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APRIL EXAMINATIONS 2013
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Name (print):

Student No: ’ Tutorial Section:

DURATION: 3 HOURS ToTAL MARKS = 89

Calculators 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. Onthe 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 jnitials.
¢) 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, c, d, or e) for the best answer you choose for each
question,
2. Blacken the circle (below a, b, ¢, d, or e) on the computer sheet which corresponds to the answer
you have chosen for each guestion. Make sure that gnly one answer is blackened.
3. Use soft pencil (No. 2 or softer). Do not use ink or ball point pen.
4. The computer sheet Must be filled During the time allotted for the test.

Part B (4 questions = 44 marks) Clearly and concisely showing your work is essential in order to receive
full marks.

AT THE END OF THE EXAM: Insert your computer answer sheet into your exam paper. Remain seated until all
exam papers have been collected.

QUESTION {PART B) MARK
1 /10
2 /10
3 /12
4 /12
ToTAL (PART B) /44
TotaL(PARTA)=___ /45 ExXaAMTOTAL=_____ /89
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PART A: MuLTIPLE CHOICE QUESTIONS

1. What is the chemical symbol for an atom that has 29 protons and 36 neutrons?

a) P

b) Kr
c) Cu
d Tb
e) Zn

2. How many moles of BCl; are needed to produce 25.0 g of HCl(ag) in the following reaction?

BCls (g) + 3 H,0(/) — 3 HCl(aq) + B(OH)s (aq)
a) 0.229 mol '
b) 0.686 mol
¢} 2.06 mol
d) 3.00 mol
e) 4.38 mol

3. What is the pressure (in mm Hg) of the gas inside the apparatus (shown below) if the outside
pressure, Patm, is 750 mm Hg and the difference in mercury levels, Ah, is 50 mm Hg?

a) S0 mm Hg

b) 700 mm Hg
c) 750 mm Hg
d) 800 mm Hg
e) 850 mm Hg

4. A 4.00-L flask contains gas A at 25°C and 1 atm pressure. When the temperature is increased to
100°C, gas A decomposes completely according to the following reaction: A(g) - 2B (g) + C(g)
What is the final pressure in the flask?

a) 1.25atm
b) 2.60 atm
¢) 3.00atm
d) 3.76 atm
e) 4.22 atm
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For an electron in a given atom, the larger n (the value of the principle quantum number), the

a) larger its average distance from the nucleus and the higher its orbital energy

b) larger its average distance from the nucleus and the lower its orbital energy

¢) smaller its average distance from the nucleus and the higher its orbital energy
d)} smaller its average distance from the nucleus and the lower its orbital energy

e) larger its average distance from the nucleus, whereas the energy stays the same

Identify the excited state electron configuration for a neutral fluorine atom.

a) 1s%2s22p°
b) 1s?2s?2p®
¢} 1s?2s?2p*
d) 1s22s?2p*3s?
e) 1s'2s32p°

For potassium metal, the binding energy E;, (the minimum energy needed to eject an electron from
the metal surface) is 3.68 x 10°*° J. How many photons having a 700 nm wavelength will be required
to eject an electron?

a) 1
b) 2
c) 3
d 4
e) None of the above

Which of the following lists the substances in order of increasing melting points?

a) CsH10 < He < MgO <HF
b} CsHio<He < HF <MgO
¢} He < CsHio< HF < MgO
d) HF < C4Hio < He < MgO
e) He < HF < C4Hyp < Mg0O

. The rate of appearance of Br; is 6.5 M s!, what is the rate of disappearance of BrCl
BrCl — ¥Br; + %Cl,

a) 13Ms?

b) 6.5Ms?

c) 10Ms?

d) 3.3Ms?
e) 5.0Ms?
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10. A catalyst decreases the activation energy of a reaction by 6.8 kJ/mol. What is the subsequent
increase in the rate of the reaction at 25 °C? (Assume the frequency factor (A) is unchanged)

a)
b)
c)
d)
e)

rate is unchanged

10 times faster

1.4 x 10° times faster
1.2 times faster

16 times faster

11. Areactant R is being consumed in a first-order reaction. What fraction of the initial R is consumed
in 4.0 halif-lives?

a)
b)
c
d)
e)

12.

0.94
0.87
0.75
0.13
0.063

For the reaction between nitrogen dioxide and water, which of the disturbances described below

would move the equilibrium towards the reactants?

3NO; (g) + H20(l) & 2HNOs(ag) + NO(g) AH = -140 kJ/mol

Decrease the volume of the container

Increase the pressure within the container by adding Ne(g)
Increase the temperature

Add a catalyst

Decrease the concentration of nitric acid (HNOs)

13. Which set of acids is correctly ranked from weakest to strongest?

a)
b)
c)
d)
e)

HCl < HBr < HF < Hi

H,504 < H3S03

CHa < NH3z < H20 < HF

H,S < H0

None of them are in the correct order
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14.

15,

16.

17.

Yl
a) pointa u =
- b) pointb » :
c) pointc 2 ' [+t
d) pointd ¢
e) none of the points ‘ R
2 ——
1]

What is the expected pH of a buffer formed from the addition of 0.30 moles of HCl to 0.65 moles
of CH3sNH; (pKs, 3.36) in a total volume of 1.0 L.

a) 10.57
b) 11.20
¢} 10.70
d) 3.30
e} 3.70

The following plot shows two titration curves, each representing the titration of 50.00 mL of 0.100
M acid with 0.100 M NaOH. Which point represents the equivalence point for the titration of a
strong acid?

0 200 400 600 800 1000
i 0{0.100 M NsOH added

The reaction between hydrogen and oxygen to give gaseous water has an equilibrium constant of
9,5 x 10% at 25°C. Which of the statements below is true?

Ha(g) + %0,(g) = H,0(g) AH° = -242 ki/mol

a) This reaction is spontaneous at all temperatures

b) This reaction is spontaneous at lower temperatures, but not spontaneous at higher
temperatures

c) This reaction is spontaneous at higher temperatures, but not spontaneous at lower
temperatures

d) This reaction is not spontaneous at any temperature

e) This reaction is at equilibrium

Galena is the ore from which elemental lead is extracted. In the first step of the extraction process,
galena is reacted in air to form lead(ll) oxide.

2PbS(s) + 30:(g) — 2PbO(s) + 250.(g) AH=-827.41d

What mass of galena is converted to lead oxide if 975 k) of heat are liberated?

a) 203¢g
b) 282¢
c) 406g
d) 478¢g
e} 564¢g
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18. Calculate the enthalpy change for the reaction: NO(g) + O(g) — NO:(g) given the following data:
NO(g) + Os(g) — NO2(g) + Ox(g) AH=-198.9kJ
0s(g) > 3/2 Oa(g) AH=-142.3k
0O2(g) — 20(g) AH = 495.0 k!

a) -551.6k
b}y -304.1k
c) 1909k
d) 153.8k
e) 43844

19. Which of the following is always true for an endothermic process in which the system is closed and

the pressure is constant?

a) Qsys>0, ASaurr<0
b) Qsys<0, ASsur>0
€} Qsys<0, ASsur <0
d) Gsys > 0, ASsurr >0
e} w0

20. Consider the plot (shown below) of AG® versus temperature for a chemical reaction. Which of the

following is incorrect?

+
a) The reaction is spontaneous at some higher temperatures. AG°
aF
b) AS° <0
) AH® >0 o >

NK)

d) At a certain temperature, the reaction is at equilibrium under standard state conditions.

e) When this reaction proceeds, heat is absorbed from the surroundings.

21. Agt(aq) + e~ => Ag(s) E°=+0.800 V
AgBr(s) + e~ - Ag(s) + Br-{aq) E°=+0.071V
Bra{l} + 2 e- - 2 Br(aq) E°=+1.066V

Use some of the data above to calculate Ksp at 25°C for AgBr.

a) 6.3x107?

b) 49x10%
c) 19x10%
d) 24x10%*
e) 7.4x107%
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22,

23.

24,

25.

26.

A spontaneous reaction is defined as:

a) An exothermic reaction

b) An endothermic reaction

c) A reaction where the entropy of the system is increased

d) An exothermic reaction where the entropy of the system is increased
e) Areaction where the entropy of the universe is increased

The equilibrium constant for a reaction is 1.7 x 10* at 100°C and 4.6 x 102 at 600°C, which of the
following statements is true?

a) The reaction is exothermic

b) The reaction proceeds spontaneously from reactants to products
¢} The reaction is endothermic

d} The products contain more moles of gas than the reactants

e) Q<K

Consider the following reaction: Cul(s) & Cu*(aq) + I'(ag). At equilibrium, the concentrations of the
Cu* and I' ions in solution are both equal to 1.03 x 10®° M. What is AG® for the reaction?

a) -68kl
b} 68kl
c) -30k
d 30k
e) 34k

You add 0.100 moles of CuNQO; to a 100 mL 1.00 M solution of Fe(NOs)s in a “coffee cup”
calorimeter. The resulting redox reaction is given below. The temperature of the water in the
calorimeter increases from 22.2°C to 28.6°C. Calculate the change in enthalpy (AH) of this reaction.
(Heat capacity of water is 4.18 J g K%, assume the density of water is 1.00 g mL?)

Fe® + Cu* - Cu®* + Fe?*

a} -2.68 kl mol?
b) -26.8) mol?

¢) 50.1kImol?
d) -50.1 kl mol*
e) -26.8 kl mol*

Which of the following statements is false with respect to the balanced redox reaction between
copper and nitric acid? (Note: the reaction as shown is unbalanced)
Cu(s) + HNOs(aq) — Cu**(aqg) + NO(g)

a) The reaction consumes H*

b} The reaction consumes 3 moles of nitric acid (HNO;)

¢) The reaction produces water

d) The reaction produces 3 moles of copper ions (Cu?*)

e) This redox reaction results in a net transfer of 6 electrons for the balanced reaction with
smallest whole number coefficients.
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27. Consider the voltaic cell shown below. Identify the anode and cathode, and indicate the direction
of Na* ion and NO,- ion flow from the salt bridge.

a) Al is the anode and Co is the cathode; Nat ions flow into half-cell
compartment (A) and NO,- ions flow into half-cell compartment (B).

b) Al is the anode and Co is the cathode; NO,- ions flow into half-cell

compartment (A) and Na* ions fiow into half-cell compartment (B).
¢) Co is the anode and Al is the cathode; Na* ions flow into half-cell
compartment (A) and NO;- ions flow into half-cell compartment (B).

d) Co is the anode and Al is the cathode; NO," ions flow into half-cell

compartment {A) and Na* ions flow into half-cell compartment (B).
e) Co is the anode and Al is the cathode; there is not enough

information to determine the direction of ion flow.

28. A solution is prepared by dissolving 32.0 g of NiSO, in water. What current would be needed to
deposit all of the nickel metal in 5.0 hours?

a)
b)
c)
d)
e)

11A
2.2A
33A
4.4A
55A

29. Consider the following half-reactions and E° values:

Ag*(ag) + e — Ag*(agq) E°=1.98V
Ag*(aq) + e — Ag(s) E°=0.80V
Cu**(aq) + 2e" — Cu(s) E°=0.34V
Pb?*(aq) + 2e — Pb(s) E°=-0.13V
Cd**(aq) + 2e" — Cd(s) E°=-0.40V

Which of the following is the strongest reducing agent?

a)
b)
c)
d)
e)

Ag*
Cd
Pb
Cu
cd®

30. Consider the galvanic cell, pp(s)| pb2+(aq)| | Cu2+(aq)| Cu(s). Which one of the following changes
to the cell would cause the cell potential to increase (i.e., become more positive)?

a)
b)
c)
d)
e)

increase Pb2+ concentration
increase Cu2+ concentration
increase the mass of Pb(s)
decrease the mass of Pb(s}
none of the above
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PART B. SHORT ANSWER QUESTIONS: Answers must be written in pen in the boxes provided. Be sure to
show your work.

1. (10 marks)

(a) A 1.00 M solution of salt A (MW = 175.91 g/mol) has a density of 1.07 g/mL and a freezing point
of -6.25°C. Determine the value of the van’t Hoff factor i for salt A? Kfwater) = 1.86 *C ‘kg/mol

{b) Salt B (MW = 123.2 g/mol} is nonvolatile and has a van’t Hoff factor i=2. Assume it dissociates
completely. Determine the vapour pressure of a solution prepared from dissolving 2 g of 8 in a solution
of 10 g of water and 10 g of methanol at 17°C. The vapour pressure of pure water is 14.55 mm Hg and
the vapour pressure of pure methanol is 82.5 mm Hg at 17°C.

(c) From the following phase diagram of water identify (by writing the corresponding letter in the chart)
the points which represent the normal boiling point of:

i) pure water ii} 1.0 m solution of salt A ili} 1.0 m solution of salt B

Point

760 torr normal boiling point of water

normal bolling point of 1.0 m solution of salt A

normal boiling point of 1.0 m solution of salt B

Temperature
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2. (10 marks)
Consider the gas-phase decomposition of NOBr:
 2NOBr(g) = 2NO(g) + Bralg)
(a) When 0.0200 mol of NOBr is added to an empty 1,00 L flask and the decomposition reaction is

allowed to reach equilibrium at 300 K, the final concentration of NOBr is 0.0122 M.
Determine the equilibrium concentrations of NO and Br; and K, for this reaction at 300 K.

(b) What is the value for K, for this reaction?

(c) Which has the larger rate constant, the forward (k) or the reverse (k) reaction? Explain.

(d) if the reaction in a)is endothermic in the forward direction, circle the correct response (either
“stays the same”, “increase” or “decrease”) below.

How will k¢, k;, and K change if the W’?

i) kewill stay the same ’ | increase decrease
i) ke will stay the same increase - decrease
iii) Ke will staythesame = . Increase . decrease
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3. (12 marks)

Answer the following questions for the chemical reaction between carbon monoxide and hydrogen gas to
produce fiquid methanol.

CO(g) + 2Hz(g) = CH3OH(/) AH® = -128 ki/mol
(a) Given the standard entropies in the table below, is this reaction spontaneous under standard state
conditions at 25°C?
S°cols) 198 I mol k!
SHa) 131J moltk?
S°cHaonq) 127 J moli K3

(b) In what temperature range will this reaction be spontaneous under standard state conditions?

{c) Whatis the equilibrium constant for this reaction at 25°C and at 200°C?

(d) Does the magnitude of the equilibrium constant at different temperatures agree with the predicted
spontaneity of the reaction at different temperatures?
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4. (12 marks)

Consider the following half-reactions and E° values:

(a)

Co**(aq) + 2e" — Co(s) E°=-0.25V
Pb*(aq) + 2¢" —> Pb(s) E°=-0.13V

Write the overall reaction that occurs spontaneously under standard state conditions and circle the
oxidizing agent in the equation.

(b)

Write the cell notation for the voltaic cell that incorporates the above reaction

(c)

What is the equilibrium constant, K, for the reaction in a)?

(d)

If the [Co®*] remains 1.0 M and the [Pb*'] is reduced to 1.0 x 10 M, what is the effect on the cell?
(Hint, calculate Q.)

(e)

What is Eca for the conditions described in d)?

(f

What is the cell potential when the cell described in d) reaches equilibrium? Also, calculate the
equilibrium concentration of Pb*?
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Userut EQUATIONS

E=hv A=c/v  A=h/mv Ephoton=hvo + Ek

PV=nRT Urms = (3RT/M)Y/2

ATb = Kpm ATf = Kfm N=MRT Psolution=XsolventPsoivent sgas=KHPgas
~btb’~4ac

o +bxtc=0 X=—————

Ky=K(RT)2"; An=c+d-(a+b)
Arrhenius equation: k = Ae"®/RT

First order reaction: In{[A]o/[A]} =kt
Second order reaction: 1/[A]—1/[A)o = kt

Zero order reaction: {A]=-kt+ [Alo

H=pK, +log 22!
pH = -log[H30%] pH + pOH = 14 Kax Kb = K P = PR T8
g = nCAT w =—PAV AE=qg+w AH = AE + PAV
S=k|nW . AS:—:T A‘sum‘v =Assys+ASsurr

{a)-47-9

K, R\T, T,

AH® = coeff, AH; (pdts) — 3 coeff,AH; (rcts)

AS® =3 coeff, S°(pdts)— X coeff,S° (rcts)

AG* = Y coeff, AG; (pdts)— X coeff, AG; (rcts)

AG = AH-TAS AG=AG° +RTInQ AG®° =—RTInK AG = -nFE

nC
1= e Rl E=F
t nF

- O—'Oégz—\{logﬂ (at298.15K)
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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 10%" kg
me = 9.109 x 1031 kg
mnp=1.674 x 10?7 kg
mp = 1.672 x 10?7 kg
Na =6.0221367 x 102 mole?
k =1.380658 x 102 ) K?!
F =9.6485309 x 10°* C mole™!
e =1.60217733 x 101°C
R =8.314510J) mole® K!

=0.082058 L atm mole? K?
C=4.184)gtK?

=75.4 ) molel K?
h=6.6260755x 103) s
Ry=2.1798 x 1018)

=1.097 x 102 nm*!

€=2.99792458 x 108 m s!

0°C=273.15K
Kw=1.00 x 101
1t = 3.1415927

1 atmosphere (atm) = 1.01325 x 10°Pa (N m%) = 760.0 mm Hg (torr) - 1.01325 bar
1 calorie (cal) = 4.184 joules (J)

1 debye (D) =3.335617 x 103°Cm

1 eV/particle = 96.485 kJ mole*= 23.061 kcal mole™!
1eV=1.602 x 10'%°) = 8067 cm*

1v=1J/C

1A=1C/s

1 kcal mole™ = 4.184 k) mole™= 349.73 cm?

1 kJ mole™* = 0.23901 kcal mole!= 83.591 cm?

1L atm=101.325J=24.217 cal

Inx=2.3026 log x

1nm=1x10°
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Standard Reduction Potentials (in Volts), 25°C

Reaction E°(V)
Cl2 + 2e" ---> 2Cr +1.36
Oz + 4H* + 4e" -—-> 2H,0 +1.23
Br + 2e” --—-> 2Br +1.07
Fe3* + e ---> Fe?* +0.77
Ag'+e -->Ag +0.80
2+ 2e > 2I +0.54
Cu*+e --->Cu +0.52
Fe(CN)e> + e ---> Fe(CN)s* +0.36
Cu?* +2e --->Cu +0.34
Cu* + 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 —->1n -0.76
2H,0 + 2e" --> Hy(g) + 20H" -0.83
V#* 4+ 2e >V -1.18
Mn? + 2" ---> Mn -1.18
AP* + 3¢ ---> Al -1.66
Mg?* + 2e ---> Mg -2.37
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