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QUESTION 1










   (33 marks)
(a) A solution contains 5.255 g of pure ammonium iron (11) sulfate (molar mass = 392.13 g mol-1) 

in a total volume of 250.0 mL.

(1) 50.0 mL of this solution reacts with 26.80 mL of a solution of potassium permanganate. 

Given that the equation for the reaction is:

MnO4-    +    5Fe2+    +    8H+    (    Mn2+    +    5Fe3+    +    4H2O

(i) By the use of oxidation numbers show that the above chemical reaction involves reduction.















(3 marks)

(ii) Identify the reducing agent in the above chemical reaction.

____________________________________________________


       (1 mark)

(iii) Calculate the concentration of the potassium permanganate solution used.















(4 marks)

(b) 3.90 g of dry sodium carbonate, Na2CO3 was dissolved in a volumetric flask to make a total volume of 200.0 mL.

(i) Calculate the concentration of the sodium carbonate in:

(1) g L-1














(2 marks)

(2) ppb














       (1 mark)

(3) %w/v














       (1 mark)

(ii) Some solid sodium carbonate was used to neutralise 23.8 mL of a 0.147 mol L-1 dilute hydrochloric acid according to the following balanced chemical equation.

Na2CO3
+
2HCl

(
CO2

+
H2O

2NaCl

(1) Calculate the mass of sodium carbonate that was used.














       (4 marks)

(2) In another experiment a student had 100.0 mL of a 0.250 mol L-1 solution of hydrochloric acid. 

He needed to dilute all of this to 0.0500 mol L-1 for another experiment. 

(i) Calculate the new volume of hydrochloric acid solution prepared.















(2 marks)

(ii) Calculate the volume of distilled water that would have to be added to the original solution of hydrochloric acid to obtain the new concentration of 0.0500 mol L-1.

                                                                                                   (1 mark)




(c) An Atomic Absorption Spectrometer (AAS) was used to determine the amount of iron lost by peas in the cooking process. Using a suitable means of extraction, the iron was first extracted from a 5.13 g sample of uncooked peas to produce 100.0 mL of extract. The AAS was then calibrated and the results are shown below.

	Iron concentration (ppm)
	Absorption

	Solution 1                              1.0
	0.080

	Solution 2                                              2.5
	0.200

	Solution 3                                              3.5
	0.275

	Solution 4                                              5.0
	0.396

	Extract from uncooked peas            ?
	0.150


(i) Draw a labelled graph of the above results on the grid below.

                                                                                                   (6 marks)

(ii) Other metals apart from iron, such as manganese are also present, however, this does not affect the determination of iron levels. Explain. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

______________________________________________________________________
 (2 marks)

(iii) State the change that would have to be made to the spectrometer in order to measure the concentration of manganese in the peas.

___________________________________________________________________________

______________________________________________________________________
 (1 mark)

(iv) When tested in the instrument, the uncooked peas gave an absorbance reading of 0.150.

Use the graph to find the iron concentration in ppm in the diluted sample.

(1ppm = 1 mg L-1 or 1 (g mL-1 or 1 (g g-1)

_________________________________________                                          (1 mark)

(v) Determine the mass of iron, in mg, in the 100.0 mL of extract.

                                                                                                   (2 marks)

(vi) Calculate the concentration in ppm of iron in the original 5.13 g sample.


                                                                                          (2 marks)

QUESTION 2










  (28 marks)
(a) The reaction between nitric acid and ammonia forms the salt ammonium nitrate (NH4NO3), 

an active ingredient in nitrogen fertilizers.

The percentage purity of ammonium nitrate in a fertilizer can be determined by back titration.

In one experiment, the following steps were carried out:

Step 1: A 2.50 g sample of fertilizer was boiled with 20.0 mL of 1.25 M sodium hydroxide solution 

until no more ammonia was released.

NH4+(aq)
+
OH-(aq)
(
NH3(g)
+
H2O(l)
Step 2: The mixture was cooled and the remaining hydroxide ions were titrated with 0.150 M hydrochloric acid using bromocresol purple as an indicator. The titre value was 15.7 mL.

Nitric acid reacts with ammonia according to following balanced chemical equation:

HNO3(aq)

+
NH3(g)

(
NO3-(aq)

+
NH4+(aq)
(i) Bromocresol purple is purple in base, yellow in acid. State the colour change that would indicate 

the end point of the titration.

________________________________________________________             
(2 marks)

(ii) Calculate the number of moles of sodium hydroxide solution initially supplied.











         (2 marks)

(iii) Calculate the number of moles of hydrochloric acid solution delivered from the burette.











         (2 marks)

Hydrochloric acid reacts with sodium hydroxide according to following balanced chemical equation:

HCl(aq)     +     NaOH(aq      (     NaCl(aq     +     H2O(l)

(iv) Calculate the number of moles of sodium hydroxide in excess after the reaction with the fertilizer. This is the amount that reacted with the hydrochloric acid solution.

                                                                                                                                                            (2 marks)


(v) Calculate the number of moles of ammonium ions that reacted with the sodium hydroxide solution.

                                                                                                                                                                             (4 marks)

(vi) Calculate the number of moles of ammonium nitrate in the fertilizer.

                                                                                                                                                         (1 mark)

(vii) Calculate the mass of ammonium nitrate in the fertilizer.

                                                                                                                                                         (2 marks)

(viii) Calculate the percentage, by mass, of ammonium nitrate in the fertilizer

                                                                                                                                                         (2 marks)

(ix) If in Step 1, the mixture was not allowed to react completely, state and explain the effect this 

would have on the value obtained for the % purity.

Effect: ________________________________________________________________(1 mark)

Explanation: 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

_______________________________________________________________________________














       (3 marks)

(x) (1) Name the glassware used to deliver the hydrochloric acid into the sodium hydroxide.

__________________________________________________________
         (1 mark)

(2) State the solution used to rinse this piece of glassware above.

______________________________







       (1 mark)

(b) The amino acids present in a sample of fruit juice can be determined using thin layer chromatography. The chromatogram obtained using solvent Y is shown below:

Different compounds can be identified by calculating their Rf value and using a data book of Rf values in the solvent used (Y).


(i) Calculate the Rf value for compound C in the solvent Y given. Hence, identify C using the Rf values in the table below:

	Amino Acid
	Rf in the solvent Y

	Alanine
	0.24

	Glycine
	0.20

	Valine
	0.40


Rf = ______________                                                                          (1 mark)

Identity = _________________________                                                    (1 mark)

Note: Valine has the structure:         Alanine has the structure:         Glycine has the structure:

      CH3   H    O                           H    O                          H    O

      (     (    ((                          (    ((                         (    ((
H((C((C((C((OH          CH3((C((C((OH           H((C((C((OH

      (     (                                 (                                (
      CH3    NH2                              NH2                             NH2 

(ii) The structure of phenylalanine is shown 

opposite. If some phenylalanine was present, 

deduce whether its Rf value would be higher 

or lower than that of C, ifthe same solvent 

were used, and explain your answer.

Rf = ________________                                                                       (1 mark)

Explanation:______________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

______________________________________________________________________ (2 marks)

QUESTION 3








     (36 marks)
(a) Write systematic names for the following organic compounds:

(i)   
      H    H    H
      O



(ii)
       HO    H    CH3

      (    (     (
    //




                (    (    (

H ( C ( C ( C ( C




CH3( CH2 ( C ( C ( C ( H


      (    (     (
    \




      
         (    (    (

      H   H     H
      O ( CH2 ( CH3

                H   H    H


________________________________


         __________________________________














       (2 marks)

(b) Draw structural formulae for each of the following organic compounds:

(i) 3,3,4-trimethyloctane



(ii) 2,4-dibromopent-1-ene














       (2 marks)

(c) The sugar maltose, shown below, is a disaccharide found in germinating grain.

(i) Write the molecular formula for maltose. __________________                        (1 mark)

(ii) Show how this formula is consistent with the general formula for a carbohydrate.

________________________________________________________________________________

________________________________________________________________________________

_____________________________________________________________________
(2 marks)

(iii) Maltose can be hydrolysed to form glucose. Write the chemical equation for this reaction.

______________________________________________________________________
(2 marks)

(iv) Glucose is a monosaccharide with the following cyclic structure:

When glucose undergoes oxidation one of the products is glucuronic acid.

(1) Name the type of alcohol group that must be oxidised to form an acid.

_______________________







(1 mark)

(2) Circle an alcohol group of this type on the diagram of glucose above.                   (1 mark)

(v) Glucose also exists in a linear structure, which is shown below, that readily reacts with ammoniacal silver nitrate solution.

(1) Name the functional group present in this structure that is involved in this reaction.

_______________________






         (1 mark)

(2) State the observations you would make during this reaction.

________________________________________________________________________________

______________________________________________________________________
(1 mark)

(3) Draw the structural formula of the organic product formed when linear structure above reacts with the ammoniacal silver nitrate solution.

                                                                                                   (1 mark)

(vi) (1) What are three essential conditions required for the fermentation of glucose into ethanol to 

occur?

________________________________________________________________________________

________________________________________________________________________________

______________________________________________________________________ (3 marks)

                                                                                                                            (2) Write an equation for the fermentation of glucose, as describe above.

_____________________________________________________________________  (2 marks)

(vii) Wine is mostly water, in which a large number of substances are dissolved. The high water 

content allows the spoilage of wine to occur. If the wine is allowed to be in contact with the air an oxidation reaction occurs in which substances form that make of the taste of the wine sour.

(1) Draw and name the compound formed when spoilage of wine occurs.

Name: ______________________________                                    
             (2 marks)

(2) Concentration of the ethanol in wine to produce brandy allows the problems of spoilage of wine 

to be overcome. What name is given to the technique that allows the concentrating to occur?

_______________________________________________________________________(1 mark)

(viii) Tartaric acid, whose structural formula is shown below, is present in small quantities in red 

wine and contributes to the characteristic taste of wine.

HOOC ( CH ( CH ( COOH

           (      (
           OH    OH

Explain, by referring to its structural formula, why tartaric acid dissolves easily in water.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________    (3 marks)
(d) The three compounds whose formulae are shown below can be derived from oils extracted 

from the leaves of roses and geraniums. The compounds are used in perfumes because of their 

pleasant fragrances.

(i) (1) State the colour change that would be observed if some geranylacetone was shaken with a limited amount of bromine water.

________________________________________________________________________________

________________________________________________________________________________

                                                                                                                                            (2 marks)

(2) Calculate the number of moles of bromine water would react with one mole of geranylacetone.

_______________________________                                                        (1 mark)

(3) State the type of chemical reaction undergone by the geranylacetone.

_______________________________                     
                                   (1 mark)                                                                          

(ii) (1) State what would be observed if some geranylacetone was shaken and warmed with

acidified potassium dichromate solution.

______________________________________________________________________ (1 mark)
(2) Draw the structural formula of the organic compound which must be oxidised to produce geranylacetone.


                                                                                                                                             (1 mark)

(iii) (1) State the colour change that would be observed if some geraniol was shaken and warmed with excess acidified potassium dichromate solution.

______________________________________________________________________ (2 marks)

(2) Draw the structural formula of the organic product formed when some geraniol was shaken 

and warmed with excess acidified potassium dichromate solution.


                                                                                                                                               (1 mark)

(3) Draw the structural formula of the organic product formed when some geraniol was refluxed 

with ethanoic acid and a small amount of concentrated sulfuric acid.


                                                                                                                                               (1 mark)

(4) State the function of the concentrated sulfuric acid in the reaction above.

______________________________________________________________________
(1 mark)

QUESTION 4








      (33 marks)

(a) Oleic acid is an unsaturated carboxylic acid obtained from the hydrolysis of soya bean oil. The structure of oleic acid is shown below:

CH3(CH2)7CH = CH(CH2)7CO2H

(i) Write the structural formula of the triglyceride that would give oleic acid on hydrolysis. 

 

                                                                                     (2 marks)

 (ii) When heated, liquid oils may be converted into solid fats, as shown below:

                                                         B


                       OIL   +     A    (    FAT



                                           C

Identify the required reagent A, the substance B, and the condition C necessary for the conversion to occur.

Reagent A:__________________________________________________

Substance B:________________________________________________

Condition C:_________________________________________________                 (3 marks)
(b) Lactic acid, below, can be separated from a non-polar organic mixture by the use of an aqueous sodium carbonate solution.

       OH

       (
CH3(CH(COOH

(i) Name the apparatus you would use to carry out the separation.


_______________________________________________________                       (1 mark) 

(ii) Write the equation for the reaction between lactic acid and aqueous sodium carbonate solution. 

_____________________________________________________________              (2 marks)

(c) The drainage water from a mining site is found to contain sulfuric acid at a concentration of 0.005 mol L-1. Calculate its pH.




                                      (2 marks)

(d) Drawn below is the structure of Adrenalin. 

(i) Write an equation, using dilute hydrochloric acid, to show the formation of the protonated form of Adrenalin.

(ii) Explain why the protonated form of adrenalin is more soluble in water than adrenalin.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________














       (3 marks)

(e)

                                          CH3

                                       (
Consider the amino acid alanine: H2N-C-COOH





      (




      H

Draw the structure of the product formed when alanine self ionises.


                                                                                               (2 marks)
(f) (i) GABA, a muscle relaxant, is shown below.

                          O

                         ((
H2N(CH2(CH2(CH2(C(OH                      

(ii) Using three GABA molecules, draw part of a protein that could form.


                                                                                               (2 marks)
(iii) Circle the peptide group in the protein above.                                           (1 mark)

(iv) Place a bracket around the repeating unit in the protein above.                        (1 mark)
(g) Explain why the biological function of a protein is altered if it is subjected to changes in pH and temperature.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________












(2 marks)

(h) Consider the following amide:


                      O

                         ((
CH3(CH2(CH2(CH2(C(NH(CH2(CH3
(i) Draw the carboxylic acid and name the amine used to prepare it.

Carboxylic acid =





Name of amine = ________________  






(2 marks)

(ii) What is the name given to the chemical reaction used to prepare an amide from a carboxylic aci and the amine?

________________________________________________



(1 mark)

(iii) Name the other product formed from the above reaction. ______________

(1 mark)

(i) Circle the amino groups in the following structure.


                                                                                      (1 mark)

(j) Circle the amide groups in the following structure.

                                                                                         (1 mark)

(k) Nucleic acids/nucleotides occur in all living things. Three parts/structures are present in these nucleic acids/nucleotides. Identify the three parts/structures in the diagram below.

(i) Identify the phosphate part above by placing a square bracket aroun it.
(1 mark)

(ii) Draw the sugar unit used in the synthesis of this nucleic acid/nucleotide.


                                                                                    (2 marks)
(l) Complete the following diagram by drawing in two hydrogen bonds between the following two bases found in DNA.


                                                                                    (1 mark)

You may write on pages 21 and 22 if you need more space to finish your answers. Make sure to label each answer carefully (e.g. Q 5 (g) (iii) cont.)
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