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Recitation Worksheet 4: Spontaneity, Entropy, and Free Energy (17.1 – 17.7) 

Name:     MyID: 

Instructions: 

1. In which of the following reactions will result in an increase in entropy? Select all that apply. Insert letters
without spaces in the answer box, example ABCD.

A. CaO(s) + H2O(l) ⟶ Ca(OH)2(s)
B. Si(s) + 2 Cl2(g) ⟶ SiCl4(g)
C. CuSO4•3 H2O(s) + 2 H2O(g) ⟶ CuSO4•5 H2O(s)
D. C6H6(l) + 15

2
 O2(g) ⟶ 6 CO2(g) + 3 H2O(g) 

E. H2S(g) + O2(g) ⟶ H2O(g) + SO2(g) (not balanced)
F. CCl4(l) ⟶ CCl4(g)
G. 2 HgO(s) ⟶ 2 Hg(l) + O2(g)

1. Please enter your first and last name as it appears on the eLC classlist (do not use a nickname).

2. Your UGA myID is a combination of letters and numbers (example: Dr. Abdelrahman MyID is ema88805). 
Do not use your 81x number.

a. If you do not have access to a printer, type your answers in the worksheet PDF and then upload it to 
Gradescope by Friday, February 17th at 11:59 pm. Write your work on separate sheets of paper, 
convert to a PDF and upload to the "Recitation Worksheet 4 Dropbox" on eLC.

b. If you are using an app to annotate the worksheet, make sure the pages are in the correct order and 
have the same layout as the original or Gradescope will not be able to read it.

c. If you have access to a printer, print out the worksheet, write your answer in the answer boxes, and 
show your work on it when appropriate. Then convert it to a PDF and upload to Gradescope by Friday, 
February 17th at 11:59 pm. You do not need to upload anything to eLC. The pages must be in the 
correct order and have the same layout as the original, or Gradescope will not be able to read it.

d. There is a Gradescope App available for both iOS and Android devices that allows you to scan and 
submit your printed work or you can submit your fillable PDF directly. Detailed instructions on how to 
access and use the app can be found on your CHEM 1212 class eLC page under content ⟶ Welcome 
module ⟶ Gradescope ⟶ Gradescope new mobile app.

3. Answers must be written in the corresponding answer box, or no credit will be awarded.

4. The instructions for uploading worksheets to Gradescope can be found in the Content area of eLC in the 
Welcome Module.
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2. Which of the reactions below will be spontaneous at only at low temperatures? Select all that apply.
Insert letters without spaces in the answer box, example ABCD.

A. 2 CO(g) + O2(g) ⟶ 2 CO2(g)  ΔHrxn =  −566.0 kJ/mol
B. 2 NO2(g) ⟶ 2 NO(g) + O2(g)  ΔHrxn =  +1131.1 kJ/mol 
C. NH4CO2NH2(s) ⟶ 2 NH3(g) + CO2(g) ΔHrxn =  +159.2 kJ/mol
D. PCl3(g) + Cl2(g) ⟶ PCl5(g) ΔHrxn =  −87.9 kJ/mol
E. NO(g) + 1

2
 Cl2(g) ⟶ NOCl(g) ΔHrxn =  −38.54 kJ/mol 

3. Calculate the entropy change in the surroundings that occur when 35.0 g of acetone (molar mass = 58.08
g/mol) condenses at its normal boiling point (56.1 °C). ΔHvap of acetone is 29.1 kJ/mol. .eeS yRur aQVZer tR 3
VLJ ILJV.

J/K 
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4. You are given a list of reactions below along with ΔG values. Keep your answers to one decimal place.

SO2(g) + 3 CO(g) ⟶ COS(g) + 2 CO2(g) ΔG = −264.4 kJ/mol 
CS2(g) + H2O(g) ⟶ COS(g) + H2S(g) ΔG = −41.5 kJ/mol 
CO(g) + H2S(g) ⟶ COS(g) + H2(g)     ΔG = +1.4 kJ/mol 
CO(g) + H2O(g) ⟶ CO2(g) + H2(g)     ΔG = −28.6 kJ/mol 

Combine the equations as necessary to obtain ΔG values for the following reactions: 

A. COS(g) + 2 H2O(g) ⟶ SO2(g) + CO(g) + 2 H2(g)                ΔG =      kJ/mol 

B. COS(g) + H2O(g) ⟶ CO2(g) + H2S(g)  ΔG =  kJ/mol 

C. COS(g) + 3 H2O(g) ⟶ SO2(g) + CO2(g) + 3 H2(g)  ΔG =  kJ/mol 
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�. Which of the following has the substance with the greater entropy listed first? 6eOect aOO that aSSOy. 
,QVert OetterV ZLthRut VSaceV LQ the aQVZer bR[� e[aPSOe ABCD.

$. 1 mol Br2(l) at 1 atm and 8 °C and 1 mol Br2(s) at 1 atm and −8 °C
%. 10.0 mol of Na(s) at 1 atm and 5 °C and 100.0 g of Na(s) at 1 atm and 5 °C
&. MgS at 1 atm and 25 °C and KBr at 1 atm and 25 °C
'. 0.284 mol O2 at 15.0 bar and 22.3 °C and 0.312 mol SO2 at 0.110 bar and 32.5 °C

6. Which of the following statements is true?
A. A reaction in which the entropy of the system increases can be spontaneous only if it is

exothermic
B. A reaction in which the entropy of the system increases can be spontaneous only if it is

endothermic
C. A reaction in which the entropy of the system decreases can be spontaneous only if it is

exothermic
D. A reaction in which the entropy of the system decreases can be spontaneous only if it is

endothermic
E. None of the above statements are true

7. Which of the following statement(s) is/are true regarding the combustion of propane (C3H8) gas? Select all
that apply. Insert letters without spaces in the answer box, example ABCD.

A. ΔH <0 and ΔS > 0 for the combustion of propane
B. ΔH > 0 and ΔS < 0 for the combustion of propane
C. The combustion of propane is spontaneous only at low temperatures
D. The combustion of propane is spontaneous only at high temperatures
E. The combustion of propane is spontaneous at all temperatures
F. The combustion of propane is non-spontaneous at any temperatures
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8. You are given the redox reaction below in acidic medium at 25 °C. ΔHrxn = −61.6 kJ/mol, ΔGrxn = 4.4
kJ/mol, and the standard molar entropies for the reactants and products are also provided below. Calculate 
the standard molar entropy for HNO2 in J/mol･K. Keep your answer to 4 sig figs.

 J/mol･K 

2 H+(aq) + 2 Br-(aq) + 2 NO2(g) ⟶ Br2(l) + 2 HNO2(aq)

Substance H+(aq) Br-

(aq) 
NO2(g) Br2(l) HNO2(aq)

S° (J/mol･K) 0 82.4 240.1 152.2 ? 



6 

9. In figure (1) below argon atoms, represented by unshaded spheres, and neon atoms, represented by
shaded spheres, are in separate compartments in a closed system. Figure (2) shows the equilibrium state
of the system after the stopcock separating the two compartments is opened. Assuming that argon and
neon behave as ideal gases, what are the signs (+, −, or 0) of ΔH, ΔS, and ΔG for this process?

A. ΔH = +, ΔS = −, ΔG = +
B. ΔH = 0, ΔS = +, ΔG = −
C. ΔH = 0, ΔS = −, ΔG = +
D. ΔH = −, ΔS = +, ΔG = −

10. The illustration below represents the phase change of substance X. Choose the correct answer below.

The sign for ΔH for this process is ___________ (+ or −) and the sign for ΔS is ___________  (+ or −). 

This process is ____________________ (spontaneous or non-spontaneous) at ____________________ 
(at no temperatures, all temperatures, low temperatures, or high temperatures).  
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11. You get an internship at NASA, and you learn that the reaction of hydrazine (N2H4) and nitric acid is used
as rocket propellant. Calculate ΔGrxn in kJ/mol at 25 °C for the reaction of hydrazine and nitric acid using
the information provided below. Keep your answer to 3 sig figs and use scientific notation.

 kJ/mol 

4 HNO3(g) + 5 N2H4(l) → 7 N2(g) + 12 H2O(l) 

HNO3(g) N2H4(l) N2(g) H2O(l) 

ΔH° (kJ/mol) −133.9 50.6 0 −285.8

ΔS° (J/mol･K) 266.9 121.2 191.6 70.0 

12. Which of the following has the highest standard molar entropy?
A. N2F4(g)
B. N2H4(g)
C. NO(g)
D. NH4CO2NH2(s)
E. NH4OH(aq)

X 10



 8 

 
13. Which of the following statements is true regarding the second law of thermodynamics? Select all that 

apply. Insert letters without spaces in the answer box, example ABCD.  
A. ΔSsys + ΔSsurr > 0 for any spontaneous process 
B. ΔSsys = −ΔSsurr for a reversible process 
C. The entropy of a perfect crystal at absolute zero (0 K) is zero 
D. The energy of the universe is conserved in any process 
E. All the above of the statements are true 

 
 
 
 
 
 
 

14. Which of the following processes are spontaneous or non-spontaneous? Insert (S) for spontaneous and 
(NS) for non-spontaneous. 
 

A. Splitting of water into hydrogen gas and oxygen gas 
 
 
 

B. Dissolving table salt (NaCl) in water 
 
 
 

C. Ripening of a banana 
 
 
 

D. Vaporization of Br2(l) at 60.0 °C (boiling point of Br2(l) = 58.8 °C) 
 
 
 
 

E. Combustion of natural gas (natural gas is a mixture of methane and ethane) 
 
 
 
 

F. Driving a car up the hill 
 
 
 

 
 
 
 


