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Answer all questions in the spaces provided.

This question is about some elements in Group 7 and their compounds.

|I| State the block in the Periodic Table that contains the element chlorine.

p-block

[1 mark]

@ Chlorine gas is added to a solution of sodium bromide.
Write an ionic equation for the reaction.

State the expected observation.

lonic equation

C’Z + 2Br - 2CI + sz

[2 marks]

Observation the colourless solution turns yellow / orange

. Concentrated sulfuric acid is added to solid sodium bromide.
A gaseous sulfur-containing product is formed.

Write an equation for the reaction between concentrated sulfuric acid and
bromide ions to form this sulfur-containing product.

Give one observation in this reaction.

State the role of sulfuric acid in this reaction.

Equation

2H" + 2Br + stoq - S0, + Br, + 2H20

[3 marks]

Observation brown /[ orange fumes (choking gas) given off

Role of sulfuric acid oxidising agent
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Lo[1].[4]

Lo[1].[5]

Lo]1].[6]

Chlorine is used in the production of drinking water.

State why the amount of chlorine in drinking water must be limited.
[1 mark]

chlorine is toxic (poisonous), so too much would be harmful to health

Chlorine reacts with water to form a solution containing two acids.
Write an equation for this reaction of chlorine with water.

Explain, in terms of oxidation states, why this is a redox reaction.
[2 marks]

Equation

Cly + H,0 » HCl + HCIO

Explanation Chlorine is both oxidised and reduced: its oxidation state

changes from 0 in Cly to +| in HCIO (oxidised) and to = in HCI

(reduced).

Which statement is correct about the reaction of chlorine with water to form
two acids?

Tick (v') one box.
[1 mark]

Water is an oxidising agent.

Water is a reducing agent.

Water is neither an oxidising agent nor a reducing agent. \/
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L0]2][2]

[o]2] 3]

This question is about structure and bonding in substances that contain
Group 4 elements.

Graphite has a melting point of 3827 K
State the type of crystal structure in graphite.

Explain, in terms of bonding, why the melting point is very high.

Structure  macromolecular (giant covalent)

[3 marks]

Explanation Each carbon atom is joined to three other carbon atoms by

strong covalent bonds in a giant lattice.

To melt graphite, many strong covalent bonds must be broken, which

needs a lot of energy.

Carbon disulfide has the formula CS,

Complete the diagram to show the bonding in CS,
In your diagram, show all bonds and any lone pairs of electrons.

Draw the structure of the unstable molecule CCl,
Include any lone pairs of electrons that influence the shape.

c

PN

cl cl

[2 marks]

[1 mark]
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E Explain how permanent dipole—dipole forces arise between CF,Cl, molecules. box
Name another type of intermolecular force between CF,Cl, molecules.
[3 marks]
Explanation There is an electronegativity difference between C and Cl / F,
so the C—Cl and C—F bonds are polar: C is 6+ and Cl / F are 6-.
The &— atoms on one molecule attract the 6+ carbon on an adjacent
molecule.
Intermolecular force van der Waals forces
E What is the formula of tin(IV) nitrate?
Tick (v') one box.
[1 mark]
Sn(NO),
Sn(NO,), N4
Sn,NO,
Sn,(NO,),
El Explain why lithium carbonate has a high melting point.
[2 marks]
It is ionic: it contains positive Li* ions and negative CO3*~ ions in a
glant lattice.
There are strong electrostatic attractions between the oppositely charged
ions, which need a lot of energy to overcome. 12
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Magnesium carbonate (M: = 84.3) reacts with hydrochloric acid.

MgCO,(s) + 2HCl(aq) — MgCl,(aq) + H,0O(l) + CO,(g)

100 cm?® of 0.500 mol dm™ hydrochloric acid (an excess) are added
to 2.04 g of impure magnesium carbonate.

The mixture is stirred until all the magnesium carbonate has reacted.

to neutralise the excess acid.

The amount of excess acid is determined by titration with sodium hydroxide.

In the titration, 27.50 cm® of 0.500 mol dm™> sodium hydroxide solution are required

|I| Write an equation for the reaction between hydrochloric acid and sodium hydroxide.

Use your equation and the data in the question to calculate the percentage purity of

the impure magnesium carbonate.

Equation

HCl + NaOH — NaCl + H,0

[7 marks]

Calculation
n(NaOH) = 27.50/1000 x 0.500 = 0.01375 mol = n(excess HCl)

n(HCl added) = 100/1000 x 0.500 = 0.0500 mol

n(HC reacted with MgC03) = 0.0500 — 0.01375 = 0.0362S mol
n(MgC03) = 0.0362S <+ 2 = 0.018] mol

mass of MgCO3; = 0.018] x 84.3 = .53 ¢

purity = 1.53 + 2.09 x 100 = 74.9%

Purity 74.9

%
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@ Identify the equipment used to measure 27.50 cm® of 0.500 mol dm™ solution of box
sodium hydroxide accurately.
[1 mark]

a burette

. 0.750 g of pure magnesium carbonate is reacted completely with hydrochloric acid.

Calculate the volume, in cm®, of carbon dioxide that is given off in this reaction
at 30 °C and 100 kPa
Give your answer to 3 significant figures.

The gas constant, R=8.31J mol™ K™
[5 marks]

n(MgC03) = 0.750 + 84.3 = 3.90 x 102 mol = n(€0,)
pV = nRkRT so V = nRT = p

T=30+273=303K p=100kPa =100 000 Pa
V= (8.90 x 107 x 8.3] x 303) + 100 000

V=224 x10°m?

V=224 x10%x 105 =224 cm?

Volume 224 cm®

Turn over »
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This question is about atoms and isotopes

II| Define relative atomic mass.

[2 marks]

The average (mean) mass of one atom of an element compared with

1/12 of the mass of one atom of carbon-12.

@ Gallium exists as two isotopes, *°Ga and "'Ga

A sample of gallium has a relative atomic mass of 69.7

Calculate the percentage abundance of the *Ga isotope in this sample.

[2 marks]
let % of ¢%Ga = x:  [69x + 71(100 — x)] <+ 100 = 69.7
7100 — 2x = 6970, so 2x =130, x = 6S
Abundance of *Ga 65 %
E State why these two isotopes of gallium have the same chemical properties.

[1 mark]
they have the same electron configuration (same number of outer
electrons)

E Give the full electron configuration for a gallium atom.
[1 mark]

Is? 2s% 2p® 3s? 3p° 3d"° 4s? qGp!

0 8
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E Gallium and germanium are both Period 4 elements.

Suggest why the first ionisation energy of gallium is lower than the first ionisation
energy of germanium.
[2 marks]

Gallium has fewer protons than germanium (smaller nuclear charge).

The outer electron is in the same 4p sub-level with the same (similar)

shielding, so it is less strongly attracted to the nucleus in Ga.

El A *Ga"* ion with a kinetic energy of 3.18 x 10" J travels through a 1.25 m flight tube.

The kinetic energy of the ion is given by the equation
KE = = mv?
=5mv

m =mass / kg
v=speed/m s
KE = kinetic energy / J

Calculate the time, in seconds, for the ion to travel through the flight tube.

The Avogadro constant, L = 6.02 x 10% mol™
[4 marks]

m = 69 + (6.02 x 10?3 x 1000) = 1.146 x 107%° kg
KE = Yomv® so v = (2KE =+ m)

v=a02x 318 x 1079+ 1146 x 107%°)
v=555x%x10") =745 x10°m s’
t=d=+v=125<+745 x10°

.68 x 107 s

~
\

Time 1.68 x 1076 s

Turn over »
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Compound X contains a Group 2 metal ion and a negative ion. box
A solution of X is used in two test-tube reactions.

Table 1 shows the observations.

Table 1
Test 1 Test 2
Add HNO,(aq) and Add NaOH(aq)
AgNO,(aq)
Solution of X Yellow precipitate White precipitate

|I| State why nitric acid is used in Test 1.

[1 mark]

to remove (react with) carbonate ions, which would otherwise form

other precipitates with Ag*

[0]5].[2] suggest the identity of X.

Write ionic equations for the formation of the precipitates in Test 1 and Test 2.
[3 marks]

Identity of X Magnesium iodide, Mgl,

lonic equation for reaction in Test 1

Ag*(ag) + I"(ag) - Agl(s)

lonic equation for reaction in Test 2

Mg**(ag) + 20H (ag) - Mg(OH),(s)

170
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11

. It can be difficult to identify the precipitate from its yellow colour in Test 1.

Give an additional reagent that could be added to the yellow precipitate to confirm the

identity of the precipitate.

State the expected observation.

sulfate ions.

[2 marks]
Reagent concentrated ammonia solution
Observation 10 Visible change, the precipitate does not dissolve
Compound Y contains ammonium ions and sulfate ions.
E Identify a reagent that can be used to show that a solution of Y contains
Write an ionic equation for the reaction.
[2 marks]

Reagent acidified barium chloride solution, BaCl,(ag)

lonic equation

Ba’*(ag) + S04 (ag) - BaSO,(s)

El Identify a reagent and a condition that can be used to show that a solution of Y

contains ammonium ions.

State the expected observation.

Reagent sodium hydroxide solution, NaOH(ag)

[3 marks]

Condition warm the wmixture

Observation damp red litmus paper held at the mouth of the tube turns

blue (ammonia gas given off)

Do not write
outside the
box

11

stemup.co.uk

Turn over »

1B/G/Jun25/CHO1


https://stemup.co.uk

12

This question is about energetics.
|I| State the meaning of the term enthalpy change.

[1 mark]

the heat energy change measured at constant pressure

A student does an experiment to find the enthalpy change when iron powder is added
to copper(ll) sulfate solution.

Fe(s) + CuSO,(aq) — FeSO,(aq) + Cu(s)
Method

e 30 cm® of 1.00 mol dm™ copper(ll) sulfate solution are poured into a
plastic cup.

e A thermometer is placed in the plastic cup and the temperature of the solution
recorded every minute for 3 minutes.

¢ At the 4th minute, 4 g of iron powder are added and the contents of the plastic cup
stirred. The temperature is not recorded.

e The temperature is then measured every minute until the 16th minute.

The results are shown on Figure 1.

Figure 1
55
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@ Draw two lines of best fit on Figure 1 and calculate the maximum temperature rise in box
the experiment.
[3 marks]

at 9 minutes: 50.5 — 22.0 = 28.5 °C
Temperature rise 28.5 °C

El Show that copper(ll) sulfate is the limiting reagent.

Calculate the enthalpy change, in kJ mol™", for this reaction.

Assume that the specific heat capacity of the solution = 4.18 JK™' g’
[4 marks]

Limiting reagent

Calculation

n(Cus0,) = 30/1000 x 1.00 = 0.0300 mol
n(Fe) = 4 + §5.8 = 0.0717 mol, reacts | : |, so Fe is in excess

and CuSO0y is the limiting reagent

® = mcAT = 30 x 418 x 28.5 = 3574 J = 3.574 ki

AH

\

-@ + n(Cuso,) = -3.574 <+ 0.0300

AH = =119 kJ mol™

\

Enthalpy change for reaction -9 kJ mol ™

E Suggest one way to minimise heat loss to the surroundings.
[1 mark]

insulate (lag) the plastic cup and put a lid on it
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E Table 2 shows some enthalpy data.

Table 2

Fe,O,(s) CO(g) Fe(l) CO,(9)

AH | kJ mol™ 1117 111 +12 -394

Use the data in Table 2 to calculate the enthalpy change, in kJ mol™, for the reaction

Fe,O,(s) +4CO(g) — 3Fe(l) + 4CO,9)

[2 marks]
AH = IAH(products) — sNH(reactants)
AH = [3(+12) + 4(-394)] - [(-1N7) + 4(-11)]
AH = (-1540) — (~1S61)
AH = +2] kI mol™
Enthalpy change +21 kJ mol™

El State why the value given in Table 2 for the enthalpy of formation for Fe(l) is not zero.
[1 mark]

Fe(l) is not in its standard state: the standard state of iron at 298 K

and 100 kPa is Fe(s)
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