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Abstract
The ESI database clusters to form research fronts based on co-citation rela-
tionships among highly cited papers (Top 1%). This study, based on 11,814
research fronts from the ESI database, identifies 1,391 research fronts in the
nanotechnology domain through literature retrieval, expert selection, and other
methods, and subsequently forms several research directions and research areas
via manual clustering. Furthermore, it selects four research areas—solar cells,
nano-bionic pores, nano-catalysis, and measurement and characterization—for
in-depth analysis and interpretation, compares the number of highly cited pa-
pers across countries, and elucidates the research directions and teams where
China possesses competitive advantages.
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Abstract

The ESI database identifies research fronts in science through co-citation clus-
tering, where each front consists of a group of highly cited papers (Top 1%)
that have been co-cited above a set threshold of similarity strength, along with
their associated citing papers. This paper identified 1,391 research fronts re-
lated to nanoscience and technology from the complete set of 11,814 research
fronts in the ESI database through literature search and expert selection. These
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research fronts were further categorized into several research themes through
expert identification. The analysis focused on four key research themes—solar
cells, biomimetic nanopores, nanocatalysis, and measurement and characteriza-
tion—comparing the performance of countries in producing highly cited papers
and highlighting China’s advantageous research directions and leading research
teams.

Keywords: research fronts, nanoscience and technology, solar cells, nanocatal-
ysis, biomimetic nanopores

Since 2014, the strategic intelligence research team of the Chinese Academy
of Sciences has collaborated with Clarivate Analytics (formerly the Intellectual
Property and Science division of Thomson Reuters) to identify annual hot and
emerging research fronts across ten major disciplinary fields from the ESI (Es-
sential Science Indicators) database through bibliometric analysis and expert
judgment. For three consecutive years, the team has published the Research
Fronts annual report, which has generated positive responses from the scientific
community and society [1]. The authors have led and participated in the de-
velopment of these reports. While pleased with the achievements, we are also
aware of two main limitations: (1) due to manpower constraints, the report can
only analyze and interpret the most popular dozen or so research fronts in each
disciplinary field, failing to provide a comprehensive analysis of the entire field;
and (2) research fronts formed through bibliometric co-citation clustering are
typically quite specific, focusing on research points (e.g., “polymer solar cells
based on non-fullerene acceptors”), while revealing more macroscopic research
directions (e.g., “polymer solar cells”) remains to be improved.

Therefore, this paper selects nanoscience as a breakthrough case. Through litera-
ture search and expert selection, we identified all 1,391 research fronts belonging
to the nanoscience research domain from the ESI database. First, through sta-
tistical analysis of highly cited papers published in these nanoscience fronts, we
provide a macroscopic overview of the competitive landscape among countries.
Then, based on the similarity of research topics, these research fronts were man-
ually clustered into several research directions, which were further clustered into
research domains, forming a three-level analysis structure of domain-direction-
front (some domains have a four-level structure of domain-subdomain-direction-
front). This analytical structure captures all research fronts involved in a re-
search domain, enabling comprehensive, detailed, and in-depth analysis. Due
to space limitations, this paper selected four domains for analysis and interpre-
tation.

Selection of Nanoscience Research Fronts

The ESI database clusters highly cited papers (Top 1%) based on co-citation re-
lationships to form clusters of highly cited papers. Each cluster includes several
highly cited papers with the same or similar research topics, forming a “re-
search front”[2]. The Research Fronts report is based on these research fronts
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from the ESI database. This paper started with the 11,814 research fronts
in the ESI database and used the nanoscience search strategy constructed by
Arora et al. [3] to first screen out 1,512 research fronts that might belong to the
nanoscience domain. After expert selection and verification, 1,391 nanoscience
research fronts were finally identified, involving 6,639 highly cited papers [4].
The ESI data were retrieved in January 2016, and the highly cited papers were
published between 2008 and 2015.

Statistical analysis of the corresponding authors’countries for the 6,639 highly
cited papers in nanoscience research shows that the United States and China
rank first and second, respectively, far ahead of other countries, reflecting their
overall strength in nanoscience research .

Solar Cells

The solar cell domain mainly includes perovskite solar cells, polymer solar cells,
and quantum dot-sensitized solar cells, among other research directions, involv-
ing 102 research fronts and 516 highly cited papers. As shown in , the United
States has the largest number of highly cited papers in this field, with China
ranking second and showing a small gap with the United States. Other countries
lag far behind in terms of highly cited paper numbers.

Perovskite Solar Cells Perovskite solar cells are the hottest research direc-
tion among third-generation solar cells. In just a few years, they have surpassed
the achievements of new-generation thin-film batteries such as amorphous sil-
icon, dye-sensitized, and organic solar cells that took more than a decade to
develop. They were named one of the top ten scientific breakthroughs of 2013
by Science magazine. The core of perovskite solar cells is the organic-metal
halide light-absorbing material with perovskite ABX3 crystal structure, with
methylammonium lead iodide (CH3NH3PbI3) being the most common. In 2009,
Miyasaka’s group at Yokohama University in Japan first used perovskite ma-
terials as the light-absorbing layer to create perovskite solar cells based on dye-
sensitized solar cells, but the photoelectric conversion efficiency was only 3.8%
[5]. In 2011, Nam-Gyu’s group at Sungkyunkwan University in South Korea
increased the efficiency to 6.5% [6]. In 2012, Snaith’s group at Oxford Uni-
versity proposed the concept of “meso-superstructured solar cells,”achieving a
photoelectric conversion efficiency exceeding 10% for the first time [7]. In 2013,
Grätzel’s group at EPFL in Switzerland increased the efficiency to 15% [8].
By the end of 2014, Seok’s group at the Korea Research Institute of Chemical
Technology increased the conversion efficiency to 20.1% [9]. In 2015, a China-
Japan-Switzerland collaboration produced large-area (working area exceeding 1
cm²) perovskite solar cells, enabling them to be compared with other types of
solar cells under the same standards for the first time, with a certified energy
conversion efficiency of 15% [10]. In 2016, Grätzel’s group further increased the
certified efficiency to 19.6% [11]. Compared with the United Kingdom, Switzer-
land, and South Korea, China has relatively fewer highly cited papers in this
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research direction.

Polymer Solar Cells In bulk heterojunction polymer solar cell research,
fullerene-based materials have been the mainstream acceptor materials, but
they have some prominent problems. To address this, researchers have devel-
oped non-fullerene acceptor materials, mainly including two categories: organic
small molecules and polymers. In terms of organic small molecule acceptor ma-
terials, Zhan Xiaowei’s team at Peking University first proposed the concept
of fused-ring electron acceptors and designed and synthesized a series of high-
performance organic fused-ring electron acceptor materials, achieving a battery
efficiency of 9.6% in 2016 [12]. In the same year, Hou Jianhui’s team at the Insti-
tute of Chemistry, Chinese Academy of Sciences, using organic small molecule
acceptors, achieved a record-breaking energy conversion efficiency of 11.2% in
small-area non-fullerene polymer solar cell devices, bringing the efficiency of non-
fullerene polymer solar cells to the level of fullerene acceptors [13]. In terms of
polymer acceptor materials, i.e., all-polymer solar cells, Li Yongfang’s team at
the Institute of Chemistry, Chinese Academy of Sciences, has been active. In
2016, the team increased the energy conversion efficiency of all-polymer solar
cells to 8.27% [14]. Additionally, in 2016, Chen Yongsheng’s team at Nankai Uni-
versity used a complementary light absorption strategy with oligomer materials
to construct a tandem organic solar cell device with broad-spectrum absorption
characteristics, achieving a photoelectric conversion efficiency of 12.7%, which
set the highest recorded efficiency for organic/polymer solar cells at that time
[15].

Quantum Dot-Sensitized Solar Cells Quantum dot-sensitized solar cells
have attracted widespread attention in recent years due to their low preparation
cost, simple process, and the excellent properties of quantum dots themselves
(such as size effects and multiple exciton generation). Sargent’s group at the
University of Toronto in Canada [16], Nozik’s group at the National Renew-
able Energy Laboratory in the United States [17], and Zhong Xinhua’s team
at East China University of Science and Technology [18] have been particularly
prominent in this area. In 2016, Zhong Xinhua’s team increased the photoelec-
tric conversion efficiency of quantum dot-sensitized solar cells to 11.61%, which
was certified by the National Center for Photovoltaic Quality Supervision and
Testing [19].

Biomimetic Nanopores

The biomimetic nanopore domain mainly includes biological nanopores and
solid-state nanopores, involving 5 research fronts and 45 highly cited papers.
As shown in , the United States has a very significant research advantage in
this field, with 23 highly cited papers, more than half of the total. The United
Kingdom and Germany rank second and third, respectively, while China has
only one highly cited paper.
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In the 1990s, scientists proposed the idea of pulling single-stranded DNA
through protein pores to detect tiny changes in conductance as bases pass
through, thereby achieving nanopore DNA sequencing. Entering the 21st
century, more and more researchers have dedicated themselves to this field,
making nanopore sequencing a reality, with research results gradually moving
toward commercial practicality. Our analysis shows that the types of nanopores
involved in highly cited papers mainly include biological nanopores and solid-
state nanopores, with sequencing mainly including nucleic acid sequencing
(primarily DNA sequencing) and protein analysis.

Biological nanopores refer to nanopores that utilize natural biological channels
(such as �-hemolysin structures, Mycobacterium smegmatis porin A (MspA),
etc.). Oxford Nanopore Technologies’Hagan Bayley team developed a com-
mercializable �-hemolysin biological nanopore. In 2009, the company achieved
continuous base determination with an average accuracy of 99.8% [20]. Sub-
sequently, Oxford Nanopore Technologies launched commercial nanopore se-
quencers—MinION and GridION. The single-molecule DNA reading technol-
ogy based on nanopores no longer requires optical detection and synchronized
reagent elution processes and is also known as fourth-generation sequencing tech-
nology, which has faster data reading speeds and greater application potential
than earlier sequencing technologies. In 2016, MinION successfully completed
DNA sequencing under microgravity conditions on the International Space Sta-
tion and was named one of the top ten scientific breakthroughs of the year by
Science.

In 2010, Gundlach at the University of Washington first demonstrated that
MspA could be used for DNA sequencing and collaborated with microbiologist
Michael Niederweis at the University of Alabama to prove that MspA pores com-
bined with a “ratchet system”could read short DNA sequences [21]. In 2012,
the team used MspA and bacteriophage phi29 polymerase to achieve single-
nucleotide resolution and DNA translocation control, addressing two major ob-
stacles that biological nanopores had long encountered [22]. In the same year,
Mark Akeson’s team at the University of California, Santa Cruz, also used
MspA and phi29 polymerase to achieve real-time detection of single nucleotides
with DNA forward and reverse ratcheting at speeds of 2.5–40 nucleotides per
second [23].

Biological nanopores have limitations in stability and durability, making it dif-
ficult to meet the needs of continuous large-scale sequencing. With the contin-
uous advancement of microfabrication technology, solid-state nanopores have
emerged. Artificially prepared solid-state nanopores have the advantages of sta-
ble pore size, good physicochemical properties, low cost, high read length, and
easy integration, and are considered the next generation of nanopore technology.
The materials for solid-state nanopores mainly include graphene, silicon nitride,
silicon, and metal oxides.

Graphene has excellent potential for DNA detection. In 2010, Golovchenko’s
team at Harvard University and researchers at MIT published a paper in Nature
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demonstrating that graphene could be made into artificial membrane materials
for DNA sequencing, pointing the way for graphene nanopore DNA detection
[24]. Golovchenko’s team prepared graphene nanopores that closely match the
diameter of DNA molecules and found that they have very good sensitivity and
resolution for DNA [24]. At the same time, the detection range of nanopores
has continuously expanded, from DNA to RNA, proteins, gold nanoparticles,
and toxic molecules. For example, Hagan Bayley’s team at Oxford Nanopore
Technologies, Mark Akeson’s team at the University of California, Santa Cruz,
and Cees Dekker’s team at Delft University of Technology in the Netherlands
have used biological nanopores for protein detection [25]; Marija Drndić and
Meni Wanunu’s team at the University of Pennsylvania used thin nanopores
to rapidly detect small RNA molecules [26]; researchers at the University of
East Anglia in the UK used MinION sequencing to identify the position and
structure of bacterial antibiotic resistance islands [27].

Nanocatalysis

The nanocatalysis domain mainly includes subdomains such as catalyst synthe-
sis and preparation, traditional catalysis, electrocatalysis, and photocatalysis,
involving 92 research fronts and 303 highly cited papers. Catalyst synthesis and
preparation mainly includes research directions on active components and sup-
ports; traditional catalysis mainly includes C1 catalysis; electrocatalysis mainly
includes fuel cells, water electrolysis, and CO2 conversion; photocatalysis mainly
includes degradation of pollutants in water and air, CO2 conversion, and water
splitting. As shown in , China ranks first in the number of highly cited papers in
this field, with a share exceeding one-third, reflecting China’s strong research
advantage in nanocatalysis in recent years. The United States ranks second,
with a share close to one-quarter. Other countries have relatively few highly
cited papers.

Nanocatalysts typically consist of two parts: active components and supports.
Common active components include metals (and their compounds), semicon-
ductors, and carbon-based materials (such as graphene, carbon nanotubes, and
graphitic C3N4). Size, morphology, structure, and composition are important
factors affecting the catalytic utility of active components. For cost considera-
tions, the overall research trend for active components is to use abundant and
inexpensive common metals or non-metal materials to replace precious metals
while ensuring activity. Common supports include oxides (such as SiO2, TiO2,
and Fe3O4), carbon-based materials (such as graphene, carbon nanotubes, and
graphitic C3N4), and porous materials (such as zeolites, mesoporous materials,
and metal-organic frameworks). Supports not only provide surfaces for the high
dispersion of active components but can also participate in the catalysis process,
such as promoting photogenerated charge separation. For porous supports, the
confinement of pore channels can play a shape-selective catalytic role. Due to
easy separation and recovery, magnetic recoverable supports have developed
rapidly in recent years. Zhang Tao’s team at the Dalian Institute of Chem-
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ical Physics, Chinese Academy of Sciences, first discovered that single-atom
catalysts have activity comparable to homogeneous catalysts, experimentally
demonstrating that single atoms may become a bridge between homogeneous
and heterogeneous catalysis [28].

Nanocatalysis reactions are roughly divided into three categories: traditional
catalysis, electrocatalysis, and photocatalysis.

In traditional catalysis, C1 chemistry occupies an important position, including
Fischer-Tropsch synthesis, methane conversion, CO oxidation, CO2 reduction,
and methanol oxidation. In recent years, China has made a series of major
breakthroughs in C1 chemistry. Bao Xinhe’s team at the Dalian Institute of
Chemical Physics, Chinese Academy of Sciences, constructed a single-center iron
catalyst confined in a silicide lattice, successfully achieving selective activation
of methane under oxygen-free conditions to efficiently produce high-value chem-
icals such as ethylene, aromatics, and hydrogen in one step [29]. Bao Xinhe’
s team also used a self-developed new composite catalyst to creatively convert
syngas from coal gasification directly into low-carbon olefins with high selectiv-
ity, with selectivity for ethylene, propylene, and butene exceeding 80%, break-
ing through the 58% limit of Fischer-Tropsch synthesis for low-carbon olefins
and changing the history of more than 90 years of relying solely on the Fischer-
Tropsch route [30]. A joint research team from the Shanghai Advanced Research
Institute, Chinese Academy of Sciences, and ShanghaiTech University indepen-
dently developed a Co2C nano-hexahedral structure catalyst with exposed {101}
and {020} crystal facets, achieving high-selectivity direct preparation of olefins
from syngas under mild conditions (250°C, 1–5 atm), with selectivity for low-
carbon olefins reaching 60%, total olefin selectivity up to over 80%, and an
olefin/alkane ratio as high as over 30 [31].

In electrocatalysis, the oxygen reduction reaction at the cathode of fuel cells and
metal-air batteries is one of the research focuses. Platinum is an important elec-
trocatalyst for the oxygen reduction reaction. Due to the high cost of platinum,
catalyst development is moving in two directions: one is to reduce platinum
usage by using binary or ternary alloys, such as Pt-Fe, Pt-Co, and Pt-Fe-Cu;
the other is to develop non-platinum catalysts, such as palladium and its alloys,
and nitrogen-doped carbon materials (such as graphene and carbon nanotubes).
Water electrolysis is another important electrocatalytic reaction. New hydrogen
evolution catalysts include molybdenum sulfide compounds (such as MoS2 and
MoS3) and metal catalysts encapsulated in nitrogen-doped carbon nanotubes,
while new oxygen evolution catalysts include nitrogen-doped graphene. Hongjie
Dai’s team at Stanford University prepared a Co3O4/nitrogen-doped graphene
electrocatalyst with high activity for both oxygen reduction and oxygen evolu-
tion, attracting strong attention, with the paper being cited more than 2,000
times [32]. CO2 conversion catalysts are also a research hotspot. Yi Xie’s team
at the University of Science and Technology of China used a new cobalt-based
electrocatalyst to efficiently and cleanly convert CO2 into liquid fuel, receiving
high praise from international peers [33].
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In photocatalysis, the degradation of pollutants in water and air is one of the re-
search focuses. Common catalysts include semiconductors such as TiO2, BiOX
(X = Cl, Br, I), Ag/AgX (X = Cl, Br, I), and graphitic C3N4. The reduction
of CO2 to produce CH4, CH3OH, and other hydrocarbon fuels is a current re-
search hotspot, which can provide alternative energy while reducing greenhouse
gases. Common catalysts include semiconductors such as TiO2, Ag/AgX (X
= Cl, Br, I), metal-organic frameworks, graphene, and graphitic C3N4. Photo-
catalytic water splitting has always been an important topic in photocatalysis.
The graphene-loaded CdS photocatalyst for hydrogen production prepared by
Jianru Gong at the National Center for Nanoscience and Technology and Jiaguo
Yu at Wuhan University of Technology has attracted high attention, with the
paper being cited more than 1,000 times [34].

Measurement and Characterization

The measurement and characterization domain mainly includes super-resolution
optical microscopy, nanoscale magnetic resonance research, and electron mi-
croscopy measurement, involving 39 research fronts and 153 highly cited papers.
As shown in , the United States has the largest number of highly cited pa-
pers in this field, with Germany and the United Kingdom ranking second and
third, respectively. China ranks fourth, with a significant gap in paper numbers
compared to the United States.

Super-Resolution Optical Microscopy With the rise of super-resolution
fluorescence microscopy in recent years, researchers have developed various
super-resolution optical microscopes that break the diffraction limit, achieving
resolutions of about 20 nm, and in some cases even less than 2 nm. These
super-resolution microscopes are mainly divided into two categories: one is rep-
resented by the stimulated emission depletion microscope (STED) invented by
Stefan Hell, which achieves super-resolution by modulating the illumination
method; the other is based on single-molecule localization, which achieves super-
resolution by imaging and localizing fluorescent groups with photoswitching
functions. Photoactivated localization microscopy (PALM), stochastic optical
reconstruction microscopy (STORM), and fluorescence photoactivation local-
ization microscopy (fPALM) are all research hotspots in this direction. The
2014 Nobel Prize in Chemistry was awarded to three scientists for developing
super-resolution fluorescence microscopy: Eric Betzig from the Howard Hughes
Medical Institute (PALM technology), Stefan W. Hell from the Max Planck In-
stitute for Biophysical Chemistry (STED technology), and William E. Moerner
from Stanford University.

Nanoscale Magnetic Resonance Current conventional magnetic resonance
spectrometers are limited by detection methods to millimeter-level imaging res-
olution. Nanoscale weak magnetic detection technology has advanced magnetic
resonance research objects to single molecules and improved imaging resolution
to the nanoscale. In 2008, Wrachtrup’s team at the University of Stuttgart and
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Lukin’s team at Harvard University first reported the use of nitrogen-vacancy
centers in diamond for nanoscale weak magnetic detection, pioneering the re-
search direction of nanomagnetometry [35]. Additionally, Yacoby’s team and
Walsworth’s team at Harvard University, as well as Jiangfeng Du’s team at
the University of Science and Technology of China, have been very active in
this direction. Du’s team has achieved major breakthroughs such as the vector
reconstruction of microwave fields with hundred-nanometer resolution and the
mapping of the world’s first magnetic resonance spectrum of a single biological
molecule [36].

In-Situ Electron Microscopy In-situ transmission electron microscopy (in-
situ TEM) technology enables dynamic, real-time observation of the microstruc-
tural response behavior of materials under external stimuli. Jianyu Huang’s
team at Sandia National Laboratories (who has since joined Yanshan Univer-
sity full-time) used in-situ TEM technology to characterize the lithiation and
delithiation processes of nano-electrode materials in real time, achieving for the
first time the construction of a lithium-ion battery system under a transmission
electron microscope to study the morphological changes of nanowires during
lithiation and the lithiation mechanism as lithium-ion battery electrodes [37].

Conclusions

Through bibliometric analysis of the nanoscience domain combined with domain
intelligence research, this paper draws the following conclusions:

1. Based on the 11,814 research fronts in the ESI database from Clarivate
Analytics, 1,391 research fronts related to nanoscience research were identi-
fied through literature search and expert selection, involving 6,639 highly
cited papers (2008–2015). In terms of highly cited paper numbers, the
United States and China rank first and second, respectively, far ahead of
other countries.

2. The 1,391 nanoscience research fronts were manually clustered into several
research directions and domains. Four domains were selected for analysis
and interpretation: solar cells, biomimetic nanopores, nanocatalysis, and
measurement and characterization. In terms of highly cited paper num-
bers, the United States ranks first in solar cells, biomimetic nanopores, and
measurement and characterization, and second in nanocatalysis. China
ranks first in nanocatalysis, second in solar cells, fourth in measurement
and characterization, and does not rank in the top tier for biomimetic
nanopores.

3. China has formed a number of world-leading research directions and excel-
lent teams in nanoscience and technology. For example, in solar cells: Li
Yongfang’s team at the Institute of Chemistry, Chinese Academy of Sci-
ences; Hou Jianhui’s team at the Institute of Chemistry, Chinese Academy
of Sciences; Zhan Xiaowei’s team at Peking University; Chen Yongsheng’
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s team at Nankai University; and Zhong Xinhua’s team at East China
University of Science and Technology. In C1 chemistry: Bao Xinhe’s team
at the Dalian Institute of Chemical Physics, Chinese Academy of Sciences;
and the joint research team from the Shanghai Advanced Research Insti-
tute, Chinese Academy of Sciences, and ShanghaiTech University.

References

[1] 中国科学院科技战略咨询研究院, 中国科学院文献情报中心, 英国科睿唯安. 2016 研究前沿及
分析解读. 北京: 科学出版社, 2017, 44.

[2] 边文越, 李泽霞, 冷伏海. 构建包含知识元分析的科技前沿情报分析框架——以研究甲烷直接制
乙烯为例. 图书情报工作, 2016, 60(10): 87-94.

[3] Arora S K, Porter A L, Youtie J, et al. Capturing new developments in an
emerging technology: an updated search strategy for identifying nanotechnology
research outputs. Scientometrics, 2013, 95(1): 351-370.

[4] 王小梅, 邓启平, 李国鹏, 等. ESI 研究前沿的科学图谱及在纳米领域的应用. 图书情报工作,
2017, 61(12): 106-112.

[5] Kojima A, Teshima K, Shirai Y, et al. Organometal halide perovskites as
visible-light sensitizers for photovoltaic cells. J Am Chem Soc, 2009, 131(17):
6050-6051.

[6] Im J H, Lee C R, Lee J W, et al. 6.5% Efficient Perovskite Quantum-Dot-
Sensitized Solar Cell. Nanoscale, 2011, 3(10): 4088-4093.

[7] Lee M M, Teuscher J, Miyasaka T, et al. Efficient hybrid solar cells based on
meso-superstructured organometal halide perovskites. Science, 2012, 338(6107):
643-647.

[8] Burschka J, Pellet N, Moon S J, et al. Sequential deposition as a route
to high-performance perovskite-sensitized solar cells. Nature, 2013, 499(7458):
316-319.

[9] Yang W S, Noh J H, Jeon N J, et al. High-performance photovoltaic
perovskite layers fabricated through intramolecular exchange. Science, 2015,
348(6240): 1234-1237.

[10] Chen W, Wu Y Z, Yue Y F, et al. Efficient and stable large-area perovskite
solar cells with inorganic charge extraction layers. Science, 2015, 350(6263):
944-948.

[11] 中国科学院科技战略咨询研究院, 中国科学院文献情报中心, 英国科睿唯安. 2016 研究前沿
及分析解读. 北京: 科学出版社, 2017, 44.

[12] Lin Y, Zhao F, He Q, et al. High-performance electron acceptor with thienyl
side chains for organic photovoltaics. J Am Chem Soc, 2016, 138(14): 4955-
4961.

chinarxiv.org/items/chinaxiv-201710.00021 Machine Translation

https://chinarxiv.org/items/chinaxiv-201710.00021


[13] Zhao W, Li S, Yao H, et al. Molecular optimization enables over 13% effi-
ciency in organic solar cells. J Am Chem Soc, 2017, 139(21): 7148-7151.

[14] Gao L, Zhang Z G, Xue L, et al. All-polymer solar cells based on absorption-
complementary polymer donor and acceptor with high power conversion effi-
ciency of 8.27%. Advanced Materials, 2016, 28(9): 1884-1890.

[15] 南开大学. 南开大学科研团队在有机太阳能电池领域研究取得重大进展: 光电转化效率达
12.7%. [2016-12-14]. http://news.nankai.edu.cn/nkyw/system/2016/12/14/000310835.shtml.

[16] Ip A H, Thon S M, Hoogland S, et al. Hybrid passivated colloidal quantum
dot solids. Nature Nanotechnology, 2012, 7: 577-582.

[17] Semonin O E, Luther J M, Choi S, et al. Peak external photocurrent quan-
tum efficiency exceeding 100% via MEG in a quantum dot solar cell. Science,
2011, 334(6062): 1530-1533.

[18] Du J, Du Z, Hu J, et al. Zn-Cu-In-Se quantum dot solar cells with a certified
power conversion efficiency of 11.6%. J Am Chem Soc, 2016, 138(12): 4201-
4209.

[19] 华东理工大学. 钟新华团队在量子点敏化太阳能电池领域取得系列进展. [2016-7-1].
http://www.cas.cn/syky/201607/t20160701_4566879.shtml.

[20] Stoddart D, Heron A J, Mikhailova E, et al. Single-nucleotide discrimination
in immobilized DNA oligonucleotides with a biological nanopore. PNAS, 2009,
106(19): 7702-7707.

[21] Derringtona I M, Butlera T Z, Collins M D, et al. Nanopore DNA sequencing
with MspA. PNAS, 2009, 107(37): 16060-16065.

[22] Manrao E A, Derrington I M, Laszlo A H, et al. Reading DNA at single-
nucleotide resolution with a mutant MspA nanopore and phi29 DNA polymerase.
Nature Biotechnology, 2012, 30: 349-353.

[23] Cherf G M, Lieberman K R, Rashid H, et al. Automated forward and reverse
ratcheting of DNA in a nanopore at 5-Å precision. Nature Biotechnology, 2012,
30: 344-348.

[24] Garaj S, Hubbard W, Reina A, et al. Graphene as a subnanometre trans-
electrode membrane. Nature, 2010, 467(7312): 190-193.

[25] Oukhaled A, Bacri L, Pastoriza-Gallego M, et al. Unfolding of proteins
through solid state nanopores. Nano Lett, 2013, 13(2): 602-608.

[26] Wanunu M, Dadosh T, Ray V, et al. Rapid electronic detection of probe-
specific microRNAs using thin nanopore sensors. Nature Nanotechnology, 2010,
5(11): 807-814.

[27] Judge K, Harris S R, Reuter S, et al. Nanopore sequencing identifies the
position and structure of a bacterial antibiotic resistance island. Nature Biotech-
nology, 2015, 33(3): 296-300.

chinarxiv.org/items/chinaxiv-201710.00021 Machine Translation

https://chinarxiv.org/items/chinaxiv-201710.00021


[28] 中国科学院大连化学物理研究所. 我所单原子催化研究取得新进展. [2017-01-03].
http://www.dicp.ac.cn/xwzx/kjdt/201612/t20161228_4728792.html.

[29] 中国科学院. 2015 科学发展报告. 北京: 科学出版社, 2015, 128-129.

[30] 中国科学院. 大连化物所包信和团队甲烷直接制烯烃研究获重大突破. [2016-03-04].
http://news.xinhuanet.com/2016-03/04/c_1118235820.htm.

[31] 中国科学院上海高等研究院. 中科院上海高研院合成气直接制烯烃研究获重大突破. [2016-
10-06]. http://www.sari.cas.cn/xwzx/ttxw/201610/t20161003_4672665.html.

[32] Liang Y, Li Y, Wang H, et al. Co3O4 nanocrystals on graphene as a syn-
ergistic catalyst for oxygen reduction reaction. Nature Materials, 2011, 10(10):
780-786.

[33] 中国科学技术大学. 中国科大在二氧化碳转化领域取得新突破成果入选 2016 年度中国科学十
大进展榜首. [2017-02-21] http://news.ustc.edu.cn/xwbl/201702/t20170221_267943.html.

[34] Li Q, Guo B, Yu J, et al. Highly efficient visible-light-driven photocat-
alytic hydrogen production of CdS-cluster-decorated graphene nanosheets. J
Am Chem Soc, 133(28): 10878-10884.

[35] Balasubramanian G, Chan I Y, Kolesov R, et al. Nanoscale imaging magne-
tometry with diamond spins under ambient conditions. Nature, 2008, 455(7213):
648-651.

[36] Shi F, Zhang Q, Wang P, et al. Single-protein spin resonance spectroscopy
under ambient conditions. Science, 2015, 347(6226): 1135-1138.

[37] Huang J Y, Zhong L, Wang C M, et al. In situ observation of the electrochem-
ical lithiation of a single SnO2 nanowire electrode. Science, 2010, 330(6010):
1515-1520.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201710.00021 Machine Translation

https://chinarxiv.org/items/chinaxiv-201710.00021

	Postprint Analysis of Nanotechnology Research Based on ESI Research Fronts
	Abstract
	Full Text
	Analysis of Nanoscience and Technology Development Based on ESI Research Fronts
	Abstract
	Selection of Nanoscience Research Fronts
	Solar Cells
	Biomimetic Nanopores
	Nanocatalysis
	Measurement and Characterization
	Conclusions
	References



