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Outline: (>

TOPAS Introduction
TOPAS Interface
Profile fitting
e Fitting with analytical functions
e Convolution based approaches and Fundamental Parameters
e Empirical determination of instrument funtions
e Whole Powder Pattern Decompostion
e Obtaining information about micro structure
¢ Anisotropic Refinement models
e Determining Degree of crystallinity with Peaks phases
e Determining Degree of crystallinity with hkl phases
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B Quantitative Analysis with Rietveld

e Introduction

e Corrections

e Examples:
Round robin example with preferred orientation
Cement sample
Mixture of minerals, ...

*PONKCS

3 06/05/2014 Bruker AXS



TOPAS a%n
TOtal Pattern Analysis Solutions

B Generalized software for profile and structure analysis

Seamless integration of all currently employed profile fit techniques and
related applications

B Single Line Fitting

B Indexing
(LSI, LP-Search)

B Whole Powder Pattern Decomposition Eg
(Pawley, Le Bail) ﬁ;

B Ab initio structure determination o g
(Simulated annealing, charge flipping, Fourier analysis) 3 5

B Structure refinement o
(Rietveld) =

B Quantitative phase analysis <
(Rietveld, PONKCS)
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TOPAS Interface:
GUI and Launch mode

m TOPAS has a graphical user-interface (GUI) and a text based

(Launch)mode

e GUI supports most Profile fitting and Rietveld applications
e Beginners should use this mode of operation.

B LAUNCH MODE
e More features for advanced users
e For structure solution
e For automation or batch operation
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B TOPAS - [Essential Help]

File  “iew Fit

O /g U

#l @ 3 Global

Create Indexing Rar

Laad Ermizzion Prafil
I nzd CTRI] far Call

Launch =~ Tools  ‘Window  Help

Launch Kernel

Set INP file

Editor: C\textpad\ TXTPAD32.EXE

Edit C:\Topasd-2\Tuterial\AnisolS\Serpmizd.inp

Edit C:\Teopasd-2\Tuterial\AnisoL5\Serpmixl.out

Recpen INP for Launch

Load Log file
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TOPAS GUI:
User Interface

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

an

Parameter window

with instrument and
structure information
Fit window

<«— Wt.% for each phase

Measured curve
Calculated curve
Difference curve

Fle Miew Ft Launch Tools Window Help EHEHSDEHD = - 7 x
- - o P
O e ARV L oD B xy A W
W CPD-Zraw =1 = o
- Emigsion Profile M [w} » 4] ﬁ E\j .{
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‘I I >I Cry size L {nm) v zs0.0 C5_corung ="L JL' 125 Interface Mode
Save Stucture in STR format = Cry size G (rm) [ 2000 Refine _‘Es Nl 12
Wiew/Hide Structure L¥ol-I6 (nm}} [ o.000
Create hkl_|z phase LWol-FieHM {nm) [~ 0.000 115 .
Delete Structure b Skrain hd \
| Paste INP to Mode/Selectians ﬂ 1 'l 0 1 2 3 4 3 8 v
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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 Order 1 1)
=l LabE‘E—Cﬂ -faWP ’ 1% Bg [ 1000 Refine 0
9 mizsan Frore - -
Instrument settings have L. m bacpeund ;?;;?f::;ﬁ? (mc;) oy
. == .
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 pea k p hase (for profl |e T 2 YD5 irradiated length (mr | 12 Fist 0
fitting), an hkl-phase (for Add Peaks Phase ety |
. g Add hkl Phase -
lattice parameter refinements) Load STRE] Cres7lED I~
=P || Load CIF[s) Tube Tails [
0 r Ioad a St ru Ctu re (fo r Load INP, PAR Axial Convolutions
qua ntitatve Rietveld Laad d_ls - DIF, UXD Full Axial Maodel v
. Save if displayed vobs Yoals, Diff Source length {mm} 12 Fix i}
reﬂ nementS) 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 o Pomed
erbiose mode For Kernel oukput

Ste p) Continue After Convergence
Randomize as a function of Errors
Mo Mormal Equations
Use Line Minimization
Use Extrapolation
Interface and Launch Mode

Refinement until convergenc

S A A A

Graphics Response Time (secs) n.oz

Residual of the Refinement at 4 == M= Ry X

every refinement step =
12 Time 1.84 Paup
\ 14 Time 1.86 Do

6. 882 -0.004 MC o.ol 1
&. 880 -0.002 MC o.o0 1L Ok

ime 1.8% Pwp G6.877 -0.003 MC o.0o 1

le  Tim 1.31 Dwp G.876 -0.001 MC 0.0z 1

1?7 Time > Dp G.876 -0.001 MC o.ol 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 shgier
How do you describe a Peak?

A peak may be described by the following peak parameters:

B background (Due to air scatter, fluorescence, overlapping peak
tails, diffuse scatter)

B Position (integral intensity depends more on weight fraction, atomic
position or other relevant physical parameters than intensity
maximum)

Intensity

Line width (FWHM)

Shape (How fast does the intensity drop off?)
Asymmetry (FWHM, Left and Right)
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Profile Fitting Methods shgier
Analytical approach

B Analytical Profile Fitting

e Characterized by peak shape functions (PSFs) with an explicit
and relatively simple mathematical form which can be

differentiated analytically with respect to each of the refined
parameters

e Most common are the Gaussian, Lorentzian, sums of Gaussians

or Lorentzians Voigt, pseudo Voigt (PV) and PearsonVII
functions (PVII)

e Convenient to use

e Large number of parameters required to fit profiles well over
the whole 26 range pattern frequently leading to

o Correlation problems
o Loss of uniqueness
o Instability of the refinement procedure
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Analytical approach
Example: CeO2

5 TOPAS - [CEO2.raw] p=uliel | e
Fle “iew Fit Launch Took  ‘Window Help EHEHESEID *= = 7 x
o ThE g
O D de <~ AV E
L o 0T x y MM
a L.SI E'EDSS' [ Scherrer | [ LvoHB (nm) | [ Lol FuHM fnml | [0 | [ FptéTest |
A
..F3 Emission Profile |use Position |area |FwHM Left |[FwHM RightMLeft  [MRight |
iF3 Background uv 28.56462 | 11744.23 0.09738993 0.02649607 1724798  0.2457832
1_] Inztrument
1_] Corrections
1_] Mizcellaneous
El_)1_ Peaks Phaze
‘-3 Peaks SPVII
70,0007
28.56462
60,0004 Peak Details F3 \&
50,0001 Value
40,0004 Fu/HM Left |2
Pu/HM -Righ
Ty size L |
30,0001 Ciy sis G (1 N
Sirain L il
20,000_ Shrain 5
. . Solec
10,000+ R
0
AL
274 276 278 28 282 284 286 288 29 292 294 296 208 30
[ x=27.71144 | y=-8485.768 | d=3.216572 A

File: C:\Topas 4.2\tutorial\CeO2\CeO2.raw
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Import the raw file and
zoom on the main low
angle peak

Open Peak Details
window (F3)

Choose SPVII (Split
Pearson VII) peak type
and drop a peak on the
main peak with the
mouse. This adds a Peaks
Phase

Start refinement (F6)

Get peak parameters
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Profile Fitting Methods shgier
Convolution based methods

B Direct Convolution Approach

eDiscrimination of instrument and sample contributions:
Y(2q) = (WxG) xS, wherel = (W x G)
W: Emission profile G: Instrument contribution S: Sample contribution

TOPAS offers 3 direct convolution approaches:

1. Empirical parametrization of line profile shapes by convolution of
appropriate functions

e Profile parameters have NO physical meaning

2. Explicit discrimination of instrument and sample contributions:
Measured Instrument Function
e Sample related profile parameters have physical meaning: Size/strain/...

3. Explicit discrimination of instrument and sample contributions:
Calculated Instrument Function

o All profile parameters have a physical meaning
- Fundamental Parameters Approach (Peak Type FP)
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Convolution approach B OSER
Empirical parametrization

B Convolute any appropriate functions to achieve a best fit
e Minimize the number of functions / function parameters to
e minimize parameter correlation

B An excellent approach for all profile fit applications using any instrument, if micro-structure
information is NOT of interest (Refined profile parameters have NO physical meaning)

B Knowledge of the most common contributions to line profile shapes and their dependence
on angle helps:

Detector (slit) Hat Constant

Crystallite size Lorentzian 1fcosiTh)

Strain (Gaussian Tan(Th)

Axial divergence |Circles -1 Tan(Th)
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Convolution approach el e
Empirical parametrization Examples =

CeO, (D8 ADVANCE) [l

1 CeO, (NSLS X3B1) |
|| |I ﬁ
‘4 1|
| 1l

Y .

[ Y ¢ |
P I
T Z !

Virtually any peak shape and angle dependence
can normally be described using a minimum | 1300
number of (refineable) profile parameters

2800 2820 2

CeO, (ILL D1A) %T CeOy (ISISHRPD) [y
i
)y Il [
I‘%' |J, | II
s 4 A
| g st
s 7 T | [
| | |
I 1 j 1 |I \
; : ¢ 9 b
L
3350 3550 3750 3950 4150 4350 180 190 191 192 193
26 [°26] d[A]

Size-Strain Round Robin, Balzar (2004); "sharp data".
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Convolution approach B OSER
Exercise: Empirical parametrization o

i) TOPAS - [Labf_alraw] . —— - - -

File: C:\Topas 4.2\tutorial\misc\Lab6_al.raw

. . . Fil Kl Fit L. h Tool wind Hel
Emission profile: CuKa2.lam e —

O AR e A0V o
2 @=-J Global [Values ] [D:udes ] [ Erors ]

=M Labf_al.
2 Enisson [ LolPwHM () | &0 | [ Addiional Convolutions | | Fipt/Text

B Use Peak type FP for any convolution 3 Emision Proie

i1 Backaground

based approach 3 funent e o o A e
m For the empirical approach make sure o e 5 e 005 m
that no instrument parameters are T Peake FE Gaussian
used (uncheck all) (e ook ks ; S
B Add Peaks Phase, uncheck crysize and | o e One.on X_conv
select “Additional Convolutions” e Pty -
B “Add a Convolution” ol
Add Hat 1/Cos(Th] dependence
B Select a predefined Convolution A renaion CoulT depercerce |
function, define a 2Th dependency and | #uhaTadependence
set Value to refine -
B Add several convolutions until you
achieve a good fit
B Trial and Error approach
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Convolution approach el
Measured instrument function approach

Step 1: Determine an instrument function

= Obtain data from a suitable standard:

Reflection: LaB6 (SRM 660a)

Transmission: Si (SRM 640a)
e Convolute any appropriate functions to achieve a best fit
(Empirical parameterization!)

e The number of functions / function parameters is irrelevant, the more the

better!
e Fix all refineable profile parameters and save an instrument file

Step 2: Refine the actual data using the instrument function

e Load the instrument file
e Refine on micro-structure parameters as required
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Convolution approach
Measured instrument function

an

File: C:\Topas 4.2\examples\GADDS LaB6 long scan.raw
Emission profile: CuKa2.lam
Determine instrument function

Determination of Gadds instrument parameters using "LaB6 long scan.raw"

22,000+
20,000+
18,000+
16,000+
14,000+
12,000
10,000+

8,000+

6,000+

4,000

hkl_SG 221 a=4.15 0.00 %

=2,000 frmsmprtssmitetrrmif e / e S

2,000+ J
0. Ao S L.... .J[ I k ok \ N ]\\ b Jh
w A J h' {\ l' "' J VM

-4,000+

20 30 40 50 60 70 80

17 06/05/2014

90 100 110

Bruker AXS




an
e

Convolution approach
Measured instrument function

| Divergent beam | [.-i‘-.u:lditicunal Convolutions ] [ FptdT ext ]

[F'hase Detailz ] [F'eak Type ] [hkls l= ] |.-'1‘-.|:||:Iiti-:|na| Convolutions | [Hpt.-"Te:-:t ]

|L.Ise |'u'a|ue |Cude |E c T '
- ony. Type |2Th Dependeno4Use|'u'alue |Cude |Ermr |I'~"I|r| |r
__jjGoniometer rads i |Lorentzian  1/Cos(Th) W 0.01972032Refine 0
Primary rad'us_{mm} 250 > |Cirdles -1/Tan(Th) W 0.01379071Refine 0
R Secondary radius {mm) 250
P Equatorial Convolutions
~_|Point detector v
| Receiving Slit Width {mm) [ 7.103858e-(Refine 0
E FDSShape:“anﬂle;ﬁl — llf 1.195284 |Refine 0 o Any “slit width” or “function” under the
Beam spill, sample len mm 50 Fix 0 . ong
¥ siraduiediengt o) | |10 S Divergent beam tab or any additional
| VDS Scale Intensity B convolution can be refined to get the best
Capillary [ . . .
—— = possible fit for the instrument peak shape.
e i e« No limit to number of functions or paramters,
r he more th r the fit.
R R the oe.t.ebettetet
T o After refining LaBg these parameters they are
=1 a o SCak.Taw o S
-2 Emission Proie set to “fixed” and used as an empirical
| e instrument function for refinement of unknown
-{_] Comrections
-1 Miscellaneous Sd mples'
-4 Stucturesd hkl Phases
42 hkl SG 221 a=4.15 Use an "unknown” sample with identical instrument settings

File: C:\Topas 4.2\examples\GADDS Anatase 5pc Rutile.raw

Load Instrurnent Details
Save Inztrument D etailz
Pazte INP to Mode/S elections
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Convolution approach
Calculated Instrument Function (10
Fundamental Parameters

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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Convolution approach o
Calculated Instrument Function sy
Fundamental Parameters

Implemented only for Bragg-Brentano Geometry
Notation for slit settings:

Instrument parameter notation in TOPAS in Divergent beam tab:

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
Target
Primary
Soller Slit

Divergence .
Slit Recelvmg
Secondary Slit

Parafocussing Geometry: e
oller Sli

Error because fo flat
specimen

Errors because of axial
and equatorial
divergence

Anti-Scatter
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Single Line Fitting e
Choose an Emission Profile

File  “iew Fit  Launch Toolz  ‘Window  Help

- - o
0 ﬁ @ é—% Q = Ji M a_ol v A:‘“c' B Predefined emission profiles for most

e J Qoo common sealed tube systems and
AL o G0k AT x Y M W radiations are predefined in the
A "‘—J Global |"-.-"a|ues | [E-:u:les ] [Erru:urs ] [Min ] [Ma:-: ] [Elpticuns ] [Fipta’Te:-ct ] dlreCtory C:\top§53\lam\
Sm Labb alraw —8 The default profile Cuka2.lam has 2
-~ Emission Profile frea A e L 0 2l lines, Cukal and Cuka?2.
[ Background 1 0653517 1.540596 0.501844 0 . . e
If a residual of the kp line is visible
s Instument b 0346183 1.544493 0626579 0O A =
3 Consctions for measurements with Ni filter and

very intense peaks, an emission line
with 1.39222A can be added and its

[Mas | [ Options | intensity be refined.

----- 1 Mizcellaneous

Walues

< | | —r B For data with very sharp peaks the
Load Emizzion Profile : SEITLE Brofile Cuka5.lam will give Sllghtly
S ave Emizsion Profile ¥min an ¥max 0.001 etter refinements.

Add Emission Line i Th depandonss M B Check the ,For LAM cursor" box to
Paste INF to Node/Selections L el ]| <= visualize the emission profile with
Larn for Bragg angle [0 the cursor

Caloulate Larn [

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

File: C:\Topas 4.2\tutorial\misc\Lab6_1.raw
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Modeling the background in TOPAS (>

&l ToPAS - [Lab6_al.raw]

File  Wiew Fit  Launch Toolz  ‘Window

D e e /& 02

L oo o4 B ox oy

Help

LJ Corrections 1% By

----- {3 Mizcelansous

1

A "L" (alobal | Background | [Fipta’Te:-:t ]
=M LabB_al.rawm
LJ Emizsion Profile
LJ B ackground Chebychey
LJ [mztrumet Order

Refine

| Chebychew Coeffizients |

I I
Pazte INP to Hode/Selections 2 E
]

22

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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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 the value of a whole column to the

[ Max | [ Scheer | [ Lvol8 (nm) | [ LvolPwHM (nm) | [e0 | [BptTen same, click on the upper right corner of the grid
e

Ml ¥ 6773133 sti6396 005 0,05 1 1 Type identical start value 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
VDS Scale Inkensity |_ can be I‘eflned |nd|V|dua”y
Capillarsy
Linear PSD I_ Difference between instrumental width and
Tube Tails [ measured width is caused by microstructure such
Axial Convolutions as size broadening or strain
Full &xial Model [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 [ Background L |V 67.7318  595.1021 237.0 2000 01 0.1
- ]__j Inztrument b [v 6813618 833,056 285.8 200.0 0.1 0.1
BaCkground Order 3 L.-I Ellc'”e'ilFltl':'ns s [ 6530136 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 4.2\tutorial\misc\quartz.raw
Emission profile: CuKa2_analyt.lam
Background order 3
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Profile Fitting in TOPAS a%n
Peaks Phases, Calculating Areas for crystallinity
determination

ETDPAS - [m2a.raw] M=l E3 @TDPAS - [mZa.raw] M=] 3
File View Fit Launch Took ‘wWindow Help HEEHED= = 8 x File ‘iew Fit Launch Tooks ‘Window Help FESEDN = - 8 %
- - o - - o
DS DELdes A LAV DDt e /A NV ID
T o 4 E x v s NN L oo M4 T x v hdh W
2l @3 Global - T 2 @3 Corrections-Com;I
W m2araw LvakB [nm) 3 Misselaneous [Miscellareous | | Degiee of crystaliiity | [ Rpt/Test |
.03 Emission Profle | [ L¥olPwHM () | [ &0 | [ Additional Convolutions | [Fipt/Text | . [ Display
3 Backaround " _ _ ) o - AllPesks Calculate Deqgree of crystallinit
H g Type Use Position Area Cry size L {n Cry size & {rStrain L : )
3 Instrument L dpy |22 17966 |258.4423 20010 e o =-m m2a.raw ) ] Crystalline area 3653,70205
{3 Corrections : : - - : [ Emission Prafile amorphous area 77151079
- Miscellaneous -3 Fackground Degree of crystallinity (%) 0467564
amorpha -1 Instrument
] [ Peak. - Corections
e )| crpstaline E]Lj El:'uﬁ: Phase Name | Amorphous |Area
el Cwst:"ine 1 |amorphous v 6771.51079
2500 . . Tl crystaline r 3653,70208
2,000+
25004
1,500+ !
1,000+ 2,000
5007 1,500
04
1,000+
500
-1,000 5004
-1,500 ]
-2'DDD_ 1 T T T T T T T T T 1
T T T 10 15 20 25 30 35 40 45 a0 g

[« [+
[ [ x=37.79886 4

[«

[
File: C:\Topas N e Add two peak phases, rename them amorphous and ¥rystalline
4.2\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 (¥erify that
Background order 1 you are not fitting the background with these peaks otherwjse use
1/x function symmetric functions or constraints)

eHighlight Miscellaneous and Calculate Degree of Crystallinity
Bruker AXS

30 06/05/2014




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 e
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 4.2\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

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 4.2\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 Methods in TOPAS

Exercise: Refine Lattice parameter of Ibuprofen

File: C:\Topas

4.1 \tutorial\Examples\ibuprofen\ibuprofen.raw
Emission profile: CuKal.lam (Vario Data)
1mm Capillary data with LynxEye detector

parameters from EVA

Obtain space group and start values for lattice

URE¥A - [ICPZ.2CA:00-032-1723]

B8 File Pattern Wiew Options “Window Help

2SS RIT olekE EEam]

PDF Mumber : |L|DD-032 1723 Viewl Quality : High
Ci3H10z
lhuprofen

BMR
e

| Eommentsl Authorsl Additi

ol | Subfiles |

r Crystal Data
Menaclinic Malecular weight : 206.28
o Pl 14)] lyoume (D). 122633
a 14,687 | alpha:
Du: 1117
b: 7.899 | beta: 99 46
Dimi:
& 10.731 | gamma:
a/b: 1.85682 |2 4
c/b: 1.35853 I#lar:
33

(& T0PAS - [Tbuprofen.raw_1] =] B3
File  Wiew Fit  Launch Took  ‘Window  Help E ﬁ % E Dﬂ % = F X
DS DR e A AR
L oo B0 R 7 M MW
Jomces N P o) &
{3 Emission Profile Rpt/Tent 1z Time 4.41 Ruwp 5.136 :l
“3 ‘Bafkg'”“l"d Use |valus Code  Emor Win | [|Refinement converged
; nstumen \Use Phase = “++ Paramster(s] closs to liumi
L Corrections Le Bal - ;hack ;Ur(L:J[HI;J{INt‘an; LI‘I:{:E
3 Miscellaneous Errors calculated.
£ Stustures? bkl Phases Delete hkls on Refinemer W
42 Ibuprofen LP Search [ 04 -
[ | Indexing D etails Spacegroup p2ijc a4 3
| Peaks Phase a(f) 14.6571964 Refine 00002981 = \!7 4n
“-[3 Peaks 5PV b &) 70634464 Refne 00001460 LU by o Interface Mode
(A 10.7215003 Refins 00001447 STE M
99.42143  Refine  0.0008275% E }\l 20 \IL
cale o Fix 0 10 \
Cry Size B
I L'—I a 5 1n
20.75557 Ibuprofen 0.00 %
| FPhase Detailz | [F'eak Type ] [ hklz |z ]
[.ﬁ.dditinnal Convolutions ] [Hpt;"Te:-:t ] o {
Ise Walue Code Error P - )
il .
Use Phase |7 I 0 TR AN T RN 1100 1MW T TAR TV 1T AT WA @ F o 1 ¥
. 20 25 30 35 40 45 a0 25 BC
Le Bail [ [
) | ==39.78561 | Sartly)=125.52 [ d=z264923 7
Delete Hkls an Refinemer v z
LP Search [ 04
Spacegroup p2ljc
a(f) 146571964 Refine  0,0002981
b (&) 7.6534464 Refine  0.0001460
C I',:.E.:I 10.7215003 Refine  0.0001447
beta (=) 99.42143  Refine  0.0008275%
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Peak Shape corrections siGReR
Absorption in low density or loosely packed samples

B Identical Ibuprofen samples
measured with identical scan
parameters but different
sample holders

B Flat low background holder

Low background holders with
0.4mm deep cavity

B PMMA holder with 1mm depth
B For low density samples

absorption correction is
necessary

14?00

7000
| 1|
|

4000

ZqOO

Counts (Square Root)

500

| Corections | [E_I,Ilindrical zample [Sabing) ] [Hpt.-"Te:-:t ]

° |Use |'u'a|ue |Cude |
' | Peak shift
Zero error [0 Refine
2Theta (Coupled TwoTheta/Theta) WL=1.54060 | Sample displacement mm) [ 0 Refine
R Intensity Corrections
LP factor [0 Fix

Surface Rghnss Pitschke e [

_|Surface Rghnss Suortti [
_Sample(umluﬁnns
. Absorpti [v 100 Refi
File: C:\Topas 4.2\examples\Ibuprofen D2.raw — ;:::p,:r;ﬂ:; mm 10 Rzﬁ:z
Emission profile: CuKa2.lam | Scale Intensity .
Try out Absorption correction  Sample Tilt (mm) 0 Refine
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Profile Fitting Methods in TOPAS
B%R

Exercise: Determine degree of crystallinity in

Ibuprofen testmixture

File: C:\Topas 4.2\Examples\testmixture D2.raw
and ...\Ibuprofen D2.raw
Emission profile: CuKa2.lam

D2 Phaser with 141mm radius

2.5° primary Soller and 4° secondary soller

Lynxeye with 2.5° opening

Both scans were collected with identical conditions

Obtain degree of crystallinity of testmixture
D2.raw (assume that all excipients are amorphous
and Ibuprofen D2.raw scan is 100% crystalline)

19,000+
18,000+
17,000+
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+

28

30 32 34 36 38 40 42 44 46 48
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Microstructural information m G
Size and Strain

TOPAS default (in GUI)

Size/Strain Component functions (Double Voight Approach)

mCrySize_L: lor_fwhm = 0.1 A/ cs1 cos(Th);
mCrySize_G: gauss_fwhm = 0.1 A/ cs2 cos(Th);
mStrain_L: lor_fwhm = strl Tan(Th);
mStrain_G: gauss_fwhm = str2 Tan(Th);

csl, cs2, strl, str2: Refineable parameters, arbitrary parameter names!
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Microstructural information
Size/Strain

B%R
e

File: C:\Topas 4.2\tutorial\misc\Lab6_1.raw

Lvol: Volume weighted mean column height
Size is shape dependent: Simple relationship for
cubes and spheres but not anything else

=
£ TOPAS - [Lab6_al.raw]

File  “iew Fit  Launch Tools  Window  Help E| % % E DIl * = 7 X
U RS B W e o/ BT WL o gy WD Ty A P
ﬂ‘-.] E::lj;lﬂ - |PhaseDetaiIsHF’eakType][Additional[ﬁon%ﬂs][F!pt.-"Texl] & % bl M % E\Jf x
(S Emission Prefile |use |value |code ror [1in e 2 Time 1.70 Bwp 32.006 -22.381 MC
{3 Background Scale r 0 3 Time 1.70 Bwp 10.268 =-27.738 MC
3 Instrument Mcry Size 4 Time 1.70 Bwp 3.503 -6.765 MC
= o e ) imm e e s g
-~ Miscellaneous Cry size G (nm) [ 0.0 7 Time 1.70 Rwp 2387  -0.000 MC L
“-‘-_g.' Structures! hkl Phases | LvolB (m) ¥ 1080.081 0.000 k: Refinement converged -
205 hklLaBE : LVal-FWHM (nm) [V 1509.963 0.000 ks = [l m | ;
Save Phaze i
gfelate ;‘IL‘D;ESE _St;:::nL o1 Refie 0 f‘f A% z Interface Mode
elete a3e B | .
Paste INP to Mode/Selections ::amG IEE:;OOOO Lo :00000 M -‘E Nl 40
:Wt%R.ietveId 0.000 0.000 i @
P — T | b 0 1 2 3 4 5 6 7
33333 hkl_LaB6 0.00 %
16,0004
14,0004
12,0004
10,0004
8,000+
6,0001
4,000
2,000
04
-2,000 . i i i il : i i i i i X
2115 212 21.25 213 21.35 214 2145 215 2155 216 2165 21
x = 2126267 y = 12867.37 d = 4,175309

37

06/05/2014

//,_Z‘

~T B

Bruker AXS




Microstructural information m G
Size/Strain

Common assumption:
- Lorentzian part is Size broadening and Gaussian part is Strain.

Better:

-Model each broadening mechanism with Voight functions (Balzar and
Ledbetter 1995)

-If the data is measured in large range, the component can still be
separated by angular dependencies (tan® for strain and 1/cos © for size)
-If any Gaussian size broadening is present, it will lead to better fit

-Size distribution can be attempted in Launch Mode by calculating the

integral breadth of Lorentzian (Cauchy) size contribution. Works in
simple cases and if instrumental function is well known.

38 06/05/2014 Bruker AXS



Anisotropic Refinement Models B%R
Anisotropic shifts, broadenings and peak assymmetries

General Considerations

BIn most applications, the objective is primarily to improve the fit,
with an expectation to improve indexing, structure determination and
structure refinement

BAnNisotropic micro-structure parameters can be derived

B Example functions
e Spherical harmonics (Popa, 1998)
e 2nd rank tensors (Le Bail & Jouanneaux, 1997)
e Multi-dimensional distribution of lattice metrics (Stephens, 1999)

BMTOPAS Tutorial Examples:
e Norbonane Fitch & Jobic, 1993 File: C:\Topas 4.2\tutorial\anisolLS\...

e LT-ZrMo208 Allen et al., 2003

e NaBenzo R. Dinnebier et al., 1999
e Clay S. Hillier, 2003

e SerpMix1 M. Raudsepp, 2004
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Anisotropic Refinement models ahORER

()
B Keywords that can be hkl dependent
B th2 offset E (anisotropic peak shifts - macrostrain)
B scale pks E (preferred orientation)
B J/or_fwhm E (anisotropic line width)
B gauss fwhm E (anisotropic line width)
m hatE (anisotropic line width)
B one_on_x_conv E (anisotropic line asymmetry)
B exp_conv_const E (anisotropic line asymmetry)
M circles_conv E (anisotropic line asymmetry)
B user_defined_convolution
40 06/05/2014 Bruker AXS



Anisotropic Refinement models ahORER

B Example: Spherical harmonics
Anisotropic line width
prm pl 0.01 min 0.0001
spherical_harmonics_hkl sh1
sh_order 2
lor_fwhm = sh1 p1 / Cos(Th);

B Anisotropic line asymmetry
prm p2 0.01 min 0.0001
spherical_harmonics_hkl sh2
sh_order 2
circles_conv = sh2 p2 / Cos(Th);

pl, shl, p2, sh2: Refineable parameters, arbitrary parameter
names!
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Anisotropic Refinement models ahORER

Example:

Set C:\Topas 4.2\tutorial\anisoLS\clay.inp in Launch mode

Run the Refinement

Edit the text file in text editor, uncomment Spherical_harmonics_hkl
lines and run again

5 TOPAS - [RM3294-Buraw_1] T—— D, ——— W_— - - -
Fie View Fit Lauch Tooks ‘indow Hep HEmEM= - 7 =

e I O A S TN spherical_harmonics_hkl sh
2,500 Calcite ~ 31.58 %

200 Corundum 66.70 % S h_o rder 8

Quartz 1.72 %

Pope Tald]  0.00% .
2,100 : — .
exp_conv_const = (sh-1) / Sin(Th);
1,900
1,800
1,700
1,600
1,500
1,400
1,300
1,200
1,100
1,000

900

800
700
600
500
400

300
200
100 b

0
-100 M
-200 At Moy il " bt it n
_agp t W“II et i i

-400

-500

-600 ! | !

-700 e FRpIIY A Ad Ad AL A4 A 44

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

[ [ x=10.16248 | y =-46.60149 | d=10.09934

Fan
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B%R
The Rietveld method

m is a standard-less full-profile approach to quantitative phase analysis

M uses every datapoint as a unique observation and least square methods to minimize the
difference between calculated and measured intensities

B Residual of Least Square Refinement
R =Z wyy, - yc)?

Rietveld Analysis requires:

B The crystal structure data for every phase in a mixture (unit cell and atomic positions)
B a model for the peak shapes and widths and a model for any aberrations

B a model for the background

The relative masses of all phases contributing to the diffraction pattern can be derived from
the refinement using the simple relationship:

W, =S, (ZMV),./ 5, S, (ZMV),

W, is the relative weight fraction of phase r in a mixture of t phases
S is the scale factor derived from Rietveld refinement

Z is the number of formula units per unit cell

M is the mass of the formula unlk (atomic mass units)

V is the volume of the unit cell (A3
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Data collection (>

Measurement parameters:

Depend on sample properties: Determine peak width with a short test scan

e Adjust step size for sufficient amount of data points (6 data points above FWHM)
e Adjust time/step for sufficient counting statistics (at least a few thousand counts on the most
intense peaks for basic quantitative analysis)

Typical measurement parameters for analysis of mineral samples:

e With Point detector:

1° divergence slit

4° Soller slits

0.02 step size and at least 1 sec/step

With 1-D detector:

0.3° divergence slit and anti-airscatter screen
4° Soller slits

0.015 step size and at least 0.1 sec/step
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Data collection Rl
General sample preparation requirements <

B Good mixing, powder sample should be representative for bulk sample
(no segregation)

B Smooth flat surface

B Sufficient particles to cover the x-ray beam area

B Sample thickness should be sufficient for correct intensities (infinite
thickness for correct intensities)

B For low density materials thin layers will result in more accurate peak
positions (transparancy effect), often better for indexing

B Sufficient number of particles for good statistics (increase nhumber of
measured particles by rotation)
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Sample Preparation “%"

Powder Diffraction Basics

Diffraction of an ideal powder

Diffraction of textured materials

Diffraction of a small number
of crystallites ("spotiness effect")

Bruker AXS




Sample Preparation “%“
Powder Diffraction Basics

Accurate, reproducible diffraction intensities require small
crystallite size

typical intensity reproducibility for Quartz (113) reflection with CuKa: is
15-20 pm  5-50 ym 5-15pum <5 pum
18.2% 10.1% 2.1% 1.2%

The number of crystallites diffracting is related to size

diameter 40 pum 10 um 1 pum
crystallites / 20mm?3 597.000 38.000.000 3.820.000.000
number diffracting 12 760 38.000

Smith, 1992

Bruker AXS
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] ] BMR
General Sample preparation requirements
Sufficient Grinding

B Powder preparation
e Reduce particle size with mortar and pestle (or automatic mill) to
smaller than 10 um to increase number of crystallites and avoid

spotiness effect

e Wet grinding with alcohol in MrCrone Mill is ideal for many geolocial
samples.

e Too coarse grinding also effects preferred orientation
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. RORE
General requirements g cag

Sufficient Grinding

14,0001

12,000

10,000

8,000

Lounts

65,0004

4,000

pwy. L

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
2Th Degrees

-omparison of X-ray powder-diffraction patterns of a sample mechanically
jround under ethanol to <5 um (blue) and the same sample dry ground by hand
vith a mortar and pestle (red) . Note the large differences in intensity.
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Rietveld Refinement Ly
Corrections Cedteed

¥l ToPas - [CPD-2.raw]

File  View Fit  Launch  Tool:  Window  Help

DS e~ N2 IE

| F-3 Global
=M CFD-2raw

® Highlight corrections

B Use either Zero Error or Sample
Rpt/Text displacement as a peak shift
Use Yalue Code I correction

| Comections | [E_I,Ilinu:lrical zam

----- [ Emizzion Profile
----- [ Background shift
..... | Instrum,ant Zero error [0 Refine [} A|Ways CheCk Lorentz_ Po|arization
""" Ll E'?'”EC“'Z'HS Sample displacement {mm) [»  -0.0636991 1Refi correction
I:II_J gdt'scet’"anefﬁil o Intensity Corrections
+-{ 1 Stuchures ases i , .
& Zincite o I'f LN - - e Type in the Bragg angle of the
(0 Brucite Srece s TR B monochromator
_____ =3 Sites Surface Righnss Suortti [ o« T 0. if h t .
----- [ Preferred Orientation Sample Convolutions ype U, 1 Nr!Of_rlnonOSC Iron(;l]a or IS
----- T3 Str Olutput Absorption (1 cm) W 35.03862  Refine "~ present (Ni-filter, Sol-x detector)
= Corndum Sample Thickness (mm) [ 10 Fefine 1
----- (d Sites Scale Intensity - B Depending on the sample you may
'''' i3 Prefened Orientation Sample Tilt {mm) o Refine | refine Absorption correction
----- 3 Str Output
- Fluarite
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Using the correct structure file BROSER
Phase identification

B Correct phase identification is often more difficult than performing the actual
Rietveld refinement.

B Use EVA and any complementary data that are available (e.g. XRF, EDX,
thermal analysis, etc) to correctly identify all phases.

B Try to find the corresponding structure file in a database, not all structures are
known.

B For complex samples with clays, a clay fraction may be necessary to correctly
identify and quantify all phases in the sample.

B Quantitative Rietveld results are always normalized to 100% - If any phases
are missed or mis-identified, it will lead to errors in the other phases as well.

B If amorphous phases are present, they can sometimes only be detected by
using an internal standard.

51 06/05/2014 Bruker AXS



Using the correct structure file AR
Structure databases (<D

,_C; American Mineralogist Crystal Structure Database - Windows Internet Explorer

@A )~ | 2] http:ifmu geo.arizna.edufanSfamesd, pho

Fle Edt View Favortes Tooks Help

=] 4| x [ uve search

. ; »
9% @b @ american Mineralogist Crystal Struchure Datahase | | 0 v B - = - |k Page v (0F Tools -

B Inorganic crystal structure database

(ICSD) available at www.nist gov or American Mineralogist Crystal Structure Database
- L]
- - ¢
at htt p : / / I CSd We b [ fl Z' ki This site is an interface to a crystal structure database that includes every structure published in the American M
H .4 Mineralogist, European Journal of Mineralogy and Physics and Chemistry of Minerals, as well as selected datasest:
ka r I S I"U h e [ d e/ I n d ex [} p h p - : - database is maintained under the care of the Mineralogical Society of America and the Mineralogical Association ¢

the National Science Foundation.

Crystallography Open Database
B Bruker-AXS structure database (a few Lpload data
hundred minera IS) Search the database

I
|
| Chemistry Search
@ | Cell Parameters and Symmetry
I
|

Mineral

Author

Free databases:
B www.crystallography.net

Sign the Petition for Open Data in Crystallography Diffraction Search

General Search
Search Tips

Search | Reset

|Log'|c interface “ AND T OR B
*

B American Mineralogist Crystal o J |
structure d ata base - Dasiel Chateigaer, Hisolons Chen, Marco Cirots, - T [ [@intemet oo -
http://rruff.geo.arizona.edu/AMS/am
csd.php

T W - Uii

- WWW-MINCRYST
B Min-Chryst

= = Crystallographic and Crystallochemical Database for Mineral and their Structural Analogues
http://database.iem.ac.ru/mincryst/

Kl)lICTﬂ."l."liDl"l)ll(l)ll‘let‘l{ﬂﬂ H KPHCTAJLIOXHMITIECKAA Fasa JAHHBIX 1/ MIIHEPAJIOB H X CTPYKTYPHBIX a

- ] L
B Search for the structure in Google = .ﬂi

English Russian

Some structures in free data bases :
may have to be reformatted, if they et
do not conform to the standard CIF sSELhuLs
format. e
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Structure files BN
Entering the structure into TOPAS

(¥l ToPas - E:,TOPAS TRAINING' Examples', Iron Oxid

File Wiew Fit Launch  Tools  Window  Help

) ﬁ @ Lj?] E [Q f ighlight the scan file in the parameter window (the window
elow or in the context menu (right mouse click) allow

2l @[] Global several options for entering structures.

=M lron oxides 1dg div 0.2 det =lit 4dg =aller SIII|:-H-:

{1 Emizzion Profile

{1 Background

-~ Instrument

-{_ Comections

{1 Mizcelaneous

- Stuctures! bkl Phasze

FH-E Iron alpha

=~

B Add Structure: Enter a structure manually (lattice parameters
and atomic positions). This is sometimes required If the
structure is only known from a journal.

B Load STR(s): Load a structure file from the Bruker database

4| B Load CIF(s): The Crystallographic Interchange Format is a

Add Shuchure standard format for structures. Most databases or

#dd Peaks Phase publications have this format for crystal structures.

Add hkl Phase Note that not every structure file in cif format that is found
Load STRIs) online, loads without problems. Occasionly, cif files have to be
Laad CIFjs] modified in a text editor to load correctly

Load INP, P4R

Load d_Is - DIF. UD , m Load INP: Load a structure in Input file format (typically from
Save if dizplayed Yobs Yieale, Diff, Phazes Bkg TOPAS refinements)

Feplace Scan Data

Reverze data and make «-axiz poszitive
Delete Range

Faste IMP to MaodesS elections
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Structure

files

Example: Chlorite
Unit cell parameters

TDPAS - Cusershold data' 6008 RC\RC3-3_co radiation_3.pro - [RC 3-3 co rad 35K¥ 40ma 0.7div 0.2det sol-#.raw_1

File  ‘iew Fit  Launch Tools

Window  Help

O e &~ N2

2l @[] Global =]
=M AC 33 corad 35KY 40ma 0.7c
----- 1 Emizgion Profile
----- 1 Background
----- 1 Instrument
----- 1 Corrections
----- 1 Miscellaneous
H-{ 0 Structuresd bkl Phases
B Zincite
Quartz
Hematite

a
-
[ Magnetite
i)
i

Muscovite 2M1
Chilarite b
- Sites
,__| Preferred Orientation

el 0 Str Dutput vI
3

A |

Save Structure in STR format
Wiew/Hide Structure

Create hkl_lz phaze

Delete Stucture

Faste INF to Node/Selections

[
-
[+
[+
[+
-
Bl

54

Use \Walue Code Error IMin

Lse Phase v
Spacegroup 12
aihy 5.3442000 a_chlarite0,0000000 5. 1900
b (&) 9.2660321  b_chlorite0,0000000  5,9890
c (B 142592097 ¢_chlorite 0.0000000 13,5420
beta (%) 97.04304  |be_chloritd
Scale [v 2.0897947%isc_chloriti0
Cry Size

Cry size L (nm) [v zE0.2 < _chloriti0.0

Cry size G (nm) [ zoo.0 Refine 0.0

L¥al-IE {rim) [~ 0.000 0.000 k:

Lyal-FWHM {rim) [~ 0,000 0.000 ke
Strain

Skrain L [ 01 Refne O

Skrain G [T 01 Refine 0

el | 0.00000 0.00000
W Rietveld 4,883 0,000
Wt of Spiked [ e

W% in Spiked sample 2,361 0.000

Wt% in Original sample 2,574 0,000
Cell Mass 1191.,935 0.000
Cell valume (A3 700,75128 0.00000
Cry LAC (1cm) 140,716 0,000
Cry Density (glome™3) Z.524 0.000
F. Bragg 4,985

06/05/2014

VB L o0&

= | Structure | [ Peal: Type l [Additional Corvolutions ] [ Rptd/Text l

0.89

BROKER
e

Values in red are refinable parameters
(double click on the code column will
change the state to ,Fixed")

Constraining the lattice parameters
and crystallite sizes to reasonable
values helps with the refinement,
especially for impurity phases or
phases with broad peaks.

Average crystallite size values for most
minerals are typically above 30 nm
and below 1000nm. Clays phases may
require smaller crystallite sizes to fit
broad peaks.

Entering the weight of an internal
standard in % allows quantification of
amorphous materials
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Structure files
Example: Chlorite Bm{ GRer
Atomic sites

ETDPAS - Chusers'old data',6008 RC\RC3-3_co radiation_3.pro - [RC 3-3 co rad 35K¥ 40ma 0.7div 0.2det sol-

File  Wiew Fit  Launch Tool:  Window  Help

DSl e s N2l BL o R

M [ 03 Globdl - . -0 For quantitative mineral analysis the
) A 53w 7| (V2 (Bt (B i e [P T e S (x,y,z) of the phgse are
¥

..... Ernizsion Profil Site Mp |x ‘—' Atom Occ,  (Beq. .
----- j Egnflfggunldme I sl 2z 000000 0.00000 000000 MGHE 0.3355 1 never refined.
----- 4 nshmert 2 T T a—— Y solution phases such as Chlorite the
:j M?Srr:etlrl‘:.;zzus i 52 4 000000 066730 0.00000 ES:Z 0.9703 1 occu patlon factors for the Mg/Fe
© 02 swows/miPres Ly 4 g0 oo oz o2 TN substitution may be refined.
Eg DIS.:::: £ st & 0IE90 016670 00740 O-2 The_ X,y orz p(_)SItIOn_S n blue CO|_OI" )
B Hematte TS5 B DZzA0 06630 05370 Sled t designate special positions for this unit
- Magnetite g8 AL+3 1 Ce”_
- Muscovite 2M1 T o s5 4 080300 000000 078430 O-2 1 .
= Charte b s 5 osum  ozmm nzm o2 1 The atom or ion must be part of the
CoEs 1 s 4 082500 000000 O5TLI0 o2 1 1 drop down list in the atom column (with
[ Prefened Orientation 5 's9 5 pa3on  0.34630 042850 02 1 1 imported cif files this could lead to an
4 000000 0,530 050000 MG+2 0.7016 1

] Str Outpul -
e o _,|—'13 510 error message)

Add Site(z) before selected sitefz] [Values ] | Codes | [E”':"S ]

Add Site at bottom Sike  |Mp (% y z Atom  |Occ, Beq.
Add Atom at selected site[s] 1 Wls1 2 = -0 -0 MG+Z —(1-pZ) Fix
Paste INF to Nods/Selections 2 ez pz WG B Parameter names like ,p" or ,s" have to
5 2 4 =0 2chlori=0  MG+2 =(ifa) Fix be unique within a TOPAS project. If
P T e f; i not, it will lead to this error message >
s 1%3_chlari= 123 _chlari C- e i
6 |s4 8  lx4_chlorilya_chloritz4_chlori 0-2 Fix Fix rename pa rameters
7 |sS 8 1xS_chlorilyS_chloril2S_chlori SI+4  Fix Fix
g AL+3  Fix Fix
9 sk 4 Ixg_chlori=0 Iz6_chlorio-2  Fix Fis 9 Parameter pis defined more than once with different values or equations.
10 |s7 g w7 _chlority7_chlori 27 _chlori O-2 Fix Fix ot
11 |s8 4 1xB_chlori=0 1z&_chlari 0-2 Fix Fix
12 |s9 8 1x9_chlorilyd_chlori1z9_chlori O-2 Fix Fix
13 st0 4 =n w10 _chlo=1jz  MG+z =(1-5) Fix
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Quantitative Rietveld Analysis pa o xy
Exercise: Round-Robin example

File: C:\Topas 4.1\tutorial\qparr\cpd2.raw 10,0004 Brucite 34.79 %
Measurement circle radius: 173mm 6000, Corundum 23.19 %
Emission profile: CuKa5.lam ’ Fluorite 22.15 %
Background order 3, 1/x function 6,000 Zincite 19.87 %
Divergence: 1° , Receiving slit: 0.3mm 4,0001
Soller slits: prim. 4.6° |, sec. 4.6° 2,000 |
LP factor: 26.6 (graphite monochromator) 0 ! NN ¥ SR IVE NS W
-2,000-
Corundum, Brucite, Fluorite and Zincite Structures 4,000
in str format in same directory _6’000_ Preferred Orientation for Brucite
-8,000 /
b ¢ FIE
AN _NnNnn g F v
i O Globa 4 [P0 March Dollase | [ R 4 4
s — Dh’TEHt] TR s s KR alins W mnlthe W Ank RRLAR]
= EPDE'E'_'E"“T" P b T Code ST P |)|f|ﬁll SNSRI B RS LEAT R
S E::;;gun?'e Direction 1 001 v o1 : Highlight Preferred Orientation in

{1 Carechions Fraction Dir. 1 Refine

Toggle Code column to Refine and

1 Miscellaneous N .
-4 Structuresd hkl Phazes ‘| I Run Refinement again
=+ Brucite
1_j Sites o= Spherical Harmonics | [En:-effin:ients ]
S 'errd _Iner'utatu:nr'u Name Use |order
PP r u u
o oemn P *|1 sh_48aeeldf_as [ 4
4| r b
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Quantitative Rietveld Analysis
Exercise: Round-Robin example

@TDPAS - Cusers' 80473 files for topas training',cpd2.pro - [CPD-2.raw]

File  Wiew Fit

D A de A AL o

| Structure | [F'eak Type ] [Additional Convalutions ] [F!pt.-"Text ] I

Z #-{_] Global

E-M CPD-21aw

- Emizzion Profile

-1 Background

- Instrument

1 Correctiong

- Mizcellaneous
- Structuresd bkl Phase
E-[ Brucite

-

Launch  Tools

window  Help

[ Sites
- Preferred Orientati
- Str Output

EE T, [ P R hd
4 | | »
Save Structure in STR format
Yiew/Hide Structure

-

Use Phase

Spacegroup

a (k)

o (8)

Stcale

Cry Size
Cry size L {nm)
Cry size G {nm}
Lvol-IB {nm})
Lyol-FyHM (rim])

Strain

Use |Yalus Code Errar M
v

164

3,1465176  a_brucite 0.0

4, 7678723 c_brucite 0, ooa 4
[w 0.03277871sc_bruciken

212.6 cs5_brucite0,0 [}

200.0 Refine 0.0

0,000 0,00

L A I

0,000

»

7 Time
Aefineme:

FEHSED= -
y
M oE BV

2.3 12444

erged

-0.000 MC af

an
e

Refined Lattice parameters and
crystallite size for each phase

You may try to further improve
= the fit by introducing strain

Residuals and Goodness of Fit

ETDPnS - C:husers' 8043 files for topas training',cpd2.pro - [CPD- “.raw]

Create hkl_ls phase =4 strainl 0.1 REHFE l _’lﬂ 001 2 3 4 5 B 7 File Wiew Fit Launch Took  Window Help
- = a
11,0001 Brucite 36.05 % Q Eﬁ E@ El% Q (= f L AR" -4 JE! 1 <
10,0004 Corur.'ldum 2246 % He=-m EPD'z'_'aV_"' . ;I [.t'-‘-.ll range dependert ] | Rwpsz | [Displa_l,l ] [F!pta’Te:-ct
o o004 Fluorite 21.95 % -1 Emizzion Profile
' Zincite  19.54 % 4 Backoround tales
8,000 . -~ Instrument GOF 1.27
70004 - Conectiong Rexp 8.56
B.000 -1 Miscellaneous Rwp 10,86
-3 Structuress bkl Phasze Rp 7,67
20009 El@ Brucite Rexp-dash 9,24
4,000 [ Sites :
. : Rwp-dash 11.73
3,000 | Prefemed Orientati
e St Dutput Rp-dash §.43
2,000 = Coundum = Weighted Durbin W.atson 1.z5
1,000 C e IJ
| | »
[ R I N s b
-1,0004 l g IR i -
-2,0004
3IDDD | | || | I|| 11 II ! | lllllI | |||| I|III |||I [NIR i ||”||IIIII IIIIII |||“||||| | I|I I|III | III|I [l
et . R [N N N I SN R T Y Y Y Al A Save vour results in a TOPAS
10 20 30 40 50 50 70 a0 a0 100 110 120 130 140 . y .
K1 p| project file (.pro)
[ [ v=98.89437 [ v=11665.93 | d=1.029336 v
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Quantitative Rietveld Analysis “%”
More Examples:

Cement Clinker Iron Oxides

File: C:\Topas 4.1\tutorial\qa\8486.raw File: C:\Topas 4.1\tutorial\examples\Iron oxides
Measurement circle radius: 217.5mm iron oxides.raw

Emission profile: CuKa2.lam Measurement circle radius: 217.5mm

Divergence: 1° , Receiving slit: 0.2mm Emission profile: CuKa2.lam

Soller slits: prim. 4° |, sec. 4° Divergence: 1° , Receiving slit: 0.2mm

LP factor: 0 (Nickel filter) Soller slits: prim. 4° , sec. 4°

Structures: C3Smono_nishi.str, C3acub.str, LP factor: 0 (Sol-x detector)

C2sbmu.str, C4af.str, CaO.str, Periclase.str Structures: in same directory

Aggregate with 11.4% Zincite as internal standard

File: C:\Topas 4.1\tutorial\Examples\Aggregate\aggregate with 11.4Zn0O.raw
Measurement circle radius: 217.5mm

Emission profile: CuKa2.lam

Divergence: 0.3° , LynxEye detector with 3° opening

Soller slits: prim. 4° , sec. 4°

Structures: determine phases with Eva and use structures in c:\topas 4.1\structure database\

Natural Granodiorite

File: C:\Topas 4.1\tutorial\examples \cpd-gronodiorite\granodio.raw
Measurement circle radius: 173mm

Emission profile: CuKa2.lam

Divergence: 1° , Receiving slit: 0.3mm

Soller slits: prim. 4.6° , sec. 4.6°

LP factor: 26.6 (graphite)

Structures: in same directory, Quartz, Feldspar, Albite, Biotite, less Chlinochlore, Hornblende, Zircon
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Quantitative Rietveld Analysis “%"

More Examples:

Paint panel

File: C:\Topas 4.1\tutorial\Examples\Paint\paint panel.raw

Measurement circle radius: 217.5mm

Emission profile: CuKa2.lam

Divergence: 0.3° , LynxEye detector with 3° opening

Soller slits: prim. 4° , sec. 4°

Structures: determine phases with Eva and use structures in c:\topas 4.1\structure database\

Shale sample

File: C:\Topas 4.1\tutorial\Examples\Shale\Shale D4 06mm div 4dg soller 3dg LE_10pc
ZnO.raw

Measurement circle radius: 201.5mm

Emission profile: CuKa2.lam

Divergence: 0.3° , LynxEye detector with 3° opening

Soller slits: prim. 4° , sec. 4°

Structures: determine phases with Eva and use structures in c:\topas 4.1\structure database\
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General error sources and trouble shooting:

- Check crystallite size of all phases for reasonable values. (it should not
converge to zero or infinity), Constrain with min and max values.

-Check visually by highlighting the individual phase names, if trace phases
are really present.

- Avoid correcting for preferred orientation when peaks of different phases
are overlapping and both phases have preferred orientation (always try to
minimize preferred orientation by better sample preparation)

- For complex multiphase sample, release parameters subsequently.

- Use internal standard to refine for displacement error, then fix it and only
refine lattice parameters of other phases.
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BRUOKER
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Corrections for non-ideal powder samples
Texture or preferred orientation

Slate Tile, as an example for strong texture

B Preferred orientation of needle or plate-like
crystallites can often be corrected with the
March-Dollase function

B For minerals with multiple cleavage
directions a spherical harmonics correction
can be applied.

B Acceptable limits of preferred orientation
corrections should ideally be tested with a
standard mixture

Illite, Kaolinite, Quartz
Bruker AXS
U



Correction for non-ideal powder samples

Texture or preferred orientation

Slate tile
280/ Quartz 87.99 %
2601 Kaolinite 1.47 %
3;‘3 lllite 9.32 %
2001 Paragonite 1M 1.22 %
1801
— 160/
£ 140
% 120
1004
49_, 80/
5 60
0 40
201
0,
-20
. 1 o E =, _»}I\.JL ﬂ ‘/\A,‘A_Fn o S -
60|
-‘I-gg ﬁ‘ ! | .W‘fh luh”]&u N HMIH 1} !#H !ﬂ 1 |\|!‘| :nilu Mﬂ”@“ h: p
5 10 15 25 35
Slate powderized
260,
2401 Quartz 77.05 %
2201 Kaolinite 1.67 %
200, lllite 20.33 %
1801 Paragonite 1M 0.96 %
1601
o 140]
S 120
8 100/
£ 80
B 60]
40
20/
0_
20{ - " M_rl e
-40 ﬁl I L " H “HLL*A m“ 1 MMH
10 15 a0

B(I;‘ZQR
e

<+— Unground sample

B Comparison of slate tile
and ground slate
(Calculated Illite
patterns are highlighted)

B The (001) directions of
Illite, Kaolinite and
Paragonlte were
corrected with the
March-Dollase model for
both sample

<€+ Ground sample

B Preferred Orientation is
too severe to be
corrected with March
Dollase model

Samples measured with
Vantec-1 detector
0.1sec/step

Bruker AXS



| . . BROKER
Preferred orientation correction (>
Spherical harmonics correction using too many parameters

o] Kaolinite 19019 | Negative peak
160 Chlorite b~ 12.69 % result of using the
140 Corundum 15.91 % /Spherica| harmonics
] i 0 0
1201 e 35309 correction for
] Nontronite_hkl 15.69 % . .
100- preferred orientation
80 for Kaolinite
60—5

40

20+

-20-

-40_2 I JIL i I I I I I I |ﬁw“| 0 nrreenm vy W greey e e o
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Corrections for non-ideal powder samples ey

Large grains lead to spotiness effect and Micro absorption
(demonstrated with are

Y - - Yo 4
7

Albite_microcline_quartz_00_002
09/26/05 13:18:44

R m  Coarse powder of
! ) Albite, Microcline
e and Quartz (some
Pel 5 grains are larger

chi begi

e than 50um)

Thl 24.000 X -40.751

Th2 28.000 Y 20.641

Phi 0.000 Z —45.768

C:i 90.000 Aux 7.037

Shutter CLOSED H

Distance 24.550 Id t I P d
PISEINSS 10347538 v a0 entical FOWdEer,
Spatial 1024_025 MA 40 0

1,2,3,4=5e1 t d 3 M=M. ; ENTER,L butt =Int. te; ESC122:x1:24 —cu'iias W-et g r-Ol':I nd in'
,2,3,4=5elect edge; M=Move; o utton=Integrate; a uttons=Qui M|Cr0.n|S|ng MI” for
5 30 minutes

Albite_microcline_quartz_g 00_001
09/27/05 10:44:40
09727705
10

! Gadds data at 25cm
piftece 23 sample-detector
ma distance

e
! ZptHet# in degress
A ‘H L3

ThL 31.000 -32.887

Th2z 31.000 Y 24.714

Phi 0.000 2z -45.682

Chi 90.000 Aux  6.990

Shutter CLOSED

% D]} Stsn%s . 550

% - FloodF 1024_025 Kv 40

Ktheta in degrees - spatial 1024025 MA 40 ¢
kY 1024x1024 Cu Bias

e

1,2,3,4=Select edge; M=Move; ENTER,L button=Integrate; ESC,0 buttons=Quit
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Corrections for non-ideal powder samples
Large grains, spottiness effect, Micro absorption

Bmﬂ
e

Unground sample
40,000 Quartz 39.77 %
35,000 Microcline maximum 31.86 %
30,000 Albite intermediate  28.36 % 4_Ung round sample
25,0001 . o

@ 20,000 Weighted compositions:

& 15.000 Albite 29.64 wt.%
10.000 Microcline 36.63 wt.%
5,000

AP N— Quartz 33.73 wt.%
N
V W
_5‘0007 I‘ | L \H | { ﬁl H ”\ I‘ ‘ P { I ! | IIII i | II\ \‘\H L1l
S . E?gfggfgdsg IT el?ﬂlte;t’ion for
2Th Degrees [ . L

- Sround sample f\eltf)ilriigda nd Microcline were

T Quartz 33.76 %
35,000/ Microcline maximum 36.24 %
30,0001 Albite intermediate  30.00 %
26.000) <= Ground sample

2 50000 Gadds data at 25cm

5 sample-detector distance

O 15,000
10,000
5,000/

04 A"w*\/ 'Au
”HII\ ‘I l I IH | f‘ ﬁ [} HI ‘ ‘\I L IH[ | I | ‘II” [N | ‘II‘ ‘II‘H | H‘IH Lo
22 24 26 28 30 34

2Th Degrees
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Corrections for non-ideal powder samples

Micro absorption
Brindley correction

Unground sample with Brindley correction

B(I:Z{E)R
e

40.000 Quartz 32.80 % _ .
35,000 Microcline maximum 37.36 % Weighted compositions:
a . o

30,0001 Albite intermediate 29.83 % .

25 000] Albite 29.64 wt.%
© 20,000 Microcline 36.63 wt.%
£ 20,000

o
§ 15.000] Quartz 33.73 wt.%
10,0004 B Larger Quartz grains of
5,000 50um were assumed.
0 Iy 7 oy
-5‘0007 ”IIII |I | | N | I | P I‘ ! | f |||| ! H\ | I P | I ! | I‘II H | III \‘IH 11 HI
14 16 18 20 22 24 26 28 30 32 ;
2Th Degrees
J [ Instument A Brindley Carrection [Sphenical Particles) ] Hl:lt.-"TEHtl
O EF'”EDMDHS Phase Mame | Uze| Radiuslcm] | Pk De | Mass b Coefflem™2/)
D Mizcelaneous ‘:?- uuartz IF 0.05 0 2601106 Note that the error
=[O S“L‘Et“’“t_’: T" Phases | Microcine maimum | | 0.005 : 4387407 4~ would be
O Ouantiative Albite intemediate v 0.005 0.4 33.9074 considerably larger
[ SG-Lattice Parameters — for phases with
[ Brindley Correction [Spherical Farticles) 4 p ;
O Display 6o Canoction (Soerid Parc higher absorption
- Quartz rindley Correction [Spherica artu:es]] Contrast!
[ Sites ||| |Phaze Mame | Use| Radiusicm]| Pk Den. | Mass Ab.Coefficm™2/g
[ Preferred Orientation | e v 005 0.4 3601106
[ Str Output | Microcling maximum [v | 0.005 0.4 49.87407
—-B Microcline maximum e " | Albite intermediate [w 0005 n4 339074
Bruker AXS
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Corrections for non-ideal powder >
B R
samples (>

B Preferred orientation effects

e March Dollase

e Spherical harmonics
B Micro absorption

e Brindley correction for spherical particles
B Surface roughness

e Correction according to Pitschke or Suortti

Corrections for these effects are available in TOPAS, but it is best to avoid or
minimize these effects by good sample preparation!

- Flat samples with powder grain sizes below approx. 5um.
- If possible, minimize preferred orientation by using back or side loaded
sample holders
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Quantifying Amorphous Phases
Traditional Rietveld Method

Bmﬂ

Counts

2,000,
1,800,
1,600/
1,400/
1,200,
1,000,

800

600

400

200/

-200 P
-400

Determination of volcanic glass content without internal standard

Diopside 482 %
Forsterite iron 5.43 %
Anorthite 9.11 %

Volcanic glass 80.64 %

i
| i

I II|III Il IIII|1II L1l |||'h|||| IlIIIII IIIIII Illll III&IIIIIIIIII‘I}IIl liIIIIII‘IlIIII

Illlllhll m I!IIIIII IIII IIIITI

|
= b

o

'JLT e

_——_‘_‘——_—_'_‘_‘—'—-—.

el e ug J.gg:.u.;'.qmm,

15

20

25

30

35

40

45

50

55
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Quantifying Amorphous Phases BE@%R

Traditional Rietveld Method

Benefits Limitations
B Requires no standards or mDirect method
calibration mCannot correct for microabsorption
B More than one amorphous phase errors
can be analyzed mSome amorphous material will not
have a representative crystal
structure

e Available crystal structures (with
long-range order) may not
accurately represent material
which only has short-range order
(e.g. glasses).
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Quantifying Amorphous Phases BE@%R

Internal Standard Method

B The sample is "spiked" with a known mass of standard material and
the QPA normalized accordingly

B The weight fractions of the crystalline phases present in each sample
are estimated using the Rietveld methodology

B Concentrations to be corrected proportionately according to:

TD
Corr(W,)) =W, STDinown
ST Dmeasured

where Corr(W,) is the corrected weight percent, STD,,,.., the weighed concentration
of the standard in the sample and STD,,.....q the analyzed concentration

B The amount of amorphous material W,,,,pnous €an then be derived
from:

n
Wamorphous: 1- ZCOI’I’(\NJ- )
j=1

Bruker AXS
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Quantifying Amorphous Phases "%ﬂ

Internal Standard Method

50,000 Determination of amorphous component with internal standard

g Diopside 4.98 %
:ggg_ Forsterite iron 6.40 %

’ Anorthite 7.18 %
45,0001 Silicon 9.67 %
40,000, Amor. 71.77 %
35,000
30,000
25,0001
20,0001
15,000
10,000

5,000
ol JL L A
-5,0001 bttt g Ak e " . ek,
-10,0001 r
'1 5,000' [ I|II i III Il II:\ II|I|IIII Il IIIIIIIIII I:I II“IIIIIII | Illllll IIIII“llll: \Ill I|II|II IIIIIIIIIHIlllLlIIHIiI L] II}IIIII:IIII Illhll u:l\llllnl II:Illlllll Illlnllllllllllﬂlil lIIHih:l‘l\ﬁlllllhl“llIhIlIIIIlﬂIIIiﬂlLllJl*llillLlWlluumll:illlulﬂll:ul‘LﬂlI
15 20 25 30 35 40 45 50 55 60 65 70
Phase W1t.% in spiked sample W1t.% in original sample  |[Wt.% det. without standard
Diopside 4.98 5.52 4.82
Forsterite 6.40 7.09 5.43
Anorthite 7.18 7.95 0.11
\olcanic glass 71.76 79.45 80.64

Bruker AXS
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Quantifying Amorphous Phases

an

Internal Standard Method

Benefits
B Indirect method

B The Internal Standard Method is
enabled in many Rietveld analysis
packages

Limitations

mOnly the sum of all amorphous and
unidentified phases can be reported

mCannot correct for microabsorption
errors

BThe sample is contaminated

BThe standard addition process is
laborious (weighing, mixing), and not
feasible in industrial, automated
sample preparation environments

BThe method relies upon obtaining a
standard of appropriate absorption
contrast to prevent the introduction
of a microabsorption problem

Bruker AXS



Quantifying Amorphous Phases BE@%R

PONKCS Method

B Phases with Partial Or No Known Crystal Structure are characterized
by measured rather than calculated structure factors

B Follows the same general form as that used in the Rietveld Method
but now includes all crystalline and amorphous phases characterized
by either calculated or empirical structure factors

B For all phases o using empirically derived structure factors ZMV
"calibration constants" must be derived, e.g. via an internal standard
° Wa SS
(ZMV), = —===(ZMV),
W, S

S o

B A one time calibration per phase with a single standard mixture is
usually sufficient

Bruker AXS



Quantifying Amorphous Phases B%ﬂ

PONKCS Method

Benefits Limitations

BThe amorphous phase is included in B Direct method

the analysis model B Requires availability of a standard
BmMore than one amorphous phase mixture to derive an empirical
can be analyzed ZMV

mPotential to minimize errors related
to microabsorption, when ZMVs have
been calibrated for all phases
e Consider to use the PONKCS
methodology also for all

crystalline phases with known
crystal structures are known

e Itis highly recommended to
create a database with "PONKCS
phases"; such a database can be
used in full analogy to crystal
structure databases

Bruker AXS



Quantifying Amorphous Phases

PONKCS Method-walk through for Compritol

£ TOPAS - C:AD2 Pharma\compritol_index.pro - [compritol.raw_1]

m@g

File “iew Fit Launch Took  ‘window  Help

HEHSED - 7 x
- - 5 L
DS e e oFf 0B o D L Xy M T
- Global o~ r - - A= o
i Phase Details | | Peak Type | | hkls |z | | Additional Convolutions | | Rpt/Test == | |
=~ compritol.raw_1 F ‘ |[ i I[ H E ] » M ﬁ E!{ X
-3 Emission Profile |use vaiue |code _|Error Min [ | 32 Time 21.05 Rwp 5.083 -0.151 MC 0.00 1 o
{3 Background _|  resa 33 Time 21.22 Bwp  4.355 -0.038 MC 0.00 1
- Instrument 3 Delete hkis on Refinemer [v | | :: glmﬁ :; :WP :-:ig -g-é:i ﬁcc: g-gg i
) : | - ime B} wp _720 -0 5
3 Canectons | MLP Search [ 0.4 36 Time 21.75 Rwp  £.659 -0.06L MC  0.00 1
11 Miscelaneous Spacegroup P2
i T lad 251579110 Refine  0.0000000 3 20 = | pefinement terminated on users reguest. E
o oo e M ) 33.0759172Refine 0.0000000 3 a0 37 Time 21.78 Rwp  4.633  0.000MC  0.00 1 o
Save Phase _c(ﬁ) 4.6351810 Refine |0.0000000 3 40 4| 1 |
Create str phase 7heta(°l 93.02288 |Refine |0 75 120 =i | 140 b e
Delete hi<l Phase Scale o Fix 0 e Interf#irr-' Mode: Fit Zoomed.O
Paste INP to Node/Selections 7‘:”5‘2‘! T J.Hrr 100 5] “\
: Cry size L {nm}) v 30.2 Refine 0.0 o YT
| CrysizeG (m) [~ 200.0 Refine 0.0 J-lii a0
LVolB (nm) [~ 0.000 0.000 K 1 20
B | »
= 3 _C*EV,?I:FWHM {nm) [ 0.000 0.000 k: 0.89 il I\l 0 M 10 15 20 25 20 35
i 0,
10,000 hkl_compritol 0.00 %
9,000+
8,000+
7,000
6,000+
5,000+
4,000+
3,000+
2,000+
l
1,000+
i 04 _ﬂhr....._ . ~ FAPTTY RO
LU0 UL C 0L LU0 0RO ORI RN R R R N B R AL A O 1
5 10 15 20 25 30 35 40 45 5
| x=12.45538 | y = 8046.588 | d =7.100837 A

an
e

Scan of pure
Compiritol

Step 1: try to find a
“unit cell” that will fit
the scan. If not
enough peaks are
present for LSI
algorithm, try LP
search

Step 2: after getting
a satisfactory fit, fix
all peak intensities
and uncheck “Delete
hkls on refinement”
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Quantifying Amorphous Phases
PONKCS Method-walk through for Compritol

-
£ TOPAS - C\D2 Pharma'\compritol index.pro - [compritolraw 1]

m@g

File  “iew Fit  Launch Tools  Window  Help

DS e A AV L oS0 & L Xy

e

AEHDEHD % - 7 x

4 P

=l @] Global
=W compritol.raw_1
{1 Emission Profile
{1 Background
= Instrument
-4 Corections
- Mizcellaneous

{1 Structures/ bkl Phases

348 hk_comprital
] Indaving
Save Phase
Create str phase
Delete hkl Phase

Faste INF to Node/Selections

<=
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
| 1,000

it [Phase D etailz ] [F’eak Tepe ] [Additiomal Canvolutions ] [Hpthaxl ]

e Jd e user Jcode JEmor
8o 1 o 2 3mo7se2 225307 | 0853 Fix 0 E‘
“FMi o o 2 251528 350988 [V D0.00636  Fi 0 m

T 1 0 4 215001 417443 ¥ 0961 Fix
_fo 2 o 2 195386 451903 ¥ 00013« Fx 0

Bt 2 o 4 154987 57238 W 0o Fx 0
(@0 3 0 2z 1302531 678074 [V 5.97e008 Fix O

Mz o o0 2 1257643 7025 [ 0158 Fx 0

mz 1 a c 11.97167 7.37831 v 0.00804 Fixe i}

T 3 o 4 1.5645 763718 ¥ 00189 Fx 0

iz 2 o 4 057800 835€1 Vo221 Fx 0

Mo 4 0 2 978898  9.04510 [V 5.97e008 Fix 0

[“M1 4 0 4 010629 970486 [V 597008 Fix 0

13 P 3 a £k 9.04741 9.76817 v 5.97e008 Fix i}

n"{ n n 2 R R4 AN 4785 ¥ ©a7anng _ Fiv n | S
b« T 3

TE O B F

32 Time 2Z1.05 Rwp 5.053 -0.
32 Time Z21.22 Rwp 4.955 -0.
34 Time 21 42 Rwp 4_810 -a.
35 Time Z21.5% BRwp 4.7z20 -0.
36 Time Z21.75 Rwp 4.65%9 -0.
Refinement terminated on users reque
37 Time 2Z1.78 BRwp 4.859 0.

151 MC 0.00 1
098 MC 0.00 1
145 MC 0.00 1
080 MC 0.00 1
06l MC 0.00 1
st

000 MC 0.00 1

10

15

]%7“\%— Interf%i\rt: Woda: it Zoomed O
0 o
a0 LR
'] 5 10 15 20 25 30 35
hkl_compxitol 0.00 %

D’WWMW“WM’ ot
LU C U UL U LU U AU R R0 SRR O UM WU 0010000 O R N O 1

20

25

30

35 40

45

| x =24.07382

|y =10225.88

| d=3.693735

5
Y
—d

an
e

Scan of pure
Compiritol

Step 1: try to find a
“unit cell” that will fit
the scan. If not
enough peaks are
present for LSI
algorithm, try LP
search

Step 2: after getting
a satisfactory fit, fix
all peak intensities
and uncheck “Delete
hkls on refinement”
and LP search
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Quantifying Amorphous Phases

PONKCS Method-walk through for Compritol

r M
£ TOPAS - CAD2 Pharmat\compritol_index for PONKCS.pro - [compritol+50%A1203 raw_1] ==
File  %ew Fit Launch Tools  ‘“Window Help E @ % E DIl ** = O X
= o e e
O e Ee A8V EL oD & L x vy MWW
2 - Global - - = - = =
: = | Phase Details | | Peak Type || hkls s | | Additional Convolutions | | Rpt/Test == | |
E- W compritolS0ZAI20 3 raw_1 | H B ][ ][ £ ] L4 M ﬁ 5‘ﬁ !
¢ [ Emission Profilz Use Value |code _|Error Min [Max e 32 Time 21.05 Bwp 5.053 -0.151 MC 0.00 1
i i~ Background Use Phase v 33 Time 21.2Z Bwp 4.855 -0.083 MC 0.00 1
L3 Instument = e Bai - 34 Time 21.42 Rwp  4.810 -0.145 MC 0.00 1
" o 35 Time Z1.53 Rwp 4.7z20 -0.090 MC 0.00 1
L3 Conestions | |Delete hikls on Refinemer [ 36 Time 21.75 Buwp 4. 653 -0.061 MC 0.00 1
- Miscellaneous LP Search [~ 0.4
173 E;“’;:‘:ﬁ;“ Fhases ~|spacegrowp P2 E| | Refinement terminated on users request.
eoe Em—undurpn e 25.1879110Refine 00000000 25 25.3 37 Time 21.98 Rwp  4.883 0.000 MG 0.001
I |=—= A Y] 39.0759172Refine  0,0000000 29 40 < n | b
E““"; Phtasi  Jet® 4,6351810 Refne  0.0000000 4.6 4, | 140 " —
1586 S phase bets (%) 9302288 Refne |0 a3 34 — 1| 120 |”1Eﬁ?“3 Mode: Fit Zoomed O
Delete hkl Phase: = 100 |
| Paste IMP ta Node/Selections _SGIE o Refine |0 _,,Lgr an \-\ J \
__GysSize B | o Wb
i | cryszeL(m) M 30,2 Refire 0.0 T3 5
| Crysize G {nm) [~ 200.0 Refine 0.0 20
il £
| | LvoHB {nm) [ 0.000 0.000 2 M o 15 3 s 4
‘ 1M ALEAIHM fam I nonnn n_nnn
i [
| 10,0001 hkl_compritol 0.00 %
9,000+
8,000+
Il 7.000]
6,000+
5,000+
i
4,000+
il
i| 3,000
i 2,000+
1,0004
04 .t N e
.. v i
| qpoolil L uin 1 vu 1 wn ] oL
5 10 15 20 25 30 35 40 45
(L | x =27.693 | y=s5m123 | d =3.218299

an
e

B Scan of 50% mix of

Compritol and known
standard
(Corundum)

Step 3: replace scan
of pure compound
with known mixture

Step 4: Constrain all
lattice parameters
and crystallite size
values with
reasonable limits and
refine scaling factor
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Quantifying Amorphous Phases
PONKCS Method-walk through for Compritol

rﬁ TOPAS - CAD2 Pharmalcampritol_index for PONKCS.pro - [compritol+ 50%AI20%raw_1] 0 E@g1
Fis Wiew Fit Launch Tools ‘Window Help BEHTED* - F %
O R E® & VB L o @il <y W
El E| 1_] Stiuctures? bkl Phases - = o
3 Ouertiative |Valuas | m [Deglee of crystaliinity ][le:’Taxt] »| M| ﬁ Eﬂ X

-3 5G, Lattice p ‘Phase Name |wt%matva{uae|wt%oFSpcl{CeH Mass |Ce\| \dolumel Number of independent parameters - 17 -
{3 Brindley corrsction [Sphe |1 hki_compritol 0,000 [~ 0.000 0,000 4426,16993 Mumber of hkls generated for C:\Topas4-Z\sg\l€7.sg €
. e 0 Time 2.00 Bwp 3.z24 0.000 MC  0.00 O
Lyﬂ Display | 2 |Corundum 100.000 [ 0.000 511,768  255.28052 1 Time z.25 mp o 2as 5 001 Mo 1a0.00 0
ac 70?1"1”“0 3 Refinement converged
[+ Ordnaum
[ Indexing. B “++ Parameter(s) close to limitis). E
-] Indeting. - Check for LIMIT_MIN and LIMIT MAX in Grid/Text
| T — s | |Value Error =
Paste INP to Node/Selections W1tSh in Spiked sample 0.000 0.000
Wit% in Original sample 0.000 0.000 i ‘;g;"“““"“““"'\nterfacE“MDdE'.“Fit'ZWN’"""""""""
l _,,H'; 9225
| o=
I J_L"f 9224
9224
N
l i
[ 2,400 hkl_compritol 0.00 %
2,200 Corundum 100.00 %
Il 2,000
| 18001
Il 1,600
f 1,400+
1,200
1,000
b
(| 8001
(| 6004
4004
! 2004
04
-200%,
-4004
I -6004 [ L e VI O O Y R RONTIR T TLTA R II\IIIHIIHIIIF I\IIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIII\IIIIIIIIIIIIII\IWIHIIII\IIIIIIIIIIHIII\-I-IIIIIIIIII-'-IIIIIIIH-IIIIIIIIIIIII
5 10 15 20 25 30 35 40 45 5
(L | x=2468558 | y=1925.178 | d =3.603564 A

an
e

B Scan of 50% mix of
Compritol and known
standard

(Corundum)

Step 3: Empirically
determine a value for
“mass” to match the
known concentration
of the mixture
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Quantifying Amorp

hous Phases

PONKCS Method-walk through for

Compritol

r 1
£ TOPAS - CAD2 Pharma\comprital_index for PONKCS.pro - [compritol+50%A1203raw 1] = B [t
File ‘iew Ft Launch Took  ‘window  Help FEEHEEmDED = - &8 =

e
D e s A L oy L x Yy M AW
2! Eugugﬁ;ﬁ":;ﬁ:hases it |Va\ues ‘m [Dagreeu crpstalinity ] [F!pl.r‘Texl] E| ! M ﬁ Eﬂ j{
¢ [ SG. Lattice p |Phase Mame: |Wt%RJetvelUse|Wt%nFSp14Cell Mass ‘Ce\l \a'nlumel Number of independent parameters : 17 -
: g 4 Brindley conection (Sphe | 1 |hkl_compritol 49,827 [~ 0.000 0,160 26, 16393 Number of hkls generated for C:\Topasd4-2\sgilé7.sg &
H H B —al 5 0 Time Z.06 BRwp S.ZZ24 0.000 MC 0.00 0
---ééSthld E:n':‘;ﬁn‘ 2 3 Corurdum 50.173 LNl G1L.763 1 Time 2. 36 BRup 9_225 0_001 MC 100.00 0
@ Corundum 2 =
] Indexing B ##% Parzmeter(s) close to limitis). =
=] Indexing - Check for LIMIT_MIN and LIMIT_M2X in Grid/Text ™
(NS 1] | t ‘ ‘\c'alue Error it
Paste IMP ta Node/S elections Wt%% in Spiked sample 0,000 0.000
Wt% in Original sample 0.000 0.000 i ggs """"""" \ﬂteﬁace‘MUde‘.'Fit'ZWN """""""
' J,Lgr 9.225
" e
| 13| 9224
9724
N
l 0 1
|| 2,400 hkl_compritol 49.83 %
2,200 Corundum 50.17 %
| 2,0009
| 18001
I 1,600
| 1,400
1,200
1,000
H
|| 8004
| 6004
4007
! 2004
U_
-2004%,
-4007
| -6004 [ T T R O NI R N R AR TT N IIIIIIIIIIHII\IIIIIIIlIIIIIIIIHIIHIIIIIIIIIIIIIIIHIIIIIIHIIIIIIIIIIIIII\III\IIIIIIIIIIIIIII‘IIHIIIIIIIIIIIIIIIIIIII-I-IIIIIIIIII-'-IIIIIIIH-IIIIIIIIIIIII
5 1[1 15 2[1 25 3[1 35 4[] 45 5
| | x=2420371 | y=206158 | d = 3.674205 Y

an
e

B Step 4: Once that
value is known, save
the hkl_Compritol
phase (in .inp
format). It can now
be used like a normal
structure in any
other mixture
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Quantifying Amorphous Phases
PONKCS Method-walk through for Prosolv

- D, N
£ TOPAS - CAD2 Pharma\Prosoly._index for PONKCS.pro - [prosolv.raw] [E=EE

File ‘iew Fit Launch Tods ‘Window Help BHEHmEDN== - 7 =
08 B8 S /W B o T ] W Scan of pure Prosolv

2 B . -LD;SE::Z::n - : ‘ Phase Details | [F’eak Type ] [Addilianal Corvolutions ] [ Fipt/Test ] A » | M | ﬁ E\j X . Ste p 1 : try to fi n d a

3 Background |use |value |code  |Error |Min |Max | €3 Tame 97.39 Hwp  4.998 0.00Z BC  0-00 T
H €4 Time 37.80 Rwp 4.49%¢ -0.002 MC 0.00 1
v
49 \nslrumfanl - _USE P_hESE I 65 Time 38.23 Rup 4_43¢ =0.000 MC 0.58 2 A\} 1 | I ” h 1 I I f.
] C?neclmns E|  LeBal I Refinement converged u n I Ce a W I I
[0 Miszelaneous Delete hkls on Refinemer [v
B3 Stuctures/ bkl Phases | | 1p gearch v 0.4 | | *++ Paremeteris) close o Limit(s). |l
28 hkl_Prosoly B B P2 Check for LIMIT MIN and LIMIT MAX in Grid/Text [ e Sca n n 0
]
||| Save Phase ) 29.8966324Refine 0.0000000 3 0 a| = | :
Create sir phase b ® 247385067 Refine  0,0000000 3 40 e n O u g h pea kS a re
P e seltions e 6.7095554 Refire 0.0000000 3 © ~ L | ofl interface Mode: Fit Zoomed ON
beta (%) 88.35235 Refine 0 75 120 i &
| s To A 5N present for LSI
I Cry Size |
— 20
| CrysizeL (nm) v 165 Refine 0.0 | A t h t L P
i | CrysizeG (m) [ 2000 Refine 0.0 i 0 10 20 0 0 =0 80 70 a gorl I I I, ry
i [Ny  nnon nnon .
1| 3,200

3000] hkI_Prosolv 0.00 % search

;f;gg B Step 2: after getting

2000 a satisfactory fit, fix
all peak intensities
and uncheck “Delete

hkls on refinement”

1,800
1,600
1,400
Il 1,2004
1,000

8001

600
Il 4001
200

04 ik A Mg I el i e bl L | bl
i Ladi Ll i L L] ™ " ¥ ¥ WL

<2000 000U U0 00000 0N AL A AL AL A 00 A N A 1B,
I 5 10 15 20 25 30 35 40 45 5
| x=17.93846 | y=2776.653 | d=4.940575 A
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Quantifying Amorphous Phases
PONKCS Method-walk through for Prosolv

7 TOPAS - CAD2 Pharma\Prosolv_index for PONKCS,pro - [prosolv.raw] - (= E [t
Fle  “iew Fit Launch Tools  ‘Window  Help E @ I% E DI' W =8 %
_—
DR A A e & ATV L o D A D D o T

=l 5 W prosoby.ram
[j Emizsion Profile
-1 Background
D Irstrurnent
- Comections
- Miscellaneous
0 Stuctures! hkl Phases
448 hkI_Prosoly

Save Phase

Create str phase

Delete hkl Phaze

Paste INF to Node/Selections

32007
3,000
2,8004
2,600
2,4004
2,200
2,0004
1,800
1,600
1,400
1,200
1,000

8001

6004

4004

2004

-2004

i [Phase Details ] [ Peak Type ] [Add\tinnal Convalutions ] [F\pt#Tth ]

=kl
:
5

] O R T N T ERT | 2z rime 15s.e3 mee  s.:28 —o.oolMc 035 1 -
W1 o 0 2 294897 299907 ¥ 019 Fix 0 [g] [|z52 Time 13658 mwp 328 -0.001 MC  0.35 1

EfEllle : o 2 2443362  3.61323  [v 0.0994  Fix 0 — || 254 Time 137.40 mwp 327  -0.00L MC 0.35 1
St 1 0 4 188133 469317 v 0.0357 Fx 0 fefinement converged

/M2 © 0o 2 14.74244 599018 [V 1e-010 Fix 0 4%+ Parameter({s) close to limit(s).

Al 1 o 4 12.62275 699725 ¥ 0.00878 Fix 0 Check for LIMIT_MIN and LIMIT_MAX in Grid/Text I
Mo 2 o 2 122681 723006 ¥ 100 Fx 0 -
ot 2 0 4 1128635 78201 % 0.0%5 Fx 0
Al o o 2 9.82829  8.99040 ¥ 0.119 F 0 e S :

: : : ki I Interface Mode: Fit Zoomed ON
Mz 2 0 4 940863 93943 ¥ 100 Fx O 5

<IN

. ' 3 X
THz 1 0 4  9.1187 969208 ¥ 029 F 0 A5 N
Mo 3 0 2 8144 1085412 v 0312 Fx D 8 A
M1 3 0 4 785054 1136183 ¥ 01%  Fx 0 5
Lo E} 2 n a FEETRA A4 GaR9R Ld 0 e Fine n 4
4 Tl | 3 o 50 100 150 200 250

hkl_Prosolv 0.00 %

10 15

| x=28.84715 | y=2499.723

| d=3.092468

an
e

B Scan of pure Prosolv

B Step 1: try to find a
“unit cell” that will fit
the scan. If not
enough peaks are
present for LSI
algorithm, try LP
search

Step 2: after getting
a satisfactory fit, fix
all peak intensities
and uncheck “Delete
hkls on refinement”
and LP search

Bruker AXS
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Quantifying Amorphous Phases
PONKCS Method-walk through for Prosolv

(F5 TOPAS - CAD2 Pharma\Prosolv_index for PONKCS.pro - [prosolv+49_lpc al203raw ] —— [E=EEN)
File  iew it La:nch Tooks  Window  Help ) I BESDEN = - & % B Sca N Of 500/0 m IX Of
e T N AP R A - R e i I T T P
L.D EI'§:;L+4SJDC I [ Conections | | Cylindrical san’iple [Tahme]][ml:mexn] | | | | RO by 4 rOSO vV a n n OW n
+-[3 Emission Profile e ¥olug e =1 L e 11 Time 3.60 ® 3.36% -0.004 MC 0.15 1 -
-1 Background | Peak shift 12 Time 3.79 ag 9.367 -0.002 MC 0.22 1 Sta n d a rd
[ Instrument Fero error ] Refine 0 13 Time 3.9%9 Bwp  9.367 -0.000 MC 1.37 4
-1 Camections _Sample displacement (mm) [V -0.0107385/Refine 0 Refinement converged
-3 Miscellansnus :IﬂtEﬂS"tvCB"‘ECﬁB'E 4%+ Parameter(s] close to limit{s)_ = (CO ru n d u I I l)
M Stuctures hkl Phases P factor W o Fix 0 Check for LIMIT_MIN and LIMIT_MAX in Grid/Text |g‘
I - Comndum __|surface Rghnes Pitschke e [ ™ .
- _Surface Rghnss Suortti [ . p 3 p
Paste IMP to Node/Selections | sample Convolutions ff JL{T 120 i terface Modsa Fit LOOmF‘dON Ste (] re aCe Sca n
| | Absorption (1/cm) [ 5785734 Refine 0 ”': 1y f d
| Sample Thickness (mm) [~ 10 Refine 0 Jlii Nl i Y O pu re COI I lpou n
| | ScaleIntensity r P . )
| Sample Tilt (mm) [T o Refine 0 20 h k
.- . LT with known mixture
[ 3,200
3.000] hkl_Prosolv 0.00 %
' 2,800 Corundum  100.00 %
2600
1 2,400
2,200
I| 2,000
1,800
l 1,600
1,400
j| 1.2007
1,000
| 800
1' 6004
4004
| 200, \
D_
|| URETTLT [T e PRunes el L P " Ak e o ‘L ’l B i, PRy
200 b e i S ’1|L--, it ‘W'A‘.-‘
-4009 | [ 111 L N A AR (TR T LITACHCR L Y ELRTETN IIIIIIIIIIIIIHIllllfIII i II\IIIIIIIIIIIIIIIIIIIIIIIII\IIII-IIIIIIIIIIFI\.I.III\IFIIIIIIIIII.III\II!I\IIII*-II-I\FIIIIIl--
| 5 10 15 20 25 30 35 40 45 5
| x=1491684 | y=1973.06 | d =5.939194 A
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Quantifying Amorphous Phases
PONKCS Method-walk through for Prosolv

r —
G TOPAS - CAD2 Pharma\Prosolv_index for PONKCS.pro - [prosclv+49_1pc al203.raw_1]

[ESTEER=)

File ‘View Fit Lanch Tods  ‘Window  Heln EEmEHDN== - 7 =
Dﬁﬁ@ﬁ@@@fﬁ&%&lomﬁi YT | T
B&Zfﬁ:ﬁ?d * | [Values | [Emors | [Degree of cysiliniy | [Fpt/Te | =k iy 4
£ Conestions | |Phase Name |wmm tyellse [ W% of SpCell Mass | Cel Volume | 1 Time 2.1 mwp  5.283  -0.00L MC  0.08 1
- Miscellaneous 1 hk_Prosolv 43.085 [~ 0.000 0.128 4749.05206 Time 2,54 Bwp 5.283 -0.001 MC 0.13 1
=3 Structures! hkl Phases 2 Corundum 50,915 [ n.000 611,768 3 Time 2.92 Rwp 9.283 -0.000 MC 0.33 1
{1 Quantitative & i
3 S0, Laltice paramelers B
3 Brindiey carrection (Sphe Check for LIMIT_MIN =nd LIMIT MAX in BT 3
{1 Display - - - 3
4| .T\ 3 | |Value Error ol
| Pote 4P o Hode/Sclctns :‘xt:'”zﬂ"‘:df::‘: boow_o.0e0 "1 | o284 ]™_interface Mode: Fit Zoomed DN
_.11} NJ| 9284
9.283
4 |:| b 1 2 3
3,200+
3,000 hkl_Prosolv 49.08 %
2,800 Corundum 50.92 %
2,600
1 2,400+
2,200
2,0004
1,8004
1,6004
1,4004
1,2004
1,0004
| 8004
| 6004
4004
2000, " - \,
D_
0| _20[]}\5«._ - e b " 'wm‘ " ﬂll —— _ﬁ# s -, _.L*“IA‘Y
4009 1 0 0 o rnen HIHIIIIIHIIHI\I\IIIIIIIIIIHIHI\IIIIIIIIHIIHIIIIIJII\ 1] IIIIIIIIIIIIIIlIIIIIIIlIIIlI\II\I-IIIIIIIIIIFIIIIIIIIIIFI\IIIIIIIIIIIIIIHIIIIII*III-I,IIIIII--
5 10 15 20 25 30 35 40 45 5
| x=240723 | y =2557.329 | d =3.693965

VA
g

an
e

B Scan of 49.1% mix
of Prosolv and known
standard
(Corundum)

Step 3:0nce that
empirical value is
known, save the
hkl_Compritol phase
(in .inp format). It
can now be used like
a normal structure in
any other mixture
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Quantifying Amorphous Phases
PONKCS Method-walk through for Klucel

- — — N
£ TOPAS - [klucel exf.raw] [E=EE)

Fle View Fit Launch Tools ‘Window Help EEHmEDN == = 7 =
Rk =P G A s e B Scan of pure Klucel

T I L= | m Step 1: try to find a

{1 Background

Time 10.62 Bwp  4.046 -0.001 MC  0.00 1
1 Instrumnent | |UsePhase v Tims= 10.7Z Bwp 4.045 -0.001 MC 0.00 1 \\ = 144 =] =
{3 Comections | Le Bail ~ Time 10.81 Bwp  4.045 -0.000 MC  0.00 1 u n It Ce t at WI It
{0 Miscellaneous 1 :De\ete hkis on Refinemer [ Refinement convergad
.% Structures/ hkl Phases P Search v 0.4 “it Daremeter t | close to limit{s). m th If t
agp hkl_Klucel || spacegroup P23 Check for LIMIT_MIN and LIMIT_MAX in Grid/Text I e Sca n . n 0
. Peaks Phase o 2z
f i Gl ) 14,7666626 Refine  0.0000000 3 20
B TR i Jﬂf | neace Mode: Fit Zoamed N enough peaks are
Create sir phase Cry St 40
 CrySize 3 \
Faste INF to Hode/Seleck | Crysizel (nm) [v 2.8 Refine 0.0 -I-L
e NPerdeckns | a0 - present for LSI
q |7| R | Lvol-IE (nm) [~ 0.000 0.000 k: 1 o 0 10 20 30 40 50 60 70 a0 op

| Delete hkl Phase
f
|

22001 h hki_Klucel 0.00 % algorithm, try LP

o search

B Step 2: after getting

| 1o a satisfactory fit, fix
1.0001 all peak intensities

| o and uncheck “Delete
w00 hkls on refinement”

e

-

I 5 10 15 20 25 30 35 40 45 5

| x=3550566 | y=1525.541 | d=2.525301 .
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Quantifying Amorphous Phases

PONKCS Method-walk through for K

-
7 TOPAS - [klucel exf.raw]

[ESREER =)

File  Wiew Fit  Launch Tools  Window  Help

HE®BE D % - &8 x
oy 9] 5 e
N S = AP RS S - e e N T N
A 2-m Kucel exf.raw - = a
3 Emission Frofle i lF‘haseDetal\sHPeakT_\Jpe] hkls 15 [Addlllona\Eonvo\ut\ons][F\pt.r‘Text] " N' ﬁ E-ﬂ‘ X
23 Backgound 50 O R T T < ey Time 1o.e2 mes  s.046 c.ool e 0.00 2
- Inztrarnent 0 a 1 [ 1476666  5.98034 v 1e-010 Fix 0 = 85 Time 10.72 Bwp 4.045 -0.001 MC 0.00 1
-1 Conections Sl 1 1 12 1044161 846133 W 35 Fi || 86 Time 10.81 mwp  4.045 -0.000 MC 0.00 1
{3 Miscelanzous BT 0+ 1 8 8s5mm waTM o304 Fix Refinement converged
E i:lucKllu'Esrhkl Phaszs e o 2 s 738333 11.87706 ¥ 3.16 Fi 0 4+ Darameteris) close to limit(s). B
: Ejf G u;s Gl 2 1 650385 13.39688 v 0.938 Fix 0 Check for LIMIT_MIN and LIMIT_MAX in Grid/Text =
e
fl Sk Thae M2 0 1 12 6650385 13.3%88 ¥ 0.938 Fix o .
Save Phase Mz 1 1 24 6024 1468228 M 103 Fix 0 \ Interface Mode: Fit Zoomed ON
Create st phase GMo 2 2 12 s2ME0 1698924 0 241 Fix 0 1 \\
Delete Fk| Phace ! Olo o 3 5 4822 1800881 W 527 Fix 0
Paste INF to Node/Selections " B a = aE 1800681 [ 5.27 = - L
82222 3 3 X
N« ,':T' : ) . T — = o a 0 20 30 40 S0 6 70 80 %0
l 2,2004 it hkl_Klucel 0.00 %
2,000+
|
1,800+
|
1,600+
1,400+
1,200+
‘, 1,000+
| 500+
600
y
400+
| 200
(L T T 15
-200 - | ol L1 TR T I T O O B B N N e N NN N N
I 5 10 15 20 25 30 35 40 45 5
| x=13.16% | y=1979.424 | d=5.719847 4
y

an
e

ucel

B Scan of pure Klucel

B Step 1: try to find a
“unit cell” that will fit
the scan. If not
enough peaks are
present for LSI
algorithm, try LP
search

B Step 2: after getting
a satisfactory fit, fix
all peak intensities
and uncheck “Delete
hkls on refinement”
and LP search

Bruker AXS
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Quantifying Amorphous Phases
PONKCS Method-walk through for Klucel

— — =
9 TOPAS - CAD2 Pharma\Klucel_index for PONKCS.pro - [klucel +40%al203.raw_1] [E=S e

File  View Fit  Launch Tools  ‘Window  Help FEHHGEO %= - 7 x . n f (0) / mIX f
OE W R TS /BT T =cdnlof 5050 0

EE .“gczlmtjgf:gongl:w—] i ‘ Cornections |[Cy\indnca| sample [Sabine] ] [F!pthExl ] E b ! ﬁ E\j X KI u Ce I a n d k n O W n

-3 Background |Use‘\«'alua ‘Code |Errar |Min |Ma)( |7 Time Z.Z& BEwp §.525 -0.017 MC 0.03 L

Peak shift 4 Time 2.34 Ruwp 6.524 —-0.000 MC a.01 1 Sta n d a rd
Refinement converged
Zero error Mo 0

Refine

m

{1 Miscelaneous

sample displacement (mm) [¥ -0.04449887Refine 0 4wt Parameter(s) close to limit(s)_ =i
&0 Shucturess bkl Phases Intensity Corrections Check for LIMIT_MIN and LIMIT MAX in Grid/Text |5| ‘ O rl I I l l I I I l
10 L4
2ap bkl Klucel LP factor W o Fix 0 e

m

@-_)|. Peaks Phase il

fl , Surface Rghnss Pitschke e [
Paste INP to Node/Selections

il €| = IO N S 3 . I
- ; terface Made”

2::E|ER§:§.:$.B #L aly = liiteiface Made” Fit Zoaimsd ON . tep ) rep ace Sca n
Absorption (1/em) ¥ 6.519197 Refre D Jl‘} NI 15

Sample Thickness nm) [~ 10 Refine 0 - o X Of pU re CompOU nd

Scale Intensity [ a 1 2 3 4 5

2.200] 7 hkl_Klucel 0.00 % with known mixture
2,000 Corundum 100.00 %

1,800
| 1,600
1,400
| 1.200]

1,000
8001
6001
4001
2001

-2004

| IIIII\I\I \I\\IIII |\|||||| IIHI [
5 10 15 20 25 30 35 40 45 5|
| x=20.30498 | y=923.1351 | d=4.370024 .
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Quantifying Amorphous Phases
PONKCS Method-walk through for K

—— = = —

-
ﬂ TOPAS - C\D2 Pharma‘\Klucel_index for PONKCS.pro - [klucel +40%al203.raw_1]

FE®EmM== - 7 x
A TET Ty o e T

B &

File  Wiew Fit  Launch Tools  Window  Help

O AR e s 8L o

& -0 Global Il |Va|ues | [Degree of crystallinity ] altKText ]

B klucel +40%al203 raw_1 -
{3 Emission Profie |phase Name |Wi2% RietvelUse | Wi of SpikCell Mass | Cel Volume | T Time 2.4% Rwp  £.325  -0.000 MO 0.30 1
-3 Background 1|k _Klucel 59.727 [ 0.000 0.185 3194.92364 3 Time 2.67 Bwp  £.325 -0.000 MC 2.23 1
Refinement converged
- Instrument |2 |corundum 40.273 [~ 0.000 611.768 15279
{0 Borrections 1 #* Darameter{s) close to limit(s). K
3 Miscellaneous MIN and LIMIT MAX in Grid/Text |E‘
=+ Stuchuresd hkl Phases | &
{1 5G. ice parameters | ‘\a‘a\ue == = JH’ : i
i i k| 6925 Interface- Mode: Fit Zoomed-ON-----
3 E(lndley rrrrrr tion [Sphe Wt% in Spiked sample 0.000 0.000 =JL
-3 Display il ok wpy | 6925
l i W% in Original sample 0.000 0.000 Jl‘} N 6025
Ll n
e C 5,925
Paste INP to Node/Selections
[ v 0 1 2 3
2,200 hkI_Klucel 59.73 %
l 20001 Corundum 40.27 %
3
| 1,8004
| 1,600+
1,400+
H
| 1,200
|
|| 1,000
800+
l
600
4004
200 2 ettty " 1
| # b P
| | | | | e III\II\\ [ [ I\‘III\I‘IIIIIIIIIIF\IIIIIII\\I\I

| 5 10 15 20 25 30 35 40 45 5

| x =18.9908 | y =1096.878

[ESREER =)

| d =4.669386 4
y

an
e

ucel

B Scan of 60% mix of
Klucel and known
standard
(Corundum)

Step 3:0nce that
empirical value is
known, save the
hkl_klucel phase (in
.inp format). It can
now be used like a
normal structure in
any other mixture

Bruker AXS




Quantifying Amorphous Phases B%ﬂ
PONKCS Method-Test mixture

- — - o g‘
£ TOPAS - C:\D2 Pharma\lbuprofen backgroudn.pro - [testmixture 2 4dg soller le25dg rot 15 05sec.raw_1] ——— = |8

File Wiew Fit Launch Tools  ‘window  Help HEEEDN= = 8 % . TeSt leture
e R R WPAP O B A - R T - 39% Ibuprofen

E] g Fn:lcrti::?d | Structure | [Peak Type ] m [Addlllona\ Convolutions ] [HpthBHt ] El » | M | ﬁ Ewﬂ‘ x
e e s meel | FE G - 18.7% Prosolv
B0 Stuctures? bkl Ph s P21f 14 Time 752 Rwp  8.245 -0.000 MC 10! b
2 ructures ases _ _:;&;Egruuu 14.5;17752Reﬁne 5.0030000 i Refinement converged il - 18% Comprltol
Y : ! 7| | +++ Parameser(s) close o Limis(s). U
_zég; Igg;j;g:‘;s 2:2:: :gggggzz zheck ;nth;MI;_MINtan{]; LI:I;TJ_M.BX in Grid/ v 24 24(y KI I
i - beta(® 99.41645 Refine [0 e ) | g - . 0 uce
T Scal [ 0.00076338 @ 1] i H 5
S‘ale Eitructu::ar in5STR lnlrmat : - _c‘:‘eﬁze ’JL JH" 12 MIEED Hod . B k d
Wiew/Hide Structure K : Cry size L (nm) v 884.3 @ 0.0 41‘} Nl \ a C g ro u n Wa S
Create hkl_Is phass |i‘ | Crysize G {nm) [ 2000 Refine 0.0 10 \ t .
Delete Struch = LVal-IB {nm) [~ 0.000 0.000 k: 1 d d p
I 785"‘“[“'0&[8' T ) : LV:\-FW::(nm) [~ 0.000 0.000 k: 0.39 i 02 4 & 8 10 12 14 16 e e rm I n e O n u re
24,0004 hkl_Prosolv  18.34 % Ibuprofen sample to
22,000 hkl_compritol 16.46 % d I E
| 20,0001 hki_Kiucel ~ 25.67 % avoid correlation
18,0004 Ibuprofen 39.52% |

effects with broad

st excipient peaks
12000 B Ibuprofen structure
| oo was also refined on
6.0004 pure sample to
el i I " minimize preferred
: 72,002: fal |I IR IR \I‘”I‘ ||'I\I'|‘I'|''|'|'|I|"P'I'|'I”||'/|"|I'f'|||:|| |III:PHIMI VY".?'III'J':':.:IIWf?l(n:l’l?'ﬂ(‘ﬁ?ﬂmmwmmmm Orlentatlon eﬂ:eCts_ 9
: 0 " 2 g g e p: | no further correction

| x=15.32177 | y=10812.75 | d=s5.778284 A necessary
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Industrial application: Cement + flyash
Rietveld refinement with TOPAS, only crystalline

components

Bmﬂ

Sample 7

6,500,
6,000
5,500
5,000
4,500
4,000
3,500
3,000
2,500,
2,000
1,500
1,000+

- s

Counts

C3S monoclinic (NISHI) 65.97 %
C2S beta (MUMME)  13.31 %
C3A cubic 5.84 %

C4AF 10.39 %
Quartz
Gypsum

0.12 %
4.37 %

-500
-1,000]
NN ER |||||\ i ||u|’
-1,500] Lo | |||II
-2,000
5

10 15 20 25

II If [l \III II III|I Illllrl I mn I IllllthIIIIIIIIITW II1 VIIIII[ jfllll‘ " nll”llllllllllllllllﬂlll Ifll-ll|ﬂllllrm III
[ | | III |

" ik i
30 35 40 45 50 55 60 65
2Th Degrees

LynxEye Detector

0.3° divergence, 4° Soller slits
0.02° /step, 0.2sec/step
Measurement time: 9 minutes

89

A high order polynomial function was
necessary to fit the background, which is
an indication for amorphous material in the
sample.
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Industrial application: Cement and flyash
Determination of amophous component
Method 1: spiking the sample with an internal standard

The elevated background is modeled with high-
order polynomial function.

The sample is spiked with an known amount of an
internal standard.

\.

90 06/05/2014

4,500 €33 monoclinic (NISHI) 32.87 %
4.0001 C25 beta (MUMME) 7.62%

’ C3A cubic 3.04 %
3,500 C4AF 535 %
3.000] Quartz 0.00 %
2,500 Zincite 8.27 %
2!000_ Amor. 40.72 %

2 [
c 1,500]
8 I
O 1,000 . | T y | |
5001 f A h e o H W iy L n - "
ol L A AN
-5001

_1!0007 r R iy e e e e R ed LT . i

_1 ,500_ | I I II‘ \‘ \‘ L} I\ 1 HHII (| \II I'II I nm \\III|I \:I ‘\II‘IHI‘:‘ ‘II IWllr I‘ I‘IIII:IH 1 I’ V“ HIHI;I‘I\7 ‘Illﬂ I:HH f\l \‘IITI‘IFIIIIIII II‘WII'TH |I|1||“‘IIIIHI:ITIMTI‘IT:‘qI Il' W P‘ “ ‘||“”||II| IWI w Nn “ w ) " |f ‘ " f' ' H,

-2,000; . . . I . | A A A . I . A . A

5 10 15 20 25 30 35 40 45 == == —
2Th Degrees Bl l “somple 7_500mm 0.3div 2]

------ [ Emission Profile

------ D Background

------ D Instrument

------ D Carrections

------ D biscellaneous

i Structures/ hkl Phases
B 35 monoclinic (MISH
B C2S heta (MUMME)
(B C3A cubic

-8B C44F
5l _Cluartz
B GypTe
- Perreleee

D Srtee
D Preferred Cirientati

P e

BROKER
e

Background was fitted with
high-order polynomial
function

8.27 wt% Zincite was added
to the sample as an internal

e VY |~ standard

Stucture | Peak Typel hklz I Additional Convolutio

| Use| Walue | Code |
ze Phaze [+

T Spacegroup 186
Clald) 32495907 | a_zincite
) 5.2067137  c_zincite
| 5cale v  0.0036954E zc_zincite
T Ciy Size
T | CiySize Linm] v 1535 cz_zincite
T Cry Size Glnm] [ 2000 Refine
~ | LvoHB[rm) [~ 0000
T LolPwHM[nm) [~ 0000
" | Suain
"~ | Shainl ~ o1 Refine

Strain & [ 01 Fefine
T [~ 0.00000
Wi Riety 13.951
" W of Spiked ¢ 2270




Industrial application: Cement + flyash
Determination of amophous component
Method 1: spiking the sample with an internal standard

BROKER
e

d el sample 7_500mm 0.3dk ;I Yalues I Ermars I Degree of u:r_l,lstallinit_lrll Hpt.-"Te:-:tI
""" [0 Emission Profile Phase Mame | Wtz Ristve] Use| WEZ of Spif| W in Spiked W in Origing Cell Mass | Cell Vol (A
----- [ Background C35 monoclnic 55.459 [ 0.000 32875 35.839 8719.355 4307 46077
----- O Instrument ©|C25 beta MUM 12849 [ 0000 7E17 3,304 £95.953  347.61330
----- [ Corrections ©|Cibcubic 5123 0000 2037 3,310 G484.622 | 35424753
..... 0 Miscellaneous B C4aF 5.019 [~ 0000 5346 5624 971,922  429.80950
o[ Stuctures/ hkl Phases ||| |Guarz 0.000 [~ 0000 0.000 0.000 180,252 112.61456
- Gypsum 3,599 [ 0000 2134 2,326 E72560 | 49562576

D) GGl afice Parame ||| Peickase 0.292 [ 0000 0.000 0.000 161.217  74.79168
[ Brindley Carectior ||| Zncie 13951 [ 8270 8270 0.000 162776 47.61506
[ Display
m-@ C35 monodlinic (MISH Amarphous Cortent |
...@ C25 bEtE.I. (MLIMBAE) alie =
- C3A cubic b Wit in Spiked sample #0722 0772
B C4AF W in Driginal sample 44393 084
w3 Cuanz [
w-E Gypsum
w8 Periclase v
P o
Paste IMP to Mode/Selections

Phase amounts and amorphous content in original sample is calculated in the TOPAS

software
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Industrial application: Cement + flyash sy
Determination of amophous component Ay
Method 2: Modeling the background with ,,amorphous

structure"

6,500 €3S monoclinic (NISHI) 35.36 %
6,000 C2S beta (MUMME)  7.24 %
5,500 C3A cubic 2.67 %
5,000 C4AF 7.20 %
4 .500] Quartz 0.12 %
4,000 Gypsum 2.00 %
3;500_ amorphous 45 41 % Background from
3,000 0-order
2,500 polynomial
2,000 function
1,500+
1,000 Background from
500 amorphous
04 component
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The elevated background from the amorphous component is not modeled with a
polynomial but mostly with an amorphous “structure”. This was achieved by using a
normal quartz structure with very small crystallite size and adjusting the lattice
parameters to fit the amorphous halo.
This standard less method works reliable and can be automated easier but should be
checked for each sample type with the internal standard method.
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