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41 Stoichiometry

Core

« Use the symbols of the elements and write the
formulae of simple compounds

«  Deduce the formula of a simple compound from the
relative numbers of atoms present

« Deduce the formula of a simple compound from a
model or a diagrammatic representation

« Construct word equations and simple balanced
chemical equations

«  Define relative atomic mass, A,, as the average mass
of naturally occurring atoms of an element on a scale
where the °C atom has a mass of exactly 12 units

«  Define relative molecular mass, M,, s the sum of the
relative atomic masses (Relative formula mass or M,
will be used for ionic compounds.)
(Calculations involving reacting masses in simple
proportions may be set. Calculations will not involve
the mole concept.)

Supplement

« Determine the formula of an ionic
compound from the charges on the ions
present

« Construct equations with state symbols,
including ionic equations

« Deduce the balanced equation for
a chemical reaction, given relevant
information

4.2 The mole concept

Supplement

« Define the mole and the Avogadio
constant

 Use the molar gas volume, taken
as 24dm? at room temperature and
pressure

« Calculate stoichiometric reacting
masses, volumes of gases and solutions,
and concentrations of solutions
expressed in g/dm® and mol/dm®
(Calculations involving the idea of limiting
reactants may be set. Questions on the.
gas laws and the conversion of gaseous
volumes to different temperatures and
pressures will not be set.)

« Calculate empirical formulae and
molecular formulae

« Calculate percentage yield and
percentage purity
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(c) Iron and steel rust Iron s oxidised to hydrated iron(III) oxide, Fe,0, 2H,0, which is rust

(i) Name the two substances which cause iron to rust.
m

(i) Explain why an aluminium article coated with aluminium oxide is protected from further
corrosion but a steel article coated with rust continues to corrode.

m
(d) There are two electrochemical methods of rust prevention.

(i) The first method is sacrificial protection.
Explain why the steel article does not rust.

steel pipe.

connected __block of zinc
electrically
to steel pipe

“

The second method is to make the steel article the cathode in a circuit for electrolysis.
power

steel girder
___inertanode

bubbles of
hydrogen gas

(i) Mark on the diagram the direction of the electron flow. [t}
(iii) The steel girder does not rust because it is the cathode. Reduction takes place at the
cathode. Give the equation for the reduction of hydrogen ions.

2
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5. Electricity and chemi

Core

« Define electrolysis as the breakdown of an ionic
compound, molten or in aqueous solution, by the
passage of electricity

« Describe the electrode products and the observations
made during the electrolysis of:

molten lead(II) bromide
concentrated hydrochloric acid
concentrated aqueous sodium chloride
dilute sulfuric acid

between inert electrodes (platinum or carbon)

« State the general principle that metals or hydrogen are
formed at the negative electrode (cathode), and that
non-metals (other than hydrogen) are formed at the
positive electrode (anode)

« Predict the products of the electrolysis of a specified
binary compound in the molten state

« Describe the electroplating of metals
« Outiine the uses of electroplating

« Describe the reasons for the use of copper and (steel-
cored) aluminium in cables, and why plastics and
ceramics are used as insulators

Supplement

« Relate the products of electrolysis to
the electrolyte and electrodes used,
exemplified by the specific examples
in the Core togsther with aqueous
copper(II) sulfate using carbon
electrodes and using copper electrodes
(as used in the refining of copper)

« Describe electrolysis in terms of the ions
present and reactions at the electrodes
in the examples given

« Predict the products of electrolysis of a
specified halide i dilute or concentrated
aqueous solution

« Construct ionic half-equations for
reactions at the cathode

« Describe the transfer of charge during
electrolysis to include:

- the movement of electrons in the
metallic conductor

~ the removal or addition of electrons
from the external circut at the
electrodes

- the movement of ions in the
elactrolyte

« Describe the production of electrical
energy from simple cells, i.e. two
electrodes in an electrolyte. (This should
be linked with the reactivity series in
section 10.2 and redox in section 7.4)

« Describe, in outline, the manufacture of

~ aluminium from pure aluminium oxide
in molten cryolite (refer to section
10.3)

~ chlorine, hydrogen and sodium
hydroxide from concentrated aqueous
sodium chloride

(Starting materials and essential

conditions should be given but not

technical detals or diagrams.)





image101.emf

image102.emf

image103.emf

image104.emf

image105.emf

image106.emf

image107.emf

image108.emf

image109.emf

image110.emf

image3.png
6. Chemical energetics

6.1 Energetics of a reaction

Core

« Describe the meaning of exothermic and endothermic
reactions

« Interpret energy level diagrams showing exothermic
and endothermic reactions

Supplement

« Describe bond breaking as an
endothermic process and bond forming
as an exothermic process

« Draw and label energy level diagrams for
exothermic and endothermic reactions
using data provided

« Calculate the energy of a reaction using
bond energies

6.2 Energy transfer
Core

« Describe the release of heat energy by burning fuels

« State the use of hydrogen s a fuel

« Describe radioactive isotopes, such as **U, as a
source of energy

7. Physical and chemical changes

Core

«  Identify physical and chemical changes, and
understand the differences between them

Supplement
« Describe the use of hydrogen as a
fuel reacting with oxygen to generate
electricity in a fuel cell (Details of the
construction and operation of a fuel cell
are not required.)

7. Chemical reactions

7.2 Rate (speed) of reaction

Core

« Describe and explain the effect of concentration,
particle size, catalysts (including enzymes) and
temperature on the rate of reactions

« Describe the application of the above factors to the
danger of explosive combustion with fine powders
(e.g. flour mills) and gases (e.g. methane in mines)

«  Demonstrate knowledge and understanding of a
practical method for investigating the rate of a reaction
involving gas evolution

«  Interpret data obtained from experiments concerned
‘with rate of reaction

Note: Candidates should be encouraged to use the term
rate rather than speed.

Supplement

« Devise and evaluate a suitable method
for investigating the effect of a given
variable on the rate of a reaction

 Describe and explain the effects of
temperature and concentration in terms
of collisions between reacting particles
(An increase in temperature causes an
increase in collision rate and more of
the colliding molecules have sufficient
energy (activation energy) to react
whereas an increase in concentration
only causes an increase in collision rate)

cont.
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7.2 Rate (speed) of reaction continued

« Describe and explain the role of light in
photochemnical reactions and the effect
of light on the rate of these reactions
(This should be linked to section 14.4)

« Describe the use of silver saits
in photography as a process of
reduction of silver ions to silver;
and photosynthesis as the reaction
between carbon dioxide and water in
the presence of chiorophyll and sunlight
(energy) to produce glucose and oxygen

7.3 Reversible reactions

Core

« Understand that some chemical reactions can be
reversed by changing the reaction conditions
(Limited to the effects of heat and water on hydrated
and anhydrous copperl) sulfate and cobalt(l)
chioride.) (Concept of equilibrium is not required.)

Supplement

« Predict the effect of changing the
conditions (concentration, temperature
and pressure) on other reversible
reactions

+ Demonstrate knowledge and
understanding of the concept of
equiibrium

7.4 Redox

Core

« Define oxidation and reduction in terms of oxygen
loss/gain. (Oxidation state limited to its use to
name ions, e.g. iron(Il, iron(IIT), copper(IT)
manganate(VID).)

Supplement

« Define redoxin terms of electron
transfer

« Identify redox reactions by changes
in oxidation state and by the colour
changes involved when using acidified
potassium manganate(VII), and
potassium iodide. (Recall of equations
involving KMnO, is not required.)

« Define oxidising agent as a substance
which oxidises another substance during
a redox reaction. Define reducing agent
as a substance which reduces another
substance during a redox reaction.

« Identify oxidising agents and reducing
agents from simple equations
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(iii)

aluminium oxide layer is impervious or non-porous or passive or unreactive
or will not allow water/air to pass through it rust allows passage of water or
air or it flakes off)

zine more reactive (than iron/steel)
loses electrons

electrons move (from zinc) to iron

Zin reacts (with air and water) o zinc corrodes or zinc is oxidised or zinc is
anodic or zinc forms positive ions or zinc forms Zn?* or iron and steel don't
react with airwater or iron and steel are not oxidised or iron and steel do not
form fons or iron and steel do not lose electrons o iron and steel are
cathodic

RtoL in wire

2H' + 26 — H,
‘species (1) balancing (1)

m

Q]
[yl
m
m

m
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8. Acids, bases and salts

8.1 The characteristic properties of acids and bases

Core

« Describe the characteristic properties of acids as
reactions with metals, bases, carbonates and effect
on litmus and methyl orange

« Describe the characteristic properties of bases as
reactions with acids and with ammonium salts and
effect on litmus and methyl orange

« Describe neutrality and relative acidity and alkalinity in
terms of pH measured using Universal Indicator paper
(whole numbers only)

« Describe and explain the importance of controlling
acidity in soil

Supplement

« Define acids and bases in terms of
proton transfer, limited to agueous
solutions

« Describe the meaning of weak and
strong acids and bases

8.2 Types of oxides

Core

« Classify oxides as either acidic or basic, related to
metalic and non-metallic character

Supplement
* Further classify other oxides as neutral
or amphoteric

8.3 Preparation of salts

Core

« Demonstrate knowledge and understanding of
preparation, separation and purification of salts
as examples of some of the techniques specified
in section 2.2.2 and the reactions specified in
section 8.1

Supplement

« Demonstrating knowledge and
understanding of the preparation of
insoluble salts by precipitation

« Suggesta method of making a given salt
from a suitable starting material, given
appropriate information
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8.4 Identification of ions and gases

Core

« Describe the following tests to identify:
aqueous cations:
aluminium, ammonium, calcium, chromium(IIT,
copper(ID, iron(II, iron(II1) and zinc (using aqueous
sodium hydroxide and aqueous ammonia as
appropriate) (Formulae of complex ions are not
required.)
cations:
use of the flame test to identify lithium, sodium,
potassium and copper(ll
anions:
carbonate (by reaction with dilute acid and then
limewater), chloride, bromide and iodide (by reaction
under acidic conditions with aqueous silver nitrate,
nitrate by reduction with aluminium, sulfate (by
reaction under acidic conditions with aqueous barium
ions) and sulfite (by reaction with dilute acids and then
aqueous potassium manganate(VII) )
gases
ammonia (using damp red litmus paper, carbon
dioxide (using limewater), chiorine (using damp litmus
paper), hydrogen (using lighted spiint), oxygen (using
a glowing splint), and sulfur dioxide (using aqueous
potassium manganate(VII) )
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7 The rate of a photochemical reaction is affected by light.
(a) The decomposition of silver bromide is the basis of fim photography. This is a redox reaction

2AgBr — 2Ag + Br,
cream  black

step1 2Br — Br, + 2
step2 Ag' + e > Ag
() Which step is reduction? Explain your answer.
0]

Which ion s the oxidising agent? Explain your answer.

m

(b) Apiece of white paper was coated with silver bromide and exposed to the light. Sections of the
paper were covered as shown in the diagram

paper coated with
silver bromide
not covered
covered with
thin paper
covered with
thick card

Predict the appearance of the different sections of the paper after exposure to the light and the
removal of the card. Explain your predictions.

12}
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(c) Photosynthesis is another example of a photochemical reaction. Green plants can make simple
carbohydrates, such as glucose. These can polymerise to make more complex carbohydrates,
such as starch

Wite a word equation for photosynthesis

2

Name the substance which is responsible for the colour in green plants and is essential for
photosynthesis

o

(iii) The structural formula of glucose can be represented by H—O- o—H

Draw part of the structural formula of starch which contains two glucose units.

2
(iv) Living organisms need carbohydrates for respiration.
What is meant by respiration?

m
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3 (a) The reactions between metals and acids are redox reactions.
Zn + 2H o Zne + H,

() Which change in the above reaction is oxidation, Zn to Zn® or 2H* to H,? Give a reason
for your choice.

@

(ii)  Which reactant in the above reaction is the oxidising agent? Give a reason for your choice.

@

(b) The rate of reaction between a metal and an acid can be investigated using the apparatus
shown below.

ﬁ—‘ 20 40 60 80 100 #

gas syringe

hydrochloric acid
zine fol

A piece of zinc foil was added to 50 cm® of hydrochloric acid, of concentration 2 0mol/dm?. The
acid was in excess. The hydrogen evolved was collected in the gas syringe and its volume
measured every minute. The results were plotted and labelled as graph 1

graph 2 (with copper)

‘graph 1
volume

o time.

The experiment was repeated to show that the reaction between zinc metal and hydrochioric
acid is catalysed by copper. A small volume of aqueous copper(Il) chioride was added to the
acid before the zinc was added. The results of this experiment were plotted on the same grid
and labelled as graph 2.
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5 The halogens are a group of non-metals in Group VIl of the Periodic Table
(a) The reactivity of the halogens decreases down the group

Describe an experiment which shows that chiorine is more reactive than iodine. Include an
equation in your answer.

&)
(b) The halogens form interhalogen compounds. These are compounds which contain two different
halogens.

Deduce the formula of the compound which has the composition 0.013 moles of iodine atoms
and 0.065 moles of fluorine atoms.

@

() lodine reacts with chiorine to form a dark brown liquid, iodine monochloride.

chiorine
supplied

crystals
of iodine.

L(s) + CL(g) — 2ICI)

ok brown

When more chiorine is added and the tube is sealed, a reversible reaction occurs and the
reaction comes to equilibrium

1C1() + Cl(g) = ICL(s)

dark brown yetiow
(i) Give another example of a reversible reaction
m

(ii)  Explain the term equilibrium

@
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(d) Chiorine is removed from the tube and a new equilibrium is formed.

Explain why there is less of the yellow solid and more dark brown liquid in the new equilibrium
mixture.

@
(¢) Asealed tube containing the equilibrium mixture is placed in ice-cold water. There is an increase
in the amount of yellow solid in the equilibrium mixture.
‘What can you deduce about the forward reaction in this equilibrium?
1cH() + CL(g) = ICL(s)

Explain your deduction.

)]
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20.0g of small lumps of calcium carbonate and 40 cm? of hydrochloric acid, concentration
2.0mol/dm?, were placed in a flask on a top pan balance. The mass of the flask and contents
was recorded every minute.

cotton wool to prevent
drops of acid spray escaping

flask

—40em? of hydrochloric acid, 2.0mol/dm®

~—20.0g of small lumps of
calcium carbonate

~— balance

The mass of carbon dioxide given off was plotted against time.

mass of
carbon dioxide

0 time
€aCoy(s) + 2HCI(aq) — CaClyaq) + H,0() + COL(g)
In all the experiments mentioned in this question, the calcium carbonate was in excess.

(a) (i) Explain how you could determine the mass of carbon dioxide given offin the first five
minutes.

U]

(ii) Label the graph F where the reaction rate is the fastest, S where it s slowing down
and 0 where the rate is zero 2

Explain how the shape of the graph shows where the rate is fastest, where it is
slowing down and where the rate is zero.

21

(b) Sketch on the same graph, the line which would have been obtained if 20.0g of small
lumps of calcium carbonate and 80 cm? of hydrochloric acid, concentration 1.0 mol/dm?,
had been used 2
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7.3 Notes for use in qualitative analysis

Tests for anions

anion test test result

carbonate (CO;’ add dilute acid sffervescence, carbon dioxide
produced

chloride (CI) acidify with dilute nitric acid, then add white ppt.

{in solution] aqueous silver nitrate

bromide (Br) acidify with dilute nitic acid, then add cream ppt.

{in solution] aqueous silver nitrate

iodide (I acidify with dilute nitric acid, then add yellow ppt.

{in solution] aqueous silver nitrate

nitrate (NO, ) add aqueous sodium hydroxide, then ammonia produced

{in solution] aluminium foil; warm carefully

sulfate (0,7} acidify, then add aqueous barium nitrate | white ppt.

[in solution]

sulfite (507} add dilute hydrochloric acid, warm gently | sulfur dioxide produced will tum

and test for the presence of sufur dioxide | acidified aqueous potassium

manganate(VII) from purple to
colourless
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Tests for aqueous cations

cation

aluminium (AZ**)

effect of aqueous sodium hydro;

white ppt., soluble in excess giving a
colourless solution

effect of aqueous ammo;

white ppt., insoluble in excess.

ammonium (NH,")

ammonia produced on warming

calcium (Ca™)

white ppt., insoluble in excess

no ppt. or very slight white ppt.

chromium(mm) (Cr**)

green ppt., soluble in excess

arey-green ppt., insoluble in
excess

copper (Cu™)

light blue ppt., insoluble in excess

light blue ppt. soluble in excess,
qiving a dark blue solution

iron(m) (Fe™)

green ppt. insoluble in excess

green ppt., insoluble in excess

iron(III) (Fe™)

red-brown ppt., insoluble in excess

red-brown ppt., insoluble in excess

zinc (Zn™)

white ppt., soluble in excess, giving a
colourless solution

white ppt., soluble in excess,
giving a colourless solution

Tests for gases

gas

ammonia (NH;)

test and test result

turns damp, red litmus paper blue

carbon dioxide (CO,)

tuns limewater milky

chiorine (CL)

bleaches damp litmus paper

hydrogen (H,)

‘pops’ with a lighted splint

oxygen (0

relights a glowing splint

sulfur dioxide (SO,

tums acidified aqueous potassium manganate(VII) from purple to colourless

Flame tests for metal ions

metal ion flame colour

lithium (Li*) red
sodium (Na') yellow
potassium (K') lilac
copperll) (Cu*) blue-green
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5 (a) Acompound, X, contains 55.85% carbon, 6.97% hydrogen and 37.18% oxygen.
(i) How does this prove that compound X contains only carbon, hydrogen and oxygen?
4]

Use the above percentages to calculate the empirical formula of compound X.

2

The M, of X is 86.

What is its molecular formula?

2

(b) () Bromine water changes from brown to colourless when added to X

What does this tell you about the structure of X?
m

Magnesium powder reacts with an aqueous solution of X. Hydrogen s evolved

What does this tell you about the structure of X?
m

X contains two different functional groups

Draw a structural formula of X

m
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(i) Explain why the reaction mixture in the second experiment contains copper metal. Include
an equation in your explanation

@

(ii)  Explain how graph 2 shows that copper catalyses the reaction

&)

(€) If the first experiment was repeated using ethanoic acid, CH,COOH, instead of hydrochioric
acid, how and why would the graph be different from graph 17

“

(d) Calculate the maximum mass of zinc which will react with 50cm® of hydrochloric acid, of
concentration 2.0 mol/dm’.
Zn + 2HCl —» ZnClL, + H,

Show your working.

3]
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6 Hydrogen peroxide decomposes to form water and oxygen. This reaction is catalysed by
manganese(IV) oxide.

2H,0,(aq) — 2H,0() + Ox(g)

The rate of this reaction can be investigated using the following apparatus.

oxygen gas

aqueous hydrogen peroxide
and manganese(IV) oxide

40 cm* of aqueous hydrogen peroxide was putin the flask and 0.1g of small lumps of manganese(TV)
oxide was added. The volume of oxygen collected was measured every 30 seconds. The results
were plotted to give the graph shown below.

volume of
oxygen

time

(a) () Howdothe rates at times',,t, and t, differ?

(i) Explain the trend in reaction rate that you described in (a)(i).
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(b) The experiment was repeated using 0.1 of finely powdered manganese(TV') oxide. Al the
other variables were kept the same.

(i) On the axes opposite, sketch the graph that would be expected 2]

(i) Explain the shape of this graph

2

() Describe how you could show that the catalyst, manganese(IV') oxide, was not used up in the
reaction. Manganese(IV') oxide is insoluble in water.

@
(d) In the first experiment, the maximum volume of oxygen produced was 96 cm® measured at
rtp. Calculate the concentration of the aqueous hydrogen peroxide in mol/dm”.
2H,0,(aq) — 2H,0() + O,(g)
number of moles of O, formed = [0
number of moles of H,0, in 40.cm of solution = [
concentration of the aqueous hydrogen peroxide in mol/dm® =

m
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@ @

(b) ()

rate att less than at t, or the rate decreases (1)
rate at t, zero/reaction stopped (1)

rate att; less than att, because concentration of hydrogen peroxide is less
att; or concentration of hydrogen peroxide is decreasing. (1)

(rate at t; zero/reaction stopped because) hydrogen peroxide is used up (1)

steeper and must come from the origin (1)
final volumes the same (1)

Any two from
steeper curve because of a faster rate

faster rate because of increased surface area

‘same amount/ volume/ mass /no of mol of hydrogen peroxide
ecffor M1 for a shallower curve because of slower rate.

2

2

2
2
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(a) (i) (mass att=0) (mass at
NOTE: must have mass at t

)

5 not final mass

0]

fastest at origin

‘slowing down between origin and flat section gradient = 0

where gradrient = 0
three of above in approximately the correct positions.

(b) startat origin and smaller gradient
‘same final mass just approximate rather than exact

m

2

2

1
U]
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(¢) Explain in terms of collisions between reacting particles each of the following.

(i) The reaction rate would be slower if 20.0g of larger lumps of calcium carbonate and
40cm? of hydrochloric acid, concentration 2.0mol/dm?, were used.

2

The reaction rate would be faster if the experiment was carried out at a higher
temperature.

2

(d) Calculate the maximum mass of carbon dioxide given off when 20.0g of small lumps of
calcium carbonate react with 40 cm? of hydrochloric acid, concentration 2.0mol/dm.

CaCOy(s) + 2HCI(aq) — CaCly(aq) + H,O(l) + CO4(g)

number of moles of HCl used =

mass of carbon dioxide = g [
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(c) Basic lead(II) carbonate has a formula of the type xPbCO, yPb(OH), where x and y are
whole numbers.
Determine x and y from the following information.
PbCO; — PbO + CO,
Pb(OH), — PbO + H,0

When heated, the basic lead(II) carbonate gave 2.112g of carbon dioxide and 0.432g of
water.

Mass of one mole of CO, = 44 g
Mass of one mole of H,0 = 189

Number of moles of CO; formed = ................ 4}
Number of moles of H,0 formed = ................ 4}
X and Y=
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(b) Ammonia is manufactured by the Haber Process. The economics of this process require
that as much ammonia as possible is made as quickly as possible.
Explain how this can be done using the following information

The conditions for the following reversible reaction are:

o 450°C
200 atmospheres pressure
o iron catalyst

N,(g) + 3H,(g) = 2NH,(g) the reaction is exothermic

&)
(€) Another compound which contains only nitrogen and hydrogen is hydrazine, NH,
Complete the equation for the preparation of hydrazine from ammonia.
NH, + NaCIO — NH, + + HO0 2

(d) The structural formula of hydrazine is given below.

H H
N—N
/N

H H

Draw a diagram showing the arrangement of the valency electrons in one molecule of
the covalent compound hydrazine

Use x to represent an electron from a nitrogen atom.

Use o to represent an electron from a hydrogen atom.

Bl
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2 Describe how to separate the following. In each example, give a description of the procedure used
and explain why this method works

(@

®)

(e)

(a@)

Copper powder from a mixture containing copper and zinc powders.

procedure

explanation

&)

Nitrogen from a mixture of nitrogen and oxygen.

procedure

explanation

&)

Glycine from a mixture of the two amino acids glycine and alanine. Glycine has the lower R,

value

procedure

explanation

@

Magnesium hydroxide from a mixture of magnesium hydroxide and zinc hydroxide.

procedure

explanation

31
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& Acid-base reactions are examples of proton transfer.
(a) Ethylamine is a weak base and sodium hydroxide is a strong base

(i) In terms of proton transfer, explain what is meant by the term weak base.

@
(ii) Given aqueous solutions of both bases, describe how you could show that sodium

hydroxide is the stronger base. How could you ensure a ‘fai’ comparison between the two
solutions?

&)

(b) Ethylamine reacts with acids to form salts

CH,CH,NH, + HCl — CH,CH,NH,CI

ethylammonium chiorde.

(i) Complete the equation for the reaction between sulfuric acid and ethylamine. Name the
salt formed.

CH,CHNH, + -
name of salt 3]
(ii) Amines and their salts have similar chemical properties to ammonia and ammonium salts.

Suggest a reagent that could be used to displace the weak base, ethylamine, from its salt
ethylammonium chioride

m
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1 (a) Match the following pH values to the solutions given below.
13 7 10 13
The solutions all have the same concentration.
solution pH
‘aqueous ammonia, a weak base
dilute hydrochloric acid, a strong acid
‘aqueous sodium hydroxide, a strong base
‘aqueous sodium chloride, a salt
dilute ethanoic acid, a weak acid

5]

(b) Explain why solutions of hydrochloric acid and ethanoic acid with the same concentration, in
mol/dm, have a different pH

(¢) Measuring pH is one way of distinguishing between a strong acid and a weak acid.
Describe another method.

method

results
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4

In the Periodic Table, the elements are arranged in columns called Groups and in rows called

Periods.

(a) () Complete the table for some of the elements in Period 3.

valency electrons

group number ! wlwm | wv | v v ow
symbol Na | Mg | AL | si| P | s |c
number of

valency

2

(i) Whatis the relationship between the group number and the number of valency electrons?

(iif)  Explain the relationship between the number of valency electrons and the valency

for the elements Na to AL

for the elements Pto CL

() Across a period, the elements change from metallic to non-metallic.

(i) Describe how the type of oxide changes across this period.

U]

4

2

(i) Describe how the type of bonding in the chiorides formed by these elements changes.

across this period.
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6 Ammonia is a compound which only contains the elements nitrogen and hydrogen. It is a
weak base:

(a) (i) Define the term base.

Given aqueous solutions of ammonia and sodium hydroxide, both having a
concentration of 0.1mol/dm?, how could you show that ammonia is the weaker
base?
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7  The hydroxides of the Group | metals are soluble in water. Most other metal hydroxides are
insoluble in water.

(a) (i) Crystals of lithium chioride can be prepared from lithium hydroxide by titration

burette filed with
hydrochloric acid of
concentration 2.20mol/ dm®

conical flask

25.0cm® of aqueous lithium hydroxide
C———— and indicator

25.0c® of aqueous lithium hydroxide is pipetted into the conical flask.
Afew drops of an indicator are added. Dilute hydrochloric acid is added slowly to the
alkali untilthe indicator just changes colour. The volume of acid needed to neutralise
the lithium hydroxide s noted.

Aneutral solution of lithium chloride, which still contains the indicator, is left. Describe
hhow you could obtain a neutral solution of lithium chioride which does not contain an
indicator.
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(ii) You cannot prepare a neutral solution of magnesium chloride by the same method
Describe how you could prepare a neutral solution of magnesium chioride

Bl

(b) The concentration of the hydrochloric acid was 2 20 mol/dm?. The volume of acid needed

to neutralise the 25.0c of lithium hydroxide was 20.0c. Calculate the concentration
of the aqueous lithium hydroxide:

LIOH + HCI - LiC1 + H,0

@

() Lithium chioride forms three hydrates. They are LICZH,0, LiC12H,0 and LICZ3H,0.
Which one of these three hydrates contains 45.9% of water?
Show how you arrived at your answer.

Bl
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(@)

(b)

1G]

Match the following pH values to the solutions given below.

1.3 7 10 13
The solutions all have the same concentration.

solution pH
‘2queous ammoria, weak base 10
dilute hydrochloric acid, a strong acid 1
‘aqueous sodium hydroxide, a strong base 13
‘aqueous sodium chioride, a salt 7
dilute ethanoic acid, a weak acid 3

Hydrochloric acid strong acid or ethanoic acid weak acid
OR: hydrochloric acid completely ionised or ethanoic acid
partially ionised

hydrochloric acid greater concentration of/more H* ions (than ethanoic acid)
Rate of reaction with Ca, Mg, Zn, Fe

Strong (hydrochloric) acid bubbles faster or more bubbles or dissolves faster
OR: rate of reaction with (metal) carbonate

strong (hydrochloric) acid faster or more bubbles or dissolves faster (only if
carbonate insoluble)

OR: electrical conductivity
strong (hydrochloric) acid better conductor

51

m

m

m
m
m
m

Q]
U]
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4

(a) @

(b) @

Group 1 n wojvo|v Vi v
number

symbol Na |Mg [Al |si P s cl
number of 1 2 3 |4 5 6 7
valency

electrons.

valency 1 2 3 |4 3 2 1

(1) for each line
number of valency electrons = the group number (1)

for Na to Al
the valency is the same as the number of valency (outer) electrons (1)

(because) this is the number of electrons lost (for full energy level) (1)
for Pto CI

the valency is 8 ~ [number of valency (outer) electrons]

or valency + valency electrons =8 (1)

(because) this is number of electrons needed (or to be gained) (for full
energy level) (1)

Assume change is from L to R unless clearly stated:

basic to amphoteric to acidic (2)

ionic (metal) chlorides on the left (1)
covalent (non-metal) chiorides on the right (1)

2
m

2

2
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6

(a) (i) proton or H" acoeptor

i) (measure) pH or (use) Ul indicator
note: can be implied need not be explicit
sodium hydroxide has higher pH / ammonia(aq) has lower pH
(this sentence would score 2 marks)
or
‘appropriate colours with Ul / appropriate numerical values
‘ammonia is closer 1o green, blue-green, turquoise or ighter blue
‘sodium hydroxide is darker biue / purple / violet
or
measure electrical conductivity
be implied need not be explicit
‘ammonia (aq) is the poorer conductor/ sodium hydroxide is the better conductor

m
m
m

m
m
m
m
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(@) 3orlil

(b) good conductor and it is a metalias delocalised (free) electrons

(c) NorP orAs orsb
accept Bi

(@ SOl
accept: Ga:(S0.):

(€) it would react with/dissolves in a named strong acid
it would react with/dissolves in a named alkali
it shows both basic and acid properties =1
it rects with both acids and bases/alkalis =1

m

m

m

m

5}
gl

g}
[max 2]

[Total: 6]
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7

(a) (i) add carbon /animal charcoal
fitter

OR

repeat experiment without indicator
using same quantity / volume of acid

‘add magnesium metal /

to (hot) (hydrochloric) acid

‘cond: until in excess or no more dissolves or reacts.

onate / oxide / hydroxide

‘cond: fiter (to remove unreacted solid)

5}
m

g}
"
m
m
m
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(b) number of moles of HCI= 0.020 x 2.20 = 0.044
number of moles of LIOH = 0.044
‘concentration of LIOH = 0.044/0.025 = 1.769 (mol/dm’)
accept 1.75t01.77 need 2 dp
comect answer scores = 2

(€) (for LiCL2H:0)
mass of one mole = 78.5
percentage water = 36/ 78.5 x 100
459 508 LICL2H,0
only award the marks if you can follow the reasoning and it gives 45.9% of water

note: if comect option given mark this and ignore the rest of the response

m
m

5}
gl
"

allow: max 2 for applying a correct method to anather hydrate, [1] for the method and [1] for

the comrect value, working essential
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(d)

filter (and rinse/wash) (1)

dry manganese (IV) oxide (1)

weigh/measure mass manganese(IV) oxide after reaction (1)
the mass should be 0.1g or unchanged. (1)

number of moles of O; formed = 0.096/24
number of moles of H0; in 40cm” of solutior

0.004 (1)
0.004 x2=0.008 (1)

‘concentration of the hydrogen peroxide in mol/dm?® = 0.008/0.04 = 0.2 (1)

“

31
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(¢) (i) smaller surface area
lower collision rate

molecules have more energy
collide more frequently / more molecules have enough energy to react

(d) number of moles of HCl in 40 cm* of hydrochloric acid,
concentration 2.0mol / dm’ = 0.04 x 2.0 = 0.08
maximum number of moles of CO, formed = 0.04
mass of one mole of CO, =449
maximum mass of CO, lost= 0.04 x 44 = 1.76g

[
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1]
1]

1]
0]
[
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6

(@) (i) (attractive force between) positive ions

and (negative) electrons
opposite charges attract ONLY [1]
electrostatic attraction ONLY [1]

lattice / rows / layers of lead ions / cations / positive ions.
NOT: atoms / protons / nuclei
can slide past each other / the bonds are non-directional

(b) (i) anhydrous cobalt chioride becomes hydrated

ACCEPT: hydrous

carbon dioxide s acidic
sodium hydroxide and calcium oxide are bases / alkalis

Any twoof:
water, calcium carbonate and sodium carbonate
ACCEPT: sodium bicarbonate.

(c) number of moles of CO; formed =2.112/ 44 = 0.048

number of moles of H,0 formed = 0.432 / 18 = 0.024
x=2andy = 1NOT: ecf from this line

formula is 2PbCOs Pb(OH); / Pb(OH),. 2PbCOs

1
o

m

m

m

1
o

2

1
o

1
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(b) any five from:

« high pressure favours lower volume side / movement to right / ammonia side, or high
pressure increases the yield

«  high pressure increases rate

« low temperature favours exothermic reaction / increases yield / favours the forward
reaction

« low temperature gives low rate or vice versa
« catalystincreases rate or lowers activation energy

+ 450°Clow enough to give an economic yield but with

lyst gives a fast enough rate

note need whole concept to get this compromise temperature point [E]

(€) 2NH; +NaCIO —> NoH, + NaCl+ H.0 @
not balanced only 1

(d) 4 hydrogen atoms 1 bonding pair each I5)

2 nitrogen atoms with 1 bonding pair between them %)

‘one non-bonding pair on each N (need not be seen as  pair) %)

(e) () pHincreases Q)

(i) oxygen needed for rusting / removes oxygen / reacts with oxygen ol
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3 (a) () pieces have (same) surface area Y]

‘same amount / mass / quantity / volume / number of moles of carbonate “

(i) no more bubbles / carbon dioxide or piece disappears / dissolves m
(b) experiment 1Ca" +CO, + H,0 m
(c) (i) more concentrated or higher concentration (of acid) (in experiment 1) m

‘accept: arguments based on collision theory

(i) ethanoic acid is a weak acid or hydrochloric acid is a strong acid m
‘accept: stronger or weaker

ethanoic acid less ionised / dissociated / lower / smaller concentration of hydrogen ions [1]
‘accept: less hydrogen ions and vice versa argument but not dissodiation of ions

(i) lower temperature (particles) have less energy IS}
‘moving more slowly m
fewer collisions / lower collision rate “
or
lower temperature (particles) have less energy m
fewer partides collide I3l
with the necessary energy to react m

note: less energy fewer successful collisions gains all 3 marks
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