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The Light-Induced Field-Effect Solar Cell Concept—Perovskite Nanoparticle
Coating Introduces Polarization Enhancing Silicon Cell Efficiency
Y Wang, Z Xia, L Liu, W Xu, Z Yuan, ¥ Zhang... - Advanced ..., 2017 - Wiley Online Library

Abstract Solar cell generates electrical energy from light one via pulling excited carrier away - 121;
under built-in asymmetry. Doped semiconductor with antireflection layer is general strategy <—
to achieve this including crystalline silicon (c-5i) solar cell. However, loss of extra energy

ir PY Related articles All 3 versions
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The Light-Induced Field-Effect Solar Cell Concept — Perovskite Nanoparticle Coating Introduces
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Solar cell generates electrical energy from light one via pulling excited carrier away under built-in asymmetry. Dope
semiconductor with antireflection layer 1s general strategy to achieve this including. .. more

Polarization Enhancing Silicon Cell Efficiency

Yusheng Wang Zhouhui Xia  Lijia Liu ... in Advanced Materials (2017)

This article discusses: Solar Cell with Perovskite NPs, Power Conversion Efficiency, PSS, ¢-5i Solar Cell, Sunlight 1\
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metal oxide nanoparticles = adsorption
+
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02 adsorption dependent photoluminescence emission from metal oxide nanoparticles
AmirR. Gheisi  Chris Neygandhi = Andreas K. Sternig... in Physical Chemistry Chemical Physics (2014}

Optical properties of metal oxide nanoparticles are subject to synthesis related defects and impurities. Using
photoluminescence spectroscopy and UV diffuse reflectance in conjunction with Auger electron... more

This article discusses: Adsorption with Photoluminescence, Surface, Nanoparticles, Oxygen, Mg0 Nanoparticles and

Metal Oxide Manoparticles with Photoluminescence, Surface, Annealing, Particle, Oxide Nanoparticle System

Citations according to ReadCube: 13

zno nanoparticles ®  mgo nanoparticles X

02 adsorption dependent photoluminescence emission from metal oxide nanoparticles
Amir R. Gheisi  Chris Meygandhi = Andreas K. Sternig... in Physical Chemistry Chemical Physics [2014)

Optical properties of metal oxide nanoparticles are subject to synthesis related defects and impurities. Using
photoluminescence spectroscopy and UV diffuse reflectance in conjunction with Auger electron... mare

This article discusses: Zn0 Nanoparticles with Photoluminescence, Oxygen, Annealing, Surface, Chemical Vapor

Synthesis and Mg0 Manoparticles with Photoluminescence, Annealing, Surface, Cooygen, Zn0 Manoparticles

Citations according to ReadCube: 13
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nanosheets and electrical conductivity Ly
Articles About 79 900 results (0.12 sec)

Any time Synthesis of graphene-based nanosheets via chemical reduction of exfoliated
Since 2017 graphite oxide

Since 2016 S Stankovich, DA Dikin, RD Piner, KA Kohlhaas .. - carbon, 2007 - Elsevier

Since 2013 ... Synthesis of graphene-based nanosheets via chemical reduction of exfoliated graphite oxide. ..

Custom range...

Sort by relevance
Sort by date

" include patents
~" include citations

Create alert

By nature, GO is electrically insulating (see below) and thus cannot be used, without further ... Notably,
it has been demonstrated that the electrical conductivity of GO (and presumably its ...

Yr YUY Cited by 8840 Related articles Al 20 versions

Processable agueous dispersions of graphene nanosheets

D Li, MBE Maller, 5 Gilie, RB Kaner .. - Nature nanctechnology, 2008 - nature.com

... work may lead to the development of a new generation of antistatic coatings that can eombine
electrical conductivity with transparency ... Synthesis of graphene-based nanosheets via chemical
reduction of exfoliated graphite oxide. ... Electric field effact in atomically thin carbon films. ...

Yr DU Cited by 6272 Related articles  All 15 versions

Preparation and electrical properties of graphene nanosheet/Al2 O 3
composites
¥ Fan, L Wang, J Li, J Li, S Sun, F Chen, L Chen... - Carbon, 2010 - Elsevier

Fully dense graphene nanosheet (GNSYAI203 composites with homogenecusly distributed
GNSs of thicknesses ranging from 2.5 to 20nm have been fabricated from ball milled
expanded graphite and AI203 by spark plasma sintering. The percolation threshold of

Yr YUY Citedby 227 Related articles All 8 versions

Two-dimensional nanosheets produced by liquid exfoliation of layered materials
JN Coleman, M Lotya, A O'Neill, 3D Bergin_.. - ..., 2011 - science sciencemag.org

... Tae Kim. School of Electrical Engineering, Korea University, Seoul, South Korea. ... 1 Optical
characterization of nanosheet dispersions. ... We performed transmission electron microscopy (TEM)
analysis on our dispersicns, typically chserving 2D flakes consisting of thin nanosheets. ...

Yr YUY Cited by 3049 Related articles  All 16 versions

Comparison of electrical properties between multi-walled carbon nanotube and
graphene nanosheet/high density polyethylene composites with a segregated
network ...

JDu, L Zhao, ¥ Zeng, L Zhang, F Li, P Liu, C Liu - Carbon, 2011 - Elsevier

Multi-walled carbon nanotube (MWCNT)/high density polyethylene (HDPE) and graphene
nanosheets (GNS)/HDPE composites with a segregated network structure were prepared by
alcohol-assisted dispersion and hot-pressing. Instead of uniform dispersion in polymer

¥r DY Cited by 134 Related articles  All 15 versions
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nanosheets and electrical conductivity

Nanostructure

[ Nanosheets

"] Manostructured materizals
[] Manofilm

|| Manoporous materials

|| Manoparticles

W Seseall(11)
Property

Search

€ Electrical conductivity

[ Electric current

(| Band structure plot
|| Density of states

] Cyclic voltammogram
v Seethe top 100
Application

Electronics

Energy storage

Catalysis

Optoelectronics

Sensors (excluding
bicsensors)

v Seeall (57)

151

283

28

28

13

112

40

38

37

34

2 151 nanomaterials ;

Nanostructure: Nanosheets €

Sort by Most recent v

reduced graphene oxide

Compaosition: graphite | oxygen atom

Manostructure: nanosheets

Bazed on 1971 articles and 19 patents (most recent: 2017)
Characterization (2327) = Property (1740) | Preparation (1367)  Application (477)

Show quick view W

graphene
Compaosition: graphite

Manostructure: nanosheets

43

41
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ost recent: 2017)

Source
Preparation (2967) | Application (10385) = Biclogical effects (293)

Search pel
[] Manoscale 6T
] ACS Nano &6
. 1
|| Adv. Mater. 55

oxygen atom | More >
[ Adv. Funct. Mater. 49
] Mature Commun. a5
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v Seethe top 100
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Nanostructure
0 articles ; ; ; i i ; ; ;
@ Nanosheets 151 Properties Applications Characterization Biological effects Preparation References
s
"] Manostructured materizals 293 Nanostructure: Nanosheets € E— E
- et = R
Sort by Most recent v
[_| Nanoporous materials 28
. electrical conductivity 2505/m Thickness: 0.8 nm Experiment in Liu, Haiging et al., Adv.
[l Nanoparticles 13 Medium/Support: none Funct. Mater., 2017
W Seeall (11) reduced graphene oxide -
Composition: graphite | oxygen atom 5440 5/m Thickness: ~ 1070 nm Expenmelnt in Jisoo Park et al.,
Size Manostructure: nanosheets Medium/Support: none anoscale, 2017
Based on 1971 articles and 19 patents (most recent
| 0 | - |SGDUD | - Characterization (2327) = Property (1740) = Prepai 0.0043 S5/m Size: not specified Experimentin L. G. Guex et al.,
Medium/Support: none rEmEEElE, 20
Show quick view W
1500 S/m Size: not specified Experimentin L. G. Guex et al.,
Update results Medium/Support: none laposcale Bl
graphene
Composition: graphite 89 S/cm [8300 S/m] Size: not specified Experiment in Shuwen Luo et al.,
Property Nanostructure: nanoshesets Medium/Support: none Nanoscale, 2017
Based on 4222 articles and 134 patents (most recen
Search pel o _ . .
Characterization (5542) = Property (4578) | Prepai 75 5/m Size: not specified Experimentin L. G. Guexetal.,
|| Electrical conductivity 112 Medium/Support: none MNanoscale, 2017
) Show quick view W
|| Electric current 40
120000 5/m Lateral size: ~ 740 nm Experiment in Jisoo Park et al.,
|| Band structure plot 38 Thickness: ~ 232 nm Nanoscale, 2017
. nanosheets assembled carbon .
|| Density of states 37 Medium/Support: none
Compaosition: graphite | nitrogen atom | oxygena
) Cyclic volt: z s o
- HymieveEmmegram 34 Nanostructure: nanoshests 2.27 Sfem [227 S/m] RMS roughness: 1.2 nm Experiment in Jung, Chan-Hes et al.,
v Sesthe top 100 Based on 38 articles (most recent: 2017) I T Nano Energy, 2017
Characterization (161) | Property (68) | Preparatic




FEh2— ISENER

discharge capacity of lithium iron phosphate nanoparticles

# Articles

About 20,800 results (0.11
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Fabricating genetically engineered high-power lithium-ion batteries using
multiple virus genes

YJLlee HYi, WJ Kim, KKang, DS Yun... - ..., 2009 - science.sciencemag.org

... Lithium-ion battery electrodes store and release electnical energy by insertion and extraction

of Li + ions and electrons ... has been constrained due to kinetic limitations, which result in poor

charge- and discharge-rate capability and fading of capacity upon prelonged ...

¥r YUY Cited by 573 Related articles  All 12 versions
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discharge capacity of lithium iron phosphate nanoparticles

Nanostructure
. 364 articles 24 nanomaterials 1 patents
|| Manostructured materials 14
[l Nanoporous materials 5 Properties Applications Characterization Biological effects Preparation References
Sort by Relevance A4
] Nanoparticles 2

I S e P
P
S:I::hrtl" . LiFePO, nanoparticles capa:ity.dependeht on Details in source %):l E-L\XET )\jﬁk T%Tﬁ

charge/discharge

Composition: lithium iron phosphate 2 \|s Eg E I
[ Dischargs capacity 24 MNanostructure: nanoparticles E’U\El ] W; | :4;2-*—'- |‘ *D%J%

Based on 54 articles and 8 patents (most rec g{ E
=J 117/

Characterization (78) | Preparation (43) |

] Nyquist plot 10

[] Cyclic voltammogram 10

discharge capability Details in source Length: - 100 nm Experiment in Xia, Yang et al_, J. Po
B 5 B - L Sources, 2011
[ Voltage 10 Hide quick view A Length: ~ 2000 nm
Width: ~ 1000 nm
Width: ~ 50 nm

v Seezll (44) Properties (22) - Medium/Support: none

Discharge capacity . discharge capacity Details in source Size: 100 - 200 nm Experiment in Gong, Huaxu et al., Mater.
Application . Lett., 2012
\alue: Details in source Medium/Support: none o

| Potential g

[[J Energy storage 14 Source: Xia, Yang ef al., J. Power Source
Details in source Length: - 100 nm Experiment in Xia, Yang et al_, J. Power
[ Electrodes/electrolytes 12 Discharge capacity Length: - 2000 nm Sources, 2011
— . ValueT Detais in source e
|| Power generation 1 = Width: ~ 1000 nm
Source: Gong, Huaxu et al, Mater. Lett. Width: - 50 nm
Source Medium/Support: none
Search p lithium concentration Details in source Radius: 20 - 50 nm Calculation in Siddique, N.A. et al., J.
dependent on discharge rate Medium/Support: none Power Sources, 2014

|| U.5. Patent and
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gold nanoparticles

Composition: gold

Manostructure: nanoparticles

Based on 3710 articles and 113 patents (most recent: 2017)

Characterization (3432]

¥ Properties

‘ Search for a property ‘

General physical and chemical properties

Freparation (2451)

Property {(1871)

BZ R ERVNARIZHIC 2 SLh)

Application (871)  Biological effects (724)

“ 1,4-aminothiophenol detection
analytical enhancement factor

1,4-aminothiophenol detection

limit

100/111 surface energy ratio

110/111 surface energy ratio

v absorbance

Details in source

Details in source

Details in source

Details in source

Details in source

Size: 30 - 60 nm
Tip size: 20 nm
Medium: water

Support: none

Core size: 100 nm
Size: 130- 170 nm
Tip size: 30 nm
Medium: water

Support: none

Size:1-2nm

Medium/Support: none

Size:1-2nm

Medium/Support: none

Diameter: ~ 15.11 - 29.67 nm
Medium: water

Support: none

Experiment in Boris Khlebtsov et al., J.
Manopart. Res., 2014

Experiment in Boris Khlebtsov et al., J.
Manopart. Res., 2014

Calculation in Almora-Barrios, Neyvis et
al., Mano Lett., 2014

Calculation in Almora-Barrios, Neyvis et
al., Mano Lett., 2014

Experiment in Duy, Janice et al, J.
MNanopart. Res., 2010

L

natureresearch
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gold nanoparticles

Compaosition: gold

Manostructure: nanoparticles

Based on 3710 articles and 113 patents {most recent: 2017)

Characterization (3432) | Preparation (2451)  Property (1871)  Application (871)  Biological effects (724)

¥ Applications

‘ Search for an application area

_ Apphcatlon enematersiNanant _

agrochemicals Gloriosa superba seed germination Size: 5 - 50 nm Confirmed in K. Gopinath et al., 1.
Wanostruct. Chem., 2014

Medium: Terminalia arjuna extract

Suppert: none

v analysis methods substrate for surface-enhanced Diameter: 33.5-75.5 nm Confirmed in Tian, Shu et al., Nano
Raman scattering (SERS) Medium/Support: none Lett., 2017
W catalysis interfacial catalytic reactions Core diameter: 65 nm Confirmed in Dan Wang et al.,

Diametar: - 75 nm Manoscale, 2017

Spine bottom diameter: 15 nm
Spine length: 5 nm

Spine top diameter: 5 nm
Medium/Support: none

“ coatings plasmonic substrate Diameter: 20 - 40 nm Confirmed in Lin, Linhan et al., ACS

Interparticle distance: 5- 10 nm Nano, 2016

Medium/Support: none

v cosmetics/sunscreens/lotions cosmetology Size: not specified Proposed in Anna Dzimitrowicz et al., J.

Medium: hydrogen chloride aqueous HErTeTEs e LS

solution

Support: none

natureresearch

16



BRI SR B 2 5 NI AR AP ELC S e 61 FRIEFER

gold nanoparticles

Compaosition: gold

Manostructure: nanoparticles

Based on 3710 articles and 113 patents {most recent: 2017)

Characterization (3432) | Preparation (2451)  Property (1871)  Application (871)  Biological effects (724)

¥ Characterization

Search for a method

alternating current Diameter: ~ 20 nm Experiment in Johannes Walter et al., Nanoscale, 2015

Medium/Support: none

Analytical centrifugation Diameter: ~ 20 nm Experiment in Johannes Walter et al., Nanoscale, 2015

Medium/Support: none

“ atomic absorption spectroscopy Radius: 5 nm Calculation in Yu Luo et al., Proc. Natl Acad. Sci. USA,
Medium/Support: none 2014

“ atomic force microscopy Size: ~ 20 nm Experiment in Satish K. Tuteja et al, Nanoscale, 2017
Medium/Support: none

“ cathodoluminescence spectroscopy Edge: 50 nm Calculation in Losquin, Arthur et al., Nano Lett_, 2015

Thickness: 50 nm

Medium/Support: none

natureresearch
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gold nanoparticles

Compaosition: gold

Manostructure: nanoparticles

Based on 3710 articles and 113 patents {most recent: 2017)

Characterization (3432) | Preparation (2451)  Property (1871)  Application (871)  Biological effects (724)

¥ Biological effects

Search for a biological system

3-D mouse kidney proximal nontoxic Size: not specified Astashkina, Anna |. et al., Biomaterials,
tubule culture Medium/Support: none 2014
3T3-L1 cells noncytotoxic Diameter: 25 nm Park, Hyejin et al., Biomaterials, 2014

Medium/Support: none

4T1 cells noncytotoxic Diameter: 80 nm Liu, Zhen et al., Biomaterials, 2014

Medium/Support: none

“ 4T1tumer-bearing athymic no effect on body weight, Size: not specified Du, Yang et al., Adv. Mater., 2015
female BALB/c nude mouse intravenous (iv) Medium/Support: none
4T1-fLuc tumor cells cytotoxic upon NIR laser irradiation Size: not specified Du, Yang et al., Adv. Mater., 2016

Medium/Support: none

natureresearch
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gold nanoparticles | 4.2. Synthesis of gold nanoparticles

Compaosition: gold

Nan L . AuNPs (20 + 3 nm; Fig. S12B1) were prepared with the sedium citrate method 2222 HAuCL, (1.25 mL, 4 g L) was added into
anostructure: nanoparticles| =

Based on 3710 articles and 111 48.75 mL of ultrapure water with vigorous stirring, and boiled at a high temperature (350 °C). After several minutes, freshly

Characterization (3432) = Prg prepared agueous trisodium citrate solution (1.2 mL, 10 mg mL-1) was added rapidly. After the color of the solution had

stabilized, the reaction solution was cooled to room temperature and then stored at 4 °C.

¥ Preparation

Type: Chemical synthesis Source: Aihua Qu et al.. Manoscals, 2017

Starting materials Vigorous stirring Cooling Product

o o o

water gold nanoparticles
_I_ Hydrodynamic diameter:
= = - 2558-30.1nm
gold trichloride = 350°C s trisodium citrate Medium: water
hydrochloride s water solution Support: none

* rapid adding

natureresearch
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2 IMEUEARIEEIZINEE: T This article discusses” ZR R FTAVEIRINEE, HERFK
B EZ IMITBXIK REC R EHE.

L) Synthesis of Diamond Nanowires Using Atmospheric-Pressure Chemical Vapor

Deposition

Type: Chemical synthesis

Starting materials

methane

+

[1({2,3)4]pentama
ntane monolayer
on oxidized
silicon carbide

Source: Zhang, Jingyuan Linda et al., Mano Lett., 2016 12

Chemical vapor

deposition (CVD)

Chemical vapor

deposition (CVD)

o

o

methane

Inductively coupled
plasma (ICP) etching

o

Y

-
-

Ho/Ar as carrier gas
heating
nucleation step

Y

* H2 a5 carrier gas
* heating
s growth step

* HBr/Cly

Product

diamond-4H-SiC
nanowires

Size: not specified

Medium/Support: none

asitioa,

\
\
ID Chemjcal Vapor
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Prope | Search for a tec nique | @ REmove variant titer /\ N N N
P DTEPRILIBIEIN
Type: Physical formation Source: Lin, Zhaoyong et al., Adv. Energy Mater,, 2016
Starting materials Laser ablation Centrifugation Dryin Solvent evaporation
Method Nanom & # e P
© Rem o 2] © o

high-resolution transmission electron Diamet
microscopy M graphite flakes " " " "
* absolute ethanol * heating * deionized water
* laser wavelength 532 * heating
nm
infrared spectroscopy Diamet « pulse power 180 mJ
s pulse width 10 ns
Mediur » frequency 50 Hz
Raman spectroscopy Diamet
Product
Mediur
selected area electron diffraction Diamet
carbon nanoparticles
Mediur Diameter: 2 -4 nm
Medium/Support: none

To watch a quick video demo of this feature, open this URL in Chrome:
https://www.useloom.com/share/7386dc931e8847ae860f18f4725f88a1l

natureresearch


https://www.useloom.com/share/7386dc931e8847ae860f18f4725f88a1

24

Nanoiid FIFUSIE - AT SRR BT &

- BF2131MM_EipaddsilzsiiR A BIERIGH REHIZRAAER, BEi)S3—
MRIE “MAREIF2ARBRE—ARETFZIMEAEETR”, XiLEAIBER
&) T NanolRBBEKXEX.

- BiIEERATSAPBIENE, RIGEFESMERNEFZAM, LIHE
NanoEIEtlﬂﬂﬂFHFﬁ'JL_me SHAPREHIMEKRILES.....

‘"*‘xf

FHRIALE, ER122 1

v

natureresearch



25

Nanoi[AIZERE (BSTEMA)

T
‘!W Il WA

7‘\‘\

A N it & |
Jens Kroeger, PhD Juan Hinestroza, PhD Yanlin Song, PhD Seeram Ramakrishna, PhD
Chief Technology Officer Assoc. Prof. Prof. Prof.

Nanolntegris Cornell U. Inst. Chem., CAS Faculty of Eng., NUS

Omid Farokhzad, MD Zhiyong Tang, PhD Harald Krug, PhD Kuei-Hsien Chen, PhD
Assoc. Prof. Prof. Mat. Chem. Prof. Distinguished Research Fellow
Brigham and Women’s Hospital NCNST, CAS Swiss Federal Lab for & Director
Harvard Medical School Mat. Sci. and Tech. IAMS, Academia Sinica

natureresearch



26

PENRHZSEAZRINRBRE

FEE IS BAKHE. ERWARZFEFL. FERFR BRI
FEE1E, fHl T PEPORERT, NEKFEXEIAER. TR, B
RREID M. EfralFNESUE, ERXEIES eI
%, ZaTRFREENL, REFDERHIrERPENHAGK
REHIRESS, NEEMEDTSEEDITRES, EMFSEN
SURMEEMIE. 1ZiRS, —AmE, WBBE TIIE 1T, WARRHS
EHFEESE TIRANARE, WARHSEFHLETEXRMN,
B—HE, BATEEEEXRTRAIZETAF,

——BE&ELL
https://www.nature.com/press releases/small science in big
china - ch.pdf

editorial

The power of the tiniest shoot

The publication of a white paper on nanoscience in China sets the scene for the country’s future

in the field.
Nature Nanotechnology 12, 833 (2017)

https://www.nature.com/press releases/small science in big
china - en.pdf



https://www.nature.com/press_releases/small_science_in_big_china_-_en.pdf
https://www.nature.com/press_releases/small_science_in_big_china_-_ch.pdf

5359 !

BEZ(SE, 151508 nano.nature.com.

Dr-Ing. Amir Gheisi

(48]
QI‘\

Director Product Management, Manascienct

echn

Database Product Specialist, Manoscience & Technology

ology Springer Nature Heidelberg

Springer Nature Hong Kong Amir.Gheisi@springernature.com

William.Chiuman@springernature.com

Jessie Xiao, Ph.D.

Database Product Specialist, Nanoscience & Technology

Prathik Roy, Ph.D.

Database Product Specialist, Nanoscience & Technology
Springer Nature Beijing springer Nature New York

Jessie Xiao@springernature.com Prathik.Roy@springernature.com

natureresearch



PENRERLZRERS
PHE KRB R —

FIGURE 1 | GROWTH OF NANOSCIENCE.

The total output of papers related to nanoscience and technology published
in journals listed in the SCI has been growing for the past two decades.

50,000 BEEN ___ CHINA [ ‘
—— USA
JAPAN
40,000 - GERMANY  [FESEESESRELERREEERe e e
FRANCE
— UK

30,000 ---- —— SKOREA  —--oooooooo

INDIA

(Number of papers in the Science Citation Index)

*HENKEES: BZ2X=E, kF=EX
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FIGURE 2 | CONTRIBUTION OF NANOSCIENCE TO TOTAL
SCIENTIFIC OUTPUT.
Papers related to nanoscience and technology represents an ever growing

fraction of the total scientific output of most countries. For China, South
Korea and India, that fraction is now well above the global average.
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