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(a) Describe what is meant by hydrogen bonding, using an example of your choice.

[3] QWC [1]
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(c) Glutamic acid ​(line 16) ​is amphoteric. Explain the meaning of the term ​amphoteric ​and why
glutamic acid exhibits amphoteric behaviour.

[2]
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(e) Calculate the minimum concentration of MSG, in mol dm-³, which if added to clear soup makes
its 'pleasantness score' rapidly fall ​(lines 20-21).

[2] 

. 

Minimum concentration = ​....................  ​mol dm-³ 

(f) Giving the reagent(s) and an observation, state a chemical test that gives a positive result with
both capsaicin and gingerol ​(lines 26-27).

[2] 

Reagent(s) 

Observation 

(g) Giving the reagent(s) and an observation, state a chemical test that gives a positive result with
gingerol but ​not ​with capsaicin.

2 

Reagent(s) 

Observation 

(Total 14) 
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2.​ (a) From the information given, draw the displayed formula of each compound.In parts (i)-(iii) the
compounds consist of molecules that have ​three ​carbon In part (iv) the compound has ​four ​carbon
atoms.

(i) A compound that is oxidised to a ketone

[1] 

(ii) A neutral sweet-smelling compound

[1] 

(iii) An α-amino acid

[1] 

(iv) A hydrocarbon that exhibits E​-​Z isomerism

[1]
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(c) (i) Arrange the following molecules in order of ​increasing ​acidity 

[1] 

ethanoic acid      ethanol      ethylamine      phenol 

 

least acidic ​.....................................................................................................................​most acidic  

(ii) Explain the difference in acid-base properties of ethylamine and phenol. 

[4] 

 

(Total 14) 
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3. 

(ii) Draw the ​two ​possible dipeptides that can form when one molecule of glycine combines with one
molecule of alanine.

[2]
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(iii) Circle the peptide linkage in ​one ​of your dipeptides

[1] 

(b) Give ​one ​use of proteins or polypeptides in biological systems

[1] 

(c) One laboratory synthesis of amino acids involves the reaction between an aldehyde and
hydrogen cyanide, HCN, as the first step before the amino group is introduced into the molecule.

For a general aldehyde, R-CHO, draw the mechanism of the reaction that occurs between this 
molecule and HCN. 

[3]
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(b) 1,6-diaminohexane is used to make Nylon-6,6, which is a polyamide.

(i) Draw the  ​skeletal  ​formula for the molecule that would be combined with 1,6-diaminohexane to
make Nylon-6,6

[1] 

(ii) Nylon is an example of a condensation polymer. Give ​two ​differences between condensation
polymerisation and addition polymerisation.

[2] 

(i) Alanine dissolves in strong acid. Draw the carbon-containing species that would be present in this
solution.

[1]
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(ii) When two molecules of alanine react together they make a dipeptide. Draw the structure of this
dipeptide, circling the peptide link.

[2] 

(iii) Alanine has a melting temperature of 258 °C. This is much higher than compounds with
molecules of a similar size such as butanoic acid, which has a melting temperature of −8 °C. Explain
why the melting temperatures of these two compounds are so different.

[2] 

(iv) Alanine can undergo decarboxylation. Give the reagent(s) required for this reaction and identify
the organic product formed.

[2]

(Total 20) 
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5. 

(i) State the name of reagent ​J.

[1]
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(ii) Give the displayed formula of reagent ​K ​that is used to produce compound ​L ​from
3-aminopropanenitrile.

[1] 

(iii) State the name of reagent ​M ​, which is used in aqueous solution.

[1] 

(iv) Although 3-aminopropanoic acid is not an α-amino acid, it exists as a zwitterion in a similar way
to an a-amino acid.

Give the displayed formula of the zwitterion form of 3-aminopropanoic acid. 

[1]
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(vi) State the formula of reagent ​N.

[1] 

(vii) State why amines such as 1,3-diaminopropane are able to act as bases.

[1] 

Answer the questions below, which lead you through the information to help you find the displayed 
formula for compound ​G ​. 

(i) Give the molecular formula for compound ​G ​.

[1]
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(ii) Since one of the carbon atoms present is not part of the ring structure, the number of carbon
atoms in the ring is...

[1] 

(iii) Compound ​G ​is an unsaturated compound and therefore the ring must contain the functional
group...

[1] 

(iv) The peak areas in the NMR spectrum are 1:1:2. The carboxylic acid group proton is responsible
for a peak area 1.

The remaining peak area ratio 1:2 suggests that… 

[1] 

(v) Use the information from parts (i) to (iv) to suggest the displayed formula for compound ​G ​.

[1] 

(Total 12) 
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6. 

(i) Write the structural formula of proline in its non-zwitterion form.

[1] 

(ii) Proline forms two different dipeptides when it reacts with aminoethanoic acid. Give the structural
formula of ​one ​of these dipeptides.

[1]
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The mechanism of this electrophilic substitution reaction is similar to the reaction of benzene with 
chlorine. Give the mechanism for the reaction to produce the 4-isomer. 

Your mechanism should show any necessary polarisation, curly arrows, the structure of the 
intermediate and how the catalyst is regenerated so that it can be used again. 

[4]
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He wrote an outline of his method as follows. 

● Place 0.1 mol of the chloro-compound in a flask and add some sodium hydroxide solution of
concentration 2 mol dm ​-³​.

● Reflux this mixture using an electrical heater.

Suggest ​two ​other details that you would need to know before you could test the reliability and 
validity of his method. 

[2]
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4.
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