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Answer all questions in the spaces provided

| This question is about silver iodide.

.[1] Define the term enthalpy of lattice formation.
[2 marks]

Enthal py ClM:LAQ_:Q[IhtGJ' Urange  uWhan [ wole Wy
2 3 B

og So(.’of (Once CONPOUN)‘

Q*Med Fom ot %@M’ 1ons . Ho-

.[2] Some enthalpy change data are shown in Table 1.

Table 1
Enthalpy change
! kJ mol™
Agl(s) —» Ag*(aq) + I7(aq) +112
Ag'(g) — Ag'(aq) -464
I"(g) — I"(aq) -293

Use the data in Table 1 to calculate the enthalpy of lattice formation of
silver iodide. bH

[2 marks]
Mt (g)x T (3) = MT(s)
Ak d\qL "'3 H\D/ A“su
E N\ = -7s7 W
s A~ 1‘ (
. W & i °%)
O™, = bW hyd = Alrg,
= =78l = ha
Enthalpy of lattice formation ™ 86‘1 kJ mol~ K-

L
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| : E A calculation of the enthalpy of lattice formation of silver iodide based on a

perfect ionic model gives a_smaller numerical value than the value calculated in
Question 1.2

Explain this difference.
[2 marks]

. ASI Contong  Same CoraJQML_ hmgm.s KA

o (WWlclh  oue SJ\nar\Su bomtg N

.[4] Identify a reagent that could be used to indicate the presence of iodide ions in
an aqueous solution and describe the observation made.

[2 marks]

Reagent AS NO 3

Observation dedlaw Dnt
\\

Turn over for the next question

A
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This question is about acidic solutions.

) The acid dissociation constant, K., for ethanoic acid is given by the expression

. _ [CHsCOOT[H']
) [CH3COOH)

The value of K, for ethanoic acid is 1.74 x 107 mol dm™ at 25 °C
A buffer solution with a pH of 3.87 was prepared using ethanoic acid and
sodium ethanoate. In the buffer solution, the concentration of ethanoate ions

was 0.136 mol dm™

Calculate the concentration of the ethanoic acid in the buffer solution.
Give your answer to three significant figures.

. _ .87 B [3 marks]
[u 1= o = |-38 10 M
[Cl‘*g(ooH_l - fcugccm’][l-f*:(
ko
Z 0136 x [+3Sx<n” T Mo

[- T il

M2

Concentration of acid [.0S mol dm™
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) E In a different buffer solution, the concentration of ethanoic acid was
0.260 mol dm™ and the concentration of ethanoate ions was 0.121 mol dm™

A 7.00 x 107 mol sample of sodium hydroxide was added to 500 cm® of this
buffer solution.

Calculate the pH of the buffer solution after the sodium hydroxide was added.
Give your answer to two decimal places.

[6 marks]
-3
(\C\"v3(60l’\' sbast- 0.&‘6 ;QQI‘BSC.JOFZ <
A CHe cop” stad  0-121 xS o = o.0feS M
3
- 007
n Na Ol addad = 0.00 -
n QU cooK Rrok 0713 - 0.007 = 0133
n QU;CGD" le 0.060§+0-007:Q-061§ KB
ka = [ed, UB'Q’J[H‘\']
Lcwgcoon]
.
W] = e Ceuycoon]
ECQ'\'S(OOH}
= e wio”® x 0123
0-067S
= 3471 ‘)Clbhg Mg
NS
P\* = ~l03 5.0 N i ™>
pH of buffer solution kS0 M6
9

M
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The ionic product of water, K, =2.93 x 107"° mol> dm™ at 10 °C

.[1] Which is the correct expression for K,?

Tick (v') one box.

[1 mark]
__[H0] m
A =
[H'JIOH L
B K,=[H']H,0] L]
C Ku=[H'TOHT] v
b K, HIOH] [ ]
[H.0]
.[2] Calculate the pH of pure water at 10 °C
Give your answer to two decimal places.
2 [2 marks]
Y8 {\H*‘]
Twr] = | v
32938107 = Skl x 1078
" M
W= —logGyfeion®
pH of water 7 37 M2
: E Suggest why this pure water at 10 °C is not alkaline.
[1 mark]

[t ] = [ou]

A
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.[ 4] Calculate the pH of a 0.0131 mol dm™ solution of calcium hydroxide at 10 °C
Give your answer to two decimal places. & s
C‘l(ul‘{'\ i 7 J0H [3 marks]

k= (it four]
Dr“] - ,‘E-E—

Lon- |

D.qum_'g
(2x 0-013)) M

Vi

& |-\|"B><|o"'3 MO,

= - log 111 xio '

pH of solution 95 M3

.[5] The 0.0131 mol dm™ calcium hydroxide solution at 10 °C was a saturated
v solution.

A student added 0.0131 mol of magnesium hydroxide to 1.00 dm® of water at
10 °C and stirred the mixture until no more solid dissolved.

Predict whether the pH of the magnesium hydroxide solution formed at 10 °C is
larger than, smaller than or the same as the pH of the calcium hydroxide
solution at 10 °C

Explain your answer.
[2 marks]

pH of magnesium hydroxide compared to calcium hydroxide

lower (less Ql\co.ﬂne)

Explanation

Hﬂ(QH_la is  less  Caluble

A
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A sample of titanium was ionised by electron impact in a time of flight (TOF)
mass spectrometer. Information from the mass spectrum about the isotopes of
titanium in the sample is shown in Table 2.

Table 2
m/fz 46 47 48 49
Abundance / % 9.1 7.8 746 8.5

.[1] Calculate the relative atomic mass of titanium in this sample.

Give your answer to one decimal place.

[2 marks]
(ko @:1) + (€1=7-8) + (48% T4q) + (49 = 8-S) »
Loo
Relative atomic mass of titanium in this sample 4 /. & Ma

.[2] Write an equation, including state symbols, to show how an atom of titanium is
ionised by electron impact and give the m/z value of the ion that would reach

the detector first.

[2 marks]
Equation Ti (j) = T - (j) + e
m/z value l{—é
; El Calculate the mass, in kg, of one atom of *°Ti
The Avogadro constant L = 6.022 x 10%° mol™
I s = L&q\j . 6'09-3:(;09'; ahw\& [1 mark]
| abow = —Li_-c}-" - T K;ongg

!

6-09l><|033

()Q lo";)

-6
Mass 8131w 10 kg

A
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.[4] InaTOF mass spectrometer the time of flight, , of an ion is shown by the

equation
t=d‘f% shance is ﬁned

In this equation d is the length of the flight tube, m is the mass, in kg, of an ion
and E is the kinetic energy of the ions.

In this spectrometer, the kinetic energy of an ion in the flight tube is
1.013x 107"y

The time of flight of a **Ti* ion is 9.816 x 107 s

Calculate the time of flight of the *Ti* ion.
Give your answer to the appropriate number of significant figures.

[3 marks]
- t = - al - pass |
= > 4 B alom (eq) M
J m(ae 2 Bvsio 3

Eun | 2E T
Jm)ﬂ?ﬁ/}l " H—ﬂx\;/!//_/_

Lw = tuq

Ja  Ju "

t'l .16 w0’ & .J'-f-”
4
V49

o Tl se ™ s EBEE

—

Q.
\!

v

\f

= |
Time of flight 9.6/ w10 s N3
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Titanium(IV) chloride can be made from titanium(IV) oxide as shown in the
equation.

TiOy(s) + 2C(s) + 2Cl, (g) > 2CO(g) + TiCl()  AH° =-60.0 kJ mol™

. IIJ Some entropy data are shown in Table 3.

Table 3
Substance TiOy(s) C(s) Cl,y(g) CO(g) TiCly(l)
s°/J K" mol™ 50.2 5.70 223 198 253

Use the equation and the data in Table 3 to calculate the Gibhs free-energy
change for this reaction at 989 °C
Give your answer to the appropriate number of significant figures. 3s C

Use your answer to explain whether this reaction is feasible.

[6 marks]
AGTE AWT —TAS®  T. 94373 = 1262k K3
At 2l () » 58° (2) .
(gg(ce)—\— S ('r:uu()) - (S(x; o_,) + S (c)+ A8 (ua))
= (3964 2s3) - (Soa + Iy + st)
= b =59 6

\!

< iz Tt wi® M2
° - _ _ | ’_ 0-3
AA™ w iy o { EE3E S I8 1 ) e
= shg = R.48
Gibbs free-energy change  — 23% kJ mol™ NS

Explanation &gg\ !ﬂlff’ = Aés' 'e |eg? "h»c-n zefo Mo

L
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Turn over for the next question
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ANSWER IN THE /SPACES PROVIDED
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This question is about some Period 3 elements and their oxides.

Write an equation for the reaction of phosphorus with an excess of oxygen.

[1 mark]

P% + 505 = TPQ-O:O

Describe a test you could carry out in a test tube to distinguish between sodium
oxide and the product of the reaction in Question 6.1

[3 marks]

Mdd to  waler M

Test  owahon  with  [hwwy  edacohyr M2

or  onvessed ddicohy o gt weler

M2
hidwaar = blos s el wele ged < pkuc'plumvs oxide

UT : hlue !pwplf - Soduuw ax/de red - ple}oanvc oxicle

Pl+ !> -seddom gegde . < T - lnlmsplronus oxcde

State the type of crystal structure shown in silicon dioxide and in sulfur trioxide.

[2 marks]

Silicon dioxide Mmacndlerulor
Sulfur trioxide Sr‘wxplﬁ wmilecale

Explain why silicon dioxide has a higher melting point than sulfur trioxide.

[4 marks]

Y 0; confong Sfm\r\?} Covalent  hovels M\

behiean ai the abims

L]

13
SO, hia g Bor Wiale Héces et eain M2

wad\eeu e ) ! M\Lﬁf w olexu o RNCQA

Covadent Dords e s\‘vov%u Tran Vo~ M2

ded idgali  Guews

cacadent bordt lake were ener g + m-e(comc/ Mie

break than vendor Wadls (or reverse stadement)
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Write an equation for the reaction of sulfur trioxide with potassium hydroxide

solution.
[1 mark]

QKo e SO_% = kgsotf + “’QO

Write an equation for the reaction of an excess of magnesium oxide with
phosphoric acid. 2t PO.:"

5*? [1 mark]

3Mg0 + AW PO > Wq (fo ] + 3.0
U 3 % (& g

2

Draw the_displayed formula of the undissociated acid formed when

sulfur dioxide reacts with water. H 3SO
3
[1 mark]
0-W
|
s 8
|
O-t 13
Turn over for the next question
Turn over »
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0 [7] Solution A contains the compound [Cu(H,0)s]Cl,

(0] 7]. State the type of bonding between the oxygen and hydrogen in this compound.
[1 mark]

Covalent

0] 7].[2] sState why the chloride ions in this compound are not considered to be ligands.
[1 mark]

L~ not E&m’»ﬂ o Co-ord4lrafe [)o«\d with
+the T Lon

(0] 7].[3] Anexcess of ammonia was added to a sample of solution A to form solution B.

Write an _ionic equatiop for the reaction that occurs when solution A is
converted into solution B and state the colour of solution B.
[2 marks]

: 2t ot
quation [ G (t,0)e] + 1o, > [ca(nuy), (H,0) ]

7 o A

+ H,O

Colour du,‘p b‘\!t (fdad \)WC

[ 0]7].[4] Aqueous sodium carbonate was added to another sample of solution A to form
a blue-green solid C.

Identify the blue-green solid C.
[1 mark]

O L8,

| 0[7].[5] ReagentD was added to another sample of solution A to form a yellow-green
solution.

Identify reagent D and write an ionic equation for the reaction that occurs when
the yellow-green solution is formed from solution A.
[2 marks]

Identity of reagent D L\;}o\m clloric OJCAC!
A -
cquation [Co (#,0) | + kex” > [ad [ + ¢H,0

s
70

M
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0] 7].[6] Explainwhy colorimetry cannot be used to determine the concentration of
solutions containing [CuCl,]”
In your answer refer to the electron configuration of the metal ion.

[2 marks]
’ Cq+ {on o Cawfxgvm}\én rﬂy] 3d° M\
Whton (s nfwu _ )

. Se Wlhéy s colourless odh urahle by P

absorb \Hszblr \.GM —_

Turn over for the next question

AN
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This question is about ion testing.

.[1] Describe how a student could distinguish between aqueous solutions of
potassium nitrate, KNO3, and potassium sulfate, K,SO,, using one simple
test-tube reaction.

[3 marks]

Reagent Ea A oY

Observation with KNO(aq) no \is \Fhlf el o rolp

Observation with K,SO4(aq) w k\(‘e l;)\?\‘

.[2]] Describe how a student could distinguish between aqueous solutions of
magnesium chloride, MgCl,, and aluminium chloride, AlCl;, using one simple
test-tube reaction.

[3 marks]

Reagent Naol — odd b gilces S

Observation with MgCly(aq) | \A.LL(’ D\D)Y'
i

ho wisible Clrovge  QxceCJ
Observation with AlCly(aq) ) \le oyt
| ¥

dussolve s M eQcecS

M
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There are several stages in the industrial production of methanol
from methane.

: 9 . I| The first stage involves a gaseous equilibrium between the reactants
(methane and steam), and some gaseous products. Figures 1 and 2 show
the percentage conversion of methane into the gaseous products under
different conditions at equilibrium.

Figure 1 Figure 2
100 100

Percentage - Percentage o
conversion 60 conversion 60-
of methane of methane
at constant 401 at constant 401
pressure 20- temperature 20-

0 1 1 1 0 1 T 1 1

600 700 800 900 1000 2000 3000 4000 5000

Temperature / °C Pressure / kPa

Deduce the optimum conditions for the industrial conversion of methane and
steam into the gaseous products.

LEVELLED

Explain your deductions.
[6 marks]

Teup.oxd-\.wc L I -8%0'C (vawet inthg rovge)
fs bewporaduce (nerease) be m&d L rea Seg
ge&clqu B ol v de a,L ~ 8So'C

M inerease n km\aord—w{ >8<e'C deegul
It re e Jnre»\\r'ew{ bk opuld result in a

LJO}.\U uum Cast -
- QNSSM : looe -~ dspo kPa(Natusd  Hus (O-U~du.o/|
Ay the Pregsure  (wereade) e d.’ﬂd decreages
b malimuwm  giekdis oblemed ob 1o kPa but

Need-ed s wmay be tm  slow a_ CONVASian g0 a
fo obteln | b
el 2 ____Cgu.?\n)w \N).-G ‘DQ. Aﬂ\nﬁk

A
17
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.[ 2] The equation shows the final stage in the production of methanol.
CO(g) + 2Hy(g) = CH;0H(g)
20.1 mol of carbon monoxide and 24.2 mol of hydrogen were placed in a
sealed container. An equilibrium was established at 600 K. The equilibrium

mixture contained 2.16 mol of methanol.

Calculate the amount, in moles, of carbon monoxide and of hydrogen in the
equilibrium mixture.

[2 marks]
¥ ..
. (o + ak, = cH,0H
Matin <0 -\ -2 e
mol agm  d0.1- Qb ay-d - (2x26) D1k
Amount of carbon monoxide | 1 Ci mol P
Amount of hydrogen & mol M-

Question 9 continues on the next page

i
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.[3] A different mixture of carbon monoxide and hydrogen was allowed to reach
equilibrium at 600 K

At equilibrium, the mixture contained 2.76 mol of carbon monoxide, 4.51 mol of
hydrogen and 0.360 mol of methanol. The total pressure was 630 kPa

Calculate a value for the equilibrium constant, K, for this reaction at 600 K and
state its units.
[6 marks]

Kum op (cté 5 0H) it
(o) to (i, )2
Tobrad wales = 2.76 + -S| +0-Uo = 7-63 MO
of €O = 278 <630 5 Jag b i b
7-62
pe Wy = ksl w bis = FTI kfa '1_3
7.62 ML
R¢ CMzoH = 03¢ 430 = 99.7 klba 4
7578
\ie = 2% 1 . k%
.a
Value of K, CfL;_f > ’0-7 Units kPa
M6 -
NS 14

A
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' 1]0] Table 4 shows some electrode half-equations and their standard electrode
potentials.
Table 4
Electrode half-equation E°IV
Cly(g) +2e”— 2Cl" (aq) +1.36
Weo 3 NO3 (aq) + 4H"(aq) + 3e” —» NO(aq) + 2H,0(aq) +0.96
Fe*(aq) + e> Fe*(aq) +0.77
¥ Cu%*(aq) +2e” - Cu(s) +0.34
\.\DSOH- S0,*(aq) + 4H'(aq) + 2™ — SO,(g) + 2H.0(aq) +0.17
2H"(aq) + 2e™ — Hy(g) 0.00
Fe*'(aq) + 2e” — Fe(s) -0.44

: Deduce the oxidation state of nitrogen in NO; and in NO

[2 marks]
Nitrogen in NO;~ + 4
Nitrogen in NO . D_
[ 2] Statethe weakest ﬁm agent in Table 4. o
pesitve
€1

1] 0}+{3| Write the conventional representation of the cell that has an EMF of +0.43 V

/[,2-maﬂ'('s]
PRwNTInNG ERROR — QUESTION  DISCounNTED

W Turn over »
! IB/M/Jun17/7405/1



Do not write
22 outside the
box

.[4] Use data from Table 4 to identify an acid that will oxidise copper.

_Explain your choice of acid.

Use these data to suggest a possible equation for the reaction.

Calculate the EMF of the cell that has the same overall reaction.

[4 marks]

Nie oeid [ Hioz N

ES N0, s %rmdw fran 8 G hocehre Ha

¢ s o shavmer O€id4 vy oﬁpy&% o P

. Moy & TUMT f/ge/ S ANO 4 4M,0x28
20a > 30 g x30

Do, 4+ S¥T ¢ 30 = N0 + 36 T yHio M3

. Coik Bwf = % - ES
- 0094 -03y = o.6aV Mig

g1

2 2 IB/M/Jun17/7405/1
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This question is about compounds containing ethanedioate ions.

A white solid is a mixture of sodium ethanedioate (Na,C.0,), ethanedioic acid
dihydrate (H2C;0,4.2H,0) and an inert solid, A volumetric flask contained

CHAUENCGING 4 g g of this solid mixtare in_250 cm® of aqueous solution.

L

Two different titrations were carried out using this solution.

In the first titration 25.0 cm® of the solution were added to an excess of sulfuric
acid in a conical flask. The flask and contents were heated to 60 °C and then
titrated with a 0.0200 mol dm™ solution of potassium manganate(VIl). When
26.50 cm® of potassium manganate(VIl) had been added the solution changed

lour. ;
Cé)dgl;\r NQ;,C,;LOL,, O-V—d\ H‘JCP*'QHJO w A N_Oucj.

The equation for this reaction is
2MnO,~ + 5C,0,% + 16H" - 2Mn?* + 8H,0 + 10CO,

In the second titration 25.0 cm® of the solution were titrated with a

0.100 mol dm™ solution of sodium hydroxide using phenolphthalein as an
indicator. The indicator changed colour after the addition of 10.45 cm® of
sodium hydroxide solution.

Only W, Ca0h-aW0 will  peoek

The equation for this reaction is
H,C,0, + 20H™ — C,0,*” + 2H,0

Calculate the percentage by mass of sodium ethanedioate in the white solid.

Give your answer to the appropriate number of significant figures. 3s.f.
Show your working.

[8 marks]

Turn over »
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\S'r (AN Hf\otf,- = Q0 ¥ ;65 x;o--S = - | X\O‘H MA
N CDOt.f.J- - 5'3'?(‘0”* ?(__S:_ = [-2,}§x;0"? M
-
al‘d N OH =, 0«1 4 -3 _3
| ) a‘d e LFS;XIO = -ouS o M3
| Ll = 104§ x (0 /Q. = Sk man ™t Mg
Jooon Na (0, 0‘1‘3 = 138G S aase ey W
- % 03¢ <10™% (in chhﬁ’)
f\N&aC‘;Otf_ LA O(t“aﬂﬁa.l SQN.()\Q = S—OQS‘x\o"’f;q,o
5 ‘8f04§xic'g Kb
MNo‘acsoq = %028 x 10"‘S < (34 = |~0733 T
.A (\iol;(‘:_}oLf - A - (00
[ M6
ME

- sbbTl (3 sh)
(alias S6s-S681)

Percentage by mass of sodium ethanedioate Sé6. 6

%

A

IB/M/Jun17/7405/1



Do not write
outside the
25 -

. IZ] Ethanedioate ions react with aqueous iron(lll) ions in a ligand substitution
reaction.

Write an equation for this reaction.

Suggest why the value of the enthalpy change for this reaction is close to zero.
[2 marks]

2! " 3"
[Fe(l#}ojgr i 3CQO.T.° = fFe(céo,{)gl +€H.0

Sawme  number and '+'\'}PQO‘{ honds bm](m/\ ool
wmod e

Eﬂ ; |Z| Draw the displayed formula of the iron complex produced in the reaction in
Question 11.2

Indicate the value of the O—Fe—O bond angle.

State the type of isomerism shown by the iron complex.

o [3 marks]
u
[ &
\ |
0 O
N e
2 ™ |
0 ( O.~Cx
[ o \ [}
//C \C b
] .
Bond angle = 90
Type of isomerism o?%‘l‘d

E':lIl : E Ethanedioate ions are poisonous because they react with iron ions in the body.
Ethanedioate ions are present in foods such as broccoli and spinach.

Suggest one reason why people who eat these foods do not suffer from

poisoning.
[1 mark]

_...._OMO{ Pfﬁew* N s ﬁrucu\%#u

END OF QUESTIONS

L
2 5
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