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SECTION A

ANSWER THIS SECTION ON THE MULTIPLE-CHOICE ANSWER SHEET
1. For which of the following, can the composition vary?

pure substance

element

both homogeneous and heterogeneous mixtures
homogeneous mixture

heterogeneous mixture

moowy

2. Which combination of protons, neutrons, and electrons is correct for the isotope of
63
copper, 2
pp 29Cu

29 p+,34n°, 29 e-
29 p+,29n°, 63 e-
63 p+,29n°, 63 e-
34 p+,29n°, 34 e-
34 p+,34n°, 29 e-

moowp

3. Of the reactions below, which one is not a combination reaction?

C+02—-CO2

2Mg + 02 — 2MgO

2N2 + 3H2 — 2NH3

CaO + H20O — Ca(OH)2
2CHg4 + 402 — 2C02 + 4H20

moow»

4, One million argon atoms is mol (rounded to two significant figures) of
argon atoms.

A. 3.0

B. 1.7 x 10-18
C. 6.0 x 1023
D. 1.0 x 10-6

E. 1.0 x 106
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5. What are the spectator ions in the reaction between KCI (aq) and AgNO3 (aq)?
A K+ and Agt
B. Ag* and CI-
C. K+ and NO,-
D. Ag* and NO,-
E. K+ only
6. When aqueous solutions of ANO3 and Kl are mixed, silver iodide precipitates. The

balanced net ionic equation is

A. Ag*(aq) + 1~ (aq) — Agl(s)
B. Ag* (ag) + NO3- (aq) — AgNO3 (s)
C.  Ag*(ag) + NO3- (aq) — AgNO3 (aq)
D. AgNO3 (aq) + Kl (aq) — Agl (s) + KNO3 (aq)
E. AgNO3 (aq) + Kl (ag) — Agl (aq) + KNO3 (s)
7. All of the orbitals in a given electron shell have the same value as the

guantum number.

A. principal
B. angular momentum
C. magnetic
D. spin
E. psi
8. Which one of the following is the correct electron configuration for a ground-state

nitrogen atom?

A.
s 2s 2p

TV T (TLT

Is 2s 2p

T (TT (T (T |7
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10.

11.

12.

ls 2s 2p

L U B A A

D.
Is 2s 2p
TV T TITI(7T
E. None of the above is correct.

In which set of elements would all members be expected to have very similar chemical
properties?

A. 0O, S, Se

B. N,O, F

C. Na, Mg, K
D. S, Se, Si
E. Ne, Na, Mg
Of the following elements, has the most negative electron affinity.
A. S

B. Cl

C. Se

D. Br

E. I

Which of the following has the bonds correctly arranged in order of increasing polarity?

A. Be—F, Mg—F, N—F, O—F
B. O—F, N—F, Be—F, Mg—F
C. O—F, Be—F, Mg—F, N—F
D. N—F, Be—F, Mg—F, O—F
E. Mg—F, Be—F, N—F, O—F
There are paired and unpaired electrons in the Lewis symbol for

a fluorine atom.

moow>
NO O AN
Uk RN
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13.

14.

15.

16.

The basis of the VSEPR model of molecular bonding is

A. regions of electron density on an atom will organize themselves so as to
maximize s-character

B. regions of electron density in the valence shell of an atom will arrange
themselves so as to maximize overlap

C. atomic orbitals of the bonding atoms must overlap for a bond to form

D. electron domains in the valence shell of an atom will arrange themselves so as
to minimize repulsions

E. hybrid orbitals will form as necessary to, as closely as possible, achieve

spherical symmetry
An electron domain consists of
a) a nonbonding pair of electrons

b) a single bond
¢) a multiple bond

A. aonly
B. b only
C. c only
D. a,b,and c
E. bandc
The molecular geometry of the PF3 molecule is , and this molecule is
A. trigonal planar, polar
B. trigonal planar, nonpolar
C. trigonal pyramidal, polar
D. trigonal pyramidal, nonpolar
E. tetrahedral, unipolar
Of the following, is a correct statement of Boyle's law.
A. PV = constant
B. P ~ constant
V
C. Y = constant
P
D. Y = constant
i
E. 2 = constant
P
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17.

18.

19.

20.

21.

"Isothermal” means

at constant pressure

at constant temperature

at variable temperature and pressure conditions
at ideal temperature and pressure conditions
that AHrxn =0

moowp

Which of the following molecules has hydrogen bonding as its only intermolecular
force?

A. HCI

B. NH3

C. H20

D. CH30H

E. None, all of the above exhibit dispersion forces

On a phase diagram, the melting point is the same as

A. the triple point

B. the critical point

C. the freezing point

D. the boiling point

E. the vapor-pressure curve

At equilibrium,

A. all chemical reactions have ceased

B. the rates of the forward and reverse reactions are equal
C. the rate constants of the forward and reverse reactions are equal
D. the value of the equilibrium constant is 1

E. the limiting reagent has been consumed

The equilibrium expression for Kp for the reaction below is
N2 (9) + 02 () = 2NO (g)

(2POyp) (2PN»)
2PNO
(POy) (PN>)
2PNO
(POy) (PN>)
PNO
(2PNO)
(2PN»)(2P0O5)

E. none of the above
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22. According to the Arrhenius concept, an acid is a substance that

A. is capable of donating one or more H*

B. causes an increase in the concentration of H* in aqueous solutions

C. can accept a pair of electrons to form a coordinate covalent bond

D. reacts with the solvent to form the cation formed by autoionization of that
solvent

E. tastes bitter

23. Which of the following ions will act as a weak base in water?

A. OH-

B. Cl-

C. NO3-

D. Clo-

E. None of the above will act as a weak base in water

24, Which statement about hydrocarbons is false?

>

The smallest alkane to have structural (constitutional) isomers has 4 carbon
atoms.

Cyclic alkanes are structural isomers of alkenes.

Alkanes are more reactive than alkenes.

Alkanes can be produced by hydrogenating alkenes.

Alkenes can be polymerized

mooOw

25. Which one of the following is not an alcohol?

A. acetone

B. glycerol

C. ethanol

D. cholesterol

E. ethylene glycol

[25 x 2 = 50]
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SECTION B

ANSWER THIS SECTION IN THE ANSWER BOOK 1.

GIVE ALL NUMERICAL ANSWERS TO THE CORRECT NUMBER OF SIGNIFICANT

FIGURES AND WITH APPROPRIATE UNITS.

QUESTION 1

1.1

Determining the density and using the density to determine volume and mass

(a) Calculate the density of mercury if 1.00 x 102 g occupies a volume of 7.36 cm?3(2)
(b) Calculate the volume of 65.0 g of liquid methanol (wood alcohol) if its density is

0.791 g/mL. (2)
(c) What is the mass in grams of a cube of gold (density = 19.32 g/cm?®) if the length
of the cube is 2.00 cm? 3)

1.2. How many significant figures are in each of the following humbers (assume that each
number is a measured quantity): (a) 4.003, (b) 6.023 x 1023, (c) 50007 3)
1.3 How many protons, neutrons, and electrons are in an atom of (a) 197Au, (b) strontium-
90? (6)
1.4  Naturally occurring chlorine is 75.78% 3CI (atomic mass 34.969 u) and 24.22% *'Cl
(atomic mass 36.966 u). Calculate the atomic weight of chlorine. (4)
[20]
QUESTION 2
2.1 Balance these equations by providing the missing coefficients: (10)
@__Fe(s)+_02(9) _ , _ Fex0s(s)
(b) _Al(s)+__HClagq) ______, _ AlClz(aq) +__H2(9)
(c)__CaCOs3(s)+__HCl(ag) — 5 ~ CaCl,(aq) + __ CO2 (g) + _ H20(l)
(d)_CHs(@)+_Bra() __,  CBra(s)+__HBr(g)
(e) _Na(s)+_H.O() — 5 NaOH(aqg) + __H2(g)
2.2 Determine the oxidation number of sulfur in (a) H2S, (b) Ss, (c) SCl;, (d) NazSOs,

(€) SO4 2. (5)
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2.3 Write the net ionic equation for the precipitation reaction that occurs when aqueous
solutions of calcium chloride and sodium carbonate are mixed. (5)
[20]
QUESTION 3
3.1 Calculate the energy of one photon of yellow light that has a wavelength of 589 nm.
()
3.2 Properties of metals oxides:
(a) Would you expect scandium oxide to be a solid, liquid, or gas at room
temperature? 2)
(b) Write the balanced chemical equation for the reaction of scandium oxide with nitric
acid. 3)
3.3 Which is predicted to have the shorter sulphur—oxygen bonds, SOz or SO3; 27? (5)
3.4 Use the VSEPR model to predict the molecular geometry of (a) Oz, (b) SnCI3~. (5)
[20]
QUESTION 4
4.1 An unknown gas composed of homonuclear diatomic molecules effuses at a rate that
is 0.355 times the rate at which O, gas effuses at the same temperature. Calculate
the molar mass of the unknown and identify it. (5)
4.2 Automobile air bags are inflated by nitrogen gas generated by the rapid
decomposition of sodium azide, NaNs:
2 NaN3z(s) — 2 Na(s) + 3N2(g)
If an air bag has a volume of 36 L and is to be filled with nitrogen gas at 116.5 kPa
and 26 °C, how many grams of NaNs; must be decomposed? (5)
4.3 Use the phase diagram for methane, CH4, shown in Figure below to answer the

following questions.
(a) What are the approximate temperature and pressure of the critical point? 2)
(b) What are the approximate temperature and pressure of the triple point? 2)

(c) Is methane a solid, liquid, or gas at 100 kPa and 0 °C? 2)
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(d) If solid methane at 100 kPa is heated while the pressure is held constant, will it
melt or sublime? (2)

(e) If methane at 100 kPa and 0 °C is compressed until a phase change occurs, in
which state is the methane when the compression is complete? 2)

10° 5u|:u:'rn.:r1'ti::._1l

fluid

104
103

102 -

Pressure (kPa)

10 1

10! /
[

— 200 =100 0 100
Temperature (°C)

Figure 1 Phase diagram of CH4. Note that a linear scale is used to represent

temperature and a logarithmic scale to represent pressure.

xas

102

[20]

QUESTION 5

5.1

52

After a mixture of hydrogen and nitrogen gases in a reaction vessel is allowed to
attain equilibrium at 472 °C, it is found to contain 747.8 kPa H; , 249.3 kPa N; , and
16.82 kPa NHs . From these data, calculate the equilibrium constant Kp for the
reaction 3)

No(@) + 3Ho(@) =— 2NH3(9)

Given the reactions

HF (aq) ——* H"(aq) + F(aq) Kc=6.8x 10
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H.C,04(ag) —» 2 H*(ag) + C204%>~(aq) Kc=3.8x10°
determine the value of Kc for the reaction 4)

2 HF (aq) + C204* (aq) <= 2 F(aq) + H2C204 (aq)

5.3 Identifying conjugates acids and bases
(a) What is the conjugate base of HCIO4, H2S, HCO35™? )
(b) What is the conjugate acid of CN~, SO4 -, H,O, HCO3 ~? 4)
54 Give the systematic name for the following alkane: 3)

CH3_ CHZ_ CH_CH3
CH3_CH_(|:H2

CHS_ CH2

55 Write the condensed structural formula for 3-ethyl-2-methylpentane. 3)

[20]

TOTAL MARKS [100]
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Appendices

Constants:

Avogadro Number = 6.022 x 10%%/ mole

Plank’s Constant = 6.626 x 1034 J-s

Speed of Light = 3.00 x 108 m/s

Faraday Constant = 96485 C/mol

Molar gas constant, R = 8.314 m*-Pa/mol-K = 8.314 J/mol-K = 0.08206 L-atm/mol-K
1 atm = 760. torr = 760. mm Hg = 101.325 kPa = 1.10325 bar

Equations:
1. Ideal gas equation: PV = nRT

no_ \/WT
2. Graham’s Law: o, M

3. Density: d = MP/RT

4. Molar mass: M = mRT/PV
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