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SECTION A

Q1

(a)

(b)

©

(d)

(e)

Write the equilibrium expression K for the following reactions :

(i) 2NOCI(g) = 2NO(g) + Ch(g)

(1 mark)
() Sb**(ag) + Cl'(ag) + H,O(0) = SbOCI(s) + 2H'(aq)

(1 mark)
(i)  2Ha(g) + Oxg) = 2ZHO(0)

(1 mark)
Consider the following equilibrium:

2NOx(g) = N2O4(g), Ke = 1.15

Calculate the equilibrium concentration of N,Oq(g) if the equilibrium
concentration of NO; is 0.50 M.

(3 marks)

Consider the following heterogeneous equilibrium
CaCOs(s) = CaO(s)+ COy(g)

At 800°C the pressure of CO; is 0.236 atm. Calculate X, and X, for the reaction.
(R =0.0821 L.atm/mol.K)
(6 marks)

Phosgene, COCl,, forms from CO and Cl; according to the equilibrium
CO(g) +Cly(g) = COClx(g)

At 600°C, this gas mixture has initial partial pressures of 0.60 atm for CO and
1.10 atm for Cl,. After it has reached equilibrium, the partial pressure of COCl(g)
at this temperature is measured to be 0.10 atm. Calculate the equilibrium constant ,

K, for this reaction.
(8 marks)

Heating solid sodium bicarbonate in a closed vessel establishes the following
equilibrium:

2NaHCOs(s) = NayCOjs(s) + H2O(g) + COq(g)
Predict the shift in equilibrium position if

(i) CO, is removed from the system,
(i) NayCO; is added to the system,
(iii)) NaHCOj; is removed from the system,
(iv) H,O(g) is added to the system.
(v)  Pressure is increased.
(5 marks)
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Q2 (a) Calculate:

(i) The pH of 0.02 M sulphuric acid, H»SOj4.
(4 marks)
(i) The pH of a sample of lemon juice given the concentration of hydroxonium
ion (H30") is 8.1 x 10°M.
(2 marks)
(ili) The hydroxonium ion (H30") concentration of a sample of soap given the
pH is 6.8.
(3 marks)
(iv) the hydroxide ion concentration of a blood sample given the hydroxonium
ion concentration is 5.5 x 108 M. (K, = 1.0 x 10'%)
(3 marks)
(b) A galvanic cell is set up using copper and silver half-cells.
Cu (s) /Cu? (aq) / Ag”(aq)/ Ag(s)
(i) Write the overall cell reaction.
(2 marks)
(i) Calculate the cell potential under standard conditions, E ;.
(E:’W/Ag =08V, E .., =034V)
(3 marks)
(iii) Calculate £ ; given [Cu®*]=1.1 M and [Ag"]=0.7 M.
(5 marks)
(c) State 3 prevention steps that should be taken to avoid corrosion.
(3 marks)
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SECTION B
Q3 (@ (i) Define empirical formula.
(2 marks)
(i)  Determine the empirical formula of an organic acid given the following
composition by mass
H. C O
2.20 % 26.70 % 71.10%.
(Relative atomicmass : H=1,C=12,0=16,)
(6 marks)
(iii)  The molar mass of acid is 90.0 gmol™, find the molecular formula.
(2 marks)
(b) State Dalton’s Law of partial pressure.
(2 marks)

Q4

(©)

(d)

@

A mixture of gases contains 30% by volume of carbon dioxide (CO,) , 20 % by
volume of oxygen (O,) and 50 % by volume of carbon monoxide (CO). The total
pressure of the gases is 101 kPa.

(i) Calculate the partial pressure of each gas.
(6 marks)
(i)  If carbon dioxide is removed from the mixture determine the partitial
pressures of oxygen and carbon monoxide.
(2 marks)

The density of a gas is 2.6 g/L at a temperature of 25°C and pressures of 101 kPa.
Calculate the relative molecular mass of the gas.
(R =8.315 x 10° L.Pa/mol K)

(5 marks)
A neutral atom has two (2) electrons with n =1, eight (8) electrons with
n=2, eight (8) electrons with » =3, and two (2) electrons with n = 4.
)] Write the ground state electron configuration of the atom.

(2 marks)
(i)  Identify the group and period of the element.

(2 marks)

(ili)  Write the set of quantum numbers (n, £, m; my) for an electron in the 2s
and 3p subshell
(4 marks)



Q5

(b)

(©)

(d)

(b)

©
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Arrange the following ions in order of increasing ionic radii. Give your reasons.
Ca®, Be*', Ba®*, Mg*
(Atomic number, Z : Ca=20, Be=4, Ba=56, Mg=12)

(4 marks)
(i) Describe covalent and ionic bonding using Cl, and NaCl as examples.

(4 marks)
(ii) Use Lewis dot symbols to show bonding in both examples.

(Group in Periodic Table: C1=17 ; Na= 1)

(3 marks)
Draw the Lewis structure of HOBr and calculate the formal charges.
(Group in Periodic Table: H=1; Br=17; O = 16)

(6 marks)

A 100.0 g copper sample at 100 °C is added to 50.0 g of water at 26.5 °C.
Determine the final temperature of the copper-water mixture.

(sca=0.3851.g7.°C™, Syarer = 4.184 J.g7.°C™)

(5 marks)
Given the following thermochemical equation:
N2 (g)+3H,(g) - 2NHs(g) , AH?.,=-92.22KlJ.
Write the thermochemical equation for:
(i) the formation of 1 mol of NH3(g)
(2 marks)
(ii) the dissociation of 4 mol of NHj3(g)
(3 marks)

Use the following information to find AH; of acetylene, C,H, .
2C,H,(g)+50,(g) »4C0,(g)+2H,0(g) ; AH_S =-2511.6kJ

AH{? of CO,(g)=-393.5k)/mol ; AH{ of H,0(g) =—241.8 kJ/mol
(5 marks)



(d)

Q6 (2

(b)

©
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Calculate AH for the reaction
NoH4(£) + 2Hp05(8) — Na(g) + 4H,O(L)
Given the following set of reactions:

NoHi(£) + 0x(g) — Ny(g) + 2H,0(0) AH=-622.2KkJ
Hy(g) + 202(g) — HO(f) AH=-2858KkJ
Hy(g) + Ox(g) — Hy0x(0) AH=-187.8kJ

(10 marks)

Dinitrogen pentoxide gas decomposes to nitrogen dioxid gas and oxygen gas
according to the following balanced equation.

2N,0s5(g) — 4 NO» (g) + Ox(g)

(i)  Write the differential rate equation for the dissociation of N,Os gas .
(3 Marks)

(ii)  If the rate of disappearance of N,Os gas is 1.0 x 10% mol dm™ s™' determine
the rate of formation of NO, gas under the same conditions of temperature

and pressure.
(3 Marks)
The reaction of nitric acid with hydrogen at 1280 °C is as follows :
2NO (g) + 2Hx(g) > N2 (g) + 2H20
Experiment [NOJ(M) [H2](M) Initial Rate
(M/s)
1 5.00 x 10~ 2.00 x 10~ 1.25 x 10
2 10.00 x 10~ 2.00 x 10~ 5.00 x 107
3 10.00 x 10~ 4.00 x 10~ 10.00 x 10~
From the data collected at the specific temperature , determine
1) The rate law.
(10 Marks)
(i)  The rate constant, k£ (complete with units)
(4 Marks)

Explain briefly 3 reasons that affect the reaction rate based on the following
factors :

(i) Concentration

(ii) Particle surface area
(5 marks)

- END OF QUESTION -



