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| Answer all questions in the spaces provided. el
! ]EI] This question is about enthalpy changes for ealcium chloride and

magnasium chioride,
| [0]1].[1] State the meaning of the term enthalpy change,
, [1 mark]
[
eat Cheon e (e
Heal a0 ok Contrant presse ==
[ -
| Figure 1 shows an incomplete Born-Haber cycle for the formation of calcium chioride.
| Ca?*(g) + 2e- + 2Clg)
. =364
| Luﬂﬂﬂ Le + 'UL]_ LLJ} ik 1 cC
' C
| Gy t )y
| Ca*{g)+ e+ Clyg)
| Ca(g) + Cly(g)
gl + Lo
| £ : X
| Cagon+ Uy en)
-}as
! . CaCly(s)
[2] Complete Figura 1 by writing the formulas, including state symbols, of the
appropriale species on each of the three blank lines.
[3 marks]
Jmﬂm!mm BRI 1T 08N
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[0]1].[3] Table 1 shows some enthalpy data. o
Tabile 1
Enthalpy change
! kJ mol-!
Enthalpy of formation of calclum chioride —795
Enthalpy of atomisaticn of salcium +193
Firsl ionisation energy of calcium +500
Second ionisalion energy of calcium +1150
Enthalpy of atomisation of chlorine +121
I. Electron affinity of chlorine -364
Use Figure 1 and the data in Table 1 to calculate & value for the
anthalpy of lattice dissoclation of calcium chlaride.
[2 marks]
= 4= Fash 13+ 590+ 1156 +Lm)+ 7 (- 364
% MU -
= A mge h,:j"
Enthalpy of lattice dissociation T2aL KJ ol
Question 1 continues on the next page
Turn over »
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| . Magnesium chloride dissolves in water,

| Give an equation, including state symbols, to represent the process thal occurs when
the enthalpy of solution of magnesium chioride is measured.
[1 mark]

‘ }ﬂﬂ (.«l.ﬂ.blﬂ i I‘*BH Cagy T 2L tag)

El Table 2 shows some enthalpy dala.

, Table 2
‘ Enthaipy change
! kd mol™!
rEnlhalw of lattice dissaciation of MgCl;: +2493
Enthalpy of hydration of Mg*(g) ~1820
Enthalpy of hydration of Cl(g) —364 '

Usa your answer o Question 01.4 and the data in Table 2 (o calculate a value for the |
anthalpy of solution of magnesium chloride.

[2 marks]
My Cly (8 ————> M 4™ tags + 2 ;l; (as)
| Je= - Jics
Mo ' + T Uy o
= =156 kyma Enthalpy of solution 1525 I mor! |
[0]1].[6] The erthaipy of hydration of Ca®(g) is ~1650 kJ mal~* |
- Suggest why this value is less exothermic than that of Mg2'(g)
[2 marks]
HZ.E Cpfj T L-c--.L o, Lowel E_Mge: o
Gag Cabie Hoae m&-ul 2 ) ST < 1%

b omalint baxd belvesn il apd 6% 3
wouke T

i
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This question is aboul atomic structure. o
[0]2].[1] Define the mass number of an atom.
[1 mark]
The MM&L&EM ol bre
 pasaandhec ﬂ{‘ arekons wn bhe mudainy acdded
bes %LM
| m@ f.':}:;'nplate Table 3 lo show the numbers of neutrons and electrons in the species
shown.
[2 marks]
Table 3
Number of Number of Number of
protons neutrons electrons
E] # [
Ti 22 Lt e |
*n* 2 w g T |
E A sample of ttanium contains four Isotopes, *¥Ti, “7T), *0Tj and **Ti
This sample has a relalive alomic mass of 47.8
In this sample the ratio of abundance of isotopes *5Ti, *Ti and T is 2:2:1
Calculate the percentage abundance of **Ti In this sample.
[3 marks]
iue.ﬁlh‘ q'q"ﬁ =
G 8 = (Goxtse) + %tc) trgw 10— 53 )yt i
l o=
I = g +ehioo idoac 5 +4E0O
| e [ oo
G'":lg v |10 >— S — ;o =4
Abundance of 19T B % 6
Turn over »
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| 0 | 3 | This quaestion s about elemeants in Pariod 3 and thieir compounds, o ool

- , Whan a plece of sodium is added lo 200 cm® of water in a large beaker a vigorous
reaction occurs. The temperature of the water increaszes by 25 °C

Give an equation, including state symbols, for the reaction of sodium with water.
Suggest why it is dangerous o react a similar plece of sodium with 10 em? of water in

a boiling tubea,
[2 marks]

Equation NG (5 +1HL¢) '3__-‘} 1&&1—1 H;_Lﬁ}

Why itis dangerous /b kﬁl_lé_g.(‘m e M%

_Coane Wee eackudt Yo Sked ouk ol
bhe Yedr bube

[0]3][2] Give an equation for the reaction of phosphorus(V) oxide with water.

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

Equation

2010t 6U,0 —> 4, Poy

pH D"' [

‘ [0]3].[3] Explain, in tarms of crystal structure and bonding, why silicon{1V) oxide has a higher

malting point than phosphorus(V) oxide, I

[4 marks]

__,C;-I CJ?_ R o Aienk me.lo.& Srwdhuse.
L) Lgﬁ,,w bu  Mang Skena (ovelank

Ipends - Tlese rut.{Ei &L&*(‘ﬁi-_wa_gg_}u_cmim
@O 3 ~ Somaple  Contlonk mile cule - Vo doc

s Lekces rlasean moleowss in the sl ol

real-  oynih ea%_mw
|ILI '“"I 1RiMLung LTS
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[0]3].[4] An element in Period 3 forms an oxide that is insaluble in water,
This oxide reacts with sulfuric acid and with aqueosus potassium hydroxide.
Give the formula for this oxide.
Give an equation for the reaction of this oxide with sulfuric ackd,
[2 marks] |
Formmula Df.l, .1 E—rg
Equation
.——q-"
Pl O + SHy S0y Aly L5y, + 30, 0
[0]3].[5] Give the formula of a hydroxide of an element in Period 3 used in medicine.
[1 mark]
Mﬂ LGH}L
L
[0]3].[6] Hentiy the element in Period 3, from sodium to chiorine, that has the
largesl atomic radius,
[1 mark]
Turn over for the next question
Turn over »
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| [0]4] This question is about iren and its ions, b

| E] Discuss the role of iron as a heterogansous catalyst in the Haber process,

IHz + MNa= 2NH,

Your answer should Include:
+ [he meaning of the term heterogensous catalyst
+ how lron acts as a helerogeneous catalyst

+ the factors that affect the efficiency and fifelima of the catalysL
[6 marks]

_&_.hﬁkﬁfﬁm.@&P%¢ L one beak it nde o~
Bre  Some phase. o e eackods, Scen
adhy oy e Hakfﬁfmjme_—r&tb iq_""ﬁ"‘-g,\i"l“ﬁm
Hz o L\ﬂbgf #&ng,u [ LL Li:n-l'u& HF-JL |
M%qﬂn ok mhbara,n cnde h Wlleo
ocorsh O0secbhion 6X aoive Sths. Tl
pseabisn e LW aok WM bt Jlaiee
e o (eade lotlge  deSerhbong  and
Mevia b 3 con 18 CMJ:'K‘\E‘]T{'_ hose
MJ% W Yahes o Uy e
(Rwdio B lemass ot Sell cheaica L —

j_a&mi%_é_h_ublaﬂ—_a_&ﬂﬁm_

Mﬂf wone  Shes. M’fm'.e K2 e Col

e OnCgeesed Eb e ose &l S ppalt |
wme s Slo &5 6 Lcsm&{smbal
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[0]4][3] Giveareason why Zn** ions do not catalyse the reaction in Questian 04.2.

i

10

| | e
E| Fe® jons catalyse the reaction between peroxodisulfatedVl) lons and lodide lons in fow

aqueous solution,
8208 (aq)+ 21{aq) — 250.*(aq) + hiaq)

Explain why this reaction is slow before the catalyst is addad.
Give two equations fo show how Fe?*ions catalysa this reaction,

[4 marks]
Wiy esction Is slow balre catalystadded a2 TUSS ﬂﬁ:ﬂu}r‘w&_
(ons M lepel cochotkel So Pre enedey
need ot o Soceshul Cllngen & bade. T
w,m e : efeBa, 0L L'&&k drte
- eled® sk Bepulsion =

Equation 1

T 4 s, E}g === _r.}_bDﬁLL#'k 2Te™t

Egquation 2

Lhe™ 4 U™ » 2R + 3,

[1 mark]

n dﬂ&:hﬁﬂm o ﬁﬂabﬂ-_mib_b__
Shedees, R il (Y r.:r-..mL;\ Town .
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[0]4].[4] tron reacts with dilute hydrochlaric acid to form iron(ll) chloride and hydrogen, e
Fe{s) + ZHCl{ag) — FeClsaq) + Hx{g)
A (.988 g sample of pure iron is addad to 30.0 em? af 1.00 mol dm— hydrochlonc acid,

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

Calculate the maximum volume, in m?, of hydrogen gas produced at 30 °C and
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" mal™? -
p”" A [6 marks]
e Cf é E U= A =T
il F e = - 0. psles P
' 55 -8

AALL = x 2.
} oo = O . OTee aukes

aFe 2 nHcl MU bk Sny Gongent |

nHe Protneed = ,LinH‘i-'L:: . o150 wolel
T= Ww'c = Tezk

V= ?ﬂgﬂf UK & e B I o e
lop eod

AR ot -

Valume of hydrogen

Turn ovar b
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Flgure 2 shows same reactions of iron kons in agueous solution, s
‘ Figure 2
s Air I+
[FEI:HECI:IE] - [FH{HEG}HJ
‘ NazCO4(an) NapCO4faq)
Precipitate A Precipitate B

‘ [0]4].[5] Identity A and state its colour,
Identity FE {,[:}1
Caolour !”qr_n..Lv-., _ |

| |__?__| Give the formula of B and state its colour.

. Give an jonic eguation for the reaction of [Fe(HzO)s]* with agueous NaxC0; to

[2 marks]

form B. —
Formula Fﬂ LH'I._E}\)} {, ﬁ“}l
Colour E.rcp._.._ar"-..

lonic equaltion
| s
7 (FelhO) ¥ 202> 2R (R (oM

Bl Jun@ LT0E

i



| 0 | 4 | ]E Explain why an agueous solution containing [Fe(HaO]™ lons has a lower pH than

T

13

an agueous solution containing [Fa(H:0 )] ions.
[3 marks]

F—f—:“- L\’“‘b En N‘EJ:A.}'E-F Cihc-.'l.'&f_ A&MLI)Q’H_
Aon Fe* Py Such Fe®™ 3 pmace

Pdn_t"rlu-. Ll oo Y .
‘@Mﬁ:&ﬁ' adrion  leads bo Loehec

G 'Ea‘r"dzi . ke '-r-!ﬂ.ii&' Ls.ﬂ.ﬂ-nt-l-.k P 3
Wil break.. 7Lz prelecies M*mwﬁrﬂ
Sobubon,  lowerinn  bhe oM.

It
¥

Turn over for the next question

Turn over &
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This question iz about the equilibrium
250z(g) + Oafg) = 250:{g)

State and explain the effect, if any, of 8 decrease in overall pressure on the
equilibrium yield of S0,

Effect b~ ChOfEont i Hho qq;j_;l
Explanation ~/Wafe  olg  wmiere m&.'-.e.i 8} ged o

[3 marks]

e ek hond Sulo § ok egullibrinm S0 3k

A\ .SLJ\:. leH ko cppose bre dmﬂm e
Pre euha .

A 0,460 mol sample of S0; s mixed with a Dﬂw ina

ad container al a constant emperature.
Whan equilibrium s reached al a pressure of 215 kPa, the mixture contains
0.180 mol of 50,

——

Calculate the partial pressure, in kPa, of 503 in this equilibrium mixture,

[4 marks]
20, = 0.46- 018 = 028 mEes
noL = 6.5 —-0-04 = .16 anches
ﬂlﬂi'qj\ = p.-2E+ o.16t0.18= O.567 wlley
| o8
‘ prﬂl = -—-*“&;'T?'_ x5 = 97 | Jq»\
Fartial pressure of S04 5\1 kPa
B Lund WT408

i

g il i
sk e
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Question 5 continues on the next page

THIS PAGE
ACES PROVIDED

DO NOT WRITE
ANSWER IN TH

Turn over &
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E[ A different mixture of S0, and Oy reachas aguilibrium at a different temperature,

Wi

Table 4 shows the partial pressures of the gases al equilibrium,

Table 4
Gas Partial pressure | kPa
TEC":— 1.67 = 107 _
Os 1,02 = 102
504 1.85 = 107

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

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

[3 marks]
P A
K - S Uy;{f':
P Po, ko™ "
\ 85 oD
= ——-—'_'_'_'_T_-_-_-
U-bq'ﬂh'"} x |-otae™
-1
= .7 "'-‘"'EDF-?_ P
Ko I-.z_}:’fﬂ"l
Units o

oniod wirie
oonain’e e



' [0]5].[4] Whatisthe effect on the value of K, if the pressure of this equillbrium mixture is

o

17

increased al a constant temparature?
250:4g) + Oulg) = 2504(g)
Tick (*') one box.

The value of K,

INCresases,

slays the same. o

decreasas,

Turn over for the next question

[1 mark]

Turn ovar &
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. This gquastion is about pH,

Pure waler dissociates slightly.

H:O(l) = H{aq) + OH{aq)

The equilibrium constant, K, = m—
[Hz0]

The ionic product of walter, K, = [H'J[OH"]

[0]6][1] Explainwhy [H:0] is not shown in the K, expression,

Tl (eovnceakrdio~ g Y, 0

& Ef%&fmﬂ,]t'

aH = #57 kJ mol™

A calmest

T O onad e

[1 mark]

Table § shows how K, varies with tlemperature.

Table §
Temperature /| °C | K./ moP dm® |
10 2.93 x 107"

20 B.81 = 105 =
25 1.00 = 10"
30 147 » 40™
50 5.48 = 1071

m Explain why the value of K, increases as the lemperature increases,

*?[A.v_. Equbﬂm i mw wn., Phe

[2 marks]

{H—;__u-nL diredipn So bre S s Eean Slidkk

g o Fempakse oneceose . They

rises fHEACOU L pedaw

i

AL A0

o N
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[0]6].[3] Give the expression for pH. e

Calculate the pH of pure water at 50 °C
Give your answer [0 2 decimal places.

Explain why water is neutral al 50 °C

Calculation

Q”ﬁ_}: W =2, Henis T

PM':' ~low |, (T-4xIS™F) = 6.63

(Wt (onS

[4 marks]

o b
Explanation ?L\J- d-a.ﬂf_f o 5}- L.._"u&-l._ﬂ-fr @W-L

one  HY v anl orne ol

Quastion & continues on the next page

Turn ovar k
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El:mm':hum'r
| A pH meter is calibrated using a calibration graph. gk
To create the calibration, the pH meter is used to measure tha pH of separate

‘ salutions, each with a known, accurate pH.
! Figure 3 shows the calibration graph.

Figura 3

‘ 10 e

pH mater
raading

| 10
by True pH value
|
[0]6].[4] Use Figure 3 to give the true pH valua when the pH meter reading is 5.8
[1 mark]
.55
[D[6][5] Suggestwhy the pH probe is washed with distiled waler between each of the
calibration measuraments.
[1 mark]
Do ”{*HVH'J' Soldios  do  ask
.QRSVJF anvinake ecocl  ebber
|"émJI|I LA IR FREPE T A
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The calibrated pH maler is used to monitor the pH during a titration of
hydrochionic acid with sodium hydroxida.

Explain why the volume of sedium hydroxide solution added between each

pH measuremeant is amaller as the end point of the titration is approachead.

T ool d. maiive, e

[1 mark]

evub

_ ponk

Figure 4 shows the pH curve for a titration of hydrochloric acid with

sodium hydroxide solution.

d

O o ek
cifwis i
T

50

Figure 4
14,
12-
10
E-
H.
4
2]
O 10 20 30 40 5

Volume of sodium hydroxide

solution added / cm?

Table 6 shows data about some indicators.

Table 6
Indicator pH range Colour at low pH Colour at high pH il
Bromocresol graan 38-564 yellow blue
Pheno red 6.8-8.4 yallow rad
Thymolphthalain ._E.'-.’r —-'IIEI'.E colourless blue

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

detenmine the end point.

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

PN indacokecs (hange  pudh oo the fumge

i

& We  Meep (e ) e (usve

Turn over &
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[o]e].[8] 36.25cm’ of 0.200 mol dm- sadium hydroxide solution are added to
25.00 am? of 0,150 mol dm~? hydrochloric acid,

Calculate the pH of the final sofution al 25°C

Ko = 1.00 = 10-" moF dm at 25°C

[5 marks)
. AL e _
A OH = = = L.Tbwis "
| e & pren R4

Pﬁ 25 %< 0150
n —_— —

e

| oo

= D FELET el

nb“re,;cmi.i = ﬂDH = I"lH'Jr = E-befb-l

LEH‘B___._ R EBHWI

bl LS s
il - o™
{,H T T

M-
= |2-%6

i

PV W N

— 53-:]“13.;&‘_'} Maj_,;;‘l

= |- F5 xls™ B

= 'll:tj II:'L L35 el L

pH ]'?._ _-:{-J‘ﬁ

el wra
aatatmickr [

I/ unk 174081
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Turn over for the next question ety
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(1] This question is aboul thermodynamics,
Consider the reaction shown.

2 Alz04(s) + 3C{s) — 4 Alis) + 3CO4g)

Table 7 shows some thermodynamic data.

Table T
Substance AlaOafs) Al(s} C(s) CQa(g)
L5 kd ol ~1669 0 0 ~394
59 J K" mol 51 28 B 214

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

[1 mark]

(.._LC*L_!:_;_Q Acs . [ G Aordered.
i:gt\_-:..e-"'_-_ - E:‘tﬁl-tdx

‘ [0]7].[2] State the lemperature al which the slandard entropy of aluminium is 0 J K- mol-!

D,}[ [1 mark] !

2 &

L UETEE R T il

EF
R
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Do o urky
iy "t
m Use the equalion and the data in Table 7 to calculate the minimum temperature, tows

in K, at which this reaction becomes leasible,

t'!':-LI"-'_— !3”."" T-‘E,Ex M‘i‘ﬂﬂ-b!ﬁ{'- al" dﬁr‘zﬂ [T marks]

MU= (0 303y - Relseny 0

| = — |1 &L + A28
= TI5§ k&m&l—l

56 = L4 (294 "SLEI-'-J-‘):S —EZLEJJ+3(5)]

= 154 — 120
! = 63 ZET L = 0. 639 yktu L

‘ &Q:J:H-Téﬂ @ AG=o

Cie Bt —TAS
‘ TbHE= AH T= 215¢
o3¢ ~ TCOk
T= 4

Minimum temperature 3%(‘5 K 9

Turn avar b

25 Wl 1 TR
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This question s about elecirode polentials and electrochemical cells,

[0]8].[1] State the meaning of the term electrochemical series.

elebrols parenkiads . pumescal ordel

o naf warin

[1 mark]

Table 8 shows some elecirode potantials.

a ot Table 8
VSN re B
e/ D el
o BV S
[Fe{H:0)**(aq) + 2e~ — Fafs)+ & H:O() 0,44
H*(aq) + &~ — % Hala) 0.00
[Co(NHalsl(aq) + e~ — [Co{NHa)s]**(aq) +0.11
[Fe(H:0)l'(aq) + &= — [Fe(H:Ds]**{ag) +0.77
|
VO:'lag) + 2H"(ag) + &= — VO™{aq) + H:O{l) +1.00
& | (CotHONI*(ag) + &= — [Co(HOMF"(eq) i “
| [o]8].[2] State two conditions needed for the fallowing half-cell ta have E*=0.00 V
l H'(aq) + & — ZHafg)
[1 mark]
LAL "
[a]=" 1R‘..Fr.-;..n |
[o]8][3] Mentfy the weakest reducing agent in Table 8,
[ [1 mark]
T*
(co (M 2 CI) 5-& o
i s
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s i’ worife

|
wulbatiy e
; Use hall- fions from Table 8 to ded tion for the reduction of VO*
) i tomlons o el e dicommanuiic cmoodichinciicdss | "o
[2 marks]
‘ DO 4 GU* e+ 30 > U (AT
*E EIE; FI?;{HPI:E}TE ]I‘?[:‘!‘B} 8 lo explain why [Co{HAO:*"(ag) will undergo a redox reaction
Give an equation for this reaction.
[2 marks]
Explanation H?L-I- L\n_u‘ {Lu, P&tﬂlﬁﬂ ﬁlf H&L (.c:_:;‘ti(t;'*
_!r\-c.uh- A & ﬂm«kq"'bhw‘-’bh-d- EL He
 RA R bl
Equation
i
(ol oI +{Fe (), T ((olo 1 (Fe (1)
| 1] | 8 ||E Suggest why the two cobalt{lll) complax lons in Table 8 have differen! elactrode
potentials.
| [1 mark]
| Thiter  noue T
| ® deffecenk Giq
8
Turn over for the next guestion
B B [
Turn over &
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| El Usa data in Table 9 to explain why an aqueous elactrolyte s not used for a lithium

[0]8].[3] AnEMF value for a commercial lithium-lodine cell is 2.80 V
|

28

This question is about the development of lithium cells.

The value of E° for lithlum suggests that a lithium cefl could have a large EMF,

Table 9 shows some electrode potential data.

Table 9
v
Li'lag) + & — Lis) -3.04
2HOfl) + 2e~ — Hyg) + 20H(ag) —0.83
Lafs) + &= — Haq) +0.54

cell.

[2 marks]

Libsvemn sotald Goibusin e vilot o

Lm_ﬁ‘s}m, Mdﬂh. e EF b LTI
S vere ﬂmyhﬁb thon Yhob & wOuker

| o |g |m In the 1970s lithium-lodine cells became a commeon power source for

Wy

heart pacemakers. Lithium iodide is the final product of the cell reaction.

Use the data in Table 9 to calculate tha cell EMF of a standard lithium-iodine call.

EMP=0. 54 — (- 3.04) = .58 V

[1 mark]

Suggest why this value iz different from the value calculated in Question 09,2,

Pocemales eperake undes nen—standod

Cerm dtT =08

[1 mark] I

18t T AN AN

O M i
kit Ihu
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O ol perite
[0]9].[4] Insoma ithium celis, lithium perchlorate (LICIO4) is used as the slectrolyte. bt
Deduce the oxidation stale of chioring in LIC1O,
[1 mark]
+3
In ather lithium celis, lithium coball axide electrodes and lithium electrodes are usad.
[0]8].[5] Give an equation for the reaction that occurs at the positive lithium cobalt oxide
elactrada,
[1 mark]
N - -t -
(' + &0 e " W0~
[0]9].[8] Givean equation for the reaction that oceurs at the negative lithium electrode.
[1 mark] |
L; +»L LR 7
END OF QUESTIONS
L _—



