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Determination of the enthalpy of formation of magnesium carbonate by indirect calorimetric method.

Aim

Obtain the maximum temperature of reaction from a temperature-time graph. Apply Hess’s law to find the enthalpy of formation of a substance. Learn to write a full report.

Introduction
The standard enthalpy of formation of a substance is the standard enthalpy change for the formation of 1 mole of that substance as stated in the state symbol) from its elements in their standard states under standard conditions ( 1 atm, 298K & 1M). There are two methods to determine the standard enthalpy: the enthalpy can be determined by direct combination of the constituent elements using calorimetric experiments. However, there are lots of compound whose standard enthalpies of formation cannot be determined simply by direct combination of their elements due to some reasons. For those compounds which cannot be made directly from their constituent elements, use has to be made of Hess’s Law to obtain their standard enthalpies of formation indirectly. 
In this experiment, the standard enthalpy of formation of magnesium carbonate is to be found indirectly whose equation is      (f
Mg(s) + C(s) + 3/2O2(g) ( MgCO3(s) 
As this enthalpy cannot be found directly, it can be calculated by measuring the enthalpy change of two reactions.
Mg(s) + 2H+(aq) ( Mg2+(aq) + H2(g) 

MgCO3(s) + 2H+(aq) ( Mg2+(aq) + H2O(l) +CO2(g) 
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Requirements
Pipette(25cm3).
Pipette filler.

Beaker (250cm3).
Expanded polystyrene cup with lid.

Thermometer (mercury).

Hydrochloric acid( about 2 M).

Magnesium ribbon. 

Magnesium carbonate powder.
Procedure
(1) Calorimeter was set up.

(2) A polystyrene cup were put into a beaker with a lid.
(3) About 2.0g of magnesium ribbon accurately was weighed with use of balance.

(4) A 25cm3 pipette was washed with tap water, deionized water and the acid used.

(5) 50.0 cm3 of 2M hydrochloric acid was transferred from the beaker to the polystyrene cup through using pipette two times. 

(6) The thermometer was put through the hole in the lid.

(7) The steady temperature of the acid was recorded

(8) The magnesium ribbons were added in to the acid.

(9) The temperature was recorded down every 30 seconds while the solution was stirred by the thermometer until 10 minutes after adding magnesium ribbons.

(10)Step (1) to step (9) was repeated but this time magnesium carbonate powder( around 3.0g) to instead.   
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Caution:
Spectacles were had to be worn during the experiment because hydrochloric acid in 2 M was corrosive, and the acid droplets may spill out of the container due to the violent evolving of gases in the reactions. 

Data recording 

	(1) Mass of solid used (using weighed-by-difference technique, taking two decimal places):
　
	Magnesium 
	Magnesium carbonate

	Mass of the bottle + solid (g)
	　6.23
	  9.04　

	Mass of weighing bottle(g)
	　6.04
	　6.04

	Mass of the solid 
	　0.19
	　3.00


Temperature at different time
	　
	                         Magnesium
	　
	Magnesium carbonate

	Time (minute)
	(0C)
	Time (minute)
	Temperature (0C)

	0.0
	22.5　
	0.0
	　22.0

	0.5
	　 22.5
	0.5
	22.0

	1.0
	　22.5
	1.0
	　22.0

	1.5
	　22.5
	1.5
	　22.0

	2.0
	22.5
	2.0
	　22.0

	2.5
	　41.0
	2.5
	　26.0

	3.0
	　41.0
	3.0
	　30.0

	3.5
	　40.5
	3.5
	　30.0

	4.0
	　40.5
	4.0
	　30.0

	4.5
	　40.0
	4.5
	　30.0

	5.0
	　40.0
	5.0
	　30.0

	5.5
	　40.0
	5.5
	　30.0

	6.0
	　39.5
	6.0
	　29.5

	6.5
	　39.5
	6.5
	　29.5

	7.0
	　39.0
	7.0
	　29.5

	7.5
	　39.0
	7.5
	　29.5

	8.0
	　39.0
	8.0
	　29.5

	8.5
	　38.5
	8.5
	　29.5

	9.0
	　38.5
	9.0
	　29.0

	9.5
	　38.0
	9.5
	　29.0

	10.0
	　38.0
	10.0
	　29.0

	10.5
	　38.0
	10.5
	　29.0

	11.0
	　38.0
	11.0
	　29.0

	11.5
	　37.5
	11.5
	　29.0

	12.0
	　37.5
	12.0
	　29.0
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Calculation 
Construct an energy cycle and determine the enthalpy of formation of magnesium carbonate. (Assuming that the specific heat capacity and the density of the solutions are the same as that for water, and that the heat capacities of the container and thermometer are zero.) 
Hint:

The energy cycle for thermochemical calculation should be built up in the stages:
(1) Write down balanced equation for the reaction involving the enthalpy change you are to calculate.

(2) Examine the reactants and products of the equation. Choose a reagent that will react with both reactants and products to give the same substances as far as possible.

(3)If this does not enable you to complete the cycle, examine these substances to see what other simple enthalpy changes are needed to complete the cycle.

The required cycle should be:
 (f
 Mg(s) + C(s) + 3/2O2(g            MgCO3(s)


+2H+(aq)                              +2H+(aq) (H1
(H3                          Mg2+(aq) + H2O(l) +CO2(g)


                                   (H2
Mg2+(aq) + H2(g) + 1/2 O2(g) + C (s) + O2(g) 

Given:

Information of water:

Specific heat capacity = 4.18 J g-1 K-1
Density of water = 1.0 g cm-3
Standard enthalpies of combustion:

(Hcomb(Mg(s)) = -602 KJ mole-1
(Hcomb(H2(s)) = -286 KJ mole-1
(Hcomb(graphite(s)) = -394 KJ mole-1
Relative atomic masses:

H = 1.0 ; C = 12.0 ; O = 16.0 ; Mg = 24.3 ; Cl =35.5

Page 6

From figure (1)reaction of Mg & HCl:

No. of mole of Mg = mass / molar mass 
               = 0.19 / 24.3

               = 7.82 x 10-3 mole

heat evolved = m x s x change in temperature

          = (50 + 0.19) x 4.18 x (41.3 – 22.5) / 1000

          = 3.94 KJ

(H3 = 3.94 / (7.82 x 10-3)
    = -504 KJ mole-1
From Figure (2)reaction of  MgCO3 & HCl:
No.of mole of MgCO3 = mass /formula mass

=3.00 / (24.3 + 12.0 + 3 x16.0)
=0.0356 mole

heat evolved = m x s x change in temperature  

          =(50 + 3.00) x 4.18 x (30.3 – 22.0) / 1000

          = 1.84 KJ

(H1 = 1.84 / 0.0356

    = -51.7 KJ mole-1
(H2 = (Hcomb(H2(s)) + (Hcomb(graphite(s))

    = (-286) + (-394)

    = -680 KJ mole-1  

(f =(H3 + (H2 - (H1
   = (-504) + ( -680) – (-51.7)

  = -1130 KJ mole-1
Discussion
(1) Suggest one experimental difficulty in the direct determination of enthalpy of formation of magnesium carbonate from its constituent elements.
It is difficult to use direct method as it cannot be quantitatively determined. The Mg, C, O2 may react to produce many products such as CO & CO2 other than MgCO3 or other side reactions can also occur. 
(2) The value of standard enthalpy of formation of magnesium carbonate found in literature is 

-1113 KJ mole-1.

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

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

      Percentage error = [(-1130) – (-1113)] /(-1113) x 100%

                   = + 1.53% 
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(b) Suggest all possible sources of errors in this experiment.

There are differences in values between the experimental and theoretical one. This implies that there are uncertainties in the experiments. The errors come from these ways:

  (i) There is heat loss to surroundings.

  (ii)There is error in the scale of the thermometer.

  (iii)The specific heat capacity of the reaction mixture is different from but assumed to be equal to that of water.

  (iv)The heat capacity of the polystyrene cup is neglected.

  (v) The density of resulting solution is different from but assumed to be equal to that of water.  

  (vi)The experiment is not carried under standard conditions.

3 (a) The standard enthalpy of formation of aluminium oxide cannot be determined by direct calorimetric method. Why?

It is difficult to use direct method as it cannot be quantitatively determined. The Al, C, O2 may react to produce many products such as CO & CO2 other than MgCO3 or other side reactions can also occur. 

 (b) How can you determine the standard enthalpy of formation of aluminium oxide by indirect calorimetric method? Describe your method briefly. 
   Due to the above reasons, it only can be determined by indirect calorimetric method. It can be determined by repeating the procedure (1-9) in this experiment but using aluminium and aluminium carbonate to instead of magnesium and magnesium carbonate respectively with using a known molarity of acid. After the two calorimetric experiments, the Born-Haber Cycle can be obtained:

       (f
 2Al(s) + 3C(s) + 9/2O2(g            Al2(CO3)3(s)


+6H+(aq)                              +6H+(aq) (H1
(H3                        2Al3+(aq) + 3H2O(l) +3CO2(g)


                                   (H2
2Al3+ (aq) + 3H2(g) + 9/2 O2(g) + 3C (s)  

As (H3 and (H1 can be obtained by the above suggested experiments, and (H2 is actually the sum of (Hcomb(H2(s)) and (Hcomb(graphite(s)) which can be found in literature. Thus the standard enthalpy of formation of Al2(CO3)3(s) can be obtained. 
i.e. (f =(H3 + (H2 - (H1                                                              By Kong Siu Wai
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