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About the use of Sir2008
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X-ray vs Electron Diffraction

The X-Ray crystallography is the main tool for crystal structure determination, but this is 
true only if a single crystal of adequate size can be grown. 

When this is not possible powder X-ray methods can be used; their popularity is increasing 
more and more due to the strong development in hardware and sofware tools but problems 
still exist due to difficulties in the treatment of intensitities (lack of data, overlapping, 
preferred orientation, ...).

If the crystal size is in the nanometric range, X-ray crystallography cannot be used because 
of both the weak interaction between X-ray and matter and the damage induced by high 
energy X-ray photons. 

Electrons interact with matter about 103-104 times stronger than X-ray and are therefore the 
ideal source to study such small single crystals.
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Electron microscopy gives a direct image of the structure and can provide phase 
information but suffers from lens distortions and limited resolution; electron 
diffraction can provide data up to 0.5 Å (and even more) but only 2D projections. A 
pseudo 3D set of reflections can be obtained by tilting the sample and merging 
different zone axes. Furthermore dynamical effects can reduce the reliability of the 
measured intensities. 

Overcoming these limits and exploiting the synergy between these two techniques 
will make methods based on electron sources popular and effective for a large 
number of applications.

How to reduce the dynamical scattering has been already described by Stavros
Nicolopoulos in his talk.

How to use Sir2008 to solve crystal structures using electron diffraction data is the 
topic covered by this talk.

X-ray vs Electron Diffraction
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Since the first attempts using Sir97,  methods related to the solution 
of crystal structures using electron diffraction data are part of the 
research field of our Institute.

R. Caliandro, G.  Cascarano,  C.  Giacovazzo &  A.  Melidoro (1997)

Direct  Methods  versus  Electron  Diffraction:   the   first  experiences by SIR97

D.L. Dorset et al. (eds.), Electron Crystallography, 261-272

T.E. Weirich, X. Zou, R. Ramlau, A. Simon, G.L. Cascarano, C. Giacovazzo & S. Hovmöller (2000)

Structure of nanometre-size crystals determined from selected-area electron diffraction data

Acta Cryst. A56,29-35!�

Progress in hardware development have restarted the interest in such
data, speeding up the evolution of the algorithms for crystal structure
solution and completion.
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M. C. Burla, R. Caliandro, M. Camalli, B. Carrozzini, G. L. Cascarano, L. De Caro, C. Giacovazzo, G. Polidori, D. Siliqi
and R. Spagna

IL MILIONE : a suite of computer programs for crystal structure solution of proteins

J. Appl. Cryst.(2007). 40, 609-613

The new procedures to manage electron diffraction data have been
integrated in the ab initio section (Sir2008) of the package il Milione and are 
still in constant progress.
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A 2D example
��������������������"��#����"��#����"��#����"��#���� $� $�$�$� %&����%&����%&����%&���� '����	&'����	&'����	&'����	&

T.E. Weirich, R. Ramlau, A. Simon, S. Hovmöller & X.D. Zou

A crystal structure determined with 0.02 Å accuracy by electron microscopy

Nature 1996, 382, 144 –146

Two-dimensional (h0l) set of electron 
diffraction intensities;

Space Group: C 2/m;

17 Ti and 6 Se in asymmetric unit; 

Default run: all atoms found;

<Distance> = 0.0313 from published 
coordinates.
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3D example

Composition Space Group Cations 
Mg5Pd2 P 63/mmc 5 
 

Hlukhyy, V.Poettgen, R. .

Preparation and structure refinements of Pd2 Mg5 and Ir2.096 Mg1.98 In2.924 with hexagonal Co2 Al5 type structure

Intermetallics 12, 533-537 (2004)

��������������������"��#����"��#����"��#����"��#���� $� $�$�$� '�����'�����'�����'����� ��������������������������������� �����$������$������$������$����
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Results
Three-dimensional set of electron diffraction intensities obtained merging

5 zone axes.

All atoms found, <Distance> = 0.0886 from published coordinates.

0.000050.2500.3330.6670.7500.6670.333Pd(2)

0.062010.2500.2460.1230.7500.1190.238Pd(1)

0.239700.2500.9190.4590.7500.4750.525Mg(3)

0.141070.9370.3870.1940.4550.1930.387Mg(2)

0.000000.0000.0000.0000.5000.0000.000Mg(1)

DistanceZ(Pub)Y(Pub)X(Pub)Z(Sir)Y(Sir)X(Sir)Atom
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3D example

Composition Space Group Cations Oxygens 
AgCoO2 P 63/mmc 2 1 
 

��������������������"��#����"��#����"��#����"��#���� $� $�$�$� (�����(�����(�����(����� )���� )����)����)����
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Results
Three-dimensional set of electron diffraction intensities

All atoms found, correctly labelled,  <Distance> = 0.1098 from published 
coordinates. 

0.329260.0800.6670.3330.4460.6670.333O

0.000000.5000.0000.0000.5000.0000.000Co

0.000170.2500.6670.3330.2500.6670.333Ag

DistanceZ(Pub)Y(Pub)X(Pub)Z(Sir)Y(Sir)X(Sir)Atom
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More 3D examples

Structure Composition Space Group Cations Oxygens 
Åkermanite (Ca2MgSi2O7) P-421m 3 3 
Uvarovite Ca3(Al 0.4Cr0.6)2Si3O12 I a –3 d 3 1 
 

Mauro Gemmi and Stavros Nicolopoulos

Structure solution with three-dimensional sets of precessed electron diffraction intensities

Ultramicroscopy, Volume 107, Issues 6-7, June-July 2007, Pages 483-494

****+��������+��������+��������+�������� ,#���#���,#���#���,#���#���,#���#���
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Results: Åkermanite

Atom  X(Sir) Y(Sir) Z(Sir) X(Pub) Y(Pub) Z(Pub) Dis tance  
Ca  0.843 0.343 0.486 0.832 0.332 0.494 0.12498 
Si  0.648 0.148 0.060 0.640 0.140 0.065 0.09056 
Mg  0.500 0.500 0.000 0.000 0.000 0.000 0.00000 
O   0.654 0.154 0.801 0.860 0.640 0.256 0.32573 
O   0.567 0.330 0.211 0.581 0.314 0.217 0.16526 
O   0.500 0.000 0.193 0.000 0.500 0.817 0.05064 
 

Three-dimensional set of electron diffraction intensities obtained merging
[1 0 0]  [0 0 1]  [1 0 1]  [1 0 2] zone axes.

All atoms found, correctly labelled,  <Distance> = 0.1262 from published 
coordinates.
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Results: Uvarovite

Atom  X(Sir)  Y(Sir)  Z(Sir)  X(Pub) Y(Pub) Z(Pub) Distance  
Cr  0.000 0.000 0.500 0.500 0.000 0.500 0.00000 
Ca  0.000 0.750 0.375 0.750 0.125 0.500 0.00000 
Si  0.000 0.750 0.625 0.750 -0.125 0.500 0.00000 
O   0.081 0.074 0.657 0.039 0.047 0.653 0.60182 
 
 

Three-dimensional set of electron diffraction intensities obtained merging
[0 0 1]  [1 0 1]  [1 0 2] zone axes.

All atoms found, correctly labelled, but oxygen too far from published position,  
<Distance> = 0.1505 from published coordinates.

A.Altomare, C. Giacovazzo, A. Guagliardi, A.G.G. Moliterni, R. Rizzi (2000)
Completion of Crystal Structures from Powder Data: the Use of the Coordination Polyhedra

J. Appl. Cryst.33,1305-1310.

By removing the oxygen atom and using an algorithm based on Polpo(*) procedure, a 
better estimate of the oxygen position can be obtained, <Distance> = 0.0067.

(*)

 
O   0.654 0.963 0.455 0.039 0.047 0.653 0.02687 
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The Polpobased procedure
This procedure can be used when cations are correctly 
located and labelled, anions are missing or badly 
localized (and consequently removed).

It uses Monte Carlo Methods to locate the anions at 
distances and angles compatible with basic 
crystallochemistry rules. 

It requires the prior knowledge of the coordination 
polyhedra and, for each polyhedron, the average cation-
anion distance.

When information about anions is at least partially 
available a different approach can be adopted.



������������	��������������	��������������	��������������	��
 


 ��� � �������� 
��	����������	�����������	�������������������
��	����������	�����������	�������������������
��	����������	�����������	�������������������
��	����������	�����������	�������������������� ��� ��� �� �������������������������������������������

The Polpobased procedure
Uvarovite: only cations are retained and polyhedra are associated to them. 
The structure is completed byPolpo.

Chromium: octahedron
Silicon: tetrahedron



������������	��������������	��������������	��������������	��
 


 ��� � �������� 
��	����������	�����������	�������������������
��	����������	�����������	�������������������
��	����������	�����������	�������������������
��	����������	�����������	�������������������� ��� ��� �� �������������������������������������������

The new algorithm

It requires the prior knowledge of the coordination polyhedra and, for 
each polyhedron, the average cation-anion distance as in Polpo
procedure, but a correct labelling is not required.  

The automatic procedure has been designed to correctly assign the 
atomic species to all the atoms (cations and anions) and to complete 
the polyhedra if some anion is missing. At the moment only octahedra
and tetrahedra area handled.

If the structure contains hydrogen atoms, they can be automatically
generated using a difference Fourier (if data quality is high enough).
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The new algorithm
Check for cation-cation distances: 

select possible cations.

Check on cation coordination:

depending on possible coordination, looking for angles and distances, a tetrahedra or 
octahedra site is associated to the cation. If no polyhedra can be assigned to the cation, 
Polpo procedure is applied. 

Check atoms close to the cation:

atoms geometrically consistent with coordination are accepted and treated as oxygens, 
inconsistent atoms are discarded.

Polyhedra analysys:

If in the polyhedra some atoms are missing they are generated on geometrical basis. Once 
the polyhedra is complete, the correct atomic species is assigned to the cation. 

Final check:

Cation-cation distances are checked for consistency.

Hydrogen generation:

All atoms different from cations or oxygens are removed. A difference Fourier is calculated 
to locate hydrogens (when data quality is high enough).
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The new algorithm

Knowing the value
of the cation-cation
distances the 
program 
discriminates
between the 
possible cations
and the possible
anions.
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The new algorithm

Knowing the value
of the cation-cation
distances the 
program 
discriminates
between the 
possible cations
and the possible
anions.
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The new algorithm

Check on 
distances and 

angles in a shell
around the cation

to recover the 
coordination and 

the atomic species.
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The new algorithm

A final check on 
cation-cation
distances
consistency is
performed.
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Antigorite: simulated data
��������������������"��#����"��#����"��#����"��#���� $� $�$�$� ���	��������	��������	��������	������������ ���������������������

Giancarlo Capitani and Marcello Mellini

The modulated crystal structure of antigorite: The m=17 polysome

American Mineralogist, Volume 89, 2004, Pages 147-158

Two-dimensional (simulated) set of electron diffraction 

using [0 0 1]  [0 1 0]  zone axes.

Default Sir2008 result: 106/147 atoms found, <Distance> = 0.2454 from published 
coordinates.
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Antigorite: simulated data

Published
structure

Model produced
by a deafult run

of Sir2008

106/147 atoms

Model after 
the new 

procedure

132/147 atoms



������������	��������������	��������������	��������������	��
 


 ��� � �������� 
��	����������	�����������	�������������������
��	����������	�����������	�������������������
��	����������	�����������	�������������������
��	����������	�����������	�������������������� ��� ��� �� �������������������������������������������

The next future

� Optimization of Direct Methods and Patterson
techniques for e.d. data.

� Molecular Replacement applications to e.d.data.

� Combination of Monte Carlo techniques with Direct 
and  Patterson Methods; basic crystallochemistry (for
inorganic structures) or molecular geometry (for
organic structures) will be used as prior information. 

� Active use of low-resolution phases (from EM images) 
for ab initio crystal structure solution of small and 
macromolecules.
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Using Sir2008
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Starting a new project
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Working directory & structure name
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Symmetry & cell parameters
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Unit cell content
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Reflections
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Solving strategy
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Starting the job
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Sir2008 input file

%Structure mg5pd2
%Job   mg5pd2 in P 63/m m c (Dr. Wilder Carrillo-Cabrera 17/04/08)
%Init
%Data

cell 8.671  8.671 8.164 90 90 120
spacegroup P 63/m m c
content Mg 20   Pd 8
reflections mg5pd2.hkl
fosquare
electrons
resm 1

%Phase
%End
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Distribution of Rsym as a function of resolution


