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What delays materials advancements?What delays materials advancements?

Lack of informationLack of information.
properties of existing materials
new materials predictionnew materials prediction
simultaneous property optimization

Often, ‘experience’ is the only guide.  
Better data is needed for materials designBetter data is needed for materials design.
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1. High-throughput DFT applied to 
Li ion battery cathodesLi ion-battery cathodes

2. The Materials Genome at MIT: 
a resource for materials informaticsa resource for materials informatics



e‐ discharge e‐ charge
Φ

e discharge e charge

Cathode is now 
the major barrier 
f  b    

Li+ charge
for better energy 
density, high rate, 
lower cost, safety

Li+ discharge

y

(Significant 
improvements 

anode electrolyte cathode

improvements 
needed in all 
areas...)



 Voltage window between 3-4.5V

F
V

cathode
Li

anode
Li

OC
 


Li

avg
OC xF

GV




integrate

Li

- [ + ]ΔG ~

E (Li Mn O2)    - [         E (MnO2)         +    E (Li)  ]



4.5
computed experimental literature

3
3.5
4

V
)

1 5
2

2.5
3

Vo
lt
ag
e 
(V

0.5
1

1.5V

0

DFT+U 
results





 Safety is another largely computable 
propertyproperty

Others include:Others include:
thermodynamic stability
intercalationintercalation 

volume change
intrinsic rate capability

Ong, S. P., Jain, A., Hautier, G., Kang, B., & Ceder, G. 
Electrochemistry Communications (2010)

intrinsic rate capability

Optimize over multiple properties beforeOptimize over multiple properties before 
time-consuming lab work



Chemistry Novelty Potential for 
energy density 
i t   

Percent of 
experimental 

it   l d  improvement over 
LiFePO4

capacity already 
achieved in the lab

Borate‐related Compound known
(new electrochem )

50% greater ~45%
(new electrochem.)

Li3 M (PO4) (CO3)
M=Fe, Mn, Co, ...

New
(never reported)

40% greater ~45%

Phosphate related New 20% greater 60%Phosphate‐related New
(never reported)

20% greater ~60%
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 Used fairly limited computational resources Used fairly limited computational resources 
(~300 cores)

 Used fairly small experimental team (~3 Used fairly small experimental team (~3 
full-time, 3 part-time members)

 Able to screen 20,000 materials and 
experimentally synthesize 3 promisingexperimentally synthesize 3 promising 
new cathode materials for Li ion 
batteriesbatteries



1. High-throughput DFT applied to 
Li ion battery cathodesLi ion-battery cathodes

2. The Materials Genome at MIT: 
a resource for materials informaticsa resource for materials informatics



 Provide a public database of electronic 
structure calculations for:structure calculations for:

Materials screening & designMaterials screening & design

Structure Prediction



 Provide a public database of electronic 
structure calculations for:structure calculations for:

AnalysisAnalysis
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Pd showsPd shows
best Hg adsorption 
in experiments

Pt shows Pt shows 
second best
Hg adsorption in 
experimentsp

Jain, A., Reihani,S.A., Fischer, C., 
Couling, D., Ceder., G, Green, W.H.
Chemical Engineering Science (2010)
[in press]



Step 1: Predict
(using data-mined 
correlations)

“knowledge database”

Fischer, C. C., Tibbetts, K. J.,

Hautier, G., Fischer, C., Jain, A., 
Mueller, T., Ceder, G.
Chemistry of Materials (2010)

Fischer, C. C., Tibbetts, K. J.,
Morgan, D.,& Ceder, G.
Nature Materials (2006)
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Step 2: Confirm
(using DFT computations)
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 Over 200 new ternary oxide compounds 
were predicted by our methodwere predicted by our method

 All predictions & oxidation range for 
synthesis in supplemental info of [1]synthesis in supplemental info of [1]

[1] Hautier, G., Fischer, C., Jain, A., Mueller, T., Ceder, G.
Chemistry of Materials (2010)



Li Fe OLi‐Fe‐O



Full charge/discharge in 15 
minutes

Full charge/discharge in 75 
d

 

seconds 

Kang, B., & Ceder, G. 
Nature (2009)

Ong, S.P., Wang, L., Kang, B., & Ceder, G.
Chemistry of Materials (2008)



 

Materials Genome prototype web interface
Expected launch 2011
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 IGCC (Integrated Gas Combustion Cycle) –
efficient alternative to pulverized coal (PC) powerefficient alternative to pulverized coal (PC) power

 One Problem: hot syngas needs to be cooled to One Problem: hot syngas needs to be cooled to 
remove impurities, then reheated

 3.6% estimated thermal efficiency loss can be 
regained if impurity sorption can occur above g p y p
440K

Schlather, J. and B. Turk. Comparison of a New Warm‐Gas 
Desulfurization Process versus Traditional Scrubbers for a Commercial 
IGCC Power Plant. 2007. 

Nexant Inc., Environmental footprints and costs of coal‐based integrated 
gasification combined cycle and pulverized coal technologies. 2006, 
Environmental Protection Agency. 



Goal: find a metal capable of removing 100ppbw 
Hg gas from a syngas stream at high THg gas from a syngas stream at high T

Strategy: compute all formation enthalpies:Strategy: compute all formation enthalpies:

for all known binary Metal-Hg amalgamsfor all known binary Metal-Hg amalgams
(along with oxidation energies)
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Hautier, G., Fischer, C., Ehrlacher, V., Ceder, G.
(manuscript in preparation)


