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Nanoscience & technology - a booming field
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Vast amount of information and data scattered throughout journals and patents require

classification, indexing and curation for proper management and effective communication.

Currently no standardized nomenclature for nanomaterials.
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Major pain points with existing resources

1. Large number of irrelevant search results

2. Validating relevancy requires access to the original source

3. Scattered information for similar nanomaterials/devices

4. No single list available for nanomaterials/devices with certain properties or for
specific applications

5. Tedious to reconstruct preparation methods and steps for nanomaterials/devices
from text
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Case study #1 — A general search

GD glE nanosheets and electrical conductivity v “

Scholar About 2,300 results (0.08 sec)
There is so much to read!!!
Arbicles Synthesis of graphene-based nanosheets via chemical reduction of
exfoliated graphite oxide .
Case law S Stankovich, DA Dikin, RD Piner, KA Kohlhass... - carbon, 2007 - Elsevier Are they talklng about the same
) ... Synthesis of graphene-based nanosheets via chemical reduction of exfoliated graphite oxide. ... . 2
My liprary By nature, GO is electrically insulating (see below) and thus cannot be used, without further ... Notably, thlng

it has been demonstrated that the electrical conductivity of GO (and presumably its ...
Cited by 7835 Related aricles All 18 versions Cite Save

Any time .

Since 2017 Processable agueous dispersions of graphene nanosheets If not, what are the differences?
Since 2018 D Li, MB Muller, 5 Gilie, BB Kaner... - Mature nanotechnology, 2008 - nature.com

Sines 2013 ... work may lead to the development of & new generation of antistatic coatings that can combine

electrical conductivity with transparency ... Synthesis of graphene-based nanosheets via chemizal

Custom range... reduction of exfoliated graphite oxide. ... Electric field effect in atomically thin carbon fims. ... Where can | flnd d qU|Ck OverV|eW
Cited by 5548 Related articles All 15 versions Cite  Save d d ” d f th th
n ri wn trom rer r
Sart by relevance PrEparatiUn and eleetrical pmpEl'tiES of graphene nanosheet/al 2 O 3 a . © © ere ra €
Sort by date composites than going through these?

% Fan, L Wang, J Li, J Li, 5 Sun, F Chen, L Chen... - Carbon, 2010 - Elsevier

Fully dense graphene nanosheet (GHNSVAIZO3 composites with homogeneously distibuted

GM5s of thicknesses ranging from 2.5 to 20nm have been fabricated from ball milled

include citations expanded graphite and AI2O3 by spark plasma sintering. The percolation threshold of
Cited by 181 Related articles All 8 versions Cite Sawve

include patents

B Create alert Two-dimensional nanosheets DFDCILJEECI D‘,-' |iC|LIiE| exfoliation of |E]‘,-'EI’EE|
materials S
JM Coleman, M Lotya, A O°Meill, 5D Bergin... - ..., 2011 - science. sciencemag.ong - '
... Tae Kim. Schoaol of Electrical Engineering, Korea University, Seoul, South Korea. ... 1 Optical

characterization of nanosheet dispersions. ... We performed transmission electron microscopy (TEM)
anakhysis on our dispersions, typically observing 2D flakes consisting of thin nanosheets. ..
Cited by 2474 Related aricles All 15 versions Cite Save

oofy

(A 4
1>

Comparisun of electrical FIFDFIEI'tiES 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

Multirwalled carbon nanotube (MWCNTVhigh density polyethylene (HDPE) and graphene

nanosheets (GNSYHDPE composites with a segregated network structure were prepared by
alcoholassisted dispersion and hot-pressing. Instead of uniform dispersion in polymer

Cited by 183 Related articles All 15 versions Cite Sawe




The Nano user journey for a general search

nanosheets and electrical conductivity

Nanastructure
¥ Manosheets
Manostructured materials
Manoporous materials
Manofilms
Manoparticles

w See all [10]

Size

Update results

Property

Electrical conductivity
Band gap

Electric current

Cyclic valtammogram
Seebeck coefficient

“ Seethe top 100

nm

6,317 articles

Manostructure: Manocsheets &

Sort by Relevance W

Cﬂz ”””U"Tﬂ‘E”ﬂD v 132 nanosheets with electrical conductivity studied

Electrodes/electrolytes

“w See all (52)

o i W] hi" (AT
Source
- st recent: 2016)
Manoscals 38
ACS Mano 33
Mature Commun. 32
Adv. Mater. 28
cent: 2016)
Mano Lett. 27
“ See the top 100
Application
|34 - 3.06 nm
Energy storage devices 43 ecEnt: 2016)
Electronics 38
Power generation 3
Catalysis ]

06 - 30,000 nm

v’ Able to refine by size, property, source and application

v The numbers provide a quick overview of properties
and applications that were already studied/explored,
and also where these are usually published
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The Nano user journey for a general search

nanosheets and electrical conductivity

Nanastructure

¥ Manosheets 132
| Manostructured materials ENi)
| Manoporous materials 44
| Manofilms 13
| Manoparticles G

w See all [10]

Size
| 1] | - | SO000 nm

Update results

Property

! Electrical conductivity
! Band gap

! Electric current

! Cyclic voltammogram
! Seebeck cosfficient

“ Seethe top 100

6,317 articles

Manostructure: Manosh

Sort by Relevance

graphenc EEEEp

Composition: graphite
Nanostructure: nanosheet:

Based on 3207 articles and

MoSs nanoshecets

Composition: molybdenun
Nanostructure: nanosheet:
Based an 591 articles and |

graphenc

Composition: graphite
WNanostructure: nanosheet:

Based on 151 articles and «

5nS, nanoshects

Composition: tin disulfide
WNanostructure: nanosheets

~ Properties

conductance

conductance

electrical conductivity

electrical conductivity

electrical conductivity

electrical conductivity

electrical conductivity

electrical conductivity

electrical conductivity

electrical conductivity

electrical conductivity

Imckness: 3.06 - 50,000 nm

Based on 14 articles (most recent: 201&)

132 nanomaterials

0.00000286 - 0.055 5

~0.001055

ITES/m

334,000 $/m

518,000 S/m

2,050,000 S/m

11500 5/cm
(1,150,000 5/m)

104 5/m

~ 1,000 Sfem
[~ 100,000 %]

3,160,000 5/m

218,000 5/m

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

electricity.

General physical and chemical properties

__

experiment

- experimant

- experimant

- experiment

- experimant

- experimeant

- experimeant

- experimeant

- experiment

- experiment

- experimeant

Bl Massira, Hoda et ol 2016

[l Lee, Seong Hyu et al. 2014
[ Zhu, Lineral. 2015

FI Rubén Rozada et al. 2013
B i ng Liu et oL 2016

= g ng Liu et ol. 2016

Bl Chen, Mingzuang et al.
2016

BI L, Zhuo eral. 2015

EI Shen, Bin et ai. 2014

B Jing Liu et oi. 2016

[l Rubén Rozada et al. 2013
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Case study #2 — A specific search

Google

Scholar

T
1
[+
1]
m

Case law

My library

Any time

Since 2017
Since 2018
Since 2013
Custom range...

Sort by relevance
Sort by date

include patents
include citations

B Create alert

discharge capacity of lithium iron phosphate nanoparticles

Relevancy

Nope

Nope

Not likely

Likely

I‘HIIUFHIEIHI II'-F-J'JIIHL

PICAL 2T 1wl RS

D Son, E Kim, TG Kim, MG Kim, J Cho... - Applied Physics ..., 2004 - aip.scitation.ong

... phosphates exhibited an open circuit voltage of approximately 4 V', and showed a voltage plateau
at ~ 3 W [working &s cathodes) with discharge capacities below 100 ... synthesized nanoparticle
iron phosphates is approximately three times higher than the ideal capacity of the ...

Cited by 84 Related articles Al 8 versions Cie  Save

Likely
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The Nano user journey for a specific search

—

discharge capacity of lithium iron phosphate nanoparticles ~

Nanostructure 169 articles 26 nanomaterials
[ Manostructured materials 15

Users may go to this literature directly
[C] Manoporous materials g Sort by Relevance b

and/or find other data such as
[ Nanoparticles 4 properties and preparation referring to

the same nanoparticle in the summary
Size LiFePQ, nanoparticles

~ Properties

Compaosition: LFP
- 30000 n Manostructure: nanoparticles | Diami

EESEEI on 10 art-lf_ll'_"s al'llj 2 I:Iatl:"l'ltE |_I'I'I| Frepertyordagan M
L] P ————————

General physical and chemical properties

capacity value given charge/discharge experiment and calculation B xia, vang et ol. 2011
v . cyclic stability value given - experiment and calculation B Xia, Yang et al. 2011
Update results LiFePO,4 nanoparticles mp
discharge capability value given - experiment and calculation B xia, Yang et of. 2011
Composition: lithium iron phosphate
B discharge capacity value given - experiment and calculation B xia, vang et ol. 2011
p I't]f Manaostructure: nancupar'tlclcs
rope
P - electric current value given cycle number experiment and calculation B Xia, Yang et ol 2011
Based on 14 articles and 4 patents (me
Search "D Nyquist plot value given before/after 50 cycles experiment and calculation B xia, Yang et al. 2011
reversible capacity value given current flow rate experiment and calculation B xia, vang et ol. 2011
[0} Discharge capacity 26 LiFePO,/C nanoparticles
structural stability value given - experiment and calculation B xia, vang et ol. 2011
[0 Cyclic voltammogram iticn:
o F g 12 Co mposition: LFP ca rl:n::rn voltage value given cycle number experiment and calculation B xia, Yang et of. 2011
) Manostructure: nanoparticles | Diami current flow rate
[ Myquist plot 11

Based on 11 articles and 2 patents (most recent: 2016)

e
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a natureresearch solution

1. Nano (URL:nano.nature.com) provides highly indexed and structured information

related to nanotechnology derived from high impact journals and patents.

2. Nano combines the key features of a database and an A&l discovery tool supported by

intelligent functionality.

Nanomaterials
Database

A&l
Discovery Tool

Nano-specific
Functionality
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Centralized nanotech-related articles in one space

nature.com > nano a natureresearch solution

-
i!! Na no Admin | Logout
graphene quantum dot | je
Sl 1,284 articles 566 nanomaterials 169 patents
[ Royal Society of
Chemistry 512
Sort by Relevance v ' Curated summaries for nanomaterials
[0 Elsevier BV 140
[ Elsevier Ltd 105
0 Wiley-vCH 103 A graphene quantum dot (GQD) nanosystem with redox-triggered cleavable PEG shell
o facilitating selective activation of the photosensitiser for photodynamic therapy
[} Nature Publishing Group &3 <
YanLi  ZhiyongWu | DouDu .. in RSC Advances (2016)
v Seeall (48)
In photodynamic therapy (PDT), selective activation of the photosensitiser in tumor-relevant conditions is highly desirable to
P avoid side effects. In this study, a graphene quantum dot (GQD) nanosystem,... more
This article discusses: Graphene Quantum Dot with Peg, 55, Graphene, Shell, Quantum Dot
[0 RSC Adwvances 175
Citations: 1
[J MNanoscale 137
) Chemical Ter . I d vd . Mn304 icles f icali -
Cormmunications I ernary graphene quantum dot-polydopamine-Mn304 nanoparticles for optical imaging

guided photodynamic therapy and Tl-weighted magnetic resonance imaging
) Biosensors and

* 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
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Journal selection is mainly based on inputs from research
communities and Nature editors

Data from high-impact journals in the field including:

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

graphene guantum dots x  photoluminescence = ~

Photoluminescent graphene quantum dots for in vivo imaging of

apoptotic cells

Prathik Roy = Arun Prakash Periasamy | ChiuYaLin .. in Manescale (2015)

This article discusses: Graphene Quantum Dot with Cell, Apoptotic Cell, Photoluminescence,
Graphene, Quantum Dot and In Vive Imaging with Imaging, Cell, InVivo, Apoptotic Cell, Great
Potential

Citations: 15

Curated summaries
for nanomaterials
discussing: applications
properties  preparations

towicity...

See all (1)

graphene guantum dots x  cancer cell =

Photoluminescent graphene quantum dots for in vivo imaging of
apoptotic cells

Prathik Roy | Arun Prakash Periasamy | Chiualin ... in Manoscale (2015)

This article discusses: Graphene Quantum Dot with Cell, Apoptotic Cell, Photoluminescence,
Graphene, Quantum Dot and Cancer Cell with Cell, Cancer, Biocompatibility, Line, Human Cervical

Cancer Cell

Citations: 15

Curated summaries
for nanomaterials
discussing: applications
properties  preparations

toxicity. ..

See all (1)

Insights from the same article could be different based on the search inputs
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Quick overview of nanomaterial data reported in multiple literatures —
Properties

gold nanoparticles

Composition: gold

Nanostructure: nanoparticles | Diameter: 0-30 nm

Based on 1576 articles and 23 patents (most recent: 2016)

¥ Properties

General physical and chemical properties

__

electrical conductivity 0.06 S/cm - experiment [3 Yilmaz, Cihan et al. 2014
[6 5/m]

electrical conductivity 0.0000836 S5/cm = experiment [3 Haisheng Peng et al. 2015
[0.00836 5/m]

electrical conductivity ~0.012 S/fcm - experiment [3 Glen Deloid et al. 2014
[~ 1.2 5/m]

electrical resistance 14700 = calculation [ Yilmaz, Cihan et al. 2014

electrical resistance 11.9 0 - calculation [2 ¥ilmaz, Cihan et al. 2014
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Quick overview of nanomaterial data reported in multiple literatures -

Characterization methods

gold nanoparticles

Composition: gold

Manostructure: nanoparticles | Diameter:0-30nm

Based on 1576 articles and 23 patents (most recent: 2016)

¥ Characterization

Spectroscopic analysis

__

Photon correlation spectroscopy time [2 A R. M. Mabiul Afrooz et al 2014
 See all names (4) = Feng Chen et al. 2014
Photon correlation spectroscopy - Yes Yes Yes [l Stadler, Andrea L. et al. 2011
 See all names (4) = Zhang, Peipei et al. 2015
[3 Jayachandra Reddy Nakkala et al.
2015

Q Wang, Jie et al. 2015

@ M. Zimbone et al. 2012

[2] Nam, Sun-Hwa et al. 2015

Q Marioara Avram et al. 2012

Q In-Cheol Sun et ol. 2014

[3 Tetienne, Jean-Philippe et al. 2016
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Quick overview of nanomaterial data reported in multiple literatures -
Toxicity and biological effects

gold nanoparticles

Composition: gold

Nanostructure: nanoparticles | Diameter: 0-30 nm

Based on 1576 articles and 23 patents (most recent: 2016)

¥ Toxicity and other biological effects

Test outcome Biological system Pharmacodynamic

parameter
acceleration of cell Rat Glioma 2 cell - - [2] Rahman, Wan et al. 2011
migration
acceleration of cell bovine aortic endothelial cell | - - [5] Rahman, Wan et al. 2011
migration
accumulate at the plasma Hela cells - - [3 LiShangetal. 2014
membrane
accumulation in gut Daphnia magna = = [2 Kyle D. Gilroy et al. 2014
aggregation induction blood platelets - - [2 Santos-Martinez MJ et al.

2012
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Quick overview of nanomaterial data reported in multiple literatures -

Preparation

gold nanoparticles

Composition: gold
Nanostructure: nanoparticles | Diameter: 0-30 nm

Based on 1576 articles and 23 patents (most recent: 2016)

¥ Preparation

Synthesis

Type: Chemical synthesis Source: 2 Weikun Li et al. 2015 [Nanoscale)

Starting materials

o

gold trichloride

2

3. Synthesis, surface modification and self-assembly of AuNPs

3.1 Synthesis of AuNPs

The glassware for AuNP synthesis were cleaned by aqua regia and rinsed with delonized water prior to all experiments. AuNPs
with size of 8.520.7 nm were synthesized by seeding growth approach.® To prepare the seed solution of AuNPs, 4.9 mg of
HAuCI, (0.014 mmol) and 3.7 mg of sodium citrate (0.013 mmol) were first dissolved in a 100 mL of aqueous solution. 1.5 mL
of ice-cold, freshly prepared 0.1 mol/L of NaBHy (0.15 mmol) solution was quickly injected into the solution under strong
stirring. The seed solution was stirred for an additional 2 hr. For 8.540.7 nm AuNP, the growth solution was prepared by mixing
144 mL of a 0.2 M CTAB (1048 g) solution was mixed with 9 mL of a HAuCly aqueous solution 10 mM (30.6 mg). To the
above solution, 2.4 mL of ascorbic acid solution (0.1 M, 42.2 mg) was added dropwise and the dark vellow solution turned
colorless. Finally, 75 mL of a 2-hour-aged seed solution of AuNPs was added to the above growth solution. After growth for 3
hr, AuNPs with size of §.5+£0.7 nm were obtained.

AuNPs with size of 15.1+1.0 nm were synthesized by the previously reported citrate reduction method.* Briefly, a 10 mg of
HAuCly was dissolved in 100 mL of deionized water and heated to boiling under stirring. A 3 mL of sodium citrate (1 wt %)
aqueous solution was then quickly added in the above solution. After refluxed for 30 min, AuNPs with size of 15.1 £ 1.0 nm

were obtained.

To synthesize AuNPs with a size of 29.6 = 2.8 nm." initially, AuNPs with size of 15.1=1.0 nm were used as seeds. 30 mg of
HAuCl; was dissolved in 500 mL of deionized water heated to boiling under constant stirring. A 1 mL aqueous solution of
sodium citrate (0.349 M, 90 mg) (9 wi%) was then quickly added to the above solution. The solution was refluxed for 30 min,
and then the solution temperature was decreased to 85 °C. Another | mL of sodium citrate (0.349 M, 90 mg) (9 wt %) was
added, followed by 1 mL of HAuC, solution (0.088 M, 30 mg) (3 wt. %). These additions were repeated every 15 minutes until
the total mass of HAuCly and sodium citrate was 210 mg and 630 mg, respectively.
http://www.rsc.org/suppdata/nr/c4/c4nr05743k/c4nr05743k1.pdf

Y
i

Y

hydrochlaride

trihydrate )
* water solution

= heating to boiling
= under stirring

addition of sodium
citrate aqueous
solution

= gold nanoparticles
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Quick overview of nanomaterial data reported in multiple literatures -

Applications

gold nanoparticles

Composition: gold

Manostructure: nanoparticles | Diameter:0- 30 nm

Based on 1576 articles and 23 patents (most recent: 2016)

¥ Applications
anti-angiogenesis agent medicine/veterinary - [2 El-Said, Waleed A. et al.
2014
anti-arthritic agent medicine/veterinary - no [5] El-Said, Waleed A et al.
2014
anti-malaria agent medicine/veterinary - no [2 El-Said, Waleed A. et al.
2014
antibacterial medicine/veterinary = no [2 S.L Smitha et al. 2012
antibacterial disinfection against Escherichia coli ATCC | no [3 Eepsita Priyadarshini et al.
35218 and Streptococcus 2014
mutans MTCC 457
antibacterial medicine/veterinary - yes [5 s.L. Smitha et al. 2012
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Quick overview of nanomaterial data reported in multiple literatures -

Patent claims

gold nanoparticles

Composition: gold

Nanostructure: nanoparticles | Diameter: 0-30 nm

Based on 1576 articles and 23 patents (most recent: 2016)

¥ Patent claims

Synthesis

information

[2 U.5. patent US20150086416, 26 Mar - & specific method of preparation is claimed for the described Available
2015 nanomaterial

[E PCT patent WO/2014/055539, 10 Apr - - Available
2014

[5] PCT patent WO,/2014/045055, 27 Mar - The nanomaterial is claimed together with its method of preparation Available
2014

A specific method of preparation is claimed for the described
nanomaterial

[5 PCT patent WO/2014/039821, 13 Mar - A specific method of preparation is claimed for the described Available
014 nanomaterial

[5 U.S. patent US20120244322, 27 Sep - The nanomaterial is claimed -
2012
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Nano is a user proven solution

* Early market research based on 218 online survey respondents and 28 in-depth
phone interviews gave us the confidence to start this ambitious project. One general
feedback is “Building a nanoscience-dedicated discovery tool is a great idea!”

* We have been conducting multiple rounds of user testing to ensure platform
functionalities and features serve practical purposes and add values to the users.

89 nano researchers a

r'cipated in use“todate

v
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Nano Advisory Board (more to come)

er, Ph

Chief Technology Officer Nano is an emerging and very powerful research tool. It
CEVUCIRREIRGENERPINERCINIEEGE 5(lows researchers to obtain  and compare the
characteristics of the full spectrum of nanomaterials, as
well as the composition and preparation methods for nano-
enabled devices. It will provide nano-scientists with the
clarity and deep understanding that the Mendeleev table
once provided to chemists.

),

Harald Krug, prof.

Omid Farokhzad, MD Zhiyong Tang, PhD _ .
Assoc. Prof Prof. of Materials Chemistry SWIS.S Fedgral Laboratories for
Brigham and Women’s Hospital NCNST, CAS Materials Science and Technology

Harvard Medical School natureresearch



Thank You !

For more information, visit: nano.nature.com.

William Chiuman, Ph.D.

Director Product Management, Nanoscience &

Dr.-Ing. Amir Gheisi

Database Product Specialist, Nanoscience & Technology

echnology

gy 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@springernatura.com Prathik.Roy@springernature.com
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