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[j Hew

(& Open Project File (PRO)
@ Import data files

Import INP File. ..
Export INP File...

ﬂ Save

Save As. ..

Reopen FRO INFP files
Beopen data files

é Frint

Print Setup...

Exit

CtrltN
Ctrl+0
Ctrl+D

Ctrltl

CtrltS

CirltP

File View Fit Launch Tools Window Help




Select Data file(s) to load

FEBEQ: | n10 +« B ¢ EB-
THEW:  [ror IFQ |
TSR (T): |¥-Ray data files (% raw) hd R

¥-Ray data files (% raw)
X¥-Ray data files (% xdd)
¥-Ray data files (¥ cal)
Y¥-Ray data files (k. dat)
XY data files (% xy)

xye files (k. xye)
Full-Prof data files (% %)
GSAS CONST data files (% %)

¥YE data files (%, %)




A e N B H A% 2X

o i B AT B (. raw)
Bruker AXS binaries (DIFFRAC AT and DIFFRACPpIus)
« *DAT

Several ASCII file formats including
LHPM/RIET7/CSRIET, GSAS ("std - const", "alt -ralf")
and FullProf.

« *XDD/*.CAL
ASCII file format.
* XY, *XYE

ASCII file formats. Can be used for non-equidistant x-
axis steps.



File Type: Format: Explanation:

“.DAT
« LHPM/RIET7/CSRIET
Line 1-4 Comments
Line 5 Start angle, step width, finish angle

Line 6 onwards  Observed XRD data points (any number of rows)
¢ GSAS ("std - const”, "alt - ralf")
Line 1 Legend
Line 2 ltem 3: Number of data points
Line 3 onwards  Depending of item10 and itema
Foritem10 = "STD" and item5 = "CONST"
xmin = item&/div
step =item7/div
read(10(i2,FE6.0) ww(i),y(i)
sigmal(il)=sagriy (i) iwwii))

rk iconstant wavelength data):  div =100
rk (time of flight data) div=1

=1, npts
1=1, npts



AT EHM P ASCHEHE

d

* Group :YSH * Group :YSH

* Data :Ti-cl * Data :Ti-cl

* File Name : Ti-c1.RAW * File Name : Ti-c1.RAW

* Comment : * Comment :

* —> 10.0000 0.02000 120.00

5501 10.0000 0.02000 202 200 238 188 236
202 200 238 188 236 210 210 208 220 198
210 210 208 220 198 218 224 198 192 210
218 224 198 192 210 190 210 222 192 218
190 210 222 192 218 196 186 196 216 186

H AT A B ASCHE



5.000 0.020 120.000

GSAS#i3

050104

BANK 1 5751 575 CONST 500 200STD

1374
1360
1414
1294
1276
1332

1294
1410
1346
1316
1356
1336

1388
1372
1340
1358
1320
1282

1368
1338
1348
1280
1280
1328

1342
1330
1342
1336
1388
1298

1366
1308
1318
1294
1300
1374

BN

7.3.2006

1350
1318
1290
1378
1396
1392

1364
1372
1314
1268
1386
1350

1400
1374
1384
1324
1282
1262

1360
1314
1348
1374
1306
1310



GSAS ("std - const”, "alt - ralf")
Line 1 Legend
Line 2 Item 3: Number of data points
Line 3 onwards  Depending of item10 and item5
Foritem10 = "ALT" and item5 = "RALF"

xmin = itemB/32
step = item7/32

read(4(F8.0,F7. 4 F5.4) x(i), y(i), sigma(i) 1=1, npis
x(1) = x(i)/32 1=1, npts
doi=1, npts-1

div = x(i+1)-x(1)

y(i) =1000 * y(i)/div

sigmaf(i) = 1000 * sigmafi)/div
end do

rk (constant wavelength data). div =100
rk (time of flight data): div =1



File Type: Format: Explanation:

*DAT
s  FullProf (INSTEM = 0: free format file)
Line 1 Start angle, step width, finish angle, comments
Ling 2 onwards  Ohserved XRD data points {any number of rows)
*XDD/*.CAL Line 1 Cptional line for comments
Mumhber 2 Start angle
MNumber 3 Step width
Mumhber 4 Finish angle
Mumhber & Counting time
MNumber & Unused
MNumber 7 Unused
Mumhber 3 Chserved XRD data points
onwards
XY Mumber 1 Mumbers corresponding to 26 and intensity data values
onwards
*XYE Numhber 1 Mumbers corresponding to 28, intensity and intensity error

onwards values




050104 Original Data
5751

S 1372
5.02 1384
5.04 1370
5.06 1388
5.08 1384
5.1 1334
5.12 1378
5.14 1352
5.16 1372
5.18 1368

5.2 1378

* XY &2

5.02
5.06
5.08
5.1

5.12

1372
1384
1370
1388
1384
1334
1378
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L/ Cuser interface)

* Menubar

Contains the names of submenus, which provide lists of all commands
available together with their shortcuts respectively toolbar icons, if
existing.

* Toolbar

Displays the most important commands in form of icons for fast access.

« Working Area

Contains all elements needed for profile fitting such as observed and
calculated

data, fit parameters, and fit results, which are displayed in separated
Views.

e Status Bar

Displays some context sensitive help information and the x- and y-
coordinates of the data cursor in the active Scan Window, which is
described in section 2.2.



Menubar

Toolbars —/

Working Area ——

Status Bar
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Global item (&15,IR)

« Background (section 2.3.2.4)

* Instrument (section 2.3.2.5)

 Corrections (section 2.3.2.6)

» Miscellaneous (section 2.3.2.7)

* Display

e All Peaks (section 2.3.2.8)

 All Structures / hkl Phases (section 2.3.2.11)



Background

Two background functions are provided
1. a Chebychev polynomial of any order
2. a 1/X function.

The Chebychev Coefficients page contains
the coefficients of the polynomial.
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Emission profile

CLIRHIMER)

Gives the ability to add and delete emission lines which form the emission
profile of the X-ray source.

The Options page contains the following options:

Option: Remarks:

* Ymin on Ymax Determines the x-axis extent to which peak tails are
calculated (cut off)

No Th dependence Defines an emission profile that is 20 independent.
Allows the use of non-X-ray data or fitting to negative 26 values.

For LAM cursor Switches the mouse cursor to a multi-line cursor
representing the different emission lines of the current emission
profile (Fig. 2-14)

 Lam for Bragg angle Only for expert users, refer to the Technical
Reference manual
« Calculate Lam Only for expert users, refer to the Technical

Reference manual
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[ Miscellaneous =

[ Display
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X B
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@ 350 #|Ni1KaS_Holzer.lam
L2 cub %] MoKa2. Lam
S x | MnkbS_Holzer. lam
) new %] MnKaT_Holzer. lam
@ ) x-rey #]11. 1am
I lam %] FeKb4_Holzer.lam
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Instrument

XA ZED
« Bragg-Brentano geometry
 Additional Convolutions
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Bragg-Brentano geometry

e ) o et el lnterface Mode Fit 7oariad |
0
=[O Global : Bragg-Brentano I Additional Convolutions | Rpt/Text |
[ Background | Use Value |Code | Emor | Min | Max
<0 Instrument _ Goniometer Radii
+ [ Cc-mechons - Convolutio 7 Primary Radius (mm) 2175
D) Miscellaneous | secondary Radius (mm) 2175
[ Display | Equatorial Convolutions
Jhe dEstwy | RS Width (mm) 01 Fix 0
[) Emission Profile | FDS Angle [? ™k Fix 0
[ Background VDS Length (mm) (12 Fik 0
0 Instrument | VDS Scale Intensity o
0O anechons BTTEe Taks ™~
[Q Miscellaneous | Axial Convolutions
| Full Asial Model r
" | Finger_et_al [
| Simple Axial Model (mm) [~ 12 Fix 0




The Bragg-Brentano page:

Contains all instrument details necessary to model the instrument function using the
Fundamental Parameters Approach. This includes the following refinement models:

Parameter name: Remarks:

Goniometer radii

¢ Primary Radius Primary goniometer circle radius [mm]
* Secondary Radius Secondary goniometer circle radius [mm]
Equatorial Convolutions
¢ RS Width Receiving Slit (= detector slit) width [mm]
o FDS Angle Fixed Divergence Slit angle [°]
+ VDS Length Irradiated sample length in beam direction for
Variable Divergence Slits [mm]
e VDS Scale Intensity 1Sxisin(8} intensity correction for Variable Divergence
its
e Tube Tails Tube tails correction (Bergmann, 2000)
e Source Width Width of the tube filament [mm]
o Z1 Length of the left tail (negative) [mm]
o 72 Length of the right tail [mm]
* Fraction Fractional height of the tube tails relative to the main

beam



Axial Convolutions

¢ Full Axial Model Accurate model for describing peak asymmetry
» Source Length Length of the tube focus [mm]
e Sample Length Length of the irradiated sample [mm]
e RS Length Receiving Slit length [mm]
e Prim. Soller Primary Soller slit angle [°]
» Sec. Soller Secondary Soller slit angle [°]
« N Beta Only for expert users, refer to the Technical
Reference manual
« Del Only for expert users, refer to the Technical
Reference manual
e Finger_et_al Simplified model for describing peak asymmetry
* Simple Axial Model Simplified model for describing peak asymmetry

Short cut menu options of the Bragg Brentano page are:

* Load Instrument Details
Loads instrument details from a PAR file

¢ Save Instrument Details
Saves instrument details to a PAR file



oMyl -

d =-[ Global Bragg-Brentano Additional Convolutions IHptf]'gﬁ]
[ Background
+-[1 Instrument =
+ [ Cormections - Convolutio
[ Miscellaneous
[) Display
- d0Bs-1.xy
[ Emission Profile

[) Background

W instumegy

[ Comect Load Instrument Details

[) Miscell Save Instrument Details
Add Convelution
Add Hat 1/Cos(Th) dependence
Add Lorentzian 1/Cos(Th) dependence
Add Gaussian 1/Cos (Th) dependence
Add Hat Tan(Th) dependence
Add Lorentzian Tan(Th) dependence
Add Gaussian Tan(Th) dependence

< . Paste INP to Node/Selections

70,0004



The Additional Convolutions page:

Provides for empirical modelling of instrument functions. Available convolutions
include the Hat, Lorentzian, Gaussian, Circles, Exponential, and One on X
convolutions to be selected from the Conv. Type combo box. Predefined angular
dependencies are Constant, 1/Cos(Th), Tan(Th), and Sin(2 Th) to be selected from
the 2Th Dependence combo box; alternatively, user-defined angular dependencies
can be provided in the form of equations.

Short cut menu options of the Additional Convolutions page are:

+ |Load Instrument Details
Loads instrument details from a PAR file

+ Save Instrument Details
Saves instrument details to a PAR file

* Add Convolution
Adds an additional convolution. Convolution type and angular dependence can be
defined using the Conv. Type and 2Th Dependence combo boxes.

Additionally it offers quick access to the following important convolutions:
* Add Hat 1/cos(Th) dependence

* Add Lorentzian 1/cos(Th) dependence

* Add Gaussian 1/cos(Th) dependence

* Add Hat Tan(Th) dependence

* Add Lorentzian Tan(Th) dependence

* Add Gaussian Tan(Th) dependence

Selected additional convolution rows can be deleted using the DEL key.



Corrections

- [ Global
[ Background
+ [ Instrument
+ [ Corections - Convolutio
[ Miscellaneous
[) Display
- d0Bs-1.xy
[ Emission Profile
[ Backaround
[ Instrument

] Coectors

[) Miscellaneous

Corrections I Rpt/Text |

0

Use Value  |Code |Enor
Peak shift
& Zero eror [~ 0 Refine 0
| Sample disp. (mm) 0 Refine 0
| Cylindrical 2Th [~ 1 Refine 0
Intensity Comections
| LP factor [~ 17 Fix 0
| Cylindrical Intensity -1 Refine 0
Surface Rghnss Pitschke [~
| Surface Rghnss Suottti [~
Sample Convolutions
Absorption [1/cm] [~ 100 Refine 0
| Sample Tilt (mm) 0 Refine 0



Parameter name: Remarks:

¢ Jero Error Zero point error in [© 26].
« Sample Disp. Sample displacement in [mm].
¢ |P Factor Lorentz-Polarisation factor using the monochromator
angle in ["26].
+ Absorption Linear absorption coefficient used for adjusting the
peak shape [cm™].
« Sample Thickness Sample thickness in [mm] in the direction of the
scattering vector
¢ Scale Intensity Peak intensity correction for absarption effects
o Sample Tilt Sample tilt in [mm].

The Lorentz-Polanisation factor for unpolarized radiation is 0 (e.g. X-ray
diffractometers without any monochromator) and 90 for fully polarized radiation (e.g.
synchrotron radiation). Values for most common monochromators (Cu radiation) are:

e Ge (273
« Graphite (264

e Quartz 2606

There I1s no polanzation factor for neutron data and thus the angle for Lorentz
Polarization should be set to 90; this gives the Lorentz only part.



Miscellaneous

e e Interface Mode Fit 7a
| 0
5| P [ Global Miscellaneous lClystalline Indexl Rpt/TextI
D) Background |Use/Value  |Code | Enor | Min | Max
+-[ Instrument 7| Conv. Steps 1 a
+ [ Corrections - Convolutio | = Calc.Step 002
[ Miscellaneous — Stalt.X |— 0.
O Display | Finish % r o
= d06s-1 il _ Fixed WL Neutron u
[ Emission Profile F
[ Background —_—
) Instrument Excl.Regions l
[ Corections Start "End ]

j Miscellaneogg

Add Excluded Region
Paste INP to Node/Selections

w




Parameter name: Remarks:

* Convolution Steps An integer comresponding to the number of
calculated data points per measured data point. It
may be wuseful to increase this number when
numerical instabilities are introduced. This can
happen when a particular convolution has a small
effect on the profile shape or when the
measurement step is large.

e Start X, Finish X Used to limit the refined X range independent on
Zooming
o Fixed WL Neutron Signals the use of neutron atomic scattering lengths

The Excl Regions page allows for a definition of an unlimited number of excluded
regions, which may overlap. There is one option in the short cut menu:

+« Add Excluded Region
Adds an excluded region.

Selected excluded region rows can be deleted using the DEL key.
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Fit method Constraints and keywords 1)

SPF: Single peak fitting

No constraints by default. Optionally all profile parameters can be
constrained (e.g. same shape, same width, relative intensity, ...)
Keywords: "xo_ 1", "d_I"

WPPF: Whole Powder pattern fitting.

* No constraints by default. Optionally all profile parameters can be
constrained (e.g. same shape, same width, relative intensity, ...)

* Profile parameters constrained to be smoothly varying functions of 26
Keywords: "xo_I", "d_I"

WPPD: Whole powder pattern decomposition

Pawley and LeBail method

Number of peaks and their positions constrained by crystal system /
spacegroup plus lattice parameters

Keyword: "hkl_I"

Rietveld: Rietveld structure refinement, ab-initio structure
determination

Peak intensities constrained by the crystal structure

Keyword: "str"

1) For details refer to the Technical Reference manual



BB

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 CATOPAS2\TUTORIAL\CEO2Z.

Menu: Ilcon: Shortcut: Result:
File - ElL] 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. lis use for
zooming is described in section 2.1.4.

4. Manually insert one peak at the desired 26 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. A stick indicates the peak position.



Menu: lcon: Shortcut: Result:

View - ‘1 F3 Displays or hides the
Peak Details Window Peak Details Window
View - | F2 Displays or hides the

Parameters Window

Parameters Window
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2.2.3.5 Peak Details Dialog

Note: GUl mode only. not available in TOPAS R

Allows the insertion of different peak types as well as the direct editing of peak
parameter values and refinement codes in the Scan Window (Fig. 2-6).

Peaks inserted into the Scan Window will be of the peak type selected in the left
column. It is possible to insert different peak types into the same powder pattern. For
each peak inserted a peak marker is displayed. In addition near to the top of the peak
marker some peak properties such as profile parameter values or refinement codes
for the associated peak can be shown depending on the selections in the second and
third column of the Peak Details Dialog.

Note: The Peak Details Dialog is available in GUl mode only.

Peak Details F3 E

Py
Pyl

SPY
SPYII

Cry Size L{nm)
Cry Size G[hm)
Strain L
Strain G

Al Win Al'wins  Selections

Fig. 2-6: Peak Details Dialog



When opening the Peak Details Dialog the cursor will change to peak insertion mode.
The form of the cursor unambiguously reflects the selected peak type. A mouse click
using the left mouse button in the Scan Window will insert a peak, when the Peak
Details Dialog is open. Peaks can also be inserted anytime even when the Peak
Details Window is closed by pressing the CTRL key when clicking the left mouse
button.

An important feature of the Peak Details Window is the direct editing capability of
peak parameter values and refinement codes in the Scan Window. A mouse click
(LMB) on the text displayed nearby the peak using the left mouse button will open an
edit field, which allows to change parameter values or refinement codes. Any
changes have to be confirmed using the Enter key.

For changing the values of a peak group there are three buttons on the bottom of the
Peak Details Window:

e All Win

Overwrites the values of all peaks in the active Scan Window with the value in the
edit field.

Note: A change of the peak position moves all peaks to the same position!

e All Wins
Same as All Win, but changes will be applied to all peaks in all Scan Windows.

e Selections
Changes are applied to all selected peaks in the active Scan Window.
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3 PEAK SHAPE MODELLING WITH TOPAS. ...

3.1 Source emission Profiles ...

3.2 Direct convolution approach: Empirical parameterisation................
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« 1. Analytical Profile Fitting:
analytical peak shape functions (PSF)

Gaussian, Lorentzian, sums of Gaussians or Lorentzians,
Voigt, pseudo-Voigt and Pearson VIl functions

» 2. Direct Convolution Approach:
YL ) =W ® F,(20) @ F,(20) ® ... ® F,(20) ® ... ® F,(20)

Y (20) 1s the observed line profile shape, W 1is the source
emission profile, and & denotes the convolution process.

[(]
)
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Source emission profiles
CHT SR 1 22 1 I8 )

Fig. 3-1: Phenomenological
representation of the Cu Ko
emission profile based on four

Lorentzians (from Cheary et
al., 2002).
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Fig. 3-2: CuKa emission profile
showing the satellite group of
lines and the extent of the tails

from the Koy and Ka> emission

—-1I—|,—r1:. HM Ka, = 0.045° 28
I |
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- : : 100k Ka, I Ko
lines. This profile was recorded ] I | e
using the 400 line from a : ,' u |I
silicon single crystal wafer 1 Ka Satallites — f' \
(from Cheary et al., 2002). 1ok 5 ‘}J nﬁ&
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Fange = 90 x FWHM(Ex |:'

&7 68 &F 28 74 71

Fig. 3-3: Fundamental
parameters fit to the 331 line of
CeQ, (Balzar, 2001) at about
76.7° 26. Divergent beam data
have been taken with a D8
ADVANCE (Bruker AXS). The

Ko satellites contribute U
significant intensity to the total

profile, which is typically .
neglegted in analytical profile Ko satellites
fitting approaches. \
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Fig. 3-4: CuKao emission profile
obtained using the 400 Iline
from a silicon single crystal
wafer. Each pattern was
recorded sequentially using
the same sample, first with no
filter or monochromator in the
beamline, then with a Ni Kp
filter, and finally with a
standard  curved  graphite
diffracted beam
monochromator (from Cheary
et al_, 2002).
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Ornginal Cu Ko 100k 1
Spectrum

X-ray Counts

1'3Lc-!
] Residual Kc.l::

Monochromated
Spectrum

]la-:'!

Fig. 3-5: Wavelength spectrum emerging from an asymmetrically cut Ge111 ground and bent incident
beam monochromator presented linearly (a) and logarthmically (b). The Ka satellites are completely
removed, but the Ko is still present at =0.02% of Ka, even in a well aligned system (from Cheary et
al., 2002).



Table 3-1: Two examples for differently sophisticated descriptions of the Cu Ka
emission profile. A: wavelength; Ige: relative intensity; |h: Lorentzian halfwidth
(parameters are described in the Technical Reference manual).

Emission profile Emission lines A [A] IRel Ih [A x 107]

CuKab Satellites 1,534753 1,99 3,69
Kaiia 1,540596 57,91 0,44
Ko 1,541058 7,62 0,60
Kaiza 1,544410 24 17 0,52
Kaiop 1,544721 8,71 0,62

CuKaZ_analyt Ko 1,540596 66,05 0,50

Koz 1,544493 33,95 0,50




Table 3-2: Predefined emission profiles in TOPAS. The name components "Holzer"
and "Berger’ denote source emission profiles taken from Hélzer et al. (1997) and
Berger (1986) respectively.

Anode material Ka KB

Cu CuKat "

CuKaz2

CuKazZ_analyt

CuKad Holzer CuKb4 Holzer

CuKab

CuKab Berger
Co CoKa3

CoKa7 Holzer CoKb6& Holzer
Cr CrKa7_Holzer CrKb5_Holzer
Fe FeKa7_Holzer FeKb4_Holzer
Mn MnKa7 Holzer MnKb5 Holzer
N NiKa5 Holzer NiKb4 Holzer
Mo MoKa2

" Monochromatic Cu emission profile for instruments equipped with Johannson-

type Ge primary monochromator



Direct convolution approach

Em
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VIR W |

pirical parameterisation

ZERE: LRSEER)

Emission Profile

W

Y(26) = W & F,(26) © F»(20) @ ..
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Fig. 3-6: Schematic representation of the convolution approach as given in equation 3-1. The final
profile Y(28) is described by the selection of appropriate functions Fi(26) and convoluting them on top
of the emission profile W. Note the capabilities of this approach to add functions before convoluting
them as shown for the sum of two hat functions as well as to convolute split-type functions.



The explicit discrimination of instrument and specimen contributions (Jones,
1938):

Y(26)=(W® G) @ S, (3-2)
where

* G and S are instrument and sample contributions respectively which are
modeled separately using appropriate Fi(26) functions according to
equation 3-1.

In general, a particular target system or instrumental setup (W @ G) is seen as an
entity called the instrument function 1(26), which can be either measured
(conventional approach) or calculated from first principles based on the known
instrument geometry (fundamental parameters approach, which is discussed in
detail later).



In the conventional convolution approach an instrument function 1(26) is determined
experimentally from a standard material, which ideally should (but does not) meet the
following requirements: (i) large crystallite size to minimize size broadening, (ii) small
crystallite size to give sufficient particle statistics, (iii) no strain and (iv) possess the
same linear absorption coefficient as the specimen. The instrument function is then
convoluted with specimen related functions to represent the "real" specimen
properties. Obviously the requirement to have both large and small crystallites
simultaneously is a contradiction and limits the accuracy of microstructure analysis at
small levels of specimen broadening. In many approaches such as the Double-Voigt
Approach (e.g. Balzar, 1999), Lorentzian and Gaussian functions are employed to
describe both crystallite size and strain effects. For more information about the
Double-Voigt Approach, which is supported by TOPAS, refer to the Technical
Reference manual.

In principle any instrument function can be described using the conventional
convolution approach in TOPAS. However, the quality of the instrument function is
directly related to the quality of the standard material and thus additional broadening
in the instrument function is unavoidable for reasons described above. As a result
specimen broadening is underestimated resulting in erroneous specimen
characteristics such as over-estimated crystallite size estimates.

A further drawback is that the instrument function needs re-determination when
relevant instrument settings, such as slit settings, change. In addition the effects of
sample penetration by the incident beam is often overlooked resulting in increased
broadening in the instrument function. This is an intrinsic error to the conventional
convolution approach whereby the instrument function is linked to sample
preparation (packing density).
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Fig. 3-7b: Laboratory X-ray data, broadened data

(D8 ADVANCE, Bruker AXS).
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Fig. 3-7a: Laboratory X-ray data, measured
instrument function (D8 ADVANCE, Bruker AXS).
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Fig. 3-8a: Synchrotron data, measured Fig. 3-8b: Synchrotron data, broadened data
(NSLS X3B1).

instrument function (NSLS X3B81).
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Fig. 3-10a: TOF neutron data, measured Fig. 3-10b: TOF neutron data, broadened data
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Table 3-4: Analytical PSFs supported in TOPAS. For generic unit area expressions
and definitions of the PSF dependent parameters refer to the Technical Reference
manual.

PSF: Name: PSF dependent parameters:
Single line fitting:

Gaussian " G la, 26, fwhm

Lorentzian 2 L la, 26, fwhm

PearsonVIl PVII la, 26, fwhm, m
Pseudo-Voigt PV la, 26, fwhm, n

Split PearsonVI| SPVII la, 28, fwhm1, fwhm2, m1, m2
Split PseudoVoigt SPV la, 28, ftwhm1, fwhm2, nl. n2
Whole pattern fitting:

PearsonVIl PVII la, ha, hb, hc, ma, mb, mc
Modified Pseudo-Voigt PYv_MOD la, ha, hb, he, lora, lorb, lorc
TCHZ Pseudo-Voigt PV _TCHZ la UV WXY Z

' PV function with mixing factor n=0
?' PV function with mixing factor n =1



Direct convolution approach:
Fundamental parameters

(BEARZHEIR)

Y200 =W@G)®@P® S5, (3-3)
where
* P represents the sample contribution function

« (G and S are instrument and sample contributions respectively which are
modeled separately using appropniate F(Z68) functions according to
equation 3-1.

The instrument function {(26)=(W=G) in terms of the individual aberrations Gi(28) can
be written as:

(26) =W ® G1(26) ® G2(28) ® _ ® G(26) ® _ ® Gn(26) (3-4)

Thus it Is seen from equations 3-1 and 3-4 that FPA Is a special case of convolution
based profile fitting. The important difference is that [{26) for FPA is determined from
prior knowledge of the emission profile and diffractometer geometry resulting in far
fewer refinable profile parameters. This results in decreased correlations between the
profile, background and in particular microstructural parameters leading to an overall
improvement of the refinement process within all profile fitting methods.



Diffractometer configurations and
their geometrical aberrations

* Divergent Beam Laboratory Diffractometers

« Parallel Beam Diffractometers



Divergent Beam Laboratory Diffractometers

o the finite width of the X-ray source

+ flat specimen error

« finite angular acceptance of the receiving optics (receiving slit)
e Specimen transparency

¢ axial divergence

Position sensitive detectors (PSDs)

¢ defocusing due to asymmetric diffraction

e discharge resolution of the detector
¢ parallax error



Parallel Beam Diffractometers

e axial divergence

e finite angular acceptance of the receiving optics

Position sensitive detectors (PSDs)

¢ discharge resolution for both detector types

¢ parallax error for linear detectors
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Fig. 3-12: Fundamental parameters based full pattern Pawley fit to the Ce0s laboratory X-ray data (D8

ADVANCE, Bruker AXS), measured instrument function (Balzar, 2001).




Treatment of satellite peaks and tube talils

Fig. 3-14: Single line
fundamental parameters fit to
the 211 line of LaBg (NIST
SRM 660a) at about 54° 20
with tube tails {square root
scale). The blue line
represents the calculated data

without background. Courtesy :
by Cline (2001). Ko satellites

Tube tails ‘

Tube talls
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Fig. 3-15: Comparison of a single line fit to the 100 line of LaBs (SRMEE0a) with a SPVII function (a)
versus a FPA fit of the same data in (b).

Table 3-5. Agreement indices obtained by the split-PearsonVIl (SPVII) and
fundamental parameters approach (FPA) in Fig. 3-15.

Re Rwe Rexp GOF DW

SPVI 438 6.1 1.9 3.2 0.44
FPA 22 3.1 1.9 1.6 1.3




¢ improved refinement stability,
¢ increased refinement speed due to faster convergence, and

¢ reduced parameter correlations and therefore more physically meaningful
parameters.
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Fig. 3-16: Comparison of an unconstrained single line fit to the Quartz "5 finger peak™ with SPVII
functions (a) versus a FPA fit of the same data in (b).



1. Start TOPAS.

. Importing the file Y203A.RAW. By default this file is located in
CATOPASZ-1\TUTORIALWMISC.

. 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: lcon: Shortcut: Result:

View - J.E.H-.L n.a. Displays the Peak Search
Search Peaks... Dialog
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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
CATOPASZ2-1\LAM.

6. Apply the following instrument settings:

Instrument Parameter: Value:
Goniometer Radius Primary: 173 mm
Secondary: 173 mm
RS Width: 0.2 mm
FDS Angle: 1°
Soller Slits Primary: 5.1°

Secondary: 8.6°




7. 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.

% Parameters F2 | [Of =]
=[] Global Values Codes | Erces | Min | Max | LVaHE fom) | Lol | o0 | Additienal 4] ¥
=rpe] r2n3ziawd _ : _ _ _
[ Emicsion Prafle Type |U|:B Fasifion |F'|:-|:.h:r| |A|a§ |Us-a| Cry Size I| Uz= Cp Sm1Une Strain L LIsa|SI:
i I Sackgiound |FF ¥ 1ERESIE  Refine  Refre v B [~ Refine [~ Fefre [ R
O Inehument |FF fF 2M4EE0d  Refine |Refire | cal [T Refine [~ FEefre [~ R
O Caresiiors |FF I xS Refine Refire |V cal [ Refine [~ Fefre [~ R
O Miszelloneous |FF FF 2313217 | Refine Refie | cal [T Refine [~ Fefre [~ R
41 Peak Phosel FP F 352174 FRefive  Refre  [F el ™ Refine [~ FRefne [~ R
T Posks P [|FF FF 3275251 Refive  Refie [ ocil [T Refine [~ Fefre [ R
FF I EEEMS4 Refie  Refre [P cil [T RAefine [ Fefne [ R
T |FP FF 359145 Befne Refre [ ocil [~ Refne [ FRefire [~ R
:FFl I 28257 |Refie |Refre W cal [ Aefine [ Fefine [ R
FF I 41EBMSE |Refre |Refre | cal [~ Hetne [ FRefine [ R
T FP F 4246521 Hefiv= |Refre |+ cal [ Hetne [ FRetne [ R
T FP I 45087914 Hefie |Asfre | [+ cal [ Hehne [ FHetne [ R
e I 425080 HRefne (Hefre 0 cal [~ Heine [ Hefbne [ A
iE I 5011154 |RAefie |Fzfre o ocal [ Hehne I Refne [ R
NGE ¥ 516504 |Refe |Rsfre sl [ Aetne I Fefine [ R
Save Phass 1 |FP k| 531371 |Agfin= |[Asfre [ csl [~ Aetne I Fefne [T R
EE;;U;*QT:EAE;E TIFF W SAGME A= Refre @ ol [ FAeine [ Fefne [ R
Delte Pesks Fhase FP F S516 Fefin= | FA=fire [ o3l [~ Aefine [~ Fefne [T R
FF W A0 Refie  Refire 0 el [~ Aefine [T Fefne [T R
FFP ¢ 5200753 Refine Refie [ c:l [~ Refine [ FRefine I-—Filﬂ
x| | | 2




8. Fit the data. Note the excellent fit to the observed line profiles.
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¢ LSI
 LP-Search



Advances in
Indexing of Powder Diffraction Patterns:
lterative Use of Least Squares(LSI)
and
Monte-Carlo Based
Whole Powder Pattern Decomposition

Arnt Kern



TOPAS V3
TOtal Pattern Analysis Solutions

m Peak Finding

® Indexing New
® Intensity Extraction m "Profiling”
m LeBail, Pawley m LeBail, Pawley
B Structure Determination m Structure Determination
using F?(obs) AND Refinement

® Structure Refinement using using y;(obs)

yi(obs) TOPAS Approach

Coelho (2000)
N %0

B Quantitative Rietveld
Analysis

Folie.78
© 2001 Bruker AXS All Rights Reserved



TOPAS V3
LS| and LP-Search

m S|

m Iterative use of least squares

m Operates on d-values extracted from reasonable quality powder
diffraction data

m | P-Search
m Monte-Carlo Based Whole Powder Pattern Decomposition

m Independent of d-spacing extraction and line profile shape and
therefore suited for indexing of poor quality powder data

I No d-values required !

Folie.79
© 2001 Bruker AXS All Rights Reserved



TOPAS V3
LS|

m Method

m 1. LS| Iterative Process
m hkls assigned using present (random) lattice parameters
m Reciprocal lattice relationship solved using least squares for all hkl

X on D24 X K2+ X, PP+X,, hk+X, h1+X, k1=1/d?,
m 2. Monte-Carlo approach to searching parameter space

m Randomize lattice parameters
m Execution of the LSl iterative process until convergence

Folie.80
© 2001 Bruker AXS All Rights Reserved



TOPAS V3
LS|

®m Reciprocal lattice relationship:

X 24X K2+ X, P+X,, hk+X,, h1+X,, kl=1/d2,

® Modified to include a zero error and a weighting function:
X b2 X K2+ X, P+X,, hk+X, hl+X, K
+ Ze (2/360)(4/1%) sin(20)) W, = W, / d 2

W, =d7 (C, —exp(-C, A20,,,))
m Objective function:

2
S= ZW (obs)— - (calc)} —min
hk

{ hkl

m For large d-spacings as well as for high 20 errors weightings are
increased automatically

Folie.81
© 2001 Bruker AXS All Rights Reserved



TOPAS V3
LS|

m LSl is applied consecutively with hkls corresponding to minimum

symmetry Bravais lattices from each crystal system and in
decreasing order of symmetry.

® Monoclinic lattices are treated differently where a search is
performed using the six unique sets of hkls corresponding to the

space groups P2, P21, Pc, P21/c, C2, and Cc and not just the
Bravais lattices.

m On present personal computers LSI searches all crystals systems
down to the triclinic lattice in less than three minutes.

Folie.82
© 2001 Bruker AXS All Rights Reserved



TOPAS V3
LS|

Most important features:

m Seamless integration into TOPAS V3

m Zero-point error consideration

® Automatic determination of possible spacegroups

m Highly tolerant to impurity peaks, missing high d-spacings,
extreme lattice parameter ratios as well as large d-spacing and
zero point errors (> 0.05° 20)

m Particularily strong in indexing of very large cells (>> 100.000 A3)
and dominant zone problems

®m Weighting of reflections using observed peak intensities or user-
defined weights

m Fully automated Pawley or Le Bail fitting of all or user-selected
solutions

®m Goodness-of-fit versus volume plots

Folie.83
© 2001 Bruker AXS All Rights Reserved



TOPAS V3
LS|

‘opas3\Tutorial Index’svd\ex2.pro - [ex2.xdl
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both observed (blue) and
calculated (red) peak positions

D@ E/aE| oo M ikt [ =l [
I
|
|
|
|
|
|
|
|
|
|
|
|
I

Parameters F2 M [=] E3
O Global

Indexing | Data  Solutions |Hp|/Taxt|

Indexing Use [Sa [Sts_[UNI [val [Gof__ [Ze0 = b B -
¥ |R3 3 0 4191730658656 00085 813010 913010 | 73.0522
r R 2 0 e9705.297 oSl 00083 528757 406555 398230
r R 2 0 69703599 e83f 00082 528773 408574 338221
r R 3 0 B9707.139 Bef 00082 540607 408567 338219
r R 3 0 69707.075 60 00082 339229  40E560  54.0807
r e 2 0 2780209060644 00081 G7E630  G1.2742 528300
r c 2 0 o7eec2sfESE  0O0B1 G7E6S3  O12734 528830
r c 2 0 omeraiifeE5i0 00083 676637  G1.2700 52885
r 2 0 ew3difs P40 0O0BS 54040 40ES23  33B1B4
r e 3 0 e9TI0f67 6386 0002 528831 40561 338190
r e 2 0

ESE9£.391 B365 00085 540BSE 406517 338178
4 3

Bof wsVolume  Detals for se\ema%

Zero error comtri

emoved from cbserved and calculated walues -

0y B3 3 0 418173, -0.0088 81.301 81.301 73.0822 90 30 120
h k1 do do-de 2The zThe  2Tho-2The
1 0 1 1.5836
1 1 0 40,9253 0.1748  1.9749  1.9665 -0.0085
o1z 32,5213  0.09895  Z.4761  2.4686 -0.0075
Select previous a oz 1 7 5315 1
Select nest z 0 =z 25.4157 0.0681 ®.1674 3.1830 -0.0085
Soit by Gof-decreasing 1 2 -1 25.0622 0.0576 F.2109 3.2035 -0.007¢
St by UNI/Gof-decreasing 00 3 24.4288  0.0731  3.297Z  3.2865 -0.0107
Sort by Volame 03 o 23.5918  0.0622  3.4210  3.4119 -0.0090
S v o WD il 1z oz 21.5625  0.0538  3.7330  3.7236 -0.0093
" 1 -z - Z0.9281  0.0395  3.8437  3.8364 -0.0073
Paste INF to Nods/Selections z 2 20,3730  0.0477 3.9504  3.9411 -0.0093
1 -4 18.9076  0.0421  4.256Z  4.2467 -0.0095 2

m Detailed indexing results
for all solutions
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TOPAS V3
LS|

(& ToPA: pas =lslx|
Parameters F2 P[=1 ES & e View Pt Lench Tools Window Hep ETE]
[ Global | Indesing | Data  Soktions | Rpt/Text | DE@EEE| o o ML U L[E=2e = L R e |

Indexing Use |5a [Sts_|UNI |vol [Gof  [2e0 |a B B = D Global Indeing Detals | Rpt/Test |
'7 i3 3 0 15173063 8655 00065 B1.9010 a1.3mo Tz e EXZEde ion Profil » Hle_’ ‘22’; ‘293 ‘g“ ‘;IM “4’:‘7751 4UE‘§SD’55 IZ[ISéIDWEIE ‘ST 2751 “;1 300 ‘;SDSDJ ‘;‘DDDDD I;S[I[I[IEI ‘ﬁgﬂﬂﬂﬂﬂ ‘ —
mission Profile .
rore 2 U LI RN 0GR AU SR D Backgraund I oam P2 30 B929414 6993 00105 528613 4062  33EI6 900000 108261 900000
r P2 2 1} BI709.633 BB33 00082 528773  40B574 338221 [ Instrument | 3 0 929578 EB02 00105 528610 406374  3IEI0F 900000 10BEZE1  80.0000
_ D Carrections o3 R 30 BIATS 6760 00105 540446 40EW7  33EI02 G00000 G9E7IS 00000
'_ 2 g u (BEFIF IS (EITE DG SAET iy SRR D Miscellaneous v 9:mm 2 2 0 278822 562 B5.E9 00081 E7.6653  81.2734 528830 900000  10B5400 S0.0000
CRE2 3 0 BS707 675 B780 00082 338223  40BS5EE  G54.0RO7 D Stuchwres/hkl Phases ||| ¥ 93300 €2 3 0 278797.0636460 -00DBZ B7.6639 812703 528663 900000 734640 90.0000
- c2 2 0 278B20.30F 66.44 00081 E7E630 B1.2742 528300 48 hki_Phass | | P2 2 0 E9703.250 G410 000B4 528813 40E5X 336188 900000 734800  90.0000
- r T = [ 83300 F2 2 0 E3E94.148 B405 00085 540840 406523 328164 S0O0000 1103270 80.0000
m = 2 U HSEEEE D0UE GuiEs G R O ‘”dam‘”dgmg Deteile |~ smm P2 30 GI7I08G7 6365 00DA2 540682 A0S  33EIA  G00000 110390 900000
- cz2 2 1} 278791.15E 65,10 00083 E7.EE37  B1.2700 528856 9 T~ w00 P2 2 0 69695063 6384 00085 540645 406522 33165 900000 1103250 90.0000 B
- P2 2 0 E9E94.148 E405 00085 540640 408523 338164 =
I P2 3 0 EB97I0B67 6386 00082 S2EE31  40ESEl 338190 7.500
(mil 2 0 B9698091 6355 00065 BAOESE 406517 338175 7.000
4 | £.500
6.000
Giof vs Yolume
| Details for se\ectedl 5500
5.000
4.500
4.000
3.500

Select previaus 3.000

Select next ) 2500

Sort by Gof-decreasing ) 2000

Sort by UNI/Gof-decreasing 1500

Sart by Yaolume

Save to NDX file 1.000

Paste INP to Node/Selections : : 500 |

0 500,000 1,000,000 1,500,000 0 4 e e ot
-500 L1 ol 1 N T Y A AT AT TN T i 111
1 2 3 4 g [ 7 g g 10 11 12 13 14 15 18 17 18 19 20

[ I x=10,06907 v =5069,501

m Goodness-of-fit versus volume m Fully automatic Pawley or
display Le Bail fitting of all or user

m Easy identification of fractional selected solutions

and multiple volumes
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TOPAS V3
LS| Reference

Indexing of powder diffraction
dectronic repin patterns by iterative use of
i singular value decomposition
A. A. Coelho
J. Appl. Cryst. (2003), 36, 86—95

Indexing of powder diffraction patterns by iterative use of singular value
decomposition

A. A. Coelho

i Appl. Ciysi. 2003 36, 8655 A A Coetho = Singular value decomposifion

Folie.86
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TOPAS V3
LP-Search

m LP-Searchis a Monte-Carlo based Whole Powder Pattern Decomposition
approach

B It minimizes on a new figure of merit function that gives a measure of
correctness for a particular set of lattice parameters

FOM=3"%"1(26,)| 260, - 20,
joi

m The figure of merit function assigns parts of the diffraction pattern to
calculated peak positions and then sums the absolute values of the
products of the diffraction intensities multiplied by the distance to the
calculated peak positions

m LP-Search avoids difficulties associated with extracting d-spacings from
complex patterns comprising heavily overlapped lines

Folie.87
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TOPAS V3
LP-Search

®m Generate sets of lattice parameters and calculate d-values

m For each solution, for each calculated d-value
m define pattern segments
m sum the absolute values of (step intensities * distance to the d-value)

Poor solution, high R-value Good solution, low R-value

m Refine the best solution

® Reiterate

Folie.88
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TOPAS V3
LP-Search

Most important features:

m Seamless integration into TOPAS V3

B Independent of 26 or d-spacing extraction
m Independent of line profile shape

m Zero-point error consideration, highly tolerant to large zero point
errors (> 0.05° 20)

m Particulary suited for indexing of poor quality powder data, where
reliable 20 or d-spacing extraction is difficult or even impossible

Folie.89
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TOPAS V3
LP-Search

€% TOPAS - C:\Topas3.

utorial Index AK\LPSearchilpderl.pro - [STRATH-0Lraw]
Took Window  Help

& File View Fit Launct

D@ RS o o W Uit [[E5mmm

=

i T A 1

]

=18]x]
[

65.000

60.000

55.000

50.000

45.000

40.000

36.000

30.000

25.000

20.000

16.000

10.000

5.000

5}

-5.000
RN T W [ W VT W 11

5 10 15 20 25 30

Parameters F2

STRATH-0T.raw
[ Emission Profile

[ Corections
[ Miscellaneous
[ Structures/ hkl Phases

Save Phase

Create str phase

Delete hkl Fhase

Paste INP to Mode/S elections

hkl_Phase 0.00 %

m Direct Pawley or Le Bail fitting

of random lattice parameters to

the powder pattern

[[=] B3
Phase Details I Peak Type | hks Is | Addtional Convolutians | RiptéText |
| Use[alue |Code  [Enor | Min IEES |
P | Use Phase v

_|LeBail i
" | Delete hkls on Refineme [#
" |LP Search i~
o Spacegroup 3
ELS 28131114 @ (000000 3 25
T e® 17.8550110 @ O@ononan . 3 25
el BEI72073 | @ AW 25
7| Seale - ¥
o Cry Size

Cry Size L{nhm) [~ 2000 Refine 0.0

Cry Size G[nm] I~ 2000 Refine 0.0
| LvaHBinm) I~ 0000 0.000 k: 1
T LvalFwHM{nm) [~ 0oon 0.000 k. 0.29
| Strain
| Shanl v 02153081 skl 0
7| ShainG o Refine 0

el [~ 0.00000 0.00000
| wz Rietveld 0.000 0.000
| Wit of Spiked [~ 0000
| CellMass 0.000 0.000
| cellval i3] v 108215737 Fix 0.00000 300 3000
_ |RBragg 0.230

I No d-values

required
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TOPAS V3
LP-Search: LT-ZrMo,Oq

m Particulary suited for indexing of poor quality powder data:
How many peaks are there?

4 Fll nch  Tools  Window  Hel

File Wiew Fib Laur Help -
(D@ B -S| o oWl [Feome =l FlAW i s« v [abua

=18l x|

19.000

= |Peak overlap?

17.000

Anisotropic line broadening?

15.000

14.000

13.000

12.000

2+

phases?

9.000

8.0004

7.0004

B.000

5.000

4.0004

3.0004

2.000

1.000+

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 75 26 27 08 28 30 31 32 33 34 35 38 37 38 38 4D
[ x = 1679634 v = 1017336
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TOPAS V3
LP-Search: LT-ZrMo,Oq

m Data are easily indexed with LP-Search
m | P-Search profile fit reveals strong anisotropic line broadening

File View Fit nch Tools  Window Help

& ISETET
JDDE@HQH S 4 b4 Ly Ut [ [ 01EE e | B R e

19.000H
18.000H
17.000H
16.000H
15.000H
14.000H
13.000H
12.000H
11.000H
10.000H

9.000H

8.000

7.000

5.000] LT'ZrMOZOS
o) a=5.879 A
b=7329A

2.000

c=9.130 A

D8 ADVANCE, Koy,
20004 Allen et al. (2003)

-3.00H il /”\f\ A VM/"‘\A/\H S
-4.000| o i N\JVV v A & N

-5.000

hkl_Phase 000 %

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 24 2? 28 29 30 o 32 33 34 35 38 37 38 38 40
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TOPAS V3
LP-Search: LT-ZrMo,Oq

m Final Pawley fit taking anisotropic line broadening into account
®m Spherical harmonics function used to model excess broadening

OPA _01665.raw:l
@Fue Wiew Fit Launch Tools ‘Window Help =
D dE -S| o o Wit [FEoEmm =l Sl Ao ||y [ i a

19.000 hkl_Phase 0.00 %
18.000
17.000
16.000
15.000
14.000
13.000

2.0004

1
11.000
10.000

9.000

o.0o] LT'ZrMOZOS
a=5879 A

b=7.329A

c=9.130 A
3000 D8 ADVANCE, Ka;

2.000

© o0o] Allen et al. (2003)
Y f
N A sl [\ s At o *,
N Y o il AR AT L ) Bl e
-1.000
R L e B A A
10 11 12 13 14 15 18 17 18 18 20 21 22 23 24 25 26 37 289 29 30 31 32 33 34 35 36 37 38 38 40
T %= 505119 v = 5809 665
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&% Topasd — [dlile.dat ...

%5 File View Fit Lasunch Toels Windew Help = 8 X
D@ WEPS | &b WL LMk v ||Peak Phace:d =
mufuall o s [HL M
HE e M B -2 = D) Mecalaens  a || Values | Codes | Ences | Min | Maw | LVolB fren) | LVGLPWHM ) | 80 4 )
40 Time: .88 Dwp: 9.731 -0.001 MC 2 - ad *j:.wul’hua Type | Lss Peailion | &sea | Cry Sime Lir Cay Sice Git| StainL. | Stran G~
Retinemant converged be] Indowing o | F[SPVI T 1ES06EE 1746451 A00 200 O 01
SPVIl v 2399561 | 134764 2000 200.0 N 01
¥ | [cave Phae ~ | |sPvil | 2721814 4839192 2000 200.0 ol 0.1
1 ¥ Lave Peaks as UIF He N =T N R A AT T T 200 1 U1
I T e 1 1 1 |||Changs to d_ls phase SPvIl R 2041326 | 2099740 | 2000 200.0 0 0.1
N o oo j__i_.'FF?FF?E‘?.H?‘??-EF_'E_Z,P.'?T’.’??@N__._:_.; Create Indesing Fiange SPVIl B WOB®WI 709721 000 2000 01 01
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A T T e s - et ||| Tielebe Prals Phase = SPYIl b 3824906 | 525933 2000 2000 01 01
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™
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65,000 34 DE3ga
05 EGET4
60,000 A6 24906
55 000 B2 04935
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b5z 11276
46000 55 1405
40,000 o g7
b0 o475
35,000 S
E9.0FE
30,000 1 g 0g
25,0004 Fa 20134
& T
20,000 b0 ke 7
16,000 1
Bidkura
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A
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2

<

A g B

Values | Codes

L3

Enors | Min | Max | LVoHB (nm) | LolPwHM (nm) | e0 41>

Type Use| Position | Area Cry Size L(r| Cry Size G[r Strain L Strain G A
b[SPvil v IEENEEE (1746451 2000 2000 0.1 01T .
::SF’V" W 27 Copy allfselection |
_,SPV“ v 27 Copy allfselection, create TopasEditor document ‘

SPVIlL v 2% :
EETMREAPE Copy ll/sclection create Hord docnent |

SPVI W 34 DOT file: topas. dot }
~|sPvil | v 358357TTIONE0S 20000 2000 01 01
~|SPVIl v 38.24906 526939 2000 200.0 0.1 0.1
_ISPVIl_ |V 4204055 3443059 |2000 2000 0.1 01 8

39.085136 109.1669
101.5393 111.8206
117




Type

SPVII
SPVII
SPVII

Use

1
1
1

Position Area Cry Size
L(nm)

16.90666 17.46451  200.0
23.95561 134.764 200.0
27.24924  4.839198  200.0

}

16.90666, 17.46451
23.95561, 134.764
21.24924, 4.839198

Copy the Data to Clipboard

Cry Size
G(nm)

200.0
200.0
200.0

Strain L

0.1
0.1
0.1

Strain G

0.1
0.1
0.1



K 4 I

Select phase to enter peaks|

+-[ Global

d11s.dat

M Emission Profile
" Backaround
M Instrument

[ Corrections

) Miscellaneous

+ A Peaks Phase

v

Indexing

Set data as 2Th

Paste ds from Clipboard

Paste 2T hs from Clipboard
Paste d/Is from Clipboard

Paste 2Th/ls from Clipboard
Paste INP ta Nade /Selartinn N
<

| |9

>

Indexing Data ISqutionsl Flpt/TextI

=
o
0

Th2

Weighting

o)
o
o
Q.

')

IEUEUEURUR R IR RR R IRRUIE KRR K]

23.95561
27.24324
34.08383
35.83574
36.24306
42.04055
4558863
48.93224
9211278
55.1605
58.09778
60.94715
63.70331
£3.076
71.68106
74.23136

134.764
4.839198
770.3721
10.3605
52.6333
34.43053
44.29751
538.3819
36.82753
316.131
36.72628
1327.371
39.94897
53.8561
509.88399
48.18451
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Al [ Global

= D d11s.dat
[ Emission Profile
[ Background
[ Instrument
[ Corections
[ Miscellaneous

+- A Peaks Phase

+ 208 hkl_Phase

< |

+ [ Stuctures/ hkl Phas

Clone Indexing Ranae
Delete Indexing Range
Paste INP to Node/Selections

Indexing IData I Solutionsl Rpte’TextI

Use| Value
Max zero error in 2Th 0.1
| Max 2Th error for UNI 0.05
| Max ratio Ne/No 20
| Max number solutions 10000
%‘ Try space groups
z Set x0 from Th2 |0
Bravais lattices to include
se se
Cubic-F [~ Orthorhombic-F [
| Cubic [~ Onthorhombic [
| Cubic-P I Orthorhombic-C [
| Trigonal-Hexagonal-R v Orthorhombic-P ] |
| Trigonal-Hexagonal-P v  Monoclinic-C [
| Tetragonal| v  Monoclinic-P [
.| Tetragonal-P vV Tiiclinic r




AL AL A AL " y e G G

4= ) p | -2

Generating hkls for 94
Generating hkls for 76
Generating hkl=s far 77
Generating hkls for 90

<

Refinement terminated on users request.

) 35
30

M s
Ly 20
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KN s

+- [ Global

- [] dl1s.dat
[ Emission Profile
[ Backaround
O Instrument
[ Comections
[ Miscellaneous

+ A Peaks Phase

Indexing

Set data az 2Th

Paste ds from Clipboard
Paste 2T hs from Clipboard
Paste d/ls from Clipboard
Paste 2T h/ls from Clipboard

Pazte INP tn Nade /S elertinn s
»

L

Indexing Dat;
Use |Th2
v 2395

| ¥ 2724

S| v 3408
v 3583

|V 3824

v 4204
v 4558

| ¥ 4893

|V 521

| ¥ 5518

| ¥ 5803
v 6094

| ¥ 8370

| ¥ 8307

| v 768
e | 7497




+ [ Global Indexing | Data  Solutions IRpt/TexlI |
=yl d11s.d§t_ , Use |Sg |UNI | Vol |Gof |Zeo |a |b lc W~
[ Emission Profile - P4 2 103216 4212 00575 52662 52662 37
B Background o TPz 2 103216 4198 00575 52662 52662 37
O Instrument |7 P42me 2 103216 3841 00575 52662 52662  3:
W Consclions 13 2 412833 3724 00423 74443
[ Miscellaneous 123 2 412684 3663 00448 7.4451  7.4451 7.
*+ A Peaks Phase [ ]l (P 3 412619 3657 00338 74447 74447 7LV
Indexing < | >
Gof vs Yolume I Details for selected |
Select previous A A 40—2 ---------- ..... T GUTVS‘VOMITTG“""E ---------
Select next Jilip4i 30 F--------4 BHR- N e = jmmmmmme-- P e i i
Sort by Gof-decreasing m 20 N O I Y A S
Sort by UNI/Gof-decreasing — | ] ' ' ' ; : :
Sort by Volume {104 ----=c R - Ry s sttty o
G ave ba NN file Vi : S Mo S S I————
J RS & | 0 1000 2000 3000 4000 5000 6,004
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| P-Search 7 {&=

+ [ Global Phase Details | Peak Type | hkis Is | Additional Convolutions | Rpt/Tex
bl diledat , [Use|Value  |Code |Emor Min
[} Emission Profile Uic Phoso ~
[ Background | LeBail =
D Instrument ~ | Delete hkls on Refineme v
[ Corrections ~ | LP Search ~ 04
(| hfllscelaneous I Shacegoun 513
H-l Stuchees’hkl Fhates | FpiSne 7.4405683 Refine  0.0000000 5
+ 280 bkl_Phase ] B — o Fe 0
: Cry Size
Cry Size L{nm) F 1471 Refine 0.0
~ | Cuy Size G(nm) [~ 2000 Refine 0.0
LVol-1B{nm) Vv 93673 0.000 k:
| LVol-PwHM(nm) IV 130956 0.000 k:
| Stain
Strain L ¥ 0.0001000Z Refine O
| SuainG ¥ 0.0001 Refine O
| e0 [~ 0.00000 0.00000
~ | W% Rietveld 0.000 0.000
| 'WtX of Spiked [~ 0.000
Cell Mass 0.000 0.000
~ | Cell Vol E#3) [V 41192517 Refine 000000 125
~ |RBragg 0.747

Save Phase

Create str phase

Delete hkl Phase

Paste INP to Node/Selections
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Save Phase

Create str phase

Delete hkl Phase

Paste INP to Mode/Selections




Launch Tools Window Help

d é O 4 ML LD U | disdat
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X—Ray Diffraction Data Analysis

View Q_alculation Smooth Process Peak 1
MAC Science Asc (k. #)

Import Data ?

BDI0 (*. raw)
=Y (k. xrd)
Rigaku (k. dat)

Sietronics (% CPI)
TsingHua Rigalu (% usr)

Siemens (% wxd)
Simens (% raw)
Philips (k. udf)
Philips (%.rd)

Mac Science raw (k. #)
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File V¥iew Caleulation Smooth FProceszs Feak Indexing Fattern Help
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40000 =

w Calculator of Zero—Angle Shift L N

- - Make Zero-Angle correction .

O - Manual Input———— 1 & Angular Dispersive
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Jooon — 2Theta for d2 Shift 2Theta (Deg.) N
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Define Expo input file name

Expo HOME directony
e:tools'EXPO

User working directory

h:u:mexpu-temp

Input file name
1224.ghi

Output file name
1224.0ut
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*%Initiallze
#Job hataZob
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Cell 5.2383 5.7310 7.130
Spacetroup p -1

Content t1 12 p 18 o 72
Pattern rc2od. pow
Jum

Warelength 1.5306
Ranie

“-Ray

.00 120.00 0.02

*extraction
Fmormal

Edit input file 1224.ghi

T6.42 69.35 75.37
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Fazte [MP to Mode/S elections cell wolume 411. 5907 L—'I:
loop_ . N 7
_symmetry edquiv pos_as XyE
! X L _Yl" -z !
' —w -y =! 6




* Cifig AR AZ it

data data_
Che_mica| name mineral 'Structure' _Chemical_name_mineral 'Structure'
_cell length_a 7.438554
_cell_length_b 7.438554 _symmetry_cell_setting ?
_cell_length_c 7.438554 _symmetry_space_group_name_H-M  Im-3
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_cell_angle_beta 90 loop_
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|00p_ ......
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"X, -y, -Z' _cell length_b 7.438554
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"X, Y, -Z' _cell_angle alpha 90
"X, Y, Z _cell_angle_beta 90
"y, -Z, -X' _cell_angle_gamma 90

_cell_volume 411.5907



]v-;,ue L£A1T  ¥lew 100L5 N1NAOW NeLp

Dl & @' me xe

Press <Shift> for Z-axis, press <Ctrl> to rotate selected objects




X X

\/'/_ .\'.

..i, ..,,.i'/dw ,'. -

_/- e \e 4

‘\r .‘ ‘J‘

NP
V( vup/ W

.....L.l .r.L.!

<AL S
/\ '

\uﬂ/ .
.'.u

d



GUI and Launch

1 INTRODUGCTION . ..iitcieiiestsessssasssassseassnnssensssnsssnsssenssenssssssesssssnssesssesssssnsssnsssnsssnssens 1
1.1 TOPAS OVEIVIEW oovrierirtiesiirsssensssnsssnassnsssensssnssensssnssssnsssnssesssesssasnsssnsssnssensssnsssns 1
1.2 TOPAS VAN ANTS ovvieiiiiiiieriissrsnasssassenassnsssesssenssensssnssssnsssnssesssesnsesnsssnsssnsssnsssnnsees 2
G T 0 | o T | | 3
1.3.1 GUI and Launch MO . ... oo e e e e eeans 3
1.3.2 Features available in GUl and Launch Mode ... 5
1.4 File types and formats.........ccceeerereinsrnrss s ss s srsesssss s snssssass s sssssseseneas 7
T O ] o N = LT =Y (o = 9
2 THE TOPAS GUI ettt vacssssse s s sa s sasssnssssasssnsssnsssnssenssenssssnsssnsssnsssnnssnnsans 10
2.1 Elements of the User INterfaCe . .iiiiiniirsirersrsssrasssessssssasnsssnsssnsssnsssnssssssses 10
2.2 The SCAN WINUOW ..oeceeeeeiiieieiiresesssssssesasssnssssasssnsssasssnnssnssesnsssnsssnsssnsssnnsssnnses 14
2.2.1 Common features in GUl Mode and in Launch Mode ........coovneeeeeeeeieeeean. 14
2.2.2 Features available in GUI Mode only .........oooveeeeeeieeeeeeeeeee e, 18
2.2.3 Views related to the Scan WINAOW. .. ... e 18
2.3 The Parameters WINOOW ....c.ccccieieesinsimsssrsssrmssesssrnsssnssssssesssssasssssssnsssnssssssses 25
2.3.1 Elements of the Parameters WinQowW ........oeeeeeeee e 25
2.3.2 Tree items and their associated data grid pages .......cccooeeeeeeieeeeeeeeeeeeee, 27
2.3.3 Printing and reporting.......ccoooeeeeeeeee e e e e e e e e e aaaaaes 47

2.4 Operation in GUI and Launch Mode ... erereevevrerrsssessessssersssnseesnenes 48



—HURF R

Single line fitting up to whole powder pattern fitting

Whole powder pattern decomposition according to Pawley (1981) and Le Bail et
al. (1988), in the following referred to as "Pawley method" and "Le Bail method".

Rietveld structure refinement (Rietveld, 1967, 1969) and quantitative Rietveld
analysis (Hill & Howard, 1987)

Ab-initio structure determination in direct space (Coelho, 2000)



Fit method
SPF:

WPPF:

WPPD:

Rietveld:

Constraints and keywords "

Single peak fitting

No constraints by default. Optionally all profile parameters can be
constrained (e.g. same shape, same width, relative intensity, ...)
Keywords: "xo _I", "d_I"

Whole Powder pattern fitting.

» No constraints by default. Optionally all profile parameters can be
constrained (e.g. same shape, same width, relative intensity, ...)

» Profile parameters constrained to be smoothly varying functions of
26

Keywords: "xo_[", "d_I"
Whole powder pattern decomposition
Pawley and LeBail method

Number of peaks and their positions constrained by crystal system /
spacegroup plus lattice parameters

Keyword: "hkl_[I"

Rietveld structure refinement, ab-initio structure determination
Peak intensities constrained by the crystal structure

Keyword: "str'

1) For details refer to the Technical Reference manual



Single Line Fitting ™
Local Pattern Fitting
Whole Powder Pattern Fitting

>~ TOPAS P
B

Whole Powder Pattern Decompaosition
(Pawley method, LeBail method)

‘- TOPAS

Rietveld structure refinement
Quantitative Rietveld Analysis ~ TOPAS R

Ab-initio structure solution

W, A

Fig. 1-1: Schematic representation of the basic differences between the functionality of TOPAS and its
variants TOPAS P and TOPAS R



Two modes of operation are supported in TOPAS:
1. A Graphical User Interface mode for parameter input ("GUI mode")
2. Direct editing of an input file ("Launch mode")

In GUI Mode refinements are controlled using an intuitive and comfortable graphical
user interface. lts clear design enables even the unexperienced user to get started in
a short time. Most TOPAS features for single line and whole powder pattern fitting,
whole powder pattern decomposition and Rietveld analysis are supported by the user
interface. Remarkable are numerous import and export filters for measured and
calculated data, peak profile parameters, structure data and much more, which make
powder data analysis easy.

Operation in Launch Mode gives access to the full functionality of TOPAS including
structure determination. In Launch Mode input to the kernel is through a text file.
Advantageous is the possibility to include user-defined models into the refinement.
Knowledge of the simple but extremely powerful TOPAS macro and equation
language is required.
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Features available in GUI and
Launch Mode

Table 1-1: Functionality of TOPAS. Features marked with "GUI" available in G|
Mode. Features not available in TOPAS R or TOPAS P are marked Wit D= O ==
respectively.

Features

Profile Fitting Methods

I

Simgle line up fo whole powder pattern filing S
Whole powder pattern decompasition (Pawley method, LeBail method) Ul

Rietveld structurs analysis = G
Structurs determination e
Measurement Data and Refinement Parameters

Laboratory and symchroiron X-ray data, consiant wavelength and TOF neutron data S
Simgle crystal data — )
Combined refinement of powder and single crystal data =TT
“on dependence on X-ray data (all kinds of XY data can be fitted) S
Support of non-equidistant x-axis steps S
Support of negative x-axis values S
Refines simuliansously on any number of diffraction patterms with any number of peaks, S

any number of datapoints, and any number of parametars

Refines on any number of struciures per diffraction patterm with any number of sites per == G
structure and atoms per site

All parameters can be fixed, refined, consirained and restrained i




Peak Shape Models

Analylical profile fitting: Gl
Profile functions:
PVII, Modified PV, TCHZ-type PV, Voigt bl
Asymmetry:
=PV, 5PV (for single line fitting) Gl
Simple and Full Axial Models (Cheary & Coelho, 18884, b) Gl
Finger asymmetny correction (Finger et al., 1892} Gl
Crysiallite size determination by Scherrer method Gl
Chrect convolution approach Gl
Measured instrument functions bl
Fundamental Faramsters Approach Gl
Standardless crystallite size and strain analysis Gl
Refinable instrument parameters Gl
Detzrmination of mean sample absorption coefficient and sample thickness Gl
Tube tails correction Gl
support of user-defined convolutions Gl
Background Models
Chebychev polynomial of n'th order Gl
Single peaks (PV, SPV, PVII, SPYI, Gauss, Lorentz, Voigt, FPA) Gl
1ix-type background Gl
Modulated background
Preferred Orientation Models
March-Daollase Gl
Spherical Harmonics Gl




Anisotropic Refinement Madels

Peak broadening
“eak shifts
“referred orientation

Temperature factors ——
Occupancy factors e
Constraints and restraints

Any inear and non-linear constraints Gl
Penalty functions. Can be applied to all refineable parameters i
Sondlength restraints (Anti-Bump, Parabola, lattice energy minimizaton, user-defined) ——

Rigid and soft bodies with 3l parameters refineable e
Minimization procedures

Marquardi Gl
Line minimisation leln)
Extrapolation Gl
Sparse matriz method Gl
Mizcallenous

Simulated annesaling e

Support of user-defined fit models
Satch mode fitting capability

" Single crystal data are not available in GUI



File types and formats

Table 1-2: File types used in TOPAS.

File Type

TOPAS files

*PRO
" INP

*ouT
*STR
* PAR
* LAM
* DEF
" LOG

Comments

TOPAS documents (project files)

TOPAS input file (see the Technical Reference manual)
TOPAS output file. Same format as *.INP.

TOPAS structure data. Same format as *.INF.

TOPAS instrument parameters. Same format as *.INP.
TOPAS source emission profile data. Same format as *.INP.
TOPAS program defaults. Same format as " INP.

TOPAS log file. Can be used for tracking input errors.

Measurement Data

" RAW
" DAT

* XDD /" .CAL
*XY,TXYE

Bruker AXS binaries (DIFFRAC AT and DIFFRAC™")

Several ASCII file formats including LHPM/RIET//CSRIET, GSAS ("std - const”, "alt -
ralf") and FullProf. The file formats are described in Table 1-3.

ASCII file format. The file format is described in Table 1-3.

ASCI file formats. Can be used for non-equidistant x-axis steps. The file formats are
described in Table 1-3.

Peak Profile Parameter Data

* DIF
" XD

Bruker DIF binaries. Can be used to import d-l data from the PDF (ICDD).
Bruker ASCII file format. Can be used to import d-1 data from the PDF (ICDD).




Structure and structure factor data

" CIF Crystallographic Information File of the International Union for Crystallography (IUCr).

" HKL ShelX HKL4 format.

*FCF CIF file representation of structure factor details suitable for generating Fourier maps
using ShelX.

*SCR ASCII file format. Consists of lines comprising h, K, |, m, d, 28, and Fo.

Some ASCIl file formats as described in Table 1-3 can be used to import
measurement data. "White Spaces" (= LF, Tab, Space, ...) are used as data
separators. The files can contain comments in any part of the file of the following
form:

/* Block and nested block comments are allowed. */
text from this character to the end of the line is a comment.



TOPAS provides a powerful graphical user interface for working in both GUI and
Launch Mode. Refinements in GUI Mode require input to a "Parameters Window",
refinements in Launch Mode are controlled by an INP format file. Consequently,
several windows and dialogs used in GUI mode will be not available or have no effect
in Launch Mode.

The TOPAS screen (Fig. 2-1) consists of the following elements:

e Menubar
Contains the names of submenus, which provide lists of all commands available
together with their shortcuts respectively toolbar icons, if existing.

e Toolbar
Displays the most important commands in form of icons for fast access.

* Working Area
Contains all elements needed for profile fitting such as observed and calculated
data, fit parameters, and fit results, which are displayed in separated views.

» Status Bar
Displays some context sensitive help information and the x- and y-coordinates of
the data cursor in the active Scan Window, which is described in section 2.2.



Menubar —— & %

Toolbars —/

Working Area ——

Status Bar
Fig. 2-1: TOPAS screen.



The Working Area serves as a container for several views, which are directly related
to the profile fitting process. There are two main windows:

Scan Window

The Scan Window (Fig. 2-2) is the actual field of operation, and is available in
both the GUI and the Launch Mode. It offers numerous graphical features for all
kind of data evaluation by means of profile fitting. The following views are related
to the Scan Window:

* Quick Zoom Window

» Weight Percent Pie Chart Window

» Chart Options Dialog

» Peak Search Dialog (GUlI mode only, not available in TOPAS R)
* Peak Details Dialog (GUl mode only, not available in TOPAS R)
 Options Dialog (most options available in GUI mode only)

o Fit Window with its Refinement Options Dialog

The Scan Window is described in section 2.2.

Parameters Window

The Parameters Window represents all refinement parameters available in GUI
Mode by a hierarchically organized tree view (Fig. 2-3). It can be docked at the
left, right, top or bottom of the Working Area. For more details see section 2.3.
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Fig. 2-2: Scan Windows with related views.
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The following menu commands and toolbar icons can be used to display or hide the
various windows and dialogs:

Menu: lcon: Shortcut: Result:

View - Quick Zoom 3 & Displays / hides Quick
Zoom Window

View - Pie Chart n.a. Displays / hides Pie Chart
Windows

View - Parameters Window ﬂ F2 Displays / hides the
Parameters Window

View - Peak Details Window _;i:_ F3 Displays / hides the Peak
Details Dialog

View - Options Window -{ F4 Displays / hides the
Options Dialog

Fit - Fit Window J-.‘I:. F5 Displays / hides the Fit
Window

View - Search Peaks... J.H Displays / hides the Peak

Search Dialog




The Scan Window

The following features concern the data displayed in the Scan Window:

e Axes scales comprise x (= 26), d, and 1/d for the x-axis and y (= linear), Sqrt(y) (=
square root) and Ln(y) (= logarithmic) for the y-axis.

* Display of observed, calculated, difference, and background data
* Display of calculated intensities for individual single peaks or phases

* Animated display of the profile fitting process

For whole powder pattern decomposition (Pawley and LeBail method) and Rietveld
refinement the following additional items are displayed:

¢« hkl markers at the bottom

e the phase name plus relative phase amounts in the upper right part of the window
Available menu commands and toolbar icons are:



Menu:

View - X-Axis Scale -
Linear
d-spacing
1/d-spacing

View - Y-Axis Scale -
Linear
Sqri(y)
Ln(y)

View - Curves - Calculated

View - Curves - Background

View - Curves - Difference

View - Curves - Single Peaks

View - Show hkl Ticks

n.a.

lcon:

1/d

Sartly]
Ln(y)

-

Result:

Sets the x-axis scale to
X
d
1/d

Sets the y-axis scale to

y

Sqrt(y)

Ln(y)
Displays / hides calculated
curves
Displays / hides
background curves
Displays / hides difference
curves
Displays / hides single
peaks

Displays / hides hkl ticks,
phase names and amounts

View previous / next Scan
Window using LMB / RMB




Menu:

View -
Dont fix Y1

Fix Y1 to zero

Fix Y1 to min value

View -
Dont fix Y2

Fix Y2 to max value

n.d.

n.a.

View - Horizontal Scroll Bar

View - Unzoom

lcon:

n.a.

n.a.

Result:

Does not fix Y1
Fixes Y1 to zero

Fixes Y1 to the minimum
count value

Does not fix Y2

Fixes Y2 to the maximum
count value

Compresses the x-axis
left / right using LMB / RMB

Scrolls the x-axis
left / right using LMB / RMB

Displays / hides the
horizontal scroll bar

Resets to the full X and Y
scale



Clicking the RMB anywhere in the Scan Window will open a short cut menu offering
fast access to the following features:

Set X1/X2/Y1/Y2to Mouse Position
Sets the x- and y-axis limits to the actual mouse position. Note: Fixed Y1 or Y2
axis limits will be automatically unfixed to allow setting of Y1 and Y2.

Reset Axies to Previous
Resets to the previously zoomed region

Unzoom
Resets axies to the full X and Y scale

Edit / Print / Chart Options

Opens the Chart Options Dialog (section 2.2.3.3) for defining various chart
properties such as labels, ticks and fonts, which can be saved as default. Charts
can be printed directly or copied to the clipboard.

Delete Selection
Deletes selected peaks and excluded regions

Delete Nearest Peak F9
Deletes the peak nearest to the actual mouse position

Note: As it is not possible in Launch Mode to graphically insert peak and excluded
regions, the Delete Selection and Delete Nearest Peak F9 will have no effect in
Launch Mode (see also section 2.2.2).



The following features are available in GUI Mode only, as in Launch Mode the
refinement is completely controlled by the input file:

Graphical peak treatment such as manual peak insertion, automatic peak search,
and the editing of peak properties

Display of peak markers and profile parameters for single peaks

Highlighting the intensity distribution of a peak with a bold line as the mouse is
moved over its peak marker

Graphical insertion of excluded regions

Selection of peaks and excluded regions with the mouse (pressing the CTRL key
allows multi-selection)

Deletion of the selection with the DEL key

With respect to the fitting process it is important to understand the following features
of the Scan Window in GUI Mode:

In general all datasets in visible Scan Windows are fitted simultaneously.

If several datasets are loaded in several Scan Windows, the data of minimized as
well as closed windows will not be fitted.

If several datasets are loaded in several Scan Windows and one of these
windows is maximized, then only the data within the maximized window are fitted.

If the menu switch Fit - Fit Zoomed is selected only the data points displayed in
the Scan Window are used for fitting. All data outside the zoomed area are
ignored|



2.2.3 Views related to the Scan Window

2.2.3.1 Quick Zoom Window

Always displays the complete scan, which is particularly useful if the Scan Window
only displays a zoomed area. Inside of the Cuick Zoom Window a zoom rectangle
represents the actually displayed data range within the active Scan Window. It allows
a modification of the zoomed area by grabbing one of the red lines with the mouse
and moving it. A double click on the Quick Zoom Window resets the Scan Window to

full scale.

2.2.3.2 Weight Percent Pie Chart Window

Displays a weight percent pie chart providing quantitative analysis results.



Chart Options Dialog

This Dialog (Fig. 2-4) is linked to the short cut menu of the Scan Window (RMEB) and
provides two pages allowing to copy and print the chart as well as to define
properties of the chart title and axes. Settings can be saved in STARTUP .DEF (see

section 4.1) with the exception of the x- and y-axis limits, which cannot be kept as
defaults. Note: Definition of Y1 or Y2 axis limits requires them to be unfixed.

&% chart Dptions [_ O] =] &% chart Dptions [_ O] =]
Pire/Cory | Tibeses | Pirk/Copy  Tillelduces |
| J
| Use | |
T T Set 22 Detaults
[ | Chart Tilles ¢ Font Gize [T Phsodrzal 16 =
| Copy to Chpboard o3 Metafilz | Chart Arza Fant Size A =
[ " | Show Legend
Copy to Cliphaard o Bilman R-Axis
Title / Fort S ize [~ ZThDages 16 -l
| Minimurn b axinum 10 160,00
_LEt-EI$M|r'|5|:E|:|;"FI:rtEiBE oo =l =
A
| Tl # Fort Sze [ Coures 16 =
| MinimuenMagiumn 0 18702
| Laelz Min Siep 4 Fort Sie= 1] il =
Ok | Ok |

Fig. 2-4: Chart Options Dialog



Peak Search Dialog

Note: GUl mode only, not available in TOPAS R

Offers an automatic peak search according to Savitzky & Golay, 1964 (Fig. 2-5). Ko
peaks can be removed automatically.

Peak soach B
Peakwidh ] 018 T

Maize Threshald I 1.00 I_J
— [v Remove K-Alpha 2 Peak

Intensity Fatio Tolerance [%) I R0,00
Pasition Tolerance [%) I 2,00

Default | Cloze | Help

Fig. 2-5:. Peak Search Dialog



Peak Detalls Dialog

Note: The Peak Defails Dialog is available in GUI mode only.

Peak Details F3

o T
P'Ivl'

Pl Crw Size Linm)
SP || Crw Size Glnm)
SPIL | Strain L

Strain

Al All'wine  Selechons

Fig. 2-6: Peak Details Dialog

All Win
Overwrites the values of all peaks in the active Scan Window with the value in the
edit field.

Note: A change of the peak position moves all peaks to the same positionl

All Wins
Same as All Win, but changes will be applied to all peaks in all Scan Windows.

Selections
Changes are applied to all selected peaks in the active Scan Window.



Options Dialog

Arrow
Normal mouse operation for zooming and panning.

Insert Peak
Shows the Peak Details Dialog and switches the mouse o peak insertion mode.

Capture
Any observed or calculated data including difference plots in a Scan Window can
be captured by the mouse. After clicking on the diagram line a new Scan Window

is opened which contains the captured data. This feature allows for the export of e
any calculated data in a separate data file. pmitiond

. Inzert Peak,
Manipulate X B
Allows the movement of a selected scan in the positive or negative x-direction. AptUre
This feature is useful for comparing different data sets or for visualisation of 28 I""'|E""!I:"Jlf'tE‘ -
errors. t aripulate v
Note: The data set in memory which constitute loaded data is directly Exclude Region
manipulated; the original data file remains unchanged. Subsequent calculations Select [Chl key]
are performed on the modified data.

Manipulate Y
Similar to Manipulate X but in the y-direction.

Note: The data set in memory which consfitute loaded data is directly
manipulated; the original data file remains unchanged. Subsequent calculations
are performed on the modified data.

Exclude Region

Allows the exclusion of selected data ranges from calculations. Excluded regions
are defined with the mouse by clicking and dragging. An unlimited number of
excluded regions are allowed including the case of overlap.

Select
Allows the selection of peaks and excluded regions in the Scan Window.
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Fig. 2-8: Fit Window in a) GUI Mode and b) Launch Mode.



lcon:

d

Shortcut:

n.a.

F6

F7

F8

Shift + F8

n.a.

n.a.

Result:

Displays or hides the text and / or the Ry,p plot
Starts the refinement

Performs one refinement iteration

Stops the refinement and asks for saving the results
Cancels the refinement without saving results
Cancels the current refinement cycle.

Animation of the graphics in the Scan Window on/off

Shows the Refinement Options Dialog




An additional toolbar icon available in Launch Mode only is:

lcon: Shortcut: Result:

ﬁ-’ n.a. Switches between GUI Mode and Launch Mode

The Refinement Options Dialog (Fig. 2-9) offers several options to control the
refinement mainly in GUI mode.

Note: All options provided in the "Interface Mode" section of the Refinement Options
Dialog will have no effect in Launch Mode, as the refinement will be completely
controlled by the input file.



%> Refinement Options

Interface Mode
p Calculate Errors
| FitZoomed
Yerbose mode for Kemel output
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R andomize as a funchon of Erors
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Ize Extrapolation
Interface and Launch Mode
Graphics Besponse Time 0.3

i o N U




Interface Mode

Calculate Errors
Calculates errors, If checked

Fit Zoomed
If checked, only the zoomed region will be fitted

Verbose mode for Kernel output
Toggles kernel output in the text field between verbose and brief

Continue After Convergence
Refinement is confinued after convergence

Randomize as a function of Errors
Useful if Continue After Convergence is used. Performs a random parameter
change based on its error and then continues the refinement.

No Normal Equations
Prevents the use of normal equations in the minimization routine; useful if only
effects of line minimization are sought

Use Line Minimization
Invokes the use of ine minimization. Faster convergence and often to a lower
minima is observed if the refinement is far from the global minimum.

Use Extrapolation
Often increases the convergence rate if used with Line Minimization

Interface and Launch Mode

Graphics Response Time

Defines the update frequency of the Scan Window and the Ry plot window.
Reducing the update frequency will leave more CPU time for numerical
calculations.



The Parameters Window

Global item

Range item(s)

Peak Phase

hkl Phase

Structure

Structures / hkl Phases



Global item

e Background (section 2.3.2.4)

* Instrument (section 2.3.2.5)

 Corrections (section 2.3.2.6)

» Miscellaneous (section 2.3.2.7)

* Display

Additionally the following items may be displayed
as well:

* All Peaks (section 2.3.2.8)
* All Structures / hkl Phases (section 2.3.2.11)
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Load Emission Profile for Selected Files
L oads a source emission profile from a LAM file for all selected files

Load STR(s) for Selected Files
Loads structure information from STR file(s) for all selected files

Load CIF(s) for Selected Files
Loads structure information from CIF file(s) for all selected files

Load INP, PAR for Selected Files

Loads information from INP and PAR file(s) for all selected files; while PAR files
are Intended for instrument parameters only, with INP files any keywords and
macros supported by the GUI can be loaded

Load d_ls - DIF, UXD for Selected Files
Loads peak information from DIF or UXD files for all selected files, providing a link
to the ICDD PDF via DIFFRAC”"“* EVA and SEARCH

Replace Scan Data for Selected Files
Allows to exchange scan data for selected files to be refined using the same
refinement model

Concatenate Selected Files
Concatenates non-overlapping scan data files; excluded regions will be
automatically created to tide over regions without data



Range item(s)

| cpd-taraw:! | Single clicking (LMB) a checkbox in the Range Combo
[M]cpd-a raw: i Box enables or disables the associated range, a double
] cpd-Th a1 click enables the associated range and disables all other
cpd-To.raw: ranges.

cpd-1d.raw:1
cpd-Te.raw:

cpd-1F raw: 1
cpd-1ag.raw:
cpd-Th.raw:1

Fig. 2-11: Range Combo Box
with eight ranges loaded.

Range dependent second level items of the Range item are:
* [Emission Profile (section 2.3.2.3)

« Background (section 2.3.2.4)

o nstrument (section 2.3.2.5)

« (Corrections (section 2.3.2.6)

o |Miscellaneous (section 2.3.2.7)

Additionally the following items may be displayed as well:
¢ Peak Phase (section 2.3.2.8)

* hkl Phase (section 2.3.2.9)

o Structure (section 2.3.2.10)

s Structures / hkl Phases (section 2.3.2.11)
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the respective second level tems.



Add Structure
Adds an empty structure; default values are predefined in the file STR.DEF, see
section 4.1

Add Peaks Phase
Adds an empty peaks phase; default peak type is fundamental parameters

Add hkl Phase

Adds an empty hkl phase; default values are predefined in the file HKLI.DEF, see
section 4.1

Load STR(s)
Loads structure information from STR file(s)

Load CIF(s)
Loads structure information from CIF file(s)

Load INP, PAR

Loads information from INP and PAR file(s); while PAR files are intended for
instrument parameters only, with INP files any keywords and macros supported
by the GUI can be loaded

Load d_Is — DIF, UXD
Loads peak information from DIF or UXD files, providing a link to the ICDD PDF
via DIFFRACP** EVA and SEARCH

Replace Scan Data
Allows to exchange scan data for selected files to be refined using the same
refinement model

Export Data as

Allows to export the scan data as RAW or ASCI files

Reverse Data and make X-axis positive

Allows the use of data obtained from scans in negative x-axis regions

Delete Range
Deletes the selected range



Emission profile

The Options page contains the following options:

Option:

Ymin on Ymax

No Th dependence

For LAM cursor

Lam for Bragg angle

Calculate Lam

Remarks:

Determines the x-axis extent to which peak tails are
calculated (cut off)

Defines an emission profile that is 26 independent.
Allows the use of non-X-ray data or fitting to

negative 26 values.

Switches the mouse cursor to a multi-line cursor
representing the different emission lines of the
current emission profile (Fig. 2-14)

Only for expert users, refer to the Technical
Reference manual

Only for expert users, refer to the Technical
Reference manual




%* Paramebers F2 M= E
<-[ Glaal ‘r'dum||:uum|Euu=|r-|i-. | M | Optionz | Agk/Tent |

= o] Prand rawe |

L = iz Pl HIB3 L) Loz Bl Gaues By

! D Frarkgound 0.0 59 1.584763 | 2AEASd 0

-0 Iretrment 059 15086 (0437 D

| ‘O Consctors 0062 1541058 |06 0

i l—_.,I Miacacd 3 02417 1.544410 |0E2 0

-0 Shuchaess Hel Phasss Bl 15471 |0e 0

- PhS04

Load Emesaoe Pionk
Seve Emssion Prolis
L Erviszion Line
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Fig. 2-14: With For Lam cursor switched on, a multi-line cursor representing the different emission
lines of the current emission profile (here CuKa5) will be shown.



The short cut menu of the Emission Profile item offers the following options:
* Load Emission Profile

¢ Save Emission Profile

¢+ Add Emission Line

Selected emission rows can be deleted using the DEL key.

For laboratory diffractometer systems a selection of predefined emission profiles is

available in the LAM directory covering the most common anode target materials,
see also section 3.1.

For other target matenals as well as for synchrotron and neutron sources it Is
necessary to define a suitable emission profile. For accurate work it i1s necessary to
refine on the emission profile shape using e.qg. the NIST SRM 660a (LaB&) standard.
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Fig. 2-16: Instrument item with its associated data grid showing the Bragg-Brentano page. Note: Tube
Tails and Full Axial Mode! are "Use" dependent expand/collapse grd items.



The Bragg-Brentano page:

Contains all instrument details necessary to model the instrument function using the
Fundamental Parameters Approach. This includes the following refinement models:

Parameter name: Remarks:

Goniometer radii

« Prmary Radius Primary goniometer circle radius [mm]
* Secondary Radius Secondary goniometer circle radius [mm]
Equatorial Convolutions
¢ RS Width Receiving Slit (= detector slit) width [mm)]
¢ FDS Angle Eixed Divergence Slit angle [°]
o VDS Length Irradiated sample length in beam direction for
Variable Divergence Slits [mm]
¢ VDS Scale Intensity é-'isintej intensity correction for Variable Divergence
its
s Tube Tails Tube tails correction (Bergmann, 2000)
« Source Width Width of the tube filament [mm]
e 71 Length of the left tail (negative) [mm)]
o /2 Length of the right tail [mm]
* Fraction Fractional height of the tube tails relative to the main

bheam



Axial Convolutions

Full Axial Model

« Source Length
« Sample Length
« RS Length

¢ Prim. Soller

o Sec. Soller

+ N Beta

« [el

Finger et_al
Simple Axial Model

Accurate model for describing peak asymmetry
Length of the tube focus [mm)]

Length of the iradiated sample [mm]
Receiving Slit length [mm]

Primary Soller shlit angle [7]

Secondary Soller shit angle [7]

Only for expert users, refer to the Technical
Reference manual

Only for expert users, refer to the Technical
Reference manual

Simplified model for describing peak asymmetry
Simplified model for describing peak asymmetry

short cut menu options of the Bragg Brentano page are:

Load Instrument Details

Loads instrument details from a PAR file

Save Instrument Details

Saves instrument details to a PAR file
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Fig. 2-17: Instrument item with its associated data gnd showing the Addifional Convolutions page with

one example convolution added.




The Additional Convolutions page:

Provides for empirical modelling of instrument functions. Available convolutions
include the Hat, Lorentzian, Gaussian, Circles, Exponential, and One_on_ X
convolutions to be selected from the Conv. Type combo box. Predefined angular
dependencies are Constant, 1/Cos(Th), Tan(Th), and Sin(Z Th) to be selected from
the Z2Th Dependence combo box; alternatively, user-defined angular dependencies
can be provided in the form of equations.

Short cut menu options of the Additional Convolutions page are:

Load Instrument Details
Loads instrument details from a PAR file

Save Instrument Details
Saves instrument details to a PAR file

Add Convolution
Adds an additional convolution. Convolution type and angular dependence can be
defined using the Conv. Type and 2Th Dependence combo boxes.

Additionally it offers quick access to the following important convolutions:

Add Hat 1/cos(Th) dependence

Add Lorentzian 1/cos(Th) dependence
Add Gaussian 1/cos(Th) dependence
Add Hat Tan(Th) dependence

Add Lorentzian Tan(Th) dependence
Add Gaussian Tan(Th) dependence

Selected additional convolution rows can be deleted using the DEL key.



The Corrections item (Fig. 2-18) provides the following correction functions:

Parameter name: Remarks:

¢ Jero Error Zero point error in [° 26].

¢ Sample Disp. Sample displacement in [mm].

* |P Factor Lorentz-Polarnsation factor using the monochromator
angle in [°28].

« Absorption Linear absorption coefficient used for adjusting the
peak shape [cm™].

« Sample Thickness Sample thickness in [mm] in the direction of the
scattering vector
¢ Scale Intensity Peak intensity correction for absorption effects
« Sample Tilt Sample tilt in [mm]_

The Lorentz-Polarisation factor for unpolarized radiation 1s 0 (e.g X-ray
diffractometers without any monochromator) and 90 for fully polarized radiation (e.g.
synchrotron radiation). Values for most common monochromators (Cu radiation) are:

s (e (273
o Graphite : 264

¢« Quartz 266

There I1s no polarization factor for neutron data and thus the angle for Lorentz
Polarization should be set to 90; this gives the Lorentz only part.
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Fig. 2-18: Corrections item with its associated data gnd. Note: Absorption 1s a "Use” dependent
expand/collapse gnd item.



2.3.2.7 Miscellaneous

Provides the following options (Fig. 2-19):

Parameter name: Remarks:

¢ Convolution Steps An integer corresponding to the number of
calculated data points per measured data point. It
may be useful to increase this number when
numerical instabilities are introduced. This can
happen when a particular convolution has a small
effect on the profile shape or when the
measurement step is large.

s« Start X, Finish X Used to limit the refined X range independent on
Zooming
s Fixed WL Neutron Signals the use of neutron atomic scattering lengths

The Excl. Regions page allows for a definition of an unlimited number of excluded
regions, which may overlap. There is one option in the short cut menu:

* Add Excluded Region
Adds an excluded region.

Selected excluded region rows can be deleted using the DEL key.
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Fig. 2-19: Miscellaneous item with its associated data grid.



Peak Phase

Note: Not available in TOPAS R

Peak Phase items provide all parameters required for single line up to whole powder
pattern fitting.

The first Peak Phase item will be created automatically, If a peak has been inserted
manually or if a peak search has been performed. Peak Phase items can also be
created manually using the short cut menu, see below.

|Peak Phase:0 =] With more than one Peak Phase item present, additional

i peaks, either inserted manually or found by peak
: 4 ~ search, will be moved to the Peak Phase item selected
Fig. 2-20: Peak Phase Combo in the Peak Phase Combo Box (Fig. 2-20), which is
Box showing two Peak Phases. located in the Toolbar

A new Peak Phase item is always created when importing a peak list (d-l values)
from a DIF ora UXD file.

Individual peaks of a Peak FPhase can be of the type FP, PV, PVIl, SPV, and SPVIL
Furthermore there are several grid pages related to microstructure parameters as
well as another Additional Convolutions page. For information about the
microstructure parameters refer to section 3 and the Technical Reference manual.
The Additional Convolutions page provides for empirical modelling of the observed
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Fig. 2-21: Peax Phase items. The associated data gnd only shows the profile function specific
refinement parameters, which are different for the peak types FF, FV, PVIl, 5PV, and SPVII. The peak
type can be changed for each peak at any time using the Type combo box (refined profile parameters

will be lost). The "Use" checkbox enables/disables individual peaks.



hkl Phase

hkl Phase items (Fig. 2-22) provide all parameters required for whole powder pattern
decomposition including both the Pawley and the Le Bail method. The data grd
comprises the following pages: FPhase Details, Peak Type, hkl [s, and Additional

Convolutions.
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Fig. 2-22: hki Phase item with its associated data grid showing the Phase Details page.




Parameter name:

Use Phase
Le Bail

DCelete hkls on Refinemant

Spaceqroup

a, b, ¢, alpha, heta, gamma

Scale
Cry Size
Cry Size L
Cry Size G
Lvaol-1B
LWal-FWHM
Strain
Strain L
Strain G
el

Wt % Rietveld,
Cell Mass,
Cell Vol

R Bragg

Remarks:

Includes or excludes the phase from the refinement

If checked, the Le Bail method will be usad for
refinement of peak intensities

If checked (default), the current hkls will be replaced
by new hkls calculated for the actual spacegroup
and data range, everytime a new refinement is
staried (refined intensities will be lost). This option
should be used, if the spacegroup or the data range
has heen changed.

Space group symbol or space group number. When
selecting the field, a drop down button opens a
dialog for space group selection.

Lattice parameters. Spacegroup depend symmetry
constraints are automatically applied including
removal of redundant lattice parameters from the
qrid.

Scale factor

Microstructure parameters related to crystallite size;
refer to section 3 and the Technical Reference
manual

Microstructure parameters related to sirain; refer o
secfion 3 and the Technical Reference manual

Relative phase amount, cell mass, and cell volume

R-Bragg value




Structure

Structure items (Fig. 2-22) provide all parameters required for Rietveld structure
refinement as well as for quantitative Rietveld analysis. The structure dependent
items of Sites, PO March-Dollase, PO-5pherical Harmonics, and Str Quiput are
described below.

The Structure item data grid comprises the following pages: Structure, Peak Type,
hkl_Is
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Fig. 2-23: Structure tem with its associated data gnd showing the Structure page.




Parameter name:

¢ lse Phase
* Spacegroup

e a b c, alpha, beta, gamma

* Scale

¢ Cry Size
Cry Size L
Cry Size G
LVol-1B
LVol-FWHM

* Strain
Strain L
Strain G
el

e Wi % Rietveld,
Cell Mass,
Cell Vol

¢ Cry Linear Absorption Coeff
¢ Cry Density

« R Bragg

Remarks:

Includes or excludes the phase from the refinement

Space group symbaol or space group number. When
selecting the field, a drop down button allows to
open a dialog for space group selection.

Lattice parameters. Spacegroup depend symmetry
constraints are automatically applied including
removal of redundant lattice parameters from the
grid.

Scale factor

Microstructure parameters related to crystallite size;
refer to section 3 and the Technical Reference
manual

Microstructure parameters related to strain; refer to
section 3 and the Technical Reference manual

Relative phase amount, cell mass, and cell volume

Displays the phase linear absorption coefficient (for
a packing density of 1)

Displays the phase X-ray density (for a packing
density of 1)

R-Bragg value




The Sites item

The Sites item contains the following information concerning atomic sites:

Parameter name: Remarks:

¢ Site Customizable site name

¢ XV Z Fractional atomic coordinates

« Atom X-ray data: Chemical species (atom/ion) determining

the scattering factor

Neutron data: Chemical symbol / isotope to
determine the scattering length

Both can be selected from a drop down list

« (Occ. Site occupancy factor; 0 == Occ. == 1
+ Beq. |sotropic temperature factor
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Fig. 2-24; Sites item data grids showing the Values (a) and Codes page (b) for a structure example
requinng atomic coordinates provided in form of equations.



Short cut menu options of the Sites item are:

¢+ Add Site Before Current Site
Adds a new site before the current site

¢+ Add Site at Bottom
Adds a new site at the bottom of the list

¢« Add Atom at Current Site
Adds a new atom at the current site



The PO March-Dollase item

March-Dallase (March, 1932) preferred orientation correction for up to two directions.
hkls provided in the hkl field needs to be separated with spaces as shown in Fig.
2-26.

......................................

bl |Uze{Waue  |Code | Emor | Mir | M |
| Directicen 1 001 V| 06575202 @ i
| Direction 2 m Fefine 0
: Frachon O, 1 5 Retre 1

Fig. 2-26: PO March Dollase page.

The PO Spherical Harmonics item

A correction for preferred orientation effects using a spherical harmonics series, its
coefficients can be viewed and manipulated in the Coefficients page. The Order

parameter corresponds to the order of the spherical harmonics series, which must be
an even integer ranging from 2 to 8.

The Str Qutput item
Allows for the output of the following structure details (Fig. 2-27):

+ Generate Bondlengths/Errors
If checked, bondlengths and bondangles will be calculated. Additionally errors for
bondlengths and bondangles will be provided, if Calculate Errors has been turned
on in the At menu or in the Refinement Options Dialog (section 2.2.3.7). The
results will be displayed in the Bondlengths page.

* Consider Lattice Parameters in Errors



+ Consider Lattice Parameters in Errors
If checked, lattice parameter errors will be considered for calculation of
bondlength and bondangle errors

« Generate CIF Output for Structure

If checked, crystal structure details will be generated in CIF format and displayed
in the CIF Str Ouiput page

s Generate FCF Output

If checked, structure factor details will be generated in FCF format and displayed
in the FCF Output page

An example bond lengths output is as follows:

T1a0 o010 2.23143
020 2.23143 BE.OEB3
03:0 2.2B8045 105,753 99,928
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Structures / hkl Phases
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Fig. 2-28: Structures / hkl Phases item with its associated datagrid.



a3rd level items of the Global item are:

Quantitative
Displays quantitative phase amounts for all phases included in the refinement

S@G Lattice Parameters
Displays lattice parameters for all phases included in the refinement

Brindley Correction (Spherical Particles)
Corrects microabsorption effects for spherical particles (Brindley, 1945)

Additional Convolutions
Frovides for empirical modelling of the observed line profile shapes; its options
are identical to the Additional Convolutions page of the Instrument item, see

section 2.32.5

Display
Allows customization of display properties including colors, data point size and
line width for each range



Printing and reporting

Copy alliseleckion

Zopy allfselection, create TopasEditor document

Copy allfseleckion, create Word document
DOT File: topas,dok

a)

Copy all'selection

Copy all'seleckion, create TopasEditor document

iZkriC

Copy all'selection, create \Word document
DiOT file: kopas.dok

Save bo TT file
Print direckly

D)

Fig. 2-29: Short cut menu of the data gnd showing available options for (a) gnid pages and (b) text

fields.



Copy all/selection
Copies the full page or the selection to the clipboard

Copy all/selection, create TopasEditor document
Launches the TopasEditor and transfers the full page or the selection into a new
document in RTF format

Copy all/selection, create Word document
Launches Microsoft Word (if available) and transfers the full page or the selection

into a new document in DOC format based on the currently defined document
template (default is TOPAS.DOT)

DOT file: topas.dot

Allows to define a document template file for Microsoft Word (if available). This
feature allows for the creation of customized reports with, for example, user-
defined headers, footers, page numbering and more.

Note: Topas.dot does not contain macros, however to use DOT files containing
macros the security level of Microsoft Word for opening files must be set to either
“low" (not recommended) or "medium”; if set to "high" any macros will be
automatically disabled. For more information please refer to the Microsoft Word
user's manual.



Operation in GUI and Launch Mode

The GUI Mode is active by default. Launch Mode becomes active if an input file
(" INP) is set by the menu command Launch - Set INF File.

Input files contain all information for controlling TOPAS in Launch Mode and can be
modified by a text editor (for details please refer to the Technical Reference manual).
Notepad Is set as the default editor, user specified can be made permanently active
by selecting Launch - Editor. Editing can be performed by selecting Lawunch - Edit INP
File. In Launch mode refinement results are always written to an output file (*.OUT)
which has the same format as the INP file. The output file can be inspected by
selecting Launch - Edit OUT File.

As in Launch Maode the refinement will be completely controlled by the input file, the
following windows in the Working Area will have no effect:

¢ [Peak Search Dialog (section 2.2 .3 4)
¢ [Peak Details Dialog (section 2.2.3.9)
+ Parameters Window (section 2.3)

Scans loaded from Launch mode are placed into the Parameters Window for
graphical display purposes. Editing of these entries has no bearing on the fitting
process which is controlled entirely from the INP file.

MNote: It is possible to work in GUI and Launch Mode at the same time. Once an input
file I1s set the Launch button in the Fit Window allows for the switching between GUI
and Launch Mode.
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r exp 2.186 r_exp _dash 4.660 r_wp 2.922 r wp_dash 6.227r_p
2.275r_p dash 6.184 weighted Durbin_Watson 1.333 gof 1.336
iters 1000
chi2_convergence_criteria 0.001
xdd DAL F DERE G & A A BRI T P\CaTaTild11\d11s.dat
r exp 2.186 r_exp _dash 4.660 r_wp 2.922 r wp_dash 6.227
r p2.275r_p_dash 6.184 weighted Durbin_Watson 1.333 gof 1.336
bkg @ 1215.64401 208.701692 -188.17575 298.679653 -
151.780171 59.956008 -87.3989484 39.2693905 16.2762255
One_on_X(@, 6118.28199)
Zero_Error(@, -0.20911)
Specimen_Displacement(@, -0.00575)
LP_Factor( 26.4)
Rp 217.5
Rs 217.5
Cylindrical 2Th_Correction(@, 0.63346)
Absorption(@, 31.40650)
Specimen_Tilt(@, 0.37208)



lam
ymin_on_ymax 0.001
la 0.653817 lo 1.540596 Ih 0.501844
la 0.346183 lo 1.544493 Ih 0.626579
str
CS_L(@, 120.54707)
PVII_Peak Type(@, 0.03757,@, 0.00372,@, 0.12792,@, 0.00010,@, 1.56236,@,
0.39528)
r_bragg 0.490306945
phase name Structure
MVW( 1680.577, 411.7866, 100.000)
scale @ 0.0001260772
space_group "'l_m_-3"
Phase LAC 1 on_cm( 725.41115)
Phase Density g _on_cm3(6.77697)
Cubic(@ 7.43973)
site Cul num_posns 6 occ Cu+2 1beq 1x 0y 05z 0.5
site O2 num_posns 24 occ O-2 1beq 1x 0y @ 0.29392z @ 0.22710
site Til num_posns 8 occ Ti+4 0.5beq 1x 025y 0.25z 0.25
site ta2 num_posns 8 occ Ta+5 0.5beq 1x 0.25y 0.25z 0.25
xo_Is
X0 @ 16.9550599
| @ 13.078614
CS_ L(@, 216.24903)
peak_type fp
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"keywords" and "macros”

e Dbkg - background

e str.. . structure information for Rietveld refinement and structure
determination

e x0 Is... . 20 - | values for single line or whole powder pattern fitting

e dIs.. - d- I values for single line or whole powder pattern fitting

e hki_Is... . lattice information for LeBail or Pawley fitting

o fit obj... . user-defined fit models

e hki_Is from_hki4... - Structure factores (Foss)® for creating a powder pattern

from single crystal data

str, xo_Is, d_Is and hkl_[s will be referred to as "phases" and the peaks of these
"phase peaks".



xdd filename
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*Inp

r exp 2.186 r _exp_dash 4.660 r wp 2.922
r wp _dash 6.227r p 2.275r_p dash
6.185 weighted Durbin_Watson 1.333 gof

1.336
iters 1000
chi2_convergence criteria 0.001

RERNSH



r p, r_p_dash, r wp,r wp_dash, r_exp, r_exp_dash, gof

Syntax [r p#E [r p dash#][r wp#] [r wp _dash#][r exp #] [r_exp _dash #] [gof #]

Description File or global scope refinement indicators. Keywords ending in *_dash” correspond to
background subtracted indicators.

weighted _Durbin_Watson

Syntax [weighted Durbin_Watson #]

Description File or global scope refinement indicator.

Rp. Rs

Syntax [Rp #] [Rs #]

Description Defines the primary and secondary radius of the diffractometer in mm.

Hint The default for Kp and Rs is set to 217.5 mm.



iters

syntax [iters #

Description The maximum number of refinement cycles requested.

Hint iters is set to 20000 by default

do_errors

Syntax [do_errors]

Description Errors for refined parameters (ESD's) and a correlation matrix are calculated at the
end of refinement. The correlation matrix is appended to the end of the *.OUT file.

relax

Ssyntax [relax #]

Description A global relaxation constant that dampens the change in parameters.

Hint relax is set to 1 by default



chi2_convergence_criteria

Syntax [chiZ2_convergence criteria #]

Description Convergence of the minimization routine is determined when the change in ;{2 Is less
than chi2 convergence crteria for three consequitive cycles and when all defined
stop _when parameter attributes evaluate to true.

Hint For a detailed description of the TOPAS minimization routines refer to section 5.

randomize_on_errors

Syntax [randomize _on_errors]

Description This process Is Initiated after convergence, ie. when continue_after_convergence 15
defined. randonuze _on_errors changes the parameter values according to the error
in the parameter and the following equation:

new Val = Val + Rand(2, 4) Min(ESD, 3 Abs(Val)) Sign(Rand(-1, 1));

where ESD Is the error in the parameter.



use_tube dispersion_coefficients

Syntax [use tube dispersion coefficients]

Description Instructs TOPAS to use Laboratory tube anomalous dispersion coefficients instead of
the more accurate data from http2//'www-cxro.|bl.gov/optical _constants/asf.html.

out_rwp

Syntax [out_nvp $file_name]

Description Outputs a list of Ry values encountered during refinement to the file $file_name.

out_chi2

Syntax [out _chi2 $file_name]

Description Outputs a list of Chi® values encountered during refinement to the file $file_name.

randomize_file_out_normal

Syntax

Description

[randomize_file_out_normal $file_name]

Instructs TOPAS to randomize the calculated pattern Y. using a Normal distribution
and writes Y, to the file 3file_name.



seed

Syntax [seed]
Description Initialises the random number generator with a different seed based on the computer
clock.

file_name_for_best _solutions

Syntax [file_name for_best solutions $file]

Description Appends INP file details to $file during refinement with independent parameter values
updated. The operation i1s performed every time a particular convergence gives the
best Rwp. For example, suppose that at convergence the following was obtained:

Rwp:

30 All prms appended to file in INP format
20 All prms appended to file in INP format
35
40
15 All prms appended to file in INP format
18
10 All prms appended to file in INP format
15



out

Syntax

Description

Example

Hint

[out $file [append] ]...
[out_record]
[out_eqn IE]
[out fmt $c_fmt_string]
[out fmt_err $c_fmt_string]...

Used for writing parameter details to a file. The details are appended to $file when
append is defined. out_eqn defines the equation or parameter to be wrtten to 3file
using the owt fmt. $c_fmt_string describes a format string in ¢ syntax containing a
single format specifier for a double precision number. out fmt err defines the
5c_fmit_string used for formatting the error of egn.

Both out fmt and ouwt fimt_err requires an out_eqn definition. out _fimt can be used
without out_eqgn for writing strings. The order of out_fmt and out _fmt_ernr determines
which is written to file first; thus if out _fmt _erris defind first then it will be operated on
first.

The following example illustrates the use of out using the Out macros.

Xdd. ..
S
QU

"sample output.txt" append

=1
et led W

C5 Lics 1, 1000}

Out String("\tCrystallite Size Results:\n")
Out string("\t \n")

Cut(cs 1, "\tCrystallite Size (nm):\t%1ll.5f",
"\“tError in Crystallite Size:\t%1l1l.5f\n")

out provides a means of defining individual refinement result files.



*.Inp

xdd D:\dt\ft\CaTaTi\d11\d11s.dat

r exp 2.186r_exp dash 4.660 r_ wp 2.922
r wp_dash 6.227r p 2.275r p _dash 6.185
weighted Durbin_Watson 1.333 gof 1.336

bkg @ 1215.64267 208.70024 -188.17/5586
298.679649 -151.780/7/57 59.9557014 -
87.3990974 39.2693852 16.2/58868

One on X(@, 6118.28036)
BIE 8 KB KR



xdd

Syntax

Description

Example

Hint

[xdd $file_name [{ Sdata }] [range #] [xye_formal] [gsas_format] [fullorof_formaf] ]...

Defines the start of xdd dependent keywords and the file containing the observed
data.

[{$data}] allows the insertion of ASCII data directly into an input file.

[range #| applies to Bruker AXS * RAW data files; in multi-range files it defines the
range to be refined with the first range starting at 1. range is set to 1 by default.

[xye_format] [gsas_formaf] [fullprof formaf]. xye format signals the loading of
columns of x, y and error values; additional columns are ignored. gsas_format and
fullprof _format signals the loading of GSAS and FullProf file formats.

The following instruction will refine on the first range in the data file pbsod.raw:
xdd phsod.raw

To refine on the 3rd range within pbsod . raw, the range keyword has to be used:
Xdd pbsof.raw rangs 3

Te read data from an Input file, the following statements can be used:
Hdd

{

11 10 ' start, step and finish {sguidistant data )
123457865810

}

wod

{

Xy ' switch indicating x-yv format

0.1 1 0.2 2

}
The macro "XDD" simplyfies the use of xdd.

Section 2.3 describes the different file formats supported by TOPAS.



9.3.1 xdd file input macros

RAW, DAT, XDD, XY, SCR, SHELX_HKL4

Syntax

Description

RAW(path)

RAW(path, range _num)
DAT(path)

ADD(path)

XY(path, calc_step)
SCR(path)
SHELX_HKL4(path)

Import measured data in different file formats (see section 2.3).
[path]: Filename. Can include drive and path.
[range_num]: The range number to be loaded (RAW files only).

[calc_step]: Step size to be interpolated (XY files only).



bkg

Syntax [bkg [@] ###._]

Description Defines a Chebyshev polynomial where the number of coefficients are equal to the
number of numeric values appearing after the keyword bkg.

Hint The number of coefficients 1s not limited.



Background functions using
fit_ objects

One_on_X

Syntax One_on_X(c, v)

Description 1/X background function ideal to describe background intensity at low angles due to
air scattering
[c, v]: Parameter name and value.

Bkg_Diffuse

Syntax Bkg Diffuse(b, bv, bb, bbv)

Description Defines a function to descrnbe short range order effects.

[b, bv]: Parameter name, refineable weight.

[bb, bbv]: Parameter name, correlation shell radii.



*.Inp

Zero_Error(@, -0.20911)
Specimen_Displacement(@, -0.00575)
LP_Factor( 26.4)
Rp 217.5
Rs 217.5
Specimen_Tilt(@, 0.37208)
Cylindrical 2Th_Correction(@, 0.63346)
Absorption(@, 31.40664)
lam
ymin_on_ymax 0.001
la 0.653817 lo 1.540596 |h 0.501844
la 0.346183 lo 1.544493 |h 0.626579



9.3.7 20 corrections

Zero_Error, ZE

Syntax Zero_Error(c, v), ZE(c, v)

Description Zero point error.

[c, v]: Parameter name, zero point error in [ 26].

Specimen_Displacement, SD

Syntax Specimen_Displacement(c, v), SD(c, v)
Description Specimen displacement error.

[c, v]: Parameter name, sample displacement in [mm].



9.3.8 Intensity corrections

LP_Factor, Lorentz_Factor

Syntax

Description

Lorentz_Factor
LP Factor(c, v)

Lorentz and Lorentz-Polarisation factor.
[c, v]: Parameter name, monochromator angle in [728].

For unpolarized radiation v i1s 0 (e.g. X-ray diffractometers without any
monochromator), for fully polarized radiation v is 90 (e.g. synchrotron radiation).

Values for most common monochromators (Cu radiation) are:

Ge C27.3
Graphite 1264
Quartz c26.6

There is no polarization factor for neutron data and thus the angle for Lorentz
Polarization should be set to 90; this gives the Lorentz only part. Alternatively the
Lorentz_Factor macro can be used for fixed wavelength neutron data.



9.3.4 Instrument and instrument convolutions

Radius
Syntax Radius(rp, rs)
Description Instrument radius.

[rp, rs]: Primary and secondary instrument radii in [mm]. For most diffractometers mp
equals rs.

Specimen_Tilt

Syntax Specimen_Tilt(c, v)
Description Specimen tilt.

[c, v]: Parameter name, Specimen tilt in [mm].



Slit_Width, SW

Syntax Slit. Width(c, v), SWic, v)
Description Aperture of the detector (= receiving) slit.

[c, v]: Parameter name, detector slit aperture in [mm]..

Sample_Thickness

Syntax Sample_Thickness(dc, dv)
Description Describes the sample thickness in the direction of the scattering vector.

[dc, dv]: Parameter name, sample thickness in [mm].

Divergence
Syntax Divergence(c, v)
Description Horizontal divergence of the beam for fixed slits.

[c, v]: Parameter name, beam divergence in [7].



Variable_Divergence(c, v)

Syntax Variable Divergence(c, v)

Description Constant illuminated sample length for variable slits {i.e. vanable beam divergence).
This macro considers the peak shape and corrects intensity deviations inherent to
variable slits.

[c, v]: Parameter name, illuminated sample length in [mm].

Variable_Divergence_Shape

Syntax Variable Divergence Shapeic, v)

Description Constant illuminated sample length for vanable slits (i.e. varniable beam divergence).
This macro considers the peak shape inherent to variable slits.

[c, v]: Parameter name, illuminated sample length in [mm].

Variable_Divergence_Intensity

Syntax Variable Divergence Intensity

Description Constant illuminated sample length for vanable slits (i.e. varnable beam divergence).
This macro corrects intensity deviations inherent to vanable slits.



Tube_Tails

Syntax Tube Tails(source_width_c, source_width v, z1 ¢, z1 v, z2 ¢, z2 v, z1 z2 h c,
z1 z2 h v)

Description Model for description of tube tails (Bergmann, 2000).
[source width_c, source width_v]: Parameter name, tube filament width in [mm].
[z1 c, z1 v]. Parameter name, effective width of tube tails in the equatonal plane
perpendicular to the X-ray beam - negative z-direction [mm].
[z2 c, zZ v]. Parameter name, effective width of tube tails in the equatonal plane
perpendicular to the X-ray beam - positive z-direction [mm)].
[z1 z2 h c, z1 z2 h v]. Parameter name, fractional height of the tube tails relative
to the main beam.

Uvw

Syntax UNWIU, uv, v, v, w, wv)

Description Cagliotti relation (Cagliotti et al_, 1958).

[u, v, w]: Parameter names.

[uv, vv, wv]. Halfwidth parameters.



lam

lam

ymin_on_ymax 0.001
la 0.653817 lo 1.540596 Ih 0.501844
la 0.346183 lo 1.544493 Ih 0.626579

Syntax

Description

Hint

[fam [ymin_on_ymax #] [no_th_dependence] [laE loE [IhE lgE]]..]
[[Lam IN] [calculate _Lam] ]

Defines an emission profile where each "[la E lo E [Ih E Ig E] |" determines an
emission profile ling, where

* |a :Area under the emission profile line.

« o Wavelength in Angstroms of the emission profile line.

« [h : Lorentzian HW of the emission profile line in mili-Angstroms.

« g  Gaussian HW of the emission profile line in mili-Angstroms.

[vmin_on_ymax #]: Determines the x-axis extent to which an emission profile line is
calculated.

[no_th_dependence]. Defines an emission profile that is 28 independent. Allows the
use of non-X-ray data or fitting to negative 20 values.

[Lant IN]: Defines the value to be used for the reserved parameter Lam. When Lam is
not defined then the reserved parameter Lam is defined as the wavelength of the
emission profile line with the largest la values. Note that Lam is used to determine the
Bragg angle.

[calcudate _Lam): Calculates Lam such that it corresponds to the wavelength at the
peak of the emission profile. Lam needs to be set to an approximate value
corresponding to the peak of the emission profile.

ymin_on_ymax is set to 0.001 by default.

For more details about [am refer to section 6.



9.3.3 Emission profile macros

No_Th_Dependence

Syntax No Th_Dependence

Description Defines an emission profile that is 26 independent. Allows the use of non-X-ray data
or fitting to negative 26 values.

CuKa1, CuK1sharp,
CuKaZ2_analyt, CuKa2, CuKa4_Holzer, CuKab5, CuKa5_Berger,
CuKb4_Holzer

CoKa3, CoKa7 _Holzer,
CoKb6_Holzer

CrKa7_Holzer,
CrKb5_Holzer

FeKa7_Holzer,
FeKb4 Holzer



MnKa7_Holzer,
MnKb5_Holzer

NiKa5_Holzer,
NiKb4_Holzer

MoKaz2
Syntax CuKal({yminymax) and so forth
Description Defines a source emission profile.

[yminymax]. Determines the x-axis extent to which an emission profile line is
calcultated.

CuKa5(0.001)



*Inp

Str
CS_L(@, 120.54619)

PVII_Peak Type(@, 0.03757,@, 0.00372,@,
0.12792,@, 0.00010,@, 1.56236,@, 0.39524)

r bragg 0.489677278

phase name Structure

MVW( 1680.577, 411.7860, 100.000)
scale @ 0.0001260781

space_group "I m -3"



str

Syntax [str]...
space_group Ssymbol

Description Defines the start of structure information.

[space _group $symbol]: $symbol can be any space group symbol occurring in the
ICSD, it can also be a space group number.

Hint space_group is also used by the hkl_Is construct.

The macro "STR" simplifies the use of sir.



Temperature_Regime

Syntax Temperature_Regime
Description Defines a temperature regime. See the temperature keyword.
STR
Syntax STR(sg)
Description Signals the start of structure information.
[sq]: Space group symbol.
Exclude
Syntax Exclude
Description Defines excluded regions. See the exclude keyword.



Sample convolutions

CS_L, Crystallite_Size, CS

Syntax C5_Lic, v), Crystallite_Size(c, v), C5(c, v)

Description Applies a Lorentzian convolution with a FWHM that varies according to the relation
lor_fwhm =c/Cos(Th).

[c, v]: Parameter name, crystallite size in [nm)].

CS G
Syntax CS_Gic, v)
Description Applies a Gaussian convolution with a FWHM that varies according to the relation

gauss_fwhm = c/ Cos(Th).

[c, v]: Parameter name, crystallite size in [nm)].

Strain_L, Microstrain, MS

Syntax Strain_L(c, v)

Description Applies a Lorentzian convolution with a FWHM that vanes according to the relation
lor_fwhm =c Tan(Th).

[c, v]: Parameter name, strain.



Absorption, AB

Syntax Absorption(c, v), AB(c, v)
Description Linear absorption coefficient used for adjusting the peak shape.

[c, v]: Parameter name, linear absorption coefficient in cm™.

Absorption_With_Sample_Thickness_mm_Shape

Syntax Absorption_With_Sample_Thickness_mm_Shape(u, uv, d, dv)
Description Corrects the peak shape for absorption effects.
[u, uv]: Parameter name, linear absorption coefficient in cm
[d, dv]: Parameter name, sample thickness in [mm].

Absorption_With_Sample_Thickness_mm_Shape_Intensity

Syntax Absorption_With_Sample Thickness mm_Shape Intensity(u, uv, d, dv)
Description Corrects the peak intensity for absorption effects.
[u, uv]: Parameter name, absorption coefficient in cm™

[d, dv]: Parameter name, sample thickness in [mm].



Strain_G

Syntax
Description

Strain_Gic, v)

Applies a Gaussian convolution with a FWHM that varies according to the relation
gauss_fwhm =c Tan(Th).

[c, v]: Parameter name, strain.

LVol FWHM CS G L

Syntax

Description

LVol FWHM_CS G _L(k, vol, kf, lvolf, csgc, csgv, cslc, cslv)

Calculates FWHM and IB (integral breadth) based volume-weighted column heights
(LVol). For details refer to section 6.4.

[k, Ivol]: shape factor (fixed to 1), integral breadth based LVol.
[kf, lvolf]: shape factor (defaults to 0.89), FWHM based LVol.
[csac, csgv]: Parameter name, Gaussian component.

[cslc, cslv]: Parameter name, Lorentzian component.



9.3.5 Phase peak_type's

PV_Peak_Type, PVIl_Peak_Type, TCHZ_Peak_Type

Syntax PV_Peak_ Type(ha, hav, hb, hbv, hc, hcv, lora, lorav, lorb, lorby, lore, lorcy),
TCHZ Peak _Type(u, uv, v, vv, W, WV, X, XV, ¥, YV, Z, ZV)
PVII_Peak Type(ha, hav, hb, hbv, hc, hcv, ma, mav, mb, mbv, mc, mcv)

Description Pseudo-Voigt, TCHZ pseudo-Voigt and PearsonVIl functions.

For the definition of the functions and function parameters refer to section 6.2.



The following peak_type’s are available in TOPAS:

e . Fundamental Parameters
e DV . Pseudo-Voigt

*  SpVii . Split-PearsonVI|

e sSpV - Split-PseudoVoigt

The definitions of these pseudo-Voigt and PearsonVIl functions are provided in Table
6-2 (symmetric functions) and Table 6-3 (split functions). The following terms are
used:

Symmetric functions:

* X - (20-26,) where 26, is the position of the kth reflection
e fwhm . full width at half maximum
* 7 . PV mixing parameter

Asymmetric functions:
o fwhml, fwhm2 - fwhm for the left and right composite function
e mil, m2 : Exponents for the composite functions

o 7l 12 - PV mixing parameters for the composite functions



Table 6-2: Unit area peak types for symmetric functions.

Profile Function:
Gaussian, Gya(x)

Lorentzian, Lya(x)

PseudoVoigt, PVua(x)

Definition:
—I_".F 1i.
G,,(x)= Ex,
4 | ﬁ;f’.rml l u’sm )
where
g, =2,/(Ln(2)/7)
g, = 413-:[;2)
[ f. 1+1, x’
LL’J{T] ‘ . | ‘
_fwhm | f ' fﬂrﬂﬂ
where
l,=2/x
I, =4
PV =1Ly, (x)+(1-7)Gy,(x)




Tahle 6-3: Unit area peak types for split functions.

Profile Function: Definition:
Split PearsonVil, SPVII =PVl _lsft+ PV _ Right
SPVII
whers
PV Left=(1+b,x*[™ Ja for(— < x < 0)
PII_Right=(1+b,x* | [a for(0<x<x)

a={¢r(¥) I'{:ml - ,'f“l Cim2 - }dl
T{m1),[B, I'{mE] [b, |

b, =(27 —1)/nt?

b, =2 ~1)fn2?

fwhml=2hl

fiwhm2=2h2

fiwhm =hl+ h2

Split PseudoVoigt, SPI"=2{PV _Left+aPl"_Right)f(1+a)
SPV
where
PV _Left=PI(hlnl) fori— o <x <0
PI"_ Right=PI'(h2.72) for (0 < x < x|

a={(PV _Left{x=0)/(PV _Right{x=0)
Sfwhml =2kl

fwhm2=2h2

fohm =hl+ h2




For classic analytical full pattern fitting the macros PV_Peak_Type, PVIl_Peak_Type,
TCHZ_Peak_Type can be used. These macros use the following relationships to

describe profile width and shape as smooth functions of 26:
PV_Peak_Type:

fwhm = ha + hb tan@ + hc/cosé

n = lora + lorb tané + lorc/cos &

where
* ha, hb, hc, lora, lorb, lorc are refineable parameters



PVIl_Peak_Type:
fwhm1 = fwhm2 = ha + hb tan@ + hc/cos @
mi1=m2=0.6+ma+ mbtané+ mclcosd

where
e ha, hb, he, ma, mb, mc are refineable parameters
TCHZ_Peak_Type:

The modified Thompson-Cox-Hastings pseudo-Voigt "TCHZ" is defined as (e.q.
Young, 1993)

n=1.36603q-047719¢°+0.1116 ¢°

where
e q=1/T

o I'=(I5°+AI5T +BIE T2 + CIEri® + Drsri* + 1:°)%2 = fwhm
A = 269269, B = 242843, C =4.47163, D = 0.07842

e I;=(Utan?6+ Vtand+ W + Z/cos?6)"S
o Xtang+Y/cosd
e with U, V, W, X, Y, Z as refineable parameters.



Quantitative analysis

Apply_Brindley_Spherical R_PD

Syntax Apply _Brindley Spherical R_PD( R, PD)

Descrption Applies the Brindley correction for quantitative analysis (Brindley, 1945).
[R, PD]: Radius of the particle in [cm], packing density.

MVW

Syntax MVYW(m_ v, v v, w v)

Description Returns cell mass, cell volume, and relative phase amount.

[m_ v, v v, w_ v] Mass, volume, and weight parameters.



scale

Syntax [scale E]

Description The Rietveld scale factor.

phase MAC

Syntax phase MAC IE

Description Calculates the mass absorption coefficient in -::mz.-"g for the current phase. See

description for mixture MAC.
phase_name

Syntax [phase name $phase name]

Description The name given to a phase, used for reporting purposes.

r_bragg

Syntax [r_bragg #]

Description Reports on the R-Bragg value encountered in the refinement.

Hint Note, R-Bragg is independent of hkl's and thus can be calculated for all phase types

that contain phase peaks.



str_mass, volume, weight_percent

Syntax

Description

[str_mass | N] [volume | N] [weight_percent IN]
Weight percent parameters.

[str_mass IN]: Unit cell mass.

[volume IN]: Unit cell volume.

[weight_percent IN]: Relative phase amount in a mixture.

The weight fraction w, for phase "p" is calculated as follows:

;= 21J
“']:u_ i
; ?

where

* N, =Number of phases

e Q, =5,MV,/B,

« 5, =Rietveld scale factor for phase p.
« My = Unit cell mass for phase p.
eV, =Unitcell volume for phase p.

e B, =Brindley correction for phase p.

The Brindley correction is a function of brindley _spherical _r_cm and the phase and
mixture linear absorption coefficients; the latter two are in turmm functions of
phase MAC and mixture MAC respectively, or,

By is function of © (LAC jnaseMACrunure) brindley_spherical_r_cm

where
o |AC e = linear absorption coefficients of phase p, packing density of 1.
o MAC, e = linear absorption coefficients of the mixture, packing density of 1.

This makes B, a function of the weight fractions w, of all phases and thus w, as
written above cannot be solved analytically. Subsequently w, is solved numerically
through the use of iteration.



The keyword space group is used to define the space group; here are some
examples:

* space group "I a -3"

® space group I_a_ -3

® sSpace group P_63 M C

® space group I_41/A M T

® space group I_41/m M D:2 " definss second setting of I _41/2 M D
® space group 206

¢ sSpace group 222:2 ' defines second setting of 222



*Inp

Phase LAC 1 on_cm(725.41213)

Phase Density g on _cm3(6.77698)

Cubic(@ 7.43973)

site Cul num_posns 6 occ Cu+2 1beq 1x Oy 0.5z 0.5

site O2 num_posns 24 occ O-2 1beq 1 x Oy @ 0.29393z @
0.22710

site Til num_posns 8 occ Ti+4 0.5beq 1x 0.25y 0.25z
0.25

site ta2 num_posns 8 occ Ta+5 0.5beq 1x 0.25y 0.25z
0.25

X0 _Is
X0 @ 16.9550654
| @ 13.0775354
CS L(@, 216.31479)



9.3.2 Lattice parameters

Cubic, Tetragonal, Hexagonal, Rhombohedral

Syntax Cubic(a_cv)
Tetragonal(a_cv, c_cv)
Hexagonal(a cv, c_cv)
Rhombohedralia_cv, al _cv)

Description Simply the definition of lattice parameters.
[a_cv]: Lattice parameter a.
[c_cv]: Lattice parameter c.

[al _cv]: Lattice parameter alpha.



a, b, c, al, be, ga

Syntax [a E] [b E] [c E] [al E] [be E] [ga E]

Description Lattice parameters in Angstroms and lattice angles in degrees.



site

Syntax

Description

Example

[site $site_name [x E] [y E] [z E] ...
[occ $atom E [beg E]]...
[num_posns #] [rand_xyz |E] [inter IN #]

Defines a site where $site_name is a user-defined string used to identify the site.
[x E] [v E] [z E]: Fractional atomic coordinates.

[occ $atom E [beg E]]: Defines the site occupancy factor and the equivalent isotropic
temperature factor Beq. Satom corresponds to a valid atom symbol or isotope the
data of which is contained in the file ATMSCAT.CPP.

[num posns #]. Corresponds to the number of unique equivalent position generated
from the space group; num_posns is updated on termination of refinement.

[rand xyz El]: When continue_after_convergence is defined, rand xyz processes are
initiated after convergence. It introduces a random displacement to the site fractional
coordinates (x, y, Z) that are independent parameters. The size of the random
displacement in A is given by the current femperature multiplied by the value returmned
by rand xyz.

[inter IN #]: Corresponds to the sum of all GRS interactions which are a function of
the sife. The value of inter can represent site electrostatic potentials depending on
the type of GRS interactions defined.

Definition of a site fully occupied by aluminum:

site BR11 =x O v o z 0.35321 occ B1I+3 1 beq 0.3

Definition of a site occupied by two different cations:

site Fe2 x (0.9283 0.25 z 0.9532 occ Fet+3 0.5 beqg 0.25
occ Al1+3 0.5 beg 0.25



xo_Is

Syntax [xo Is]...
[febail #]
[xoE [E]..
Description Defines a phase type that uses 26 values for generating peak positions.
[lebail #]: The lebail keyword instructs TOPAS to extract intensities using the LeBail
method.
[xo E [ E]: xo corresponds to the peak position and [ is the intensity parameter before
applying any scale pks equations.
Hint When there are a large number of parameters then sparse matrix methods can be
invoked using the keywords use CG, sparse A, auto sparse CG.
d Is
Syntax [d 1s]...
[lebail #]
[dE TE]..
Description Defines a phase type that uses d-spacing values for generating peak positions.
[febail #]: The lebail keyword instructs TOPAS to extract intensities using the Lebail
method.
[d E [ E]: d coresponds to the peak position in d-space and [ i1s the Intensity
parameter before applying any scale pks equations.
Hint When there are a large number of parameters then sparse matrix methods can be

invoked using the keywords use CG, sparse A, auto_sparse CG.



hkl_Is

Syntax

Description

[hkl Is]...
[space group $symbol]
[febail #]
[hkl m d th2 #&###&##]E]. ..

Defines a phase type that uses hkls for generating peak positions.

[space group $symbol]: $symbol can be any space group symbol occurring in the
ICSD, it can also be a space group number.

[lebaill #]: The lebail keyword instructs TOPAS to extract intensities using the Lebail
method. When there are a large number of parameters then sparse matrix methods
can be invoked using the keywords use CG, sparse A, auto_sparse CG.

[hkl m d th2### ## # [ E]: The numbers after the keyword hkl_m _d thZ define h k
I md and 26 values, where

h Kk, I - Miller indicies

m - multiplicity.

d and th2 - d and 26 values (not used by TOPAS).

/ . Peak intensity parameter before applying any scale pks.

If no hkl_m_d thZ keywords are defined then the hkls are generated using the space
group; the generated hkl m d th2 details are appended at the end of the
space _group keyword at the end of refinement. Intensity parameters are given an
initial starting value of 1. If the Le Bail keyword is not defined then the intensity
parameters are given the unique code of @ .

—



Example For example, the following input segment:
xdd quartz.inp

hkl Is

Eexaganal{é.?léiﬁ; 5.406803)
space group P 31 2 1
will generate the following OUT file:
xdd quartz.inp
hkl Is
Hexagonal (4.91459, -.40603)
space group P 31 2 1
load hkl m d thZ I
{
1 0 0 3 4.25635 20.85324 @ 3147.83321
1 0 1 o 3.34470 26.62997 @ 8559.23955
1 o -1 o 3.34470 26.62997 @ 8559.23955
}
Hint After the hkl intensity file has been created it can then be used as input for the hkl_Is

phase. Even though the structure would have no sites, the weight_percent keyword
can still be used; it will use whatever value is defined by sfr_mass in order to
calculate weight percent.

space_group 1s also used by the sir construct.



T R B

xdd_scr
Syntax [xdd scr %file_name] ...
[dont_ merge equivalent reflections]
[dont merge Friedel pairs]
[ignore _differences _in_Friedel pairs]
[str]
lauto_scale IN]
[l _on_error_ratio_tolerance #]
[num_highest | values to _keep #numj
[out_single crystal details Sfile_name]
Description xdd scr defines single crystal data from the file 3file_name. The file can have

extensions of *. HKL for ShelX HKL4 format or *.SCR for SCR format.

[dont_merge equivalent reflections]: Unmerges equivalent reflections, see also
section 4 3.

[dont merge Friedel pairs]: Prevents the merging of Friedel pairs, see also
section 4 3.



Example An example input segment for single crystal data refinement is as follows:

weighting = 1 / Sin{¥X Deg / 2);
STR(P212121)

a 5.963¢6

B 85.03%0

c 18.3955

scale @ 1.6039731%0¢

M

L
a3
[ R . |

Ty
=
ooy
[=3 [=3

M
WL

I |
[=2 il
iy

NI
o0
o

ta B
E E

Hint Note the user-defined weighting function.

The SCR format is white space delimited and consists of any number of entries

comprising h, k, I, m, d, 26, Fo which is the format outputted by the
Create_hklm_d _ThZ Ip file macro.



hkl _Is_from_hkl4

Syntax [xdd Sfile_name_hkl]...
[hkl Is from hki4]
[i _on_error ratio_tolerance #
[num_highest | values to _keep #num]

Description hil Is from hkl4 s used for generating a powder pattern from single crystal data.

Example The following example input file calculates a powder pattern for a specific instrument
from single crystal data read from a file in ShelX HKL4 format:

xdd ylidm.hkl

MoKaZ (0.001)

LPF Factor(26.4)

Full Axial Model (12, 15, 12, 2.3, 2.3
jive?ge::e?l]

Slit Width(0.1)

\
!

bkg 100
hkl Is from hkl4
space group P212121
a 5.9636
b 9.03%90
c 183.3955
CS_L(500) Shelxl, Shelxs



7.1 Site identifying strings

Keywords such as operate_on_points requires a site identifying string; this string can
contain the wild card character ™ and a negation character I'. The wild card
character ™ used in "0 means that sites with names starting with ‘O" are
considered. In addition to using the wild card character, the site names can be
explicitly written within double quotation marks. For example, consider the following
segment:

STI

site Ebl... site O1 num_posns 2occ O-2 1beq 1
BEE L x 0.0000y 0.000z 0.000

site 21 ...
site Q2 ...
site Q31 ...
site Q032 ...
site 04 ...

Table 7-1 shows some operate on points strings and the corresponding sites
identified for this particular example.

Table 7-1. Example operate _on_points strings and the corresponding sites identified.

operate_on_points $sites: Sites identified:

- Pb1, 51,01, 02,031, 032, 04
Pb* Pb1

“Pb1 5* Pb1, 51

o* 01, 02,031, 032, 04

‘O® 103 01,02,04

01011027 031,032, 04




Rigid bodies and bond length restraints

Rigid bodies comprise points in space defined using either the z_matrix or
point_for_site keywords or both simultaneously. All or some of these points can then
be operated on using the rotate and transl/ate keywords.

Successful use of rigid bodies entail:

Translating a rigid body or part of a rigid body.
Rotating a rigid body or part of a rigid body around a point.
Rotating a rigid body or part of a rigid body around a line.

Recognizing the fact that ux, uy, and uz of the point_for_site keyword, fa, th and
fc of the franslate keyword, ga, gb and qc of the rotate keyword and the
parameters of the z_matrix keyword are all refineable parameters which in turn
means that parameter attributes such as min/max can be defined.

The following Web address further describe the use of Z-matrices:

http://www.chemistry.mcmaster.ca/help/yaehmop/bind_manual/node92.html
http://www.cchem.berkeley.edu/~mhggrp/class295/zmat.html

http://theo1.theochem.tu-muenchen.de/qcl/help/zmatrix_e.htmi



7.2 Space groups, hkls and symmetry operator generation

The keyword space group is used to define the space group; here are some
examples:

* rsSspace group "I a -3"

®« space group I a -3

¢ space group I 41/ M D
* Space group I_41£A_H_D:2 ' defines second sstting of I_41££_E_D
* space group 206

* SsSpace group 222:2 ' defines second sstting of 222



7.3 Occupancies and symmetry operators

Only unique positions are generated from symmetry operators. Fully occupied sites
therefore require site occupancy values of 1. A comparison of atomic positions is
performed in the generation of the unique positions with a tolerance in fractional
coordinates of 107" It is therefore necessary to enter fractions in the form of
equations when entering fractional atomic coordinates that have recurring values
such as 0.33333..., 0.666666... etc., for example, use

x = 1/3; yv= 1/3; z = 2/3;

instead of

x 0.33333 y 0.33333 z 0.6cebk



7.9 Simulated annealing and structure determination

Keywords and processes typically used in structure determination are as follows
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Penalties used In structure determination

For powder data the default weighting scheme

weighting = If(¥chs <= 1, 1, 1 / Yoks);

for single crystal data

P At ST SR
o lddld L llly

=1/ Ein(X Deg [/ 2);

_ P P
W IJNUing

= { Abs (Yobs-Ycalec) / Zbs(Yobs+¥Ycale) +1) / Sin(X Deg



Two penalty functions that have shown to facilitate the determination of structures
are the anti-bumping (AB) penalty and the potential energy penalty U. The anti-
bumping penalty is written as:

(‘T'-_?' )1 forr <r_ andi # j
JZ 1@ y e

AB. = (7-1)

0. forr zr

where ry is a bond length distance, r; the distance between atoms i and j including
symmetry equivalent positions and the summation is over all atoms of type j. The

box_interaction is used to implement the penalty of equation 7-2, see the Anti_Bump
macro.



TOPAS uses the grs_interaction to either calculate the Lennard-Jones or Born-Mayer
potentials and it is suited to ionic atomic models; for a particular site i they comprise a
Coulomb term C,; and a repulsive term R; and is written as:

U, =C, +R, (7-2)
where

* C,=A) QQ,/r, iz

* Ri=)B,;/r] , for Lennard Jones and iz]

* R.=) cyexp(-dry) , for Born-Mayer and i#j

where A = e%/(4ngy) and g is the permittivity of free space, Q; and Q; are the ionic
valences of atoms i and j, rj is the distance between atoms i and j and the
summation is over all atoms to infinity. The repulsive constants B, n, ¢; and d are are
characteristic of the atomic species and their potential surrounds. The equation part
of the grs_interaction is typically used to describe the repulsive terms.



The following processes are invoked after the last temperature in a particular
temperature refinement cycle has converged and when continue_after_convergence
is defined:

(swap with closest sites Ssites 1 Ssites 2 #num closest]
(try site patterns $site [num patterns at a time #]]...

y

[swap_sites 5Ssites_ 1 Ssites 2]



MEHT

Criteria of fit:
"R-pattern”, R,

"R-pattern”, R’
(background corrected)

"R-weighted pattern”, Ry

"R-weighted pattern”, R’

(background corrected)

"R-expected”, Rexp

"R-expected”, Reyp'
(background corrected)

Definition:
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"Goodness of fit", GOF 'Z vy}
G{:}F :f_"'JEj'I-J _ . F.I‘i' I'.?Fh! |5F.l‘i'

R — M—P

anp

"R-Bragg”, Re -
R, = 2

"Durbin-Watson statistic”, d

Durbin & Watson, 1971; d =>=— : AY, =T, -1,
Hill & Flack, 1987 Z(m;, )

Table 5-2: Criteria of fit used in TOPAS. Y, and Y., are the observed and
calculated data respectively at data point m, Bkg., the background at data point m, M
the number of data points, P the number of parameters, w,, the weighting given to
data point m which for counting statistics is given by wm=1‘;"o1"fﬂ,m}2 where oY, ) is
the error in Y, m, and /.-y and /., the "observed" and calculated intensities of the kth
reflection.
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Space
Group

R factor

Lattice
Paramet
er

Ba

Ta (Fe)

01

02

03

Ba(Fe,, Ta,,)0, I {E

Pm-3m

R,=4.37%,
Rup=5.99%

a=4.0609(1)
A

0,0,0*

0.5,05,05

0.5,0,05

R3m

R,=4.38%, R,,,=5.92%

a=5.7414(1) A
c=7.0317(1) A

0,0,0*

0,0, 0.5208(1)

0.3400(1), 0.1700(1), 0.6876(1)

P4mm
Rp=4.37%,
pr=5.89%

a=4.0611(1) A
c=4.0594(1) A

0,0,0*

0.5,0.5, 0.5252(1)

05,0, 0.4913

0.5, 0.5, 0.0042(1)

Cm

R,=4.28%, R,,,=5.66%

a=5.7426(1)A
b=5.7418(1)A
c=4.0590(1) A
p=89.995(1)

0,0,0*

0.4831(1), 0, 0.4763(1)

0.4762(1), 0, 0.0019(1)

0.2239(1),
0.4684(1)

0.2474(1),

e

A

P1

R,=4.37%, R,,,=5.84%

a=4.0623(1) A
b=5.7416(1) A
c=4.0611(1) A
0=90.023(1)
p=89.993(1)
y=135.012(1)

0,0,0*

-0.0180(1),

0.4813(1),

0.4744(1)

0.0108(1),

0.4737(1),

0.0115(1)

0.4763(1),

0.5081(1),

0.4830(1)

0.5667(1),

0.0171(1),

0.4854(1)



R3m P3ml






H {7 5]

[100] R3m [211] R3m [421] P3ml
a=b=c=4.061A a=b=5.741A, ¢=7.032A a=b=5.741A, c=7.032A
o=P=r=90 o=p=90, y=120 o=F=90, +=120

[110] R3m (122] R3m (242] P3ml
—b=c=4.061A a=b=5.7414, c=7.032A a=b=5.741A, ¢=14.064A
a=p=y=90 a=p=90, =120 0=B=90, =120

[111] R3m [001] R3m [001] P3ml
a=b=c=4.061A a=b=5.741A, c=7.032A a=b=5.7414, c=14.064A
0=p=y=00 o=p=90, ¥=120 0=P=90, ¥=120



(122] R3m (242] P3m]
a=b=5.741A, c=7.032A a=b=5.7414, ¢=14.064A
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Ba(Fe,Tay ;)05 M4 14 2%

Space group

Pl

Lattice parameter {.5111
Cell volumse {.f"t'?j
Bal®

BaZ2

Ba3

Bad

Bas

Ban

Ta'Fel
Ta/Fe2
Ta'Fe3d
Ta/Fed
Ta'Fes
Ta/Fet

o1
02
03
04
05
06

R factor

a = 5.7414(1). ¢ = 14.0634(1)

&

4014737
0,0, 0
0,0, 049990 1)

f3. 173, D.6663(1)
f30 173, 0.1663(1)

[

L0, 0TSy
L0 02505(1)
(3,203, 0.5929(1)
f3 23, 0093001
f30 173, 0.9265(1)
f30 13, 0.426T(1)

I I = = 2 D

DL1633(1 ), DB36T 1)
0163301 ), DR36T( 1)
049671 ), 03033 1)
049671 ), 05033 1),
OLEI00C] ), 017000 1),
QUEZ00T ., 017000 1),

DGTGTL)
0176701
OLOL(Ly
OLS100(1 Y
0B43401 )
0343401

Ryp = 0.061, R, = 0.045

“The Bal atom has been chosen as origin.
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La,Cu,, Zn,MoO,,

303 ~

Volume per formula of La,Cu, Zn MoQ_, (1 0*nm*)

¥ ¥ T L T ¥ T L 1 Y 1
0.0 0.5 1.0 1.5 2.0 25 3.0
®in LanuHInHI"nhD‘z

Figure 1. Unit cell volume as a finction of the composition of
LayCu;_ . Zn, Mo ;; the solid solution 551 is in the range of 0.05 = x =
0.20, 552 is in the range of 0.30 = x = 2.40, and between consists of a
two-phase region.
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Figure 52 Rietveld plot of the X-ray powder diffraction pattern for LayCuz sofng 1oMoO) 5.
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Figure 2. SAED pattems of La,;CusMoO; (al, a2, a3, a4, a5) and LayCu; oZny \MoOy; (b1, b2, b3, b4, b5). al, a2: a3, a4: b1, b2; and b3, b4, are the pair
patterns when the samples rotate about the c-axis in 30° steps. @5 and 55 are the calculated patterns from al, a2, @3, a4 and b1, b2, b3, b4, respectively, to
show the difference of the two phases.
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Figure 3. SAED patterns for LasCu2ZnMoO)z in the (310) (a), (100) (b). and (l—IO) (c) zones; (d) shows the orientation of the diffraction patterns. (The
diffraction patterns were indexed using the A-centered pseudohexagonal cell, a = 7.9 A and c= 22 A))
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Figure 3. X-ray diffraction patterns of Ins TisCaO22 and IngTisMgO22.

Figure 4. Electron diffraction of TigIngCaO,; along the [001] direction.

1102 1101 , 1101 1102
{ f ! ! 1

>

0001

Jana2000



RIS 8 !

liguobao@pku.edu.cn



