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a b s t r a c t

Inspired by the Crystallography Open Database (COD), the Material Properties Open Database (MPOD)
was given birth. MPOD aims at collecting and making publicly available at no charge tensorial properties
(including scalar properties) of phases and linking such properties to structural information of the COD
when available. MPOD files are written with the STAR file syntax, used and developed for the Crystallo-
graphic Information Files. A dictionary containing new definitions has been written according to the
Dictionary Definition Language 1, although some tricks were adopted to allow for multiple entries still
avoiding ambiguousness.

The initial set includes mechanical properties, elastic stiffness and compliance, internal friction; elec-
trical properties, resistivity, dielectric permittivity and stiffness, thermodynamic properties, heat capac-
ity, thermal conductivity, diffusivity and expansion; electromechanical properties, piezoelectricity,
electrostriction, electromechanical coupling; optical properties; piezooptic and photoelastic properties;
superconducting properties, critical fields, penetration and coherence lengths.

Properties are reported in MPOD files where the original published paper containing the data is cited
and structural and experimental information is also given. One MPOD file contains information relative to
only one publication and one phase. The files and the information contained therein can also be consulted
on-line at http://www.materialproperties.org.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction and functional information, the Material Properties Open Database
The Crystallography Open Database, (COD) [1] collects and pro-
vides Crystallographic Information Files (CIF) [2] for phase struc-
ture definitions. Born in 2003, in 2008 it had already reached the
milestone of 50,000 entries, and it currently hosts more than
140,000 files. The Predicted Crystallography Open Database
(PCOD), an early fork of the COD providing predicted structures,
can boast already over 1,000,000 files.

Crystallographic structures affect microscopic properties of the
phases constituting a given material which has consequences at
the macroscopic scale. Knowledge about the structure can also
be used to make predictions about such properties, e.g. with a sim-
ulation approach like Density Functional Theory. Measured crystal-
lite properties, however, are of key importance for counter-
checking theoretical studies and also to better define fitting models
for the structure determination itself.

Inspired by the success of the COD and PCOD and feeling the
strong interconnection and complementarity between structural
All rights reserved.
was given birth in 2010. The link and motivation stands out in par-
ticular for tensorial properties that need structural information for
their representation, in particular point group symmetry, other-
wise at disposal in the famous Landold–Bornstein book series.
Anisotropic materials properties are usually represented by ten-
sors or matrices [3,4], and we used the property names as defined
in [5].

CIF files are written according to the STAR file specifications
[6,7]. Given the success and widespread use of CIF files and the
connection of the material properties with the structural informa-
tion it was decided to adopt the same format for MPOD files. CIF
files in fact are recognised and used by most crystallographic soft-
ware but also by other software where structural information is of
key importance e.g. solid state simulation software that can predict
material properties ab initio. The usage of the same syntax could
then favour the implementation and usage of MPOD files in soft-
ware taking into account not only structure but also other proper-
ties of the materials. Currently the database contains about 200
files with data related to over 40 different properties. In the MPOD
files details about the experimental conditions at which the prop-
erties were measured are also given. The MPOD files are available
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for download but the information can also be viewed directly in a
more reader-friendly style.

2. File structure and dictionary

The STAR file syntax and specifications were designed quite rig-
idly, specifically for the description of crystallographic properties
and diffraction experiments. In the STAR/CIF design and concept
a piece of information (data item) is given by the association of a
tag (data name) and a data value. Data items are grouped in data
blocks which are contained in a datafile, written in simple ASCII
text to be human readable.

Data names are defined in a dictionary. A data file can then be
checked for consistency against one or more dictionaries. The core
CIF dictionary [8] is written specifically for single-crystal small-
molecule and inorganic crystal studies; it contains however also
general data names as for examples related to the article where
the structure was published.

A new dictionary has been written to define the properties,
experimental conditions and parameters not present in the CIF
core dictionary and needed for the definition of the material prop-
erties and their measurements. MPOD datafiles are then checked
against both the CIF core dictionary and the MPOD dictionary. Be-
low an example of property definition taken from the MPOD dictio-
nary is shown.

data_prop_piezoelectric_gij

_name
 ‘_prop_piezoelectric_gij’

_category
 prop

_type
 char

_units
 C.m^�2

_units_detail
 ‘coulomb per square metre’
_definition

; piezoelectric gij
ij = 11–36

;

The STAR File grammar does not allow the repetition of a data

name within one data block. For lists of data items the loop_ struc-
ture is foreseen. Nesting of loop_ structures is not allowed. Only
data names that belong to the same category can be looped to-
gether. For this reason all properties and also experimental condi-
tions and methods belong to the same category, ‘‘prop’’, in the
material properties dictionary, even if initially they were divided
into different categories for clarity.

A typical example is shown below for elastic stiffness values de-
fined in the single crystal frame (1,2,3) and represented as a ma-
trix. The values can be inserted in a loop_ structure where a data
value takes into account the change of index:

loop_
_prop_data_tensorial_index
_prop_elastic_stiffness_cij
11 106.75
12 60.41
13 60.41
22 106.75
23 60.41
33 106.75
44 28.34
55 28.34
66 28.34

In this example one can see that for diagonally symmetric prop-

erties (tensors), as are elastic constants, we choose not to repeat the
tensor components below the diagonal. Otherwise all the constants
are explicitly written, so that software reading the files do not need
to care about tensor symmetry among the components. A ‘‘?’’ is gi-
ven for any missing value not reported in the source scientific paper.

Let us now consider the case where many properties have been
determined in the same experiment and published in the same
paper. In order to comply with the STAR syntax without repetition
of any tag (_prop_data_tensorial_index for instance), and simulta-
neously to allow the insertion of all properties (with different index
ranges in the general case) in the same loop, we chose to assign a
label to a property and repeat the label in the loop_ structure. An
example of simultaneous report of elastic stiffness and internal fric-
tion values is given below (dots stand to avoid a long list of
constants):

_prop_measurement_method ‘EMAR’
_prop_elastic_stiffness_cij ‘cij’
_prop_internal_friction_Qij-1 ‘Qij-1’
loop_
_prop_data_label
_prop_data_tensorial_index
_prop_data_value
_prop_conditions_temperature
cij 11 229.0 290
. . .

cij 66 85.8 290
Qij-1 11 2.7 290
. . .

Qij-1 66 5.4 290
cij 11 235.9 5
. . .

cij 66 89.6 5
Qij-1 11 0.4 5
. . .

Qij-1 66 2.3 5

This choice gives rise to a reader-friendly list that can be ex-
tended also for changing experimental parameters (e.g. in this case
the temperature), whereas in this example the method is indicated
outside the loop structure since in this case it does not change for
any of the property values reported.

3. Web interface

A web interface was created for searching and displaying the
information contained in the MPOD files and it is available online
at http://www.materialproperties.org. In the future mirrors are
foreseen to warranty data availability with time, together within
the COD actual sites. There is no restriction to the access to data,
which can be reused in any other software and database for free.

The site provides general information about the MPOD, the dic-
tionary and references to the STAR file and CIF file structure, syntax
and core dictionary. Moreover it offers the possibility of searching
files according to the name of the phase, the elements it contains,
the author of the article where the data was originally published,
or the code of the phase in the Crystallography Open Database.
Fig. 1 shows a snapshot of the search web page after it was inter-
rogated with the phase name aluminum: the MPOD code, filename,
COD code, phase generic name, phase name, chemical formula and
publication are indicated for each entry selected by the query. The
MPOD code is linked to a page showing the properties and their
values for the file. The filename is linked to the actual MPOD file,
the COD code to the CIF structure file of the COD database, and
finally there is a link to the details about the article where the data
was originally published. A snapshot of the page with the article
information is published in Fig. 2.

http://www.materialproperties.org


Fig. 1. Snapshot of the search page of the MPOD website after a search with the keyword aluminum.

Fig. 2. Snapshot of the article details page with the list of datafiles containing values originally published in the article.
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In Fig. 3 the visualisation of a MPOD datafile with the matrix
representation of elastic stiffness values is shown; the property
name is linked to a detailed view of the property and a list of the
datafiles where values related to this property are reported as
shown in Fig. 4. On the website, the matrix values are reported be-
low the general datafile information and experimental conditions
but they were placed on the right side of the picture for size
reduction.
4. Summary and further implementations

Over 40 property data names have already been defined. An
indicative list is given in the abstract, the full list being easily
checkable on the MPOD site. A significant set of experimental
parameters and measurement methods are included in the dictio-
nary. The website provides not only the files but also the dictionary
and information on the software used for the syntactic correctness



Fig. 3. Snapshot of the datafile view where property values for a given file are displayed in matrix form.

Fig. 4. Snapshot of the properties details page with the list of all files containing values related to the property (in this case superconducting critical field).
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of the files. Further validation algorithms will be implemented in
the near future taking into account the validity of the matrix indi-
ces indicated and the labels for the properties. A search tool helps
consulting the properties.

A basic form for submitting MPOD files is available. Putting to-
gether MPOD files from publication is a tedious work if done
repeatedly by few people but it is matter of a few minutes for sci-
entists after they have accomplished publication. The advantage
for the authors is visibility of their work and data that can be
searched through the web interface of the MPOD. The website in
fact provides reader-friendly views of the properties values, with
links to the properties’ definitions and the details of the publication
where the data are released.
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