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As a part of Beijing Electron Positron Collider （BEPC）project, Beijing Synchrotron Radiation
Facility (BSRF) (http://english.bsrf.ihep.cas.cn) was constructed almost in parallel with BEPC and
has been opened to users since 1991. After the upgrading project of BEPCII, BSRF runs in 2.5GeV
full-energy injection and 250mA beam current in the dedicated mode of synchrotron radiation. The
intensity of hard X-ray has increased one magnitude and the stability was also improved greatly.

Fig 1 BSRF Beamline Distribution

Currently, there are 3 experimental halls（12#, 13#, 15#）, 5 insertion devices, 14 beamlines and
14 experimental stations at BSRF. The synchrotron radiation light of BSRF covers the energy from
vacuum ultraviolet to hard X-ray, and supports many kinds of experimental techniques, such as
X-ray topography, X-ray Imaging, Small Angle X-ray Scattering, Diffuse X-ray Scattering,
Biological Macromolecule Structure, X-ray Fluorescence Analysis ， X-ray Absorption Fine
Structure ， Photoelectron Spectroscopy, Circular Dichroism Spectra, Soft X-ray Calibration,
Mid-energy X-ray Optics, High Pressure Structure, and X-ray lithography, which can be applied to
lots of fundamental and applied researches, such as Condensed Matter Physics, High Pressure
Physics, Chemistry, Material Science, Biology, Geoscience, Environmental Science,
Micro-electronics, Micromachining, Metrology, Optics and Probing Technique.
The accumulated experimental time for the dedicated mode of synchrotron radiation is at least
three months per year. Additionally, ten beamlines (Medium energy X-ray experimental Station, Soft
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X-ray experimental Station, Photoelectron Spectroscopy Station, Vacuum Ultraviolet Station, Small
Angle X-ray Scattering Station, Diffraction and Spectroscopy Station, Diffuse X-ray Scattering
Station, XAFS Station, X-ray Diffraction Station and X-ray Lithography Station) could also run
while BEPCII was working for high energy physics, which is called as parasitic mode and supplies
more experimental time to users. Totally, BSRF could supply beamtime to upwards of 500
experiments for over 1000 users from more than 100 institutes and universities at home and abroad.
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2019 Operation

2019 Operation of BSRF
Two cycles of dedicated synchrotron radiation running were offered to users in 2019. In the first
cycle from 24th June to 26th July, 705.13 hours’ effective beam time was offered, in the second cycle
from 7th November to 13th December, 790.33 hours’ effective beam time was offered. 13 beamlines
were opened to users, 618 proposals from 145 research institutes at home (32 institutes of CAS, 99
universities of Ministry of Education, 11 institutes of other ministries and 3 companies) and 7
research institute abroad were supported. The research fields of the proposals included material
science, chemistry and chemical engineering, environmental science and geoscience, life science,
condensed matter physics, methodology, device researches, etc. Except the basic research projects,
some urgently needed national research items were also supported by BSRF.
During the summer maintenance in this year, the first superconducting Wiggler in China,
developed by High Energy Photon Source Test Facility (HEPS-TF) project, was installed on 3W1 of
BEPCII storage ring. The front end of 3W1 was transformed and updated. Additionally, the
high-energy X-ray monochromator was also installed on this beamline. On November 12, the
synchrotron radiation light from the superconducting Wiggler was successfully introduced to the
3W1 beamline; on November 14, the 3W1 beamline began trial operation and carried out some user
experiments. The transformation of 3W1 insert and beamline has not only enabled some key
equipments in the HEPS-TF project to be practically used, but also accumulated experiences for the
construction and development of High Energy Photon Sources in inserts, front-ends, and
monochromators.

Fig.1 (left) Users of 1W2A-SAXS Station was collecting experimental data; (right) Group photo of 3W1
beamline construction staff.
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The Summary of the Researches Launched on BSRF
627 articles were published by users in 2019, 279 of which were published in the journals
belonging to the first class of the JCR journal ranking made by CAS, including 1 article published in
Nature. Here are some typical examples of users’ researches.

Atomically dispersed iron hydroxide anchored on Pt for preferential oxidation of
CO in H2
The teams of Professor Lu Junling, Professor Yang Jinlong, and Professor Wei Shiqiang of the
University of Science and Technology of China cooperated with atomic layer deposition to
accurately construct the single-site Fe1 (OH)

x

species on the surface of Pt metal nanoparticles

supported by SiO2 for the first time, and then formed a novel Fe1 (OH) x-Pt single-site interface
catalyst structure. The result was published in Nature (Nature, 565, 631-635, 2019). In the oxidation
reaction of carbon monoxide in a hydrogen-rich atmosphere, they used the catalyst for the first time
in an ultra-wide temperature range of -75 °C to 110 °C to successfully achieve 100% selective
carbon monoxide removal, breaking through the two major bottleneck limitations of the catalyst's
high operating temperature and narrow temperature zone in the existing carbon monoxide oxidation
reaction. This work has cleared major obstacles in order to lift the carbon monoxide "poison shock"
crisis of hydrogen fuel cells, extend battery life, broaden the battery temperature environment and its
civilian promotion. In this work, the researchers used the in-situ X-ray spectroscopy platform set up
at the 1W1B-XAFS experimental station in Beijing synchrotron radiation facility and found that the
structure of the Fe1 (OH) x species in the catalytic reaction atmosphere is Fe1 (OH) 3. Fe1 atoms form
Fe1-Pt metal bonds with Pt atoms on the surface of Pt nanoparticles. They also surprisingly found
that this species has ultra-high reduction characteristics, Pt-Fe1 (OH)

2

could be generated by

hydrogen reduction at room temperature, and the formed Pt-Fe1 (OH) 3 single-point interface is its
catalytic active center, revealing its catalytic reaction mechanism.
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Fig. Proposed reaction pathway for CO oxidation on Fe1 (OH) 3 @ Pt (100)

Article：
Lina Cao, Wei Liu, Qiquan Luo, Ruoting Yin, Bing Wang, Jonas Weissenrieder, Markus Soldemo, Huan
Yan, Yue Lin, Zhihu Sun, Chao Ma, Wenhua Zhang, Si Chen, Hengwei Wang, Qiaoqiao Guan, Tao Yao,
Shiqiang Wei*, Jinlong Yang* & Junling Lu* , Atomically dispersed iron hydroxide anchored on Pt for
preferential oxidation of CO in H2. Nature, 2019, 565, 631.

Constructing “Atom-pair” Catalytic Sites by Utilizing Surface Defects on Alloy
Nanowires
In a collaborative project led by Prof. Chen Chen (Tsinghua University), Prof. Xiao Hai
(Tsinghua University) and Associate prof. Lirong Zheng (Institute of High Energy Physics, Chinese
Academy of Sciences), the research team developed a novel nanocatalyst featuring “Cu10–Cu1x+
atom pair” active sites by utilizing the surface defects on alloy nanowires. The result was published
published on Nature Chemistry (Nature Chemistry, 11, 222–228, 2019). Under relatively low
overpotentials, this atom-pair-bearing catalyst, in contrast to single-atomic catalysts, gave a faradaic
efficiency for CO (FECO) as high as 92%, manifesting a high selectivity and well suppressed
competing reactions (typically, hydrogen evolution reaction). The team constructed a set of in-situ
Operando XAFS instruments at 1W1B-XAFS experimental station of BSRF, and investigated the
interaction between active sites and adsorbed reactant molecules at the solid–liquid interface between
the nanocatalyst and the electrolyte, as well as the dynamic evolution of the atomic structures of the
3
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active centers after the application of external electrical field. In this project, synchrotron radiation
instrument helped the scientists to probe into the microscopic structures of nanocatalysts and to
unravel the mystery of high-efficiency active sites. Facilitated by the powerful XAFS-related
technologies, the scientists confirmed the high efficiency of “double-center active sites” for
electrocatalysis, and unveiled the real status of the “double-center active sites” under working
conditions.

Fig：The Schematic diagram of constructing “Atom-pair” Catalytic Sites by Utilizing Surface Defects on
Alloy Nanowires.
Article：
Jiqing Jiao, Rui Lin, Shoujie Liu, Weng-Chon Cheong, Chao Zhang, Zheng Chen, Yuan Pan,Jianguo Tang,
Konglin Wu, Sung-Fu Hung, Hao Ming Chen, Lirong Zheng, Qi Lu, Xuan Yang7,Bingjun Xu7, Hai Xiao*, Jun
Li, Dingsheng Wang, Qing Peng, Chen Chen* and Yadong Li , Copper atom-pair catalyst anchored on alloy
nanowires for selective and efficient electrochemical reduction of CO2. Nature Chemistry, 11, 222–228, 2019.
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Operando synchrotron radiation reveals real active sites for electrocatalysts
USTC groups of Professor Yao Tao and Professor Wei Shiqiang from National Synchrotron
Radiation Laboratory (NSRL) developed an operando synchrotron radiation XAFS technology
combined with theoretical calculations to accurately identify the real structure and dynamic evolution
of active sites of cobalt-based catalysts during the electrocatalytic hydrogen evolution reaction. The
research is published in Natural Catalysis (Nature Catalysis 2, 134 (2019)). They unraveled that the
electrocatalyst underwent structural reconstruction into a high-valence “HO–Co1–N2” moiety by the
binding between initial isolated “Co1–N4” sites with electrolyte hydroxide. Furthermore, water
molecular adsorbed to the active center to the form “H2O-(HO-Co1-N2)” reaction intermediates
driven by the applied overpotential. The corresponding theoretical calculations confirm the
configurations of these key intermediates and further reveal the mechanism of the reaction. The
research finds that the performance and stability of this obtained cobalt-based electrocatalyst are
close to commercial Pt/C electrocatalyst, but the cost is less than half of that of Pt/C, showing a
board application prospect.

Fig. The Schematic diagram of operando synchrotron radiation revealing real active sites for
electrocatalysts
Article：
Linlin Cao, Qiquan Luo, Wei Liu, Yue Lin, Xiaokang Liu, Yuanjie Cao, Wei Zhang,Yuen Wu, Jinlong Yang,
Tao Yao* and Shiqiang Wei. Identification of single-atom active sites in carbon-based cobalt catalysts during
electrocatalytic hydrogen evolution. Nature Catalysis 2, 134 (2019).
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Synchrotron Radiation X-Ray Absorption Spectroscopy Analysis of
Cobalt/Oxygen Co-Doped MoS2 for Hydrogen Evolution Reaction
The group of Prof. Song Li from the National Synchrotron Radiation Laboratory of the
University of Science and Technology of China implemented phase control and hetero-atom
co-doping (Co/O) to achieve in-plane activation of MoS2 through atomic-level structural engineering.
The electronic state has been used to optimize the HER kinetic process under alkaline conditions,
and ultimately assist the HER process under alkaline conditions. The results were published in
Journal of ACS Nano (ACS Nano,13,11733-11740, 2019). In this work, a simple “one-pot” method
was used to directly prepare the Co / O co-doped self-supporting novel material system
Co-O-1T-MoS2/SWNT. In this work, Co-O-1T-MoS2 / SWNT was obtained through structural
engineering including Co/O heteroatoms co-doped into the MoS2 plane and other modulation
strategy to achieve efficiently electrocatalytic splitting water under alkaline conditions. The
successful doping of Co / O heteroatoms in MoS2 was confirmed by X-ray absorption spectroscopy
carried out at 1W1B-XAFS experimental station of BSRF, which proved that the formation of
Co-O-Mo provided theoretical support for performance optimization. This work not only greatly
improves the ability of MoS2 to electrocatalyze HER under alkaline conditions, but also
demonstrates the importance of XAFS in clarifying the structure-performance relationship of
catalysts.

Fig. The form and valence of Co / O double heteroatoms co-doped into MoS2 were obtained using XAFS
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Article：
Dengfeng Cao, Ke Ye, Oyawale Adetunji Moses, Wenjie Xu, Daobin Liu,* Pin Song, Chuanqiang Wu, Changda
Wang, Shiqing Ding, Shuangming Chen, Binghui Ge, Jun Jiang, and Li Song*, Hai-Wei Liang*. Engineering the
In-Plane Structure of Metallic Phase Molybdenum Disulfide via Co and O Dopants toward Efficient Alkaline
Hydrogen Evolution. ACS Nano 2019,13,11733-11740.

Strengthening Reactive Metal-Support Interaction to Stabilize High-Density Pt
Single Atoms on Electron-deficient g-C3N4 for Boosting Photocatalytic H2
Production
Tuning reactive metal-support interaction (RMSI) is a promising approach to optimizing
catalytic active sites via the electronic, geometric and compositional effects. However, the RMSI is
commonly conducted on the reducible oxides via a high-temperature reaction (> 550 oC). One team
from Department of Materials Science and Engineering, Peking University has gained insight into
the low-temperature (< 0oC) RMSI effect between noble metal single atoms (MSAs) and
N-vacancy-rich g-C3N4 via the icing-assisted in-situ photocatalytic reduction method (Figure a). The
results reveal that the rich N vacancies in g-C3N4 produce an obvious electron-deficient effect, which
greatly enhances the RMSI between Pt single atom (PtSA) and g-C3N4. This strong RMSI not only
leads to the highest PtSA coverage density of 0.35 mg m-2 reported to date in carbon-based materials,
but also contributes to the outstanding H2-evolution activity of 174.5 mmol gPt-1 h-1 relative to those
on the electron-rich g-C3N4. The structure simulation reveals that the RMSI can not only stabilize the
PtSA on the electron-deficient g-C3N4 via the strong chemical bond between PtSA and the
two-coordinated C (C2C) sites caused by the N vacancies, but also promises the PtSA with an
optimized electronic and geometric structures for capturing photogenerated electrons and producing
H2, respectively.
With the support of 1W1B beamline of Beijing Synchrotron Radiation Facility (BSRF), EXAFS
spectra of Pt L3-edge were obtained to illustrate the coordination structure of Pt single atoms. The Pt
single atoms tend to be stabilized in the N vacancy site by forming Pt-C bonds (Figure b), which
agrees with the theoretical model of PtSA on N vacancies-modified g-C3N4. This Pt-C interaction
enables the PtSA with a more negative 5d states, which contributes to the RMSI between PtSA and
g-C3N4.
This research opens an interesting strategy for designing and making single atom catalysts on
the photocatalyst with low thermostability. Exploring the RMSI effect between MSAs and
photocatalyst will be beneficial to the development of high-performance photocatalyst materials.
1W1B beamline will be significant for understanding the RMSI. Their research has been published
on November 15th, 2018 in Nano Energy.
7
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(a) Schematic illustration of the icing-assisted in-situ photocatalytic reduction method for preparing the
supra-high-density PtSAs-loaded g-C3N4. Scale bar: 2 nm. (b) Pt L3-edge EXAFS spectra at R space.

Article：

Peng Zhou, Fan Lv, Na Li, Yelong Zhang, Zijie Mu, Yonghua Tang, Jianping Lai, Yuguang Chao, Mingchuan
Luo, Fei Lin, Jinhui Zhou, Dong Su and Shaojun Guo* Strengthening reactive metal-support interaction to
stabilize high-density Pt single atoms on electron-deficient g-C3N4 for boosting photocatalytic H2 production.
Nano Energy, 56(2019), 127–137.

Highly efficient single atom Ru catalyst boosts acidic water electrolysis
The production of hydrogen energy is mainly by methane reforming in the industry,
accompanied with the release of greenhouse gas CO2, which is environmentally unfriendly. However,
producing hydrogen from water splitting is feasible and without carbon emission, which is expected
to replace “methane steam reforming” and become the next generation of hydrogen technology.
Currently, the biggest challenge of the hydrogen production from water splitting is the cost. In the
industry, the cost of hydrogen production from water splitting is 4.7-5.4 $/kg. The cost of hydrogen
production from methane reforming is 2.7-3.1 $/kg. Therefore, realizing the production of hydrogen
by water splitting replace of methane reforming in the future, we must develop cheap and efficient
catalysts to reduce the cost of water splitting.
The research group of Professor Wu Yuen of the University of Science and Technology of China
(USTC) successfully prepared single atom Ru catalyst by surface defect engineering approach. The
single atom Ru catalyst delivers 90 mV lower overpotential to reach a current density of 10 mA cm −2,
and an order of magnitude longer lifetime over that of commercial RuO2. This work provides a new
idea to solve Ru-based catalysts unstable under acidic oxidation conditions, which is an international
problem. Related research was published in Nature Catalysis with the title of “Engineering the
electronic structure of single atom Ru sites via compressive strain boosts acidic water oxidation
8
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electrocatalysis” and selected as cover paper.

Figure 1. The Schematic diagram of the preparation of single atom Ru catalyst and the cover of the article.

In this work, the electronic structure and coordination environment of the substrate Pt and Cu
were studied utilizing the 1W1B-XAFS station of Beijing Synchrotron Radiation Facility (BSRF).
The X-ray absorption near-edge structure (XANES) and extended x-ray absorption fine structure of
Pt revealed that Pt existed in a metallic state and the main coordination bonds were Pt-Pt/Cu. The
analysis of XANES of Cu element showed that the valence of Cu was between 0~2. The catalytic
mechanism of the catalyst was further explored by in-situ synchrotron radiation. For Pt, with the
potential scanned from 0 to 1.86 V, the valence state of Pt increased, as shown by the white line
intensity of the Pt L3-edge. This indicates that there exists electrons transferring from Pt to Ru1,
avoiding over-oxidation of Ru species.

Figure 2. (a-c) In-situ and (d) ex-situ XAFS spectrum of Ru single atom.
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Article：
Yancai Yao, Sulei Hu, Wenxing Chen, Zheng-Qing Huang, Weichen Wei, Tao Yao, Ruirui Liu, Ketao Zang,
Xiaoqian Wang, Geng Wu, Wenjuan Yuan, Tongwei Yuan, Baiquan Zhu, Wei Liu, Zhijun Li, Dongsheng He,
Zhenggang Xue, Yu Wang, Xusheng Zheng, Juncai Dong , Chun-Ran Chang, Yanxia Chen, Xun Hong, Jun Luo,
Shiqiang Wei, Wei-Xue Li*, Peter Strasser, Yuen Wu * and Yadong Li, Engineering the electronic structure of
single atom Ru sites via compressive strain boosts acidic water oxidation electrocatalysis, Nature Catalysis,
2019, 2, 304–313.

Multi-dimensional Ni/NiCoP core-shell heterostructure for water
electrolysis: morphology effect and electronic structure effect
Electrolyzing water to produce hydrogen is an ideal method. However, the energy consumption
for water electrolysis is high, which is less competitive than that of hydrogen production by fossil
fuel. The key to reduce the total energy consumption and improve the efficiency is developing a high
efficient electrocatalyst. A research group in the School of Material Science and Engineering of
China University of

Petroleum

(East

China)

constructed Ni/NiCoP heterojunction with

multi-dimensional core-shell structure and used it on full water electrolysis, and the structure-activity
relationship was studied in depth. Their research has been published on December 15, 2019 in
Applied Catalysis B: Environmental.
Ni metal has similar moderate hydrogen binding energy to Pt, bulk Ni metal is not an ideal HER
or OER catalyst especially in acid due to the easy dissolution, introducing P atoms to the metal Ni
can prevent this. Template conversion using CoP nanoparticles as crystal seeds was used to
synthesize multi dimensional core-shell heterogeneous structure of Ni/NiCoP catalyst, in which,
metallic Ni nanoparticles (NPs) are enclosed and strung by NiCoP, forming strings of Ni/NiCoP
core/shell nanostructures. This particular structure takes the most of advantages of Ni metal and
bimetallic phosphides nanostructures, but also avoids the disadvantages ((Ni has high conductivity,
but it is unstable in acid; bimetallic phosphides have high activity and stability, but its conductivity is
limited). Then both of the activity and the stability are elevated.
Basing on the X-ray absorption spectrum carried out 1W1B-XAFS station of Beijing
Synchrotron Radiation Facility (BSRF), they find that there exist strong electron transfer from Ni
cores to bimetallic NiCoP in this multi-dimensional nano-heterojunctions, which producing peculiar
electron effect, benefiting the whole water electrolysis.

10

2019 Highlights

Article：
Yan Lin#, Kaian Sun#, Shoujie Liu#, Xiaomeng Chen, Yuansheng Cheng, Weng-Chon Cheong, Zheng Chen,
Lirong Zheng, Jun Zhang*, Xiyou Li, Yuan Pan*, Chen Chen*. Construction of CoP/NiCoP Nanotadpoles
Heterojunction Interface for Wide pH Hydrogen Evolution Electrocatalysis and Supercapacitor,Adv. Energy
Mater.,2019, 9, 1901213.

Rational Design of Fe-N/C Hybrid for Enhanced Nitrogen Reduction
Electrocatalysis under Ambient Conditions in Aqueous Solution
Developing efficient noble-metal-free catalysts for the electrochemical N2 reduction reaction
(NRR) under ambient conditions shows promise in fertilizer production and hydrogen storage.
However, there is still a grand challenge but blossoming interest to achieve the high-efficiency
electrochemical NRR in aqueous media. A team from college of materials science and engineering of
Jilin University has designed an Fe-N/C catalysts with built-in Fe-N3 sites for the high-efficiency
electrochemical nitrogen reduction reaction (NRR). Their research has been published on January 3rd,
2019 in ACS Catalysis.
The hierarchical porous architecture, large active surface area, positively charged surface, weak
ferromagnetism, and strong nitrogen chemisorption of Fe-N/C-CNTs all facilitate enormous potential
for the electrochemical NRR. This catalyst exhibits enhanced NRR activity with NH3 production
(34.83 μg•h-1•mg-1cat.), faradaic efficiency (9.28% at −0.2 V vs RHE), selectivity, and stability in 0.1
M KOH aqueous media under mild conditions. More importantly, we demonstrated by experimental
results and theoretical calculations that built-in Fe-N3 moieties as a valid catalytically active site
elevated the NRR activity effectively. This study provides insight into precise construction of more
efficient and stable NRR electrocatalysts and further expands the possibilities of transition
metal-nitrogen-carbon (M-N-C)-based nanomaterials in NRR fields.
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The structure of F-N3 in the synthesized material was characterized and analyzed in detail by
using the 1W1B-XAFS station of Beijing Synchrotron Radiation Facility (BSRF), and the X-ray
absorption near-edge structure (XANES) spectra of Fe K-edge was obtained. The structure and
coordination environment of Fe in the Fe-N/C-CNTs catalyst and its Fe-ZIF-8-CNTs precursor were
further determined. The average valence state of Fe species in the catalyst was between Fe0 and Fe3+,
and the fitting results showed that the mean coordination number of Fe-N /O in the first shell was
3.0.
This work has been cited in the review of Chem. Rev., Joule and other journals by Qiang Xu
research group (Japan) and Ning Yan research group (Singapore), which is a highly significant
advance that is certain to accelerate and expand research into the specific functions of single atom
catalysis and small molecule activation.
Article：
Ying Wang, Xiaoqiang Cui,* Jingxiang Zhao, Guangri Jia, Lin Gu, Qinghua Zhang, Lingkun Meng, Zhan Shi,
Lirong Zheng, Chunyu Wang, Ziwei Zhang, and Weitao Zheng*. Rational Design of Fe-N/C Hybrid for
Enhanced Nitrogen Reduction Electrocatalysis under Ambient Conditions in Aqueous Solution. ACS Catalysis,
2019, 9, 336-344.

Synthesis of High-load Atomically Dispersed Catalysts
Professor Liang Hai-Wei (USTC), Lin Yue (USTC) and Chu Sheng-Qi (Institute of High Energy
Physics, CAS) reported the use of mesoporous sulfur-doped carbons (meso_S-C) with high specific
area as supports to achieve a series of high-loading atomically dispersed noble metal catalysts,
including Pt, Ir, Rh, Ru and Pd, and the loading of Pt and Ir reached to 10 wt%. The result was
published in Science Advances (Sci. Adv., 2019,5, eaax6322). In this work, the researchers prepared
12
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high sulfur-content (~14 wt%) meso_S-C with large BET surface area (>1200 m2 g-1) via transition
metal-assisted carbonization of molecular precursors, and successfully synthesized five atomically
dispersed noble metal catalysts with traditional wet-impregnation strategy over meso_S-C. X-ray
absorption fine structure (XAFS) carried out at 1W1B-XAFS station of Beijing Synchrotron
Radiation Facility, is one of the strongest tools to characterize atomically dispersed catalysts due to
no metal-metal bond exist in these catalysts, while the metal-metal bond should be detected in nano
clusters or nano particles. This work may open a new gate for fabricating high-loading atomically
dispersed metal catalysts with a general strategy.

Fig. Schematic illustration of the preparation and model structure of the atomically dispersed noble metal catalysts.

Article：
Lei Wang, Ming-Xi Chen, Qiang-Qiang Yan, Shi-Long Xu, Sheng-Qi Chu*, Ping Chen, Yue Lin*, Hai-Wei
Liang*. A sulfur-tethering synthesis strategy toward high-loading atomically dispersed noble metal catalysts. Sci.
Adv. 2019, 5: eaax6322.

Selenium-doped hierarchically porous carbon nanosheets as an efficient
metal-free electrocatalyst for CO2 reduction
Prof. Zhang Jianling’ group from the Institute of Chemistry of Chinese Academy of Sciences
propose the hierarchically macroporous, mesoporous and microporous carbon nanosheets (CNs)
doped with selenium (Se) for efficient electrochemical CO2RR. Such an electrocatalyst possesses
hierarchical pores for facilitating reactant or ion penetration, transport and reaction, and large surface
area for easily accessible active sites, which make the total current density of CO 2RR significantly
increased. Owing to the Se optimized active sites towards the reduction of CO2 to CO, the Se-CNs
electrocatalyst exhibits over 10-times enhanced partial current density of CO than the CNs without
Se doping and high selectivity (90%) for CO2 electroreduction to CO. The result was published at
Adv. Funct. Mater. (Adv. Funct. Mater., 29, 1906194, 2019). The synchrotron radiation techniques
(BSRF 1W2A and 1W1B) were used to reveal the formation of porous structure and the deep atomic
structure information in Se-CNs. The XANES and EXAFS results combined with X-ray
photoelectron spectroscopy reveal the bonding situation of Se, C and N, which provide a strong
support for the model establishment of the activity center and further theoretical calculation.
13
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Moreover, small angle X-ray scattering (SAXS) characterization of carbon materials obtained under
different synthesis conditions prove that the pore size can be significantly regulated by controlling
the amount of selenium introduced in the synthesis process, indicating that SeO2 plays a key role in
the formation of hierarchically porous structure.

Fig. Morphological and structural characterization (a-c) of Se-CNs and its performances for electrocatalytic
CO2 reduction (e-f). The compassion samples were non-porous carbon nanosheets (CNs) and bulk carbon materials
(CB).
Article：
Bingxing Zhang, Jianling Zhang,* Fanyu Zhang, Lirong Zheng, Guang Mo, Buxing Han, and Guanying Yang.
Selenium-Doped Hierarchically Porous Carbon Nanosheets as an Efficient Metal-Free Electrocatalyst for CO2
Reduction. Adv. Funct. Mater., 2019, 29, 1906194.

Single-atom Catalysts Templated by Metal-organic Frameworks for
Electrochemical Nitrogen Reduction
Single-atom catalysts (SACs), presenting the remarkable activity and high selectivity, are of
great significance for mechanism exploration and practical applications of chemical reactions.
Nevertheless, due to the challenge in controlled synthesis, the environments of single-atom sites in
reported SACs are usually different, even with the same metal site and support. Metal-organic
frameworks (MOFs), a class of crystalline porous materials with structural regularity and synthetic
tunability, are recognized to be the ideal platform for the general synthesis of single-atom catalysts
with the identical structure.
In this work, a porphyrinic Zirconium MOF, PCN-222, has been selected as the precursor. By
14
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varying the metal species incorporated in the porphyrin center of PCN-222, a series of single-atom
metals (Fe, Co, Ni) implanted in N-doped carbon (denoted as Fe1-N-C, Co1-N-C and Ni1-N-C) with
identical structures, were successfully constructed and used as model electrocatalysts for nitrogen
reduction reaction (NRR) (Figure 1). This research, which was entitled ‘Single-atom catalysts
templated by metal-organic frameworks for electrochemical nitrogen reduction’ and published in the
J. Mater. Chem. A, was carried out by professor Hai-Long Jiang and several co-authors from
University of Science and Technology of China (USTC).

Figure 1 The synthesis of Fe1-N-C from PCN-222(Fe).

By virtue of the 1W1B XAFS beam line of Beijing Synchrotron Radiation Facility, the
researchers studied the structures of the catalysts. In the Fe K-edge X-ray absorption near-edge
structure (XANES) spectra, Fe1-N-C exhibits an energy absorption profile locating between Fe foil
and Fe2O3. Fourier transform-extended X-ray absorption fine structure (FT-EXAFS) curve of
Fe1-N-C presents a main peak at ca. 1.4 Å, corresponding to Fe-N coordination. The Fe-Fe peak at
2.2 Å cannot be observed, exhibiting the exclusive existence of single-atom Fe. Furthermore,
according to the EXAFS fitting result, single Fe atom is coordinated by 4 N atoms.
In the electrocatalytic NRR, Fe1-N-C shows a Faradaic efficiency of 4.51% and ammonia yield
rate of 1.56×10-11 mol cm-2 s-1 at -0.05 V versus reversible hydrogen electrode, superior to those of
Co1-N-C and Ni1-N-C. Theoretical calculations reveal that the electrocatalytic performance is closely
related to the energy barrier of the rate-determining step. Fe1-N-C shows the lowest energy barrier of
the rate-determining step during the NRR process, consistent with its highest activity obtained in
experiments.
This work reveals the superiority of MOFs for the construction of SACs and provides in-depth
insights into the preparation of high performance NRR catalysts as well as the understanding of the
catalytic mechanism. Meanwhile, the synchrotron radiation techniques represent an advantage in the
characterization of catalyst structures.
15
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Article:
Rui Zhang, Long Jiao, Weijie Yang, Gang Wan and Hai-Long Jiang,* Single-atom Catalysts Templated by
Metal-organic Frameworks for Electrochemical Nitrogen Reduction. J. Mater. Chem. A 7(2019), 26371-26377.

Ambient Synthesis of Single‐Atom Catalysts from Bulk Metal via
Trapping of Atoms by Surface Dangling Bonds
Single atom catalysts (SACs) feature the maximum atom economy and superior performance
for various catalysis fields, attracting tremendous attention in materials science. However,
conventional synthesis of SACs involves high energy consumption at high temperature, complicated
procedures, a massive waste of metal species and poor yields, greatly impeding the development of
SACs. Herein, Wu’s group presents a facile dangling bond trapping strategy to construct SACs under
ambient condition from easily accessible bulk metals (such as Fe, Co, Ni, and Cu, etc.). Their
research has been published on November 1th, 2019 in Advanced Materials.
The team found that when mixing graphene oxide (GO) slurry with metal foam and drying in
ambient conditions, the M0 would transfer electrons to the dangling oxygen groups on GO, obtaining
Mδ+ (0<δ<3) species. Meanwhile, Mδ+ coordinates with surface oxygen dangling bond of GO to form
M-O bond. Subsequently, the metal atoms were pulled out of the metal foam by M-O bond under the
assistant of sonication to give M SAs/GO materials. This synthesis at room temperatures from bulk
metals provides a versatile platform for facile and low-cost fabrication of SACs, crucial for its mass
production and practical application in diverse industrial reactions.

The 1W1B-XAFS station at Beijing Synchrotron Radiation has helped the team to probe the
electronic structure and coordination environment of single atom catalysts. The EXAFS analysis
shows the metal atoms (Fe、Co、Ni and Cu) coordinate with oxygen atoms and no metal bond (M-M)
can be observed, which show the formation of single atom catalysts. These results show this
16
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dangling bond trapping method can make the direct transformation from bulk metal to single atom
catalysts come true. This highly efficient and energy-saving strategy is beneficial for promoting the
large-scale production of single atom catalysts.
Article:
Yunteng Qu,† Liguang Wang,† Zhijun Li, Peng Li, Qinghua Zhang, Yue Lin, Fangyao Zhou, Huijuan Wang,
Zhengkun Yang, Yidong Hu, Mengzhao Zhu, Xuyan Zhao, Xiao Han, Chengming Wang, Qian Xu, Lin Gu, Jun
Luo, Lirong Zheng, Yuen Wu*, Ambient synthesis of single atom catalysts from bulk metal via trapping of atoms
by surface dangling bond, Advanced Materials, 31(2019), 1904496.

Solid-Diffusion Synthesis of Single-Atom Catalysts Directly from Bulk
Metal for Efficient CO2 Reduction
It is possible to efficiently convert CO2 into chemical products with certain economic value
under mild conditions through electrochemical reduction, and at the same time realize the storage of
clean electrical energy, showing great potential application prospects. Therefore, the development of
an efficient CO2 electroreduction catalyst is a problem that needs to be solved urgently. Single-atom
catalyst is a very popular direction in the field of catalysis and materials research in recent years.
Since the active sites on the catalyst surface are highly dispersed, very high atom utilization rates can
be achieved. At the same time, the active center interacts with the adjacent coordination atoms,
causing the metal electronic structure of the active center to change. Therefore, in some catalytic
reactions, such as CO oxidation reaction, hydrogenation reaction, oxygen reduction reaction, etc.,
can exhibit very excellent activity and selectivity. At present, there are still many difficulties in
achieving large-scale production of single-atom catalysts through chemical synthesis, such as
complex synthesis processes and harsh requirements on synthesis conditions.

Therefore, the

development of a simple and practical synthesis method that can produce monoatomic catalysts with
thermal/chemical stability on a large scale is an urgent problem in the field of catalysis.

In response

to the above problems, Wu Yuen's research group of the University of Science and Technology of
China, Li Yafei's research group of Nanjing Normal University and Duan Haohong's research group
of Oxford University have developed a simple synthesis method. Through the solid-diffusion strategy,
the bulk metal is directly converted into a hierarchical structure self-supported structure of single
atom catalyst, this method is easy to achieve industrial-grade incremental preparation, and has broad
industrialization prospects.
This group found that melamine was evenly sprayed on the surface of the nickel foil, and the
heating temperature was controlled under an argon atmosphere, so that the melamine was converted
into a nitrogen-doped carbon layer. As the temperature increases, nickel continuously migrates out of
17
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the bulk nickel metal and is captured by the nitrogen-doped carbon layer. Due to the presence of
some nickel particles in the nitrogen-doped carbon layer, at the high temperature of 1273K, a large
amount of nitrogen-doped carbon tubes containing isolated nickel sites were formed on the surface of
the nitrogen-doped carbon layer, and thus a hierarchical structure of carbon nanotubes/carbon
layers/carbon nanotubes was formed. After cooling to room temperature, the paper-like catalyst film
can be automatically detached from the surface of the nickel foil without any treatment, and the
nickel foil can be reused after a simple polishing process. Scanning electron microscopy showed that
the sample had a good carbon nanotubes/carbon layer/carbon nanotubes hierarchical structure.
Transmission electron microscopy and aberration-corrected atomic microscopy showed that the
surface nitrogen-doped carbon tube contained a large amount of isolated nickel sites. The presence of
a nitrogen-doped carbon layer in the middle of the catalyst film gives the catalyst a certain degree of
rigidity and flexibility, and can withstand bending with a certain force. The surface carbon tube
further increases the surface area of the catalyst and gives a special surface wettability. This group
can successfully prepare catalyst membranes of various shapes and even 50 cm2 in the laboratory by
controlling the size of the nickel foil. This method can easily achieve large-scale preparation by
expanding the nickel foil area. Since part of the nickel particles are well covered by the multi-layer
graphene, the acid solution treatment cannot completely remove the nickel particles. However, the
bare nickel particles on the surface can be removed by simple acid leached treatment, and the
paper-like catalyst membrane after acid treatment can be directly used as a self-supporting electrode
for CO2 electroreduction.

The EXAFS spectrum obtained by 1W1B-XAFS station at Beijing Synchrotron Radiation
Facility (BSRF) suggest that the majority of Ni NPs could be removed after a chemical etching
process in diluted HCl, leaving a small amount of Ni NPs encapsulated within the multiwall carbon
18
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nanotube. And further indicated that there was a large amount of Ni-N bonds in the sample, which
further verified the existence of a large amount of isolated nickel sites in the catalyst At the same
time, the NEXAFS spectrum showed that the carbon and nitrogen structure in the sample did not
change significantly after acid treatment. Combined with the CV curve, it can be further explained
that after the acid-dissolved process, the remaining nickel particles are well wrapped by the
multi-layer graphene, so it is difficult to participate in the electrochemical reaction. The hierarchical
catalyst membrane not only has certain rigidity and flexibility, so that it can be directly used as a
self-supporting electrode. At the same time, the surface-rich carbon tubes increase the surface area
of the catalyst while giving the catalyst film super-hydrophilic and super-aerophobic properties. In
this paper, the water contact angle of the catalyst film is close to 0 °, while the contact angle of the
bubbles is as high as 148.3 ± 2.6 °, showing excellent super-hydrophilic and super- aerophobic
characteristics. Compared with the traditional method of dispersing the catalyst on carbon paper, the
CO bubbles generated by the catalyst film with a hierarchical structure can be detached from the
electrode surface more quickly, thus greatly improving the stability of the catalyst under high current
density working conditions. The CO2 electroreduction conditions are closer to the actual industrial
conditions. The super-hydrophilic and super-hydrophobic properties speed up the mass transfer of
electroreduction. Compared with the traditional insulating polymer binders, (such as Nafion, PVDF),
the catalyst is dispersed on the conductive substrate (such as carbon paper, glassy carbon electrode)
and the current is further improved.

In addition, the electrode is directly obtained during the

catalyst synthesis process, without the need to re-disperse the catalyst, at the same time, without the
need for adhesives and conductive substrate support, which greatly decrease costs and reduces the
process flow. The easy large scale of preparation of the catalyst membrane also makes the catalyst
more industrial potential.

If you are interested in learning more about the details of synthesis and

characterization, you can download the supplementary materials and videos of this article. This
method of solid-phase thermal diffusion strategy has certain universality. The author successfully
prepared a cobalt single-atom catalyst membrane with a hierarchical structure by the same method.
This work reported for the first time that a solid-diffusion strategy can be used to directly
prepare single-atom catalysts from bulk metal, and large-scale preparation of the catalyst can be
achieved, recently published on Joule. This method provides new ideas for the design, preparation
and scale-up of other highly efficient single-atom catalysts.

Article：
Changming Zhao, Yu Wang, Zhijun Li, Wenxing Chen, Qian Xu, Dongsheng He, Desheng Xi, Qinghua Zhang,
Tongwei Yuan, Yunteng Qu, Jian Yang, Fangyao Zhou, Zhengkun Yang, Xiaoqian Wang, Jing Wang, Jun Luo,
Yafei Li,* Haohong Duan,* Yuen Wu,* and Yadong Li. Solid-Diffusion Synthesis of Single-Atom Catalysts
Directly from Bulk Metal for Efficient CO2 Reduction. Joule, 2019, 3, 584-594.
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Designing Highly Efficient and Long-Term Durable Electrocatalyst for Oxygen
Evolution by Coupling B and P into Amorphous Porous NiFe-Based Material
Oxygen evolution reaction (OER) is of great significance for hydrogen production and CO2
reduction via electrolysis, which, however, demands the development of highly active, durable, and
cost-effective electrocatalysts in order to stride into a renewable energy era. In this article, we
designed a highly efficient and long-term durable OER by coupling B and P into an amorphous
porous NiFe-based electrocatalyst (a-NiFePB). The research has been published on May 30th 2019
in the Small.
By density functional theory calculations, we found the PB codoping in the a-NiFePB
delocalizes both Fe and Ni at Fermi energy level and enhances p–d hybridization. The formation of
a-NiFePB phase was further characterized by XAFS technique carried out at

1W1B-XAFS station

of BSRF. From the Ni and Fe K-edge XANES and EXAFS spectra of the a-NiFePB, we obtained the
fitted bond length and coordination numbers data of Fe-P(B), Fe-Fe(Ni), Ni-P(B), and Ni-Fe(Ni)
bonds.

Figure a) Ni and b) Fe K-edge XANES spectra of the activated NiFePB using standard Ni2P, FeP, Fe2O3,
Fe3O4, NiO as references. k3-weighted Fourier-transform c) Ni and d) Fe Kedge EXAFS spectra of the samples.
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The harmonized electronic structure, amorphous metallic phase, and unique porous framework
of the a-NiFePB consequently improve the OER activity. It exhibits an extraordinarily low
overpotential of 197 mV for harvesting 10 mA cm-2 OER current density and 233 mV for reaching
100 mA cm-2 under chronopotentiometry condition, with the Tafel slope harmoniously conforming to
34 mV dec-1.
The superb stability would be associated with the intact surface oxide layer formation on the
integral bulk structure. Our DFT simulation of the NiFePB structure determines the formation
enthalpy is one order of magnitude more negative than that of the NiFe alloy, and the binding energy
of O atom on the NiFePB is obviously smaller than on the NiFe alloy. The a-NiFePB thus exhibits
dramatically higher thermodynamic stability, oxidation resistivity, and electro-oxide stability.
Impressive long-term stability is experimentally evidenced by only 104 mV of overpotential is added
after 1400 h operation at 100 mA cm-2.
This work designed a function-integrated electrocatalyst that strategically comprises of
multitudinous merits that directs a way for heading up a promising energy conversion alternative.

Article：
Fei Hu, Haiyun Wang, Yan Zhang, Xiaocheng Shen, Guanghui Zhang, Yanbo Pan, Jeffrey T. Miller, Kun Wang,
Shengli Zhu, Xianjin Yang, Chengming Wang, Xiaojun Wu*, Yujie Xiong*, Zhenmeng Peng*, Designing Highly
Efficient and Long-Term Durable Electrocatalyst for Oxygen Evolution by Coupling B and P into Amorphous
Porous NiFe-Based Material, Small 2019, 15(28). 1901020.

Atomic Insights for Optimum and Excess Doping in Photocatalysis: A Case Study
of Few-Layer Cu-ZnIn2S4
The external heteroatom doping can form intermediate states in the gap or change the electronic
structure to improve photocatalytic activities, which is a common strategy for improving the
activities of traditional photocatalysts. However, the atomic structures of the optimum and excess
doping and the mechanism of doping sites are still not explored. A team from college of
Environmental Science and Engineering of Nankai university has gained insight into it. Their
research has been published on January 7th, 2019 in Advanced Functional Materials.
The research team synthesized the few-layer Cu-doped ternary sulfide ZnIn2S4 (ZIS) ultra-thin
two-dimensional material at the atomic level, which was used as the model catalyst to reveal the
origin of optimum and excess doping for photocatalysis through photocatalytic hydrogen production.
Results show that the metal-S4 coordination maintains well with 0.5 wt% Cu substituted Zn atoms in
the lattice. The introduced Cu atoms bring electronic acceptor states close to the valence band (VB)
maximum and thus ensures higher charge density and efficient carrier transport, resulting in an
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optimum hydrogen evolution rate of 26.2 mmol h−1 g−1 and an apparent quantum efficiency of 4.76%
at 420 nm. However, a distorted atomic structure and largely upshift of VB maximum with Cu-S3.6
coordination are found with excess doping concentration (3.6 wt%). These bring the heavy charge
recombination and consequentially dramatic reduced activity. This work provides a new insight into
elemental doping study and takes an important step toward the development of ultrathin 2D
photocatalysts.

Using XAFS technique carried out at 1W1B-XAFS station of Beijing Synchrotron Radiation
Facility (BSRF), the atomic structure of Cu-ZnIn2S4 and coordination environment of Cu dopants
were obtained. The in-depth study of the optimum and excess doping mechanism at the atomic level
is helpful to clarify the atomic behavior in the reaction process experimentally and theoretically, and
it is very important for understanding the mechanism of the reactive sites. Results show that the peak
positions of the Cu dopants (~ 1.8 Å) for different doping levels are very similar to that of the Cu
atoms in CuS, but different from Cu2S, indicating a Cu-S bonding similar to that of CuS. The fitting
parameters show that the Cu0.5-ZIS well maintains the metal-S4 coordination like that of pristine ZIS.
While the Cu3.6-ZIS displays a Cu-S3.6 coordination region similar to that of CuS (Cu-S3.5).
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The study revealed the optimum and excess doping structure on the atomic scale, and clarified
the relationship between the structure and the photocatalytic performance. It also realized the
controlled synthesis and regeneration of materials, further expanding the new strategy of doping
engineering. In this research work, the synchrotron radiation light source helped the research team
unravel the atomic level structure and coordination environment. Prof. Sihui Zhan, the leader of the
research group and associate dean of the college of Environmental Science and Engineering of
Nankai University described their work as follows: "The atomic structure and deactivation
mechanism of heterogeneous atoms in doped catalysts are extremely complex, many related
scientific questions have not yet been clearly revealed due to the limitations of characterization
methods, so synchrotron radiation is becoming a powerful tool for studying nanomaterials and
providing a broad platform for the characterization of nanomaterial structures and properties. "

Article:
Pengfei Wang, Zhurui Shen, Yuguo Xia, Haitao Wang, Lirong Zheng, Wei Xi, and Sihui Zhan*. Atomic Insights
for Optimum and Excess Doping in Photocatalysis: A Case Study of Few‐Layer Cu‐ZnIn2S4, Adv. Funct.
Mater., 2019, 29, 1807013.
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Unravelling the Interfacial Charge Migration Pathway at Atomic Level in a
Highly Efficient Z-scheme Photocatalyst
Until now, huge achievements on direct Z-scheme photocatalysts have been made towards
various photocatalytic applications due to the super efficiency by promoting the separation of
photoinduced electron-hole pairs and maximizing the redox potential. However, the development of
direct Z-scheme photocatalysts is still at an early stage and most of the Z-scheme photocatalytic
systems have been developed in a trial-and-error manner, as there is a major lack of knowledge and
understanding about migration pathway of photogenerated electron-hole pairs between two
components at atomic level (interfacial atomic structure and its corresponding electronic states). The
research team of the college of Environmental Science and Engineering of Nankai University
conducted in-depth exploration on it, rationally designed a new Z-type photocatalyst and analyzed
the interface charge migration path. The related research was published in "Angewandte Chemie
International Edition" on August 12th, 2019.

The team reported operando spectroscopic evidences and theoretical insights for the
photocatalytic activity of Z-scheme CdS/CoS2 photocatalyst. The formation of Co-S5.8 transition
layer at the interface can introduce interfacial states and work as the charge migration pathway to
transfer electrons from CdS to CoS2. Thus, more photogenerated electrons and holes can participate
in the surface photocatalytic reaction. According to transient absorption spectroscopy (TAS), we can
estimate a charge separation yield of ~91.5% from CdS to CoS2 and the charge separated state
lifetime of ~5.2 ± 0.5 ns. Therefore, under light irradiation, CdS/ CoS2 has higher photocatalytic
hydrogen evolution and pollution degradation efficiency than CdS and CoS2. This study goes a step
forward to preparing highly efficient Z-scheme photocatalyst and understanding the charge migration
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pathway in heterojunction photocatalysts.
Measurements carried out at 1W1B-XAFS station of Beijing Synchrotron Radiation Facility
were used to obtain the quantitative structural parameters. The electronic structure and local atomic
arrangement of Cd were studied and the interface microstructure of CdCoS (CdS/ CoS2) was further
explored. The spectra of as-synthesized CdS nanowires and CdCoS resemble to each other, with edge
position and overall spectral feature nearly identical in to that of bulk CdS. This finding indicates
that CdS in CdCoS hybrid has very similar local atomic structure to CdS nanowires, and the CoS2
nanosheets has little impact on the chemical-bonding nature of the CdS component. Co K-edge
positions of CoS2 nanosheets and CdCoS are in line with the reference CoS2, suggesting that the
local structure around Co atoms in the samples is similar to the Co-S octahedral structure in the bulk
CoS2. The Co K-edge k2χ(k) oscillation curves for the CoS2 nanosheet and CdCoS display obvious
differences compared with the bulk CoS2. The Co-S peaks of CoS2 nanosheets and CdCoS shift to
the low R direction with obviously decreased intensities, qualitatively revealing their distinct local
atomic arrangement. Meanwhile, the Co-Co peaks of the three samples show no obvious difference.
least-squares curve fitting show that the coordination numbers for Co-S of CoS2 nanosheets reduced
remarkably from 6 to 5.1, while that of CdCoS increased from 5.1 to 5.8. Thus, the real transition
layer between CdS and CoS2 is obtained.
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This research promoted the direct Z-type photocatalyst from experimental exploration to
rational design, and explored the basic mechanism of charge transfer kinetics of the Z-type
photocatalyst system. The synchrotron radiation light source helped the research group delve into the
interface microstructure. Prof. Sihui Zhan, the leader of the research group and the associate dean of
the college of environmental Science and Engineering of Nankai University, described their work as
follows: “Interface coordination structure and electron migration path still need to be explored in
depth. Various experimental technologies of synchrotron radiation will provide a powerful research
platform for real-time, in-situ, and dynamic characterization of nanostructures, and play an important
role in the characterization of the structure and performance of nanomaterials.”
Article:
Pengfei Wang, Yueshuang Mao, Lina Li, Zhurui Shen, Xiao Luo, Kaifeng Wu, Pengfei An, Haitao Wang, Lina
Su, Yi Li, and Sihui Zhan*. Unraveling the Interfacial Charge Migration Pathway at the Atomic Level in a Highly
Efficient Z‐Scheme Photocatalyst, Angew. Chem. Int. Ed., 2019, 58, 11329-11334.

Superficial Hydroxyl and Amino Groups Synergistically Active Polymeric
Carbon Nitride for CO2 Electro-reduction
The greenhouse effect leads to a deteriorating global climate. CO2 electro-conversion (CO2-EC)
offers an intriguing approach to mitigate climate change and simultaneously transform CO2 into
value-added chemicals, which can eventually achieve the artificial carbon cycle. The development of
advanced catalysts is the core challenge in this field. Currently, metal-containing materials have been
widely explored as the electro-catalysts for CO2-EC, but their high cost, potential toxicity, and
limited resources hamper their practical applications. Recently, metal-free materials, such as
graphene, mesoporous carbon, nanodiamond, carbon nanotubes, and carbon nanofibers, can be
activated for CO2-EC by the element doping of nitrogen, boron, sulfur, or fluorine. At present, all the
reported metal-free CO2-EC catalysts are mostly focused on doped carbon materials and
hetero-atoms serving as active sites for CO2-EC. Are there any other metal-free materials and novel
active sites that possess high activity for CO2-EC?
Carbon nitride (PCN), composed of the tri-s-trazine rings, is a conjugated polymer. It possesses
many intriguing properties, including robust chemical stability, biological compatibility, tunable
structure, affordable production, low cost, and environmental benignity. Since the binding capacity
between the PCN framework and the proton is strong in favor of the proceeding of hydrogen
evolution reaction, thus resulting in the inert feature of PCN for CO2-EC.
Bin Zhang group at Tianjin University reported a simple dual functionalization strategy to
activate PCN from the inter material to the active catalyst for CO2-EC. A series of experimental
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results demonstrate that superficial hydroxyl and amino groups can serve as dual active sites to
activate PCN for CO2-EC. Theoretical simulation proves superficial hydroxyl and amino groups can
synergistically decrease activation energy for CO2-EC, optimize the reaction pathway, and thus
improve the catalytic performance. The relevant research has been published in the journal “ACS
Catalysis” on Oct, 30, 2019.

To overcome the shortage of the traditional characterization technique that cannot obtain the
fine amorphous local structure, 1W1B-XAFS station of Beijing Synchrotron Radiation Facility
(BSRF) is employed and discover that the frameworks of superficial hydroxyl modified PCN
(O-PCN), superficial amino groups modified PCN (A-PCN) and superficial hydroxyl and amino
groups co-modified PCN (OA-PCN) maintain well with that of PCN. By combining the similar
activity of O-PCN, A-PCN, and PCN with the results of BSRF, we can initially deduce that the active
origin of OA-PCN might be relative with its superficial functional groups. Further ruling out the
contributions of the surface area, electrochemically active surface area, hydrophilicity, CO2
adsorption ability, and electro-conductibility to the catalytic performance, we can conclude that
superficial dual groups devote to the high activity of OA-PCN. These results are also consistent with
the theory prediction. Thus, the synergistically catalytic mechanism of superficial dual groups can be
demonstrated.
The precise structure determination of carbon nitride can help us to judge where changes have
been occurred in the structure, thus resulting in performance enhancement. It can also benefit to
analyse the electro-withdrawing/-denoting effect when the introduction of superficial dual groups,
which is also important for understanding the catalytic mechanism. “This is an interesting discovery.
A simple dual functionalization strategy can transform the material activity from inter to active, even
approaching the efficiency of metal-based catalysts. This is an emerging catalytic system.” explains
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Bin Zhang, the team leader and the professor of the School of Science, Tianjin University. “It also
shows that BSRF possesses the unique advantage for characterizing the amorphous structure and
unravelling the active species for understanding the reaction mechanism.”

Article:
Nannan Meng, Wei Zhou, Yifu Yu, Yang Liu, and Bin Zhang*. Superficial Hydroxyl and Amino Groups
Synergistically Active Polymeric Carbon Nitride for CO2 Electro-reduction. ACS Catal. ， 2019, 9, 12,
10983-10989.

A Laser Irradiation in Liquid Approach Capable of Unlocking the
Confined Co-Nx Active Sites
The selective hydrogenation of quinoline and its derivatives is an important means to produce
corresponding

1,2,3,4-tetrahydroquinolines

for

pharmaceuticals,

agrochemicals

and

other

applications. The most of high performance heterogeneous catalysts for hydrogenation of quinolines
are precious metal-based catalysts, however, their selectivities are insufficient. Additionally, the
scarcity and high cost of such precious metal catalysts limit their practical applications. Recently,
scientists of Environmental and Energy Nanomaterials, Institute of Solid State Physics, Chinese
Academy of Sciences has made important progress in the construction of nonprecious hydrogenation
catalysts with high catalytic activity, selectivity and stability. Their research has been published on
December 6th, 2019 in Advanced Materials.
The team speculated the presence of rich highly dispersed Co single-atoms/atom-clusters
(SAs/ACs) sites confined inside the acid-leached N-doped carbon nanotubes (N-CNTs) derived from
ZIF-67, nevertheless, they are catalytically inactive. Only few exposed Co SAs/ACs sites are
available for the reaction, while the vast majority of Co SAs/ACs sites confined inside N-CNTs are
inaccessible to the reactant. Herein, the group further demonstrated a simple and effective laser
irradiation in liquid technique to expose the highly dispersed inaccessible Co SAs/ACs sites confined
inside CNTs. The laser irradiation in liquid treatment is capable of not only completely destroying
the dodecahedral architecture but also breaking N-CNTs structures. As a result，N-CNTs consist of a
large number of broken opening structures，which will make them readily accessible by the
reactants. The liberated highly dispersed Co-Nx sites display generic catalytic activity toward the
selective

hydrogenation

of

quinoline

and

its

derivatives

into

corresponding

1,2,3,4-tetrahydroquinolines with almost 100% conversion and selectivity, which is much higher
than that of the sample without laser irradiation.
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The catalyst after laser irradiation treatment had a large number of Co SAs/ACs active sites, and the
Fourier-transform EXAFS spectra confirmed that the highly dispersed Co site was the Co-N coordination type
using XAFS experiments carried out at 1W1B-XAFS station of BSRF. The determination of coordination structure
of highly dispersed active sites plays an important role in the recognition of real hydrogenation active sites.

We used laser irradiation in liquid technique to prepare highly dispersed hydrogenation active
sites, and constructed a nonprecious metal catalyst with high catalytic activity, selectivity and
stability. In this work, synchrotron radiation sources provided important help for the understanding
of new hydrogenation active sites. The reported approach in this work is widely applicable to unlock
the catalytic powers of the inaccessible catalytic active sites confined by other materials.
Article:
Wanbing Gong, Qinglin Yuan, Chun Chen, Yang Lv, Yue Lin, * Changhao Liang, Guozhong Wang, Haimin
Zhang,* and Huijun Zhao*. Liberating N-CNTs Confined Highly Dispersed Co-Nx Sites for Selective
Hydrogenation of Quinolines. Adv. Mater. 2019, 1906051.
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A lattice-oxygen-involved reaction pathway boosting urea oxidation
Urea oxidation reaction (UOR) is known as a central reaction in the area of clean energy storage
and conversion, urea fuel cells, de-ureation of wastewater, artificial kidney and etc. However, UOR
suffers from its sluggish reaction kinetics in the conventional UOR mechanisms, which greatly
impedes its practical applications. A research team (Peng group) from Fudan University, for the first
time, has reported a novel lattice-oxygen-involved UOR mechanism, which has faster reaction
kinetics than the conventional UOR mechanisms. Their research was published on October 11th,
2019 in Angewandte Chemie, International Edition.
Previous studies showed that nickel oxides exhibited higher catalytic activity for UOR than
other metals and metal oxides in alkaline media, where Ni3+ sites were identified as the catalytic
active sites. Besides, due to the unfavorably strong binding of Ni 3+ sites with the *COO
intermediates, the CO2 desorption step was proven as the rate-determining step (RDS).
Breakthroughs in facilitating the CO2 desorption in RDS are desired to develop high-performance
UOR catalysts.
Combining density functional theory studies, 18O isotope-labeling mass spectroscopy and in-situ
infrared spectroscopy, we find that lattice oxygen is directly involved in transforming *CO to CO 2
and accelerating the UOR rate. The resultant Ni4+ catalyst on glassy carbon electrode exhibits a high
current density of 264 mA/cm2 at 1.6 V versus reversible hydrogen electrode, and the turnover
frequency of Ni4+ active sites towards UOR is 5-times higher than that of Ni3+ active sites.

The electronic structure of Ni4+ (NiClOH-derived, NiClO-D) and Ni3+ (Ni(OH)2- derived,
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NiOH-D) catalysts were probed and confirmed using X-ray absorption fine structure spectroscopy
measurements at 1W1B-XAFS station of Beijing Synchrotron Radiation Facility (BSRF). The higher
oxidation state of Ni active sites in Ni4+ catalyst and its endowing enhanced Ni-O covalency, trigger
the activation of lattice oxygen to couple with *CO intermediate, and thus enable a
lattice-oxygen-involved reaction pathway. The increased oxidation state of metal sites not only
governs the catalytic activity but also the reaction mechanism, where lattice oxygen can be activated
and promote new reaction pathways.
Article:
Longsheng Zhang†, Liping Wang†, Haiping Lin†, Yunxia Liu, Jinyu Ye, Yunzhou Wen, Ao Chen, Lie, Wang,
Fenglou, Ni, Zhiyou Zhou, Shigang Sun, Youyong Li*, Bo Zhang* and Huisheng Peng*. A
lattice-oxygen-involved reaction pathway boosting urea oxidation. Angew. Chem. Int. Ed., 2019, 58, 16820.

A universal ligand mediated method for large scale synthesis of transition metal
single atom catalysts
Single atom catalysts (SACs) were the frontier in catalyst research, because they combine the
advantages both in homogeneous and heterogeneous catalysts: nearly 100% atomic utilization
(similar to homogeneous catalysts), high stability and easy separation from reaction media (features
of heterogenous catalysts), and it shows excellent performance for many important chemical
transforms. However, the synthesis of metal single atom catalysts remains somewhat ad hoc, with no
universal strategy yet reported that allows their generic synthesis. Recently, the synthesis of
transition metal single atom catalysts containing Cr, Mn, Fe, Co, Ni, Cu, Zn, Ru, Pt or combinations
thereof was reported by a group in Technical Institute of Physics and Chemistry, Chinese Academy
of Sciences, and their research results were published in Nature Communications at October 8th,
2019.
This group developed a universal synthesis method for transition metal (M)-SACs, and nine
M-SACs were synthesized successfully. Aberration-corrected high-angle annular dark-field scanning
transmission electron microscopy and extended X-ray absorption fine structure spectroscopy
confirmed that all M-SACs contained metals atomically dispersed in porphyrin-like MN4 sites over
the carbon support. Moreover, this method can sythesis high metal loading M-SACs in large scale.
And the as-synthesized Ni-SAC showed excellent performance for electrochemical CO2 reduction.
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The EXAFS R space plots of nine SACs obtained from BSRF. All the M-SACs had no obvious peak at
relevant metal-metal bond, indicated that there has no metal-metal bonds in all M-SACs. And all the M-SACs
showed only a single peak at 1-2 Å, correponding to M-N bonds, indicated metal atom were coordinated with
nitrogen forming single atom sites in all M-SACs.

After this work published, a highlight paper writed by Pro. Buxing Han was published in Chem.
Res. Chinese Universities titled with ‘Large scale synthesis of transition metal single atom catalysts
by a universal ligand mediated method’. He regarded that: "This work offers a simple and versatile
route toward synthesizing transition metal SACs in large scale and the as-synthesized Ni-SAC
exhibits excellent activity for CO2 electroreduction. It is believed that this work will encourage the
research interest in the area of SACs, and the as-synthesized SACs are expected to be used for
diverse important chemical transformations." (Chem. Res. Chinese Universities 2019, 35 (6), 951)
This work provided method for synthesizing M-SACs in large scale which can be used for CO2
reduction, oxygen reduction and other important reactions. In this work, 1W1B-XAFS station of
BSRF helped this group confirm the metal atoms are atomically dispersed in M-SACs and further
confirm the coordination structure of metal atoms. "In furture, the active sites structure in SACs may
be adjusted more complicated and exquisitely. In actual catalytic conditions, there have challanges to
research the tiny changes of structure around the metal atoms. Therefore, a deeper analysis of the
fine structure of single-atom catalysts and a deeper understanding of the catalytic mechanism will be
of great significance. More advanced synchrotron beams will help to more accurately analyze the
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structure of SACs and deeply understand the reaction mechanism." explained by Tierui Zhang, the
team leader and the professor of Technical Institute of Physics and Chemistry, Chinese Academy of
Sciences.
Article:
Hongzhou Yang, Lu Shang, Qinghua Zhang, Run Shi, Geoffrey I.N. Waterhouse, Lin Gu & Tierui Zhang*, A
universal ligand mediated method for large scale synthesis of transition metal single atom catalysts. Nature
Communications, 10, 4585 (2019).

MXene (Ti3C2) Vacancy-Confined Single-Atom Catalyst for Efficient
Functionalization of CO2
A central topic in single-atom catalysts (SACs) is building strong interactions between single
atoms and the support for stabilization. These interactions would not only contribute to the stability
of the atoms but also exert great influence on their electronic structures and in turn catalytic
performances. So, it is of fundamental importance to explore and develop new supporting materials
and new fabrication methods for SACs. A team from Department of Chemistry of Tsinghua
University first used ultrathin two-dimensional Ti3−xC2Ty MXene to anchor single atoms and used
them as SACs for efficient functionalization of CO2.
This team reported the preparation of stabilized single-atom catalysts via a simultaneous
self-reduction stabilization process at room temperature using nanosheets characterized by abundant
Ti-deficit vacancy defects and a high reducing capability. The obtained Pt1/Ti3−xC2Ty offered a green
route to utilizing greenhouse gas CO2, via the formylation of amines, as a C1 source in organic
synthesis. DFT calculations revealed that, compared to Pt nanoparticles, the single Pt atoms on
Ti3−xC2Ty support featured partial positive charges and atomic dispersion, which help to significantly
decrease the adsorption energy and activation energy of silane, CO2, and aniline, thereby boosting
catalytic performance. These results would open up new opportunities for the fabrication of SACs
and the applications of MXenes in organic synthesis. This work was selected as cover paper and
reported by “Chemical & Engineering News” with the title of “MXene serves as support material for
single-atom catalysts”.
https://cen.acs.org/materials/nanomaterials/MXene-serves-support-material-single/97/i8
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Figure 1 (a) Pt L3-edge XANES spectra. (c) EXAFS. (d) WT. (e) Schematic model.

Figure 1 shows how to get the structure of Pt1/Ti3−xC2Ty using XAFS technique carried out at
1W1B-XAFS station of BSRF. Figure 1a shows the XANES spectra of the Pt L3-edge, suggesting
that the single Pt atom carries positive charge and its oxidation state is between 0 and +4. Figure 1b
shows the Pt EXAFS Fourier transform curves of Pt1/Ti3−xC2Ty and Figure 1c shows its WT contour
plot, confirming that Pt atoms are atomically dispersed. After quantitative EXAFS curve fitting, the
coordination numbers and bond lengths are obtained, then they get the reasonable structure model
(Figure 1d). These results lay a foundation for understanding the catalytic reaction mechanism.

Article:

Di Zhao,Δ Zheng Chen,Δ Wenjuan YangΔ Shoujie Liu,‡ Xun Zhang, Yi Yu, Weng-Chon Cheong,
Lirong Zheng, Fuqiang Ren, Guobing Ying, Xing Cao, Dingsheng Wang, Qing Peng, Guoxiu
Wang, and Chen Chen* MXene (Ti3C2) Vacancy-Confined Single-Atom Catalyst for Efficient
Functionalization of CO2, J. Am. Chem. Soc. 2019, 141, 4086−4093.

Single-atom Fe catalysts for highly efficiently catalyzed C-H activation —
coordination selective regulation
Phenol is an important chemical raw material. The direct one-step catalytic oxidation of
benzene to phenol is of great significance in the green chemical industry. However, developing a
high activity catalyst is the biggest challenge of benzene oxidation process. A research group in the
Department of chemistry of Tsinghua University has made in-depth research on the structure and
catalytic performance of single-atom Fe catalysts for benzene oxidation. Their research has been
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published on September 19th, 2019 in Nature Communications.
A new type of single atom Fe based catalyst was synthesized by a strategy of
polymerization-regulation-pyrolysis, and the effect of coordination environment of single atom Fe
catalysts on the activity of benzene oxidation was studied systematically. The results show that the
special coordination environment of single atom Fe site produces different catalytic effects: four
N-atom anchored Fe atom catalysts (Fe-N4) show the highest benzene oxidation performance at
room temperature, with benzene conversion rate of 78.6% and phenol selectivity of 100%, which is
better than all the reported benzene oxidation catalysts. When one (Fe-N3C1) or two C atoms
(Fe-N2C2) were substituted for N atoms, the oxidation activity of benzene decreased gradually,
showing a strong coordination sensitivity. What's more interesting is that after the Fe-N2C2 catalyst is
treated with NH3, the C and N atoms rearrange, the C atom is replaced by N atom again, and its
benzene oxidation activity can be further improved. DFT calculations further show that the
coordination mode not only affects the structure and electronic properties of the catalyst, but also
affects the catalytic reaction path and the formation of key oxidation species. Based on the above
findings, the team proposed the concept of "coordination sensitive reaction", which provides a new
way to explore the structure-activity relationship at the atomic level in the future.

Structure of single atom Fe catalysts with different coordination environment were obtained by
using the X-ray absorption spectrum analysis of the Beijing Synchrotron Radiation Facility (BSRF).
These structures including the Fe-N4 structure formed by Fe single atom and four N atoms, Fe-N3C1
structure formed by Fe single atom and three N and one C atom, and Fe-N2C2 structure formed by Fe
single atom and two N and two C atoms.
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Article:
Yuan Pan,† Yinjuan Chen,† Konglin Wu,† Zheng Chen, Shoujie Liu, Xing Cao, Weng-Chon Cheong, Tao Meng,
Jun Luo, Lirong Zheng, Chenguang Liu,* Dingsheng Wang, Qing Peng, Jun Li, Chen Chen*. Regulating the
coordination structure of single-atom Fe-NxCy catalytic sites for benzene oxidation,Nature Communications,10,
Article number: 4290 (2019).

Single atom electrocatalysts supported on graphene
Electrocatalysis plays an essential role in diverse electrochemical energy conversion processes,
and the searching for electrocatalysts based on earth-abundant metals is greatly important. Of
particular interest are graphene-supported single atom catalysts (G-SACs) that integrate the merits of
heterogeneous catalysts and homogeneous catalysts. Besides, the graphene support features a large
surface area, high conductivity and excellent (electro)-chemical stability, making it a highly
attractive substrate for supporting single atom electrocatalysts. Thus, a group led by Prof. Xiangfeng
Duan from UCLA collaborated with researchers from BSRF reviewed the recent advancements in
G-SACs for electrochemical energy conversion, from the synthetic strategies and identification of the
atomistic structure to electrocatalytic applications in a variety of reactions, and finally conclude with
a brief prospect on future challenges and opportunities. This review was published in the journal of
Chem. Soc. Rev. on Oct. 21, 2019.
Pristine graphene is not a good support for G-SACs since most metal adatoms usually exhibit a
rather low migration barrier and high mobility on pristine graphene even at room temperature.
Therefore, the generation of defective sites or functionalization of graphene is generally required to
create anchoring sites to stabilize metal atoms without the formation of metal aggregates. We
summarized the synthetic strategies toward G-SACs, including pyrolysis and thermal activation (the
precursors can be molecular/polymeric, GO or MOFs), electron/ion irradiation, ball milling, atomic
layer deposition, photochemical reduction, and solution-phase synthesis.
The foundation for the establishment of the structure-to-activity linkage in G-SACs lies in the
identification of the active site structure. Synchrotron X-ray absorption spectroscopy (XAS) is
powerful to probe the coordination environment and the chemical state of the absorber in an
element-selective way. Nonetheless, unambiguously extracting the exact atomistic and electronic
structure by XAS remains neither trivial nor straightforward. Here we discussed the recent efforts in
the employment of XAS for identifying the atomistic and electronic structure of the active sites in
G-SACs. Then, we describe a global strategy for the structural identification by XAS that can reduce
loose ends to a minimum, likely serving as a general guide for future studies facing the structural
characterization of G-SACs.
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We also summarized the recent progress in the applications of G-SACs in ORR, HER, OER,
CO2RR, NRR and so on.
Finally, we pointed out that considerable challenges and opportunities remain for G-SACs from
both fundamental and applied research perspectives. From the outset, the achievement of high metal
loading in G-SACs with exclusive single atomic dispersion remains the most critical challenge for
the field. Second, it remains difficult to correlate the exact structure configuration with the catalytic
properties, which further precludes the establishment of design principles in optimizing the intrinsic
activity of G-SACs. Lastly, there is little experimental insight into the metal–reactant and
metal–support interactions in G-SACs under electrocatalytic conditions and a limited understanding
of the mechanistic details of the reactions on the catalyst surface.

Graphene carbons as a support for single atom electrocatalysts and Schematic presentation of
global XAS analysis strategy consisting of various EXAFS and XANES analysis approaches.
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Article:

Huilong Fei, Juncai Dong, Dongliang Chen, Tiandou Hu, Xidong Duan, Imran Shakir, * Yu Huang* and
Xiangfeng Duan*. Single atom electrocatalysts supported on graphene or graphene-like carbons. Chem. Soc.
Rev., 2019, 48, 5207.

Synergistic Cu@CoOx core-cage structure on carbon layers as highly active and
durable electrocatalysts for methanol oxidation
Active and inexpensive electrocatalysts for methanol oxidation reaction (MOR) are highly
required for the practical application of direct methanol fuel cells (DMFCs). However, efficient
MOR is limited by using the expensive and rare noble metal-based catalysts. A team from the
Institute of Functional Nano & Soft Materials Laboratory in Soochow university reported a
Cu@CoOx core-cage nanostructure on carbon layers (CLs) for superior electrocatalysis of MOR in
the alkaline media. The related research result was published in "Applied Catalysis B:
Environmental" on May 5, 2019.
They found that Cu@CoOx-CLs was an excellent catalyst for methanol oxidation. It showed an
excellent specific activity of 150.41 mA cm-2 and a high mass activity of 467.94 mA mg-1 at the
potential of 0.8 V vs. SCE in 1M KOH+1M CH3OH, which was one of the best methanol oxidation
performance ever reported for noble metal-free catalysts. It also showed an impressive long-term
durability (≥ 10,800 s). Adsorption experiments indicated that Cu could act as the methanol
adsorption center. In-situ XAS experiments revealed that the CoOx cage with a high intermediate
Co4+ state in MOR could effectively accelerate the reaction while Cu remained a low chemical state.

The in-situ XAS experiment was performed at BSRF (1W1B). The XAS results revealed that
the valence state of Co changed with the applied external voltage. Specifically, when the voltage
reached 0.83 V vs. SCE, a higher Co4+ intermediate state could be observed to effectively oxidize
methanol and then accelerate the MOR process. Moreover, When the reaction finished (back to 0 V
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vs. SCE), the spectrum could recover to the initial state (similar energy position), confirming the
reversible Co state as a good catalyst. Cu showed a stable low chemical state during the reaction.

Article:
Yue Sun1, Yunjie Zhou1, Cheng Zhu, Wenjing Tu, Huibo Wang, Hui Huang, Yang Liu*, Mingwang Shao*, Jun
Zhong*, Shuit-Tong Lee, Zhenhui Kang*, Synergistic Cu@CoOx core-cage structure on carbon layers as highly
active and durable electrocatalysts for methanol oxidation. Applied Catalysis B: Environmental 2019, 244,
795-801.

Unconventional CN vacancies suppress the leaching of iron active species for
boosted oxygen evolution catalysis
The improvement of the slow kinetics of the oxygen evolution reaction (OER) is extremely
important for promoting the efficiency of various energy storage technologies, such as
photo/electricity-driven water splitting and rechargeable metal-air batteries. Although marked
advances in the development of heterogeneous catalysts to accelerate the OER, progress in real
device applications still requires innovations in catalyst design for better-performing properties.
Manipulating defect chemistry has been widely seen to tune the properties and functionalities of
materials. In particular, vacancy defect engineering can lead to substantial structural perturbations in
catalysts, with the capability to tailor surface electronegativity, charge concentration and
redistribution, enabling enhanced reactivity. Creating new kind of vacancies in existing catalysts
could produce catalytically active sites and provide opportunities for designing better OER catalysts,
but it is still a big challenge.
A research team led by Prof. Shu-Hong Yu and Prof. Min-Rui Gao from the University of Science
and Technology of China (USTC) proposes a simple and effective method to create unconventional
CN vacancies (VCN) in Ni-Fe Prussian blue analogue (PBA) by a nitrogen plasma bombardment
process. Such VCN is largely distinct from the well-studied vacancies previously documented, which
not only tunes the local electronic structure and coordination environment of the Ni-Fe sites, but also
limits the loss of Fe element during OER process; these together enable a new, robust and
high-performance Ni-Fe oxyhydroxide from PBA pre-catalyst during OER. This work was published
on Nature Communations entitled as "Unconventional CN vacancies suppress iron-leaching in
Prussian blue analogue pre-catalyst for boosted oxygen evolution catalysis" (Nature Communations
2019, 10, 2799).
Researchers started with the NiMoO4 nanorods as precursors to prepare Ni-Fe PBA porous
nanorods by an ion exchange process. Afterwards, VCN was formed by the direct N2 plasma
bombardment. Various characterization techniques, including high-resolution transmission electron
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microscopy, positron annihilation spectroscopy, elemental content analysis, and the tail gas detection,
have confirmed the formation of VCN (Fig. 1).

Fig. 1. Schematic illustration of the structure and preparation of VCN-mediated Ni-Fe PBA.

Electrochemical tests revealed that PBA bombarded by N2 plasma for 60 minutes (PBA-60) had
the best OER activity with an onset overpotential of 225 mV and an overpotential of 283 mV at 10
mA cm-2, much better than other studied catalysts (Fig. 2a, b). The high OER catalytic activity can be
attributed to the coordinatively unsaturated Ni and Fe sites induced by VCN. Meanwhile, OER
stability tests revealed that [Fe(CN)6]4- groups in VCN-free PBA (PBA-0) readily diffuse outward to
the electrolytes during OER via anion exchange with OH- ions, causing Fe loss in the structure,
whereas the unsaturated Fe site in PBA-60 can bond with oxygen to yield Fe-O bonds, preventing
the Fe loss during OER, which enables the catalyst to perform very robustly for a long-term stability
tests (Fig. 2c, d).
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Fig. 2. (a) OER polarization curves of different studied catalysts. (b) Comparison of the current densities of
different catalysts at different overpotentials. (c) OER stability tests for PBA-0 and PBA-60 at 10 mA cm-2. (d)
Illustrations of the surface reconstruction on the Ni-Fe PBA catalyst during OER, where the VCN suppresses of Fe
loss, permitting the formation NiFeOOH surface active layer.

The X-ray absorption spectra of Ni L-edges and O K-edges were obtained from Beijing
Synchrotron Radiation Facility (BSRF, 4B9B beamline). The Ni L-edge results indicate that surface
Ni2+ ions were partially oxidized to Ni3+ ions after the VCN formation, which suggests the electron
transfer from Ni to the adjacent Fe sites. The adjacent Ni and Fe sites synergistically boost the OER
activity. Moreover, the O K-edge results further confirm the formation of highly active NiFeOOH
species.
Researchers anticipate that the CN vacancies described here not unique to Ni-Fe PBAs, but bears
general implications for other catalyst systems with CN groups. This will aid the development of
newly advanced catalysts for modern energy devices, which will inspire other researchers to develop
a new path for the design of better-performing OER catalysts that are low-cost and readily
synthesized.
This work was supported by the funding support from the National Natural Science Foundation of
China, the Users with Excellence and Scientific Research Grant of Hefei Science Center of CAS, the
Key Research Program of Frontier Sciences of CAS, the Fundamental Research Funds for the
Central Universities, and the Recruitment Program of Global Youth Experts.
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Article:
Zi-You Yu, Yu Duan, Jian-Dang Liu, Yu Chen, Xiao-Kang Liu, Wei Liu, Tao Ma, Yi Li, Xu-Sheng Zheng, Tao
Yao, Min-Rui Gao, Jun-Fa Zhu, Bang-Jiao Ye, Shu-Hong Yu. Unconventional CN vacancies suppress
iron-leaching in Prussian blue analogue pre-catalyst for boosted oxygen evolution catalysis, Nature
Communications 2019, 10, 2799.

Efficient electrochemical reduction of CO2
Carbon dioxide (CO2) is the main greenhouse gas, and it is also a cheap, non-toxic, abundant
and renewable C1 resource. Conversion of CO2 into high value-added chemicals has the dual
meanings of rational utilization of carbon resources and environmental protection, and meets the
requirements of sustainable development. Among all the technical routes, electrochemical reduction
of CO2 to liquid fuel and high value-added chemicals is one of the most promising approaches with
important application prospects. The key problem is to design efficient electrocatalytic systems to
achieve efficient reduction of CO2 at low initial potential, low overpotential, and high current density.
Buxing Han’s team from the Institute of Chemistry, Chinese Academy of Sciences has has gained
insight into the research on the highly efficient electroreduction of CO2 and the related research
results has been published in "Angewandte Chemie international Edition" and "Nature
Communications".
Electrochemical reduction of CO2 into CO is an attractive pathway. Han’s team reported to use
atomic Ir electrocatalyst for CO2 reduction. By using α-Co(OH)2 as the support, the faradaic
efficiency of CO could reach 97.6% with a turnover frequency (TOF) of 38290 h-1 in KHCO3
aqueous electrolyte, which is the highest TOF up to date. Interestingly, Ir nanoparticles (2 nm) had
no catalytic activity under the same experimental conditions. The electrochemical active area was
23.4-times higher than Ir nanoparticles (2 nm), which is highly conductive and favors electron
transfer from CO2 to its radical anion. Moreover, the more efficient stabilization of CO2 radical anion
intermediate and easy charge transfer makes the atomic Ir electrocatalyst facilitate CO production.
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Fig. 1 a) Ir L3-edge XANES spectra of atomic Ir electrocatalyst. b) FT of the EXAFS spectra of Ir AC-1.7. c) Ir
L3-edge XANES spectra of IrAC-1.7 at -0.66 V versus RHE during CO2 reduction.

XAS spectra carried out at 1W1B beamline of BSRF were used to study the electronic structure
of atomic Ir electrocatalyst. According to X-ray absorption nearedge structure (XANES) spectra (Fig.
1a), the white line intensity at Ir L3-edge of IrAC-1.7 was between that of the standard reference IrO2
and Ir foil, suggesting the coexistence of Ir0 species and positively charged Ir species. The Fourier
transform (FT) of the extended X-ray absorption fine structure (EXAFS) spectra for IrAC-1.7 in R
space was obviously different from the reference samples and Ir NPs (Fig. 1b). Ir-O and Ir-Co
coordination can be assigned in the spectra, and no Ir-Ir coordination, indicating atomic Ir was
stabilized by surrounding O and Co sites of Co(OH)2. Besides, in situ XAS test was also performed
to confirm the stablity of Ir electronic structure during CO2 reduction (Fig. 1c). This work provides a
new approach to transform a material that is considered as nearly non-active for CO2 reduction into
an active catalyst.
The team also found that the copper complex-derived copper-copper oxide (Cu-Cu2O) catalyst
can efficiently convert CO2 to C2 products.2 They used in situ electrodeposition method to fabricate
Cu-complex film on Cu substrate, and in situ electroreduction of the Cu-complex film to obtain
dendritic Cu-Cu2O/Cu electrode. The catalyst had outstanding performance for electrochemical
reduction of CO2 to C2 products (acetic acid and ethanol). Under the applied potential of -0.4 V vs
reversible hydrogen electrode, the overpotential was only 0.53 V (for acetic acid) and 0.48 V (for
ethanol) with high C2 Faradaic efficiency of 80% and a current density of 11.5 mA cm-2.
The Cu-complex precursor is the key to the construction of dendritic Cu-Cu2O structure. They
used Small angle X-ray scattering (SAXS) technique carried out at 1W2A beamline of BSRF to
analyze the fractal structure of the precursor, and studied the effect of the ligand on the roughness of
the Cu-complex. Fig. 2 shows the lnI(h) vs. ln(h) plots of the complexes obtained from the SAXS
data. It can be seen that Surface fractal (Ds) existed in the complexes, indicating that the surface of the
complexes was coarse. The result indicates that the surface of the Cu-complex-1 film has a larger
roughness, which is more conducive to the formation of dendritic Cu-Cu2O and increases the specific
surface area of the electrode.
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Fig. 2. lnI(h) vs. ln(h) plots of the complexes obtained from the SAXS data.

In addition, they conducted in-depth research on the chemical states and bonding configurations of
the catalysts. In this experiment, XAFS was applied to monitor the dynamic evolution of Cu species
in the induction period of CO2 reduction (Fig. 3). From the XAFS result (Fig. 3a, b), it shows that a
drastic shrink occurred to the CuI at 8981.0 eV and Cu0 peak at 8979.1eV in the first derivative curve
after the reduction. In situ Cu K-edge XAFS spectroscopy results show that the energy of adsorption
edge (E0) of Cu species increases with increasing oxidation degree. The E0 at 8979.1, 8980.9 and
8984.3 eV are characteristic of Cu foil, Cu2O and CuO reference electrodes respectively. It shows
that with the increase of electrolysis time, the characteristic peaks of Cu I and Cu0 exist on the
electrode. The Cu K-edge extended XAFS oscillation function k3χ(k) and the corresponding Fourier
transforms FT(k3χ(k)) results further revealed the existence of Cu-O and Cu-Cu in the catalyst after
electroreduction. These results indicate that the Cu-complex gradually reduced to Cu-Cu2O during
electrolysis, and the composition and morphology were stable after 5 minutes. As expected, the
Cu-complex on the Cu substrate serves as a template to form Cu-Cu2O with a 3D dendritic structure.
This mixed state is very beneficial for the electrochemical reduction of CO2. The outstanding
performance of the electrode for producing the C2 products resulted mainly from near zero
contacting resistance between the electrocatalysts and Cu substrate, abundant exposed active sites in
the 3D dendritic structure and suitable Cu(I)/Cu(0) ratio of the electrocatalysts. This work will
trigger many interesting work for the design of other new catalysts for the electroreduction of CO2 to
C2 products.
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Xiaofu Sun, Chunjun Chen, Shoujie Liu, Song Hong, Qinggong Zhu, Qingli Qian, Buxing Han, Jing Zhang,
Lirong Zheng, Aqueous CO2 reduction with high efficiency using α-Co(OH)2-supported atomic Ir
electrocatalysts, Angew. Chem. Int. Ed., 2019, 58, 4669-4673.

2.

Qinggong Zhu, Xiaofu Sun, Dexin Yang, Jun Ma, Xinchen Kang, Lirong Zheng, Jing Zhang, Zhonghua Wu,
Buxing Han, Carbon dioxide electroreduction to C2 products over copper-cuprous oxide derived from
electrosynthesized copper complex, Nat. Commun. 2019, 10, 3851.

Defect-Rich Porous Monolayer NiFe-Layered Double Hydroxide Nanosheets for
Efficient Electrocatalytic Water Oxidation
The demand for renewable energy is growing rapidly due to human population growth,
depletion of fossil fuel energy resources, and environmental pressures. Efficient and low-cost
electricity generation and electricity storage technologies are needed before we can realistically shift
away from fossil fuel energy. The oxygen evolution reaction (OER) will be a potential strategy in
future electricity storage, being a key process in electrocatalytic water splitting and rechargeable
metal-air battery systems. However, the efficiency of OER over most electrocatalyst systems
developed to date are low and limited by the slow kinetics of the OER process. Therefore, it is of
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great significance to develop electrocatalysts with high-efficiency OER capabilities. Recently,
two-dimensional layered nickel-iron layered double hydroxides (NiFe-LDH) is considered to be one
of the most potential OER catalysts to replace traditional IrO2 and RuO2 precious metal
electrocatalysts. However, the poor conductivity and low exposed active sites of 2D NiFe-LDH
inhibit its further development in electrocatalysis. Accordingly, the discovery and development of
efficient 2D catalysts for OER based on earth-abundant elements, especially first row transition
metals, is highly desirable. Recently, Zhang’s group reported a simple, one-step synthetic strategy
toward defect-rich porous monolayer NiFe-LDH (denoted as PM-LDH) with the outstanding OER
performance. Their research has been published on May 10th, 2019 in Adv. Energy Mater.

The detailed study of the coordination environment of Ni and Fe atoms in defect-rich porous
monolayer NiFe-LDH and monolayer NiFe-LDH using XAFS technique carried out at 1W1B-XAFS
station of

BSRF.

“In this work, we reported the discovery of a simple, one-step synthetic strategy toward
PM-LDH with a lateral size of ~30 nm and thickness of ~0.8 nm.” said by Tierui Zhang, the team
leader and the professor of Key Laboratory of Photochemical Conversion and Optoelectronic
Materials, Technical Institute of Physics and Chemistry. The PM-LDH showed excellent OER
46

2019 Highlights

performance with a low overpotential of 230 mV at a current density of 10 mA cm-2, and a Tafel
slope of 47 mV dec-1 (the activity represents one of the best OER performance yet reported for a
NiFe-LDH system). High-angle annular dark-field scanning transmission electron microscopy,
electron spin resonance and extended X-ray absorption fine structure measurements confirmed the
existence of multivacancies (oxygen vacancies and metal vacancies) in PM-LDH. The oxygen and
metal vacancies in PM-LDH act synergistically to increase the conductivity of the LDH nanosheets,
while also enhancing H2O adsorption and bonding strength of the OH* intermediate formed during
water electrooxidation, endowing PM-LDH with outstanding performance for OER. The results
encourage the wider utilization of porous monolayer LDH nanosheets in electrocatalysis, catalysis,
and solar cells.

Article:
Xin Zhang,# Yufei Zhao,# Yunxuan Zhao, Run Shi, Geoffrey I. N. Waterhouse, Tierui Zhang* A Simple Synthetic
Strategy toward Defect‐Rich Porous Monolayer NiFe‐Layered Double Hydroxide Nanosheets for Efficient
Electrocatalytic Water Oxidation. Adv. Energy Mater. 2019, 9, 1900881.
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Manganese Oxide Modified Nickel Catalysts for Photothermal CO
Hydrogenation to Light Olefins
Light olefins are high value-added chemical products of fossil fuels, which are widely used in
production of fine chemicals, plastics, coatings, cosmetics, etc. However, the traditional method for
producing light olefins is steam cracking of naphtha under high temperature and pressure, which
apparently exhibits many problems, such as high energy input, low efficiency, energy resources
waste, etc.
In order to solve these problems, researchers apply a series of transition metal catalysts to
directly or indirectly turn syngas (CO+H2) into light olefins, such process is call Fischer-Tropsch
(F-T) reaction. Through years of study, such widely used transition metal catalysts are iron and
cobalt-based catalysts. In such catalysts, active metals are loaded on different supports, like alumina,
molecular sieve, then tuned or modified by promoter (Na, K, Mn, etc.) to gain higher reaction
activity or selectivity. However, due to extremely strong hydrogenation ability and low C-C couple
ability, nickel catalysts tend to produce methane or other low carbon saturated hydrocarbons in F-T
reaction. Therefore, it is of great significance to utilize active nickel-based catalysts to be more
preferred in producing light olefins by weaken the hydrogenation ability. A group from Center of
Supramolecular Photochemistry, Technical Institute of Physics and Chemistry, Chinese Academy of
Sciences, made thorough investigation into such subject. The relative results were published on
Advanced Energy Materials, December 16, 2019.
The group synthesized a novel manganese oxide modified metallic nickel catalyst (Ni/MnO),
the hydrogenation ability of active metal Ni were obviously decreased which were caused by tuning
of electronic structure by MnO and finally led to significant increase in light olefins selectivity.
Precursor materials were simply synthesized through double drop method, and a series Ni/MnO
catalysts with various degrees of reduction were gained via controlling reduction temperatures.
Through UV-visible light irradiating on such catalysts, compared to catalysts which metallic nickel
were directly supported by alumina, selectivity of light olefins was increased several times. In
addition, photo-thermal contrast experiments and flow system reactions proved that the process is
photothermal driven reaction with fine catalytic stability. X-ray photoelectron spectroscopy, X-ray
absorption fine structure carried out at BSRF and density functional theory calculation further
explained that such performance is caused by electron enrichment due to transformation of electron
from MnO to active metal Ni, thus decreasing hydrogenation energy barrier and desorption barrier of
unsaturated reaction intermediate, and eventually leading to tremendously increasing light olefins
selectivity.
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This study provides a possibility for the application of nickel-based catalysts with strong
hydrogenation ability in F-T synthesis industry as well as ideas for the research of tuning catalytic
hydrogenation ability. Synchrotron sources help solve the key problem of structure-performance
relationship in this study.

Article:
Yuanshen Wang, Yufei Zhao, Jinjia Liu, Zhenhua Li, Geoffrey I. N. Waterhouse, Run Shi, Xiaodong Wen and
Tierui Zhang* Manganese Oxide Modified Nickel Catalysts for Photothermal CO Hydrogenation to Light
Olefins, Adv. Energy Mater., 2019, 1902860.

Photo-driven hydrocarbon synthesis using cobalt metal nanoparticle catalysts
derived from CoAl-LDH nanosheets
Oil is an indispensable energy for the production and life of human society. As strategic
resource, it is related to a country’s economies. As a country with large energy consumption, China is
rich in coal and poor in oil, which is a significant feature of energy distribution in China. How to
produce a series of value-added products through raw coal is more important. Fischer-Tropsch
synthesis (FTS) is based on the conversion of coal and natural gas into raw gas (CO and H2) and then
further into high value-added fuel or chemicals under high temperature and high pressure.
Co-based catalysts are widely used in traditional FTS as a highly efficient catalyst for the
produce of higher hydrocarbons. However, in the traditional FTS, the reaction conditions are harsh,
energy consumption is serious, and the environment is seriously polluted; compared with traditional
thermal catalysis, the use of solar energy as an energy carrier to drive the reaction has unique
advantages such as room temperature and atmospheric pressure, and is attracting attention as an ideal
clean energy technology. LDH is a type of two-dimensional layered anionic compound. It is widely
used in photocatalysis and electrocatalysis applications due to its advantages of adjustable interlayer
49

2019 Highlights

ions, adjustable layer metal and adjustable layer thickness. Based on this, the team of Tierui Zhang,
Institute of Physical and Chemical Technology, Chinese Academy of Sciences, used CoAl-LDH as
the precursor for the first time to produce different types of supported Co-based catalysts under
different reduction temperature by H2. This research made a detailed analysis of the performance
difference of two different types of catalysts in the photo-driven CO hydrogenation, and through
detailed theoretical calculations were given difference. By the detailed theoretical calculations, the
difference between the two catalysts hydrogenation and carbon-carbon coupling was given. This
work pave the way for the development of other photothermal catalysts for solar-driven FTS
reactions. Their research has been published on March 24th, 2019 in Nano Energy.

Scheme 1. The different Co-x catalysts formed by H2 reduction of a CoAl-LDH nanosheet precursor at
different temperatures. The CO hydrogenation selectivity of each Co-x catalyst is indicated.

In this study, the group used CoAl-LDH as the precursor for the first time to produce different
types of supported Co-based catalysts under different reduction temperature by H2(Co3O4/Al2O3
under low temperature and Co/Al2O3 under high temperature) And the performance of CO
hydrogenation was investigated; the difference between the hydrogenation of two catalysts and
carbon-carbon coupling was given by XAFS experiments carried out at BSRF and detailed
theoretical calculations. This work provides new ideas for the use of solar to drive FTS reaction.
Article:
Zhenhua Li, Jinjia Liu, Yufei Zhao, Run Shi, Geoffrey I.N. Waterhouse, Yuanshen Wang, Li-Zhu Wu, Chen-Ho
Tung and Tierui Zhang* Photothermal hydrocarbon synthesis using alumina-supported cobalt metal nanoparticle
catalysts derived from layered-double-hydroxide nanosheets Nano Energy, 2019, 60, 467-475.
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Lattice-Strained NiFe-MOFs for Electrocatalytic Water Oxidation and Oxygen
Reduction Reactions
Oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) are a pair of reversible
electrochemical reactions of fuel cells and metal-air batteries, in which the slow reaction kinetics and
low reversibility are the key scientific problems to limit the energy efficiency improvement.
Therefore, to meet the urgent need of developing new high-efficiency and stable electrocatalytic
materials, a research team from the National Synchrotron Radiation Laboratory (NSRL) of the
University of Science and Technology of China (USTC) has performed an in-depth research on the
properties and electrocatalytic mechanism of lattice-strained NiFe-MOF electrocatalytic materials,
and the related research results were published in Nature Energy on 14 January 2019.
By using a "photoinduced lattice strain" strategy, the research group controllably introduced
lattice strains into the transition metal-organic framework (TM-MOF) lattice (see Figure 1), reduced
the energy barrier of the electrocatalytic reaction by regulating the 3d electronic structure of the
active site of TM ions, and obtained a highly efficient bifunctional oxygen electrocatalytic material.
The specific mass activity of NiFe-MOF materials with lattice strain for ORR and OER are 500 A
gmetal-1 (at 0.83 V potential) and 2000 A gmetal-1 (at 0.30 V overpotential), respectively, 2 orders of
magnitude higher than that of NiFe-MOF materials without lattice strain. In addition, the
lattice-strained NiFe-MOF material was tested for ORR and OER stability at electrode potential of
0.85 V and 1.45 V, respectively, and the current density attenuation was only 3% after 200 hours,
indicating that the lattice-strained NiFe-MOF material has excellent electrochemical stability.
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Figure 1. Structure regulation and performance characterization of lattice-strained MOFs, and local atomic
structure of lattice-strained NiFe-MOFs obtained by using the 1W1B-XAFS station of Beijing Synchrotron
Radiation Facility (BSRF).

By using the 1W1B-XAFS station in Beijing Synchrotron Radiation Facility (BSRF), the team
obtained various local atomic and electronic structures of the lattice-strained NiFe-MOFs (see Figure
1). Based on the in-depth research on the oxygen electrocatalytic process of the lattice-strained NiFe
- MOFs, they firstly observed the oxygen reaction intermediate *OOH appears which directly bonds
with Ni4+ activity center in the oxygen catalytic process, along with the increase of Ni valence state,
and revealed an efficient 4e- oxygen catalytic reaction mechanism for the lattice-strained NiFe MOF
catalytic materials.
This study elucidates the microscopic mechanism of efficient energy transfer and transformation
of lattice-strained NiFe-MOF materials at the atomic level. In this work, the synchrotron radiation
source helped the team to unravel the veil of local microstructure changes of the lattice-strained
MOF materials. Liu Qinghua, associate professor at the National Synchrotron Radiation Laboratory
of the University of Science and Technology of China, describes their work in this way: "feedback
from these micro-local structure test results can guide the optimization of material synthesis
conditions and further improve and optimize our material properties and operation stability. The
establishment of time-resolved detection technology on brighter synchrotron beams will certainly
contribute to further research into the internal mechanisms of energy conversion devices such as fuel
cells and provide technical support for the development of commercial energy conversion systems."

Article:
Weiren Cheng, Xu Zhao, Hui Su, Fumin Tang, Wei Che, Hui Zhang and Qinghua Liu*. Lattice-strained
metal–organic-framework arrays for bifunctional oxygen electrocatalysis. Nature Energy, 4, 115–122 (2019).

Multi-dimensional Ni/NiCoP core-shell heterostructure for water electrolysis:
morphology effect and electronic structure effect
Electrolyzing water to produce hydrogen is an ideal method. However, the energy consumption
for water electrolysis is high, which is less competitive than that of hydrogen production by fossil
fuel. The key to reduce the total energy consumption and improve the efficiency is developing a high
efficient electrocatalyst. A research group in the School of Material Science and Engineering of
China University of Petroleum (East China) constructed Ni/NiCoP heterojunction with
multi-dimensional core-shell structure and used it on full water electrolysis, and the structure-activity
relationship was studied in depth. Their research has been published on December 15, 2019 in
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Applied Catalysis B: Environmental.
Ni metal has similar moderate hydrogen binding energy to Pt, bulk Ni metal is not an ideal HER
or OER catalyst especially in acid due to the easy dissolution, introducing P atoms to the metal Ni
can prevent this. Template conversion using CoP nanoparticles as crystal seeds was used to
synthesize multi dimensional core-shell heterogeneous structure of Ni/NiCoP catalyst, in which,
metallic Ni nanoparticles (NPs) are enclosed and strung by NiCoP, forming strings of Ni/NiCoP
core/shell nanostructures. This particular structure takes the most of advantages of Ni metal and
bimetallic phosphides nanostructures, but also avoids the disadvantages ((Ni has high conductivity,
but it is unstable in acid; bimetallic phosphides have high activity and stability, but its conductivity is
limited). Then both of the activity and the stability are elevated.
Basing on the X-ray absorption spectrum analysis of the Beijing Synchrotron Radiation Facility
(BSRF), they find that there exist strong electron transfer from Ni cores to bimetallic NiCoP in this
multi-dimensional nano-heterojunctions, which producing peculiar electron effect, benefiting the
whole water electrolysis.

Article:
Yan Lin, Yuan Pan*, Shoujie Liu, Kaian Sun, Yuansheng Cheng, Ming Liu, Zhaojie Wang, Xiyou Li, Jun
Zhang*, Construction of multi-dimensional core/shell Ni/NiCoP nano-heterojunction for efficient electrocatalytic
water splitting,Applied Catalysis B: Environmental, 259, 2019, 118039.
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Insights into the role of active site density in the fuel cell performance of Co-N-C
catalysts
The development of cost-effective and Pt group metal (PGM)-free catalysts for kinetic sluggish
oxygen reduction is the key to large-scale application of proton exchange membrane fuel cells
(PEMFCs). At present, the best PGM-free catalysts are Fe-N-C catalysts. However, the fuel cell
stability of Fe-N-C is still poor partially due to Fenton reaction catalyzed by Fe ions to produce
oxidative free radicals that attack the carbon support, which limits their practical application.
Therefore, despite the inferior performance, Co-N-C catalysts hold the potential to be stable
PGM-free catalysts by virtue of their immunity to Fenton reaction. Improving the performance of
Co-N-C fuel cell requires an in-depth understanding of the performance enhancement mechanism.
In this regard, Prof. Jianglan Shui’s research team at Beihang University synthesized a series of
Co-N-C single-atom catalysts with different densities of Co-N4 active sites for a quantitative study of
the structure-property relationship. Related research was published in Applied Catalysis B:
Environmental on June 13, 2019. The researchers found that the fuel cell power density increased
slowly and linearly with the Co-N4 active site density in the low density region; whereas it showed
an accelerated increase trend in the high density region. This indicated that we could effectively
improve the fuel cell performance of a catalyst with low intrinsic activity by increasing the active site
density. The optimized Co-N-C single atom catalyst achieved an ultra-high peak power density of
826 mW cm-2. In addition, DFT calculations together with peroxide reduction reaction experiments
clarified a direct 4e− pathway instead of a 2e−+2e− pathway on a Co-N4 site, which explained the
relatively higher stability of Co-N-C than Fe-N-C in fuel cells.

Figure: The atomic structure of the active sites identified by the Beijing Synchrotron Radiation Facility
(BSRF). (a) XANES spectra. (b) Fourier transformed EXAFS spectra. (c) EXAFS fitting result.

In this work, the researchers relied on the Beijing synchrotron radiation facility 1W1B-XAFS
station to study the atomic structure of the active sites of Co-N-C catalysts. The extended X-ray
absorption fine structure (EXAFS) analyses and fitting showed that the synthesized Co-N-C catalysts
had atomically dispersed active sites with a structure of Co-N4 adsorbed by one O2 molecule. The
unambiguous identification of active sites provided a strong support for theoretical calculations.
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The disclosed performance enhancement mechanism demonstrated a viable approach to
increase the power density of non-precious metal catalysts. Meanwhile, the excellent comprehensive
performances of Co-N-C catalyst indicated its promising future for low cost PEMFCs.

Article:
Linyun Chen, Xiaofang Liu, Lirong Zheng, Yongcheng Li, Xu Guo, Xin Wan, Qingtao Liu, Jiaxiang Shang,
Jianglan Shui* Insights into the role of active site density in the fuel cell performance of Co-N-C catalysts. Appl.
Catal. B-Environ. 256 (2019) 117849.

Fe–N–C electrocatalyst with dense active sites and efficient mass transport for
high-performance proton exchange membrane fuel cells
Proton exchange membrane fuel cell (PEMFC) is a promising sustainable energy conversion
device that can efficiently convert chemical energy stored in fuel into electricity, however its
commercial application is limited by the high-cost Pt-based precious metal catalyst. Therefore, the
development of low-cost, high-performance Pt-free catalysts is a research hotspot in the field of
electrocatalysis. Professor Jianglan Shui’s research team at Beihang University designed a highly
active Fe–N–C single-atom catalyst, which for the first time reached US Department of Energy (US
DOE) 2018 activity target set for Pt-free catalysts. Their research has been published in Nature
Catalysis on March 4th, 2019.
Through long-term exploration, this research team realized that the low active-site utilization of
Fe–N–C catalysts was the main bottleneck in the fuel cell performance, while the pore structure of
the catalyst was the key factor that affects their utilizations. They designed and prepared a concave
Fe–N–C single-atom catalyst with a large external surface area. The catalyst not only possessed a
high Fe–N4 site density, but also had significantly improved active-site utilization in fuel cell relative
to traditional catalysts. Thanks to the above advantages, the catalyst exhibited unprecedented
hydrogen/oxygen fuel cell performance: 47 mA cm−2@0.88 ViR-free, reaching the DOE 2018 target
for Pt-free catalysts; the current density at 0.9 ViR-free was 22 mA cm−2 and the peak power density
was 1.18 W cm−2, which were the highest values reported so far.
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Figure: The atomic structure of the active sites obtained by XAFS carried out at 1W1B-XAFS station of
Beijing Synchrotron Radiation Facility (BSRF). (a) By comparing the XANES experimental spectrum and the
theoretical calculation spectra, the most probable atomic structure model (inset) is obtained. (B) EXAFS fitting
results.

In this work, the researchers relied on the BSRF 1W1B-XAFS station to study the atomic
structure of the active sites. X-ray near-edge absorption fine structure (XANES) simulations revealed
that the active site had a unique atomically dispersed FeN4C8 structure with two O2 molecules
adsorbed in end-on mode. The unambiguous identification of the active site provided a strong
support for further research on the structure-performance relationship. This study showed that the
active site density was the predominant factor determining the Fe–N–C fuel cell current density,
while the large external surface area played crucial roles in maximizing active site density and
enhancing the mass transport of the catalyst layer. This work clarified the performance enhancement
mechanism of Pt-free catalysts, designed effective catalyst configurations, and provided guidance for
the future development of high-performance Pt-free catalysts.
Article:
Xin Wan, Xiaofang Liu, Yongcheng Li, Ronghai Yu, Lirong Zheng, Wensheng Yan, Hui Wang, Ming Xu* and
Jianglan Shui* Fe–N–C electrocatalyst with dense active sites and efficient mass transport for high-performance
proton exchange membrane fuel cells. Nature Catalysis 2 (2019) 259–268.

Electronic coupling activated single-atomic Ru for enhanced OER
Hydrogen, as a new energy source, has received much attention because of its high energy
density and pollution-free. However, the development of hydrogen energy still faces huge challenges.
The hydrogen production from water electrolysis is a simple process and the purity of the
as-prepared hydrogen is relatively high. Water electrolysis includes two half reactions, namely, the
hydrogen evolution reaction (HER) and the oxygen evolution reaction (OER). Unfortunately, the
kinetics of OER are rather sluggish due to the multiple proton-couple electron-transfer steps.
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Moreover, the commercial precious metal (Ru, Ir) based catalysts catalyzing OER have their
problems, such as, the high price and poor stability, which severely limited the commercialization of
electrolytic water. Monoatomic catalyst is alternative choice for solving the issue of electrolytic
water catalysts due to the maximum atom utilization and the unique activity. However, using
single-atom as a strategy to design electrocatalyst to overcome the issue of high cost and low
stability of noble metal oxides like RuO2 is still challenge. Prof. Sun’ research group in Beijing
University of Chemical Technology for the first time realized the preparation and detailed study of
monoatomic Ru based catalyst efficient oxygen evolution reaction by virtue of the electronic
coupling between CoFe-LDH and monoatomic ruthenium. The related results were published on
April 12, 2019 in the Nature Communications journal: https://doi.org/10.1038/s41467-019-09666-0.
The research team successfully prepared a supported monoatomic ruthenium catalyst by
precipitation procedure using LDH containing transitional non-noble metals as the substrate. The
boosting oxygen evolution reaction activity and durability were achieved by the strong electronic
interaction between monoatomic ruthenium and LDH. The dispersed monoatomic ruthenium on the
surface of CoFe-LDH not only reduces the cost but also exhibits higher performance.

Using XAFS experiment carried out at 1W1B-XAFS station of Beijing Synchrotron Radiation
Facility (BSRF), the authors confirmed that the monoatomic ruthenium was connected to the cobalt
or iron atoms on the hydrotalcite layer through oxygen bridge bonds. The fitting results confirmed
that the monoatomic ruthenium first shell oxygen coordination number is 3.9 ± 0.7. The synchrotron
sources have helped the team to unveil the monoatomic structure. Based on the absorption energy
edge of Ru, the authors confirmed the valence state of monoatomic ruthenium(+1.6), which is in a
special chemical state.The authors say that the synchrotron radiation analysis provides a great help in
confirming the state of monoatomic ruthenium.
In the OER process, the overpotential at a current density of 10 mA / cm2 was only 198 mV
with the Tafel slope of 39 mV dec-1. The performance was far superior to CoFe-LDH and
commercial RuO2 catalysts. More importantly, the catalyst also showed excellent stability. At a given
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working voltage, the initial current density only decayed 1% after 24 hours of catalysis. This
improvement in performance is mainly due to the electronic interaction between Ru and CoFe-LDH
optimizing the electronic structure of the Ru active site. After subsequent in-situ test analysis, the
authors found that Ru could be stabilized by CoFe-LDH in the valence state of less than +4 during
OER process, which avoided the dissolution of Ru and maintained the catalyst's high activity. The
new monoatomic Ru/CoFe-LDH catalyst has showed a great potential for the real application of
water electrolysis in the future.

Article:
Pengsong Li, Maoyu Wang, Xinxuan Duan, Lirong Zheng, Xiaopeng Cheng, Yuefei Zhang, Yun Kuang, Yaping
Li, Qing Ma, Zhenxing Feng*, Wen Liu*, and Xiaoming Sun*, Boosting oxygen evolution of single-atomic
ruthenium through electronic coupling with cobalt-iron layered double hydroxides, Nature Communications ,
2019, 10, 1711.

Amorphous RuSx for high activity hydrogen evolution over whole pH range
Electrocatalytic hydrogen evolution reaction is an efficient approach for producing hydrogen
fuel combining with the renewable energy. The large-scale application of platinum-based catalysts
are severely restricted due to the high cost and limited reserves. In recent decades, researchers have
made tremendous contributions in reducing catalyst costs, increasing catalytic activity and improving
stability. Plentiful non-noble metal-based catalysts have been developed, but most non-noble
metal-based catalysts have difficulty meeting the operating conditions over whole pH range. The pH
change surrounding the catalyst during the electrocatalytic hydrogen evolution reaction can easily
cause the activity decay or even death. Herein, Prof. Sun's group in Beijing University of Chemical
Technology combined amorphous ruthenium sulfide (the price of ruthenium is only 1/3 of platinum)
with graphene to develop a Pt-like activity electrochemical HER catalyst, which can work very well
in acidic, neutral and alkaline solutions. It also can effectively resist the pH change during the
catalytic process. The relevant results were published as an inside cover in the Small journal on
September 17, 2019: https: / /doi.org/10.1002/smll.201904043.
This research group used a simple hydrothermal method to achieve the uniform loading of
amorphous ruthenium sulfide nanoparticles on the graphene. Since ruthenium sulfide is amorphous,
it is long-range disordered and short-range ordered, which is more conducive to the exposure of the
active site for catalyzing. Electrochemical studies have shown that it possesses a similar catalytic
activity to Pt catalyst in acidic, neutral and alkaline environments, even slightly better than Pt/C
under neutral conditions. Since amorphous ruthenium sulfide can tolerate the pH change and equips
with the protection of three-dimensional coiled structure of graphene, it exhibits excellent
electrocatalytic stability at high current density. There is almost no performance degradation after 12
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hours long-term operation at an initial current density of 50 mA/cm2. Based on the Tafel slope
analysis, the authors found that the as-prepared catalyst carried out the Volmer-Heyrovsky
mechanism to catalyze HER, which was a single-site catalytic mechanism. The DFT calculation also
shows that the ruthenium sulfide-based catalysts with isolated active site have neither strong nor
weak adsorption capacity for H.

Using XAFS experiment carried out at 1W1B-XAFS station of Beijing Synchrotron Radiation
Facility (BSRF), the author conducted a detailed study on the coordination of ruthenium before and
after hydrogen evolution reaction. In the initial structure, there are Ru-S and Ru-S-S coordination
signals, but after the hydrogen evolution reaction test, only the first shell of Ru-S can be detected.
There is no any second shell coordination, as well as no coordination like Ru-Ru and Ru-O-Ru, so it
can be speculated that the distance between two Ru atoms in RuSx is relatively long. Ru, as active
site, tends to complete the single-site catalytic process. The authors say that the synchrotron radiation
analysis provides a great help in confirming the single-site catalytic mechanism.
In summary, this work provides a new insight into the catalytic mechanism of amorphous
material when it comes to electrocatalytic HER. The method of preparing catalysts in this work is
simple and easy to industrialized application.
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Article:
Pengsong Li, Xinxuan Duan, Shiyuan Wang, Lirong Zheng, Yaping Li, Haohong Duan*, Yun Kuang* and
Xiaoming Sun*. Amorphous Ruthenium-Sulfide with Isolated Catalytic Sites for Pt-like Electrocatalytic
Hydrogen Production Over Whole pH Range. Small 2019, 15, 1904043.

A copper single-atom catalyst towards efficient and durable oxygen reduction for
fuel cells
Cathodic oxygen reduction reaction (ORR) kinetics is relatively slow, and it relies heavily on
precious metal Pt catalysts, which has become an important factor restricting the large-scale
application of fuel cells. Therefore, the development of non-Pt catalysts is urgent for the practical
applications of PEMFCs. Transition metal single-atom catalysts (SAC) have demonstrated excellent
ORR performance in single-electrode characterization, and have attracted great attention in recent
years. In previous research reports, the transition metals are mostly Fe, Co, Ni, etc. Even though Cu
is nature's choice for ORR catalysis in many forms of life from bacteria to humans; however, only a
few studies of Cu-based SACs for the ORR have been reported. Furthermore, the applications of Cu
SACs for fuel cells have rarely been demonstrated. The research group of Professor Yan Xiang from
Beihang University successfully prepared a single-atom copper catalyst for the oxygen reduction
reaction of the fuel cell cathode. This study is published in Journal of Materials Chemistry A entitled
as "A copper single-atom catalyst towards eﬃcient and durable oxygen reduction for fuel cells" as a
front cover paper.
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In this study, we prepared a Cu SAC using Cu phthalocyanine (CuPc) as the precursor through a
simple pyrolysis method. Spherical aberration electron microscopy (HAADF-STEM) showed
uniform dispersion of monoatomic Cu. At the same time, XAFS experiment carried out at
1W1B-XAFS station of Beijing Synchrotron Radiation Facility (BSRF) confirmed the successful
preparation of Cu SAC and further analysis of its structure. The electrochemical test results showed
that the catalyst showed good ORR performance in alkaline medium, and its half-wave potential was
0.81 V (vs. RHE), 30 mV lower than that of commercial Pt/C. At the same time, it shows excellent
durability. After 5000 cycles in the alkaline medium, the half wave potential only has a negative shift
of 9 mV. An anion exchange membrane fuel cell based on the Cu SAC exhibits a peak power density
of 196 mW cm-2 at 70 ℃. The DFT calculation suggests that the transformation process from OOH*
to O* is the rate determining step of the ORR on the Cu SAC. The Cu SAC could be a promising
non-noble ORR catalyst for fuel cell applications.

Figure 1 (a) Morphology of Cu SAC characterized by spherical aberration correction electron microscopy. (b)
EXAFS characterization of Cu SAC and Cu foil. (c) Theoretical calculation model for Cu SAC adsorption of
oxygen. (d) Durability test of Cu SAC. (e) Polarization curve of an anion exchange membrane fuel cell using Cu
SAC as a cathode catalyst. (f) The ORR reaction path of Cu SAC and Pt (111) calculated by density functional
theory.

Article:
Cui, L. T.; Cui, L. R.; Li, Z. J.; Zhang, J.; Wang, H. N.; Lu, S. F.; Xiang, Y., A copper single-atom catalyst
towards efficient and durable oxygen reduction for fuel cells. J. Mater. Chem. A 2019, 7, 16690-16695.
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Ultrastable Au nanoparticles on titania achieved by an encapsulated strategy
under oxidative atmosphere
Supported gold catalysts play an important role in many catalytic reactions, such as CO
oxidation, water-gas shift (WGS) reaction and oxidative reforming of methane. However, Au
nanoparticles (NPs) are tending to sinter at high temperature because of its low Tammann
temperature, resulting in poor on-stream stability.
Classical strong metal-support interaction (SMSI), an important concept in heterogeneous
catalysis, has been studied extensively since it was termed by Tauster et al. in the late 1970s. The
classical SMSI was widely found for platinum group metals supported on reducible oxides, such as
TiO2 and CeO2, upon high-temperature reduction pretreatment. However, unlike platinum group
metals, it has been well-recognized for a long time that Au cannot manifest SMSI due to its low work
function and low surface energy. In 2017, our group demonstrated the existence of classical SMSI
between Au and TiO2 for the first time and the encapsulation of Au by TiOx overlayer was also
observed (Sci Adv, 2017, 3, e1700231). Whereas classical SMSI state is reversible that the formed
TiOx overlayer will retreat under further oxidation pretreatment at high temperature (＞400 oC),
leading to invalid effect on the catalytic performance of the gold. Therefore, it is urgent to propose an
original strategy to construct an overlayer containing Ti species on Au, which is endurable under
oxidative atmosphere.

Figure 1. SMSI and melamine-induced TiOx overlayer structure and behavior. a Bare Au nanoparticles
on TiO2. b Au/TiO2 catalyst that forms an impermeable SMSI TiOx overlayer after treatment with 10 vol% H2/He
at 500 oC. c SMSI TiOx overlayer retreats when exposed to oxidation condition at 400 oC which is almost similar
with that in a. d Melamine-modified catalyst that forms a permeable TiOx overlayer after treatment with N2 at high
temperature (600 oC) followed by treatment with air at 800 oC. e Stable melamine-induced TiOx overlayer under air
condition modifies the Au NPs catalytic bahavior.
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Here, we reported that Au NPs can be encapsulated by a permeable TiOx overlayer under
oxidative atmosphere, the reverse of the condition required for classical SMSI. We found that the key
to construct the above cover layer is the application of melamine and pretreatment in nitrogen
condition, followed by calcination at 800 oC in air atmosphere. More importantly, this TiOx overlayer
was stable upon further calcination under oxidation condition, which is contrary to the classical
SMSI.
X-ray adsorption spectroscopy carried out at 1W1B-XAFS station of BSRF was also employed
to investigate whether new bond was formed and the fitting results revealed that new Au-Ti bond
was formed when the encapsulation occurred. Owing to the formation of the overlayer, the resultant
catalyst is resistant to sintering and exhibits high activity as well as excellent durability in WGS
reaction and simulated practical testing. Moreover, this original strategy can be extended to colloidal
Au supported on TiO2 and commercial Au supported on TiO2 gold catalyst named RR2Ti.
These new findings provide a new avenue to rationally devise and develop highly stable Au
catalysts with controllable activity. The research has been published on December 21th, 2019 in
Nature Communications (Article number: 5790).
Article:
Shaofeng Liu, Wei Xu, Yiming Niu, Bingsen Zhang, Lirong Zheng, Wei Liu, Lin Li, Junhu Wang* Ultrastable Au
nanoparticles on titania through an encapsulation strategy under oxidative atmosphere. Nature Communications
10 (2019) 5790.

Single-atom Tungsten Doping Promoting α-Ni(OH)2 Electrocatalytic Water
Oxidation Performance
Electrocatalytic water splitting for oxygen generation is an multi-electron, multi-step process.
The water adsorption and the formation of oxygen-producing intermediates are the main reason for
the relative big overpotential. How to control the surface sites for promoting the water oxidation
steps is one difficulty. A team from New Energy Research Institute of Shanxi Normal University use
the W6+ for doing into α-Ni(OH)2 lattices as the signal-atom form. Their research has been published
on May 14th, 2010 in Nature Communications.
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XAFS results carried out at 1W1B-XAFS station of BSRF. These results confirm that the W6+ exists as the
form of W-O bonds in α-Ni(OH)2 and no W-W bonds can be detected, suggesting that the W6+ exists in the form of
signal-atom doping.

The research provides the scientific community clues to control the surface reaction sites of
Ni(OH)2-based materials for obtaining a high water oxidation performance. And the synchrotron
sources have helped the team to confirm the existence form of element W, and provides a direct
evidence for understand well about the water oxidation mechanism. "Signal-atom doping plays an
important role in water oxidation owing to that the doped elements can provide the suitable reaction
sites for water adsorption and the formation of intermediates." Explains Junqing Yan, the first author
of this work and the associate professor of Shaanxi Normal university.

Article:
Junqing Yan, Lingqiao Kong, Yujin Ji, Jai White, Youyong Li, Jing Zhang, Pengfei An, Shengzhong Liu,
Shuit-Tong Lee, and Tianyi Ma. Single atom tungsten doped ultrathin α-Ni(OH)2 for enhanced electrocatalytic
water oxidation Nature Communications, 10(2019), 2149.

Water stable MOFs electrocatalysts for highly selective CO2 reduction
Electrochemical reduction of CO2 can transform CO2 into useful chemicals and fuels by using
renewable electric energy and water, which is an ideal energy utilization strategy. However, CO2
reduction generally need a high potential to derive and the side reactions of hydrogen evolution
always occur concomitantly. It has become a critical issue to develop highly selective and active
electrocatalysts. The CO2 reduction reaction involves proton and electron transfer processes, which
play an important role for regulating the product selectivity and reaction kinetics. Hua Gui Yang’s
Group of East China University of Science and Technology designed and synthesized a highly
efficient and water stable MOFs electrocatalyst, and study the proton-electron transfer mechanisms
in the reaction. Their research has been published on the 40th issue of Journal of Materials
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Chemistry A in 2019.

The researchers incorporated the iron porphyrin, possessing single active site for CO2 reduction,
in to the frameworks of UiO-66, leading to an hydrostable MOFs electrocatalyst. The –OH groups on
the surface of secondary building unit of UiO-66 could accelerate the proton transmission and the
redox iron porphyrin improves the conductivity of UiO-66, leading a concerted proton-electron
transfer. The accelerated proton transmission in the catalysts lowers the overpotential of reducing the
CO2 to CO and enhances the product selectivity.
Using XAFS technique carried out at 1W1B-XAFS station of BSRF, the local coordinated
structural transformation and the active center of MOFs catalysts were demonstrated by the in-situ
electrochemical characterization. As shown in Figures A-D, the local coordinated structure of Zr
atoms in FeTCPP⸦UiO-66 could be stable with the applied potentials, while UiO-66/FeTCPP is not
stable. The active site of Fe can be revealed from Figure E that the Fe absorption edges moves
towards lower energy under the applied potentials.
The research shows that FeTCPP⸦UiO-66 can remain structural stability and catalyze CO2 into
CO with Faradaic efficiency as high as 100% under overpotential of 450 mV in the aqueous
electrolyte. The important role of efficient proton transmission in concerted proton–electron transfer
mechanism was further verified by the kinetics experiments and theory simulations. With the help of
synchrotron radiation, the research team further tracked the changes of the material in the in-situ
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electrochemical process, and revealed the reasons for the high performance of the material, which
would provide a reference for the rational design of the efficient electrocatalysts.

Article:
Fangxin Mao‡, Yan-Huan Jin‡, Peng Fei Liu, Pengfei Yang, Xiao-Ming Cao*, Jinlou Gou* and Hua Gui Yang*,
Accelerated proton transmission in metal–organic frameworks for the efficient reduction of CO2 in aqueous
solutions, Journal of Materials Chemistry A, 2019, 7 (40): 23055-23063.

Mo6Ni6C reconstructed into carbon interconnected MoNi alloys
The oxygen evolution reaction (OER) of electrochemical water splitting is the key process in
solar-to-chemical conversion technologies, but the kinetics of OER is sluggish, even when facilitated
by high-efficiency precious-metal-containing catalysts. Therefore, it is very important to explore
high-activity, robust-stability, and low-cost catalysts. In general, the activities of metal compounds
based OER catalysts mainly originates from their intrinsic metallicity and the excellent activity of the
oxidized layer species after in situ surface reconstruction. Hua Gui Yang’s Group of East China
University of Science and Technology designed and synthesized a highly efficient and stable
water-splitting catalyst and conducted in-depth research on the in-situ reconstruction during OER
process. Their research has been published on the 6th issue of Materials Horizons in 2019.
The researchers used Mo6Ni6C as a precursor to prepare OER catalyst by in situ electrochemical
treatment. The research indicates that the Mo6Ni6C large cells broke into nanoclusters of carbon
interconnected MoNi alloys after the reconstruction, the metallic characteristics could boost the
charge transfer process and the small size could expose more active sites. At the same time, they also
found that the carbon in the crystal structure of Mo6Ni6C was converted into amorphous, which
could improve poor charge transport caused by the gaps between nanoclusters. Furthermore, the
MoNi alloys would get oxidized on the surface to form Mo6+ incorporated NiOOH species during the
pre-oxidation process, so the OER activity of the material could be further activated.
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The structural transformation of Mo6Ni6C in the electrochemical process was revealed by XAFS carried out at
1W1B-XAFS station of BSRF. The results in Figures A and C show that the metallic Ni changed to oxidized Ni
during OER process, with the disappearance of Ni-Ni bonds and the formation of Ni-O bonds. The results in Figure
B and D show that as the applied potential and time increased, Mo gradually changed to the oxidized state, and the
Mo-Mo bonds gradually decreased while the Mo-O bonds gradually increased.

Mo6Ni6C has been demonstrated as a high-performance and low-cost precatalyst for OER in
this research. An efficient water electrolyzer was demonstrated by using Mo6Ni6C as both anode and
cathode material, achieving a j of 10 mA cm-2 at 1.47 V when continuously working for more than
200 h. With the help of synchrotron radiation, the research team further tracked the changes of the
material during the in-situ electrochemical process, and revealed the reasons for the high
performance of the material, which can provide a reference for the large-scale application of
electrochemical energy-conversion devices.

Article:
Meng Yang Zu, Chongwu Wang, Le Zhang, Li Rong Zheng and Hua Gui Yang* Reconstructing bimetallic
carbide Mo6Ni6C for carbon interconnected MoNi alloys to boost oxygen evolution electrocatalysis. Materials
Horizons 6(2019), 115-121.
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Mn-Based Heterogeneous Catalyst with Halogen and Nitrogen
Dual-Coordination Towards High-Efficiency Electroreduction of CO2
Excessive consumption of fossil fuels causes huge energy and environmental problems. The
electrocatalytic CO2 conversion to high-value fuels and chemicals provides an ideal way to alleviate
the energy and environmental problems. Particularly, the development of cheap and earth-abundant
electrocatalysts is of great significance. A team from Institute of Chemistry, Chinese Academy of
Sciences, conducted in-depth research on the use of cheap manganese-based catalysts for
electrocatalytic CO2 reduction. The results were published in Nature Communications (2019, 10:
2980) in July 2019, and selected as a highlight paper by the editors.
Manganese is the third element with high natural abundance next to iron and titanium among
transition elements. However, its studies on heterogeneous electroreduction of CO2 are limited, and
its activity is far lower than that of other metal base catalysts such as Fe, Ni and Co. The research
group designed a manganese atom catalyst with halogen (Cl, Br, I) and nitrogen dual-coordination.
They proved that this structure can improve the electronic structure of manganese atom and
significantly increase its electrocatalytic activity in the process of CO2 reduction. At overpotential of
0.49 V, the maximum CO Faraday efficiency of 97% was achieved and CO generation frequency
could reach a value as high as 38347 h-1.
The atomic coordination structure of the active manganese center was obtained by XAFS
technique carried out at 1W1B-XAFS station of Beijing synchrotron radiation facility (BSRF). The
results indicate that manganese atom is coordinated with one chlorine and four nitrogen atoms
(Figure 1a-c). In situ X-ray absorption experiment and density functional theory calculations (Figure
1d-i) further show that chlorine ligand can modify the electronic structure of active manganese atoms
in the catalyst. This reduces the free energy barrier for intermediates formation in the catalytic
process, thus greatly improves CO2 reduction to CO. In this work, synchrotron radiation technology
is crucial to uncover the deep structure of the catalyst and in situ tracking the catalytic reaction.
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Figure 1 Study on the structure of manganese catalyst and its electrocatalytic reduction mechanism of CO2.

Article:
Bingxing Zhang, Jianling Zhang,* Jinbiao Shi, Dongxing Tan, Lifei Liu, Fanyu Zhang, Cheng Lu, Zhuizhui Su,
Xiuniang Tan, Xiuyan Cheng, Buxing Han, Lirong Zheng and Jing Zhang, Manganese acting as a
high-performance heterogeneous electrocatalyst in carbon dioxide reduction. Nat. Commun., 2019, 10, 2980.

Framework Cu-doped boron nitride nanobelts with enhanced internal electric
field for effective Fenton-like removal of organic pollutants
The heterogeneous Fenton-like reaction has been developed as a practical and efficient
technique for water purification by means of hydroxyl radicals (OH), which possesses supreme
oxidation potential and could effectively decompose organic matters in water. However, many of
heterogeneous Fenton-like catalysts suffer from weak catalytic activity under ambient conditions,
narrow effective pH range and poor stability. Hexagonal boron nitride (h-BN), a kind of
two-dimensional layered material similar to graphene, is expected as a Fenton catalyst due to its high
chemical and thermal stability, environmental compatibility and nontoxicity, and introducing metal
atoms into BN can tailor its electronic structure and enhance the chemical reactivity. To date, few
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works have been reported on the synthesis of metal-doped BN and the application of BN related
materials as Fenton-like catalysts. A team from Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences has developed an innovative preparation method of Cu-doped boron
nitride nanobelts (Cu-BN) and gained insight into the structure-activity relationship of the catalyst in
Fenton system. Their research has been published on Journal of Materials Chemistry A in 2019.
The team investigated the chemical structure of the as-prepared Cu-BN catalyst. Particularly,
the detailed information on atomic neighboring structure was supplied by the Cu K-edge extended
X-ray absorption fine structure (EXAFS) spectra at 8.979 keV, which were recorded in transmission
mode at the beam lines (i.e., 1W1B) of Beijing Synchrotron Radiation Facility (BSRF). EXAFS
curve fittings showed that besides the Cu-Cu shell derived from the backscattering for the adjacent
Cu atoms with bond distance of 2.9 Å, Cu-N shell and Cu-B shell were also observed for the Cu-BN
catalyst, confirming Cu was incorporated into the BN framework, forming Cu-N-B bonds. On the
basic of the results, the electrostatic potential (ESP) on the samples was determined through density
functional theory (DFT) calculations, as shown below. The theory calculations and experimental
results verified that the incorporation of Cu resulted in the formation of an internal electric field due
to the nonuniform electron distribution, thus promoting the production of •OH. Therefore, the Cu-BN
catalyst exhibited exceptionally high catalytic activity for the degradation and mineralization of
various refractory pollutants over a wide pH range of 3-11 with great stability.
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Distributions of electrostatic potential (ESP) for (a) perfect BN, (b) as-synthesized BN; (c) ESP plan map and (d)
three-dimensional map for Cu-doped BN. (White, blue, pink, red and orange circles denote H, N, B, O and Cu
atoms, respectively).

The research provides a new perspective on the development of heterogeneous Fenton catalysts
for water environmental remediation through tuning the electron distribution of the catalyst by metal
doping. Synchrotron source is a vital characterization technique to reveal chemical bond structure of
the environmental functional materials.
Article:
Lingfei Li, Chun Hu, Lili Zhang,* Guangfei Yu, Lai Lyu, Fan Li and Ning Jiang. Framework Cu-doped boron
nitride nanobelts with enhanced internal electric field for effective Fenton-like removal of organic pollutants, J.
Mater. Chem. A, 2019, 7, 6946-6956.

71

2019 Highlights

Interfacial Engineering of W2N/WC Heterostructures Derived from Solid‐State
Synthesis: A Highly Efficient Trifunctional Electrocatalyst for ORR, OER, and
HER
Interfacial engineering of the electrocatalysts has been emerging as one of the most effective
methods to improve activity, selectivity and the stability during the electrocatalysis.Conventional
strategies to construct the interface of two different components adopt the epitaxial growth method in
solution conditions, in which the crystal face of substrate and epitaxial interfaces should be exactly
controlled. Herein, Guo and Qu’s group presents a facile solid-state synthesis strategy to construct
the interface engineering of W2N/WC heterostructures. Their research has been published on
February 14th, 2020 in Advanced Materials.

The synchrotron sources in Beijing have helped the team to probe the electronic structure and
coordination environment of single atom catalysts. The EXAFS analysis shows the W atoms
coordinate with carbon atom, nitrogen atom and no metal bond (W-W) can be observed, which show
the formation of W2N/WC heterostructures. These results show W2N/WC heterostructures by a
facile solid-state synthesis strategy This highly efficient and energy-saving strategy is beneficial for
promoting the large-scale production of interfacial engineering of catalysts.
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Article:
Jinxiang Diao, Yunteng Qu, Yu Qiu, Shuangquan Liu, Weitao Wang, Kai Chen, Hailong Li, Wenyu Yuan,
Xiaohui Guo. Interfacial Engineering of W2N/WC Heterostructures Derived from Solid‐State Synthesis: A
Highly Efficient Trifunctional Electrocatalyst for ORR, OER, and HER, Advanced Materials, 2020, 1905679.

Unraveling the Mystery of Cubosome Formation
The team of Prof. Wang Wei from Nankai University and their collaborators worked on the
cubosomes in order to reveal the mechanism of formation of bicontinuous cubic-phase structures.
The result was published in Journal of the American Chemical Society (J. Am. Chem. Soc. 2019, 141,
831−839). They designed and synthesized heteroclusters, which were used to construct cubosomes
by solution-self-assembly. They used the small-angle X-ray scattering (SAXS) of the 1W2A station
at the Beijing Synchrotron Radiation Facility to confirm the real structure, further observed the
formation process of cubosomes and thus elucidated the mechanism of formation of bicontinuous
cubic-phase structure. Therefore, the mystery of cubosome formation in lipid assembly studies was
unraveled. The key conclusion of this basic research is that when cubosomes are used in the design
of drug release, drugs in solution are likely to be first encapsulated in vesicles through molecular
assembly and then in cubosomes through subsequent structural transitions. The discoveries of this
study will promote the applications of cubosomes in nanomedicin and other frontiers.

Fig. Evolution from HCJDs to faceted cubosomes through diﬀ erent mechanisms

Article:
Hong-Kai Liu, Li-Jun Ren, Han Wu, Yong-Li Ma, Sven Richter, Michael Godehardt,*Christian Kübel,* and Wei
Wang*. Unraveling the Self-Assembly of Heterocluster Janus Dumbbellsinto Hybrid Cubosomes with Internal
Double-Diamond Structure. J. Am. Chem. Soc. 2019, 141, 831−839.
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Revealing the atomistic origin of the disorder-enhanced Na-storage performance
in NaFePO4 battery cathode
Among the various SIBs cathode materials, NaFePO4 attracts much attention owing to its high
theoretical capacity (155 mAh g−1), low cost, high structural stability, and non-toxicity. Nevertheless,
the NaFePO4 with maricite structure, thermodynamically stable phase, has been considered as
electrochemically inactive for sodium-ion storage. A team from State Key Laboratory of Silicate
Materials for Architectures of Wuhan University of Technology has improved the electrochemical
activity of maricite NaFePO4 via disordering engineering and revealed the atomistic origin of the
disorder-enhanced Na-storage performance. Their research has been published in Nano Energy.
The team fabricated a series of NaFePO4 polymorphic composites with different content of
amorphous phase by tuning the ball-milling parameters and confirmed the proportional relation
between the content of amorphous phase and the sodium storage capacity. The optimized initial
capacity of 115 mAh g−1 at 1 C with the capacity retention of 91.3% after 800 cycles was
demonstrated, which could be ascribed to the synergistic effect of the active amorphous phase
favoring the high sodium-ion storage performance and the inactive ordered maricite phase boosting
the structural stability. In addition, they investigated the structural differences of NaFePO4 with
different crystal phase and amorphous one, and proposed the atomistic origin of the
disorder-enhanced Na-storage performance.

The XANES spectra obtained by using synchrotron radiation at BSRF: (a) Na K-edge and (b) O K-edge. The
results demonstrate that the nearest coordination environment of Na in the milling-induced amorphous NaFePO4
phase is similar to that in the maricite phase, while the nearest coordination number of O in amorphous NaFePO4
phase is decreased compared to that in maricite phase.

Synchrotron radiation helps the team to study the local coordination environment of sodium and
oxygen in different crystalline and amorphous phases, which provides important support for
reasonably determining the atomic scale structure origin of disorder-enhanced Na-storage
performance in NaFePO4. Based on the XANES and Raman spectroscopy, the team proposed the
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atomic-scale structural model of amorphous NaFePO4, and the transformation of edge-sharing FeO6
octahedra into various FeOn polyhedra upon amorphization was considered to be a key to attain the
superior performances for Na ion batteries.
Article:
Fangyu Xiong, Qinyou An, Lixue Xia, Yan Zhao, Liqiang Mai, Haizheng Tao*, Yuanzheng Yue*; Revealing the
atomistic origin of the disorder-enhanced Na-storage performance in NaFePO4 battery cathode, Nano Energy, 2019,
57, 608-615.

Article:
Fangyu Xiong, Qinyou An, Lixue Xia, Yan Zhao, Liqiang Mai, Haizheng Tao*, Yuanzheng Yue*; Revealing the
atomistic origin of the disorder-enhanced Na-storage performance in NaFePO4 battery cathode, Nano Energy,
2019, 57, 608-615.

Optimize sodium storage performance of anatase TiO2 by constructing Ti–O–C
channels
Based on the increasing energy demand and the accounting of energy storage cost, sodium ion
batteries are expected to be used in large-scale energy storage systems and have attracted intense
attention of researchers. Anode material is a key factor to determine the electrochemical performance
of sodium ion batteries. Anatase TiO2 possesses good structural stability and long cyclic performance
as Na+ insert and extract in the interstitial sites stacked by TiO6 octahedra with small volume change.
The sodium storage mechanism of insertion/extraction controlled by diffusion process leads to the
slow electrochemical reaction kinetics. The pseudocapacitance reaction with fast charge/discharge
characteristic can overcome the slow kinetics of anatase TiO2. Meanwhile, the structural change of
pseudocapacitance reaction is almost negligible during the electrochemical reaction with a relatively
low energy barrier.
In this work, in situ combination of TiO2 and carbon was achieved by pyrolysis of tetrabutyl
titanate and polyvinylpyrrolidone at high temperature, and Ti–O–C sodium storage channels were
formed at the two-phase interface. Using thiourea as the doping source, heteroatom N and S were
introduced to induce surface defects on the graphite layer to accelerate the mass transfer of Na+ from
the surface carbon layer to the near-surface Ti–O–C channels. The sodium storage mechanism of the
as-prepared N/S co-doped TiO2/C composite nanofibers electrode is dominated by surface
pseudocapacitance.
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Figure 1 XAS spectra of (a) Ti L-edge, (b) O K-edge, (c) C K-edge, and (d) N K-edge

Synchrotron radiation X-ray absorption spectra (XAS) were recorded at the photoelectron
spectroscopy station (4B9B, Beijing Synchrotron Radiation Facility) to obtain the absorption spectra
of Ti L-edge, O K-edge, C K-edge and N K-edge. The peak attributed to carbon atoms attached to
oxygen, suggesting the formation of Ti–O–C bonds. Based on this, first principles calculations
further verified the low energy barrier for Na+ insertion/extraction in the Ti-O-C channels formed by
the intimately integrated graphite layer with TiO2 near the surface. This paper was published in “ACS
appl. mater. interfaces, 2019, 11(19): 17416-17424”.
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Figure2 Sodium diffusion in (a) TiO6 octahedral interstitial channel, (b) Ti-O-C channel in TO-C, (c)
Ti-O-C channel in N/S-TO-C; (d) migration activation energy of Na+ diffusion in the above channels

Article:
Wei Song, Hanqing Zhao*, Jianqi Ye, Mengmeng Kang, Siyu Miao, Zhong Li*. Pseudocapacitive Na+ Insertion
in Ti–O–C Channels of TiO2–C Nanofibers with High Rate and Ultrastable Performance. ACS Applied Materials
& Interfaces, 2019, 11:17416-17424.

Enhanced electronic conductivity and sodium-ion adsorption in N/S co-doped
ordered mesoporous carbon for high-performance sodium-ion battery anode
Ordered mesoporous carbon (OMC) is a promising candidate for the anode of sodium-ion
batteries (SIBs). However, low electronic conductivity and scanty defects are the bottlenecks that
result in the unsatisfied electrochemical performance. A team from the key laboratory of coal science
and technology of Taiyuan University of Technology demonstrate the nitrogen and sulfur co-doped
strategy to modify the OMC, and thus enhance its sodium storage capacity. Their research has been
published on February 1st, 2019 in Journal of Power Sources.

77

2019 Highlights

Figure1 The coordination structures and surface functional groups of heteroatoms doped OMC are determined
by the experiments carried out at BSRF. The increased defects and the abundance of graphitic and pyridinic
nitrogen species endow the enhancement of sodium storage capacity.

The team fabricated N/S co-doped OMC using a simple thermal treatment with thiourea. The
obtained N/S co-doped OMC with enhanced electronic conductivity and abundant defects, endowing
the materials superior sodium storage properties. The research provides implications for the design of
carbon based SIBs anodes. Synchrotron sources have helped the team to unveil the change of the
electronic structures of OMC after the heteroatoms were incorporated, and the results revealed the
abundance of graphitic and pyridinic nitrogen species, which favors the enhancement of electronic
conductivity and sodium storage capacity. The ointment is that the evolution of nitrogen and sulfur
species during the electrochemical reaction still needs further investigation, and thus the in-situ
synchrotron facility would surely help to unveil this process..
Article:
Jianqi Ye, Hanqing Zhao, Wei Song, Na Wang, Mengmeng Kang, Zhong Li, Enhanced electronic conductivity
and sodium-ion adsorption in N/S co-doped ordered mesoporous carbon for high-performance sodium-ion battery
anode [J]. Journal of Power Sources 412 (2019) 606–614.

Illumining phase transformation dynamics of vanadium oxide cathode by
multimodal techniques under operando conditions
Subtle structural changes during electrochemical processes are often related to the degradation
of the electrode materials. Accurately tracking the minute variations such as crystal structure,
chemical bonds, and electron/ion conductivity under typical battery operating conditions will give an
in-depth understanding on the reaction mechanism of electrode materials, as well as reveal pathways
for optimization. A team from Wuhan University of Technology used a typical cathode material,
vanadium pentoxide (V2O5), which suffers from severe capacity decay during cycling, as prototype.
Their research has been published in April, 2019 in Nano Research.
The team studied the phase transitions of V2O5 with an elemental molar ratio of Li/V within a
78

2019 Highlights

range of 0-1. First, they investigated the evolution of V2O5 cathode by in-situ X-ray diffraction (XRD)
and in-situ Raman spectroscopy combined with electrochemical tests. Further fine studies through
XANES and EXAFS confirmed that the V–O and V–V distances became more extended and shrank
compared to the original ones after charge/discharge process, respectively. These variations are vital
to the crystal structure cracking and correlated to capacity fading.
"Our results are in agreement with a study, in which in-situ XRD, in situ Raman, and ex situ
XAFS characterization of V2O5 model electrode material revealed that chemical bonding in V−O
layers plays a vital role during electrochemical cycling and that breaking of the metal−oxygen and
metal−metal bonds may be the origin of the capacity fading" evaluated by Ekaterina Pomerantseva:
ACS Appl. Energy Mater. 2020, 3, 1, 1063–1075
https://pubs.acs.org/doi/abs/10.1021/acsaem.9b02098

The ex situ XAFS results of lithiation process (a and b) and the after lithiation (c and d) V2O5, obtained at
Beijing Synchrotron Radiation Facility (BSRF). The structure became disorderly and larger during the lithiation.
After the second discharge, accompanied by lithium ions removed again from the V2O5 structure skeleton. This
body was more unstable, the V-O distance became slightly larger again, V-V became larger, and the strength of the
coordination polyhedron became lower, indicating that the structure changed to more disordered level.
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Prof. Liqiang Mai explained that "This work demonstrates that chemical bond changes between
the transition metal and oxygen upon cycling serve as the origin of the capacity fading. This is an
interesting finding and this can disclose hidden phenomena". Prof. Mai is the principal investigator
of the research team from Wuhan University of Technology.
Article:
Guobin Zhang§, Tengfei Xiong§, Xuelei Pan , Yunlong Zhao, Mengyu Yan, Haining Zhang, Buke Wu,
Kangning Zhao and Liqiang Mai. Illumining phase transformation dynamics of vanadium oxide cathode by
multimodal techniques under operando conditions. Nano Research, 2019, 12, 905–910.

Defect Engineering in Two Common Types of Dielectric Materials for
Electromagnetic Absorption Applications
Dielectric materials are greatly desired for electromagnetic absorption applications. Lots of
research shows that conduction loss and polarization are two of the most important factors
determining complex permittivity. However, the detailed dissipation mechanisms for the improved
microwave absorption performance are often based on semiempirical rules, lacking practical data
relationships between conduction loss/polarization and dielectric behaviors. A team from Nanjing
University of Aeronautics and Astronautics has gained insight into the dissipation mechanisms of
dielectric microwave absorption materials. Their research has been published on May 8th, 2019 in
Advanced Functional Materials.
Here, a strategy of introducing point defects is used to understand such underlying relationships,
where polarizability and conductivity are adjustable by manipulating oxygen deficiency or
heteroatoms. Based on first principles calculations and the applied oxygen-deficient strategy,
dielectric polarization is shown to be dominant in determining the permittivity behaviors in
semiconductors. Meanwhile, the presented nitrogen doping strategy shows that conduction loss is
dominant in determining the permittivity behavior in graphitized carbon materials.
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Given that it is difficult to operate and evaluate the practical polarization process in alternating
electromagnetic field at GHz, we still could not present experimental evidence to illustrate the
detailed dielectric polarization process. Here, the chemical environments around C after nitrogen
doping were detected by near edge X-ray absorption fine structure (NEXAFS) experiments carried
out at BSRF. Near-edge X-ray absorption occurs when the core electron is excited to an unoccupied
state. The spectra are characterized by four main features: the edge (atomic contribution at about
284.6 eV), a structure characterized by two peaks at 286.1 and 288.6 eV, a shoulder at about 292.4
eV, and a large magnetic spin (MS) resonance centered at about 307 eV, which are labeled as A, B, C,
and D in all spectra, respectively. The B peak is assigned to free-electron-like interlayer states in
graphite or carbon nanotubes. As can be seen from the NEXAFS spectra, the presence of a
pronounced B peak indicates structural changes with the increased sp3-like structure, while the
decreased intensity of A peaks demonstrates a weakening of the C-C π * network. The changes of
microscopic chemical environments/electrical states indicate the influence of nitrogen doping on the
dielectric polarization process in graphitized carbon.
The validity of the methods for using point defects to explore the underlying relations between
conduction loss/polarization and dielectric behaviors in semiconductor and graphitized carbon are
demonstrated for the first time, which are of great importance in optimizing the microwave
absorption performance by defect engineering and electronic structure tailoring.
Article:
B. Quan, W. H. Shi, S. J. H. Ong, X. C. Lu, P. L. Y. Wang, G. B. Ji, Y. F. Guo, L. R. Zheng, Z. C. J. Xu, Defect
Engineering in Two Common Types of Dielectric Materials for Electromagnetic Absorption Applications.
Advanced Functional Materials, 2019, 29 (28), 1901236.
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Study on phase transition and thermochromism of copper-based hybrid
perovskites
Organic-inorganic hybrid perovskites possess several appealing features such as tunable band
gap, chemical versatility, and excellent optoelectronic property, and have recently attracted intense
attention from the research community. Recently, it is reported that the thermochromic solar cells
were fabricated based on halide perovskites (CsPbI3-xBrx). This breakthrough reveals a promising
application of perovskite materials as the thermochromic layer in smart windows. The practical
application, however, needs the hybrid perovskites to be stable, efficient, eco-friendly, and be used
near room temperature. Researchers from Key Laboratory of Photochemistry, Institute of Chemistry,
Chinese Academy of Sciences investigated the phase transition and thermochromism of copper-based
perovskites, with the help of 1W1B-XAFS station at BSRF (Beijing Synchrotron Radiation Facility).
They found a lead-free perovskite material (C6H13NH3)2CuCl4 that is thermochromic around 60℃.
This work has been published in Science China Chemistry on July 11th, 2019.
The organic cation (A) in the copper-based perovskite A2CuCl4 (A=CnH2n+1NH3 n=1-6) is found
to be essential to the phase transition temperature of the material. As the number of carbon atoms
increases, the thermochromic temperature first increases and then decreases. The thermochromism of
copper-based perovskite originates from the change in the [CuCl4]2- geometry, while the organic
cation can influence this structural change from the following two aspects. (i) The large organic
cation introduces additional hindrance for [CuCl4]2- to accomplish the structural transition, as it needs
to overcome the molecular motion of organic cation. (ii) The large organic cation has weak N-H···Cl
hydrogen bonding with inorganic compositions that facilitates the transition.
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The chemical environment of Cu2+ in copper-based perovskites (MA2CuCl4, EA2CuCl4 and HA2CuCl4,
MA=CH3NH3, EA=C2H5NH3, HA=C6H13NH3) was investigated from the change of Cu-Cl bonds by using the
temperature-dependent X-ray absorption fine structure (XAFS) measurement at BSRF. The results show that the
coordination geometry is [CuCl4]2-, and the length of Cu-Cl bonds varies as the temperature increases, meaning that
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the chemical environment of Cu2+ changes during the phase transition. As a result, the ligand-to-metal charge
transfer transition leads to a visible color change upon the shift of absorption spectral range.

This study proves that the organic component in hybrid perovskites plays an important role in
optimizing the optoelectronic performance, and are beneficial to the future development of
optoelectronic functional materials. The phase transition of hybrid perovskites is determined by the
change in coordination geometry around metal atom. It is usually difficult to characterize such a
small change in coordination structure; however, the synchrotron light source equipped with
temperature-controlled sample chamber enables us to analyze the structure of hybrid perovskite at
both room temperature and high temperature. It provides direct experimental evidence for the phase
transition and thermochromism of these materials.
Article:
Jingwen Li, Xiaolong Liu, Peixin Cui, Junmeng Li, Tao Ye, Xi Wang, Chuang Zhang, * and Yong Sheng Zhao*
Lead-free thermochromic perovskites with tunable transition temperatures for smart window applications,
Science China Chemistry 62(2019), 1257-1262.

Toward the frontier of science and technology: Two-Dimensional Supramolecular
Polymers Toward Separation Membranes
Yam’ group from the University of Hong Kong recently reported a supramolecular strategy for
the design and synthesis of a novel honeycomb-like 2D supramolecular polymer (SP). Upon a simply
drop-casted processing, the composite membrane has been successfully fabricated that comprises a
highly oriented 2D SP on a polycarbonate filter support. The 2D SP-based membrane exhibits a
high-water flux due to its ultrathin thickness. Moreover, it shows versatile separation abilities that not
only for the efficient capture of anionic platinum (Pt) species but also precise size-selective sieving of
nanometer-sized particles. This newly developed 2D soft material thus represents a multifunctional
membrane toward many applications! The sieving ability of 2D SP-based membrane to
size-selectively separate nanoparticles (NPs) has been further explored. Owing to the uniform
parallel-aligned nanocavities within the 2D SP, the composite membrane shows a high
size-selectivity with a sub-nanometer accuracy in the cutoff size of ~4.0 nm. In principle, the species
of size-separable particles are unlimited, as demonstrated by quantum dots, noble metal and metal
oxide NPs. The supramolecular membrane combined with filtration not only advances the potential
of NPs in terms of their monochromatic emission and size monodispersity, but also enables rapid
removal of small magnetic NP adsorbents that are difficult to capture with the magnetic separator,
expanding their versatility for applications in many fields. The structural characterization of the
supramolecular materials in the bulk and thin-film has been fully investigated by techniques carried
out at 1W2A- Small Angle X-ray Scattering and 1W1A- Diffuse X-ray Scattering Stations in Beijing
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Synchrontron Radiation Facility, respectively. The related results have been published in Journal of
the American Chemical Society (J. Am. Chem. Soc. 141, 11204–11211 (2019)) and Angewandte
Chemie (Angew. Chem. Int. Ed. DOI: 10.1002/anie.201913621), respectively.

Fig. Schematic Illustration of Membrane Applications Based on a Honeycomb-like 2D SP

Article:
1. Zhen Chen, Alan Kwun-Wa Chan, Victor Chun-Hei Wong, and Vivian Wing-Wah Yam*. A Supramolecular
Strategy toward an Efficient and Selective Capture of Platinum(II) Complexes. J. Am. Chem. Soc. 141,
11204–11211 (2019).
2. Zhen Chen and Vivian Wing-Wah Yam*. Precise Size-Selective Sieving of Nanoparticles Using a Highly
Oriented Two-Dimensional Supramolecular Polymer. Angew. Chem. Int. Ed. DOI: 10.1002/anie.201913621

Superficial-Layer-Enhanced Raman Scattering (SLERS) for Depth Detection of
Noncontact Molecules
Prof. Wang Tie’ group from the Institute of Chemistry of Chinese Academy of Sciences
developed a superficial-layer-enhanced Raman scattering (SLERS) technique for detecting analytes
that are noninteractive with Raman-active substrates, by covering elongated tetrahexahedral gold
nanoparticle (ETHH Au NP) arrays with a superficial perovskite film. Synchrotron-based
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small-angle X-ray scattering (SAXS) from 1W2A station of Beijing Synchrotron Radiation Facility
was performed to characterize the structure of the ETHH NP arrays. These ETHH NP arrays provide
uniform and high-density SERS hotspot platforms, and the perovskite film as a dielectric media
retards attenuation of the electromagnetic evanescent wave. The information presented here will be
useful for both understanding the mechanism of SLERS, and for the widespread application of
Raman sensors.

Fig. a) Schematic diagram of the formation of a large‐scale ETHH NP arrays. b) Low‐ and c)
high‐magnification SEM image of ETHH NP arrays. Inset of (c): FFT pattern of vertical ETHH NP arrays in a
hexagonal lattice. d) The integrated data from the synchrotron‐based SAXS pattern (inset) shown that the ETHH
NP arrays combined lamellar (indicated in blue) and hexagonal structures (indicated in red), as illustrated by (e). f)
Schematic illustration of ETHH NP arrays coated by perovskite. g) Cross‐sectional SEM images and h)
energy‐dispersive spectroscopy mapping demonstrating the perovskite film on ETHH NP arrays.

Article:
Xuezhi Qiao, Zhenjie Xue, Lu Liu, Keyan Liu, and Tie Wang*. Superficial-Layer-Enhanced Raman Scattering
(SLERS) for Depth Detection of Noncontact Molecules. Adv. Mater. 2019, 31, 1804275.
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A Ferrite Synaptic Transistor with Topotactic Transformation
Dr. Ge Chen’ team of Institute of Physics Chinese Academy of Sciences designed a
high-performance synaptic transistor based on topotactic phase transformation material
(SrFeO2.5⇔SrFeO3) through the O2- ion exchange by ionic liquid gating. This work was published in
Advanced Materials (Advanced Materials 31, 1900379, 2019). The research team prepared a
high-quality SrFeO2.5 thin film through laser molecular beam epitaxy (Laser-MBE) technique. It was
demonstrated that the topotactic modulation of SrFeO2.5 phase transforms the brownmillerite (BM)
SrFeO2.5 and perovskite (PV) SrFeO3-δ, through controlling the insertion and extraction of oxygen
ions with ionic liquid gating. The phase transformation process is accompanied by changing in the
crystal structure, electrical conductivity, and optical absorption characteristics. By the way, the
physical properties can be maintained for at least one year after topotactic phase transition. To
examine the valence band electronic structures, soft X-ray absorption spectra (XAS) were performed
on the 4B9B beamline of the Beijing Synchrotron Radiation Facility (BSRF). This result of XAS
experiments confirms that the changes in the Fe valence state and oxygen content occurs via a gating
process, reflecting the modified electronic structures. Based on a topotactic phase transition between
crystalline phases, we presented a three-terminal ferrite synaptic device. We designed an
electrolyte-gated transistor architecture using pristine BM-SFO epitaxial films as the channel
material. A synaptic transistor with electrolyte-gated ferrite films by harnessing gate-controllable
multilevel conduction states, which is based on controlling the channel conductance via the insertion
and extraction of O2− ions through electrolyte gating. The conductance (≈5 nS) of the SFO-based
synaptic transistor is very low, which is particularly important for designing neural networks with
large-scale device arrays.
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Fig. Electrolyte-gated synaptic transistor based on topotactic phase transformation materials

Article:

Chen Ge,* Chang-xiang Liu, Qing-li Zhou, Qing-hua Zhang, Jian-yu Du, Jian-kun Li, Can Wang,
Lin Gu, Guo-zhen Yang, and Kui-juan Jin*. A Ferrite Synaptic Transistor with Topotactic
Transformation. Advanced Materials 31, 1900379 (2019).

A general method for synthesizing new semiconductor materials
Prof. Liu Yunqi’ group from the Institute of Chemistry of Chinese Academy of Sciences
developed a general two-step approach to obtain electron-withdrawing group (EWG) substituted
acceptors based on the BAI unit. The result was published at Advanced Materials (Adv. Funct. Mater.
29, 1804839, 2019). This approach was effective to introduce various EWGs (such as F, Cl, Br, CN
or CF3) into BAI at different substituted positions. Four polymers of PBAI-V, P2FBAI-V,
P2ClBAI-V, and P4OBAI-V were developed by this method. All the polymers showed ambipolar
transport behaviors. Particularly, P2ClBAI-V showed remarkable hole and electron mobilities of
4.04 and 1.46 cm2 V−1 s−1. Moreover, the general two-step approach can achieve various EWG
substituted BAI acceptors, which will significantly enrich the library of ambipolar polymers. 2D
grazing incident X-ray diffractions (2D-GIXRD) carried out at 1W1A station of Beijing Synchrotron
Radiation Facility were used to explore the crystalline nature of the polymers. The results show that
the introduction of chlorine atoms in the BAI molecule does not cause obvious steric hindrance,
which is effective intermolecular charge transport for carriers
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Fig. Synthetic route to substituted BAI

Article:
Jie Yang, Yaqian Jiang, Zeyi Tu, Zhiyuan Zhao, Jinyang Chen, Zhengran Yi, Yifan Li, Shuai Wang,* Yuanping
Yi,* Yunlong Guo,* and Yunqi Liu*. High-Performance Ambipolar Polymers Based on Electron-Withdrawing
Group Substituted Bay-Annulated Indigo . Adv. Funct. Mater. 2019, 29, 1804839.

Design, synthesis and electro-optical properties of conjugated polymers with
functional side chains
Prof. Zhang Deqing and colleagues from Institute of Chemistry, Chinese Academy of Sciences
have reported a series strategies through modifications of side-chains in organic semiconductors for
charge mobility enhancement with the help of 1W1A of Beijing Synchrotron Radiation Facility. In
this year, firstly, they successfully incorporated thymine groups in the side chains of DPP-based
conjugated polymer PDPP4T-T. The studies reveal that thin film of PDPP4T-T exhibits improved
crystallinity and higher charge mobility compared with analogous polymers with pure alkyl chains.
This is attributed to the formation of H-bonding among thymine groups demonstrated by GIWAXS
studies (1W1A of Beijing Synchrotron Radiation Facility), which could strengthen interchain
interactions and thus facilitate ordered packing of polymer chains (Chem. Mater. 2019, 31, 1800).
Secondly, they establish a new design strategy for photoresponsive conjugated polymers by
incorporating photochromic units (azobenzene) into the flexible side alkyl chains. They show that
azobenzene groups in the side chains of the DPP (PDAZO) can undergo trans-/cisphotoisomerization in fully reversible and fast manner. Optically tunable FETs with bistable states
were successfully fabricated with thin films of PDAZO. Additionally, thin film charge mobility of
PDAZO can be reversibly modulated by alternating UV and visible light irradiations. On the basis of
theoretical calculations and GIWAXS data (1W1A of Beijing Synchrotron Radiation Facility), they
hypothesize that the dipole moment and configuration changes associated with the trans-/cisphotoisomerization of azobenzene groups in PDAZO can affect the respective intra-chain and
inter-chain charge transporting, which is responsible for the optically tunable behavior for FETs with
thin films of PDAZO (Adv. Funct. Mater. 2019, 29, 1807176).
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Fig. Chemical structures of PDPP4T-T (above) and PDAZO (below)

Article:
1. Yizhou Yang, Zitong Liu,* Liangliang Chen, Jingjing Yao, Gaobo Lin, Xisha Zhang, Guanxin Zhang, and
Deqing Zhang* Conjugated Semiconducting Polymer with Thymine Groups in theSide Chains: Charge
Mobility Enhancement and Application for Selective Field-Effect Transistor Sensors toward CO and H2S.
Chem. Mater. 2019, 31, 1800.
2. Jianwu Tian, Lulu Fu, Zitong Liu,* Hua Geng, Yanan Sun, Gaobo Lin, Xisha Zhang, Guanxin Zhang, and
Deqing Zhang*. Optically Tunable Field Effect Transistors with Conjugated Polymer Entailing Azobenzene
Groups in the Side Chains. Adv. Funct. Mater. 2019, 29, 1807176.
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Investigation and fabrication of ternary organic photovoltaics
Prof. Zhang Fujun’ group from Beijing Jiaotong University investigated the influence of the third
component on the molecular arrangement of blend films by grazing incident X-ray diffraction
(GIXRD) carried out at 1W1A station of BSRF, which provided more solid support for the
performance change of OPVs. The related work was published in Nano Energy 59 (2019) 58, Nano
Energy 60 (2019) 768, Nano Energy 55 (2019) 424. In the ternary systems based on
PBDB-T-2F:FTTCN:IT-2F or PM6:J71:Br-ITIC as the active layers, more ordered face-on
orientation can be obtained by incorporating appropriate amount (20%) of the third component
(FTTCN or J71). The more ordered molecular arrangement should be beneficial to charge transport
in ternary active layers, which can well support performance improvement of OPVs. In the
PM6:J71:Br-ITIC based ternary system, the molecular arrangement can be kept well when the J71
content is increased to 60 wt% in donors, suggesting the good compatibility of used materials. In
PTB7-Th:BDTThIT-4F:IEICO-4F based ternary system, the face-on orientation is gradually
weakened and the edge-on orientation is gradually enhanced along with the incorporation of
IEICO-4F, which can well explain the change of fill factor.
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Article:
1. Miao Zhang, Ruijie Ming, Wei Gao, Qiaoshi An, Xiaoling Ma, Zhenghao Hu, Chuluo Yang, Fujun Zhang,
Ternary polymer solar cells with alloyed non-fullerene acceptor exhibiting 12.99% efficiency and 76.03% fill
factor. Nano Energy 59 (2019) 58-65.
2. Qiaoshi An, Jian Wang, Fujun Zhang. Ternary polymer solar cells with alloyed donor achieving 14.13%
efficiency and 78.4% fill factor. Nano Energy 60 (2019) 768-774.
3. Zhenghao Hu, Jian Wang, Zhi Wang, Wei Gao, Qiaoshi An, Miao Zhang, Xiaoling Ma, Jianxiao Wang,
Jianli Miao, Chuluo Yang, Fujun Zhang. Semitransparent ternary nonfullerene polymer solar cells exhibiting
9.40% efficiency and 24.6% average visible transmittance. Nano Energy 55 (2019) 424-432.

Negative area compressibility of a hydrogen-bonded two-dimensional material
Very few materials expand two-dimensionally under pressure, and such extremely rare
phenomenon, namely negative area compressibility (NAC), is highly desirable for technological
applications in pressure sensors and actuators. Hitherto, the few known NAC materials are
dominantly limited to 2D crystals bonded via coordination interactions while other 2D systems have
not been explored yet. A team from Nankai University, Hubei University of Education, University of
Utah and Chinese Academy of Sciences has gained insight into NAC of 2D crystals. Their research
has been published on January, 2019 in Chemical Science as the back cover.
The team reported the extremely rare NAC effect ( K(X2,

X3)=

-8.1(8) TPa−1 ) of a

hydrogen-bonded 2D supramolecular coordination complex, Zn(CH3COO)2•2H2O, with a synergistic
microscopic mechanism via a combined approach of high-pressure experiments carried out at
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4W2-High Pressure station of BSRF and first-principles calculations. They revealed that such an
unusual phenomenon, over a wide pressure range of 0.15-4.44 GPa without the occurrence of any
phase transitions. Compared with other known NAC materials, Zn(CH3COO)2•2H2O exhibits a
synergistic NAC mechanism which arises from a complex cooperation of in-plane coordination and
hydrogen-bonding, and out-of-plane van der Waals interactions in its supramolecular structure.
Moreover, the team proposed Zn(CH3COO)2•2H2O and other NAC crystals could have important
applications as pressure-converting materials for fabricating ultrasensitive pressure sensors.
Considering the intrinsic electronic difference between hydrogen-bonding and other bonding forces,
2D materials assembled via hydrogen-bonding will offer a new materials platform for exploring
pressure stimuli in quantum confined solids. More broadly, they envisaged the rich structural
diversity in coordination compounds and other molecular materials at extreme environments will
undoubtedly flourish the discovery of new electronic, optical and magnetic functionalities from
hybrid 2D materials by considering hydrogen-bonding and other supramolecular interactions.

Article:
Guoqiang Feng, Wei-Xiong Zhang, Liyuan Dong, Wei Li,* Weizhao Cai,* Wenjuan Wei,

Lijun Ji, Zheshuai

Lin,* Peixiang Lu*, Negative Area Compressibility of a Hydrogen-Bonded Two-Dimensional Material, Chem.
Sci., (10)2019, 1309–1315.
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The site occupancies, energy transfer and temperature sensitivities of Eu2+
activated luminescent materials
The optical thermometry based on lanthanide luminescence is generally realized by monitoring
the ratio of temperature-dependent 4f-4f emission intensities arising from two “thermally coupled” 4f
excited states in the system. Using the new strategy, the research group headed by Prof. Hongbin
Liang of Sun Yat-sen University recently reported the site occupancies, energy transfer and
temperature sensitivity of Eu2+ activated new luminescent materials, as well as their potential
applications in optical thermometry. The basic idea of this novel strategy is by recording the
difference in temperature-dependent 4f-5d luminescence intensities of Eu2+ at different sites in a
multi-site inorganic compound, and one typical representative was the Eu2+-doped Li4SrCa(SiO4)2
material. The relevant work has been published in ACS Appl. Mater. Interfaces, 2019, 11, 9691-9695.
In this work, the researchers found that the dopant Eu2+ ions could simultaneously replace the
Sr2+ and Ca2+ sites in Li4SrCa(SiO4)2 material which possessed the different coordination
environments. Photoluminescence properties of Eu2+-doped Li4SrCa(SiO4)2 were then investigated
with excitation energies in the vacuum-ultraviolet (VUV) to ultraviolet (UV) range measured at
BSRF (Beijing Synchrotron Radiation Facility) 4B8 experiment station, and the 4f-5d emission of
Eu2+ in different sites were detected around 425 nm and 570 nm, respectively. Eu L3-edge XANES
spectra of sample was collected at 1W2B station in BSRF, and the results demonstrated that a large
amount of Eu3+ existed in the material. After the detailed spectroscopic analysis, they found that the
dopant Eu3+ was preferably replaced the relatively small Ca2+ sites in the lattice, which was different
with the preferable substitution of Eu2+ in Sr2+ sites. Temperature-dependent luminescence properties
of Eu2+-doped material were subsequently studied, and a unique luminescence evolution of Eu2+ in
the as-prepared sample was detected during the first heating phase. As temperature increased from
RT to 500 K, the luminescence intensity of Eu2+ in Sr2+ sites rapidly decreased along with the
significant increase of Eu2+ luminescence located in Ca2+ sites. Such the luminescence evolution
could be only induced by the simultaneous action of UV illumination and thermal treatment. The
researchers believed that this phenomenon was probably related to the anomalous electron transfer
processes between Eu2+/Eu3+ located at different cationic sites in the system. Later, the emission
spectra of illuminated sample were recorded at different temperatures, and the results indicated that
the thermal quenching effect on luminescence of Eu2+ situated at Sr2+ sites was more significant than
that of Eu2+ in Ca2+ sites, leading to an observable luminescence colour change from blue-white to
yellow as temperature increased. Subsequent temperature cycling measurement further showed the
excellent temperature sensing repeatability of studied material, which reflected a great applications
potential of Eu2+-doped Li4SrCa(SiO4)2 in the optical thermometry field.
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Figure 1. (a) Site-dependent VUV−vis excitation/emission spectra of the as-prepared Eu2+-doped
Li4SrCa(SiO4)2 at 20 K; (b) site-dependent VUV−vis excitation spectra of Eu3+-doped Li4SrCa(SiO4)2 at 15 K; (c)
Eu L3-edge XANES spectra of Li4SrCa(SiO4)2:xEu2+ (x = 0.004-0.025) at RT; (d) luminescence intensities of Eu2+
situated at Sr2+ and Ca2+ sites in Eu2+-doped Li4SrCa(SiO4)2 under 330 and 425 nm excitations in different
temperature-variation phases; (e) CIE chromaticity coordinate changes of the sample under 330 nm illumination in
PHASE 3-5 and the corresponding luminescence photographs.

Later, they found that this strategy could be used in the design of other type of optical
thermometric material, such as Eu2+-doped Ca6BaP4O17 compound. Experimental results
demonstrated that this material also had a great potential for high-sensitive optical thermometry
applications. The relevant work has been published in Chemical Engineering Journal, 2019, 369,
376-385.
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Figure 2. (a) VUV−UV excitation spectra of Ca5.982Ba0.988Eu0.03P4O17 at 77 K; (b) normalized emission spectra
(λex = 300 nm) of Ca5.982Ba0.988Eu0.03P4O17 at 77–500 K and the inset illustrates the temperature-dependent FIR
values and the corresponding fitting result; (c) CIE chromaticity coordinates of Ca5.982Ba0.988Eu0.03P4O17 sample at
77–500 K and corresponding images at 77 and 500 K; (d) temperature-dependent FIR values of
Ca5.982Ba0.988Eu0.03P4O17 sample in the temperature-cycling measurements.

It was shown that the dopant Eu2+ could replace 12-coordinated Ba2+ sites, 8-coordinated Ca2+(1)
sites and 7-coordinated Ca2+(2) sites in Ca6BaP4O17 and the corresponding 4f-5d emissions were
detected in UV, green and yellow wavelength regions, respectively. Low temperature VUV-UV
excitation spectra of Eu2+ in different sites were then measured at 4B8 experiment station in BSRF.
Based on these spectroscopic data, the impact degrees of crystal field splitting on 4f-5d transition
properties of Eu2+ located at different sites as well as the substitution preference of Eu2+ in the
system were obtained. Subsequently, the researchers investigated the energy transfer dynamics of
different Eu2+ in Ca6BaP4O17 and discussed the concentration-dependent luminescence properties of
studied materials. Temperature-dependent Eu2+ luminescence properties were then studied. It was
showed that the thermal quenching effect on Eu2+ luminescence situated at two different Ca2+ sites
was more significant than that of Eu2+ replaced Ba2+ sites, which was probably associated with the
existence of “isolated” oxygen ions in the coordination environments of Ca2+ sites. Later, the
researchers showed that the luminescence color of material could be tuned in a wide color coordinate
range as temperature increased, demonstrating the application potential of Eu2+-doped Ca6BaP4O17 in
optical thermometry.
Besides that, this group also engaged in the investigation of the correlated relationship between
luminescence properties of optical material and temperature. Generally, the increase in temperature
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induces the variation of local crystal structure of inorganic material and directly affect the
photoluminescence performance of material. From the view of application, finding a way to maintain
the luminescence intensity of optical material at different operation temperatures is one of the most
difficult problems for researchers in this field. Recently, this group reported that a remarkable
zero-thermal quenching of Mn2+ red luminescence was achieved in Eu2+, Mn2+-codoped BMPO over
a wide temperature range by successfully constructing a high-efficient Eu2+-Mn2+ energy transfer
framework. The relevant work has been published in Adv. Optical Mater., 2019, 7, 1901187.

Figure 3. (a) Low-temperature VUV–UV normalized excitation/emission spectra of Eu2+-doped BaMgP2O7; (b)
VUV–UV–vis normalized excitation spectrum of Mn2+-doped BaMgP2O7 at 100 K, with an enlarged view in the
300–600 nm region displayed in the inset; (c) temperature-dependent area-normalized emission spectra of
BaMgP2O7:0.05Eu/0.15Mn under 300 nm excitation; (d) temperature dependences of Mn2+ emission intensities of
BaMgP2O7:0.05Eu/0.15Mn upon 300 and 420 nm excitations; (e) in situ Eu L3-edge XANES spectra of
BaMgP2O7:0.05Eu at elevated temperatures, with enlarged views of Eu2+ and Eu3+ absorption signals at different
temperatures given in the insets; (f) schematic illustration of the mechanism for thermal-enhanced luminescence in
Eu2+-doped BaMgP2O7.

It was found that the thermal-induced luminescence enhancement of Eu2+ in the system was the
key factor to cause the temperature-insensitive properties of Mn2+ 3d-3d luminescence in Eu2+-Mn2+
codoped BaMgP2O7 material. The 4f/5d transition properties of Eu2+ and the relevant positionings of
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host valence band, conduction band and defect level in BaMgP2O7 was investigated in detail by
employing the VUV-UV light source provided by 4B8 station in BSRF. Combining with the results
obtained from other regular and synchrotron radiation-based spectroscopic techniques, the
researchers gave a reasonable explanation on the phenomenon of thermal-induced luminescence
enhancement of Eu2+, which created a strong foundation to comprehend the underlying nature of
zero-thermal quenching of Mn2+ luminescence in the system. This work provided a feasible scheme
for relieving the luminescence thermal quenching of optical materials and showed a guidance for
relevant researchers to develop the luminescence materials with high temperature stability in the
future.

Article：
Rui Shi, Lixin Ning,* Yan Huang, Ye Tao, Lirong Zheng, Zhibing Li, and Hongbin Liang*.
Li4SrCa(SiO4)2:Eu2+: A Potential Temperature Sensor with Unique Optical Thermometric Properties. ACS Appl.
Mater. Interfaces 2019, 11, 9691-9695.

Boosting the Electrical Double-Layer Capacitance of Graphene by Self-Doped
Defects through Ball-Milling
Defect is one of the most important influence factors for the energy storage and electrocatalysis
performance of carbon materials. The defect structure in carbons can be divided into foreign-doping
(heteroatoms, functional groups, etc.) and self-doping (voids, vacancies, Stone-Wales, edges, etc.)
defects. Particularly, self-doping defects are commonly considered to reduce the capacitive and rate
performance of carbons due to the breaking of carbon skeleton and conductive network. Only a few
researchers realized that self-doping defects may also improve the capacitive performance possibly
through changing the charge distribution, or providing quantum capacitances. However, these works
are primarily done based on either simulation methods or model products (such as single-layer
graphene). The effect of defects towards electrochemical behaviors of carbons, the underlying
influencing mechanisms, as well as the practical approaches to controllably engineer defect
structures for designing advanced carbon materials are still unclear.
The team prepared defective graphene blocks (DGB) from expanded graphene (EG) through
ball-milling under Ar protection to controllably introduce self-doping defects. The results show that
DGB with ultralow surface area exhibits higher capacitance than EG, and excellent rate capability.
Self-doped defects can perform as active sites contributing double-layer capacitance. One unit
increment of defect density (ID/IG) in DGB can provide a remarkably high capacitance of 114 F g-1.
The specific areal capacitance of DGB is 7.91 F cm-2 including a self-doping defects contribution of
4.81 F cm-2, which is much higher than the theoretical value of graphene (0.21 F cm -2). Besides, the
packing density (0.917 g cm-3) and volumetric performance of DGB are greatly enhanced due to the
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densification effect of ball-milling. This research has been published on April 10th, 2019 in Advanced
Functional Materials.

Band structure of DGB using synchrotron radiation at BSRF. The peak between π* (~286 eV) and σ* (293 eV)
in C1s spectra is corresponded to the sp3 bonding configuration, with a minor contribution may come from C-H at
the edge or defective sites. This peak is obviously enhanced after ball-milling, further proving the increased defect
density. The result is in well accordance with Raman and XPS.

The research provides a simple ball-milling method to controllably introduce self-doping
defects, which improve the electrical double-layer capacitance and maintain good rate and cycle
performance of graphene. The density and volumetric performance are also improved due to the
densification of ball-milling. This work reveal the influence and the underlying mechanism of
self-doped defects towards electrochemical behaviors of carbons, providing a new thinking for
designing high performance compact energy storage materials.
Article:
Yue Dong, Su Zhang, Xian Du, Song Hong, Shengna Zhao, Yaxin Chen, Xiaohong Chen, and Huaihe Song*
Boosting the Electrical Double-Layer Capacitance of Graphene by Self-Doped Defects through Ball-Milling.
Adv. Funct. Mater. 29 (2019), 1901127.
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Coordination mode engineering in Pyramid-like MOFs
Metal–organic frameworks (MOFs), as a kind of porous material, have received increasing
interest in catalytic application due to their fascinating structure. However, systematically
engineering coordination modes of metal sites in MOFs and establishing the exact
structure-to-property correlation between coordination and catalytic activity remains challenging.
Prof. Wang tie's group from the Institute of Chemistry of the Chinese Academy of Sciences and Prof.
Lin Zhenyu from Fuzhou University have gained insight into the coordination modes and their
catalytic reactivity in MOFs. Their research has been published on June 25th, 2019 in Nature
Communications.
Guided by theoretical calculation, the research team found that the three-coordinated Cu sites
have the highest activity among the four coordination states (four-, two- and one-coordinated sites).
Subsequently, they developed a facile etching strategy for preparation of three-coordinated Cu sites
on the surface of MOF by selectively etching the classical MOF along the (111) facets. After etching
along different facets, Cu sites with four different coordination modes were successfully obtained.
The highly active three-coordinated Cu sites were effective for important cycloaddition reaction of
CO2, inducing activity markedly exceeding the maximum values of previous reported catalysts. In
addition, because the three dimensional MOF nanosheet-assembled pyramid enables distribution of
the stress or strain developed during the chemical reaction, the MOF heterogeneous catalyst could
maintain undiminished activity for a long time.

Structure of MOFs with different coordination modes are determined and analyzed by XAFS carried out at
1W1B-XAFS station of BSRF. The etching effects and the underlying structural modifications were identified by
qualitative and quantitative EXAFS analysis. Based on the analysis of XANES spectroscopy and theoretical
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simulation, the 3D arrangement of atoms at the defective Cu site structures were obtained. The clear structural
analysis laid a solid foundation for the later study of the relationship between structure and performance.

The research, a facile “cutting” strategy to obtain low-coordinated and high active copper sites,
not only provides a highly efficient and stable catalyst for carbon fixation, but also pays the way to
dig out the relationship between metal coordination modes and their activity in MOF. In such a
research, synchrotron sources are the key to unveil the complex structures. "Studying the
coordination engineering in MOF crystals can provide inspiration for the design of other
nanocatalysts, and the foundation is the exact structure identification on the basis of synchrotron
radiation technique. Such a strong technical support enables us to conduct a series of researches on
structure-property-function and achieve numerous progresses. More brilliant synchrotron beams can
surely help to demystify the physical world." explains Wang Tie, the team leader and the professor of
Institute of Chemistry, Chinese Academy of Sciences.

Article:
Chuanhui Huang, Juncai Dong, Weiming Sun, Zhenjie Xue, Jun Ma, Lirong Zheng, Cong Liu, Xiao Li, Kang
Zhou, Xuezhi Qiao, Qian Song, Wende Ma, Lan Zhang, Zhenyu Lin * & Tie Wang*. Coordination mode
engineering in stacked-nanosheet metal–organic frameworks to enhance catalytic reactivity and structural
robustness. Nature communications, 2019, 10(1): 1-10.

Modulation of high temperature polymer electrolyte membrane
Phosphoric acid-doped polymer electrolyte membrane is considered as the most promise high
temperature polymer electrolyte membrane (HT-PEM) due to high proton conductivity, good
chemical and thermodynamic stability under high temperature, low relative humidity or anhydrous
conditions. However, for such kind of HT-PEM, there is a trade-off relation between the mechanical
properties and proton transfer properties. The strategy that the design of micro-phase separation
structure adjusts performance has solved successfully the balance between the mechanical properties
and proton conductivity of low-temperature polymer electrolyte membranes. However, it has not
been applied in the field of the design and research of HT-PEM materials. Beijing Key Laboratory of
Bio-inspired Energy Materials and Devices (Beihang University) firstly proposed the design concept
of micro-phase separation structure of HT-PEM, and conducted a comprehensive and systematic
deep study on the micro-phase separation design and performance modulation of HT-PEM. Related
research results were published in the Journal of Membrane Science in volumes 572 and 592 in 2019
and in the Journal of Power Sources in volume 443 in 2019.
This

team

grafted

the

nitrogen-containing

functional

groups

(such

as

2,4,6-tri(dimethylaminomethyl)-phenol, vinylimidazole, etc.) as phosphoric acid anchoring sites
method on Polysulfone molecular main chain via the Friedel-Grafts reaction and the atom transfer
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radical polymerization, obtaining a series of polymer materials with different side chain structures.
Research results showed that the side chain structure is benefit for the formation of micro-phase
separation structure of phosphoric acid-doped HT-PEM. The nitrogen-containing functional groups
on the side chain structure could absorb phosphoric acid to form hydrophilic ion clusters, and the
hydrophobic main chain formed hydrophobic domain. Therefore, the micro-phase separation
structure exists in membrane. Such structure on the one hand provides a fast proton transport channel,
on the other hand, the accumulation of phosphoric acid in the hydrophilic area reduces the
plasticizing effect of phosphoric acid molecules on the polymer backbone, retaining the mechanical
properties of the membranes. In addition, the team continued to design and develop the main chain
type micro-phase separation poly(arylene piperidine)s membrane material. They use 1W2A-SAXS
station of Beijing Synchrotron Radiation Facility to measure the optimized membrane material ion
cluster size of 2.58 nm, the proton conductivity was as high as 0.096 S cm-1, and the tensile strength
reached 12 MPa, which achieves a win-win situation between proton transfer performance and
mechanical performance. The HT-PEM fuel cell based on PPT/PA membrane has a maximum output
power density of 1.2 W cm-2 at 180 oC and exhibits excellent stability during 1600 h. This work
indicated PPT were a promising PA doping polymer matrix for HT-PEM fuel cells application.
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Article:
1. Jujia Zhang, Jin Zhang, Huijuan Bai, Qinglong Tan, Haining Wang, Baoshan He, Yan Xiang, Shanfu Lu. A
new high temperature polymer electrolyte membrane based on trifunctional group grafted polysulfone for
fuel cell application. Journal of Membrane Science 572 (2019), 496–503.
2. Huijuan Bai, Haining Wang, Jin Zhang, Jujia Zhang, Shanfu Lu,∗ Yan Xiang.∗∗ High temperature polymer
electrolyte membrane achieved by grafting poly (1-vinylimidazole) on polysulfone for fuel cells application.
Journal of Membrane Science 592 (2019) 117395.
3. Huijuan Bai,a Hanqing Peng,b Yan Xiang,a Jin Zhang,a Haining Wang,a Shanfu Lu,a* Lin Zhuang.b**
Poly(arylene piperidine)s w.ith phosphoric acid doping as high temperature polymer electrolyte membrane
for durable, high-performance fuel cells. Journal of Power Sources 443 (2019) 227219.

Pressure-induced emission (PIE) and band-gap engineering
Pressure, as an important thermodynamic parameter and extreme condition, is a parameter
independent of temperature and chemical composition. It is as important as both temperature and
chemical composition. With the addition of the pressure dimension, the entire physical world is
greatly enriched. Pressure can effectively change the interaction between atoms inside the material
and induce the generation of high-pressure new phase, revealing the underlying transformation
mechanism and searching for new materials with improved properties. In the development of new
concepts and new theories, it has played an important role that cannot be replaced by other means.
Luminescent materials have always been an important class of materials for scientists concerned
about national economy and people's livelihood. However, the intensity of emission was always
decreased with the increasing pressure, which makes the research on emission under high pressure
attract little attention. Especially the luminescent behavior in the non-emissive materials are never
reported under high pressure. In addition, how to develop the bandgap project to realize the response
of the visible spectrum is one of the key problems in color coding and energy technology. High
pressure can effectively control the quantum energy level structure of low-dimensional materials
without changing the material composition. With the rapid development of halide perovskites, based
on excellent optical properties and low cost, they have potential applications in photovoltaic cells,
light-emitting diodes, photodetectors and other fields.
The group of Professor Bo Zou, Jilin University, has found a new phenomenon of
pressure-induced emission in the zero-dimensional (0D) halide perovskite Cs4PbBr6, and proposed
the concept of pressure-induced emission (PIE). Then in 2019, the phenomenon of PIE was also
realized in the one-dimensional (1D) hybrid organic−inorganic halide perovskite C4N2H14SnBr4. It is
observed that C4N2H14SnBr4 initially exhibited no PL response to the external pressure below 2.06
GPa and the PL intensity experienced a persistent increase with increasing pressure, until it reached
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the maximum at about 8.01 GPa. In situ high-pressure ADXRD pattern obtained by the experiments
carried out 4W2-High Pressure station of BSRF shows that the structure of C4N2H14SnBr4
experienced a phase transition from the monoclinic (I2/M) phase to the triclinic (P-1) phase and
accompanied by the great distortion of the octahedra. To elucidate the underlying mechanism of PIE
in C4N2H14SnBr4, we adopted first-principles calculations associated with STEs. Our work proved
the possibility of fluorescence engineering in low-dimensional lead-free perovskites with enhanced
functionality through high-pressure structural modulation, and provided a new idea for the design
and synthesis of new high-efficient luminescent perovskites. The corresponding research result was
published in J. Am. Chem. Soc., 2019, 141, 6504. Furthermore, the phenomenon of PIE was realized
in the two-dimensional (2D) hybrid organic−inorganic halide perovskite (C6H5C2H4NH3)2PbBr4, and
the related result was published in Adv. Sci. 2019, 6, 1801628. At the same time, the regulation of
orbit coupling by pressure can give rise to the band-gap modulation and the metallization of halide
perovskites. The relate results were published in J. Phys. Chem. Lett. 2019, 10, 1676 and Nanoscale,
2019, 11, 820.
Article:
1. Y. Shi, Z. Ma, D. Zhao, Y. Chen, Y. Cao, K. Wang, G. Xiao,* and Bo Zou*, “Pressure-induced emission
(PIE) of one-dimensional organic tin bromide perovskites”, J. Am. Chem. Soc., 2019, 141, 6504-6508.
2. L. Zhang, L. Wu, K.Wang,* and B. Zou*, Pressure-Induced Broadband Emission of 2D Organic–Inorganic
Hybrid Perovskite (C6H5C2H4NH3)2PbBr, Adv. Sci. 2019, 6, 1801628.
3. L.Zhang, C. Liu, Y. Lin, K. Wang,* F. Ke, C. Liu,* W. L. Mao,* B. Zou,* Tuning Optical and Electronic
Properties in Low-Toxicity Organic–Inorganic Hybrid (CH3NH3)3Bi2I9 under High Pressure, J. Phys. Chem.
Lett. 2019, 10, 1676-1683.
4. Z. Ma, F. Li, G. Qi, L.Wang, C. Liu, K. Wang, G. Xiao,* and B. Zou, “Structural stability and optical
properties of two-dimensional perovskite-like CsPb2Br5 microplates in response to pressure”, Nanoscale,
2019, 11, 820-825.

The role of cupric ions in the oxidative dissolution process of marmatite: A
dependence on Cu2+ concentration
Marmatite (iron containing sphalerite) is one of the most abundant Zn-bearing resources on
earth, which has an important position in the zinc industry. Marmatite frequently occur in ore
deposits associated with the other metal sulfides like copper sulfides (such as chalcopyrite, bornite
and chalcocite). It is a challenge to separate complex copper-zinc ores deeply in flotation, because
cupric ions can significantly active marmatite flotation. Hence, cupric ions always cannot be avoided
in the hydrometallurgical process of marmatite. Meanwhile, the oxidative dissolution of abandoned
wastes containing marmatite will release heavy metal ions and cause environmental contamination.
Hence, the reaction mechanism and intermediate products during the dissolution process of
marmatite in the presence of cupric ions are important but still not certain. A team from Key Lab of
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Biohydrometallurgy of Ministry of Education of Central South University investigated the role of
cupric ions in the dissolution process of marmatite and the reaction mechanism. The research results
have been published in Science of the Total Environment, on July 20, 2019.
The research team found that the role of cupric ions in marmatite dissolution was significantly
dependent on cupric ions concentration. A low Cu2+ concentration (0.25-750 mg/L) can significantly
accelerate marmatite dissolution, and a relatively high Cu2+ concentration (above 1000 mg/L)
hindered marmatite dissolution.

Leaching residue was analyzed by the experiments data obtained at Beijing Synchrotron Radiation Facility
(BSRF). It was found that characteristic peak belonging to the Cu-S phase was not detected in the residue,
confirming that the reaction between copper ions and marmatite was surface reaction. The proportion of copper and
polysulfide (Sn2-) was significantly increased within 10 nm of the residue surface, as the concentration of copper
ions in the solution increased.

This work provides scientific ideas and references for controlling the dissolution process of
marmatite in the presence of cupric ions, and is important for both hydrometallurgy and environment
protection. Synchrotron sources have helped the team reveal the specific mechanism of cupric ions in
marmatite dissolution. “The role of cupric ions in marmatite dissolution significantly depends on its
concentration. The adsorption products at low cupric ions concentration can improve the
electrochemical reactivity of marmatite, thus promoting its dissolution process. However, a
passivation layer mainly consisting of Cu-S, Cu-O and Cu-Sn species formed due to the high
percentage of Cu2+ adsorption. The passivation layer decreased the electrochemical reactivity of
marmatite surface, thus resulting in hindering the oxidative dissolution of marmatite. The higher
energy synchrotron radiation beam line definitely assist us in determining the intermediate products”,
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explained by Hongbo Zhao, professor from Key Lab of Biohydrometallurgy of Ministry of
Education, Central South university.
Article:
Xiaoyu Meng, Hongbo Zhao, Menglin Sun, Yisheng Zhang, Yanjun Zhang, Xin Lv, Shuai Wang, Guanzhou
Qiu , Role of cupric ions in the oxidative dissolution process of marmatite: a dependence on Cu2+
concentrations. Science of the Total Environment, 2019, 675:213-223.

Interaction between two-dimensional nano-MoS2 and organisms using
synchrotron radiation technology
The interaction between nanomaterials and living systems and their health effects is an
important frontier scientific problem in the field of nanoscience and nanotechnology. As a typical
graphene-like inorganic nanomaterial, molybdenum sulfide (MoS2) nanosheets have unique
advantages such as large specific surface area, abundant electronic energy band and enzyme-like
activity, making it widely used in the fields of optoelectronics, sensing, catalysis, energy storage and
conversion devices. In recent years, based on its advantages of high near-infrared photothermal
conversion efficiency, easy surface modification and large surface area, nano-MoS2 has also received
extensive attention in the field of biomedicine. Therefore, it is very important to study its biological
effects and safety. Due to the unique physical and chemical properties of nano-MoS2, the traditional
evaluation methods and techniques are unable to meet the needs of the research on the biological
effects and safety of nanomaterials.
The analysis method based on synchrotron radiation X-ray has the characteristics of high spatial
resolution, high sensitivity, and high intensity, which has great potential in exploring the biological
species morphology/state, transport and interaction between nanomaterials and biological interfaces.
Team of institute of high energy and physics, Chinese Academy of Sciences use the Beijing
synchrotron radiation Facility (BSRF) X-ray absorption near-edge spectroscopy (XANES) and
transmission X-ray microscope imaging (SR-TXM) developed a series of new nano-biological effect
analysis and characterization technology on the basis of transition metal sulfur/oxide nanomaterials.
They used in-situ, dynamic synchronous radiation XANES and SR-TXM, combining with the
conventional transmission electron microscopic imaging (TEM), inductively coupled plasma mass
spectrometry (ICP-MS) and X-ray photoelectron spectroscopy (XPS) to study the different physical
and chemical properties of transition metal sulfides with specific biological effect in the process of
accumulation, distribution, and chemical conversion, metabolism kinetic behavior. They further
illustrate the relationship between structure of nanomaterials in biological environment and
biological effects. The results showed that distribution and metabolic behavior of different physical
and chemical properties of nano-MoS2 were significantly different in vivo, which provided an
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important basis for further studies on its long-term toxicity, in vivo metabolic behavior and
structure-activity rules.
The work was published in Nanoscale, 2019, 11, 4767 -- 4780 (Hot Article 2019).The first
authors of the paper is Linqiang Mei. The Prof Zhanjun Gu, Wenyan Yin and Chunjian Su are the
corresponding authors of the paper.

Article:
Linqiang Mei, Xiao Zhang, Wenyan Yin, * Xinghua Dong, Zhao Guo, Wenhui Fu, Chunjian Su,* Zhanjun Gu*
and Yuliang Zhao. Translocation, Biotransformation-Related Degradation, and Toxicity Assessment of
Polyvinylpyrrolidone Modified 2H Nano-MoS2. Nanoscale, 2019, 11, 4767–4780.

Influence of Surface Charge on the Phytotoxicity, Transformation, and
Translocation of CeO2 Nanoparticles in Cucumber Plants
CeO2 nanoparticles are widely used in various applications. Their toxicity and environmental
effects have attracted more and more attention in recent years. As an important component of the
ecosystem, plant is a potential way for their bioaccumulation and entry into the food chain. However,
there are few reports on the absorption and transport of nCeO2 in plants. Prof. Zhang Zhiyong’s team
from CAS Key Laboratory of Biological Effects of Nanomaterials and Nanosafety, Institute of high
energy physics, studied the effects of surface charge on the transport, transformation and toxicity of
nCeO2 in plants. Their research has been published on 8th, May, 2019 in ACS Appl Mater Interfaces.
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The physiochemical properties of nanoparticles, including size, morphology, surface charge,
chemical composition, etc. are key factors that affecting the biological effects and environmental
behavior of NPs. In this study, the authors treated cucumber seedlings with positively charged (Cs)
and negatively charged (PAA) CeO2 NPs. Then, contents, distribution, translocation, and
transformation of Ce in plants were analyzed using ICP-MS, μ-XRF, and XANES, respectively.
Results show that the seedling growth and Ce contents in plant tissues were functions of exposure
concentrations and surface charge. Cs-nCeO2 was adsorbed strongly on the negatively charged root
surface, which led to significantly higher Ce contents in the roots and lower translocation factors of
Ce from the roots to shoots in Cs-nCeO2 group than in PAA-nCeO2 group. The results of μ-XRF
show that Ce was mainly accumulated at the root tips and lateral roots, as well as in the veins and at
the edge of leaves. XANES results reveal that the proportion of Ce(III) was comparable in the plant
tissues of the two groups. It was speculated that Cs-nCeO2 and PAA-nCeO2 were partially dissolved
under the effect of root exudates, releasing Ce3+ ions as a result. Then, the Ce3+ ions were transported
upward as Ce(III) complexes along the vascular bundles and eventually accumulated in the veins.
The other portion of Cs-nCeO2 and PAA-nCeO2 entered the roots at root tips/lateral roots and was
transported upward as intact NPs and finally accumulated at the edge of the blade.
This study suggests that surface charge plays a key role in the absorption and transport of
nanoparticles in plants. This provides a scientific basis for the research and development of targeted
nano-pesticides and nano-agricultural fertilizers, and deepens the understanding of the interaction
mechanisms between NPs and plants.

Two-dimensional distributions of Ce in plant tissues after treatments of nCeO2 with different surface charges
were obtained using -XRF at Beijing Synchrotron Radiation Facility (BSRF). Ce signals were detected mainly in
the root tips and the main roots under the two treatments. Moreover, the intensity of Ce in Cs-nCeO2 group was
significantly higher than that in PAA-nCeO2 group, which was consistent with the result of ICP-MS.
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Mengyao Liu, Sheng Feng, Yuhui Ma,* Changjian Xie, Xiao He, Yayun Ding, Junzhe Zhang, Wenhe Luo,
Lirong Zheng, Dongliang Chen, Fang Yang,* Zhifang Chai, Yuliang Zhao, and Zhiyong Zhang*. Influence of
Surface Charge on the Phytotoxicity, Transformation, and Translocation of CeO2 Nanoparticles in Cucumber
Plants. ACS Appl. Mater. Interfaces, 2019, 11, 16905-16913.

Synchrotron radiation technology revealed the real status of phosphorus species
in conservational tillage soils at molecular scale
The status of the phosphorus pool controls its bioavailability of in the agricultural soils, which is
crucial to the turnover of nutrients among soil, plant, and environment. The traditional continuous
extraction method of phosphorus fractions has only operational significance and cannot reflect the
real phosphorus forms in the soil. The development of X-ray absorption near-edge structure
spectroscopy based on synchrotron radiation has provided more accurate phosphorus species
information at molecular scale. Although some studies have used this technique to conduct
preliminary studies on the characteristics of phosphorus in some soils, the key evidence of
phosphorus species and transformation characteristics of conservational tillage soil is still unclear. In
December 2019, a research team led by Professor Liang Xinqiang from the college of Environmental
& Resource sciences of Zhejiang University published a paper entitled "The influence of no-till
coupled with straw return on soil phosphorus speciation in a two-year rice-fallow practice” in the
journal of Soil & Tillage Research. Through a two-year field experiment, they revealed the pecies of
phosphorus and its transformation process in the conservational tillage soils using P-k-edge
synchrotron radiation technology.
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Effect of conservational tillage on soil phosphorus spiecies at the molecular scale

The study found that conservational tillage (no-till + straw return) significantly increased soil
total phosphorus and available phosphorus content. P K-edge XANES spectroscopy analysis further
revealed the impact of conservational tillage on the different characteristics of the relative
proportions of phosphorus bound to calcium (Ca), iron (Fe) and aluminum (Al) oxides in loam and
clay soils. At the molecular scale, two years of conservational tillage increased soil Ca and Fe
oxide-bound phosphorus by 10.4%-27.6%, respectively; while the relative proportion of Al
oxide-bound phosphorus decreased by 38.6%-40.7%. This confirmed conservational tillage can
improve the bio-availability of soil phosphorus.
This study provides a theoretical basis for us to understand the turnover mechanism of
phosphorus in conservational tillage soils. In this work, the Beijing Synchrotron Radiation Facility
(BSRF) provided key technical support, and the true species of phosphorus in the soil was revealed
by the P K-edge XANES spectral analysis technique. Professor Liang Xinqiang of the college of
Environmental & Resource of Zhejiang University believes that "This work is an important
supplement to the phosphorus management strategy in conservational tillage soils. The
bio-availability of soil phosphorus is closely related to its occurrence forms. However, the current
continuous extraction method cannot reflect the true species of phosphorus in the soil. Synchrotron
radiation P-k-XANES spectral analysis technology can be complementally used with

31

P-NMR

nuclear magnetic resonance technology to explain the soil inorganic and organic phosphorus species
at molecular scale. These studies will certainly help to uncover the mysterious veil of soil
phosphorus pool and provide the possibility of improving the bioavailability of phosphorus and
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reducing its losses from agricultural soils”

Article:
Fayong Li, Xinqiang Liang*, Huifang Zhang, Guangming Tian. The influence of no-till coupled with straw
return on soil phosphorus speciation in a two-year rice-fallow practice. Soil & Tillage Research 195(2019),
104389.

Biochar Amendment to Further Reduce Methylmercury Accumulation in Rice
Grown in Selenium-amended Paddy Soil
Methylmercury (MeHg) accumulation in rice is an emerging food safety issue in China and
other countries; however, mitigation methods are scarce. A joint research group from School of the
Environment and Key Laboratory of Geographic Information Science, Ministry of Education, East
China Normal University has gained insight into a novel remediation strategy to mitigate MeHg
accumulation in rice grown in mercury-contaminated paddy soil. Their research has been published
on March 5th, 2019 in Journal of Hazardous Materials.
The team investigated the effects of selenium (Se) and multiple applications of Se and biochar
on rice MeHg bioaccumulation by using pot and microcosm experiments. They found that Se
amendment was still effective in reducing MeHg levels in paddy soil and rice grain after three years
of aging. Biochar amendment (0.5%, w/w) further decreased grain (brown rice) MeHg levels by
82–87%. The grain MeHg level decrease following the combination of Se and biochar amendment
could be partly attributed to inhibition of net MeHg production in soil by Se. In addition, biochar
decreased not only net MeHg production but also MeHg bioavailability in the soil, which could be
due to organosulfur compounds in the biochar.
The fitting results showed that the organosulfur compound (which has a structure similar to that
of dibenzothiophene) represented ∼23% of the total sulfur content in the biochar. The results are
similar to those obtained for oak- and corn stover-derived biochar.

https://www.sciencedirect.com/science/article/pii/S0304389418310720

110

2019 Highlights

XANES spectrum of biochar (black line) generated from bamboo at 600 ℃ for 1 h and the linear combination
fitting result (red line, R-factor = 0.0032; reduced chi-squared = 0.0064) from two S model compounds,
dibenzothiophene (a) and potassium sulfate (b). The black dotted vertical lines indicate the dominant peaks at 2474
and 2482.5 eV.

The results suggest that multiple applications of Se and biochar could be a novel remediation
strategy to mitigate MeHg accumulation in rice, synchrotron source 4B7A (BSRF) has helped the
team to unveil the sulfur species in bamboo-derived biochar. "However, the application rate of Se
should be carefully considered due to its potential environmental risk at high levels. Remediation
strategies using biochars from different types of feedstocks and pyrolysis processes could be an
alternative approach for Hg-contaminated soil or sediment. X-ray absorption near-edge structure
(XANES) can provide direct speciation information of sulfur and other elements in biochars and
improve the understanding of interactions between MeHg and biochar." explains Huan Zhong, the
team leader (metal biogeochemistry and food safety lab) and the professor of School of the
Environment, Nanjing University.
Article:
Yongjie Wang, Fei Dang, Xiangmin Zheng*, Huan Zhong* Biochar Amendment to Further Reduce
Methylmercury Accumulation in Rice Grown in Selenium-amended Paddy Soil. Journal of Hazardous
Materials. 365(2019), 590–596.

Sorption of Lead in Soil Amended with Coconut Fiber Biochar: Geochemical and
Spectroscopic Investigations
Biochar, an eco-friendly amendment, has been extensively studied as a technology for
immobilizing heavy metal contaminants in soils. It was reported that mineral oxides (iron oxide),
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clay minerals and organic matters in the soil played an important role in retaining heavy metals.
Many studies have found that biochar amendments can significantly enhance the sorption capacities
of heavy metals in acidic soils. Few studies, however, have clearly investigated the sorption capacity
of CFB particles, mineral oxides, clay minerals, and organic matters to heavy metals and its
mechanisms in soils. A collaborative team between Hainan University and Foshan University has
gained insight into the dynamical behaviors of coconut fiber-derived biochar (CFB) to enhance the
immobilization capacity of the studied soil for lead (Pb) and its mechanisms. Their research was
published in Geoderma on 15 September 2019.

The figure presents graphical synopsis on the dynamical behaviors of CFB to enhance the immobilization
capacity of the studied soil for Pb and its mechanisms. The CFB particles possibly offer more binding sites of
PO3−
and carboxylic functional groups (with strong absorptivity) than the binding sites of −FeO(OH), SiO2−
4
3 ,
Al2O3 and organic functional groups provided by the original soil particles alone (no biochar) for Pb.

The team found that after CFB treatments (at 2% and 4% (w/w)) and aging, the immobilized Pb
(non EDTA extractable Pb) in the CFB-amended soil (with Pb of 600 mg kg−1) increased
significantly with the increase of the CFB addition under geochemical investigations, that is, CFB
amendment can significantly enhance the capacity of soil to immobilize Pb. The immobilized Pb in
CFB-amended soil enhanced by CFB is optimized at 90-day of incubation and tends to be constant.
The Pb content in organic matter bound fraction of the CFB-amended soil (with 2% and 4% CFB)
increased by 29.5% and 33.5%, respectively, compared to the control soil after 150-day of
112

2019 Highlights

incubation.
The mapping results showed that, more Pb was absorbed by CFB particles in the micro-region
of CFB-amended soil rather than soil particles using the synchrotron radiation based µ-XRF at BSRF;
While the XAFS results found that, the relative contents of Pb-loaded humic acid (HA) and
Pb3(PO4)2 were increased by 12.5% and 6.1% in the CFB-amended (2% CFB) soil compared to the
un-amended soil, respectively, after 150-day of incubation. The species of Pb(C2H3O2)2 (with a
similar structure of C−O−Pb−O−C) account for 71.3% in Pb-loaded HA. Overall, the original soil
particles could offer binding sites of −FeO(OH), SiO2−
3 , Al2O3 and organic functional groups for Pb
as the CFB-amended soil was contaminated by Pb. The CFB particles, however, provide more
binding sites of carboxylic functional groups and PO3−
(with strong absorptivity) for Pb, thus, the
4
CFB-amended soil has a higher immobilization capacity for Pb as compared with the control soil.
The research provides the scientific community clues to understand the dynamical behaviors
and mechanisms of biochar to immobilize Pb in contaminated soils. Synchrotron sources have helped
the team to unveil the spatial distribution of heavy metals on biochar particles and soil particles, as
well as the molecular species of heavy metals absorbed by soil components. “Most of the physical
and chemical reactions of biochar to heavy metal contaminants such as the sorption, precipitation,
complexation and chelation were mainly occurring on the surface of the biochar skeleton. Thus, the
surface sorption and immobilization mechanisms of pristine and chemically modified biochar to
heavy metals and/or other pollutants need to be further studied before the application of
biochar-based amendments. The finer light spot of synchrotron beams would surely help to explore
the in situ molecular mechanisms of biochar-based amendments to adsorb and immobilize heavy
metals and/or other pollutants.” explains Weidong Wu, the team leader and the professor of Institute
of Tropical Crops, Hainan University.
Article:
Jianhong Li #, Shan-Li Wang#, Lirong Zheng, Dongliang Chen, Zhipeng Wu, Yu Xie, Weidong Wu*, Nabeel
Khan Niazi, Yong Sik Ok, Jörg Rinklebe, Hailong Wang* Sorption of lead in soil amended with coconut fiber
biochar: Geochemical and spectroscopic investigations. Geoderma 350(2019), 52–60.
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1W1A-Diffuse X-ray Scattering Station
(1) Operation
In 2019 Diffuse X-ray Scattering Station (BSRF-1W1A) provided two dedicated and one
parasitic running cycles of synchrotron radiation to from 73 teams from the institutes of Chinese
Academy of Sciences and the domestic universities. The users finished their wide-angle X-ray
diffraction (WAXRD), X-ray reflection (XRR) and grazing incidence X-ray diffraction (GIXRD)
experiments. Their research projects cover various fields, including polymer thin films, organic
thin-film devices, wide band gap semiconductor films, iron-based superconducting film materials,
and mesoporous materials, and so on. Based on the experiment at BSRF-1W1A, users have
published 54 papers in 2019, among which 13 papers on 1st zone SCI journals. Some users achieved
good experimental results published in high impact academic journals (Advanced Science, Adv.
Funct. Mater., Nano Energy, JACS, J. Mater. Chem. C, Nature Communications, etc.). Fig.1 shows
the statistical results of the number of diffuse reflection topics and the output of these papers over the
past 12 years.

Fig.1 The number of supporting topics for the Diffuse X-ray Scattering Station (top) and statistical output of
the papers (bottom). In the figure above, the red part is the number of dedicated mode, and the green part is the
number of parasitic mode.
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(2) Improvement of experimental instruments and techniques
In order to improve the operating efficiency, ensure its continuous operation, and meet the
increasing needs of users, in 2019 the Diffuse X-ray Scattering Station applied for a major scientific
and technological infrastructure maintenance and renovation project of the Chinese Academy of
Sciences and completed a series of designs. A series of work were carried out: (1) Overhauled the
beamline and some hardware equipment of the experimental station, such as Mar345 surface detector,
ultra-short ionization chamber, high-voltage power supply, etc., updated SPEC software, Pilatus
control and image display software, and developed fast ionization chamber, as shown in Fig.3; (2) In
view of the insufficient automation of the joint operation of equipment in the past, which limited the
experiment and data processing efficiency, we developed a combination of software and hardware
technology for stations. The Pilatus-EPICS-Auto filter-Pilatus combined system has been basically
completed, realizing automatic protection of surface detector oversaturation, automatic calculation of
light transmittance and automatic normalization of data processing. As the technology upgrade of the
station and the technology development reserve for the new station at HEPS, we also cooperated
with the computing center to build a network system of massive two-dimensional data storage in
different places, and further expand the combined scale of station equipment. Through the
EPICS-based software system, all movable equipment is connected to build a more comprehensive
combined system, as shown in Fig.4.

Fig.2 The contents of the five sub-projects for the maintenance and reconstruction of the Diffuse X-ray
Scattering Station will be completed by the end of 2021.
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(a) Maintenance of Mar345 surface detector; (b) Combination of ultra-short ionization chamber and
attenuation plate control box.

(c) Schematic diagram of the structure and working principle of the fast ionization chamber

(d, e) Online use of fast ionization chamber, which responded rapidly.
Fig. 3 Maintenance and development of hardware equipment and technology of Diffuse X-ray Scattering station
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Fig. 4 The structure diagram of the equipment used in the diffuse X-ray scattering station. The equipment in the big
red wire frame is the EPICS-diffractometer-Pilatus-Auto filter combined system that has been basically completed.
The data storage station will be further upgraded and an off-site storage system with a transmission speed of 10
gigabytes on the Internet will be built

(3) Research highlights
In 2019, Zhang Fujun's group from Beijing Jiaotong University used grazing incidence X-ray
diffraction (GIXRD) technology to explore the effect of the introduction of the third component on
the molecular arrangement in the mixed films, providing more favorable support for the change in
device performance. The diffraction patterns of pure film, binary mixed film, and ternary mixed film
were measured in the in-plane and out-of-plane directions. They obtained the face-on or edge-on
orientation of molecules in pure films and mixed films by the position, intensity, width, and
distribution of diffraction peaks, the distance between molecular chains, the strength of π-π stacking,
and crystal size. Related work was published in Nano Energy 59 (2019) 58, Nano Energy 60 (2019)
768, and Nano Energy 55 (2019) 424.

1W1B-XAFS Station
(1) Operation
In 2019, there are two cycles of dedicated synchrotron radiation beamtimes for users. The total
beamtime of XAFS experimental station was 185 days and 147 research projects were supported,
among which 69 days and 92 projects were arranged in dedicated mode, 116 days and 55 projects
were in parasitic mode. The equipment ran stably, safely and efficiently. Users were mainly from
universities and institutes all over china，also collaboration research units from America, Singapore
and Romania. Main study fields include environmental, energetic and material sciences. XAFS
techniques play an important role in the application of photocatalysis, electrocatalysis and industrial
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catalysis.
(2) Application and improvement of XAFS techniques
A) Optimization of low concentration XAFS data acquisition system
In recent years, the silicon drift detector (SDD) is widely used in XAFS detection of low
concentration samples due to its excellent energy resolution, high count rates and flexible
characteristics. In the 1W1B experimental station of Beijing Synchrotron radiation, XAFS data
acquisition system is based on LabVIEW, while SDD is based on EPICS system. Under the support
of key R & D projects of the Ministry of science and technology, associate professor Chu Shengqi
successfully realized the interconnection of epics and Labview / python, completed the optimization
of XAFS data acquisition program, integrated a variety of data acquisition modes: transmission,
fluorescent Lytle, 19 yuan solid detector, SDD, etc.; updated the user interface of XAFS data
acquisition software to collect low concentration samples for users, and provided new convenient
access.

Fig. 1 Experimental setup of silicon drift detector and interface of data acquisition program of fluorescence mode

Fig.2 XAFS data acquisition program interface

B）Characterization of X-ray-induced metal deposition by confocal depth resolved XAFS
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In the fields of microelectronics, catalysis, biochemistry and sensors, metal deposition technology
is very important. X-ray-induced metal deposition method, because it does not need reductant, and
can be carried out at room temperature, has aroused widespread interest. In synchrotron radiation
X-ray-induced metal deposition, the size and shape of metal particles can be precisely controlled.
Researchers have successfully prepared metal patterns/structures on the substrate and developed
low-cost microelectronic components. However, in the process of X-ray-induced metal deposition,
the migration and transformation of metal elements are still unsolved. Zhang Jing's research group
constructed a confocal depth resolution XAFS spectroscopic measurement device, which was used to
characterize the reduction process of X-ray-induced transformation of chloroauric acid into gold.
Confocal micro-XRF revealed that X-ray radiation induced the heterogeneous Au distribution. Au
migrated into the X-ray illuminated volume and was deposited on the Kapton film. Confocal microXANES examined the chemical states of elemental Au in the X-ray beam path following the
reduction of Au3+ to Au. The confocal depth resolution XAFS system will be widely used in the
in-situ experimental system of liquid or solid-liquid phase. The research results are published in the
international journal J. synchrotron rad. (2019). 26, 1940 – 1944.

Fig. 3 Scheme of the confocal XRF-XAFS system and Results from confocal XRF-XAFS

Fig. 4 Process of synchrotron radiation induced Au deposition
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C）The typical example of XAFS in the structural characterization of novel catalysts
With the decrease of metal particle size, the surface free energy of metal will increase rapidly,
which will easily lead to metal agglomeration. Professor Liang Haiwei's research group of University
of science and technology of China prepared a series of highly loaded atom level dispersed noble
metal catalysts, including Pt, IR, Rh, Ru and Pd, based on the principle of strong bond cooperation
between noble metals and sulfur, using high specific surface area sulfur doped mesoporous carbon
(meso_S-C) as carrier, Among them, the load of metal Pt can reach 10 wt%. The research results are
published in Science Advances. 2019; 5: eaax6322. Based on the XAFS characterization of
BSRF-1W1B experimental station, it is proved that the metal mainly exists in the form of metal
sulfur coordination, and no metal metal coordination (Fig. 5C and 5E) is found. These results suggest
that the metal exists in the form of atom dispersion, and confirm the bonding property between metal
and sulfur. These structural characteristics are directly related to their catalytic properties.

Fig.5 The preparation and characterization of high loading atomically dispersed noble metal
catalysts
D) Beamline design of Beijing HEPS X-ray absorption spectroscopy (XAFS)
In the construction of High Energy Photon Source in Beijing, Zheng Lirong, associate professor
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of XAFS research group, is responsible for the design and construction of a new hard X-ray
absorption spectroscopy beamline. The proposed X-ray absorption spectroscopy beamline is a
high-performance hard X-ray beamline optimized by X-ray absorption spectroscopy and related
derivative experimental methods. The design goal is a XAFS experimental system with high
throughput and high brightness, which has strong versatility, large energy coverage, and is a reliable,
stable and easy-to-use absorption spectroscopy experimental platform for users. At present, the
preliminary design of X-ray absorption spectroscopy beamline has been completed, and the
expansion design is in progress; the beamline design part has completed the optical tracing, thermal
calculation, error analysis and mutual comparison of multiple sets of optical design; the experimental
station part has completed the preliminary design, and the corresponding experimental platform is
being refined.

Fig.6 Schematic diagram of optical design of HEPS-B8-XAFS beamline.

(3) Summary of users’ papers
Based on BSRF 1W1B-XAFS beamline, 250 papers have been published by the staff and users in
2019, among which 148 papers belong to the top I journals, including 1 paper in Nature, 1 in Chem.
Soc. Rev., 3 in Nature Catalysis, 2 in Energy & Environmental Science, and also publications in
JACS, ACS nano, Angew. Chem. Int. Ed., Adv. Mat.. The average impact factor reaches an all-time
high10.335.

1W2A-SAXS station
(1) Operation
In 2019, 1W2A-SAXS station provided two dedicated and one parasitic running cycles of
synchrotron radiation to users. From June 24 to July 26, the first dedicated running of SAXS station
provided 705h beamtime to 40 users’ projects from 27 institutions. From November 7 to December 12,
the second dedicated running provided 790h beamtime to 34 users’ projects distributed in 24
institutions. From January to June, the parasitic mode running provided 2500 hours beamtime to 34
users’ projects. Totally, 3995h beamtime are provide in the whole year. The experimental modes
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included normal SAXS, WAXS, SAXS/WAXS, GiSAXS, and GiWAXS. The experimental types
included in-situ heating, in-situ growing, in-situ tension and millisecond time resolved scattering
experiments.
(2) Development of SAXS station
To further reduce the absorption and scattering of X-ray by air，which can improve the
signal-to-noise ratio of weak scattering samples data, a small vacuum sample chamber has been
made in our SAXS station. Users can measure their liquid or solid samples under vacuum condition.
Through two flexible corrugated pipes, the vacuum chamber connects the front collimating tube and
back SAXS camera tube, which is shown in Fig. 1a. The vacuum is better than 10-1 Torr. The
position of sample can be adjusted in horizontal and vertical directions by stepping motors. Two
scattering curves of bovine serum protein solution, which were measured in air and
vacuum condition respectively, are shown in Fig. 1b. The comparison shows that the data quality of
protein solution can be improved significantly by using the vacuum chamber. This work is published
in Radiation Detection Technology and Methods, 2019, 3: 37.

Fig. 1 The vacuum sample chamber is used in SAXS station (a) and the scattering curve comparison of protein
obtained in air and vacuum respectively (b).

In order to meet the demands of some users in larger tension experiments, a stretcher with tensile
force up to 400N has been made using large torque stepper motor. The maximum pulling force of
existing equipment TST350 in SAXS station is only 200N, which is not enough for large tension
experiments, such as amorphous or alloy materials. The new stretcher with larger force can make up
for this shortcoming. Fig. 2a shows the drawing structure, which includes stretching system,
transmission system, detection and correction system, etc. The X-ray detection area can remain
unchanged through bidirectional equal stretching. Two working modes，constant speed stretching
and constant force stretching, are provided for users to choose. This work is published in Journal of
Instrumentation, 2019, 14：T05002.
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Fig. 2 Sketch of the new stretcher (a) and the photos of SAXS station when stretcher was used for users (b).

(3) Scientific results
According to an uncompleted statistic, 77 papers were published with the SAXS experiments
performed at our station in 2019, including 23 high level articles in one zone SCI, such as Adv. Mater.
Angew. Chem. Int. Ed., J. Am. Chem. Soc. et al.

1W2B-Biological Macromolecule Crystallography and XAFS Stations
(1) Operation
During the dedicated beam time in 2019, the 1W2B station provided 1510 hours beam time to
45 domestic research groups, with operation efficiency greater than 99% and sharing rate greater
than 97%. The hosted research groups comprise of four crystal diffraction groups, four pump-probe
time resolved experiment groups, thirty-six X-ray absorption spectroscopy groups and one other
discipline groups. The parasitic beam time hosted 25 research groups, with 376 hours efficient beam
time and 84% sharing rate. Multi-methods coupling research (SAXS/WAXS/XAFS coupling and
XRD/XAFS coupling) has been carried out continuously and will host guest researchers in 2020.
(2) Research Highlights
According to users’ feedback, 27 papers based on experiments performed on 1W2B station were
published in 2019, including papers published on Nature Communications, Advanced Materials and
ACS Catalysis.

1B3- X-ray Lithography Stations
(1) Operation
Two cycles of dedicated synchrotron radiation running were provided to the users in 2019. 6
users were supported during the first cycle of dedicated synchrotron radiation running, and the
beamtime was 738 hours. 8 users were supported during the second cycle of dedicated synchrotron
radiation running, and the beamtime was 788 hours.
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(2) Research progress
Research of high energy X-ray combined refractor lens
The High Energy Photon Source is one of the important national science and technology
infrastructure and the core of Beijing Huairou science city. High energy is one of the characteristics
of the High Energy Photon Source. Combined refractive lens (CRL) is the world's dominant focusing
device for high energy X-rays greater than 50 keV. It is composed of a number of identical or
matched aperture concave lenses, the design and positioning is relatively simple, with the advantages
of no need for folding light path, high temperature stability and easy to cool, simple and compact
structure, low requirements for lens surface roughness. CRL has always been sourced from abroad
for domestic photon sources, so it is necessary for us to develop CRL independently to provide
usable focusing elements for new photon sources. By using LIGA technology, the research group has
completed the fabrication of high energy X-ray CRL. The designed focusing energy of the lens is
100 keV, made of nickel. The lens consists of a tooth-like structure with a minimum tooth width of
20 μm, a diameter of 480 μm and a length of 2.5 cm. During the preparation process, two masks
were prepared and the mask thickness was gradually increased to ensure the tooth-like structure
morphology and smaller side wall roughness. The problem of photoresist falling-off was solved by
the self-assembly lithography of Cesium Chloride. The lens shape is further optimized by PMMA
wafer direct exposure, double-sided development and special electroplating fixture. Finally, the lens
was fabricated with a depth of 500 μm, a complete shape, and a good tooth-like structure, as shown
in Fig.1. The focusing performance of the lens was tested online in the German PATER iii, as shown
in Fig.2, and the lens focused an X-ray of 87 keV to 3.95 μm (full widths at half maximum,
FWHM ).

Fig. 1 SEM images of CRL
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Fig.2 Fitting curve of lens focusing results (FWHM=3.95μm)

3W1A-X-ray Optics Test Station
(1) Operation
The 3W1A beamline was re-started as a high-energy test beamline in early 2019. It is mainly
responsible for high-energy testing tasks of technologies and equipment in HEPS related project
topics, and also supports user experiments.
In fiscal 2019, two cycles of dedicated synchrotron radiation beamtimes were completed, with a
cumulative beamtime of 68 days, and a total of 20 research project topics were supported.
Specifically, the first circle runs for 32 days to complete the test of the double crystal
monochromator with high thermal load and 8 spectroscopy-related project topics; the second circle
takes 36 days to complete 12 imaging-related project topics as well as the test of devices and
techniques, such as superconducting wiggler (SCW), high thermal load front-end, high-energy
double Laue-curved monochromator, etc. The user groups are mainly from the institutes of the
Chinese Academy of Sciences and domestic universities. The research fields involved are mainly
catalysis, environment, energy and materials science.
(2) Beamline reinstating and upgrade
Beamline reinstating:
In the first half of 2019, the main task was to reinstate the 3W1A beamline. Different from the
original 3W1A beamline, the high heat load monochromator developed in the HEPS-TF project was
used to replace the original monochromator to test its performance in actual use. The test results
show that:
 Under the relatively low heat load, it was sufficient by using water cooling instead of liquid
nitrogen cooling. However, the water cooler had a greater impact on the stability of the
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monochromator; while changing water cooling to gravity drainage mode, the device obtained
very stable vibration performance.
 Other test results also met the requirements, including test for rocking curve, parallelism of two
crystals, long-term / short-term stability, stable rate, repeatability, and fixed-offset performance.
In addition, a new collimation technology was used to position the equipment, and the
positioning accuracy could reach 0.01mm.
Beamline upgrade:
In the second half of 2019, the upgrade of the 3W1A beamline was completed. The new 3W1A
beamline used a large number of new developed devices from HEPS-TF project in order to create a
high-energy testing environment, such as the first domestic SCW, high thermal load front-end,
high-energy double Laue-curved monochromator, etc. Furthermore, two experimental hutches with
the capability of white beam protection were built, and other new developed devices and techniques
included fluorescent screen, white beam aperture using CuCrZr and safety interlock system. The
upgraded 3W1A beamline becomes the first beamline in China which could carry out high-energy
synchrotron radiation experiments. 错误!未找到引用源。 shows the moment when the synchrotron
radiation from SCW first entered the 3W1A experimental station. After being put into operation, the
acceptance of SCW, safety interlocking system, and radiation shielding system has been completed.

Fig. 1 the moment when the synchrotron radiation from superconducting wiggler (SCW) first entered the
3W1A experimental station.
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（3）Research highlights
After the upgrade project, the capabilities of the experimental station were improved, and some
new experimental results were obtained.
First, the test results for the beamline performance are shown in Fig. 2. Two diffraction patterns
in upper row were collected in white beam mode and monochromic beam mode, respectively. Both
samples are high Z-order materials, yet both patterns have sufficient signal-to-noise even in very
short exposure time, indicating that the 3W1A beamline has the capability of conducting high-energy
experiments. The picture below shows the verification of super bunch mode provided by the
accelerator using the high-speed detector PI-EMICCD, indicating the ability of single bunch imaging
in the 3W1A beamline. In this bunch mode, the time resolution of dynamic experiments could reach
54 ns.

Fig.2 Performance test results of 3W1A beamline.

Second, the users’ experimental results are shown in Fig. 3.
The upper row is the result of dynamic imaging using white beam. Benefit from high energy and
high flux of the SCW, and high sensitivity of the detector system, the fastest exposure time of
1.25μs/frame can be achieved. To be specific, the left picture shows the result obtained by the
combination of time-resolved X-ray imaging technique and gas cannon loading system. For the first
time, experimental data on the dynamics and evolution of calcareous sand under high-speed
penetration were obtained. These data will provide an important basis for deep understanding of the
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micro-deformation and energy dissipation mechanism of calcareous sand under impact penetration.
Besides, the figure on the right is the real-time monitoring of the laser 3D printing process of
Ti6Al4V alloy powder, and the information such as powder splash, powder melting, and molten pool
movement during the printing process are obtained.
The bottom row shows several CT projections collected from different samples (from left to
right: ancient ape molars, engineering materials, rat brain and amber fossils) using white beam. All
samples have thickness in centimeter level, and the exposure time per frame is less than 80ms, which
makes in-situ / dynamic CT imaging possible for highly absorbent samples.

Fig. 3 White beam imaging experiment results in 3W1A Beamline.

4W1A-X-ray Imaging Station
(1) Operation
The X-ray imaging station implemented two dedicated synchrotron radiation operation for users
in 2019. There are 22 user’s proposals in the first round and 33 user’s proposals in the second round.
Total 1577 hours’ effective beamtime were offered and the utilization rate of machine time reached
98.6%. A variety of experimental techniques such as white-beam topography, diffraction enhanced
imaging, nano-resolution imaging and imaging study in-situ heating and loading were provided for
user’s scientific research.
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(2) Improvement of Experimental Instruments and Techniques
A）Construction and experimental verification of spectroscopy CT device
In 2019, we built a micro-resolution X-ray spectroscopy CT device in 4W1A experimental
station, successively completed the construction of hardware experimental platform, the compilation
of data acquisition software and data processing software, and creatively established a set of new
X-ray spectroscopy CT technology with micron resolution based on imaging detector system with
independent intellectual property rights. By using this technology, the three-dimensional distribution
of elements and the micro-resolution absorption spectrum of samples can be obtained at the same
time as the three-dimensional spatial structure information of samples. The acquisition of these
information will provide a powerful research means for the quantitative analysis of the internal fine
structure of materials as well as for the study of the dynamic evolution process of material structure
and its physical and chemical properties. At the same time, it lays a foundation for the development
of methodology of HEPS new station.
By the experimental equipment shown in Fig.1, 112 sets of CT data collected in the energy range
of 100eV near the X-ray absorption edge for the standard CuO/Cu2O samples. The CT slice
information obtained after spectral CT processing. The experimental results are shown in Figure 2, in
which the structural distribution of CuO is marked in green and Cu2O is marked in red. In addition to
the above structure distribution of the sample, the near edge absorption spectrum information of each
pixel (6.5μm6.5μm) on the sectional image can also be obtained, as shown in the right figure in
Fig.2.

Fig. 1 Experimental equipment of micro-resolution X-ray spectroscopy CT
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Fig. 2 Left: Sectional image of CuO/Cu2O standard sample, in which the structural distribution of CuO is
marked in green and Cu2O is marked in red. Right: Near edge absorption spectrum corresponding to the pixel in the
image.

(3) Research highlights
This year, total 24 research papers were published based on the research work of the
experimental station. In collaboration with SSRL, ESRF and Purdue University, the researchers of
imaging team have quantitatively studied the degradation mechanism of lithium battery by means of
micro-resolution full field imaging and nano-resolution full field spectroscopy imaging. It is found
that the reaction of lithium battery is inhomogeneous at the electrode scale under the condition of fast
charging and discharging. This inhomogeneity is very obvious in the depth and transverse direction,
which leads to the imbalance of local conductivity and ionic conductivity, and finally leads to the
failure of the battery. Related research results were published in Adv. Energy Mater. 2019, 1900674.
The IF is 21.8. The researchers from Institute of High Energy Physics used high-resolution
single-cell SR transmission microscopy to investigate translocation, precise degraded species/ratio,
and correlation between the degradation and toxicity levels of PVP modified 2H-phase MoS2
nanosheets (MoS2-PVP NSs). Related research results were published in Nanoscale, 2019, 11,
4767–4780.

4W1B-Micro-X-ray Fluorescence Analysis Station
(1) Operation
In 2019, two rounds of dedicated beamtime with a total of 1494 hours were provided for the
4W1B users. The utilization and sharing rates are near 100%. 41 research projects from domestic
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universities and the academy’s institutes were performed, covering environmental sciences, life
sciences, archaeology, mineralogy sciences, biomedicine, public safety and other scientific field, etc.
During the dedicated period, beamline 4W1B at the BSRF has been upgraded by the complete
redesign of the optics, and the pink beam mode with micro-focusing beam ware implemented for the
first time in China, and the detector was also updated accordingly, so that the performance of the
XRF end-station was greatly improved. Two experimental methods about x-ray fluorescence analysis,
including energy dispersive x-ray fluorescence analysis and wavelength dispersive x-ray
fluorescence analysis, were opened to users this year.
(2) Experimental techniques and method improvement
A) Method improvement for the 4W1B endstation---pink light mode with micro focused spot.
In this year, the 4W1B beamline has realized the secondary micro focusing of the pink beam.
Since the function of beamline 4W1B was set to provide the method of X-ray fluorescence analysis
for the users, and there are no relevancies between the energy distribution of the incident X-ray and
the shape of the spectra emitted by the no resonant X-ray, we preformed the x-ray emission
spectroscopy by using the pink beam. The incident X-ray white bean from the wiggler were firstly
filtered by a diamond window with 0.5mm thickness, and then focused by a toroidal mirror, a
sub-micron spot was formed at the focus point. The X-ray passed through the four knife slits, and
then refocused by the polycapillary. A 50um size of spot was obtained at the sample position with the
energy range of 5~18Kev. High photon flux greater than 1×1013cps was obtained for use in hard
X-ray XES experiment. By using 30 layers of aluminum foil for filtering the low energy X-ray, a
pink beam with energy rang of about 10-18KeV ware obtained for XRF mapping experiment.

Fig. 1 The working distance and the spot size of the focusing light are shown in the left and middle panel. The
right picture shows the XRF spectra fileted by the Al foils.

B) Method improvement for the 4W1B endstates--XRF 2D mapping method
In this year, the Si (Li) detector from PGT Company was replaced by the 4 element Vortex ME4
detectors combined with high speed read out system-Xspress3. These upgrades have greatly
improved the experimental efficiency, and the counting rate has been improved from original 2K to
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present 3M. Due to the high flux and the detecting efficiency, the detection limit of 3d transition
elements for the XRF experiment has been promoted from original 1ppm to present 20ppb. The
requirements of users for the bigger sample or mass collection have been meet.
C) A von Hamos x-ray spectrometer for x-ray emission spectroscopy
We have continued to improve the von Hamos spectrometer, with 4 element cylindrical
analyzers with a radius of 0.5m, designed and built last year. Now from the element of Ti to Cu, at
least eight transition metals and several rare earth elements can be detected by our hard X-ray Kβ/Lβ
emission spectroscopy (XES) technique. This spectrometer can be used to probe the electronic
structure of matter, such as the valence/spin states and the ligand environment of a metal of interest.
It is a powerful tool for detecting the valence as a complementary method for the XPS and XANES.
And now the detection limited is about 1% molar concentration. In this year, several oxide standard
references have been tested, and Kβ-XES of Ti, Fe, Mn and Lβ-XES of W have been measured for the
users.
(3) Research Highlights
In the year of 2019, the users of 4W1B have published 19 articles, among them, 5 article
currently appears in the Chinese Academy of Sicences ranking Q1; The staff of the endstaion have
published 16 papers, among them, the first or the correspond authors is up to 10. A typical user work
by Zhengyan He’s group entitled with “Variation of a major facilitator superfamily gene contributes
to differential cadmium accumulation between rice subspecies” has published in in Nature
Communication. The effect of additional genes on the accumulation of Cd, which caused the
difference of Cd accumulation between Indica and japonica rice subspecies, was studied..

4W2-High Pressure Research Station
(1) Operation
During the two rounds of the dedicated synchrotron radiation in 2019, High Pressure Station
provided a total beam time of 1644.94 hours for 76 research groups from 34 universities and research
institutes. With the station staff’s efforts, the beam time sharing rate reached 99.66%, and the
operating efficiency was up to 100% in this year.
Up to now, a total of 61 papers have been published in 2019 based on High Pressure Station,
including 10 papers on 1st zone journals and 24 papers on 2nd zone journals.
(2) Research Highlights
A）Pressure‐Induced Broadband Emission of 2D Organic–Inorganic Hybrid Perovskite
(C6H5C2H4NH3)2PbBr4
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2D Ruddlesden–Popper halide perovskites, which incorporate hydrophobic organic interlayers
to considerably improve environmental stability and optical properties diversity, have attracted
substantial research attention for optoelectronic applications. The burgeoning broad emission arising
from exciton self–trapping of 2D perovskites shows a strong dependence on a deformable structure.
In this work, the pressure–induced broadband emission of layered (001) Pb–Br perovskite with a
large Stokes shift in the visible region is observed by finely improving lattice distortion to increase
exciton–phonon coupling under hydrostatic pressure. Band gap narrows ≈0.5 eV under modest
pressure, mainly due to the large compressibility of the orientational organic layer, confirming that
the bulky organic cations notably influence the structure and, in turn, the various properties of
materials. Sequential amorphization of the organic and inorganic layer is confirmed by high pressure
Raman and X–ray diffraction measurements, suggesting the particularity of layered crystal structures.
The mechanism constructed here offers a new route for tuning the optical properties of 2D
perovskites. This work has been published on Advanced Science (2019, 6, 1801628).

Fig. 1 Emission property and broadband emission mechanism.

B）Pressure-Driven Reversible Switching between n- and p-Type Conduction in Chalcopyrite
CuFeS2
Temperature-dependent switching between p- and n-type conduction is a newly observed
phenomenon in very few Ag-based semiconductors, which may promote fascinating applications in
modern electronics. Pressure, as an efficient external stimulus that has driven collective phenomena
such as spin-crossover and Mott transition, is also expected to initialize a conduction-type switching
in transition metal-based semiconductors. In this work, ’researchers from Center for High Pressure
Science and Technology Advanced Research and Southern University of Science and Technology
report the observation of a pressure-driven dramatic switching between p- and n-type conduction in
chalcopyrite CuFeS2 associated with a structural phase transition. Under compression around 8 GPa,
CuFeS2 undergoes a phase transition with symmetry breakdown from space group I-42d to space
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group I-4 accompanying with a remarkable volume shrinkage of the FeS 4 tetrahedra. A high-to-low
spin-crossover of Fe2+ (S = 2 to S = 0) is manifested along with this phase transition. Instead of
pressure-driven metallization, a surprising semiconductor-to-semiconductor transition is observed
associated with the structural and electronic transformations. Significantly, both photocurrent and
Hall coefficient measurements confirm that CuFeS2 undergoes a reversible pressure-driven p–n
conduction type switching accompanying with the structural phase transition. The absence of
cationic charge transfer between copper and iron during the phase transition is confirmed by both
X-ray absorption near-edge spectra (Cu/Fe, K-edge) and total-fluorescence-yield X-ray absorption
spectra (Fe, K-edge) results, and the valence distribution maintains Cu2+Fe2+S2 in the high-pressure
phase. The observation of an abrupt pressure-driven p–n conduction type switching in a transition
metal-based semiconductor paves the way to novel pressure-responsive switching devices. This work
was published by Journal of the American Chemical Society (2019, 141, 1, 505-510).

Fig. 2 Pressure-Driven Reversible Switching between n- and p-Type Conduction

(3) Experimental Techniques and method improvement
The main improvements in this year are listed below:
A) Development of Online Compression and Ruby System
The online compression and ruby system using membrane-driven remote compression and
online ruby pressure measuring technology, combined with the the automatic operation software,
simplifies the user's experimental operation steps, realizes the precise control of pressure, and
shortens the experimental operation time. In practical tests, the system is able to save about 6
minutes of experimental operation time at each pressure point and greatly reduce the risk of
encountering the pinhole during the operation.
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Fig. 3 The Online Compression and Ruby System and its user interface

B) Development of High Pressure XRD at Low Temperature
In order to meet the needs of users for low temperature sample environment, a high pressure
XRD at low temperature experimental method was developed. Using liquid helium to reduce the
temperature, the system obtained the minimum temperature less than 6 K. The low temperature and
high pressure XRD experiments in MPB was tested at initial temperature of 52 K.

Fig. 4 The low temperature and high pressure XRD experiments in MPB

C) Development of in-situ XRD with Pulsed Laser Heating
The in-situ XRD with pulsed laser heating system was realized by integrating the pulsed laser
heating, rapid temperature measuring and high pressure X-ray diffraction, and precisely controlling
the working time sequence of heating laser, temperature measuring spectrometer and XRD detector.
In Figure 5, the optical path of the system, the rusults of rapid temperature measurement, time
sequence control and the results of in-situ XRD with pulsed laser heating in Pt (NaCl as the pressure
standard) are shown.
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Fig.5 In-situ XRD with Pulsed Laser Heating

4B7A-Medium energy X-ray Experimental Station
(1) Operation
In 2019，medium energy X-ray experimental station (BSRF-4B7A) offered two dedicated and
one parasitic running cycles of synchrotron radiation to users, which mainly include experimental
measurement of X-ray optical calibration and X-ray absorption spectroscopy. In the first running
cycle of dedicated synchrotron radiation, 696 hours’ effective machine time was provided and 8 user
projects were supported. Also, this station supplied 790 hours’ efficient machine time for users and
30 project topics were supported in the second running cycle. The experimental device ran stably,
and the efficiency of two dedicated running cycles both were above 98%. In addition, this station
offered 271 hours’ machine time for 17 project topics to users in the period of parasitic mode of
synchrotron radiation.
(2) Research Highlights
About 43 articles were published by users in 2019 in 4B7A medium energy X-ray experimental
station, which involve research fields of environmental science, chemistry and chemical engineering,
material science and optical metrology, etc. 17 articles were included in the journals belonging to the
first class of JCR journal ranking made by CAS.
In this year, the research team led by Prof. Yuxi Gao of Institute of High Energy Physics and
their collaborators of Nanjing University investigated the influence of elemental sulfur and sulfate
amendment on the chemical form of Hg in mining-contaminated paddy soil (the majority of the Hg
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(～70%) in forms similar to HgS) with sulfur K-edge XANES spectrum (4B7A). The results
indicated that the enhancement of Hg mobilization in elemental sulfur and sulfate-amended soils was
supported by two observations: (1) the increased Hg(aq) release from HgS(s) in the presence of
sulfide produced following sulfate and sulfur reduction and (2) the decreases of refractory HgS(s) in
soils under sulfate and sulfur amendment. Their research results were published on Environ. Sci.
Technol. 2019, 53, 1844−1852 and J. Hazard. Mater. 379 (2019) 120701.

Fig.1 The transformation of Hg in Hg-contaminated paddy soil after sulfur and sulfate amendment

4B7B-Soft X-ray Experimental Station
(1) Operation
In 2019, 4B7B soft X-ray experiment station supplied efficient machine time of 41 days for
spectroscopic users and around 30 days were assigned to X-ray detector research in the first round of
dedicated synchrotron radiation beam time. In the period of which 27 project topics were finished. In
the second stage, this station supplied efficient machine time of 36 days for users and 31 project
topics were finished.
(2) Research Highlights
About 25 articles in which scientific activities were performed in 4B7B soft X-ray experiment
station were published in 2019, including 10 papers in one zone SCI. These articles involve research
areas of catalytics, nanomaterials, energy materials, methodologies and X-ray optics etc.
Reordering d Orbital Energies of Single-Site Catalysts for CO2 Electroreduction
In this study, a free-standing and ultrathin two-dimensional (2D) SSC by self-assembly of
tetra(4-pyridyl) porphyrin cobalt, which offers a periodical structure with precisely controlled
coordination sphere for each active site. Compared with assembly molecules, as-prepared ultrathin
SSC shows much enhanced activity for electrochemical conversion of CO2 to CO. This work can
provide fundamental understanding of the activity origin of single metal sites in SACs and SSCs,
which is rare as most studies so far have focused on materials development, and perhaps more
137

2019 project of BSRF

importantly, to demonstrate a concept of engineering molecular orbitals for better electrocatalysts.
As a main characterization method, the Co L-edge XANES and K-edge EXAFS had been
operated to understand the chemical environment at atomic and electronic level at Beijing synchrotron
radiation facility

Fig. 1 Characterization and analysis of coordination sphere of Co centers.

4B8-VUV Station
4B8 beamline is optimized for VUV spectroscopy measurement, especially for steady-state
fluorescence, photocurrent and temporal photoresponse of

devices

to VUV light, and synchrotron

radiation circular dichroism (SRCD) . It is operational under both synchrotron dedicated and
parasitic mode. Remote access is available for the fluorescence measurement.
(1) Beamline and Running
Beamline parameters:
Wavelength range：
bandwidth：
Intensity:

125-360 nm
0.8 nm
1010-1011 photons/s/

In 2019, 4B8 beamline provided 1591 hour dedicated beamtime and 260 hour parasitic
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beamtime to 24 users. The output is published 17 papers by the users.
(2) Research Highlights
By employing VUV-UV light source in BSRF, Prof. Hongbin Liang’s group from Sun Yat-sen
University reported the 4f/5d transition energy of lanthanide ion and the relevant positioning of host
valence band, conduction band and defect level in BaMgP2O7 material. Combining with the results
obtained from other regular and synchrotron radiation-based spectroscopic techniques, they found
that a highly efficient Eu2+-Mn2+ energy transfer process could be achieved in the co-doped system,
resulting in a unique zero-thermal quenching of Mn2+ 3d-3d red luminescence. These results were
recently published in the journal Adv. Opt. Mater. (Adv. Optical Mater. 2019, 1901187).

Fig.1 VUV–UV normalized excitation/emission spectra of BMPO:0.005Eu ， BMPO:0.01Mn and
BMPO:0.05Eu/0.15Mn (Adv. Optical Mater. 2019, 1901187).

4B9A -XRD station
(1) Operation
In 2019, XRD station opened to users for two dedicated-mode opening periods and one
parasitic-mode opening period. In the first opening period (from June 24 to July 26), XRD station
provided users with 695h of beam time to 20 research projects. In the second opening period (from
Nov. 2 to Dec. 13), total 770h of beam time were provided to 28 research projects. The experimental
measurements included high/low-temperature powder X-ray diffraction, X-ray powder diffraction
with Mythen detector, and X-ray absorption spectroscopy.
(2) Improvement of experimental equipments
In the parasitic-mode opening period, the electron and positron beams were frequently injected
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into the storage ring. In order to guarantee the beam stability and the continuity of measurements, a
new data-acquisition mode (i.e. the constant incident beam-intensity mode) was developed in the
XRD station of beamline 4B9A. This constant incident beam-intensity mode ensures the continuity
of experimental course, increases the experimental efficiency in parasitic-mode opening period, and
has been opened to the users. The user interfaces of the constant incident beam-intensity mode for
XAFS data-acquisitions are shown in the following figure.

Fig. 1 The user interfaces of the constant incident beam-intensity mode for XAFS data-acquisitions.

(3) Scientific research achievements
Based on the experimental measurements on the XRD station, a total of 18 papers were published by
users in 2019. The typical research results are as follows.
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Fig. 2 copper-catecholate framework electrodes for efficient energy storage.

4B9B-Photoemission Spectroscopy Station
(1) Operation
In 2019, 4B9B station was available in the dedicated and parasitic modes. For the first and
second dedicated time, it totally took 1511 hours to carry out 43 research projects. For the parasitic
time, 604 hours was provided for 21 users’ projects.
(2) Scientific
There are 37 research papers that have been published using the experimental set-up of 4B9B
station in 2018, 36 of which are from the users and 1 of which are from the staff. Totally of them are
indexed by SCI. C. Ge et. al from Institute of Physics CAS, reported “A Ferrite Synaptic Transistor
with Topotactic Transformation”, which was published in Advance Materials [Adv. Mater. 31,
1900379 (2019)]. CHEN.J K et. al from University of Science & Technology Beijing reported “A
d-Band Electron Correlated Thermoelectric Thermistor Established in Metastable Perovskite Family
of Rare-Earth Nickelates”, which was published in ACS Appl. Mater. Interfaces 2019, 11,
34128−34134.
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Fig.1 A Ferrite Synaptic Transistor with Topotactic Transformation: a) Soft X-ray absorption spectra (XAS) of Fe
L-edge for pristine BM- and gated PV-SFO thin films show a peak shift towards the higher energy direction upon
oxidation. b) XAS of oxygen K-edge for pristine BM- and gated PV-SFO thin films.
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2019 Major Events
Annual Users Conference of BSRF was held in August 2019 in
Donguan City, Guangdong Province

Review meetings of Beamlines at HEPS were held in 2019
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Beamline Specs

4B9B- Photoemission Spectroscopy
【Beamline Specs】
Energy Range: 15 - 1000 eV
Resolution (ΔE/E): ~1500
Flux (photons/s): > 1×1010
Beam Size (H×V): < 2×0.8 mm2

4B9A-XRD
【Beamline Specs】
Energy Range: 4 -15 keV
Resolution (ΔE/E): 3×10-4 @ 9 keV
Flux (photons/s): 11010 @ 8 keV
Beam Size (H×V): 2×1 mm2
Angular resolution: 0.9 arc-second

4B8- Vacuum Ultraviolet
【Beamline Specs】
Energy Range: 125-360 nm
Band width: 0.8 nm
Flux (photons/s): 2.0×1010@180 nm
Beam Size (H×V): 2×1 mm2

191

Beamline specs

4B7B- Soft X-ray Optics
【Beamline Specs】
Energy Range: 50eV-1700 eV
Resolution (E/△E): ~1000
Flux (photons/s): ~1010 @ Fe L edge
Beam Size (H×V): conducting sample: 1×0.1mm2
nonconducting sample：4×2 mm2

4B7A- Mid-energy Spectroscopy
【Beamline Specs】
Energy Range: Si (111): 2050 eV-5700 eV
InSb (111): 1750 eV-3400 eV
Flux (photons/s): ~1010 @ S K edge
Resolution (E/△E): ~7000 @ S K edge
Beam Size (H×V): 3×1mm2

4W2- High Pressure Structure
【Beamline Specs】
Energy Range: 10-25 keV（Monochromatic light）
5-35 keV（White light）
Resolution (ΔE/E): 7×10-4 @20 keV
Flux (photons/s): 1.2×109@20 keV
Beam Size (H×V): 26×8 µm2
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4W1B- X-ray Fluorescence Microanalysis

【Beamline Specs】

Focus Mode

Quasi monochromatic light

Energy Range

Monochromatic light

8 - 15 keV

5 - 18.5 keV

Resolution (ΔE/E)

< 7× 10-2

< 5.5x10-4

Flux (photons/s)

>1× 108 @ 15keV

>1x1010 @ 15keV

Beam Size (H×V)

10 µm

30、50、100 µm

XRF Detectability

Dozens of ppm

1ppm

4W1A- X-ray Imaging

【Beamline Specs】

Imaging Mode
Phase contrast
imaging
nano-resolution
Imaging

Energy Range

Flux (photons/s)

6~22 keV

~1010 @ 8 keV

5~12 keV

~108 @ 8 keV
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Spatial

Beam Size

Resolution

(H×V)

~10 m

20×10 mm2

30 nm

10×10 m2

50 nm

15×15 m2

100 nm

60×60 m2
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1B3- X-ray Lithography
【Beamline Specs】
Lithography: 0.5-2 nm

3W1A-X-ray Optics test
【Beamline Specs】
Energy Range: 6 - 50 keV
Flux (photons/sec/0.1): 6×1015
Beam Size (HxV): 60×6 mm2

1W2B-Macromolecular crystallography and
XAFS
【Beamline Specs】
Energy Range: 5 - 18 keV
－4

Resolution (ΔE/E): Better than 4×10
Flux (photons/sec): 1012
Beam Size (HxV): 1× 0.6 mm2
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1W2A-SAXS
【Beamline Specs】
Angular resolution: 0.5 mrad
Energy Range: 0.154 nm
Resolution (ΔE/E): ~10-3
Flux (photons/sec): ≥1×1011
Beam Size (HxV): 1.2 × 0.3 mm2

1W1B-XAFS
【Beamline Specs】
Energy Range: 4 - 25 keV
-4

Resolution (ΔE/E): < 3 × 10 @ 9 keV
Flux (photons/sec): > 3×10

11

@ 10 keV
2

Beam Size (HxV): 0.9 × 0.3 mm

1W1A- Diffuse X-ray Scattering
【Beamline Specs】
Energy Range: 8.05 keV，13.9 keV
Resolution (ΔE/E): 4.4  10-4 @ 8.05 keV
Flux (photons/sec): >1×10

11

@ 8.05 keV

Beam Size (HxV): 0.7 × 0.4 mm2
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