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Paper Chemistry 1H 8464/C/1H

For this paper, the following list shows the major focus of the content of the exam:

5.2.2
5.3.2
5.4.1
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543
5.5.1

How bonding and structure are related to the properties of substances
Use of amount of substance in relation to masses of pure substances
Reactivity of metals

Reactions of acids

Electrolysis

Exothermic and endothermic reactions

Required practical activities that will be assessed:

» Required practical activity 8: preparation of a pure, dry sample of a soluble salt from an
insoluble oxide or carbonate, using a Bunsen burner to heat dilute acid and a water bath or
electric heater to evaporate the solution.

e Required practical activity 9: investigate what happens when aqueous solutions are
electrolysed using inert electrodes. This should be an investigation involving developing
a hypothesis.

* Required practical activity 10: investigate the variables that affect temperature changes in
reacting solutions such as, eg, acid plus metals, acid plus carbonates, neutralisations,
displacement of metals.
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Whitley Academy

Chemistry Paper 1 (F) Knowledge Recall Booklet

Paper Chemistry 1F 8464/C/1F

For this paper, the following list shows the major focus of the content of the exam:

5.1.2  The periodic table

5.2.2 How bonding and structure are related to the properties of substances
5.2.3  Structure and bonding of carbon

5.4.1 Reactivity of metals

54.2 Reactions of acids

5.4.3 Electrolysis

Required practical activities that will be assessed:

e Required practical activity 8: preparation of a pure, dry sample of a soluble salt from an
insoluble oxide or carbonate, using a Bunsen burner to heat dilute acid and a water bath or
electric heater to evaporate the solution.

e Required practical activity 9: investigate what happens when aqueous solutions are
electrolysed using inert electrodes. This should be an investigation involving developing
a hypothesis.

¢ Required practical activity 10: investigate the variables that affect temperature changes in
reacting solutions such as, eg, acid plus metals, acid plus carbonates, neutralisations,
displacement of metals.



Required Practical — Making Soluble Salts
recall it ..,




Soluble salts can be made from acids by reacting them with solid insoluble substances, such as
metals, metal oxides, hydroxides or carbonates. The solid is added to the acid until no more
reacts and the excess solid is filtered off to produce a solution of the salt. Salt solutions can be
crystallised to produce solid salts. You will complete this as a required practical.

1
~\ 1. Measure the required volume of acid with a measuring cylinder and add the
X weighed solid (insoluble metal, oxide, hydroxide or carbonate) in small portions
A= with stirring.

2. Safety goggles required - the mixture may be heated to speed up the reaction.
When no more of the solid dissolves it means ALL the acid is neutralised and
there should be a little excess solid. You should see a residue of the solid (oxide,
hydroxide, carbonate) left at the bottom of the beaker.

3. Filter the solution to remove the excess solid metal/oxide/carbonate, into an
evaporating dish. On filtration, only a solution of the salt is left.

! 4. Then hot concentrated solution is left to cool and crystallise.
After crystallisation, you collect and dry the crystals with a filter paper.
4 If the solution is heated, the solvent will evaporate faster. Heating a
E) solution until all the solvent has evaporated is known as heating to dryness.



Required Practical — Electrolysis
recall it ..,




Required Practical - Electrolysis

Electrolysis
. . 1M 3. Insert thule graphite |
3. Electrolysis of Aqueous Solution (,, soemof cectrodes into th soluton.
| a capper (Il) 5. e Connect one to the positive
chioride 1":}:] EL:;; h:a:er outlet of the power pack and
CONTENT LINK solution the other to the negative.

« In electrolysis, the ions move
towards the oppositely charged
electrodes.

< When you electrolyse aqueous ionic
solutions - you get three products..

< When electrolysis happens in

il

Ancde

4, Turn the power pack to 5. If you can see bubbles forming at

, , 4V and switch on for no the anode (positive electrode) hold
aqueous solutien, the less reactive longer than 5 minutes. a piece of damp, blue litmus paper
Obhszerve what is next to the bubbles.

element, either hydrogen or the
metal, is usually produced at the
Cathode. At the Anode, you get
either;
+» Oxygen gas given off, from
discharged hydroxide ions
produced from water.
+» Halogen produced if the
electrolyte is a solution of a
halide

happening at each If the paper turns white, the

Anion EOSitiVe electrode, bubbles are chlorine,
Anode v [ ] Boo \{ ]
Negative

IS
- 6. Repeat steps 1 to 5 for solutions of copper (I1) sulfate,

Zlaclrolyte h d sodium chloride and sodium sulfate.
solution Eat ode

‘MIN
909 9




Required Practical — Temperature Change
recall it ..,




Required Practical

‘
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polystyrene polystyrene cup in
up beaker with lid and
thermometer
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Method:

1. Measure 30cm? dilute hydrochloric acid and put
it into the polystyrene cup.

2. Stand the cup inside the beaker. This will make it
more stable

3. Use the thermometer to measure the

temperature of the acid. Record your result in the table
below.

4, Measure 5cm?3 sodium hydroxide solution.

5. Pour the sodium hydroxide into the polystyrene
cup. Fit the lid and gently stir the solution with the
thermometer through the hole.

6. Look carefully at the temperature rise on the
thermometer.
7. When the reading on the thermometer stops

changing, record the highest temperature reached in the
table.

8. Repeat steps 4-7 to add further 5cm3 amounts of
sodium hydroxide to the cup each time, recording your
temperature reading in the results table.

9. Repeat until a maximum of 40cm?3 of sodium
hydroxide has been added.

10. Wash out all the equipment and repeat the
experiment for your second trial.



Changes of state and heating curves
Reecall it ..,

Use the information in the following page(s) to answer these questions ...

1) Describe how particles behave in a solid?

2) Describe how particles behave in a liquid?

3) Describe how particles behave in a gas?

4) Describe 4 changes of state?

5) What happens at the melting point and the boiling point?

6) What does the energy needed to change state depend upon?

7) Why may some substances have high melting and boiling points?

8) What happens when the temperature does not change in a heating
curve?




States of matter and state symbols

There are three states of matter — solid, liquid and gas. To explain the properties
of the states, the particle theory is used. It is based on the fact that all matter is
made up of tiny particles and describes the movement and distance between

particles.
Solid Liquid Gas
Close together, regular Close together, random Far apart, random
pattern, vibrate on the arrangement, move arrangement, move
spot. around each other. quickly.
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In chemical equations, the three states are shown as (s), (1), (g)

and (aq) for aqueous solutions.



Changes of state

. Melting and freezing take place at the melting point.

. Boiling and condensing take place at the boiling point.
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TLTLLTTLLLL. The amount of energy required to change the state
depends on the strength of the forces between the
particles of the substance.

| The stronger the forces between the particles the
2 higher the melting and boiling point of the substance.
SRR The type of bonding and the structure of the substance
Condensing/‘ L Boiling depend on the particles involved.

HT ONLY - There are limitations of the particle model of matter:
* There are no forces

e All particles are shown as spheres
 The spheres are solid




The graph shows a heating curve of a
solid, which shows the temperature of a
substance plotted against the amount of

energy it has absorbed:

140 7

1201 gas /
100

temperature I

tl'{;\r:l
baoiling

B0

B0 9

i liquid
melting

l

solid

heat absorbed

A substance must absorb
heat energy so that it can
melt or boil. The
temperature of the
substance does not change
during melting, boiling or
freezing, even though energy
is still being transferred.




Recall it .., Structures

Use the information in the following page(s) to answer these questions ...
1) Describe the structure of sodium chloride (NaCl)

2) Describe and explain the properties of sodium chloride (NaCl)

3) Describe the structure of small molecules?

4) Describe and explain the properties of small molecules?

5) How the size of small molecules affect their melting and boiling points? Explain why?
6) What are polymers? Describe and explain the properties of polymers?
7) Describe and explain the properties of metals?

8) Describe and explain the properties of alloys?

9) Describe and explain the properties of giant covalent structures?
10)Describe and explain the properties of diamond?

11)Describe and explain the properties of graphite?

12)Describe and explain the properties of graphene?

13)Describe and explain the properties of fullerenes?




Properties of ionic compounds

Structure
lonic compounds have regular structures
called giant ionic lattices.

There is strong electrostatic forces of
attraction in all directions between
oppositely changed ions.

Properties

* High melting and boiling points — large
amounts of energy is needed to break
the many strong bonds and overcome
the electrostatic attraction.

* Conduct electricity when molten or
dissolved in water — ions are free to
move and can carry charge.

A

Key
® Na*

ocr
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Properties of small molecules

Structure _H
They have weak forces between the
molecules. These weak forces are
overcome when they change state not the
strong covalent bonds.

Properties

* Low melting and boiling points — small
amounts of energy is needed to break
the intermolecular forces. Most are
gases or liquids.

* Do not conduct electricity — Particles do
not have an overall electric charge.




Some covalently bonded substances
have very large molecules, such as
polymers.

Structure

Polymers are made up from many
small reactive molecules that bond to
each other to form long chains. The
atoms in the polymer molecules are
linked to other atoms by strong
covalent bonds. The intermolecular
forces between polymer molecules are
relatively strong.

Properties
* Solid at room temperature — Strong
intermolecular forces.

Polymers



Structure

All atoms within the structure are linked by
strong covalent bonds. These bonds must
be broken for a solid to melt or boil.

Properties

* Very high melting and boiling points —
very large amounts of energy is needed
to break the covalent bonds.

* Do not conduct electricity — Particles do
not have an overall electric charge.

Giant covalent structures


http://www.google.co.uk/url?sa=i&rct=j&q=graphite+sturcture&source=images&cd=&cad=rja&uact=8&docid=SEoYbm6i_5bAEM&tbnid=_oy7eMnzXc_QyM:&ved=0CAUQjRw&url=http://lpmmc.grenoble.cnrs.fr/spip.php?article407&ei=SeazU8ybELSc0wXj1IEo&psig=AFQjCNEisg7BoU4Ug9jzxrSdvnhxUSP9EA&ust=1404385215395506

The giant structure of atoms with
strong metallic bonding gives most
metals a high melting and boiling
point.

Metals are malleable (can be
hammered into shape) and ductile
(can be drawn out into a wire) because
the layers of atoms (or ions) in a giant
metallic structure can slide over each
other

Delocalised electrons in metals enable
electricity and heat to pass through
the metal easily.

from outer
shells of metal atoms

A metal mixed with other elements is
called an alloy. Alloys are harder than
pure metals. Alloys are made from two
or more different metals.

Pure metal Alloy

The different sized atoms of the metals
distort the layers in the structure,
making it more difficult for them to slide
over each other, and so make the alloys
harder than pure metals.

For example, gold is naturally soft but
adding copper to make jewellery
stronger and last longer.
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necall it .. Molar Calculations

Use the information in the following page(s) to answer these questions ...

1) Describe what is a mole? What are the units?

2) What is the avogadro constant?

3) How do you calculate a mole and give a worked example?

4) How do you re-arrange the formula for a mole? Give a worked
example?

5) Describe the steps involved in calculating the mass of the reactants or
products using a balanced symbol equation?

6) Describe what is concentration?

7) Describe how to calculate concentration? Give a word equation?

8) Describe how to re-arrange the formula for concentration? Give a
word equation?

9) Describe how the concentration of an aqueous solution can be
increased?



Use of amount of substance - PART 1

Chemical amounts are measured in moles. The symbol for the unit mole is mol.

The mass of one mole of a substance in grams is numerically equal to its relative
formula mass. One mole of a substance contains the same number of the
stated particles, atoms, molecules or ions as one mole of any other substance.

The number of atoms, molecules or ions in a mole of a given substance is the
Avogadro constant. The value of the Avogadro constant is 6.02 x 10?3 per mole.

Number of moles = mass (g) or mass
A M

r r

Mass (g) = number of moles x A,
or number of moles x M,

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

4.7 =0.05 mol
98

What is the mass of 7.2 x 103 moles
of aluminium sulfate (Al,(S0,),)?
Give your answer to 1 decimal place.

7.2x103x342=2.5¢g




Use of amount of substance - PART 1
HIGHER TIER

The masses of reactants and products can be calculated from balanced symbol
equations.
Chemical equations can be interpreted in terms of moles. Example:

H, + Cl, > 2HCI

This equation shows that one mole of hydrogen reacts with one mole of chlorine
to form two moles of hydrochloric acid.

The balanced equation is useful because it can be used to calculate what mass of
hydrogen and chlorine react together and how much hydrogen chloride is made.

A: H(1) so mass of 1 moleof H, =2x1=2g
A, Cl(35.5) so mass of 1 mole of Cl, =35.5x2=71g
M, : HCI (1 + 35.5) so mass of 1 mole of HCl =36.5g

The balanced equation tells us that one mole of hydrogen reacts with one mole of

chlorine to give two moles of hydrogen chloride molecules, so turning this to
masses:

1 mole of hydrogen =1x2 =28
1 mole of chlorine =1x71 =71g
2 moles of hydrochloric acid =2x36.5 =73g




Use of amount of substance - PART 1
HIGHER TIER

Sodium hydroxide reacts with chlorine to make bleach:
2NaOH + Cl, = NaOCl + NaCl + H,0

If you have a solution containing 100.0g of sodium
hydroxide, what mass of chlorine gas do you need to
convert it to bleach?

M, :NaOH (23 +16 +1) so mass of 1 mole of NaOH = 40g B[EAB”

M, : Cl,(35.5x 2) so mass of 1 mole of Cl, = 71g

So 100.0g of sodium hydroxide is 100/40 = 2.5 moles

The balanced symbol equation tells us that for every two moles of sodium hydroxide,
you need one mole of chlorine to react with it.

So you need 2.5/2 = 1.25 moles of chlorine

One mole of chlorine is 71g, so you will need 1.25 x 71g = 88.75g of chlorine to react
with 100.0g of sodium hydroxide.




Use of amount of substance - PART 1
HIGHER TIER

The balancing numbers in a symbol equation can be calculated from the masses
of reactants and products by converting the masses in grams to amounts in
moles and converting the number of moles to simple whole number ratios.

8.5g of sodium nitrate (NaNO;) is heated until its mass is constant.
6.9g of sodium nitrite (NaNO,) and 1.6g of oxygen gas (O,) is produced.

NaNO, = NaNoO, + O,
M.: NaNO, =23 + 14 + (16x3) = 85

M,: NaNO, =23 + 14 + (16x2) = 69 Number of moles = mass (g)
M.: O, = 16x2 =32 M
:

Then to convert masses to moles use:

Moles of NaNO, = 8.5/85 = 0.1 mol NaNO; : NaNO, : O,
Moles of NaNO, = 6.9/69 = 0.1 mol o1 : 01 : 005
Moles of O, =1.6/32 = 0.05 mol

Dividing the ratio by the smallest number gives 2:2:1 2NaNO; = 2NaNO, + O,




Use of amount of substance - PART 1
HIGHER TIER

In a chemical reaction involving two reactants, it is common to use an excess of
one of the reactants to ensure that all the reactant is used up. The reactant that
is completely used up is called the limiting reactant because it limits the amount

of products.

4.8g of magnesium ribbon reacts with 7.3g of HCI.
Which is the limiting reactant?

Mg(s) + 2HCl(aq) > MgCl,(aq) + H,(g)

A.: Mg (24) and A.: CI (35.5)

4.8g of Mg = 4.8/24 moles =0.2 mol

7.3g of HCl = 7.3/36.5 moles = 0.2 mol

From the balanced equation:

1 mole of Mg reacts with 2 moles of HCI,

therefore 0.2 mol of Mg will need 0.4 mol of HCI to react

completely, there is only 0.2 mol of HCI, so the HCl is the
limiting reactant.




Calculations - PART 2

Chemists quote the amount of substance (solute)
dissolved in a certain volume of the solution. The
units used to express the concentration can be grams
per decimetre cubed (g/dm3). A decimetre (1dm 3)
cubed is equal to 1000cm3.

The blackcurrant juice is getting more concentrated
— the darker colour indicates more squash is in the

same volume of its solution

If you know the mass of the solute Example 1:
dissolved in a certain volume of solution,
you can work out the concentration using:

50g of sodium hydroxide is dissolved in

water to make up 200cm3.
Concentration = amount of solute (g)

(g/dm3)  Volume of solution (dm3)

What is the concentration in dm?3?

Remember if you are using cm3 to multiply

3= 3
the volume by 1000 to covert to dm3 50g/200cm>= 0.25g/cm

0.25g/cm3 x 1000 = 250g/dm?3




Example 2:

A solution of sodium chloride has a concentration
of 200g/dm3.

What is the mass of sodium chloride in 700cm? of
solution?

Convert 700cm3into dm3
700/1000 = 0.7 dm?3

Then rearrange the equation
amount of solute = concentration x volume of
solution

(8) (g/dm?) (dm3)

200g/dm3 x 0.7 dm3 = 140g

HIGHER:

You can increase the

concentration of an aqueous

solution by:

Adding more solute and
dissolving it in the same
volume of its solution.

Evaporating off some of
the water from the
solution so you have the
same mass of solute in a
smaller volume of
solution.



necall it , Reactivity of Metals

Use the information in the following page(s) to answer these questions ...

1)
2)
3)
4)
5)
6)
7)
8)
9)

Describe what is an ore? How do we remove metals from their oxides?

What is the reactivity series?

Describe observations of metal reactivity with water?

Describe observations of metal reactivity with acid?

Which metals are extracted by electrolysis?

Which metals are extracted by reduction with carbon?

Which metals are found native?

Describe the reaction between metals and acid, giving an example equation?
Describe how does the name of the acid change the name of the salt produced?

10) Give the equations for the reactions between

a) Acid and Alkali

b) Acid and Base

c) Acid and Metal carbonate

11) Describe how to work out the chemical formula of salts?

12) What is an indicator? Describe the colour changes and pH values of acids, alkalis and neutral
substances?

13) What types of ions are produced by acids and alkalis? What happens to these ions during
neutralisation reactions?



Metal Oxides

A metal compound within a rock is an ore. Ores are mined and then purified.

Whether it is worth extracting a particular metal depends on:
* How easy it is to extract it from its ore

 How much metal the ore contains

* The changing demands for a particular metal

Most metals in ores are chemically bonded to other elements in compounds. Many

of these metals have been oxidised (have oxygen added) by oxygen in the air to form
their oxides.

lron + oxygen 2> iron (lll) oxide

4Fe(s) + 30,(g) > 2Fe,0,4(s)

To extract metals from their oxides, the metal oxides must be reduced (have oxygen
removed).



Reactivity series

Metals can be arranged in order of reactivity in a reactivity series.

Reaction with water

Reaction with acid

Order of reactivity

Potassium
Sodium Fizz, giving off hydrogen gas and Reacts violently and
— leaving an alkaline solution of metal | explodes

Lithium hydroxide

Calcium

Magnesium

Al Fizz, giving off hydrogen gas

Very slow reaction and forming a salt

Zinc

Iron

Tin No reaction with water at room : .
React slowly with warm acid

Lead temperature

Copper

Silver No reaction No reaction

Gold




Reactivity series
Metals can be arranged in order of reactivity in a reactivity series.

When metals react with other substances the metal Potassium

atoms form positive ions. Sodium

Lithium

The reactivity of a metal is linked to its tendency to form Calcium
positive ions. Magnesium é'
CARBON 2
The non-metals hydrogen and carbon are often included Zinc =
in the series as they can be used to extract less reactive Iron =
metals. Lead &D
HYDROGEN @
Metal + acid = salt + hydrogen Copper v
Silver g

Gold




Extracting metals

The reactivity of a metal determines the method of extraction.

[ Potassium
Metals above carbon must be extracted from Sodium
their ores by using electrolysis. 1 calcium
Magnesium
Metals. below carbon czfm be c:;*xtracted from Aluminium -
their ores by reduction using carbon. “CARBON =
REDUCTION involves the loss of oxygen. - E
Zinc g
metal oxide + carbon = metal + carbon dioxide Iron g
- Lead &D
HYDROGEN ‘3
| Copper g
i (S
Gold and silver do not need to be extracted. Z'I\;Zr c
They occur native (naturally). © i
Platinum




Oxidation and reduction in terms _of electrans (HT

Higher:

A more reactive metal can displace a less reactive metal 0 I L R I G
from its compound in displacement reactions.
Oxidation Is Loss of electrons

+ i +
Iron + copper(ll) sulfate - iron sulfate + copper Reduction Is Gain of electrons

Fe(s)+ CuSO,(aq) -> FeSO,(aq) + Cu(s)
When reactions involve
oxidation and reduction, they
are known as redox reactions

Higher:
An ionic equation shows only the atoms and ions that change in a reaction:
Fe(s) + Cu?*(aq) = Fe?*(aq) + Cu(s)

Half equations show what happens to each reactant:

Fe- Fe2t+ 2e - The iron atoms are oxidised (lose 2 electrons) to form ions.

The 2 electrons from the iron are gained (reduction) by copper ions as

2+ -
Cu**+2e”>Cu they become atoms.




Reactions of acids - PART 1

Acids react with some metals to produce salts and hydrogen.

Metal + acid - salt + hydrogen

Reactions between metals and acids only occur if the metal is more reactive than
the hydrogen in the acid. If the metal is too reactive, the reaction with acid is
violent.

The salt that is made depends on the metal and acid used.

Salts made when metals react nitric acid are called nitrates.

Zinc + Nitric acid = Zinc Nitrate + Hydrogen

Salts made when metals react with sulfuric acids are called sulfates.

Iron + Sulfuric Acid = Iron Sulfate + Hydrogen

Salts made when metals react with hydrochloric acid are called chlorides.

Magnesium + Hydrochloric acid = Magnesium Chloride + Hydrogen




Reactions of acids - PART 1 - HIGHER

In the reaction between magnesium and hydrochloric acid, the hydrogen ions
are displaced from the solution by magnesium as the magnesium is more
reactive than hydrogen.

The following ionic equation occurs:

Mg(s) + 2H*(aq) > Mg?**(aq) + H,(g)

The chloride ions are not included as they do not change in the reaction.
These are known as spectator ions.

The reaction can be further represented by half equations, showing that the
reaction between a metal and acid is a redox reaction.

Mg 2> Mg** + 2e-

The magnesium atoms lose two electrons, they have been oxidised.

2H* + 2e"2> H,

The hydrogen ions have gained electrons, they have been reduced.



Reactions of acids - PART 1

Acids are neutralised by alkalis (eg: soluble metal hydroxides) and bases (eg:
insoluble metal hydroxides and metal oxides) to produce salts and water and by
metal carbonates to produce salts, water and carbon dioxide.

The salt name depends on the acid used and the positive ions in the alkali, base or carbonate.

Making Soluble Salts from acids and alkalis Making Soluble Salts from acids and bases
Salts can be made by reacting an acid with Salts can be made by reacting an acid with a
an alkali. insoluble base.
Acid + Alkali = Salt + Water Acid + Bases 2> Salt + Water

Making Soluble Salts from acids and metal carbonates
Salts can be made by reacting an acid with a metal carbonate.
Acid + Metal carbonate = Salt + Water + Carbon dioxide

Salts are made of positive metal ions

e _ ion formula ion formula
(or ammonia ions - NH,*) and a negative o = ———
ion from the acid. Like all ionic Group 1 L™ Na®K* | Transition Cu™ Fe

metals

compounds, salts have no overall charge,
so once you know the charges on the ions, | Group 2 Mg*" Ca*" | Group 7 F CIrBr
you can work out the formula. Aluminium | AI3* Nitrate NO;
Example: magnesium sulfate is MgSO, Ammonium | NH,* Sulphate 50,2




PiXL

partners in excellence

Indicators are substances which change colour
when you add them to acids and alkali.

Litmus goes red in acid and blue in alkali.

Universal indicator, made from many dyes is used
to tell you pH. The scale runs from 0 (most acidic)
to 14 (most alkaline). Aqueous solutions of acids
have a pH value less than 7, and for alkalis greater

than 7 and anything in the middle is neutral (pH 7).

You can use a pH meter to record the change of a
pH over time.

Acids produce hydrogen ions (H*) in agueous

solutions and alkalis produce hydroxide ions (OH™).

In neutralisation reactions between an acid and
alkali, hydrogen ions react with hydroxide ions to
produce water.

Neutralisation symbol equation:
H*(aq) + OH~(aq) = H,O(l)

pH

Examples of solutions

Battery acid, strong hydrofluoric acid

Hydrochloric acid secreted by stomach lining

Lemon juice, gastric acid, vinegar

Grapefruit juice, orange juice, soda

Tomato juice, acid rain

Soft drinking water, black coffee

Urine, saliva

“Pure” water

Sea water

Baking soda

Great Salt Lake, milk of magnesia

Ammonia solution

Soapy water

Bleach, oven cleaner

Liquid drain cleaner

better hope — brighter future




PiXL

partners in excellence

Acids must dissolve in water to show their acidic properties.
A concentrated acid has a relatively large amount of solute dissolved in the solvent.
A dilute acid has a relatively smaller amount of solute dissolved in the solvent

The molecules split up to form hydrogen ions.

o
A strong acid is completely ionised in aqueous I
solution. E.g. Hydrochloric, nitric and sulfuric acid. o O

A weak acid is only partially ionised in aqueous
solution. E.g. Ethanoic, citric and carbonic.

A weak acid (aq) has a lower pH than a
strong acid (aq) of the same concentration.

This is because a weak acid has a lower

concentration of hydrogen ions. 0.10 1.0
. 0.010 2.0

As the pH decrease by one unit, the
hydrogen ion concentration of the solution 0.0010 3.0
increase by a factor of 10. 0.00010 4.0
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Electrolysis Recall it ..,

Use the information in the following page(s) to answer these questions ...

1)
2)
3)
4)
5)
6)

7)

8)
9)

Describe what is an electrolyte?

What is the anode and cathode?

Describe what happens at the anode?

Describe what happens at the cathode?

What happens during electrolysis?

Describe what happens at the anode and cathode during the electrolysis of lead
bromide?

Describe what happens at the anode and cathode during the electrolysis of sodium
chloride?

What are the uses of the products from the electrolysis of sodium chloride?
Why is the electrolysis of aluminium oxide expensive?

10)What is mixed with aluminium to reduce the temperature to heat aluminium oxide?
11)Describe what is produced at the anode and cathode during the electrolysis of

aluminium oxide?
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When an ionic compound is melted or dissolved in water, the ions are free to
move about the liquid or solution. These liquids and solutions are able to
conduct electricity and are called electrolytes. Passing an electric current though
electrolytes causes the ions to move to the electrodes.

Direct current (DC) supply
-t

' Positive ions go to negative electrode
Negative Positive (cathode) and are reduced (gain of

electrode electrode |
(cathode) \ / (anode) electrons).
Negative ions go to the positive

electrode (anode) and are oxidised (loss
of electrons).

lons are discharged at the electrodes
producing elements. This is called
electrolysis.

better hope — brighter future




PiXL

partners in excellence

When an ionic compound is electrolysed in a molten state using inert electrodes,
the metal is produced at the cathode and the non-metal is produced at the anode.

lead bromide = lead + bromine

Higher: You can
represent what is
happening at each

electrode using half
equations.

. ____ Bromide ions Br-
Lead ions Pb *

Molten lead (Il)
— bromide

The positively charged lead ions Pb + (cations) are attracted to cathode
and the negatively charged bromide ions Br - are attracted to the anode.

Higher: Higher:
At the cathode At the anode
Pb?*+2e~-->Pb 2Br"-> Br,+ 2e " or 2Br "- 2e "= Br,
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The ions discharged when an aqueous solution is electrolysed using inert electrodes
depend on the relative reactivity of the elements involved.

At the negative electrode:

Metal will be produced on the electrode
if it is less reactive than hydrogen.
Hydrogen will be produced if the metal
is more reactive than hydrogen.

\ Chloride Cl -

Hydrogen H*
N

Sodium chloride
§ «— solution

sodium chloride = hydrogen + chlorine

Uses of the products:
Chlorine: Bleach and PVC

+ sodium hy?roxide

At the positive electrode:
Oxygen is formed at positive electrode.

Higher: At the anode
40H - 0, + 2H,0 + 4e°
or 4OH - 4e - 0, + 2H,0
If you have a halide ion (CI', I, Br’) then
you will get chlorine, bromine or iodine
formed at that electrode.

This happens because in the aqueous
solution, water molecules break down
producing hydrogen ions and hydroxide
ions that are discharged.
H,O(l) = H*(aq) + OH-(aq)

Higher:

Hydrogen: Margarine
Sodium hydroxide: Bleach
and soap

At the cathode
2H*+2e~2 H,

Higher:
At the anode
2Cl-> Cl,+2e~ or 2Cl"-2e-->(Cl,
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Metals can be extracted from molten compounds using electrolysis.
It is used if the metal is too reactive to be extracted by reduction with carbon or
if the metal reacts with carbon.
Large amounts of energy are used in the extraction process to melt the
compounds and to produce the electrical current.
Aluminum is manufactured by electrolysis of molten aluminum oxide.
Aluminium oxide = aluminium + oxygen

Aluminium oxide has a very high melting point so
Graphite . . . .
anodes + is mixed with molten cryolite to lower the
charge A& temperature required to carry out the electrolysis.
‘ Aluminium goes to the negative electrode and
sinks to bottom.
Higher: Al 3*+ 3e = Al
Oxygen forms at positive electrodes.
Higher: 20 - O, +4e "
The oxygen reacts with the carbon electrode
making carbon dioxide causing damage. The

Steel
case

Graphite Molten Molten
cathode - aluminium oxide aluminium

charge with electrode needs replacing due to this reaction.
cryolite 950 °C

C+0,- (O,




Endothermic and Exothermic reactions

Use the information in the following page(s) to answer these questions ...

1) Describe what is an exothermic reaction?

2) Give three examples of exothermic reactions?

3) Describe what is an endothermic reaction?

4) Give two examples of endothermic reactions?

5) What is activation energy?

6) Draw a reaction profile and label the activation energy?

7) Draw the reaction profile for an exothermic reaction?

8) Draw the reaction profile for an endothermic reaction?

9) How is a double bond represented?

10)What happens to bonds in a chemical reaction?

11)What is bond energy?

12)Describe how to calculate the overall energy change using bond
energy?

better hope - brighter future




partners

in excellence

Energy is in chemical reactions. The amount of energy
in the Universe of a chemical reaction
the reaction takes place.

H, (g) + Cl, (g) = 2HCI(g)

In the above reaction energy is , it gets hotter.

An is one that to the
surroundings so the temperature of the surroundings
— “it gets hotter”.

The two HClI molecules made will not hold as much energy as
the H, and Cl, molecules at the start, so the spare energy is
released as heat.



PlXL Exothermic and endothermic reactions part 1 —
Exothermic reactions

There are a number of common exothermic reactions, they include:

Combustion Oxidation

Neutralisation

neutral
acuilc alkalme

e
o i
¥ AT
x Do
_ o
5
' -

012345678 91011121314

pH scale

Everyday uses of
exothermic reactions
include -
Self-heating cans
Hand warmers
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We have already learnt that energy is in chemical
reactions.

2CH,COOH(aq) + Na,CO,(s) > 2CH,COONa(aq) + CO,(g) + H,O (1)

In the above reaction, energy is it gets
An reaction is one that takes energy from the
surroundings so the temperature of the surroundings
— “it gets colder”.
The sodium ethanoate, carbon dioxide and water molecules

made will hold energy than the ethanoic acid and sodium
carbonate molecules at the start, so the energy needed is
as heat.

Know all three of
Other examples of endothermic reactions are these examples of
endothermic
reactions
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Chemical reactions can only occur when reacting particles collide with each
other with sufficient energy.

INSUFFICIENT C
0 e o uFFLCHE NO REACTION
SUFFICIENT
@ — @ - D

REACTION

The minimum amount of energy that particles must have to react is called the
activation energy

You have given a reaction its activation energy when you have used a lit spill to
light a Bunsen burner. Without the activation energy from the lit spill the

methane gas and oxygen in the air will not combust and release the heat
energy.

When we look at this reaction we see the following.

CH, + 20, > CO, + 2H,0
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CH, + 20, 2 CO, + 2H,0
We know this reaction is , this means energy is
released. So the CH, and 20, the reactants, must have more
energy than the products, CO, and 2H,0

We can show this as a On it we need to include

the formulae or names of the products and reactants. We also
need to show the relative energies of the reactants and products

N

C-Hi[ + 101

ENERGY

O, + 2H,0

v

TIME
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More information needs to be included in the reaction profile.
This will show the activation energy of the reaction. It is shown by
a curved line rising above the reactants energy.

THIS IS THE
ACTIVATION ENERGY

CHy + 20, CHy + 20,

ENERGY
ENERGY

¢0, + 2H,0 €0, + H,0

TIME ' TIME
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We can now see the overall change in energy within the reaction.

F 9

]

&

b OVERALL ENERGY CHANGE

= FOR THE REACTION

\ ) co, + H0
>

TIME

The products have less energy than the reactants. This will have
been lost as heat as the reaction is exothermic.
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We saw earlier that the following reaction was endothermic:
2CH,COOH(aq) + Na,CO4(s) > 2CH;COONa(aq) + CO,(g) + H,O (l)

What would the reaction profile look like for this reaction?

.

2CH,COO0Na + CO,+ H,0

ENERGY

2CH3COO0H + Na,C0,

>

TIME

We can see that the products have more energy than the reactants.
This will have been taken in as heat energy it feels colder.
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For the reaction of methane with oxygen we can write out the
balanced symbol equation:

CH, + 20, 2> CO, + 2H,0
We can draw out the bonds between the atoms e.g.

)
H-C-H +

'

H

- 0=¢=0 +
= H-0-H

Each line represents a bond, two lines represent a double bond e.g. in
the oxygen molecule.
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During a
* Energy must be supplied to in the reactants
* Energy is released to in the products.

The energy needed to break bonds and the energy released when
bonds are formed can be calculated from

Bond Bond Energy This means that
kJ/mol 411kJ/mol of energy
C-H a11 needs to be putin to
0=0 494 break the carbon-
c=0 299 hydrogen bond.
- It also means that 459
O-H 459

kJ/mol is given out when
the oxygen hydrogen
bond is made in water.
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The between the sum of the energy needed to break bonds in the
reactants and the sum of the energy released when bonds in the products are
formed is the of the reaction.

Worked example

' o
-C- +
H (] H (o]
H

For the reactants

o H-—O-H
—> =Cc=
o O=C=0 + H-—O-H

For the products

There are four C-H bonds so
4 x 411kJ/mol = 1,644kJ/mol

There are two C=0 bonds so
2 x 799kJ/mol = 1,598kJ/mol

There are two O=0 bonds so
2 x 494kJ/mol = 988kJ/mol

There are four O-H bonds so
4 x 459kJ/mol = 1,836kJ/mol

The sum of these is
the energy supplied to break the bonds in the
reactants it is 1,644 + 988 = 2,632kJ/mol

The sum of these is
the energy released when bonds in the products
are formed itis 1,598 + 1,836 = 3,434kJ/mol
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We already know that the between the sum of the energy
needed to break bonds in the reactants and the sum of the energy released
when bonds in the products are formed is the of the
reaction.

This means that

energy neededto -  energy released as
break the bonds bonds are made

Overall energy change

2,632kJ/mol - 3,434kJ/mol
Overall energy change = -802kJ/mol

This is an reaction, so the sum of the difference between the
calculations is For an reaction it would be

Students should be able to calculate the energy transferred in chemical
reactions using bond energies supplied.
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Know these two definitions- they are often asked for in the exam.

In an reaction, the In an reaction, the
energy released from forming energy needed to
than the energy then the energy

needed to break existing bonds released from forming new bonds




