - W
The destrlurtron of An example of this is iron rusting; iron g s E
materials by h . = w | |9 8
. . . reacts with oxygen from the air to form a -
Corrosion chemical reactions | _ ) o =
. . iron oxide {rust) water needs to be = =
with substances in i o [T
. present for iron to rust. = =
the environment w £
all=|| =
- ) - 5
) Coatings can be Examples 0fth|§ are greasing, painting = < | §
Preventing and electroplating. Aluminium has an w
. added to metals to - - = 3
corrosion . oxide coating that protects the metal = @
act as a barrier i L =
from further corrosion. - o
a un
When a mare This means that the coating will react E' E‘ Ceramics,
Sacrificial reactive metal is with the air and not the underlying < polymers and
corrosion used to coat a less | metal. An example of this is zinc used to composites \
reactive metal galvanise iron.
Using materials
These contain | Formulations of various - e
NPK nitrogen, salts containing appropriate ] ;
fertilisers phosphorous | percentages of the E‘ AQA Tri|ogy
and potassium | elements. E‘.
Y C10: Usin
. Phosphate rock needs to be 3 = g .
Potassium ) - o W Resources Composite
. treated with an acid to - =3 -
chloride, o o materials
tassium produce a soluble salt ® B
Fertiliser ::ﬂfnfe and which is then used asa = ® The Haber process
examples phosphate rock fertiliser. Ammonia can be o and the use of
are obtained used to manufacture = "
o ammaonium salts and nitric = NPK fertilisers
by mining - f .
acid. || ceramic
/ {| materials
. P f
The Haber process — conditions and equilibrium @ I|
Phosphate rock S
The reactants side of the equation has g_ |'
Treatment Products more molecules of gas. This means that = Polymers
The acid is neutralised if pressure is increased, equilibrium 1=
with ammonia to Pressure shifts towards the production of f ;
. . =
Mitric acid produce ammonium ammonia (Le Chcgefe;s p”";:—,”';m’l - The ||I |-i_= The Haber
phosphate, a NPK pressure needs 'E,r e as high as process
fertiliser. possibie.
Calcium phosphate and ]‘Ee fartirflr'd;'eartfqutrs ex‘oth_er'mrr. R
Sulfuric acid | calcium sulfote [a single ecreasing tPMperature increases .
superphosphate). ammonia production at equilibrium. materials
Temperature The exothermic reaction that occurs
Phosphoric Calcium phosphate {a releases energy to surrounding,
acid triple superphosphate). opposing the temperature decreases.
Too low though and collisions would be Catalyst
too infrequent to be financially viable.

fron

The catalyst speeds up both directions of
the reaction, therefore not actually
increasing the amount of valuable product.







