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EXAM IV – November 25, 2019 
 

You will have 75 minutes to complete this exam. Please show all work in the space provided 
or on the attached scratch page. Remember to report your final answers with the correct units 
and significant figures, as appropriate. A Periodic Table and a sheet of helpful constants, 
conversion factors, and equations are provided for your use. GOOD LUCK!! 
 
 
1. (14 pts) Lorazepam, C15H10Cl2N2O2, belongs to a class of molecules called benzodiazepines (or 

sometimes “benzos”). It is marketed under the brand name Ativan and commonly prescribed as 
a sedative and anti-anxiety medication.  

 
a. Lorazepam is a weak base. Abbreviating its formula as R1=N-R2 
(where the N is the atom circled at left), complete the equation below for 
its ionization in water. On the product side, label the conjugate acid and 
conjugate base. 
 

 
R1NR2 (aq)    +    H2O (l) 
 

 
 

b. There are many benzodiazepine drugs. (For example, oxazepam is structurally identical to 
lorazepam, except that it has a hydrogen in place of one of the Cl atoms.) Suppose that 
you wanted to compare the basicity of a series of benzodiazepines. Briefly, what values 
would you look up, and how would you choose the strongest base? 
 
 
 

 
 
 
 
2. (16 pts) Sulfuric acid, H2SO4, is arguably the most commonly used chemical in the world, with 

myriad applications. Among them, you may know that it is the “battery acid” in most car 
batteries.  
 
Suppose that a mechanic keeps a solution of lye (more formally known as sodium hydroxide, 
NaOH) on hand to neutralize any H2SO4 that happens to leak from used car batteries. 
 

a. What is the pH of a 6.0 M solution of NaOH? 
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Question 2, continued: Note that you can answer part (b) without answering part (a). 
 

b. Complete and balance the “molecular” equation below for the neutralization reaction 
between NaOH and H2SO4 in aqueous solution. 
 
 

NaOH (aq)    +    H2SO4 (aq) 
 
 
 
3. (18 pts) Phosgene, COCl2, is used in manufacturing bulletproof glass. (A poisonous gas, it was 

used as a chemical warfare agent during World War I.) COCl2 is produced by reacting carbon 
monoxide and chlorine gas in an exothermic process:  

 
CO (g)  +  Cl2 (g)       COCl2 (g)  ∆H < 0 

 
a. Write an expression for the equilibrium constant, KP. 

 
 
 
 
 

b. Under typical conditions, KP = 0.10. Do reactants or products dominate at equilibrium? How 
do you know? 

 
 
 

 
 

For parts (c) through (e): Suppose that you wish to shift the position of this equilibrium 
as far to the left as possible, in order to minimize health risks of phosgene exposure. 

 
c. Should you compress or expand the reaction vessel? Explain briefly. 

 
 

 
 
 

d. Should you raise or lower the temperature? Explain briefly.  
 
 
 
 
 
 
 

 
(Extra space here…) 
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4. (18 pts) Radioactive iodine, 131I, is used to treat hyperthyroidism (overactive thyroid) by shrinking 
the thyroid gland. It decays according to first-order kinetics.  𝑙𝑙𝑙𝑙 [𝐴𝐴]𝑡𝑡

[𝐴𝐴]0
=  −𝑘𝑘𝑘𝑘 

 
a. Suppose you monitored the concentration of 131I after it was administered. Clearly label the 

axes below to show what you would graph to confirm that the reaction is first order in 131I. 
Then explain specifically how you would determine the rate constant from your graph. 

 
How to determine k (be specific): 

 
 

 
 

b. The half-life of 131I is 8.021 days. Calculate the rate constant for its decay. 
 
 
 
 

c. How much time must pass after administration of 131I before its concentration has decayed 
to 5.0% of its initial value? 
 
 
 
 
 
  
 

5. (12 pts) The hemoglobin in our blood (abbreviated Hb) readily binds to carbon monoxide. (This 
is a key factor in CO poisoning, as the CO displaces oxygen.) The rate of this binding reaction 
was studied at 20 °C. [1 µM = 1 × 10-6 M = 1 µmol/L] 
 

Hb  +  CO   →   Hb—CO  
 

[Hb]0 (µM) [CO]0 (µM) Initial Rate (µM/s) 
2.21 1.00 0.619 
4.42 1.00 1.24 
4.42 3.00 3.71 

 
a. Determine the rate law for the reaction, clearly specifying the order with respect to each 

reactant. 
 
 
 
 

b. Calculate the rate constant. 
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6. (10 pts) Suppose that the energy profile below represents the following reaction:  A (g)  →  B (g) 
 

a. Is the reaction spontaneous? How do you know? 
 
 
 
 
 

b. On the plot above, draw a double-headed arrow corresponding to the activation energy of 
the reaction. (Make sure your understanding is clear.)  
 

c. Suppose that a catalyst is added to the reaction. Draw a new profile on the same plot 
above to show how this would affect the reaction. 

 
d. Briefly list one other step you could take to speed up the reaction. 
 

 
 

7. (17 pts) Uric acid (C5H4N4O3, Ka = 1.29 × 10-4) can collect in joints, giving rise to a medical 
condition known as gout. What is the pH of a 0.0650 M solution of uric acid? [Hint: Find the 
equilibrium concentration of H3O+.] 
 

C5H4N4O3 (aq)  +  H2O (l)     C5H3N4O3- (aq)  +  H3O+ (aq)        Ka = 1.29 × 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

A (g) 

B (g) 

Reaction Progress 

  E 
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BLANK SCRATCH PAGE 
 

If there is material to be graded here, make sure that it is clearly labeled, and that your name is 
written on top of this page. 
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Constants, Conversion Factors and Equations 
 
Constants and Conversion Factors: 
 
h = 6.626 × 10-34 J.s         c = 2.9979 × 108 m

s
         1 J = 1 kg∗m

2

s2
  

 

NA = 6.022 × 1023    
Kmol

J
Kmol

atmLR
⋅

=
⋅

⋅
= 31451.808206.0   

 
1 cal = 4.184 J = 1 × 10-3 Cal    1 atm = 760 Torr = 101.3 kPa = 1.013 bar    
 
Equations: 
 
𝑑𝑑 =

𝑚𝑚
V

 

 
ν = 𝑐𝑐

λ
      Ephoton = hν 

 
EK (ejected electron) = Ephoton - φ  𝐸𝐸𝐾𝐾 = 1

2
𝑚𝑚v2 

 
∆𝐸𝐸 = −2.18 × 10−18J � 1

nf
2 −

1
ni
2�  Ephoton = E∆  

 

λmatter =
ℎ
𝑚𝑚v

 

 
MiVi = MfVf 
 

PV = nRT   PM = dRT   PA = χAPtotal   χA = 
total

A
n
n  

 

2
K mv

2
1E =    RT

2
3EK

__
=    

M
RT3vrms =  

 

q = mCs∆T   qrxn = -qsoln   ∆H = qP 

 
∆G = ∆H - T∆S   ∆S°rxn = Σ[nS°m (products)] - Σ[nS°m (reactants)]  (similar for ∆G°, ∆H°) 
 
∆G = ∆G° + RT(ln Q)  ∆G° = -RT(ln K) 
 

𝑘𝑘 = 𝐴𝐴𝑒𝑒
−𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅     First order:  ln[A]t = -kt + ln[A]0    𝑘𝑘1/2 = 0.693

𝑘𝑘
 Second order:    

1
[𝐴𝐴]𝑡𝑡

= 𝑘𝑘𝑘𝑘 + 1
[𝐴𝐴]0

 

 
pH = -log[H3O+]  pH + pOH = pKw  (pKw = 14.00 at 25 °C)   Ka × Kb = Kw   
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