2018 International Symposium on

Electrocatalysis and Electrosynthesis

(ISEE 2018)

Abstract Book

Sponsor: Chinese Chemical Society

Co-Sponsors: Chinese Society of Electrochemistry; Hunan University

30 March - 01 April 2018

Changsha, Hunan



2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

Vo o}
P =
Metal-organic-framework-derived functional nanomaterials

electrochemical energy storage and conversion

Xiong Wen (David) Lou*
School of Chemical and Biomedical Engineering, Nanyang Technological University, Singapore

Email: xwlou@ntu.edu.sg

We use metal-organic frameworks (MOFs) as a unique platform to synthesize nanostructured
functional materials with both controlled composition and structure. Due to the atomically arranged
metal ions and organic ligands, as well as the wide variety of compositions and porous structures,
MOFs can serve as unique precursors for easy preparation of metal-based materials, carbonaceous
materials and nanocomposites with high porosity and tunable composition/structure. It is also
possible to introduce designed species during the synthesis of MOFs so that functional nanomaterials
can be synthesized. In this talk, | will briefly discuss some recent progress we have made in this
area. Specifically, 1 will mention some examples of designed synthesis of nanostructured metal
oxides, sulfides, phosphides and carbides using MOF precursors. These MOF-derived nanomaterials
exhibit interesting properties in batteries and photo-/electro-catalysts.
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Nanoscale MOFs-based Electrocatalysts

Zhiyong Tang*
National Center for Nanoscience and Technology, Beijing, China 100190

*Corresponding Author’s E-mail: zytang@nanoctr.cn

Distinct from classic inorganic nanoparticles of solid cores, nanoscale metal-organic
frameworks (NMOFs) are of ordered crystalline pores with tunable composite, size and volume,
which provide an ideal platform not only to manipulate the reaction active sites but also to
understand the structure-functionality relationship. In this presentation, we will introduce two recent
works involving catalytic application of NMOFS.
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Defect electrocatalysis: Coordination of carbon defect and atomic

metal species
Xiangdong Yao

State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, Jilin University, China; School of
Environment and Sciences, and Queensland Micro- and Nanotechnology Centre, Griffith University, Nathan Campus,
Queensland 4111, Australia
Email: x.yao@griffith.edu.au

Electrocatalysis is the key for energy conversion and storage devices such as fuel cells,
metal-air batteries and water splitting, but the development of highly efficient and non-precious
metal catalyst is extremely important. Recently, we presented a new concept of defect
electrocatalysis, in which the topological defects on carbons (or oxygen vacancies in oxides) are the
active sites for electrochemical reactions. A series of non-metal catalysts have been developed based
on this new theory. Besides, the defects are such a characterized points with higher energy, thus
provides ideal sites to interact with metal species in various sizes. The strong interactions may
provide both high reactivity and stability. When the size of metal species reduces to atomic level, the
general configurations are metal atoms trapped into defects according to the minimum energy theory.
The coordination of the defect and atomic metal species plays the central role for electrocatalysis as
the local electronic structures defined by this coordination determines the interaction of reactant and
active sites.
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From Carbon-Based Nanotubes to Nanocages: Materials Design and

Energy Applications

Wu Qiang, Yang Lijun, Wang Xizhang, Hu Zheng
School of Chemistry and Chemical Engineering. Nanjing University, Nanjing, 210023

With the availability of high specific surface area (SSA), well-balanced pore distribution, high
conductivity, and tunable wettability, carbon-based nanomaterials are highly expected as advanced
materials for energy conversion and storage to meet the increasing demands for clean and renewable
energies. In this context, attention is usually attracted by the star material of graphene in recent years.
In this talk, I will overview our studies on carbon-based nanotubes to nanocages for energy
conversion and storage, including their synthesis, performances, and related mechanisms.
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One-pot synthesis of nitrogen doped carbon nanotube structure

stabilized Ni single atom electrocatalysts for CO> reduction

San Ping Jiang
E-mail: s.jiang@curtin.edu.au

Single-atom catalysts (SAC) is a class of catalyst consisted of atomically dispersedand
supported atoms and is characterized by high catalytic activity, selectivity and high atomic efficiency.
Despite the significant advantage and benefit of SAC in electrocatalysis, the practical application of
SACs is hindered by the very low atomic loading, 1-2 wt%. Here, we report a new one-pot pyrolysis
method for the synthesis of nitrogen doped carbon nanotube structure stabilized nickel single atom
catalysts (NiSA-N-CNT) with exceptionally high Ni atomic loading up to 20 wt%. The new
NiSA-N-CNT shows an excellent activity and selectivity for the electrochemical reduction of CO2,
achieving a turnover frequency (TOF) of 11.7 s-1 at -0.55 V (vs RHE), two orders of magnitude
higher than Ni nanoparticles supported on CNTs. NiSA-N-CNT consists of Ni-N-C basic units in the
carbon lattice throughout the layers of CNTs, which critically contributes to the high loading of
single atom nickel. Detailed microstructure, X-ray absorption near edge structure spectroscopy
(XANES) measurement and simulation indicate that NiSA-N-CNT is formed during the
condensation of Ni-g-C3N4 with the concomitant formation of Ni-N4 structure.
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Precious Metal-Free Electrocatalysts for Energy Conversion Reactions

Shi-Zhang Qiao
School of Chemical Engineering, The University of Adelaide, SA 5005, Australia

s.giao@adelaide.edu.au

Replacement of precious metal catalysts by commercially available alternatives is of great
importance among both fundamental and practical catalysis research. Nanostructured carbon-based
and transition metal materials have demonstrated promising catalytic properties in a wide range of
energy generation/storage applications. Specifically engineering carbon with guest metals/metal-free
atoms can improve its catalytic activity for electrochemical oxygen reduction reaction (ORR),
oxygen evolution reaction (OER) and hydrogen evolution reaction (HER), thus can be considered as
potential substitutes for the expensive Pt/C or IrO, catalysts in fuel cells, metal-air batteries and
water splitting process. In this presentation, | will talk about the synthesis of nonprecious metal and
metal free elements-doped graphene, and their application on electrocatalysis. The excellent ORR,
OER and HER performance (high catalytic activity and efficiency) and reliable stability (much better
than the commercial Pt/C or IrO;) indicate that new materials are promising highly efficient
electrocatalysts for clean energy conversion. | will also present some research of CO;
electrocatalytic reduction conducted in my research group.
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Functionalization and Engineering of Nanomaterials as Effective

Electrocatalysts for Electrochemical Energy Conversion and Storage

Shaowei Chen
Department of Chemistry and Biochemistry, University of California, Santa Cruz, CA 95064, USA

Functional nanomaterials play an important role in the development of effective catalysts for
electrochemical energy conversion and storage. In this presentation, recent progress in the Chen lab
in the design and engineering of metal nanoparticles and nanocomposites for oxygen reduction
reaction (ORR) and hydrogen reduction reaction (HER) will be summarized. For ORR
electrocatalysis, the electrocatalytic activity has been found to be markedly enhanced by deliberate
functionalization of metal nanoparticles with select organic ligands, as a result of the unique
metal-ligand interfacial bonds that manipulate the metal nanoparticle electronic density and hence
interactions with oxygen intermediates. Remarkable enhancement of ORR activity has also been
observed by depositing metal nanoparticles on graphene quantum dots (GQD), where the structural
defects of GQD can be exploited for the regulation of the metal-oxygen bonding interactions. In
more recent research, carbon-based nanostructures have also been found to exhibit apparent ORR
activity. This is demonstrated in a series of recent studies with heteroatom-doped mesoporous
carbons. Both experimental studies and DFT- based theoretical calculation show that in N-doped
carbon, graphitic N represents the ORR active sites, and in the presence of metal dopants such as Fe,
the ORR activity is mostly ascribed to the formation of FeNx moieties. Formation of select
heterostructures is also an effective route to the development of carbon-based electrocatalysts for
HER. This is evidenced in some of our recent studies where we observe that ruthenium ion (I1)
embedded carbon nitride nanosheets exhibit remarkable HER activity, due to the formation of Ru-N
coordination bonds such that the Ru, N and adjacent C sites act synergistically in facilitating HER.
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Energy Research & High Impact Publishing in Joule
KB R

In this talk | will offer a unique insight into the publishing process of a high-impact energy
journal, from the perspective of a recent energy researcher-turned-editor. | will first introduce Joule,
the new high-impact energy journal from Cell Press, and our Editorial team. Next, | will motivate
and demonstrate Joule’s strong interest in serving the energy research community in China. T will
then shed light on the life of a scientific editor, the manuscript life cycle, and the peer review process.
Finally, I will give additional detail describing editor considerations when evaluating manuscripts

and provide advice to authors from an editor’s point of view.
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A Satisfactory Cure for the Painful Unity between Activity and
Stability for Oxygen Evolution: Dual-ligand Synergistic

Modulation

Lishan Peng, Li Li and Zidong Wei*

Chongqing Key Laboratory of Chemical Process for Clean Energy and Resource Utilization,
College of Chemistry and Chemical Engineering, Chongging University, Chongqing 400044,
China
E-mail: zdwei@cqu.edu.cn

The sluggish kinetics of the oxygen evolution reaction (OER) is the bottleneck of water
electrolysis for hydrogen generation. In developing cost-effective OER materials with a high value
of practical application, it is prerequisite to achieve an extreme performance in both activity and
stability. Herein, we report a “dual ligand synergistic modulation” strategy to accurately tune the
structure of transition-metal materials in atomic level, which finally get a satisfactory cure for the
unity between robust stability and high activity. Remarkably, the elaborately designed S and OH
dual-ligand NiCo2(SOH)x catalyst exhibits an excellent OER activity with a very small overpotential
at a large current density, and a strong durability even after 30 h accelerated ageing at a larger
current density, both of which are superior to most of the state-of-the-art OER catalysts so far. The
density functional theory (DFT) calculations disclose that the synergy of OH ligands and S ligands
on the surface of NiCo2(SOH)x can delicately tune the electronic structure of metal active centers
and their chemical environment. The OH ligands on the surface of NiCo2(SOH)x could attracts
electrons from the antibonding orbital of M-S bonds to M-O bonds, resulting in a strengthened bond
between metal and Sand thus enhancing the stability. Meanwhile, the synergy between S and OH
ligands appropriately modulate the electronic structure of NiCo2(SOH)x, leading to an optimized
binding strength of the OER intermediates (*OH, *O, and *OOH), therefore facilitating the oxygen
evolution proceedings. Meanwhile, the special non-magnetism of NiCo2(SOH)x can significantly
weaken the resistance of O, desorption from the catalyst surface and thus further facilitating the O»
evolution proceeding



2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

E ke

Oxygen Electrocatalysis on Transition Metal Spinel Oxides

Zhichuan J. Xu*
School of Materials Science and Engineering, Nanyang Technological University, 639798, Singapore
Solar Fuels Laboratory, Nanyang Technological University, 639798, Singapore
Energy Research Institute@NTU, ERI@N, Nanyang Technological University, 639798, Singapore
* E-mail: xuzc@ntu.edu.sg

Exploring efficient and low cost oxygen electrocatalysts for ORR and OER is critical for
developing renewable energy technologies like fuel cells, metal-air batteries, and water
electrolyzers. This presentation will presents a systematic study on oxygen electrocatalysis
(ORR and OER) of transition metal spinel oxides.[!! Starting with a model system of Mn-Co
spinel, the presentation will introduce the correlation of oxygen catalytic activities of these
oxides and their intrinsic chemical properties. The catalytic activity was measured by rotating
disk technique and the intrinsic chemical properties were probed by synchrotron X-ray
absorption techniques. It was found that molecular orbital theory is able to well-explain their
activities.[? The attention was further extended from cubic Mn-Co spinels to tetragonal
Mn-Co spinels and it was found that the molecular theory is again dominant in determining
the catalytic activies. This mechanistic principle is further applied to explain the ORR/OER
activities of other spinels containing other transition metals (Fe, Ni, Zn, Li, and etc.).
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Figure 1. Octahedral site in spinel is influential in determining its oxygen electrocatalysis.
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Selected Applications of in situ ATR-IR Spectroscopy in

Electrocatalysis

Wen-Bin Cai*
Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials, i-ChEM, Department of
Chemistry, Fudan University, Shanghai 200433, China.
Email: wbcai@fudan.edu.cn

In situ ATR-IR spectroscopy has been widely applied to study interfacial
electrocatalysis, ranging from mechanistic understanding of electrocatalytic oxidation of
small organic molecules (SOMs), reduction of CO, and Oz and decomposition of solvent in
Li—O, batteries to spectral correlation with properties of catalytic materials. Despite its
obvious advantage and power. This technique should be often coupled with one or more of
other techniques including but not limited to electrochemical methods, DFT calculation,
isotope labeling, IRAS and DEMS for comprehensive investigations. More ATR-IR
applications should be directed to the reviving hot areas such as CO; reduction and SOMs
oxidation on efficient electrocatalysts, and the solvent degradation and the structural
stability of solid electrolyte interface (SEI) of lithium-air battery. In this talk, I will give a
brief overview of the development of in situ ATR-IR spectroscopy as well as some
selected applications of this technique in the study of electrocatalysis of SOM oxidation
and COg; reduction.
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Highly Active and Durable Two-dimensional Layered Porous

Nanocatalysts for Electrocatalytic Applications

Jun Zhang,* Baocang Liu, and Lili Huo
College of Chemistry and Chemical Engineering, Inner Mongolia University, Hohhot 010021, P.R.
China

*Corresponding Author’s E-mail: cejzhang@imu.edu.cn

Development of highly efficient electrocatalysts with excellent catalytic activity, long-term
stability, high abundance, and low cost is crucial for practical large-scale hydrogen production. Here,
we develop a universal strategy to fabricate a series of transition metal hybrid electrocatalysts
(M02C/G; M0,C/C-N; (M02C)x—(WC)1¢/N-G; TMN/G, TM = Ti, Cr, W, Mo, TiCr, TiW, and TiMo;
(CoP)x—(FeP)1x/G; M-N-C/N-G, M = Fe, Co, and Ni) with a two-dimensional layered structure for
electrocatalytic applications.!”> The fabrication of these electrocatalysts follows a templating method
by filtrating corresponding metal precursors into a mesoporous KIT-6/G template followed by
carbonization, nitridation, or phosphidation treatment (Figure 1A). The electrocatalysts possess
well-defined 2D mesoporous layered structures with large surface areas, abundant active sites, and
strong synergetic interactions of transition metal nanoparticles with heteroatom-doped or undoped
graphene (Figure 1B). Due to the structural merits, the electrocatalytic performance of these
electrocatalysts show high activity and stability for the oxygen evolution reaction and hydrogen
evolution reaction (Figure 1C).
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Figure 1. (A) Schematic illustration of the synthesis of a series of precious-metal-free mesoporous hybrid
electrocatalysts; (B) (a-e) TEM and (c-f) HRTEM images, (g-h) FFT, and (j) EDX spectrum of (CoP)o.s4—(FeP)o.46—
NRs/G electrocatalyst; (C) (a) Polarization curves for (CoP)x—(FeP)1-x—NRs/G electrocatalysts with different Co/Fe
molar rates in 0.5 m HzSOa electrolyte at 2 mV s%, (b) polarization curves for blank GC electrode, bulk (CoP)o.47—
(FeP)o.s3, (CoP)o.4s—(FeP)o.52/G, meso-(CoP)o.49—(FeP)o.51, and meso-(CoP)o.sa—(FeP)o.46—NRS/G electrocatalysts in 0.5
m H2S0s electrolyte at 2 mV s, and (c-d) the corresponding Tafel plots of electrocatalysts in (a) and (b).
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The Mechanisms of HCOOH/HCOO- Oxidation on Pt electrodes,

Implication from the pH Effect and H/D Kinetic Isotope Effect

Yan-Xia Chen
Hefei National Laboratory for Physical Science at Microscale and Department of Chemical Physics,
University of Science and Technology of China, Hefei, 230026, China

yachen@ustc.edu.cn

The pH effect and the H/D kinetic isotope effect (KIE) for the oxidation of formic acid/formate
anions (FOR) on Pt(111) have been studied. The pH-dependent FOR activity displays a volcano
shape with a maximum at a pH close to the pKs of HCOOH. The H/D KIE factors for
HCOOH/DCOOH or HCOO/DCOO" are ca. 4, 2, and 1 in solutions with pH=1.1, 3.6, and 13,

respectively. These findings reveal that Hcoon — ™ coo_+2H +e IS the rate-determining

step (RDS) for FOR in acid. With increasing pH, the precursor to be discharged changes from

rds

HCOOH to HCOO:, and the latter goes through HCOO ——— HCOO , + e as the RDS. The

origin of the appearance of the volcano-type pH dependent FOR activity is pH-induced change from
excess HCOOH to excess HCOO- at pH = pKa and the change in overpotential for the RDS of FOR.
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Electrochemical reduction of CO; into tunable syngas production by

regulating crystal facets of earth-abundant Zn catalyst

Binhao Qin?, Feng Peng?®P*
2 School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou,
510640, China.
b Guangzhou Key Laboratory for New Energy and Green Catalysis, School of Chemistry and Chemical
Engineering, Guangzhou University, Guangzhou, 510006, China
* Corresponding author: cefpeng@scut.edu.cn; fpeng@gzhu.edu.cn (F. Peng)

The crystal facets of Zn catalyst have been regulated by a simple method of adding CTAB. Zn-1
catalyst has a preferentially exposed (002) facet, Zn-3 catalyst has a preferentially exposed (101)
facet. Electroreduction of CO- into syngas (CO and Hz mixtures) has been achieved on Zn electrodes
with different crystal facet ratios of Zn (002) and Zn (101). Faradic efficiencies of syngas are greater
than 85% at -0.9 V (vs RHE) in aqueous electrolyte with CO/H; ratios between 0.2 and 2.31 which
could be used as raw materials for methanol synthesis, syngas fermentation and Fischer-Tropsch
synthesis. Zn (101) shows better catalytic activity for CO2RR to CO than Zn (002). Moreover, Zn-3
also shows high faradic efficiency and good stability for CO;RR to syngas. Meanwhile, the
mechanism of electroreduction of CO2 on Zn electrode has been studied by in-situ infrared
absorption spectroscopy and density functional theory calculations. The results show that Zn (101)
facet is better than Zn (002) facet for CO2RR at lower reduction potential.
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Highly Efficient Electrocatalysts for Electrochemical Energy Storage

and Conversion

Haixia Zhong, Zhong-Li Wang, Jun Wang, Ji-Jing Xu, Xinbo Zhang*
State Key Laboratory of Rare Earth Resource Utilization, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences , 5625 Renmin Street, Changchun 130022
*E-mail: xbzhang@ciac.ac.cn

Electrochemical energy storage/conversion has been receiving great attentions for potential
applications in electric vehicles and renewable energy systems. Our research interests focus on
highly efficient electrocatalysts for next-generation lithium-air batteries, fuel cells and
electrochemical water splitting devices, with the aim to significantly improve the energy conversion
efficiency and energy storage density. By finely tuning the composition, shape, and structure,
advanced electrode materials with high capacity, high-rate capability, and long cyclic stability have
been successfully obtained. The lithium-air batteries research is focusing on improving the
electrochemical performance by mainly regulating the electrolyte, porous structure and conductivity
of the air-electrode as well as clarifying the underlying structure-performance relationship, and high
performance all-in-one air-electrode has been successfully designed and fabricated.
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Synergistic Effects in Electrocatalysis for Enhanced Performance

Jin-Song Hu *
Institute of Chemistry, Chinese Academy of Sciences, Beijing, 100190
* E-mail: hujs@iccas.ac.cn

The increasing concerns on severe environmental issues and rapid fossil fuel depletion
stimulate the intensive interests in renewable and sustainable energy sources. Fuel cells and
electrochemical water splitting is considered as one of ideal options to feed energy demand without
environmental concerns. The commercialization of these techniques requires the efficient, low-cost
and durable electrocatalysts for oxygen reduction reaction (ORR), hydrogen evolution reaction
(HER), and oxygen evolution reaction (OER).

The catalytic performance of these electrocatalysts are closely related to the intrinsic activity
and the number of the accessible catalytic sites in the electrocatalysts. This presentation will focus
on the exploration of earth-abundant efficient ORR, HER and OER electrocatalysts with an
emphasis on the performance boosting by synergistically electronic and structural engineering.
Several reasonable ways will be introduced for rationally engineering the morphological structure,
electronic structure, and crystalline structure of electrocatalysts to augment the accessible catalytic
sites and synergistically boost their intrinsic activity, thus leading to the significant performance
enhancement of these low-cost materials for practical applications.*] These results will open
opportunities for the rational design and bottom-up synthesis of cost-effective and high-performance
electrocatalysts for fuel cells and sustainable hydrogen production through electrochemical water
splitting.
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Bismuth-Based Nanostructures for Electrocatalytic and Solar

Conversion of CO; to Formate

Yanguang Li*
Institute of Functional Nano & Soft Materials, Soochow University, Suzhou, Jiangsu 21523, China

* E-mail: yanguang@suda.edu.cn

High-performance electrocatalysts for CO» reduction to valueable chemical fuels are
a key component in the design of efficient artificial photosynthetic systems. Formate is a
common CO; reduction product, and its selective electrochemical production is desirable
but challenging. Most current attention focuses on Sn-based materials, which
unfortunately exhibit moderate-to-high formate selectivity only within a very narrow and
highly cathodic potential region. Bi has a great potential for formate production but
remains under-explored. In this presentation, we report several different strategies to
prepare unique Bi-based nanostructures with large surface areas. The final product
exhibits large cathodic current density, excellent Faradaic efficiency (>90%) over a broad
potential window and great stability for CO, reduction to formate. Furthmore, we integrate
Bi with a p-type Si photocathode and achieve photoelectrochemical CO; reduction to
formate with high selectivity and stability. We also couple Bi with an oxygen evolution
reaction electrocatalyst in full cells, and achieve battery-driven or solar-driven splitting of
CO,/H,0 into formate and oxygen at high energy conversion efficiency.
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Fig. 1 Schematic illustration of flexible Zn-air batteries.
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Nanoconfinement-synthesis of highly efficient electrocatalysts basing

on covalent organic polymers

Zhonghua Xiang*
State Key Lab of Organic—Inorganic Composites, Beijing University of Chemical Technology, Beijing
100029 (P.R. China)
*E-mail: xiangzh@mail.buct.edu.cn

Highly efficient electrocatalysts are vital to meet the energy and environmental challenges.
Although numerous nonprecious-metal or metal-free carbon-based catalysts have been demonstrated
to entirely or partially replace noble-metal-based electrocatalysis, the absence of precise design and
predictable process hindered the development. Well-defined 2D Covalent Organic
Polymers(COPs)!6 as a new exciting type of electrocatalyst presented superior potentials with
precisely controllable capacities, such as robust tailoring heteroatom incorporation and location of
active sites. Here we demonstrate the possibilities and potential of the well-defined 2D COPs used as
highly efficient energy electrocatalysts for clean and renewable energy technologies. Furthermore,
we discuss the possible future directions on designed synthesis of intrinsic COPs without
carbonization to modulate active sites and the density of active sites at the molecular level. COP
materials as a new family of electrocatalysts offer practical possibilities to study the structure,
mechanism and kinetics of energy electrocatalysis and may lead to a better solution for energy and
environmental issues.

Without MOF

“"" In situ grow via Scholl
reaction in well-defined
MOF confinement

MOF180' © Meso-Tetraphenylporphyrin

COP-TPP@MOF

Fig. 1 Hypothetic network fragments for colorful 2D COPs show the potential for oxygen reduction.
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Rational Synthesis of Noble Metal-based Nanostructures toward

High-Performance Electrocatalysis
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Electrocatalysis plays vital roles in energy conversion and storage devices, such as fuel cells,
metal-air batteries, CO, reduction and water splitting, etc. The overall efficiency of an
electrocatalytic reaction is highly dependent on the electocatalyst. However, the current commercial
electrocatalysts still rely on precious metals, such as Pt nanostructures, which usually suffer from
high-cost, sluggish kinetics, and poor durability. To address these issues, nanostructure engineering
and compositional tuning provide two promising strategies to optimize the electrocatalysis
performances. Herein, we demonstrate several approaches to synthesize a series of nanocatalysts
with shape and composition-control, including ultrathin 1D alloyed nanowires, 2D porous
nanosheets, porous nanoframes and so on. Due to the unique structural features and compositional
synergy, the synthesized electrocatalysts exhibit improved electrocatalytic performances toward
electro-oxidation of liquid fuels (methanol and formic acid) and oxygen reduction reaction (ORR) in
terms of activity and stability.
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A general polymer-assisted strategy enables unexpected efficient

metal-free oxygen-evolution catalysis on pure carbon nanotubes

You Zhang,*$ Xuliang Fan,®&Junhua Jian'*8 Dingshan Yu,®* Zishou Zhang, * and Liming
Dai b*
aSchool of Chemistry Sun Yat-Sen University, Guangzhou, 510275, China.
E-mail: yudings@mail.sysu.edu.cn, zhzish@mail.sysu.edu.cn
b Department of Macromolecule Science and Engineering, Case Western Reserve University, Cleveland,
OH 44106, USA.
E-mail: liming.dai@case.edu

A conceptually-new and general strategy was, for the first time, proposed to significantly
boost the electrocatalytic activity of metal-free pure carbon nanotubes (CNTs) towards oxygen
evolution reaction (OER) by simple polymer wrapping without introducing any heteroatom
dopants, functional groups or edge defects into the graphitic structure. Our strategy is
straightforward, efficient, green, and easy to be scaled up. After wrapping pure CNTs with a
certain class of electrochemically inert polymers (i.e. poly (ethylene-alt-maleic acid), poly
(vinyl alcohol), poly (vinyl acetate), poly (ethylene glycol)) with polar oxygen-containing
groups (i.e. -COOH, -OH, -COOCHs;, -O-) through noncovalent interactions, a series of
advanced metal-free composite membrane catalysts were easily achieved, which yielding
unexpected, surprisingly high OER activity—on par with the commercial noble RuO; catalyst,
though pure CNTs have rather poor OER activity. Combined experimental and computational
studies revealed that the observed superb OER activity could be attributed to a synergistic effect
of intrinsic topological defects in CNTs as active centres and the coated polymer layer as a
co-catalyst to optimize adsorption energies of intermediates for improving the OER energetics.
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Functional Carbon-based Smart Hybrids for High-efficiency hydrogen

production

chang Yu (F) , Jieshan Qiu (BEA L) *
Liaoning Key Lab for Energy Materials and Chemical Engineering, Dalian University of Technology,
Dalian 116024 (P.R. China)
chang.yu@dlut.edu.cn; jgiu@dlut.edu.cn

Water splitting assisted by electricity has been regarded as a potential path for the production of
clean, renewable H, fuel to power human civilization. Nevertheless, the efficiency and practical
application of this process is often limited by the noble electrocatalysts adopted for oxygen evolution
reaction (OER) and hydrogen evolution reaction (HER). The two dimensional transition metal-based
materials as one of the promising electrocatalysts have exhibited unique charms, while the efficiency
is usually sacrificed by the limited accessible active sites and low conductivity. Herein, a series of
carbon-integrated smart hybrids containing transition metal oxides, hydroxides, and their derivatives
(oxyhydroxides and phosphides), were designed and configured for highly efficient OER and HER.
The relationship between electrocatalytic activities and the intrinsic structure of the catalysts was
discussed in terms of intrinsic microstructure and component of materials, and reaction process
intensification. Benefiting from the highly exposed active sites and the modulated electrical structure,
the as-made hybrids can deliver outstanding electrocatalytic activity and stability, which represents a
novel class of electrocatalysts with low-cost and high electrochemical stability for water splitting.
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Exploring active, stable, earth-abundant, low-cost, and high-efficiency
electrocatalysts is highly desired for large-scale industrial applications toward the
low-carbon economy. In this talk, | will introduce versatile selenizing technology to
synthesize Se-enriched Co; «FexSez, “Cuju”-Structured FeSez, Ni-Fe diselenide hollow
nanochains catalysts for oxygen evolution reactions (OERs) and disclose the relationship
between the electronic structures of the precursor selenides catalysts and their OER
performance. Besides, | will also talk a little bit about non-metal elements doping of
electrocatalysts and interface engineering in boosting the catalytic performance.
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Single-atom catalysts (SACs) with monodispersed single atoms supported on solid substrates
are recently emerging as an exciting class of catalysts that combine the merits of both homogeneous
and heterogeneous catalysts. Herein, we introduce phosphorus (P) and boron (B) in to the Co-N-C
atomic active sites, which can achieve remarkable enhanced ORR, OER, and Zn-air battery.
Significantly, the introduced B and P elements play an exciting role on improve electrocatalytic
performance, that can active the electron transfer around the Co-N-C sites, strength the
interaction with oxygenated species, and thus accelerate reaction kinetics in the 4e- processed
ORR and OER. Theoretical calculations and controlled experiments further demonstrated that the
coupling of Co-Ny active sites with B and P atoms prefers to adsorb O, molecule in side-on
mode and accelerates ORR kinetics.
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storage/release mechanisms by in-situ TEM.
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A family of coordination complexes based on MX, (M=Fe, Co, Ni, Cu, et al., X=S, N, Se, etal.)
structure exhibits satisfied electrocatalysis activities toward hydrogen evolution reaction (HER). It
has been shown that the introduction of MX4 structure into the coordination polymer catalyst with
rigidity framework can promote the electrochemical activities. Among them, the ligand
benzenehexathiol (BHT) and transition metal Cu!, Co? and Ni® formed different coordination
polymers: Metal-BHTs, which have attracted our interests. We investigated the effect of metal and
coordination structure of Metal-BHTs on their electrocatalysis activity toward HER by DFT. We
found that Metal-BHT with porous structure possess higher activity than that with a dense
topological structure without obvious pores and Ni-BHT is of the highest activity. The relationship
between electrocatalysis activity and M-BHTs structures have been studied through exploring the
Gibbs free energy change of hydrogen adsorption* and their electronic structures.
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Density functional theory calculations are employed to systematically investigate the trend of
hydrogen evolution reaction (HER) performance of oxygen-terminated MXenes. By studying 30
transition-metal carbides and 30 transition-metal nitrides, Mn+1CqO2 and Mn+1NnO2 (M = Sc, Cr, Hf,
Mo, Nb, Ta, Ti, V, W, Zr; n = 1, 2, 3), the tendency of oxygen desorption after hydrogen adsorption
is elucidated to play a key role in HER performance of oxygen-terminated MXenes. Based on these
observations, we propose a suitable HER descriptor, oxygen vacancy formation energy (Es), which
scales linearly with the adsorption free energy of hydrogen, AGn. In addition, this new descriptor is
linearly correlated with the lithium binding strength on oxygen-terminated MXenes. Therefore, Es is
a universal descriptor for identifying the trend of adsorption processes where adsorbed species
donate electrons to oxygen-terminated MXenes. This work provides a general guideline for
large-scale screening of promising MXene-based materials for energy storage and conversion.
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Nanosheets are materials that have a quasi-two-dimensional (2D) nanostructure
composed of less than ~ 10 stacked monolayers.[!] Remarkable changes in electronic and
optical properties occur when the thickness of such layered materials is reduced to a single
layer or few layers. This provides new opportunities to engineer 2D nanosheets for energy
conversion, electronics, and catalysis.[?31 Another important feature is the specific surface
area created when bulk material is thinned to few layers. To fulfill their potential
applications, production of high-quality 2D nanosheets in a cost effective industrial scale
needs to be achieved. Direct exfoliation of layered materials (interlayer cohesive energies
< 200 meV per atom) in an appropriate liquid appears to be a promising route.[*5! Such
top-down approaches have a number of advantages in that they are versatile, facile to
operate, insensitive to environmental conditions, and easily scalable. The colloidally
stable sheets obtained typically comprise a small number of stacked layers (< 10) that can
be sorted and separated to yield desirable sizes and thicknesses. The cartoon in Fig. 1
illustrates the essence of physical exfoliation.

Figure 1. Schematic of two-dimensional nanosheets for applications in catalysis.
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Oxygen reactions, including the oxygen evolution reaction (OER) and oxygen
reduction reaction, are critical reactions for electrochemical renewable energy conversion
and storage such as fuel cells and water electrolysis. Both reactions are kinetically
sluggish, leading to the requirement of highly active catalysts to achieve high efficiency.
Currently, various low-cost catalysts have been developed as alternatives to noble metal
catalysts for the OER and ORR; however, the nature of the activity for oxygen reactions
still remains as a daunting challenge. Recently, we systematically investigate
phosphonate-based metal-organic frameworks (MOFs) and their derived hybrids as highly
efficient catalysts for the OER and ORR. Our observations unveil that the flexible
phosphate group not only serves as proton management but also adopts diverse structures,
which tune the catalytic active sites and change the reaction pathway during catalysis.
These studies not only demonstrate the potential of the low-cost OER catalysts derived
from phosphonate-based MOF but also open a promising avenue into the exploration of
highly active and stable catalysts toward replacing noble metals as oxygen
electrocatalysts.
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Environmentally friendly and renewable energy technologies, such as fuel cells,
batteries, and water splitting, hold great promise for solving current energy and
environmental challenges. The three seemingly simple reactions-the oxygen reduction
reaction (ORR), oxygen evolution reaction (OER), and hydrogen evolution reaction
(HER)-pose great scientific challenges for the development of efficient catalysts for clean
and renewable energy technologies. Here, we demonstrated our recent progresses on the
catalysts derived from heavy oil for the ORR, OER and HER.

A novel supramolecular polymerization-mediated N/S co-doped porous graphene networks
(N,S-PGN) was synthesized from petroleum coke. Benefiting from compositional and structural
advantages, N,S-PGN offers a remarkable ORR performance with an extremely positive onset
potential, high limiting current density and excellent long-term durability in alkaline environments.
Nitrogen-doped carbon dots (N-CDs) was synthesized by a simple electrochemical approach from
petroleum coke. The N-CDs was then introduced into the in-situ growth of NisS;, and the
self-standing NCDs/NisS,/NF electrode showed superior performance for overall water splitting. A
novel nitrogen-doped carbon dots/graphene (NCDs-NG) composite was also constructed for ORR.
The synergistic effects, i.e. CDs as pillars for graphene and catalytic sites for ORR, the high
conductivity of graphene, the quick Oz adsorption on doped pyridinic nitrogen endow NCDs-NG
composites with superior ORR catalytic performance.
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A reagent-free intramolecular dehydrogenative C—N cross-coupling reaction has been
developed under mild electrolytic conditions.! In this atom- and step-economic one-pot
process,’> valuable 1,2,4-triazolo[4,3-a]pyridines and related heterocyclic compounds
could be synthesized efficiently from commercially available aliphatic or (hetero)aromatic
aldehydes and 2-hydrazinopyridines.? Various functional groups are compatible with this
metal- and oxidant-free protocol which can be carried out on gram scale easily. This novel
method was applied to the synthesis of one of the top selling drugs Xanax and late stage
functionalization for generating chemical diversity of biologically relevant lead molecules.
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Selective electrochemical reduction of CO2 by binder-free and
flexible nitrogen-doped carbon catalysts with remarkable efficiency

and reusability

Chuanxin He

Shenzhen University

During the last few decades, atmospheric CO, amount has reached the highest level of the last 20
million years, causing a series of unpredictable climate changes. Converting CO; to useful products is an
attractive proposal to mitigate these issues and simultaneously obtain useful chemical products.
Nitrogen-doped carbon materials have great potential in electrochemical reduction of CO,. Unfortunately,
these materials are almost entirely powder-based, which always involve the utilization of polymer binders,
causing mechanically weakness and recycling difficulty in electrolysis.

This report is based on the direct electrospinning of N-doped carbon nanofibers, embedding with
metal nanoparticles, onto flexible substrate (like copper foil or carbon cloth). The as-synthesized
composite could be named as Pt-NPS@NCNFs@Cu-foil or Pt-NPs@NCNFs@CC. Importantly, these
flexible substrates were used as the conductive collecting substrate in the electrospinning process and
mechanical support for the fragile nanofibers. Pt-NPs@NCNFs@Cu-foil could be directly used as cathode
for electrochemical reduction of CO> in aqueous solution, without any binder or extra carrier. Formate with
96% Faradaic efficiency or alcohols with 35% Faradaic efficiency could be obtained at -0.5 Vrue or -0.9
Vrue using the same Pt-NPs@NCNFs@Cu-foil cathode, respectively. Pt-NPs@NCNFs@CC could
catalyze CO2 direct reduction into formate with 91% Faradaic efficiency and CO, carboxylation with
halides into  2-phenylpropionic acid with 99% yield. What’s more, these catalysts also have excellent
recyclability and reusability, which might have practical applications in the future.
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Identification of Active Sites in 1T'-MoS; for HER

Yifu Yu*, Yuting Wang, Bin Zhang
Department of Chemistry, School of Science, Tianjin University, Tianjin 300072, China.
*Corresponding Author’s E-mail: yyu@tju.edu.cn

MoS; has been proved as efficient HER electrocatalysts, but the further progress in
performance is hampered by the challenges how to clearly identify the function of different
factors during catalysis process. Previously experimental and computational studies have proved
that the active sites locate along the edge of 2H-phase MoS2, so numerous follow-up works are
focused on increasing the density of active edge sites over the inert basal planes in
semiconducting 2H-phase Mo0S;.! Recent studies have shown that the introduction of metallic
phase can efficiently improve the electrocatalysis activities of MoS,, nevertheless,
interpretations of the enhanced performance still remain controversially. Herein, we prepare
metallic-phase 1T'-MoS; bulk crystals, which are designed and processed to different
electrocatalytic devices based on individual MoS; nanosheet. We find that the basal planes of
1T'-MoS; are catalytically active for HER, even superior to edge sites of 2H-Mo0S;,. Moreover,
the ohmic junction between 1T'-Mo0S, and metal electrode does enhance the catalytic
performance through promoting the charge transport to the active sites. Importantly, the active
basal planes make more contribution than low-resistance contact to improved electrocatalysis
activities in 1T'-Mo0S,.2 We anticipate that our design strategy will open up a new avenue for
development of high efficient electrocatalysts for important yet challenging reactions,
especially once the mechanism of catalysis reaction is contentious.
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Direct synthesis of Porphyrin Covalent Organic Framework for

Efficient Oxygen Electrocatalysis

Bo-Quan Li, Shu-Yuan Zhang, Xiang Chen, Chen-Yu Chen, Zi-Jing Xia, and Qiang Zhang*
Department of Chemical Engineering, Tsinghua University, Beijing, China, 100084

*Corresponding Author’s E-mail: zhang-giang@mails.tsinghua.edu.cn

The discovery and application of new energy materials impulse the development of sustainable
energy for the modern society. Controllable synthesis of the rationally designed energy materials at the
atomic level has always been the holy grail in regards of both science and practical application. Covalent
organic frameworks (COFs) constructed by infinite repulsion of organic structural units connected by
covalent bonds serve as desired molecular materials for energy storage and conversion.

Herein, we designed and synthesized a porphyrin covalent organic framework (POF) to demonstrate
its advances in chemistry and electrocatalysis. A direct synthesis methodology is proposed as a guidance
for bulk synthesis of COF by using simple and low cost feedstocks, employing simple operations, and
producing materials with high quality, output, and yield. POF was one-pot synthesized under the direct
synthesis methodology, with an output of 2.17 g and a yield as high as 95%. The as-synthesized POF
exhibits unique two-dimension (2D) layered structure and further demonstrates versatility in composition,
structure, and morphology, affording nanocarbon POF hybrids, and transition metal coordinated POFs.

The cobalt coordinated graphene-POF hybrid (named as G@POG-Co) serves as an excellent
electrocatalyst for both oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) in alkaline
electrolyte. The ORR reactivity of G@POF-Co is super high with an half-wave potential being 0.81 V vs
RHE, close to the state-of-art Pt/C electrocatalyst. The overpotential at 10.0 mA cmfor OER is only 430
mV for G@POF-Co. The bifunctional performance of G@POF-Co is excellent with the potential gap
being 0.85 V and among the best noble-metal-free bifunctional electrocatalysts. POF presents the ability to
synthesis and control materials at the atomic level for advanced sustainable energy. More molecular
materials are coming from the POF family to serve as emerging platform for the future sustainable world.
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Regulating p-block metals in perovskite nanodots for efficient

electrocatalytic water oxidation

Bo-Quan Li?, Zi-Jing Xia!, Bingsen Zhang?, Cheng Tang', Hao-Fan Wang?, and Qiang Zhang" *
1Department of Chemical Engineering, Tsinghua University, Beijing, China, 100084
2Shenyang National Laboratory for Material Science, Institute of Material Research, Chinese Academy of Sciences,
Shenyang, China, 110016

*Corresponding Author’s E-mail: zhang-giang@mails.tsinghua.edu.cn

Water oxidation represents the core process of many sustainable energy systems, such as fuel cells,
rechargeable metal-air batteries, and water splitting. Material surface defects with high-energy hanging
bonds possess superb intrinsic reactivity, whose actual performance is limited by the dimension and
conductivity of the electrocatalyst. Perovskites are a family of defect-abundant materials and exhibit
excellent oxygen evolution reaction (OER) reactivity. However, the perovskite defects are in body phase
dominantly, which cannot function during practical OER process.

Herein, we proposed a surface defect-rich perovskite electrocatalyst through a p-block metal
regulation concept to achieve high performance for OER. P-block metals possess a dual nature of
metallicity and non-metallicity that can dissociate as soluble coordination complexes under certain
conditions. As a typical p-metal, Sn** dissolves from solid model SnNiFe perovskite nanodots during
electrochemical activation, resulting in abundant surface defects and superior water oxidation performance.
The activated perovskite electrocatalyst exhibits the overpotential required for 10.0 mA cm2 to be 350 mV
in alkaline electrolyte, which is comparable to the state-of-art IrO. electrocatalyst. An oxygen pool model
is therefore proposed that the amorphous oxygen surface after electrochemical activation is more inclined
to reactant fusion and product evolution. Therefore, the strategy of p-block metal regulation reported
herein not only proves to be effective and rational for constructing surface defect-rich highly active
electrocatalysts, but also helps to tackle critical issues in multi-electron oxygen electrocatalysis.
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Tuning selectivity of oxygen reduction by isolated active site

Yizhong Lu*, Yuanyuan Jiang, Pengjuan Ni, Chuanxia Chen
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The isolated active sites can be effectively tune the activity and selectivity for
electrochemical reactions [l Here, by using the single-Pd atom doped Auzs nanoclusters as
catalysts (Pd1Auz4), surprising high selectivity (95% at 0.5 V vs RHE) toward hydrogen dioxide
production from oxygen reduction and excellent activity and stability were achieved. 2 The
present study not only provide a new strategy to design single-atom catalysts but also help us to
understand the interaction between the structure and observed properties of catalysts.
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Figure 1. left) RRDE voltammograms at 1600 rpm in Oz-saturated 0.1 M HCIOa. Ring potential: 1.2 V vs RHE. right)

Mechanism illustration of H202 production from selective two-electron oxygen reduction.
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Electrochemical production of lactic acid from glycerol oxidation

catalyzed by AuPt nanoparticles
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The production of valuable chemicals from relatively inexpensive feedstocks utilizing
electrochemical methods has been attracting widespread attention in recent years since it is
highly efficient, decentralized, environmental-friendly and can operate in room temperature and
pressure. Currently, the industrial production of lactic acid is mainly based on bio-fermentation,
leading to drawbacks including severe conditions, unfriendliness to environment, low efficiency
and requirement of expensive equipment, which can potentially overcome by electrochemical
methods. Herein, we report the electrochemical production of lactic acid from glycerol at room
temperature and pressure. The selectivity for lactic acid can be achieved > 70% on AuPt
nanoparticles with a controlled surface composition. Lower oxidation potentials promoted the
formation of lactic acid, and the Au-enriched AuPt bimetallic catalyst showed an optimal
performance, with the highest lactic acid selectivity and glycerol conversion. Additionally, the
glycerol conversion was found to be tunable by varying the electrolyte pH, glycerol
concentration, and reaction time, in addition to the applied potential and catalyst surface

Glycerol i i
0.45 Vvs. RHE Lactic acid, 73%

1M KOH

AuPt nanoparticles (15% Pt
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A strongly coupled CoS:/ reduced graphene oxide nanostructure as an
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Sodium-ion batteries (SIBs) are highly attractive electrochemical devices for massive energy storage
because of their low cost and abundance of sodium, but insufficient anode performance remains a key
challenge for the commercialization of this attractive technology. In this study, a hierarchically porous
CoSz/graphene composite with an architecture of CoS; nanoparticles embedded in reduced graphene oxide
(rGO) is synthesized through a one-step hydrothermal route allowing the growth of the CoS; phase and the
reduction of the graphene oxide simultaneously. This composite is applied as an anode material for SIBs,
delivering favorable performance. The CoS; phase consists of nanoparticles of ~10 nm that are uniformly
anchored on the rGO, forming a CoS,/rGO hybrid with strong phase interaction. As a conversion-type
anode for SIBs, the electrochemical testing results show significantly enhanced sodium-storage properties
for the CoS2/rGO composite compared with that of bare CoS,. Impressively, the CoS2/rGO nanostructure
exhibits a high discharge capacity of approximately 400 mAh g after 100 cycles at specific current of 100
mA g, corresponding to approximately 80% of the discharge capacity in the second cycle.
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Fig. 1 (a) An SEM image of the CoS2/rGO composite; (b) rate performance of the CoS2/rGO electrode at current densities of
100, 200, 500, 1000, 2000, and 5000 mA g in a potential window of 0.01-3.0 V.; (c) Cycling performance (left y-axis) and
coulombic efficiency (right y-axis) of the bare CoS», rGO and CoS2/rGO composite at a current density of 100 mA gL
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Perovskite oxides exhibit potential for use as electrocatalysts in the oxygen evolution reaction (OER).
However, their low specific surface area is the main obstacle to realizing a high mass-specific activity that
is required to be competitive against the state-of-the-art precious metal-based catalysts. We report the
enhanced performance of BagsSrosCoosFeo20s.s (BSCF) for the OER with intrinsic activity that is
significantly higher than that of the benchmark IrO,, and this result was achieved via fabrication of an
amorphous BSCF nanofilm on a surface-oxidized nickel substrate by magnetron sputtering. The surface
nickel oxide layer of the Ni substrate and the thickness of the BSCF film were further used to tune the
intrinsic OER activity and stability of the BSCF catalyst by optimizing the electronic configuration of the
transition metal cations in BSCF via the interaction between the nanofilm and the surface nickel oxide,
which enables up to 315-fold enhanced mass-specific activity compared to the crystalline BSCF bulk
phase. Moreover, the amorphous BSCF-Ni foam anode coupled with the Pt-Ni foam cathode demonstrated
an attractive small overpotential of 0.34 V at 10 mA cm for water electrolysis, with a BSCF loading as
low as 154.8 ug cm™.
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Multiscale Principles to Boost Reactivity in Gas-Involving Energy

Electrocatalysis
Cheng Tang, Hao-Fan Wang, Qiang Zhang*

Beijing Key Laboratory of Green Chemical Reaction Engineering and Technology, Department of Chemical Engineering,
Tsinghua University, Beijing 100084, China

*zhang-giang@mails.tsinghua.edu.cn

Various gas-involving energy electrocatalysis, including oxygen reduction reaction (ORR), oxygen
evolution reaction (OER), and hydrogen evolution reaction (HER), have witnessed increasing concerns
recently for the sake of clean, renewable, and efficient energy technologies. However, these heterogeneous
reactions exhibit sluggish kinetics due to multi-step electron transfer and only occur at triple-phase
boundary regions. Insightful principles and effective strategies for a comprehensive optimization, ranging
from active sites to electrochemical interface, are necessary to fully enhance the electrocatalytic
performance aiming at practical device applications. Herein, we will present our recent attempts under
multiscale principles,i*! including: 1) regulation of the intrinsic electronic structure for accelerated surface
reaction; 2) tailor of the extrinsic hierarchical morphology to ensure high utilization efficiency and smooth
electron transfer; and 3) engineering of the working electrode interface with favorable mass diffusion and
interface conditions. Such multiscale principles stemmed from the in-depth insights on the
structure-activity relationship and heterogeneous reaction characteristics will no doubt pave the way for the
future development of gas-involving energy electrocatalysis, and also afford constructive inspirations in a
broad range of research including CO; reduction reaction, nitrogen reduction reaction, etc.
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Perovskite oxides have recently emerged as efficient electrocatalysts for oxygen evolution reaction
(OER) in an alkaline solution. However, most of perovskite materials have poor electrical conductivity at
room temperature. Here, to enhance the activity and stability toward OER, we in situ introduced carbon
nanotubes (CNTs) on perovskite (SrTio1FeossNioosOs-s) surface via a simple chemical vapor deposition
(CVD) method at an optimized temperature of 700 <C (The obtained composite was denoted as
STFN/CNT-700). STFN/CNT-700 exhibited higher OER activities than the bare perovskite, with an onset
potential of 1.59 V vs. RHE, overpotential of 0.48 V at 10 mA cm2 current density, and Tafel slope of 98
mV dec!. What’s more, the long-term stability was also dramatically improved.
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Figure 1. a) SEM image of STFN/CNT-700. b) OER polarization curves of STFN/CNT-700 and other catalysts. c)
Chronopotentiometry curves of STFN/CNT-700 and STFN catalysts at a constant current density of 5 mA cm
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Active Sites Engineering towards Superior Carbon-Based Oxygen

Reduction Catalysts via Confinement Pyrolysis
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Developing efficient and low-cost defective carbon-based catalysts for oxygen reduction reaction
(ORR) is essential to metal-air batteries and fuel cells. Active sites engineering towards these catalysts is
highly desirable but challenging to realize boosted catalytic performance. Herein, we report a
sandwich-like confinement route to achieve the controllable regulation of active sites for carbon-based
catalysts. In particular, three distinct catalysts including metal-free N-doped carbon (NC), single Co atoms
dispersed NC (Co-N-C) and Co nanoparticles-contained Co-N-C (Co/Co-N-C) are controllably realized
and clearly identified by synchrotron radiation-based X-ray spectroscopy. Electrochemical measurements
suggest that the Co/Co-N-C catalyst delivers optimized ORR performance due to the rich Co-Nx active
sites and their synergistic effect with metallic Co nanoparticles. This work provides deep insight for
rationally designing efficient ORR catalyst based on active sites engineering.
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Atomic Identification of Nickel Vacancy in Nickel Hydroxide: the
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Reconstruction
12, L EZ, Ril
PEMAEEAKRFERR V852 RE, 4%, +H,230026

E-mail: hqun@mail.ustc.edu.cn

Anodic oxidation reactions play vital roles in water electrolysis and fuel cells. Recently, the surface
self-reconstruction capacity during oxidation reactions is considered as the key of highly active catalysts.
Despite that many efforts have been made to obtain efficient catalysts for activating oxygen reactions, the
correlation understanding between surface reconstruction and intrinsic structure is highly desirable to
unravel the catalytic mechanisms. In this work, we report a-Ni(OH), catalysts with controllable nickel
vacancies (Vni) concentrations via rational synthetic strategy. Electrochemical measurements demonstrate
that the Vi in a-Ni(OH), can efficiently mediate the surface reconstruction and thus promote active
components generation, leading to remarkably boosted reaction activity. Density functional theory (DFT)
calculations reveal that the presence of Vy; induces the appearance of new defect levels and the increase of
hole densities near the Fermi level, which can largely benefit to charge transfer for facilitating the
formation of active components. Meanwhile, the high Vi concentrations can efficiently decrease the
formation energies of the active components from a-Ni(OH), catalysts. This work not only broadens the
fundamental understanding of true catalytically active sites in the typical anodic reactions, but also
provides significant guidance for the design of efficient electrocatalysts.
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Bifunctional transition metal hydroxysulfides: room-temperature

sulfurization and their applications in Zn-air batteries
Hao-Fan Wang, Cheng Tang, Bin Wang, Bo-Quan Li, Qiang Zhang*
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The electrocatalysis of oxygen evolution reaction (OER) and oxygen reduction reaction (ORR)
remains a key problem for various sustainable energy systems. Transition metal sulfides are promising
candidates in electrochemical applications for their high electrical conductivity, and have shown much
potential in OER/ORR bifunctional electrocatalysis. The traditional hydrothermal method for sulfide
synthesis has the shortcomings of high energy cost, poor safety, and the easily agglomerating feature of the
as-prepared sulfides. In this contribution, we proposed a mild, safe and facile way to synthesize transition
metal sulfides, by simply immersing the precursor into sodium sulfide solution at room temperature. This
method was verified to be highly efficient in converting the precursor to sulfide, and enhancing the
catalytic activity. Furthermore, the morphology of the precursor can be well maintained. Based on this
method, a cobalt-iron sulfide catalyst converted from the corresponding hydroxide was obtained, and
exhibited excellent OER/ORR bifunctional activity. The potential for 10 mA cm OER current density is
1.588 V vs RHE, and the ORR half-wave potential is 0.721 V vs RHE, with a potential gap of 0.867 V.
The application in rechargeable Zn-air battery also showed outstanding performance with high power
density, capacity and stability.
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Microfluidic Devices for the Detection of L-cysteine Using a

Ferrocene-based Mediator
R A
b Tk k57 b, P E, 100022

sopily@hotmail.com

The development of microengineered techniques which seek to probe electrochemical process
coupled with homogeneous chemical reactions was demonstrated. A microfluidic device integrated with
the boron doped diamond electrode was designed and fabricated via photolithographic technique to study
electrocatalytic (EC’) mechanism under both stagnant and flow conditions. Parameters including flow rate,
scan rate and substrate concentration were varied to illustrate how the microfluidics influenced the profile
of voltammograms. Modified Levich equation was employed to calculate cell depth electrochemically. An
increase of limiting current was achieved with the increase of substrate concentration under both stagnant
and flow conditions. An enhancement of oxidative current (4.98 times) was observed at a flow rate of 0.03
mL min* while this enhancement was lifted to 5.76 times at the flow rate of 0.15 mL min. Also, a
negative shift of oxidative peak was observed due to the electrocatalytic mechanism. Numerical
simulations were carried out to support the corresponding experimental data.
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bisphenol A over TiO2-graphene hydrogel with 3D network structure
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We successfully fabricated the three-dimensional (3D) hydrogel of titanium dioxide (TiO)-graphene
using a simple one-pot method and exhibited enriched adsorption-photoelectrocatalytic degradation ability
of low-concentration bisphenol A (BPA). Combined with the unique adsorption of graphene hydrogel and
the effective photoelectrocatalytic performance of TiO,, we rapidly enriched the organic pollutants and
conducted efficient in situ degradation. The low-concentration BPA (20 mg/L) was degraded completely by
the TiO,-rGH electrode in 5 h through the synergistic effect of adsorption-photoelectrocatalytic. The
photogenerated charge on the surface of TiO; is rapidly separated by the action of the applied electric field
and the graphene sheet. The high conductivity of the graphene makes the TiO2-graphene hydrogel rapidly
conducting the charge and solves the problem of poor conductivity of the semiconductor electrode. On the
basis of these advantages, the TiO.-rGH has a cross-porous network structure that favors the anchor of
more TiO2 nanocrystals, the specific surface area and reactive sites are greater than the thin film electrode,
and the structure is conducive to significantly improving the BPA removal efficiency. By contrast, the BPA
degradation of TiO2-rGO thin film electrode was 40% after 4 h of ultraviolet irradiation, whereas the
removal rate of BPA over the same mass of TiO,-rGH electrode rate was up to 96%.At the same time, the
TiO.-rGH electrode without filtering can be achieved quickly separated from the recovery due to its special
macro-3D network structure. Its removal ability still maintains above 90% after 10 times cyclic
experiments with self-regeneration characteristics. It can be achieved rapid separation and recovery
without filtering.
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Fig. 2. TEM images of (a) rGH, (b) TiO2, and (c) TiO2-rGH; HRTEM image of (d) TiO2-rGH.


mailto:wkcui@163.com

2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

00 o
Time(min}

ntage of BPA (%)

Figure 3. (a) Comparison of PC, EC, and PEC activity of the TiO2-rGH electrode decomposition of BPA. (b) Adsorption,
adsorption-photocatalysis, adsorption-electrocatalysis, and adsorption-photoelectrocatalysis of BPA via
TiO2-rGH electrode. (c) The removal percentage of BPA under different bias conditions after adsorption
equilibrium. (d) Adsorption-PEC degradation of BPA under different bias.
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Visible-light-induced plasmonic metal nanostructures enhance liquid fuel

electrocatalysis
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The production and conversion of solar energy is a sublime target and the pursuit of appropriate
materials as photocatalysts can not only adsorb the broad wavelength sun light, but also lead to the highly
efficient photocatalysis performances is also one of the tough challenges. Although most of the
photocatalysts are semiconductors, it has also been well demonstrated that plasmonic nanostructures of
noble metals such as gold and silver also serve as efficient photocatalysts. Plasmonic metallic
nanostructures are featured with their strong interactions with resonant photons via exciting the SPR. In
addition, the SPR can be characterized by the collective oscillation of valence electrons induced by
resonance photons. The investigation of SPR induced photoelectrocatalytic effect based on plasmonic
metallic nanostructures is of vital significance for exploring highly efficient photoelectrocatalysts for
electrocatalytic oxidation reactions. Therefore, we focus on the SPR enhanced liquid fuel electrocatalysis
employing different photocatalysts to develop various plasmonic metal nanostructures with well-defined
shape, high-index facet, and high surface active areas. Impressively, the SPR effect also induces the
plasmonic metal nanocatalysts under visible light irradiation conditions to display great enhancement in
photoelectrocatalytic activity compared to that under dark conditions. More importantly, we also introduce
a promising approach towards the designing of a plasmonic metal nanocatalyst with ideal nanostructures
for liquid fuel oxidations, presenting a feasible strategy for designing outstanding photocatalysts for fuel
cells.
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Carbon Nanosheet Containing Atomic-Scaled M-N-C Catalysts for

Efficient Oxygen Electrocatalysis and Rechargeable Zn-Air Batteries
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Structural and compositional engineering atomic-scaled metal-N-C catalysts is important
yet challenging in boosting their performance for the oxygen reduction reaction (ORR) and
oxygen evolution reaction (OER). Here, a boron (B)-doped Co-N-C active sites confined in
hierarchical porous carbon sheets (denoted as Co-N,B-CSs) were obtained by soft template
self-assembly pyrolysis method. Significantly, the introduced B element gives an electron
deficient site, that can active the electron transfer around the Co-N-C sites, strength the
interaction with oxygenated species, and thus accelerate reaction kinetics in the 4e- processed
ORR and OER. As a result, the catalyst showed Pt-like ORR performance with a half-wave
potential (E1/2) of 0.83 V versus (vs.) RHE, the limiting current density is about 5.66 mA cm?,
and high durability (almost no decay after 5000 cycles) than Pt/C catalyst. Moreover, a
rechargeable Zn-air battery device comprising this Co-N,B-CSs catalyst shows superior
performance, open-circuit potential of ~1.4 V, a peak power density of ~100.4 mW cm, as
well as excellent durability (128 cycles for 14h of operation). DFT calculations further
demonstrated that the coupling of Co-Ny active sites with B atoms prefers to adsorb O, molecule
in side-on mode and accelerates ORR Kkinetics.
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Copper Nanowires as a Robust and Flexible Electrocatalyst for CO2

Reduction

Wei Zhang, Ying Yu*
College of Physical Science and Technology, Central China Normal University, Wuhan 430079, China
* yuying01l@mail.ccnu.edu.cn

Electrocatalytic CO, conversion to value-added products offers a promising route to mitigate the
growing energy demand, dwindling fossil fuel reserves and increasing atmospheric CO» concentration,
during which the electricity can be generated from renewable energy sources, such as solar, wind and
biomass.*21 Over the past decades, researchers have evaluated lots of materials as electrodes for CO>
electroreduction, such as metals, transition metal oxides, transition metal chalcogenides, carbon-based
materials and metal-organic frameworks (MOFs).Bl Among various electrocatalysts investigated to date,
copper(Cu)has been identified to be promising because of its low cost, and in particular its potential of
catalyzing the formation of high quantity of hydrocarbons. Here, we explore the Cu nanowires for CO»
electroreduction activity through a facile and low-cost synthesis method.

.
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Figure 1 (a) XRD patterns of of Cu foam, Cu(OH)2/Cu foam and CuO/Cu foam; (b) SEM images of CuO nanowires on Cu

foam
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MoP nanoflakes as efficient catalysts for Li-O; batteries
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M KRR F IR R EMFEIFHA LI, HHM, FEH, 215006

*E-mail: jinchao@suda.edu.cn

Herein, we firstly report a binder-free electrode with in-situ synthesized MoP nanoflakes on the
surface of carbon cloth and its application in non-aqueous Li-O, batteries (LOBs). The assembled
LOBs exhibit improved discharge/charge capability (achieving actual 4.15 mAh at a current of 0.1
mA and cycle stability (400 cycles without capacity fading), which should be attributed to the
superior electrocatalytic activity of MoP nanoflakes towards the formation/decomposition of LiO,.
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Electrochemical Synthesis of 1,2,4-Triazole-Fused Heterocycles

Zenghui Ye, Mingruo Ding, Yangi Wu, Yong Li, Wenkai Hua and Fengzhi Zhang*
Zhejiang University of Technology, Hangzhou, P. R. China, 310014
*Corresponding Author’s E-mail: zhangfengzhi@zjut.edu.cn.

A reagent-free intramolecular dehydrogenative C—N cross-coupling reaction has been
developed under mild electrolytic conditions. In this atom- and step-economic one-pot process,
valuable 1,2,4-triazolo[4,3-a]pyridines and related heterocyclic compounds could be
synthesized efficiently from commercially available aliphatic or (hetero)aromatic aldehydes and
2-hydrazinopyridines. Various functional groups are compatible with this metal- and
oxidant-free protocol which can be carried out on gram scale easily. This novel method was
applied to the synthesis of one of the top selling drugs Xanax and late stage functionalization for
generating chemical diversity of biologically relevant lead molecules.

a) Representative examples of 1,2,4-triazoloheterocycles:
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b) Previous synthesis of 1,2,4-triazolopyridines:
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Scheme 1. Functionalized 1,2,4-triazolo[4,3-a]heterocycles and their synthesis.
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Enhancing electrode performance of cathode material with in situ exsolved

nanoparticles for low temperature SOFC

Liusheng Zhou,! Guangming Yang,* Wei zhou,* Zongping Shao®>*

Liangsu National Synergetic Innovation Center for Advanced Materials, State Key Laboratory of Materials-Oriented
Chemical Engineering, College of Chemical Engineering, Nanjing Tech University, No.5 Xin Mofan Road, Nanjing 210009,
P. R. China.
2Department of Chemical Engineering, Curtin University, Perth, Western Australia 6845, Australia

*Corresponding author. Email: shaozp@njtech.edu.cn (Z.S.)

A material with a heterostructure may significantly extend the length of three-phase boundary (TPB),
which is proved critical to oxygen reduction reaction (ORR) [, Our previous studies have proved that
heterostructured composite cathodes with exsolved nanoparticals enhance ORR activity and/or stability,
including Ag decorated Sro.95Ago.0sNbo1C00.903-5 (SANC) M, NiO decorated SrFeggsTio.1Nio.osO3-5 . In
this paper, Ba(CogaFeo4Zro1Y01)0.95sNio0s03-5 (BCFZYN) cathode powders were synthesized using a
previously developed sol-gel method. The active nanoparticles were introduced by an in situ growth
technique based on the exsolution of ion from the bulk of the perovskite phase. The nanoparticles are
uniformly distributed on and well bonded to the surface of parent electrodes. By means of X-ray
diffraction, Ho-TPR, FE-SEM and electrochemical impedance spectra (EIS) measurements, it is found that
the polarization resistance of BCFZYN cathode material at 500 °C decreased to 0.113 Q cm? from 0.135 Q
cm? after 10 % H,-Ar treatment, which means nanoparticles on the surface of BCFZYN perovskite oxide
significantly enhance the ORR kinetics. As a general approach, this exsolution-dissolution of
electrocatalytically active nanoparticles on an electrode surface may be applicable to the development of
other high-performance cathodes for fuel cells and other electrochemical systems.
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In situ self-propagating formation of amorphous tungsten phosphide for

Highly Efficient Hydrogen Evolution

Xiangyong Zhang*
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*Corresponding Author’s E-mail: XYZhang@csu.edu.cn

The urgent need of clean and renewable energy drives the exploration of effective
strategies for hydrogen production. With the assistance of highly active non-noble metal
electrocatalysts, electrolysis of water is becoming a promising candidate to generate pure
hydrogen with low cost and high efficiency. In this work, an active and stable amorphous
tungsten phosphide (A-WP) catalyst, as a potential replacement for Pt-based noble metal
catalysts, is synthesized via a novel and facile self-propagating reaction. Moreover, there are a
lot of defects can be find in the surface of the as-prepared WP catalyst, which can provide more
active sites for HER. As a result, the as-prepared catalyst exhibits an excellent activity with a
small Tafel slope of 53 mV dec™?, among the best records for WP-based catalysts, and excellent
stability.
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Electrochemically Shape-Controlled Synthesis of High-Index Faceted

Noble Metal Nanocrystals with Enhanced Electrocatalytic Activities

Lu Wei, Yu-Jie Mao, Xin-Sheng Zhao*
Hydrogen Research Lab for Energy Storage and Application, School of Physics and Electronic Engineering, Jiangsu Normal
University, Xuzhou, 221000

*Corresponding Author’s E-mail: xinshengzhao@jsnu.edu.cn

Shape-controlled synthesis of noble-metallic nanocrystals (NCs) enclosed by high-index facets has
attracted intense interest due to their fascinating properties and potential applications such as in catalysis,
surface-enhanced Raman scattering (SERS), and fuel-cell technology. High-index facets always expose a
high density of low-coordinated atoms on steps, ledges, and kinks, which constitute active sites of catalyst,
and have generally a high surface energy, which is always a big challenge for shape-controlled synthesis.
In our work the shape-controlled synthesis of high-index faceted noble-metallic NCs was achieved by
electrochemical method in deep eutectic solvents (DESS), such as a set of various morphologies of concave
Au NCs, high-index {711} and {331} faceted stellated Au NCs, high-index {hk0} faceted concave Pt
nanocubes on multi-walled carbon nanotubes (CNTs).1 Thanks to the high density of surface atomic steps,
the as-prepared noble-metallic NCs exhibit high electrocatalytic properties.
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Figure: (a) SEM images of Au NCs electrodeposited at a series of potentials. (b) LSV curves of D-glucose oxidation
on Au NCs. (c) SEM, TEM, HRTEM images, SAED patterns of stellated Au NCs and atomic models of
Au(771),(331) planes. (d) LSV curves of D-glucose oxidation on stellated, concave TOH, concave HOH Au NCs and
polycrystalline Au. () SEM, TEM images of concave cubic Pt NCs/CNT and atomic models of Pt {710}, {610} and
{510} planes. (f-g) CV and CA curves of ethanol oxidation on concave cubic Pt/CNT (red line), flower-like Pt/CNT

(blue line) and commercial Pt/C (black line).
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Atomic Iridium Incorporated in Cobalt Hydroxide for Efficient Oxygen

Evolution Catalysis in Neutral Electrolyte

Youkui Zhang, Hongliang Jiang*, Li Song*
University of Science and Technology of China, Hefei, China, 230029
*Corresponding Author’s E-mail: jhlworld@ustc.edu.cn (H.J.); song2012@ustc.edu.cn (L.S.)

Electrochemical water splitting is expected to be a promising chemical process as the
solution to the increasing fossil fuel depletion. Herein, a facile one-step approach is developed
to synthesize a new type of well-dispersed Ir incorporated cobalt-based hydroxide nanosheets
(nominated as Colr) for OER. The Ir species as clusters and single atoms are incorporated into
the defect-rich hydroxide nanosheets through the formation of rich Co-Ir species, as revealed by
X-ray spectroscopic characterizations combining with HAADF-STEM measurement. The
optimized Colr displays highly efficient OER catalytic performance with an overpotential of
373 mV to achieve the current density of 10 mA ¢cm2in 1.0 M PBS, significantly outperforming
the commercial IrO; catalysts. Further characterizations towards the catalyst after undergoing
OER process indicate that unique Co oxyhydroxide (CoOOH) and high valence Ir species with
low-coordination structure are formed due to the high oxidation potentials, which authentically
contributes to superior OER performance. This work not only provides a state-of-the-art OER
catalyst in neutral media, but also unravels the root of the excellent performance based on
efficient structural identifications.



2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

B—TiOMRATFIHNEMRRE LIS BKHREFS

XNKA), ARAEAE, KA, GREEA] 2*
BFEIKRSE, @w, FH, 210094
*zhangkan112255@hotmail.com, zhangslvip@njust.edu.cn

MR 5 i 4t A AL R RE AL 11 B e, DRI B BRI 2L A 2R TiO, 28 A 5
JREEAR T A SRS B VARG 2 AL 2 4h, RETL Tio, S5 NMTHIRGER, FFROAAN
R AR RO TR — R R ik SR, ARG ARG KBRS 7 R 5 S 2= A 5
NFERATIRRE A KA .

FEIX L, BATRAE 7 — Pk 0k A A 7] 5 B Vi B A B B AN g 2 A T R S AN R R
Ji £ e RO T e B G I K ik (oo DE-P25) o RHIMPF L& EMAGRELLT
BEAT AR PR AGR K T E, WIS MREAA 2~3 nm /72 1) DE-P25 FgiKp 1
M2 54, JHEdm 2 #ER-TEM, WrReRinkil (EELS) FMERAL T4 8%, DE-P25
() EELS Ti-L2,3 JGilk J U{A S5 A4 2 W A o it A 2 [0 B B ) sk S AR Ak, 355 ol R AN o v 1 3 3
FRITC R 2 P9 R HL AR 7 e Ay 2 2 PR BRI B AR . DE-P25 FRIER PR LTI RS ) PL AR i iR W45
N TiOp YRR ) TE PP J2 0 < 20 A0 AH 5 5 28 3 ) ELRUR T SO b WL 38R 1 B B AT 1)
RIS REE, REefFaa M2

XA S S BURETTE P S L0 T P e 2L A AR B TiO ZUKRURL Hh (11X 22 i 57t R 45 3R I
AR S 0 T F e 0 S R, T HOE B < e B R i SO Bk, H R AR He, Z0R4%
LI BUERE ML IR R4S RS 140 5.

SRR

[1] K. Zhang, L.Y.Wang,J. K. Kim, M. Ma, G. Veerappan, C. L. Lee, K. J. Kong, H. Y. Lee, J. H. Park, Energy Environ.
Sci., 2016, 9, 499-503.

[2] (a)YuHang Li, Peng Fei Liu, Lin Feng Pan, Hai Feng Wang, Zhen Zhong Yang, Li Rong Zheng, P. Hu, Hui Jun Zhao,
Lin Gu, Hua Gui Yang, Nat. Commun., 2015, 6, 8064. (b) F. Cavani, G. Centi, P. Marion, in Metal Oxide Catalysis,
Wiley-VCH, Weinheim, 2009


mailto:*kanzhang@njust.edu.cn,
mailto:zhangslvip@njust.edu.cn

2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

Defect-Induced Epitaxial Growth for Efficient Solar Hydrogen Production

QianQian Zou, Kan Zhang*,and ShengLi Zhang*
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Hydrogen evolution from water splitting has been considered as a clean, green and efficient
strategy to solve the energy shortage and ameliorate environmental pollution. Therefore,
exploiting hydrogen evolution reaction cocatalysts. with earth-abundant materials instead of
precious platinum group metals has been actively encouraged.

Epitaxial growth suffers from the mismatches in lattice and dangling bonds arising from
different crystal structures or unit cell parameters. Here,we demonstrate the epitaxial growth of
2D MoS; ribbon on 1D CdS nanowires (NWs) via surface and subsurface defects. The
interstitial Cd®in the (1210) crystal plane of the [0001]-oriented CdS. NWs are found to serve as
nucleation sites for interatomically bonded [001]-oriented MoS;,where the perfect lattice match
(~99.7%) between the(1011) plane of CdS and the (002)-faceted in-plane MoS; result in coaxial
MoS; ribbon/Cd S NWs heterojunction. The coaxial but heterotropic epitaxial MoS; ribbon on
the surface of CdS NWs induces delocalized interface states that facilitate charge transport and
the reduced surface state.A less than 5-fold ribbon width of MoS, as hydrogen evolution
cocatalyst exhibits a~10-fold H; evolution enhancement than state of the art Pt in an acidic
electrolyte,and apparent quantum yields of 79.7% at 420 nm,53.1% at 450 nm, and 9.67% at 520
nm, respectively.
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Biomass Derived Transition Metal -N-C catalyst as a Bifunctional Catalyst

for Zn-air Battery
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Rational design of low-cost, highly activity and stable bifunctional electrocatalysts for oxygen
reduction reaction (ORR) and oxygen evolution reaction (OER) has been a great significant for metal-air
batteries. In this work, we design a cost-effective approach to synthesize transition metal oxides
nanoparticles embedded in nitrogen-doped carbon nanosheets for ORR and OER. In view of the
components of carbon, oxygen and hydrogen without other heteroatoms, The peach gum was employed as
carbon precursor for producing conductive carbon matrix to host transition metal oxide nanoparticles and
M-N-C sites by hydrothermal treatment and further pyrolysis. The M-N-C catalyst presents high ORR
catalytic activity with excellent four-electron selectivity and a low OER overpotential in alkaline condition.
Moreover, the primary Zn-air battery assembled with M-N-C catalyst exhibits a low discharge/charge
overpotential and outstanding stability, which has a bright potential for practical application on
rechargeable Zn-air batteries.
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Redox flow batteries (RFBs) are considered as one of the most promising electrochemical
energy storage technologies due to the decoupled energy storage and power output, flexible
design and long cycle life [Y1, Many kinds of RFBs have been reported. Among them vanadium
redox flow battery (VRB) is the most successful system and there are many demonstrated VRB
systems with energy capacity of kWh even of MWh all over the world. However, the fully
commercialized of it is still hindered by its high cost and low energy density [21. Therefore, the
development of a RFB system that is shown to be compatible for both high energy and low cost
are highly desired.

Here we report our results on high energy density redox targeting based systems. These
systems employed high energy storage solid materials in catholyte and anolyte, respectively. A
cation ion exchange polymeric membrane was used in the cell to separate the anolyte and
catholyte, and prevent the permeability of active materials. The solubility of active material an
reach as high as 4 M in both catholyte and anolyte, Therefore, the energy density of these RFBs
are as high as 500 Wh/L, which is 5-10 time higher than that of traditional VRB. These RFB
cells shown 95% Coulombic efficiency and 80% energy efficiency. The capacity retention is
more than 90% even after 300 cycles. Therefore, with above merits, these redox targeting based
RFBs is expected to have excellent commercial prospects as a large-scale energy storage
technology.
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FeCo-based materials are promising candidates as efficient, affordable, and sustainable
electrocatalysts for oxygen evolution reaction (OER). In our study, some composites containing
Fe compounds and Co compounds was successfully prepared as OER catalyst. In the catalysts,
there are amounts of exposed heterointerfaces between Fe compounds and Co compounds. It is
believed that the exposed heterointerfaces act as catalytic active sites for OER via a two-site
mechanism. It was shown that there is strong charge interaction between Co and Fe sites in the
catalyst, causing acidic iron sites. The catalysts were then loaded on a a-Fe;O3; photoanode, the
photocurrent density was increased by three times. These results may provide some hint for the
design and engineering of highly active and durable catalysts.
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Figure 1. a) HRTEM image suggesting the formation of separated phases of composite catalysts. b)
Linear sweep voltammetry curves (after iR-compensated) obtained with various catalysts.
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Atomic regulating Mo doped NisPs with rich active site for wide-pH

electrocatalysis
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It is of essential importance to design an electrocatalyst with excellent performance for both hydrogen
evolution reaction (HER) and oxygen evolution reaction (OER) in water splitting. NisPs has been
developed as idea HER and OER electrocatalysts. However, the catalytic efficiency and stability are unable
to meet application requirements. In this work, we regulated the atomic structure via Mo doping NisP4 via
hydrothermal and calcination treatment (Figure 1). The resulted Mo-NisP4 exhibits urchin structure with
rich active sites and excellent structural stability. And then Mo-NisP4 presents outstanding HER and OER
performances (Figure 2).

Hydrothermal

Calz;:n\\

‘Mo: ©
Ni: o
Pt

Atomic Structure

Slice-like Spheres

Figure 1 the synthetic process and structural characteristics of Mo-NisP4
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water oxidation
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Photoelectrochemical (PEC) solar energy conversion using nanostructure semiconductor
oxide electrode is very important for developing of clean and renewable power sources.[*! So far,
WOs3 has attracted tremendous interests due to its narrow band gap (2.5~2.8 eV), a moderate
hole diffusion length (~150 nm) and high electron mobility.?! However, WOj3 still has a poor
PEC properties because of its slow charge transfer at the semiconductor/electrolyte interface
and rapid electron-hole recombination.[®] Some strategies have been used for improving the PEC
performance including element doping, coupling with other semiconductor oxides and carbon
materials.[*] The N doped carbon dots (NCDs) with advantages of stability, unique electron
reservoir, photo-induced electron transfer property have been widely applied in photocatalysis. %]
In the present work, we fabricate NCDs modified the WO3 nanoflakes (NCDs/WO3) for water
splitting. The photocurrent current density of NCDs/WO3 is 1.45 mA cm2 at 1.0 V vs. SCE,
which is 2.5 times than that of bare WO3; photoanode in 1 M H2SO4 solution. In addition, the
onset potential of NCDs/WO3 exhibits a cathodic shift of 70 mV. These results demonstrated
NCDs can inhibit the recombination of photogenerated carries and improve the charge transfer
process.
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Nitriles are widely used as synthetic intermediates for pharmaceuticals, pesticides, dyes and material
sciencesM. Traditionally, there are two strategies in the synthesis of nitriles: (1) C—C bonds formation,
including the Sandmeyer reaction and Rosenmund-von Braun Reaction; (2) C-N bonds formation,
including the oxidation of amines, dehydration of amides, aldoximes, and Schmidt reaction. Under the
demand of environmental friendliness, the electro-activated transformation of simple hydrocarbon via C-H
bonds to corresponding functional group has been established under mild conditions[?.Here, we presented
an one-pot electrochemical synthesis of 4-methoxy -benzonitrile(4-MBN) from 4-methoxy toluene(4-MT)

with hydroxylamine in agueous ionic liquid solutionl®l.
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Tensile Strain to Boost Hydrogen Evolution Catalysis

Han Zhu*, Chen Liu, MingLiang Du
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The production of hydrogen and oxygen through water splitting are promising and appealing solution
for developing clean-energy technologies.[*? To optimize and enhance electrocatalysts performance and
durability for the hydrogen and oxygen evolution reactions through electrolysis, we describe a new class of
CoySs@MoS; core-shell structures formed on carbon nanofibers with cubic CogSg as cores and layered
layered MoS; as shells. The core-shell design of these nanostructures allows us to combine the advantages
of MoS; and CoySs, serving as switchable electrocatalyst for H, and O evolutions. The unique
CogSs@MoS, demonstrates low onset potentials and overpotentials at j=10 mA/cm? of 64 and 190 mV for
HER and 350 and 430 mV for OER, respectively, when compared with individual MoS; and CogSs phase.
The high hydrogen and oxygen evolution activities of the CogSs@MoS; is due to the electrocatalytic
synergetic effects of nano-interfaces generated by directly contact regions between the CosSg and MoS;
shell. These advantages can generate strong electron transfer between Co and Mo through the intermediate
sulfur atoms bonded to both metals, leading to the promising promoted electrocatalytic activity. 4
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Figure 1 Synthetic process for CosSs/M0S: core/shell nanocrystals with precisely controlled shell numbers supported on
CNFs
References
[1] Zhu, H.; Du, M.L,; et al., Small, 2017, 13, 1700468.
[2] Wang,J.; Zhu, H.; Du, M.L.; et al., ACS Appl. Mater. & Interfaces, 2017, 9, 19756-19765.
[3] Zzhu, H.; Du, M.L; et al., Energy Environ. Sci., 2017, 10, 321-330.
[4] Zhu, H.; Du, M.L,; et al., Adv. Mater., 2015, 27, 4752-4759.



2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

Anionic Regulated NiFe (Oxy)Sulfide electrocatalysts for Water

Oxidation
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Constructing active sites with intrinsic oxygen evolution reaction (OER) reactivity is of
great significance to improve the efficiency of abundant sustainable energy devices. Electronic
structure of electrocatalysts is highly considered toward superb OER performance by affording
favorable active sites for reactant adsorption, electron transfer, and product desorption. The
electronic structure of typical inorganic electrocatalysts is highly dependent on the coordinated
anions, which serve as electron donors and interact through ionic polarization. An anion
regulation methodology is herein proposed to optimize the electronic structure by regulating the
species and content of anions with different polarized degrees for superb OER electrocatalysts.
The resultant (oxy)sulfides exhibit the OER reactivity highly dependent on the anion
composition with the optimized NiFeS-2 electrocatalyst even better than noble metal IrO;
electrocatalyst. The anionic regulation methodology enlightens a new point of view for the
in-depth understanding of electrocatalysis at the electronic and atomic level.
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Figure 1. (a) Oxygen evolution reaction (OER) linear sweep voltammetry (LSV) profiles of NiFeS-x (x = 0, 0.5, 2, 8)
electrocatalysts. (b) Volcano plot of OER reactivity characterized by the overpotential at 10.0 mA cm™ against the
vulcanization degree under anionic regulation, inset: scheme illustration of the anionic regulation strategy. (c) OER LSV
profiles of NiFeS-2 and IrOa.

Reference
[1] B.-Q.Li,S.-Y.Zhang, C. Tang, X. Y. Cui, Q. Zhang, Small, 2017, 13: 1700610.



2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

TEERBUYHELCETREEERTR

FRA (REEH) , BBX, &, 3R, TFK, KBR
FaRFRFHISER, Fd, FEH, 250022

* chm_huangtz@ujn.edu.cn

St R AL RIS B . BEURAT R LS OE 75 Bt — D4R i 73 fim S e L2 ORI IR
BRI R R RERT, I ARARRAS . SRS L mE BE A S T A AR sl e A MR L R Jr 4 5%
AR, AE CIF R RS AEE ST e AT T AL BALY) . B CL R A R AR S5 ) Tk
PORMEHR R Y RIS, ER B H AT L, XSS RIRIT FERE B S bR B e — e R
(24, RS ML R I RE T, @R Z2 2] T ANATHIORIED], A SEie = H it
7L T NiSx, CoSx, FeSy &)@t Wil s AL EILIEERE, 1B 1 09 NiS Al NiS2 AL AL
SSHLEELL K RDE U4 R o

1 R (m,\/em:)
4 s

1 (mAlem’)

0.2 Y 0.6 04 0.2
E V vs Ilg/;.lg,('lz) S E (V wvs. Hg/HgCl)

Bl 1 (a)NiSz I RZHLE, ORR FE@Eid 4 T R BIBE KA (D)2 NiS [ BIHLH], H ORR i 2 F it 2 W7
RS R .

f£ Fe. Co FEmifbWmatsirh, JAEGE] 7 RUKLE 0. SR A EA L —mi s

) e A SRR TR AR 6y F A RO i P 3AORTT PRI, SR 55 3 FEL R RIS I e DA S PR A R R fee A 1 R, X

AT B8 HH T AT B0 R8O DL R 5 L R s i S LEE I, 4 R i A ) A0 T A A 7R A 1 PR AR

o B R EOR S RE, S ERE EE 2l TR PYC MEALF], B RIS AT

SRR

[1] F. Jaouen, E. Proietti, M. Lefevre, R. Chenitz, J.-P. Dodelet, G. Wu, H.T. Chung, C.M. Johnston, P. Zelenay, Energy
& Environmental Science, 2011, 4: 114-130.

[2] S. Chen, J. Bi, Y. Zhao, L. Yang, C. Zhang, Y. Ma, Q. Wu, X. Wang, Z. Hu, Advanced Materials, 2012, 24:
5593-5597.

[3] Y.Chen, R. Gokhale, A. Serov, K. Artyushkova, P. Atanassov, Nano Energy, 2017, 38: 201-209.

[4] Y.Hou, T.Huang, Z. Wen, S. Mao, S. Cui, J. Chen, Advanced Energy Materials, 2014, 1400337: 1-8.

[5] L. Zhu, D. Susac, M. Teo, K.C. Wong, P.C. Wong, R.R. Parsons, D. Bizzotto, K.A.R. Mitchell, S.A. Campbell, J
Catal, 2008, 258: 235-242.



2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

MARRELHESHEHRER LB EL TR

MFany GREER) , B, Gk, REL, JFEGE
ZMLFERELSERET, PHIRGESREMF LN, &, @M, 350002

* gcguo@fijirsm.ac.cn

FLEREIARL R (DAFCS) KIJLHEATHE . (5. BeRB s, MEAUF SIS, Mol iz
PR TR . BIRET L HAEMIT ST, DAFCs C&F R RHIEERE, (AR LR HEA R — B %
B FECERIOVR AT R e St A, LR R B DT, RORBR I 1 H kbR
M SAMAREALT 5 3, KORFRIR 7 AR XA VN TR i R s E, B
M BA R HRHRBRIIL A, PR R ALGR SONIE S DAFCs WFFTRIFA . fEALTTIITE BE
HRMAEMMARE VIR, i A B rRERE, SAmEENEH. HaSE A
KUV AR IERE, CBONEEGRPPEHZE S & M AT TSR R . BATLR A%
B RAE G A M-3E07 A R IRHEIRGIK LS PPt & &K kL JFIETT 1 EAT HEE. 4
BE. O EEAIN =RE R L AL TR RS . TR PPt &9k A RLEA RS L PUC fEAL 71 BE 4F
FIHEALERE . PPt &< HOMEAE BE s PR R T RO S5 48 . B s 4R BT i B PAPt 15775 44
AZ AR AR 2 I H X F S . LA 2 1 S 4 ) LM AR T 1 o T S T R 2 { 1L L} LAt s 1 ) PPt
J\TH A I = B AL 1 B 4

N e S

“ -
[ X *’7

Bl 1 TR ML AR FIERER 48K 2k PdPt & 4>

S 3E

[1] Tian, N; Zhou, Z; Sun, S; Ding, Y; Wang, Z. Science 2007, 316: 732-735.

[2]1 Bu, L; Guo, S; Zhang, X; Shen, X; Su, D; Lu, G; Zhu, X; Yao, J; Guo, J.; Huang, X. Nat Commun 2016, 7: 11850.
[3] Tang,J; Chen, Q.; You, L.; Liao, H; Sun, S; Zhou, S; Xu, Z; Chen, Y; Guo, G,. J Mater Chem A 2018, 6: 2327.



2018 International Symposium on Electrocatalysis and ELectrosynthesis Hunan Changsha

Facile synthesis of Ni:FeOOH@BIiVO4 photoanode for efficient water

oxidation

Xiaofan Zhang*, Weigian Kong, Baocheng Yang
Henan Provincial Key Laboratory of Nanocomposite and Applications, Institute of Nanostructured Functional
Materials, Huanghe Science and Technology College, Zhengzhou, Henan, China, 450006.

*Corresponding Author’s E-mail: xiaofanzhang@aliyun.com

Developing efficient co-catalysts is significantly challenging for the BiVO4 which suffers
from fast electron-hole recombination and slow kinetics during photoelectrochemical (PEC)
water splitting [1-2]. Herein, amorphous co-catalyst Ni doped FeOOH (Ni:FeOOH) is loaded
onto 3D nanoporous BiVOs (BiVOs@Ni:FeOOH) by facile electro-deposition method. The
BiVO4/Ni:FeOOH exhibits a photocurrent density of 2.86 mA cm2 at 1.23 V vs. RHE under AM
1.5 G irradiation and a much lower onset potential of 0.25 V vs. RHE. The detailed optical and
electrochemical studies reveal the improved electron lifetime and the hetero-junction formed in
BiVO4/Ni:FeOOH, as well as the excellent optical property of Ni:FeOOH, contributed to the
high PEC performance. Therefore, the charge transfer and separation efficiency are both higher
than the pristine BiVO4. Furthermore, the light absorption is extended to 600 nm attributed to
the narrow band gap of Ni:FeOOH, and the IPCE value significantly increases within 380-600
nm. This study provides a facile method to synthesize Ni:FeOOH, which can be widely
integrated with various photoanodes to improve PEC water oxidation.
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Figure 1. (a) LSV curves and (b) IPCE plots (inset: magnified IPCE spectra within 420-600 nm) of all prepared photoanodes.
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Oxygen functionalized TisC, MXene with enhanced electrocatalytic

activity for hydrogen evolution

Yanan Jiang, Bingbing Tian*
Shenzhen University, Shenzhen,China, 518060
*Corresponding Author’s E-mail: tianbb2011@szu.edu.cn

MXenes, a new family of two-dimensional materials, have been predicted to be new
catalysts in hydrogen evolution reaction (HER), based on theoretical calculations about -O
terminated MXenes. However, fully oxygen terminated MXenes are hard to obtain, for the
coexist of -F and -OH terminals. In this context, a designed method to significantly enhance the
HER performance of TisC, MXene by O functionalized terminal groups is reported. O
terminated Tis3C, (TisC20x) obtained by post-processing of -OH terminated groups was found to
exhibit far higher HER activity than TisC,Tx (T=F, OH and O). Specifically, TizC,Ox afford a
low overpotential of 198 mV at the current density of 10 mA cm-2. Remarkably, long-term of 20
h with almost no change for the current density indicated the good stability. We propose that O
atoms located on the basal planes of TizC, MXene are active sites for HER, unlike MoS,, whose
active sites are located at the edges. This work paves the way for the development of MXene
materials applied in HER.
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Table 1 Effect of supporting electrolyte, solvent, electrode and current density on the yield and selectivity

Entry Electrolyte (equiv) Electrode J(mA/cm?) Solvent Yield®(%)  C(%) S(%)
1 TBAP(1.6) Pt-C 15.0 CHZCN/H,0 71 92 77
2 18-Crown-6(3.3) Pt-C 15.0 CH3;CN/H,0 60 99 61
3 [TBA]BF4(1.6) Pt-C 15.0 CH3;CN/H,0 62 93 67
4 [PrMIM]BF,(3.3) Pt-C 15.0 CH3;CN/H,0 54 86 63
5 [BMIM]H,PO4(3.3) Pt-C 15.0 CH3;CN/H,0 46 98 47
6 TBAP(0.5) Pt-Pb 125 CHZCN/H,0 79 97 81
7 TBAP(0.5) Pt-Pb 12,5 DMF/H,0 85 99 86

a: Electrolytic conditions: p-MT (3mmol), solvent (30 mL), T (60°C), 19h, undivided cell.
b: yields were determined by GC.
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Confined Bimetallic Phosphide within P, N Co-doped Carbon Layers

towards Boosted Bifunctional Oxygen Catalysis

Shuang Yang, Qun He, Changda Wang, Hongliang Jiang,* Chuangiang Wu, Yuikui Zhang, Yu
Zhou, Li Song*
National Synchrotron Radiation Laboratory, CAS Center for Excellence in Nanoscience,
University of Science and Technology of China
Hefei, 230029, China
* jhiworld@ustc.edu.cn (H. J.); song2012@ustc.edu.cn (L. S.).
S.Y. and Q.H. contributed equally to this work.

Rational design of bifunctional oxygen electrocatalysts with high efficiency and low cost is crucial
but still challenging for the development of rechargeable energy storage devices. In this work, a novel
electrocatalyst possessing the structure that P, N co-doped defective carbon shells coated well-defined
bimetallic phosphide nanoparticles and sandwiched between another P, N co-doped defective
two-dimension (2D) carbon layers, is achieved through a space-confinement phosphorization strategy. Our
electrochemical measurements demonstrate that the obtained CoMnP4 nanoparticles-containing hybrids
can serve as a highly efficient bifunctional oxygen reduction and evolution reaction (ORR/OER) catalyst.
It delivers a small potential difference of 0.75 V in 0.1 M KOH solution along with long-term catalytic
durability, superior to the most non-precious metal catalysts reported to date. This work opens up a facile
way to design effective and durable bifunctional oxygen electrocatalysts for practical applications in
renewable energy production.
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Synthesis of Bifunctional Electrocatalyst for Oxygen Reactions Using

Earth-Abundant Coal as The Raw Material
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Science and Technology Liaoning, 114051 Anshan,China
2 Key Laboratory of Energy Materials Chemistry, Institute of Applied Chemistry, Xinjiang University, 830046
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3 Analytical Chemistry - Center for Electrochemistry, Ruhr-University Bochum, 44801 Bochum, Germany

*Corresponding author’s E-mail: xingchenstar79@163.com

The heteratom-doped carbon has been widely used as potential electrocatalytic materials for many
renewable energy conversion and storage systems, such as rechargeable metal air batteries and
regenerative fuel cells. On the other hand, the earth-abundant coal, essentially consists of carbon, hydrogen,
oxygen, nitrogen and sulfur, together with other trace elements in the ash, such as iron, manganese,
alumina, calcium, silica, potassium, sodium, is one of the important family members of carbon. Herein, we
report the simple conversion of earth-abundant coal to highly active and stable oxygen electrocatalysts.
The mesoporous graphitic coal-derived carbon demonstrated a very good electrocatalytic performance
towards both the oxygen reduction reaction (ORR) and the oxygen evolution reaction (OER) in 0.1 M
NaOH, thus providing a unique opportunity to directly transform traditional energy resource i.e. coal into a
valuable oxygen electrocatalyst.
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Porous Polymeric Metalloporphyrin and Exfoliated MnO: Layer

Composites for Catalytic Water Oxidation
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Hydrogen energy is widely used due to its high energy density. Of numerous hydrogen production
technologies, water splitting using solar energy has been highlighted™. Water oxidation is the critical step
for hydrogen production technology. However, it is thermodynamically uphill and requires high energy
input without a catalyst[?. Therefore, the development of efficient and cheap catalyst is essential. Easy to
prepare, inexpensive layered manganese oxides (birnessite, etc.) are a new kind of OER catalysts [¥1, but
they also have some shortcomings. On the one hand, poor conductivity at room temperature limits its
charge transport properties; on the other hand the layered structure is unstable and its large particle size and
particle thickness also inhibit its electrocatalytic activity [,

Metalloporphyrins have high conjugated structure and good electron transfer properties and are
widely used in the study of catalytic oxidation of hydrocarbons. Because the porous conjugated
metalloporphyrin polymers have higher conjugated structure, they exhibit higher catalytic activity and
electron-delocalization than monomelic metalloporphyrins, so they have good electrochemical
performance 51,

In this study, birnessite was exfoliated, finally a thin layer of only 1-2 nm thickness is obtained. And
then it was combined with Mn(I1l) meso-tetra(4-aminophenyl)porphyrin (MTAP). Coupling of MTAP by
paradibromobenzene on the surface of the birnessite layer. Finally, a reticulate porous polymeric
manganese porphyrin/MnO. composite catalyst was obtained. The structural features and chemical
compositions were characterized by IR, SEM/TEM,XPS, BET. The electrocatalytic properties of
birnesssite particle, birnesssite sheet, birnesssite sheet with MTAP on the surface, and composites of
porous polymeric MTAP with birnessite sheet were compared. According to LSV curve and CV curve test,
composites of porous polymeric MTAP with birnessite sheet exhibited the highest activity and most stable
performance.
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Design of multidimensional nanocomposite material to realize the

application both in energy storage and electrocatalysis
Qiancheng Zhu, Ying Yu*
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Normal University, Wuhan 430079, China

* E-mail: yuying01@mail.ccnu.edu.cn.

We provide an ideology of multidimensional nanocomposite material design, which is universal both
in energy storage and electrocatalysis. The structure design idea provides three main points for the
composite material: a strong substrate, an active material and a performance improver, which may lead us
to design the composite materials used in other areas. Additionally, we provide an in-situ Raman method to
investigate the chemical change in OER process. Especially, the in-situ Raman mapping can reflect the
chemical change at a large area, which is more accurate and intuitive than a single point. Thus, this
technique can be expected to have a wide application in more and more research areas.

.

Energy
Storage

Figure 1. Schematic of the designed TNC with three kinds of dimensions used as energy storage material and OER

catalyst simultaneously.
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Surface-Confined Oxidation for Oxygen Evolution Catalysis

Chao Gu, Shu-Hong Yu*
Division of Nanomaterials & Chemistry, Hefei National Research Centre for Physical Sciences
at the Microscale, University of Science and Technology of China, Hefei 230026, China

E-mail: shyu@ustc.edu.cn

Ultrathin nanostructures are attractive for diverse applications owing to their unique

properties compared to their bulk materials.[*2] Transition-metal chalcogenides are promising

electrocatalysts, yet it remains difficult to make ultrathin structures (sub-2 nm),[l and the

realization of their chemical doping is even more challenging.ll Herein we describe a soft

template mediated colloidal synthesis of iron-doped NiSe; ultrathin nanowires (UNWSs) with

diameter down to 1.7 nm. The synergistic interplay between oleylamine (OAm) and

1-dodecanethiol (DDT) is crucial to yield these UNWSs. The in situ formed amorphous hydroxide

layer that is confined to the surface of the ultrathin scaffolds enables efficient oxygen evolution

electrocatalysis. The UNWs exhibit a very low overpotential of 268 mV at 10 mA cm2in 0.1 M

KOH, as well as remarkable long-term stability, representing one of the most efficient

noble-metal-free catalysts.[5-6]
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The pollution of chlorophenols (CPs) is of great concern because of their high toxicity,
recalcitrance, bioaccumulation, persistence in the environment. CPs have been listed as priority
pollutants by USEPAI!, Electrocatalytic hydrodechlorination (ECH), an efficient method, has
been employed due to its rapid reaction rate, low apparatus cost, mild reaction conditions, and
absence of secondary contaminants(?3l.Polypyrrole (PPy), as electric conductivity polymers, has
been developed rapidly, which can be used as proper host matrices to obtain highly dispersed
metallic particles[4].Pd-Mg bimetallic electrodes exhibit superior catalytic properties in
electrocatalysis. Therefore, the PPy modified Pd-Ag bimetallic catalytic electrodes were
prepared for ECH. The repared nano cube Ag@Pd/PPy/Ti composite electrode (shown in Fig.1)
showed high catalytic activity for ECH of CPs.
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Figure 1. The characterization of prepared nano cube Ag@Pd/PPy/Ti composite electrode
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Composites of transition metal carbides present an intriguing opportunity toward enhanced
activity in hydrogen evolution reaction (HER). Herein, the dual-phase molybdenum carbide
composites were found as highly effective catalysts for HER in alkaline media. Investigation of
the catalysts using X-ray diffraction (XRD), high-resolution transmission electron microscopy
(HR-TEM) and X-ray absorption fine structure (XAFS) spectroscopy uncovered the synergistic
effect between a-MoC and B-Mo2C. A series of MoCx-Co composites were simply achieved by
controlling the Co/Mo ratio of the precursors in the same synthesis condition. The MoCx-Co0o.53
catalysts consisting of p-Mo02C and a-MoC was created due to the incorporation of metallic Co.
The high activity of the catalyst in alkaline media was possibly attributed to the synergistic
effect between a-MoC and B-Mo.C, where a-MoC site is beneficial for water dissociation and
hydrogen prefers to release on B-Mo2C sites. Next, we are going to perform density functional
theory (DFT) calculations to supply complementary evidence.
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Electrochemical and XAFS study of mono- and bis-nuclear iron

phthalocyanine for oxygen reduction reaction
% #
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Exploring the efficient non-noble catalysts for oxygen reduction reaction(ORR) is still a major
challenge for large-scale commercialization of proton exchange membrane fuel cellPEMFC). Iron
phthalocyanine(FePc), as a similarity to the main struction of Heme a3 in cytochrome c oxidase(CcO), is
considered as one of the most promising catalysts, especially the bis-nuclear iron phthalocyanine(bi-FePc).
In this work, rotating disk electrode(RDE) experiment was carried out to study the catalytic activity of
FePc and bi-FePc, followed by X-ray absorption fine struction(XAFS) in order to study the origin of the
catalysis difference between them. EXAFS fitting results show that the structures around the active site
Fe-N4 of FePc and Bi-FePc are almost the same, the better catalytic activity for Bi-FePc may result from
the capacity to bind the two oxygen atoms simultaneously during ORR.
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Recently, anion exchange membrane (AEM) water splitting has been developed to address
the cost issue related to its counterpart, proton exchange membrane water splitting [1-3]. In this
talk, a core-shell structured catalyst with NiCo0204 nanowires as the core and MnOy nanoflakes
as the shell is synthesized and deposited on a stainless steel mesh, and applied in AEM water
splitting. This unique structured catalyst allows the core material, NiCo204 nanowires, to serve
as the electrically conductive skeleton, and the shell material, MnOx nanoflakes, to be the
electroactive sites. As a result, the catalyst exhibits a superior electrocatalytic activity (n=342
mV @10 mA cm=) toward the oxygen evolution reaction. The water splitting cell with the
catalyst can be operated at 200 mA cm-2 with an overpotential of about 500 mV and stably run
for 100 hours without significant degradation. The results demonstrated here shows that the
NiC02,0.@MnOy is a promising candidate for the oxygen evolution reaction in the alkaline
media. (The work described in this paper was supported by a grant from the Research Grant

——ssL
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14 15
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Figure 1: The morphology and catalytic activity of the NiC0204 nanowires@MnOx nanoflakes
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A high-quality heterojunction between the semiconductor and the carefully selected
high-performance electrocatalyst is crucial for the improved efficiency of photoelectrochemical
water splitting for hydrogen generation. Herein, we report an active system of Pd-decorated
carbon hetero-quantum dots (2.4%) for the hydrogen evolution reaction (HER). The synergistic
effect of the CQs can facilitate electron—hole separation, leading to 1191.2 times and 7.24 times
larger catalytic current density than those of Pd NPs and Pd Qs/G. We also demonstrate its
enhanced PEC performance with a high photocurrent density of 37.5 mA cm? at 0 V (vs. RHE)
under simulated 100 mW c¢m? (1 Sun) irradiation. The synergistic effects of the excellent light
harvesting of the carbon quantum dots, as well as the excellent electrocatalytic activity of the Pd,
boost the production and utilization of photogenerated electrons. The design of Pd-decorated
carbon quantum dots offers a new strategy for preparing highly efficient photoelectrochemical
solar energy conversion devices.
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Fig. 1 (a) Polarization curves (normalized to the geometric electrode area), (b) the catalytic activity (normalized to the
content of noble metal) and (c) corresponding Tafel plots of CQs, Pd NPs, Pd Qs/G, 2.4% Pd Qs/CQs and 10% Pt/C. (d)
Current-time plots with an overpotential of 100 mV. Inset is HER polarization curves for 2.4% Pd Qs/CQs before and after

i-t testing.
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Co-Fe LDH nanowall array was grown on the surface of foamed nickel in hydrothermal conditions
(as shown in Fig.1). These modified foamed nickel electrodes were used as cathode and the nickel wire as
anode in a non-membrane and hermetically sealed cell with 25 mol kg KOH as the electrolyte. The
electrolysis was performed by constant-potential method at 80 °C with the flow rate of N2 gas was set in
10-60 mL min. The concentration of NH4* in 0.01 M H,SO; (as the absorption solution for the produced

NHz3 escaped from the cell) was determined by Nessler’s regent.

The results shown that the rate of ammonia formation in this study is up to 1.1x10° mol s cm?,
comparing with 3.59x10*? mol s cm? in reported study using Fe,Os-CNT as electrochemical catalyst

under ambient pressure and temperature (see the listed data in Tab.1).

Table 1 The electrocatalytic ammonia formation rates in the reported work and this study

Ammonia formatin rate

Catalyst T(<C) Raw materials ¢ mol s em?) Reference
Ru 90 Nz and H,O 2.12x101 [1]
Fe-based Catalyst 250 Nzand H.0O 8.27x10° [2]
Lao sCso.2F€0.sNio203-5 600 Nzand H,O 1.23x10%° [3]
Fe,03-CNT room temperature N.and H,0O 3.59X1071? [4]
This work 80 N and H,O 1.10x<10° -
Fig.1 Co -Fe LDH nanowall arrays on the surface of foamed nickel
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The Structural Integrity of Amorphous Metallic Bulk to Improve the

Electrochemical Water Splitting Performance

Fei Hu, Xiaowei Yang
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Electrochemical water splitting that reserves electrical energy from chemical bonds is a promising
technology for future alternative energy production. Designing criterion should not only be focused on the
intrinsic electrocatalytic activity, but also the scale-up relationship between electrocatalyst geometry and
performance. Unfortunately, it draws forth a large resistance among electrocatalyst particles due to the
agglomeration or in-situ oxidation, and consequently deteriorates the catalytic performance. In this work,
we introduce a kind of structural-integral material that combines excellent macro-conductivity, abundant
micro-porosity, as well as densely active sites that rooted by the amorphous metallic characterization.
Benefiting from the synergistic effects, the resultant, for instance NiFeP, achieves an extraordinary
electroactivity towards water splitting for both HER and OER, with negligible to the catalyst geometry.
Specifically, the electrocatalytic performance for OER in 1.0 M KOH affords an overpotential as low as
210 mV at a current density of 10 mA/cm2 and a small Tafel solpe of 38 mV/dec. And meanwhile, the
HER catalytic activity in the same condition is 100 mV and 84 mV/dec, respectively. The overall water
splitting potential on such catalyst is lower than 1.54 V at a current density of 10 mA/cm2, which
surpasses most reported transition metal catalysts and noble metal catalysts. This work sheds a light to the
direct application of catalysts into a high-performance electrolysis device.
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Controllable Synthesis and Electrocatalytic Activity of Hierarchical

Pd-based Nano-catalysts
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Noble metal nanomaterials with hierarchical structures are considered to be promising catalysts owing
to its controlling crystal morphology, good chemical stability and environmental-friendly. In order to
improve the electrocatalytic activity of catalysts and maximize the utilization of nobel metal, Pd-based
catalysts with hierarchically ordered structures were successfully synthesized in the presence of different
organic additives at ordinary temperature. And the influence of the component and morphology on the
electrocatalytic properties of catalysts was also studied. Firstly, a series of Pd hollow nanospheres and
nanopaticles with different particle size were prepared in the presence of conducting polymers or different
organic additives. Compared with the solid nanoparticles, Pd hollow nanospheres show a very high
electrochemically-active surface area and significant increase in electrocatalytic activity (160 mA cm)
towards formic acid oxidation, which make them the preferable catalysts for direct formic acid fuel cells
(DFAFC). Secondly, a series of Pd-based (PdCu, PdCo, PdRh et al.) bimetallic alloyed hollow
nanospheres composed with nanopaticles were successfully synthesized by a novel one-pot template-free
strategy. According to cyclic voltammograms, the maximal peak current density of hollow PdCu alloyed
nanocubes is 190 mA cm?, greater than those of PdCu alloy catalyst (143.1 mA cm?) and Pd nanopaticles
(106.8 mA cm?). The results reveal that the alloy hollow nanostructures have high electrochemical activity,
good stability and excellent anti-CO toxic ability during the process of formic acid oxidation. At the same
time, it is one of the effective approaches to reduce the loading of noble metals and lower the cost of the
catalysts. Thirdly, a series of Pd-MeOy (Pd-Fe.Os, Pd-CeO,, Pd-SnO. et al.) hybrid nanostructured
electrocatalysts were successfully prepared in the presence of different organic additives at ordinary
temperature. On the surface of such metal oxides, hydroxyl species (OH-) could form easily and assist
oxidization of the adsorbed intermediate species during the electrooxidation. In short, the Pd-MeOx
catalyst not only lowers the cost by means of less Pd dosage but also shows good performance for
electrooxidation with the assistance of oxide additives. Overall, the component and morphology are key
factors to the excellent performance of the catalysts. The results reveal that hollow nanostructures
composed with nanopaticles represent a new class of powerful catalysts because of the increased surface
area, low density and surface permeability. As a result, the catalyst with bimetallic alloy is an effective
approach to enhance the catalytic activity, and reduce the cost of catalysts. Obviously, design and synthesis
of hollow bimetallic nanosphere catalysts represent a promising way to effectively improve the
performance and utilization of catalysts, while the cost can be further decreased.
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Biomass Based Porous Carbon Nanosheets as Superior Electrocatalyst for

Oxygen Reduction
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Guangzhou, 510641. ?2Beijing Forestry University, Beijing, 100083.
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p g

Hierarchically porous carbons derived from low-value biomass as efficient catalysts
towards oxygen reduction reaction (ORR) without entailing the conventional template methods
is of special interest for implementing the wide spread application of fuel cell technology!*2l.
Herein, a high performance doped carbon catalyst with 2D hierarchical porous structure was
prepared through a non-template pyrolyzing approach using hydrochar nanosheet derived from
hemicellulose and GO. The as obtained catalyst (Fe-NCS-800) showed favorable features for
ORR reaction such as ultrahigh surface area (1436 m?2/g), special nanosheet structure, rich
N-doping (3.71%) and trace Fe species remaining., contributing to its excellent ORR
performance. The catalyst showed a more positive onset potential (0.996 V vs RHE) and its
diffusion limiting current is 5.32 mA.cm? at 0.3 V (vs. RHE), comparable number of electron
transfer (3.93 at +0.75 V vs RHE), much higher stability, and stronger tolerance against
methanol crossover than commercial Pt/C catalysts in a 0.1 M KOH solution. The remarkable
ORR performance was attributed to the high surface area and sufficient exposure of
electrocatalytically active sites that arose from the unique N-doped carbon nanosheet
architecture.
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Figure 1. Sketch for Fe-NCS preparation from hemicellulose and GO, and (b) LSV curves of different catalysts.
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Defect Engineered MoS; anchored on Porous Carbon As Efficient

Bifunctional Electrocatalysts

Qiusheng Zhou ¢, Linxin Zhong !, Fan Du?, Xinwen Peng 1, Runcang Sun 2
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Anovel hybrid catalyst consisting of defect engineered MoS; and porous carbon is fabricated through
simple pyrolysis. Remarkable features of the porous carbon structure, construction of defect engineered
MoS; and good contact of MoS, nanosheets and porous carbon result in a high catalytic activity. The
hybrid shows excellent electrocatalytic activity for hydrogen evolution reaction, offering a low
overpotential of 144 mV at the current density of 10 mA cm= and a small Tafel slope of 41 mV dec? in
acid media, as well as good stability. The hybrid also displays superior performance for oxygen reduction
reaction, where its durability and resistance to methanol crossover are superior to those of commercial Pt/C
catalyst. Apart from the active nature of the hybrid, the synergetic effect between defect engineered MoS;
and porous carbon is responsible for its excellent performance.
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Schemel. A schematic of the fabrication process of phosphorus-doped MoS> anchored on functional porous carbon
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Polyvinyl Alcohol-Assisted Electrochemical Reduction of CO, to CO on

Supported Gold Nanoparticles with Excellent Activity and Selectivity

Lushan Ma, Hui Yang*
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Electrochemical reduction of CO; to valuable chemicals using renewable energy is a promising route
to realize carbon cycle economy. However, the technological and economical availability of this way is
severely limited by the development of high-performance and robust catalysts for CO; reduction. In this
paper, carbon supported gold nanoparticles (Au NPs) prepared by the sol-immobilization method achieve
ultrahigh geometric current density of 110 mA/cm and excellent Faradaic efficiency (95.4%) for CO at
the -0.8 V versus reversible hydrogen electrode. Through combining the removal of capping agent
(polyvinyl alcohol, PVA) on the surface of catalysts and the controllable modification of surfactant-free Au
NPs, we find that PVA plays a significant role in the electrochemical reduction of CO to CO. Tafel plots of
PVA-modified catalysts (62 mV/decade) versus surfactant-free catalysts (100 mV/decade) further reveal
that the capping agent influences mechanistic pathways for CO; reduction. Similarly supported Au NPs
modified by other soluble polymers also show enhanced performances for CO; reduction. The results
confirm that polymers that can be introduced in or after the synthetic procedure act as positive roles in the
catalytic reduction of CO, and provide valuable ideas for developing more efficient catalysts for practical
application.
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Figure 1 (a) TEM image of Au/C-0.41 catalyst prepared by the sol-immobilization method and applied potential dependence
of (b) Faradaic efficiencies and (c) current densities over Au/C catalysts prepared with different amounts of PVA and (d)
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CO- is known as the main greenhouse gas that can induce the undesirable environmental changes.
Therefore, great efforts have been devoted to the research and development of CO- capture and utilization
in recent decades.™M In various methods of conversion of CO,, photoelectrochemical (PEC) reduction that
introduces renewable solar energy is one of the prospective and potential ways to produce solar fuels and
chemicals.?! Parallelly, recent years, ionic liquids (ILs) and functionalized ionic liquids have demonstrated
their superior absorption capacity of CO,, and furthermore their unique activation effect on CO,.Fl

In this work, we reported CO; valorization within a IL-assisted PEC system. PEC reduction of CO;
was carried out by using BiVOs/WOs composite film as photoanode and aqueous IL
(1-ethyl-3-methylimidazolium tetrafluoroborate, [EMIM]BF4) as electrolyte solution in the two-electrode
proton exchange membrane reaction system (Figure 1). The incident photon-to-current measurement
shows that the photocurrent density of BiVO4/WO3 photoelectrode can reach as high as 4.445 mA/cm?
under the applied potential of 1.23 V (vs RHE). The PEC reduction results show that in this IL-assisted
PEC reduction system for CO», the Faradaic efficiency of CO was as high as 92.5% at the applied voltage
of 1.7 V, and the photon-to-chemical efficiency was 0.12% at the applied voltage as low as 1.1 V.

Accessory Power Supply

QuartzOptical Window Latber Cloxlceinist
>

SolarLight

ILs Electrolyte

Solar Fuel Outlet

Proton Exchange Membrane

Figure 1. the PEC two-electrode proton exchange membrane reaction system
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Two-dimensional molybdenum sulfide (MoS) is an attractive noble-metal-free electrocatalyst for the
hydrogen evolution reaction (HER). The number of the exposed edge sites of MoS; is crucial for the HER
activity (1. However, engineering the edge surface structures of MoS, sheet stacks to promote the HER
Kinetics haven’t been developed 2. Herein we report the first demonstration of significantly enhanced
HER Kkinetics by tailoring a stepped edge surface structure of MoS; multilayers with respect to a flat edge
surface. We provide an unambiguous interpretation on the HER performance difference in terms of the
different H bonding on the stepped edge surface (se-MoS;) and on the flat edge surface (fe-MoS,). Vertical
arrays of MoS; sheets terminated with such a stepped surface structure have proved to be an outstanding
HER electrocatalyst with overpotential of 104 mV at 10 mA/cm?, exchange current density of 0.2 mA/cm?
and high stability (Figure 1). DFT calculations suggest a more optimal AGy of the active se-MoS; edge
surface than that of the fe-MoS; edge surface, and thereby a faster HER Kkinetics (Figure 1a). A perfectly
designed stepped edge surface terminated MoS; sheet array is schematically depicted in Figure 1d, in
which the unique vertically terminated, stepped surface structure ensures an optimal hydrogen adsorption
energy (AGw is ~0.02 eV); the vertical array would permit ultrafast electron transport and promote HER
performance Bl. This approach presented here provides a new insight that we tailor the edge active sites to
modulate the performance of HER and should be applicable to generalized transition-metal-dichalcogenide
catalysts, by engineering their surface structures. We expect that the stepped-edge engineering strategy will
prove more generally effective for creating catalysts from abundant noble-metal-free layered materials for
hydrogen evolution.
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Figure 1. (a) Free energy diagram for hydrogen adsorption at the stepped and flat MoS> edges with one-quarter hydrogen
coverage on one of the MoS: layers. The molecular structures depicted at the top and bottom of (a) show H adsorption on the
fe-MoS. and se-MoS. edges, respectively. The yellow, dark cyan and violet spheres represent S, Mo and H atoms,
respectively. (b) HRTEM image and schematic illustration of the se-MoS: layers, which clearly shows that crystal fringes of
the S-Mo-S layers along the edge are stepped. (c) Polarization curves of the commercial MoS;, r-MoS;, fe-MoS; and
se-MoS, and commercial Pt/C catalysts in 0.5M H2SO4 solution. (d) Schematic illustration of the designed stepped edge
surface terminated MoS> sheet array, in which the unique vertically terminated, stepped surface structure ensures optimal
hydrogen adsorption energy (AGHh is ~0.02 eV) and ultrafast electron transport to the stepped MoS: edge surface.
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Developing high performance overall water splitting electrocatalysts working under both acid and
alkaline conditions is highly desirable. Although numerous efforts have been done, it still remains many
challenges. In this communication, we report the in-situ surface-derivation of NiMoS nanosheets layer on
Co304 nanoarrays which supported on carbon fiber (Co304@NiMoS/CF). It was adopted to efficiently
balance both HER and OER performance by improving the kinetics. The heterostructures synergistically
favoured the subsequent H adsorption/desorption for NiMoS in acid HER. In addition, the adsorption of
oxygen intermediates on CosOs also could be enhanced during the OER process. As a result, the
Co30:@NiMoS/CF heterostructure shows excellent overall water splitting performance with low
overpotential and long-term stability, which resulting from outstanding structure design. Thus, such in-situ
surface-derivation strategy provides a promising alternative to design efficient overall water splitting
catalysts.
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Molybdenum phosphide (MoP) has attracted a lot of attentions as a potential electrocatalyst
for the hydrogen evolution reaction (HER). Although great efforts have been made to improve
the HER activity of MoP, the rational design of MoP catalysts with either more active sites or
higher conductivity is still challenging. Herein, a defect-rich structure is synthesized via a novel
and facile low-temperature calcination strategy as a HER catalyst (DR-MoP). Moreover, the
DR-MoP is also proved to be incorporated with oxygen. The defect-rich structures could provide
more active sites, and the incorporation of oxygen could further enhance the intrinsic
conductivity. Thus, the DR-MoP catalyst shows outstanding HER activity and stability in both
acidic and alkaline media, making it a good alternative to replace the precious-metal catalysts.
Besides, the formation mechanism of DR-MoP has been discussed by controlling different
annealing temperatures. This work paves a novel and effective way for improving the HER
performance of transition metal phosphides by defect engineering.
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Electrocatalytic artificial nitrogen fixation using a perovskite-type

iron complex
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Artificial nitrogen fixation has a significant impact on agriculture and industry. Industrial synthesis
for ammonia, well known as Haber process, requires high pressures (around 20-40 Mpa) and high
temperatures (at least 400 <C), which nowadays hardly meet the high demands for environment protection,
energy conservation and sustainable development. Electrocatalytic nitrogen fixation is expected to be
performed at lower pressure or lower temperature.

In this study, an iron complex, Lao.sCso2FeosNio20s3.5 (LCFN), was prepared and its cubic perovskite
structure confirmed by XRD and SEM. LCFN powder was fixed onto carbon paper and treated as the
cathode for electrochemical ammonia synthesis in 2M KOH solution under atmospheric pressure at 80-100
°C. Ammonia was detected by Nessler’s regent and the rate of ammonia production was found to be
5.68x101mol €m s at cell voltage of 3.8 V.

The oxygen vacancies in LCFN is confirmed to play an essential role in electrocatalytic ammonia
synthesis, although the detailed mechanism still unclear. The catalysts with more oxygen vacancies and
their catalytic activity for the synthesis of ammonia are investigated.

Figure 1. The proposed process for ammonia production with the existence of oxygen vacancy in LCFN.
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ZnO whiskers for dye-sensitized solar cells
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With the dramatic rise in world energy demand, reliable cleaner resources must be developed in order
to replace the conventional energy derived from fossil fuels and nuclear power. The promising alternative
energy resource available for us is the solar energy. If all of the solar radiant energy reaching the surface of
earth could be effectively harnessed and utilized, the human’s energy problems would be resolved.

Among the reported references, the hybrid ZnO/TiO; hierarchical nanostructures has attracted much
attention due to the wide-band-gap ZnO (E;=3.37 eV at 300 K) components are favorable for electron
transport, and reduced the recombination loss when used in dye-sensitized solar cells (DSCs). It has been
demonstrated that the hybrid hierarchical nanostructures of ZnO and TiO2 could greatly enhance the DCS’s
electrochemical performance. First, the TiO can load a large amount of dye that will generate electrons by
absorbing visible solar light. Second, the TiO> should be sufficiently large in size with excellent mutual
connectivity for the efficient diffusion of electrolyte. Finally, the defect level and the number of grain
boundaries should be decreased to inhibit the electrons loss by recombination or back reaction. When the
synthesized ZnO whiskers (Fig. 1la-d) were mixed with commercial TiO, and used in solar cells, the
current density increases significantly from 13.68 mA c¢cm? (commercial TiO;) to 16.81 mA cm?
(TiO2-ZnO hybrid materials), endowing the DSCs exhibited a superior conversion efficiency of 7.95 % in
comparison with that of commercial TiO, (5.87 %), as shown in Fig. le. Our study sheds light on the
possibility of preparing ultra-long hierarchical ZnO whiskers (>100 pm) with hydrothermal approaches
and their potential application for DSCs.
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Highly selective electroreduction of CO, to CO derived from iron
nitride encapsulated in single iron and nitrogen co-doped carbon

nanofiber
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The conversion of carbon dioxide (CO,) into valuable chemicals has captured extensive attentions for
its significance in energy storage and greenhouse alleviation®, but development of efficient, high
selectivity and inexpensive electrocatalyst reaches the bottleneck®. Nitrogen doped porous carbon material
have emerged as an attractive electrocatalyst for the CO2RR considering their low cost, tunable surface
areas and electrochemical activity. More importantly, the hydrogen evolution on carbon materials is
sluggish and kinetically negligible under aqueous medial®l. Herein, we firstly introduced a Fe-N-C porous
nanofiber (Fe-N/CNF) featured by the iron nitride (FexN) nanoparticles encapsulated in single atom Fe
and N co-doped carbon layer, as the electrocatalyst for the CO2RR via electrospinning, carbonization and
nitridation in pure-NHs; procedures. Through appropriate nitridation, the homo-dispersed Fe atoms within
the CNF are partially nitrided to the Fe2N or Fe4N nanoparticles. Simultaneously, the vapor carbon species
etched by NHs are in-situ chemically deposited near the fresh FexN particles to finally form the core-shell
structure. Experimental results indicate that such Fe-N-C architecture exhibit efficient electroreduction of
CO; to CO with high Faradaic efficiency (FE) of 95% and large current density of 4.41 mAcm at an
overpotential of 420 mV. Theoretical calculations further reveal that the encapsulated FexN particles
weaken the adsorption of CO* intermediate and lower the binding energy of H* on the outer FeN4C site,
thus resulting in the rather facile production of CO with high selectivity. This work suggests a new
perspective to design a M-N-C material with core-shell structure as highly efficient and durable
electrocatalyst for CO2RR.
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Enhanced CO2 Reduction Catalysts via Field-Induced Reagent

Concentration
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INTRODUCTION

Electrochemical reduction of carbon dioxide (CO;) to carbon monoxide (CO) offers a
renewable-electricity-powered path to value-added carbon-based fuels and feedstocks'?. Unfortunately,
because of the low local concentration of CO; surrounding typical CO2 reduction reaction (CO2RR)
catalysts, this reaction suffers from slow kinetics>3. The competing off-pathway reduction of water to
hydrogen produces poor selectivity as a result®.

RESULTS AND DISCUSSION
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Figure 1. A schematic showing the field-induced reagent concentration (FIRC) process.

Here we report field-induced reagent concentration (FIRC), wherein a nanostructured electrode produces a local high
electric field at low applied overpotential. The high field concentrates electrolyte cations, and the cations bring with them a
high local concentration of CO2 proximate the active CO2RR surface. Simulations reveal that nanometrically sharp tips on
metallic electrodes achieve 10-fold higher electric fields compared to quasi-planar regions. We then use bottom-up
nanomaterials chemistry to synthesize gold nanoneedle electrodes that provide a CO2RR with record-low onset potential
(MCO =0.07 V) and record-high geometric current density (JCO) of 22 mA cm—2 at the low potential of —0.35 V nCO =
0.24 V) with nearly quantitative (>95%) Faradaic efficiency for CO2 to CO production. We prove robust continuous
reactions over 8 hours in an inorganic aqueous electrolyte. The geometric density surpasses by an order of magnitude the
performance of the best gold nanorods, nanoparticles, and oxide-derived noble metal catalysts. Furthermore, we have
leveraged the FIRC concept to build palladium nanoneedles that also exhibit record breaking geometric current density
(jformate) of 10 mA cm—2 at a low potential of —0.2 V over 20 h with >91% Faradaic efficiency for CO2 to formate

production, proving the wider application of the FIRC concept.
CONCLUSION

This work offers a new strategy to increase the electrosynthesis of carbon-based fuels, including when the precursor
molecules are both neutral and highly stable. The sharp-tip-enhancement effect may have contributed to previous successful
studies of CO2RR on active sites at corners3 and ridges4, since such sites are locally-high-curvature regions. The
tip-enhanced field phenomenon can be extended to provide local concentration of reagents for other electrochemical

reactions and suggests design principles for efficient electrodes for catalysis.
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Fe—N Decorated 3D Ordered Mesoporous Carbon Wrapped with

CNTs as Bifunctional Catalyst for ORR and OER
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Rational design and development of the highly efficient and robust non-precious metal
electrocatalysts with well-defined nanostructure and rich active species are particularly crucial to improve
the oxygen reduction reaction (ORR) and oxygen evolution reaction (OER). [1] The ordered mesoporous
carbon (OMC) shows great potential in oxygen electrocatalysts owing to its unique advantages. [2] Herein,
we report the facile, one-step in situ encapsulated Fe/Fe3C@C nanoparticles in N-doped bamboo-like
CNTs on OMC via a solid pyrolysis strategy. [3] The influence of pore size and component has been
investigated. The optimized sample shows excellent ORR activity with a half-potential of 0.85 V (vs. RHE)
and an overpotential of 420 mV to achieve 10 mA cm2 for OER in alkaline (potential difference, 0.80 V).
We attribute this high activity to uniform mesopores of 3.2 nm, large Sger of 504.4 m? g, distinctive
dual-site of Fe-Nx and Fe@C nanoparticles, etc. Meanwhile, it further displays superior long-term

durability comparable to Pt/C under the same condition , exhibiting promising potential in
noble-metal-based electrocatalysts for energy conversion and storage, etc.
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Fig. 1 (a) TEM image of Fe-N-CNT/OMC. (b) The overall polarization curves of Fe-N-CNT/OMC and Pt/C.
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We report a chemical vapor deposition (CVD) procedure for synthesizing a novel
hydrophilic carbon fiber with spiral structure for immobilization of glucose oxidase in glucose
biosensor and glucose/O, biofuel cell application. Electron microscopy reveals that the
as-synthesized carbon fibers present helical structure with a diameter range of 200 ~ 500 nm and
a length range from a few microns to dozens of microns. This unique structure is beneficial to
immobilize three-dimensional conformation of the enzyme molecule. Contact angle
measurements reveal their hydrophilic property even after thermal treatment at 1600 <C. A
single glucose/ O; biofuel cell (GBFC) fabricated by the as-synthesized carbon fiber modified
bioanode and biocathode is able to generate a high open circuit potential of 0.86 V and achieves
a maximum power density of 0.79 mW cm~2 at 0.72 V. Furthermore, two as-assembled GBFCs
arranged in series can power a red light-emitting diode lamp (turn-on voltage 1.5 V).
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Fig. 1 (a) Half CVs of GOx/CFs-1600 in air-saturated 0.1 M PBS (pH 7.2) with different concentrations of glucose at 50 mV
s, inset is the full CVs; (b) Ipc s. Cylocose; (C) Power output characteristics of the assembled GBFC measured at 20 mV s,
Inset shows the stability test of the GBFC for 10 days; (d) Digital photograph shows the two as-assembled GBFCs arranged

in series powering a red LED lamp. Inset presents that a single GBFC can create a high open circuit voltage of 0.86 V.
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Fig 1.CVs obtained on various graphene supported Pd-Cu catalyst coated GC electrodes in 1M KOH+1M CH3CH2OH.
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Facile Synthesis of ultrathin 2D Co(OH). for efficient electrochemical

oxidation reaction
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Oxygen evolution reaction (OER) and electrochemical methanol oxidation reaction (MOR)
are both important energy conversion process, and it is important to development efficient
non-precious metal catalysts. We report herein the facile synthesis of cobalt hydroxide
nano-sheets with a uniform ultrathin structure under a mild condition. By doping heteroatoms
such as Cu, the nanosheets’ morphology and dimension can be well-modulated. The prepared
heteroatoms-doped cobalt hydroxide nano-sheets exhibit excellent catalytic activity and
durability toward the OER and MOR. Specially, Cu-doped cobalt hydroxide (Cu-Co(OH),)
shows an electrocatalytic current density of 10 mA cm2 and a mass activity of 46 A g at
overpotential of 300 mV, and a Tafel slope of 47 mV dec, which are markedly higher than
those of the state-of-the-art 1rO,. It also shows high mass activity (764 A g'!) and area specific
activity (159 mA cm?) as well as good stability and CO tolerance. Importantly, X-ray
photoelectron spectroscopy (XPS) suggests the modulated electronic structure by the
heteroatoms doping, which results in elevated Co ion valence and is thus in favor of OER and
MOR performance. This work presents a green and facile strategy for the synthesis of
heteroatoms in situ doped ultrathin hydroxides which are of excellent performance for OER and
MOR. Possible OER and MOR mechanism for heteroatoms doped samples has also been
proposed.
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C03Ss 2B KB I JR /M. (ORR) 47 RUFAEALPERER)—Fh Co-S &4, 1975 4, Behret
SRR G5H1K) CosSe LA WIFERRYE FB I X ORR fEALIEYER;, OCP iXF] 0.80V (vs.
NHE) . 2013 4, Mahmood %R /K#WEKE CosSs GKE A AAE A 810 B b il 4t HAT ST 25
Y] CosSd/Gr B 54, EBIEMEBRIE FLMFAT . CosSo/Gr HRILH R UF I IL IR AEALIEE, BRI
i F BEREAGRE /T o A SR AR BIALE, LA S RERIE ), SRR IR AIE S5 77 % tH CosSa/Gr &
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=
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The preparation of spherical nano MnzO4/MnO catalyst by vacuum DC arc

method and its electrochemical performance in lithium-air battery
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The lithium-air battery because of its high energy density has been attracted great attention by
researchers all over the world. However, the influence of catalytic material on its performance is
particularly important. In this paper, a kind of nano catalytic material Mn304/MnO is prepared by vacuum
DC arc method. Through XRD. SEM and PL test, it shows that the material has nano structure and the
particle size can be controlled between 40-60 nm. The catalyst particle can be evenly distributed in the
positive carbon material and it has better electronic conductivity and catalytic activity due to some defects
in the crystal structure. The electrochemical performances of air electrode prepared by Mn304/MnQO are
tested by cyclic voltammetry and AC impedance. The cyclic voltammetry results indicate that it is a
bifunctional catalytic material and with the increase of sweep rate, there are obvious oxygen reduction and
oxygen evolution peaks and the potential difference has no obvious change. This means that the electrode
has good reversibility. The AC impedance results display that the charge transfer resistance of
Mn304/MnO catalyst is smaller and the ion diffusion speed is faster. These suggest that Mn304/MnO can
improve the electronic conductivity and catalytic activity.
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Q3G — A ER AT RFSEREVE 2R Gk ORI N SR A AE A7 B PR 2 2 4 N ST i ) 5™ IR Bk e 2 —
BT AEGAA BEVR AL 2V FETF 5 S U AR A ANA TR B AN B Y 1 BRG] BRI, JF RS TR
AR (fossil-free) F AT 74 A f 3 A SR SEIMOREAIAR 22 it B A2 P AN H R 2R3 A0 75 i S L iR
kT H SR> RSO R T A R . AR SR K R R A Rl S U
BRI TV B2 T B, JE ok H 28 )™ 551K REVE SG M LAN PR 55875 B4 e 0] A # OC B A
[1-5]c T4k, T2 NS I e mAS R AT i T R4 5 L AR AT NAEE PR R S 3
23 R IAEE BT FE[2,4,5] FATURREH BT X A F MM AT e 1 R 50 ARl 815 i g4k o
FPERR MO B R HE AL R TS ) 46 L0 BUA e EE R T A AR SLR AL 8, Tl A 45 rh A A B 20 )
VRSB ATEE O AN 5T 3 A4 U SRAR A5 - S S D R T it T et v e 2 i PR SE IR 1% ik
ABEAERT 2] M NHaBr Jy Br J5A0 N 5 & IR BB A 0KEEZIHE, A2 A D pr S
F T HAERRYE . ARG 2 A T BRI S AERE[4]: & 1B JE B Ui < B AL
FSCTHNAREEES, ZBEFIE A m R = 4T S ARILE TR 2 A T o 1 BB oK B 73 F Bt e i Ak
FIRIREAL PERE : FF] TR B 1 S AR @ BRAB I RAL A £53 FR) = G R 51 AN A D/ LT R A 7 1
IR MR FERSA: FEAARR b R s 5 e L AR B AR 8 5 B S M RE AR BRI BT AT 8L
P AR E P [5]. FRAT ARG AR R TAER N T KBTI« A A R AR AT RL I F T 7K R
H SRS RERTIE AL .
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TEARNR IR EE AR T, RAKER & T ZFIE =R Z 5L FeVOs. KH X SF4AT
Sy No WP FRES R a] Ui S 5 SR R SRAE T IR LLRE S I BEME R, 582 T 7E ] LGRS T ix Lk
FeVO, FEMTEA T HoOn fEAE M ZAE T HEAL IR MR MO (fEALTE . 5K, VIEA SR
[ 2 LR FeVO, ml WL YGHEAL PR fif MO [ (AL e S5

FeVO4 ReMa ] W%, RA/KIGE TG Sz f A RN ASCRAKRIE G R T 2HL.=
RHH FeVOs 9IKME, 1R BLETE G0 R A7 H R S B AR B A R R A E

1.1 K ER S

# 10 mmol Fe(NO3); * 9H,0 F1 10 mmol NH4VO3 i T 50 mLHNO3 (2 mol/L) &+, LAZEIK
(14 wt%) 5 NI pH E5 58 4. 7 810, FT 120 °C. 180°C 1§ 240 °C /K#UbHE 6 h,
Ve TR IET 450 °C K558 6 h BIATHiIl15 FeVO, M1kl NRIBTIE, Wil & HIFE S a4 8 FeVOs-x-y
(X: KPGREE, y: SONIA pHAED o FIH XRD. SEM. TEM il UV-Vis 55 R RAEFE T B P) B
P, EMEALFIHEN 0.1 g, H02 (30 wt%) I A&~ 0.3 mL; MO &7 (100 mL)WIHIRE N
1.0x10° mol/L JfLA 300 W Xe 4T MIGIRIIZME T, 164 RN 2 IFHRE S I AL E 1,
UV-Vis 1 & S H T MO R BE (A = 464 nm) o

1.2 ER511e

XRD #1 TGA/DSC Mlik4s K, £ 450 °C K5henl #1175 FeVO04-180-4. FeVO4-180-7 Al
FeVO04-120-4 ¥ i35 8 —#HH FeVOs, BET LRI 754 10.4 m2/g. 4.7 m?/g A1 2.2 m?/g, +H5BiRE
435149 2.00 eV, 2.09 eV fl12.10 eV. HHE 1 AJ4l, FeVO4-180-4. FeVO,-180-7 fil FeVO,-120-4 £
SRL T B R 2 AUERIR . EERIR A AR, B 2 BTS00, FeVO,-180-4 Ff & G HEAL I MR - o
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Jt Fi 4k 2 (photoelectrochemical, PEC) 73 7K LA HARE T+ S BR B FH 7 8% WA D9 K BH BEAidi 475 AR 7]
Tk TSR 2 —, 2R E PRt @ RN, IR, p AL SN AL 1 FE AR ST AR
X R, TCVES A B R MR R E AR, BOABRE PEC AR KRS, H
A, BB AEN—RBO Sk, HAXTKFRIER R 505 . AR B s . R
TR Ae TR SRR ST, 2 PEC Y HIBIAR AR RLTE SR R R S A B R B 2 L,
MRS R ) PEC Y HBIRRIRA B LI AT, o BTN, ARG 2015 FE Lk
JE1i& 7 LA NiS/CdTe QDs/NiO. MoS,/CdSe layer/NiO Y¢HLEAMR I/ T PEC 43 fif/K 231, i@t bl F Y
W R IR E AT YRR IR BA 7 R E, TR B FN H ANz i = e SRR S UK
FHBE FEI A% G i1 4 1 NIO, 23 7% I SR L LU L B AR L FAR T R I 2 MRS, TR
Hl B GBI IR . B, mA R UE SR, TR SR A AT I B R (S E
O AT RA) RIS R R e P (PR R R BRI A RSO k) R
S, B A SR, RATERIEMIE ATO) 22— NEE IR ER I 7UZ MR, R4 g
S UCHC I, FRATTR) B AL B IR 0 SR BB A S A AR 5 e T ) 0 R G LB B, A S 36 o) 45 1)
FTO/ITO/PLS e HL B, 1EF WG N7 4:-75 A em? (DG RS AR, LRV 2 /< AR R Ha S v
Wt K TR R PRI, R PR R YRR PEBY, A Mk o R K B e H B AR SHERB B 1 a
A& FEFRAE T — AN AT R LR

H*

=

Hole Transport Layer

L ]
L]
Photosensitizer
L]

Bl 1 B0 SO R 3 1) PEC 43 /KB L' i B A s 2 ]
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R FH BBk HE R IR P T 1 35 B PR /K B A B3 AT T ST LU 9T . S5 SRR, BUAEARR
Bl R R K pH E AR EGTON &, 7E pHAE N 7.0 PAC #4300 mg L1, $iFEEE
A5 rmint AT, B BRAFIA 97.94%. HLRBEARRAH1) B R AU pH. HIREE .
FELAR LR L WIUR AR A5, AR R L B UV S B R R M4 /N o 76 244046 pH o 6.5
HLIR A 1.2 mA em2, HLARFTREE N 0.025 mol L1 451F T, NS TE] 24 min, WI4GHIAE Hy 4.993
mg Lt AL K Bl 2 BRRIA 97.37%, BRI N 0.132 mg Lt. FLRBERRENTT & ) )5
R, AR pH 040N R BOK T 0.9501., £kt 5 Hi SUstm K AL B A 70 518 0.61 JT 1
1045 76 t1, SRR 50N 258 g +1F1 195.6 g 4. BN RIEEM 2 U 2B (EDTA) 54l Bk
BT (UO2Y) HHTEA LI MR EDTAU(VI) BEW0, S S B A~ 2E 1) Fe(OH)3
AT 3R, RES e B F 2R UV R . TEYIUE pH N 6.5, HLIREE 1.2 mA em?, Hifi#
JUAE 0.025 mol « Lt . EDTA 5 UOZ EE/R LA 3:1 St 2k th T, VIS [A] 24 min , #WIGGHHAKRE
N 4.466 mg Lt VRE 24.85 NTU [IE/K UV LBRFIX 99.14%, JhFE k% 88.93%, k4 U(VI)
WEEN 0,039 mg L1, JHEE 2.75 NTU, &3 74 afEs i RIER S -5 M2 (GB 23727—2009)
FHHEBUER KA & B N (<0.05mg/L) o LS A BE S T SEOUE N R LB, (HE AR T
ZRMEG REERA S AaiE], MBS, SR A BRI AL BB T R A S
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WU Ry g FE AR A L e BLAC 57 B 7K o0 AT S8 5 B & 1 R A2 SE I A 22 RE IR B AL 1Y
HERKZZ —. BPRUESEAEMNY (LDHs) EAMRFH/KENMR, T8y 2z
FAENHTE M. LDHs BEAEKTE Rk R, fE—we &, KA EET
TR A RKIBREIE B HI 45 0 o FRATTHZ A LDHs 92K Fr B 51 B 1) = 24 2 8] BR 4 AR K
MOF gitty, &uk#dil, 15 2E A0 IR AN BB 2k 4 140 il (Co@N-doped Carbon).
i T LDHs %% [a] R 4E I, Co@N-doped Carbon 72 [l 4 i& T- Bt b, A Av%h e 28
TERRFEAR B o 1% B B VA i L AT 4 FRLAZ 2 320 mV vs RHE (10 mAcm®) , #r
St AT /E-68 mV vs RHE (-10 mAcm™2) , SR T HIK T AT &t gE. [Fn
VEN AR/ M P T 244K i B FL AT 1.59 V(10 mAcm™) , T PH/C // RuO: fiE k.
R FR . BT R BVET B A o %ot T K SE A E B, B A 5 45 24 Bk A P [ 384 5
THrEMRE. ZTAE e R M. I REMEAL B AR B L T — 1%

e W S ]

Kl 1 LDHs =44 [A] FRIRG B @ BB A BON D) RE S5 HI AL ra A

S3E 30
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HL R /K ) 5 S S TR G R B R R e AT 3RS0 S, T AL R0 T F AL S ML)
BATEPZREEAEH . HET, PUESRMELEAT BAER AT EU S TERE, (BANTHS & 51 B
PEA BRBR | RS M. B —4H (MoP) B RAFR)FRIVE. MEACTEREAIAR ETEM 2 2
Z B RTERL, BATIAN FH K AN sl AL A VEAS 21 1 A 82065 113 MoP IRHLIEEAL, 9oKAT BRI 1
M5 B F AT S S I . R FIRE R & RO R G AL T B RTHEFC LU 2 1 = R eH SR oK
K A35 MoP. MooC AT MoSz, S8 A I MoP G KB AL AE R ANl 6 LA v mh A LA D0 S AL
PEREARREME . BATE DRI T MoP (& %, MRS 70 T O Gl 1 R A 7
MoP HIZ KA R, WFFE R MoP 25 S 181 G AV BE I SR 4R T

MoP#l
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