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A comprehensive nanotechnology-specific database has been launched as part of the

Mature Research portfolio.

On 15 June 2016, Springer Nature launched

Nang, the first non-journal-type product
to be marketed by the company within
the Nature Research portfolio. Nano is a
database, but it is also a discovery tool.
It is designed to provide researchers in
academia and industry a simple way to
retrieve information on nanomaterials
and nanodevices. Over 200,000 profiles
have been created, and each is based

on information extracted mainly from

research articles published in 30 journals.

By searching the database, users are
presented with at-a-glance information
on different types of materials or
devices related to the keyword used,
incuding composition and properties,
and including the source articles and
patents from which the information
has been extracted.

Realizing a comprehensive catalogue
of nanomaterials and nanodevices is
important, particularly now, as after

a few decades of intense research to
understand the fundamental properties
of nanostructures, efforts have now
shifted to incorporate such structures
in commercial devices. But creating a
comprehensive catalogue of nano-objects
is no easy task. The main challenge is,
and possibly will always be, deciding
what goes in and what stays out. What
size can be used as a threshold under
which a material becomes a nanomaterial?
The only useful answer is that a
nanomaterial has qualitatively different
physical and chemical properties
from its bulk eounterpart, and the
size at which this happens varies with
each material. To complicate matters,
nanomaterials are studied by physicists,
engineers, chemists and biologists, and
information is scattered in a wide variety
of publications.

A product such as Nano can help.
By collecting information from

MATURE HANOTECHMOLOGY | WOL T | JULY 2076 | wearw.nature.comynaturenanotechnology

research articles and patents, it follows
the definition of nanomaterials and
nanodevices used by the community.
Furthermore, the information is not only
gathered from specific nanoscience and
nanotechnology journals, such as ours
or Nane Letters, but also from journals
such as Science, Angewandte Chemie
International Edition and Advanced
Materials, to list only a few.

Nano will grow to include more
comprehensive information in the future.
The plan for the rest of 2016 is to include
information from a larger number
of journals and to keep updating the
database by including information from
new publications. In the meantime, the
product is ready to be used and we invite
you to explore its functionalities, which
can be done via institutional trials at
http:/fnano nature com/. 0

Corrected after print: 20 July 2016
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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.
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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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Case study #1 — A general search

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. ..

Customn 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 ...

¥r YU Cited by 8340 Related articles Al 20 versions

Processable aqueous dispersions of graphene nanosheets

D Li, MB Maller, S Gilie, RB Kaner. .. - Nature nanotechnology, 2008 - nature.com

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

¥r YU Cited by 6272 Related articles  All 15 versions

Preparation and electrical properties of graphene nanosheet/Al 2 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

vr UU Cited by 227 Related aricles  All & versions

Two-dimensional nanosheets produced by liquid exfoliation of layered materials
JN Coleman, M Lotya, A C'Neill, SD 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 cur dispersicns, typically chserving 2D flakes consisting of thin nanosheets. ...

vr YU 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 ...

J Du, 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 DU Cited by 134 Related aricles  All 15 versions
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There are so much to read!!!

Are they talking about the same
thing?

If not, what are the differences?
Anywhere | find a quick overview

and drill down from there rather
than going through these?
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The Nano user journey for a general search

nature.com > nano a natureresearch solution

¢ Nano

nanosheets and electrical conductivity

Nanostructure
@ nanosheets - @ v/ 151 nanosheets with electrical conductivity

[ Manestructured materizls 793 Nanostructure: Nanosheets €@ Stud|ed

] Nanofilm 28

B ) Sort by Most recent v

::: :pmmtl 2 v'Able to refine by property, application
| Manoparticles 13

Vv Seeall (11) reduced graphene oxide C nd source

property Composition: graphite | oxygen atom

Manostructure: nanosheets

Search p Based on 1971 articles and 19 patents (most recent: 2017) /The numbe rs prOVide a quick Ove rVieW

Characterization (2327) | Property (1740) | Preparation (1367) | Application (477) | Biological effects (217) . . .
Y T - ’ * of properties and applications that were
@ Etectric current a0 already studied/explored, and also

] Band structure plot 38 .
where these are usually published
|| Density of states 37 graphene
[[] Cyclic voltammogram 34 Composition: graphite
MNanostructure: nanosheets

Vv See the top 100 ost recent: 2017)

Source

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

Application J— p
|| Electronics 70

|| Manoscale 6T
|| Energy storage 58

] ACS Nano 56
|| Catalysis a4 n

] Adv. Mater. 56
|| Optoelectronics a3 oxygen atom | More >

] Adv. Funct. Mater. 49
[ Sensors (excluding

bicsensors) a1 ] Mature Commun. a9
Preparation (53)  Application (23) natureresea,rch

v Seeall (57) W Seethetop 100




The Nano user journey for a general search 12

nature.com > nano a natureresearch solution

;ﬂ Nano Users may go to literatures of interest for
further details and/or find other data such as
applications, characterization and preparation
referring to the same nanomaterial in the
summary, or explore other nanosheets that
conduct electricity.

nanosheets and electrical conductivity

Nanostructure
@ Nanosheets 151 Properties Applications Characterization Biological effects Preparation References
"] Manostructured materizals 293 Nanostructure: Nanosheets €@
o et “ _ enomatensianiant
Sort by Most recent v
[_| Nanoporous materials 28
. electrical conductivity 250 S{m Thickness: 0.8 nm Experiment in Liu, Haiging et al., Adwv.
[l Nanoparticles 13 Medium/Support: none Funct. Mater., 2017
v Seeall (11) reduced graphene oxide »
Composition: graphite  oxygen atom 5440 5/m Thickness: ~ 1070 nm Experiment in Jisoo Park et al.,
Size Manostructure: nanosheets Medium/Support: none Nanoscale, 2017
Bazed on 1971 articles and 19 patents (most
|El |_| 70T |rlm Characterization (2827) | Property (1740) 0.0043 5/m Size: not specified Experimentin L. G. Guexetal,,
Medium/Support: none [
Show quick view W
1500 S/m Size: not specified Experimentin L. G. Guexetal.,
Update results Medium/Support: none el AN
graphene
Composition: graphite 83 S/cm [8800 5/m] Size: not specified Experiment in Shuwen Luo et al.,
Property Nanostructure: nanosheets Medium/Support: none Nanoscale, 2017
Based on 4222 articles and 134 patents {mos
Search pel — = - .
Characterization (5542) | Property (4578) 75 S5/m Size: not specified Experimentin L. G. Guexet al.,
[Z] Electrical conductivity 112 Medium/Support: none Nanoscale, 2017
) Show quick view W
|| Electric current 40
120000 5/m Lateral size: ~ 740 nm Experiment in Jisoo Park et al.,
] Band struct: lot q
| Band structure plo 38 Thickness: ~ 232 nm Nanoscale, 2017
. nanosheets assembled carbon )
[[J Density of states 37 Medium/Support: none
Compaosition: graphite | nitrogen atom | o
[ Cyclic voltammogram 34 = - . i
! Nanostructure: nanosheets 2.27 Sfem [227 5/m] RMS roughness: 1.2 nm Experiment in Jung, Chan-Hes et al.,
v Sesthe top 100 Based UHELUEIES {most recent: 2017) Medium/Support: none Nano Energy, 2017
Characterization (161) | Property (88) | Pre
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Case study #2 — A specific search

discharge capacity of lithium iron phosphate nanoparticles

® Aricles About 20,300 results (0.11 sec)

Relevancy

Nope

Nope

Not likely

Likely

Unsure

Fabricating genetically engineered high-power lithium-ion batteries using
multiple virus genes

YJ Llee, HYi, WJ Kim, KKang, DS Yun... - ..., 2009 - science.sciencemag.org N Ot I I ke Iy
... 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 ...

¥ DY Cited by 573 Related articles All 12 versions natureresearch



The Nano user journey for a general search

nature.com » nano

¢ Nano

a natureresearch solution

discharge capacity of lithium iron phosphate nanoparticles

Nanostructure
|_| Manostructured materials
] Nanoporous materials

] Manoparticles

|| Discharge capacity
[l Myguist plot

[ Cyclic voltammogram
[ Voltage

|| Potential

w See sl (44)

Application
[_| Energy storage
[ Electrodes/electrolytes
|| Power generation
Source
Search

|| U.5 Patent and

14

24

10

10

10

14

1z

364 articles 24 nanomaterials

Properties
Sort by Relevance v

Applications

Characterization

1 patents

Biological effects

Preparation

14

References

_ Users may go to this literature directly

and/or find other data such as

LiFePO4 nanoparticles capacity dependent on

Compaosition: lithium iron phosphate charge/discharge

Nanostructure: nanoparticles
Based on 54 articles and 8 patents (most rec

Characterization (78) | Preparation (43) |

Hide quick view A

Properties (22) -
\alue: DEtails in source

Source: Xia, Yang et al., J. Power Source

Discharge capacity
ValueTTHetaits in source

Source: Gong, Huaxu et al_, Mater. Lett.

discharge capability

. discharge capacity

lithium concentration
dependent on discharge rate

Details in source

Details in source

Details in source

Details in source

Details in source

properties and preparation referring to
the same nanoparticle in the summary

Length: ~ 100 nm
Length: ~ 2000 nm
Width: ~ 1000 nm
Width: ~ 50 nm
Medium/Support: none

Size: 100 - 200 nm
Medium/Support: none

Length: ~ 100 nm
Length: ~ 2000 nm
Width: ~ 1000 nm
Width: ~ 50 nm
Medium/Support: none

Radius: 20 - 50 nm
Medium/Support: none

Experiment in Xia, Yang et al, J. Po
Sources, 2011

Experiment in Gong, Huaxu et al., Mater.
Lett., 2012

Experiment in Xia, Yang et al, J. Power
Sources, 2011

Calculation in Siddique, N.A et al, J.
Power Sources, 2014

natureresearch



a natureresearch solution

How Nano works for you

e Advance your daily research with access to our machine-learned index of
nanotechnology articles by AAAS, ACS, Elsevier, RSC, Springer Nature, Wiley and more

A&l
Discovery Tool

Nanomaterials
Database

Nano-specific
Functionality

natureresearch
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Centralized nanotech-related articles in one space

nature.com > nano a natureresearch solution

¢ Nano

. o)
Supercapacitor
Publisher
- . 23,298 articles 1,068 nanomaterials 10 patents
|| Elsevier 8,879
|| RSC Publishing 6,245 —
Sort by Relevance ' ' curated summaries for nanomaterials
[) Springer 3,337
[ Wiley 1,696
[[] ACS Publications 1,431 1/ Selectallto export
w Seeall (23)
) Graphene for supercapacitor applications
Journal
‘fuBinTan  Jong-Min Lee in Journal of Materials Chemistry A (2013)
|| Electrochimica Acta 2,312
Graphene has attracted extensive interest in the field of supercapacitor research due to its 2D structure which grants it
[7] RSC Advances 1,365 exceptional properties such as superior electrical conductivity and mechanical... more
[ Journal of Materials This article discusses: Supercapacitor with Reduce Gra - Phene Oxide, Graphene, Supercapacitor Application, Supercapacitor

Chemistry A 1,601 Electrode, MnOZ

. Citati rding to ReadCube: 118
|| Journal of Fower Sources 1,500 tations according ko Readtube

] Carbon 997
) A study of supercapacitor charge redistribution for applications in environmentally
W Seethetop 100
powered wireless sensor nodes
Publication Year Hengzhao'Yang  Ying Zhang in Journal of Power Sources (2013)

* Keep up to date without going to multiple journal websites and receiving multiple content alerts

* Gain quick insights including materials, properties and applications closely related to search input

natureresearch
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Gain insight into the content that is closely related to the search input

metal oxide nanoparticles = adsorption

02 adsorption dependent photoluminescence emission from metal oxide nanoparticles

Amir B 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: Metal Oxide Nanoparticles with Metal, Nanoparticles, Oxide, Property, Annealing and Adsorption with

Surface, NManoparticles, Emission, Photoluminescence, Metal

Citations: 4

zno nanoparticles = mgo nanoparticles = [PS

02 adsorption dependent photoluminescence emission from metal oxide nanoparticles

Amir R. 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... maore

This article discusses: Zn0O Nanoparticles with Nanoparticles, Annealing, Oxygen, Synthesis, Emission and Mg0 Nanoparticles with

Manoparticles, Annealing, Surface, Photoluminescence, Adsorption

Citations: 4
Insights from the same article could be different based on the search inputs

natureresearch



Quick overview of nanomaterial data curated from multiple literatures -

Properties

gold nanoparticles

Composition: gold

Nanostructure: nanoparticles

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

Characterization (3432)

¥ Properties

‘ Search for a property ‘

General physical and chemical properties

v 1,4-aminothiophenol detection
analytical enhancement factor

1,4-aminothiophenol detection

limit

100/111 surface energy ratio

110/111 surface energy ratio

v absorbance

Preparation (2451)

Details in source

Details in source

Details in source

Details in source

Details in source

Property (1871)

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

Application (871)

Experiment in Boris Khlebtsov et al., J.
MNanopart. 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

Biological effects (724)

natureresearch
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Quick overview of nanomaterial data reported in multiple literatures -

Applications

gold nanoparticles

Compaosition: gold

MNanostructure: nanoparticles

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

Characterization (3432)

¥ Applications

Freparation (2451)

‘ Search for an application area

__

agrochemicals

“ analysis methods

v catalysis

w coatings

“w cosmetics/sunscreens/lotions

Gloriosa superba seed germination

substrate for surface-enhanced
Raman scattering (SERS)

interfacial catalytic reactions

plasmonic substrate

cosmetology

Froperty {1871)

Application (B71])

Size: 5-50 nm
Medium: Terminalia arjuna extract

Support: none

Diameter: 33.5-75.5 nm

Medium/Support: none

Core diameter: 65 nm
Diameter: ~ 75 nm

Spine bottom diameter: 15 nm
Spine length: 5 nm

Spine top diameter: 5 nm
Medium/Support: none

Diameter: 20 - 40 nm
Interparticle distance: 5-10nm

Medium/Support: none

Size: not specified

Medium: hydrogen chloride aqueous
solution

Suppert: none

Biological effects (724)

Confirmed in K. Gopinath et al., J.
Wanostruct. Chem., 2014

Confirmed in Tian, Shuet al., Nano
Lett., 2017

Confirmed in Dan Wang et al.,
WNanoscale, 2017

Confirmed in Lin, Linhan et al., ACS
Mano, 2016

Proposed in Anna Dzimitrowicz et al., 1.

Nanopart. Res., 2015

natureresearch
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Quick overview of nanomaterial data reported in multiple literatures -
Characterization methods

gold nanoparticles

Compaosition: gold

MNanostructure: nanoparticles

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

Characterization (2432) | 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



Quick overview of nanomaterial data reported in multiple literatures -
Toxicity and biological effects

gold nanoparticles

Compaosition: gold

MNanostructure: nanoparticles

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

Characterization (2432) | Preparation (2451) Property (1871]  Application (871) | Biological effects (724)

¥ Biological effects

Search for a biological system

Biological system Test details Nanomaterial Variant

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 Fark, Hysjin et 2l., Biomaterials, 2014

Medium/Support: none

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

Medium/Support: none

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

Medium/Support: none

natureresearch



Quick overview of nanomaterial data reported in multiple literatures -

Preparation

22

gold nanoparticles
Compaosition: gold
MNanostructure: nanoparticles

Based on 3710 articles and 11

Characterization (3432]  Prg

4 2. Synthesis of gold nanoparticles

AuNPs (20 + 3 nm; Fig. 512B1) were prepared with the sodium citrate method 222 HAuCl, (125 mL, 4 g L-Y) was added into

4875 mL of ultrapure water with vigorous stirring, and boiled at a high temperature (350 °C). After several minutes, freshly

prepared agueous trisodium citrate solution (1.2 mL, 10 mg mL™Y) 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

Starting materials

water

_I_

gold trichloride
hydrochloride

Source: Aibua Qu et al.. Manoscals, 2017

Vigorous stirring Cooling Product

gold nanoparticles

Hydrodynamic diameter:

| | | 259-30.1 nm
= 350°C = trisodium citrate Medium: water
* water solution Support: none

* rapid adding

natureresearch
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« ACS Nano, ACS « Nano Letters, ACS
« Advanced Energy Materials, Wiley « Nanoscale, RSC
« Advanced Materials, Wiley  Nanotoxicology, Taylor & Francis
« Angewandte Chemie International Edition, Wiley « Nature, Nature Research
» Biomaterials, Elsevier » Nature Materials, Nature Research
« Chemistry of Materials, ACS  Nature Nanotechnology, Nature Research
« Journal of the American Chemical Society, ACS « Proceedings of the National Academy of Sciences
« Nano Energy, Elsevier of the United States of America, PNAS
« Nanomedicine: Nanotechnology, Biology « Science, AAAS
and Medicine, Elsevier « Small, Wiley

»

ROYAL SOCIETY
OF CHEMISTRY

Taylor & Francis
AC S Taylor & Francis Group
Chemistry for Life®

AT 0
ELSEVIER AMERICAN CHEMICAL SOCIETY S

AMERICAN PHYSICAL SOCIETY

@ Springer -
‘, /\
natureresearch wiey W] PN ALY
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Paper,

https://www.nature.com/press releases/s
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Nanotech Applications in Multi-industries

Pharma IT & electronics

Energy &
environment

Steel & Glass
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Nanotech for IT and electronics
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* Sinanophotonics components

e Molecular-sized

into CMOS t it

e CdSe nanocrystals flexible ransistors .
o * Graphene transistor
circuits

Nanotech in

Electronics New Memories
Industry

* Nanoemmissive display
panel
* Quantum dots display panel

Magnetoelectric random
access memory
Biosensors * Nanotube-Based Nonvolatile
Random Access Memory

* Magnetic quantum dots in spintronics * DNA biosensors natureresearch
* GaAs spintronics * Thermal and piezoelectric biosensors
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Case study
#1 — A general search

Graphene transistor

search query:
Graphene transistor

https://nano.nature.com/search?workflow=article&term=freeText%3A%22
Graphene+transistor%22&new-search=true

natureresearch
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graphene

Manostructure

nanosheets

Summary

From 3631 articles and patents

Size

from 3631 articles and patents

Properties

v Applications

field effect transistor layer

field effect transistor
material

field electron emission
devices

field-effect transistor (FET)
channel material

field-effect transistor
channel layer

Characterization

Toxicity and other
biological effects

Experimentally confirmed?
es
Preparation  Applications

field-effect transistors

field-effect transistors

field-effect transistors

field-effect transistors

electronics

electronics = yES
tools/devices - no
electronics = yes
electronics - no
electronics channel layer no
electronics channel matenal no
electronics connecting electrodes and yes

channel

electronics conducting layer yes

Patent

claims
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Nanotechnologies in Chemical Manufacturing?

A key objective of nanocatalysis research is to produce catalysts with 100% selectivity, extremely
high activity, low energy consumption, and long lifetime.

Rational hybridization of N- Core-shell Evido

doped graphene/carbon Application of

nanotubes for oxygen nanotechnologies in \ ~
reduction and oxygen hemical manufacturing, ey
evolution reaction e.g., nanocatalysis “Q“

o Y
SR

‘\ 'H h"'.'.

* Nanocrystals
« 2-10 nm diameter
+ semiconductors

Recent development of using the
traditional noble metals in their
nano forms as nanocatalysts in the
reduction of nitroarenes

2Nanocatalysis: Applications in the chemical natureresearch

industry, http://www.nanowerk.com/.




Case study
#1 — A general search

The catalysis of nickel nanoparticle

search query:
Nickel nanoparticle catalysis

https://nano.nature.com/search?workflow=nanoQObject&term=Nickel+nano
particle+catalysis&new-search=true

natureresearch
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Found summary below and was satisfied:

Manomaterial or Nanodevice
] Manomaterial

[ Manodevice

MNanostructure

] Manostructured materials
] Manoparticles

[ Manoporous materials
O Manosheets

[ Multi-walled carbon
nanotube

w Seeall (16)

Size

0 50000

Update results

Property

991

515

232
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Results for "Mickel nanoparticle catalysis"

Articles and Patents (1,153) Manomaterials and Nanodevices (994)

Sort by Relevance W

https://nano.nature.com/nano/GR-M69647

nickel nanoparticles

Composition: nickel
Nanostructure: nanoparticles

Found: nickel nanoparticles

Based on 200 articles and 4T patents {most recent: 2016)

View more details >

Nanomaterial

nickel nanoparticles

Composition: mickel
Nanostructure: nanoparticles | Diameter: 30 - 100 nm

Found: nickel nanoparticles
Based on TT articles and 5 patents (most recent: 2016)

View more details >

Nanomaterial

nickel nanoparticles

Fmmmmmmitimneme misleal

natureresearch
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Properties

nickel nanoparticles

39

‘= Table of contents

Catalvtic properties

View as table

Reaction

d-Nitrophenol
reduction

aryl ether
hydrogenation

carbon nanotube
cuttjng

cleetrochemical
hydrogen
cvolution
reaction

hvdrolysis
reaction of
ammonia boranc

View as list
Characteristics Reaction
studied catalysis

catalytic activity

productivity
product
sclectivity

activation cnergy

catalytic activity

turnover
frequency

catalyzed by the
nanomaterial

catalyzed by the
nanomatcrial

catalyzed by the
nanomatcrial

catalyzed by the
nanomaterial

catalyzed by the
nanomatcrial

Rate constant

0.0007 s
[0.042 min™"

Reaction order

pscudo first
order

Dependent on

Source

B Tian, Ye et of.
2015

B Molinari, Valerio
eftal 2014

B irinav. Lebedeva
atal 2014

B wang, Xueqin et
al. 2015

B Guangi Zhao et
al. 2015
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Synthesis

Method 1

Type: Chemical synthesis

Starting materials

(1,1°
bis{diphenylphosp
hinojferrocene)dich
loromickel{IN)

o

tetrahydrofuran
solution
dimethylmagnesium
inert atmosphere

Source: = Handa, Sachin et ol. 2015 (Angew. Chem., Int. Ed.)

Product

2]

L nickel nanoparticles

* agueous solution

* DlL-O-tocopherol
methoxypolyethylene
glycol succinate (TPGS
750-M)

natureresearch
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Nanotechnologies in Automotives!

Nanofilters for clean air in
the interior of the car!

nanowerk.com

Environment

= Resource efficiency

= Hydrogen & fuel cells
= (Catalysts

Comfort

= Passenger wellness
= Product attractiveness
= Easy care, ...

1 hessen-nanotech.de

Application of
nanotechnologies
in automotives

42

Autocatalyst-recycling.umicore.com

Exhaust emission catalyst
for the reduction of exhaust
missions!

Safety

= Active safety

= Passive safety

= Easy to clean, ...

Safer rear view with
nanocoating!

natureresearch
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Case story:

Search for literatures reporting on batteries for fuel cells, and see what nanomaterials
can be candidates for batteries with high performance, such as high current density.

Solution — go to nano.nature.com

For example, the search query can be "Porous materials battery” and refined by
property “current density”. Shown below is a table listing the sought literatures by
doing this search query
(https://nano.nature.com/search?workflow=nanoObject&term=Porous+materials+batt
ery&property=current%20density):

More area = more power

natureresearch



Manomaterial or Nanodevice
] Nanomaterial

[ Manodevice

Manostructure

[ Manostructured materials
|| Nanoparticles

| Manosheets

(] Manoporous materials
L] Nanowires

w Seeall (13)

Size

0 50004

Update results

Property

140

23

22

13
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d
Results for "Porous materials batter

Q,omaterial/device result set

Articles and Patents (1,954) Manomaterials and Nanodevices [143)

Property: Current density €

Sort by Relevance b

Click title or “View more details”
Nanomy to see the nanomaterial/device summary

Compposition: carbon
Manostructure: nanoporous materials | Pore diameter: 2 - 50 nm

Found: porous graphitic carbon
Based on 312 articles and & patents (most recent: 2016)

e mre deale T Click X article or Y patent to jump

to the reference section of the
summary directly

MNanomaterial

activated carbon

Compaosition: activated carbon
MWanostructure: nanoporous materials | Pore diameter: 0 - 2 nm

Found: nanoporous materials porous carbon nanospheres
Based on 105 articles and 2 patents (most recent: 2016)

View more details

natureresearch



Relevant application in batteries can be found by accessing one summary of

“mesoporous carbon”, for example (https://nano.nature.com/nano/GR-M278369):

mesoporous carbon

;|| bat‘terl

45

1af30

antipyrine delivery drug delivery = vies [= Saha, Dipendu et al. 2014
aqueous symmetric cnergy storage devices clectrode material yes B Hasegawa, George et al.
supcrcapacitors 2016
batterics powcr gencration = no B Matalia Rey-Raap et al.
I -
2014
batterics cnergy storage devices - no B Taubert, Michael et al. 2014
biological applications diagnostics - no B Matei Ghimbeu, Camelia et
al- 2015
biomolecule adsorbent adsorbents /absorbers /io | - no B Borchardt, Lars et al. 2014
n exchange materials
blood purification medicine /veterinary - no B Romero-Anaya, Al et al.
2014
brackish water other capacitive deionization Vs B VYang, Seung Jac et al. 2014
desalination clectrode material
brominec-based battery cnergy storage devices - ves B Wang, Chenhui et al. 2016
cathode material
capacitor electrodes clectrodes /electrolytes - no B Li,Xiaoan et al. 2015
capacitor fabrication cnergy storage devices - no B PCT patent

WO,2014/186207, 20 Nov
2014
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Nanotech for Steel and Glass3*

NanoSteel uses 3D
metal printer to build
high complexity parts

Application of
nanotechnologies
in Steel and Glass

. ' Self-cleaning glass

) Nano-TiO, coated
High strength steel cables

High-strength Zn—Al coated steel glass —.

Or vanadium and molybdenum
nanoparticles doped steel

3Dubai Nanotech 2013, Nanoscale-based Concepts for
Innovative and Eco-Sustainable Constructive Materials:
Challenges and Opportunities for Energy and

Environment Applications. - transparent TiO,

“www.3Ders.org conventional sel—g«:II::snhg



Case study 48

#1 — A general search

The utilization of nanoscience and nanotechnology in steel translates to enhancement
in the properties of steels e.g. tensile strength of steel

Search for the latest literatures reporting tensile strength and stress of multiple walled
carbon nanotubes (MWCNT).

Solution — go to nano.nature.com, search “MWCNT”".

Shown below is a table listing the strength and stress of MWCNT. Links to relevant
sources can be found in one view.

\
AR D

natureresearch




Properties =
MWCNT E Table of contents
stiffness value given - experiment [2 Pour Shahid Saeed Abadi,
Parisa et ol. 2014
storage modulus value given - experiment [ Yue, Liang et al. 2014
stress value given wet-dry cycle number experiment [2 Pour Shahid Saeed Abadi,
Parisa et ol 2014
surface tension energy value given - experiment [5] Dong Hyup Park et al. 2013
temperature- value given = experiment [B Likedimos, Vlassis et al.
programmed desorption 2014
spectrum
tensile strength value given - experiment [5 Gong, Shanshan et al. 2015
Q Zhang, Bin et al. 2016
tensile stress value given - experiment [2 Gong, Shanshan et al. 2015

[2] Pan, Zhiyong et al. 2016

Q 5. patent
J520140011007, 9 Jan 2014

Q Lamei, He et al. 2014
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