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SECTION A

Answer all 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 rate/moldm=s
of A/moldm™ of B/moldm™
1 0.12 0.15 0.32x107
2 0.36 0.15 2.88x 107
3 0.72 0.30 11.52x 107
(i) Deduce the order of reaction with respect to A.
(i) Deduce the order of reaction with respect to B.
(2 marks)
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Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-39
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
c—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550
O—H (acids) 2500-3000
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(b) The following data were obtained in a series of experiments on the rate of the reaction
between NO and O, at a constant temperature.

Experiment | Initial concentration Initial concentration | Initial rate/moldm™s!
of NO/moldm™ of O,/moldm™
4 5.0x 107 20x 1072 6.5x 107"
5 6.5x 107 3.4x107 To be calculated

The rate equation for this reaction is
rate = kINOJ*[O,]

(i) Use the data from experiment 4 to calculate a value for the rate constant, k, at this
temperature, and state its units.

Value of k

(4 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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2 At high temperatures, SO,Cl, dissociates according to the following equation.
SO,Cl(g) == SOi(g) + Cl(z) AH®=+93kJ mol

When 1.00 mol of SO,Cl, dissociates, the equilibrium mixture contains 0.75 mol of Cl, at
673K and a total pressure of 125kPa.

(a) Write an expression for the equilibrium constant, K, for this reaction.

(2 marks)

(c) (i) Write a general expression for the partial pressure of a gas in a mixture of gases in
terms of the total pressure.

(i) Calculate the partial pressure of SO,Cl, and the partial pressure of Cl, in the
equilibrium mixture.

Partial pressure Of SO2CL) ..ottt

(5 marks)

(d) Calculate a value for the equilibrium constant, K, for this reaction and give its units.

(3 marks)
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(e) State the effect, if any, of an increase in temperature on the value of K, for this reaction.
Explain your answer.

Effect on K,

Explanation

(2 marks)

(f) State the effect, if any, of an increase in the total pressure on the value of K, for this
reaction.

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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3 (a) The pH of a 0.120 mol dm™ solution of the weak monoprotic acid, HX, is 2.56 at 298 K.

(i) Write an expression for the term pH.

(i) Write an expression for the dissociation constant, K,, for the weak acid HX and

(b) @

(ii)

APW/0104/CHM4

calculate its value at 298 K.

EXPFESSION fOF Ky oottt sttt ettt st

(5 marks)

Write an expression for the ionic product of water, Ky, and give its value at 298 K.
EXPEESSION fOF Ky eoveneeniiiieiiniiieieieteieeetetet sttt sttt st

VIAIHE Of Ky oottt sttt ettt sttt bt

Hence, calculate the pH of a 0.0450 mol dm™ solution of sodium hydroxide at
298 K.

(4 marks)
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(c) A titration curve is plotted showing the change in pH as a 0.0450 moldm™ solution of
sodium hydroxide is added to 25.0 cm® of a solution of ethanedioic acid, H,C,04
The titration curve obtained has two equivalence points (end points).

(i) Write an equation for the reaction which is completed at the first equivalence
point.

(i) When the second equivalence point is reached, a total of 41.6cm? of
0.0450 mol dm™ sodium hydroxide has been added.
Calculate the concentration of the ethanedioic acid solution.

(4 marks)

(d) Draw the structure of the organic product formed in each case when, in the presence of
a small amount of concentrated sulphuric acid, ethanedioic acid reacts with

(1) an excess of methanol,

(i) an equimolar amount of ethane-1,2-diol.

(2 marks)
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4 (a) Consider the following amino acid.

i
HoN— (|J— COOH
CH(CH3;),

(i) Draw the structure of the amino acid species present in a solution at pH 12.

(ii) Draw the structure of the dipeptide formed from two molecules of this amino acid.

(iii) Protein chains are often arranged in the shape of a helix. Name the type of
interaction that is responsible for holding the protein chain in this shape.

(3 marks)
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(b) Consider the hydrocarbon G, (CH3),C=CHCH3;, which can be polymerised.

(i) Name the type of polymerisation involved and draw the repeating unit of the
polymer.

TYPe Of POLYMETISALION ...ttt ettt eeeas

Repeating unit

(ii) Draw the structure of an isomer of G which shows geometrical isomerism.

(iii) Draw the structure of an isomer of G which does not react with bromine water.

(4 marks)
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5 Compound Q has the molecular formula C4H;ClO and does not produce misty fumes when
added to water.

(a) The infra-red spectrum of Q contains a major absorption at 1724 em ™. Identify the bond
responsible for this absorption.

(b) The mass spectrum of Q contains two molecular ion peaks at m/z = 106 and m/z = 108.
It also has a major peak at m/z = 43.

(i) Suggest why there are two molecular ion peaks.

(i) A fragment ion produced from Q has m/z = 43 and contains atoms of three
different elements. Identify this fragment ion and write an equation showing its
formation from the molecular ion of Q.
FYAGIMEIE TOT ..ottt ettt b et ettt e be e bt e bt e sneebeen
EQUATION ..ottt sttt sttt et se et
(3 marks)
(c) The proton n.m.r. spectrum of Q was recorded.
(i) Suggest a suitable solvent for use in recording this spectrum of Q.

(i) Give the formula of the standard reference compound used in recording proton
n.m.r. spectra.

(2 marks)
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(d) The proton n.m.r. spectrum of Q shows three peaks. Complete the table below to show
the number of adjacent, non-equivalent protons responsible for the splitting pattern.

(e) Using the information in parts (a), (b) and (d), deduce the structure of compound Q.

(f) A structural isomer of Q reacts with cold water to produce misty fumes. Suggest a
structure for this isomer.

Peak 1 Peak 2 Peak 3
Integration value 3 3 1
Splitting pattern doublet singlet quartet
Number of adjacent, 1
non-equivalent protons
(I mark)

(I mark)

(I mark)

Turn over p>
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6 (a) Consider the following pair of isomers.

//O //O
H— C\ HO— C\
OCH,CH,CHj3; CH,CH,CHj;
C D

(i) Name compound C.

(i) Identify a reagent which could be used in a test-tube reaction to distinguish
between C and D. In each case, state what you would observe.

Reagent

ODSCIVALION WITH €' oo e e e e e et e e e e e e e e eteeeesesesrataeesseeessaaeeeeeanan

Observation with D

(4 marks)

(b) Consider the following pair of isomers.

Va //O
HyC—C_ H—C_
CH,CH,CH; CH,CH,CH,CHj
E F

(i) Name compound E.

(i) Identify a reagent which could be used in a test-tube reaction to distinguish
between E and F. In each case, state what you would observe.

Reagent

Observation with E

Observation with F

(4 marks)

(c) Draw the structure of the chain isomer of F which shows optical isomerism.

(I marks)
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SECTION B

Detach this perforated sheet.
Answer both questions in the space provided on pages 17 to 20 of this booklet.

7 (a) Use the following data to show the stability of benzene relative to the hypothetical
cyclohexa-1,3,5-triene.

Give a reason for this difference in stability.

+ H —FF— O AH® = -120kJ mol !
+ 3H, — O AH®=-208kJmol ™!

(b) Consider the following reaction sequence which starts from phenylamine.

(4 marks)

NHCOCHj3 NHCOCHj3
Step 1 Step 2 Step 3
CH3COC1

(i) State and explain the difference in base strength between phenylamine and
ammonia.

(ii) Name and outline a mechanism for the reaction in Step 1 and name the organic
product of Step 1.

(iii) The mechanism of Step 2 involves attack by an electrophile. Give the reagents
used in this step and write an equation showing the formation of the electrophile.
Outline a mechanism for the reaction of this electrophile with benzene.

(iv) Name the type of linkage which is broken in Step 3 and suggest a suitable reagent

for this reaction.
(17 marks)

Turn over p>
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8 Compound Z can be formed via compounds X and Y in the three step synthesis shown below.

H
Step 1 Step 2 Step 3 |
CH3B1‘ —— C2H3N - C2H71\I - CH3CH2 —N— CH3
Compound X Compound Y Compound Z

Identify compounds X and Y and give reagents and conditions for Steps 1 and 2.
State the type of compound of which Z is an example.
Compound Z reacts with a large excess of bromomethane to form a solid product. Draw the

structure of this product and name the type of mechanism for this reaction.
(9 marks)

END OF QUESTIONS
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