Space Group & Structure Solution
Determine the Space Group
Space group determination can always be performed by examining the intensity data. A program
that can facilitate this step is the command-prompt program xprep. Typical input is project name
where the intensity data are in the file project.hkl and the cell parameters and chemical formula
are in the file project.p4p.
To determine the space group by hand, perform the following steps:
• First be sure that the original unit cell is reduced.1,2
• From the reduced cell, search for possible higher symmetry, centered cells. This can be
done using the Bravais routine in the APEX3 program3 or using table 9.2.5.1 of the Int’l
Tables for Crystallography, Vol. A.4 Note that the cell parameters must plausibly match
the values expected for the crystal system. For each of these plausible higher-symmetry
cells, transform the (hkl) values and check the intensities to see if the data meets the Laue
symmetry for that crystal system. These tests should begin with the plausible, highestsymmetry, centered cells. When the Laue symmetry is matched, you have found the
appropriate crystal system and Laue symmetry for the sample.
• For this crystal system, check the intensities for possible reflection conditions (systematic
absences), paying the greater attention to glide planes rather than screw axes because a
glide plane affects an entire plane of the reciprocal lattice, while a screw axis affects only
data on a single line. Once the reflection conditions are determined, the cell may need to
be rotated using Table 4.3.2.1 of the Int’l Tables for Crystallography, Vol A,5 to put the
cell into a standard orientation.
Before running the xprep program, be sure that the *.p4p and the *.hkl or *.raw files have the
same root file name.
Typical input is project name where the intensity data are in the file project.hkl and the cell
parameters and chemical formula are in the file project.p4p. The program presents the results of
different calculations asking the user to either accept their results or pick another option. For
most selections, hit <enter> to accept the default.
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The program calculates an average (mean) I/(I) for the entire data set. Values of 10 or greater
for the average I/(I) suggest that the structure determination is very likely to succeed. The
program then presents a table of statistics to determine the current lattice centering. The
statistics displayed by the program are the total number of data that should systematically absent
if that condition existed, the number of the systematically-absent data that are observed, an
average intensity of the proposed systematically-absent data, and finally the I/(I) of the
systematically-absent data. The default choice is based on the I/(I) results (> 3.87); however,
be sure to look at the average intensity data as well. If the cell is found to be a centered lattice,
the primitive cell is determined and the primitive cell is reduced.
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Higher-symmetry, centered cells are considered by calculating the cell parameter fit to the
transformed cells and then calculating the merging R for the crystal system. The program stops
looking for lower crystal symmetry groups when the merging R is found to be reasonably low.
The combination of lattice type and crystal class is selected.
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The <|E2 – 1|> for all data is calculated to test for a center of symmetry. From the lattice and
crystal system the reflection conditions (systematic absences) for the glide planes and screw axes
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of the possible space groups are tested. Note that the tests for glide planes and screw axes are
not perfect. These tests can make mistakes, so carefully review the statistics. The program then
lists either no space group, a unique space group, or a small list of possible space groups. If a
more likely space group is not listed, then end this routine and select Input Space Group to put in
your preferred choice.

The program then asks if you want to display statistics for the whole data set; select the defaults,
unless you want more details about the data. An option to display layers of the diffraction data is
available and is often checked when the subsequent refinement has problems.
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The default path through the program asks about the chemical formula and calculates a possible
Z for the given formula. If the radiation used is not the default Mo K, then select the
appropriate radiation.
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Finally, an option to set up data files for structure solution is presented.
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Structure Solution
The recommended program for structure solution is xt or shelxt (these are the same program).
This program uses a combination of Patterson map and direct methods with some quick structure
factor calculations to produce a model. Note that several space groups may be considered,
although only the space groups with the same crystal system and cell centering are attempted.

The programs xt or shelxt require no additional input from the user other than a project.hkl file
and a project.ins file that contains the wavelength of the radiation, the cell parameters, space
group symmetry, and atom types and numbers. This program will also handle non-merohedrally
twinned data sets, where the multiple domains are still retained in the data set. Because different
space groups are tried the output files are renamed as project_a.res (and project_a.hkl),
project_b.res (and project_b.hkl) … , where the _a, _b, … refer to different space groups.
Other programs for solving structures include the older xs or shelxs, that solves structures by
either direct methods or Patterson (single superposition) methods, patsee a molecular
replacement program. The program olex2 contains a link to a charge-flipping routine. The
program shelxd uses a dual space method to solve macromolecular structures or structures with
poor resolution.
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Model Building
This is most easily accomplished using a graphics program such as shelxle, olex2, or ortep3.
The shelxle offers simple options to not only build the molecules, but also modify the current
output data file, and refine the structure, so this program will be described.
The input file is read in through the “.res” button. Some atom types may be incorrect. Most of
the atoms in the structure should be shown.

Select the rename mode and in the right-side menu select the “Automatically jump to first
unused label” check box. Then select the atom type to label and, if needed, select a letter label to
append to the atom number, and begin selecting atoms to change their labels. Repeat this
process for all atom types. The orientation of the view can be changed by moving the mouse to
any point on the display away from an atom, holding down the left mouse button, and moving
the mouse to rotate the view.
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After labeling all atoms, select SHELX > Sort atoms. Add the following lines to the *.res file
between the Unit instruction and the atoms:
ACTA
CONF
WPDB -2
HTAB
Then select the SHELX > Copy current file and refine button. The refinement run is shown in
the right-side panel. Click the “Load refinement results” button.
Instructions for finishing refinement are in the next document.
References
1.
2.
3.
4.
5.

A. D. Mighell, J. Appl. Cryst., 1976, 9, 491-498.
B. Gruber, Acta Cryst., 1989, A45, 123-131.
APEX3, 2007, Bruker AXS Inc., Madison, Wisconsin, U.S.A.
Table 9.2.5.1, Int’l Tables for Crystallography, Vol A, 2005, 5th Ed., Springer, 753.
Table 4.3.2.1, Int’l Tables for Crystallography, Vol A, 2005, 5th Ed., Springer, 63-69.

OU Chemical Crystallography Lab

10

8/1/2018

