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Chemicai Crystallography

Objective

Crystal strudure analysis as analyticalmethod andtool for strategic synthesis. Understanding of
physical and chemical properties from structure data for both molecular (metal-organic, organic) and
extended (inorganic, polymeric, materals) structures. Relation of crystallographic analysis and other
analytical methods; limits of the method, alernatives.

Content

Radiation safety (ALARA, Distance-Shielding-Time).

X-rays, ther generation. X-ray spectoscopy vs. diffraction.

Other diffraction methods (electron, neutron).

Crystallization: Methods and goals.

Solid staie and crystalline materials,

Symmetry Plane and space groups).

Crystal lattice. Symmetry and systematic absences.

Theoretical concepts o crystal structure analysis: Laue cones and Bragg equations.

Reciprocal space, reciprocal lattice and Ewald sphere.

Atom form fadors and structure faciors.

Collection of diffraction data, Correctiors (Lorentz, Polarization, Absorption).

Fourier series, Electron density function, Patterson function.

Phase problem and structure solution.

Patterson and heavy atoms methods.

Isomorphous replacement.

Direct methods.

Structure refinement (difference maps, kast squares, extinction, thermal displacement
parameters),

Structure data hterpretation (R-values, esd'’s, thermal displacement, packing, weak
interactions). Difficult structures (disorder, chiral structures, missed symmetry, pseudo-
symmetry, dsorder, twinning (merohedral pseudomerohedral (refcular), non-
merchedral), phase transitions, modulation, aperiadic crystals).

Experimental methods of crystal structure characterization: powder (transmission vs.
refiection) and single crystal methods (fim methods: rotation, precession, Weisenberg;
four-circle; area detectors).

Data bases (CSD, PDB, ICSD, PDF).

Limits of the method. Common pitfalls,

New developments (e.g., new solution methods: charge flipping, new experiments: Laue
and time resolved experiments).

Requirements: math, physics, general chemistry, inorganic chemistry

Exams & Grading: Midterm 30%, Final 30%, Individual project 40%
90-100% A 80-89% B 70-79% C 60-68% D

Assistance: one Al for lab, homework, exams

Required time: one semester with one 1.5 h or two 45 min lessons and one 2 hour fab session per
week

Credit hrs: 3

Recommended books:



Werner Massa: Crysta structure determination

George H. Stoutand Lyle H. Jensen: X-ray detemmination — A Practical Guide
Ulrich Maller: Inorganic Structurat Chemistry

Jack Dunitz X-ray Analysis and structure of Organic Molecules

Carmelo Giamvazzo: Fundamental of Crystallography

International Tebles of Crystallography (available in the lab but rot for check-out)
Manuals

Laboratory Schedule: See below. Includes time on the diffractometers and an the computers
allocated forthe class

L.aboratory Schedule .
Programs that will be used are commercial and IU has site licenses (Bruker, Xseed, efc) or freely available {SHELX,
wingx, crystals).

0} Radiation safety
- Read guide andtake exam
1} Preparing pins for goniometer heads
- Pull glassfibers
- Prepare glassrods, capillaries, or loops
2) Selecting, cutting, and mounting crystals
- Select (if appropriate cut) crystals of a known sample and mounton rod, nto
capillary or lbop, using a microscope with polarizing filter
- Literature and web pages on crystallizing single crystals siitable for X-ray
crystaliography
- Special mourting techniques (low temperature transfers, mounting under inert gas
etc.)
3) Crystal indexing - Mount a crystal and align goniometer head
- Take matrix frames and index crystal, refine matrix
- Index rotationd (non-merohedral) win
4) Data collection
- Set up data cdlection
- Face index far numerical absorption correction
5) Data reduction
- Set up integraion
6) Data reduction
- Evaluate integration
- Correct for sbsorption (SADABS and Face index)
7) Solution and refinement of an easy structure
- Solve and refhe a known structure
- Patterson versus direct methods
8) Solution and refinement of a disordered structure
- Solve and refne a known structure
- Application of restraints and constraints
9) Refinement and reporting of structures
- Final refinement
- CIF format
- Creating a report and tebles



- Visualization programs
10} Databases
-C8D, (ICSD, PDB)
11} Evaluating structures
- PLATON
- Various web bols (CiF-check)
12) Evaluating structures
- Evaluate a structure the from literature
13) Final project
- Mount crystal of an unknown compound, index, collect data, solve, and refine
structure and create CIF and publication for Acta Cryst. C orE
If time permits
14) Other methods: Powder diffraction
- Preparing powder, mounting options for BRUKER and SCINTAG
- Collect and interpret data



