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For this paper you must have: |
| s the Periodic Table/Data Sheet, provided as an insert |
{enclosed) |
® g ruler with milimetre measurements
® g calculaton |
Time allowed
¢ 1hour 45 minutes

Instructions :

« Use black ink or black ball-point pen.

¢ Fill in the boxes at the top of this page.

» Answer all questions.

» You must answer the questions in the spaces provided. Do not write
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 1o use a calculator, where appropriate.
» The Pericdic, Table/Data Sheet Is provided as an insert.
& Your answers {0 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.

Adyvice

« You are advised to spend about 70 minutes on Section A and about
35 minutes on Section B.
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Section A
Answer all questions in the spaces provided.
1 Gases A and B react as shown in the following equation.
2A(g) + B({g) —> C(g) + D(g)
The initial rate of the reaction was measured in a series of experiments at a constant
temperature. The following rate equation was determined.
rate = AP
An incomplete table of data for the reaction between A and B is shown in Table 1.
Table 1
Experiment | Initial [A]/ mol dm=® | Initlal [B) / mol dm™3 | Initial rate / mol dm™ s~'
1 4.2 %1073 28x10°° 3.3x 1078
2 7.9 %1073 2.8 %107 (167107
3 4.9 107 5.6 x 107 1.8x 10~
1 (a) Use the data from Experiment 1 to calculate a value for the rate constant, k, at this
temperature.
Deduce the units of k.
[3 marks]
f‘ S = N . '-S |
Calculation tﬂ"ra"'ﬂ ..................... k ........ 3 :3=10
a2 3\2
7 NCEZ
|
B T I LA l
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1 i{b} Use your value of 4 trom Queshion 1{a} to complete Table 1 for lhe reaction between
A and B,
{If you have been unable to calculate an answer for Question 1 {a), you may assume &

value of 2.3 This Is not the correct answer.)
12 enarks]

1 (c) The reaclion 1s 280 order with respect o B

Stale Ihe signilicance of this zero order for the mechaism of ihe reacton. |
[1 mark]

"ﬂ"& {7 ;‘,;(’.-‘*‘Cfm;*‘:"’t‘]‘ Sep dech ot inveve B - ik Ly

-------------------------------------------------------------- qrydeamsiznans

Eemember if Hhe ordtf is 1eo thea
|\ Quer not cxH-'c& ndt and 8 Ehenfore
netin the rte dc'l'tfm{n‘-i\j m‘e‘

o

Turn over for the next question
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a (a)

4 (b)

4 0o ol vorits
Oursitle the

Sulfur dioxide reacts with oxygen to form: sulfur trioxide according fo the equation

28U{g) + O5lg) —= 2S04(g)

Write an expression for the equilibrium constant, K, for this raaction and deduce ts
units.
[2 marks]

) ] e A a7
Unis el tded oo ngin 3 i

-

o O s B i 3 2, - ity

e

Samples of sufur dioxide, oxygen and sulfur trioxide were added io a Rask of volume
1.40 dm3 and aliowed to reach equilibrium at a given tembparature.

The flask contained 0.0650 mol of sulfur diaxide and 0.6720 mo! of sulfur tricxids at
equifibrium.

K, has the numerical value of 27.9 under these condiions.

Caleulats tha amount, in moles, of oxygen gas in this equiliorium mixture. z
{3 marks] |

o 0:€320) = (O3 L0820 06 matim®

{oossoy x 279

f

RN T SR Y. WO . L S

e moles of Qo = OO 00 %bmoles i
_-—-—__-_—‘-_w ‘
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2 (¢)

2 (c)(

2 (e} ()

B

The experiment in Question 2 (b) was repeated with the same amounts of sulfur dioxide,
oxygen and sulfur trioxide at the same temperature but in a smallet flask.
The mixiure was allowed to reach equilibrium.

State the effect, if any, of using a smaller flask on the value of K_

[1 mark]
Onln ) Cmyp eqcue
...... No.efbect S abhtS K,
State the effect, If any, of using a smaller flask on the amount of sulfur trioxide at
equilibrium.
Explain your answer.

LighE Y. opse. Ehe CPAMSL ...
Aoy meativn -f

EEmEBREAAREF.

T ssible, He shcremat
# g o s 0§ o shits.

Turn over for the next question
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3 Titration curves, labelled E, F, G and H, for combinaticns of different aqueous solutions

of acids and bases are shown in Flgure 1.

All solutions have concentrations of 0.1 mol dm=

1 i + 1
0 10 20 30 40 50

Volume/em?3

Figure 1
E
14 14
12 1 12
101 10
8+ 8+
PH 4. PH &
4 - 4 -
21 2-
D 1 1 I ] 0
0 10 20 30 40 50
Volume/em3
G
14 14
12 1 12 -
10 104
8- 8-
pH B+ PH |
44 4
2 2
0 1 1 H 1] 0
0 10 20 30 40 50 0
Volume/cm®

10 20 30 40 50

Volume /cm?®

3 (a) In this part of the question, write the appropriate letter in each box.

From the curves E, F, G and H, choose the curve produced by the addition of i

3 (a} (i) sodium hydroxide to 25 cm?® of ethancic acid
3 (a) {I) ammonia to 25 cm? hydrobromic acid

3 (a) (il) hydrochloric acid to 25 em? of potassium hydroxide

06

[t mark] |

[1 mark]

!
[1 mark] |
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3 (b) Table 2 shows information about some acid-base indicators.

Table 2
Indicator pH range | Lower pH colour | Higher pH colour
pentamethoxy red 1.2-3.2 violet colourless
naphthyl red 3.7-5.0 red vellow
4-nitrophenol 5.6—-7.0 colourless yellow
cresol purple 7.6-9.2 yellow purple

3 (b} (i) Which indicator in Table 2 could be used for the fitration that produces curve E but not
for the titration that produces curve F?
[t mark]

Tick (v") one box.

pentamethoxy red

naphthyl red

4-nitrophencl

cresol purple Vv

3 {b) (i) Give the colour change at the end point of the titration that produces curve H when
naphthyl red is used as the indicator.
r+ Soyys Colons chenst  [1mark]

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

3 {b) (ili) A beaker contains 25 cm® of a buffer solution at pH = 6.0
Two drops of each of the four indicators in Table 2 are added to this solution,

State the colour of the mixture of indicators in this buffer solution.
You should assume that the indicators do not react with each other.

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

¥
y

Turn over p
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4 Water dissociates slightly according to the equation:

HO() === H%aq) + OH{aq)

The ionic product of water, K, is given by the expression
Ky = [H']IOH]

K, varies with temperature as shown in Table 3.

Table 3

Temperature / °C

K,/ mol? dm™®

25

1.00x 10714

50

548 % 10714

4 {a) Explain why the expression for K, does not include the concentration of water.

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

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

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

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

[2 marks]

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

COm(m:r-‘fw\ with

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

4 (b} Explain why the value of K, increases as the temperature increases.

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

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

[2 marks]

---------------------------------------------------------------------------------------------------------------------------------------------
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4 {c)

4 (d)

T

Calculate the pH of pure water at 50 °C.
Give your answer to 2 decimal places.
3 marks]

ke LoKY for pewatec B T

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

wp'h‘dﬂb
Calculate the pH of 0.12 mof dm™ aqueous NaCH at 50 °C. .
Give your answer to 2 decimal places.

[3 marks]

lKw = [H*] Low] kw: 5-4¢x10~"*

IS & THong bise - hene vsiny
Jow

Turn over for the next question

Turn over p»
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Bar
s Congider the following reaction sequence starting from methylbenzene.
CH, CH; CH;
Reaction 1 Reagction 2
—_— e
NOz NHZ
J
5 (a) Name the type of mechanism for reaction 1. ,
[1 mark] |

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

5 (b) Compound J is formed by reduction in reaction 2.

5 (b) (1) Give a reducing agent for this reaction.

Sn/HCL or Hl/Nﬁ

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

Ww
G B Ce e, 2 S0 o CHaGoHenite % ZHO

5 (b) (iii) Give a use for.J,

[1 mark] |
|
mahﬂj?be;i%mqklgCn+m¢s«rﬁ=ﬂ»fs‘mqk:ghwcadaﬁms
ek,

T
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5 {¢) Outline 2 mechanism for the reaction of bromomethane with an excess of compound J.

You should represent J as RNH, in the mechanism.
[4 marks]

cH3 cHs
H 2]
2k, @ ) @
]
H
JN\
|U H Cl-|3

NH; H - N"- H

CH3

5 (d) Compound K (CgHsCH,NH,) is a structural isomer of J.

Explain why J is a weaker base than K.
[3 marks]

b lone.. paic on bhe Nitrmen in 3_is.. polled inke .
e delocalized ring. andk Herekon is_less, avedlcble, and.

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

;,;‘,Z;'i}':i;ufﬁ oF the lone i

s auestion s all shot

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

Turn over p
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1 Esters are used as raw materials in the production of soaps and hiodiessl,
6 (a) A student prepared an ester by two different methods.
Method 1 alcohol + acid anhydride
Method 2 alcohol + acyl chloride
6 (a) (i) An ester was prepared using method 1, by reacting (CH,),CHOH with (CH,C0),0
Write an equation for this reaction and give the IUPAC name of the ester formed.
[2 marks]
Equation
SCHa)a CHOR 4 (CHaC0)20 - CHaCOOCH(CHa) ¢ CHRGTN.....
IUPAC name of the ester f"‘eﬂ‘;}(zﬁ%g‘-ﬁtkﬁm‘l‘ ..................................................
fricke naming- Aot et the
, mebhy Lpranch '
6 (a} (Il The same ester was prepared using method 2 by reacting (CH3),CHOH with CH,COCI
Outline a mechanism for this reaction.
[4 marks]
"5(. cHy
Cit
\CK g Hyt~ E: H (I'; i H
EA S 3 - C‘ o
Hac ” MO-H L T
0y i ©
Ha~C DS e
3 \CL ¢ ~C=0" C=0
] !
CHy CH3

i I
Lol
12
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6 {b) The ester shown occurs in vegetable oils.
It can be hydrolysed to make soap and can also be used to produce biodiesel.

C|3H2000017H31
?HooccﬂHm
CH>00CC7H2g

6 (b) (I} Write an equation for the reaction of this ester with sodium hydroxide to form soap.

[2 marks]
Sapribs=—
A;i‘.
CI3H2000017H31 CH, 0% e OO~
: L B i
?HOOCCsta ¥ )L\lﬂ\ Cch ' chon + CnHnlcc Ne,
CH,0O0CC7H39 | )

CHauH Lot Hig G0N

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

6 {b) (il} Give the formula of the biodiesel molecule with the highest M; that can be produced by
reaction of this ester with methanol.

[1 mark]
B LR 1O, O
9
Turn over for the next question
|
Turn over p
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7 (a) The structures and common names of two amino acids are shown.

COOH (IzHa
N HoN—C—CQOH
N I
H H
proline alanine

7 {a) (i) Draw the structure of the zwitterion of proline.
[1 mark]

7 {a) (ii) Draw the structure of the tripeptide formed when a proline molecule bonds to two
alanine molecules, one on each side,

[2 marks] .
(g
i
-~ COOH
C o N7 (”‘%
1 \‘H H
M
e
Cz0
Hye. 7
'vc‘..
. H
Nﬂz

(0]

WMP/JunT SICHEM4
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7 (b) Sections of two polymers, L and M, are shown.

T CHg,IiI CHa
T T
CH; CH, CHg c|;|-|2 }
CHs CH3
GHa CHa I

M —"CHZ_C_CHQ'_N'_C—CHz—C_CHz—'N——C"—
H H O H H
7 (b){) Give the lUPAC name of a monomer that forms polymer L. .
[1 mark] |
Bomethalents 2:608 i =
7 (b) (i) Give the IUPAC name of the monomer that forms polymer M. |
{1 mark]
- gmine - Somethalbutane, Gude

7 (b) (lli) Draw the section of a polymer made from a dicarboxylic acid and a diamine that is
isomeric with the section of polymer M shown.

City Livg 1 mark]
i ) '" R - A {1 o
- Cm Cmcdy = ain fm G SRR
§ !
|‘ H 3] L i+
7 (b) (iv) Explain why polymer L is non-biodegradable.
[1 mark] |
* 5 P _ A !
Nea: Polur L €€ bonds ar strony
: 7
Turn over p
- l WMP/fun 5/CHEM4
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8 Equations for the hydrogenation of cyclohexene and of benzene, together with the |
enthalpies of hydroganation, are shown. i
i
|
+ Hp ———— AH® =120 kJ mol-! :
© + 3H — O AH® = 208 k! mol!
8 (a} (1) Use these data to show that benzene is 152 kJ mol~! more stable than the hypothetical
compound cyclohexa-1,3,5-triene.
[1 mark]

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

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

e mnore (ble tf (s ¢}

LYY R R OIS B R et ae s e e A TR s rane e e nana "'wéwlaﬂ‘é‘ltlkfr‘
st s o SO T Cxtpbed 1€
»ﬁrni.r?o ¥
& (a) () State, interms of its bonding, why benzene is more stable than cyclohexa-1,3,5-triene. |
[1 mark] .
Kerzene. hos. delocslizd clckmn suprem .
8 (b} Three carbon-carbon bonds are Izbslled on the structures shown.
These bonds are of different lengths. ,
|
|

Write the letters w, x and y in order of increasging bond length.
dasble Shoréusk [i¥rasest 1 mark]

........ o O TR o e gt et
~ femene. bondS in belueti
duble £ fingld

LT
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8 (c) The structures of twa cyclic dienes are shown

cyclohexa-1,4-diene cyclohexa-1,3-diene

8 (c) () Use the enthalpy of hydrogenation data given opposite to calculate a value for the
enthalpy of hydrogenation of cyclohexa-1,4-diens.
[t mark]

=20 met e K e

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

8 (c) (i) Predict a value for the enthalpy of hydrogenation of cyclohexa-1,3-diene.
[1 mark]}

8 {e) (i) Explain your answers to Questions 8 (c) (i} and 8 {c) (ii) in terms of the bonding In these

two dienes.
[3 marks]

| . .. . !
‘ h’.ﬁ;’{_ L N 1. ta ¥ 'h'lbih't"'f w, i, ! b} 3 bt‘.’. ] P ¥ W b

‘vwowu“ﬂ*uu:ﬂ;)ﬂcfwmwﬁf‘%oé‘w

------------------------------------------------------------------------------------------------------------ JTYEPERs AR Tasamanamnsntn s nk UL

Sielar 4o kekile chaciure

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

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

<
4
3
e |

Turn over p
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Section B

Answer all questions in the spaces provided.

9 The acid dissociafion constant, K, for ethanoic acid is given by the expression

_ _[H'][CH;CO0]
Ka = [CH;COOH]

The value of K, for ethanoic acid is 1.74 x 105 mol dm at 25 °C.

9 (a) A buffer solution is prepared using ethanoic acid and sodium ethanoate. In the buffer
solution, the concentration of ethanoic acid is 0.186 mol dm™ and the concentration of
sodium ethanoate is 0.105 mot dm=3.

Caiculate the pH of this buffer solution.
Give your answer to 2 decimal places.

[3 marks]
...... ke.z EH \Lchaod 0486 Covacond
e CYBCOOEY Q105 = Covacosr)

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

Ko x LcHacoowd = [HEL 1 94wi075 s 0186 - @"3 .......

CeHgz oo™} 0 .105

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

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

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

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

LD
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9 (b) In a different buffer sokution, the concentration of ethanoic acid is 0.251 mol dm~2 and
the concentration of sodium ethanoate is 0,140 mol dm™3,

A sample of hydrochloric acid containing 0.015 mol of HCl is added to 1000 cm? of this
buffer solution.

Calculate the pH of the buffer solution after the hydrochloric acid has been added.

You should ignore any change in total volume.
Give your answer to 2 decimal places.

[5 marks]

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

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

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

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

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

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

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

MA(@ HHwill inerease He
Cone « of ethanvic ecid (mdissec

bt deoesse conpsde [CH3 coo”)

‘Turn over for the next question

Turn over p
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20 gl
L hox
10 The following five isomers, P, Q, R, $ and T, were investigated using test-tube reactions

and also using n.m.r. spectroscopy.

H C H O

|l Il H, H

CHaCHz - cl:"‘C—CHa CHaCHzCHz—?""C"‘H /C H(3\‘.
CHs CHs HaC CH;CH>CH20H
p Q R
HiC
o CHj3
OH U
S T
10 {(a) A simple test-tube reaction can be used to distinguish between isomers P and S.
Identify a reagent {or combination of reagents) you could use.
State what you would observe when both isomers are tested separately with this reagent
or combination of reagents. ;
[3 marks] |

Lis o kelone, Sisan.alehol .
idiGede KaCr0q (potassiom dichromate) with

L

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

Wl’\'\" acdifed C}"'k'bmﬁ‘k
S watd Hun s an c‘\l\c\mjt’tl
and evertlly an o casberglic ced
P th‘chj a ketone and canrot
be odkised (orther,
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10 (b)

10 {c)

10 (d)

"

A simple test-tube reaction can be used fo distinguish betwean isomer Q and all the
other isomers.

Identify a reagent (or combination of reagents) you could use,

State what you would observe when Q s tested with this reagent or combination of
reagents.

[2 marks]
s an. allthyde. so_add dolless frsaent ardit will...

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

State which one of the isomers, P, Q, R, S and T, has the least number of peaks inits
H n.m.r. spectrum.
Give the number of peaks for this isomer.

[2 marks]

YL 2 T 22 S ————

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

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

Write the molecular formula of the standard used in 2C n.m.r. spectroscopy.
Give two reasons why this compound is used.

[3 marks]

gbhers and it inerk. ...

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

Question 10 continues on the next page

rilene

Turn over P
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10 (e} Figure 2 and Figure 3 show the 'C n.m.r. spectra of two of the five isomers,

Figure 2 Figure 3

200 180 160 140120 100 80 60 40 20 O 200 180 160 140 120 100 B0 60 40 20 O
ppm ppm

The structures of the five isomers are repeated to help you answer this question.

H O H O |
| Ll H, H
CHaCHz '—?—C—CHS CHaCHzCHg-?"’c—H /C=C\
P Q R
H;C
CHg ‘
OH
s T

LT
2 2
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bax
State which isomer produces the spectrum in Figure 2 and which Isomer produces the
spectrum in Flgure 3.
Explain your answer.
You do not need to identify every peak in each spectrum.
Use Table C on the Dain Sheet to answer the question.
[5 marks]
....... Fjvr'-ZlSQqsl’f"ﬁszwqbbdmm
...... 0- 120 pmshDW'f:ij’C(“‘hM)
DHaere 3 1S T as it has Awo pesks hetvenn
50 -A0pm_shewins . C=O boaks, . weblQenly.
..... Sm,one('eacﬁer
10 (f) U and V are other isomers of P, Q, R, Sand T.
The H n.m.t. spectrum of U consists of two singlets.
V is a cyclic alcohol that exists as optical isorners.
Draw the structure of U and the structure of V.
[2 marks]
u v F
CH3 Yort O et
CgHwr O¢ ¢ e r‘l"" W0
o erfex £
i3 ore B ¢
i ] ,\\“’- bh o
uac.-(_;: Y -CH3
C fa
a7
Turn over p
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11 The N-substituted amide CgH,3NO can be formed from but-2-ene ih a three-step
synthesis.
Reaction 1 Reaction 2 Reaction 3
HscCH=CHCH3 ey C4HgBr womnnin - GaHPN  ———= CsH13N0
For each reaction
o state a reagent !
» give the structure of the product ;
* name the mechanism of the reaction.
Detailed mechanisms are not required. ]
[9 marks] i
L
" Pement : HBr
ewant: HBe - - S
Strchre b CHaflazCola .. ayh. b focek v
..................................................... Jf'\\ﬁﬂéaiwt&a\"mw |
Mechanism®  Glect fff’.?’::.’.t.f...‘."dé'f’.?.fﬂ' ............. Lol goshm fo |

(Zc«f,mt SH3Coct. T — M%"“‘mé‘ m:

skovetore s, CHICHZ=C-CH ﬁ\uonwmc) olibim limioetivg -
H nl

M us

END OF QUESTIONS

abrpyraeh o FEEA RS e ag bensers. AR ream v

ey
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