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Laboratory Report
Name:
Z Number:
Lab TA’s Name and Section Number: Hess Law
A statement Accountability: “I certify that this is my own work, and I understand that if I am found to be in violation of the honor code, I will be subject to the highest penalty.”
Hess law states that the enthalpy change in any chemical reaction is a fixed quantity regardless of the reaction path or the number of steps involved in the reaction. This law can be summarized as ΔH° = ΣΔHn, where ΔH° is the heat evolved or absorbed and ΣΔHn is the sum of the heat evolved or absorbed in individual n steps of the reaction. This law is a result of the first law of thermodynamics; however, it gets its identity as a basis for calculating heat of reaction. In forming a compound, there is enthalpy change denoted by the symbol ∆Hf. This is the heat change that accompanies the formation of one mole of a compound from the constituting elements at a standard state of 25 0C and one atmosphere. The ∆Hf of a compound can be established by making one mole of the compound and measuring the heat change. If the energy of the system increases, the reaction is endothermic, i.e. it absorbs heat and it is denoted by a positive sign; if the energy of the system decreases, the reaction is exothermic, i.e. it evolves heat and it is denoted by a negative sign. In this lab experiment, the ∆Hf of Magnesium oxide (MgO) and Ammonium chloride (NH4Cl) were assessed.
Part I: Determination of ∆Hformation of magnesium oxide:
Complete the table with data provided by TA and show your calculations with correct sig. fig. and units.
	Data
	Magnesium
	Magnesium oxide

	Mass of Weigh dish
	2.052 g
	2.052 g

	Mass of Dish + sample
	2.238 g
	2.291 g

	Mass of Sample (TA will provide)
	0.1855 g
	0.2390 g

	Molecular weight of Mg/MgO
	24.31 g/mol
	40.30 g/mol

	# of moles of Mg/MgO
	No. of moles = 

= 0.0076 moles
	No. of moles = 

= 0.0059 moles

	Mass of Styro cups
	3.880 g
	3.880 g

	Mass of cup + rxn mixture
	19.84 g
	22.74 g

	Mass of rxn mixture
	15.96 g
	18.86 g

	T initial, K
	296.6 K
	296.3 K

	T final, K
	318.5K
	299.58 K

	∆T, K
	21.90 K
	3.280 K

	q, heat transferred
	Q = mc ΔT
Where m = mass in grams
C is specific capacity of water
ΔT is the temperature change.
Q = 15.96 g * 4.184 J/g. K*21.90 K
= 1,462 J
	Q = mc ΔT
Where m = mass in grams
C is specific capacity of water
ΔT is the temperature change.
Q = 18.86 g * 4.184 J/g. K*3.280 K
= 258.8 J

	∆rxn H
	∆rxn H = Q/ No. of moles
= 1,462 J/0.0076 moles
= 192,368.42 J/mole
Convert to kilojoules per mole by dividing with 1000 joules
= 192,368.42/1000
= 192.4 kJ/mole
	∆rxn H = Q/ No. of moles
= 258.8 J/0.0059 moles
= 43,864.41 J/mole
Convert to kilojoules per mole by dividing with 1000 joules
= 43,864.41/1000
= 43.86 kJ/mole

	 ∆Hformation of magnesium oxide
	 The reactions to determine the heat of formation of MgO are as follows:
Equation 1: Mg(s) + 2 H+ (aq) → Mg2+ (aq) + H2(g) 	H1
Equation 2: Mg2+(aq) + H2O(l) →MgO(s) + 2 H+ (aq)  H2
Equation 3: H2(g) + ½O2(g) →H2O(l)	H3 = -285.8 kJ/mol
Overall Equation: Mg(s) + ½ O2(g)→ MgO(s) 
Hf = H1+ H2+H3
Hf = (-192.4 kJ/mol) + (-43.86 kJ/mol) + (-285.8 kJ/mol)
= -522.1 kJ/mol



Part II:
Assume that the density of their solutions is 1.03 g/mL, and the total amount of solution is for each reaction is 100.0 mL.
	Data
	Reaction I
	Reaction II
	Reaction III

	∆Tinitial, K
	296.57 K
	296.37 K
	296.71 K

	∆Tfinal, K
	309.21 K
	298.98 K
	308.02 K

	∆T, K
	12.64 K
	2.61 K
	11.31 K

	q, heat transferred
	Q = mc ΔT
Mass, m = density x volume
= 1.03 g/mL * 100.0 mL
= 103 g
C = 4.184 J/g. K
ΔT = 12.64 K
Q = 103*4.184*12.64
= 5,447 J

	Q = mc ΔT
Mass, m = density x volume
= 1.03 g/mL * 100.0 mL
= 103 g
C = 4.184 J/g. K
ΔT = 2.61 K
Q = 103*4.184*2.61
= 1,125 J

	Q = mc ΔT
Mass, m = density x volume
= 1.03 g/mL * 100.0 mL
= 103 g
C = 4.184 J/g. K
ΔT = 11.31 K
Q = 103*4.184*11.31
= 4,874. J

	# of moles of reactant
	No. of moles of HCl = 
= 
= 2.825 moles
	No. of moles of NH4Cl = 
= 
= 1.926 moles
	No. of moles NH3 = 
= 
= 6.048 moles

	∆ rxn H
	∆rxn H = Q/ No. of moles
= 5,447 J/2.825 moles
= 1,928.1 J/mole
Convert to kilojoules per mole by dividing with 1000 joules
= 1,928.1/1000
= -1.928 kJ/mole
	∆rxn H = Q/ No. of moles
= 1,124.8 J/1.926 moles
= 584.01 J/mole
Convert to kilojoules per mole by dividing with 1000 joules
= 584.01/1000
= -0.5840 kJ/mole
	∆rxn H = Q/ No. of moles
= 4,874.1 J/6.048 moles
= 805.93 J/mole
Convert to kilojoules per mole by dividing with 1000 joules
= 805.93/1000
= -0.8059 kJ/mole

	∆H reaction NH4Cl (calculated from rxn I and II).
	 The reactions to determine the heat of formation of NH4Cl are as follows:
Equation 1: ½ H2 (g) + ½ Cl2 (g) → HCl (g)   H1
Equation 2: ½ N2 (g) + 3/2 H2 (g) → NH3 (g) H2
Equation 3: NH3 (g)+ HCl (g) → NH4Cl (s) 
Overall reaction: ½ N2 (g) + 2 H2 (g) + ½ Cl2 (g)→ NH4Cl (s)  Hf = H1+ H2+H3
Hf = (-1.928 kJ/mol) + (-0.5840 kJ/mol) + (-0.8059 kJ/mol)
= -3.318 kJ/mol



Discussion and Conclusion
[bookmark: _GoBack]Results of the experiment indicates that both reactions are exothermic. They lead to the evolution of heat hence the reduction in the system’s energy. The specific heat capacity of the water is 4.184 J/g. K and it was the used as the specific heat capacity of the solutions in the reactions. Besides, its heat of reaction (-285.8 kJ/mol) was used in the determination of heat of formation of Magnesium oxide because it was an intermediate step in the reaction. By measuring the heat change in the intermediate steps, the heat of formation of magnesium oxide and ammonium chloride could be established. This is made possible by Hess’ law that authenticates a fixed quantity of energy change during the formation of a product regardless of the path or steps. By knowing the energy change in the intermediate reactions, the change in the overall reaction can be calculated. However, such experiments are subject to experimental errors and may not give an accurate figure of the heat of formation. Such errors could occur when measuring temperature changes, mass of the various sample reactants, as well as overall efficiency of the system in shielding heat loss to the surroundings. It can be concluded that Hess law enables the calculation of heat of formation of compounds even when there are series of steps involved.
