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INSTRUCTIONS:

1. Read all questions thoroughly and answer each question completely. ALL WORK
MUST BE SHOWN IN ORDER TO RECEIVE ANY CREDIT.

2. Y ou will be allowed to use only the given sheet of thermodynamic equations.

3. Ensure that this exam paper has 58 questions.

ADDITIONAL INFORMATION:

Avogadro’s number = 6.02 x 1023

Faraday = 96485 Coulombs

R =0.08206 L-atm/mol-K = 8.314 Jmol-K
Arrheniusequation: k = AeEaRT

Nernst equation: € =¢€° - (0.05916/n)log Q (at 25°C)
First order kinetics: In(A,/A) =kt

Second order kinetics: [T/A] - [VA,] = kt

Freezing point depression and boiling point elevation: AT =iKm
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(5 Marks) Balance the following oxidation-reduction reaction in basic solution:
M02+ + YOzl_ - Y2 + Y305 + MO

Balance the three half-reactions:
Hzo + 36_ + MOZ+ d MO + ZOH_
4H,0 + 6¢€ + 2Y021‘ —Y,+80H"
(Hzo + 3Y021_ d Y3OS +e + 2 OH-)

The easiest combination isto multiply the third half-reaction by nine and then add
them together. Resulting in the following answer :

14H,0 + MO,* +29 YO, > MO + Y, + 9 Y05 + 28 OH"
Thisisonly one of many possible answer s although thisisthe easiest combination to

come up with.

(2 Marks) Under certain conditions oxidation of sodium azide (NaN3, molar mass = 65.01) resultsin
the production of NO,(g). What is the equivalent mass of sodium azide under these conditions?

13e" + N3 — 3NO,
therefore equivalent Mass = 65.01/13 = 5.00 g/equiv

For 2A + B — C, initial rate law data are;

Exp. [A] [B] Rate

#1 0.10 0.10 2.0x103
#2 0.30 0.10 18.0x 103
#3 0.20 0.30 24.0x 103
Therate law is Rate = k[A]X[B]Y
ax=landy=2

b.x=2andy=1

c.x=landy=1

dx=2andy=2

ex=0andy=2

What are the units for the rate constant for the rate law = k[A][B][C]?
a M2-sec

b. M-1-sect

c. M2-sect

d. M2-sect

e M3-secl
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If the half-life of areaction isfound to be directly proportional to the concentration of areactant, the
reaction order is

a. zero

b. first

c. second

d. third

e. none of these

If acatalyst is added to areaction

(2) the value of kisincreased.

(2) the value of k is decreased.

(3) therateisincreased.

(4) therate is decreased.

(5) neither rate nor the rate constant are changed, only the order.

aland4 b.2and 4 c.2and3 d.land 3 e.only 5

Substance A decomposes by afirst-order reaction. If [A], = 2.00 M and after 150 minutes [A] =
0.25 M, then its half lifeis:

a. 300 minutes

b. 150 minutes

c. 75 minutes

d. 50 minutes

e. 37.5 minutes

Which of the following statements is TRUE about the reaction 2A + B — C which isfirst order in A and
first order overall

Therate of the reaction will decrease at higher concentrations of B

The time required for one half of A to react is directly proportional to the quantity of A present.
The rate of formation of C istwice the rate of reaction of A.

The rate of reaction of B isthe same as the rate of reaction of A.

None of these.

maep o

The haf-life for afirst order reaction is 12 hours at 35°C and 2.5 hours at 100°C. What isthe
activation energy for this reaction?

31.6 kImol

27.4 kJmol

23.1 kJ/mol

10.0 kd/mol

-27.4 kJmol

Qoo T

Consider the following hypothetical equilibrium:

B(g) + Ax(Q) = 2AB(g) whereK;=4
What is the value of K for the equilibrium:

4AB(g) = 2B,(g) + 2A,(0)

a 05
b. 0.25
c.2
d. 0.0625
e. 16



11.  Giventhefollowing equilibria
2A(g) + B(g) == 3C(g) K.=1.7x 1013
2D(g) + 2B(g) == 3C(g) K,=4.1x 103
Find the equilibrium constant for the following equilibrium: ~ 2D(g) + B(g) == 2A(Q)
a 1.6x107°
b. 7.0x10%
(20 c.26x10%
d. 4.2 x 10Y/
e.24x10718

12.  For thereaction: POCl4(g) == POCI(g) + Cl»(g), K. = 0.450
A sample of pure POCI;(g) was placed in a container and allowed dissociate according to the above
reaction. At equilibrium, the concentration of POCI(g) was found to be 0.150 M. What was the initial
concentration of POCl(g)?
a 0.225M
b. 0.200 M
2 c.0.633M
d. 0.483 M
e. 0.350 M

13. For the following chemical reaction at equilibrium:
2CI,(g) + 2H,0(g) = 4HCI(g) + Ox(0)
a K,=K¢
(@ b.K,=K(RT)
c.Kp= K(RT)?
d K,= K(RT)3
eKp= K(RT)®

14.  Calculate theratio (K/K) for the following chemical reaction at equilibrium at 25°C:
2Cl,(g) + 2H,0(g) = 4HCI(g) + Ox(9)
al
Q) b.24.5
c. 2.0
d. 0.0408
e 2477

15.  Consider the equilibrium:
2S0,(g) + O5(g) = 2S04(g), AH® = -196.6 kJ
The equilibrium is shifted to the left if:
a. some sulfur trioxide is removed.
b. thetemperatureisraised.
2 Cc. acatalyst is added.
d. the pressure is raised.
e. none of these answers.

16.  All of the following may shift the position of areaction at equilibrium EXCEPT:
a. temperature change
b. concentration change

(1) c. volume change
d. pressure change

e. catalyst
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For the reaction: N,(g) + 3H,(g) == 2NH;(0)

In aclosed 3.0 liter container are placed 0.75 mol of N, and 1.20 mol of H,. When the reaction
reaches equilibrium, [H,] = 0.100 M. Which of the following is TRUE?

a [NH5] =0.150 M

b.[NH;] =0.200 M

c. [N,] =0.650 M

d.[N,] =0.250 M

e. none of these

In the equilibrium system: PO, (aq) + H,0O(l) == HPO,?(aq) + OH(aq)
Brensted-L owry theory would designate:

a. PO,% and H,0 as the bases

b. HPO,% and PO,% as a conjugate pair

c. HPO,# asabase

d. HPO,? and H,0 as a conjugate pair

e. PO,% as amphiprotic

Which species in the following reaction acts as the Lewis acid?
Co?*(aq) + 4Cl-(aq) == CoCl % (aq)

a. CoCl,*

b. CI-

c. Co?

d. none are acids

0.272 g of amonoprotic acid (Molar mass = 189 g/mol) is dissolved in water to produce 25.0 mL of a
solution with pH = 4.93. Calculate the disociation constant of the acid.

a41x108

b. 1.4 x 1010

c.2.1x10%

d.2.8x 107

e 24x10°

Determine the pH of the solution prepared by mixing equal amounts of 0.210 M HCl and 1.63 M
NaCHO,. K, (for HCHO,) = 1.8 x 104,

a 291

b. 4.57

c. 4.77

d. 9.43

e. 11.09

Which of the following would NOT be considered a buffer solution?
a 0.1 M HC,H;0, and 0.1 M NaC,H30,

b. 0.1 M NHz and 0.1 M NH4NOg

d.0.1M HI and 0.1 M Nal

e. 0.1 M Na,HPO, and 0.1 M NaH,PO,
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In the titration of 20.0 mL of a0.100 M H,A acid (pK,; = 4.00 and pK, = 6.00) with 0.200 M NaOH.
Which of the following is FALSE?

a. 20.0 mL of NaOH solution are needed to reach the second equivalence point.

b. the pH at the first equivalence point is 5.00

c. the pH at the second equivalence point is greater than 7.0

d. when 10.0 mL of NaOH have been added the[H,A] = [HAT]

e. At the start before any base has been added the pH = 2.50

What isthe pH after addition of 10.0 mL of 1.0 M HCI to 90.0 mL of a buffer consisting of 1.0 M NH3
and 1.0 M NH,CI?

Kp(for ammonia) = 1.8 x 10°°

adra

b.9.16

. 9.26

d. 9.36

e 11.58

A certain acid hasaK , = 6.80 x 10°6. What isthe pH of a0.247 M solution of the acid’ s potassium
salt?

a 4.72

b.9.28

c.9.11

d. 9.44

e. 9.89

For agueous NH4NO,, predict whether the solution is acidic, basic or neutral and why.
a acidic because it isastrong acid.

b. basic becauseit is aweak base.

c. neutral because there is no hydrolysis.

d. acidic because it is the salt of a strong acid.

e. acidic because it isthe salt of a weak base.

Phenol red indicator changes from yellow to red in the pH range 6.6 to 8.0. What color will the
indicator show ina0.10 M NaCN solution?

a.red

b. yellow

c. red-yellow mixture

d. theindicator isits original color

e. there is not enough information to answer this question.

What is the concentration of SO, ionin a3.6 M H,SO, solution?
Ky =11x 102

0.011 M

0.040 M

0.20M

0.60 M

1.8M

®ao o
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Ten mL of 0.10 M NH(aq) (K, = 1.8 x 10°°) is mixed with ten mL of 0.10 M NH,Cl, the resulting
solution:

a hasapH =4.74

b. has a[H*] of about 1 x 103 M

c.isacidic

d. has an [OH"] of about 1.8 x 10° M

e. hasan [NH,*] greater than that of the NH,Cl(aq)

The pK,, for methylamineis 3.38. What is the pH of an aqueous solution for which the |abel reads
0.042 M CH3NH,?

az2a
b. 4.8
c. 9.2
d.11.6
e 12.3

Which of the following has the smallest molar solubility in pure water?
a. CuS (K, =8x 1037

b. B|283(K =1x1079)

C. Ag,S (Kg =6 x 101

d. MnS (Kg, —7x1016)

e PbS (Kg, —3x1028)

Calculate the molar solubility of silver chromate in a0.010 M Na,CrO, solution. K¢, of Ag,CrO,=9.0
x 1012,

a 9.0x100M

b. 45x 101

c. 6.0x 10°M

d. 3.0x 10°M

e. 1.5x 10°M

The solubility product of silver sulfateis 1.6 x 10°. What is the molar solubility of this compound in
pure water?

a 82 x 102 M

b. 4% x 102 M

c. 162 x 103 M

d.1.6x 10°M

e. none of these M

The heat of combustion, AH® ., for one mole of benzene(CgHg) is -3267.4 kJ. Given the
AH%(CO4(g)) = -393.5 kJymol and AH®{(H,0O(l)) = -285.8 kI/mol.
CeHe(1) + 15/2 Ox(g) — 6CO,(g) + 3H,O(l)
Calculate the AH®; of benzene.
a +2588.1 kJmol
b. -49.0 kJ/mol
c. -808.4 ki/mol
d. +49.0 kJ/mol
e. +808.4 kJ/mol
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For the reaction 2H,(g) + O5(g) — 2H,0(l) AH®° =-483.6 kJ
What mass of H,(g) isrequired to liberate 1000 kJ of heat?
a 66.2g

b.2.05¢g

c.417¢g

d.834g¢
e 1679

Choose the correct statements concerning entropy.

(1) Astwo gases mix, ASis positive.

(2) Entropy is athermodynamic property related to the degree of disorder.

(3) Astemperature in a gas decreases, ASis positive.

(4) Moleculesin the liquid state have higher entropy than molecules in the gaseous state.

aland3 b.1,2and 3 c.land 2 d. 1,2and 4 e.2and3

Which of the following combinations of signsfor AH® and AS’ will always result in areaction being
spontaneous?

a. AH°(+) and AS°(+)

b. AH°(+) and AS’(-)

c. AH®°(-) and AS°(4)

d. AH°(-) and AS’(-)

e. cannot determine without the temperature

Calculate the entropy change for methanol at its normal boiling point of 64.5°C. The molar enthal py
of vaporization of methanol is 38.0 kJ/mol.

a. must know AG to calculate

b. 112 kJmol-K

¢. 589 kJ/mol-K

d. 0.589 kJ/mol-K

e. 0.112 kJ/mal-K

For aparticular reaction K, = 0.377 at 25°C. What is AG® for this reaction?
a. 88.02 Jmol

b. 202.7 Jmoal

c. 1049 Jmol

d. 2420 J/moal

e. -1049 Jmol

For the reaction: 205(g) — 30,(g). What isAS’ for the system?
a +605 JK

b. +137 J/K

c. +12 JK

d.-39 JK

e -183JK



41.  For thereaction: 205(g) — 30,(g) at 298 K. Which of the following statementsis TRUE?
a AS)pjverse> 0 and AG® <0
2 b. AS hiverse <0and AG® >0
C. AS,hiverse = 0and AG° =0
d. ASLlniversze >0and ASsurroundi ngs =0
e AS nverse < 0and ASy 4o >0

42. For the reaction Cl(g) + 3F,(g) < 2CIF5(g) K,=4.1x 1034 at 77°C and Kp=1.3Xx 10% at 25°C.
What is the value of AH®?
a +157 kJ
2 b. -157 kJ
C.-6.0kJ
d.-142 kJ
e. -326 kJ

43.  Consider the reaction: CO(g) + 2Hy(g) = CH3OH(9)

AH® 59g(k¥mol)  -110.5 0 -200.7
S (Imol-K) 197.6 130.6 239.7
What is AG® for thisreaction at 300°C? | s the reaction spontaneous at 300°C?
a -35.3kJ, YES
b. +35.3kJ, NO
(2 c. +35.3kJ, YES
d.-24.5kJ, NO
e.-24.5kJ, YES

44.  Determine the equilibrium constant (K,) for the following reaction at 298 K:
Sn**(ag) + Ti(s) — Sn(9) + Ti**(aq)
Given the standard reduction potentials: Ti2*/Ti = -1.630 V and for Sn?*/Sn =-0.137 V
a 1.7x10%
b.3.0x 10
(20 c¢.54x10°°
d. 3.4x 10°1
e 1.8x 1000

45.  Will magnesium metal react with AI3* ion from an agueous solution?
The standard reduction potentials: Mg2*/Mg = -2.36 VV and for AI3*/Al =-1.68 V
a. no, since the cell voltage is negative
b. yes, since AG® is positive
2 C. yes, because the system is at equilibrium
d. yes, since AS ivere>0
€. no, because the reverse reaction is spontaneous

46. Choose the INCORRECT statement:
a. An electrode is often a strip of metal.
b. An electrodein a solution of itsionsis ahalf cell.
Q) c. An electrochemical cell isa half-cell.
d. The electromoative force (emf) isthe cell potential.
e. The cell potential isthe potential difference between the half-cells.




47. A copper electrode weighs 23.07 g before the electrolysis of a CuSO, solution and 24.34 g after the
electrolysis has run using a current of 193 ampere. What was the time for this electrolysis?
a. 10 seconds
2 b. 20 seconds
C. 40 seconds
d. 60 seconds
e. 80 seconds

48. Choose the FAL SE statement:
a. Only spontaneous processes occur naturally.
b. The entropy of vaporization is always positive.
2 c. The combustion of any hydrocarbon is exothermic.
d. AG® isalways equal to zero at equilibrium.
e. The greater the degree of randomnessin a system, the greater the entropy of the system.

49.  Cadculate g4y for the following voltaic cell at 298 K:
Ni(s)| Ni%*(ag)[saturated NiCO(s)][INi2*(0.010 M)|Ni(s)

The Kg, for NiCO3is 1.42 x 10" and the standard reduction potential for Ni%*/ Ni = -0.257 V.
a +0.257 Vv

(2) Db.-0.0422V
c. 0.000 V
d. +0.0844 V
e. +0.0422 V

50.  What ise® for the reaction: CH30OH(l) + 3/2 O,(g) — CO,(g) + 2H,0(0)
if the AG® =-702.5 kJ?
a +0.91Vv
b.+1.21V
2 c.+1.82V
d. +3.64V
e -182V

51.  Which probably has the highest boiling point at 1.00 atm pressure?
a CH3NH,
b. CH,CH,CH,OH

Q) c. CH;OH
d. (CH3),N(CHF,)

52. If a substance has a heat of vaporization of 3.46 kJ/g and a heat of sublimation of 4.60 kJ/g, what isits
heat of fusion?
a. 1.14kJ/g
b. 8.06 kJ/g
D c.-1.14 kJg
d. -8.06 kJ/g
e. none of these
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The triple point of water is at 4.58 mm Hg and +0.01°C. Some H,0 at -50°C is heated to 120°C at a
constant pressure of 2.05 mm Hg. The changes of state(s) occuring in this process are:

a. solid to gas

b. solid to liquid to gas

c. liquidto gas

d. solid to liquid

e. no change in state occurs at constant pressure

The normal boiling point of ethanol is 78.3°C and AH®, 5, = 39.3 kd/mol. What is the vapor pressure of
ethanol at 50.0°C?

a 118 mm Hg

b. 234 mm Hg

. 354 mm Hg

d. 485 mm Hg

e. 670 mm Hg

The vapor pressure of pure hexane at 25°C is 151.4 mm Hg and for hepane it is45.6 mm Hg. A
solution contains 0.800 mol fraction hexane. What is the composition of the vapor in equilibrium with
this solution at 25°C?

a. 80.0% hexane and 20.0% heptane

b. 50.0% hexane and 50.0% heptane

C. 77.0% hexane and 23.0% heptane

d. 45.0% hexane and 55.0% heptane

e. 93.0% hexane and 7.0% heptane

A solution composed of 5 mol acetone (CH3COCH3, P° = 324 mm Hg) and 5 moles of chloroform

(CHCl 3, PP =274 mm Hg) has a vapor pressure of 236 mm Hg. Which one of the following statements

is completely true about this solution?

a. The solution obey’s Raoult’s Law.

b. The solution shows a positive deviation from Raoult’s Law.

c. The solution shows a negative deviation from Raoult’s Law and possesses a minimum boiling
point azeotrope.

d. Thesolution shows a negative deviation from Raoult’s Law and possesses a maximum
boiling point azeor ope.

e. The solution process is exothermic because the forces between unlike molecul es are weaker than
those between like molecules.

An agueous NaCl solution freezes at -1.13°C. Calculate the approximate NaCl concentration of this
solution in % by mass. K for water is 1.86 °C-mL.

a. 3.55%

b. 1.78%

c. 0.870%

d. 17.8%

e. 8.90%

Solutions are made that contain 0.10 mol of each of the following compounds below in 100 g of water.
Choose the compound whose solution will have the lowest freezing point.
a. BaBr, b. KCl c. CH3;0OH d. NiSO, e. H,SO,



