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Fig. (2-1) : Summery of the terminology used in voltaic cells.
Oxidation occurs at the anode, and reduction ocairshe
cathode. Electrons move from the negative elect(adede) to
the positive electrode (cathode) through the ezlewire. The
electrical circuit is completed in the solution g movement of
ions-anions move from the salt bridge compartmerthé anode

compartment to the cathode compartment. The compatt can
be separated either by a salt bridge or a porougha

(52)

compartment, and cations move from the salt bridge



(53)
Electrochemistry Al S plaassl)
ot il | WV : (gl | Jucd

I A s Or e LY A

Charles . Winters

Fig. (2-2) : A grapefruit battery. A voltaic cell can be mdulg
inserting zinc and copper electrodes into a grajgef potentia
of 0.95 V is obtained. (The water and citric acidhe fruit allow
for an ion conduction between electrodes). Thid iselmore
complicated than the one in above figure.

Br— Insulator

Graphite rod
(cathode)

MnO, and carbon black paste

— NH,Cl and ZnCl, paste
(electrolyte)

—— Zin¢ metal can

tanode)

Fig. (2-3) : Leclanche' dry cell and a cutaway view.
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™ H,50, —
4 (electrolyte) \
Lead grid packed
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spongy lead (anode)

Fig. (2-4) : A lead storage battery and a cutaway view of
one cell. Each electrode consists of several grids withrgel
surface area so that the battery can deliver thke burrents
required to start an automobile engine. The elbd&ois
aqueous sulfuric acid
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Fig. (2-6) :

a) A bent nail corrodes at points of strain andtiVat metal
atoms.

b) Two nails were placed in an agar gel that coet
phenolphthalein and potassium ferricyanidg[FK(CN)]. As
the nails corroded they producedFens at each end and at the
bend. F& ions react with [Fe(CN)* ions to form
FeFe(CN)]., an intensely blue-colored compound. The rest of
each nail is the cathode, at which water is redtedd, and OH
ions. The OHions turn phenolphthalein pink.

(CreaS) — (g 030) 398 5 AlAd haasa a1 (V-Y) JS
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Fig. (2-8) :
a) A strip of zinc metal is immersed in an aqueoasper sulfate
solution. The redox reaction takes place at theahsstiution
interface and directly transfers two electrons frdmatoms to
CU*" ions.
b) As time passes, a dark colored deposit of copetal appears
on the zinc, and the blue color due to®Can) fades from the
solution.
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Oxidation hall-reaction recduction half-reaction
Znls)—> Zn**aq) + 2 e~ Cu*'aq) + 2 € —>Culs)

Zn(s) + Cu?*@aq) Zn**(aq) + Cu(s) |

Fig. (2-9) : An oxidation-reduction. A strip of zinc is placed in
a solution of copper (Il) sulfate (left). The zingacts with the
copper (Il) ions to produce copper metal (the brawlored
deposit on the zinc strip) and zinc ions in solutio
Zn(s) + Cd* (aq)d 3- ZA" (aq) + Cu(
As copper metal accumulates on the zinc stripbthe color dus
to the aqueous copper ions gradually fades (middéeright) a
CU*" ions are reduced to metallic copper. The zinc lcagueou
solution are colorless.

Uy—Uu)y

— 52uSY) il Je i) iat) S Jelil i o San s
Pl B ) eall e (J) Y

Zn(s) + CuSQ (agl - ZnSP (aq) + Cu
{5 ealide IS

Zn(s) + Cud* (aq)O O- ZA" (aq) + Cu(s)

dissolution, corrosion (oxidation) deptien (reduction)
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Cut*ag) +2 ¢ —= Culs) Zn(s) — Zn**ag) +2 o

(a) (b)

Fig. (2-10) :

a) A galvanic cell that uses the oxidation of zimetal to ZA*
ions and the reduction of &lions to copper metal. Note that the
negative particles (electrons in the wire and asimnsolution)
travel around the circuit in the same directione Tiesulting
electric current can be used to light a lightbulb.
b) An operating Daniell cell. The salt bridge inrpéa) is
replaced by a porous glass disk that allows iorffote between
the anode and cathode compartments but preverisnixing,
which would bring C&' ions into direct contact with zinc and
short-circuit the cell. The lightbulb in part (&) ieplaced with ja
digital voltmeter.
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Fig. (2-11) : The Daniel cell consists of copper and :
electrodes dipping into solutions of copper(ll)faté and zin
sulfate, respectively. The two solutions make confiarough thg
porous pot, which allows ions to pass through tmmete the

7inc

WD 1O)

electrical circuit.
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Zinc
anode 2L

i

- ZnS0, solution

Zn is oxidized
to Zn"" at anode.

Zn(s) —=Zn™ag) + 2¢-

- O]

Z0(s) 4 CoP(ag) -

Voltmeter

Copper
cathode

Ki—

Salt bridge

CuSOy solution

Cu® is reduced
o Cu at cathode,

Net reaction

Fig. (2-13 B) : A galvanic cell. The salt bridge (an inverted U

tube) containing a KCI

conducting medium between two solutions. The oot the
U tube are loosely plugged with cotton balls tovpre the KC
solution from flowing into the containers while @Ming the
anions and cations to move across. Electrons flatereally
from the Zn electrode (anode) to the Cu electradéhpde).

solution provides an electty
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Anode Cathode
&
] K;50, salt bridge C

Cathode
compartment

Anode
compartment

[Cu+ + 2¢—

!
Zn— Zn** + 2¢ | ¥

oxidation | b

Net reaction:

Cu?t@aq) + Zn(s) —— Cu(s) + Zn?tGaq)
_ —

Fig. (2-14) : A simple electrochemical cell. The cell consists of
a zinc electrode in a solution containing’Zions (left), a copper
electrode in a solution containing €uons (right), and a salt
bridge that allows ions to flow into and out of ttwé solutions.
When the two metal electrodes are connected byndumbing
circuit, electrons flow from the zinc electrode, ex zinc i
oxidized, to the copper electrode, where coppes ifsaom the
solution are reduced.

L=

U7
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Anode Cathode
o A
K,S0, salt bridge !

Cathode
compartment

Anode
compartment

| Bt .
Zn—— ZIn*t + 2e | P !Cll“ + 2e—(u

oxidation |

Met reaction:

Cu**@ + Zns) —> Cu(s) + Zn**(aq)
- —

Fig. (2-15) : A simple electrochemical cell. The cell consists of
a zinc electrode in a solution containing’Zions (left), a copper
electrode in a solution containing €uons (right), and a salt
bridge that allows ions to flow into and out of ttwé solutions.
When the two metal electrodes are connected byndumbing
circuit, electrons flow from the zinc electrode, evta zinc is
oxidized, to the copper electrode, where coppes ifsom the
solution are reduced.
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Copper

Zinc atom, Zinc ion,
ion, Cu?*

Voltmeter

Metallic
/ copper
(5% agar)
Salt bridge

Copper
atom, Cu

Zn —Zn’" + Cu?t +2¢” — Cu
Oxidation, anode Reduction, cathode

Fig. (2-16) : The zinc-copper voltaic cell utilizes the reaction :

Zn(s) + Cd* (aqp 3- ZA" (aq) + Cu(. The standard potential of th

cell is 1.10 volts.

is

Circuit (pathway of
Electron flow Sal£ bridge elecgical charge)

. /J\A‘_\\Q tl! _(Eathajde
| E
i

Oxidation Reduction
Zn—Zntt+2 e Cut"+2e¢ = Cu

Fig. (2-17) : Electrons produced by oxidation leave a galvanic c¢
the anode (-), travel through the external circuit, and reenter that
the cathode (+), where they cause reduction. The circuit is cowh

o[l at
cel

plete

inside the cell by migration of ions through the salt bridge. A salt
bridge is unnecessary when the two electrodes share a common
electrolyte. The narrow red line outlines the electrical dirfaimed

by the movement of electrons (through the external wire) and ions

(through the celand salt bridge).
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Fig. (2-18) : Practical setup of the galvanic cell described in
above figure. Note the U tube (salt bridge) connecting the |two
beakers. When the concentrations of Zpn$@d CuSQ are 1
molar (1 M) at 25 C, the cell voltage is 1.10 V.

Fig. (2-19) : The cell potential is measured with an electrpnic
voltmeter, a device that draws negligible curreattbat the
composition of the cell does not change duringnieasurement.
The display shows a positive value when the (+#hieal of the
meter is connected to the cathode of the galvaalic c

=4
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Fig. (2-24) : The zinc/copper voltaic cell utilizes the reaction
Zn(S) + Cd (aq)0 0. z# (ag) + cu(- 1he potential of this cell is 1.10

volts.
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