Answers to Practice Test Questions 9
Redox Reactions and Electrochemistry

1.

(@ -2
Sulfur is more electronegative than both C and H. As such, when calculating oxidation state, the
electrons in the S — C and S — H bonds are all assigned to S (along with the four electrons from
its lone pairs). This gives it an oxidation state of 6 — 8 = —2.

(b) -l
Sulfur is more electronegative than C. As such, when calculating oxidation state, the electrons
in the S — C bond are assigned to S (along with the four electrons from its lone pairs). The
electrons in the S — S bond are divided equally between the two sulfur atoms (one each). This
gives each sulfur atom an oxidation state of 6 — 7 = —1.

(©) v. The sulfur atom in the cysteine residue is oxidized.

For this to occur, it must react with an oxidizing agent.

Since the oxidation state of sulfur gets less negative, it is “losing electrons” therefore it is
oxidized.

2.

Oxidation: Agisy) = AglLg *+ € multiply by 6

Reduction:  Cry050,, + 14 Hby + 667 = 2Crihy + 7 Hy0q

Overall: 6 Ages) + Cry070q) + 14 Hlyyy = 6Agluy + 2 Crity + 7 Hy0

3.

(a)

Oxidation: Cay = Caflyy + 2e”

Reduction: 2C0,)+ 27 = G055,

Overall: Cagy+ 2C0yg) = Calygy + C2050q

(b) Ca

4.

(a)

Oxidation: 2 Rh(s) + 3 HZO(I) - ha 03(5) + 6 H(-I;lq) + 6e”

Reduction: Hsl06(aq) + Hizg + 27 = 10344 + 3 H,0q multiply by 3

Overall: 2 Rh(s) + 3 H5106(aq) i Rh203(s) + 3 103_(aq) + 3 H(-th) + 6 HZO(l)



(b) Step 1: Identify stoichiometric coefficient for electrons (v,)
This is the number of electrons canceled out when adding the oxidation and reduction half-
reactions to obtain the overall balanced redox equation.
Ve =6
Step 2: Calculate standard free energy change from standard potential
Recall that 1V =1 %
A,.G° = —vV,FE°
8,G° = —(6) (96 485 —) (0.73%)
AGo = —42 X 10° 1 x 1%} = —42x102-L
Step 3: Check your work
Does your answer seem reasonable? Are sig. fig. correct?
Standard cell potential was positive (reaction thermodynamically allowed under standard
conditions) therefore standard free energy change should be negative.
5.
Oxidation: 2C3H,NO,S - C¢Hi3N,0,S, + 2HT + 2e”
Reduction: HgO + 2HG, + 2e” —» Hg + Hy0
Overall: 2(C3H,NO,S + HgO - C¢H;N,0,S, + Hg + H,0
6.
@ Sn|Sniagl1Cr207 tagy Hagy Criam | Cy
(b)*(c)
Oxidation: Sniy — Sniy,y + 2e” multiply by 3
Reduction: Cry05 g + 14Hlyy + 67 — 2Crity + 7 Hy0,
Overall: 3Sn(y + Cry05 g + 14HY, — 35nil,y + 2Crity + 7TH,0q,
7.
(a)
Oxidation: NOw) + 40Hgq) — NOjz (4 + 2H0@) + 3 e” multiply by 2
Reduction: Clygy + 27 — 20,y multiply by 3

Overall; 2NO(y) + 80Hgg + 3Clyy) — 2NO3(q) + 6Clgy + 4H0q



(b)

(c)
(d)

Standard potential for a reaction can be calculated from standard free energy change for the
reaction.

Step 1: Write a balanced chemical equation for the reaction (or phase change)

This was done in part (a).

2NOggy + 8OHygq) + 3Clyg) — 2NO05(4q) + 6Cly, + 4H,0q

Step 2: Determine stoichiometric coefficient for electrons (v,)

Ve =6

Step 3: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K “standard conditions” means exactly 25 °C so infinite sig. fig.

Step 4: Calculate the standard free energy change for the reaction

A.G° = ¥ AsG°(products) — ¥, AsG°(reactants)

AG° = [2ArG°(NO3(gq)) + 6 ArG°(Cliyyy) + 4 ArG°(H,0))]
—[28r6°(NO()) + 8 8rG°(0Haq)) + 3 ArG°(Cly )]

A,Go = [2 (—110.5 %) +6 (—131.0%) + 4 (—237.1 %)]
—|2(86.55-L) + 8(~157.2-L) + 3 (0-2)]

A.G° = —870.9-Z

Step 5: Calculate standard potential from standard free energy change

A.G° = —v,FE°
Fo = — ArG°
VeF
kJ
o _ (—870.9m) 1000 J

B (6)(96 485%) 1kJ
E° = +1.504 éz +1.504 V

Step 6: Check your work

Does your answer seem reasonable? Are sig. fig. correct?

Standard free energy change was negative (reaction thermodynamically allowed under standard
conditions) therefore standard potential should be positive.

Yes. E°>0

Calculate potential under nonstandard conditions from standard potential using Nernst equation
Stoichiometric coefficient (v,) is known from part (b).

Step 1: Determine activities for all reactants and products
0.2 bar 0.01 M

ANO(G) = Thar = 0-2 INO3aqy = 1 = 0-01
0.03 M 0.8 M

QHGqy = Tm 0.03 Uliagy = T 0.8
0.05 bar

gy = Thar 0.05 AHy00) = 1



Step 2: Calculate reaction quotient

2 6 4
(“NOE(aq)) (aCl(_aq)) (arz0) _ (0012 (08)°(1)*
2 8 3 7 (0.2)2(0.03)8(0.05)3
(aNO(g)) (aOH(_aq)) (aClz(g))
Step 3: Calculate potential for reaction under nonstandard conditions
E=E — %an

= 7.99 x 1012

Q:

8.314 462——)(298.15 K)
F = (15047) - o)
(6)(96 485m)

E =1504V —0.12722V
E=1377V

Step 4: Check your work

1V
In(7.99 x 1012) x 1—%

Does your answer seem reasonable?
Step 5: Answer the question!

There was a verbal question attached to this calculation. It’s easy to forget about that. Always
re-read the question when you think you re done to make sure you answered everything!

Yes, the reaction is thermodynamically allowed under these conditions. E > 0

1t is also acceptable to use Q to calculate A,.G from A,.G° using A,.G = A,.G° + RTInQ. In that

K . S .
case, A.G = —797.3 m—(])l and, since , A.G < 0, the reaction is still thermodynamically allowed.
8.
(a) external electrical circuit
H,
salt Ag, AgBr electrode
bridge e
Pt
O
O
| O | ||
—— A

H* solution Br- solution




9.
(a)

Oxidation (Anode): C3Hggy + 20 OH(gqy = 3 (€02 + 14 Hy0(y + 20 e”
Reduction (Cathode): 0; + 2H,0q) + 4e” = 40H

(b)

Calculate potential under standard conditions & reaction quotient (Q) then use Nernst equation.
Step 1: Write a balanced chemical equation for the reaction

C3Hggy +50, » 3C0,4) + 4 H,0

Step 2: Determine stoichiometric coefficient for electrons (v,)

Ve = 20

Step 3: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K

Step 4: Calculate the standard free energy change for the reaction

A.G° = ¥ AsG°(products) — ¥, AsG°(reactants)

AG° = [38;G°( COyg)) + 4 ArG°(Ho0y)] — [ArG°(C3Hg(gy) + 5 ArG°(0)]
£,G°=[3(-3944-L) + 4 (-237.1-2)| - [(-233-%) + 5 (0-Z)]

AG° = -21083-L

Step 5: Calculate standard potential from standard free energy change

A,G° = —Vv,FE®
go = _ &G
VeF

(—2108.3%) 1000 J
(20)(96 485%) 1kj

E° = +1.0926 é= +1.0926V

o —

Step 6: Determine activities for all reactants and products
__lbar _ __0.05bar
aC3H8(g) " 1bar aCOZ(g) " 1bar
__ 0.2 bar
aOZ(g) " 1bar

Step 7: Calculate reaction quotient

= 0.05

= 02 aHZO(l) = 1

(“COZ(g))3(“H20(l))4 _ (005)3()* _

- =
(aCSHB(g))(aOZ(g)) W2)?

Step 8: Calculate potential for reaction under nonstandard conditions
o _ RT
E=E Vo InQ

Q:

8.314 462——)(298.15 K)
F = (10926 V) - . o)

In(0.4) x 1—;

(20)(96 485——) L

E =1.0926V + 0.001V
E =1.094V

Step 9: Check your work
Does your answer seem reasonable?



10.

(a) The cell potential is positive therefore the reaction will be spontaneous (since a positive cell
potential corresponds to a negative free energy change for the reaction).

(b) Step 1: Find ve by balancing redox equation

Oxidation: NoHaaq) = Noggy + 4 Higgy + 4~
Reduction: Oz¢g) + 4Hjq + 4e~ = 2H,0q
Overall: N2H4-(aq) + 02(g) - NZ(g) + ZHZO(I)

Ve is the number of electrons canceled out when adding the oxidation and reduction half-
reactions to obtain the overall balanced redox equation.

Therefore, v, = 4
Step 2: Calculate the standard free energy change for the reaction
A,.G° = =V, FE°

8,67 = =) (96 435.2) (15597) (55055)

AG° = —6017 - L

Step 3: Calculate the standard free energy of formation for Ny H (4
A,G° = ArG°(products) — AsG°(reactants)

ArG° = [AG°(Na(g)) + 287 G°(H20)] = [ArG°(N2Hagaq) + ArG°(02(p))]
(—601.7 ﬂ) = [(o ﬂ) +2 (—237.1 ﬂ)] - [AfG°(N2H4(aq)) + (0 ﬂ)]

mol mol mol mol
KY=92(- K _ Ao
(—601.7ﬁ) = 2( 237.1mol) ArG°(NyHaag))
o —2(= MY _ (- LI
8 G°(NHagagy) = 2 (=237.1-L) - (-601.7 L)
o _ k]
ArG°(NyHyaq)) = 127.5—
Step 4: Check your work
Does your answer seem reasonable? Are sig. fig. correct?

1.
Oxidation:  Cr,050,q) + 14 H + 67 = 2Crity + 7 Hy0 multiply by 2
Reduction: C3H;CH,OHqq) + Hy0y = C3H;CO3Hqqy + 4 Hqy + 4e~  multiply by 3

Overall:  2Cry0%(q) + 3CsH;CH,0Hgq) + 16H,y = 4CTEt + 11H,0() + 3CsH,C05H g



12.

(a)
(b)

(c)

Sn(sy + Pb{y;y = Pb(s) + Snil

Calculate potential under standard conditions and reaction quotient (Q) then use Nernst
equation to calculate potential under nonstandard conditions.

Step 1: Write a balanced chemical equation for the reaction

This was done in part (a)

Step 2: Determine stoichiometric coefficient for electrons (v,)

Ve = 2

Step 3: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K

Step 4: Calculate standard potential from standard reduction potentials of half-reactions
E° = (—0.125V) + (+0.137 V)

E°=+0.012V

Step 5: Determine activities for all reactants and products

sy = 1 ppey = 1

_0.600 M __0.075M

apb(z;q)— ’yY; = 0.600 aSn%;q)— .Y = 0.075

Step 6: Calculate reaction quotient

_ (a”b(s))<“5n§;q)) _(1(0.075) _

T (1)(0.600)
(esnio)(ers33,

Step 7: Calculate potential for reaction under nonstandard conditions
o _ RT
E=E Vo InQ

0.13

J
mol-K

(2)(96 485%)
E =0.012V +0.027V
E =0.039V

Step 8: Check your work

(8.3 14 462

)(298.15 K)
E = (0.012V) —

In(0.13) X 1—5

Cc

Does your answer seem reasonable?
The reaction quotient is less than 1, so E ought to be more positive than E°.

As the reaction proceeds, it approaches an equilibrium state. As a result, E,;; will decrease until
it reaches 0 V at equilibrium.



13.
(a) Step 1: Find ve by balancing redox equation

Oxidation: Hygy = 2Hgy + 267 multiply by 2
Reduction: Ozg) + 4 Hfygy + 4™ = 2H,0q
Overall: ZHz(g) + Oz(g) i ZHZO(I)

Therefore, v, = 4
Step 2: Calculate the standard free energy change for the reaction
A.G° = ¥ AsG°(products) — ¥, AsG°(reactants)
A.G° =2 ArG°(H,0y) — [2 ArGo(Hyg)) + ArG°(0)]
o—(_ IR N LI LA
AG° =2 ( 237;(1 mol) [2 (O mol) + (O mol)]
AGo = —4742-L
Step 3: Calculate standard potential from standard free energy change

A,G° = —v,FE°
Fo = _ &G
VeF
kJ
o _ (‘474-2m) 1000 J

B (4)(96 485%) 1kJ
E° = +1.229 éz +1.229V

Step 4: Check your work

Does your answer seem reasonable? Are sig. fig. correct?
(b) Step 1: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K

Step 2: Determine activities for all reactants and products

Uiy = % =075 Ary0q) = 1
Q029 = 0'1122? = 0.15
Step 3: Calculate reaction quotient
Q= (amg(l))z _ar
(aHZ(g)) (aoz(g)) (0.75)2(0.15)

Step 4: Calculate potential for reaction under nonstandard conditions
o _ RT
E=E o nQ

J
(8.3 14 462m)(298.15 K)

1v
E=(12297) - (4)(96 485%) In(12) x 1—%
E =1229V —-0.0159V
E=1213V

Step 5: Check your work
Does your answer seem reasonable?



14.

@) ‘o’ :0 @
o) H N
5 oo PO N0
oxidation state of N is +5
oxidation state of O is -2 (for all of them)
oxidation state of H is +1
(b) Gold (Au) is being oxidized (0 to +3)
(©) Nitrogen (N) is being reduced (+5 to +4)
(d)*(e)
Oxidation: Auy + 4 HClgqy > HAUCly (qq) + 3Hj + 3 €7
Reduction: HNO3(aq) + Hizgy + €= = NOyy + Hy0q multiply by 3
Overall: Auy + 3HNO3qq) + 4HClwqy — HAuCl, (qq) + 3 N0y + 3 Hy0(
15.
(a)
Oxidation: Mnlry + 4 H,0q) — MnO; ) + 8Hly) + 5e” multiply by 2
Reduction: Fyg) +2e7 = 2F,q multiply by 5
Overall: 2MnZly + 8Hy00) + 5Fyg) — 2Mn0; (4 + 16 Hipy + 10 Figpy
(b) Calculate potential under standard conditions and reaction quotient (Q) then use Nernst

equation to calculate potential under nonstandard conditions.

Step 1: Write a balanced chemical equation for the reaction

This was done in part (a)

Step 2: Determine stoichiometric coefficient for electrons (v,)

ve = 10

Step 3: Convert temperature to Kelvin (if necessary)

T =25.00°C=298.15K

Step 4: Calculate the standard free energy change for the reaction
A.G° = ¥ AsG°(products) — ¥ AsG°(reactants)

ArG° = [2 A G°(MnOyqq)) + 16 ArG°(Hag)) + 10 ArG°(Fig))]

—[2 8¢G°(Mn{) + 8 4:G°(H200)) + 5 ArG°(Fyqg))]
A,Go = [2 (—425.1 %) +16 (0 %) +10 (—278.8 %)]
- [2 (—228.1 %) +8 (—237.1 %) +5 (0 ﬂ)]

mol

AG° = —1285.2 <L
mol



Step 5: Calculate standard potential from standard free energy change

A,G° = —Vv,FE®
go = _ &G
VeF

(—1285.2%) 1000 J

(10)(96 485%) 1kj
E° = +1.332 éz +1.332V

Step 6: Determine activities for all reactants and products

o —

0.0320 M 0.010 M
AynZt =1 = 0.0320 AMnOyaqy = 131 = 0.010
Ay0q, = 1 Ay = 107PH = 10721 = 0.008
0.110 b 0.0070 M
apy, =~ = 0.110 arg, =5 = 0.0070
Step 7: Calculate reaction quotient
2 10
(aM”OZ(aq)) (aHE“aq)> (aF_(aq)> (0.010)2(10721)"®(0.0070)1° 5y
Q= . = =43x10
8 5 (0.0320)2(1)8(0.110)5
(s ) () )
Step 8: Calculate potential for reaction under nonstandard conditions
o _ RT
E=E o nQ
8.314 462——)(298.15 K)
E =(1.332V) — ( m"l'K) o In(4.3 x 107°%) x %
(10)(96 485—=) 11

E=1332V +0.304V

E=1636V

Step 9: Check your work

Does your answer seem reasonable?
16.
Oxidation: Sniyy — Snidy + 2e” multiply by 4
Reduction: [054g) + 8Hg + 8™ — I,y + 4 H0

Overall: 4 Snit s + 10540 + 8HE,y — 45n(ly) + g + 4 H00



17.

(a) Step 1: Write a balanced chemical equation for the reaction (to give half reactions and v,)
Oxidation: Hygy — 2H@g + 2€”

Reduction: Vi +2e” — Vg

Overall: Hygy + Vi — 2HGy + Vis

Step 2: Determine stoichiometric coefficient for electrons (v,)
Ve = 2

Step 3: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K

Step 4: Determine activities for all reactants and products

1 bar
— — — -pH _ -5.0 _ -5
0.0010 M
aV(ﬁZ) = ’yY; = 0.0010 av(s) =1

Step 5: Calculate reaction quotient

2
_ (aH,’;q)> (aV(s)) _ (1x1079)%() _
Q= T (1(0.0010)
(aHz(g)) Ayz+

(aq)
Step 6: Calculate standard potential from nonstandard potential using Nernst equation

o _ RT
E=E ~ " InQ
E°=E +InQ

1x1077

VeF
8.314 462—L—)(298.15 K)

E°=(-097V) + ( mot) c In(1x1077) x #

(2)(96 485m) 11
E°=-097V +(-0.21V)
E°=-1.18V
Step 7: Calculate standard reduction potential for half-cell from standard cell potential
Oxidation: Hygy — 2H@y + 2€” E°y, i+ =0V
Reduction: Vi + 2™ — Vg E°y2+ ), =777
Overall: Hygy + Viby — 2HGp + Vs E°.p =—118V
Since the half-reaction standard potentials add up to the overall standard potential, the standard
potential for the reduction half-reaction must be E° 2+, = —1.18 V. Since it is the reduction

half-reaction, this is also the standard reduction potential for V(zafl).

Step 8: Check your work
Does your answer seem reasonable?



(b)

18.

To calculate the standard free energy of formation of V(ZC;;), first calculate the standard free

energy change for the overall reaction. As long as you know (or can look up) standard free
energies of formation for all other products/reactants, you can then calculate the missing
standard free energy of formation.

You will need to use v, and the standard potential calculated in part (a).
Step 1: Calculate the standard free energy change for the reaction from standard potential
A.G° = —Vv,FE°

£,G° = —(2) (96 485 ) (-1.182) (L)

1000 J
AGo = +227 2L
mol
Step 2: Calculate the standard free energy of formation for Ny H(qq)
A.G° = ArG°(products) — AsG°(reactants)
ArG° = [2 8 G°(H{ag)) + ArG°(Visy)] = [ArG°(Haey) + ArG°(Viay)]

(+22755) = [2(05) + (0] = [(05) + &6 ()]

kJ °
(+22722) = —a,6°(Vih

o 2+ _ kJj
Step 3: Check your work
Does your answer seem reasonable? Are sig. fig. correct?

The equilibrium constant for a reaction can be calculated from the standard free energy change
for the reaction. This, in turn, can be calculated from the standard potential.

Standard potential for the overall reaction can be calculated by adding the standard potentials
for the two half-reactions.

Step 1: Calculate standard cell potential from half-cell potentials

Oxidation: Hgqy — Hglay + 2e” E°yg/ug2+ = —0.851V
Reduction: Hg3lt + 2e” — 2Hgg E°ygz+ g = +0.7973V
Overall: Hg3to — Hallhy + Hyg Eon =777

Note that the standard potential for the oxidation half-reaction is equal to the corresponding
standard reduction potential (+0.851 V) multiplied by —1. Any time you flip’ a reaction or
half-reaction, you have to change the sign of the corresponding potential (or free energy or
enthalpy or entropy).

E®cenn = (—0.851V) + (+0.7973 V)

E°.onn = —0.054V

Step 2: Determine stoichiometric coefficient for electrons (v,)
Ve = 2

Step 3: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K



19.

(a)

Step 4: Calculate standard free energy change from standard cell potential
A,.G° = -V, FE°

8,G° = —(2) (96 485 ) (—0.0542) (2L

1000 J

AG° =10 =L
mol

Step 5: Calculate equilibrium constant from standard free energy change
A,.G° = —RTInK

Ink = — &<
RT
InK = — (10%) 5 1000]
(83144621 —)(298.15K) " 1K/
InK = —4.2
K = e—4.2
K =0.015

Step 5: Check your work
Does your answer seem reasonable?
Step 6: Answer the question!

There was a verbal question attached to this calculation. It’s easy to forget about that. Always
re-read the question when you think you 're done to make sure you answered everything!

The equilibrium concentration of H g(ztz'q) is smaller than that of H g%E'aq).
_ (gt (omo)

a
( Hg%?dt{))

and Apigqy = 1. Therefore, since K < 1, it follows that aHg(qu) < aHg%E'aq)'

Use the equilibrium constant expression to relate the activity (and therefore the concentration)
of H g(zgq) to the equilibrium constant provided.

_ (aHg%;q))(aHS(_aq))(aOH(_aq))
(aHgS(s))(aHzo(l))
We know that the activities of the solid HgS and liquid water are both 1.

In neutral water, the concentration of hydroxide is 10~ M therefore the activity of hydroxide in
a neutral solution is 1077,

Since every molecule of HgS that reacts with water generates one H g(zgq) ion and one HS g4y
ion, the activities of those two ions are equal. I will represent that activity as ‘x’.
Therefore:

_ e@o0™7) _ 7\ (2
K = 0m = (1077)(x?)

)
x = \/1;{_7 = \/leto_7 S =14 %1072 but only 1 sig. fig.



Since the concentration of H g(zgq) is equal to its activity multiplied by 1 M, that means that the
concentration of Hglly is 1.4 X 1072 M.
The question asked for concentration in molecules/L, though, not moles/L. Use Avogadro’s
number to convert from moles/L to molecules/L.

23 mol % 6.022 141x10%3 molecules molecules

=14 X - =
CHg(ZJq) L4x10 L 1 mol 9 L

In other words, we only expect to find nine molecules of HgS dissolved in 1 L of water. This
equilibrium constant was clearly not measured by measuring a concentration of dissolved
material!

(b) We might try something analogous to the AgCl solubility measurement. We could make up an
Hg|HgS electrode. (This is not quite the same as an Ag|AgCl electrode since Hg is a liquid, but
in principle we could make something like this.) The likely half-cell reaction would be:

Having made this electrode, we could measure its half-cell potential and calculate the
corresponding standard reduction potential. Then, combining this standard reduction potential
with the standard reduction potential of Hg?>" to Hg (which is already available), we could
calculate the equilibrium constant for the solubility equilibrium.

20.
(a)

Oxidation: Cd) + 20Hyg, — Cd(OH)ys) + 2™ E°cajcacom, = +0.809V
Reduction: Infly + 2e” — Ing, E°zn2+)zn = —0.7618V
Overall: Cdy + Znfyyy + 20Hgy — Cd(OH)y + Zng, E°.oy =777

(b) Calculate the potential generated by this cell at 25 °C.

Standard reduction potentials for the two half-reactions are provided on the Table of Standard
Reduction Potentials. Add them to get the potential for the reaction under standard conditions
then use the Nernst equation to calculate the potential under nonstandard conditions. Remember
that the standard potential for the oxidation half-reaction is equal to the corresponding standard
reduction potential (—0.809 V) multiplied by —1. For clarity, standard half-cell potentials are
noted in the answer to part (a) even though they weren’t needed for part (a).

Step 1: Calculate standard potential for overall reaction by adding standard potentials for
half-reactions

E®cenn = (+0.809V) + (—0.7618 V)

E°.onp = +0.047V

Step 2: Determine stoichiometric coefficient for electrons (v,)
Ve = 2

Step 3: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K



(c)

21.

(a)

(b)

Step 4: Determine activities for all reactants and products

aCd(S) =1 aCd(OH)Z(S) =1
0.11 M

aZn%;q) =T - 0.11 aZn(s) =1
0.023 M

Gotiaq = 1o = 0023

Step 5: Calculate reaction quotient
(aCd(O”)Z(s))(“Z"(s)) _ (@)

z 2
(aCd(S))<aZn%;q))(aOH(_aq)) (1)(0.11)(0.023)

Step 6: Calculate standard potential from nonstandard potential using Nernst equation
T

= 1.7 x 10*

Q=

o _ RT
E=E Vo InQ
8.314 462—1—)(298.15 K)
E = (0.047V) — ( o) ~ In(1.7 x 10%) x =~
(2)(96 485——) 14

Cc

E =0.047V — (0.125V)
E = -0.078V

Step 7: Check your work
Does your answer seem reasonable?

The only species with activities other than 1 are both reactants, and their activities are both
significantly less than 1. As such, Q is expected to be significantly larger than I (more products
and/or less reactants compared to standard conditions) and therefore the reaction is expected to
be less thermodynamically favourable (in this case, more negative cell potential) than under
standard conditions.

The reaction is not thermodynamically allowed as written because the cell potential is negative.

1t would have been thermodynamically allowed under standard conditions because the standard
cell potential was positive.

The half-cell reactions are:

Oxidation: 214 = I+ 2e” E°r-p, =777
Reduction: Fely, + e~ — Fely, (multiply by 2)  E°pgs+ /pe2+ = +0.771V
Overall: 2Felfy + 215q — 2Felly + Iy Econ =727

The anode (from oxidation half-reaction) goes at the left. The cathode (from reduction half-
reaction) goes at the right.

Ls) o [IFedaqy Fetan

Since the standard potential for the overall reaction was not provided, it will have to be

calculated from the standard free energy change for the reaction. That is, in turn, calculated
from standard free energies of formation.

Step 1: Write a balanced chemical equation for the reaction (to give half reactions and v,)
see answer key before part (a)

Step 2: Determine stoichiometric coefficient for electrons (v,)

Ve = 2



Step 3: Convert temperature to Kelvin (if necessary)

T =25°C=298.15K

Step 4: Calculate the standard free energy change for the reaction

A.G° = ¥ AsG°(products) — ¥, AsG°(reactants)

ArGe = [28¢G°(Fefyqy) + 8 G°(la))] = [2 8 G°(Feagy) + 2 8¢ G°(Iiag))]
o — LI KN = [2(=105*L _ LI

a,60 = [2(-8e940) + (0.0)] - [2(-1055%) + 2(-s1672)]

AG° = —45.5-L
mol

Step 5: Calculate standard potential from standard free energy change

A,G° = —Vv,FE°
go = _ &G
VeF

_ (-45-5 %) 1000 J
(2)(96 485%) 1kJ

E° = 4+0.236 éz +0.236 V

Step 6: Calculate standard reduction potential for half-cell from standard cell potential

o —

Oxidation: 21qq) = I+ 2e E°p-y, =777
Reduction: Felly + e” — Fel, E°pes+ jpe2t = +0.771V
Overall: 2Felfy + 215 — 2Felly + Iy E°cen = +0.236 V

E°cen = E°1~j1, + E°pes+ ezt
E°1- 1, = E°cenn = E°pes+/pe2+
E°-;, = (+0.236 V) — (+0.771V)
E°-;, = —0.535V
HOWEVER, the question asked about the standard reduction potential for I,. This is the standard

potential for oxidation of I~ to I, (the reverse reaction). When reversing the direction of the
reaction, we must also switch the sign for the potential.

The standard reduction potential for I, is the standard potential for:

L+ 2e” = 2144

E°, - =+0.535V

Step 7: Check your work

Does your answer seem reasonable?

It matches the value in the Table of Standard Reduction Potentials in the text.

Generally speaking, standard reduction potentials should have values between +3V and =3 V.



