Conclusion and discussion

(1) Explain why the excess of aluminium foil was added.
   The aluminium foil was added in excess because it acts as a excess reagent, in this reaction, which is to ensure all potassium hydroxide presented in the solution to be reacted, becoming K[Al(OH)4]. i.e. 2Al(s) + 2KOH(aq) +6H2O(l) ( 2 K[Al(OH)4](aq) + 3H2(g).

   Besides, aluminium foil was chosen to be choose to be excess reagent because: 

(i) Aluminum is comparatively stable as its atom has 3 valence electrons.

(ii)Potassium hydroxide is very reactive and it may form some unwanted substances and impurities which are difficult to remove.

(2) Which reactant is limiting reagent?
   As potassium hydroxide pellets are measured in accurate mass and aluminium is used in excess, potassium hydroxide is limiting reagent.[I.e calculation in (3)]
(3) Calculate, based on the chemical equations, the theoretical mass of hydrated aluminium potassium sulphate(VI) formed.
   Mass of Al: 2g

   No.of mole of Al : 2/27.0 = 0.0741mole
   Mass of KOH = 3.02g

   No.of mole of KOH = 3.02/(39.0+16.0+1.0)
                    = 0.05393mole
   KOH is limiting reagent.

   K[Al(OH)4]. i.e. 2Al(s) + 2KOH(aq) +6H2O(l) ( 2 K[Al(OH)4](aq) + 3H2(g)

    No. of mole of K[Al(OH)4]= no of mole of KOH

                          = 0.05393mole

  2K[Al(OH)4](aq) +4H2SO4(aq) ( K2SO4(aq) + Al2(SO4)3(aq) + 8 H2O(l)

    No.of mole of K2SO4 and Al2(SO4)3 = 1/2 x no of mole of K[Al(OH)4]
                                 = 0.02696mole                                    
 K2SO4(aq) + Al2(SO4)3(aq) + 24H2O(l) ( 2KAl(SO4)2●12H2O(s)

     No. of mole of KAl(SO4)2 = 2 x no. of mole of K2SO4
                                        = 0.05393mole

    Theoretical mass = [(39+27) + 2 x (32.1 + 64)] x 0.05393

                  = (66 + 192.2 ) x 0.0539

                  = 258.2 x 0.05393

                  = 13.92g
 (4) Calculate the percentage yield of hydrated aluminium potassium sulphate(VI)?

    Percentage yield = Actual mass obtained/ Theoretical mass X 100%

    Percentage yield = 7.93/13.92

                  = 56.97% 
Relative atomic masses: H=1.0; O=16.0; Al=27.0; S=32.1; K=39.0 
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(5) Suggest why the percentage yield is not 100%?

   The percentage yield is 56.97%, not 100%, so it is said to be non-storiometric. The low yield may be caused by the impure reactants and the loss of products during purification:

   First, potassium hydroxide pellets are more or less reactive though in solid form. It may induce some impurities and lower the yield.

   Second, the duration of the whole preparation of salt is quite long, there may be some changes for the substances in the period.

   Third, there are losses of the reactants during boiling resulting the reactants may be evaporated.

   Forth, there are losses of the reactants in large amount during purification and:

   (i)During drying, large amount of supersaturated sulphate solution is poured away.  

(ii) Lots of crystal salts are still adhered on the walls of the beaker which is difficult to collect with using spatula. 

   (iii)Many of crystal salts are remained and “trapped” on the filter paper after collecting crystals                                                                              to the weighing bottle.

     These crystals due to the above factors are uncounted and in very large amount resulting in low yield. 

 (6)Would you expect the solid obtained in this experiment is pure hydrated aluminium potassium sulphate(VI)? Why?

     It is expected that the solid obtained is not pure. It can be taken account from the following ways:

     1. Potassium hydroxide pellets are more or less reactive though in solid form. It may induce some impurities.

     2. The duration of the whole preparation of salt is quite long, there may be some changes for the substances across the period.

     3. There are chances that impurities from the walls of bottle and/or on the filter paper will stick and attach to the crystals.
(7)In literature, hydrated aluminium potassium sulphate(VI) is described as transparent, octahedral crystals? Is your product give the same appearance? Explain any difference.

   For transparent, the product give similar results but with only limited transparency, now totally transparent. This may be caused by some impurities on the product;

   For octahedral shape, it seems to be difficult to determine the shape using human eyes and see if it is octahedral as the resulting crystals are too tiny. By using a microscope or do some additional procedures( to make a large crystal, the shape can be determined. 
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(8) How can you modify the procedures so that large and pure crystals of hydrated aluminium potassium sulphate(VI) can be obtained?
  To have large and pure crystal, the following procedure should be done:                  

1. Make a new saturated solution of aluminium potassium sulphate and allow it to cool down. 

2. Place the dish or beaker of new saturated solution in a place where the temperature will vary as little as possible. 

3. Using forceps to pick out the best the crystal from the evaporating basin. 

4. Drop this into the cold saturated solution and leave it for a few days. Using forceps, turn the crystal every day so that it can grow equally on all sides.
The secret is to keep the solution in a place which is no warmer by day than by night. 

5. An alternative method of growing your crystals is to tie a piece of thread around the starting crystal, then suspend it in the cold saturated solution. Leave in a constant temperature environment.
Use forceps or gloves to handle the crystals. 

6. You can grow crystals around a wire shape which can be suspended in the saturated solution. Crystals form best on rough surfaces, so use cotton-covered electrical wire or plain wire wrapped with thread or light string.
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