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Abstract
The WURM project is a database of computed Raman and infrared spectra and other physical
properties for minerals. The calculations are performed within the framework of the density-functional
theory and the density-functional perturbation theory. The database is freely available for teaching and
research purposes and is presented in a web-based format, hosted on the http://www.wurm.info web
site. It provides the crystal structure, the parameters of the calculations, the dielectric properties, the
Raman spectra with both peak positions and intensities and the infrared spectra with peak positions for
minerals. It shows the atomic displacement patterns for all the zone-center vibrational modes and the
associated Raman tensors. The web presentation is user friendly and highly oriented toward the end
user, with a strong educational component in mind. A set of visualization tools ensures the observation of the crystal structure, the vibrational pattern, and the different spectra. Further developments
include elastic and optical properties of minerals.
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Introduction
The last decades saw the rise of computational physics as a
new branch of physics intermediate between the two traditional
main branches: theoretical physics and experimental physics.
This evolution was triggered by the exponential rise of the computational power, together with the development of performant
algorithms and the larger availability of software implementations. Nowadays, numerical physics evolves into an investigation
tool, which is fully complementary to experiments; the use of
these techniques lately increased in the Earth sciences and the
mineral physics, too.
Today theoretical results are usually in good agreement with
experimental data (on the order of a few percent for interatomic
distances and a few degrees on the interatomic angles). The
vibrational spectra should be considered more carefully as they
can differ as much as a few tens of wavenumbers from experimental data. Usually the shifts are consistent within chemical
variations along a solid solution or mineralogical group. The
relative intensities of the major Raman peaks are in good agreement with respect to experiment. However nowadays mineral
identification cannot be done solely based on theoretical spectra.
Nevertheless, the latter can be used to understand and to interpret
the measured spectra and to assist the identification based on
experimental data. The first-principles calculations have another
advantage, in that they offer the ability to easily study materials in
thermodynamic and/or thermochemical conditions that are hard
to reach in experiments. These make the computational methods
an important and useful tool in modern science.
In parallel with this effort, gathering of physical data for
minerals advanced at a fast pace on the experimental side. Ef* E-mail: razvan.caracas@gmail.com
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forts to collect and organize this information matured with the
recent formation of several public databases, notably of Raman
spectra: the RRUFF project (Downs 2006) of the University of
Arizona, U.S.A.; the Raman Spectra Database of the Dipartimento di Scienza della Terra in Siena, Italy; the Raman Spectra
Database of Minerals and Inorganic Materials (RASMIN) of the
National Institute of Advanced Industrial Science and Technology, Japan; the Handbook of Mineral Raman Spectra of the ENS
Lyon, France; the Mineral Raman Database of the University
of Parma, Italy; the Database of Mineral Raman Spectra of the
SFMC, France; etc.
However, until now there were no similar efforts on the theoretical side. The WURM project comes to fill in this gap: the first
database of computed physical properties for minerals that are
freely available through the Internet, hosted on the http://www.
wurm.info web site. The WURM project offers a complementary
numerical alternative to the RRUFF project. It is addressed to
the community of mineralogists and crystallographers in a broad
sense, for both research and teaching purposes.

Database overview
The aim of the database is to provide computed values for
different physical properties of minerals, such as crystal structure,
dielectric tensors, dynamical atomic charges, Raman spectra with
both peak position and intensities, Raman tensors, frequencies,
and vibrational pattern for all zone-center modes.
By “mineral” we understand the definition adopted by the
International Mineralogical Association (Nickel 1995): “a crystalline inorganic chemical, which can be naturally found …” but
we extend it to synthetic analogs to known minerals, planetary
ices, aerosols, and any other inorganic chemicals that are related
to the known mineral realm or have the potential to naturally

