Example 3.3: CsLiSO4

Revised: 17 October 2019

Data Topic Level

X-ray single crystal data structure with pseudo- Advanced
merohedric 3-fold
twinning

Tasks

Solving a structure with pseudo-merohedric 3-fold twinning using Jana2006 software
- Finding twinning matrix from group — subgroup transformation.

- Transformation to four times smaller cell.

Initial data

Data

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

CsLiSO4.hkl, CsLiSO4 _red.sum

Additional information:

Frame scaling, absorption correction: done by the diffractometer software
Chemical formula: CsLiSOa




Instructions

Data import

1. Creating new jobname

Start Jana2006
“File — Structure — New” opens a file manager (Step 1)
Left pane: locate directory with input files; Right pane: double-click CsLiSO4 (Step 2)

Step 1

W Jana2006
| Fie  Editiview

Run

Reflection file » History

Exit Copyin
Close
Lock

2. Import wizard

Wizards

Parameters

Step 2

New : Select name of the structure

Directory

&

Structure

00 This is working directory for Example 3

CsLiSO4_red
Presentation1

~§Presentationl

Select “Known diffractometer formats”; NEXT (Step 1)
Select “Oxford Diffraction — CCD”; NEXT (Step 2)
Select “Input from “sum” file”; OK (Step 3)

Single crystak:

Powder data:

Structure:

Magnetic parent structure:

o 8 8 ® O

® @

e e e e @

Step 1

Specify type of the file to be imported

known diffractometer formats

reflection file correctad for LP and absorption

various CW formats
various TOF JED formats
from FullProf

from SHELX

from CIF

from XD

from Jana2000

from PDB

nudear model made interactively
nudear model from SHELX
nudear model from CIF

" nudear mode! from Jana2006

Warning; OK (Step 4)

v A
Y Yl
‘ ument\Jana Mooc\Examples\Example_03.3_CslisO4\ | I Cslis04
Drive | D: Al Make new (sub)directory
IE] ) cem|

Step 2&3

Data reduction file from:
Fiename | CsLSO4.hk Browse
() cap4 ) ToPAZ
(' Nonius-CCD () Koala at ANSTO
() Siemens P4 () SCDLANL
) Bruker-CCD () HasylabF1
() Bruker-CCD Define basic input file:
@ oxford | @ input fom un” e
(" Oxford Diffrd () input from “dif_od" file
() Rigaku-CCD | File name: | CsLiSO4_red.sum Ep\,—wse‘
-.'7 IPDS Stoe — =
() D3-ILL o Tri
O ILL-Vivaldi () SHELX on I - abs. correction needed
O ISISSXD
Cancel Back L Next ] Cancel



Leave all settings unchanged; NEXT (Step 5)
Leave all settings unchanged (leave Twinning checkbox clear); NEXT; OK; (Step 6)

The program reads 11132 reflections from hkl file
Step 6

10.89451 10.88937 8.80485 90.00104 90.02358 119.9455
stmodiaton vector |
kit vector [
Fmoddaton vector |
Max. satsite index | [

1st medulation vector:
2nd modulation veetor:
3rd modulation vector:

—

0.71073

Accuracy

=

For absorption correction select “None or done before importing”; NEXT (Step 7)

FINISH (Step 8)
Step 7 Step 8

I <ot e e ]
@) Gaussian integration method | iteoration orid | tf

| Empiical carrection andfor frame scaling

®) Define absorption coefficent => [N
@ o > | [
—— e

Data Repository

OK; YES to accept the data set (Step 1)
Nest; (Step 2)



Step 1 Step 2

File Type Radiation

|Single arystal 1X-rays Mo K(alpha)

4

INFORMATION

Esc Ok Now the proaram will open a wizard for a space aroup test which can
determine interactively the symmetry. In the case that later you
will need to modify your first choice the same procedure can be run
by the command File->Reflection file->Make space group test” without
necessity to reimport the data.

Cancel
11 Symmetry and data merging
1. Symmetry wizard
‘o e ”
[On the screen: “Tolerances for crystal system recognition”.]
Leave all other settings default; NEXT (Step 1)
[On the screen: Select Laue symmetry] (Step 2)
Step 1 Step 2
Tolerances for crystal system recognition: Select Laue symmetry
Original cell parameters: 10.894 10.889 8.805 90.00 90.02 119.95 Cystal system Paint group d wcy
Maximal deviation for cell lengths in [A] Tridlinic | -1 | 5.68/5.74 | 2752/3790 | 2.937 |
Maximal deviation far cell angles in deg Monodinic-setting “c" | 2/m | 631637 | 1493/2026 | 5485 |
Tolerances for space group recognition: Orthorhombic-setting "a,2b-a™ | mmm | 13.80/13.85 | 849/1097 | 10.148 |
) ) Orthorhombic-setting "b,-2a-b™ | mmm | 10.93/10.88 | 844/1097 | 10.148 |
el | Orthorhombic-setting ™a-b,a+b1 I .47 | 8481097 | I
pRcnzi i saigedncer Trigonal | -3 | 14.35/14.90 | 10121270 | 8.765 |
[+#] search for higher 5| TNFORMATION Trigonal | -31m | 14.46/14.50 |  559/698 | 15948 |
|| mtroduce twin laws| o supercell having a higher cell symmetry has been found. Trigonal | -3mi | 14.46/14.51 | 618740 I 15043 |
D - Hexagonal | &/m | 14.46/14.51 | 543/682 I 16.323 |
u—kl Hexagonal | 6/mmm | 14.51/14.56 | 344/425 | 26,193 |

() ordered by Laue symmetry Details
(' ordered by Rint
Averages made from 7493/11132 reflections

i Next i c Back Next Car

Notes

We can see that hexagonal symmetry is slightly violated, because corresponding Rint is
about 14%. On the other hand, an orthorhombic symmetry with setting “-a-b,a+b” has
Rint comparable with the triclinic symmetry, given much higher redundancy of
equivalent reflections.




For cell parameters being so close to hexagonal, a metric merohedric twinning is highly
probable. However, here the three orthorhombic settings have quite different Rint. This

indicates that the structure has symmetry lower than hexagonal and that the sample is
either not affected by twinning or that twin domains are not equally populated.

In the next step, we will repeat test of Laue symmetry but this time considering
twinning. That means for any subgroup of 6/mmm the program will generate
corresponding pseudo-merohedric twinning matrices and it will use only symmetry
elements, which are present in a twinned structure for general case of not equally
populated twin domains.

Press BACK

Check , Introduce twin laws in case of subgroups” (Step 3)

Step 3 Step 4
Tolerances for crystal system recognition: Select Laue symmetry
original cell parameters: 10.884 10.889 8.805 90.00 90.02 118.95 Cystal system Pointgroup  Rint{obs/all) #averaged Redundancy
Maximal deviation for cell lengths in [4] Triclinic e | ses/s.74 | 2752/3790 | 2937 |
Maximal deviation for cell angles in deg Monodinic-setting " | 2/m | 6.31/6.37 | 1493/20% | 5495 |
Tolerances for space group recognition: Orthorhombic-setting "a,2b-a | mmm | 6.31/6.37 | 1493/2026 | 5.495 |
Maximal ave(Vsig(D)) for centering I:I Orthorhombic-setting b,-2a-b™ | mmm | 6.31/6.37 | 14932026 | 5.495 1
O -5 - 493202
Masimal ave(1/sig(D) for extinctions Orthorhombic-setting “-a-b,a+b" | 1493/2026 | |
Trigonal | -3 | 14.35/14.40 | 1012/1270 1 875 |
Search for higher symmetrical supercell (recommended) g
Trigonal | -31m | 14.46/14.50 |  559/698 | 15948 |
[/Jintroduce twi laws in case of subgroups: Trigonal | 3m1 | 14.46/1451 | 618740 | 15043 |
[] Hexagonal | 6/m | 14.46/1451 | 543682 | 16323 |
Hexagonal | 6/mmm | 14.51/14.56 | 344/425 | 26.193 |
(# ordered by Laue symmetry Details
(' ordered by Rint
Averages made from 7493/11132 reflections
Next Can
— Back Next Canc

This time, the three orthorhombic cases gives the same internal R factor.
Select the highlighted orthorhombic Laue symmetry; NEXT (Step 4)

Notes

The three orthorhombic cases are related to the three twin domains. The selected one
gave us in the previous test the lowest Rint. This means that this domain is more
populated than the others.

On the screen: [Select cell centering] (Step 5)
Press “Show/modify X centering” to see the individual centering vectors



Notes

We can see the centering vector (% % 0) corresponding to the C centering but also
additional vectors (% 0 0) and (0 % 0) suggesting that a and b unit cell parameters
could be halved. Although we cannot conclude unequivocally that the correct cell is
really four times smaller than found from diffraction pattern, the natural way is to

start with a smaller cell allowing indexing of all diffraction spots.

Step 5
Salect cell contering
Centering cbs/all ave(lsg(T))

£ P wo 0.000/0.000 Details
#! A 62371405 26.669/16.000 Details
C (1 §23/1405 26.669/16.090 Details
[ c oo 0.004/0.000 Details.
#! I 45215580 51.128/41615 Details
na.  Reobverse 81/3340 51.254/35.336 _ Dewils
na.  Rereverse 2246(3310 52.509/36.032 Details
#! F 62371405 26.669/16.000 Details
0 X(UZ00), - o0 0.000/0.000 Details

ety X wdiareg]|
ihe program st aetor the co 0 recurd o
R R S g e o etomeen

Hack Next Cancel

obsfall

Step 6

Selact space group
ave(Vsg(l))

49420629

4.942/0.629

FOM

7.470/1.210

0.07685
0.07685

004098
005098

FEalil
Pz

&.098/1.807
B.098/1.807

80881807
5.062/1.743
S.106/1.904
0.000/0.000
0.000/0.000

0.17532
0.32351
0.32351
0.37351
0.64450
097914
1.00000
1.00000

Details

meek | wet |

|4

oo |

Notes

The space groups highlighted by red, green and blue color (Step 6) have the smallest
ratio between the number of reflections violating space group extinctions (I1>3a0(l)) and
the number of all measured systematically reflections. The first space group in each
block is the centrosymmetric space group and the others are its non-centrosymmetric
subgroups. In all these cases, the FOM (Figure of Merit) is low and we cannot exclude
none of them. In next steps, we will use the Superflip program and test the
centrosymmetric space group from each block.

Cancel; No for repeating the test;

“File — Structure — Save as” and use a new name for example “CsLiSO4-basic” but do not

continue with the new structure.

“File — Reflection file — Make space group test” and continue to the step for selection of

space group; (Step 7)

Select the space group Pmmb; NEXT;

Accept space group in the standard setting with twining matrices; FINISH (Step 8)



No for repeating the test;

Step 7 Step 8

A.G420.629
4.942/0.629
701210
701210
9.016/1.21%

1L

9.016/1.21%
4.308/1.108
6.0%8/1.807
B.0%6/1.507
B.09A/1.807
5.062/1.743
S.106/1.504
0.000/0.000
0.000/0.000

S

g8

ssiifid

“File — Reflection file — Create refinement reflection file”;
Next; (Step 9)

OK; OK; (Step 10)

Next; OK;

Finish;

Step 9

[ ] W Add center of symmetry |||

Reflections |FI(ave)|>

Next; OK; Finish

Start “Structure solution”;
Define the formula Cs Li S 04 and run solution; (Step 11)



Step 11

Clusesm | 2014 ¥ [Feemnda, Jowsed

= use Superllip Ferrerda inils L] Cakulate density I

oo shatt A spac groups P Chongeth e grus |

[ atows mans g

L

B Basifo

[ Bt suparip: Lot te camvesgance detcted medes: [ doao0 |

[ Repeat Supsetip: e of runs

[ ] Ut local rarmalization

[T use & specific random seed

[ oatine muplicaty dahn vatos

Rerabion scheme: (% CF For - FOMA - fuoed comp : ]
ol ] © EOMA - fed number of atom [ ]
O asn 7 EDMA < pak mterpretation by Janazoos
) patturson superpoestion map (' Paaks from 3aead006 ot fest rum Foueior

s | 1 | |
[Remiames [

Step12

Space group derived from the symmetry operations:

HM symbol: Fbmm

Hall symbol: -P 2 2b
Fingerprint:  3300320n{041Y03}22 (0,0,0)
Symmetry operations:

1: x1 x2
2(0,0,1): -x1 -x2
2(1,0,0): =1 1/2-x2

-1: -x1 -x2

2.1(0,1,0): -x1 1/z2+x2
m(0,0,1}: =1 =2
b(1,0,0): -x1 1/24x2
m(e,1,0): x1 1/2-x2

# Search for the origin of the space group #

Position of the origin in the CF map:
0.9570 0.6682 0.7892

Agreement factors of individual gensrators:

Number smb agreement

& a €6.69
7 m 0.08
8 m 26.71

x3
x3
-x3
-x3
-x3
-x3
x3
%3

The selected space group Pmma was not confirmed by the Superflip as shown in the
smb agreement (Step 12). The space group derived by Superflip is Pbmm in the
standard setting for Pmma.

Close the window with Superflip output and press the “Quit” button; Yes to discard the

solution;
[On the screen: basic window of Jana]

“File — Structure — Copy in” and select the structure “CsLiSO4-basic”; Rewrite all files;
“File — Reflection file — Make space group test” and continue to the step for selection of

space group;
Select the space group Pmcb; NEXT;
Repeat the same procedure as for Pmmb;

For this choice, Superflip does not converge.

Repeat the whole procedure for Pmcn (in standard setting Pmna):



Step 13 Step14

=
Reflecions 1< [ 3| sia(D) wll be sorted as unabserved space group derived from the symmecey speravions:

Note: this number is not interpreted by REFINE B symbel: Trma
I:I use in output file E-format (recommended for data with large dynamical range) Hall symbol:  -I 2b 2 o
= Fingerprint: 33123270n{041¥23122 (0,0,0)
Centering vectors:
0.000 0.000 0.000
0.500 0.500 0.500
Symmerry operations:

1: x1 x2 %3
2(0,0,1): -x1 1/2-x2 %3
2(1,0,0): ®1 -x2 -x3
Import statistics - obs/all C1: 2l 2 s
7493/11132 reflections read from input file Z_1(0,1,0): -x1 1/2+x2 -x3
7410/10249 reflections written to output file b(0,0,1): x1 1/2+x2 -x3
83/883  reflections rejected as systematically extinct. m{1,0,0): -xl x2 x3
m(0,1,0): x1 1/2-x2 %3

0k

Position of the origin in the CF map:
0.5428 0.9452 0.3822
Agreement factors of individual generators:
Number smb agreement
& a €.32
m 0.60

L Next  : Cancel g n 1.35

Notes

83 observed reflections will be discarded (see Step13) due to the selected space group.
This is probably caused by spurious peaks, which are present in the diffraction pattern.

The Superflip confirmed the space group Pnma.

The transformation suggested at the final step of the space group test produces an
orthorhombic unit cell with four time smaller volume compared with the previously
tested orthorhombic unit cell. Such unit cell alone could not index all diffraction spots,
but combined with a three-fold twinning it can. The indexing of the hexagonal
diffraction pattern with a three-fold twin of this small orthorhombic unit cell is
indicated in the next figure.
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2. Space group test results

[On the screen: basic window of Jana]

Check new cell parameters and symmetry with EditM50 (Step1)
Cell parameters 8.8048 5.4505 9.4301 90 90 90

Space group Pnma

ESC

[On the screen: basic window of Jana]

Start “Parameters — Twin fractions” (Step2)



Step 1 Step 2

Define/ modify bask: structural parameters: Edit twin fractions
Cell ] Symmetry ] Compesttion ] Multipole paramaters ] Magnetic parameters tW\lO'Zi 0.333333 [_‘ twvol3 | 0.333333 l_
Structure | Refine all | Fix all | Reset |
|cell parameters] | 5.6045 54505 9.4501 90 90 90] Show twinning matrix
Esd's 0.0006 0.0006 0.0004 0.0041 0.0041 0.0056
= - - Esc Ok
Twinning v #twin domaing 3 — Matrices —[ —J
Dimensian = 3

M| Tk
Notes

The initial volume fractions are equal but we already know they will be different;
otherwise hexagonal Laue symmetry would be indicated with good Rint.

Click inside the textbox “twvol2” and press “Show twinning matrix” (Step3)
100/01/2-1/2 /03/21/2

Click inside the textbox “twvol3” and press “Show twinning matrix” (Step4)
100/0-1/2-1/2 /03/2-1/2

These twinning matrices are related to the current orthorhombic unit cell

Step 3 Step 4
Edit twin fractions Edit twin fractions
tvolz | 0333333 || twvols| 033333z ] twvoi2 [ 0333333 | | twwoB| 0333333 | |
Refine all | Fixall | Reset | Refine all | Fix all | Reset |

Show twinning matrix Shows twinning matrix

Twinning matrix #3 Twinning matrix #3
h' 1 i} 0 h h' 1 0 0 h
K| =0 12 -2 | = k K| =] 0 -2 -12 | * k
I 0 32 -12 | I 0 32 -12 1

Three-fold axis in direction (-1,0,0)

[

Three-fold axis in direction (-1,0,0)

Return to the basic window
Start “Edit/view — Editing of M90 file” (Step5)




i 1ana2006

File | EditView Run  Wizards
Editing of file
Editing of m40 file

Editing of m50 file
Editing of m90 file
Editing of m35 file

Editing of saved points

Editing of atom objects

View of Reflection report
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[
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T1.
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4705,
309.
3335.
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37.
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1358.
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458.
88.
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M90

25.
35.
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33.
37.
T8.
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25.
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Notes

compatible with C centered cell.

The numbers inside the orange rectangle are twin flags. All flags except several
reflections at the end of the file have the twin flags equal to “1” because most
reflections can be indexed in the first domain. The reflections at the end of the file with
the twin flag “2” and “3” are the ones, which cannot be transformed to the first
domain because after such transformation they would have indices which are not

111 Structure solution

“Run — Structure solution”

[On the screen: window of Structure solution]
In “Formula” textbox check list of chemical elements for CsLiSO4: Cs Li S O

n u

Select “Superflip”, “Peaks from Jana2006”; leave other settings default; “Run solution”

Notes

Superflip converges (after noise suppression) with R value 22%. The suggested space
group by Superflip is Imma but for twins such prediction is unreliable. On the other

hand, Superflip confirms the symmetry elements of the current space group symmetry

Pnma.

Press CLOSE to leave the listing
Press “Draw structure”

Press “Accept last solution”
Start EditM50; (Step1)

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



Go to page Composition; change Formula units to 4; press Formula from M40; (Step2)
OK; Yes; OK

Step 1 Step 2
] -
B e B Wead Faecin T Define/modify basic structural parameters:
Cell] Symmetry ! Composition ] Multipole parameters W Magnetic parameters

Formula ‘ CsLiSO
Formula units | 4 [Formuia from M40

—

—
Atom type: | cs ﬂ Ion (for X-xay): | Cs :[ Atom radius: | 2.72
Drawing color: Rel12  [®Glg59 [aMp[ge5 [ D fy typical distances
INFORMATION

Formula from M40 : CsLi6 5 04

Molecular weight = 270.61

Calculated density = 3.9718 g.cm™*(-3)

Absorption coefficent mi(Mo-Kalfa) =  8.535 mm**-1

IT Vol.C 6.1.1.1-6.1.1.3 : : wave functions
(s stepsasin IT i J!A
(1 equidistant step 0.05 /MOLLY

(" Coppens WEB page

Notes

In most cases, the formula will be Cs Lin S O4, where “n” can be zero, 1 or more. This
means all heavy atoms except Li have been properly interpreted. If not, repeat the
structure solution.

Start “Edit atoms”; delete all Li atoms
“Plot structure”

Notes

Diamond should show SO4 tetrahedron and Cs. For this plot, all bonds to Cs will need to
be disabled through “Build — Connectivity”

-
©

«




1V. 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, (Step2)

Choose “YES+START”

Refinement converges with R value about 9%, GOF about 9, 17 refined parameters
. Step 1 Step 2

Refine commands

Basic w Select]Listing 1 Various 1 Modulation
[umber ofcydes| [ 100 |&!  [] UseMarquarttechnigue () Sigmaweight  Instabilty factor [ 0.01 |
{ [ trstability factor from reflection statistics
[7] Use Wison's modification
O Unit weight

Damping factor | 1

[\] Use dynamical LS method => if Rw s ingreased by | 10% | reduce the damping by a factor | 2
After | 3 S cydes try to enlarge it back.
[ Chedk for convs => stop if )< | 0.05 n |1 S conseautive cydes.

[ Disable atoms having too large isotropic ADP parameter  => ADP(so) limit for disabling [ 0.2

[ Automatic refinement keys
[+ Automatic symmetry restrictions
[ Refinements on F{obs)**2

[] simulation run

[ After last cycle call Fouger

[7] correct for lambdaj2 effect

[] Randomize atomic coordinates [
Waring: the randomize procedure wil aplied just once during the next run

Bsc | [ ok |

2. Twin volume fraction

Start “parameters — Twin fractions” (Step1)
Activate refinement of the twin fractions
Activate refinement of the twin fraction (Step2)



Step 1
Step 2

M son2006 - o x Edit twin fractions
Fe  Edtpien R Waards| | paramles | Tods
J i twvol2 0333333 [[y]  twwals[0.333333 [

Refine all | Fxal | Reset |
Show twinning matrix
= |

| Parameters ' Tools
Options

Scale

Twin fractions
Extinction

&r

Atoms

Molecules

Repeat refinement
Refinement converges with R value about 5%, GOF about 5
Twin volume fraction drops to 0.26 (twvol2) and 0.30 (twvol3).
Start “Edit atoms”
[On the screen: list of atoms]
Press “Select all” and “Action — Edit/define” (Step3)
Choose “harmonic” for ADP parameters. (Step4)
This defines anisotropic temperature parameters for all atoms.
OK, OK, YES to save changes
Step 3 Step 4

#1: Select atoms to be used -> § selected

0
"

Step =1: Select atoms to be used -> 5 selected

Cs1 [ Atom edit
Define l Edit
Delete selected atoms of |[EEe |
Merge selected atoms o]  ADP parameter(s):
Transform selected atoms (" isotropic

Expand selected atoms (@ harmonic (anisoropic)|

‘Adding of hydrogen atoms S
Rename selected atoms to “atom_type”™+number

Rename selected atoms manually

P Make symmetricaly contiguous motifs » _q_i
Spiit atomic position
Select ¢ jefresh
Edit/Define atoms
Step #2: Select action by right mouse ciick or by this button: || Action Stef
Left mouse double dick starts the Edit/Define action
Esc _ok |
e | ok | —

Double-click the icon Refine.
Refinement converges with R value about 4.4%, GOF about 4.4, 36 refined parameters.



3. Find atoms missing using Fourier

[On the screen: basic window of Jana]
Right-click Fourier (Step1)
Select “Map type” = “F(obs)-F(calc) — difference Fourier” (Step2)

Step 1 Step 2
[ ] -
Fle  Edtiew Fourier commands

Basic ] Scope ] Peaks

Bun  Vizards  Paramsters  Tooks

Map type! | F(obs)F(cak) - difference Fourier :J ‘
Omit not-matching reflections ||
Use weighting of reflections |7
Apply sin(th) fambda limits ]

Correction of F(obs) for twinning
() Difference (s Fraction
Esc Ok
OK; YES+START; YES to include new atoms
[On the screen: Inserting/replacing of atoms]
OK(Step3)
[On the screen: List of peaks] (Step4)
Step 3 Step 4
Inserting/replacing of atoms List of peaks Equivalent coordinates Distance  Atom
(&' Peaks from the last Fourier calculation m 0.676570 0.250000 0.581561 - as typed in

L Max2 0.676570 0.250000 0.581561 1.92
. Max3 0.323430 0.750000 0.418439 194 03
Max4 0.176570 0.250000 0.918439 195 02

[ | skip peaks being too dose to existing atoms Max
Max6

Max7

iShow distances up to | | 3 Angs. Maxg
Max?
Esc ok Max10
4 ¥ 4 3
Peak : Max1 Charge : 1.510 Include selected peak
No peaks induded
No atom modified

Finish

Notes

The strongest difference peak (Max1) has reasonable Li-O distances to oxygen atoms.
We can add it as Lithium in the first highlighted symmetry position.




Press “Include selected peak”
For “Name of atom” type Li*; (Step5)
TAB; OK; FINISH; YES to include the new atom.

List of peaks

Step 5

Equivalent coordinates

Distance

Atom

0 0.250000 0.581561
0.323430 0.750000 0.418439
0.176570 0.250000 0.918439

[41 ] m ]

0.037995

0.676570 0.250000 0.581561-as typedin

194
1.95

03
02

Run refinement
Refinement converges with GOF ~ 3 and R(obs) ~ 2.7% for 39 parameters

Extinction correction

[On the screen: basic window of Jana2006]
Open listing of Refine (by “Edit/View — View of Refine”)
Press “Go to” and select “Statistics Fo, sin(th)/lambda after refinement” (Step1)

Step 1

Statistics as a function of sinith)/lambda and structure factors
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Notes

The Statistics show that the strongest low-angle reflections are systematically weaker.
This is an indication that extinction correction is needed.

Close the refinement listing
“Parameters — Extinction” (Step2)

Select “Isotropic-Becker&Coppens” “Type 1” “Gaussian”; OK (Step3)
Refinement of extinction coefficient is enabled by default

Step 2
1 Jone2006 - _ o

Fe  Edtpiew  Run

Parameters  Tools

Options

Scale

3

Atoms »

Molecules

Structure: D-\gocumentilana Mooc\Exampies (Example_U1.1 Zn\2n 2

[On the screen: basic window of Jana2006]
Run Refine

Step 3

Extinction model:

None

} Type 1 (e
Isotropic - Becker & Coppens (@ Type2 O
Anisotropic - Becker & Coppens () Mixed
SHELX model

Radius [om] | 0.01 used only if tbar not present on M30 file

Gaussian (e
Lorentzian ()

3

Extinction parameters:

Glso| 0.01 v

Refine al | Fixal | Reset

SN[} NN

Refinement converges with GOF ~ 2.7 and R(obs) ~ 2.2% for 40 parameters
Start “Edit atoms”; change ADP of Lithium to harmonic
Refinement converges with GOF ~ 2.6 and R(obs) ~ 2.2% for 43 parameters

Right-click Refine; go to the page Basic

Check “Instability factor from reflection statistics” (Step4)



Step 4

Refine commands
tumberofcydes [ 100 |&]  [] UseMarguarttechique | (51 Sigma weight
Damng facer] | 1] [ I [ tnstabiity factor from reflection statistics

[ Use wison's modification
" Unitwe
=>ifRw s ingr [0% afactor [2
After [3 |1 cydes ty to enlarge it back.
[¥] Chedk for conye w)g [0.05 n|1 2! consgautive cydes.
[v] Disable lary parameter => ADP(so) limit for disabing | 0.2
[v] Automatc refnement keys 0.1 | Mayimal angular difference for twin overlap
[+ Automatic gymmetry restictons o Miumal anguiar difference for ful separation
[ Refinements on F(obs)*=2
[
[ Smulation run
[ After last cyde call Foujer
[ Correct for lampdaj2 effect
[ Randomize atomic coordnates |
e radotie iy ocechice il Bl e han
| - W

OK; YES+START

The final structure

Refinement converges with R value around 2.3% and GOF 1.4, for 43 parameters

In this case, the instability factor from reflection statistics seems to be reasonable
because the structure of a three-fold twin is fully solved and data are not expected to
contain more information.
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