unit 3 - RESEARCHING CHEMISTRY




1.	Brass is an alloy consisting mainly of copper and zinc.  To determine the percentage of copper in a sample of brass, 2.63 g of the brass was dissolved in concentrated nitric acid and the solution diluted to 250 cm3 in a standard flask.  Excess potassium iodide was added to 25.0 cm3 of this solution, iodine being produced according to the equation:
	 
2Cu2+(aq) + 4I–(aq)  2CuI(s) + I2(aq)
	
	The iodine formed was titrated with 0.10 mol l–1 sodium thiosulphate solution, Na2S2O3(aq), the volume required for complete reaction being 24.8 cm3.
	
I2(aq) + 2S2O32–(aq)  2I–(aq) + S4O62–(aq)
		colourless	colourless
	
(a)	Which species in the first equation is oxidised?	1
(b)	How could the end-point for the titration be made more obvious?	1
(c)	How many moles of sodium thiosulphate were required in the titration?	1
(d)	Calculate the percentage by mass of copper in the sample 
	of brass.	3
	
SY/94 
(6) 

2.	1.8 g of iron(II) ammonium sulphate, Fe(NH4)2(SO4)2.6H2O, was dissolved in 35 cm3 of distilled water.  The solution was then diluted to 50 cm3 using dilute sulphuric acid.  The final solution was titrated against potassium permanganate solution and 40 cm3 of the potassium permanganate solution was required to reach the end-point at which all the iron(II) had been converted to iron(III). Calculate the concentration of the potassium permanganate solution.	 
	SY/93 
(4) 

3. Before 1947, ‘silver’ coins were made from an alloy of silver, 
	copper and nickel.  To determine the metal composition, a coin weighing 10.00 g was dissolved in nitric acid and the resulting 
	solution diluted to 1000 cm3 in a standard flask.  A 100 cm3 portion 

was treated in the following way.  Hydrochloric acid (0.20 mol l–1) was added to this solution until precipitation of silver(I) chloride was complete.  The precipitate was recovered by filtration.  It was washed and dried and found to weigh 0.60 g.
	
(a)	(i)	Calculate the percentage by mass of silver in the coin.	3
	(ii)	How could you tell when precipitation was complete?	1
(b)	The filtrate was treated to reduce the copper(II) ions to copper(I) ions.  Ammonium thiocyanate solution was added to precipitate the copper as copper(I) thiocyanate:
	
Cu+(aq) + CNS–(aq)  CuCNS(s)
	
	After filtration, drying and weighing, the precipitate was found to weigh 0.31 g.	
	Calculate the percentage by mass of copper in the coin.	3
	
SY/92 
(7)
 
4.	An anhydrous salt is known to be a mixture of magnesium chloride and magnesium nitrate.  To determine the composition of the mixture, the following procedure was carried out.  4.50 g of the salt was dissolved in water and the solution made up to 500 cm3 in a standard flask.  A slight excess of silver(I) nitrate solution was then added to 100 cm3 of this solution and the resulting precipitate recovered by filtration.  The precipitate was washed, dried and its mass found to be 2.01 g.
	
(a)	How would you check that an excess of silver(I) nitrate had been added?	         1
(b)	Calculate the percentage by mass of magnesium chloride in the mixture.	         4
(c)	A variation of this method involved titrating the salt solution with standard silver(I) nitrate solution using a suitable indicator.   What volume of 0.10 mol l–1 silver(I) nitrate solution would be required to react completely with 25 cm3 of the salt solution?	2

	SY/95 
(7)

5.	Crystals of hydrated sodium carbonate left exposed to the atmosphere gradually lose some of their water of crystallisation.  The formula of the crystals may be given by Na2CO3.xH2O, where x has a numerical value between 0 and 10.	

	16.0 g of the crystals was dissolved in water and made up to 250 cm3 of solution in a standard flask.  To determine the value of x in the formula, 25 cm3 of the sodium carbonate solution was titrated with 1.0 mol l–1 hydrochloric acid.  15.0 cm3 of the acid was required for neutralisation. 
	
(a)	Calculate the mass of sodium carbonate (Na2CO3) in 16.0 g of the  crystals.	4
(b)	Find the value of x in the formula Na2CO3.xH2O.	2

	SY/91 
(6) 

6.	Anhydrous malonic acid has a relative formula mass of 104.  1.28 g of hydrated acid, CH2(COOH)2.nH2O, was dissolved in water and made up to 250 cm3 in a standard flask.  25.0 cm3 of this acid was titrated with 0.1 mol l–1 sodium hydroxide.  18.2 cm3 of the alkali was required for complete neutralisation of the acid.
	
(a)	Calculate the number of moles of acid that have been neutralised in the titration.	2
(b)	Calculate the mass of water in 1.28 g of the hydrated 
	sample.	2
(c)	Find the value for n in the formula CH2(COOH)2.nH2O.	2

	SY/96 
(6) 

7.	Sodium sulphite is a reducing agent that is oxidised to sodium sulphate by atmospheric oxygen.  In order to determine its purity, a sample of sodium sulphite was analysed as follows.
	
	5.02 g of the sample was dissolved in water and made up to 250 cm3 in a standard flask.  50 cm3 of the solution was pipetted into a beaker and treated with excess barium chloride solution to precipitate all the sulphite and sulphate ions as their barium salts, as shown in the equations below:
	
	Na2SO3(aq) + BaCl2(aq)  BaSO3(s) + 2NaCl(aq) 
	Na2SO4(aq) + BaCl2(aq)  BaSO4(s) + 2NaCl(aq)
	
	The mixed precipitate was then filtered off, washed with water and dried in an oven to constant mass. Excess dilute hydrochloric acid was added to the precipitate to dissolve the barium sulphite.  The untreated barium sulphate was then filtered off, washed with water and dried in an oven to constant mass:

mass of mixed precipitate =  1.69 g
mass of barium sulphate   =  0.60 g
	
(a)	Calculate the number of moles of barium sulphite in the mixed precipitate. 	         2
(b)	Calculate the percentage by mass of sodium sulphite in the sample.	3
(c)	Analysis of sodium sulphite may also be carried out by a volumetric technique using acidified potassium permanganate solution. Give two reasons why acidified potassium permanganate would be a suitable reagent for 
	this analysis.	           2

	SY/99 
(7) 



15.	Paper chromatography is a good method for separating and identifying amino acids.

[image: pg32]
[image: pg32a]

(a)	From the sketch identify:	
	(i)	the mobile phase	1
	(ii)	the stationary phase	1
	(iii)	the minimum number of components in sample B	1
	(iv)	one possible component of sample B (and explain 
		why it is not possible to know which one with 
		certainty)	         2
	(v)	the origin (or base line)	1
	(vi)	the solvent front.	1
[bookmark: _GoBack](b)	Explain:	
	(i)	the need for a lid	1
	(ii)	the use of Rf values	1
	(iii)	why a pencil is often a better choice than an ink pen 
		to draw the origin	         1
	(iv)	why one component of sample A has not left the 
		origin	1
	(v)	why the eluant is often a mixture of solvents and 
		not a single solvent	         1
	(vi)	whether more than one phase is involved in partition chromatography	         1
	(vii)	why a developing agent is required in the above experiment.	1

(14) 

16.	A substance X was known to be a mixture of alkanes.  To help identify the various alkanes in the mixture, gas chromatography was used.  The chromatogram for the mixture is shown below. 
	
[image: pg33]

	A sample, which was a mixture of known alkanes, was then run on the same machine.  The following table lists the retention times found for these alkanes.
	
	Alkane
	Retention time/min

	Ethane 
	4.1

	Propane 
	6.2

	2-Methylpropane 
	7.3

	Butane 
	8.1

	2-Methylbutane 
	9.3

	Pentane
	9.9




(a)	(i)	Name a suitable gas to use as the mobile phase (or carrier gas).	1
	(ii)	Explain your choice.	1
(b)	The retention time for ethane is 4.1 minutes.  What is meant by ‘the retention time’?	1
(c)	(i)	Suggest a name for alkanes A, E and F.	3
	(ii)	Explain your choice in each case.	3

(9) 





EXTRA QUESTIONS

16.	Excess iron(III) nitrate was added to 40.0 cm3 of 0.10 mol l–1 potassium iodide solution and the iodine formed was titrated with sodium thiosulphate solution.  The volume required for complete reaction was 15.0 cm3.  The reaction can be represented by the equation:  

	2S2O32–(aq) + I2(aq)  S4O62–(aq) + 2I–(aq)
	
(a)	Write the redox equation for the reaction between iron(III) ions and iodide ions.	         1
(b)	Calculate the number of moles of iodine produced from the potassium iodide.	         2
(c)	Calculate the concentration of the sodium thiosulphate solution.	2
(d)	State how you could detect the end-point of the titration.	1

	SY/97 
(6)
17.	In an experiment to find the percentage of iron ore, 2.650 g of ore was dissolved in hydrochloric acid.  A powerful oxidising agent was then added and the solution diluted to 250 cm3 in a standard flask.  25.0 cm3 of this solution was then transferred to a conical flask and when a few drops of ammonium thiocyanate solution were added, a red colour appeared.  The solution was titrated with 0.10 mol l–1 titanium(III) sulphate solution until the red colour just disappeared.  The titration results were as follows.	
	 
	
	Titre/cm3  

	1 
	24  

	2 
	22.65  

	3 
	22.60  

	4 
	22.65  



	Note:  titanium(III) is a powerful reducing agent, itself being oxidised to titanium(IV).
	
(a)	In what oxidation state is the iron when the thiocyanate complex is red?		1   
(b)	Write the ion–electron half-equations for the reactions that occur during the titration.	         2
(c)	(i)	What volume of titanium(III) sulphate solution should be used for any calculation?  Explain your answer.  	2
	(ii)	Calculate the percentage of iron in the ore.	       3

	SY/91 
(8)


21.	
[image: pg88]

	Two samples (duplicates) of the colouring from a soft drink were investigated using paper chromatography. The sketch shows the chromatogram produced. The colouring appears to be composed of two dyes.
	
(a)	Why is pencil, rather than pen, a good choice for drawing the base line?	 	1
(b)	Calculate the Rf value of both the coloured species.	1
(c)	State two changes the operator might apply, each of which might improve the separation of the component spots 
	while still using the same type of paper.	 2
(d)	Can you be certain that the original sample only contains 
	two dyes?  Explain your answer.	 1
(e)	Suggest a reason why the spots from sample 2 are fainter 
	than those from sample 1.	         1

(6)

image1.png
gy
paer et
o and ot
v eld s,
iy s show)

iae o, i
ol




image2.png
Ot
ekl
byl
sl





image3.png
[ R A B
Tine/min




image4.png
%





