Introductory Chemistry CC 4.0 License, https://pressbooks.openedmb.ca/introductorychemistry/
Section 106, Electrode and Cell Potentials
Problems and Worked Answers

Electrochemistry

Section 106 — Electrode and Cell Potentials

106-1 Calculate the standard cell potential for each reaction below, and note whether the reaction is
spontaneous under standard state conditions.

(a) Mg(s) + Ni**(aq) — Mg?*(aq) + Ni(s)

(b) 2Ag* (aq) + Cu(s) — Cu?*(aq) + 2Ag(s)

(c) Mn(s) +5Sn(NO3),(aq) — Mn(NO3),(aq) +Sn(s)

(d) 3Fe(NO3)2(aq) + Au(NO3)3(aq) — 3Fe(NO3)3(aq) + Au(s)

Solution

(a) E, e” cathode - E;node —0.257V — (=2.372V) =+2.115V (spontaneous);
(b) Ecqy = cathode - anode 0.7996 V — (+0.337 V) =+0.4626 V (spontaneous);
(c) Ece” Ecathode — Eqpoqe= — 0.1375V — (—1.185 V) = +1.048 V (spontaneous);
(d) Ecept = Evathode — Eanode= 1498V — (+0.771 V) = +0.727 V (spontaneous)

106-2 Calculate the standard cell potential for each reaction below, and note whether the reaction is
spontaneous under standard state conditions.

(a) Mn(s) + Ni**(aq) — Mn?*(aq) + Ni(s)

(b) 3Cu?*(aq) + 2Al(s) — 2A1%*(aq) + 2Cu(s)

(c) Na(s) + LiNO3(ag) — NaNO3(aq) + Li(s)

(d) Ca(NO3)2(aq) +Ba(s) — Ba(NO3),(aq) + Ca(s)

Solution

(a) E, e" Eithode — Eanode= — 0.257V — (—1.185 V) = +0.928 V (spontaneous);
(b) E cell = Ezathode — E, 04e=0.337V — (=1.662 V) =+1.999 V (spontaneous);
(c)E, cell = =Ephode — Eanoge= — 3.04V — (=2.71V) = — 0.33 V (non-spontaneous);
(d) Ecey = Eathode — Eanoge= — 2-868V — (—2.912 V) = +0.044 V (spontaneous)

106-3 Determine the cell reaction and standard cell potential at 25 °C for a cell made from a cathode half-cell
consisting of a silver electrode in 1 M silver nitrate solution and an anode half-cell consisting of a zinc
electrode in 1 M zinc nitrate. Is the reaction spontaneous at standard conditions?

Solution
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Galvanic cells have positive cell potentials, so the anode must have the least positive (or most negative)
standard reduction potential

anode: Zn(s) — Zn?*(aq) + 2e” E;n2+/2n = —0.7618V

cathode: 2 x (Ag*(aq) +e~ — Ag(s)) Engt/ng = +0.7996 V

overall: Zn(s) +2Ag”* (aq) — Zn?*(aq) + 2Ag(s)

El = Ecshode — Eanode = 0.7996V — (—0.7618V) = +1.5614 V (spontaneous)

Determine the cell reaction and standard cell potential at 25 °C for a cell made from an anode half-cell
containing a cadmium electrode in 1 M cadmium nitrate and a cathode half-cell consisting of an
aluminum electrode in 1 M aluminum nitrate solution. Is the reaction spontaneous at standard
conditions?

Solution
Oxidation occurs at the anode and reduction at the cathode:
anode: 3 X (Cd(s) — cd**(aq) + 2e‘) E2d2+/cd = —0.4030V
cathode: 2 X (AI3+(aq) +3e” — Al(s)) EA°|3+/A| = —1.662V
overall: 3Cd(s) + 2APY (ag) — 3Cd?**(aq) + 2AI(s)
Ell = Ethode — Eanoge = —1.662V — (=0.4030V) = —1.259V (nonspontaneous)

Write the balanced cell reaction for the cell schematic below, calculate the standard cell potential, and
note whether the reaction is spontaneous under standard state conditions.

Pt(s) | Ho(g) | H*(aq) Il Bra(aq) [Br(aq) | Pt(s)
Solution
Both half-cells are using inert Pt electrodes, which do not participate in the oxidation-reduction
reaction:

anode: H,(g9) — 2H*(aq) + 2e~ E;I+/H2 = 0V (exactly)

cathode: Bry(aq) +2e~ — 2Br~(aq) E,;Z/Br— = +1.0873V

overall: Hz(g) + Brz(aq) — 2H*(aq) + 2Br~(aq)

El = Eohode — Eonoge = 1.0873V — (0V) = +1.0873V (spontaneous)

Write the balanced cell reaction for the cell schematic below, calculate the standard cell potential, and
note whether the reaction is spontaneous under standard state conditions.

cu(s) [cu?*(ag) Il Au**(ag) | Aus)
Solution
anode: 3 X (Cu(s) — Cu?*(aq) + 2e7) E¢ 2y
cathode: 2 X (Au3*(aq) +3e~ — Au(s))

o

overall: 3Cu(s) + 2Au3+(aq) — 3Cu?*(aq) + 2Au(s)

El = Eoahode — Eanode = 1498V — (+0.34V) = +1.16V (spontaneous)
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