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This midterm exam consists of 8 consecutively numbered pages including a formula sheet (the last page).
Please check that your paper is complete before starting work. You may peel off the formula sheet. All work
must be shown on the first 7 pages in this booklet (including the back pages). Only the work written on the first
7 pages will be marked; anything written on the formula sheet will be discarded and not be marked at all.
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READ AND OBSERVE THE FOLLOWING EXAM RULES

1. Each examination candidate must be prepared to produce, upon the request of the invigilator or
examiner, his or her UBCcard for identification.

2. Examination candidates are not permitted to ask questions of the examiners or invigilators, except Questlon Ma,X Mark
in cases of supposed errors or ambiguities in examination questions, illegible or missing material,
or the like.

3. No examination candidate shall be permitted to enter the examination room after the expiration Pa‘rt A ]‘5
of one-half hour from the scheduled starting time, or to leave during the first half hour of the
examination. Should the examination run forty five (45) minutes or less, no examination candidate Part B 10
shall be permitted to enter the examination room once the examination has begun.

4. Examination candidates must conduct themselves honestly and in accordance with established PaI't C ]_O
rules for a given examination, which will be articulated by the examiner or invigilator prior to
the examination commencing. Should dishonest behaviour be observed by the examiner(s) or Part D 5

invigilator(s), pleas of accident or forgetfulness shall not be received.

5. Examination candidates suspected of any of the following, or any other similar practices, may be Total 40
immediately dismissed from the examination by the examiner/invigilator, and may be subject to
disciplinary action:

(a) speaking or communicating with other examination candidates, unless otherwise autho-
rized;

(b) Purposely exposing written papers to the view of other examination candidates or imaging
devices;

(¢) purposely viewing the written papers of other examination candidates;

(d) using or having visible at the place of writing any books, papers or other memory aid
devices other than those authorized by the examiner(s); and

(e) wusing or operating electronic devices including but not limited to telephones, calculators,
computers, or similar devices other than those authorized by the examiner(s) — (electronic
devices other than those authorized by the examiner(s) must be completely powered down
if present at the place of writing).

6. Examination candidates must not destroy or damage any examination material, must hand in
all examination papers, and must not take any examination material from the examination room
without permission of the examiner or invigilator.

7. Examination candidates must follow any additional examination rules or directions communicated
by the examiner(s) or invigilator(s).
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Part A: [15 marks] Circle the only one correct answer for each of the following questions.

1.

[1 mark] A system goes through an adiabatic irreversible process from the initial state A to the final state B.
Alternatively, the same system goes through an adiabatic reversible process from the same initial state A to
the final state C. Which one of the following statements is true?

1) State B can be the same as state C.

2) State B can never be the same as state C.
3) ¢ (A>B) < ¢ (A—C)

4) AS"*" (A—>B) = A" (A—>C) =0

5) None of the above

[1 mark] At 25 °C and 2 atm, which one of the following statements is true for a chemical reaction?
1) If AG°, > 0, this chemical reaction cannot proceed forward spontaneously.

2) If AG°xn < 0 and initially there are only products and no reactants, the products will not react to produce
any reactants at all, because the forward reaction is spontaneous.

3) After reaching chemical equilibrium, if the concentrations of the chemicals involved in the reaction are
changed, the equilibrium constant K of this chemical reaction will also undergo necessary changes
accordingly.

4) When the reaction quotient Q > K, this chemical reaction shall proceed backward spontaneously.

5) None of the above

[1 mark] An ideal gas expands reversibly and isothermally at a temperature of 300 K. During this process
the system does 300 J of work on the surroundings. Which one of the following equations is true?

1) ASewr=1JK  2)ASys=—1JK 3)AS;ys=1VK  4)ASuiy=-1JK 5)ASur=0JK

[1 mark] Which one of the following statements about the Second Law is true?

1) Because the entropy of the whole universe is always increasing, it is impossible to create order out of
disorder anywhere in the universe.

2) Any spontaneous process can never increase the order of the system.
3) Any spontaneous process can never decrease the entropy of the surroundings.
4) Any spontaneous process must decrease the value of the Gibbs free energy of the system.

5) The value of the Gibbs free energy of the system can increase even for spontaneous processes.

[1 mark] According to the Gibbs phase rule, a mixture of three different components can have at most
how many degrees of freedom?

o 2)1 3)2 4)3 5)4



6.

10.

Page 3 of 8

[1 mark] At 2000 K and 200000 atm, the conversion of graphite to diamond is spontaneous. For the reaction
under the stated conditions: AG = —10 kJ/mol, and AS =—10 J K" mol™". Which of the following is a good
approximation of the equilibrium temperature for this reaction at 200000 atm?

1) T., = 2000 K 2) T.; = 3000 K 3) T.,,=1000K  4) T,,=4000 K 5) T.;=300K

[1 mark] For an irreversible isothermal compression of an ideal gas, which one of the following statements
is true?

DAV >0 2)AS>0 3) AG>0 4) AU >0 5)AH>0

[1 mark] Which one of the following statements is true for a chemical reaction at constant pressure and
constant temperature?

1) At equilibrium, AG° =0

2) At equilibrium, AG = (1 mol) R7"InQ

3) At equilibrium, AG° = —(1 mol) RT"InK

4) At equilibrium, AG = —(1 mol) RT"InQ

5) At equilibrium, AG° = (1 mol) RT"InK

[1 mark] For the isothermal expansion of an ideal gas in a vacuum, which one of the following statements is
not true?

1) AH=0 2)AS=0 3)AU=0 4)g=0 5)w=0

[1 mark] The internal energy of 2 moles of a monatomic ideal gas is R7. The gas atoms are
1) moving in 2 dimensions.

2) moving in 1 dimension.

3) moving in 3/2 dimensions.

4) confined to a cubical box.

5) not moving at all.
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[1 mark] If a system undergoes an adiabatic eyclic process, which one of the following statements is true?
Dw=#0

2) AS > 0, because all adiabatic processes are always irreversible.

3) AS..iv > 0, because the adiabatic cyclic process can be irreversible.

4) AS.niv = 0, because the adiabatic cyclic process must be reversible.

5) AG # 0, because the adiabatic cyclic process can be irreversible.

[1 mark] A famous formula in chemistry is AG® = —(1 mol) R7"InK. In this formula, AG® refers to

1) The difference in free energy between the products and reactants at equilibrium.

2) The difference in free energy between the products and reactants before the reaction has started.

3) The difference in free energy between the products and reactants in their standard states.

4) The difference in free energy between reactants and products after the reaction has finished.

5) None of the above.

[1 mark] For the adiabatic expansion of an ideal gas against a constant external pressure, which one of the
following statements is always true?

1) ASurr =0 2) ASys=0 3) ASuniv="0 4) ASsurr = ASuniv - 5) ASsurr = ASgys

[1 mark] Suppose that you are considering a chemical reaction to be carried out under conditions of constant
temperature and constant pressure. The reaction will only be spontaneous if

1) O/K<1 2)AH<O0 3)AS>0 4) O/K=1 5)Q/K>1

[1 mark] The thermodynamic definition of entropy is dS = dg,../T. Which one of the following statements is
correct?

1) This means that the entropy change cannot be found for any system undergoing an irreversible process.
2) This implies that entropy is not a state function.

3) Entropy must be calculated using a reversible path between the initial and final states of a system.

4) Between an initial state A and a final state B, the entropy change of a reversible path cannot be the same
as the entropy change of an irreversible path.

5) The entropy change for a spontaneous chemical reaction cannot be calculated.
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Part B: [10 marks] lodine is the heaviest of the stable halogens and exists as a lustrous, purple-black metallic
solid at room temperature and under atmospheric pressure. lodine has a normal boiling point 184.3 °C
and its enthalpy of vaporization is 41.57 kJ/mol.

(a) [4 marks] It has been found that the triple point of iodine occurs at 113.6 °C. Estimate the vapour
pressure of iodine at the triple point. Clearly state any approximations you have made.

(b) [6 marks] The molar heat capacities at constant pressure, C, ,, of the liquid and gasous states of iodine
are 80.67 J K" mol ' and 37.41 T K" mol ™', respectively. Use Kirchhoff’s law to calculate the entropy
of vaporization ASovap’m at 120.5 °C.
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Part C: [10 marks] 0.5 moles of an ideal gas undergoes an isothermal process at 300 K against a constant
external pressure of 2 atm, such that the entropy of the gas increases by 5.76 J/K. The final volume
of the gas is 2 L. The temperature of the surroundings is also constant at 300 K.

(a) [8 marks] Calculate w, g, AU, AH, AG, ASs.,, and the initial volume of the gas for this process.

(b) [2 marks] Is this process spontaneous? (circle the only one correct answer below)
Explain your answer.

1) Yes 2) No 3) Not enough information to know the answer.
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Part D: [5S marks] Please circle the only one correct answer for each of the following questions regarding
the phase diagram of carbon shown below.
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§ """"""""""" T Vapor
§ 100 | ;
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(a) [1 mark] At the temperature and pressure indicated by point B, diamond is turned into graphite.
Which one of the following equations is true?
1)AG>0 2)AG=0 3) ASuiv=0 4)AG<0 5) ASuniv<0

(b) [1 mark] At the temperature and pressure indicated by point D, graphite is turned into diamond.
Which one of the following equations is true?
1)AG>0 2)AG=0 3) ASerr =0 4)AG<0 5) ASuniv <0

(c) [1 mark] 4000 J of heat are transferred into the system to vaporize a sample of graphite. The system
remains at point A throughout the transfer process. Which one of the following equations is true?
HAG=1] 2)AS=-1J/K 3)AS=0 4HAG=-1] 5)AS=1JK

(d) [1 mark] 2000 J of heat are released from the system to turn a sample of diamond into graphite. The
entropy of the diamond is 1 J/K lower than the entropy of the graphite. The system remains at point C
throughout the transfer process. Which one of the following equations is true?

1) AG=4KkJ 2)AG=-4K] 3)AG=0 4)AG=2Kk] SYAG=-2Kk]

(e) [1 mark] At point A, which of the Gibbs phase rule parameters C, P, and F has the correct value?
DF=1 2)P=0 3)P=1 4)P=2 5)P=3
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This midterm exam consists of 8 consecutively numbered pages including a formula sheet (the last page).
Please check that your paper is complete before starting work. You may peel off the formula sheet. All work
must be shown on the first 7 pages in this booklet (including the back pages). Only the work written on the first
7 pages will be marked; anything written on the formula sheet will be discarded and not be marked at all.
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1. Each examination candidate must be prepared to produce, upon the request of the invigilator or
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2. Examination candidates are not permitted to ask questions of the examiners or invigilators, except Questlon MaX Mark
in cases of supposed errors or ambiguities in examination questions, illegible or missing material,
or the like.

3. No examination candidate shall be permitted to enter the examination room after the expiration Pa‘rt A ]‘5
of one-half hour from the scheduled starting time, or to leave during the first half hour of the
examination. Should the examination run forty five (45) minutes or less, no examination candidate Part B 10
shall be permitted to enter the examination room once the examination has begun.

4. Examination candidates must conduct themselves honestly and in accordance with established Part C ]_O
rules for a given examination, which will be articulated by the examiner or invigilator prior to
the examination commencing. Should dishonest behaviour be observed by the examiner(s) or Part D 5

invigilator(s), pleas of accident or forgetfulness shall not be received.

5. Examination candidates suspected of any of the following, or any other similar practices, may be Total 40
immediately dismissed from the examination by the examiner/invigilator, and may be subject to
disciplinary action:

(a) speaking or communicating with other examination candidates, unless otherwise autho-
rized;

(b) Purposely exposing written papers to the view of other examination candidates or imaging
devices;

(c) purposely viewing the written papers of other examination candidates;

(d) using or having visible at the place of writing any books, papers or other memory aid
devices other than those authorized by the examiner(s); and

(e) using or operating electronic devices including but not limited to telephones, calculators,
computers, or similar devices other than those authorized by the examiner(s) — (electronic
devices other than those authorized by the examiner(s) must be completely powered down
if present at the place of writing).

6. Examination candidates must not destroy or damage any examination material, must hand in
all examination papers, and must not take any examination material from the examination room
without permission of the examiner or invigilator.

7. Examination candidates must follow any additional examination rules or directions communicated
by the examiner(s) or invigilator(s).
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Part A: [15 marks] Circle the only one correct answer for each of the following questions.

1.

[1 mark] A system goes through an adiabatic irreversible process from the initial state A to the final state B.
Alternatively, the same system goes through an adiabatic reversible process from the same initial state A to
the final state C. Which one of the following statements is true?

1) State B can be the same as state C.

2) State B can never be the same as state C.

3) qirrev (A—)B) < qrev (A—)C)
4) AS"*" (A—>B) = AS (A—C) =0
5) None of the above

[1 mark] At 25 °C and 2 atm, which one of the following statements is true for a chemical reaction?
1) If AG°, > 0, this chemical reaction cannot proceed forward spontaneously.

2) If AG°xn < 0 and initially there are only products and no reactants, the products will not react to produce
any reactants at all, because the forward reaction is spontaneous.

3) After reaching chemical equilibrium, if the concentrations of the chemicals involved in the reaction are
changed, the equilibrium constant K of this chemical reaction will also undergo necessary changes
accordingly.

4) When the reaction quotient Q > K, this chemical reaction shall proceed backward spontaneously.

5) None of the above

[1 mark] An ideal gas expands reversibly and isothermally at a temperature of 300 K. During this process
the system does 300 J of work on the surroundings. Which one of the following equations is true?

1) ASewr=1JK  2)ASys=—1JK |[3)ASys=1VK| 4)ASuiv=-1JK 5)ASur=0JK

[1 mark] Which one of the following statements about the Second Law is true?

1) Because the entropy of the whole universe is always increasing, it is impossible to create order out of
disorder anywhere in the universe.

2) Any spontaneous process can never increase the order of the system.
3) Any spontaneous process can never decrease the entropy of the surroundings.

4) Any spontaneous process must decrease the value of the Gibbs free energy of the system.

5) The value of the Gibbs free energy of the system can increase even for spontaneous processes.

[1 mark] According to the Gibbs phase rule, a mixture of three different components can have at most
how many degrees of freedom?

o 2)1 3)2 4)3 5)4
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[1 mark] At 2000 K and 200000 atm, the conversion of graphite to diamond is spontaneous. For the reaction
under the stated conditions: AG = —10 kJ/mol, and AS =—10 J K" mol™". Which of the following is a good
approximation of the equilibrium temperature for this reaction at 200000 atm?

1) T,,=2000K  [2) T.,=3000K| 3)T.,=1000K 4)T,=4000K 5)T.,=300K

[1 mark] For an irreversible isothermal compression of an ideal gas, which one of the following statements
is true?

)AV>0 2)AS>0 3)AG>0 4)AU>0 5)AH>0

[1 mark] Which one of the following statements is true for a chemical reaction at constant pressure and
constant temperature?

1) At equilibrium, AG° =0
2) At equilibrium, AG = (1 mol) R7"InQ

3) At equilibrium, AG° = —(1 mol) RT"InK

4) At equilibrium, AG = —(1 mol) RT"InQ
5) At equilibrium, AG° = (1 mol) RT"InK

[1 mark] For the isothermal expansion of an ideal gas in a vacuum, which one of the following statements is
not true?

1) AH=0 2)AS=0 3)AU=0 4)g=0 5)w=0

[1 mark] The internal energy of 2 moles of a monatomic ideal gas is R7. The gas atoms are

1) moving in 2 dimensions.

2) moving in 1 dimension.

3) moving in 3/2 dimensions.
4) confined to a cubical box.

5) not moving at all.
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[1 mark] If a system undergoes an adiabatic eyclic process, which one of the following statements is true?
Dw=#0
2) AS > 0, because all adiabatic processes are always irreversible.

3) AS..iv > 0, because the adiabatic cyclic process can be irreversible.

4) AS.niv = 0, because the adiabatic cyclic process must be reversible.

5) AG # 0, because the adiabatic cyclic process can be irreversible.

[1 mark] A famous formula in chemistry is AG® = —(1 mol) R7"InK. In this formula, AG® refers to
1) The difference in free energy between the products and reactants at equilibrium.

2) The difference in free energy between the products and reactants before the reaction has started.

3) The difference in free energy between the products and reactants in their standard states.

4) The difference in free energy between reactants and products after the reaction has finished.

5) None of the above.

[1 mark] For the adiabatic expansion of an ideal gas against a constant external pressure, which one of the
following statements is always true?

1) ASsurr = 0 2) ASsys = 0 3) ASuniv = O 4) ASsurr = ASuniv 5) ASsurr = ASsys

[1 mark] Suppose that you are considering a chemical reaction to be carried out under conditions of constant
temperature and constant pressure. The reaction will only be spontaneous if

1) 0K <1 2) AH <0 3) AS>0 4) QK =1 5) O/K> 1

[1 mark] The thermodynamic definition of entropy is dS = dg,../T. Which one of the following statements is
correct?

1) This means that the entropy change cannot be found for any system undergoing an irreversible process.

2) This implies that entropy is not a state function.

3) Entropy must be calculated using a reversible path between the initial and final states of a system.

4) Between an initial state A and a final state B, the entropy change of a reversible path cannot be the same
as the entropy change of an irreversible path.

5) The entropy change for a spontaneous chemical reaction cannot be calculated.
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Part B: [10 marks] lodine is the heaviest of the stable halogens and exists as a lustrous, purple-black metallic

solid at room temperature and under atmospheric pressure. lodine has a normal boiling point 184.3 °C
and its enthalpy of vaporization is 41.57 kJ/mol.

(a) [4 marks] It has been found that the triple point of iodine occurs at 113.6 °C. Estimate the vapour
pressure of iodine at the triple point. Clearly state any approximations you have made.

Assuming that AH? isindependent of 7.

vap,m

0
1l 22 _ A (11
R R I, T

_ 3
AN 41.57><10( 11 j=—1.9981
1 8314 \386.75 457.45

P, =e™” =0.1356 atm (13.74 kPa)

(b) [6 marks] The molar heat capacities at constant pressure, C, », of the liquid and gasous states of iodine

are 80.67 J K" mol ™" and 37.41 J K™' mol ™', respectively. Use Kirchhoff’s law to calculate the entropy
of vaporization AS° vap,m at 120.5 °C.

At the normal boiling point 7, =184.3°C (457.45K), the phase change is reversible: AG) = =0

vap,m
0

AH
AG\?ap,m = AHO _Tb _ASO — 0 = ASO — vap,m

vap,m vap,m vap,m

b
AH(,, 41.57x10°
T, 457.45

0 _
AS vap,m(184.3°C) —

=90.873 J/(K-mol)

120.5°C (C
AS? =AS° +
vap,m(120.5°C) — vap,m(184.3°C)

184.3°C

p.m,gas Cp,m,liquid)dT
T

120.5+273.15

AS? o =90.873+(37.41-80.67)xIn| —————"—""~
vap,m((20.5°C) ( ) [184.3+273.15

j =97.37 J/(K -mol)

184.3°C o 457 45
Heating of the liquid : Ay, ., iquia = j %T =80.67 x ln(393'65j =12.117 J/(K -mol)

120.5°C

120.5°C

C
Cooling of the gas : AS[, . .o = I Somems gp 37 41510 2201 _ 5619 J/(K - mol)
’ 457.45

184.3°C

AS o 12050 = DS paingiiquia T AS vapm(1543°) + ASenoting.eas = 12:117+90.873-5.619 =97.37 J/(K - mol)
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Part C: [10 marks] 0.5 moles of an ideal gas undergoes an isothermal process at 300 K against a constant
external pressure of 2 atm, such that the entropy of the gas increases by 5.76 J/K. The final volume
of the gas is 2 L. The temperature of the surroundings is also constant at 300 K.

(a) [8 marks] Calculate w, g, AU, AH, AG, ASs.,, and the initial volume of the gas for this process.

For isothermal ideal gas process: AT=0 = AU=0, AH=0

AS,; =nRlIn LET) IR 143 _AS = &=exp AS; = V,=V,exp A%
14 R nR

| Vi) nR 4 n
V, =V, exp — A% =2 xexp| 76 st
nR 0.5x8.314

w=-P_-AV=-P_(V,-V,)=-2x(2-0.5)=-3 L-atm (=304 J)
AU=q+w=0 = g=-w=3041J] (3 L-atm)
AG=AH-T-AS=0-300x5.76 =-1728 J (1.73 kJ)

As, =—4 3% 013 5k
]-;un 300

(b) [2 marks] Is this process spontaneous? (circle the only one correct answer below)
Explain your answer.

1) Yes 2) No 3) Not enough information to know the answer.

AS,., =AS,, +AS,,, =5.76-1.013=4.75 JK >0

univ

AG cannot be used here because it is not an isobaric, isothermal process.
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Part D: [5S marks] Please circle the only one correct answer for each of the following questions regarding
the phase diagram of carbon shown below.

1,000,000

100,000

10,000

1,000

100

Pressure [atm]

10

Diamond
- Liquid
_ eB
Graphite
-------------------- -? C A
""""""""""" *;““““““““““ Vapor
1 i 1 : 1
0 1000 2000 3000 4000 5000 6000

Temperature [Kelvins]

(a) [1 mark] At the temperature and pressure indicated by point B, diamond is turned into graphite.

Which one of the following equations is true?

1) AG>0

2)AG=0

3) ASyiv =0 4 AG<0

5) ASuniv < O

(b) [1 mark] At the temperature and pressure indicated by point D, graphite is turned into diamond.

Which one of the following equations is true?

1) AG>0

2)AG=0

3) ASyy =0 4 AG<0

5) ASuniv <0

(c) [1 mark] 4000 J of heat are transferred into the system to vaporize a sample of graphite. The system
remains at point A throughout the transfer process. Which one of the following equations is true?
2)AS=-1J/K 3)AS=0 4HAG=-1]

HAG=11]

5)AS=1JK

(d) [1 mark] 2000 J of heat are released from the system to turn a sample of diamond into graphite. The
entropy of the diamond is 1 J/K lower than the entropy of the graphite. The system remains at point C

throughout the transfer process. Which one of the following equations is true?

1)AG=4k]

2)AG=-4K]

3)AG=0 HAG=2K]

5)AG=-2kJ

(e) [1 mark] At point A, which of the Gibbs phase rule parameters C, P, and F has the correct value?

)F=1

2)P=0

HP=1 4HP=2

5)P=3
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