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Electrochemical Cells}gnd Cell Potential (E°)

Electrochemistry: a study of the interchange of electrical and chemical energy

** There are two types of electrochemical cells: galvanic (voltaic) and electrolytic.

+  Voltaic or Galvanic Cell { %ﬁﬁ@ﬂ({f }: a thermodynamically ‘?ﬂv prable. (i.e.
spontaneous) redox reaction which generates useful electrical energy in the form of an electric current

» Electrolytic Cell: requires electrical energy (direct current or DC power source) to drive a
thermodynamically _Uyn ¥4V O‘f"!b\(’; (i.e. non-spontaneocus) redox reaction.

e In short: galvanic (voltaic} cells mei wle current, while electrolytic cells U4 3€. current!
*QUICK REMINDERS*
1) Oxidation is LOSS of electrons 2) Reduction is GAIN of electrons
OIL (LEQ) RIG (GER)
Ex: Zn(s) = Zn*"(aq) + 2e’ Ex: Cu*(aq) + 2&” = Culs)

Cell Potential ( Ece!!): a measure of the potential difference (how much \lo\'h’«g(i« exists) between two half cells

an electrochemical cell. The potential difference is caused by the ability of _¢ \e oS to flow from one half-cell to

the other,

2 The cell potential is a quantitative description of the C\fivinj ‘Qa ee behind an electrochemical
reaction that pushes electrons through the wire (or external circuit).

-0
Standard Cell Potential { E C{;\! J: cell potential measured at standard conditions: 1 atm, 1 M solution, and 25°C.
A ‘naught’ sign (°) is used to show standard conditions. Usually measured in Volts (1 V = 1 Joule/Coulomb = 1 J/C)

The cell potential can be easily calculated by adding the oxidation and reduction potentials.
6 __no 0
cell — Hox + red
. Egell is the standard cell potential.

s EJ,. isthe standard oxidation cell potential for the oxidation half-reaction.

. Eﬁed is the standard reduction cell potential for the reduction haif-reaction.

= The more E?Ogi ‘i’i\‘{’; the value of E°, the greater the driving force of electrons through the
system (under standard conditions), thus the more likely the reaction will proceed = more

spontaneous/more thermodynamically favorable.

When you balance a redox reaction, don’t change the cell potential!
Cell potential is an intensive property and thus does not depend on how many times a reaction occurs.

To find a table of Standard Electrode Pbtentials: Tro (p. 873, Section 18.4) or Zumdahl, 5*" ed. {p. 843, Section 17.2)



23
1. Because the values come from a chart of standard reduction potentials, you MUST REVERSE the sign of the E° of

the oxidized species before adding to the E° of the reduced species.

. O,\Vam'nc/
2. For a spontaneous redox reaction to occur, the overall cell potential must be ?031 h Ve } %\ID l—}m'c
a) The metal with the greater (more positive) reduction potential will be reduced! celf
| 3. Foranon-spontaneous redox reaction to occur, the overall cell potential must be W@ﬁ Q’H\f(', -.] e,\edﬁ‘jhﬂ'
a) The metal with the greater (more positive) reducticn potential will be oxidized! Cfi“

4, Areduction potential table can be used as an activity series; metals with a lower reduction potential are more
active and will replace metals with mare positive potentials.(iﬂ Q-meeow (nt }

Example: Consider the half reactions shown below and the standard electrode reduction potentials that follow.

. . U - S
CevelSe Al A\fmplr 3¢ APag)+3e > Alls) Eeovesy = B sH1.66V
Zn*"(ag)+2 € = Zn(s) p=-076v =E 4
1. Write the balanced redox reaction for copper and aluminum that is thermodynamically favorable (i.e.
spontaneous). Calculate the standard cell potential of this reaction.

AP gy ¥ 375"‘1{:@ > AA ag + 3y B
B ® B ¥ Bl = LLL-03( <[0.90V ]

2. Write the balanced redox reaction for copper and aluminum that is nof thermodynamically favorable {i.e. non-
spantaneous). Calculate the standard cell potential of this reaction. '

2

' “Ql\F ryn 1 QA\S{;@P“’ 3%\’\(3) - QA\CS) T E%L‘(a@)

Eean® Boun By = 0F6-100 -[-0.10Y]

3. Identify the standard reduction potential, E°oq, for each half reaction (use reduction potential chart}),
Determine which species will be oxidized and which will be reduced for a redox reaction that is
thermodynamically favorable (spontaneous). Next, calculate the value of E°y for the thermodynamically
favorable cell. Justify why your calculated E° represents a thermodynamically faverable reaction. '

AgT(aq)+ le” - Ag(s) = 0.80V = Ebru{
Cu*t(ag) + 2e” - Cu(s) FE°= 0.34V = Eow = -D.34YV

B’ = 0.80-0.2Y =loYuv ESy 15 posiive -:;Jf‘his i¢ a
dee(‘m.wﬁ\&\\io mbig X .

4. Forthe net ionic equation below, determine the standard cell potential, E°, for the reaction. Next, use the
calculated value of E° to determine if the reaction is thermodynamically favorable {spontaneous) as written.
{Hint: the reduction potential chart is all REDUCTIOM values. Flipping the rxn changes the sign of E}.

3 Culs) + 2 A% (ag) — 2 Al(s) + 3 Cu®"(aq)
[

b

ovidized reduced
Eoy e -0V ER,u® | Lol

Now you try!

v as hegabue D Hhis (e
£° = -0 1y <F2.00v] 7 Fe U !
c.e.\ ,,,,,,,,,,,,,, - " NDT -H,.g(w,,‘p@\j()féilﬂ'ﬂ 7
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For the two examples below, use the provided information to find the reduction potential of the missing half-reaction
(without using the reduction potential chart (2)). Next, use the value of E°c for the overall reaction to determine
whether or not the reaction is thermodynamically favorable (spontaneous) as written.

1. AP (aq) + 3 e” — Al(s) Epeq = —1.66V
Pb?*(aq) + 2 e~ - Ph(s) Erpq =727
2 APt (aq) + 3 Pb(s) » 2 Al(s) + 3 Pb**(aq)  FEy=-—179V Nor }
L______—lq | q cell =~ Hern,. -p&\\.f !
feduced oxidized
v - [-° =’ ;’I.QQ'I'E"';"“I:IL
= + "
EccH Efedv E s eX L
"-)ED - -l.l‘}’q*’ls(ﬁ(ﬂ‘; /O,IS\/
OX
= +\ ]
7 Eorgd (PL’?' ) '"
2. Cly(g) +2e™ - 2Cl (aq) E,oq = +136V
Ni2*(ag) + 2 e~ - Ni(s) Frpg =777
Ni(s) + Cly(g) — 2 CI"(aq) + 3 N+ (aq) F.py = +1.59 Vj Werm, fav ‘
L_____,_..-—-—"

| I———— |
fedunced  oxidized
(] . o v _ b -
B ™ B +Erd aED}(H,’s‘(a .54

2 E°, =164 -13( = 023V

e, (i) ;E@



