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Chem 130      Name______________________________ 
Exam 4       December 6, 2017 
100 Points 
 

Please follow the instructions for each section of the exam. Show your work on all mathematical 
problems. Provide answers with the correct units and significant figures. Be concise in your answers to 
discussion questions. 
 

Part I: Complete all of problems 1-3. 4 points each. 
1. For the reaction CO (g) + H2O (g)  H2 (g) + CO2(g) at 1000K, Kc = 0.66 and ∆H0 = -42 kJ.  After an 

initial equilibrium is established in a 1.00 L container, the equilibrium amount of H2 can be increased 
by 
a. adding a catalyst. 
b. decreasing the temperature. 
c. transferring the mixture to a 10.0 L container. 
d. Decreasing the pressure 

 
 
Answer _____b______ 

 

2. Expansion of a valence shell to accommodate more than eight electrons is possible with:  

a. carbon. 
b. nitrogen. 
c. phosphorous. 
d. oxygen. 

 
Answer _____c______ 

 

3. For the reaction CO(g) + 2H2 (g)  CH3OH(g) Kc = 14.5.  If 5.00 mol CO, 2.00 mol H2O and 3.00 
mol of CH3OH are brought together and allowed to react, which of the following describes the 
composition of the system at equilibrium?  

a. Some CO and H2O will have been consumed to make more 
CH3OH. 

b. Some CH3OH will have been consumed to make more CO and H2O 
c. The amounts of CO, H2O, and CH3OH will be unchanged from 

their initial values. 
d. There is not enough information to determine the equilibrium 

composition. 

 
Answer _____a______ 

 

Part II. Equilibrium. Answer four (4) of problems 4-8. Clearly mark the problems you do not want 
graded. 15 points each. 
 

4. What do we mean when we say a system has come to equilibrium?  Describe the equilibrium 
condition and why we don’t use a single headed arrow when we write equilibria.  What does a small 
equilibrium constant mean in terms of thermodynamics? 

 
At equilibrium, the rate of the forward reaction is equal to the rate of the reverse reaction.  (Note that 
this does not mean that the concentrations are equal or that the rate constants are equal!).  Both the 
forward and reverse reactions are still proceeding at equilibrium, only reactants and products are both 
being consumed at equal rates.  As a result, there is no net change in concentrations of reactants or 
products.  At equilibrium, the K expression is satisfied.  We use the double-headed arrow to indicate 
that the reaction is proceeding in both directions. 
 
As small equilibrium constant indicates a reaction that is not product favored.  The tendency of the 
reaction is to favor the reactant side.  As K decreases, the reaction becomes less spontaneous. 
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5. Suppose the reaction system below has already reached equilibrium. Predict the effect of the 
following changes on the system.  Justify your predictions with a brief statement. 

UO2(s) + 4HF(g)    UF4(g) + 2H2O(g) 
 

a. More UO2 is added to the system. 
 

Since UO2 is a solid, it does not show up in the equilibrium constant expression, so its addition 
will have no impact on the position of the equilibrium. 

 
b. The reaction is performed in a glass reaction vessel and the HF reacts with the glass. 

 
HF, a reactant is being consumed; therefore the equilibrium will shift to the left to generate 
additional reactant. 

 
c. Water vapor is removed. 

 
H2O, a product is being consumed; therefore the equilibrium will shift to the right to generate 
additional product. 

 
d. The volume is increased. 

 
An increase in volume would lead to a decrease in pressure, which will cause the equilibrium to 
shift in the direction of the most molecules of gas, in this case, to the left. 

 
6. You have been tasked with determining the equilibrium constant for the reaction of H2 and S2 gases to 

produce hydrogen sulfide.   A mixture of 1.00 g H2 and 1.00 g H2S in a 0.500 L flask comes to 
equilibrium at 1670 K.  At equilibrium, there is 8.00 x 10-6 mol of S2 present.  What are the values for 
Kc and Kp at this temperature? 

 

Start with a balanced chemical reaction: 
2H2 + S2  2H2S 

So, the equilibrium constant expression (Kc) is: 
Kc = [H2S]2 
  [H2]

2[S2] 
We need equilibrium concentrations of each species to find the Kc.  We start buy determining initial 
concentrations: 

1.00 g H2 x 1 mol x 1 = 0.9921 M H2 
  2.01588 g  0.500 L   

 
1.00 g H2S x 1 mol x 1 = 0.05869 M H2S 

  34.01819 g  0.500 L   
The equilibrium concentration of S2 = (8.00x10-6 mol)/0.5 L = 1.60 x 10-5 M S2 

 
Mapping out the chemistry: 

 2H2 + S2  2 H2S 
i 0.9921 M  0  0.05869 M 
c +2x  +x  -2x 
e 0.9921 + 2(1.60 x 10-5) = 

0.9922 M 
 1.60 x 10-5 M  0.05869 – 2(1.60 x 10-5) = 

0.05865 M 
Plugging in to Kc: 

Kc = [H2S]2 = (0.05865)
2 = 218  

  [H2]
2[S2]  (0.9922)

2(1.60 x 10-5)    
 

Kp = Kc(RT)∆n = 218(0.08206x1670)-1 = 1.59 
 

Answer____Kc=218, Kp = 1.59____ 
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7. At a certain temperature, the equilibrium constant, Kc, for this reaction is 53.3.  At this temperature, 
0.800 mol of H2 and 0.400 mol of HI were placed in a 0.50 L container to react. What concentration 
of HI is present at equilibrium? 

H2 (g) + I2 (g)   2HI (g)  
 
The ICE table approach works well here.  First we need to get things in terms of concentration: 
 

0.800 mol H2 = 1.60 M H2 and 0.400 mol HI = 0.800 M HI 
0.5L    0.5L   

 
 H2 + I2  2HI 
I 1.60  0  0.800 
C +x  +x  -2x 
E 1.60+x  x  0.800-2x 

 
Inserting into Kc gives: 

Kc = [HI] 2 = (0.800-2x)2 
  [H2][I 2]  (1.60+x)(x) 

 
Now some algebra: 

(1.60x+x2)Kc = 0.640–3.2x+4x2 

53.3x2 + 85.28x = 0.640–3.2x+4x2 
0 = 49.3x2 + 88.48x – 0.64 

From the quadratic formula, we find x = 0.00720 or -1.802 
Since x represents the equilibrium concentration of  I2, a negative value makes no chemical sense, 
therefore, the value x = 0.00720is the reasonable result and [HI]=0.800-2x=0.786M 
 

Answer____[HI]=0.786M _____ 
 

8. At equilibrium, the concentrations in this system were found to be [N2]=[O2]=0.100 M and 
[NO]=0.500 M.  If more NO is added, bringing its concentration to 0.800 M, what will the final 
concentration of NO be after equilibrium is re-established? 

N2 (g) + O2 (g)   2NO (g)  
First we need to find K using the given equilibrium concentrations: 

Kc = [NO]2 = (0.500)2 = 25 
  [N2][O2]  (0.100)(0.100)  

 
Now the ICE table using the “new”, non-equilibrium conditions: 

 N2 + O2  2NO 
I 0.100  0.100  0.800 
C +x  +x  -2x 
E 0.100+x  0.100+x  0.800-2x 

Inserting into Kc gives: 
Kc = [NO]2 = (0.800-2x)2 = 0.640-3.20x+4x2 
  [N2][O2]  (0.100+x)(0.100+x)  0.0100+0.200x+x2 

Now some algebra: 
(0.0100+0.200x+x2)Kc = 0.640–3.2x+4x2 

25x2 + 5x + 0.250 = 0.640–3.20x+4x2 
0 = 21x2 + 8.20x – 0.390 

From the quadratic formula, we find x = 0.0429 or -0.433 
Since x represents an expected increase in N2 and O2 concentrations, a negative value makes no chemical 
sense, therefore, the value x = 0.0429 is the reasonable result and [NO]=0.800-2x=0.714M. 
 

Answer___[NO]=0.714M __________ 
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Part III. Bonding. Answer two (2) of problems 9-11. Clearly mark the problem you do not want 
graded. 15 points each. 
 
9. Complete the table for three (3) of the species below. 
 
Specie

s 
Lewis Structure 

(indicate resonance if necessary) Species Lewis Structure 
(indicate resonance if necessary) 

H2O 
 

NO2
- 

 

ClF3 

 

CS2 
 

 
10. The Lewis structure for the thiocyanate ion (a polyatomic anion comprised of one atom each of C, N, 

and S) could be drawn in several ways, three of which are shown below.  Which of these structures is 
more likely to be representative of the real structure of thiocyanate?  Justify your answer. 

      OR            OR       
 

                               I                                          II                                        III 
 
To begin, we need to calculate the formal charges on each atom in each structure. 

 
Structure Formal Charge on S Formal Charge on C Formal Charge on N 

I 0 0 -1 
II +2 -2 -1 
III 0 -2 +1 

 
Since a goal in the drawing of Lewis Structures (and in the formation of compounds) is to minimize 
formal charge on atoms in the compound, structure I appears most favored.  Structures II and III each 
have atoms with large formal charge, while structure I has only one atom with a nonzero formal charge. 
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11. Drawing the Lewis structure for carbonate ion (CO3
2-) requires the use of the concept of resonance.  

Draw Lewis structures of carbonate and explain why resonance is necessary and how multiple 
resonance structures can be a better representation of the true structure than a single Lewis structure 
alone.   

 

 
You should talk about the idea that the purpose of a model is to represent real life and that resonance is a 
modification to the Lewis model to account for some situations where the model doesn’t represent real 
life. 
 
When resonance is used, such as in the carbonate structure above, we recognize that the real structure is a 
hybrid of the resonance forms.  The structure does not oscillate between the forms, but is more of an 
“average” of the structures. 
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Possibly Useful Information 
 

R = 0.08206 L atm mol-1 K-1 
R = 8.314 J mol-1 K-1 

K = oC + 273.15 
12

12
xx
yy

x
y

mslope
−
−=

∆
∆==

 

∆G  = ∆H - T∆S oC = K – 273.15 Kp = Kc(RT)∆n 

a2
ac4bb

x
2 −±−=

 
pV = nRT ∆G = -RTlnK 

 
 
 
 
 
 

 
 
 


