Crystallographic riddle

Known information:

The sample was ground and placed into the 0.3mm borosilicate glass capillary which was measured at room
temperature in transmission mode on the PANanalytical Empyrean powder diffractometer from 4° to 80°

2Theta with CuKau,> radiation (A = 1.54184 A, focusing mirror, step size was 0.013° 2Theta).
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Open Fox.exe in the working folder of this example

1. Find the unit cell (indexing)
Menu->0Objects->New powder pattern

[In the Powder diffraction tab]

Click Data->Import 2Theta-Obs pattern
Select shgh-3.xy; Open

Click Radiation->X-ray tube CuKa12
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[SlList of all PowderPattern objects
PowderPattern Powder Pattern #1

[ Data ][ Export ][ Parameters ][ Phases || Radiation i Pattern ]

Use Integrated Proﬁles[\"es (recommended) ']

Radiaﬁnn[x-Ray V]Spetn'um[x-RayTube V}Naue\enngDL 1.541837 Linear Polar Rate: 0.000000 Tube-DeltaLambda: 0.003330 Tube-Alpha2/alphai: 0.5000
zeroR[T]L (V] 0.000000 ZThetaDispR[]L [¥] 0.000000 ZThetaTranspR(T|L [¥] 0.000000

prrcr[C]L [¥] 48277.140ep1Rar [C]L [¥] -6.700000

Max Sin{theta)lambda: 0.4000

chi~2 0.00 GoF  0.000 Rwp 0.0000 Rp 0.0000

[=lPowder Pattern Components

m

Imported powder pattern: 5788 points, 2theta= 4.007 -> 79.991, step= 0,013




Click Pattern->Show graph
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Crystals | Powder Diffraction | Single Crystal Diffraction l Global Cptimization | FOXGrid
[=lList of all PowderPattern ohjects A &7 Powder Pattem #1 —l Ehg
PowderPattern Powder Pattern #1
[ Data ][ Export ][ Parameters ]F
Use Integrated Proﬁles[‘(es (recommended) V] 120000
Radlahnn[l-ﬁay V}Spectrum[x-ﬁayTube
zeror[TL[¥] 0.000000 FThetabispR[TL [¥] 110000
piFcr[ L [¥] 48277, 140¢ DiFar )L V] -6.70 100000
Max Sin{theta) lambda: 0.4000
Chi~2, 0.00 GoF  0.000 50000
[=JPowder Pattern Components
80000
70000
60000
50000
40000
Imported powder pattern: 5788 points, 2theta= 4.007 30000
20000
M
wop] =)
7 14 21 28 35 42 4 56 63 70 77
2theta= 77.96 1= 13017062, pixel=#5632 d=1.226A

[In the Powder pattern window]

right-click->Find peaks

Enlarge by mouse regions in the powder pattern and check positions of reflections found by Fox.

In the case of a wrongly placed reflection, right-click on the reflection and select remove peak. The peak will
disappear. In the case of missing reflection, add it by right-clicking to its position in the pattern and select add
peak.

T Powder Pattern #1 R S * | o[
— — — g —
#1x= 9.5? d=9.1317A
13500
13000
12500
12000
11500
Powder Pattern
11000
Update
10500 Hide labels
10000 Find peaks
Load peaks
9500
Save peaks
9000 Index !
Hide peaks
8500 Add peak
* * * ' " * Remove peak * *
6.4 6.8 7.2 7.6 8 8.4 10.4 10.8
2theta= 854 = 11354.03. pixel=#345 Fit Profile + Le Bail extraction
————— X scale: 2theta/TOF
Hscale: Q=1/d
X scale: Q=2pi/d
¥ scale: I
Y scale: sqri(T)
¥ scale: logl0(T)




Find reflection at 8.55° 2Theta and add it.

Start indexing

Right-click on the pattern and select Index!

Go to Advanced and set max. length to 35 and max. volume to 3500.

Select orthorombic and click Find cell!

Select monoclinic and click Find cell!

[Optional - This will take several minutes, e.g. 10 minutes!]: Select triclinic and click Find cell!

Select and refine the unit cell

" Fo cell Explorer (EXPERIMENTAL) [
Quick | Advanced Choose crystal to apply selected cell to: |Choose crystal to apply selected cell to:
[ Automatic Profile Fitting (Le Bail)
Find cell! Score= 18.0 V=2695.8(1.0V) 7.699 11.294 31.359 90.00 98.65 90.00 MONOCLINIC P
Length min, max (A); 3 35 18.0 V=2695.8(1.0V) 7.699 11.294 31.145 90.00 95.49 90.00 MONOCLINIC P

Angle max(90< <179): 130
Volume min, max (A3): 10 3500
Nb spurious lines: 0
Use Nb Peaks: 20
Stop on Score> 50 and depth== &
Report score> 10 or depth>= 4
delta(d)/d~2 error: 0
Crystal System
@ Tridinic
(@ Monodinic
() Orthorombic
*) Hexagaonal
~) Rhomboedral
() Tetragonal
() Cubic

{Assuming cbserved lines represent 120% down to 30% of existing reflections) -
Cubic P wv= 4346 -> 34767 R i
Cubic I wv= 10624 -> 824993 R
Cubic F w= 16513 ->» 132105 A
Tetragonal P wv= 1532 -» 8340 A
Tetragonal I w= 3617 ->» 18803 R
Orthorombic P = 876 -> 4326 &
Orthorombic I,C w= 1965 -> 9360 2 =
Orthorombic F w= 4326 -> 9360 A 1
Hexagonal w= 2098 -> 11540 &
Monoclinic P v= 638 -> 2759 A
Monoclinic C w= 1337 -» 5713 R
Triclinic = 406 -> 1625 &

Finished indexing, bestscore= 1£2.0, elapsed time= 1.72s
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[In the cell explorer]

Select one of the unit cell.

There are probably two monoclinic unit cells with the same volume and differ only in angle and one length. They
are probably convertible to each other, so, it does not matter which you select. But select the one which is closer
to this 7.7 11.29 3.15 90 95.5 90. It will be better to have the same unit cell as it is described in this example.

Check Automatic profile fitting (Le Bail) at the top of the window; YES; OK
This will perform automatic profile fitting. This will take some time.

[In the powder pattern window]

Make the picture more synoptical

Right-click -> Hide labels

Right-click -> Hide peaks

Check if all measured peaks are explained. If yes, close the cell explorer window.
You found the unit cell!:)
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2. Find space group

[In the powder pattern window]

Right-click-> Fit profile + Le Bail extraction

Perform Le Bail extraction by Le Bail + Fit Profile button. Wait, it takes time...
Do it three times

57 Profilc Fitting "W | [ (=) [ ]

Quick Fit |Manua| Fit | Spacegroup E)cplererl
[ Le Bail +FitProfie ! |

| Fit Zero shift

+' | Fit Constant Width

| Fit Variable Width

+| Fit Gaussian-Lorentzian Mixing
+| Fit Asymmetric parameters

| Fit Displacement +Transparency
| Fit Background

+ | Fit Unit Cell




Go to the Space group explorer

Click on Try all possible spacegroups - Le Bail + Least Squares (SLOW).
This will take some time. If you have a slow computer, perform the faster version. In this case, the result will be

the same.

The result is a list of best solutions which looks like this:
Rwp= 4.24% GoF= 26.46: (extinct refls=14 )P 1 a 1
Rwp= 4.24% GoF= 26.46: (extinct refls=14 )P 1 2/a 1
Rwp= 4.30% GoF= 27.17: (extinct refls=16 )P 1 21/a 1
Rwp= 4.40% GoF= 29.03: (extinctrefls=0)P12 1
Rwp= 4.40% GoF= 29.03: (extinctrefls=0)P1m 1
Rwp= 4.40% GoF= 29.03: (extinct refls=0)P 12/m 1
Rwp= 4.46% GoF= 29.80: (extinctrefls=2)P 1211
Rwp= 4.46% GoF= 29.80: (extinct refls=2 )P 121/m 1
Rwp= 4.40% GoF= 32.94: (extinct refls=0 )P 1

Rwp= 4.40% GoF= 32.94: (extinct refls=0 )P -1

The P21/a has the highest number of extinct reflections, and the Rwp is almost the same as the first solution Pa.

This indicates that the correct space group is P21/a rather than Pa
Close Profile fitting window

[In the FOX main window]

Go to Crystal tab. You can see there the new crystal with the found unit cell, which you refined.

Set the space group to P21/a.
Save it by Menu->File->Save as 01.xml.gz
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[ZlList of all Crystals
E]Crystal Indexing Result

[ File ” Parameters ][ Scatterers ][ Display ]

Constrain Lattice to SpaceGroup Symrnetry[\"es (Default) -

Use Dynamical Occupancy Correction|Yes

Dizplay Enanﬁomer

AntiBump  0.00 Scale 1.0000

Bond Valence Cost  0.00 Scale 1.0000

ar[CL 76994  bRICIL 112898 cr[]L 311532 betaR[T]L 95.510
SpaceGroup: P 121fal

[ZlList of Crystal ScatteringPowers
[ZlList of Crystal Scatterers

| »

m




3. Define molecular model

The volume of the unit cell is approximately 2700 A3. The volume of the molecule is approximately 32543 (if we
assume the volume of 15 A3 for non-hydrogen atoms and 5 A3 for hydrogen atoms). 2700/325 = 8.3. It means
there are probably 8 molecules of the organic compound, but P21/a produces only 4 positions! It means there
are probably 2 molecules in the asymmetric part of the unit cell!

[In the FOX main window]

Go to Crystal tab. (You are probably there)

Scatterers->Import molecule from Fenske-Hall z-matrix->Select shgh3.fhz file; Open.

Program will place the molecule randomly to the unit cell. If the picture is strange, change temporarily the
space group to P1. Do not forget to set it back to P21/a after you finish the model!

Open the 3D display, if it is not opened, yet (Display->3D display).

Check the model.

There are probably four bonds, which are not correct. C8-Cl1, C4-Cl1, C4- Cl2, C6-CI2.

Center(0.250,0250,0.500), mapi(Fc)P:Xray: 1.5424Powder Pattem 21)= 0.06e, mapl((Fe)S:Xray: 15422 Bl (d=2. Result)= 0.06e,
-—— ——— —r e

Click Formula and Restraints->Remove bond restraints.
Select bonds, which you want to remove; OK; YES

[Choose the molecule's atumi!
R——

cliCc3 -

Cl2-C5

m

C3C4
Cc3C8
CaCs
C4H37
C5-C6
Ce-C7
C6-H38
C7-C8
C7H39
C8M39
N9-C10
C10-C11
C10-H40
c11C1z
Cl1+H41
C12-C13
Cl2-H42
C13-C14
C13C18
C14-C15
a4z

OK. ] | Cancel




[In the 3D window]
right-click->Update
This will update the model. Strange bonds disappear.

[In the FOX main window]

Scatterers->Duplicate scatters; OK

This creates a copy of the molecule. The new molecule is in the same position, so it looks like it is not there, but
it is there. Just change its position. E.g. set the first coords to 0 0 0 and the second coords to the 0.3 0.5 0.4
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Crystals | powder Diffaction | Single Crystal Diffraction | Global Optimization | FOxGrid |
[SlList of all Crystals
E]Crystal Indexing Result

[ File ][ Parameters ][ Scatterers ][ Display ]

Constrain Lattice to SpaceGroup Symmeh'y[\’es (Default)

Use Dynamical Occupancy Correction| Yes  +

Display Enantiomer

AntiBump ~ 0.00 Scale 1.0000

Bond Valence Cost  0.00 Scale 1.0000

arR[CILV] 76934 bREOILW] 112898 cR[CIL[W] 311532 aphar[C]L[¥] 90.000 betaR[TL[¥] 95.510 gar

SpaceGroup: P 1
[SlList of Crystal ScatteringPowers

E]S-:atteringPo'.'.er.-Kton1 al Symbal: Cl
E]S-:atteringPo'.'.er.-ﬁton1 C Symbol: C
E]S-:attE|'i|1gPo'.'.E|'.-‘a\ton1 N Symbal: N
E]S-: S A tom H Symbal: H

of Crystal Scatte

=y
[-olecule shghs3. frzlopy)
ramehers [ Formula & Restraints ][ Manipulate Geometry ]

Flexibility ModeI[Aummaﬁc from Restraints, relaxed - RECOMMENDED v]
Auto Optimize Starting Conformation|Yes -

E—
T eeniter (recommended) 'J

m

Optimize Orientation

Rotation t

shgh3.fhz_xR[7]L [C] 0.000000 shgh3.fhz_yR[V]L[C] 0.000000 shgh3.fhz_R[]L [C] o.o@ﬁu_omqﬂl

Log{Ime =

MD moves frequency 0.000000  MD moves Energy 40.0000

Center Atom: [ No atom ! ]

Name Type X Y =7 |2
1 cl1 cl 10.000000 0.000000 0.0000C
2 ci2 cl 5,402000 0.000000 0.0000¢
3 C3 C 1.503654 0.871521 0.0000C| =
4 Cc4 C 2.699404 0.185030 -0.05833%
5 C5 C 3.893767 0.870250 0.03312
6 (o] C 3.894215 2.249331 0.1229C
7 Cc7 C 2.698210 2.939404 0.1459¢
8 ca C 1.503850 2.250897 0.1127¢
9 Ng N 0.275706 2.958853 0.1471¢
10 c10 C 0.178697 4.095448 -0.42680
11 c11 C -0.974077 4.943830 -0.25152
12 c12 C -1.066906 6.144066 -0.8378:
13 C13 C -2.197829 7.081078 -0.7751% 4
14 Ci4 C -2.097425 8.3265903 -1.36722
C

-3.190118 9.169426 -1.3912% 7
T | 3

Molecule shgh3. fh:

ameters ][ Formula & Restraints ][ Manipulate Geometry ]

Flexibility Model| Automatic from Restraints, relaxed - RECOMMENDED v]
Auto Optimize Starting Conformation|Yes -

Optimize Orientation|Yes -

Ro

RVIL[C] 0300000 _yR[L[C] 0.500000 _zR[VIL[C] 0.400000 _OccRIT|L [¥] 1.0000

d) scale 1.0000

MD moves frequency 0.00001

Center Atom: [ No atom ! | b/
] I b




Save it by Menu->File->Save as 02.xml.gz

Define the algorithm

Menu->0Objects->New Monte-Carlo Object

[In the Global Optimization]

Click Optimized Objects->Add object to optimize->Select Powder pattern
Click Optimized Objects->Add object to optimize->Select Crystal

Set the nb of trials per run to 1000000
Set -1 in the Number of Runs to perform (it means that this will continue until you stop it).

File Objects FOXGrid Preferences Help

| crystals | Powder Diffraction | Single Crystal Diffraction | Global Optimization | FoxGrid |
([SlList of all Optimization cbjects
Egigbal Optimization: OptimizationObj #0

[Optimized Objects ” Run/Stop ][ Solutions ]

Algorimm[Parallel Tempering V]

Temperature Schedule| Smart -

Temperature Max: 1000000.0C Temperature Min: 0.001000  Gamma: 1.0000

Displacement Amplitude Schedule

Amplitude Max: 8.0000 Amplitude Min: 0.1250 Gamma: 1.0000

Save Tracked Data| Mo (recommended!)

Save Best Config Regularly[E\nal'\-I Run {(Recommended)

Automatic Least Squares Reﬁnement[Never

Number of trizls per run:| 1000000]

MNumber of Runs to perform: -1

Overall Best Cost: -1.0000

Optimized object: PowderPattern:Powder Pattern #1
Optimized object: Crystal:Indexing Result

To speed it up
Go to Crystal tab.
Set Use Dynamical occupancy correction to NO

[In the Powder Diffraction]
ChangeMax Sin(theta)/lamda to 0.25

Save it by Menu->File->Save as 03.xml.gz

[In the Global Optimization]
Click Run/Stop->Multiple runs

4. Saving the result

When the FOX finish the computation, the folder contains several *.xml files. File names contain information
about the Run number and also the final value of the cost function. So, if you close the FOX program, your
results will still be there. But don't close the FOX at this moment. We will use its solution browser...

In the ,,Global optimization tab“
Solutions->Browse solutions



7 Stored Configurati... (o[ P S|

0, cost= 245672, 250000, Best Configuration

1, cost= 250650.312500, Run #1
2, cost= 245672, 171875, Run #2
3, cost= 268403.281250, Run £3
4, cost= 1154683.875000, Run #4

If you click on some row, the FOX will show you immediately the result in the Crystal #1 and powder pattern
windows. You can select the result which you find as correct (usually the best one, which is on the top).

In the “Crystals” tab
File->Save as Cif

B FOX: Free Objects for Xtal structures v87-#1313 [E=REEN =
Eile Objects FOXGrid Preferences Help
Crystals | pguder Diffraction | Single Crystal Diffraction | Global Optimization | FOXGrid |

amical Occupancy Correction|Yes
Display Enantiomer| Mo~ +

AntBump  0.00 Scale 1.0000
Bond Valence Cost  0.00 Scale 1.0000
ar[CIL¥ 211400 bRICILM] 72200 er[T]LV] 6.1400

SpaceGroup: P 212121
[SlList of Crystal ScatteringPowers

m

EscatteringPowertom C Symbol: €
E]ScattaringPo'.\-arAtom N Symbal: N
E]S:attaringPU'.\-ErAIum [s) Symbol; O
E]ScattaringPo'.\-armom H Symbol: H

[=)List of Crystal Scatterers
Emolecule alaptide. frz

[ File ][ Parameters “ Formula & Restraints ][ Manipulate Geometry ]
Flexibiity Mode!| Automatic from Restraints, relaxed - RECOMMENDED |
Auto Optimize Starting Conformation| Yes =

Optimize Orientation|Yes

Rotation CentErIGeomeh@\ center (recommended) v]
alaptide.fhz_xr[F]L ] 0.014405 alaptide.frz_yr[FIL (] 0.054575 alaptide.fiz_zR[ZIL[] 0.0
e -

< - [0 | 3

You can continue, and you can save another solution from the solution Browser as well.



