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Name (print):
Student No: Tutorial Section:
DURATION: 3 HOURS TOTAL MARKS = 85

Calzulators may be used but not shared. Programmable calculators may not be used. A PERIODIC TABLE
and USEFUL DATA are attached to the back of the exam.

WHEN YOU RECEIVE YOUR EXAM PAPER AND COMPUTER ANSWER SHEET:
1. Write your name, student number and tutorial section on this page.

2. On the computer answer sheet:
a) Write your last name, your given name, and signature at the front (top left corner) and at the
back (top) of the sheet.
b) Blacken the appropriate circles for your last name and initials.
¢) Write your student number along the top of the student number box and blacken the circles
which correspond to your student number.

YOUR ANSWERS ARE TO BE RECORDED ON THE COMPUTER ANSWER SHEET AND ON THIS PAPER, BOTH OF WHICH MUST BE
HANDED IN AT THE END OF THE EXAM.

Part A (30 x 1.5 = 45 marks)
1. Clearly circle on the test paper the letter (a, b, ¢, d, or e) for the best answer you choose for
each question.
2. Blacken the circle (below a, b, c, d, or ) on the computer sheet which corresponds to the
answer you have chosen for each question. Make sure that only one answer is blackened.
3. Use soft pencil (No. 2 or softer). Do not use ink or ball point pen.
The computer sheet must be filled during the time allotted for the test.

Part B {4 questions = 40 marks) Clearly and concisely showing your work is essential in order to receive
full marks.

AT HE END OF THE EXAM. Insert your computer answer sheet into your exam paper. Remain seated until all

exam papers have been collected.




MULTIPLE CHOICE QUESTIONS {1.5 marks each)

1. Phosphine, an extremely poisonous and highly reactive gas, will react with oxygen to form
tetraphosphorus decaoxide and water. Calculate the mass of P;0;4(s) formed when 225 g of PH;,
reacts with excess oxygen.

b)
¢}
d)
e)

PHilg) + 0i(g) — PsOspls) + H0(g)

1880 g
940 g
900 g
470 g
563¢g

2. The shape of an atomic orbital is associated with:

The principle quantum number (n)

The angular momentum quantum number (/)

The magnetic quantum number (m,)
The spin quantum number {m,)

[unbalanced]

The magnetic (m,) and spin (m;) quantum numbers, together

3. A gas mixture, with a total pressure of 300 torr, consists of equal masses of Ne and Ar. What is
the partial pressure of Ar, in torr?

a)
b)
c)
d)
e)

75.0 torr
150 torr
100 torr
300 torr
None of the above

4. Which of the lines on the figure below is the best
representation of the relationship between the
volume of an ideal gas and its temperature in
Celsius, other factors remaining constant?

a)
b)
c)
d)
e)

Line a
Line b
Linec
Lined
Line e

Volume (L)

0 Temperature ("C)




5. Which of the following is an ionic compound?

a) H,S
b) NHs
) P
d) Kl
e) CCl,

6. A 1.00L saturated solution of carbon dioxide in water contains 3.00 g of CO;{aq) when the
CO;{g) partial pressure is 8.0 atm. If the partial pressure of CO; is decreased to 3.2 atm, how
many grams of CO, will remain in the agueous phase?

a) 090¢g
b) 1.60g
c) 1.40g
d} 1.20g
e) 2.20g

7. An agueous solution of sucrose, C;;H,011, has a freezing point of —3.225°C. What is the
concentration of sucrose in the solution? (K (H,0) = 1.858 °C /m)

a) 156m
by 1.75m
c) 168m
d}) 0.145m
e) 14.7m

8. The vapor pressure of pure toluene is 400 torr and that of pure 1,2-dimethylbenzene is
150 torr at 90°C. These two solutions are mixed at 90 °C such that the total vapour pressure of
the solution is 380 torr. What is the mole fraction of toluene and 1,2-dimethylbenzene in the
solution phase? Assume ideal solution behavior.

a) 0.32toluene; 0.68 1,2-dimethylbenzene
b) 0.46 toluene; 0.54 1,2-dimethylbenzene
c) 0.87toluene; 0.13 1,2-dimethylbenzene
d) 0.98 toluene; 0.02 1,2-dimethylbenzene
e} 0.92 toluene; 0.08 1,2-dimethylbenzene



9. The rate constant for a reaction is 5.67 x 10° L mol™ s™X. What is the overall order of the
reaction?

a) Zero

b) First

¢) Second

d) Third

e) Not enough information given

10. Given the plot on the left, what is the half-life of compound A?

a) 6.57 seconds
b) 1.78 seconds
¢) 1.23 seconds
d) 8.12 seconds
e) Half-life depends on the initial concentration

~_ slope =-0.562 st
In[A]

11. 0.80 M of A is present after the reaction has proceeded for 4.5

t (seconds) se.c?nds. Using information from the plot on the left, calculate the
initial concentration of A,

a) 10M
b} 150M
c) 25M
d) 48 M
e) 82M

12. The elementary reaction between NO and HO, shown below has an activation energy of 0.80 kJ

in the forward direction, given the enthalpy change of this reaction, what is the activation
energy of the reaction in the reverse direction?

NO + HO; - NO, + OH AH=-13kl

a) 2.1kimol?
b) 6.5ki mol*
c) 0.52 ki mol®
d) 1.3k} mol?
e) 0.048 ki mol™*




13. You have a solution of nitrous acid (HNO;, K, = 4.5 x 10™) that is pH 2.34. If you add solid
potassium nitrite (KNO;) to this solution, what will happen?

a)
b)
c)
d)
e)

The pH will not change
The pH will increase
The pH will decrease
The pKa will increase
The pKa will decrease

14. Which is the best acid to use in the preparation of a buffer with pH = 3.3?

a)
b)
c)
d)

e)

HO! (K5 = 2.0 x 10
HNO, (K5 = 4.5x 10™)
HNO;

HOIs (K5 = 1.7 x 107)
H,COs (K5 = 4.3 x 107}

15. For the reaction between nitrogen (N,} and oxygen (O;) to produce nitrogen dioxide (NO,}, what
is the concentration of N, at equilibrium when the equilibrium concentration of NO; is five times
(5x) the equilibrium concentration of 0,?

N,(g) + 20,{g} = 2NO,(g) K.=8.3x10™

3.3x10M M
1.7x100mMm
6.0x10°M

3.0x10%M
1.7x10°M

16. A vessel with a movable piston is partially filled with liquid

water. If you increase the volume of the vessel by moving
the piston out what will happen?

Movable Piston

H,0{/) = H,0(g) AH =45.6 kI mol™ Air
The mass of liquid water will decrease Liquid Water — :
The temperature of the liquid water will decrease

The number of moles of gas phase water will increase
The system will adjust to reestablish equilibrium
{a) to {d) are all true



17. All of the following are state functions with the exception of:

a) Internal energy
b} Volume

c) Work

d) Pressure

e) Enthalpy

18. Which one of the following is the correct format of a formation reaction?

a) C(diamond) - C (graphite)

b} Hi{g)+ 0 (g) > H.0 ()

¢} C(graphite) + 4H (g) = CHa(g)

d) 6C({graphite) + 6H,0 {s) - CeH1,0¢(s)

e) 2C {graphite) + 3H,{g) + %0,(g) - C;HsOH(/)

19. All of the following statements are true with respect to the Gvs. Q
plot on the left with the exception of:

'\ a) At equilibrium the system is at an energetic minimum

b} Q=1 atstandard state

G c} At point A the reaction will be spontaneous in the forward
direction, and at point B the reaction will be spontaneous in
the reverse direction

d) At equilibrium Q=K

Q e) AtpointAQ>K, and atpointB8 Q<K

20. The standard molar entropy of bromine gas (Bra(g)) is 245.46 ] mol™ K™ at 25 °C. Given that AS®
is 104.58 I mot™ K™ for the dissociation of one mole of Bry{g) into bromine atoms (Br{g)), what is
the standard molar entropy for Br(g) at 25 °C?

a) 70.44 Jmol*K?
b) 140.08 J mol™ K?
¢} 175.02 Jmol™ K*
d) 350.04 ) mol* K*
e) 158.12) mol™ K™




21.

22.

23.

Which of the following statements appropriately describes the thermodynamics of the reaction
of solid boron (B) and chlorine gas (Cl;) to produce boron trichloride (BCly)?

3
B(s) + 'Z'CIZ(Q) = BCls(g)
AGP ~338.7 kJ mol™
AHS —403.8 kJ mol™
s 59Jmol*k? 223y mol™* K* 290.0J mol™* K

a) The reaction is spontaneous at all temperatures

b) The reaction is non-spontaneous at all temperatures

¢) The reaction is spontaneous at higher temperatures

d) The reaction is spontaneous at lower temperatures

e) The spontaneity of the reaction is independent of temperature

The enthalpy and equilibrium constant for the reaction between NO and Cl; to produce NOCl are
given below. If 1.0 mol of all three species are mixed in a 1.0 L container, which of the following
statements is true?

2NO +Cl, == 2NOCl AH=-77kl
Ke = 4.0x 10"

a) Clyis the [imiting reagent

b) NOCI is the limiting reagent

¢} There would be no net reaction as the system is already at equilibrium
d) 39 ki of heat energy would be released in the resulting reaction

e) 77 kJ of heat energy would be released in the resulting reaction

Calculate AG® for the reaction between chromium (Cr**) and mercury (Hg).

2Cr** (aq) + 6Hg (/) = 2Cr {s) + 3Hg,** (aq) E°=1.59V
a) —920kJ
b) -767 kI
c) —-460kJ
d) —307k
e) -540kJ



24, A battery is considered “dead” when

a] Q<1
b) Q=1
c) Q>1
d) Q=K
e} Q/K=0

25. All of the following are redox reactions with the exception of:

a) Al(OH)s (ag) + 4H" (ag) > AP’ (ag) + 4H,0 (/)
b) CeH1,06(s) + 60, (g) > 6CO,{g) + 6H,0 (/)

c) NagFeClg(s) + 2Na (/) = 8NaCl (s} + Fe (s)

d) 2H,0;(aq) - 2H,0 (/) + 0, (g)

e) CO,{g) +H;{g) = CO{g) + H,0 (g)

26. What mass of copper will be formed when a constant current of 30.0 A is passed through
molten copper (I) bromide {CuBr) for 1.50 hours?

a) 241¢g
b) 54.0¢g
¢) 107g
d) 10.7g
e) 364g

27. Calculate the value of the cell potential (Eey) for the galvanic cell expressed using the shorthand
notation below at 25 °C.

Zn(s) | Zn2*(ag, 0.0100 M) || Aq™(ag, 1.25 M)| Ag(s)

a) 1.62
b) 0.87
c) 1.57
d) 1.76
e) 1.32




28. A sacrificial anode is a metal that is easily oxidized and as such protects other metals from being
oxidized themselves. Would any of metals listed below be capable of acting as a sacrificial
anode for an iron surface?

Fe*(aq) + 2e” > Fe(s) E°=—0.44V
a) copper: Cu*+2e > Cu E°=0.15V
b) cobalt: Co®™ +2e" > Co E°=-0.28V
¢) chromium: Crtt+2e” > Cr E°=—0.74V
d) tin: Sn** +2e” > Sn E°=—~0.14V
e) nickel: Ni** +2e” > Ni E°=—-0.26V

29. As a redox reaction proceeds spontaneously in the forward direction, which one of the following
statements must be true?

a) AG, E.y, and K all decreasing

b) AG, E.;, and K allincreasing

c) AG and E. both tend to zero

d) AG, AH, AS are all negative

e} AG and AH are negative, and AS is positive

30. Use the reduction half-cell potentials below to calculate the solubility product constant (K;,) for
silver chloride (AgCl) at 25 °C.

AgCi(s) + e” = Agls) + Cl™(ag) E°=0.22V
Ag’(ag) + e” = Agl(s) E°=0.80V
a) 8.55x107°
b) 7.15x107%
c) 5.65x107*
d) 5.66x107

e) 1.55x10™”



Name: Student Number: Tutorialb: T______ PG1: /10

SHORT ANSWER QUESTIONS: Be sure ta show your work. PG2: /10
1. (7 marks) Exactly one unit cell of a crystal of CuCl is depicted below.
(copper ions are dark and small, while chloride ions are light and larger) PG3: /10
Chloride ions {a) What kind of packing do the chloride ions adopt? {2 marks)
PG4: /10
Total: /40

(b} How many copper and how many chloride ions are in each unit cell? (1 mark)

Copper ions:

Chloride ions:

Copperions

{c) If CuCl has a density of 4,145 g/cm’, what is the cell edge length of the cubic cell of CuCl depicted in the diagram
abova? (MW CuCl is 98,999 g/mol) (4 marks)

2. {3 marks) Two aqueous solutions are prepared: solution A (1.00 m Na;50,) and solution B (1.00 m NaCl). Circle
the correct answers below.

(a) If the two solutions, A and B, are separated by a semipermeable membrane. The osmotic pressure of which
solution would immediately begin to decrease?

Solution A Solution B
(b) The solvent molecules are moving:
From solution A to solution B From solution B to solution A

(c) If, because of evaporation, the volumes of both solutions decrease by the same amount, how will the osmotic
pressure of the agqueous solutions change?

. Increase no change decrease

9

/0



3. (6 marks) Hydrogen peroxide (H,0,(aq)) reacts with copper meta! (Cu(s)) to produce copper ions (Cu**(aqg)) and
hydroxide ions (OH {aq)): H,0,(aq) + Cu(s) = Cu®**{ag) + 20H (aq)

{a) The rate constant for this reaction in the forward direction is 1.40 M s at 25.0°C and 5.75 M™ s at 50.0 °C.
What is the activation energy for this reaction in the forward direction? (2 marks)

{b) Whatis the rate constant for this reaction in the forward direction at 90 °C? (2 marks)

{c) To push the equilibrium to the right, increasing the equilibrium concentration of copper ions (Cu®), should the
reaction be carried out in an acidic or a basic buffer? Explain your answer. {2 marks)

4. (4 marks) The rearrangement reaction of HONO(g) to HNO,{g) (HONO(g) == HNOQa{g}) has a Kp value of 0.47.

(a) 0.89 atm of HONO is added to an evacuated cylinder. Calculate the equilibrium partial pressure HNO, after the
system is allowed to establish equilibrium. {2 marks)

{b) What is the total pressure of the system at equilibrium? (2 marks)

10
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5. (4 marks) The reaction between sodium hydroxide (NaOH) and sulfuric acid (H;S04) was studied in a coffee cup
calorimeter. 100 mL of 1.00 M NaOH and 100 mL of 1.00 M H,50Q,, each at 24.0°C, were mixed. After mixing the
maximum temperature of the solution was 30.6°C. Answer the following questions, assuming the heat capacity
of the cup and the thermometer are negligible, and that all solutions have a density of exactly 1.0 g/mL.

2NaOH(ag) + H;SO04(aq) = Na,S0.lag) + 2H,0()

(a) Calculate the total heat energy generated during this reaction. (2 marks)

(b} Calculate the enthalpy of the reaction AH, in kl/mo! of Na,SO, produced. (2 marks)

6. (6 marks) Consider the phase transition from ice to liquid water (H,0(s) = H,0{/)) at 1.0 atm and 0 °C {the
melting point of ice) in a closed container. Under these conditions predict whether each of the following
quantities will be greater than, less than, or equal to zero {i.e., > 0, < 0, or = 0). Explain each prediction in one

sentence.
i)
AH° 0
if)
AS° 0
i)
AG° 0

11




7. (10 marks) Answer the following questions using the half-cell potentials below,

Mn**(ag) + e > Mn®*{aq) E°=1.54V
Co*(ag) + e~ > Co**(aq) E°=1.81V

'(a) What is the E.y of the electrochemical cell between manganese (Mn**/Mn?") and cobalt (Co®*'/Co®") that would
be spontaneous in the forward direction when all aqueous concentrations are 1.0 M? (2 marks)"

(b) Sodium carbonate (Na,COs) is added to the manganese half-cell in part (a), which results in the formation of a
MnCO; precipitate. Assuming no change in volume, what is the resulting concentration of manganese (I} ions
(Mn?) if the final equilibrium concentration of carbonate ions (CO3%) is 0.010 M? (Kex(MnCO3) = 2.2 x 101
(3 marks)

{c) What is the E. of the electrochemical cell after the addition of carbonate described in part {b)? (Assume no
interaction between carbonate {COs*"} and manganese (i1} ions {(Mn™)) (3 marks)

(d) Which electrochemical half-cell will act as the anode in the electrochemical cells described in part (a} and
part (c)? Explain why the anode is different or why it is the same. (2 marks)

anode part (a): anode part {c):

12




UseruL EQUATIONS

~2.18x107'% 7
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PHysIcAL AND CHEMICAL CONSTANTS

Atomic mass unit

Mass of an electron
Mass of a neutron

Mass of a proton
Avogadro’s number
Boltzmann’s constant
Faraday’s constant
Fundamental unit charge

Gas constant

Heat capacity of water

Planck’s constant

Rydberg’s constant

Speed of light
Zero point

Kw of H20 at 25°C
Pi

CONVERSION FACTORS

1 a.m.u. = 1.6605402 x 107" kg
Me = 9.109 x 103" kg
mn=1.674x 107 kg
m, =1.672 x 107 kg
Na = 6.0221367 x 102 mol™
k =1.380658 x 10°*J K
F = 9.6485309 x 10°C mol™
e=1.60217733 x10™"°C
R =8.314510 ) mole™ K

=0.082058 L atm mol™ K™
C=4.184)gtK"

=75.4 J molet k!
h =6.6260755x 10" s
Ry =2.1798 x 1078}

=1.097 x 10 nm™
c=2.99792458 x 108 m 5™

0°C=273.15K
Kw = 1.00 x 10"
7 =3.1415927

1 atmosphere {atm) = 1.01325 x 10° Pa = 760.0 mm Hg (torr) = 1.01325 bar

1m =10 dm = 10% cm = 10° mm = 10° um = 10° nm = 10" pm

1L=1dm?

1Latm=101.325] = 24.217 cal

1 calorie (cal) = 4.184 joules (J)

1 debye (D) = 3.335617 x 10°°Cm

1 eV/particle = 96.485 kJ mole™ = 23.061 kcal mole™
1eV=1.602x10")=8067 cm

1v=1J/C

1A=1C/s

1 kcal mole™ = 4.184 ki mole™ = 349.73 cm™?

1 k) mole™ = 0.23901 kcal mole™ = 83.591 cm™

In x=2.3026 log x
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standard Reduction Potentials (in Volts), 25°C

Reaction E°(V)
Cl, + 2e” 2C) +1.36
O, +4H' + 4" > 2H,0 +1.23
Br, + 2" = 2Br +1.07
Fe¥ + e —> Fe™ +0.77
Ag' +e > Ag +0.80
|, + 2 > 21 +0.54
Cut+e -—>Cu +0.52
Fe(CN)g™ + e -—> Fe(CN)g" +0.36
Cu®* +2e —-->Cu +0.34
cu¥t+e ->Cu +0.15
Sn** + 2e > Sn* +0.15
2H" + 2e —>H, 0.00

Fe®* + 3e -—->Fe -0.04
Pb* + 2e > Pb -0.13
Ni** + 2¢ —> Ni -0.26
Fe +2e --->Fe -0.41
Cr** +3e > Cr -0.74
Zn®* + 2e > 1Zn -0.76
2H,0 + 2e ---> Hy(g) + 20H -0.83
v¥*+2e >V -1.18
Mn?* + 2e ---> Mn -1.18
AP + 3¢ ---> Al -1.66
Mg™ + 2e ---> Mg -2.37




