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Ab-initio simulations
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• Spatial mesh M= 50 points per dimension.
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Can solve the full Schrödinger equation by solving one-particle system
equations, and obtain an approximate ground state energy for the system.
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The new version of CRYSTAL is available and can be downloaded from the CRYSTAL solutions web site
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The CRYSTAL Team is pleased to announce the release of CRYSTAL14 (current version: v1.0.3).

Yes

CRYSTAL14 is a major release and the most relevant new features are:
Static first- and second-hyperpolarizability and the corresponding electric susceptibilities tensors through a Coupled Perturbed
HF/KS scheme
Improved phonon dispersion calculation (phonon band structure and DOSs, ADPs and Debye-Waller factors, ...)
Raman and IR intensities through a CPHF/KS approach
Automated calculation of the piezoelectric and photoelastic tensors of crystalline systems
New DFT functionals: mGGA, Range-separated hybrids and Double-hybrids
Automatic generation of fullerene-like structures
New tools to model low-dimensionality systems (nanorods, nanoparticles, ...)
New tools for the treatment of solid solutions
Improved Massive-parallel version (MPPcrystal - distributed memory)

Output energies, forces, bond lengths, stresses, etc.

Obtain the relaxed structure and the total energy of the system

License fee
Platforms

DOCS & SETS

Internal interface to CRYSCOR for electronic structure calculations of 1D,- 2D- and 3D-periodic non-conducting systems at the LMP2 correlated level and Double-Hybrids
Internal interface to TOPOND for topological analysis of the charge density
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Calculate electrostatic potential of unperturbed host material
using DFT
Randomly locate µ+ in the host’s unit cell (Ge in example)

•
•
•

Calculate classical forces on the µ+ .
Relax µ+ to the potential minima. Identify clusters.
Create supercell and test sites.

•
•

Plot potential along the line joining 0-1.
1 is more likely to be an stopping site.
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0

1

F-F potential

TiO2 rutile

Mu-Mu potential

Pr2Rh3Ge5

Work with Adroja Debashi, from ISIS
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1) Build supercell
2) Define region to randomly locate muonium pseudo-atoms
3) Generate muonated structures placing muonium in randomised positions
within the chosen region
4) Relax structures using calculated DFT forces
5) Each muonated structure is a vector in data space (E, mux, muy, muz). Look for
clusters in this data-space.
2x2x2 Si
supercell

N structures

Python library Soprano (CCP NC ) https://github.com/CCP-NC/soprano
L. Liborio, S. Sturniolo and D. Jochym, The Journal of Chemical Physics, 148, 134114 (2018)

• Define 4D vector: (ET, mux, muy, muz)
• Look for “closeness” in 4D space
• Hierarchical clustering
• 3 clusters identified
SOPRANO
Python library Soprano (CCP NC ) https://github.com/CCP-NC/soprano

Si_1

Si_2

Si_3

• Identified 3 clusters
• Use k-means clustering
• Iidentified the MuT and MBC in Silicon.
• High throughput method.
Python library Soprano (CCP NC ) https://github.com/CCP-NC/soprano
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1) Build supercell of an organic crystal.
2) Define region to randomly locate muonium pseudo-atoms
3) Generate muonated structures placing muonium in randomised positions
within the chosen region
4) Relax structures using calculated DFTB+ forces
5) Each muonated structure is a vector in data space (E, mux, muy, muz). Look for
clusters in this data-space.

Python library Soprano (CCP NC ) https://github.com/CCP-NC/soprano
S. Sturniolo, L. Liborio and S. Jackson, The Journal of Chemical Physics, 150, 154301 (2019).

Why DFTB+ is faster? Why organic systems?
• Represents the electrons as bound to the ions.
• Does not describe the full spatial electronic wavefunction.
•

Uses parametrizations to describe interactions between chemical species
in the system.

• These parametrizations are not easy to do. Saved in Slater-Koster sets.
• Used organic crystals because there is a well-documented Slater-Koster
parameter set for organic compounds: the 3ob-3-1 set, which covers
among the other elements carbon, hydrogen, oxygen, nitrogen and sulphur.

https://www.dftbplus.org/

Bithiophene

Durene

TCNQ

S. Sturniolo, L. Liborio and S. Jackson, The Journal of Chemical Physics, 150, 154301 (2019).
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Tetrakis-(2-phenyethynyl)-Silane

Phenylacetylene capped silicon nanoparticles

Collaboration with UEA, ISIS and PSI

ALC Muonated Crystalline Benzene
•

The longitudinal field Avoided Level Crossing (ALC) muon
spectrum of crystalline benzene.
3. Low temperature limit
• ALC spectrum for benzene at 12 K and at 210 K.
At 12 K, the ALC spectrum of benzene displays a number of broad peaks, partially overlapping
across the explored range of frequencies. Figure 2 displays the spectrum, together
with the prediction
• ALC
peaks narrow at 12 K by residual dynamical process.
of the simulation. The simulation was performed by taking the six corrected hyperfine tensors for the
six possible muon sites, calculated as described in the previous section,•and theFurther
six correspondingALC peak narrowing at 210 K due to benzene rotation.
ipso hydrogen hyperfine tensors. Each of the six was used to compute a powder-averaged spectrum
All calculations were done in Python using the libraries Numpy [6], Scipy [7] and ASE [8] for
numerical and atomic structure manipulations.

over a total of 434 orientations taken from the set of Lebedev angles compiled by M. Carravetta [9].
Finally, the six spectra were summed, assuming that there is no preference for any specific stopping
site.
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Fig. 2. Experimental ALC spectrum for solid benzene at 12 K (solid line) and static simulated spectrum
(dashed). The red lines on the top of the plot represent the predicted positions for the ∆1 peak at the various
sites, before (dashed) and after (solid) the quantum corrections. The ones at the bottom are the same for the ∆0
peaks.
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Fig. 3. Experimental ALC spectrum for solid benzene at 210 K (solid line), and simulated spectra with
averaged crystal tensors (dashed line) and single molecule tensors (dash and dot).

S. Sturniolo, L. Liborio et. al., Japanese Journal of Physics: Conference
Series,
(2017).
The resulting spectrum matches
the experimental
one closely enough except for two details:
3

• the leftmost peak, related to site 2a, seems to be too shifted to the right by an excessive quantum
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Work in progress – Future plans
• Venturing into the field of large organic
molecules.
• Working on simulations for biological
systems.
• Key technical issue: flat potential
surfaces, almost impossible to relax by
standard DFT.
• Key technical issue: huge systems.
Polipeptide – Mark Telling, ISIS
3ob-3-1 DFTB+ set

•

Plan use of machine learning to try to estimate hyperfine coupling constant tensors
with DFTB+

• DFT is a powerful approximation that allows for the computational modelling of
nanomaterials.
• We developed computational methods to estimate the stopping sites of muons in
crystalline materials in a fast and reliable way. These methods complement the known
methodologies used for predicting the muon stopping sites. We have developed our
own flavor of the UEP method.
• Our new fast method utilize DFTB+ calculations, combined with the random
generation of potential muonated structures and the use of machine learning
techniques to efficiently search for clusters in these structures. This method
predicted muon stopping sites in Bithiophene, Durene and TCNQ.
• The Python library Soprano is used to implement the method and identify the clusters.
• Computational modelling can be applied to specific problems related to muon
experiments. Working on the implementation of these techniques for a general user
(Software demonstrations).
• We plan to start work on large organic/biological systems.
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