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Tim Grlne Chemical Crystallography

Contact Details

« Email: tim.gruene@univie.ac.at

Office: 2H24

Phone: +43-1-4277-70202

Homepage X-ray Centre: https://chemie.univie.ac.at/en/services/core-facilities/x-ray-structure-
analysis-centre/

personal Homepage: https://homepage.univie.ac.at/tim.gruene/

Consultation hours: Thursdays, 12pm-1pm (after lecture), or by appointment
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Tim Grlne Chemical Crystallography

Course Details

5 March lecture N2 1|19 March lecture N2 2
26 March lecture N2 3| 2 April exercise N° 1
23 April lecture N2 4| 30 April lecture N2 5

7 May lecture N2 6| 14 May exercise N2 2
28 May lecture N0 7| 4 June lecture N° 8
25 June lecture N© 9| 18 June exercise N° 3

« Group exercises: same place, same time
* Lecture notes and exercises will be made available online

* https://nomepage.univie.ac.at/tim.gruene/teaching/chemcryst
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Examination

There will be an oral exam.

5th March 2020 VO 270287 4/ 51
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Tim Grlne Chemical Crystallography 5 wilen

Course Objective

Chemical Crystallography:

Determination of the 3-dimensional structure of chemical compounds with single crystal diffraction

Crystal structure of sucrose, with hydrogen bonds

« what do we learn from a crystal structure?

« what are the limits of crystallography

5th March 2020 VO 270287 5/ 51
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Content of today’s Lecture

1. (Teaching) Resources for crystallography
2. (public) data bases for crystallography

3. what are crystals

4. X-rays and X-ray diffractometers

5. Conducting a diffraction experiment

5th March 2020 VO 270287 6/ 51
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Tim Grlne Chemical Crystallography

Resources: Literature for Crystallography

P. Luger “Modern X-Ray Analysis on
Single Crystals” De Gruyter

B. Rupp, Biomolecular Crystallo- %
graphy, Garland Science

P. Muller et al., “Crystal Structure Re-
finement — A Crystallographer’s Guide
to SHELXL’ Oxford University Press

W. Massa, Crystal Structure Determin-
ation, Springer

C. Giacovazzo et al., Fundamentals of
Crystallography, Oxford Science Pub-
lications

International Tables of Crystallography
A—F http://www.iucr.org
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Online Resources

The SHELX homepage

&

¢ @

(© shelx.uni-goettingen.de

Registration

Downloads

Tutorials & talks

Wikis & manuals

Open access papers

SM GUIs etc.

MM GUIs etc.

SHELX workshops

SHELX user list

Recent changes

FAGs

Back to first page

http://shelx.uni-goettingen.de

+

The SHELX homepage

SHELX is a set of programs for the determination of small (SM) and macromolecular (MM)
crystal structures by single crystal X-ray and neutron diffraction. These stand-alone
executables require NO libraries, extra files or environment variables. They are compatible
with all modern versions of Linux, Windows and MacOSX, and are free for academic use. For-
profit users are expected to pay a licence fee that covers development and support for all
users.

The programs may be called from a GUI such as shelXle, Olex2, Oscail or WinGX (SM
solution and refinement) or hkl2map, CCP4|2 and CCP4 online (MM phasing), or from a
command line in a terminal window (for Windows, this is called Command Prompt and may be
found in Accessories). Several of the programs output an instruction summary if called
without a filename. SHELX-2019 contains the following programs:

SHELXT - New small molecule (SM) structure solution program.

SHELXS - Classical direct methods for SM siructure solution.

SHELXL - SM and MM refinement, more or less compatible with SHELX76 and SHELXL-97.
PDB2INS - Preparation of .ins and optionally .hk/ files for macromolecular refinement with
SHELXL. For structures already deposited with the PDB, only the four character PDB code is
required. In about 95% of cases where the PDB deposit includes reflection data, a SHELXL
refinement may then be started without needing to change these files.

CIFTAB and ShredCIF - editing and processing SM CIF files from SHELXL.

SHELXC, SHELXD and SHELXE - MM phasing. SHELXD is also useful for SM direct
methods.

AnoDe - preparation and analysis of MM anomalous density maps.

George Sheldrick - Last modified: February 16th, 2019
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(o) Live
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Latest from Olex2

earch_query=olex2

% | | @ search

REMIND ME LATER

0
4]

Olex2
SUBSCRIBE
944 subscribers « 54 videos

THPP auf Deutsch
Olex2 - 46 views - 1 week ago

Fehlordnung in Olex2 am Beispiel THPP

How many Q-Peaks?
Olex2 « 183 views « 3 weeks ago

New automation in Olex2-1.3 will set the number of Q-peaks you will see after a refinement to a sensible
value. Here's how this is

+8 MORE

First steps with Olex2: Sucrose
Olex2 + 8.4K views « 3 years ago

cc

Working with Olex2

Olexz
First steps with Olex2: Sucrose « 11:42
Olex2 and ShelX » 7:33

VIEW FULL PLAYLIST

Solve and assign in Olex2
Olex2 « 10K views + 3 years ago

Basic introduction into selving and refining with Olex2 - an example where the assumed atom types in the
formula turned out to

Olex2 etc on youtube

@
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Tim Grlne Chemical Crystallography 5 wilen

Journals for Chemical Crystallography

JACS, Journal of the American Chemical Society
https://pubs.acs.org/journal/jacsat

Angewandte Chemie Int. Ed.
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201811318

Acta Crystallographica A-F
journals.iucr.org: International Union of Crystallography

and most other journals for chemistry
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Crystallographic databases

Most journals require the deposition of structural data structures at publicly available data bases.
Crystallography has long been a pioneering discipline of open access data.

Cambridge Structural Database
Crystallography Open Database
Inorganic Crystal Structure Database
Protein Data Bank

CRYSTMET ®

5th March 2020 VO 270287 10/ 51
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Cambridge Structural Database (CSD)

* http://www.ccdc.cam.ac.uk

trum fiir Rontgenstr X | %2 Crystallography Open D= X | @ Search Results - WebCSD X | +

e “The world re pOSitory of small molecule CrYStaI struc- - °* v o R
tures” CCDC Crzkarsune  CSD Entry: SOXZAJ . B2

e founded 1965
e curated

 organic and metal-organic compounds

« X-ray, neutron, (and electron diffraction)

Additional details
[] [] []
- Single crystal and powder diffraction o —
Data Citation Marco F. - Taddio, , Linjing Mu, . Claudia A. . Castro Jaramillo, , Tanja Bollmann, . Dominik M. Schmid,
Lul uskalla, Tim Gruene, Aristeidis Chiotellis, Simon M. Ametamey, Ro , Stefanie
CDC 1937859: Experimental Crystal Structure Determination,
de.csd.cc231hi8

Deposited on

 publication of a synthesis usually requires deposition ...

TTTTTTTTT

of the product structure at the CSD . ———

Associated publications

> 1,000,000 entries, ~ 50,000/year

5th March 2020 VO 270287 11/ 51
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Crystallography Open Database (COD)

e http://www.crystallography.net S B o

wwwi.crystallography.net/cod/result.phr B | e ¥y Q adcube smartcite = In @ =
C Crystallography Open Database
[14 . =
[ J - -
COD Home
- Search results
ome
] ] " " What's new?
anic, inorganic, metal-organics compounds and i
- q
g b ) g b ) g p bl Ry Switch to the old layout of the page
Browse
. . . Search Download all results as: list of COD numbers | list of CIF URLs | data in CSV format | archive of CIF files (ZIP)
b} Search by structural
| I I I n e ra S eXC u I n g I O p O y | I I e rS formula Searching journal of publication like 'Journal of the American Chemical Society' year of publication is 2019
L
) -« « First | « Previous 20 | 1 of 120 | Next 20 » | Last » » | Display 5 20 50 100 200 300 500 1000 entries per page
Deposit your data
Manage depositions CODID &4 Links Formulai Space groupa Cell parameters Cell volume & Bibliography
Manage/release 4127220 CIF C24H36Ag Cl2cl 28.951; 6.0992;  2114.1 Jana, Manoj K.; Janke, Svenja M.; Dirkes,
L n prepublications BilI8 N4 54 11.9821 David J.; Dovletgeldi, Seyitliyev; Liu, Chi;
. 90; 92.266; 90 Qin, Xixi; Gundogdu, Kenan; You, Wei;
Blum, Volker; Mitzi, David B.
; Direct-Bandgap 2D Silver-Bismuth Iodide
ggtD Wﬁu coD Double Perovskite: The Structure-
sing Directing Influence of an Oligothiophene
o) Spacer Cation
Citing COD P ;
Journal of the American Chemical Society,
. . . . N 2019, 141, 7955-7964
[ ) it ol 4127221 CIF C24H36Ag C1l2/cl 29.3654; 6.1473;  2172.66 Jana, Manoj K.; Janke, Svenja M.; Dirkes,
Bil8 N4 54 12.0494 David J.; Dovletgeldi, Seyitliyev; Liu, Chi;
90; 92.7321; 90 Qin, Xixi; Gundogdu, Kenan; You, Wei;
Blum, Volker; Mitzi, David B.
Direct-Bandgap 2D Silver-Bismuth Iodide
Double Perovskite: The Structure-
Directing Influence of an Oligothiophene
L] Spacer Cation.
. Journal of the American Chemical Society,
W u anw 2019, 141, 7955-7964
, , 4127222 CIF C25H4008 P 212121 9.1723; 13.1708; 2447.5 Turlik, Aneta; Chen, Yifeng; Scruse,
20.2598 Anthony C.; Newhouse, Timothy R.
90; 90; 90 Convergent Total Synthesis of Principinol
D, a Rearranged Kaurane Diterpenoid.
Journal of the American Chemical Society,
2019, 141, 8088-8092
o CIE

All data from IUCr journals, and from American Min- Cibier O e BPTO e LR e e

90; 105.159; 90 Reversible Intramolecular Cycloaddition
of Phosphaalkene to an Arene Ring.

. Journal of the American Chemical Society,
eralogist CSD l e
4127224 1 C28H46 NP P12im1 11.104; 15.85; 2570 Liu, Liu Leo; Zhou, Jiliang; Cao, Levy L.;
14.68 Kim, Youngsuk; Stephan, Douglas W.
90; 95.94; 90 Reversible Intramolecular Cycloaddition
of Phosphaalkene to an Arene Ring.
Journal of the American Chemical Society,
2019, 141, 8083-8087

. 4127225 CIE C36.5H59N P12imli 10.144; 16.2799;  3221.9 Liu, Liu Leo; Zhou, Jiliang; Cao, Levy L.;
[ ] n r I (4 r PS 20.1295 Kim, Youngsuk; Stephan, Douglas W.
’ y Y, ’ 90; 104.252; 90 Reversible Intramolecular Cycloaddition

of Phosphaalkene to an Arene Ring.

@]
=

=)
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Inorganic Crystal Structure Database (ICSD)

Zentrum fiir Rontgenstru X | § UBW Metalib - Datenbai X | ¢ ICSD- Basic Search & Re X | +

c @ uhe-de.uaccess.univie.ac.at/search/basic.xhtm vr Q. adcube smartcite = @ =
This website uses cookies. Matomo s used for the usage analysis. By continuing to use the website, you agree tothis.  y FIZ Karlsruhe | Gontact
c: If you object to the usage analysis or would like to learn more about cookies, please click on the privacy policy. 22
ICSD Close session
Login Basic Search & Retrieve @ Search Action
Loginld: Free Text Search Run Query Clear Query
Password giencral
Attributes Search Summary
Login Personalized Bibliography Basic Search:
Lost Personalize Year of
ean e Authors Fublication Query History
Title: of Journal Number of queries 0
Content Selection )

Clear Query History
« Experim.inorganicstructures  Title of Arficle : :

Experim. metal-organic str.

https://icsd.fiz-karlsruhe.de/ SEEESN o e

Navigation

Cell
Q Basic search & refrieve

Cell Parameters
Advanced search & retrieve

Cell Volume Tolerance +/- %
@ Bibliography

iInorganic and intermetallic structures

@ Chemistry Symbol Numbe
@ Symmetry
Crystal System +  Cenlaring =
@ Grystal Chemistry
s Exp. Info. & Ref. Data
L]
) New Data Only
P @ Experimental Information
@ DBio PDF Number Temperaure X B
@ Expert Search 105D Goteton — s
ode
Query Management
[ Manag Cueriee Clear Basio Search Gount Basic Search

> 215,000 entries e

[ IGSD News

[ 1GSD Questionnaire

Legal Notices | Privacy Policy | Browser Recommendations | ©2020 FiZ Karlsruhe GmbH
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Protein Data Bank (PDB)

BB Zentrum fir X | § UBWMetall X | € ICSD-Basic X RCSB PDB: H X | @ WwPDB: Wo' X | & WWPDB: Vali X | = Protein Datz X | & wwPDB: Wor X | W Polysacchar X | =+

* https://www.pdb.org coea oo

RCSB PDB  Dep

www.resb.org 7 O adcube smartcite > +oIn @

it + Search ~ Visualize ~ Analyze ~ ~ Learn~ More v

161002 Biological
Macromolecular Structures earch by
Enabling Breakthroughs in

(] S e rC h f rO m b O r PROTEIN DATA BANK Research and Education Advanced Search | Browse by Annotations
d WWW.Xrcspo.Oorg R
ZPDE !—mm Resouree .EI\ | meutesen o Ok
ot £ . L crili
]
https://www.ebi.ac.uk/pdbe or
[ ] [ J [ J [ ]
| ) This resource is powered by the Protein Data Bank archive-information about
" the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
S L4 db O a a e S e ”~ ) students and researchers understand all aspects of biomedicine and
1 l t t ° ° I I I #® Deposit agriculture, from protein synthesis to health and disease.

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

=

A Structural View of Biology

Q Search The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology. computational

[l Visualize biology, and beyond

 polypeptides (proteins) and polysaccharides (nucleic
aC i d S & Download

W Learn

CoviD-19

Resources

» Crystal structures, NMR structures, EM structures R EEITIN ) -

masxses Improve Your Coordinates, Keep Your - Improving carbohydrates in
SPDB b (Phase ) he PDB for 2020
PDB versioning, which enables '(‘ﬂ To improve the ability to
depositors to update entries while search for these structures
" " " retaining their original PDB ID, is now and their complex chemistry
° L] available for all structures. (e.g., stereo-isomers
- " .
Since 2007: data must be submitted along with co
format at the PDB has embarked on a new remediation project.
. . B Starting in March, OneDep will accept » 02252020
d ( ) NMR experimental data as a single file
O r I n a e S in NMR-STAR or NEF format Education Corner: Using PDB in the College
6SXU Time-stamped Gopies of PDB and Classfoam » 12192020
TS —— g e @ EMDB Archives Molecular Landscapes: Goronavirus » 02/15/2020
a-l-arabinofuranosidase soaked wi
cyclic sulfate inhibitor Snapshot s of January 1, 2020 are COVID-19 Coronavirus Resources » 02/06:2020

available.
New Coronavirus Protease Structure Available
» 02/04:2020

L] Fast, interactive 3D visualization in your
. > S r u C u re S browser at RCSB PDB and PDBe Special Issue Focused on Tools for Protein Science

Infroducing Mol*

B DD At~ Alasan 48724 Nictinat Dentnin ©
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CrystMET

e https://cds.dl.ac.uk/cds/datasets/crys/mdf/11lmdf.html

 Crystal structure data for metals and alloys

* licensed access only

c o

Zentrum fiir Réntg: x | EE CDS News Item x | EE CDS/DL Homepage x | EE CrystMet x | EE CDS News ltem

x | EE CrystMet

x | EE Crystallography x

& Science and Technology Fa... (GB) Jfcds.dl.ac.uk/cgi-bin/news crystmet 5]

CrystalWorks Server

CDS News - CrystMet [upauted 02 1u1 2018]

The CrysiMet database was produced by Toth Information Systems Incorporated, and contained entries covering metals, alloys and
intermetallics. The CDS implementation of CrystMet was searchable via the CrystalWorks web browser interface.

The latest release of the CrystMet data was installed
The total number of entries was 181,299

The CrystMet has now been removed from CrystalWorks

See details below:
Item added 02/07/18

CrystMet has now been removed from CrystalWorks

CrystMet has for the last several years been made available via an arrangement with the National Chemical Database
Service operated by the Royal Society of Chemistry.

The RSC have not been able to renew their CrystMet licence covering the UK academic community. Accordingly we
have had to remove the Crystiet database as an option within Crystal\Works.

Item added 23/03/18
Release 5.8.0 of CrystMet is available
The CrystMet data update has been received and is now available via CrystalWorks.

There are 8,570 new entries in Release 5.8.0 as compared to release 5.5.0. The total number of entries is now
181,299. Of these 200,472 have full coordinate data.

Item added 24/09/16
Release 5.5.0 of CrystMet is available
The CrystMet data update has been received and is now available via CrystalWorks.

There are 11,397 new entries in Release 5.5.0 as compared to release 5.2.0. The total number of entries is now
172,729, Of these 94,671 have full coordinate data.

Item added 18/02/15
Release 5.2.0 of CrystMet is available
Version 5.2.0 of the data has been received and is now available via CrystalWorks.

There are 3,013 new entries in this release. The total number of entries is now 161,332, Of these 86,244 have full
coordinate data.

Item added 11/07/14

Release 5.1.0 of CrystMet is available

Version 5.1.0 of the data has been received and is now available via CrystalWorks.

There are 8,194 new entries in this release. The total number of entries is now 158,319,

Item added 19/10/13

CrystMet has been restored to CrystalWorks

.. % Q crystmet

9

I @
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Structure, Data, Data Formats, and Visualisation Software
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Structural Data: the CIF-file

Main file format for published structures

available from CSD, COD, ICSD, journal web-sites, etc

pure text file

Can contain both structure information (coordinates) and experimental data (hkl-file)
Example: CSD entry UQACEW, name of CIF-file: 984199.cif

K. Dalle et al., J. Am. Chem. Soc. (2014), 136, 7428, DOI 10.1021/ja5025047: “Weakly Coupled
Biologically Relevant Cu'ls(u-n': n'-O,) cis-Peroxo Adduct that Binds Side-On to Additional Metal
lons”

Additional details

Deposition Number

...........................................................................

Pananiiad am

5th March 2020 VO 270287 17/ 51
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Structural Data: the RES-file

« RES/INS text file: chemical structure in computer language
 developed by George Sheldrick (SHELX programs), late 1960s
« still the most sophisticated format for chemical compounds

 “work” format: refinement and model building

5th March 2020 VO 270287 18/ 51



Lniversitat

Tim Grine Chemical Crystallography wien

Platon: Validation, format conversion

http://www.cryst.chem.uu.nl/spek/platon

NOMOVE FORCED RES=0U Bl el

OptionMenus

U2

(130220

2 ZU

y|

Lo AP oy

29 12:0

iy

IN-Feb

PLATI

INSTRUCTION IMFUT - 0ARD or LEFT-MOUSE-CLICKS (HELP with RIGHT CLICKS)

MenuActive

— 984199_sx.ins and 984199_sx.hkl
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ShelXle: Visualisation and Modelling

https://www.shelxle.org/shelx

#> shredcif 984199.cif
peroxo—-08.res extracted, checksum O.K.
peroxo—08.hkl extracted, checksum O.K.

File Edit Settings View Pack SHELX Extra Tools Help
- BRBO vk DR %8ONS5
@ ) o » i
HFI @

¥ ol XL A = gz i | . o & W et

Hide Text Windows | Ortho-projection  FUSE RenameMode = Q-Peaklegend ~QPeakBonds Showall hidden Toggle visibility Hide PART-N ghost  Highlight PARTs

File Edit Settings View Pack SHELX Extra Tools Help

%ﬁgg At Ay @®§<U|§Jﬁk %ﬁaﬁsm%mﬂﬂﬂﬂhm
52 T . B b & =

Hide Text Windows | Ortho-projection  FUSE Rename Mode = Q-Peak-legend ~Q-Peak-Bonds Showall hidden Toggle visibility —Hide PART-N ghost  Highlight PARTs

}m oy e

Fofc maps

e X5 &R &

lid1_c3¢2 in P-1'@ peroxo-08.res ° QD Ylid1_c3c2 in P-1'@ peroxo-08.res @
s - Jir N =
(] select Part Line: 19| Col: 31 | <select residues> vH ‘ (] select Part Line:19 | Col:31 | <Select resiclues> vH ‘
© cELL 0.826568 10.936 12.797 17.554 72.650 80.272 85.757 © cEEL 0.826568 10.936 12.757 17.594 72.650 80.272 85.757
7 mERR  2.00 0.00516 0.02693 0.00898 0.0566 0.0708  0.4400 | 7 ZERR  2.00 0.00516 0.02993 0.00998  0.0566 0.0703  0.4400 I
& am 1

5 mamr 1
0 BPACCHNOFNAS CUH

I 10 Rmif'oand £ values from BusC server, 150008V

| 11 REM mu at 15kev from Platon "CALC"

O BPACCNOFNAS CUH
REM £' and £ Values from BMSC server, 15000eV
| 1l REMmu at 1Skev from Platon "CALC"

2 DISP & 04710 0.002283 53

2 DIBE gC 0.004719 0.002283
11 DISE $Cu 0.242853 1.655073 13 DISE §Cu 0.242853 1.655073 78
14 DISE 3F 0.024047 0.014318 14 DISP §F 0.024047 0.014318
5 DIBP $H 0.000000 0.0000000 5 DISP $H 0.000000 0.000000
DISF 52 0.049276 0.03d57L 16 DR g 0.049276 0.0345T1 1763
DISE 0 0.008889 0.004646 17 DISE §N 0.008889 0.004646
DISE 40 0.015236 0.008488 15 DISP §0 0.015236 0.008488
DIsr §5 0.157693 0.168243 W o 0.157693 0.169203
T 68 16 19 12 2 4 4 126 = ower 68 16 19 12 2 4 4 126
s 000 0.1 21 g 000 0.1
L8 20 23 1.8 20
o S som
Lien 6 2 e s
1 REM ACTA 58.21 REM ACTA 58.21
nae aoe 2
Fuax 20 F1aw 20
o 173 e 173
8188 0.27 0.26 0.11 s128 0.27 0.26 0.11
o 1 1 amri 2 1
omr 3 3 2 omr 3 3z
oeEy oaty
sm s
Rrew o

'lid1_c3c2 in P-1'@ peroxo-08.res | LIST FILE: peroxc-08.Ist. "lid1_c3c2 in P-1'@ peroxo-08.res | LIST FILE: peroxo-08.Ist
Information Window °Q
T [CIrT SCrOT U O UOWH ] To-Crrage:
Fo-Map: 1.1 eA” (o= 0.76)
Hint: [shift+ Scroll (up or down)] to change.
Time for creating map surfaces 0.5 s. 78964 Triangles drawn

Information Window °Q
I OO STrOT I Or oW T Criarge:

Fo-Map: 1.1 eA’(o= 0.76)

Hint: [shift+ Scroll (up or down)] to change.

Time for creating map surfaces 0.5 5. 78964 Triangles drawn, | |
Refinement History N <) . ] a | Refinement History <}
79
[Aiternatively open the SaveHistory! (click here) = [Riternatively open the SaveHistory! (click here)
Total size of history on disk: 17.6kB - Total size of history on disk: 17.6kB
8.81 8.81 8.66 .68 881 8.81 8.66
.65 X [
61
.58

[M] Calculate Maps [_] fcfé by hki [ Hide Tool Bars

[ 43
zon

3 FVARSs defined [_] grow Q-peaks [ search for duplicates ‘ ‘ Home

3 FVARS defined [_] grow Q-peaks [H] search for duplicates [M] Calculate Maps ] fcfé by hkl [_] Hide Tool Bars

Fi
e

YL

th March 2020 VO 270287 20/ 51



Lniversitat

Tim Grine Chemical Crystallography wien

Olex2: Visualisation and Modelling

https://www.olexsys.org/

File Edit View Structure Mode Tools Model Select Help

peroxo 08

! g
C34NgOg sFeNaS;CuzHes - ’.‘ / =] Ij 2 Pc
a=10936(5) a=7265(6) Z=2 :
b=12.80(3) B=80.27(7F Z'=1 i 8.57 %
€ =17594(10) vy =858(4F  V =2316(6) wR> 25.28 %

" 29.7 M0 4296 IS N000
P 0 07a e 0.960

Report _®

" Program | ShelxL v|lLs. ~ | Cycles | 20 7 Peaks | 13

"’ hkl file  peroxo-08.hkl ~ | hkl : Wed Mar 4 17:14:29 2020

0 weight |E 186 1.157| | 7.56 638 EXTI C] - b=

(i ] DUse Solvent This is the Olex2 implementation of BYPASS (a.k.a.
Mask SQUEEZE)}

©» | Refinement Settings Extra

| Toolbox Work

) Labels | Labels OFF/ON

=
B clnlolElnalsleuln]... (] aaan ° o
OACIEH & H[CIF]k] =G> QK

011 o1z 011 an sel (| Unique (M| Labels
i ] t:::fd atom(s) and mFit mSalit Selit SAME Salit
1 map Sha Mow

Map Settings
() |Peak & Uiso Sliders

& |Growing

@ |Finishing

History
Select
Naming

Sorting

bttt bbbt

+ peroxo-08 finished at 17: 1.94 secs  +

The following atom(s) may he split:
Fl 3%a
WABNTNG: CIF contains duplicate)
Fl 30 E2 SEE3eE0 0l 302 3 03 3
Sor;y - the CIF contains dupIicate o

e Olex? to process it.

affi Olex? cannot correctly process it. Skipping CifMerge.
=
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Crystals and Crystal Growth
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Crystal Types

« Crystal = Solid state compound with regular composition

* interactions responsible for crystallisation
1. ionic bond
2. metallic bond
3. covalent bond
4. van-der-Waals interaction

« often not a clear cut between these types
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lonic Crystals
« Composed of anions (negative charge) and cations (positive charge)
« Geometry according to Pauling’s rules
Simple example: NaCl:
* cubic lattice
« energy difference Na+Cl — Nat +Cl~: —6.4eV
Chrome alum,
kubischer Aufbau von NaCl alias Chromium(lll) potassium sulfate

KCI’(SO4)2
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Metallic Crystals

Valence electrons dissociate from individual
atoms and form an electron lake (conduc-
tion band)

— electrical conductivity
— thermal conductivity (copper)
— shiny surface

— plasticity

http://commons.wikimedia.org/wiki/File:Iron_electrolytic_and_lcm3_cube. jpg
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Covalent bond

Two atoms share an electron to reach noble gas
configuration.

Examples: zeolites, MOFs, diamond, quartz

= high stabllity

Feldspar Albite (NaAlSi30s) By Rob Lavinsky, iRocks.com — CC-BY-SA-3.0, CC

BY-SA 3.0
https://commons.wikimedia.org/w/index.php?curid=10137563
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van-der-Walls interaction

* mostly organic and macromolecular compounds
« stochastic charge distribution (dipole moments) causes mutual attraction between molecules

e weak interaction

5th March 2020 VO 270287 27/ 51



Tim Grine Chemical Crystallography

Crystals in Crystallography

Definition International Union of Crystallography:
“A material is a crystal if it has essentially a sharp diffraction pattern.”

Crystal in the context of this lecture:
compounds that repeats periodically in all three directions.

http://de.wikipedia.org/wiki/Parallelflach

« The periodicity results in the diffraction pattern of the crystal
» The periodicity act like an amplifier

* The smallest unit of the periodicity is an inclined box. It is called the unit cell of the crystal.
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Crystal Growth

Crystals are

1. solid state materials

2. highly ordered, i.e. their entropy is very |[EHESEA
low compared to amorphous material w1

Especially for large molecules: weak interaction, i.e. low energy gain through crystallisation =
Crystal growth can be difficult
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Crystal Growth

Usually: Precipitation from solution
Some means for precipitation (cf. LeChatelier’s principle)

« Changes in temperature or pressure
— sugar: better soluble in warm water

* precipitant
— sugar: ethanol

Requirements for structure determination

crystallisation (instead of amorphous precipitation)

crystallise as single crystal
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Tim Grlne Chemical Crystallography 5 wilen

Examples for Crystallisation

1. Dissolve in Tetrahydrofuran (THF) in glass 1. Dissolve in organic solvent (EtOH, Iso-
vial propanal, ...)

2. Cover with parafilm: slow evaporation of 2. Store sealed on water reservoir
THF

3. Uptake of water (vapour) reduces sol-
3. Store at —80°C ubility of compound

frrd

Twinned structures (cf. end of term) can often be improved with elevated temperature during
crystal growth (30-40°C).

(see e.g. W. Massa, Crystal Structure Determination, Ch. 7)
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X-rays and Diffraction
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X-rays as electromagnetic radiation

X-rays are one type electromagnetic radiation — like visible light, UV-radiation, or radio waves

Radio | Micro | Infrared | Visible | UV | X-rays | vy-rays
4.12uV  0.00123eV  1.54eV 3.09eV 1.23keV 123keV energy
wavelength
10km 30cm 1mm 800nm 400nm 1nm 10pm

Energy E and wavelength A are equivalent (£ = hy = 12.4keVA/L):

Long wavelength A <> low energy E.

Short wavelength A < high Energie E.

Typical wavelength range for structure determination: 0.5-2 A (24.8 - 6.2 keV).

Inhouse X-ray instruments:
— CuKy: 1.54 A < 8.0 keV
— MoKy: 0.71 A < 17.3 keV

1A=10"1"m =100 pm
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Generation of X-rays

1. X-ray fluorescence (mainly laboratory sources) electron beam at specific energy hits metal
surface (Cu or Mo). This creates

a) Bremsstrahlung (background)
b) X-ray fluorescence
Examples: rotating anode, liquid jet anode

2. Synchrotron radiation Acceleration of electron bunches in a magnetic field
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Tim Grlne Chemical Crystallography

Why X-rays?

Atom distances of molecules about 1-2 A: required resolution d
Optical instruments are limited in resolution to d > A /2 (later: derivation via Bragg’s law)
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Why Crystals?
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Optics and Imaging (Microscope / Telescope)

Objects scatter light. In order to see the object, the scattered light must be focused by at least
one lens
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Tim Grlne Chemical Crystallography

X-ray Scattering

X-ray lenses do not exist: It is not possible to create a direct image of an object with X-rays.

5th March 2020 VO 270287 38/ 51
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X-ray Scattering by Crystals: Diffraction

Detector

X-rays Crystal

The periodicity of the crystal results in a focussing of the scattered X-rays into discrete spots.
The spots (reflections) can be measured without lenses. The crystal acts like a signal amplifier.
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The X-ray Diffraction Experiment

Radiation Planar
source wayv 70

™ Crystal

Q S, )\,’j*o

Detector

The crystal diffracts X-rays. This creates a diffraction pattern recorded by the detector.

The reflection spots are not images of the atoms
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Typical laboratory X-ray Diffractometer

Rotating
:l Anode

L
I

| Beam Focus
: (Mirrors)

Crystal holder
(Goniometer head) '
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Data Collection experiment

Detector

Radiation Planar
source wav

Os

Reflections are data point. Each one contains different information. In order to collect as many
data points as possible:

1. Rotation of the crystal (about one of three different axes, called ¢—, w—, and y—circles)).

2. Rotation of the detector around the crystal, called 26—circle. This is parallel to the w—circle).
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The Data Set

The reflections can be described as three dimensional reciprocal lattice. The two dimensional
detector records an intersection of the three dimensional lattice.

The full experiment results in a data set.

One data set consists of several runs (1-20). One run is the rotation of the crystal about a single
axis. Per run, 180-2,000 frames are recorded. One frame corresponds typically to 0.1° — 1°
rotation of the crystal.
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Tim Grine Chemical Crystallography

Examples of Data Frames

]
]
®
¥ « Small molecule, unit cell dimen-
E | | SioNs: a =10.56A, b=11.64A, ¢ = 16.14A,
B | i o=B=y=90°
‘ .

« Small unit cell: = few reflections

» Reflections beyond edge of de-

&
tector: — 20 offset of detector ne-

; cessary
® ‘B » black reflections = data; grey re-

gions: noise, neglectable
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Examples of Data Frames

Macromolecule. unit cell dimen-
SioNS: a = 92.6A, b = 92.6A, ¢ = 128.9A,
o= =90°y=120°

Many more reflections

Reflexes form patterns Muster
(lunes, “Kugeldreiecke”)

Intensity reduces towards edge of
detector
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Examples of Data Frames

« Macromolecule. unit cell dimen-
SioNs: a=111.7A, b = 80.5A, c = 70.3A,
o =Y=90° =94.2°

 smeared reflexes

* ice rings (formed during measure-
ment, or due to poor shock-freezing
conditions)

« Closer look: small spots between
“patterns”. twinned crystal, not a
single crystal.
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Purpose of a Crystal Structure
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Why Crystal Structure Determination?

The Structure provides atom coordinates: arrangement of elements in 3D space

Organic Chemistry:
 Purity of synthesis
« Success (or failure) of synthesis

 Determination of absolute structure

Inorganic Chemistry"”

« Bonding geometry, coordination geometry (of metals ...)
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Comparison with other Structural Methods

NMR : chemical environment, sum formula. Not absolute structure

Rotational spectroscopy: (and gas phase electron diffraction): bond distances (much more
precise than crystal structure)

Crystallography : Virtually no size limit (protein complexes > 1.5 MDa; differentiation of element
types
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Examples: Absolute structure and degree of purity

« Methylphenidate (alias Ritalin): medication to treat Atten-
tion Deficit Hyperacticyt Disorder (ADHD).

e Two chiral centres, four stereoisomers

| |  Typical: only one stereoisomer with desired effect.
(2S,2'R)-Methylphenidat (2R,2'S)-Methylphenidat

* Remaining stereoisomers: side effects

(E. J. Ariéns:Stereochemistry, a basis for sophisticated
nonsense in pharmacokinetics and clinical pharmacology,
(2R2R)Methylphenidat (25 2'S)Mathyhenidat =UrOpean Journal of Clinical Pharmacology, 26 (1984), pp.

663—668).
http://de.wikipedia.org/wiki/Methylphenidat

The crystal structure is the only method to determine the absolute structure and the degree of
purity of mixtures.
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Structure based Drug Development

Knowledge of structure of ligand and target:
 Improvement of chemical interaction

 Improvement of shape / surface: Func-
tionality and access to cell or nucleus.

« Uptake Ig body (cf.
http://de.wikipedia.org/wiki/

Insulinpréparat)

The antibiotic Thiostrepton together with its tar-
get DNA. Dr. K. Propper.
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