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Answer ALL questions.
1 Boron is an element in Group 3 of the Periodic Table.
An atom of boron can be represented as ';B

(@) Use numbers from the box to complete the sentences about this atom of boron.

3 5 6 11 16

Each number may be used once, more than once or not at all.

(i) The atomic number of boronis ...

(ii) The mass number of boronis ...

(iii) This atom of boron contains ... protons.
(iv) This atom of boron contains ............ccooo...... neutrons.
(v) This atom of boron contains .........oocc...... electrons.

P 4 1 5 5 4 A 0 4 3 2
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(b) Aluminium is another element in Group 3 of the Periodic Table.

Select a word or phrase from the box to complete each sentence about an atom
of aluminium.

fewer more the same number of

Each word or phrase may be used once, more than once or not at all.

(i) Compared to an atom of boron, an atom of aluminium has

........................................................................................................................ protons.

(ii) Compared to an atom of boron, an atom of aluminium has

......................................................................................................................... neutrons.

(iii) Compared to an atom of boron, an atom of aluminium has

........................................................................................................................ electrons in its outer shell.

The electronic configuration of aluminium is

L] A 23
] B 223
[J] C 2238
[J] D 283

(Total for Question 1 = 9 marks)

AR O L Turn over
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2 A student used this apparatus to make and collect a sample of hydrogen gas.

hydrogen
//
dilute
sulfuric
acid
[o]
° water
o
[o] ° [o] o
Y YR T

zinc

(@) The reaction in the flask can be shown by this word equation.

O 0o oo d

metal + acid — salt + hydrogen

The name of the salt formed in the student’s experiment is

A
B
C
D

zinc sulfate
zinc sulfide
zinc sulfite

zinc sulfur

The student could have used other metals in this experiment.

Place crosses (X)) in two boxes to show the names of two other metals that
could be safely used to make hydrogen.

A
B
C
D
E

copper
iron
magnesium
potassium

silver

P 4 1 5 5 4 A 0 6 3 2
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(b) Describe a test to show that the gas collected is hydrogen.

(c) Water is formed when hydrogen combines with oxygen.

Balance the equation for this reaction.

(d) Equation 1 represents a reaction using cobalt(ll) chloride that can be used to
show a liquid contains water.

Equation 1 CoCl,.2H,0(s) + 4H,0(l) — CoCl,.6H,0(s)

In this reaction there is a colour change from blue to pink.

(i) Which word describes both cobalt compounds in equation 17

[J A anhydrous
[] B aqueous
[ C€ hydrated

[0 D saturated

(ii) When the product in equation 1 is gently heated, another reaction occurs.
Equation 2 represents this reaction.
Equation 2 CoCl..6H,0(s) — CoCl,.2H,0(s) + 4H,0(q)

What do equations 1 and 2 suggest about the reactions?

(Total for Question 2 = 7 marks)

7
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3 The halogens are elements in Group 7 of the Periodic Table.
The halogens react with metals to form compounds called halides.

Table 1 shows information about some halogens and their halides.

Appearance at Melting point

Halogen Halide

room temperature in °C
chlorine green gas lithium chloride 605
bromine red-brown liquid sodium bromide 747
iodine grey solid potassium iodide 681

Table 1

(@) (i) Predict the physical state of fluorine at room temperature.

(ii) Predict how the colour of astatine at room temperature compares with the
colour of iodine.

(b) Each of the halides in table 1 was dissolved in water to form a solution.
A sample of each of the halogens was then added to some of the halide solutions.

Table 2 shows the results.

Halogen added
Halide
Chlorine Bromine lodine
lithium chloride not done no reaction no reaction
sodium bromide orange solution not done no reaction
potassium iodide brown solution brown solution not done
Table 2

(i) Suggest why there is no reason to add chlorine to lithium chloride solution.

P 41 5 5 4 A 0 8 3 2
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(ii) Why was there no reaction when iodine was added to sodium bromide solution?

(iii) Name the substance with the brown colour that formed when chlorine was
added to potassium iodide solution.

(iv) The reaction between bromine and potassium iodide solution is a
displacement reaction.

What is the correct description of this reaction?

[0 A bromide displaces iodide
[] B bromine displaces iodide
[J] € bromide displaces iodine

[0 D bromine displaces iodine

(v) Complete the chemical equation for the reaction between chlorine and
potassium bromide solution.

CI2 + 2KBr — F o

(Total for Question 3 = 7 marks)

9
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4 Ethene can be converted into many useful substances.

(@) Draw a dot and cross diagram to show the covalent bonding in a molecule of ethene.
Only the outer electrons in each atom need to be shown.

(b) Compound X is made from ethene and is used in cars to prevent the engine coolant
from freezing in cold weather.

(i) Compound X contains 38.7% carbon, 9.7% hydrogen and 51.6% oxygen by mass.

Calculate the empirical formula of X.

Empirical formula ...
(ii) The relative formula mass M) of X is 62

What is the molecular formula of X?

Molecular formula ...

(Total for Question 4 = 6 marks)

10
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5 A student was asked to compare the industrial processes used to extract aluminium
and iron from their ores.

(@) (i) Name the main ore used as the source of iron.

(ii) Aluminium is extracted from purified aluminium oxide.

What is the formula of aluminium oxide?

(iii) One solid element is used in the extraction of both metals.

Identify this element and state its purpose in the extraction of aluminium.

(iv) One gaseous element takes part in a reaction needed in the extraction of iron.

Identify this element and state its purpose in the extraction of iron.

B O O oo e

R U o T 1=

11
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(b) The student wrote this statement:

The extractions of aluminium and iron both involve reduction and oxidation reactions.

(i) What name is given to a reaction that involves both reduction and oxidation?

(i) Why does this equation represent a reduction reaction?

AP* + 3e” — Al

(iii) The equation for a reaction that occurs in some extractions of iron is
C+HO — CO +H,

Identify the substance oxidised in this reaction, giving a reason for your choice.

12
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(c) Both extractions occur at a high temperature.
Neither extraction uses a catalyst.

(i) What is meant by the term catalyst?

(d) Several equations can be written for the reactions occurring in the extractions.

(i) Write the chemical equation for the reaction between iron(lll) oxide (Fe,0,)
and carbon monoxide (CO).

(i) This equation represents a reaction used to remove impurities in the
extraction of iron.

CaO + Si0, — CaSiO,

State the type of reaction occurring in this equation.

(iii) Complete the table by giving the common name for calcium silicate.

Formula of compound Chemical name Common name
Cao calcium oxide quicklime
Casio, calcium silicate

(Total for Question 5 = 17 marks)

13
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6 The table shows the structures of six organic compounds, A to F.

A B C
H ’ ’ CH,
| N/ |
H—C—Br c=C CH;—C — CH,
| 7N |
H H H CH,
D E F
T T R
CcH H—C—C—C—H H—C—C—C—C—C—H
] I
H H H H H HHHHH

(@) The letter of the compound in the table that is not shown as a displayed formula is

(b) (i) State what is meant by the term hydrocarbon, and give the letter of one
compound in the table that is not a hydrocarbon.

(i) State what is meant by the term unsaturated, and give the letter of one
compound in the table that is unsaturated.

(i) State what is meant by the term isomers, and give the letters of two
compounds in the table that are isomers of each other.

P 4 1 5 5 4 A 0 1 4 3 2
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(c) Some of the compounds in the table are members of the same homologous series.

(i) One feature of a homologous series is that adjacent members have formulae
that differ by CH,

State two other features of members of the same homologous series.

e e
2 e
(i) Give the letters of two adjacent members of the same homologous series
shown in the table.
=Y o (= and

(d) (i) Compound G has the molecular formula C,H,Br,

It can be made from a compound in the table by a reaction that does not
need UV light.

Draw the displayed formula of compound G.

(ii) Compound H reacts with bromine to form one of the compounds in the table.
The reaction needs UV light.

Draw the displayed formula of compound H.

(Total for Question 6 = 14 marks)

15
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7 A teacher asked her students to suggest some experiments that could be done using
chemicals found in the home. One student planned an experiment to measure the
temperature change when baking soda is added to vinegar.

She wrote this plan.

pour 100 cm? of vinegar into a polystyrene cup
weigh out five separate 1 g portions of baking soda
measure the temperature of the vinegar

add 1 g of baking soda to the vinegar and stir
record the new temperature

add the other portions of baking soda, stirring and recording the temperature
after each portion is added

The graph shows her results.

20 -
18 X
16
Temperature
of mixture
in °C
14 -
12
10 T T I | |
0 1 2 3 4 5
Mass of baking soda added in grams
16
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(@) The student said that the reaction in her experiment was not complete.

How does the graph support her statement?

(b) The student used a polystyrene cup rather than a glass beaker.

Why is it better to use a polystyrene cup?

(c) Vinegar contains ethanoic acid. Baking soda contains sodium hydrogencarbonate.

The student found this equation for the reaction:

CH,COOH + NaHCO, — CH,COONa + H,0 + CO,
(i) There is no colour change during this reaction.

Suggest one observation, other than the change in temperature, that could
be made during the reaction.

(ii) The compound CH,COOH is an acid and the compound CH,COONa is a salt.
The graph shows that the temperature goes down during the reaction.

Use this information to state the two types of reaction occurring.

17
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(d) (i) Complete the energy level diagram by showing the products of the reaction.

N

CH,COOH + NaHCO,

Energy

(i) Label the diagram to show the energy change, AH, for the reaction.

(e) The student repeated the experiment using the same method with a different
sample of vinegar. She recorded these results.

Volume of vinegar = 100 cm?
Mass of baking soda=5.0g
Temperature at start = 18.7 °C
Temperature at end = 13.2 °C
() Calculate the heat energy change in this experiment using the expression

heat energy change = volume of vinegar X 4.2 X temperature change

Heat energy change= ... J
(i) The student wanted to calculate the amount, in moles, of ethanoic acid in the vinegar.

Apart from the volume of vinegar, what other information would she need to
be able to calculate the amount of ethanoic acid?

(Total for Question 7 = 10 marks)

18
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8 A group of students investigated the reaction between marble chips (calcium carbonate)
and dilute hydrochloric acid.

The equation for this reaction is
CaCO,(s) + 2HCl(ag) — CaCl(aq) + H,0O() + CO,(g)

They wanted to find the effect of changing the concentration of hydrochloric acid
on the rate of reaction. The teacher provided a solution that she had labelled 100%
hydrochloric acid.

The teacher told them to do all their experiments

e using different concentrations of hydrochloric acid made by diluting the 100%
hydrochloric acid

e by timing how long it took to collect carbon dioxide
e atroom temperature

The students used this apparatus.

3
dilute
hydrochloric o
. ° water
acid 100 —
r-\.«-fvﬂr'ﬁm

marble chips

(@) The students tried to keep the amount of calcium carbonate constant by using
the same number of marble chips in each experiment.

State two other properties of the marble chips that should be the same in each
experiment.

20
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(b) The table shows how some of the students wrote down their results.

Student Results
I used 6 marble chips and 100% hydrochloric acid and
1 collected 100 cm?® of gas in 40 seconds.

In my experiment there were 6 marble chips and 80%
hydrochloric acid and T collected 100 cm? of carbon

2 dioxide by the end of the experiment.
The marble chips and 60% hydrochloric acid formed
3 100 cm?® of gas in 70 seconds.
I used 40% hydrochloric acid and 6 marble chips.
4 It took 105 seconds to collect the gas.
T collected 100 cm3 of gas in 135 seconds when I used
5 6 marble chips.

The teacher said that she could only use the results from student 1 because the
other students had not recorded enough information.

Identify the piece of information that each student failed to record.
STUAENT 2 .
STUARNT 3
STUAENT 4 e

U I 5 e et

21
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(c) The students repeated the experiment to make sure that it was a fair test. They used
a different supply of hydrochloric acid. They all measured the time to collect
100 cm? of carbon dioxide and calculated the rate of each reaction.

Their results are shown in the table.

Percentage Time to collect Rate of
concentration of 100 cm® of gas reaction in
hydrochloric acid in seconds cm’/s

20 66.7 1.5
40 52.6 1.9
60 34.5 29
70 30.3 33
80 25.6 3.9
100 20.8 4.8

(i) Plot these results on the grid and draw a straight line of best fit.

5
4 -
3 -
Rate of reaction
in cm?3/s
2 -
‘] -
0 | | | | |
0 20 40 60 80 100

Percentage concentration of hydrochloric acid

(ii) One of the points is anomalous. Circle this point on the graph.

22
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(iii) Suggest two errors in the experiment that could have caused this anomalous
result.

(iv) Use your graph to estimate the rate of reaction using an acid concentration of 50%.

Show on your graph how you obtained your answer.

(Total for Question 8 = 14 marks)

23
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9 The diagram shows some pieces of apparatus used to measure volumes.

O_

25

7 m
50]
L

N 25 _/
cm?
250 |

cm?

A student was given a large bottle containing sodium hydroxide solution and a supply
of dilute sulfuric acid of known concentration.

He was allowed to use normal laboratory apparatus, including the pieces of apparatus
shown in the diagram.

He was told to plan an experiment to find the concentration of the sodium hydroxide solution.
This is his plan.
Step1  Obtain about 150 cm? of each solution.

Step2  Use a measuring cylinder to add exactly 25.0 cm? of sodium hydroxide solution
to a conical flask.

Step3  Add afew drops of universal indicator to the conical flask.

Step4  Use a burette to add the sulfuric acid to the conical flask until the indicator
changes colour.

(@) (i) Give the name of the most suitable piece of apparatus in the diagram that
should be used in Step 1.

(i) Give the name of the piece of apparatus in the diagram that should be used
instead of a measuring cylinder in Step 2.

P 4 1 5 5 4 A 0 2 4 3 2
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(i) State why universal indicator is not a good choice for this experiment and
suggest an indicator that would be more suitable.

(b) The diagram shows the burette readings in one experiment before and after

adding the acid.
Before After
—2 — 22
— 3 — 23
— 4 —] 24
/\"“/: /\"‘/:

Use the readings to complete the table, entering all values to the nearest 0.05 cm?.

Burette reading after adding acid in cm?
Burette reading before adding acid in cm?

Volume of acid added in cm?

25

RO O 0 A Turn over
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(c) The student repeated the experiment using a different concentration of sodium hydroxide

26

solution and recorded these results.

Burette reading after adding acid in cm? 24.90 25.85 24.85 25.55
Burette reading before adding acid in cm? 1.20 2.75 1.50 2.10
Volume of acid added in cm? 23.70 23.10 23.35 23.45

Titration results to be used (v)

The volumes of acid added during these titrations are not all the same. The average
(mean) volume of acid should be calculated using only concordant results.

Concordant results are those volumes that differ from each other by 0.20 cm? or less.

(i) Identify the concordant results by placing ticks (v') in the table where appropriate.

(ii) Use your ticked results to calculate the average (mean) volume of acid added.

Average (mean) volume ofacid= ... cm?

P 4 1 5 5 4 A 0 2 6 3 2
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(d) The student used the same method to find the concentration of a solution of
potassium hydroxide. The equation for the reaction is

2KOH + H,S0, — K SO, + 2H,0

These are his results.

Volume of potassium hydroxide solution 25.0cm?
Volume of sulfuric acid 23.60 cm?
Concentration of sulfuric acid 0.0500 mol/dm?

He used these results to calculate the concentration of the potassium hydroxide
solution.

0.0500 x 23.60
Step1 amount of H,SO, = = 0.0118 mol

100

00118 = 0.00590 mol

Step2 amount of KOH =

0.00590
Step3  concentration of KOH = 360 %1000 = 0.250 mol/dm?

There is one mistake in each step of the calculation.
What correction should the student make in each step?

(i) Step1

(Total for Question 9 = 14 marks)

27
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10 The Haber process is used to convert nitrogen and hydrogen into ammonia.

(@) Which raw material is the source of the nitrogen?

(b) The hydrogen for this process is obtained using reactions 1 and 2

Reaction 1 CH,(9) + H,0(g) = CO(g) + 3H,(g) AH =+210 kJ mol™
Reaction 2 CO(g) + H,O0(g) = CO.(g) + H,(9) AH = -42 kJ mol™'

(i) Predict what will happen to the equilibrium position in reaction 1 when the
pressure is increased. Give a reason for your prediction.

(ii) Predict what will happen to the equilibrium position in reaction 2 when the
temperature is increased. Give a reason for your prediction.

(c) Predict what will happen to the rate of reaction 1 when the pressure and
temperature are increased.

EffeCt Of INCrEASE PI@SSUIE ..ottt

Effect of INCreased teMPEIATUIE ... e

28
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(d) Some of the ammonia from the Haber process is made into fertilisers such as
ammonium nitrate.

The equation for the formation of ammonium nitrate is
NH, + HNO, — NH,NO,
A manufacturer makes a batch of 40 kg of ammonium nitrate.

(i) Calculate the amount, in moles, of NH,NO, in 40 kg of ammonium nitrate.

Amount of NH,NO, . mol

(ii) Deduce the amount, in moles, of ammonia needed to make this amount of
ammonium nitrate.

Amount of amMmMONIa ..o mol

(iii) Calculate the mass, in kg, of ammonia needed.

Mass of amMmMONia ... kg
(e) The manufacturer also produces fertilisers that are labelled NPK.

Suggest the names of two elements, other than nitrogen, that are likely to be present
in NPK fertilisers.

(Total for Question 10 = 13 marks)

29
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11 The properties of substances can be explained in terms of their bonding and structure.

Electricity can be transmitted by overhead power lines. This method of transmission
requires electrical conductors and insulators.

(@) Aluminium is used for the overhead lines because it is a good conductor of electricity
and is ductile (can be pulled into a wire).

This diagram can be used to represent the structure of aluminium.

0000000 O atminium ator

(i) Explain why aluminium is a good conductor of electricity.

30
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(b) The main substance that acts as an insulator in this method of transmission of
electricity is air, which is mostly nitrogen.

The power lines are supported by solid insulators. Most solid insulators are
manufactured using silica.

The diagram shows the structures of nitrogen and silica.

o 1

o & R
..,

Nitrogen Silica

Explain, in terms of bonding and structure, why nitrogen is a gas at room temperature
but silica is a solid with a high melting point.

(Total for Question 11 = 9 marks)

TOTAL FOR PAPER = 120 MARKS
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