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0O This logo shows it is a Topic Question - it
= should only require knowledge included in
this Topic and it should be giving practice

UNIT ApplicatiOnS Of in the Science Practice associated with this
Thermodynamics  ™¢

Science Practices

2 ‘ -
= — o APExam
] 7-9* Wi mmea
&> Topic Suggested Skill
9.1 Introduction to Entropy ICXN Support a claim with evidence from
representations or models at the particulate level, such
as the structure of atoms and/or molecules.

9.2 Absolute Entropy and IEXA Calculate, estimate, or predict an unknown
Entropy Change quantity from known quantities by selecting and

following a logical computational pathway and
< attending to precision (e.g., performing dimensional
g analysis and attending to significant figures).
[11]

9.3 Gibbs Free Energy X Provide reasoning to justify a claim using
and Thermodynamic connections between particulate and macroscopic
Favorability scales or levels.

9.4 Thermodynamic and X3 Provide reasoning to justify a claim using
Kinetic Control connections between particulate and macroscopic

scales or levels.

9.5 Free Energy and IFX1 Provide reasoning to justify a claim using
Equilibrium chemical principles or laws, or using mathematical

0 justification.
w
Z
[11]

9.6 Coupled Reactions

4.D Explain the degree to whicha model or
representation describes the connection between
particulate-level properties and macroscopic properties.
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&> Topic Suggested Skill
9.7 Galvanic (Voltaic) and XA Explain how modifications to an experimental
Electrolytic Cells procedure will alter results.
9.8 Cell Potential and Free IEX3 Calculate, estimate, or predict an unknown
Energy quantity from known quantities by selecting and
© following a logical computational pathway and
TS attending to precision (e.g., performing dimensional
E analysis and attending to significant figures).

9.9 Cell Potential Under
Nonstandard Conditions

[CX:3 Provide reasoning to justify a claim using chemical
principles or laws, or using mathematical justification.

9.10 Electrolysis and
Faraday’s Law

IEX2 |dentify an appropriate theory, definition, or
mathematical relationship to solve a problem.
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9.1 MC Questions

1.
Q &

)
5 5| ——| % 4
&

C@ = N02 (§D= N204

The diagram above represents the gas-phase reaction of NO,  to form N,O,  ata certain
temperature. Based on the diagram, which of the following best predicts and explains the
sign of the entropy change for the reaction, AS°_?

A AS°_is negative because the number of N O, molecules increases as the
reaction proceeds.

B AS°__is negative because the number of molecules in the gas phase decreases as the
reaction proceeds.

C AS® is positive because the number of N.O molecules increases as the reaction
rxn 24
proceeds.

D  AS°__is positive because the number of molecules in the gas phase decreases as the
reaction proceeds.

2. Which of the following particle diagrams represents a process during which the entropy of
[9) the system increases?
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The particle diagrams above represent a change in physical state that occurred after
heating two separate solid samples of a diatomic element.

Which of the following best compares the relative magnitude of AS°® and gives the sign for
the entropy change undergone by each sample, and why?
A The entropy values for both samples are positive and AS® iz = DS e > because
the changes observed for both samples required a net input of energy from
the surroundings.

B The entropy values for both samples are negative and AS° = AS° because

sample2 samplel

the changes observed for both samples released energy to the surroundings.

C The entropy values for both samples are positive and AS° > AS° , because
sample2 samplel

the change in the spatial distribution of the molecules was greater for sample 2 than
for sample 1.

D  The entropy values for both samples are negative and AS° < AS° , because
sample2 samplel

the change in the spatial distribution of the molecules was greater for sample 2 than
for sample 1.
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4. A cube of ice is added to some hot water in a rigid, insulated container, which is then
sealed. There is no heat exchange with the surroundings.

What has happened to the total energy and the total entropy when the system reaches

equilibrium?
Energy Entropy
A Remains constant Remains constant
B Remains constant Decreases
C Remains constant Increases
D Decreases Increases
E Increases Decreases

Temperature (°C)

1200 1600 2000 2400 2800 3200 3600
Heat Absorbed (k)

At 1.0 atm a sample of ice is heated to liquid water and then to water vapor. The heating
curve is shown in the graph above.

Which of the following lists the signs for the changes in enthalpy and entropy for the
process corresponding to segment X, going from left to right?

AH® AS° AH® AS°
A positive negative B positive positive

AH® AS° AH°® AS°
C negative negative D negative positive

Chemistry Mar 14 2022 page 6 Applications of Thermodynamics Questions



AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

6.

2H +02()92H20()

For the reaction represented above at 25°C, what are the signs of AH®, AS°, and AG®?

AH® AS° AG°
A + + +
B + + -
C + - -
D . i, i,
E - - +
7. Quantity that would be zero for a pure, perfect crystal at 0 K
A Activation energy B Enthalpy of formation C Entropy
D  Gibbs free energy E Lattice energy
8. Which of the following equations represents a reaction for which the standard entropy
change is positive (AS° > 0) ?
A 30,,>20,, B 9 T O,y >2H0,
C CaCO, > CaO +CO, D 2w T2 K> 2Kl
9. For which of the following processes would AS have a negative value?

A Tonly B IandIlonly C IandIIIonly

I. 2 Fe O 94Fe +30

273(s)

II. Mg*+20H > Mg(OH)Z(S)

I1I. +CH 9CH

27 74(g)

ITandIIIonly E I,1IandIII

10.  Which of the following processes involves the greatest increase in entropy?

A

B
C
D
E

SO, o TH SO ,+H O
Nz(g) +3 H2(g) >2 NH3(g)
Ag'y + Clyy > AgCl,

C, H . 2 H 0 C, H

MgSO3(S) > MgO(S) + SOz(g)
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11.  Of the following reactions, which involves the largest decrease in entropy?
A CaCO, > CaO  +CO,
B 2CO, +0,,>2CO
9 ' T2 2(g
C  Pb(NO,), +2KI =PbL +2KNO,,
D CH,,+50,,>3C0O, +4H0
E

4La +3O 92LaO

273(s)

9.1 FRQ
1. 3 Ag, +4HNO, >3 AgNO, ~+NO_+2HO,

A student investigates the reaction between Ag(s) and HNO, represented by the equation
above.

Predict the sign of the entropy change, AS®, for the reaction. Justify your answer.

2. Consider the reaction represented below, which is spontaneous at 298 K.

CO,, +2NH, > CO(NH,), +H0O, AH° =-134K]

For the reaction, 1nd1cate whether the standard entropy change, AS° . is positive, or
negative, or zero. Justify your answer.

3. ZHZS( o+ SO = 38(5) + 2H20(g)

At 298 K, the standard enthalpy change, AH", for the reaction represented above is
-145 kilojoules.

Predict the sign of the standard entropy change, AS°, for the reaction.
Explain the basis for your prediction.
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9.2 MC Questions
1.
9] 2 502(g) + O2(g) — 2503(g)
= AS® = —187J/(mol - K)
Substance Approximate S° (J/(mol - K))
SO2(g) ?
02(g) 205
S0z (g) 257

The reaction between SO, and O, is represented by the chemical equation above. The table

provides the approximate absolute entropies, S° for O, jand SO, .

Which of the following mathematical expressions can be used to correctly calculate S°

for SOz(g)?

A S° = —[-187-257+205] ] mol 'K

B S°=1[-187+(2x257)-205] ] mol'K"!
C  S$°=15[187+(2x257)—205] ] mol'K"!
D  S°=[-187+257-205] ] mol'K"

2.
0O 2 PCl3(g) + O2(g9) — 2 POCl3(g)
) Substance Approximate S° (J/(mol - K))
PCl3(g) 310
02 (g) 210
POCI3(g) 330

The oxidation of PCl,  is represented by the equation above, and the table provides the
approximate values of the absolute molar entropies, S°, for these substances.

Based on the information given, what is the approximate AS° for the reaction?

A +170]Jmol'’K! B -170] mol'K! C +190] mol'K? D -190] mol!K
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3.
0 2 AgNO;(ag) + CaCly (ag) — 2 AgCl(s) + Ca(NO3),(aq)
i} Substance Approximate S° (J/(mol - K))
AgNO;(aq) 220
CaCl; (aq) 60.
AgCl(s) 96
Ca(NO3), (aq) 240
The reaction between AgNO, and CaCl, is represented by the equation above, and the table
provides the approximate S° values for the reactants and products. Which of the following
is the approximate AS® for the reaction?
A -68Jmol'K!' B +68]mol'K! C -56 J mol''K' D +56] mol'K™!
9.2 FRQ
1. 2NO + O, > 2NO, ~ AH°=-112kJ/mol_
Q
- Absolute Entropy at 298 K (J /(K mol))
NO(g) 211
02(9) 205
NOs(9) 240

Using the information in the table above, calculate the value of AS® for the reaction
at 298K.
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9.3 MC Questions

1.
Q

10

CH4(g) + ZOz(g) = COz(g) + 2H20(g)

AH°® = -803 k] mol”'__

rxn

AS° =-5]mol’ K

rxn

The chemical equation above represents the exothermic reaction of CH, j with O, .

Which of the following best helps to explain why the reaction is thermodynamically
favored (AG<0) at 2000K and latm ?

A The total number of gaseous product molecules is less than the total number of
gaseous reactant molecules, thus AS<0 .

B The total number of gaseous product molecules is greater than the total number
of gaseous reactant molecules, thus AS>0.

C  The amount of energy released when the product bonds form is much less than the
amount of energy needed to break the reactant bonds.

D  The amount of energy released when the product bonds form is much greater than
the amount of energy needed to break the reactant bonds.

4Fe  + 302(g) = 2Fe203(s) AH = -1,650 k]/mol__
The oxidation of Fe  is represented by the chemical equation above. Which of the
following correctly explains whether or not the reaction is thermodynamically favorable?

A There are more particles (including particles in the gas state) in the reactants than
in the product, thus AS < 0. Because AH is large and negative, the reaction will be
thermodynamically favorable at low temperatures.

B There are more particles (including particles in the gas state) in the reactants than
in the product, thus AS__< 0. Because AH is large and negative, the reaction will
not be thermodynamically favorable at any temperature.

C There are more particles (including particles in the gas state) in the reactants than
in the product, thus AS__ > 0. Because AH is large and negative, the reaction will be
thermodynamically favorable at all temperatures.

D  There are more particles (including particles in the gas state) in the reactants than in
the product, thus AS__ > 0. Because AH is large and negative, the reaction will
not be thermodynamically favorable at any temperature.
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3. H, + Cl, > HCl,
Q

= The formation of HCl | from its atoms is represented by the equation above. Which
of the following best explains why the reaction is thermodynamically favored?

A AG > 0 because energy is released as the bond between the H and Cl atoms forms,
and entropy increases because the number of gaseous product particles is less than
the number of gaseous reactant particles.

B AG > 0 because energy is absorbed as the bond between the H and Cl atoms forms,
and entropy decreases because the number of gaseous product particles is less than
the number of gaseous reactant particles.

C AG < 0 because although energy is absorbed as the bond between the H and Cl
atoms forms, entropy increases because the number of gaseous product particles is
less than the number of gaseous reactant particles.

D  AG <0 because although entropy decreases because the number of gaseous
product particles is less than the number of gaseous reactant particles, energy is
released as the bond between the H and Cl atoms forms.

+ CH;0H(g) — CO(g) + 2 Hy(g) AH® = +91 kJ/mol .
The reaction represented above goes essentially to completion. The reaction takes place
in a rigid, insulated vessel that is initially at 600 K
What can be inferred about AS° for the reaction at 600 K?
A It must be positive, since the reaction is thermodynamically unfavorable at 600 K.
B It must be negative, since there are more moles of products than reactants.
C It must be positive, since AG® is negative and AH® is positive.
D It must be negative, since AG® is positive and AH® is positive.
5. 2H,0,,,»2H,0,+0,,  AH®=-196 kj/mol_|

The decomposition of H,O,  is represented by the equation above. The reaction is
thermodynamically favorable. The signs of AG® and AS® for the reaction are which of the

following?

AG® AS° AG® AS°
A + + B - +
C + - D - -
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6. Ky + 7 Clz(g) > KCI(S) AH° = -437k]/mol__

The elements K and Cl react directly to form the compound KCl according to the
equation above.

It is observed that the reaction producing KCI from its elements goes essentially to
completion. Which of the following is a true statement about the thermodynamic
favorability of the reaction?

A The reaction is favorable and driven by an enthalpy change only.

B The reaction is unfavorable and driven by an entropy change only.

C  The reaction is favorable and driven by both enthalpy and entropy changes.
D

The reaction is unfavorable due to both enthalpy and entropy changes.

7. When water is added to a mixture of NaZOZ(S) and S(S) , a redox reaction occurs, as
represented by the equation below.

2 Na,Os(s) + S(s) + 2 H,O(/) - 4 NaOH(agq) + SO,(aq)
AH59g =—610 kJ/mol,,, ; AS5eg =—7.3 J/(K-mol,,)

Which of the following statements about the thermodynamic favorability of the reaction
at 298 K is correct?

A Itis thermodynamically unfavorable.

B It is thermodynamically favorable and is driven by AS® only.

C  Itis thermodynamically favorable and is driven by AH® only.

D  Itis thermodynamically favorable and is driven by both AH® and AS°.

8. When solid ammonium chloride, NH,Cl , is added to water at 25°C, it dissolves and the
temperature of the solution decreases. Which of the following is true for the values of AH
and AS for the dissolving process?

AH AS AH AS
+ + B + -
C + =0 D - +
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9. XY, > X + Y,

The equation above represents the decomposition of a compoundXY.. The diagram
below shows two reaction profiles (path one and path two) for the decomposition of XY .

A

Potential Energy

Reaction Progress

The reaction is thermodynamically favorable under standard conditions at 298 K.
Therefore, the value of AS® for the reaction must be

A equalto zero B equal toAH®/298 K
C greater than AH®/298 K D  lessthan AH®/298 K

10.  Which of the following reactions is not thermodynamically favored at low temperatures
but becomes favored as the temperature increases?

reaction AH® (kJ/mol ) AS° (J/(mol__K))
A 20 +0,, 52CO, -566 173
B 2H,0 >2H, +O, 484 90.0
C  2N,0, 2N, +02(g) 164 149
D  PbCl >Pb* +2C1 23.4 -12.5
11.  For the reaction represented opposite at 25°C, 2H,, + O,, > 2HO,
what are the signs of AH®, AS°, and AG®?
AH° AS° AG®
A + + +
B + + -
C + - -
D - - -
E - - +
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9.3 FRQ

1.

2 NO(g) + Oz(g) = 2 NOz(g) AH® =-112k] / mol__
Answer the following questions about the reaction represented above at 298K.
Absolute Entropy at 298K (J / (K.mol))
NO ® 211
0, 205
NO, 240

a)

b)

Using the information in the table above, calculate the value of AS® for the reaction.

Is the reaction thermodynamically favorable at 298K? Justify your answer based on
the calculation of the value and sign of AG®.
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2. 3Ag, + 4HNO, =~ = 3AgNO, . + NO, + 2HO,

A student investigates the reaction between Ag and HNO, - represented by the equation
above.

a)  Predict the sign of the entropy change, AS®, for the reaction. Justify your answer.

b) Use the information in the table below to calculate the value AH__°, the standard
enthalpy change for the reaction, in k]/mol _.

Substance HNO3(ag) | AgNOs(aq) NO(g) H,O(l)
Standard Heat of Formation, _
L\.H; (kJ/mol) —-207 —101 90. —286

c) Based on your answers to parts a) and b), is the reaction more likely to be
thermodynamically favorable at 25°C, or at 95°C? Justify your answer.

d)  The student runs the reaction using a 3 to 4 mole ratio of Ag j to HNO, .

Suggest a method the student can use to isolate solid AgNO, from the other
products of the reaction.
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9.4 MC Questions
1. CzHSOH(l) + 302(g) > ZCOZ(g) + 3H20(g)
Q o_
= AS°® = +217.7]/(mol__.K)
AH® = -1235k]/mol__
DIAGRAM 1 DIAGRAM 2
A A
> >
= o
[0 (0]
c C
L Ll
3 Reactants 2 [Reactants
5 &
° o
a o
Products Products
Reaction Progress ] Reaction Progress

The combustion of C H.OH is represented by the equation above and the standard
entropy and enthalpy changes for the reaction are provided.

When the reactants are combined at 25°C, essentially no CO,  or H,0 is produced after
a few hours. Which of the diagrams above could best help explain the low yield of the

reaction under these conditions, and why?

A Diagram 1, because it represents a reaction that is not thermodynamically favorable
with AG® > 0, regardless of its reaction rate.

B Diagram 1, because it represents a reaction that reaches equilibrium quickly after a
very small amount of the reactants is consumed.

C  Diagram 2, because it represents a reaction with a high activation energy barrier
for molecules to overcome and a very slow reaction rate, even if it is
thermodynamically favorable with AG® < 0.

D  Diagram 2, because it represents a reaction that is thermodynamically favorable
with AH° <0, but the products formed are unstable and quickly revert to form

reactants.
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2. CO( + 2H = = CH,OH K=2.2x10* at 298K
) 2(g) 37 )
Q
= A stoichiometric mixture of CO, and H,, was allowed to react in two different 2.0L
rigid containers at a constant temperature of 298K. The reaction is represented by the
equation above.

Diagram 1
‘@0 ® @ ‘@0 © @
QD < % No Catalyst % o %
° % ¢ % $ ¢ ®
Reactants Products
Diagram 2
C@0 ¥ @
& Oop o %Q With Catalyst %% qo %5
© ° o0 o - ¥
Reactants Products
| H=0 0= c=@ ‘

Diagram 1 represents the uncatalyzed reaction and diagram 2 represents the catalyzed
reaction one hour after the reactants were mixed.

Which of the following correctly explains the experimental results represented in the
particle diagrams?

A Although the reaction is thermodynamically favorable because AG® < 0 based on
the value of K, only the catalyzed reaction could proceed in one hour because its
reactant molecules had a higher average kinetic energy.

B Although the reaction is thermodynamically favorable because AG® < 0 based on
the value of K, only the catalyzed reaction could proceed in one hour because it
has a lower activation-energy reaction pathway.

C  The reaction is not thermodynamically favorable because AG® > 0 based on the
value of K, but the addition of a catalyst improved the orientation of the reactants
during collisions, allowing the catalyzed reaction to proceed in one hour.

D  The reaction is not thermodynamically favorable because AG® > 0 based on the
value of K, but the catalyzed reaction could proceed in one hour because it

has a lower AH and a higher AS.
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3.
0

4Fe(s) + 302(g) > 2FeZO3(S) AG° = —-1500 kI/mOlrxn

22 The reaction of iron with oxygen to form rust is represented by the equation shown above.

A student cleans two iron nails and places each nail in a capped test tube. The following
table gives the experimental conditions and the student’s observations after one week at
room temperature.

Experimental Conditions :
Test Ti
est Tube Inside the Capped Test Tube Observations
1 Dry air No visible rust on nail
5 Air and water Rust suspended in the
water and on the nail

The student claims that the formation of rust in test tube 2 shows that the reaction is
thermodynamically favored. Which of the following justifications should the student use
to explain why rust did not form in test tube 1 ?

A

The reaction does not occur at an observable rate when water is not present because
it proceeds through a mechanism with a high activation energy.

The reaction is less thermodynamically favored because the Gibbs free energy of the
product is greater when water is not present.

The product is not formed in measurable quantities because the equilibrium
constant for the reaction when water is not present is significantly less than one.

The rate of reaction is much slower because the oxygen molecules collide with the
iron surface with less energy when water is not present.

N,, +3H,, 2 2NH, AH°, =-92KJ/mol_; AG°, =-33kJ/mol

2(g)

Consider the reaction represented above at 298 K. When equal volumes of N, jand H, ,
each at 1 atm, are mixed in a closed container at 298 K, no formation of NH3(g) is observed.

Which of the following best explains the observation?

A
B

D

The N, and the H, / must be mixed in a 1:3 ratio for a reaction to occur.
A high activation energy makes the forward reaction extremely slow at 298 K.

The reaction has an extremely small equilibrium constant, thus almost no product
will form.

The reverse reaction has a lower activation energy than the forward reaction, so the
forward reaction does not occur.
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9.5 MC Questions

1. Nz(g) + 3H2(g) 2 2NH3(g) K=5.6 x 10°at 298K AH°® =-91.8 k]/mol
Q

= The synthesis of NH, is represented by the equation above. Based on the equilibrium

constant, K, and AH°__given above, which of the following can best be used to justify

that the reaction is thermodynamically favorable at 298K and constant pressure?

A AG® = —RTInK > 0 because K >> 1
B AG® = —-RTInK < 0 because K >> 1
C AG® = AH® — TAS° < 0 because AH° <0and AS°>0
D  AG°=AH°-TAS°>0because AH°<0and AS°<0
2. 2POCL = 2PCL  + O, AG® = +490 kJ/mol
(9]
= Asample of POCI,  is placed in a closed, rigid container at 298K and allowed to reach
equilibrium according to the equation above.
Based on the value for AG®_ = +490 kJ/mol, which of the following is true?
490,000
A K = e 3373 << land at equilibrium Ppoci, >> Ppqy,.
8.314x298
B K = e #0™ > 1and at equilibrium Po, > Ppoci,.
490
C K = e 333 < 1and at equilibrium Procl, < Prcy,.
8.314 x 298
D K =e % — >> land at equilibrium Po, >> Ppoci,.
3. HA,, + HO, 2 A+ HO" AG® = +35kJ/mol__
Q

Based on the chemical equation and AG® given above, which of the following justifies
the claim that HA(aq) is a weak acid?

A Because AG°>>0, K >>1 ,and HA completely dissociates.

B Because AG®°>>0, K >>1 ,and HA almost completely dissociates.
C  Because AG°>>0, K <<1 ,and HA only partially dissociates.

D  Because AG°>>0, K <<1 ,and HA does not dissociate.
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4, Fer<s) 2 Fe“(aq) + 2 F'(aq) K =2x 10°¢
F.,+ H, & HF K,=1x 103
FeF, +2H' & Fe’  +2HF K3 =?

On the basis of the information above, the dissolution of FeF o in acidic solution is

A thermodynamically favorable, because K > 1
B thermodynamically favorable, because K, > 1
C  not thermodynamically favorable, because K < 1
D

not thermodynamically favorable, because K, < 1

5. Sr** + F

- — +
(aq) wp = OSIF

(aq)

At 25°C, the equilibrium constant for the reaction represented above has a value of 1.3.
At 50°C, the value of the equilibrium constant is less than 1.3.

Based on this information, which of the following must be correct?

The reaction rate decreases as the temperature is increased.
The reaction is thermodynamically favorable only at temperatures above 25°C.
At 25°C, AG® for the reaction is positive.

At 25°C, AS° for the reaction is positive.

m o O & »

At 25°C, AH” for the reaction is negative.
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9.6 MC Questions
1.

Q

o)

2Fe,0,, + 3C > 4Fe  + 3C02(g)
In a blast furnace, the reaction represented above occurs, producing Fe  from its ore,
Fe,O,

The reaction is thermodynamically favorable and based on coupling the two reactions

represented below.
2Fe O, > 4Fe + 30,
C + 0, > CO,

Which of the following identifies a limitation in how the representations above describe a
system of coupled reactions?

A None of the equations are balanced.

B  The values of AS° for each reaction are not shown.
C The values of AG® for each reaction are not shown.
D

The coupled reactions lack a common intermediate species.

The reaction in which H,0,; is decomposed

intoH, jand O, is thermodynamlcally
unfavorable ( AG®>0). Q]%:l

However, an electrolytic cell, such as the one Hydrogen
represented opposite, can be used to make the | _Oxygen
reaction occur. N

=y

° o OI
9%°e] \

Which of the following identifies a flaw Cathode
in the representation? -

1e}
O 00

ooo

)
(o]

% 0o
o 0og

A Oxidation is occurring at the anode Anode

instead of at the cathode.

B The equation for the reaction is not
correctly balanced.

Battery

C Electrical energy is needed for the

reaction to proceed. H20() — Ha(9) + O,(9)

D  The relative volumes of collected gas shown in each tube are incorrect.
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3. 'The decomposition of NaCl into Na, and Cl,  is thermodynamically unfavorable.
3

g The decomposition requires the input of energy from an external source. The diagram
represents an electrolytic cell that can be used to drive the decomposition reaction.

e e
Inert Inert
Electrode Na(/) Electrode

|
|
|
o ,:. Molteni NaCl
Sl |
oo Jo3— CIF i Nat —=
....... |
Anode | Cathode

Which of the following identifies a flaw in the representation?
A Oxidation is occurring at the anode.

B Molten Na is shown at the cathode.

C An external source of energy is not shown.

D

The direction of the electron flow in the wires is incorrect.
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9.4-9.6 FRQ

1. ZHZS(g) + SOZ(g) = 38(8) + ZHZO(g)

At 298 K, the standard enthalpy change, AH®, for the reaction represented above is
-145 kilojoules.

a)  Predict the sign of the entropy change, AS®, for the reaction. Justify your answer.

b)  At298 K, the forward reaction (i.e., toward the right) is spontaneous. What change,
if any, would occur in the value of AG® for this reaction as the temperature
is increased? Explain your reasoning using thermodynamic principles.

¢)  What change, if any, would occur in the value of the equilibrium constant, K_, for
the situation described in b)? Explain your reasoning.

d)  'The absolute temperature at which the forward reaction becomes nonspontaneous
can be predicted. Write the equation that is used to make the prediction. Why does
this equation predict only an approximate value for the temperature?
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2 2NH,, + CO,, S CONH,), + HO,  AH°, =-134K]

a)  Predict the sign of the entropy change, AS®, for the reaction. Justify your answer.

b)  Which factor, the change in enthalpy, AH®,,, or the change in entropy, AS°
provides the principal driving force for the reaction at 298 K? Explain.

298

c¢)  For the reaction, how is the value of the standard free energy change, AG®, affected
by an increase in temperature? Explain.

d)  Some reactions that are predicted by their sign of AG® to be spontaneous at room
temperature do not proceed at a measurable rate at room temperature.

Account for this apparent contradiction.
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2. contd e) A suitable catalyst increases the rate of such a reaction. What effect does the catalyst
have on AG® for the reaction? Explain.

3. HO + OCl—(aq) s O + Cl—(aq) + HZO(D

27 2(aq) 2(g)

For the reaction represented above, AG®,, is =197 kJ/ mol__ and the value of
AS° . is 144 J/(K- mol )

a) Calculate the value of AH® _ for the reaction in kJ/ mol _.

b)  Does the temperature inside the flask increase, decrease, or remain the same as the
reaction proceeds? Justify your answer.

c) Calculate the value of the equilibrium constant, K, for the reaction at 298 K

Chemistry Mar 14 2022 page 26 Applications of Thermodynamics Questions



AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

9.7 MC Questions
1.
N
Q N/
Zn Electrode\ e ™ Cu Electrode
Salt Bridge
&
N~ N
[Zn**]=1M [Cu*]=1M
Cu**, + Zn_ > Cu,_. + Zn* E° = +1.10V
(aq) (s) (s) (aq)

The galvanic cell illustrated above generates a potential of +1.10V. For the construction of
a second galvanic cell (not shown), only one modification was made: the Cu electrode has
double the mass of the Cu electrode in the first cell.

Which of the following correctly compares the initial E° for the second cell to that of first

cell at 298K, and why?

A The initial E° for the second cell is twice that of the first cell, because a larger
amount of Cu  can be oxidized to Cu®".

B The initial E° for the second cell is twice that of the first cell, because more Cu**
ions can be deposited on the solid Cu electrode.

C  The initial E° for the second cell is half that of the first cell, because the greater
amount Cu, in the half-cell inhibits the formation of more Cu,.

D The initial E° for the second cell is the same as for the first cell, because the overall
chemical reaction that occurs in the cell does not change.
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2.

Q Voltmeter
AN Wire
+1.56 V
Zn | e
N [ Salt Bridge
S >
= >
&)
N~ 2
1 M Zn(NOs), 1 M AgNO;
Half-Reaction Standard Reduction Potential, E” (V)
Ag (agq) + e — Ag(s) +0.80
Pb%'(aq) +2e — Ph(s) —0.13
Zn’(aq) + 2 e~ — Zn(s) —0.76

The cell potential for the standard galvanic cell shown above is +1.56V . If AgNO3(aq)|Ag(s)
is replaced with 1M Pb(NO,), . solution and a Pb electrode, which of the following
describes what happens to the operation of the cell, and why?

A Nothing changes because galvanic cells that have a Zn  electrode have a constant
cell potential, E°  , of +1.56V.
B The cell stops generating a voltage because the standard reduction potentials of

Pb* and Zn*' are both negative.

C The cell potential decreases because the reduction of Pb** is less
thermodynamically favorable than the reduction of Ag*.

D  The cell potential increases because twice as many electrons are transferred between
Pb* and Zn than between Ag" and Zn.

Chemistry Mar 14 2022 page 28 Applications of Thermodynamics Questions



AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

3.
0 Voltmeter
+0.46 V
Cu N + Ag

N ([ Salt Bridge h rd
S (NaNOS) ~ S>>

| B S >

=N S|
N b —
Piece of
Z —  Cotton
1 M Cu(NO,), 1 M AgNO,

To construct the galvanic cell illustrated above, the salt bridge was prepared by soaking
a piece of cotton in 5.0M NaNO, - before placing it inside the U-shaped tube filled with
distilled water.

If the cotton was soaked in distilled water by mistake, which of the following best explains
how the operation of the cell would be affected?

A The operation of the cell is not affected because neither Na*
involved in the redox reaction that takes place.

o hor NO3 (aq) 18

B The operation of the cell generates a higher potential because there are fewer ions in
the solution, making the reaction more thermodynamically favored.

C  The cell will operate for a much longer time because the flow of electrons through
the circuit will eventually be reversed.

D  The cell would not operate because a current could not be conducted between the
half-cells.
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Cd

1M Cd(NO 5),,

Volt- WIre

meter

The spontaneous reaction that occurs when the cell
Ag opposite operates is

2Ag- + Cd, >2Ag, + Cd*

Which of the above occurs for the following

circumstance?
1M AgNO 5,

100 milliliters 100 milliliters

4. The salt bridge is replaced by a platinum wire.

A Voltage increases.

B Voltage decreases but remains above zero.

C  Voltage becomes zero and remains at zero

D  No change in voltage occurs

E Direction of voltage change cannot be predicted without additional information.
5. Thesilver electrode is made larger.

A Voltage increases.

B Voltage decreases but remains above zero.

C Voltage becomes zero and remains at zero

D  No change in voltage occurs

E Direction of voltage change cannot be predicted without additional information.
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6.

Half-cell 1: strip of Al(s) in 1.00 M Al(NO;);(aq)

Half-cell 2: strip of Cu(s) in 1.00 M Cu(NO3),(aq)

Half-cell 3: strip of Fe(s) in 1.00 M Fe(NO3),(aq)

Galvanic

Cell Half-cells

Cell Reaction

[&

ESy (V)

X | and 2

2 Al(s) + 3 CL12+(aq) — 2AI3+(::sq) + 3 Cu(s)

2.00

Y | and 3

2 Al(s) + 3Fe2+((..fq) — 2AI3+(aq) + 3 Fe(s)

1.22

y4 2and 3

Fe(s) + Cu“(aq) - Fe“(aq) + Cu(s)

In galvanic cells Y and Z, which of the following takes place in half-cell 3 ?

cC 6 =W »

9.7 FRQ

1. Answer the following questions related to

Reduction occurs in both cell Y and cell Z.

Oxidation occurs in both cell Y and cell Z.

Reduction occurs in cell Y, and oxidation occurs in cell Z.

Oxidation occurs in cell Y, and reduction occurs in cell Z.

[ ]

the standard galvanic cell represented in

the diagram opposite.

The reduction half-reactions for Cu?** and

L1

KNO, Salt Bridge

Zn* are given in the table below. Culs) B B
\\ L1
Half-Reaction E° (V) ~ i
Cu*™ 4+ 2e~ — Cu(s) 0.34 — —
= _ (G J . J
Zn?t +2 e~ — Zn(s) ~0.76 1.0 M Cu(NOy), 1.0 M Zn(NOy),

a)  Write the net-ionic equation for the overall reaction that takes place as the cell

operates.

b) Calculate the value of E° for the cell.

Chemistry Mar 14 2022

page 31

Zn(s)

Applications of Thermodynamics Questions



AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

9.8 MC Questions
1.
0O Half-Reaction Standard Reduction Potential (V)
B Al(OH),(s) + 3 & — Al(s) + 3 OH (aq) —92.31
02(g) + 2 HyO(l) + 4 e~ — 4 OH (aq) +0.40

The table above provides the half-reactions and standard reduction potentials needed to
determine if an Al-air fuel cell can be constructed.

Which of the following equations best supports the possibility of obtaining electrical
energy from such a cell?

{12 = 06,500
1,000

A E et = [+0.40 — (—2.31)] Vand AG " an = — X271 4 g

B B =[+0.40 — (—2.31)] Vand AG" ., = — 0022 4 g

1,000

. , (1296,500 —2.71)
C  Eau=[-231— (+0.40)] Vand AG",, = — T2

. 396,500 —2.7
D B .u=[-231— (+0.40)] Vand AG" ., = — 20502 1

2. Based on the reduction potentials given I Rench o

in the table opposite, which of the al"Reaction V)
following gives the balanced chemical Mn®*(ag) + 2 e~ — Mn(s) —1.18
equation and the correct standard Sc3(aq) + 3 e~ — Sc(s) _ 208
cell potential for a galvanic cell
3 : 3+ 2+
involving S¢** _ +and Mn**_ ¢

3+ 2+ o _
A 2Sc¥, + 3Mng @ 2Sc + 3Mn* E°=-0.90 V
B 2 Sc3+( + 3Mn_, 2 2S¢ + 3 Mn* E°=-0.62V

aq) (s) (s) (aq) )

C 2S¢, + 3Mn* 2 28+ 3Mn E°=+0.62V

aq) (s) (s) (aq)
D 2 Sc( + 3Mn* 2 2S¢+ 3 Mn E°=+090V

aq) (s) (s) (aq)
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3. e~ Battery -
0o Pt Electrode — I'|'|'|I — Pt Electrode
= Cly(9)
g |
%; Molten NaCl
Membrane
Half-Reaction Standard Reduction Potential (V)
Na™ + e~ — Na(l) —2.71
Cla(g)+2e — 2CI" +1.36
The diagram above represents an electrolytic cell in which the reaction
2NaCl, > 2Na, + Clz(g) takes place.
The table gives the relevant reduction half-reactions and the standard reduction potentials.
Based on the information given, which of the following is true?
A The operation of the cell generates a potential of 1.35V because the reaction is
thermodynamically favorable.
B The operation of the cell generates a potential of 5.43 V because the reaction is
thermodynamically favorable.
C The operation of the cell requires at least 4.07 V to be supplied because the
reaction is not thermodynamically favorable.
D  The operation of the cell requires at least 2.72 V to be supplied because the
reaction is not thermodynamically favorable.
4. Al3+(aq) + 3e- > Al, E°=-166V Ag' T e > Ag E°=+0.80V

According to the standard reduction potentials given above, what is the standard cell
potential for the reaction represented below?

A -1.74V

Chemistry Mar 14 2022

3 Ag+(aq) + Al(s) >3 Ag(s) + A13+(aq)

B +0.86V C +1.74V D +246V E +4.06V
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5. Cu** + 2e- > Cu(s) E°=034V

(aq)
Cr* =+ e > Cr* E°=-041V

(aq) (aq)
According to the half-reactions represented above, which of the following occurs in
aqueous solutions under standard conditions?

A Cu o+ Cr > Cuy + Cr
B Co» o+ 2C o > Cuy + 2Cr"
c Cu, + 2C7 > Cu» -+ 2C%
D Cu, + Cr = > Cu”  + Cr
E 2Cu* o+ Cr* > 2Cu + Cr
2H,0,, > 2HO0, + O, E°=0.55V
0,, + 4H7 +4e > 2HO, E° =123V
6.  Using the information above, what is the standard reduction potential for the half-reaction
represented?
O,, + 2H", t2¢ > HO,
A -1.78 V B -0.68 V
C +0.68 V D +1.78V
7. Using the information above, which of the following is true for the decomposition of
HzOz(aq)?
A AG°>0andK_>1 B AG°>0andK <1
C AG°*<0andK _>1 D  AG°<0OandK <1
8. 3Ag M >3Ag + MY E°=+2.46V Ag',Te->Ag, E°=+080V

According to the information above, what is the standard reduction potential for the

half-reaction
M3* + 3e- > M(S)

(aq)

A -166V B -0.06V C +0.06 V D +1.66V E +326V
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9. Cu, + 2Ag" > Cu™ + 2Ag
If the equilibrium constant for the reaction above is 3.7 x 10", which of the following
correctly describes the standard voltage, E°, and the standard free energy change, AG®,
for this reaction?
A E° is positive and AG® is negative. B E® is negative and AG” is positive.
C  E’ and AG" are both positive. D  E’and AG" are both negative.
E E® and AG” are both zero.

10. When a magnesium wire is dipped into a solution of lead (II) nitrate, a black deposit forms
on the wire. Which of the following can be concluded from this observation?
A The standard reduction potential, E°, for Pb** _is greater than that for Mg .
B Mg, is less easily oxidized than Pb .
C  An external source of potential must have been supplied.
D  The magnesium wire will be the cathode of a Mg/Pb cell..
E Pb | can spontaneously displace Mg from solution.

9.8 FRQ

1. 3Cu* +Au > 3Cu” o+ Au

A student studying the reaction represented above constructs a voltaic cell as shown in the
diagram opposite.

The cell contains an Au(s) electrode in a r Voltmeter _—I_
beaker containing 1.00 M Au(NO3)3(aq) and Aus) )
N B

a Pt electrode in a beaker containing
1.00 M CuNO3(aq) and 1.00 M Cu(NOS)z(

aq)’

The standard reduction potentials associated
with the cell are given in the following table.

Half-reaction E° (V)
24 _ . . _ ! ) \ 4 J
Cu™(aq) + ¢- — Cu™(aq) 0.16 | |
14 N\ 5 1.00 M Au(NO;)5(ag)  1.00 M CuNO;(aqg) and
Au’*aq) + 3 e — Au(s) 1.50 1.00 M Cu(NOL)5(aq)
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11 contd. 3Cut,  + Au**  ->3Cu** + Au
aq) aq) (aq) (s)

( ( Half-reaction E° (V)
a)  Calculate the value of the standard o, B R .
cell potential, E °. Cu™(aq) + ¢ — Cu™(aq) 0.16
Aut(ag) + 3¢ — Au(s) 1.50

b) Does the mass of the Pt electrode increase, decrease, or remain the same as the
cell operates? Justify your answer.

An expanded view of the Au half-cell before the reaction occurs is shown in box A below.

An expanded view of the Au electrode after the cell operates for a period of time is shown
in box B below.

NO; (aq)
Au(s)
Av*t(aq)

K*(aq)

&

s Cell £ O
O CR) o c&) Operates O &) cg) c%

& Tg O H Q@ %

Box A Box B

¢)  Assuming that the representation in box A is accurate, explain what is wrong with
the stoichiometry represented in box B.
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9.9 MC Questions
1.

Mg(s) | e ™ | Ag(s)

N f Salt Bridge g s
\S > >
&) =
— =
Mg?]=1M [Ag*1=1M
Half-Reaction Standard Reduction Potential, £~ (V)
Ag(aq) + e — Ag(s) +0.80
Mg’ " (ag) + 2 e~ — Mg(s) —2.37

The galvanic cell shown above generates a cell potential of +3.17 V when operated under
standard conditions. A second galvanic cell is made from the same two metals, and

the measured cell potential is +3.25 V. Which of the following could be the reason for the
second cell having a greater cell potential?

A The mass of the Ag electrode in the second cell is greater than in first, resulting in
a reduction potential greater than 0.80 V .

B The mass of the Mg electrode in the second cell is smaller than in the first, resulting
in a reduction potential lower than -2.37 V.

C [Mg*] > 1M and [Ag'] = 1M in the second cell, resulting in Q >1 ,and Q=1
for the first cell.

D [Ag'] > 1M and [Mg**] = 1M in the second cell, resulting in Q <1 ,and Q=1
for the first cell.
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2.

Cu* + Mg(s) > Cu(s) + Mg*

(aq)

E°CeH: +2.71V

(aq)

g A galvanic cell generates a potential of +2.71 V when [Cu*] = [Mg*'] =1 M based on the
chemical reaction represented above.

Which of the following provides the best justification that the given conditions can be used
to decrease the cell potential (E_; < +2.71V)?

A

o)

[Cu*] = [Mg*'] = 0.10 M, because equilibrium is approached at a faster rate, causing
adecreasein E_ .

[Cu*] = [Mg*] = 2.0 M, because equilibrium is approached at a slower rate, causing
adecreasein E_ .

[Cu*'] = 1.0 M and [Mg**] = 0.10 M, because Q is smaller than 1, making E_
decrease.

[Cu?*] =0.10 M and [Mg**] = 1.0 M, because Q is greater than 1, making E_
decrease.

Fe** + Zn . S Fe  + Zn** E° =+4032V
(aq) (s) (s) (aq) cell

A galvanic cell generates a cell potential of +0.32 V when operated under standard

conditions according to the reaction above.

Which of the following pairs of conditions are needed to construct a similar cell that
generates the lowest cell potential?

A

B
C
D

[Zn**] =0.5M and [Fe**] =1M because Q< 1.
[Zn**] =1 M and [Fe**] =2 M because Q> 1.
[Zn**] =2 M and [Fe**] =0.5 M because Q> 1.
[Zn**] =2 M and [Fe**] =1 M because Q< 1.
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Volt- WIre

meter

The spontaneous reaction that occurs when the cell
Ag opposite operates is

2Ag" + Cd, ~>2Ag + Cd*

Cd

Which of the above occurs for the following

circumstance?
1M Cd(NO 5),, 1M AgNO 5,
100 milliliters 100 milliliters
4. Current is allowed to flow for 5 minutes

A Voltage increases.

B Voltage decreases but remains above zero.
C  Voltage becomes zero and remains at zero
D  No change in voltage occurs
E

Direction of voltage change cannot be predicted without additional information.

5. A 50-milliliter sample of a 2-molar Cd(NO,), solution is added to the left beaker.
A Voltage increases.
B Voltage decreases but remains above zero.
C Voltage becomes zero and remains at zero
D  No change in voltage occurs
E

Direction of voltage change cannot be predicted without additional information.
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6.

Cu* + Zn(s) = Cu(s) + Zn*

(aq) (aq)

An electrolytic cell based on the reaction represented above was constructed from zinc
and copper half-cells. The observed voltage was found to be 1.00 volt instead of the
standard cell potential, E°, of 1.10 volts.

Which of the following could correctly account for this observation?

The copper electrode was larger than the zinc electrode.
The Zn** electrolyte was Zn(NO,),, while the Cu** electrolyte was CuSO,.
The Zn?* solution was more concentrated than the Cu?* solution.

The solutions in the half-cells had different volumes.

m o O w »

The salt bridge contained KCl as the electrolyte.

Half-cell I: strip of Al(s) in 1.00 M Al(NO;);(aq)
Half-cell 2: strip of Cu(s) in 1.00 M Cu(NO;),(aq)
Half-cell 3: strip of Fe(s) in 1.00 M Fe(NO3),(aq)

Gaé‘;?}‘ic Half-cells Cell Reaction ESy (V)
X 1 and 2 2 Al(s) + 3CL12+(aq) — 2 Al3+(f:.rq) + 3 Cu(s) 2.00
Y [ and 3 2 Al(s) + 3 Fe**(ag) — 2 AP*(aq) + 3 Fe(s) 1.22
Z 2and 3 Fe(s) + Cu**(ag) — Fe**(ag) + Cu(s) ?

If the half-cell containing 1.00 M Fe(NO3)2(aq) in galvanic cells Y and Z is replaced with a
half-cell containing 5.00 M Fe(NO3)2(aq), what will be the effect on the cell voltage of the
two galvanic cells?

A The voltage will increase in both cells
B The voltage will decrease in both cells.
C  The voltage will increase in cell Y and decrease in cell Z.

D  The voltage will decrease in cell Y and increase in cell Z.
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9.10 MC Questions
1. CUCIZ(aq) Cu(s) + Cll(g)
0 The diagram opposite shows the apparatus used for
- the electrolysis of CuCl, according to the
- 9 Volt Battery . . . aq)
chemical equation given.
~— Wire Which of the following mathematical expressions

Cardboard

can be used to calculate the current required to
produce 0.125 mol of Cu , in 1 hour?

2 % 0.125 x 96,485
A I'= ( 3,600 )A
W B w =
Inert Electrodes B ( 20 12] %, %}J A
0.125 x 96, _Igr
C - ( 3,600 _ A
CuCly(aq)
0.125 85
D ( i ‘]h et _E':l
2.
|
Q | |
Ag
Object
Being — giK/reer
Plated
AgNO;(aq)
The diagram above shows the experimental setup used to electroplate a small object.
A current of 0.80 ampere is supplied to AgNO, - for 30.0 minutes. Which of the following
equations can be used to calculate the approximate mass of Ag(s) deposited on the object?
Tace — { 080 x 300 x 60
A Mass = ( 06,485 x 107.9 ) &
M 080 300 = B0 < 96,485 )
B ass = ( 107.9 _
J — f 0.E0 = 30.0 = 60 = 107.9
C Mass = ( 06,485 ) B
f o 0LB0 = 3000 = 107.9
D Mass = ( 96,455 ) g
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3. The vanadium-lead galvanic cell in the diagram
Ammeter el e el
(9] opposite initially operates under standard
A conditions according to the net reaction shown in
£ 1 /Pb the table below.

A
(W Reaction 1: V¥ (ag) +2e — V(s) E"=-118V
| | | Reaction 2: Pb**(aq) +2e~ — Pb(s) E' =-013V

L Net Reaction: V(s) + Pb** (ag) — Phb(s) + V¥ (ag)

V2+ Pb2+
L L The cell operates for 1.0 minute at a constant known
current.

Salt Bridge

Which of the following mathematical relationships would be most useful for determining
the change in mass of the V  electrode after 1.0 minute of the cell's operation without
having to use a balance?

A B =F° -(RT/nF)InQ B I=q/t

cell

C  AG°= -nFE° D  AG°=AH° -T AS°
4. In the electroplating of nickel, 0.200 faraday of electrical charge is passed through a
solution of NiSO,. What mass of nickel is deposited?

A 294¢g B 587¢g C 117¢g D 58.7¢g E 294¢g

5. An electric current of 1.00 ampere is passed through an aqueous solution of Ni(NO,)..

How long will it take to plate out exactly 1.00 mol of nickel metal, assuming 100 percent
current efficiency?

(1 faraday = 96,500 coulombs = 6.02 X 10* electrons)

A 386,000 s B 193,000 s C 96,500 s D 48,200 s E 24,100 s
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9.7 -9.10 FRQ

1.
Half-Reaction E" (V)
0:+4H" +4e —2H0 +0.815
NAD" +H +2e — NADH —0.320

In human cells a compound known as NADH is involved in a reaction that generates an
electrical potential. The reaction is based on the two half-reactions shown in the table

above. The balanced equation for the overall reaction is shown below.

Oz( + 2 H + 2NADH < 2NAD* + 2HO
g) (aq) 27D

a)  How many moles of electrons are transferred for each mole of O, that reacts?
Justify your answer in terms of the balanced equation and the change in oxidation
number of oxygen.

b)  Calculate the electrochemical potential of the overall reaction.

c) Calculate the value of AG® for the overall reaction.

d) When the concentration of NADH increases while the concentration of NAD*
decreases, will the electrochemical potential increase, decrease, or remain the same?
Justify your answer.
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2.
Overall reaction: Pb_ +PbO, +2H'" +2HSO,~ >2PbSO, . +2HO
(s) 2(s) (aq) 4 (aq) 4(s) 270

Cathode half-cell reaction: PbO, +3H* - +HSO, . +2e>PbSO, +2H,0
s aq) 4 (aq) 4(s) 270
The equations above represent reactions associated with the operation of a lead storage

battery. The first is the overall reaction that occurs as the battery produces an electrical
current, and the second is the half-reaction that occurs at the cathode.

a) Determine the oxidation number of sulfur in the overall reaction.

b)  Write the equation for the half-reaction that occurs at the anode as the battery
operates.

c)  After the battery has operated for some time, it can be recharged by applying a
current to reverse the overall reaction.

Calculate the time, in seconds, needed to regenerate 100. g of Pb  in the battery
by applying a current of 5.00 amp
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3.

2Al()+3Zn2+ >2APY +37n
s aq) (aq) (s)

(

a)  Write the complete electron configuration (e.g., 1s*2s*. . .) for Zn*'.

b)  Which species, Zn or Zn**, has the greater ionization energy? Justify your answer

¢)  Identify the species that is oxidized in the reaction.

d)  'The diagram opposite shows a galvanic cell based Voltmeter

on the reaction. Assume that the temperature is 25°C.
e '—'1,'

The diagram includes a salt bridge that is filled

with a saturated solution of KNO3.
Salt Bridge

Describe what happens in the salt bridge as NU, "
the cell operates. ‘
Al =1 _ |zl
NO NO,
AL it
N':_:'_,__ .“;'-.}3_ H'I::I'.;_
1O M ALNO,), 1.0 M ZniNO, ),
e) Zn* + 2e¢ > Zn E°=-0.76V AP* + 3e > Al E°=-1.66V

Determine the value of the standard voltage, E°, for the cell.
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3. f) Indicate whether the value of the standard free-energy change, AG°®, for the cell
reaction is positive, negative, or zero.

Justify your answer.

g If the concentration of AI(NO,), in the Al(s)/AP*(aq) half-cell is lowered from 1.0 M to
0.01 M at 25°C, does the cell voltage increase, decrease, or remain the same?

Justify your answer.
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