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Answer all questions in the spaces provided.

This question is about zinc.

|I| Complete the electron configuration for an atom of zinc.
[1 mark]

1g2 2% 2p® 3s? 3p 3d" 4s°

IZ' State the number of full 3d orbitals in an ion of Zn**

[1 mark]
S

E An atom of a different element has two more protons and three more neutrons than
an atom of *°Zn

Give the symbol and the mass number of this atom.
[2 marks]

Ge (germanium), wmass number = 70 ("Ge)

E State why zinc is a good conductor of electricity.

[1 mark]

It has delocalised electrons which are free to move through the metal

and carry a current.

A sample of zinc contains three isotopes, 64Zn, %Zn and ®zn

E Explain why these isotopes have the same chemical reactions.
[1 mark]

They have the same electron configuration (same number and

arrangement of electrons).

Question 1 continues on the next page
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@ The sample is ionised by electron impact and then analysed using time of flight box
(TOF) mass spectrometry.

The ions are accelerated to a kinetic energy (KE) of 1.25 x 107"
They travel down a 0.650 m flight tube.

1 2
KE=§mv

m =mass / kg
v = velocity / ms™

Calculate the mass, in kg, of a **Zn" ion.
Calculate the time, in s, for a **Zn" ion to travel through the flight tube.

The Avogadro constant, L = 6.022 x 10%° mol™
[4 marks]

mass of one ion = 64 + (6.022 x 10°3) = 1.063 x 107%? g

m = 1.063 x 10722 + 1000 = 1.063 x 107>* kg

Mass of a ®zn"ion  1.063 x 107 kg

KE = Vomv® so V> = 2KE =+ m

v = (2 x1.25 x107%) + (1.063 x 107%°) = 2.35 x 107
v=0235x10") =48 496 m s~
t=d-<v=0650 <438 996

.36 x 10~° s

~
\

Time to travel through the flight tube 1.39 x 107 S

0 4
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. Table 1 shows the data from the mass spectrum of the sample of zinc.

Table 1
g Relative intensity
64 2.8
66 1.6
68 1.0

Calculate the relative atomic mass (A) of zinc.
Give your answer to 1 decimal place.
[2 marks]

A = [(64x238) + (66 x16) + (68 x1.0)] ~ (2.8 + 1.6 +1.0)

A, = 3528 + 5.4 = 6533

A 65.3
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Sodium hydrogencarbonate reacts with sulfuric acid.

2NaHCOg(aq) + H,SO,(aq) — Na,SO,(aq) + 2H,0(l) + 2C0O,(g)

A student analyses some impure sodium hydrogencarbonate in a titration experiment.

The impurity is unreactive.

Step 1 The student weighs a 2.21 g sample of impure

sodium hydrogencarbonate and dissolves the solid in distilled water

in a beaker.

Step 2 The student transfers the solution, with washings, to a 100 cm®

volumetric flask and makes up to the mark with distilled water.

Step 3  The student transfers 25.0 cm® of the solution into a conical flask

using a pipette.

Step4  The student adds a few drops of an indicator to the conical flask and
adds 0.100 mol dm™ sulfuric acid from a burette until the indicator

changes colour.

Step 5 The student repeats Steps 3 and 4 twice.

Table 2 shows the results of the titrations.

Table 2
1 2 3
Final volume / cm® 35.40 40.25 37.65
Initial volume / cm® 3.00 8.00 5.45
Titre / cm’® 32.40 32.25 32.20

|I| Use suitable values from Table 2 to calculate the mean titre.

titres 2 and 3 are concordant (within 0.10 cm?):

mean = (32.25 + 32.20) + 2 = 32225

Mean titre

32.23

[1 mark]

cm

0 6
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@ Use your answer to Question 02.1 to calculate the percentage, by mass, of
sodium hydrogencarbonate in the sample.
Give your answer to 3 significant figures.

[5 marks]
n(H:S0,) = 32.23/1000 x 0.100 = 3.223 x 1072 mol
n(NaHCO3) in 25.0 cm® = 2 x 3.223 x 1072 = 6.496 x 10~ mol
n(NaHCO3) in 100 cm*® = 4 x 6,446 x 107> = 0.02578 mol
M,(NaHCO3) = 84.0, wmass = 0.02578 x 84.0 = 2.166 g
percentage = 2.166 + 2.2] x 100 = 98.0%
98.0 %

E Describe a method to determine the accurately known mass of solid added to the

beaker in Step 1.
[2 marks]

Place a weighing boat on a balance and weigh the boat with the solid

n it.

Tip the solid into the beaker, then reweigh the empty weighing boat

and subtract the two readings to find the exact mass of solid added (or

wash any remaining solid from the boat into the beaker).

El State why the student used a conical flask rather than a beaker for the titration
in Step 4.
[1 mark]

There is less chance of losing solution by splashing when the conical

flask is swirled.

Question 2 continues on the next page
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E Sodium sulfate is a solid with a high melting point. box

Explain why the melting point of sodium sulfate is high.
[2 marks]

Sodium sulfate is ionic: a giant lattice of oppositely charged Na* and

S0, ioms.

There s strong electrostatic attraction between the oppositely charged

ions, which needs a lot of energy to overcome.

@ At high temperatures sodium sulfate reacts with carbon to form sodium sulfide
and carbon dioxide.

Na,SO,(s) + 2C(s) — Na,S(s) + 2CO,9g)

3.28 g of sodium sulfate are reacted with an excess of carbon.
4850 cm® of carbon dioxide are formed at a pressure of 100 kPa

Calculate the temperature, in °C, of the carbon dioxide.

The gas constant, R=8.31J K" mol™

[6 marks]

pvV =nRT so T =pV =< nk
p = 100 kPa = 100 000 Pa, V = 4850 cm® = 4.35 x 1073 m?
M,(NaySO,) = 142.1, n = 3.28 < 142.] = 0.02303 mol
n(C0,;) = 2 x 0.02308 = 0.04617 mol
T = (100 000 x §.85 x 103) + (0.04617 x 3.31)
T =1264 K
temperature = 1264 — 273 = 991 °C

9] oo || 1T
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This question is about Period 2 elements.

|I| Table 3 shows the first ionisation energies of some Period 2 elements.

Table 3
Element First ionisation energy / kJ mol™
Lithium 519
Beryllium 900
Boron To be predicted
Carbon 1088
Nitrogen 1402

Predict the value of the first ionisation energy of boron.

Explain your answer in terms of atomic structure.
[3 marks]

First ionisation energy of boron 300 kJ mol™

Explanation Boron's outer electron js in a 2p orbital (Is* 2s*> 2p)), but

beryllium's is in the 2s orbital. The 2p electron is in a higher energy

orbital and s shielded by the 2s electrons, so it is less strongly

attracted to the nucleus and easier to remove than in Be.

Question 3 continues on the next page
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@ Table 4 shows the electronegativity values for some of the elements in Period 2.

Table 4
Li Be B C N 0] F
Electronegativity 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Suggest why electronegativity values increase across Period 2.
[2 marks]

Across the period the nuclear charge increases (more protons), while the

shielding stays similar because electrons are added to the same shell.

So the atomic radius decreases and the bonding pair is attracted more

strongly.

is polar.

Shape

F/B\F

120°

E Draw the shape of a molecule of boron trifluoride, BF,
Include any lone pairs, if any, that influence the shape.

trigonal planar

Explain why a molecule of boron trifluoride is non-polar, although a B—F bond

Explanation BFs is trigonal planar and symmetrical, with no lone pairs on

[3 marks]

the boron atom.

So the dipoles of the three polar B=F bonds cancel out and there is no

overall dipole.

Do not write
outside the
box
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E A boron trifluoride molecule reacts with a fluoride ion to form a BF, ion. box
Name the type of bond formed when BF, reacts with a fluoride ion.

Explain how this bond is formed.
[2 marks]

Name of bond co-ordinate (dative covalent) bond

Explanation The fluoride ion donates a lone pair of electrons to the boron

atom in BFs, which has an empty orbital (only six outer electrons).

Both electrons in the shared pair come from the F~ ion.

Turn over for the next question

Turn over »

171

stemup.co.uk IB/G/Jun24/CHO1


https://stemup.co.uk

12

Do not write
outside the
box

This question is about the standard enthalpy of combustion of propanone, CH,COCH,

CH,COCH,() + 40,(g) — 3CO,(g) + 3H,0(l)

|I| Define standard enthalpy of combustion.

[2 marks]

The enthalpy change when one mole of a substance is burned

completely in oxygen, with all reactants and products in their standard

states under standard conditions (100 kPa and 298 K).

@ In a calorimetry experiment, 1.027 g of propanone are burned in oxygen.
The heat given out is used to increase the temperature of 200 g of water from

19°Cto42°C

Thermometer

Copper calorimeter

200 g water

Propanone

Calculate a value, in kJ mol™, for the enthalpy of combustion of propanone.
The specific heat capacity of water is 4.18 JK' g

[4 marks]
Q = mcAT = 200 x 4.8 x 23 =19 228 J
M,(CH3COCH3) = §8.0, n = 1.027 + §8.0 = 0.0177 mol
AH = =19 228 <+ 0.0177 = =] 086 000 T mol™
AH = —1086 kI mol™
Enthalpy of combustion -1086 kJ mol™

IB/G/Jun24/CHO1
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E Complete the enthalpy level diagram for the combustion of propanone.

Enthalpy

Reactants

AH

Products

Progress of reaction

E Suggest why a copper calorimeter is used rather than a glass beaker.

[1 mark]

[1 mark]

Copper is a better conductor of heat, so heat passes to the water more

efficiently.

In a data book, the value for the enthalpy of combustion for propanone
is —1792 kJ mol™’

E Give one reason, other than heat loss, why the value obtained in Question 04.2 is
different from the value given in the data book.

incomplete combustion of the propanone

[1 mark]

Question 4 continues on the next page
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@ The standard enthalpy of combustion of propanone can be used to calculate the
standard enthalpy of formation of propanone.

The equation for the standard enthalpy of formation of propanone is

3C(s) + 3Hy(g) + 30,(8) — CH.COCH()

Table 5 shows some standard enthalpy of combustion data.

Table 5
C(s) H,(9) CH,COCH,(I)
A H® ! kJ mol™ -394 —286 —1792

Use the data in Table 5 to calculate the standard enthalpy of formation, in kJ mol_1,

of propanone.

\

AH;

AHy

\

AHr = =182 — 858 + 1792 = -24¥

Standard enthalpy of formation

> AH (reactants) — 3 AH (products)

3(-399) + 3(-286) - (-1792)

[2 marks]

-248 kJ mol™

1 4
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This question is about the Period 3 elements, sodium to chlorine, and
their compounds.

|I| Figure 1 shows the melting points of some of the elements in Period 3.
Figure 1

1800
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Meting 00T L %
point / K L
800

600

400

200

Na Mg Al Si P S Cl
Element

Draw crosses on Figure 1 to mark the melting points for silicon and sulfur.
[2 marks]

@ In terms of structure and bonding, explain why magnesium has a higher melting point
than sodium.
[2 marks]

Both have metallic bonding. Mg®* ions have a higher charge and are

smaller than Na* ions, and Mg has more delocalised electrons per atom.

So there is stronger electrostatic attraction between the Mg®* jons and

the delocalised electrons, which needs more energy to overcome.

16

stemup.co.uk IB/G/Jun24/CHO1

Do not write
outside the
box


https://stemup.co.uk

17

E In terms of structure and bonding, explain why phosphorus has a higher melting point

[o]5].[4]

[o]5].[5]

[o]5].[6]

than chlorine.
[2 marks]

Both are simple molecular. P, molecules are bigger and have more

electrons than Cl, molecules,

so there are stronger van der Waals forces between the molecules to

overcome.

Which of these elements has the largest atomic radius?

Tick (v') one box.

sodium \/

[1 mark]

silicon

sulfur

Chlorine reacts with cold, dilute aqueous sodium hydroxide.

Write an equation for the reaction.
[1 mark]

Cl; + 2NaOH - NaCl + NaClO + H,0

Chlorine reacts with an aqueous sodium halide to form a black solid in a
dark brown solution.

Identify the sodium halide.

Write an ionic equation for the reaction.
[2 marks]

Identity of sodium halide sodium iodide, Nal

lonic equation

C’z + 217 - 2¢F + l,

17
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[o]5].[7]

Sodium chloride dissolves in water to form a colourless solution.

A student adds dilute acid and another reagent to show that the colourless solution
contains chloride ions.

Give the formula of this other reagent.

Give one observation the student would make.
[2 marks]

Formula of reagent AgNO3

Observation White precipitate forms

Solid sodium bromide reacts with concentrated sulfuric acid in a redox reaction.
Write an equation for this reaction.

State one observation.
[2 marks]

Equation

2NaBr + 2H,80, - Na,S0, + SO, + Br, + 2H,0

Observation brown / orange fumes (of Br,) given off

18
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[o]6].[2]

[o]6].[3]

[o]6].[4]

This question is about redox reactions containing manganese compounds.
MnQO, reacts, in acidic conditions, with iodide ions to form iodine.

Write a half-equation to show the conversion of iodide ions into iodine.
[1 mark]

217 = 1, + 2¢”

Write a half-equation to show the conversion of MnO,, in acidic conditions, into Mn?*

[1 mark]
MnO, + GH* + 2e” - Mn?** + 2H,0
Write an overall ionic equation for the reaction of MnO,, in acidic conditions,
with iodide ions.
[1 mark]
MnO, + GH* + 217 - Mn** + 2H,0 + I,
MnO,” reacts, in acidic conditions, as shown in the equation.
3MnO,> + 4H" — 2MnO,” + MnO, + 2H,0
Give the oxidation state of manganese in MnO42' and in MnO,
[1 mark]

Oxidation state of Mn in MnO,* +6

Oxidation state of Mn in MnO,” +7

Question 6 continues on the next page
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E In the extraction of manganese from Mn,O,, aluminium acts as a reducing agent and box
forms AL,O,
State, in terms of electrons, the meaning of reducing agent.
Write an equation for the overall reaction.
[2 marks]
Meaning of reducing agent an electron donor (it loses electrons)
Equation
3Mn304 + 3Al - IMn + GAl,0; 6

END OF QUESTIONS
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