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1.

Potassium peroxodisulfate(VI) { persulfate)is a white crystalline compound of formula K,8,0,.
It 15 a powerful oxidising agent and has uses as a food additve, in hair dyes and as a nappy

steriliser.

fa)  Unusually for potassium compounds, it is not very soluble in water.

Temperature [ °C Solubility / g per 100 g H,O
0 175
20 529

1dm’ of a saturated solution of potassium persulfate at 20°C was cooled to 0°C.
Calculate the mass of solid potassium persulfate that crystallised from the solution. [2]

(e} (i)

(i1)

A hot solution of potassium persulfate slowly decomposes, giving oxygen as one
of the products.

IK,S5,04(aq) + 2H,0() —» 4KHSO4aq) + Osig)
Calculate the maximum volume of oxygen gas that can be produced at 80°C when
a solution containing 0.100mol of potassium persulfate decomposes as shown

above. [2]

[At 80°C | mol of oxygen has a volume of 29.0dm’]

Suggest a way that the rate of decomposition of the potassium persulfate solution
described in (1) could be measured. (1]

STEMUP.CO.UK


https://stemup.co.uk

fe) The diagram below shows a cell that uses persulfate 10ns in agueous solution.

()
/

Pt Pt
-\'H_\_\_\_\_\-\-‘- .F._‘_,.n-l"'rﬂ-‘-
salt bridge
g
¥
i
e , O+
I(sV2I (aq)|Pt 8,047 (aq)/280,*(aq)[Pt
{1)  State the role of the platinum electrodes in this cell. ]

{i1) Use the information given in the equations to state and explain the direction of

electron flow in the external circuit. [2]
S;04(aq) + 2 =  250,7(aq) E€= 4201V
I4(s) + 2 = 2Iaq) E®= +0.54V
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(d) The reaction between persulfate ions and iodide ions in aqueous solution is

5,0 +

o —» 280F + 1,

In an experiment to follow the rate of this reaction, the values below were obtained.

Bt i Initial rate Initial concentration | Initial concentration
perimen / mol dm3s~! of $,0 /moldm™ |  of I/ mol dm™
1 8.64 x 107° 0.0400 0.0100
2 3.46 x 107° 0.0800 0.0200
(i) The reaction is first order with respect to iodide ions. Use both the initial rate

(i) Write the rate equation for this reaction and use it to calculate the value of the rate
constant, k, giving its units. [3]
____________________________________________________________________________________________________________________________________ A e e e L e ST
(iii) It is suggested that this reaction occurs in two steps.
Step 1 S0 + I + HO0 — 2850,5 + HOI + H'
Step 2 HOI + H" + T — H,0 + I,
State, using your answer to (ii), why Step 1 is the rate-determining step. 1]
Total [14]

values and the concentrations to show that the order with respect to persulfate

ions is also first order.
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2. The gas oxygen. O,, is converted into ozone, Oj, in the upper atmosphere. The equation for
this process is:

Use oxidation states to explain why this is not a redox reaction.

[2]

(Total 2)

3. (a) Electrochemical cells are used as power sources in many everyday applications. To
decide what to use in a cell, it 15 necessary to know the standard electrode potential
for electrodes. This is measured using a standard hydrogen electrode as a reference
standard.

Draw a labelled diagram of the apparatus you would use to measure the standard
electrode potential of an Fe?t/Fe?*t electrade. [5]

{h)  Vanadium is a transition metal that can form compounds with a variety of oxidation
states. Zinc however forms compounds with an oxidation state of +2 only.

(1) Why can transition elements form compounds with a variety of oxidation states?

[1]
{11) Give the electronic structure of Zn. [1]

(iii)  State why zinc forms Zn®™". [1]

You will need the standard electrode potentials in the table below to answer part /.

Oxidation state of
vanadium at start Reaction ES/V
of reaction
+5 VO, (aq) + 4H*aq) + ¢ = VOM(aq) + 2H,0(]) +1.00
+4 VO2M(aq) + 2H*aq) + ¢ = V¥ aq) + H,O(1) +0.34
+3 Viag) + e = Vaq) -0.26
+2 V¥{ag)+ 2e = Vis) -1.13
Zn?*(ag) + 2e = Znis) -0.76
Cu®t(aq) + 2e == Culs) +0.34
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fe)

fe)

Vanadum(V J{aq). as VO5". is yellow and can be reduced by zinc and aqueous acid
producing a series of coloured solutions until the reduction stops with the formation of
a violet solution. The reducing agent involves the Zn*Yaq)/Znis) equilibrium.

(1) State the identity of the violet vanadium=-containing solution produced in this
reduction. Use standard electrode potentials to explain your answer. [3]

(i) What is the standard potential of a cell formed from a standard Zn**{aq)/Zn(s)
electrode and a standard Cu®*{aq)/ Cu(s) electrode? [

(iii) Write the equilibrium equation for the change occurring at the zine electrode
showing the direction in which the reaction proceeds. [n

{iv) Use Le Chatelier’s principle to predict the effect on the electrode potential of the
zinc electrode of increasing the concentration of Zn?*(aq) in the electrode. Explain

YOUT ANSWer. [

Halogens can also form compounds with a variety of oxidation states. Some of these
including compounds of iodate(V), I0,~, behave as oxidising agents.

A student was investigating the reaction that occurs when iodate(V) oxidises 10dide 10ns
to produce iodine. Two possible equations were suggested.

10,7 + 6HY + 5T — 3, + 3H,0 equation 1

[0 + 4H' + 4 —» [0~ + 2H,0 + 2I, equation 2
He prepared a solution of potassium iodate(V) by dissolving 0.978 g of K10, in 250 cm? of
solution. He pipetted 25 0 cm® of this solution into a conical ﬂasl-: added excess potassium
iodide and titrated the wodine pro duced with 0100 mol dm™ sodium thiosulfate solution,
Na,5,05 A volume of 27 40 cm? of this solution was needed to react with the md&te{\"}
The equation for the reaction of thiosulfate with iodine is shown below.

28,05 + I, —» 5,0% + 2I

{1} Calculate the number of moles of thiosulfate used to react with the iodine.  [l]

(i) Deduce the number of moles of iodine present in the 25.0cm’ sample. [

(it Caleulate the number of moles of K10, present in 250 cm? of the original solution
and hence the number of moles present in 25.0cm?. [

{iv) Use your results from (i1) and (ii1) to deduce which of equation 1 and equation 2
suggested above, correctly shows what happens when iodate(V) ions oxidise iodide
1ons. Show, by calculation, how you came to this conclusion. [

Total [20]
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4. (g} The diagram shows some ofthe reactions of lead compounds.

lead(ll} oxide

warm with Cl10™ {(aqg)

warm with HNO5(aq)

aqueous solution of
lead(ll) nitrate

NaQOH(aq)

white pre

cipitate C

colourless solution D

Mal(aqg)

excess NaO H(aq)

lead(I\V) oxide

warm with

concentrated HCI
L

white solid A + gas B

precipitate E

(i) State the role of lead(IV) oxide in the reaction with concentrated hydrochloric acid.

[1]

(i) Name white solid A and gas B.

(2]

(iii) Give the formula of the lead-containing species present in colourless solution D.

[1]

(iv) Give the colour of precipitate E.

[1]
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(v) Write the equation for the formation of lead(ll) nitrate from lead(ll) oxide.

[1]

(b) Carbon is the first element in Group 4. Two of its allotropes are diamond and graphite. A
compound that forms structures corresponding to diamond and graphite is boron nitride.

(i) Describe the structure of graphite and explain why hexagonal boron nitride can adopt the same
structure yet have different electrical conductivity properties.

[4] QWC [1]

(i) State one use for the cubic boron nitride structure.

[1]

(¢} Anotherelementin Group 4 is tin. At low temperatures tin exists as its grey form. At higher
temperatures the white form is stable. The change can be represented by the equation:

SNigreyy —*  SN(white) AH ™ = 1.92kJ mol™

The standard entropy values are 44 8.J K™ "mol™" forgrey tin and 51,5 J K~ mol ™ forwhite
tin.
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(i) Calculate the minimum temperature needed to cause grey tin to change to white tin.

[3]

(i) During Napoleon's disastrous campaign in Russia from June to December in 1812 the tin buttons
on his infantry's uniforms disintegrated. Suggest a reason why this might have happened.

[1]

(d) An important technological development in recent years has been the hydrogen fuel cell. This
uses electrochemical methods to get energy from hydrogen.

(i) Write the half-equations for the processes occurring at the electrodes and an equation for the
overall reaction.

[3]

(i) Give one disadvantage of using hydrogen fuel cells to power vehicles.

[1]

(Total 20)
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fa) The diagram shows an outline of the Born-Haber cycle for the formation of sodium
1wodide ( Wal) from its elements.

Na'(g) + Tig
'

+417 kJ mol™

FE_]EE}LI-J enthalpy change of
lattice formation
m kJ mol™

Na(s) + 3L(s)

—288 kJ mol™

Malis)

Use the information given to calculate the enthalpy change of lattice formation
(in kJ mol™) of sodium 1odide. [2]

(k) Sodium iodide is very soluble in water at room temperature.

{1} Complete the sentence below using the relevant enthalpy terms.
For a compound to be very soluble in water the value of the enthalpy of

. will be greater than the enthalpy of ..o
[1]

(11) Agqueous solutions of sodium 1wodide become yellow in the presence of oxygen due
to the slow production of iodine.
One suggested reason for this is that a low concentration of hydrogen ions in the
solution produces iodine according to the equation below.

4H%aq) + 4I(aq) + O,(aq) = 2l aq) + 2H,0()

Use Le Chatelier’s principle to suggest a reagent that you could add, apart from
water, to decrease the amount of yellow 10dine present. Explain your choice. [2]
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¢/ Sodwm chloride and sodium 1odide both react with concentrated sulfuric acid to give
the corresponding hydrogen halide e g

Nal + H,80, —s NaHSO, + HI

However, the reaction with sodium iodide continues, giving hydrogen sulfide and iodine
as two of the products. This further type of reaction does not occur when sodium
chloride is used in place of sodium iodide.

(1)

(i1)

Describe what 15 seen when solid sodium 1odide 1s added to concentrated sulfuric
acid. [2]

The following equations show the standard electrode potentials for the Cl,/CI” and
L,/T” systems.

Cl, + 2 = 20T E® = +]136V

I, +: 27 w 2T E¥ = +).54V

Use these values to explain why only hydrogen iodide (represented as I' in the
equation) is able to further react with concentrated sulfuric acid in this way. [2]

fd] The reaction of chlorine with sodium hydroxide solution gives aqueous sodium
chlorate(I) as one of the chlorine-containing products.

(1)

(it)

Give the equation for this reaction. [1]
State one use for a solution of sodium chlorate(I). [1]
Total [11]
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6. The diagram below shows some of the reactions of potassium iodide solution.

precipitate A

[
Pb2*(aq)

I+
aqueous solution of Cu (aq)_;
potassium iodide

solid B and brown solution C

Bray(aq)

i

aqueous solution of
potassium bromide and iodine

{a) Identify precipitate A and give its colour. 2]

() Write an equation for the reaction of Cu?*(aq) and I(aq), clearly identifying the
precipitate. 2]

(c) Bromine reacts with aqueous potassium iodide as shown above, however bromine does
not react with aqueous sodium chloride. Use the standard electrode potentials below to

explain these observations. [3]
awce 1]

Half-equation E%rv

L+2e = 2I" +0.54

Br, +2e” = 2Br +1.09

Cl+2e~ = 2CI° +1.36

(d) Solid potassium iodide reacts with concentrated sulfuric acid in the same way as sodium iodide.

Describe the observations made during this reaction and identify the products formed.

[3]
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(e) Hydrogen peroxide reacts with acidified potassium iodide according to the eqguation

below.

2H* + 2 + H,0, ——» |, + 2H,0

(i) This reaction was studied using an iodine clock reaction. Describe the principles of
how the rate of a clock reaction is determined. Experimental details are not required.

[2]

(i) The rate of this reaction was studied by a different method for a range of
concentrations of H;O,(aq) and 1™(aq) and pH values. These are listed in the table

below.
Experiment | Initial concentration of | Initial concentration of Initial rate/
number H,0,(aq)/mol dm™ I~(ag)/mol dm™3 PH mol dm=3 s
1 0.0010 010 1 28 x1078
2 0.0020 0.10 1 6 Al S
3 0.0020 010 2 5 %1079
4 0.0010 0.40 1 1. 25108

Some experiments were undertaken at pH 1 and some at pH 2. Give the
difference in the concentrations of H® ions in these two solutions. [

Use the data in the table to deduce the rate equation for this reaction, giving
your reasoning. 3]

Calculate the value of the rate constant, k, giving its units. 2]

The reaction is repeated at a higher temperature. State how the increase in
temperature affects the rate equation and rate constant. 1

Total [20]
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Both Oz and O3 have oxidation states of zero (1) Mo change in oxidation state (1) [2]

(a)

(b)

(c)

diagram with labels to show

(i)

(i)
(iii)

(i)

(i)
(i)

(iv)

Ha/H™ shown in electrode (1)
platinum (in both electrodes) (1)
Fe®*(aq) and Fe**(aq) (1)

high resistance voltmeter (1)
salt bridge (1)

gas at 1atm pressure, solutions of concentration 1 mol dm™, temperature 298K (1)

[any 5] [5]
successive ionisation energies increase gradually/ the energies of the d orbitals are

similar [1]
15%2572p°35%3p®4573d" / 3d"°45? [1]
after 4s electrons lost 3d is full/ stable/ d electrons ionisation energy very high [1]

violet solution contains V** (1)
SEP Zn*/ Zn is more negative than VOs / VO and VO/ V** and therefore

releases electrons/ VO, / VO™ and VO>/ V** are more positive than

Zn**/ Zn and are stronger oxidising agents (1)

v cannot be reduced (to V) since SEP is more negative than Zn* Zn (1) [3]

1.1V (ignore sign) [1]

n(s) = an"{aqj + 2e/Zn(s) = an"(aq) + Ze with some indication of direction
(1]

if an*(aq) concentration increased equilibrium moves to LHS (1)

s0 electrode potential becomes less negative (1) [2]
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(d)

(a)

(c)

0]
(i)
(iii)

(iv)

(1)
(1)

(iii)

(iv)
(v)

(1)

(11)

(1)

(11)

2.74 x 107 (mol) [1]
1.37 % 10 (mol) [1]
M:KIO; = 2141

moles KIO; = 0.978/ 214 1 = 4.57 x 107 in 250 cm?®

457 x 10%in 25 cm® [1]
1.37 x 10%4.57 x 10* =3 (1)

equation 1 is cormect since 3 moles of iodine formed (mark awarded for reason) (1) [2]

Total [20]

Omidising agent [1]
A = lead(IT)) chloride / PbCl2 (1)
B = chlorine / Clz (1) 21
[Pb(OH)e]*/ [Pb(OH)4]*~ / Nas[Pb(OH)e] etc. [1]
Yellow [1]
PbO + ZHNO; ———» Po(NOs)z + H20 [1]
Each C atom covalently bonded to three other C atoms forming lavers
(1)
Layers held together by weak intermolecular forces (1

BN is isoelectronic with C so it forms similar structures (1)

Graphite conducts electricity since electrons are delocalised but in BN,
each N has a full unbonded p-orbital and each B has an empty
unbonded p-orbital so it does not conduct electricity (1 4]

(Accept electrons are not delocalised in BN so it does not conduct
electricity)

OWC The information is organised clearly and coherently, using

specialist vocabulary where appropriate [1]
Wear-resistant coatings’catalvst support/for mounting high power
electronic components |/ drills in industry / cutting instruments [1]
AG=AH -T AS (AG = 0 for reaction to be spontaneous) {1
T=1.92 (1

0.0067
T=286.6K (1 3]

Changes in temperature (above or below 286.6 K) caused the tin to
change form making it unstable (and causing it to disintegrate)

[1]
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(d) (1) (At the anode) H; ——» 2H + 2& (1)
(At the cathode) O + 4H + 4=¢ — 2Hz0 (1)
(Owerall reaction) Hz + 02 ——— 2HO (1

[3]

(11) Hydrogen 1s difficult to store / takes up large volume / too flammable /
explosive / produced from fossil fuels which leads to a net energy loss

! Pt electrodes very expensive [1]
Total [20]
5. (a) - 705 (kJ mcl’lj (1) for correct sign (1) for correct number [2]
(B (D i e {130 1 T o R
.......................... lattice breaking [1]

(1) eg add asmall “amount’ of an alkali / sodium hydroxide / NaOH / OH 1ons (1)
this would remove / react with hydrogen 1ons giving water, shifting the position
of equilibrium to the left (removing 10dine) (1)
add P6™ / Ag” ect. [2]

(c) (1) Any TWO from
white / misty fumes (of HI)
yellow solid / solution (of sulfur)
brown / black solid / purple vapour (of 10dine)
bubbles / effervescence / fizzing

One mark for each correct response [2]

(11) The values show that chlorine 1s the best oxidising agent, as it has the most
positive E? value and therefore iodide is the better reducing agent (1)

and 1s ‘strong’ enough to reduce the sulfuric acid. / OWTTE (1) [2]

(d) () 2ZNaOH + Cln — NaOCl + NaCl + HO [1]
(11) e g_bleach, kills bacteria [1]
Total [11]
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Lead(ll) iodide or Pblz (1) Bright yellow (1) [2]
2Cu* + 4- — 2Cul + |2 (1)

The precipitate is copper(l) iodide (stated or clearly indicated by state symbols) (1)
[2]

Bromine has a more positive E® than iodine so it is a stronger oxidising agent (1)
Bromine is able to oxidise iodide (1)

Bromine has a less positive E® than chlorine so it is a weaker oxidising agent (1)
Bromine is not able to oxidise chloride (1)

MAX 3

OR Calculate EMF for each reaction (1 each) and state that positive EMF means
reaction is feasible (1) [3]

QWC Legibility of text, accuracy of spefling, punctuation and grammar, clarity of
meaning [1]

1 mark for each two products or observations
KH50:+ HI HS S0 &S k2 [MAX 2 for products]

Y ellow solid rotten egg smell steamy fumes

Black solid or brown solution or purple fumes

MAX 3 [3]
(i) Measure time taken for a sudden colour change (1)

Rate = 1 =time (1) [2]
(i} I.  pH 1 has a concentration of H* fen times higher than pH 2. [1]

II. Order with respect to Hz0z=1 (1)
Order with respectto - =1 (1)
Order with respect to H* = 0 (1) [MAX 2 for the stated orders]
Rate = k[Hz0z] [I] (1) [3]

. k=0.028 (1) moldm? s~ (1) [ecf from rate equation] [2]

IV. Rate equation is unchanged and increasing temperature increases the
value of the rate constant [1]

Total [20]
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