Calculation
(1) Calculate the enthalpies of solution for MgSO4(s) and MgSO4‧7H2O(s). Show your calculation steps clearly. (Assuming that the specific heat capacity and the density of the solutions are the same as water, and that the heat capacities of the container and the thermometer are zero.) 

   Heat = m x s x change in temperature. m = mass of water; s = specific heat capacity of water

   The heat evolved from MgSO4 = 50 x 4.18 x 10-3 x (28.0-18.5) (i.e. density of water = 1.0 g cm-3)
                            = 1.9855
                            =1.99 KJ

   No. of mole of MgSO4(s) = 3.01 / molar mass of MgSO4
                                   = 3.01 / (24.3 + 32.1 + 16.0 x 4)

                        = 0.025mole

   (Hsoln(MgSO4) = 1.99 / 0.025

                 = - 79.6KJ mole-1  
* Note that the negative sign means the reaction is exothermic reaction.   

The heat absorbed from MgSO4‧7H2O = 50 x 4.18 x10-3 x (18.5-16.5) (i.e. density of water = 1.0 g cm-3)
                                = 0.418
                                =0.418KJ

  No. of mole of MgSO4‧7H2O = 6.16 / molar mass of MgSO4
                           = 6.16 / [24.3 + 32.1 + 16.0 x 4 + 7 x (1.0x 2 + 16.0)

                           =6.16 / 246.4 
                           = 0.025 mole

 (Hsoln(MgSO4‧7H2O) = 0.418 / 0.025

                     = 16.72

                     = +16.7 KJ mole-1
* Note that the positive sign means the reaction is endothermic reaction.

(2) By Hess’s law, calculate the enthalpy of the reaction (i.e. enthalpy of dehydration):

   MgSO4‧7H2O(s) ( Mg SO4(s) + 7H2O(l)

   Show your calculation steps clearly.

MgSO4‧7H2O(s) ( Mg SO4(s) + 7H2O(l) (Hdehy(MgSO4‧7H2O)

+ excess water                  + excess water
            (Hsoln(MgSO4‧7H2O)                    (Hsoln(MgSO4)
MgSO4(aq)
By the Hess’s law, (Hdehy(MgSO4‧7H2O) = (Hsoln(MgSO4‧7H2O) - (Hsoln(MgSO4)
                                    = 16.7 + 79.6
                                    = 96.3
                                    = +96.3 KJ mole-1
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(3) Plot the results obtained in “(1)” and “(2)” on an enthalpy-level diagram (energy-level diagram). 
  The required diagram is:

___MgSO4(s)+7H2O(l)    

          (Hsoln(MgSO4)                      

         = - 79.6KJ mole-1           (Hdehy(MgSO4‧7H2O)

                                  = +96.3 KJ mole-1
_____MgSO4(aq)_____

(Hsoln(MgSO4‧7H2O)
= +16.7 KJ mole-1
__ ______ MgSO4‧7H2O(s)__ _________________
Given: 
Specific heat capacity of water = 4.18Jg-1K-1
Density of water = 1.0 g cm-3
Relative atomic masses H=1.0; O=16.0; Mg=24.3; S=32.1

Discussion 
(1) Show the calculation step for 3.15cm3 of water coming from 6.16 g of MgSO4‧7H2O(s).
   No. of mole of MgSO4‧7H2O = 6.16 / molar mass of MgSO4
                              = 6.16 / [24.3 + 32.1 + 16.0 x 4 + 7 x (1.0x 2 + 16.0)

                              =6.16 / 246.4 

                               = 0.025 mole

Since one mole of the hydrated salt contains 7 mole of H2O

         The mass of water involved in the salt = 7 x 0.025 x molar mass of H2O

                                        = 3.15g

As density of water = 1.0 g cm-3
The volume of water coming from 6.16 g of MgSO4‧7H2O(s) = The mass of water involved in the salt
                                                   = 3.15cm3     

      The proof has been completed.     
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(2) An accepted value for the enthalpy of the reaction:

   MgSO4‧7H2O(s) ( Mg SO4(s) + 7H2O(l) is +104 KJ mole-1 

 (a)Calculate the percentage error of your experimental result.

            Percentage error = (exp. value – ref. value)/ ref. value x 100%
                         = (96.3-104)/104 x 100% 

                         = -7.40 %

   *The negative sign means the experimental value is less than reference one by -7.40 %  
(b)Suggest all the possible sources of errors in this simple calorimetric experiment.
   As the experimental value is quite different from the accepted, it implies that there were experimental errors. The errors may come from the following ways:

  (i)There was heat loss to surroundings due to evaporation and convection.

  (ii)The heat capacity of the expanded polystyrene cup was neglected.

   (iii)The specific heat capacity of the product solution was only assumed to be the same as that of water.

(iv)The thermometer (mercury) was not precise enough.
(v) The salt may not be all soluble. 
To minimize the errors due to theses four factors, the following can be done:

(i)Use a vacuum flask to replace the expanded polystyrene cup.

(ii)Find the heat capacity of the vacuum flask or expanded polystyrene cup.

(iii)Find the heat capacity of the solution.

(iv) Replace the mercury thermometer with a more precise one which can read to 2 decimal places, e.g. Beckmann thermometer.
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