Electrochemistry - Variables Unite
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* For a spontaneous reaction

— one that proceeds in the forward direction with
the chemicals in their standard states

AG® < 0 (negative)
— E® > 0 (positive)
- K> 1

+ AG° = -RTIn(K) = -nFE°_,
— n = the number of electrons
— F = Faraday’s constant = 96,485 C/mol e~
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Deriving the Nernst Equation
AG = AG° + RT In Q

AG = AG® + RT In Q
_l’lFEceH — _I/ZFECCDGH + RT In Q
RT
Ecell — cell ~ e ln Q
0.0592V

B = Egan = ” log O



INERRSIaEqUAIIoRESImpliied

ANRZIRGNZO SR N HCRINERRSI MU IONNS
SIMPIIICERISEWAYS

g _0.0292 og(0)




=

cell

Wriar lor Corleanrirzitlons Arfa Mot 1Y)

Standard conditions Nonstandard conditions

J + Cathode

[Zn- = 1M _—+[zn*"]=0.010M
[C®*t] =1 M [Cu?*f]=2M

Oxidation Reduction Oxidation Reduction
Zn(s) —> Cu**(ag) + 2¢° — Zn(s) —> Cu’*(aq) + 2¢- —
Zn**(aq) + 2e” Cu(s) Zn**(aq) + 2¢” Cu(s)




=elUlllofltssy Cogsireasgrs deel €2)) Parzrie)

Ovolts=E" 0.059] log(K)
n




Cellatifenrigle) eig) Eejulllogltss) Cogsiteldyr frlo)
geeeligRoieniial

Ovolts=1.10— O°02591 log(K)

(1.10)(2)
0.0591 =log(k)

37.2=Ilog(K)

10°* =K =1.58x10"’



Zn

0.10 M Zr2"

2?2? volits

Porous
Partition

1.0 M Zn?"

Boncenizaiion
)]



Zn

node

0.10 M Zr2"

2?2? volits

Porous
Partition

Zn
Cathod

1.0 M Zn?"

(ONGCeRIaIIon
el



??? Volts

Boncenizaiion

Gell
Zn Parition Zn
node Cathod
0.10 M Zn*" 1.0 M zZn?"
0.0591
E=E’ log(Q)



INerRSIaGalcUiaiions

g O°O’j9llog(Q)

_(0.10)

E’=0.0 Volts n="2 O
(1.0)

E=0,0 - 299! 10g(01°—100) =0.030Volts

2




o

- External

Battery
e- flow
cathode anode
porous
partibon
e- rich €- poor
electrode electrode
Reduction Oxidation
reaction reaction
uses supplies
elecirons electrons
Electrp)ute

Electrolytic Cell




EleCiochemicalicells

* |In all electrochemical cells, oxidation occurs
at the anode, reduction occurs at the
cathode.

— Anode is the source of electrons and has a (—) charge.
— Cathode draws electrons and has a (+) charge.

— Electrons are drawn off the anode, so it must have a
place to release the electrons—the positive terminal of
the battery.

— Electrons are forced toward the anode, so it must have
a source of electrons—the negative terminal of the
battery.



Voltaic Cell Electrolytic Cell

Voltage
Source >
1.10V

‘ ‘ Salt bridge .

Zn?*(aq) 1 Zn**(aq)
Cu?* (aq) Cu?*(ag)

Zn(s) —> Zn>"(aq) Cu’*(aq) + 2¢7 — Zn**(aq) + 2¢- — Cu(s) —
+2e” Cu(s) Zn(s) Cu’*(aq) + 2e”
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is the process
of using electrical energy
to break a compound
apart.

Electrolysis of Water

» Electrolysis is done in an
electrolytic cell.

» Electrolytic cells can be
used to separate elements

from their compounds.
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Electrolysis of Water

Hydrogen
gas

Oxygen £ | Hydrogen

bubbles | - bubbles External source

Anode Cathode
0,(g) + 4H (aq) + 4e” H,(g) + 2 OH (aq)
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EleCinoplating

Electrolytic Cell for Silver Plating

Voltage

source
Silver Object to

electrode be plated
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half-reactions

3Cl, + I+ 3H,0 — 6 CI" + 10;," + 6 H*
0 -1 +1 -2 -1 +5-2 +1

Oxidation: I - 10"+ 6 e-

recduction: Cl, + 2 e~ — 2 CI°
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In this method, the reaction is broken down
Into two half-reactions, one for oxidation and
another for reduction.

Each half-reaction includes electrons.

— Electrons go on the product side of the oxidation half-
reaction—Iloss of electrons.

— Electrons go on the reactant side of the reduction half-
reaction—gain of electrons.

Each half-reaction is balanced for its atoms.
Then the two half-reactions are adjusted so
that the electrons lost and gained will be
equal when combined.



