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This question is about kinetics.

Figure 1 shows the Maxwell-Boltzmann distribution of molecular energies in a
sample of gas at temperature T.

Figure 1
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[0]1].[1] One of the axes in Figure 1 is labelled.

Label the other axis.
[1 mark]

[0]1].[2] Which of the following describes the energy value represented by the letter X in
Figure 1?

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

The total energy of the sample of gas

The minimum energy needed for a reaction to occur

The most probable energy of the particles \/

The average energy of the particles
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[0]1].[3] The pressure of the original sample of gas is halved at temperature T.

State the effect, if any, of the change on the value of X.
[1 mark]

no effect, X stays the same

[0]1].[4] Draw a curve on Figure 1 for the distribution of molecular energies in this sample of
gas at a lower temperature.
[2 marks]

E Catalysts play an important role in many reactions.

State the meaning of the term catalyst.
[1 mark]

a substance that speeds up a reaction without being changed in

chemical composition or amount, by providing a route with lower E,

Question 1 continues on the next page

Turn over »
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[0]1].[6] State and explain, using the collision theory, the effect on the rate of a reaction
between two gases of:

o decreasing the overall pressure, without changing the temperature
e increasing the temperature, without changing the overall pressure.
[4 marks]

Decreasing the overall pressure _the rate of reaction decreases

Explanation there are fewer particles per unit volume, so collisions

between reactant particles are less frequent (fewer collisions per second)

Increasing the temperature the rate of reaction increases

Explanation particles have more kinetic energy, so more particles have

energy greater than or equal to E, giving more frequent collisions

between particles with at least E, (more successful collisions per

second)

10
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[0]2]2]

This question is about compounds of nitrogen.

A reaction between N2O. and N2H. has been used to propel rockets.
The only products of the reaction are water and nitrogen.

Write an equation for this reaction.
[1 mark]

NzOq + 2N2Hq d 3N2 + LleO

Give the oxidation state of nitrogen in N-O4 and the oxidation state of nitrogen in N2H4

Give a reason why the reaction in Question 02.1 is classified as redox.
[3 marks]

Oxidation state of N in N,Os +9

Oxidation state of N in N2H4 -2

Reason the oxidation state of N in N,0, decreases from +4 to 0

(reduction) and in NyH, it increases from —2 to 0 (oxidation), so

electrons are gained and lost

Question 2 continues on the next page
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[0]2][3]

[0]2].[4]

The following equilibrium is established between the gases N>Os and NO»
N204(g) = 2NO2(9g) AH = 58 kJ mol™

Give two features of a reaction at equilibrium.
[2 marks]

Feature 1 the concentrations of the reactants and products remain

constant (do not change)

Feature 2 the rate of the forward reaction equals the rate of the

reverse reaction

N2O. is a colourless gas and NO; is a brown gas.
When the equilibrium mixture in Question 02.3 is heated at constant pressure, the
colour of the mixture becomes darker.

Explain, with reference to Le Chatelier’s principle, why the mixture becomes darker.
[2 marks]

the forward reaction (to the right) is endothermic, AH is positive

when heated, the equilibrium shifts to the right to oppose the increase

in temperature (absorbing the heat), so more brown NO, forms and the

mixture becomes darker

06

stemup.co.uk I1B/M/Jan18/CHO1

Do not write
outside the
box


https://stemup.co.uk

Do not write
outside the
box
[0]2].[5] When the pressure of the mixture in Question 02.3 is increased at constant
temperature, the colour of the new equilibrium mixture is paler.
Explain, with reference to Le Chatelier’s principle, why the colour of the new
equilibrium mixture is paler.
[2 marks]
there are fewer moles of gas on the left (I mol) than on the right (2
mol)
when the pressure is increased, the equilibrium shifts to the left to
oppose the increase in pressure, so less brown NO, is present and the
colour is paler
10
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03] This question is about some compounds of Group 2 metals.

[0]3].[1] Figure 2 shows how magnesium can be reacted with steam.

Figure 2
Flammable gas
Magnesium (>
— R
-

Heat

Water

Heat
A solid and a flammable gas are formed in this reaction.

Identify the gas and write an equation for the combustion of this flammable gas.

[2 marks]

Gas hydrogen, H,

Equation

2H, + 0, » 2H,0

0 8
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[o]3][3]

[0]3].[4]
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[0]3].[2] A student suggested that the solid product of the reaction in Question 03.1 was either
magnesium oxide or magnesium hydroxide.
Give a reason why the appearance of the solid product cannot be used to decide
which of these two magnesium compounds was formed.
[1 mark]
both magnesium oxide and magnesium hydroxide are white solids
Magnesium hydroxide is used in medicines to neutralise an excess of
hydrochloric acid in the stomach.
Write an equation for this reaction.
[1 mark]
Mg(OH), + 2HC| —» MgCl, + 2H,0
A student was given a solution that contained either Mg?* or Sr?* ions.
Describe a test-tube reaction that the student could use to identify the metal ion in the
solution.
[2 marks]
add sodium hydroxide solution, NaOH(ag), to the solution
a white precipitate shows Mg** jons; no precipitate (colourless solution)
shows Sr?* ions
6

Turn over for the next question
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[o]4][1]

[o]4][2]

A student was asked to distinguish between solid samples of sodium halides

A, B and C.

The student added a few drops of concentrated sulfuric acid to separate samples of

A, B and C in a fume cupboard.

Table 1 shows the observations recorded.

Table 1
Sodium halide Observations
A yellow solid and misty fumes
B brown fumes and misty fumes
C misty fumes

Identify the sodium halide in each of A, B and C.

[3 marks]
A Nal, sodium jodide
B  NaBr, sodium bromide
c  NaCl, sodium chloride
Write an equation to show the formation of the misty fumes from C.
You should use the formula NaX to represent C in your equation.
[1 mark]

NaX + H,S04 - NaHSO, + HX

A different student said that when concentrated sulfuric acid was added to one of the

sodium halides, a gas with the smell of bad eggs would be produced.

Identify the sodium halide that forms a gas with a bad egg smell.

Nal, sodium jodide

[1 mark]
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E When concentrated sulfuric acid is added to solid sodium bromide, a gas with a
choking smell is formed.
Write an equation for this reaction.
[1 mark]
2NaBr + 2H,50, = Na,SO0, + SO, + Br, + 2H,0
[0[4].[5] Identify the halide ion in A, B or C that is the most powerful reducing agent.
[1 mark]
I=, the iodide jon (in A)
7

Turn over for the next question
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There are no questions printed on this page
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[0]5].[1] Give the meaning of the term 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

[0]5].[2] A sample of nickel was ionised by electron impact in a time of flight (TOF) mass
spectrometer to produce Ni*ions. The relative abundance of each isotope is shown in

Table 2.
Table 2
m/z 58 60 62
Relative abundance 19 8 3

Calculate the relative atomic mass of nickel in the sample.

Give your answer to one decimal place.
[2 marks]

A = ((58 x19) + (60 x 8) + (62 x3)) + 30
A, = (102 + 430 + 186) + 30 = 1768 + 30

A, = 5893

Relative atomic mass ~ 93.9

Question 5 continues on the next page

Turn over »
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[0]5].[3] State why the inside of a TOF mass spectrometer is operated under vacuum.
[1 mark]

so the jons do not collide with air (or other) particles, and only ions

from the sample reach the detector

[0]5].[4] Complete the electron configuration of the %Ni* ion.

[1 mark]
152 2s% 2p° 3s? 3p® 3d° 45
[0]5].[5] Calculate the mass, in kg, of a ®Ni* ion.
Give your answer to three significant figures.
The Avogadro constant, L = 6.02 x 102 mol™
[1 mark]
mass of one ion = S8 <+ 6.02 x 10°* = 9.635 x 10723 ¢
= 9.635 x 107%¢ kg
Mass q‘ég X ,0—26 kg
i
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[0]5].[6] A®Ni*ion travels down the flight tube of a TOF mass spectrometer with constant
kinetic energy.
The flight tube is 1.80 m long and the 58Ni* ion takes 5.82 x 10~ s to reach the
detector.

mv2

X

m

1
N —

<
1l
~| Q

where KE = kinetic energy (J)
m = mass (kg)
v = velocity (m s™)
d = length of the flight tube (m)
t = time (s)

Use your answer to Question 05.5 to calculate the kinetic energy, in J, of the *®Ni*ion
as it travels down the flight tube.

(If you were unable to answer Question 05.5, you should use the value
7.37 x 1072°kg. This is not the correct answer.)

Give your answer to three significant figures.
[3 marks]

v=d+t=180<+582x107 = 3093 x 10° m s~
KE = Y% m(d + t)?

KE = Y5 x 963 x 107%¢ x (1.80 + §.82 x 1077)?

KE = 5 x 9.63 x 107%¢ x 9.565 x 10"

KE = 4.6) x 1072 7

Kinetic energy 49.61 x 107" J
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This question is about calcium nitrate.

[0]6].[1] When 4.38 g of calcium nitrate are heated strongly at 550 °C and 100 kPa, complete

decomposition occurs as shown.
2Ca(NOs3)2(s) — 2Ca0(s) + 4NO2(g) + O2(9)

Calculate the volume, in m3, of the gaseous products.
Give your answer to three significant figures.

The gas constant is R = 8.31 J K=' mol™’

[5 marks]

M, Ca(NO3), = 40.] + 2(14.0 + 43.0) = 164.]
n(€a(N03),) = 4.38 < 164.1 = 0.0267 mol
2 mol €a(NO3), —» S mol gas (4NO, + 0,)
n(gas) = 0.0267 x §/2 = 0.0667 mol
T =550+ 273=823K p =100 kPa =100 000 Pa
pV = nRT, so V = nRT + p
V = (0.0667 x 8.3] x 823) <+ 100 000
V=456 %1072 m?

Volume 4.56 x 107 m?3
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@ Suggest why it is difficult to prepare a pure sample of nitrogen dioxide by this method.
[1 mark]

the two gases (NO, and 0,) are produced together and are difficult to

separate

[0]6].[3] Calcium nitrate can be prepared from calcium phosphate.

Balance the equation.
[1 mark]

| _Cas(POs)2(s) +_ 6 HNOs(aq) — 2 HsPOsaq) + 3 Ca(NOs)(aq)

[0]6].[4] Calculate the concentration of calcium nitrate in the solution formed when 0.21 g of
powdered calcium carbonate are added to 25.0 cm? nitric acid of concentration
0.50 mol dm=

CaCOs(s) + 2HNO3s(aq) — Ca(NOs)z(aq) + CO2(g) + H20(1)

[3 marks]
n(CaC03) = 0.2] =+ 100.] = 2.10 x 1073 mol

n(HNO3) = 25.0 x 1073 x 0.50 = 0.012S mol

| : 2 ratio, so 2.10 x 102 mol CaCO3 needs only
4.2 x 1072 mol HNO3: CaCO0s is the limiting reagent
n(€a(NO3),) formed = 2.10 x 102 mol

concentration = 210 x 1073 = 25.0 x 1073 = 0.039 mol dm™3

Concentration 0.084 mol dm=3

Turn over for the next question
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0|7] This question is about the elements in Period 2 of the Periodic Table.

0]7].[1] Identify the element in Period 2 that has the highest electronegativity value.

[1 mark]
fluorine, F
@ Identify the element in Period 2 that has the highest first ionisation energy.
Explain your answer.
[3 marks]

Element neon, Ne

Explanation 1eon has the largest number of protons (largest nuclear

charge) in Period 2

its outer electrons are in the same shell (same energy level), so there

is the same (similar) shielding across the period

so the outer electron is held most strongly

[0]7].[3] Write an equation, including state symbols, to show the process that occurs when the
first ionisation energy of oxygen is measured.

[1 mark]

0(g) » 0*(g) + e

1 8
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[0]7][4]

Identify the element in Period 2 that has the highest melting point.

Explain your answer.
[3 marks]

Element carbon, C

Explanation carbon (as diamond or graphite) is macromolecular, with

every atom joined to others by strong covalent bonds

many strong covalent bonds must be broken to melt it, which needs a

lot of energy

Draw the shape of a tetrafluoromethane molecule (CF.) and the shape of a
chlorine trifluoride molecule (CLFs3).

Include any lone pairs of electrons that influence the shape.

Name the shape of the CF4 molecule.
[3 marks]

Shape of CF4 Shape of ClF;

F cl

¢ ‘y
1/
F/ //F

F

Name of shape of CF, tetrahedral

Question 7 continues on the next page

19

Turn over »

stemup.co.uk IB/M/Jan18/CH01

Do not write
outside the
box


https://stemup.co.uk

20

[0]7].[6] Explainwhy the boiling point of CFa is very low.

[2 marks]

CFy is a simple non-polar molecule with only van der Waals forces

between the molecules

these forces are very weak, so little energy is needed to overcome them

(no covalent bonds are broken)

[0]7].[7] A compound, which contains carbon, chlorine and fluorine only, has a relative

molecular mass (M;) of 204.0

Elemental analysis shows that the compound contained 69.6% chlorine and 18.6%
fluorine by mass.

Calculate the molecular formula of this compound.
[4 marks]

% C =100 - 696 — 186 = 1.8 %

C: 1.8 +12.0 = 0983 (| 69.6 +~ 355 =196] F:18.6 +19.0 = 0.979
divide by 0.979: € 1.00 ¢l 2.00 F 1.00

empirical formula = CCl,F

M, of CCI,F =12.0 + 71.0 + 19.0 = 102.0

2049.0 = 102.0 = 2

molecular formula = C,Cl,F,

Molecular formula CoCl4F;

END OF QUESTIONS
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