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SECTION A

Answer all the questions in the spaces provided.

-1 (a) The following data were obtained in a series of experiments on the rate of the reaction

between compounds A and B at a constant temperature.

Experiment | Initial concentration | Initial concentration Initial
of A/mol dm™ of B/mol dm™ rate/mol dm=3 s
1 0.15 0.24 045 x 107
2 0.30 0.24 0.90 x 107°
3 0.60 0.48 7.20 x 107

-

(i) Show how the data in the table can be used to deduce that the reaction is
ol-showin nummmllg

first-order with respect to A.

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

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

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

ments | = 2

[A] dowhled

g -
........... Ll)

(2 marks)

(b) The following data were obtained in a second series of experiments on the rate of the

reaction between compounds C and D at a constant temperature.

Experiment | Initial concentration | Initial concentration Initial
of C/mol dm™3 of D/mol dm™ rate/mol dm™ s!
4 0.75 1.50 9.30 x 107
5 0.20 0.10 “To be calculated

The rate equation for this reaction is

APW/0102/CHM4

rate = k[C]*[D]
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(i) Use the data from Experiment 4 to calculate a value for the rate constant, k, at this
temperature. State the units of k. '

.
Value for k k = 93 7‘,0-5 = l‘*)) x J0

............ Y cssesecscssnevse essssessessesesssssateisensecerroncees

.................................... (0:75)" x(I-s0 (D

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

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

--------------

M (i) Calculate the value of the initial rate in Experiment 5.

on()  mip=(roxi0*) x (020 x(010) ...
= ek (moldm S )
............ (. 1gnore. wni
for the answer (4 marks)

Mpsidﬂ tlown prﬁon{o" L swres zero w (i) o 9073
wt rute = 9073 x(0°2)2x[o-l) = 36(3) '
| Conged, SIOMS M »n (@)

.

TURN OVER FOR THE NEXT QUESTION

Turn over p>

APW/0102/CHM4
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2 Hydrogen and carbon monoxide were mixed in a 2:1 mole ratio. The mixture was allowed to
reach equilibrium according to the following equation at a fixed temperature and a total
pressure of 1.75 x 10* kPa.
2H;(g) + CO(g) == CH30H(g)
(a) The equilibrium mixture contained 0.430 mol of carbon monoxide and 0.0850 mol of
methanol. '
| (i) Calculate the number of moles of hydrogen present in the equilibrium mixture.
0286 (1D
( 0 (i) Hence calculate the mole fraction of hydrogen in the equilibrium mixture.
ntf ) . Total moles = 0:86+ 043 * 0:085 = 1:375 (1
ook fockon = 086 . 0:625. (0
of Hz 375 (0-62—0-63
........................................ . A
(mﬂ% (iii) Calculate the partial pressure of hydrogen in the equilibrium mixture.
n
on @/ Pp.= mole fruet” < otwl P (D
TR
.......... =.0:625  x 119 xI0
.................. = 1009 =<10* [kPa) D o
' . 5 marks
or I+1 (0) 5:)0'!{ ( )
(b) In a different mixture of the three gases at equilibrium, the partial pressure of carbon
monoxide was 7550 kPa, the partial pressure of hydrogen was 12300 kPa and the partial
pressure of methanol was 2710 kPa. .
(i) Write an expression for the equilibrium constant, K, for this reaction.
. = _otoH penabize [ ]
f Z (1)
BE 2P
HZ ‘o _
(ii) Calculate the value “of the equilibrium constant, Ky, for the reaction under these
conditions and state its units. : 9 . or S
K, .z...2110 = 237 %107  (0]237x]0
"Ot S U % v z ....................................... (2 Ty
coneed, o | ..., 12300) " x (1550)........... 2 )
e aeresaensssasusasaensrnend e
-2 .
wreng _LP Units .vv K Pﬂ- ...................... ) .,P“
Mw&&lm (3 marks)

APW/0102/CHM4
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(c) Two isomeric esters E and F formed from methanol have the molecular formula

CsH120;

Isomer E has only 2 singlet peaks in its proton n.m.r. spectrum.

Isomer F is optically active.

Draw the structures of these two isomers.

I.s:omer E
CHa,
I P 0
W&"’ C— o\
| 0 U‘s
i CHS
Isomer F

CzHs ';' 40

oM, — &= o

oCH
CH 3

ADWINI Y ICTTAAA

allow
( " ((‘,Hs)sc LOOCH 3
oV

(e

(1

(2 marks)

Turn over p-
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3 The value of the acid d1ss001at10n constant, K,, for ethanoic acid is 1.74 x 10~ mol dm™ at
298 K.

Hs0!
@ O wi

(i) Write an expression for K, fof ethanoic acid.

K [Hﬂ [a{scooﬂ

o Ka = TR

-----------------------------

(ii) Calculate the pH at 298 K of a 0.220 mol dm™3 solution of ethanoic acid
... %

= U"’qz {\ l)
o M*r - [oHs.cooH ]

STy ©. .= [ xS X020 = g ()
Qe ® - . I -
Jot- @ PH = —Lﬁ [qu Q) [cmsaub lhdlﬂldm%]
PH=G 42 T -
@) 27 () |
| - py (5 marks)
2dp essential.

(b) A sample of the 0.220 mol dm™ solution of ethanoic acid was titrated against sodium
: hydroxide solution. :

(i) Calculate the volume of a 0.150 mol dm™ solution of sodium hydroxide required
to neutralise 25.0 cm® of the ethanoic acid solution.

_molsaud = B

wa 0:220 (')— <-50 xm-—.?
. = Z x 0
....... - ] - 5 0150

or  $-S0%i073 '« 1000
........... o ,‘59
357 c,ms (or 36‘6) (n)
o~ 3
( 7) NOT 30

o not 37-0)
(_(mits must ma,fdm> |

APW/0102/CHM4
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(i) From the list below, select the best indicator for this titration and explain your
choice.
Name of indicator pH range
bromophenol blue 3.0-46
methyl red : 42-63
bromothymol blue 6.0--7.6
thymol blue 8.0-9.6 ,
 Indicator .......... -thﬂMOL uML ......... (.') ............................................................
————— .
Explanation ..... NWWA—"W" ..... W (') ...............................
....................... eqpvalenct ok PH 2T (e
................ S ... . . W
(5 marks)
(c) A buffer solution is formed when 2.00 g of sodium hydroxide are added to 1.00 dm?3 of
a 0.220 mol dm solution of ethanoic acid. It Mr: (- lpe mdsDand @) then
Calculate the pH at 298 K of this buffer solution. m on consquentially —» mix 4 '

- (0)...mol._NaoH pdded. = 23¢= 0:050 () .

assaahosscrserncensreceerrsacniosveioadeseiossrsrasevenccdrisshiassarsnaTcosuNInTae

~

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

sssssessscsassrssssnsaccesa¥ocnnscrcssscccsfucsacnnscsscacanncnensonvnovicrnircsinalionsesae R essesvsesnisssncarasceesrecessnssacesorseventoie

....................................... SR
NSSion
g @[] = 2205 =(010) . pH = T + log205)
b, S T S

7t ong o) PH oonseq

o hoﬁkwvr;%,no Jurthot marks .
e i tondidate forgeln suktrachen in (2) -

o loes (D and () bt an o OOEE = H for =4

—

# [Eg;_%l wpode dwn 5 nwek 5+29 sons 3 for OOF) Turn over B>

APW/0102/CHM4
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4 Spectral data for use in this question are printed on the reverse of the Periodic Table provided.
Compound Q has the molecular formula C4HgO,

(a) The infra-red spectrum of Q is shown below.

100
°\° - ﬁ
g 4
g 50
£ _
& |
E -
1 R S
0 IllI|I|II]T.FII|lllI|IIIl]lllllll‘ll]
4000 3000 2000 1500 1000 500

Wavenumber/cm1

Identify the type of bond causing the absorption labelled R and that causing the
absorption labelled S.

R 0-H Mcohols> (l)

S . C= O ol curbmg

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

(b) Q does not react with Tollens’ reagent or Fehling’s solution. Identify a functional group
which would react with these reagents and therefore cannot be present in Q.

oiddy ............... D —CHQ..o-. RO

(c) Proton n.m.r. spectra are recorded using a solution of a substance to which

tetramethylsilane (TMS) has been added.
ethylsllane (TMS) (not solwent, not cheaP)
(i) Give two reasons why TMS is a suitable standard.

Reason 1 TMSm\erf_d"l\OVl‘tOXfGD"'Tomlb/ ........ & ..............
1 ﬂ(l){ ReasonZ lb(mm) W i 0"' P%ﬁ@a

peak of 12 protons nghly Shielded
has 12 W‘va(wk protons more Shitdded

Ton 3 plak—uw Yiom, others
L(-lILM $in Same envirvnat RS Oorlow

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

APW/0102/CHM4
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)

(e) Using your answers to parts (a), (b) and (d), deduce the structure of compound Q.

(i) Give an example of a solvent which is suitable for use in recording an n.m.r.
spectrum. Give a reason for your choice.

Solvent

Reason ’
ollow
The proton n.m.r. spectrum of Q shows 4 peaks.

The .table below gives & values for each of these peaks together with their splitting
patterns and integration values.

d/ppm 220 2.69 340 3.84
Splitting pattern singlet triplet singlet triplet
Integration value -3 2 1 2

What can be deduced about the structure of Q from the presence of the following in its
n.m.r. spectrum?

(i) The singlet peak at & = 2.20

e

0

------------

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

—c—U-U,—0H (1)

0)

(1 mark)

Turn over }

APW/0102/CHM4
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5 (a) Synthetic polyamides are produced by the reaction of dicarboxylic acids with

compounds such as H,N(CH;)sNH, ( ” |
(i) Name the compound H,N(CH,)sNH, ammihe

hexang = \o-oliamine. o 1, b= ok aminohiang: (1)....
o 1o &)cliamine.

(ii) G1ve the repeating unit in the polyamide nylon 6,6.

(—)O{Wﬁr - N'éwz);”@‘) 0

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

(b) Synthetic polyamides have structures similar to those found in proteins.
(i) Draw the structure of 2-aminopropanoic acid.
C‘Jls
[
H

(i) Draw the organic product formed by the condensation of _two molecules of
2-aminopropanoic acid. == .

U3 C'H3
HN ¢ —cooH (O
u H
(2 marks)
Lidg lnfe el - bhe rett s consequontiall on (i)
( CONH )

olow anhyride U~ —C—0—C —CH —Chg
i
M, 0 o My

APW/0102/CHM4
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() Compounds like H,N(CH,)¢NH, are also used to make ionic compounds such as X,
shown below.

w
H3C—ITI+-—(CH2)6—ITI+—CH3 2Br.
CH, CH,

Compound X

Qol Chot. jon

(i) X belongs to the same type of compound as (CH3)4N

- auo N ) Name this type of compound. dLBr(K Znol: COM?O(U]H

State a reagent which could produce X from H,N(CH,)¢NH; and give a necessary
condition to ensure that X is the major product.

(B oF Sromomethane (1) [Pwd’aze CH

Reagent ....
Condition .. m { wSB‘“ ) ( ') .........
Mj m
(iii) Name the mechanism involved in this reactlon to form X.
~—~
nuacieopudie” Substitulion (1)
(4 marks)
Turn over p-

APW/D102/CHM4



51

6 (a) (i) Write an equation for the reduction of pentan-2-one by aqueous NaBH, to form
pentan-2-ol.
Use [H] to represent the reductant.

Mechanism '>
ST H
(Mla,)\c - N%
’ g — / N\ -' ut

PSS

oh C3H7 )
=0 dme loes omak | i chughue shown in (7)

(iii) State r&vhz the pentan-2-ol produced in this reaction is not optically active.

M. mxiwe formed (0

or 9lained 0q....denantiomers in oquall amouwnts

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

-

(b) Predict the m/z values of the two most abundant fragments in the mass spectrum of
pentan-2-one.

Fragment]} ................. l+3 ..... -) 43 ? % mo X(‘l)

Fragment 2

APW/0102/CHM4
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SECTION B

Answer the question below in the space provided on pages 13 to 16 of this booklet.

7 (a) The term acylation can be applied to the reaction of ethanoyl chloride with ethylamine
and also to the reaction of ethanoyl chloride with benzene in the presence of a catalyst.

"For each of these reactions, write an equation for the overall reaction and name the
organic product. 'Name and outline a mechanism for each reaction and identify a
suitable catalyst for the reaction with benzene. (15 marks)

(b) In the industrial manufacture of aspirin, ethanoic anhydride is used as an acylating agent
rather than ethanoyl chloride. Give two reasons why ethanoic anhydride is preferred.
Describe a simple test to distinguish between a sample of ethanoic anhydride and one of
ethanoyl chloride. Write equations for any reactions occurring. - (7 marks)

(c) Ethylamine can be prepared in a two-step synthesis from bromomethane or in a
one-step synthesis from bromoethane. '
Give the reagents and conditions for all the reaction steps involved in these syntheses.
State one possible disadvantage for each of these two synthetic routes. (8 marks)

END OF QUESTIONS

-----------------------

...........

---------------------

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

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

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

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

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

--------------------------------------------------------

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

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

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

............................................................................................................................................................................
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’ L S e
(. ..... g ....................................... (* e ;.‘7.7 e eeevearenrenrenns
(% SRR 710 W A . ot s S
.................. w“"ngum o.M shughiet ()
........................... e o 3s (O [ex ]

"N ToteS it iarE gained and SGUERHE

..................................... Mas(.') - H :

a0 + (D] —> s ¢ H "
......... @..= ""”"'(.) Q.5
...................... Phc’gl‘wum”e Q) . . veseene

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

oralcohol | “ |

o-anmnic 2. 24 (g 008 AgNos ) [
NC-HW + MNoz —» Al + HNO3 (0 7
Tl TN s Oiacon, + HCE ()
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--------------

--------------

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

G S hame  vo matts out of 2

---------------------------------------------------------------------------------------

mnl  MLhgmen. nudwrp' ¢ oubsbihon - (1)

A s NS
....... o=l > thel—NE
et LA (). Gz ..o
CHECHNH -' ST [4]
thoone (ie  olkylaion. rothet than exsrcltel acylalion)
e st a80..... Al A3
RN Gy
e DAY hEN2RNE %
| ()
M@W Subchiylion (0 |
a0, ®), (o plechophiale )
2502 u+ , (?\ o .
,/O:)/‘f Vly |ﬁﬁw}(ﬂ3 }'W?]
=0 ~ 0
18). B chionoyl chlasidefurthar witon, a2 OHech (0
..... ollow st marks o ot decrphon.

* APW/0102/CHM4
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---------------------------------------

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

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

-------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

wxc | <Mep slowﬂ'\g:al% ........ )

not cast [ time

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

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

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

------------------------------------------------------------------------------------------------------------------------------------------------------

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

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

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

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

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

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