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20 ¢ Electrochemistry

20.3 - 20.4 Voltaic Cells and Cell EMF

Electrons spontaneously flow from one species to another—and through the wire from the anode to
the cathode of a voltaic cell—because of a difference in potential energy, or a potential difference.
The potential difference between two electrodes is measured in volts. One volt is equal to one joule

per coulomb.
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The potential difference that drives electrons through the wire in a voltaic cell is called the
electromotive force or emf. For a voltaic cell the emf is denoted E.. and referred to as the
cell potential.
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Figure 20.9. The flow of electrons from the anode to the cathode of a voltaic cell can be likened to the flow of water
ovvet a waterfall. Water flows owver the waterfall because its potential energy is lower at the bottom of the falls than at
the top. Likewize, if thete is an electrical connection between the anode and cathode of a woltade cell electrons flow
from the anode to the cathode in order to lower their potential energy.

The value of a cell potential depends on what half-reactions are taking place in the two compartments
of the cell. The cell potential measured under standard conditions, E°.e (25°C, 1 M concentrations,
and 1 atm pressures), is the standard cell potential or standard emf. For the zinc and copper
voltaic cell in Figure 20.5, E°. is 1.10 V. That is for the reaction

Zols)+ Culag, 1M )= Zn* (ag, 1 M) + Culs)
at 25°C, where the concentrations of copper and zinc ions are both 1 M.

Such potentials can be measured experimentally, but many of them can be calculated from tabulated
standard reduction potentials, E°q values.

E°, = EZ (cathode) - E, (anode)
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Table 20.1 gives some standard reduction potentials.

TAEBLE 20.1 5tandard Reduction Potentials in Water at 25°C

Standard

Pokential (V) Reduction Half-Reaction

+2.87 Fol g) + 26~ —=2F (a5}

+1,51 MOy~ &g) + BH{ s5) + Se~ —= Mn2 ¥ ag) + 4H,0(/ )
+1.36 Cla{g) + 26~ —2C1 (2 )

+1.33 Cra0-2"(ag) + WHT (ag) + b2~ — 20t (ag) + THoO( /)
+1.23 Os(g) + 4H (a7} + de= — 2H,0( /3

+1.06 Brol /) + 26~ — 2Br~{ a7 )

+0.96 NO5 (ag) + dH {ag) + 36 — NO( g3 + Ha0( /)

+0.50 Aptlagl+e” —s fgls]

+0.77 Fedt{sg) + e~ —=Fel™(ag )

+0.68 Os(g) + 2H* (a7 ) + 26~ —+Ho0o( 57 )

+0.59 MOy~ &g) + ZHa0(/ ) + 3e~ —s MWDol #) + d0OH (57 )
+054 Io( ) + 26~ — 20 ( a5)

+0.40 Os(g) + 2Ho0(/ )+ de™ —=d0H (57 )

+0.34 Cut(ag ) + 26~ — Cuis)

0 ZH*(a7) + 26~ —=Halg)

—0.28 Nift{ag) + 2e~ — Ni( )

—0.44 Fect(ag) + 26~ — Fel(#)

-0.76 Zret(sg) + 26 —Znis)

~0.33 PH50( ) + 26~ —=Hal g) + 20H {277

—1.46 AP+ (2g) + 36T — Al #)

2.7 Na+(agj+e_—rNa{.:r]l

-3.05 Lit(sg) + e~ —>Li(#)

In order to calculate the value of E°. for the Zn/Cu cell, we locate the pertinent half-reactions on the table.
(Note that all of the half-reactions are tabulated as reductions, even though when two are coupled, one must
occur in the reverse sense as an oxidation.)

Culag) + 2 — Culs) E°.y = 0.34V
Zn*t(ag) + 2e” — Zn(s) E°g=-0.76 V

We have already seen that in this cell, oxidation occurs at the zinc electrode, making it the anode. The copper
electrode is the cathode.

E°, = EZ (cathode) - E, (anode)
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Miore

The more positive the standard cell potential, the greater the driving force for positive
electrons to flow from the anode to the cathode. Because the cathode of a voltaic cell t
is always the half-reaction with the more positive (or less negative) standard Cythode
reduction potential, the standard cell potential of a voltaic cell is always positive. (reduction) eathods)
ted
=
The standard reduction potentials for the various half-reactions are measured against : @

a standard hydrogen electrode (SHE). The half-reaction of interest and the SHE, oo

both under standard conditions, are made into a voltaic cell, as shown in Figure 20.11,
and the cell potential is measured experimentally. The standard potential of the

standard hydrogen electrode’s half-reaction is arbitrarily assigned a value of zero, so —r— I fanode)
the measured potential corresponds to the half-reaction being evaluated. {eradation)
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Znis) — EnZ+(ag) + 2= 2HHag) + 2o~ — Haolg)

The standard reduction potentials in Table 20.1 can be used to compare the oxidizing power or reducing power
of a substance. The more positive the value of E°q for a species, the more readily it undergoes reduction and
the better oxidizing agent it is. As E°q becomes more
negative, the species on the right side of the arrow
becomes a stronger reducing agent.
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Voltaic Cell and EMF Questions

1. A voltaic cell is based on the following two standard half-reactions:

Cd**(ag) + 2e- > Cd(s)

Sn*(aq) + 2e- > Sn(s)

By using data in Appendix E, determine:

(a) the half-reactions that occur at the cathode and anode

(b) the standard cell potential

2. Inthe galvanic cell depicted below, which electrode would serve as the anode?

\:.l_:'_l.l SIUMm

Aduminum

Salt bridge
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online Text

O Mo answer can be given, because this arrangement cannot act as a galvanic cell
O The aluminum electrode is the anode.

O The magnesium electrode is the anode.



3 Solid lead(ll) sulfide reacts with oxygen in the air at high temperatures to form lead{ll) cxide and sulfur dicxide Which substance is a
*reductant (reducing agent) and which is an oxidant (oxidizing agent)?

Online Text
OPBLS, reductant; O, oxidant
OPbS, oxidant; 50, reductant

OPbS, reductant; no oxidant
OPbS, reductant; 505, oxidant

OPB2*, reductant. 52 oxidant

A woltaic cell similar to that shown in Figure 20.5 is constructed. One electrode compartment consists of a zinc strip placed ina
solution of Zn{MNO4),, and the other has a nickel strip placed in a solution of MICl, . Which one of the following occurs at the anode and
which at the cathode?

(i) Ni%* + 2 = Mi

(i) Zn?* + 2¢" > Zn
(i) Mi = Ni2* + 2¢
(iv) Zn > Zn?* + 2"

Online Text

Oi anode, iv cathode
Ol anode, i cathode
O1i cathode, iv anode
Oi cathode, i anode
Ol anode, il cathode

Lsing standard reduction potentials, calculate the standard emf for the following reaction:
ACuHag) + 2Bils) + 2H,0(0) = 3Cu(s) + 4H%(aq) + 2Bi0¥(aq)

Online Text
O+002Y
O+038Y
O-038 Y
O-002Y

LIsing standard reduction potentials, calculate the standard emf for the following reaction:
2Cutag) = Cuis) + CutHag)

Online Text
C-0674N
C-0368Y
OO0ET4 Y
O0268 Y



7. Cumetal displaces Ag*iag) from an agueous solution. Which of the following is correct?

onling Text

O Agis easierto oxidize than Cu.

O Agtis easer to reduce than Cu?t.
O AQ s a better reducing agent than Cu.

O Cutis a better oxidizing agent than Ag™*.

8. YWhich of the following is the best oxidizing agent according to the table below?
Selected Standard Electrode ISR,
Potentials at 25°C !
Mg2tag) +  Ze = Ma(s) -2.356
Fetiag) + 2o - Fefs) -0440
Pblt(ag) + 2o - Pbis) -0.125
JHYag) +  2e - Hyfg) 0.0
Cult(ag) + 2o - Culs) +0.337
ls) e N J(ag) +0535

i - Fe*
Fedtaq) + e +0771
@ g laq)
Agtlagy + & - Aals)  +0.800
+
Ojg)  + AEg - 2H,0(1) +1.229
der =
Clylg) +  Je - 2CHag) +1.358
Flg) o 2e N IF-(ag) +2.866
Online Text
OF
OAg*
OCly
®Ccuet

OFedt



10.

11.

YWhich of these statements about a galvanic cell are nof true?

i. The cathode carries a positive sign.

ii. The anions migrate toward the cathode.

iii. The electrons are released through the anode.
Iv. Reduction occurs at the anode.

Online Text
Ciandil
Ciiandiv
Oii and iii
Ciand iii
O and v

For each of the following pairs of substances, use data in Appendix E to choose the one that is the stronger oxidizing agent.
(i) Brotiy or Lyis)

i) Ag*(aq) or AQCI(s)

{iii) Clo(g) or Ce**{ag)

Online Text

Oly, Ag*, Ce*?
OBr,, Ag™, Cett
OB, AgCl, Cl,
Oly, AgCl, Cl,
OBry, Ag™, Cl

A voltaic cell that uses the reaction
TIM3tag) + 2Cr+tag) = T aq) + 2Cr 3 ag)

has a measured standard cell potential of 1.19 V. Whatis £° _, for the reduction of TI3+(aq}| to TIM{ag)?

Conling Text

(ORI RY
onisy
119y
O-078V
160V









