
Chem 105 Exam 4       Name _______________ 

 

 

 

 

 

This exam is schedule for 75 minutes and I anticipate it to take the full time allotted.  You are free to 
leave if you finish.  In multiple part problems, points awarded will not be penalized for incorrect 
answer on previous parts, so simply move on if you get stuck on one part.  If you need to, make up 
an answer for the previous part.  Always neatly show work for partial credit.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  



1. Using the graphs below and this:  y = -0.163x + 2.525 
a. Determine the rate law    

 
 
 
 

b. Determine the rate constant – make sure to include the correct units. 
 
 
 
 

c. Determine the initial concentration of H2O2. 

 

 

d. Determine the initial rate of the reaction. 
 
 

 

 

 

2. What are three ways to change the rate of a reaction?  Clearly explain each of your answers. 

 

 

 

 

 

 



3. Define the first and second laws of thermodynamics and explain what impact they have on the 
important concepts of thermodynamics that we have discussed in class. 
 
1st law = Energy must be conserved.  From this idea, we were able to describe how the internal energy 
of a system can change heat is exchanged with the surroundings or work is done on or by the system.  
From the 1st law, the state function of enthalpy was introduced. 
 
2nd Law  = the universe must tend toward disorder.  This is where the term of entropy is introduced and 
how we learn about reaction spontaneity.  Consequently, ∆G comes from the 2nd law. 
 
 
 
 
 
 

4. Combustion engines are not 100% efficient; that is, not all of the energy produced from the combustion 
reaction results in work (you know, to make your car move).  What happens to the rest of the energy? 
 
It escapes as heat. 
 
 
 
 
 
 
 
 

5. In your own words, describe why and which direction a reaction “shifts” when Q > K. 
 
There are too many products, so the components of the reaction must adjust so that equilibrium ratio is 
established (reactants will form) and it becomes energetically favorable for the reverse reaction to 
happen (∆G > 0) 
 
 
 
 
 

6. Why are equilibrium constants sensitive to temperature?  In other words, why does K change with T?  
 
Because heat can be treated as a reactant or product.  By changing the temperature of a reaction, this 
influences the “concentration” of heat.  According to LeChattlier’s Principle, the reaction must adjust to 
reestablish the proper ratio of reactants and products; this necessarily changes the ratio and therefore 
K. 
 
 
What can make an equilibrium constant temperature independent?  ∆Η = 0 
 
 
 

7. H2O has a higher enthalpy of vaporization than C2H6.  Why? Stronger intermolecular forces (H bond vs. 
LDF only) 



8. Consider the two reaction coordinates below. Answer each of the following questions.  If it is not 
possible to determine, say that. 

 
 

a. Which reaction has a larger equilibrium constant? 2  the 1st reaction is non-spontaneous and the 2nd is 
spontaneous   

b. Which reaction has a larger rate constant?  1 – the 1st reaction has a smaller activation energy 
 

c. Which reaction is spontaneous?   2 (products < reactants) 
 

d. Which reaction has a rate constant for the forward reaction greater than the reverse reaction               
(i.e. kfor > krev)  2 – the activation energy for the reverse reaction (prod Æ react) is smaller than for the 
forward 

e. Which reaction is exothermic?  No way to tell.  We can only see that the reaction is spontaneous or 
non-spontaneous but not why. 

f. Which reaction might have ∆H > 0 and ∆S < 0?  the 1st one.  It is non-spontaneous and each of these 
are unfavorable. 

 

 

9. Consider the following reaction.  Circle the most correct choice for ∆H, ∆S, and ∆G.  Clearly explain 
your choice for each. 

S (s) + 3 Cl2 (g) ⇌ SCl6 (s) 

 

 ∆H > 0 ∆H < 0  not able to determine 

∆S > 0  ∆S < 0  not able to determine 

∆G > 0  ∆G < 0  spontaneous at high temperatures  spontaneous at low temperatures 

 



10. Consider the following reaction: 

CS2 (g) + CO2 (g) ⇌ 2 CO (g) + 2 S (s) 

a. Using the information available at the back of the exam, calculate ∆G° and ∆H°. 
 
 
 
 
 
 
 
 
 
 

b. What is the equilibrium constant at 25 °C? 
 
 
 
 

c. Calculate ∆S° 
 
 
 
 

d. If 1 M of all reactants and products are combined at 25 °C, will this reaction shift to products or 
reactants?  Please explain your answer. 
 
 
 
 

e. 2 atm of CS2 and 2 atm of CO2 are combined at 1000 K.  When equilibrium is reached, the 
pressure of CO is 0.1214 atm.  Determine the equilibrium constant at this temperature. 
 
 
 
 
 
 
 
 
 
 

f. Calculate ∆G if 0.04 atm of CO, 2 atm of CO2, and 1 atm of CS2 are added to a reaction flask at 
1000 K.  If you didn’t calculate an equilibrium constant in part e, use 1.25 x 10-3. 

 

 

 

 

 



11. Complete one of the problems on this page.  You can answer more for extra credit.  Please use the 
next page to show your work if you need more space. 

 

a. Determine the total pressure at equilibrium if 4 grams of carbon and 1 atm of H2 are added to a 
reaction flask at 500 °C. 

C(s) + 2 H2 (g) ⇌ CH4 (g)  Kp = 2690 atm-1 at 500 °C 

 

 

b. Using the information in the table below, determine the heat capacity of solid CS2 if 2.34 kJ of heat 
is released when 10 grams of liquid CS2 is cooled from 46.3 °C to -150 °C. 
 

c. Determine the standard molar entropy of fusion and vaporization for CS2. 
 

Thermodynamic values for CS2 
       

Tb (˚C) Tm (˚C) ∆Hfusion (kJ/mol) ∆Hvaporization
 

(kJ/mol) 
C (solid) 

J / (mol K) 
C (liquid) 
J / (mol K) 

C (gas) 
J / (mol K) 

46.3 -110.8 4.39 27.65  78.99 46.55 
 

 
d. Use the method of initial rates to determine the rate law and rate constant. 

 

Experiment [NO2] (M) [CO] (M) Rate (M s
-1

) 

1 0.15 0.15 0.001974 

2 0.30 0.15 0.007898 

3 0.60 0.30 0.25272 

4 0.60 0.60 2.02176 

 
 
 

e. Using the information at the back of the exam, determine the temperature that is needed to make 
this reaction spontaneous. 

CS2 (g) + CO2 (g) ⇌ 2 CO (g) + 2 S (s) 

 
 
 
 
 
 
 

  



  





 
 

 

 
 



 

 

 

 

 

 

 

 

 

 ∆𝑯𝑯𝒇𝒇
𝟎𝟎

 

kJ mol
-1

 

∆𝑮𝑮𝒇𝒇𝟎𝟎 

kJ mol
-1

 

CS2 (g) 116.7 67.1 

CO (g) -110.5 -137.2 

CO2 (g) -393.5 -394.4 

 

 

 

 

Equations 

 

∆𝐺𝐺 = ∆𝐻𝐻 − 𝑇𝑇∆𝑆𝑆  ∆𝐺𝐺0 = −𝑅𝑅𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅  ∆𝐺𝐺 = ∆𝐺𝐺𝑜𝑜 + 𝑅𝑅𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅 

 

∆𝑈𝑈 = 𝑞𝑞 +𝑤𝑤  𝑤𝑤 = −𝑝𝑝∆𝑉𝑉   ∆𝐺𝐺 = −𝑇𝑇∆𝑆𝑆𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 

 

∆𝐻𝐻 = 𝐶𝐶𝑝𝑝∆𝑇𝑇  𝑅𝑅𝑅𝑅 𝐾𝐾2
𝐾𝐾1
= ∆𝐻𝐻

𝑅𝑅 � 1𝑇𝑇1 −
1
𝑇𝑇2
� R = 0.08206 L atm mol

-1
 K

-1
  R = 8.314 J mol

-1
 K

-1
  

 

Kp = Kc (RT)
∆ngas

   𝑥𝑥 = −𝑏𝑏±√𝑏𝑏2−4𝑎𝑎𝑎𝑎
2𝑎𝑎   𝑘𝑘 = 𝐴𝐴𝑒𝑒−𝐸𝐸𝑎𝑎 𝑅𝑅𝑇𝑇�  

 

1
[𝐴𝐴] = 𝑘𝑘𝑘𝑘 + 1

[𝐴𝐴]0
    [𝐴𝐴] = −𝑘𝑘𝑘𝑘 + [𝐴𝐴]0   𝑅𝑅𝑅𝑅[𝐴𝐴] = −𝑘𝑘𝑘𝑘 + 𝑅𝑅𝑅𝑅[𝐴𝐴]0   

 
 

 


