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Need for polymeric databases

Frontiers in Polymer Science and Engineering

Report of a 2016 NSF Workshop
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M Materials science with large-scale
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opportunities ¢ L -

Joanne Hill, Gregory Mulholland, Kristin Persson,
Ram Seshadri, Chris Wolverton, and Bryce Meredig

Universal access to abundant scientific da Q‘C\Q |
could fundamentally transform the field of NEWS FEATURE ] %

faces serious challenges to bringing about ti
diversity of research areas within materials,

sharing, among others. Nonetheless, the |4

benefit the entire materials research enter S

of the materials data and informatics landsd

more data freely available and useful to mg \
Introduction
Data-intensive science has been described as the “fourth para-
digm” for scientific exploration, with the first three being H

sciences,” astronomy,’ and particle physics*). Nonetheless, the
potential impact of data-driven materials science is tremendous:
Materials informatics could reduce the typical 10-20 year
s and ialization cycle® for new materials.
We see plentiful opportunities to use data and data science to
radically reduce this timeline and generally advance materials H i H
research and devel (R&D) and facturing. ot :

In this article, we discuss the current state of affairs with : d i AJ . l > : ‘ - VAN
respect to data and data analytics in the materials community, g H ; | L
with a particular emphasis on thorny challenges and promis- i : — g -
ing initiatives that exist in the field. We conclude with a set of 3
near-term recommendations for materials-data stakeholders.
Our goal is to demystify data analytics and give readers from
any subdiscipline within materials research enough informa-
tion to understand how informatics techniques could apply to
their own workflows.

p theory, and simulation.' While the value of data- i e p — /
intensive research hes are becomi . . G - e ‘
S e b Machine-learning techniques could revolutionize V4
widespread adoption of these methods (as has occurred in bio- i hO\V materials Science is done
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Existing resources

Paper-based Web-based

¢ @ Not Secure
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“CHEMnetBASE Search Polymers _ Search Monomers My Searches My Account _ Tour
Polymers: A Property Database

POLYMER
HANDBOOK

FOURTH EDITION

[ KHAZANA : A Computations! + e

® kha

A Computational Materials Knowledgebase

Aplatform tostore structure and property data created by atomistic simulations,
and tools to design materials by learning from the data.

[ NanoMine Curation System X e

® nanomine.northwestern.edu:8000 ¥

© O ® /'3 polymer Database (Polyinfo) X
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Physical Properties of
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Ky nons i o s rgister. | Polymer Database “Polyinfo" various data ata (Feb. 19,

+ Register required for polymeric material design. The main data source is 2015)
+ Forgot your Password 2 Information on 14424
an f;m (ypas of thermal, electrical Composites. 1,940
e RASOUICE o e covs. oo e ey | mvete —

: pa\ymer blends, composites and compounds. \hax consist of
» Outine homopolymers and copolymers are open to the public. Property Eroperty poins 28,726
his system allows for§ + Detabase Prediction Subsystem, Nomendiature System and NVIR Database are | Literature data 14,888
between existing 1€ > Whats New e Recorded data
ntrally located send Disciame

esearch to the materia Help | Database

Polymer Search

NSF supported the initi © NMR Database Polymer Search s done by specifying the polymer name, type, chemical formula, material type, properties
and reference publication. There are "Basic" (simple condition setting) and *Advanced" (detailed condition
3 “Text" (text search) that searches alldisplay contents.

I 5 ey i eyt g ki o
of the polymer, or by drawing the chemical structure using a modeling toc

> NMR Dat

through the

and software

James E. Mark gata

ration, tool devg

> Basic Properties

> problems, and integrat]  eomer b I
Editor backbone use of * Inorganic Matera Datevase The user can search from the "Properly table", "Popular polymer” or Plotted data”.

Computational Phase
Diagram Database
> Computational Electronic
‘Structure Database

@ Springer * Database of Promsing

Monomer Search
Monomer Search is done by specifying the monomer name, registry No., class, molecular formula and
molecular weight,

‘Adsorbents for

Property Prediction System
Decontamination of

e s o As a complement to the database, this system predicts values of Tg, Tm, solubiity parameter, surface
R — tension, interfacial tension, dielectric constant, refractive index, density, tensile strength and tensile strengtn
Database atbreak

Nomenclature System
‘The nomenciature System can create the IUPAC structure name by using a modeling tool to draw the
chemical structure of the polymer constiutional unit

NMR Database

1H, 13C NMR spectra of 154 samples are provided with assignment data
> Engineering

imited accessibility of entire database and/or datasets that are too small



Polymer Property Predictor
and Database

(9 http://pppdb.uchicago.edu

® © ® /[ pppdb.uchicago.edu x

& C | O http://pppdb.uchicago.edu

Materials Genome Project  About Database  Applications

Polymer Property Predictor and Database

CHIMa

o b s et Ovag

The Center for Hierarchical Materials Design (CHIMAD) represents a Chicago-based consortium of the University of Chicago,
Northwestern University, Northwestern-Argonne Institute for Science and Engineering (NASIE) that is a partnership between Argonne
National Laboratory and Northwestern, and the Computational Institute that is a partnership between the University of Chicago and
Argonne. It serves together with NIST as a national resource for the verified codes and curated databases that will enable proliferation
of a materials-by-design strategy throughout US industrial partners. Numerous materials “use cases” of industrial relevance drive
purposeful method and tool development, while aiding transfer to industry of both the new principles of computational materials design.

Demonstrating a broad methodology for multicomponent, multiphase materials spanning metals and polymers for structural and
multifunctional applications.

Search the Database

Polymer Name

Browse the Database

Siove fovalies




Flory Huggins x parameter

Publications

i

376 articles from
Macromolecules

R.B.Tchoua, J. Qin, D.J. Audus, et al. J. Chem. Educ., 93, 1561-1568 (2016)
R.B. Tchoua, K. Chard, D.J. Audus, et al. Procedia Comp. Sci., 80, 386-397 (2016)



Flory Huggins x parameter

Information
Extraction Module

Automatically extract
metadata (title, author, etc.)

R.B.Tchoua, J. Qin, D.J. Audus, et al. J. Chem. Educ., 93, 1561-1568 (2016)
R.B. Tchoua, K. Chard, D.J. Audus, et al. Procedia Comp. Sci., 80, 386-397 (2016)



Flory Huggins x parameter

Information Proposed
Extraction Module . . i
—n Data Parsing Crowdsourcing Module X Entries
LF |
0 0 = X

Undergrads review papers and
enter x into an online form

R.B.Tchoua, J. Qin, D.J. Audus, et al. J. Chem. Educ., 93, 1561-1568 (2016)
R.B. Tchoua, K. Chard, D.J. Audus, et al. Procedia Comp. Sci., 80, 386-397 (2016)



Need for a polymer dictionary

Name Type Abbreviation
poly(ethylene-alt-propylene) polymer |PEP :lL prefixes
protonated poly(ethylene-alt-propylene) polymer |pPEP

Polybutadiene polymer ]

polybutadiene polymer [PB — Capita“zation
polybutadiene polymer |PBD )

poly(butyl methacrylate) polymer [PbMA } ambiguous
Poly(n-butyl methacrylate) polymer [PnBMA-115 —

poly(methacrylic acid)-b-poly(methyl methacrylate) (A) [polymer |PMAA-PMMA (A)

poly(methacrylic acid)-b-poly(methyl methacrylate) (C) |polymer |PMAA-PMMA (C) — input errors
styrene polymer |




The need for InChl

Multiple and trade names Identify synonyms

Registry Number: 9003-53-6

Molecular Formula: (C8H8)x
Chemical Name: Benzene, ethenyl-, homopolymer
Hide Synonyms (2)
* o+"
« MS 555 n
« Fostarene 20D9

« JSR-BK 2500 1800+

. eneds for polystyrene poly(2,6-dimethyl-1,4-phenylene oxide)

« Daicel Styrol 20 poly(xylenyl ether)
Broadness of CAS

Registry Number: 9004-34-6

Molecular Formula: W99
Chemical Name: Cellulose

Show Synonyms (¥J

Registry Number: 9000-11-7

Molecular Formula: C2H403.xUnspecified
Chemical Name: Cellulose, carboxymethyl ether

Show Synonyms (¥J

Registry Number: 9004-32-4

Molecular Formula: C2H403.xNa.xW39
Chemical Name: Cellulose, carboxymethyl ether, sodium salt

Show Synonyms (¥



Need for a polymer dictionary

Name Type Abbreviation
poly(ethylene-alt-propylene) polymer |PEP :lL prefixes
protonated poly(ethylene-alt-propylene) polymer |pPEP

Polybutadiene polymer ]

polybutadiene polymer [PB — Capita“zation
polybutadiene polymer |PBD )

poly(butyl methacrylate) polymer [PbMA } ambiguous
Poly(n-butyl methacrylate) polymer |PnBMA-115 _

poly(methacrylic acid)-b-poly(methyl methacrylate) (A) [polymer |PMAA-PMMA (A)

poly(methacrylic acid)-b-poly(methyl methacrylate) (C) |polymer |PMAA-PMMA (C) — input errors
styrene polymer |

Need something like PubChem for polymers

STYRENE
6 S Y & A W

STRUCTURE VENDORS PHARMACOLOGY LITERATURE PATENTS BIOACTIVITIES

PubChem

BioAssay (2 3:) Compound 2 U Substance 2] PubChem CID: 7501
Limit Chemical Names: STYRENE; Ethenylbenzene; Phenylethylene; Vinylbenzene; 100-42-5; Styrol  More...
polystyrene| Go AlrriT:/laiced
Molecular Formula: CgHg or CgHsCHCH,
Molecular Weight: 104.152 g/mol

InChl Key: PPBRXRYQALVLMV-UHFFFAOYSA-N



Flory Huggins x parameter

Ty

Information

Extraction Module o . .
Data Parsing Crowdsourcing Module

o gy
L'_je W o

Curated
Polymer
Dictionary
Module

poly(styrene)
polyethylene
polyisoprene

R.B.Tchoua, J. Qin, D.J. Audus, et al. J. Chem. Educ., 93, 1561-1568 (2016)
R.B. Tchoua, K. Chard, D.J. Audus, et al. Procedia Comp. Sci., 80, 386-397 (2016)



Developing the polymer dictionary

Name Structure
poly(2-vinylpyridine) (saved as .mol file)
C
Abbreviation ‘ \
P2VP
N
///’

/

InChlKey and InChl

KGIGUEBEKRSTEW-BBVYVPKKBA-N

1B/C7H7N/c1-2-7-5-3-4-6-8-7/h2-6H,1H2/2101-1-8(1.2)



The polymer dictionary

88 entries

3 without InChl

associated .mol files

Name

Abbreviation

InChI

InChI Key

Thesaurus Names

Thesaurus Abbreviation

poly(2-vinylpyridine)

P2vP

1B/C7H7N/c1-2-7-5-3-4-6-8-7/h2-6H,1H2/2z101-1-

KGIGUEBEKRSTEW-BBVYVPKKBA-N

poly(2,2-bis(trifluoromethyl)-4,5-difluoro-1,3-dioxole)

18/C5F802/c6-1-2(7)15-3(14-1,4(8,9)10)5(11,12

YSYRISKCBOPJRG-XLALVCCSBA-N

poly(2,6-dimethyl-1,4-phenylene oxide) PXE 1B/C8H80/c1-5-3-7-4-6(2)8(5)9-7/h3-4H,1-2H3/2]GVLZQVREHWQBIN-NBWNIOTOBA-N |poly(xylenyl ether)
poly(3-(2-ethylhexyl)thiophene) P3EHT 1B/C12H18S/c1-3-5-6-9(4-2)7-10-8-11-12(10)13-{UCZXRGRITIHALN-HUZCROMBBA-N
poly(3-butylthiophene) P3BT 1B/C8H10S/c1-2-3-4-6-5-7-8(6)9-7/h5H, 2-4H2,, 1H{MFKYCRZHE TWXER -WCYUVGCXBA-N
poly(3-dodecylthiophene) P3DDT 1B/C16H26S/c1-2-3-4-5-6-7-8-9-10-11-12-14-13-]0WMLCFMCOUNBSQ-ORBAQIJUBA-N
poly(3-hexylthiophene) P3HT 1B/C10H14S/c1-2-3-4-5-6-8-7-9-10(8)11-9/h7H, 2| VWCCCBCELGDMSR -RHPIWNLABA-N [poly(3-hexylthiophene-2,5-diyl)
poly(3-methylthiophene) P3MT 1B/C5HA4S/c1-3-2-4-5(3)6-4/h2H,1H3/2101-1-6(4, | JZAQUQHOPLBQPI -XVBQSDAFBA-N
poly(3-octylthiophene) P30T 1B/C12H18S/c1-2-3-4-5-6-7-8-10-9-11-12(10)13-]IXMZQXBZTSSNAG-HUZCROMBBA-N
poly(4-acetoxystyrene) P4AS 1B/C18H1802/c1-3-9-4-6-10(7-5-9)12-8(2)11/h3-]JAMNSIXSLVPNLC-YUFRITRMBA-N
poly(4-hydroxystyrene) PHS 1B/C8H80/c1-2-7-3-5-8(9)6-4-7/h2-6,9H,1H2/210]FUGYGGDSWSUORM-RRFBGHKIBA-N
poly(4-tert-butylstyrene) PtBS 1B/C12H16/c1-5-10-6-8-11(9-7-10)12(2,3)4/h5-9fQEDIMOONZLUIMC -KIZCOQPOBA-N
poly(4-vinylbenzyltrimethylammonium chloride) PVBTAmC 1B/C12H18N.C1H/c1-5-11-6-8-12(9-7-11)10-13(2, {TVXNKQRAZONMHJ - IPOBBXJVBA-M
poly(4-vinylpyridine) P4VP 1B/C7H7N/c1-2-7-3-5-8-6-4-7/h2-6H,1H2/2101-1-§KFDVPJUYSDEJTH-BBVYVPKKBA-N
poly(6-methyl-AZAu-caprolactone) PMCL 1B/C7H1202/c1-6-4-2-3-5-7(8)9-6/h6H, 2-5H2, 1H3 |WZRNGGFHDMOCEA-PBJUEKBZBA-N
poly(acrylic acid) PAA 1B/C3H402/c1-2-3(4)5/h2H,1H2, (H,4,5)/2101-1-5(NIXOWILDQLNWCW-YZILBCBGBA-N
poly(allylamine hydrochloride) PAH 1B/C3H7N.C1H/c1-2-3-4;/h2H,1,3-4H2;1H/2101-1-4MLGWTHRHHANFCC-XEQKNLBJBA-N
poly(benzyl methacrylate) PbnMA 1B/C11H1202/c1-9(2)11(12)13-8-108-6-4-3-5-7-10/A0JOEFVRHOZDFN-PQSYHNEGBA-N
poly(butyl acrylate) PBA 1B/C7H1202/c1-3-5-6-9-7(8)4-2/h4H,2-3,5-6H2,1{CQEYYIKEWSMYFG-YSNYPLFEBA-N |poly(n-butyl acrylate)
poly(butyl methacrylate) PbMA 1B/C8H1402/c1-4-5-6-10-8(9)7(2)3/h2,4-6H2,1, 3 SOGAXMICEFXMKE -WVNZXXKVBA-N |poly(n-butyl methacrylate)
poly(butylene oxide) PBO 1B/C4H80/c1-2-4-5-3-1/h1-4H2/2101-1-5(1,2,1,3 |WYURNTSHIVDZCO-PYASYINHBA-N
poly(cyclohexylethylene) PCHE 1B/C8H14/c1-2-8-6-4-3-5-7-8/h2,8H,1,3-7H2/210]LDLDYFCCDKENPD-BBVYVPKKBA-N
poly(diethylhexyloxy-p-phenylenevinylene) 1B/C24H3802/c1-5-9-11-19(7-3)17-25-23-15-22-14QSFDVDZTDIATNP-FRAFILGZBA-N
poly(diisoamyl itaconate) 1B/C15H2604/c1-4-6-8-10-18-14(16)12-13(3)15(1]NJCKCUVRQPTKTF - IXYATHDYBA-N
poly(ethyl ethylene) PEE 1B/CA4H8/c1-3-4-2/h3H,1,4H2,2H3/2101-1-4(1.3) |VXNZUUAINFGPBY-XMMBCNCSBA-N
poly(ethyl methacrylate) PEMA 1B/C6H1002/c1-4-8-6(7)5(2)3/h2,4H2,1, 3H3/2101|SUPCQIBBMFXVTL-ANYLYICWBA-N
poly(ethylene oxide) PEQ 1B/C2HA40/c1-2-3-1/h1-2H2/2101-1-3(1,2,1, 3,2, 3| IAYPIBMASNFSPL -GCGQHNKHBA-N [poly(ethylene glycol) PEG
poly(ethylene-alt-propylene) PEP 1B/C5H10/c1-5-3-2-4-5/h5H,2-4H2,1H3/2101-1-5({BDJAEZRIGNCQBZ-HZQCOQKVBA-N |poly(ethylene-propylene); polymethylbutylene
poly(ethylene-r-butylene) PEB 1B/CAH8.C2H4/c1-3-4-2;1-2/h3H,1,4H2, 2H3; 1- 2H2|WXCZUWHS IWOTRV - LWCKEHRHBA-N
poly(ferrocenylmethylethylsilane)
poly(hexafluoroisopropylidene diphthalic anhydride-alt-2]6FDA-TMPD  [1B/C29H18F6N204/c1-11-12(2)22-14(4)13(3)21(11]UNVNHDDZPHOGRQ-AGENGVHNBA-N
poly(hexene oxide) PHO 1B/C2H3Br0/c3-2-1-4-2/h2H,1H2/2101-1-4(1,2,1,{X0O0VDXMNWOF ROX-UAKBPNCWBA-N
poly(hydroxyethyl acrylate) 1B/C6H1003/c1-5(2)6(8)9-4-3-7/h7H,1, 3-4H2,, 2H3 [WOBHKF SMXKNTIM-MWVPMSDBBA-N
poly(Iu-caprolactone) PCL 1B/C6H1802/c7-6-4-2-1-3-5-8-6/h1-5H2/2101-1-8(PAPBSGBWRIIAAV-CMRMDLKMBA-N
poly(lactic acid) PLA 1B/C3H402/c1-2-3(4)5-2/h2H,1H3/2101-1-5(2,3,2|YCHXNMPJFFEIJG-MGVHKUGVBA-N |poly(lactide); poly(lactic acid)
poly(methacrylic acid) PMAA 1B/C4H602/c1-3(2)4(5)6/h1H2,2H3, (H,5,6)/2101-]CERQOIWHTDAKMF - IKXXVMLBBA-N
poly(methyl acrylate) PMA 1B/C4H602/c1-3-4(5)6-2/h3H,1H2,2H3/2101-1-6(1|BAPIBEWLBFYGME - IKXXVMLBBA-N
poly(methyl methacrylate) PMMA 1B/C5H802/c1-4(2)5(6)7-3/h1H2,2-3H3/2101-1-7(]VQNEPGIFQISBK-KCAOANCDBA-N
poly(n-hexyl methacrylate) PHMA 1B/C10H1802/c1-4-5-6-7-8-12-10(11)9(2)3/h2,4-{LNCPIMCVTKXXOY -XJFATUNXBA-N
poly(N-isopropylacrylamide) PNIPAM 1B/C6H11NO/c1-4-6(8)7-5(2)3/h4-5H,1H2, 2-3H3, ({QNILTEGFHQSKFF -YWFYHYGIBA-N
PnPMA GYDSPAVLTMAXHT -YVXONTINBA-N

poly(n-pentyl methacrylate)

1B/C9H1602/c1-4-5-6-7-11-9(10)8(2)3/h2,4-7H2,




Flory Huggins x parameter

Information

Extraction Module .
rs Data Parsing Crowdsourcing Module

e | Yy
I& 23 i (D

Confirmed
Curated trion
Polymer
icti poly(styrene)

Dictiona ry polyethylene | pppd b
Module .P-'f’-WiSDprene — ' x

Final Expert

Review

Final review and push to database

R.B.Tchoua, J. Qin, D.J. Audus, et al. J. Chem. Educ., 93, 1561-1568 (2016)
R.B. Tchoua, K. Chard, D.J. Audus, et al. Procedia Comp. Sci., 80, 386-397 (2016)



Glass transition temperature

Publications

6,090 articles from
Macromolecules

R.B.Tchoua, K. Chard, D.J. Audus, et al. submitted to 13th IEEE International Conference on e-Science



Glass transition temperature

Natural Language
Processing Module

Tries to find compound-
T, pairs automatically

R.B.Tchoua, K. Chard, D.J. Audus, et al. submitted to 13th IEEE International Conference on e-Science



Glass transition temperature

Natural Language
Processing Module

H—E

NLP C
Polymer

. . PS
Dictiona ry Polystyrene 25

poly(styrene) 25
M o d u I € PMMA 26

Automatically create a
dictionary of polymers
(only names) using
“P” and “poly”

R.B.Tchoua, K. Chard, D.J. Audus, et al. submitted to 13th IEEE International Conference on e-Science



NLP Polymer Dictionary

Name
Polystyrene
poly(styrene)
polystyrene - various forms
polystyrenes
PS

PSS
polyimides
polyolefin

>
copolymer 10 :}_
:}_

J

not plural of PS

family names

labels not names
prefixes/suffixes

poly(2,4’-BF-a)
macroporous poly(N-isopropylacrylamide)gel

12,814 polymers in the dictionary

Work in progress to clean up errors above and adding InChl



Glass transition temperature

Natural Language

Processing Module Candidates

=

NLP
Polymer

. . PS
Dictionary Polystyrene
M Od u I e poly(styrene)

PMMA

25
25
25

Tg
>
T Compound-T,
g Pairs
Solitary
Tgs

Pairs

Proposed

Polymer Identification Module

Polymer-T, Pairs

C 1
|
PS 25
Polystyrene 25 C

N

The Tg oeaks ata
molecular Weight of 6000

Flag Bad Data
Crowdsourcing Module

Prioritize
Review Module

Confirmed
Polymer-T, Pairs

»ﬁ“ﬁ“ = pppdb

Final Expert
Review

R.B.Tchoua, K. Chard, D.J. Audus, et al. submitted to 13th IEEE International Conference on e-Science

Many other steps to
final product!



The need for InChl

Multiple and trade names

Registry Number: 9003-53-6
Molecular Formula: (C8H8)x
Chemical Name: Benzene, ethenyl-, homopolymer

MS 555
« Fostarene 2009
« JSR-BK 2500 1800+
« Styron 680 for polystyrene

. BSB-S 40

« Daicel Styrol 20

Broadness of CAS

Registry Number: 9004-34-6
Molecular Formula: W39
Chemical Name: Cellulose

Show Synonyms ¥

Registry Number: 9000-11-7
Molecular Formula: C2H403.xUnspecified
Chemical Name: Cellulose, carboxymethyl ether

oNOW Synonyms

Registry Number: 9004-32-4
Molecular Formula: C2H403.xNa.xWa9
Chemical Name: Cellulose, carboxymethyl ether, sodium salt

SNOW Synonyms

Identify synonyms

ol

poly(2,6-dimethyl-1,4-phenylene oxide)
poly(xylenyl ether)

Input/output for machine learning

Natural Language
Processing Module

1B/C8H80/c1-5-3-7-46(2)8(5)9-7/
h3-4H,12H3/2z101-1-9(7,9,8,9)



Limitations of current InChl

Organometallic Branching / crosslinks
~1 T
Fe o NH
T~ )
o NH

AN

Markush

%@ﬁ@ﬁ*



Conclusions and outlook

http://pppdb.uchicago.edu
263 x 258 T,

Future work
* Add .mol files and InChl to pppdb
* Cleaning up NLP polymer dictionary

Advances still need for InChl
* Organometallics

* Branching/ cross-links

* Markush



Flory Huggins x parameter

Information

Publications . Proposed
E M | .
F xtraction Module Data Parsing Crowdsourcing Module X Entries
‘| ﬁ
\ | X

l

Confirmed
Curated C e
Polymer
Dictionary :Z:zfai::;rlz:? p p p d b
Module polyisoprene — : .
Final Expert
Review

R.B.Tchoua, J. Qin, D.J. Audus, et al. J. Chem. Educ., 93, 1561-1568 (2016)
R.B. Tchoua, K. Chard, D.J. Audus, et al. Procedia Comp. Sci., 80, 386-397 (2016)



Glass transition temperature

Natural Language T, Proposed
Publications Processing Module Candidates Polymer Identification Module Polymer-T, Pairs
F >| " 1 0 = | ’Ffw
— Compound-T, = 25 u_u | P Tg
| - Pairs fﬁlystyrene 25 C Tg

. Polymer Proximity Search Module

Solitary
Tgs The Tg oeaks ata

molecular Weight of 6000

NLP .
Resolve Label Crowdsourcing Module
Polymer
. .. PS 1 1
DICtlonary Polystyrene 25
oly(styrene) 25
MOdUIe EMXAA 26 PX Tg

Confirmed
Polymer-T, Pairs

> ﬁ“ﬁ“ =4 pppdb

Flag Bad Data Prioritize Final Expert
Crowdsourcing Module  Review Module Review

R.B.Tchoua, K. Chard, D.J. Audus, et al. submitted to 13th IEEE International Conference on e-Science



