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matminer

matminer is an open-source Python library for performing data mining and analysis in the field of Materials Science. It is meant to make accessible the application of state-of-the-art statistical and machine learning algorithms to materials science data with just a few lines of code. It is currently in development, however it is a working code.


Citing matminer

We are currently in the process of writing a paper on matminer - we will update the citation information once it is submitted.




Example notebooks

A few examples demonstrating some of the features available in matminer have been created in the form of Jupyter notebooks:

(Note: the Jupyter (Binder) links below are recommended as Github does not render interactive Javascript code or images.)


	Get all experimentally measured band gaps of PbTe from Citrine’s database: Jupyter [http://mybinder.org/repo/hackingmaterials/matminer/notebooks/example_notebooks/get_Citrine_experimental_bandgaps_PbTe.ipynb]  Github [https://github.com/hackingmaterials/matminer/blob/master/example_notebooks/get_Citrine_experimental_bandgaps_PbTe.ipynb]

	Compare and plot experimentally band gaps from Citrine with computed values from the Materials Project: Jupyter [http://mybinder.org/repo/hackingmaterials/matminer/notebooks/example_notebooks/experiment_vs_computed_bandgap.ipynb]  Github [https://github.com/hackingmaterials/matminer/blob/master/example_notebooks/experiment_vs_computed_bandgap.ipynb]

	Train and predict band gaps using matminer’s tools to retrieve computed band gaps and descriptors from the Materials Project, and composition descriptors from pymatgen: Jupyter [http://mybinder.org/repo/hackingmaterials/matminer/notebooks/example_notebooks/machine_learning_to_predict_bandgap.ipynb]  Github [https://github.com/hackingmaterials/matminer/blob/master/example_notebooks/machine_learning_to_predict_bandgap.ipynb]

	Training and predict bulk moduli using matminer’s tools to retrieve computed bulk moduli and descriptors from the Materials Project, and composition descriptors from pymatgen: Jupyter [http://mybinder.org/repo/hackingmaterials/matminer/notebooks/example_notebooks/machine_learning_to_predict_BulkModulus.ipynb] Github [https://github.com/hackingmaterials/matminer/blob/master/example_notebooks/machine_learning_to_predict_BulkModulus.ipynb]









You can also use the Binder [http://mybinder.org/] service (in beta) to launch an interactive notebook upon a click. Click the button below to open the tree structure of this repository and navigate to the folder example_notebooks in the current working directory to use/edit the above notebooks right away! To open/run/edit other notebooks, go to “File->Open” within the page and navigate to the notebook of your choice.

[image: http://mybinder.org/badge.svg]
 [http://mybinder.org/repo/hackingmaterials/matminer]


Installation

There are a couple of quick and easy ways to install matminer:-


	Quick install



(Note: this may not install the latest changes to matminer. To install the version with the latest commits, skip to the next steps)

For a quick install of matminer, and all of its dependencies, simply run the command in a bash terminal:

$ pip install matminer





or, to install matminer in your user $HOME folder, run the command:

$ pip install matminer --user





One way to obtain pip if not already installed is through conda, which is useful when you are working with many python packages and want to use separate configuration settings and environment for each package. You can then install matminer and packages required by it in its own environment. Some useful links are here [https://uoa-eresearch.github.io/eresearch-cookbook/recipe/2014/11/20/conda/] and here [http://conda.pydata.org/docs/using/index.html].


	Install in developmental mode



To install the full and latest source of the matminer code in developmental mode, along with its important dependencies, clone the Git source in a folder of your choosing by entering the following command:

$ git clone https://github.com/hackingmaterials/matminer.git





and then entering the cloned repository/folder to install in developer mode:

$ cd matminer
$ python setup.py develop





Depending on how many of the required dependencies were already installed on your system, you will see a few or many warnings, but everything should be installed successfully.




Overview

Below is a general workflow that shows the different tools and utilities available within matminer, and how they could be implemented with each other, as well as with external libraries, in your own materials data mining/analysis study.







[image: https://github.com/hackingmaterials/matminer/blob/master/Flowchart.png]









Here’s a brief description of the available tools (please find implementation examples in a dedicated section elsewhere in this document):


Data retrieval tools


	Retrieve data from the biggest materials databases, such as the Materials Project and Citrine’s databases, in a Pandas dataframe format



The MPDataRetrieval [https://github.com/hackingmaterials/matminer/blob/master/matminer/data_retrieval/retrieve_MP.py] and CitrineDataRetrieval [https://github.com/hackingmaterials/matminer/blob/master/matminer/data_retrieval/retrieve_Citrine.py] classes can be used to retrieve data from the biggest open-source materials database collections of the Materials Project [https://www.materialsproject.org/] and Citrine Informatics [https://citrination.com/], respectively, in a Pandas [http://pandas.pydata.org/] dataframe format. The data contained in these databases are a variety of material properties, obtained in-house or from other external databases, that are either calculated, measured from experiments, or learned from trained algorithms. The get_dataframe method of these classes executes the data retrieval by searching the respective database using user-specified filters, such as compound/material, property type, etc , extracting the selected data in a JSON/dictionary format through the API, parsing it and output the result to a Pandas dataframe with columns as properties/features measured or calculated and rows as data points.

For example, to compare experimental and computed band gaps of Si, one can employ the following lines of code:

from matminer.data_retrieval.retrieve_Citrine import CitrineDataRetrieval
from matminer.data_retrieval.retrieve_MP import MPDataRetrieval

df_citrine = CitrineDataRetrieval().get_dataframe(formula='Si', property='band gap',
                                               data_type='EXPERIMENTAL')
df_mp = MPDataRetrieval().get_dataframe(criteria='Si', properties=['band_gap'])





MongoDataRetrieval [https://github.com/hackingmaterials/matminer/blob/master/matminer/data_retrieval/retrieve_MongoDB.py] is another data retrieval tool developed that allows for the parsing of any MongoDB [https://www.mongodb.com/] collection (which follows a flexible JSON schema), into a Pandas dataframe that has a format similar to the output dataframe from the above data retrieval tools. The arguments of the get_dataframe method allow to utilize MongoDB’s rich and powerful query/aggregation syntax structure. More information on customization of queries can be found in the MongoDB documentation [https://docs.mongodb.com/manual/].




Data descriptor tools


	Decorate the dataframe with composition, structural, and/or band structure descriptors/features



In this module of the matminer library, we have developed utilities to help describe the material by their composition or structure, and represent them in a numeric format such that they are readily usable as features in a data analysis study to predict a target value.

The get_pymatgen_descriptor function is used to encode a material’s composition using tabulated elemental properties in the pymatgen [http://pymatgen.org/_modules/pymatgen/core/periodic_table.html] library. There are about 50 attributes available in the pymatgen library for most elements in the periodic table, some of which include electronegativity, atomic numbers, atomic masses, sound velocity, boiling point, etc. The get_pymatgen_descriptor function takes as input a material composition and name of the desired property, and returns a list of floating point property values for each atom in that composition. This list can than be fed into a statistical function to obtain a single heuristic quantity representative of the entire composition. The following code block shows a few
descriptors that can be obtained for LiFePO4:

from matminer.descriptors.composition_features import get_pymatgen_descriptor
import numpy as np

avg_mass = np.mean(get_pymatgen_descriptor('LiFePO4', 'atomic_mass'))    # Average atomic mass
std_num = np.std(get_pymatgen_descriptor('LiFePO4', 'Z'))    # Standard deviation of atomic numbers
range_elect = max(get_pymatgen_descriptor('LiFePO4', 'X')) - \
           min(get_pymatgen_descriptor('LiFePO4', 'X'))      # Maximum difference in electronegativity





The function get_magpie_descriptor operates in a similar way and obtains its data from the tables accumulated in the Magpie repository [https://bitbucket.org/wolverton/magpie], some of which are sourced from elemental data compiled by Mathematica (more information can be found here [https://reference.wolfram.com/language/ref/ElementData.html]). Some properties that don’t overlap with the pymatgen library include heat capacity, enthalpy of fusion of elements at melting points, pseudopotential radii, etc.

Some other descriptors that can be obtained from matminer include:


	Composition descriptors
	Cohesive energy

	Band center





	Structural descriptors
	Packing fraction

	Volume per site

	Radial and electronic radial distribution functions

	Structural order parameters





	Band-structure descriptors
	Branch point energy

	Absolute band positions





	Mechanical properties
	Thermal stress

	Fracture toughness

	Brittleness index

	Critical stress

	bulk/elastic, rigid, and shear moduli

	bulk modulus from coordination number

	Vicker’s hardness

	Lame’s first parameter

	p-wave modulus

	Sound velocity from elastic constants

	Steady-state and maximum allowed heatflow

	Strain energy release rate





	Thermal condutivity models
	Cahill model

	Clarke model

	Callaway model

	Slack model

	Keyes model










Plotting tools


	Plot data from either arrays or dataframes using either Plotly [https://plot.ly/] or matplotlib [http://matplotlib.org/]



In the figrecipes module of the matminer library, we have developed utilities that wrap around two popular plotting libraries, Plotly and matplotlib to produce various types of plots that plot data from either arrays or dataframes. The Plotly part of this module contains classes/functions that wrap around its Python API library and follows its JSON schema. The figrecipes module is aimed at making it easy for the user to create plots from their data using just a few lines of code, utilizing the wide and flexible functionality of Plotly and matplotlib, while at the same time sheilding the complexities involved.

A few examples demonstrating usage can be found in the notebook hosted on Jupyter [http://mybinder.org/repo/hackingmaterials/matminer/notebooks/matminer/figrecipes/plotly/examples/plotly_examples.ipynb] and Github [https://github.com/hackingmaterials/FigRecipes/blob/master/figrecipes/plotly/examples/plotly_examples.ipynb]




Changelog

v0.1.0


	Add MPDS data retrieval (E. Blokhin)

	Add partial RDF descriptor (L. Ward)

	Add local environment motif descriptors (N. Zimmermann)

	fix misc. bugs and installation issues (A. Dunn, S. Bajaj, L. Ward)



For changelog before v0.1.0, consult the git history of matminer.
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matminer.descriptors package


Submodules




matminer.descriptors.add_descriptors module




matminer.descriptors.bandstructure_features module




matminer.descriptors.composition_features module




matminer.descriptors.structure_features module




Module contents
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	matminer package
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	matminer.data_retrieval.retrieve_Citrine module
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matminer.learners.tests package


Submodules




matminer.learners.tests.test_volume_predictor module


	
class matminer.learners.tests.test_volume_predictor.ConditionalVolumePredictorTest(methodName='runTest')

	Bases: pymatgen.util.testing.PymatgenTest


	
test_predict()

	








	
class matminer.learners.tests.test_volume_predictor.VolumePredictorTest(methodName='runTest')

	Bases: unittest.case.TestCase


	
test_CsCl()

	




	
test_CsCl_ionic()

	




	
test_Si()

	










Module contents







          

      

      

    

  

    
      
          
            
  
matminer.models package


Submodules




matminer.models.mechanical_properties module


	
class matminer.models.mechanical_properties.BulkModulus

	
	
__init__()

	




	
calculate(E, nu)

	




	
equation()

	




	
properties_involved()

	








	
class matminer.models.mechanical_properties.Lames1stParam

	In continuum mechanics, the Lames parameters (also called the Lame coefficients or Lame
constants) are two material-dependent quantities denoted by ‘lamda’ and ‘mu’ that arise in
strain-stress relationships. In general, ‘lamda’ and ‘mu’ are individually referred to as
Lames first parameter and Lames second parameter, respectively.


	Reference:

	https://en.wikipedia.org/wiki/Lam%C3%A9_parameters




	
__init__()

	




	
calculate(K, nu)

	




	
equation()

	




	
properties_involved()

	








	
class matminer.models.mechanical_properties.PWaveModulus

	In linear elasticity, the P-wave modulus ‘M’, also known as the longitudinal modulus or
the constrained modulus, is one of the elastic moduli available to describe isotropic
homogeneous materials.


	Reference:

	https://en.wikipedia.org/wiki/P-wave_modulus




	
__init__()

	




	
calculate(K, nu)

	




	
equation()

	




	
properties_involved()

	








	
class matminer.models.mechanical_properties.ShearModulus

	
	
__init__()

	




	
calculate(E, nu)

	




	
equation()

	




	
properties_involved()

	








	
class matminer.models.mechanical_properties.YM(nu, G=None, K=None)

	Calculate Young’s modulus (E) from other moduli.


	
__init__(nu, G=None, K=None)

	
	Args:

	nu: (float) Poisson’s ratio
G: (float) shear or rigidity modulus (N/m^2)
K: (float) bulk modulus (N/m^2)








	
calculate()

	Returns: Young’s modulus (E) (N/m^2)






	
equation()

	








	
class matminer.models.mechanical_properties.YoungsModulus

	
	
__init__()

	




	
calculate(nu, G)

	




	
equation()

	




	
properties_involved()

	








	
matminer.models.mechanical_properties.brittleness_index(H, E, K_c)

	Calculate brittleness index (BI) of a material.


	Args:

	H: (float) hardness (N/m^2)
E: (float) Young’s modulus (N/m^2)
K_c: (float) fracture toughness  (N/m^(1.5))



Returns: (float) brittleness index (BI) of a material (m^(-1))






	
matminer.models.mechanical_properties.bulk_modulus(nu, E)

	Calculate bulk modulus (K) from Young’s modulus.


	Args:

	nu: (float) Poisson’s ratio
E: (float) Young’s modulus (N/m^2)



Returns: bulk modulus (K) (N/m^2)






	
matminer.models.mechanical_properties.bulkmodulus_coordination(N_c, ionicity, d)

	Calculate bulk modulus (K) from coordination number.


	References:

	
	ISBN: 9780521523394 (Title: “Atomic and Electronic Structure of Solids”)

	
	DOI: 10.1103/PhysRevB.32.7988 (Title: “Calculation of bulk moduli of diamond and

	zinc-blende solids”)









	Args:

	N_c: (float) average coordination number of the solid
ionicity: (int) a dimensionless number which describes the ionicity a dimensionless


number which describes the ionicity; ionicity=0 for the homopolar crystals C, Si, Ge,
Sn; ionicity=1 for III-V compounds (where the valence of each element differs by 1
from the average valence of 4); ionicity=2 for II-VI compounds (where the valence of
each element differs by 2 from the average valence of 4).


d: (float) bond length





Returns: bulk modulus (K) (N/m^2)






	
matminer.models.mechanical_properties.critical_fracture_toughness(sigma, a, Y=1)

	Calculate critical fracture toughness (K_IC) according to Griffith theory of brittle fracture.
Also known as stress intensity factor, and called fracture toughness nder conditions of:



	brittle fracture

	in the presence of a sharp crack

	under critical tensile loading







	References:

	
	http://www4.ncsu.edu/~murty/NE509/NOTES/Ch4b-Fracture.pdf

	http://www.srmuniv.ac.in/sites/default/files/downloads/griffith_theory_of_brittle_fracture.pdf

	https://en.wikipedia.org/wiki/Fracture_mechanics

	https://www.fose1.plymouth.ac.uk/fatiguefracture/tutorials/FractureMechanics/Griffith/GriffTheory1.htm





	Args:

	sigma: (float) tensile stress or strength (N/m^2)
a: (float) one half crack length for internal cracks or crack length for edge cracks (m)
Y: (float) Crack shape factor



Returns: critical fracture toughness (K_IC) (Pa.m^(0.5) or N/m^(1.5))






	
matminer.models.mechanical_properties.critical_stress(E, gamma_s, a, gamma_p=0, nu=0)

	Calculate critical stress needed for crack propagation (sigma_c) according to Griffith
theory of brittle fracture.


	References:

	
	http://www4.ncsu.edu/~murty/NE509/NOTES/Ch4b-Fracture.pdf

	http://www.srmuniv.ac.in/sites/default/files/downloads/griffith_theory_of_brittle_fracture.pdf

	https://en.wikipedia.org/wiki/Fracture_mechanics

	https://www.fose1.plymouth.ac.uk/fatiguefracture/tutorials/FractureMechanics/Griffith/GriffTheory1.htm





	Args:

	E: (float) Young’s modulus (N/m^2)
gamma_s: (float) elastic strain energy released (N/m)
a: (float) one half crack length for internal cracks or crack length for edge cracks (m)
gamma_p: (float) plastic strain energy released (N/m)
nu: (float) Poisson’s ratio, used in plain strain condition, else default=0



Returns: critical stress needed for crack propagation (sigma_c) (N/m^2)






	
matminer.models.mechanical_properties.fracture_toughness(E, H, F, c)

	Calculate fracture toughness (K_c) of a material.


	References:

	DOI: 10.1007/s10853-013-7569-1 (Title: “Room temperature mechanical properties of
natural-mineral-based thermoelectrics”)

	Args:

	E: (float) Young’s modulus (N/m^2)
H: (float) hardness (N/m^2)
F: (float) indentation load (N)
c: (float) hald of radial crack length (m)



Returns: (float) fracture toughness (K_c) of a material (Pa.m^(0.5) or N/m^(1.5))






	
matminer.models.mechanical_properties.max_allowed_heatflow(nu, kappa, sigma, E, cte)

	Calculate maximum allowable heat flow (QF)


	Args:

	nu: (float) Poisson’s ratio
kappa: (float) thermal conductivity (W(mK)^(-1))
sigma: (float) stress as a result of temperature gradient (N/m^2)
E: (float) Young’s modulus (N/m^2)
cte: (float) coefficient of thermal expansion (K^(-1))



Returns: maximum allowable heat flow (QF) (W/m)






	
matminer.models.mechanical_properties.shear_modulus(nu, E)

	Calculate shear/rigidity modulus (G) from Young’s modulus.


	Args:

	nu: (float) Poisson’s ratio
E: (float) Young’s modulus (N/m^2)



Returns: shear/rigidity modulus (G) (N/m^2)






	
matminer.models.mechanical_properties.steadystate_heatflow(A, T2, T1, kappa, x)

	Calculate steady state heat flow (Q)


	Args:

	A: (float) cross-sectional area (m^2)
T2: (float) temperature at cold end (K)
T1: (float) temperature at hot end (K)
kappa: (float) thermal conductivity (W(mK)^(-1))
x: (float) slab length at which heat flow is calculated (m)



Returns: steady state heat flow (Q) (W or J/s)






	
matminer.models.mechanical_properties.strain_energy_releaserate(K_I, E, nu=0)

	Calculate strain energy release rate (G_I). Irwin was the first to observe that if the size
of the plastic zone around a crack is small compared to the size of the crack, the energy
required to grow the crack will not be critically dependent on the state of stress at the
crack tip. Irwin showed that for a mode I crack (opening mode)
the strain energy release rate and the stress intensity factor are related by the following relation.


	Args:

	K_I: (float) stress intensity factor in mode 1 (N/m^(1.5))
E: (float) Young’s modulus (N/m^2)
nu: (float) Poisson’s ratio, used in plain strain condition, else default=0



Returns: strain energy release rate (G_I) (N/m)






	
matminer.models.mechanical_properties.stress_from_tempgradient(T2, T1, E, cte, nu)

	Calculate stress as a result of temperature gradient (sigma)


	Args:

	T2: (float) temperature at cold end (K)
T1: (float) temperature at hot end (K)
E: (float) Young’s modulus (N/m^2)
cte: (float) coefficient of thermal expansion (K^(-1))
nu: (float) Poisson’s ratio



Returns: stress as a result of temperature gradient (sigma) (N/m^2)






	
matminer.models.mechanical_properties.thermal_shock(sigma_tens, nu, kappa, E, cte)

	Calculate thermal shock resistance parameter (R_therm)


	Args:

	sigma_tens: (float) tensile stress or strength (N/m^2)
nu: (float) Poisson’s ratio
kappa: (float) thermal conductivity (W(mK)^(-1))
E: (float) Young’s modulus (N/m^2)
cte: (float) coefficient of thermal expansion (K^(-1))



Returns: thermal shock resistance parameter (R_therm)






	
matminer.models.mechanical_properties.thermal_stress(E_T, cte_T, delta_T, nu_T)

	Calculate thermal stress (sigma_T) in a material.


	References:

	DOI: 10.1007/s10853-013-7569-1 (Title: “Room temperature mechanical properties of
natural-mineral-based thermoelectrics”)

	Args:

	E_T: (float) temperature-dependent Young’s modulus (N/m^2)
cte_T: (float) temperature-dependent thermal expansion coefficient (K^(-1))
delta_T: (float) temperature difference (K)
nu_T: (float) temperature-dependent Poisson’s ratio



Returns: (float) thermal stress (sigma_T) induced by thermal gradients or thermal transients






	
matminer.models.mechanical_properties.vickers_hardness1(G, K)

	Calculate Vickers hardness (H_v) for a material.


	References:

	
	DOI: (not available yet) (Title: “A Statistical Learning Framework for Materials Science:

	Application to Elastic Moduli of k-nary Inorganic Compounds”)





	Args:

	G: (float) elastic bulk modulus (N/m^2)
K: (float) elastic shear modulus (N/m^2)



Returns: (float) Vickers hardness (H_v) (N/m^2)






	
matminer.models.mechanical_properties.vickers_hardness2(F, a)

	Calculate Vickers hardness (H) for a material.


	References:

	DOI: 10.1007/s10853-013-7569-1 (Title: “Room temperature mechanical properties of
natural-mineral-based thermoelectrics”)

	Args:

	F: (float) indentation load (N)
a: (float) half of diagonal length of the indentation impression (m)



Returns: (float) Vickers hardness (H) (N/m^2)








matminer.models.sound_velocity module


	
class matminer.models.sound_velocity.SoundVelocityModel

	This is an example model


	
__init__()

	




	
citation()

	




	
compute(*args, **kwargs)

	








	
matminer.models.sound_velocity.effective_cubic_elasticconstant(direction, mode, C_11=None, C_12=None, C_44=None)

	Calculate effective elastic constant (C_eff) for a cubic material.


	References:

	http://unlcms.unl.edu/cas/physics/tsymbal/teaching/SSP-927/Section%2004_Elastic_Properties.pdf

	Args:

	direction: (str) direction of sound velocity. Choose from Choose from “100”, “110”, and “111”.
mode: (str) wave mode. Choose from “longitudinal”, “transverse1”, and “transverse2”.
C_11: elastic constant C_xxxx (N/m^2)
C_12: elastic constant C_xxyy (N/m^2)
C_44: elastic constant C_yzyz (N/m^2)



Returns: (float) effective elastic constant (C_eff) for a cubic material (N/m^2).






	
matminer.models.sound_velocity.sound_velocity(C_eff, rho)

	Calculate sound velocity (v) in a material from elastic constant.


	Args:

	C_eff: (float) effective elastic constant (N/m^2)
rho: (float) material density (kg/m^3)



Returns: (float) velocity of sound (m/s) in the material








matminer.models.thermal_conductivity module


	
class matminer.models.thermal_conductivity.CahillSimpleModel(*values, **kw)

	Calculate Cahill thermal conductivity.


	References:

	
	DOI: 10.1016/j.jallcom.2014.09.022 (Title: “Electronic structure, elastic anisotropy,



thermal conductivity and optical properties of calcium apatite Ca5(PO4)3X (X = F, Cl or Br)”)
- DOI: 10.1016/j.commatsci.2015.07.029 (Title: “Electronic structure, mechanical properties and
anisotropy of thermal conductivity of Y-Si-O-N quaternary crystals”)
- DOI: 10.1002/adma.201400515 (Title: “High Thermoelectric Performance in Non-Toxic Earth-Abundant
Copper Sulfide”)






	
__init__(*values, **kw)

	
	Args:

	n: (int) number of atoms in unit cell
V: (float) unit cell volume (in SI units, i.e. m^(3))
v_l: (float) longitudinal sound velocity (in SI units, i.e. m/s)
v_t1: (float) transverse sound velocity in direction 1 (in SI units, i.e. m/s)
v_t2: (float) transverse sound velocity in direction 2 (in SI units, i.e. m/s)



Returns: None






	
calculate(*values, **kw)

	Returns: (float) Cahill thermal conductivity (in SI units, i.e. joule/(m*s*kelvin))










	
matminer.models.thermal_conductivity.cahill_integrand(x)

	Integrand function to calculate Cahill thermal conductivity.


	Args:

	x: (hbar * omega)/(k * T)   # hbar: reduced Planck’s constant, omega = phonon frequency



Returns: (float) integral value






	
matminer.models.thermal_conductivity.cahill_integrand_model(n, V, cahill_integrand_sum)

	Calculate Cahill thermal conductivity using the intergrand model.


	References:

	
	DOI: 10.1002/adfm.201600718 (Title: “Minimum Thermal Conductivity in Weak Topological Insulators with



Bismuth-Based Stack Structure”)
- DOI: 10.1038/nature13184 (Title: “Ultralow thermal conductivity and high thermoelectric figure of merit in
SnSe crystals”) (full formula)



	Args:

	n: (int) number of atoms in primitive cell
V: (float) unit cell volume (in SI units, i.e. m^(3))
cahill_integrand_sum: (float) sum of the term calculate using the above function “cahill_integrand_summation”



Returns: (float) Cahill thermal conductivity (in SI units, i.e. W(mK)^(-1))






	
matminer.models.thermal_conductivity.cahill_integrand_summation(v_i, T, theta)

	Calculate the summation term for the Cahill thermal conductivity integrand model.
Use this function repeatedly to calculate the total sum over all acoustic modes.


	References:

	
	DOI: 10.1002/adfm.201600718 (Title: “Minimum Thermal Conductivity in Weak Topological Insulators with



Bismuth-Based Stack Structure”)
- DOI: 10.1038/nature13184 (Title: “Ultralow thermal conductivity and high thermoelectric figure of merit in
SnSe crystals”) (full formula)



	Args:

	v_i: (float) sound velocity for the acoustic mode i (in SI units, i.e. m(s)^(-1))
T: (float) absolute temperature (in K)
theta: (float) Debye temperature (in K)



Returns: (float) summation term for only one acoustic mode i






	
matminer.models.thermal_conductivity.callaway_integrand(x, t_ph)

	Integrand function to calculate Callaway thermal conductivity.


	Args:

	x: (hbar * omega)/(k * T)   # hbar: reduced Planck’s constant, omega = phonon frequency
t_ph: (float) phonon relaxation time (in SI units, s^(-1))



Returns: (float) integral value






	
matminer.models.thermal_conductivity.callaway_model(v_m, T, theta, t_ph)

	Calculate Callaway thermal conductivity
(In some circumstances, a second term may be required as seen in
http://link.springer.com/chapter/10.1007%2F0-387-25100-6_2#page-1)


	References:

	
	DOI: 10.1002/adfm.201600718 (Title: “Minimum Thermal Conductivity in Weak Topological Insulators with



Bismuth-Based Stack Structure”)
- DOI: 10.1063/1.4906225 (Title: “Critical analysis of lattice thermal conductivity of half-Heusler alloys
using variations of Callaway model”)
- DOI: 10.1103/PhysRev.134.A1058 (Title: “Thermal Conductivity of Silicon and Germanium from 3 K to the Melting


Point”)




	Args:

	v_m: (float) speed of sound in the material (in SI units, i.e. m(s)^(-1))
T: (float) absolute temperature (in K)
theta: (float) Debye temperature (in K)
t_ph: (float) phonon relaxation time (in SI units, s^(-1))



Returns: (float) Callaway thermal conductivity (in SI units, i.e. W(mK)^(-1))






	
matminer.models.thermal_conductivity.clarke_model(n, E, m, V)

	Calculate Clarke thermal conductivity.


	References:

	
	DOI: 10.1016/j.jallcom.2014.09.022 (Title: “Electronic structure, elastic anisotropy,



thermal conductivity and optical properties of calcium apatite Ca5(PO4)3X (X = F, Cl or Br)”)
- DOI: 10.1016/j.commatsci.2015.07.029 (Title: “Electronic structure, mechanical properties and
anisotropy of thermal conductivity of Y-Si-O-N quaternary crystals”)



	Args:

	n: (int) number of atoms in primitive cell
E: (float) Young’s modules (in SI units, i.e. Kgm(s)^(-2))
m: (float) total mass per unit cell (in SI units, i.e. Kg)
V: (float) unit cell volume (in SI units, i.e. m^(3))



Returns: (float) Clarke thermal conductivity (in SI units, i.e. W(mK)^(-1))






	
matminer.models.thermal_conductivity.debye_model(M, E, m, V)

	Calculate Debye thermal conductivity.


	Args:

	M: (float) molecular mass
E: (float) Young’s modules (in SI units, i.e. Kgm(s)^(-2))
m: (float) total mass (in SI units, i.e. Kg)
V: (float) unit cell volume (in SI units, i.e. m^(3))



Returns: (float) Debye thermal conductivity (in SI units, i.e. W(mK)^(-1))






	
matminer.models.thermal_conductivity.keyes_model(gamma, e_m, T_m, m, V, T, A)

	Calculate Keyes thermal conductivity


	References:

	
	DOI: 10.1103/PhysRev.115.564 (Title: “High-Temperature Thermal Conductivity of Insulating Crystals:



Relationship to the Melting Point”)



	Args:

	gamma: (float) Gruneisen parameter
e_m: (float) amplitude of atomic vibrations as fraction of lattice constant at which melting takes place
T_m: (float) melting temperature (K)
m: (float) total mass (in SI units, i.e. Kg)
V: (float) unit cell volume (in SI units, i.e. m^(3))
T: (float) absolute temperature (in K)
A: (float) average atomic weight



Returns: (float) Keyes thermal conductivity (in SI units, i.e. W(mK)^(-1))






	
matminer.models.thermal_conductivity.slack_integrand(x, t_c)

	Integrand function to calculate Callaway thermal conductivity.


	Args:

	x: (hbar * omega)/(k * T)   # hbar: reduced Planck’s constant, omega = phonon frequency
t_c: (float) phonon relaxation time (in SI units, s^(-1))



Returns: (float) integral value






	
matminer.models.thermal_conductivity.slack_integrand_model(v_m, T, theta, t_c)

	Calculate Slack thermal conductivity using the integral model.
(In high temperature regions, those higher than that of the Debye temperature of the material, the Callaway
model is insufficient at predicting the lattice thermal conductivity. This shortfall must be addressed as many
thermoelectric materials are designed to be used in conditions beyond the Debye temperature of the alloys and
accurate predictions are required. At high temperatures, a modification suggested by Glassbrenner and Slack is
made to model thermal conductivity as shown here.)


	References:

	
	DOI: 10.1103/PhysRev.134.A1058 (Title: “Thermal Conductivity of Silicon and Germanium from 3 K to the Melting




Point”)



	DOI: 10.1063/1.4906225 (Title: “Critical analysis of lattice thermal conductivity of half-Heusler alloys



using variations of Callaway model”)



	Args:

	v_m: (float) speed of sound in the material (in SI units, i.e. m(s)^(-1))
T: (float) absolute temperature (in K)
theta: (float) Debye temperature (in K)
t_c: (float) combined phonon relaxation time that includes higher-order processes (in SI units, s^(-1))


(see Ref:- DOI: 10.1103/PhysRev.134.A1058)






Returns: (float) Slack thermal conductivity (in SI units, i.e. W(mK)^(-1))






	
matminer.models.thermal_conductivity.slack_simple_model(M, theta, v_a, gamma, n, T)

	Calculate the simple Slack thermal conductivity


	References

	
	DOI: 10.1007/0-387-25100-6_2 (Title: “High Lattice Thermal Conductivity Solids”)

	DOI: 10.1002/adfm.201600718 (Title: “Minimum Thermal Conductivity in Weak Topological Insulators with



Bismuth-Based Stack Structure”)



	Args:

	M: (float) average atomic mass
theta: (float) Debye temperature (K)
v_a: (float) (v_a)**3 is the volume per atom (Angstroms)
gamma: (float) Gruneisen parameter
n: (int) number of atoms in primitive cell
T: (float) absolute temperature (K)



Returns: (float) Slack thermal conductivity (in SI units, i.e. W(mK)^(-1))
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matminer.figrecipes.matplotlib.examples package


Submodules




matminer.figrecipes.matplotlib.examples.heatmap_examples module


	
matminer.figrecipes.matplotlib.examples.heatmap_examples.heatmap_ex1()

	






matminer.figrecipes.matplotlib.examples.xyscatter_examples module


	
matminer.figrecipes.matplotlib.examples.xyscatter_examples.xyscatter_ex1()
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matminer.data_retrieval package


Submodules




matminer.data_retrieval.retrieve_Citrine module




matminer.data_retrieval.retrieve_MP module


	
class matminer.data_retrieval.retrieve_MP.MPDataRetrieval(api_key=None)

	MPDataRetrieval is used to retrieve data from the Materials Project database, print the results, and convert them
into an indexed/unindexed Pandas dataframe.


	
__init__(api_key=None)

	
	Args:

	api_key: (str) Your Materials Project API key, or None if you’ve set the MAPI_KEY environment variable



Returns: None






	
get_dataframe(criteria, properties, mp_decode=False, index_mpid=True)

	Gets data from MP in a dataframe format.
See API docs at https://materialsproject.org/wiki/index.php/The_Materials_API for more details.


	Args:

	
	criteria: (str/dict) Criteria of the query as a string or mongo-style dict. If string, it supports a

	powerful but simple string criteria. E.g., “Fe2O3” means search for materials with reduced_formula
Fe2O3. Wild cards are also supported. E.g., “*2O” means get all materials whose formula can be formed
as *2O, e.g., Li2O, K2O, etc.


	Other syntax examples:

	mp-1234: Interpreted as a Materials ID.
Fe2O3 or *2O3: Interpreted as reduced formulas.
Li-Fe-O or *-Fe-O: Interpreted as chemical systems.



You can mix and match with spaces, which are interpreted as “OR”. E.g. “mp-1234 FeO” means query for
all compounds with reduced formula FeO or with materials_id mp-1234.

Using a full dict syntax, even more powerful queries can be constructed. For example,
{“elements”:{“$in”:[“Li”, “Na”, “K”], “$all”: [“O”]}, “nelements”:2} selects all Li, Na and K oxides.
{“band_gap”: {“$gt”: 1}} selects all materials with band gaps greater than 1 eV.



	properties: (list) Properties to request for as a list. For example,

	[“formula”, “formation_energy_per_atom”] returns the formula and formation energy per atom.

	mp_decode: (bool) Whether to do a decoding to a Pymatgen object where possible. In some cases, it might be

	useful to just get the raw python dict, i.e., set to False.



index_mpid: (bool) Whether to set the materials_id as the dataframe index.





Returns: A Pandas dataframe object












matminer.data_retrieval.retrieve_MPDS module




matminer.data_retrieval.retrieve_MongoDB module


	
class matminer.data_retrieval.retrieve_MongoDB.MongoDataRetrieval(coll)

	
	
__init__(coll)

	Tool to retrieve data from a MongoDB collection and reformat for data analysis
Args:


coll: A MongoDB collection object







	
get_dataframe(projection, query=None, sort=None, limit=None, idx_field=None)

	
	Args:

	
	projection: (list) - a list of str fields to grab; dot-notation is allowed.

	Set to “None” to try to auto-detect the fields.



query: (JSON) - a pymongo-style query to restrict data being gathered
sort: (tuple) - pymongo-style sort option
limit: (int) - int to limit the number of entries
idx_field: (str) - name of field to use as index field (must be unique)














	
matminer.data_retrieval.retrieve_MongoDB.clean_projection(projection)

	Projecting on e.g. ‘a.b.’ and ‘a’ is disallowed. Project inclusively.
Args:


projection: (list) - list of fields to grab; dot-notation is allowed.







	
matminer.data_retrieval.retrieve_MongoDB.is_int(x)

	




	
matminer.data_retrieval.retrieve_MongoDB.remove_ints(projection)
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matminer.figrecipes package


Subpackages



	matminer.figrecipes.matplotlib package
	Subpackages
	matminer.figrecipes.matplotlib.examples package
	Submodules

	matminer.figrecipes.matplotlib.examples.heatmap_examples module

	matminer.figrecipes.matplotlib.examples.xyscatter_examples module

	Module contents









	Submodules

	matminer.figrecipes.matplotlib.plots module

	Module contents





	matminer.figrecipes.plotly package
	Submodules

	matminer.figrecipes.plotly.make_plots module

	Module contents
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matminer.learners package


Subpackages



	matminer.learners.tests package
	Submodules

	matminer.learners.tests.test_volume_predictor module

	Module contents












Submodules




matminer.learners.volume_predictor module


	
class matminer.learners.volume_predictor.ConditionalVolumePredictor

	Unlike the above, the idea here is to predict the volume of a structure
based on an existing known structure. May integrate with above at a later
stage to improve overall predictions.


	
__init__()

	




	
get_predicted_structure(structure, ref_structure)

	Given a structure, returns back the structure scaled to predicted
volume.


	Args:

	structure (Structure): structure w/unknown volume
ref_structure (Structure): A reference structure with a similar


structure but different species.




	Returns:

	a Structure object with predicted volume








	
predict(structure, ref_structure, test_isostructural=True)

	Given a structure, returns back the predicted volume.


	Args:

	structure (Structure): structure w/unknown volume
ref_structure (Structure): A reference structure with a similar


structure but different species.



	test_isostructural (bool): Whether to test that the two

	structures are isostructural. This algo works best for
isostructural compounds. Defaults to True.





	Returns:

	a float value of the predicted volume












	
class matminer.learners.volume_predictor.VolumePredictor(cutoff=4, ionic_factor=0.3)

	Predicts volume; given a structure, finds the minimum volume such that no
two sites are closer than a weighted sum of their atomic and ionic radii.
When run over all stable elemental and binary structures from MP,
it is found that:
(i) RMSE % error = 23.6 %
(ii) Average percentage difference in volume from initial volume = 2.88 %
(iii) Average absolute percentage difference in volume from initial volume = 17.0 %
(iv) Performs worst for materials that are gaseous eg: H2, N2,


and f-electron systems, eg: Np, Pu, etc. as well as noble gas compounds


This is really intended for bonded systems!


	
__init__(cutoff=4, ionic_factor=0.3)

	
	Args:

	
	cutoff (float): cutoff radius added to site radius for finding

	site pairs. Necessary to increase only if your initial
structure guess is extremely bad (atoms way too far apart). In
all other instances, increasing cutoff gives same answer
but takes more time.

	ionic_factor: (float) This factor, multiplied by the compound’s

	spread in electronegativity, determines the weighting between
ionic and atomic radii for expected bond distances.












	
get_predicted_structure(structure)

	Given a structure, returns back the structure scaled to predicted
volume.


	Args:

	structure (Structure): structure w/unknown volume

	Returns:

	a Structure object with predicted volume








	
predict(structure)

	Given a structure, returns back the predicted volume.


	Args:

	structure (Structure): structure w/unknown volume

	Returns:

	a float value of the predicted volume












	
matminer.learners.volume_predictor.is_ox(structure)
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matminer package


Subpackages



	matminer.data_retrieval package
	Submodules

	matminer.data_retrieval.retrieve_Citrine module

	matminer.data_retrieval.retrieve_MP module

	matminer.data_retrieval.retrieve_MPDS module

	matminer.data_retrieval.retrieve_MongoDB module
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	matminer.descriptors package
	Submodules

	matminer.descriptors.add_descriptors module

	matminer.descriptors.bandstructure_features module

	matminer.descriptors.composition_features module

	matminer.descriptors.structure_features module
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	matminer.figrecipes.matplotlib.examples.heatmap_examples module
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	matminer.figrecipes.plotly package
	Submodules

	matminer.figrecipes.plotly.make_plots module
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	matminer.learners package
	Subpackages
	matminer.learners.tests package
	Submodules

	matminer.learners.tests.test_volume_predictor module
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	matminer.models package
	Submodules

	matminer.models.mechanical_properties module

	matminer.models.sound_velocity module

	matminer.models.thermal_conductivity module
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matminer.decorate module




matminer.pyCookieCheat module




matminer.utils module


	
matminer.utils.flattenDict(d, result=None)

	Function to flatten a JSON dictionary. Taken from: https://gist.github.com/higarmi/6708779

example: The following JSON document:
{“maps”:[{“id1”:”blabla”,”iscategorical1”:”0”, “perro”:[{“dog1”: “1”, “dog2”: “2”}]},{“id2”:”blabla”,”iscategorical2”:”0”}],
“masks”:{“id”:”valore”},
“om_points”:”value”,
“parameters”:{“id”:”valore”}}

will have the following output:
{‘masks.id’: ‘valore’, ‘maps.iscategorical2’: ‘0’, ‘om_points’: ‘value’, ‘maps.iscategorical1’: ‘0’,
‘maps.id1’: ‘blabla’, ‘parameters.id’: ‘valore’, ‘maps.perro.dog2’: ‘2’, ‘maps.perro.dog1’: ‘1’, ‘maps.id2’: ‘blabla’}
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matminer.figrecipes.plotly package


Submodules




matminer.figrecipes.plotly.make_plots module
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matminer.figrecipes.matplotlib package


Subpackages



	matminer.figrecipes.matplotlib.examples package
	Submodules

	matminer.figrecipes.matplotlib.examples.heatmap_examples module

	matminer.figrecipes.matplotlib.examples.xyscatter_examples module
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matminer.figrecipes.matplotlib.plots module


	
class matminer.figrecipes.matplotlib.plots.HeatMapPlot(data, xlabels, ylabels, m_props=None, discrete_int=False)

	
	
__init__(data, xlabels, ylabels, m_props=None, discrete_int=False)

	



	Parameters:	
	data – 2D list or NP array

	xlabels – list of str

	ylabels – list of str

	m_props – 

	discrete_int – 














	
plot(export_filename=None)

	



	Parameters:	export_filename – None for screen display, or ‘myplot.png’














	
class matminer.figrecipes.matplotlib.plots.XYPlot(data, m_props=None)

	
	
__init__(data, m_props=None)

	



	Parameters:	
	data – list of dict. Each dict must have ‘x’ and ‘y’, and optional things like ‘style’ and ‘color’

	m_props – 














	
plot(export_filename=None)

	



	Parameters:	export_filename – None for screen display, or ‘myplot.png’
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