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1 Basics
The dielectric flux density D (FEH%E) is related to the charge density p(r)

divD = p(r) (1)
D = e¢E = —ecograde (2)

Here € and ¢ are the dielectric constant (with no dimension) and electric permittivity of
free space [8.854187817 x107!2 Fm~! (= CV~'m™!)], respectively. E and ¢ is the electric
field and the potential. Using the Gauss theorem
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In the limit that the Gauss box is very thin (thickness — 0)

[ 9= Qux=n-1-D_+D.Is (1)
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where vector n means the surface normal unit vector pointing from media (dark part of the
Fig.1) (-) to (+).

n-[-D_+Dy]=[-(D-).+ (D4):] = Qvox/S =0 (5)
where o means the interface charge density. Using (D), = —eped¢/dz|+, we can write
CORDRIV RN
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€0€_ d(f’_ — €0€L d—f =0 (6)
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Figure 2: Electric double layer: Helmholtz model(left) and Gouy-Chapman-Stern
model(right)

2 Helmholtz model

In this model the counter ion is located only at the outer Helmholtz plane(OHP) (See Fig.2
left)
oM + ooup =0 (7)

There is no electric field(potential slope is zero) in the metal, thereby at the metal surface

dg

—€0€inner a

= O0OM (8)
M+

There is no field outside OHP because there is no charge

d
€0€inner digb = OQHP (9)
OHP—
From Eq.(7) J
—(b — oM const. at inner layer (10)
dz €0€inner

If the thickness of the inner layer is given by d, the potential drop A¢ is given by

Ap=——TM g (11)
€0€inner
This is the analog of capacitor
B €S . dQ  _dV
Q = CV, C= 7 Z_dt_cdt (12)

3 Gauss law in the diffuse layer

Now we assume the charge density of the electrolyte change in the z direction. Then we just
consider z-dependence of the dielectric flux density and potential.
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Figure 3: Gauss box of the diffuse layer

At z = z; we assume ¢(z1) = 0 and d¢(z1)/dz = 0. If we apply the Gauss law to this
box,

/drV~D:/D~dS (13)
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There are six planes in this box, but there is only one plane where the surface normal
component of the electric flux denisty is non-zero.

() - n(20)S = ~(D).| S = ~(~eoeD)| s (14)
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If the diffuse layer is located at the right side,
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Figure 4: Gauss box of the diffuse layer. In this case the diffuse layer is located at the right
side.

Q = D(z) -n(z)S= D).|,-S= —eoe% 7S (16)
606% ) —% (17)

4 Gouy-Chapman-Stern model with specific adsorption
at inner Helmholtz plane (Fig.2 right)

To explain the experimental results the electric double layer of the series capacitor with
inner and diffuse layer is used.(Gouy-Chapman-Stern model) Halogen ions such as C1~, Br~,
I~ adsorb on the noble metal electrode. We assume that this specific adsorption is taken
place on the inner Helmholtz plane(IHP). Please note that the from the electrode to the
OHP there is no charge but neutral solvent molecules can enter. Then the position OHP
zoup may be given by the radius of the electrolyte ions with the smallest size. This model
automatically include the cases (I) no specific adsorption ogp = 0(GCS), (II) no Stern layer

and no adsorption (GC theory).

om +omp +ooup +toge = 0,  oomp =0 (18)
d
@y (19)
dz |y_
d
ONM =  —€0€inner ﬁ (20)
dz [y
== *eoeinnerw (21)
dimp
d d
€0€inner diqs — €0€inner did) = OIHP (22)
IHP— IHP+
d d
€0€inner diqs — €0EGC di(b = OQHP = 0 (23)
OHP— Z |oHP+
d
occ = —(om + omP) = €€Ge df(b (24)
% loHP+

At diffuse layer z > zopp, the GC theory can be applied

divD = p, D=¢eE, E=-V¢ (25)



p = ZZn exp< Z}f;?”) (26)

¥ (Vo) = o3zt exp (L) 0
d2¢ Z’Le(b(z)
Tz 606Gczzn exp( T ) (28)
dp\ d¢ d (d¢\ 1d [dg)’
- (dz) dzdgb( ) 2d¢(d2) )
Then 9
/d<dz> ——60€Gc/d¢ZZn exp( kT ) )
2
() - 2 ()
_ 2kpT Zieg(2)
= EOEGC;n? {exp< 1T > 1] (32)

where we assume that ¢ = 0 and d¢/dz = 0 at z = co. We have two solutions d¢/dz =
£,/ 1, and take " =7 for ¢ = 0,d¢/dz = 0 at z — oo and take "+” or ¢ = 0,dp/dz = 0 at
z — —o00. We will see the reason why below.

% N Z _ [exp (‘Zk;?@) _ 1} (33)

€0€GC

4.1 symmetric electrolyte

If the electrolyte is symmetric (Z : Z electrolyte), ie. Z, = —-Z_ = Z,

(In the case of the unsymmetrical electrolytes such as 1:2, 2:1, the analytical solutions was
given by David C. Grahame. JCP, 21, 1054-1060. However I recommend the numerical solu-
tion of Poisson-Boltzman equation (Eqs.27-28) in the 1D case for complicated electrolytes.)

5 o () 1] = o () o (£282) o]

Z
= 4n°sinh? (2k6?> (35)
B
X/2 _ —X/2\ 2 X -X _9
sinh?(X/2) = (e - ) = “4 (36)

d 8kpTn° Z
@ _ — /=2 " sinh e9 (37)
dZ €0EGC QkBT

The number density n°/m~2 is given by n°® = 1000 N c* where the concentration of electrolyte

in bulk is given by ¢*/mol dm™>, Avogadro constant N, /mol™*.
If the electrolyte is symmetric (Z : Z electrolyte), i.e. Z, = —-Z_ = Z,

d¢ 8000k TNac . . [ Zed
oY VB ATAT aoh
dz V7 eeae O (2kBT> (38)

Potential profiles ¢(z) can be obtained by the integral

¢ do 8kpTn®
/ oy ke / dz (39)
doHP blnh( €0EGC  Jzomp




exp(Zep/(2kpT)) =@ £ § 5L

2kpT 2kpT d®
¢ Ze 0% do=—7g

/‘P 2kpT  2d® _ [8kgTn® (2 - 7omp)

Pounp Ze (I)((I)_CI)—l) €0EGC oHp

2 1 1
P2—-1 Pd—-1 d+1

QkBT(ln P -1 —1In (I)OHp—l) _ 8k‘BTTLO(z_z )
Ze ®+1 Popp + 1 N V  eoeac OHP

(43)

_ 2kgT (In exp(Zeop/(2kpT)) — 1‘ I exp(Zeponp/(2kpT)) — 1 )
Ze exp(Zegp/(2kpT)) + 1 exp(Zepoup/(2kpT)) + 1
_ 2kBT In { tanh(Ze/(4kpT)) }
Ze tanh(Zeponp/(4kpT))
(44)

If the electrolyte is symmetric (Z : Z electrolyte), i.e. Zy = —-Z_ = Z,

tanh(Zeg/(4kpT))

— explon(z—zomp)], K= 220N )
tanh(Zegonp /(AkpT)) | PITRETEORRIL, R kT

The potential profile are shown in Fig.4.1.

04

0.3 M NaCL

02

OUTER HELMHOLTZ PLANE

POTENTIAL IN VOLTS
'
- v
B

A
L—INNER HELMHOLTZ PLANE

L—MERCURY SURFACE

o z )
DISTANCE IN ANGSTROM UNITS

Figure 5: Calculated potential profiles in EDL for Hg in contact with 0. 3 M NaCl at 298 K.
At positive electrode potentials the profile has a sharp minimum at IHP because CI~ is specifically
adsorbed. D. C. Grahame, Chem. Rev. 1947, 41, 441-501.

In the case that ¢ = 0,d¢/dz = 0 at z — —o0, we take ”plus” term in Eq.(32) and the
integrals are changed from z to zopp.

do [8000kgT Nac* . Zegp
- = —— — sinh 4
dz €0EQC st (2k3T> (46)

poup ZOHP
/¢ db.. = +y/ofm (47)

z

tanh(Ze¢/(4kpT)) B | 2Z%e2n°
tanh (Zedonp /(1hpT)) ORI T zome)) = e T (48)




4.2 In the case of no specific adsorption

Let’s consider case (I): no specific adsorption. In this case ogp = 0, then

d
OM = —€0€inner d;b’ (49)
M+
d d
€0€inner 7(1) — €0€inner ﬁ = OIHP = 0 (50)
dz |ypgp_ dz |1gp
d d
€0€inner d7¢ — €0EGC diqz5 = OQHP — 0 (5]—)
OHP— Zlonp+
d
oac = —(om +omp) = —0om = €peac £ (52)
OHP+
There is no charge in the Stern(inner) layer and if we assume €nner = €go(= ew),
d d
d¢ _ B (53)
dz | pry dz | onp+
B dp| dg B 8kpTn® . ( Zeponp
On —  —€eEw df = —€QEW ? — €QEW ————sinh enT
M+ Z |oHP+ €0EW B

Z
\/8kpTegewn? sinh ( cdonp ) (54)

2kpT

In the last equation we assume that the electrolyte is symmetric (Z : Z electrolyte), i.e.

Z, = —Z_ = Z. The number density n°/m=3 is given by n® = 1000Nac* where the
concentration of electrolyte in bulk is given by ¢*/mol dm ™, Avogadro constant N /mol .
Z
on = 1/8000ksT Naepewc* sinh Zegour (55)
2kpgT
QkBT . oM
= ——arcsinh 56
domp Ze <\/8000NAkBTeoewc*> (56)
If we know the surface charge density o, we can get ¢poup-
2kpT
¢oup = ZBe (X + /X2 +1) (57)
oM
= 58
\/8000NA]€BT606VVC* ( )

4.3 concentration dependence of the electric double layer effect

If Z=1,0nm <0, and |Zegonup| > 2kpT (dponp < -52 mV at 300 K, sinhz ~ —e~*/2), then

( ePoHP ) w—1/2 oM
exp | — ~ —2c
QkBT \/SOOONAkBTéoew
2
sinhz = e ,26*2 =X, arcsinhz =In(z + /22 +1)

eQac + 6—2:6 )

(59)

2x —2x 2 x —x
x2 = e T TRy e TS e e /Xt

4 4 ’ 2
x = arcsinhsinhz = arcsinhX, arcsinhX = In(X + v/ X2+ 1)

In(X ++/X2+1)

sinh z et —e™ 7" e — 1
tanhz = = = =X
coshz e* e * 2241

1-X 1 1-X
2z 2z 2z 2z
-1 = X 1), 1-X)=X+1,e¥ = o=
c (™ +1), e J=X4Let=rsr =g ‘1+X
1 1-X 1 1-X
arctanh(tanhz) = arctanhX =z = —1In , arctanhX = —In ’ (60)
2 1+ X 2 1+ X




2kpT w—1/2 oM
$our = -— In(—2¢
e /000N AkpTegew

= _ 2kpT —llnc* +1In (—2 oM )) (61)
(& 2 \/8000NA]€BT€0€W

The concentration depenence of the redox reaction rate can be calculated when we assume

¢2 QSOHP

(an — z)egs

(an — z)edponp

Inkepp = mInk®+ T =Ink’ + T (62)
- 2kpT 1
g0 (an — z)e  2kp L 1( >>
. + kBT (& 2 ne 4 \/SOOONA]{?BT€0€W
1 oM

= Ink®—2(an— ——lnc*+In| -2 63)

nhk — 2an Z)( g et n( \/8000NAkBTeoew)> (
logyg kapp = (10g106)1nkapp (64)

31 Z=1,0m >0, and |Zegoup| > 2ksT (¢oup > 52 mV at 300 K, sinhz ~ €*/2), then

exp COOHP \ g —1/2 oM
QkBT - \/SOOONA]CBTEQGW
¢oup = 2kpT In (2¢*1/2 oM )
e V/8000N kgTegew
1
= 2kpT (— Inc* +1n <2 oM )> (65)
(& 2 \/SOOONAkBTG()EW

The concentration depenence of the redox reaction rate can be calculated when we assume

@2 = ¢ouP

Ik = k04 QP =2e (2ksTN (L (o oM
arp kgT e 2 V/8000N kgTegew
1 oM
= Ik’ +2(an—2)(—=Inc* +1n (2 66
naRlan =) ( g e ( \/8000NAkBTeoew)> (66)
3
exp(lnz) = =, Ine® =z, 10810 % — g log,o 10" =z
e’ =y
Ine* = z=Iny, logqye® = xlogige =logigy
Inylogijpe = loggy, Iny = Eiiz
10
logg e = 0.4342944818, = 2.302585094

logg e
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Figure 6: Dependence of the rate constant (top) and ¢o (bottom) on the electrolyte solution.
The calculation is done by GCS model and the parameters used are shown in the figures. In
the top figure the calculated results by Eq.(44) and (45) are shown and they give the almost
the same results, because the condition |Zedoup| > 2kpT (doup < -52 mV at 300 K) is
satisfied. The difference of the slope of the top figure is due to (an — z)e/(kgT).

5 Appendix

BRICFEZHIE LT 2ZAEBKOMTEA_EHEBEN L D26 R0nE ) S22 RAE, &
K2 BREOMEX, BRRYE L HE - BRI R B, (LER0EAF, BRAY (XD
R A7 ZADFER]) ZHEL TR ED, K brohwWERTHZ XHIE, UTZN
TR L7z,

5.1 &, divergence, Gauss DEE

G, BICKE L 72 R7 PV EEZ K5, W21, S5t r IS8T 2WE O (FAZRH,
HAZHRRY 72 ) OWEOBEEER 7 FL) % J(r) LB, &, TR () DXHcricsld3
SLITROWA RS dV = dadydz 2525, X7 PV I TSI TEZLS (K (b)),

J=Ji+J,j+ J.k (67)

MO ARRICHAD T2 RIZ FOEXTER) DEICRD, Z0A5BMAERBENO TYEE
(BEXAERE) 122 3DT

0
a—i}dxdydz = [Jo(z +do) — Jp(x)]dydz + [Jy(y + dy) — Jy(y)]dedz + [J.(z + dz) — J.(2)|dzdy
(68)
O, aJy 0J.
= | 5 dx)dydz + | By dyldzdz + | o dz]dzdy (69)
op  0J, 0J, OJ. (.0 .0 5} . . B L
% = B By 5, <16$ +J3y+k(9z) (Joi+ Jyj+ k) =V -J=div]
(70)



L5, Thbb, JORKBIMAEREICHAD T282E£T, F72 Eq.(68) XX (c) IKBWT
SETTRD BT TOERBALR Y PV n(liOMNASICHRZ L 5,) LI EDNBEDICE S,
Tbb,

[Jo(z + dz) — Jy(2)]dydz + [Ty (y + dy) — Jy(y)|dzdz + [J.(z + dz) — J.(2)]dzxdy
= Y J-ndS=dividzdydz (71)
six surfaces

X (d) IcH2 &9 h—MOBREL T2 bD%E, MAKREICHEILETOMNE LS L, ik
FTEL TV LTI, J -ndS ZITHHELAY, RIMKREZIPES, (Gauss DEH)

> divIdv = > J.ndS (72)
all dV exterior surface
/dVdiVJ = /dSJ-n (73)
. @ I®
Y
x //dz
- d
dx
®) Jy(y+dy)57 Jz+dz)
Ji (%) J (x +d)
7]
Uy ) Loy O
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/
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Figure 7:

5.2 Coulomb DEB, E1H, AV ADEE

6@fh£'§'§$%?€)“)ﬂ{$%%iéo JRRICH B EM qo & r I D EM g ORI < Coulomb
JIF

1 qogr
" dmeeg T2 1 (74)
THZo6N%, q PMESELE 13,
F = ¢E (75)
THEZoNn5DT, .
dor
47T€60 r2y (76)
THb, COBBRTZ P NVIIH T ADERZHEHT 3 &
/ dSE -1 = / AV divE (77)

BER7 P VIR D TUTORD & 9 2Bk % 2, ZoROEOmES 252 5%, M
BEHE dS DERR7 PV, n=r/r L2 5DT

1 1 1
/dSE~n - /dS B(E-5) = D[4 = D prp2 = L (78)

dmeeg T2 \1r 1 4mreeq 2 4meeq T2 €€

=1



Figure 8:

qo 1 IBRIENICH 2 BEREEOEI R L R Y50 T

Qo _ L dvp@):i/ddeE (79)
€€Q €€p
E% b, fE-TC,
dvE = P® (80)
€€p
divD = p(r) (81)
PEoN3,

5.3 EDLIIXERILFEEICIEEDELSICEZSNTWSDOH?

HNFE, 554 MEEESEE74—745 (20054 1H1 4H) OENX (Rev. Polarography
2005, 51, 260. & H #¥L CTHIH)
CERCHEHBELWIDIE, FLY VX ) —TYEOSNPEFBEEE A NET 59 AT
k. bitbnZ K68 2 JENHTY, Eit-HEEHROOAREICIZM (22375 0wX 5 DT, &
WEDH DD DED, ZND R VEMIZIE L ZHVEL0LLS, HET IDITITH ViR,
ziC, BROHEHBICHTZ2MMIZE) LThHLEbLICHRDEL, PEELTHI S LW
FETEII, L0 ZEDBLVLDTIERNWTLEID, L2L, dBAA, ™HOEbbiRINn
Eaokw 2oz, LwIiblhic, BRATEBIIBRIEOWMRE LTE T F ¢ EES
L. A=RN=F v 29 R EDEHEZR T L2 LHIC, 2OHL 2R S Nz nEdnik
T/ A= VOHBEOBEMRIISHMCOEETH LI L3I ETHLH D FHA, DUITIE”
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5.4 Electric double layer at liquid-liquid interface with Gouy-Chapman-
Stern model with specific adsorption at the interface

The EDL at the liquid/liquid (oil/water and room-temperature-molten-salt/water) interface
can be calculated by the extension of the theory of EDL for the solid/liquid interface. The
dielectric constant of DCE (and RTMS) is ¢; = 10.42 and that of water is e = 78.5. The
inner layer thickness of water and DCE(and RTMS) is 2.125 A. The inner layer thickness of
water and DCE(and RTMS) is 2.125 A. The potential difference between the two phase is
defined as

AYp =" —¢° (82)
In the following we consider the specific adsorption at L|L interface, but if there is no specific
adsorption please set Qs = 0.

Qs

________________________________________________

dp/dz =0 dg/dz = 0

¥ E % S Gauss Box 145 & UGauss Box2HDEHQ,,Q,
ELABEICHRRREL-STFOEREQLT .

BERWPiEosst: Q,+ Q.+ Q, =0
Figure 9: EDL at Oil (left)|[Water (right) interface

Before going to the numerical calculation, we should reformulate the equations. In the
Gauss box 2 ¢ =0,d¢/dz =0 at z — 400, we can get

d¢ 1 @

dz Z;— N €p€2 S (83)
do|  _ [S000RTNac . (Zeo(:F) )
dz ot B €€ 2kpT

L@ _ SOOOkBTNA62 Zed( Zed(z3 ) ) (85)
ez S\ €0€n 2%kgT

! Q2 = slnh(Zed) 21 ) (86)

~ /8000e0e2kpTNach S 2%pT
2k T
o) = T I(X+ VX241 (87)
1
X = - @ (88)

/8000€0e2k 5T NaCs S

The potential profile can be calculated by

tanh(Ze¢/(4kpT)) = tanh[Zep(z5)/(4kpT)]exp|—k(z — 22)], (89)
k= /27%e2n°/(egeakpT) = \/QOOOZQeQNAcg/(eoengT) (90)

X = tanh[Zegi)(z2 /(4kpT)] exp[—r(z — 22)] (91)

o) = “2n| Ty (92)
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At the OHP z = 29,

dp|  do
dz - T dz s (93)
2 2
Between zp and zy there is no charge, then
d
d—f = constant (94)
At the interface z = z,
9 _ 66@ —66@ _ O @ (95)
S Tzl " dz . S S

In the Gauss box 1 ¢ = ¢°,d¢/dz = 0 at = — —oc. In this case p(z) = e, Zin) exp|—Z;e¢/(kpT)]
is not converged to zero at z — —oo. If we use the new definition of ”biased-
potnetial” o = ¢ — ¢° * |

lim p(z) = lim eZZn exp|—Ziep(2)/(kgT)] =0 (98)

Z——00 Z—— 00

We take "plus” term of Eq.(32) and then we can get

dyp 1 Ql

— - 99
dz |, €0€1 (99)
dfgp /8000]€BTNA61 Zep(z1) (100)
dz . €n€1 2/€BT

N
1l /SOOOkBTNA01 Zep(z1) (101)
€0€1 S €0€1 k‘BT

\/80006061]€BTNA01‘ S 2]{;BT

2k T
pz) = (X +VX2+1 (103)
X = - : %

T /R000epe kpTNac; S (104)
In the Gauss box 1 we should use Eq.(48). The potential profile can be calculated by
tanh(Zep/(4kpT)) = tanh[Zep(z))/(4kpT)]explr(z — 22)], (105)
Kk = /27%e2n°/(egexkpT) = \/2000Z262NAC§/(€062]€BT) (106)
X = tanh[Zep(z7)/(4kpT)] exp[r(z — 22)] (107)
oz) = QZ%T In ‘hﬁ (108)

5.4.1 Algorithm

1. If there is no specific adsorption, just set Qs = 0.

2. €1,21,C], €2, 22,5 are given. 1:1 electroyte solution is assumed and the bulk concentra-
tions of oil and water phase are given by c¢] and c5 respectively.

3. the potential difference AY ¢ = ¢ — ¢° between the water and oil phase is given.

4. In the beginning we use the reference ¢ (z = +00) = 0.

4If we consider the i ion distribution between oil and water phase, the electrochemical potentials between
the two phase are the same.

pe® + kpTInag + zie¢® = pi™ +kpTlnal + ze¢™ (96)
ow ©,0
ai’ P My zie(¢" — ¢°)
= = A A et S AN A4 97
a0 exp| T Jexp| T ] (97)

I can not understand this relation for ¢ ion and the electrolyte distribution defined above is consistent or not.
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10.

11.
12.

13.

14.

15.

16.

17.
18.

. We take some value for @)s. This may be potential-dependent Qs(A¥¢). Qs may be

determined from some experiments and/or theoretical model.

. We set a value to Q3. The calculation loop start here.

Q1 =—-0Qs— Q2

. We can determine ¢(z5 ) from ¢(z) = (2kpT/Ze) In(X + VX2 + 1),

X = —(QQ/S)/\/8OOONAI£BTGOEQC§.

. From the relation at zo, dé(z))/dz = Q2/(€p€2S) = do(z5 )/dz, we can determine

the potential from zd to 25 . ¢(2) = ¢(25) + (2 — 22)do (25 )/d>

Using the equation  ¢(z) = (2kpT)/(Ze)In|(1 — X)/(1 + X)|,
X = tanh[Zep(25)/(4kpT)] exp[—k(z — 22)], we can get the potential profile.

In the oil phase (z < 0), the new potential p = ¢ — ¢° should be used.

From the following relation we can detemine do(z; ) /dz = dp(zy )/dz, eerdo(zy)/dz =
—6062d¢(2$)/d2 — QS/S

From ¢(zg) and d¢(zy)/dz, we can determine the potential between zj and 2.

$(2) = ¢(z0) + 2[do (29 ) /dz], o(2) = $(2) — ¢°.

The potential slope d¢(z;")/dz should be the same as the slope obtained by epe1de (27 ) /dz =

—-Q1/S.

The potential slope dp(2; )/dz should be the same as \/(8000kgT Nac})/(eo€1) sinh[(Zep(z1 )/ (2kpT)].

If not back to process 6.

Using the equation tanh(Zeg¢/(4kpT))/tanh(Zed(zy)/(4kpT)) = explr(z—z3 )], k =
V/(2Z2e2n}%) /(eoekpT), we can get the potential profile for z < 2s.

Now we can check lim,_._ o, ¢(z) = 0. If not go back to process (6).

If the numerical solution is consistent, the calculation is finished. We replot the poten-
tial in the new definition ¢(z) = ¢(z) — ¢° in the water phase.

Qs

Q1 Qz

Z % %

do/dz =0 de/dz : 0

BTEHS? Gauss Box 18 & UGauss Box2RDEH Q,,Q,
ELREICHRERELSFOEHEQLT S,

BROFHOEH: Q + Q.+ Q, =0

Figure 10: EDL at Oil (left)|Water (right) interface
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Figure 11:

6 Numerical solution of 1D Nonlinear Poisson-Boltzmann
Equation

If you do not like the solution above, we have another solution. By numerically solve the
Nonlinear Poisson-Boltzmann equation, we can get the potential and density.

Zieg(r)

—oV - (e(r)Vo(r)) = Zzn exp< T ) (3D case) (109)

—eodd [e(z )d(igﬁ( ) eZZn exp( Zk;g;( )> . (1D case) (110)

The detail of the 3D numerical solution was given by Soda et al. and will be described soon.

6.1 EDL from second harmonic genaration(SHG) spectroscopy

From the potential dependence of the SHG signal the EDL at metal/electroyte interface can
be detected by optically!!. If the surface electron is free electron like, the cubic nonlinear
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susceptility become domninant. The SHG signal can be written as
2
S o |[F(x” +x? +x{f a®) (111)

Here F' is the Frensel factor, and X§2),X§2),X§’Q is the bulk, surface, and effective cubic
susceptibility, respectively. A® is the potential drop at the metal electrode.

GUYOTSIONNEST and TADJEDDINE reported the potential dependence of the SHG
signal of Ag(111) and Au(111). (J. Chem. Phys. 1990, 92, 734-738.)

-

Y a:A =1064 nm

(SHG] 2 ( arb. unit)

-1.0 1 -0.5 E (V/SCE)
0 | I

Figure 12: Square root of the nonlinear signal as a function of the potential for Ag(111) in
0.1 M KClOy4. Scan rate 10 mV /s. pzc(shown as arrow) and the minimum of the parabola of
the SHG signal is in good agreement.

a:.A = 1084 nm

(SHG] 2 (arb. unit)

Figure 13: Square root of the nonlinear signal as a function of the potential for Au(111) in
0.1 M HCIOy4. Scan rate 10 mV /s. There is no minimum of the SHG signal and pzc(shown
as arrow) can not be determined. The inter-band transition and plasmon resonance at 2w may

enhance the Xl()z) +X§2) contribution and the relative contribution from cubic nonlinearity become
smaller.
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Figure 14: Square root of SHG as a function of the potential at 1064 nm at various angles
of incidence for Ag(111) in 0.1 M KClO4. The SHG signal strongly depends on the incident
angle. This is due to the Frensel factor dependence of the incident angle. (A. TADJEDDINE,
P. GUYOTSIONNEST, J. Phys. Chem. 1990, 9/, 5191-5196.)
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