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Part A: Short Answer (5 marks each)

1. Each of the compounds below are amphiprotic. Indicate the likely conjugate acid and
likely conjugate base of each compound:
a. HO
b. NHs

2. a) Define the relation between the rate of a reaction and the temperature of the reaction.
b) Describe what impact temperature has on the activation energy of the reaction and the
progress of the reaction.
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3. The following overall reaction has part of a potential mechanism listed below. Predict the
missing step of the mechanism.
Overall: Hag) + Clzg) = 2HCl(g)

Mechanism:
1) Clyg) = 2Clyg)

2) Unknown
3) H) + Cl(g) = HCl()

4. Some acids, like H,SQO4 (sulfuric acid) can lose more than one proton in an acid-base reaction.
Identify the conjugate acid-base pairs of each of the reactions below:

a. H.SO, (gt H20(|) - HSO4 (aq) T H3O+(aq)

b. HSOx4 (ag) + H20() = SO4* (ag) + H30"(aq)
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Part B: Long Answer Problems (10 marks each)

5. One of the industrial methods used to form concentrated sulfuric acid (H2SOa)) is the
“Contact Process” which utilizes vanadium oxide (V20s) as a catalyst. The major steps of
this process are shown below. The overall reaction has an energy change of —212 kJ/mol.

a. Sketch an energy profile for the overall reaction and its catalyzed mechanism
(sketch both on the same plot).

b. On your sketched energy profile, include arrows to indicate each activation
energy and the energy change of the reaction.

c. Note each non-catalyst species in the catalyzed mechanism in its appropriate
location on the energy profile.

Overall: Ea'overall = 315 kJ/mol
V2055~ 2V % (aq)+50 (aq)

2S03(g) + Oz(g) + H20q) > 2H2S04()
Catalyzed Mechanism:
1) 2SOz + 4V°* (ag) + 20% (ag) > 2S03() + 4V* (ag) Ea1 =95 kJ/mol
2) 4V4+(aq) + Oz(g) 9 4V5+(aq) + 202_(aq) Ea,z = 44 kJ/mOI
3) 2H2SO4q) + 2S03(g) =2 2H2S207¢) Ea3 = 65 kd/mol

4) 2H2S;07() + 2H20¢) 2 4H2S04() Eas =53 kJ/mol
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6. For the following reaction and experimental data:
a. Determine the activation energy.
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b. Determine the rate constant at 100.0°C, and comment on the effect this lower

temperature has on the reaction progress.

2N20s5(g) = 4NO2(g) +

O2(9)

Experimental rate constant (M s1)

Temperature (°C)

6.67 x 108

673

2.70 x 10°

452
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7. Determine the rate law for the following given mechanism. If possible, substitute any
invalid compounds in the predicted rate law to determine the corrected predicted rate law.

Overall: NH4*(ag) + HNO2 (agp — Na(g) + 2H20¢y + H* (o

Mechanism:

1) HNO2 ag) + H*ag) = H20¢) + NO*(ag) (fast, reversible)
2) NHs*g) = NHagg) + HY ) (fast, reversible)
3) NO+(aq) + NH3(ag) = NHSNO+(aq) (slow)

3) NH3NO*@q) — H20q) + H*ag) + Na(g) (fast)
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Equations and Constants:

R =8.314 J KX mol* 1/[A] = 2kt + 1/[A],
Nay = 6.022x10% mol* Rate = K[AJ*[B]Y
n=m/M ki[A2] = KA[AT?
c=n/V k = Ae’BRT
p=m/V In(k) = In(A) — EJ/RT
(- (-3
k1 R)\1, T,
Xc = Ne/Niotal
typ = In2 / ak
x = —-btVb%-4ac
typ = 1/ 2k[A]o - 2a
In[A] = -akt + In[A], 0=ax®+bx +c

1 atm = 1.01325x10° Pa = 760 Torr = 1.01325 bar

T(K) = T(°C) + 273.15
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