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Answer all the questions.
1 This question refers to chemistry of d-block elements in Period 4 (Sc~Zn).
(a) For each staternent below, select the symbols of the correct element(s).

() The element that has atoms containing six electrons in the 3d sub-shell.
(i) Two elements that have atoms with two unpaired d electrons.
(iii) The element with ions that form a blue complex with chloride ions.

(iv) The element X that forms an oxide with the formula X;0, with the molar mass of
228.7 gmol™".

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

(v) The element that has atoms with an average mass of 8.64 x 10-23 g.
(b) The flowchart below shows three reactions of the complex ion [Cu(HZO)G]Q““.

In the boxes below, write down the formulae of the species formed.

— ’ ! f) ,.;' 2t
[Cu(H;O)gl>*  NHy(aq) [Qi(/v/~/g)¢(//sz))z J

pale blue solution

HCZ(?/ WOH(aq) deep blue solution

Gl il(04),

yellow solution jpale blue precipitate

[3]
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3
(c) The answers to this question all refer to complex ions of nickel.

() State the shape of the complex ion [Ni(H,0)¢]?*.

L

-

.......................... CXTAMERIZAL ..oy e (1]
(i) What is the formula of the complex ion of Ni2* containing six fluoride ligands?
C el
........................ /(/‘é [1]
(iii)  Show the 3-D shapes of the stereoisomers of the complex ion [Ni(en)3]2+.
(en= H,;NCH,CH,NH,)
2t > : P
N~ &y . ( /C//Z \/\/i«/z
’ 44 o
Ny / N ' l MM
/ // / o & \A/l\/ N, o h \CM
L, U] NN 2 i‘/7 ‘v, = /
CNZ M«, /UL "
\j/ / \N"/‘Z / Ny W2
Ran, \ p
' é‘z. Ni\./‘)/ "/‘/ /‘/Z /‘/)
ay, Tk |
N> Nil>
i L 4/ /
- “ N
[2]
[Total: 13]
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This question looks at different aspects of neutralisation.

(a) Acid-base titration pH curves can be used to help choose suitable indicators for the following
titrations:

o 250cm? of 0.100moldm™3 HCI(aq) with 0.100 moldm™ NaOH(aq)
o 925.0cmd of 0.100moldm= CH,COOH(aq) with 0.100 moldm™3 NaOH(aq).

(i) On the axes below, sketch pH acid-base titration curves to show how the pH changes
when the alkali is added from a burette until the alkali is in excess.

25.0cm?® of 0.100 mol dm~3 HC1(aq) 25.0cm? of 0.100 mol dm— CH;COOH(aq)
with 0.100 moldm— NaOH(aq) with 0.100 mol dm~3 NaOH(aq)

14+ , 14+

L ol

pH pH

o 2

0 T 1 0 T 1
0 25 50 0 25 50
volume of alkali added/cm? volume of alkali added/cm?3
[4]
(i) Explain how the choice of indicator is linked to the pH curve.
......... Y e o AL AP AL 2 2 A A —
W e A a2 I—
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(b) A student carries out an experiment to measure the enthalpy change of neutralisation.

(i) Define the term enthalpy change of neutralisation.

........................ Lertmiacry.. . [nens. HoO. o
e LRRTNN . MDD
...................................................................................................................................... [1]
(i) The student measures out 35.0cm3 of 2.40 mol dm-3 NaOH and 35.0cm?3 of 2.40 mol dm=3
HCL The temperature of each solution is the same.
The student mixes the two solutions. The temperature rises by 16.5°C.
The specific heat capacity of the mixture is 4.18Jg7 K1, Assume that the density of the
mixture is 1.00gem™s.
Calculate the enthalpy change of neutralisation, in kJmol~'.
D= McA T /y000 yUe2Es = 24~ 005
=FO~ f-]Ex [6-S fooo = 00L&y
= 49279 k32l
AM = k9279
O-0ORY
enthalpy change of neutralisation = ........ SVS—. ................ kdmol~ [3]
(iii) The student repeats the experiment using 70.0cm® of 1.20moldm=2 HCJ instead of
35.0cm? of 2.40 moldm™3 HCL.
Explain why the temperature rise is less, and predict what the temperature rise will be.
.............. 54‘»7%/«4/44@/@759:@22/57/21/342"
........ UL .. bRHZZ.. AT Ut .

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

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

.......... [2]
[Total: 11]
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Energy changes take place when water dissolves compounds and when water changes its
physical state.

(a) You are provided with the following information.

lon AHyaeationKY mol™
Na* —405 )
M2+ 1926

OH~ -460 |

The enthalpy change of solution of Mg(OH), is ~152 kJmol™t.

(i) Define, in words, the terms enthalpy change of solution and enthalpy change of hydration.

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

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

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

enthalpy change of hYAration ... sssss s e
...... AL st Lozt 525808 LS. (O,
....... / /4/1424”07/7/071/5

SWILLIZ 1 OA/

(i) Explain the difference between the AHp gration values for Na* ang/Mg?".

g i

...... V4, ;Z’/MS Y rr e ARy i . /A

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

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

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

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

Y

A

* NARGBNARRANA *

-

1 TLIIC AP

AROWEN ORI 4
N o

: Q%QQ@QQQQQQQQQQQQQQQQQQQQ‘?\X‘.}‘R&%.T: i

[Rexatole



T T T e L w1 107 et 0 s e 500 T P 0 PN I N e e g e e

4

-

L

-

-

©O0CR 2013

7 B

(iii) A Born—Haber cycle can be drawn to link the lattice enthalpy and enthalpy change of
solution of Mg(OH), with hydration enthalpies.

On the two dotted lines, add the species present, including state symbols.

lattice 4. 27 e i
enthalpy //Z‘/,/(/"ﬁ)—r;OX//W V
(B] Mg(OH)y(s) o7
l Mg?*(aq) + 20H(aq) v
[2]
(iv) Calculate the lattice enthalpy of Mg(OH),..
Qe = 1926 + (2x-460) ~ (- SZ)
= - 2694 vl
lattice enthalpy = ..o, kdmol~! [2]
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C.
{(b) Energy changes for the melting and boiling of H,O are shown below. o
cr
H,0(s) —> H,O(l) AH = +6.01kJ mol™! Cé
H,O(l) — H,0(g) AH = +40.7kd mol™’ ca
;
Standard entropies of H,O in its three physical states are given in the table below. g%
-
CC
H,O(s) H,0(l) H,O(g) ng
S°/JKTmol! | +48.0 +70.0 +188.7 =
(i) Explain the following:
o
*  When water melts or boils, AH is positive 04
e When water melts or boils, S® increases. g%
In your answer, you should explain why the increase in S® is much greater when water 2§
/ boils than when water melis. ot

ot

o

(i) Using the data in the table above, show that ice melts at 0°C (at standard pressure). gg

P=1 ; &

AST=S5-%

- ~N — /i it =

NG =AM - 745 | g{z
A4 = 6-0f - (273x 0-022) o

= 4x03 A O . pasmEce. .

B o

AN _ 60 :

T = B . B ey . [3]

L s B =95

L_éocnzma A & 0 ’ OL O mJC/ [Total: 16] g
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4 lodide ions, 17, react with 32082“ ions as shown in the equation below.
2I(aq) + S,04%7(aq) —> L,(aq) + 250,2 (aq)
A student investigates the rate of this reaction using the initial rates method.
The student measures the time taken for a certain amount of iodine to be produced.

(a) Outline a series of experiments that the student could have carried out using the initial rates
method.

How could the resulis be used to show that the reaction is first-order with respect to both I~
and S,0.277?
2~'g

/ In your answer you should make clear how the results are related fo the initial rates.

’g(fzt'/ - 4
..... .(.:’[—_Z.J\— - LA AT TR EET - A,
, 1/4”/7

A Y = 9/277@ ............ / V2 A
..... e P ST S 7= NP~V O

-------------------------------------------------------------------------------------------------

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

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

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

(b) In one of the experiments, the student reacts together:

e 8.0x102moldm=31(aq)
o 4.0 x 10°moldm= 8,0,%(aq).

The initial rate of this reaction is 1.2 x 10 3moldm==s™",
The reaction is first-order with respect to I~ and first-order with respect to 82082‘.

Calculate the rate constant, k, for this reaction.
State the units, if any. P ,—

LE-30960,%(
2HS 2l }N/c/ﬂf/fg g~

L_(;OGR N K= oeeeeernereneesnenns UNIES cevveerseeeseersseeses s sesnenaes [.31..'
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(c) This reaction between I~ ions and 82082‘ ions can be catalysed by either Fe?*(aq) ions or
Fed*(ag) ions.

Standard electrode potentials are shown below.

z
8,04* (aq) + 2e” e 280,2°(aq) E® =+2.01V
Fel*(aq) + e~ = Fe2*(aq) E® =40.77V
I(aq) + 2e” . 2I-(aq) E® = +0.54V
/ _

(i} Using this information, write two equations to show how the reaction of I~ ions and
$,042" ions can be catalysed by Fe?* ions.

! = —E - .
equation 1: S04 1 2/@ ............ >2Q+2’S©¢ ............................

11 [0 R AP < s S SO T N .| < o I [2]

(fi) Suggest why the reaction of I ions and 52032" ions is also catalysed by Fe3* ions.

[Total: 10]
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5 Methanol can be prepared industrially by reacting together carbon monoxide and hydrogen. This

is a reversible reaction:

CO(g) + 2H,(g) = CHZOH(g) AH =-94kJ mol™!

o A chemist mixes together 0.114 mol CO(g) and 0.152mol H,(g) in a container.
o The container is pressurised and then sealed. The iotal volume js 200 cmd, )

e The mixture is heated to 500K and left to reac ();g@rium.
The volume of the sealed container is kept af 200cm?3.

o The chemist analyses the equilibrium mixture and finds that 0.052 mol CH;OH has formed.

(a) Calculate the value of K, including units, for the equilibrium at 500K.

Give your answer to three significant figures.

CO v 2> = CUz0&(

ICCEE ST 77 Ol 6 1S2 O

epés 12X O-0S2 O (O

riess 4 00 62V o.0u3 e OS2

E dep O-3| O-24 s A o
<02

lcodlH1%
- / 4L ' é /7/&@/ = (}Z&“?’?’
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(b) The chemist repeats the experiment using the same initial amounts of CO and H,.
The same procedure is used but the mixture is heated in the 200cm? sealed container to a
higher temperature than 500K.
As the gas volume is kept at 200 cm3, the increased temperature also increases the pressure.

e Explain why it is difficult to predict how the yield of CH,OH would change.

°  Explain what happens to the value of K.

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

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

.................. TSSO S48

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

...... . rtettss. 0O LS. Lo et TD.. S,

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

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

LS (evoe S’/’Z@j [Total: 10]
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Storage cells and fuel cells are types of electrochemical cell used as sources of energy.

Information about five redox systems that could be used in electrochemical cells is shown below.
You may need to use this information throughout this question.

redox , E® IV
system <
1 Fe?*(aq) + 2= = Fe(s) ~0.44
2 2H,0() + 2e= = 20H™(aq) + H,(g) —0.83 -
3 2H*(ag) + 26 = H,(g) 0.00
4 O,(9) + 2H,O() + 4e- = 40H~(aq) +0.40 -
5 O,(9) + 4H™aq) + 4e- = 2H,0(l) +1.23
-

(a) The standard electrode potential of redox system 1 can be measured by constructing an
electrochemical cell.

*  Draw a diagram below to show how the standard electrode potential could be measured

for redox system 1.
°  State the conditions needed to measure this standard electrode potential.

M
N

y

(b) When an alkaline hydrogen—oxygen fuel cell is being used to produce electrical energy,
chemical changes take place within the cell.

(i) Write half-equations for the changes that take place at each electrode.

hydrogen electrode: ....M.2.... 4644 ........0 .02 T & s =S~ [2]

(i) Write the overall equation for the cell reaction.

LT T |
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(iii) What is the standard cell potential of this fuel cell?

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

........ 2 o N4 A [1]

(d) People often assume that hydrogen-oxygen fuel celis are a source of energy that is carbon
neutral, i.e. there is no net increase in carbon dioxide from using the fuel cell.

Suggest one reason why this assumption may not be correct.

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

T erienss s sttt B ettt e e
.............................................................................................................................................. [1]
(e) A student constructs a cell as follows.
° A half-cell is made from a strip of chromium metal and a solution of aqueous
chromium(Il) sulfate.
°  Asecond half-cell is made from a strip of a metal X and a solution of XS0,(aq).
°  The two half-cells are connected together and a current is allowed to pass for a length of
time.
The chromium electrode gains 1.456¢g in mass.
The electrode made of metal X loses 1.021 ¢ in mass.
Determine the identity of metal X.
Show all your working.
, 3 - X/ , /S 4 SS.)
Cr3 b e —> (- MU 17 Gons aw
7% — ¢ T x 3 [tosts 1a9sS)
3 b . # ) P f 2'1’ ¢ 4
263 4 3 — P 20
Mg ol (s
i‘
WSS /-
X —_——
O-O4Z g f——2— = 0-02%
o b R B e
A= 102/ 4445 4]
OO [Total: 14]
'_@ocnaom O¢z Turn over __'
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This question looks at two weak acids that are used as food additives to preserve food:

calcium hydrogensulfate(IV), Ca(HSO,),
a carboxylic acid, HA.

(a) Ca(HSO,), can be made by reacting an excess of sulfur dioxide gas with a suspension of

calcium carbonate in water.

Write the equation for this reaction. A

o (a@& t i (0 [//5()3)24 ..... [1].

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

(b) Calcium hydrogensulfate(IV), Ca(HS0O,),, dissolves in water forming an aqueous solution

containing Ca?*(aq) and HSO,(aq) ions. This solution is weakly acidic.
(i) What is meant by a weak acid?

Write an equation to show why this solution is weakly acidic.

weak acid: ...... /’2?/27/%%7/5@6//47@5 ........................................................
...................... ‘ZA
equation: ..... /{5&93 ........... A . {0 7* £ SOK ....................................... 2]

(i) An aqueous solution of Ca(HS0O,), oxidises magnesium forming hydrogen gas.

Construct full and ionic equations for the oxidation of magnesium metal by Ca(HSO,),(aq).

full equation: /%(*éf[/‘/sc)?);—ﬁﬁ@&:?fé’%}f ...... fra
ionic equation: /%g x 2/4/% WA /%f o 1 //J, ......................

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

(iif) HSO4 (aq) can act as either a Bransted-Lowry acid or a Brensted—Lowry base.

Explain this statement. ; / ,
Include equations for the reaction of HSO,(aq) with H*(aqg) and with OH™(aq). // Z/SO";)

7 a - ,
w %] )
) /)
7
X Fannasunannsaffiosccnnne » . » e ol ER

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

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

......... BCAD o LGS  JAATTY

ACIDS  facvorv Porver2
RE ATV SAEETTIZ

G O |
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T
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(c)

17
A carboxylic acid HA is a food additive used as a preservative in cakes.

The K, value of HA is 1.51 x 10~5mol dm=3.
A student analyses a sample of HA using the procedure below.

g
° A student dissolves 0.7369 g of HA in water and makes the solution up fo 1.00 dm3. j
°  The student measures the pH of the resulting solution as 3.52.

() Determine the molar mass of HA and suggest a possible formula for HA,
HA has one carboxylic acid group and contains C, H and O only.

Show all your working. M = MAass i
PITES  JIA

/'O“ 3-52 = BOQX/O_ai/

LA
thigl e ™

Loz .
L @j’gzx/a‘@ e

=. 507 5. < 8,!‘: MO = Cxl/ -3
6-Ol x1073 /ledm - b0u0 " |

< 6-04507
M= O-F369F = /22

CoOL/ 404 /03 1

- 4S molar mass of HA = .........o..eovoveeeeeeeeeeeeeoeooo gmol~
L 122-4S : ,

14 ; 17 42; L/@ possible formula for HA = (5/“/5600/6/ ..................... [6]

=6/%

L

-

-
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(i) The student had considered analysing the solution of HA by carrying out a titration with
an alkaline solution of known concentration.

The student rejects this method as being invalid because HA is a weak acid and only a
small proportion of H* ions would be neutralised.

Explain whether the student was correct in rejecting the titration method.

........ Mz 45. M. 0582, e suers.
L0 LZUS..... Tl B SO =2 GRCOD™
...................................................................................................................................... [1]
[Total: 16]
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18 g
8 Vanadium is a transition element that forms compounds and ions in which vanadium has oxidation g
states +2, +3, +4 and +5. 2

(a) Complete the electron configuration of a vanadium ion in the +3 oxidation state: ca

1522522p5 égg,oé ..... 35 /l .......................... [1] Cs

(b) Suggest why vanadium does not form ions in which vanadium has an oxidation state greater oc
than +5. oC

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

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

{c) A student carries out an investigation into the oxidation states of vanadium as outlined below. ot

Stage 1 A 0.126 g sample of vanadium metal is completely reacted with acid to form a o¢
yellow solution. The solution is made up to 50.0cm? in a volumetric flask. O
This yellow solution contains VO,~ ions with vanadium in the +5 oxidation state. ot

. — Ymep es : . . ot
Stage 2 The yellow solution is reduced to form a violet solution containing V™ ions. ot
This 50.0cm? violet solution contains vanadium in the +n oxidation state. oc

Stage 3 10.0cm?® of the violet solution is titrated with 2.25 x 1072moldm™ KMnO,(aq). ot
13.2cm? of KMnO ,(aq) are required to reach the end-point. ot

In the titration, e

o V™ ions are oxidised back to VO, ions. o]4
°  MnO,” ions are reduced: ot
MnO, (aq) + 8H*(aq) + 56~ —> Mn2*(aq) + 4H,0() ot

(i) Why is there no clear colour change at the end-point of this titration? ot -

Yl .. ; D——

................... /-}-/. /{Zﬂ;(;.&n-......... et T e .....577 y/Z’W??..ZZ :\.z.;’)IZ'?..S.:....... gf
i/ s / 7 /-

..................... UL 2 BT oo 8

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

- 9
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(i) Analyse the student’s resulis as follows:
°  Determine the value of nin the V™ ions formed in Stage 2
e Construct an equation for the reaction that takes place during the titration.

Show all your working.

Metss Sl = Cx UV Mz \/ - (_j)__/gé
 F22507% 00132 S <
"B RN R = 2485 /073
IN SO comn3
S mews V) = 2484
- LN
Mezes |/ > Moz (), = i@i@‘{b
Lb6x07% 1 9.99pn7¢ A%

S b o
nly™ Uy é@'d oS 3Ax Se = I1Se. Cone
V V2 ep? oawss S xle = [Se  LOST7
’\‘”:Sf/gﬁw/ v
LV — v e P — VST
v me— \/O;- T 3@;—

equation:

a! W
240 + [BM/;O,;} SV = ™ +S V05 +4 U7 /

[71
[Total: 10]
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