Structure Determination Using Jana2006

Structural Analysis from Single-Crystal
and Powder X-ray data



Import your data

Find your data from data reduction and place them in a separate folder
Start a new structure from the File -> Structure menu

Ji Janaz006 - O X

Open : Select name of the structure

Directory

- |

b

A A

I res\Single-crystal lecture\practice \{(Pb 2BiS3) (AuTe2) Y | I (Pb2BiS3)(AuTe2)

Drive ID Make new (sub)directory |
Esc | Ok |

ructure: E:\CreteTeaching\UoC\ETY-453_Crystal Chemistry\2020 lectures\Powder diffraction\GUP31813_Mail-n‘\APS data'450K\11bmb_0154

File formats:
1) hkl + sum files (STOE)
2) hkl + p4p files (Bruker)
3) hkl + cif_od files (Rigaku)

4) hkl from powder data...
... you should already be there

from pattern matching
(LeBail fitting)



Select single crystal with known diffractometer formats

lana2006 — O >
1]

Specify type of the file to be imported
Single crystak #  known diffractometer formats

reflection file corrected for LP and absorption

Powder data: various CW formats

various TOF[ED formats
from FullProf
Structure: from SHELX
from CIF
from XD
from Jana2000
from POB
Magnetic parent structure: rudear model made interactively
nudear model from SHELX
nudear model from CIF

nudear model from Jana200&
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Select the appropriate instrument/format

W Jana2006

(Pb2BiS3)(ALTe2).hK

CAD4
Maonius-CCD

Siemens P4
Bruker-CCD
Bruker-CCD (raw)
Oxford Diffraction-CCD
Oxford Diffraction-PD
Rigaku-CCD

IPDS Stoe

Dg-ILL, D23 or Trics-Zebra

ILL-Vivaldi

ISIS S5XD

Data reduction file from:

Browse

TOPAZ
Koala at ANSTO

SCD-LANL

Hasylab F1

Hasylab HUBER

Hasylab XDS

6T2LBB

Pets electron diffractometer
SEMIU TOF

Paolarized neutrons

SHELX on I - abs.correction nesded

Structure: E:\CreteTeaching\UoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice (Pb2B6iS 3) (AuTe 2) W Pb2BiS3) (AuTe 2Z)




Check that your data are properly imported
Unit cell, wavelength and temperature should be as in the experiment

lana2006 — O *
i

Complete /correct experimental parameters

Cell parameters: 4.09979.3435 12.372290 90 90

Y

= Info about metrics parameters

Mumber of input indices: 3

X-ray tube Polarization correction:
Circular pelarization

Perpendicular setting  Info

Temperature | 293 Parallel setting Info

Guinier camera
Linearly polarized beam
Monochromator parameters:
Perfectness 0.5

Glancing angle 6.106711 Set glancing angle

Cancel




Import your reflection file (hkl) by clicking through to the menu below

Bl Janazoos - O *

Define the reference cell/split by twinning

Cell parameters: 4.0997 9.3435 12,3722 90.000 90.000 90.000

ry

Target dimension | 3 =

Twinning

Multiply input F(hkd)/I(hkl) by | 1

Define transformation ma INFORMATION

All 4426 input reflections were properly handled

Cancel

Structure: E:\Crete'{Teaching o C\ETY-453_Crystal Chemistry2020 lectures\Single-crystal lecture\practice\(Pb2BiS 3) (AuTe Z) (P 2BiS3) (AuTe2)




Click through and accept your hkl file, if correct

Data repository
Type Radiation
(Pb2Bis3)(AuTe2).hid | Single crystal | X-rays Mo K(alpha)
ept made changes?
MNo
Info Reimport Modify ) Import new

Esc

tal Chemi 0 lectures\single-crystal lecture\practi




You are now in the process of finding your space group.
Keep default commands

lana2006 — O *
i

Tolerances for crystal system recognition:
Original cell parameters: 4,100 9,344 12,372 90.00 90.00 50.00
Maximal deviation for cell lengths in [A] | 0.02
Maximal deviation for cell anglesindeg | 0.2
Tolerances for space group recognition:
Maximal ave(l/sig(l)) for centering 5
Maximal ave(lfsig(l)) for extinctions | 10

| Search for higher symmetrical supercell (recommended)

Introduce twin laws in case of subgroups

Cancel

Structure: E:\Crete\TeachingWoC\ETY-453_Crystal Chemistry!,2020 lectures\Single-crystal lecture\practice \(Pb2BiS 3)(AuTe2) \Pb2Bis3) (AuTeZ)




Select the highest possible crystal system and point group, provided the Rint(obs/all) values
are comparable. Rint will always be highest for the highest symmetry, so this requires some
experience. You can return here at any time and select a different one.

Jana2006 - O *
i

Select Laue symmetry

Cystal system Point group  Rint{obs/all) #avera ged Redundancy

Triclinic -1 8.12/10.86 866,1930 1.967

Monodinic-setting "a" 2fm 10.84/13.73 5601123 3.467

Monodinic-setting " 2fm 10,37/13.26 5501099 3.543

Monodinic-setting "c” 2fm 10.589/13.85 5401104 3.527
| mmm | 12.01f14.74 |

(¢! ordered by Laue symmetry
(") ordered by Rint

Averages made from 14503854 reflections

Structure: E:\Crete{Teaching\UoC\ETY-453_Crystal Chemistry}2020 lectures\Single-crystal lecture\practice\{(Pb 2Bi5 3) (AuTe 2) Y(Ph2BiS 3) (AuTe2)



Find your unit cell centering. Look for the zeroes (no systematic absence violations) with the
highest symmetry

B Jznz2006 - O *®

Select cell centering

Centering obs/all ave(I siall))
/o 0.000,0.000 Details
756/1968 23.322{9.612 Details
739/1545 23.604/3.530 Details
5651877 17.301/5.812 Details
744/1878 23.473/9.918 Details
R-obverse 994,2603 25.279/10.292 Details

R-reverse 995/2604 25.537/10.396 Details

F 10302897 21.772/3.406 Details

Warning: The cell centering need not be one you expect from collection as
the program first transform the cell to the reduced form.

Moreover after your selection the program makes another transformation
whenever the centring is not the standard one.

Cancel

Structure: E:\Crete\Teaching\UoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice \(Fb 26iS3) (AuTe 2)\(Pb2Bi5 3) (AuTe2)




Select the space group with the highest possible symmetry

Ml Janazooe - O *

Select space group

Space group obs/fal ave(lfsigll)) FOM

Pminm 00 | 0.000/0.000 | 1.00000 |
Pmmm 0/o 0.000/0.000 1,00000
P21nm 00 0.000/0.000 1,00000
Pmn21 0/o 0.000/0.000 1.00000
PmZm 00 0.000/0.000 1,00000
P2mm /o 0.000/0.000 1.00000
Pmm2 /o 0.000/0.000 1,00000
p21221 00 0.000/0.000 1.00000
p2122 /o 0.000/0.000 1.00000
p2221 00 0.000/0.000 1,00000
p222 o/o 0.000/0.000 1.00000

Details

Structure: E:\Crete\TeachingJoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture \practice \(Pb 2BiS 3) (AuTe 2){Pb 2BiS 3) (AuTe 2)




Accept you unit cell and proceed (standard or not is a matter of taste)

B Jana2006 - =] *

Final step of the space group test

» gccept the space group in the standard setting:

Space group: Pmmn

Cell parameters: 12,3722 4.0997 9,.3435 90 20 20

Transformation matrix: a'=  0.000%a +0.000%b +1.000%c
b'=  1.000%a +0.000%b +0.000%
c'= 0.000%a +1.000%b +0.000%

accept the space group transformed into the original cell:

Space group: Pmnm
Cell parameters: 4.0997 9.3435 12,3722 90 90 90

discard the changes

Finish

Structure: E:\Crete'Teaching\UoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice\(Pb2BiS 3){AuTe Z) \(Fb2Bi5 3) (AuTe2)




Read through the transformed hkl file. Keep default settings

R 1anaz006 - m| *

Reflections I< | 3 *sig(I) will be sorted as unobserved
Mote: this number is not interpreted by REFINE

use in output file E-format (recommended for data with large dynamical range)

Import statistics - obs/all

1601/4426 reflections read from input file
1601/4426 reflections written to output file
There were no rejections due to systematic extinctions,

Cancel

Structure: E:\Crete\TeachingWoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice \(Pb 26i5 3) (AuTe 2)\(Pb26iS 3) (AuTeZ)




Read and merge your (symmetry equivalent) reflections. Keep default settings.
Accept and proceed.

W Janaz006 - ] *

s Perform averaging
Only sort and apply culling if activated

Use non-averaged data

The slowest varyi

Summary after averaging

Rint{obs/all) = 12.44/15.98 for 401/750 reflections
averaged from 1601/4426 reflections

Full print Redundancy = 5.901

h{min)

The fastest varyin

) ) 0, himax
Apply 1fsia(l) wei k{min) a, k((max))
Reflections |I-I{a [{miry) 0, I{max)
R(obs/all) from e.s.d. of 1+ 2.75/5.75

Information from culling : no reflection was culled

16
5

12

Display graph sig

Sigma(I{ave)) from:
Poisson 0
Equivalents

Maximum

Structure: E:\Crete\Teaching\JoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice \(Pb2Bis 3) (AuTe 2) WPb2Bi53) (AuTe2)




This is where you solve the structure. Type your formula and number of formula units as
your best estimate. All elements present should be typed. Check density to make sense.

Hli Jznazoos - O *

Structure solution M a ke S u re
use 5IR | 2014 = Pb2 Bi 53 Au Te2

o) use Superfiip Formula units 2 Calculate density ¢ S u p e rfl i p
use Shelxt Actual space group: Pmmn Change the space group
(the program),
 CF (the method)
Repeat Superfiip: Until the convergence detected Ma:icy'i::; :DDDDD i ra n d O m p h a S e S

Repeat Superfiip: Number of runs

(the starting model)

alloww manual editing of the command file before start

Use a spedific random seed

Define explictly delta value a re S e | e Cte d .

Iteration scheme: (s} CF For peak search use: EDMA - fixed composition
LDE EDMA - fixed number of atoms
AAR EDMA - peak interpretation by Jana2006

Starting model: # Random phases #) Peaks from Jana2006 R u n S O | u ti O n

Patterson superposition map Peaks from Jana2006 but first run Fourier

Run solution

Structure: E:\CreteTeaching o C\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice \(Pb2Bis 3) (AuTe 2) YPb 2BiS 3) (AuTe2)




i Janazo06

Find | Findnext | Goto | Print| PgTop | Openineditor | Close |
-1: -xl -n2 -3 £.528
a(d,0,1): 172421 xZ —x3 45 _305
b(0,0,1): =l 1/2+x2 -K3 57.411
Z(0,1,00: -zl =z -x3 77.564 A A
Z(1,0,00: =l -nZ -x3 77.735 P
b{l,0,0): -zl 1/2+=2 w3 77.391z2 e
a(0,1,0): 1/72+4=1 -uZ w3 78 _282 P
mi{d,0,1): xzl xZ —x3 82 _€72 AR
ni{l,0,0): -zl 1/2+x2 1l/2+x3 13€.028 X
2_1{0,0,1): -zl -x2 1/2+x3 13%5.358 H
c{l,0,0): -zl =z 1/2+:3 14Z2.14% H
ni{d,1,0): 172+=1 -xZ 1/2+x3 148_203 H
c{0,1,0): =1 -uZ 1/2+x3  145_0830 ®
Space group deriwved from the symmetry operations:
HM symbol: Prmn
Hall symbol: -P Zak 2a
Fingerprint: 3300320n{e4l¥e3}20 (1/4,3/4,0)
Symmetry operations:
1l: xl x2 n3
2{0,0,1): 1/2-=1 1/2-x2 w3
2_1(1,0,0): 1/72+4=1 -uZ -u3
-1: —xzl —xZ —x3
2_1{0,1,0): -xl l/2+x2 -3
nid,0,1): 1/2+4xl 1l/2+x2 -x3
mi{l,0,0): 1/2-x1 x2 ]
mi{d,1,0): xl 1/2—-x2 =3

p2fd 2532555532333 5 2 2252232225222 2222550
# Search for the origin of the space group #
(3333 333333333332223 2323222222000 2222222224

Position of the origin in the CF map:
0.8208 0.942Z 0.5742

Zgreement factors of individual generators:

Mumber smbkx agreement

& n 0_20a
7 m 0.32
2 m €.00
Crrerall agreement factor: 3.73

You can obtain more information about the reconstructed reflection phases by using

Electron density written to £ile (Fb2BiS3) (AuTel) Superflip.m3l.

End of the calculation: 0% _DEC 2020, 22:13:35

Superflip wversion: 05/17/1€ 12:53

'expandedlog yes'.

Al




Draw your structure with your visualizer (VESTA, DIAMOND, MERCURY or anything else) to
make sure you are happy (Draw + return). You need to set the software path in JANA2006
(Tools-> Programs-> . Accept solution if you are happy with it, else try a different model.

Jana2006 — O *
[}

Structure solution
use SIR | 2014 w Formula Pb2 Bi 53 AuTe2
») use Superfiip Formula units 2 Calculate density

use Shelxt Actual space group: Prmmn Change the space group

allow manual editing of the command file before start
use previously prepared input file for Superfiip

use old solution and reinterpret it Biso: | O

Repeat Sup Atom filter Add Fourier peaks Reset selection

Repeat Sup

Add atomic centers

Le=aEiT (6-03/0/0 ... number of induded atoms/peaks centers

Use a sped Draw-+return Quit Draw +continue

Define expl

ITteration scheme: (@) CF For peak search use: EDMA - fixed compasition
LDE EDMA - fixed number of atoms
AAR EDMA - peak interpretation by Jana2006
Random phases Peaks from Jana2006
Patterson superposition map Peaks from Jana2006 but first run Fourier

Run solution Open the listing : : Draw 3d map

Accept last solution

Structure: E:\Crete \Teaching\UoC\ETY-453_Crystal Chemistry2020 lectures\Sinale-crystal lecture \practice \(Ph 26i53) (AuTe 2)\(Ph2BiS 3) (AuTe 2)



Inspect the tabs to make sure everything is correct

Wizards  Parameters  Tools

W e [

EditM50 Edit atoms Edit profile

Structure solution Contour

gk

Matrix calculator

A

Plot structure Profile viewer

SetCommands

Structure: E:\Crete\Teaching\UoC\ETY-453



Check M50. The information shou

[l 12022006 - Editms0

:\Crete Teaching UoC'ETY-453_Crystal Chemistry|2020 lectures\Single-crystal lecture\practice\(Ph2BiS 3) (AuTe2) (Pb2BiS3)(AuTe2)

basic structural

Multipole parameters Magnetic parameters

cell | symmetry Composition

Cell parameters | 12.3722 4.0997 9.3435 90 90 90

Esd.'s 0.00070.00140.0016 000
Twinning

Dimension = 3

|d ag

ree with your input

W Jana2006 - Editm30

Cel | Symmetry

Space group | Prmn

arignshift [000

@xvyz

(3) x+1/2y+1/22
@ x+1/2y+1/2 2
(8) x+1/2 y+1/2 2
B x+1/2y+1/2-2

Mxyz

@B xyz

basic structural

Composition Multipole parameters Magnetic parameters

Select fromlist

The operators derived from the group symbel
a| Load->
<-Add | <-Rewrite

Delete operator Clean out:

Cel centering

Complete the set
Make test

Define local symmetry operators

Structure: E:\Crete\Teaching\JoC \ETY~453_Crystal Chemistry|2020 lectures\Single-crystal lecture\practics\(Pb28i5 3) (AuTe2) (Pb26iS 3} (AuTe2)

Structure: Ex\Crete\Teaching\UoC\ETY-453_Crystal Chemistry)\2020 lectures\Single crystal lecture \practice\(Pb 2815 3)(AUTe 2)\(Ph2BiS3) (AuTe 2)

Define/modify basic structural parameters:

cell Symmetry Composition Multipole parameters Magnetic parameters

cherical formula -for CIF
Formula - ist of atomic types:| b2 B 53 Au Te2
Formula units 2 Formula from M40 |  Calculate density

Atom type: Pb v Ton {for X-xay): | Pb v Atom radius: | 1.75
Drawing color: - Define color Define/modify typical distances
Settodefaut |  Altodefault |  Define own

Form factors from:
IT Vol.C 6.1.1.1-6.1.1. IT Vol.C 6.1.1.4 STO wave functions
# steps asin IT analytical form JANA
equidistant step 0,05 MOLLY
Coppens WEB page




Check Edit atoms. This is what results from structure solution.

ana2006 — O >

Step #1; Select atoms to be used -= 0 selected

Bil
BiZ

Select all

Select advanced

Step #2: Select action by right mouse didk ar by this button: Action

Left mouse double dick starts the Edit/Define action

Esc

ure: E:\CreteiTeaching o C\ETY-453_Crystal Chemistry2020 lectures\Single-crystal lecture\practice \(Pb2Bis3)(AuTe Z)Y(Pb 2Bis 3) (AuTeZ)




Inspect your atoms (double click)

Wi sanazo0s

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

Atom edit
Define

Name | Bii Type | Bi

ADP parameter(s):

isotropic atO m n a m e
harmonic (anisotropic) (yo u r C h Oice)

anharmonic

Edit
vjatom type
(JANA'’s choice)

Structure: E:\Crete TeachingJoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture'practice\(Ph 2BiS3) (AuTe2) \(Po 265 3) (AuTe2)

m] X Wi Jana2008

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

Atom edit

Define
PO .
¥ Lst Mame  Bil
ai| 0.25 x| 0 y¥| 0.5

coordinates

Uiso | 0.037995

thermal
parameter _efea | _Fxa Reset

Show/reset site occupancy Apply site symmetry Show symmetry restrictions

Edit special parameters:

Structure: E:\Crete{Teaching |JoC\ETY-453_Crystal Chemistry|2020 lectures\Single-crystal lecturepractice {(Ph2Bi53) (AuTe 2) (Pb2BiS3) (AuTe2)




Setup the re

B 1ana2006 - Refine-commands

Refine commands

Basic Select/Listing Various Modulation

Number of cydes Use Marquart technique @ Sigmaweight Instabilty factor [ 0,01

Damping factor | 0.1 Instabilty factor from reflection statistics

Use Wilson's modification
Unit weight

Use dynamical LS method =3 if Rw is ingreased by [ 10% |reduce the damping by a factor | 2

After | 3 21 rydes try to enlarge it back.

o

Check for convergence  => stop if max(change/s.u.)< | 0.05 in | 1 2! conseutive cydes.

Disable atoms having too large isotropic ADP parameter =3 ADP{isa) limit for disabling | 0.2

Automatic refinement keys
Automatic symmetry restrictions
‘Refinements on Flobs) =2

Simulation run

After last cycle call Fourier
Correct for lambda/2 effect
Correct for Sambda effect
Randomize atomic coardinates

Warning: the randomize procedure will be applied just once during the next run.

Structure: E:\Crete{Teaching\JoC\ETY—453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice\(Pb 26iS3) (AuTe2) (P 2BI53) (ATe2)

finement process (right clic

W J2na2006 - Refine-commands

Refine commands

Various

Indicate/Select reflections:

Modulation

Ungbserved reflection *sigll) ] Use uncbserved reflections

Not matching reflections: | [F(obs)-F{calc)]= | 2] *sig(F{obs)) Skip not matching reflections

Apply sin(th)lambda limits

Skip refiection having user's flag(s)

How to handle weak reflection:
As in old versions - a uniform sig{Fobs) weak reflections
Use method Seiler, Schweizer & Dunitz
Use for weak F(obs) Bayes statistics

Listing commands:
Print of reflections suppresed
Print of reflections allowed:
before the first cyde and after the last cyde @ Not matching reflections
after the last cyde All reflections
Print correlation larger than | 0.3

Structure: Ex\Crete{Teaching'JoC \ETY-453_Crystal Chemistry|2020 lectures\Single-crystal lecture \practice\(Pb28i53) (AUTe 2)\(Pb2BiS 3) (AuTe2)

" Print statistics




All set (Save and Start)

Do you want to save new commands?

chingUoC\ETY-453_Crystal Chemistry'\,2020 lectures\Single-crystal lecture‘\practice(Pb 2B




This is the result. GOF should be close to 1.
R(obs) (structure quality) should be as low as possible < 10%
Refinement stops once Maximum change < 0.05 or when cycles run out

Bl 12n22006 - Refine - O X

R factors @ [750=485+265/16], Damping factor: 0.1000

GOF(obs)= 6.39 GOF(El)= 5.29

R(obs)= 17.91 wR2(ohs)= 3130 R{E= 24.10 wR2(El)= 32.42
Last wR2(all): 32.43 32,43 32.43 32,43 32.42 32,42 32.42 32.42

Maximum change/s.u. :  0.0483 for Uiso[Te1]

Regular end of REFINE program

Open the listing?

Structure: E:\Crete\TeachingJoC\ETY-453_Crystal Chemistry},2020 lectures\Single-crystal lecture\practice \{Pb 2BiS 3) (AuTe 2) \(Pb 2BiS 3) (AuTe2)



Inspect your atoms again
Thermal parameters and some coordinates do refine. Coordinates at special lattice positions
do not refine. They are fixed due to symmetry

i Janaz006 - O X

Step #1: Select atoms to be used - 0 selected

Bi Atom edit

Define

| 1 A st | Name Bt Type B

a| 0.25 x| 0.5 z| 0.310641 v
Uisa | 0.026325 v

Refine all Fix all Reset

Show reset site oocupancy Apply site symmetry Show symmetry restrictions

Edit special parameters:

Structure: E:'\Crete\Teaching\WoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice\(Pb2Bi5 3){(AuTe 2) \(Pb 2BiS3){AuTe2)




This is your structure so far. Some atoms look ok, but some atoms are mislabeled

-+ (Pb2BiS3)(AuTed)_tmp.cif - VESTA — O X

Eile Edit View Objects Utilities Help

a b c af I:}’k C* @ t " 'h ” t. -’ Step (*): ‘g i 4 o Step (px): + — :ﬂ: Step(%jl:

k Tools  Style  Objects (Pb2Bi53)(AuTed)_trnp.cif

Structural models
[+] Show models
[ show dot surface

Style

(®) Ball-and-stick
() Space-filling
(O Polyhedral
() Wireframe
(O stick

Wolumetric data
Show sections

g Ry

Show isosurfaces

Surface celoring
Style
Smooth shading

Wireframe
Dot surface b
Crystal shapes W
Show shapes G—» a
Style
Unicolor
Custom color
Wireframe X ¥ z Ccec. U Site Sym. -
1 Bi Bil 1.00000 0.50000 0.00213 1.000 0.028 2b mm2
o ; 2 Bi Biz 0.33055 1.00000 0.31755 1.000 0.034 4f ..
[EpE = 3 Fb Ebl 0.50000 0.50000 0.64818 1.000 0.029 2a mm2
— Eem— 4 Te Tel 0.85709 1.00000 0.00432 1.000 0.031 4f ..
oundary... rentation... 55 s1 0.50000  0.50000  0.36647  1.000  0.064  2a Tm2
§5 52 0.33228 1.00000 0.62124 1.000 0.015 4f ..

Nurber of polygons and unique vertices on iscsurface = 0 (0)
52 atoms, 71 konds, 15 polvhedra; CPFU time = 2 ms

Output | Summary | Comment




Change the atoms in a way it seems appropriate.

W Janazo0s — u] X
& Janz2006 - m] ®

Step #1: Select atoms to be used -> 0 selected

A Atom edit
Phy Define

Step #1: Select atoms to be used - 0 selected

Au
Pb
Bi

-
fd

List Mame | Au

ADP parameter(s):
51

@ isotropic
52 —

harmonic (anisotropic)

anharmanic

Selectall Refresh

Select advanced

Step #2: Select action by right mouse dick or by this button:  Action
Left mouse double dick starts the Edit/Define action

Esc

Structure: E:\CreteTeachingUoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice\(Pb2Bis3) (AuTe2) (Pb 2BiS3)(AuTe2) Structure: E:\CreteTeaching\UoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture \practice\(Pb2BiS 3) (AuTe2) \{(Pb2BiS 3) (AuTe2)




Refine again. This is the new structure

-* (Pb2BiS3)(AuTe2)_tmp.cif - VESTA -
File Edit View Objects Utilities Help

abcabcc@t¥OdA P[5t § @ seppa10 |f = 0 sepr:[10 |

k Tools  Style  Objects (Pb2Bis3)(AuTe)_tmp.cif

Structural models
] Show models
[ show dot surface

Style

(® Ball-and-stick
() Space-filling
() Polyhedral
() Wireframe
() Stick

Yolumetric data 7
Show sections Q

[l LR 2

Show isosurfaces
Surface coloring

Style
Smooth shading .
Wireframe "N

Q
o

Dot surface

O o o)

Crystal shapes

Show shapes a
Style
Unicalar
Custom color
Wireframe X ¥ z Occ. U Site Sym.
1 BEu 1.00000 0.50000 0.00210 1.000 0.025 2b rm2
| F—— | 2 Fb Eb 0.33057 1.00000 0.31755 1.000 0.034 if .
ropertes... 3 Bi Bi 0.50000 0.50000 0.64813 1.000 0.029 2a rm2
| E— || FE—— | 4 Te Tel 0.85723 1.00000 0.00430 1.000 0.031 i .
.. 55 51 0.50000 0.50000 0.36699 1.000 0.064 2a mm2
65 52 0.33224 1.00000 0.62129 1.000 0.015 af .

Number of polygons and unigue wertices on iscsurface = 0 (0)
44 atoms, 55 bonds, 11 polvhedra; CPU time = 2 ms

Output | Summary | Comment




Check the formula in M50. Is the unit cell contents complete?

Bl J2na2006 - Editms0 - O *

Define/modify basic structural parameters:

Cell Symmetry Composition Multipole parameters Magnetic parameters

Chemical formula - for CIF
Formula - list of atomic types | AuBiPb2 53 Te2

Farmula units 2 i Caloulate density

Atom type: v Ion (for X-xay): | Au v Atom radius: | 1.44
Drawing color: Define color Define fmodify typical distances

INFORMATION .
everything looks good
Formula fram M40 : Au Bi Pb2 53 Te2

Molecular weight = 1171.71 all atoms gssigned
Calculated density = 8.2109 g.am™*(-3)

Absorption coeffident mi(Mo+Kalfa) = 75.968 mm™**-1
IT Vol.C 6.1.1.1-6.1.1.3 ave functions

* steps asin IT : : A

equidistant step 0.05 MOLLY

Coppens WEE page

Structure; E:\Crete\Teaching\JoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice \(Pb26iS 3) (AuTe 2) (Ph2BiS3) (AuTe2)




Once we have the structure and we are happy with the atoms, we start refining
the thermal motions. This is very important when heavy atoms are present.

W8 Janazo06 - 0o X Wi sanz2006 - b X

Step #1: Select atoms to be used -> 6 selected Step #1: Select atoms to be used -> 6 selected

Atom edit
Define

Type hd
ADP parameter(s):

isotropic

O :Ilarmun\c [anisutmpi:);

anharmonic

Select al

Select advanced

Step #2: Select action by right mouse dick or by this button:  Action
Left mouse double dick starts the Edit/Define action

Esc

Structure: E:\Crete\Teaching\UoC\ETY-453_Crystal Chemistry2020 lectures\Single-crystal lecture \practice(Pb26iS 3) (AuTe2) Y (Pb2BiS 3)(AuTe2) S e B LEE BN B v R E e oy VY SRITES T SRR | R paes 1 B AT e (e




Refine again. Notice how the statistics improve drastically. With R<10% and
WR<20%, you are about to complete the refinement. Hard part is done!

’li Jzna2006 - Refine

R factors : [750=401+349,3 Jamping factor: 1.0000
GOF{obs)= 2.95 GOF(d

7 d wREl)= 6.93
Last wR(all): 13.30 7.19 6.93
Maximum changefs.u. @ -0.0102 for U33[51]

Regular end of REFIME program

It remains 8 sec - press e for pause

Structure: E:\Crete\Teaching\UoC\ETY-453_Crystal Chemistry\2020 lectures'Single-crystal lecture\practice\(Pb2Bi5 3) (AuTe 2) (P 2BiS3) (AuTe2)



Before you finish. Make sure you check the details and right your files properly. First part is
Fourier, followed by Dist

. Jana2006

File  EditMiew Run  Wizards  Parameters  Tools

B e 7

Edit atoms Edit profile

R

Structure solution Fourier Contour

100
o1a0
111

Matrix calculator

)

Plot structure Profile viewer Grapht

\ﬂ/
o O

SetCommands

Structure: E:\Crete\Teaching\JoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture'practice\{Pb28i5 3) (AuTe 2) \(Pb2BiS 3) (AuTe2)



Run Fourier (right click)
Select difference Fourier to assign unaccounted electron density to new atoms. Ok and start.

Wi J2na2006 - Fourier-commands - O x>

Fourier commands

Basic Scope

F{obs)**2 - Patterson
F{calc)**2 - checking Patterson

F{obs)**2-F{calc)**2 - difference Patterson

Omit not-m

F{obs) - Fourier
Use weighti

F{calc) - checking Fourier
LR F(obs)-F(calc) - difference Fourier

0/1 - shape function

Difference between two Fourier maps

Structure: E:\Crete\TeachingWJoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice\(Pb 2BiS3)(AuTe 2)WPb2BiS3) (AuTe2)



Select No. All the atoms are present.

Do you want to start the procedure for induding of new atoms?

Structure: E:\Crete\TeachingWoC\ETY-453_Crystal Chemistry', 2020 lectures'\Single-crystal lecture\practice\(Pb26i5 3)(AuTe 2) \Pb2BiS 3) (AuTe2)




If there are atoms missing, you click yes on this menu. Choose to look for new atoms and
select reasonable distances for new atoms. Not too close and slightly above what you expect
for bonding distance

W J2na2006 - Fourier - O X

Inserting/replacing of atoms
(! Peaks from the last Fourier calculation
O
O

Skig peaks being too dose to existing atoms

Structure: E:\Crete\TeachingUoC\ETY-453_Crystal Chemistry2020 lectures\Single-crystal lecture\practice {(Pb2BiS 3)(AuTe2) WPb2BiS 3) (AuTe2)




Include and name the new atoms. In this case, there is not appreciable density close to the
atoms. Seems that all atoms have been found. No additions needed

Ml Jana2006 - Fourier — O >

List of peaks Equivalent coordinates Distance

0.152549 0.000000 0.277476 - as typed in

Max4 0.152549 0.000000

Max5 0.652549 -0.500000 0.722524
Maxa 0.347451 -0.500000 0.722524
Maxd 0.652549 0.500000 0.722524
Maxg 0.347451 0.500000 0.722524
-0.152549 0.000000 0.277476
0.152549 0.000000 0.277478
0.347451 0.500000 0.722524
0.347451 -0.500000 0.722524
0.152549 0.000000 0.277476
0.152549 0.000000 0.277476

L]

Peak : Max1 Charge : 7.860 Incude selected peak

Mo peaks induded
Mo atom modified

Finish

Structure: E:\Crete\Teaching\UoC\ETY-453_Crystal Chemistry2020 lectures\Single-crystal lecture'\practice \(Pb2Bi5 3)(AuTe 2) \(Ph2BiS 3) (AuTe 2)



Now this is your new atom list. Modify, then, run refine again. And so on and so forth, until all
atoms are present.

B 1anaz006 - | *

Step #1: Select atoms to be used -> 0 selected

Bil
Bi2
Aul

51
52
Bi3
53

Select all

Select advanced

Step #2: Select action by right mouse dick or by this button:  Action

Left mouse double dick starts the Edit/Define action

Esc

Structure: E:\CreteTeachingWWoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice\(Pb2Bis 3) (AuTe2) Y (Pb 2BiS 3)(AuTe2)




HOWEVER, in our case we have selected No. This is what comes out of Fourier.

. Jana2006 - Fourier

Regular end of FOURIER program

Open the listing?

Itremains 2 sec - press space for pause

Structure: E:\Crete\Teaching\UoC'\ETY-453_Crystal Chemistry\2020 lectures\Single-arystal lecture\practice \(Pb2Bis 3)(AuTe2) \(Pb 2BiS 3) (AuTeZ)

. Jana2006 - Fourier

Find Findnext | Goto Print |  PgTop Open in editar Close

Program for n-dimensional Fourier synthesis
structure

The
=>maptype €

llowing lines were read as a control data -

TRk Rk ke

* Structure data *

$0.000 0.
0.

Cell parameters
Reciprocal parameters

Centrosymmetric space group: Pmmn Number : $%
List of centring vectors:
0.000000 0.000000 0.000000

Symmetry operators:

Source and type of used form-factors

Atomic scattering tables - in steps as

0000 78.9570 7T8.8260 78 .€0350
4 4370
324.5810
l7.8210
€.4850
Bi -4.108 Atomic scattering tables - in steps as
3.0000 £2.5470 82.7840 82.5180
1350 78.4380 77.€570
55 .02€0
770
.43850
4 _T7000 87350
23.8040 21.992 370
12.8960 10.€500 -14s0
P -2.394 1l0.111 Atomic scattering tables — in steps as
82.0000 81.945%0 81.7520 81.53€0
79.0180 73.3 T€.8510

15:04:12

ooo 50.000 Volume : 473.9
oo 50.000 Volume :  0.002110

in IT, wol

78.3110 7
73
49
31.3870
1e.8800

5.0100

in IT,
32.1540 L1€70
7€.85 2020
70. .3370
EER -1330
51.3 €e30
33. 080
17

in IT,
31.13€0 80.2370
7€.0710 74.4€40

page= 1
0

la-1




HOWEVER, in our case we have selected No. This is what comes out of Fourier.

Hll Jana2006 - Fourier - O X
Find I Find rlextl Go to | Print | PgTop | Open in editor | Close I
= ¥ = charge rho rel x ¥ -1 charge rho rel :I

1. 0_2500 0_2500 0_022% 2_54 7.05 495 €. 0_.5753 0_2500 0_788% 1.&5 5.592 €49
2. 0.5714 0.2500 0.5713 l.2¢ 4.05 732 7. 0.4045 0.2500 0.0557 1.52 £.13 g2l
3. 0.5601 0.2500 0.57&0 1.85 &.51 728 3. 0.7500 0_2500 0.8551 1.52 8.593 553
4. 0.5550 0.2500 0.0435 1.78 €_04 Faa0 5. 0.2708 0_.2500 0_7508 1.43 4.51 562
5. 0.2500 0.2500 0.5124 1.73 3.38 €20 10, 0.5%23 0.2500 0.5138 1l.42 3.58 553

This is what you are looking for. Unaccounted
electron density (in e/A3 units).
It is positive for electron deficit

...and negative for electron excess (list below)

Program for n—dimensional Fourier synthesis page= 4
sStructure : 159:04:12 14-12-20
Searching for negative peaks - maximum number of peaks to be found : 10

The list of negative peaks written to the m40 £ile




Run Dist (right click)
Select all the parameters that you want to be written in your final .cif file.
Click ok and start the program.

&l 12022006 - Dist-commands - O x

Distance commands

Basic Select atoms Modulation

Round input coordinates Calculate: Angles |+ Torsion angles
Best planes
Individual distances
Individual angles
Lone pairs

Reference direction

Define coeffidents for bond valences

d(max) derived from atomic radi
and typical distances

Report violations of the Hirshfeld's condition if U{proj)= | 3
Listing form

Without symmetry code With symmetry code
L)

Include peaks from Fourier calculation
maxima minima

Structure: E:'\Crete\TeachingWoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture\practice W(Pb2BiS 3) (AuTe 2) Y(Pb2Bis 3) (AuTe2)



This is the Dist output file. Bond angles and bond distances are included.

W Jana2006 - Dist

Find I Find rlextl Go to I Print I PgTop I Open in editor I

Close I

Distances and angles will ke calculated from d{min)=

Bu-Ru 2Z.520 R Bu-Bi 3.2e0 R Au-Fk 3.150 R
Bi-Bi 3.640 R Bi-Pb 3.570 R Bi-5 2.631 T
Pb-Pb 2.500 R Pb-5 2.744 T Pb-Te 2.120 R
5-5 2.080 R 5-Te 2.410 R

Te-Te 2.740 R

0.000 to specific maximal distances as listed below expanded by 15%:

Bu-5 2.341 T Zu-Te 2Z.2810 R
Bi-Te 3.15%0 R

T ... typical distances taken either from the £file distributed with Jana program or defined by user

R ... distance as derived from atomic radii:

Atom type
Ru
Bi
b
s
Te
L 2__ . _8.3_5.:4)
* atom Bu * 2.. -...B85.11(2)
R R R R R R R R a R 2. . __1E0.51
Tel .. ....... 2.7150(139) S1.... - 2.574(4)
Tel........ S55.05(€) > S, 20.3(4)
Tel. .. ..... 21.54 (€) 2 .. 1e0.5(5)
Tel. .. ..... 179.17{18) 52, ... 85.1
Tel. ... 2.71500(1%) == S 2.734(12)
Tel........ 17%.174(18) L= T5.€4(3)
Tel. .. ..... 21.94 (g) 2. 79.8(3)
Tel .. ....... 2.71501(1%) == 2.547(11)
Tel........ S55.05(€) = - 22.14(32)
Tel. .. .. ..... 2.7150(1%5) L= 2.547(11)
* x
L L
¥ atom Pk ¥ * atom Bi
R A S R R L L] N SRR L LS
= A 4.081(3) 1=y =
= R 134.42(10) Ik
Sl...iennn. 134.42(10) Bi
2 a7.e(3) Bi
b= S, 45.4({2) 51
b S 45.4(2) sz
= 2.974(4) 52
Sl. ... ... a7.13{(11) 52

Calculating of distances, angles, torsion angles and b
structure :

-80.82(12)

Ltom radius
1.440
1.820
1.750
1.040
1.370

-..124.5(2)
-..2.08103)
-..890._000(5)

-.-80_000(5)
......... 53.95(€)
2L 134 .5(2)
52 ... ... 134 .5(2)
b S, 4€.2({2)
- S, 4€.2(2)
= A 40557 (14)
Bl _________ ek
= R S0.004(7)
2L 45_1(2

hkak -.-45.11(2
* -..124.5(2)
Kk

.. -4.0557(14)
_________ S0._004(7)
b S, 134.54(2)

est planes

-.84.0(2)
-.84.0(2)
S0 (10)
T3

52 .. 2.90c(10)
82 .. ...... 85.7(3)
== S 2.908(1)
v
S R R R R R R R ET
* atom Tel ¥
LR O
Bu. ... 2.7150(1%5)
Bu......o.. 58.05(5)
- 2
v
e R S R R R R R R ET
¥ atom 51 *
R L R R R R
P ... ...... 2.974(4)
Ph.o ... ..... a7.13{12)

page= 4
15:57:01 1l4-12-20




Finalize the structure by making a .cif file. All your work is written in this single file.

W Janaz006 — O
File  Edit/View

Start shell

Export structure to
F utiities »| Make CIF file L:p‘q
Structure » Update CIF file )

Import model from EditM50 Edit atoms
Reflection file

Cydic refinement

Exit

Run  Wizards Parameters  Tools

ture solution Fourier

Flot structure f Grapht

tCommands

Structure: E:\Crete\Teaching\JoC\ETY-453_Crystal Chemistry2020 lectures\Single-crystal lecture \practice \(Pb28i5 3) (AuTe 2)\(Pb2BiS3)(ALTe2)

Structure: E:\CreteTeaching\UoC\ETY-453_Crystal Chemistry\2020 lectures\Single-crystal lecture \practice {(Pb25i53) (AuTe2)\(Pb2BiS 3) (AuTe2)

Wi Jana2005

Choose cif file name

Directory

B

b Al

| res\Single-crystal lecture\practice\(Pb 2BiS3) (ALTe 2} | (Pb2BiS3)(AuTe2).cf

Drive E Make new (sub)directory I Use filter => I =df
Esc I Ok




This is how your folder should look like once you are done.

= | (Pb2BiS3)(AuTe2)

4
Haome Share WView

« v <« Teaching # UoC » ETY-433_Crystal Chemistry » 2020 lectures » Single-crystal lecture » practice » (Pb2Bi53)(AuTe2) v 0 O Search (Pb2Bit

Mame Date modified Type Size
7 Quick access

) (Pb2BiSI)(AuTed).cif 2/9/2014 1:57 AM Mercury File 10KB
I Desktop »* . : - T — - —
7] (Pb2BiS3)(AuTe2).dis 12/14/2020 7:57 PM DIS File 20 KB
l_’ Downloads % 1 (ppagis3)(auTe2).fou 12/14/2020 7:04 PM FOU File 9 KB
5] Documents  #  [7 (ppoBis3)(AuTe2).hkl 2/9/2014 12:45 AM HKL File 147 KB
&= Pictures # [ (PbaBis3)(AuTe2)inflip 12/14/2020 6:34 PM INFLIP File 43KB
2020 Lectures 7 (Pb2BiS3)(AuTe2) 51 12/14/2020 8:02 PM L51 File 1KB
dat files ] (Pb2BiS3)(AuTe2).md0 12/14/2020 7:04 PM M40 File 5 KB
— 7] (Pb28iS3)(AuTe2).ms0 12/14/2020 7:57 PM M50 File 1KB
[ (Pb2BiS3)(AuTe2).m70 12/14/2020 7:59 PM MT0 File 6 KB

Exams -
] (Pb2BiS3)(AuTe2).ma0 12/14/2020 6:53 PM M80 File 128 KB
@ OneDrive [ (Pb2BiS3)(AuTe2).m31 12/14/2020 7:04 PM M81 File 266 KB
| (Pb2BiS3)(AuTe2).mé3 12/14/2020 6:53 PM M83 File 111 KB
= This PC I——-l . e o . .
[ (Pb2BiS3)(AuTe2).ma5 12/14/2020 6:53 PM M85 File KB
- 3D Objects [ (Pb2BiS3)(AuTe2).mag 12/9/2020 10:17 PM M3 File 24 KB
B Desktop [ (Pb2BiS3)(AuTe2).m90 12/9/2020 10:18 PM M0 File 39 KB
2 Documents [ (Pb2BiS3)(AuTe2).m95 12/9/2020 10:18 PM M5 File 978 KB
3 Downloads 7] (Pb2BiS3)(AuTe2).ref 12/14/2020 £:53 PM REF File 39 KB
B Music 7] (Pb2BiS3)(AuTe2).rre 12/9/2020 10:18 PM RRE File 25 KB
g i 2/14/2020 6:53 PN 40 Fi 2K
— [ Po2sis3)(auTe2)s40 12/14/2020 6:53 PM S40 File 12 KB
B v [ (Pb2BiS3)(AuTe2).sum 2/9/2014 12:42 AM SUM File 230 KB
1aeos [ (Pb2BiS3)(AuTed).usd 12/14/2020 8:02 PM USD File 1KB

= Windows (C:)

= Mew Volume (E:)
- Mew Volume (E:)
¥ Metwork

All files can be opened with notepad and contain information on what you did so far.
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Tweaks and Tricks

. Jana2006 - Refine-commands

Refine commands

Select/Listing Various Modulation

Indicate/5elect reflections:
Unobserved reflections: I<| 2 *=ig(I) w'| Use unobserved reflections
Mot matching reflections:  |F{obs)F{cald)]> | 2 *zig{F(obs)) Skip not matching reflections
| Apply sin(th)Aambda limits
sin(th)/lambda  min. 0

Skip reflection having user's flag(s)

How to handle weak reflection:
Az in old versions - a uniform sig{Fobs) weak reflections
Use method Seiler, Schweizer & Dunitz
Use for weak Fobs) Bayes statistics

Listing commands:
Print of reflections suppresed
Print of reflections allowed:

before the first cyde and after the last cyde & Notmatching reflections

*  after the last cyde All reflections v'| Print statistics
Print correlation larger than | 0.9

Structure: E:'\Crete\TeachingWoC\ETY-453_Crystal Chemistry'\2020 lectures\Single-crystal lecture\practice \(Pb 2BiS 3)(AuTe 2)Y(Pb2BiS3) (AuTe2)

If your data are bad, or there is

no intensity at high 20 angles, then you
can eliminate these data. You do this by
making the sin(8)/A term to correspond to
208 ~50° (8 = 25°) for the wavelength you
are using. This will immediately omit all
data above this angle.



The Fourier map. Contour plot command

W J2na2006 - Contour - O *
Quit

Click the contour icon and select calculate
new ones in the next menu.

Accept the changes in the menu after that.

Options




You can open the menu again using the new plot command. Choose the scope to orient the unit cell in
the direction of your choice. You want to see the unit cell along the a-axis in this example

M 12022006 - Fourier-commands - O >
y=-0.025 Quit
Print
Save
Run 3d maps
Fourier commands
Run MCE
Basic Scope Peaks
{..Newplot
automatically explictly by a central peint
M+
- +
Go to
Use default map erientation
5 . . Movie
Map axes: 1st=horizontal, 2nd=vertical, 3rd=section, ... :
st 2nd 3rd minimum  maximum step 0 W L Contours
Sum OM
Atoms edit
Fill atoms
» Independent parallelepiped Step [A] | 0.1
- - Curves
Whole cell
Search
Reset to default
Search all
Options
Gl | [




Run a difference Fourier map and select a 2x2x2 supercell viewed along the a-axis

W 2022006 - Fourier-commands ] X W Jana2006 - Fourier-commands m] X

Quit Quit

Print Print

Save Save
Run 3d maps Run 3d maps

Fourier commands Fourier commands
Run MCE Run MCE
Basic Scope

:pe‘ F(obs) - Fourier

Omit not-matching reflections

Use weighting of reflections |y

Apply sin(th) lambda limits

Go to
Movie
Contours
Sum ON
Atoms edit
Atoms ON
Fill atoms
Curves
Search

Search all

Options

Basic Scope Peaks

automatically explictly
0

Use default map orientation

Map axes: 1st=horizontal, 2nd=vertical, 3rd=section, ...

st 2nd 3rd minimum - maximum
-1 0.93
-1 0.95

-1 0.95

Reset to default

by a central point

step
0.02
0.05

0.05

Go to

Movie
Contours
Sum OM
Atoms edit
Atoms ON
Fill atoms
Curves
Search

Search all

Options




This is the electron density map of the [AuTe,] layer

Fourier map (electron density on the atoms)

Difference Fourier map (electron density on not on the atoms)

i J2na2006

1 Ll 2

-0.0536 0.1279 Local <- COORDINATES -> Fractional -0.0536 0.1279-1.0000

Run 3d maps
Run MCE

Contours
Sum ON
Atoms edit
Atoms ON
Fill atoms
Curves
Search
Search al

Options

Density [ n.012

Jana2006 — O
]

0.0295-0.1412 Local <- COORDINATES -> Fractional 0.0295-0.1412-1.0000

-1,000

Doty

Run 3d maps
Run MCE

Contours
Sum ON
Atoms edit
Atoms OFF

Curyves
Search
Search all




