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Abstract

The surface-interface properties of nanomaterials and the reaction microenvironment are closely
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related to the catalytic performance (activity, selectivity and durability). However, the mechan-
isms by which the corresponding material microenvironments influence electrochemical reac-
tions involving gases are not clear. In this paper, the factors affecting the thermodynamics and Kki-
netics of electrochemical reactions involving gases are categorized into gas diffusion, proton
supply, and electron transfer. This categorization and a systematic survey of the literature focuses
on the electrocatalyst level modulation strategies, such as promoting gas affinity, modulating hy-
drophobicity and enhancing electrical conductivity through research. Finally, future strategies
and directions in the study of material microenvironments for gas electrochemical reactions are
proposed.
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B 5 7 Y5 R B RN R 5 5 e 1) BB ] 28 7™ B, SRR AT A — Pl B 4 (0 F) Be U s ¥ Ak 2R3 78 JE 1] [2]
[3]o —FlmIAT A SRS @I 147 55« 1 PRI A S P BB AT B DAL 1 ROk A A s v BRI B =42,
TARAR R FAL 258 SR B (CORR) AV RUAIE T SN (NRR) o 31X 28 S5 WA 35 Je AR PR 22 AL SO, [RI ST
FREL SR ORI S, 72 H AT AR AL 433 732 5. KT CORR #il NRR, —M5a%E i
WRGAFELL T JUAN S R WA B AR R . BT A 4] 5 b, TEX AN
SSEH, R (4 BH AR S5 R AT 48 RS (OER) - H B S S A L RIS, AHISLIK CO, Al N 38 5
FEAS T A6 CxHyO, F1 NH; [5].

BT A VRS -, B R BARR = B BE AR 2= 0] B GRS [6] . BEAN OB B HLIRE)
1), AN I T, Bt b, RERINGEM AL, ENREERMT, FfE CON, ik i pl = b in
B 2T LASRBL . SR, R Z MBI B &R N, BE CORR AT NRR J5 AR AFAEAR A M
IPRAR, FEAS T T AR .

TEIE BMLHER, AT EFE B AT T REME L, EEERIERAPI. R
TES. RiAR. EAAS . BREE DA AR AR B B R T et S5 D7 [ 7] 03X 2877 VEA e 3 I 1 s M A3
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ISR BN ) 2 A 2 B JR PR B B 5, H AT SR 5T = b e AR AR B BT RS 00 1 R S
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Figure 1. (A) jco for CO production on Auys and Au/C at —0.36 V as a function of the CO, partial pressure. (B) jco and CO
selectivity [19]. (C) Corresponding flux profile of H" and N, on three models obtained with finite element simulations and
these expected ammonia yields and FE. (D) NH; yield rates and FE of different morphologically evolutional nanoreactors at
differentpotentials [16]. (E) MD simulation snapshots of N,-saturated defective graphene (DG) and 2 pyridinic N (2PN-P).
(F) Radial distribution function of nitrogen molecules around the vacancies of DG and 2PN-P in the alkaline solution. (G)
NHayield rates and (H) FE at each given potential on pyridinic N-dominated graphene and graphitic N dominated graphene
[17]. FE, Faradaic efficiency; MD, molecular dynamics

1. (A) jeo TE Aups 1 AU/C 7£-0.36 V T1EA CO, T ERIERE . (B) joo A1 CO EIFME[19]. (C) BT BIRTIRINEEIH
EMRBIITNE HA N, iBE ST, URXETHANE~FRM FE. (D) FRIKEUNKR HBFEFE BT
NH; = Z#0 FE [16]. (E) RSINFERIEAELE(DG)H 2 ALIE N (2PN-P) B MD EMIRE. (F) WA RPES FE
DG #1 2PN-P = EMEE DB R . (G) MEALAZHMAZURANAEZRETMATEBRM T NH; R
(H)FE [17]. FE, EREHE; MD, SFHNF
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HATABRTCHAU(E 1C): () FIIGUKELFES, (D) TEFEFIFN(C)ERBES . BRI, HETHI8(b), 8
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Figure 2. (A) CO, adsorption isotherms recorded at 273 K. (B) Binding energy of NiPc on different carbon supports and
adsorption energyof CO,. (C) CO partial current density as a function of applied potential [21]. (D) Induced electron-deficient
sites on Pt via electron density migration from Pt to ZIF. (E) Gibbs free energy for i) free and ii) adsorbed states of N, and H
onto PtYAu@ZIF at the metal/ZIF interface. (F) Effective FE and the rate ofNH; formation for each system [22]. ZIF, zeo-
litic imidazole framework

2. (A) IBRE 2713 K W ZFWRRINMZFIR. (B) NiPc ZE— S LR Bk HE M 5E L% & 8E. (C) CO FH
R EEEARMBAIRERE[21]. (D) BTN Pt Bl ZIF B FHEEITHE Pt LIFSHEFHRIAM L. (E) Gibbs B
&8, AT i) BB )N, A1 H IR MPRZSE S B/ZIF O M PYAUQZIF L. (F) SEFRMB FE F1 NH; £ RIERZE[22].
ZIF, HATKmMIELR
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Figure 3. (A) Current density and (B) FEco of NI@NCH. (C) Result of contact angle measurement [23]. (D) Calculated
adsorption free energy of H,O at six typical sites on the phosphorene surfaces. Insets show the optimized wateradsorption
geometries. (E) NH; yield and (F) FE of N-phosphorene, O-phosphorene, and phosphorene [24]
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Figure 4. (A) Schematic illustration of the hydrophobic core-shell architecture. (B) CA measurements of the H-CuOx@C
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Figure 5. (A) Schematic illustration of increasing the rate of electron transfer from tetrathiafulvalene to Por(Co). (B) LSV
curves in the Ny-saturated and CO,-saturated 0.5 M KHCO; electrolyte. (C) FEco of TTF-Por(Co)-COF and COF-366-Co [29].
(D) EIS spectra of Bi and BiNi. (E) Polarization curves of Bi and BiNi in N,- and Ar-saturated 0.1 M Na,SO, electrolytes. (F)
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Figure 6. (A) Schematic diagram of the reaction mechanism induced by POM-MnL. (B) EIS of MnLKB and
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