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SECTION A

Answer all the questions in the spaces provided.

1 Todine and propanone react in acid solution according to the equation
I, + CH;COCH; — CH3COCHI + HI
The rate equation for the reaction is found to be
| rate = k [CH;COCH;][H']
(a) Deduce the order of reactipn with respect to iodine and the overall order of reaction.
Order with respect to iodine ........... O (‘) ......................................................................
Z (1)

Overall Order v cciciisidensisinsioransersesd A TS SN S U P U P UU SOURU RO
' (2 marks)

(b) At the start of3 t}lle experiment, the rate of reaction was found to be
2.00 x 10 moldm™ s~ when the concentrations of the reactants were as shown below,

Reactant Concentration/mol dm™
CH;COCH;3 - 150
I, 2.00%x107
H 3.00 x 107

Use these data to calculate a value for the rate constant and deduce its units;

—S o

= Iy i X

L i x - g b
Rate CONSIANT cverens B T e e e T To T s sns s st sssn s eRgeen e forsansnscnsthnsnasnnsasen

e
[-5 x1Q /

........................................................................................................................ (
......................................................................................................................................................
URILS s icvereosassanes O ......... % “ .. . N, ( ) .............................................................................

(c) How can you tell that H" acts as a catalyst in this reaction? . -
- " or mplied, by mention of concentTanen
or. ,

apptass in fate e[t " TN 4 0
does nek._ appear.. wn (Whoichiometric/ owiall ). eapalion...(!)

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

.......................................................................................................................................................
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(d) Calculate the initial rate of reaction if the experiment were to be repeated at the same
temperature and with the same concentrations of jodine and propanone as in part (b)

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

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

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

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

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

TURN OVER FOR THE NEXT QUESTION
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2 Acid X reacts with methanol to form ester Y according to the following equation.

CH,COOH CH,COOCHj3 o )
| + 2CH;0H =— | + 2H,0 AH™ =-15kImol”
CH,COOH CH,COOCH;

acid X ester Y

A mixture of 0.25 mol of X and 0.34 mol of methanol was left to reach equilibrium in the
presence of a small amount of concentrated sulphuric acid. The equilibrium mixture thus
formed contained 0.13 mol of Y in a total volume of Vdm’.

NoT

.| olibulandic

04 =) bakaloe) diic a6l (1), | S oo

M{; - i -2 &dfjﬁmzw
wroy numbess

(b) Using X to represent the acid and Y to represent the ester, write an expression for the
equilibrium constant, K, for this reaction.

K, = [Y][H:01 it Ko opraccion wrong

[ x] [oHzoH] :
st be [ ] (l) (1 mark)

(c) Calculate the number of moles of X, the number of moles of methanol and the number
of moles of water in the equilibrium mixture.

(d) State why the volume V need not be known in calculating the value of X for the
reaction.

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

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

...........................
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(e) Calculate the value of K_for this reaction and deduce its units. fm sl all 3

Calculation .....! K Coeonr = LOV%)(O%‘;/)) ...................... ﬁowq,,oﬂ{@“ﬂd
@,

I i L v%//))ct% I ORI, SN I ..fd;y'“w\{mm

(f) State the effect, if any, of increasing the temperature on the value of K_

TURN OVER FOR THE NEXT QUESTION
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3 Ethylbenzene is made by the reaction shown below.

- CH,CH3
) - memon —

(a) Identify two other substances required as catalysts in this preparation.

HW ot A8 (9

Substance ) ERTUTTTTO Tt S AURUCTPU A PPIOPIPIPPISS  IEve SRS RCRISEI IS LALLM

Substance 2 Mu3/A18’3 léa&/%% ........ (I .................................

(b) Write an equation for the reaction of these two substances with ethene to form the
reactive intermediate involved in the formation of ethylbe

H}C?CHZ"PWJPA’(C@ ....... — %Wz"' ...... M U‘f(’)
(el 2 vqpatins)

() Name and outline a mechanism for the reaction between this reactive intermediate and
benzene.

Name of MeChANISM ..o 0T et e s

Mechanism + ( 1) H

(4 marks)

(d) Draw the structure of the product formed in a similar reaction between benzene and
cyclohexene.

o< v

(I mark)
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Fthylbenzene is used to make phenylethene which can be polymerised to form
poly(phenylethene). Name this type of polymerisation and draw the structure of the
repeating unit in the polymer.

Type of polymerisation Md/\&ﬂn (. !

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

Repeating unit ......vevevnsicsisinenees @ ................................................................................

(2 marks)

TURN OVER FOR THE NEXT QUESTION
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4 Three sections of the proton n.m.r. spectrum of CH3;CHCICOOH are shown below.

e | I | L

420 110 100 46 45 44 43 18 17 16
5 /ppm 3 /ppm 3 /ppm

(a) Name the compound CH;CHCICOOH
pondic apak (D .

(1 mark)
(b) Explain the splitting patterns in the peaks at § 1.72 and 8 4.44
.............................................................. o e
Cooad o U3 ()
(2 marks)

(c) Predict the splitting pattern that would be seen in the proton num.r. spectrum of the
isomeric compound CICH,CH,COOH

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

.......................................................................................................................................................
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(d) The amino acid alanine is formed by the reaction of CH;CHCICOOH with an excess of

ammonia. The mechanism is nucleophilic substitution. Outline this mechanism, showing
clearly the structure of alanine.

AR ‘ w3 /cH — CO0H w3 — CH—CpoH

(bl §1)

(5 marks)

(e) The amino acid lysine has the structure

i
HZN—-(CHz)r——(l?——-COOH
NH;

Draw structures to show the product formed in each case when lysine reacts with

(i) an excess of aqueous HC],

(\(/L) HsN—EW}-cw(,ooq ()
+NH3 (@)

(i) ~an excess of aqueous NaOH,

H .
H N%u{}e-——wo (Na*) &

NH, |

(ili) another molecule of lssine. H 0 3}( 5’{
6
"6 4 H or HZM{(HZ 4% N%%}J(-«woﬂ
l L
R — A
H,N — ¢ —C- -N ¢ CooH ) NH, 2

(""‘J Mﬂ

(3 marks)
I anhydiide

BLANK
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5 (a) P,Q and R have the molecular formula C¢Hj;
All three are branched-chain molecules and none is cyclic.
P can represent a pair of optical isomers.
Q can represent a pair of geometrical isomers.
R can represent another pair of geometrical isomers different from Q.

Draw one possible structure for one of the isomers of each of P, Q and R.

Structure of P WS \C /W;w?)

©
H é \W"‘Wz

Structure of O

H ,
, ws\(,-— (//C : and w3 \C, (//H
= S —_
Structure of R U / M}CHS H s N U“ (U“a

Q) () oy ol

(b) Butanone reacts with reagent 8 to form compound T which exists as a racemic mixture.
Dehydration of T forms U, CsH-N, which can represent a pair of geometrical isomers.

(i) State the meaning of the term racemic mixture and suggest why such a mixture is

formed in this reaction. 5 0 PHCQL TSomesS

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

: =0 i
Explanation..........J. W’)N’(\} ( ....................................................

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

(ii) Identify reagent S, and draw a structural formula for ¢ach of T and U.

eagen H/u\l o KI/M me” {
Reagent S ... LMD TN H)§04 ................... C)

Compound T H

Compound U

v

Sy,
o

)3

H \(N (6 marks)
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6 (a) Draw the structure of ethyl propanoate.

40 (avuow-wo -)
CHaCH,— O\Ow " QN
&

(1 mark)

(b) Name and outline a mechanism for the formation of ethyl propanoate from propanoyl
chloride and ethanol. :

Name of mechanism | W@O})slﬁC)U\dd/‘HOﬂ”w)nmﬂmn(’) ................

Mechanism 0
| :0
P G Aoﬂ sbucue

—> —C— : |

) o +0-H
( e " I~ 3 amws ()
CH3Hz CHg(Hy
(5 marks)

{c) The mass spectrum of ethyl propanoate contains a major peak at m/z = 57. Write an
equation showing the fragmentation of the molecular ion to form the species responsible
for the peak at m/z = 57. Show the structure of this species in your answer.

wngwo CH,CHg + stwzzr‘ Qv %C’Hzog

senssarPadovart e eissesssassagfprereprBersoscarancroncesrrscren T irecisnssasosasnanovorosssarnanars MR aesongfueoneecaen

(2 marks)
Q‘) ® ('g_)
(d) Draw the structure of another ester which is an isomer of ethyl propanoate #nd which
gives a major peak at m/z = 71 in its mass spectrum. '

Wgwlwz wooﬂg

T (o) ocoocky O
z (1 mark)

llew  CzHq COOCH3

Turn over B
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SECTION B

Answer both the questions below in the space provided on pages 12 to 16 of this booklet.

7 (a)

(b)

(©)

Compound C, HN(CH;)4;NHy, can be synthesised from ethene in three steps as shown

below. :
Step 1 Step 2 Step 3

Ethene —>  Compound ————3 Compound = Compound
addition A substitution B - C
reaction reaction C,H4N, H,N(CH,)sNH,

Name compound C and draw a structure for each of compounds A and B.
State the reagent(s) required for each step and name the type of reaction involved in the

conversion of B into C. (7 marks)

Draw the repeating unit of the polyamide formed when C reacts with hexanedioic acid.

Discuss the interactions between the chains of the polyamide.
(4 marks)

Explain why polyamides are degraded by sodium hydroxide whereas polymers such as
poly(ethene) are not. (3 marks)

8 A 0.210 mol dm™ solution of potassium hydroxide was added from a buretie to 25.0cm® of a
0.160 mol dm™> solution of ethanoic acid in a conical flask. .
Given that the value of the acid dissociation constant, K,, for ethanoic acid is
174 x 107 mol dm™, calculate the pH at 25°C of the solution in the conical flask at the

following three points:

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

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

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

before any potassium hydroxide had been added;

after 8.0 cm® of potassium hydroxide solution had been added;

after 40.0 cm’® of potassium hydroxide solution had been added. (16 marks)

END OF QUESTIONS

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

...........................................................................................................................................................
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(xmestion 8 Fonalize PH fo one dp FRST TIME onby
o). o oy KOH added =
............ Keo= Lo 28T o Do IoNseo0™] o
....................................... (HAT o [OMRCOOHT ]
e Ka= [ Hﬂ .................. R
............................................. L aCOOH | e,
o | W] o= JITuxig® x 0160 = 61Xl (1)
............. - LH’Q'78(2(4MB
O
.......... Vies KoH added =(8x10°) x0-20 = 168 xi0™3 (0
omdes CaCoo” formed = 6B xw0S (o
........ Original moles HsCOOH = (26 x152) x0:160 = 4-0X10°% (0
-..moles  (HsCOOH  (eft = 40%‘0’)“ .!..é?...’.‘..‘.@i’f.) .........................
= RO (L
..... [ H*]»-qu[WsCCOH] TS
................................................... 7 o D
e lTexns x| ?;.é?:..’;‘..’.!@féx); ........ o 2240 X 197 (0
i BB )
........................ Ho=ub2 @ o (T make)
.......... T Jortk..subbmohon : max B
e Kq,,wwuwnwbmmmtg ......................................................................
L TEmoss HgCOOH. . bemng byt Subtrachon ped  max 5
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........ AP 1 Y 72 XL B A
............................................ AL
BTG (O
.............................................. ooH= 12283 0 (bmak

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

.............................................................................................................................................................................
..........................................................................................................................................................................
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............................................................................................................................................................................
S LT T LR L L R R e e R L I AR S AR
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