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The Materials Project – A Google of Materials

00204

Modern innovation challenges require fast methods to commercialize materials. In the past 
it took over 18 years. The Materials Project (www.materialsproject.org) is harnessing the 
power of supercomputing and quantum mechanical theory to compute the properties of 
known inorganic materials, design novel materials, and offer the data to public. The current 
release contains data derived from quantum mechanical calculations for over 80,000 
materials and millions of associated properties.
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Teflon

Titanium

Velcro

1930        1940        1950        1960        1970        1980        1990        2000

Polycarbonate

GaAs

Diamond-like Thin Films

Amorphous soft magnets

Materials Data from: Eagar, T.; King, M. Technology Review (00401692) 1995, 98, 42. 

invented Lithium ion Sony

18 Years...from the average new materials discovery to commercialization

PV TCOs Permanent magnets

Energy StorageThermoelectrics

Solar Fuel

…

How to accelerate the innovation and 
development timeline ?

Materials Innovation Timeline



We do not have materials data

There are about 50,000 to 100,000 known inorganic compounds

Elastic constants:  about 200 compounds
Super conductors  ≈ 1000
Dielectric constant ≈ 300-400

For almost every property we are below 
1% in coverage ….



Quantum Mechanics Better materials

€ 

Ψ better batteryΨ*



First-Principles Modeling: 1996 - 2018

1996: One 
year on 
tungsten

2018: 80,000+ materials on the Materials Project + millions of materials properties

10/15/2015 Berkeley Lab (Univ of California) Mail - [Mp-announce] Piezoelectricity Data on the Materials Project

https://mail.google.com/mail/u/0/?ui=2&ik=19a06e26c2&view=pt&q=piezoelectric%20database&qs=true&search=query&th=1501b7f93c8951e3&siml=1501b7f93c… 1/3

Kristin Persson <kapersson@lbl.gov>

[Mp­announce] Piezoelectricity Data on the Materials Project
3 messages

Materials Project <support@materialsproject.org> Tue, Sep 29, 2015 at 4:45 PM
Reply­To: support@materialsproject.org
To: mp­announce@materialsproject.org

Piezoelectricity Data on the Materials Project
Today, we're proud to officially launch the largest database to­date of
calculated piezoelectric properties of inorganic crystalline compounds. The full
piezoelectric tensor­­and derived properties such as the crystallographic
direction of the maximum piezoelectric response and the magnitude of the
maximum response­­of over 950 piezoelectric materials are now available.

Using the sidebar of our Materials Explorer, you can filter materials based on
piezoelectric modulus along with your other favorites­­band gap, crystal system,
etc.

You can read more about the methodology used in our calculations guide,
check out our companion publication, and expect even more of our materials to
have piezoelectricity data in the near future. For an extended, high­level

Kristin Persson <kapersson@lbl.gov>

[Matgen] Pourbaix Diagrams on the Materials Project
4 messages

support@materialsproject.org <support@materialsproject.org> Wed, Oct 2, 2013 at 2:41 PM
Reply-To: matgen@nersc.gov
To: matgen@nersc.gov

Pourbaix Diagrams on the Materials Project

Today, we are excited to announce the release of the Pourbaix diagram
app. Pourbaix diagrams are solid-aqueous phase diagrams as a function of
pH, standard hydrogen potential and composition that can be used to

Berkeley Lab (Univ of California) Mail - [Matgen] Pourbaix Di... https://mail.google.com/mail/u/0/?ui=2&ik=19a06e26c2&view...

1 of 4 10/3/13 6:48 PM



+
One supercomputer could 
crunch through ~20,000 
structures in 1 day…

Accelerated Computations





New Materials for Sustainable Energy
Completely new materials predicted and synthesized based on 

computational predictions…it is just the beginning

2011: 
Li ion 
electrodes

2005: 
Novel alkaline 
batteries

2014: 
New class of Li 
ion cathodes

2015: 
Superionic  
conductors 

2016:
Mg cathodes
Photocatalysts
Thermoelectrics

2017:
Piezoelectrics
LEDs
Auxetics
Mg electrolytes
….



The MGI and the Materials Project

June 2011 “fund computational tools, software, new 
methods … to make the process of discovery and 
development of advanced materials faster, less 
expensive, and more predictable

DATA DISSEMINATION DESIGN



Materials Project web site

10





Website



The web site is the tip of the iceberg…

pymatgen
FireWorks
REST API
custodian
Atomate



Input processing & transformations

ICSD Other experimental databases User submissions

StructureNotationalLanguage (SNL)

Supercomputing Resources

Workflow 
Manager

Post-processing and 
error-checking

Web apps

Materials API
Analysis



Supercomputing Resources

Input processing & transformations

ICSD Other experimental databases User submissions

StructureNotationalLanguage (SNL)

Workflow 
Manager Post-processing and 

error-checking

Analysis

• Robust materials analysis

pymatgen

• Self-healing error recovery

Custodian

• Smart workflow management

Fireworks

Web apps

Materials API



All HT Properties Benchmarked and Automated

Codes/Algorithms Validation/Benchmarking Data Dissemination/Design



Elastic Constant DatabaseElastic Data Enables Discovery of Novel Functional Materials

> 6,000 full elastic tensors calculated and 
counting…. Correlations between 

structure/chemistry features with 
exotic elastic behavior

Full elastic tensor experimentally measured for 
~200 systems Dagdelen and Persson, Nat Comm 2017

AlPO4 1 year later  - still waiting on 
experimental validation



Elastic Constant Database
Example: Elastic Tensor

Full piezoelectric 
tensor known 
experimentally for 
only ~50 systems



How to target one metastable SrHfO3 ?

Ground state

Polar Tetragonal

Non-Polar Orthorhombic

Non-Polar Tetragonal

Cubic nonpolar

Theoretical Orthorhombic

Theoretical Tetragonal

Hong,	Dwaraknath,	Garten,	Ndione,	Ginley	and	Persson,	The 
Journal of Physical Chemistry C 120(23), 2016	



Theory-Guided Thin Film Synthesis
’Substrate Picker’ provides good guesses of 
substrates to grow P4/mm SrHfO3

Algorithm from Zur & Mcgil, 
1984;  including elastic strain 
based on Materials Project

100 mTorr, 700C , ➔
orthorhombic target 
phase
1mT, 500C, ➔cubic 
ground state

The target match the SHO 
orthorhombic phase and 
confirmed ferroelectricity 
as well as piezoelectricity

Garten, Dwaraknath, … Persson and Ginley, Submitted 2018



Known Light Absorbers/Photocatalysts

Criteria for a good light absorber
• (i) VBM within 0.1-0.5 eV of OER potential
• (ii) Band gap between 1 and 2 eV 
• (iii) Photochemical stability at pH 13

(i) (ii) (iii)

CdSe Y N N
GaP Y Y N
Si Y N N

MoS2 Y Y N
ZnSe Y N N
Ta3N5 Y N N
Cu2O Y Y N
CdS N N N

a-Fe2O3 N N Y
BiVO4 N N N
NaTaO3 N N Y
SrTiO3 N N Y
TiO2 N N Y
WO3 N N N



MP Collaboration with JCAP: First-Principles High-
Throughput Approach

2872

Cr, Mn, and V based ternary oxides

169

HSE band gap 1.2 eV < Eg < 3.2 eV

MP database

HSE, bulk

PBE+U, surface

Band edge energies

Stability in water
Pourbaix diagrams
Persson et al, 
Phys. Rev. B 85, 235438 (2012)

426

PBE+U band gap

Phase stability
ΔH < 50 meV/atom
0.2 eV < Eg < 3.5 eV
Semi-empirical U’s
Wang et al, 
Phys. Rev. B 73, 195107 (2006)

47

Collaboration with John Gregoire, JCAP; Jeff Neaton and Kristin Persson Materials Project



VB with metal 
(not O 2p) 

character can 
provide 
desired 

alignment to 
OER potential  

Theory Guided Design and Rapid Synthesis
• 47 phases passed computation criteria 
• 17 of the 47 phases synthesized through combinatorial synthesis experiments
• 16 of these 17 phases exhibit photocurrent at OER potential

Tuning VB/CB character can yield band gap in desired 1.5-2.8 eV range

Courtesy of John Gregoire, Caltech



…however mostly: to date unrealized: Mg 
Cathode: MgMo3P3O13

https://materialsproject.org/batteries/mvc-1200010538/

Discharged MgMo3P3O13

mp-id discharged mvc-10538 (p21/m)

Charged Mo3P3O13

mp-id charged mvc-10615   (p21/m)

max. Ehull 42 (meV/atom)

Parent compound CaFe3(PO4)3O

Gravi. Capacity 87 mAh/g

Vol. Capacity 330 mAh/cm^3

Average Voltage 1.90V

Diffusion Barrier < 100meV

Chem. Commun., 2017, 53, 7998-8001 (Ceder&Persson group)



How to Accelerate Synthesis of Novel 
Materials for Energy Applications?



Statistics on the ICSD covering most known inorganic 
materials 

W. Sun et al. Science Advances 2 (11) DOI: 10.1126/sciadv.1600225 (2016)

≈ 10 kJ/mol ≈ 
2.4 kcal/mol



Hypothesis: the amorphous phase is always kinetically possible to form

… Ta2O5 nanosized powder was placed in a 

quartz tube furnace and subjected to 

nitridation in flowing NH3 gas at a flow rate of 

1 L/min at 8001C for 6 h.

+

?

?

J. Am. Ceram. Soc., 88 [12] 3519–3521 (2005)

polymorph-TaN

amorphous-TaN

Ta2O5

NH3

Hence, an energy limit of polymorph synthesizability at any T is set by the 
enthalpy of the analogous amorphous state

The liquid-like amorphous state samples largest 

structural phase space within same stoichiometry 

(except in systems with inverse melting)

Aykol, Dwaraknath, Sun and Persson, Sci Adv 2018



The synthesizability “skyline”

Chemical sensitivity

28

| Compositional sensitivity | No arbitrary limits | Efficient screening

First Quantitative Upper Limit for Synthesizability

Aykol, Dwaraknath, Sun and Persson, Sci Adv 2018

ICSD ICSD-checked MP-hypothetical

The synthesizability “skyline”



Build it and They will Come ?



Improved 
accessibility of 

data

More 
developers of 
analyses and 

apps

Increased data 
value



Materials 
Project DB

How do I 
access MP 

data?

Materials Project REST API

R
ES

T 
AP

I

> 160M requests served in last year
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Rapidly Increasing Users



3.4%1

Materials Project is a Global Resource



Thanks to the community and for 
your attention !


