Chemistry 132 NT

If you ever catch on fire, try
to avoid seeing yourself in
the mirror, because 1 bet
that’s what really throws
you into a panic.

Jack Handey
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Electrochemistry

Modulel

Half-Reactionsand Voltaic Cells
=Balancing Oxidation-Reduction X

Reactions \J
=Construction of Voltaic Cells

=Notation for VoltaicCells
=ElectromotiveForce An experiment in corrosion of
an iron nail and magnesium
ribbon. Corrosion is an
electrochemical process.

Oxidation-Reduction Reactions

= |n first-semester chemistry we we introduced
the half-reaction method for balancing smple
oxidation-reduction reactions.
+Oxidationreduction reactions always involve a
transfer of electronsfrom one speciesto
another.
#Recall that the specieslosing electronsis
oxidized while the species gaining electronsis
reduced.




Oxidation-Reduction Reactions

= Describing Oxidation-Reduction Reactions

+Anoxidizing agentis aspeciesthat oxidizes
another species; it isitself reduced.

+A reducing agent isaspeciesthat reduces
another species; it isitself oxidized

| Lossof 2e! oxidation |
reducing agent > B
+ +
Fe(s) +CU (a)) ® Fe ‘@) +CU(S)
oxidizing agent
Gainof 2e? reduction |

Oxidation-Reduction Reactions

& In this chapter we will show how acell is
constructed to physically separate an
oxidation-reduction reaction into two half-
reactions.

+Theforce with which electronstravel fromthe
oxidation half-reaction to the reduction half-
reaction is measured as voltage.

+Review therulesin your text concerning the
balancing of oxidation reduction reactions.

Electrochemistry

= An dectrochemical cdl isasystem
consisting of electrodesthat dip into an
electrolyte in which a chemical reaction
either uses or generates an electric current.
+A voltaic, or galvanic, cel isan
electrochemical cell in which aspontaneous
reaction generates an electric current.




Electrochemistry

= An dectrochemical cdl isasystem
consisting of electrodesthat dipinto an
electrolyte in which a chemical reaction
either uses or generates an electric current.
+Anelectrolytic cell is an electrochemical cell
in which an electric current drives an otherwise
nonspontaneous reaction.
+In this chapter we will discuss the basic
principles behind these cells and explore some
of their commercial uses.

Voltaic Cdlls

= A voltaic cdl consistsof two haf-cells
that are electrically connected.

+Each half-cdll isaportion of the
electrochemical cell in which a half-reaction
takesplace.

+A simple haf-cell can be made from ametal
strip dipped into a solution of its metal ion.

+For example, the zinc-zinc ion half cell consists
consists of a zinc strip dipped into a solution of
azinc salt.

Voltaic Cdls

% A voltaic cdl consistsof two haf-cells
that are electrically connected.

+Another simple half-cell consists of a copper
strip dipped into a solution of a copper salt.

+|navoltaic cell, two half-cells are connected in
such away thatelectrons flow from one metal
electrodeto the other through an external
circuit.

+Thefigure on the next slideillustrates an
atomic view of azinc/copper voltaic cell.




I Atomic view of avoltaic cell. I
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Voltaic Cdlls

= Aslong asthereisan external circuit,
electronscan flow through it from one
electrodeto the other.

+Because zinc hasa greater tendency tolose
electrons than copper, zinc alomsin the zinc
electrode lose electrons to form zinc ions.

+Theelectrons flow through the external circuit
to the copper electrode where copper ions gain
the electrons to become copper metal .

Voltaic Cdls

= Thetwo half-cells must also be connected
inter nallyto allow ionsto flow between them.

+Without thisinternal connection, too much
positive charge builds up in the zinc half-cell
(and too much negative charge in the copper
half-cell) causing the reaction to stop.

+The figures on the next slide show the two half-
cellsof avoltaic cell connected by salt bridge.




[ Azinc-copper voltaiccall. ||
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Voltaic Cdlls

= A salt bridge isatube of an electrolytein
age that is connected to the two half-cells
of avoltaic cell.

+The salt bridge alows the flow of ions but
preventsthe mixing of thedifferent solutions
that would allow direct reaction of the cell
reactants.

+The next dide shows an actua setup of the
zinc-copper cell.

" A zinc-copper voltaic cell I




Voltaic Cells

= Thetwo haf-cdll reactions, as noted
ealier, are;

Zn(s)® Zn’*(aq) +2€  (oxidation half -reaction)
Cu®* (aq) +2€ ® Cu(S) (reduction half-reaction)
+The first reaction, in which electrons are logt, is

theoxidation halfreaction.

+The electrode at which oxidation occursisthe
anode.

Voltaic Cdlls

= Thetwo half-cell reactions, as noted
earlier, are:
Zn(s)® Zn’*(aq) +2€  (oxidation half -reaction)
cu?* (aq) +2e ® Cu (S) (reduction half-reaction)
+The second reaction, in which electrons are
gained, isthe reduction half-reaction.

+The electrode at which reduction occursisthe
cathode.

Voltaic Cdls

% Notethat the sum of the two half-reactions

Zn(s) +Cu?*(aq) ® Zn?*(aq) +Cu(s)

isthenet reaction that occursinthe voltaic
cell; itiscaled thecel reaction

+Note that electrons are given up at the anode
and thus flow from it to the cathode where
reduction occurs.




Voltaic Cells

= Note that the sum of the two half-reactions

Zn(s) +Cu®*(aq) ® Zn?**(aq) +Cu(s)

isthenet reaction that occursin thevoltaic
cell; itiscaled thecel reaction

+Theanodein avoltaic cell hasa negative sign
because electrons flow from it.

+The cathodein avoltaic cell hasa postive sign

I Cadmium-silver Cell |

Cd
{amode)y

Notation for Voltaic Cdlls

= |t isconvenient to have ashorthand way
of designating particular voltaic cells.

+The cell consisting of the zinc-zinc ion half-cell
and the copper-copper ion half-cell, is written

Zn(s)|Zn**(aq) [|Cu* (aq)| Cu(s)
anode cathode
+The anode (oxidation half-cell) iswritten on the
|eft. The cathode (reduction half-cell) is written
ontheright.




Notation for Voltaic Cdls

= |tisconvenient to have ashorthand way
of designating particular voltaic cells.

+The cell consisting of the zinc-zinc ion half-cell
and the copper-copper ion half-cell, is written

Zn(s)|Zn* (aq){|}cu? (ag)| Cu(s)
anode salt bridge cathode
+The two electrodes are connected by a salt

bridge, denoted by two vertical bars.

Notation for Voltaic Cdlls

= |tisconvenient to have ashorthand way
of designating particular voltaic cells.

+The cell consisting of the zinc-zinc ion half-cell
and the copper-copper ion half-cell, is written

n(9)1zn* @) lcu™ (@) (Cu)

anode salt bridge cathode
+Thecell terminals are at the extreme ends in
the cell notation.

Notation for Voltaic Cdlls

= |t isconvenient to have ashorthand way
of designating particular voltaic cells.

+The cell consisting of the zinc-zinc ion half-cell
and the copper-copper ion half-cell, is written

Zn(s@Zn2+(aq) [ICu®(aq (D:u (s)
anode salt bridge cathode
+A single vertica bar indicates a phase
boundary, such as between a solid terminal and
the electrode solution.




Notation for Voltaic Cdls

= When the half-reaction involvesa gas, an
inert material such asplatinum servesasa
termina and an electrode surface on which
the reaction occurs.

+The figure on the next slide shows ahydrogen
electrode; hydrogen bubbles over a platinum
plate immersed in an acidic solution.

+The cathode half-reaction is
2H"(ag)+2e ® H,(g)

— Elsetnde
A hydrogen conncetion
electrode.
Ha Hsy
Ve Salt
| 1 (N

Platinum
plawe

Notation for Voltaic Cdlls

= When the half-reaction involvesa gas, an
inert material such asplatinum servesasa
terminal and an electrode surface on which
the reaction occurs.

+The notation for the hydrogen electrode, written
as a cathode, is

H"(aq)| H,(g) | Pt




Notation for Voltaic Cdls

= When the half-reaction involvesa gas, an
inert material such asplatinum servesasa
termina and an electrode surface on which
the reaction occurs.

+To write such an electrode as an anode, you
simply reverse the notation.

Pt |H,(g) |H" (aq)

Notation for Voltaic Cdlls

= Tofully specify avoltaic cell, itis
necessary to give the concentrations of
solutions and the pressur e of gases.

+|n the cell notation, these are written in
parentheses. For example,

Zn(s)|Zn* (LOM)||H*(aq) |H, (1.0 atm)| Pt

A Problem To Consider

+ Givethe overal cell reaction for the voltaic cell
Cd(s) |Cd?* (LOM)||H*(aq)| H,(1.0atm)|Pt

+Thehalf-cell reactionsare
Cd(s) ® Cd* (aq) +t2€
2H"(aq) +2€ ® H,(g)
Cd(s)+2H"(aq) ® Cd* (ag)+H,(9)
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Electromotive Force

= The movement of eectrons is anaogous
to the pumping of water from one point to
another.

+Water moves from apoint of high pressureto a
point of lower pressure. Thus, a pressure
differenceisrequired

+The work expended in moving the water
through a pipe depends on thevolume of water
and the pressure difference.

Electromotive Force

= The movement of electrons is anaogous
to the pumping of water from one point to
another.

+An electric charge moves from a point of high
electrical potential (high electrical pressure) to
one of lower electrical potential.

+The work expended in moving the electrical
charge through a conductor depends on the
amount of charge and the potential difference.

Electromotive Force

= Potential differenceisthe differencein
electric potentia (electrical pressure)
between two points.

+Y ou measure this quantity in volts.

+The volt, V, isthe Sl unit of potential
difference equivalent to 1 joule of energy per
coulomb of charge.

1vo|t:1%
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Electromotive Force

= The Faraday congtant, F, isthe magnitude of
charge on one mole of electrons;it equals
96,500 coulombs (9.65 x 10* C).

+|n moving 1 mol of electronsthrough acircuit, the
numerical value of the work done by a voltaic cell
isthe product of the Faraday constant (F) timesthe
potential difference between the electrodes.

work(J)=- F(coulombs)” volts(Jtoulomb)

work done by the system

Electromotive Force

= The Faraday constant, F, is the magnitude of
charge on one mole of electrons;it equals
96,500 coulombs (9.65 x 10* C).

+In the normal operation of avoltaic cell, the
potentia difference (voltage) across the
electrodesislessthan than themaximum
possible voltage of the cell.

+The actual flow of electrons reduces the electrical
pressure.

Electromotive Force

= The Faraday congtant, F, isthe magnitude of
charge on one mole of electrons;it equals
96,500 coulombs (9.65 x 10* C).

+|n the normal operation of avoltaic cell, the
potentia difference (voltage) across the
electrodesislessthan than themaximum
possible voltage of the cell.

+Thus, acell voltage hasits maximum value when no
current flows.
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Electromotive Force

= The maximum potential difference
between the electrodes of avoltaic cell is
referred to asthe electromotive for ce
(emf) of the cell, or E,.

+|t can be measured by an electronic digital
voltmeter (next dide), which draws negligible
current.

A digital voltmeter

Electromotive Force

= We can now write an expression for the
maximum work attainable by avoltaic
cell.

+Letn bethenumber of (moal) electrons
transferred in the overall cell reaction.
+Themaximum work for molar amounts of
reactants is
W, .. =-NFE

max — cel
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A Problem To Consider

+ The emf of the electrochemical cell below is
0.650 V. Calculate the maximum electrical work
of this cell when 0.500 g H, isconsumed.

Hg,* (ag)+H,(g) = 2Hg(l) +2H"(aq)
+Thehalf-reactions are
Hg,* (ag)+2e = 2Hg(l)
H,(g) = 2H"(aq) + 2¢€

A Problem To Consider

+ Theemf of the electrochemical cell below is
0.650 V. Calculate the maximum electrical work
of this cell when 0.500 g H, isconsumed.

Hg,"(ag)+H,(g) == 2Hg(l)+2H"(aq)

+n = 2, and the maximum work for thereaction is
written as

Wiax =~ I’”:Ecell
Wiay =- 2 (9.65” 10°C)” (0.650V)

41

A Problem To Consider

#+ Theemf of the electrochemical cell below is
0.650 V. Caculate the maximum electrical work
of this cell when 0.500 g H, isconsumed.

Hg,*"(aq)+H,(g) = 2Hg(l) +2H"(aq)

+n = 2, and the maximum work for thereaction is
written as

Wiax =~ I’”:Ecell
Wiay = -1.25 10° J

42
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A Problem To Consider

+ The emf of the electrochemical cell below is
0.650 V. Calculate the maximum electrical work
of this cell when 0.500 g H, isconsumed.

Hg," (aq)+H,(g) == 2Hg(l) +2H"(aq)
+For 0.500 g H,, the maximum work is

- ’ 5
0.500gH,” 1molH, . -125"10°J _ 309" 10° J
202gH, 1molH,

Operational Skills

# Balancing oxidation-reduction reactions
@ Sketching and labeling avoltaic cell
# Writing the cell reaction from the cell notation

# Calculating the quantity of work from a given
amount of cell reactant

Timefor afew review questions

TEACH
p ._
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