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1 (a) Five organic compounds have the following structures.

A B Cc
H H H H H H H H H H H H
PSR SV VS0 TS0 SNV S S
R R R
D E
H H H H H
Br—C—C—Br Br—é—(li—(ll—Br
b Vb

(i) Which compound is butane?

....................................................................................................................................... [1]
(ii) Which two compounds are structural isomers of each other?
....................................................................................................................................... [1]
(iii) Which compound can be made by reacting an alkene with bromine?
....................................................................................................................................... [1]
(iv) Which compound is a saturated hydrocarbon?
....................................................................................................................................... [1]
(v) Which compound has the empirical formula C,H,?
....................................................................................................................................... [1]
(vi) Name the two products made during the complete combustion of compound C.
....................................................................................................................................... [1]
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(b) Petroleum can be separated into useful substances using the apparatus shown.

ﬁ—» refinery gas

—— — gasoline fraction

— — naphtha fraction

—» X

— — ——> diesel oil fraction

Y — — — fueloil fraction

petroleum e

— |ubricating fraction
and bitumen

(i) Name the fraction which is the most viscous.

....................................................................................................................................... [1]
(i) Name the fraction with the smallest molecules.
....................................................................................................................................... [1]
(iii) Name the fraction which has the weakest attractive forces between molecules.
....................................................................................................................................... [1]
(iv) Fraction X is used as jet fuel.
Name fraction X.
....................................................................................................................................... [1]
(v) What happens at point Y on the diagram?
....................................................................................................................................... [1]

[Total: 11]
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2  Silver dichromate, Ag,Cr,0,, is a red insoluble salt.

Silver dichromate can be made by reacting silver nitrate solution with ammonium dichromate
solution. The chemical equation for the reaction is shown.

2AgNO,(aq) + (NH,),Cr,0,(aq) — 2NH,NO,(aq) + Ag,Cr,0(s)

(a) Describe how you could obtain pure dry solid silver dichromate after mixing silver nitrate
solution and ammonium dichromate solution.

.............................................................................................................................................. [3]
(b) (i) The charge on a silver ion is +1.
Deduce the charge on the dichromate ion in Ag,Cr,0,.
....................................................................................................................................... [1]
(i) Write the ionic equation for the formation of silver dichromate in this reaction.
State symbols are not required.
....................................................................................................................................... [1]

(c) Dilute aqueous sodium hydroxide was added to the ammonium nitrate solution made in the
reaction. The mixture was then warmed and damp Universal Indicator paper was held above
the mixture.

State and explain what would happen to the Universal Indicator paper.
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(d) The apparatus shown was set up.
plastic trough
s |
solid silver nltrate\L@ I OJ/Z?T:Igmum dichromate
water

After five minutes, a red solid appeared along the line marked S on the diagram.

(i) Explain why a red solid appeared along the line marked S.

(ii) The experiment was repeated at a higher temperature.

What effect, if any, would this have on the time taken for the red solid to appear? Explain
your answer.

....................................................................................................................................... [2]
(e) Ammonium dichromate, (NH,),Cr,O,, undergoes thermal decomposition.
The products are chromium(III) oxide, nitrogen and water.
(i) What is meant by thermal decomposition?
....................................................................................................................................... [2]
(i) Write a chemical equation for the thermal decomposition of ammonium dichromate.
....................................................................................................................................... [2]

[Total: 16]
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3 Nitryl chloride, NO,C/, reacts with nitric oxide, NO. The forward reaction is exothermic.
NO,CI(g) + NO(g) = NO,(g) + NOCI(g)
The reaction can reach equilibrium.

(@) What is meant by the term equilibrium for a reversible reaction?
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(e) Nitrosyl chloride, NOCI, is a gas at room temperature. It has the structure shown.

O=N—-~cClI

(i) Complete the dot-and-cross diagram to show the arrangement of the outer shell electrons

in nitrosyl chloride.

(ii) Nitrosyl chloride has a boiling point of —6 °C.

[2]

Explain why nitrosyl chloride has a low boiling point.

[Total: 13]
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4 Copper(Il) sulfate solution was electrolysed using the apparatus shown.

+

carbon cathode carbon anode

copper(II) sulfate
solution

(@) (i) Draw an arrow on the diagram to show the direction of movement of electrons in the wire.
Label the arrow A. [1]

(ii) Draw an arrow on the diagram to show the direction of movement of positive ions in the
copper(Il) sulfate solution.
Label the arrow B. [1]
(b) Oxygen was formed at the anode and copper was formed at the cathode.
(i) The ionic half-equation for the formation of oxygen is shown.
40H- —» O, + 2H,0 + 4e-

Explain why this reaction is oxidation.

(c) The electrolysis was repeated using copper electrodes in place of carbon electrodes.

State and explain what happens to the masses of the anode and the cathode during this
electrolysis.

[Total: 9]
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5 Ironis extracted from its ore using a blast furnace.
(a) In the blast furnace, coke burns in oxygen to produce heat energy and carbon dioxide.

How is this carbon dioxide converted into carbon monoxide in the blast furnace?

(b) Calcium carbonate added to the blast furnace decomposes to form calcium oxide.
Calcium oxide removes silicon(IV) oxide impurities from the iron in a neutralisation reaction.

Write a chemical equation for the reaction of calcium oxide with silicon(IV) oxide. Suggest why
it is a neutralisation reaction.

(¢) The main impurity in iron obtained from the blast furnace is carbon.

(i) Why must the high levels of carbon be lowered before the iron becomes a useful material?

(d) Zinc is extracted from its ore. The ore contains zinc sulfide. The zinc sulfide is roasted in air to
produce zinc oxide and sulfur dioxide.

Zinc is then obtained from the zinc oxide using a blast furnace.

(i) Give the name of the ore of zinc that contains zinc sulfide.

....................................................................................................................................... [1]
(i) Write a chemical equation for the reaction that takes place when zinc sulfide is roasted in

air.

....................................................................................................................................... [1]
(iii) Suggest why the sulfur dioxide should not be released into the atmosphere.

....................................................................................................................................... [2]
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The temperature inside the blast furnace in which zinc is extracted is about 1000 °C.

The table gives some information about substances in the blast furnace in which zinc is
extracted.

substance melting point/°C boiling point/°C
carbon sublimes at 4330°C
silicon(IV) oxide 1610 2230
zinc 420 907

Use the data in the table to explain why the zinc obtained does not contain high levels of
impurities such as silicon(IV) oxide and carbon.

[Total: 12]
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6 Barium carbonate decomposes when heated.
BaCO,(s) — BaO(s) + COL9)
(a) A student heated a 10.0g sample of barium carbonate until it was fully decomposed.

(i) Calculate the number of moles of barium carbonate the student used.

moles of barium carbonate = .............ccccceiinnnn. mol [2]

(ii) Calculate the volume of carbon dioxide gas produced at room temperature and pressure.
Give your answer in dm?,

volume of carbon dioxide = ...............ccccuunnneeen. dm? [1]

(b) The student added 2.00 g of the barium oxide produced to water.
BaO + H,O0 — Ba(OH),

Calculate the mass of barium hydroxide that can be made from 2.00 g of barium oxide. The M,
of Ba(OH), is 171.

mass of barium hydroxide = .............ccccvvvvvinnns g [1]
(c) A 1.50g sample of barium hydroxide was dissolved in water. The total volume of the solution
was 100cm?.

A 25.0cm? portion of the barium hydroxide solution was titrated against hydrochloric acid. The
volume of hydrochloric acid required was 18.75cm3.

Ba(OH), + 2HCI — BaCl, + 2H,0

(i) Calculate how many moles of barium hydroxide were in the 25.0cm? portion used in the
titration.

moles of barium hydroxide = ............cccccceiinnnne. mol [1]

(ii) Calculate the concentration of the hydrochloric acid used.

concentration of hydrochloricacid = ............................ mol/dm?3 [2]
[Total: 7]
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7 (a) The diagram shows part of the structure of an addition polymer.

H Cl H CI H CI

.
—C—C—C—C—C—C—
N
H H H H H H
(i) Draw a circle around one repeat unit of the polymer. [1]

(ii) Draw the structure of the monomer from which this addition polymer is made.

[1]
(iii) Aqueous bromine is added to both the polymer and the monomer.

Describe what would be seen in each case.
WIth the POIYMEE ... e e e e e e e e nneee s
WIth the MONOMET ...t e e st s s e s s s e e e e e e e e e e e eeeeeeeeeeeeeees
[2]

(b) The diagram shows part of the structure of a condensation polymer.
O O
gl g dagl o
L L

(i) What type of condensation polymer is this?
....................................................................................................................................... [1]
(ii) On the diagram, draw a circle around one repeat unit of the polymer. [1]

(iii) Draw the structures of the two monomers from which the condensation polymer is made.

[2]
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(c) Hydrolysis of a polymer gave a compound with the following composition by mass: C, 34.61%;
H, 3.85%; O, 61.54%.

(i) Calculate the empirical formula of the compound.

empirical formula = ............ccooiineen. [3]

(ii) What additional information is needed to calculate the molecular formula of the compound?

[Total: 12]
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