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Chemical reactions at the electrode/electrolyte solution interfaces

Fuel cell Rechargeable battery Catalyst Corrosion
N Charge e Discharge
Fuel | *:// . Air In <:|e_ Z//@\\: e_:> —
CO, HCOO CH;OH Nat H,O Cl™ H,O

|
> t | =
— 11 Charge H+ - -
I o &0 ! /‘ i 0, OH™ Ngt H,0 (I
o | = | <L i o 0 o
H, 0, @ ﬂ Passivating oxide film Fes0a, FeCr0s4
" =T O\ /O 2e=, 2H L o Ht O H

N
H™ | Ly |Unused >\ - Cathode
Excess g Gases 2+
Fuel H,O0| out — > _ Fe
- = = Discharge e
<= D>
Anode 7 | \ Gathode Anod | Cath Anode Fe Stainless steel

L, NE, BEMEBEDEDTINA RCHVT, BALEREET/NA ROBESM. L2,
B CEEREE S5 2. TORE. HEPTHAKICEEERIFT,

F\A ZDBFEPRBLICE N, BRACFREEERUHWET 32 EHNEETHD. Thi

- HBEt
KDHEEMNRE EL. FMHEV. REANDOEZENER I NS,
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Eé./; -:- EE (E D L) 0) E_Eﬁzlg b{Z:.E_I-K Screening by electrolytes

ORI AT Specifically adsorbed anions
S v— Helmholz plane

Helmholz plane Diffuse layer

Ps

Helmholtz model Gouy-Chapman model Gouy-Chapman-Stern model
Helmholtz*** Grahame® N
describes the distribution proposes that some ionic (losing at least partially their hydration e ‘)
of charges at the interface Debye and Hiickel* shell) or uncharged species penetrate the Helmholtz layer and A ¢
between a conductor and propose a linearized specifically adsorb to the surface. Thus, further separating the Stern
an electrolyte solution as solution to the PB layer in inner Helmholtz (locus of the centres of the specifically Electrode potential
a capacitor (Helmholtz distribution (valid for adsorbed ions) and outer Helmholtz layers (locus of the centres of
layer). small potentials). the non-specifically adsorbed hydrated ions).

EIREDLET /LN E!

1853/1879 1910/1913 1923 1924 1951/1963

=
RETOBILERIGIC
&

Gouy* and Chapman* Stern’ Conway, Bockris and Ammar® e -

notice that the capacitance is not notices that the Gouy—Chapman model notice that the dielectric constant of water in the N ﬁé_l\ Jg; 7, F;Ig 7;';& 7& \, \ 7’:
constant and, thus, propose a model in fails in describing capacitance measure- diffuse layer must be a function of distance from the B

which the interplay of electrostatics ments at high charges or potentials and, surface and provide an analytical expression. == BFE -~ =1L &8 K S
and thermal randomization causes the thus, combines the Helmholtz and Bockris, Devanathan and Miiller® mIH I 7c nl o+ b\xﬁ-l-)\
charges on the solution side to be Gouy-Chapman models for the description introduce the BDM model that accounts for a

distributed according to the of the electrical double layer (from now different dielectric constant in the first and second

Poisson—Boltzmann (PB) distribution divided in the Stern (previously Helmholtz) water layers at the interface.

and, thus, not on a single layer but over and diffuse layers). This model accounts for

a finite thickness (diffuse layer). the ions’ finite size and possible hydration. 4
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20034 EH S, @E/)_f\’,ft_jﬁﬁlg AN HE BT _é = (EDL) 7 ¢ ,—|——§— Z t- https://www.quantum-espresso.org/
HD—EDY I a2 L—2arEMizAFEL TS,
|.Strong electric field in ESM method
Helmholtz layer Phys. Rev. B 73, | 15407 (2006)
2.Bias potential Constant-z.method >
control Phys. Rev. Lett. 109,266101 (2012)
3.Screening in diffuse ESM-RISM method v
layer Phys. Rev. B 96,115429 (2017) e
|.Strong electric field >
4. Reference electrode Inner potential method 2.Bias potential control
potential Phys. Rev. Mater. 2, 095801 (2018) 3.Screening by electrolyte ions

4 Reference electrode
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3.Screening in diffuse
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Full DFT model
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D Reference Interaction Site Model (RISM) ZEAIT A ET. £D
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ESM-RISM method
Phys. Rev. B 96,1 15429 (2017)

DFT + RISM hybrid model
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Volmer reaction {, t* ,‘VK"Q
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MO et.al., . Phys Soc. Jpn. 77, 024802 (2008)
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J. Haruyama, MO, et.al., J. Phys. Chem. C, 122, 9804 (2018)
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Electrochemlcal Interface Slmulatlon (EIS) consortium
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Electrochemical Interface Simulation Consortium
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