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Answer ALL questions.

1 Sodium sulfate is a compound with many uses.

<
wl
e
=g (@) The formula of the main compound used as the source of sodium sulfate is Na,5SO,.10H,0
Zlﬂll
i How many different elements are shown in this formula?
Z
:‘:g:‘:
I— 0B 3
SO
= 0C 4
L [OD 5

(b) Sodium sulfate can be made from sodium hydroxide and sulfuric acid.

Balance the equation for the reaction between sodium hydroxide and sulfuric acid.

(c) Sodium hydroxide is manufactured by the electrolysis of brine in the diaphragm cell.
Sulfuric acid is manufactured using the contact process.
The table contains some statements about these two processes.

Place ticks (v”) in the boxes to show the two correct statements.

R S

brine is a solution of sodium chloride in water

555

the temperature used in the contact process is greater than 1000 °C
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an equation for the contact process is SO, + H,O — H,SO,
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the reactions in the diaphragm cell are displacement reactions

0K
Jateletets!
<

the catalyst used in the contact process is vanadium(V) oxide

(Total for Question 1 = 4 marks)
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2 The diagram shows the positions of some elements in part of the Periodic Table.

o He
!)
i
i Li B N F
Z'ZZZ
i Mg Si S Ar
g
16 (a) How many periods and groups are shown in this diagram?
2 (1)
R Periods Groups
1A 2 4
1B 3 4
]cC 2 8
LID 3 8
(b) How many elements shown in the diagram are noble gases?
(1)
LJA 1
= OB 2
%,
z oc 3
o4
S
S
e
.e%':z (c) What is the formula of the compound formed between magnesium and fluorine?
o (1)
%:%%” L] A MgF
§:§:§:§Z 1B Mg,F
[J C MgF,
[0 D MgF,
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(d) The table shows the percentage composition by mass of a sample of silicon.

Isotope 8Gj 26 30Si

Percentage (%) 92.2 4.70 3.10

Calculate the relative atomic mass of this sample of silicon.

Give your answer to one decimal place.
(2)

relative atomicmass = ...
(e) A molecule of silicon tetrafluoride (SiF,) contains covalent bonds.

Draw a dot and cross diagram to show the outer electrons in this molecule.
(2)
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(f) The table shows the boiling points of some compounds containing silicon. All of
these compounds contain covalent bonds.

Compound  Boiling point in °C
SiF, -86
Sicl, 58
Sio, 2950

NOTWRITEINTHISAREA

SiF, and SiCl, have simple molecular structures.

Do

SiO, has a giant covalent structure.

(i) Explain why the boiling point of SiCl, is greater than the boiling point of SiF,
(2)

(i) Explain why the boiling point of SiO, is very much greater than the boiling
point of SiCl,
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(Total for Question 2 = 11 marks)
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3 This apparatus can be used to investigate electrolysis.

CuSO,(aq)

NaCl(aq) ~_

solid PbBr2

power supply

(@) Name the particles that move through the connecting wires to form an electric current.
(1)

(b) The electrodes are made of platinum, which is an inert metal.

State what is meant by the term inert.
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(c) Explain why the electrolytic cell containing PbBr, needs to be heated before
electrolysis can occur.
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(d) When NaCl(aq) is electrolysed, two gases form at the positive electrode and one
gas forms at the negative electrode.

The formulae of the species in NaCl(aq) are Na*, Cl-, H*, OH- and H,O.

(i) Name the gases formed at each electrode.

positive electrode ... and

negative electrode

ONOTWRITEINTHISAREA

(i) Give ionic half-equations to show the formation of each gas.

(e) The ionic half-equation for one of the reactions in the cell containing
copper(ll) sulfate solution is

Cu* + 2e- > Cu

R R e
e YEA
. DONOT

During the electrolysis, a charge of 0.040 faradays passes through this cell.

i

SR
5

Calculate the mass of copper metal formed.

o,%‘g,
‘:‘0:0

205
3
5

%

(2)

X K
5
Satotateietetotets!
K
S

B

g..%

Mass Of COPPEr = .. g

(Total for Question 3 = 11 marks)
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4 Compounds containing C—C double bonds are used to manufacture alcohols such as
ethanol and addition polymers such as PVC.

The table shows the formulae of some compounds containing C—C bonds.

A B
L0
CH,—CH, o
H
C D
CH, CH,Cl

(@) (i) Explain which three of these compounds are hydrocarbons.
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(b) Ethanol can be manufactured from compound A using reaction 1.
Ethanol can also be manufactured from glucose using reaction 2.

The equations for these reactions are
reaction 1 CH, + HO - CH.OH
reaction2  CH O, - 2CH.OH + 2CO,

Give two advantages of using each reaction to manufacture ethanol.

ONOTWRITEINTHISAREA

(c) Compound C reacts with bromine to form a product with this formula.

e
S NOT
i DONOT

i

%

CH,—CH—CH—CH,
|
Br Br

S
o:é;

SEERES

X K
5
Satotateietetotets!
K
S

B

% %
%000

(i) Use this formula to determine the name of compound C.

(ii) State the colour of the product formed when compound C reacts with bromine.
(1)
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(d) Compound X is an isomer of compound C.

(i) Explain what is meant by the term isomers.

(ii) The equation for the conversion of compound X to an alcohol is

CH,—CH—CH,—CH, + H,0 - CH3—C|H—CH2—CH3
OH

Place ticks (v”) in the boxes to show the two correct descriptions of this reaction.
(2)

addition

dehydration

hydration

oxidation

reduction

(e) Compound D, chloroethene, can be used to manufacture the polymer PVC.
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(i) State the full name of PVC.

=
s
e
S

5%

’Q
55

<R K
<

S

55

(i) Write an equation, containing displayed formulae, to represent the reaction
that occurs in the manufacture of PVC.
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(Total for Question 4 = 19 marks)
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5 A student uses this apparatus to find the increase in temperature of water when
methanol, CH,OH, is burned.

water
/

methanol

(@) There are several reasons why the increase in temperature is less than expected.

(i) One reason is the incomplete combustion of methanol to form only
carbon monoxide and water.

Write the chemical equation for this incomplete combustion.

(2)
(ii) State another reason why the increase in temperature is less than expected. St
(1) S
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S (b) The student records these results.
E mass of burner and methanol before combustion 84.7 g
BB
8. mass of burner and methanol after combustion 83.2¢9
Sl
= mass of water 1259
"'I:J temperature of water at start 22 °C
e
r]rEr]r temperature of water at end 58 °C
i o
a (i) Calculate the heat energy change (Q), in joules, in this experiment using the expression
Q=mx42xAT
where m is the mass of water in grams and AT represents the increase in temperature.
(2)
Q= J
(ii) The relative molecular mass of methanol is 32
Use this information and your value for Q to calculate the molar enthalpy
change, AH, for the combustion of methanol.
Give your answer in kJ/mol.
(4)
oo
S
0’0‘:‘
ol
AH= o kJ/mol
J
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(i) The student draws an energy level diagram for the complete combustion of
methanol.

carbon dioxide
and water

methanol
energy

Identify the two mistakes in his diagram.
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(c) The student is given this table of average (mean) bond energies.

<

::E:: Bond C—H CG—0O0 O—H O= =
n Average bond energy 412 360 463 496 243
i in kJ/mol

Z

i The equation for the complete combustion of methanol is

£ H

2 H—C—O0—H + 1.50—0 —» 0—C—0 + 2H—O0—H

‘:‘:Q:‘: H

Use this equation and the information in the table to calculate another value for
the molar enthalpy change, AH, for the combustion of methanol.
(4)
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(Total for Question 5 = 15 marks)
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