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Answer all questions in the spaces provided.

This question is about lattice enthalpies.

E Figure 1 shows a Born—Haber cycle for the formation of magnesium oxide.

Complete Figure 1 by writing the missing symbols on the appropriate energy levels.

[3 marks]
Figure 1
Mg?*(g) + O27(g)
2 . o
Ha (a)4 De”+ O(S)& +84y A o (o‘) H
4 \J J/ (o)
gy AR ()
; [
AH?(Ha'r) Ry )t e » 0(3) M3
t I4So i
Me'g)te”+ Oty) A, s
224 bﬁ\? (Hj) (f*jo)
FI36 | vg) + 0@)
[abgt (va)
150 | vgs) + 0@
A&f (0,)
Vﬂ(“*%) Vig(s) * 30x(0)
e
- 6o |a%g (M)
' MgO(s) ) !

T
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‘ EI Table 1 contains some thermodynamic data.
Table 1
Enthalpy change
! kJ mol™
Enthalpy of formation for magnesium oxide —602
Enthalpy of atomisation for magnesium +150
First ionisation energy for magnesium +736
Second ionisation energy for magnesium +1450
Bond dissociation enthalpy for oxygen +496
First electron affinity for oxygen —-142
Second electron affinity for oxygen +844

Calculate a value for the enthalpy of lattice formation for magnesium oxide.
[3 marks]

BN = Yo B, (0,)x Btk (ng) + SHE, (“3) tARS, (ky) R
+ A\LM (0) +0H g},(O)‘\'AH Hj())

-602: ’/a(L;%)+ \So + 736 + 1450 + (- ud) + 8y + AH? p

]

~602 = 2286+ AKRS

Y (z2%6 +6od)
| M

| Enthalpy of lattice formation 388 < kJ mol™

Turn over for the next question
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(el2)(z]

I

Nitrogen and hydrogen were mixed in a 1:3 mole ratio and left to reach equilibrium in
a flask at a temperature of 550 K. The equation for the reaction between nitrogen and
hydrogen is shown.

N2(g) + 3Hx(g) = 2NH,(9)

When equilibrium was reached, the total pressure in the flask was 150 kPa and the
mole fraction of NHa(g) in the mixture was 0.80

Calculate the partial pressure of each gas in this equilibrium mixture.

PP = wole ("*ﬂuj'\on s otal preesure e Fuce [3 marks]
WNH& = 0-0 > (8D = |30
fokal presguse = ppNs 4 pp Hy + ppNHz
¢ Na+ Pp Wy =2 1= 120 = 20
Pt Na = 0:2S =< 30 -1.5
0P Ba = 078 30 2 22-S
Partial pressure of nitrogen 7 S kPa
Partial pressure of hydrogen 23-5 kPa
Partial pressure of ammonia e} kPa
Give an expression for the equilibrium constant (K;) for this reaction.
[1 mark]

K, = PP (Nl%g)::.

Pp (NJ)K ?(’(H:)g
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'[0]2].[3] In a different equilibrium mixture, under different conditions, the partial pressures of

the gases are shown in Table 2.

Table 2
Gas Partial pressure / kPa
N, 1.20 x 10?
H, 1.50 x 10?
NH; 1.10 x 10°

Calculate the value of the equilibrium constant (K,) for this reaction and give its units.

= [2 marks]
l{‘(; ok ("Kfog)

—

25
(l.axr02)(I-Sxio )

a
= 210 ><ro3 \¢Pa

— — .3
(I-Qxfo“)( 337%*'02) kla > kP

. -2
kK, 3.0 % lo s b

M [ LYoR

' E The enthalpy change for the reaction is —92 kJ mol™

e

State the effect, if any, of an increase in temperature on the value of K, for this
reaction.
Justify your answer.

[3 marks]

Effect on K, dec reade K
Justification  |wereolo  On kmgg_rcd-\ue amrll cauge KA

«as-;{uil\bv.‘umh) Move M eadoarndc
divechon o te leflf

N2

0 Oppose ho Weeode  (n I’QMPQ(W

Turn over p
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The equation for the reaction between ammonia and oxygen is shown.
4NH3(g) + 50,(g) = 4NO(g) + 6H,0(g) AH = —905 kJ mol™

Some standard entropies are given in Table 3.

Table 3
Gas S° 1 J K ' mol™
NHa(g) 193
O:(9) 205
NO(g) 211
H.O(g) 189

| [0]3].[1] Calculate the entropy change for the reaction between ammonia and oxygen.
[2 marks]

AS = =SS(P) - ss(R)

(ylan)+ € (189) ) w (q-(l‘?&) + s‘(.oos))

12

1

1

147 - 1797

Entropy change ’ 3 J K™ mol™

A
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‘ - [2] Calculate a value for the Gibbs free-energy change (AG), in kJ mol™, for the reaction
between ammonia and oxygen at 600 °C

(If you were unable to obtain an answer to Question 03.1, you should assume that the

f entropy change is 211 J K mol™. This is not the correct answer.)
[2 marks]

| Loz A =TbHS T=4600+27% M
| = -qog-(873>c|8l></o'3)
‘ = ~Huf =« 198 A6 — 063 kimo M9

E The reaction between ammonia and oxygen was carried out at a higher temperature.

Explain how this change affects the value of AG for the reaction.

‘ [2 marks]
| D4 '}a@éowes More n@.ﬁa'ﬁr-c M1
| - TAS  will b  wmare neﬁaﬁ-\}e okt a Mo

\\(S har e Ml‘)sx,rcdwup

Question 3 continues on the next page

Turn over »
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f E Platinum acts as a heterogeneous catalyst in the reaction between ammonia and
‘ oxygen. It provides an alternative reaction route with a lower activation energy.

Describe the stages of this alternative route.
[3 marks]

. (\P[cﬁ—v\ww\ 1S a salfrﬂ, So  reocto.ds adsorbeol |
OU\*T) %ufro.u (aj‘ "h-ﬂ o:"‘lv-'e sl‘l-QA)

. Pegekls  mepurt N2

| N o\esmphm of +he de.ux} M3

|
w El Deduce the change in oxidation state of nitrogen, when NHj; is oxidised to NO
| -3 +3 Q-a

| Nk, = No

[1 mark]

-3+t 2

[EI When ammonia reacts with oxygen, nitrous oxide (N,O) can be produced instead of
\ NO

| Give an equation for this reaction. (Eg_fsu I’O Q_?VQ_J\W‘ 8‘\«&(\ of S‘lﬂ—d')

[1 mark]

Q\NHE e QO; . N;O L BH;O 1

I
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This question is about s-block metals.

m Give the full electron configuration for the calcium ion, Ca®

ls® 252 2pé s Bpé

[1 mark]

[0]4].[2] Explain why the second ionisation energy of calcium is lower than the second
ionisation energy of potassium.
[2 marks]

E laves wlesboms  Pem 3{3 avbited Wi ¢

lower {n A9/ 8v i
UJ

o HNore SL’ci(Lﬂ/j ™ (agﬂ

lﬂm]«ef M eAerguv
U NJ

|
[0]4].[3] Identify the s-block metal that has the highest first ionisation energy.
‘ [1 mark]

| Be

! [0]4].[4] Givethe formula of the hydroxide of the element in Group 2, from Mg to Ba, that is
least soluble in water.

Nﬁ (OH);

[1 mark]

Question 4 continues on the next page

Turn over »
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- E A student added 6 cm® of 0.25 mol dm™ barium chloride solution to 8 cm® of

L

0.15 mol dm™ sodium sulfate solution.
The student filtered off the precipitate and collected the filtrate.

Give an ionic equation for the formation of the precipitate.

Show by calculation which reagent is in excess.

Calculate the total volume of the other reagent which should be used by the student
so that the filtrate contains only one solute.

[3 marks]
o+ -
lonic equation g¢ 4 So,f . Bﬂsoq- M
nBall, = 035 xénro™® - L5y 03
- -3 v
r\NQaSO,_f = 05 e Ex il = W ose pa = ®
Reagent in excess @q Cl - ]
Total volume of other reagent (\ = r\2
So O, 2 CoN.
0:2Cx 6 k10”3 = 04SV
V = 0:-0ldm? . [Qcm> l\id__L'SO%.r Mg

IB/M/Jun18/7405/1
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‘ - - i

E] A sample of strontium has a relative atomic mass of 87.7 and consists of three
isotopes, ®Sr, ¥Sr and %sr
In this sample, the ratio of abundances of the isotopes %°Sr:*’Sr is 1:1

State why the isotopes of strontium have identical chemical properties.
Calculate the percentage abundance of the **Sr isotope in this sample.
[4 marks]

Why isotopes of strontium have identical chemical prO/)erties

Sawme  nuwmber of elechpns le(erffmv\ a.tro.r%ameﬁi M)

. g1 g8
865( Sr 5F

A % > oo - dx

8x + 87x + 8% (100-2%) - §7.7 M2

| Co

$6x + €1z + §8co - 1> - 770

Cbx +S7x —T7bx = 770 — %800
23 = 30
x = lo'/ N2

(00 - A% = SO /.

Percentage abundance of **Sr 80 % N L

; . A time of flight (TOF) mass spectrum was obtained for a sample of barium that
| contains the isotopes **Ba, "*’Ba and '**Ba
} The sample of barium was ionised by electron impact.

Identify the ion with the longest time of flight.

138, +
Ba

[1 mark]

Turn over b
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|0]4].[8] A™Ba"ion travels through the flight tube of a TOF mass spectrometer with a
kinetic energy of 3.65 x 107"° J
This ion takes 2.71 x 107 s to reach the detector.

KE = 3mv?  where m = mass (kg) and v = speed (m s™)

The Avogadro constant, L = 6.022 x 10%° mol™

Calculate the length of the flight tube in metres.
Give your answer to the appropriate number of significant figures.

i % [6 marks]
Mmass  Qne TR" ion M = |27xf0'3
& U P
Lo B P
B il 18 x;o"xka M
v= o
t
o \? = 2kt
M
V= lake
™M
= | Bas Fdilioe 10"
o e x:o“’lg
= S.66y6 x 10% wms!
Ol- i \Il?
o ;
= S.664b <10 3 2.7 x 10" %
Length of flight tube [-Si m 18
(3s.f.)

i
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Hydrochloric acid is a strong acid and ethanoic acid is a weak acid.

. State the meaning of the term strong acid.
(cnml‘)\ﬂea‘-(% \Cu l\ta) (,Lmsodaj-(o( ,{I\Om'&ad

[1 mark]

1

' @ In an experiment, 10.35 cm® of 0.100 mol dm™ hydrochloric acid are added to
25.0 cm® of 0.150 mol dm™ barium hydroxide solution.

Calculate the pH of the solution that forms at 30°C
Ky =1.47 x 107 mol> dm™ at 30°C

Give your answer to 2 decimal places.

[6 marks]
f\“‘fU > B )Cf()'?;gx!o—?: (_oggxtobg
n Balth). : 01S x e . o2 3 W
220105 ¥ 2G x (073 = SIS 0"
= IOl S 30 TS 9™ e 38 s 158 M2
ecess OH™ = 7S <07 - \~03§><t0'3; 61685 x 103 |N3

e ik -3
[-OH ] = 6. L §>c 1o = O_l'g;gggw\dw.—}

(25 +10.28) x 107> Mip

ko = (ur{(on]
[H*] > kw

~ -
-~ Y = X088 xjo™F NS
0.1828kS

PH = - ‘03 {H'*]

pH lg 'Oc( N6

Turn over »
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| -
" @ The pH of water at 30°C is 6.92

Give the reason why water is neutral at this temperature.
[1 mark]
[#t] = [ou]
[0]5].[4] Identify the oxide that could react with water to form a solution with pH = 2
Tick (v') one box.
[1 mark]
AlOs
|
| Nazo
|
f SiO;
| SO, v
|
|
i
H"‘I‘Umum ’"! 1B/M/Jun18/7405/1
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|
‘! El Give the expression for the acid dissociation constant (K,) for ethanoic acid
(GHOOOH: g, rool = (i, bob™ + Y

= {eu 3 (0o ] [H+]

[cu 300 H]

[1 mark]

@ A buffer solution contains 0.025 mol of sodium ethanoate dissolved in
500 cm® of 0.0700 mol dm™ ethanoic acid at 25°C
A sample of 5.00 cm® of 2.00 mol dm™ hydrochloric acid is added to this buffer
solution.

Calculate the pH of the solution formed.

For ethanoic acid, K = 1.76 x 10~ mol dm™ at 25°C

acxd pushrey QM cootk ey CH, 00™ + HY f6 marks]
QCPV\‘NLHS ﬂ!!ﬁl!?
(mescs.ﬂ‘)
AR addad -~ 2SS x 107 = 0.0l J“‘
n C4; (ooH = o-o7»<5‘00>c|oh3: 003§
n QU2 (0H oy = 00235 + Q0! = 0.04S lMD.
nNCH, (D™ news = 0.02S - 001 = 0.01S M3
(W] = Wa Ccuycoot]
| [CR3COO"]
- -S
| = P76 <0 < 0048
| 0:01§
= Bl 1oy wh
- —IOJ[H*]
o ed3 i | [

Turn over »
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A student set up the cell shown in Figure 2.

Figure 2

o
S

Copper

1.0 mol dm=
CuSOy(aq)

The student recorded an initial voltage of +0.16 V at 25 °C

[0]6].[1] Explain how the salt bridge provides an electrical connection between the two

solutions.
[1 mark]
woewesd of ions
| IZ] The standard electrode potential for the Cu?'/Cu electrode is
Cu®'(aq) + 2e” > Cu(s) E°=+0.34V

Calculate the electrode potential of thé left-hand electrode in Figure 2.

E‘ciu . E%_ B Eg;.: [1 mark]

o.l6 = 0.3y - E?

Electrode potential O-18 V

. Both electrodes contain a strip of copper metal in a solution of aqueous Cu?* ions.

State why the left-hand electrode does not have an electrode potential of +0.34 V
[1 mark]

('on(euJ\“a‘r\d‘fﬁ is not 1o Md\dm'z

i

1B/M/Jun18/7405/1
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[o]6][4]

Give the conventional representation for the cell in Figure 2.

Include all state symbols.
) [1 mark]

)| e | o) | o)

[0]6].[6] When the voltmeter is replaced by a bulb, the EMF of the cell in Figure 2 decreases

over timeto 0 V
Suggest how the concentration of copper(ll) ions in the left-hand electrode changes
when the bulb is alight.

Give one reason why the EMF of the cell decreases to 0 V
[2 marks]

Change in concentration of copper(ll) ions in the left-hand electrode

lnCteade A

Reason why the EMF decreases to 0 V

it e B ol (ppac iaas hhe  Souwhoos

hmwmﬂ Q_ﬁ/\rax(

Turn over for the next question

Turn over »
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' m When anhydrous aluminium chloride reacts with water, solution Y is formed that

contains a complex aluminium ion, Z, and chloride ions.

Give an equation for this reaction.
[1 mark]

3+ ~
MUz + 60 = [A\ (H;O)G] + LI

Give an equation to show how the complex ion Z can act as a Brgnsted-Lowry acid

with water.
[1 mark]

B +
(Mo)e] + B0 = U‘(*‘aﬂ)so‘*]; + W0

Describe two observations you would make when an excess of sodium carbonate
solution is added to solution Y.
Give an equation for the reaction. In your equation, include the formula of each

complex aluminium species.
[3 marks]

Observation 1 U_\LJ.Q (e?\‘

Shseratonz B e Scence

Equation

3+ )
{m (\%;o)g,] + 307 > SP\\ (H;o)g(oH)g] ¥ 3Co, + 3,0

IB/M/Jun18/7405/1
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l

| EI Aqueous potassium hydroxide is added, until in excess, to solution Y.

Describe two observations you would make.
For each observation give an equation for the reaction that occurs.
In your equations, include the formula of each complex aluminium species.
[4 marks]

Observation 1 mb‘,\g p?\—

Equation 1

(A (\lgo)(,TJrJr 3047 5 (A (M,0) (o5 + 3H,0

M

Observation 2w huke ppjr duscale s
Colourless  saluhon frus

Equation 2

(A1 (a0)s (08); |+ o0 = (M (o8, ] + 20,0

Do not write
outside the
box

Turn over for the next question

Turn over »
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This question is about sodium and some of its compounds.

|I| Use your knowledge of structure and bonding to explain why sodium bromide has a
melting point that is higher than that of sodium, and higher than that of sodium iodide.

' LEVELLED [6 marks] |

No ko meballic bowmfj

Meballic foov\aimfﬁ s an _atvachon heteon
Tee posibive jan avd delocaticed elechane
B Cchud' latce Armg

NaBr 6~d Nal /L\awa LN bd“du\/\‘cj
lonic bowdmj s o~ atrachon behieon
o{\)Posf\‘elH arorged Va0 ¢

A% ?J{M\) lalice “ Lr mg

[mm'c ande\rj (s Q]TDY‘%Q{ Racapin w«pFa”(C o |
NaBRr las o \m"ﬁher \N\tl'l'»\/g Y‘Do\\\Jr Twa .~ Na

NaBe has o hugher welbrg  pond ta NaI
| b'QLCLLLc—Q e gr,— ton i3 sﬂauéf e e T°
| fon  So Meare is q SH?)Y\(&Q( alcaxhdn behreon
Hee Fos(l:lu:e o~ n-e_ﬁa:fwe fons  tn NaRr

L
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@ When 250 mg of sodium were added to 500 cm® of water at 25°C a gas was
produced. ~
Give an equation for the reaction that occurs.
Calculate the volume, in cm®, of the gas formed at 101 kPa
The gas constant, R = 8.31 J K" mol™’
[6 marks]
ANa + AW, 0 = ANaOW + By
oR ’
Equation Na + \"‘9.0 o NoOW + QHJ M
PNz nRT
_ 3
23
aWy = oot~ 500543 M3
2
T - D-S i 3-—’ .7.> \4
3 P L
P = 1ol = 10> fa
\[ poc il . QT
- 0-005U 3 y B-3) > 9%
lolx< 103
_ s NS
= Do d%ws pe™® o8 o sl
Volume |83 cm® MG

. Calculate the concentration, in mol dm™, of sodium ions in the solution produced in
| the reaction in Question 08.2.

c- L\_ [1 mark]
\V4

_1 - 0-0l09

: =

| S00% |0

| Concentration O-02177 mol dm™

L
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[0]8].[4] Sodium reacts with ammonia to form the compound NaNH, that contains the

A

NH,” ion. eleclong

Draw the shape of the NH, ™ ion. Cena 5
Include any lone pairs of electrons that influence the shape. bovded 2

Predict the bond angle. '-%__-_- L‘.P&:\(S
Justify your prediction. G | ‘odvd'\'j ANR
[4 marks]
Shape a
\VZ, y
N " |
/
UMY
Bond angle loS (P’\\'M |°‘F"°6) MO

Justification

. _elechon paiss reped ay [ua.Per as Pnssxblr M2

o \mr\e- ?f‘L‘Lr'. lome {)cﬁr (e?d\(c)n C}V-QQLL( heo Hq—

lme?cu'r: l)d\*‘da-rj pasr r-epulsr'on (S0 band

G.N_:\e Y C(llLI‘jLA \
U J

Turn over for the next question
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|

This question is about vanadium compounds and ions.

‘ . Use data from Table 4 to identify the species that can be used to reduce VO,"ions to
VO in aqueous solution and no further. ;e not 4o V3t
Explain your answer.

Table 4 -
(edurd-q ogo,d wore nuaa.:!we
Electrode half-equation E°IV
® | VO, (aq) +2H*(ag) +e= — VO*(aq) + H,O(l) | +1.00
VO (aq) + 2H(aq) + &= — V**(aq)+ H,O() +0.34

Cly(aq) + 2e” — 2Cl(aq) +1.36
Fe*(aq)+e” — Fe?*(aq) +0.77
Zn**(aq) + 2" — Zn(s) -0.76
OA RA [2 marks]
Reagent Fe 3+
Explanation

E® Vo! JNo* > E° L¥[R* S ES o V¥

—_'}.|.0 =% 3-
'[0]9].[2] Give the oxidation state of vanadium in [VO(H,0)s]*

+

[1 mark]

L
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Do nof write
oulside the
box



Do not write
25 outlside the
box

- |E| The [V(H,0)4Cly])" ion exists as two isomers. One isomer is shown.

Draw the structure of the other isomer and state the type of isomerism. ‘
[2 marks]

Type of isomerism _ C1S l Kans
or E|z ‘Jfome‘H\c sleresisomerigm

[ 9].[4] Heating NH,VO; produces vanadium(V) oxide, water and one other product.
\"/ S+ Oa =

Give an equation for the reaction.
ZQ) 0 1 mark
s 2 \/:,1 5 : ]

AN NO, \!’.IOS’ v 1,0 x INHL

‘ - E’ Vanadium(V) oxide is the catalyst used in the manufacture of sulfur trioxide.

Give two equations to show how the catalyst is used and regenerated.
[1 mark]

\/305— 5 SO:L = \/309. 3 SO@

N,0, + V_QOQ = \I;\-Os 7

Turn over »
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m A student added 627 mg of hydrated sodium carbonate (Na,CO;.xH,0) to 200 cm? of
. 0.250 mol dm™ hydrochloric acid in a beaker and stirred the mixture.

CHALLENAING After the reaction was complete, the resulting solution was transferred to a volumetric

flask, made up to 250 cm® with deionised water and mixed thoroughly.

Several 25.0cm® portions of the resulting solution were titrated with 0.150 mol dm™

aqueous sodium hydroxide. The mean titre was 26.60 cm® of aqueous sodium

hydroxide.

Calculate the value of x in Na,CO;.xH,0
Show your working.
Give your answer as an integer.

hH'C( Off%’\'\‘aﬂj >, O'QSRQODKJO'S - 06C [7 marks]
T\\“'O}\Oﬁ‘_

AnWVNaOK = 018 x 266 5 ’0-.'5’ s Bl ]0_3
SR = 3990 07F iy a5

N KA tn 2S0¢md - %-‘Mxlongx 9 & gr?‘?)clo-ﬂ
miles BCA  teaefed wihe Na, o, xH,0
= 005 - 399510° % _ .o x 10-2

LW 4 Na, 0,00 5 anaU+ M0 + CO,

- |
,,nNaJCOS.xH}o — (ol k10 o tg.os'an"?'

I\\Naa(ox = 5'0§K{0—3x: \0b = 0535.3 )clog
= 535’"1«3
W T 0 = B3] =888 = q;)_,‘:j
Na, CO, &, 0
m(q) .63 0.092
: . : .
I OSSSAM: ‘5-05‘-,;;03 O GQ%K - S.1 <10
(OL\ic) ‘ l
e |

IB/M/Jun18/7405/1
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Value of x ‘ _

END OF QUESTIONS

IB/M/Jun18/7405/1

AN



Do not write
28 outside the
box

There are no questions printed on this page

DO NOT WRITE/ ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

Copyright information

‘For confidentiality purposes, from the November 2015 examination series, acknowledgements of third party copyright material will be published in a
separate booklet rather than including them on the examination paper or support materials. This booklet is published after each examination series and is
|

lavailable for free download from www.aqa.org.uk after the live examination series.

[Permission to reproduce all copyright material has been applied for. In some cases, efforts to contact copyright-holders may have been unsuccessful and
AQA will be happy to rectify any omissions of acknowledgements. If you have any queries please contact the Copyright Team, AQA, Stag Hill House,
Guildford, GU2 7XJ.

Copyright © 2018 AQA and its licensors. All rights reserved.

i

IB/M/Jun18/7405/1



