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Question 1

a. What is the kinetic energy, in J, of one mole of Ar atoms moving at 650 m/s?

(5}

b. Calculate AH for the reaction (10)
NO(g) + O{g) NO,(g}

given the following information:

NO(g) + Os{g) —— NOy@) + Oxlg) AH = ~193.9%
Oslg) — 3 O4(g} AH = ~142.3K)
Oylg) — 20(g) AH = 4950k
¢. Calculate the enthalpy change for the combustion of 1 mol of ethanol: {10}

GHsOR() +3 05(g)  ———>  2C0O,(g) +3 H,0())

Given the following AHf values:
Cszon 2> -277.7 kj/mol
COZ(g) - -3935 kj/mO[

HzO(;) - -285.8 |(_|,/m01
Question 2
a) Calculate the pH of each of the following solutions: (12}

i} 0.15 M solution of HNO;
i) 0.025 M solution of Ba{OH},
i} 0.15 M solution of CH3;COOH
iv) 0.38M solution of NH;
b} Ifit takes 53.5 mL of a 0.200 M solution of NaOH to exactly neutralize 30.15 mL of HCI

solution, calculate the molarity of the HCL solution. (10)
¢} Reconstruct the following table on your scripts sheet and fill in the blanks. (3}
Solution pH [H+] [OH-] pOH
#1 4.44
#2 L 138x107M
Question 3
a. Write the equilibrium-constant expression for the following reaction. (12}

L COyy + Hy0p p Hpy + HCO3 (g

il Crg + 3AgTg —> Criug +  3Agy
ii. 3Fey + 4H0p —> FesOug + 4Hyy
iv. {NH.},Se (s) —» 2NH; (g} + H;Se (g)

b. Forthe reaction:



Question 1

a. Whatis the kinetic energy, in J, of one mole of Ar atoms moving at 650 m/s?

(5

b. Calculate AH for the reaction (10)
NO(g) + O(g) NO,{g)

given the following information:

NO(g) + Oslg) — NOy(g) + Oulg) AH = —198.9 K]
Osxlg) — §0ulg) AH = ~142.3 k)
Oylg) — 20(@ AH = 4950k
¢. Calculate the enthalpy change for the combustion of 1 mol of ethanol: (10)

GHsOH(I) +3 05(g)  ———>  2C0y(g) + 3 H,0())

Given the following AHf values:
CHsOHy > -277.7 kj/mol
COyy > -393.5kj/mol
H,0p > -285.8 kj/mol

Question 2
a) Calculate the pH of each of the following solutions: (12}
i} 0.15 M solution of HNO;
i) 0.025 M solution of Ba{OH},
iii) 0.15 M solution of CH;COOH
iv) 0.38 M solution of NH;,
b} If it takes 53.5 mL of a 0.200 M solution of NaOH to exactly neutralize 30.15 mi of HCI

solution, calculate the molarity of the HCL solution. (10)
¢} Reconstruct the following table on your scripts sheet and fill in the blanks. (3)
Solution pH [H+] [OH-] pOH
#1 4.44
o U B Y TELET
Question 3
a. Write the equilibrium-constant expression for the following reaction. (12}
i COyq + H0p H‘*(dq\, + HCOy g

i Crg o+ 3Aghg —> Cug + 3Agy
iit. 3 Fem + 4HZO(g) > Fe304(5) + 'QHZ(g}
iv.  (NHg),Se (s) —» 2NH; (g) + H,Se (g}

b. For the reaction:



Ny(g) + Oy(g) === 2NO(g)

thatis run at 25 °C, K. = 1 x 10™°. Use this information to write the equilibrium-constant
expression and calculate the equilibrium constant for the reaction:

2NO(g) === Ny(g) + O,(g) (3)
c. Sulphur trioxide decomposes at high temperature in a sealed container:

Initially, the vessel is charged at 1000 K with SOs(g) at a partial pressure of 0.500 atm. At
equilibrium the 505 partial pressure is 0.200 atm. Calculate the value of K, at 1000 K.
(10)

Question 4

a. Nitrous oxide can be formed by thermal decomposition of ammonium nitrate.
NHNO3q) ————— N0y + 2HOy '
What mass of ammonium nitrate would be required to produce 115 L of N,O at 2800 Torr
and 42°C (8)
b. Inthe first step in the industrial process for making nitric acid, ammonia reacts with oxygen

in the presence of a suitable catalyst to form nitric oxide and water vapor:
4 NHjlg + 5 Oygy — 4 NOy+ 6H;0
How many liters of NHa,; at 850 °Cand 5.00 atm are required to reacl with 1.00 mol of O5{g)
in this reaction? {10)
¢. The pressure in @ natural-gas tank is maintained at 2.20 atm. On a day when the temperature
is ~15 °C, the volume of gas in the tank is 3.25 x 10* m®. What is the volume of the same

quantity of gas on a day when the temperature is 51 °C? (7)

Question 5

a. Write the names of the following compounds: (2 each)
BC
o
CH iy~ € Cil- CH,
|

i iy

Cily CHy

i CHy= Cliy— Clly= Cly

B 0 H
o

Hroe G T_H
fit. gi i

36— C¢— C~—C=Cli,
[
. e 4o
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CHyCHCH,CH,CH,CHy,CCH,CHCH,

V. HaC——CH, CHa
CHs
CH3CHZ ~  Gh,cHcHs
ot
\\
Vi, HaC H
i, NN
o
viii,  CH,CH,CH CH,CHy
b. Complete the following reactions (9)

Pd, I’t, or Ni

CC==cH, + O, —to
4

i} CHj3
CH,CH,C==CH + HBr —— 7
it) CH; CH,

. . peroxide
CH3CH;Cz==CH  + HBr ——

ifi) CH; CH,

Question 6

a. Nitrogen dioxide decomposes to nitric oxide and oxygen via the reaction:
2NG, -» 2NO + 0O,
In a particular experiment at 300 °C, [NO,] drops from 0.0100 to 0.00650 M in 100 s. What is
the rate of disappearance of NO,. (3)
b. The following data were measured for the reaction of nitric oxide with hydrogen:

2 NO{g) + 2 Hy{g) — Ny{g)+ 2 H,0{g)

Experiment

Number [NO] (v iHa] (V) Initial Rate {M/5)

1 0.10 0.10 123 x 1073

2 0.10 0.20 2.46 X 1072

3 0.20 0.0 492 X 107
i. Determine the rate law for this reaction. (5)
ii. Calculate the rate constant. {5}
ili. Calculate the rate when [NOJ] = 0.050 M and [H,] = 0.150 M. (5)

¢. The following data were obtained for the gas-phase decomposition of nitrogen dioxide at
300°C,



Time (s) [NOJ] (M)
0.0 G.01000

50.0 0.00787
1004 0.00649
200.0 0.00481
300, E

&0

a. lsthe reaction first or second order in NOz?




Sl Units and Conversions

Unit Symbol ] St units
Newton N kg.m.s™
Pascal Pa kg.m™.s or N.m™
loule J ke.m?.s™ or N.m or AVs
Watt W kg.misPorls™t
Coulomhb C As

Volt Vv kg.m’s? A ornct
Ohm Q kg.m’s A orv.AT
Amp A 1Cs7

Pressure Units and conversion factors

Pa |Pa=1N.m™
Bar 1 bar = 10° Pa
Atmosphere ~latm=101.325kPa
Torr 760 Torr=1 atm -
760 Torr = 760 mmHg= 101.325 kPa

General data and Fundamental Constants

Gas constant R 8.314 51 4. .mol™
8.314 51 x 107 L.bar. K .mol™
8.205 78 x 107 Latm.K ™ .mol™
62.364 L.Torr.K “.mol™

Avogadro constant Na 6.022169 x 10% mol™

Molar volume of an ideal gas Vi, 22.414 dm?®
at 0°Cand 1 atm

6
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i
H Atomic Number |2
La47 He
3 4 40026 Atomic Weight B s 7 3 5
Li | Be B C N O F
6.941] 9.0i23 10.81F 12,012 14007 15.99 18.99%
11 12 13 14 15 16 17
Na | Mg Al | Si P S Cl
22.996 24.305] 26.982 28,086 30.974 32.064 35,453
L] 20 23 22 23 24 25 26 27 28 29 30 31 32 33 34 35
K | Ca Se | Ti V | Cr | Mn| Fe | Co| Ni | Cu | Zn Ga | Ge | As | Se | Br
39095 40.07. L4938 +7.88] 30.947 3199 34.938] 55.8471 38.933 38.69) 53546 85.39 £2.723 72,61 74922 78 56 79.904
37 38 3¢ # 41 42 43 44 45 46 47 48 49 50 51 52 53
Rb | Sr Y | Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In | Sn | Sb | Te 1
8347 R7.82 &£8.906 91.224 92.906] 93.94) (98; o107 10291 106,42 2107.87] 1i24F 114,82 TiI8.7] 12075 127,801 126.914
33 56 57 72 73 74 75 76 77 78 7Y 30 81 82 83 84 83
Cs | Ba La | Hf | Ta | W | Re | Os | Ir Pt | Au | Hg Ti | Pb | Bi | Po | At
132,04 137.33] 13891 178,493 130.93 183,83 186.2 184.2) 192.22 19308 195.971 200.39 204.38 207.2] 208.98 {209) 7216)
87 a8 89
Fr | Ra Ac
{223) 225.03) 227.03
S8 55 60 61 62 63 64 65 66 7 Tez 59 7 71 .
Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho{ Er | Tm | Yb | Lu
140.12 140.91 14424 146.921 13036 13197 157.25 138393 162,301 16493 167.26 168.93 173.04 17497
S0 o1 92 93 94 o5 S6 97 98 59 100 101 102 103
Th | Pa | U | Np| Pu | Am {Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.04] 231.04 233.03 237.05 (244 (234) (227 2474 251 (252 (257) (258) (259) (260
l

He

4.0026
10
Ne
20479
18

Ar

20948



