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Entropy Problems

1. Without doing any calculations, determine the sign of each of the entropy changes below:

a. Mg(s) + Ch(g) > MgCl(s) AS = negative
b. Na(g) + 3Hy(g) 2> 2NH;3(g) AS = negative
c. 2H,0() » 2Ha(g) + O2() AS = positive
d. 2KCI0;(s) > 2KCI(s) + 30, (g) AS = positive

2. Calculate the AS°® of each of the above equations and compare the value to your predictions from #1.

a. Mg (s) + Cl(2) > MgCh (s) AS = (90) — [(33) + (223)] =-166 /K

b. Na(g) + 3Hy(g) > 2NH; () AS = [2(193)] - [(153) + 3(131)] = -160 J/K
¢ 2H0() > 2H,(g) + 0,(2) AS = [2(131) +205] - [2(70)] =+ 327 J/K

d. 2KClO;(s) > 2KCl(s) + 30, (2) AS = [2(83) + 3(205)] - [2(143)] =+ 495 /K

3. Summarize each of the laws of Thermodynamics:
a. 1" Law of Thermodynamics: AE=q+w
b. 2 Law of Thermodynamics: ASypiverse > 0 for a spontaneous rxn
¢. 3" Law of Thermodynamics: AS of a perfect crystal at 0 Kelvin is 0
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4. List three things the entropy value of a substance depends upon:
a. Temperature
b. State of matter
c. Molecular complexity

5. Define entropy. A measure of the energy randomization or energy dispersal in a system (disorder)
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Spontaneity and Gibb’s Free Energy

1. Describe how the sign of AG determines the spontaneity of a reaction:

a.
b
c

. AG>0 Non-spontaneous (positive)
. AG<0 Spontaneous (negative)
. AG=0 At equilibrium

2. Given the following thermodynamic values, determine how temperature effects the spontaneity of the reaction.
Is the reaction enthalpy driven. entropy driven, both, or neither.

a. AH=+ 327 kl/mol AS =+ 127 J/molK
b. AH =- 187 kJ/mol AS =-298 J/molK
¢. AH =+ 194 kJ/mol AS =-4 J/molK

a. AH=- 397 kJ/mol AS =+ 653 J/molK

3. For each reaction below. determine the temperature at which the reaction will be spontaneous.

a. AH =+ 245 kl/mol AS =+ 48 J/molK
b. AH =+ 187 kI/mol AS =+ 365 J/molK
¢. AH = - 456 kJ/mol AS =- 38 J/molK
d. AH= - 547 kJ/mol AS =-97 J/molK
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T = AH/AS =245/0.048 T > 5104 K spontaneous
T = AH/AS = 187/0.365 T> 512 K spontaneous

T =AH/A
T =AH/AS

-456/-0.038 T< 12000 K spontaneous
547/-0.097 T < 5639 K spontaneous
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4. Define Gibb's Free Energy The energy available to do work in a thermodynamic system

5. Using the values of AG%. calculate the AG®y, of each of the equations below. Is each reaction spontaneous at
standard conditions?

a. N,O4 (2) 2 2NO, () AG =[2(51)] - [100] =2 kJ Non-spontaneous
b. NH,CI(s) > HCl(g) +NH; (2) AG =[(-95) + (-16)] — [-203] = 92 kI Non-spontan
c. 3Hy(g) + FeyO3(s) > 2Fe(s) +3H0(g) AG =[3(-229)] - [-742] = 55 k] Non-spontaneous

d. Na(g) + 3Hy(g) > 2NH;(g) AG =[2(-16)] - [0] =-32 kJ Spontaneous




