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SECTION A
Answer all questions in the spaces provided.
1 (a) The initial rate of the reaction between substances P and {} was measured in a series of
experiments and the following rate equation was deducec.
rate = k[P1[Q)
(i) Complete the table of data below for the reaction between F and Q.
Experiment | Initial [P}/moldm™ | Initial [§}/moldm™ | Initial rate/moldm™s™
i 0.20 0.30 4.8x 107
| -3
2 8.10 0.10 o- o)< i ()
3 0.40 0185 (1) 9.6x 107
4 0-2% (o) 0.60 192 x 1072
(ii) Using the data from experiment 1, calculate a value for the rate constant, &, and
deduce its umnits.
5( B g g
KUE O = O HO) mol odm S
v fo20yx[030) . U
........................ {J‘)
{6 marks)
(b} What change in the reaction conditions would cause the value of the rate constant to
/
7
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2 Nitrogen dioxide dissociates according to the following equation.
ZNOy(g) == 2NO(g) + Oufg)

When 21.3g of nitrogen dioxide were heated to a constant temperature, 7, in a flask of
volume 11.5 dm?, an equilibrium mixture was formed which contained 7.04 g of oxygen.

(a) (i) Caiculate the number of moles of oxygen present in this equilibrium mixture and
deduce the number of moles of nitrogen monoxide also present in this equilibrium

mixture.

Number of moles of O, at equilibrium M:& ....... 022’ ...... (i) .........
32

Number of moles of NO at equilibriym ....... Q QLE' ...... (' e) .........................................

(or 2x mol of oxugen)
(ii) Calculate the number of moles in the original 21.3 g of nitrogen dioxide and hence
calculate the number of moles of nitrogen dioxide present in this equilibrium

mixture.

23 _ pyef )
Original number of moles of NO; ....... @-b“ ...... 04@3 .............. (Gj .....
Number of moles of NO» Gt eQUILIDFIUITL .......ccoveeovevevieonceniicnescenieeiseeeeeveses e

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

(4 marks)

(0% wnse%umé'mi on mol NO above)

(b) Write an expression for the equilibrium constant, K, for this reaction. Calculate the
value of this constant at temperature 7 and give its units.

2
Expression for K. ....5s c,=£MOJ ...... EO?J ........ ( L
Y L. % S
Calculati a-’;éo ‘WTL X {\Q-—-—-»'u>
alculation .. 502,705 “g ................. §§'"§ .........................................................................

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

[ omolNO,= 9oz o K= 9:26 (9:3) ]

OO R F SOUPRURR I TTTVTTRORRAY. (TSI PR RTNTS W ST . ST S

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

If vol missed | store only K, ond units (# marks)
I Ko wrong - max 2 for comest use of vol and coneq, unics.
L} Ko wong and no vol : max | for  conseg units
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(c) The total number of moles of gas in the flask is 0.683. Use the ideal gas equatmn to
determine the temperature 7 at whlch the total pressure in the flask is 3.30 x 10° Pa.
(The gas constant R=8.31] K mol™)

(3 marks)

({ d) State the effect on the equilibrium vield of oxygen and on the value of K. when the same
mass of nitrogen dioxide is heated to the same temperature 7, but in a different flask of
greater volume.

Yield of oxygen

Value of K¢ covvvvvninii X

{2 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over P
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3 The skeich below shows the change in pH when a 0.200 mol Cif" solution of sodium hydroxide
is added from a burette to 250 cm’ of 2 0.150 mol dm™ solution of the weak acid
HA at 25°C.

Volume of 0.200 moldm™3 NaOH/cm?

{a} The volume of sodium hydroxide solution added at the equivalence point is x cm’.
Calculate the value of x.

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

-
moles HA = % % Wg@ = 375 XD (ﬁ) ..................................... |

................................................................... .g)
020 o I8 ,e?g 4 {

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

(2 marks)
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...........................................................................................................................................

(it} Identify 2 suitable indicator for detecting the eguivalence *:%mm of the tit atia;
{181 y g g

shendad /. maa,ém/mwmz% /%mg phtha

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

[fﬁ« wa@iﬁm}}@;» Wé‘é%z “‘? Z P (3”3@’3‘5}
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{(c) The value of K, for the weak acid HA at 25°C is 2.75 x 107 mol dm™.
(i} Explain the term weak as applied to the acid HA.
only. slghthy dissociated/ (1) ... NOT ek f

(iiy Write an expression for K, for the acid HA.

Koz LHILA ] (D Mot [H*]

orosoonoeconoconiasoncrsansgnas Posnolanessuens dosor Faou wwdsecororassacocanonens
o

RIS

(iii} Calculate the pH of the 0.150mol dm™ solution of acid HA before any sodium
hydroxide is added, i.e. the pH at point a.

(d) Calcuiate the pH of the solution formed when ¥/; cm® of the 0.200 moi dm™ solution of

sodium hydroxide are added to 25.0cm° of the 0.150moldm™ solution of HA, i.e. the pH
at point b.

moles O added = 187 X 1070 = molps & = molis HA Lk

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

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

R LR D R R D L L T T TR Py

awsaseoseswoncosfusrcrrstarsansroncutsacyrealaatasovanensarosarcncaoniasoncac

:f P;,g - %5% <g} {3 marks)

TURN OVER FOR THE NEXT QUESTION
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4 The structures of the amino acids alanine and glycine are shown below.

o ;i
HzN»(alw(?OOH HzN—-(}I-COOH
H H
alanine glycine

(a) Give the systematic name for alanine.

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

(b) Alanine exists as a pair of stereoisomers.

(i) Explain the meaning of the term sterecisomers.

atoms

...................... ﬁ WP&

(it) State how you could distinguish between the stereoisomers.

P ................................................................................................................................

..... rotultd.. [uelly ) . opposite dinebions (1)
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(d) When two amino acids react together, a dipeptide is formed. Give the structural
formulae of the twe dipeptides which are formed when alanine and glycine react

together.
ogethe M 0 él
Dipeptide 1 ~
. U (conH) o
—G——C~N—C—C,
IN= ¢ N 7% (D
H 6 H K
Dipeptide 2
H CHs
H,N é/ C—N ! =
— Y —Cc—C {
H O H

(2 marks)

(e) Give the structural formula of the organic compound formed when glycine reacts with
methanol in the presence of a small amount of concentrated sulphuric acid.

H 0
? 7z
HN—C—¢

(I mark)

Turn over B

43
APWIO103/CHM4

LEAVE
MARGIN
BLANK



&

LEAVE
MARGIN
BLANK

5 The proton n.mn.r. spectrum of compound X is shown below.

)
14 1’3 ' 12

20 1% 18 17 16 18

21

L

23 22

5 24

29 28 27 26
Chemical shift, 8/ppm

3.6

32 33

33

34

37 36 35

42 41 48 39 38

43

44

APWIGIO3/ICHMA



LEAVE
MARGIN
BLANK

Compound X, C;H 1,05, contains both a ketone and an ester functicnal group. The measured
integration trace for the peaks in the n.m.r. spectrum of X gives the ratio shown in the table

below.
Chemical shift, &/ppm 4.13 2.76 2.57 2.20 1.26
Integration ratio 0.8 0.8 0.8 1.2 1.2

Refer to the spectrum, the information given above and the data on the reverse of the Periodic
Table provided to answer the following questions.

(a) How many different types of proton are present in compound X7

o
<z
v

{c¢) Draw the part of the structure of X which can be deduced from the presence of the peak

T eeAR)

O {1 mark}

(d) The peaks at 64.13 and 61.26 arise from the presence of an alkyl group. Identify the
group and explain the splitting pattern.

Alkyl group

Explanation 5:" &% W$ nekt o 55{3 o
..................................... R (1)

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

(3 marks)

(e) Draw the part of the structure of X which can be deduced from the splitting of the peaks
at §2.76 and 62.57.

(fy Deduce the structure of compound X. ( st é@,« ﬁfg’ ng@ z >
ME”%” qu'gzw %““‘@ %@'{3 {2;} ou <g> \g@
0 o Chiz €0 Lil,Clz © COCH HR Yo\

1] g (2 marks) _—

Uiz Co0 U0, COU,Uis
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& {a) Methylamine is a weak Bronsted-Lowry base and can be used in agueous solution with
one other substance to prepare a basic buffer.

(i) Explain the term Brgnsied—Lowry base and write an equation for the reaction of
methylamine with water to produce an alkaline solution.

Eguation ...

(ii) Suggest a substance that could be added toc agueous methylamine to produce a

basic buffer.
of- i )
e o MeNLe o HGE ()
TR ok any awmmenium. Compound - or @y stiong aGd.
(iii) Explain howtihe buffer solution in part (a)(ii) is able toTesist a ¢Hfange in pH when

a small amount of sodium hydroxide is added,

P +
............... J.ON7 rdadts with WaNHs )

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

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

(5 marks)
(b) Explain why methylamine is a stronger base than ammonia.
......... (o N...oeetps K2 (D
oron, ddnsiy ... (on N)
n )
(2marks;

(¢} A cation is formed when methylamine reacts with a large excess of bromoethane. Name
the mechanism involved in the reaction and draw the structure of the cation formed.

Name of mechanism V4 ﬂ’éﬁ @hgiﬂ C,/\S@i?bgﬁz méi@% Q i }

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

Structure

%w@\si CHs (1)
T
CoHg

(2 marks)
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(uestion 8 part (a) for each section:

A totally wrong reagent scores zero
An incomplete reagent such as silver nitrate for Tollens, loses the reagent mark, but can get

both observation marks.
A wrong reagent such as {Ag(NH3)2}2+ or bromide water loses the reagent mark and the next
mark “gained”, i.e. can only score 1/3 if both observations correct.

If two tests given and results given correctly for both compounds in both tests then full marks
If one test on A and a different test on B with only these results given

s if both results cormrect then score 2/3

s if either result wrong then score 1/3

o if either test would not work as a distinction, then score 0/3

If the candidate says A = ketone (or C = benzene), lose this mark.

If the candidate omits the letters when referring to the pair of compounds,
e.g. says alkene decolourises/alkane no reaction penalise one mark only.

(a)(§) penalise observations which just say colour change occurs or only state starting colour

Tollens [1] | Fehlings/Benedicts | [1] | Brady'sor [1] | sodium 1}
‘ 2, 4-daph

No reaction A {11 | no reaction A [1] | no reaction A [1] | bubbles or f1}

hydrogen A

silver or mirror {1} | redorppt B [1] | (yellow/orange) {1} | noreaction B | [1]

orgrevorppt B xtals or ppt

(not silver not red solution not yeflow/crange

solution) solution

Carboxylic {11 | Schiff’s [1] | iodoform or [1] | PCls i1

acid/H,S0, L/NaCH

(sweet) smell A 1] | noreaction A 111 1 vellow (ppt) A {17 (misty) fumes A | [1]

no reaction B {11 | goes pink B f11 | no reaction B {11 | noreaction B 11

{(a)(iD

Bromine(water) {11 | KMnOyq {1} | KMnOy H,80, 1} 1}

no reaction C {11 | no reaction C [1] | no reaction C {1} 1]

decolourised D {1] | goes brown D [1] | goescolourless D | [1] i1]

not clear

not discolour(isjed

{(a)(##) not just smell for E

an identified [11 | correct metal {1} | Ul or stated {111 PCis {1}
- (hydrogenjcarbonate mdicator
no reaction E {11 | noreaction E i1} | nochange E [1] | (misty) fumes E | [1]
bubbles or CO, F [1]| bubblesorHy ¥ | [1] | red or correct {1} | noreaction F {1]
colour F
note MAX §
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CQuestion 8(h)
F has absorption at 2500 — 3000 em” (due to COOH) (1}

NB Qu asks “How fingerprinting is used” i.e. no marks for simply stating that the fingerprint
region is unique.
compare with (spectrum of) known compound or database |1}

{exact) match 1]
{3 marks]

Question 8{(¢c}
major peak  [CH;COI™ |1}
m/z 43 [1]
CH;COOCH;” ——s CHCO" + OCH;
[ 1 for molecular 1om} {1 for correct other fragment}
Alternative
major peak  [CHs]" [1
m/z 15 {1]
CH;COOCH;" s CHs® + CHsCOO or COOCHs or CoHsOy
or C3HsOy™  [1] [1 for radical]
If major peak wrong but possible e.g. CH;COO" m/z =59
no marks so far, but can score up to 2 for
CH;COOCH;" ——= CH;COO" or "COOCH; + CHj
{11 {1 for correct other fragment]

{4 maarks]

{[TOTAL 15 marks]
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