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Section A (50 Marks)

This section is compulsory and it consists of multiple choice questions. A correct answer

must be indicated by putting a circle around the letter for that answer on the answer sheet
provided. If you change your answer, pleése cancel the wrong answer with a cross and

then put a circle around the correct one. If more than one option has a circle around it a

zero will be given for that question. Attempt all 50 questions.

QUESTION ONE
I. If matter is uniform throughout and cannot be separated into other substances by
physical means, it is

A)acompound  B) either an element or a compound C} a homogeneous mixture

D) a heterogeneous mixture E) an element

2. Which of the following are chemical processes?
1. rusting of a nail
2. freezing of water
3. decomposition of water into hydrogen and oxygen gases
4, compression of oxygen gas
A)2,3,4 B)1,3,4 Cy1,3 D)1,2 E)L4

3. Which one of the following is the highest temperature?
A)38°C B)96°F C)302K D) none of the above

E) the freezing point of water

4. The length of the side of a cube having a density of 12.6 g/ml and a mass of 7.65 g is
cm.

A)3.20 B)0.847 C)1.02 D) 0.584 E) 1.32

5. The output of a plant is 4335 pounds of ball bearings per week (five days). If each ball
bearing weighs 0.0113 g, how many ball bearings does the plant make in a single day?

(Indicate the number in proper scientific notation with the appropriate number of
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significant figures.)
A)3.84 x 105 B) 7.67 x 104 C) 867 D) 3.49 x 107
E)2.91 x 106

i
&
s

6. All atoms of a given element have the same
A)mass  B) number of protons C) number of neutrons

D) number of electrons and neutrons E) density

7. Which pair of atoms constitutes a pair of isotopes of the same element?

Ay l3x  Ux B) 1¢x 1Zx o 17x 17x
ol %x o pB x

8. What volume (mL) of a concentrated solution of sodium hydroxide {6.00 M) must be
diluted to 200. mL to make a 1.50 M solution of sodium hydroxide?
A) 0.0500 B) 50.0 C)45.0 D) 800. E) 0.800

9. Which one of the following statements is true?
A) Enthalpy is an intensive property.
B) The enthalpy change for a reaction is independent of the state of the reactants and
products.
C) Enthalpy is a state function.
D) H is the value of q measured under conditions of constant volume.
E) The enthalpy change of a reaction is the reciprocal of the AH of the reverse

reaction.

10. An 8.29 g sample of calcium carbonate [CaCO3 (s)] absorbs 50.3 J of heat, upon

which the temperature of the sample increases from 21.1 °C to 28.5 °C. What is the
specific heat of calcium carbonate?

A) .63 B) .82 O) 1.1 D)22 E)42
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11. The value of AH® for the reaction below is -790 kJ. The enthalpy change
accompanying the reaction 0f 0.95 g of S is kJ.
25 (s) + 302(g) — 2503 (g)

A

A)23 B) -23 C)-12 D) 12 E) -790

12. The ground state electron configuration of Ga is .
A) 1522s23523p64523d104p1 B) 1522522p63523p04s24d104p1
C) 1522522p63523p64523d104p1 D) 1522522p63523p64s23d10441
E) [Ar]4s23d!]

13. Osmium has a density of 22.6 g/cm3. What volume (in cm3) would be occupied by a

21.8 g sample of osmium?
A) 0.965 B) 1.04 C) 493 D) 2.03 x 10-3
E)2.03 x 103

14. Chlorine is much more apt to exist as an anion than is sodium. This is because

A) chlorine is bigger than sodium

B} chlorine has a greater ionization energy than sodium does
C) chlorine has a greater electron affinity than sodium does
D) chlorine is a gas and sodium is a solid

E) chiorine is more metallic than sodium

15. Transition metals within a period differ mainly in the number of electrons.
A)s B)p O d D) f E) all of the above

16. Which of the following traits characterizes the alkali metals?
A) very high melting point B) existence as diatomic molecules

C) formation of dianions D) the lowest first ionization energies in a period

L}
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E) the smallest atomic radius in a period

17. Ca reacts with element X to form an ionic compound with the formula CaX. Al will
react with X to form »

A

A)AlXy B)AIX C)ALX3;  D)AlZXp E) AlX

18. The type of compound that is most likely to contain a covalent bond is
A) one that is composed of a metal from the far lefi of the periodic table and a
nonmetal from the far right of the periodic table
B) a solid metal
C) one that is composed of only nonmetals
D) held together by the electrostatic forces between oppositely charged ions

E) There is no general rule to predict covalency in bonds.

19. Based on the octet rule, phosphorus most likely formsa__~~~ ion.
A) p3+ B) P3- C) p5+ D) P5- E) Pt
20). Of the atoms below, is the least electronegative.
A)Ba B) Be C) Mg D) Sr E) Ca

21. In counting the electron domains around the central atom in VSEPR theory, a
is not included.
A) nonbonding pair of electrons B) single covalent bond
C) core level electron pair D) double covalent bond

E) triple covalent bond

22. The phrase "like dissolves like" refers to the fact that
A) gases can only dissolve other gases

B} polar solvents dissolve polar solutes and nonpolar solvents dissolve nonpolar

solutes
C) solvents can only dissolve solutes of similar molar mass

D) condensed phases can only dissolve other condensed phases
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E) polar solvents dissolve nonpolar solutes and vice versa

23. Calculate the molarity of a 17.5% (by mass) aqueous solution of nitric acid.
A)0.274 m B)Z.74m C)3.04 m D)4.33m

E) The density of the solution is needed to solve the problem.

24. A solution is prepared by dissolving 23.7 g of CaCly in 375 g of water. The density of

the resulting solution is 1.05 g/mL. The concentration of Cl- in this solution is
M.

A)0214 B)0.562 C) 1.12 D) 1.20 E) 6.64 x 1072

25. What is the conjugate base of OH-?
A) Oy B) O- C) HyO D) 02- E) H30t

26. The K, of hypochlorous acid (HCIO) is 3.00 x 10-8, What is the pH at 25.0°C of an

aqueous solution that is 0.0200 M in HCIO?
A)+2.45 B)-2.45 C)-9.22 D) +9.22 E) +4.61

27. In which of the following aqueous solutions does the weak acid exhibit the lowest

percentage ionization?
A) 0.01 M HCpH305 (K5 = 1.8 x 10-5) B) 0.01 M HNO; (K, = 4.5 x 10-%)
C) 0.01 M HF (K, = 6.8 x 10-4) D) 0.01 M HCIO (K, = 3.0 x 10-8)

E) These will all exhibit the same percentage ionization.

28. Which one of the following is a Brdnsted -Lowry base?
~A) (CH3)3N B) CH3COOH C)HF D) HNO» E) none of the

above

29. A BrOnsted-Lowry acid is defined as a substance that
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A) increases K when placed in H>O B) decreases [H*] when placed in HyO

C) increases [OH"] when placed in HpO D) acts as a proton acceptor

E) acts as a proton donor ¢

“ hY

30. A substance that is capable of acting as both an acid and as a base is
A) autosomal B) conjugated C) amphoteric - D) saturated

E) miscible

31. Which one of the following reactions is a redox reaction?
A)NaOH + HCl — NaCl + HpO B) Pb2+ + 2CiI- — PbCly
C) AgNOj3 + HCl — HNO3 + AgCl D) None of the above is a redox reaction.

32. What is the oxidation number of nitrogen in the HNO3?

A)-1 B) +1 C)+3 D) +5 E) +7
33. Of the following species, will have bond angles of 120°.
A)PH3 B) CIF3 C) NCi3 D) BCl3

E) All of these will have bond angles of 120°.

34. What is the conjugate acid of C03-2?
A) COp-2 B) HCO?-2 C) H2CO3 D) HCO3-

E) none of the above

35. What is the pH of an aqueous solution at 25.0 °C that contains 3.98 x 109 M
hydroxide ion?

A)8.40 B)5.60 C) 9.00 D) 3.98 E) 7.00

36. Which one of the following is a metalloid?
A) Ge B)S C)Br D) Pb E)C
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37. Non metals within a period differ mainly in the number of electrons.
A)s B)p Cd D)f E) all of the above

38. For a given process at constant pressure, AH is negagtive. This means that the process

is
A) endothermic B) equithermic C) exothermic
D) a state function E) energy
39. Each p-subshell can accommodate a maximum of electrons.
(A)6 B)2 (O 10 o3 (E)S

40. Which one of the following is a diprotic acid?
A) nitric acid B) chloric acid C) phosphoric acid D) hydrofluoric acid

E) sulfuric acid

41. The thermodynamic quantity that expresses the degree of disorder in a system is

A) enthalpy B) internal energy ~ C) bond energy D) entropy
E) heat flow

42. The correct ground-state electron configuration for molybdenumis
(A) [Kr] 5s'4d"  (B) [Kr] 5s%4d* (C) [Kr] 5s'4d’ (d) [Kr] 5s%4d®
(E) [Kr] 55%4d’

43. Which group in the periodic table contains elements with the valence electron 2

configuration of ns’np'?

(A) 1 B)2 (C)13 D) 14 (E) 18
44. Of the units below, are appropriate for a first-order reaction rate
constant.
A)Ms-1 B)s-l C) mol/L D) M-1 s-1
E) L mol-1 s-1

!

45. As the temperature of a reaction is increased, the rate of the reaction increases
because the i ‘
* A) reactant molecules collide less frequently
B) reactant molecules collide more frequently and with greater energy per collision
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C) activation energy is lowered
D) reactant molecules collide less frequently and with greater energy per collision
E) reactant molecules collide more frequently with less energy per collision

46. The molar concentration of hydronium ion in pure water at 25°C is¢

A) 0.00 B) 1.0 x 10-7 C) 1.0 x 10-14 D) 1.00 E) 7.00
47. The formula weight of potassium phosphate (K3PO4) is amu.
A)173.17 B)251.37 C)212.27 D) 196.27 E) 86.07
48. There are atoms of oxygen are in 300 molecules of CH3CO2H.
A) 300 B)600 C)3.01x 1024 D)3.61 x 1026
E) 1.80 x 1026
49. A 30.5 gram sample of glucose (CgH]1206) contains motl of glucose.
A) 0.424 B) 0.169 C) 5.90 D)2.36 E)0.136

50. Which of the subshelis below do not exist due to the constraints upon the angular
momentum quantum number?
A)2d B) 2s O)2p D) all of the above
E) none of the above
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Section B (50 Marks)
There are three questions in this section. Each question is worth 25 marks. Answer any
two questions. In all calculations answers must have the correct number of significant

figures and correct units.
2 ¢

Question 1 b
a. The element X has three naturally occurring isotopes. The isotopic masses (amu)
and % abundances of the isotopes are given in the table below. The average

atomic mass of the element is amu,

Isotope | Abundance | Mass

159x 30.60 159.37
163x 15.79 162.79
164x% 53.61 163.92

[6 marks]

b. Balance the following redox reaction in basic medium

CN- + Fe3+* — CNO- + Fe2t [14 marks]

c. Use the electronegativity table to determine whether the following compounds are
ionic or covalent (pure or polar) compounds. Provide a reason for each answer,
iy SO
(ii)) CsBr
(iii) PbNO,
(iv) ZnO
(v) C.Hs [5 Marks]

Question 2

a. Use the table below to answer the questions that follow.

Thermodynamic Quantities for Selected Substances at 298.15 K (25°C)

Substance AH°f (kJ/mol) AG°f(kJ/mol) S (J/K-mol)

Carbon
C (s, diamond) 1 88 284 2.43
C (s, graphite) 0 0 5.69
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C2H2 (o 226.7 209.2 200.8

C2H4 (» 52.30 68.11 2194

C2Hs (g -84.68 -32.89 229.5

CO (g -110.5 -137.2 197.9

CO2 » -393.5 -394.4 213.6
Hydrogen

Hc g 0 0 130.58
Oxygen

02 0 0 205.0

H20 ¢y -285.83 -237.13 69.91

(i) The value of AS® for the catalytic hydrogenation of acetylene to ethene,
C2H2 (g) + H2(g) — C2H4 ()
is J/K- mol. [3 marks]

(ii) The combustion of acetylene in the presence of excess oxygen yields carbon
dioxide and water:

2CoH3 (g) + 502(g) — 4CO2(g) + 2H20 ()

The value of AS® for this reaction is J/K- mol. [3 marks]
(iti) The value of AS® for the reaction

2C (s, diamond) + 02 (g) — 2CO (g)

is J/K- mol. {3 marks]
(iv) The value of AS® for the catalytic hydrogenation of ethene to ethane,

C2Hq (g) + H2(g) — C2He (g)

is J/K- mol. [3 marks]

b. A certain alcohol contains only three elements, carbon, hydrogen, and oxygen.

Combustion of a 30.00 gram sample of the alcohol produced 57.30 grams of CO2
and 35.22 grams of H2O. What is the empirical formula of the alcohol?[7 Marks]

c. Write the full electron configuration of the following ions
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(i)  Mndt
() I
(i) S2- p [ 2% 3 Marks]
N i. Total 25 marks .
Question 3

a. Qualitative analysis of an unknown acid was found to contain only carbon,
hydrogen and oxygen. In a quantitative analysis, a 10.46 mg sample was found in
oxygen and gave 22.17 mg carbon dioxide and 3.40 mg water. The molecular
mass was determined to be 166 gmol-1. When 0.1680 g of the acid was titrated
with 0.1250 M sodium hydroxide, the end point was reached after 16.18 mL of

the base added.
(i) What is the empirical formula of the acid? [9 Marks]
(ii) What is its molecular formula? [4 Marks]
(iii) Is the acid mono-, di- or triprotic? [3 Marks]

b. Write out the full electron configuration of electron configuration of the
following elements.
(i) Bi
(ii) Pm
(iii) Mo**

[9 Marksj
Total 25 marks
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General data and fundamental constants

Quantity Symbol
Speed of light H c
Elementary charge e
Faraday constant F=N,e
Boltzmann constant k
Gas constant R=N,k
Planck constant h
h=h/2x

Avogadro constant N,
Atomic mass unit u
Mass

electron m,

proton m,

neutron m,
Vacuum permittivity g, = l/chu,

4ne,

Vacuum permesability Ko
Magneton

Bohr K = eh/2m,

nuclear. Py =€N/2m,

‘ g value Ze _

Bohr radius a, = 4ng,h/m, ¢
Fine-structure constant o = p.e’c/2h
Rydberg constant ‘ R.=m,e"/8h’ce?
Standard acceleration
of free fall B
Gravitational constant G

Conversion factors

4,184 joules (J)
1.6022X 107

1 caj
1&V

no

Prefixes £ p n
femto pico xnano
0% 10M 107

1 c;.rg

1 eV/molecule -

i

micro milli

10

Value

299792458 X 10*ms™
1.602 177X 10" C.
9.6485 X 10' C mol?!
138066 X 102 IK?

8.314 51 JK' mol?!

8.205 78 X 10 dm?® atm X' mol"!
6.2364 X 10 L Torr XK' mol?
6.626 08 X 10 J s

1.054 57 X-10MJs

6.022-14 X 10® mol"

1.660 54 X 107 Kg

9.109 39 X 10 Kg
1.672 62X 10V Kg
1.674 93 X 107 Kg
8.854 19X 10 J' C* o
1.11265 X 10" 1 C* m?
4 X 1078 CPm?

4 X107 M m’

9,274 02X 10# 1T
5.05079 X107 T
200232
529177X 10" m
"7.29735X 107
1.09737 X 10" m"'

9.806 65 m s
6.672 59 X 10" Nm® Xg*

= 1X 1077
= 96 485 kJ mol”
c d 'k M G

centi deci kilo mega giga
er 1w 100 100 o’
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