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SECTION A

Answer all questions in the spaces provided.

1 The rate of the reaction between substance A and substance B was studied in a series of
experiments carried out at the same temperature. In each experiment the initial rate was
measured using different concentrations of A and B. These results were used to deduce the
order of reaction with respect to A and the order of reaction with respect to B. '

(a) What is meant by the term order of reaction with respect to A?

t tp o
 power_of conanbrabin fm. (in vtz 1) (1)
oM (ndex |

(b) When the concentrations of A and B were both doubled, the initial rate increased by a
factor of 4. Deduce the overall order of the reaction.

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

(¢) Inanother experiment,the concentration of A was increased by a factor of three and the

concentration of B was halved. This caused the initial rate to increase by a factor of nine..

(i) Deduce the order of reaction with respect to A and the order with respect to B.

Order with respéct ey, Z ........ Q_ ) ................................................................... '

Order with respectto B ................ O ........ ( ‘) ....... eeeeverresererserattatetesssetsnnannanreetaeaeasssrarares ‘

(i) Using your answers from part (c)(i), write a rate equation for the reaction and
suggest suitable units for the rate constant. '

olow  conseq,-
on_ e

(4 marks)
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2 When a mixture of 0.345mol of PCl; and 0.268mol of Cl, was heated in a vessel of fixed
volume to a constant temperature, the following reaction reached equilibrium.

PCly(g) + Ch(g) == PCls(g) AH®=-93kImol™? -

At ’equilibrium, 0.166mol of PCls had been formed and the total pressure was 225kPa.

(a) (@) Calcula'telthe number of mbles of P-C13’ and of Cl, in the equilibrium mixture.

( Moles of PClz 0345—0,66 ....... = 0 '79 .......... L')ZCZSHW)

‘MolesofClz 0-268 - 0:lbb = 0-102 (l) J

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

(i) Calculate the total number of moles of gas in the equilibrium mixture.

O-447 (1 Cq.dgw 2514 fi s)

aieseascsrectsestestsennestecacrassstunaseceatsrsnssrTecTEovarenraetnvesrancranaseussecetssrassintintduroncrasuanconnssennssconseTeless

Con% o (,l) | (3 marks)
- (b) Calculate the mole fraction and the partial pressure of PCl; in the equilibrium mixture.
O-17
Mole fraction of PCl3 —Ez(‘ .............. O H{OO .................................................
~ 0-ULT

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

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

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

(ii) The partial pressures of Cl, and PCls in the equilibn'urh mixture were 51.3kPa and ‘
I_{, X th [ ;) 83.6 kPa, respectively, and the total pressure remajned at 225kPa. Calculate the
value of K, at this temperature and state its units.z 3

_ ~Z -1
mﬁﬁl%{ﬁw KP=33¢= ............ { %)"’0 ................ kbl
Wi, (onse, whits o 20, xat =SSR (1 NS,

. . . _1 ek = ks) -
l\[« 830 and SI°3 wrog Wb‘ﬂi’Wﬂd., AE ‘, 6‘8l¥’0_3(4mar s)

(d) State the effect on the mole fraction of PCl; in the equilibrium mixture if

(i) the volume of the vessel were to be increased at a constant temperature,

(i) the temperature were to be increased at constant volume.

L2 S O

(2 marks)
Turn over p
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3 (a) At50°C, the ionic product of water, K, has the value 5.48 10 mol? dm™.

(-i) Define the term K, ‘ o in Wo s o~ Ld()w -
............. K. =.. [H+]):0H'J (1) unless conbadiochon

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

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

(iii) Calculate the pH of pure water at 50°C. Explain why pufe water at 50°C is still-
neutral even though its pH is not 7. '

Calculation .......! [ ”+] ..... =)/548KIO—W'(‘) ....... e

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

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

PR T D S e T R T T T N Y Y Y T T TP T PRy P e

_ (5 marks) '
(b) At25°C, K, has the value 1.00x 10" mol? dm. Calculate the pH at 25°C of

() a0.150moldm™ solution of sodium hydroxide,

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

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

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

o or i3l _
(ii) the solution formed when 35.0 cm® of this solution of sodium hydroxide is mixed
~ with 40.0 cm® of a 0.120mol dm™ solution of hydrochloric acid.

molos O~ =

.................................... - (3sx1073) x 0ug0 = §:28 %1073 (0F
molps HY = (#oxi®) X 0120 =

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

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

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

= X |
e LB e f:
[ B PH: ..... (110 = SN (15 SR
oryj - 77 , (8 marks)
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(¢) Ina0.150mol dm™ solution of a weak acid HX at 25°C, 1.80% of the acid molecules are
dissociated into ions.

(i) Write an expression for K, for the acid HX.

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

a for the acid HX at this temperature and state its units.

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

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

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

(5 marks)
Qu3 (@) | IfKy includes H,O allow 6.63 if seen otherwise no marks likely

(b)(i) | If no vol, max 4 fora, b, ¢, f answer = 10.65
If wrong volume, max 5 fora, b, c, e, f
If no subtraction max 3 fora, b, d.
If missing 1000 max 5 fora, b, ¢, d, f answer = 8,78
If uses excess as acid, max 4 fora, b, d, f, answer = 2.22
If uses excess as acid and no volume, max 2 for a,b, (answer = 3.35)

(¢) | Ifwrong K, in (i) max 2 in part (i) for [H'] (1) and conseq units (1)

_Lut- mark on ‘F“uﬁ \fmn minot  Grrors e n L J o charﬂls missing
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4 (a) Outline a mechanism for the reaction of CH3CH,CH,CHO with HCN and name the

product.
o owéw CaH
Mechanism 7
/\, showh ~ x H _
O elewhore (l>'- o ME | ?H

(Mo :e” Ly otk —> O —cH
A\ I 4 ‘CH ) < ‘ | o N
Na;-/u) » (') N | -

M - M3

p@ml&zc, HCN )

“Shlittin h '

SN \j rf m]:glme of product ...... QEM)S’W%E}"{:H[‘QLL)‘S ....... k )
| - ot '-(ﬂanobmlm\-—l-'o(.

(b) Outline a mechanism for the reaction of CH3OH with CH3CH,COCI and name the .
organic product. :

Mechanism

M2 ' - -
O, - 0=

a K | b '

( (‘/Hs(,HZ)VC~CQ — DHz,%-O"’CQ — Ws%'°

( oo.k‘.

+
( w;(o\,_( _)Ml | C “3/%/\ K xbucfw-%(«) m3

/v ) 3 oS (1D mi- |
(¢-

Name of organic product ......... "\ﬂ‘u\:j (/MPMDG&CO ................................... :

(5 marks) .
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(c) An equation for the formation of phenylethanone is shown below. In this reaction a
reactive intermediate is formed from ethanoyl chloride. This intermediate then reacts

with benzene.

(1)

 AIChL '
+ CH;COCl —— COCH; + HC

Give the foAmula of the reactlve intermediate.

............... YL R ————

Outline a mechanism for the reaction of this mtermedlate with benzene to form

(ii)
-phenylethanone.
~ (D m2
— @ COCH
(1) mi | Q
+. @)
(4 marks)
4 abc | extra curly arrows are penalised
I (@) | be lenient on position of negative sign on :CN" but arrow must come from Ip
8
| (@)/(b) | C==0 alone loses M2 but can score M1 for attack on C*, similarly C——Cl
(@) | allow 2-hydroxypentanonitrile or 2-hydroxypenta(ne)nitrile not ... pentylnitrile
| ®) | in M4, allow extra :CI" attack on H, showing loss of H'.
(©)@) | Allow formula in an “equation” (balanced or not),
be lenient on the position of the + on the formula
(c)(i) | for M1 the arrow must go to the C or the + on the C
don’t be too harsh about the horseshoe, but + must not be close to the saturated C
M3 must be final step not earlier; allow M3 even 1f structure (M2) is wrong

AP W/O203/CHM4
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| Ol CoHs )
5 (a) The hydrocarbon M has the structure shown below. K
| CH;CH, —~C=CH;
CHj;

(i) Name hydrocarbon M.

.....................................................................................................
Draswr tha +a atir wt nf tha ~alummar whinh ~Aae
CALLGYY LA .lvyvutll.ls Bnit-0i-uid l.lvx] mMer-waith-can

~ type of polymerisation occurring in this reaction. ‘
Repeating unit ' u{S (;M‘Z— | or 2 7(
) — -—) W
<@ 4 ,
SAY..V. N G N

Type of polymerlsanon ......................................

or radaual
(iii) The reaction between M and benzene in the presence of HCI and AICls is similar

to the reaction between ethene and benzene under the same conditions. Name the
type of mechanism involved and draw the structure of the major product formed

in the reaction between M and benzene.

i whstchquwn ().

s
N’

Name of mechanism ......... MM X L EEIMA Y VR WA L
. Maj duct :
a]er produc ‘! (;/“3
{O)y—c—uths O

(iv) Draw a structural isomer of M which shows geometrical isomerism.

MH=CHULH ()
(6 marks)

(b) Draw the repeating unit of the'polymer formed by the reaction between butanedioic
acid and hexane-1,6-diamine. State the type of polymerisation occurring in this reaction
and give a name for the linkage between the monomer units in this polymer.

Repeating unit 0 |
-t day i) ()

iy UNH

Type ofpolymerzsatzon .................. COHOLULW'\ ............ (‘ e eer s e asnreseseaanes

0@ r-(P "@}dee

Name of linkage| ... ALY MLV A S L L
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SECTION B

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

6 Use the data given on, the back of the Periodic Table on page 3 of thls booklet to help you

answer this question:
Compounds A to G are all isomers with the molecular formula C6H1202

(a) Isomer A, C¢Hy,0,, is a neutral compound and is formed by the reaction between

(b)

©

(d)

compounds X and Y in the presence of a small amount of concentrated sulphuric acid.
X and Y can both be formed from propanal by different redox reactions.

X has an absorption in its infra-red spectrum at 1750 cm™

Deduce the structural formulae of A, X and Y. Give sunable reagents in each case, for
the formation of X and Y from propanal and state the role of concentrated sulphuric
acid in the formation of A. (7 marks)

'Isomers B, C, D and E all react with aqueous sodium carbonate to produce carbon

dioxide.
Deduce the structural formulae of the three isomers that contain an asymmetrlc carbon

atom.
The fourth isomer has only three singlet peaks in its proton n.m.r. spectrum. Deduce the

structural formula of this isomer and label it E. . (4 marks)

-Isomer F, C6H1202, has the structural formula shown below, on which some of the

protons have been labelled.

a ] |
CH;—CH,—O—CH;—CH,—C—CHj

A protoﬁ n.m.r. spectrum is obtained for F. Using Table 1 on page 4 of this booklet,

predict a value of & for the protons labelled a and also for those labelled b. State and

account for the splitting patterns of the peaks assigned to the protons @ and b.
(6 marks)

Isomer G, CgH;,0,, contains sxx carbon atoms in a ring. It has an absorption in its
infra-red spectrum at 3270 cm™ ! and shows only three different proton environments in
its proton n.m.r. spectrum. Deduce a structural formula for G. (2 marks)

Mark Schome

S

(b) | allow outer horizontal bonds to be omitted
allow HO-[.............. J-H if[....] shows the repeating unit.; if brackets missing

in the dimer, penalise one.
penalise C;H, or C¢H,, first time only

allow CONH
allow polypeptide or polyamide; peptide or amide must be spelled correctly
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7 (a) Outline a mechanism for the formation of ethylamine from bromoethane. State why the
~ethylamine formed is contaminated with other amines. Suggest how the reaction
conditions could be modified to minimise this contamination. (6 marks)

~(b) Suggest one reason why phenylamine cannot be prepared from bromobenzene in a
similar way. Outline a synthesis of phenylamine from benzene. In your answer you
-should give reagents and conditions for each step, but equations and mechanisms are not
required. (5 marks)

END OF QUESTIONS

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

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

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

6 (a) | first mark for C=0 stated or shown in X ( {3 nond W r0l3 names)
Y CH;CH,CH,OH

allow C3Hy in A if Y correct. g vi(g y3a

Allow (1) for A if correct conseq to wrong X and Y

(a) | other oxidising agents: acidiﬁed/\KMnO‘;; Tollens; Fehlings

(a) | other reducing agents: LiAlH,; Na/ethanol ; Ni/H; ; Zn or Sn or Fe/HCI

(b) | give (1) for carboxylic acid stated or COOH shown in each suggestion

(1) for correct E

any 2 out of 3 for B, C or D.

allow C;Hj for either the B or D shown on the mark scheme
1.e. a correct structure labelled B, C or D°{vﬁl gain 2.

(c) | protons a — quartet must be correct to score 3 adjacent H mark. Same for b

(d) | allow (1) for any OH (alcohol) shown correctly in any structure — ignore extra
functional groups. Structure must be completely correct to gain second mark

P T T T T L L T T T P T T P T R T T T T T L T T T R YT PP P PP Y PR Y

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

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

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

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

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

............................................................................................................................................................................
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Quedon b (e ako page 12) |
........................................... b e W
Qe X..tonbins. k=0 (0 <] b alkow-rmainig - masc- G F

eesesasedsntosevesvarsrasvrssssossrusvevarans Vool B R T e T T T T T P L L T R P PPy T T P I

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

..................... A SRS TIPY. AN ) N
......................................................... o O s e
..... Pﬁxw’wﬂu‘}wdﬂkz&z&r(o
NG e
>N agnk: NpBHg (0
....... bone HoSO4. ... 28BMSE (1D o Lo TR
T e S S — ?{ vt
(b 2 OO (D Oy =Wy = G OHCOOH (1)
i | Cﬂg, ............... Z — .................. .Q'{s ................. Conn, |

Turn over p
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(a) | allow SN1
penalise :Br instead of NH; removing H' for M4
not contamination with other amines ( this is in the question), not diamines
(b) | allow because NH; is a nucleophile or benzene is (only) attacked by electrophiles
or C-Br bond (in bromobenzene) is stronger/less polar o~ By~ I,P delocali 24
(b) | HNOs/H,SO, without either conc scores (1) allow 20 —60° for (1) (any 2 ex 3)

allow name or structure of nitrobenzene

other reducing agents: Fe or Sn with HCI (conc or dil or neither)
not conc H,SO40r conc HNO;
allow Ni/H,
Not NaBH, or LiAlH,
ignore wrong descriptions for reduction step eg hydrolysis or hydration
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O furky_amrons  miast show  mowment of a paic of  elechons
i_e,.\ﬁym, hond to afim or \f'rom ,({P & aﬂ)m/&fnw e

W% RM
HaN+ s o Br 0k NV L 2
\a | \s
K | Y
@ Wruclurts
M«hze, shoks (i,e- -——c‘l; /) oncd Mr zbqlpeh.
Vo A |
Ho—c—K ¥ R—c —oH o -NH, v
H H
X H X H}N’ 4
OH— c-R o ;Qfél,’ Ho elc
L H
ptalize  0he U~ paper
o Mg — or —CHg o Mz o CH3
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