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1.	A chemical peel is a solution used to improve and smooth the texture of facial skin by removing its damaged outer layers. Jessener’s Peel contains compounds A, B and C, whose structures are shown below.
[image: ]
 
(a)	Give the systematic name of compound A.
.........................................................................................................................
[2]
 (b)	Compound A exists as two enantiomers.
(i)	Explain the term enantiomers.
................................................................................................................
................................................................................................................
................................................................................................................
[2]
(ii)	In the box below, draw 3-dimensional structures to represent these enantiomers of compound A.
[image: ]
[2]
[Total 6 marks]

 
2.	A chemical peel is a solution used to improve and smooth the texture of facial skin by removing its damaged outer layers. Jessener’s Peel contains compounds A, B and C, whose structures are shown below.
[image: ]

	Compound A can be synthesised from ethanal in a two-stage reaction.
		[image: ]
 
(i)	Identify, by underlining two words from the list below, the type of mechanism for the reaction in stage 1.
addition              condensation        electrophilic        elimination
	nucleophilic          radical          substitution
[2]
 (ii)	In the first step of stage 1 the cyanide ion attacks the ethanal.
	Draw the mechanism for this step using appropriate ‘curly arrows’ and bond  polarities.
	Draw the structure of the resultant ion.
		[image: ]
[4]


(iii)	The rate equation for the reaction of ethanal with cyanide ion and water is shown below.
		Rate = k [CH3CHO] [CN–]
	Explain how the rate equation supports a multi-step mechanism for the reaction in stage 1.
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
[3]
[Total 9 marks]

 
3.	Although natural silks from insects have been used for thousands of years it is only recently that the silk from spiders has been investigated. Chemists are always trying to develop materials that are stronger or lighter or tougher than materials currently in use.
	As part of this development we need to find out the structure of the actual protein in silk.
(a)	Silk, like all proteins, has three levels of structure: primary, secondary and tertiary.
	Describe briefly these three levels of structure.
primary ...........................................................................................................
........................................................................................................................
secondary ......................................................................................................
........................................................................................................................
tertiary ............................................................................................................
........................................................................................................................
[3]


(b)	The protein in silk can be broken down into its constituent amino acids.
(i)	Give the reagent and conditions for breaking down a protein into its constituent amino acids.
reagent .................................................................................................
conditions .............................................................................................
[2]
 
(ii)	What technique would you use in a laboratory to identify the amino acids present?
...............................................................................................................
[1]
[Total 6 marks]

 
4.	Britain has one of the largest DNA databases in the world. Genetic material is taken from all people arrested by the police.
(a)	DNA is a polymer formed from nucleotide monomers. A nucleotide consists of a phosphate unit covalently bonded to a deoxyribose molecule which is bonded to a base.
(i)	Use the information on the Data Sheet to draw a structure of the organic product formed when a phosphate unit combines with a molecule of deoxyribose.




[2]
 
(ii)	For the reaction in (i), identify the other product and give the name of the type of polymerisation reaction involved.
................................................................................................................
[1]


(iii)	Cytosine can be joined to deoxyribose.
	On the structure below, circle the atom to which deoxyribose is bonded in DNA.
		[image: ]
[1]
 (iv)	Cytosine can behave as a base. Explain this by considering its chemical structure.
................................................................................................................
................................................................................................................
................................................................................................................
[2]
(b)	A base on one strand of DNA, hydrogen bonds with a base on another strand of DNA.
	Complete the diagram below to show all the hydrogen bonds formed between thymine and adenine. For one of the hydrogen bonds, show all partial charges and the relevant lone pair.
[image: ]
[3]
 
(c)	In the early 1950s, X-ray crystallography helped scientists show that a strand of DNA has a helical form. Pauling proposed a model for DNA consisting of three intertwined helical strands with the phosphate groups on the inside of the coil and the bases on the outside. Shortly afterwards, Watson and Crick published their proposal, our present model for DNA.
	Describe how the model we use today is different from Pauling’s model.
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
[3]

(d)	Many members of the general public believe that the DNA ‘fingerprints’ of the innocent should be removed from the DNA database. Others disagree with this view.
	Suggest a reason for each of the two differing viewpoints.
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
[2]
[Total 14 marks]



5.	(a)	Potassium manganate(VII) reacts with acidified ethanedioate ions, C2O42–.
	A student determined the rate of this reaction using colorimetry. In the experiment, he used concentrations of ethanedioate and acid which were greatly in excess of the manganate(VII) concentration. He also added a small amount of Mn2+(aq) as a catalyst. He used his results to plot the graph below.
[image: ]
 
(i)	Explain why the student was able to assume that in his experiment only the concentration of the manganate(VII) effectively changed during the reaction.
................................................................................................................
................................................................................................................
................................................................................................................
[1]


(ii)	Use the graph to determine the order of the reaction with respect to the manganate(VII) concentration. Show your working and give your reasoning.
................................................................................................................
................................................................................................................
................................................................................................................
................................................................................................................
................................................................................................................
................................................................................................................
[3]
 
(iii)	By drawing arrows in the appropriate boxes complete the outer electron structure for Mn2+.
		[image: ]
[1]
 
(b)	Describe and explain another experimental method, other than colorimetry, which the student could use to follow the rate of the reaction of potassium manganate(VII) with acidified ethanedioate given below.
		5C2O42– + 2MnO4– + 16H+ → 2Mn2+ + 10CO2 + 8H2O
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
[2]
[Total 7 marks]



6.	A Japanese firm has marketed a range of clothes called ‘amino jeans’. The garments are impregnated with arginine. The arginine softens and moisturises the wearer’s legs. A simplified structure of arginine is shown below. R represents a carbon chain containing functional groups.
		[image: ]
 
(a)	What is the name for the group of compounds to which arginine belongs?
........................................................................................................................
[1]
 
(b)	Arginine is often used as a salt made by reacting arginine with hydrochloric acid.
	Complete the equation below to show the ions formed.
[image: ]
[3]
 
(c)	Arginine forms two enantiomers.
(i)	What structural feature causes arginine to have enantiomers?
................................................................................................................
[1]


(ii)	On the diagram below, draw the three dimensional structures of the two enantiomers to show how they are related.
[image: ]
[2]
 
(d)	Arginine is one of the monomers used to make proteins.
	Draw the full structural formula of the organic molecule formed when a molecule of arginine acts as a monomer and joins with a molecule of glycine, NH2CH2COOH, to make a dimer.
	


[2]
[Total 9 marks]



7.	Arginine is a muscle relaxant.
		[image: ]
	Enzymes in the body cause the breakdown of arginine to form NO, and it is the NO which affects the muscles.
	In the first step of this process, only one of the two enantiomers of arginine is affected by an enzyme. The optimum temperature of the enzyme reaction is body temperature.
 (i)	Describe how an enzyme can catalyse the breakdown of arginine. Using ideas of protein structure and reaction rates, explain why the enzyme has an optimum temperature for its activity and why the enzyme will only catalyse the breakdown of one of the two enantiomers.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
[5]
(ii)	When arginine is at a low concentration, the enzyme catalysed reaction is first-order with respect to arginine and first-order with respect to the enzyme.
	Write down the rate equation for this reaction and give the units of the rate constant.
	rate equation:



units of rate constant......................................................................................
[3]
 
(iii)	At high concentrations of arginine, the order of the reaction with respect to arginine becomes zero.
	Describe a mechanism for this enzyme catalysed reaction which explains why the order of reaction depends on the concentration of arginine.
[image: ]	In your answer you should make clear how the explanation matches the description.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
[4]
[Total 12 marks]
































1.	The polymers neoprene and nylon-6 are waterproof, elastic and highly resistant to abrasion. These properties make them suitable for the manufacture of outdoor garments.
(a)	Complete the table by drawing the structure of the monomer of neoprene and the repeating unit for nylon-6.

	polymer
	monomer
	repeating unit

	neoprene
	2-chloro-1,3-butadiene
	[image: ]

	nylon-6
	HOOC—(CH2)5—NH2
	


[2]
 
(b)	In the polymer chains of neoprene, 90% of the double bonds are in a trans arrangement.
(i)	Explain why neoprene can form cis and trans isomers.
................................................................................................................
................................................................................................................
................................................................................................................
................................................................................................................
[2]
(d)	Nylon-6 is hydrolysed by heating under reflux with aqueous sodium hydroxide.
	Draw the structural formula of the organic product of this reaction.


[2]


2.	Non-returnable drinks bottles are often made from PET. This produces a huge problem for waste disposal. However, this polymer cannot be used to make returnable bottles.
(a)	PET is a polyester. The repeating unit for PET is given below.
	[image: ]
	Draw a ring around the ester group in the repeating unit above.
[1]
 
(b)	Plastic waste is often buried for disposal.
	Give two other methods which are used to deal with plastic waste and explain a different advantage for each method.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
[4]

3.	Non-returnable drinks bottles are often made from PET. This produces a huge problem for waste disposal. However, this polymer cannot be used to make returnable bottles.
(a)	Chemists have developed a new polyester which can be used for producing returnable bottles. It can be made from ethane-1,2-diol, HOCH2CH2OH, and compound A. The structure of compound A is shown below. The polymer is known as PEN.
		[image: ]
 
(i)	Draw the skeletal formula of the repeating unit of PEN.



[2]


(ii)	PEN has a higher melting temperature than PET.
	Assume both polymers have similar average relative molecular masses.
	Suggest why PEN has a higher melting temperature than PET.
...............................................................................................................
...............................................................................................................
................................................................................................................
[2]
 
(iii)	Explain how the infrared spectra of compound A and PEN would differ in one significant respect. Use the Data Sheet to look up any relevant absorbances you need.
...............................................................................................................
...............................................................................................................
................................................................................................................
[2]
 
(b)	Industrially, PEN is made by reacting a diester of compound A with ethane-1,2-diol.
	The diester is made by reacting compound A with ethanol according to the equation below.
[image: ]
 
(i)	What other chemical is added to an acid and alcohol mixture and what conditions are used to make an ester in the laboratory?
...............................................................................................................
................................................................................................................
[2]
 
(ii)	Classify the reaction in which PEN is made by underlining one of the following reaction types.
addition	condensation	elimination	rearrangement
[1]
 
(iii)	Explain, using ideas of atom economy, why the polymerisation reactions in which PET and PEN are formed are less environmentally friendly than those in which poly(ethene) is made.
...............................................................................................................
...............................................................................................................
................................................................................................................
[3]
 
(iv)	Compound A and its diester can be distinguished by thin-layer chromatography.
	A spot of a mixture of the two is run on a TLC plate.
	Draw a diagram of the resulting TLC plate showing the located spots.
	Explain how you would measure the Rf values of the spots.






[2]
[Total 14 marks]







Q1.(a)     The structures and common names of two amino acids are shown.
[image: ]
(i)      Draw the structure of the zwitterion of proline.
 
 
 
 
 
(1)
(ii)     Draw the structure of the tripeptide formed when a proline molecule bonds to two alanine molecules, one on each side.
(2)



(b)     Sections of two polymers, L and M, are shown.
[image: ]
(i)      Give the IUPAC name of a monomer that forms polymer L.
...............................................................................................................
(1)



(ii)     Give the IUPAC name of the monomer that forms polymer M.
...............................................................................................................
(1)



(iii)    Draw the section of a polymer made from a dicarboxylic acid and a diamine that is isomeric with the section of polymer M shown.
(1)



(vi)    Explain why polymer L is non-biodegradable.
...............................................................................................................
...............................................................................................................
...............................................................................................................
(1)
(Total 7 marks)
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