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Education
nanOHUB  nanoHUB-U

Making simulations & data » 500+ teaching materials
universally accessible and usefu'l
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Tools designed for end users

Nanomaterial mechanics explorer Q x Stop sharing  w Keep for later

Abont his ool

Questions?

@ input I
Experiment: | Nanowire
Nanowire Material and Orientation: | Nickel [100)

Crack
Propagation

F
(% X Terminate | v Keep for later

About s fool

Nanowire Tensile Test — v uesteas

Dislocation
Dynamics

Task: |E-K Diagrams

“Fi
“F

Nanowire Tensile Test Default Settings

‘J !-Chék DFT* E;§

Material Type: | Semiconductor v

Semiconductors: | Si -

Hands-on Materials Data Demos/Exhibits & Kickoff Reception
(Norris —Louis Room)

Exhibitors: ASM, Citrine, MagPie, Materials Data Facility,
Materials Resource Registry, Materials Data Curator System, National Data e
Services, NanoHub, NanoMine, NIMS MatNavi, NoMaD, OQDB

Advanced Options: @ m» no

Storage (manage)  CEEGEG—_G_—_D ¢ C ", 850x650
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Impact on research
nanoHUB Citation Network (2000-2016)
1,714 papers . )
4,049+ authors - s
258 authors from indust
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Three distinct dot sizes indicate the level of influence on h-index
Papers with relatively low secondary citations

@ Papers with potential to influence h-index @ Papers affecting the h-index




NCN vs. Non-NCN (2000-2016)

. IR ) e
64% of papers outside NCN\ L

@ NCN-affiliated documents

@ Non-NCN-affiliated documents

Three distinct dot sizes indicate the level of influence on h-index

e Papers with relatively low secondary citations

g

@® Papers with potential to influence h-index @ Papers affecting the h-index




nanoHUB is a publisher

OPTICS LETTERS / Vol. 36, No. 8 / April 15, 2011

Engineering the plasmon resonance of large
area bimetallic nanoparticle films ®
by laser nanostructuring for chemical sensors

Michail J. Beliatis, Simon J. Henley,* and S. Ravi P. Silva

Nano-Electronics Centre, Advanced Technology Institute, University of Surrey, Guildford, GU2 7XH, UK
*Corresponding author: s.henley@surrey.ac.uk
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Extinction, Scattering and Absorption
efficiencies of multilayer nanoparticles
By : ,

Pennsylvania State University

Calculates the extinction, scattering, and absorption efficiencies of single
nanoparticle (1 layer), core-shell Nanoparticle (2 layer) and

nanomatryushka nanoparticle (3 layer
v P (3 fayer) Penn State Center for Nanoscale Science (MRSEC)




nanoHUB tools indexed by Web of Science

WEB OF SCIENCE™

Results: 2,251 Sortby: | Relevance -

(from All Databases)

You searched for: PUBLICATION
NAME: (nanoHUB) ...More

Refine Results

Databases

Research Domains

SCIENCE TECHNOLOGY (2,251)
Refine
Research Areas
SCIENCE TECHNOLOGY OTHER
TOPICS (2,251)

Refine

Document Types

Authors

Authors - Korean

Select Page la] M Save to EndNote online Add to Marked List

NanoTCAD VIDES

By: Fiori, Gianluca; lannaccone, Giuseppe

nanoHUB

DOI: http://dx.doi.org.ezproxy.lib.purdue.edu/10.4231/D3RJ48T8X Version: version 1.21
Document Type: Software

View Abstract

Piece-Wise Constant Potential Barriers Tool

By: Wang, Xufeng; Agarwal, Samarth; Klimeck, Gerhard; et al.

nanoHUB

DOI: http://dx.doi.org.ezproxy.lib.purdue.edu/10.4231/D3R20RX39 Version: version 1.2.8
Document Type: Software

View Abstract

[llinois]: Sigmoidal unit training with the delta rule

By: Sproat, Lisa

nanoHUB

DOI: http://dx.doi.org.ezproxy.lib.purdue.edu/10.4231/D3S756K2N Version: version 1.0a
Document Type: Software

View Abstract

Adept

By: Anonymous

nanoHUB

DOI: http://dx.doi.org.ezproxy.lib.purdue.edu/10.4231/d35q4rk5k Version: version 1.0
Document Type: Software

View Abstract




Re-thinking simulations

Thermoelectric Power Factor Calculator for ¢ ¥ Terminate = 1 Keep for later

About this tool
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Simulation tools are limited by infrastructure

Vel =
T hickna R ickness
: !
. l

: . : ;
—‘—l— — ) !
'-:-1.:@ t ,
4 t_‘
st} go(mar o) @f o ! ' 431 C| “u7e 600
—————— — —‘—‘— — e —




Simulation tools are limited by infrastructure

e Automatic uncertainty
quantification in ALL nanoHUB
tools

« New ways of executing tools -

connecting tools with data
‘|

exploration

e Connecting nanoHUB to other

cyber-resources

= =

T e Y 5




Your tool ... more powerful in nanoHUB

Thermoelectric Power Factor Calculator for a- x Terminate | wp Keep for later
Superlattices

N
About this tool

J .
4 Questions?

Basic Model Configuration ] Advanced Model Configuration ] Simulate | new input parameters

*
Temperature: @=0|300K Result: )

Temperature Gradient: @—|10K
Si doping: |1e+18fcm3
Ge doping: |gaussian 1e+18/cm3
Substrate composition Si(x)Ge(1-x): |1

kat 1 haterial: | Silicon

hat 2 hdaterial: | Germanium
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Mat 2 Horizontal Thickness: |gaussian 1Tnm 0.08nm

Mat 1 Mat 1
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Automatic UQ in nanoHUB
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Rigorous error bars in 1D curves

PN Junction Lab

Structure] Materials  Environment ]

Ambient temperature: @=0|uniform 270K 330K

Applied Voltage: 0.6V

Number of points: |2[]

-n- X Terminate ™ Ke

Simulate ‘
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Modern Iinterface, instant feedback
nanoHUB python notebooks

Google Calendar - Week of Apr 24, 2018 Resources: Tools: Workspace: Session: 9681584 "Workspace (4:05 pm)*

Notebooks and Tools x Gaussian 1D

localhost

1D Gaussian Process Regression Demo

Author

Ilias Bilionis (ibilion@purdue.edu)
PredictiveScience Lab

School of Mechanical Engineering

Purdue University, West Lafayette, IN, USA

Powered by T

variance
length_scale
noise_variance

optimize [

plot [

— Mean
x¥*x Data

Confidence

Martin Hunt Innovate, educate, engage




NnanoHUB -KIM collaboration

Knowledge of Interatomic Models
NSF Cyberenabled Discovery & Innovation
Ellad Tadmor, Ryan Elliot, J. Sethna

Kl M M Odels KIM Models (interatomic potentials and force fields) are software packages for

describing atomic interactions that can be used with a variety of simulation codes,
including LAMMPS, DL_POLY, IMD, ASE and GULP, that are compatible with the KIM

Click on an element in the periodic table for which you need an interatomic model. AP standard.

T T
0 Models 28 Models

Vv Ni Cu

Pd Ag

grﬁ‘;nanoHUB




NnanoHUB tool connecting to KIM

OpenKIM Explorer

Simulate | new input parameters
KIM object type: | Models
OpenKIM Explorer

Elements; [Enter element symbols here Explore the OpenKIM repository and use it to drive LAMMPS

Run LAMMPS with results of query: @ #m  |no

nanoHUB




Make a decision about your research

C11 (GPa) C12 (GPa) C44 (GPa)

Angelo Mishin Mishin  Purja Pun Schopf
Moody Mehl Mishin AINiCo

grﬁ‘:nanoHUB E!i!




IDENT: sparse data exploration tool

& Navigation Tool
Interactive Data Exploration

for Nano Technology

Nothing selected v Use columns Custom column

ARLSOUINRdIICE [ dS d 1TUncLiorn vl ouLlveriL
Absorbance:as a function of Time
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Size:as a function of Light Exposure

Size:as a function of Temperature
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Specific Surface Area
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1

Electrophoretic Mobility

Zeta Potential (mV)

Nanomaterials registry: https://nanohub.org/resources/22014



Select the area of interest

Nothing selected

288 total rows Edit filters

Mean Diameter (nm) Mean Hydrodynamic Diameter (nm)

7.2
20.
29
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49,
53.
NiE
8.2
19.2
Nanomaterials Registry Dataset

M Add a visualization

Use columns

Custom column

DisplayName

Ag
Ag
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NP
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NP
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Visualize your data
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IDENT: Data Exploration & Tool Execution

Nothing selected Use columns Custom column
1D Tool Substrate x Substrate y

.85
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III-V Strain Compensation Calculator

density estimate

nanoHUB




IDENT: Data Exploration & Tool Execution

Nothing selected

1D Tool

W 0 N O AW N
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III-V Strain Compensation Calculator

Substrate x

Substrate y

Show columns

Substrate x

.7781874673773234
.833543808403423
.6543344226852987
.6195678131023674
.6486536880495332
.7791129291856689
.7231352091463779
.792529598930497
.68554642297569

Substrate y

.6599116204341688
.746030374446

.6882546059375454
.6306212655413835
. 7644257229555012
.5979152983567378
.721192957030748
.6681219371370225
.7644474175098513

Use columns

nanoHUB
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IDENT: Data Exploration & Tool Execution
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Show columns
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Education
nanOHUB  nanoHUB-U

* 500+ teaching materials

ACUTE

Assembly for CompuTational Electronics

Research in the cloud
* 400+ simulation tools t 3
* 2,500 online seminars e

FAQS

FOR INSTRUCTORS ABOUT

Welcome to nanoHUB-U

Online

broadly to in any branch of science or engineering.

MARK LUNDSTROM

@ NCN-affiliated documents @ Non-NCN-affiliated documents

~ Small dots represent papers with relatively low secondary citations, medium dots indicate papers with potential to influence h-index, large dots represent papers affecting the h-index



9 HOME COURSES FAQS FOR INSTRUCTORS ABOUT
UNIVERSITY

“Truly a fabulous learning experience.” — past nanoHUB-U student

LATEST ONLINE COURSES

Organic Electronic Devices (edX)
Dr. Bryan Boudouris, Assistant Professor of Chemical Engineering, Purdue University

Enroll now for the February 12th offering!

Fundamentals of Nanoelectronics: Basic Concepts, 2nd Edition (edX)
Dr. Supriyo Datta, Professor of Electrical and Computer Engineering, Purdue University

Enroll now for the March 26th offering!

For both these courses, the initial instructor led offering will be hosted on edX.org where
you can earn a certificate. Once the initial edX offering is complete, the course be added
to nanoHUB-U for self-paced studies.

SELF-PACED COURSES

Learn at your own pace. Q & A Forums

Faculty-curated Q & A pages for specific topics.

INSTRUCTOR-LED SHORT COURSES Visit a particular forum to get answers or to submit a question.

Interact with nanoHUB-U profs and earn a certificate of Transport Fundamentals - Bottom-Up Approach

completion Transport Fundamentals - Ballistic Conductance and

Conductivity

Coming Soon:
Organic Electronic Devices (edX) Transport Fundamentals - NEGF

Fundamentals of Nanoelectronics: Basic Concepts, 2nd Edition (edX)



nanoHUB-U courses related to materials

*A forum for evolving, original viewpoints that should become
mainstream

‘Focus on seniors, beginning grad students, working
engineers

‘Designed to “transcend disciplines” and be broadly accessible
(no long list of prerequisites)

-Short but not too short (5 weeks) and not superficial
« 5 20-minutes lectures per week

PURDUE
M



nanoHUB-U / edX in numbers

* Full courses: 15
* ShOF’[ courses. 2 ‘all Principles of Electronic Nanobiosensors
- Total enrollment: 12,634 2 T
« ~10% from Industry pe e e
- 180 companies represented
. NANOHUB
« 80+ countries — =y

e x Courses v How It Works v Schools & Partners  About ~ ‘ I want to learn about Register

Fundamentals of Nanoelectronics,
Part B: Quantum Transport Join Now

Started on October 8, 2015

Full courses: 7

Total registrations 51,160
27% high school education
38% college degree

32% advanced degree
T e e 40% from Industry

Explore quantum transport in nanoscale

devices and spintronics in this introductory ‘

81 nanotechnology course.

 “This MOOC is one of the best. Exceptional in all
regards.” - Student from Part A

PURDUE

& Subject I
What you'll learn
Leve ntermediate
e Introduction to the Tight-binding Method U RD U E



Workshop: UQ for materials modeling

IMA Hot Topics Workshop 3 :
Uncertainty Quantification in Materials Modeling  Six half-day hands-on workshop session

July 28-31, 2015 0 c .
Pl:ase note, this workshop will take place at Purdue University in West Lafayette, Indiana. & A” SImU|at|0nS us'”g nanOHUB
- Half-day cutting-edge research talks

ﬁriénoHUB NJIST PURDUE

Abstracts and Talk Materials Introduction to Uncertainty Quantification
Organizers ‘.

Mark Benedict US Air Force Research Laboratory
Andrea Browning The Boeing Company

Stephen Christensen The Boeing Company

Andrew Dienstfrey National Institute of Standards and Technology = Outine
Paul Patrone University of Minnesota, Twin Cities

Frederick Phelan National Institute of Standards and Technology

@ Dashboard . /  Build outline

©® Pages

O Unit 1: (Strachan) Uncertainty Quantification Across Scales and Physics: Towards Predictive
Alejandro Strachan Purdue University ey Materials

il Progress

« Announcements Lectures L1.1: Introduction to UQ in Materials and Model Calibration

L1.2: Uncertainty Propagation in Multiscale, Multiphysics Simulations

L1.3: nanoHUB Workspace, Uncertainty Propagation with PUQ, and Functional Uncertainty
Quantification

« 25% of participants from Industry: Boeing,
Dow Chemical, Intel, Schrodinger, Inc.,
Corning Inc., Solvay Cytec

Innovate, educate, engage




Simulation-enhanced learning

Most Popular Simulation Tools for Education

[ O |
R
A
|
e [ ]
PN Junction Lab Crystal Viewer Too Nanosphere Optics Lab Band Structure Lab
- Launch Tool. - Launch Tool. - Launch Tool. - Launch Tool.

see more

NCN Supported Learning Packages

e GENERAL ABACUS  MATERIALS
—w=p —  CHEMISTRY GG SCIENCE

nanoHUB-U General Chemistry Simulations Semiconductor Simulations Materials Science Simulations
- Collection materials and overview. - Collection materials and overview. - Collection materials and overview.
- Simulation Page. - Simulation Page.

PURDUE

UNIVERSITY



Learning about materials using simulations

https://nanohub.org/topics/LearningModulePlasticityMD

e 00 nanoHUB.org - Wiki: Learning Module: Atomic Picture of Plastic Deformation in Metals

nanohub.org

| Anoant MMy Arncnnint

B.org « Resources Tools: nano-Matenals Simulaton . kit Session: 403718 "mano-Materials Simulation Toolkn”

Yahoo! Cooghe Nugs YouTube Wilipeda Nens Q2170 Pw

Home » Topics » Learning Module: Atomic Picture of Plastic Deformation in Metals

Learning Module: Atomic Picture of Plastic Deformation in Met:
by

= Article | Edit | _

The mair lo earning module is to introduc
tic deformation in cr ne me nd help them develop a more intuitive understanding of
t shov tic deformation of a metallic nanowire.

The module co of:

« Two introductory lectures (50 minutes each) available online as audiovisual presentations
=




Assessing students learning

wm==m Advances in Engineering Education

WINTER 2013

Lectures and Simulation Laboratories to Improve
Learners’ Conceptual Understanding

SEAN P. BROPHY ]
) ] ) Yield stress
Engineering Education (Q1) - factual recall

——No lecture,
no prelab

-~ Lecture or
prelab

ALEJANDRA J. MAGANA
Computer and Information Technology

AND

Lecture and
prelab

CO0000000
OENWEBEUVNN WM

ALEJANDRO STRACHAN
Materials Engineering pretest  posttest
Purdue University

West Lafayette, IN Plastic deformation in tension
(Q2b) - conceptual understanding

A ~4-No lecture,

no prelab

~—Lecture or
prelab

Lecture and
prelab

pretest posttest

Advances in Engineering Education, 3, 1-17 (2013).

000000000
ORNWBLON®LM

Plastic deformation in compression

(Q2a) - transfer knowledge

~4-No lecture,

no prelab
= Lecture or
prelab

Lecture and
prelab

pretest posttest

Strain hardening
(Q3) - factual recall

-~ No lecture,

no prelab
-~ Lecture or
prelab

Lecture and
prelab

pretest posttest

PURDUE

UNIVERSITY




nanoHub User Behavior

Users

Time (days)

2010-06-30 Users 1 days of history




nanoHUB usage statistics

» A Soph. Materials Engineering

5 Sooh e TRt

— Use in EDUCATION

C ~ |+ Knowledge Transfer out of Research |
.~ 30,000+ students

* 1,400+ classroom clusters
* 185 institutions

E s . Graduate Electrical Eng.

D Freshma

Users

Soph. Mater——=—— '
Impact on mmorltles o
| * 39% of HBCUs, 20% HHEs, and 28% MSlIs
“Tal- - —* Registered users (cumulative / last 12 months) | - -
—-- |« Hispanic: 7.4% /11.5% T
 African American: 3.4% / 5.2%

..... J 1|, TSl Study Users

38

}July 1,2009 Time (Days)

June 30, 2010{




Empowering communities

industry Researchers Instructors Students

1.4 M visitors 12,000+ simulation users per year

& Learning
tutorial materials

National Science Foundation
WHERE DISCOVERIES BEGIN




Join the materials group!

nanohub.org/groups/materials

Materials Science »

Welcome to the Materials Sc
scie

sSpec AS 3 simulation tools a

s v

e

Aore coming < r
More coming so

Innovate, educate, engage




