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Part A: Short Answer (5 marks each)

/ |
[ / 1. For each acid-base reaction below, identify the conjugate pairs:

&\2 / a. HzS(aq) + HzO(l) = HS'(aq) + H3O+(aq)

b. HNOaq) + NHzag) = NO2 ™ ag) + NHs"(ag)
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2. a) Define the relation between the rate of a reaction and the temperature of the reaction.

7 {) // b) Describe what impact temperature has on the activation energy of the reaction and the

P progress of the reaction.
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3 The following overall reaction has part of a potential mechanism listed below. Predict the
U unknown step of the mechanism.
Overall: NH4"(ag) + HNO2 (aq) — Nag) + 2H20(1) + H* (ag)

Mechanism: Step 1:  HNO3 (aq) + H¥aqy 2H200) + NO*aq)
Step2:  NHi(ag) = NH3(aq) + Hag)
Step 3: unknown
Step 4:  NH3NO*aq — H200) + H*(ag) + No(g)
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[ // 21 Define an amphiprotic acid or base, and give an example of a compound that is

/

/9 / amphiprotic.
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| Part B: Long Answer Problems (10 marks each)

/
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7 7 u 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.

OVCI‘aH: Ea,overall = 275 k]/mol
2H,0: oy > 2H20 @) + On)

Catalyzed Mechanism:
1) MNO:z ) + H202 ) + 2H" (aq) =2 Mn** ag) + 2H20 + 029 Ea,1 =55 kJ/mol

2) _Mwaf g + 2H20 ¢y = Mn(OH); (aq) + 2H? (ag) Ea2 =95 kJ/mol
3) Mgggg)gh(aq) + H02 () - MnO:> ) + 2H20 g Eaj3 =35 kJ/mol
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,,,,, S
[/ / \ 6. The reaction of nitric oxide with hydrogen at 1280°C. For the following reaction and
\, l 0 /‘ experimental data:

\._/ ”

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

2NO(g) + 2Ha(g) = Na(g) + 2H2O(y)

Run [NOJo [Hz]o Initial Rate
M) ™M) (M/min)
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,
K/ I () /  substitute any invalid compounds in the predicted rate law to determine the corrected

A \
R
\ /

i predicted rate law.

-y
1) Clag) = 2Clg (fast, reversible)
2) Clg) + Hag = HClg) + He (slow)
3) Heg) + Cl(g) 2 HClg (fast)
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R =8.314 J K'! mol!
Nay = 6.022x10% mol!
n=m/M

c=n/V

p=m/V

b=n/m

Xc = ne/Miotal

tip =1In2 / ak

tiz =1/ 2k[Al,

In[A] = -akt + In[A],

Equations and Constants:

1/[A] = 2kt + 1/[A],
Rate = kK[A]¥[B]¥
ki[As] = k[AT?

k = AeE¥RT

In(k) =In(A) — E/RT

n() =G GE-7)

x = —-b+Vb?—-4ac
2a

O=ax?*+bx+c

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

T(K) = T(°C) +273.15
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1 2 3 4 8 6 7 8 9 10 11 12 13 14 15 16 17 18
Hydrogen Hetium
1 2
H He
1.008 Key: 4.0026
Lithium Barytium Element Name Boron Carbon Nitrogen Oxygen Fluoring Neon
3 4 Atomic number 5 6 7 8 [} 10
Li | Be B C N| O/ F Ne
6.84 9.0122 10.81 12,011 14.007 15.069 18.098 20.180
Sodium Magnesium Aluminium Silicon Phosphorus Sullur Chiorine Argon
11 12 13 14 15 16 17 18
Na | Mg Al | Si| P | S | Cl|Ar
22.080 24.305 26.982 28.085 30,974 32.06 35.45 39.948
Potassium Caleium Seandium THanium Vanadi [¢] g fron Cabalt Nickel Copper Zino Galtium Germanium Arsonic Selenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca Sc| Ti| V| Cr Mn Fe |Co Ni Cu|/Zn Ga|Ge | As | Se | Br | Kr
30.088 40.078(4) 44,056 47.867 50.842 51.006 54.038 55.845(2) 58.933 58,603 63.546(3) 65.38(2} £8.723 72.63 74.822 78.96(3) 79.904 83.708(2) |
Rubidium Strontium Yitdum Zirconium Niobium A { th Rhodium Pafiadium Silver Cadmium indium Tin Antimony Tefiunium lodine Xenon
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y | Zr Nb Mo| Tc Ru Rh | Pd Ag| Cd|In |[Sn|Sb | Te | | | Xe
85.468 87.62 88.006 91.224(2) 92.90612) 9506l 1 107.01) 101.07() 10291 108.42 107.87 11241 114.82 118.71 121.76 127.80{3) 126.80 131.20
Caesium Barnum Lutetium Hafnium Tantahum Tungsten Rhenium COsmium iridiutn Platinum Gold Mercury Thalium Lead Bismuth Polonium 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| Tl |[Pb| Bi | Po| At | Rn
132,81 137.33 174.87 178.48¢2) 180.85 183.84 186.21 180.23(2) 18222 185.08 106.97 200.58 204.38 207.2 208,98 {208.08] {208.989] {222,021
Francium Radium Lawrencium {Ruthedordium|  Dubnium Seaborgium Bohrium Hassium Aeitner D F Capernici Ununt F i Ununpentiumn | L [l i U t
87 88 89-102 103 104 105 106 107 108 108 110 111 112 113 114 115 116 117 118
Fr Ra| *™ | Lr | Rf | Db | Sg | Bh Hs | Mt Ds|Rg|Cn |Uut| FI {Uup| Lv Uus/Uuo
[223.02] [226.03] 1262.11) (265.12) 1268.13) [271.13] 1270 [277.15) [276.15) 1261.16] 1280.16] 285,17 {284.18) {289.19] [288.10] 1203] {204 1204
Lanthanum Cerium  |f i Neodymium is rh P ini Terbium Dysprosium Holmium Erbium Thulium Ytterbium
57 58 59 60 61 62 63 64 85 66 67 68 69 70
“lanthancids | La | Ce | Pr | Nd |Pm |{Sm Eu | Gd | Tb | Dy |Ho | Er | Tm | Yb
138.91 140,12 140,81 144.24 {144.81] 150.36(2) 151.96 157.25(3) 158.93 162.50 184.93 167.28 168.93 173.05
Actinium Thordum Protactinium Uranium phuni Piutonit Americh Curium 2 Ci i Einsteini Femmium | Mendelevium|  Nobefium
89 90 21 92 93 94 25 96 97 08 99 100 101 102
“actinoids | Ac | Th | Pa| U |[Np|Pu | Am | Cm | Bk | Cf | Es |Fm | Md| No
| 1227.03} 232.04 231.04 23803 §237.05 j244.08) | [243.06] 247.07] {247.071 1251.08] 252.08] 257.10] {258.10] {258.10]
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