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Answer all quastions in the spaces provided. [

Coconut oll contains a triester with three identical R groups.
This frigster reacts with polassium hydroxide.

RCOO — CH;

RCOO—CH + 3KDH — = 3RCOCK +

CHEHEAER) oy

RCOO — CHg

El Complete the equation by drawing the structure of the other product of this reaction in
the box.

Mame the type of compound shown by the formula RCOOK

Give one use for this type of compound.
[2 marks]

Type of compound f.a.rbnm lube o1k
Lf

Lise .I_EI:H.L.I"}
i

E] The traster in coconut oil has a relative molacular mass, M, = 638.0
In the aquation shown at the start of Question 01, R represents an alkyl group that
can be writtan as CHa(CHz)x

Deduce the value of n in CHy{CHz),
Show your working,

[3 marks]
(38 = R 315 tH4)
M ester W < 143
638 — (I F3+458)=ct2 n
n= H& _q 57z 2c v
G . e
| mﬂl!?m ﬂ| BT San N TR ORI
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E A 1.451}% sample of coconut oil is heated with 0.421 g of KOH In agueous ethanal
unitil all of the tnester iz hvdrolysed.

The mixture is cooled.
The remaining KOH is neutralised by exactly 15.65 cm® of 0,100 mod dm™ HCI

1 o wrife

sl lhp

Calculate the percentage by mass of the triester (M. = B38. D:l in the coconul oil.

[6 marks]
i "E? Al = 0.Joo x 0.015¢5
= '[,565.”}3? male

= ¢\

o = OB = L B0l IS miles

Ny = ) BpF — 1565057 = 5.9

5,929 6"
f E.H"Ef = = = |. 9%, o3 T |

MSE&'&{' o ]_Gfriﬂ:-dhrl’ﬂ gg& — 1-2613

= |. 243
ZMMJ " ) |OW = 31 j?

Percentage by mass J ?‘,g

Turn over

o3 TR T L
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with KOH,

‘ .El Suggest why agueous ethanol is a suitable solvent when heating the coconut oil

0 &

Give a salety precaution used when heafing the mixture. |

Justify your choice,
[3 marks] E

Rmmﬁm_b_&_ﬁﬂl_ #-'-l.”. Mﬂ Lﬂ:i'\.. E;.L_I
Safety precaution_ AGe. g Lukel bubh }o lheak |
_bre Couckion induse |
Justification A a_‘!f 4%15 le el Hie mtivhae

ik rﬂﬂ}ﬁnﬂ bee et aindh.
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This question is about fuels.
The pefrol fraction obtained from crude oil can be used as fuel in cars,

State the meaning of fraction, as used in the term pelrol fracticn,
[1 mark] |

A q{h.u:- ::11- Wli;s Cm&la,m-_kml.ra—

Hexadecane {CsHas) can be cracked at high temperalure o form petrol,

Zomplete the equation to show the cracking of one molecule of haxadecans (o form
hexane and cyclopentane only.

Give the name of a catalyst used in this cracking reaction.

CuHu — Jﬁﬂ_fﬂ* ) o ?- (—‘:Hh‘_j
Catalyst  Toeplibe B —

[3 marks]

Carbon dioxide |5 formad when petral s burpad,
Carbon dioxide acts as a greanhouse gas when it absorbs infrared radiation.

Give a reason why carbon dioxide absorbs infrared radiation,

TILU_ (=0 E:xm_L . C.C*-L voll Uibrake
or He Swme 7(‘(9?“% on T Tadiabon,

Cuestion 2 continuas on the next page

Turn over &
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‘ mm Compound £ (HOCH;CHzMNH:) can be used to remove carbon dioxide from the
mixture of wasle gases produced in some power stationa,

Figure 1 shows part of a suggested mechanism for the reaction of Z with

carbon dioxide.
Figure 1
" 0~
"fj_.:;ﬂ IL j’H
Cr Step 1 N
W S o }‘x
o) H;" CH;CH,0H
HOCHCHNH;
HOCHGHoNH;

Step 2

' [HOCH,CHyNHA] THOCH CHoNHC DO

Draw two curdy arows to complate the mechanism in Figure 1.
Name compound Z (HOCH;CHaNH;)

Deduce the role of Z in slap 2 of tha mechanism,

[4 marks]

Name 2 — punaino ekhums

Role  Thase i

b &

IE M und (P&

| O e e
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[0]2][5] HOCH:CH:NH; can be represented as XNH:
[HOCHCH;NH,I' can be represented as [XNH4]'

Drraw the shape of XNH: and of XNH.]*

State whather the H-MN-H bond angle in XNH; is greater than, the same as, or smaller
than that in [XNH;)*

Explain your answer.
[4 marks]

Shape of XNH: Shape of [XNH;]"

(/ )
]“"*4,_, N{,
| ::L"ft & X/# c?

| Bond angle Wﬂ'-'f-r Np—
Explanation  \pwe  peaC (epuliron 1w &E‘e.qi‘-r Bco

M& peac  repulaen.

‘ Question 2 continues on the next page

Turn over »
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| O ok welti
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|__ﬁ-l Bioathanol is used as an alternative to fossil fuels., .t

This statemeant appeared on a websile.

“The fact that bicethanol is a carben-neutral fuel cutwelghs the environmental
disadvantages of producing bioethanol,”

Evaluate his stalamenl.

In your answer you should inclede:

= an outling of how bicethanol is produced
« relevant equationa

= analysis of the ervironmental impacts.,

[6 marks]

e ethand s produced. bk@%p__ the |

etz ion d. QML&AMBWL__E’FL
Tlhas leade Yo bre Qlauam Hak bioebhardd
& Cothon ﬂE.l-L"?l'o\l.- Aol Gn bhe |
lunag c_:.jna,,aﬂn '?A'«'-_A-ELM ofe Hpn
hucvesk e, “and e Suppic prodmced dafn
Phokpluntiress -Le[me.nh&. ke prodite
bro-e il ~ Stde  predude ol
Co,. Thos biseand fum bren bo vaed
O Comnbudkion s h}v».-ﬂ-—L,. ﬁl‘Q!!ah_f-aﬂﬂ =
*.H,Hu.r o, . .5[1&4.;:"“ Hre  leodsmas
ﬁh— E,t.r-r..-"m b’t‘n-‘y.a_ da{:-E.E- Jmﬁaqia!:- H::ml“
Rio—ebbansl @ o  Cotben neg:muwl

L. Mo Synthess” Tohel (0, im =60,

b o, + 6,0 —> (Rl o,
R Lw_ﬂn_-t’_‘i?r_#ﬂﬁ-éj;ﬂbim
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2. Pemenkalon . (0, ouk = 2o
CePuOy —mi72C N R v2ee,

2. lomnbusRonT (0, cuwk = 4 Co,

= @Hz}? + 4o,

2 CzHgs B ¥ 60,

_Meu_-i—&m_%b‘.l‘ms_w?— oouce 7 nadles 8l
Co;  and auesc (evubshon we poducaelt.
Bl I;u e (o ki 2 Mmg

ph&!ci.%jﬁ&m;._muq: Jemrendahron reguirer
heolk ~ and <o enermy, . Il enegmy rodudt o
@‘-1 teqiire fuel and pd Sadk Php'l.u-Ln AAFE

Co, . Ditte,bukun &) #o bisethund oM ulio
b, broetband T b

(i ben  pesdral . ETDM_&J#“ PQH-#-I_E;M.

o} delerestadron Jor lond o gt plaaks for
bwed produckon wa as T

Ao Sud 1b G nfe be A&M«&J&Lh
bioekkard 1S gpml tfyﬁ.&u_&ﬁ.ﬂbﬂﬂ rauttal
amdl hiﬁ%u_mme&nL L.
Biocthund ¢ N Cocben veuknd M:i {6 e
PACKE.  fianiad @&Lq{qj‘ﬁm_ = I":Ejmi"#i.

Lo rd el

Turn over &
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(o nat rrr.;'r
A student does an experiment to determine a value for the enthalpy of combustion of bar
heptane.
Figure 2 shows same of the apparalus used,
Figure 2
|— Ctamp
— Copper calorimeter
-+— 100 g waler

I | || |
Burner —7

| & +— Heptane

El Design a @ble to record all the readings necessary to determine an exparimeantal
| valua for the enthalpy of combustion for heptana in this experiment.

[2 marks]
| oA Teme [\ ) ks 13
-;_:n.ﬁ"ﬁ-i Buarnt + I
Fonal B-wiﬂ:; -
AT b
Conrre A 1

E The studenl considered using a glass beaker on a lripod and gauze inslead of the
clampad copper calorimater,

Suggest two disadvantages of using a glass beaker on a Iripod and gauze,
[2 marks]

Disadvantage 1 @LU._K. % Ea .F:n-r::‘.“ Cewn dang et li";}-
heak _
Disadvantage 2 J a2 hml ard Guuae wonld feduce

ﬂ ] IR und il Casa
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O el iy
i Mu

- IE Suggest two reasons why the value of enthalpy of combustion from this experimant is Bay

less exothermic than & data book valua,
[2 marks]

reason 1 Heak lose Yo bhe Safmoundi

Reason 2 (e talouikton weas ok E.ump{ei‘:_

.IE] Sugges! one addition lo this apparalus thal would improve the accuracy of the
anthalpy valua obtained.
[1 mark]

W ol d Shedld

Turn over for the next question

Turn avar &
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Kekulé suggested this structure for hﬂuena

Benzene is now represanted by this structure, @

Figure 3 shows the relative stability of @ compared to @

Enthalpy

Figura 3

I

e BCig) + 6H(g) —
Loy > TLE l’.":-"'"\J EKQ'I-B
% 6L (=9 6x 18
O
'*“= O
{g)
&y = +83 kJ mal-1 6C{s) + 3Haig) 'j
[5G LRI FARFE T T
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{hy nof wemi
[0]4].[1] useFigure 3 and the data shown in Table 1 to calculate AH: o
[3 marks]
Table 1
AH T kJ mol-!
Enthalpy of atomisation for carbon +7158
Enthalpy of alomisation for hydrogen +218
Bond enthalpy (C-C) +348
Bond enthalpy (C=C) +612
Bond anthalpy (C~H) +412
Tk aemisedson ehalng, = E) X }l'-ﬁ.}t{‘ bx LE} = Shjdﬁlf
kit +
Tokh  bond b(ln!nwg
enegy 7 D+ L)+ blyr) = 5152
ey
AW, = 5357 -
aH; o kJ mol-
Ei Explain, In terms of structure and bonding, why ©
in more thermodynamically stable than @
[1 mark]

7 T eleckrom ale delocakiud euound

e oy

LI |

Turn ovar &

IBihdr dend 1T ANAR
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[o]4].[1] use Figure 3 and the data shown in Table 1 1o ealculate AH;

[3 marks)]
Table 1
AH | kJ mol-*
Enthalpy of atomisation for carbon +715
Enthalpy of atomisation for hydrogen +218
Bond anthalpy (C=C) +348
Bond enthalpy (C=C) +H12
Bond enthalpy (C—=H) +i412

Ploms drn = b(HF)+ bLLB) = S598 le M

Bomsd Dreahing = T 38) + 36m) + 64> = 5252k, ML

AW = 5598-5350 42

= 463 }LJMSIFL

AH, ¥ [558 kJ mol-"

[0]4].[2] expiain, in terms of structure and bonding, why ©|

is more thermodynamically stable than O
[1 mark]

7T eledrows  ore  delocadeld  accsss the

o e

Turn ovear

i .
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Oes il mekles
L
_ [El A mixture of concentrated nifric ackd and concentrated sulfuric acid reacts with o

benzene.
Figura 4 shows the incomplete mechanism for this reaction,

Mame the mechanism.

Complate the mechaniam in Figure 4 by adding

« any lone pairs of elactrons invalved in each step
= twao curly arrows in sftep 1
= acurly arrow in stap 2
= acurly arrow in step 3
= acurly arrow in step 4.
[ marks) |
Mame of mechanism _ E_LE-L-!'E{BIIDLE\.;L S“bihlﬁﬂh#ﬁ .
Figure 4
H
T H— o / -0, 0
0N — G I_;E]“xs,xﬁ ~ Step 1 . ON—O “xsﬁ’
A 7N A s
H H—O O H H—0Q" ©
g 7
Step 2
C:N—D* Srtr— Cal* O
A \
H H

0N

Step 3 )
OaN* T . "
H

OaN Step 4
7 o S| e

1 &

B A 1 TA08R
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This question s about aquilibrium,

| 12 i mIil

1 mol of a digster with molecular formula C:HOy is added 1o 1 mod of waler in the
prasence of @ small amount of catalyst.

The mixiure is left o reéach equilibrium al a constant temperature,

CrHuQull) + 2H:D{) = 2CHLCO0H{l) + HO{CHzRLOHII)

At equilibrivm, X mol of ethanoic acid are present in the mixture.

Complete Table 2 by deducing the amounts, in terms of X,

of the diester, water and diol present in the equilibrium mixture.

[3 marks]
Table 2
Amount in tha mixture / mol
Diester Water Acid Dinl
Al the start 1 1 0 0
p- L
Atequilbrium | |- = |- 26 x “5
[0]5].[2] Deduce the structure of the diester in Guestion 05.1 _
[1 mark] |
O 0
O U
Question 5 continues on the next page
Tum over &
| BN g TSR

W
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o ol warha

o M
mm A new aquilibrium mixture of the substances from Question 05.1 is prapared at a o
different temperatura.
CiHuwOull) + 2H:0{) = 2CH,COOH() + HO[CHz)sOH(l)
Table 3 shows the amount of each substance in this new equilibrium mixture.
Table 3
I Amount In the mixture / mol
Diester Water Acid Diol
M To be
Al equilibrium 0.971 oalotilng 0.452 0.273 .
The value of the equilibrium constant, K; is 0.161 at this temperature.
Calculate the ameunt of water, In mol, in this new equilibrium mixture.
Show your working.
[3 marks] |
* +
O . Y45 x (. LFL .\ G\
_ -
%ﬁ; = ©-93L x o
.
1, % 5. 4625 . LI
A0 = T a1 x o160
e ) +
B = (. 35%
| = 0.59%F A T
Amount ofwater -89 % mol ||

LT STER R L L

i
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This queslion s about Isomears with the malecular formula CaHyO
[ | 1] | G [m Draw the skeletal formula of @ branched chain aldehyde with molecukar formula
CsHyD that is oplically active.
[1 mark] |
/\AG
El Describe how you distinguish between separale samples of the two enantiomars of

tha branched chain aldehyda CsH,O

[2 marks]
e Hze  toudim :ﬂ; FLma pPolariced
H-.?\Lij'ln,k' e boe evenbomers il robuke
_plene  padized lglk Un opposite durediens
E’ Draw the E and £ forms of a structural isomer of CsHyo0 that shows both

oplical and geomatric isomarism.

[2 marks]
E isomer Z isomer
P M
'H\ ,.-"LH L-H.l '_,!3":\- - HLHJ
L= C #C_ = L\-
“
I .55 / H A 'v'q.
Question 6 continues on the next page
- N Tum over »

| DeTeld b Y TOAR
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| LA P’ AT
uMEED Y
.E lscmar J ks eyclic and has an ether functional group (C-0-C) —
lsomer J has only threa peaks in its YC NMR spactrum.
O

Isomear J

Draw two other cyclic isomers of CsHypO that have an ether functional group and only

three paaks in their 3C NMR spectra,

[2 marks] |
& o
T

i e
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This question ks aboul spactroscopy.

[0]7].[1] compound K has malecular formula CaHsO

i

Figure 5 shows fhe infrared spectrum of K.

Figure 5
100
Trensmittance / % T
ol -
|
D Tl i ikt b B | ¥ L Dy T - T
4000 3000 2000 1500 1000 500
Wavenumber fem—)
Which functional group does K contain?
Tick (+') one box,
[1 mark]
Functional Group
alcahiol alkene amine GBW/ | nitrile
Question 7 continues on the next page
Turn over &
I una WTADAR S
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| Do naal Wi
b e

E! Compound L has molecular formula CaHMNO bk
Figure & shows the infrared spectrum of L.

I
Figure &

100
Transmittance / %

m-

D i T T Ll | L I L ¥ .
4000 3000 2000 1500 1000 500
Wavenumber jem =1

L reacts with Hz In the presence of a nickel catalyst to give compound M.

Suggest three ways in which the infrared spectrum of M is different from the infrared
spectrum of L.

[3 marks]

1 The (=N pech o 2220-2260esl

A ppect s =

2 ¢ peele o X300 -3500 cnsd
wppesss fee M -H

I 3 e -!x'.'\ag;prinjc' FegTov ikl be  ddlefenk.

|I|E'L” I|| Bl i 1T AC A
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! E] Figure 7 shows the '"H NMR spectrum of Q, CiHCLO e
Figure 7
o
i‘}m é?," E'H.L
J
Ji |||
i 3 2 1 0
o value / ppm
Table 4 shows the chemical shifs (5 values) and integration values for each peak.
Table 4
6 value / ppm 3.95 365 3.35
Integration value 0.6 0.6 0.9
Deduce the structure of Q.
Explain vour answer.
[5 marks]
 Steacdeute
2 Seks I boa bromens  enuh owe &l
| S Ve Fi‘-ﬂ-h- e XS o w HﬂLﬁi‘ wibh,
B, ﬁ\kﬁr&m_ﬁ} l, o el A tdiame f.H_a-"EJ-., Asadk
J”l't'ﬂ—ﬁ.ﬁu"mm &L 2 emd tacixeakes ﬁ.ﬁ—i.i-k,
Anp Mk Vo o DMy The Swglek ak CHp
3 35 s datakes e (Hy ﬂwadj\ e adafad|
A u

Turn over &
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This question is about making a diester from cyciohaxanol,
O/ Step 1 O EORL Corpund B R, O: Cyclohexane:1,2-dicl
Empd
X
Siate the type of reaction in step 1.
Give the name of the reagent needed for stop 1.
[2 marks]
Type of reaction DE.-LH i ¥y ﬂ}ﬁ‘cnf'\
Reagent  Ceaacopiided  H doy
Stale the reagents needed and give equations for step 2 and step 3.
Show the structure of Compound G in your equations.,
[4 marks]
Step 2 reagent B r-_!'
Slep 2 equation
Ry Be
O, T O
Step 3 reagent W oH _
Stap 3 equation
Sl .
FLNLOH —> O
o e |
VBT ot 11 DAL

Dei el werrie
mdwn M
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| e pd writ
auty i
[0]8].[3] cyciohexane-1,2-diol reacts with ethanadioy! dichioride. b
Give the name of the mechanism for this reaction.
Complete the mechanism to show the formation of one ester link in the first step of
this reaction.
[5 marks]
Mechanism name [\ U.n-qia_gt'l o dikion — eliuain adrenn
Mechanism
I
f tﬂf““ Plo Bﬁ:’ P~
| "~ OH e
| \\_/J\ | L f-{j::) s Coth
OH COC o
|
E Suggeasl why chemists usually aim to design production methods |
= with fewer sleps
| = \with a high percentage alom economy,
[2 marks) |
Fewer steps —_’:MFI'E-.H.L_ 7@.\ L:; wﬂt\::‘ .
lows  bekuseen  (feps =
High percentage atom aconomy \.Eﬂ:a; [..g‘,._:,.‘c'a
13
Tum over »
A _
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O i’ werida
aulsi du
This guestion is about the ozone layer in the upper atmosphere. bew
State why the ozone layer is beneficial for living organisms,
[1 mark)
Prizer b W«l v [ex el tsomn,
State how chlorofluorocarbons (CFCs) form chlorine atoms in the
upper atmosphers.
[1 mark]
C— N bonds Se Bﬁ:‘}kﬂ.—u"\ |
Give aquatlons ta show how chlorine atoms catalyse the decomposition of azone,
[2 marks]
al ro—> o'+ 0,
U 0y —2 L +720,
Hydrochlorofluorocarbons (HCFCs) have been used in place of CFCs.
In the mechanism to make an HCFC from & fluoralkane, two incomplete steps are
shown,
Complele each step in the mechanism.
Give the name of the type of step shown by both these equations.
[3 marks]
(L + (H,Fe _. ®CHF; + HCl
*CHF: + Cla — QALLF, + LU
A
Type of ste e Yt
R
BN JunE 1T
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This question is about rales of reaction, bow
lodine and propancne react logether in an acid-catalysed reaclion

CH:COCHs(aq) + x{ag) — CHyCOCH:l(aa) + Hifag)

A student completed a series of axpariments to determine the order of reaction with
raspact to iodine.

Method
s Transfer 25 cm® of 1.0 mol dm~ propanone solufion into a conical fiask.

» Add 10 cm? of 1.0 mol dm= HCl{aq)

» Add 25 cm? of 5.0 x 10~ mol dm~ lx{aq) and start a imer.

= At intervals of 1 minute, remove a 1.0 cm? sample of the mixture and add sach
sample to a separate beaker containing an excess of NaHCOx{aq)

s Titrate the contents of each beaker with a standard sclution of
sodium thinsulfate and record the volume of sodium thiosulfate used.

. Suggest why the 1.0 cm? portions of the reaction mixture are added o an excess of
NaHCOy solution.

[2 marks]

Tls  Sodiwmn Hydisgencabonake Solukin

Wil mewkradte Wee ocd Gudelast, Meppieg

l. 1.|.E. |E| Suggest why the order of this reaction with respect to propanone can be ignorad in
this expariment.
[2 marks]

?.L}_—_!-___f.mu&f’ukfm ﬂ[ plopenene I At
Lofa.nf" o ek JE- T o thone . As £odn
e Concenkrakina & PNEV . S
whmnote  Comckwdl  throngh ouk the
Ceaghor.,

Question 10 continues on the next page

Turn avar »
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| [ D | mrrin
wataichr
Tha volume of sodium thicsulfate solution usad In aach tiration |8 proportional o the for

concentration of ioding in each beakar.

Table 5 shows the resulls of the experiment.

Table 5
Time | minutes Volume of sodium thiosulfate solution
{ em?
1 41
2 35
3 24
4 22
5 16
& 10

m. Usa the results in Tabla 5 to draw a graph of volume of sodium thiosulfate solution

against lima.
Diraw a line of bast fil.
[3 marks]
|
Vel me
of sodium |
thiosulfate (&1 — | é L |
solution / .F'-. 1%
g Lo et ; . -
vh | ' , !
!‘_‘ L R O 5 P L ..--i._.._- : | E____
’ EHIEE
L v 3 & 5 & 7
Timea { minules
|Ilu!|l|l IR o 1T DA
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o nol werie
[1] Explain how the graph shows that the reaction is zero-order with respect to iodine in M

the reaction between propanone and jodine, |

[2 marks]
Tha o wph  Ploduces o St @&L} Lime.
: Meany, tholt the (ke o
Newmia. does I-""‘L'L'Jl_.i‘ Lm.&_e..- O e
_ContentTa) Todine . ;
Question 10 continues on the next page
Turn over »
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Lo i’ wrie
aileie he

Use Figure B to calculate a value for the activation energy (Ea), in kJ mol™, for | bax
this reaction.

The gas constant R = B.31 J K™ mol™

[3 marks]
m= S A= 1)- 29
%l
TN | B
X = p.6cE—o.cod
= O.oowuhd
e AR o 59T M:’%
2L
_L'._-l-q_: M
Lo = “_%3_':'_: aLaA AE o = ATTF U3
. L
E, _13\ ~ kd mol™! ?

END OF QUESTIONS

| B i 1A DT
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