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:

e First be sure that the original unit cell is reduced.!?

e From the reduced cell, search for possible higher symmetry, centered cells. This can be
done using the Bravais routine in the APEX3 program? or using table 9.2.5.1 of the Int’/
Tables for Crystallography, Vol. A.* 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, highest-
symmetry, centered cells. When the Laue symmetry is matched, you have found the
appropriate crystal system and Laue symmetry for the sample.

e 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 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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[H XPREF Version 20142 for Windows Copyright({C) Bruker-

Lattice except

The program calculates an average (mean) I/c(1) for the entire data set. Values of 10 or greater
for the average I/o(l) 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 1/c(l) of the
systematically-absent data. The default choice is based on the I/c(l) 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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W XPREP Version 2014/ 2 for Windows Copyright(C) Bruker-,

Current dataset: ¥

Original cell:
E=sds:

Current cell:

Matrix:

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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M XPREP Version 20142 for Windows Copyright{C) Bruker-

Current dataset: hkl

Original cell:
E=ds:

Current cell:
Matrix: 1.0000

Crystal system: o

Lattice type [P

d befor o1

Sy=st. Abs.

The <|E? — 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.

[N XPREF Version 20142 for Windows Copyright{C) Bruker-AX!

Resolution #Da y ¥Complete Redundancy b n I Mean If=s

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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M XPREP Version 20142 for Windows Copyright(C) Bruker-AX!

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 Ka, then select the
appropriate radiation.

OU Chemical Crystallography Lab 6 8/1/2018



[N XPREP Version 2014,

Current dataset:

Original cell:
E=zds:

Current cell:

F ({000} :

Vol 5

Lattice:

Formula wWt:

Mu[mm-1]:

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.

E:sdpowellsylid2@>xt ylid28
PP PP
+ SHELXTL XT - CRYSTAL STRUCTURE SOLUTION UERSION 28144 *
+ Copyright{c) Bruker AKS 2018A-2014 nll Rights Reserved
+ Started at 11:18:24 on 268 Jul 2617 +
++++++ bbb bbb bbb AR R bR AR AR AR AR R AR AR R
Command line parameters: ylid28

4 threads running in parallel
Unit-cell: 5.966 9.845 18.468 8.68 98.88 948.88
Laue group identified as numher 3: nnm
13986 veflections read from file ylid2@A.hkl
R{sym> = B.018%. BR<{rim> = B.819%, R{pin> = B.6663

Highest resln. = B.768 A. For 1.2>d>1.1, <I/sig> = 169.9 and #{F>4sig>
1378 unigue reflections converted to 4876 with d > B.88B A in

1 data added to fill out missing data to @.986A in P1
Fourier grid: 24 x 36 x 72: B.249 x B.251 x B.256 0

Mean [E*2-11 Bkl @.85@ h#l B6.934 hkd ©6.924 Rest ©.682
436 Reflections with E < 8.318 employed for R{weak>

48 unigue Patterson peaks with heights greater than 28 selected as
superposition vectors

Setup: B.153 secs
Try N{iter> CC R{weakd Chem CFOM best Siglmin> N{(P1> Uol~-N
i 188 57 17.43

B.9787 @.8855 ©B.8855 2.425%
1.A0608 O_8836 @.8855 2_459 57

96.41 @.8756 1.90A ©.8884 ©.8884 2.317 57
1688 ?6.32 @.8777 @.780@ @.8855 0.8884 2.588 57

4 attempts,. solution 3 selected with best CFOM = B.8884. AlphaB = B.571

Structure solution: B.266 secs
B Centrosymmetric and 56 non—centrosymmetric space groups evaluated
Space group determination: B.517 =secs

R1 Ruweak Alpha Orientation Space group Flack x File Formula
8.689 B.830 B.602 as input P2(1)2(1)2(1) a. B4 wlid2@_a Ci1 02 8

fizszign elements and isotropic refinement B_B88 =zecs
++++++ bbb bbb bbb AR bR AR AR AR AR AR AR AR AR E AR

+ KT finished at 11:18:25 Total time: 1.825 secs +

B b et e

E:sdpowellsylid2@>

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.

i shelXle - A Qt GUI for SHELXL (Rev: 764): ylid20_a.res* =101 x|

File Edit Settings View Pack SHELX Extra Tools Help
by
|apnp et ise ~ ve L P

H%E E GHJW@& UJ @ ﬁlr‘g ‘IE reh% éﬁ [ style maps atum tubes

Hide Text Windows  Ortho-projection  FUSE | Exit Rename Mode Q-Peaklegend | gpeskBonds

B Py
bond

bstlc ADF‘

Rename Mode 2 X

You are in ‘rename mode" how.

MB It is wise to save often. Especially after renaming a couple of Q-Peaks.

Saving synchronizes the visualized structure and the editor content.

Before you start renaming and after you are finished renaming you should SAVE!  Click
here to hide this hint for ever.

part: [0 =] Resduenr: [0 = Resicue Class: |

Number [ = suffix ||

¥ Automatically jump to first unused labe! I™ Increment Suffix

Next Label is:
Cc12

[—Scattering factors

Cany CH GcCc Co (s

‘yid20_a res in P2(1)2(1)2(1)'® yiid20_a.res. | SHELXL output _ Rename Mode

|~ grow Qpesks ¥ search for mnes Home Wmm W calculate Maps [ Hide Tool Bars. _

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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| shelXle - A Qt GUI for SHELXL (Rev: 764): ylid20_a.

Fle Edit Settings View Pack SHELX Extra Tools

=RBO| mw«@ @Zéc”iamﬁ

Ll & s

I»nd

ACTA
CONF
WPDB -2
HTAB

Then select the SHELX > Copy current file and refine button. The refinement run is shown in

Hide Text Windows ~ Ortho-projection

'yid20_s.res in P2()2(1)2(1)' @ yid20_a.res

‘I_Sdzctl’a't <Select residues > ¥

£ 1 oy o e s

TITL ylid20_a.res in B2(1)2(1)2(1)

REM SHELXT solution in P2{1)2{1)2{1)
REM R1 0.08%9, Bweak 0.030, Alpha 0.002, Orientation as imput
REM Flack x = 0.037 ( 0.016 ) from Parsons' quotients

REM Formula found by SHELXT: C11 02 §

CELL 0.71073 5.9657 9.0445 18.4078 950.000 90.000  30.000
ZERR  4.000 0.0002 0.0003 0.0006  0.000  0.000

LATT -1

STMM 1/2-%, -Y, 1/2+Z
SIM X, 1/2+Y, 1/2-Z
S 1/2+%, 1/2-¥, -Z
SEACC H 0S5

UNIT 44 40 8 &

TEMP 22.00

SIZE 0.40 0.40 0.40
ACTA

7 | conE
2 WFDB -2

HTAB

hfix 43 c4 c5 c6 c7
hfix 137 cl0 cll

0.81064 0.68149 0.74033 11.00000 0.03589 17.18
0.84405 0.41093 0.62888 11.00000 0.04341 7.82
0.33339 0.80268 0.67630 11.00000 0.04753 7.83
0.63550 0.62447 0.67249 11.00000 0.03385 5.93

4

3

3

1

1 0.69045 0.50046 0.62505 11.00000 0.03537 6.41

1 0.50973 0.50276 0.56781 11.00000 0.03566 .08

1 0.48507 0.41002 0.50782 11.00000 0.04622 5.61
cs 1 0.29968 0.43611 0.46204 11.00000 0.05374 5.30

1

1

1

1

1

1

0.15147 0.55039 0.47594 11.00000 0.05210 5.56

0.17122 0.63915 0.53807 11.00000 0.04232 5.284
0.35832 0.61364 0.58235 11.00000 0.03737 6.35
0.43148 0.69498 0.65010 11.00000 0.03305 .22

0.65238 0.67717 0.82269 11.00000 0.05279 5.10
0.83655 0.87990 0.72902 11.00000 0.04584 5.53

armnPZ(l.)T(l.)Z(l)‘@yidm .res | SHELXL output |

[~ arow Qpeaks: \l'sead.rmmmu | ‘

After labeling all atoms, select SHELX > Sort atoms. Add the following lines to the *.res file
between the Unit instruction and the atoms:

the right-side panel. Click the “Load refinement results” button.

Instructions for finishing refinement are in the next document.
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