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Answer all questions in the spaces provided
Figure 1 shows some compounds made from a halogenoalkane.
Figure 1
i Reaction 2
Compound J  «22tON T o CHLCHBr oo 2 L o, CHLCHoNH,
NaOH(aq) NH3
geq\o-d"% Reaction 3
&
g
© C3He
.[ 1] Draw the displayed formula of compound J.
[1 mark]
H HH
' ' \
H-C-c-c-o+
] } \
H A H
.[ 2] Name the mechanism for Reaction 2 and give an essential condition used to
ensure that CH3CH,CH,NH, is the major product.
[2 marks]
Name of mechanism ~ feveleogmlic  SUEER RGN
Condifion £xceas NH, (ensuses | ° Prodsock
produxcedd )
. El Calculate the mass, in grams, of CH3;CH,CH,;NH, produced from 25.2 g of
CH3;CH,CH,Br in Reaction 2 assuming a 75.0% vyield.
Give your answer to the appropriate number of significant figures.
[3 marks]
Me oF CH;CH,CH By = 12+ 3 +\2+2+ 12 v+ 24
Mo\ ¥ K 77 =122 -2 goer -
ekl IS /. e
=0 . \
22. 9 203 mol AS o33LWwWwwr be
C.20S5 x0-11S = 0 'S & mo\
0.15¢ x §9 = .09
L me of Cxg CH,CH, MY,
1243+ 1242 +\2L+2+ \& 42 =59
Mass Q.o g
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) E When Reaction 2 is carried out under different conditions, a compound with
molecular formula CgH»;N is produced.
Draw the skeletal formula of the compound.
evopu) Identify the functional group in the compound including its classification.
qroups [2 marks]

Skeletal formula

Strockurad Skeletal
R,Cq N\ N

Functional group including classification 4-ertoma  oumine
N

.[5] Identify the reagent and conditions used in Reaction 3.
[1 mark]

NoOH  ond  EtWarelic

) E Name and outline a mechanism for Reaction 3.
[4 marks]

clhmirokvon
as Name of mechanism &€ \itninaRoON
allktene

produwced Mechanism

v~ SoOoH” “
": HoH P“ \
H-c-c¥c-H ———> nr-c-C=C-H/+ R0

\ | \
H l:l(éf W " + B¢~

L rum ever>
0 3 IB/M/Jun17/7405/2
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The rate equation for the reaction between compounds A and B is
rate = k[AJ*[B]
Figure 2 shows how, in an experiment, the concentration of A changes with
time, t, in this reaction.
Figure 2

0.60

0.50

0.40

\
[A] / mol dm-3 ‘\\
0.30
b N
‘j 0.20 =
\ B I ]
0.10
\
\/
0.00
0 5.0 10.0 15.0 20.0 25.0 30.0
Time/s — —>
& A=
|0[2].]| 1| Drawa tangent tothe curve att=0
[1 mark]

.[2]] Use this tangent to deduce the initial rate of the reaction.

Tongenk D @mdienk = Rosr oF% Reooron  [1mark]

Ay o-5

= =0 &\6
Doc (2
Initial rate o.all mol dm~s™

0 4

IB/M/Jun17/7405/2



PhysicsAndMathsTutor.com

Do nqt write
5 outstl)zithe
. The experiment was repeated at the same temperature and with the same
initial concentration of B but with a different initial concentration of A.
The new initial rate was 1.7 times greater than in the original experiment.
Calculate the new initial concentration of A.
[2 marks]
2
Rave = LA (e
Rode = . [A1*[8]) (Rreoaton )
= 2
Rote = le EA'l [\ (weponon 2)
1 2
e xR 'L CA)
o5\ LA [o5)\*
[A)* = 1.1 %x Co5) =0 «25
EA—X = ©- 6656
Initial concentration of A o.-65 mol dm™
4

Turn over for the next question

I
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0| 3] A series of experiments is carried out with compounds C and D. Using the data
obtained, the rate equation for the reaction between the two compounds is
deduced to be

rate = k[C][D]

In one experiment at 25 °C, the initial rate of reaction is 3.1 x 107> mol dm™s™
when the initial concentration of C is 0.48 mol dm™ and the initial concentration
of D is 0.23 mol dm™

. |I| Calculate a value for the rate constant at this temperature and give its units.

[3 marks]
Rate = k [c\[P] Recrvarqe Qor L
= vy C<)Co
3.1 x10"3 = LCCo.q.g_lEo.z_g'l >3 2 3
31 x10°3

= 2.8x\0" ¢

le. =
Co. 4-81[0.13'1
- -t
et o> 57 _ S - ot A &7t

LNNS: —f;ﬂ\'wﬁ\p\dm’s T e\ TS

vhen we p the
(ndicey i€ +ve ‘vecomey
-\e ard WWCe vemo,

Rate constant 2 ¥ X\O~ 2 Units mo\"dms -\
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. @ An equation that relates the rate constant, k, to the activation energy, E,, and
the temperature, T, is
Arrh@t\iu?: e
k= +InA
Equatvon l RT D
Use this equation and your answer from Question 3.1 to calculate a value, in
kJ mol™, for the activation energy of this reaction at 25 °C.
For this reaction InA = 16.9 213+2S » Convesit \n+d
T 248 k welvwn a3
The gas constant R=28.31 J K™ mol™ ORWS =3l mal”
(If you were unable to complete Question 3.1 you should use the value of
3.2 x 1073 for the rate constant. This is not the correct value.)
A [4 marks]
oLXN YyAULUR (S 2-8B xl0"2
- €
\nk = +\nA
-18.9 gom
W (.2-8;(\0'23: Ea -\-\G.qﬁ o Sl
8 -3\ x 298
1271 -6 - &a
3 ‘A = Tae 33 -
SteR LIl ansSwer cn calcvlaodor Jdon't ¢ov
~20.47271 x 24116. 28 = —&a
-~ 80, 6 yme\"' = — Ea
56. 116 kjw\o\" = Za
5\ lc_ywo\" = &a
Activation energy S) kJ mol™
7
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The aldehyde CH3;CH,CH,CH,CHO reacts with KCN followed by dilute acid to
form a racemic mixture of the two stereoisomers of CH;CH,CH,CH,CH(OH)CN

[0]4].[1] leg the, JUPAC name of CHiCH,CH,CH,CH(OH)CN
:Cé é c CCN 6 C cvroun on [1 mark]
H

A " " H ordh CN .euv\e.hordJ gvaup

2 \hydurasa\nexane ninl\e
= o
Prionty
. |Z| Describe how you would distinguish between separate samples of the two
stereoisomers of CH;CH,CH,CH,CH(OH)CN

USwy o [2 marks]
pMS\V‘% .
Q\texr oR - plane  pcalanzad  \ighk
wee Wrowe .
comeawrdY ~ TROOMmOMEAS poowd vk 1k in
ok oxR
mcg.mg, _OppoSIIe  direchany
Q\Mj‘m—&—m&m@é
. Explain why the reaction produces a racemic mixture.

[3 marks]

Toncohoral qroup  of aun aldelnyde S C=Q
wnean o cou \_a o Aok vs
darar . Thoes 4ne QJorar ™Aecule WO o
50.80 comronce o m;xg; afloronsd)  &om

ewlexr Side.
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noc\ekopwhilic asdditon

.[4] Anisomer of CH;CH,CH,CH,CHO reacts with KCN followed by dilute acid to
form a compound that does not show stereoisomerism.

Draw the structure of the compound formed and justify why it does not show
stereoisomerism.

[2 marks]
=R
Structure CN nt
H- c C c- C —-Cs"' —> R-C-OC
L U \
H HH H cN
Y NYAroxy -
C‘D\”\ g nvrrive
C o odw
M, CW,C- C— CH,CH, =5 er
C“_N CN
Justification

As 2 gi\ggéx Qyoue (C.ﬂz(:ﬂ3§ NO

el oo .

Yrrucku el iSomeasm: Soune SR ouIoX tRC\O —

vuk Alerenk  Strodkusal ETrasdo.

Turn over for the next question
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Ethanoic acid and ethane-1,2-diol react together to form the diester (CsH100,)
as shown.

2CHsCOOH(l) + HOCH,CH,OH(l) = CgH:Ou(l) + 2H,0()

. |I| Draw a structural formula for the diester CgH 1004

[1 mark]

o
]!

o
/C\ /C ¢

3
M, W

. @ A small amount of catalyst was added to a mixture of 0.470 mol of
ethanoic acid and 0.205 mol of ethane-1,2-diol.

The mixture was left to reach equilibrium at a constant temperature.

Complete Table 1.
Table 1

Amount in the mixture / mol

CH;COOH l HOCH,CH,OH CeH1004 H,O

At the start 0.470 0.205 0 0

At equilibrium 0.180 o-06 A \&S | 0-290

[3 marks]
Space for working

04710 -Q.\8Q = ©:.2990 Mma)

©.220
2

S- 205 - o 145 = 006 ™)

10
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Write an expression for the equilibrium constant, K., for the reaction.
The total volume of the mixture does not need to be measured to allow a
correct value for K. to be calculated.
Justify this statement.
[2 marks]

Expression Ees’eef-l x EH?_O‘:S?'
ke = ToncooH < [no CH,C,OM |

Justification ydwume Coreely aukx OR <ol

n Sae .

A different mixture of ethanoic acid, ethane-1,2-diol and water was prepared
and left to reach equilibrium at a different temperature from the experiment in
Question 5.2

The amounts present in the new equilibrium mixture are shown in Table 2.
Table 2

Amount in the mixture / mol

CH;COOH | HOCH,CH,OH | CgH1004 H,O

At new To be

equilibrium calculated 0.264 0.802 115

The value of K. was 6.45 at this different temperature.
Use this value and the data in Table 2 to calculate the amount, in mol, of

ethanoic acid present in the new equilibrium mixture.
Give your answer to the appropriate number of significant figures.

(8.0Zx0"' /) (15 /0)? [3 marks]
Ccu:()cooﬁl?- (2-e4 xo™'/\V)
vuuame Cooncels Xk ...

—E,q.s %x 0-26%

l .80 xl-\Sz - !°.€_23 = 0.8 ma\
G

171

4SS x0.-2C &

Amount of ethanoic acid Q-1 RDA mol S

Turn over »
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Use the Data Booklet to help you answer this question.
This question is about amino acids and peptide (amide) links.
. |I| Draw the structure of the zwitterion formed by phenylalanine.
% H [1 mark]
H3N— C—CcoO~ PosvRuelas ord
\ n e\&\rea.-ﬁ W
Cre NH, oxch COOY oxone
.[2] Draw the structure of serine at high pH.
W [1 mark]
HoN—-C - Ccoo” o\ ka\ine
\ APIHArOIRY  Couloorsalia
CH, O oA QMR-

. Draw the structures of both dipeptides formed when phenylalanine reacts with
serine.

In each structure show all the atoms and bonds in the amide link.
[2 marks]

H H
H, N — C-lc-NTC- cooH

\ ASIIEEY \CHOH
n,C o (2

©

R C é N
WOOC — - ‘}) T \ z
s o [ TW,0OH

12
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.[4] Anamide link is also formed when an acyl chloride reacts with a primary
amine.
Name and outline a mechanism for the reaction between CH3;CH,COCI and
CH3;CH,NH,
Give the IUPAC name of the organic product.
[6 marks]

Name of mechanism Wy -
Mechanism

(X S,

< ‘C c(
CH3C¥— C L T CMeCMar e

~N—H
. K
C . C,— N, D,
(&)
4
\
nen.<
3
IUPAC name of organic product \)- %%\ eropan mide |
10

13

Turn over »
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0| 7] Test-tube reactions can be used to identify the functional groups in organic
molecules.

.[1] You are provided with samples of each of the four compounds.
CoMoesoA\vC
- WO N
H CH, CH, Che

H3C—C|) H3C—cl:—CH2® H3C—C:) H3C—|C——CHO
M\oa\me H Br

K L M N

ol conel

Describe how you could distinguish between all four compounds using the
minimum number of tests on each compound.

You should describe what would be observed in each test.

[6 marks]
le, L, M, N > e “:,““P.c
|NaHCOy / Na, ©; aeves
303 4OYNS hime- ro reoomon
egernescence o et
no reocikion L N

IB/M/Jun17/7405/2
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This question is about nitrobenzenes.

) |I| Nitrobenzene reacts when heated with a mixture of concentrated nitric acid and

concentrated sulfuric acid to form a mixture of three isomeric dinitrobenzenes.
nees. an

. . . o LUecivopne
Write an equation for the reaction of concentrated nitric acid with concentrated
sulfuric acid to form the species that reacts with nitrobenzene.
[1 mark]

eteckoPhi\e

-

HNO. + 2 — [ N0, ] * R OY +2us0;

.[2] Name and outline a mechanism for the reaction of this species with
nitrobenzene to form 1,3-dinitrobenzene.

[4 marks]
Name of mechanism . e :
Mechanism
O.N
2 H
o — OzN
No'z_ ~ NO,.

e(eckgpuie

er oduuce)

in pos L

O_N NGO,

= 10
( ,2 —AInvxS

oner

Turn over for the next question

I
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. E The dinitrobenzenes shown were investigated by thin layer chromatography
(TLC).

)
: : NO, : ~NO,
NO, O5N
In an experiment, carried out in a fume cupboard, a concentrated solution of

pure 1,4-dinitrobenzene was spotted on a TLC plate coated with a solid that
contains polar bonds. Hexane was used as the solvent in a beaker with a lid.

The start line, drawn in pencil, the final position of the spot and the final solvent
front are shown on the chromatogram in Figure 3

Acstoncee oy \a& Figure 3
Scumpl€
R(: =
SaAvenk @eEnk Solvent front

[]
£,
v,
r .
"‘{ '
o o
. '
[} )
! '
& '
¢, ]
[~ ) '
! '
| )
o ' R
' [
3 1]

Start line

Use the chromatogram in Figure 3 to deduce the R; value of
1,4-dinitrobenzene in this experiment.

Tick (v') one box.

[1 mark]
A 0.41 ] Olq:g.ez
B 0.46 ] %9
C 0.52 [ ]
D 0.62 Rvd

IB/M/Jun17/7405/2
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. E State in general terms what determines the distance travelled by a spot in TLC.
[1 mark]

Sdvbilig  in mouwa prose  axd

redenthvon \9\5 Sr\ee\ﬂcr\o./w:\‘ pro3e .

.[ 5] To obtain the chromatogram, the TLC plate was held by the edges and placed
in the solvent in the beaker in the fume cupboard. The lid was then replaced
on the beaker.

Give one other practical requirement when placing the plate in the beaker.
[1 mark]

SAvenk depin most be oelon Wwe

SYak \re.

.[ 6] Asecond TLC experiment was carried out using 1,2-dinitrobenzene and
1,4-dinitrobenzene. An identical plate to that in Question 8.3 was used under
the same conditions with the same solvent. In this experiment, the R¢ value of
1,4-dinitrobenzene was found to be greater than that of 1,2-dinitrobenzene.

Deduce the relative polarities of the 1,2-dinitrobenzene and 1,4-dinitrobenzene
and explain why 1,4-dinitrobenzene has the greater R; value.

L> acance [2 marks]
Relative polarities Meg\ ‘ou, SoMmPR (s
L, 2 - ainvoven2ene 'S woR o=\awx
Explanation
\ =S ( 3 N

to  ShaXiorany ¢row.

L
17
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. A third TLC experiment was carried out using 1,2-dinitrobenzene. An identical
plate to that in Question 8.3 was used under the same conditions, but the
solvent used contained a mixture of hexane and ethyl ethanoate.
A student stated that the R value of 1,2-dinitrobenzene in this third experiment
would be greater than that of 1,2-dinitrobenzene in the experiment in
Question 8.6
Is the student correct? Justify your answer.
[2 marks]

18

owenk .

K

SC SoumpPR W o FuukvRx
LR/ ASICNCR] AR o3y Soxngwe
i\ VR RrodRc.
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Use the Data Booklet to help you answer these questions.
DNA exists as two strands of nucleotides in the form of a double helix with
hydrogen bonding between the two strands.
. |I| A deoxyribose molecule in a strand of DNA is shown.
/CHz © X
[DNA strand]
Y
Name the types of group attached to 2-deoxyribose at positions X and Y.
[2 marks]
X \cole
Y _phosvraje  gaa
.[ 2] Inthe DNA double helix, adenine is linked by hydrogen bonds to a molecule in
the other strand of DNA.
Complete the diagram below to show the other molecule and the
hydrogen bonds between it and adenine.
[2 marks]
DA™ PQ\‘\'S A"\" GC
|
N N—H - ---- cu
= 7 ;
\
N - N
[DNA strand]— N-/----¥\
N v\
)
Thymine
4

L
19
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This question is about six isomers of C¢H1(0»

looee3c cuoon
.[1] Give the full IUPAC name of isomer P. Arssn
pank ..
CH3CH, COOH
\C - C/
v g
H CHs
P
[1 mark]
-2-m \ -2 - enanC acvd

. E A sample of P was mixed with an excess of oxygen and the mixture ignited.
After cooling to the original temperature, the total volume of gas remaining was

335cm?®

When this gas mixture was passed through aqueous sodium hydroxide, the
carbon dioxide reacted and the volume of gas decreased to 155 cm®

Both gas volumes were measured at 25 °C and 105 kPa

Write an equation for the combustion of P in an excess of oxygen and calculate
the mass, in mg, of P used.

The gas constant R=8.31 J K™ mol™

CcH,O, + 7 \/?_Oz ——> CCO, + 51,0

[5 marks]

vouwume  of CO, . 335-S5S=130em3

PV=nRT —» n=P\V/KV
| 05 600 Poux (1% 0x13~€ )M

2.3\ A\C"md" x (213 + 29k

waes or CO,:

- 7.6372 '><\()"-3 e\

nMmaex ot € 7°C3‘7—>\\G-2—';~€ = 1. 212 %\O" 3 el

rass of €1 1272 x0T % (L6 X1+ 10 +(ex?)

Mass of P used AS mg

2 0
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. Isomer Q (CgH400,) is a cyclic compound. The infrared spectrum of Q is
shown in Figure 4 and the "*C NMR spectrum of Q is shown in Figure 5.
Figure 4
100
Transmittance (%)
50 -
0 P : : .
4000 3000 2000 1500 1000 500
Wavenumber / cm—1
Figure 5
LN DL L L DL LA DL R L |
200 180 160 140 120 100 80 60 40 20 O
&/ ppm
Use these spectra and Tables A and C in the Data Booklet to deduce the
structure of Q.
In your answer, state one piece of evidence you have used from each
spectrum.
[3 marks]
Structure of Q.
s 4
H
% 2 3C > ¢
- cooH - - >~ cooH
3
q‘ k3 H C
2q
Evidence from Figure 4
or (&cid) pecore 2S00 ~ RS e~
Evidence from Figure 5
3
C MdMMR ey & peoms S« 4
SN FONN e RR

IB/M/Jun17/7405/2
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[1]0][4] IsomersRand$ are shown.
O O
.| \ - 2 I =
C \\ CH2 CH3 CH2 R C CH3
A N/ / \ /~\\ 2 /
H3C CH2 A 2 C H3C C‘ AN CH2
I 3 I
O O
R S
Although the of R and S both show the same number of peaks, the
spectra can be used to distinguish between the isomers.
Justify this statement using Table C from the Data Booklet.
Give the number of peaks for each isomer.
[3 marks]

Justification

"R Y aC nexx +ag C=0O
‘'S YWwa 2C mexx s =0

*Tn e v $§=20-SO K v 2
%M%m_mﬁ.

Number of peaks 2

IB/M/Jun17/7405/2
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. E Although the |'H spectralof R and S both show the same number of peaks, the
spectra can be used to distinguish between the isomers.

Justify this statement using the splitting patterns of the peaks.

Give the number of peaks for each isomer.
[3 marks]

Justification
+ R loshh  Sirglexs
® S M

Number of peaks Z

Question 10 continues on the next page

L
2 3
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; @ The action of heat on 5-hydroxyhexanoic acid can lead to two different
products.

On gentle heating, 5-hydroxyhexanoic acid loses water to form a cyclic
compound, T (CgH105).

Under different conditions, 5-hydroxyhexanoic acid forms a polyester.

Draw the structure of T.

Draw the repeating unit of the polyester and name the type of polymerisation.
[3 marks]

Structure of T axt (@)

o o
e

Repeating unit of polyester

C¥i, o
: (cu\—-é—
_-O—C\— 23
H

Type of polymerisaton ~CaonANSORON

2 4
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Isomer U is shown.

H2C — C . COOCH20H3

odduNoN C|3H
U NMen Iakvon 3

U

The polymer formed by U and the polymer formed by 5-hydroxyhexanoic acid
in Question 10.6 both contain ester groups that can be hydrolysed.

Draw the repeating unit of the polymer formed by U.
Justify the statement that, although both polymer structures contain ester
groups, the polymer formed by U is not biodegradable.

[3 marks]
Repeating unit of polymer formed by U.

COO CH,CH,
(
- C.\—\z- cC-

|
C\y

Justification

e S o0 a0 C-

be atNocuad o aogMes /

huouaacanaead..
O )

Turn over for the next question
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|I|I| This question is about the three amines, E, F and G.
NH, CH,CH,NH, NHCH,CH;
E F G
[1[1].[1] AminesE, Fand G are weak bases.
Explain the difference in base strength of the three amines and give the order
of increasing base strength.
[6 marks]
lone Pous on W
LN ' y in
e v Sa a lean osgaliado\R
o dorode /occepe W7
T o @ lecrord poshad Yo N T
- ° \

2 6

IB/M/Jun17/7405/2



PhysicsAndMathsTutor.com

Do not write
27 outside the
box

[1]1].[2] AmineF can be prepared in a three-step synthesis starting from
methylbenzene.

Suggest the structures of the two intermediate compounds.
For each step, give reagents and conditions only. Equations and mechanisms

are not required.
[5 marks]

Swee 2
KCN a\ode
/o.m aqueuy

. CONY  siep® o CW,CIN
<
2

oc Cc or

C

END OF QUESTIONS

L
2 7
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