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Pythonic periodic table of elements

A Python package with a convenient API for accessing various properties of elements, ions, and isotopes in the periodic
table. Visualize trends, explore chemical data, and integrate periodic table information into your scientific workflows.
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CHAPTER
ONE

WHY MENDELEEV?

For Researchers & Scientists
Access peer-reviewed elemental data programmatically in your computational chemistry, materials science, or
data science workflows. No more manual lookups or spreadsheet wrangling.

For Educators & Students
Explore periodic trends interactively, create custom visualizations, and integrate chemical data into Jupyter note-
books for teaching and learning.

For Developers
Simple, well-documented API with pandas integration. SQLAIchemy models for advanced queries. Type hints
and unit support for production-ready code.

Trusted Data Sources
All data comes from peer-reviewed scientific literature with proper citations. See our bibliography for complete
references.
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CHAPTER
TWO

QUICK START

See the Quick Start guide for copy-paste examples, or /nstallation for installation options.

from mendeleev import element

si = element("Si")
print(si.name) # Silicon
print(si.atomic_number) # 14
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CHAPTER
THREE

KEY FEATURES

Rich Dataset — Data
100+ properties per element including atomic, physical, thermodynamic, and electronic data from peer-reviewed
sources

Isotope Information — Data
Complete isotope data with abundances, masses, half-lives, decay modes, and nuclear properties

Units Support — Working with Physical Units
Integration with pint for unit-aware calculations and conversions (v1.1.0+)

Visualization — Tutorials
Create custom periodic tables with bokeh, plotly, and seaborn

Data Access — Accessing data
Query the SQLite database directly, export to pandas DataFrames, or use SQLAlchemy ORM for advanced
queries

Multiple Access Methods — API Overview
Access by symbol, name, atomic number, or perform bulk queries with filtering

Pythonic API — API Reference
Clean, intuitive interface with type hints, docstrings, and extensive examples

Well Documented — Tutorials
Comprehensive documentation with interactive Jupyter notebook tutorials and API reference

Electronegativity Scales — Electronegativities
Calculate electronegativity using 14+ different scales (Pauling, Allred-Rochow, Mulliken, etc.)

Open Source — Contributing to mendeleev
MIT licensed, actively maintained, with contributions welcome



https://pint.readthedocs.io/
https://bokeh.org/
https://plotly.com/
https://seaborn.pydata.org/
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CHAPTER
FOUR

EXPLORE THE DOCUMENTATION

4.1 Getting Started

New to mendeleev? Start here!
Installation Guide Step-by-step installation instructions for conda, pip, and development setup.
Installation Tutorials Interactive Jupyter notebooks covering common use cases and advanced features.

Tutorials

4.2 Data & Features

Learn what data is available and how to use it.

Available Data Comprehensive list of 100+ element properties with references and metadata.

Data Accessing Data Query elements, fetch tables, export to pandas, and work with the database.
Accessing data Units Support Work with physical units using pint integration (v1.1.0+).

Working with Physical Units Electronegativity Calculate electronegativity using 14+ different scales and
methods.

Electronegativities

4.3 APl Documentation

Detailed API reference and architecture.
API Overview Architecture, usage patterns, and decision flowchart for choosing the right approach.
API Overview API Reference Complete reference for all modules, classes, and functions.

API Reference

4.4 Help & Resources

Get help and contribute to the project.
FAQ Frequently asked questions about installation, usage, and development.

Frequently Asked Questions Troubleshooting Common issues and solutions for data access, performance,
and visualization.

Troubleshooting Contributing Learn how to contribute code, report bugs, and suggest enhancements.
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Contributing to mendeleev Bibliography Data sources and references used in mendeleev.

Bibliography
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CHAPTER
FIVE

COMMUNITY & SUPPORT

Discussions Ask questions, share ideas, and connect with other users.

https://github.com/Immentel/mendeleev/discussions Issue Tracker Report bugs, request features, or discuss
data updates.

https://github.com/Immentel/mendeleev/issues Source Code Browse the source code, contribute, or fork
the project.

https://github.com/Immentel/mendeleev

11


https://github.com/lmmentel/mendeleev/discussions
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CHAPTER
SIX

CITING MENDELEEV

If you use mendeleev in your research, see Citing for citation formats and BibTeX entries.

6.1 Quick Start

Install mendeleev (see Installation for details):

pip install mendeleev

Or with visualization support:

pip install mendeleev[vis]

All examples below work after pip install mendeleev. No database download needed — it ships with the package.

6.1.1 1. Get an element by symbol

from mendeleev import element
si = element("Si™)

print(si.name) # Silicon
print(si.atomic_number) # 14

6.1.2 2. Get an element by name or atomic humber

from mendeleev import element

al = element ("Aluminium") # by name

0o = element(8) # by atomic number
print(al.atomic_number) # 13
print (o.name) # Oxygen

6.1.3 3. Import elements directly by symbol

from mendeleev import Fe, O, H

print (Fe.name) # Iron
print(H.atomic_weight) # 1.008

13
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6.1.4 4. Get multiple elements at once

from mendeleev import element
c, h, o = element(["C", "Hydrogen", 8])

print(c.name, h.name, o.name) # Carbon Hydrogen Oxygen

6.1.5 5. Access element properties

from mendeleev import element

si = element("Si™)

print(£f"Atomic weight: {si.atomic_weight} Da")
print (f"Melting point: {si.melting_point} K")
print (£"Boiling point: {si.boiling_point} K")
print (f"Density: {si.density} g/cm®™)

print(f"Electronegativity: {si.en_pauling}")
print(f"Electron affinity: {si.electron_affinity} eV")

6.1.6 6. Work with isotopes

from mendeleev import element

carbon = element("C")
for iso in carbon.isotopes:
print (£"C-{iso.mass_number}: {iso.abundance}%")
# C-12: 98.93%
# C-13: 1.07%

Access a specific isotope directly:
from mendeleev import isotope
cl4 = isotope("C", 14)

print(f"Half-life: {cl4.half _life} years") # 5700.0

6.1.7 7. Bulk data with pandas

from mendeleev import fetch_table

df = fetch_table("elements")
print (df[["symbol", "name", "atomic_number", "atomic_weight"]].head())

# Filter and sort

heavy = df[df["atomic_number"] > 80]
print Cheavy[["symbol", "name", "density"]].sort_values('density", ascending=False))

6.1.8 8. Create a visualization

from mendeleev.vis import periodic_table

(continues on next page)
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(continued from previous page)

# Interactive plot (requires bokeh or plotly)
periodic_table(colorby="atomic_radius", backend="plotly")

# Save a static plot
periodic_table(colorby="en_pauling", backend="seaborn", output="en_periodic.png")

6.1.9 9. Work with ions

from mendeleev.ion import Ion

fe2 = Ion("Fe", charge=2)
fe3 = Ion("Fe", charge=3)
print(f"Ionic radius Fe?: {fe2.ionic_radius} pm")
print(f"Ionic radius Fe?: {fe3.ionic_radius} pm")

6.1.10 10. Compare electronegativity scales

from mendeleev import fetch_electronegativities

# “scales’ selects computed scales; stored scales

# (Pauling, Allen, Ghosh, ...) are always included as columns
en = fetch_electronegativities(scales=["mulliken"])
print(en[en["symbol"] == "Si"])

Or access scales directly on an element:

from mendeleev import element

si = element("Si™)

print(si.en_pauling) # 1.9
print(si.en_allen) # 11.33
print(si.electronegativity(scale="mulliken")) # computed on the fly

6.1.11 11. Access properties with units

from mendeleev import Fe, Al

# Append _u to any property for a pint Quantity
print(Fe.atomic_weight_u) # 55.845 dalton
print (Al.melting_point_u) # 933.47 kelvin

# Convert units easily
print(Al.melting point_u.to("celsius")) # 660.32 degree_Celsius

6.1.12 12. Use the CLI

element.py Si # by symbol
element.py 14 # by atomic number
element.py Silicon # by name

Prints all available properties in the terminal (installed with the package).

6.1. Quick Start 15
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6.1.13 What next?

e API Overview — choose the right function for your task

* Tutorials — Jupyter notebook tutorials

* Data — full list of 100+ available properties

» Frequently Asked Questions — frequently asked questions
e Troubleshooting — common issues and solutions

¢ (Citing — citation formats and BibTeX entries

6.2 Installation

6.2.1 Requirements
Python 3.10, 3.11, 3.12, 3.13, or 3.14.

6.2.2 User installation
pip
pip install mendeleev

With visualization support (bokeh, plotly, seaborn):

pip install mendeleev[vis]

conda-forge

conda install conda-forge::mendeleev

Latest from source

pip install git+https://github.com/lmmentel/mendeleev.git

6.2.3 Development setup

For contributors who want to run tests, build docs, or modify the code:

git clone https://github.com/lmmentel/mendeleev.git
cd mendeleev

# Install core dependencies
poetry install

# With visualization extras
poetry install --with vis

# Install pre-commit hooks (ruff lint + format)
pre-commit install

# Run tests

(continues on next page)

16 Chapter 6
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(continued from previous page)

poetry run pytest

# Build docs (one-time: install docs deps, then build)
poetry install --with docs

cd docs

poetry run make html

See Contributing to mendeleev for full contribution guidelines.

6.3 Tutorials

6.3.1 Quick start

This simple tutorial will illustrate the basic capabilities of the package.

Table of Contents
* Basic interactive usage
— Getting single elements
— Getting-list-of-elements
» Extended attributes

— Oxidation states

lonization energies

Isotopes

Tonic radii

Electronic configuration
o Useful functions for calculating properties
* Electronegativity

e CLI utility

Basic interactive usage

Getting single elements
The simplest way of accessing the elements is importing them directly from mendeleev by symbols

from mendeleev import Si, Fe, O
print("Si's name: ", Si.name)
print("Fe's atomic number:", Fe.atomic_number)
print("0's atomic weight: ", O.atomic_weight)

Si's name: Silicon
Fe's atomic number: 26
0's atomic weight: 15.999

An alternative interface to the data is through the element function that returns a single Element object or a list of
Element object depending on the arguments.

6.3. Tutorials 17
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The function can be imported directly from the mendeleev package

from mendeleev import element

The element method accepts unique identifiers: atomic number, atomic symbol or element’s name in English. To
retrieve the entries on Silicon by symbol type

si = element("Si")

si

<Element (abundance_crust=282000.0, abundance_sea=2.2, atomic_number=14, atomic_
—radius=110.0, atomic_radius_rahm=231.99999999999997, atomic_weight=28.085, atomic_
—weight_uncertainty=None, block='p', c6=305.0, c6_gb=308.0, cas='7440-21-3', covalent_
—radius_bragg=117.0, covalent_radius_cordero=111.00000000000001, covalent_radius_
—pyykko=115.99999999999999, covalent_radius_pyykko_double=107.0, covalent_radius_pyykko_
—triple=102.0, cpk_color='#daa520', density=2.3296, description="Metalloid element..
—belonging to group 14 of the periodic table. It is the second most abundant element in.
—the Earth's crust, making up 25.7% of it by weight. Chemically less reactive than..
—carbon. First identified by Lavoisier in 1787 and first isolated in 1823 by Berzelius.
", dipole_polarizability=37.3, dipole_polarizability_unc=0.7, discoverers='J]ons.
—Berzelius', discovery_location='Sweden', discovery_year=1824, ec=
—.<ElectronicConfiguration(conf="1s2 2s2 2p6 3s2 3p2")>, econf='[Ne] 3s2 3p2', electron_
—affinity=1.3895211, en_allen=11.33, en_ghosh=0.178503, en_gunnarsson_lundqvist=4.91,.
—en_miedema=4.7, en_mullay=1.91, en_pauling=1.9, en_robles_bartolotti=4.39, evaporation_
—heat=383.0, fusion_heat=50.6, gas_basicity=814.1, geochemical_class="major', glawe_
—number=85, goldschmidt_class='litophile', group_id=14, heat_of_formation=450.0, is_
—.monoisotopic=None, is_radioactive=False, jmol_color="#f0c8a0®', lattice_constant=5.43,.
—lattice_structure="'DIA', mendeleev_number=88, metallic_radius=117.0, metallic_radius_
—c12=138.0, miedema_electron_density=3.38, miedema_molar_volume=8.6, molar_heat_
—capacity=19.99, molcas_gv_color="#f0c8a0', name='Silicon', name_origin='Latin: silex,.
—silicus, (flint).', period=3, pettifor_number=85, political_stability_of top_
—.producer=None, political_stability_of_top_reserve_holder=None, price_per_kg=1.7,.
—production_concentration=None, proton_affinity=837.0, recycling_rate=None, relative_
—supply_risk=None, reserve_distribution=None, sources='Makes up major portion of clay,.
—,granite, quartz (Si02), and sand. Commercial production depends on a reaction between.
—sand (Si02) and carbon at a temperature of around 2200 °C.', specific_heat_capacity=0.
712, substitutability=None, symbol='Si', thermal_conductivity=149.0, top_3_
—producers=None, top_3_reserve_holders=None, uses='Used in glass as silicon dioxide..
<»(Si02). Silicon carbide (SiC) is one of the hardest substances known and used in..
—polishing. Also the crystalline form is used in semiconductors.', vdw_radius=210.0,.
—vdw_radius_alvarez=219.0, vdw_radius_batsanov=210.0, vdw_radius_bondi=210.0, vdw_
—radius_dreiding=426.99999999999994, vdw_radius_mm3=229.0, vdw_radius_rt=None, vdw_
—~radius_truhlar=None, vdw_radius_uff=429.5, group=Group[...], _ionization_
—.energies=IonizationEnergy[...], _oxidation_states=0OxidationState[...], _
—,series=Series[...], ionic_radii=IonicRadius[...], isotopes=Isotope[...], phase_
—transitions=PhaseTransition[...], scattering_factors=ScatteringFactor[...], screening_
—,constants=ScreeningConstant[...])>

Similarly to access the data by atomic number or element names type

al = element(13)
print(al.name)

18 Chapter 6. Citing mendeleev
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Aluminum

o = element("Oxygen')
print(o.atomic_number)

8

Getting list of elements
The element method also accepts list or tuple of identifiers and then returns a list of Element objects

c, h, o = element(["C", "Hydrogen", 8])
print(c.name, h.name, o.name)

Carbon Hydrogen Oxygen

Extended attributes
Next to simple attributes returning str, int or float, there are extended attributes
e oxistates, returns a list of oxidation states
* ionenergies, returns a dictionary of ionization energies
* isotopes, returns a list of Isotope objects
e ionic_radii returns a list of TonicRadius objects

* ec, electronic configuration object

Oxidation states
oxistates returns a list of most common oxidation states for a given element

fe = element("Fe")
print (fe.oxistates)

(2, 3]

lonization energies
The ionenergies returns a dictionary with ionization energies in eV as values and degrees of ionization as keys

o = element("0")
0.ionenergies

{1: 13.618055,

: 35.12112,
54.93554,

1 77.4135,
113.899,
138.1189,

1 739.32697,

: 871.4099138}

0O NO VT W WIN

6.3. Tutorials 19



mendeleev Documentation, Release 1.3.0

Isotopes

The isotopes attribute returns a list of Isotope objects with the following attributes per isotope

abundance
abundance_uncertainty
atomic_number
discovery_year
g_factor
g_factor_uncertainty
half life
half_life_uncertainty
half_life_unit
is_radioactive

mass

mass_number
mass_uncertainty
parity
quadrupole_moment
quadrupole_moment_uncertainty

spin

[10]: print(

)

"{0:44s} {1:24s} {2:410s} {3:8s} {4:6s} {5:5s}\n{6}".format(
IIANII , IIMNII s llMaSSll , llUnC . " , |lAbu. " , llRad- n , ll_ll ~"; 42
)

for iso in fe.isotopes:

print(
"{0:4d} {1:4d} {2:10.5f} {3:8.2e} {4:} {5:}".format(
iso.atomic_number,
iso.mass_number,
iso.mass,
iso.mass_uncertainty,
iso.abundance,
iso.is_radioactive,

)
)
AN MN Mass Unc. Abu Rad
26 45 45.01547 3.04e-04 None True
26 46 46.00130 3.22e-04 None True
26 47 46.99235 5.37e-04 None True
26 48 47.98067 9.90e-05 None True
26 49 48.97343 2.60e-05 None True
(continues on next page)
20 Chapter 6. Citing mendeleev
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(continued from previous page)

26 50  49.96299
26 51 50.95686
26 52 51.94811
26 53  52.94531
26 54 53.93961
26 55  54.93829
26 56 55.93494
26 57 56.93539
26 58 57.93327
26 59  58.93487
26 60  59.93407
26 61 60.93675
26 62 61.93679
26 63  62.94027
26 64 63.94099
26 65 64.94502
26 66 65.94625
26 67 66.95093
26 68 67.95288
26 69 68.95792
26 70  69.96040
26 71 70.96572
26 72 71.96860
26 73 72.97425
26 74 73.97782
26 75 74.98422
26 76 75.98863

.00e-06 None True
.50e-06 None True
.92e-07 None True
.79e-06 None True
.68e-07 5.845 False
.30e-07 None True
.87e-07 91.754 False
.87e-07 2.119 False
.39e-07 0.282 False
.54e-07 None True
.66e-06 None True
.80e-06 None True
.00e-06 None True
.62e-06 None True
.39e-06 None True
.49e-06 None True
.40e-06 None True
.10e-06 None True
.07e-04 None True
.15e-04 None True
.22e-04 None True
.29e-04 None True
.37e-04 None True
.37e-04 None True
.37e-04 None True
.44e-04 None True
.44e-04 None True

AoV LT WNDNS A UVTUER WN WWWNNWWRR~RRFR O

Accessing isotopes

Similarly to element function that can be used to fetch specific isotopes by:
* atomic_number and mass_number or

¢ symbol and mass_number

from mendeleev import isotope

isotope("Fe", mass_number=57)

<Isotope(abundance=2.119, abundance_uncertainty=0.029, atomic_number=26, discovery_
—year=1935, g_factor=0.1812800019979477, g_factor_uncertainty=0.0001399999891873449, .
—half_life=None, half_life_uncertainty=None, half life_unit=None, id=523, is_
—radioactive=False, mass=56.93539195, mass_number=57, mass_uncertainty=2.87e-07, parity=
—"'-", quadrupole_moment=0.0, quadrupole_moment_uncertainty=0.0, spin='1/2",.
—~element=Element[...], decay_modes=IsotopeDecayMode[...])>

# tritium
isotope(l, 3)

<Isotope(abundance=None, abundance_uncertainty=None, atomic_number=1, discovery_
—year=1934, g_factor=5.957924842834473, g_factor_uncertainty=2.799999876401671e-08,..
—half life=12.32, half life_ uncertainty=0.02, half_life_unit="year', id=3, is_

(continues on next page)
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(continued from previous page)

—.radioactive=True, mass=3.01604928132, mass_number=3, mass_uncertainty=8e-11, parity="+

]
oy

quadrupole_moment=0.0, quadrupole_moment_uncertainty=0.0, spin="'1/2",.

—element=Element[...], decay_modes=IsotopeDecayMode[...])>

Radioactive isotopes can have multiple decay modes and that data is available as decay_modes attrobute for each
Isotope

isotope("Li", 11).decay_modes

[<IsotopeDecayMode(id=40, intensity=100.0, is_allowed_not_observed=None, is_observed_

—intensity_unknown=None, isotope_id=39, mode='B-', relation='=')>,
<IsotopeDecayMode(id=41, intensity=86.3, is_allowed_not_observed=None, is_observed_
—intensity_unknown=None, isotope_id=39, mode='B-n', relation='=')>,
<IsotopeDecayMode(id=42, intensity=4.1, is_allowed_not_observed=None, is_observed_
—»intensity_unknown=None, isotope_id=39, mode='2n', relation='=')>,
<IsotopeDecayMode(id=43, intensity=1.9, is_allowed_not_observed=None, is_observed_
—intensity_unknown=None, isotope_id=39, mode='3n', relation='=')>,
<IsotopeDecayMode(id=44, intensity=1.7, is_allowed_not_observed=None, is_observed_
—intensity_unknown=None, isotope_id=39, mode='B-A', relation='=')>,
<IsotopeDecayMode(id=45, intensity=0.013, is_allowed_not_observed=None, is_observed_
—intensity_unknown=None, isotope_id=39, mode='B-d', relation='=')>,
<IsotopeDecayMode(id=46, intensity=0.0093, is_allowed_not_observed=None, is_observed_
—intensity_unknown=None, isotope_id=39, mode='B-t', relation='=')>]

lonic radii

Another composite attribute is ionic_radii which returns a list of TonicRadius object with the following attributes

atomic_number, atomic number of the ion
charge, charge of the ion

econf, electronic configuration of the ion
coordination, coordination type of the ion
spin, spin state of the ion (HS or LS)
crystal_radius, crystal radius in pm
ionic_radius, ionic radius in pm

origin, source of the data

most_reliable, recommended value, (see the original paper for more information)

for ir in fe.ionic_radii:

print(ir)
charge= 2, coordination=IV , crystal_radius=77.000, ionic_radius=63.000
charge= 2, coordination=IVSQ , crystal_radius=78.000, ionic_radius=64.000
charge= 2, coordination=VI , crystal_radius=75.000, ionic_radius=61.000
charge= 2, coordination=VI , crystal_radius=92.000, ionic_radius=78.000
charge= 2, coordination=VIII , crystal_radius=106.000, ionic_radius=92.000
charge= 3, coordination=IV , crystal_radius=63.000, ionic_radius=49.000
charge= 3, coordination=V , crystal_radius=72.000, ionic_radius=58.000
charge= 3, coordination=VI , crystal_radius=69.000, ionic_radius=55.000
(continues on next page)
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charge= 3, coordination=VI
charge= 3, coordination=VIII
charge= 4, coordination=VI
charge= 6, coordination=IV

crystal_radius=78.500,
crystal_radius=92.000,
crystal_radius=72.500,
crystal_radius=39.000,

Useful functions for calculating properties

Next to stored attributes there is a number of useful functions

si = element("Si")

# get the number of valence electrons

si.nvalence()

4

# calculate softness for an ion
si.softness(charge=2)

0.05831872935152488

# calcualte hardness for an ion
si.hardness(charge=4)

60.812605

(continued from previous page)

ionic_radius=64.500
ionic_radius=78.000
ionic_radius=58.500
ionic_radius=25.000

# calculate the effective nuclear charge for a subshell using Slater's rules

si.zeff(n=3, o="s")

4.149999999999999

# calculate the effective nuclear charge for a subshell using Clemneti's and Raimondi's.

—exponents

si.zeff(n=3, o="s", method="clementi")

4.9032

Electronegativity

Currently there are 9 -electronagativity scales implemented that can me accessed though the common
electronegativity method, the scales are:

e allen

e allred-rochow

e cottrell-sutton

¢ ghosh

e gordy

e li-xue

* martynov-batsanov

e mulliken
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nagle
pauling

sanderson

More information can be found in the documentation.

si.electronegativity(scale="pauling")

1.9

si.electronegativity(scale="allen")

11.33

# calculate mulliken electronegativity for a neutral atom or ion
si.electronegativity(scale="mulliken", charge=1)

12.248764999999999

6.3.2 Bulk data access

This tutorial explains how to retrieve full tables from the database into pandas DataFrames.

Available tables in mendeleev

All data is stored in a sqlite database that is shipped together with the package. You can interact directly with the
database if you need more flexibility but for convenience mendeleev provides a few functions in the fetch module to

elements: The main table with element properties
groups: Metadata about periodic table groups
ionicradii: Tonic radii data

ionizationenergies: lonization energies

isotopes: Isotopes and their properties
isotopedecaymodes: Data on isotope decay modes
oxidationstates: Oxidation states for elements
phasetransitions: Phase transition data for elements
propertymetadata: Metadata about properties from all tables
scattering_factors: Atomic scattering factors
screeningconstants: Nuclear screening constants

series: Metadata about periodic table series

retrieve data.

Fetching computed properties in bulk

To fetch whole tables you can use fetch_table. The function can be imported from mendeleev. fetch

Electronegativities A collection of electronegativity scales computed based on other properties.

from mendeleev.fetch import fetch_table

24
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To retrieve a table call the fetch_table with the table name as argument. Here we’ll get probably the most important

table elements with basis data on each element

elements

ptable = fetch_table("elements")

Now we can use pandas’ capabilities to work with the data.

ptable.info()

<class 'pandas.DataFrame'>

RangeIndex:

#

O NV WN R~

W wWwwwwwwwihNNNNNNNNNNRRRRRRRR R 2 ©
NOoOubh WNRFRPRQQUOUWMNOULLIEEWNRFRESUOWNOOUILBEWN RS

Column

atomic_number
atomic_radius

block

density

description
dipole_polarizability
electron_affinity

electronic_configuration

evaporation_heat
fusion_heat

group_id
lattice_constant
lattice_structure

name

period

series_id
specific_heat_capacity
symbol
thermal_conductivity
vdw_radius
covalent_radius_cordero
covalent_radius_pyykko
en_pauling

en_allen

jmol_color

cpk_color
proton_affinity
gas_basicity
heat_of_formation

c6
covalent_radius_bragg
vdw_radius_bondi
vdw_radius_truhlar
vdw_radius_rt
vdw_radius_batsanov
vdw_radius_dreiding
vdw_radius_uff
vdw_radius_mm3

118 entries, 0 to 117
Data columns (total 83 columns):

Non-Null Count

118 non-null
90 non-null

118 non-null
118 non-null
109 non-null
118 non-null
77 non-null

118 non-null
88 non-null

75 non-null

90 non-null

87 non-null

91 non-null

118 non-null
118 non-null
118 non-null
85 non-null

118 non-null
66 non-null

103 non-null
96 non-null
118 non-null
85 non-null
71 non-null
109 non-null
103 non-null
32 non-null
32 non-null
89 non-null
43 non-null
37 non-null
28 non-null
16 non-null
9 non-null

65 non-null
21 non-null
103 non-null
94 non-null

int64
float64
str
float64
str
float64
float64
str
float64
float64
float64
float64
str

str
int64
int64
float64
str
float64
float64
float64
float64
float64
float64
str

str
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64

(continues on next page)
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

abundance_crust
abundance_sea
molcas_gv_color

en_ghosh
vdw_radius_alvarez

c6_gb

atomic_weight
atomic_weight_uncertainty
is_monoisotopic
is_radioactive

cas

atomic_radius_rahm
geochemical_class
goldschmidt_class
metallic_radius
metallic_radius_c12
covalent_radius_pyykko_double
covalent_radius_pyykko_triple
discoverers
discovery_year
discovery_location
name_origin

sources

uses

mendeleev_number
dipole_polarizability_unc
pettifor_number
glawe_number
molar_heat_capacity
en_miedema
miedema_molar_volume
miedema_electron_density
en_gunnarsson_lundqvist
en_robles_bartolotti
production_concentration
relative_supply_risk
reserve_distribution
political_stability_of_top_producer
political_stability_of_top_reserve_holder
top_3_producers
top_3_reserve_holders
recycling_rate
substitutability
price_per_kg

en_mullay

dtypes: float64(57), int64(5), str(21)

memory usage:

76.6 KB

For clarity let’s take only a subset of columns

cols = [

"atomic_number",

88 non-null
81 non-null
103 non-null
103 non-null
94 non-null
86 non-null
118 non-null
74 non-null
21 non-null
118 non-null
118 non-null
96 non-null
76 non-null
118 non-null
56 non-null
63 non-null
108 non-null
80 non-null
118 non-null
105 non-null
105 non-null
118 non-null
118 non-null
112 non-null
118 non-null
118 non-null
103 non-null
103 non-null
85 non-null
73 non-null
73 non-null
73 non-null
84 non-null
86 non-null
70 non-null
70 non-null
60 non-null
70 non-null
61 non-null
70 non-null
62 non-null
56 non-null
50 non-null
93 non-null
43 non-null

(continued from previous page)

float64
float64
str
float64
float64
float64
float64
float64
float64
int64
str
float64
str

str
float64
float64
float64
float64
str
float64
str

str

str

str
int64
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64
float64
str

str

str

str
float64
float64

(continues on next page)
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"symbol",
"atomic_radius",
"en_pauling",
"block",
"vdw_radius_mm3",

ptable[cols] .head()

atomic_number symbol atomic_radius en_pauling block

0 1 H 25.0 2.20
1 2 He 120.0 NaN
2 3 Li 145.0 0.98
3 4 Be 105.0 1.57
4 5 B 85.0 2.04

It is quite easy now to get descriptive statistics on the data.

ptable[cols].describe()

S

T n n

(continued from previous page)

vdw_radius_mm3

atomic_number atomic_radius en_pauling vdw_radius_mm3

count 118.000000 90.000000 85.000000
mean 59.500000 149.844444 1.748588
std 34.207699 40.079110 0.634442
min 1.000000 25.000000 0.700000
25% 30.250000 135.000000 1.240000
50% 59.500000 145.000000 1.700000
75% 88.750000 178.750000 2.160000
max 118.000000 260.000000 3.980000
groups

Periodic table group metadata.

groups = fetch_table("groups")

94
248
36
153
229
244

364

.000000
.468085
.017828
.000000
.000000
.000000
269.
.000000

250000

162.0
153.0
255.0
223.0
215.0

groups

group_id symbol name
0 1 IA Alkali metals
1 2 IIA Alkaline earths
2 3 IIIB
3 4 IVB
4 5 VB
5 6 VIB
6 7 VIIB
7 8 VIIIB
8 9 VIIIB
9 10 VIIIB
10 11 IB Coinage metals
11 12 IIB
12 13 ITTIA Boron group
13 14 IVA Carbon group
14 15 VA Pnictogens

(continues on next page)
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15 16 VIA
16 17 VIIA
17 18 VIIIA
ionicradii

Chalcogens

Halogens

Noble gases

(continued from previous page)

The function to fetch ionic radii is called fetch_ionic_radii and can either fetch ionic or crystal radii depending on

the radius argument.

from mendeleev.fetch import fetch_ionic_radii

irs = fetch_ionic_radii(radius="ionic_radius")

irs.head(10)

coordination
atomic_number charge
1 1
3 1
4 2
5 3
6 4
7 -3
3
5
8 -2
9 -1
coordination
atomic_number charge
1 1
3 1
4 2
5 3
6 4
7 -3
3
5
8 -2
9 -1

ionizationenergies

-38.0
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

VI

NaN
76.0
45.0
27.0
16.0

NaN
16.0
13.0

140.0
133.0

II

-18.0
NaN
NaN
NaN
NaN
NaN
NaN
NaN

135.0

128.5

VII

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

IIT TIITPY

NaN
92.0
NaN
NaN
NaN
NaN
NaN
NaN
142.0
NaN

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

XTI

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

Iv

NaN
59.0
27.0
11.0
15.0

146.0
NaN
NaN

138.0

131.0

XIT

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

I

XTIV

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

VPY

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

IVSQ

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

IX

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

To fetch ionization energies use fetch_ionization_energies that takes a degree (default is degree=1) argument
that can either be a single integer or a list if integers to fetch multiple ionization energies.

from mendeleev.fetch import fetch_ionization_energies

ies = fetch_ionization_energies(degree=2)

ies.head(10)

atomic_number

IE2

(continues on next page)
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NaN

54.417766

75.640097

18.211150

25.154830

24.383143

29.601250

35.121120

34.970810

0 40.962970

= O 0N VT WN -

To fetch multiple ionization degress at once simply pass a list of degrees:

ies_multiple = fetch_ionization_energies(degree=[1, 3, 5])

ies_multiple.head(10)

IE1
atomic_number
1 13.598435
2 24.587389
3 5.391715
4 9.322699
5 8.298019
6 11.260288
7 14.534130
8 13.618055
9 17.422820
10 21.564541
isotopes

122.
153.
37.
47.
47.
54.
62.
63.

IE3

NaN

NaN
454359
896205
930590
887780
445300
935540
707980
423300

340.

392

97.
113.

114

126.

Let try and retrieve another table, namely isotopes

isotopes = fetch_table("isotopes", index_col="id")

isotopes.info()

<class 'pandas.DataFrame'>

RangeIndex: 3557 entries, 1 to 3557
Data columns (total 17 columns):

# Column

atomic_number
mass
abundance
mass_number
mass_uncertainty
is_radioactive
half_life
half life_unit
spin
g_factor

® quadrupole_moment

R OO0 NV WN R

Non-Null Count

3557
3557
288 n
3557
3557
3557
2831
3217
3372
1841
1863

IES

NaN
NaN
NaN
NaN
226022
.090560
890100
899000
.249000
247000

non-null
non-null
on-null

non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null

int64
float64
float64
int64
float64
int64
float64
str

str
float64
float64

(continued from previous page)

(continues on next page)
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11
12
13
14
15
16

parity
discovery_year
g_factor_uncerta
abundance_uncert
half_life_uncert

inty
ainty
ainty

quadrupole_moment_uncertainty

3372 non-null
3339 non-null
1841 non-null
288 non-null
2828 non-null
1862 non-null

dtypes: float64(11), int64(3), str(3)

472.5 K

memory usage:

B

str

float64
float64
float64
float64
float64

(continued from previous page)

Here’s a few first records from that dataframe

isotopes.head(10)

atomic_number mass abundance mass_number mass_uncertainty \
id
1 1 1.007825 99.9855 1 1.400000e-11
2 1 2.014102 0.0145 2 1.500000e-11
3 1 3.016049 NaN 3 8.000000e-11
4 2 3.016029 0.0002 3 6.000000e-11
5 3 3.030775 NaN 3 2.147000e-03
6 1 4.026432 NaN 4 1.073540e-04
7 2 4.002603 99.9998 4 1.600000e-10
8 3 4.027186 NaN 4 2.277330e-04
9 1 5.035311 NaN 5 9.602000e-05
10 2 5.012057 NaN 5 2.147000e-05
is_radioactive half life half_life_unit spin g_factor \
id
1 0 NaN NaN 1/2 5.585695
2 0 NaN NaN 1 0.857438
3 1 12.32 year 1/2 5.957925
4 0 NaN NaN 1/2 -4.255250
5 1 NaN NaN 3/2 NaN
6 1 139.00 ysec 2 NaN
7 0 NaN NaN 0 0.000000
8 1 91.00 ysec 2 NaN
9 1 86.00 ysec 1/2 NaN
10 1 602.00 ysec 3/2 NaN
quadrupole_moment parity discovery_year g¢_factor_uncertainty \
id
1 0.000000 + 1920.0 1.800000e-08
2 0.002858 + 1932.0 5.000000e-09
3 0.000000 + 1934.0 2.800000e-08
4 0.000000 + 1934.0 6.000000e-08
5 NaN - NaN NaN
6 NaN - 1981.0 NaN
7 0.000000 + 1908.0 0.000000e+00
8 NaN - 1965.0 NaN
9 0.000000 + 1987.0 NaN
10 NaN - 1937.0 NaN
abundance_uncertainty half_life_uncertainty \
(continues on next page)
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id

1 0.0078

2 0.0078

3 NaN

4 0.0002

5 NaN

6 NaN

7 0.0002

8 NaN

9 NaN

10 NaN
quadrupole_moment_uncertainty

id

1 0.000000e+00

2 3.000000e-07

3 0.000000e+00

4 0.000000e+00

5 NaN

6 NaN

7 0.000000e+00

8 NaN

9 0.000000e+00

10 NaN

NaN
NaN
0.02
NaN
NaN
10.00
NaN
9.00
6.00
22.00

Merge the elements table with the isotopes

(continued from previous page)

We can now perform SQL-like merge operation on two DataFrames and produce an outer join

import pandas as pd

merged = pd.merge(ptable[cols], isotopes, how="outer", on="atomic_number™)

now we have the following columns in the merged DataFrame

merged.info()

<class 'pandas.DataFrame'>

RangeIndex: 3557 entries, ® to 3556

Data columns (total 22 columns):

# Column

atomic_number
symbol
atomic_radius
en_pauling

block
vdw_radius_mm3
mass

abundance
mass_number
mass_uncertainty

O oo NV WN R

Non-Null Count
3557 non-null
3557 non-null
3020 non-null
2899 non-null
3557 non-null
3186 non-null
3557 non-null
288 non-null
3557 non-null
3557 non-null

str
float64
float64
str
float64
float64
float64
int64
float64

(continues on next page)

6.3. Tutorials

31


http://pandas.pydata.org/pandas-docs/stable/merging.html#database-style-dataframe-joining-merging

mendeleev Documentation, Release 1.3.0

(continued from previous page)

10 is_radioactive 3557 non-null int64
11 half_life 2831 non-null float64
12 half life unit 3217 non-null str

13 spin 3372 non-null str

14 g_factor 1841 non-null float64
15 quadrupole_moment 1863 non-null float64
16 parity 3372 non-null str

17 discovery_year 3339 non-null float64
18 g_factor_uncertainty 1841 non-null float64
19 abundance_uncertainty 288 non-null float64
20 half_life_uncertainty 2828 non-null float64

21 quadrupole_moment_uncertainty 1862 non-null float64
dtypes: float64(14), int64(3), str(5)
memory usage: 611.5 KB

[19]: merged.head()

[19]: atomic_number symbol atomic_radius en_pauling block vdw_radius_mm3 \
0 1 H 25.0 2.2 s 162.0
1 1 H 25.0 2.2 S 162.0
2 1 H 25.0 2.2 s 162.0
3 1 H 25.0 2.2 s 162.0
4 1 H 25.0 2.2 s 162.0

mass abundance mass_number mass_uncertainty ... half_life_unit \

0 1.007825 99.9855 1 1.400000e-11 ... NaN
1 2.014102 0.0145 2 1.500000e-11 ... NaN
2 3.016049 NaN 3 8.000000e-11 ... year
3 4.026432 NaN 4 1.073540e-04 ... ysec
4 5.035311 NaN 5 9.602000e-05 ... ysec

spin g_factor quadrupole_moment parity discovery_year \

® 1/2 5.585695 0.000000 + 1920.0
1 1 0.857438 0.002858 + 1932.0
2 1/2  5.957925 0.000000 + 1934.0
3 2 NaN NaN - 1981.0
4 1/2 NaN 0.000000 + 1987.0

g_factor_uncertainty abundance_uncertainty half life_uncertainty \

0 1.800000e-08 0.0078 NaN

1 5.000000e-09 0.0078 NaN

2 2.800000e-08 NaN 0.02

3 NaN NaN 10.00

4 NaN NaN 6.00
quadrupole_moment_uncertainty

0 0.000000e+00

1 3.000000e-07

2 0.000000e+00

3 NaN

4 0.000000e+00

(continues on next page)
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[5 rows x 22 columns]

To display all the isotopes of Silicon

[20] : merged[merged["symbol"] == "Si"]

[20]: atomic_number symbol atomic_radius
212 14 Si 110.0
213 14 Si 110.0
214 14 Si 110.0
215 14 Si 110.0
216 14 Si 110.0
217 14 Si 110.0
218 14 Si 110.0
219 14 Si 110.0
220 14 Si 110.0
221 14 Si 110.0
222 14 Si 110.0
223 14 Si 110.0
224 14 Si 110.0
225 14 Si 110.0
226 14 Si 110.0
227 14 Si 110.0
228 14 Si 110.0
229 14 Si 110.0
230 14 Si 110.0
231 14 Si 110.0
232 14 Si 110.0
233 14 Si 110.0
234 14 Si 110.0
235 14 Si 110.0

mass abundance mass_number
212 22.036114 NaN 22
213 23.025711 NaN 23
214 24.011535 NaN 24
215 25.004109 NaN 25
216 25.992334 NaN 26
217 26.986705 NaN 27
218 27.976927 92.2545 28
219 28.976495 4.6720 29
220 29.973770 3.0735 30
221 30.975363 NaN 31
222 31.974152 NaN 32
223 32.977977 NaN 33
224 33.978538 NaN 34
225 34.984550 NaN 35
226 35.986649 NaN 36
227 36.992945 NaN 37
228 37.995523 NaN 38
229 39.002491 NaN 39
230 40.006084 NaN 40
231 41.014171 NaN 41

(continued from previous page)

en_pauling block vdw_radius_mm3 \

1.9

I T e N N O e e e N = T = = T T = T = N = S = WSOy S
(Vo Ve 2 Ve Vo I Ue I Vo I Ve I Ve Vo I Ve B Vo T Vo I Ve I Vo I Vo I Ve Vo Ve Vo i Ue B Ve Vo JUe]

mass_uncertainty

5.
.370000e-04
.090400e-05
.073500e-05
.150000e-07
.150000e-07
.500000e-10
.000000e-10
.300000e-08
.600000e-08
.200000e-07
.500000e-07
.600000e-07
.849400e-05
.707700e-05
.221790e-04
.125000e-04
.455000e-04
.309620e-04
.220000e-04

WkHRE RRRFRNWONWANMNOUVIRERERDNDWV

370000e-04

p

ke BBl e B o B e B oL el cBcllcllclclclecleclocleloclolelolelel

229.0
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.
229.

(=B — I — R — R — I — I — I — R — A I — A — A — I — I — I — I — B — R — I — A — A — ]

half_life_unit \

msec
msec
msec
msec
sec
sec
NaN
NaN
NaN
minute
year
sec
sec
msec
msec
msec
msec
msec
msec

msec
(continues on next page)
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(continued from previous page)

232 42.018078 NaN 42 3.220000e-04 msec
233 43.026119 NaN 43 4.290000e-04 msec
234 44.031466 NaN 44 5.370000e-04 msec
235 45.039818 NaN 45 6.440000e-04 msec
spin g_factor quadrupole_moment parity discovery_year \
212 0 0.000000 0.000 + 1987.0
213 3/2 NaN NaN + 1986.0
214 0 0.000000 0.000 + 1979.0
215 5/2 NaN NaN + 1963.0
216 0 0.000000 0.000 + 1960.0
217 5/2 0.346080 0.063 + 1939.0
218 0 0.000000 0.000 + 1920.0
219 1/2 -1.110104 0.000 + 1920.0
220 0 0.000000 0.000 + 1924.0
221 3/2 NaN NaN + 1934.0
222 0 0.000000 0.000 + 1953.0
223 3/2 0.806667 NaN + 1971.0
224 0 0.000000 0.000 + 1971.0
225 7/2 0.468286 NaN 1971.0
226 0 0.000000 0.000 + 1971.0
227 5/2 NaN NaN - 1979.0
228 0 0.000000 0.000 + 1979.0
229 5/2 NaN NaN - 1979.0
230 0 0.000000 0.000 + 1989.0
231 7/2 NaN NaN - 1989.0
232 0 0.000000 0.000 + 1990.0
233 3/2 NaN NaN - 2002.0
234 0 0.000000 0.000 + 2007.0
235 3/2 NaN NaN - NaN
g_factor_uncertainty abundance_uncertainty half_life_uncertainty \
212 0.000000 NaN 1.1000
213 NaN NaN 0.4000
214 0.000000 NaN 2.1000
215 NaN NaN 1.0000
216 0.000000 NaN 0.0007
217 0.000120 NaN 0.0140
218 0.000000 0.0037 NaN
219 0.000006 0.0160 NaN
220 0.000000 0.0021 NaN
221 NaN NaN 0.2000
222 0.000000 NaN 7.0000
223 0.020000 NaN 0.1800
224 0.000000 NaN 0.2000
225 0.001143 NaN 120.0000
226 0.000000 NaN 2.0000
227 NaN NaN 3.5000
228 0.000000 NaN 8.0000
229 NaN NaN 4.1000
230 0.000000 NaN 2.6000
231 NaN NaN 2.5000
(continues on next page)
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232
233
234
235

212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

0.000000
NaN
0.000000
NaN

quadrupole_moment_uncertainty

[24 rows x 22 columns]

isotopedecaymodes

.000

NaN

.000

NaN

.000
.014
.000
.000
.000

NaN

.000

NaN

.000

NaN

.000

NaN

.000

NaN

.000

NaN

.000

NaN

.000

NaN

NaN
NaN
NaN
NaN

Different modes are explained in the documentation

idm = fetch_table("isotopedecaymodes")

idm

D wWw N~

5778
5779
5780
5781
5782

id
1

vl W N

5779
5780
5781
5782
5783

3
5
6
8
9

3554
3555
3556
3556
3557

B-
p
n

2n

> >

SF

=

isotope_id mode relation

intensity
100.0
NaN
100.0
100.0
100.0
NaN
100.0
100.0
NaN
100.0

(continued from previous page)

3.5000
NaN
NaN
NaN

is_allowed_not_observed \
NaN
1.0
NaN
NaN
NaN
1.0
NaN
NaN
1.0
NaN

(continues on next page)
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A wNn R

5778
5779
5780
5781
5782

[5783 rows x 7 columns]

oxidationstates

is_observed_intensity_unknown

NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN

ox = fetch_table("oxidationstates")

(004

A wNn R

596
597
598
599
600

[601 rows x 4 columns]

phasetransitions

1

vl W N

597
598
599
600
601

1

1
3
4
4

118
118
118
118
118

id atomic_number oxidation_state

1
-1
1
0
2

= o

category
main
main
main
extended
main

extended
extended
extended
extended
extended

(continued from previous page)

For most elements a single row is present with phase transition properies, however for elements with multiple allotropes
(i.e. Carbon, Phosphorus, Selenium, Sulfur, Tin) values are provided for each allotrope.

pt = fetch_table("phasetransitions")
pt.sort_values(by="atomic_number") .head(15)

id atomic_number boiling_point melting_point critical_temperature \
38 40 1 20.271 13.990 32.938
36 38 2 4.222 NaN 5.195
47 49 3 1615.150 453.650 3223.150
9 10 4 2741.150 1560.150 5205.150
11 12 5 4273.150 2350.150 NaN
16 17 6 4098.150 NaN NaN
59 61 7 77.355 63.150 126.192
(continues on next page)
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(continued from previous page)

62 64 8 90.188 54.360 154.581
29 31 9 85.040 53.480 144.410
55 57 10 27.104 24.560 44.492
85 87 11 1156.090 370.944 2573.150
49 51 12 1363.150 923.150 NaN
1 2 13 2792.150 933.473 6700.150
83 85 14 3538.150 1687.150 NaN
65 67 15 704.150 852.350 994.150

critical_pressure triple_point_temperature triple_point_pressure \

38 1.28580 13.8033 7.0410
36 0.22746 2.1770 5.0430
47 67.00000 NaN NaN
9 NaN NaN NaN
11 NaN NaN NaN
16 NaN 4762.1500 10300.0000
59 3.39580 63.1510 12.5200
62 5.04300 54.3584 0.1463
29 5.17240 53.4800 90.0000
55 2.67860 24.5561 43.3700
85 35.00000 NaN NaN
49 NaN NaN NaN
1 NaN NaN NaN
83 NaN NaN NaN
65 NaN NaN NaN

allotrope is_sublimation_point is_transition

38 NaN NaN NaN
36 NaN NaN NaN
47 NaN NaN NaN
9 NaN NaN NaN
11 NaN NaN NaN
16 graphite 1.0 NaN
59 NaN NaN NaN
62 NaN NaN NaN
29 NaN NaN NaN
55 NaN NaN NaN
85 NaN NaN NaN
49 NaN NaN NaN
1 NaN NaN NaN
83 NaN NaN NaN
65 red 1.0 NaN
propertymetadata

This table holds a lot of the metadata that is used to render the data documentation page. Probably the most useful
piece of information here is the unit assocaited with a given property. The units are compatible with the pint package
so properties might be used direclty with units.

[24]: metadata = fetch_table("propertymetadata")
metadata.head(10)
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id table_name

column_name class_name \

0 1 elements abundance_crust Element
1 2 elements abundance_sea Element
2 3 elements atomic_number Element
3 4 elements atomic_radius Element
4 5 elements atomic_radius_rahm Element
5 6 elements atomic_volume Element
6 7 elements atomic_weight Element
7 8 elements atomic_weight_uncertainty Element
8 9 elements block Element
9 10 elements c6 Element

attribute_name category value_origin \
0 abundance_crust abundance STORED
1 abundance_sea abundance STORED
2 atomic_number basic properties STORED
3 atomic_radius atomic size properties STORED
4 atomic_radius_rahm atomic size properties STORED
5 atomic_volume atomic size properties COMPUTED
6 atomic_weight basic properties STORED
7 atomic_weight_uncertainty basic properties STORED
8 block periodic table properties STORED
9 c6 electric and optical properties STORED

description unit \
® Abundance in the Earth's crust mg/kg
1 Abundance in the seas mg/L
2 Atomic number NaN
3 Atomic radius pm
4 Atomic radius by Rahm et al. pm
5 Atomic volume cm?A3/mol
6 Relative atomic weight Da
7 Atomic weight uncertainty Da
8 Block in periodic table NaN
9 C_6 dispersion coefficient hartree/bohr6
annotations citation_keys

0 NaN haynes2014crc
1 NaN haynes2014crc
2 NaN NaN
3 NaN Slater1964
4 NaN Rahm2016,Rahm2017
5 NaN NaN
6 Atomic weights and their uncertainties were re... Meija2016,iupac-weights
7 NaN Meija2016,iupac-weights
8 NaN NaN
9 NaN Chu2004,Tang1976
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scattering_factors

scattering_factors = fetch_table("scattering_factors")

scattering_factors.head(10)

id
0 1
1 2
2 3
3 4
4 5
5 6
6 7
7 8
8 9
9 10

atomic_number
10
10
10
10
10
10
10
10
10
10

screeningconstants

energy

10.0000 -9999.
10.1617 -9999.
10.3261 -9999.
10.4931 -9999.
10.6628 -9999.
10.8353 -9999.
11.0106 -9999.
11.1886 -9999.
11.3696 -9999.
11.5535 -9999.

f1

(=B — I — I — I — I — N — R — R — I}

(O I, BV, BV, BV, BV, T, RN G NG N

f2

.795760e-16
.873330e-16
.952150e-16
.032250e-16
.113640e-16
.196350e-16
.280400e-16
.365800e-16
.452590e-16
.540780e-16

screening = fetch_table("screeningconstants™)
screening.head(10)

id
1

O oo NOUUVIEA WN R D
O 00 NO VT i W N

-
(=]

series

atomic_number

U1 Ul U DRWWN =

n s
1 s
1 s
1 s
2 s
1 s
2 s
1 s
2 p
2 s
1 s

Metadata about periodic table series.

screening

0

S NN P S

series = fetch_table('series")

series

[
[N

O o0 NO VI WN =R
DS O 00N VI b WN =

[y

N

Nob

Alkal
Alkaline eart
Me

Poo
Transitio
Lan

A

name
onmetals
le gases
i metals
h metals
talloids
Halogens
r metals
n metals
thanides
ctinides

.0000
.3125
.3094
.7208
.3152
.0880
.3205
.5786
.4238
.3273

color

#baa2ab6
#bbbb88
#abcee3
#1£78b4
#33a02c
#fdbf6f
#b2df8a
#e08e79
#cab2d6
#6a3d9%a
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Electronegativities

To fetch all data from electronegatuivity scales use fetch_electronegativities. This can take a few seconds since
most of the values need to be computed.

[28]: from mendeleev.fetch import fetch_electronegativities

[29]: ens = fetch_electronegativities()
ens.head(10)

[29]: symbol radius Allen Ghosh Gunnarsson-Lundqvist Miedema \

atomic_number

1 H 32.0 13.610 0.263800 5.74 5.20
2 He 46.0 24.590 0.442712 8.00 NaN
3 Li 133.0 5.392 0.105093 2.74 2.85
4 Be 102.0 9.323 0.144986 4.03 5.05
5 B 85.0 12.130 ©.184886 4.37 5.30
6 C 75.0 15.050 0.224776 6.52 6.24
7 N 71.0 18.130 0.264930 6.67 6.86
8 0 63.0 21.360 0.304575 7.67 NaN
9 F 64.0 24.800 0.344443 10.76 NaN
10 Ne 67.0 28.310 ©.384390 6.96 NaN

Mullay Pauling Robles-Bartolotti =zeff Allred-Rochow \
atomic_number

1 2.08 2.20 5.27 1.00 0.000977
2 NaN NaN 7.93 1.70 0.000803
3 1.01 0.98 1.69 1.30 0.000073
4 1.36 1.57 3.52 1.95 0.000187
5 1.85 2.04 4.08 2.60 0.000360
6 2.47 2.55 6.39 3.25 0.000578
7 2.40 3.04 5.78 3.90 0.000774
8 3.15 3.44 6.45 4.55 0.001146
9 4.00 3.98 9.85 5.20 0.001270
10 NaN NaN 6.60 5.85 0.001303

Cottrell-Sutton Gordy \
atomic_number
1 0.176777 0.031250
2 0.192241 0.036957
3 0.098866 0.009774
4 0.138267 0.019118
5 0.174895 0.030588
6 0.208167 0.043333
7 0.234371 0.054930
8 0.268742 0.072222
9 0.285044 0.081250
10 0.295488 0.087313

Li-Xue \

atomic_number
1 {C'I', ""): -3.5407218307179495, ('II', "'): -...
2 {}
3 {C'IvV', ""): 1.7160634688527356, ('VI', ''): 1...

(continues on next page)
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(continued from previous page)

4 {}

5 {}

6 {}

7 {}

8 {}

9 {}

10 {3
Martynov-Batsanov  Mulliken Nagle Sanderson

atomic_number

1 3.687606 7.176315 0.605388 2.187771

2 6.285108 2.443695 1.130639 [1.0]

3 2.322007 3.004882 0.182650 [0.04886792741108169]

4 3.710381 3.461349 0.375615 [0.12684726097522822]

5 4.877959 4.288871 0.526974 [0.2546273629910441]

6 6.083271 6.261203 0.707393 [0.427525037037037]

7 7.306768 6.567065 0.877498 [0.5774819510384563]

8 8.496138 7.539584 1.042218 [0.9416494074114066]

9 9.701808 10.412005 1.232373 [1.017681322991848]

10 10.918389 10.782270 1.443255 [1.0]

Version information
[30]: import mendeleev

print (£"{mendeleev.__version__=}")

mendeleev.__version__='1.3.0"

6.3.3 Electronic configuration

ec attribute is an object from the ElectronicConfiguration class that has additional method for manipulating the
configuration. Internally the configuration is represented as a OrderedDict from the collections module where
tuples (n, s) (nis the principal quantum number and s is the subshell label) are used as keys and shell occupations
are the values

[1]: from mendeleev import Si

[2]: Si.ec.conf

[2]: OrderedDict([((1, 's"), 2),
2z, 's"y, 2),
(2, 'p", 6),
@3, 's", 2),
@3, ', 22D

the occupation of different subshells can be access supplying a proper key
[3]: Si.ec.conf[(1, "s")]
[3]: 2

to calculate the number of electrons per shell type
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Si.ec.electrons_per_shell()
{'K': 2, 'L': 8, 'M': 4}
get the largest value of the pricipal quantum number

Si.ec.max_n(Q)

3

Get the largest value of azimutal quantum number for a given value of principal quantum number

Si.ec.max_1(n=3)

p

Find the large noble gas-like core configuration
Si.ec.get_largest_core()

('Ne', <ElectronicConfiguration(conf="1s2 2s2 2p6")>)
Get the total number of electrons

Si.ec.ne()

14

Last subshell

Si.ec.last_subshell()

a3, 'p", 2

Get unpaired electrons

Si.ec.unpaired_electrons()

2

Remove electrons by ionizing returns a new configuration with an electron removed

ionized = Si.ec.ionize()
print(ionized)

1s2 2s2 2p6 3s2 3pl
We can check that it actually has less electrons:

ionized.ne()

13

Spin occupations by subshell

Si.ec.spin_occupations()

42
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OrderedDict([((1l, 's'), {'pairs': 1, 'alpha': 1
(2, 's"), {'pairs': 1, 'alpha': 1
(2, 'p"), {'pairs': 3, 'alpha': 3
(@3, 's"), {'pairs': 1, 'alpha': 1
(@3, 'p"), {'pairs': 0, 'alpha': 2

Calculate the spin only magnetic moment

Si.ec.spin_only_magnetic_moment ()

2.8284271247461903

'beta’:
'beta’:
'beta’:
'beta’:
'beta’:

Calculate the screening constant using Slater’s rules for 2s orbital

Si.ec.slater_screening(n=2, o="s")

4.1499999999999995

Standalone use

You can use the ElectronicConfiguration as a standalone class and use all of the methods shown above.

from mendeleev.econf import ElectronicConfiguration

ec = ElectronicConfiguration("1s2 2s2 2p6 3sl1")

Get the valence only configuration

ec.get_valence()

<ElectronicConfiguration(conf="3s1")>

6.3.4 Working with Units

D = W =

'"unpaired':
'unpaired':
'unpaired':
'unpaired':
'"unpaired':

01,
o1,
o1,
01,
2D

The mendeleev package provides built-in support for accessing physical properties with their proper units using the

Pint library.

Simply append _u to any property name to get a pint.Quantity object with units attached.

Basic Usage

from mendeleev import H, C, Al, Fe

# Without units (raw numbers, same as always)
print(f"H atomic weight: {H.atomic_weight}")
print(£"C density: {C.density}")

# With units (pint Quantity objects)
print(f"H atomic weight: {H.atomic_weight_u}")
print (£"C density: {C.density_u}")

H atomic weight: 1.008

C density: 2.2

H atomic weight: 1.008 dalton

C density: 2.2 gram / centimeter ** 3
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Unit Conversions

The returned objects are Pint Quantity instances that support unit conversions:

# Temperature conversions

al_melting = Al.melting_point_u

print(£f"Kelvin: {al_melting}')

print(f"Celsius: {al_melting.to('celsius')}")

print (f"Fahrenheit: {al_melting.to('fahrenheit')}")

Kelvin: 933.473 kelvin
Celsius: 660.323 degree_Celsius
Fahrenheit: 1220.5813999999998 degree_Fahrenheit

# Length conversions

fe_radius = Fe.atomic_radius_u

print (f"Picometers: {fe_radius}")

print (f"Angstroms: {fe_radius.to('angstrom')}")
print (f"Nanometers: {fe_radius.to('nanometer')}")

Picometers: 140.0 picometer
Angstroms: 1.4000000000000001 angstrom
Nanometers: 0.13999999999999999 nanometer

Calculations with Units

pint Quantities support arithmetic while preserving dimensional correctness:

from mendeleev.models import ureg

# Calculate mass of a volume of aluminum
density = Al.density_u

volume = 100 * ureg.milliliter

mass = density * volume

print(f"Density: {density}'")
print (£"Volume: {volume}")
print(f"Mass: {mass.to('gram')}")

Density: 2.7 gram / centimeter ** 3
Volume: 100 milliliter
Mass: 270.00000000000006 gram

# Convert electron affinity to different energy units
fe_ea = Fe.electron_affinity_u

print (f"Electron affinity: {fe_eal}l")

print(£"In joules: {fe_ea.to('joule')}")

Electron affinity: 0.151 electron_volt
In joules: 2.4192867173399996e-20 joule
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Working with Multiple Elements

Units make it easy to compare properties across elements:

elements = [Al, Fe, H, C]

print("Element densities:")
for el in elements:
d = el.density_u
if d is not None:
print(f" {el.name}: {d}")
else:
print(f" {el.name}: no data")

Element densities:
Aluminum: 2.7 gram / centimeter ** 3
Iron: 7.87 gram / centimeter ** 3
Hydrogen: 8.2e-05 gram / centimeter ** 3
Carbon: 2.2 gram / centimeter ** 3

Handling Missing Data

Properties with None values return None when accessed with _u.

AttributeError.

# None values stay None
print(f"H gas_basicity: {H.gas_basicity}")
print(f"H gas_basicity with units: {H.gas_basicity_u}")

# Properties without units raise AttributeError
try:

print (H.symbol_u)
except AttributeError as e:

print(f"Error: {e}")

H gas_basicity: None
H gas_basicity with units: None
Error: 'Element' has no unit defined for 'symbol'

lonic Radii with Units

Other model classes like IonicRadius also support the _u suffix:

from mendeleev.db import get_session
from mendeleev.models import IonicRadius

session = get_session()
ionic = session.query(IonicRadius).first()

print (f"Charge: {ionic.charge_u}")
print(f"Ionic radius: {ionic.ionic_radius_u}")

print(f"Crystal radius: {ionic.crystal_radius_u}")

session.close()

Properties without units defined raise
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Charge: 3 elementary_charge
Ionic radius: 112.00000000000001 picometer
Crystal radius: 126.0 picometer

Summary
The _u suffix provides:

* Convenience — append _u to any property for units

¢ Conversions — use .to() to convert between unit systems
 Safety — pint catches dimension mismatches in calculations
* Transparency — no guessing what units a number is in

See the units reference for the complete list of properties with units.

6.3.5 lons

You can use the Ion class to work with ions instead of elements.

information.

from mendeleev.ion import Ion

fe_2 = Ion("Fe", 2)

You can access variety of properties of the ion

fe_2.charge
2

fe_2.electrons

24

fe_2.Z
26

fe_2.name

'Iron 2+ ion'

you can also print the unicode ion symbol
fe_2.unicode_ion_symbol ()

'Fe?'

Tonic radii for this ion are available under radius attribute

fe_2.radius

Ions can be created from elements and charge

[<IonicRadius(atomic_number=26, charge=2, coordination='IV', crystal_radius=77.0, econf=
—'3d6', id=149, ionic_radius=63.0, most_reliable=False, origin='"', spin="HS')>,

(continues on next page)
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<IonicRadius(atomic_number=26, charge=2, coordination='IVSQ', crystal_radius=78.0,.

—econf="3d6', id=150, ionic_radius=64.0, most_reliable=False, origin='"', spin='HS')>,
<IonicRadius(atomic_number=26, charge=2, coordination='VI', crystal_radius=75.0, econf=
- '3d6"', id=151, ionic_radius=61.0, most_reliable=False, origin='estimated, ', spin='LS
<~ ")>,

<IonicRadius(atomic_number=26, charge=2, coordination='VI', crystal_radius=92.0, econf=
—'3d6', id=152, ionic_radius=78.0, most_reliable=True, origin='from r+3 vs V plots, ',.
< spin="HS"')>,

<IonicRadius(atomic_number=26, charge=2, coordination='VIII', crystal_radius=106.0,.
—econf="'3d6', id=153, ionic_radius=92.0, most_reliable=False, origin='calculated, ',.

—spin="HS"')>]

Appropriate value of ionization energy and electron affinity are available under ie and ea attributes

fe_2.1ie

30.651

fe_2.ea
16.19921
compute ionic potential

fe_2.ionic_potential()

0.02564102564102564

6.3.6 Visualizing custom periodic tables
In this tutorial you’ll how to use mendeleev to create customized visualizations of the periodic table.

The most convenient method to use for this is periodic_table function from mendeleev.vis module.

from mendeleev.vis import periodic_table

Make sure you you have optional vis dependencies installed when installing mendeleev. If you are using pip install
with

pip install mendeleev[vis]

To see the default visualization of the periodic table simply call the imported function

periodic_table()

A

Data type cannot be displayed: application/vnd.plotly.v1+json

mendeleev stores also two color schemes for atoms that are frequently used for visualizing molecular structures. One
set is stored in the cpk_color column and refers to CPK coloring, another is stored in jmol_color column and is used
by the Jmol program, finally there is also coloring scheme from MOLCAS GV program store in the molcas_gv_color
attribute. They can be displayed either by hovering of the element to display a tooltip or used directly to color the
element cells.
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periodic_table(colorby="jmol_color", title="JIMol Colors")

7'\

Data type cannot be displayed: application/vnd.plotly.v1+json

periodic_table(colorby="cpk_color", title="CPK Colors")

A

Data type cannot be displayed: application/vnd.plotly.v1+json

periodic_table(colorby="molcas_gv_color", title="MOLCAS GV Colors")

A

Data type cannot be displayed: application/vnd.plotly.v1+json

Visualizing properties

Any of the properties in mendeleev can now be visualized and color coded. This means that the value of selected
attribute will be visible on each element and also it is possible to use the attribute to color code the background of each
element.

Let’s first use the covalent_radius_pyykko and display the values with the default color coding by series

periodic_table(attribute="covalent_radius_pyykko", title="Covalent Radii of Pyykko")

A

Data type cannot be displayed: application/vnd.plotly.v1+json

Now let’s use the same attribute but in addition color code by the actual values, by adding colorby="attribute’
argument

periodic_table(
attribute="covalent_radius_pyykko",
colorby="attribute",
title="Covalent Radii of Pyykko",

A

Data type cannot be displayed: application/vnd.plotly.v1+json

The color map can aslo be csutomized using the cmap argument to any of the standard colormaps available in matplotlib
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[8]: periodic_table(
attribute="covalent_radius_pyykko",
colorby="attribute",
cmap="spring",
title="Covalent Radii of Pyykko",

A

Data type cannot be displayed: application/vnd.plotly.v1+json

Let also see one of the more modern colormaps: viridis, plasma, inferno and magma.

[9]: periodic_table(
attribute="covalent_radius_pyykko",
colorby="attribute",
cmap="inferno",
title="Covalent Radii of Pyykko",

A

Data type cannot be displayed: application/vnd.plotly.v1+json

Let’s try a different property: density

[10]: periodic_table(attribute="density", colorby="attribute", title="Atomic Volume")

A

Data type cannot be displayed: application/vnd.plotly.v1+json

[11]: periodic_table(
attribute="en_pauling",
colorby="attribute",
title="Pauling's Electronegativity",
cmap="viridis",

A

Data type cannot be displayed: application/vnd.plotly.v1+json
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Wide 32-column version

The periodic_table function can also present the periodic table in the so-called wide format with the f-block between
the s- and d-blocks resulting in 32 columns.

periodic_tableCheight=600, width=1500, wide_layout=True)

A

Data type cannot be displayed: application/vnd.plotly.v1+json

6.3.7 Advanced visualization tutorial

Next to the high level plotting function mendeleev.vis.periodic_table, mendeleev offers two lower level func-
tions that give you more control over the result. There are two plotting backends supported:

1. Plotly (default)
2. Bokeh

Note

Depending on your environment being the classic jupyter notebook or jupyterlab you might have to do additional
configuration steps, so if you’re not getting expected results see plotly of bokeh documentation.

Accessing lower level plotting functions

There are two plotting functions, one for each of the backends:
e periodic_table_plotly in mendeleev.vis.plotly
e periodic_table_bokeh in mendeleev.vis.bokeh

that you can use to customize the visualizations even further.

Both functions take the same keyword arguments as the periodic_table function but the also require a DataFrame
with periodic table data. That dataframe needs to have x and y columns for each element that play the role of coordinates.
You can get the default data using the create_vis_dataframe function. Let’s start with an example using the plotly
backend.

from mendeleev.vis import create_vis_dataframe, periodic_table_plotly

The function has only one required argument which is the data itself.

elements = create_vis_dataframe()
periodic_table_plotly(elements)

&L

Data type cannot be displayed: application/vnd.plotly.v1+json
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Custom coloring scheme

To apply a custom color scheme you can assign color to all the elments in the DataFrame. This can be done by creating
a custom column in the DataFrame and then using colorby argument to specify which column contains colors. Let’s
try to color the elements according to the block they belong to.

import seaborn as sns
from matplotlib import colors

blockcmap = {

b: colors.rgb2hex(c)

for b, c in zip(["s", "p", "d", "f"], sns.color_palette('deep™))
}

elements["block_color"] = elements["block"].map(blockcmap)
periodic_table_plotly(elements, colorby="block_color")

7'\

Data type cannot be displayed: application/vnd.plotly.v1+json

Custom properties

You can also visualize custom properties using pandas’ awesome methods for manipulating data. For example let’s
consider the difference of electronegativity between every element and the Oxygen atom. To calculate the values we
will use Allen scale this time and call our new value ENX-ENO.

elements.loc[:, "ENX-ENO"] = (
elements.loc[elements["symbol"] == "0", "en_allen"].values
- elements.loc[:, "en_allen"]

)

periodic_table_plotly(
elements,
attribute="ENX-ENO",
colorby="attribute",
cmap="viridis",
title="Allen Electronegativity wrt. Oxygen",

A

Data type cannot be displayed: application/vnd.plotly.v1+json

As a second example let’s consider a difference between the covalent_radius_slater and
covalent_radius_pyykko values

elements["cov_rad_diff"] = (
elements["atomic_radius"] - elements["covalent_radius_pyykko"]

)

(continues on next page)
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(continued from previous page)

periodic_table_plotly(
elements,
attribute="cov_rad_diff",
colorby="attribute",
title="Covalent Radii Difference",
cmap="viridis",

A

Data type cannot be displayed: application/vnd.plotly.v1+json

Bokeh backend

We can also use the Bokeh backed in the same way but we need to take a few extra steps to render the result in a
notebook

[6]: from bokeh.plotting import show, output_notebook
from mendeleev.vis import periodic_table_bokeh

First we need to enable notebook output

[7]: output_notebook()

A

Data type cannot be displayed: application/javascript, application/vnd.bokehjs_load.vO+json

[8]: fig = periodic_table_bokeh(elements)
show(£fig)

A

Data type cannot be displayed: application/javascript, application/vnd.bokehjs_exec.v0+json

[9]: fig = periodic_table_bokeh(elements, attribute="atomic_radius", colorby="attribute")
show(£fig)

7'\

Data type cannot be displayed: application/javascript, application/vnd.bokehjs_exec.vO+json
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6.3.8 Jupyter notebooks

All tutorials are available as Jupyter notebooks on binder where you can explore the examples interactively:

* Quick start — Basic capabilities: accessing elements, properties, and isotopes.

* Bulk data access — Fetch full tables as pandas DataFrames; filter, sort, and analyze across all elements.

* Electronic Configuration — Work with electronic configurations, manipulate subshells, and derive spectroscopic

terms.

* Working with Units — Access properties with units, convert between unit systems, and do unit-aware calcula-

tions.

 Jons — Create ionic species, access charge-dependent radii and properties.

* Visualizations — Create periodic tables colored by element properties using bokeh, plotly, and seaborn.

e Advanced visualizations — Lower-level plotting functions for custom visualizations beyond the default periodic

table.

6.4 Data

To find out how to fetch data in bulk, check out the documentation about data access.

6.4.1 Elements

Class: Element

The following data are currently available:

Attribute name Description Unit Value origin Citation keys
abundance_crust  Abundance in the mg/kg stored [25]
Earth’s crust
abundance_sea Abundance in the mg/L stored [25]
seas
atomic_number Atomic number stored
atomic_radius_ral Atomic radius by pm stored [51, 52]
Rahm et al.
atomic_radius Atomic radius pm stored [59]
atomic_volume Atomic volume cm”3/mol computed
atomic_weight_unc Atomic weight un- Da stored [39, 73]
certainty
atomic_weight Relative atomic Da stored [39, 73]
weight (1)
block Block in periodic ta- stored
ble
boiling_point Boiling point K stored [24]
c6_gb C_o6dispersion coef-  hartree/bohr’ 6 stored [22]
ficient according to
Gould & Bucko
cb6 C_6dispersion coef-  hartree/bohr6 stored [13, 64]
ficient
cas Chemical Abstracts stored
Serice identifier
continues on next page
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Table 1 - continued from previous page

Attribute name Description Unit Value origin Citation keys
covalent_radius_k Covalent radius by pm stored [10]
Bragg
covalent_radius_c Covalent radius by pm stored [16]
Cerdero et al. (%)
covalent_radius_r Double bond co- pm stored [48]
valent radius by
Pyykko et al.
covalent_radius_r Triple bond covalent pm stored [50]
radius by Pyykko et
al.
covalent_radius_r Single bond co- pm stored [49]
valent radius by
Pyykko et al.
cpk_color Element color in stored [70]
CPK convention as
HEX codes.
critical_pressure Critical pressure MPa stored [24]
critical_temperat Critical temperature K stored [24]
density Density at 295K A g/cm”3 stored [25,77]
description Short description of stored
the element
dipole_polarizabi Uncertainty of the bohr3 stored [76]
dipole polarizability
dipole_polarizabi Dipole polarizabil- bohr3 stored [76]
ity
discoverers The discoverers of stored
the element
discovery_locatic The location where stored
the element was dis-
covered
discovery_year The year the element stored
was discovered
econf Ground state elec- stored
tronic configuration
electron_affinity Electron affinity * eV stored [6, 25]
electronegativity Allen’sscale ofelec- eV stored [35, 36]
tronegativity (°)
electronegativity Allred and Ro- e 2/pm”2 computed [4]
chow’s scale of
electronegativity
electronegativity Cottrell and Sutton’s e”0.5/pm”0.5 computed [17]
scale of electronega-
tivity
electronegativity Ghosh’s scale of 1/pm stored [19]
electronegativity
electronegativity Gordy’s scale of e/pm computed [21]
electronegativity
electronegativity Liand Xue’sscaleof 1/pm computed [31, 32]
electronegativity
continues on next page
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Table 1 - continued from previous page

Attribute name Description Unit Value origin Citation keys

electronegativity Martynov and Bat- eV~0.5 computed [7]
sanov’s scale of
electronegativity

electronegativity Mulliken’s scale of eV computed [41]
electronegativity

electronegativity Nagle’s scale of 1/bohr computed [42]
electronegativity

electronegativity Pauling’s scale of stored [25]
electronegativity

electronegativity Sanderson’s scale of computed [56, 57]
electronegativity

electrons Number of electrons computed

electrophilicity Parr’s electrophilic- computed [45]
ity index

en_gunnarsson_lur Gunnarsson- eV stored [23, 54]
Lundqvist’s scale of
electronegativity

en_miedema Miedema’s scale of V stored [18, 71]
Electronegativity

en_mullay Mullay’s scale of stored [40]
electronegativity (°)

en_robles_bartolc Robles-Bartolotti’s eV stored [54]
scale of electroneg-
ativity

evaporation_heat Evaporation heat ()  kJ/mol stored

fusion_heat Fusion heat ('") kJ/mol stored

gas_basicity Gas basicity kJ/mol stored [25]

geochemical_class Geochemical classi- stored [68]
fication

glawe_number Glawe’s number stored [20]
(scale)

goldschmidt_class Goldschmidt classi- stored [68, 69]
fication

group Group in the peri- stored
odic table

hardness Absolute hard- eV computed [44]
ness. Can also be
calcualted for ions.

heat_of_formatior Heat of formation kJ/mol stored [25]

inchi International Chem- computed [26]
ical Identifier

ionenergy See IonizationEn- stored [30]
ergy class documen-
tation

ionic_radii See TonicRadius stored [33, 58]
class documentation

is_monoisotopic Is the element stored
monoisotopic

is_radioactive Is the element ra- stored

dioactive

continues on next page
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Table 1 - continued from previous page

Attribute name Description Unit Value origin Citation keys
isotopes See Isotope class stored
documentation
jmol_color Element color in stored [74]
Jmol convention as
HEX codes.
lattice_constant Lattice constant angstrom stored
lattice_structure Lattice structure stored
code
mass_number Mass number of the computed
most abundant iso-
tope
melting_point Melting point K stored [24]
at  101.325 kPa
pressure
mendeleev_number Mendeleev’s num- stored [47, 66]
ber (%)
metallic_radius_c Metallic radius with pm stored [1]
12 nearest neighbors
metallic_radius  Single-bond metal- pm stored [1]
lic radius
miedema_electron_ Electron density stored [18, 71]
parameter from a
model by Miedema
miedema_molar_vol Molar volume cm”3 stored [18, 71]
parameter from a
model by Miedema
molar_heat_capaci Molar heat capacity J/mol/K stored [25]
@ 25 C, 1 bar
molcas_gv_color Element color in stored [75]
MOCAS GV con-
vention as HEX
codes.
name_origin Origin of the name stored
name Name in English stored
neutrons Number of neutrons computed
nist_webbook_url URL for the NIST computed [43]
Chemistry Web-
Book
nvalence Number of valence computed
electrons
oxides Possible oxides computed
based on oxidation
numbers
oxistates See OxidationState stored [78]
class documentation
period Period in periodic stored
table
pettifor_number  Pettifor scale stored [47]

continues on next page
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Table 1 - continued from previous page

Attribute name

Description

Unit

Value origin

Citation keys

political_stabili

political_stabili

price_per_kg

production_concen

proton_affinity
protons
recycling_rate

relative_supply_r

A percentile rank
for the political
stability of the top
producing country,
derived from World
Bank  governance
indicators.

A percentile rank for
the political stability
of the country with
the largest reserves,
derived from World
Bank governance in-
dicators.

Price per kg in USD
)

The percentage of
an element produced
in the top producing
country. The higher
the value, the larger
risk there is to sup-
ply.

Proton affinity
Number of protons
The percentage of a
commodity which is
recycled. A higher
recycling rate may
reduce risk to sup-
ply.

An integrated sup-
ply risk index from
1 (very low risk) to
10 (very high risk).
This is calculated
by combining the
scores for crustal
abundance, reserve
distribution, produc-
tion concentration,
substitutability,
recycling rate and
political  stability
scores.

USD/kg

Yo

kJ/mol

%o

stored

stored

stored

stored

stored
computed
stored

stored

[65]

[65]

[65]

continues on next page
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Table 1 - continued from previous page

Attribute name

Description

Unit

Value origin

Citation keys

reserve_distribut

sconst

series

softness

sources
specific_heat_cag

substitutability

symbol
thermal_conductiv

top_3_producers

top_3_reserve_hol

triple_point_pres

triple_point_temg

The percentage of
the world reserves
located in the coun-
try with the largest
reserves. The higher
the value, the larger
risk there is to sup-
ply.

See ScreeningCon-
stant class documen-
tation ('®)

Series in the peri-
odic table

Absolute soft-
ness. Can also be
calculated for ions.
Sources of the ele-
ment

Specific heat capac-
ity @ 25 C, 1 bar
The availability
of suitable substi-
tutes for a given
commodity. High
- substitution not
possible or very
difficult, medium
- substitution is
possible but there
may be an economic
and/or performance
impact, low = sub-
stitution is possible
with little or no
economic and/or
performance impact
Chemical symbol
Thermal conductiv-
ity @25 C

Top 3 countries or
regions that produce
the element.

Top 3 countries or
regions that hold re-
serves the element.
Presseure of the
triple point
Temperature of the
triple point

Yo

1/eV

J/g/K

W/m/K

stored

stored

stored

computed

stored
stored

stored

stored
stored

stored

stored

stored

stored

[65]

[14, 15]

[65]

[65]

[24]

[24]

continues on next page
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Table 1 - continued from previous page

Attribute name Description Unit Value origin Citation keys
uses Main applications of stored

the element
vdw_radius_alvare Van der Waals pm stored [5, 67]

radius according to
Alvarez (%)

vdw_radius_batsan Van der Waals pm stored [8]
radius according to
Batsanov

vdw_radius_bondi Van der Waals pm stored [9]
radius according to
Bondi

vdw_radius_dreidi Van der Waals ra- pm stored [38]
dius from the DREI-
DING FF

vdw_radius_mm3 Van der Waals ra- pm stored [3]
dius from the MM3
FF

vdw_radius_rt Van der Waals pm stored [55]
radius according to
Rowland and Taylor

vdw_radius_truhls Van der Waals pm stored [37]
radius according to
Truhlar

vdw_radius_uff Van der Waals ra- pm stored [53]
dius from the UFF

vdw_radius Van der Waals ra- pm stored [25]
dius

zeff Effective  nuclear computed
charge

I atomic_weight
Atomic weights and their uncertainties were retrieved mainly from ref. [73]. For elements whose values were given as ranges the conventional
atomic weights from Table 3 in ref. [39] were taken. For radioactive elements the standard approach was adopted where the weight is taken as
the mass number of the most stable isotope. The data was obtained from CIAAW page on radioactive elements. In cases where two isotopes were
specified the one with the smaller standard deviation was chosen. In case of Tc and Pm relative weights of their isotopes were used, for Tc isotope
98, and for Pm isotope 145 were taken from CIAAW.
2 covalent_radius_cordero
In order to have a more homogeneous data for covalent radii taken from ref. [16] the values for 3 different valences for C, also the low and high
spin values for Mn, Fe Co, were respectively averaged.
3 density
Density values for solids and liquids are always in units of grams per cubic centimeter and can be assumed to refer to temperatures near room
temperature unless otherwise stated. Values for gases are the calculated ideal gas densities at 25°C and 101.325 kPa.
Original values for gasses are converted from g/L to g/cm>.
For elements where several allotropes exist, the density corresponding to the most abundant are reported (for full list refer to [25]), namely:

* Antimony (gray)
¢ Berkelium ( form)
¢ Carbon (graphite)
* Phosphorus (white)
e Selenium (gray)
¢ Sulfur (rhombic)
¢ Tin (white)
For elements where experimental data is not available, theoretical estimates taken from [77] are used, namely for:

e Astatine
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6.4.2 Isotopes

Class: Isotope

Attribute name Description Unit Value ori- Citation
gin keys

abundance_uncertainty Uncertainty of relative abundance stored [29]
abundance Relative Abundance stored [29]
atomic_number Atomic number stored

decay_modes Decay modes with intensities stored [29]
discovery_year Year the isotope was discovered stored [29]
g_factor_uncertainty Uncertainty of the nuclear g-factor stored [61, 62]
g_factor Nuclear g-factor &) stored [61, 62]
half_life_uncertainty Uncertainty of the half life stored [29]
half_life unit Unit in which the half life is given ('*) stored [29]
half_life Half life of the isotope stored [29]
is_radioactive Is the isotope radioactive stored [72]
mass_number Mass number of the isotope stored [72]
mass_uncertainty Uncertainty of the atomic mass Da stored [72]
mass Atomic mass Da stored [72]
parity Parity, if present, it can be either + or - stored [29]
quadrupole_moment_uncerta: Nuclear electric quadrupole moment un- 100 stored [60, 63]

certainty fm”2
quadrupole_moment Nuclear electric quadrupole moment (') 100 stored [60, 63]
fm”2
spin Nuclear spin quantum number stored [29]
e Francium

¢ Einsteinium
¢ Fermium

¢ Mendelevium
* Nobelium

e Lawrencium
¢ Rutherfordium
¢ Dubnium

* Seaborgium
¢ Bohrium

¢ Hassium

* Meitnerium
¢ Darmstadtium
* Roentgenium
* Copernicium
¢ Nihonium

¢ Flerovium

¢ Moscovium

¢ Livermorium
* Tennessine

* Oganesson

4 electron_affinity

Electron affinities were taken from [25] for the elements for which the data was available. For He, Be, N, Ar and Xe affinities were taken from [6]
where they were specified for metastable ions and therefore the values are negative.

Updates

* Electron affinity of niobium was taken from [34].
* Electron affinity of cobalt was taken from [11].
¢ Electron affinity of lead was taken from [12].

5 electronegativity allen

he values of configurational energies from refs. [35] and [36] were taken as reported in eV without

6 en_mullay

chosen:
e Csp3

Chgpterr6:'CrIAG mendeleev

In the original paper multiple values of electronegativity are provided for several elements. The values corresponding to following hybrids were
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6.4.3 Isotope Decay Modes
Class: IsotopeDecayMode

Attribute name Description Unit Value Citation
origin keys

intensity Intensity of the decay mode stored [29]

is_allowed_not_observ: If True decay mode is energetically allowed, but not stored [29]
experimentally observed

is_observed_intensity. If True decay mode is observed, but its intensity is not stored [29]
experimentally known

isotope_id ID of the isotope, links to the isotopes table. stored [29]

mode ASCII symbol of the decay mode stored [29]

relation Uncertainty of relative abundance stored [29]

The different modes in the table are stores as ASCII representations for compatibility. The table below provides expla-
nations of the symbols.

* [I: evaporation heat of I-I

IT fusion_heat
* H: fusion heat of H-H
* F: fusion heat of F-F
* CI: fusion heat of CI-Cl
* Br: fusion heat of Br-Br

* I: fusion heat of I-1
15 mendeleev_number

Mendeleev numbers were sourced from [66] but the range was extended to cover the whole periodic table following the prescription in the article
of increasing the numbers going from top to bottom in each group and group by group from left to right in the periodic table.

16 price_per_kg

In cases where a range was provided in the source, the lower value was used. In cases of multiple isotopes the lower priced isotope’s price was
used.

18 sconst
The screening constants were calculated according to the following formula

On,l,m = Z—-n- Cn,l,m

where 7 is the principal quantum number, Z is the atomic number, 04, 1., is the screening constant, C,, ;. », is the optimized exponent from [14,
15].

For elements Nb, Mo, Ru, Rh, Pd and Ag the exponent values corresponding to the ground state electronic configuration were taken (entries with
superscript a in Table I in [15]).

For elements La, Pr, Nd and Pm two exponent were reported for 4f shell denoted 4f and 4f” in [15]. The value corresponding to 4f were used since
according to the authors these are the dominant ones.

19 ydw_radius_alvarez

The bulk of the radii data was taken from Ref. [5], but the radii for noble gasses were updated according to the values in Ref. [67].

12 g factor

Original data taken from [61] and updated with the data from [62] for all ground state isotopes.

13 half_life_unit

1 year = 365.2422 days = 31 556 926 sec

17 quadrupole_moment

Original data taken from [60] and updated with the data from [63] for all ground state isotopes.
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ASCIl  Unicode Description

A «a « emission

P p proton emission

2p 2p 2-proton emission

n n neutron emission

2n 2n 2-neutron emission

EC € electron capture

e+ et positron emission

B+ BT BT decay (BT =e+e™)

B- B~ B~ decay

2B- 28~ double 5~ decay

2B+ 28+ double 5T decay

B-n B~ n B~ -delayed neutron emission
B-2n B~ 2n B~ -delayed 2-neutron emission
B-3n B~ 3n B~ -delayed 3-neutron emission
B+p BT p BT -delayed proton emission
B+2p Bt 2p B -delayed 2-proton emission
B+3p B'3p BT -delayed 3-proton emission
B-A B« B~ -delayed o emission

B+A fBta BT -delayed o emission

B-d s~ d B~ -delayed deuteron emission
B-t Bt [~ -delayed triton emission

IT IT internal transition

SF SF spontaneous fission

B+SF Bt SF BT -delayed fission

B-SF 3~ SF B~ -delayed fission

24Ne  24Ne heavy cluster emission

6.4.4 Atomic Scattering Factors

Class: ScatteringFactor

Attribute name  Description Unit  Value origin  Citation keys
atomic_number Atomic number stored [27, 28]
energy Energy of the incident photon (') eV stored [27, 28]
f1 Scattering factor f1 (°) stored [27, 28]
£2 Scattering factor £2 ('°) stored [27, 28]

6.4.5 lonization Energies

Class: ITonizationEnergy

7 energy

specific data references available at cited data source

° f1

specific data references available at cited data source

10 2

specific data references available at cited data source

62
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Attribute name Description Unit Value Citation
origin keys

atomic_number Atomic number of the element stored
ground_configurati Ground state electronic configuration stored
ground_level Term symbol and J value for the largest component in stored

the ground level
ground_shells Ground state shells stored
ion_charge Charge of the ion (degree of ionization relative to neutral e stored

atom)
ionization_energy Ionization energy in eV eV stored
ionized_level Configuration, term, and J value of the next ionized state stored
is_semi_empirical Flag for semi-empirical determination of the ionization stored

energy
is_theoretical Flag for theoretical determination of the ionization en- stored

ergy
isoelectonic_seque Isoelectronic sequence of the species stored
references References related to the ionization energies stored
species_name Name of the species stored
uncertainty Uncertainty in the ionization energy measurement eV  stored

6.4.6 lonic Radii

Class: IonicRadius

Attribute name Description Unit Value origin Citation keys
atomic_number Atomic number stored [58]
charge Charge of the ion e stored [33, 58]
coordination Type of coordination stored [33, 58]
crystal_radius Crystal radius pm  stored [33, 58]
econf Electronic configuration of the ion stored [33, 58]
ionic_radius Tonic radius pm stored [33, 58]
most_reliable Most reliable value (see reference) stored [58]
origin Source of the data stored [58]
spin Spin state: HS: high spin, LS: low spin stored [33, 58]
Notes

Ionic radii for Actinoid (III) ions

Ionic radii values for 3* Actinoids were with coordination number 9 were taken from [33]. In addition,
crystal_radius values were computed by adding 14 pm to the ionic_radius values according to [58].
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6.4.7 Oxidation States

Class: OxidationState

Attribute name  Description Unit Value ori- Citation
gin keys
atomic_number Atomic number stored [78]
category Either main or extended flag to indicate the type of oxida- stored [78]
tion state
oxidation_stat: Oxidation state stored [78]

6.4.8 Phase Transitions

Class: PhaseTransition

Attribute name  Description Unit Value Cita-
origin  tion
keys
allotrope Allotrope name stored  [24]
atomic_number Atomic number stored
boiling_point Boiling point K stored  [24]
critical_press Critical pressure MPa stored [24]
critical_tempe Critical temperature K stored  [24]
is_sublimation Indicates that boiling_point marks a sublimation point, where the stored  [24]
vapor pressure of the solid phase reaches 101.325 kPa (1 atm)
is_transition Indicates that melting_point marks the temperature of the transition stored  [24]
to the crystalline form immediately below that entry
melting_point Melting point at 101.325 kPa pressure &) K stored  [24]
triple_point_p Pressure in kPa of the triple point kPa stored [24]
triple_point_t Temperature in K of the triple point K stored  [24]

6.4.9 Screening Constants

Class: ScreeningConstant

Attribute name  Description Unit Value origin  Citation keys
atomic_number Atomic number stored [14, 15]
n Principal quantum number stored [14, 15]
S Subshell label, (s, p, d, ...) stored [14, 15]
screening Screening constant stored [14, 15]

14 melting_point
Melting points for carbon from the original source are not included since they are not at standard pressure
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Data Footnotes

6.5 Accessing data

O Tip
If you’re looking for raw data behind mendeleev have a look at mendeleev-data repo.
You can find all data assets in multiple formats:

* Csv,

e html,

* json,

* sql,

¢ markdown.

All releases a tagged with the same version numbers as mendeleev.

6.5.1 Individual Elements

The easiest way to access individual elements is simply by importing them from the mendeleev directly using their
symbols:

>>> from mendeleev import H, C, 0, Og
>>> [x.name for x in [H, C, 0, Ogl]
['Hydrogen', 'Carbon', 'Oxygen', 'Oganesson']

An alternative method of access is through the element () function that returns either a single Element instance or a
tuple of those instances depending on the input. It provides a more flexible interface since it accepts element names,
atomic numbers and symbols as well as their combinations.

6.5.2 Fetching data in bulk

If you want a whole set of data you can retrieve one of the tables from the database as pandas DataFrame through the
fetch_table(). The following tables are available:

e elements

* groups

ionicradii

ionizationenergies

isotopedecaymodes

isotopes

oxidationstates

phasetransitions

propertymetadata

scattering_factors

screeningconstants
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* series
fetch_table(table: str, **kwargs) — DataFrame
Return a table from the database as pandas.DataFrame
Parameters

table: str
Name of the table from the database

**kwargs
A dictionary of keyword arguments to pass to the pandas.read_gsl1()

Returns
Pandas DataFrame with the contents of the table

Return type
df (pandas.DataFrame)

Example

>>> from mendeleev.fetch import fetch_table
>>> df = fetch_table('elements')

>>> type(df)

pandas.core. frame.DataFrame

fetch_ionization_energies(degree: /ist[int] | int = 1) — DataFrame
Fetch a pandas.DataFrame with ionization energies for all elements indexed by atomic number.
Parameters

degree: list[int] | int=1
Degree of ionization, either as int or a list of ints. If a list is passed then the output will
contain ionization energies corresponding to particalr degrees in columns.

Returns
ionization energies, indexed by atomic number

Return type
df (pandas.DataFrame)

fetch_ionic_radii (radius: str = 'ionic_radius’) — DataFrame
Fetch a pandas DataFrame with ionic radii for all the elements.
Parameters

radius: str = "ionic_radius'
The radius to be returned either ionic_radius or crystal_radius

Returns

a table with atomic numbers, symbols and ionic radii for all
coordination numbers

Return type
df (pandas.DataFrame)
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6.5.3 Computed properties
Some properties need to be computed rather than directly retrieved from the database. Electronegativities

fetch_electronegativities(scales: [ist[sir] | None = None) — DataFrame

Fetch electronegativity scales for all elements as pandas.DataFrame
Parameters

scales: list[str] | None = None
list of computed scale names, defaults to all available computed scales. Stored scales (Allen,
Ghosh, Pauling, ...) are always included as columns regardless of this argument. Raises
ValueError for scale names that are not computed scales.

Returns
Pandas DataFrame with the contents of the table

Return type
df (pandas.DataFrame)

6.5.4 Database session and engine

For those how want to interact with the database through a layer of SQLAlchemy there are methods for getting the
session or the engine:

get_session(dbpath: str = None, read_only: bool = True) — Session

Return the database session connection.

get_engine (dbpath: str = None, read_only: bool = True) — Engine
Return the db engine

6.5.5 Export data

The data can be exported to a number of formats using the CLI by invoking inv export command. The following formats
are supported:

* Csv
* json
* html
* markdown

The command will export all the tables from the database to a set of files in the specified format.

In order to use this functionality you’ll need to clone the mendeleev repository and install the package in the development
mode. Here’s how you can do it:

git clone https://github.com/lmmentel/mendeleev.git
cd mendeleev

poetry install

poetry run inv export

After the command is executed you’ll find the exported files in the data directory. The contents should look like this:

data
csv
elements.csv
': groups.csv
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6.6 Working with Physical Units

ionicradii.csv
ionizationenergies.csv
isotopedecaymodes.csv
isotopes.csv
oxidationstates.csv
phasetransitions.csv
screeningconstants.csv
series.csv

elements.html
groups.html
ionicradii.html
ionizationenergies.html
isotopedecaymodes.html
isotopes.html
oxidationstates.html
phasetransitions.html
screeningconstants.html
series.html

elements. json

groups. json
ionicradii.json
ionizationenergies. json
isotopedecaymodes. json
isotopes. json
oxidationstates. json
phasetransitions. json
screeningconstants. json
series.json

L— markdown

elements.markdown
groups.markdown
ionicradii.markdown

ionizationenergies.markdown
isotopedecaymodes.markdown

isotopes.markdown
oxidationstates.markdown

phasetransitions.markdown
screeningconstants.markdown

series.markdown

Added in version 1.1.0.

(continued from previous page)

mendeleev integrates with pint to provide unit-aware access to physical properties. Append _u to any property name

to get a pint.Quantity with proper units attached.
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6.6.1 Quick Example

>>> from mendeleev import Fe, Al
>>> Fe.atomic_weight_u

55.845 dalton

>>> Al.density_u

2.7 gram / centimeter ** 3

That’s it — just add _u.

6.6.2 How It Works

When you access element . property_u, mendeleev:
1. Strips the _u suffix to get the base property name.
2. Looks up the unit in the PropertyMetadata database table.
3. Multiplies the raw value by that unit using pint.
4. Returns a pint.Quantity object.

If the property doesn’t exist, you'll get an AttributeError. If it has no unit defined, you’ll also get an
AttributeError. If the value is None (missing data), the _u version returns None too.

6.6.3 Basic Usage
Accessing properties with units

>>> from mendeleev import H, C, Fe
>>> H.atomic_weight

1.008

>>> H.atomic_weight_u

1.008 dalton

>>> C.density

2.267
>>> C.density_u
2.267 gram / centimeter ** 3

Without the _u suffix, you get raw numbers (just like before). With it, you get pint Quantity objects that know their
units.

6.6.4 Unit Conversions

The returned Quantity objects support easy unit conversions:

>>> from mendeleev import Al, Fe

>>> Al .melting_point_u

933.47 kelvin

>>> Al .melting_point_u.to('celsius')
660.3199999999997 degree_Celsius

>>> Al .melting_point_u.to('fahrenheit"')
1220.576 degree_Fahrenheit

>>> Fe.atomic_radius_u
126 picometer

(continues on next page)
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>>> Fe.atomic_radius_u.to('angstrom')
1.26 angstrom

6.6.5 Calculations with Units

pint Quantities support arithmetic while preserving dimensional correctness:

>>>
>>>

>>>
>>>
>>>
>>>
>>>
270

>>>
>>>

from mendeleev import Al
from mendeleev.models import ureg

# Mass = density x volume
density = Al.density_u
volume = 100 * ureg.milliliter

mass = density * volume
mass.to('gram')

.0 gram

from mendeleev import Fe

# Convert electron affinity to joules

>>> Fe.electron_affinity_u.to('joule"')
3.9342e-19 joule

(continued from previous page)

The ureg (pint UnitRegistry) is available from mendeleev.models if you need to create new quantities for calcula-
tions.

6.6.6 Error Handling

Properties without units raise AttributeError:

>>> from mendeleev import H
>>> H.symbol_u
Traceback (most recent call last):

AttributeError:

Properties with None values return None:

>>> H.melting_point

None

>>> H.melting_point_u

None

6.6.7 Supported Classes

The _u suffix works on these model classes:

Element — the main element class
IonicRadius
IonizationEnergy

Isotope

PhaseTransition
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e ScatteringFactor

6.6.8 Properties with Units

Element properties with units
Atomic properties:
e atomic_radius_u (pm) — Atomic radius
e atomic_radius_rahm_u (pm) — Atomic radius by Rahm et al.
* atomic_volume_u (cm?/mol) — Atomic volume
* atomic_weight_u (Da) — Relative atomic weight
e atomic_weight_uncertainty_u (Da) — Uncertainty in atomic weight
Abundance:
* abundance_crust_u (mg/kg) — Abundance in Earth’s crust
¢ abundance_sea_u (mg/L) — Abundance in seawater
Covalent radii:
e covalent_radius_bragg_u (pm) — Bragg covalent radius
* covalent_radius_cordero_u (pm) — Cordero covalent radius
e covalent_radius_pyykko_u (pm) — Pyykko single bond covalent radius
e covalent_radius_pyykko_double_u (pm) — Pyykko double bond covalent radius
e covalent_radius_pyykko_triple_u (pm) — Pyykkd triple bond covalent radius
Van der Waals radii:
e vdw_radius_u (pm) — Van der Waals radius
e vdw_radius_alvarez_u (pm) — Alvarez VAW radius
* vdw_radius_batsanov_u (pm) — Batsanov VdW radius
e vdw_radius_bondi_u (pm) — Bondi VAW radius
e vdw_radius_dreiding_u (pm) — Dreiding VAW radius
e vdw_radius_mm3_u (pm) — MM3 VdW radius
e vdw_radius_rt_u (pm) — RT VAW radius
e vdw_radius_truhlar_u (pm) — Truhlar VAW radius
e vdw_radius_uff_u (pm) — UFF VdW radius
Thermal properties:
* boiling_point_u (K) — Boiling point
* melting_point_u (K) — Melting point
e critical_temperature_u (K) — Critical temperature
e critical_pressure_u (MPa) — Critical pressure
e triple_point_temperature_u (K) — Triple point temperature

e triple_point_pressure_u (kPa) — Triple point pressure
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* evaporation_heat_u (kJ/mol) — Heat of vaporization
e fusion_heat_u (kJ/mol) — Heat of fusion
e heat_of_formation_u (kJ/mol) — Heat of formation
* molar_heat_capacity_u (J/mol/K) — Molar heat capacity
e specific_heat_capacity_u (J/g/K) — Specific heat capacity
e thermal_conductivity_u (W/m/K) — Thermal conductivity
Physical properties:
* density_u (g/cm®) — Density
e lattice_constant_u (A) — Lattice constant
e metallic_radius_u (pm) — Metallic radius
e metallic_radius_c12_u (pm) — Metallic radius (coordination 12)
Electronic properties:
 dipole_polarizability_u (bohr’) — Dipole polarizability
o dipole_polarizability_unc_u (bohr’) — Uncertainty in dipole polarizability
e electron_affinity_u (eV) — Electron affinity
* c6_u (hartree/bohr®) — Cg dispersion coefficient
* c6_gb_u (hartree/bohr®) — Cg dispersion coefficient (Gould-Bucko)
¢ hardness_u (eV) — Chemical hardness
¢ softness_u (1/eV) — Chemical softness
Electronegativity scales:
* electronegativity_allen_u (eV) — Allen electronegativity
+ electronegativity_allred_rochow_u (e*/pm?) — Allred-Rochow electronegativity
» electronegativity_cottrell_sutton_u (e3/pm°->) — Cottrell-Sutton electronegativity
e electronegativity_ghosh_u (1/pm) — Ghosh electronegativity
* electronegativity_gordy_u (e/pm) — Gordy electronegativity
e electronegativity_li_xue_u (1/pm) — Li-Xue electronegativity
» electronegativity_martynov_batsanov_u (eV’-’) — Martynov-Batsanov electronegativity
e electronegativity_mulliken_u (eV) — Mulliken electronegativity
e electronegativity_nagle_u (1/bohr) — Nagle electronegativity
e en_gunnarsson_lundgqvist_u (eV) — Gunnarsson-Lundqvist electronegativity
e en_miedema_u (V) — Miedema electronegativity
* en_robles_bartolotti_u (eV) — Robles-Bartolotti electronegativity
Chemical properties:
e gas_basicity_u (kJ/mol) — Gas basicity
e proton_affinity_u (kJ/mol) — Proton affinity

Economic properties:
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L]

price_per_kg_u (USD/kg) — Price per kilogram
production_concentration_u (%) — Production concentration
recycling_rate_u (%) — Recycling rate

reserve_distribution_u (%) — Reserve distribution

Miedema parameters:

miedema_molar_volume_u (cm?) — Miedema molar volume

Other classes with units

IonicRadius:

L]

charge_u (e) — lonic charge
crystal_radius_u (pm) — Crystal radius

ionic_radius_u (pm) — lonic radius

IonizationEnergy:

ion_charge_u (e) — Ion charge
ionization_energy_u (eV) — Ionization energy

uncertainty_u (eV) — Uncertainty in ionization energy

Isotope:

* mass_u (Da) — Isotopic mass

* mass_uncertainty_u (Da) — Uncertainty in isotopic mass

* quadrupole_moment_u (100 fm?) — Nuclear quadrupole moment

» quadrupole_moment_uncertainty_u (100 fm?) — Uncertainty in quadrupole moment
PhaseTransition:

* boiling_point_u (K) — Boiling point

e critical_pressure_u (MPa) — Critical pressure

e critical_temperature_u (K) — Critical temperature

* melting_point_u (K) — Melting point

e triple_point_pressure_u (kPa) — Triple point pressure

e triple_point_temperature_u (K) — Triple point temperature
ScatteringFactor:

L]

energy_u (eV) — Energy

6.6.9 See Also

* Tutorials — notebook tutorial on working with units

* Data reference — complete list of available properties

* Data access — how to fetch and query data

e pint documentation — full pint library docs

6.6. Working with Physical Units
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6.7 Electronegativities

Since electronegativity is useful concept rather than a physical observable, several scales of electronegativity exist and
some of them are available in mendeleev. Depending on the definition of a particular scale the values are either stored
directly or recomputed on demand with appropriate formulas. The following scales are stored:

e Allen

* Ghosh

* Gunnarsson-Lundgqvist
* Miedema

* Mullay

* Pauling

* Robles-Bartolotti

Moreover, there are electronegativity scales that can be computed from their respective definition and the atomic prop-
erties available in mendeleev:

* Allred-Rochow
* Cottrell-Sutton
e Gordy
e Li and Xue
* Martynov and Batsanov
* Mulliken
* Nagle
» Sanderson
For a short overview on electronegativity see this presentation.

All the examples shown below are for Silicon:

>>> from mendeleev import element
>>> Si = element('Si'")

6.7.1 Allen

The electronegativity scale proposed by Allen in ref [2] is defined as:

— Za: Na€x
XA = <=
Zz Ny

where: e, is the multiplet-averaged one-electron energy of the subshell x and n, is the number of electrons in subshell
z and the summation runs over the valence shell.

The values that are tabulated were obtained from refs. [35] and [36].

Example:

>>> Si.en_allen

11.33

>>> Si.electronegativity('allen')
11.33
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Allen's Electronegativity
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6.7.2 Alired and Rochow

The scale of Allred and Rochow [4] introduces the electronegativity as the electrostatic force exerted on the electron

by the nuclear charge:

XAR =

where: Z.g is the effective nuclear charge and 7 is the
Example:

>>> Si.electronegativity('allred-rochow')
0.00028240190249702736

Allred-Rochow's Electronegativity
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The scale proposed by Cottrell and Sutton [17] is derived from the equation:

Zeﬂ

Xcs =
T
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where: Z.g is the effective nuclear charge and r is the covalent radius.

Example:

>>> Si.electronegativity('cottrell-sutton')

0.18099342720014772

Cottrell-Sutton's Electronegativity
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Ghosh [19] presented a scale of electronegativity based on the absolute radii of atoms computed as

XGH :a(l/R)+b

where: R is the absolute atomic radius and a and b are empirical parameters.

Example:

>>> Si.en_ghosh
0.178503

Ghosh's Electronegativity
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6.7.5 Gordy

Gordy’s scale [21] is based on the potential that measures the work necessary to achieve the charge separation, according
to:

eZeft
r

XGg =

where: Z.g is the effective nuclear charge and r is the covalent radius.

Example:

>>> Si.electronegativity('gordy')
0.03275862068965517

Gordy's Electronegativity
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6.7.6 Gunnarsson-Lundqvist

The electronegativities calculated by Robles and Bartolotti [54] used a spin polarized density functional theory. Here
the values using the Gunnarsson-Lundqvist [23] approximation to the exchange-correlation functional are tabulated.

Gunnarsson-Lundqvist's Electronegativity

LR

Gunnarsson-Lundqvist

Atomic Number
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6.7.7 Li and Xue

Li and Xue [31, 32] proposed a scale that takes into account different valence states and coordination environment of
atoms and is calculated according to the following formula:

n*\/Ij/Ry

r

XLX =
where: n* is the effective principal quantum number, [; is the j’th ionization energy in eV, Ry is the Rydberg constant
in eV and r is either the crystal radius or ionic radius.

Example:

>>> Si.en_li_xue(charge=4)

{u'Iv': 13.16033405547733, u'VIi': 9.748395596649873}
>>> Si.electronegativity('li-xue', charge=4)

{u'Iv': 13.16033405547733, u'vVi': 9.748395596649873}

6.7.8 Martynov and Batsanov

Martynov and Batsanov [7] used the square root of the averaged valence ionization energy as a measure of electroneg-
ativity:

where: n,, is the number of valence electrons and [}, is the k th ionization potential.

Example:

>>> Si.en_martynov_batsanov()

5.0777041564076963

>>> Si.electronegativity(scale="martynov-batsanov')
5.0777041564076963

Martynov-Batsanov's Electronegativity
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6.7.9 Miedema

Miedema et. al. [18, 71] devised a semi-empirical theory that could predict formation enthalpies and other basic prop-
erties of various alloys. It is based on estimating quantitatively the enthalpy (energy) effects when bringing dissimilar
elements into contact, which will change the electron density at the so-called Wigner-Seitz cell boundary, and would
tend to shift their electron densities due to an electronegativity difference.

The enthalpy can be estimated with three critical parameters, i.e. the electronegativity difference A¢ (defined as
o4 — ¢pB), the electron-density discontinuity An%‘; which is the difference in the nyy g - the electron density based
on the volume of Wigner-Seitz atomic cells V/,,.

Atomic electronegativities ¢ are empirical parameters in this model and are tabulated in mendeleev.

Example:

>>> Si.en_miedema

Miedema's Electronegativity
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6.7.10 Mullay

Mullay’s orbital electronegativity in Pauling units was calculated according to formula (22) from [40]:
X5E = 1.67G2%/n? + 0.41
where: G is a linear function of the % p character p; of orbital i, z is the screened nuclear charge and n, is the Slater’s

effective principal quantum number.

Example:

>>> Si.en_mullay

1.91

>>> Si.electronegativity("mullay")
1.91
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Mullay's Electronegativity
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6.7.11 Mulliken

Mulliken scale [41] is defined as the arithmetic average of the ionization potential (I P) and the electron affinity (¥ A):

IP+ FEA
W=y

Example:

>>> Si.electronegativity_mulliken()
4.77060055

>>> Si.electronegativity('mulliken')
4.77060055

Mulliken's Electronegativity
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6.7.12 Nagle

Nagle [42] derived his scale from the atomic dipole polarizability:

n
— 3/
XN ”a
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Example:

>>> Si.electronegativity('nagle')
0.47505611644667534

Nagle's Electronegativity
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6.7.13 Pauling

Pauling’s thermochemical scale was introduced in [46] as a relative scale based on electronegativity differences:

XA —XB = \/Ed(AB) - % [Eq(AA) + Eq(BB)]

where: E4(XY) is the bond dissociation energy of a diatomic XY". The values available in mendeleev are taken from
ref. [25].

Example:

>>> Si.en_pauling

1.9

>>> Si.electronegativity('pauling')
1.9

Pauling's Electronegativity
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6.7.14 Robles-Bartolotti

The electronegativities calculated by Robles and Bartolotti [54] used a spin polarized density functional theory. Here
the values using the X, approximation to the exchange-correlation functional are tabulated.

Robles-Bartolotti's Electronegativity
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6.7.15 Sanderson
Sanderson [56, 57] established his scale of electronegativity based on the stability ratio:

_ P
Xs = —
Png
where: p is the average electron density p = WZP,/?), and py, is the average electron density of a hypothetical noble gas
atom with charge Z.

Example:

>>> Si.en_sanderson()
0.3468157872145231

>>> Si.electronegativity()
0.3468157872145231

Sanderson's Electronegativity
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6.7.16 Fetching all electronegativities

If you want to fetch all the available scales for all elements you can use the fetch_electronegativities function,
that collect all the values into a DataFrame.

6.8 API Overview

This page helps you choose the right function or class for your task, explains the main components, and shows common
usage patterns.

On this page

* Decision Guide

* Quick Reference
— Most Common Functions
— Most Useful Element Properties
— Available Database Tables

e Architecture

* Main Components

— 1. Element Access Functions

2. Data Fetching Functions
3. Data Models

4. Visualization Functions

5. Electronegativity Functions

6. Database Functions

Common Usage Patterns

Type Hints

Error Handling
* See Also

Next Steps

6.8.1 Decision Guide

What do you want to do?

— Get data for ONE element
L> Use element('Symbol")

— Get data for MANY elements
L> Use fetch_table('elements")

— Get isotope data

(continues on next page)
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— Work with ions

I: For one isotope

L> Use isotope('Symbol', mass_number)
For all isotopes of element
L> Use element('Symbol').isotopes

L> Use Ion('Symbol', charge=N)

— Create visualizations
L> Use periodic_table(...)

— Compare electronegativity scales
L> Use fetch_electronegativities([scales])

.- Direct database queries

L> Use get_session() (advanced)

6.8.2 Quick Reference

Most Common Functions

(continued from previous page)

Function Purpose Returns
element(id) Get element by symbol/name/number Element
fetch_table(name) Get database table as DataFrame DataFrame
isotope(el, mass) Get specific isotope Isotope
periodic_table(...) Create visualization Plot/Figure
Ion(el, charge) Create ionic species Ton
Most Useful Element Properties
Property Description Unit Example
atomic_number Atomic number — 14
atomic_weight Atomic weight Da 28.085
atomic_radius Atomic radius (Slater) pm 132
electronegativity_pau Pauling electronegativity — 1.9
electron_affinity Electron affinity eV 1.39
ionization_energies Ionization energies eV [8.15, ...]
melting_point Melting point K 1683
boiling_point Boiling point K 2628
density Density at 295K g/cm? 2.33
isotopes List of isotopes — [Isotope, ...]
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Available Database Tables

Table Name Contents

elements All element data (main table)

isotopes Isotope data with masses, abundances, half-lives
ionicradii Tonic radii for various oxidation states
ionizationenergies Successive ionization energies
oxidationstates Possible oxidation states
screeningconstants Nuclear screening constants

groups Periodic table group information

series Element series (alkali metals, noble gases, etc.)
propertymetadata Metadata about properties (units, sources, citations)
isotopedecaymodes Isotope decay modes and branching ratios
phasetransitions Phase transition data

scattering_factors

X-ray and neutron scattering factors

6.8.3 Architecture

The mendeleev package is organized into several layers:

User-Facing API

Data Models

Database Layer

— Element, Isotope, Ion
—— IonicRadius, IonizationEnergy
L— Other property classes

— Element Access (element, isotope)
—— Bulk Data (fetch_table, fetch_*)
L— Visualization (periodic_table)

L SQLite database (elements.db)

6.8.4 Main Components

1. Element Access Functions

High-level functions for accessing individual elements and isotopes.

element

Primary function for getting element data by symbol, name, or atomic number. Use this for most element access

needs.

isotope

Get specific isotope data by element and mass number.

get_all_elements

Get a list of all elements. Note: For data analysis, use fetch_table instead.

Example:

from mendeleev import element

# Get silicon by symbol

(continues on next page)
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(continued from previous page)

si = element('Si'")
print(si.atomic_radius) # 132

# Get multiple elements
c, h, o = element(['C', 'H', '0'])

2. Data Fetching Functions
Functions for bulk data access, returning pandas DataFrames.

fetch_table
Fetch any database table as a DataFrame. Most versatile bulk access function. Available tables:
elements, isotopes, ionicradii, ionizationenergies, oxidationstates, screeningconstants,
series, groups, propertymetadata.

fetch_electronegativities
Get electronegativity data across multiple scales.

fetch_ionization_energies
Get ionization energy data for specific degrees.

fetch_ionic_radii
Get ionic radii data with different radius types.

Example:

from mendeleev import fetch_table

# Get all elements as DataFrame
elements = fetch_table('elements')

# Filter and analyze
noble_gases = elements[elements['group_id'] == 18]
print(noble_gases[['symbol', 'name', 'boiling_point']])

3. Data Models
Object-oriented representations of chemical entities and properties.
Core Models:

Element
The main element class with 80+ properties and methods. Access via element ().

Isotope
Isotope data including mass, abundance, half-life, and decay modes. Access via isotope() or element.
isotopes.

Ion
Ionic species with charge-dependent properties. Create with Ion('Fe', charge=2).

Property Models:

IonicRadius
ITonic radii for different oxidation states and coordination numbers.

IonizationEnergy
Successive ionization energies.
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OxidationState
Possible oxidation states for elements.

PropertyMetadata
Metadata about properties including units, sources, and citations.

4. Visualization Functions

Functions for creating interactive periodic table visualizations.

periodic_table
Main function for creating customizable periodic tables. Supports multiple backends: bokeh, plotly, seaborn.

Backends:
» mendeleev.vis.bokeh - Interactive Bokeh visualizations
» mendeleev.vis.plotly - Interactive Plotly visualizations
» mendeleev.vis.seaborn - Static matplotlib/seaborn visualizations

Example:

from mendeleev.vis import periodic_table

# Create interactive periodic table colored by property
periodic_table(colorby="atomic_radius', backend='plotly')

5. Electronegativity Functions
Functions for computing various electronegativity scales.

mendeleev.electronegativity
Module containing functions for 15+ electronegativity scales:

¢ Stored scales: Access via element.en_pauling, element.en_allen, etc.
¢ Computed scales: Functions like mulliken(), sanderson(), etc.

See Electronegativities for detailed scale descriptions.

6. Database Functions
Low-level database access (advanced users).

get_session
Get SQLAIchemy session for direct database queries.

get_engine
Get SQLAIchemy engine.

Note: Most users should use element () or fetch_table() instead.

6.8.5 Common Usage Patterns

The Quick Start guide provides copy-paste examples for common tasks. This section summarizes which function to
use for each use case.
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Use case Function See also

Get properties for one ele- element() Quick Start

ment

Bulk data across all ele- fetch_table() Quick Start

ments

Isotope data isotope() / .isotopes  Quick Start

Ion properties Ion() Quick Start
Periodic table plots periodic_table() Tutorials
Electronegativity compar- fetch_electronegativi- Electronegativities
ison

Property metadata lookup  fetch_table('propertyr Accessing data

6.8.6 Type Hints

The mendeleev API uses type hints extensively. Here are the main types:

from typing import Union, List

from mendeleev.models import Element, Isotope
from mendeleev.ion import Ion

import pandas as pd

# Element access
element (ids: Union[int, str]) -> Element
element(ids: Union[List, Tuple]) -> List[Element]

# Isotope access
isotope(symbol_or_atn: Union[str, int], mass_number: int) -> Isotope

# Bulk data
fetch_table(table: str) -> pd.DataFrame

# Ions
Ion(label: Union[str, int], charge: int) -> Ion

6.8.7 Error Handling

Common exceptions and how to handle them:

ValueError: Element not found

from mendeleev import element

try:
el = element('Unobtanium')
except ValueError as e:
print(f"Element not found: {e}")

ValueError: Invalid charge for ion

from mendeleev.ion import Ion

try:

(continues on next page)

88 Chapter 6. Citing mendeleev



mendeleev Documentation, Release 1.3.0

(continued from previous page)

# Charge too large

ion = Ion('H', charge=5)
except ValueError as e:

print(£f"Invalid charge: {e}'")

NoResultFound: Isotope not found

from mendeleev import isotope
from sqlalchemy.exc import NoResultFound

try:
# Non-existent isotope
iso = isotope('C', 999)
except NoResultFound:
print("Isotope not found")

6.8.8 See Also

* Accessing data - Detailed guide on accessing data
* Data - Complete property reference

* Tutorials - Step-by-step tutorials

* API Reference - Complete API reference

e Troubleshooting - Common issues and solutions

6.8.9 Next Steps

New Users: Start with the quick start guide and tutorials.
Data Analysis: Learn about bulk data access.
Visualization: Explore visualization tutorials.

Advanced: Read the full API Reference.

6.9 API Reference

Here you’ll find API documentation of the mendeleev’s modules. For most users it’ll be enough to use the high-level
API provided by the classes below. For more advanced use cases you can use the lower-level functions and classes
across the modules.

O Tip

New to the API? Start with the AP/ Overview for architecture explanations, usage patterns, and a decision guide to
help you choose the right functions.

6.9.1 Models

Element
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class Element (**kwargs)

Chemical element.
For full list of available data with references see Data and data acess for documentation on accessing data.
Parameters

abundance_crust : float
Abundance in the earth’s crust in mg/kg

abundance_sea : float
Abundance in the seas in mg/L

atomic_number : int
Atomic number

atomic_radius : float
Atomic radius in pm

atomic_radius_rahm : float
Atomic radius by Rahm et al. in pm

atomic_volume : float
Atomic volume in cm3/mol

atomic_weight : float
Relative atomic weight as the ratio of the average mass of atoms of the element to 1/12 of
the mass of an atom of 12C

block : str
Block in periodic table, s, p, d, f

boiling_point : float
Boiling temperature in K

c6 : float
C_6 dispersion coeflicient in a.u. from X. Chu & A. Dalgarno, J. Chem. Phys., 121(9), 4083-
4088 (2004) doi: 10.1063/1.1779576, and the value for Hydrogen was taken from K. T. Tang,
J. M. Norbeck and P. R. Certain, J. Chem. Phys. 64, 3063 (1976), doi:10.1063/1.432569

c6_gb : float
C_6 dispersion coeflicient in a.u. from Gould, T., & Bucko, T. (2016). JCTC, 12(8), 3603-
3613. http://doi.org/10.1021/acs.jctc.6b00361

cas : str
Chemical Abstracts Service identifier

covalent_radius_bragg : float
Covalent radius in pm from

covalent_radius_cordero : float
Covalent radius in pm from Cordero, B., Gémez, V., Platero-Prats, A. E., Revés, M., Echev-
erria, J., Cremades, E., ... Alvarez, S. (2008). Covalent radii revisited. Dalton Transactions,
(21), 2832. doi:10.1039/b801115j

covalent_radius_pyykko : float
Single bond covalent radius in pm Pyykko, P., & Atsumi, M. (2009). Molecular Single-
Bond Covalent Radii for Elements 1-118. Chemistry - A European Journal, 15(1), 186-197.
doi:10.1002/chem.200800987

covalent_radius_pyykko_double : float
Double bond covalent radius in pm from P. Pyykko et al.
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covalent_radius_pyykko_triple : float
Triple bond covalent radius in pm from P. Pyykké et al.

cpk_color : str
CPK color of the atom in HEX, see http://jmol.sourceforge.net/jscolors/#color_U

density : float
Density at 295K in g/cm3

description: str
Short description of the element

dipole_polarizability : float
Dipole polarizability in atomic units

dipole_polarizability_unc : float
Uncertainty of the dipole polarizability

discoverers : str
The discoverers of the element

discovery_location : str
The location where the element was discovered

discovery_year : int
The year the element was discovered

electron_affinity : float
Electron affinity in eV

electrophilicity : float
Parr’s electrophilicity index

econf : str
Ground state electron configuration

en_allen: float
ELectronegativity by Allen

en_ghosh : float
Electronegativity by Ghosh

en_miedema : float
Electronegativity by Miedema

en_mullay : float
Electronegativity by Mullay

en_pauling : float
Electronegativity by Pauling

evaporation_heat : float
Evaporation heat in kJ/mol

fusion_heat : float
Fusion heat in kJ/mol

gas_basicity : float
Gas basicity

geochemical_class : str
Geochemical classification of the elements
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glawe_number : int
Glawe number (scale)

goldschmidt_class : str
Goldschmidt classification of the elements

group_id: int
Group number

heat_of_formation : float
Heat of formation in kJ/mol

inchi : str
International Chemical Identifier

is_monoisotopic : bool
A flag marking if the element is monoisotopic

jmol_color : str
Color of the atom as used in Jmol, in HEX, see http://jmol.sourceforge.net/jscolors/#color_U

lattice_constant : float
Lattice constant in ang

lattice_structure: str
Lattice structure code

mass : float
Relative atomic mass. Ratio of the average mass of atoms of the element to 1/12 of the mass
of an atom of 12C

mendeleev_number : int
Mendeleev number

melting point : float
Melting temperature in K

metallic_radius : float
Single-bond metallic radius or metallic radius, have been calculated by Pauling using inter-
atomic distances and an equation relating such distances with bond number

metallic_radius_c12 : float
Metallic radius obtained by Pauling with an assumed number of nearest neighbors equal to
12

molar_heat_capacity : flaot
Molar heat capacity in J/mol K

molcas_gv_color : str
Color of an atom in HEX from MOLCAS GV http://www.molcas.org/GV/

name : str
Name in English

name_origin : str
Origin of the name

nist_webbook_url : str

URL for the NIST Chemistry WebBook
period: int

Period in periodic table
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pettifor_number : int
Pettifor scale

price_per_kg: float
Price per kg in USD

proton_affinity : float
Proton affinity

series: int
Index to chemical series

sources : str
Sources of the element

specific_heat_capacity : float
Specific heatin J/g K @ 20 C

symbol : str
Chemical symbol

thermal_conductivity : float
Thermal conductivity in @/m K @25 C

uses : str
Uses of the element

vdw_radius : float
Van der Waals radius in pm from W. M. Haynes, Handbook of Chemistry and Physics 95th
Edition, CRC Press, New York, 2014, ISBN-10: 1482208679, ISBN-13: 978-1482208672.

vdw_radius_bondi : float
Van der Waals radius according to Bondi in pm

vdw_radius_truhlar : float
Van der Waals radius according to Truhlar in pm

vdw_radius_rt : float
Van der Waals radius according to Rowland and Taylor in pm

vdw_radius_batsanov : float
Van der Waals radius according to Batsanov in pm

vdw_radius_dreiding : float
Van der Waals radius from the DREIDING force field in pm

vdw_radius_uff : float
Van der Waals radius from the UFF in pm

vdw_radius_mm3 : float
Van der Waals radius from MM3 in pm

oxistates: list
Oxidation states

ionenergies : dict
Ionization energies in eV

abundance_crust
abundance_sea

atomic_number
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atomic_radius
atomic_radius_rahm
atomic_weight
atomic_weight_uncertainty
block

cas

covalent_radius_bragg
covalent_radius_cordero
covalent_radius_pyykko
covalent_radius_pyykko_double
covalent_radius_pyykko_triple
c6

c6_gb

cpk_color

density

description
dipole_polarizability
dipole_polarizability_unc
discoverers
discovery_location
discovery_year
electron_affinity
en_allen

en_ghosh

en_miedema

en_mullay

en_pauling
en_gunnarsson_lundqvist
en_robles_bartolotti
econf

evaporation_heat
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fusion_heat
gas_basicity
geochemical_class
glawe_number
goldschmidt_class
group_id

group
heat_of_formation
is_monoisotopic
is_radioactive
jmol_color
lattice_constant
lattice_structure
mendeleev_number
metallic_radius
metallic_radius_cl2
miedema_molar_volume
miedema_electron_density
molar_heat_capacity
molcas_gv_color

name

name_origin

period
pettifor_number
price_per_kg
proton_affinity

series = ColumnAssociationProxyInstance(AssociationProxy('_series', 'name'))
sources
specific_heat_capacity
symbol

thermal_conductivity
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uses

vdw_radius
vdw_radius_alvarez
vdw_radius_bondi
vdw_radius_truhlar
vdw_radius_rt
vdw_radius_batsanov
vdw_radius_dreiding
vdw_radius_uff
vdw_radius_mm3
political_stability_of_top_producer
political_stability_of_top_reserve_holder
production_concentration
recycling_rate
relative_supply_risk
reserve_distribution
substitutability
top_3_producers
top_3_reserve_holders
ionic_radii

isotopes
phase_transitions
scattering_factors
screening_constants

init_on_load() — None

Initialize the ElectronicConfiguration class as attribute of self

atomic_volume
Atomic volume in cm3/mol

specific_heat

Alias for specific_heat_capacity for backwards compatibility
inchi

International Chemical Identifier.

See: https://en.wikipedia.org/wiki/International _Chemical_Identifier
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isotope(mass_number: int) — Isotope

Return the isotope with the given atomic mass number.

Examples:

>>> from mendeleev import H

>>> H.isotopes

[<Isotope(Z=1, A=1, mass=1.00782503190(1), abundance=99.986(8))>,
<Isotope(Z=1, A=2, mass=2.01410177784(2), abundance=0.015(8))>,
<Isotope(Z=1, A=3, mass=3.01604928132(8), abundance=None)>,
<Isotope(Z=1, A=4, mass=4.0264(1), abundance=None)>,
<Isotope(Z=1, A=5, mass=5.03531(10), abundance=None)>,
<Isotope(Z=1, A=6, mass=6.0450(3), abundance=None)>,
<Isotope(Z=1, A=7, mass=7.053(1), abundance=None)>]

>>> H.isotope(2)

<Isotope(Z=1, A=2, mass=2.01410177784(2), abundance=0.015(8))>

property boiling_point : float | None
Proxy for boiling point from the PhaseTransition object.

For elements with a single allotrope return the boiling point, for elements with multiple allotropes where
the boiling points are equal return the boiling point, otherwise return None.

property melting_point : float | None
Proxy for melting point from the PhaseTransition object.

For elements with a single allotrope return the melting point, for elements with multiple allotropes where
the melting points are equal return the melting point, otherwise return None.

property nist_webbook_url : str
URL for the NIST Chemistry WebBook
electrons
Return the number of electrons.
protons
Return the number of protons.
mass
Alias for atomic_weight.
mass_str() — str
String representation of atomic weight
covalent_radius
Return the default covalent radius i.e. covalent_radius_pyykko
hardness(charge: int = ® — float | None
Return the absolute hardness, calculated as

Parameters

charge: int =0
Charge of the cation for which the hardness will be calculated.

0. : Default is
_IE-FEA

2
where:
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» [ FE is the ionization energy,
e E A is the electron affinity

softness(charge: int = @ — float | None
Return the absolute softness.

Parameters
charge: int =0
Charge of the cation for which the hardness will be calculated
1
S=_—

2n
where :

* 7 is the absolute hardness
oxidation_states(category: str = ‘main’) — list[int]
Utility method for accessing oxidation states.

Parameters

category : str
Category of oxidation state, Either - main - for main, most common, oxidataion states -
extended - for less common oxidation states - all - all oxidation states
zeff (n: int = None, o: str = None, method: str = 'slater’, alle: bool = False) — float | None
Return the effective nuclear charge for (n, s)

Parameters
method: str = 'slater’'
Method to calculate the screening constant, the choices are

* slater, for Slater’s method as in Slater, J. C. (1930).
Atomic  Shielding  Constants. Physical = Review, 36(1), 57-64.
doi:10.1103/PhysRev.36.57
* clementi for values of screening constants from Clementi, E.
& Raimondi, D. L. (1963). Atomic Screening Constants from SCF Functions. The
Journal of Chemical Physics, 38(11), 2686. doi:10.1063/1.1733573 and Clementi, E.
(1967). Atomic Screening Constants from SCF Functions. II. Atoms with 37 to 86
Electrons. The Journal of Chemical Physics, 47(4), 1300. doi:10.1063/1.1712084
n: int = None
Principal quantum number
0: str = None
Orbital label, (s, p, d, ...)

alle: bool = False

Use all the valence electrons, i.e. calculate screening for an extra electron when
method="slater’, if method="clementi’ this option is ignored

electrophilicity() — float | None

Calculate electrophilicity index
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electronegativity_scales(name: sir = None) — Callable | list[str]

Available electronegativity scales
electronegativity(scale: str = pauling’, **kwargs) — float
Calculate the electronegativity using one of the methods

Parameters

scale: str = "pauling'
Name of the electronegativity scale, one of

**kwargs
keyword arguments that are passed to compute a specific electronegativity

electronegativity_allen() — float
Allen’s electronegativity

electronegativity_allred_rochow(radius='covalent_radius_pyykko" — float
Allred-Rochow’s electronegativity

electronegativity_cottrell_sutton(radius='covalent_radius_pyykko") — float

Cottrell-Sutton’s electronegativity

electronegativity_gordy (radius='covalent_radius_pyykko") — float

Gordy’s electronegativity

electronegativity_ghosh() — float
Ghosh’s electronegativity

electronegativity_li_xue(charge: inf = 1, radius: str = 'crystal_radius") — dict[tuple[str, str], float]
Calculate the electronegativity of an atom according to the definition of Li and Xue

Parameters

charge: int=1
charge of the ion
radius: str = 'crystal_radius'

type of radius to be used in the calculation, either crystal_radius as recommended in
the paper or ionic_radius

Returns

dictionary with electronegativities as values and
coordination string as keys or tuple of coordination and spin if the ion is LS or HS

Return type
out (dict)
electronegativity_martynov_batsanov() — float

Calculates the electronegativity value according to Martynov and Batsanov as the average of the ionization
energies of the valence electrons

where:
¢ n, is the number of valence electrons

e [} is the k th ionization potential.
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electronegativity_mulliken(charge: int = 0, missing_is_zero: bool = False) — float

Return the absolute electronegativity (Mulliken scale).
Parameters

charge: int =0
charge of the ion

missing_is_zero: bool = False
if True treat missing ionization energies and electron affinities as zero

The value of electonegativity is calculated as:
chi = frac{l + A}{2}
where:
* [ is the ionization energy,
e A is the electron affinity
electronegativity_nagle() — float
Nagle’s electronegativity
electronegativity_mullay() — float
Mullay’s electronegativity
electronegativity_pauling() — float
Pauling’s electronegativity
electronegativity_sanderson(radius: sir = 'covalent_radius_pyykko" — float
Sanderson’s electronegativity

Parameters

radius: str = 'covalent_radius_pyykko'
radius to use in the calculation

nvalence(method: str = None) — int

Return the number of valence electrons
oxides () — list[str]

Return a list of possible oxides based on the oxidation number
__init__ (**kwargs)

A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

ElectronicConfiguration

class ElectronicConfiguration(conf: str | dict = None, atomre: str = None, shellre: str = None)
Electronic configuration handler

noble={'Ar': 'l1s2 2s2 2p6 3s2 3p6', 'He': 'ls2', 'Kr':

'1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6', 'Ne': '1ls2 2s2 2p6', 'Rn':

'1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6 6s2 4f14 5d10 6p6', 'Xe':
'1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6'}
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__init__(conf: str | dict = None, atomre: str = None, shellre: str = None)
property conf : OrderedDict
Return the configuration

property atomre : Pattern
Regular expression for atomic symbols
property shellre : Pattern
Regular expression for the shell
parse(string: str) — None
Parse a string with electronic configuration into an OrderedDict representation

get_largest_core() — tuple

Find the largest noble gas core possible for the current configuration and return the symbol of the corre-
sponding noble gas element.

get_valence()

Find the valence configuration i.e. remove the largest noble gas core from the current configuration and
return the result.

sort (inplace: bool = True)
Sort the occupations OD

electrons_per_shell () — dict[str, int]
Return number of electrons per shell as dict
shell2int () — list[tuple[int]]
configuration as list of tuples (n, 1, e)

max_n() — int

Return the largest value of principal quantum number for the atom
max_1(n: inr) — int

Return the largest value of azimutal quantum number for a given value of principal quantum number
Parameters

n: int
int Principal quantum number
Returns
int
Azimutal quantum number

Return type
1

last_subshell (wrt: str = 'order")
Return the valence shell

nvalence (block: str, period: int, method: str = None) — int
Return the number of valence electrons

ne() — int
Number of electrons
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unpaired_electrons() — int

Number of unpaired electrons
ionize(n: int=1)
Remove n electrons from and return a new ElectronicConfiguration object

spin_occupations()

For each subshell calculate the number of alpha, beta electrons, electron pairs and unpaired electrons

spin_only_magnetic_moment () — float

Return the magnetic moment insluding only spin of the electrons and not the angular momentum

slater_screening(n: int, o: str, alle: bool = False)

Calculate the screening constant using the approach introduced by Slater in Slater, J. C. (1930). Atomic
Shielding Constants. Physical Review, 36(1), 57-64. doi:10.1103/PhysRev.36.57

Parameters

n: int
int Principal quantum number

0: str
str orbtial label, (s, p, d, ...)

alle: bool = False
bool Use all the valence electrons, i.e. calculate screening for an extra electron

to_str() — str

Return a string with the configuration

Group

class Group (**kwargs)

Name of the group in the periodic table.
Parameters

group_id : int
group number

symbol
(str): group symbol
name : str
group name
group_id
symbol
name

__init__ (**kwargs)

A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.
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lon

class Ion(label, g=1)
Class representating atomic ions

__init__(label, q=1)
property (: int

property Z:int

property charge : int
property electrons: int
property name : str
property ie: float
property ea: float
property radius : list[float]
unicode_ion_symbol () — str

Return a unicode string symbol of the ion

ionic_potential (radius_most_reliable: bool = True) — float

Calculate the ionic potential
Parameters

radius_most_reliable: bool = True
flag to use the most reliable ionic radius, default is True

lonicRadius

class IonicRadius(**kwargs)

Effective ionic radii and crystal radii in pm retrieved from'.
Parameters

atomic_number : int
Atomic number

charge : int
Charge of the ion

econf : str
Electronic configuration of the ion

coordination : str
Type of coordination

spin: str
Spin state: HS - high spin, LS - low spin

crystal_radius : float
Crystal radius in pm

! Shannon, R. D. (1976). Revised effective ionic radii and systematic studies of interatomic distances in halides and chalcogenides. Acta Crys-
tallographica Section A. doi:10.1107/S0567739476001551
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ionic_radius : float
Ionic radius in pm

origin: str
Source of the data

most_reliable : bool
Most reliable value (see reference)

id

atomic_number

charge

econf

coordination

spin

crystal_radius

ionic_radius

origin

most_reliable

—_init__(**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

lonizationEnergy

class IonizationEnergy(**kwargs)
Ionization energies of an element

Parameters

atomic_number : int
Atomic number

ionization_energy : float
Ionization energy in eV

energy : float
alias for ionization_energy

ground_configuration : str
Ground state electronic configuration

ground_level : str
Term symbol and J value for the largest component in the calculated eigenvector of the
ground level.

ground_shells : str
Ground state shells
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ion_charge : int
Charge of the ion, i.e. the degree of ionization with respect to neutral atom

degree : int
Degree of ionization, equal to ion_charge + 1.

ionized_level : str
Configuration, term, and J value corresponding to the ground state of the next ion

is_semi_empirical : bool
Flag indicating that the energy is determined by interpolation, extrapolation, or other semi-
empirical procedure relying on some known experimental values.

is_theoretical : bool
Flag indicating that the energy have been determined from an ab-initio calculation, or are
otherwise not derived from evaluated experimental data

isoelectonic_sequence : str
Isoelectronic sequence

references : str
References

species_name : str
Name of the species

uncertainty : float
Uncertainty in the ionization energy

Data parsed from http://physics.nist.gov/cgi-bin/ASD/ie.pl on October 19, 2024.
id

atomic_number
ground_configuration
ground_level
ground_shells
ion_charge
ionization_energy
ionized_level
is_semi_empirical
is_theoretical
isoelectonic_sequence
references
species_name
uncertainty

degree
ion_charge + 1 provided for backwards compatibility
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energy

Alias for ionization_energy for backwards compatibility
__init__ (**kwargs)

A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,

any mapped columns or relationships.

Isotope

class Isotope(**kwargs)

Parameters

abundance : float
Abundance of the isotope

abundance_uncertainty : float
Abundance uncertainty

atomic_number : int
Atomic number

discovery_year : int
Year the isotope was discovered

g_factor : float
Dimensionless magnetic moment

g_factor_uncertainty : float
Uncertainty for the g_factor

half life: float
Half life time

half_life_uncertainty : float
Uncertainty for the half_life

half_life_unit: str
Unit for the half life time

is_radioactive : bool
A flag marking wheather the isotope is radioactive

mass : float
Mass of the isotope

mass_number : int
Mass number of the isotope

mass_uncertainty : float
Uncertainty of the mass value

parity : str
Parity, if present, it can be either + or -

quadrupole_moment : float
Quadrupole moment

quadrupole_moment_uncertainty : float
Uncertainty for the quadrupole_moment
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spin: str
Nuclear spin

id

abundance
abundance_uncertainty
atomic_number
discovery_year
g_factor
g_factor_uncertainty
half_life
half_life_uncertainty
half life unit
is_radioactive

mass

mass_number
mass_uncertainty
parity
quadrupole_moment
quadrupole_moment_uncertainty
spin

element

decay_modes

is_stable

Flag to indicate whether the isotope is stable

property half_life_u: Quantity | None
Half life time as pint.Quantity with units

__init__(**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.
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IsotopeDecayMode

class IsotopeDecayMode (**kwargs)

Parameters

mode : str
ASCII symbol for the decay mode

relation: str
one of =, ~, <, > marking the intensity value

intensity : float
intensity value

is_allowed_not_observed : bool
if True it means that the decay mode is energetically allowed, but not experimentally ob-
served

is_observed_intensity_unknown : bool
if True it means that the decay mode is observed, but its intensity is not experimentally
known

id
isotope_id
mode
relation
intensity
is_allowed_not_observed
is_observed_intensity_unknown
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

OxidationState

class OxidationState(**kwargs)

Oxidation states of an element
Parameters

atomic_number : int
Atomic number

oxidation_state: int
Oxidation state

category : str
Either main or extended flag to indicate the type of oxidation state.

id
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atomic_number
oxidation_state
category
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

ScatteringFactor

class ScatteringFactor (**kwargs)
Atomic scattering factors

Parameters

atomic_number : int
Atomic number

energy : float
Energy in eV

£1 : float
Scattering factor f1

£2 : float
Scattering factor 2

f1 and f, are the atomic (forward) scattering factors. There are 500+ points on a uniform logarithmic mesh with
points added 0.1 eV above and below “sharp” absorption edges. (Note: below 29 eV f is set equal to -9999.) The
tabulated values of f; contain a relativistic, energy independent, correction given by, Z* = Z — (Z/82.5)2:37.

The atomic photoabsorption cross section, u,, may be readily obtained from the values of f5 using the relation,
Ha =210 A" fa

where rg is the classical electron radius, and A is the wavelength.

The index of refraction for a material with N atoms per unit volume is calculated by,
nzl—N'To')\2'(f1 +Zf2)/(27'r)

These (semi-empirical) atomic scattering factors are based upon photoabsorption measurements of elements in
their elemental state. The basic assumption is that condensed matter may be modeled as a collection of non-
interacting atoms. This assumption is in general a good one for energies sufficiently far from absorption thresh-
olds. In the threshold regions, the specific chemical state is important and direct experimental measurements
must be made.

These tables are based on a compilation of the available experimental measurements and theoretical calculations.
For many elements there is little or no published data and in such cases it was necessary to rely on theoretical
calculations and interpolations across Z. In order to improve the accuracy in the future considerably more exper-
imental measurements are needed.

id
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atomic_number
energy
f1
£2
—_init__(**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

ScreeningConstant

class ScreeningConstant (**kwargs)

Nuclear screening constants from Clementi, E., & Raimondi, D. L. (1963). Atomic Screening Constants from
SCF Functions. The Journal of Chemical Physics, 38(11), 2686. doi:10.1063/1.1733573 and Clementi, E.
(1967). Atomic Screening Constants from SCF Functions. II. Atoms with 37 to 86 Electrons. The Journal
of Chemical Physics, 47(4), 1300. doi:10.1063/1.1712084

Args::
atomic_number (int): Atomic number n (int): Principal quantum number s (str): Subshell label, (s, p, d,
...) screening (float): Screening constant

id
atomic_number
n
s
screening
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

Series

class Series(**kwargs)
Name of the series in the periodic table.

Parameters

name : str
Name of the series

color : str
The HEX representation of a color of the series, the colors were obtained from Color-
Brewer the qualitative 10-class paired colormap
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id
name
color
__init__(**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

PhaseTransition

class PhaseTransition(**kwargs)

Phase Transition Conditions
Parameters

atomic_number : int
Atomic number

boiling_point : float
Boiling point in K

melting point : float
Melting points in K

critical_temperature : float
Critical temperature in K

critical_pressure : float
Critical pressure in MPa

triple_point_temperature : float
Temperature in K of the triple point

triple_point_pressure : float
Pressure in kPa of the triple point

alotrope : str
Allotrope

id

atomic_number
boiling_point
melting_point
critical_temperature
critical_pressure
triple_point_temperature
triple_point_pressure

allotrope
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is_sublimation_point
is_transition
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

PropertyMetadata

class PropertyMetadata(**kwargs)
Metadata for properties of elements and isotopes.

Parameters

annotations : str
Additional information about the property.

attribute_name : str
Name of the attribute of the ORM class.

category : str
Category of the property.

citation_keys : str
Comma separated list of citation keys. See references.bib for full bibliography.

class_name : str
Name of the ORM class.

column_name : str
Name of the column in the database.

description: str
Description of the property.

table_name : str
Name of the table in the database.

unit : str
Unit of the property.

value_origin : ValueOrigin
Origin of the value, either stored or computed.

id

annotations
attribute_name
category
citation_keys
class_name

column_name
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description
table_name
unit
value_origin

__init__ (**kwargs)

A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,

any mapped columns or relationships.

6.9.2 Core Modules

High-level functions and classes for accessing element data.

mendeleev.mendeleev

mendeleev. fetch
mendeleev.ion

Entry point for the Mendeleev package for instantiating
elements and isotopes.

Utility functions to fetch data from the database in bulk
Module defining the database models for ions.

mendeleev.mendeleev

Entry point for the Mendeleev package for instantiating elements and isotopes.

Functions

_get_element(ids)

deltaN(idl, id2[, chargel, charge2, ...])

element(ids)

get_all_elements()

get_attribute_for_all_elements(attribute)

ids_to_attr(ids[, attr])

isotope(symbol_or_atn, mass_number)

Return an element from the database based on the ids
identifier passed.

Calculate the approximate fraction of transferred elec-
trons between elements or ions id/ and id2 with charges
chargel and charge?2 respectively according to the ex-
pression

Based on the type of the ids identifier return either an
Element object from the database, or a list of Element
objects if the ids is a list or a tuple of identifiers.

Get all elements as a list

Get a list of from a single attribute of all elements in the
database.

Convert the element ids: atomic numbers, symbols, el-
ement names or a combination of the above to a list of
corresponding attributes.

Get an Isotope based on the element symbol and mass
number or atomic number and mass number.

get_all_elements() — list[Element]
Get all elements as a list

get_attribute_for_all_elements(attribute: st7) — list

Get a list of from a single attribute of all elements in the database.
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element (ids: int | str) — Element

Based on the type of the ids identifier return either an EIlement object from the database, or a list of Element
objects if the ids is a list or a tuple of identifiers. Valid identifiers for an element are: name, symbol, and atomic

number.
Parameters
ids : str
element identifier
Raises
ValueError — when the identifier is not a list/tuple, int or str
Example

The element can be identified by symbol

>>> from mendeleev import element
>>> si = element('Si')

>>> si.atomic_number

14

by the atomic number

>>> al = element(13)
>>> al.name
'"Aluminum’

or by the name

>>> o0 = element('Oxygen')
>>> 0.symbol
IOI

Mutiple elements can be instantiated simultaneously through as combination of identifiers

>>> ¢, h, o = element(['C', 'Hydrogen', 8])
>>> print(c.name, h.name, o.name)
Carbon Hydrogen Oxygen

isotope(symbol_or_atn: str | inf, mass_number: int) — Isotope
Get an Isotope based on the element symbol and mass number or atomic number and mass number.

Parameters

symbol_or_atn : str or int
either element symbol or atomic number

mass_number : int
mass number of the isotope

Returns
isotope instance

Return type
isotope (Isotope)
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mendeleev.fetch

Utility functions to fetch data from the database in bulk

Functions

fetch_electronegativities([scales]) Fetch electronegativity scales for all elements as
pandas.DataFrame

fetch_ionic_radii([radius]) Fetch a pandas DataFrame with ionic radii for all the el-
ements.

fetch_ionization_energies([degree]) Fetch apandas.DataFrame with ionization energies for
all elements indexed by atomic number.

fetch_neutral_data() Get extensive set of data from multiple database tables
as pandas.DataFrame

fetch_table(table, **kwargs) Return a table from the database as pandas .DataFrame

fetch_table(table: str, **kwargs) — DataFrame
Return a table from the database as pandas.DataFrame

Parameters

table: str
Name of the table from the database

**kwargs
A dictionary of keyword arguments to pass to the pandas.read_gsl1()

Returns
Pandas DataFrame with the contents of the table

Return type
df (pandas.DataFrame)

Example

>>> from mendeleev.fetch import fetch_table
>>> df = fetch_table('elements')

>>> type(df)

pandas.core. frame.DataFrame

fetch_electronegativities(scales: list[str] | None = None) — DataFrame

Fetch electronegativity scales for all elements as pandas.DataFrame
Parameters

scales: list[str] | None = None
list of computed scale names, defaults to all available computed scales. Stored scales
(Allen, Ghosh, Pauling, ...) are always included as columns regardless of this argument.
Raises ValueError for scale names that are not computed scales.

Returns
Pandas DataFrame with the contents of the table

Return type
df (pandas.DataFrame)
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fetch_ionization_energies(degree: /list[int] | int = 1) — DataFrame

Fetch a pandas.DataFrame with ionization energies for all elements indexed by atomic number.
Parameters

degree: list[int] |int=1
Degree of ionization, either as int or a list of ints. If a list is passed then the output will
contain ionization energies corresponding to particalr degrees in columns.

Returns
ionization energies, indexed by atomic number

Return type
df (pandas.DataFrame)

fetch_neutral_data() — DataFrame

Get extensive set of data from multiple database tables as pandas.DataFrame

fetch_ionic_radii (radius: str = 'ionic_radius”) — DataFrame

Fetch a pandas DataFrame with ionic radii for all the elements.
Parameters

radius: str = "ionic_radius'
The radius to be returned either ionic_radius or crystal_radius

Returns

a table with atomic numbers, symbols and ionic radii for all
coordination numbers

Return type
df (pandas.DataFrame)

mendeleev.ion

Module defining the database models for ions.

Classes

Ion(labell, q]) Class representating atomic ions

class Ion(label, g=1)

Class representating atomic ions

__init__(label, q=1)
property q: int
property Z:int
property charge : int
property electrons : int
property name : str

property ie : float
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property ea: float
property radius : list[float]

unicode_ion_symbol() — str

Return a unicode string symbol of the ion

ionic_potential (radius_most_reliable: bool = True) — float

Calculate the ionic potential

Parameters

radius_most_reliable: bool = True

flag to use the most reliable ionic radius, default is True

6.9.3 Data Models

SQLAIchemy models representing chemical entities and properties.

mendeleev.models

Module defining the database models for elements and
related properties.

mendeleev.models

Module defining the database models for elements and related properties.

Functions

fetch_by_group(properties[, group])
fetch_unit_metadata()

with_uncertainty(value, uncertainty[, digits])

Get a specified properties for all the elements of a given
group.

Fetch unit metadata from the database for all dimen-
sional properties.

Format a value with uncertainty using scientific notation.

Classes
Element(**kwargs) Chemical element.
Group(**kwargs) Name of the group in the periodic table.

IonicRadius(**kwargs)

IonizationEnergy(**kwargs)
Isotope(**kwargs)

IsotopeDecayMode(**kwargs)
OxidationState(**kwargs)
PhaseTransition(**kwargs)
PropertyMetadata(**kwargs)

ReprMixin()

ScatteringFactor(**kwargs)

Effective ionic radii and crystal radii in pm retrieved
from!.
Ionization energies of an element

Oxidation states of an element

Phase Transition Conditions

Metadata for properties of elements and isotopes.

A mixin class that provides a generic __repr__ imple-
mentation for SQLAlchemy models.

Atomic scattering factors

continues on next page
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Table 8 — continued from previous page

ScreeningConstant(**kwargs) Nuclear screening constants from Clementi, E., & Rai-
mondi, D.

Series(**kwargs) Name of the series in the periodic table.

UnitMixin()

ValueOrigin(value) Options for the origin of the property value.

class Element (**kwargs)

Chemical element.
For full list of available data with references see Data and data acess for documentation on accessing data.
Parameters

abundance_crust : float
Abundance in the earth’s crust in mg/kg

abundance_sea : float
Abundance in the seas in mg/L

atomic_number : int
Atomic number

atomic_radius : float
Atomic radius in pm

atomic_radius_rahm : float
Atomic radius by Rahm et al. in pm

atomic_volume : float
Atomic volume in cm3/mol

atomic_weight : float
Relative atomic weight as the ratio of the average mass of atoms of the element to 1/12 of
the mass of an atom of 12C

block : str
Block in periodic table, s, p, d, f

boiling_point : float
Boiling temperature in K

c6 : float
C_6 dispersion coefficient in a.u. from X. Chu & A. Dalgarno, J. Chem. Phys.,
121(9), 4083-4088 (2004) doi:10.1063/1.1779576, and the value for Hydrogen was taken
from K. T. Tang, J. M. Norbeck and P. R. Certain, J. Chem. Phys. 64, 3063 (1976),
doi:10.1063/1.432569

c6_gb : float
C_6 dispersion coefficient in a.u. from Gould, T., & Bucko, T. (2016). JCTC, 12(8),
3603-3613. http://doi.org/10.1021/acs.jctc.6b00361

cas : str
Chemical Abstracts Service identifier

covalent_radius_bragg : float
Covalent radius in pm from

! Shannon, R. D. (1976). Revised effective ionic radii and systematic studies of interatomic distances in halides and chalcogenides. Acta Crys-
tallographica Section A. doi:10.1107/S0567739476001551
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covalent_radius_cordero : float
Covalent radius in pm from Cordero, B., Gémez, V., Platero-Prats, A. E., Revés, M.,
Echeverria, J., Cremades, E., ... Alvarez, S. (2008). Covalent radii revisited. Dalton
Transactions, (21), 2832. doi:10.1039/b801115j

covalent_radius_pyykko : float
Single bond covalent radius in pm Pyykkd, P., & Atsumi, M. (2009). Molecular Single-
Bond Covalent Radii for Elements 1-118. Chemistry - A European Journal, 15(1), 186-
197. doi:10.1002/chem.200800987

covalent_radius_pyykko_double : float
Double bond covalent radius in pm from P. Pyykko et al.

covalent_radius_pyykko_triple : float
Triple bond covalent radius in pm from P. Pyykko et al.

cpk_color : str
CPK color of the atom in HEX, see http://jmol.sourceforge.net/jscolors/#color_U

density : float
Density at 295K in g/cm3

description: str
Short description of the element

dipole_polarizability : float
Dipole polarizability in atomic units

dipole_polarizability_unc : float
Uncertainty of the dipole polarizability

discoverers : str
The discoverers of the element

discovery_location : str
The location where the element was discovered

discovery_year : int
The year the element was discovered

electron_affinity : float
Electron affinity in eV

electrophilicity : float
Parr’s electrophilicity index

econf : str
Ground state electron configuration

en_allen: float
ELectronegativity by Allen

en_ghosh : float
Electronegativity by Ghosh

en_miedema : float
Electronegativity by Miedema

en_mullay : float
Electronegativity by Mullay

en_pauling : float
Electronegativity by Pauling
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evaporation_heat : float
Evaporation heat in kJ/mol

fusion_heat : float
Fusion heat in kJ/mol

gas_basicity : float
Gas basicity

geochemical_class: str
Geochemical classification of the elements

glawe_number : int
Glawe number (scale)

goldschmidt_class : str
Goldschmidt classification of the elements

group_id : int
Group number

heat_of_formation : float
Heat of formation in kJ/mol

inchi : str
International Chemical Identifier

is_monoisotopic : bool
A flag marking if the element is monoisotopic

jmol_color : str
Color of the atom as used in Jmol, in HEX, see http://jmol.sourceforge.net/jscolors/
#color_U

lattice_constant : float
Lattice constant in ang

lattice_structure: str
Lattice structure code

mass : float
Relative atomic mass. Ratio of the average mass of atoms of the element to 1/12 of the
mass of an atom of 12C

mendeleev_number : int
Mendeleev number

melting_point : float
Melting temperature in K

metallic_radius : float
Single-bond metallic radius or metallic radius, have been calculated by Pauling using in-
teratomic distances and an equation relating such distances with bond number

metallic_radius_c12 : float
Metallic radius obtained by Pauling with an assumed number of nearest neighbors equal
to 12

molar_heat_capacity : flaot
Molar heat capacity in J/mol K

molcas_gv_color : str
Color of an atom in HEX from MOLCAS GV http://www.molcas.org/GV/
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name : str
Name in English

name_origin : str
Origin of the name

nist_webbook_url : str
URL for the NIST Chemistry WebBook

period : int
Period in periodic table

pettifor_number : int
Pettifor scale

price_per_kg : float
Price per kg in USD

proton_affinity : float
Proton affinity

series: int
Index to chemical series

sources : str
Sources of the element

specific_heat_capacity : float
Specific heatin J/g K @ 20 C

symbol : str
Chemical symbol

thermal_conductivity : float
Thermal conductivity in @/m K @25 C

uses : str
Uses of the element

vdw_radius : float
Van der Waals radius in pm from W. M. Haynes, Handbook of Chemistry and Physics
95th Edition, CRC Press, New York, 2014, ISBN-10: 1482208679, ISBN-13: 978-
1482208672.

vdw_radius_bondi : float
Van der Waals radius according to Bondi in pm

vdw_radius_truhlar : float
Van der Waals radius according to Truhlar in pm

vdw_radius_rt : float
Van der Waals radius according to Rowland and Taylor in pm

vdw_radius_batsanov : float
Van der Waals radius according to Batsanov in pm

vdw_radius_dreiding : float
Van der Waals radius from the DREIDING force field in pm

vdw_radius_uff : float
Van der Waals radius from the UFF in pm

vdw_radius_mm3 : float
Van der Waals radius from MM3 in pm
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oxistates: list
Oxidation states

ionenergies : dict

Ionization energies in eV

abundance_crust
abundance_sea
atomic_number
atomic_radius
atomic_radius_rahm
atomic_weight
atomic_weight_uncertainty
block

cas

covalent_radius_bragg
covalent_radius_cordero
covalent_radius_pyykko
covalent_radius_pyykko_double
covalent_radius_pyykko_triple
c6

c6_gb

cpk_color

density

description
dipole_polarizability
dipole_polarizability_unc
discoverers
discovery_location
discovery_year
electron_affinity
en_allen

en_ghosh

en_miedema
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en_mullay

en_pauling
en_gunnarsson_lundqvist
en_robles_bartolotti
econf
evaporation_heat
fusion_heat
gas_basicity
geochemical_class
glawe_number
goldschmidt_class
group_id

group
heat_of_formation
is_monoisotopic
is_radioactive
jmol_color
lattice_constant
lattice_structure
mendeleev_number
metallic_radius
metallic_radius_cl2
miedema_molar_volume
miedema_electron_density
molar_heat_capacity
molcas_gv_color
name

name_origin

period
pettifor_number

price_per_kg
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proton_affinity

series = ColumnAssociationProxyInstance(AssociationProxy('_series', 'name'))

sources

specific_heat_capacity

symbol
thermal_conductivity
uses

vdw_radius
vdw_radius_alvarez
vdw_radius_bondi
vdw_radius_truhlar
vdw_radius_rt
vdw_radius_batsanov
vdw_radius_dreiding
vdw_radius_uff

vdw_radius_mm3

political_stability_of_top_producer
political_stability_of_top_reserve_holder

production_concentration

recycling_rate
relative_supply_risk
reserve_distribution
substitutability

top_3_producers

top_3_reserve_holders

ionic_radii
isotopes
phase_transitions
scattering_factors

screening_constants
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init_on_load() — None

Initialize the ElectronicConfiguration class as attribute of self

atomic_volume

Atomic volume in cm3/mol
specific_heat
Alias for specific_heat_capacity for backwards compatibility
inchi
International Chemical Identifier.
See: https://en.wikipedia.org/wiki/International_Chemical_Identifier

isotope(mass_number: int) — Isotope

Return the isotope with the given atomic mass number.

Examples:

>>> from mendeleev import H
>>> H.isotopes
[<Isotope(Z=1, A=1, mass=1.00782503190(1), abundance=99.986(8))>,
<Isotope(Z=1, A=2, mass=2.01410177784(2), abundance=0.015(8))>,
<Isotope(Z=1, A=3, mass=3.01604928132(8), abundance=None)>,
<Isotope(Z=1, A=4, mass=4.0264(1), abundance=None)>,
<Isotope(Z=1, A=5, mass=5.03531(10), abundance=None)>,
A=6,
A=7,

<Isotope(Z=1, mass=6.0450(3), abundance=None)>,
<Isotope(Z=1, mass=7.053(1), abundance=None)>]

>>> H.isotope(2)

<Isotope(Z=1, A=2, mass=2.01410177784(2), abundance=0.015(8))>

property boiling_point : float | None

Proxy for boiling point from the PhaseTransition object.

For elements with a single allotrope return the boiling point, for elements with multiple allotropes where
the boiling points are equal return the boiling point, otherwise return None.

property melting_point : float | None
Proxy for melting point from the PhaseTransition object.

For elements with a single allotrope return the melting point, for elements with multiple allotropes where
the melting points are equal return the melting point, otherwise return None.

property nist_webbook_url : str

URL for the NIST Chemistry WebBook
electrons

Return the number of electrons.
protons

Return the number of protons.
mass

Alias for atomic_weight.

mass_str() — str

String representation of atomic weight
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covalent_radius

Return the default covalent radius i.e. covalent_radius_pyykko
hardness(charge: int = ® — float | None

Return the absolute hardness, calculated as

Parameters

charge: int =0
Charge of the cation for which the hardness will be calculated.

0. : Default is
_IE-FEA
=7
where:
e [ FE is the ionization energy,
¢ FE A is the electron affinity
softness(charge: int = @ — float | None
Return the absolute softness.
Parameters
charge: int=0
Charge of the cation for which the hardness will be calculated
1
=5
where :

* 7 is the absolute hardness

oxidation_states(category: str = ‘main’) — list[int]

Utility method for accessing oxidation states.
Parameters

category : str
Category of oxidation state, Either - main - for main, most common, oxidataion states
- extended - for less common oxidation states - all - all oxidation states

zeff (n: int = None, o: str = None, method: str = 'slater’, alle: bool = False) — float | None

Return the effective nuclear charge for (n, s)
Parameters
method: str = 'slater’
Method to calculate the screening constant, the choices are

* slater, for Slater’s method as in Slater, J. C. (1930).
Atomic  Shielding Constants. Physical Review, 36(1), 57-64.
doi:10.1103/PhysRev.36.57

¢ clementi for values of screening constants from Clementi, E.,
& Raimondi, D. L. (1963). Atomic Screening Constants from SCF Functions.
The Journal of Chemical Physics, 38(11), 2686. doi:10.1063/1.1733573 and
Clementi, E. (1967). Atomic Screening Constants from SCF Functions. II.
Atoms with 37 to 86 Electrons. The Journal of Chemical Physics, 47(4), 1300.
doi:10.1063/1.1712084
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n: int = None
Principal quantum number

0: str = None
Orbital label, (s, p, d, ...)

alle: bool = False
Use all the valence electrons, i.e. calculate screening for an extra electron when
method="slater’, if method="clementi’ this option is ignored

electrophilicity() — float | None
Calculate electrophilicity index

electronegativity_scales(name: sir = None) — Callable | list[str]
Available electronegativity scales

electronegativity(scale: str = pauling’, **kwargs) — float
Calculate the electronegativity using one of the methods

Parameters

scale: str = "pauling’'
Name of the electronegativity scale, one of

**kwargs
keyword arguments that are passed to compute a specific electronegativity

electronegativity_allen() — float

Allen’s electronegativity

electronegativity_allred_rochow(radius='covalent_radius_pyykko" — float

Allred-Rochow’s electronegativity

electronegativity_cottrell_sutton(radius='covalent_radius_pyykko") — float

Cottrell-Sutton’s electronegativity

electronegativity_gordy (radius='covalent_radius_pyykko") — float

Gordy’s electronegativity

electronegativity_ghosh() — float

Ghosh’s electronegativity

electronegativity_li_xue(charge: int = 1, radius: str = 'crystal_radius?) — dict[tuple[str, str], float]

Calculate the electronegativity of an atom according to the definition of Li and Xue
Parameters

charge: int=1
charge of the ion
radius: str = 'crystal_radius'

type of radius to be used in the calculation, either crystal_radius as recommended in
the paper or ionic_radius

Returns

dictionary with electronegativities as values and
coordination string as keys or tuple of coordination and spin if the ion is LS or HS
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Return type
out (dict)
electronegativity_martynov_batsanov() — float

Calculates the electronegativity value according to Martynov and Batsanov as the average of the ionization
energies of the valence electrons

where:
¢ n, is the number of valence electrons
e [} is the k th ionization potential.

electronegativity_mulliken(charge: int = 0, missing_is_zero: bool = False) — float

Return the absolute electronegativity (Mulliken scale).
Parameters

charge: int=0
charge of the ion

missing_is_zero: bool = False
if True treat missing ionization energies and electron affinities as zero

The value of electonegativity is calculated as:
chi = frac{I + A}{2}
where:

* [ is the ionization energy,

¢ A s the electron affinity

electronegativity_nagle() — float

Nagle’s electronegativity

electronegativity_mullay() — float

Mullay’s electronegativity

electronegativity_pauling() — float
Pauling’s electronegativity

electronegativity_sanderson(radius: str = 'covalent_radius_pyykko" — float

Sanderson’s electronegativity
Parameters

radius: str = 'covalent_radius_pyykko'
radius to use in the calculation

nvalence (method: sir = None) — int
Return the number of valence electrons
oxides () — list[str]

Return a list of possible oxides based on the oxidation number
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__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

class Group(**kwargs)

Name of the group in the periodic table.
Parameters

group_id : int
group number

symbol
(str): group symbol
name : str
group name
group_id
symbol
name

__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

class IonicRadius(**kwargs)

Effective ionic radii and crystal radii in pm retrieved from"¢¢ 18- 1,

Parameters

atomic_number : int
Atomic number

charge : int
Charge of the ion

econf : str
Electronic configuration of the ion

coordination : str
Type of coordination

spin: str

Spin state: HS - high spin, LS - low spin
crystal_radius : float

Crystal radius in pm

ionic_radius : float
ITonic radius in pm
origin: str
Source of the data
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most_reliable : bool
Most reliable value (see reference)

id

atomic_number

charge

econf

coordination

spin

crystal_radius

ionic_radius

origin

most_reliable

__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

class IonizationEnergy(**kwargs)

Ionization energies of an element
Parameters

atomic_number : int
Atomic number

ionization_energy : float
Ionization energy in eV

energy : float
alias for ionization_energy

ground_configuration : str
Ground state electronic configuration

ground_level : str
Term symbol and J value for the largest component in the calculated eigenvector of the
ground level.

ground_shells : str
Ground state shells

ion_charge : int
Charge of the ion, i.e. the degree of ionization with respect to neutral atom

degree : int
Degree of ionization, equal to ion_charge + 1.

ionized_level : str
Configuration, term, and J value corresponding to the ground state of the next ion
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is_semi_empirical : bool
Flag indicating that the energy is determined by interpolation, extrapolation, or other semi-
empirical procedure relying on some known experimental values.

is_theoretical : bool
Flag indicating that the energy have been determined from an ab-initio calculation, or are
otherwise not derived from evaluated experimental data

isoelectonic_sequence : str
Isoelectronic sequence

references : str
References

species_name : str
Name of the species

uncertainty : float
Uncertainty in the ionization energy

Data parsed from http.//physics.nist.gov/cgi-bin/ASD/ie.pl on October 19, 2024.
id

atomic_number
ground_configuration
ground_level
ground_shells
ion_charge
ionization_energy
ionized_level
is_semi_empirical
is_theoretical
isoelectonic_sequence
references
species_name
uncertainty

degree

ion_charge + 1 provided for backwards compatibility

energy
Alias for ionization_energy for backwards compatibility

__init__(**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.
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class Isotope(**kwargs)

Parameters

abundance : float
Abundance of the isotope

abundance_uncertainty : float
Abundance uncertainty

atomic_number : int
Atomic number

discovery_year : int
Year the isotope was discovered

g_factor : float
Dimensionless magnetic moment

g_factor_uncertainty : float
Uncertainty for the g_factor

half_life: float
Half life time

half_life_uncertainty : float
Uncertainty for the half_life

half_life_unit: str
Unit for the half life time

is_radioactive : bool
A flag marking wheather the isotope is radioactive

mass : float
Mass of the isotope

mass_number : int
Mass number of the isotope

mass_uncertainty : float
Uncertainty of the mass value

parity : str
Parity, if present, it can be either + or -

quadrupole_moment : float
Quadrupole moment

quadrupole_moment_uncertainty : float
Uncertainty for the quadrupole_moment

spin: str
Nuclear spin

id
abundance
abundance_uncertainty

atomic_number
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discovery_year
g_factor
g_factor_uncertainty
half life

half life_uncertainty
half life_unit
is_radioactive

mass

mass_number
mass_uncertainty
parity
quadrupole_moment
quadrupole_moment_uncertainty
spin

element

decay_modes

is_stable

Flag to indicate whether the isotope is stable

property half life_u: Quantity | None
Half life time as pint.Quantity with units
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

class IsotopeDecayMode (**kwargs)

Parameters

mode : str
ASCII symbol for the decay mode

relation : str
one of =, ~, <, > marking the intensity value

intensity : float
intensity value

is_allowed_not_observed : bool
if True it means that the decay mode is energetically allowed, but not experimentally ob-
served
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is_observed_intensity_unknown : bool
if True it means that the decay mode is observed, but its intensity is not experimentally
known

id
isotope_id
mode
relation
intensity
is_allowed_not_observed
is_observed_intensity_unknown
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

class OxidationState(**kwargs)

Oxidation states of an element
Parameters

atomic_number : int
Atomic number

oxidation_state: int
Oxidation state

category : str
Either main or extended flag to indicate the type of oxidation state.

id
atomic_number
oxidation_state
category
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

class PhaseTransition(**kwargs)

Phase Transition Conditions
Parameters

atomic_number : int
Atomic number
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boiling_point : float
Boiling point in K

melting_point : float
Melting points in K

critical_temperature : float
Critical temperature in K

critical_pressure : float
Critical pressure in MPa

triple_point_temperature : float
Temperature in K of the triple point

triple_point_pressure : float
Pressure in kPa of the triple point

alotrope : str
Allotrope

id

atomic_number
boiling_point

melting point
critical_temperature
critical_pressure
triple_point_temperature
triple_point_pressure
allotrope
is_sublimation_point
is_transition

__init__ (**kwargs)

A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,

any mapped columns or relationships.

class PropertyMetadata(**kwargs)

Metadata for properties of elements and isotopes.
Parameters

annotations : str

Additional information about the property.

attribute_name : str

Name of the attribute of the ORM class.

category : str
Category of the property.
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citation_keys : str

Comma separated list of citation keys. See references.bib for full bibliography.

class_name : str
Name of the ORM class.

column_name : str
Name of the column in the database.

description: str
Description of the property.

table_name : str
Name of the table in the database.

unit : str
Unit of the property.

value_origin : ValueOrigin

Origin of the value, either stored or computed.

id
annotations
attribute_name
category
citation_keys
class_name
column_name
description
table_name
unit
value_origin

__init__ (**kwargs)

A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,

any mapped columns or relationships.

class ScatteringFactor (**kwargs)
Atomic scattering factors

Parameters

atomic_number : int
Atomic number

energy : float
Energy in eV

£1: float
Scattering factor f1
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£2 : float
Scattering factor f2

f1 and f, are the atomic (forward) scattering factors. There are 500+ points on a uniform logarithmic mesh with
points added 0.1 eV above and below “sharp” absorption edges. (Note: below 29 eV f; is set equal to -9999.) The
tabulated values of f; contain a relativistic, energy independent, correction given by, Z* = Z — (Z/82.5)2:37.

The atomic photoabsorption cross section, ., may be readily obtained from the values of f5 using the relation,
Pa=2-To- A" f2

where 1y is the classical electron radius, and A is the wavelength.

The index of refraction for a material with N atoms per unit volume is calculated by,
n=1—=N-rg- X (fi+if2)/(2- 7).

These (semi-empirical) atomic scattering factors are based upon photoabsorption measurements of elements in
their elemental state. The basic assumption is that condensed matter may be modeled as a collection of non-
interacting atoms. This assumption is in general a good one for energies sufficiently far from absorption thresh-
olds. In the threshold regions, the specific chemical state is important and direct experimental measurements
must be made.

These tables are based on a compilation of the available experimental measurements and theoretical calculations.
For many elements there is little or no published data and in such cases it was necessary to rely on theoretical
calculations and interpolations across Z. In order to improve the accuracy in the future considerably more exper-
imental measurements are needed.

id
atomic_number
energy
f1
£2
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.
class ScreeningConstant (**kwargs)

Nuclear screening constants from Clementi, E., & Raimondi, D. L. (1963). Atomic Screening Constants from
SCF Functions. The Journal of Chemical Physics, 38(11), 2686. doi:10.1063/1.1733573 and Clementi, E.
(1967). Atomic Screening Constants from SCF Functions. II. Atoms with 37 to 86 Electrons. The Journal
of Chemical Physics, 47(4), 1300. doi:10.1063/1.1712084

Args::
atomic_number (int): Atomic number n (int): Principal quantum number s (str): Subshell label, (s, p, d,
...) screening (float): Screening constant

id

atomic_number
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n
s
screening
__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.
Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

class Series(**kwargs)

Name of the series in the periodic table.
Parameters

name : str
Name of the series

color : str
The HEX representation of a color of the series, the colors were obtained from Color-
Brewer the qualitative 10-class paired colormap

id
name
color

__init__ (**kwargs)
A simple constructor that allows initialization from kwargs.

Sets attributes on the constructed instance using the names and values in kwargs.

Only keys that are present as attributes of the instance’s class are allowed. These could be, for example,
any mapped columns or relationships.

6.9.4 Specialized Modules

Modules for specific calculations and data processing.

mendeleev.electronegativity Electronegativity scale formulas.
mendeleev.econf Implementation of the abstraction for the elctronic con-
figuration object.

mendeleev.electronegativity

Electronegativity scale formulas.

Functions

allred_rochow(zeff, radius) Calculate the electronegativity of an atom according to
the definition of Allred and Rochow

continues on next page
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Table 10 - continued from previous page

cottrell_sutton(zeff, radius) Calculate the electronegativity of an atom according to
the definition of Allred and Rochow

generic(zeff, radius[, rpow, apow]) Calculate the electronegativity from a general formula

gordy(zeft, radius) Calculate the electronegativity of an atom according to

the definition of Allred and Rochow
interpolate_property(x, x_ref, y_ref[, poly_deg])  Estiate a property for element by interpolation or extrap-
olation of the data points from x x_ref" and y_ref.

1i_xue(ionization_energy, radius, valence_pqn) Calculate the electronegativity of an atom according to
the definition of Li and Xue
martynov_batsanov(ionization_energies) Calculates the electronegativity value according to Mar-

tynov and Batsanov as the average of the ionization en-
ergies of the valence electrons

mulliken(ionization_energy, electron_affinity) Return the absolute electronegativity (Mulliken scale).

n_effective(n[, source]) Effective principal quantum number

nagle(nvalence, polarizability) Calculate the electronegativity of an atom according to
the definition of Nagle

sanderson(radius, noble_gas_radius) Calculate Sanderson's electronegativity

n_effective(n: ins, source: str = 'slater? — float | None
Effective principal quantum number
Parameters
n: int
Principal quantum number

source: str = 'slater’
either slater or zhang, for more information see note below.

© Note

Slater’s values are taken from J. A. Pople, D. L. Beveridge, “Approximate Molecular Orbital Theory”,
McGraw-Hill, 1970

Zhang’s values are taken from Zhang, Y. (1982). Electronegativities of elements in valence states and their
applications. 1. Electronegativities of elements in valence states. Inorganic Chemistry, 21(11), 3886-3889.
https://doi.org/10.1021/ic00141a005

interpolate_property(x: int, x_ref: list[int], y_ref: list[float], poly_deg: int = 1) — float
Estiate a property for element by interpolation or extrapolation of the data points from x*x_ref" and y_ref.
Parameters
x: int
value for which the property will be evaluated

x_ref: list[int]
list of values for the elements

y_ref: list[float]
list of values of the property for the elements

deg
degree of the polynomial used in the extrapolation beyond the provided data points, de-
fault=1

6.9. API Reference 139


https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/constants.html#None
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/stdtypes.html#str
https://doi.org/10.1021/ic00141a005
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/stdtypes.html#list
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/stdtypes.html#list
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/functions.html#float
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/stdtypes.html#list
https://docs.python.org/3/library/functions.html#int
https://docs.python.org/3/library/stdtypes.html#list
https://docs.python.org/3/library/functions.html#float

mendeleev Documentation, Release 1.3.0

allred_rochow(zeft: float, radius: floar) — float

Calculate the electronegativity of an atom according to the definition of Allred and Rochow
Parameters

zeff: float
effective nuclear charge

radius: float
value of the radius

cottrell_sutton(zeff: float, radius: floar) — float

Calculate the electronegativity of an atom according to the definition of Allred and Rochow
Parameters

zeff: float
effective nuclear charge

radius: float
value of the radius

gordy (zeft: float, radius: floar) — float
Calculate the electronegativity of an atom according to the definition of Allred and Rochow

Parameters

zeff: float
effective nuclear charge

radius: float
value of the radius

1i_xue (jonization_energy: float, radius: float, valence_pqn: int) — float

Calculate the electronegativity of an atom according to the definition of Li and Xue
Parameters

charge
Charge of the ion

radius: float
Type of radius to be used in the calculation, either crystal_radius as recommended in the
paper or ionic_radius

valence_pqn: int
valence principal quantum number

martynov_batsanov (ionization_energies: /ist[float]) — float

Calculates the electronegativity value according to Martynov and Batsanov as the average of the ionization en-
ergies of the valence electrons

Parameters

ionization_energies: list[float]
ionization energies for the valence electrons

XMB =

where:

¢ n, is the number of valence electrons and
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[} is the k th ionization potential.

mulliken(ionization_energy: float, electron_affinity: float, missing_is_zero: bool = False) — float | None

Return the absolute electronegativity (Mulliken scale).
Parameters

ionization_energy: float
ionization energy

electron_affinity: float
electron affinity

missing_is_zero: bool = False
if True treat missing ionization energies and electron affinities as zero, otherwise use the
default behavior of treating a missing electron affinity as zero and returning None when
the ionization energy is missing

The value of electonegativity is calculated as:

I+ A
Y=y
where:

* [ is the ionization energy,
* A s the electron affinity

nagle(nvalence: int, polarizability: floar) — float

Calculate the electronegativity of an atom according to the definition of Nagle
Parameters

nvalence: int
number of valence electrons

polarizability: float
dipole polarizability

sanderson (radius. float, noble_gas_radius: floar) — float
Calculate Sanderson’s electronegativity
Parameters

radius: float
radius value for the element

noble_gas_radius: float
value of the radius of a hypothetical noble gas with

calculated : the atomic number of element for which electronegativity is

_AD
~ ADy,

X

generic(zeft: float, radius: float, rpow: float = 1, apow: float = 1) — float
Calculate the electronegativity from a general formula

Parameters

zeff: float
effective nuclear charge
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radius: float
radius value for the element

rpow: float=1
power to raise the radius to (see equation below)

apow: float =1
power to raise the fraction to (see equation below)

where:
* Z.g is the effective nuclear charge
e r is the covalent radius

* «, 3 parameters

mendeleev.econf

Implementation of the abstraction for the elctronic configuration object.

Functions

get_1(subshell) Return the orbital angular momentum quantum number
for a given subshell

get_spin_strings(sodict[, average]) spin strings as numpy arrays
print_spin_occupations(sodict[, average]) Pretty format for the spin occupations
shell_capactity(shell) Return the shell capacity (max number of electrons)
subshell_capacity(subshell) Return the subshell capacity (max number of electrons)
subshell_degeneracy(subshell) Return the degeneracy of a given subshell

Classes

ElectronicConfiguration([conf, atomre, shellre]) Electronic configuration handler

get_l(subshell: str) — int

Return the orbital angular momentum quantum number for a given subshell

subshell_degeneracy (subshell: sir) — int

Return the degeneracy of a given subshell

subshell_capacity(subshell: si7) — int

Return the subshell capacity (max number of electrons)

shell_capactity(shell: st7) — int
Return the shell capacity (max number of electrons)

The capacity is N = 2n2, where n is the principal quantum number.
Parameters

shell: str
str Shell label, “K”, “L”, “M”, ...

Returns
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int
Number of electrons that can occupy a given shell
Return type
capacity
class ElectronicConfiguration(conf: sir | dict = None, atomre: str = None, shellre: sir = None)

Electronic configuration handler

noble={'Ar': '1s2 2s2 2p6 3s2 3p6', 'He': '1s2', 'Kr':

'1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6', 'Ne': '1s2 2s2 2p6', 'Rn':

'1s2 2s2 2p6 3s2 3p6 4s2 3d10® 4p6 5s2 4d10 5p6 6s2 4f14 5d10 6p6', 'Xe':
'1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6'}

__init__(conf: str | dict = None, atomre: str = None, shellre: str = None)
property conf : OrderedDict
Return the configuration
property atomre : Pattern
Regular expression for atomic symbols
property shellre : Pattern
Regular expression for the shell
parse(string: str) — None
Parse a string with electronic configuration into an OrderedDict representation

get_largest_core() — tuple

Find the largest noble gas core possible for the current configuration and return the symbol of the corre-
sponding noble gas element.

get_valence()

Find the valence configuration i.e. remove the largest noble gas core from the current configuration and
return the result.

sort (inplace: bool = True)
Sort the occupations OD

electrons_per_shell () — dict[str, int]
Return number of electrons per shell as dict
shell2int () — list[tuple[int]]
configuration as list of tuples (n, 1, e)
max_n() — int
Return the largest value of principal quantum number for the atom
max_1(n: int) — int
Return the largest value of azimutal quantum number for a given value of principal quantum number
Parameters
n: int
int Principal quantum number
Returns
int
Azimutal quantum number
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Return type
1

last_subshell (wrt: str = 'order")

Return the valence shell

nvalence (block: str, period: int, method: str = None) — int

Return the number of valence electrons

ne() — int

Number of electrons

unpaired_electrons() — int

Number of unpaired electrons
ionize(n: int=1)
Remove n electrons from and return a new ElectronicConfiguration object
spin_occupations()
For each subshell calculate the number of alpha, beta electrons, electron pairs and unpaired electrons

spin_only_magnetic_moment () — float

Return the magnetic moment insluding only spin of the electrons and not the angular momentum

slater_screening(n: int, o: str, alle: bool = False)

Calculate the screening constant using the approach introduced by Slater in Slater, J. C. (1930). Atomic
Shielding Constants. Physical Review, 36(1), 57-64. doi:10.1103/PhysRev.36.57

Parameters

n: int
int Principal quantum number

0: str
str orbtial label, (s, p, d, ...)

alle: bool = False
bool Use all the valence electrons, i.e. calculate screening for an extra electron

to_str() — str

Return a string with the configuration

get_spin_strings(sodict, average: bool = True)

spin strings as numpy arrays
This should be called for valence only

print_spin_occupations(sodict, average=True)

Pretty format for the spin occupations

6.9.5 Utility Modules

Database access and utility functions.

mendeleev.db Low-level database access functions.
mendeleev.utils Utility functions for Mendeleev package.

continues on next page
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Table 13 - continued from previous page

mendeleev.cli Module defining the command line interface for
mendeleev.

mendeleev.db

Low-level database access functions.

Functions
get_engine([dbpath, read_only]) Return the db engine
get_package_dbpath() Return the default database path
get_session([dbpath, read_only]) Return the database session connection.

get_package_dbpath() — str
Return the default database path

get_engine (dbpath: str = None, read_only: bool = True) — Engine

Return the db engine

get_session(dbpath: str = None, read_only: bool = True) — Session

Return the database session connection.

mendeleev.utils

Utility functions for Mendeleev package.

Functions
apply_rst_format(df) Prepare daraframe for printing by intorducing ReST spe-
cific formatting
coeffs(a[, b]) Return stoichometric coefficients from oxidation states
render_rst_table(df) Converts a pandas DataFrame to a reStructuredText ta-
ble.
update_model_from_df(model, data_frame, ...) Update database table from a pandas dataframe

coeffs(a: int, b: int = 2) — tuple[int, int]
Return stoichometric coefficients from oxidation states

Parameters
a: int
oxidation state of the first element
b: int =2
oxidation state of the second element

render_rst_table(df: DataFrame) — str

Converts a pandas DataFrame to a reStructuredText table.

Parameters

df : pd.DataFrame
The DataFrame to convert.
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Returns
The DataFrame as a reStructuredText table.

Return type
str

apply_rst_format (df: DataFrame) — DataFrame

Prepare daraframe for printing by intorducing ReST specific formatting

update_model_from_df (model, data_frame: DaraFrame, attributes: list[str], primary_key: str =
'atomic_number', dropna: bool = True)

Update database table from a pandas dataframe
Parameters

model
SQLAIchemy model to be updated

data_frame: DataFrame
pandas DataFrame with actual data

attributes: list[str]
names of attributes of model to be updated. The attributes must exist on model and cor-
responding columns must be present in data_frame

primary_Kkey: str = 'atomic_number'’
Attribute name of model and column name in data_frame on which instanced of model
will be matched with rows from data_frame

dropna: bool = True
If True, drop rows with NaN values in attributes before updating the database

mendeleev.cli

Module defining the command line interface for mendeleev.

Functions

clielement() CLI for convenient printing of properties for a given el-
ement

clielement () — None

CLI for convenient printing of properties for a given element

6.9.6 Visualization

The main entry point for visualizing periodic tables with different properties is the mendeleev.vis.periodictable.
periodic_table() function.

mendeleev.vis.periodictable

Functions

periodic_table (attribute: str = 'atomic_weight', height: int = 800, width: inr = 1200, decimals: inf = 3,
colorby: str = 'color’, missing: str = ‘#ffffff’, title: str = Periodic Table',cmap: str =
RdBu_r', wide_layout: bool = False, include_f_block: bool = True, backend=plotly")

High level api for visualizing periodic tables.
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Currently supports plotting backends:
* bokeh
* plotly

Parameters

attribute : str, optional

Name of the attribute to display. Defaults to “atomic_weight”.
height : int, optional

Height of the figure in pixels. Defaults to 800.

width : int, optional
Width of the figure in pixels. Defaults to 1200.

decimals : int, optional
Number of decimals to be displayed for attribute. Defaults to 3.

colorby : str, optional

Name of the columns that contains color values. Defaults to “color”.
missing : str, optional

Hex code for the color to be used for missing values. Defaults to “#{fffft”.

title : str, optional
Title. Defaults to “Periodic Table”.

cmap : str, optional
Colormap name. Defaults to “RdBu_r".

wide_layout : bool, optional
If True wide layout is used with f block between s and d blocks. Defaults to False.

include_£_block : bool, optional
Flag indicating whether to include the _f block. Defaults to True.

backend : str, optional
Plotting backennd. Defaults to “plotly”.

Raises
ValueError — upon specifying unsupported ploting backend.

Returns
figure instance, either plotly. Figure or bokeh.plotting.figure

Return type
fig

periodic_table/(attribute: str = 'atomic_weight', height: int = 800, width: inf = 1200, decimals: inf = 3,

colorby: str = 'color’, missing: str = #ffffff' title: str = Periodic Table',cmap. str =
RdBu_r', wide_layout: bool = False, include_f_block: bool = True, backend='plotly"

High level api for visualizing periodic tables.
Currently supports plotting backends:

* bokeh

* plotly

Parameters
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attribute : str, optional
Name of the attribute to display. Defaults to “atomic_weight”.

height : int, optional
Height of the figure in pixels. Defaults to 800.

width : int, optional
Width of the figure in pixels. Defaults to 1200.

decimals : int, optional
Number of decimals to be displayed for attribute. Defaults to 3.

colorby : str, optional
Name of the columns that contains color values. Defaults to “color”.

missing : str, optional
Hex code for the color to be used for missing values. Defaults to “#{ffffF”.

title : str, optional
Title. Defaults to “Periodic Table”.

cmap : str, optional
Colormap name. Defaults to “RdBu_r".

wide_layout : bool, optional
If True wide layout is used with f block between s and d blocks. Defaults to False.

include_£_block : bool, optional
Flag indicating whether to include the _f block. Defaults to True.

backend : str, optional
Plotting backennd. Defaults to “plotly”.

Raises
ValueError — upon specifying unsupported ploting backend.

Returns
figure instance, either plotly. Figure or bokeh.plotting.figure

Return type
fig
mendeleev.vis.bokeh
Functions

periodic_table_bokeh(clements: DataFrame, attribute: str = 'atomic_weight', cmap. str = RdBu_r', colorby:
str = 'color’, decimals: int = 3, height: int = 800, missing: str = #LLLfL, title: str =
Periodic Table', wide_layout: bool = False, width: int = 1200)

Use Bokeh backend to plot the periodic table.
Parameters

elements: DataFrame
Pandas DataFrame with the elements data. Needs to have x and y columns with coor-
dianates for each tile.

attribute: str = 'atomic_weight'
Name of the attribute to be displayed

cmap: str = "RdBu_r'
Colormap to use, see matplotlib colormaps
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colorby: str = 'color'
Name of the column containig the colors

decimals: int = 3

Number of decimals to be displayed in the bottom row of each cell
height: int = 800

Height of the figure in pixels

missing: str = "#£f£fff"'
Hex code of the color to be used for the missing values

title: str = 'Periodic Table'
Title to appear above the periodic table

wide_layout: bool = False
wide layout variant of the periodic table

width: int = 1200
Width of the figure in pixels

periodic_table_bokeh(clements: DaraFrame, attribute: str = 'atomic_weight', cmap. str = RdBu_r', colorby:
str = 'color’, decimals: int = 3, height: int = 800, missing: str = #LLLfL, title: str =
Periodic Table', wide_layout: bool = False, width: int = 1200)

Use Bokeh backend to plot the periodic table.
Parameters

elements: DataFrame
Pandas DataFrame with the elements data. Needs to have x and y columns with coor-
dianates for each tile.

attribute: str = "atomic_weight'
Name of the attribute to be displayed

cmap: str = 'RdBu_r'
Colormap to use, see matplotlib colormaps

colorby: str = 'color'
Name of the column containig the colors

decimals: int = 3

Number of decimals to be displayed in the bottom row of each cell
height: int = 800

Height of the figure in pixels

missing: str = "#f£ffff’
Hex code of the color to be used for the missing values

title: str = 'Periodic Table'
Title to appear above the periodic table

wide_layout: bool = False
wide layout variant of the periodic table

width: int = 1200
Width of the figure in pixels
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mendeleev.vis.plotly

Functions

periodic_table_plotly(elements: DataFrame, attribute: str = 'atomic_weight', cmap: str = RdBu_r’', colorby:

str = 'color', decimals: int = 3, height.: int = 800, missing: str = #LLLLfF title: str =
Periodic Table', wide_layout: bool = False, width: int = 1200) — Figure

Create a periodic table visualization with plotly.Figure

Parameters

elements: DataFrame
Pandas DataFrame with the elements data. Needs to have x and y columns with coor-
dianates for each tile.

attribute: str = "atomic_weight'
Name of the attribute to be displayed

cmap: str = '"RdBu_r'
Colormap to use, see matplotlib colormaps

colorby: str = 'color'
Name of the column containig the colors

decimals: int = 3

Number of decimals to be displayed in the bottom row of each cell
height: int = 800

Height of the figure in pixels

missing: str = "#£fffff"'
Hex code of the color to be used for the missing values

title: str = 'Periodic Table'
Title to appear above the periodic table

wide_layout: bool = False
wide layout variant of the periodic table

width: int = 1200
Width of the figure in pixels

create_annotation(row: Series, attr: str, size: int = 10, x_offset: float = 0.0, y_offset: floar = 0.0) —

Annotation

Create an annotation from pandas series

create_tile(element: Series, color: str, default_color: str = '#f£f££f', x_offset: float = .45, y_offset: float =

0.45) — Shape

Create tile shape

create_tile(element: Series, color: str, default_color: str = '#f£f££f', x_offset: floar = .45, y_offset: float =

0.45) — Shape

Create tile shape

create_annotation(row: Series, attr: str, size: int = 10, x_offset: float = 0.0, y_offset: floar = 0.0) —

Annotation

Create an annotation from pandas series

periodic_table_plotly(eclements: DataFrame, attribute: str = 'atomic_weight', cmap: str = RdBu_r"', colorby:

str = 'color', decimals: int = 3, height: int = 800, missing: str = #LLLLEE title: str =
Periodic Table', wide_layout: bool = False, width: int = 1200) — Figure
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Create a periodic table visualization with plotly.Figure
Parameters

elements: DataFrame
Pandas DataFrame with the elements data. Needs to have x and y columns with coor-
dianates for each tile.

attribute: str = 'atomic_weight'
Name of the attribute to be displayed

cmap: str = 'RdBu_r'
Colormap to use, see matplotlib colormaps

colorby: str = 'color'
Name of the column containig the colors

decimals: int = 3
Number of decimals to be displayed in the bottom row of each cell

height: int = 800
Height of the figure in pixels

missing: str = "#f£ffff’
Hex code of the color to be used for the missing values

title: str = 'Periodic Table'
Title to appear above the periodic table

wide_layout: bool = False
wide layout variant of the periodic table

width: int = 1200
Width of the figure in pixels

plot_scale(data: DataFrame, scale: str)
Plot an electronegativity scale

Parameters

data: DataFrame
DataFrame  with the electronegativity  data, obtained from  fetch.
fetch_electronegativities()

scale: str
Electronegativity scale to plot

mendeleev.vis.seaborn
Functions

heatmap (elements: DataFrame, prop: str, style: str = 'whitegrid), figsize: tuple[int] = (16, 18),cmap: str =
RdBu_r', lw: int = 1, output: str = None, **kwargs)

Plot a heatmap of the given property
Parameters

elements: DataFrame
DataFrame with data about elements
prop: str
Name of the attribute of Element object that is available from the elements table
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style: str = 'whitegrid’
Seaborn style option, default="whitegrid

figsize: tuple[int] = (16, 10)
Size of the plot, default=(16, 10)

cmap: str = '"RdBu_r'
Colormap to use, default="RdBu_r’

Iw: int=1
Seaborn heatmap linewidths argumentm default=1, see http://stanford.edu/~mwaskom/
software/seaborn/generated/seaborn.heatmap.html

output: str = None
File name to save the plot, by default nothing is saved

heatmap (elements: DataFrame, prop: str, style: str = 'whitegrid), figsize: tuple[int] = (16, 18),cmap: str =
RdBu_r', lw: int = 1, output: str = None, **kwargs)

Plot a heatmap of the given property
Parameters

elements: DataFrame
DataFrame with data about elements

prop: str
Name of the attribute of Element object that is available from the elements table

style: str = 'whitegrid'
Seaborn style option, default="whitegrid

figsize: tuple[int] = (16, 10)
Size of the plot, default=(16, 10)

cmap: str = "RdBu_r'
Colormap to use, default="RdBu_r’

Iw: int=1
Seaborn heatmap linewidths argumentm default=1, see http://stanford.edu/~mwaskom/
software/seaborn/generated/seaborn.heatmap.html

output: str = None
File name to save the plot, by default nothing is saved

mendeleev.vis.utils
Functions

add_tile_coordinates(df: DaraFrame, x_coord: str = 'group_id', y_coord: str = period), include_f_block:
bool = True, wide_layout: bool = False) — DataFrame

Calculate coordinates for the tile centers
Parameters

df: DataFrame
dataframe

x_coord: str = "group_id'
attribute to use as x coordinate

y_coord: str = '"period’
attribute to use as y coordinate
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wide_layout: bool = False
Show the long version of the periodic table with the f block between the s and d blocks

include_f block: bool = True
Show the elements from the f block

colormap_column(clements: DataFrame, column: str, cmap. str = RdBu_r', missing: str = #ffffff"

Return a new DataFrame with the same size (and index) as elements with a column cmap containing HEX color
mapping from cmap colormap.

Parameters

elements: DataFrame
DataFrame with the data

column: str
Name of the column to be color mapped

cmap: str = 'RdBu_r'
Name of the colormap, see matplotlib.org

missing: str = "#f£ffff’
HEX color for the missing values (NaN or None)

create_vis_dataframe (x_coord: str = 'group_id', y_coord: str = period’, include_f block: bool = True,
wide_layout: bool = False)

Base DataFrame for visualizations
Parameters

x_coord: str = 'group_id'
attribute to use as x coordinate

y_coord: str = 'period’
attribute to use as y coordinate

include_f block: bool = True
show the elements from the f block

wide_layout: bool = False
show the long version of the periodic table with the f block between the s and d blocks

add_tile_coordinates(df: DataFrame,x_coord: str = 'group_id', y_coord: str = period), include_f_block:
bool = True, wide_layout: bool = False) — DataFrame

Calculate coordinates for the tile centers
Parameters

df: DataFrame
dataframe

x_coord: str = 'group_id'
attribute to use as x coordinate

y_coord: str = "period’
attribute to use as y coordinate

wide_layout: bool = False
Show the long version of the periodic table with the f block between the s and d blocks

include_f block: bool = True
Show the elements from the f block

6.9. API Reference 153


https://docs.python.org/3/library/functions.html#bool
https://docs.python.org/3/library/functions.html#bool
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.html#pandas.DataFrame
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.html#pandas.DataFrame
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/functions.html#bool
https://docs.python.org/3/library/functions.html#bool
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/functions.html#bool
https://docs.python.org/3/library/functions.html#bool
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.html#pandas.DataFrame
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/functions.html#bool
https://docs.python.org/3/library/functions.html#bool
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.html#pandas.DataFrame
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.html#pandas.DataFrame
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/stdtypes.html#str
https://docs.python.org/3/library/functions.html#bool
https://docs.python.org/3/library/functions.html#bool

mendeleev Documentation, Release 1.3.0

create_vis_dataframe (x_coord: str = 'group_id', y_coord: str = period’, include_f block: bool = True,
wide_layout: bool = False)

Base DataFrame for visualizations
Parameters

x_coord: str = 'group_id'
attribute to use as x coordinate

y_coord: str = "period’
attribute to use as y coordinate

include_f block: bool = True
show the elements from the f block

wide_layout: bool = False
show the long version of the periodic table with the f block between the s and d blocks

colormap_column(clements: DataFrame, column: str, cmap. str = RdBu_r', missing: str = #ffffff")

Return a new DataFrame with the same size (and index) as elements with a column cmap containing HEX color
mapping from cmap colormap.

Parameters

elements: DataFrame
DataFrame with the data

column: str
Name of the column to be color mapped

cmap: str = '"RdBu_r'
Name of the colormap, see matplotlib.org

missing: str = "#£ffffff"'
HEX color for the missing values (NaN or None)

6.10 Frequently Asked Questions

6.10.1 General Questions

What is mendeleev?

mendeleev is a Python library that provides a convenient API for accessing various properties of chemical elements,
ions, and isotopes from the periodic table. It includes data on atomic properties, physical properties, ionization energies,
isotopes, and more.

How is mendeleev different from other periodic table libraries?
mendeleev offers:
* Comprehensive data: Over 80 properties per element with proper citations
* Multiple data types: Elements, isotopes, ions, and their relationships
* Electronegativity scales: 15+ different scales, both stored and computed
* Visualization: Built-in periodic table visualizations using bokeh, plotly, and seaborn
* Units support: Integration with pint for proper physical units (v1.1.0+)
* Database backend: SQLAIchemy-based for flexible data access

See Citing for related projects.
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Is mendeleev free to use?

Yes! mendeleev is released under the MIT license, making it free for both academic and commercial use. See License
for full details.

6.10.2 Installation & Setup

How do | install mendeleev?

The recommended method is using conda:

conda install conda-forge::mendeleev

Or using pip:

pip install mendeleev

For visualization features:

pip install mendeleev[vis]
See Installation for more options.

Which Python versions are supported?

mendeleev supports Python 3.9, 3.10, 3.11, 3.12, and 3.13.

Do | need to download the database separately?

No, the database (elements.db) is included with the package and automatically available after installation.

6.10.3 Using mendeleev
How do | access element data?

There are several ways:

# Import by symbol directly
from mendeleev import Si
print(Si.name) # 'Silicon'

# Use the element function with symbol, name, or atomic number
from mendeleev import element

si = element('Si'") # Symbol
si = element('Silicon') # Name
si = element(14) # Atomic number

See Accessing data for more details.

How do | get data for multiple elements?

Use fetch_table() for bulk data access:

from mendeleev import fetch_table

# Get all elements as a pandas DataFrame

(continues on next page)
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elements = fetch_table('elements"')

# Filter and select specific data
alkali_metals = elements[elements['group_id'] == 1]
symbols = alkali_metals['symbol'].tolist()

See Bulk data access tutorial.

Can | access isotope data?

Yes, through the element’s isotopes attribute:

from mendeleev import element

carbon = element('C')
for isotope in carbon.isotopes:
print (f"C-{isotope.mass_number}: {isotope.abundance}%")

See Data for available isotope properties.

How do | create visualizations?

Use the periodic_table() function:

from mendeleev.vis import periodic_table

# Create a periodic table colored by a property
periodic_table(colorby="atomic_radius"')

See Visualizing custom periodic tables and Advanced visualization tutorial tutorials.

What electronegativity scales are available?
mendeleev provides 15+ electronegativity scales:
 Stored: Allen, Ghosh, Pauling, Miedema, and more

e Computed: Allred-Rochow, Mulliken, Sanderson, Cottrell-Sutton, and more

from mendeleev import element

si = element('Si')

print(si.en_pauling) # Pauling scale

print(si.en_allen) # Allen scale
print(si.electronegativity(scale="mulliken")) # Mulliken (computed)

See Electronegativities for all available scales.

6.10.4 Data & Citations

Where does the data come from?

All data includes proper citations to peer-reviewed sources. You can view sources for any property using the
PropertyMetadata table:
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from mendeleev import fetch_table

metadata = fetch_table('propertymetadata')

# View citation keys for a property

prop = metadata[metadata['attribute_name'] == 'atomic_radius']
print(prop[['attribute_name', 'citation_keys', 'description']])

See Bibliography for full references.

How often is the data updated?

The data is updated with new releases. Major updates include:
» Version 1.1.0 (2024): Added units support, updated property metadata
* Version 1.0.0 (2023): Major refactoring with pydantic models

Check mendeleev Changelog for version history.

Can | export the data?

Yes, using the export functionality:

# Clone the repository
git clone https://github.com/lmmentel/mendeleev.git
cd mendeleev

# Export to multiple formats (CSV, JSON, HTML, Markdown, SQL)
poetry install
poetry run inv export

Or access the raw data at mendeleev-data.

Is the data accurate?

We strive for accuracy and include citations for all data. However:
» Some properties are only available for certain elements
» Data may be updated as new measurements are published
* Different sources may report slightly different values

If you find an error, please report it.

6.10.5 Development & Contributing
How can | contribute?
Contributions are welcome! You can:
* Report bugs or data inconsistencies
* Suggest new features
* Add missing data with proper citations
 Improve documentation
* Submit pull requests

See Contributing to mendeleey for guidelines.
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How do | run the tests?

# Install development dependencies
poetry install

# Run all tests
poetry run pytest

# Run with coverage
poetry run pytest --cov=mendeleev

How do | build the documentation locally?

cd docs
make html

# View the docs

open build/html/index.html # macOS

# or

xdg-open build/html/index.html # Linux

Can | use mendeleev in my research paper?

Yes! Please cite it as:

L. M. Mentel, mendeleev - A Python resource for properties of chemical elements, ions and isotopes. ,

2014 . Available at: https://github.com/Immentel/mendeleev
See Citing for BibTeX and BibLaTeX formats.

6.10.6 Performance

Why is importing mendeleev slow?

The initial import loads the database and models. To improve performance:
* Import only what you need: from mendeleev import element
 Use bulk operations with fetch_table() instead of loops
 Consider lazy imports in performance-critical code

See Troubleshooting for more optimization tips.

How can | speed up data access?

Use fetch_table() for bulk operations instead of accessing elements individually:

# Slow (don't do this)
from mendeleev import element
radii = [element(i).atomic_radius for i in range(l, 119)]

# Fast (do this)

from mendeleev import fetch_table
elements = fetch_table('elements')

radii = elements['atomic_radius'].tolist()
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6.10.7 Units & Conversions

Does mendeleev support units?
Yes, starting from version 1.1.0, mendeleev integrates with the pint library for unit support.

Append _u to any property name to get a pint.Quantity with units attached:

>>> from mendeleev import Fe

>>> Fe.atomic_weight_u

55.845 dalton

>>> Fe.melting_point_u.to('celsius')
1537.85 degree_Celsius

See Working with Physical Units for the full reference and Tutorials for a hands-on notebook.

What units are properties stored in?
Common units include:

* Radii: picometers (pm)

* Energies: electron volts (eV)

» Temperatures: Kelvin (K)

e Masses: Daltons (Da)

* Densities: g/cm?

Check the PropertyMetadata table for specific units:

from mendeleev import fetch_table
metadata = fetch_table('propertymetadata')
print(metadata[['attribute_name', 'unit']])

6.10.8 Still Have Questions?

» Check Troubleshooting for common issues
e Search GitHub Issues
e Start a Discussion

* Read the full API Reference

6.11 Troubleshooting

This page covers common issues and their solutions when using mendeleev.

6.11.1 Installation Issues

Missing Database File

Problem: Error message about missing elements.db file.

Solution: The database file should be included with the package installation. If it’s missing:

1. Reinstall the package:

6.11. Troubleshooting
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pip uninstall mendeleev
pip install mendeleev

2. If using development installation, ensure you’re in the correct directory:

cd /path/to/mendeleev
poetry install

Dependencies Not Installed
Problem: Import errors for optional dependencies like bokeh, plotly, or seaborn.

Solution: Install with visualization dependencies:

# Using pip
pip install mendeleev[vis]

# Using poetry
poetry install --with vis

# Using conda
conda install -c conda-forge mendeleev bokeh plotly seaborn

6.11.2 Data Access Issues

Element Not Found
Problem: NoResultFound or similar error when accessing an element.

Solution: Ensure you’re using a valid identifier (symbol, name, or atomic number):

from mendeleev import element

# Correct ways to access elements

si = element('Si') # Symbol (case-sensitive)
si = element('Silicon') # Name
si = element(14) # Atomic number

# Common mistakes
# element('si') # Wrong: lowercase symbol
# element('SI') # Wrong: uppercase both letters

Missing Property Data
Problem: Property returns None or NaN.

Solution: Not all properties are available for all elements. Check if the data exists:

from mendeleev import element
el = element('H")

# Check before using
if el.atomic_radius is not None:

(continues on next page)
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print(f"Atomic radius: {el.atomic_radius} pm")
else:
print("Atomic radius not available for this element")

To see which elements have a specific property:

from mendeleev import fetch_table

elements = fetch_table('elements')

# Filter elements with atomic_radius data

has_radius = elements[elements['atomic_radius'].notna()]
print(f"Elements with atomic radius data: {len(has_radius)}")

Database Lock Errors
Problem: OperationalError: database is locked
Solution: This can occur when multiple processes try to access the database simultaneously.

1. Ensure you close database sessions when done:

from mendeleev.db import get_session

session = get_session()

try:
# Your database operations
pass

finally:
session.close()

2. For read-only operations, use the higher-level API (element(), fetch_table()) instead of direct database
access.
6.11.3 Performance Issues

Slow Import Times
Problem: Importing mendeleev takes a long time.

Solution: Import only what you need:

# Instead of importing all elements
# from mendeleev import *

# Import specific elements
from mendeleev import element, H, C, O

# Or use the element function
from mendeleev import element
si = element('Si'")

Check import time:

poetry run inv timeimport
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Slow Data Fetching
Problem: Fetching large amounts of data is slow.
Solution:

1. Use fetch_table() for bulk data access instead of iterating over elements:

# Slow approach
from mendeleev import element
data = []
for i in range(1l, 119):
el = element (i)
data.append(el.atomic_radius)

# Fast approach

from mendeleev import fetch_table
elements = fetch_table('elements')

data = elements['atomic_radius'].tolist()

2. Select only the columns you need:

from mendeleev import fetch_table

# Get only specific columns
df = fetch_table('elements')
subset = df[['symbol', 'atomic_number', 'atomic_radius']]

6.11.4 Visualization Issues

Bokeh/Plotly Not Displaying
Problem: Visualizations don’t show in Jupyter notebooks.
Solution:

For Bokeh:

from bokeh.io import output_notebook
output_notebook()

# Then create your visualization

from mendeleev.vis import periodic_table
periodic_table(...)

For Plotly:

import plotly.io as pio
pio.renderers.default = "notebook"

# Then create your visualization
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Missing Visualization Dependencies
Problem: Import error for visualization modules.

Solution: Install visualization dependencies:

pip install mendeleev[vis]
# or
poetry install --with vis

6.11.5 Type Hinting Issues

MyPy or Type Checker Errors

Problem: Type checkers report errors when using mendeleev.
Solution: Some type information may be incomplete. You can:

1. Add type ignore comments for specific lines:

from mendeleev import element
si = element('Si') # type: ignore

2. Install pandas-stubs for better pandas type support:

pip install pandas-stubs

6.11.6 Data Inconsistencies

Unexpected Property Values
Problem: A property value seems incorrect or outdated.
Solution:

1. Check the citation keys to see the data source:

from mendeleev import fetch_table

metadata = fetch_table('propertymetadata')
prop_info = metadata[metadata['attribute_name'] == 'atomic_radius']
print (prop_info['citation_keys'])
2. Report data issues on GitHub with:
e Element and property name
» Expected vs. actual value
e Reference to correct data source

Report data issue —

6.11.7 Getting Help
If you can’t find a solution here:
1. Search existing issues: GitHub Issues

2. Start a discussion: GitHub Discussions
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3. Report a bug: Bug Report
When reporting issues, please include:
¢ mendeleev version (python -c "import mendeleev; print(mendeleev.__versi
e Python version
» QOperating system
* Minimal code example that reproduces the issue

¢ Full error traceback

6.11.8 See Also

e [Installation
* Getting started
e FAQ

e Contributing guide

6.12 Citing

If you use mendeleev in a scientific publication, please cite:

on__)"

L. M. Mentel, mendeleev - A Python resource for properties of chemical elements, ions and isotopes. ,
2014— . DOI: 10.5281/zenodo.204296088. Available at: https://github.com/Immentel/mendeleev

6.12.1 BibLaTeX

@software{mendeleev,
author = {Mentel, Lukasz},
title = {{mendeleev} -- A Python resource for properties of chemical

elements, ions and isotopes},
url = {https://github.com/lmmentel/mendeleev},
date = {2014--1%,

6.12.2 BibTeX

@misc{mendeleev,
author = {Mentel, tukasz},
title = {mendeleev -- A Python resource for properties of chemical

elements, ions and isotopes},
howpublished = {\url{https://github.com/lmmentel/mendeleev}},
year = {2014--},

6.12.3 Related projects

periodictable
Periodic table with mass, density and xray/neutron scattering information.

periodic
Simple Python API/ CLI for the periodic table.
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6.12.4 Funding
This project is supported by the RCN (The Research Council of Norway) project number 239193.

6.13 Contributing to mendeleev

First off, thanks for taking the time to contribute!

All types of contributions are encouraged and valued. See the Table of Contents for different ways to help and details
about how this project handles them. Please make sure to read the relevant section before making your contribution.
It will make it a lot easier for us maintainers and smooth out the experience for all involved. The community looks
forward to your contributions.

And if you like the project, but just don’t have time to contribute, that’s fine. There are other easy ways to
support the project and show your appreciation, which we would also be very happy about:

* Star the project

* Share it over social media

 Refer this project in your project’s readme

* Mention the project at local meetups and tell your friends/colleagues

« Cite the project in academic papers if you’ve used it in your research

6.13.1 Table of Contents
* Code of Conduct
e [ Have a Question

[ Want To Contribute

Reporting Bugs

Suggesting Enhancements

Your First Code Contribution

Improving The Documentation
o Styleguides

— Commit Messages

6.13.2 Code of Conduct

This project and everyone participating in it is governed by the mendeleev Code of Conduct. By participating, you are
expected to uphold this code. Please report unacceptable behavior to @lmmentel.

6.13.3 | Have a Question
If you want to ask a question, we assume that you have read the available Documentation.

Before you ask a question, it is best to search for existing Discussions that might help you. In case you have found a
suitable thread and still need clarification, you can write your question in this thread. It is also advisable to search the
internet for answers first.

If you then still feel the need to ask a question and need clarification, we recommend the following:
* Open an Discussion.

* Provide as much context as you can about what you’re running into.
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* Provide project and platform versions (operating system, python version, mendeleev version), depending on what
seems relevant.

We will then contribute to the discussion as soon as possible.

6.13.4 |1 Want To Contribute

Legal Notice

When contributing to this project, you must agree that you have authored 100% of the content, that you
have the necessary rights to the content and that the content you contribute may be provided under the
project licence.

Reporting Bugs
Before Submitting a Bug Report

A good bug report shouldn’t leave others needing to chase you up for more information. Therefore, we ask you to
investigate carefully, collect information and describe the issue in detail in your report. Please complete the following
steps in advance to help us fix any potential bug as fast as possible.

* Make sure that you are using the latest version.

* Determine if your bug is really a bug and not an error on your side e.g. using incompatible environment compo-
nents/versions (Make sure that you have read the documentation. If you are looking for support, you might want
to check this section).

* To see if other users have experienced (and potentially already solved) the same issue you are having, check if
there is not already a bug report existing for your bug or error in the bug tracker.

* Also make sure to search the internet (including Stack Overflow) to see if users outside of the GitHub community
have discussed the issue.

* Collect information about the bug:
Stack trace (Traceback)
OS, Platform and Version (Windows, Linux, macOS, x86, ARM)

Version of the interpreter, package manager, depending on what seems relevant.

Possibly your input and the output

Can you reliably reproduce the issue? And can you also reproduce it with older versions?

How Do | Submit a Good Bug Report?

You must never report security related issues, vulnerabilities or bugs including sensitive information to
the issue tracker, or elsewhere in public. Instead sensitive bugs must be sent by email to mendeleev-
python@pm.me.

We use GitHub issues to track bugs and errors. If you run into an issue with the project:
* Open an Issue.
» Explain the behavior you would expect and the actual behavior.

* Please provide as much context as possible and describe the reproduction steps that someone else can follow to
recreate the issue on their own. This usually includes your code. For good bug reports you should isolate the
problem and create a reduced test case.

¢ Provide the information you collected in the previous section.
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Once it’s filed:

* The project team will label the issue accordingly.

* A team member will try to reproduce the issue with your provided steps. If there are no reproduction steps or no

obvious way to reproduce the issue, the team will ask you for those steps and mark the issue as needs-repro.
Bugs with the needs-repro tag will not be addressed until they are reproduced.

* If the team is able to reproduce the issue, it will be marked needs-fix, as well as possibly other tags (such as

critical), and the issue will be left to be implemented by someone.

Suggesting Enhancements

This section guides you through submitting an enhancement suggestion for mendeleev, including completely new
features and minor improvements to existing functionality. Following these guidelines will help maintainers and
the community to understand your suggestion and find related suggestions.

Before Submitting an Enhancement

Make sure that you are using the latest version.

Read the documentation carefully and find out if the functionality is already covered, maybe by an individual
configuration.

Perform a search to see if the enhancement has already been suggested. If it has, add a comment to the existing
issue instead of opening a new one.

Find out whether your idea fits with the scope and aims of the project. It’s up to you to make a strong case to
convince the project’s developers of the merits of this feature. Keep in mind that we want features that will be
useful to the majority of our users and not just a small subset. If you’re just targeting a minority of users, consider
writing an add-on/plugin library.

How Do | Submit a Good Enhancement Suggestion?

Enhancement suggestions are tracked as GitHub issues. Open a Feature Request.

Use a clear and descriptive title for the issue to identify the suggestion.
Provide a step-by-step description of the suggested enhancement in as many details as possible.

Describe the current behavior and explain which behavior you expected to see instead and why. At this
point you can also tell which alternatives do not work for you.

You may want to include screenshots or screen recordings which help you demonstrate the steps or point out
the part which the suggestion is related to. You can use LICEcap to record GIFs on macOS and Windows, and
the built-in screen recorder in GNOME or SimpleScreenRecorder on Linux.

Explain why this enhancement would be useful to most mendeleev users. You may also want to point out the
other projects that solved it better and which could serve as inspiration.

Your First Code Contribution

Prerequsites

git version control

poetry for dependency and environment management

6.13.
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Local setup

1. Fork the repository

Start by forking the mendeleev repository on GitHub to your account. This will create your copy of the project where
you can make changes.

2. Clone the Repository

Clone your forked repository to your local machine:

git clone https://github.com/lmmentel/mendeleev.git

Navigate to the project directory:

cd mendeleev

3. Development installation

poetry install # core deps only
poetry install --with vis # add visualization (bokeh, plotly, seaborn)
poetry install --with vis,docs # add vis + docs (nbsphinx, ipykernel)

Adding new or extending existing models

Mendeleev uses SQLAlechmy for the data models and schema management. Adding a new model or adding/changing
a property of an existing model requires a data migration. Migration are handled by alembic, to create a new migration
(called revision in alembic lingo):

alembic revision -m "[your summary of changes here]"
This will generate a revision file that you’ll need to populate with desired logic. As a reference please look at previous
migratons in alembic/versions.

Once your migration code is ready run:

alembic migrate head
which should apply the changes to the mendeleev/elements.db database.

Improving The Documentation

Documentation is built with Sphinx and reStructuredText. Once you setup your local environment you can build the
documentation locally with:

# Install docs dependencies
poetry install --with docs

# Build documentation
cd docs
poetry run make html

Results are placed in build/html and you can open build/html/index.html with your favorite browser to see the
results.

Note: Always use poetry run make html to ensure the correct Python environment is used. The build will show
warnings (this is normal) and should complete with “build succeeded, 572 warnings”.
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Documentation of available data points are require an extra step where metadata from the PropertyMetadata model is
rendered into rst format as docs/source/data.rst file. To generate an updated version of data.rst after updating
PropertyMetadata run:

poetry run inv render-data-docs
Inspect the data.rst file before committing to check that everything looks correct.

Writing Tests

Tests must be pytest-style — plain functions with assert, no unittest.TestCase or class-based tests. Use
@pytest.mark.parametrize for data-driven tests.

def test_example():
result = some_function()
assert result == expected

@pytest.mark.parametrize("input,expected", [(1, 2), (3, 4]
def test_parametrized(input, expected):
assert some_function(input) == expected

Run the full suite before committing:

poetry run pytest

6.13.5 Styleguides
Commit Messages

6.13.6 Attribution

This guide is based on the contributing.md!

6.14 Bibliography
6.15 mendeleev Changelog

6.15.1 Unreleased
6.15.2 v1.3.0 (10.09.2026)

* [MNT] Loosen pandas dependency to >=2.1 and plotly to >=5.0 to allow newer major versions by @Im-
mentel in #273

» [FIX] Replace deprecated pandas.api.types.is_float_dtype() with np.issubdtype() for pandas 3.0
compat by @Immentel in #273

* [FIX] Fix FutureWarning in vis/utils.py groupby.apply by selecting column before apply by @lmmentel
in #273

» [FIX] Fix deltaN that crashed with an AttributeError after the electronegativity refactor by @Immentel in
#270

e [FIX] Fix typo in Isotope.half_life_u (half_file -> half_life) by @lmmentel in #270

* [FIX] Fix literal {symbol} placeholder in multi-allotrope phase transition warnings by @Immentel in #270

[FIX] Make fetch_electronegativities respect the scales argument by @Immentel in #270

6.14. Bibliography 169


https://mendeleev.readthedocs.io/en/stable/data.html
https://mendeleev.readthedocs.io/en/stable/api/models.html#propertymetadata
https://contributing.md/generator
https://github.com/sponsors/@lmmentel
https://github.com/sponsors/@lmmentel
https://github.com/lmmentel/mendeleev/pull/273
https://github.com/sponsors/@lmmentel
https://github.com/lmmentel/mendeleev/pull/273
https://github.com/sponsors/@lmmentel
https://github.com/lmmentel/mendeleev/pull/273
https://github.com/sponsors/@lmmentel
https://github.com/lmmentel/mendeleev/pull/270
https://github.com/sponsors/@lmmentel
https://github.com/lmmentel/mendeleev/pull/270
https://github.com/sponsors/@lmmentel
https://github.com/lmmentel/mendeleev/pull/270
https://github.com/sponsors/@lmmentel
https://github.com/lmmentel/mendeleev/pull/270

mendeleev Documentation, Release 1.3.0

e [MNT] Consolidate missing-value handling in electronegativity.mulliken and Element.
electronegativity_mulliken by @Immentel in #270

* [DOC] Fix fetch_electronegativities quick start example and replace removed en_mulliken references
by @lmmentel in #270

6.15.3 v1.2.0 (27.07.2026)
* [ENH] Add units for stored properties by @Immentel in #239
e [FIX] Handle NaN colors in plotly create_tile by @Immentel in #266
* [MNT] Drop python 3.9 and add 3.14 by @Immentel in #246

[MNT] Documentation restructure and sphinx-immaterial migration by @lmmentel in #248

[MNT] Change mendeleev installation command to conda-forge by @lmmentel in #245

[MNT] Automate mendeleev-data sync on release by @lmmentel

[MNT] Consolidate dependabot updates into single lock update by @Immentel in #267

6.15.4 v1.1.0 (10.06.2025)
* [ENH] Update data on dipole polarizabilities by @Immentel in #237
* [ENH] Add Mullay’s scale of electronegativity by @lmmentel in #238
e [MNT] Bump numpy dependency to ~2.0 by @Immentel in #241

6.15.5 v1.0.0 (22.03.2025)
* [MNT] Switch to PyPI Trusted Publishing by @Immentel in #220
* [ENH] Add price per kg for elements by @Immentel in #221
* [DOC] Add CONTRIBUTING.md and CODE_OF_CONDUCT.md by @Immentel in #222
* [DOC] Formatting corrections for data docs by @Immentel in #223
* [MNT] Add coverage print to CI tests by @lmmentel in #224
* [ENH] Add isotope method to access a single isotope from Element by @Immentel in #225
» [FIX] Replace stored atomic volumes with computed ones by @Immentel in #227
* [ENH] Update nuclear g-factor data by @Immentel in #230
* [ENH] Update nuclear electric quadrupole moment data by @Ilmmentel in #231
* [MNT] Refactor and speed up Sanderson’s electronegativity calculation by @Immentel in #233
* [DOC] Add contributor’s guide to the docs by @Immentel in #234
* [MNT] Remove deprecated code and columns by @Ilmmentel in #235
* [ENH] Refactor __repr__ to ReprMixin for all models by @lmmentel in #236

6.15.6 v0.20.1 (01.01.2025)
* [DOC] Add a reference to mendeleev-data repo by @lmmentel in #217
e [DOC] Clean-up tutorial docs by @Immentel in #218
* [FIX] Correct path for sqldiff by @lmmentel in #219
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6.15.7 v0.20.0 (29.12.2024)

[MNT] Add function to update model data from dataframe by @lmmentel in #207

[ENH] Add Robles-Bartolotti and Gunnarsson-Lundqvist electronegativities by @lmmentel in #208
[ENH] Add supply risk attributes from RSC by @Immentel in #209

[MNT] Add missing migration for supply risk attributes by @Immentel in #210

[MNT] Automating rendering documentation tables by @Immentel in #211

[FIX] Correct melting and boiling points for Carbon allotropes by @Immentel in #214

[MNT] Deprecate Element.annotation by @Immentel in #215

[MNT] Include python 3.13 in CI testing matrix by @Immentel in #191

[MNT] Increase test coverage by @Immentel in #216

6.15.8 v0.19.0 (06.11.2024)

[DOC] Update docs for atomic scattering factor by @Immentel in #203

[ENH] Add Miedema’s scale of electronegativity by @lmmentel in #204

[ENH] Improve data export by @Immentel in #205

[ENH] Update ionization energy data and metadata from NIST ASD by @Immentel in #192
[FIX] Correct the electronic configuration for Lr by @Immentel in #190

[FIX] Fix footnotes on data doc page by @Immentel in #206

[FIX] Typo in changelog by @Immentel in #196

[FIX] Update values of oxidation states by @Immentel in #202

[MNT] Add dependency caching in CI by @Immentel in #197

[MNT] Add pytest-xdist to dev deps and configure to use all cores by @Immentel in #201
[MNT] Bump versions of dev dependencies by @Immentel in #200

[MNT] Improve performance of fetch_electronegativity by @Immentel in #198

6.15.9 v0.18.1 (01.10.2024)

[MNT] drop pdf format from docs by @Immentel

6.15.10 v0.18.0 (30.09.2024)

[ENH] Add atomic scattering factors by @lmmentel in #174

[DOC] Update data documentation by @lmmentel in #175

[DOC] Add api docs for the PhaseTransition model by @lmmentel in #181
[DOC] Add phasetransitions table to data access docs by @Immentel in #183

]

]
[DOC] Correct the data export instructions by @lmmentel in #184
[DOC] Add metadata on PhaseTransition and update docs by @Immentel in #185
]

[DOC] Update tutorial notebooks by @Immentel in #187

6.15.
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6.15.11 v0.17.0 (05.06.2024)
* [ENH] Add data export to various formats by @Immentel in #151
* [ENH] Create metadata table for stored properties by @Immentel in #156
* [ENH] Update Isotope.half_life_unit values by @Immentel in #160

[DOC] Add section for alternative implementation of mendeleev to README by @Immentel in #163
[DOC] Add Mendeleev.jl to README by @Immentel in #164

[FIX] Use read-only SQLite connection by @jan-janssen in #165

[FIX] Fix fetch_table to be compatible across major versions of pandas and sqlalchemy by @Immentel in #159

6.15.12 v0.16.2 (21.05.2024)

. — Fix ImportError not being raised with missing objects by @Immentel in #150

6.15.13 v0.16.1 (13.05.2024)
 [FIX] Fix import error by @Immentel in #148

6.15.14 v0.16.0 (05.05.2024)
¢ [ENH] Adopt ruff and pre-commit for linting and formatting by @Immentel in #139
e [ENH] Improve element not found by @ Vi-L in #142

* [ENH] Defer loading element data until attribute access by @paulromano in #121

6.15.15 v0.15.0 (26.12.2023)
* [FIX] Fix a few issues with README.md by @paulromano in #119
e [MNT] Remove six dependency by @paulromano in #120
* [FIX] Update abundance for 126Te isotope by @lmmentel in #123
e [MNT] add python 3.12 support and bump various package versions @Immentel in #134

6.15.16 v0.14.0 (07.06.2023)

* Fix Mulliken electronegativity by @Immentel in #116
 [FIX] Enable fetch of phase transition data by @lmmentel in #112

6.15.17 v0.13.1 (24.04.2023)
* Fix URL in references.bib by @paulromano in #108

* Fix import warning for declarative_base by @Immentel in #109

e Add vis extra by @lmmentel in #110

6.15.18 v0.13.0 (11.04.2023)
¢ [MNT] Relax dependencies for sqlalchemy and pandas and drop python 3.7 by @Immentel in #103
e Bump ipython from 7.34.0 to 8.10.0 by @dependabot in #104
e [MNT] Add API docs for vis module by @lmmentel in #105
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6.15.19 v0.12.1 (28.11.2022)

Add CodeQL workflow for GitHub code scanning by @Igtm-com in #89
Fix number of valence electrons (#91) for Pd by @Immentel in #92

Add missing type hints by @lmmentel in #93

6.15.20 v0.12.0 (9.10.2022)

Configure concurrency in github actions by @Immentel in #82
Fix abundancies for isotopes with one naturally occurring isotope by @lmmentel in #80
Add IsotopeDecayMode model and data by @Immentel in #84

Update boiling and melting point data and add triple point and critical temperature and pressure, by @Immentel
in #88

Include compatibility with python 3.11.

6.15.21 v0.11.0 (29.09.2022)

Update data.rst by @Eben60 in #66

Set discovery_location for Zinc to null by @Immentel in #68

Change “Oxidation states” to “Commonly occurring oxidation states” by @Eben60 in #69
Add International Chemical Identifier property by @Ilmmentel in #76

Update data for isotopes by @lmmentel in #74

Update oxidation states and add method to fetch values by @lmmentel in #77

Documentation fixes by @lmmentel in #78

6.15.22 v0.10.0 (17.07.2022)

Corrected specific heat capacity values with CRC Handbook of Chemistry and Physics as the data source Issue
#060

Renamed specific_heat attribute to specific_heat_capacity PR #61 (for backwards compatibility specific_heat
will still work)

Added molar_heat_capacity property from CRC Handbook of Chemistry and Physics PR #61
Corrected wrong units in the docs for specific_heat Issue #59

Fixed usage of pytest.approx after api change PR #62

Refactored format call to f-strings PR #62

Updated locked dependencies to eliminate known vulnerabilities PR #63

Added python 3.10 to CI workflows to increase test coverage PR #62

6.15.23 v0.9.0 (24.09.2021)

Correct density data with CRC Handbook of Chemistry and Physics as the data source PR #39 that fixes issue
#38.

Fixed plotly based visualizations not rendering at https://mendeleev.readthedocs.io.

Added DOI number.

6.15.
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6.15.24 v0.8.0 (22.08.2021)

» Enable visualizations of periodic tables with plotly as well as bokeh backends through mendeleev.vis.
plotly.periodic_table_plotly and mendeleev.vis.bokeh.periodic_table_bokeh functions.

¢ Addmendeleev.vis.periodic_table function for convenient periodic table plotting wrapping both plotting
backends.

» Refactored the mendeleev.vis module so it can be wasily extended with plotting backends.

* Add CITATION.cff file.

6.15.25 v0.7.0 (20.03.2021)

 Update ionic and crytal radii for III+ actinoids.

* Refactor electronegativity calculations for easier calculation and retrieval of the different scales.
* Add fetch.py module with methods for accessing bulk data.

* Add oxides methods to Element that returns possible oxides (Issue #17).

* Add tutorials on fetching data and electronic configuration.

* tables.py is renamed to models.py.

» Switch from pipenv to poetry for development.

» Switch from travis CI to github actions and extend testing matrix to Win and MacOS.

* Documentation udpate.

6.15.26 v0.6.1 (03.11.2020)
* Add electrophilicity index.

* Pin sglalchemy version to prevent further issues with old versions, see Issue #22

6.15.27 v0.6.0 (10.04.2020)
* Add Ion class to handle atomic ions.
* Add Github templates for bug reports, feature requests and pull requests.
e Update the values of atomic_radius_rahm according to corrigendum, (PR #13).

» Switch the default documentation theme to material with sphinx-material.

6.15.28 v0.5.2 (29.01.2020)

¢ Fix a UnicodeDecodeError from README.md while installing on windows.

* Code quality improvements based on Igtm.com

6.15.29 v0.5.1 (26.08.2019)

e Fix issue #3, get_table('elements') throwing an error
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6.15.30 v0.5.0 (25.08.2019)

» Migrate the package from bitbucket to github

¢ Add Pettifor scale: pettifor_number attribute

¢ Add Glawe scale: glawe_number attribute

* Restore default printing of isotopic abundancies, fix issue #9

¢ Correct the oxidation states for Xe, fix issue #10

6.15.31 v0.4.5 (17.03.2018)

» Update dipole polarizability value to the latest recommended (2018)

* Fix issues/8/typeerror-on-some-of-the-element

6.15.32 v0.4.4 (10.12.2018)

* Fix issues/6/type-of-block-is-wrong

6.15.33 v0.4.3 (16-07-2018)

¢ Added mendeleev_number attribute to elements.

¢ Added footnotes to the data documentation.

6.15.34 v0.4.2 (26-12-2018)

* Fixed issue #3: encoding issue in econf.py.

6.15.35 v0.4.1 (03-12-2017)

* Corrected passing integers to the CLI script.

* Various documentation readability and structure improvements.

6.15.36 v0.4.0 (22-11-2017)

* The elements can now be directly imported from mendeleev by symbols.

* Added sphinxcontrib.bibtex extension to the docs to handle BibTeX style references to improve handling of the

bibliographic entries.

* Added nbsphinx to include Jupyter Notebook tutorials in the docs.

6.15.37 v0.3.6 (17-09-2017)
* Added API documentation
 Corrected the sphinx configuration

» Updated the documentation

6.15.38 v0.3.5 (07-09-2017)

* Added a module with functions to scrape data from ciaaw.org

¢ Added new Element attributes, name_origin, uses and sources

6.15. mendeleev Changelog
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e Added new Element attributes related to the discovery:

discovery_year

6.15.39 v0.3.4 (28-06-2017)

* Fixed python2.7 compatibility issue
¢ Added double and triple bond covalent radii from Pyykko
* Corrected minor error in the documentation

* Replaced lazy loading with eager in db queries

6.15.40 v0.3.3 (16-05-2017)

¢ Corrected the coordination of Br5+ ion in the ionic radii table

6.15.41 v0.3.2 (01-05-2017)
* Added metallic_radius
* Added Goldschmidt and geochemical classifications
* Corrected the docs configuration
* Added cas number attribute
¢ Added atomic radii by Rahm et al.
* Created a conda recipe
* Added a citation information to the readme

¢ Electronic configuration code was split into a separate module

6.15.42 v0.3.1 (25-01-2017)

discoverers,

* Added new properties of isotopes: spin, g_factor, quadrupole_moment

6.15.43 v0.3.0 (09-01-2017)

 Updates of the documentation and tutorials

* Added radioactive isotope half-lifes

6.15.44 v0.2.17 (08-01-2017)

discovery_location,

» Extended the schema for isotopes with additional attributes and updated the values of abundancies, half lifes and

mass uncertainties.

 Updates to the tutorials and docs.

6.15.45 v0.2.16 (06-01-2017)

¢ Corrected the radioactive attribute of Th, Pa and U elements.

6.15.46 v0.2.15 (02-01-2017)

* Patched the sphinx configuration.
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6.15.47 v0.2.14 (02-01-2017)
* Patched typos in README.

6.15.48 v0.2.13 (01-01-2017)
» Updated atomic weight with the newest [IUPAC and CIAAW recommendations.
¢ Added is_radioactive and is_monoisotopic attributes.

» Updated the docs.

6.15.49 v0.2.12 (21-12-2016)
* Got rid of the scipy dependency.

6.15.50 v0.2.11 (10-11-2016)
» Updated the names and symbols of elements 113, 115, 117, 118.
 Updated the docs.

6.15.51 v0.2.10 (18-10-2016)
¢ Added the C6 coefficients from Gould and Bucko.

¢ Added van der Waals radii from Alvarez.

6.15.52 v0.2.9 (16-10-2016)

* Added a scale of electronegativities by Ghosh.

6.15.53 v0.2.8 (29-08-2016)
» Updated the electron affinity of Pb and Co.
 Updates of the docs.

6.15.54 v0.2.7 (02-04-2016)

¢ Maintenance.

6.15.55 v0.2.6 (02-04-2016)

* Mainly maintenance updates to docs, sphinx conf.py, setup.py, requirements.

6.15.56 v0.2.5 (02-04-2016)

Features added

* Added calculation of Martynov and Batsanov scale of electronegativity in en_martynov_batsanov method in
the Element class

¢ Added abundance_crust and abundance_sea with element abundancies in the crust and seas

¢ Added molcas_gv_color attribute with MOLCAS GV colors

6.15. mendeleev Changelog 177


http://www.molcas.org/GV/

mendeleev Documentation, Release 1.3.0

Bugs fixed

* Restored Python 3.x compatibility

6.15.57 v0.2.4 (05-02-2016)
Features added

» Extended and corrected the documentation and Jupyter notebook tutorials on basic usage electronegativities,
plotting and tables

Bugs fixed
* Corrected raise to return when calling en_sanderson from electronegativity

¢ Fixed and tested the formula for calculating the Li and Xue scale of electronegativity in en_lie-xue

6.15.58 v0.2.3 (27-01-2016)
Features added

e Added new vdW radii: vdw_radius_batsanov, vdw_radius_bondi, vdw_radius_dreiding,
vdw_radius_mm3, vdw_radius_rt, vdw_radius_truhlar, vdw_radius_uff

* Added an option to plot the long (wide) version of the periodic table in periodic_plot

Bugs fixed

* Typos in the docstrings

6.15.59 v0.2.2 (29-11-2015)
Features added

¢ Added new covalent radii: covalent_radius_bragg, covalent_radius_slater

Added the c6 dispersion coeflicients
¢ Added gas_basicity, proton_affinity and heat_of_ formation

* Added periodic_plot function for producing bokeh <https://bokeh.org/> based plots of the periodic table

Added jmol_color and cpk_color with different coloring schemes for atoms

Bug fixes

* Changed the series of elements 113, 114, 115, 116 to poor metals

6.15.60 v0.2.1 (26-10-2015)
Features added
» Extended the list of options for calculating Mulliken electronegativities in en_mulliken
¢ Added electrons_per_shell method
* Added a function to calculate linear interpolation of radii required for calculation of Sandersons electronegativity

* Added hybrid attributes electrons, protons, neutrons and mass_number
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Bug fixes

* Changed the type of the melting_point from str to float

6.15.61 v0.2.0 (22-10-2015)

Features added
* Instead of covalent_radius added covalent_radius_2008 and covalent_radius_2009
¢ Instead of electronegativity added en_pauling and en_mulliken
* Added a method for getting ionic radii
* Improved the method for calculating the nuclear screening constants
¢ Added ElectronicConfiguration class initialized as Element attribute
¢ Added nuclear screening constants from Clementi and Raimondi
* Added a method to calculate the absolute softness, absolute hardness and absolute electronegativity

¢ Added get_table method to retrieve the tables as pandas DataFrames

Bug fixes
¢ Added missing electronic configurations

* Converted ionic radii from Angstrom to pico meters

6.15.62 v0.1.0 (11-07-2015)

First tagged version with the initial structure of the package and first version of the database and the python interface

6.16 License

The MIT License (MIT)
Copyright (c) 2015 Lukasz Mentel

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated documen-
tation files (the “Software”), to deal in the Software without restriction, including without limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom
the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions of the
Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PAR-
TICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFT-
WARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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CHAPTER
SEVEN

INDICES AND TABLES

* genindex
* modindex

¢ search
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__init__(Q) (ElectronicConfiguration method), 100, 143
__init__Q) (Element method), 100, 128
__init__Q (Group method), 102, 129
__init__Q (lon method), 103, 116

__init__Q (lonicRadius method), 104, 130
__init__Q (lonizationEnergy method), 106, 131
__init__Q) (Isotope method), 107, 133
__init__Q (sotopeDecayMode method), 108, 134
__init__Q (OxidationState method), 109, 134
__init__Q (PhaseTransition method), 112, 135
__init__Q (PropertyMetadata method), 113, 136
__init__Q (ScatteringFactor method), 110, 137
__init__Q (ScreeningConstant method), 110, 138
__init__Q (Series method), 111, 138
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abundance_crust (Element attribute), 93, 122
abundance_sea (Element attribute), 93, 122
abundance_uncertainty (Isotope attribute), 107, 132
add_tile_coordinates() (in module
mendeleev.vis.utils), 152, 153
allotrope (PhaseTransition attribute), 111, 135
allred_rochow() (in
mendeleev.electronegativity), 139
annotations (PropertyMetadata attribute), 112, 136
apply_rst_format () (in module mendeleev.utils), 146
atomic_number (Element attribute), 93, 122
atomic_number (lonicRadius attribute), 104, 130
atomic_number (lonizationEnergy attribute), 105, 131
atomic_number (Isotope attribute), 107, 132
atomic_number (OxidationState attribute), 108, 134
atomic_number (PhaseTransition attribute), 111, 135
atomic_number (ScatteringFactor attribute), 109, 137
atomic_number (ScreeningConstant attribute), 110, 137
atomic_radius (Element attribute), 93, 122
atomic_radius_rahm (Element attribute), 94, 122
atomic_volume (Element attribute), 96, 125
atomic_weight (Element attribute), 94, 122
atomic_weight_uncertainty (Element attribute), 94,
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atomre (ElectronicConfiguration property), 101, 143
attribute_name (PropertyMetadata attribute), 112,
136

B

block (Element attribute), 94, 122
boiling_point (Element property), 97, 125
boiling_point (PhaseTransition attribute), 111, 135
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cas (Element attribute), 94, 122

category (OxidationState attribute), 109, 134

category (PropertyMetadata attribute), 112, 136

charge (lon property), 103, 116

charge (lonicRadius attribute), 104, 130
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class_name (PropertyMetadata attribute), 112, 136
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coeffs() (in module mendeleev.utils), 145

color (Series attribute), 111, 138

colormap_column() (in module mendeleev.vis.utils),
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column_name (PropertyMetadata attribute), 112, 136
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tribute), 94, 122
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cpk_color (Element attribute), 94, 122

create_annotation() (in module

mendeleev.vis.plotly), 150
create_tile() (in module mendeleev.vis.plotly), 150
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create_vis_dataframe() module
mendeleev.vis.utils), 153

critical_pressure (PhaseTransition attribute), 111,
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critical_temperature (PhaseTransition attribute),
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crystal_radius (lonicRadius attribute), 104, 130

D
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density (Element attribute), 94, 122
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discovery_location (Element attribute), 94, 122
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electrons (lon property), 103, 116
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is_transition (PhaseTransition attribute), 112, 135
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isotope() (Element method), 96, 125

isotope () (in module mendeleev.mendeleev), 114

isotope_id (IsotopeDecayMode attribute), 108, 134

IsotopeDecayMode (class in mendeleev.models), 108,
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isotopes (Element attribute), 96, 124
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jmol_color (Element attribute), 95, 123
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last_subshell () (ElectronicConfiguration method),
101, 144

lattice_constant (Element attribute), 95, 123

lattice_structure (Element attribute), 95, 123

li_xue(Q) (in module mendeleev.electronegativity), 140
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martynov_batsanov() (in
mendeleev.electronegativity), 140
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mass_str() (Element method), 97, 125
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max_1(Q) (ElectronicConfiguration method), 101, 143
max_n() (ElectronicConfiguration method), 101, 143
melting_point (Element property), 97, 125
melting_point (PhaseTransition attribute), 111, 135
mendeleev.cli

module, 146
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module, 145
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module, 142
mendeleev.electronegativity

module, 138
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mendeleev.ion
module, 116
mendeleev.mendeleev
module, 113
mendeleev.models
module, 117
mendeleev.utils
module, 145
mendeleev.vis.bokeh
module, 148
mendeleev.vis.periodictable
module, 146
mendeleev.vis.plotly
module, 150
mendeleev.vis.seaborn
module, 151
mendeleev.vis.utils
module, 152
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metallic_radius (Element attribute), 95, 123
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module

periodic_table_bokeh() (in module
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