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Fig. 1 (A): Scheme of the reaction-center model, Pt-H--- H'(OH,) (OH,), for HER; (B) Potential-dependent activation energies

and the structures of the reduction/oxidation precursors obtained from the reaction-center model®.

wF-cm?(& 2(C)), L SZEE R RIS S Tt Pe(111)# 1 b & 4 19 HER W RE 22 ( Heyrovskey
AL F AT B R RS2 A T e 2 AR K Z T H,O R Volmer 2 1) Bl 25 HL 32 (1) 34 Jin i BAIG (1] 2(Dy) B2
¥ JBE (A28 i /IS SR B DA [] 1 L 34 R 5 Bl J5 , Neurock %5 fii FH AU 25 455 70 1) 7 1 ok 4
TEANTE LR/ T RV RE 2. X TR db DR TN )2 (K 3(A). FEXS B iRl H
WL N AN PR S (I8 (AS) i AR (TS) 3 A 26 Al P M B U (slab model) #2481, 7K JZ I A B 43 &
BFS)H A2 AU VB SRR JFd b T b5 A O T R A 2 [R] ) A R
FEFAHEARBNTE AU AR OV e 22, AT B VST A B Ak 3 sk 0 o v A e B0R L SE

@0, =112
¥ B =118
@, =12

E, [eV]

U vs NHE [V]

B2 (A) 4@ 2T 2/3 76 5 27K 0 0 A0 R0 40 11500 (B) Pe(111) H A 3R T8 ¥ 700 Ak J5T B4 40 1 700 A0 18 151 5320 (C) XL He, )23 i -
AR WK E R 1~3 2 AI(D)PH(111)3 i HER 38 it Heyrovsky N 4% (1) 58 22 B 25 FL 94038 1k i) il 2% 151 02,

Fig. 2 (A) Top and side view of 2/3 monolayer water on mental surface®; (B) Top and side view of a solvated proton in water

layer on top of Pt(111) electrode™; (C) The integral free energy stored in the double layer as a function of electrode

potential when having 1 ~ 3 water layers and (D) the calculated barrier for HER on Pt(111) via Heyrovsky reaction as a

function of electrode potentialt™.
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Fig. 3 (A) The periodic slab with the vacuum layer filled by static water layers®, (B) The structure of the Cu(111)/OH/H,0 system";
(C) Charge-potential relation for the Cu(111)/OH/H,0 system®.
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Fig. 5 The optimized 1 ML H covered Pt(111) surface phases, the corresponding TSs structure charge transfer coefficients of

Tafel(Taf) and Heyrovsky pathways and the Tafel plot (U - 1g(y)) for hydrogen evolution reaction*. Large ball: Pt atoms.

Small red ball : O atoms. Small white/green ball: H atoms.
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Insight into the Important Solid/Liquid Double Layer from
First-Principles Calculations

FANG Ya-hui', LIU Zhi-pan®
(1. School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418,

China; 2. Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials, Department of

Chemistry, Key Laboratory of Computational Physical Science (Minisiry of Education),
Fudan University, Shanghai 200433, China)

Abstract: Solid/liquid double layer is of fundamental importance in electrochemistry. It has been a challenge and focus to un-
derstand the equilibrium and the dynamic phenomena (e.g., chemical reactions) at the electrode/electrolyte double layer in a unified
theoretical framework. In recent years, rapid expansion and development have been done in the application of first principles density
function theory (DFT) simulation on the double layer. This article reviews the current theoretical methods for electrochemistry mod-
eling, such as reaction center model, thermodynamic method and double reference model. The progress in the computation proce-
dures based on first principles periodic continuum solvation method (DFT/CM-MPB) for obtaining the differential capacitance, sur-
face phase, charge transfer coefficient (CTC) and deducing the potential-dependent reaction rate are summarized in detail. Repre-
sentative reactions, namely, hydrogen evolution reactions, are selected to illustrate how the theoretical methods are applied to com-

pute quantitatively the kinetics of multiple-step electrochemical reactions.

Key words: electrode/electrolyte double layer; periodic continuum solvation method; first principles calculations; differential

capacitance; charge transfer coefficient; Tafel kinetics
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