MAUD Software Basis — Stéphanie Gascoin

MAUD Software — Basis

To start a new analysis

1- Open Maud software

2- File -> new -> general analysis

& Maud Edit Analysis Graphic Special Interface Help
[ Fie

New > General analysis N azur-colloque.fr/DR1 X CS-Support Formatic X @ Learner
Initial loa outo Open analysis... O Hippo wizard
JET;’ ® ©® Load datafile... LCLS2 wizard Maud -d
{] 4 £
Ma (3]@ Restore BX QBT (b (@
/A
Lik Save analysis S mple
Ch i
Re, |DataFileset Save analysis as...
se‘ Append simple results to...
ei
Append results to...
Print plot
Print window
auit Spectrum not loaded

3- Main page - Datasets: select DataFileSet_x -> MAUD menu click on “edit” -> “edit object”

& Maud File Analysis  Graphic  Special Interface Help

¥

Add new object
Initial log output loca Load object from CIF... ibrary/Logs/startingLog

Java version: 13.0.2 e t
Encoding: UTF-8 Save object to database

Maud version: 2.94, ¢ Delete object ’ 33:16, Revision: 2.94 build 10833, d. s oLi EICEEER
/Applications /Maud-

asses:/Applications/Maud-A-Sept2( & A i N
| ih dir- /Annliratinnc Edit object B E IRy | | PUbIIPOStage Révision AffIChage

() [ ] Maud - default.par
_Duplicate object E

ija,\ﬂ[gl AAmE S5 - Sk - AWK @?h @

“:cz::c Phases  Sample

X CS-Support Formati: X @ Lecarner Portal X

DataFileSet_x

Or click directly on @‘
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4- Go to item “datafiles” -> browse -> your xrd file -> ok

NoseBE © @88 X QBT b O

Phases  Sample
DataFileSet_x
[ ] DataFileSet_x
Genluded regions  Background function
Spectra list Selected spectrum options
Browse.. Omega: 0
From images.. Chi: 0
Remove Phi: 0
View Eta: 0
— 2Theta: 0
Additional par
Energy: 0
Bound Spectra
counts ©
Monitor Counts:
Bank ID:
Measurement date:
Measurement time:
Datafile weight:
Command shortcuts
Importing script.. Add bkg par Remove bkg par
o o Remove shift par Remove disabled View summed
Analysis title:
Name Sum spectra by rules Modify Angles Plot Int. hystogram
[ default.par Sort by name Sort by bank number Disable/group by rules
% Sample_x
_pd_spe
_pd_spe

[ [k Plot 2D

Enabled
Fitting file output
As background

Correct for count time

0.0

1985-01-01
00:00:00
1.0

Add shift par
Sum spectra
Sort by angles

Set angles by time/index

5- To put the sample name: Datasets -> double click on “DataFileSet_x" and change the name

@ Maud File Edit Analysis Graphic Special Interface Help

[ ] [ ] Change object label

X CS-Support Formati: X

Label: DataFileSet_x gibrary/Logs/startinglog

Cancel - :33:16 , Revision: 2.94 build 10833, d

®© 888 X @

Sample

-ib dir: /Applications/Mai
“heck paths and libraries a Q Py H g
Reading from jar file: /Ap
Reading from jar file: /Ap

Reading from jar file: /Ap
DataFileSe!

Phases

C

BF% &b

Sbec

6- instrument parameters

(i) If you have the instrument parameters .mdb files load it “Datafiles” -> select

DataFileSet_x -> @ -> instrument part -> import your instrument parameters file
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Maud - default.par

fa]

oHT © 288 8 8T b O

Cz::-=  Phases  Sample

DataFileSet_x
[ ] DataFileSet_x
Cerere Datafiles  Excluded regions  Background function
Data block id: Date/time meas Computation enabled
Force random texture Force no strain
Replace datafile on add Peak cutoff: 30
Dataset weight: 1.0
Instrument C ion range
Edit Min in data units: 0
Type: Diffraction Instrument (2]
Import... Max in data units: 0
Name: Diffraction Instrument
Store... Data in groups of: 1
Intensity extractor:  Le Bail Options Position extractor: none pe Options
Diffraction model:  Basic diffraction Options Reflectivity model:  none reflectivity Options
Fluorescence model:  none fluorescence Options Lorentz restricted

(ii) or complete manually the instrument part clicking on “Edit”

Maud - default.par

DoeEHE © ©88 X 08T b @

Phases  Sample ™ [I'Y3
DataFileSet_x
DataFileSet_x
Datafiles  Excluded regions  Background function
Data block id: Date/time meas v Computation enabled
Force random texture Force no strain
v Replace datafile on add Peak cutoff: 30
Dataset weight: 1.0
Instrument (ES [r range
Edit Min in data units: 0
Type: Diffraction Instrument i Y Y Diffraction Instrument
) ) Import...
Name: Diffraction Instrument Instrument name:  Diffraction Instrument
Store...
Incident intensity: ZONII—
Intensity extractor: LeBail & OPtiC  |ntensity calibration: none cal Options
Diffraction model:  Basic diffraction < Optic  Angular calibration: Instrument disalignment Options
Fluorescence model: none fluorescence ¢ Optic  Geometry: Bragg-Brentano e Options
Measurement: Theta-2Theta Options
Source: X-ray tube Options
Detector: Scintillation Options
Instrument Broadening:  Caglioti PV Options
"o oK "

a) put the instrument name

[ ) @ Diffraction Instrument

Instrument name: Diffraction Instrument

|
Incident intensity: ZAGHEEGEG——
|
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b) Geometry: choose the adapted geometry and click on options to put the type
of mirror, slit opening size, goniometer size for both first and second arms.

bled

Diffraction Instrument
Instrument name: Diffraction Instrument

Incident intensity: ZONIII—
,

k® @ Diffractometer geometry
Intensity calibration: none cal < Options

Second arm
ibration: Inst t disali t < ti
| Angular calibration: nstrument disalignmen < Options O Filtered radiation
Geometry: Bragg-Brentano < Options Monochromator
Measurement: Theta-2Theta < s
Goniometer radius (mm): 175.0
Source: X-ray tube < ons
Equatorial slit (degrees): 0.0
Detector: Scintillation < tions
Axial slit (degrees): 0.0
Instrument Broadening:  Caglioti PV < ptions
O Fixed slit aperture Programmable slits
oK J
FIUOTESCENCE MOUET:  NUNE HUUIesLeie v wpuuns o Cancel -

c) Measurement: select the appropriate configuration
[ ) @ Diffraction Instrument

Instrument name: Diffraction Instrument

Incident intensity: 0N

Intensity calibration: none cal e Options

Angular calibration: Instrument disalignment Options

Geometry: Bragg-Brentano Options

Measurement: | Theta-2Theta Options
TOF :

Source: v Theta-2Theta Options
... 2Theta .

Detector: Scintilla XRF Measurement Options

Instrument Broadening: ~ Caglioti PV Options

d) Source: select the appropriate source and click on options to put correct
values

Diffraction Instrument

"
Instrument name:  Diffraction Instrument

Incident intensity: ZEONIII——
‘ H

< Options

Intensity calibration: none cal < Options
f < Options
Angular calibration: Instrument disalignment < Options,
~ . Lorentz restricted
Geometry: Bragg-Brentano < Opti
3 Theta-2Theta < o] L
Measurement [ ] @ X-ray tube radiation
Source: X-ray tube < Options -
L = P X-ray tube: | Cu Kalpha E
Detector: Scintillation < Options

- ; 1
Instrument Broadening:  Caglioti PV ¢ Options o Cancel (I

OK r
OK .0
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e) Detector: select the appropriate detector

f) Instrument broadening : select Caglioti PV and click on “Options”. See next

part to see the strategy.

7- Instrument broadening

O o PseudoVoigt instrumental function

HWHM Gaussianity Omega broad.

_ret_par_asymmetry valuel
add parameter

remove parameter

value: 45238727

Truncation angle [deg or d]:

Force Tan(theta) correction Use reciprocal value

Chi broad.

Eta broad.

Omega/Chi broadening square convolution

Q

NB: These parameters are also available in the Table Tree bottom window of the main

MAUD page

fAnalysis title:

Name Value
_nie_par_packgrouna_pois v

_riet_par_background_pol2 0
= Diffraction Instrument
_pd_proc_intensity_incident 2.0
B3 Instrument disalignment

13 Bragg-Brentano

3 X-ray tube

= Caglioti PV
_riet_par_asymmetry_value0 72.17134
_riet_par_asymmetry_valuel -0.229337
_riet_par_caglioti_value0 0.00252935
_riet_par_caglioti_value1 0.002716717
_riet_par_caglioti_value2 0.002312246
_riet_par_gaussian_value0 0
_riet_par_gaussian_valuel 0.012

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

Min
~11.c0483

-77.26483

0.0

5.0
-10.0
-0.1
-0.3
-0.5
-1.0
-0.1

1.0

Cancel

Max
v.u

0.0

10000.0

1000.0
10.0
0.1

0.3

0.5
2.0
0.1

Cos/Sin(Eta) broad.

Plot function riet_par_asymmetry value0

Status
rixea

Output
raise
false
false
false
false
false
false
false
false
false
false
false
false
false

false

a) Asymmetry
_riet_part_assimetry_valueO

_riet_part_assimetry_valuel
Put the 2 parameters at 0

b) HWHM
_riet_part_caglioti_value0O
_riet_part_caglioti_valuel
_riet_part_caglioti_value3

Keep the default values



¢) Gaussianity
_riet_part_gaussian_value0

_riet_part_gaussian_value0
Put the 2 parameters at 0

8- Cif file

a- Principal page — Phases: edit -> load object from cif -> select your cif file(s)

é Maud File Edlt Analysis  Graphic Special Interface Help

Add new object \

iitial log output loca ibrary/Logs/startingLog

vaversion: 13.0.2 .

1coding: UTF-8 Save ob)e'ct to database

aud version: 2.94, ¢ Delete object 33:16, Revision: 2.94 build 10833, d

Applications/Maud- . asses:/Applications /Maud-A-Sept2( Carac]
b dir: /Applications Edit object "Java/ des cou
heck paths and libra

eading frop~ == <'-- Duplicate object

eadingfrm
eadmgfronaa’H ® 28998 X QBT B @

Datase< >am ple

Or click directly on

b- Access to structure parameters, crystal size and texture model:

Select “phase” -> edit @

NI © @88 X QBT b

Datasets Sample

NAC

o o NAC

Structure  Microstructure  Advanced models

Chemical formula (sum): Al2 Ca3 F14 Na2

Symmetry: cubic ©
Space group: 1213 e List positions
Reflections: Show list

Cell s

a [Angstrom]:

Options



9- Compute spectra

Click on “analysis” -> compute spectra or directly on

Now on the XRD pattern you see both measured (black) and calculated spectra (red)

eoe Maud - bbmasbis. par
NoeBE@ © @88 X 00T B @

Datasets Sample ™Y s Plot 2D @ Residuals 2D

beta-brass
alpha-brass

5
2
o

Start rita/rista function computation
Computing spectra for sample: brassbb48bis

Weighted Sum of Squares (fitting): 6857.519681727653
Energy: 0.0

Total: 6857.519681727653

Rwp(%): 12.133539792282244

Rwpnb(¥): 31.517548225760102

Rwpnb1(¥): 20.48144303154212

Rwpnb20%): 16.208242584985744

R(%): 9.34762882614917

Rb(¥): 34.75090123182214

Rnb1(X): 19.01926522255247 alpha-brass
Rnb2(%): 12.633008348119375 beta-brass
End of function computation

Have a nice day!

Intensityl/2 [Countl/zl

~
=
o

2-Theta [degrees]

10- Background parameters
a- Background parameters access: 3 ways

(i) Analysis -> parameters list -> open successively sample_x, then Layer_1 and
DataFileSet_x folders

(ii) Or Select DataFileSet_x -> @ -> background function -> polynomia

D@ BHE © 288 X 98T b
Phases  Sample B [ Plot 2D

DataFileSet_x
[ ) DataFileSet_x
General  Datafiles  Excluded regions

Interpolated  Background peaks  Chi dependent  Eta dependent

Plot function

_riet_par_background_poll
add parameter _riet_par_background_pol2

remove parameter

(iii) Or Reach the “background parameters” in the Table Tree MAUD window



[ J [ ] Maud - bbm48bis.par
Noesdd © @88 X 98T b (@
Datasets Sample ™Y ML Plot2D @ Residuals 2D

beta-brass
alpha-brass

IS
o
=)

Start rita/rista function computation

Computing spectra for sample: brassbb48bis

Weighted Sum of Squares (fitting): 6857.519681727653
Energy: 0.0

Total: 6857.519681727653

Rwp(%): 12.133539792282244

Rwpnb(%): 31.517548225760102

Intensity”2 [Count”zl

N
o
=)

Rwpnb1(¥): 20.48144303154212 alpha-brass ) ) Y v W
Rwpnb2(K): 16.208242584985744 beta-brass ) ) ) v " )

ROK): 9.34762882614917 v

Rnb(X): 34.75090123182214 }”’WWW P i e ANy AP e Wb it g
Rb1(4): 19.01926522255247 I w

Rnb2(X): 12.633008348119375 50.0

End of function computation 2-Theta [degrees]
Have a nice day!

Analysis title: Al203 - ZrO2 standard

Name Value Error Min Max Status
_riet_par_spec_displac_y 0 0.0 0.0 0.0 Fixed
_riet_par_spec_displac_z 0 0.0 0.0 0.0 Fixed
_riet_par_background_pol0 121.485634 3.065927 -74.40632 10413.303 Refined
_riet_par_background_poll 1.2425169 0.09998108 -77.26483 2679.415 Refined
_riet_par_background_pol2 -0.0026398306 7.23301E-4 -77.26483 0.0 Refined

i Diffraction Instrument - - - - e
_pd_proc_intensity_incident 15.301672 0.13120456 0.0 10000.0 Refined
Instrument disalignment - - - - e

_riet_par_2-theta_offset0 0.100967295 0 -0.09944144 0.12153954 Fixed

b- Adjust manually amap the 3 Background parameters to superpose measured and
calculated XRD spectra

c- You can add more Background parameters using way (ii)

11- Incident intensity
Adjust manually the pd_proc_intensity_incident / Access via way (iii)
Then put “pd_proc_intensity_incident” in Refined mode

12- 2 theta offset
Put “_riet_par_2-theta_offset0” in Refined mode

13- Refinement

a- Verify that Background parameters, Incident intensity & the 2 theta offset are in
“Refined” mode

b- Then start a refinement process by Analysis -> Refine

or by clickling on & or hammer button (depends on the configuration)



c- To adjust the number of iterations :

Analysis -> Options -> Algorithms options -> select the value with the iteration item
cursor

8 Maud File Edit Analysis Graphic Special Interface Help

ece [ Options__________
iple Rp a O g || Wizard o & % ? Ba
iple Ry Parameters list
ple Rp Sample
iple en Compute spectra

DataFileSet_x Refine

nemer
ol Results
aSet R Preferences
aSet R|
aSet R
aSet R
aSet R

Enable texture extraction/computation at end of iteration ¢
Enable strain extraction/computation at end of iteration ¢
Enable structure factor extraction/computation at end of iteration
:ctrum not loaded
Enable background interpolation at end of iteration
ick the datafiles!
Quantity to minimize: Wgtss ¢
o [ ] Least squares s
Weight statistic based on sqrt <
Iterations number: 5 1 Y
1 6 11 16 21
Refinement model: Margardt Least Squares < Algorithms options
Parameter precision: 0.00000001
v Keep lower memory occupation L
Derivative step : 0.0001
Use theoretical weights Initial lambda  : 0.01
Add error to output fitting files Use numerical double derivative

Store spectra in the analysis file o Cancel -
v Store structure factors in the analysis file

v Store texture factors in the analysis file o0

Cancel OK 0.0

e ———— __ An

d- Refinement quality :
- observation of calculated and measured spectra superposition (zoom on
background, ....)
- See the convergence of the reliability factors: sigma and Rwp mainly

e- adapt more Background parameters if necessary and restart a refinement



14-  Structural part
“phase” -> edit

or via the Table Tree MAUD window

FAnalysis title: Put a title here
Name Value Error Min Max Status
_pd_spec_size_radius_y 0 0 0.0 100.0 Fixed
0 layerl - - - - e
[ DataFileSet_x - - - - e
NAC _ _ S e
_cell_length_a 10.257 1.0 5.0 30.0 Fixed
_riet_par_strain_thermal 0 0 0.1 0.1 Fixed
_exptl_absorpt_cryst_size 0 0 0.001 100.0 Fixed
_riet_par_phase_scale_factor 1.0 0 0.0 100.0 Fixed
Isotropic - - e
_riet_par_cryst_size 1000.0 0 50.0 5000.0 Fixed
_riet_par_rs_microstrain 6.0E-4 0 0.0 0.005 Fixed
Atomic Structure === = e

a- Put cell parameters in Refined mode

b- Isotropic Parameters:
=> Adjust the crystallite size manually
=>riet_par_rs_microstrain = 1.0E-4

c- start a refinement

d- verify the cell parameters evolution

e- put crystallite size on Refined mode

f- start a refinement

g- verify the crystallite size value

h- put microstrain on Refined mode

i- start a refinement

j- verify the microstrain value

15-  Caglioti parameters

If you don’t have determined your instrumental parameters, you can refine the Caglioti
values to calibrate your instrument using a measurement on a standard sample.

a) fix all refined parameters
(Background, Incident intensity, 2 theta offset, cell parameters, ...... )



b) Refine only the caglioti values in this order:

_riet_part_caglioti_valuel ->
_riet_part_caglioti_value0 ->

_riet_part_caglioti_value2 ->

9 Caglioti PV - - - - Eee
_riet_par_asymmetry_valueO 72.17134 0.0 5.0 1000.0 Fixed
_riet_par_asymmetry_valuel -0.229337 0.0 -10.0 10.0 Fixed
_riet_par_caglioti_value0 0.00252935 0.0 -0.1 0.1 Fixed
_riet_par_caglioti_valuel 0.002716717 0.0 -0.3 0.3 Fixed
_riet_par_caglioti_value2 0.002312246 0.0 -0.5 0.5 Fixed
_riet_par_gaussian_value0 0 0.0 -1.0 2.0 Fixed
_riet_par_gaussian_valuel 0.012 0.0 -0.1 0.1 Fixed

Lo NAC = - - S v o

To see if the parameter evolution is good plot the HWHM function:
Instrument -> edit -> HWHM -> plot function

o o PseudoVoigt instrumental function
Asymmetry Gaussianity Omega broad. Chi broad. Eta broad. Cos/Sin(Eta) broad. »

Plot function |_riet_par_caglioti_valueO

_riet_par_caglioti_valuel
add parameter _riet_par_caglioti_value2

remove parameter

Value: [0/00252935 \

Force Caglioti in Tan(theta)

Omega/Chi broadening square convolution

o Cancel -

The curve must have a 2" order polynomia evolution with no singular points like this:

[} O Function plot
x103
80.0—
s
= 600
v
<
3
o L
40.0—
| 1 | L |
0.0 50.0 100.0 150.0
X




c) you can now release the background parameters, incident intensity, 2 theta offset, cell
parameters, crystallite size and microstrains.

It is important to follow between each refinement the evolution of the reliability factors
and the value of each refined parameters

16- Asymmetry

To improve your refinement, you can also refine the asymmetry parameters

17-  Gaussianity

To improve your refinement, you can also refine the gaussianity parameters

Recommendation: remember to save your work often



