
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

CIF dictionaries for predicted structures
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Vilnius University Institute of Biotechnology
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The increase of theoretically refined structures

Theoretical methods.
Rise of DFT methods allows to refine atomic coordinates in
crystals, and to predict various crystal properties
MM, MM/QM methods, MC methods allow to predict
crystal structures.

S. Gražulis et al. CIF for CSP Vilnius, 2023 2 / 22



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

TCOD – Theoretical Crystallography Open
Database

Available at:
http://www.crystallography.net/tcod/
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TCOD: recorded information, dictionaries,
quality criteria

Contents:
Information needed to evaluate the quality of the theoretical
structure;
Information needed to reproduce the structure;
Information needed to repeat computation verbatim;

Quality criteria:
(Join the discussion at http://lists.crystallography.net/cgi-bin/mailman/listinfo/tcod)

DFT
residual forces on atoms;
residual charges at atomic positions

MM
…
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The CIF framework

Is suitable for processing and archiving;
Is maintained by the IUCr;
Has > 1000 data names defined;
Is independently extensible;

(Hall et al. 1991; Bernstein et al. 2016)
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Expression of computations

Computation
Any computation can be expressed as a Unix (Linux ;)
command line with specified:

inputs (including STDIN)
outputs (including STDOUT and STDERR)
command to run
environment (CPU, OS, libraries, ENV variables, etc.)

S. Gražulis et al. CIF for CSP Vilnius, 2023 6 / 22



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Example of CIF computation

Computation using a local file:

cif_molecule \
--preserve-stoichiometry \
--covalent-sensitivity 0.75 \
2200231.cif \
> 2200231_molecular_entities.cif
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Example of CIF computation

Computation using a local file:

cif_molecule \
--preserve-stoichiometry \
--covalent-sensitivity 0.75 \
2200231.cif \
> 2200231_molecular_entities.cif

Computation using a database record (specific version):

curl -ksSL \
https://crystallography.net/cod/2200231.cif@1 | \

cif_molecule \
--preserve-stoichiometry \
--covalent-sensitivity 0.75 \
> 2200231_molecular_entities.cif
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Structure description levels

Structures may be described at different level of detail in TCOD:

Level 0 Level 1 Level 2

Level 0, plus: Level 1, plus:

1 lattice and
symmetry

2 atomic
coordinates

3 bibliography
reference

1 computational setup &
parameters

2 residual forces on atoms
and cell

3 code-specific
convergence criteria

1 input scripts and
files

2 command line

3 output logs of the
code
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Synchronisation with AiiDA

Relaxed structure

Results

Results

PDF

TCOD + AiiDA:
Direct export of calculation results generated by any of the
supported codes;
Automatic generation of level 2 structure descriptions.

(Merkys et al. 2017; Pizzi 2018)
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Open Provenance Model

Essentially a subset of the OPM (the first two relations):

3.2. Dependencies
The Open Provenance Model aims to capture the causal dependencies be-

tween the artifacts, processes, and agents. Therefore, a provenance graph is
defined as a directed graph, whose nodes are artifacts, processes and agents,
and whose edges belong to one of the following categories depicted in Figure 1.
An edge represents a causal dependency, between its source, denoting the effect,
and its destination, denoting the cause.

Figure 1: Edges in the Open Provenance Model: sources are effects, and destinations causes

The first two edges express that a process used an artifact and that an
artifact was generated by a process. Since a process may have used several
artifacts, it is important to identify the roles under which these artifacts were
used. (Roles are denoted by letter ‘R’ in Figure 1.) Likewise, a process may have
generated many artifacts, and each would have a specific role. For instance,
the division process uses two numbers, with roles dividend and divisor, and
produces two numbers, with roles quotient and rest. Roles are meaningful only
in the context of the process where they are defined. The meaning of roles is not
defined by OPM but by application domains; OPM only uses roles syntactically
(as “tags”) to distinguish the involvement of artifacts in processes.

A process is caused by an agent, essentially acting as a catalyst or controller:
this causal dependency is expressed by the was controlled by edge. Given that a
process may have been controlled by several agents, we also identify their roles

5

(Moreau et al. 2011)
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Dictionaries

Dictionaries allow us:

to give machine- and and human-readable definitions of data;

to implement automatic conformace checks (validation).

Dictionaries are available at:
http://www.crystallography.net/tcod/cif/dictionaries/:
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Data item overview
Category list

DFT data categories (cif_dft-wip.dic):

20 dft_BZ_integration 25 dft_calc_property
5 dft_BZ_integration_grid_IBZ_point 3 dft_cell_conv
8 dft_XC_functional 3 dft_cell_magn
3 dft_alloy 6 dft_cell_settings
4 dft_atom_basisset 10 dft_energy
14 dft_atom_type 3 dft_kinetic_energy_cutoff
9 dft_basisset 4 dft_pseudopotential

TCOD data categories (cif_tcod-wip.dic):

16 atom_site 5 tcod_initial_cell_param
12 atom_sites 5 tcod_initial_coordinate
1 citation 2 tcod_method
15 tcod_computation 17 tcod_software
3 tcod_content_encoding 11 tcod_software_library
2 tcod_data_source 3 tcod_source_database
1 tcod_database 4 tcod_source_structure_database
5 tcod_ff 6 tcod_total_energy
17 tcod_file
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Category list

DFT data categories (cif_dft-wip.dic):

20 dft_BZ_integration 25 dft_calc_property
5 dft_BZ_integration_grid_IBZ_point 3 dft_cell_conv
8 dft_XC_functional 3 dft_cell_magn
3 dft_alloy 6 dft_cell_settings
4 dft_atom_basisset 10 dft_energy
14 dft_atom_type 3 dft_kinetic_energy_cutoff
9 dft_basisset 4 dft_pseudopotential

TCOD data categories (cif_tcod-wip.dic):

16 atom_site 5 tcod_initial_cell_param
12 atom_sites 5 tcod_initial_coordinate
1 citation 2 tcod_method
15 tcod_computation 17 tcod_software
3 tcod_content_encoding 11 tcod_software_library
2 tcod_data_source 3 tcod_source_database
1 tcod_database 4 tcod_source_structure_database
5 tcod_ff 6 tcod_total_energy
17 tcod_file

S. Gražulis et al. CIF for CSP Vilnius, 2023 12 / 22

http://www.crystallography.net/tcod/cif/dictionaries/cif_dft-wip.dic
http://www.crystallography.net/tcod/cif/dictionaries/cif_tcod-wip.dic


.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Example data names

TCOD provenance data names (cif_dft-wip.dic):

_tcod_computation_input_file _tcod_computation_environment
_tcod_computation_log_file _tcod_computation_reference_uuid
_tcod_computation_stdout _tcod_computation_reference_id
_tcod_computation_stderr _tcod_computation_reference_URI
_tcod_computation_CPU_time _tcod_computation_database_name
_tcod_computation_wallclock_time _tcod_computation_database_version
_tcod_computation_command _tcod_computation_database_URI
_tcod_computation_step

DFT calculated property data names (cif_tcod-wip.dic):

_dft_band_gap _dft_lattice_energy
_dft_bulk_modulus _dft_stiffness_tensor_ij
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TCOD CIF example
http://www.crystallography.net/tcod/10000178.html

20 data_10000178
_publ_section_title

22 ;
Tutorial material of "Tutorial on high-throughput computations: General

24 methods and applications using AiiDA, June-July, 2016"
;

26 _journal_name_full 'Personal communication to TCOD'
_journal_year 2016

28 _chemical_formula_sum 'Cs O3 Ta'
_space_group_IT_number 221

30 _symmetry_Int_Tables_number 221
_symmetry_space_group_name_Hall '-P 4 2 3'

32 _symmetry_space_group_name_H -M 'P m -3 m'
_audit_creation_method 'AiiDA version 0.7.0'

34 _cell_angle_alpha 90.0
_cell_angle_beta 90.0

36 _cell_angle_gamma 90.0
...
loop_

114 _atom_site_label
_atom_site_fract_x

116 _atom_site_fract_y
_atom_site_fract_z

118 _atom_site_type_symbol
Cs1 0.0 0.0 0.0 Cs

120 Ta1 0.5 0.5 0.5 Ta
O1 0.5 0.5 0.0 O
...
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TCOD CIF example
http://www.crystallography.net/tcod/10000178.html

20 data_10000178
_publ_section_title

22 ;
Tutorial material of "Tutorial on high-throughput computations: General

24 methods and applications using AiiDA, June-July, 2016"
;

26 _journal_name_full 'Personal communication to TCOD'
_journal_year 2016

28 _chemical_formula_sum 'Cs O3 Ta'
_space_group_IT_number 221

30 _symmetry_Int_Tables_number 221
_symmetry_space_group_name_Hall '-P 4 2 3'

32 _symmetry_space_group_name_H -M 'P m -3 m'
_audit_creation_method 'AiiDA version 0.7.0'

34 _cell_angle_alpha 90.0
_cell_angle_beta 90.0

36 _cell_angle_gamma 90.0
...

130 loop_
_tcod_computation_step

132 _tcod_computation_command
_tcod_computation_reference_uuid

134 _tcod_computation_environment
_tcod_computation_stdout

136 _tcod_computation_stderr
0 'cd 0; ./_aiidasubmit.sh' 09e00761-3128-414c-90e8-266490ba6e71

...
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Data validation examples

COD data validation policies:
1 Syntactic checks:

$ cifparse 7234818.cif
Syntax recently expanded to CIF2 (Bernstein et al. 2016; Merkys et al. 2016)

2 Semantic validation (against dictionaries)
$ cif_validate -D cif_core.dic 7234818.cif
Validation capabilities recently expanded to DDLm (Vaitkus et al. 2021).

3 Database-specific checks
$ cif_cod_check 7234818.cif
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Data validation capabilities

Detect automatically:
Incorrect data types;
Out of range values;
(Some) broken loops (i.e. data tables);
Missing or incorrect data keys (e.g. atom names);
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COD validation examples

/usr/bin/cif_validate: 1506432.cif data_1506432:
NOTE, data item '_atom_site_aniso_label' contains value 'F40'
that was not found among the values of the parent data item
'_atom_site_label'.

loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_U_iso_or_equiv
# ... some data names omitted for brevity
>F40 F 0.21810(11) -1.5061(4) 0.7984(2) 0.0684(9) # ...
F41 F 0.29902(11) -1.4446(4) 0.8587(2) 0.0724(9) # ...

Validation might help to catch data errors if applied con-
sistently during the publication.
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>F40 F 0.21810(11) -1.5061(4) 0.7984(2) 0.0684(9) # ...
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Validation might help to catch data errors if applied con-
sistently during the publication.
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COD validation examples

/usr/bin/cif_validate: 1506432.cif data_1506432:
NOTE, data item '_atom_site_aniso_label' contains value 'F40'
that was not found among the values of the parent data item
'_atom_site_label'.

loop_
_atom_site_label
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_atom_site_fract_z
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# ... some data names omitted for brevity
>F40 F 0.21810(11) -1.5061(4) 0.7984(2) 0.0684(9) # ...
F41 F 0.29902(11) -1.4446(4) 0.8587(2) 0.0724(9) # ...

Validation might help to catch data errors if applied con-
sistently during the publication.
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Where to go from here?

It would be great to reuse the TCOD and DFT dictionaries;
Full computational provenance is a must!
New data items can be added;
New dictionaries (CSP specific?) can be created;
Validation of other formats (JSON, XML) can be done (?);
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Thank you!

http://en.wikipedia.org/wiki/Topaz http://www.crystallography.net/2207377.html

http://www.crystallography.net/cod/archives/2023/slides/TCOD-for-CSP/slides.pdf

A path to freedom: GNU → Linux → Ubuntu → MySQL → R → LATEX→ TikZ → Beamer

http://en.wikipedia.org/wiki/Topaz
http://www.crystallography.net/2207377.html
http://www.crystallography.net/cod/archives/2023/slides/TCOD-for-CSP/slides.pdf
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