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Tutorial 1

1 OVERVIEW

TOPAS comes with a large number of selected examples demonstrating much of its
functionality in both GUI and Launch Mode. An overview of the application areas
covered by the example files is given in Table 1-1.

Table 1-1: Application areas covered by the tutorial example files.

Example SLF/ Indexing WPPD (Rietveld) (Rietveld) Structure Misc
WPPF (Pawle Structure Quantitative determination
y & Le refinement analysis
Bail)
Ae Y v v
AIVO4 ? v v
AnisoLS ¥ v v
Batch-UTF v
Ce02 v v 4
CF?¥ v
Cime ® v v v
DOC v v
FIANn v
Kcp ® 4 v v
LSl v v
LP-Search v v
Min v
Misc v
Out v
PbS04 " v v v
Protein ® v
QA v
QPARR ? v v
SizeStrain ' v v
TOF ™ v

" Jin et al. (2003), Karakurt et al. (2003), Li et al. (2003); 2 Gobel (1999);
% Fitch & Jobic (1993), Dinnebier et al. (1999), Hillier (2003), Raudsepp (2004);

) Schaefer et al. (1998), Fukuoka et al. (2000), Lister et. al. (2004), Von Dreele
(2007), Christensen & Thom (1971);

% http://www.ccp14.ac.uk; © Dinnebier et al. (1997); 7 Hill (1992);
® Von Dreele (2000); ® Madsen et al. (2001), Scarlett et al. (2002);
19 Balzar (2001); 'V Evans et al. (1999)

® Not available in TOPAS P.
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2 Tutorial

It is assumed that TOPAS has been installed in the default location C:\TOPAS4.
Example files are found in the C:\TOPAS4\TUTORIAL)\ directory, and are organized
as follows:

1-C:\
1 - TOPAS4
(] - Tutorial
- Ae
1 -AIVO4
J - AnisoLS
(1 - Batch-UTF
1 -Ce02
1-CF
] -Cime
1-DOC
1 - FIAn
1 - KCP
1 -LSlI
(1 - LP-Search
1 - Min
1 - Misc
] - Out
1 - PbSO4
[ - Protein
C1-QA
1 - QPARR
(] - SizeStrain
1 -TOF

Table 1-2. details step by step procedures provided for most common tasks from
single line fitting up to structure determination using selected examples.
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Tutorial

Table 1-2: Tutorial examples with step by step procedures provided.

General Profile Analysis Techniques (section 2)

Single line up to whole powder pattern fitting

e Single Line Fitting : Ce0y, LaBg

e Simultaneous fitting of two datasets - a-Al,O3 (SRM1976)

e Profile analysis using constraints : Quartz

e Whole powder pattern fitting 1 Y503

Indexing

e LP-Search : PbSO,

o LSI : T3R3 human insulin-zinc complex
Whole powder pattern decomposition

e Pawley and LeBail Fitting 1 AlVO,, PbSO,

Structure determination - Simulated Annealing

e  Structure determination and refinement of the organic compound Cimetidine
(synchrotron X-ray data)

e  Structure determination of the inorganic compound PbSO,
(laboratory X-ray data)

e Structure determination and refinement of the metal-organic compound KCP
(synchrotron X-ray data)
Structure determination - Charge Flipping

e  Structure determination of the organic compound Cimetidine
(synchrotron X-ray data)

Rietveld structure refinement
e Laboratory X-ray data, CW neutron data : PbSO,

Quantitative Rietveld analysis

e Quantification of a simple mixture :CPD-2
e Quantification of amorphous phase amounts  : CPD-3
e Quantification of an ordinary Portland clinker : OPC

Miscellanous (section 3)

Degree of crystallinity determination

¢ Single line fitting of a polymer

o Combined Rietveld refinement and single line fitting of KCP
Isotropic size-strain analysis

¢ Single line and Pawley fitting : CeO,
Using the rigid body editor

e Creation of rigid bodies

e Torsions

TOF neutron data

¢ Rietveld refinement : CeO,
Fourier analysis

e  Structure completion : PbSO,
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4 Tutorial

2 GENERAL PROFILE ANALYSIS TECHNIQUES

2.1 Single line up to whole powder pattern fitting

2.1.1 Single line fitting

2.1.1.1 Single line fitting with a Split-PVII function

1. Start TOPAS.

2. Load the raw data by importing the file CEO2.RAW. By default this file is located
in C:A\TOPAS4\TUTORIAL\CEO2.

Menu: Icon: Shortcut:  Result:
File - ;r@ n.a. Imports measurement
Import Data File(s)... data

3. Zoom the first reflection in the region between 27.5° - 29.5° 26.

Hint! The Chart Options Dialog (found in the short cut menu of the Scan
Window) is a powerful alternative for exact zooming. Its use for
zooming is described in section 2.1.4.

4. Manually insert one peak at the desired 20 position: Open the Peak Details
Dialog, select the split-PVII function (SPVII), and insert one peak at the desired 26
position by clicking the left mouse button. Note the blue "Bouncing Ball" moving
along the scan; the peak will be inserted at the position of the ball. A stick
indicates the peak position.
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Tutorial 5

€ TOPAS - [CEO2. raw] BEE
X

Fle \View Fit Lanch Took Window Help HEmEDN% -8
RO ETS # &AW E T o T a W
64.000
62.000 SPJW
60.000
58.000
56.000
54.000
52.000
50.000
48.000
46.000
44.000
42.000
40.000
38000
36.000
34.000
32.000
30000
28000
26.000
24.000
22.000
20,000
18.000
16.000
14.000
12.000
10.000
8.000
6.000
4.000
2.000

275 2186 217 278 279 28 281 282 283 284 285 28,6 287 288 289 29 291 292 293 294 29,
x=28.51972 =6idz1.62 d=3.124113

If you incorrectly add a peak, press the "Ctrl" key and drag the mouse over the
stick. Then press the "Del" key on your keyboard to delete the peak. You can also

press F9 to delete the nearest peak to the mouse pointer or delete the peak in the
Parameters Window.

Menu: Icon: Shortcut: Result:

View - ﬂ F3 Displays or hides the
Peak Details Window Peak Details Window
View - v F2 Displays or hides the
Parameters Window Parameters Window

Hint! The Peak Search Dialog provides convenient methods for automatic

peak finding. Its use is described in section 2.1.4

5. In the Parameters Window focus the Emission Profile item and load the

predefined emission profile CUKA2_ANALYT.LAM. By default this file is located in
C:\TOPAS4\LAM.
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6 Tutorial

% Parameters F2 D@@
502 Gkt
= raw

| W Area Wil (A Lartz, HW (nGauss HW (1

e WP ey Load Emission Profile 1.540596 0501844 O

3 Instrument | Save Emission Profile 1.544493  0.626579 0
{4 Corrections|  Add Emission Line
1 Miscellaneg  Paste INP to Mode/Selections

Peaks Ph

|Area Wi (8)  |Lortz, HWW (nGauss Hy (1
1 0.653817 1.5405%6 0.501844 O
2 0346183 1544493 0626579 0

Load Emission Profile

Save Emission Profile

Add Emizsion Line

Paste INP to Mode/Selections

6. To inspect (and optionally change) the starting values and refinement flags for
each parameter you can either use the Parameters Window or the Peak Details
Dialog.

e In the Parameters Window select the Peaks SPVII item. The Values page lists
all parameter values, the Codes page allows to define the associated
parameter codes.

¢ Alternatively open the Peak Details Dialog and select the peak property to be
displayed or changed. A mouse click on the text displayed nearby the peak
using the left mouse button will open an edit field, which allows to change
parameter values or codes. Any changes have to be confirmed using the
"Enter" key.

Hint! For the Split-PVII and the Split-PV functions all profile parameters are
always set to individual refinement by default. For more information
about refinement flags and the optional use of constraints refer to
section 2.1.3.

7. To have errors calculated, check the menu item Calculate Errors in the Fit menu.
8. To start the refinement switch to the Fit Window and click on the Run button.

Menu: Icon: ShortCut: Result:

Fit — J'li F5 Displays or hides the Fit
Fit Window Window

n.a. » F6 Runs the refinement

In the Scan Window a calculated pattern based on the start values is shown in red
color. The difference to the observed data is represented by the gray curve. After
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fitting a dialog informs you, if the refinement has converged or not. Note that this
dialog is modeless and allows inspection of the refinement results before

accepting any changes.

Fle View Ft Lanch Took Wirdow Help

U AR ETae A A VREL o HT
64 000
62.000
60,000
58000
56.000
54000
52.000

FEBSEDN* - & x
T ]
[28 56406 %) !E‘@

-

A

275 276 1Y 218 278 26 281 282 283 284

¥ = 2784187 — 4003476

285 286 287 288

d=3.201802

29 200 202 293 294 29,

9. The refinement results can be inspected in the Parameters Window or using the

Peak Details Dialog.

10. Save your work.

Menu: Icon: Shortcut:  Result:

File — Save n.a. Saves the current work in
a document (*.PRO)

File — Export INP file... n.a. n.a. Exports the current work
as an input file (*.INP)

Hint! TOPAS documents (PRO files) contain the measurement data, model

and refinement parameters, evaluation results, as well as any user-
defined GUI settings. Therefore you can load and resume your fit
session anytime at any stage or use the document as a template for

different data.

Exporting an input file using the Menu File - Export INP File... instead
allows the use of your refinement model e.g. in an automated
environment (using TC) or in Launch Mode. Measurement data and
user-defined GUI settings are not saved within an INP file.

DOC-M88-EXX062 V4.2 — 01.2009



8 Tutorial

2.1.1.2 Single line fitting with fundamental parameters

Hint! The Fundamental Parameter Approach is a convolution based method,
where the final profile shape is a composit of several independent model
functions. Therefore you have to state explicitely, if i) a model function is
to be used, and ii) if the parameters of this function are to be refined or
not.

1. Start TOPAS.

2. Import the file LAB6_A1.RAW. By default this file is located in
C\TOPAS4\TUTORIAL\MISC.

3. Select FP (= fundamental parameters) as profile function and insert one peak at
the desired 26 position.

4. Load the predefined emission profile CUKAS.LAM.

5. To use the FPA the instrument configuration has be to known. Focus the
Instrument item and define the instrument settings according to the following two
tables:

Equatorial Convolutions: Axial Convolutions:
Receiving Slit Width %} Full Axial Model M
FDS " Shape, Angle ] Primary Soller M

Secondary Soller M

Instrument Parameter: Value:
Goniometer Radius Primary: 217.5 mm
Secondary: 217.5 mm
Receiving Slit Width Width: 0.1 mm
FDS " Shape, Angle  Angle: 0.5°
Soller Slits Primary: 2.3°
Secondary: 2.3°

" Fixed Divergence Slit
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{1 Global

MW Labb_al raw
[ Emission Profi
{1 Background
[ Instument
{1 Comections

. PeaksPhase

Load Instrument Details
Save Instrument Details

e

{3 Miscelaneous

Faste NP to Hode/Selections

Divergent beam | [Additional Corvaolutions ] [ Rpt/Text ]
Use [value iCode |Error | Min | Max |
__ Goniometer radii
_ Primary radius (mm) 217.5
R Secondary radius (mm) 217.5
Equatorial Convolutions

:_ Paint: detectar v
| Receiving Slit width (mm) v 01 Fix 1}

FD'S Shape, angle{®) v 05 Fiz 1}

EBearn spill, sample length (mm) | 50 Fixx 0

YOS irradiated length {mm) | iz Fix 0
| ¥DS Scale Intensity | &
~ Capillary &
_|Linear PSD -
| Tube Tails [
___Asial Convolutions
_ Full Axial Model v

Source length {mm) 12 Fix 1}
___ Sample length {mm) 15 Fixx 0
| RSlength (mm) 12 Fizx 1}
| Prim, Saller (=) v 2.3 Fiz 1}
| Sec. Soller () v 2.3 Fix 0
| MNBeta 30
~ (Finger_et_al [ &
B Simple Axial Model {mm) | Wi Fix 1}

6. Start the refinement

Fle View Fi Launch Took

O EEdas AAAVYRTL o

Window  Help

BHE=E
& E x Ty

20000
19.500
19.000
18500
18.000
17 500
17.000
16.500
16.000
15500
15.000
14500
14.000
13500
13.000
12500
12.000
11,500
11.000
10,500
10.000
9500
9.000
8500
8.000:
7500
7.000
6500
6.000:
5500
5.000
4500
4.000
3500
3.000
2500
2000
1500
1.000
500

0

[21.35348

248 HC

B tinenent converged

1%

i Interface Mods.. Fit Zoom:
A

|1

)
Rl 55 7 s 5w

P ) Refinement converged: Kesp refined parameter values ?

Inspect parameters and araphics before answering.

-500

VLR e

2115

212

2125

213 2135 214 2145 215 2155 216 21,65 21,

[x=z121346 [ y=10651.11 [ d=4.164883
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Hint!

Note that the calculated peak maximum position is offset from the
Bragg 26 position; this is expected and reflects one of the benefits of
the FPA: it intrinsically corrects for errors in 26 due to instrument and
sample aberrations. Thus FPA gives a Bragg 26 position matching that
determined as if the data were collected with a "perfect sample" on a
"perfect instrument" with monochromatic radiation. Therefore,
especially at low angles, the calculated 26 positions do not generally
coincide with the peak maximum.
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Tutorial 11

2.1.2 Simultaneous fitting of two datasets

1. Start TOPAS.

2. Import the files 1976-25.RAW and 1976-52.RAW. By default both files are located
in C:\TOPAS4\TUTORIAL\MISC.

3. By default both ranges are displayed in one single Scan Window.

> TOPAS - [1976-52.raw ....]

Fle View Ft Lanch Todk Widow Help

DR e A N VET O HTF Xy W MWW
4800
45600
4400
4200
4000
2800
2600
2400
2200
3000
25800
2600
2400
2200
2000
1500
1600
1400
1200
1000
800

600
400 J L
200

26 27 28 29 30 21 32 33 34 35 36 37 38 39 40 41 42 43 44 45 48 47 48 49 50 51 52 53
= 36.06361 =2586.572 d=z.488455

Display both ranges in separate Scan Windows.

Menu: Icon: Shortcut:  Result:
Window - n.a. n.a. Displays each range in a
One Range per Window different Scan Window
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4,

5.

Tutorial
& Topas [BEE
Fle View Ft Launch Teok Window Help EEDEN % - 7 x
O R de A NV B o & F v u W
[ 1976-25.1aw EHEE(\"V |- [o]x]
4800 3600
4600 3500
3400
4400 2200
4200 e
3100
4000 3,000
3500 -
2800
3600 2700
3400 2500
2500
3200 2400
3000 =l
2200
2800 2100
2600 2000
1900
2400 1800
2200 e
2000 1500
1400
1800 1300
1600 1200
1100
1400 1000
1200 200
800
1000 00
800 500
500
600 400
400 300
200
200
252 253 254 255 256 257 258 259 2 52 521 512 513 524 515 526 527 528 518 53 531
% = 25.99053 =4802.978 d=3425518

Select FP as profile function and insert one peak at the desired 20 position in
each range.

In order to define the refinement conditions switch to the Parameters Window. In
the tree view each range appears as a single Range item.

In this example both ranges have been measured using exactely the same
instrumental conditions. Therefore it is possible to define both the emission profile
as well as the instrument parameters using the Global item of the Parameter
Tree.

e Focus the Global item, select both data files in the Path page, and load the
predefined emission profile CUKAS5.LAM for all selected files.

4> Parameters F2

Create Indexing Range ] [ File Stats ] [ Global Statz/Convergence criterion ] [F!pt.-"Text ]

Load STR(s) for Selected Files

Laad CIF(s) far Selected Files

Load INP, PAR For Selected Files

Laad d_Is - DIF, UXD for Selected Files

Replace Scan Data For Selected Files

Reverse data and make x-axis positive for Selected Files
Paste IMNP to ModejSelections

FE-52.raw
[76-25.rawm

Create Indexing Fange -~
Load Ermission Profile for Selected Fles
Load S5TR[z] for Selected Files =
Load CIF(z] for Selected Files

Load INF, PAR for Selected Files v

£ | >
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Tutorial 13

e Expand the Instrument item. In the various Instrument sub-items and their
associated grid pages define the instrument settings according to the following

table:

Instrument Parameter: Value:

Goniometer Radius Primary: 217.5mm
Secondary: 217.5 mm

RS Width: 0.2 mm

FDS Angle: 1°

Soller Slits Primary: 2.3°

Secondary: 2.3°

%> Parameters F2

—-{_1 Global 2
1 Background
SEEe | |rstiument |File \Rp (mm) | Rs (o)
1 Point detector, Flat sample s | 1976-52.ram 217.5 217.5
1 Linear PSD 2 |1976-25.raw Zabrd 217.5
1 Capillary
1 Full Axial Model
1 Finger et al
3 Simple Axial Model
@ Tube Tails

+-[ 1 Cormrections - Convolution
1 Miscellaneous
1 Display
+-[ 1 All Peaks
4[] 197652 ram
+- W 1976-251awm

& |
Paste NP to Node/Selections
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14 Tutorial

6. Start the refinement.

| TOPAS

Fle View Ft Lanch Took Widow Hel EEmEN* - 7 x
O PR s /A AV’
1576520 | [ 15762530

15 fwp 190.626 —257.634 HE
13 twp  73.663 -116.964 MC
13 fwp  15.811 -54.152 HC
-10.173 MC
181 —4llslmc

4.800 25 57981

H

converged

|l

Intsrtace Mode: Fit Zoomed ON

Refinement converged: Kesp refined parameter vaiues 7

Inspect par smeters and grapics befors answering.

400
300
200 200

100
0 kY] 0 A

-200

262 253 %4 255 256 257 258 258 2 52 521 5§22 523 524 525 526 527 528 5208 53 631

[ x=o5av2l | y=306280 | d=3.457818
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2.1.3 Profile analysis using constraints

This lesson is devided into three parts:

Unconstrained analytical profile fitting
Constrained analytical profile fitting

I1l. Use of Fundamental Parameters

Part I: Unconstrained analytical profile fitting:

1.
2.

Start TOPAS.

Import the file QUARTZ.RAW. By default this file is located in
C:\TOPAS4\TUTORIAL\MISC.

Select SPVII as profile function and insert three peaks at the appropriate 260
positions.

4. Load the predefined emission profile CUKA2_ANALYT.LAM.

6.

Fit the data. After refinement note the excellent match between calculated and
observed data. The difference plot as well as the low Ryp of about 2.1% indicate
a very good refinement.

Fle View Ft Launch Teok Window Help

O A We A MATV B o 0 HEFE v kW
17.500 l67.72987 813155 6830188
17.000
16500
16,000
15500
15.000
14500
14.000
13.500
13.000
12500
12.000
11500
11.000
10.500
10,000
9500
9000
500
8000

671 672 673 674 €75 676 677 678 679 68 681 682 683 684 685 686 687 688 689
= sn.c6 = -

Perform a plausibility control of the refinement results. Check the results for
halfwidths, exponents and integrated intensites using the Parameters Window.

Very inconsistent refinement results for halfwidths and PearsonVII exponents can
be seen at the very first sight. A closer review of the refined integrated intensities
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shows up a severe refinement error: E.g. the area of the third peak is
approximately 50% larger as the area of the second peak, although a visual
inspection of the pattern would indicate a reversed ratio.

%> Parameters F2

+-[_1 Global
=M Quartz raw
1 Emiszion Profile
1 Background
1 Instument
1 Cormections
1 Miscellaneous
=1-__ Peaks Phase
g Peaks 5P

Paste INP to Node/Selections

[ /all8 o) | [Lvol FuHM i) | [ 20 ] [Fipt/Tent |

_Use Position
I W &7.72087
z WV 53.13155
3 | ¥ s5.30188

|Area |FHM Left |FilHM Right_M Left M Right |
519.0464  |0.05385713 0.03963254 2.134535 | 1.337029
5755967 0.04796765 0,037 10853 3.4458383 2943613
811.5765 0.07652917 0.03655694 0.7500454 09162159

7. Display all individual peaks and hide the difference curve for more clarity. Move
the mouse onto the third peak marker to highlight its calculated intensity. In this
representation a severe misfit especially for the third peak shows up directly.

Menu: Icon: Shortcut: Result:

View - 1Y n.a. Displays / hides

Curves - Calculated calculated curves

View - \-IHLH"I‘_ n.a. Displays / hides

Curves - Background background curves

View - Ju n.a. Displays / hides difference
. By

Curves - Difference curves

View - S n.a. Displays / hides single

Curves - Single Peaks peaks
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Fle View Ft Launch Teok Window Help
O A We A MATV B o 0 HEFE XV MW
17.500 l7.72804 5.13085  [65.30046
17.000
16500
16.000
15.500
15.000
14500
14.000
13.500
13.000
12500
12.000
11500
11.000
10.500
10,000
9500
9000
8500
8000
7500
7.000
6500
6000
5500
5000
4500
4.000
3500
3000
2500

05 —

671 672 673 674 875 676 677 678 679 68 681 682 683 684 685 686 687 633 689
= 6851707 = 1207121 d=1.36338

The reason for this misfit are strong corellations particularly between the
parameters describing the right wing of the second and the left wing of the third
peak. Intensity errors of a magnitude of several 100% are common in cases such
as this. For this peak cluster a meaningful decomposition is not possible without
the use of constraints.

Part Il: Constrained analytical profile fitting:

In analytical profile fitting a successful decomposition of the Quartz Five-Finger-Peak
is possible using common peak widths and shapes for all peaks by constraining
appropriate profile parameters.

In TOPAS constraints can be introduced into the refinement process either by using
"names" or "equations". As in this example the profile parameters shall be
constrained to the same value (which is a 1:1 coupling relation), the use of names is
sufficient.

8. In the Parameters Window focus the SPVII item and select the Codes page. To
constrain a group of parameters replace their refinement flags by entering any
arbitrary text (lower case only!), which must be the same for all parameters within
a group. In this example there are 4 parameters groups to be considered: The
halfwidths "FWHM left" and "FWHM right" as well as the exponents "M left" and
"M right".
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%> Parameters F2

ey S

£ Emission Prafile (a8 o) | [Lval FuHM i) | [ 20 ] [Fipt/Test |

1 Background
1 Instument
1 Cormections
1 Miscellaneous

Paste INP to Node/Selections

EUse :Position
I W e7.72812
z WV 68.13194
3 | ¥ s5.30308

Posttion |Area

Refine
Refine
Refine

_FWHM LB!FWHM Ri(;M Left _M Right
Refine  fwhml  fwhm2 w1 me
Refine  fwhml  fwhmz  mi mz
Refine  fwhml  fwhmz  mi mz2

As an unconstrained refinement has been carried out before, the values of all
parameters are different. Therefore switch to the Values page and define identical
parameter values within a parameter group, e.g. 0.05 for all halfwidths and 1 for

all exponents.

Fit the data. Although the Rwp of about 4% is significantly worse compared to the
unconstrained refinement, the refined profile parameters (particularly intensities)

are correct.

€ TOPAS - [Quartz. raw]

Fle View Ft Lanch Took Widdow Help

DR de s N AV RBRTI of FEF

TR TN Y

17500
17.000
16.500
16.000
15500
15.000
14500
14.000
13500
13.000
12500
12.000
11.500
11.000
10500
10.000
9500
9,000
8500
8.000:
7500
7.000:
6500
6.000:
5500
5000
4500
4.000
3500
3.000
2500
2.000:
1500
1.000
500
0

[67.72856

-500

8.13188 6829889

-1.000

671 672 673 674 675 678 677

67,8

= 68.19983

679
—sizzoie

68

68,1
d=1.373969

682 €83 684 685 686 687 688 689
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Hint! Constraints are "hard" relationships. As a result a model such as
"common width - common shape" does not allow for anisotropic peak

shapes, which are common in powder diffractometry.

Part lll: Use of Fundamental Parameters:

10.Focus the Peak Phase item and select the Values page. Change the peak type
for all peaks to FP.

4> Parameters F2 |:||E|[z|
+-[1 Glabal

[ L/aPu/HM ) | [ &0 | [ Additioral Carvolutions | [ Rpt/Test |

IO spvn| w W &7.7280¢ 5163063 200.0 2000 0.1 0.1
. 65.13085 5772917 200.0 200.0 0.1 0.1
;[ 68,30046 8025052 200.0 2000 0.1 0.1

PYIL

Py

SPYIT

=W Quartzraw

1 Emission Prafile
1 Background
4 Instrument
1 Corrections
1 Mizcellanzous
= _|_ Peaks Phase
{3 Peaks SPVII

Hide peak. sticks

Save Phaze

Save Peaks as DIF file
Change to d_lz phaze
Create Indexing Range
Create Pawley range

11.Load the predefined emission profile CUKAS.
12. Apply the following instrument settings:

Instrument Parameter: Value:

Goniometer Radius Primary: 217.5 mm
Secondary: 217.5 mm

RS Width: 0.1 mm

FDS Angle: 1°

Soller Slits Primary: 4°
Secondary: 4°

13.Fit the data. You will obtain an Rwp of about 3.8%. Although higher than the
unconstrained refinement using analytical profile functions, this time the best

refinement results possible have been obtained!
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Hint!

€ TOPAS - [Quartz. raw]

Flle View Fit Lanch Toole Window Help BEEBEHDN == - 7 x
O TR Ede A NAFBEL ol &F 0y Al

17.500 67.72918 8.13419 65.29846

17.000
16.500
16.000
15500
15.000
14.500
14.000
13.500
13.000
12500
12.000
11.500
11.000
10,500
10.000
9.500:
9.000
8500
£.000
7.500:
7.000
6500
6.000
5500
5.000
4500
4000
3500

[

671 672 673 674 875 676 677 678 679 68 681 682 683 684 685 686 687 633 689
¥ = 6830036, —11149.49 d=1.372155

The advantage in using Fundamental Parameters instead of
constrained analytical functions is based on the fact, that the
instrumental contribution to all peaks is the same (which is an intrinsic
constraint of the FPA method). In addition, when refining microstructure
contributions such as crystallite size for each peak individually,
anisotropic peak widths and shapes can be accounted for.
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2.1.4 Whole powder pattern fitting

1. Start TOPAS.

2. Importing the file Y203A.RAW. By default this file is located in
C:\TOPAS4\TUTORIAL\MISC.

3. Select FP as profile function.

4. Perform a peak search using the Peak Search Dialog. Define a Peak Width of
about 0.14 (this value has to correspond approx. to the peak halfwidths) and a
Noise Threshold of 2. Note the real time preview in the Scan Window showing the
results of the peak search using peak markers. If you agree with the search result
press the Add Peaks button. Check for missing or redundant peaks.

Menu: Icon: Shortcut:  Result:
View - h& n.a. Displays the Peak Search
Search Peaks... Dialog
[ 1orss . NIEIET
Fle View Fit Lanch Tods Windaw Help BEESED* - 8 x
O WA Ees 2 AV o & E xy MW
180.000 16.66407 199 57473
175,000 [20.4618 i 9g 900111 .
170.000 29,130 l9g 23803
165,000 1 boopa 1p1l7p42
160,000 23 77028, 12lok17
B5pay1 1041878
195000 379053 105.430)
420,900 Bajarat 106[6844
145.000 HB95 71 109.2382
140.000 ¥3.47979 110|581
135.000 HE89374 11311
4
130,000 it Ripras
424000 51 6b0fi7 117
120,000 53 14 1
115.000
110.000
105.000
100.000
95.000
90.000
85000
80.000
75.000
70.000
65.000
60.000
55.000
50,000
45.000
40,000
35.000
30.000 1
25.000
20.000 69.53p43|
15.000 99 274%
o e
L 94 3793 I
15 20 25 a0 25 40 45 50 5 60 65 70 75 80 85 80 95 100 105 110 115
oy s =
Hint! It is also possible to import peaks from DIF and UXD files. This feature

allows the direct use of PDF data of the ICDD. DIF files can be created
e.g. using DIFFRACP"S EVA after a search/match operation.

5. Load the predefined emission profile CUKAS. By default this file is located in
C:\TOPAS4\LAM.

6. Focus the Background item and use a Chebychev Polynomial of 5th order.
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4> Parameters F2

B=1E3

e
3 Emission Profile | |Use Yalue |Code  |Error |Min |Max
1 Background _Chebychev v @
4 Instument | Order 5 4)
1 Comections 1/ Bkg [ 1000 Refine 0
1 Miscellaneous
=1-__ Peaks Phase
{3 Peaks FP
|Coefficent |Error
1 [u] o
2 |0 1]
3 Mo 0
4 o 0
5 o 0
6 W0 o]
Paste NP to Hode/Selections
7. Apply the following instrument settings:
Instrument Parameter: Value:
Goniometer Radius Primary: 173 mm
Secondary: 173 mm
RS Width: 0.1 mm
FDS Angle: 1°
Soller Slits Primary: 5.1°
Secondary: 8.6°
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8. Refine on an isotropic crystallite size parameter. Focus the Peak Phase item,
select the Codes page and constrain the Cry Size L parameter for all peaks to the
same value by providing identical parameter codes.

W rZ2o3araw
{3 Emission Profile
[ Background
“[ Instiument
{1 Corections
11 Miscellaneous
=_. Peaks Phase
\..CR Peaks FP

Paste NP to Hode/Selections

ARSI T TRV VIR U S UV S VI T T U VLI VR Y

16,66407
20,4618
26,25193
29,1309
31,52023
33.77038
35,8891
37,9053
39.83741
41.69571
43.47979
46.89374
48,51958
50.1062
51.66017
53.18419
54,65991
S6. 14465
57,5896
59.00942
6041122
61.78518
63,1497

Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refing
Refine
Refine
Refine
Refine

Refine
Refine
Refine
Refine
Refing
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refing
Refine
Refine
Refine
Refine
Refine
Refine

<
in |

AR T VA VR U VI VI A U VU U L U U U LIV VI Y

LG | GO o

Refing
Refine
Refine
Refine
Refine
Refine
Refine
Refing
Refine
Refine
Refine
Refing
Refing
Refine
Refine
Refine
Refine
Refine
Refine
Refing
Refine
Refine
Refine

LI | O o

Refine
Refine
Refine
Refine
Refing
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refing
Refine
Refine
Refine
Refine
Refine
Refine

LR TN IO TR TR0 TAC T BT TR TO AT N0 L TR AU DA TR T T )

Refine
Refine
Refine
Refine
Refine =
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine

Refine

9. Start the refinement.

<> TOPAS - [Y203a.raw] [ [2]x]

BEEREHN = - & x

Fle View Fi Lanch Took  Window

Help

O PR e A AV ETL X TE

W R

180.000
175.000
170.000
165.000
160.000

1671

05
[20.50417

26.2[ 38|
29

155000
150.000
145000
140.000
135.000:
130.000
125,000
120.000
115.000
110.000
105.000
100.000
95.000
90.000
85.000
80.000
75.000
70.000
65.000
60.000
55.000
50000
45000
40,000
35000
30.000
25.000
20000
15.000
10.000

33

[r6625]

[ais4n89

|34

{69485

Refinenent converged

v
s.218
5.2l

UL
-0.00z 1Mo
-0_000 1

T
0.00 1 °
0lo0 1

~++ Parameter(s) close to limitis].
Chesk for LIMIT_MIN and LINIT_BAX in Crid/Text

(IS

?

Refinement converged: Kesp refined parameter vaiues 7

Inspect par smeters and grapics befors answering.

Intel

ace

locde: Fit Zoome

6917146

76.0954

e
%)

e

o

5.000
i =

-5.000

o

@
o=l

35

a4

5l

0 55 60 65 70 75

100

105

110 15

[x=éo.i0883

[y = 107543 [ d=ta73es
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2.2 Indexing

2.2.1 LSl Indexing

Example files are found in the C:\TOPAS4\TUTORIAL\LSI directory, Table 2-1
provides an overview.

Table 2-1: LSI-Index tutorial examples. R is the ratio of the largest to the smallest
lattice-parameter length. Tutorial files Ex1 to Ex12 are discussed in Coelho (2003).

Example Symmetry Lattice parameters (A) / (°) Vol (A% R
Ex1" Tetragonal a=  11.190 c= 9483 1187 1.17
Ex2? Rhombohedral a= 81.306 c= 73.064 420727 1.11
Ex3 " Orthorhombic a= 11333 b= 11032 c= 9236 1154 1.23
Ex4 " Monoclinic a= 9.188 = 12472 c= 6.242 684 2.00
p= 106.9
Ex5 " Monoclinic a= 10222 b= 6.497 c= 8.808 583 1.57
B= 947
Ex6 ¥ Monoclinic a= 5.025 = 5.850 c= 5.065 149 1.16
B= 915
Ex7 ¥ Monoclinic a= 8213 = 9793 c= 9795 785 1.19
= 948
Ex8 " Triclinic a= 5.118 = 5512 c= 7.034 182 1.37
a= 737 p= 739 y= 902
Ex9 ° Triclinic a= 7.086 = 8.788 c= 17.871 984 2.52
a= 63.0 = 87.0 y= 94.1
Ex10 ® Triclinic a= 9.920 b= 14510 c= 9.136 1229 1.59
a= 905 p= 1117 y=  90.0
Ex11 7 Triclinic a= 12063 b= 41714 c= 5459 2314 7.64
a= 734 p= 100.4 y= 1183
Ex12 " Triclinic a= 12.005 b= 51902 c= 5445 2879 9.53
a= 738 = 100.3 y= 177
PbSO4®  Orthorhombic a= 6.959 b= 8482 c= 5.397 319 1.57
Cime ? Monoclinic a= 10395 b= 18820 c= 6.826 1281 2.76
p= 106.4
TPP 19 Rhombohedral a= 37.766 c= 5729 7055 6.59

Y Morris et al. (1980); 2 Van Dreele et al. (2000); ® Swanson et al. (1963);
* Toraya & Yamazaki (2002); ® Morris et al. (1979);% Dinnebier et al. (2002);
) Van Langevelde et al. (2001); ® Hill (1992); ¥ Cernik et al. (1991);
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' Hernandez et al. (2002)
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2.2.1.1 Indexing of Ex2 (T3R3 human insulin-zinc complex)

A typical LSl indexing session comprises the following three steps:
I. Peak finding and peak profiling
lI. Indexing

[ll. Single or multiple Pawley / Le Bail refinements (see also section 2.3)

Step 1: Peak finding and peak profiling:

1. Start TOPAS and load the raw data by importing the file EX2.XDD into your
document. By default this file is located in CA\TOPAS4\TUTORIAL\LSI.

2. Perform a single line fit using the first about 24 peaks. Note: A = 1.4011A. Peak
type FP with the Cry Size L and Simple Axial Model parameters refined will yield
good results.

€ TOPAS - C:\Topas#¥Tutorial Index\svdex2. pro - [ex2.xdd]

Fle View Ft Launch Took ‘Window Help
D AR Ee 2 AV o 0 xy MW
7600 1.966478 b apse81 414004 b ds3s
7400 330346 1174188
7200 3 oges1s b o5
7000 B 411902
6500 B.7237) 5
6600 3 8p6360
304119 5 2nees
gggg h 246764 5 3pa70y
5 407688
6000 560678
5800 5.798413|
5600 b 13198
5400 .05
5.200 6.17
5000
4800
4600
4400
4200
4000
3800
2600
3400
3200
3000
2800
2600
2400
2200

2000
1800
1600
1400
1.200
1.000 b W/ \W,/

oo
E
<

800 JL«/

600 [

400

200 I
FSE RIS 1Y P YIS B o RPEVRON. F A e ikl 4 gt /i il

200 ¥

12 14 16 18 2 22 24 26 28 A 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6 62

% =1521311 =5053.237 d=52.76991

Step 2: Indexing

3. Create a new indexing range e.g. using the Global item shortcut menu. The
wavelength as well as refined peak positions and intensities are automatically
placed into the indexing range.
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4> Parameters F2

g
3 Enmission Prcfils [ Lyal-Fw/HM [rm) | [ Additioral Canvolutions | [ Rpt/Test |
3 Background |Type  |Use |Paosition Area \Cry size L {nCry size G (fStrainl  |Strain G »~
— Icmt'“ment LR W 1oeedTe 1957783 12817 2000 0.1 01 i
S MTS':;;':DUS 2 e W 2458681 18.03186 1039.6  200.0 0.1 0.1
MR " -l ol [ER i3 W 315002 107.963¢ 11244 200.0 0.1 0.1
Hide pesk sticks 320356 144943 10138 200.0 0.1 0.1
Save Phase 3286518 6802709 20859 2000 0.1 0.1
Save Peaks as DIF file 3.411002 7371754 12110  200.0 0.1 0.1
Change to d_Is phase 37237 5441887 13174 2000 0.1 01
3.836389 | £.451032 |979.8 200.0 0.1 0.1
Ereate Panloy ranos 394119 16,5969 8185 200,0 0.1 01
DellePeskathase 4.24676¢ |10.60863 | 936.7 200.0 0.1 01
Paste INP to NodefSelections | cas po71a 10863 2000 0.1 01
12 Jre W 474168 13.65758 962.7 200.0 0.4 0.1
13 FP W 4945118 1592837 (958.3 200,0 0.1 0.1
14 |FP [V 5.056485 4024849 1337.5  200.0 0.1 0.1
15 4FP W 5084931 9.016471 11214 200.0 0.1 0.1
16 Fe W 5139916 772062 1707.4  200.0 0.4 0.1
- - 17 P W 5217926 9481916 1270.4  200.0 0.1 0.1
Hide peak. sticks ~ 1
ey =15 dFr [ 5324707 95.65892 1179.0  200.0 0.1 0.1
G aves Peaks s DIF file 19 FP [V 5.427588 4235576 13728 200.0 0.1 0.1
Choras for- 1 these 20 JFP W 5606175 7.026984 12633 200.0 0.4 0.1 T
Create Indexing Fange ~ |[21gFP [v 5798913 5.651435 (519.4 00,0 0.1 0.1
Create Pawley range | 22 4FP W 6013198 254,1447 1397.9 200.0 0.1 0.1 Py

4. Select the Indexing range and unselect the "ex2.xdd" range. Unselect all peaks or
delete the Peaks Phase.

5. Select the Bravais lattices to be included in the indexing run. Default indexing
parameters are appropriate for this example.

4> Parameters F2

t 'i-‘ S:;k.jid ‘ Indexing | [Solutions ] [Hpt.-"Text l
[ Emission Profile I . |Use |Value
1 Backaground |Wavelength (&) 1.4011
3 Instrument | zero error v
[ Carrections \Max zero error in 2Th 0.1
[ Miscellaneous |Max 2Th errar For UNI 0.05

= JL P?a:; F'hkas;g M ratio MefMo 5
M Max nurnber solutions 3000

Try space groups
Set w0 from Thz "o

Bravais lattices to include

\Use Lse
| Cubic-F |v  Orthorhombic-F v
| Cubic-T [v  Orthorhombic-I v
| Cubic-p [v  Crthorhombic-C v
:TrigonaI-HexagonaI-R ¥ Crthorhombic-P v
:TrigonaI-HexagonaI-P v Monoclinic-C i
Clone Indexing Range fTetragonaI-I v Monoclinic-P v
Delete Indexing Flange ‘Tetragonal-P v Triclinic v

Paste INP to Node/Selections

6. To start the indexing run switch to the Fit Window and click on the Run button.

7. Indexing details are provided in the Solutions page. The correct solution is trigonal
R3, a =81.301A, c = 73.052A, Vol = 418173A°.
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4> Parameters F2

+- 1 Global
=[] exZudd
1 Emiszion Profile
1 Background
1 Instrument
{1 Corrections
1 Miscellaneous
=) Peak Phase:0
{3 PeaksFP

NOexIng.

Select previous

Select next

Sort by Gof-decreasing

Sort by UMNI/Gof-decreasing
Sort by Yalume

Sort by zelected columns

[Indexing ] | Solutions | [Flptz’Text l

Use |5g |Sts  |UNI :\u'ol _Gof |Zera IE :b e ~
415257.250 92,39 -0.0082 81.3133 51,3133

A~ rs 20

2T ez 2 0 69711578 7345 -0.0081 52.8803 406577  33.824
ST ez 3 0 2787720606745  0.0083 67.6539 812738 52887
R imilE 3 0 69709.938 £6.72  -0.0082 540501 40.6570  33.820
sl [ lez 30 278579886621  0.0091 67.6279 B1.3038 52,849
A Il 3 0 2788485636535  0.0080 67.6592 813187 52670
Tl T ez 2 0 2788086256495 0.0083 67.6546 513141 52,869
B [milE 2 0 278819.13584.89 -0.0081 67.6547 813139 52670
Tl [ |ez 30 2789583446425  0.0075 67.6541 B1.3427  52.874
1<n i - Ll ATO04T EON ED £ M oANST £ 0T o1 aTan co ooo

‘ Gof vs Walume | [ Dietails for selected ]
K= =l1) &
:J-L a0

J.H_,?D

i

|40

fvs Volume

il o £l A

1} 500.000 1.000.000  1.500.000

2000000 2500000 3000000 3500

For each selected solution observed and calculated peak positions are shown in
the Scan Window. Additionally, with the "ex2.xdd" range selected as well, the raw
data can be overlaid with or without the single peak fit results.

(€% TOPAS - C:\Topas#¥Tutorial Index\svd\ex2.pro - [Indexing. ...]

Fle View Ft Lanch Toods Window Help

U R de A AL o LT

7600
7400
7.200
7.000
6800
6600
6400
6.200
6.000
5800
5600
5400
5200
5.000:
4.800
4600
4400
4.200
4.000
3.800
3600
3400
3.200:
3.000
2800
2600
2400
2200
2.000:
1.800

101 110

800
600

1600
1400
1200
1.000

yoo W

dop
1 121
0o

030

12
0z
220

303
04 i

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| o1s| |l
|

|

=}
= ————— 5 ———————

—

12 14 16 18 2

22 24 28 28 3

32 34 35 38 4
d=13.82612

42 44 46 48 5 52 54 56 58 6 62

¥ = 5.809008 — 204,079

Step 3: Single or multiple Pawley / Le Bail refinements

8. In the Solutions page select all solutions you would like to refine, and copy the
indexing details into the clipboard using the data grid shortcut menu.
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4> Parameters F2

_+ Lj] Glgbac‘ld [ ndexing ] - | Solutions | [Flpt.-"Text I
= ex2.
£ Emission Profile -LELELELWLWWLWL_E_LH &
3 Background ¥ R3 N 41A757.75097.59  -N.00R7 A1.5133 81,3133 73.044
3 Instrument [ P2 EliE P 406ST7 33824
@ Corrections m r = Copy aII,l’seIectlon create TopasEditor document | Bl.2738 52,867
Miscell
ﬁ P\sc;(e;hnem.l; m L= Copy allfselection, create Word document 40.6570  33.820
n |nde,;ag S ' [ DOT File: topas.dat ' 51,3038 52,849
. C 3 0 27EN4BSE365.35 D00 678502 BL3IEY 52870
Al e 2 0 Z78E0B6ZS64.98 00083 67.6546  BL3l41 52,869
Ol = 2 0 278819.2564.89 -0.0081 67.5547 81.3139 52870
C 30 2789583M 6425 00075 67.6541  Bla34Z7 52874
T - - n 470017 Enn ed 21 foAnes 7 ecTi o1 aTon £o oo
<
‘ Gof vs Vaolume | [Details for selected ]
s |50
el 1| Gofvs Volurme
=i80
A
B 5
¥ s
Select pravious ~ i 40
Select next |30 g
Sort by Gof-decreasing |2n
Sort by UNI/Gof-decreasing |
Sort by Yolume 3 |10 - o
Sorl by selected columns v | o S00000 1000000 1500000 2000000 2500000 3000000 3500

9. Select the "ex2.xdd" range and unselect the Indexing range.

10.Insert a new hkl_I phase. Focus the "ex2.xdd" range and select Add hkl phase.

11.To account for a zero point error focus the Corrections item, check the zero point

error and set its code to "Refine".

12.To perform Le Bail instead of Pawley refinements focus the hkl_Phase item and

check Le Bail.

13.Expand the hkl_Phase item and focus the Indexing Details item.

indexing details by selecting Paste Indexing details in the shortcut menu.

4> Parameters F2

7l Global Indexing Detailz | | Rpt/Test
EM e 2
1 Emission Profile

1 Background
3 Instrument

1 Carrections = T
1 Miscellaneous

+- [ Stucturess hkl Phazes e

=418 hkI_Phase =_‘1.| Gof vs Yolume
I | | ndexing Detale a

[ Indexing. Load MO File

Paste Indexing details

Sork by Rwp

Sort by Gof-decreasing
Sort by UM Gof-decreasing
Sort by Yalume

Sork by selected columns

Paste INF to Mode/Selections
[
|

Load ND file ~
Paste Indesing details

Sort by Rwp

Sort by Gof-decreasing

Sort by UNI/Gof-decreasing

Sort by Yolume v 0

Insert the

14.Switch to the Fit Window and click on the Run button to automatically refine all

selected indexing solutions.
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2.2.1.2 Tips and Tricks

Indexing of powder data is a complex problem, which does not permit solutions to be
identified with certainty. TOPAS reports possible indexing solutions in the form of
complete or partial unit cells. Even if mathematically and physically correct, they will
not necessarily be in their simplest or most symmetrical settings. The quality of the
indexing solutions will depend on various factors including d-spacing accuracy and
completeness, which is typically affected by accidental and systematic peak overlaps
as well as peak detection limits. Any trial cells reported can therefore only be
suggestions until they are confirmed by structure determination.

In the following a couple of tips and tricks are provided, some of which have been
adapted from discussions found on www.ccp14.ac.uk with contributions from Robin
Shirley, Armel Le Bail and others.

1. Use 20-25 lines. Too less or too many lines may result into problems

Data need to have 1 to 6 degrees of freedom to be able to define a cubic to triclinic
cell, respectively. Note, that the number of required degrees of freedom is not
equivalent to the number of required d-spacings:

d-spacings do not contribute any degrees of freedom to define a cell, if they
e belong to the same zone

e are higher order reflections

e are impurity reflections

Using 20 to 25 d-spacings will help to minimize such problems. Furthermore it is
more likely to obtain a decent least-squares refinement and to be able to distinguish
pseudo-solutions.

Including too many d-spacings is another probable cause of failure. Some of the
problems caused by very low d-spacings are:

e The number of calculated lines increases dramatically and thus the maximum
ratio of the number of calculated to observed lines, "Max ration Nc/No", will need
to be increased

e The low d-spacings are probably inaccurate due to peak overlap at the high
angles they are observed at

2. Use the goodness-of-fit versus volume plot to identify pseudo-solutions

Frequently solutions will be found with fractional or multiple volumes of the correct
cell: 1/2V, 2/3V, V, 2V, 3V, 4V, ... There are two major reasons for that:

Firstly it is always possible to index d-spacings corresponding to a high symmetry cell
with a A, B, C, |, F or R Bravais lattice by a smaller symmetry P cell with smaller
volume, and vice versa. Typical examples are:

e A rhombohedral cell can always be described by a monoclinic C-centered cell
with 2/3 volume

e A C-centered monoclinic cell is equivalent to a triclinic cell with 1/2 volume

DOC-M88-EXX062 V4.2 — 01.2009



Tutorial 31

e A hexagonal or trigonal cell can be indexed by an orthorhombic cell with a
doubled volume

etc.

Secondly, multiplied volumes are often the result of multiplied lattice parameters.

Q\ Parameters F2 !E m
B[} Global Indexingl Data  Solutions | Hpt.-"Textl
bl Indexing Use [Sa [5ts [UNI [val [Gof |Zeo = b I =
V¥ R3 3 1] 18173062 86.56 00085 &1.3000 813010 730622
| 2 1] B9705.297 68.93 00083 528757 4006555  33.8230
r Pz 2 1] B9709.633 68.33 00082 5248773 406574 33821
r P2 3 1] B9707.133 68.02 00082 540607  A0EBEY 338219
| i = 3 1] B3707.875 6780 00082 338223 406568  54.0607
1/ V 2 1] 270620090 66.44 00081 676630  81.2742 528900
2 2 1] 278822562 6569 00081 E7.BES3  81.2734 528890
| L™ 2 1] 278791.18E 6510 00083 67.6637  §1.2700
2 2 2 4.148 L0085 40.652
1 IAA \ 3 13V /niy Vb DD;? 2V | © 551
' 2 BE 451 i 40.651
4

;

1 —1
/GV Gof vs Volum% | D\Etails for se\ecteﬁ
L

Select previous
Select next 40+
Sort by Gof-decreasing

Sort by UMNIAGof-decreasing

Sort by Valurne AU et Rt
Save to NDx file 10}
Paste IMP to Mode/Selections i R Spupr -@&m %
a 500,000 1.000.000 1.500.000

It is also recommended to test a/b, alc, etc. ratios in order to check for V2 = 1.414 or
3 = 1.732 values, which may also indicate pseudo-solutions.

3. Avoid testing all Bravais lattices simultaneously

Testing all Bravais lattices at once may obscure the correct solution due to possible
triclinic and monoclinic approximations to actually higher symmetric cells.
Identification of higher symmetric lattices is often easier if monoclinic and triclinic
lattices are treated independently.

4. Use intensity weighting if impurity peaks might be present

Intensity weighting may help to overcome difficulties due to low intensity impurity
peaks. As a last resort consider to run different sets of d-spacings with questionable /
low intensity d-spacings excluded.

5. Play with the "Good" and "Max ration Nc/No"options

"Good" indicates that the corresponding d-spacing is not an impurity line. A single
use of good on a high d-spacing decreases the number of possible solutions and
hence speeds up the indexing process.

e "Max ration Nc/No" determines the maximum ratio of the number of calculated to
observed lines:
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e Increasing the default value may help for indexing of extreme dominant zone
cases or of very large cells, where the number of calculated versus observed
d-spacings may become very large (e.g. for proteins)

e Decreasing the default value may help to identify solutions otherwise obscured by
low symmetry / high volume solutions
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2.2.2 LP-Search

Example files are found in the CATOPAS4\TUTORIAL\LP-SEARCH directory, Table

2-2 provides an overview.

Table 2-2: LP-Search tutorial examples. R is the ratio of the largest to the smallest

lattice-parameter length.

Example Symmetry Lattice parameters (A) / (°)

PbSO4 "  Orthorhombic a= 6.959 b= 8482 c= 5.397

Captopril?  Orthorhombic a= 8.811 b= 17.984 c= 6.837

Cime

p= 106.4

Monoclinic a= 10.395 b= 18.820 c= 6.826

Zopiclone Monoclinic a= 16.374 b= 7.030 c= 17185

I23)|hydrate Bp= 108.6

Vol (A%
319

1082
1281

1926

R
1.57

2.63

2.76

2.44

Y Hill (1992), ? Florence (2002), ¥ Cernik et al. (1991)

2.2.2.1 General guidelines

The LP-Search indexing procedure is a Whole Powder Pattern Decomposition
method (section 2.3), and is therefore found as an option in the Phase Details data

grid of the hkl Phase item: LP Search.

4> Parameters F2

+- 1 Global o -
i e Phase Details | [Peak Type ] [Addltlonal Corvolutions ] [ Rpt/Text ]
23 Emission Profile I Use |Yalue Code  |Error Min
1 Background Use Phase v
1 Instrument Le Bail |
3 Corrections Delete his on Refinemer v
1 Miscellaneous LP Search Vo1
+ ,‘_|_D| ru.-" hkl Phazes S 16
a0 aih) 10,0000000 @ 00000000 3
bif 10,0000000 @ 00000000 3
c () 10,0000000 @ 0.0000000 3
Scale | o0 Fix 0
Cry Size
Cry size L (nm) v 1z50.0 Fix 0.0
Cry size G (nm) [~ zoo.0 Refine 0.0
LWal-I6 {nm) [~ 0,000 0,000 ks
L¥al-FWHM (rim) [~ 0.000 0,000 ki
Strain
Strain L v .07 Fix i
Strain G [ ot Refine 0
el [ 0.00000 0.00000
Save Phase W% Ristveld 0.000 0.000
Create str phase W of Spiked [~ 0.000
Leblehi e . Cell Mass 0.000 0.000
Paste IMP to Node/Selections -
Cell Yolume (&3] [V 0.00000  Fix 0.00000 100
R Bragg 0.131

15
15
15

0,89

400
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If checked LP-Search indexing will search the correct lattice parameters starting from
dummy values.

LP-Search will test a single crystal system, which is defined by the space group
provided. Typically the space group will correspond to one that is of lowest symmetry
with the particular crystal system tested, i.e. for triclinic put space group number "1",
for monoclinic put "3", for orthorhombic put "16", and so forth.

To limit parameter space it is mandatory to provide Min and Max values for lattice
parameters and the cell volume. The upper limits for lattice parameters and the cell
volume should be kept as small as possible to avoid finding of doubled / tripled / ...
lattice parameters. The d-value of the first reflection often allows to get an
approximate idea of the maximum possible lattice parameters dimensions.

The determination of background and peak shape parameters is complicated by the
fact, that with random lattice parameters typically not all calculated peaks will lock in,
resulting in significant misfits of both background and peak shape.

While the background should be determined as good as possible, the peak shape is
uncritical for the indexing success, as LP-Search is peak shape independent.
Nevertheless it is recommended to also achieve a good peak shape fit, as this is
extremely helpful to identify the correct solution by visual inspection of the fit.

There are two possibilities to determine background and peak shape parameters:
1. Perform a single line fit.

It is recommended to use the FP peak type with angle dependent profile
parameters (e.g. size-strain parameters constrained to the same value), as they
can be directly applied to the hkl Is phase. Fix all profile and background
parameters before running LP-Search to minimize parameters space.

Note that single line fitting is not available in TOPAS R. Users of TOPAS R
therefore need to perform the next procedure.

2. Adjust background and peak shape iteratively while LP-Search is running.

Set the required background and peak shape parameters to "Refine", and run LP-
Search. Use as less parameters as possible to minimize parameters space. Stop
the refinement, if a good fit has been obtained, and use the refined parameters
values as new starting values. Repeat this until satisfactory background and peak
shape parameters have been obtained and keep them fixed for the final LP-
Search run.

2.2.2.2 Indexing with LP-Search

A typical LP-Search indexing procedure comprises the following steps:

1. Determine background and peak shape parameters as described in section
22.21.

Add a hkl_Is phase

Enter a space group and dummy starting lattice parameters
Provide Min and Max values for lattice parameters and cell volume
Check the LP Search checkbox

AN S
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6. In the Refinement Options Dialog (Fit Window) set Continue After Convergence
on and then run.
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2.3 Whole powder pattern decomposition

2.3.1 Pawley fitting

As example X-ray data of the triclinic structure AIVO4 will be used, recorded using a
D5000 diffractometer with Ge primary monochromator in capillary mode using
Copper radiation. Profile fitting will be performed using the TCHZ pseudo-Voigt
function.

1.
2.

Start TOPAS.

Load the raw data by importing the file ALVO4.RAW into your document. By
default this file is located in C\TOPAS4\TUTORIAL\ALVO4.

Menu: lcon: Shortcut: Result:

File - ;r@ n.a. Imports measurement
Import Data File(s)... data

Switch to the Parameters Window and define the refinement model.

Menu: lcon: Shortcut: Result:

View - v F2 Displays or hides the
Parameters Window Parameters Window

In the Parameters Window expand the range item of ALVO4.RAW and perform
the following tasks:

e Focus the Emission Profile item and load the predefined emission profile
CUKA1.LAM. By default this file is located in CA\TOPAS4\LAM.
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% Parameters F2

(.3«) |Lartz, Hw (nGauss Hw (r
_1 540596 0.5 i]

- Load Erniss |nr|th|r-
~{1 Backaround|
1 Inst t
L e e Add Emission Line
-1 Corections .
@ Miscellsnecd Paste INP to Mode/Selections |
fnrea Wil (ﬁ)_ . EI__ortz. Hit (n:_Gauss Hi (r:
1l 1540596 0.5 i

Save Emission Profile

Load Emission Profile

Save Emission Profile

Add Emizsion Line

Paste INP to Mode/Selections

e Focus the Background item and use a Chebychev Polynomial of 4th order.

4> Parameters F2

£ Aot

’ L] E mission Profile | ;Use :Value |Code gErrUr |Min |Max
s lackgrou Chebychey 2 @

<[ Instument | Order 4 1)

[ Corrections 173 Blg [ 1000 Refne 0O

1 Miscellaneous

Chebychey Coefficients

|Coefficent |Errar

B [ o
2 WMo 0
3 o o
+ o 0
s llo o

Paste INP to Mode/S elections

e Focus the Instrument item. To describe peak asymmetry, set the instrument
radius to 217.5 mm, select the Simple Axial Model and set its parameter codes
to "Refine".
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%> Parameters F2

+-[_1 Global

- M ALYD4raw
1 Emiszion Profile
1 Background

1 Cormections
1 Miscellaneous

Load Instrument Details
Save Instrument Details
Faste NP to Hode/Selections

S=1e

Divergent beam | [Additional Convolutions ] [ Rpt/Text ]

I |Use [Value |Code  |Error |Min |Maix
|Goniometer radii
‘Primary radius (mm}) 217.5
:Secondary radius {rarm) 217.5
'Equatorial Convolutions
_:Point detector
| Receiving Slit width (mm)
| FDS Shape, angle(®)
| YOS irradiated length {mm})
| VDS Scale Intensity
Capillary
Lingar PSD
| Tube Tails
_Axial Convolutions
Full Axial Model
:Fingerfetfal
Simple Axial Model {mm)

0.1 Fi

FY o

1z Fix ]

ST T e

12 Refne 0

Focus the Corrections item. Check the zero point error and set its code to
"Refine". In addition we have to account for the polarization effects coming
from the Ge primary monochromator. Therefore check LP factor as well and
set the monochromator angle to 27.3° 26.

% Parameters F2

41 Global

=M ALVOA raw
3 Emission Profile
1 Background
3 Instrument
I | Conections
3 Miscellaneous

Paste INP to Node/Selections

S=1e

Corrections | [ Cylindrical sample [5abine] ] [Flptz’Text ]

I |Use [Value Cods  |Error |Min |Max
Peak shift

| Zero error o Refine 0

:Sample displacement (mm) [ 0 Refine 0

Intensity Corrections

\LP factor V 27.3 Fix a

| surface Rghnss Pitschke e [

Surface Rghnss Suartti 1]

;Sample Convolutions

.Absorpt\on (1fem) [~ 100 Refine 0
1 Sample Tilk {mm}) | Tio Refine 0

Focus the Miscellaneous item and set Finish X to about 50° 20.
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%> Parameters F2

41 Global 2 sh
B ALVO4raw Miscellaneous | [ Degree of crystaliniy ] [Flptz’Tth ]
{23 Emission Profile | |Use Value :Code |Errar |Min |Maix
1 Background |Canv, Steps 1 40
Start % [ o
[Fiish v 50
|Fixed WL Neutran [

Excl Regions

Add Excluded Region
Paste INP to Hode/S elections

¢ Insert a new hkl_I phase. Focus the range item for Alvo4.raw and select Add
hkl phase.

4> Parameters F2

2 '-i] Global | Al range dependent Rwps
3 Emis! Add Structure |Use [Walue |Code  |Error |Min |Max -~
@ Back Add Peaks Phase
£ Instr Add bkl Phase v @
£3 Cond Load STR{(s) g O
O Misg|  Load CIF(S) [~ 1000 Refine O
Load INP, PAR.
Load d_Is - DIF, UXD
Save if displayed Yaohs, ¥eale, Diff,Phases Bkg LS
Replace Scan Data 2k
Reverse data and make x-axis positive dons
Delete Range v
Paste INP to Mode/Selections () [ 0.1 Fiie a
[ FUS Shape, anglel?) Lt Fixx i
| DS irradisted length (mm [ 12 Fix 0
YOS Scale Intensity ] |
:Capillary
|Lingar PSD [
| Tube Tails L T
 Anial Convolutions
Full Axial Model i
Add Structure e \Finger_et_al B
233 E:Ia;; Phase E ES\mpIe Axial Mode! (mm) v 12 Refine 0O
a3e | -
Load STRI) _-Peak shift
Load COIF(s) = \Zzro error V¥ o Refine 0
P | I fa:nple t:ILisp‘ILacemenlt- (o) [ O Refine 0 @

e Focus the hkl_Phase item. Input the crystallographic data given below in the
Phase Details page and change all lattice parameter codes to "Refine". As in
this example no instrument function is used, set the Cry Size L checkbox to no
use.
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Crystallographic Data for AIVO,:

Space group
Cell parameters  a (A)

b (A)
c(A)
alpha
beta
gamma

P-1
6.541
7.760
9.136
96.2

107.2
101.4

4> Parameters F2

+-1 Global - [ ] " -
Pl e Phasze Details | [ Feak Type ] hkls |s [Addll\unal Cur?vululluns ] [ Rpt T ext ]
[ Emission Prafile I |Use Valus |Code |Error |Min IMax ~
1 Background \Use Phase v
3 Instiument Le Bail | |
3 Corrections Delete hkls an Refinemer v
3 Miscellaneous P Search ™ 04
+ |_]0 truures.-" hkl Phazes \pacegrovp o1
= a (&) £.5410000 Refine  0,0000000
b (&) 77600000 Refine  0.0000000
:c (&) 9.1360000 Refine 0.0000000
\alpha (%) 96.2 Refine 0
‘beta (=) 107.2 Refine 0
|gamma (=) 101.4 Refine 0
| Seale [ o Refine 0
_Ery Size
Cry size L (nm) [~ zoo.o Refine 0.0
| Cry size G {m) [~ 2000 Refine 0.0
| Lyal-I8 (rm) [~ 0.000 0,000 ki 1
| LYal-FWHM (o) [~ 0,000 0,000 ki 0.89
‘Strain
Save Phase Strain L [ 01 Refine 0
gela:e ;ilpg‘;se | shrainG [ ot Refine 0
elete ase —
Paste INP ta Mode/Selections = X LS00y 200000
_Wt% Ristveld 0.000 0,000
Wt of Spiked [~ 0.000 3
Lt

Switch to the Peak Type page and select the TCHZ_PV function.

4> Parameters F2

+-[ 1 Glabal

Phaze Details ] | Feak Type | hkls 2 [Addltlonal Corvolutions ] [ RptsText ]

=MW akvodraw
1 Emiszion Prafile
1 Background
4 Instrurnent
1 Carrections
1 Miscellansous
+- [ Stucturess hkl Phazes
438 ANO4

| | Value
F |Peak Type

o

Save Phase

Create str phase

Drelete hkl Phase

Faste NP to Node/Selections

Code gError

PY_TCHE|w

e s Y il e i

|Min \Max
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4. To have errors calculated, check the menu item Calculate Errors in the Fit menu.

5. To start the refinement switch to the Fit Window and click on the Run button.

Menu: Icon: ShortCut: Result:

Fit — J'Ll: F5 Displays or hides the Fit
Fit Window Window

n.a. » F6 Runs the refinement

In the Scan Window a calculated pattern based on the start values is shown in red
color. The difference to the observed data is represented by the gray curve. After
fitting a dialog informs you, if the refinement has converged or not. Note that this
dialog is modeless and allows inspection of the refinement results before

accepting any changes.

p,

Fle View Ft Lanch Toods Widow Help

O AR E e A AL e 0 x y

10,500
10.000
9500
9.000
8500
8000
7500
7.000
6500
6,000
5500
5000
4500
4.000
3500
3.000
2500
2000
1500
1.000
500

04

‘3/ Refinement converged; Kesp refined parameter values 7

Inspect paremsters and graphics before answering,

|

bl

-500

U el

10 15 20

55 60 65 70 75

= 53.61684 —5853.057 d=1.707045

6. The refinement results can be inspected in the Parameters Window.

7. Save your work.

Menu: Icon: Shortcut: Result:

File — Save E] n.a. Saves the current work in
a document (*.PRO)

File — Export INP file... n.a. n.a. Exports the current work

as an input file (*.INP)
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Hint! TOPAS documents (PRO files) contain the measurement data, model
and refinement parameters, evaluation results, as well as any user-
defined GUI settings. Therefore you can load and resume your fit
session anytime at any stage or use the document as a template for
different data.

Exporting an input file using the Menu File - Export INP File... instead
allows the use of your refinement model e.g. in an automated
environment (using TC) or in Launch Mode. Measurement data and
user-defined GUI settings are not saved within an INP file.

Comments and ideas for further working:

Repeat the refinement using different 26 regions and different orders for the
Chebychev polynomial. Note the strong correlation of intensities with the
polynomial coefficients in particular at high angles for Pawley refinement.

By default hkis are automatically deleted when the refinement is started (Delete
hkls on Refinement checkbox). This avoids ambiguities when changing the
spacegroup or the 20 range or when switching between Pawley and Le Baill
refinement.

Switching between Pawley and LeBail refinement is easily done by simply
checking or unchecking the Le Bail checkbox. Compare both methods.

Hint! When switching between Pawley and Le Bail refinement it is
mandatory to consider the following points if Delete hkls on Refinement
is turned off:

¢ Reset intensities in particular when switching to Le Bail refinement
(hkl Is page). Setting all intensities to 1 will do it for Le Bail
refinement.

¢ In Pawley refinement intensities have to be refined while in Le Bail
refinement intensities have to be fixed.

Note: In Le Bail refinement no errors for intensities are calculated!
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2.3.2 Le Bail fitting

As example the orthorhombic structure PbSO4 will be used. The X-ray data supplied
are the original data used in the Rietveld Refinement Round Robin Part | conducted
by the International Union of Crystallography IUCR (Hill, 1992). Profile fitting will be
performed using fundamental parameters.

1. Start TOPAS.

2. Load the raw data by importing the file PBSO4.RAW into your document. By
default this file is located in CA\TOPAS4\TUTORIAL\PBSO4.

3. Open the parameters window and define the refinement model.

e Focus the Emission Profile item and load the predefined emission profile
CUKAS.LAM. By default this file is located in CATOPAS4\LAM.

e Focus the Background item. Use a Chebychev Polynomial of 4th order as well
as the 1/X Bkg function. The latter accounts for increasing background due to
airscattering when coming close to the primary beam and also allows to use a
Chebychev polynomial with less coefficients.

e Focus the Instrument item and define the instrument settings according to the
following two tables:

Equatorial Convolutions: Axial Convolutions:
Receiving Slit Width %} Full Axial Model 4
FDS " Shape, Angle ™ Primary Soller M
Secondary Soller M

Instrument Parameter: Value:
Goniometer Radius Primary: 173 mm

Secondary: 173 mm
Receiving Slit Width Width: 0.2 mm
FDS " Shape, Angle  Angle: 0.1°
Soller Slits Primary: 5.1°

Secondary: 5.1°

" Fixed Divergence Slit
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% Parameters F2 Eﬂﬁj@
+- Glabal | Divergent beam | [Additional Convolutions ] [ Rpt/Text ]
- M Pbsod.raw
3 Emission Prafile I Lse Yalue Code  Error Min IMa
1 Background Goniometer radii
Primary radius {mm) 173
{4 Corrections Secondary radius (mm) 173
[ Miscelaneous Equatorial Convolutions
: ‘;—;'g' gggcul:res/ i Riases Paint: detectar 2
Receiving Slit width {mm) v 0.z Fix 1}
FD'S Shape, angle{®) V1 Fiz 1}
EBearn spill, sample length (mm) | 50 Fixx 0
VDS irradiated length (mm) W iz Fix ]
D5 Scale Intensity | |
Capillary |
Linear PSD [
Tube Tails ] |
Asial Convolutions
Full Axial Model v
Source length {mm) 12 Fix 1}
Sample length {mm) 20 Fixx 0
RS length {mm}) 12 Fizx 1}
Load Instrument D etails Prim, Saller (%) W 5.1 Eie 0
Save Instrument Details Sec, Soller (°) W 5.1 Fixx il
Faste NP to Hode/Selections N Beta a0
Finger_et_al | |
Simple Axial Model {mm) W iz Fix 0

Focus the Corrections item. Check the zero point error and set its code to
"Refine". In addition we have to account for the polarization effects coming
from the Graphite secondary monochromator. Therefore check LP factor as
well and set the monochromator angle to 26.4° 260.

e Focus the Miscellaneous item and set Finish X to about 100° 260.

e Insert a new hkl_| phase. Invoke the short cut menu of the range entry for
Pbso4.raw and select Add hkl phase.

e Focus the hkl_Phase item. To perform a Le Bail refinement check the Le Bail
checkbox. Input the crystallographic data given below in the Phase Details
page and change all lattice parameter codes to "Refine". Also check the
Cry Size L and Strain L checkboxes and set the parameter codes to "Refine".

Crystallographic Data for PbSO,:

Space group Pbnm
Cell parameters  a (A) 6.959
b (A) 8.482
c (A) 5.397
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> Parameters F2

Global
B FPbsod raw
[ Emiszion Profile
11 Background
14 Insturment
{1 Comections
11 Mizcellaneous
{3 Stuctures? bkl Phases
Pt

Save Phaze

Create str phase

Delete hkl Phaze

Paste INP to Mode/Selections

Phase Details | [ Peak Type ] [ hkls I ] [Addit\onal Convalutions ] [ Rpt/Text ]

sz value iCode |Errnr Min !Max
_|Use Phase v
 LeBai =
_|Delete hkls on Refinemer v
LP Search [ 0s

: Spacegraup P_b_n_m
afhy £,9500000 @ 0.0000000
b 2,4700000 @ 0.0000000
el 53900000 @ 0.0000000
|Sedls [ @ Fix i
B Cry Size
| Cry size L (nm) v 100.0 @ 0.0
| CrysizeG{mm) [ zo0.0 Refine 0.0
| Lvol-IB (nm) [~ 0,000 0,000 ki
| LvalFwHM () [ o.ooo 0,000 ki 0.89
__ Strain

Strain L 0.0t @ 1
| strang ™ 01 Refine 0
4 =0 [ 0.00000 0.00000
B W Ristveld 0.000 0.000
~|Wt% of Spiked [~ 0,000
_CellMass 0,000 0,000
 Cell valume (3~3) [ 000000 Fix 0.00000
B | R Bragg 0,000

4. Run the refinement.

<> TOPAS - [Phsod. raw]

Fle View Ft Lanch Took Wirdow Help

EEBmEN* - 7 x

O EEds AAAVYRTL o

15500
15.000
14500
14.000
13.500
13.000
12500
12.000
11.500
11.000
10500

€
f.[,u Interface Mode:

6 Mp  3.907 -0.00 HC
S4 Time 1.60 Rwp  5.506  -0.00L HC
S5 Time 1.63 Rwp  9.305 =-0.00L HC

Fit

|8l

P ) Refinement converged: Kesp refined parameter values ?

Inspect parameters and araphics before answering.

oo

=i}

===}
=t
=

10 20 30

50 60 70 80 90 100 110 120 120

140 150 18

[x=1z77952 [ y=4494.197 | d=0.8577841
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2.4 Structure determination - Simulated Annealing

® Not available in TOPAS P.

2.4.1 Preliminary considerations

TOPAS is using a direct space approach to structure determination based on
simulating. The available diffraction information can be supplemented with prior
chemical knowledge of the compound under study, e.g. connectivity in conjunction
with tabulated bond lengths, bond angles and bond torsion angles. The relevant
parameter space is searched using a simulated annealing algorithm to minimize y?.
For details please refer to the Technical Reference manual.

The direct space approach to structure determination is straightforward and can be
summarized as follows:

1. Construct a trial crystal structure by randomly positioning and orienting individual
atoms, molecular fragments or complete molecules taking into account (known or
guessed) space group information

2. After calculating diffraction data and comparing it against the measured diffraction
data, the variable parameters of the model are adjusted in order to maximise the
level of agreement between the observed and calculated data (i.e., minimise %?)

Hint! Structure determination requires TOPAS operation in Launch mode.

2.41.1 Data types

Data types that can be used in TOPAS are:

¢ Integrated intensities
Integrated intensities from powder data require a preceeding intensity extraction
(Pawley or Le Bail fit); good data quality is needed to avoid problems associated
with peak overlap (intensity partitioning). Calculations are fast as the number of
data points (integrated intensities) is small.

e Step intensity data

No preceeding intensity extraction required making structure determination from

poor quality powder data possible. Calculations are slow as the number of data

points (step intensities) is high.

e Peak maximum intensities
A powder pattern can be "decomposed" into a new diffraction pattern
comprising at most one data point per hkl. Calculations are fast as the number
of data points (maximum intensities) is small.
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2.4.1.2 Structural degrees of freedom

An atom in general position corresponds to 3 degrees of freedom (DoFs) resulting in
a high number of DoFs for large structures. Introducing suitable bond length
constraints / restraints can reduce both the number of DoFs as well as the number of
local minima in %% and correspondingly increase the chances of obtaining a global
minimum. Irrespectively to the number of atoms, each molecular fragment or
complete molecule, described as a rigid body, corresponds to 3 positional and 3
orientational DoFs. As a rule of thumb there should be not less than about 5
independent reflections per DoF.

In general the calculation speed as well as the number of local minima in y?
correspond to the number of DoFs, so they should be kept small. However, an over
use of constraints can in fact hinder the structure determination process in finding the
global minimum, if e.g. the movement of atoms or rigid bodies becomes too
restricted.

2.4.1.3 General guidelines

The following general guidelines for structure determination with TOPAS are based
on the considerations discussed above and have been shown to be adequate in
many cases:

e In case of doubt, try step intensity data first. This approach is most
straightforward, and avoids problems associated with peak overlap (intensity
partitioning). Consider using maximum intensities to speed up calculations, unless
data are too noisy.

e Structure determination without or with partial knowledge of connectivity:

1. Consider to use an unconstrained trial crystal structure (individual atoms only)
in first place. Heavy atoms can often be located after some refinement cycles.

2. Add appropriate constraints step by step. The goal should be to introduce
connectivity information and to reduce the number of DoFs. Examples are e.g.
limiting the movement of heavy atoms located in the first step, or enforcement
of bond distances and angles. The latter can range from general bondlength
constraints for selected atom species up to the creation of rigid bodies, where
connectivity is known. In general avoid over use of constraints, in particular if
the data quality is good.

e Structure determination with knowledge of connectivity:

1. Create a rigid body and try to position and orient it in the cell. If heavy atoms
are present, this process can be significantly simplified by locating them first
using an unconstrained trial crystal structure as discussed above. Structure
determination success will greatly depend on how accurately the true structure
is represented by the rigid body model.

2. Difficulties typically arise in presence of unknown torsion angles. In many
cases it can be sufficient to adjust these simultaneously, but each torsion
angle adds one DoF to the problem. An alternative approach is to break up the
rigid body into fragments (and even individual atoms) if data quality is good.
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Monitor the structure determination process using the Structure Viewer window
(view_structure keyword). This is very useful to

e improve the temperature regime, if displacements of atoms, fragments or
molecules are too small or too high

¢ identify over use of constraints, if movements of atoms, fragments or molecules is
too restricted

e identify heavy atom positions, if atoms tend to move repeatedly to the same
position

Note, that the use of the Structure Viewer window slows down the calculation speed.
For maximum calculation speed turn graphics animation off.
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2.4.2 Structure determination of the organic compound Cimetidine

This lesson discusses various strategies on how to determine crystal structures using
Cimetidine C1oH16N6S (Cernik et al., 1991) with 17 non-Hydrogen atoms on general
positions. The measurement data supplied have been taken from
http://www.ccp14.ac.uk.

The impact of different data types (integrated intensities, step intensity data, peak
maximum intensities) as well as the use of constraints will be evaluated in terms of
calculation speed and structure determination success rate.

All example files are located in CA\TOPAS4\TUTORIAL\CIME by default.

2.4.2.1 Whole Powder Pattern Decomposition

Whole powder pattern decomposition is a mandatory part of structure determination
in direct space, 2 cases can be distinguished: i) Structure determination using step
intensity data requires refined background, zero error, lattice and profile parameters.
In this case Pawley refinement is the method of choice. ii) If integrated intensity data
shall be used, refined lattice parameters and integrated intensities have to be
obtained. In this case both Pawley as well as Le Bail refinements are suitable.

1. Start TOPAS.

2. Perform a Pawley fit. In the Launch menu define the following predefined input file
(Launch - Set INP file): CIME-PAWLEY.INP. Inspect the input file.

3. Optionally uncomment the Create hkim_d Th2 Ip file macro to write refined
integrated intensities into the file CIME.SCR.

4. Start the refinement.

2.4.2.2 Structure determination

In the following various strategies to determine the crystal structure of Cimetidine will
be demonstrated considering three common cases:

[.  Unknown connectivity

e Use of an unconstrained trial crystal structure (individual atoms), the minimum
goal is to find the Sulphur position

e Use of an trial crystal structure with constrained Sulphur position
II. Known connectivity and molecule conformation

e Use of an ideal rigid body
[ll. Known connectivity but unknown torsion angles

e Use of a rigid body with adjustable torsion angles

For each of these cases predefined INP files are found in the
C:\TOPAS4\TUTORIAL\CIME directory based on step intensity data as well as
integrated intensities. The following table gives an overview:
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XDD SCR
Maximum Intensities Integrated Intensities

Unknown connectivity

Individual atoms CIME-SDPD-XDD-IA1.INP CIME-SDPD-SCR-IA1.INP
S atom found <20% <38%
Structure solved <12% <18%

Individual atoms, known S position CIME-SDPD-XDD-IA2.INP CIME-SDPD-SCR-IA2.INP
Structure solved <12% <20%

Known connectivity and molecule conformation

Rigid body CIME-SDPD-XDD-RIGID.INP  CIME-SDPD-SCR-RIGID.INP
Structure solved ~15% ~13%

Known connectivity but unknown torsion angles

Rigid body with torsions CIME-SDPD-XDD-Z.INP CIME-SDPD-SCR-Z.INP
Structure solved ~19% ~27%

Example files containing the string "XDD" in their filename are based on step
intensity data, maximum intensities will be used by default to improve calculation
speed. Refined background, zero error, lattice and profile parameters have been
obtained from the preceeding Pawley refinement.

The string "SCR" denotes example files using integrated intensities. Refined
integrated intensities (found in the file CIME.SCR) and lattice parameters have been
obtained from the preceeding Pawley refinement.

The table also provides Ryp values, at which the structure is normally solved (only
valid for the tutorial example files as provided!).

I. Unknown connectivity
1. Start TOPAS
2. In the Launch menu define the following input file: CIME-SDPD-XDD-IA1.INP.

3. Inspect the input file, which is based on the output file of the previous Pawley
refinement. The cimetidine trial crystal structure has been defined using individual
atoms, the positions of which have been arbitrarily set to x=y=z=0.001.

4. Start the refinement and monitor Ryp.

5. If Rwp drops below 20% the (approximate) Sulphur position is normally found.
You may stop at this point, constrain the Sulphur position (see the comments
below), and restart the refinement.

6. If Rwp drops below 12% the Cimetidine structure can normally be considered as
solved (however see the comments below).
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Comments and ideas for further working:

There are many possibilities to constrain the Sulphur position. The most rigid of
which is to use the values found in the refinement and to keep them fixed in
subsequent runs. A higher sophisticated and more recommended way is to
constrain the Sulphur atom to move within a sphere or a box. The latter, as an
example, can be easily defined using the Keep Atom_Within_Box macro as
demonstrated in the example file CIME-SDPD-XDD-IA2.INP. The advantage of
doing so is that the position of the Sulphur can still be improved within user-
defined limits while locating the remaining atoms.

Due to the lack of connectivity information, the Carbon and Nitrogen atoms will
normally be found on swapped sites, as their scattering power is very similar. The
correct connectivity needs to be worked out to truly solve the structure.

Check observed bond lengths and angles (uncomment the append_bond_lengths
keyword). They need to be constrained for the final structure refinement, as the
present diffraction data do not allow for an accurate structure refinement based
on unconstrained individual atoms.

Repeat the exercise using CIME-SDPD-XDD-IA2.INP (constrained Sulphur
position). Note the drastically improved success rate (see also section 2.4.2.3).
This example clearly demonstrates the advantage of identifying heavy atom
positions and to constrain their position for subsequent runs.

Repeat the exercise with step intensity data (uncomment the Decompose macro).
Note the significantly increased calculation time.

Repeat the exercise using CIME-SDPD-SCR-IA1.INP (individual atoms) and
CIME-SDPD-SCR-IA2.INP (constrained Sulphur position). Calculation speed and
success rate are comparable to those obtained with maximum intensities.

. Known connectivity and molecule conformation

1. Start TOPAS
2. In the Launch menu define the following input file: CIME-SDPD-XDD-RIGID.INP.
3. Inspect the input file, which is based on the output file of the previous Pawley

refinement, and compare it with CIME-SDPD-XDD-IA1.INP.

In this example a rigid body is used describing the actual Cimetidine molecule.
Fractional coordinates used to define the rigid body have been taken from Cernik
et al. (1991). Individual atoms are no longer adjusted independently, instead the
rigid body will be translated and rotated within the cell.

4. Start the refinement and monitor Ryp.

If Rwp drops to ~15% the Cimetidine structure is normally solved.
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Comments and ideas for further working:

e Note the drastically improved success rate compared to the individual atom
approaches, which is due to the high quality trial structure (i.e. the actual
Cimetidine molecule) used in this example (see also section 2.4.2.3). If unknown
torsion angles have to be considered, or if the connectivity is not fully known, the
success rate will go down significantly.

Repeat the excercise:
e Break up the rigid body. E.g. separate the ring and the chain.
e Use arigid body only for the ring. Refine all other atoms individually.

e Use a rigid body only for the ring. Refine all other atoms individually, but
constrain the Sulphur position as in CIME-SDPD-XDD-IA2.INP.

e Repeat the exercise with step intensity data (uncomment the Decompose macro).
Note the significantly increased calculation time.

e Repeat the exercise using CIME-SDPD-SCR-RIGID.INP. Calculation speed and
success rate are comparable to those obtained with maximum intensities.

lll. Known connectivity but unknown torsion angles
1. Start TOPAS
2. In the Launch menu define the following input file: CIME-SDPD-XDD-Z.INP.

3. Inspect the input file, which is based on the output file of the previous Pawley
refinement, and compare it with CIME-SDPD-XDD-RIGID.INP.

In this example a rigid body in Z-matrix notation is used. Note the adjustable
torsion angles (turned on by default) and bond lengths (turned off by default).

4. Start the refinement and monitor Rye.
5. If Rwp drops to ~19% the Cimetidine structure is normally solved.

Comments and ideas for further working:

e Note the significantly lower success rate compared to the previous example,
which is due to the higher number of DoFs (see also section 2.4.2.3). Particularily
for more complex examples it is advisable to first to position the molecule in the
cell with a minimum number of DoFs, and to refine on torsion angles and
eventually bond lengths in separate steps.

e Repeat the exercise with step intensity data (uncomment the Decompose macro).
Note the significantly increased calculation time.

e Repeat the exercise using CIME-SDPD-SCR-Z.INP. Calculation speed and
success rate are comparable to those obtained with maximum intensities.
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2.4.2.3 Structure determination success rate

The following results have been obtained on a Pentium Il / 1GHz PC (maximum
intensities only). The maximum number of iterations was set to 250.000.

CIME-SDPD-XDD-IA1.INP CIME-SDPD-XDD-IA2.INP

Nr. of DoFs 1 51 Nr. of DoFs 151

Nr. of solutions : 11 Nr. of solutions : 29

Time : 2090 sec. Time : 2118 sec.
Success rate : 190 sec / solution Success rate : 73 sec/ solution
CIME-SDPD-XDD-RIGID.INP CIME-SDPD-XDD-Z.INP

Nr. of DoFs 16 Nr. of DoFs .15

Nr. of solutions : 70 Nr. of solutions : 13

Time : 1490 sec. Time : 1718 sec.
Success rate : 21 sec/ solution Success rate : 132 sec / solution

Note the various success rates, which are not simply dependent on the number of
DoFs. As expected, the success rate is best when using the actual Cimetidine
molecule as trial structure (6 DoFs, CIME-SDPD-XDD-RIGID). Use of unconstrained
individual atoms (51 DoFs, CIME-SDPD-XDD-IA1.XDD) results in a success rate
comparable to using a rigid body with adjustable torsion angles (15 DoFs, CIME-
SDPD-XDD-Z.INP); this is indicative of the fact, that the (over) use of constraints may
actually hinder the structure determination process.
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2.4.3 Structure determination of the inorganic compound PbSO,

In this lesson the crystal structure of PbSO,4 will be determined. The measurement
data supplied are the original data used in the Rietveld Refinement Round Robin Part
| conducted by the International Union of Crystallography IUCr (Hill, 1992).

In the following maximum intensities and unconstrained individual atoms will be used;
identification of special positions will be considered in particular.

All example files are located in C\TOPAS4\TUTORIAL\PBSO4 by default.

2.4.3.1 Whole Powder Pattern Decomposition

1. Start TOPAS.

2. Perform a Pawley fit. In the Launch menu define the following predefined input file
(Launch - Set INP file): PBSO4-PAWLEY.INP. Inspect the input file.

3. Start the refinement.

2.4.3.2 Structure determination

1. Start TOPAS
2. In the Launch menu define the following input file: PBSO4-SDPD-IA.INP.

3. Inspect the input file, which is based on the output file of the previous Pawley
refinement.

e According to the chemical formula the PbSO4 trial crystal structure has been
defined using 6 individual atoms on general positions arbitrarily set to
x=y=z=0.001.

e Special positions are considered / identified by using the occ_merge keyword,
see the comments below. Additionally the keywords append_fractional and
calculate_bondlengths are used to calculate equivalent positions as well as
bond lengths and angles respectively; this can assist in identifying special
positions.

e The keyword view_structure is used to display the structure in the Structure
Viewer window.

4. Start the refinement and monitor both the Structure Viewer window and Ryp.

Watch the atoms moving in the Structure Viewer window. It can be easily seen,
that the Pb atoms (or clusters of various atoms) repeatedly move to the same
positions. Indeed the Pb position is normally found after a few cycles.

You may stop at this point, appropriately constrain the Pb position (see the
comments in section 2.4.2.2) and restart the refinement.

5. If Rwp drops down to ~6.5% the PbSO, structure can normally be considered as
solved.

6. In the Launch menu open the file PBSO4-SDPD-IA.OUT. Inspect the atomic
coordinates (including equivalent positions), occupancies and bond lengths found.
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e For 2 Oxygens identical occupancies will be found. Furthermore these 2
Oxygens will be located on the same site (check equivalent positions). Indeed
one of the 2 Oxygens is redundant and needs to be deleted from the structure.

e Inspecting the refined coordinates for the remaining atoms shows that the z—
coordinates are near values required for a special position (typically values
close to 0.25 and / or 0.75) and thus the special position for these sites have
been found. This is supported by near zero bond lengths - atoms actually sit
almost on top of each other as can be seen clearly in the Structure Viewer
window. Set the z-coordinates to the special position values and stop refining
them.

e Set the occupancies for all atoms to 1.
e Uncomment the occ_merge keywords, as they have become redundant.

7. Restart the calculations to obtain improved results.

Comments and ideas for further working:

In general it is good practice to obtain information about the number of formula
units in the unit cell beforehand, as this can provide valuable information to
optimize the trial crystal structure.

The space group Pbnm generates 8 equivalent positions per general position, that
is 8 Pb, 8 S, and 32 O atoms in the present example. This is inconsistent with the
actual number of formula units in the unit cell, which is 4 as can be derived e.g.
from density measurements or unit cell dimensions. Hence the unit cell can only
contain 4 Pb, 4 S, and 16 O atoms; it is therefore inevitable to consider the
presence of special positions as otherwise the scattering power for each atom
species is exceeded by a factor of 2.

One possibility to maintain the expected scattering power is to manually set the
occupancies for all sites to 0.5. A more straightforward and recommended way is
to use the occ_merge keyword as demonstrated in the present example, which
handles the occupanices automatically. In general this greatly simplifies dealing
with more complex cases and supports structure determination, where the
number of formula units in the unit cell is unknown or even not required to
proceed.

Note, that in the present example the PbSO, structure is actually solved with
occ_merge without knowledge of the number of formula units!

Repeat the exercise with step intensity data (uncomment the Decompose macro).
Note the significantly increased calculation time.
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2.4.4 Structure determination of the metal-organic compound KCP

The example Cyclopentadienylpotassium KCP (Dinnebier, 1999) represents a small
molecular structure containing a heavy atom.

To solve the structure a rigid body for the Cyclopentadienyl ring will be used.
Additionally anti-bump restraints will be applied to keep a minimum distance between
the rings and Potassium atoms.

All example files are located in C:\TOPAS4\TUTORIAL\KCP by default.

2.4.4.1 Whole Powder Pattern Decomposition:

1. Start TOPAS.

2. Perform a Pawley fit. In the Launch menu define the following predefined input file
(Launch - Set INP file): KCP-PAWLEY.INP. Inspect the input file.

The PV function serves as additional background function by defining a single
peak to account for the background bump due to an amorphous phase.

3. Start the refinement.

2.4.4.2 Structure determination

1. Start TOPAS.
2. In the Launch menu define the following input file: KCP-SDPD.INP.

3. Inspect the input file, which is based on the output file of the previous Pawley
refinement.

Note the arbitrary "AQ0" pseudo-atom, which is used to define the center of the
Cyclopentadienyl ring. This allows an elegant creation of anti-bump constraints
referring to the center of the rings. As the occupancy factor of the pseudo-atom is
set to 0O, it does not contribute to the calculated intensities.

4. Start the refinement and monitor both the Structure Viewer window and Ryp.

Watch the atoms and rings moving in the Structure Viewer window. Note the
extremely high success rate.

It can be easily seen, that the Potassium atoms repeatedly move to the same
positions. Indeed the Potassium position is normally found after a few cycles.

You may stop at this point, appropriately constrain the Potassium position (see
the comments in section 2.4.2.2) and restart the refinement.

5. If Rwp drops below 9% the KCP structure is normally solved.
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Comments and ideas for further working:

e Repeat the exercise with step intensity data (uncomment the Decompose macro).
Note the significantly increased calculation time.

e Repeat the exercise without the anti-bump restraint (uncomment the Anti Bumb
macros). Note that success rate decreases.

e This structure can be easily solved using unconstrained individual atoms as well.
However note that bond lengths and angles need to be constrained for the final
structure refinement, as the present diffraction data do not allow for an accurate
structure refinement based on unconstrained individual atoms.

Repeat the exercise using individual atoms (KCP-SDPD-IA.INP).
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2.5 Structure determination - Charge Flipping

® Not available in TOPAS P.

TOPAS supports the Charge Flipping method (Oszlanyi & Suto, 2004) for structure
determination with a number of enhancements (Coelho, 2007), e.g. the inclusion of
the tangent formula (Karle & Hauptman, 1956). For details refer to the Technical
Reference manual.

Example files are found in the C:\TOPAS4\TUTORIAL\CF directory.
Typical first try INP file template are as follows, see also the example files provided:

Single crystal data:
macro Nr { 100 }

charge flipping

cf hkl file HKL FILE.HKL

space_group $

a # b# cal # be # ga #
symmetry obey 0 to 1 = Ramp (0.5, 1, Nr);
Tangent (.3, 30)

min grid spacing .3

Pick (#)

load f atom type f atom quantity { .. }

Powder data:
macro Nr { 100 }

charge flipping

cf in A matrix PAWLEY FILE.A

space_group $

a # b # cal # be # ga #

delete observed reflections = D spacing < #;
extend calculated sphere to #

add_to phases of weak reflections = 90 Ramp(l, 0, Nr);
flip regime 2 = Ramp(1l, 0, Nr);
symmetry obey 0 to 1 = Ramp(0.5, 1, Nr);
Tangent (.3, 30)

min grid spacing .3

Pick (#)

load f atom type f atom quantity { ..}

The effects of Charge Flipping keywords can be best investigated by inclusion /
exclusion of keywords or by changing equations in the example files provided.
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2.6 Rietveld structure refinement

® Not available in TOPAS P.

In this lesson the structure refinement of PbSO, will be demonstrated using
measurement data coming from both a laboratory X-ray and a constant wavelength
(CW) neutron diffractometer. All data supplied are the original data used in the
Rietveld Refinement Round Robin Part | conducted by the International Union of
Crystallography IUCR (Hill, 1992).

Observed line profile shapes will be described using Fundamental Parameters for the
X-ray data and the TCHZ pseudo-Voigt function for the CW neutron data.

2.6.1 Laboratory X-ray data

1. Start TOPAS.

2. Load the raw data by importing the file PBSO4.RAW into your document. By
default this file is located in C\TOPAS4\TUTORIAL\PBSO4.

Menu: Icon: Shortcut:  Result:
File - ;r@ n.a. Imports measurement
Import Data File(s)... data

3. Switch to the Parameters Window and define the refinement model.

Menu: Icon: Shortcut: Result:
View - v F2 Displays or hides the
Parameters Window Parameters Window

In the Parameters Window expand the range item of PBSO4.RAW and perform
the following tasks:

e Focus the Emission Profile item and load the predefined emission profile
CUKAS.LAM. By default this file is located in CATOPAS4\LAM.
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% Parameters F2

&2 W | Araa :Lortz Hit (nGauss HW (r
3 Backgioun| Load Emission Profile 1. 534753 3.6854 0
£ Instrument | Save Emission Profile 1540596 0,437

3 Miscellane;  Paste INP to NodeSelections | 1544410 0.52

0

[ Comections Add Emission Ling 1541058 0.6 0
- 0

5 00571 1.544721 062 0

|Area WL (.Su) :LUrtz Hif (nGauss Hia (r
00159 15M753 36854 D
05791 1540596 0,437 0
0.0762 1541058 06 o
02417 1544410 0.52 0
00871 1544721 D.62 o

[ S N

Load Emission Profile

Save Emission Profile

Add Emizsion Line

Paste INP to Mode/Selections

e Focus the Background item. Use a Chebychev polynomial of 5th order and the
1/X Bkg function. The latter accounts for increasing background due to
airscattering when coming close to the primary beam.

4> Parameters F2

g

] Emlsslon Frafile I |Use [Value |Code gErrUr |Min |Max
oL Chebychey 2 @

| Instlument | Order 5 1)

1 Carrections 173 Blg [ 1000 Refne 0O

1 Miscellaneous

Chebychey Coefficients

|Coefficent |Error
a

o [ e [ra|—
olo[o|o|o|o
[=RT=HT=3F=F =]

Paste INP to Mode/S elections

e Focus the Instrument item and define the instrument settings according to the
following two tables:
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Equatorial Convolutions: Axial Convolutions:
Receiving Slit Width %} Full Axial Model M
FDS " Shape, Angle ] Primary Soller M
Secondary Soller M
Instrument Parameter: Value:
Goniometer Radius Primary: 173 mm
Secondary: 173 mm
Receiving Slit Width Width: 0.2 mm
FDS " Shape, Angle  Angle: 1°
Soller Slits Primary: 5.1°
Secondary: 5.1°
" Fixed Divergence Slit
%> Parameters F2 |Z|@[z|
t ‘—.J ELDS:T - | Divergent beam | [Additional Convolutions ] [ Rpt/Text ]
3 Emission Prafile I Lse Yalue Code  Error Min IMa
1 Backaround Goniometer radii
Primary radius {mm) 173
| Cpnections Secondary radius (mm) 173
[ Miscelaneous Equatorial Convolutions
Paint: detectar 2
Receiving Slit width {mm) v 0.z Fix 1}
FD'S Shape, angle{®) V1 Fiz 1}
EBearn spill, sample length (mm) | 50 Fixx 0
VDS irradiated length (mm) W iz Fix ]
YOS5 Scale Intensity | &
Capillary &
Linear PSD [
Tube Tails ] |
Asial Convolutions
Full Axial Model v
Source length {mm) 12 Fix 1}
Sample length {mm) 15 Fixx 0
RS length {mm}) 12 Fizx 1}
Load Instrument Details Prim, Saller (%) W 5.1 Eie 0
Save Instrument Details Sec, Soller (°) W 5.1 Fixx il
Faste NP to Hode/Selections N Beta a0
Finger_et_al [ 1
Simple Axial Model {mm) | Wi Fix 1}

e Focus the Corrections item. Check the Zero error and set its code to "Refine".
In addition polarization effects coming from the secondary Graphite
monochromator have to be accounted for. Therefore check LP factor as well
and set the monochromator angle to 26.4° 26.

DOC-M88-EXX062 V4.2 — 01.2009



62

Tutorial

4,

%> Parameters F2

#1-(3 Global Corrections | [ Cylindrical sample [5abine] ] [Flptz’Text ]
- M Pbsod.raw
{3 Emission Profile | Use |Yalue Code Errar Ilin [Max
1 Background Peak shift
1 Instument | Zero error 2] Refine 0
] Corections ‘Sample displacement (mm) [ 0 Refine 0
G Miscelanzous \Intensity Corrections
LP Fackar v z6.4 Fix 0

Surface Rghnss Pitschke e |

Surface Rghnss Suartti 1]

.Sample Convolutions

Absorption {1 cm) [~ 100 Refine 0
Sample Tilk {mm}) | Tio Refine 0

Paste INP to Node/Selections

In the next step the crystal structure data for PbSO4 has to be provided. In
principle there are three different possibilities:

1. Manual input of structure data (Add Structure)

2. Import of TOPAS STR files (Load STR(s), see also section 2.7.1.1)

3. Import of CIF files (Load CIF(s), see also section 2.7.1.2)

In the following the manual input will be described.

e Insert a new structure. Focus the range item for Pbso4.raw and select Add
Structure.

4> Parameters F2

FEE -
range dependent | | Rwps | [ Path | | Display | | Rpt/Text
e
W I  Add Structure Lse [Yalue Code  Error IMin Max 5
3 Bac| AddPeaks Phase
{3 Instq  Add bkl Phase v @
4 Corn|  Load STRis) S 4
3 Misg  Load CIF(s) [~ 1000 Refine 0
Load IMP, PAR
Load d_Is - DIF, UKD o)
Save i displaved Yobs,Vecalc, Diff,Phases, Bkg o 173
Replace Scan Data 2
. » itions
Reverse data and make x-axis positive v
Delete Range v .
Paste INP to ModefSelections fitma) 2 Ex u
—rormepeee?) W1 Fix O
Bearn spill, sample lengl [ 50 Fix o
YOS irradiated length imr [ 12 Fix: 1}
D5 Scale Inkensity | |
Capillary ]
Linear PSD [
Tube Tails [
Axial Convolutions
Add Structure A1 Full Axial Model v
Add Peaks Phase = Source length {mm) 12 Fix il
Add bkl Phase Sample length rmm) 15 Fiz o
Load STR(z] 3
Laad CIFfs] & RS length {mm}) 1z Fizx a
= Prirn. Soller (%) v 5.1 Fixx ]
< | x | m [ i A

e Focus the Structure item. Input the crystallographic data given below in the
Structure page and change all lattice parameter codes to "Refine". Set the
scale factor to 0.0001. Check the Cry Size L and Strain L checkboxes, set the
values to 100 and 0.01 respectively and set the parameter codes to "Refine".
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Crystallographic Data for PbSO,:

Space group Pbnm

Cell parameters  a (A) 6.959
b (A) 8.482
c (A) 5.397

4> Parameters F2 |Z|@[Z|
+-[1 Global -
IS e | Structure | [ Feak Type ] [Addlllunal Convolutions l [le/TExl ]
[ Emission Prafile I Lse Yalug Code  Error Min IMax
1 Background Use Phase v
1 Instument Spacegroup P_b_n_m
3 Corections a(hy £.,9500000 @ 0.0000000
3 Miscellaneous b (A 8.4820000 @ 0.0000000
T S clures bkl aves ) 53570000 | @ 0,0000000
-0 Scale v 0.0001 1) 1}
Cry Size
Cry size L (nm) v 1000 @ 0.0
Cry size 3 (o) [~ zo0.0 Refine 0.0
Lal-IE (nm) [~ 0.000 0,000 ki 1
L¥al-FyyHM {nm) [ o.000 0,000 k: 0.59
Strain
Skrain L v 0.0t i) 1}
Strain G [ 01 Refine 0O
el [ 0.00000 0.00000
W Rigtveld 0.000 0,000
Wte% of Spiked [~ 0000
Cell Mass 0.000 0,000
Save Structure in 5TR format cell volume (B~3) 0.00000 0.00000
“iewHide Stucture Cry LAC (1/em) 0.000 0.000
Create hk|ls phase Cry Density (gfcm=3) 0,000 0,000
Dielete Structure
R Bragg 0.000

Paste NP to Node/Selections

e Expand the Structure item and focus the Site item. Insert 5 sites by selecting
Add site at bottom in the short cut menu and input the structure data provided
in the table below.

Note, that Pb-z, S-z, O1-z and O2-z are special positions!

Atom coordinates and isotropic thermal parameters for PbSOy:

Site: X y z Atom Occ B [A?]
Pb 0.1667  0.1879  0.2500 Pb+2 1 1.5
S 0.1842  0.4367  0.7500 S 1 0.7
01 0.0960  0.5920  0.7500 0-2 1 1.9
02 0.0430  0.3060  0.7500 0-2 1 1.8
03 0.3090  0.4180  0.9740 0-2 1 1.3
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<> Parameters F2

B
|z |

3 Emission Profis [site_hp x |y | lawom_(oce,  |Beq,
[ Background | 0 016670 018790 0.25000  Phez 1
3 Instrument 0 06420 043670 075000 S 1
(3 Comections 0 00900 059200 075000 O-2 1 1.9
3 Miscelansous 0 004300 030600 075000 O-2 1

0 1

1.8
[+ Stuctures/ bkl Phazes
; 030900  0.41500  0.97400 1.3
o oz |
[ Sites FE+3 HG+1 LA+3 M MP+6 PM+3 RE  SC43
[0 Prefermed Orientatior FR. H&+2 LI Ma O PO RB+l SE

3 St Dutput Errors |5 HO  LI+1 M&+l O-1 PR RE I

Mg % GA+3 HO+3 LU MNE 02 PR+3 RH SI+4
U -0.16670 Gh 1 LU+3  ME+3 O{? PR+4 RH+3 SIV
0 0.1s420 GO+3 I-1 Ma ME+S O5+4 PT RH+4 SM
0 0.0%00 GE n MG+Z ND P PT+Z RN SM+3
0 0.04300 GE+4 IN+3 MM MND+3 PA PT+4 RU SH
0 0,30900 H IR Mh+2 MNE FE FU RLU+3 Sh+2

H IR+3 MN+3 NI PEHZ PU+3 RU+4 Sh+4
H-1  IR+4 MW+4 NI+Z2 PE+4 PU+4 5 SR
HE K MO NI+3 PD PU+6 5B SR+2
HF K+1  MO+3 NP FOD+2 O SB+3 TA
HF+4 KR MO+5 NP+3 PD+4 RA SB+5 TA+S
H& L& MO+6 WP+4 PM RA+E 5C TEB

Add Site before current site
Add Site at bottom

Add Atom at curent site
Faste INF to Node/Selections

e Switch to the Codes page and change the code for all refineable coordinates
and for the temperature factors to "Refine". Note: Special positions must not
be refined!

4> Parameters F2

W

~[3 Emission Profile s Sl lR ¥ F Ol Ol B

- [3 Background Pk 0 06670 0.08790 0.25000  Ph+2 1.5
3 Instument | 0.15420  |0.43670 075000 S 0.7
-1 Corections |

1 Miscellaneous
[+ Stuctures/ hkl Phases

0.04300  |0.30800 075000 O-2 1.8

1
il
0,09500 0.59200 0,75000 0-2 1 1.9
1
0,30900 0.41800 097400 0-2 1 1.3

Jen [+ e [ro|[—
oo 0w
o o ao

= Pos04
] Cites
[ Preferred Orientation
B

ste Mp [l tom_|oce,[Ben.

1 0  Refine Refine  |Fix Fh+2  Fix Refine
20 0 Refine |Refine  Fix S Fix Refine
3 0 Refine Refine Fix -2 Fix Refine
4 1 0 Refine Refine Fix -2 Fix Refine
5 |0 0 Refne Refne Refne 02 Fx  Refine

Add Site before current site
Add Site at bottom

Add Atom at cument site
Paste INF to Hode/Selections

5. To have errors calculated, check the menu item Calculate Errors in the Fit menu.
6. To start the refinement switch to the Fit Window and click on the Run button.
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Menu: Icon: ShortCut: Result:

Fit — J'L': F5 Displays or hides the Fit
Fit Window Window

n.a. » F6 Runs the refinement

In the Scan Window a calculated pattern based on the start values is shown in red
color. The difference to the observed data is represented by the gray curve. After
fitting a dialog informs you, if the refinement has converged or not.

<> T0PAS - (Pbio. 1 L5
Fle View Ft Lanch Todk Widow Help FHESEWM = - & x

D AR Ee A LAY REI o A Ty W bW
15500
15.000
14 500
14.000
13.500
13.000
12.500
12.000
11,500 e

11.000: N nterface Mode: Fit Zoomed ON
10500 A
10000 o

9500 {

9.000 Nl 0 2 4 3 8 10 12 14 16
8500
£.000
7500
7.000
6.500
6000
5500
5000
4500
4000
3500
3.000
2500
2000
1500

1.000
500 U
|

e A e e L e
10 20 30 40 50 60 70 80 90 100 110 120 120 140 150 18
= 8146986 = 13652.07 d=1.18042%

7. The refinement results can be inspected in the Parameters Window.

8. Save your work.

Menu: Icon: Shortcut: Result:

File — Save Q n.a. Saves the current work in
a document (*.PRO)

File — Export INP file... n.a. n.a. Exports the current work

as an input file (*.INP)
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Hint!

Hint!

TOPAS documents (PRO files) contain the measurement data, model
and refinement parameters, evaluation results, as well as any user-
defined GUI settings. Therefore you can load and resume your fit
session anytime at any stage or use the document as a template for
different data.

Exporting an input file using the Menu File - Export INP File... instead
allows the use of your refinement model e.g. in an automated
environment (using TC) or in Launch Mode. Measurement data and
user-defined GUI settings are not saved within an INP file.

Fractional coordinates for special positions such as 1/3, 1/6, etc. are
expected in the form of an equation such as

=1/3, =1/6, etc. in the Codes page,
instead of values with re-occuring digits such as
0.3333..., 0.1666..., etc. in the Values page.

The correct parameter value will be calculated automatically from the
equation and displayed in blue color.

Not adhering to this convention may lead to severely wrong
refinement results!
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2.6.2 Constant wavelength neutron data

1. Start TOPAS.

2. Load the raw data by importing the file PBSO4N.XY into your document. By
default this file is located in CA\TOPAS4\TUTORIAL\PBSO4.

[ Toms e [ [5]]

EE=EN %

3. Switch to the Parameters Window and define the refinement model.

In the Parameters Window expand the range item of PBSO4.RAW and perform
the following tasks:

e Focus the Emission Profile item and define a source emission profile using
A =1.909A. Setting Area and Lortz. HW to 1 will do it for this example. For
details about emission profiles please refer to the Technical Reference
manual.
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%> Parameters F2

S=1e

+-[_1 Global

=M PbSO04n.uy
I | E mizzion Profile
1 Background
1 Instument
1 Cormections
1 Miscellaneous

Load Emission Prafile

Save Emission Profile

Add Emission Line

Paste INP to Mode/Selections

1

1

|Area | L (&
1 1.909000

|Area | L (8
11 1,909000

Larkz, HW {nGauss HW (r‘
1 0

|Lortz, HW (niGauss Hw (1
1 1]

Focus the Background item. Use a Chebychev polynomial of 3rd order and the

1/X Bkg function.

Focus the Instrument item. To describe peak asymmetry, select either the
Finger_et _al or the Simple Axial Model and set the asymmetry parameter
codes to "Refine". The instrument radii are of no importance for this example.

Focus the Corrections item. Check the Zero error and set its code to "Refine".
Check LP factor and set the monochromator angle to 90° 26, as neutron data

are unpolarized.

4> Parameters F2

B=1E3

+-[ 1 Global

=M PbS04n.wy
1 Emigzion Prafie
1 Background

Paste NP to Hode/Selections

Corections | [ Cylindrical sample [Sabine] ] [Hpt.-"Text ]

_:Peak shift
\Zero errar

‘Sample displacement (mm} [ 0

Intensity Corrections
LP factar

Surface Rghnss Pitschke e |

|Surface Rahnss Suortt
ESampIe Convolutions

] Absorption {1 /cm)
Sample Tilt {mmm)

|Use Yalue Code  |Errar |Min |Ma
v o Refine @
Refine 0
v 90 Fixx il
-
[ 100 Refine 0O
[ Tio Refine 0

Focus the Miscellaneous item and check Fixed WL Neutron.
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% Parameters F2

+-[_1 Glabal

=M PbS0dn.=y
[ Emission Profile
{1 Backaground
1 Instument

Add Excluded Region
Paste INP to Hode/S elections

Mizcellaneous | [ Degree of crestallinity ] [Flptz’Text ]

%IConv. Steps
\Calc.Step

Starty

|Finish %
| Fixed WL Meutron

ExclRegions

Use Valus |Code  |Error
1 4»
0.02

(Min

4. In the next step the crystal structure data for PbSO4 has to be provided.

e Repeat step 4 in section 2.6.1 to create the structure model. Note, that
scattering lengths will be provided in the Atom drop down list, as Fixed WL
Neutron has been checked in the Miscellaneous page.

5> Parameters F2.
=1 Glabal
=M Fbsodngy
3 Emission Profile
[ Background
3 Instrument
3 Cormrections
3 Miscellaneous
-3 Stucturesd bkl Phases
= Pbs04
A Sites
1 Preferred Orientation
4 St Output

Add Site before current site
Add Site at battorn

Add At at curent site
Paste INF to Node/Selections

1
2
3
4
5

_ESite ZNP 1 li | :Atnm EOcc. :Beq.
Pb 0 O0Es70 008790 025000 Pb 1 L5
5 0 018420 043670 075000 S5 1 07
o 0 0.0%00 059200 075000 O 1 1.9
o 0 004300 0.30600 075000 O 1 L8
lo o oz o4t ooraoo  [CHEEE: 1.3
E—
Mt B1M p Pr Rb @ &7}
] Pa Pt Re
| R Fhb Pt : 130t Re : 1
lste o Jx JP Pb ; 204Fb Pt ; 192Pt Re i 1
T é@ Pb : 206Pb Pt : 194Pt Rh
E e [T Pb : 207Fb Pt : 195P: Ru
E 0 odo 1o Pb : z08Fb PE i 196PC s
o 0 nfo o pd Pt : 198Pt 5 ;325
<o R [ Pd : 102Pd Pu i 238PU 5 ;33
Os 1 18605 Pd : 104Pd Pu : 239Pu 51345
05 1 18705 Pd @ 105Pd Fu : 240Pu 5385
Os : 1880s Fd : 106Pd Fu : 242Fu sb
Os 1 18905 Pd : 108Pd Ra b1z
0s ¢ 1900s Pd ¢ 110Rd Rb Sh ;12
05 1 19205 Pm Rb : 85Rb 50
& | ]

A ES

[ o) ) i) ] e
y |z |

¢ In the Structure page set the scale factor to about 0.1. Also set the Cry Size L
checkbox to no use, as there is no instrument function used in this example.
Switch to the Peak Type page and select the TCHZ_PV function.
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% Parameters F2

[Structure ] | Peak Type |

Additional Canvolutions ] [Flptz’Text ]

iCode

s . |
{3 Emiszion Profile |Yalue

|Error iMin |Max

-

{3 Background

[ Instrument

{1 Corrections

3 Miscellaneous

{3 Structures! hkl Phases
@ PbS04

LEF Sites

{1 Preferred Origntation
“3 St Output

Peak Type
3 |

0 Fix

e e T R

0 Fix:

Save Structure in STR format
Wiew/Hide Structure

Create hkl_ls phaze

Dielete Stucture

Faste NP to Node/Selections

s s Yy el i s

5. Start the refinement.

opas4\Tulorial\PhSO4\PbS04n.,

o - [Phsodn.xy]

Fle View Ft Lanch Took Wirdow Help

HE =

DA de A A RT o HF

2400
2300
2.200
2100
2,000
1.900
1.800
1.700
1800

1500
1400
1300
1.200
1.100
1.000

Inspect parameters and araphics before answering.

Refinement converged; Kesp refined parameter values

an.67 BE

=

converged

R

900
800
700
600
500

[ x=78.285% = 1426451 [ d=1.51206
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2.7 Quantitative Rietveld analysis

® Not available in TOPAS P.

This tutorial demonstrates quantitative Rietveld phase analysis using the following
two selected examples:

I. "CPD-2": This sample contains known amounts of the following phases:
Corundum, Fluorite, Zincite, and Brucite. It will be shown how to

e perform a quantitative Rietveld analysis from scratch,
e optimize a given structure entry with respect to your sample properties, and

e create templates for interactive (PRO files) as well as automated quantitative
Rietveld analysis (INP files).

II. "CPD-3": This sample contains known amounts of the following phases:
Corundum, Fluorite, Zincite, and glass. It will be shown how to quantify
amorphous phase amounts using a spike phase (Corundum).

[ll. "OPC": This tutorial example comprises the three NIST ordinary portland clinkers
RM 8486, RM 8487, and RM 8488. It is used to demonstrate how to

e use templates (*.PRO files) for fast, interactive phase quantification, and
e critically assess the accuracy of quantification results.

This tutorial also provides an introduction into the use of structure databases with
TOPAS . This includes the following topics:

e The use of both, the "TOPAS Structure Database" and its specialized version, the
"TOPAS Cement Structure Database", respectively 2.

e The use of third party databases such as the ICSD or CSD structure databases
using the "Crystallographic Information Files" (CIF) interface.

e The creation of a user-defined structure database using optimized structure
entries.

! All structure entries required to go through the training examples are included in this
tutorial, so it is not necessary to have any database to proceed.

2 The TOPAS structure databases are optional add-on's to TOPAS, which have to be
ordered separately.
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2.7.1 Quantification of CPD-2

This exercise is divided into two parts:

I. Introduction into quantitative Rietveld analysis
In the first part the quantification of the CPD-2 sample will be demonstrated using
structure entries coming from the "TOPAS Structure Database".

[I. Fitting structure entries to your needs
In the second part some important glitches will be discussed when using structure
data of unknown quality. It will be shown how to adjust structure data taken from
literature using CIF files in order to obtain high quality structure entries for a user-
defined structure database.

2.7.1.1 Introduction into quantitative Rietveld analysis

1. Start TOPAS.

2. Load the raw data by importing the file CPD-2.RAW into your document. By
default this file is located in C:\TOPAS4\TUTORIAL\QPARR.

Menu: Icon: Shortcut: Result:
File - ;r@ n.a. Imports measurement
Import Data File(s)... data

3. Switch to the Parameters Window and define the refinement model.

Menu: Icon: Shortcut: Result:
View - /‘ F2 Displays or hides the
Parameters Window Parameters Window

In the Parameters Window expand the range item of CPD-2.RAW and perform
the following tasks:

e Focus the Emission Profile item and load the predefined emission profile
CUKAS.LAM. By default this file is located in CATOPAS4\LAM.
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% Parameters F2

I § E miszion Profils | Area _Lortz Hint (nGauss Hw (r
& Backgiound Load Emission Profile 534753 3.6554 0
3 Instrument Sawe Emission Profile 540596 0.437 0
1 Comrections Add Emission Line 541058 0.6 1
[ Mizcellaneow;  Paste INP to h.lnde,l’salectinns Sedaln  0.52 a
5 20.08?1 1.544721 062 0

|Area WL (.Su) :LUrtz Hif (nGauss Hia (r
00159 15M753 36854 D
05791 1540596 0,437 0
0.0762 1541058 06 o
02417 1544410 0.52 0
00871 1544721 062 o

[ S N

Load Emission Profile

Save Emission Profile

Add Emizsion Line

Paste INP to Mode/Selections

e Focus the Background item. Use a Chebychev polynomial of 4th order and the
1/X Bkg function. The latter accounts for increasing background due to
airscattering when coming close to the primary beam and also allows to use a
Chebychev polynomial with less coefficients.

4> Parameters F2

gt

v | Emlssmn Profile | |Use Value |Code  |Error |Min |Maix
aci ] ‘Chebychey v @

| Inshument | order 4 4

(3 Conections |14 Bkg [ 1000 Refre O

1 Miscellaneous

Chebychey Coefficients

Coefficent |Error

i o
2 H0 o
3 g0 o
4 o o]
5 0 o

Faste INF to Hode/Selections

e Focus the Instrument item and define the instrument settings according to the
following two tables:
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Equatorial Convolutions: Axial Convolutions:

Receiving Slit Width %} Full Axial Model M

FDS " Shape, Angle ] Primary Soller M
Secondary Soller M

Instrument Parameter: Value:
Goniometer Radius Primary: 173 mm
Secondary: 173 mm
Receiving Slit Width Width: 0.3 mm
FDS " Shape, Angle  Angle: 1°
Soller Slits Primary: 4.6°
Secondary: 4.6°

" Fixed Divergence Slit

%> Parameters F2 D@@

#- 4 Global | Divergent beam | [Additional Convolutions ] [ Rpt/Text ]
=M CPD-Zraw
[ Emission Prafile Lse Yalue Code  Error Min IMa
1 Background Goniometer radii
Primary radius {mm) 173
{4 Corrections Secondary radius (mm) 173
[ Miscelaneous Equatorial Convolutions
Paint: detectar 2
Receiving Slit width {mm) v 0.3 Fix 1}
FD'S Shape, angle{®) V1 Fiz 1}
EBearn spill, sample length (mm) | 50 Fix 0
VDS irradiated length (mm) W iz Fix ]
D5 Scale Intensity | |
Capillary |
Linear PSD [
Tube Tails ] |
Asial Convolutions
Full Axial Model v
Source length {mm) 12 Fix 1}
Sample length {mm) 15 Fixx 0
RS length {mm}) 12 Fizx 1}
Load Instrument D etails Prim, Saller (%) M 4.6 Eie 0
Save Instrument Details Sec, Soller (°) W 4.6 Fixx il
Faste NP to Hode/Selections N Beta a0
Finger_et_al | |
Simple Axial Model {mm) W iz Fix 0

e Focus the Corrections item. Check the Zero error and set its code to "Refine".
In addition polarization effects coming from the secondary Graphite
monochromator have to be accounted for. Therefore check LP factor as well
and set the monochromator angle to 26.4° 26. Finally check Absorption and
set its code to "Refine" in order to correct the significant profile shape
distortion caused by the low mass absorption of the sample.

Note: The absorption correction accounts for the profile distortion due to the
sample transparency effect inherent to the Bragg-Brentano geometry. The
absorption parameter provides the effective mean absorption coefficient of the
sample.

For the Bragg-Brentano geometry this parameter is a fundamental parameter.
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However, absorption results are only meaningful, if the instrument and the
microstructure properties of all phases in the sample have been described
properly.

If these requirements can not be fulfilled or if a different instrument geometry
has been used, the absorption correction can be applied as an additional,
empirical function to describe peak asymmetry. In this case the refined
absorption parameter does not have a physical meaning.

%> Parameters F2 Eﬂﬁ]@
+-[_1 Global

=M CPD-Zraw
{3 Emission Profile Use |Yalue Code Errar Ilin [Max

| Corrections | [ Cylindrical sample [5abine] l [Flptz’Text ]

1 Background Peak shift
1 Instument Zero errar 2] Refine 0

Sample displacement (mm) [ 0 Refine 0
Intensity Corrections

LP factar v 26.4 Fix ]
Surface Rghnss Pitschke e |

Surface Rghnss Suorkti 1]

Sample Convolutions

Absarption {1/cm) ¥ 100 Refine 0

1 Miscellaneous

Sample Thickness (mm) | 10 Refine 0
scale Inkensicy ]
Sample Tilt {mmm) | o Refine 0

Paste INP to Node/Selections

e Focus the CPD-2.RAW range item and import the structure entries for the four
phases Corundum, Fluorite, Zincite and Brucite (multi-selection is supported):

1. BRUCITE.STR
2. CORUNDUM.STR
3. FLUORITE.STR
4. ZINCITE.STR
By default these files are located in C:\TOPAS4\TUTORIAL\QPARR.
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% Parameters F2

4 '—i" % All range dependent | | Rwps
3 Emiss Ad SHE e Lse Yalue Code  Error Min Mai ~
£ Backi Add Peaks Phase

Add bl Phase
1 Instry o v @
03 Misce LSZd INP‘SPAR [~ 1000 Refine 0
Load d_Is - DIF, UXD
Save if displayed Yobs, Veale, Diff, Phases, Bkg 173
Replace 5can Data 173
Reverse data and make x-axis positive ions
Delete Range 2
Paste IMP to Node/Selections mm) W 0.3 Fix a
FO5 Shape, angle(®) v 1 Fixx ]
Bearn spill, sample lengl [ 50 Fizx o
YOS irradiated length (mr [ 12 Fix 1}
VDS Scale Intensity | |
Capillary 1]
Linear PSD [
Tube Tails ] |
Axial Convolutions
Add Structure L Full Axial Model v
#dd Peaks Phase Source length (mm) 12 Fixt il
'E::dhgl_r';'}:]se Sample length {mm) 15 Fix o
Laad CIFfs] & RS length {mm) 1z Fix i}
Prim. Soller (%) v 4.8 Fix ]
£ | ¥ 5 i = ~

4. To have errors calculated, check the menu item Calculate Errors in the Fit menu.
5. To run the refinement switch to the Fit Window and click on the Run button.

Menu: Icon: ShortCut: Result:

Fit — J'L': F5 Displays or hides the Fit
Fit Window Window

n.a. » F6 Runs the refinement

In the Scan Window the calculated pattern is shown in red color. The difference to
the observed data is represented by the grey curve. After fitting a dialog informs
you, if the refinement has converged or not.

Note the poor Rwp value of about 30 % and the misfit of the 001 Brucite reflection
at about 18.6° 20 due to preferred orientation.

DOC-M88-EXX062 V4.2 — 01.2009



Tutorial

77
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6. To account for the preferred orientation of Brucite switch to the Parameters
Window again and expand the structure item of Brucite. Select the Preferred
Orientation item and set the code of the March-Dollase parameter to "Refine".

Note: The TOPAS Structure Database contains the typical preferred orientation
direction for most of its entries. For Brucite - as an example - this direction (0 0 1)
is included and therefore automatically entered into the hkl field of the PO March-

Dollase page.

4> Parameters F2

#-_ Global
=M cpd-2raw
[ Emission Profile
{1 Background
<[ Instiument
[ Corections
-1 Mizcelaneous
+-[3 Structuresd hkl Phazes
[ Corundurm
B Flucrite
) Zincite
(& Brucite
1 Sites
{1 Preferred Orientation
1 St Output

][+

Faste INF to Hode/Selections

PO March Dollase | [ Rpt/Text ]

I |hil |Use |Value

| Direction 1 ooi W1

| Direction 2 [l
Frackion Cir, 1 0.5

PO Spherical Harmaonics | [Enefficients

(Mame |Use | Order
| sh_#rhad3fe_3f [ 4

Code  |Errar
@ 1]
Refine 0
Refine 0

7. Restart the refinement.
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<> Tops

s A = T

Fle View Ft Lanch Took ‘Window Help

O PR Ee A AV ETL X TE

11.500
11.000
10,500
10.000
9500
9.000:
8500
&000
7500
7.000
6.500;
6000
5500
5.000:
4500
4000
3500
3.000
2500
2000
1500
1.000

500
[
-500 1

BEEREHN = - & x
W

/5]

B

Corundum 2155 %
2198 %
1935%
3712%

Fluorite
Zincite
Brucite

-1.000
-1500 1

-2.000 !

Loy TR | T ol !

x=76.72172

70 80 90 100 110 120 130 140

=2383.843 d=124119

8. The quantification results can be inspected in the Scan Window, Weight Percent
Pie Chart Window or in the Parameters Window. The expected ("true") values are
given in the table below. The accuracy of your results should be about + 1 % in

weight.

CPD-2 Brucite [%] Corundum [%] Fluorite [%] Zincite [%]

Weighed 36,26 21,27 22,53 19,94

XRF 36,14 20,94 22,14 19,49

Save your work.

Menu: Icon: Result:

File — Save Q Saves the current work in
a document (*.PRO)

File — Export INP file... n.a. Exports the current work

as an input file (*.INP)
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Hint! TOPAS documents (PRO files) contain the measurement data, model
and refinement parameters, evaluation results, as well as any user-
defined GUI settings. Therefore you can load and resume your fit
session anytime at any stage or use the document as a template for
different data.

Exporting an input file using the Menu File - Export INP File... instead
allows the use of your refinement model e.g. in an automated
environment (using TC) or in Launch Mode. Measurement data and
user-defined GUI settings are not saved within an INP file.

2.7.1.2 Fitting structure entries to your needs

The accuracy of the quantification results as well as the convergence behaviour of a
refinement directly depend on

e the quality of the selected refinement models (background, instrument
contributions, crystal structure, microstructure, ...), and

o the start values used for the model parameters to be refined, which should be as
close to reality as possible.

The description and refinement of background, instrument and microstructure
contributions to the powder pattern is straightforward with the comprehensive
collection of refinement models offered by TOPAS. Therefore the accuracy of the
quantification results is finally determined by the quality of the crystal structure(s)
used in the refinement. Often missed is the fact, that even published crystal structure
data can be inaccurate or incomplete (e.g. missing atoms or temperature factors).
Careful selection as well as critical quality checks of structure data of any origin
should be regarded as a matter of course. Synthetic mixtures (as in this exercise) or
cross-checks using alternative analysis methods (such as optical microscopy for the
OPC samples in section 2.7.2) can be extremely useful to judge structure data
quality.

Poor start values e.g. for scale factors (mainly determining calculated peak
intensities) or lattice parameters (mainly determining peak positions) may just result
in a needless number of refinement cycles, but may also lead to parameter
divergence.

In the following exercise it will be demonstrated, how to deal with some typical
problems associated with the use of inaccurate and incomplete third party structure
data (provided in CIF format). Discussions include

e poor start values for scale factors,

e low quality lattice parameters, and

e missing temperature factors.

Finally it will be shown how to create new, high quality structure entries for TOPAS.

1. Repeat the refinement of the CPD-2 data from the very beginning. Carry out the
steps 1 - 3 as in section 2.7.1.1, but finally load the CIF structure data provided
for each phase instead by selecting Load CIF(s).
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2. Check the completeness and correctness of the imported structure data. Note,
that fractional coordinates for special positions such as 1/3 and 2/3 (see Zincite
and Brucite) must be provided in form of an equation, and not with re-occuring
digits such as 0.3333 and 0.6667 as given in the CIF files.

% Parameters F2 D@@
+-[_1 Global .
{3 Emission Profile |Site [Mp (% ¥ z Atom  |Occ.  |Beq.
1 Backgound 1 Mgl 0 0.00000 0.00000 0,00000 Mo+2 1 1
4 Instrument 2 Mol 0 10.33333 0.66667 0.22160 -2 1 1
[ Corrections 3 W§H1 0 0.33333 0.66667 043030 H+1 1 1
1 Miscellaneous
+-[1 Structures/ hkl Phazes
+ Zincite
1 Preferred Orientation i lp X_ y'. 2_ ko O_cc' B?q'
£a St Dutput 1 Mgl 0  Fix Fix Fizx Ma+2 Fix Fix
% P 2 o0 =13 =23%  Fix 0z Fix Fix
+ Eliiciite 3 W0 =13 =203 Fix H+1  Fix Fix
Add Site before curment site
Add Site at bottom
Add Atom at curent site
Paste INP to Mode/Selections
Hint! Fractional coordinates for special positions such as 1/3, 1/6, etc. are

expected in the form of an equation such as
=1/3, =1/6, etc. in the Codes page,

instead of values with re-occuring digits such as
0.3333..., 0.1666..., etc. in the Values page.

The correct parameter value will be calculated automatically from the
equation and displayed in blue color.

Not adhering to this convention may lead to severely wrong
refinement results!

3. The CIF data do not contain the following required information, which therefore
has to be entered manually in the Parameters Window:

e Parameter attributes such as refinement codes (e.g. "Fix" or "Refine").
Therefore set the lattice parameters codes for all phases to "Refine".

e Preferred orientation model for Brucite. Select the March-Dollase model, enter
the preferred orientation direction (0 0 1, blanks between each number are
mandatory) and set the code of the March-Dollase parameter to "Refine".

Note, that microstructure information is also not included in the CIF files - default
models and default parameter values will be used by TOPAS. A review of these
during and after refinement should be regarded as a matter of course.

4. To keep the refinement better under control,
e zoom into the 26 region ranging from about 15 to 50° 260,
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e uncheck the menu item Fit Zoomed in the Fit menu (this is mandatory, as
otherwise only the zoomed region is fitted instead of the complete pattern),

and
e perform a step by step refinement by clicking on the Step button in the Fit
Window.
Menu: Icon: ShortCut: Result:
n.a. Y| F7 Runs the refinement step
by step
Fie View Fit b Winda FEREN~ - & x
AP

w  Help
FS’/‘M&&@I”?&#EX Y e UG
11500

11.000 . e—
10500
10.000
9.500
9.000
8.500
8.000
7500
7.000
6.500
6.000
5500
5.000
4.500
4.000
3.500
3.000

2500
2.000
1.500

1.000
500 J\
Fit ol the zoomed region x= 1618497 = 1i779.74

5. Perform a single refinement step.
TOPAS will stop calculations immediately and drop the following error message:
"Atom H+1 not found in atmscat.cpp"

This error is due to the fact, that crystal structure databases frequently provide the
atom type "H+1" for Hydrogen. Even if chemically correct, the refinement can not
proceed as X-ray scattering data don't exist for protons.

Therefore switch to the Parameters Window, expand the structure item for
Brucite, select the Sites item and set the correct atomic scattering factors for
Hydrogen (either enter the character "H" in the text box or select the atom type
"H" from the drop down list).

Note: Similar problems may also occur for other atom types. In addition -
depending on the character of the bonds in your structure - it may be of concern
to choose between atomic and ionic scattering factors.
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+- [ Global =
Walues | | Codes | | Erors || Min | | Max || Bpt/Test
W cpd i
[ Emission Profile \Gite Mp x ¥ z Atom  |Dec,  Beg,
{23 Background | Mgl 0 000000 000000 000000 MgHz 1 1
[ Instrument 2 01 0 033333 066667 0.22160 02 1 1
(23 Conections 3 Ht 0 033333 066667 043030  [SEEER! 1
1 Miscellaneous —
B8 Struchures/ bkl Phases AC  BA CE CU FE43 HGHL LA+3 M K
o @ Zincite ACHE BA+Z CE43 CL41 FR HG+2 LI NMA G
< Brcite Emors 4G BE  CE+4 Cl42 GA HO  LT+1 MA+l d
[ Sites ste|Np AGH BE+2 CF  CWAL GA43 HO4H3 LU ME
[ Prefered Orientation | Mgt 0 Fix AGHz B L DY GD I LU+3 ME+3
(3 Sbr Dutput S o1 0 =y AL BI43 CL1 DY3 G043 1 MG NB4S O
+ [ Corundum | ks
- E . Bl+3 BI45 M ER GE IN ME+Z MD  F
+-[8 Fluorite 3 JH! 0 =13
aM  BK  CO  ER4+3 GE+4 IN+3 MM ND43 F
AR BR  CO+ZEU H IR MMeZ ME  F
AS  BR-l CO43 EL42 k@ IR+3 MN+3 NI F
AT ©  CR EUM3 HT  IR+4 MM+4 NI+Z F
Al A CR¥ZF  HE K MO NI+ F
AUH1 CA+Z CR43 F-1 HE K+l MO+3 NP H
AU+E €D C5 FE HF+4 KR MO+S MP43 F
- - B (D42 C5H FE+2 HG LA MO+6 MP+4 F
Add Site before curent site
Add Site at bottom
Add Atom at cunent site < >
Faste INF to Node/Selections
6. Perform a single refinement step.

Inspect the calculated data in the Scan Window. As can be seen clearly, the
calculated intensities for all phases are very low, which is due to the default
values used for the scale factors.

Cancel the refinement and increase all scale factors from 1E-05 to 0.001.

Note: The purpose of scale factors is to scale the calculated intensities of each
phase to the observed intensities of the pattern. It is therefore obvious, that scale
factors are directly dependend on external factors such as the intensity of the
X-ray beam and measurement time. Consequently it is impossible to provide
default values for scale factors, which are globally valid.

Scale factors are linear and very stable parameters and can be off for even some
orders of magnitude. However, additional refinement cycles will be required to
bring the scale factors in, while complex refinements may become jeopardized. In
any case poor scale factors hamper a visual check of the calculated data quality.
It is therefore advisable not to stick with poor scale factors but to determine and to
apply better start values before proceeding with the refinement.
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BT —E
Fle View Ft Lanch Took Window Help FEBSEDN* - & x
O AT A AV L o T Ty W T
Zincite 10.62 %
11.000 Brucite 102 %
Corundum 66.57 %
10.000 Fluorite 2179 %
9.000 ® Interface Mode: LEX
8.000 » il @ 5

7.000
6.000
5.000

4.000

3.000

2000
1.000
) A

-1.000

Interface Mode

-2.000
-3.000
-4.000
-5.000

-6.000

-7.000

-8.000

-9.000
-10.000
-11.000 _A_ -/\-

' | | ‘ ‘I ‘ \I Y | | | ‘ .
28 30 32 34 36 38 40 42 44 46 48 5C
= 4016169 — 030,510 d=2.243505

-12.000

-13.000

ssssss

7. Restart the refinement by performing a single refinement step.

Inspect the calculated data in the Scan Window. As can be seen clearly, the
calculated peak positions for the Zincite peaks are displaced up to 1° 26 due to
poor start values for the lattice parameters.

Continue the refinement step-wise and watch the behaviour of the Zincite peaks.
It should be seen, that while the maximum peak intensities decrease the peaks
broaden extremely (high risk of parameter divergence (!) as there is no peak
intensity at the calculated peak positions). Fortunately the calculated peaks finally
lock into the correct observed peaks and the refinement converges.

Note: Although the present refinement converged properly, it is not the
recommended procedure to refine "on the off chance" as just demonstrated, but
to find better start values. An elegant way is as follows, if there are no better
structure data available:

e Cancel the refinement
e Switch the X-axis scale to d-spacings (menu View - X-Axis Scale - d-spacing)

e Locate an h00 or OkO and an 00l peak and determine their d-values using the
mouse cursor (the current mouse position is displayed in the status bar in
terms of d).

In the present refinement the 100 / 010 peak at 31.7° 26 (d ~ 2.81) and the 002
peak at 34.4° 20 (d = 2.60) may be used. From these the following lattice
parameters can be determined: a = 2.81 / sin(120) = 3.245; b =2.60 x 2 = 5.2.
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4> TOPAS - [cpd-2.raw]
Fle View Fit Launch Tosks Window Help EEHDEN % - 78 x
O AT A NNV o A Ty o T
11.000 Zincite 1062 %
Brucite 102 %
s Corundum 6657 %
9.000 Fluorite 2179%
8000 fmmmr %
7.000 = r— q
6.000 pasiieg) ta-da_ =y ]
5.000
4.000
3.000
2.000;
1.000 v
0
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000
-7.000
-8.000
-9.000
-10.000 \ {\ [\»
-11.000
-12.000: V \Jf\ v v VLJ\_
-13.000
-14.000 \{
-15.000
-16.000
-17.000:
-18.000
-19.000
-20.000
o ‘ . | ‘
22,000 I | | I I 1 I I |
16 18 20 2 2 2% 28 a0 2 34 6 38 40 42 44 45 43 5
sy T R 03
8. Inspect the quantification results. The accuracy obtained should be about £ 2 % in

weight, which is worse compared to the previous refinement results in section
2711,

As exactely the same background, instrument and microstructure models have
been used, the reason for the worse results must be related to the crystal
structure data used.

Inspect the CIF files (e.g. using a text editor). Note, that temperature factors are
coﬁr\gpletely missing for all phases, forcing TOPAS to use default values (that is
1 A%).

Switch to the Parameters Window and select the Sites page for each phase. The
temperature factors are located in the row headed with Beq. Adopt the
temperature factors provided in the following list, which have been taken from the
STR structure entries used in section 2.7.1.1

Brucite: Mg: 0.43 O: 1.00 H: 1.00
Corundum: Al: 0.32 O: 0.33
Fluorite: Ca: 0.41 F: 0.62
Zincite: Zn: 045 O: 0.73
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%> Parameters F2

41 Global =
=M cpd-2raw :
{23 Emission Profie ESite :N_p IES i 2 :Atom :Occ. _Eeq.
-+ Backgound L jZnl 28 10.33333 0.66667 0,00000 ntz 1 0.45
4 Instrument 2 doi 2 0.,33333 0.66667 0,37500 -2 1 0.73
[ Comrections
- Mizcelaneous
+] Structuresd hkl Phazes
e
L Site M x ly |z \Atom |Oce.  Beg.
i ictered U ightaton |zl 2 -3 —2/3 Fix  Zn42 Fix  Fix
1 St Output 1 - - -
+-F Brusite 2 Jo1 2 =13 =23 Fix o2 Fix Fix
+-[F Corundum
+ [ Fluarite

Add Site before curment site
Add Site at baottom

Add Atom at curent site
Paste IMP to Mode/Selections

9. Restart the refinement and inspect the quantification results. Now the accuracy of

your results should be about + 1 % in weight.

Fle View Ft Lanch Took ‘Window Help

O AR EaS A AV o T Ty W W

BEEREHN = - & x

11.500
11.000
10500
10.000

9500

Zincite 19.28 %
Brucite 3630 %
Corundum 22.18 %
Fluorite  22.23 %

14.820

4.000
8.500:
8000
7500

7.000 B
abi Inter
6500

12565

—E.gs0 WC 0.03 1 -
1565 uC

1z.614 -
12.588
12.5711 -
12.565

o000 M 0.00 1

0011
R

0.00 1
R

ace Mod

6.000

5.500:

P ) Refinement converged: Keep refined parameter values 7

5000

Inspect

o 2 4 & & 10 12 1a 18 18 20 22

I
4500

4.000
3500
3.000
2500
2000
1500
1.000

500
(1% e

-500

-1.000

" 4
" LA v "
-2.000 | h! ‘\\ b TG

-1500 b

‘\‘”‘ 1 “‘ I ‘\‘I‘ A’ HIH“ \‘H ‘ ‘\:H \I‘\ \‘\‘\‘ ‘m\l‘l :\ I“‘ ‘\H\

10 20 30 40 50 60 70 80 90 100 110 120 130 140

x = 85.58216 = 254,084 d=1.133013

Beside excellent quantification results also optimum structure data for each phase
have been obtained. Of course these may be used to either modify / extent an

existing TOPAS structure database or to create a new user structure database.
To save structure dependend refinement results as *.STR files proceed as follows:

10.Open the Parameters Window

11.Focus the Structure item you want to save as an *.STR file.
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12.Select Save Structure in STR format

It is strongly recommended not to overwrite original structure entries coming with one
of the TOPAS structure databases. Instead, always save your data in separate
subdirectories, which can be freely named and located on any data carrier.

When keeping the following hints in mind, you will be able to build a structure
database, which is unrivalled in performance and data quality:

e Whenever useful add meaningful parameter limits (min - max values) to each
refineable parameter, in particular to lattice and microstructure parameters. Use
your knowledge about your samples to ensure, that such limits are not too
restrictive. Watch out for parameter values, which are coming close to or even
clash with a limit (during and after refinement).

e Always set the refinement codes for lattice and microstructure parameters to
"Refine", unless there is a clear reason not to do so.

¢ In contrast to this, for quantitative analysis, always set the refinement codes for
atomic coordinates, occupancy and temperature factors to fix, unless there is a
clear reason not to do so.

¢ In case of doubt the March-Dollase parameter and its refinement code should be
set to 1 and "Fix", respectively, unless preferred orientation has always to be
considered for the present phase.
In general, needless refinement of preferred orientation may lead to strong
parameter correllations (in particular with the scale factors of the other phases
present in your sample), resulting in significant quantification errors.

If samples with similar phase abundances are to be evaluated frequently (e.g. for
quality or process control), it should be considered to save a TOPAS project file
(*.PRO) as well, and to include it into your structure database. Project files are ideal
templates and allow very fast, easy, reliable and automatable quantifications. This is
demonstrated for the OPC example in section 2.7.3.
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2.7.2 Quantification of CPD-3

This excercise demonstrates how to quantify amorphous phase amounts using the
spiking technique with Corundum as the spike phase (30.79%).

1. Start TOPAS

2. Load the raw data by importing the file CPD-3.RAW into your document. By
default this file is located in C:\TOPAS4\TUTORIAL\QPARR.

3. Switch to the Parameters Window, expand the range item of CPD-3.RAW and
perform the following tasks:

e Focus the Emission Profile item and load the predefined emission profile
CUKAS.LAM. By default this file is located in CA\TOPAS4\LAM.

e Focus the Background item. Use a Chebychev polynomial of 5th order and the
1/X Bkg function.

e Focus the Instrument item and define the instrument settings according to the
following two tables:

Equatorial Convolutions: Axial Convolutions:
Receiving Slit Width %} Full Axial Model M
FDS " Shape, Angle %} Primary Soller M

Secondary Soller M

Instrument Parameter: Value:
Goniometer Radius Primary: 173 mm
Secondary: 173 mm
Receiving Slit Width Width: 0.3 mm
FDS " Shape, Angle  Angle: 1°
Soller Slits Primary: 4.6°
Secondary: 4.6°

" Fixed Divergence Slit

e Focus the Corrections item. Check the Zero error and set its code to "Refine".
In addition polarization effects coming from the secondary Graphite
monochromator have to be accounted for. Therefore check LP factor as well
and set the monochromator angle to 26.4° 26.

e Focus the Miscellaneous item and set Start X to 24. This avoids the need to
model the amorphous background bump.
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e Focus the CPD-3.RAW range item and import the structure entries for the
three phases Corundum, Fluorite, and Zincite (multi-selection is supported):

1. CORUNDUM.STR
2. FLUORITE.STR
3. ZINCITE.STR
By default these files are located in C:\TOPAS4\TUTORIAL\QPARR.

e Expand the Structures/ hkl Phases item and focus the Quantitative item.
Define Corundum as a spike phase and enter its known phase amount
(30,79%).

4> Parameters F2 E”El[zl
t '-." E;?:;.‘raw ‘Values | [Degree aof crystallinity ] [Flptf’Text ]
3 Emission Profile \Phase Mame W% Rietve Use Wk of SpikWwt% in Spiked Wt in OriginaCel Mass | Cell Yalume {
1 Background 1 |Corundurm 0,000 v 30,790 0,000 0,000 0,000 0,00000
4 Instrument 2 .FluDrite 0.000 [~ o.oo0 0.000 0.000 0,000 0.00000
3 Corrections 3 |Zincite 0.000 [~ o.oo0 0,000 0,000 0,000 0.00000

1 Miscellaneous
=11 Stucturess hkl Phases
Quanlitative

= |
{1 506G, Lattice parameters Amorphous content

1 Brindley comrection [S pheric:

3 Displ Value Errar
izplay —

+-(F Carundum W%k in Spiked sample 0,000 0,000
+-({ Fluorite Wt in Original sample 0.000 0.000
+-[{ Zincite

£
Faste INP to Node/Selections

4
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4. Run the refinement and inspect the quantification results. They are given as:
o Wit% Rietveld : Relative phase amounts of crystalline phases only
o Wit% in Spiked sample  : Absolute phase amounts of all phases

e Wit% in Original sample : Absolute phase amounts of all phases in the
original sample, i.e. without the spike phase

4> Parameters F2 E|E|[g|

+-_1 Global o

Lol ‘\u"alues | [Degree of crystallinity ] [F!ptf’Text ]
=3 Emission Profile \Phase Mame  |Wk% Rietve Lise Wt of Spik'WtS in Spiked Wt in OriginéCell Mass | Cell Yalume §
1 Background 1 Corundurm 44,335 v 30,700 30,790 0,000 611,768 254,89268
L Instrurnent 2 Fluorite 28.312 [ o.oo0 19.662 28,410 312,300 163.17556
3 Carrections 2| Zincite 27.353 [~ o.oo0 18,997 27.448 162,778 4763192

1 Miscellaneous
=1 Shuctures/ hkl Phases

1 S50G, Lattice parameters Amarphous content

{1 Brindley comection [S pheric:

3 Displ Walue Error

isplay | E—

+- () Corundum Wt in Spiked sample 30,551 0,000
+-f Flucrite Wt in Original sample 44,142 0,000
+-({ Zincite

< >

Paste INP to Node/S elections

The expected ("true") values for the phase amounts in the spiked sample are
given in the table below. The accuracy of your results should be about + 1 % in

weight.

CPD-2 Corundum [%]  Fluorite [%)] Zincite [%] Glass [%]
Weighed 30,79 20,06 19,68 29,47
XRF 31,06 19,89 19,64 27,14

Note: Glass content underestimated by XRF due to presence of sodium (not
measured) in glass.
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2.7.3 Quantification of OPC

For this tutorial example the three ordinary portland clinkers RM 8486, RM 8487, and
RM 8488 from NIST have been selected, as these reference materials are readily
available and their phase composition is well known. Certified phase amounts have
been determined by means of microscopic analysis.

There are the following files at hand:

e Measurement data for all three clinkers: D8-8486.RAW, D8-8487.RAW, and
D8-8488.RAW

e A predefined project file OPC.PRO containing all relevant structure entries for
ordinary portland clinkers

The PRO file has been generated as described in section 2.7.1.1. It is assumed, that
all structure entries have been optimized as demonstrated in section 2.7.1.2.

The qualitative phase composition of the clinkers is as follows:

RM C3S C2s C3A C4AF MgO Free Lime
8486 v v v v v

8487 v v v v v
8488 v v v v

Perform a quantification of all clinkers.

1. Start TOPAS and open the project file OPC.PRO. By default this file is located in
C:\TOPAS4\TUTORIAL\QA.

Menu: Icon: Result:

File - ﬁ Opens a project file
Open Project File...

In the Scan Window the measurement data for RM 8486 are displayed.

' More information about the NIST clinker (including on-line versions of the

certificates) can be found in the internet using the following link:

http://www.nist.gov
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€ TOPAS - C:\Topas4\Tutorial\Qatope. pro - [DB-B486.raw_1] EEE
Fle View Ft Lanch Took Window Help FEBEDN= - »#

DR Ee A M AYRBL o B4 F Wk
1850

1.800

X

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

¥ = 3032377 = 1562.220 d=2.045153

2. Switch to the Parameters Window and focus the Structures/ hkl Phases item.

Check the "Use" parameter for each phase to be quantified according to the
qualitative phase composition as given above.

4> Parameters F2

-1 Global f f - f
o B DG4 a1 [Cr_l,l size L [hm] ] [Cry size 5 [hm] ] [Stram L ] [Slram G ] [ Rpt/Text ]
3 Emission Prafile |Use |Phase Mame  |Uss Yalus |Code  |Error Min |Mas
-1 Background 1| W 35 monadinic | W 1e-008 sc_ca3smol
<[ Instrument 2 | ¥ C25beta (MUML [V 1e-005 sc_czshmd
{3 Corrections 3| W C3A cubic v 1e-007 sc_caacuto
-3 Miscellaneous 4 caaF M 12005 sc_cdaf O
=1 HF o 5 W Periclase [v 0.0001 sc_periclad
+-[{ C35 monoclinic [MISHI) 1 >
() C25 beta (MUMME) 6 [ FreeLime [v 1e-005 sc_caa O
+- [ T34 cubic
+-[) C4&F
: g Ez::j:l [Cr_l,l size L [nm] ] [Cry size G [nm] ] [Slrain L ] [Slrain G ]
|Use |Phase Mame  |Use Yalue |Code  |Error | Min |Max
i | v €35 monodinic {| W 1e-006 sc_c3smaol
2 | ¥ C25beta (MUMN [ 1=-005 sc_c2shm0
| _|7 34 cubic v 1e-007 sc_c3acutl
4 |V c4aF v 1e-005 sc_c4al O
5 _|7 Periclase v 0.0001 sc_peticlal
6 [ FreeLime v 1e-005 sc_cac O
Faste INP to Node/Selections

3. Start the refinement and note the refinement results.
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| TOPAS - C:\Topas4\Tutorial\Qalope. pro - [DB-B486.raw 1]

Fle View Ft Lanch Took Wirdow Help
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4. Continue with the remaining clinker data from scratch.

Select File - New
Reload OPC.PRO

Exchange the measurement data. Focus the range item of the current clinker

data, select Replace Scan Data in the short cut menu, and

clinker data.
proceed with steps 2 - 4.

4> Parameters F2

-l Add Structure | _:_Llse_:_\-'alue |Code E__Error _ Min _i_Max ~
3 Backgro  Add Peaks Phase
-3 Instrume|  Add hkl Phase v @
{3 Comectic  Load STR(s) 3 Y
- Misceley - LOSICTRLS) [~ 1000 Refins 0
1 Structurg  Load INP, PAR
& C3Smor  Load d_Is - DIF, UXD 217.5
) C25bet:  Saveif displayed ¥aobs, Ycale, Diff,Phases Bkg .
) a4 cub 2175
[ C4aF Reverse data and make x-axis positive =2
) Periclase Delete Range v
& FreeLin Paste INP to Mode/Selections n v o0z Fix a
! T LS ST ey v 1 Fix: i
EBearn spil, sample lengl [ 50 Fix i}
YOS irradiated length (e [ 12 Fix o =
D3 Scale Inkensity | |
| _ECap\IIary ]
|Lingar PSD Ll
| ETube Tails [
_ Axial Convolutions
Add Structure Lol 1FuII fidal Model 3
#dd Peaks Phase  Source length (mm) 12 Fixt il
el e Sample length {rmm}) 20 Fix o
Load 5TR[z) :
Load CIFfs] 2 RS length {mm}) 12 Fisx a
— Primn, Soller (=) v 4 Fix i]
< - | B : s = ~

load the next
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Phase abundances as certified by NIST including estimated standard deviations ©
(microscopical results) are given in the following three tables for all clinkers. Ideally
your results should be within the £ 26 range as provided in the last row of all tables.

RM 8486 NIST [%] Error ¢ [%)] Range * 2: [%]
C3Ss 58,47 1,65 55,17 - 61,77
C2s 23,18 1,94 19,30 - 27,12
C3A 1,15 0,10 09 - 1,35
C4AF 13,68 0,63 12,42 - 14,94
MgO 3,21 0,72 049 - 593

RM 8487 NIST [%] Error ¢ [%)] Range * 2: [%]
C3Ss 73,39 1,57 70,25 - 76,53
C2s 7,75 1,23 529 - 10,21
C3A 12,09 0,88 10,33 - 13,85
CAAF 3,27 0,70 1,87 - 4,67
Free Lime 2,45 0,48 1,49 - 3,41

RM 8488 NIST [%] Error ¢ [%)] Range * 2: [%]
C3Ss 64,97 0,56 63,85 - 66,09
C2s 18,51 0,58 17,35 - 19,67
C3A 4,23 1,35 1,53 - 6,93
CAAF 12,12 1,50 912 - 1512

From your results the following should be seen:

e For all phases the accuracy of your results should be significantly better than +/-
3% with respect to the NIST certificate.

e For RM 8486 you should have obtained about 4.3 % C3A and 10.3 % C4AF. This
significantly deviates from the certified NIST data.

Compare the C3A NIST data for all clinkers. Note the conspicuously low estimated
standard deviation given for C3A in RM8486.

From a closer review of the XRD powder patterns in the figure below you should
clearly see, that RM 8486 and RM 8488 must have a similar C3A content due to
similar peak intensities (note the arrow pointing at the C3A peak). This is underlined
by the high C3A peak intensity of RM 8487, which is consistent with the quantification
results obtained by microscopy. Furthermore the sum of the interstitial phases for RM
8486 should be identical with your results, which also indicates, that your
quantification results for C3A and C4AF are more reliable.
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Intensity
[counts]
2000 RM 8486
RM 8487

RM 8488

35.00

33.50 34.00 34.50

20 [°20]
Comparison of C3A peak intensities for the NIST clinkers RM 8486, RM 8487, and RM 8488. Note the

similar C3A intensities for RM 8486 and RM 8488.

31.50 32.00 32.50 33.00
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3 MISCELLANEOUS

3.1 Degree of Crystallinity Determination

Degree of crystallinity calculations require the definition of at least two phases to
describe the intensity contributions coming from the crystalline and the amorphous
parts of the sample. Peak Phases (single line fitting), hkl Phases (Pawley and Le Bail
fitting) and Structures (Rietveld refinement) can be used in any combination; the
number of phases used for modeling both crystalline and amorphous contributions is
not limited.

4> Parameters F2 TE|E|
t '—.J E;?;aﬁLB.HAW [Miscellaneous ] | Degies of crstallinity | [ Rpt/Text ]
3 Emission Profile |
3 Background Calculate Degree of crystallinity
1 Instrument Crystalline area 0
3 Corrections Amorphous area 0
+ Form 2,
+ A8 Form B
L Impurity -F'hases
JL bl Phase Mame  Amorphous | Area
1 _Form A L o
2 |FormB Il 0
3 Impurity o [1}
4 |Amorphous v i]
Faste INP to Node/Selections
Hint! Note, that degree of crystallinity calculations are only performed on
demand; results are not automatically updated, if the refinement is
continued!
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3.1.1 Single line fitting of a polymer

1. Start TOPAS

2. Load the raw data by importing the file M2A.RAW into your document. By default
this file is located in CATOPAS4\TUTORIAL\DOC.

3. Focus the Emission Profile item and load the predefined emission profile
CUKA2_ANALYT.LAM. By default this file is located in CA\TOPAS4\LAM.

4. Focus the Background item. Use a Chebychev polynomial of 1st order and the
1/X Bkg function.

5. Firstly model the large amorphous bump. Insert a SPV peak at its peak maximum,
rename the phase to "Amorphous" for more clarity, and start the refinement.

s . pro -z -5 x|
Dﬁﬁ@e@@@fk@l#kﬁioﬁ"@#]&‘x Y o P

2137925
2,600

2400

2200
2.000

1.800

1.600
1.400
1.200
1.000

800

600
400
200

-200
-400

-600
-800
-1.000
-1.200
-1.400

600

1800

2,000

22004 " A T y il )\A /\j\ ))\

a0 L L T AT VL rvwwanmww..wwwww s R SR

§ 10 12 14 16 18 20 22 24 36 28 30 32 24 @ 33 40 42 44 45 43 50 52 54
% =23,34156 =2232.576 d=3.807934

)

6. Next model the peaks coming from the crystalline phase.

e Focus the range item for m2a.raw, select Add Peaks Phase, and rename the
phase to "Crystalline". Make sure that this range items keeps the focus.

e Insert a peak for each reflection. It is recommended to fit reflections with high
intensites first, and to include the smaller reflections step by step.
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€ TOPAS - C:\Topas4\Tutoria\DOC\DOC m?2a.pro - [m2a.raw_1] BE
Fl: View Ft Launch Teok Window Help EEHEEN % - 7§ x

DR Ee A M AYREL o B F Wk

2700 13 84352 824156 B 7379
1541685 bs4af2s 351624
2600 15,8088 3028177 Bfl25307
2500 17.1596 77532
18281183 87.97449
2400 1987918 10.30349
2300 213757 k259073
24.02666 Hajz0a76
2.200 [24.70628 {4.11355
3100 W5 45598
k72578
2000 halsaa71
1 900 50,646

50.834¢
1.800 53.22:

1.700
1600
1500
1400
1.300
1200
1.100
1.000
900
800
700

600

il et

ot b bl JJMW W““ U sl L mwwn daldo
AP g iR S AL Nty i
100

8 0 12 14 16 18 20 22 24 26 28 30 32 34 3% 38 40 42 44 46 48 50 52 54

¥ = 10.85084 — 2014534 d=5.140273

o

7. Focus the Miscellaneous item and select the Degree of crystallinity page. Define
the amorphous phase and click on Calculate Degree of crystallinity.

4> Parameters F2

-1 Global
=M m2araw_1
{3 Emissian Profile | e

3 Background alculate Degree of crystallinity

Mizcellaneous ] | Degies of crstallinity | [ Rpt/Text ]

-4 Instrument tystalling area 3479.4574
. LJ Corrections i _EAmorphous area 634326757
(= | 3 |Degree of crystallinity (%) 35.422527

) Amorphaus
#-_J|. Crystaline

PhaseHame | Amorphous [Area |
Armorphous v 634326757
23 _iCrystaIIine 1 ] 3479.4574

Paste INP to Node/S elections
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3.1.2 Combined Rietveld refinement / single line fitting of KCP

® Not available in TOPAS P.

1. Start TOPAS and open the project file DOC KCP.PRO. By default this file is
located in CA\TOPAS4\TUTORIAL\DOC.

2. Inspect the Parameters Window. It can be seen, that the crystalline phase KCP
has been modelled using Rietveld structure refinement, while the amorphous
background is described by a single SPV peak.

P

| ToPAS - ¢ Tutorial )0C KCP. pro - [Kep. raw.

Fle View Ft Lanch Tods Widow Help

OB BRI S 7 VT o BTy [
7200

7000 18.30408
6800
6600
6400
6200
6.000
5800
5600
5400
5200
5.000
4.800
4600
4400
4.200
4.000
3800
3600
3400
3200
3.000
2800
2600
2400
2200
2.000
1.800

N

1600
1400
1.200
1.000

800

600

400

200 _—/\_‘
0

200

400 ) .J A [ |
oo = A e

-800 m Ll T I8 TB T  RTI WNUR W AU TN AT TN TUR TR TR I TN TN ITVON 1T TRTRIT (MY WA (R A AT T T

d=3.673874

3. Focus the Miscellaneous item and select the Degree of crystallinity page. Define
the amorphous phase and click on Calculate Degree of crystallinity.
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4> Parameters F2
-1 Global
=M Kepraw_1
{23 Emission Profile — i
- Background ___|Calculate Degree of crystallinity
:Crystallina area 4756, 66659
3695, 75042

-3 Inshrument
{3 Corrections | Amarphous area
\Degree of crystallinity (%) 56.2758174

Mizcellaneous ] | Degree of crystallinity | [ Rpt/Text ]

-

v Amorphous
3 Stuctures! hkl Phases
& KCP

PhaseMame |Amorphous |Area |
rmorphous v 369575042

| 4756,66609

Faste INP to Node/Selections
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3.2 lIsotropic Size-Strain analysis

This lesson demonstrates the TOPAS convolution approach by accurately fitting all of
the CeO, data made available as part of the size-strain round robin conducted by the
IUCr CPD " (Balzar, 2001):

e laboratory X-ray data (D8 ADVANCE, Bruker AXS) 2
e synchrotron X-ray data (NSLS X3B1, ESRF BM16)
e CW neutron data (ILL D1A, NCNR BT1)

A detailed description of the TOPAS convolution approach and its application to the
round robin data is provided in the Users Manual, which should be read in
conjunction with the present lesson.

Tutorial files (located in C:A\TOPAS4\TUTORIAL\SIZESTRAIN by default) include two
datasets from each instrument; one well crystallized specimen to determine the
instrument functions ("sharp data") and one specimen exhibiting strong specimen
broadening ("broad data"). Also provided are worked out PRO files for all datasets.

The following procedures will use the laboratory X-ray data as example adressing
both, single line fitting as well as whole pattern fitting methods (WPPF, WPPD, and
Rietveld refinement; the principles are always the same). All other datasets can be
evaluated similarily. For peculiarities such as source emission profiles inspect the
respective tutorial files.

! International Union of Crystallography, Commission on Powder Diffraction

2 As a result of sample displacement and a probably uneven sample surface (see Balzar, 2001), the
data are affected by non-trivial 20 and intensity deviations. The 26 deviations are too complex to be
treated by zero error or sample displacement corrections, but this can be ignored as far as the
purpose of this tutorial is concerned. As the intensity errors dont allow for reliable Rietveld structure
refinement, WPPD (Pawley fitting) is applied.

Also noted is a deviation of the Kas/Ka, ratio due to a slight miss-setting of the secondary
monochromator, which is actually about 0.48 instead of about 0.51.
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3.2.1 Empirical parameterisation of line profile shapes

Single line fitting:
1. Load the file LeBailSh.RAW and use the CuKa5 emission profile.
2. Zoom the first reflection in the region between 27.5° - 29.5° 26.

3. Insert a FP peak. Focus the Peak Phase item, select the Code page and disable
Cry Size L; this parameter will not be used here as it does not have a (physical)
meaning when fitting empirically.

4. Select the Additional Convolutions page.

e As the line profile shape is obviously Lorentzian, add a Lorentzian type
convolution and set its code to "Refine". Fit and inspect the data.

e To broaden the calculated peak, add a Hat type convolution and set its code
to "Refine". Fit and inspect the data.

e To account for asymmetry, add a Circles type convolution and set its code to
"Refine". As the asymmetry is towards low angles, set the value to -0.05, and
constrain it to negative values by setting its maximum value to 0. Fit and
inspect the data.

— :
4> Parameters F2 H@E]
S Glob.a\ [Divergent beam ] |Additi0nal Convolutions | [F!pt.-"Text ]
=M lebailsh.raw_1

=3 Emission Profile |Cany, Type | 2Th Dependencellse Yalue Code Errar Ilin IMax

3 Background Lorerkzian  Constant [v 0.5 @ 0

1 Instrument 2 Hat Conskant v 0.5 @ i]

3 Corrections 3 |Cireles Canstant W 0,05 @ 0 0

1 Miscellaneous
+-_J| Peak Phase:0

Load Instrument Details ~
Save Instrument Detals

Add Convolution

Add Hat 1/Cos(Th) dependence

Add Lorentzian 1/Coz(Th) dependence
Add Gaussian 1/Cos(Th) dependence o,

Whole powder pattern fitting:

To account for the angular dependence of peak shapes, the 26 dependence of the
different convolutions needs to be defined. Continue with the first example.

5. Use the entire pattern and insert a FP peak for each observed reflection.

6. Focus the Background item and select both a 2nd order polynomial and the 1/X
Bkg function.
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Focus the Peak Phase item, select the Code page and disable Cry Size L for all
peaks.

Fit the data.

Select the Additional Convolutions page.

e For modelling crystallite size broadening towards high angles define the 26
dependence of the Lorentzian convolution as 1/cos(Th). Fit and inspect the
data.

e To account for asymmetry, which is mainly due to axial divergence effects,
define the 20 dependence of the Circles convolution as 1/Tan(Th). Fit and
inspect the data.

— -
4> Parameters F2 HE|E|
S Glob.a\ [Divergent beam ] |Additi0nal Convalutions | [F!pt.-"Text ]
- M lebailsh.raw_1

=3 Emission Profile |Cany, Type | 2Th Dependencellse Yalue Code Errar Min Max

1 Background Larentzian 1/ Cos(Th) v 0.00314740i@ 1]

2 JHat Constant W 00384412 @ ]
3 Corrections 3 Circles 1{Tan(Th) v -0.0138883@ 0 0
1 Miscellaneous

+-_J| Peak Phase:0

Load Instrument Details ~
Save Instrument Detals

Add Convolution

Add Hat 1/Cos(Th) dependence

Add Lorentzian 1/Coz(Th) dependence
Add Gaussian 1/Cos(Th) dependence o,

Whole powder pattern decomposition:

1.
2.

Load the file LeBailSh.RAW and use the CuKa5 emission profile.

Focus the Background item and select both a 2nd order polynomial and the 1/X
Bkg function.
Account for the 26 deviations mentioned above.

e Focus the Corrections page, select the sample displacement error and set its
Code to "Refine".

e Focus the Miscellaneous page and set Finish_X to about 100° 26.

Insert a hkl_| phase. Input the crystallographic data given below in the Phase
Details page and refine on the lattice parameter. Disable Cry Size L; this
parameter will not be used here as it does not have a (physical) meaning when
fitting empirically.
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Crystallographic Data for CeO-:

Space group
Cell parameter

a(A)

Fm3m
5.41

5. Select the Additional Convolutions page.

e As the line profile shape is obviously Lorentzian, add a Lorentzian type
convolution and set its code to "Refine". For modelling crystallite size
broadening towards high angles, define the 206 dependence of the Lorentzian
convolution as 1/cos(Th). Fit and inspect the data.

e To broaden the calculated peak, add a Hat type convolution and set its code

to "Refine". Fit and inspect the data.

e To account for asymmetry, add a Circles type convolution and set its code to
"Refine". As the asymmetry is towards low angles, set the value to -0.05, and
constrain it to negative values by setting its maximum value to 0. Fit and

inspect the data.

4> Parameters F2

+-[ 1 Global

[Divergent beam ] |Additi0nal Convalutions | [F!pt.-"Text ]

- M lebailsh.raw_1
1 Emizzion Profile
1 Background

Larentzian
Hat Constant

o ra

1 Carrections

1 Miscellaneous
+-[ 1 Stuctures/ hkl Phases
#4128 hkl_Phaze

Circles

Load Instrument Details ~
Save Instrument Detals 3
Add Corvolution

Add Hat 1/Cos[Th) dependence

Add Larentzian 1/Caos(Th) dependence
Add Gaugsian 1/Cos(Th) dependence o

1 Tan{Th)

|Cany, Type | 2Th Dependencellse Yalue
1/ Cos(Th)

[+ 0,05
v .05
[+ -0.05

|Code
@
=
@

Errar |Min |Max
o

0

a o
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3.2.2 Discrimination of instrument and specimen contributions

This lesson demonstrates size/strain analysis using both measured and calculated
(FPA) instrument functions. The procedures are identical for single line fitting as well
as for whole pattern fitting methods (WPPF, WPPD, and Rietveld refinement).

3.2.2.1 Measured instrument functions

The "sharp" data taken from the well crystallized specimen will be used to determine
the measured instrument function.

1. Load the file LeBailSh.RAW.

2. Empirically parameterise the profile shapes as described in section 3.2.1, but use
the Additional Convolutions page of the Instrument item to define the required
convolutions. After refinement fix all convolution parameters, which are now
representing the instrument function.

3. Focus the range item of LeBailSh.RAW, select Replace Scan Data in the short cut
menu and load the file LeBailBr.RAW.

4. Refine on Cry Size L, Cry Size G, Strain L and Strain G (for single line fitting
refine on isotropic parameters). Also calculate LVol-IB and €0, which should refine
to about 23 £1 nm and 0.007 +£0.003, respectively.

3.2.2.2 Fundamental parameters approach

With fundamental parameters the instrument function is calculated from first
principles, therefore the "sharp" data are not needed.

1. Load the file LeBailBr.RAW.

2. Perform a single line or whole pattern fit using the following instrument settings:

Instrument Parameter: Value:

Goniometer Radius Primary: 217.5 mm
Secondary: 217.5 mm

RS Width: 0.1 mm

FDS Angle: 1°

Soller Slits Primary: 2.3°
Secondary: 2.3°

Refine on Cry Size L, Cry Size G, Strain L and Strain G (for single line fitting
refine on isotropic parameters). Also calculate LVol-IB and €0, which should refine
to about 23 £1 nm and 0.007 +0.003, respectively.
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3.3 Using the rigid body editor

® Not available in TOPAS P.

The Rigid Body Editor provides for easy and intuitive creation and editing of rigid
bodies, which are to be defined in INP format as described in the Technical
Reference manual.

Rigid bodies comprise points in space defined using either the point for _site or
z_matrix keywords or both simultaneously. All or some of these points can then be
operated on using the rotate and translate keywords.

The directory C\TOPAS4\RIGID contains many rigid body examples in *.RGD files.
These files can be viewed and modified using the Rigid Body Editor.

3.3.1 Creation of rigid bodies

3.3.1.1 Fractional or cartesian coordinates

The most basic means of setting up a rigid body is by means of fractional or
Cartesian coordinates. To formulate e.g. a ZrOg octahedron enter the following

keyword sequence in the Editor:

rigid
point for site Zr
point for site Ol ux
point for site 02 ux
point for site 03 uy
point for site 04 uy
point for site 05 uz
point for site 06 uz

[ | B
|
N

Update the Main View after each point for_site statement to monitor the building of
the rigid body.

This keyword sequence can be read in English, as follows:

Define a rigid body

Place the Zr atom at 0, 0, 0
Place the O1 atom at 2, 0, 0
Place the O2 atom at -2, 0, 0
Place the O3 atom at 0, 2, 0

For a more general definition of this octahedron, which allows the easy refinement of
the Zr-O distance, consider the following:

prm r 2

rigid
point for site Zr
point for site 01 ux
point for site 02 ux
point for site 03 uy
point for site 04 uy
point for site 05 uz
point for site 06 uz

| | |
[T T T o I o T
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This keyword sequence can be read in English, as follows:

Define a distance parameter r with a value of 2
Define a rigid body

Place the Zr atom at 0, 0, 0

Place the O1 atom atr, 0, 0

4> UNTITLED.RGD

Load / Hide
Update Alt-F1

First quess £ matrix
Add torsion angle

prm r 2

rigid
point for site Zr
point_for_site 01 ux =
point for_site 02 ux =
point_for_site 03 uy =
point_for_site 04 uy = -
point for_site 05 uz =
point_for_site 06 uz =

| '
HHERRRHR

3.3.1.2 Z-matrix representation

Rigid bodies can also be described using an internal coordinate description using a
Z-matrix representation. Here a rigid body is built up atom-by-atom using a series of
distance, angle, and torsion specifications.

A Z-matrix representation of the ZrOg octahedron discussed in section 3.3.1.1 can be
formulated, as follows:

prm r 2

rigid
z matrix Zr
z matrix Ol Zr =r;
z matrix 02 2r =r; 01 90
z matrix O3 Zr =r; 01 90 02 90
z matrix 04 Zr =r; 01l 90 02 180
z matrix 05 Zr =r; 0l 90 02 270
z matrix 06 2r =r; 01 180 02 O

Update the Main View after each z_matrix statement to monitor the building of the
rigid body.
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This Z-matrix can be read in English, as follows:

Define a distance parameter r with a value of 2

Define a rigid body

Place Zr at 0, 0, 0
Place O1, at a distance of r away from Zr
Place O2, at a distance of r away from Zr,

making an angle of 90 with Zr and O1

Place O3, at a distance of r away from Zr,
making an angle of 90° with Zr and O1,
and making a torsion of 90° with Zr, O1 and O2

It should be apparent from this example, that there are many different ways of
defining a Z-matrix, e.g. by starting with a different atom at the origin.

The Z-matrix representation is of particular advantage for describing molecules,
consider the following example constituting a Benzene ring:

prm r 1.3

rigid
z matrix
z matrix
z matrix
z matrix
z matrix
z matrix

Cl
C2
C3
c4
C5
Coé

Cl
C2
C3
c4
C5

=r; C1l
=r; C2
=r; C3
=r; c4

120
120
120
120

Cl 0
Cl 0
Cl 0

Update the Main View after each z_matrix statement to monitor the building of the

rigid body.

4* C:\Topas4\rigid\Z -Benzene poor.rgd

Load / Hide
Update Alt-F1

Save

Save As

First quess Z matrix
Add torsion angle

prm r 1.3
rigid
z_matrix Cl

z_matrix C6 C5 =r;

. Cl lzo
=r; C2 la0Cl O
;03120 cCz 0

C4 1z0C3 0
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3.3.2 Creation of rigid bodies from published crystal structures

A formulation of any complexity can be obtained from databases of existing
structures by simply using fractional or Cartesian coordinates of structure fragments.
This also includes output from sketch programs for drawing chemical structures, if
fractional or Cartesian coordinates are provided.

Consider the following structure fragment (para-hydroxybenzoate), hydrogens will be
ignored for simplicity:

O

O

A paper describing a structure with a para-hydroxybenzoate group is e.g. Dinnebier
et al. (1999). The following fractional coordinates are given in this paper for the
individual atoms forming the para-hydroxybenzoate group:

X % z
01l 0.5255 0.243 0.871
Cl 0.6106 0.256 0.842
Cc2 0.6458 0.463 0.681
C3 0.6613 0.063 0.973
C4 0.7317 0.477 0.652
C5 0.7472 0.077 0.943
Cé6 0.7824 0.284 0.783
c7 0.8741 0.298 0.752
02 0.9091 0.511 0.692
03 0.9179 0.104 0.83

As fractional coordinates are dependent on lattice parameters, it is necessary to
convert them into Cartesian coordinates. It is suggested to perform this convertion
before defining the rigid body, but it can also be done within TOPAS on the fly (as
shown below).

Lattice parameters a, b, ¢ given by Dinnebier et al. (1999) are

a (A) 16.0608
b (A) 5.38291
c (A) 3.63834

Cartesian coordinates are obtained from fractional coordinates x, y ,z by multiplying
them with the respective lattice parameter a, b, c.

A rigid body for para-hydroxybenzoate can be defined in the Rigid Body Editor as
follows:

1. In the Editor window define a rigid body using the rigid keyword and input the
para-hydroxybenzoate structure details as listed above.
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-body Editor

i

Byl

PR oTsED

Load / Hide
|update Alt-F1
Save
Save As
] First quess Z matrix
Add torsion angle

rigid

01 0.5255 0.243 0.871
Cl 0.6l06 0.256 0.842
Cz 0.6458 0.463 0.681
C3 0.6613 0.063 0.973
C4d 0.7317 0.477 0.652
C5 0.7472 0.077 0.943
C6 0.7324 0.284 0.783
C7 0.8741 0.288 0.752
02 0.9091 0.511 0.692
03 0.9173 0.104 0.83

2. Use the Point_for_site macro to define points in space for each atom:

01,
C1,

0.5255,
0.6106,

0.243,
0.25¢6,

0.871
0.842

=
=

Point for site (01,
Point for site(Cl,

0.5255,
0.6106,

0.243,
0.25¢6,

4> Rigid-body Editor

M R T E O

Load / Hide

Update Alt-F1

Save
__Saveds

First quess 7 matrix

Add torsion angle
x:hgl\:l
Point for_sirte{0l, 0.5255, 0.243, 0.871)
Point_for_site(Cl, 0.6106, 0.256, 0.842)
Point_for_site(CZ, 0.6453, 0.463, 0.681)
Point for sirte|C3, 0.6613, 0.063, 0.973)
Point_for_site(Cd, 0.7317, 0.477, 0.652)
Point_for_site(C5, 0.7472, 0.077, 0.943)
Point for_site|Cé, 0.7324, 0.284, 0.783)
Point_for_site(C7, 0.8741, 0.298, 0.752)
Point_for_site(0Z, 0.5091, 0.511, O0.89Z)
Point for_site{03, 0.9179, 0.104, 0.83 )
< | >
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3. Convert the fractional coordinates into Cartesian coordinates:
e Define 3 parameters representing the lattice parameters:

prm lpa 16.0608
prm lpb 5.38291
prm lpc 3.63834

e Multiply the fractional coordinates x,
parameters a, b, c.

Point for site(0l, = 0.5255 lpa; ,
Point for site(Cl, = 0.6106 lpa; , =

= 0.243 1lpb; ,

y , z with the respective lattice

= 0.871 lpc;)
0.256 1lpb; , = 0.842 lpc;)

4 Rigid-body Editor

Load / Hide
Update Alt-F1
Save

Save As
First quess Z matrix
Add torsion angle

prm lpa 16.0608
prm lph 5.38291
prm lpc 3.63834

rigid

Point_for_site(0l, = 0.5255 lpa; ,
Point for site(Cl, = 0.6106 lpa;
Point_for_sire(C2, = 0.6458 lpa; ,
Point_for_site(C3, = 0.6613 lpa; ,
Point for_site|Cd, = 0.7317 lpa; ,
Point_for_siteiC5, = 0.7472 1lpa; .,

0.243 lpb: ,
0,256 lpb; ,
0.463 lph:
0.063 lpb:
0.477 lpb;:
0.077 lpb:
0.284 lpb:
0.295 lph;
0.511 lpb: ,
0.104 lpb: ,

= 0.871 lpe:
= 0.842 lpc:

Point_for_site(Co, = 0.7824 lpa; ,
Point_for_site|C7?, = 0.8741 lpa; ,
Point_for_sire(02, = 0.9091 lpa; ,
Point_for_site(03, = 0.9179 lpa; ,

= 0.83 lpe:

4. Update the Main View to view the rigid body.
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4* UNTITLED.RGD

Load / Hide

Update Alt-F1
Save

Save As
First quess Z matrix
Add torsion angle

prm lpa 16.0608
prm lph 5.38291
prm lpc 3.63834

rigid

Point_for_site(0l, = 0.5255 lpa; ,
Point for site(Cl, = 0.6106 lpa; ,
Point_for_sire(C2, = 0.6458 lpa; ,
Point_for_site(C3, = 0.6613 lpa; ,
Point for_site|Cd, = 0.7317 lpa; ,
Point_for_site(C5, = 0.7472 lpa; ,
Point_for_site(Co, = 0.7824 lpa; ,
Point_for_site|C7?, = 0.8741 lpa; ,
Point_for_sire(02, = 0.9091 lpa; ,
Point_for_site(03, = 0.9179 lpa; ,

5. To convert the present Cartesian rigid body definition into the more useful Z-
matrix representation click on First guess Z matrix. A temporary output window
will be opened with a Z-matrix proposal, which can be copied and pasted into the
Editor window to replace the original Cartesian rigid body description.

4> UNTITLED.RGD

PRI

rigid

z_matrix Cl

Z_matrix CZ clL 1.z800

z_matrix C3 =38 1.4034 1z0.278

z_matrix Ol clL 1.3726 llg.738 C3 -173.383
orn z_matrix C4 cz 1.2857 118.954 01 179.858

z_matrix C§ [:5] 1.2860 1z0.701 01 179.988
B z_matrix C6 =51 1.4034 29.577 C3 179.865
P z_matrix C7 ce 1.4790 120.941 C§ 179.892

X z_matrix 02 c? 1.z955 119.242 C§ -l6z.491

rig z_matrixz 03 c? 1.2907 118.995 02 171.551
Poi
Poi
Poi;
Poi
Foi
Poi;
Poi
Poi
Poi
Poi
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An inspection of the temporary window output reveals slight distortions of bond
distances and angles due to rounding errors (limited number of digits given for the
fractional coordinates). This example highlights one important advantage in using a
Z-matrix representation in TOPAS: both bond lengths and angles can be easily
inspected and directly modified.
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3.3.3 Torsions

In TOPAS there are numerous ways to introduce and refine torsions within rigid
bodies, please refer to the Technical Reference manual. When using a Z-matrix
representation it is particularily easy to refine on each individual bond length and
angle defined in the Z-matrix description.

Probably the most straightforward possibility to introduce torsions is using the
Rotate _about_points macro, which expects the following arguments:

¢ Amount the rigid body is rotated about the specified rotation vector in degrees
¢ Rotation vector defined by two selected sites
o Alist of sites to be rotated about the specified rotation vector

Consider the para-hydroxybenzoate example discussed in section 3.3.2, where the
carboxyl group can rotate out of the molecular plane. Using the Rotate _about_points
macros this can be described as e.g.

Rotate about points(@ 45, C6, C7, "02 03")

where the sites O2 and O3 are rotated about a vector defined by the sites C6 and
C7. The (refineable) torsion angle has been set arbitrarily to 45°.

4> UNTITLED.RGD

Load / Hide

Update Alt-F1

Save

Save As

First guess Z matrix
Add torsion angle

prm lpa 16.05608
prm lpb 5.38291
prm lpc 3.63834

rigid

Point_for_sire(0l, = 0.5255 lpa: ,
Point_for_site(Cl, = 0.6106 lpa; ,
Point for site(CZ, = 0.6458 lpa; ,
Point_for_site(C3, = 0.6613 lpa; ,
Point_for_site(Cd, = 0.7317 lpa; ,

243
256
463
063
477
a77
284

Point for site(C5, = 0.7472 lpa; ,
Point_for_site(Cé, = 0.7824 lpa; ,
Point_for_site(C7, = 0.8741 lpa; ,
Point for_site{0%, = 0.9091 lpa; ,
Point_for_site(03, = 0.9179 lpa; ,

298
S,
104

o.
0.
a.
a.
0.
a.
o.
0.
o.
a.

Rotate_shout_points(@ 45, C&, C7, "02 03")
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3.4 TOF Neutron Data

The peak position for neutron time-of-flight data is typically calculated in time-of-flight
space, tof, or:

tof = t0 + t1 dhkl + t2 dhkl2

The three parameters t0, t1 and t2 are characteristic of a given counter bank on a
TOF powder diffractometer, the macro

TOF x axis calibration(tO, tOv, tl, tlv, t2, t2v)
can be used for x-axis calibration.

Precise values for constants t0, t1 and t2 must be obtained by fitting to a powder
diffraction pattern of a standard material. Typically instrument scientists will
determine the instrument constants from a standard sample at the beginning of each
run and tell users the values.

The following code example describes both a Pawley fit and a Rietveld refinement to
ISIS TOF CeO, data found in C:\TOPAS4\TUTORIAL\CEO2; refer to the Technical
Reference manual for a description of macros and keywords used:

TOF_XYE (shl.xye, 50)

bkg @ 0 0 0000O0O0

start X 800000 finish X 5000000

TOF LAM(0.001)

TOF x axis calibration(!t0,-473.01851,
'tl, 1545995.67071,
1t2, -223.64743)

TOF Exponential (@, 100, @, 15, 4, tl, +)

TOF Exponential (@, 100, @, 15, 4, tl, -)

B e e itk Pawley Refinement

hkl Is
Cubic(lp 5.4103)
TOF PV(@, 100, @, 0.5, tl)
default I attributes 100000000
space_group "Fm-3m"

e Rietveld Refinement

scale pks = D spacing”4;

STR (Fm-3m)
Cubic(lp 5.4103)
site Cel x 0.00 vy 0.00 =z 0.00 occ Ce 1 beg @ 0.5
site 01 x 0.25 vy 0.25 =z 0.25 occ O 1 beg @ 0.5
TOF PV (@, 100, @, 0.5, tl)
scale @ 1
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3.5 Fourier analysis

® Not available in TOPAS P.

The keyword fourier_map allows to calculate a Fourier map on refinement
termination, the map will be shown in the Structure Viewer window. Fourier maps can
be calculated for x-ray or neutron single crystal or powder data.

The type of the map is determined by the keyword fourier_map_formula, it can be a
function of the reserved parameter names Fcalc, Fobs, and D_spacing. The most
commonly used map types are "Fobs Maps" and "Difference Maps", they are
generated as follows:

fourier map formula = Fobs; ' The default
fourier map formula = Fobs - Fcalc; ' Difference Fourier map

Fobs corresponds to the observed structure moduli; in the powder data case Fobs is
calculated from the Rietveld decomposition formula. Phases are determined from
Fcalc.

In the following example the generation of a difference Fourier map will be described
to locate the oxygen positions in PbSOg.

1. Start TOPAS.

2. In the Launch menu define the following predefined input file: PBSO4-
FOURIER.INP. By default this file is located in C:\TOPAS4\TUTORIAL\DOC.
Open the file for editing.

3. To generate a Difference Map insert the following 2 lines within the STR block:

fourier map 1
fourier map formula = Fobs - Fcalc;

Optionally add the min_grid_spacing keyword to modify the number of grid points
for graphical purposes. Play with values between 0.1 and 0.4, a higher number of
grid points will improve the graphics but slow down the calculation speed:

min grid spacing .2

4. Start the refinement. After refinement a Rigid Body Editor window will be opened
displaying the difference map. Peaks in the difference map are indicated by white
balls, the missing oxygens forming SO, tetrahedra can be easily identified.

5. Alternatively, the oxygens can be found directly using the f_afom_type keyword.
f_atom_type allows to define atom types and the number of atoms within the unit
cell. Add the following lines withing the fourier_map block:

load f atom type f atom quantity
{
Pb
S
0

[T
(@)
~ 0~

16;
}

Note, that f_atom_quantity for Pb and S has been set to 0; these two atom types
are already defined by the structural model. The number of oxygens can be easily
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derived from the chemical formula and from symmetry considerations, see section
2.4.3.

Load / Hide
Update Alt-F1
Save

Save As
First quess 2 matrix
Add torsion angle

STR(P_b_n m)
phase_name "Ph304"
a B 6.953
b B B8.482
c B 5.397
site Pb x B 0.1667 y B 0.1879 z 0.
site § % @ 0.1842 y B 0.4367 =z 0.

scale B 0.0001

C5_ L@, 100)
Strain LiE, 0.01)

append_fractional
append bond_lengths
Our_CIF_STR(KCP-SDED.CIF)
Out_FCF(RCP-3DPD. FCF)

r_bragy 0

6. Open the Temporay Output window and the Cloud Options Dialog, and select
"Num to pick" - "With Sym". The positions of the picked oxygen atoms are
displayed in the Temporay Output window, furthermore special positions have
been successfully identified.

Load / Hide

Update Alt-F1

Save

Save As

First quess 2 matrix
add torsion angle

Picked atoms Sl J
Mazimunm mamber of atoms to be picked
ShE Hide Abs{Pixel] < |0.020 j
a &.95300335
b 8.483%0111
c £.401043%&
al 20
be 30
ga 90
site 01 x 0.82659 y 0.07813 z 0.46837 o
fite 01 x 0.82659 ¥ 0.07813
site 01 x 0.32659 ¥ 0.42187
site 01 x 0.32659 ¥ 0.42187
site 01 x 0.17341 v 0.92187
x v 0
x v 0
x ¥ 0

Mum to pick |1

* site 01 S17341 _9z187
t osite 01 (67341 (57813
' osite 01 (67341 (57813
site 0z = D.E317Z y 0.18865 z 0.25000 o
‘ osite 02 _E3172
site 02 L0317z
site 02 03172

¥ 0.1886E ' possible special position
4
¥

site 02 46828 ¥
g
4
k4

a
0.31135
0.31135 possible special position
0.61135
sive 02 46028 ¥ O
sive 02 96028 ¥ O
site 02 98828 ¥ O

.B113E possible special position
. 68865

68865 possible special position
site 02 =x 0.90354 y 0.40846 z 0.25000 o

' site 03
‘ site 03
' site 03

x 090364
x
x

*osite 03 x
x
x
x

40384
40384

o ¥ 0.40848
o ¥
o ¥
0.0%64E ¥
o ¥
o ¥
o ¥

09454
09454

o z ' possible special position
0 a
o z
0.59454 =
0 z
0 z
0 z

' possible special position
site 03

site 03
site 3

L0866
58646
58646

59454
90546
90546

possible special position

possible special position
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