
Simone Techert,
Max-Planck-Institut für Biophysikalische Chemie,                     

Göttingen (Germany)

The Totalcryst Approach for Ultrafast 
Time-resolved X-ray Diffraction

Applications: Status and Perspectives



• Motivation

• Time-resolved photocrystallography

• High structural resolution

• High time-resolution

Content



• Motivation

• Time-resolved photocrystallography

• High structural resolution

• High time-resolution



Motivation

• Investigating the structural dynamics of photo-functional
materials
• … for the development of the next generation of 
organic-based photovoltaic materials
•… for the development of the next generation of organic-based
opto-electronical materials

• Similar materials, different field of application: nanomedicine
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Trick: Design of Building Blocks
Singlet polymers (1989)
Single layer structure –
easiest manufacturing
(monochrome displays)

Singlet small molecule (1986)
Multi-layer structure –
most commonly used for 
current RGB displays

Fluorescence = Singlet Phosphorescence = Triplet

Triplet polymer (2004)
Simplified layer structure –
combination of ease of manufacturing
with high efficiencies

Triplet small molecule (2000)
Multi-layer structure –
for future

cathode (-) anode (+)

transparent conductor (ITO)
hole transport layer
emitting layer
electron transport layer

light



J. Davaasambuu, P. Durand, S.Techert, J. Synchrotron Rad. 12, 512 (2004).

s ms μs ns ps fs

• thermodynamic
transformations

• transport 
phenomena 

• spin-related phenomena: 
triplets, ferroelectricity, 
ferromagnetism

• librations, acoustic 
modes

• singlets lifetimes
• rotational motions (gas) 
• librations, acoustic  
modes, large 
amplitude motions

• intra-, intermolecular
vibrational energy 
redistribution, internal 
conversion

• dephasing, coherent motions
Synchrotron 3rd generation

Plasma source

X-FEL

Time Scales of Structural Dynamics
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• Apparatus for scattering and diffraction work

Laser pump pulse
(100 fs)

Detector

Shutter + Slits

X-ray probe pulse 
(100 fs / 50 ps) Sample environment

(crystal / jet / cell)

Shutter

Time-resolved Photocrystallography



Time-resolved Table-top X-ray Sources

Orthogonal optical
excitation

PSM (60 µs)

Sample holder X-ray beam

Orthogonal optical
excitation

Parallel optical excitation

PSM (60 ms) 

Sample holder X-ray beam

ms – μs
scattering

ns – ps TR-XUV scattering

fs scattering



Pulsed External X-ray Sources 

LCLS (Stanford) 

ESRF,
Grenoble

ID11, ID09

FLASH – DESY,
Hasylab – DESY,
EU XFEL 
(Hamburg)



Braggs law
dhkl sin Θ = n λ
λ = wavelength;
Θ = angle of incidence; 
d = distance between 2 planes of atoms;
n = integer

Peak position:

- property of translational lattice
- changes with speed of sound

Θ

d
Θ

sin Θ

S.Techert, J. Appl.Cryst. 37, 445 (2004).
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Effects in Photocrystallography of Organic 
Materials



Intensity:
- properties of atoms and molecular geometry
- changes on fs to ms timescale

Structure factor Fhkl
2

Fhkl = Σ fj exp [2π i (hxj + kyj + lzj )]
jth atom of the unit cell; xj; yj;zj = coordinates of the atom j;
f = atomic scattering factor

S.Techert, J. Appl.Cryst. 37, 445 (2004).
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Photo-induced Crystal Transformation

t = 0s          t1                           t2                          t3                           t4



Problem Penetration Depth
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J. Davaasambuu, P. Durand, S.Techert, J. Synchrotron Rad. 12, 512 (2004).

ONE SOLUTION:TOTALCRYST 



• Motivation

• Time-resolved photocrystallography

• High structural resolution

• High time-resolution



[2 + 2] Cycloaddition Reaction of 2-Benzylidene 
Cyclopentanone
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[2 + 2] Cycloaddition Reaction of 2-Benzylidene 
Cyclopentanone

+ hν

ID11 / ESRF, D3 / HASYLAB, F1 / HASYLAB, ID09 / ESRF



[2 + 2] Cycloaddition Reaction of 2-Benzylidene 
Cyclopentanone

Monomer Dimer

+ hν



[2 + 2] Cycloaddition Reaction of 2-Benzylidene 
Cyclopentanone



[2 + 2] Cycloaddition Reaction of 2-Benzylidene 
Cyclopentanone
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Reaction Scheme

Rc

Enthalpy

dimer disorderedmonomerordered dimer ordered

k1 
k2

+ hν

t < 50 ps
π-complex !!!!

k3

J. Davaasambuu et al., (2009).



3D XRD of 2-Benzylidene Cyclopentanone Grains




• Indexing of reflections & identification of grains:
ImageD11, GrainSpotter, GRAINDEX

• SAINT program was used for data integrations
• 4 grains found using ImageD11, GrainSpotter, 

Graindex and Cell_now
• Agreements for the indexing from these programs are 

very good
• Integration and structure solution were performed with 

Saint and Shelxtl programs

3D XRD of 2-Benzylidene Cyclopentanone Grains



3D XRD of 2-Benzylidene Cyclopentanone Grains

• Monomer: 12 grains found Orthorhombic, Pbca
a=8.59Å,  b=10.61Å c=31.10Å



3D XRD of 2-Benzylidene Cyclopentanone Grains
• Intermediate Phase: 16 grains found Orthorhombic, Pbca

a=8.58Å,  b=10.76Å c=30.79Å

The low R1 value can be explained by an in completeness of this reaction (~ 80% 
dimer + 20% monomer). 



3D XRD of 2-Benzylidene Cyclopentanone Grains

• Refinement of Intermediate Phase 
including Dimer: 16 grains found

Orthorhombic, Pbca
a=8.58Å,  b=10.76Å c=30.79Å

Applying two-phase model improved R-value back to about 6%!
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3D XRD of 2-Benzylidene Cyclopentanone Grains

The Multigrain approaches allows for the structure solution 
from polycrystals on a resolution level of the structure solution 
from single crystal data.
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Femtosecond FEL Diffraction

Single Shot
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Soft X-ray Free Electron Laser FLASH (8 nm)

BL2

1012 ph/pulse, 
30 fs time 
resolution, 
5 Hz rep. frequency



Soft X-ray Diffraction from AgBh powder
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Soft X-ray Diffraction from AgBh powder
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Liquid Jet End Station at LCLS

http://lcls.slac.stanford.edu/sxr/SXRTechEndStations.aspx



C. Blome, et al., J. Synchr. Rad. 12, 812 (2005), SRI, (2006).
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