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Instructions

* Use black ink or black ball-point pen.

* Fill in the boxes at the top of this page.
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outside the box around each page or on blank pages.

* All working must be shown.

* Do all rough work in this book. Cross through any work you do not
want to be marked.

information
* The marks for questions are shown in brackets,
® The maximum mark for this paper is 100.
* You are expected to use a calculator, where appropriate.
* The Periodic Table/Data Sheet is provided as an insert.
* Your answers to the questions in Section B should be written in
continuous prose, where appropriate.
* You will be marked on your ability to:
— use good English
— organise information clearly
~ use scientific terminology accurately.

Advice

* You are advised to spend about 75 minutes on Section A and about
30 minutes on Section B.
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Section A
Answer all questions in the spaces provided.
j 1 (a) Write an equation for the process that has an enthalpy change equal to the electron
| affinity of chlorine.
,' [ mark]
; -
T— QQ@Lx@ ....... e A Y C)
| I

1 (b) In terms of electrostatic forces, suggest why the electron affinity of fluorine has a
negative value.

[2 marks] f
/ﬁ\em (S dn Q'H(“GC(';'LQ{\' Le%!wmn ‘“\C nucleus

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

1 (e) () Complete the Born-Haber cycle for silver fluoride by adding the missing species on the
dotted lines.

g [3 marks]
Ag*(g) + "F(f}}"‘e ......
~343 5
i Ag*(g) + %'&.@*C— %‘ Ag*(g) + F{(g) ‘
f
+7372
Age) + o @)
4458
u*
1259 o
o i
Ag(s) +!é'F,a@ ........... v ~P€1 S
-70%
L AgF(s)

L
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1 (¢) (i) Use the cycle in Question 1 {c) (i) and the data in Table 1 1o calculate a value,
in kJ mol™*, for the bond enthalpy of the fluorine—fluorine bond.
[2 marks]
Table 1
Enthalpy change Value /kJ mof-1
Enthalpy of atomisation for silver +289
First ionisation energy for silver +732
Electron affinity for fluorine -348
Experimental enthalpy of lattice dissociation for silver fluoride +955
Enthalpy of formation for sifver fluoride —203
........ .2. O%+28Q+732'w"Bﬁfﬁ?—%ﬂ‘”w"’/’
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......................................................................... 2.1 AX2 S Emgl™t
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1 (d) {i)

A theoretical value for enthalpy of lattice dissociation can be calculated using a perfect
ionic model.

The theoretical enthalpy of lattice dissociation for silver fluoride is +870 kJ mol-1.
Explain why the theoretical enthalpy of lattice dissociation for silver fluoride is different

from the experimental value that can be calculated using a Born—-Haber cycle.
{2 marks]

..... S'Wffotharcova'fﬂchmcéef‘M#coewbcq;

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

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

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

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

1 (d) (if} The theoretical enthalpy of lattice dissociation for silver chloride is +770 kJ moi-",

Mg

0 4

Explain why this value is less than the value for silver fluoride.
[2 marks]

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

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

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

--------------------------------------------------------------------------------------------------------------------------------------------
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2 {(a)

2 (b)

2 (c)

D

Table 2 shows some enthalpy change and entropy change data.

Table 2
AHIkJ mol! | AS/J K1 mol-!
AgCl{(s) —— Ag*(g) + Cl(g) +905
AgCl(s) —— Ag*{aq) + ClH(aq) +77 +33
AgF(s) —> Ag*(ag) + F(aq) ~15 to be calculated
Ag'(g) —— Ag*(aq) ~464

Define the term enthalpy of hydration of an ion,
[2 marks]

Cathaley. Chacse whea lm of dnseans ions Lo

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

Use data from Table 2 to calculate a value for the enthalpy of hydration of the
chloride ion.

[2 marks]
AHsol = AHlatice + Allhydakon, o s
J
................................................. ..q"-.--...-..--... .--.......-......-...u-...u.-.--...-.--.-.-....cw}-#g%v:;"
......... 1152008 4 (246800) SR
.............. Pty vl
......... R R Tty X
"??5‘5’{"' s iy
Suggest why hydration of the chloride ion is an exothermic process.
[2 marks]

PAkdddbnenapanan

Wa*f’f"I'Spdarand“erhlorkwwﬂmﬁke
...... H*‘

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

2 (e)

L
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Silver chloride is insoluble in water at room temperature.
Use data from Table 2 to calculate the temperature at which the dissolving of
silver chloride in water becomes feasible,
Comment on the significance of this temperature value. i
[4 marks] :
Calculation of temperature ......... AG:AH*TL:’S ................................. ruse
-y v dye
...................................................... Q :QH"TASW“%\Mw
s ;0““{@“ fﬁ“‘"
reks w“’sé"'
.................... /quw
G 2y e, AH - T 771000 - 7333
.,.....-..4.:.?.‘;':. o -.;5; ............................................................................................. ;.ﬂ .......... :
h f%}v%h A AT 2% o
e g s e g e L OOt SO
~ e %L |
......... ik R |
Significance of temperature valus mam“ﬁlj“}”"fbo‘hﬁ'km\g?ﬁiW"“" ’

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

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

When silver fluoride dissolves in water at 25 °C, the free-energy change is —9 kJ mol™".

Use this information and data from Table 2 to calculate a value, with units, for the
enfropy change when silver fluoride dissolves in water at 25 °C,

[3 marks)
|
o G E TS
- i
DG =AH 2 AS =3=618) 2.0:0201x (000 |
...................... al S —————— 41 ST A I < N
i
LW
........................................................................................................ R o SR
o r’:;s N{‘.
?
............................................................................................. ’.\‘.‘\.{ﬁ';b‘,i..:’.‘;,,.s:'.........
“5““ '/'S ’
..............................................................................a.......................6... a\d& v eertrsntr e aaas
%/
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3 This question is about some Period 3 slements and their oxides.

3 (a) Describe what you would observe when, in the absence of air, magnesium is heated
strongly with water vapour at temperatures above 373 K.
Write an equation for the reaction that occurs.
[3 marks]

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

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

3 (b) Explain why magnesium has a higher melting point than sodium.

mgz*mns:—hgher charge. Lhan.. Nat iens,

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

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

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

3 {c) State the structure of, and bonding in, silicon dioxids.
Other than a high melting point, give two physical properties of silicon dioxide that are
characteristic of its structure and bonding.

[4 marks])
\. | 5,
Structure.....(zicnk Covalenl o ,_.,..‘fijf..h'”..,. .............
\{Al(x% Q‘r + f ‘\‘;
Bonding......g.‘f!.‘:'.?.{.ﬁ.ﬂ.‘?. ........................................................ %F.\?:\?ds&';...fd:?...:‘.t ..............
(‘ . GQ( ﬂ‘ y
Physical property 1...... H ard ............................................................ @ ol

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

ML
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3 (d) Give the formula of the species in a sample of solid phosphorus(V) oxide.
State the structure of, and describe fully the bonding in, this oxide.

[4 marks]
Formula ...., PA‘I:O.I.O ...........................................................................................................
Structure SW‘{’L?MO‘?‘“!CW ........................................................................................
Bonding ...CValen} hetveer alony - wealc Vdw's bedugen
. .
:: ..... i
o g‘“ t:?"‘i)’f f
3 {e) Sulfur(IV) oxide reacts with water to form a solution containing ions:\?'u ‘(\:‘.?;3, ;
Write an equation for this reaction. < r“'ﬁ%‘ )

¥ o™ 1 mark]

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

3 (M Write an equation for the reaction between the acidic oxide, phosphorus(V) oxide, and
the basic oxide, magnesium oxide.

[1 mark]

Turn over for the next question
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4 (a)

4 (b)

4 (c)
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Consider the following reaction scheme that starts from aqueous [Cu{H,0)g]2* ions.

Reaction 4 Reaction 1 Reaction 2

yellow/green < [Cu(H,0)el?*(aq) —— pale biue ————s deep blue

solution precipitate solution

Reaction 3

green-blue precipitate

For each of the reactions 1 to 4, identify a suitable reagent, give the formula of the
copper-containing species formed and write an equation for the reaction,

Reaction 1 '_,o‘“{

nt [3 marks]
Reagent...... A Mmoma, .. (NH3> ................................................................................
Copper-containing species .. CU(H'{-) ‘t( OH)? ...........................................................

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

[3 marks]

Reagent....[’]..ﬁf‘.‘.’?.‘ﬂ..ﬂ}.g ...... Cong,..... ;NHQ ....................................................................
YA

Copper-containing species [CU(H?O)?(N“%)‘f ......................................................

Equation LCuCH: O (071 + 4NHs = [eu(H0) (Nus)T"s 704 20 8-

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

Reaction 3

{3 marks]

Reagent....... N(]zf:Og\ ...................................................................................................

Copper-containing species.....] C UCO3 ............................................................................
14 .

Equation E‘U(,‘ILO)( ..... 1 CO%Q“"’C“CO3‘! ..... 6 A X O
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4 (d)  Reaction 4 e
of = [3 marks])
Reagent........ HCL ............................................................................................................
2-
Copper-containing species ..... EC UCLL}} ........................................................................
2t . 7~
Equation [CU(“10>61 ...... +4{('""[CUC(‘|J ...... )“(;H"'O .........................
12

Turn over for the next question :
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5 Table 3 shows some standard electrode potential data.

Table 3

E°IV

ZnO(s) + HO(l) + 26~ — Zn(s) + 20H(aq)| -1.25

Fe?*(aq) + 2 ——> #e(s) —-0.44

Oafg) + 2H;0() + 4e- ——> 4OH-(ag) +0.40

2HOCl(aq) + 2H*(ag) + 26~ —— Cly(g) + 2H,0) | +1.64

5 (a) Give the conventional representation of the cell that is used to measure ttf;e standard

electrode potential of iron as shown in Table 3.
6w’ & [2 marks]

4 @ﬁx‘gﬁ
il

5 (b) With reference to electrons, give the meaning of the term reducing agent.

[1 mark]
...... Clecdeon. danec
5 (c) Identify the weakest reducing agent from the species in Table 3.
Explain how you deduced your answer,
[2 marks]
Species..... CLZ ...........................................................................
Mos3 posibve. €°b¢ least neocd:
Explanation.... 921 (0Sitive, €7 .1l negamve. | G
m1 !m WMP/Jun14/CHEMS
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5 (d) When HOCI acts as an oxidising agent, one of the atoms in the molecule is reduced.

S (d) (i) Place a tick (v) next to the atom that is reduced.

[1 mark]
Atom that is \
reduced Tick (v) :
H
O
cl v

5 (d) (i) Explain your answer to Question § (d) (i} in terms of the change in the oxidation state

of this atom.
[1 mark]

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

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

5 (e) Using the information given in Table 3, deduce an equation for the redox reaction that
would occur when hydroxide jons are added to HOCI
Y [2 marks]

Turn over &

g
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5 (f) Table 3 is repeated to help you answer this question.

Table 3

E°IV

ZnO(s) + HO(l) + 2~ —— Zn{s) + 20H(aq) | -1.25

Fe**(aq) + 2e~ —> Fe(s) -0.44

Oy(g) + 2H0(l) + 4e- ——-?-> 40H(aq) +0.40

2HOCl(aq) + 2H*(aq) + 2~ ——> Cly{g) + 2H,0() | +1.64

The haif-equations from Table 3 that involve zinc and oxygen are simplified versions
of those that occur in hearing aid ceils.

A simplified diagram of a hearing aid cell is shown in Figure 1.

Figure 1
Air hole
Aqueous alkaline paste l A (Stainless stesl lid)
N IR == ot : Porous partition
— = acting as salt bridge
__ i —— Zinc powder In
alkaline paste
Insulator
\— 2

B (Stainless steel can)

5 (f) () Use data from Table 3 to calculate the e.m.f of this cefl,

[1 mark]
......................... S AL S
......................... €2 Q90 U2
Ceell = +L'_6__5__V ANSwer = .,
M
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5 {f) (i} Use half-equations from Table 3 to construct an overall equation for the cell reaction.
[1 mark] ;
.................. 1202390 4 02 100 22,0 + 2840 48~
ﬁ’u ot
‘0.\3 N b"‘f: i
....................................................................................................................... ‘; Q‘hf?,,\;#: [F" i
L » i
...................... Z 0208722200 S
& T i
5 (f) (iii) Identify which of A or B, in Figure 1, is the positive electrode. Give a reason for your i
answer,
[2 marks])
Positive electrode ...... A"‘“S"C«MQS)’S “Q(i‘d‘ .............................................
Reason .. [h€..02..ha5 . more gosikve €2 valve and woutd
..... Mheefoe gan elechens
5 {f) (iv) Suggest one reason, other than cost, why this type of cell is not recharged,
[1 mark]
el cenehon s wcreverible, oo
x, ,# 53'} &
NP 14
{’ﬁﬁﬁf A
¥ 5 0
o LT N
1 ¥y & h«?"
' LL o J‘.}
0
A 05‘ i
!
Turn over for the next question
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6 (a)

B (a) (i)

6 (a) (i)

6 (b)

6 (c)

Y

16

Hydrogen-oxygen fuel cells are used to provide electrical energy for electric motors
in vehicles.

In a hydrogen—oxygen fuei cell, a current is generated that can be used to drive an
electric motor.

Deduce half-équations for the electrode reactions in a hydrogen—oxygen fuel cell.

[2 marks])
- _ 3
Half-equation 1 ..... HZ"(ZOH""'?’ZHZO“‘23 ...................... :P}Q“y .............
P
- - ® Jg
Half-equation 2 OZ:f:4“3’f2H7—O"'”4'OH ............................................

...........................................................................
--------------------------------------------------------------------------------------------------------------------------------------------

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

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

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

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

To provide energy for a vehicle, hydrogen can be used either in & fuel cell or in an
internal combustion engine.

Suggest the main advantage of using hydrogen in a fuel cell rather than in an internal
combustion engine.
[1 mark]

----------------------------------------------------------------------------------------------------------------------------------------
............................................................................................................................................

............................................................................................................................................
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Identify one major hazard associated with the use of a hydrogen—oxygen fuel cell in
a vehicle,
[1 mark]
LHglosen s explesive,
7
Turn over for the next question
Turn over p
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Section B
Answer all questions in the spaces provided.
The characteristic properties of transition metals include coloured ions, complex
formation and catalytic activity.
Consider the chromium complexes P and Q.
[Cr(H20)¢]**(aq) — [Cr(H,0)sCl1**(aq)
red-violet green
p Q

Explain, with reference to oxidation states and electron configurations, why the
chromium jons in complexes P and Q contain the same number of d electrons.
You should not consider the electrons donated by the ligands.
Explain, in terms of electrons, why the complexes are different colours.
{You are not required to explain why the observed colours are red-violet and green.)

[6 marks]
ootk £ a0l Q. chiomyms oxidation shere is 43, and

1

J\e&botk%avf ..... 3dieecheonse
However, they do have & flereat, | ands.. H.is dhese ligads
...'f’.!:\.@..4....g'.l‘.{:‘,..’..".?.f.-...rl.??...f’:.j!f:...f.?:.‘.?}.’f....‘.’.;..[.\.Cﬂrfr:‘.éﬁﬁ’.&...fﬂﬂﬁf}..myiﬁ...di.ffyfmﬂi.
- D.glechrun. splitting which mesns Hhal 4 feent wavel g fhs

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

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

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

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

............................................................................................................................................
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7 {b) Write an equation to show how the [Co(NH3)6]?*(aq) ion reacts with 1,2-diaminoethane.,

Explain the thermodynamic reasons why this reaction occurs.
[5 marks]

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

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

............................................................................................................................................ |
Asnoofana-@feoﬁbonkmcswhe-fknA“scwmzﬂm
y '
o
.--.---.u..--..--.u..n-.--.----u-..n---..--"...---.---...-.-.-......-.-.-..-..--.---q..nu---u.«n.-u.u---.---un.n..--..uv‘.-- ;
4 &
AG i S f‘€3‘?'{w€, . Wt o
............................................................................................................ @....:.‘]&Q.....’?..:\ng......
GNP iﬁ |
----------- t-nun----u-u.---.uu...-.--uuu------.--.---.--nn.--.unnn----uu-n"unn.u. .:-E'iﬂ "bﬁ.‘“ﬁ““ CLLLLL I L ] !
( \’. .
----------------------------------------------------------------------------------------------- yﬂ‘]$‘:£’!‘;’{- ?-fﬁ‘.‘:"uou."-.-uu
RO AT FN
Question 7 continues on the next page |
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7 (c) The toxic complex cisplatin is an effective anti-cancer drug because it reacts with the
DNA in cancer cells, preventing cell division.

7 (c) (i) Draw the displayed structure of cisplatin.
On your structure, show the value of one of the bond angles at platinum.
State the charge, if any, on the complex.

i i [3 marks]
~ !
a. N
y P 1€ h zeco Chatge
\/\ N~ H &'
C(. e xg-:.‘( !
90 ' ) 3L
RES
. pIs _5‘_,.‘&429&!\
' i A
) wplanuf" ggﬂgﬂ LTINS
AP
T oo W

7 {c) (i) When cisplatin is ingested, an initial reaction involves one of the chleride ligands being

replaced by water. {ﬁ* e
. 0 . . Q‘{\ r"’p
Write an equation for this reaction. o N

N [1 mark]
.I,.

ANMa)BECla 4 b0 o (O P CL (o) v L -

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

7 (c) (iif) Suggest how the risk associated with the use of this drug can be minimised.

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

............................................................................................................................................
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7 (d) Explain, with the aid of equations, how and why vanadium(V) oxide is used in the
Contact Process.
{4 marks]
..... V 205*302“’?\/2044303 |
!
M08 = Va0s |
............................................................................................................................................ |
..... Vanadivm. oxide is. acin, 804, . catelys t - Specliog v .
..... the res +0nbc‘fwﬂ50z..anddzwf
A -\f.,
o - R
..................................................................................................................... .
L
o B
............................................................................................................ - N A
......................................................................................................... S S
20
| Turn over for the next question
|
|
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8 A student carried out an experiment to find the mass of FeS04.7H,0 in an impure
sample, X.
The student recorded the mass of X. This sample was dissoived in water and made
up to 250 cm® of solution,
The student found that, after an excess of acid had been added, 25.0 cm? of this
solution reacted with 21.3 cm?® of a 0.0150 mol dm=2 solution of KoCra04

8 (a) Use this information ta calculate a value for the mass of FeS04.7H,0 in the sample
of X.

[5 marks]
....... AL3, 2 Q02030 0:0150%.0:0218 2 319510 et

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

L
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8 (b)
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23

The student found that the calculated mass of FeS0,.7H,0 was greater than the

actual mass of the sample that had been weighed out. The student realised that this
could be due to the nature of the impurity.

Suggest one property of an impurity that would cause the calculated mass of
FeS04.7H,0 in X to be greater than the actual mass of X,
Explain your answer,

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

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

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

END OF QUESTIONS
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There are no questions printed on this page
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