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Part A: Short Answer (5 marks each)

7 . For each acid-base reaction below, identify the conjugate pairs:a. H2S(aq) + H20(I) ~ HS(aq) + H3O~(aq)

b. HNO2(aq) + NH3(aq) ~ NO2 - (aq) + NH4~(aq)
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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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Overall: NH4~(aq) + HNO2 (aq) ~4 N2(g) + 2H20(I) + H~(aq)

Mechanism: Step 1: HNO2 (aq) +~H~t~aq~ ~4H2O(l) + NO~(aq)
Step 2: NH4~(aq) ~ NH3(aq) +T~t~aq~

unknown
NH3NO~(aq) -4 H2O(I) + H~(aq) + N2(g)
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4. Define an amphiprotic acid or base, and give an example of a compound that is
amphiprotic.
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3. The following overall reaction has part of a potential mechanism listed below. Predict the
unknown step of the mechanism.

Step3:
Step4:
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Part B: Long Answer Problems (10 marks each)

5. MnO~ is often used to improve the efficiency of the decomposition of hydrogen peroxide
to water and oxygen gas. The overall reaction has an energy change of -108 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,overaii = 275 kJ/mol
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Ea,i = 55 kJ/mol
Ea,2 =95 kJ/mol
Ea,3 = 35 kJ/mol
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Mn02 (s) ,H + (aq)
2H2O2 ~ > 2H~O (1) + O2(g)

Catalyzed Mechanism:
1) MNO2 (s) + H2O2 ~ + 2H~ (aq) ~1 Mfl2~ (aq) + 21120(1) +~~)
2) Mn2~ (aq) + 2H20 (I) ~ Mn(OH)2 (aq) + 2H~ (aq)

3) Mfl(OH)2(aq) + H2O~jI) ~ Mn02 (s) + 21120(1)
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6. The reaction of nitric oxide with hydrogen at 1280°C. For the following reaction and
experimental data:

a. determine the rate law and overall reaction order.
b. determine the rate constant.

2NO(g) + 2H2(g) 4 N2(g) + 2H2O(g)

Run [NO]0 [H2]o Initial Rate
(M) (M) (Mlmin)

1 0.0100 0.0100 0.00600
2 0.0200 0.0300 0.144
3 0.0100 0.0200 0.0120
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// 7. Determine the overall reaction and the rate law for the following mechanism. If possible,
substitute any invalid compounds in the predicted rate law to determine the corrected
predicted rate law.

1) Cl2(g) ≠ 2Cl(g) (fast, reversible)

2) Cl(g) + H2(g) ~ HC1(g) + H(g) (slow)

3) H(g) + Cl(g) ~ HC1(g) (fast)
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Equations and Constants:

R 8.3 14 J K’ mol’

NA~ = 6.022x1023 mol’

n=m/M

c=nJV

pmIV

b=nlm

X~ = flC/fltotal

ti!2 = 1n2 / ak

t112 = 1 / 2k[A]0

ln{A] = -akt + ln[AJ0

1/[A] = 2kt + 1/[A]0

Rate = k[A]’~[BJY

k1[A2] = k.1[A]2

k = Ae~JRT

ln(k) = ln(A) — Ea/RT

‘~k1J ‘~.RJ\T1 ~‘2

—b±gb2—4ac
x=

2a

0= ax2 + bx + c

1 atm = 1.01325x105 Pa = 760 Torr = 1.01325 bar

T(K) = T(°C) + 273.15



*Ianthanoids

**actinoids

Loothacurn Cerium Proxeodymiu Neodymium Pmmethium Samarium Europium G~dolfrrium Terbium Oyupmiuum Holmium Erbium Thulium Ytterbium
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K
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Element Name

Atomic number

Symbol
Atomin merght (mean relative muon)
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Helium

2
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Boron Carb~ Nftrogen Oxygen Ftuudno Noon

5 6 7 8 9 10

B C’ N 0 F Ne
10.81 12.011 14.007 15.909 18.098 20.180
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13

Al
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Scandium Titoruom Vanadium Chromium Manganono Iron Coba8 NOket Copper Zirm
21 22 23 24 25 26 27 28 29 30

Sc Ti V Cr Mn Fe Co Ni Cu Zn
44.956 47.867 50,842 51.986 54.038 55.845(2) 58.933 58.693 62.84613) 65.38(21
Yttrium Zeoorcom Niobium Molybdenum Tuohnetium Ruthenium Rtrodorm Patadlum Silver Cadmium
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Cuonium Barium Lutetium Hatorurn Tantulron Tuognteo Rhenium Oammro Iridium Platinum Gold Memory Thallium Lead Binmuth Polonium Aotatino Radon
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Cs Ba * Lu Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
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