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Flagship: the Crystallography Open Database

(COD)

https://www.crystallography.net

QOﬁ Crystallography Open Database

COD Home

Home
‘What's new? 3
Browso
Search
Search by structural
formula
Add Your Data Op« of crystal of organic, i i - i and minerals, excluding biopolymers.
Deposit your data
Manage depositions Including data and software from CrystalEye, developed by Nick Day at the department of Chemistry, the University of Cambridge under supervision of Peter Murray-Rust.
Manage/release
e Al data on thissite have been placed in the public domain by the contributors
[ens
P 2023-03.27 Malvorn Panalytical publishes a now release of tho froc, COD.dorived scarch-match database. The now COD databas file s mean o bo used withallversions 4.x and 5.x
oo o1 tho PANalytical HighScoro (lut) software packagos. It can bo dowrloaded as on (7.3 GB) database e In HSRDB format from tho archive and is ready for use. Road
License
Privacy and GDPR Currently there al‘e 500531 entry in the
Querying COD Latest deposited structure: 4038956 on 2023-04-02 alU'J 49:38 UTC
diting ¢
cop

irrors
Ady
Useful links

CIFs Donators

Advisory Board

Daniel Chateigner, Xiaolong Chen, Marco Cirfotti,
1. Downs, Saullus Grazals, Werner Kaminsky, Armel Lo Bail, Luca Lutterotti,
Yoshitaka Matsushit, Andrios Meriys, Potor N er Murray-Rust, Miguel Quirds Olozabal,
Haroosh Rajan, Antanas Vaitkus, Aloxandro ET. Yokoohi

1f you find bugs in the COD or have any feedback, please contact us at
cod-bugs@ibt.It
ol oage

Al data n the COD and the database itslf are dedicated to the public domain and licensed under the CCO License . Users of the data.
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https://www.crystallography.net

COD contents

The COD covers organic, metal organic, inorganic compounds
and minerals.

~
'

Coo_

500592 entries as of 2023-04-04 01:51:06 UTC, under the CCO License

COD uses CIF for data ingestion (Grazulis et al. 2009), validation (Vaitkus et al. 2021)
and transformation (Grazulis et al. 2015).
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Chemical information extraction pipeline
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PubChem SDF, DWAR, CML, .-
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Wikidata e and —

SMILES, InCHL ... .
filtering

DrugBank

Antanas Vaitkus, manuscript in preparation.
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Comparison of chemical descriptions
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[Merkys et al. (2023)], 2xRCoL grant, 2020-2022 and 2023-2025
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Atomic radii determination

http://databases.crystallography.1t:8080/contacts/website/cgi-bin/cov_radii_table.pl

Covalent radii table

Choose covalent radi table: [Thisstudy, 2022 <) @ Display selected table O Show radii range O Compare tables
te difforen i

bsolute difference values

= He | Colors by element type
Aaline certh metas
- - = - ilogens
= s 5 = Vetaloids
e, || T - it Noble gases
e o0z o Nonmetals
- — — - Other metals
= o Rarecarth metas
e Tt s o Transition metls
- = = - - o E 3 = = = = E = = = | kot
ca || se v cr || Mn || Fe || Co || Ni || cu | zn a || Ge Se Kr
Tame || e || || e || e || AR || e || TR || Thw || Thwe || T || v || T || M || Mo || M || e || e
Tc | Ru || Rh || Pa | Ag || €d || In | sn || sb || Te 1 e
TR || M T || || e || e || T e || Mra Tan e || T || T ez
cs Re || os r Au | Hg | ™ Pb At || Rn
|| e T || || e T || TR | e || e e
Fr || Ra Bh || Hs || Mt || Ds || Rg || cn || Nn || B0 || Mc || Lv s | og
Nd || Pm || sm || Eu || Ga Ho || Er || Tm Lu
st E|| ot || meten || e || e | e (| | i (| e || | o
Th || Pa U || Np || Pu || Aam || €m || Bk || ¢t || Es || Fm | Ma || No || ir
sy | sy, || Tty || o | s | e : = : S ==

Merkys, Vaitkus & Sidlauskaité, VU MSF grant, 2021-2022
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Physics-based rotamer library models

Dihedral angles of His21 in Pdx2 protein
(PDB ID: 2ABW)
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Formal proofs of the the algorithms in use

[Petrauskas et al. (2022)]

Require: H — a subgroup of a finite group G
Require: g — an element of the finite group G, g € G
Ensure: The list L of the operators of a subgroup L < G without duplicates
Ensure: L contains both g and the elements of H
1: procedure SIMPLEBUILDER(H, )

& Build a space group generated by H and g I: have "subgroup R G"
2 L4 [e,hi,ha,... ), where Vi. h € H
3 Lpew + [g] 2: proof -
4: while Lyey is not empty do 3 have Rusubset: "R C carrier G” sorry
5 g + head(Lyew)
B Luow = tail (Luew) 4 moreover have R-m_closed: "Az y. [t € R; y € R] = 2z®y€ R’ sorry
7 L « append(L, ¢') 5 moreover have R.one_closed: "1 € R” sorry
8 for all 1/ € L do
o S ened 6 moreover have R-m_inv_closed: "\ z. 2 € R = inv € R” sorry
10: if ¢” ¢ LU Lyey then 7. ultimately show "subgroup R G” by (simp add: subgroup.def)
11: Luew + append(Lyew, ")
12: end if 8 qed
13: end for
14: end while
15: return L

16: end procedure

Figure 2
The optimized simple space-group-builder (core) algorithm.




Group theory in Ada/SPARK

examples/group_theory.ads

pragma Ada_2022;
pragma Spark_Mode (On);

generic
type Element is private;
Identity : Element;
with function "+ (E, F: Element) return Element is <>;

function Is_Closed_On_Multiplication (G : Group) return Boolean
is (for all E of G =>
(for all F of G => (Belongs_To (ExF, G))))
with Ghost;

function All_Elements_Have_Inverses (G : Group) return Boolean
is (for all E of G => Has_Inverse (E, G))
with Ghost;

function Is_Group (G : Group) return Boolean

is (Has_lIdentity (G) and then
All_Elements_Have_Inverses (G) and then
Is_Closed_On_Multiplication (G)

)
with Ghost;
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Automatic compilation of proven code

Ada and SPARK

examples/make_group.ads

8 H type Ring Element is mod 37;

29 function Build_Group (E : Ring_Element) return Group
30 with

31 Post => Is_Group (Build_Group’Result);

gnatprove -P main.gpr --report=all make_group.adb

make_group.ads:23:14: info: postcondition proved
make_group.ads:27:14: info: postcondition proved
make_group.ads:31:14: info: postcondition proved
group_theory.ads:16:15: info: postcondition proved, in instantiation at make_group.ads:16

saulius@tasmanijos-velnias spacegroups/ $ ./run_make_group 8
(1, 8, 27, 31, 26, 23, 36, 29, 10, 6, 11, 14)

sauliusQtasmanijos-velnias spacegroups/ $ ./run_make_group 7
(1, 7, 12, 10, 33, 9, 26, 34, 16)
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Protein-Ligand Binding Database

Collaboration with BVTS (D. Matulis)

https://plbd.ibt.1t/

B Crystal structures Smain @Home
» Showtabe explaation
ia E - . Shew append it | Fter
» Data download and upload panel
127 records. Up o 100 records per page Prev Page 1012 Nex
P08 | pertormed Resoluion Comp. g
D | Label Deri.. | Crpabatch Protein atch R | B Now | Reliabli. | Notes 08 Revision
Dby = W = 1
Genersted sutomaialy by 0
: caaosi Pa.AM001 pydrase G 20221116 (a=
1 soco | 250 S T 099 0124 | 0148 n s o 1656 2020519 1625452 | %
@intrinsic parameters Smain @Home
» Show table explantion
m . - . Srew append it | Fiter
> Data download and upload panel
1832 ecords. Up 0 100 ecords perpage Prev Page10r19 Next
Primary | Koot Gy O, AHy an 5
s Compound Stuctre protein ; e « | Frsasouce | ITCsaurce 'y | G | 0 | Mo | DBReviion
=i group. ™| ol | kmol | [kymoll | [kmol o =
o
TFMSA; TFS (id = I
92139 Tesss B | I =o Pooot | sew7 | 4 o 2 oo | e temsteise | 370 | %0 w0 |3
) I
"o



https://plbd.ibt.lt/

QM calculations

Collaboration with the Puntukas group, FTMC (A. Alkauskas)

Coordinate and unit cell relaxation using Quantum Espresso:

COD ID Formula | Conv. Problem Lat. diff. % Bandgap
a b c eV Matgen  type

1527735 BaO No  Elec. loop 2.773  Indirect
1528545  LiSbSr Yes 0.69 0.39 0.37 |0.671 0.681 Direct
1530141 Br5PbTI3 | Yes -0.10  -0.10  0.23 | 2.874 2.907 Direct
1535922  Ca2N Yes 1.21 1.21 4.53 | 0.045  0.000 Metal
1537335 K3P Yes 0.43 0.43 0.78 10.235 0.214 Indirect
1539138  LiORb Yes 0.53 0.22 2.56 12.289 2257 Indirect
2013551  I2Mg Yes 1.21 121 7.82 [3.620 3.677 Indirect
2207375 Na3P Yes -0.76  -0.76  -0.57 | 0.501  0.403  Direct
4124784  AlO Yes -26.68 -26.68 -26.68 | 0.052  0.000 Metal
4320809 CINa Yes -0.20  -0.20 -0.20 | 5.078  5.145 Direct
4344366  Na2S Yes -0.59  -0.59 -0.59 | 2.531 2440  Direct
7200689  OSr Yes 0.64 0.64 0.64 |3.321 3.449 Indirect

A. Vaitkus (structure selection), V. Zalandauskas (QM scripts, computations)
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Papers, funding and other activity

Publications:

@ 4 manuscripts in preparation (2 with KICIS as the main
contributor);

@ 5 manuscripts published (2 with KICIS as the main
contributor);

Grant applications:
@ 6 applications attempted;

@ 4 grants received (“Gilibert” with S. Grudinin (S.G.);
CECAM OPTIMADE w/s funding (S.G.); RCoL S-MIP-23-87
and VU Young Scientist Grant (A.M.);

Other activities:
@ Vilnius University Open Science Policy Workgroup (S.G.);
@ Debian package maintainer (A.M.)
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