Example 3.1: AD3

Revised: 07 March 2018

Data Topic Level

X-ray single crystal data structure with pseudo- Basic
merohedric twinning

Tasks

Solving structure with pseudo-merohedric twinning and unequal twin volume fractions using Jana2006
software

- Finding twinning matrix using Symmetry wizard

- Creating publication CIF.

Initial data

Data

Single crystal data measured with Oxford Diffraction four-circle diffractometer
Input files:

AD3.hkl, AD3_red.sum

Additional information:

Frame scaling, absorption correction: done by the diffractometer software
Chemical formula: Bis[N-(2-benzylidenepropylidene)phenyl]ether
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l.

Instructions

Data import

1. Creating new jobname

Start Jana2006

“File — Structure — New” opens a file manager (Step1)

Left pane: locate directory with input files; Right pane: double-click AD3 (Step2)
Step 1 Step 2

New : Select name of the structure

-l v
A vl
| document\Jana Mooc Exampies Example_03. 1_ADJ| AD2
Ot [0:  Af | sake now (abldrector |
= | o |
2. Import wizard
Select “Known diffractometer formats”; NEXT (Step1)
Select “Oxford Diffraction — CCD”; NEXT (Step2)
Select “Input from “sum” file”; OK (Step3)
Step 1 Step 2&3
Specily type of the file to be imported Data reduction fike from:
Single crystak (v ipown dffactometer formats Fie name [ 403 1 Brovse |
(' reflection fle conmected for LP and sbsorption =
Powder data: [ various OW formats " CADA " ToPAZ
(" varous TOF [ED formats " Normus-CCD ~ Koala at ANSTO
(" from FulProf (" Semens P4 (" SCO-4AML
Structure: " from SHELX. (" BrukerCCD [ HesylsbF1
' from CIF ( m_w{m-; Define basic nput file:
" fommD (% Cuford Diffr{ (v input from "sum” fie
" from Jana2000 3 Unfet_dl)ﬁri- ot from "of_od" fle
C #omPog C RiesceD| Ferame: [ 103 redm | [Bewe]
Magnetic parent structure: | nudear modsl made interactively " IPOS Stoe - o
(™ nudear model from SHELX (" Dg-LLior Tri{ —1 =
(" rudesr model from CIF (gl TE"7 " SHELX 0n 1 - shs.cormection nesded
[ nudear model from Jana2005 1515 510
| R ] conce | s | [ conce |
Leave all settings unchanged; NEXT (Step4)
Leave all settings unchanged; NEXT; OK; (Step5)
The program reads 15611 reflections from hkl file
Step 4 Step 5
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For absorption correction select “None or done before importing”; NEXT (Step6)
FINISH (Step7)

Step 7

3. Data Repository

OK; YES to accept the data set (Step1)
Nest; (Step2)

Step 1 Step 2
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1. Symmetry and data merging

1. Symmetry wizard

[On the screen: “Tolerances for crystal system recognition”.]
Select "Introduce twin laws in case of subgroups"

Leave all other settings default; NEXT (Step1)

[On the screen: Select Laue symmetry]

Select Monoclinic — setting “c”; NEXT (Step2)

Notes

The highest Laue symmetry consistent with cell parameters is orthorhombic. It has rather
high Rint (~17%) which indicates that orthorhombic symmetry is violated. Typical reason for
such violation is presence of twinning where the structure of twins has lower symmetry
and the twin domain fractions are not equal.

The selected Laue symmetry is monoclinic. In the previous step, we have activated an
option "Introduce twin laws in case of subgroups". This means that the symmetry
operation generating the orthorhombic symmetry from the selected monoclinic symmetry
will be used as the twinning operation.

Step 1 Step 2
Tolerances for crystal system recognition: Select Laue symmetry
Original cell parameters: 6,018 7.467 55.844 90,05 90.02 89.96 Cystal system Poit group 5 Rilkrid
Maximal deviation fo cefengthsin 4] [ 0.02 Tricknic -1 | L48/LS1 | e4sy7e2 | 2084 | | &
Maximal deviation for celangles n deg | 0.2 Mongcinic settng "a” 2m | 17.3717.38 | Ijazss | 3695 |
Tolerances for space group recognition: Monodinic-setting " 2fm | 17.34/17.36 3582/4161 I 3?2 |
Maxdmal ave(i/sig(D) for centerng | 5 thing " 2jm 3454/3910 3.993 |
Mesiml ave(sol) for extictions [ 10 Orthorhombic mmm | 17.88/17.90 | 2041/2345 6657 |
[ search for INFORMATION
[/ Introduce tw| Mo supercel having a higher cell symmetry has been found.
[] o]

(' look for cantering vectors composed from 0 and 12
(" look for centering vectors composed from 0, 1/3and 2/3

(# ordered by Laue symmetry Detais

(! ordered by Rint
Averages made from 13102/15611 reflectons

| (- cancel | Back | Next Cancel |
Select primitive unit cell; NEXT (Step3)

[On the screen: Select space group]
Using the criteria described in the first example select P21/n, (Step4)
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5

21/94
2194

EEsss

5.666/1.950
5.666/1.950
0.000/0.000
0.000/0.000
0.000/0.000
6.327/2.670
| &.327/2.670

Press “Details” to verify it is really acceptable; NEXT (Step5)

0.50411
0.50411
1.00000
1.00000
1.00000
L2704
127704

The 46 reflections violating the extinction rules have mostly low I/p. Some additional spots
in the diffraction pattern from e.g. a small crystal attached at the surface of the measured
sample might cause the violations. Without seeing the CCD frames we cannot be sure that
the 46 reflections are really spurious, but P21/n is the most probable symmetry.

Select "Accept twinning matrices induced by the space group test"

Select "Accept the space group in the standard setting"; FINISH (Step6)

Remsal  well persseters 7

Comtsepmmtsin wpase yEvep: Filim
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2. Creating refinement reflection file

NEXT to confirm threshold 3sigma; OK; OK (Step1)
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Step 1 Step 1b

[On the screen: settings for merging of reflections]
Leave all settings default; NEXT (Step2)
Accept the new DatBlock and calculate coverage; FINISH (Step3)

Step 2 Step 3

Reflectons fI-I{a

1. Structure solution

3. Structure solution wizard

[On the screen: window of Structure solution]

In “Formula” textbox type list of chemical elements for AD3: CNOH

Select “Superflip”, “Peaks from Jana2006”; "Repeat Superflip: Number of runs" and 15 for
number of runs; limit Maxcycles to 1000; leave other settings default

Press “Run Solution” (Step1)
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Step 1

Structure solution
(use SR | 2011 v Formula [cnow
() use Superflip Formula units 4 Calculate density |

Actual space group: P21/n Change the space group

D allow manual editing of the command file before start

D use old solution and reinterpret it Biso: I:I
D Repeat Superflip: Until the convergence detected EMa)_cqrcIes:E 1000

Repeat Superflip: Number of runs =>

D Use local normalization
D Use a specific random seed
D Define explicitly delta value

Tteration scheme: {») CF For peak search use:
(0 LDE
AAR

EDMA - fixed composition

EDMA - fixed number of atoms I:I

EDMA - peak interpretation by Jana2006

=000

O
Starting model:  {¢) Random phases Peaks from Jana2006
O

Patterson superposition map

| Draw structure |

Quit I Run solution |

[On the screen: listing of Superflip]

Notes

With this setting Superflip repeats calculation 15 times (from different randomly generated
set of phases) and returns the result with the best fit between the electron density map and
the user-defined symmetry. Because of twinning the fit of symmetry generators is worse and
it may happen that Superflip suggests P21 instead of P21/n - please ignore this fact, "n" is
confirmed by systematic extictions. With this structure, the results of Superflip are
significantly better when "Biso" is set to 3 in the charge flipping options; however, this would
be an empirical step useless for other structures.

Close listing of Superflip
Press “Draw structure” to see result of charge flipping (Step2)

Notes

It may happen that Diamond shows two molecules instead of one. This is because twinning
also biases the bond lengths, some distances are too long and some atoms are not properly
assigned
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Step 2

Structure solution
(Cuse SIR Im Formula [CHOH
(@ use Superfip Formdaunits |4 | Calaate density |
® Actual space group: P21/n Change the space M

[ aliow manual editing of the command file before start

]
[ use old solution and reinterpret it Biso: | 0
l_ Repeat Superfiip: Until the convergence detected Maxcydes: | 1000

[“7 Repeat Superfiip: Number of runs => ﬁ
| | Use local normalization

[ ] Use a specific random seed

[ ] Define explicitly delta value

Iteration scheme: (s CF For peak search use: EDMA - fixed composition
(O LDE ("' EDMA - fixed number of atoms
1 AAR () EDMA - peak interpretation by Jana2006
(e Random phases (¢ Peaks from Jana2006
(' Patterson superposition map (" Peaks from Jana2006 but first run Fourier
|___R.(;1_5ﬂ_..|_hoa__g Open the listing [ Draw structure [ Draw 3d map
Accept last solution | Quit [

Quit Diamond without saving changes
In case of doubts repeat structure solution and plotting
Finally press “Acccept last solution” to close the structure solution wizard

4. Verification of the structure solution

Start “Edit atoms” (Step1)
[On the screen: list of atoms]
Press “Select all”
Start “Action — Edit/define” (Step2)
Step 1 Step 2

Step #1: Select atoms to be used -> 35 selected

| Delste ssincted stoms

{ Merge selected atoms

| 4 Transform selected toms
| | Expand selected atoms

I | Addng of hydrogen atoms

| <1 Rename selected atoms to "stom_type" +oumber
| ©] Rename selected atoms manualy

| Make symmetricaly contguous mobfy

T | sktawmcmosten

Step #2: Select acton by nght mouse dick or by ths button: || Action

Left mouse double chck starts the EdigDefine acton

Esc Ok

Double-click “Type” textbox
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Notes

Double-click unlocks the “Type” textbox. This is locked for security reasons because the
selected atoms have different chemical types.

Select Carbon, OK (Step3)
[On the screen: list of atoms. ]
The labels are still the original ones but the chemical type of all atoms is carbon
Start “Action — Rename selected atoms to atom type + number” (Step4)
Step 3 Step 4

Step #1: Select stoms to be used -> 35 selected Step #1: Select atoms 1o be used -> 35 selected

Atom edit 01 :
Define ] Edt | |

| Eeel[c
| ADP parameter{s):
| = motronc

harmenic (arssatropc)

Step #2: Select acton by right mouse dick o by this button: | Acton |

- | Left mouse double chck starts the Edit/Define action
Esc ok |

il ==t Esc Ok

Press “Select all”

Start “Action — Make symmetrically contiguous motifs” (Step5)
OK; YES to save changes

Notes

These steps help to get a reasonable plot in Diamond (next step) even with biased
distances and improper chemical types

Start “Plot structure” (Step6)
Press “Draw+continue”

Notes
In this mode Jana will launch Diamond but it will not wait for its end
Step 5 Step 6
Step #1: Select stoms 1 be Lsed <> 15 selecied
Transform selected stoms
Evpaared sewcted atses
swurerers
‘. Hename seected atoms marusly .
it akome posison
[t iefre atoms

Step #2: Select action by right mocse: dick or by this button: || Acsen

Left mowme double cick starts the Edt/Define acton

Ex o |
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[On the screen: window of Diamond]

Start “Build @ MoleculesElZ Get molecules BEEOK” or use © on the bottom toolbar

Rotate the molecule ("&’ and G on the bottom toolbar) to get an optimal view
Draw rectangle to select all atoms of the molecule or press Ctrl-A
Right-click on one of the selected atoms, choose “Add &I Atom labels”

[On the screen: dialogue of Diamond for atom labeling]

For “Content” select: “Atom symbol”

Define relative position of labels 0.3,0.3,10

Define text size ~0.8A; OK

Rotate the molecule to similar orientation like has the chemical scheme
[On the screen: plot of the molecule with atom labels]

Notes

The results may be slightly different for each run of Superflip. This is because Superflip
starts from random phases and the resulting electron density map differs for each run. In
our case the assignment of chemical types is wrong for many atoms of the structure.

C5 (C1  Cl4
%G‘F?\Mﬂ\we#z\wczs
\%’Q Cc29 c7 'c16 cts (C22c28
021

%\ Q’Q C9o C31
C&} 555
027 4

Compare the plot with the chemical scheme and note labels of atoms, which must be
oxygen or nitrogen.

Notes

In our example, C2 and C3 should be nitrogen and C1 should be oxygen.

Quit Diamond

5. Assignment of correct chemical types

[On the screen: basic Jana window]

Start “Edit atoms”

[On the screen: list of atoms]

Select the atom which should be oxygen (C1 in our example)
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Editing of one atom can be also started by right mouse button or by double-click
Start “Action — Edit/define” and choose chemical type “O”; OK

Press “Refresh”

Hold Ctrl and select atoms which should be nitrogen (C2,C3 in our example)
Start “Action — Edit/define” and choose chemical type “N”; OK

[On the screen: list of atoms, labels are still the original ones but chemical types are correct]

Press “Select All”

Press “Action” or right-click on one of the selected atoms

Choose “Rename selected atoms to atom_type + number”

[On the screen: list of atoms with labels corresponding to chemical types]

Notes

You should see one oxygen, two nitrogens and carbons. If not press ESC and start again ©

OK; YES to save the changes
Check chemical types with Diamond

v. Refinements and model improvement

1. Refinement

[On the screen: basic window of Jana]

Right-click the icon of Refine. (Step1)

[On the screen: refinement options]

Define 100 of cycles, Instability factor 0.02; OK (Step2)

Notes

This instability factor slightly lowers goodness of fit, which makes happy editors used for
SHELX. However, we cannot change this number arbitrarily because values below 0.01 or
above 0.02 are usually in contradiction with the instrument characteristics.

Choose “YES+START”
Refinement converges with R value about 16%, GOF about 8, 141 refined parameters
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Step 2

Refine commands.

Basic | SelectjLissrg ] Various Modulaton
Nuber of cyces | 10 21 [T Use Marguart techrioue (v Sgmaweght [Instabliey facter| [ 0.02
Dampng factor [ 1 [ rmsabiity factor from reflection stabstics

[ me wisor's modicaton
L Uit weignt
[v Use dmamical LS method => ifRw s ingreased by | 10%  reduce the damping by a facter | 2
After | 3 & cydes iry to enlarge it back,

[¢ Check for comverpence = stop if maxfihangesu)c [ 0.05 n 1 & cormecutve cycles.

+ Disable atoms having too lrge ot ADP parameter = ADR{sc] kst for dsabing [ 0.2

v Automatc refrement beys 0.1 Maximal anguise dfference for tan overlag

I Automatc gymmetry restrichons [ Mrwnal arguisr Sfference for fl senaraton
[ ] Refinements on Flobe)™3

[ Semulstion run
[ After lnst cycle cal Fourier
Cormect for lamboa/2 effiect
[ Randomize atomic coondnates
Waring: the randomize procedure wil aplied just once durng the next run

2. Twin volume fraction

Start “parameters — Twin fractions” (Step1)

Notes

The volume fraction of the twin domain introduced by the Symmetry wizard is 0.5 and
twinning matrix relating the monoclinic and orthorhombic symmetry is
(100/010/00-1).

Activate refinement of the twin fraction (Step2)

Step 1 Step 2
ol Edit twin fractions
o2 0.5 iyl
Refine al | Fxal | Reset |
Show twinning matrix |
[EEe|l EokT|

Repeat refinement

Refinement converges with R value about 11%, GOF about 7
Twin volume fraction drops to 0.29.

Start “Edit atoms”

[On the screen: list of atoms]

Press “Select all” and “Action — Edit/define” (Step3)
Choose “harmonic” for ADP parameters. (Step4)
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This defines anisotropic temperature parameters for all atoms.
OK, OK, YES to save changes

Step 3 Step 4
st > Step 1:Selec o 1 be used > 36 selected
o1 = =] =T B ous e
H cio (=i} o2 N Define ] Edit ]
(%1 cu iy C
c2 ciz = | Delebe selected atoms = n"l ﬁ
c3 c13 ©{ Merge sclected atoms cf  ADPparameter(s)k
N2 c Iransform selected stoms (" sotrope
o |- e | @ Do)
o Addng of hycrogen atoms . ptwmank
c7 Hename selected stoms 1o atom_type” +number c
L= (=
A e 3 il

‘Spit atomic positon
T —
sten dhekor by ths buton: [agson | s
| o
Esesf Boesl e

Double-click the icon Refine.
Refinement converges with R value about 9%, GOF about 6, 317 refined parameters.

3. Adding of hydrogen atoms & Final refinement

[On the screen: basic window of Jana]
Start “Edit atoms”
In the textbox type “C*”; TAB. (Step1)

This will select atoms starting with C, i.e. carbons

Start “Action — Adding of hydrogen atoms” (Step2)

Step 1 Step 2
Step #1: Select stoms 1o be used -> 0 selected Step 21: Select stoms 1o be used -> 3 selected
o1 (=] (=] (=3} o1 (2] (=] (81}
L (1] (=4} [ 7] N1 (=4} (= #4
c1 ci1 caz c1 cu ca2
(=3 c12 c 2 ciz ] Dwete selectad atoms
a c13 4 o o3 o e e
N2 ci4 (=] N2 (] ] Transform selected atoms
c4 cis (=] (=] cis ©{ Expand selected atoms
cs (2] (=2 cs (413 [=
s cw (=) (=] 17
=] cis =] c cis 4 Rename selected atoms o "atom_type" srumber
ca <1 (=] ca [41] ] Rename selacted atoms manuslly
4 » - Make symmetricaly conbguous mosfi »
‘Spht atoresc pomton
senctat I Select F ]
s by Agson | swp by® [Dagten |
= e T e e
Jil = | JEC | Jol o e

[On the screen: Adding of hydrogen atoms dialogue]
Leave all settings default; OK (Step3)
[On the screen: list of atoms with new hydrogens]

Total number of atoms should be 63 (can be verified using “Select All”)
The hydrogens are kept in ideal geometry by commands which can be viewed or edited in
“Refinement commands — Various — Keep commands”.

106 | Jana2006 Cookbook, version March 2018



Step 3 Refinement commands — Various

Step d Rrfe commasds.
o1 7] =) =) LB o [ ] " 1
N1 cn @ 12
c1 cu [+
o = % Press the button to edt/create:
c3 cn =]
" c - - e
o . Adding of "hydrogen” atoms. =
cs (411 H %] Hydrogen"atome type J.__.__*
< e ml xi sty  Ermteerhomed |
c ] R
,;; Z‘: [ try automati run for nen-1" and non-"0" atoes Pt o
5 - 12 Defmit value for ADP ext. factor| = e—
N =
£ o P . S—
j S S = —
s
ey soes
Le=') ]

OK to close “Edit atoms”; Yes to save changes
“Plot structure” to check results of automatic hydrogen assignment
Make refinement of the final structure

Oscillation may occur during the refinement. In such case do not break refinement, press
Parameters, change Damping factor to 0.5 and close the dialogue. Refinement will
continue with damping.

Refinement converges with R value 3.7%, GOF 2.7, 317 refined parameters.

V. Creating CIF file

The information for the CIF file is cumulated in the file M70 during the data processing as
well as solution and refinement steps. For creating a publication CIF, repetition of the basic
steps is recommended in order to refresh the information in M70. In our case, we have
started from the *.sum file so M70 does not contain any information about the experiment

Start “File — Reflection file — Create refinement reflection file”

In our case this step is not necessary because it has been already done

Repeat refinement

In our case this step is not necessary because it has been already done

Right-click Fourier; (Step1)
Select “F(obs)-F(calc) - difference Fourier”; make sure that “Weighting of reflections” is
checked and “Apply sin(th)/lambda limits” unchecked; (Step2)
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Step 1 Step 2

Fourter commands

Basic | scope | Pesks

ap type] | F(obs)-F(cakc) - difference Founer ¥ [

Omit not-matching reflactions [

Use weighting of reflections [
Agply sin(th) lambda mits

Correction of F{obs) for twinning

[”' Dufferance (¢ Fracton

In the page “Scope” press “Reset to default”; (Step3)
in the page “Peaks” choose “in a fixed sphere of radius 0.8” (Step4)

Step 3 Step 4
Fourier commands Fourier commands
Basc scope | Praks ] Baskc ] Stape | Peaks
sutomaticaly exphatly by & central pont [ search for pesks in the calculsted map
. Maxsmum rumber of peaks:
[ Use defauit map orientation (v Default
— . PR L 3rd S C Exphatly
ist nd Id minEmUm  maimum step
% Charge integration:
¥y . naﬁmdwan'rm:.s'.i-_‘- ]

z " inan adyusted shape within maximal radus
The second method is more precise but siower
(¥ independent paralisiepiped swofal [01
" Whole cel

| Reset io default

B | o | S| Eoe

OK; YES+START; NO to include new atoms; NO to see the listing

Right-click Dist icon (Step5)

Select “d(max) derived from atomic radii and typical distances and adjust “expanded by
value” when needed; check “Calculate angles”; in needed, adjust limits for H-bonds;
(Stepé6)

vy
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Step 6

Distance commands
Basic | Select atoms ] Modudation
Round nput coordinates Calculate: lnges| [ Torson angles |
Planes
Centers
Reference drecton |
Defire coaffioents for bond alences dime) [ o
diman) derived from atomic radi  __ P
and typical distances Ld expanded by | 5 %
Repart violations of the Hrshfekd's conditon if Ulprai) > [ 3 o,
Listing form
Without symmetry code With symmetry code
(s
Include peaks from Fourer calculation

nong maama mama both

H-bonds limits
Mavmaldstance BH: | 14| Mamaldstancet.A:| 2.5
Mrwmal angle DH..A: | %

Esc Ok

In the page “Select atoms” check central atoms and neighbor atoms — usually we want to
have all atoms in both roles; (Step7)
OK; YES+START; Close;

Start EditM50; (Step8)

Step 7
Distance commands
Base Select atoms ] Modidation
(¢ Select central atom(s)
" Select neighbour atom(s)
< ¥
i B (L

Al -

[ Skip spit atoms fmolecules Define/Edit spht atoms/molecules |

Go to page Composition; enter 4 for “Formula units”, press “Formula from M40” (Step9)
OK; YES for updating the formula.

OK; YES to rewrite M50Zn
Start “File — CIF utilities — Make CIF file” (Step10)
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Step 9

Define | modify basic structural parameters: L

fe fitVes & et Pawees

cel | Symmetry | Composition | Mutipole parameters | Magnetc parameters

Formula from M40
Calaiate density |
Aomtype: [ C w] o (forxamyk [C ¥ Aompds (077
umcdnt:- Re[12s miglo; [mipgfs | D cify typical dstances |
INFORMATION

Formula from M40 : C32 N2 O H2ZB

Molecular weight = 456,59

Calaisted density = 1.2085 g.on™(-3)

Absorption coefficent mi(Cu-+aifa) =  0.555 mm™™-1

IT Vol € 6.1.1.1-6.1.1.3 pave functions
- O
(v steps a5 in IT i hea
egudistant step 0.05 T MOLLY
" Coppens WES page
| G

References

Step 10

oo

W sana2006
| e

»
»
»
»

Mak
Update CIF fie

Import CIF->SHELX->Jana
Edit CIF fle
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