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Answer ALL the questions in this section. You should aim to spend no more than 20 minutes on

1

SECTION A

this section. For each question, select one answer from A to D and put a cross in the box X.
If you change your mind, put a line through the box $¢ and then mark your new answer with a
cross X.

The rate equation for the reaction of a bromoalkane, RBr, with hydroxide ions is
rate = k[RBr]

The bromoalkane that is hydrolysed according to this rate equation is most likely to be
[J A 1-bromohexane.

[J B 1-bromo-2-methylpentane.

[J € 2-bromo-2-methylpentane.

[ D 2-bromo-3-methylpentane.

(Total for Question 1 = 1 mark)

2 Which method is most suitable for comparing the rate of hydrolysis of a primary iodoalkane

and a tertiary iodoalkane in aqueous silver nitrate?

[ A Measuring the increase in pH.
[ B Measuring the change in mass.
[] € Measuring the time to form a precipitate.
[l D Taking samples followed by titrating with sodium thiosulfate.
(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 The chemical equation and the rate equation for the reaction of iodine with excess propanone
in the presence of an acid catalyst are shown.
I, + CH;COCH; — CH;COCH,I + HI
rate = k[CH;COCH,][H']
Which of the following sketch graphs is correct for this reaction?
[JA rate \
(L]
[]B rate
(L]
[]cC (L]
time
ODp L] /
time
(Total for Question 3 = 1 mark)
Use this space for any rough working. Anything you write in this space will gain no credit.
. J
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4 The Arrhenius equation is

Ink = —E X l + constant
R T

The activation energy, E,, is determined from the gradient of the graph shown.

y axis

X axis

. Ea
radient = ——
9 R

The axes on the graph are

X axis y axis

1
L1 A Ink -

-

1
] B Ink o

7

1
] C — Ink
T
1
1 D - Ink
T
(Total for Question 4 = 1 mark)
5 What are the signs of the entropy changes at 273 K when water freezes?
H,O(l) — H,O(s)
ASsystem ASsurroundings
LI A negative positive
] B positive negative
] C negative negative
] D positive positive
(Total for Question 5 = 1 mark)
.
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6 Which are the Brgnsted-Lowry acids in the following equilibrium?
CH;COOH + C,H;COOH = CH,COO™ + C,H;COOH;

[J A CH;COOH and C,HsCOOH
[0 B CH;COOH and C,H;COOH;
[J € CHsCOOH and CH;COO™
[0 D CH;COO™ and C,H;COOH;
(Total for Question 6 = 1 mark)

7 In atitration of hydrochloric acid with aqueous ammonia, which indicator would be
most suitable to detect the end-point?

Refer to your Data Booklet.
L1 A Azolitmin (litmus)
[] B Bromocresol purple
[0 € Phenolphthalein

[] D Alizarin yellow R

(Total for Question 7 = 1 mark)

8 A solution of hydrochloric acid has pH = 2.
The solution is diluted to one tenth of its original concentration.
What is the pH of the diluted solution?
[JA 0.70
1B 1.0
1c 27
0D 3.0
(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 Equal amounts of three compounds were placed in separate beakers and the same
volume of water was added to each.

Compound 1 CH;COOH

Compound 2 CH;COClL

Compound 3 CH;COONa

Which shows the order of increasing pH in the mixtures?
[J A CH;COOH < CH;COCl < CH;COONa

[J B CH,COCl < CH;COOH < CH;COONa

[J € CH;COONa < CH;COOH < CH,COCl

[J D CH,COCl < CH;COONa < CH;COOH

(Total for Question 9 = 1 mark)

10 What are the units of K. for the following equilibrium?

Cu(s) + 2Ag*(ag) = Cu*'(aq) + 2Ag(s)

0 A moldm™

B dm’mol™
0 € moldm™
[0 D nounits

(Total for Question 10 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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11 The graph shows the percentage yield of a product in a gaseous equilibrium under

different conditions.
80
70—
60
50
% yield of
productat 40—
equilibrium
30
20—

10

0

350°C

450°C

550°C

0 1(I)O 2(|)0 3(|)0
pressure / atm

The forward reaction in the equilibrium is

[J A exothermic with the number of moles of gas decreasing.

[] B exothermic with the number of moles of gas increasing.

[] € endothermic with the number of moles of gas decreasing.

[] D endothermic with the number of moles of gas increasing.

|
400

(Total for Question 11 = 1 mark)

12 Which is the correct expression for RInK ?
LI A RInK = ASysem — AH/T
[0 B RInK = ASyem + AH/T
[0 € RInK = ASyem — TAH
[0 D RInK = ASyem + TAH

(Total for Question 12 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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13 Which compound is most soluble in water?
L] A CH.
1 B C,HsBr
[J € GCH,COOH
[J D CH;COOC,H;

(Total for Question 13 = 1 mark)

14 Which compound reacts with phosphorus(V) chloride to form ethanoyl chloride?
[J A CH;CHO
[J B CH,;CH,OH
[J € CH;COCH,
] D CH,COOH

(Total for Question 14 = 1 mark)

15 Which two compounds react together to make the compound shown?

0

PPN

A Ethanoyl chloride and ethylamine

B Ethanoyl chloride and propylamine
[J € Propanoyl chloride and ethylamine

D

Propanoyl chloride and propylamine

(Total for Question 15 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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16 The repeat unit of a polymer is shown.
0] o)
—(”I —(CHZ)Z—(l%—O—(CHZ)Z—O—

Which monomers react to make this polymer?

[0 A HOOC(CH,),COOH and CI(CH,),Cl

] B ClOC(CH,),COCl and HO(CH,),0OH

[J € ClOC(CH,),COCl and HOOC(CH,),COOH

] D HOOC(CH,),COOCH; and CIOC(CH,),COCl

(Total for Question 16 = 1 mark)

17 The retention time in gas chromatography is the time it takes for a compound to pass

through the chromatography column.

A column is packed with a stationary phase that is polar.

Which of the following will have the longest retention time in the column?

[J A hexane

[] B hex-1-ene

[] € pentane

[] D pentan-1-ol

(Total for Question 17 = 1 mark)

18 A compound has the structure

CH3(CH2)4CH<C_ /CHz(CH2)6CHZOH
PN
H H

The systematic name of the compound is
[[] A E-hexadec-7-en-1-ol
[ B Z-hexadec-7-en-1-ol
[[] € E-hexadec-9-en-1-ol
[[] D Z-hexadec-9-en-1-ol

(Total for Question 18 = 1 mark)
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19 Fats, such as the one shown, can be converted into fuels for biodiesel by transesterification.

CH,O0CC,;H3;
CHOOCC,;Hs;

Which compound is used as a fuel, following the transesterification of this fat with methanol?

] A C,;H;;COOCH;
0] B C,,H;;COOH
[J € CH,0O0CCH;
CHOOCCH;,
H,OOCCH,
[0 D CH,OH
CHOH
H,OH
(Total for Question 19 = 1 mark)
20 The type of radiation used in nmr spectroscopy is
(] A infrared.
[ B microwave.
[] € radio waves.
[J] D ultraviolet.
(Total for Question 20 = 1 mark)
TOTAL FOR SECTION A =20 MARKS
\_
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

21 When nitrogen(ll) oxide, NO, reacts with hydrogen at high temperatures, the products
are nitrogen and water.

(@) Write an equation for this reaction. State symbols are not required.
(1)

(b) The table shows the results of a series of experiments to measure the rate of this reaction.

o . . —3
Experiment Initial concentration / moldm

b Initial rate / moldm™s™
AUMBbEr [NO(9)] [H,(9)]

1 0.0020 0.020 55x 107

2 0.0040 0.040 44 x 107

3 0.0080 0.020 8.8 x 107

() Deduce the order of reaction with respect to nitrogen(ll) oxide and to hydrogen.

Justify your answers by referring to data from the table.
(3)

Order with respect to NO ...
Order with respect to Hy .o

U I CA T O oo e e

12
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(i) Write the rate equation for the reaction.
(1)

2SI K
S OSE OSSISRGSGK KK
0000000 20202020 2020 %% %%

IS AR

)
X
ORI HRARAKAKAAAR AR AR AKAR AR AAARAAAANK

g
<P
e

(iii) Calculate the value of the rate constant and give its units.
(2)

NOT WRITE IN

X
O
X

Do
<
IORARAK KRR HIRARAKAAA AR AR AR AR AA AR AAARARAARAAK

(c) There is more than one step in the reaction mechanism.

150%0%0.% %% %7625 %% % % % %%

5K

SERLLIHXHLAKHKIL LKL LK I HILKAKK
RXKRRKK

() Suggest why the reaction is unlikely to take place in a single step.

XK H KA HK KA HKKAIAIKIEHKKIAHK KK IIEHKIKIAHK KA

SRLEIRLEIER KRR IKIIIRKIK IR K AKKK,

o
R
YE

e KSR
KKK

Ein

(ii) The first step of a three-step reaction mechanism is shown.

X <X

2NO(g) — N,0,(9)

X

o

The second step of the mechanism is the rate determining step.

X

"

4

Suggest an equation for the rate determining step.

Justify your suggestion.

i

(2)

2

X

o

)

X

o

%g%g}

(Total for Question 21 = 10 marks)
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22 Propanoic acid is a weak acid with K, = 1.30 x 10 moldm™.

(@) (i) Write the expression for the acid dissociation constant, K, of propanoic acid.

(1)

(i) Calculate the pH of a solution of propanoic acid with a concentration of
0.120moldm™.

(3)

(b) 25.00cm? of propanoic acid, with a concentration of 0.120 mol dm~, was pipetted
into a conical flask.

This solution was titrated with sodium hydroxide of concentration 0.150 moldm™.
CH,;CH,COOH + NaOH — CH;CH,COONa + H,0
(i) Use the value of K; to calculate the pH of the mixture in the flask when

enough sodium hydroxide has been added to react with half of the acid.
(2)

14
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( )
) G Q)

changes more gradually than it does when the end-point is approached.
Explain the reason for this gradual change in pH.

*(ii) In the region where the acid is half neutralised, the pH of the titration mixture
all of the propanoic acid.

(iii) Calculate the minimum volume of sodium hydroxide required to react with
(iv) Calculate the pH when 40 cm’ of sodium hydroxide (an excess) was added.

\ : : : : : : : : : -

. valvSHINIZLMMIONOG  vauvSHINIELMMIONOG L vawySWINGILSMIoNDG
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(c) In another titration, a solution of aqueous ammonia with a concentration of 5
0.120moldm™ was added to 25.00 cm’ propanoic acid with a concentration of S5

0,0020

0.120 moldm™.

(i) Sketch the shape of the titration curve on the grid.

10N0d

(2)

X
<

14

10.5

pH

vauy
°%
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o020 2000020202020 %0%6 %0 %0 %0 %0 20 0%

5
ORI HKARKAK K AKX K AKHKKK K HKAKAK KKK K AKHKKKHKIKKAKAKAKAKKK OXRKXHKAK XRAKHKKAKAKHKKKAKHKKAK KKK K KAKAKKAKAKAKAKKK

35

RS R KRR IR IRRK

el

EEEEEEELLRRKSS

e

of%
259]4

0 10 20 30 40

volume of ammonia / cm’®

o=

(i) Explain why an indicator cannot be used to determine the end-point of this reaction.
(1)

(Total for Question 22 = 17 marks)
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( B

23 This question is about some reactions involving ethanal, CH;CHO.

CH;CHO

Reaction A Reaction B Reaction C

I, + NaOH HCN + KCN

v
CH,;CH,OH Two organic Product C
products

(@) Ethanalis a carbonyl compound.

Describe the test for a carbonyl compound and give the result.

18
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(Total for Question 23 = 14 marks)

Include curly arrows, and all the relevant dipoles and lone pairs.

State the meaning of ‘racemic mixture’

(iii) The organic product of Reaction C is a racemic mixture.
forms in this reaction.

(i) Draw the mechanism for Reaction C.
*(iv) By referring to the mechanism of Reaction C, explain why a racemic mixture

(d) (i) Name the reaction type and mechanism that occurs in Reaction C.

\ : : : : : : : : -
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24 This question is about compounds of iodine.

(a) Potassium iodate(V) can be decomposed by heating.
KIO;(s) — KI(s) + 120,(g)

() Use data from your Data Booklet to calculate the enthalpy change for this reaction.

(2)
(i) Calculate the standard entropy change of the system, ASSer.
[The standard molar entropy of 120,(g) is 102.5Jmol™ K]
(2)

20
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(2)
(1)

this reaction to be spontaneous.
Show your working clearly.

(iii) Use your answers to (a)(i) and (a)(ii) to calculate the minimum temperature for
occur spontaneously.

(iv) Explain why some reactions which are thermodynamically favourable do not

L : : : y
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(b) Some data about potassium iodide and its ions are shown.

Enthalpy change of solution of KI = +20.3 kJmol™

lon Enthalpy change of hydration / kJmol™

K*(9) -320

I'(g) -308

() Use these data to calculate the lattice energy of potassium iodide.

(2)

*(ii) Explain why the lattice energy of sodium iodide is more exothermic than that
of potassium iodide.

(Total for Question 24 = 11 marks)

TOTAL FOR SECTION B =52 MARKS
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SECTION C

5 Answer ALL the questions. Write your answers in the spaces provided.
g 25 This question is about the chemistry of methanol.

E (@) Methanol can be synthesised by the reaction of carbon monoxide with hydrogen.
g CO(g) + 2H,(g) = CH;OH(g)

% A mixture of'1'8.5. mol of carbon monoxide and 13.5 mol of hydrogen was allowed
Z to reach equilibrium at 550K and 60 atm pressure.

At equilibrium the mixture contained 5.5 mol of methanol.

(i) Write the expression for the equilibrium constant in terms of pressure, K, , for
this reaction.

3
K
%%
5008
>

LR
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/?\x/f
“QE

R

(i) Calculate the number of mol of carbon monoxide and hydrogen remaining

>§< at equilibrium.
LS
<g> Hence calculate the value of K;, at 550K.
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Give your answer to three significant figures and include the units.
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-
(iii) The value of K, is greater when the reaction is carried out at a lower temperature.
Use this information to deduce the sign of AS,oundings fOr the forward reaction.
Give your reasoning.
(2)
(b) An organic compound, P, has the molecular formula C;HzO;.
A molecule of P has a carbon chain that is not branched, and contains
two different functional groups.
(i) P reacts with sodium carbonate solution, forming bubbles of a colourless gas.
There is no colour change when P is warmed with a mixture of
potassium dichromate(VI) and sulfuric acid.
Use all the information provided to identify, by name or formulae, the
two functional groups present in P.
(2)
(ii) The mass spectrum of P has a strong peak at m / e = 43.
Suggest the structural formula of the fragment causing this peak.
(1)
. J
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*(iii) When P is heated with methanol, in the presence of dilute sulfuric acid, a
pleasant smelling compound, Q, is formed.

The high resolution proton nmr spectrum of Q is shown.

The numbers show the relative areas of the peaks.

T T T T T T T T
4.4 4.0 3.6 3.2 2.8 24 2.0 1.6

o/ ppm

Draw the structure of Q. Justify your answer by considering the relative areas
of the four peaks, and their splitting patterns.
(4)
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(iv) Write an equation using structural formulae to show the reaction of P with
methanol in the presence of dilute sulfuric acid to form Q.
(2)

(v) The reaction of P with methanol does not give a 100% yield of Q because of
the equilibrium position which is reached.

Suggest the formula of a compound which would react with methanol to
form Q in a reaction which is not reversible.

(1)

(Total for Question 25 = 18 marks)

TOTAL FOR SECTION C = 18 MARKS
TOTAL FOR PAPER =90 MARKS

26

P 5 6 1 3 1 A 0 2 6 2 8

O

0o tet0%0 020 0 te 20 e %0 0%
P RSRIREIKLEIRKELKLS
D ERIEILLIILR:

10N0d

X
<

5 gEEE{%%
%

0 vawsiia e
&
SRR REREERERERRLEREEELLKK

0%0.%0% % %% %% %% % 2 % % %%

bote%

SELESIICRR KRR IR KRR IRIRK KKK

G T o T o Ty o o o T T o o N T Vs
12030 %%

LRRRREREELLRLRRRLAELLRRRRLLSS

5
8!

%
2919
SEEEEELIES

¥



BLANK PAGE

XEXAXHLRL, 00%S

NQ\MX IRRREAAK
5

R

&

888

27

6 1 3 1 A0 2 7 2 8

5

P



X /m\yXXA%\/vN/N\ \Cw\/v&/ 2

XXHKX SXHHKAHKH KKK, SR HKIHKKK, 000205004 SCXHKIRKHKKK ,\vvymmA/, \vammmA/ //vw>xx \Cv\/v& \/VN/A\V/ /MN/vA\/ </
. DONOTWRITEINTHISAREA DONOTWS SAREA
€01 701 Lol 001 66 86 L6 96 6 6 €6 6 L6 06
LWNDUIME] | WNNSQOU [WNASEPUSLL | WNILLIS) | LUNLISISULS |WNIWIoeD| wniewaq Lnurm wnpuswe (wniuoimd jwnwnjdau| wnuein  jwnwgoejosd|  wnuoyy
| ON | PW | wd | s3 D | M8 | wy | wy | nd | dN n ed | yl
(zs2] | [psz] | [osz] | [eszl | [vszd | szl | [yl | [evdd | levdd | [evz) | [zg2] 8€T [zl [4%4
VL 0L 69 89 19 99 69 #9 €9 79 19 09 65 8¢ JRR
wniaIn |wnigsenAh | wngnyy wnigs wniwjoy [wnisosdsAp| wnigtay [wnunopes | wnidoina |wnuewes wniyiawosd |wniwApoau (wniwkposseid|  wnLad SaLias IpLuldy ,
n qA wl 43 OoH Ag qL PO n3 ws wd PN Id ) $aLas aplueyIueT ,
G/L €L1 691 191 g9l €91 661 LGl 761 051 [zt1] 44" Il (14!
Ll oLl 601 801 L0) 901 = 01 68 88 8
pajeanjuayine £)1ny jou Ing WINIUSFILS0J| WNIPEISULEP | LUNUSUiaW | Wwnissey | wnuyoq |(wnifiogeas| wniugnp |Wwnipiopsn wnuioe | wniped | wnouey
poliodas usaq aAeY 9| |-71 | SISGLINU JILIOIR YIM SIUSWS)T Y| sd W SH yd 8s qad 3 2V ey 44
[zzz] | [k | [897] | [zz2] | [wozl | [997] | [z9] | Dozl  [zzzl | [9zal | [gzad
98 8 8 £8 78 18 08 6L 8L LL 9L L v €L U L5 96 o1
uope. aunjese | wnwuojod | ynwsig pesa) wneyy | Anossw pjos wnue)d | wnmput wniwso | wnwsys | usisBuny | wnejue) | wniyey  wnueyjue)|  wnueq wnisaed
uy w 0od g qd 1L 8H ny d 5| SO 9y M el JH *27 eg s
[zzzl | [ove] | [602Z] | 060z | z20Z | ¥¥0T | 97007 | 0261 | L'G6L | T'T6L | T06L | Z98L | 8°€81 | 6°08L | S'8ZL  6°8€L | €LEL | 67ZE)
S £6 z§ 1S 05 6 8¥ L 9% [ P 4 £ A2 L or 6 8¢ L€
uouax aulpol wnunal | Auowpue uy wniput wniwpe> FETATH wnipeyed | wnpoys (wniuaying |wnEaugps) (wnuapgfiow| wnigo | wnueoanz | wnpiad | wniguons | wnpigna
X I o9l qs us u[ PD 8y Pd Uy ny 2L ow dN 1z A 1S qy
eieL | 69zL | 9zzL | 8vzh | 8L | 8FLL | ¥TLL | 67201 | #1901 | 6°T0L | L7LOL [g6] 6'G6 6°76 T'l6 688 | 978 668
9¢ G vE €€ 43 LE 0€ 67 87 17 97 74 ¥ €7 44 1z 0z 6l
uoydAsy | aulwolq | wnwajas | owasie |wnuewssd| wnyes uz Jaddoo 1221 1jeqod uoJl asaueBuew | WniWoJyd | wnipeuea | wniuejy | wnipueds | wned | wnissejod
i) 49 oS sy 99 e uz nj IN 0D 94 uw D A L 2S e) b |
8°€8 66, | 06l 6'vL 9L 169 #'69 G'£9 486 6°8S 8°6¢ 675 0'78 6°05 6'LY 0S¥ LoF L°6€
8L Ll 9l Gl 43 €l (z1) (11) (o1) (6) (8) (2) (9) () (¥) (€) [4° L
uofe auuoya Jnjins  |smuoydsoud| uwodis  |wnjupuinge wnisaufew | wnpos
Iy 12 S d IS v 8w | eN
6°6€ G'GE L°Z€ 0'LE 1'8T 0Lz 74 0'€
0l 6 8 L 9 S Jaquinu (uojoud) dpwole ¥ €
uoau auuon)y | ualAxo | usBoswu | uogled uoJoq aweu wnfag | wmygin
aN E| o N J d Joquifs J1woze od 3
70T 06l 091 0¥l 0°ZL 80l SSBLU J{WOlR 3AlIe)al 06 6'9
4 (£1) (91) (s1) (1) (€1) ! A3y (2) (1)
EM:E_ uaBolphy
H H
0% 0’1
(gL)
(80 L 9 S v 3 [4 }

SJUSW)J JO )L JIPOLIdd YL

A 0 2 8 2 8

3 1

1

P 5 6

28



