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Today’s goals

1. Learn how to use the experimental design endpoint.

2

2. Use the PIF schema to help organize and analyze data.

3. Organize data in a way that is amenable to ML.
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Designing new Heusler compounds
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Inputs: Chemical 
composition

Outputs: Formation 
energy, Heusler 
type, stability

Electronic structure calculations for 576 full Heuslers, 378 half
Heuslers and 405 inverse Heuslers.
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Experimental design
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Set user-defined ranges for properties to return inputs that map to 
those ranges. 

Define targets:

”Minimize 
formation energy” 

Set constraints:

”Restrict search to 
Full Heuslers that are 
stable.” 

Analyze results:

“Do the returned 
results make sense?”
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Working with a small design space
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Ba0.8-0.9Co0.2-0.4Fe0.2-0.4Y0.05-0.1Zr0.2-0.4O3

“default” + input constraints “This view” (must 
create sparse dataset)

Return compounds 
found in ICSD 

Return chemistries in training set
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Edit composition input based on material type
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inorganics

alloys

organics

BaTiO3, CeO2, …

Cr 1 (wt. %), balance Ni

CC(=O)O, C1CCCCC1, …
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Today’s goals

1. Learn how to use the experimental design endpoint.
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2. Use the PIF schema to help organize and analyze 
data.

3. Organize data in a way that is amenable to ML.



Citrine Informatics

System level PIF objects

8

ChemicalSystem is a specialization of System that includes
information about chemical composition
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CSV-template ingester
http://help.citrination.com/knowledgebase
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PIF properties are materials properties

- Mechanical, physical, electronic, etc.
- Responses to stimuli
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Common properties: 

Band gap
Electrical resistivity
Tensile strength
Hardness

Common conditions:

Temperature
Time
Applied field
Wavelength



Citrine Informatics

PIF conditions are test conditions

400
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PROPERTY: Ultimate tensile strength (MPa)

CONDITION: Temperature (K)

CONDITION: Atmosphere
873

inert



Citrine Informatics

PIF ProcessSteps are sample conditions

- Gives context to how a sample was prepared
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Common preparation step 
names: 
Solution treatment
Calcination
Gas carburization
Surface polishing

Common preparation step 
details:
Heating time
Heating temperature
Number of heating cycles
Atmosphere
Solution type
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PIF ProcessSteps are sample conditions

Solution treatment
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PREPARATION STEP NAME

PREPARATION STEP DETAIL: Temperature (K)

PREPARATION STEP DETAIL: Time (s)

1323

1500
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PIF SubSystems are equivalent systems

Name: Fuel cell device
Subsystems: [list of systems]
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System

ChemicalSystem

ChemicalSystem

Name: Cathode material

Name: Anode material
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PIF References and contacts

10.1016/j.jallcom.2008.07.087 

15

REFERENCE: doi, author, title, year, etc.

CONTACT: Name

CONTACT: Email

Chris Borg

cborg@citrine.io
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PIF identifiers
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UID = unique identifier for Citrination
record. Will be automatically assigned.

Ids = List of material identifiers (CAS #,
internal sample number).

Names = Common name of material or
system. Useful if formula is unknown.
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Today’s goals

1. Learn how to use the experimental design endpoint.
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2. Use the PIF schema to help organize and analyze data.

3. Organize data in a way that is amenable to ML.
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Structuring material properties
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Structuring material properties
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NAME

COMPOSITION

PROP/COND pair

PROPERTIES
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Composition and identifiers
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Properties
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PIF and csv-template
support ranges and LaTeX
formatted units.
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Extracting prop/cond from plots
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PROPERTY

CONDITION

x, y
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Python Citrination client
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https://github.com/CitrineInformatics/python-citrination-client

https://citrineinformatics.github.io/api-documentation/#

- Programmatically push and pull files from Citrination

- Query Citrination for properties relevant to your research

- Prediction queries on trained models
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Data workshop
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1. Identify any data you wish to digitize. If you do not have
any, there is an Al alloy dataset shared with the MIDDMI
team.

2. Using PIF fields, decide how to organize the relevant info
in your dataset.

3. Upload to Citrination and present the organizational
choices you made.

4. Consider where you are in the AI workflow stages.
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Data	
Ingestion

First	Pass	
Model

Model	
Refinement

Define	
Design	Space

Sequential	
Learning

Gather	initial	data

Format	initial	data	for	
upload

Write	custom	
ingesters

Identify	relevant	
inputs	and	outputs

Build	first	pass	models

Develop	more	
informative	input	

features

Explore	alternative	
model	structures

Build	refined	model

Upload	new	data

Get	design	suggestion	
from	ML	model

Run	experiment

Define	constraints	for	
design	candidates

Generate	a	custom	
design	space

Seek	out	additional	
data	sources

Include	data	from	
additional	sources	in	

model

Retrain	ML	model
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