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Question 1  (Alcohols and Carbonyl Compounds - 20 marks) 


 


(a) Why does hexan-2-one have a lower boiling point than hexan-2-ol?   


O OH


 
 


 


 


 


 


 


(2) 


 


 (b) Dehydration of the compound below in acid gives mainly one product.  Suggest, with a 


reason, what would be the major product. 


 


   


H
+


heatOH      . 


 


 


 


(1) 


 


(c) Esters are known for their very pleasant fragrances.  The aroma is dependent on the 


starting materials used to prepare the ester.  Give the original starting materials used to 


produce the ester below. 


 


O


O


 
 


 


 


 


 


 


            (2) 


 


 


(d) The substitution reaction between the alkyl halide below and water results in an alcohol.   
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(i) Show the full mechanism of the reaction as it occurs via an SN1 pathway.  Identify 


all the elements of the reaction.  


 


 


 


 


 


 


 


 


 


 


(5) 


(ii) Which factor can be investigated to determine if the reaction proceeds by a 


unimolecular or bimolecular mechanism, and how is it relevant in terms of the 


mechanism?  


 


 


 


 


(2) 


(iii) Explain briefly whether the chlorine analogue of the substrate would react faster 


or slower than the given compound above. 


 


 


 


(2) 


(iv)   Draw a fully labeled energy profile for this SN1 reaction. 


 


 


 


 


 


 


 


 


(4) 
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Question 2  (Saccharides - Total 14 marks) 


 


(a) Below is the Fischer projection of a sugar. 


 
CHO


HHO


OHH


OHH


HHO


CH2OH  
 


(i) Show a Haworth projection of the cyclic form of the sugar, identifying the 


anomeric centre as either  or . 


 


 


 


 


 


 


 


            (2) 


(ii) Fully classify the saccharide above in terms of its optical rotation, carbon skeleton 


and class. 


 


(2) 


(iii) When the compound is reduced with NaBH4, is the product optically active or 


not?  Explain your answer. 


 


 


 


 


 


(2) 


 


(b) What is the process called when the optical rotation of an aqueous solution of a pure 


anomer of glucose changes with time?  Use chemical structures to demonstrate what is 


happening. 


 


 


 


 


 


 


 


 


(3) 
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(c)  The following question relates to the structure below: 


 


A. B.


C.


O
HO


HO
OH


O


OH


O


HO
OH


O


HO
OH


O


O


HO2C


OH OH  
 


 


(i) Use arrows to identify the glycoside links between sugars a and b as well as b and 


c and name them appropriately.  


   


(3) 


 


 


(ii) Explain if this is a reducing sugar or not.   


 


 


 


(2) 
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Question 3  (Amines and Amides - Total 11 marks) 


 


(a) Briefly explain why amines have lower boiling points than amides of similar molecular 


weight. 


 


 


 


 


 


 


 


            (2) 


 


(b) (i) What is the name of the following amine? 


N


 
(1) 


 


 (ii) What is the structure of 2,2-dimethylpentanamine? 


 


 


(1) 


(c) Give the outcome of the reactions below. 


 


(i) Ph-NH2     +    CH3-CO2H 


                 (1) 


 


 (ii) 


H3O
+


N
H


O


 


(2) 


 


(d) The structure of N-methylpropanamide is given below. 


 
N
H


O


 
 


Predict the solubility of N-methylpropanamide by showing the full extent of H-


bonding between the compound and water. 


 


 


 


 


 


 


            (2) 
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(e) Explain with reference to intermolecular forces why primary and secondary amides have 


higher boiling points than tertiary amides of the same molecular weight. 


 


 


 


 


 


 


 


(2) 


 


 


Question 4 (Amino Acids, Proteins and DNA - total 24 marks) 


 


 


(a) Consider the structure of the peptide below.   


 


N
N


N
H


H
N


N


O


O


O


O


SH
SO


CH3


H3C


OH


O
-


O
-
O2C


 
 


 


  (i) How many amino acids are incorporated into the peptide? 


 


(1) 


 


(ii) Digestion of the peptide in acid results in full hydrolysis.  Explain how 


electrophoresis can be used to resolve (separate) the mixture and thus identify the 


constituents. 


 


 


 


 


 


 


 


 


 


 


 


 


 


(3) 
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(iii) One of the amino acids is identified as aspartic acid, below, with a pKa of 2.4.  


What is the structure of aspartic acid at the following pH values? 


 


       


 


 


H2N CH C


CH2


OH


O


C


OH


O


 


  pH=1   pH=2.4  pH=5 


 


 


 


 


 


 


            (3) 


 


(iv) Would this peptide be very soluble in water? Explain. 


 


 


 


 


 


    


            (2) 


 


(b) (i) Briefly describe the different types of intermolecular forces determining the  


3-dimensional shape of a protein. 


 


 


 


 


 


 


 


 


            (4) 


 


(ii) What does the term denaturation mean with reference to protein chemistry? 


 


 


 


 


 


 


 


 


 


(2) 
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(iii) What happens to the primary, secondary and tertiary structure of a protein when it 


denatures? 


 


 


 


 


 


            (2) 


 


(iv) What happens to the primary structure of a protein when it is hydrolysed? 


 


 


 


 


 


(1) 


(v) What are two causes of protein denaturation? 


 


 


 


 


(2) 


 


 


 


(2) 


 


(d) Nucleotides are the building blocks of genetic material.  What are the three components 


of a nucleotide? 


 


 


 


 


 


 


 


 


(2) 
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Question 5 (Buffers - Total 10 marks) 


 


(a) Oxalic acid (HO2CCO2H) is an example of a diprotic acid, with pKa1 = 2.4 and pKa2 = 


4.2.  Draw a ladder diagram showing the three protonation states of this acid, as well as 


the pH ranges at which each is dominant. 
 


 


 


 


 


 


 


 


 


 


 


 


 


(4) 


 


(b) Give the neutralisation reaction between the strong base NaOH and the  ethanoic acid/ 
 ethanoate buffer in water. 


 


 


 


 


 


 


(2) 


 


(c) (i) What is the pH of a buffer consisting of 25.00 mL of 0.1000 M acetic acid and 0.1250 g  


  of sodium acetate (CH3CO2Na)?  Ka acetic acid = 4.8x10
-5 


 


 


 


 


 


 


 


 


 


 


 


(3) 


  


(ii) At what pH would this buffer work most effectively? 


 


 


 


 


 


(1) 
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Question 6 (Gases - Total 9 marks) 


 


 


(a) A gas mixture consists of 2.00 mol nitrogen, 0.250 mol hydrogen and 0.125 mol oxygen.   


 


(i) What is the mole fraction of oxygen in the mixture? 


 


 


 


 


 


 


(1) 


 (ii) At standard temperature and pressure, what volume does it occupy?  


 


 


 


 


 


 


 


 


(2) 


  


(b) (i) A liquid propane gas cylinder left outside in the sun can undergo dramatic  


pressure changes.  Demonstrate this by calculating the pressure inside a 9.00 litre 


gas cylinder at 43 
o
C when it has a pressure of 150 atm at 25 


o
C.   


 


 


 


 


 


 


 


 


 


 


(2) 


 


 (ii) Why does pressure increase with rising temperature? 


 


 


 


 


 


 


 


(2) 
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(c) In a 50.00 mL reaction vessel kept at 1075.0 mmHg and 35.0 
o
C, how much ethane 


(weight) is produced if the reaction below goes to completion? 


 


 CH2=CH2(g) + H2(g) → CH3CH3(g) 


 


 


 


 


 


  
(2) 


 


 


 


 


 


END OF EXAM 
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Some useful relationships 


 


Henry's law:    C = kHP 


 


Dalton's law:  PT = P1 + P2 + P3 + ... 


 


Combined gas law: P1V1  =  P2V2 


       T1     T2 


 


Ideal gas law:  PV = nRT, where R = 0.0821 L.atm/mol.K 


 


1 atm = 760 mmHg = 14.7 psi = 760 Torr 


 


At STP, 1 mol of a gas occupies 22.4 dm
3
 


 


   pH = -log[H3O
+
] 


 


   pH + pOH = 14 


 


 
 


 


 


  


 


 


             


 


Avogadro’s number = 6.023 x 10
23


   Heat capacity of water = 4.184 J/g.
o
C 


 


1 Cal = 4.184 J    Heat of Fusion (H2O) = 334 J/g 


 


Specific heat = Energy/(mass x ΔT)  


 


Heat energy =  mass   x  Heat of Fusion 


 


0
o
C = 273 K     
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          Periodic Table of the Elements  
                  (excluding lanthanides and actinides) 
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