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Answer all questions in the spaces provided.

e
{

1 This question is about enthalpy changes for calcium chloride and

magnesium chloride.

[I‘ State the meaning of the term enthalpy change.

[1 mark]

j_ls Yo Yool d"‘{‘ﬁc o

Con o D LU o

Figure 1 shows an incomplete Born—Haber cycle for the formation of calcium chloride.

Figure 1

/6Q”Y

CaZ*(g) + 2e~ + 2Cl(q)

| _ 0
o Cam(\%) A "ng@ 15

I
O -l v 1
e +690 ‘Ca_@;mg\_@% |

Ca*(g) + e~ + Cly(g)

A

B Ca(g) + Cly(g)

a2

_ﬁa.@;t__di@_

=3 15 CaCly(s)

[0]1].[2] Complete Figure 1 by writing the formulas, including state symbols, of the
appropriate species on each of the three blank lines.

BN

[3 marks] |
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E Table 1 shows some enthalpy data.

2954+ 1E= 192+ 50 +1E0t QX120+ 2 x-Zey

Table 1 ‘
Enthalpy change
I kJ mol-' |
Enthalpy of formation of calcium chloride -795 1
Enthalpy of atomisation of calcium +193 f
First ionisation energy of calcium +590 1
Second ionisation energy of calcium +1150 :
Enthalpy of atomisation of chlorine +121
Electron affinity of chiorine -364

Use Figure 1 and the data in Table 1 to calculate a value for the

enthalpy of lattice dissociation of calcium chloride.

193 + 590+ 1150 ¥ A+ — 23

—7395 tLE= TIiNY%F

| £ =4 vhed T IO

= QY XJwd|”

Enthalpy of lattice dissociation -+ 20 242

[2 marks]

kJ mol™!

Question 1 continues on the next page
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i [0]1].[4] Magnesium chioride dissolves in water. box
i
Give an equation, including state symbols, to represent the process that occurs when
; the enthalpy of solution of magnesium chloride is measured.
| [1 mark]

™y
~ 7

Mald - e —-"‘?Maancm + ZIC{F[aq\
J 7 ) W~

' [0]1].[5] Table 2 shows some enthalpy data. |

Table 2 §

% Enthalpy change f
I kJ mol” |
| Enthalpy of lattice dissociation of MgCl. +2493 ,
% Enthalpy of hydration of Mg2*(g) -1920 |
| Enthalpy of hydration of Cl(g) -364

Use your answer to Question 01.4 and the data in Table 2 to calculate a value for the
enthalpy of solution of magnesium chloride.

i b\'\%\f\ = AH LoV ’\‘5\'3' hTé, [2 marks]
| = +22493 o (-—-\"\QO ‘&‘CQX 'ZDGED
= 32493 =190 — T

Enthalpy of soluion  —1.5.5 kJ mol-!

[0]1].[6] The enthalpy of hydration of Ca?*(g) is —1650 kJ mol-' i

Suggest why this value is less exothermic than that of Mg?*(g)

[2 marks] ;

0y § N . i . ;
Ca 10N T \nféi&g] N e Raon |
We oMoy o chon

r@@u&@mﬂ
; 11

wdlecdle,
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i This question is about atomic structure. | box
i {
|
‘ I_T_l Define the mass number of an atom.
’ [1 mark] |
[ ’Il:S ~ He B Yolad cs)‘ PrQ ong
{
{ ane_\ nevtso nr R Yo nuclene o an
i 1
f arom: |
[0]2].[2] Complete Table 3 to show the numbers of neutrons and electrons in the species §
1 shown. f
: [2 marks] |
= Table 3
e-2=2F
| \
' L(J:‘ W o o Lt Number of ~ Number of ~ Number of
; protons neutrons electrons
po ,
Ti 22 a \,‘,, Q fa
49T:2
| Ti** 22 2} 20
|
@ A sample of titanium contains four isotopes, “6Ti, 4/Ti, “¢Ti and “°Ti

This sample has a relative atomic mass of 47.8 |

In this sample the ratio of abundance of isotopes “Ti, “’Ti and “Ti is 2:2:1
f Calculate the percentage abundance of “6Ti in this sample. |
| [3 marks]

18 =(46x21) {412+ 43w -s1) + (#3x7)

100
A8 =51 9 + T + 4300 0T - 9y

413 = W57+ 4800 —-Wo
; |00

4+ 380 ~HB0O = 2357 -ayoT
| A0 = }&5Y% |

7 17L Abundance of 4Ti B % 6
Q\l = QUAH e
=5 . Turn over b

RN
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6

This question is about elements in Period 3 and their compounds.

When a piece of sodium is added to 200 cm?® of water in a large beaker a vigorous
reaction occurs. The temperature of the water increases by 25 °C

Give an equation, including state symbols, for the reaction of sodium with water.

Suggest why it is dangerous to react a similar piece of sodium with 10 cm? of water in
a boiling tube.

[2 marks] |

Equation

ANAE) £ AB00y——F 2 NoaoOHgst Wo(an
= <= vt ) =XV
Why it is dangerous TID reccdon .S \m‘a L\.\u

wgar)rCW\\'\S % Voo k ounk (0] S“OLQ'%

)

Give an equation for the reaction of phosphorus(V) oxide with water.

Suggest a pH for the solution formed.
[2 marks]

Equation

(PJ.[L L0 —(—G\—\&O —_\(4&90\]&

pH ST, Q Ny P oed -—'?U'Q
)

Explain, in terms of crystal structure and bonding, why silicon(IV) oxide has a higher |
melting point than phosphorus(V) oxide. '
[4 marks]

i

Silscon (OO OT\\A& \/\O.& (o &,‘m)q (
Coxo\eny Shockoe  Yaok L ong Se vero)

Srsong Covolenk: \oondt Lerween  cdomnyToe

v %_&__ELM':
_ Pladlowac (9§ oxte  haiT o Gagle

rd\e olay xuchve w hore Mo yadlecul €

06
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07

Qan

elechon -

Turn over for the next question

R S S |

Turn over »
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N
An element in Period 3 forms an oxide that is insoluble in water. 1 ¢
This oxide reacts with sulfuric acid and with aqueous potassium hydroxide. —Q (AN
Alominwnt:
Give the formula for this oxide.
Give an equation for the reaction of this oxide with sulfuric acid. ’
[2 marks]
Formula | 2Oq .
Equation
5laOn 30 0 —% Al 80, 4z U,
1 A AN D (= =
' [0]3].[5] Give the formula of a hydroxide of an element in Period 3 used in medicine.
[1 mark]
MG Q)H} 2 — Onx-QQJA,
& A
[0]3].[6] Identify the element in Period 3, from sodium to chiorine, that has the |
largest atomic radius. E
[1 mark]
Sodivm \/\.ag (=] = P \on and 12



0.uk

[0]4].[1] Discuss the role of iron as a heterogeneous catalyst in the Haber process.

R
{
|

08

This question is about iron and its ions.

3H2 + N2= 2NH3

Your answer should include:
¢ the meaning of the term heterogeneous catalyst

» how iron acts as a heterogeneous catalyst

» the factors that affect the efficiency and lifetime of the catalyst.
[6 marks]

A Leljero(rems G;%d’ e e Cadalyed

¥al

w e vate o o

nd _Wiktoged  adih  onhs M,
da § _lowd, He  Loode behue

i ;,‘-Lﬁgzlﬁ& and &LY  mndfleasles e dyoren |
onod. Tlo ) ',Dwduofr Hen  decyh ':

-4 Al

Ohv(o L He SUT jaied |

4 5
!

u)iem_lgj_&_@)‘f_m areq (%TJ' lron K
wel and  He _achve  fer '

L&bdsgi A ,Dn!lr@ wit grd(LJme

IQ‘Q#JMLO,/ G? a cotalydt LF jmpaoved |

=
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i

[0]4].[2] Fe*ions catalyse the reaction between peroxodisulfate(Vl) ions and iodide ions in

aqueous solution.

S20g2(aq) + 21(ag) — 2S042(aq) + I2(aq)

Explain why this reaction is slow before the catalyst is added.
Give two equations to show how Fe?*ions catalyse this reaction.

Why reaction is slow before catalyst added

[4 marks]

el cach

4

_’[&o%ah&“ long
OH.e,

I

/._ﬂ‘ wll howe a

PH@[Q"{.

Lu‘a L, o Te) 'S a‘J—\‘o 2
\J

Equation 1

2- -
AT 4+ 0 —% 280u + FAT

Equation 2

S g1 —rarlT T,

[0]4].[3] Give areason why Zn? ions do not catalyse the reaction in Question 04.2.

Zn LLQ« |
Efadte

ALK

]
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il - Do not write
outside the
[ 4] Iron reacts with dilute hydrochloric acid to form iron(ll) chloride and hydrogen. box

Fe(s) + 2HCl(aq) — FeClz(aq) + Hx(g)
2%

One of these reagents is in excess and the other reagent limits the amount of
hydrogen produced in the reaction.

Calculate the maximum volume, in m3, of hydrogen gas produced at 30 °C and

i
{
|
t
|
§ A 0.998 g sample of pure iron is added to 30.0 cm? of 1.00 mol dm~2 hydrochloric acid.
?
|
|
l
i 100 kPa.

Give your answer to 3 significant figures.
In your answer you should identify the limiting reagent in the reaction.

The gas constant, R = 8.31 J K' mol™’

[6 marks]
Ne Fe = 0998

o oTE
50

=0 01F9 wmd].

im&m 0} v = = 003 L

?

\0’\)7(/00/6
Hd s e Wendke 'efﬂe'\‘\

ltmidrn rﬁdm* @ n Ll
d“PUJ

hua) 0y Hg Poimes =003

b
r
l
l
|

| 2

E _‘_‘_OO,(.S r"l!ﬂh[‘

T=®0+2%3 ‘ '
= BaER V= 04015 %83 ) k303 |

P-= 1oox 00D pon,. 900

~ ) -
.—lOOlOD = 5?%;(\0‘1_
! ’P\( - nRT- X
V= n&l ~f |
| 'P Volume of hydrogen D TEX10 md
Turn over b
i o
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[0]4].[5] Identify A and state its colour.
Identity o (o 0q

Colour C! oen

[2 marks]

E' : . . outside the
i Figure 2 shows some reactions of iron ions in aqueous solution. box
i

% Figure 2

| N

z " ir

i [Fe(Hzo)e]2 e [Fe(H20)6]3"

| |

E Na,CO03(aq) Na;CO3(aq) |

] t

| |

| Precipitate recipitate

| pitate A P B

|

%

|

;

|

E Give the formula of B and state its colour.

Give an ionic equation for the reaction of [Fe(H20)s]** with aqueous Na.COs to |
form B. i

Formula F@ lj(o )‘D
L

Colour YA

‘

lonic equation

| 3t ,
I 2 [f € @nO)cj, t 2Co, f—rQ[FﬂCH,oB @Hﬂ -R\\a_ﬁQm?

1B/M/Jun21/7405/1
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[0]4].[7] Explain why an aqueous solution containing [Fe(H20)s]** ions has a lower pH than box
an aqueous solution containing [Fe(H20)s]?* ions.
[3 marks]
3 ; . .
frj, i lon LS a___ Sruallet YoLa} r,omparea]
lo _Fe at. jl Lo Q freates Polanging
W Ne) ymorf o-H 1:304
In wader (o leasing Ut Jenc 'L-Crl ce
a.  (owe ol & 4 rélea.car o
| r
f H f Y-149;
25

Turn over for the next question

. : 1

W

Turn over b
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ingin

| Q-CSO ~+ OQ, N QSOQ |4 marks];
|
Q46O G250 f
C -2 ~ X 2
£ 0'2av 016 0~130

70&»‘ wdl = o2 tole 03

P ok

A

This question is about the equilibrium

2S02(g) + O2(g) = 2S04(g)

State and explain the effect, if any, of a decrease in overall pressure on the
equilibrium yield of SO;
[3 marks]

Effect 11 worsld c\/e,crec: e ~ reld.

Explanation A Aﬁc&a © T ?ﬁ SSuve 3@10] ig‘

re Slade wite Yo ol malecwley LY. !

e P7m'l" L)n'Urr\ &leh ‘o Ye l@#‘

A 0.460 mol sample of SO is mixed with a 0.250 mol sample of Oz in a
sealed container at a constant temperature.

When equilibrium is reached at a pressure of 215 kPa, the mixture contains
0.180 mol of SO3

Calculate the partial pressure, in kPa, of SO2 in this equilibrium mixture.

= 0:'G2vadl.
pesse 9 £, = 028 x21s
0%

:-"77.., k?q

Partial pressure of SO> q 3 kPa

1B/M/Jun21/7405/1
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E‘ A different mixture of SO, and Oz reaches equilibrium at a different temperature.

Table 4 shows the partial pressures of the gases at equilibrium.

Table 4
Gas Partial pressure / kPa
SO2 1.67 x 102
02 1.02 x 102
S0s 1.85 x 102

Give an expression for the equilibrium constant (K) for this reaction.

Calculate the value of the equilibrium constant for this reaction and give its units.

[3 marks]
. |
K ={|p SOy
[ PP Py
A |
= (-3500). (475
2 2 — "k ‘
|« (;}X\OF'D x \+ 0 X\© z) X XYa
- ‘
?:-\ 20 X\10
e
-
K, 1'’0X10
Units \i?a'\
W
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What is the effect on the value of K; if the pressure of this equilibrium mixture is
increased at a constant temperature?

2302(g) + 02(9) = 2504(9)
[1 mark]

Tick (+) one box. |

The value of K, ;2 t\U 4 D |

increases. CH.@Q’
stays the same. l/

decreases.

Turn over for the next question r

Turn over p
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This question is about pH.

Pure water dissociates slightly.

H20(l) = H*(aq) + OH-(aq) AH = +57 kJ mol™'

[H'][OH]

The equilibrium constant, K. = [H20]

The ionic product of water, Ky = [H*][OH]

Explain why [H20] is not shown In the K, expression.

[1 mark]

LJ ocrex WS o\ v Can rant 5

i

i

|

Table 5 shows how Ky varies with temperature. !

Table 5

E

Temperature /°C | K / mol? dm™

10 2.93 x 10715 |

20 6.81 x 1071

25 1.00 x 1014

i

30 1.47 x 1074 |

50 5.48 x 10714 ’

Explain why the value of Ky increases as the temperature increases. '
[2 marks]

’_W/e Qﬁ—dcu;\qré ackhon LS en aagtlemrmuc

Qn  ln (RaV . . g .
cauihos gen ‘o Shoad 1o . ) Right |
l ) d o) |
hand  Side S aeaging LAV |
i

I

|

I

!
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Do not write

[0]6].[3] Give the expression for pH. i

Calculate the pH of pure water at 50 °C
Give your answer to 2 decimal places. |

Explain why water is neutral at 50 °C
[4 marks]

bt

Expression ?H = = kOqP LO
N

Calculation

[\l’j =9- %'BX\O 't
He Jemmno™
s !

= Q'3"‘f“x‘0 i
|
Ph - —Legio
= G 63
pH @ @3
Explanation Sy csoci alion 6\[ = wcer :

mMdlea b (CS\\"QX one H’e and on OB

HT =

Question 6 continues on the next page

§
|
|
|
|
|

Turn over b

A
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Figure 3
10 T T { "
| | H Fri
i !
'i T
9 9 R 10
155 88 | i { |
3 ; L
pH meter | ! ‘ ’ )
reading : ‘ E F
Bl EES
n e HEA
& SR
Ena T
10
True pH value
[Zl Use Figure 3 to give the true pH value when the pH meter reading is 5.6
[1 mark]
- T
Suggest why the pH probe is washed with distilled water between each of the
calibration measurements.
[1 mark]
’7’0 M oye ny .51 d&a( L0 \d:&:m_‘
Ml LI \A wil, e rC’ch&a‘nasf

Wi

solvedp

A pH meter is calibrated using a calibration graph.

co.uk

To create the calibration, the pH meter is used to measure the pH of separate
solutions, each with a known, accurate pH.

Figure 3 shows the calibration graph.

A f\‘(‘?.((:f\-@ (ad

{B/M/Jun21/7405/1
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hydrochloric acid with sodium hydroxide.

[0]6].[6] The calibrated pH meter is used to monitor the pH during a titration of

Explain why the volume of sodium hydroxide solution added between each
pH measurement is smaller as the end point of the titration is approached.

avo:d

M <aing

e

[1 mark]

Lo

encL —?oM&

Figure 4 shows the pH curve for a titration of hydrochloric acid with
sodium hydroxide solution.

pH

Figure 4
14
12+
101
8.4
6-
4
2_
0T 2 30 40 s

Volume of sodium hydroxide

solution added / cm3

Table 6 shows data about some indicators.

50

Table 6
Indicator pH range Colour at low pH Colour at high pH
Bromocresol green 38-54 yellow blue
Phenol red 6.8-84 yellow red
Thymolphthalein 9.3-105 colourless blue

The student plans to do the titration again using one of the indicators in Table 6 to

determine the end point.

[0]6].[7] State why all three of the indicators in Table 6 are suitable for this titration.

{
|

i

1

1 Do not write

outside the
box

[ mark]%

M| have  colow qes  within  He (
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[0]6].[8] 36.25cm?®of 0.200 mol dm- sodium hydroxide solution are added to box
25.00 cm? of 0.150 mol dm=2 hydrochloric acid.

Calculate the pH of the final solution at 25°C

Ky = 1.00 x 10-'* mol2dm= at 25°C

3 [5 marks]

*mavn'} 9 OH-‘—J'GO':: xo0'2 = 7:25x0

oo} @) BT = Q5 x0r15 =D ASAO

% (oob

| - - -

?)‘vnounl d} ot ‘0 excess = 728 X0 3_5'75,00.3

| =z 35S0 X102l
/——-':f‘.—-——-—

C"\C “7, OH = mmdles g 5'\50 Xlo-‘3

| Totef NS ﬁg_ |

(000

- 53X |
o =1 o
=1
ot = kw T iteds S
| !‘?5)(\0‘13

Yy f
Ph- —Leg (o&'j

" o,sx\o"'g

| .—.._)@ . |

PH__ [ F6 16

!

T
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0]7] This question is about thermodynamics.

Consider the reaction shown.

2Al203(s) + 3C(s) — 4Al(s) + 3CO2(g)

Table 7 shows some thermodynamic data.

Table 7
Substance Al2Os(s) Al(s) C(s) CO2(g)
AH®/ kJ mol-! -1669 0 0 -394
89/ J K-' mol-! 51 28 6 214

[0]7].[1] Explain why the standard entropy value for carbon dioxide is greater than that for

carbon.

rl:;m\ ) CL(QK\',‘Le )

@aa R mMare Q‘AM_

[1 mark]

La
J/&ﬁm Cav’bam

[0]7].[2] State the temperature at which the standard entropy of aluminium is 0 J K- mol-!

QK.

[1 mark]

A

i Do not write

1B/M/Jun21/7405/1
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[0]7].[3] Use the equation and the data in Table 7 to calculate the minimum temperature,
in K, at which this reaction becomes feasible.

bH:—P"Rf‘

C- C‘ﬁw@ - (—l G‘?"IXZD

-
= Q)56 kKJmdl

AS=P-R

(@drend)- (o1 @)

) 1)
— Ga4 SKNET = o GawkS ¥l

Dh=TALS

T= AK
LS

= A6
5 CB

= S4CDA

Minimum temperature

Do not write

AN

outside the
box
[7 marks] |
|
D 6D K 9
|
Turn over p
1B/M/Jun21/7405/1
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‘ This question is about electrode potentials and electrochemical cells.
[0]8].[1] State the meaning of the term electrochemical series.
[1 mark] |
T o lid o) elechode T Yentiabe
in__ oxder ( ok h = LoweS‘\\
) /
Table 8 shows some electrode potentials.
Table 8

EclY

[Fe(H20)e]?*(aq) + 2e~ — Fe(s) + 6 H20(l) -0.44
H*(aq) + &= — > Hx(g) 0.00 |

[Co(NH3)e]**(aq) + e~ — [Co(NH3)s]**(aq) +0.11

[Fe(H20)el**(aq) + e~ — [Fe(H20)s]**(aq) +0.7¢

VO-*(aq) + 2H*(aq) + e= — VOZ(aq) + H-0O(l) +1.00

[Co(H20)elP*(aq) + = — [Co(H20)¢*(aq) +1.81
[0]8].[2] sState two conditions needed for the following half-cell to have £°=0.00 V |
|
H'(aq) + &~ — >Ha(g) |
[1 mark] |
-3
l &1 dm 16D K pa- |
!
293 K- |
E
IE Identify the weakest reducing agent in Table 8. f
[1 mark]

11(\053- Posihive. ECO C \%C)j !

f
1
3
i
i
]
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Do not write
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[0]8].[4] Use half-equations from Table 8 to deduce an equation for the reduction of VO* to
form VO?2* in aqueous solution by iron.
[2 marks]

|

} |

3\/0; t o#T +fe 4ZH0— e 3V 0 +E¢e@aoﬁ
|

|

[0]8].[5] Use datafrom Table 8 to explain why [Co(H20)s]**(aq) will undergo a redox reaction
with [Fe(H20)sP2*(aq)

Give an equation for this reaction. .
[2 marks]

3 - ;
Explanation CO‘379 / COQf 7 F@ r / )fe ! |

!

Equation

3t 1
f Coli b0, Y T‘f‘f te CHQoﬂQT—% LCo(\H;, o)z(l JFe( *@J 7
= % ~ v o~ .2 A |

[0]8].[6] Suggestwhy the two cobalt(lll) complex ions in Table 8 have different electrode
potentials.
[1 mark]
7[0;,{ [wmo J,pit’l—e/en'f &jy Cmol £
8
Turn over for the next question
i
!
|
|
|
Turn over b
% 4 IB/M/Jun21/7405/1
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; | outside the
’ This question is about the development of lithium cells. | box

The value of E® for lithium suggests that a lithium cell could have a large EMF.
|
? %
5 Table 9 shows some electrode potential data. E
Table 9
E° IV |
Li*(aq) + e~ — Li(s) -3.04 1
|
2H0(l) + 2e- — Hx(g) + 2 0H(aq) -0.83
% Ix(s) + e — I(aq) +0.54 E
| |
i m Use data in Table 9 to explain why an aqueous electrolyte is not used for a lithium |
5 cell. .
? [2 marks] |
| L'H«r Lm u_um)LJ eack  with Ho ;
| |
| ole chep [ fl!-e =
| =+ L |
| la_c[eeﬁofbm:ml cll dﬂr L /L, IS mge |
| ) Yer %
| ah v +han Heot g‘ao wete |
[0]9].[2] Inthen970s lithium-iodine cells became a common power source for
heart pacemakers. Lithium iodide is the final product of the cell reaction. 5
Use the data in Table 9 to calculate the cell EMF of a standard lithium-iodine cell. |
é [1 mark]
05y — (Foy) = +3.58Y |
| {
: [0]9].[3] AnEMF value for a commercial lithium-iodine cell is 2.80 V :
§ Suggest why this value is different from the value calculated in Question 09.2. '
; [1 mark] |
| |
| T does ndd e CHandard |
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[0]9].[4] Insome lithium cells, lithium perchiorate (LiClO4) is used as the electrolyte. hox
Deduce the oxidation state of chlorine in LiClO4
/ [1 mark]
|: +d +40 Cl=%-] o
t4cl #fxd =0 | =2%

‘ In other lithium cells, Tithium cobalt oxide electrodes and lithium electrodes are used. |

|

| [0]9].[5] Give an equation for the reaction that occurs at the positive lithium cobait oxide '

| electrode.
. [1 mark]
Li'+ co), +& —+ LiCo0y.
@ Give an equation for the reaction that occurs at the negative lithium electrode. ;
[1 mark] 1
La _____‘f LJ‘T - é 7
) ’f@ . '
|
END OF QUESTIONS
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