Unit 10 Worksheet 3 Thermodynamics problems
1. Solid Iodine is unusual because it doesn’t melt into a liquid. It undergoes sublimation, changing directly from a solid to a gas. The H for this process is +39.3 kJ/mol and the S is +0.086 kJ/mol*K. Calculate the G for the sublimation of Iodine at 25 C and 250 C. Is it spontaneous at both temperatures? Explain.

2. The formula of hydrogen peroxide is H2O2. Below are two proposed methods of making it.

Method A: H2 (g)   +  O2 (g)( H2O2 (l)   H = -187.8 kJ/mol     S = -0.1027 kJ/mol*K
Method B:  2 H2O(l)  + O2 (g)(  2 H2O2 (l)    H = 196 kJ/mol   S = 0.121 kJ/mol*K

Which method of synthesizing peroxide is spontaneous at 25 C?

3. Ammonia can be synthesized by the following reaction.

3 H2 + O2 ( 2 NH3
H = -92.4 kJ/mol N2
S = -0.198 kJ/molN2K

Calculate G at 25 C and 750 C

4. Ammonium chloride dissociates in water according to the following equation.

NH4Cl(s) ( NH4+1(aq)  + Cl-1(aq)
H = 15.14 kJ/mol 


S = 0.0734 kJ/mol*K

Calculate G at –200 C and 25 C

5.      The balanced equation for the decomposition of dinitrogen pentoxide is N2O5 (g)  (  2 NO2  +  ½ O2 at 298 K. If G = -30.3 kJ/mol N2O5 and 

     S = 0.470 kJ/mol*K, calculate H
6. Consider two reactions. Reaction 1 has a H of 30 kJ/mol and a S of -0.08 kJ/mol*K. Reaction 2 has a H of -72 kJ/mol and a S of 0.137 kJ/mol*K.

A) Calculate G for each reaction at 25 C.

B) Which, if any of the two reactions are spontaneous under any circumstances? How do you know? (Hint: you can do this with “brute force” or you can look at the information given for a clue.)
C) Which if any of the two reactions are never spontaneous under any conditions? How do you know? (Hint: you can do this with brute force or you can look at the information given for a clue.)

7. Why are most exothermic reactions (H = (-)) spontaneous at room temperature, even with unfavorable changes in entropies (S = (-))? Use the equation for free energy G = H - TS to help you answer this question. (Hint: Remember, a spontaneous reaction has a negative G.)
8. Many endothermic reactions (H = (+)) are not spontaneous at room temperature but are spontaneous at hotter temperatures if they have a favorable change in entropies (S = (+)). Use the equation for free energy G = H - TS to help you answer this question. (Hint: Remember, a spontaneous reaction has a negative G.)
9. Consider the following reaction:

CO(g)  + Cl2(g) ( COCl2(g)
A) Without consulting the tables, is the S for this reaction positive or negative?

B) Is the entropy change favorable or unfavorable?

C) Based on your answer to B, what must be the sign of H? Use the equation for free energy G = H - TS to help you answer this question. (Hint: Remember, a spontaneous reaction has a negative G.)
D) Would this reaction be more likely to be spontaneous at higher or lower temperatures? Use the equation for free energy G = H - TS to help you answer this question. (Hint: Remember, a spontaneous reaction has a negative G.)
