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Part A
Questions 1 to 14
Blacken the letter that corresponds to your answer in the answer booklet.

The pressure inside an aerosol spray can is approximately 118 kPa at 25.0°C. The can will
rupture at an internal pressure of 202 kPa.

At what temperature will this occur?

A) 22°C C) 237°C

B) 45°C D) 510°C
The illustrator of a chemical textbook wants to create a graph showing gas behaviour. The graph
must show the difference between the behaviour of an ideal gas (using a solid line) and the

behaviour of a real gas (using a dotted line).

Which of the graphs below shows the correct representation of both an ideal gas and a real
gas?

A) Pressure . C) Volume
(kPa) Real gas- (L)
R Real gas

.7 ldeglgas \ _
//, \\\ -—,’,
g Ideal

0 Temperature (°C)

Temperature (°C) 0

B) Volume D) Pressure
(L) (kPa)

Real gas

»~"1deal gas

0  Pressure (kPa) Temperature (°C) 0
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A student was asked to fill up 2 identical balloons to the same volume. Each balloon must be
filled with a different gas from the cylinders below. The cylinders will be completely emptied
after the balloons have been filled. (All balloons are inflated under the same conditions).

Which 2 cylinders when completely emptied will fill up the 2 balloons to the same volume?

Carbon Dioxide Gas Cylinder

50L
25.0°C
200 kPa

Oxygen Gas Cylinder

50L
25.0°C
300 kPa

Helium Gas Cylinder

120L
25.0°C
200 kPa

Neon Gas Cylinder

8.0L
25.0°C
300 kPa

C) 1land3
B) 2and4 D) 3and4
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Iz During respiration, gases diffuse from the alveoli in the lungs into the blood stream. When
~ someone breathes in a smoke filled room, the following gases are present:

CO CO, Oz H20

Which of the following combinations ranks these gases in their ability to diffuse from
fastest to slowest?

A) CO, Oy COy HO C) COy 0y CO, HO
B) H0, CO, Oy, CO, D) H20, O CO, CO,

E Which of the following activities represent an endothermic process?

ﬁ-’

Ice cube melting

2. 5.
N/
Dry i limi
ry ice subliming Match burning
3. \
Faa
Solvent evaporating
in nail polish
A) 1,2and3 C) 2,3and4

B) 1,2and4 D) 3,4and5
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E The specific heat capacity of Fe is 0.45 J/g°C and that of Al is 0.90 J/g°C.

Given the same mass of solid aluminum (Al) and iron (Fe), which of the following is true?
A)  The amount of energy required to raise the temperature of Fe one degree Celsius is
twice that of Al.

B)  The amount of energy required to raise the temperature of Al one degree Celsius is
twice that of Fe.

C)  The amount of energy removed from Fe that has cooled one degree Celsius is twice
that of Al.

D) The same amount of energy is required to raise the temperature of Fe and Al one
degree Celsius.

7 | Inthe petro-chemical industry it is often necessary to "crack" larger molecules into smaller
- molecules, as shown in the reaction below.

C4H90H(|) + 4 Hz(g) — 4 CH4(g) + HzO(g)
What is the AH of this reaction?

You may use any of the reactions in the table below in your work.

AH of Reactions
in kilojoules per mole of product
T =25°C P=101.0kPa
AH

Ce + O2() —  COyy -393 kJ
Cs + 2 Hy(g) —  CHy -76 kJ
4Ce + S5Hyg + 1/2 Oy —  C4HqOH, -326 kJ
Hyq + 1/2 O ) —  H20() -242 kJ
Hag + 1/2 O »(q) —  HxOg -285 kJ
A) -263kJ C) -318kJ

B) -872kJ D) -220kJ
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Chemical reactions fall into two general categories. Some reactions are spontaneous while other
reactions are non-spontaneous.

The graphs of four reactions all occurring at the same temperature, are shown below. The
potential energy axes are drawn to the same scale.

Which reaction is most likely to be spontaneous?

A) A 2N, o) A
S 5
LCIICJ) :Cj 2H,+ 0O,
. =
% N2+205 < 2 H,0
g 5
o
Reaction Path g Reaction Path
B) A D) A
>
>
< 2
i W Hy+1,
8 HI
% Ps+50; g
S | =
5 Ps O g
6 [a
o
> Reaction Path

Reaction Path
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The graph below shows the distribution of energy for a sample of molecules. A catalyst is added
and the temperature decreased.
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Which of the following graphs represents the change that would occur?
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@ When nitrogen and oxygen are mixed, the following reaction can occur:

N, + O, - 2NO

When these two gases (N2 and O,) are mixed at 25°C and 101.3 kPa, the amount of NO gas
produced is negligible.

Why is so little NO gas produced in this reaction at 25°C and 101.3 kPa?
A)  The attractive forces between the molecules are negligible and so very few collisions
can take place.

B)  The collisions between molecules are perfectly elastic and so no new molecules can
be produced.

C)  The molecules are too far apart to provide enough collisions to give a significant
reaction rate.

D)  The collisions between molecules are not energetic enough to break the bonds of the
reactant molecules.

‘E Copper ions react with chloride ions to form equilibrium with CuCls>~ ions. One such example is
- the following:

Cu2+(aq) + 4 Cli(aq) v d CUC|427(aq)

Which of the following actions will decrease the concentration of CI™ ions when added to
this system?

1) Add a 0.5 M CuCl, solution, producing Cu** + and CI-
2) Add 3 g of NaCl, producing Na* and CI

3)  Add 3 g Cu(NOs),, producing Cu?* and NOz-
4)  Add 3 g CuSOy, producing Cu®* and SO,*

A) land2 C) 2and3
B) 1land4 D) 3and4
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The following system is at equilibrium:

N204(g) 2 NOz(g)

How is the system affected when its volume is decreased?

A)
B)
C)
D)

The amount of N,O, and NO, remains constant.
The amount of N,O, increases due to a pressure increase.
The amount of NO, increases due to a pressure increase.

The amount of N,O, increases due to a pressure decrease.

Operators of greenhouses must contend with a great variety of insect pests. Biological controls
are available, which avoid the environmental contamination resulting from toxic chemicals. The
Whitefly is a greenhouse pest that can be controlled by introducing the wasp, "Encarsia
formosa".

The graphs below show the results of four tests done in greenhouses with typical Whitefly
infestations.

In which of these tests have the investigators succeeded in establishing equilibrium between
the Whitefly and the wasp populations?
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The ionization constant (Ky) of water is 1 x 10 at 25°C.

H,O + energy <> H" + OH~

If the temperature of the water is increased to 50°C, which of the following will occur?

A)
B)
C)
D)

The K, is unaffected by temperature and remains 1 x 10,
Kw is a constant that does not change.
There will be a shift to re-establish equilibrium and K,, will decrease.

There will be a shift to re-establish equilibrium and K,, will increase.
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Parts B, C, D and E of the examination comprise questions for which you must show all your work.
Answer these questions in the answer booklet. Show all the work needed to solve the problem: data
given, explanations, formulas and calculations. Then write your answer in the space provided. You
will be given no marks if you provide the right answer without showing your work. However, you will
be given part marks for work that is partially correct. Where necessary, corrections will take into
account the units of measurement; however, significant figures will not be considered.

Part B
Questions 15, 16, 17 and 18
Choose any three of these questions and answer them in the answer booklet.

Pulp and paper mills must test the physical properties of the paper they produce. One of the
properties is burst pressure. This is the pressure at which the paper will tear. Technicians change
the pressure inside a chamber to which the paper is attached. The gas particles in the chamber
push up on a rubber diaphragm, which in turn pushes up on a sheet of paper until it bursts.

Rubber

Diaphragm
ﬁ/\ é Paper Sample

Pressure
H—1— Chamber

Pressure
Sensor

A technician burst a piece of newspaper at 156 kPa. Fine stationery requires double the bursting
pressure. To test a stationery sample, the technician tripled the moles of gas and halved the
volume.

Show mathematically how the temperature must be adjusted under the new conditions in
order to double the bursting pressure.
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kPa e L

Ol e

using many different units, including:

The standard value for R is 8.31

. Over time atmospheric pressure has been measured

101.3 kPa

1 atmosphere (atm)
760 mm Hg

407 inches H,0O

What would be the ideal gas constant, R, if the pressure were measured in inches H,O?
(Use standard units for V, n, T.)

Research scientists investigating the chemistry of the element fluorine have produced a
compound of sulphur and fluorine. An analysis shows that these two atoms are present in a ratio
of one to five (1:5). The simplest formula for this compound would then be SFs. It is possible,
however, that the formula of this compound might be SyF1 or S3Fis.

In order to decide the molecular formula of this compound, a technician empties a flask and
proceeds to fill the flask with oxygen (O,) gas. The flask is then emptied again and filled with
the gaseous compound of sulphur and fluorine. The data from this experiment is shown below:

Mass of empty flask
Mass of flask and oxygen (O,)
Mass of flask and compound

76.411 g
79.078 g } Both gases measured at the same
97.578 g pressure and temperature.

Determine the molecular formula of this compound.
Liquid vegetable oil can be converted into solids (like margarine) by a process called
hydrogenation. Such a reaction can be seen below:

(C17H33CO0)3CsHsgy + 3Hzg) — (C17H35C0O0)3C3Hs ()

Olein Stearin
Assume that 3.00 x 10° L of hydrogen gas at 25.0°C and 101.3 kPa is entered into the reaction.

What mass of Olein is hydrogenated?
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Questions 19, 20, 21 and 22

Choose any three of these questions and answer them in the answer booklet.

[19]

A chemistry student found five unmarked oily liquids in a refrigerated cabinet in a lab. Using the
concept of characteristic properties, the student decided to identify the liquid using calorimetry.

The student took 100 mL of water at 27.1°C and then added 20.0 g of the oily substance, which
was at 4.2°C. The final temperature of the mixture was 24.7°C.

Using the table of specific heat capacities, identify the unknown liquid.

L Specific Heat
Liquid Cappacity J/g°C
Anilin 2.18

Castor Oil 1.8
Citron Qil 1.84
Ethylene glycol 2.22
Glycerine 2.43

You were asked to mix 20.0 mL of a 1.0 M HCI solution with 100.0 mL of a 1.0 M NaOH

solution. The initial temperature of both solutions was 18.9°C. The temperature of the final

solution was 21.1°C.

Assume HCI and NaOH have the same specific heat capacity and density as water.

What is the AH/mol for the neutralization of HCI?
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Sterno™, a solid, portable fuel also known as Canned Heat®, is burned in camp stoves or fondue
pots. Its composition is mainly gelled ethanol, C,HsOH.

Cooking oil used in fondue pots has a specific heat capacity of 2.01 J/g°C and a density of
0.92 g/cm®.

At a dinner party, the temperature of 500.0 mL of cooking oil in a fondue pot was increased from
25.0°C to 300.0°C.

Sterno™

Given that ethanol burns as follow:
C2H5OH(3) + 3 Oz(g) -2 COz(g) + 3 HZO(Q) AH =-278 kJ/mol

How many grams of ethanol were burned in order to heat the oil to 300°C?

Pure sulphur is found in more than one crystalline form. Two of these forms can be represented
by the symbols S, and Sg (shown below).

& B

.......

Ss Sp
Each of these can be burned in oxygen as shown below.
Se + Oy — SOy AH =-294 kJ
Sﬁ + Oz(g) - SOz(g) AH =-299 kJ

Which form of sulphur has the higher enthalpy?
Explain your work.
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Part D
Questions 23, 24 and 25

Choose any two of these questions and answer them in the answer booklet.

23]

A student was studying the electrolysis of 1 L of aqueous aluminum chloride (AlCl3g))
according to the following equation:

Electrical Energy
2 A|C|3(aq) > 2A|(5) + 3 C|2(g)

Moles of AICI; versus time

0.50
0.45+
0.40+
., 0.35¢
O 0.30+
< 0.25+
S 0.20+
€ 0154 »
0.10+

0.05+
0.00 l : : >
0 10 20 30 40

time (s)

Using the graph above, calculate the average rate of formation of chlorine gas from 10 s to
20 s.



[24]

Question Booklet Page 15

A small explosion and fire recently occurred when the flour inside a silo combusted.
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Explain what might have caused the fire.

Your explanation must take into account the factors affecting the rate of combustion and make
reference to the collision theory.
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A student conducted an experiment to measure the rate of the following reaction between
calcium carbonate and hydrochloric acid:

C&COg(s) + 2 HC|(aq) - COz(g) + CaC|2(aq) + H20(|)

. =

The experiment was done with a very thin rectangular slab of
marble, (CaCQOg3). The time required for the evolution of CO,

gas is noted in the table below. marble slab
Volume of gas 5mL 10 mL 15 mL 20 mL 25 mL 30 mL
Elapsed time 8s 155 22's 30s 37s 45s

At the end of 30 seconds, the marble slab was not significantly smaller than it was at the start.

/
/

The slab was then cut into two layers along its length, as
shown on the right, and the experiment was repeated. All
other factors remained constant

marble slab

Fill in reasonable values for the times required for the evolution of CO; gas in this second
experiment in the table below.

Volume of gas 5mL 10 mL 15 mL 20 mL 25 mL 30 mL

Elapsed time

What was the average rate of reaction in the second experiment? Include units.

Page 16
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Part E
Questions 26, 27, 28 and 29
Choose any three of these questions and answer them in the answer booklet.

Sulfur dioxide gas (SOx(g)), an air pollutant responsible for acid rain, is produced at coal-burning
electrical power plants. Sulfur impurities in the coal result in sulphur dioxide.

A solid metal catalyst might be used to reverse this process before SO, can be released into the
atmosphere.

metal catalyst
SOy D — S *+ Oz

Scientists studying this problem placed 0.50 moles of sulphur dioxide in a 10.0 L reaction vessel.
They followed the reaction at a temperature for which the equilibrium constant, Keg, Was
2.4 x 1072

What will be the concentrations of the components at equilibrium?

Good quality vinegar usually has about 60 grams of acetic acid (CH;COOH) per litre of solution.
Sometimes unscrupulous suppliers water down the vinegar before bottling it. You have tested a
recent batch of vinegar and found it to have a pH of 2.4.

CHSCOOH(aq) <> CH3COO_(aq) + H+(aq) Ka = 1.8 X 10_5

Determine whether or not this vinegar has been watered down.
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As part of a lab exam, a student was asked to set up an electrochemical cell in order to obtain a
maximum voltage.

~(V)

salt bridge

lonic solution of X

lonic solution of Y

The student has a choice of the following electrodes:

Silver(Ag)
Cobalt (Co)
Lead (Pb)
Magnesium (Mg)

1. Write the balanced redox equation for the cell that will produce the maximum
voltage.

2. Determine the cell potential, E°.

3.

What would be the reducing agent?
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In order to study the effect of Le Chatelier's principle on electrochemical cells, a student decided
to set up the following electrochemical cell:

—)

salt bridge

Zn

Cu(NO3), Zn(NOgz),

The student had a 0.1 mol/L solution of copper nitrate, Cu(NQO3),, as well as three concentrations
of zinc nitrate, Zn(NOs),:

0.1 mol/L
0.5 mol/L
1.5 mol/L
1. What is the net ionic equation for this reaction?
2. In terms of Le Chatelier's principle, explain which concentration of Zn(NO3), will

best favour the rate of the reverse net ionic reaction.

3- CORRECTION KEY

Part A

4 marks or 0 marks
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Part B

Example of an appropriate and complete solution

L RGPV PV
anl nZTZ P].Van
2. Set Pq, Vi, M and T,=1
1
R 3% Jmm)
T = =T
(P ¥ (3n,) 3

Answer: The temperature must change by a factor of %

Example of an appropriate and complete solution
PV =nRT

P =407 inches H,O
V=224L

n =1 mol

R=x

T=273K

(407 inches H,0) (22.4 L) = (1.00 mol) (x) (273 K)

= 33.4inchesH,O e L
mol e K

Answer: The ideal gas constant is

33.4inchesH,O e L

mol ¢ K



Question Booklet Page 22

o

Example of an appropriate and complete solution

Mass of O, = 79.078g—76.411¢ 2.667 g of O,

Mass of other gas = 97.578 g—76.411¢ 21.167 g of other gas

Since these masses represent equal volume and therefore equal moles of gases:

molar mass of O, 329 26679
molar mass of unknowngas x  21.167¢

x = molar mass of unknown gas = 254 g

Since the molar mass of S;Fig is 254 g, the unknown gas is SyF.
Answer: The unknown gas is S;F .

Example of an appropriate and complete solution

1. PV =nRT

(101.3)(3.00 x 10%) = n(8.31)(298)

123=n

1(C17H33000)3C3H5 _ 3H,

X 123
X =41.0 mols

3. n= m mm = 884 g/mol
mm

41.0="
884

m = 36 200 g or 36.2 kg

Answer: The mass of hydrogenated Olein is 36 200 g or 36.2 kg.

Part C

Example of an appropriate and complete solution
Qoil = ~Quwater

Moit X Coil X AToil = Mwater X Cwater X ATwater

20.0 g x Coji x 20.5°C =100 mL x 4.19 J/g°C x 2.40°C

Coit = 2.45 J/g°C
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Answer: The unknown liquid is glycerine.
Example of an appropriate and complete solution

Mass
120.0 mL x 1.0 g/mL =120.0 g

Specific heat
4.19 J/g°C

AQ =mxcCxAT
= (120)(4.19)(2.2)
=11001J
=-1100J (or -1.1 kJ)

0.02 L HCI x 1.0 mTO' HCI = 0.02 moles HCI

AH =24
n
_-1.1kd
~0.02 mols
= -55 kJ/mol
Answer: The AH for the reaction is -55 kJ/mol.

Example of an appropriate and complete solution

Q = mcAT for the oil

3

0.92 -9 x500.0 ML =460 g
cm

O
I

460 g x 2.01 gic x (300.0°C — 25.0°C)

1 mol ethanol <25 % 102 k] x 46.0¢
-278 kJ 1 mol ethanol

= 42 g ethanol required

Answer: 42 g of ethanol was burned to heat the oil.

250 000 J or 2.5 x 10% kJ of heat energy to increase the temperature of the oil
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Examples of an appropriate and complete solution

Approach #1
Sp + Oy — SOy AH =-299 kJ
SOy(q) — So.* Oy(g) AH = +294 kJ
Sg — So AH =-5kJ

Because the net reaction above is exothermic, the energy released must have been stored as
potential energy in Sg. Therefore Sg has 5 kJ more enthalpy than S.

Approach #2
Se + Oy — SOy AH =-294 kJ
SO2(q) — Sp+ Oy AH = +299 kJ
S — Sp AH = +5 kJ

Because the net reaction above is endothermic, the energy absorbed is being stored in the
product (Sg) as a potential energy. Therefore Sg has 5 kJ more enthalpy than S.

Approach #3
Burning Sg produces 5 kJ more energy than burning S,. Since the burning reactions are
identical except for the sulphur, the "extra" 5 kJ in the second reaction must have been stored

in the Sg. Therefore the Sg has 5 kJ more energy than the Sg.

Answer: Sp has the higher enthalpy.

Part D

Example of an appropriate and complete answer

1. At 20s, [AICI5] = 0.28 mol

At 10s, [AICI5] = 0.37 mol (moles AICI3 +0.02 mol)

0.37 mol — 0.28 mol = 0.09 mol AIClI;

2. 0.09mol AlCl x SMOICl _ 14 ol
2 mol AICI,
3 Q24molCl _ o1 MO gy
20s-10s S

Answer: The average rate of formation of Cl,() between 10 s and 20 s was 0.014 mol
S
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Example of an appropriate and complete solution

The surface area of the flour has been greatly increased and is mixing with the oxygen in the air.
By increasing the surface area, more effective collisions will occur between the flour and the
oxygen, thereby increasing the rate of the reaction.

=Example of an appropriate and complete solution

In the second experiment, the marble slab is sliced into two parts. As a consequence, the surface area
of the marble will be doubled and the rate will double.

Since this is experimental data, some variation (+ 1 sec) in the data and in the answers must be

allowed. The final time must be close to 23 sec (~ %).

Answer:

Volumeofgas| 5mL | 10mL | 15mL | 20mL | 25mL | 30 mL

45 8s 11s 15s 19s 22s

Elapsed time

The surface area of the four edges of the slab is not doubled when the slab is cut but this
will be a very minor factor given that the slab of marble is said to be “very thin”.

Calculate the rate:

30 mL of CO,
22s
1.4 mL of CO,
S

Average rate =

1.4mL of CO,
< :

Answer: The average rate of reaction in the second experiment is
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Part E
Example of an appropriate and complete answer
R SO <> Se) + Oz
I 0.5mol — —
10L
C —X — + X
E 0.05-x — X
Keg = 0,] = 2.4x107°
[so.]
r;](ol 2.4 x 107
0.05———
L
X = 1.2x10° - 2.4 x 107 x
X = 1.2x107°
[O2] =0.0012 mol/L [SO2] = 0.049 mol/L
If student states that the change in concentration is negligible, we calculate by:
(50,1 = 22M0l _ 4 05 moiiL
10L
Kegq = o] _ 2.4x107°
[so.]
[O—er]m = 24x107
0.05——
L
0, at equilibrium = 1.2 x 10~ mol/L
R SOy «—> Se) + Oz
I 0.05 mol/L — —
C -0.0012 mol/L — + 0.0012 mol/L
E 0.045 mol/L — 0.0012 mol/L
[O2] =0.0012 mol/L [SO2] = 0.049 mol/L

Answer: The equilibrium concentration of SO, is 0.049 mol/L and of O, is 0.0012 mol/L.
Note: If student states x is negligible, accept procedure as correct.
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Example of an appropriate and complete solution
Approach #1

Find the pH of good quality vinegar

Molarity of Acetic Acid

60 g CH,COOH
1litre of solution

[H*][cH,coo ] _ x e x

1.0 M CH3;COOH solution

[CH,COOH] 1.0M

x*= 1.8x107°
X= 424 x10°M
pH= 2.37=24

This pH matches that of the sample, therefore this vinegar is good.
Approach #2
Find the "K;" of the acid in the sample assuming the solution is 1.0 M CH3COOH.

Since the pH is 2.4, the [H] = 4.24 x 103 M

_ [H*][eH,coor]
~ [CH,COOH]
(4.24x10° Mf
1.0M
=1.8x107°

Ka

This K, matches that of acetic acid so clearly the solution of the sample was 1.0 M in
CH3COOH (i.e. Good quality).

Answer: The vinegar has not been watered down.
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Example of an appropriate and complete answer

1.

2 Ag+ + 2> - 2 AQ(s)

Mds) — Mgt +

+0.80 V

2 4237V

+

2Ag" + Mgy —  2Aggy
E°=3.17V

Mg is the reducing agent.

Example of an appropriate and complete answer

1.

Zne + Cu¥eg = Zn*eg + Cug

Note: Accept <> in the equation also.

Mg**

2 marks

1 mark

1 mark

Adding Zn ions to the system causes a stress on the system. The higher the concentration of
zinc ions the more the system will shift to rid this stress by shifting to the reactants. The
result is an increase in copper ions. The highest concentration (1.5 M) of Zn(NOs), will be
the most favourable to increase the rate of the reverse reaction.



