Enthalpy/Entropy Questions
Answer on a separate sheet of paper
1.a. Define the terms ∆,  ∆H0f,  ∆S0,  ∆G0, and explain the significance of their sign.
b. Write an equation, including state symbols, to show the formation of propane.
c. State what the numerical value of O2(g) is expected to be.
d. (i) State what is meant by the term average bond enthalpy.  Use Table 10 of the Data Booklet to                      calculate the enthalpy change, ∆H0 for the following reaction:
C3H8(g)   +    5 O2(g)    🡪   3 CO2(g)   +   4 H2O(g)
    (ii)  Suggest, with a reason, whether the entropy change, ∆S0, for this reaction would be                                     positive or negative.
2. When solid blue copper (II) sulphate pentahydrate, CuSO4. 5H2O, loses water the white solid, copper (II) sulphate monohydrate, CuSO4. H2O, is produced as represented by the following equation:
CuSO4. 5H2O(s)    🡪      CuSO4. H2O(s)   +   4 H2O(g) 

The thermodynamic data for the substances involved in the reversible process are:
∆Hf0 (kJ mol-1)            S0 (J K-1 mol-1)
CuSO4. 5 H2O(s)	                   - 2278	                          305 CuSO4. H2O(s)	                     -1084	                          150
	H2O(g)	- 242     	189

a. Calculate the value of ∆H0 for the above reaction and state what information the sign of ∆H0 provides about this reaction.
b. Calculate ∆S0 for the reaction and state the meaning of the sign of ∆S0 obtained.
c. Identify a thermodynamic function that can be used to predict reaction spontaneity, at 25 OC. Determine the value of this function, stating its units, and state the meaning of the sign obtained. Is
CuSO4. 5H2O(s)  or  CuSO4. H2O(s) is more stable at 25 OC?
d. Determine the Centigrade temperature above which the other compound in (c) is more stable.
3. Describe an experiment that could be conducted in a school laboratory to determine the value of ∆Hrxn for a reaction.  Show the calculations that would need to be carried out to obtain a value of ∆H.  Outline three sources of error in the experimental procedure that could result in a calculated ∆H value that is smaller than the accepted value and suggest a way that these errors could be minimized.
4. A reaction can be represented by:	2 X2     +    Y2    🡪  2 X2Y
a. Derive an expression that can be used to find ∆Hrxn values found from the bond energies involved.
b. Discuss the fact that ∆Hrxn values found from bond energies often differ from those calculated using ∆Hf values.  Describe the conditions under which the best agreement is achieved between these two methods.
5.   (a)Consider the following reaction:	N2 (g)    +     3H2 (g)     🡪  2NH3 (g)
(i) Suggest why this reaction is important for humanity. 	                                                    1
(ii) Using the average bond enthalpy values in Table 10 of the Data Booklet, calculate
	the standard enthalpy change for this reaction. 	4
(iii) The absolute entropy values, S0, at 298 K for N2 (g), H2 (g), and NH3 (g) are 192, 131                                  and 193 J K-1 mol-1 respectively. Calculate ∆S0 for the reaction and explain the sign
	of ∆S0	2
(iv) Calculate  ∆G0  for the reaction at 298 K.  State and explain whether the reaction is
	spontaneous.	3
(v) If ammonia was produced as a liquid and not as a gas, state and explain the effect
	this would have on the value of ∆H0  for the reaction.	2

(b)         (i)       Define the terms lattice enthalpy and electron affinity. 	2

(ii) Describe the structure of sodium chloride. 	
6.	(a)Define the term standard enthalpy change of formation, ∆H0 f.	2
(b)        (i) Use the information in the following table to calculate the enthalpy change for the                            
                 complete combustion of but-1-ene according to the following equation.                          3
C4H8 (g)    +    6 O2    🡪    4 CO2(g)     +     4 H2O(g)
	Compound	C4H8 (g)	CO2(g)	H2O(g)
	∆H0 f (kJ mol-1)	+0.1	– 394	– 242
(ii) Deduce, giving a reason, whether the reactants or the products are more stable. 	   
                                                                                                                                                2    
(iii) Predict, giving a reason, how the enthalpy change for the complete combustion of                     
       but-2-ene would compare with that of but-1-ene based on average bond enthalpies.	  
                                                                                                                                                1 

(c) 	Using the data below,
	Compound	C4H8 (g)	CO2(g)	H2O(g)	O2
	S0 (J K-1 mol-1)	306	214	189	205
calculate for the reaction in (b) at 25 OC.
(i) the standard entropy change,  ∆S0.	                                                                                           2
(ii) the standard free energy change, ∆G0.	                                                                              2 
(d) Predict, giving a reason, the spontaneity of the reaction in (b) (i) at      		             2                                                           both high and low temperatures 

