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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. H20
b. NH3
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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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3. The following overall reaction has part of a potential mechanism listed below. Predict the
missing step of the mechanism.

Overall: H2(g) + Cl2(g) ~‘ 2HC1(g)

Mechanism:
1) Cl2(g) ~ 2Cl(g)

2) Unknown

3) H(g) + Cl(g) ~ HC1(g)
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/ 4. Some acids, like H2SO4 (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. H2S04 (aq) + H20(I) ~ HS04 (aq) + H3O~(aq)

b. HS04 (aq) + H2O(,) ‘ S042(aq) +H3O~(aq~~ -4.
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Part B: Long Answer Problems (10 marks each)

5. One of the industrial methods used to form concentrated sulfuric acid (H2S04(I)) is the
“Contact Process” which utilizes vanadium oxide (V2O5) 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,overaii = 315 kJ/mol

2SO2(g) + O2(g) + H2O(I)
V205(s)—* 2V5~(aq)+5O2(aq)

> 2H2SO~i~

Catalyzed Mechanism:
1) 2SO2(g) + 4V5~(aq) + 202(aq) ~ 2SO3(g) + 4V4~(aq

2) 4V4~(aq) + O2(g) -~ 4V5~(aq) + 2O2(aq)

3) 2H2SO4(1) + 2SO3(g) ~ 2H2S207(I)

4) 2H2S207(1) + 2H2O(1) -~ 4H2SO4(I)

Ea,i =95 kJ/mol
Ea,2 =44 kJ/mol
Ea,3 =65 kJ/mol
Ea,4 = 53 kJ/mol
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6. For the following reaction and experimental data:
a. Determine the activation energy.
b. Determine the rate constant at 100.0°C, and comment on the effect this lower

temperature has on the reaction progress.

2N205(g) ~ 4NO2~g) + O2(g)

Temperature (°C)
673
452
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Mechanism:
1) HNO2 (aq) + H~(aq) ~ H20(I) + NO~(aq)

2) NH4~(aq) ~ NH~~aq~ + H~(aq)

3) NO~(aq) + NH3(aq) 4 NH3NO~(aq)

3) NH3NO~(aq) + H~O~ + H~(aq) + N2(g)

(fast, reversible)

(fast, reversible)

(slow)
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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: ?4H4~ aq + HNO aq * N g + 2H 0 + H1 aq
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Equations and Constants:

R = 8.3 14 J K1 mol’ 1/[A] = 2kt + 1/[A]0

NAV = 6.022x1023 mol’ Rate = k[A]’~[BjY

n = m!M k1[A2] = k1[A]2

c = n/V k = Ae~IRT

p = rn/V ln(k) = ln(A) — Ea/RT

b = n/rn in = (~-~ (I — --

\.k11 \RJ\T1 T2

X~ = flClfltotal

ty~ = 1n2 / ak
— —b±~Jb2—4ac

t112= 1 /2k[A]0 X— 2a

ln[A] = -akt + ln[A]0 0= ax2 + bx + c

1 atm= 1.01325x105Pa=76OTorr= 1.01325 bar

T(K) = T(°C) + 273.15



*Ianthanoids

O*actinoids

Lanthanum Cerium Pmseoctymiur Neodymium Pomethoim Samarium Eumplurn Gadolinium Terbium Dysprosium Holmoins Erbuim Thulium Ytterbium
57 58 50 60 61 62 63 64 65 66 67 68 69 70

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
138.91 140.12 140.91 14424 [144.91] 150.36(2) 151.96 157.25(3) 158.93 162.50 164,93 167.28 168.93 l73,05

Autinium Thonum Prutuolinium Uranium Neptunium Platoniam rinrimi Curium Berkelium Cakfornnimn Elmmaieinium Femsiam Mendelesium Nobelium

89 90 91 92 93 94 95 96 97 98 99 100 101 102

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
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Hydrogen

H
1.0(18

Lithium

3

Li
6.64

Sodium

11

Na
22.890

Potassium

19

K
30.090

Rubidium

37

Rb
65.468
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Beryllium

4

Be
0.0122

Magnesium

~2g

24.305
Cabium

20

Ca
40.078)4)
Strontium

38

Sr
87.62

Element Name

Atomic number

Symbol
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Helium

2

He
4.0028

Boron Carbon Nitrogen Oxygen Fluorine Neon

5 6 7 8 9 10

B C N 0 F Ne
10.81 12.011 — l4.007 15.900 18.908 20.180

teummnlum

13

Al
26.882

Soandium Titanium Vanadium Cbmmmum Manganese Iron Cobalt Nobel Copper Zeso

21 22 23 24 25 26 27 28 29 30

Sc Ti V Cr Mn Fe Co Ni Cu Zn
44.856 47.867 50,042 51.806 54.938 55,840(2) 58.933 06,603 63.546(3) 68.38(2)
Yttrium Ziroonoim Niobium Molybdenum Teohnetiam Rutlmomom Rhodium Palladium Siluar Cadmium

Y Zr Nb Mo To Ru Rh Pd Ag Cd
80,006 01 99401 us 000191 05 aural a? nim 101 nV/ni 10901 106.42 107.87 112.41
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Si
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30.974
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CI
35.45

Gallium

31

Ga
08,723

81900

18

Ar
30.648

Germanium

32

Ge
72.63

A~uoniu

33

As
74.822

Selenium
34

Se
78.911131

Bromine

35

Br
70.904

Indium

49

In
114.02

~un
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Sn
118.71
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Sb
121.76

Cunsium Barium Lutetium Hafnium Tantalum Tuogsten Rhennan Oamnium Iridium Piutinian Gold Memnury Thaflium Lead binmuth Polnnaara Astatine Radon
55 56 57-70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs Ba * Lu Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
132.91 137.33 174.97 178.400 180.05 183.84 188.21 190.23)2) 182.22 195.08 196.97 200.59 204.38 207.2 208.08 [208.90] [208.89) [222.02)

Franuium Radium Lawrenoium Ralhemfordium Dubnium Seabomgium Bohmium Hassaum Meitnerium Dammutadtiom Roentgonnim Copoeniuium Unmintoam Flnmsrum Unonpentium Livermorrum Ununseptium Ununootrum

87 88 89-102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr Ra ** Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo
[223.02) [326.03) [263,11) [395.13) [269.13) [271.13) [270] [277.15) [276.15) [281.16] [209.16] [285.17) [284.19) [289)9] [288.10) ]293[ 204] [204]
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