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• Gooey - CHAPMAN THEORY
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• Diffuse ELECTRIC

DOUBLE LAYER &

DEBYE SCREENING
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DENSITY
DIFFUSE

T 10N DISTRIBUTION

• CAN WE SAY MORE ABOUT THE
1. E.

"

ELECTRIC DOUBLE LAYER
"

CHARGED INTERFACE
^
INTRODUCED IN

THE previous section ?

• E. G. CAN WE pR_EDic7 THE CAPACITANCE
der

c = a - OF THE DOUBLE LAYER FROM
d☐v2

THE physics properties of THE Electrolyze
?

• DISTRIBUTION OF IONIC Species NEAR

THE INTERFACE CAN BE MODELLED AS

AN INTERPLAY BETWEEN TWO EFFECTS :



• ATTRACTION / Repulsion To / FROM THE

CHARGE @ THE INTERFACE .

• Diffusion From Regions of Hioit

CONCENTRATION To REGIONS of Low

"
.

• FORMALLY THIS INTERPLAY IS CAPTURED

By THE Requirement of CONSTANT

ELECTROCHEMICAL POTENTIAL A> ACC

DISTANCES from THE SURFACE .

• CONSIDER AN Electrolyte cow>s-inr.ve

ATTRACTION/

of 5)
'

NGra MONOVALENT SALT :

Repulsion

FFÉ-
O

± 10N : µ±(Z)=m+ + RT by.C±( -2)±F0CZ)
-

CONCENTRATION
[
ELECTRIC

POTENTIAL
• FOR FLAT INTERFACE ,

THE Diff . Form of Gauss
'

LAW Gives :

d
Ereo- F- (Z) = plz) = Fcfz) - FC.cz) =F|C+Cz) - C-(z))

dz

• From E- = -ÑO WE >Has HAVE :

d-
- E-EoIzz

(Z) = F ( C+ (z) - C- (z))



• IF WE ASSUME ONLY WEAKLY CHARGED

INTERFACES , THEN
:

•
he c± = he / Co + oct (z ) )

=L ( co [ I + bC±C-2) ) )To

= be co + bC± (z)

To

so :M± ( z ) =µ°±+RT(lnco +
• '⇒)

IF 0 (z)

THEN :
d2

⇒r±c⇒=°T 1CONSTANT → 2-
-

= RT dZJzz☐c±±fd2Izz
= RT
- sci-T-ETE.EE-1Co E-Eo

THEN
= o - o

= 0

= rsc

"

-

Dc

EOE- ☒
"Poisson -

⇒ Dc
"

=

ZF}° BC BOLTZMANN ⑦
-

EOE- RT EQUATION
"



⇒Csc = ☐co exp (
- Zly
, ))

* FOR

☐Coleco

WHERE ✗
☐

= ( E- EORT )
"2

⑤ µ 2 Co

E. G. ,¥°= 3. off"

DEBYE LENGTH
"

-

(co]
' '
2

☐ Co = be (-2--0) [ IN MOLAR

• FOR A GENERAL ELECTROLYTE WE

*HAVE :

y
,
= (

E-EORT
→

*NOT TO BE zf2EziC;]
"£

CONFUSED W/ i

Gouy 's • i.E .

N sac>s us ✓ACENCIÉS
"

LONGEUR
"

A
Zi AND Buck concentrations

CI .

• BALANCE SHEET ( (( BILAN ) )) :
• TEMPERATURE T

:

• ENCOURAGES Diffusion

• INCREASES TD
• Co

• MORE CHARGE CARNIES

• DECREASES XD

• Er - Pocaeizatsici>y
• DECREASES ELECTROSTATIC

insertion → INCREASES AD



• capacitance of Diffuse
DOUBLE LAYER

• IF WE HAVE A SURFACE CHARGE

@ THE INTERFACE ( 1. E. 2- = °)
,
THEN

AGAIN f-Row Gauss
'

Law a assume - NG

/ F- I = 0 IN THE METAL , WE HAVE :

É.tn?=Qenc

m

"

Ie
.

>
0

⇒ Ax /E#a.) + Else > 0 ) )
2-METALLO

o o ( p
-

Sz

= A ✗ ( r + ¥§(z )
%""] + No dzpcz))

[Eo

But §olf%(z)dz= 0 ,

so : E(z=o ) = I
ErEo

Buy F- (2- =o ) = - 0/(2--0)

**

= + ☐ → _=ErEo loose
"
✗ DC

,

-

dol
XD XD

• Diffuse <

ayga,s, 0 a e-"xD
PARALLEL pea> a cnpacizore Oy

*É
☐Coleco

piece>sic Er 4 PLATE

Sepa-anion ✗
☐
!



• SO WE SEE WHY Gouy OBSERVED

A DECREASING
"

(ONGEUR
"/ INCREASING

CAPACITANCE 07 INCREASING 10N

CONCENTRATION
:

• INCREASING CO INCREASES CONDUCTIVITY

OF SOLUTION , WHICH INCREASES ITS

"

SCREENING
"

ABILITY ,
WHICH REDUCES THE

THICKNESS XD OF THE DIFFUSE

LAYER , THUS INCREASING THE DOUBLE

LAYER CAPACITANCE .

• AGI /AQUEOUS INTERFACE :

REVERSIBLE ELECTRODE

• IN THE MERCURY / ELECTROLYTE
SYSTEMS CONSIDERED SO FAR ,

WE NEGLECTED THE possibility of

CHARGE TRANSFER ACIS THE INTER -
- -

-

FACE , ADMITTING ONLY THE POSSIBILITY

OF CHA_RG / NG ( 1- E-
"

POLARIZATION

"

] OF

THE INTERFACE :



• CHARGING of POLARIZABLE
simplifiedINTERFACE :

t = 0 : [Picture
UNCHARGED : WHERE dvpzc = 0]

SWITCH
-

1T£,
Va R VB

F-
11¥ rm-| ?⃝POLAR-

§
{
° (= IZABLE

"/ Ev intern

pygy,, | g,,,,,zo , face

LYTE
•

✓c

① Va - V☐=VB -Vc = 0

11 11

CHARGING : t ) 0 Q1
,

I→

µ-É•y
-

±×R

t¥ñT% Q

if : ¥1
METAL

ELECTRO -
-

,

#
•

- Q

LYTE

0 EIRE V

Oe QlcevIt
CHARGED : IR + Q /c

= V

+→ no

,⇒E:-,
-

FFT1
METAL

'

ELECTRO -

LYTE

I = 0 Qz = V



• To SUMMARIZE THE DIAGRAM

ABOVE :

• ON APPLICATION OF AN

ELECTRIC POTENTIAL , CHARGE
ACCUMULATES AT A

POLARIZABLE
INTERFACE @ A RATE

DETERMINED By THE

CONDUCTIVITYOF THE ELECTROLYTE

until Q = CV
.

• IF HOWEVER CHARGE TRANSFER

ACROSS THE INTERFACE BECOMES

POSSIBLE , WE MUST ACCOUNT IN

A SENSE FOR THE Fini>e

CONDUCTIVITY ACROSS THE INTER -

FACE i conduction

→- ACROSS

→

-1 R ,

P""aiza☐
iÉ
"

POLARIZABLE =
⇒

"

NON -

-



• IF , FOR EXAMPLE , THE AQUEOUSSOLUTIONCONTAINED A REDOX PAIR ,
3t*

& Fe
,

THE FOLLOWING1.E. Fe

REACTION Becomes POSSIBLE :

It
= It

E-e-
(ag)

+ E-
(Ag)
→ ÉE

(Aq)

• WE NOW HAVE A MECHANISM FOR

ELECTRONS 70 Hop BACK 4 FOR>H

ACROSS THE INTERFACE , SO THAT

THE MERCURY / Aqueous INTERFACE

IS NO LONGER COMPLETELY POLAR
-

I→

Fe
>+ REDUCTION

reais"

¥M¥_§¥±Fest

- c+_: tIR
,
> 0

continuous

⇒0 ←I CURRENT I -1-0

as c-→ • !



• ANOTHER EXAMPLE OF A NON -

POLARIZABLE INTERFACE IS THE

Silver Iotioe [ AGI ] ELECTRODE

IN Aqueous solution .

. AGI IS PARTIALLY SOLUBLE IN WATER :

-

Ag Icso , ,☐]
<→ Agtaq) + Icaq)

→ A solubility product :
- 16

+ -

( Ascap)) / Icag)) =/ 0 molar'

• SINCE THIS REACTION INVOLVES NO NET

CHARGE TRANSFER ,
THIS SOL . PRODUCT

IS INDEPENDENT OF THE ELECTRIC

POTENTIAL
ACROSS THE INTERFACE .

• HOWEVER
,
IT IS ALSO POSSIBLE THAT

A SILVER ATOM DISSOLVES By ITSELF :

+ +

AG(SOLID]
→ AG (Ag)



• Equilibrium is achieved WHEN THE

\

CHEMICAL POTENTIALS OF THE IONS

IN THE SOLID ARE EQUAL TO THOSE of

THE IONS IN Solution :

SOLID Liquid SOLID LIQUID

MAJ MAJ , MI
- MI -

• 10N TRANSFER ACROSS THE SOLID /

Liquid INTERFACE wire occurs un> ic

THE ABOVE CONDITIONS ARE MET .

• IN THE SOLID WE HAVE :

SOLID 0,5

µAg+ =p Agt
+ F

S

ELECTRIC pot .

IN SOLID -

• AND IN THE Liquid , FOR Dilute solutions
:

LIQUID 0
,
L

May =Nag+
+ RTln(AT] + F

"
Icsc

. pot.
5

CONCENTRATION IN (1pct / D

IN SOLUTION

• WE DEFINE A CONCENTRATION (Agt ) :

pzc

0
,
L 0,5

May =Mag
- RTL- (Agt ]pzc



• THEN :

LIQUID SOLID

Mag Mag
=RTln[A - F(É-o' )

(Agt ]pac UT
LIQUID SOLID ☐☒

→Maj Yagi #
Fb

RT

)( (Agt ) -- (AI) epzc
"

NERNST

EQUATION
"

• So Agt CONCENTRATION IS DETERMINED

BY POTENTIAL DROP ACROSS INTERFACE .

• IS IT REASONABLE?

• IF >
E. G. DO 7 0 ⇒ 0s > 0L ,

so Agt
10ns WILL BE REPELLED By positively

CHARGED ELECTRODE CONNECTED TO SOLID

AND ATTRACTED TO NEGATIVELY
CHARGED ELECTRODE CONNECTED TO

LIQUID .

VICE VERSA FOR DOI E 0 .

⇒ WE EXPECT (Agt ) (+0) > (Aj)( - g)
FOR ANY
0 > 0

=exp(+2¥) >. But
cast ](+ $# Agt )(-0 )



• THE Equilibrium I
-

CONCENTRATION

IS INCIDENTALLY DETERMINED By [Adj]
VIA THE SOLUBILITY PRODUCT

i

[ I
-

] = 10"°moLAR
-

( Agt ]% MOLAR

• @ Ios = 0h we Have [Aj ]=(Agt ]
pzc

BUT ALSO : T = € DO = 0
,✓A

←
interfacialSO THAT THE INTERFACE

CAPACITANCE
AREA

NAME WE GAVE

OUR CONSTANT (Agt) IS WELL- DESERVED .

pzc
-5.5

• MEASUREMENTS REVEAL THAT (Agt ) =/On
PZC

So THAT , FOR AGI IN PURE WATER ,

WE

where ( Agt) = (I-1=(10-16)
"

} =/58m
, Have

:

f@ 3001<=-1

DO = RT

f-
ln /¥?.se/=-l40neV ,

so THAT

THE AGI SURFACE SPONTANEOUSLY

ACQUIRES A NEGATIVE CHARGE ,
SUGGESTING A

PREFERRED Affinity FOR BINDING I
-

IONS .



• THE NERNST EQUATION REVEALS THE

NON - POLARIZABILITY OF THE AGI INTERFACE :

1.E. (Agt ) 4 b$ CAN NOT BE VARIED

INDEPENDENTLY -

• IF FOR INSTANCE WE PLACE

AGI in pure WATER , THEN ,

AS WE JUST ARGUED
,
THE

solution will Acquire A

Buck concentration ( Ag) = 15£
AND THE INTERFACE will

Acquire a spontaneous

polarizes> ion D8 = - 140mV

@ Equilibrium .

• THIS 140mV Drop IN POTENTIAL GOING

FROM LIQUID 70 SOLID CAN BE THOUGHT
ELECTROSTATIC

OF AS A 140mW
'

ENERGY PENALTY
4

INCENTIVE FOR DISSOCIATION OF Agt &

I
-

Ions
, Respectively .



• THIS PENALTY d INCENTIVE ARE REQUIRED TO

COMPENSATE THE PREFERENTIAL Dissociation

of SILVER
& EQUALIZE THE FORWARD A BACK -

WARD RXN RATES
,
ESTABLISHING EQUILIBRIUM .

poor>iaµÉÉ+ÉiÉ naw,

ENERGY - - - - -

force F=qE =
-

g- If

g- ✗
☐ 01

Es
dz

y
° [

E"""""" """
INCENTIVE

-

£=+e

DISTANCE 2-
SOLID ← I → LIQUID

• IF WE THEN TRY TO FURTHER

POLARIZE THE INTERFACE BY

Applying
a positive EXTERNAL POTENTIAL

BETWEEN THE SOLID a solution
,
THEN :

n

Now

. I
-

DISSOCIATION IS OVERLY

INCENTIVIZED .

Now
+

'

Ag Diss .

Is
"

OVERLY DISCOURAGED
.



• THEREFORE :

• I
-

Dissociation will PROCEED MORE

RAPIDLY THAN THE REVERSE REACTION

OF ADSORPTION OF É IONS ONTO THE

AGI SURFACE .

• VICE VERSA FOR Agt lows

• THEREFORE , W/ t.me
:

• ( I
"

] increases ,
WHICH

INCREASES
THE RATE of I

-

ADSORPTION BACK ONTO AGI

• VICE VERSA FOR Agt .
- EVENTUALLY THE INCREASE/DECREASE
IN I

-

/ Agt CONCENTRATION will

BE ENOUGH FOR THE FORWARD
&

BACKWARDS REACTION RATES TO

EQUALIZE ,
ESTABLISHING A NEW

EQUILIBRIUM .

• THE Agt concern> RA> ion @ WHICH THE

OCCURS IS GOVERNED By THE NERNST

EQUATION .



LECTURE 3 summary :

• SURFACE TENSION @ METAL /AQUEOUS

INTERFACE IS INFLUENCED By AN APPLIED

POTENTIAL :

• Lippmann EQUATION
:

DV = Yea- ✓SOL
DI = - :

ddv T : SURF.
CHARGE

• INTERFACE CAPACITANCE DENS
. @ SOLID

d2y SIDE of INTER -
= CA

-

FACE
ddvZ

Ca : Diff . CAP . PER

UNIT SURF . AREA

•

"

specific ADSORPTION
"

4

SPONTANEOUSCHARGING OF SURFACE
:

•
D8
-
( bvpzc ) = 0

dav

• CAPACITANCE OF DOUBLE LAYER

DEPENDS ON SOLUTE

CONCENTRATION



• CAPAC . v5 . CONCEN - EXPLAINED By

Gorey - CHAPMAN THEORY
DEBYE
LENGTH

- FOR DC 21 Co : - 2-Ty
,

~

DC (z ) = ☐Coe

D8 = solo e-£11 ,

• Ca = ErE° /
xp

• XD ✗ '

#

• POLARIZABLE VS. NON - POLARIZABLE

INTERFACES .

• AGI , CHEM . EQUIL .

4 THE

NERNST Equation :

( Agt )
D8 = Rtln -

( Agt ]pzc
☐ ¢0 : ☒

5°"? LIQUID


