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Principles of X-Ray diffraction

There is two types of solid material:

- Amorphous: Atoms are randomly arranged in a define volume
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http://www.nano.drexel.edu/research/projects/cdc

- Crystalllne Atoms are arranged in a regular pattern in a define volume.
This pattern is a repetition of a glven smaller pattern called the “unit cell”

http://www.scielo.org.ve/scielo.php?pid=S0255-69522001000200009&script=sci_arttext

http://www.nano.drexel.edu/research/projects/cdc



The unit cell

Always defined by three axes: a, b & ¢ which help defining the h, k ,| plans
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X-Ray diffraction

A ray beam

BRAGG LAW

2d(sind) = A,

where:
d = lattice interplanar spacing of the crystal
0 = x-ray incidence angle (Bragg angle)

A = wavelength of the characteristic x-rays
Crystal atoms
d

Moreover, the electronic configuration of the atoms respond differently
to the incident wavelength given rise to differences in intensities.



X-Ray diffraction

Therfore for a given structure, a single pattern of reflections is possible
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X-Ray diffraction
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X-Ray diffraction

* In a classical powder diffraction pattern the sample is a mixture of mineral and the
diffractogram reflects the addition of the single phase patterns.
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Principles of Rietveld refinement

From wikipedia:

* Rietveld refinement is a technique
devised by Hugo Rietveld for use in the
characterisation of crystalline materials.
The height, width and position of the
reflections can be used to determine
many aspects of the materials structure.

 The Rietveld method uses a |least
sqguares approach to refine a
theoretical line profile until it
matches the measured profile.




Principles of Rietveld refinement

The base parameters were:

*The peak shape

The peak width

The preferred orientation

The initial publi can be found here:

http://www.ccpl4.ac.uk/ccp/web-mirrors/hugorietveld/xtal/paper2/paper2.html



Rietveld refinement in highscore

The Highscore plus interface

Open Highscore
Open spcl.asc
Select spcl in Scan list tab
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Rietveld refinement in highscore

The Highscore plus interface
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Rietveld refinement in highscore

The Highscore plus interface
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The scan tab allow to select the spectrum.

In the corresponding object inspector, you can
modify the name, the color the starting/ending
positions of the scan.
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Rietveld refinement in highscore

Refinerment Control || Structure Plat | Fourier Map
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The Highscore plus interface

The Anchor scan data tab (very important)
provides the actual numerical data of the
displayed graph.

Right click on the list allows to copy the data
that you can paste in excel
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Rietveld refinement in highscore

The Highscore plus interface

Structure plot allows to visualize the structure of the refined compound.
Refinement control is the most important tab for quantification.

The pattern tab is used when doing a characterization of the peaks.
We will use those 3 tabs a lot.

Fourier Map and distances and angles do not interest us.

The quantification tab is a joke.
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Rietveld refinement in highscore

* In Highscore go to help and type Rietveld

+ Rietveld Analysis

The Rietveld method is a full-pattern fit method. The measured profile and a calculated profile are
compared. By the wvariation of many parameters the difference between the two profiles is minimized. In
order to perform a Rietwveld refinement you need structure data for all phases present in your sample.

Some Rietveld basics are explained here:

¢ Start and Stop of a Rietveld refinement
+ Rietveld parameters manipulation

The following analvtical tasks are covered by a Rietveld refinement:

+ Quantitative phase analysis,
especially useful for complex diffractograms with a lot of peak overlap, less suitable for
concentrations < about 0.5 %.
o Determination of the Amorphous Content
requires the addition of a crystalline standard and a measurement covering a certain 26 range.
+ Crystallite size / micro strain analysis
requires the measurement and refinement of a size / strain standard. To determine both properties
simultaneously you need a measurement up to very high 28 angles.
+ LE BAITL fit,
to confirm or test the unit cell and space group of a phase by fitting it to measured data and to
extract structure factors. This is also the first step to determine an unknown crystal structure
from powder diffraction data.
+ HKL file fit,
to quantify phases with unknown structures, based on a standard sample with known
concentrations.




Rietveld refinement in highscore

e 2" in the help list: the parameters
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Rietveld refinement in highscore

* \WWe can change a lot of parameters but
many of them MUST not be change.

e Don’t allow a parameter to change without
knowing what it physically means.
Changing some parameters will create

crazy phases fitting perfectly but falsely
the data.



Rietveld refinement in highscore

 The parameters we can change are here:
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Rietveld refinement in highscore

 Meaning of the parameters:

Automatic Rietveld Steps - [default lattice big min shifts]

Org.Mo. | Parameters vaned tin. Shift/ESD | Uzed

b 1/5cale factor 0100000 v Modify the scale of each phase to better fit
2| Flat background 010000 [+ Flatten the background to get rid of amorphous
3| Zern shift 020000 |+ Shift the spectrum to correct systematic error
4 Lattice parameters 090000 ¥ Modify the lattice parameters
B More background 010000 |+ Add background to correct small angle uncertainties
B [Halfwidth) 020000, [+ Variation of the principal halfwidth coefficient
7| Preferred orientation 0.10000 Modify peaks intensity to allow pref orient of plates
8| Atomic coordinates [x.y.2) 0.:30000 Modify atom positions
3| Site ncupancy factor and B i 030000 |+ Modify site occupancy and general displacement
10/ 1, % [Halfwidth) 0.10000 Variation of the 2 other halfwidth coefficients
11|Peak shape parameters 010000 Modify the “gaussianity” of the peaks
12|B anisotropic 0.10000 Vary degree of freedom of atoms in the structure
13| Absorption 0.10000 Unvolontary absorption of radiations (e.g. from Cu)

14| Extinction 0.10000 Due to interference between diffractions




Rietveld refinement in highscore:

To start a refinement we need a good
characterization of the phases.

ldeal with the dbs
w/0:
Building a reference library.



Building a reference library

Several websites compile XRD data on reference minerals:
*The American Mineralogist Crystal Structure Database -free
http://rruff.geo.arizona.edu/AMS/amcsd.php

*The Mincryst Database (russian acad. of sci.) -free
http://database.iem.ac.ru/mincryst/index.php

*|CSD —not free anymore...
http://www.fiz-karlsruhe.de/icsd _home.html

Also any published structure can be added to your reference library



Building a reference library

Lets take some, the first example concerns
zeolite minerals.

1. Goto O faupsteta
http://rruff.geo.arizona.edu/AMS/amcsd.php =~ &= =

American Mineralogist

4 matching records for this search.

2. Search Faujasite — 4 records matching @ d Fd R

3. Lets go to the first one (Baur, 1964). EeEE

4. The data represents the position of the o mes e
atoms in the structure and the occupations e s i
when there is substitutions. 2 se0 2

5. Click on Download CIF data

6. Open with X'Pert

7. The phase appears in the refinement st A e (e Tt )
control tab under the name global. T T

8. Rename it in the object inspector

9. Check the validity of the phase: p _
By simulating pattern . LA Do not close the widow
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Building a reference library

Lets take some, the first example concerns zeolite

minerals.
Goto
http://rruff.geo.arizona.edu/AMS/amcsd.php

Search Faujasite — 4 records matching

Lets go to the first one (Baur, 1964).

The data represents the position of the atoms in
the structure and the occupations when there is
substitutions.

Click on (view text file) beside Download CIF
data

Go back

Click on Download CIF data

Open with X'Pert

The phase appears in the refinement control tab
under the name global.

10.Rename it in the object inspector L
11. Check the validity of the phase: . LA
By simulating pattern :

American Mineralogist

4 matching records for this search.

[] Fauiasite-Na

@ saur w s
@lf&:e:;can Mineralogist 49 (1964) &97-704
on = c and water positions in faujasite
24,74 24,74 24.74 80 90 80 *Fdim
2 125 2
atom X ¥ z occ Biso
Si 55 38Ze L7 1.2
El 55 362 .3 1.2
Na ag 699 2.8
Ca ag ] 2.8
o1 2 142 2.8
02 3 173 3232 2.3
o3 2527 2527 3 2.5
ol 3 47 2.8
OH 13 3 3 3.2
CH& 272 L2272 L2772 .333 3.9

Download AMC data (View Text File)
Download CIF data (View Text File)

Download diffraction data (View Text File)
View JMOL 3-D Structure

Do not close the widow
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T VT Selected object: Phase Pattem List | Scanlist | Peak List | Anchor ScanC
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10. Check the pattern with the XRD data from the database and the CIF
text file for the formula.

11. By right-clicking on the name of the phase in the refinement control tab
we can select “add all phases to reference database” which add the
phase in your personal database.

12. Lets add more minerals in the dbs.

Sodalite from ballirano (last in the list)

Cancrinite from Fechtelkord (first in the list)

Fayalite from Birle et al (first)

Augite from Bindi (first) Do not close the widow



Building a reference library

13. The particular case of the plagioclase.

Plagio are published with a C-1 unit cell %—
which is not a standard space group. T
1. Search for Andesine : "
2. download CIF flle not a Pg !

e from the Hogarth Ranges

]MH «me“,,,w

T T
El n

@ Enter Structure

3. we need to enter the data manually.

oo 4 - -V n0004 —.000&88
~-a - || Step 2 : Enter Space Group
erns | Amalysis | Reports Tools Customize Window Help Space Group: | [= |
Search &Match # F = H & Ll] (\i Step 3 : Enter Unit Cell
: - 1 =
. (&l - (&l - ()
Crystallography » | alA) 81740 [=] bIAL 12,8600 [=] Al ERTEC]
. Rietveld F| Refinement Mode Hutomatlc rlode | alpha [’} 944 (3] betal'l 11621 {3]] gammal] 0.2 ()
Y J‘:’u Start Pattern Simulation Step 4 : Enter Atoms
B Element | Name | wiyckoff | » y z sof Biso
. — - C Ca |# 0.26803 -0.07864 0.16802 015 0.50000
e e R B it Automatic Ristveld Step... Ee::ltieze P TNIS nZesms  0OTEM|  0i6an: 028 05000
. b Ca Ca |+ 02718 0.02701 0102193 2 0.50000
2Theta) Na Na 1.00000, 050000,
Edit Scattering Sets... Al Al 1.00000! 0.50000
Enter New Structure. . heta 5i 5i 1,00000) 0.50000

s s]
FurfHM 2T

4 EnSUIte I’Ight CIICk On the phase and [ dd niew &tom | [ Delete selected Atom | [ Clear Atom List| ok ][ comwel |

select * standardize phase” We now geta > Add file to references
Pg Do not close the widow




Building a crystal structure librar
BE x|

We should have 6 minerals 0 Constraint{s)

| Lists Pane £

Copy them in a single window
Fattern List | ScanList | Peak List | Anchor Scan Data

(”ght click = copy to ) i Structure Plot Fourier Map Distances and Angles
Cluantification Refinement Control
Marme Info R
Then Save file As +|t= Global Parameters
Struct_Ex1 in .CRY format b i il

+|[m] Fayalite Birle -Ex1

+|[m] Augite Bindi -Ex1

+|[5] sancrinite Fechtelkord -Ex1 ,_)
+|[m] sodalite ballirano -Ex1

If not done, “add all phases to ref +| (] Andesine Fitgerald -Ex1
library”




Rietveld refinement in highscore:

EXERCICE 1

Quantification of homogeneous nucleation of
hyper alkaline solution



EXERCICE 1
1. Open spcl

i“ﬁ. X'Pert HighScore Plus - [spc1]
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EXERCICE 1

1. Go toTreatment = Search P
Accept

eaks

i‘ﬁ X'Pert HighScore Plus - [spc1]
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b
1 . 0 Parameter{s) varied 0 Constrant(s)
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EXERCICE 1

1. Go to analysis - Search and Match = Execute
Search and Match - Search - OK

B

I‘@ X'Pert HighScore Plus - [spc1]

; ‘@ Eile Edit Wiew Treatment Reference Patterns Analysis Reports Tools Customize Window Help = Bl
: EXB ) - | @ .
| i . o Paiamelér:(s}. varied | [0 CUI‘IS‘haIHt{S).
Counts: -.,
- TTHT YT RYOITHTR A CVIRRASH © 8 PP ORTYYSOROF VY Of KTy Tt | F}_gfineme_pt Contral | Structure Plot | Fourier Map | Distanices and Angles| =
Counts Joboddh slblelllblcbootle o ok ke [Hleolos) ] Toperties PatternList | Scan List | Peak List | dnchor Scan Data | Quantification
spet on [2Theta] i LTRSS R DTN SRS SRR
3 : Accepted Pattern:
Ty -spacing 3
et Sine”2 Theta r T | e
Height [cts] . - (R
AT N, Wisible Ref. Code Compour| ]
1000+
2l Restict | Parameters A tamati —
,). | Restiictions | | Automatic — al | ’)|
__ 1 el | T —
Dats souice: = =ltio) Jif s - : )
| Profile Data |2 | =| | [ candidates:
1 | :
5004 Scaoring scheme: I[é - ) Wz
g T
& () Single phase () Multi phass | .| Bef, EDdPTDz L Scare | Compound Name Chernica| # | e
@ | [¥] it residue [ Demate urmatched strong | | 2930000018 S I -
" i . X 3193-000-0054 45 cancrinite Fechtsl... |
Gps ji | I | L i L“ Match intensity [¥] &llows patterm shift | T 4l a.000-0022 @Cancrinite [Fechte
ARV soin7 s ;
i 0 : : : | Known Twe Theta shitt [*2Th ] i 0 | 6 98-000-0001 i § trate sodalite | 5i6.00 4]
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12| 99-000-0038 0=
1
B 14920000085
| | 99-000-0039
fEe 16/93-000-0052
| ; 1il |




EXERCICE 1

1. Do the

h::co ~rharacrtarizatinn

& X'Pert HighScore Plus - [spc1]

E‘@Elle Edit View Treatment Reference Patterns Analysis Reports Tools Customize Window Help

@ | | | ) e da - (M@

a2 | B

. <Mone= | JE B L

: | Pos: [*2Th.]: | | d-spacing [A]:

||| Counts: |.,

] III[I
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1000 +

500 +
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EXERCICE 1

1. Go to File & Insert - Select Struct_ Ex1->
Select the 3 phases of interest

@
jﬁﬁile Edit Miew Treatment Reference Patterns Analysis Reports Tools Customize Window Help

IDPHR I SEBS EDE 8-

E.

: wdv |l e | e A Aa v e @ N AR - i <None> oW D8 [ - B Automatc Mode || [0 Parameter(s) vaned i [o Consx:ra\nt'{-s_)_iv
| Pos, [=ZTh.]: || [ d-spacng [A]: ||| Counts: =
F o |
T | Tllr wi ‘"l (11l f1 |Ti‘| ‘ il !Sglet:.ted object: Peak(s) I; | Seanl _._Peéi:[i-s._i.i!_.:&n&or Scan Data I Quantiication |
Counts @ RIS il 18] || | |. .‘ i | S V| | 2 A |E Basic operties _ |*J Refinement Control | Stucture Plot | Fourier Map | Distances and Angles |
o 1000 spc Puositior [*2T heta) 362182 = =
e | Mame | Infa | Refine | Waln
Ty SinEAZ Tghela }l:j@ Global Parameters | | 1=
(b CIF / CRYSTIN Import Structures
.
] MNo. Use IHamE iFormuIa ISpacE group IComment
| | 1 r” ifauj-Na Baur 1964 Ex1 {5i4.2 Al1.8) Na. 15 (Fd3-mZ Comment not found |§
i':* 2 r- Fayalite Birle -Ex1 {Fe 1.894 Mg.07&8 Mr Pnma Comment not found _l
y 3 [ Augite Bindi Ex1 Ca.61Fe. 13 Mg 431C12/ct \Comment not found =
200 4 | - 1 I
V. 500 4 [ |cancrinite Fechtekard Ex1 Ma3.96 5i3 Al3 015, P63 Comment not found
& 5 r- zodalite balirano -Ex1 MNa2.64K.7Ca.616 SP4-3n Comment not found
& r. Andesine Fitgerald -Exi Cal.%6 Mal.04 al2.8pi- Comment not found
ops
0 %
R e e e
10 20
Position [ -
4 :
Tl L C -ﬁj‘r\@#\nalvzej‘@%m&mjﬂ i h |‘ﬂ
x

| [ Default [ IdeAl [H IdeCom (5] IdeMin [55] MinorMinerals (£ Printdedll | | (32 37 F‘?’ . !,‘3 i Ef} > !ﬁ_gl:'l-*__iii_.ji_ g

Inserting: stuctures-Ex 1L.ORY
art ﬂ €3 Inbox for perdrisl@e.., n (3 HCO2 1mSr 5C n w 4 Firefox 7‘“ @ Microsaft PowerPoint. ..

L@ Micresoft Office Pictu...




EXERCICE 1

1. Phases are now in the Refinement Control Tab

2. Let's look at the parameters. Open the
automatic Rietveld steps, deselect all except
the first one. Then click more, disc icon and
name Ex1

Automatic Rietveld Steps - [Default] =]
Org.Mo. | Parameters wvaned Min. Shift/ESD | Used
2 1|Scale factor 0.10000 v Mir. shift/ESD 0.1
2|Flat background 0.10000 v Switch off after False
3| Zero shift 0.10000 v |Jzed True
4| Lattice parameters 0.30000 v
8| Mare background 010000 v
B | [Halfwidth) 010000 v
7| Preferred orientation 0.10000
2| Atomic coordinates [x.y.2] 0.10000
9| Site ocupancy factor and B 0.10000 v
10{U, % [Halfwidth) 010000
11| Peak zhape parameters 0.10000
12| B anizotropic 010000
13| Abszarption 010000
14| Extinction 0.10000
Select Parameter Set
Drefault » H 2 | &=




Exercise 1

1. We are testing the effect of the first param

2. Run rietveld:

b
L -

D6 I~

it
)

.LLI QE o i -

Automatic Mode b
atoms
atoms2
atoms3 L
Clinker l
Default

default lattice

default lattice big min shifts
default [attice less backad
default lattice Zeroshift en 2
default without more bkg
default2

Ex1

HM %1

o Biso L
na Biso + UV tlp
no site occ b iso

peak shape minus B

Size-Strain Analysis r
test ;

w last
FODEErveEd
F calculated

That modified the peak intensities

& X'Pert HighScore Plus - [spc1]

8 Fle Edit Vien Trestment Refersnce Patterns Analysis Repor

@ | SR O TR T = T ® 2 3Parameter(s) vared || [0 Constraintls)

Pos, [°2Th ]: 61.395 d-spacing [A]: 1.5038

x| Lists Pane

5 No object selected. PeernList | Scan List | Peak List | Anchor Scan Data |
Counts tl 0 n Of th e (%ment Contrel | Stusture Plot | Fourer Map | Distan
" e [Infa alu

1o [l fauj-1a Baur 1964 -Ex156 % = Global P
o 1000 { [l ancrinits Fechtelkord -Ek1 62.2 % Jid ﬂ@ Sk e I | |
1A dalite ballirana -Ex132.2 % e fou P12 . -
& oo i ¢ | P ek M| @

ated-profile :
» P
m »
2 agreement indices
= g
Te. .
%

2l
gncu B LB TR L
iE i
uE e A - irrerence plo
200 ¥ T V I ¥ Y &
L
-600 2 (>
= - d £ 15
Refine: Scale Factor Cyde: 6; Rp: 87.9308 Rwp: 103, 1608 Rexp: 10.1924 GOF: 102.4414; Max.Shift: cancrinite Fechtelkord -Ex1 Scale Factor: -0.0149227 |

Important infos

Refine: Scale Factor

Cycle: 6; Rp: 87,9309 Rwp: 103, 1608 Rexp: 10,1924 GOF: 102,4414; Max.Shift: cancrinite Fechtelkord -Ex1 Scale Factor: -0.0149227



Exercise 1

1. We are testing the effect of adding bkgd and zero shift

2. Edit 2 undo Rietveld (or Crtl+2Z)

3. Edit autom. Rietveld steps, add flat bkgd and zero shift

[ XPert HighScore Plus - [spei] uu;@

"@Eile Edit View Treatment ReferencePatterns Analysic Reports Tools Customize Window Help

DEW-o |8,
| @ | s | o | A b AaomoAa & | S A i |3} B B i Jle = Automatic Mode :_vi 5 Parameter(s) varied [0 constraint(s) |F=
: |Pos: [*2Th.]: || | d-spacing [ﬁ-]:
‘[ 'i ‘[ H H H ‘[ YETI EHW | Selected object: Global Parameters — _Ea_t_t_em Llilst_ lS_c:an Llst | Peak List Anchor”Scfan Data | .Qluantif.icatilolnj .
Counts ! I 181 N bl i \El Background . |1 Refinement Contral | Stucture Plot | Fourier Map | Distances and dngles
1000 {pc ™ Wethod Polpromial | = e
i I fauj-Ha Baur 1964 -Ex1 5[4 % e Eotanisd Backgomeliet,_ [1 | Info Fiefine [ ¥alu
B cancrinite Fechtelkord -Ek1 80.2 % Flat Background 76230120 | :
Tt | 0 sodalite ballirano -ExT 144 % |El Coefficients | eI G === r
| b@\u = sodd Coefficiant 1 0.0000000/ cancrinite Fechtelkord - i} | E@|
i Cosffisient 2 noooooon| | ||| sodsite balirano £x1 | ]
= Coefficient 3 U.DUUUDUU:
el Coefficient 4 0.0000000
\a Coefficients 0.0000000
= 5004 =] Agleemer.ll. Indices | =
= "R expected- 1
& R profile K}:-'
‘wigighted R profile
=] Dr-statistics P
@ ‘weighted D-statiztics
| Goodness of Fit g 5 —_— j
= f ’ i ' General Properties "
2} | Sample Geometry Flat Plate G| T M
B 0 Automatic Cell Congtraints [¥] : B I g I m p rove m e nt 4
| ~ SRR BRSSP S S R EER AN BEARRERE R RE RS R R Automatic Anisotropic Displace (¥
- 10 20 - ?U 40 80 60 Specimen Displacement [mm]  0.00000 Of th e G O F
Position [ZTheta] Zero Shift [2Theta] 008332
Polarization Correction Coefficie  1.00000
o7 - ] Analvze fEEIPatiern | Linear Absarption Caefficient [ 0.00000 s
x
TP (RIE T IFTFT MY [ET § CRRCIVR (TP 7 0 FETrTe T
i ore -
= i &l

123 Tew oy T % [ A w

B Default 5] 1deall (=3 1deCom (5] IdeMin [ESH] MinorMinerals £S5 Printldesll

Refine: Zero Shift




Exercise 1

1. Now the most important: the lattice param
2. Edit 2 undo Rietveld (or Crtl+2Z)
3. Edit autom. Rietveld steps, add lattice parameter

l‘@ X'Pert HighScore Plus - [spc1] l:J[E"J
=

"@Eile Edit View Treatment Reference Patterns Analysis Reports Tools Customize Window Help =

ECFIEY - E P
. i <None> el __‘}}ﬁv._f(ﬁ

| 'a e o M I [ B

: | Pos; [*2Th.]: 56.940 | d-spacing [f;]: 16155 | Counts: ,

cune | [T TIDINE IEER R RRE]  Sincimc

spci
Ty .fauj-Na Baur 1964 -Ex1 5[1 % | d-spacing

= B cancrinite Fechtelkord -Ek1 541 % | Sine™2 Theta
|W~i [ sodalite ballirano -Ex1 40,9 % Height [cts]
e PidHM [(2Th]

| Tipwidth
=3y Area [cts™2Th.]
B ackground [ctg]
Shape
5004 | Significance
| Relative Intensity [*

Bl More Properties | &

MUCH BETTER |~

P = % Automatic Mode v 9 Parameter{s] varied ||| 3 Constraint(s)

|
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Status
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ops | | Source

' 'I'Zfl'ys-l-éll'l-:lglaﬁﬁic .F;IIIIJDBI
[ Phase name [fsigl o
| Fobserved

0 SR I R RS B RS SR AT BRI R S )

10 20 B ?U 40 50 60 F calculated
Pasition [*2Theta] Fesd

A — — Multiplicity

JBmparE J}\@Anal\;ze i Pattern [ B [l

FLoL FE R HF AR B R R P IPMEREPPPEIE ORI REEPCE M R OFPEPMOUACE FIY PR PPT NP VTINC PRI P CINTE L P
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1004
0
-100
-200

PR | [T NI WYY | gl PP FEPIRY e} "
bt {ndda i r-r".. SRR e
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Exercise 1

1. Adding more bkgd doesn’t improve much cause we already have a flat

bkgd
2. Edit 2 undo Rietveld (or Crtl+2Z)

3. Edit autom. Rietveld steps, add more background

l@ X'Pert HighScore Plus - [spc1]

@Eile Edit View Treatment Reference Patterns Anaslysis Reports Tools Customize Window Help

'ue)v

- 0

=J=es

o

.
R = S A VT S P P . R = P L «Mones 8] AEE: Parametér(éu} varlec.i"_ Il 3 Canstraintls) l.
| Pos: [*2Th.]: || [ d-spacing [A]: || [ counts: .
I I I n ] ” I ”‘1 mHH I I";H“H\HHNHEEW W | Selected object: Global Parameters _Pattern List | Scan List | Peak List | Anchor Scan Data | Quantification | =
Gounts ] i I ! L . |El Background : Fiefinement Contral | Stnycture Plat | Fourier Map | Distances and Angles
100[] Spc1 I Method Pol_w?om : “ame | Ptz P et Ir;fn /A s o8 | W0 Heflne_ o .Valu'
Ty B f2uj-1ia Baur 1964 -Ex1 4|9 % Use Extended Background Ter 1| o " - 1
B cancrinite Fechtelkord -Ek153.9 % Flat Background 7REE7FT0|
| I sodalite ballirana -Ex1 412 % |El Coefficients | Il B e [ ¥
LJ - Coefficient 1 0.4727934| | ||| liE) cancinte Fechiclkord ... | [ v
z Coefficient 2 0011105 | ||| 2IE) sodalie balirane x| | ¥l
— Coefficient 3 U.UUUUUUU:
(Caad Coefficient 4 '
N | Coefficient 5
= 5004 | Agreement Irr!dices
e | R expected
&P R profile
Weighted R profile
@ [-statistics
z ‘Weighted D-statistics
@ Goodness of Fit
T e —
3 | Sample Geometry Flat Plate E
Lo 0 Automatic Cell Constraints [¥]
[ ”I”I1I[)””””Iglg””””lqlgl””””4'0””I””—II”H”III” Automatic Anisotropic Displace  [¥]
" - 50 60 Specimen Displacement [mm] 0.00000
Rosidn 2 {Heta} Zern Shitt [2T heta] 0.02548
Folarization Corection Coefficc  1.00000
251 = g Analyze pfi Patiern | Linear Absorplion Cosfficient [1 0,000 ]
=
200 I R U o T ey v L T T
100
0
-100
-200 = . i 5
| Default (29 Ideall [ IdeCom [ IdeMin [EH| MinorMinerals (29 Printldeall | ¢ (3% 3¢ ik A

Refine: Mare Background




Exercise 1

The halfwidth parameter account geometrically for the width of the peaks,

in reality it represents the size of the crystallites (on a coherent domain).

Edit 2 undo Rietveld (or Crtl+2)
Edit autom. Rietveld steps, add W halfwidth

l"g X'Pert HighScore Plus - [spc1] L.JLEEJ@
‘@Eile Edit View Treatment Reference Patterns Anaslysis Reports Tools Customize Window Help [=Ul5 4
AP EHE &SRB E XD K - .
_ R TS S P VAT P = I 1 2 <Mane > =R D6 Automatic Mode [sel | [14 Parameteris) varied | |3 Constraint(s) .
Pos. [*2Th.]: ||| d-spadng [&]: Counts |-
- I I ] ” Y- ” I H ‘![ }IE ’E V” Imnmmmpﬂl |H|! !i I! L4 I: 1 B | Selected object: Global Parameters _ .Eia_lt_em L.i.st_ Scan List | Peak List | Ancher Soan Data | Quantification| =
Counts 3 I ! ) ! i (ATUELE ALY |El Background _ IA; Fefinement Contral | Structure Plat | Fourier Map || Distances and Angles
0 SF.‘C1 | Method Polpramial : o I S I ._f.. e | Wy Hf. = V I
14 Il auj-Na Baur 1954 -Ex1 106 % Use Extended Backgiound Ter ]| = e B
= B canciinite Fechtelkard -Ek1 47 6 % Flat Background 62982170 i a Baur 1964 Tut | v
b [ sodalite ballirano -Ex1 41|58 % 4 Eacficients NN mEse e [ ¥ [
e Coefficient 1 0.7033057| | | || 2hEd cancrinte Bechishkord .., | [ ¥ (el
4 Coefficient 2 oo12zz5e| | || |2iE] sodalte balitano BT | | ™ e
wl Coefficient 3 D.UDDDDUD; =
P Coefficient 4 0.0000000 [ £
A\ I Coefficient 5 0.0000000 M d f d | t th
5004 =] Agreement Indices |5 O I Ie a O e
| R expected . . 0 L
F profile F J t / e
‘weighted i profile au aSI e 0 ]
D-statistics ,L'
Weighied D-sascs because the
| Goodness of Fit
= Eer_lelal_ Properties f M 't :
| Sample Geometry Flat Plate G| ‘ aUJ aSI e IS Ve ry
0 Automatic Cell Constraints [+
...... A A UL B R RS SRR RS R Butomalic Anisatiopic Displace: ] ” 50 —TEM
10 20 - ?0 40 50 60 Specimen Displacement [mm] 0.00000 SI I Ia nl I I
Rosmtdn 2 teta] Zern Shit [2Theta] 004094
Palarization Conection Coefficie  1.00000 C h e C ke d) .
1= il Analvze R Pattern Linear Absorption Coefficient [1 000000 [
x
300 (TR R W A R R T N o O T o O T U T
200
100: ¥ Bdindiavibinm dabbs i, 2tk .LLLA_. P PRI s el
400 i b L i it Bt ot e 2 ' o
-200
-300
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Refine: Halfwidth W




Exercise 1

1. Will the variation of site occupancies and Biso modify the quanti
2. Edit 2 undo Rietveld (or Crtl+2Z)

3. Edit autom. Rietveld steps, add site occ and Biso
[ xPert HighScore Plus - [spc1] J=ks

"@Eile Edit View Treatment Reference Patterns Analysic Reports Tools Customize Window Help =l
LRI BB 0o 6.
WA | o | s | A = DG Automatic Mode :_vi lfParametér(é__} varied |3 Constrant(s) =
! | Pos; [#2Th.]: 53.969 i |-
- ‘[ ‘[ ‘[ n T H i ]H '[H H VH imnwm&uq [ | Selected object: Global Parameters = _ attern L.i.st_ .S_can List | Peak List Anchor”Scfan Data | .Q.uantif.icatilolnj E
e - i ! L - | ! bk {8 Background : __|# /| Refinement Cortral | Stucture Plot | Fourier Map | Distances and Angles
1000_ SFC1 { Method Polynomial I T - .V l
oy I fauj-Na Baur 1964 Ex1 7|2 % Use Evtended Backgiound Ter ] | e e
_ .cancrinite Fechtelkord -Ek1 37 8 % Flat Back ground £1.517250 | =
| || sodalite hallirano -Ex1 550 % | Bl Coefficients ; | = e i 1 2!
' bﬁ' Coefficient 1 0ea7401| | ||| 2lE)cancinite Feshickord -, |
4 Coefficient 2 -0.01m SBiE I __ﬂlg_j_sodallte ballirano -Ex1
Coefficient 3 D.DDDDDDD;
Coefficient 4 D.DDDDDDD;
i | Cosffisients 0.0000000
| s — | We have now a pretty
b | R expected 1017488 A
& R profile d f f N
‘wieighted R profile goo It! except Or :
= D-statistics . P
@ wigighted D-statiztics SO l I l e refl eCtI O n S
| Goodness of Fit
cps |El General Properties |
; | Sample Geometry Flat Plate C
o~ 0 Autornatic Cell Constraints [v] 5
A R R R SR R RS N R R R RN AR R EEERES EEEEREENE R Autornatic Anizotropic Displace. [+

10 20 30 40 a0 60

s T Specimen Displacement [mm] 0.00000
Position [*2Theta]

Zera Shift [2Theta] -0.04586
Polarisation Comection Coefficie  1.00000 |
P2 = fpu] Analvze fEEPattern [ Linear Absorption Cosfficient [T 0.00000 s

=

TF 1 F1 ® NEIF EF 0F F T T 0T FEEFFECE RETFRERIT O PO ECERE (AT E FIF (00 (07 A (07 B [ OF K¢ PEFETERT T IHIFPT P

200 F fo 2
100
0
-100 +
-200 +

55 Default P2 IdeAll = IdeCom (54 IdeMin F54 MinorMinerals [ printideall . @ (33 T8t 0FF 07 | A%
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Exercise 1

What did we do?

1.

2.

¥ Refined Values and Constraints

Refined Values | Constraints
Mo, Description
» 1/ Zero Shift [*2T heta]

2|Flat background

3| Coefficient 1

4| Cosfficient 2

5| fau-Ma Baur 1964 -Ex1 Scale Factor

B|fau-Ma Baur 1964 -Ex1 Overall B

7| fauiMa Baur 1964 -Ex1 Cell a [4]

8| fauj-Ma Baur 1964 -Ex1 Profile W

9| zancrinite Fechtelkard -Ex1 Scale Factar
10| cancrinite Fechtelkard -Ex1 Owerall B
11| cancrinite Fechtelkord -Ex1 Cell a [&]
12| cancrinite Fechtelkord -Ex1 Cell ¢ (4]
13| cancrinite Fechtelkord -Ex1 Profile W
14| sodalite ballrano -Ex1 Scale Factor
15| sodalite balirana -Ex1 Owerall B
16| zodalite balirano -Ex1 Cell a [4]
17| sodalite ballirano -Ex1 Profile '

LCopy ] [ Print...

Y alue
-0.045364
£1.517250
0.697408
-0.010198
0.000000
0.000000
25.122240
0.285929
0.000031
3452386
12.684180
5196225
0.030533
0.000042
10.000000
B.977016
[0.068E69

Devistion
0.002915
0.528808
0.054985
0.000779
0.000000
1.727704
0.015665
0.012173
0.000001
0.402297
0.001689
0.000883
0.001233
0.000001
0.582202
0.001184
0.002318

Last Shift
0.000000
-0.000011
0.000007
0.000000
0.000000
-3.411062
-0.000002
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
2.293436
0.000000
0.000000

Minimumn | Mazimum
0.000000)  0.000000
0.000000  0.000000
0.000000,  0.000000
0.000000,  0.000000

0.000000) 2.147484E9
0.000000) 10.000000
0.000000)  0.000000
-1.000000| 10.000000
0.000000) 2.147484E9
0.000000] 10.000000
0.000000  0.000000
0.000000  0.000000
-1.000000| 10.000000
0.000000) 2.147484E9
0.000000] 10.000000
0.000000)  0.000000
-1.000000| 10.000000

=Jo/ed

Code Use Min./M...

41.000

11.000

21.000

31.000

51.000 v

71.000 v

81.000

£1.000 v

91.000 v
111.000 v
121.000

Right click on mineral list > show refined values/constraints

And the constraints

This gives the deviations operated on the phases for each parameter.

72 Refined Values and Constraints

M]f=1% |

Fiefired Yalues | Constraints
Drescription Automatic | Factor Fefined | Yalue
» | (= :Constraint 1 v v
faui-Ma Baur 1954 -Exl Cel a [A] v 1.000000 v 28.122240
faui-Ma Baur 1954 -Exl Call b [A] v 1.000000 28.122240
faui-Ma Baur 1954 -Exl Cal ¢ [4] v 1.000000 28.122240
—I| Constraint 2 v v
cancrinite Fechtelkord -Ex1 Cell a [4] v 1.000000 v 12684180
cancrinite Fechtelkord -Ex1 Cell b [4] v 1.000000 12684180
cancrinite Fechtelkord -Ex1 Cell gamma [*] v 1.000000 120.000000
—I| Constraint 3 v v
sodalite ballrana -Ex1 Cell a [£] v 1.000000 v 8.977016
sodalite balirano -Ex1 Cell b [4] v 1.000000 8977016
sodalite ballirano -Ex1 Cell ¢ [4] v 1.000000 8977016

Cloze




Exercise 1

What did we do?
. . . |'§2 X'Pert HighScore Plus - [spc1]
1 . C I I C k O n S h OW Se | eCted p h ase p rOfI I e I CO n ‘lﬁ File Edit View Treatment Reference Patterns Analysiz Reports

2. Select the phases. We can see the part of each phase in the calculated
profile

L T A T N AT 0 M 0

1000~| pet 100 =pci

fau HI B r 1964 -Ex1 7.2 % fauj-Na Baur 1964 -Ex172 %
F chtelkord -Ex1 3 8 % [l cancrinite Fechtelkord -Ex137.3 %
d | h llirano -Ex155.0 % sodalite ballirano -Ex1 55.0 %
500 | 5004

1
ML MJ LJJLLNMMMLMJL et

i
WHWMWWWWW e

(HIB 194E12

I‘M WM]"’ 30 40 50 50
: Position [*2Theta]

-Ex 37B/
d\ h\l E1 5.0 %
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Exercise 1

What did we do?

1.
2.

Counts

Counts

In the anchor scan data tab appear the numerical values of the scan.

Right click = copy list & past in excel or origin
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Exercise 1

How to check ?

1.
2.
3.
4

Close and open spcl again

Insert sod, canc fau + augite structure
Run Rietveld

Look at the individual phase

w [ [ ke B WL

spci
400 Ml fauj-Ma Baur 1964 -Ex1 71 %
W Augite Bindi Ex112 %
cancrinite Fechtelkord -Ex1 37 B %
W sodalits ballirano -Ex1 54 4 %

300

200

100 o

Position [*2Theta]

(=%

Fefined Yalues | Constraints

Too much deviation in B 12 Aot B £ Celb 1]

17| cancrinite Fechtelkord -Ex1 Overal B

3460865

181.000

Mo Description Walue Dieviation Last Shift Minimum | Maximum | Code Use Min/M... | |4

7 fauj-Ma Baur 1964 Exl Cella[4) 26122830 00152586 -0.000002 0000000 0.000000) &1.000

8| faui-Ma Baur 1964 -Ex1 Profile 0284668 0.012133| -0.0000071| -1.000000) 10.000000) 61.000 v

9/ Augite Bindi -Ex1 Soale Factor 0000002 0.000001|  0.000000) 0000000 27147484E8) 91.000 v

4 10 Augite Bindi -Ex1 Overall B 10.000000  GO007F24 3804851 0.000000 10.000000 111.000 v
11 | Augite Bindi-Ex1 Cell a [A4] 11.209450, 0001156  0.000007 0000000 0.000000 121.000
GE58830, 0.000691| 0.000000) 0000000, 0.000000) 131.000
16966710, 0.001691| -0.000004) 0000000 0.000000 141.000
14 | Augite Bindi -Ex1 Cell beta [*] 156452801 0002111, 0.000015 0.000000) 0000000, 151.000

15| Augite Bindi -Ex1 Profile ' 0008153 0000032 0.000073 -1.000000] 10.000000 101.000 v

1E| cancrinite Fechtelkord -Ex1 Scale Factor 0.000030, 0.000001| 0.000000) 0000000 2147484E9| 167.000 v

0404351 v




Exercise 1

If we look at the structures before and after

Before

after




Exercise 1

How to check ?
1. Close and open spcl again

Run Rietveld
Look at the individual phase

IR NEIRE A

2.
3.
4

Insert sod, canc fau + fayalite structure

i

IR ) AR AR08

1000 — spc
[l fauj-Ha Baur 1964 -Ex1 63 %
Fayalite Birle -Ex1 162 %
cancrinite Fechtelkord -Ex1 30.7 %
M sodalite ballirann -Ex1 46 8 %
500 —

i

It gives 16.2% fayalite
Which correspond to nice

reflections

.Mé}\dﬁl‘lﬂm.ﬂu i,

f L Ealisly, i T
ﬁ"‘.m. — RS R ikl i ..rn-'\"!, L iy ‘1.-.|.|~.w“’.—m"‘ P w Iwm.",. TRy iy R A
0 | | |
20 30 40
Paosition [*2Theta]
'@ Refined Values and Constraints E]@
Fiefined Yalues | Constraints
. . Mo, Description WValue Devistion | Last Shift Mimimum | Maximum | Code Use Min. /M -~
[ h e re'n ne v al ues are f al rI 00 d Y1 ZeoShit [ 2Theal 00905 OOUGE 000030 000NN 0000000 1,000
2 Flat background E1.668970) 0.878603| -0.013476 0000000 00000000 11.000
3| Coefficient 1 0617753 0062118  0.002190| 0000000 0000000 21.000
4 Coefficient 2 -0.007791 0000876 -0.000023 0000000 0000000, 31.000
5/ faui-Ma Baur 1964 -Ex1 Scale Factor 0.000000]  0.000000)  0.000000| 0000000 2.7147434E9| 51.000 v
G fauj-Ma Baur 1964 -Ex1 Overall B 5443069 2715352 (0.648939| 0000000 10000000 71.000 v
7 fauiMa Baur 1954 -Exl Cell a [A] 25.146550)  0.018362|  0.004772) 0000000 0.0000000 81.000
8/ faui-Ma Baur 1964 -Ex1 Profile W 0.296919)  0.013020)  0.001335| -1.000000 10.000000 &7.000 v
9 Fayalite Birle -Ex1 Scale Factor 0.000036 0000002  0.000000| 0000000 2147484E9| 91.000 v
10 Fayalite Birle -Ex1 Owverall B 10.000000  0.926353| 7.976365 0.000000 10000000 111.000 v
11 Fayalite Birle -Ex1 Cell a [A4] 11123330  0.004391 0.003526) 0.000000 0000000, 121.000
12 Fayalite Birle -Ex1 Cell b [A] 5167479 0002146 -0.007446| 0000000 0000000 131.000
13 Favalite Birle -Ex1 Cell & [4] 6702837 0.004560) 0.000446 0000000 0000000, 141.000
14| Fayalite Bile -Ex1 Profile w 0.075161 0.003018)  -0.009326) -1.000000 10000000 107.000 v A




Exercise 1

If we look at the structures before and after

fayalite

Before

after

That look good!

HOWEVER, the sample we analyzed is
the product of the precipitation at room
temperature of Si, Al, Na, Cs and Sr.

There is not a single chance that
fayalite would:

1. Precipitate at room temperature

2. Form in the absence of Fe.

In any case, Rietveld is a
mathematical module that requires
YOU to do the perfect work of peak
characterization. Rietveld wants to fit

anything you feed it with.



Exercise 1

If we look at the spectrum before and after

fayalite

J
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Exercise 2

Open spc2
Insert structure 2 and.. try to make it good...

[ FErrint ][ Frint Setup... ][ FPage Setup... ] Zoom [ Zoom Dut Height main graphics [%]: 1005“ Save az.. i

Date: 5/3/2010 Time: 3:59:19 P File: Copy of C3RCOzmMaskedWl_53BKG User: Perdrial

Copyof CIRC Qzmaskedviv 520K G
Ml cuartzalpha 9.1 %
Wl Calcite Rufi45 %
Il 1O 3-cancrinite Buhl 2000 81 %
[l Homblende mincryst 0.3 %
.Andesineguud (AMCSD, Fitgerald-1595) 1),
[ albite (AMCSD, Downs 1994)5.2 %
W C hiorite (A4 CSD Lister 1957)0.6 %
lite (AMSCD, Gualtieri, 2000} 283 %
40000 .Kaulinite (AMCSD Bi=sh1985)05 %
Wl =tratingits (21 CSD, Rinald-1990)1.0
[ orthodass (AMECD, Cobvlle 1968} 02
B =odaite (AMSCD, baliranc, 2005) 19,
Ml C ancinits (41 5D, Fechtelkord, 200
| NO3 sodalits (Buhl & Lons, 1998) 8.0

LM&'J ‘ '__._J..-f,‘,;.ﬂ J\,

| =, ’ 2] o W
B L B L B LR

10 20 30 40 50 70

Position[*2Theta]

Fage: 1of1




(

] [ Frint Setup...

] [ Page Setup... Zoom [n Zoom Jut Height main graphics [%]: 100 E{ Save as..

Date: 5/3/2010 Time: 4:05:51 P File: Copy of C3RCQzmaskedWyl_53BK.G

User: Perdrial

Copy of CoORC Qzmasked Vi 530K G
Ml Cuarzalpha 5.1 %
Wl Calcit Ruf22 5%
.NOB—cﬁnUinﬂeBuhIZUDD 10.1 %
.Aru:lesineguud (AMCSD, Fitgerald-15:
[ albite (AMCSD, Downs 1994)4.5 %
W C hiorits (&0 CSD Lister 1967)0.5 %

lite (AMSCD, Gualtieri, 2000) 30.4 %

W orthociass (AMSCD, Cobvile 1968) 2.0

40000 .SUdaiteﬂAMSCD.ballirano.ZUElE-}19.
I C ancrinite (41 CSD0, Fechiekord, 200
[ NO2 sodalite Buhl & Lons, 1995)72 4

10 20 30 40

Position[*2Theta]

B0 70 a0

Page: 1of1




Misc. tips

 Removing background.

— Highscore plus not very good, use manual
removing for better quality.

Be careful, Rietveld doesn’t like negative
values.

— Possible to remove in excel or origin if bkgd
acquired separately.

— Other softwares



Misc. Tips

If spectra acquired at the synchrotron, there is often a particle size effect. It produces
overflows (pixel saturation in the detector). Using masks allows to get rid of such
overflows.

Example.

7% Integration Data E]@

300000

| amooe-

700000

500000

] 00000

/

f f f f f f T f — f
] 10 15 20 25 30 35 40 45 50 55

2theta

I LogScale? |2theta= =

The main Qz reflection is overestimated




Misc

. TIps

In order to correct from that | assumed my quartz to standard, i.e. having a constant
100/011 peak intensity ratio equal to 4.67. With the raw file we have |,4p,011= 9-91

B=%]

74 Integration Data

500000
500000
700000
unmasked
500000 -
400000
300000

200000 -

. r—*‘“—‘-—-JLI“U w
T T T T T

T T i i T T
5 10 15 20 25 30 ) 40 45 50 55
Ztheta

™ Log Scale? |2theta= I=

74 The Area Diffraction Machine

74 Integration Data

BE]

300000 —
250000 —
200000 —
‘ 150000 —

100000 —

50000 —

New data
masked

(=1

File Calbration Masking Cake Integrate Macro Help

Ealihlalinn]%“ gl Eaka] InlEgralEI

Threzhold Masking

v Do Greater Than Mask?

[Pixels Can't Be| Greater Than Mask: |1340000
4
|

azking Dpjgags

[Fi

Polygon Masking
v Do Polygon M

[v Do Greater Than Mazk? Colar

[Fixelz Can't Be] Greater Than Maszk: | 1340000
- . o |




Misc. tips

Correcting from systematic displacement

— Particularly useful (needed) when using synchrotron-XRD.
— Sometimes the LaB6 is bad leading to a bad calibration (as it

was the case last time).
— This gives that:

¥ b ¥ ¥ k

7 Obvserved reflection for Qz

2000 -

1000

C2b24Fine_1

g

convertedBKGDQznom

e Observed reflection for Qz

Theorical reflectio

cthinn

Theorical refle

\

Position [*2Theta]

“Low” angles

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

high angles



Misc. tips

|'§ X'Pert HighScore Plus - [C2b24Fine_19convertedBKGDOznorm]

‘ﬂ File Edit View [Treatment Reference Patterns Analysis Reports Tools Customize Wind

X'Pert has a function for that. 5 g g |
" | 1P Etprofie Jn“‘fd H .
Open spc 3 Pon 2T 468 5 st F s

Jw- Correct Displacement. ..

DO peak SearCh and SearCh and matCh' [@ Counts . mCOWECtS?StETnaﬁ_CEFFQI'...

i Z [CZh23Fne_19e0 P —
Assign Quartz
See the unmatching

Go to correction systematic error. In select standard choose SiO2
and accept polynomials.

Go back to slect stds, slect none and hit recall polynomials, select
SiO2- ok, then correct, check with Quartz standard



Misc. tips

To add your own std

Open the Qz Antao file and simulate pattern, then search peaks,
then fit profile (both in treatments)

Go to correction systematic error. In select standard choose add
new stad, name it and OK



