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(1)	Thermodynamics
(reversibility,	equilibrium)
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@M/S	interface𝑶 𝒂𝒒 + 𝒏𝒆'(𝑴) ↔ 𝑹(𝒂𝒒)

M

Fe3+

Fe2+

S

Pt

e–

’tiny #	of	e–’	
(free	e–,	no	usage	of	PS*)

@equilibrium

Equilibrium

When	an	electrode	dips	into	sol’n,	a	potential	is	established.

(1) A	net	electrical	charge	on	each	of	phase
(2) A	charge	separation	è potential	difference	

b/w	the	M/S
(3) Chemical	process	establishes	electrode	

potential (potential	determining	equilibrium)

𝜟𝑮⊖ = −𝒏𝑭𝑬⊖ = −𝑹𝑻𝒍𝒏𝑲

𝝁𝑨 = 𝜇: + 𝒛𝑨𝑭𝝓

𝜙> − 𝜙? = 𝜙⊖ +
𝑅𝑇
𝑛𝐹 𝑙𝑛

𝑂
𝑅

𝐸 = 𝐸⊖ +
𝑅𝑇
𝑛𝐹 𝑙𝑛

𝐶H∗

𝐶J∗
= 𝐸⊖ +

𝑅𝑇
𝑛𝐹 𝑙𝑛

𝑎H
LM

𝑎J
LN

𝑎:	activity
𝜐:	stoichiometric	coefficient

𝐸⊖ =
1
𝑛𝐹 (𝜈H𝜇H

⊖ + 𝜇RS𝜈J𝜇J
⊖)
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WE

Fe3+

Fe2+

e–

Fe2+

Fe3+

R
E

e–

CE*

i

auxiliary

< <i i
Δ𝑉

Three	electrode	system	(half	cell)

Interest:	only	WE

• The chemical composition of the M
and the Smust be held fixed.
• A small electric current should be
passed through the RE (no electrolysis,
no perturbation of the conc. of the
species)
• Potential term (𝜙JV − 𝜙?) attains its
thermodynamic equilibrium value
rapidly. In other words the potential
determining equilibrium should display
fast electrode kinetics.

Successful	RE	è equilibrium
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7-5.	Converting	potential	vs	REs

Potential	of	A :	–0.220	V	vs.	SHE
–0.417	V	vs.	Ag/AgCl
–0.461	V	vs.	SCE

Potential	of	B :	+0.230	V	vs.	SHE
+0.033	V	vs.	Ag/AgCl
–0.011	V	vs.	SCE
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On	the	contrary,	the	difference	in	potential	b/w	any	two	points	in	the	interior	
of	the	phase	must	be	zero (inner	potential).

𝜙> − 𝜙?

Since	the	rxn involves	the	transfer	of	the	e– b/w	the	two	distinct	phases,	(M)	and	(S,	
aq),	as	this	e– transfer	rxn moves	towards	equilibrium,
a	net	charge	separation	must	develop	b/w	the	M and	S.	
This	charge	separation	creates	a	potential	difference	at	the	M/S interface.

• Phase	potential: 𝝓𝑴 − 𝝓𝑺

Liquid	junction	potential	:	difference	of	cation	&	anion	velocity

electrical	double	layer

ohmic drop

𝜙> − 𝜙? = 𝜙⊖ +
𝑅𝑇
𝑛𝐹 𝑙𝑛

𝑂
𝑅
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Cu Zn

Cu2+ Zn2+

In	the	single	container	(mixing	all)

Zn(s)	+	Cu2+(aq)	↔ Zn2+(aq)	+	Cu(s) ∆𝐺⊖ = −1.11𝐹

è The	zinc	electrode	would	very	rapidly	become	
copper	plated.

Cu Zn

Cu2+ Zn2+

KCl (aq)
w/	salt	bridge

è Considering	‘liquid	junction	potential’	due	to	high
conc.	of	KCl in	the	salt	bridge

è Avoiding	the	copper	plating	on	the	zinc	electrode

10.	Salt	bridge
Liquid	junction	potential	:	difference	of	cation	&	anion	velocity



11.	Liquid	junction	potential	:	difference	of	cation	&	anion	velocity
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(+)

i

< <i i
Δ𝑉

(–)

–

+

𝑙
Electrode	area:	A

● Molar	conductivity,	𝜦 (𝜴-1	cm2	mol-1)

Conc.

𝜅Λ =
𝜅
𝑐

Λ`abc = 𝑎Λd + 𝑏Λ'
(a,	b:	mole)

The	cations	and	anions	move	independently	of	each	other.

The	movement	of	the	cation	and	anion	
constitutes	the	flow	of	i in	the	bulk	of	the	sol’n.

𝜅 =
1
𝜌 =

𝑙
𝑅𝐴 =

(𝐼 𝐴⁄ )
(𝑉 𝑙⁄ )

𝜅 :	condutivity	(Ω-1m-1)
𝜌:	resistivity	(Ω	m)
𝑅:	resistance	(Ω)

current	density
voltage	gradient

∴	Conductivity	∝ Current	density	(j,	velocity	of	ions)

● Migration	of	ion	in	S
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+(–) (+)

electrical
attraction

viscous	drag

Electrical	force	=	viscous	force

𝑧𝑒
𝑉
𝑙 = 6𝜋𝑎𝑣𝜂

Λ ∝
𝑣
𝑉 𝑙⁄ ∝

𝑧𝑒 𝑉 𝑙⁄
6𝜋𝑎𝜂 𝑉 𝑙⁄ ∝

𝑧𝑒
6𝜋𝑎𝜂

Viscous	force	(Stokes’	Law)
A	frictional	force	due	to	the	movement	of	the	ion	
past	and	over	‘solvent’	molecules	which	serve	to	
impede	the	progress	of	the	ion

a:	radius
𝑣:	velocity
𝜂:	viscosity

● Single	ion	molar	conductivities

è Λ	should	be	large	for
● Small	ions
● Highly	charged	ions
● Solvents	of	low	viscosity
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co
nc
. HCl (C2)

HCl (C1)

distance	x

● Liquid	junction	potential	(at	different	conc.	and	transference	#)

● Diffusion

Conc.	gradient:	from	high	conc.	to	low	conc.

Flux	=	D x	conc.	gradient (mol cm-2 s-1)

Nernst-Einstein	eq.
D:	the	diffusion	coefficient	of	the	moving	species

𝐷v = Λv
𝑘x𝑇
𝑧y𝑒y
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● Liquid	junction	potential	(at	different	conc.	and	transference	#)

● H+ and	OH–:	large	conductivity
èWhereas other ions are pulled to the

electrode by coulombic attraction and
move by pushing aside solvent
molecules, the H+ and OH– ions can
take advantage of the water via
hydrogen-bond (much less frictional
resistance)

èGrotthuss mechanism
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co
nc
. HCl (C2)

HCl (C1)

distance	x

diffusion

co
nc
.

C1

C2Cl–H+

Liquid	junction	potential

● Liquid	junction	potential	(at	different	conc.	and	transference	#)

𝑗{| = 𝐷{|
𝜕 𝐻d

𝜕𝑥

𝑗�bS = 𝐷�bS
𝜕 𝐶𝑙'

𝜕𝑥

(1)		Initially	jH+ is	higher	(diffusion of	H+ is	faster)	than	jCl–

è Charge	difference	and	potential	difference	will	be	
set	up	across	the	interface	b/w	the	two	sol’ns.

(2)	Then	the	rate	of	the	Cl– transport	will	be	accelerated	(since	migration will	now
contribute	to	the	rate	of	transport)	and	the	H+ transport	rate	will	be	retarded

(3)	Ultimately	a	steady	state	will	be	reached:	a	potential	difference	will	exist	
at	the	boundary	of	the	two	sol’nsè a	liquid	junction	potential.

𝐸��� = 𝑡d − 𝑡'
𝑅𝑇
𝐹 𝑙𝑛

𝐶y
𝐶�

• related	to	transference	number	(ionic	conductivity)
• concentration	ratio
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𝐸��� = 𝑡d − 𝑡'
𝑅𝑇
𝐹 𝑙𝑛

𝐶y
𝐶�

ex	1)	LiCl:	t+ :	0.34,	t– =	0.66
è 66%	of	the	current	is	carried	by	

the	Cl–

ex	2)	KCl :	t+ :	0.49,	t– =	0.51

● Transference	number	(t+,	t–)

𝑡d =
Λd

Λd + Λ–
𝑡– =

Λ–
Λd + Λ–

The	fraction	of	the	current	
carried	by	the	cation	and	the	anion
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10.	Salt	bridges

Cu Zn

Cu2+ Zn2+

In	the	single	container	(mixing	all)

Zn(s)	+	Cu2+(aq)	↔ Zn2+(aq)	+	Cu(s) ∆𝐺⊖ = −1.11𝐹

è The	zinc	electrode	would	very	rapidly	become	
copper	plated.

Cu Zn

Cu2+ Zn2+

KCl (aq)
w/	salt	bridge

è negligible liquid	junction	potential
è e.g.	measurement	of	standard	electrode	potential

ex)	saturated	aqueous	KCl (5	M)	w/	the	half	cell	containing	0.01	M	Cu2+

𝐸��� = 𝑡d − 𝑡'
𝑅𝑇
𝐹 𝑙𝑛

𝑐2
𝑐1 = 0

(1) K+ and	Cl– diffusing	out	of	the	salt	bridge	
(but	tiny	amount	of	Cu2+ in	the	opposite	direction)

(2)	𝑡�| ≈ 𝑡�bS ≈ 0.5
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𝐸��� = 𝑡d − 𝑡'
𝑅𝑇
𝐹 𝑙𝑛

𝐶y
𝐶�

• Representative	salt	bridges	(similar	:	t+,	t–)
(1)	an	aqueous	solution	of	KCl
(2)	a	solution	of	ammonium	nitrate	electrolyte
(3)	porous	frit
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12.		Good	example	for	usage	of	
Nernst	equation

J.	Am.	Chem.	Soc.	2013,	135,	4450-4456.
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Figure	2.	SEM	images	of	the	morphologies	of	Li	films	deposited	in	electrolyte	of	1	M	
LiPF6/PC	with	CsPF6 concentrations	of	(a)	0	M,	(b)	0.001	M,	(c)	0.005	M,	(d)	0.01	M,	and	(e)	
0.05	M,	at	a	current	density	of	0.1	mA	cm–2.

J.	Am.	Chem.	Soc.	2013,	135,	4450-4456.


