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Answer all the questions.

A student investigates the reaction between iodine, I,, and propanone, (CH,),CO, in the presence

of aqueous hydrochloric acid, HCl(aqg).

The results of the investigation are shown below.

Rate—concentration graph

A

initial rate
Jmol dm=2s!

-
[1x(aq)]
/mol dm™
Results of initial rates experiments
. [(CH,),CO(aq)] [HC i(aq)] initial rate
eXperment / mol dm™2 / mol dm™ / mol dm™3 s~
1.50 x 1073 2.00 x 1072 2,10 x 107°
3.00x 1073 2.00 x 1072 4.20 x 107°
3.00 x 1072 5.00 x 1072 1.05x 1078

(a) Determine the orders with respect to I,, (CHy)

constant for the reaction.

Explain all of your reasoning.
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,CO and HCI, the rate equation and the rate
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(b) The student then investigates the reaction of hydrogen, H,, and iodine monochloride, ICL.
The equation for this reaction is shown below.
H,(g) + 2ICi(g) — 2HCg) + 1,(9)
The rate equation for this reaction is shown below.

rate = A[H,(g)] [IC49)]

Predict a possible two-step mechanism for this reaction. The first step should be the
rate-determining step.

Step.d oo usnile b B A O T TRITINE . £ - SRR, £
step2 .......... Iéé ........ 'f/“/Z_’ ................ ) ..... A/(é ....... "f,Z:a, ........................ [2]

[Total: 11]
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2  Lattice enthalpies can be calculated indirectly using Born—Haber cycles.

Table 2.1 shows enthalpy changes needed to calculate the lattice enthalpy of sodium oxide, Na,O.

letier | enthalpy change energy /kJ mol™

R A | M;hst electron affinity of oxygen -141

B 2nd electron affinity of oxygen +790

C 1st ionisation energy of sodium +496

D atomisation of oxygen +249

E atomisation of sodium +108

F formation of sodium oxide -414

G lattice enthalpy of sodium oxide

Table 2.1

(a) Define the term lattice enthalpy.

..........................................................................................
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(b) The Born—Haber cycle below links the lattice enthalpy of sodium oxide with its enthalpy
change of formation.

(i) On the Born—Haber cycle, write the correct letter from Table 2.1 in each box.

2Na*(g) + 0% (g)
2Na*(g) + O(g) + 2e~ A
| &
Jx |C A >
2Na(g) + O(g) y 2Na*(g) + O(g) + e
I
2 2Na(g) +',0,(g) e
A
x |E
’ 2Na(s) +1,04(9)
F

Na,O(s) ‘

[3]

(i) Calculate the lattice enthalpy of sodium oxide, G.

AE = — kil ~ (1888 206 + 205 + 992 + 796 ~/¢Q

answer = ..... "ZS—ZQ ................ kJ mol~' [2]

(e) Explain why it is difficult to predict whether the lattice enthalpy of magnesium sulfide would be
more or less exothermic than the lattice enthalpy of sodium oxide.

2yl 3 AN

...................................................................................................................................................
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(d)

l____@ocnzmz

: B

A student wanted to determine the lattice enthalpy of sodium carbonate, Na,COs. \
Unfortunately this is very difficult to do using a similar Born—Haber cycle to that used for \

sodium oxide in (b). \
(i) Suggest why this is very difficult.

(i) The student thought that he could determine the lattice enthalpy of Na,CO; using a
Born—Haber cycle that links lattice enthalpy with enthalpy change of solution.
The enthalpy change of solution of Na,CO,4 is exothermic.

e  Skeich this Born—Haber cycle, Ot
o Explain how the lattice enthalpy of Na,CO, could be calculated from the enthalpy

changes in the cycle. 2
(

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

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

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

[Total: 14]
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3 Cobalt is a transition element. Solid compounds of cobalt are often complexes and in solution,
complex ions are formed.

(a) Inits complexes, the common oxidation numbers of cobalt are +2 and +3.

Complete the electron configurations of cobalt as the element and in the +3 oxidation state:

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

cobalt as the element:

2Q2 2pb o /6
cobalt in the +3 oxidation state: 152 252 2pb ZS ..... 3 /ﬂgC/ ................... [2]

(b) State one property of cobalt(Il) and cobalt(1ll), other than their ability to form complex ions,
which is typical of ions of a transition element.

(¢) Complex ions contain ligands.

State the meaning of the term Jigand.

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

(d) Aqueous cobalt(ll) sulfate, CoSO,(aq), takes part in the following reactions.

For each reaction, state the formula of the transition element species formed and the type of
reaction taking place.

() Aqueous cobalt(ll) sulfate, CoSO,(aq), reacts with aqueous sodium hydroxide.

(i) Aqueous cobali(ll) sulfate, CoSO,(aq), reacts with concentrated hydrochloric acid.

. pors - r / ) = 2“
transition element species formed: ZCQ‘CZL .....................................................
type of reaction: ............. L/ 4/% ?50}43 7/7”7/67‘/ ................................ [2]
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The complex ions C and D are stereoisomers.

complex formula fz;nﬂ?e:f
A CoCL(NHy), [Co(NH,)J3* 3CI~
B CoCL(NH,); [Co(NH,),C ]2+ 2CI~
c CoCl(NH,), [Co(NH,),CL]* CI™
D CoCL(NHy), | [Co(NHg),CL]* Cl-

complexes A to D.

complex ion in C

complex ioninD

B Nz eadt B &k 12+
ey, | N Nk -~ | b
U T\MJ} v C;O\
L NM) - -
complex ion in A i complex ion in B
- C el I 4 4%
ah ah
L | . 8 i

L

|
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(e) Cobalt(lll) chloride, CoCl,, reacts with ammonia to form a range of complexes. These
complexes contain different amounts of ammonia. Information about these complexes is

summarised below.

(i) Complete the diagrams below to suggest possible structures for the complex ion in

[4]



N,

OV ey

F j
/ 0
(i) Chemists provided evidence for the formulae of these complexes from their reactions

with aqueous silver nitrate. Aqueous silver nitrate reacts with aqueous halide ions in a
precipitation reaction.

An excess of silver nitrate solution was reacted with 0.0100 mol of one of the complexes
A to D. 2.868¢ of a precipitate was formed.

Determine which complex was reacted.

/ In your answer you should explain how the result of the experiment would allow the
formula of the complex to be identified.

(L. S R M@Zaﬁﬂ/ 74

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

[Total: 15]
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4 This question looks at acids, bases and buffer solutions.

(a) Nitric acid, HNG,, is a strong Brensted-Lowry acid. :
Nitrous acid, HNO,, is a weak Brensted—Lowry acid with a K, value of 4.43 x 10~*moldm2.

(i) What is the difference between a strong acid and a weak acid?

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

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

(i) What is the expression for the acid dissociation constant, K, of nitrous acid, HNOZ?
v T~ /1t T @ -
o = CHTIINO: J
L—///V@zj

[t]
(iif)) Calculate the pH of 0.375 moldm™3 nitrous acid, HNO,,

Give your answer t¢ two decimal plaagé'\}';

LU 12 = pobBx/0 s 0235
- =146 x/0™*
U] = 06.0129

pi = ~log 0029

(iv) A student suggests that an acid-base equilibrium is set up when nitric acid is mixed with
nitrous acid.

ST Complete the equation for the equilibrium that would be set up and label the conjugate
Act P, \ acid-base pairs. .

= ) .-’-
> HNO, + HNO, = .M COs | ALNO-
Al. 122 /%2 2yi

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

[2]
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(b) ’ Calcium hydroxide, Ca(OH),, is a strong Bransted—-Lowry base.

(i) Explain what is meant by the term Branstea—Lowry base.

.................. el SECGOTEPZ. e

(i) Calculate the pH of 0.0400 moldm~3 Ca(OH),.
Give your answer to two decimal places.
[OH]) = 0-0%
Futf = A=A0 7
o0
= [25%/077

)= 1y 1254107

(¢) Aqueous calcium hydroxide is added to nitrous acid, HNO,.

Write the overall equation and the jonic equation for the reaction that takes place.

+ 2O

overall: ... Sl d i AR A A A% ot o APt B bty

I_@'ocn 2012 Turn over _J
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(d) Carbonic acid, H,COj, is a weak Bransted-Lowry acid formed when carbon dioxide dissolvés
in water. Healthy blood is buffered to a pH of 7.40. The most important buffer solution in blood

is a mixture of carbonic acid and hydrogencarbonate ions, HCO4™.

(i)

I d

I_@ OCR 2012

Explain how the carbonic acid-hydrogencarbonate mixture acts as a buffer in the control

of blood pH.

In your answer you should explain how equilibrium allows the buffer solution to control

the pH.

I

Il
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ii) Healthy blood at a pH of 7.40 has a hydrogencarbonate : carbonic acid ratio of 10.5 : 1.
A patient is admitted to hospital. The patient’s blood pH is measured as 7.20.

Zg
¢

Calculate the hydrogencarbonate : carbonic acid ratio in the patient’s blood.

wo ko = T ILHO™]T 7= 107 74
| LM, O T om0
R B P e N
e —
i ' /
L8 x10” 7
Jab i | )= o™
4t 8x107%= 621107 % [uds™] = ppd
(1,807 £-3/x/0"%
“-: '-‘i 2 —
L BsIO e VIV 4 .
L e
6 A0 ZA/ . COgj [Total: 22]
= 6.4

7
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5 Redox reactions can be used to generate electrical energy from electrochemical cells.

(a) A student carries out an investigation based on the redox systems shown in Table 5.1 below.

Il x ©O0CR 2012

redox system E®IV

1 INi?*(ag) + 26~ = Ni(s) ~0.25

2 |Fe3*(aq) + &= — Fe®*(aq) +0.77

3 |crP*(aqg) + 3~ = Cr(s) -0.74
Table 5.1

The student sets up two standard cells to measure two standard cell potentials.
o  Cell A is based on redox systems 1 and 2.
e Cell B is based on redox systems 1 and 3.

(i) Draw a labelled diagram to show how the student could have set up Cell A, based on
redox systems 1 and 2, to measure the standard cell potential.

¢

E— @8-

v Cve
Ne

e e
2
Imle® |

(ii) For each standard cell below,
e what would be the standard cell potential?
e what would be the sign of the Ni electrode?

290 [#7.

[3]

Cell A based on redox system 1 and 2:
standard cell potential = I . ol ol .

sign of Ni electrode, + or — = ........ (_—)Vlé:' ....................................

Cell B based on redox system 1 and 3:
i (‘; .
standard cell potential = 04/1/ ................................. vV

sign of Ni electrode, + or — = ........ ( 7‘)”(5 ........................................
[2]
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(b) The student left each cell in (@) connected for a length of time.

For each cell, the student weighed the nickel electrode before connecting the cell and after
the cell had been disconnected.

The student made the following observations.
o In Cell A, the nickel electrode lost mass.
o In Cell B, the nickel electrode gained mass.

e In both cells, the measured cell potential slowly changed.

Explain these observations. Include equations in your answer. 2+

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

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

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

(c) Nickel metal hydride cells (NiMH cells) are being developed for possible use in cars.
In a NiMH cell, an alloy is used to absorb hydrogen as a metal hydride. For simplicity, the alloy
can be represented as M and the metal hydride as MH.

The overall cell reaction in a NiMH cell is shown below.

MH + NQQO‘H) — M+Ni(OH), .
. C+ MM + 0 = M + OKL
The half-equation at one electrode is shown below. £
NiO(OH) + H,0 + e~ —> Ni(OH), + OH~
£ e

(i) Deduce the half-equation at the other electrode.

(ii) State a method, other than absorption, that is being developed to store hydrogen for
possible use as a fuel in cars.

(20 7 A o A [1]
LUOUID oDz APESSUIZE [Total: 10]

Ol + K &+ WM — ni1  + M, O
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6 Free energy changes can be used to predict the feasibility of processes.

(a) Write down the equation that links the free energy change with the enthalpy change and »
temperature. (‘;\

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

(b) You are provided with equations for five processes. oc

For each process, predict the sign of AS. e

process sign of AS .
2C0(g) + 0,(g) —> 2C0,(9)
NaCl(s) + (ag) —> NaCl(aq)
H,0() — H,0(s)
Mg(s) + H,80,(aq) —> MgSO,(aq) + Hy(9)
CuS0O,(s) + 5H,0(l) —> CuSO,*5H,0(s) &

NIRRT
8

(c) Ammonia can be oxidised as shown in the equation below. 0‘5

4NHg(g) + 50,(g) —> 4NO(g) + 6H,0(g) oc

Standard entropies are given in the table below. v o

substance NHa(g) | On(@) | NO(g) | H,O(g) o
S$°/J K1 mol™ 192 205 211 189

Calculate the standard entropy change, in J K™ mol™, for this oxidation of ammonia.
' = &

S oc
it Y =l R2)3
. - /] OC
G [ <20 ) ‘—/ ) '
= (ox 1)+ /()A/sz./) T oc

N Al

RET 2 sttt assurssrgs J K-'mol-1 [2]

L

22222922222229222229222228

-
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(d) The exothermic reaction below occurs spontaneously at low temperatures but does not occur
at very high temperatures.

Explain why.

........

: WSS (O o, -
250,(9) + Oy(g) = 250,(g) ffa’ j‘é’ ?’Jw‘@
L AS = g,

C

i D TUIETHLS, WY ot 2]

(&) An ore of iron contains iron(I11) oxide, Fe,O,.
Iron is extracted from this ore by heating with carbon.
The equation below shows one of the reactions which takes place.

Fe,04(s) + 3C(s) —> 2Fe(s) + 3CO(g)

AS =+543J K'mol~! and AH = +493kJ mol-!

Calculate the minimum temperature at which this reaction becomes feasible.

Show all your working. ﬂ;r AA/’ /\ﬂs

©0CR 2012

O = 1493 ~(Tx o S@)

7T =493 _ o,
0-S%.2 7034

s N 908

MINIMUM tMPErature = ............ovvvvevovioroooo [3]

[Total: 10]
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7  Dinitrogen tetroxide, N,O,(g), and nitrogen dioxide, NO,(g), coexist in the following equilibrium. \

2NO,(g) == N,0,(9)

AH = -57 kJmol™"

A chemist adds 4.00mol NO, to a container with a volume of 2.00dm?, b'he container is sealed,

heated to a constant temperature and allowed to reach equilibrium.
The equilibrium mixture contains 3.20 mol NO,.

(a) Calculate the value for K under these conditions.

2/[/02- | ?j /Vz0¢

St i O
ep” Syl O U
12722720 O %
L Jep /-6 o7
e = 20, ]
NG
= 02

(14)?

= VY07 el o

©OCR 2012
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(b) The experiment is repeated but the pressure in the container is doubled.

¢ Explain in terms of K the effect on the concentrations of NO, and N,O, when the mixture has
(«f:,‘ reached equilibrium.
74 "
y

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

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

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

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

[Total: 8]
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Haematite is the main ore of iron. The percentage of iron in a sample of haematite can be
determined using the method below.

Method

Stage 1. An excess of concentrated hydrochloric acid is added to a 3.25g sample of haematite.
The iron(111) oxide in the haematite reacts to form a solution containing Fe3* ions.

Stage 2. An excess of aqueous tin(ll) chloride is added. Sn2* reduces the Fe3* present to Fe2*,
Excess Sn®* is removed.

Stage 3. The solution is diluted and made up to 250.0cm?3 in a volumetric flask.
Stage 4. A 25.0cm?3 sample of this solution is pipetted into a conical flask.
Stage 5. The solution in the conical flask is titrated with 0.0200 moldm=2 aqueous potassium

dichromate(VI), K,Cr,0,.
The Fe?* ions are oxidised to Fe3* ions.

You are provided with the following electrode potentials.
You may need to use this information throughout this question.
Sn**(aq) + 2~ = Sn?*(aq) E®=+0.15V
Fe®*(aq) + e = Fe?*(aq) E®=+0.77V
Cr,0,%7(aq) + 14H*(aq) + 6~ = 2Cr3*(aq) + 7H,0() E®=+1.33V
ClL(aq) + 26 = 2CI(aq) E®=41.38V

MnO,~(aq) + 8H*(aq) + 5~ = Mn2*(aq) + 4H,0() E®=+1.51V

(a) Write an equation for the reaction between iron(I1I) oxide and concentrated hydrochloric acid,
occurring in Stage 1.

Stage 2........... Sf’? 7t D 2T —s b =t T S5,

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

‘ - 14 2+ P BF v @ )
Stage5...(/5 (D LML F 6% —2 412 773 < 7 [2216

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

S 7) le. s+ G/ —> 2fell; ¢ 34D

-~

I ©0CR 2012 J
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(c) Calculate the percentage by mass of iron in the haematite ore.

Meres CR0;° = CxV 0-02x 6.026S
= $20 x/0°fF
iwes 227 = S 20x0"7 x6
N 25613 < BFd s, /0,3

ar

IHeeer e i _ g
10 2500 3:/Qx/0 /O

= . 3/9 x/07%

e e = S0 BSsdl
= /‘;{;/(L/péf

D = [ FYpLl o
S

) o
percentage iron = ....... 546%7 ........................ % [5]

(d) Aqueous potassium manganate(VII), KMnO,(aq), is not suitable for titrating the solution in
this method. Aqueous potassium dichromate(VI), K,Cr,0.(aq), is used instead.

Suggest and explain why potassium dichromate(V]I), K,Cr,0., is suitable for this titration
whereas potassium manganate(VI[), KMnQ,, is not suitable.

Ut e LA T 5. . e Tt L.
L2 —

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

.............. C;/;(Qez\/f/-gﬂ/07’%/0v0/)/(/@7
il GOECT . Al T, ot e 2]

[Total: 10]
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