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INSTRUCTIONS
1. Answer Question | {compulsory) and any other three questions {each

question is 25 marks)

NB: Non-programmable electronic calculators may be used

A data sheet and a periodic table are attached

Useful data and equations:
1 atm = 760 Torr = 760 mmHg

1 atm =101325 Pa

“E/RT or  Ink = InA — &

Arrhenius equation: k = Ae T
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V—nb y2

Van der Walls equation: P =
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Question 1 {Compulsory}

a. Name the following compounds:

CH,CH; — O —- CH;CH,4
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b. Draw the structures of the following compounds: .
i.  3-chloro-3-cyclohexenone
ii.  2,3,3-trimethyl-4-octyne
iii.  3-chloro-3-methyl-1-pentene
iv.  3-methyl-5-hexen-3-ol
v.  3-methyl-3-hydroxybutanoic acid
¢. identify the functional groups in each of the following compounds:
i, CH3—CH;—OH
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Question 2

a. Write the equilibrium-constant expression for the following reactions:

i, COy{g)+2Hy (g} —> CH3OH {(g)

i, COyls) +HO() ——> H* {aq) + HCO3- (aq)

i, Crls). + 3Ag'laq) —> cr’f(aq) +  3Ag(s)
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b.

iv. 3Fey + 4H,0(g) >  FesO4s). +  4Ha(g)

The Kegq for the equilibrium below is 7.52 x 102 at 480.0°C. {3)

2Ck {g) + 2H,0 {g) —>  4HCl (g} + Oz (g)
What is the value of Keq at this temperature for the following reaction?

AHCI (g) + Oz (g —>  2Ch(g) + 2H0 (g)

¢. Sulfur trioxide decomposes at high temperature in a sealed container:
2805(g) == 2380,(g) + Oy(g)
initially, the vessel is charged at 1000 K with $Os3(g) at a partial pressure of 0,500 atm.
At equilibrium the SO3 partial pressure is 0.200 atm. Calculate the value of K, at 1000
K. (9)
d. For the reaction
PCls(g) === PCl;3(g) + Cly(g) AH® = 87.9k]
in which direction will the equilibrium shift when
i Clylg) is added
ii. the temperature is increased
iii. the volume of the reaction system is decreased
iv. PCls{g) is removed? {5)
Question 3
a. The pressure in a natural-gas tank is maintained at 2.20 atm. On a day when the
remperature is —25 °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 53 °C? (7)
b. A 0.75-ma! sample of oxygen gas is confined at 0°C and 1.0 atm in a cylinder with a
movable piston. The piston compresses the gas so that the final volume is a quarter
of the initial volume and the final pressure is 5.2 atm. What is the final temperature
of the gas in degrees Celsjus? 7 (10)
c. Sodium bicarhonate {2.00 kg) is reacted with excess concentrated hydrochloric acid
at 37.0°C and 1.00 atm. What volume of CO, will be produced. {8)
Question 4
a) What is the conjugate base of HCIO4, H,S, PH4", HCO3™? {4)
b) What s the conjugate acid of CN™, 04>, H,0, HCO3 ? (4)
c) A solution is made by mixing 27.3 mL of 0.28 M HCl and 25.0 mL of 0.35 M NaOH.
Calculate the pH of this solution. (10}
d) Calculate the concentration of OH (aq) in a solution in which {7)
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i} [H7=3x10"°Mm;
i) [H1=50x[0OHT]

Question 5
a) In the coal-gasification process, carbon monoxide is converted to carbon dioxide via
the following reaction:
CO(g). + H20(g) COxg) +  Hag)
In an experiment, 0.35 mol of CO and 0.40 mol of H,O were placed in a1 L reaction
vessel, At equilibrium, there were 0.19 mol of CO remaining. Calculate Keq at this
temperature. (10}
a) Given the following reaction:
2Bai) + Oy —> 2Bayg AH® =-1107.0 Kl
How many KJ of heat are released when:
i, 4.98 g of BaOy, is produced (8)
ii.  10.66 g of Bay reacts completely with oxygen to form BaO{s)? {7)
Questioh 6
a. Consider the following reaction:
Hy(g) + T(g) — 2 HI(g) Rate = k[H,](I,]
i, Whatis the reaction order of the reactant H;? {4)
ii.  What are the units of the rate constant? (6)
b. The following data were measured for the reaction of nitric oxide with hydrogen:

2 NO{g) + 2 Halg) — Nalg) +2 H20(g)

Experiment

Number NOT (V) [Hal (M) Initial Rate (M/s)

1 0.10 0.10 123 X 1072

2 0.10 0.20 246 X 107

3 0.20 0.10 492 X 107°

i. Determinethe rate law for this reaction. (5)

ii.  Calculate the rate constant. {(5)
ili.  Calculate the rate when [NO] = 0.050 M and [Hz] = 0.150 M. (5)




Sl Units and Conversions

Unit Symhol S$i units

Newtaon N kg.m.s™
Pascal Pa kg.m s or N.m™
loule J kg.m?.s% or N.m or AVs
Watt W kg.m*.s or Jst
Coulomb C A.s
Volt Y kg.mis A orl.C?
Ohm Q kg.m*.s A or vAT
Amp A 1657
Pressure Units and conversion factors
Pa | Pa=1N.m™>*
Bar 1 bar = 10° Pa
Atmosphere 1 atm=101.325 kPa
Torr 760 Torr =1 atm
760 Torr = 760 mmHg= 101.325 kPa

General data and Fundamental Constants

Gas constant R 8.314 51 J.K “.mol™

8.314 51 x 107 L.bar.K .mol™
8.205 78 x 107% L.atm.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
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