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Part 2

Structure solution
e Simulated annealing
e Charge flipping
e Rigid bodies

Quantitative Rietveld analysis
e Sample preparation and data collection
e Corrections
e Treatment of disorder or missing phases

Documentation:

TOPAS Tutorial

TOPAS User manual
TOPAS Reference Manual
Tutorial example files
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The Classic SDPD Process "%"

B Peak Finding
B Indexing

B Intensity Extraction
e Le Bail, Pawley
B Structure Determination
using F2(obs)
B Structure Refinement
using y;(obs) or F2(obs)

F2(obs) : Observed structure factors

yi(obs) : Observed step intensity data

Structure Refinement using F2(obs): Two-Stage Method (Will, 1979)
Structure Refinement using y,(obs) : Rietveld method (Rietveld, 1967, 1969)
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The Classic SDPD Process “%“

B Peak Finding
B Indexing

e

B Intensity Extraction
e Le Bail, Pawley
B Structure Determination
using F2(obs)
B Structure Refinement
using y;(obs) or F2(obs)

4 06/05/2014 Bruker AXS



SDPD Processes in TOPAS “%"
F2(obs) or y;(obs)

B Peak Finding

B Indexing

e 1

B Intensity Extraction m "Profiling"
e Le Bail, Pawley e Le Bail, Pawley
B Structure Determination B Structure Determination
using F2(obs) AND Refinement
B Structure Refinement using y;(obs)
using y;(obs) or F2(obs) TOPAS Approach
Coelho (2000)

Suited for Suited for
e Simulated annealing e Simulated annealing
e Charge Flipping
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Structure Determination “%”

Simulated Annealing

B Simulated annealing is a direct space approach where adjustable
parameters lie in direct rather than reciprocal space

B Procedure:

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

2. After calculating diffraction data and comparing it against the measured
diffraction data, the variable parameters of the model are adjusted in order
to maximise the level of agreement between the observed and calculated
data (i.e., minimize y2).

B This procedure is typically applied to single-crystal-type structure

factors, but has been extended to step intensity data
= TOPAS (Coelho, 2000)
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Structure Determination ahORER
Simulated Annealing example: PBS04

. iters 10000
©7 TOPAS - [Essential Help] Auto_T(10)
_ _ _ } RAW(Pbso4)
File  ‘%iew Fit  Launch @ Tools  ‘window  Help CuKa5(0.001)

D ﬁ LP_Factor(26.37)
Radius(173)
T < Full_Axial_Model(12, 15, 12, 5.1, 5.1)
A Divergence(1)
2 w3 Global Editor: Critextpad\TXTPADE2 . EXE Slit_Width(0.2)
bkg -129.186085 273.399239 -138.181022 72.48562 -26.4674473 17.2793392
One_on_X(, 8070.92751)
ZE(, 0.00280)
Edit C:\Topas4-24Tutarial\Pb S04 phso4-sdpd-ia. out finish_X 100
Structure_Solution_Weighting
’ str
space _group P_b n m
a 6.96367
b 8.48468
c 5.40148
scale @ 0.0003327635
site Pb x @ 0.001 y @ 0.001 z @ 0.001 occ Pb+2 1 beq 1

. . ; siteS x@0.001 y @0.001 z@ 0.001 occS 1 beql
- Set input file to TOPAS tutorial example site O1 x @ 0.001 y @ 0.001 z @ 0.001 occ O-2 1 beq 1.5

_ : : site 02 x @ 0.001 y @ 0.001 z @ 0.001 occ O-2 1 beq 1.5
u_se YOUI‘. favorlte_text editor or nOtepad to site O3 x @ 0.001 y @ 0.001 z @ 0.001 occ O-2 1 beq 1.5

edit and view the files site 04 x @ 0.001 y @ 0.001 z @ 0.001 occ O-2 1 beq 1.5

CS_L(, 786.98060)

Strain_L(, 0.06718)

occ_merge S* occ_merge_radius .6

occ_merge O* occ_merge_radius .6

occ_merge Pb* occ_merge_radius .6

normalize_FCs

view_structure

append_fractional
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Launch Kernel

B

Setk IMP File

Edit C:\Topas4-2 Tutorial\Pb52 4 pbsod-sdpd-ia.inp

Reopen IMNP far Launch
Create Indexing Rar
Load Emission Profi Load Log file
Load STRIz! for Sell




Structure Determination
Simulated Annealing example: PBSO4

£) TOPAS - [Phsod.raw_1]

M[=1}

Fie  Wiew Fit  Launch Tools  ‘Window  Help

EEBEO = - & %

DA ey AV L oAl x Yy Wkl
MY R BT B & » TE > onl AR
Vs ADO= ey
. = Sumwing peaks to Yeale
= Structure factor derivatives
= Solution to the normal egquations
= Tcalc calculation and Penalties
= Structure factors
= A and T matrix dot products and derivatives
[
Lalnch pode: CiTopaenTutoH alPhSOdphssd-sdpd-g inp
RUEY KNI
W AR l
20 40 [=in] an 100 120 140
14,000 Structure 100.00 %
12,0004
10,0004
3,000+
6,000
40004
2,000+
01 \‘fu_ IS “L.'._ [N O R - - —
-2,000 L Ty
| 1 T I O I O A IV I T T W W
15 20 25 a0 35 40 45 S0 55 g0 85 70 75
x® = 30.53576 y = 15696.66 d=2.975194
8 06/05/2014

- After refinement two
oxygen atoms are ,merged"
in the structure viewer

-Comment out one oxygen
site, set the other
occupancies to 1

- Comment out the
occ_merge commands

Re-run the refinement

Bruker AXS




Structure Determination e
Simulated Annealing example: PBSO4

| ©J Phase E]@ ‘ ©7 Phase E]@
NP R OTE RNV A O E YR P TEHEHSAARAEH O FH

P
=021 . i = 01:6

. 032

% Pb:1 WPb:0

=02:0

mol:4

=01:0 %015
» 01 TRE:3

L) 1:l_]0

- Structure viewer with numerous display options
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Structure Determination e vl
Penalty functions, Bond length restraints, >
atomic interactions

Penalty Functions can only be used in Launch Mode

B Introduction of suitable penalty functions reduces the number of local minimums in %2 and

increases chance for global minimum. Several penalty functions are implemented as macros.
B Anti-Bump (ton, s1,s2,r0,wby)

ton: sets_to_N of the box_interaction keyword

[s1,s2]: Sites

rO: distance

wby: weight given to the penalty function

Bond-length penalty function as a function of distance

B Coulomb-Interaction penalties (Born Mayer, Lennard-Jones Potential) suited for ionic atomic
models. A general real space (GRS) series is used to calculated Coulomb terms for all space

groups.
GRS_Interaction (s1,s2,wgi,wqg2,c,ro,n)

sl,s2: sites

wqi,wg2: valence charges

C: name of the GRS series

ro: distance

n: exponent of the repulsion part of the Lenard-Jones potential

m Grs_BornMayer (51,52,Wgqi,wqj,c,r0,b)

W Parabola_N(n1,n2,s1,s2,ro,wby)
Applies a penalty function of the distance between atoms. The closer the atoms are the higher
the penalty is.
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Rigid body editor for molecules

Acetaminophen

¥ C:\Applications\focussing mirror\acetaminophen\Acetaminophen.rgd

= _v| Acetaminophen.rgd

= Ch [ Acetaminophen.rad
(= Applications [ Acetaminaphen_pawley. INF
(= focussing mirmar [ Acetaminophen_Structure_rigid.It cz c1

rigid
load z_matrix

= acetaminophen [ Acetaminophen_Structure_rigid_ c3 o2 i 222
[ cf-acetaminophen.ing ca  C3 1.388
[ cf-alcetaminophen Z.inp C5 C4 1.392
1.391
1

Load / Hide
Update Alt-F1
Save

Save As
First quess Z matrix
Add torsion angle

-~
rigid
load z_matrix |
Cl
cz Cl 1.3%0
c3 Ca l.383 Cl 120,001
4 C3 1.388 C& 119.753 C1 o.o
Cs C4 1.392 03 120.627 C2 o.o
) C5 1.391 C4 119.38z C3 359.9
o7 Cz 1.389 Cl lz0.z24% C3 la0.o
ikl C5 1.453 C4 121.641 C3 130.0
co N& 41 1.509 C5 122.524 C4 4 157
clo C9 1.497 N5 1159.173 C5  180.0
01l C9 1.236 N5 121.785 C5 360
H1 Cl 0.963 CZ 120 Ca 130
Hz C6 0.963 C1 120 C5 150
H3 C3 0.963 CZ 120 C4 ls0
Ha C4 0.963 C3 120 C5 ls0
HS 07 0,916 C& al 110.81 C3 tl 17.2
HE & 0.922 C5 111 Cé ti 163 a
LI R A R -2 R T
< >

—

BRUKER
7 TOPAS - [Essential Hel
] [ Pl
File  “iew Fit  Launch Toolz  Window  Help
: ﬁ ’-“@ Mew Rigid-body editor Windaw Ils/
Zl -1 Global E Load F and F* For display |
|

== 1

Molecules can be entered as
z_matrix or, if atomic
coordinates are avaible, directly
imported (point for site
notation)

Bond lengths and angles can be
defined as variables (with
possible constraints)

Example files are available in
the c:\topas\rigid directory

Bruker AXS




Structure determination
Indexing solution

_|al x|
File “iew Fit Launch Tooks ‘window Help EEH®EIN% - 8 ®
aAn 8 &=
DS AR Ee ANV WL oMLl y W P21/c
2 [#-3 Global P m e == ol (=
B allantoin_1mm capilary_goch | Phase Details | [ Peak Type ] [Addlllonal Convolutions ] [F!pt.r‘Text ] » M wm | M v ‘f
3 Emission Profile Use Value Code Errar Iin [l 2 Tine Z.24 Tmp z.802 -0.033 MC 0.00 1 d A = 8 . 0 2729
[0 Background Use Phase v 10 Time 2.44 Pup z.730 -0.0lz MC  0.00 1
11 Ti z.52 W z.784 -0.006 MC  0.00 1
e Instrumant Lo r 1z Ti:: z.61 R$ z.782  -0.002 MC  0.00 1 B— 5 15538
i~ Comections Delete hks on Refinemer v 13 Time Z.69 Dup z.781 -0.00L MC  D.00 1 - D
1_[ EIST";TDUS . LP Search [ 04 Refinement converged
E1_J Peaks Phase_capilary —_— 80
© L[ Peaks SRV Sp;cegrnup P21jc #** Darameter{s) close to Llimitis). C_ 14- 29
{3 Stuchues/ bkl Phases a(A) 8.02720% @ 0 W) Check for LIMIT MIN and LIMIT_MAX in Grid/Text
142 bkl Phase b (A 51553785 @ 0,0001142 Errors caloulaced. — 93 0 1 70
“3 Indesing Details c i) 14.8029293 @ 0,0002398 — B— .
[ Indexing beta (=) 9501739 @ 000117432 o =
5 =i 45
Scale o Fix 0 B W \\ Interface Wode
Cry Size
< o] Cry size L {nm) 99991 Refire 0.0 b Jﬂ? 23 4
Save Phase Cry size G (nm) [~ zo00 Refine 0.0 o | 25 Y
Create sir phase LYal-18 {nm) [~ 0.000 0,000 ki 1 _nﬁg 20 \\
Delete hkl Phass LWolFWHM (o) | 0,000 0000 ke 0 ol 18 C 6 03 | |
Paste INF to Node/Selections Strain J\I 10 4H N4 mo eCu e
Strain L [ 01 Refine 0 hd s
4| | » 0 2 4 6 ] 10 12
60,0001 2164652 hki_Phase 0.00 %
40,0004
[
a
S 30,000
[=}
© 20,0001
10,000+
0- A M ol o I 4
i A hd e ¥ L} 4
— 11 L1 1 I A A 1 R O T N1 RICLIE] Hn | (AT TN AN TN
10 15 20 25 30 35 40 45 50 55 B(
2Th Degrees
| x=43.0838 | v=s51802.3 [d=2z.097867 v
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Structure determination shgier
Allantoin Structure using a rigid body

[@]T0PAS - [Allantoin.raw_1] [_[Of ]
Fie Wiew Fit Launch Took  Window Help HEHmEN* - & %
O AR Ee A 8L FIEm . LC| R WP: 3.6 GOF 2.23 R _Bragg: 1.9
e By WEuy 00 9085074080 H| - -
[ Ervission Profile: Bond lengths and angles caleulated - L . L i i
i it Ciemrnreons Tovks cratminny — Rigid Body definition with refinable
o e rocess tues rees parameters for certain bond lengths and
T by angles
. Peaks Phase 4.89 = Ycale calculation and Pe
9,12 = Summing peaks to Ycalc 3
ﬁf T T SR prm rCO 1.22844° min 1.1 max = 1.3;
'JE: 0 Prm rCN 1.38049° min 1.2 max = L.5;
\Sflvwe/:ﬁ::l;mj;ﬁ fomat A P Prm rCC 1.55547" min 1.3 max = 1.65;
Croale hkl_ls phase o prm rNH 0.94003" min 0.8 max = 1.1;
Delete Stucture ] )| 5 prm rCH 1.09498" min 0.8 max = 11,
Paste INP to Mode/Selections kl D_m prm tl 16132814‘ min _1800 max = 1800'
42,0004 .
40,000 rigid
38,0004 z_matrix C3
giggg z_matrix C2 C3 =rCC;
2000] z_matrix H3 C3 =rCH; C2 105.402
30 o z_matrix N1 C3 =rCN; C2 100.717 H3 -118.051
28,000+ z_matrix N3 C3 =rCN; C2 114.085 N1 -125.499
iggg z_matrix N2 C2 =rCN; C3 106.935 N1 -5.652
zzjnnn— z_matrix 02 C2 =rCO; C3 126.540 N2 -177.818
20,000 z_matrix C1 N1 =rCN; N2 37.005 C2 177.016
18,0004 z_matrix HL N1 =rNH; C1 122.928 C3 -178.264
ﬁggg z_matrix C4 N3 =rCN; C3 119.850 H3 =t1;
120004 z_matrix H4 N3 =rNH; C3 113.023 C4 172.397
10,0004 z_matrix H2 N2 =rNH; C1 119.991 C2 -165.935
8,000 z_matrix O1 C1 =rCO; N1 127.712 N2 177.677
o z_matrix N4 C4 =rCN; N3 116.779 H4 10.982
oo ] z_matrix O3 C4 =rCO; N3 120.303 N4 -178.068
o . NIV NIV PO S . z_matrix H5 N4 =rNH; C4 112.943 O3 -20.399
-2.0007 — 1 11 | ALl I 11 A A T TN RT RN I 1 1IN ] Z_matrix H6 N4 = TNH; C4 117.158 H5 -155.657
10 15 20 25 a0 3 40 45 50 55 Br
[ [+ Rotate_about_axies(@ -217.23153", @ -212.56492", @ -
[ [ x=20.05089 [ y=30236.98 | d=3.070311 v 292.67135‘)

Translate(@ 6.21006°, @ -95.95035", @ -5.15864")
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TOPAS Tutorial Cimetedine B%"
Structure refinement using a rigid body model

|{? TOPAS - [cime.xdd] U[i]!

File  “iew Fit Launch Toolz  ‘Window Help EEHEHEMN* = 7
Rl e s N TED - VAN - S S s U AR AR I T
+ el & XIE) =
23 9 - Ni=RON __E__Eur X 3
= . - llZ 03 = ngld body derlvat,:l.ves _A_
£ 93.71 = Yealc calculation and Penalties
£ 28.98 = Structure factors
g 1.03 = Selution to the normal equations
ZZ2.86Z = Ztructure factor derivatives
A Z4.45 = A and Y matrix dot products
E 139.32 = A and ¥ natrix dot products and derivatives
e}
) Jlé’ ;g Lduflﬁuuwu e\ Topasd-TiT o c:l.u‘:_,‘l'll'rt.J.L.J.LL{Ile— U[h'IJhu— chrigidifip
A3 N2 a o
» rJ 88
20 1
u] 5 10 15 20 25 30 35 40 45 a0
100.00 %
1504
1004
504 |
IV I | i ol et o e A I dapnad I
Q= e T T LM S st Ui R L T ' o T A A
L S I L N L T T T 1 A 1 { NN LLpLL 1 Wi} ||||j||
10 12 14 16 18 20 22 24 26 28 30 32 34 K13} 38 40 42 44 46 48 50
K| | ﬂ
% = 35,4091 Sort(y) = 338.4368 | d = 2.513969
m Togooen 7| [Olmbox-m... | @sGoogeFi.. | EToPASSt.. | E)Indexing... 1 RE: DHC ... | EHolc e[ %l 12:52pm
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Structure Solution with TOPAS
Charge flipping

an
e

B Included in TOPAS version 4 (A.A. Coelho, Acta Crystallographica A63 400-
406(2007)

B Charge flipping algorithm ( Ozlanyi, Sttd, 2004) aims to reconstruct
directions of scattering vector by cycling between real space and reciprocal
space

Works particularly well for high resolution data

Powder diffraction from Lab instruments are usually consider poor resolution
data

Charge flipping combined with the tangent formula:
Coelho (2007), (A.A. Coelho, Acta Crystallographica A63 400-406(2007)

e Allows solutions at poorer resolution
B Automatic determination of the origin
B Symmetry consideration (symmetry_obey_ 0 to_1)
B Atom picking and assignment, Z_matrix guessing
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Charge Flipping

Oszlanyi and Sito, 2004

16

1. Take |Fl

Guess phases

, 2. Calculate electron

density p(r)

5. Keep new
phases and replace

by [Fpyl

Bmﬂ

3. If p(r) < value
"flip charge”
r(r) = -p(r)

4. Calculate |Fhylnew
and new phases from
new p(r)

06/05/2014
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BR@R

Specific commands for charge flipping .
First Step: Pawley fit in Launch mode

Save your Whole Powder Pattern fitting as an .inp file and add an
Out_cf_hkl(filename.hkl) or

Out_for_cf(filename.a)
command with your text editor (see cf-alvo4-pawley.inp example below)

xdd alvo4.xdd

CuKa1(0.001)

LP_Factor(27)

Radius(200.5)

Simple_Axial_Model(@, 1)

Zero_Error(@, 0)

bkg@ 00000000

hkl_Is
space_group "p-1"
a @ 6.54
b @ 7.75
c @ 9.12
al @ 96.1
be @ 107.2
ga @ 101.4
PV_Peak_Type(, 0, @, 0.05, @, 0.05, @, 0.05, @, 0.05, @, .05)
Out_for_cf(alvo4.a) ‘Writes intensities into .a file
Out_cf_hkl(alvo4-pawley.hkl) ' writes intensities into .hkl file

17 06/05/2014 Bruker AXS



BMR
Second Step: Set up input file for charge flipping &<

Example files in directory tutorial/cf/
e.g.: cf-ae5.inp
macro Nr { 100 }
verbose 0
charge_flipping
cf_hkl_file ae5.hkl
space_group C2/c

Reference to intensity file

a 28.850 < Space group and lattice
b 7.4438 parameters (fixed)

c 15.3364

be 111.853

delete_observed_reflections = D_spacing < 1;
fraction_reflections_weak .4
add_to_phases_of_weak_reflections = 90 Ramp(1, 0, Nr);
symmetry_obey_0_to_1 = Ramp(0.5, 1, Nr);
flip_regime_2 = Ramp(2, 0, Nr);

Tangent(.3, 30)

E)iglc(j(goa)tom type f atom_qguantit ) Use of Tangent FOTTTIULE
it VIS Lttt y advisable for powder data
O =28;
N =48; ~ Load number of atoms in unit
C =178:
’ cell
b
18 06/05/2014 Bruker AXS



Example “%"

Structure Determination of Mo,P,0;¢

B One of the largest structures
solved with TOPAS (simulated
annealing)

B Single crystal data
(Bruker AXS SMART 6000)

SG: Pn (7)

= 24.1134(6) A

= 19.5324(5) A

= 25.0854(6) A

= 100.015(1)°

= 4450.9 A3

441 atoms in asymmetric unit

H B B B B B B
< ™ 0O T WO

Lister et al., Chem. Commun., 2004, 2540
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Example = Gxcr
Structure Determination of Mo,P,0;¢

Charge Flipping

[} "Default" run @Launnh Mode: C:\Topas4-2\Tutorial\cflcf-pn-02.inp E|@|E|
. . . == = = ;
. Typlca”y Very hlgh proportlon Of .‘.'hLI ’ Z‘l.:l ﬁbunljl..b;{ [N Wil 9d U &ed u u u
441 atoms correctly identified DomDoimornorE oAl omoo
(>99%?7?)

Best Fralc sawved to file C:Z\Topasd4-Z%Tutorial’cfW0Z0pn.Fo
Cloud with best B-factor of 0.353 updated.
Use the OpenGlL Clowud dialoyg to pick atowms.

Charge-flipping finizH ~y 1 5 Sec
n

§]|[§ Dg:l\ﬂrlln b kA LT \j4ﬁw.. riabchcf-on-02-4n0

=
\I_Lulll.,l UL L L L LN L p=) =R ) LR RS g |

I DE } \¥

T
0 3 10 13 20 3 30 3 40 43 a0 )
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Acetaminophen BRGKER
Trial run with Charge Flipping Method

Required input: Peak intensities from
Pawley fit (listed in hkl file)

Number of atoms neglecting hydrogen
load f_atom_type f_atom_quantity
{
N=14
C=84;
0=24
>

S .E |5 acetaminophen. hkl == \
@V LT H ,

‘ £ acetaminophen. hkl E]@ ‘
YV B THISHONAI A OE O

Carbon rings with O and N are
identified correctly from Electron cloud
but not complete molecule

Bruker AXS




Simulated Annealing vs. Charge Flipping “%"

Conclusions

Simulated Annealing:

B Requires a trial structure model, which can be partial or random
B Performs better on poor quality data. Important advantage!

B Comparatively slow

Charge Flipping:
B No use of chemistry / trial structure models. Important advantage!
B Requires high quality data

B Even if the structure doesnt solve completely, heavy atoms and / or
molecular fragments can often be found very quickly, which greatly
assists subsequent simulated annealing structure determination

B Very fast; structures can be (partially) solved in seconds up to a few
minutes, i.e. faster than one typically can create a start model / rigid
body for simulated annealing

22 06/05/2014 Bruker AXS



B%R
The Rietveld method

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

B 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)./ 3, 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 unlg (atomic mass units)

V is the volume of the unit cell (A3

24 06/05/2014 Bruker AXS



Data collection g2 ey

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 Point detector:

e 1° divergence slit
e 4° Soller slits
e (.02 step size and at least 1 sec/step
e 1-D detector:
e 0.3° divergence slit and anti-airscatter screen
e 4° Soller slits
e 0.015 step size and at least 0.1 sec/step
25 06/05/2014 Bruker AXS



Data collection B%n
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 humber of
measured particles by rotation)

26 06/05/2014 Bruker AXS



an
e

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

12,000

10,000|

8,000

wounts

5,000

4,000

i

0!
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 &
2Th Degrees

—omparison of X-ray powder-diffraction patterns of a sample mechanically
jround under ethanol to <5 pym (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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Quantitative Rietveld Analysis "%"
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_] 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
Round-Robin example

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

File  %iew Fit  Launch  Tool

ls

window  Help

D A de A AL o

Z #-{_] Global

E-M CPD-21aw

- Emizzion Profile
-1 Background

- Instrument

1 Correctiong

- Mizcellaneous
- Structuresd bkl Phase
E-[ Brucite

-

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

[ 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

HEESEN* - »
yo oM
> il 2 (Y
7 Time Z2.2 1Z. 444 -0.000 MC d
lefineme erged

an
e

Refined Lattice parameters and
crystallite size for each phase

You may try to further improve
™ the fit by introducing strain for

Brucite
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
=+ -+ o
11,0001 Brucite 36.05 % Q Eﬁ E@ El% Q (= f L AR" -4 JE! 1 <
10,0004 Corundum 22.46 % 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
£ om0 -3 Structuress bkl Phasze Rp 7,67
I El@ Brumt.e Rexp-dash 9,24
4,000+ i Sitex
. : Rwp-dash 11.73
3,000 | Prefemed Orientati
C3 St Output Rp-dash 843
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 IIII [NIR i ||”||IIIII IIIIII IIIlllllllll | 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
Round-Robin example

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

File  %iew Fit  Launch  Tool

ls

window  Help

D A de A AL o

Z #-{_] Global

E-M CPD-21aw

- Emizzion Profile
-1 Background

- Instrument

1 Correctiong

- Mizcellaneous
- Structuresd bkl Phase
E-[ Brucite

-

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

[ 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

HEESEN* - »
yo oM
> il 2 (Y
7 Time Z2.2 1Z. 444 -0.000 MC d
lefineme erged

an
e

Refined Lattice parameters and
crystallite size for each phase

You may try to further improve
™ the fit by introducing strain for

Brucite
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
=+ -+ o
11,0001 Brucite 36.05 % Q Eﬁ E@ El% Q (= f L AR" -4 JE! 1 <
10,0004 Corundum 22.46 % 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
£ om0 -3 Structuress bkl Phasze Rp 7,67
I El@ Brumt.e Rexp-dash 9,24
4,000+ i Sitex
. : Rwp-dash 11.73
3,000 | Prefemed Orientati
C3 St Output Rp-dash 843
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 IIII [NIR i ||”||IIIII IIIIII IIIlllllllll | 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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Industrial application: Cement and flyash
Determination of amophous component
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.

31 06/05/2014

4,500 €3S monoclinic (NISHI) 32.87 %
4000 C2S beta (MUMME) ~ 7.62 %
; C3A cubic 3.04 %
3,500 C4AF 5.35 %
| Quartz 0.00 %
3,000 Gypsum 213 %
2,500 Zincite 8.27 %
2!000_ Amor. 40.72 %
2 [
€ 1,500
8 1
8 1.000] D JY 0 | {
500 f A, L ? H VA & i et w
ol L A AN
-500]
_1!0007 ' ! o) o NI VT . o L e T Pyt -
-1 ,500_ | I [ II‘ \‘ \‘ n I\ 1 HHII (] \II I'II | n \\II || \:I ‘\II‘IHI‘:‘ ‘II IWllr I‘ I‘IIII:IH 1 |7 \’IIIII HIHI,‘I‘I\7 ‘Illﬂ I:HH f\l \‘IITI‘IFIIIIIII II‘WlllTH |I|1|II”II||“I:ITIMTI:T:‘ql Il' WTH IIP “ ‘||“‘|I|III IWI w Nn “ w ) ’l |f ‘ " f| ' H,
_2!000- | | | |I 1 | : [ 0] | [ | \Iil Il ‘I | \I o \II Iil 1 HIII [ IA“ | mr I HIIHIIHL (1A}
5 10 15 20 25 30 35 40 45
2Th Degrees {EL” l “sample 7_500mm 0 3d 2]

------ [ Emission Profile

------ D Background

------ D Instrument

------ D Carrections

------ D biscellaneous

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

-8 C4AF
(5l _Cluartz
@ Gypeme
B Periclase

D Sites
[ Preferred Orientati

B(I:Z{E)R
e

Background was fitted with
high-order polynomial

function

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

I |~ standard

Stucture | Peak Typel hklz I Additional Convolutio

| Use| Walue | Code
ze Phaze [+
T Spacegroup 186
lald) 3.2495007 | a_zincite
el 82067137 | o_zincite
| 5cale v  0.0036954E zc_zincite
T Ciy Size
Cry Size L[nm) v 1535 cz_zincite
T Cry Size Glnm] [ 2000 Refine
LB [rnm] [ 0000
L al-PradHB ) [ 0000
| Strain
| StainL [~ ot Refine
Strain & [ 01 Fefine
I [~ 0.00000
| Witk Riefy 12.951
F W% of Spiked W 2270




Industrial application: Cement + flyash Ry ok
Determination of amophous component (O
Spiking the sample with an internal standard

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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Rietveld Refinement Ly
Corrections Cedteed

¥l ToPas - [CPD-2.raw]

File  View Fit  Launch  Tool:  Window  Help

DS e~ N2 IE

E @3 Global

® Highlight corrections
B Use either Zero Error or Sample

| Comections | [E_I,Ilinu:lrical zam

: Rpt/T i i
Em CPD2 1w pt/T st dlsplacégement as a peak shift
-1 Emisgion Profile Use |value Code || correction
-{_J Background shift
L Instrument Zera error | iz B Always Check Lorentz- Polarization
Ll I:'?'”EC“':'”S Sample displacement (mm) [v  -0,0635991 {Refi correction
[]‘—-' gdtlsci"anefﬁa o1 Intensity Corrections
+- 0 Struchures ases )
o @ Zindite Loy | v 266 Fx | e Type in the Bragg angle of the
= Brucite Surface Rghnss Pltschl.qa el monochromator
[ Sies S ffame figes Aot W e Type 0, if no monochromator is
-3 Prefened Orientation sample Convolutions present (Ni-filter, Sol-x detector)
~ 0 Str Output Absarption (1 /cm) [v 35.03362  Refine I\
= Comundum Sample Thickness (mm) [ 10 Refine 1 u Depending on the Sample you may
- Sites scale Intensity o : . -
73 Prefered Drientation Samole Tt (o) =t —— refine Absorption correction
<o Str Outpt
- 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.
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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
at http://icsdweb.fiz-
karlsruhe.de/index.php

American Mineralogist Crystal Structure Database

This site is an interface to a crystal structure database that includes every structure published in the American M
Mineralogist, European Journal of Mineralogy and Physics and Chemistry of Minerals, as well as selected datasest:
database is maintained under the care of the Mineralogical Society of America and the Mineralogical Association ¢
the National Science Foundation.

Crystallography Open Database

Free databases:
B www.crystallography.net

Sign the Petition for Open Data in Crystallography Diffraction Search

B Bruker-AXS structure database (a few Upload dat [ Hinera
h un d I‘Ed minera IS) Search the database : Author |
Chemistry Search
@ | Cell Parameters and Symmetry
I
|

General Search
Search Tips

Search | Reset

|Log'|c interface “ AND T OR B
*

B American Mineralogist Crystal d |
structure database = e Chateigner, Xiaokong Chen, Marco Cinoti. _ T [ [@intemet w00 -
http://rruff.geo.arizona.edu/AMS/am
csd.php 5] o

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

37

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

Bruker AXS



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

@ (3 Global =] [vahes | [Coder ) [Evers | [Min | [Max) [eTert) -8 For quantitative analysis of phase
=W RC 33 corad 35K 40ma 0.7c | alues || Codes || ”ml A mixtures the atomic sites (X,Y,Z) of the

..... Ernizsion Profil Site Mp |x ‘—' Atom Occ,  (Beq. .
..... 52 Beckgoung Ll 2 oomm oo oo mers 05 i phases are never refined.
----- 4 nshmert 2 FE+2 _[0.6642 1 B In 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 053360 050000 MGHZ 07016 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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Corrections for non-ideal powder samples BROKER
. . (>
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



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/
X L
-201 ‘J l A e R U Ty
-40 ﬁl I L " H “HLL*A m“ 1 MMH il | I
5 10 15 a0 70 75 80 85

an
e

<« Unground sample

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

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

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

Ground sample

Samples measured with
Vantec-1 detector
0.1sec/step

Bruker AXS




Corrections for non-ideal powder samples shO<ER
Large grains lead to spotiness effect and Micro absorption (O
(demonstrated with area detector and weighted test mixture)

7

Albite_microcline_quartz_00_002
09/26/05 13:18:44

) S m Coarse powder of
_ i Albite, Microcline
S and Quartz (some

2th be

M ¥ grains are larger

chi begi

A than 50um)

e

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 R

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

1624x1024 *Cu Bias Wet g roun d | n
1,2,3,4=Select adge; M=Move; ENTER,L button=Integrate; ESC,0 buttons=Quit - - - -
, Micronising Mill for
[ GADDS: General Area Detector Diffraction System ¥4.1.20 Copyr. 1997-2005 Bruker. .
Project File Edt  Coll o User Help 5 3 O m I n u tes

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

0,300 Gadds data at 25cm

B sample-detector
M B distance

e
! ZptHet# in degress
A ‘H L3

ThL 31.000 x -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

BMR
e

Unground sample

40,000, Quartz 39.77 %
35,000 Microcline maximum 31.86 %
30,000 Albite intermediate 28.36 % < Unground sample
25,000
£ 20,000 Weighted compositions:
G 15,000 Albite 29.64 wt.%
10.0%0 Microcline  [36.63 wt.%
5,000
AP N— Quartz 33.73 wt.%
s
_5‘0007 ”III\ ‘I‘ 1 | ! 1 I‘ | L \H 1 { ﬁl M ”\ I“\‘f‘ i I\Iw\ ! 1 IIII v \II\ \‘\H | HIIII
14 16 18 20 22 24 26 28 30 32 34 ® For both samples,
2Th Degrees preferred orientation for
Albite and Microcline were
40,000 Ground sample reﬂned
Quartz 33.76 %
35,000 Microcline maximum 36.24 %
Albite intermediate  30.00 %
30,000
oo <« Ground sample
5 20000 Gadds data at 25cm
O 15,000 sample-detector distance
10,000/
5,000
01 PSP
”HII\ \‘I L ‘ | hl 1 ‘I | [ IH | f‘ ﬁ [N HI ‘ ‘\I [N | | | ‘II” [ | ‘II‘ ‘II‘H | H‘IH [l Bruker AXS
14 16 18 20 22 24 26 28 30 32 34
2Th Degrees .



Corrections for non-ideal powder samples

Micro absorption
Brindley correction

Bmﬂ
e

Unground sample with Brindley correction

Weighted compositions:

40,0001 Quartz 32.80 %
35,000 Microcline maximum 37.36 %
20,0001 Albite intermediate  29.83 % Albite 29.64 wt.%
- Microcline 36.63 wt.%
‘ 0
2 20,000) Quartz 33.73 wt.%
S
G 15,0004 B Larger Quartz grains of
10,000 50um were assumed.
5,000
: et - ,/
-5,000] My LI ‘ LM I AL ) B { T |\I LT TN |A
14 16 18 20 22 24 26 28 30 32 34
2Th Degrees
J [ Instument # || Brndley Correction [Sphernical Particles) l Hptwl NOte that the error
[ Corrections FPhaze Mame | Llse| Hadius[cm]| Pk Den | Mazz &b Coefflom™24g) / oW Id be
[ Miscelaneaus F Quartz v 005 0.4 01106 considerab Iy Ia rger
=0 %’“S‘;‘E; aP:iI:I!EF'hases " |Microcline mawimum | @ 0.005 0.4 4987407 Iflo'r I_I;)hasgs W';c_h
: Albite internediate | v 0.005 0.4 33.9074 Igner absorption
[ 5G-Lattice Parameters — I
[1 Brindley Correction [Spherical Particles) co ntra St .
=W EUEE:IZSDLEI}' Brindley Carrection [Sphenical Particles) ]
[ Sites Fhase Mame | Use| Radiusicm] | Pk Den. | Mass &b Coeffjcm”™ 24
[1 Prefered Orientation ¥z v 0.05 0.4 36.01106
[ Str Dutput Microcline maxirmum [+ | 0.005 0.4 43.87407
- Microcline masimum v ||| Albite intermediate v 0005 04 33.9074 Bruker AXS




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 samFIes with powder grain sizes below approx. Sum.
- If possible, minimize preferred orientation by using back or
side Ioaded sample holders
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Rietveld refinements: Rorel

Refining crystallite size, strain, and occupation (S
factors on Zr(Ce)0O2

|ﬂ TOPAS - EATOPAS Examples\ZrCe02 refined orccupation facter. pro - [Sample5 0.3 div_lynxye1.0sec.raw] l._]li]@
File  “iew Fit Launch Tools ‘Window  Help E ﬁ % E Em ¥ = g X
=l .53 Global == g
Structure | | Peak Type | | hkls | | Additional Corvolutions | | Rpt/Test = .
=M Sample 0.3 div_lynxyel. Osec.raw ‘ ‘ [ L ] [ ] [ 2 ] L4 M ﬁ Eﬂ x
[ Emission Profils Use alus “ode  Error Min Max *| || Loading atemic scattsring factors from fils stmscat.opp [a]
3 Backgraund Use Phase ¥ 0 Time 2.14 Rwp 3.723  0.000 MC  0.00 O
3 Instrument Spaceqroun 225 1 Time 2.34 Rup 3.723  0.000 MC 100.00 O
{3 Corrections a(h) 5,3292563  a_zrozcut0.0000000 Pefinsment sonverged
{3 Miscellaneous Scale [V 0.00315014 sc_zrozcu #+% Parameter(s] close to limiti{s).
= Stuctures! hkl Phases Cry Size Check for LIMIT MIN and LIMIT MiX in Crid/Text
S
™ Cry size L {nm) v 10.1 cs_zrozel0.0 5 L
3 Preferred Orientation Cry size G (nm) [ z00.0 Refine 0.0
3 St Output Liol-I& (nm) v 439 0.000 ki 1
Lwal-FWHM {nm) ¥ 9.002 0.000 K 0.89 531‘* - Interface Mode:Fit med-Giy
Strain 5720 - T
Save Siructure in STR formet iRl L N0 R 0 AY i
Wigw/Hide Structure Strain G V1437285 @ 0 L B | 5720
Create hkl_ls phase e0 v 035032 0.00000 E i
Delste Structure Wt Ristveld 100,000 0,000 b | 3729
Paste INP to Node/Selections Wt of Spiked [~ 0.000 }\l 3729
Cell Mass 569.943 0.000 [w] u 1
11,0004 :
: Zr02 cubic 100.00% U £5
- =
10,0007 2l 23
9,000 =
4
8,000 b
2 &y
7,000 —’Jl‘ iI
6,000 _[
UL
5,000 e
A%
4,000
Y
3,000
%
2,000
71,0004
0 3, I, iy o, b, £, i,
b Kol -y\[ P L L i
71 'OOO- T ! T ! T T T | T T ! \‘ T T ! T ! T | T \‘ T 1
20 25 30 35 40 45 50 55 50 65 70 75 80 85 90 95 10
[ | x=48.34891 | y=11386.86 | d=1.845193

B Average crystallite refined using Scherrer equation

B Strain refined to fit additional broadening at higher angles

B Determination of crystallite size distribution with Double Voight fitting possible in Launch
mode
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Rietveld refinements: Rorel

Refining crystallite size, strain, and occupation £%. )
factors on Zr(Ce)0O2

L7 TOPAS - EATOPAS ExamplestZrCe02 refined orccupation factor.pro - [Sample5 0.3 div_lynxye1.0sec.raw]

File  “iew Fit  Launch Toolz  ‘Window  Help

.
2l -3 Global i |‘-.J'alues | [ Codes ] [Erru:urs ] [Min ] [Ma:-c ] [HptHTe:-:t ]
=M Sampleb 0.3 div_lyrepel Ozecraw
[ Emizzion Prafile ite Mp |x Y Z fktom Do, (Beq,
[ Backaground 1 51 4 0.00000 0, 0aoo0 0.00000 ZR+4 0,654 1.3
[ Instrument & Ce+d 03454 1
1 Corrections 3 s2 g 0.25000 0, 25000 0,25000 -2 1.06 7
[ Mizcelaneous
+-_1 Stuctures! hkl Phazes
= 2102 cubic
[ i5ites; |‘u"alues | [ Codes ] [Erru:urs ] [Min ] [Ma:-c ]
[ Preferred Orientation Site o " - akom | occ. . Beg.
[ St Output

sl 4 0.00000 0, 00000 0.00000 ZR+4 06546 1.3
Ce+d 0,345 1

52 g 0,25000 0, 25000 0,25000 Q-2 .06 7
Add Sitelz] before selected site(z]

Add Site at bottom
Add Atom at zelected sitelz]
FPaste IMP to Mode/Selections

B Substitution of Zr with Ce
B Refinement of Occupation factor to determine concentration of Cerium
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Treatment of disordered or missing phases BL.X)S;E:E;“
Nontronite

® Nontronite has only one published B The published ICDD pattern matches
structure file, which does not match better and has unit cell parameters

the observed pattern

ers’, 8043 files for topas trail

File Wiew Fit Lasunch Taoks ‘Window Heln EESEN = - 8 %
- -+ o P
e = = R S N A - A i O A TSR .
E Global — -
I;I-? Njn:umxe_va_umsyemg_nsfaw [ structure | [Peak Type | [hkis | [ Additional Convolutions | | RpteText B »l M 12000 —]
3 Emission Prflle Use Value code |Error Hin Max - o 11000 —
£ Backgiound Use Phase v ﬁ LR ﬁ( :
3 Instrument Spacegroup C12jm1 I; _:“‘ b ;‘W b A 10000 _|
ime s
g at‘-s'::eglg:?o " ZE:; 5.2850281 Repne 0.0000000 13 Time 2.17 mwp 35 9000 —
51561655 Refine  0.0000000 Refinement converged —
g iz‘;ﬁ‘:ﬁj bkl Phases ) 9.8613650 Refine  0.0000000 8000 —
112 Nontioite,_ bkl beta (%) 101.7859 Refine 0 i
Scale ¥ 0.0001871 1iFix [ 7000
Save Stucture in STR format s Cry Size |
View/Hide Structure Cry size L {nm) W 450 Fizx 0.0 6000 |
Cieate hkl_ls phase Cry size G () [ 2000 Refine 0.0
Delete Structure LyahIB {rm) [~ 0000 0.000 ki 0 200
Paste INF 1o Hods/S elections =l =
100 Nontronite 100.00 % S 4000
8
3000
+— \
e
g 2000 \
‘ ‘ 1000 \.‘ f' #
10
1}
-10 100 —
20
-30 0 T
[TTT‘T!TTTTTTTTYT[TTTT‘TTTY TTTT‘TTYT[TTTT‘TTTYTTTT‘YTTTTTTT‘TYTTTTTY
40
50 P Jw‘\"" - P e o b 3 10 20 30 40 50 60 70 8
j i i \l[ ki AR A e -
60
2-Theta - Scale
-7l
0 1 TN I O I B TN IO R NN NN 11 01U RN I (U7 WA BT WORTRTI 1 CA Fle: Nontronite_0.3av._LynxEye 14g_0.5 raw
A 00-029-1497 (*) - Nontronite-15A - Na0.3Fe2Si4010(OH)2-4H20 - Hexagonal - a 5.21000 - b 5.21000 - ¢ 14.88000 - P (0)
a 10 15 20 245 30 35 40 45 a0 85 B0 B5 70 75
[o] [+
[ [ x=35.8585¢ [ Sqrt(y)=4553121 [ d=2.502448 v
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B%R
Pawley Fit of Nontronite pattern

ETDPAS - Cusers’ 8043 files for topas training',PONCKS\nontronitet Nontronite_pure_pawley.pro - [Montronite_¥3_LynxEye 1dg_0.5.raw] M=] E3 I

File  “iew Fit  Launch Tools  ‘Window Help EI @ % E Dﬂ * = O X
TS /| T T T | & B Create a hkl_IS phase

I 1—.3 iloor:in\ta_\r’B_Lyanye Tdg_05ram | Phase Details | [ Peak Type ] [Additio;al Canvvoltions ] [Hpt#Text ] g % » | M | to flt th e N o n t ro n Ite a n d
‘{23 Emission Profi Use Value Code  |Error Min Max == H 1 H
8 secgmrt c & 3 ¥ refine intensities of all
{3 Instrument Le Bail I— 37 T 17.53 Py 5,_;' . . .
{3 Carrections Delete hKs on Refinemer | ‘  38 Ti:Z 1z.80 Rﬁ 5.t p ea kS I n d IV I d u a I Iy
: {1 Mizcelaneous Spacearoup c2fm | ||Befinenent convergad
3 Sinuctues/ k| Phases a(h) s.omenss @  |0.0000000 o ——— |
i - . ! o Y
30 Nkt o oo 6 oo A B Uncheck ,delete hkls on
=0 = @ 15.3471930 @ 0,0000000 . w
beta 9 e o q | 3 refinement
Scale b 2.97837902 @ i = =3
Cry Size SL: oy | B imerface viode H
Cry size L (rm) M o156 @ 0.0 }‘L | 2 | U nCheCk Le Ball
Gave Phase Cry size G {nm) [~ 2000 Refine 0.0 JE& I\l 15
Create st phase L¥al-IE (nr) [ 0.000 0.000 k: 1 — —
Delete hkl Phase Lual-FyHM (nm) [~ 0.000 0.000 ki 0.89 10 l Lj Glabal Peal
Paste INF to Node/Selections . Strain | _>|LI a - P E [ ] NDHthnitE_VE_L}'nHE_‘r'E i dg_l:l
1054 ) - Emigzion Profile
104 Nontronite_hkl 0.00 % -3 Background IJse Phase
- Inztrurment Spacegroup
-1 Comections a(f)
- Mizcellaneous b ()
-1 Structures, hkl Phazes o (&)
+ 69 IS
110 Save Struckture in STR Format

----- aon Montror
ViewsHide Skructure

Create hkl_Is phase
il— Delete Skruckure

Save Stucture in S packe P 1n Mode/Selections |

Wiew/Hide Structure

Lyal-IE b
Create hkl_lz phase ) (T

Delete Structure LI"'I'_:'I'FWHM
Paste IMP to Mode/S elections Strain
Skrain L
L | B I ¥ A 1 W T T TN 1T AT TR A WA I rm i ey .
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 Skrain G
[« ] el
[ [ x=43.57161 | Sart(y) = 7z.48863 | d=2.075504 .
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Pawley Fit of Nontronite pattern

ETDPAS - C:\users'8043 files for topas training’,PONCKS' nontronite’,Nontronite_pure_pawley.pro - [Nontronite_¥3_LynxE

=N

File  “iew Fit

@3 Global

----- | Emizzion Prafile
..... Lj Background
----- 1_] Instrument

----- 1_] Carrections

----- o Miscellaneous

.@ Montronite
318 Montronite_hkl

1

Save Phase

Create st phase

Delete bkl Phaze

Paste NP to Mode/Selections

B I Montronite_%3_Lyn<Eye 1dg_0.

l - Structures/ bkl Phases

Launch  Tools  ‘Window  Help

DR &~ AW
Fhaze Details | | Peak Type | | hkls 17| | Additional Convolutions

ﬁ& iE <>l

Fipt/T ext

--__-__-- Code

B e S S I IV ]

1518221
7.59110
5.06074
4.53629
4,50652
4. 46336
4.34643
4,19002
405526
389399
3.79555
369216
3.57734
3.37789
3.18740
3.058415
3.03644
291099
2,75053

5.51652
11.64809
17.51012
19.55329
19.68374
19.87600
20.41640
21.18717
21.72082
22.51865
2341876
24, 08424
24, 56940
26,36355
27.97026
28,92632
29,39129
30, 68545
32.52691

[v

5.35 Refine » 0
0.445 Refine
Z.64e-010 Fix
6,22 FLefing
0.0264 Refine 0
0.312 Refine 0
ZollS Refine 0
1.41 Refine 0
1,58 Refine 0
1.48 Refine 0
1.54 Refine 0
1.51 Refine 0
1.45 Refine 0
1.56 Refine 0
1.82 Refine 0
2.14 Refine 0
4.2 Refine 0
1.52 Refine 0O
a

2.31e-008 Refine

ZD

25

30

35

40

45

a0

55

D:WMWMWMMWM

0 S 1Y 1 N NV TR 1 || |

06/05/2014

an
e

After refinement go to the hkl_IS
tab and set all Intensities to Fixed

Select all peaks by clicking in the
upper right corner of the grid and
fix the intensities in the code
column

To be able to scale the whole
Nontronite pattern and use it for
quantification, the sample has to be
calibrated with a known standard
such as corundum

Note a misfit in this region may lead
to correlations with other phases, if
overlapping peaks are present.
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Nontronite-Corundum mixture for
Calibration

B%R
e

ETDPAS - C:\users 8043 files for topas trainingPONCKS' nontronite', 50pc Nontronite_50Pc corundum.pro - [50pc Nontronite 50pc corundum_0.3_Lyn... [l [=] B3 . Refi n e t h e N O n t ro n i te —
Fie View Fit Launch Tools ‘window Hel AEBED - & x

D B E e A MOV R Lo &R F AWK Corundum mixture

2 -4 Global r =2 = [s]
=M 50pc Nontronite 50pe comndurn, L4 L] ﬁ E‘ﬁ .3(
£ Emission Profile hils Is | [ Additional Convolutions | [ Rpt/Test | Bunber of squivalsnt positions 38 |
Lj Eackgiound e codeB Munber of independent parameters : 17
3 Instrument i ngbe;_of hkissgen;rabed ;o;sg:\Toga;;alr\{zg\ls'?é;gols o i
L:I 'EIU"BC"“UNS tlesz::ase :: 1 Ti:: 1lel 112 6.666 -0.000 MC  0.00 1 The maSS M WaS mOd Ifled In
53 St/ iFhsses | DeletoiisonRefnemer [ 3 time a4 M G665 0,000 MC 10000 0 der t t th t
Carundum Spacegroup C2fm Refinement converged O r e r O g e e CO rreC
a () 5.2426639 @ — . .
b (8) 9.0891436 @ o = quantltatlve reSUIt
<& 152012573 @ y 6565 Interface Mode
beta (*) 9744346 @ P ( )
il—l _’I Scale [V 213515734 @ Jlg_r & 666 MVW O- 14, 720-4781635, 0
Save Phase Cry Size B EEE
Create str ph. Cry size L {nm) v 159 @ -‘Jis 6566
Dielete bk Ph. R . q A q q
Fas INF o Nods/S oot Cysimclm) | Tj200.0 NN - : - (This has to be done with a text editor in the
project file)
gg Nontronite_hkl 50.07 %
a0 Corundum 4993 %
75

] phase_name "Nontronite_hkI"
@ \ space_group C2/m

scale @ 2.135136883

MVW( 0.14,~ 720.4781635, 50.60176163)
be @ 97.44386175

a~@ 5.242848071

b~@ 9.069166117

c ~@ 15.28135335

| ‘™ m save the Nontronite_hkl file
5 1n 15 20 25 il 5 0 45 50 55 &0 85 70 75 as an |np f||e to use W|th

[« .

[ [ x=24.47055 [ Sort(y)=85.26436 | d=3.534741 v Other mlxtu res

-1-D: , | | , | III\ I II I III I IIIIIII IIII\ III!IIIIIVI III‘IIII IIII T III | IIIIlIIIl!IIIIII|II\IIII|‘I I|r| IIIIIIIIII I|II IIIIIII|
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Rietveld refinement of Kaolinite
Treatment of disorder

an
e

ETDPAS - Chusers 80473 files for topas training’, PONCKS Kaolinite', Kaolinite crystallized.pro - [Kaolinite_0.3div_LynxEye 1dg_D.1sec.raw]
File  %iew Fit Launch Tools  ‘Wwindow  Help HEHmEON=* = 7 %

D DR des s  NANVBET o £ F /5 4 44| B The published structure of Kaolinite

[ LI] E:;Tlillte_ﬂ.Bd\v_Lyanye'Idg_U.1sec.raw d . ] [H s ] [ L4 M ﬁ Eﬂ .3( d Oes n Ot fit fo r th e d iso rd e r eve n fo r
Q Ermizzion Profile &3 Iional Lonyvolutions ul (=41 o - . .
S igond _ ki __|coie[frag ] || " Boremecerte) cloce co Linitier. a relatively well crystallized
g Comections Strain G v 04528304 @ a . . .
5 Micdaree C] I foooo Kaolinite sample and with
'L] Structures/ hkl Phases Wt R;Et\"il‘:d = éU;E‘IEUU 0.000 4] | ) i )
aclinite Wt of Spi 0
=& - oo BT ] b eeacenis introduction of strain
{3 Preferred Orientation Cell volume (fi3) 329,94749 n‘nnnJ J_Lff ’| . i .
o[ Str Output T (1) o . I\
Save Stucture in STR format = Er:’ ;:ES“IV (gfcrm™3) ;95::7 EEEE - ® . S p h e rl Ca | h a rm O n ICS CO rreCtI o n fo r
e o I preferred orienation was applied but
] Kaolinite 100.00 % . . L
® only improves some peak intensities
] and adds more parameters that
65 may correlate with other phases
iE
55
50
451 - Elob.al. i | PO March Dollase | [Hpt#’Te:-:t ]
|- F.aolinite_0. 3div_Lyr:
;2: L] Emizzion Profile bkl se [Value Code Erte
E L] Backaround Direction 1 ool [ 08969949 @ a
259 [ Instrument Direction 2 1 @ a
20 [ Conectiots Fraction Dir. 1 0.5 @ i
154 1_] Mizcelaneous
b "L] Structuresd bkl P ‘ |
] = Kaolinite
1_] Sites | PO Spherical Harmonics | [Eoefficients

Marne Use |Order
el 4 St Qutput
i — T 1 I N T NN TR N O W [T (T W W] AL RLEN) I 1 sh 48a5c191 177 v &
i 10 15 20 25 30 ) 40 45 a0 5 =] 65 7o 75 - -
[« [*]
T | x=46.66755 | Sart(y)=45.15007 | d =1.943954 4
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Pawley Fit of Kaolinite

ETDPAS - Chusers' 80473 files for topas training', PONCKS Kaolinite', Kaolinite crystallized_hkl.pro - [Kaolinite_0.3div_LynxEye 1dg_0.1sec.raw] M =] E3

Fle ‘iew Fit Launch Tools ‘window  Help EHEDDEDN = X . Even d PaWIey flt can not flt
D FEFde A AV L ol & EHE x ~ Wb

= he disord
o ool g the disorder
2w obal . H =
EII Kaolinite_0. 3div_LyrwEpe 1dg_0.1secraw L4 4| ﬁ Eﬂ .3(
13 Emiszion Profile [Add\tional Corwaolutiors ] [ Fipt/Text ] Refinement converged ;I

= Fackground Use Yalue Code Errnr;l
s Instiument

*** Parameter(s) close to limicis).

i Strain
O Dt Floi e o rees e miminie | @ - go to Launch mode and
Strain G V03683504 i . .
B bt « T | | ' use anisotropic peak
L4 Kalinite_hkl Wit Rietveld 100,000 0,000 f‘f _,H; 50 ‘|\ \nte'ﬁface Wit )
\cp\.:llf:n::plkad - 2&03?255 n‘nnnJ F N :E ) b roa d enin g

Save Phase = Cell volume (83 v 37995282 Refine D‘D_DIFI an \\
Cieste st nhase ZI 4 | 3 0 5 10
851 Kaolinite_hkl 100.00 %
804
a4
704
654
B0+
554
504
454
404
354
a0+

104 i — I O 11 N T T O 11171 L TNIEN T NI TR
i 10 15 20 25 30 ) 40 45 a0 5 =] 65 7o 75

[« [*]

[ [ x=44.00991 | Sort(y)=58.37486 | d=2.053185 v
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Pawley Fit of Kaolinite with anisotropic
peak broadening

an
e

E TOPAS - [Kaolinite_0.3div_LynxEye 1dg_0.1sec.raw_1]

File  “iew Fit Window  Help @ ﬁ %I E DI' e
DB Ee A RAY UL oW kB 7 M
Wl B0 ¥

e 2.78 Rwp 10.300
e 3.23 Bwp  10.300
© converged

Launch  Tools

Works only in Launch mode

- File > Export to INP file > edit the file
with a text editor

-0_000 MC &80 5
-0.000 MC 12.37 3

** Parameter(s) close to limitis)._
Check for LIMIT MIN and LIMIT MAX in Grid/Text

4]

Syntax: add the following line to the hk
phase in the input file

e EZ? "Tamach Mode: CHusers8043 files for topas trair ngiPONCK SiKaolnitelK aolinite_well crystalizec_fid.INP
BN
. spherical_harmonics_hkl sh
- * : 2 sh_order 8
= rHThese 1% exp_conv_const = (sh-1) / Sin(Th):
o
EE; Other broadening functions are available,
i see TOPAS Technical Reference
" Close the project
i’ Launch - set Input file = Run
Y JWMMM refinement
I Fix all intensities and anisotropic
S R #‘“‘“‘ ! '"“v‘;"*’“r’ T parameters of the hkl phase in the input
IR T N B Wl file
| [=wooms [y 1= Lowrs E This hkl file can be used for quantification
in phase mixtures after determination of
the MVW value with a standard mixture
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Calibration with a standard mixture of 50% "%"

Kaolinite and 50% corundum

ETDPAS - [50pcKaolinite_50pccorundum 0.3div_LynxEye 1dg_D.5sec.raw_1]

Fie View Ft Launch Tools  ‘window  Help HEHESED %~ - 8 =

S T I A TS S A - A e i S A Y

o

2l = o
T 4
0 Time 1.52 Dup E.99Z 0.000 MC o.oo o0 ;I
1 Time z.08 DBup 6.984 -0.007 MC 078 2
E Time 2.47 DBup &.5920 -0.004 MC 0.14 1
2 Time 2.86 DBup &.5920 -0.000 MC 0.432 1
Refinement converged

*** Parameter(s) close to limit(s).
Check for LIMNIT MIN and LINIT MA¥ in Grid/Text

=
iI.DE -'H’ s.mLEEﬁT-N‘Ng:\f‘:‘uz rs\B043 files for topas training\POMNCK S WaoliniteKaolinite -well r‘ystaliized:hkweerundum-;w:
N 6933
Jl)!s .I\.I 6956
6954
6932
695
a 1 2 3
Corundum  50.20 %
507 Kaolinite_hkl 49.80 %
804
704
60
504
404
304
20_\-‘-&6}
10 /_j
D_
-104
I [ I I |
5 10 15 20 25 30 35 40 45 0 85 g0 65 70 75
[« [»]
[ | w=s5130874 | sortly)=e2.89333 | d=177922 v
54 06/05/2014

B The 50% corundum 50%
Kaolinite standard mixture
was run for calibration

B The M value in the input file

was empirically determined
so that it results in the
known concentration

phase_name "Kaolinite_hkl"

MVW( 0.930, 331.202155",
49.802")
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Testmixture quantified using 3 structures RhOam
and 3 hkl phases et td

Fle View Ft Launch Took  ‘Window  Help FESEM* - 8 %
B I T AP RS YA - e e A N T . :
e I Kaolinite disorder well

described (within 2% of
weighted mixture)

T JHJ 57 \Laun hMode: Chisers\8043 filéa_.f_@_r.I;Q.p.aa..t..ai.ningkte_s_tmﬁ(ture\Testmi ure 3hkl phases and Brmcﬁl_evforchlorit . Stl” some c_:orrelatlon
N s = 7 between Illite and

—_—

Refinement converged

*** Parameter(s) close to limit{s).
Check for LIMIT_MIN and LIMIT MAM in Grid/Text
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What about preferred orientation effects?

phase_name "Illite_hkl"

CS_L(@, 13.81035")

Strain_G(@, 1.63671")

r_bragg 2.10323796

MVW( 0.232, 935.900508 ", 21.085")
space_group "C12/c1"

a@ 5.23726°

b @ 8.80488°

c@ 20.35754°

be @ 94.47024°
Preferred_Orientation(@, 0.90023" min =0.8; max =1;,,00 1)
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Using real samples we often have to
take into account preferred orien-
tation.

Most clays have preferred orienation
effects that may depend on sample
preparation

In TOPAS hkl_Phases can be com-
binded with the Preferred_Orientation
macro.

This is working in the Launch mode,
as well as in the GUI. But editing is
not supported in the GUI

(Modifications have to be done using a text editor)

Bruker AXS



Practical TOPAS demonstrations m G
and questions

As time allows:

m Rigid body examples
B Charge flipping example

B Quantitative Rietveld Analysis
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