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SECTION A 

QUESTION 1: Multiple Choice Questions 

• There are 20 multiple choice questions in this section. Each question carries 
3 marks. Answer ALL questions by selecting the letter of the correct answer. 

• Choose the best possible answer for each question, even if you think there is 
another possible answer that is not given. 

[60] 

[60] 

1. Which statement concerning relative rates of reaction is correct for the chemical equation 
given below? 

A. The rate of disappearance of CH30H is equal to the rate of disappearance of 02 

B. The rate of disappearance of CH30H is two times the rate of appearance of H20 

C. The rate of disappearance of CH30H is half the rate of appearance of CO2 

D. The rate of appearance of H20 is two times the rate of appearance of CO2 

E. The rate of appearance of H20 is four times the rate of disappearance of CH30H 

2. The average rate of disappearance of ozone in the following reaction is found to be 
8.93 x 10-3 atm/s 

2 03 (g) 02 (g) 
What is the rate of appearance of 02 during this interval? 

A. 5.95 x 10-3 atm/s 

B. 8.93 x 10-3 atm/s 

C. 26.6 x 10-3 atm/s 

D. 356 x 10-3 atm/s 

E. 13.4 x 10-3 atm/s 

3. The rate law for a reaction is rate= k[A]2[B]. Which of the following mixtures of reactants 
will give the smallest initial rate? 

A. 1.0 MA, 1.0 MB 

B. 2.0 M A, 0.50 M B 

C. 0.50 M A, 0.50 M B 

D. 0.125 M A, 3.0 M B 

E. 1.5 M A, 0.50 M B 

4. If 35.0 g H20 at 22.7 °C is combined with 65.0 g H20 at 87.5 °C, what is the final temperature 
of the mixture? The specific heat capacity of water is 4.184 J/g·K 
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A. 25.1 °C 
B. 45.4 °C 

C. 50.8 °C 
D. 64.8 °C 
E. 48.9 ° 

5. How much energy is gained by copper when 48. 7 g of copper is warmed from 10.2 °C to 
67.0 °C? The specific heat capacity of copper is 0.385 J/(g•0 C). 

A. 1.91 X 102 J 
B. 25.79 J 
C. 21.86 J 
D. 1.06 X 103 J 
E. 1.26 X 103 

6. Which of the following statements is/are CORRECT? 

A. A system is defined as an object or collection of objects being studied 
B. Surroundings are defined as the entire universe, including the system 
C. In an endothermic reaction, heat is transferred from the system to the surroundings 

D. A and B 

E. None of the above 

7. Which of the following statements is/are CORRECT? 

A. For a chemical system, if the reaction quotient (Q} is greater than K, reactant must be 
converted to products to reach equilibrium 

B. For a chemical system at equilibrium, the forward and reverse rates of reaction are 
equal 

C. For a chemical system at equilibrium, the concentrations of products divided by the 
concentrations of reactants equals one. 

D. C and B 
E. None of the above 

8. For the reaction 2NO(g} + O2(g} 2NO2(g} at 750°C, what is the relationship between Kc 
and Kp? 

A. Kc= Kp 
B. Kc= Kp X (Rn- 1 

C. Kc= Kp = 1.0 
D. Kc= Kp X (RD¼ 
E. Kc= Kp X (RD1 
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9. Ozone is formed from oxygen: 3 O2(g) ;:=2 O3(g). Calculate the value of Kp, given that 

Kc= 2.5 x 10-29 at 298 K. 

A. 1.0 X 10-3o 

B. 2.1 X 10-30 

C. 2.5 X 10-29 

D. 3.3 X 10-2B 

E. 6.1 x10- 28 

10. Which of the following ground-state electron configurations corresponds to an atom that 
has the most negative value of the electron affinity? 

A. ls 22s22p63s1 

B. ls 22s22p63s23p5 

C. ls 22s22p63s23p2 

D. ls 22s22p63s23p63d54s2 

E. ls 22s22p6 

11. The statement that the first ionization energy for an oxygen atom is lower than the first 
ionization energy for a nitrogen atom is 

A. inconsistent with the general trend relating changes in ionization energy across a period 
from left to right and due to the fact that oxygen has one doubly occupied 2p orbital and 
nitrogen does not. 

B. consistent with the general trend relating changes in ionization energy across a period 
from left to right because it is harder to take an electron from an oxygen atom than from a 
nitrogen atom. 

C. consistent with the general trend relating changes in ionization energy across a period 
from left to right because it is easier to take an electron from an oxygen atom than from a 
nitrogen atom. 

D. incorrect. 

E. inconsistent with the general trend relating changes in ionization energy across a period 
from left to right and due to the fact that the oxygen atom has two doubly occupied 2p 
orbitals and nitrogen has only one. 

12. What is the ground-state electron configuration of terbium (Tb)? 

A. ls 22s22p63s23p63d104s24p64d10Ss25p6Sd96s2 

B. ls 22s22p63s23p63d104s24p 64d 104f14Ss2Sp3 

C. ls 22s22p63s23p63d104s24p64d10Ss2Sp6Sd106s1 

D. ls 22s22p63s23p63d 104s24p64d104f9Ss25p66s2 

E. ls 22s22p63s23p63d104s24p64d94f 105s2Sp66s2 
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13. In the Lewis dot formula that minimizes formal charge, how many bonds are there in the 
tetrathionate ion, S4052-7 

A. 7 
B.9 

C. 15 

D. 11 

E. 13 

14. Which of the following bonds would be the least polar yet still be considered polar 
covalent? 

A. Mg-0 

B. C-0 

C. Si-0 
0.0-0 

E. N-0 

15. When the cations Na+, K+, Rb+, cs+ are combined with chloride ion in the gas phase to form 
ion pairs, which pair formation releases the greatest amount of energy? 

A. KCI 

B. All release the same amount of energy. 

C. RbCI 

D. NaCl 

E. CsCI 

16. How many valence electrons are there in the acetate ion (the conjugate base of acetic acid)? 

A.22 

B.23 

C.24 

D.36 
E.38 

17. Which of the following statements concerning Lewis electron-dot formulae is/are correct? 

1. A Lewis electron-dot formula (Lewis structure) is identical to a structural formula. 
2. The skeleton of a molecule need not be known to draw the correct Lewis electron-

dot structure. 
3. Lewis electron-dot formulae show the location of bonding and nonbonding 

electrons in three dimensional space. 
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A. 1 only 

B. 2 only 

C. 3 only 

D. all the statements are correct 

E. none of the above statements are correct 

18. What is the C-C-H bond angle in H2CCO? 

A. 109° 

B. 180° 

C. 120° 

D. 144° 

E. 90° 

19. Which of the following statements correctly describes the reaction of BF3 with NH3 to form 
F3B-NH3? 

A. Both nitrogen and boron change from trigonal planar to tetrahedral geometry during the 
reaction. 

B. Boron changes from trigonal planar to tetrahedral geometry during the reaction. 

C. There are no changes in the formal charge on any atom during the reaction. 

D. Nitrogen changes from trigonal planar to tetrahedral geometry during the reaction. 

E. There is no change in geometry around the nitrogen or boron atoms. 

20. Which of the following concerning sand p bonds is/are correct? 

1. A sigma bond may be formed from the sideways overlap of two parallel p orbitals. 
2. No more than two pi bonds are possible between adjacent carbon atoms. 
3. The considerable energy required to rotate pi bonded atoms is the primary reason 

for geometrical isomerism in some pi bonded molecules. 

A. 1 only 

B. 2 only 

C. 3 only 

D. 1 and 2 

E. 2 and 3 

END OF SECTION A 
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SECTION B: 

There are FIVE questions in this section. Answer all questions. Show clearly, where necessary, 

how you arrive at the answer as all working will carry marks. 

QUESTION 1 
Consider the following reaction: 

NO2 + 02 (g} N2Os (g} 

[40] 

[G] 

At a particular moment during the reaction, molecular oxygen is reacting at a rate of 0.024 M/s. 

a} At what rate is N2Os being formed? 
b} At what rate is NO2 reacting? 

QUESTION 2 

At the start of a reaction there are 0.249 mol N2, 3.21x10·2 mol of H2 and 6.42x10· 4 mol NH3 
In a 3.50 L reaction vessel at 375 °C. If Kc is 1.2 at this temperature, decide whether the system 
Is at equilibrium. 

QUESTION 3 

Calculate the standard enthalpy of formation of CO from the oxidation of carbon: 
C (g} + 02 (g} CO (g} 

a} CO (g} + ½ 02 CO2 (g} tirH 01 = - 283.0 kJ/mol-rxn 
b} C (s} + 02 (g} CO2 (g} tirH 01 = - 393.5 kJ/mol-rxn 

QUESTION 4 

What is the electron domain geometry and orbital hybridization for the central atom in each of the 
following molecule or ions? Each question below carries two marks. 

a} AICl4• 

b} Pentachloride phosphorous 

c} Xenon difluoride 

d} XeOF2 

e} O2SF2 
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QUESTION 5 (10] 

The lactic acid molecule, CH3CH(OH)COOH, gives sour milk its unpleasant, sour taste. 

a) Draw the Lewis structure for the molecule, assuming carbon always forms four bonds 
in its stable compounds. (4) 

b) How many n: and o bonds are in the molecule? (2) 
c) What is the hybridization of atomic orbitals around the carbon atom associated with 

the shortest bond in the molecule? (2) 
d) What is the bond angle around the carbon atom associated with the shortest bond in 

the molecule? (2) 

END OF EXAMINATION 

GOODLUCK 
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USEFUL CONSTANTS 

Gas constant, R = 8.3145 J · mo1-1 · K-1 = 0.083145 dm 3 · bar· mol- 1 · K-1 = 0.08206 L atm mo1-1 · K-1 

1 Pa · m3 = 1 kPa.L = 1 N · m = 1 J 

1 atm = 101 325 Pa = 760 mm Hg= 760 torr 

Avogadro's Number, NA= 6.022 x 1023 mo1-1 

Planck's constant, h = 6.626 x 10-34 Js 

Speed of light, c = 2.998 x 108 ms-1 
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Lanthanides: 

Actinides: 

PERIODIC TABLE OF THE ELEMENTS 
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5 6 
B C 

10.81 12.011 
13 14 
Al Si 

5 6 7 8 9 10 II 12 26.9815 28.0855 
23 24 25 26 27 28 29 30 31 32 
V Cr Mn Fe Co. Ni Cu Zn Ga Ge 

50.9415 51.996 54.9380 55.847 58.9332 58.69 63.546 6538 69.72 72.59 
41 42 43 44 45 46 47 48 49 50 
Nb Mo Tc Ru Rh Pd Ag Cd In Sn 
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