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Section 1: Voltaic Cells

Electrochemistry is the study of the redox processes by which chemical energy is converted to electrical energy

and vice versa.
e

2+ 2+ -
Write the two half-reactions make up this redox process: Zn(s) + Cu (aQJ —n (aq) + Culs)
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REAUCTION NAI -TRACTION: ..o e e e s s s s esaseas s sassaseasasessnssasessaseenas

= Figure 1 These containers are 9 @

constructed and arranged so that zinc
will be oxidized on one side, while copper Copper wire

ions will be reduced on the other. In a, : } '
zinc metal is immersed in 1M zinc sulfate ' Zinc strip Copper strip "
solution, and copper metal in 1M copper \ \ \

sulfate. In b, a wire joining the zinc and
copper strips provides a pathway for the \ ! \
flow of electrons, but the pathway is not ‘ |} 4 : - ‘ |'7
complete. Electron transfer is still not \ 8 \
3 ™
possible.

) !

V.

When the metal strips are placed in their solutions, oxidation begins at the zinc strip and reduction begins at the
copper strip—but these reactions cannot continue. The reason is that as zinc is oxidized, positive zinc ions build
up around the zinc electrode. As copper in the copper sulfate solution is reduced, negative sulfate ions build up

around the copper electrode. The buildup of charges stops any further reaction.

The salt bridge and the wire provide an unbroken pathway for The redox reaction provides
electrical charge to flow. energy to light the bulb.

e
e~ flow \\\\‘.‘

K+ -

Oxidation
half-cell

Reduction
half-cell

In - In** 4 2e” Cw* 42e" - Cu

= Figure 2 The addition of a salt bridge completes the pathway. Negative ions move
through the salt bridge to the zinc side. Positive ions move through the bridge to the copper side.

Assalt bridge is a pathway to allow the passage of ions from one side to another. It consists of a tube containing a
conducting solution of a soluble salt, such as KCl, held in place by an agar gel or other permeable plug. lons can

move through the plug, but the solutions in the two beakers cannot mix.
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When the connecting metal wire and the salt bridge are in place, the spontaneous redox reaction begins. Electrons
flow through the wire from the oxidation half-reaction to the reduction half-reaction, while positive and negative
ions move through the salt bridge.

The flow of electrons through the wire and the flow of ions through the salt bridge make up the electric current.

Electrochemical cells

An electrochemical cell is an apparatus that uses a redox reaction to produce electrical energy or uses electrical
energy to cause a chemical reaction.
Avoltaic cell is a type of electrochemical cell that converts chemical energy to electrical energy by a spontaneous

redox reaction.

Chemistry of Voltaic Cells

An electrochemical cell consists of two parts called half-cells, in which the separate oxidation 0
b
and reduction reactions take place. Each half-cell contains an electrode and a solution containing ’l,
ions. ),
. . . . . . . R AN
An electrode is an electrically conductive material, usually a metallic strip or graphite, that g o
3 ]
conducts electrons into and out of the solution in the half cell. ), g 1
In Figure 2, the beaker with the ...l electrode is where the oxidation half of the TCATHOD 0
]
J

redox reaction takes place. The beaker with the ................ electrode is where the reduction half 1
of the reaction takes place. J
The reaction that takes place in each half-cell is called a half-cell reaction.

The electrode where oxidation takes place is the anode. The electrode where reduction takes
place is the cathode.

Question: Identify which of the beakers in Figure 2 contains the anode. ...
Voltaic cells and energy

In electrochemistry, electric potential energy is a measure of the amount of current that can be generated from a
voltaic cell to do work.

Electric charge can flow between two points only when a difference in electric potential energy exists between the
two points. What are these tWo POINES? ...............cccoooiiiiiiiiiriiiccne s
The electromotive force (EMF) pushes the electrons toward the cathode. This force is due to the difference in
electric potential energy between the two electrodes and is referred to as the cell potential.

Avolt (V) is a unit used to measure cell potential.

The electric potential difference of a voltaic cell is an indication of the energy that is available to move electrons
from the anode to the cathode.

The energy of the electrons flowing from the anode to the cathode in a voltaic cell is determined by the difference
in electric potential energy between the two electrodes.

In redox terms, the voltage of a cell is determined by comparing the difference in the tendency of the two electrode
materials to accept electrons. The greater the difference, the greater the potential energy difference between the two
electrodes and the larger the voltage of the cell will be.

In the zinc-copper cell, under standard conditions, copper (1) ions at the cathode accept electrons more readily than
the zincions at the anode. Thus, the redox reaction occurs spontaneously only when the electrons flow from the

zinc to the copper.
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Calculating Electrochemical Cell Potentials

The tendency of a substance to gain electrons is its reduction potential.
The reduction potential of an electrode cannot be determined directly because the reduction half-reaction must be

coupled with an oxidation half-reaction.

Salt bridge H,(g) « Fi
t1at igure 5 A standard hydrogen
The Standard hydrogen eIeCtrOde \ S electrode consists of a platinum
This electrode can act as an oxidation half-reaction or a v ST T
atm pressure bubbling into an
. . . . .. ) acidic solution that is 1M in
reduction half-reaction, depending on the half-cell to which it is hydrogen ions. The reduction
e 4 potential for this configuration is
connected. 1M acid defined as 0.000 V.
solution ,l .'
Half-cell potentials ~J ok s
. . eduction:
Chemists have measured the potential when each half-cell was l ; 2H+(ag) + 26~ — Hylg)
H, o
_ bubbles 0 o Oxidation:
connected to a standard hydrogen half-cell. & thla) > 24+ 20
L . . i B
All the half-reactions in Table 1 are written as reductions. Platinum | E
electrode
The half-reaction with the lower reduction potential will y.

proceed in the opposite direction and will be an oxidation reaction.
These measures must be under standard conditions, that is, immersed in a 1M solution of its ions at 25°C and 1 atm.

The superscript zero in the notation E%is a shorthand way of indicating “measured under standard conditions.”

Standard Reduction Potentials
Li+ +e- — i —3.0401  Cu¥* +e — Cut +0.153
Ca?* +2e~ —(a —2.868 Cut* +2e~—Cu +0.3419
Na* + e~ — Na —2.71 0; + 2H,0 + de~ — 40H- +0.401
Mg2* + 2e~ — Mg 2372 L +2e- —2I- +0.5355
Bel* 4+ 2e~ — Be —1.847 Fe3* + e~ — Fe?* +0.771
AB+ 4 3e- — Al —1.662  NO;~ + 2H* 4+ e~ — NO; + H,0 +0.775
MnZ* 4+ 2e~ — Mn —1.185 Hg,?* + 2e~ — 2Hg +0.7973
Cr* +2e- —Cr —0.913 Agt +e” —Ag +0.7996
2H,0 + 2~ — H, + 20H- —0.8277  Hg?* +2e~ — Hg +0.851
In?t 4+ 2e~ —1In —0.7618  2Hg?* + 2e~ — Hg,?* +0.920
P+ +3e- = Cr —0.744 NO3;~ + 4H* + 3e= — NO + 2H,0 +0.957
S+ 2e~ — S2- —0.47627  Bry(l) + 2e~ — 2Br— +1.066
Fet + 2e~ — Fe —0.447 Pt2*+ 4 2e— — Pt +1.18
Cd +2e-— —0.4030 0, + 4H* + 4e— — 2H,0 +1.229
Pbl; +2e~ — Pb + 21~ —0365  Cly +2e — 200 +1.35827
PbSO, + 2e~ — Pb + 50,2~ —0.3588  Audt +3e~ —Au +1.498
Co?* +2e~ — Co —0.28 MnO4~ + 8H* + 5e~ — MnZ* + 4H,0 +1.507
NiZ+ 4+ 2e~ — Ni —0.257 Aut + e~ —Au +1.692
Sn2+ 4 2e~ — Sn —0.1375  H,0, + 2H* + 2e— — 2H,0 +1.776
Pb2+ 4+ 2e~ — Pb —0.1262  Co3* + e~ — Co?*t +1.92
Fe3+ + 3e~ — Fe —0.037 $,0g7 + 2e— — 250, +2.010
2H" +2e~ — H, 0.0000 F, +2e — 2F- +2.866
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Determining electrochemical cell potentials

In Cell a, electrons flow fromthe ...................... electrode tothe .........o...........
the oxidation happened at................... and the reduction at ..........ccco.........
The E°, measured by a voltmeter, is +0.342 V.

The positive voltage indicates that Cu*" ions at the copper electrode
accept electrons more readily than do H" ions at the hydrogen electrode.

H,(g) — 2H*(aq) + 2e~ (oxidation half-cell reaction)
Cu?*(aq) + 2e~ — Cu(s) (reduction half-cell reaction)

H,(g) + Cu?*(aq) — 2H*(aq) + Cu(s) (overall redox reaction)

This reaction can be written in a form called cell notation.

Reactant Product Reactant Product

H,|H*|| Cu** |Cu E&, =+40342V

L ¢ L4
Oxidation Reduction
half-cell half-cell
In Cell b, electrons flow from the ...................... electrodetothe....................
the oxidation happenedat................... and the reduction at .........cu.........

The E°, measured by a voltmeter, is —0.762 V..

The negative voltage indicates that ...

Complete:
oxidation half-cell reaction:

reduction half-cell reaction:

e~ flow

Standard
hydrogen
electrode

IMH*

1M Cu+

The double vertical line (||) represents

Standard
hydrogen
electrode

e

M

overall redox cell reaction:

Now write the cell notation:

To calculate the electric potential of a voltaic cell consisting of a copper electrode

and azinc electrode, combine
the copper and zinc half-cells as a voltaic cell.
Because reduction occurs at the copper electrode and oxidation occurs

at the zinc electrode, the E° values are substituted as follows.

0 _— =0 )
b‘:'c'll - t[Il.L"' Cu E']f.n:"'lxn

= 40342V — (—0.762 V)

= +1L104 V

Do you need to reverse the sign of the oxidation half-reaction? Why?

Graph Check

The potential difference between the zinc and copper electrodesiis .............

Identify the metal, copper or zin, that is easier to oxidize than hydrogen. .................ccc.....

Challenge: write the cell notation for this cell.

acid solution

Formula for Cell Potential

P

0 _ poO
E E anode

cell — cathode ~

—E°

oxidation

E° —E°

cell reduction

- +0.342V
Cu?* | Cu
electrode

e ().000 V
Standard
hydrogen

Cell potential: 1.104 V electrode

—— — = —(0.762 V
In**+|Zn
electrode
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CALCULATE A CELL POTENTIAL The following reduction half-reactions
represent the half-cells of a voltaic cell.

I5(s) + 2e~ — 217 (aq)
FeZ*(aq) + 2e~ — Fe(s)

Determine the overall cell reaction and the standard cell potential.
Describe the cell using cell notation.

For each of these pairs of half-reactions, write the balanced equation
for the overall cell reaction, and calculate the standard cell potential.
Describe the reaction using cell notation. Refer to Chapter 19 to review
writing and balancing redox equations.

1. Pt?*(aq) + 2e~ — Pt(s) and Sn?*(aq) + 2e~ — Sn(s)

2. Co?*(aq) + 2e~ — Co(s) and Cr®+(aq) + 3e~ — Cr(s)

3. Hg?*(aq) + 2e~ — Hg() and Cr?*(aq) + 2e~ — Cr(s)

4. Challenge Write the balanced equation for the cell reaction and
calculate the standard cell potential for the reaction that occurs when
these half-cells are connected. Describe the reaction using cell notation.

NOs;~ + 4H* + 3e— — NO + 2H,0
0, + 2H,0 + 4e~ — 40H-
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Using Standard Reduction Potentials to indicate spontaneity

To predict whether any proposed redox reaction will occur spontaneously:

1- write the process in the form of half-reactions.

2- look up the reduction potential of each.

3- Use the values to calculate the potential of a voltaic cell operating with these two half-cell reactions.

4- If the calculated potential is positive, the reaction is spontaneous. If the value is negative, the reaction is not
spontaneous.

5- thereverse of a nonspontaneous reaction will occur because it will have a positive cell voltage, which
means that the reverse reaction is spontaneous.

Calculate the cell potential to determine if each of the following
balanced redox reactions is spontaneous as written. Use Table 20.1
to help you determine the correct half-reactions.

5. Sn(s) + Cu?*(aq) — Sn?*(aq) + Cu(s)

6. Mg(s) + Pb?*(aq) — Pb(s) + Mg?+(aq)

7. 2Mn2*(aq) + 8H,00) + 10Hg?*(aq) —
2Mn0O,~(aq) + 16H*(aq) + 5Hg.?*(aq)

8. 2S0,%(aq) + Co?*(aq) — Co(s) + S205%(aq)

9. Challenge Using Table 20.1, write the equation and determine the
cell voltage (£ for the following cell. Is the reaction spontaneous?

Al | A|3+|| H92+| ng2+
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In the voltaic cell shown in the figure below, which of Aalall calylaadl .__gi colial (AN 8 Baim gl Al gdll 2021} 3
the following statements is true? fhasn.a
() -

@ o>
Zinc strip Salt bridge Copper strip Omals gal dals bl izl
) Zn [ *a Cu [ ) Zn B Cu
| ZnSOy CuS0Oy ZnS0y CuSOy

A J '\_ 4

Uses electrical energy to cause a chemical

reaction

Electrons move through the salt bridge to

the copper side

Positive zinc ions build up around the zinc

electrode

(HaasS ol Slaa’y Al Al aadnu

il Aga ) Yaeas Galll sl o ilig 5N ez

ol bl Jom Lmgall e AT el a8hm

;):U.GJ]A'.H

b,ﬂ Qg.\..ﬂ_)'.é.]'l C_;j O f;'ﬂ_"j_)isj}’] Jlasy JLMS ] J.n.;;

u.uL-;.'nI'I C—’j

The wire can serve as a pathway for electrons to

flow from the zinc strip to the copper strip

The following reduction half-reactions represent the cialyill Sulall Esioanll LAY S fdeadl) JpaY) cals (LS

half-cells of a voltaic cell. which of the following is . N i
P | ‘=..I_: i ,=;

-

Cormect?
Co** +2e"=Co ,E°(V)--0.28
Pt2++ze_=tpt ,Eﬂm_‘fl-lg
241 3l ( E7)3dall 240 Jelill gy
Anode cathode Electrochemical Cell Potential ( £ ”] Reaction Type
b
A Pt Co + 0.9V -
Spontaneous
i
B Co Pt +1.46 V =
Spontaneous
:'Li-h -
c Pl Co - 0.9V LA
Monspontaneous
:Lih »
D Co Pt - 1.46V L
MNonspontaneous
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Which of the following is true for the standard hydrogen

electrode shown in the figure below?

mbl) ma gl ol e Lask s 3l Lae

Oalial JSAN 3 i gall

Salt bridge \ H{g)
\

al) 5 daca))

\\D

Jsloa »
L ' K
(.
¢
-
- ]
% b

It is the cathode in all the voltaic cells in which it is

connected

It is the anode in all the voltaic cells in which it is

connected

The reduction potential of this electrode is 0.000V
when the concentration of the acid solution is 1 M
and hydrogen gas is pumped under pressure 1 atm

and the temperature is maintained at 25°C

The reduction potential of this electrode is 0.000V at

all conditions

e eagd 0 A1 LD pan 8 13IS S,

L et A0 Aol LAY an 3 1350 05

05 Latis 0.000V g5l bl 138 Jia) 2ga
23 gyl o sy 1M Gl glae 555

25°C 2 3l glall Ay ads 1 Atm daica

g il

Regarding the standard hydrogen electrode in the figure

below. Which of the following is correct?

Cu* +2e = Cu E°(V) =+ 0.3419

Zn* +2¢- = 2Zn E’(V) =-0.7618

ool JSAN (3 ol (amg gl ks (3lasy Lok

auslo)) 5, daual)

Salt bridge Ha(g) ?:_:n...a St Lea (4
\ (at 1 atm) L7 2
‘ o
-—
Jel>o '
, 1M acid
| s L& solution . ]

Slelad y,
H, bubbles

o platinum
330 electrode

It will be an anode when connected to Zn | Zn** electrode
It will be a cathode when connected to Cu|Cu®* electrode

The standard reduction potential (EO),of the standard

hydrogen electrode is defined as 1.104 V

The standard reduction potential (E°),of the standard

hydrogen electrode is defined as 0.000 V

Zn | Zn% ki ge dbiagi 3 Vgl 00 Q)
CUICU?" (il a dlaags e 35S 35S - O

1.104 V (gl coimg gl il (E%) il J5sY) 20

O

0.000 V' ssbias Cimg gl coalail (E) puslill J52Y1 2

O
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In the figure below, what do the two half-cells need so that A s LA el dalisy (o)) L colial J<a @
you can convert chemical energy into electrical energy? 250 ,6S &l JJ) dsbasSl A3 (Jigas
lad
O 5l welsw dad
1‘ Zinc strip Copper strip n
\ /
\\ ‘ F ] > a
\wﬁ-'{ ‘
(R —
Only connecting the zinc and copper strips with . s " s =t
d 9 PP P ol s e (el Grea A sl o) Lz
a metal wire to serve as a pathway for electrons to flow iy SSY i jlas O
A salt bridge and a metal wire to provide an unbroken s 3 2 atis 5 s 2
9 P laiie 5 jlan sl e oulad dlly duale 5yl 5
pathway for electrical charge to flow 22yl cbia gl JUisy
A salt bridge to serve as a pathway for electrons to flow i) i el il iy SY) i a3,

and a metal wire to serve as a pathway for ions to flow

Only a salt bridge to serve as a pathway for ions to flow cligh) Ji jlsa gl Lale )l Lk ()
The voltaic half-cell expressed by the following reaction has oo A el die o3l Aalgdll Ai) Chial Juag 23
been connected with one of the half-cells shown in the table Al Al Ll sgadl o agg calial Jaaadl A 53yl LA Giliall aal
below, and the standard cell potential found to be (+3.89 V). . (+3.89V) 5
What is the half-cell connected? Saluag A (gll) Aa)) Cial Lad

Pt2* + 2e- = Pt FE°(V) =+1.18

Half reaction Jeliil| cias E(V)

Na* + e~ = Na | 2"

Mn?* + 2e~ = Mn | 1185

Cr3* + 3e” = Cr ~0.744
Fe?* + 2e~ = Fe ~0.447
The following reduction half-reactions represent Laadell Aalall dudeaall LAY AEl dudeadl) QI edlels Jid
the half-cells of a voltaic cell. edall el 2gal L
What is the standard cell potential?
Be?* + 2e~ = Be E’ (V)= —1847
Pt?* + 2e~ = Pt E (V) = +118
(+0.667 V)
(+3.027 V)
(-3.027 V)
(- 0.667 V)
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In the figure below, which of the following is not

a function of the salt bridge?

$alal) sl Citllag (pe Gl U Las gl colial (<l 8

Prevents the mixing of the two solutions

Prevents ions building up around the electrodes

Allows the passage of ions from one side to another

Allows the passage of electrons from one side to another

Odslaall L) jis O
Onbdl) Jsa i) Sl5 pias O
@Al e oo s jgim mas O

Al G den o gAY g mas O

Regarding the figure below. What are the conditions

required to make sure that the standard hydrogen

aasl)) 3, dazal)

electrode potential (£ equals 0.000 V ?

Wy caalgll Cagplall oo b Lee ol bl JSAIL Gl Lo

Liglion cring gl sl (E%) i) JAY) g (35S 3

\ Hy() ¢ 0.000V

The temperature is maintained at 25 °C

1 atm Lis vic Jglaall 3 (Hy) angpaedl Jle 7
Hydrogen gas (H,) at a pressure of 1 atm is bubbled into the solution
1M 55 Gong e Sligl e i 3 (HCI) wlipgly jnghl Gaes Jslas 250
The presence of hydrochloric acid (HCI) solution that has a hydrogen- 3

ion concentration of 1 M.

25 °C sic b sl dap el

(3]
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