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Answer all questions in the spaces provided

Figure 1 shows some compounds made from a halogenoalkane.
Figure 1
Reaction 1 Reaction 2
Compound J  +— 0O L CH,CHoCHoBr o b CHyCHoCH,NH,
NaOH(aq) NH3
Reaction 3
CsHg

: E Draw the displayed formula of compound J.

[1 mark]
T ¥ &
|
W_C-C-C-0-H
b ‘
T L

. El Name the mechanism for Reaction 2 and give an essential condition used to

ensure that CH;CH,CH,NH, is the major product.
[2 marks]

Name of mechanism  Nucleg pk\ Le so bS‘l'\‘l‘\;Cl‘\br\

Condition lCess NHg

[0[1].[3] Calculate the mass, in grams, of CH;CH,CH;NH, produced from 25.2 g of
CH3;CH,CH,Br in Reaction 2 assuming a 75.0% yield.

Give your answer to the appropriate number of significant figures.

[3 marks]

N CaChy (H R = 252 = 6. D05 ML

122-9
h C\'\QC“;CH;NHJ 2 0+30%

Wy cly CHy NH, - 0-265x ST - 12.19 K
a\fud LT e T
| 0O

Mass c?o‘] g H32
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. E When Reaction 2 is carried out under different conditions, a compound with
molecular formula CsH,¢N is produced.
Draw the skeletal formula of the compound.

Identify the functional group in the compound including its classification.

[2 marks]
Skeletal formula
(]
Functional group including classification 2 A WMNe
. E Identify the reagent and conditions used in Reaction 3.
[1 mark]
NaoHd {n eflondl
. E Name and outline a mechanism for Reaction 3.
[4 marks]
3 C
Name of mechanism e ( I V\A"Y\ofh on
Mechanism

b K

\ |
O —C = €= Br
LF C;' v AP

Mo

T
M\

oL 0

A
0 3
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The rate equation for the reaction between compounds A and B is
rate = k[A]’[B]
Figure 2 shows how, in an experiment, the concentration of A changes with
time, ¢, in this reaction.
Figure 2
0.601 | ‘
| | i
0.501 |
0.40- |
[A]/ mol dm—3

0.30

0.20

0.10

0.00 r " i i . .

0 5.0 10.0 15.0 20.0 25.0 30.0
s " Time /s
"'Qnae»} coht
bebwern thense volmeld
. E Draw a tangent to the curve at t =0
[1 mark]
: @ Use this tangent to deduce the initial rate of the reaction.
[1 mark]
(Q.}c-e > EA] 0-So
t (575
Initialrate 0.0y mol dm™’s™

M
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. E 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.

rae = & (W17 (R] G
[P{l \“Acﬂ_ﬂie_d bj Ir—_] - ‘30 A

(sl Of\‘aﬁ\o\ﬂj - 0-S0O
et [Rl - 0-s0x |-30

.

Initial concentration of A Q-6 '; mol dm™

Turn over for the next question

L
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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 10~ 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™

.[1] Calculate a value for the rate constant at this temperature and give its units.
[3 marks]

k= j}_*‘i
Fe100] A

2 le o™’ s g’ 7 |
P (?x(d/*i(m\d»-)

\

e | &t AR
Rate constant - 8 %< 1 O Units ol cdm™ " S
M2 M3

0 6

1B/M/Jun17/7405/2



Do not write
7 outside the
hox

. @ An equation that relates the rate constant, k, to the activation energy, E,, and
the temperature, 7, is

Ink= —&, +InA
RT

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
The gas constant R =8.31 J K™ mol™

(If you were unable to complete Question 3.1 you should use the value of
3.2 x 107 for the rate constant. This is not the correct value.)

L k= 28xio-?
\n ez (v\.grg'?C\O‘-l

[4 marks]

- BER M

;- RT (\n\d—ln\‘\) Ha
= %3\ < 9% x (-*3-‘5%—‘!6'0\)

R M3
Activation energy % | kJ mol™ ML
7

M
Q7
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The aldehyde CH;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
.[1] Give the IUPAC name of CH,CH,CH,CH,CH(OH)CN
[1 mark]
Jd - huduoxy heQane nitr le
J J
.[2] Describe how you would distinguish between separate samples of the two
: stereoisomers of CH;CH,CH,CH,CH(OH)CN
[2 marks]
- Plane  plasised (gt N
. enontiomers  rob lcﬁM- g ally MO
On opposibe  digerhions
.[3] Explain why the reaction produces a racemic mixture.
[3 marks]
. W(%lﬁﬂyp_fg%\mu B
. V\uc\eookl\f qH&ckS Q:?tm((% FYUM T2
) ,_’___‘(J L)
° bﬂﬂ\ 3ide M3

M
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0|4|.| 4 An isomer of CH3CH,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]
Structure
ok
e U CH
CH3CH_.,——C Chiglvz
CN
Justification
. deesutt [rave o Obu\ral Carbon
or « deest have a corban wibe le dilfore.t G{UV‘DJ’
8

Turn over for the next question

L
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Ethanoic acid and ethane-1,2-diol react together to form the diester (CgH1004)
as shown.

_2CH;COOH(l) + HOCH,CHOH(l) = CgH1004(l) + 2H0(I)

.[1] Draw a structural formula for the diester CgH1004

10

- M\QQ eq wa W

[1 mark]
i o
O
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 | HOCH,CH,OH CeH1004 H.O
At the start 0.470 0.205 0 0
At equilibrium 0.180 6 « 00 %Xy 0':l O lgS o029
M MO MZ
[3 marks]

Space for working

oulo-o-1® = 0-39 C,(»o-v%q,".,\ nag/ -2 CH?C‘“H

(oo Chzcaptt * Wy 1%
- H'OCHQCHQGH» o L
i Qg Hmo% %

20 = 0.99
H‘ch;CH‘;QH =

1B/M/Jun17/7405/2
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: E 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

2
e = [Ce¥e0,] LHQO] n
Les 2 coo k] QEH‘OCH}CNJQ H]

Justification

Volgwed cancel ouk s
OR . wqual numbacol poles on cocr side u@esruod‘m

. E 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 | CgH4004 H,O

At new To be
equilibrium calculated

0.264 0.802 1.156

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.

Lcc\cgcmu]l = [cew, 0, ] {L{}@]l
ke [ Hocu,cu, o] M

aiRE w lal®

[3 marks]

11

6 -4S w 0O, a8l

g 6 % 8 A
KO-
Eceﬁg Coo %1 - m
Amount of ethanoic acid 0-189 mol —
M3 ?

L
11
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Use the Data Booklet to help you answer this question.

This question is about amino acids and peptide (amide) links.

, Draw the structure of the zwitterion formed by phenylalanine.

[1 mark]
+ =
BN —CtH—Coo
3 |
o\ Y
.[2] Draw the structure of serine at high pH.
[1 mark]

- COO
H,N -Ll'r‘f
CH,

|
o

. E 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.

O W [2 marks]
Hon - Q&—c f“—-'c,k* Coott -
(("r-_-L CH;
\
8\ ok
O
It
\-\ooC—CH—N—C—%V"'NHﬁ i
|
CHy C\“a

AL
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An amide link is also formed when an acyl chloride reacts with a primary
amine.

Name and outline a mechanism for the reaction between CH;CH,COCI and
CH3CH,NH,

Give the IUPAC name of the organic product.
[6 marks]

-~ . ) \ L}
Name of mechanism nucleo er\nt'c &dihhdf\ - Q[i '\ r\mhm Hi

Mechanism Mig
M3
/‘5 28
Cthg (W, T = igle,~C =l
™
g Cu OV ““\5“ NS
ct+3ct4;l\\\"; H (3 orped § 0
lone QW)
\V4
C//o
\
W

IUPAC name of organic product N - Q’{'IM-J\ ng(m amcle

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

. You are provided with samples of each of the four compounds.

H CHs CHsy CH3
H3C(|BCOOH H3Cé—CH20H H3C(’BCOOH chtl)CHO
(gH El’;r |-|| ér
K L M N

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. LEVELLED
6 k
Odescrtbe e v eaes Fuachonak @mu p) [6 marks]

— Coot
¢ Nattco, . etfarve.nce
e b ad M b nek L oeddd
- ot od -cHo
. otidfed k. Cra0, o Selshon furng Geean
« kaod N buk net M
- D |
. 'Ceb\\t\r%(s or Tollens . redppb or Ruocor
« N odyy  not kL M

0 Afdr\(og < CfeamA ??{-
e Laod N bak nok bk or M

A
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This question is about nitrobenzenes.

) Nitrobenzene reacts when heated with a mixture of concentrated nitric acid and
concentrated sulfuric acid to form a mixture of three isomeric dinitrobenzenes.

Write an equation for the reaction of concentrated nitric acid with concentrated

sulfuric acid to form the species that reacts with nitrobenzene.
[1 mark]

- +
4, So, + HNo, — KSo, + Noj 4+ WO

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

[4 marks]

Name of mechanism € luM plNr l{c SJ bg{\“'\«h‘o‘ﬁ

Mechanism
NO 5

H
+

L
M)

Turn over for the next question

L
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The dinitrobenzenes shown were investigated by thin layer chromatography
(TLC).
NO, NO,

NO, O,N

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

Figure 3

() % Solvent front

Mo

NE

Start line

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

Tick (v') one box. gﬂ, — 0-617
63 o [1 mark]
A 0.41 ]
B 0.46 [ ]
C 0.52 [ ]
D 062 [ V]

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

aqﬁim‘fﬂ ﬁr SJraJwMﬁ Ingq od
by in mobile phote

.[ 6] 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]

salveat  mushk be befors the stort line

.[ 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.
[2 marks]

Relative polarities

1,a-d4ﬂ(wbuae.ne (s more  poler

Explanation

l,qf_du’ml'*robmrene INLN ] (*e_szg aH\(M‘{d hD ‘bﬁq
plos ploke s ¢ Wovelld furhar

M
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.

e,

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]

. Yes

& QH\ dwa_no&e 1S ?dk&f So 1n he M
L ¥ac C,Q(h_(}wav_}‘ [,2-di nhObone zene
W by e sowhle M e wahile @M H2
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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.

.[1] A deoxyribose molecule in a strand of DNA is shown.

CH2 X
[DNA strand] -

Name the types of group attached to 2-deoxyribose at positions X and Y.
[2 marks]

x  base
Y pIMJsplreJre

.[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]

odenine +k‘$me
H
KN [\l,]—H & CH‘S
[DNA strand] — N N--y4 - N /
\N—/ 7__‘\1\
(®)

19 IB/M/Jun17/7405/2
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This question is about six isomers of CsH100;
. |I| Give the full IUPAC name of isomer P.

CH5CH, COOH
SE N

[1 mark]

Z - 2 - Me‘(’b\-{j\ pu\i'—l)-e,n ove occl

.[2] Asample of P was mixed with an excess of oxygen and the mixture ignited.
After coaoling to the original temperature, the total volume of gas remaining was
335cm

When this gas mixture was passed through agqueous 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
298K (oge0o for
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=8.31JK 'mol"m H¢ Cp H 12 0_3 = Uy
« B0, + TS0, > bCo, + G0 {
o Vol o, = 33S-IST = 1BOewm®  IRxleTm K2

o Vo aRT . nz BV/pr

[5 marks] Wl

. 3
N CO.’l - |0S000% lS’OKLO__é e 7()32 )<t0"g K

B-21 = Q9% 3
o ’\Ce\'\'\o 02 s 7.63_’27c|0—3/6 = 1. ATARrIC MLie

o mwG MO, B T T 0. 145 9

3—3!%5 '>-=l03

Mass of Pused “»f's T mg Hg

]
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; E’ Isomer Q (CsH100,) 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 1
4000 3000 2000 1500 1000 500
Wavenumber / cm—1
Figure §
T T v I © r ® 1 T T T % 1 & T T i
200 180 160 140 120 100 80 60 40 20 ©
&/ 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.

O——CGOH

Evidence from Figure 4

& Shaws paak  fir owma_.\wat/.?m

P—Q_Qk GN CED ) —
Evidence from Figure 5

Peak af ~ & for Cz0 O~ arids

IB/M/Jun17/7405/2
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[1]0][4] IsomersRand S are shown.

Although the ®C spectra 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 bas b C adfaceth Czo gy W
2 paaks n rande  § - Do-Sd

+ S lag 2 ¢ adiscet b cc-o divivg MO
O\Jﬂ \ peale in fo-de S = -5

Number of peaks  Roth hove 2 Q_Q_qty M2

Othar Qunswess
+ S oy  -CHy-cH, R doep nit !
S has | peak (n (e §S-400 Mo~

R does not

2 2
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.[5] Although the 'H spectra 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 the splitting patterns of the peaks.

i

Give the number of peaks for each isomer.

[3 marks]

Justification

. R - SWG\Q%'S OlJH Q\( CHo ad CU, M
« S - %p\eﬂr il qostet for (Yo dld, na

Number of peaks Ba""b\ L\Ck\rﬁ c—:)\ 9{0\‘(-3 3

Question 10 continues on the next page

L
2 3
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.[ 8] 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 (CgH10052). &‘)‘,M A es“ef

Under different conditions, 5-hydroxyhexanoic acid forms a polyester.
Draw the structure of T.

Draw the reqeatlng unlt of the polyester and name the type of polymerisation.
[3 marks] pov-

+ ne ' 4 ta / .
olcowal ’C"c‘;'i”‘i—?'c\oﬁ Corborylic oead o
Structure of '\' " e
3
o Y
/7
O
AV\ : Repeating unit of polyester
‘3 CHg ?l) CH 3 [ct)
(
- -C— - c (cd.) - c=-0—
: o—-c‘:-Ccua).‘ Y e
H H
o cig . t
v e "t- s =g - C_,"'"_'
H i+
Type of polymerisation Condeas d\ﬁr\ H'?D
Pa e i saon s Naok
H 0 C(“g 0 neaded
3 lr ( v ﬁ‘M
i -_C - =
do - (‘3_ (CH3>3 o = B CI‘. (CHQB S o sho
Ot
I H B
reschvy

2 4 IB/M/Jun17/7405/2
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) Isomer U is shown.

H,C = C — COOCH,CH,
l
CHs

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.
& CooCH,y(H,
| [ ML
—_—C—C —
[ |
W CHz

Justification

s Non-polor  c-c  cha -

-t
© Owly pilas epkr AP H

. e lo€ Lujcmhd (aHao(ced o oicke e le LA -

Turn over for the next question

L
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[1]1] This question is about the three amines, E, F and G.

: NH, : CH,CH,NH, :
G

EII ) E] Amines E, F and G are weak bases.

Explain the difference in base strength of the three amines and give the order
of increasing base strength.

NHCH,CHs

[6 marks]
. Ocdas ol Increasive  bade  stvesgti: M
\J \J
F<qg<F

Bose serghois dune b avadsbdityef e na
Dm_rd %M“Y N n\Mﬂm
E los te |we paucrf d%“ﬂv\l o(t(ucaiu;e_d H3
inh Hho benzene rﬁr-‘\
o ‘+keH are less o.uuggl\g T aecepr BT Rif
" P+ Q bothn_drowe  odloy! e{\wupr nest hte NS
m‘rmw Wt (o a ?os:twe wdushve
Q_(-Quj' o wovds  Tie ndmaqm
o So The (one pus of elechns a.e moce N6
 owellable o areaph W'

IB/M/Jun17/7405/2
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[I[Il . @ Amine F 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]

@ \éC(\(\\V, o cobalic o.,ci&%ueouf MR

N VPRI S |
@'/LH&LN W

l

@ HQ \S‘f N, e

N Cl, CH N
o

END OF QUESTIONS

T
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