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TWINNING

Twinning of crystals poses a substantial complication in single crystal X-ray structure
determination. Twins are regular aggregates consisting of individual crystallites of the same
species joined together in some definite mutual orientation. There are four common kinds of
twinning: by merohedry (this includes racemic twinning), by pseudo-merohedry, by reticular
merohedry, and non-merohedral twins. Crystals twinned by merohedry and pseudo-merohedry are
characterized by completely superimposed lattices, i.e. every reflection of one twin moiety
overlaps with another reflection of another twin moiety. For non-merohedral twins this is not the
case. While a large fraction of reflections are overlapped, at least some reflections are not or only
partially overlapped. For structures with complete overlap of reflections, data collection can be
performed as with normal untwinned samples. Here, twinning has to be taken into consideration
only at the structure solution and refinement stage (by identification and use of an appropriate
twin law). For non-merohedral twins, however, more than one unit cell and orientation matrix has
to be identified and intensities integrated for all of the lattices. This type of twinning thus has to
be identified during the data collection process and requires a different data collection and
processing strategy.

This user guide is intended towards collection and analysis of data from non-merohedrally
twinned crystals using the Bruker AXS’ Apex2 software suite, including Cell Now and Twinabs,
and for solving and refining of such structures using the Shelxtl suite of programs.

Unit cell Determination

Twinned crystals can sometimes be identified optically under a microscope when selecting
crystals for diffraction, especially when using a polarizing microscope. If this is the case, it is best
to avoid twinned crystals and select an untwinned specimen, or to try to cut an untwinned fragment
from a larger twinned sample. Often however twinning is not obvious by optical inspection of the
crystals, or crystals are composed of too many twin domains and no sufficiently large piece can be
isolated. If no untwinned sample can be found or cut from a larger crystal, data will have to be
collected from a twinned sample.

The initial steps for data collection are the same as for an untwinned sample (for the use of the
basic functions of the Apex2 software, please refer to the Bruker Apex2 manual, or to one of the



many manuals available online, e.g.
http://web.ysu.edu/gen/stem/Instrumentation_Manuals_p132.html):

e (ollect data for <Unit Cell Determination> as usual.

¢ Try to <Index> the sample to obtain a unit cell.

Failure to obtain a correct (or any!) unit cell can have many causes. One of the reasons could
be the presence of twinning by non-merohedry.
Non-merohedral twinning is not always immediately evident at the unit cell determination steps.
Often problems arise only at a later stage: structure solution might fail; structure quality is lower
than expected from the experimental R values; large residuals are present; thermal parameters are
ill-defined; apparent disorder that cannot be refined well; and other complications. While neither
of these complications has to be associated by twinning, it is usually worth checking for presence
of twinning by both merohedry (use programs such as Platon or Rotax), or by non-merohedry.

If non-merohedral twinning is present, it is best to recognize it at the unit cell determination
stage. Warning signs for non-merohedral twinning at this stage are:

e The unit cell determination fails.

¢ The unit cell found is unusually large, but many predicted spot positions show no
intensity.

¢ The unit cell size is normal, but many intense spots are not assigned to the predicted cell.

¢ Some reflections are unusually close or appear “split”.

¢ In the hkl histogram the percentage of the fitting reflections is low (under 90% for a well
diffracting crystal with no other obvious problems).

Not all warning signs have to be present at the same time. Without close inspection of the
diffraction data twinning by non-merohedry can often be overlooked at this stage if the minor
twin moiety(ies) are substantially less prevalent than the major one.

Figure 1 shows a screenshot of a sample with easily recognizable warning signs for twinning by
non-merohedry.
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Figure 1. Unit cell indexing result window with easily recognizable warning signs for non-

merohedral twinning.

If any warning signs are present (or if you have any other reason to suspect twinning, such as
failure to obtain a good refinement at a later stage), proceed as follows:

e (Choose the best unit cell(s) from the options displayed and then click <Accept>.

¢ The refinement window will appear.

® C(Click <Refine> to optimize the unit cell parameters.

e To further check for the possible presence of twinning you can use the <Histograms>

tool.
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Figure. 2. The refinement window with <Histograms> tool

The Histograms show deviations of spots from the expected h k | values for the found cell. Large
numbers of reflections that deviate substantially (e.g. above for the <I> Miller index) indicate

presence of a second crystal domain (i.e. twinning).

e [f there is strong indication for twinning the program Cell Now should be used to establish
the correct unit cells, their orientation matrices and the twin laws/transformation matrices.
e The number of available reflections obtained through a normal unit cell determination in
Apex2 is usually too low to reliably determine the unit cells for twinned structures =

more data have to be collected first.
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Set up a hemisphere or a sphere measurement. When enough data are collected (at least 200
frames for compounds with normal sized unit cells), harvest spots from the newly collected

frames:

e Return to <Determine Unit Cell>, <Delete> the old unit cell and reflections.

¢ (lick the <Harvest> button and change the image file.



=> In the <First Image> line click the browser symbol and choose the first frame from the
newly collected data (choose e.g.13mz025_01_0001.sfrm in the current example)
= Change <Number of Runs> to 1 and the <Images per Run> to 200 or more.

= Move the <Min. I/sigma(I)> sliding bar to the left so that more and weaker spots from minor

twin moieties are read in. A value of 5 is usually sufficient (this also helps to account for supercell
reflections).
= Then click <Harvest>.
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Figure. 3. Unit cell window.

Create a P4P file




® Go to the <Sample> menu on top of the Apex2 window, choose <Export>, click on <P4P
file>, this will open the <Export P4P file> window.
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Fig'u're.' 4. Unit cell window.
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® Choose <CELL_NOW?> in the export options, then click OK.

;a Export P4P File

P4P File:
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Figure. 5. The p4p file window.

CELL_NOW



Cell Now is used to establish the unit cells for twinned or split crystals, their orientation
matrices and the twin laws/transformation matrices.

® (o again to <Sample> on top of the Apex2 window = choose <Run Command>. A
command prompt window will appear.
e Type <cell_now>, = click Enter.

e CAWINDOWS\system32\cmd. exe

Microsoft Windows HP [Uerzion 5.1.26601 -
(C) Copyright 198520801 Microsoft Corp.

C:sframessmzellers13mzB825svwork>cell_now_

Figure. 6. The Run command window.

® Type the name of the exported p4p file (e.g. 13mz025.p4p) = click Enter.



e C:AWINDOWS\system32\cmd.exe - cell_now

Microsoft Windows HP [Uersion 5.1.260@1
CC>» Copyright 1985-2881 Microsoft Cowpp.

C:xframessmzeller~13mzB25work>cell _now

CELL_NOW analyses a list of reflections to find a cell and ordentation matrix
despite the presence of several twin domains or other junk. In initial search
mode the program tries to find sets of reciprocal lattice planes that pass
close to as many veflections as possihle. The corresponding real space vectors
are sorted on a figure of merit (1.8 would be a perfect fitd. In the output
these are followed by the percentages of r»eflections that fit within 8.1, 8.2
and B.3 times the interplanar separation. the components al. a2 and a2l of

the vector, the angles to previous vectors and a cross figure of merit to
previous vectors. The latter should be larger for reflections belonging to
the same twin component. Cosines of angles betuween vectors a and b can also
he calculated from the components hy (al=hl+aZ=*h2+a3=xh3i)-Caxh>.

After the vector list has been output, CELL_NOY attempts to suggest a suitable
cell. This will not necessarily he the conventional cell,. so it should he
checked using X¥PREP <without an .hkl file) taking the lattice type found with
CELL_HOY into account. If necessary this conventional cell may be reinput in
‘specified cell’ search mode to find the ordientation matrix. If CELL_HNOW

fails to suggest a senzihle cell, either zomething is serdiously wrong with

the reflection list Ce.g. a wrong detector distance? or a cell axis is longer
than the given search range.

In specified cell search mode the program tries to find the best cell within
the specified ranges. The reflections that fit this cell within a specified
fraction of all three interplanar spacings may be flagged as indexed, and a
new .pdp or .spin file written in which they have the *H° flag so that they
can be displayed in a different color with RLATT. Then the cell may he rotated
to locate further twin domains iteratively using only the reflections that
have not yet bheen indexed.

#x% ARHNING: the exhaustive search employed in this program is UERY SLOW »=x
#% zp0 a CPU clock frequency of AT LEAST 3GHz is strongly recommended R

Full name of .pdp, .spin or .drx file to read: 13mzB25._pdp_

Figure. 7. The Run command window.

i o CAWINDOWS\system 3 2\cmd.exe - cell_now

than the given search range.

In specified cell search mode the program tries to find the best cell within
the zpecified ranges. The reflections that fit this cell within a specified
fraction of all three interplanar spacings may be flagged as indexed. and a
new .pdp or _spin file written in which they have the *H’ flag szo that they
can be diszplaved in a different color with RLATT. Then the cell may be rotated
to locate further twin domains iteratively uwusing only the reflections that
have not yet heen indexed.

=% UARNMING: the exhaustive search employed in this program iz UERY SLOUW »ee
=% =20 a CPU clock fregquency of AT LEAST 3GHz iz strongly recommended R

Full name of _pdp. .=pin or .dex file to wread: 13ImzB@25_pdp
4364 reflections read in

Listing file [13mzB25._cnl:
Initial search ¢(<{Enter>> or specified cell search (85>:

Superlattice threshold: an axis will be rejected if less than this percentage
of reflections has indices not equal to 2n or In resp. [181:

Minimum and maximum allowed values for cell edge [5 481:

Figure. 8. The Run command window.
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Initially, use the default setting of Cell Now for cell search, superlattice threshold and cell
edge limits (change the latter if very small or large cell edges are expected). Cell Now will calculate
possible unit cells. With larger reflection arrays this might take several minutes, depending on the
processor speed of your computer.

Cell Now usually provides more than one solution. Often several of the solutions displayed
are equivalent (e.g. when they have the same volume). Of equivalent solutions usually the first is
the one in the crystallographic standard setting (but not always). If Cell Now detects
crystallographic symmetry (e.g. two 90 degree angles), it displays the cells in the setting of the
expected symmetry (e.g. monoclinic).

In simple cases, often the first solution displayed (that with the highest figure of merit,
FOM) is the “correct” solution, but this needs to be verified.

e CAWINDOWS\system32\emd.exe - cell_now

The following cells would appear to be plausible, but should be checked using
HPREP because they are not necessarily the conventional cells.

FOM,. » within B.2. a..gamma. volume and lattice type for potential wunit—cells:

11.888 68.1 23.288 16.76% 23.781 82.87 121.31 78.28 7231.9
2 B.8794 o68.7 28,775 16.769 28.462 82.93 126.87 78.28 72331
3 B.848 o61.8 28,775 16.76%9 38.457 82.98 79.27 78.28 13222.8
4 8.776 56.8 11.891 16.769 192.874 82.85 78.55 78.08 3265.8
5 8./85 575 13.87%6 16.769 17.12% 78.83 ?5.62 78.18 3765.6
6 B.653 61.5 23.781 16.769 38.457 78.82 128.39 78.11 13228.6
7 B.636 62.8 18.452 28.77% 22.758 ?76.11 112.81 74.84 7734.08
8 B.624 R2.2 18.445 280.77% 22.768 76.48 112 _82 232.67 77341
7 .58 6A.6 38.868 16.769 38.457 78.82 74.97 78.17 19831 .4
18 A.558 G56.3 18.385 16.769 23.739 78.A8 106.38 78.19 3766 .4
11 A.548 6A.7 31.158 16.769 38.457 89.98 79.27 78.19 19826 .08
12 B8.583 608.2 32.454 16.769 38_457 78.082 1688.62 8.12 19834.8
13 0.484 60.9 33.258 16.769 38_457 89.98 112.47 8.19 19828.1
14 B.483 62.6 18.452 22.958 23.781 118.@8% 182.68 112.81 7938 .1
15 B8.488 62.1 16.769 28.77% 28.517 ??7.37 125.98 ?8.28 7933.9
i6 8.477 61.9 16.769 28.77% 28.529 82.39 £3.99 89.88 7934.9
17 8.475% 62.8 18.445 22.768 23.781 189.71 182.28 112.82 7937.8
18 B8.455 6£3.3 18.445 28.77% 35.844 98.23 23.9% ?23.67 13222 .4
1?2 8.452 63.6 18.445% 28.964 135.844 1096.498 ?3.95 ?5.18 13225.5
28 8.443 57.8 23.781 392.778 16.769 82.88 78.11 78.57 15862.3

o R - R =R - Ryl = R - Ry =Ry = R - R =y = - - Ry - - R -

Cell for domain 1: 23.288 16.769 23.781 82.89 121.31 9@.28
Figure of merit: #8.611 ®C@A.1>: 4?.6 “CA.2>: pA.1 “C@B.3>: T1.9
Orientation matrix: @.@3092213 B6.82484443 —-0.91249915
A.A1885182 -A.A5391332 -A.01064897
—A.A3834884 ©.88567977 —A.84637861
Maximum deviation from integer index [B.251:

Percentages of reflections in this domain not consistent with lattice types:
A: 58,3, B: 52.4, C: 497, 1I: 58.4, F: 6.2, 0: 67.5 and BR: 66_3x

Percentages of reflections in this domain that do not have:
h=2n: 58.9, k=2n: 51.8, 1=2n: 28.5. h=3n: 66.8, k=3n: 66.3., 1=3n: b6.1x

Hew cell from list <number?, reorientate (R>,. accept (A> or guit <Q> [Al: 4_ _J

Figure. 9. The Run command window.
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Indicators for which solution is correct (if any) are:

The percentage of fitting reflections (column 3). Solutions with high values are more likely
to be correct.

The symmetry of the unit cell (columns 4-9). Higher symmetry solutions are ranked higher
by cell now.

The volume of the unit cell (second last column). For cells with similar percentages of
fitting reflections the smaller unit cell with the same lattice centering should is more likely
to be correct.

After inspection of the possible solutions:

Choose the most likely unit cell (number 4, in the above example: It is the highest ranked
solution of the smallest unit cells while having a similar percentage of fitting reflections as
the larger volume unit cells).

To select solution number one, enter a value for <maximum deviation from integer index
[0.25]> (0.25 is usually suitable, at least initially), then click <Enter> to accept solution 1.
To select any other solution, do the same, but then enter the number of the chosen solution
(<new cell from list>).

<Accept> or change the value for <maximum deviation from integer index [0.25]> (0.25
is usually suitable, at least initially).

Enter the chosen filename followed by .p4p to indicate the file format (e.g.
13mz025_a.p4p) = Enter.
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e CAWINDOWS\system32\emd.exe - cell_now

Orientation matrix: B.83892213 0.02484443 -80.081249915% ':J
#8.8108851682 -B.85391332 -A.81864897
—A.83834884 09.0085%67977 —8.84637861
Maximum deviation from integer index [B.251:

Percentages of reflections in thiz domain not consistent with lattice types:
A: 58.3, B: 52.4, C: 49.%7. 1: 58.4, F: ?6.2. 0: 67.5%5 and BR: 66.3x

Percentages of reflections in this domain that do not have:
h=2n: 58.9, k=2Zn:- 51.8, 1=2n: 28.5. h=3n: 66.8,. k=3n: 66.3., 1=3n: b6.1x

Hew cell from list <number>, reorientate ¢(R>. accept {A> or guit <G> [Al: 4

Cell for domain 1: 11.891 16.769 19898 89 .85 ?8.55 968.098
Figure of merit: B.611 »C@A.1>: 49.8 #»C@A.2>: L6.8 #»C@A.3>: 65.6
Orientation matrix: —-A.85594453 -0.024826002 0.03093479

—-A.83134887 0.85392529 B8.8918085792

—-A.85441924 -0.800567203 —-B.683833833

Maximum deviation from integer index [B.251:

Percentages of reflections in this domain not consistent with lattice types:
A: 47.3. B: 52.5%., C: 49.9., I: 58.8, F: 74.8., 0: 66.8 and BR: 66.7x

Percentages of reflections in this domain that do not have:
h=2n: 58.9, k=2n:- 51.2, 1=2n: 492.1. h=3n: 66.1. k=3n: 66.7. 1=3n: b66.1x

Mew cell from list <number?, reorientate (R). accept (A) or guit <Q> [A]:
.pdp or .spin file to write domain to: 13ImzB25_a.pdp

RLATT color—coding employed in file: 13mzB25%_a.p4dp

White: indexed for first domain

Red: not vet indexed

2532 reflections within B_258 of an integer index assigned to domain 1.
2532 of them exclusively; 1832 reflections not yet assigned to a domain

Re—refine initial cell <R>. search for next domain ¢8>, guit ¢Q> or choose
new cell from list <{enter number)> [8]1: _J

Figure. 10. The Run command window.

Cell Now writes the file and will display the number of reflections that fit and don’t fit the
chosen cell (within the selected maximum deviation). In the written p4p file, reflections are coded
so that reflections belonging to one domain are displayed in the same colour if analyzed in RLATT
or the Lattice Viewer of Apex2.

e [f a substantial number of reflections is not yet indexed, type <S> to search for another
domain = Enter

Cell now will attempt to find another domain with the same cell parameters, but with a different
orientation matrix. If the second domain is created indeed by a twin operation, the domains are
usually related by a simple mathematical operation, e.g. a 180 degree rotation around a low index
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axis (e.g. one of the real space or reciprocal axis, or simple combinations of them such as a face or
space diagonal). Also possible are 90 or 120 degree rotations. Solutions rotated by different values,
or around non-integer fractions of an axis are usually not created by twinning, but the crystal might
be split or cracked (small angle rotations around an odd axis), or simply more than one crystal is
present (random rotation around an odd axis).

After Cell Now found a second domain, it will display the rotation angle and axis for both real
and reciprocal space. Closely inspect the values. If the result makes sense, proceed as for the first
domain and name the new file (e.g. 13mz025_b.p4p).

o CAWINDOWS\system3 2\cmd.exe - cell_now

Cell for domain 2: 11.891 16.769 19.898 89.85 78.55 76.088
Figure of merit: B.536 z&@.1>»: 23.8 “{@B.2>: 61.8 #“<@.3>: 65.9

Orientation matrix: -B.87273288 (0.682486977 0.81446173
-8.82983%944 -0.085423266 B.61178421
B8.83866181 B6.805976632 6.846780796

Rotated from first domain by 179.7 degrees about
reciprocal axis —1.800 BA.808 1.8 and real axiz 1.888 @.882 -@.354

Twin law to convert hkl from first to a.476 a.8a18 -8.523
this domain ¢(SHELXL TWIN matrix): A.8604 -1.8600 -—-8.608
-1.478 a.008 -@A.477

Maximum deviation from integer index [B.251:

BRLATIT color—coding employed in file: 13m=zB25_h._p4dp
White: indexed for first domain

Green: current domain ¢(hut not in a previous domainl
Red: not yet indexed

.pdp or .spin file to write domain to: 13ImzB25_h._pdp _J

2382 veflections within B.25A of an integer index assigned to domain 2.
1168 of them exclusively; 672 veflections not yet assigned to a domain

Re—-refine initial cell <R>». search for next domain <5>. gquit <Q> or choose
new cell from list <enter numbher> [51: _J

Figure. 11. The Run command window.

e [f a substantial number of reflections is not yet indexed, type <S> to search for another
domain = Enter.
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o CAWINDOWS\system 32\cmd.exe - cell_now

Cell for domain 3: 11.891 16.769 19898 89 .85 ?@.55 768.88
Figure of merit: B.492 w@.1>: 42.9 »C@.2%: 4.6 #»<@.3»: V9.8

Orientation matrix: -B.85668205 -0.82495852 6.638436085
-A.83827881 A.A539788%9 A.81898227
-0.85434545 -9.880422148 -A.83851108

Rotated from first domain hy 1.5% degrees about
reciprocal axis 1.888 -8.122 -A.57?% and real axisz 1.68688 —-8.868 —A.288

Twin law to convert hkl from first to 1.888 a.a18 -A.882
this domain (SHELEL TWIN matrix>: -8.821 1.8 -@A_817
A.Aa4 A.@a23 1.A88

Maximum deviation from integer index [B.251]1:
.pdp or .spin file to write domain to: 13mzB2%_c.pdp

RLATT color—coding employed in file: 13mzB25_c.pdp
White: indexed for first domain

Yellow: intermediate domain <¢hut not in first domainl
Green: current domain ¢hut not in a previous domainl
Red: not yet indexed

1639 reflections within B.258 of an integer index assigned to domain 3.
511 of them exclusively; 161 reflections not yet aszigned to a domain

Re—refine initial cell {R>. search for next domain <5),. quit {Q> or choose
new cell from list <enter numbher> [51]1:

El

Figure. 12. The Run command window.

Cell Now can colour code up to three domains for inspection in RLATT or the Apex2
reciprocal lattice viewer. After writing three domains to file (or when no new or valid domains are
found any more), import the written p4p file of your choice back into Apex2:

® In Apex2, go to <Sample> on top of the window = <Import> = <Load File>
(13mz025_b.p4p in the current example).
e Check the <Import Reflections> check box.



b Import P4R/SPIN File

PAPSPIM file: IC: rameshmzellersT 3mz028workh1 3mz025_c.pdp o |
=1

Image file: IEI: rameshmzelars1 3mz025%1 3mz025_01_0007 . sfrm

I~ Import all

[~ Import crystal color, formula, shape, and size
¥ Import crystal components [domaing)

¥ Import crystal mosaiciby

[~ Import crystal faces

¥ Import reflections

¥ Import zpatial

ak. I Cancel

Figure. 13. The ImportP4P/SPIN File window.

In Apex2, open the <Reciprocal Lattice Viewer> in the <Evaluate> menue.
In the <RLATT> drop down menue, choose <Visualization>.

15
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L Sample Instrument | RLATT Windows Help

JJ ER= = [ — JJ Rotate

Edit
Setup
Orientation
Evaluate
it Cell Tool

Measure Distance

Measure Angle

Dretermine Lnit Cel

Incammensurakes

b .n.lll il

Wiew Images

Figure. 14. Open <RLATT> tools.

In the interface that opens, check <By A C H S Flags> in the <Colorization Method> menue
to display the Cell Now solutions in different colours (white for the first domain, green for
the last assigned domain, yellow for all in between domains).

Adjust <Intensity Filter>, <Reflection Size> and <Zoom> using the slide rules at the
bottom. Switch between <Rotate>, <Select> and <Measure> via a right mouse click.
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Agis (8)
P — ____L;_L .. ... | % RecipocalSpace

¢ Direct Space

¢ Laboratory
¥e 8% BT 35 T g8 1 9w & " None
€ § § & ¥ ¢ ¢ ¢« & ¢ -
ceedo sttt RIBIIIRELIEIBI RIS -

Colorization Method (C)

...sgti“‘ll“!'|» ¢~ By Group
% & ByACH S Flags

«g oy .;.x:ig'!‘;; i‘ ‘! !ii"!“! !!:'}!" ¢ By Intensity

AT R A R T Y . =
.-......--uﬂ“"l “-

. de e v G N “ “' “ !; “ " 1 Light Diection and Colors

SRR LKL = =

a ¢
:~-H||||||Hsu'
2D Projection Scale (S)

---!.l""l'l"'ll"l"l! 18 (= By Intensity Count

¢ By Spot Count

S O

s ¢ None

Intensity Filter Reflection Size a=11.894, a=89.85", V=39664
|:| b=16.774, p-9055° v Nl Resoluton (N) = DISABLED |
J _ll J c=19.894, v=90.08°

Figure. 15. A typical reciprocal lattice view of a non-merohedrally twinned crystal. Two lattices

are clearly visible (white and yellow), with reflections overlapping in some rows, and displaying
separate moieties in other rows.

To test if the unit cells obtained from Cell Now are correct the unit cell axis lengths should
be measured. Orient the view so as to look down one of the unit cell axes. Then switch to
<Measure> and <Distance> (right mouse click).
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Axis (&)
¢+ Reciprocal Space

(" Direct Space
¢ Laboratory

¢ None

CETZALITILALTLRZARNRNNNA RGNS

Rotate

| » = 4
i - . k Colorization Method (C)
Select » “ « 4
¢ By Group

Measure »
> = N 3 A . 5 N 1 S 1 (" ByACHS Flags

¢ By Intensity

]

—Light Direction and Colors

oA,
Light Color IS8 { & Dark Color
B ! 4
H

2D Projection Scale (S)
(= By Intensity Count
¢ By Spot Count

" None
Intensity Filter Reflection Size 2=11.894, a=89.85", V=39664°
|:| b=16.774, B=9055° - Nul Resoluton (N) = DISABLED |
J _; J ©=19.894, y=90.08"

Figure. 16. Above shows a typical reciprocal lattice view of a non-merohedrally twinned crystal.

Place the cursor at one of the reflections of the main moiety (white lattice) and drag the
mouse along one of the axis directions to line up with a parallel line of reflections. Press the plus
button of the keyboard as often as needed to line up rows of reflections as good as possible with
the displayed lines as shown in Fig. 17 below. Read the displayed value (in A) and compare it with
the axis values obtained by Cell Now. If all three values agree, the unit cell from Cell Now is a
valid solution. If not (as in the current example, below), the unit cell has to be corrected, e.g. by
running Cell Now again with the new information taken into account.
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28152 Save Distance

. _..--JJJ.].AJJ.AL".\LLLULLLM bl e ... DistanceinA

-------

N DR

Intensity Filter Reflection Size |:| a=11.894, a=89.85°, V=396642

b=16.774, p=90.55" < Clear Distances
J -; c=19.898, y=90.08"

= |

Figure. 17. The Reciprocal Lattice window with lattice parameter measurement, view down the b-
axis from Cell Now. Note the disagreement of the directions of the a- and b-axes with the observed
patterns, and the measured lattice constant value of 7.691 A which is not found in the unit cell
from Cell Now (displayed at the bottom right).

In the current case, close inspection shows that the unit cell axes measured in the reciprocal
lattice viewer are all smaller than 17 A, and the beta angle of 90 degree from Cell Now appears to
be incorrect. To obtain a corrected unit cell:

® Go back to the Command prompt = Quit the previous run of Cell Now (Type <g>), start
a new run of Cell Now.

e Start a new run of Cell Now. Proceed as before. Adjust values such as indicated by the
reciprocal lattice analysis (e.g. change the superlattice threshold if a supercell had been
found, change the <minimum and maximum allowed value for cell edge> if the cell found
previously has been too large or too small, or use the <specified cell search> if you know
the approximate unit cell parameters (in the current case the value for <minimum and
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maximum allowed value for cell edge> was changed from <4 40> to <5 17> to force Cell
Now to consider smaller unit cells).

e CAWINDOWS\system 3 2\cmd.exe - cell_now

than the given szearch range. ﬂ

In specified cell search mode the program tries to find the hest cell within
the specified ranges. The reflections that fit this cell within a specified
fraction of all three interplanar spacings may be flagged as indexed, and a
new .pdp or _spin file written in which they have the 'H’ flag so that they
can be displaved in a different color with RLATT. Then the cell may bhe rotated
to locate further twin domains iteratively using only the reflections that
have not wvet been indexed.

% JARMING: the exhaustive search employed in this program is UERY SLOW =
=% zg a CPU clock fregquency of AT LEAST 3GHz iz strongly recommended 3

Full name of _pdp. .spin or .drx file to read: 13mz=825.pdp
4364 reflections read in

Listing file [13mzB25._cnl:
Initial search (<{Enter>>» or specified cell search (5>:

Superlattice threshold: an axis will be rejected if less than this percentage _J
of reflections has indices not equal to 2n or 3n resp. [181:

Minimum and maximum allowed values for cell edge [5 481: 5 17_ _J

Figure. 18. The Run command window.

v CAWINDOWS\system32\cmd.exe - cell_now

13.814 B.419 5 38.225 42 737 58.641 -6.388 5.2Y8 —-18.835 _:J
49.8 138.1 186.3 132.1 81.1 119.5 42.% 8%?.6 66.3 46.1 927.8 46.2 V3.3
8.341 8.324 A.187 A.186 A.175 B.264 B.257 B.261 B.127 B8.127 B8.128 8.124 8.268

The following cells would appear to be plaunsible. but zhould be checked using
XPREP hecause they are not necessarily the conventional cells.

FOM, » within B.2, a..gamma, volume and lattice type for potential uwunit—cells:

11.868 6@.8 7.698 16.769 11.871 82.92 129.48  89.9% 1322.6 P
2 A.461 6B.8 7.698 16.76% 18.385 87.81 77.26 ?6.85 1321.8 P

Cell for domain 1: 7.698 16.769 11.891 89.92 1268.48 87.95
Figure of merit: B.636 #»C@.1>»: 58.5% »C@A.2>: 6B.08 #»CBA. 3z .6
Orientation matrix: O.89276075 -0.6824792600 O.088680275%

A.62815957 6.85393448 B0.6841373978
-8.114266893 -0.08578676 0O.01617588 :J

Maximum deviation from integer index [B.251:

Figure. 19. The Run command window.
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A new set of unit cells is displayed. Proceed as described before and select the most
suitable unit cell (in this case, two equivalent monoclinic solutions were found. The solution with
the smaller beta angle was chosen following [IUCR recommendations).

= C:AWINDOWS\system 3 2\emd.exe - cell_now

The following cells would appear to he plausihle, but should be checked using
APREF because they ave not necessarily the conventional cells.

FOM, # within B.2, a..gamma, volume and lattice type for potential unit-cells:

11.880 60.8 7.698 16.76% 11.891 89.92 120.48 89.95 13226 P
2 B8.4961 68.8 7.698 16.7Y69 18.385 B?.81 ?29.26 78.85 1321.8 P

Cell for domain 1: 7.698 16.769 11._891 89.92 128.48 89.95
Figure of merit: B.636 #(@.1>: 5B8.5 ®#{B.2>: 68.8 #(B.3>: 7i.6
Oprientation matrix: B.08%9276875 -0.824792080 0.08686275

A.A3A15957 ©.85373440 @.04137398

=-3.11496893 -8.88578676 B.081617588
Haximum deviation from integer index [B.25]:

Percentages of reflections in this domain not consistent with lattice types:
A: 58.8. B: 48.7. ¢C: 58.8, 1I: 47.3. F: 4.3, ©0: 66.9 and H: 67.2%

Percentages of reflections in thisz domain that do not have:
h=2mn: 51.4, k=2n: 51.1, 1=2n: 58.7. h=3n: 78.8, k=3n: 66.5. 1=3n: 66.6x

Hew cell from list <{number),. reorientate {(R>, accept <A> or guit <(Q> [Al:

Figure. 20. The Run command window.

Repeat the steps described earlier to obtain a p4p file with two (or more) twin moieties.
Here two additional twin moieties were found. The second is related to the first by a 180 degree
rotation around the real a-axis. Note the transformation matrix having one off diagonal element
different from zero (this or similar patterns are typical for most twins). The third moiety is related
to the first by a close to 180 degree rotation around the b-axis. With a monoclinic crystal this
cannot be a twin operation (a two fold axis around b is a symmetry element already present in the
monoclinic system). This indicates that the crystal might be split in two nearly aligned parts rather
than being twinned a second time. Cell Now and Apex2 can be used to handle both twins as well
as split crystals.
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Cell for domain 2: 7.678 16.76%7 18.385 87.81 27.26 208.85
Figure of merit: @.837 “<@.1>: 65.4 “<@.2»: B8.3 “C@.3>: 7.1

Orientation matrix: 0.84372395 -0.02456532 ©.08704918
B.88651616 ©.05482379 B.04898465
-0.12411107 -A.08584155 ©.01615274

Rotated from first domain hy 179.7 degrees ahout
reciprocal axis 1.888 B8.801 -A.217 and real axis 1.68600 0.881 O.608

Twin law to convert hkl from first to 1.888 a.881 B.881
thiz domain (SHELEL TUWIN matrix>: A.BA1 -1.80@ —@.888
-8.434 Ad.883 -—1.888

Maximum deviation from integer index [B.251:

-pdp or .spin file to write domain to: 13m=B825_h.pdp
BLATT color—coding employed in file: 13m=B@25_h.p4dp
White: indexed for first domain

Green: current domain (bhut not in a previous domain)
Red: not yet indexed

2512 reflections within B.258 of an integer index assigned to domain 2.
1144 of them exclusively; 512 reflections not yet assigned to a domain

Re-refine initial cell ¢(R)>. search for next domain (8>, guit <G> or choose
new cell from list C(enter number?> [S1:

Cell for domain 3: 7.678 16.76%7 18.385 87.81 27.26 208.85
Figure of merit: B@.686 “<@.1>: 78.7 “<@.2>: 76.8 “<@.3>: 79.5
Orientation matrix: —-0.80518386 0.02505%877 ©.88654113

0.88825927 -0.05393357 ©.041970239

0.13138762 ©.00449167 ©.81652335

Rotated from first domain by 179.8 degrees ahout
reciprocal axis B@.885 1.8600 -A.8081 and real axis @.825 1.808 -@.685

Twin law to convert hkl from first to -A.999 a.818 B.883

thiz domain (SHELEL TUWIN matrix>: A.851 1.0808 -8.889
-8.886 -8.882 —1.881

Maximum deviation from integer index [BA.251]1:

-pdp or .spin file to write domain to: 13m=B25_c.pdp

BLATT color—coding employed in file: 13m=B@25_c.pdp

White: indexed for first domain

¥Yellow: intermediate domain (but not in first domain?

Green: current domain (bhut not in a previous domain)

Red: not yet indexed

2068 reflections within B.258 of an integer index assigned to domain 3.
398 of them exclusively; 122 reflections not yet assigned to a domain

Re—refine initial cell <R>, search for next domain (8>, guit (Q> or choose
new cell from list C{enter number?> [§1:

Figure. 21. The Run command window.

e To once again check the results, the data are re-imported into Apex2 as described above.
For the example used here, re-inspection via the reciprocal lattice viewer now shows
agreement of axis orientations and unit cell dimensions (Figures 18 to 20).
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oLl l 1 11 11“ N

16594 @ IIIII|III

Intensity Filter Reflection Size a= 7698, 0=89.81°, V=13228
|:| b=16.774, p=99.26" v
{ | - - *
| | -} c=10.334, y=90.05

Figure. 22. The Reciprocal Lattice window with a non-merohedrally twinned crystal.
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L

Intensity Filter Reflection Size a= 7.694, a=89.81°, V=13228
|:| b=16.774, p=99.26" v
| | | c=10.334, y=80.05

Figure. 23. The Reciprocal Lattice window with a non-merohedrally twinned crystal.
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T

o

Intensity Filter Reflection Size a= 7.694, a=89.81°, V=13224
H b=16.774, B=99.26° v
2 { | c=10.394, y=90.05°
| Ll

Figure. 24. The Reciprocal Lattice window with a non-merohedrally twinned crystal.

e To further check the accuracy of the unit cells obtained, go back <Determine Unit Cell>.

e Right click on the diffraction image, select <show overlay> to display predicted spot
positions for each moiety

The interface will display the unit cells obtained from Cell Now. Different colours are used by
Apex2 for different moieties. For correct solutions, circles should closely match the spots. In the

example, every spot corresponds to the position of a reflection of at least one of the three twin
moieties.
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Automatic Mod I anual Mod
2400 Start at: Collect Data = Callect Data |
Stop after: | Refine - e |
2200
Fun Index |
A1 Bravais |
1800 Risfne |
1600
Uit cells:

1400 Edit. |
e 0414, Delete |
- a= 7704, o=9000°, V=13288 Dedete &1

b=16.806, B=99.26°, Monaclinic P LI

c=10.414, v=90.00°
|_| a= 7 ?UA‘E, o=90.00°, V=13268

1000

s Reflzctions:
500
Edit.. |
400 Delete |
200 Delete &l |
ut _t
| 1 IIIII\Il 1 IIII\IIl 1 IIIIII\l 1 \IIIII\l I I\III\Il 1 IIII\IIl
1] | 93 939 95399 95333 9559333 5
Erpected resolution:
Exposure time [2] | Resolution [&]
OC 1 5.0 0.43
Lrsor
~Postion[wm] 2851 21.88 d <00 049
~Pasition [pikels] 18 43 3 0.0 042
~ Intenzity [counts] 247 4 120.00 0.41
~HEL index IEE 438 2.32 5 500.0 038
Resolution [4] 200
2Theta[] 20.48
Crystal Mosaicity [ 0.75

Y Image Header A Tool Editor A Cursor Position

Figure. 25. Unit cell window. Predicted spot positions for moiety 1 shown.

The diffraction data acquired from a twinned crystal, diffraction spots from different
domains are observed simultaneously.

omponent 1 Component 2 Component 3

Figure. 26. Comparison of the three components.
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If predicted and observed the spot positions do not match closely perform a least square

refinement for each of the unit cells.

The crystal symmetry such as Bravais setting and lattice centering are not imported from Cell

Now into Apex2 and have to be set by hand.

e Right click on component a = click <Edit>, then choose the expected crystal symmetry
from <Bravais lattice type> (here: monoclinic primitive as two of the angles are almost

90 degrees).

e Repeat for the other components.

(Crystal symmetry can be also set using the <Bravais> option in the main Unit cell
determination window; the lattice centering has to be set manually in all cases).

5

Ei Least-Squares Parameters

i--Bravais lattice type

O Daomain translation

i # [mm]
iy [ram]

I Urknown

Triclinic P

Monoclinic C
Orthorharbic P
Orthorharnbic C
Ortharhambic |
Orthorhombic F
Tetragonal P

Tetragonal |

Autornatic Mod Manual Mod,
Start at: Collect Data hd Callect Data |
Stop after; I Fiefing - e G |
Fun Index |
Biravwais |
Refine |
Unit cells.
Edit.. |
Delete |
il Delete Unit Cell
= Delete all Unit Cells Deletz Al |
T TR
W=7 704, 0=90.007, V=13284
| amant e e e e
Reflections:
Group 0 4364 1 Edit... |
Delete |
Delete Al |

Rhombohedral Rt
L -t
| (RN Lo [ RN (RN g Hexagonal P
0 & 33 339 3359 95933 i
Cubic P Expected resolution,
Cubic | Exposure time [s] | Resolution [4]
Cubic F 1 50 043
O Cursor
EPosilonfrm] 3041 1113 2 Gl i
asilian [pixels] 511 344 El £0.0 042
tengity [counts] 240 4 1200 041
KL index A0 1377 468 5 500.0 e
i Resolution [4] 070
e 2Theta ] E1.24
Crpstal Mosaicity [*]: 0.75
Image Header A Tool Editor b Cursor Position

Figure. 27. Unit cell window.

If no data collection has been started yet, proceed to <Collect> and set up a sufficiently
large data collection. For twinned structures, a higher redundancy (multiplicity of observation,
MoO) is usually required for meaningful multi-scan absorption correction than for untwinned
similar systems. Set up a hemisphere or sphere data collection for any but the highest symmetry

systems.
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It is advisable to check completeness of the dataset via a trial solution and refinement
before terminating a data collection or dismounting the crystal. Additional data collection runs
might be required due to rejected data' or need for better absorption correction!

When enough data for a trial solution and integration are collected, proceed to <Integrate> (do
not yet stop the data collection!).

e (Click on <Find Runs>.
e [f the beam stop has to be mapped for all or some of the collected data, integrate these
first. Check these data runs, then click <OK>.

etup
Starting Image Filename Images | Output Filename |~ |
1 Resolution Limit [&]: IIJ 452
g
3 Unit Cells:
4 2= 7635, o=9000", v=13238
5 b=16.774, [B=99.26°, Monoclinic P
5 £=10.354, =500
2= 763, o=9000, v-13238
7 b=16774, B=99.26°. Monoclinic P
[ : c=10.398, y=90.00°
3 = a= TEA, o=9000 v=13238
T b=16.774, (=99.26°, Manaclinic P
10 Laok ire [(_5) C:/hames/maeller/1 3mz025/ =10 386, 4=30,00°
11
= . 1 3maflZ5_0_0009 of
|0 wark 13mz025_01_0070.¢f
13 2] 13m2025 exp [ 13m=025_m_oo11.sf T
14 = ~ Uz
= 13ma025_0_000 sfm (B2 1 3ma026_01_001 2. of O] +3mo25 03 #8548 [ - 360)
13m2025_01_0002.5m (] 13mz025_01_001 3 5f 13mz025. 048 1 - 360]
16 13mz025_01_D003 sk 13mz025_01_0014.sF 13mz025_05_ 4 (1 - 360)
17 13mz025_01_0004.sfrm B 13m2025_01_0015.sf 13mz025_ 06 HHHE (1 - 72]
18 13mz025_01_0005.sfm [ 13m2025_01_0016.ef || | O matrix_01_thittiit (1 - 12)
13 13mz025_M_0006.sfimn [ 3mz025_01_001 7.5 | |2 matie_02_tHE# 1 -12)
o 13me25_0_0007.sfm [5] 13me025_01_ooaof|| [ [ matria 03 sttt (1-12)
13ma025_0_0008.sfm  [E2] 1 3ma026_01_001 9. of
2 Select 4l | Deselect all |
g <1 |
zi Directary: I
25 File type: |D\rectones ;I Cancel |
E
4 __Ffement Opios.._|
77
28 Integration Options. |
29
) Find Auns.
El
12 Import Rung from Experiment
EE]
34
z g

1 A common problem with rejected data in Apex2 involves excessive overlap of reflections in a “chain of pearls”
fashion. If reflections from different twin moieties that successively overlap exceed the “maximum queue size” set
in SAINT (the integration program used in Apex2), the reflections are rejected by SAINT as the intensities cannot be
accurately measured any more. The settings for “maximum queue size” and other parameters can be edited in
SAINT so that fewer reflections are rejected, but usually at the expense of data quality. In such cases, the best
approach usually involves to collect more data, e.g. a full sphere of data for even a high symmetry crystal system.
For low symmetry cases sometimes no complete data set can be obtained.



29

Figure. 28. Integration Start Window with Fine Runs window open.

® C(Click <Integrate Options> = click <More Options>.

Saint

+ Integration Options

—Model Profiles —Background Update
¥ iEnable LS Profile Fitting: Background Update Scaling Factor: IW

[~ Blend Prafiles fram Al Detector Regions

Intenzity/Sigma Lower Limit for Model Profile U pdate: IW - Image Hueus

Active Image Queue HalfAwfidth [Images]: I? 3:
Fraction of kaodel Profile b aximum for Simple Sun b ask: I 0.080

Intenzity/Sigma Upper Limit for LS Model Prafile Fit; I 2.000 — Beamn Monitar
Loweer Resalution Limit for LS Madsl Profile Fit [A]; I 9353000 [~ Enable Beam Monitar Mormalization
Frofile =vZ Half-widths: |_4 |_4 |_4 I~ Wormalize each Bun Separately

More Optiohs | 0k I Cancel

Figure. 29. Integration Option window.

e (Change Fractional Lower Limit of Average Intensity of Generate Mask to e.g. 0.700.
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+ Integration Options
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[~ Blend Profiles from 2l Detector Regions

Intengity/Sigma Lower Limit for Model Profile Update: I 10.000

Fraction of Model Profile M asirmum for Simple Sum Mask: I 0.080

—Background Lpdate

Background Update Scaling Factor: I 1.000

|ntensitySigma Upper Limit for LS kodel Prafile Fit; I
Lawer Resolution Limit for LS Model Profile Fit [&]: I 9353.000

Profile 372 Halfwidths: [ 4 [ 4 [ 4

—lImage Queue
Active Image Lueue Halfwidth [Images]: I? 3:
8.000 —Beam Monitor

[~ Enable Beam Monitor M amalization

I~ Momalize each Fun Separately

—&ctive Mask

{* Generate Mask:

Fractional Lower Limit of Awverage Intenzity: I .00

i sze Pre-Existing Static: Mask:
=

Bctive Mask File:

" Use Pre-Existing Dynamic Masks

— Twith Overlap Determination

I 4.000
I 1.000
I 1.300

Mirirum Common Yolume [%]:
Separation Factor:

M axirurm B ange:

—Modulated Structure Integration

b amimunn S atellite Indes:

—Algorithm

% sze Mamow Frame Algarithrn = Use'wide Frame Algorithm

—Monte Carlo Simulation

Mumber of Monte Carlo Simulations: IIJ 3:

—Image Timeout

v ‘Wit for Images Duning Data Collection

—Output # Diagnostic Files
[~ Generate Diagnostic Plat Files

[~ Keep Temparary Files
[~ Append Listing Files
[~ Hide Log 'Windaw

Werbosity of Listing File: |2 3:
Shapshot Qutput Frequency [Images]: |1DD 3:

Fewer Options |

o]

Carncel |

Figure. 30. Integration Option window.

¢ (lick on <Start integration> button.
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I Integration Finished

I All Components

[ Progress Statistics

| Integration progress
[0 Perdmage Statistics

-0 Spot shape comelation
Spot intenzity and |/Sigmall]
- % Spat intensity < 2 Sigmall]
= Number of reflections harvested

O Spot position averlay
- %Y. Z eror
-0 %,.Z RMS difference
- %, Z spot size
-0 % Queue extent used
O Primary beam intensity
O Periodic Statistics
-~ Profile snapshots
- A asis + ESD
-] B avis + ESD
- Cavis +ESD
[0 Alpha angle + ESD
~[] Beta angle + ESD
-~ Gamma angle + ESD
- Cell volume + ESD
-0 LS goodness-of-fit
O L5 Residuals
1 ¥, Z crystal translation
=0 %, beam center
-~ Distance conection
-0 Pitch, Roll, "¥aw corection
O Angle zeros
[0 Coverage Statistics
0 Harvested reflzctions

H O Completeness and redundancy
] Bijvoet pairs

End global unit cell refinement
|

0.03131 -0.99390
0.43352 0.00368

0.00621
1.00016

Hew orientation i= in C:“framestmzellers13mz025%works13mz025_0m.pdp
All-component single-cell results are in C:frames mzeller~13nz025work-~13mz025_ 0m_a.pdp

0417713 12:51:43

Figure. 31. Integration Option window with active Integration running.

e (Click on <Close>.

Connected: [ Integration in Progress: ™

.

Stop | ntegration Cloge

o Delete the old three file run, Click on <Find Run>, then choose the first three row, then

click on <OK>.
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Tetup Y
Output Filename
4 FResolution Limit [&]: IU.452
2 nz025%1 3mz025_05_0001. ¢fim C:\framezimzellert 3mz025workh1 3mz025_05.ram
3 n=z02541 3mz025_06_0001. sfim 72| C:\rameshmzeller] 3mz25workh 1 3mz025_06 1w Unit Cells:
14 . o=30.00°, V=13238
5 . B=93.26°, Monoclinic P
E_ . y=30.00"
— . 0=80.00°, V=13238
12| . B=33.25". Manochric P
g . y=90.00°
q . 0=80.00°, V=13238
10 . B=93.26°. Monaclinic P
. . y=90.00°
11
iz Laok in: =) Cosirames/mzeller/1 3med25/
13
” . 13mz025_01_0009.sf
(20 work, 13mz025_01_00710 =
i == 1 3mz025 250 == 1 3menz5_01_0m s e
16 = z _02_
= 13mznzs_m_nnm shm 13m2025_m_ﬂﬂ12sl 13202503 8Es [ - 380)
13mz025_01_0002 st [5] 13mz025_01_0013.sf | | (] 13ma005_0d_tist (1 - 3601
18 13mz025_01_0003. sfrm 13mz025_01_0014.5f O 13mz025_05_#t# (1 - 360)
15 [E13mez025_01_0004.stm [ =] 13me2025_01_0m5.sf || [ 13mz025_06_tits 1 - 72)
20 = 13me025_01_0005 stm [ 19me025_01_0mE.sf || [ matris_01_sittbis (1 -12)
13mz0125_01_000E shm 13mz025_01_0m 7 of|| [L matie 02_stit(1-12)
2l [ matris_03_t$ (1 - 12
= [ 13m=025_01_0007 st (2] 13m2025_01_0018,5f matiix_03_fHtH 1-12)
1 325 _T_000% shm [ 1 3ma025_01_001 9.5
23
Select all Deselect all
24 1 2l
25
- - Refinement Options... |
27 File type: |D|rectones LI Cancel |
28 a Intearation Options... |
23
0 Find Runs.. |
1l
E7) Iraport Runs fram Ekpanmentl
3
34
38 LI Start Integration.. I

Figure. 32. Integration Start Window with Fine Runs window open.

Click on <Start Integration>.

Click <Integrate options> = click on <More Option>.

Change Fractional Lower Limit of Average Intensity of Generate Mask to 0.000.
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£ Setup Y Integration

| Integration Finished

=
&

ERNEY

40000.00 — — 150,00 [ Al Companerts

[ Progress Statistics
O Integration progress

[0 Perlmage Statistics
= Spot shape correlation
-[# Spat intensity and |/Sigmall]
- % Spotintensity < 2 Sigmal]]

O Number of reflections harvested
-~ Spat position overlay
R, E e
-~ %Y, Z RMS diference
-~ %Y, 2 spot size
- % Queue extent used

T T 1 T 1
] 100 200 300 400 0 100 200 400 O Primaty beam intensity
O Periodic Statistics

Image Image B Prafile snapshats

* Carelation coefficient ® Intensity = |/sigma [0 & axiz +ESD
- B axis +ESD
O Coaxis+ESD
-~ &lpha angle + ESD
[ Beta angle + ESD
-] Gamma angle + ESD
-0 Cell volume + ESD
O LS goodness-of-fit
O LS Residuals
-0 ., Z ciystal translation
-~ %, beam center
~[ Distance camection
- Fitch, Roll, Yaw corection
O &ngle zeros
[0 Coverage Statistics
-0 Harvested reflections
-] Completeness and redundancy
- Bijvoet pairs

30000.00

20000.00 —

Average correlation
coefficient
{1Jewbig)| abriaay

10000.00 | v |I

Average spot intensity [

0.00 - 0.00 -
T

T
300

J Shapshat after image: HEE

s .y At

0.02655 —0 99993 0.00176 Bl
0.43284 0.00184 1.00030

Hew orientation is in C “framestmzellers13mz025%work~13nz025_0n.pdp

All-component single-cell results are in C:~frames mzeller-13mz025~work~13mz025_0m_a.pip

End global unit cell refinement ======================== [14-17~-13 13:00:59 _'j
13

<1 |

Connected: [ Intearation in Progress: [

Stop Integration Cloge

Figure. 33. Integration Option window with active Integration running.

e (Click on <Close>.

The results of the integration process:

e <Spots Shape Correlation>
There are some spots of correlation coefficient display low level that mean the
orientation matrix are not described by diffraction pattern.

e <Spot Shape Profiles by Detector Region>
Split spot shapes display......... indicate to diffraction of twin crystal.

e <Average Difference>
The errors in X and Y are larger than 1 pixel. The varies during the integration of run that
show some of the problem.
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TWINABS.

¢ Open run command =Type <twinabs>, Enter.
e (Give name 13mz025.abs, then Enter.
e Choose Laue group numbers:[2], then Enter and answer Y to the next question.

et CAWINDOWS\system32\cmd.exe - twinabs

C=sframessumzellers13ImzB25workituinahs :ﬂ
TUWINABS - Bruker AXS scaling for tuwinned crustals — Uerzion 2060791

Mote that all questions except those asking for a filename etc. may he
ansuwered by Q" to force TWINABE to terminate immediately.

Maximum numbher of reflections allowed (20800080):
Enter listing filename [twin.absl: 13mzB25%.ahs

Laue group numbhers:

[11 -1 [8]1 —3m <{rhombohedral axes)
[2]1 2/m <Y unigue? [?2]1 —31m (£ uniquel

[3]1 mmm [18]1 3ml <Z uniguel

[4] 4/m (£ unigue?l [11]1 6/m {Z unigquel

[5]1 4/mmmn (Z uniguel [12]1 6/mmn {Z wuniguel

[6]1 -3 <rhombohedral axes) [13]1 m3

[?]1 -3 <Z uniguel [14]1 m3m

[AB] to write list of equivalent indices for Lauespoint groups to listing file
Enter Laue group number [2]1:

Treat Friedel opposites as equivalent for parameter refinement <Y or H> 7
Answering "NH'" halves the data to parameter ratio and is not recommended
unless you have a high redundancy and know wvhat you are doing [Y¥Y1:

Read reflection files written by EUVALCCD with extension .sam specified) or hy
SAINT <extension .mul. default if no extension). Either individuwal files for
each scan or a single merged file may be read. It is important that all files
are from the same crystal and that reflections have been indexed consistently.
i.e. that the orientation matrices are similar <no rows with signs reversed>?

Enter filename </ if no more) [ 1: -

Figure. 34. The Run command window.

e Enter filename: 13mz023_01.mul for the first data set.

¢ Enter the rest one by one until you see 1 bad reflections ignored: type / and enter.
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cr CAWINDOWS\system32\cmd.exe - twinabs

Enter filename ¢~/ if no more [ 1: 13m=z825_0A1_.mul
Enter filename ¢~/ if no morel [13Im=B025_0A2 _ mull
% Ref lections 747 and 7477  with hkl
#% Ref lections 7557 and 75592 with hkl
W 2 bhad reflections ignored =

Enter filename ¢~/ if no more? [13mzB25_A3.mull

-4 —18 B are identical e«
-4 —11 1 are identical e«

% Ref lections 8842 and 8851 with hkl 4 L -6 are identical ==
EHE 1 bhad reflections ignored %
Enter filename ¢~/ if no more? [13Im=B025_04 _nmull: ~
3 tuwin components present
Mean and maximum errors in direction cosine check function = a.88a a.aaz2

The mean error should not exceed B.BBB, and is uwsuwally caused by matrix
changes during data processing.

Maximum 2-theta = 62.82 deyg. Approximate wavelength = B.71865 Angstroms
Approximate highest rezolution = HB.682 Angstroms
Approximate unit-cell: 7.692 16.797 18.483 7d8.88 79.21 78.681

Enter matrix ¢(nine numbers on one line? to transform all h. k.l indices. This
will be required if HPREP indicates that an transformation iz needed to
obtain a standard setting, especially if you wish to input the space group
to remove systematic absences. The Lauwe group input at the start of TWIMABS
should correspond to the indices AFTER reorientation. Enter <CR> for no
reorientation:

To eliminate systematic abszences from composite reflections,. enter the space
group {e.g. P2<1>/c. R-3. Cccal. This space group must correspond to the
indices after reorientation <if performed>. <{CR> if not required:

PART 1 — Refinement of parameters to model systematic errors

18 data < 18 wnigue > involve domain 1 only, mean I/sigma 56.5
6148 data < 2833 uwnigue > involve domain 2 only, mean I/sigma 25.9
? data < ? unigue > involuve domain 3 only, mean I/sigma 12.1
5478 data < 1257 wnigue 2 involue 2 domains, mean I/sigma 26.2
7382 data < 2647 unigue ) involve 3 domainz, mean I-/sigma 27.6
2 data 2 unigue 2> involve 4 domains, mean I/ zigma 23.2
1 data < 1 wunigue 2> involve 5% domains, mean I/zigma 113.8

Enter N to fit all single and composite reflections that involve domain M.
—M to fit one set of parameters uwusing those single and composite reflections
that contain at least one of domains 1..M, or B to fit singles only for all
domains separately Conly advisable if enough singles> [11:

Enter mean(l sigma? threszshold (must be positive) [1.51:

Highest resolution for parameter refinement [B.11:

Factor g for initial weighting scheme w = 1/¢(sigma®2{I>+{g{I>>"2), uhere
sigmafl} is estimated by SAIMT and <I> is mean intensity [BA_04]1:

The following restraint esd should be increased for strong ahsorhers.
Restraint esd for equal consecutive scale factors [B.BAAS]1:

Suitabhle spherical harmonic orders are 4.1 for weak absorption and 8.5 for
strong. Highest even order for spherical harmonics <B.2.4.6 or B> [61]:
Highest odd order for spherical harmonics <8.1.3.5 or 72> [31: —
Humber of refinement cycles [481]1:

Figure. 35. The Run command window.

® g0 to the refinement step, and accept the results of wR2(int) = 0.0846. Do not accept
anything over 0.2.
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er CAWINDOWS\system32\cmd.exe - twinabs

Humbher of refinement cycles [481]: ﬂ

Refinement of a single parameter set to fit all single and composite
reflections that contain at least one contribution from domain 1

B single and 18283 composite reflections used for parameter fitting
Effective data to parameter ratio = 6.39

wR2<Cint>» = B.1285 <selected reflections only. before parameter refinement?

Cycle wR2<Cincid) wR2(diffr> Mean wt.
a.12@85 a.181% A.815A
A.8766 a.8928 a.8436
A.6913 A.6898 A.8483
a.8898 a.6882 a.85m8a
A.A878 A.A874 A._8586
a.8872 a.686%9 a.851@
A.8867 A.0866 B.8511
#.8864 a.8862 8.8512
A.8861 a.8859 A.8512
iAa A.8858 a.@8857 A.8512
i1 A.8856 @.6856 B.8513
12 A.@A855 A.A855 A.8513
13 A.8854 A.8854 B.8513
14 #.8853 @.68853 B.8513
15 #.8852 a.8852 8.8512
i6 A.8852 a.8851 A.8512
17 A.8851 A.8851 A.8512
i8 @.68851 @.6850 B.8511
19 A.@A85A A.A85A A.8511
2a A.8849 a.6849 B.8511
21 A.8849 a.6849 8.851@
22 A.8849 a.8849% a.851@
23 A.8849 a.6848 a.851A
24 A.8848 A.8848 a.851Aa
25 A.6848 A.6848 a.8510@
26 A.8848 A.6848 a.8589
27 A.8848 A.6848 a.858%9
28 A.8848 A.6848 a.858%9
29 A.8848 a.8847 a.858%9
3a a.8847 a.a847 a.8589
3 a.8847 a.08846 a.8589
32 A.6846 A.6846 a.8589
33 A.8846 @.68846 a.8589
34 A.8846 A.6846 a.858%9
35 A.8846 A.6846 a.858%9
36 A.8846 A.68846 a.858%9
37 A.8846 a.0846 a.851A
38 A.8846 a.08846 a.851A@
39 A.6846 A.6846 A.8510@
48 A.8846 8.68846 8.851A@

Wl 00 =] O O Ll B

wR2<int>» = BA.8846 (selected reflections only, after parameter refinement?

Repeat parameter refinement (R} or accept (A) [Al: as

Figure. 36. The Run command window.

Go to the outlier rejection step.



37

er CAWINDOWS\system32\cmd.exe - twinabs

PART 2 — Reject outliers and establish error model
Rejected reflections are ignored in the statistics and Postscript plots
Cexcept the detector diagnostics? and in the output .hkl files. All statistics
and error estimates refer to total intensities (of single or composite
reflections> only. Before applving rejections there are:

19812 total and 665? uwunigque reflections assuming Friedel’s law.

18988 total and 6655 wunigue reflections after rejecting pathological cases
High resolution limit [B.11:

1II-<I>1/su ratio for rejection [4.81:

g—value for use in: =u®2 = gigma™2 + (g{I>>*2 (sigmal) from SAINT).
This is only used for rejections, not for final sigmad<I> valuesz [B.A48801:

17257 total and 6633 wnigue reflections left after 1I1-<IXi-zu test
Repeat parameter refinement <P, repeat rejections (R} or accept <A> [Al:
g = B.8848 gives best error model.

Enter new value for g or <CR> to accept:

Statistics for singles of twin component 1

Scan 2-theta R{int> Incid. factors Diffr. factors K Total I>2=sig<I>
1 -38.8 0O.886AQ 1.845 - 1.882 @.925 - 1.184 a.967 3 3
2 -3A.8@ 0BO.886AQ 1.145 — 1.147 8.95% - A.9799 1.88% 4 4
3 -38.8 B.886AQ a.837 - a.871 a.797 - 1.87a 1.828 3 3
All scans B.0880 8.837 — 1.147 a.797 — 1.184 1.882 i8 i8
Statistics for all composite reflections
Scan 2-theta R{int> Incid. factors Diffr. factors K Total I>2sig<I>

1 -38.8 8.8546 1.882 - 1.134 a.786 1.184 Ba.767 3461 2921
2 -38.8 9.8618 1.881 - 1.167 a.861 1.215 1.887 4524 3732
3 -380.8 B8.8574 a.g18 - 8.921 a.787 - 1.228 1.828 3948 3292

All scans @B.H@582 B.818 - 1.167 B.786 1.2268 1.882 119233 7745

Statistics for all single and composite reflections

Scan 2-theta R{int> Incid. factors Diffr. factors K Total I>2=sig<I>
1 -38.8 B@.855% 1.882 - 1.134 A.786 — 1.184 a.967 K222 4385
2 -3A.8 B8.8647 1.881 - 1.167 A.854 — 1.218 1.88% 6258 Loy
3 -38.8 B8.85%:7 B.818 - B.921 a.78v - 1.221 1.828 5785 4786

All zcansz @.8571 B.818 — 1.167 8.786 — 1.221 1.882 17257 1416868
gu = K = Sgrtl sigma™2{I> + {g{I>»>*2 1 wuhere sigmaf{I> is estimated by SAINT

The above statistics are based on all non—rejected data, ignoring
reflections without eqguivalents when estimating R{int)> and K.

Repeat parameter refinement <P, repeat rejections (R} or accept <A> [Al: |

Figure. 37. The Run command window.
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Output reflections
¢ Choose to output a standard skl file with only one component = Give name
13mz025_0m_4.hKl.
¢ and a non-standard £kl file with all twin components as
13mz025_0m_5.hkl.

cv C:\WINDOWS\system32\cmd.exe - twinabs

The R(lnt) and R{(sigma) plots are based on all singles and composites,
<iE”*2-11> is calculated for all individual contributions from domain 1
assuming SAINT partitioning and the chi”2 and spatial plots show only
those single and composite reflections actually fitted.

Spatial display of (I-<I>)/su greater than [3.0] <8 for noned:

The following reindex option may bhe used with the matrix -1 8 80 -1 88 8 -1
to invert individual components.

Generate HKLF 4 format file <(4) with crude averaged intensities for structure
solution or more accurate HKLF 5 format file <5) for refinement, reindex <I),
more statistics (8), repeat <(R) or quit <Q> [4]:

Enter name of output file [twind.hkl]l: 13mz025_0n_4.hkl

Mu»» of equlualent sRhere for additional spherical abs. corrn. [0.2000]:

Use domain N only, -N to use domains 1..N or @ to use all [11]:

Average Friedel opposites in output file <Y or N> [Y1]:

Number of iterations [20]:

Relative weight for SAINT partitioning estimates [0.11]:

Iterative extraction of best unique reflection data

Cycle N<1)> Rint<{1)> N<(all) Rint<all) Twin fractions

1 11941 0.1096 17997 0.1241 0.5322 0.4239 0.0440
2 11941 0.0819 17997 0.0972 0.5067 0.4480 0.0453
3 11941 0.87237 17997 0.09085 0.5087 0.4455 0.0458
4 11941 0.8725 17997 0.0896 0.5092 0.4450 0.0458
5 11941 0.8719 17997 ©.0891 0.5094 0.4447 0.0458
6 11941 0.0716 17997 0.0889 0.5095 0.4446 0.0459
7 11941 0.8714 17997 0.0888 0.5095 0.4446 0.0459
8 11941 ©.8713 17997 0©.0887 0.5095 0.4446 0.0459
9 11941 0.8712 17997 ©.0887 0.5095 0.4445 0.0459
10 11941 0.8712 17997 0.0886 0©.5095 0.4445 0.0460
11 11941 0.8711 17997 0.0886 0.5095 0.4445 0.0460
12 11941 0.8711 17997 0.0886 0.5095 0.4445 0.0460
13 11941 ©0.8711 17997 ©.0886 0©.5095 0.4445 0.0460
14 11941 0.8711 17997 ©.0885 0©.5095 0.4445 0.0460
15 11941 0.0711 17997 0.0885 0.5095 0.4445 0.0460
16 11941 0.0711 17997 0.0885 0.5095 0.4445 0.0460
17 11941 ©.8711 17997 ©.0885 0.5095 0.4445 0.0460
18 11941 ©.8711 17997 ©.0885 0©.5095 0.4445 0.0460
19 11941 0.8711 17997 0.0885 0.5095 0.4445 0.0460
20 11941 0.8710 17997 0.0885 0.5095 0.4445 0.0460

N<{1) and Rintd{1) refer to singles and composites that include domain 1.

Rint = 0.0885 for all 17997 observations and
Rint = 8.8833 for all 8379 observations with I > 3sigmadl)

Rint is based on agreement hetween observed single and composite intensities —
and those calculated from refined unique intensities and twin fractions.

3955 Corrected reflections written to file 13mz025_06n_4.hkl
Ref lections merged according to point-group 2/m
Minimnum and maximum apparent transmission: 0.492727 0.746192 :j

Figure. 38. The Run command window.
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[ :_I

Generate HKLF 4 format file (4) with crude averaged intensities for structure

solution or more accurate HKLF 5 format file (5) for refinement, reindex <(ID.

more statistics (8), repeat (R) or quit <(Q> [5]1:

Average equivalent reflections (Y or N> [¥]:

Enter name of output file [twin5.hkl1l: 13mz025_0n_5.hkl

Mu*r of equivalent sphere for additional spherical abs. corrn. [0.200081]1:

Use domain N only, —N to use domains 1..N or B to use all [11]:

HKLF 5 dataset constructed from all obhservations involving domain 1

Average Friedel opposites in output file <(¥ or N> [¥1]1:

Leave out single reflections that also occur in composites <Y or N> [Y1]:
11193 Corrected reflections written to file 13mz025_6mn_5.hkl

Ref lections merged according to point—group 2/m

Minimum and maximum apparent transmission: 0.4917480 0.746192

Generate HKLF 4 format file (4) with crude averaged intensities for structure
solution or more accurate HKLF 5 format file (5) for refinement, reindex <(ID.
more statistics (8), repeat (R) or quit <(Q> [Q]:

C:\frames\mzeller\13mzB25\work> :ﬁ
! .

Figure. 39. The Run command window.

We have two hkl files. We use detwinned HKLF4 format file for structure solution and refiment
HKLFS for final refinement.
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¢ Open the SHELXTL program. Select project, choose new, and then give a name project
and open.

u Shelxtl Program and Project Manager

Project | XPREP

K5 KM XSHELL XL XP XWAT XPRO XCIF XP5 Edit Help

New...
Open...
Copy...
Archive...

Delete...

Exit

-
u Open a New Project

Froject name: |13m2025_0m

Locate a .pdp, .zpin or data file to associate with the new project:

4 1

Lookin: [ 1} 12m2025_twin ~| e BEerEr
MName z Date modified Ty

|| ]13mz025_0m.hkl 417/2013412PM H
|Z]13mz025_0m 4/17/20131:01 PM - P2
| |13mz025_0rn_5.hkl 4/17/20134:13PM H

Files of type: I‘_p-ip, “hkl, and *raw files LI ﬂl

3

Project path: IEI: W zers\Wal0hDeskiopreport_twinningy] 2mz025_twink1 3mz028

B

Figure. 40

. Shelxtl Program and project manager window.



XPREP
e Select XPREP on the toolbar.
e Select the suggested lattice type, Enter.

————
# ° XPREP Version 2008/2 for Windows Copyrnight(C) Bruker-AXS 2008

PgUp/PgDn scrolls text; only graphics window may be resized

41

Figure. 41. XPREP window.



¢ Choose [H] to search for higher metric symmetry.
e Choose offered choice [A] for Laue group.

42

8 | XPREP Version 2008/2 for Windows Copyright(C) Bruker-AXS 2008

Original cell:
E=ds:

Current cell:

Matrix:

PgUp/PgDn scrolls text; only graphics window may be resized

|

Vol

Lattice:

Vol

Figure. 42. XPREP window.
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e Select [S] to determine or input space group.

e Select [M] to determine space group monoclinic.

r

% | XPREP Version 2008/2 for Windows Copyright(C) Bruker-AXs 2008 TR =SS

Current dataset:

Original cell:
E=ds=s:

Current
Matrix:

Crystal

PgUp/PgDn scrolls text; only graphics window may be resized

Wavelength:

Vol

Lattice:

Vol

Lattice:

Figure. 43. XPREP window.
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e Seclect [P]
e Select [A] for determine space group.

% | XPREP Version 2008/2 for Windows Copyright(C) Bruker-Axs 2008 D) E=Sras

PgUp/PgDn scrolls text; only graphics window may be resized

Figure. 44. XPREP window.



e Select [D] to read, modify or merge datasets.
e Select [S] to display the intensity statistics.

#  XPREP Version 2008/2 for Windows Copyright(C) Bruker-AXS 2008 -

Resolution #Data #Theory *Complete Redundancy Mean I

PgUp/PgDn scrolls text;  only graphics window may be resized

Mean I/=

Eint

Esigma

45

Figure. 45. XPREP window.

e Select [A] to not merge all equivalent reflections.
e Select [E] to exit to the menu.



B | XPREP Version 2008/2 for Windows Copyright(C) Bruker-AXS 2008 -

PgUp/PgDn scrolls text;  only graphics window may be resized

hFigure. 46. XPREP window.

e Select [F] to set up shelxtl file.
e Select [Y] at the prompt to generate an .ins file.
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"

& ' XPREP Version 2008/2 for Windows Copyright(C) Bruker-AXS 2008 TR =LnsE X

Current

Matrix:

Crystal =system: c group:

Formula: Cul Formula wt:
Z: 2.00 22.1 F{O0D}): 613.00 Mu[mm-1]:

PgUp/PgDn scrolls text; only graphics window may be resized

Figure. 47. XPREP window.

o Select XS on the toolbar.



E Shelxtl Program and Project Manager

Project XPREP X5 XM XSHELL

Project name: 13mz025_0m

XL XP XWAT XPRO XCIF XPS Edit Help

Project path: C:\Users\VAIO\Desktop\report_twinning12mz025_twin{13mz025_0m.*

B C\Windows\system32\cmd.exe |iﬂlﬁ

Ref lections and 1992. unigue TPR for phase annealing

Phases refined using 6476. unigue TPR

Ref lections and 12721 . unigue TPR for R<{alpha)

Unigue negative guartets found. 387 used for phase refinement
Unigue NQR employed in phase annealing

Parallel refinements, highest memory = 5218 ~ 73385

Try Ralpha Hgual Sigma-1 M{abs> CFOM Seminvariants
1887489, B.A52 —0.977 B.931 1.281 B.052% +++++ diid bEbbd bhEbE bbb
Freq: A B 117 P 00O ABAA21710000000RBOEAO0A 128
20823385. B.A52 —0.977 B.931 1.281 B.052 4444+ drdd bRbbd bEEbE bbbdd
Freq: AP 226 PO PO PAOABA4120200100000000000 /256

256. Phase sets refined — bhest is code 188748%. with CFOM = B8.8523

Fourier and peaksearch
RE = B8.25% for 18 atoms and 1171 E-values
Fourier and peaksearch
RE = B8.257 for 18 atoms and 1171 E-values
Fourier and peaksearch

B R R o

+ 13mzB25_0m finished at 14:21:16 Total elapsed time: B.3 secs +

+++++++ AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR
Press any key to continue . . .

Figure. 48. Shelxtl Program with process of structure solution by classical direct methods.

| 13mz025_ 0m - Notepad

| o | O [l

File Edit Format Wiew Help

LattT 1

UNIT 40 40 8 2 4
TEMP 23,000
TREF

HKLF 4
EMD

4

SIZE 0.27 0.41 0.

TITL 13mz025_0m in P2{1)/c
CELL 0.71073 7.60963 16,8048 10.4051 90.000 99,264 90.000
ZERR 2.00 0.

0016 0.0036 0.0022 0. 000 0.003 0. 000

SYMM -X, 0.5+Y, 0.5-2
SFAC C HN O CL CU BR

24
35

Figure. 49. Typical initial INS file.
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Structure refinement

® Open shelXle program
® Open file 13mz025_0Om.res.

File Edit Settings View Pack SHELX Extra Data Help

EE © %gﬁ!s—tl‘cltu:l;lal Z@“I'th'd

Oo
Ortho
Ortho-projection

P\ )% > report twinning » 12ma025_twin -

Organize = New folder = ~ [ 0

X Favorites * Name Date modified Type
|l Downloads 7] 13mz025_0m 4/19/20131:57 PM  INS File
%+ Dropbox @ 13mz025_0m 4/19/2013 2221 PM INSFile
“E] Recent Places | 7] 13mz025_0m 4/19/2013 2:21 PM  RES File
B Desktop

| Libraries
Documents
Jl Music
[E5] Pictures P
B videos

& Homegroup

- 4 m | 3

File name: 13mz025_0m w | SHELX-Files (*res *ins) -

[ Open lv] ’ Cancel ]

grow Q-peaks search for duplicates [Q Zoom + ] [ =, Zoom - ] 2 home ] invert mouse zoom Calculate Maps Hide Tool Bars

Figure. 50. shelXle window.



L (Re 13mz! res”
File 1 File Edit gs View Pack SHELX Bdra Data Help

N o :

@ u.% 2

i LB e B e
Ortho Hide Text Windows | Ortho FUSE  Rename Mode Hide Hydrogen atoms | ¢

113m2025_0m in P2(1)/C'@ 13m2025_0m.res & x|

) 5 Paund

[] Select Part Line: 1] Col: 1
- [rITL 13mz025_om in P2(1)/c 2

2 CELL 0.71073 7.6963 16.8048 10.4051 90.000 99.264 90.000

3 ZERR  2.00 0.0016 0.0036 0.0022 0.000 0.003 0.000 3

4 LATT 1

5 SIMM -X, 0.5+Y, 0.5-Z

6 SEAC C H N O CL CU BR

7 UNIT 40 40 8 2 4 2

& TEMP 23.000

9 SIZE 0.27 0.41 0.55

10

11 | S 4

12 BOWD

13 BMAP 2

14 PLAN 20

15 -

'13m2025_0m in P2(1)/c'@ 13mz025_Om.res | LISTFILE: 13m2025_0m.Ist
Window & X

Used Symmetry:
»1i-%1-y,-Z

3

T

Map generation failed. Cannot open file C: Users/VAIO/Desktop/report_twinning/12mz025_twin/13mz025_0m. fcf.
Free variables:

Refinement History & X

grow Q-peaks [¥] search for duplicates [©, Zoom + | [, Zoom -] [,8, home | [] invert mouse zoom [¥] Calculate Maps [] Hide Tool Bars

Figure. 51.7shelee window with initial result from XS.

Start by solved and refined the structure using the HKLF 4 data set in the normal way.

ile Edit Settings View Pack SHELX Extra Data Help

BRB o 2Nk D& EEXL 22
L =) @
lideTexFWndows Ortho-projection | FUSE  Rename Mode | Q-Peak-Legend | Q-Peak-Bonds | Hide Hydrogen atoms

13m2025_0m in P2(1)/C@ 13mz025_0m.res & x

[7] selectPart | <Selectresidues> ¥ Line: 1] Col: 1

R 1T 13m2025_om in P2(1)/c a
2 CELL 0.71073 7.6963 16.8048 10.4051 90.000 99.264 90.000

3 ZERR 2.00 0.0016 0.0036 0.0022 0.000 0.003 0.000

4 LATT 1

S SYMM -X, 0.5+Y, 0.5-Z

6 SFAC C HN OCL CU BR

7 UNIT 40 40 8 242 4

€ LIST 6 ! automatically inserted. Change 6 to 4 for CHECKCIF!!

9 TEMP 23.000

10 SIZE 0.27 0.41 0.55

11

12 L.S. 4

13 EBOND

14 FEMAP 2

15  PLAN 20 -

'13m2025_0m in P2(1)/c'@ 13mz025_0m.res | LISTFILE: 13mz025_Om.lst |
Information Window & x|

Hint: [Shift+ Scroll (Up or down)] to change. &
Time for creating map surfaces 0.4 s. 20871 Triangles drawn.

Free variables: OSF: 0.13854 [:'

Refinement History 8 x|

C:/Users/VAIO/Desktop/report_twinning/12mz025_twin/13mz025_0m.res (R1= search for duplicates [, Zoom + | &, Zoom - | .8, home

invert mouse zoom

Calculate Maps Hide Tool Bars

Figure. 50. shelXle window.
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In this case insert the line BASF 0.4 0.2 before the FVAR line and change the HKLF 4 line to
HKLF 5 and then refine the file with the 13mz025_0m_5.hkl data. R1 should all decrease.

File Edit Settings View Pack SHELX Extra Data Help

%ﬁl o AKX @ﬁ"ﬁ"h f.%é‘ﬁ A Ap L LIS bl

ga | > o
onho grow
projection | GROW Rename Mode | Q-Peakdegend

113m2025_0m in P2(1)/c'@ 13mz025_0m.res 8 x|

et s a9

1 TITL 13mz025_0m in P2(1)/c =
2 CELL 0.71073 7.6963 16.8048 10.4051 90.000 99.264 90.000 IEI
3 ZERR 2.00 0.0016 0.0036 0.0022 0.000 0.003 0.000
4 LATT 1
S SYMM -X, 0.5+Y, 0.5-Z
6 SFACC HNOCL CUBR
7 UNIT 44 64 12 402 4
- LIST 4 ! automatically inserted. Change 6 to 4 for CHECKCIF!!
9

y TEMP -173.500

- 10 SIZE 0.27 0.41 0.55

106 T 11

i 12 LSt 14

I 13 MITO 2 0

. 14 ACTA

o 15 CONE <

X | *13mz025_om inP2(1)/c'@ 13mz025_om.res | LISTFILE: 13m2025_om.lst |

.90 Information Window 8 x|
g Hydrogen Bonds -
. [Donor---Hydrogen...Acceptor Don--Hyd [A] | Hyd--Acc [A] [Don--Acc [A] D--H-----A |

. N2—+2...01 [0.88 [183 [2.693 s | @
. Refinemen 5%
0.7 £ tHistory 5
0.75

0.73

g o= slightly better R values in the final

.63 / g refinement

.g; = b.85 586 583 583 583 583 575

64

.62 R »

grow Q-peaks [¥] search for duplicates [ @ Zoom + | [, Zoom - | [,8, home | [] invert mouse zoom [¥] Calculate Maps [ Hide Tool Bars

Figure. 51. shelXle window.

Run refinement cycle until no changes are observed for RI and Goof, and until Max. dU and
Maximum are basically zero.



Creating and Validating the CIF File

¢  Open 13mz025_0m.cif
Add information

data_13mz025_Om

_audit_creation_method SHELXL-2012
_chemical_name_systematic

?
_chemical name common ?
_chemical_melting_point ?

_chemical_formula_moiety 'C16 H18 Br2 Cu N4, 2(C3 H7 N O)' Add
_chemical_formula_sum 'C22 H32 Br2 Cu N6 02

_chemical_formula_weight 635.89
_cell_measurement_reflns_used 4749 Add*
_cell_measurement_theta_min 2.6815 Add*

_cell_measurement_theta_max 31.3544 Add*

_exptl_crystal_description block Add*
_exptl_crystal_colour black Add*

*This part add information from the *.p4p file here
_exptl_absorpt_correction_type ‘'multi-scan’ Add
_exptl_absorpt_correction_T_min 0.479534  Add**

_exptl_absorpt_correction_T_max 0.746217  Add**
_exptl_absorpt_process_details "TWINABS (Sheldrick, 2009)"' Add

**This part add information from the *.abs file here

_diffrn_source 'fine focus sealed tube' Add

_diffrn_measurement_device_type 'Bruker AXS SMART APEX CCD diffractometer’ Add

_diffrn_measurement_method 'omega and phi scans'  Add

_computing_data_collection 'Apex2 v2012.4-3 (Bruker, 2012)" Add
_computing_cell_refinement 'SAINT V8.18C (Bruker, 2012)' Add
_computing_data_reduction 'SAINT V8.18C (Bruker, 2012)"' Add
_computing_structure_solution 'SHELXS-97 (Sheldrick, 2008)" Add
_computing_structure_refinement

SHELXL.-2012 (Sheldrick, 2012),
SHELXLE Rev609 (H\"ubschle et al., 2011) Add

b
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_computing_molecular_graphics  'Shelxtl (Bruker, 2003)" Add
_computing_publication_material 'Shelxtl (Bruker, 2003)"' Add

_atom_sites_solution_primary  direct Add
_atom_sites_solution_secondary difmap Add

_exptl_special_details
Reflections 0 2 0 was affected by the beam stop and were omitted from the refinement.
The crystal under investigation was found to be non-merohedrally
twinned. The orientation matrices for the three components were
identified using the program Cell_Now, with the three components
being related by a 180 degree rotati on around the real and reciprocal
axis a ans b. The three components were integrated using Saint,
resulting in the following statistics:

10 data ( 10 unique) involve domain 1 only, mean I/sigma 56.5
6140 data (2033 unique) involve domain 2 only, mean I/sigma 25.9

7 data (7 unique) involve domain 3 only, mean I/sigma 12.1
5470 data (1957 unique) involve 2 domains, mean I/sigma 26.2
7382 data (2649 unique) involve 3 domains, mean I/sigma 29.6

2 data (2 unique) involve 4 domains, mean I/sigma 23.2

1 data (1 unique) involve 5 domains, mean I/sigma 113.8

The exact twin matrix identified by the integration program was program was found to be (1.000
0.001 0.001 /7 0.001 -1.000 -0.008 / -0.434 0.003 -1.000) and (-0.999 0.010 0.003 / 0.051 1.000 -
0.009 / -0.006 -0.002 -1.001).

The data were corrected for absorption using twinabs, and

the structure was solved using direct methods with only the
non-overlapping reflections of component 1. The structure was
refined using the hklf 5 routine with all reflections of component
1 (including the overlapping ones), resulting in a BASF value of
0.457(2) to 0.107(29).

The Rint value given is for all reflections and is based on
agreement between observed single and composite intensities
and those calculated from refined unique intensities and twin
fractions (TWINABS (Sheldrick, 2009)).

; Add



