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Q1.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

A sample of a bromoalkane, RBr, containing a single optical isomer reacts with hydroxide ions in
an SN1 mechanism.

RBr + OH− → ROH + Br−

The alcohol formed is a racemic mixture.

From this information, it can be deduced that RBr is most likely to be

   A    primary only

   B    secondary only

   C    tertiary only

   D    primary, secondary or tertiary

 

(Total for question = 1 mark)

 

 

Q2.           

This question is about carbonyl compounds.

(a)  Three carbonyl compounds, A, B and C, are straight-chain structural isomers, with the
formula C5H10O.

Only isomer A reacts with Tollens' reagent to give a silver mirror.
Only isomer B reacts with iodine in the presence of alkali to produce pale yellow crystals.

Draw the displayed structures of these three isomers.

(3)
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(b)  Another carbonyl compound, propanal, reacts with HCN in the presence of KCN to form a
racemic mixture of two optical isomers of CH3CH2CH(OH)CN.

(i)  Give the IUPAC name for CH3CH2CH(OH)CN.

(1)

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

(ii)  Describe how you could distinguish between pure samples of the two optical isomers.

(1)

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

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

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

(iii)  Explain, with reference to the reaction mechanism, why this reaction produces a racemic
mixture.

(2)

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

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

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

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

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

(c)  (i)  Propanone, an isomer of propanal, also reacts with HCN in the presence of KCN.

Draw the skeletal formula of the product of this reaction.

(1)

(ii)  State why the product formed in (c)(i) does not show optical isomerism.

(1)

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

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

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

(d)  13C NMR spectroscopy provides information about the structures of propanal and propanone.

(i)  Identify the chemical shift range and carbon environment of one peak you would expect to
see in both spectra.

(1)

(ii)  State the number of peaks you would expect to see in each 13C NMR spectrum.

(1)

Propanal ..............................................................

Propanone ..............................................................

 

(Total for question = 11 marks)

 

 

Q3.           

* Compare and contrast the reactions of propanal and propanone with one oxidising agent, one
reducing agent and 2,4-dinitrophenylhydrazine.

In your answer include any relevant observations for the reactions you discuss and equations for
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any reactions classified as oxidation, using [O] for the oxygen from the oxidising agent.

 

(Total for question = 6 marks)

 

 

Q4.           

This question is about carboxylic acids and their derivatives.

(a)  Lactic acid, CH3CH(OH)COOH , is produced in muscles as a result of anaerobic respiration.

(i)  The structure of lactic acid is

Give a reason why lactic acid shows optical isomerism.

(1)

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

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

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

(ii)  A laboratory sample of lactic acid does not rotate the plane of plane-polarised
monochromatic light.

Give a reason for this observation.

(1)

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

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

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

(iii)  Give the structure of the organic product formed when lactic acid reacts with concentrated
phosphoric(V) acid, H3PO4 .

(1)

(b)  A reaction scheme involving butanoic acid is shown.
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Identify X, Y and Z by name or formula.

(3)

(c)  The repeat unit of a polyester is shown.

Give the structures of the two monomers that could form this polyester.

(2)
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(d)  An organic compound E contains carbon, hydrogen and oxygen only.

(i)  The accurate relative atomic masses, Ar , of the three elements in E are shown in the table.

E contains five carbon atoms and gives a molecular ion peak at m / z = 102.0678 in its mass
spectrum.

Deduce the molecular formula of E.

(1)

(ii)  Aqueous sodium hydrogencarbonate is added to a sample of E.
No effervescence occurs.

State what can be deduced by this observation.

(1)

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

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

(iii)  The infrared spectrum of E has an absorption in the range 1750 – 1735 cm−1.

Name the functional group in E.

(1)

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

(iv)  Data from the high resolution proton NMR spectrum of E is shown.
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Deduce the structure of E.
Justify your answer by labelling the protons responsible for each peak.

(3)

 

(Total for question = 14 marks)

 

 

Q5.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Menthol has a number of medicinal uses. It can be extracted from the peppermint plant.
The structure of menthol is

How many chiral centres are there in one molecule of menthol?

   A    1

   B    2

   C    3

   D    4

 

(Total for question = 1 mark)
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Q6.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

When a single enantiomer of 2-iodobutane reacts with sodium hydroxide, the product is a
mixture of enantiomers. This is because

   A    the reaction is a nucleophilic substitution

   B    the reaction proceeds via a negatively charged transition state

   C    the reaction proceeds via a carbocation intermediate

   D    the reaction rate depends on the concentration of 2-iodobutane

 

(Total for question = 1 mark)

 

 

Q7.           

This question is about compounds with the molecular formula C6H12O2.

(a)  Hexanoic acid, C5H11COOH, is a weak acid.

(i)  Write the equation for the acid dissociation constant, Ka, of hexanoic acid.

(1)

(ii)  Calculate the pH of a 0.100 mol dm–3 solution of hexanoic acid.

[pKa of hexanoic acid = 4.88]

(4)

(iii)  The solubility of hexanoic acid in water is 1.08 g per 100 g of water.

The isomer of hexanoic acid, butyl ethanoate, CH3CO2C4H9, has a solubility of 0.68 g per 100 g of
water.

Explain the differences in these data in terms of the hydrogen bonding between hexanoic acid
and water, and between butyl ethanoate and water.
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(3)

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

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

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

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

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

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

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

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

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

(b)(i)  Compound A is thought to be another isomer of hexanoic acid.

10 g of compound A is found to contain 6.21 g of carbon and 1.03 g of hydrogen, with the
remainder being oxygen.

Use the data to calculate the empirical formula of compound A.

You must show all your working.

(3)

(ii)  State how you might use your answer to (b)(i)  and a mass spectrum of compound A to
prove that compound A is an isomer of hexanoic acid.

(1)

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

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

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

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

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

*(iii)  A series of tests was performed on compound A.
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Deduce the structure for compound A.
Justify your answer by using all the test results.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(c)  Compound B, another isomer with the molecular formula C6H12O2, contains a ring of six
carbon atoms.

The carbon-13 NMR spectrum has only two peaks, one of which is at 69 ppm.

Draw the structure of compound B.

(2)

 

(Total for question = 20 marks)

 

 

Q8.           

Which of these molecules can rotate the plane of plane-polarised light?

   A    H2NCH2COOH

   B    HOCH2CH2COOH

   C    ClCH2C(CH3)(Cl)COOH

   D    H2NC(CH3)2COOH

 

(Total for question = 1 mark)

 

 

Q9.           

This question concerns six isomers each with the molecular formula C5H10O2.

(a)  Isomers A, B, C and D are structural isomers that all react with aqueous sodium carbonate
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to produce carbon dioxide.

Isomer A is a straight-chain compound.

Isomer B has only two peaks in its high resolution proton NMR spectrum, both of which are
singlets.

Isomer C contains a chiral centre but isomer D does not.

Give the structures of these four isomers.

(4)

(b)  (i)  Isomer E contains an ether functional group (R-O-R) and a ketone functional group. The 
low resolution proton NMR spectrum of isomer E has four peaks. The displayed formula of
isomer E is

The four hydrogen environments responsible for the four peaks are labelled. Complete the table
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of information regarding these peaks including the splitting pattern in the high resolution
spectrum.

(3)

(ii)  State the number of peaks in the carbon-13 (13C) NMR spectrum of E.

(1)

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

(c)  Isomer F is a neutral compound that smells of pears.

It can be formed by the reaction between compounds V and W in the presence of concentrated
sulfuric acid.

Compound V has an absorption in its infrared spectrum at 1720 cm−1 and a broad absorption
around 3050 cm−1.

Compound W can be formed directly from propanal.

(i)  Identify, by name or formula, compounds V, W and F.

Justify your answer by using all the available information.

(4)

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

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

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

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

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

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

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

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

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

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

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

(ii)  State the conditions required and the reagent needed to form compound W from propanal.

(1)

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

(iii)  State the role of sulfuric acid in the formation of F.

(1)

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

(d)  State which one of the isomers A, E and F has the highest boiling temperature.

Justify your answer.

(3)

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

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

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

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

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

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

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

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

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

 

(Total for question = 17 marks)

 

 

Q10.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

The compound menthol has the structure shown.
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Some of the carbon atoms are labelled P, Q, R and S.

(a)  What is the number of chiral centres in a molecule of menthol?

(1)

   A    1

   B    2

   C    3

   D    4

(b)  Which of the carbon atoms is responsible for a peak at 72 ppm in the 13C NMR spectrum of
menthol?

(1)

   A    P

   B    Q

   C    R

   D    S

(c)  Four groups of students warmed samples of menthol with sodium dichromate(VI) in acid.
They purified the reaction mixture and carried out a series of qualitative tests on the organic
product.

The findings of each group in the class are shown in the table.
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A tick  shows a positive result, a cross  shows a negative result.
Which group recorded the results you would expect?

(1)

   A    One

   B    Two

   C    Three

   D    Four

 

(Total for question = 3 marks)
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Q1.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

How many optical isomers does this molecule have?

   A    2

   B    3

   C    6

   D    8

 

(Total for question = 1 mark)

 

 

Q2.           

When mixed in equimolar quantities, which pair of molecules will not rotate the plane of
plane-polarised light?
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(Total for question = 1 mark)

 

 

Q3.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Which of these reactions does not result in the formation of a racemic mixture?

   A    but-2-ene with HCl

   B    but-1-ene with HCl

   C    propanal with HCN
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   D    propanone with HCN

 

(Total for question = 1 mark)

 

 

Q4.           

Propanal reacts very slowly with HCN at 298 K. To increase the rate of reaction potassium
cyanide, KCN, is added.

(a)(i)  Complete the mechanism for this reaction by adding curly arrows, and relevant lone pairs
and dipoles to Step 1 and Step 2.

(4)

(ii)  Explain why the reaction between propanal and HCN in the absence of KCN is very slow,
referring to the value of Ka. No calculation is required.

[For HCN, Ka = 4.9 × 10–10 mol dm–3]

(2)

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

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

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

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

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

(iii)  KCN is a homogeneous catalyst in this reaction.

Justify this description by referring to the mechanism.

(2)

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

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

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

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

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

(b)  The organic products of this reaction are enantiomers.

Draw the three-dimensional structures of these enantiomers.

(2)

 

(Total for question = 10 marks)

 

 

Q5.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Citronellol is found in rose and geranium oils.

The type(s) of stereoisomerism shown by citronellol is
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   A    optical and geometric isomerism

   B    optical isomerism only

   C    geometric isomerism only

   D    neither optical nor geometric isomerism

 

(Total for question = 1 mark)

 

 

Q6.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

Which of these structures is not identical to the others?

   A    Structure A

   B    Structure B

   C    Structure C

   D    Structure D

 

(Total for question = 1 mark)
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