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Materials

For this paper you must have:

« the Periodic Table/Data Sheet, provided as an insert {enclosed)
» a ruler with millimetre measurements

¢ a calculator,

Instructions

* Use black ink or black ball-point pen.

* Fillin 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.

» Ali 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 to use a calculator, where appropriate.

The Periodic Table/Data Sheet is provided as an insert.

Your answers to 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.

Advice
* You are advised to spend about 80 minutes on Section A and about 25 minutes on Section B.
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1 (a)

1 (b)

1 (c)
1 (c) ()

1 (c) (ii)
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Section A

Answer all questions in the spaces provided.

Nitric acid (HNOs3) is a strong acid. Ethanoic acid (CH;COOH) is a weak acid.

Write an equation to show how ethanoic acid behaves as a weak acid in its reaction with
water. .
[1 mark]

CHzcooH == CHz coo” + HT

When pure ethanoic acid reacts with pure nitric acid, ethanoic acid acts as a base.

An 000 question bot one where you just |
Write an equation for this reaction. el 1o wnbershad o bascis @ preten ace |
[1 mark] |

CHz oot + HNO3 CH3COOH:* NOz |

Two beakers, A and B, each contain 100.0 cm? of 0.0125 mol dm™2 nitric acid.

Calculate the pH of the solution formed after 50.0 cm? of distilled water are added to
beaker A.
Give your answer to 2 decimal places.

T [2 marks]

Cotn 0O2Sxfio0) . 126x0 mdes  125x107 - 00085
s ————

v Qwo/ QSOIwoo) i ?

ol -tog iy pH = ~log (0-0083") gH=2-0%

Calculate the pH of the solution formed after 50.0 cm® of 0.0108 mol dm™® aqueous

sodium hydroxide are added to beaker B.

Give your answer to 2 decimal piaces.
— [4 marks]

HNo3z + NaOH = NaNQOz + H,O
Ci*%} 0-010% %/ 50\ - &L 10”4 moles of NaOH

(fow

[25x10 S0oles — 5410 Fmoles = ?-lxIO'(’mok;aF
of HNOC3 of NaoH . extss HNO3 .

L
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1 (d) A third beaker, C, contains 100.0 em® of 0.0125 mol dm™3 ethanoic acid. |
The acid dissociation constant K, for ethanoic acid has the value 1.74 x 107% mol dm™3
at 25 °C, |

1 (d) (i) Write an expression for K; for ethanoic acid and use it to calculate the pH of the
ethanoic acid solution in beaker C.
Show your working. Give your answer to 2 decimal places. |

— [4 marks]
K, ka = [CH3C003 [a*]
[CH3 Coortl
Calculation _ |- F4x10% = [H ,,“(z pﬁf#""'dif 0-0is :[H*K
005

[A*(> 4-66xi0™  pH-logn] pH = 333

1 (d) {ii) Aqueous sodium hydroxide is added to beaker C until the pH of the solution
becomes 4.84

Name the salt formed in the reaction of ethanoic acid with sodium hydroxide. |
[1 mark]

Socdkivm € thancate |
[salt] , . .
1 (d} (iii} Calculate the value of m in the solution with the pH of 4.84 (3 marke]
ka = (CH3co0] [ HS 10" %% = 445455
(cHzcooH) - 19
| Féxigs _ (CcHzcoo’ = .20
|-445.108  [CHscoon) -
|
Turn over p
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1 (e)

1 {f)

T

4

Explain why chloroethanoic acid is a stronger acid than ethanoic acid.
[2 marks]

Cth(OCH"Gm‘C acik S $+f0ﬂQCF Qs é"‘(’«
g(e,c\'/aneqthg Chlor.ne wrl’kfdfqvwi‘ electonS which
T +U(p wm\qny 'ﬂf\e C-H lﬂoﬂd O”Wnﬂ'f i1 ’f’é
be. reteased mor cas.l“a

Explain why data books do not usually contain values of K, for strong acids.
[2 marks]

Stong aCtdS "‘o“‘*%“w dis;omq-\-e 50 equlibrivm |

les” atmost +mu.1 h the fight Herlie

'C‘?\ va\ueﬁ WW\B |¢e \/C/‘j 'a/qe

e
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2 Hemiacetals and acetals are compounds formed by the reaction of aldehydes with
alcohols, such as the reaction of ethanal with ethanoi. |

H |
|

CH3CHO + CH;CH,OH —— HsC —C — OCH,CHq |
|

OH |
a hemiacetal |

2 (a) (i) Use your knowledge of carbonyl mechanisms to suggest the name of the mechanism of |

this reaction. |
[1 mark]

_f\fLICEU{IH;H;L f%l:"ﬂ + ciL S ||
!

2 {a) (ii) Outline how an ethanol molecule reacts with an ethanal molecule in thd f this |
mechanism. Include two curly arrows to show the movement of electron pairs.

[2 marks] |
) VY
g 6 Qe coJJ"’ 1’: AN tux’f‘ |'
A\
' “\'{3 welt ’(\ o"w 3
Q. S \g{\ J’f \ \'\'\ ||
)(\‘\_ \,\\ V W"’\

H1CH3

HaC ~C

3 Fe
- c
1

2 (b) The reaction produces a racemic mixture of chiral molecules.

2 {b) () Explain the meaning of the term racemic mixture.

6@.}&[ mix tvre o\[ ef\cm-|-.’0mcr5. |

2 (b) (i) State the relationship between two chiral molecuies with the same structural formula. |
[1 mark] |.

Abey ace non- superimpahle_misror imager of |

ecch other |
|

|
Turn over p
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—
2 {c) In the presence of an acid catalyst such as dry hydrogen chloride, ethanal reacts with an
excess of ethanol to form an acetal.
The overall reaction of ethanal with an excess of ethanol forms an equilibrium mixture
as shown. All reactants and products are liquids.
i
HsC —C—OCHCHs
CH;CHO + 2CH;CH,0OH p— I + Hy0
OCH,CH3
an acetal
} A mixture of 0.75 mol of ethanal and 5.00 mol of ethanol was left to reach equilibrium in
' the presence of dry hydrogen chloride ata given temperature. The equilibrium mixture
contained 0.42 mol of the acetal.
2 (c) (i) Calculate the amount, in moles, of ethanal and of ethanol in this equilibrium mixture.
[2 marks]
Amount of ethanal - %% mol
| Amount of ethanol 4’ ] I 6 mol
Space for working
i ) .
] CHacHC 4 7¢HacH o Aceda wate
T o5 5.06
015-0-47 5-(0-42>2) , ,
Eq | 92%%4 iy 042 O42.

I
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2 {c) (ii) In a different experiment using the same reaction as in part (¢), an equilibrium mixture
was established at a given temperature.
This mixture contained 0.58 mol of ethanal, 3.76 mol of ethanol, 0.37 mol of the acetal
and 0.65 mol of water in a total volume of 310 cm3,
Write an expression for the equilibrium constant K; for this reaction.
Calculate a value for K, at this temperature. Give units with your answer.
=== [4 marks]

Ke Ke = Laceta} CHaCl 310, - ¢3i0d43

— ———

{060 "

: i
LcH3cHo | [CHaCH 0T

Calculation

/
ke =/03%\ x /U€5 | molénémo%ﬁ

O\ /376 \2
( 0'3'0} (\—C-';BIO /

g

Kec = Ci'OCfoO_S mel w3

2 (d) Draw the structure of the acetal (C4HzO,) formed by the reaction of ethanai with
ethane-1,2-diol.
¥ H H [1 mark]
1 £ o 1 H ‘}S
w-C=C Heon - —(C-0-H __» Y
¢ o H i L ﬁ.\d\ f)
i 0 c,
I H %, w0
. 5 \‘\ ) (.:{ (..}.
»-.n-H.‘,,sm\ € JAanne -l .o} Koo% ¢ - L
- o : (' b\ (_\U UQ
= - \
)(\:\b’< SR
Hoood I A
} I S ‘{(‘w\‘“ K
H~(C—C-H (\" af\o
! | \p.\x\n
C_ .G

LCj—%TO / k—g?lz_/ mvﬂldf;ﬂx ol m&’;:‘;i

Turn over p
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3 Lidocaine is a local anaesthetic used in dentistry and in minor surgical operations
The synthesis of lidocaine in 2 steps from 2,6-dimethylphenylamine is shown.
CH3 CHs |
Step 1
NH» > NH—C—CH,Cl |
A |
Cl—CHz—C\ O
CH; Cl CHs |
X
CH3s
Step 2 £ =
NH—C—CH,Cl > c+)
CH.CH !
o en’ o
CHj N
CHZCH, lidocaine
Y
3 (a) (i) Give the IUPAC name of reagent Xin Step 1.
[1 mark]
Iy | [ A ' | . . I
/-Chi\orgethunov L ( hionee
J
3 (a) (i) Outline a mechanism for Step 1.
In your answer, use RNH, to represent 2,6-dimethylphenylamine.
[4 marks] ‘
H W -
‘ {
‘ | T T
H M

N
IN

3 (b} Name the mechanism for Step 2.

[1 mark]
— f.1 - |
Nudeophlc Substitubon,.

L
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3 (c) Which of these Is the total number of peaks in the '3C n.m.r spectrum of lidocaine? |

Tick (v) one box. f;g, other Pajec f.\;, Jiqsfcm w.‘ﬂﬂ
) tabelled ¢arboas. [ mark] |

8 9 1" 12

3 {d) Calculate the percentage by mass of hydrogen in a molecule of lidocaine.

’i(]OCﬁ'sne P Clq- Hzz N, G M- 734
22 . o = 4% |

L% i
- = T IV

734 |

[2 marks] ‘

3 (e) Give the name, including the classification, of the functional group that contains the

hitrogen atom labelled b. (N adom with three £ grvfs [ mark] ‘

4«&2& "4 Qe
N,

3 Lidocaine is used medically as the salt lidocaine hydrochloride.

3 (f) (i) Suggest which one of the nitrogen atoms labelled a or b is protonated in lidocaine
hydrochloride. Explain your answer. 3

. v
S \S \:‘ £ e ("fe‘d; [3 marks]
b cF‘-‘"? J“‘ML
Nitrogen atom protonated !

Explanation Q\k{v}( 3’0@“ (e(EQR €(€0""6nj +C N;‘ffc?cq
MEuning lcne“ ipc(.f Cn J? IS Mole feq(}.'&, ch,.'Ic-..’J/c

\

3 (f) (1)) Suggest why lidocaine hydrochloride is used medically in preference to lidocaine.
Explain your answer.
[2 marks]

lidoccune h?(}foclﬂfdﬁgr S onionic SulH a theefore
more suluble .

Turn over p
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4 (a)

4 (a) (i)

4 (a) (i)

4 (a) {iii)

4 (b)

e
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Compound X (CLCH,COCI) is used as a reagent in organic synthesis.
The mass spectrum of X contains several molecular ion peaks.
Chlorine exists as the isotopes 3°Cl and ¥Cl in a 3:1 ratio.

Calculate the m/z value of the most abundant molecular ion peak in the mass spectrum
of X.

[1 mark]
|
|
The most abundant fragment ion in the mass spectrum of X has miz=T7T. |
Draw the displayed formula of this fragment ion.
[1 mark]
H |
l 1
(
i
H

A molecular ion of X that contains one 35Cl atom and one 37CY atom undergoes
fragmentation to form an ion with m/z = 65 and one other species.

Write an equation for this fragmentation. Show which isotope of chlorine is present in |

each product species. T e
[2 marks)

i r U f/";“" 7% 1 ~r . r ps 'ﬁ%\{:’ ‘,
L LAY ?ku\ k A A 5 A W B A W O LV

One important reaction of X is in the preparation of compound P as shown.

O
I |
AlCl
O 3 N
+ Cl_CHz—‘Cf > CH,Cl + HCI
Cl |
X P

WAP/Iun16;CHEM4
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4 (b) (i) Draw the structure of the electrophile formed by the reaction of X with ALCl

[1 mark]
IH C z 0 |
ce ~ ? -
1

4 (b) (i)} Outline the mechanism for the reaction of the electrophile from part (b){i) with benzene
in the preparation of P.

[3 marks] |

G et

. t! c \/ Chgpll

@j& T Cvgd |

4 (c) Compound Q is an alternative product that could be formed when X reacts with
benzene. |

O
Il |
CH,—C—<Cl

Q

Describe how you could distinguish between P and Q by a test-tube reaction.
Give the reagent used and the observation with each compound.

Reagent U/a+c(
Observation with P NO' (el 6 o'l
Observation with Q cS Eta m\j wh. 'l“(, pUMCS

[3 marks]

Turn over p
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4 (d) X is also used to make the compound HOCH,COOH. This compound is polymerised to
form the polymer known as PGA. PGAis used in surgical sutures (stitches).

4 (d) (i) Draw the repeating unit of PGA.
[1 mark]

4 (d) (i) Production of PGA occurs via a cyclic compound. Two HOCH,;COOH molecules react
together to form the cyclic compound and two motecules of water.

Draw the structure of this cyclic compound.

[1 mark]
qi il
f
{4
4 (e) Poly({propene) is aiso used in surgical sutures.
4 {e) (i) Draw the repeating unit of poly(propene). |
[1 mark]

(RAIR
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4 {e) (i) Suggest an advantage of surgical sutures made from PGA rather than from |
poly(propene).
Explain your answer,
[2 marks] |
As ’GA hos pclaf bonds thep 4 is bl
+o be, brelen o'cfwn cmﬁ( hence i3 Biod@jfzchék, !
: r 4
poljpmeum = t:"mj hon {w‘a &= ae _16_
bioaf—‘d““k

Turn over for the next question

Turn over p
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5 Proteins contain sequences of amino acids joined by peptide links.
Amino acid chains (polypeptides) are attracted to each other by hydrogen bonding.

5 {a) (i) A section of a protein is formed from one molecule of each of the amino acids glycine
(H,NCH,COOH) and alanine {HsNCH(CH3)COOH).

Add bonds and atoms fo the diagram to complete a structural formula for this section of

the protein.
[2 marks]

5 (a) (i) Draw a diagram to show how an amino acid chain can form a hydrogen bond with

another amino acid chain.
Your diagram need only show the relevant atoms from one amino acid in each chain.
[1 mark]

H
N

WMP/Jun16/CHEM4
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5 (b} Leucine, serine and glutamic acid are naturally-occurring amino acids.
| | |
(CH3),CHCH; — C—COOH HOCH,— C — COOH HOOC(CH,), — C—~COOH
I ! !
NH2 NH2 NH2
leucine serine glutamic acid
§ (b) (i) Give the IUPAC name of leucine.
[1 mark]
Z—Gm}no -4‘1’1\(.6"1 L peatanvic acs'(k. ‘
L7 B
S (b) (if} Draw the structure of the zwitterion of serine.
I1 mark]
roH
' . +©
-C—C— -
HC : ‘ * NG
b H-N~H
{
1
5 (b) (iii) Draw the structure of the ester formed by two molecules of serine.
[1 mark]
i H
1 ¢ Lz ¢ H P
cCm C— C— C . ¥ -~
H-0-C Gt -t
' e ¢y tOH
" ol n N4,
5 (b) {iv} Draw the structure of the species formed by glutamic acid at low pH.
V1 mark]
eV k
)‘\‘;\S \<l '\\ Gd‘t(‘
() H H H wh
NN ) : [ g0 A %l‘” r (ot
C-C—-¢c—¢c—C wh xurku
5 7/ I ‘ | NO-H L
" *
H I H-?;\?—H J(‘Q\'\")'
(E
|
Turn over p
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6 The initial rate of the reaction between gases D and E was measured in a series of
experiments at a constant temperature. The results are shown in Table 1.
Table 1
Expt | Initial [D] / mol dm™3 | Initial [E]/ mol dm™ | Initial rate / mol dm=3 s~'
1 25 x 1072 5.81x 107" 1.16 x 1072 ~
[N/
2 3 ( 1.88 x 10°2 i '5( 8.73x 107" - 3.92 x 1072 \
[ \\14
Vo \ J'\L Z*‘F
3 1.88 x 1072 \ 1.75 1.57 x 107" ,1,
6 (a) Deduce the order of reaction with respect to D and the order with respect to E.
[2 marks]
Order with respect to D ls* + or JQ(-
!
Order with respect to E Zn.tL orger ‘
N 2 . £ |
Space for working for (6) ¢ x5 3% 1-044x10
/a, LS P /1 Otteew” = 154
9 -IC'% v _;.;sw—
%’Adc %d » .i D : ‘I‘i- 2
r( ic,
7 4 "4
.r r/ ,{_ ‘(,
6 (b) Suggest why |n|t|al rates of reaction are used to determine these orders rather than
rates of reaction at other times during the experiments.
[1 mark]
A + c Aime of zero Loncestr Heny grc
lkkrnuwwn
| 6 (c) State how the initial rate is obtained from a graph of the concentration of the product
against time.
[2 marks]
Caliclek  the &,/c.o: et ofF ’ﬂr_ S'oﬂc when
‘{_’W/\e 2¢€r0 Jc chS
5
Turn over p
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7 The reaction between propanone and iodine in the presence of hydrochioric acid was
studied at a constant temperature.
CH3COCH; + I, —> CH3COCH,l + HI

The following rate equation was deduced.

rate = k [CH3COCH;3][H"]

7 (a) Suggest why the order with respect to iodine is zero. |

[1 mark]
AS 10()',“ S ned ]n\’O\VCCL N the cate l)ﬁ"'ﬁ/m}niﬂq‘
/

Step .

7 {b) In an experiment the initial concentrations of propanone, iodine and hydrochloric acid
were as shown in Table 2. The initial rate of reaction in this experiment was
8.64 x 107" mol dm3s™,

Table 2
| Initial concentration / mol dm™
'- CH3COCHj3 i 5.82 x 1072
Iy .f 1.78 x 1073
H* |‘ 476 x 107" |

Use the data in Table 2 and the rate equation to caiculate a value for the rate constant
at this temperature.
Give units with your answer.

[2 marks]
k= (ate e = B-€lwl0F
[(‘, H3CO(,H{}CH’1 CS‘ §2x1072 x & F6 10 ‘)

k=212 107> mol " dm3s™

L
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A series of experiments was carried out using concentrations of propanone |
approximately 100 times the concentrations of iodine and hydrochloric acid.
Suggest the rate equation under these conditions.
Explain your answer.
[2 marks]
s properore is 5o large it is effectiely
| | J v
Constink  Hrerefor
rate = l<Crel
5
Turn over for the next question
Turn over p
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Section B

Answer all questions in the spaces provided.

A four-step synthesis of compound T is shown.

O
V.
CHg—C7
\ tep 1
/CH-—CHgCHg,
i Step 2
CH3CHBI’CH20H3
NH,
| Step 3
CH.
| Step 4

CHz3—CH—CH,CH; <«——  Compound §

Compound T

Give the reagent and conditions for Step 1.

State how you could obtain a sample of the alcohol from the reaction mixture formed in

Step 1.

No.OH

CH3CH{OH)CH,CH; + CH3;COONa

N agueovs (onditions gad alche!

Do not write
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[3 marks]

bo be dishlled ofF.

Awis 1S Vet Mrc. f\\“’h“\
\ (s of CS‘W"rb lowe?
ey ot

P

o v-0
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8 (b) Draw the structure of compound S.
For each of Steps 3 and 4, give a reagent and one condition, other than heat.
C=n [5 marks]

CHz C—CcHyCHR
|

g

rt'o Lo on s From Yhe helocllcen e Ylen
o\(\é IKCN in ebharolic condihon S

4o C\qa\nﬁ{ nitnle irteo crine Fhen a(:u-
LiALY g in < bher

Turn over p
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9 Compound R contains 61.0% carbon and 11.9% hydrogen by mass. The remainder is

oxygen. ‘ :
The mass spectrum of R contains a molecular ion peak at mfz =118

9 (a) Use these data to show that the molecular formuia of R is CgH40;

o M O [3 marks]

6"0-; -9 - Z»q'l-‘-‘

e —
(Z

D083

I-694 [-6a4% {694

3 -2 1

CiHaO =59 %2 =118 " ((HuO2

9 {b) The infrared spectrum of R (CgH14052) is shown in Figure 1.

Figure 1

Transmittance

/% 50 5

0-

T I L T - i H T l H T T ' ] T 13 T T 1 i H
2000 1500 1000 500
Wavenumber/cm™!

T TR I
4000 3000

The proton n.m.r. spectrum of R contains five peaks. The chemical shift values,
integration ratios and splitting patterns of these peaks are given in Table 3.

Table 3
7 T i |l
| Chemical shiftppm | 38 | 32 34 | 14 4 11
| integration ratio | 2 ' 3 1 2 6 l
| |
| Splitting patterns } triplet singlet singlet ; triplet : singlet

L
i
2 2
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When R is warmed with acidified potassium dichromate(VI) a green solution is formed.

—

Use Table A and Table B on the data sheet and all of the data provided in the question
to deduce the structure of R.

In your answer, explain how you have used the data provided in the question.

[ etz | L€ Spec

R r O— H C(lCokalO 3400cm""
* No C =0 pesk at M50 cn"
* C~0O pecle at 1366can""
[

[9 marks]

(Z 'h)f/\f uc.d F,c(/l o,iCwahcl-c q/ee,f\ R RS 2;.
alwho) ‘

NM@" ,Pecsk.@j 5 1S ijfd' an(/{ /rfcq»cjﬁan
,y'é&kfp‘oﬁl- (CJ H\

%4
Py
.r><
r

> T Pealo (‘3 38 is triplet andsois 4
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