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This lecture

|dentifying a two-phase sample in EVA

Performing Pawley analysis of a two-phase sample in Topas
Rietveld refinement of a two-phase sample in Topas




EVA

+ Import a diffractogram, .raw file.
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EVA
+ Pro tip: use square root y-axis scaling for different peak intensities.
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EVA - search and match
+ Choose the right elements and the right conditions

| Rebuild | Chemical | # | = ae Chemical Filter #1 v | Database | # = ale Database Filter #1 v

Database: Rebuild needed
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EVA - search and match

+ Check promising patterns which can index some of the peaks while
you search for a second which can index the rest.

Chemical \ + | = ale Chemical Filter 1 v | Database \ + = ale Database Filter #1 5

Database COD2016: 352140 - After Filters: 949
Chemical Filter  Database Filter Candidate List Selected Candidates

‘Index...OFOMthm%SouoelDQuaity Status IfIcor Mineral Name Formula CrystalSystem a b ¢ alpha beta gamma Spacegroup Z Volume

Il E 1 4|... |cop... |...
2 4894 22 4 .. COD... .. Quality Unknown  Stat... 3,82 ] Fe203 Hexagonal R-3c 6 301,87
3 494 22 4 .. COD... .. Quality Unknown  Stat... 3,82 ] Fe203 Hexagonal R-3c 6 301,87
] 4 43,3 23 4 .. COD... .. Quality Unknown  Stat... 4,01 vl He.. Fe203 Hexagonal R-3c 301,77
5 3,1 18 6 .. COD... .. Quality Unknown  Stat... 3,58 v He.. Fe203 Rhombo.R.a... ... 55,28 R-3c 2 100,79
6 276 17 9 .. COD... ... Quality Unknown  Stat... 2,97 ] Fel.6... Hexagonal R-3c 6 301,52
7 269 8 3 .. COD... .. Quality Unknown  Stat... 4,72 ] CINa  Cubic Fm-3m 4 179,34
[] 8 249 8 3 .. COD... .. Quality Unknown  Stat... 5,02 v| Halite CINa  Cubic Fm-3m 179,46
9 249 18 10 9 COD... .. Quality Unknown  Stat... 4,01 v He.. Fe203 Hexagonal R-3c 299,93
10 242 8 3 .. COD... .. Quality Unknown  Stat... 5,02 v| Halite CINa  Cubic Fm-3m 179,42
11 157 8 . COD... ... Quality Unknown  Stat... 5,02 v| Halte CINa  Cubic Fm-3m 179,21
12 129 13 14 COD... .. Quality Unknown  Stat... 3,58 v| He.. Fe203 Rhombo.R.a... ... 55,28 R-3c 100,24
] 13 123 18 5 coD... ... Quality Unknown  Stat... 4,83 v/ He.. Fe203 Rhombo.R.a... ... 55,23 R-3c 2 100,71

| |GroupDuplicates | w @ 4 > W 4 = Matched 233 /949 Canddatesin8,8s.
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EVA — search and match result

M 1D view E3
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= [ ] 2Theta 1 Scan
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v|[1 ] cop 2101167 Fe203
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Export your data, from .raw to .xy

+ You can download Bruker Diffrac FileExchange from the Odin server

) FILE EXCHANGE 5.0 =1l
File Tools Help

lfac\ Gao:\ 1\ 2\ |\ . B fac\ Mo\ 1\ 2\ ).

[SOURCE] .dat type None & Filter: | [TARGET] convert to: | XY %) Fiter: |** |¥/

lName 1Size | Name Ranges ASize

ao, -,

Fg 2015_01_17_NIST_660a_10.. 1 54911 | (§g 2019_01_17_NIST_660a_10-120_deg_Op2deg_di.. 1 54911

¥ corundum 22-120 deg.raw 1 43956 | |9) AI203vesta.dif 1932

¥ corundum_60min_20-105deg... 1 33255 | |E corundum 22-120 deg.raw 1 43956

i‘g Sample number 18_120_min... 1 43050 r. corundum_60min_20-105deg_2016_05_04.raw 1 33255

ro Test_Sample_18.raw 1 43045 | |9) CuKa5_Cukb_DaVind1_from_Jan_2019.lam 274

Fp to2.raw 1 18132 | |9) CuKaS_WLa_Cukb_DaVindi1_autumn2017.lam 360
9.) davind1_fds_0.3deg.par 264
9.) LaB6.dif 1758
9.) LaB6.vesta 7062
¥ Mg0.brml 216610
3‘. Sample number 18_120_min_20-85_deg.raw
«u—
¥ Test_Sample_18.raw 43045
fy tio2.raw 1 18132

C:\Users\selbach\Documents\TMT4301\Practical C:\Users\selbach\Documents\TMT4301\Practical T

F2Rename F3view F4Run FSCopy  F6Move  F7NewDir F8Delete onvert Merge
Ready
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Find SG and lattice param. with EVA and COD

&)%) | B0 view g3, W08 View E3 |
A
00 2101167 = Database #: COD 2101167 o B SR L s e e SIS
! Y 368230| 24,150 205| -1| 1| -2
.nP Gray all except selection 2,69930 33,162 999 -1 1 4
o ![] Show Selected Patterns in Ruler (| 2,51780 35630 737 2 1 N
X Delete e L 29120 39261 2 0 0 6
& cut e L 220660 40,863 178 2 1 -3
1D Copy 2,07840 43,508 20 -2 2 2
9 Paste Wavelength: | 1,54060 ) | 184110 49,466 360 -2 2 -4
() Select Parent General Comments Authors Additional Subfiles L 169460 54073 431 2 1 6
Cell Parameters Crystal Data .| 16350 56,15 6 -3 1 -1
File System: Hexagonal | Molecuar weight: | L. 160280 57,49 23 3 1 2
[ W, Import from Files | Space group: R -3¢ (167) Volume (CD) (A2): 301,87 ‘ 1,59870 57610 80 -1 1 -8
Dx: 5,269 1,48620 62,437 283 3 1 -4
- a(d): 50355  a(: Dm: .. 145360 64001 272 3 0 O
T b (A): B(): 1,41370 66033 3 3 1 S
IR search / Match (pattern) c(®): 13,7471 y (©): . 1,34960 69607 28 -2 2 8
153 Search by Number ab: 1, 1w | 1,31110 71,93 98 -1 1 10
|f2 dxby ch: 273004  Z: 6 3,82 . 1,30500 72,294 16 2 1 9
(i, Tune cell . 1,26250 7519 2 3 1 7
§ill Create Kb-Pattern | 1,25890 75452 62 4 2 O
% Residue L L2270 77,74 12 3 0 6
MR Auto Residue L L2740 77,745 12 3 0 6
Make Sticks , 1,210 78,776 10 4 2 -3
Mw Make Peaks
I Make DIF
(;F' Auto-scale Raia | Desaription
o 100% Scale &  |Docment
;h User Database i Vlemfs -
+hid & Settings 1 Chemical Filter - 1 Database Filter
Iy, (k] Generator . : 2Thets 1 Scan
- =[] I Sample number 18_120_min_20-95_deg.raw #1 (Coupled TwoTheta/Theta)
J =} Pattern List #1 2Patterns
B0 covamoner  lreaos |
“[v] I COD 9008678 Cl Na Halite
.




Find SG and lattice param. with EVA and COD

B 10 view 3, EDB view E3

H d(&) 2theta(®) Ifix h k || (
YOLI WI” a|SO Database #: COD 9008678 T T R R
flnd peak L. 282030 3,701 1000 -2 0 0
Halite 1,99420 45445 619 -2 -2 0
positions here. ane W L7OM 53864 19 3 1
Quaity:  Quality Unknown .. 162830 5648 188 -2 2 -2
1,41010 66,223 78 -4 0
| 159060 ) | 1,29400 73,066 9 -3 1
General Comments Authors Additional Subfiles 1,26130 75,283 194 -4 -2 0
Cell Parameters Crystal Data L 115140 83982 1% 4 -2 -2
System: Cubic | Molecudar weight: | 1,08550 90,409 5 -1 -1
Space group: Fm-3m (225) Volume (CD) (A3): 179,46 1,08550 90,409 3 3 3
Dx: 2,161
a(R): 5,6406 a(%): Om:
b (A): B(®):
c®): v ()
ab: 1, 1 /Icor
ch: 1, z: 5,02
\Data lDacr'pﬁon
= Document
+ Views
+- Settings 1 Chemical Filter - 1 Database Filter
= 2Theta 1Scan
:J 1 Sample number 18_120_min_20-95_deg.raw #1 (Coupled TwoTheta/Theta)
=} Pattern List #1 2 Patterns
i-[v] 1 COD 2101167 Fe203

BoI0 coosoosers ——[inamakte |
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TOPAS - import a .raw file

% TOPAS - [Sample number 18_120_min_20-95_deg.raw]
File  View Fit Window Help

DS A Ede ANV BE oD E x

# @3 Global ) l Path I [ConvAslep/X Calc.step ] [Fie Stats ]
M Sample number 18_120_min_20-95_

Launch  Tools

[Global Stats/Convergence criterion ] [Hpt/Text ]

Display Path
v C:\Users\selbach\Documents\TMT4301\Practical\Sample number 18_1

<

Create Indexing Range N
Create Charge-Flipping Range

Load Emission Profile for Selected Files
Load STR(s) for Selected Files

Load CIF(s) for Selected Files v

< >
75 0004
70 0001
65 0004
60 0004
55 000
50 000
45 000
40 0004
35 000
30 000
25 000
20 0004
150004
10 000+

It b

X

y oA ol
jrv a)
=

=LA sy BN

Loading C:\TOPASS\topas.inc
Loading C:\TOPASS\interface.inc

o
i

A

Y Interface Mode
I\

50004
ﬁ Y v Y ‘h‘ {A iy

48 S0 S2 54 56 S8
x = 30.72405 y = 74390.39

L} T L] I
42 44 46 60

A b

62 64 66 68

T
70
d = 2.907695
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TOPAS — use square root for y-axis scaling

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] - O X
File View Fit Launch Tools ‘Window Help EEHSEMN* - &8 x
DS BB Eda A/ LAVBEE o @ 4 F «[7lud/duhlas o

i - g::;:a eurmber 18.120_min_2095, L8R |y epiiCacee || Cocialy) =R = 8 N

Global Stats/Convergence criterion ] [Rpt/Text ] Loading C:\TOPASS\topas.inc
Display Path Loading C:\TOPASS\interface.inc

vV C:\Users\selbach\Documents\TMT4301\Practical\Sample number 18_1

< > i A Interface Mode

Create Indexing Range -~

Create Charge-Flipping Range ‘If N |
Load Emission Profile for Selected Files

Load STR(s) for Selected Files

Load CIF(s) for Selected Files v

< > 0

260
240
220
200
1801
1604
1404
1201
100

804

60+

404

20+

T T T T T T T T L

22242628303234363840424446485052545-658606264666870727476788082848688909294
| Load Input (INP) files x = 26.87335 Sart(y) = 264.8687 d = 3.314955
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Topas

load an emission profile

% TOPAS - [Samp

e num

File View Fit

2 @3 Global

= I Sample number 18_120_min_20-95_

{1 Emission Profile
f 1 Background
o Instrument
1 Corections

i Miscellaneous

<

Load Emission Profile

Save Emission Profile

Add Emission Line

Paste INP to Node/Selections

260
2404
2204
2004
1804
160+
140
1204
100

804

60

404

204

Launch  Tools

ber 18_120_min_2

0-95_deg.raw

Window Help

DS DA e A NANVBIETET o0 R x

lVaIues | [Codes Enots @ Max | | Options | | Rpt/Text

Area wL (B) Lortz. HW (miGauss HW (m
[— 0.653817  1.540596 0.501844 0
[T 0.346183 1.544493 0.626579 0

BHEHEDE D *
ﬁ‘}\'\ﬁ&‘k\m“ffoz
B & v ¥ N

Loading C:\TOPASS\topas.inc
Loading C:\TOPASS\interface.inc

s

¥ Load Emission Profile
o > ThisPC > Documents > TMT4301 » Practical

Organize v New folder

[ This PC
) 3D Objects
Il Desktop
| Documents
4 Downloads
D Music
&=/ Pictures
B Videos
‘wa OSDisk (C:)
w CODEMETER (D:
== NTNU (T:)
== xrd \\odin.nt.nt

CuKa5_CuKb_Da
Vincil_from_Jan_
2019.lam

CuKa5_WLa_CuK
b_DaVincil_autu
mn2017.lam

v O Search Practical P

Mode

use_this.lam

File name: | use_this.lam

v l lam files (*.lam) v

34 36 38 40 42 44 45 &8 S0 s=2

54 56 58 60

Cancel

62 64 66 68 70 72 74 76 78 80 82 84 86 88

90

92

94

x = 26.87335

Sart(y) = 264.8687

d = 3.314955




Topas — load an emission profile

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] - Od X
Fle View Fit Launch Tools ‘Window Help EEDEDN* - &8 x
- - o m p_D; sasge = 2
DSl e/ AV IBEE o0 v x W M MW o S o
% @3 Global . X p— = | o &
BB Sample number 18.120_min_20:95. lValuesI[Codes][Erlas]@[Max][Dphans][Hp(/Text] > > i E!] x
- Emission Profile Ref  Area wL (B) Lortz. HW (m Gauss HW (m Loading C:\TOPASS\topas.inc
i+{_l Background [~ 0.0158 1.534753  3.6854 0 Loading C:\TOPASS\interface.inc
5 J |nstfum§nt [~ 0.5739 1.540596  0.437 0
i ﬁ?”"ﬁ:‘ms [~ 00755 1541058 0.6 0
L Miscelaneous 4 [ 0.2395 1.544410 0.52 0
[~ 0.0863 1.544721 0.62 0
[ 0.0091 1.392208 0.8194484 0
< > H :
- S Ay Interface Mode
Load Emission Profile g
Save Emission Profile Jﬁ& NI 0
Add Emission Line

Paste INP to Node/Selections

260
2404
220
2004
1804
160+
1401
120
1004

804

60+

40

204

22 24 26 28 30 32 34 36 38 40 42 44 46 48 SO S2 5S4 S6 S8 60 62 64 66 68 V0 72 74 76 78 80 82 84 8 88 90 92 94
x = 26.87335 Sart(y) = 264.8687 d = 3.314955
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Topas Ioad a .par instrumental settings flle

% TOPAS - [Sample number _20-95_
File View Fit Launch Tools ‘Window Help EESEIMND*» - &8 x
I g = K= - 5
D Al e/ s AV EBEE o FF x W MM a8 o
2l @-{3 Global . ‘ : X - o —
Divergent beam | | Additional Convolutions | | Rpt/Test = =) AN
= I Sample number 18_120_min_20-35_ | = H - H E J » M =< Bi] 3’
{1 Emission Profile Use Value Code Error A || Loading C:\TOPASS\topas.inc
i Background Goniometer radii Loading C:\TOPASS\interface.inc
-~ Instrument Primary radius (mm) 217.5
{4 Corrections - " ——a s —
{1 Miscellaneous ¥ Select Instrument Details File X
o > ThisPC > Documents » TMT4301 » Practical v 0 Search Practical P
< : Organize ¥ New folder =« [H 0
: Mode
Load Instrument Details B This P A
Save Instrument Details his PC
Paste INP to Node/Selections - 3D Objects
[ Desktop
2| Documents
- & Downloads davincil_fds_0.3d use_this.par
] eg.par
20 D Music
2404 | Pictures
20 B videos
2004 ‘aa OSDisk (C:)
180 s CODEMETER (D:
160 = NTNU (T:)
140 == xrd (\\odin.nt.nt v
120
File name: | use_this.par v] par files (*.par) v
1004
80 1
60+
40
204
2I2 2|4 2I6 218 3'0 32 34 36 38 40 42 44 45 48 S0 S2 54 5S6 S8 60 62 64 66 68 T0O 72 74 76 78 80 82 84 86 88 90 92 94
I x = 36.57677 Sqrt(y) = 275.9927 d = 2.454742
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Topas — load a .par file. EVA gives you info too:

% TOPAS - [Sample number 18_120_min_20-95_deg.raw]

40,0 mA
File View Fit Launch Tools Window Help Detector |-
DRI LA NAVETE oI . S O
e ; 1: g::;L number 18120, min_ 2095, lDivalgent beam | [Additional Convolutions ] [Hpt/Text ] 2,946 °
- Emission Profile Use Value Code E 0,218V
§ {1 Background Goniometer radii 0,238V
{3 Instrument Primary radius (mm) 280 Optics =
- Cguections Secondary radius (mm) 280 2,500 ®
- Miscellaneous o 2,500 °
Point detector [
Capillary [ 0,400 °
Linear PSD v 3,995°
2ZTh angular range of LPSD () 3 Fix ( Fixed
FDS angle (°) 0.4 Fix ( Simul, Slit Mods v
Beam spill, sample length (mm) |20 Fix ( Corrections -
Tube Tals B Displacement 0,000 mm
Axial Convolutions X-Offset 0,000 °
Full Axial Model v Y-Scale Factor 1
Source length (mm) 12 Fix ( y-Offset 0 counts
. . Sample length (mm) 15 Fix ( Background o
RS length (mm 12 Fix ( . .
Load Instrument Details Prim.nsillef (o)) v 25 Fix ( zlspla:u (:ron:)nal -
Save Instrument Details , urvature '
Paste INP to Node/Selections esia V|25 P ( Threshold 1,000
N Beta 30 Enhanced :
Finger_et_al [ — |
- — C?Ior ] Transp... v '
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Pawley — add two hkl phases, rename them

+ Note context sensitive menus.

]
@ I:EIobaI o Scale [Cty size L J [Ctysl
J {_J Global =M Sample number 18 120 min 20-95
=M Sample number 18 120 min 20-95 {2 Emission Profile Use Phase Name U
-4l Emission Profile -l Background v Fe203
- Background - Instrument > ¥ Nad
- Instrument -1l Conmections
{1 Conections {8 Miscellaneous ‘
- Miscellaneous - Structures/hkl Phases
- Structures/hkl Phases .;g,g Fe203 Scale [Cty size L J [c,y d
209 Fe203 #2068 NaCl N :
-390 NaCl
= {3 Global , Phase Details [Mic:ostruclure J [Peak Type ]
Add Structure A =-M Sample number 18_120_min_20-95_
Add Peaks Phase [ Emission Profile | hkls Is | | Additional Convolutions | | Rpt/Text |
Add hkl Phase {1l Background Use Value Code
Load STR(s) o Insttumgnt Use Phase v
Load CIF(s) -+ Corrections ‘
{1 Miscellaneous Le Bail L
& Structures/hkl Phases Delete hkis on Refinement |
+-349 Fe203 LP Search 0.4
#2060 NaCl Spacegroup 167
< > a(B) 5.0355000 Fix
Save Phase c () 13.7471000 Fix
Create str phase Scale ™ 0.00000e+0CFix
Ei'f:en :‘g f-.h:ie.-an IC alankirne Wt% Rietveld 0.000

@ NTNU




Pawley — fix all parameters first

~~{_d Emission Profile
{1l Background

=M Sample number 18_120_min_20-95_

(| @3 Global | Phase Details | | Microstructure [Peak Type]
= I Sample number 18_120_min_20-95_
1 Emission Profile [hkls Is ] [Additional Convolutions J [RpUText ]
- Background Use |Value Code
~{_d Instrument s
- Corrections Dou* V@t App h
- Miscellaneous Crystaliite size
- {_ Structures/hkl Phases Crysizel v 200.0 Fix
#2600 Fe203 Cry size G T 200.0 Refine
[#-20a NaCl 1 \Vinl-TR fnm) n nnn
I 200 Fe203 LP Search T 0.4
#-209 NaCl
Spacegroup 225
< > a () 5.6406000 Fix
bave Phase Srale [ nONNNNe nrEiv
<l @3 Global

{Phase Details J Microstructure [Peak Type]

{hkls Is ] [Additional Convolutions J [Flpt/Texl J

23 Ins : Use Value Code
-~ Instrumen .

- Corrections oA

- Miscellaneous Crystallite size

- Stuctures/hkl Phases Crysizel v 200.0 Fix
-;,:,g Fe203 Cry size G | 200.0 Refine
205 NaCl LVol-IB (nm) 0.000
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Pawley — fix all parameters first

+ Exception: allow at least one variable for the background — flat background
which gives a crude, but reasonable fit.

| &3 Global Conections | | Cyindrical sample (Sabine) | [ Rpt/Text
= u Sample number 18_120_min_20-95_

- Emission Profile Use Value Code  Errg

- Background Peak shift

{2 Instrument Zero error 0 Refine 0

{3 Corrections Sample displacement (mm) v 0 Fix 0

- Miscellaneous i X

I [+ Structures/hkl Phases e

-8 Fe203 LP factor v 0 Fix 0

200 NaCl Surface Rghnss Pitschke et |

&-{3 Global Background [Rpt/Text]

= I Sample number 18_120_min_20-95_
{4 Emission Profile Use Value Code  En
{1 Background Chebychev v @
< Instrument Order 1 4
1 Corrections 1/X Bkg ~ 1000 Refne O
- Miscellaneous
& Structures/hkl Phases -
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Pawley — first attempt, nothing refined

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] - O X
File View Fit Launch Tools ‘Window Help EHEHEDN* - & x

D e ANV EE oI & F x W W W S

2 @3 Global - - X = - o —
) Phase Details | | Microstructure | | Peak Type = =l v x N
=M Sample number 18_120_min_20-95_ I H ][ $ ] 4 M| ez 8Y
@ Emission Profile | hkls Is | | Additional Convolutions | | Rpt/Test | I Time U.13 Rwp 24.138 /4B HC U.UU L n
3 Background ] 2 Time 0.1€ Rwp 24.134 -0.000 MC 0.00 1
. Use Value Code  Error Min A 3 Time 0.12 Rwp 24.134 -0.000MC 0.001
a lnsllumfenl Use Phase v --- 0.1284 seconds --—-
{1 Corrections -
{1 Miscellaneous Le Bail [ 4% DParameter(s) close to limit(s).
{_d Stuctures/hkl Phases Delete hkis on Refinement | Check for LIMIT_MIN and LIMIT_MAX in Grid/Text
200 Fe203 LP Search [~ 0.4 .
109 NaCl
200 Spacegroup 167 < >
< > a(®) 5.0355000 Fix 0.0000000 :
Save Phase c(®) 13.7471000 Fix 0.0000000 N Interface Mode
Create str phase Scale [~ 0.00000e+0CFix 0.00000e-+0C
Delete hkl Phase o Rictd 5,000 0,000 A
Paste INP to Node/Selections ' !
Wt% of Spiked [ 0.000 ﬁ
Cell Mass [ 0.000
Cell Vohime (RA3) ™ 3n1.87484 Fix 0.0000N v Nl T T
2604 Fe203 0.00 %
240 NaCl  0.00 %
220
2004
1804
1604
1404
1204
100+
804
60
40
20 I,
0
-204
[ ra— | —— —— ;AL—-_ 'L ) N Py 'y - e o N T, | - i anda . Aa
404 r‘v — 1|‘u I V' v Y » ot s ietna | L Liad " Y ¥ ™
504 [
E | | | | | | | | (I | | | I | [ | | Il I | |
-0 I | | | | L |

| |
T T ll T ! T T
22 24 26 28 30 32 34 36 3B 40 42 44 45 48 SO S2 5S4 S6 S8 60 62 64 66 68 T0 72 74 76 78 80 82 84 86 88 90 92 94
x = 36.57677 Sart(y) = 278.6229 d = 2.454742




Pawley — progressively add variables

+ Add more nodes to the background polynomial — be careful
+ The add variables affecting peak positions.

=M Sample number 18_120_min_20-95_ " — I — i
~{_d Emission Profile Use Value Code B
- Background Chebychev v @
- Instrument Order 5 4
4 Comactione
| @3 Global _ ' Corrections | [Cylindrical sample (Sabine) ] Rpt/Text
=M Sample number 18_120_min_20-95_ :
-1 Emission Profile Use Value Code
{1 Background Peak shift
L Instrument Zero error o Refine
Jj 5°'L°::'i’:i ; Sample displacement (mm) |V -0.02463897 Refine
d Structures/hkl Phases DEIETE NKIS on RETNeEment |
139 Fe203 LP Search 0.4
200 NaCl Spacegroup 167
> a(®) 50355000 Refine |
ve Phase c (B) 13.7471000 Refine |
pate ¢l phaso Scale ™ 0.00000e +0CFix |
b LLIDL -
209 NaCl e 295
> a(A) 5.6406000 Refine |
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Pawley — second attempt, some varlables

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] O X
File View Fit Launch Tools ‘Window Help EHEHDEN®> - &8 x
T g - K= = 2
DA e A RAVEE o £F x W MM d W &S o
%l @3 Global - 5 X —
; Phase Details | | Microstucture | | Peak Type = x
=M Sample numbet18_120_min_20-95_| ” H i ] 4 M == Eil .
-3 Emission Profile | hkls Is | | Additional Convolutions | | Rpt/Text | 0 0.03 Rwp 14.061  0.000 MC 0.00 0 ~
{3 Background - 1 Time 0.04 Rwp 14.061 -0.000 MC 0.0€ 2
o~ g Use Value Code  Error Min o 2 Time 0.04 Rwp 14.061 -0.000 MC 0.05 2
o Instrument B
= ) Use Phase v 3 Time 0.07 Rwp 14.061 -0.000 MC 0.05 2
i~ Comections
= X Le Bail . --- 0.073 seconds ---
- Miscellaneous
{1 Stuctures/hkl Phases Delete hkis on Refinement [ 4%+ Parameter(s) close to limit(s).
200 Fe203 LP Search [ 0.4 Check for LIMIT MIN and LIMIT MAX in Grid/Text
so9 NaCl
200 Spacegroup 225 ~
< > a(® 56436359 Refine  0.0000000 BT 14,061 )
Save Phase Scale [ 0.00000e+0CFix 0.00000e+0C g Interface Mode
g'ela:e ;Lp;‘:w Wt% Rietveld 0.000 0.000 o 14.061
elele ase
Paste INP to Node/Selections Wt% of Spked [ 0.000 14,081
Cell Mass [ 0.000 “lf
14,061
Cell volume (&"3) [ 179.75333 Fix 0.00000
R A 7.968 \ » f T - T
< I = NI 0 1 2 3
2604 Fe203 0.00 %
240 NaCl  0.00 %
2204
2004
1801
1604
1404
1204
1004
804
60
404
20 Y. N ..
04
-20 "_M“Tl/"__ < - -~ Y 2 -
)
407 | ' | | [ | | | [ [ | | I | [ | [ I | |
ol
22 24 26 28 30 32 34 3B 38 40 42 44 45 48 S0 S52 5S4 S6 58 60 62 B4 66 68 V0 72 74 76 78 80 82 84 8 88 90 92 94
X = 47.0888 Sqrt(y) = 280.4813 d = 1.92835




Pawley — next add variables for peak shape

{J Global | Phase Details | | Microstructure [Peak Type]

=M Sample number 18_120_min_20-95_
-~ Emission Profile {hkls Is ] [Additional Convolutions J [Fipt/Text J

- IBaCkgwund Use Value Code
- Instrument st

- Corrections Dou* - : App -

- Miscellaneous Crystalite size
{3 Structures/hkl Phases Cry size L v 177.4 Refine
309 Fe203 Cry size G . 200.0 Refine
200 NaCl | Vol-IB (nm) 112.958
- Miscellaneous Crystallite size
[ Structures/hkl Phases Cry size L v 276.2 Refine
208 Fe203 Cry size G . 200.0 Refine
B-200 NaCl LVol-1B (nm) 175.826

Strain
Strain L W 0.02228824 Refine 0

- Emission Profile Use Value Code

{1l Background Chebychev v @

- Instrument Order 13 4

-1 Corections 1/X Bkg [ 1000 Refine
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Pawley — a pretty good fit!

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] — O X
Fle View Fit Launch Tools Window Help HEDEN % - & x
- - Q A1 =D = 2
DN e A NAVBEE oD HE x 7 MM bW S o
X {3 Background A X e = [0 &
Values | | Codes | | Emors Max | | Rpt/Text = =) x N
G kg [Vaea] (Covs) (o) (i) () (it > ] S
{3 Conections Phase Name  SG a(d) b (&) c(®) alpha(®) 2 Time 0.06é Rwp  9.287 -0.000 MC 0.00 1 ~
1 Miscellaneous Fe203 167 5.0364523 13.7537376 3 Time 0.10 Rwp 9.287 -0.000 MC 0.00 1
= Stuctures/hkl Phases 2 Nacl 225 5.6435359 ~== 0.09%€ seconds ---
; ‘J Intemal Standard Metho *+* Darameter(s) close to limit(s).
{3 Extemal Standard Methc = Check for LIMIT_MIN and LIMIT MAX in Grid/Text
{1 SG, Lattice parameters Errors calculated
{3 Brindley correction (Sphe | Values | [ Codes | | Enors | [ Min | [ Max |
12 Display ; ¥ PhaseName SG a(®) b (&) c ) alpha(®) v
<
P INP to Node/Selecti Fe203 167 0.0000246 0.0000841 =i
aste INF to Node/Selections Nacl 225 0.0000000 ;| o287 Interface Mode
-AH’ 9,287 ;
= | 9287
_,lf 9,287
NI 9,287 ' ; .
< > 0 1 2 3
280+ )
Fe202 0.00 %
2601 NaCl  0.00 %
240
220
2004
1801
1604
140
1204
100
80
60
40
20
0 " e N Py - 12
v ™ T f L
-20 | | (. | I | I (. I | I I (| [T I I I
T T T I' T I‘ I T T T T T T I' T T T I' ‘I T T T T [I T T T I T " T T T II T T 'I T T
22 24 26 28 30 32 34 3B 38 40 42 44 45 48 S0 S2 54 S6 S8 60 62 64 66 68 V0O 72 74 76 78 80 82 84 86 88 90 92 94
X = 53.69252 Sqrt(y) = 284.4837 | d = 1.705716




Pawley — summarising results
+ Useful for many phases or many diffractograms (under global).

ﬁ A Stiuctwres/hkl Phases

! &3 Global " LScaIe ] Cry size L [Cry size G J [Sttain L ] {Strain G J [Rpl/Texl J
= l Sample number 18_120_min_20
: J Em|ss|0n Plohle Phase Nane Use Vak.le Cwe Efror Mn
-l Background Fe203 v 218.4 Refine 5.6
L Instrument NaCl [ 2062.8 Refine 0.0
-~ Corrections
~-{_J Miscellaneous -
E] d Structures/hkl Phases
- [ Intemal Standard Metho | Scale | | Cry size L | | Cry size G | | StiainL | | Strain G |
_ Extemnal Standard Meth
: U Txiema Standard Methe v Phase Name Use Value Code Error Min
< >
Pacte INF et Fe203 V¥ 0.02165705 Refine  0.003282266
UL NF o Mo/ sschors NaCl W 0.1043375 Refne  0.000435059
ol - Global " | Comections [Cylindrical sample (S abine) ]  Rpt/Text ]
I Sample number 18_120_min_20
{4 Emission Profile Use Value Code  Error
§ {1 Background Peak shift
i Instrumgnt Zero error 0 Refine 0
{2 Corections Sample displacement (mm) [V -0.06692645 Refine  0.000218274
~_d Miscellaneous i X
Intensity Corrections
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Pawley — background polynomial

You can add more nodes as long as the background does not fit peaks.

E.g. 13 is a high number, but unproblematic with broad 2q range and a
bulk well-crystallized sample.

¢

¢

+ Can be problematic for small nanocrystallites — why?

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] _—

Fle View Fit Launch Tools Window Help BHEDE DN
d - = P rrory <=0 v =
p N 2
DSl 28 e o ALV EE o &y 1F x W M Wi f S o
& @3 Global ‘ o ‘ ‘ X = = | o i
All range dependent | | Rwps | | Path | | Display | | Rpt/Text = =] ; P
=M Sample number 18_120_min_20-95_ \ R E l B ] H L [ B ‘ 4 M = = 3!] !
1 Emission Profile Use Value Code Error Min A 2 Time 0.05 Rwp $.287 -0.000 MC 0.00 1
{3 Background Background 3 Time 0.03 Rwp $.287 -0.000 MC 0.00 1
L Instrument Chebychev v @ --- 0.083 seconds ---
— Ef"ejuons Order 13 4) 4% Parameter(s) close to limit(s).
E Miscesancous | Check for LIMIT MIN and LIMIT MAX in Grid/Text
1 Structures/hkl Phases 1Sy Lo Refine 0 Exrors calculated -
130 Fe203 Goniometer radii
208 NaCl Primary radius (mm) 280
< > Secondary radius (mm) 230
_ . K=Dx ]
Load INP, PAR A Equatorial Convolutions el 9,287
Load d_Is - DIF, LIXD Point detector - Al a7 ] Interface Mode
Save if displayed Yobs,Ycalc Diff Phase: Capillary — _‘H_; 9287
Replace Scan Data . - Linear PSD v ey | 9,287
Reverse data and make x-axis positive i Jlf
Delete Range 2Th angular range of LPSD (?) 3 Fix 9,287 1
Paste INP to Node/Selections v FDS angle (%) 0.4 Fix 0 v AM 8287
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Preparing for Rietveld refinement

+ Uncheck the hkl phases for Pawley
+ Add two new structures
+ You can also load a saver .str file or a downloaded .cif file
+ .cif — Crystallographic Information File
@3 Global
=M Sample number 18_120_min_20-95_
- Emission Profile
- Background
{1 Global Scale | [Cry size L | [ Cry si - Instrument
=M Sample number 18_120_min_20-35_ ‘ ‘ - Comections
- Emission Profile Use Phase Name U - Miscellaneous
--{_Jl Background . Fe203 | [l Structures/hkl Phases
- Instrument ~ Nacl | 119 Fe203
{1 Cormrections 139 NaCl

- Miscellaneous

<
- Structures/hkl Phases < Add Structure "
200 Fe203 Scale | | Ciy size L | | Cry i Add Peaks Phase
206 NaCl Use PhaseName L Add hkl Phase
Load STR(s)
Load CIF(s)
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Add structures for Rietveld refinement

= W Sample number T8_T120_min_20 A
- Emission Profile
- Background
- Instrument
-l Conections
- Miscellaneous
- Structures/hkl Phases
#2089 Fe203
200 NaCl
& Fe203
®- NaCl

Stiucture | | Microstructure ] [Peak Type ]
| hkls | | Additional Convolutions | | Rpt/Test |
Use Value Code

Use Phase v
Spacegroup 167
a () 5.0364524 Fix
c(R) 13.7537378 Fix
Scale v 1.00000e-00!@
WHOL Diatuald [alialals

{Slmctute’ Microstructure [Peak Type]
[ hkls ] {Addtional Convolutions ] [FI pt/Text ]

Use Value Code
Double-Voigt Approach
e . Sample number 18_120_min_20 A Structure [Microstructure ] [Peak Type ] Crystallite size
4 Emission Profile e B1l218.3 -
- Background {hkls] [Adcitional Convolutions J [Rpt/Text] o b ' x
_d Instrument — Cod
J Cguectlons Use Phase 7
-~ Miscellaneous
-3 Structures/hkl Phases Spacegroup 225
1489 Fe203 a(R) 5.6435341 Fix
(288 NaCl Scale V'  1.00000e-00!'@
-0 Fe203 Wt% Rietveld 0.000
@ NaCl Wt% of Sniked [ 0.000
Strain
Strain L v 0.104205 Fix |

@ NTNU




Structures for Rietveld — atomic positions

= Fe203
[ Sites
- Preferred Onentation
: - Str Output
- NaCl \
< >
Add Site(s) before selected site(s)
Add Site at bottom
Add Atom at selected site(s)
Paste INP to Node/Selections

il 3 Backgound A [Values | [ Codes | [Erors | [Min | [Max | [Rpt/Tex | 3

o Instrument
-l Conections Site  Np x y i Atom  Occ. Beq.
- Miscellaneous Fe 0 0.00000 0.00000 0.35500 Fe+3 1 1
{1 Structures/hkl Phases 20 0 0.699 0.00000  0.25000 ©0-2 1 1
200 Fe203
206 NaCl
=6 Fe203 € ?
L Sites Values | | Codes || Erors | | Min | | Max |
- Preferred Orientation i
-3 St Dutput Site Np x y z Atom Occ. Beq.
NaCl v Fe 0 Fix Fix Fix Fe+3 Fix Fix

< > 0 0 Fix Fix =1/4 0-2 Fix Fix
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Structures for Rietveld — atomic positions

- Structures/hkl Phases
248 Fe203
209 NaCl
= Fe203
; _ Sites
_ Preferred Orientation
; d Str Output
= NaCl
- Sites
~_ Preferred Ornientation
< Str Output

<

Add Site(s) before selected site(s)
Add Site at bottom

Add Atom at selected site(s)
Paste INP to Node/Selections

Values [Codes] [Eno:s] [Min J [Max] [Flpl/Text]
Site Np x y z
Na 0 0.00000 0.00000 0.00000
d 0 0.50000 0.50000 0.50000
<
{Values] Codes [Enas] ' Min | [Max]
Site Np x y z
Na 0 Fix Fix Fix
al 0 =12 =1/2 =1/2

Atom
Na+1
Cl-1

Atom
Na+1
Cl-1

Occ.

PO

Occ.

Fix
Fix

Beq.

Beq.
Fix
Fix




Rietveld — first attempt with Pawley results

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] - O X
Fle View Fit Launch Tools Window Help HEHEHSEMN> - 7 x
:*H>§ oo = b
DESE@E@QQ/N&N&LOMA&JH‘XJVM%&JRMMIG
2 @3 Stuctwes/hkl Phases X = | o —
Scale | | Crysize L | | Cry size G | | Strain L | | Strain G | | Rpt/Text = x e
& Ca e | [Scs ] (Cysie L) (Cysae &) (StamL) (st (Foron o & N
[#-298 NaCl Use Phase Name Use Value Code Error Space group 225 is centrosymmetric A
=~ Fe203 [~ Fe203 [~ 0.00000e+000  Fix 0.00000e+000 )NU;“?“ 05093\;1";““ giszgims ;S”;JJ v 0.00 6
H ~ . § [ ime N wp . 0.00¢ 0.00 ¢
.Jg,'tefs 4 Drientai [ Ned | 0.00000e+000  Fix 0.00000e+000 1 Time 0.05 Rwp S1.€34 ~-0.000 MC 0.00 1
i Preferred Urientation : v Fe203 V 297973004 @ 3.66037e-006 2 Time 0.07 Rwp 51.634 -0.000 MC 0.00 1
v {3 Str Output s W nad W 3.03944003 @ 3.35343e-005 3 Time 0.095 Rwp S51.€34 -0.000 MC 0.00 1
= @ NaCl - --- 0.09€ seconds ---
i Sites Errors calculated
1 Prefterred Orientation < >
@8 St Output [Scale | [Ciy size L | [Ciy size G | [Stain L | [StiainG |
< > Use PhaseName  Use Value Code  Error K=Di 51,6344 ;
Paste INP to Node/Selections [ Fe203 [ 0.00000e+000  Fix 0.00000e+000 "'L’: 51,6341 Interface‘MOde
[~ NaCl [ 0.00000e+000 Fix 0.00000e+000 _J& 51,6344
vV Fe203 V' 2979732004 @ 3.66037e-006 e | 91,6344
Vv Nacl V 3.03944e-003 @ 3.35343e-005 A 516349
51,6344
NI 51634 i
= = 0 1 2 3
250} Fe202 35.07 %
NaCl 8492 %
200
150+
100+
? k k AJ _L _kh M
) A . J‘& P A_A.}‘\L..._L_h_.w.hx_
|
-504
ﬁ }L g A
-100 o __n-') L\""/\--.¥ 2 JL Jk . J'L_J\_zﬁl._ i, 2, 2 o
v 7 7 “¥ WF' e " ~
-150 1
T |I L Il T I| | T I' T I T I L || l| T |l T III ||I "l |I Il !l T Il Ill I T ‘I' || I III T I Illl L III |I I T |l
22 24 26 28 30 32 34 36 38 40 42 44 45 48 S0 52 54 56 s8 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94
" x = 49.08009 Sart(y) = 45.06257 | d = 1.854669
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Rietveld refinement

+ Start with lattice parameters — peak positions.
+ Proceed with size/strain — peak shapes.

| @-{3 Global ” | Structure {Microstructu:e] [Peak Type] [hkls ] [Additional Convolutio
= I Sample number 18_120_min_20
4 Emission Profile Use Value Code Error
{1l Background Use Phase v
- Instrument Spacegroup 167
4 Canectens a(R) 5.0364524 Refine  0.0000000
-~ Miscellaneous A B p
I [ Structures/hkl Phases c(®) 137537378 Refine B
4238 Fe203 Scale vV 2.97973e-00-@ 3.66037e-00¢
(- 308 NaCl Wt% Rietveld 35.068 0.375
= Fe203 Wt% of Spiked " 0.000
e Sites Y celMass 766.136 0.000
< @3 Global " [Structure] Microstructure [Peak Type] [hkls] [Additiol
El l Sample number 18_120_min_20
-~ Emission Profile Use Value Code
-1 Background Double-Voigt Approach
- Instrument Crystallite size

~{_d Corections

. Cry size L v 218.3 Refine
- Miscellaneous Crv e G — 1200.0 Refin
I _ Structures/hkl Phases ry Size ' e
- 439 Fe203 LVol-IB (nm) 138.974
(- 289 NaCl LVol-FWHM (nm) 194,287
=@ Fe203 Strain
; - Sites v Cérain | ™~ n1 Dafina
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Rietveld refinement, peak pos./shape included

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] X
File View Fit Launch Tools ‘Window Help EHEHSEDN* - & x

DE‘)’E@E@QQ/‘J&&N&AOA&EXNd\xﬁ&«mﬁ)’oz

& {3 Stuctures/hkl Phases " ISllucture I [Mn:rostructute ] [Peak Type] [hkls ] [Addlhonal Convolutions ] [FIpt/Texl ] A > »l % EJ x .

I 100 Fe203 a
(-39 NaCl Use Value Code Error Min Max Number of equivalent positions 3€ A
EJ @ Fe203 Use Phase v Number of hkls generated for C:\TOPASS\sg\225.sg 11
i . P Space group 225 is centrosymmetric
{3 Sites Spacegroup 225 . .
. . . Number of eguivalent positions 152
{23 Preferred Orientation a(d) 5.6435700 Refine  0.0001366 0 Time 0.05 Rwp 51.786€ 0.000 MC 0.00 O
{3 St Output Sl 7 13.04390e 00/ @ 3.4515700) 1 Time 0.09 Rwp 51.786  0.000 MC 100.00 4
=6 NaCl . === 0.117 seconds ---
1 Sites Wt% Rietveld 64.557 0.388 Errors calculated
{1 Preterred Orientation Wt% of Spiked [~ 0.000
{1 Str Output Cell Mass 233.771 0.000 >
v Cell Volume (A"3) 179.74704 0.01306
< > =i
Cry LAC (1/cm) 163.698 0.012 H
Save Structure in STR format r ity (fan™3) 2,160 0.000 ”‘L 52,64 Interface MOde
View/Hide Structure L ' - _‘& 52,41
Create hkl_ls phase R Bragg 59.832 o
Delete Structure _‘l? 52,24
Paste INP to Node/Selections 52
NI
51,8 T
250 Fe203 2544 %
NaCl 64,56 %
2004
1504
1004
S VS S . N
, N o P RPN
504
-100 ; }k !
~— PR L — _— ) — J_ JL - . )‘ N . 4 - ot
150 v v 4 ¥ f W v v
| | [ | | (I | | | Il | [ I | [ Il | |
| | ! ! | | | | | ‘ | |

T T T T T T T T T T T T T T T T T T T

|
22242628303234363840424446485052545658606264666870727476788082848688909294

x = 40.08558 Sart(y) = 267.2324 d = 2.247589




Rietveld refinement — atomic positions

Always start with locked atomic positions.

Lattice parameters and size/strain MUST converge before you add
atomic positions as variables.

¢ ¢

N (. Stuctures/hkl Phases A [Values | [ Codes | [Erors | [Min | [Max | [Rpt/Text |
208 Fe203 |

139 NaCl Site Np x y F4 Atom Occ. Beq.
= Fe203 Na 4 0.00000 0.00000 0.00000 Na+1 1 1
{d Sites c 4 0.50000 0.50000 0.50000 Cl-1 1 1

_ Preferred Orientation
i Str Output

= NaCl < >
_d Sites Values | | Codes | | Ermors ] Min [Max J
_ Preferred Orientation o pPa— o
{3 St Output o L y : = Q-
Vv Na 4 Fix Fix Fix Na+1 Fix Fix

< > c 4 =12 =1/2 =1/2 Cl-1 Fix Fix




Rietveld refinement — atomic positions

+ Start with heaviest atomcs, proceed with lighter.
+ If more what one Wyckoff position: start with highest multiplicity.

{3 Stuctues/hkl Phases " [Values [Codes] Encst Min [MaxJ [le/TextJ
200 Fe203 ‘ ‘

338 NaCl Site Np x y z Atom Occ. Beq.
= Fe203 Fe 12 0.00000 0.00000 0.35554 Fe+3 1 1
: {_d Sites 0 18  0.69990 0.00000 0.25000 0-2 1 1

i Preferred Orientation
{d Str Output

= NaCl ¢ ’
{J Sites Values | | Codes | | Enors | | Min | | Max |
_ Preferred Orientation o p— o
d Str Qutput . I} y £ " Q.
Vv Fe 12 Fix Fix Refine Fe+3 Fix Fix
< > (] 18 Fix Fix =1/4 0-2 Fix Fix
'#o Structures/hkl Phases "  Values [Codes ] Erors ] Min [Max J {Rpt/Texl ]
200 F9203 \
206 NaCl Site  Np x y z Atom  Occ. Beq.
= Fe203 Fe 12  0.00000 0.00000 0.35516 Fe+3 1 1
: (L Sites 0 18 0.69139 0.00000 0.25000 02 1 1

i Preferred Ornientation
i Str Output

: < >
= NaCl
{_d Sites Values | | Codes Enocs] ' Min [Max]
_ Preferred Ornientation o pPe— -
i Str Output DL y : < 9.
Vv Fe 12 Fix Fix Refine Fe+3 Fix Fix
< > 0 18 Refine Fix =1/4 0-2 Fix Fix
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Rietveld refinement — B-factors
+ Start with linking parameters, see example below.

x| {_ Structures/hkl Phases A [Vales [Codes ] Errors J ' Min | [Max ] {Fipl/Texl ]
209 Fe203

200 NaCl Site  Np x y z Atom Occ. Beq.
= Fe203 Fe 12 0.00000 0.00000 0.35531 Fe+3 1 0.4844
L Sites 0 18 0.69595  0.00000 0.25000 ©O-2 1 0.4844
i Preferred Ornientation
: i Str Output
= NaCl E >
(3 Sites | Values | | Codes | | Ermors | | Min | | Max |
i Preferred Ornientation i
3 St Output Site Np X ¥ z Atom Occ. Begq.
v Fe 12 Fix Fix Refine Fe+3 Fix b_Fe203

< > 0 18 Refine Fix =1/4 0-2 Fix b_Fe203

PR

i L Stuctures/hkl Phases "~ | Values [Codes ] Errors ] LMin J [Max ] {Rpt/Text ]
200 Fe203 \

206 NaCl Ste  Np x y z Atom  Occ. Beq.
=@ Fe203 Na 4  0.00000 0.00000 0.00000 Na+1 1 11.06
{d Sites cl 4  0.50000 0.50000 0.50000 a1 1 11.06

i Preferred Ornientation
i Str Dutput

P < >
= NaCl
(3 Sites | Values | | Codes || Errars | | Min | | Max |
i Preferred Onentation )
3 St Output Site Np x y z Atom Occ. Beq.
v Na 4 Fix Fix Fix Na+1 Fix B_NaCl
< > d 4 =1/2 =1/2 =1/2 Cl-1 Fix B_NaCl

s s amoe o s
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Peak intensities wrong and B-factors too high...

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] — O X
File View Fit Launch Tools ‘Window Help EHEHBDEIDND* - & x
P = 2
DE‘)’E@E@QQ/M&N&AOAW.#&Xﬁﬂﬂ&*&m«fo
{d Structures/hkl Phases ~ X = rvalll )
112 Fe203 lVahesHCodes] Erlus]@[Max][le/Tem] » » s 54 x .
110 NaCl Site Np x y z Atom  Occ. Begq. Space group 225 is centrosymmetric A
= Fe203 Na 4 0.00000 0.00000 0.00000 Na+1 1 11.06 Number of equivalent positions 152
- {2 Sites d 4 0.50000 050000 0.50000 Cl 1 11.06 o e OO S e - Ol
" Preferred Orientati s ' : - -1 L 1 Time 0.07 Rwp 36€.203 -0.000 MC 0.30 3
i Freferred Unentation 2 Time 0.11 Rwp 36.203 -0.000 MC 1.28 3
-~ Str Output = 3 Time 0.14 Rwp 36.203 -0.000 MC 0.8l 2
= NaCl -—- 0.14¢€ seconds ---
{1 Sites [Values”Codes] Enots] Min | | Max Errors calculated
1 Preferred Orientation - PP -
4 Str Qutput Bl z : q.
v Na 4 Fix Fix Fix Na+1 Fix B_NaCl v
< > c 4 =12 =1/2 =1/2 cl-1 Fix B_NaCl flb 36,203 I t rf M d
Add Site(s) before selected sites) ' 362034 _Interrace iviode
Add Site at battom _‘b} 36,203
Add Atom at selected site(s) | 36,2034
Paste INP to Node/Selections _‘ﬁ 36,2034
36,2031
NI 38203
< > 0 1 2 3
250 Fe203 24.39%
NaCl 75.61 %
200
150+
100
ﬁJl A NN WY Y A
04
|
501 j A
- x e ——— S PR e .. -
~— \F, :
-100- ‘
| " LI | | | | " | LI IA" | | IL | ”L E [ I | ILII I LI |

T T T T T T T T T T T T T T T T T T T T T

22 24 26 28 30 32 34 3B 38 40 42 44 4 48 S0 S2 sS4 S5 58 60 B2 B4 66
x = 50.43265 Sart(y) = 248.2478 d = 1.808054




Preferential orientation in powder

+ Use this with care and make sure you know what you are doing!
+ (I know what I'm doing — and | made the sample...)

< d Structures/hkl Phases ~ lPU Y — {Flpt Text J
200 Fe203
200 NaCl hid Use Value Code Error]
= Fe203 Direction 1 1 [ 1 Refine 0
3 Sites Direction 2 002 1 Refine 0
i Prefered Orientation Fraction Dir. 1 0.5 Refne 0
! i Str Output
= NaCl
 Sites <
(3 Preferred Orientation PO Spherical Harmonics ' Coefficients
d Str Output
v Name Use Order
< > sh_5c92ae20_99 v 8




Rietveld refinement — final result

% TOPAS - [Sample number 18_120_min_20-95_deg.raw] - Od X
File View Fit Launch Tools ‘Window Help EFAEDEN* - &8 x
N g = K= = 2
D Al A de /s A AV RBE oD & B x 7 M8 W o8 S o
% @-{3 Global -~ . X = | o -
All range dependent | | Rwps | | Path | | Display | | Rpt/Text E= AN
=M Sample number 18_120_min_20 l 22 I[ B ][ H g y][ £ ] — » M =< E!l »5(
1 Emission Profile Use Value Code  Error Min A 2 Time 0.10 Rwp 9.363 -1.338 MC 0.06 1 ~
{3 Background Background 3 Time 0.15 Rwp 9.36€0 -0.003 MC 1.01 2
= _ 4 Time 0.1%9 Rwp $.35% -0.001 MC 1.32 1
“_‘ Insllum?nt Chebychev v € === 0.15]1 seconds ---
1 Corrections o 3 RS
1 Miscellaneous kak P i md
. Refi arameter(s) close to limit(s).
{1 Stuctures/hkl Phases 1/kag [ {1000 e 19 Check for LIMIT_MIN and LIMIT_MAX in Grid/Text
200 Fe203 Goniometer radii Errors calculated
209 NaCl Primary radius (mm) 280
= Fe203 Secondary radius (mm) 230 v
- {3 Sites - v Equatorial Convolutions 1 .
i Structure qll e E bl gpc] Interface Mode
Add Peaks Phase - . A& 124 :
Add hk| Phase Linear PSD o 11,5
Load STRs) 2Th angular range of LPSD (%) 3 Fix Jli 11
Load CIF(s) FDS angle (%) 0.4 Fix 1 012- ............
Load INP, PAR Beam spill, sample length(n [ 20 Fix » ]
Load d Is - DIF, XD v, - v | NI es - - ' :
< > < > 0 1 2 3 4
260 Fe203 56.67 %
240 NaCl 4333%
220
200
1804
160 1
1404
120
1004
80
60+
404
204 JLJ J
0 LSV i 4‘? vt : _'u - e,
-20- T ‘l T I T T II I T I' T | T I T I’ I T T I T T Iz ‘II “' T Tl ! :l T I' III I T ‘I T Il I IT " T I ITII T III I I T I'
22 24 26 28 30 32 34 36 38 40 42 44 46 48 S0 52 54 S6 S8 60 62 64 66 68 T0 72 74 76 78 80 82 B84 86 88 90 92 94
x = 55.86934 Sqgrt(y) = 275.1981 d = 1.66898




Rietveld refinement — fit statistics

<l @3 Global
El l Sample number 18_120_min_20

{1 Emission Profile
-l Background
- Instrument
- Conections
{3 Miscellaneous
I  Structures/hkl Phases
[-489 Fe203
#1209 NaCl
= Fe203
5 - Sites

= |

All range dependent ] Rwps

{Palh ] [Display } [pr’Texl ]

GOF

Rexp

Rwp

Rp

Rexp-dash

Rwp-dash

Rp-dash

Weighted Durbin Watson

Value
1.97
4.96
9.76
6.97
6.11
12.02
9.51
0.57




Rietveld refinement - results

3 j E::':'Tzui::me " [Scale ] Cry size L [Cry size G ] [Sttain L ] [Strain G ] [le/Text ]
-l Instru?nent Phase Name  Use Value Code  Error Min
- Corrections Fe203 | 218.3 Refine 4.2
- Miscellaneous 2 NaCl T 2062.8 Refine 0.0
E] _d Structures/hkl Phases © Fe203 v 217.5 Refine 4.4

d Internal Standard Metho
- External Standard Methc NaCl 41439 e =
- SG, Lattice parameters
- Brnndley corection (S phe
E [#-200 ﬁZggpb}’ y [Scale ] [ Cry size L ] [Cry size G ] Strain L [Strain G ]
< > Phase Name Use Value Code Error Min
Paste INP to Node/Selections . Fe203 v 0.134611 Refine  0.001841314
2 NaCl v 0.104205 Refine 0.000460946
Fe203 V' 0.02137314 Refine  0.002042238
NaCl V¥ 0.1055814 Refine  0.000486459




Rietveld refinement - results

! {2 Emission Profile A

- Background
- Instrument
-~ Conections
{3 Miscellaneous
EJ _ Structures/hkl Phases
d Internal Standard Metho
-~ Extemal Standard Methc
-~ SG, Lattice parameters
- Bnndley corection (Sphe
- Display
l éég Fe203
< >
Paste INP to Node/Selections

Values [Codes] [Enas] [M'n ] [Max ] [Rpt/Texl]
Phase Name SG a(R) b (&)
Fe203 167 5.0364248
NaCl 225 5.6435341
Fe203 167 5.0364513
NaCl 225 5.6435355

<

[Vabes ] [Codes ] Emors [Min J [Max J

Phase Name  SG a(A) b (A)
Fe203 167 0.0001347
NaCl 225 0.0000000
Fe203 167 0.0000241
NaCl 225 0.0000290

c (8)
13.7537028

13.7537742

c (8)
0.0006824

0.0000925




Rietveld refinement - results

- T Emission Profile " Values [Codes] {Eno:s] [Min J [MaxJ {Flpt/Text ]
-{_ Background
- Instrument Site Np x y z Atom  Occ. Beq.
- Corrections Fe 12 0.00000 0.00000 0.35507 Fe+3 1 0.4949
1 Miscellaneous 0 18 0.69341  0.00000  0.25000 ©0-2 1 0.4949
i Stuctures/hkl Phases
[+-209 Fe203
48 NaCl . g
) Fe203 Walues ] [Codes] Erors | | Min | [Max]
i Sites i
i Preferred Orientation S o L y : Atom 0CC Beg.
[ St Output v | Fe 12 0.00000  0.00000  0.00004 Fe+3 0O 0.02096
< > 0 18 0.00037 0.00000 0.00000 0-2 0 0.020%6
- L Stuctures/hkl Phases ™ | Values [Codes ] [Enas ] [Min J [Max ] [Rpt/Text ] 4
200 Fe203
200 NaCl Site  Np x y z Atom  Occ. Beg.
E] Fe203 Na 4 0.00000 0.00000 0.00000 Na+1 1 0.5961
{1 Sites cl 4  0.50000 0.50000 0.50000 a1 1 0.5961
i Preferned Ornientation
_ d Str Output
= NaCl ¢ =
~{_d Sites [Values] [Codes] Erors | | Min | [Max]
i Preferred Ornientation i
3 St Output Site Np x y z Atom Occ. Beq.
Vv Na 4  0.00000 0.00000 0.00000 Na+1 0O 0.0329
< > d 4  0.00000 0.00000 0.00000 Cl-1 0 0.0329
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Rietveld refinement — export your data

< [+ #-{_J Global ~
= I Sample number 18_120_min_20
-~ Emission Profile
{1 Background
{4 Instrument
- Cormrections
{3 Miscellaneous
l _d Structures/hkl Phases

#2089 Fe203
449 NaCl
= Fe203
{3 Sites v
4 >
Load d_ls - DIF, UXD A

Save If displayed Yobs,Ycalc Diff Phase:
Replace Scan Data

Reverse data and make %-axis positive
Delete Range

Paste INP to Node/Selections

L W)
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Getting the positions of the hkl ticks

i 1 Instrument * | Stucture ] {Microstructute]  Peak Type] hkls [Additional Convolutions] [Fipt/Text]
-~ Cormections
-~ Miscellaneous h k | m d th2 Fr2 '
 Structures/hkl Phases 0 1 2 6 3.68310 24,14436 15.353
200 Fe203 1 0 4 & 2.70013  33.15139 98.719
;.3 Nall 1 1 0 6 2.51808  35.62540 82.192
E] F0203 0 0 6 2 2.29217 39.27357 2.550
i Sites
{_d Preferred Orientation 1 1 3 12 2.20706  40.85428 35.846
: i Str Output 2 0 2 6 2.07870 43.50116 3.603
B2- NaCl 0 2 4 6 1.84155 45.45303 94.142
L3 Sites v 1 1 6 12 1.69506  54.05737 143.826
¢ i ? 2 1 1 12 1.63676 56.14967 1.781
Save Structure in STR format . 2 2 1 1.60305 57.43560 8.486
View/Hide Structure ! ' )
Crests hkl s phase 10 1 8 6 1.59937  57.58339 29.380
Delete Structure 2 1 4 12 1.48646 62.42471 129.999
Paste INP to Node/Selections 0 3 0 6 1.45382 63.99001 134,967
‘d Structures/hkl Phases " {Slruclure ] [Microsltucture ] [F’eak Type ] hkls [Additional Convolutions ] [Fipl/Text ]
200 Fe203
[ 249 NaCl h k I m d th2 FA2
= Fe203 1 1 1 : 3.25814  27.35099 7.324
{d Sites 0 0 2 6 2.82163 31.68541 109,569
i Preferred Orientation 0 2 2 12 1.99520 45.42118 153.293
iy NJaC?" Output 3 1 1 24  L70151  53.83600 7.334
3 Sites 2 2 2 8 162907  56.43829 78.200
i Preferred Orientation 0 0 - 6 1.41082 66.18532 47.222
L Str Output 3 3 1 24 1.29465  73.02296 6.736
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Pawley refinement — hkl phases

+ Advantages:
+ Data quality requirement limited compared to Rietveld
+ Uncertainty will still depend on collection time and 20 range
+ Lattice parameters often the most important information

+ E.g. high symmetry structures have no/little degrees of
freedom in atomic positions

+ Crystallite size the essential information for nanocrystalline powder

+ Lattice strain the essential information for disordered or strained
materials, or chemically complex solid solutions.

+ Disadvantages:
+ No information about atomic positions or occupancies
+ No quantification of phase fractions




Rietveld refinement — structure models

+ Advantages:

+ Atomic positions, occupancies and B-factors extracted.

+ Quantitative information about phase fractions obtained.

+ Necessary information to publish or report new or novel structures.
+ Disadvantages:

+ High quality data necessary — long collection time and broad 26.
+ More variables, more possibilities of making mistakes.




General refinement strategy for Pawley

+ Start with the most important things, proceed with less important when
convergence is reached for the most important.

+ In other words: do NOT refine all variables at once!
+ TOPAS has no chemical/physical knowledge — you have.

+ Set background to 3, increase it later if necessary.
+ Make sure your emission profile and instrumental parameters are right.
+ Make sure your simulated Bragg peaks “hit” the measured.

+ Lock size and strain with FP.

+ Follow the position of the hkl ticks.

+ Use d-spacing for the x-axis and the formulas from previous
lectures and adjust the initial guess value.

+ Refine lattice parameters and sample displacement simultaneously.
+ Add crystallite size and/or strain to fit the peaks shapes with FP.
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General refinement strategy for Rietveld

As for Pawley +:

+ Lattice parameters (peak positions) and size/strain (peak shape) must
converge before you refine atomic positions.

+ ONLY refine atomic positions where the space group has a degree of
freedom.

+ How do you know which positions have degrees of freedom?
+ Use fractions for high symmetry positions in codes field
+ Wyckoff sites — test with VESTA to be certain!
+ Start with the position that affects the peak intensities the most.
+ Z2 x multiplicity/stoichiometry
+ Start with the heaviest atoms
+ Reach convergence before you add progressively lighter atoms.
+ EXxceptions may apply, a sound understanding is required.
+ Occupancies — be careful! Examples: PbZry > Tip sO3 and Fe;Oy,.
+ Link parameters when sensible — user understanding required.
+ Do not over-fit your data! Mind R,,,, Rexp and 2!
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Take-home messages from bonus lecture LX8-9

A 4

A 4

This is the essence of what you should do for your lab report.
The nominal composition was 50% Fe,O; and 50% NacCl.
+ +/-5-10% is the typical error in mass% for Rietveld refinement.
Serious preferred orientation of the NaCl crystallites —
+ or simply too large/few crystallites
+ Wrong peak intensities with position sensitive detector
+ Spots in Debye rings on a 2D plate detector
+ Had to use corrections to obtain a reasonable result
+ Note how the B-factors tell you if something is wrong
Never underestimate visual inspection, more important than R-factors!
Rietveld refinement still not trivial after 15 years...




