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Outline: LR
Part 1

TOPAS Interface
Profile fitting
e Fitting with analytical functions
e Convolution based approaches and Fundamental Parameters
e Determining Degree of crystallinity with Peaks phases
e Whole Powder Pattern Decompostion

Indexing
e LP and LSI Indexing of powder pattern

The applications in part I can all be performed with the TOPAS P variant.

Documentation:

TOPAS Tutorial

TOPAS User manual
TOPAS Reference Manual

Tutorial example files
Bruker AXS
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TOPAS Interface: sRgier
GUI and Launch mode

m TOPAS has a graphical user-interface (GUI) and a text based mode
e GUI supports most Profile fitting and Rietveld applications
e Beginners should use this mode of operation

e Refinement results get stored in .pro project file.

B LAUNCH MODE
e More features for advanced users but text based
e For structure solution
e For automation or batch operation
e Results and parameter input through .inp input files

e By default GUI mode is active, Launch mode is activated by setting an in inp file
(Launch-> set input file)
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TOPAS GUI:
User Interface

ETDPAS - C:yusers'8043 files for topas training'.cpd2.pro - [CPD-2.raw]

Fle Miew Ft Launch Tools Window Help EHEHSDEHD = - 7 x
O e de A AV oD E xy W W |
W CPD-Zraw =1 = = o
{1 Ermission Prafile M[w} » 4] (= =] E\j .{
[ Background [Additional Convolutions ] [Hpta’Text ] 2 Time 1.92 PBwp 11.105 -0.045 MC ;l
[ Instrument al 4 Time 1.98 Rwp 11.081 -0 0.0L 1
{3 Corections Kec talue Code ) § Time 2.06 PRwp  1l. .00z MC 0,00 1
3 Miscelareaus Use Phase M 6 Time 2.14 -0.000 ME  0.00 1
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- Fluorite Scale [v 0.00031351 sc_corunc
- Zincite = Cry Size b KD 47 U5 i —
‘I I >I Cry size L {nm) v zs0.0 C5_corung A = nterface Mode
Save Stucture in STR format = iy S g ELIE _‘E Nl 12
Wiew/Hide Structure al-IE {nm} [ o.000
Create hkl_ls phase Lyol-FY/HM (nm) [ 0.000 .5
Delete Stucture Strain hd
| Paste INP to Mode/Selectians ﬂ 1] | ’l 0 1 2 3 4 3 8 7
11,0004 Brucite 3714 %
10,0004 Corundum 22.09 %
9 0004 Fluorite  21.59 %
' Zincite 19.18 % \
8,000
7,000+
5,000
5,000+ &
4,000+
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2,000+
1,000
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-1,000+ | ! v .
-2.0004 ! | | : | l 11 |I ! | | IlllllI | lllI [l |I|I ||||||I|II ||II ||| IIII III||| Illllll”l | Illl ||||| I| |||I [
i i I [ I [ IIIIIIIII|I|I | i III|II
10 20 30 40 a0 &0 70 80 a0 100 110 120 130 140
[« [¥]
[ [ x=8s5.5728 [ v =9681.634 [d=1.134013 4
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Parameter window
with instrument and
structure information

The options in this
window is also
available in the
context menu (right
mouse click)

Fit window

wt.% for each phase
Scan window
Measured curve

Calculated curve
Difference curve
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TOPAS GUI: shgier

Parameter Window

Parameter values_ Toggle any parameter between Fix and
Refine in ,Code"™ column

i TOPAS - [Lab6_a)..~w]

Import raw data files—

File  Wiew Fit  Launch “Tagls  ‘Window Help
Oy F = AV L oD &R
] EIL" Giloba All range dependent m m

. . . . 03 Background
Data files will be displayed @ Instument usilvalie  (Code  Emor [min M
i i i -3 Carrections - Canvaly Background
in treeview. . [ Miscellaneous Chebychey v @
¢ [0 Display Qrder 1 1)
=-. Labi—“‘ﬂ-f_awp ’ 1j% Bkg [0 Refine 0
9 mizsan Frore - -
Instrument settings have L. m bacpeund ;?;;?f::;ﬁ? (mc;) oy
. e .
to be entered, if Fundamental D et Secondary rads () o7 e
Parameters (peak type FP) is 3 Miscelaneous Equatorial Convolutions
d Foint dekector v
use Receiving Slit Width (rm) [w 0.1 Fisx 0
FD5 shape, angled®) [v 0.5 Fixc 0
Beam spil, sample lengl [ 50 Fiz a
. «| | > o ;
Add a peak phase (for profile e A s radarod bogh e[z e o
o o YOS Scale Intensity
fitting), an hkl-phase (for dd Peaks Phase Capillary r
lattice parameter refinements) Load STREs) ez P r
=P || Load CIF[s) Tube Tails [
or |Oad d Structure (fOI" Load MNP, P&R Axial Convolutions
qua ntitatve Rietveld Load d_Is - DIF, LixD _ Full Axial Maodel 3
. Save if displayed vobs Yoals, Diff Source length {mm} 12 Fix i}
reﬂ neme ntS) Replace Scan Data ) Sample length (mnm) 15 Fix ]
Reverse data and make -axiz po RS length (mm) 1z Fix 0
Delete Fange ) o )
Paste INF to Node/Selections Prim. Soller (%) V2.3 F?x 0
Sec., Soller (=) v 2.3 Fixc 0
M Beta 30
Finger_et_al [
Simple Axial Madel (mm) [ 12 Fiz 0
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TOPAS GUI: BRORER

Fit window

@Reﬁnement Options =] B3

Interface Mode

Calculate Errors
Start Refinement (Step by Launch mode on/off Fit Zoomed

Yerbose mode Far Kernel aukput
Ste p) Continue After Convergence
Randomize as a function of Errors
Mo Mormal Equations
Use Line Minimization

Refinement until convergenc

U<

Use Extrapolation

Interface and Launch Mode
Graphics Response Time (secs) n.oz

Residual of the Refinement at 4 ==

| 5
every refinement step = Moo= 8
12 Time 1.84 Tump 6.882 -0_.004 MC 0.01 1
\ 14 Time 1.86 R &. 880 -0.002 MC o.o0 1L Ok
ime 1.89 Dup 6.877 -0.003 MC 0.00 1
1l  Tim 1.91 Dwp £.876 -0.001 MC 0.0Z 1
17 Time > Dp 6.876 -0_.001 MC 0.01 1

Befinement conwverged

graphical output of the residual o
. . . *** Parameter(s) close to limit(s).
as a functions of interation Check for LIMIT MIN and LIMIT MAX in Grid/Text

number \

Ll

Interface Mode
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Profile Fitting Methods “%"

B Analytical Profile Fitting

o Empirical description of observed line profile shapes though analytical functions
such as Lorentian, Gaussian or mixtures such as Pseudo Voight or Pearson VII

functions
Function Refmables Ninax
Gaussian J,26,, B 3
Lorentian J, 20, B 3
Pseudo Voigt J, 200, B, n 4
Voigt J, 20,, Bg, By 4
Pearson VII J,20,, B, m 4
Split pseudo-Voigt J, 20,, B+, B-, nt,|6
n-

Split pseudo-Voigt, J,200, B+, B-, 11 |5
Icommon shape factor

B Direct Convolution Approach
o Empirical description of observed line profile shapes, or

e Discrimination of instrument and sample contributions:
Y(29) = (WxG) xS, wherel = (WxG)

= Measured I : Conventional Approach
= Calculated I : Fundamental Parameters Approach (FPA)
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Deconvolution / Convolution Methods shgier
Basic Principle

B Well known approach since at least Klug & Alexander, 1954
Y20)=(Wx G) xS
W: Emission profile G: Instrument contribution
S: Sample contribution

B For the Bragg-Brentano geometry the instrument contribution can be calculated
directly from the instrument parameters and slit settings. (Fundamental Parameters)
These parameters are not refined and lead to a significant reduction in the number of
refinable parameters

W For other geometries (like parallel beam) only the conventional approach can be used.
In that case the parameters can be refined on a standard sample like LaB6 and the
resulting parameters are fixed for the refinement of the sample.
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Convolution Synthesis of Line Profiles “%"

0 +| - 0 + - 0 -+ - 0+ - 0+
Emission Profile Target Slit Width Horizontial Axial
tan(0) Divergence Divergence
o cot(0) SL cot(6)

W G

0 +
Final Profile

o ¥ t : 1Y) =(WXG)XS

Absorption Crystallite Size Strain
sin(20) / AB 1/cos(26) CS STR tan(6)

S
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Data collection m G
Bragg-Brentano Geometry

Instrument parameter notation in TOPAS:

RS: Receiving Slit (entered in mm)
FDS: Fixed Divergence Slit (entered in degrees)
VDS Length: Variable Slit (mm correspond to beam width on sample)

Full Axial Model: enter primary and secondary Soller slit sizes here

Tube tails: Default setings correspond to fine focus tubes and rarely need to be
refined or changed
Target

Primary
Soller Slit

Divergence o
Slit Recelvmg
Secondary Slit

Parafocussing Geometry: et
oller ol

Error because fo flat
specimen

Errors because of axial
and equatorial
divergence

Sample Anti-Scatter
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Choose an Emission Profile

File  “iew Fit  Launch Toolz  ‘Window  Help

=+ =+ | i o
Q ﬁ @ é-%] Q = f I ﬂ &V A}“& B Predefined emission profiles for most

i B ¥ A common sealed tube systems and
: H x 'Ill. b 'Ilu . . . .
I & Ll AT T JJ-‘ru‘ = W radiations are located in the directory
A E-{3 Glabal |"-.-"a|ues | [E-:u:les ] [Erru:urs ] [Min ] [Ma:-: ] [Elpticuns ] [Fipta’Te:-ct ] c:\topas4\lam\ _
Som Labbalian 2 —& The default profile Cuka2.lam has 2
-1 Emiszion Profile Area WL (A) Lartz, HW (niGauggediide lines, Cukal and Cuka?2.
----- {1 Background 1 06535817  1.54059 0.501844 O . . . ..
S o s o e WA i v
{3 Comecti . THITS ]
=t very intense peaks, an emission line

el Miscellaneous

with 1.39222A can be added and its
[Mas | [ Options | intensity be refined.

Walues

A i B For data with very sharp peaks the
. . Use Walue : . E .

Load Emizzion Profile : BrOflle Cuka5.lam will give Sllghtly

Save Emizsion Prafile ¥min an Yma: 0.001 etter refinements.

Addd Emission Line HoThdependencs |1 B Check the ,For LAM cursor® box to
Faste INF to Node/Selections For LAM cursor [ visualize the emission profile with
Lam for Bragg angle [0 the cursor

Calculake Lam [

B For optics that may distort the
wavelength spectrum (e.g. Goebel
mirrors, Polycaps), the emission
profile can be refined.
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Modeling the background in TOPAS (>

&l ToPAS - [Lab6_al.raw]

File  Wiew Fit  Launch Toolz  ‘Window

L oo o4 B ox oy

Help

D e e /& 02

| #-{J Global
= I LabG_al.raw

| B ackground | [ Fipt/Text ]

----- S | E miszion Profile

..... -I_J Backaground Chetrychey
----- [0 Instrument Order
----- ]__| Corections 1% B

----- {3 Mizcelansous

1

Refine

| Chebychew Coeffizients |

I I
Pazte INP to Hode/Selections 2 E
]

12

Coefficent  |Errar

1]

0
0
0

06/05/2014

Most backgrounds can be fitted with a
polynomial function (Chebychev Polynomial)
and relatively few parameters

The 1/x function is used to fit the rise the
background at low angles caused by scatter
from the direct beam

Too few (<3) or too many parameters (>6?
can be a source for serious errors, especially
if broad peaks are present

If an amorphous halo is present, it can often
be fitted by entering a peak phase with a
single peak

Bruker AXS



Entering instrument parameters in BRGKER
TOPAS

[#]ToPAS - [Lab6_al.raw]

File  “iew Fit  Launch Tools  ‘window  Help
I R S R A A -V -

s J A B Highlight the instrument item in the treeview
ﬂ_';;al“l'i A E xy M below the scan file

W Labb_al.raw Eiermgnlbean | In the tab ,divergent beam" the slit sizes for
{2 Emission Prafil Use value  Code  Erro Bragg-Brentano geometry are entered in either
._J Background oniometer radii mm Or deg rees.

._J | nstrument Primary radius {mm}) 217.5 N R d d d t q I f
-3 Conectons secondary radius (i) 17 s adius depends on measurement circle o
{0 Miscellaneous Equatorial Convolutions d Iffra ctometer
Point detector ” e D4, D500, D5000: 200.5mm
Receiving Shit \Width (mm) [v 0.1 i a e DS: usuaII 217.5 or 250mm
FD5 shape, anglel®) [v 1 Fix o Y )
Beam spill, sample lzngth (mm) [ S0 Fizx ] | FOI‘ POII"It detector: CheCk the use COIUmn. fOI‘
VDS iradisted length (mm) [ 12 Fx 0 point detector and enter settings for receiving
VDS Scale Intensity C and divergence slit
Capillary [

R — : [ Linear P30 [ )

oadinsme Detals Tube Tails r B For Linear PSDs (LynxEye and Vantec-1) check

S e s Astial Convolutions here and enter angular 20 range and divergence

Full fdal Model Y — B Soller slits sizes are entered under Full Axial
Saurce length () 12 Fisx ] m Od el
St Sngth () 15 LI Default size for D8: 2.5°
ength {mm) 1z Fix u} A-D f It . f D4' 40
Prim. Soller (=) W 2.3 ] €rault size ror '
sec. Soller (=) [v 2.3 Fix o
L * B Instrument settings can be saved, loaded or
Finger e o - made a default setting
Simple Axial Model {mm) [T 12 Fix
< | .
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FPA Example for LaBg (111) aggn
Single line fitting: Exercise

_@ W | XGE!XGAX (xGquGAX)xS

Fils MLm= M % = § x File Wiew Fit Leunch Tools Window Help BHEHDEDN = - § = Fle__View Fit__ Launch Tools _ Window _ Help FHASmEMN% - 7 %
91 Only Emission profile = Instrumental peak width = Crystallite size was refined
L (Uncheck crystallite size) 4 4
T '-.:' y L 1 : ‘L"b";‘ ; Divergent beam | | Addtional Convolitions | | Rpt/Text m (a p p rox: 1 3 00 nm ) bt |
- 256_a raw
3 Emission Prafile Additional Convolations By 31 Emission Profle Use alue Code |Error Min Max | —
{1 Background Lise | alue | ﬁ 8y .3( 3 Background Point detectr v {1 Background 1 ¥ 2135366 45.64232 13030 2000 0.1 0.1
1 Instrument Goniometer radii 7 Time 1.50 Fuwp 55af {1 Instrument Receiving Slit Width (mm) W 01 Fisx i} {3 Instrument
{3 Comestions 4 & Time L1.50 Bup &S {3 Comections FDS Shape, angle(®) v 05 Fist 0 {23 Comections
-3 Miscelangous Primary radis (mm) 2178 ® Time .50 Rwp 55 -3 Miscelangous scam sail, sampl length () T 50 e 3 Miscelangous
-, Peaks Phase Secondary radius {mm) 217.5 Rhefinement converged = ). Peaks Phase o mmat;d e i = 5 =), Peaks Phase
~( Peaks FP Equatorial Convolutions 5 T -[3 Pesks FP g L "1 Peaks FP
Point detector o2 %05 Scale Intensity r
Receiving it Width (mm) ot ff | sooudherface Mod Capilary —
FDS Shape, angle(®) [ i 2,000 ! i Lingar PSD I
DS irradiated length {mm) iz oo faE N T“‘fe:a"s = - =
= _'l_l —r 4| 2o et I _'l_l
34000 01,3427 220004 [21.35414 o 21.35366
320m 20,0004 18 :DDEI
30,000 17,000
28,000 18,0004 16,000
25,000 15,000
24,000 16,0001 14,000
22000 14,000 13,000
16,000 ‘ 10,000
18000 10,000 5,000
14,000 5000
12,000 80004 7,000
10,000 g0 8,000
8,000 5,000
4,000
40004 |
&0 3,000
4,000 — e
2000 : 1,000
2195 212 2026 213 2135 214 2145 215 215 216 2185 21 2115 212 2125 213 2135 214 2145 215 2185 216 2185 21 2015 212 2125 213 2135 214 2145 215 2185 216 2185 21
[ [+] [x [ [ ]

File: C:\Topas 4.1\tutorial\misc\Lab6_al.raw Advantages of FPA:

Emission profile: CuKa2.lam - Identical instrument contribution to every peak
Background order 3 - Fewer parameters: Faster, more stable computation
Radius: 217 mm - No parameter turn-on sequence for refinements

Divergence: 0.5° - Average crystallite size/strain for each phase
Receiving slit: 0.1mm

Soller slits: 2.3°
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How good is my Fit?

©) TOPAS - [Lab6_al.raw]

File= Wiew Fit  Launch Tools

2l -3 Global
-l LabG_al.ram
[ Emizzion Profile
[ Background
[ Instrument
[ Comections
[ Mizcellaneous
= Peaks Phase
[ PeaksFP

Add Structure
Add Peaks Phaze

[l m |

15

Window  Help

O AUEE e /& 02V o

[.-“-‘-.II range dependent ] | Fiwps | [F'ath ] [Display ] [Fipta’Te:-ct ]

Yalue
GoF 1.68
Rexp 1.88
Fwp 316
Rp 2,30
Rexp-dash 0,47
Riwp-dash 0.73
Rp-dash n.az
Weighted Durbin 'Watson 1.29

06/05/2014

BROKER
e

Rwp is the parameter that is being
minimized during the least square fit.

Rip = iZWi [Yi (0)_ i (C)]z /iZWi Yiz

Other numerical indicators:

Goodness of fit: GOF = Rwp/Rexp

Rwp-dash: background subtracted
residuals

Bruker AXS



Profile Fitting in TOPAS

Peaks Phases

ETDPAE - [Quartz.raw]

File  “iew Fit Launch Toolz  ‘Window Help
D e/ AL o
2 3.4 Glabal (R

E- Ml Huartzraw
i Erizzion Profile Use Walue

|.-’-'-.II range dependent | Fwpz

1_.l Background Background
- Instrument Chebychey v @
{1 Corections Order 1 1
- Miscellaneous 1/ Bkg [ 1000 s
o )| Peaks Phase Goni
oniom
Primary ¢ = S O—
Add Structure - econd () [ :ca
Add Peaks Ph = ECONQan | puy Position Code
edks Fnase Equator |F¥Il Cry size L [nm) | | Erar
Add bkl Phaze Point dat SRy Ciy zize G [nm)
Load STR[z] © 5PV Strain L
Load CIF(z) Receiy Strain G
Load INF, P4R FDS St
Load d_l= - DIF, LxD YOS irr
Save if displayed obs voalc Diff Phases Bka YOS 5
Feplace Scan Data S Capillary — pallwin All'wing  Selections
Rewverze data and make x-axis pogitive (I Linear PSOT T
Delete Range Tl oo —

Il Paste INF to Mode/Selections LI 1|

File: C:\Topas 4.1\tutorial\misc\quartz.raw
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Adding a Peaks Phase will add a phase
without any position or intensity
constraints

This is typically used to determine
accurate peak positions for Indexing,
peak areas or micro-structural
parameters

Select the Peak Details window (F3)

Several Peak Types are available
FP: Fundamental Parameters

PV: Pseudo Voight function
PVII: Pearson VII function
SPV: Split Pseudo Voight function
SPVII: Split Pearson VII function

The second column allows display of
position, area, crystallite size or strain at
the peak

Select the peak type SPVII and click
with the mouse near the peak maxima
of your scan

Bruker AXS



Profile Fitting in TOPAS shgier
Peaks Phases, Peak types

ETDPAS - [Quartz.raw] =]
lo Vor R tanh Tk Vndw b : — AE®EMm= - 7 x| Select SPVII peak type and click near
06 e W e h St VRS L oThr e T e S the maximum of the three peaks with
teg o, T s
|08 Emission Fofe LVoFwHM [nm) 27 Time L& R 1 == = the mouse.
S Fnzf,tiz:rd [ Addtonal Conwolutions | | Rpt/Test | 22 E:: 1123 iﬁ 11333 :g:ggé ﬁg 3:15 1 ~ Run the Reflnement
23 Corections Type  Use |Position  Area Crysizel (n¢ (| Refinement converged

H H v N i fl
[ Miscellanaous SPVIL [V 67.F3L33 5116396 2000 #* Darameter{s) close to limit{s).

= F'E--as- F..a 2SRV v B8.13123 5888861 200.0 z Check for LIMIT MIN and LIMIT MAX in Grid/Text J\ . .. q
e SR R -l Select individual peak display
i = Interface kode
ek s il HE . \\\ ———__ | The third peak has almost 50% more
Sawve Phase . -
Sov Pasks D Bl | = 0>+ | intensity than the others, even though
. 6773133 813123 the maximum intensity is visually
16,000 { 29791 lower
15,0004 . .
140001 Also note the considerably higher
s ~ asymmetry
11,0004
10,0004 0 -
5 0m0- This is caused by parameter
g correlation and can be avoided by
600 using constraints that ensure the same
5,000+ -
4om- peak width for all peaks
30004
2,000 |Values | [Codes ] [ Ermors ]
mngi [ Scherer | [ LvolE fam) | [ LviolFwHM (nm] | [0 | [Ript/Tent |
Lse | Position Area FyHM Left | FyHM Right M Left M Right:

671 672 &3 FB74 675 676 677 678 679 B3 BBI1 6B2 FB3 BB4 GBS FEBE GBF BAB 6RO
[l I

File: C:\Topas 4.1\tutorial\misc\quartz.raw [ <
Emission profile: CuKa2_analyt.lam
Background order 3

1 [W 86773133 511,639 0.05504582 0.03754237 2506625  1.278807
& W 8E.13123 556.8561 0.04567504 003597622 2915417 9179479
3 [w &5.20791  FO7.9003 0.06775916 0.04041264 07614877 1.232083
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Profile Fitting in TOPAS aRGRER
Ew i)

Peaks Phases, Constraining parameters

|"-.J'a|ues | [Eu:u:les ] [Erru:urs ] [Min ]

To change a whole column to the same value, click

[ Max | [ Scheer | [ Lvol8 (nm) | [ LvolPwHM (nm) | [e0 | [BptTen on the upper right corner of the grid
e
Wl ¥ 57.73133 S11.63%  0.05 0.05 1 1 Type identical start values for FWHM and M
Fll ¥ eg.13123 Seessel  0.08 0,05 1 1
Sl IV 6529751 7075003 0.0 005 ! ! Select Codes tab and enter the parameter names

["-.-’alues”lindes |MS][Min] for FWHM and M

[Man | [ Scherrer | [ LvakE nm) | [ LviolFwHM (nm) | Run the Refinement again
" |Use |Position [Position FWHIM Le|FiwHM Righ Lefe M Right |

VWl v 6773133 Refine  Refine FWHML FWHMR MI Mr
Al ¥ 6813123 Refine  Refine  FWHML FWHMR MI ml
Bl v 6529731 Refine Refine  FWHML FWwHWR M M

17,0004 67.72707
16,000
15,000
14,000
13,000
12,000
11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

The peaks now have identical shapes and correct
intensities

|"-.-"a|ues | [ Codes ] [‘rrurs ] [ Mir ]

[Ma | [Scherrer | [L9GHB (o | [LVaHFWHM ] |

IUse | Position Area FityHrM Left | FivHR Right M Left M Right:
1 [v &7.72F07 532,3152 0,04967552 0,04142547 1.56554 142110
& [v 63130585 7AE.653 0.04967552 0.04142547 1,56554 142110
3 [v £3,20765 3854827  0.04957582 0.04142547 1,86554 1.4211M

File: C:\Topas 4.1\tutorial\misc\quartz.raw | «: «s
Emission profile: CuKa2_analyt.lam
Background order 3
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Profile Fitting in TOPAS B%R

Peaks Phases, Fundamental parameters as an intrinsic
constraint

'5 TOPAS - C:husers', 8043 files for topas training' test.pro - [Quartz.raw] qm
. . . . 4 &3 Glbal |"-.r"a|uE$ | [El:n:les ] [Errl:nrs ] @
File  “iew Fit  Launch Toolz  ‘Window  Help =- I Lluartz raw [ ] [ ] [
= | . Maw || LvolB [nm] | | Lol-Fes
@ @ 1 2 o - Emizsion Profile
J ﬁ Q a :/E ¢ JL v hﬁ | -+ Background Type  |Use Pastion s
A "L"' Global | Divergent bearn | [.ﬁ.dditinnal Convolutions ] [Flpta’Te:-ct ] ---- L"I Instrument 1 WFP [+ 57,7318 ¢
E-W Quatzriaw e e e | -3 Corrections z Arp v 68.13615
----- {1 Emigsion Prafile Use Yalue el Miscellaneous :
----- {3 Background Goniometer radii E| _)1_ Peaks Phaze:0 + WF W 6530136 -
L_j Instrume Primary radius I{mm]l 2175 1 e ‘) Peaks FF
----- L_j Coarrections ?17.5

----- el 1 Mizcellaneous
B _)1_ Peaks Phase:(

Change the Peak type to FP

Equatorial Convolution

_____ 5 Peaks FP Fraibl: el 4 Enter Instrument parameters for that scan.
Receiving Slit wWidth (rmnm) [v 0.1
FOS Shape, angle(”) v Instrumental contribution to all peaks is identical
Beam spill, sample length (rmm) [ . . . . . .
- — - intrinsic constraint, however anisotropic effects
Y5 Scale Intensity |_ can be I‘eflned |nd|V|dua”y
Capillarsy
Linear PSD r Difference between instrumental width and
Tube Tails [ measured width is caused by microstructure such
Awial Convolutions as size broadening or strain
Full Axial Madel [w"
i &3 Global [Values | [Codes | [Enars | (kB frm) | [ LvolPwHM (rm) | [ &0 ] [ Rpt/Test
Flle C \Topas 4 1\tUtor|aI\ Sc\quartZIraw & ,._]_Q_:Jagfm[::ron Prafile Use | Paosition Area Cry size L {nm}) Cry size G (nSkrain L Skrain G
Emission profile: CuKa2_analyt.lam 3 Backgound 1111677318 |595.1021 |237.0 200 ot 0.1
- L_j Instrument 2 [v &8.13615  833.056 285.8 200.0 0.1 0.1
BaCkground Order 3 \_.-I Ellc'”e'Tltl':'ns g [V EE.30136 4441307 2284 200.0 0.1 0.1
Radius: 217.5mm . j P e
Receiving slit0.1mm | | = [ Peaks FP
FDS 1°
4° Soller slits
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Profile Fitting in TOPAS "%“

Peaks Phases

45 TOPAS - C:husers, 8043 hiles for topas training'test.pro -
File  “iew Fit Launch Toolz  ‘Window  Help

D AR Hde s VR L o

m E“ E!uartz..ranfu . ;I |"-falues | [Eu:u:les ] [Erru:urs ] [Min ] [Ma:-c ]
“-[ 1 Emizsion Profile
(3 Background [ LvakIB frm) | [ LyolFwHM (m) | | Additional Convalutions |
i Instrument Type  |lse Postion | Area Cry size L (n Cry size G
L Corections I SPVIT W £7.72927 532.1825  200.0 200.0

----- {1 Mizcelaneous

E ). Peaks Phase:0 SPYIT W 6213253 7E9.1925  200.0 200.0
LE3 Peaks SPVI) | SPYIL W 6829935 3865509 200.0 200.0
Hide peak sticks q— — Hide peak sticks in dlsplay
Save Phase < Save Peaks as an input file or dif file

Save Peaks az DIF file

Change to d_|z phasze . . .
Create Indesing R ange< Create Indexing Range for Indexing single phase samples

Create Pawley range < Creates an duplicate range with identical instrument

Delete Peaks Phase parameters but hkl phase
Fazte IMF to ModesS elections

File: C:\Topas 4.1\tutorial\misc\quartz.raw
Emission profile: CuKa2_analyt.lam
Background order 3
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Profile Fitting in TOPAS BRGRER
Peaks Phases, Calculating Areas for crystallinity
determination

ETDPAS - [m2a.raw] M=l E3 [§]10PAS - [mZa.raw] [_ o] x]
File View Fit Launch Took ‘wWindow Help HEEHED= = 8 x File ‘iew Fit Launch Tooks ‘Window Help FESEDN = - 8 %
Ty o i ThEE a
DS DELdes A LAV D DL/~ LAV
T o 1 A4 TF x vy M d/ & & T oo B4 E « v adh M n
Al - Global z #H | @3 Corrections-Com;I
I;Llj m2oa.?aw 3 Miscellnsous [Mlscellaneous ] | Degree of crystallinity | [Hpt.-"Text]
[ Emission Profils | [ LokPwHM (| [0 | [ dditional Convolutions | [ Ret/Test | - L Display -
-~ Background Type Use |Position Area Cry size L (nCry size G (rStrain L o Ea AllPesks Ealcula.te Degree of crystallinit
03 Instrument RET W 22.17966 258.4423  200.0 200.0 0.1 W mlaaw ) iyt alineloie 6530208
- : : : : [ Emission Prafile Amorphous area 6771.51079

{3 Corections
- Miscellaneous [ Background Degree of crystallinity (%) 35.0467864

amorpho -~ Instrument
-1 Peak: = | Errections
e ) crpstaline E]Lj ':l"u:"': Phase Mame  Amorphous | Area
E-_L Crystaplline 1 amorphous v &771.51079
2,500+ b ‘ . Tlz crystaline r 3653.70208
2,000+
1,500+ 2 500
1,000+ 2,000
5004 ) _ e - 1 500
D_
00 1,000
1,000+ 5004
i 1 ha ﬂ N

10 15 20 25 a3 3 40 45 =0 &
[«] [
[ [x=a7.79886 [+ 2

-1,500+
-2,000+

[«

File: C:\Topas N e Add two peak phases, rename them amorphous and &rystalline
4.1\tutorial\doc\m2a.raw Ne Use one SPV peak for the amorphous hump
Emission profile: CuKa2_analyt.lam e Select crystalline and insert a peak for each reflection (Werify that
Background order 1 you are not fitting the background with these peaks otherwyse use
1/x function symmetric functions or constraints)

eHighlight Miscellaneous and Calculate Degree of Crystallinity
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Profile Fitting in TOPAS shgier

hkl Phases for Lattice Parameter Refinement

] TOPAS - [CED2.raw] =] B3
File ‘View Fit Launch Tools  ‘Windaw  Help EEHEmHEDN % - 8 x

A Rl = N IS VA
L o 0B x vy WMo

ESDace Groups

ichin 19523 Z06la3  Z19Fd3c | 2ZaFdicZ
T e I Monodliic 196F23 w2 20434 223
E ission Prafile [adiional Cornolutions | [Rpt/Tes | Hom—Lin Ortharharnbic 197,123 208 P4232 221 Pmedm 2300a-2d
S B pa 2¢ independent ¢ | 1Etragonal 198.P213 209F432 222 Pre3n
1_] In‘ztcmﬁ:::? Use: alue Code |Error Min = er of independent p | 17gONEl 1831213 AANFAN3Z 222 Prdn2
: Use Phase v 0 Time 1.52 Bwp Hexagonal 200.Pm-3 2111432 223.Pm-3n
i Canections Le Bail r 1 Time 1.53 Tup mb 200.Pn3 212P4332 224 Pnedm
3 Miscetancous TR TR——— 2 Time  1.56 Rup 200 Pn32  213P4132 224Pndm2
e P T o e - o4 [ —— 02Fm3 24Nz R
a () 0.0000000 |Fix0.0000000 Tl 04Im3  Z17043m 227 Fd3m2
(B 00000000 Fix  0.0000000 LA NS 205Ps3  218P43n  228Fddc
c(f) 0,0000000 Fix 0,0000000 _lﬂ
JE R I 5 o s
- u I | ' Space-group generator (] 2008 Alan A, Coelho i’ .
Choose Space group from List Boze
55 0004 space_group
50,000 { Enter Space group
45 000 num'IJJelrf22§
40,0004 ;ﬁ;t_ogrronupmmﬂm l:l i
computer_symbol foeidgii0pd c000p2d000
35,0004 ) aues abo
zzggg s =
20,0004 KW 2
15,000 ez
10,000 v _I
5,000
JL, N TR U O e VO
30 40 50 B0 70 g0 90 100 110 120 130
[+ —
[ [x=64.06038 | y=604155 ° Add an hkl phase
File: C:\Topas 4.1\tutorial\ceo2\ceo2.raw e Enter a space group number or symbol or pick a group from the
Measurement circle radius: 173mm space group editor
Emission profile: CuKa5.lam e Enter approx. lattice parameter (5.4 for Ce02) and set to refine
Background order 3, 1/x function e Enter instrument parameters
Divergence: 1° , Receiving slit: 0.1mm e Check zero error correction under Corrections
Soller slits: prim. 5.1° , sec. 8.6° ¢ Run refinement
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Profile Fitting in TOPAS shgier
Pawley or LeBail fit

O A e ANV L oD

e '—.j EES;' | Phasze Details | [F'eak Type ] [hkls = ] [.-i‘-.u:lditicunal Convolutions ] [HptHTe:-:t ] u By default Paney fit is aCtive,
- Taw - o q
= Emission Frofile Uss valuie  |Code i which means that all intensity
3 Background Use Phase v values are refined independently
3 Instrurnent Le Eail [ . w Y/
[ Corrections Delete hkls on Refinermer [v — By CheCklr_]g the “le Bail
[ Mizcellaneous LP Search 04 checkbox is used where new
o i Spacegroup 225 integral intensities are calculated
T 3 (&) 5.4100267 Refine 0,000 for each refinement step > fewer
seale L0 LI independent parameters
Cry Size
- B Peak type
B hkl Is tab: List of intensities and
peak positions
B Additional convolutions: define
any additional peak shape
convolution that may be
necessary for special
configurations or synchrotron
radiation
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Profile Fitting in TOPAS shgier

hkl Phases for Lattice Parameter Refinement

[§iT0PAS - [CEDZ.raw] [_ O[]
File  Wiew Fit  Launch Tools  “Window  Help E ﬁ % E DIl ¥ = O X @TDPAS—[EEDZ.raw]
- - o
S N =V S -V . File ‘“iew Fit Launch Tools ‘indow Help B HE L
L oD 4R W Wl oW T .
L e 3 2 DB Ea 7~ Ay
e Db [ Phase Detais | [Peak Type | [ hklsIs | [ Addiional Canvolutions | (Fipt/Test | i
aw
-[23 Emission Profile Use |Yalue Code Etror Min Max = 1 <> =_‘L Jlgf _Jj& X ﬁ \ﬁ\k ﬂ & \ﬁ\&
{1 Background Use Phase 2
3 Instrument Le Bail r m "Lj Global [Phase Details][F’eak T_l,lpe”hklsls“Additional Eonvolutions][Hpta’Text]
[ Canections Delete hkis on Refinemer | EEDZ'?"Y .
3 Miscellaneous P Search o4 Ermiszion Profile h k I m_d tha Use 1 Code  |Error
B Stnctuesd bl Phase ™o oo 225 L {3 Background 1 1 1 8 312353 2855412 W 706 Refine 1,79
E*i_?‘_h_f“*‘ihdzz‘fngtjela”s a(f) 54101201 Refine 0,0000000 {4 Instrument I T - T 270506 33.08923 W 259 Refine 1,26
e o Fix 0 3 Corrections s Mo 2 2 12 191277  47.495%2 v 993 Refine 3,37
E’zrj':i:ﬂ T — .1-3 gdtlsci"anex’oEEIPh 4 3 1 1 24 163121 5635754 ¥ 1.05:4003 Refine 399
. B Cyseed(m [ zos  refne 00 - é...];_;jg hé“;ﬁ;i @5 2 2 2 8 156177 59.10516 W 215 Refine  1.91
0 et —locoo ocoa— - "3 IndeingDetals © 0 04 6 135253 £9.43404 ¥ 254 Refine 2,34
hkl_Phase 0.00 % 785 I3 1 24 124117 7672346 v 658 Refine 395
2204 50 4 oz 24 1.20974  79.09934 [V 447 Refine 333
200 9 14 2z 2 24 110434 8345695 ¥ 713 Refine 4,43
120 / [pfiods 11 2 104118 9543438 W 337 Refine  2.51e+008
160
140
1204
100
a0
A0
40
20-J
o [ . [ L1 L, L1 [ T L
a0 40 50 80 70 20 ] 100 110 120 130
[« ]
| [ x=140.1875 | Sortly)=153.4236 | d=o0.5192472
File: C:\Topas 4.1\tutorial\ceo2\ceo2.raw * Refined lattice parameter
Measurement circle radius: 173mm e Refined average crystallite size (Scherrer equation)
Emission profi|e: CuKab.lam e Peak list with intensities under the hkl Is tab
Background order 3, 1/x function

Divergence: 1° , Receiving slit: 0.1mm
Soller slits: prim. 5.1° , sec. 8.6°
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Profile Fitting in TOPAS

Sample effects

£ TOPAS - [CEO2.raw]

File  ‘Wiew Fit  Launch Toolz  ‘Window  Help

O Wl He & 0V L <

2% (3 Globdl | Corrections | [E_I,Ilinu:lrical zample [S abine] ] [Hpt.-"Te:-ct ]
-l CEQZraw
3 Emizsion Profile Use |Yalue Code
[ Background Peak shift
[ Inztument Fero error [0 R
1 Comections Sample displacement {mm) [v -0.0242459¢

[ Mizscellaneous
+-_1 Structuresd hkl Phaszes
+-31% hkl_Phaze

Intensity Corrections

LP Factar [» 0
Surface Rghnss Pitschke e |
Surface Rghnss Suorthi [
Sample Convolutions

Absorption (1/cm) [ 100 Refine
Sample Tilk {mm) [0 Refine
25 06/05/2014

Bmﬂ

The lower the absorption coefficient of the
sample, the more the primary beam will
penetrate into deeper regions of the
specimen.

This acts like a distribution of sample
height displacements and causes peak tails
at the low angle side.

If the sample shows only a limited
thickness this effect will be reduced.

Tilting the sample also acts like a
distribution of sample height
displacements.

The height (or length) of the sample also

shows an influence because it may lead to
beam overflow at low angles and reduced
intensities.

Bruker AXS



Profile Fitting in TOPAS shgier

Microstructure effects

4 =03 Global [ Phase Details | [ Peak Type | [ hikls Is | [ Additional Con
-l CEQZraw
E rizzian Proafil Use Yalus Code . \ .. ;- .
L b 2 () saiome rene W Crystallites of ‘unlimited’ size and ideal
3 Instrument Seale il Fix translational periodicity would cause no
LA Corrections Cry Size additional broadening of the peak.
1 Miscellaneous Cry size L (nm) v 2087 Refine .
+ (1 Stuctures/ bkl Phases cvszeetm) | w00  refire M The smaller the crystallites are, the
200 [RkLFhase LVolIE {ri) v 132851 more severe the broadening will be. This
Lith-FWHM (nm) ¥ 185.727 often is given as a ‘mean column height’
Sktrain Lv
Strain L ™ 0.1 Refine ol* _ - _
Strain G v ooiziniosrefine | M@ Often crystallite size is confused with
20 I 0.00303 (secondary) grain size, domain size and
crystal size.
ﬂ m If locally the d-spacing changes within a
ﬁints — crystal this is called micro strain. This is
Lvol -COS ¢ often is described as a quasi-mean value

o parameter.

B Inhomogeneous metric parameters for
different crystallites show a similar
ﬂ —4. 50 -tan @ broadening.
%v B Anisotropy and domain effects may
cause also not only angle dependent
broadening.
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Profile Fitting in TOPAS BRGSER

Correcting fit problems in Whole Powder Pattern
Fitting applications

Offset in Peak Positions:
e Refine sample displacement or zero error
e Are the lattice parameters being refined or do they hit any min/max constraints?

Peak shape not correct:

o Check instrument parameters. These should be fixed. If the low angle peaks are more
asymmetric than the calculated curve, the Soller slit size may be larger

e Crystallite size parameter should be refined and result in reasonable values
o If peaks are broader at higher angles, refine additional micro-strain
e Peak tails at low angle side - refine absorption or measure thinner sample

Additional Peaks:
e Wrong symmetry or crystal system?
e Impurities?

Very asymmetric peaks or single broader peaks:
e Try anisotropic corrections in TOPAS Launch mode ( e.g. tutorial example: clay.inp)
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Profile Fitting Methods in TOPAS

Example: Lattice parameter refinement of Ibuprofen

BMR
e

File: C:\Topas
4.1 \tutorial\Examples\ibuprofen\ibuprofen.raw
Emission profile: CuKal.lam (Vario Data)

) TOPAS - [Ibupro

fen.raw]

[B[=1%]

Fle View Fit

Launch  Taols

DR A EH = A N2
I WL I L I O

Window  Help

Y ﬂ

£

FE®IMm~ - & x
[red

o

i G e (2] [Phose Detel | [Feak Topn] [ i R 4
- - = =4f i F.
1mm Capillary data with LynxEye detector e 0
+ [ Stuctwres! hkdl Phases E] Use |valus Code vy l,,] 15 Time 528 Rup 4.280 -0.00
iﬁ?ﬁfﬁ';ﬂase A EEEE p2tic 17 Time 5% M aear  oloaf
Save P a (&) 14.6492835 Refine  0.0000000(= | || Do fincmant momnme ["
E:z“;siase b (&) 7.8790549 Refine  0.0000000 [ i I (=]
Daetehkﬁ;hase c (&) 107158763 Refine  0.0000000 f‘f Ay 4@ Interface Mode
Paste INF to Nods/Selections beta (%) 99.42116 _|Refine |0 Jﬁg N|
= = cale ix =
Obtain space group and start values for lattice it / g T e
parameters from ICDD database 20000 Ibuprofen 0.00 %
16,0001
14000
LR E¥A - [JCPZ.2CA:00-032-1723] 12,0004
B8 File Pattern Wiew Options “Window Help 10,0004
8,000
D2 |SHSRIT <lol® =Emem %
000
2,0004
FOF Mumber : |L|DU-D32-1?23 \.-'iewl Cluality : High 0d |
2,000{T *
C1aH120z - ' I SV O AN N Il ITTHIT] 1 RULRAILLN U A0 L 0 0,
| Phase Details | [ Peak Type ] [ hkls Is 5 10 15 70 35 0 35 40 45 50 55 5
[.ﬁ.dditiu:unal Corvolutions ] [Hpt.-"Te:-:t ] oyl S TA
i Ise [Value Code
IUse Phase [w"
Le Biil [
Delete hkls on Refinemer [v
s = _ LP Search [ 0.4
| Eommentsl Authorsl Addltlonall Subfllesl
Cell P ~ Ciystal Data Spacegroup palje
Let Monaclinic | |\ olecylar weight - 206,28 atd) 14,6492535 Refine
56 P2/ [14) .
= 14667|apha ‘[‘;°'“me[w]' ‘2125;133 b (&) 7.5790543 Refine
N .
b 7.899|betx: 846 || c (A 10,7158763 Refine
o 10,731 | gamma: - )
P a beta () 9942116 Refine
o/b: 1.35853 Icar: Scale [0 Fi:
[ 1 n |
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Profile Fitting Methods in TOPAS

Example: Lattice parameter refinement of
Ibuprofen

an
e

- £ TOPAS - [Ibuprofen.raw] g@ 5
Fie Wiew Fit Launch Tools ‘Window Help EESEN = = 7 = ) In th IS Case the lOW d ng le
=] =+ o
O B Ede 7~ A3V asymmetry was modelled
L oo L TE x oy Wl by refining both soller slit
2 L.] ﬁjlobalf | Divergent beam | [ﬂdditional Convolutions ] [Hpta’Text ] A % ’ N S I Zes
= LIPrarem. raw '
LjDEmission Profile Use |Valug Code Eb] w oo o -
3 Background Axial Convolutions (=) close to limit{s). . Refl n I n g SI m p I e aX I a I
il Full &xial Madel v for LIMIT_MIN and LIMIT_ Max
Saurce length (ram) 12 Fix r
g I;dtiscetllanellaoﬁiI o Sample length {mm) is [_l | [_] m Od el m ay be U Sed a ISO .
+ TUCIUrES, L= b=k RS Iength (I'ﬂl'ﬂ) 12 4 111} b -
+-a0p Ibupraf i —
o), Pesks Phase :“m-SSDH"Ef((? 'l; £zl e g 1 Iartace Mods B Pseudo VOIght Wwas
ec, Soller (% . 5
B 21 selected as peak type
Finger_et_al
[i] 1} 0 3 10 15
20,000 o
16.000] Ibuprofén 0.00 %
16,0004
14,0004
12,0004
10,0004 11 Global i
3 0004 m b ; [F'hase Details ] | Peak Type | [ hklz |2 ]
' 3 LIpIoren.raw
5,000+ 3 Erviszion Profile dditional Canvalutions ] [Hpt.-"Te:-:l ]
4,000 JLA A Beckgrund \T Vol |Code [
AErment
2,000+ ﬂ_ M 3 Correstions Peak. Type Py _TCHZ
0 2 y " - [ Miscellansous -
-2,0004 v +-C 1 Shuctures/ hkl Phases u 0.139558 Refine €
' . . . . . . ——1 | - L LI R 41139 Ibuprofen Y 0,05492111 Refine
6 7 8 9 10 11 12 13 14 1% 16 7 18 4] Peaks Phase o -0.0035754iRefine €
| x=8.192001 | y=18097.13 | d=10.73429 4 z 1] Fix [
" 0.02598721 Refine L
i a Fix L
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Powder Pattern Indexing with TOPAS “%"

B TOPAS does not use the well known ITO, Treor or Dicvol algorithms

W LSI method
e [Iterative use of least squares
e Operates on d-values extracted from reasonable quality powder diffraction data
o GOF vs. volume plots
o Automatic Pawley or LeBail fit of all / selected solutions
B LP-Search
e Monte-Carlo based Whole Powder Pattern Decomposition

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

e 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

FOM=>">"1(20,)| 20, - 20,
joi

e Independent of d-spacing extraction and line profile shape and therefore suited for
indexing of poor quality powder data (No d-values required!)

e LP-Search avoids difficulties associated with extracting d-spacings from complex
patterns comprising heavily overlapped lines
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Indexing Algorithms in TOPAS ahORER

B LSI-Index Approach

e Perform a Peak profile fitting
preferably using the Fundamental
Parameters Approach select LP search

e Create an indexing range and e Guess a crystal system and select

paste d/I values for the first 20 to 30 the first space group

peaks into that range e provide start values and

e Select Indexing parameters and constraints for lattice parameters
bravais lattices and search the and limit the 2 theta range to speed
parameter space up the search

e check possible solutions in the GOF * Check ,continue until convergence™
over cell volume plot and Run the search

e Paste indexing results into an hkl
phase and perform a whole powder
pattern fitting for possible solution in
the whole data range

B LP-Search Approach
eAdd an hkl phase to the range and
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LP- Search example shGReR
PbS0O4

£7 TOPAS - C:\Topas4-2\Tutorial\LPSearch\lp-search-pbso4.pro - [Pbso4.raw_1]

File  “iew Fit  Launch  Tools  Window  Help

DB He s AV BT @ LT« mipSearch Approach

i = L.j g'ljnbil 1 | Phaze Details | [ Peak Type ] [ hklz [+ ] [ﬁdditional Convolutions ] [ Ript/Text ]
- zod. raw .
£3 Emissio_n Prafile Ise Yalue Code Error Iin Max EXa m p | e .
1 Background Use Phase [w . .
£ Inctrament o - C:\topas4\tutorial\LPsearch\lps
[ Corrections Delete bkls on Refinemer [v ea rch - P BSO4 . p ro
1 Mizcellaneous LP Search Vo1

ia.’thF'hases Spacegroup 16 .Add an hkl phase and SeleCt

afh) 10, 0000000 @ 0.0000000 3 15
b (&) 10.0000000 @ 0.0000000 3 15 LP search
[= 10, 0000000 0,0000000 3 15
= ~ Fx o e Guess a crystal system and
ave Phaze Cry Size .
Kt LA — Y === oo select the first space group
P i e Provide peak shape and size
strain parameters
5 [] e provide start values and
S constraints for lattice
parameters and limit the 2
— theta range to speed up the
search
e Check ,continue until
convergence" and Run the
search
[
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LP- Search example B%R
PbS0O4

£ TOPAS - C:\Topas4-2\Tutorial\LPSearch\lp-search-phso4.pro - [Pbso4.raw_1] g@
File ‘iew Fit Launch Todls ‘Windaw Help EHEEmEIMN*= = &8 =
DA Ee A AV EL oA T x vy 44w | B Asolution is often found
Zl [+ Global ; = o o o . .
B Phsotran [Phase Dot | [Peak Type ) [his s rIonl & B ¥ within seconds sometimes it
[ Emizsion Profile [Additional COWDlutiOﬂS][HDUTBHl] 530 Time 108.57 Rwp 10.737 -0.245 MC 0.07 1 |a] .
[ Background ) = 551 Time 108.62 Rwp 10.650 -0.086 MC  0.02 1 ta kes mlnutes
£ Instrument Ueoph Ii_e e - E92 Time 108.66 Bwp 10.635 -0.0lF MC  0.53 2
- B3 A n=ER 593 Ti 108,71 W l0.622 -0.01z MC  0.11 1
3 Forecirs Leca C " B Peak shape and

1 Mizcellaneous
+-_1 Structuresd hkl Phases

Refinement terminated on wusers regquest.

594 Time 108.76 Bwp 10.623  0.000 MC  0.11 1 Ei background parameters can

Delete hkls on Refinemer v

+-2gq hkl_Phase LP Search W1 <l _ | B i -
zlﬂ(;;egroup é.643?4?5? @ A N be FEmed dur'ng the
Save Phase b (&) 6.9663520 @ i -"17 a fieftsce C(El?l: it f“(“rTIWE‘d
» ; search.
grela:e;llilpﬁ:se (B = 54036476 @ E N e |;||”| |
Elete aa Scale 0 Fixx o n
Pase NPt NS et iy d o B The refinement continues
[i] mmw'nﬁnm‘ '|7 frsnn F [ll o 100 200 300 400 500 E00 after Convergence and
14,0001 hki_Phase 0.00 % needs to be stopped by the
12,0001 user, if a satisfactory
fposs solution was found
5,000+ B All results are written to a
zggg log file Ip.log containing the
S N VU best lattice parameters, cell
-2,000-_”“'4'1'}“*_"""*‘_* colume and rwp
[ S A LT YA T T

0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 16
[ «=1212003 [ y=76e10.917 | d=0.8337742 4
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Indexing Example: Papaverine hydrochloride

4> Topas3 - D:\0talks\TOPAS USER meeting\datalpapaverineHCI_index.pro - [Papaverine HCL LynxEye 1sec_3.raw]
@ Eile ¥ew Fii Launch Tools Window Help

0O & & H & < o M U L L #FPapsveine HOL LinEye 1 ~|[Peak Phase:d ~|
AL A A L SR T
A O Global ValuES]Eudas] Emors | Min | Max | LviaHB () | LvolFwHM om) | e0 | Additional Convolutions | Rpt/Text U=y p O -2
= i 1
Papaveiine HCLLiniEye Tsec 31| g ™ T1) T Pogiion [ Area [Cry Size L] Ciy Size G Strain L [ShainG | ~ 4 Time L1.4% Rwp 23.700 -0.060 HC 1 ~
B E“f‘mp’;‘”e FP v 1231324 149309 5633 2000 |01 o y 5 Time 1.75 Rwp  25.651 -0.009 MC 1 1 ; .
SCRroun | & Time 1.9 I 29.679 -0.012 MC 1 -
Fe 132919 | 45EEATE 5B3S 2000 01 0 wp I
[ Instrument —I ’IZ 135078 1705515 15538 2000 0i o 7 Time 2.18 Bwp 29.663 -0.010 MC 1 (FI e- Papave” ne
i — . . g T Z.46 I 23.668 -0.001 MC 2
Baﬁ;f;ﬁ";us e [ 14F8275 23537 5838 2000 01 o1 o comporgeme. HCI LynXEye
=L Pesks Phase _FP v 1490573 4662021 |5839 2000 01 01 9 Time Z2.85 Pup 29.668 -0.000 MC & 1 —
id 162298 5126707 (5038 2000 01 01 Pefinenent converged 3 )
Pesks FP _
O |nd£ng | [ 165333 111204 5638 2000 01 0 = SeC_ raw
id W 1732743 2034472 5035 2000 04 04 . ‘ . >
< | 3| T[FF W 176831 6134203 5835 2000 01 01 < >
N, Fe [ 1783757 734191 5638 2000 01 0 ' T
e nase ) B W 1943013 (4092604 (B35 2000 01 01
Save Peaks as DIF file —
P [ 1953374 1457854 5838 2000 01 0
Change to d_ls phase | E E
Cresto Indoring Fanae e [ 1993787 | 272443 5833 2000 01 01 | Peak Flt Wlth
Create Pawlen Rangs —Fe [ (203657 1104616 5038 2000 01 01
Delete Pesks Phase | [ 2043197 3439 5638 2000 01 0 F d t I
Faste INP to Mode/S elections | [ (2046416 5416234 5035 2000 04 04 L AR U SN SO R unaamenta
i ¥ 206304 4578424 5835 2000 01 01 ~ e R
- ‘ .0 o T+ .. Parameters
45,0001 b 752601 5 314623 1121233 1291304 14 65225 16.p2933 1943013
1312819 14.90573 16,5333 19.59574
40,000 13.54738 17 32743 19 SBFET
17 6831 40136576 .
35,000 1789757 aze7 | W Creatin g an
20 46416 .
30,000/ 20 659 Indexing range
25,000] and paste the 20

2 20000 hlgheSt d-
é 15,000 spacing
10,000
5,000
0 k ) e M LA
-5,000/ : ) e
-10,000L : : : : ‘ ‘ ‘ : : : : : : : :
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

2Th Degrees

x = 8.635987 v = 44615.79
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Papaverine hydrochloride (>

MO 4y [ A X 2T
#'% [ Global Indexing Data lSl:uluti-:nns] Rpt/Text |
] PEII:'EI'?.-'ETIHE HCL LpmxEye Teec_3raw: Use |4 [Weightng | Good n Creating an “IndeXing Rangeu
ol J e 1R0EE 274313 Y (The menu item is in the
L | Pl |1002363 354567 | T context menu if you highlight
| @ TE3E1T 34B8583 the Peak Phase)
W | 7ETEIEZ 2924772 [
| ¥ 68439 1degi0z | [ m “Set data as d” and “Paste
W (BE343001 FI41F0E [ - ”
: W BERIME 40771908 [ d/ls from Cllpboard
Add data | ¥ B533232 5E31074 [ ] Apply Welghtlng “Good” to a
Set data as d | W BEZ17EI 1380733 [ low anale peak
Set data a3 2Th W 5993334 132242 [ g P
Fazte dz from Clipboard T W 5938417 4630816 [
Faste 2Thz fram Clipboard T | W 54E70Z2  R144276 [
Paste d/ls from Clipboard T | W 5357392 1113554 | [
Paste 2Th/ s from Clipboard T | W 5113646 2094192 | [
Paste INP to Node/Selections T W 5011508 E2IZEIT T
£
39 06/05/2014 Bruker AXS



Papaverine hydrochloride

+-[1 Global
+-[ ] Papaverine HC|_ Lyn=Eye 1zec_2r

Indeing

< ¥

Clone Indexing Range
Delete Indexing Range

Indexing l Data ] Snlutinns] Fipta"Te:-:tl

| Use| Walue |
W avelength 4] 1.540596
| Zero enor [w
| Max zero emar in 2Th 0.1
| Max 2Th emor for LINI 0.05
¥ Max ratio No/MNo 4]
| Max number salutions 3000
| Try space groups
| Set #0 fram Th2 o

Brawvaiz lathices to include l

Pazte IMP to ModesSelections CUbiE | UTE | OrthorhombicF ?_
| Cubic ™ Orthorhombic-| v
#| Cubic-P T Orthorhombic C ]
T Trigonal-Hexagonal-R [v  Orthorhombic-P ~
Trigonal-Hexagonal-P v | konoclinic-C ~
Tetragonal-l [v | Maonoclinic-P [w
Tetragonal-FP [w | Triclinic [
40 06/05/2014

Creating and setting up the
indexing range

Enter indexing parameters
and constraints

Constrain to list of common
space groups if known

Check the bravais lattices
that will be included in the
search
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Papaverine hydrochloride

Select previous

Select next

Sort by Gof-decreasing

Sort by UNI/Gof-decreasing
Sort by Yolume

Save to MDX file

Paste INP to NodedS elections

1,000 1,500 2,000 2,500 3,000 3,500

+-[ Global Inde:-:ing] Data  Solutions |F|pt.n’Text]
=0 Papgvgme HF'Cl_fI__l_I,JnHE_I,Ie'Isec_S.r Use [5Sg [UNI [Val [Gof [Zerm a b [e | al | be | ga [
D B“"'Sks'm 'dU'B GHNIEE A0 1966052 6200 0003 91373 120771 156275 900550 899460 977890
%Ia'f 9“’“[’ v P 0 186613 6195 00000 91356 130804 156279 899740 900470  87.8020
0 g;::;z:s - P 0 1866248 6011 00032 91379 130775 156287 899480 90.0520  87.7910
D) Miscelaneous - P 0 1864254 G735 00000 91353 130765 156164 899750 899080 921430
S L Pesks Phase P 0 1866235 G736 00000 97351 130813 156268  G00280  90.0380 921840
[y Pesks FP ~ P1 0 1865595 G721 00000 91384 130766 156268 900340 899540  87.8010
Indesing | P 0 1865855 G719 00004 91352 130772 156283 900220 899530 878130
P 0 1864743 5697 00000 9135 130761 156165 899680  90.0800  &7.E130
- P 0 1865882 G694 00000 91352 130795 156259 899790 899510 921470
P 0 1865319 5672 00000 91335 130808 156244 89970 90.0720  &7.3080
<
Gof ws Yolume | Details for selected
Lk TR B TR T Gt Vllime
2 3 : : : : : : : : : : :

__________________________________

________________________________

4,000

4 500 5,000 5 500 6,000 6,500 7,000

®m The correct cell volume is relatively easy to find, but which unit cell?

- Click on the various solutions with volume 1866 A3and search the overlay
with the actual scan for any missed peaks or overlapping peaks (dashed red

lines in display)
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Papaverine hydrochloride aRGRER

%[ Global Indesing | Data ~ Solutions |Hpts’Text]
T Papaverin Use [Sag [UNI %ol [Gof [Zero [a b [e [al [ be |ga [
O Emissi P 0 1866044 3567 OO0 971386 130745 156322 900310 899760 921620
% lanitcﬁ | T P2c A0 1BEETE 3500 00000 130710 166348 91352 900000 921830 90.0000
D) Corec| | - |c2 0 7464533 3487 00000 182800 | 31.2487 130763 900000 9216E0  90.0000
D) Misce [~ P2/ 0 18EEZZ2 3412 00000 130714 156349 91382 900000 678370 90.0000
S L Peske O~ F2i/c 0 1866053 3404 00000 130704 166352 91379 900000 921750  90.0000
mr | c2 0 7467952 3376 00013 182740 (31.2896 130785 900000 921720  90.0000
o[ Stuet|_| | P2l/e 10 1866153 3370 00000 130706 166331 91353 900000 921760  90.0000
18 hk|_PI ~ P2l/c 1 186GSZ4 3368 00000 130793 156344 91363 900000 678420  90.0000
Indexing 3 !
< | ¥ Gof v Volume | Details for selected

Select previous Gof vs Volume

Select next v 504
Sort by Gof-decres i i
Sort by UNI/Gof-di| Lk 07 o :
Sort by Yolume Wi 304 --benmmeees L [ s EEEEN
Save to MO file K 20_____E_ __________________
Paste INF ta Nade 8
LI T Ty .
< | > 1,500 2,000 2,500 3,000 3,500 4,0'00 4,5'00 5,0'00 5,5'00 £,000 ?,0'00 S,DIDD s,slot
16,0001 TR0E952 10102384 7885131 7,260 B 28477 5447105 I R fies | I
[ozo | 165774 41838592 835745 | L =iEa 7 |
14,000/ | | |1 61530876 B 113678 493456 |
120001 | | 200 E0E7 | 712
J | | P EEP043 | 4%;148
] 130 8639
10,000 | | | 1122 $o0c:
8,000/ | | | Hp [
6.000 | | | | !
B | | | | I
= 4,000 | | | | |
3 L
S 2000 J L L \ \J b |
0 Mo |
-2,000 I
-4,000 h Jan " f e ki, - fu o
-6,000/ I
-8,000 |
|

-10,0001 : : : : . ; . . . . ' ' ; ' y ker AXS




Papaverine hydrocloride “%"

7,500y 1119668

7.000] 11.22661

6,500 m Peak Fit with

6.000] \ Fundamental

5,500/ Parameters

5.000 m Constraining the
4,500] crystallite size
4,000] allows identification
3,500, of overlapping
3,000 peaks

2,500

2,000/

1,500

1,000

500

0 -
-500 /\/\”\
10.5 10.6 10.7 10.8 10.9 11 11.1 11.2 11.3 11.4 11.5 11.6 11.7 11.8 11.9 12
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Mineral Triphylite (LiFePO4)

Topas3 - [Indexing ...

@Eile Yiew Fit Launch Tools wWindow Help -8 x
0O = @ EH & © & w0 Uy L0 L [Aviphiite 1dg div 4dg soller v ][Peak Phase:0 ~|
AL IR .
Gl Indesing | Data Solutions | Rpt/Test A8y m W2
g i |
riphyiite 1dg div 4c | =T Te TONI [Vl [Gof__ [Ze0 Ja D Te [al [be [ T ~ |/[tine 3650 cat 5.0z ol 178 Best 24
By Emission Profil RlLE] 3 290E0E 3472 003 103217 GO0 46830 500000 G9.9580  S0.0000 — ||[rime 365.3 Bof 8.0L Vel 114 Best 2
E Fafkg’w?d | P2 3 ZAOBOE 333 O0%E 1037 ROOSR  4RGRD SOOOOD  GASEED  S0.0000 Time 265.6 Gat 5.02 yor 15l Bt Z
nstrumen| ime - o - Q. est
B Conecions W Pz 5 290810 2868 00222 103263 60061 46889 900000 90.0000  90.0000 Tine 2ee 2 oot % vl 21 i
D) Miscelonsous || | PA121Z1 3 29034 2363 0179 103271 G007 46303 S00000 00000 800000 Time 3655 Gof 5. 88 Vol 373 Bes 2
1 Pesks Phase [~ PZIZ1Z1 3 290833 | 27.97 00715 103285 600G2 46891 S00000  90.0000  90.0000 Tiue 366.6 Gof 3.73 Vol 363 Best 2z
Indesing P22 3 29054 2270 00179 103271 BO0GT 46903 900000 90.0000  90.0000 )
T Pi2iz 3 290833 2705 00215 10.3285 | GO0B2 46831 00000 800000 80.0000 Trying to determine space groups for 10 best
| P21 3 23034 245 001739 103271 G007 4303 S000O0 800000 S0.0000 Indexing finished
C P2 3 29083 2% 00215 103285 60062 46891 900000 90.0000  90.0000 -
P22 3 23034 238 D073 103271 GO0GT 46903 900000 90.0000  S0.0000 3 ~
= gm— oonnon e o = |« | >

Gof vs Yolume | Dietails for selected |

25 1 ;
amm 3 :

Select previous ~

Select nest E|
Sort by Gol-decreasing 0] e M Baeye L AR e :
Sort by UNI/Gof-decrea
Sort by Volume

< | = F0 g
9,000] 700 701 PEK g0t 724 S e

[£3
o

8,000] 01

7,000
420

221

|

|

|

002 I

6,000] |
|

|

5,000

4,000

[T

3,000 } : }

2,000 } I }
|

1,000

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
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Mineral Triphylite (LiFePO4) (<D
Second Indexing run without impurity peaks

A% ) Global Indexing Data ] Solutions | Ript/Test | '”'je”'”5'| Data | Solutions | Rpt/Test |
=L triphwilte 1dg div 4c Use [d | Wieighting | Good)| | Use| Yalue |
O Emissic'” F";”'E F| v 568 5408974 v F | wavelength (] 1540555
% lna;ui’:ﬁ:‘ | v 4274385 1280381 [ | Zem emor v
[ Carections _ | 3918851 4w T | Max zer0 emor in 2Th 01
[ Miscellaneous | — v ;ig?g; EE{I ;;5 [ : Max 2Th error for LIMI 0.05
A Peaks Phase | _ g SIDEDES? o 45'1 = IE M ax ratio Mc/Mo b
[ndexing _ : : ] '
B = 3052402 B3Z70ES [ ] r_l-_da:-c nurmber zalutionz 3000
W 30055039 16ES.39I [ | L
2943431 84Eae2l [ | 5et«0 from d |0
T | W 277E3BE E174852 | [ £
| v 253707 s37ETE [
Fs 3|7 | ¥ 2520566 1953768 [ Bravais lattices to include l
e | W 2457586 6300589 [ [Use [Use |
al3a —
Set data as d L | W1 |2572058 | 4163256 [T Cubic-F [~ OthohombicF v
Set data as 2Th _ I'f ggggggg 1223 ?”815; :: | Cubic ™ Ontherhombicd v
Paste ds from Clipboard | 4 e : Cubic-P [~ Orthorhombic-C [
Paste 2Ths fiom Clipboard || v 2271837 2788314 1 Trigonal-Hexagonal-F [~ Orthorharnbic-P [
! v | 2262824 | 3323614 | [ _ o
Fazte d/ls from Clipboard T LH P M liice-C -
Fazte 2Thds from Clipboarc b 2137225 38RY0EE [ __| 'gonaktiesagana onac !n!c
Paste INP to Mode/Selectic| | ¥ 2033147 1182511 [ E Tetragonal [ MF'”_D'_:IIHIC'P B
T W 2mze NEEEEE ] T etragonal-P [ | Trichnic [
| [w 1958343 3900854 [
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Mineral Triphylite (LiFePO4) (<D
Second Indexing run without impurity peaks

talks\TOPAS USER meetingidata\TriphyllteXTriphylite.pro - [Indexing

@Eile Wiew Fit Launch Tools Window Help

0O = al H & < ¢ w10 U [P vichyiie 1dg div 4dg soller +|[Peak Phase0 |
AL A % [ LK
A0 Global Indesing | Data  Solutions | Fipt/Text | ™ -
* ot
tf'D”'g"'tBWdQS‘V:C Usz |50 TUNI [val [Gof  |Zem = b B [al Tbe [ga T ~ | |rine 53.5 Got 52.44 Vol 8% Best 93.2Z e
[ Emission Profile 775 g 1 0 290833 14591 00215 103285  46R91 60062  90.0000 90.0000  90.0000 = | |time S4.0 Gof 52.45 Vel 582 Best 33.ZZ 9
o Fafkg'D“?d [ OPH# 0 #0sa 11167 00215 103265 4GRT GODBZ  A0O0OD  SNOOOD  S0O000 Time $4.1 Gof 48.35 Vel s8z Best 33.2Z £
B e [ PrIZi2 0 200833 10487 00215 103265 46831 GO0E2 900000 900000 400000 e T SersEer vl peee o "
[ Miscelansous [~ P21 0 290833 9370 00215 103285 46831 BOOR2 900000 900000 500000
1L Peaks Phase [~ Pz 0 230833 9322 00215 103285 468%  ROOBZ 900000 S00000  80.0000 Trying to determime space groups for 10 hese
i | T Cme21 0 113826 342 00163 120133 93803 103277 900000 S00000  30.0000 Generating C:iTopas3isqi70.sg
[~ Cme2i 0 1163853 B909 00173 120137 93808 103273 900000 800000 800000 Generating C:3Topas3tsgids. sy
T | T Eme2t 0 11640011 #8373 00163 120143 33810 103279 900000 900000  90.0000 Indexing findshed
[~ Pha2 A0 BEIEE1T  B8EE D026 103285 93PS GO0EZ  S0.0000  90.0000  90.0000 = o
PR e e e i a
= = S5 |
< | # || GofvsYolume | Details for selected
= = R TS R
Select previous O b ettt bkt el il 0 Py e Tt b b bbb bbbt bils bbbty (]| O R N
Select next (VIRELE
Sort by Gof-decieasing B O O O A O B L SEEEE
Sart by UMI/Gof-decreasing u& [ - S S B SR
Sart by Valume Ljﬁ 80
Save ba NI il PO R TS U U NS AUUUUUS AUV - N A SUUUUUU: SUNUUUUNS SNRUUS SUUUUUUIN U (R UUN B ([0 1-F-E S
Paste INP to Mode/S electic
T < B T Lrr FETTTEREE P R AERREEE I R -l bbb
T L L e NI 1.5 - === ==-==-===nn
&3 | &
9,000
8,000
7,000
6,000 1120
D12
5,000 4110
4,000
3,000
2,000
1,000 \ i
—
0_
W | " i 1 N | - | ,
i = e w e :
-1,000] q

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

¥ =49,35217 ¥ =-747.1456
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Mineral Triphylite (LiFePO4)
Whole powder pattern fitting

m Several orthorhombic solutions fit equally
well

~>longer measurement range and better
guality data necessary to determine space

BMR
e

Phase Detail: l Peak Type | hkls Is | Additional Conve

| Uze Value |Code |

Use Phaze ~
Le Bail [
Delete hklz an Refineme v

| LP Search [
g rou p #| Spacegroup
a (4]
— triphyilite 1dg div 4dg soller lynxeye_0.1sec_window 0.18 0.1.raw:1
120| b (]
110 ; [ﬁl]
Cale
100/ . B
Cry Size
0 Ciy Size Linm] ~
80 Cry Size G[nm) [
70 LT ] =T e —
£
601 -
50
40/
30 \ J
20
10
O )\,“ ol )JH‘ .%A.rmumnh iy Wmvf‘fkﬂ“\..m b et el ol A e - ([T d Awsihapoasiehb b
e Py o ,(4 e w T ¥ W W rif P-4 P g oy Wi L u LAl Lt e | ritmpett T LA | LAt L) f e J (i !
- | - | | | 'H Iv H'\ | 11 \H' 11 \% 11 L1l J\H E\ Uil 1 \H' I H\VI\\ 10 Il |
10 15 20 25 30 35 40 45 50 60 65 70
2Th Degrees
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Priaz1

1033240200 (=

4 BA3ER7E | (=
E.O07R249 | (=

1] Fix
121.2 Refine
200.0 Refine
nnnn
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Tips and Tricks for Indexing: (O

. . 4> Parameters F2 - [ S|
®m Indexing will probably never be fool D Global reing | Data St | /Tex |
f Dl Indexing Use 5o [Gtz [ONI [val [Gof  [Zz0 |a I [c -
prOO TEGE 3 0 4181730628656 LO0BS 813010 813010  73.0%22
P2 2 0 9705297 €393 LCO0B3 528757 406555 338230
i i i P2 2 0 B97(9633 6333 LO0B2 528773 406574 33822
m Use 20to 25 ||neS for IndeXIng | [ 3 0 B9C7133 BBO2  LO0B2 540807  40.6SEF 338219
| | d f =5, 3 0 B9C7.E75 6780 LO0B2 338223 40658 540607
1 z 0 ZTEEZ0.90E GE.44 L0081  G7.6E30  &1.2742 52 5200
m Use GOF VerS_US volume p ot to iaenti y 1V 2 0  278E2256ZE5E3  LO0B G7EE53  B1.2734 528830
pseudo SOlut|0nS RS 2 0 2787911566510 CO083 E7E637 912700 528656
Y 2 2 2y E4.148 Vv [.0085 oV 411652 v B4
. . : . 2 3 3V [os £.008 40,6561 3
m Avoid testing all Bravais lattices at the - \ : ;2;3 ruul?? e %J
same time I '

1;5\/ \EUf ¥E VUM‘“} | Dl*s:ails ar selectsﬂf /' ‘\

. Use intenSity WEighing, if impurities M ————————— 1[-——-- ---% ------- 6@f-v5-¥g{um§:}----------------......E ...... -
may be present Mt g g

S GGE R 7 5 e R T ey

= You may not be able to find aunique =TT S N 1 S ——

space group in powder diffraction, senty ey YT AN E——— g

Mmany space groups have identical hkls. ) ) fg S, S0 AT i R
Paste INP to Node/Selecticns i o, - .

Ay oA
1.000.000 1.500.000

00,000
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BRGRER

(<O
®m Trial and error pattern fitting with various space groups can help finding the
correct space group
®m Entering common space groups will make it more likely that the correct space
group will be found
Common Space groups for pharmaceutical samples
Space Group Frequency
P2 /c 22%
I PP 10
P2, 10
C2/e 5
P-1 3
P2,2,2 3
Pbhca 3
Pnma 3
total - 59% Bruker AXS




B%R
Practical TOPAS demonstrations

As time allows:

B LP-Search Examples
Lp-Zoplicone dihydrate.pro

B LSI-Index Examples
.pro

m\Whole powder patter fitting Example
AIVO3.pro
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