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o Whiite your answer to each question in the space provided. If additional space is required, you
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communication in your answer.
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You may use a scientific calculator.
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You are advised to show all the steps in any calculations.
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Answer all the questions.

Born—Haber cycles can be used to determine lattice enthalpies of ionic compounds.

...................................................................................................................................................

(b) The Born—-Haber cycle below can be used to determine the lattice enthalpy of calcium oxide.

The cycle includes the values for the enthalpy changes of the steps labelled A-G.
(i) Complete the Born—Haber cycle by adding the species present on the two dotted lines.

Include state symbols.

» 27 -
é// iddh........

....................

. 27 P +
- 1 .fv
a’/j'} ................... é step G | +798 kdmol™’
A
step F|-141 kdmol™
step E | +1145 kJmol™ Ca2t(g) + O7(g) + e~
Ca*(g) + O(g) + &~

step D |+590 kdmol™!

Ca(g) + O(g)
A lattice
step C | +249 kdmol™ enthalpy
Ca(g) + '/,0,(g)
A
step B |+178 kdmol™
Ca(s) + /30,(0)

step A | -635 kJmol™
v CaO(s) v

(2]
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(i) enthalpy changes for the following steps in the Born-Haber cycle.

o step A

e stepC
o step G

...........................................................................................................................

(iii) Calculate the lattice enthalpy of calcium oxide.

635~ (178 + 249 49D +1145+ =14/ + ¥75)

answer = _345—¢ .............. kdmol™! [2]

(¢) Describe and explain the factors that affect the values of lattice enthalpies.
Fm— -

G2 e g = A5 STRE LTS AV, 7‘/

.......................................................................................................................
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[Total: 12]
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2 In agueous solution, benzenediazonium chloride, CgHzN,C!, decomposes above 10°C.

CgHsN,Cl(ag) + H0() —> CgH;OH(aq) + Nyg) + HCl(aq)

-1

A student investigates the rate of this reaction using an excess of water at 50°C. The student
takes measurements at intervals during the reaction and then plots his experimental results to

give the graph shown below.
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(a) The student uses half-life to suggest the order of reaction with respect to CgHsNCL
(i) What is meant by the half-life of a reaction? .
. TN . SPVE T TO. MM ..
...................................................................................................................................... [1]
(i) Confirm the order of reaction with respect to C;HzN,CL
Show your working on the graph.
....... 7. bl cor 5. 2t Al Gl
— . - , / .
/g76242§Z:AQ%§mziAZ?MQZém%ZMAém4ZéZ:Ng<ff .........................................
...................................................................................................................................... [2]
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(ii)  What would be the effect, if any, on the half-life of this reaction of doubling the initial
concentration of CgHsN,C1?

.............................. A/Oﬁ%%?7 [1]

(b) The student predicts that the rate equation is: rate = k[CGHSNQCZ}.
SEENS
(i) Using the graph and this rate equation, determine the rate of reactio r- V@ HO

Show your working on the graph. ey s 2t/ v

e = AY

— = $2 “
3 e— p— . 4‘23
) 4o O -0

(i) Calculate the rate constant, k, for this reaction and give its units.

k= e Gric? 47 TRDT = 34
2 OO« T

S

.........................

(¢) The order of this reaction with respect to H,0 is effectively zero.

Explain why.

[Total: 10]
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Hydrogen and iodine react together in a reversible reaction: /@@MW /&
Hy(g) + L) == 2HI(g)  AH=-9 kJ mol~!

A chemist mixes together 2.00 x 1072mol Hy(g) and 4.00 x 1073mol I,(g) in antainef.

The chemist seals the container.
The mixture is heated and left to reach equilibrium.

o o
At equilibrium, the mixture contains 3.00 x 10™*mol of H,. A —764) - /
(a) Calculate the equilibrium constant, K, including units, if any, for this equilibrium,

Give your answer to three significant figures.

Szl //.2,-2 . Lo — ZML
s 2 x/0 4-,x/0'_3 O
RTATED I Zx0 R
- “ [ ExlO ~_ X2
R R 2:3¢/0% "3, 0
L] zx/07” 23 %03 Zlin/03

ke = [/-'/[Jl (g.["_x/Oq)Z
LI L] 3/ x 2350

v

= [6-8

v v~

.........................................................
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(b) The chemist repeats the experiment several times. In each experiment, the chemist makes
one change.

(i) The chemist uses 3.00 x 1073mol H,(g) instead of 2.00 x 10°mol Hy(9). 2725 Ao vsed

Predict whether the amounts of H,(g), 1,(g) and HI(g) in the equilibrium mixture would be
greater, smaller or the same as in the original experiment.

Answer by placing ticks in the appropriate boxes of the table below.

Hy(g) L(9) HI(g)
Greater v /
Smaller v
The same
[2]
(i) The chemist heats the mixture to a higher temperature at constant pressure.
Explain whether the value of K, would be greater, smaller or the same.
......... A‘QS’WW
v TPl MRILLL.LAPHTLTU S RN oo
//%/WG’WfﬁéVJ/ .......... [ﬂ—ﬁ) ................................ []

(ii)) The chemist increases the pressure of the mixture at constant temperature.

Explain whether the value of K, would be greater, smaller or the same.

[Total: 9]
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This question looks at pH values and reactions of acids, bases and buffers.

- w.A

S.4.
(a) 0.14moldm™2 solutions of hydrochloric acid, HCI, and chioric(l) acid, HCIO (pK, = 7.43),

have different pH values.

Explain why the pH values are different and calculate the pH of 0.14moldm™ solutions of
HCIand HCIO to two decimal places.

Show any working in calculations.

....... QUL 1. STH2LG AL 4 MO MS. . BT DY,
- F43

M= ‘é)ﬁuﬁ/{f .......................... . 0.5 2 37x07F

.............................................

.................................................................................................................................................
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/OC'
De
oC
6]
ocC

ocC
oc

......................................................................................................................

..............................................................................................................................................

......................................................................................................

..................................................................................................................................................

...................................................................................................................................................
...................................................................................................................................................

...................................................................................................................................................
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' (e) Calculate the pH of a 0.40 moldm=2 solution of NaOH.
. ; , N
LT = | =</07%
Ot
= Py Apres

= v/éy 2-Sx/07%

- )34 [2]

(d) In biochemistry, buffer solutions based on methanoic acid can be used in the analysis of urine
samples.

() Explain what is meant by the term buffer solution. — / NOT  prced 175 ILE

 ——
Describe how a buffer solution based on methanoic acid can act as a bhuffer.
—’A =

In your answer you should explain how the equilibrium system aflows the buffer solution
fo control the pH.
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(i) A chemist prepares a buffer solution by mixing together the following: cs

000 cm? of 3.20moldm™ HCOOH (K, = 1.70 x 10~4moldm™%) and c
800 cm? of 0.500moldm=3 NaOH. :

. ) . 7

The volume of the buffer solution i . Z J~PZ L ngp M ‘ég
¢

G

o Explain why a buffer solution is formed when these two solutions are mixed together. o

»  Calculate the pH of this buffer solution.
o ot
Give your answer to two decimal places. o1

OO, .. MeOM =2 OO Mo T Ma() O

.............................................................

...........................................................................................................................................

[ ] = kg CHEOOM | P oc
LHCOO™ ]

= [ Fx(07 5 O-24 o

040 oc

= /*02/\’/0’4 o6
Ph= ~leg 1025077 o8
=399 | %

61 52

- rrotal: 22] | (8)%; ‘
N o
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5 lron is heated with chiorine to form an orange-hrown solid, A.

Solid A is dissolved in water to form an orange-brown solution, X, containing the complex ion
[Fe(H,0)g1>*. \ Lo 2t

Separate portions of solution X are reacted as shown in Experiments 1-4 below.

Experiment 1 Fel OL/L‘%
Aqueous sodium hydroxide is added to solution X. An orange—brown precipitate B forms.

Experiment 2
Excess zinc powder is added to solution X and the mixture is heated. The excess zinc is

removed leaving a pale-green solution containing the complex ion € and aqueous Zn%* ions.

N /:; 27 o ‘;r_’). 2
Experiment 3 A

An excess of aqueous potassium cyanide, KCN(aq), is added to solu-ti_on/)(./‘{ F&(CJU)(é}

The solution turns a yellow colour and contains the complex ion E.

E has a molar mass of 21§.8gmol™". N 21 ®- §SS' K= Isé6 “‘é

- - mm——

3
Experiment 4 [e Mir cee — 26

An aqueous solution containing ethanedioate ions, (COQO"),, is added to solution X.
A coloured solution forms containing a mixture of optical isomers F and G.

The structure of the ethanedioate ion is shown below.

O\\ //O
AT
. .

(a) Write an equation for the formation of solid A.

(c) In Experiment 2,

() write an equation for the formation of complex ion C
n ;- , B L ey o A : 27 2t
ZL@[%/ZO)A.Y ........... t ... =24 é@/MaO)«,] ....... A 2/7 2]

(ii) state the type of reaction taking place.

©0CR 2013
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(d) In Experiment 3,

...................

..............................................................

(e) In Experiment 4, optical isomers F and G are formed.

Show the 3-D shapes of F and G.
In your diagrams, show the ligand atoms that are bonded to the metal ions and any overall

charges.

1T @ 1=
IRV
r

[3]

() In a separate experiment, iron metal is heated with potassium nitrate, KNO4, a strong
oxidising agent. A reaction takes place and the resulting mixture is poured into water. A dark
red solution forms containing ferrate(VI1) ions. The ferrate(VI) ion has a 2—- charge.

Suggest a possible formula for the ferrate(VI) ion.

[Total: 12]
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6  The equation for the reaction of CO, and H,0 to produce glucose, CgH,,0;, and O, is shown s
below. ct

c

g

6C0O,(g) + 6H,0(l) —> CgHy504(s) + 80,(g) AH = +2879kJ mol™"; AS = -256 JK~" mol-" g

c

Standard entropies are given in the table below. Cs

x b xb xb EE

Substance EOQ(Q) I HO() | Oy(g) 8§

S°/dK'mol | 214 | 70 | 205 o

12 1z o

(a) (i) Calculate the standard entropy of gluc%é’é. 20 20 Sf;

AS = gp“gr , ' 35
- el = [125©+)() *(12%"4‘20)‘/ &
256 = 1230 X — [|FOY o

¥ = -256 -1230 +[704 oc

= 2 / oc

oc
S® = ... Z'Q .................... JKTmol-1 [2] oc

(i) Calculate AG, in kdmol™, at 25°C, oc

Show all your working. . oc
AG= A - 748 :

= + 2979 '*(2 9¥ x-o‘25é) oc

= 237+ F64%8% oc)

= 29s5< o

. L NO7 B o6t

L_@OCH 2013
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(b) Although the reaction between CO, and H,0 to form CeHy20g and O, appears not to be
feasible, plants are able to make the reaction take place spontaneously by photosynthesis.

Each year, 3.4 X 1018kJ of solar energy is taken in by all the plants on the Earth to make
photosynthesis take place.

Calculate the mass of carbon dioxide that is removed each year from the atmosphere by
photosynthesis on Earth.

2977 KJ Aeneves & motes COsg
1%
w— X é g

7.09x/0 " yuewes o
2979 Sl G

s = L-0TSO" xlply

= 3.(2x /o’? §
/
mass of CO, = ...... ?/Z"(/O ...................... [2]

[Total: 7]
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7  Standard elecirode potentials for seven redox systems are shown in Table 7.1. ce
You may need to use this information in parts (a)~(d) of this question. Ck

Redox E® IV cg
system Cr
Mg2*t(aq) + 26 =  Mg(s) -2.37 ¢z

Cut(ag) + 2e~ ==  Cu(s) +0.34 cg

AlB*(ag) + 3e= =  Al(s) -1.66 o

Fe®*(aq) + e« ==  Fe?*(aq) +0.77 oc

I(aq) + 2e- == 2i7(aq) +0.54 oc

Cl(g) + 2 =  2CI7(aq) +1.36 oc

ClO~(ag) + 2H*(aq) + e= ==  1%Cly(g) + H,O() +1.63 oC

N OO WON =

Table 7.1 oc

(a) Define the term standard electrode potential. 0c
Include all standard conditions in your answer. o

(b) An electrochemical cell can be made based on redox systems 1 and 2. oc

Write down the standard cell potential of this cell. oCi

standard cell potential = ..o . b ST S V1]

(c) Using redox systems 3, 4 and 5 only in Table 7.1, predict three reactions that might be ocl
feasible. OcCi

(i) Write the overall equation for each predicted reaction. oci

......................................................................................................................

2L 2.2 /c':g’f ....... — Jot 2/—227 ............................. 3] Ock

OCF
OCF
ele)
OCF
OCE
OCF

A A &

“ . OCF
3374079816 AR
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(if) Give two reasons why it is uncertain whether reactions predicted from E® values may

actually take place.
.............. ///éé/%wwfmwﬁ%%ﬂ//
................ Q?VWVZ/ZW/WFA/@/‘;WPWZD‘/

...........................................................................................................................................

(d) Inagueous acid, Ci~(aq) ions react with CIO~(aq) ions to form chlorine gas, Cl,(g).
In aqueous alkali, chlorine gas, Cl,(g), reacts to form Cl~(ag) and CIO~(aq) ions.

Explain this difference.
Use Table 7.1 to help you with your answer.

a2 @ oo Zéégs s, (HE... /7/»7/:/64/4/2 ..... o

& .........................................

g Clve. aad ). L felo i M s

(e) In acidic conditions, Sn2* ions react with 10, ions to produce iodine and Sn** jons.

(i) What is the oxidising agent in this reaction?
Explain your answer.

........ 70a- 1¢5) vz 2. T2 (0) . Cxpress

...............................................................................................................................

(i) Construct an equation for this reaction.

S 2 20 1 (ut 5 T, + 55577 64O

[Total: 15]

B RO ER A

* 3374079817 *




I ¢l
18 : 5
G

8  Dimethylglyoxime, DMGH, can be used to analyse nickel(lI) compounds. ¢!
i

An excess of a solution of DMGH is added to an acidic solution of a nickel(II) compound. Aqueous gk
ammonia is added which precipitates out a nickel(Il) complex, Ni(DMG),, as a red solid. ci

o

¢

A sample of a hydrated nickel(lI) salt is analysed using the procedure below. S(

ol

Step 1 ot

- 2.50 g of the hydrated nickel(1l) salt is dissolved in dilute acid. ) - 8§

An excess of an aqueous solution of DMGH is added. L) SATHE o
WEZES. 4

Step 2 o

An excess of aqueous ammonia is added and the mixture is heated. g

A red precipitate of Ni(DMG), forms. oL

ot

: An equation for the reaction is shown below. 8§
ﬂg; Ni#*(aq) + 2DMGH(aq) + 2NHj(aq) —> Ni(DMG),(s) + 2NH,*(aq) 8§
M red precipitate oC
o

Step 3 OTES F 8((

The red precipitate is filtered, washed with water, dried and then weighed. W> ///’ ot

The precipitate of Ni(DMG), has a mass of 2.57 g. 674

‘ Assume that all Ni®*(aq) ions have been converted into Ni(DMG),(s) oc
MINI(DMG),] = 288.7 gmol~". /7~ o

oc

& Step 4 MDA (, S 1eRsS oc
— A second 2.50g sample of the hydrated nickel(II) salt is heated in a crucible to remove the gg
water of crystallisation. L - ‘
1.38¢ of the anhydrous salt remains. —ANVMTDROVS 57T DIEE = HeO gcc

Oc

0C

(a) Complete the electron configurations of nickel as the element and in the +2 oxidation state. %

2 & 72 g :
< A

nickel as the element: 182 2522p8 353/4’5 ..... 3 0/ .......................... %

71 g oc

nickel in the +2 oxidation state: 152 2522p8 353/; 'g/ ................................ [2] gg

oc

oc

oc

o/6]

oc

6.6

ocl

oc

ocl

oci

oct

oct
oCH
OCI

A A 8‘3‘

) ' CF
3374079818 ocr
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(b) The structure of Ni(DMG), is shown below.

HyC CH,
Y a C/
/A
_—N N—

O\N N
w
HSC/ \CH3

(i)

(i) State the coordination number of Ni in Ni(DMG),.

...... b [1]

(i)  Why does the Ni(DMG), complex have no overall charge?

s =0

....................................................................................................................

(iv) Draw the structure of dimethylglyoxime, DMGH.

14 [1]

L
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(c) Determine a possible formula of the hydrated nickel(ll) salt.
Your answer must show relevant working.

Ipes A FPT = 2.57F _ gqx/()"g/
23%-7

WIRITE

of
oc
ot

oc

o€

-3 (1) B0 ) 0
(84

ws Sz = 8 DX o

WICRES il v o

O
oc

s upziner ST = 39 /07> 4 -‘/W@/
/v Zssf

R O
W o SHT = Z2-S - 230’7 e o
(et +amev 460 g Gx(0" . oc

oc

oC
W pruvogows $77 = 238 yss s

(rrenal + appev) g *7)(/0'3 §(§
, - o
- (58 cmte ]l O = 2807 = (1SS0 = /75 7 /g

, . oc
(O covey I = /Z§'7//27 _ # ;{//AO ‘/ég
ot

oc

| oc

Mr Fed = ISS-S8-F ~ G- 3 §§
oc

5 e S in oc

AN (’037' SO, (/UCDg xZ) / %
oc

£O % -3 rie oc
//// oc

oc
oc
oc

NPy O oc

i

[Total: 13]

2888
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ADDITIONAL ANSWER SPACE

It additional answer space is required, you should use the following lined page(s). The question
number(s) must be clearly shown in the margins.
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