Size distribution using Sizes tool Monday, March 15, 2010 @Jan Ilavsky

Size distribution using Sizes tool in Irena package

This handout describes how SAS data (example using provided data from USAXS instrument) can be fitted
using Sizes tool in Irena (using Maximum Entropy of IPG/TNNLS methods) with size distribution of
spheres. Three test data provided were measured in 2001 and represent SAS from samples of alumina
polishing powders. The powders were spread on sticky tape and covered with another layer of the same tape
(sticky sides towards each other). Same two tapes were subtracted as empty run. The data are not, however,
calibrated as the sample thickness of these samples is not really meaningful.

Start Igor, load macros
Start Igor Pro, from the menu “Macros” select the “Load Irena SAS Macros”. This will add new menu SAS in

® IgorPro File Edit Data Analysis [ Windows Misc Help
Data Browser Find a Wave
Fix colors in Top Graph
’
[Rvad e B Load ASAXS Macros
D variables: » N E"gmkam | Load USAXS Macros

Load Irena SAS Macros
Load Nika 2D SAS Macros

Load Curvefit Control
Load Graph utilities
Load Image Procedures
Load HDF utils

HEEEN T <> Load BIOCAT macros

Load NIST Analysis macros

Load Clementine MEM modeling
Clementine MEM modeling help

e no Untitled
Mon, Mar 15,2010 12:37:50 PM starting this file from ‘Prg HD:Applications:lgor Pro 6.1 Folder:” 0

Import data
From “SAS” menu select “Import ASCII data”.
[EES) Help
| Dataimport&export b | Import ASCII data

Data Manipulation »  Import XML data

Export ASCII data

Plotting |

Plotting Il

Support Tools for plots >

This will create new panel. Push the button “Select data path” and navigate to folder, where are the data.
v a Examp ELE
DVD files
version 2010
Irena and Nika Handouts
=i Desktop
2 ilavsky 0 %H

The test data provided (Test data.dat) have extension dat, we can put this in the “Data extension” field and only
files with this extension will show.

Select the “Test data.dat” and push buttons “test” and “Preview”. The Test will find how many columns of data
are in the file and Preview will open this file for our previews in separate window.

Jan Ilavsky, llavsky@aps.anl.gov 1



Size distribution using Sizes tool Monday, March 15, 2010 @Jan Tlavsky

Import data eno FilePreview:Test data.dat
. DATAFILE=0625a_setup.dat c
Import Data in Igor EPOCH=993497401
SCAN_N=6
SECONDS=3076329215
/e —— DATE=Mon, Jun 25, 2001

COMMENT=A1203 1 & 0.05um

SpecCommand=uascan ar 11.4274 11.4209 1.4211 0.0002 3736001251.21505
SpecComment=A1203 1 & 0.0Sum

SpecScan=spect

USAXSDataFolder =root:USAXS:alumina:'S6_A1203 1 & 0.05um’

RawFolder =root:raw:al umina:spect:

Data path : | Prg HD:Users:ilavsky:Desktop:Irena and Nika Handouts:version 2010:D’

Data extension: | dat
List of available files

(O skip lines?
FeTTE—— DU UserSampleName="36_41203 1 & 0.05um’
olloid_conc.da ——— —— Wname=DSM_nt
Colloid_dilute.dat gth=1.2418
PDDF _testData_GnomPr.dat SlitLength=0.03865

PDDF _testData_SAS.
smeared data.dat Column1 [

Qvec Int Err QErr | NumberOfSteps=150
m \ SDDistance=360

= = PeakFitFunction=Gauss
Spheres330ADia_modelData.dat Column2 (] O 0 BeamCenter=11.416
= coumn3 O O O O Maximumlntensity=5.6388e- 10
Test data.dat ey FWHM=5.0105
BeamCenterError=2.0406e-06
Column 5 MaximumlntensityError=2.9252e-12
Column 6 FWHM_Error=0.018591
Thickness=1
Found columns : '3 [+ BlankComment=Air Blank
Units=cm-1
@ Qvec units [A"-1] BlankFolder =root:USAXS:alumina:'34_Air Blank’
() Qvec units [nm*-1] Kfactor=3.0412¢-17
(J Create SQRT Errors? Transmission=0.62021
() Create n% Errors? TransmissionError=0.0045185
sectAll) (__ Desclesian ) - Createn% Errors? KFactorError=1.8525e-19
- Desmeared=Yes
(2 Use File Nms As Fldr Nms? DSM_steps=30
se Indra 2 wave names? (J Scale Imported data? DSM_QExtrapStart=0.042069
{0 Use QRS wave names? (O Use QIS (NIST) wave names? REM_ExtrapFilieslon=Farel
Select data folder (c=— 1) 0.0002464645 11843827 63267627.8563293 1610650

0.000281751591716367 39447580.5624809 2275133
0.000308279839112345 29069918.637588 1987961
0.000343566618978601 19941442.0871334 1366083

New data folder: |

Q wave names 0.000370094866369359 16639185.2568312 914597.3
Intensity names 1 0.000396538897099203 13166387.7063154 790019.3
& Import 0.000440752642740095 9265523.86726412 849887.1
Error wv names 0.0004671966734623  9452270.94898356 847565.4 A
0.00049372492083965 7104020.51147702 691669.4 v
ADa o 1© <»

Note, that after header this files contains 3 columns — q, intensity and error estimates. Close preview and check
the checkbox for column 1 as Qvec, column 2 as Int and column 3 as Err.

Select “Use File Nms as Fldr Nams?”” and “Use QRS wave names”. Select the file with data (Test data.dat).
Then push Import button.

000 Import data & ) FilePreview:T
- DATAFILE=06253a_setup.dat
Import Data in Igor EPOCH=993497401

SCAN_N=6
SECONDS=3076329215

( Select data path ) DATE=Mon, Jun 25, 2001

—— COMMENT=A1203 1 & 0.05um
Spect d ar 11.4274 11,4200 1

Data path :  Prg HD:Users:ilavsky:Desktop:Irena and Nika Handouts:version 2010:D’ SpecComment=A1203 1 & 0.05um

SpecScan=spect

Dakilexiensions) dat USAXSDataFolder =root:USAXS:al umina: S6_AlZ

List of available files

@] Skip lines? RawFolder=root:raw:alumina:spect:
Colloid conc.dat UserSampleName="S6_A1203 1 & 0.05um’
- sy ) ( Test ) Preview ) ‘Wname=DSM_Int
Colloid_dilute.dat ‘ ‘Wavelength=1.2418
PDDF _testData_GnomPr.dat SlitLength=0.03865
PDDF testData SAS.dat Qvec Int Err QErr || NumberOfSteps=150
) . Col 1 @ A A M SDDls?ance=Z’_,60
smeared data.dat olumn = = 2 PeakFitFunction=Gauss
Spheres330ADia_modelData.dat coummn2 O ™ 0O O BeamCenter=11.416
- M M M Maximumlntensity=5.6388e-10
Test data.dat EO:Umn 2 OO0 ™0 B e 01 1
Ll BeamCenterError=2.0406e-06
Column 5 MaximumlntensityError=2.9252e-12
Column 6 FWHM_Error=0.018591
Thickness=1
Found columns : 3 |7 BlankComment=Air Blank
Units=cm-1
@ Qvec units [A”-1] BlankFolder=root:USAXS:alumina:'S4_Air Blar
) Qvec units [nm"-1] Kfactor=3.0412e-17
Transmission=0.62021
P -, TransmissionError=0.0045185
Select All ) ( Deselect All ) KFactorError=1.8525e-19
- Desmeared=Yes
@ Use File Nms As Fldr Nms? [_) Include Extension in fldr nm? DSM_steps=30
([ Use Indra 2 wave names? () Scale Imported data? DSM_QExtrapStart=0.042069
™ Use QRS wave names? () Use QIS (NIST) wave names? DSM_ExtrapFunction=Porod
Iy 0.0002464645311843827 63267627.8563
Select data folder (==- [+ 0.000281751591716367 39447580.5624
New data folder: root:SAS:ImportedData:<fileName=: Untitled
Q wave names  Q_<fileName> ?ro 6.1 Folder:’

Intensity names R_<fileName=> Import

Error wv names S_<fileName>

xisting experiment.

e|R1I_ImportDataMain(}
path: "Prg HD:Users:ilavsky:Desktop:Irena and Nika Handouts:version 2010:D¥D files:Irena Example Data:"
Imported data from :Prg HD:Users:ilavsky:Desktop:Irena and Nika Handouts:version 2010:D¥D files:Irena Example Data:Test data.dat
Data stored in: root:SAS:ImportedData:Test data:
New Wave names are :  R_Test data Q_Test data S_Test data
Imported 1 data file(s) in total

This will import the data into Igor — see below:
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000 Data Browser

» |roo§ :Packaqes :ImportData: I
Display root 2
B waves
) 7 (@ root W
Qlvariables | oy . @Packages

[ strings. -
Info -
Plot v

[asAS
Impor tedData
-3 Test data

v alr

O <

[Rows: TTZ Units: None Start: 0 Delta: T

Note: Data imported from folder=Prg HD:Users:ilavsky-Desktop:irena and Nika Handouts:version 2010:DVD files:Irena
Example Data::Data file name=Test

data.dat, DATAFILE=0625a_setup.dat;EPOCH=993437401:SCAN_N=6:SECONDS=3076329215:DATE=Mon, Jun 25,
2001;:COMMENT=AI203 1 & 0.05um;SpecCommand=uascan ar 11.4274 11.4209 1.4211 0.0002 37 360 0 125 1.2
150 5:SpecComment=AI203 1 & 0.05um:SpecScan=spec6;USAXSDataFolder=root:USAXS:alumina:S6_AI203 1 &
0.05um;RawFolder=root:raw:alumina:specé:;UserSampleName=56_AI203 1 &
0.05um;Wname=DSM_Int:Wavelength=1.2418:SlitLength=0.03865:NumberOfSteps=150.5DDistance=360;PeakFitFun
ction=G nter=11.416 i .6388e-10;FWHM=5.0105:BeamCenterError=2.0406e-06;Ma
ximumintensityError=2.9252e-12;FWHM _Error=0.018591;Thickness=1;BlankComment=Air »
Blank:Units=cm-1:BlankFolder=root:USAXS:alumina:S4_Air A
Blank:Kfactor=3.0412e-17 Transmission=0.62021;TransmissionError=0.0045185;KFactorError=1.8525e-19:Desmea
red=Yes:DSM _steps=30:D5M_QExtrapStart=0.042069:DSM_ExtrapFunction=Porod. b 4

Just for information: Note, that the header from the ASCII file we had is now attached to the wave in so called
wavenote — it is visible, when you select the wave in the Data browser and have the “info” checkbox checked.

This is how Irena macros store additional information with waves — as wavenotes, which are text files attached
to the waves.
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@Jan Tlavsky

Fitting using Sizes — Maximum entropy or TNNLS methods

Setup

Close all import-related windows (Panel and Notebook).

From “SAS” menu select “Size distribution”. New panel opens.

[ SAS JLCT

Data import & export >

Data Manipulation >

Plotting |

Plotting Il

Support Tools for plots >
Unified Fit

Size Distribution
Modeling |

Modeling Il

Fractals model
Analytical models
Small-Angle Diffraction
Pair distance dist. fnct.
Reflectivity

Scattering contrast calculator
Configure default fonts and names

Support tools [ 2
Other tools >
Help, About, Manuals, Remove Irena >

M OC Size distribution

Sizes input panel

—— () Indra2 data
Data [ QRS (QIS)

Data folder: | === ?

Wave with X axis data (=== ¥

Wave with Y axis data | === ?
Wave with Error data (=== ¢

() Diagnostics? ([ slit smeared data?

Graph

Distribution parameters

Minimum diameter 25 - Maximum diameter 1000 |+

Bins in diameter | 100 - Logaritmic binning ?yes '+)

Fitting parameters

@ Use user errors?

Subtract Background 0.1

- sqrt errors?

Contrast (drho”2)[10°20, l/em4] 1 -
(O Use % errors?

o) [ [<¥]

Multiply Errors by : 1 =
(O Use No errors?

Particle model
Select particle shape model | Spheroid _3]

Aspect Ratio 1 v

Method: O IPG/TNNLS @ MaxEnt () Regularization

Sizes precision param 0.01 -
MaxEnt max Num of Iterations | 100 S
- e Suggested: 1e-06
‘! MaxEnt sky backg le-06 - r Set

Set range of data to fit with cursors!!
Pastc to Notcbaok

s - Run Fitting
Store in Data Folder

You need to store the results or they are lost!!

Our data use “qrs” naming structure, so check the checkbox “Use qrs data structure”. The select in Folder with
data popup folder “root:SAS:ImportedData:’Test data’:” — this is folder with sample of alumina powder,
mixture of two sizes of Alumina powders.

The wave selection popups (“Wave with X axis data” etc.) should be populated automatically. Push “Graph”
and new graph with data should appear.
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.’ Igor Pro File Edit Data Analysis Macros Windows Graph Misc SAS Help

Size distribution eno IR1R_Si: raph ityOriginal vs Q_vecOriginal:...
| Sizes input panel & Log Particle size axis?
——() Indra 2 data
Data ~ QRS (QIS)

Data folder: (ro0U:SAS:ImportedData: Test data”: | +)
Wave with X axis data (Q_Test data 1+)

Wave with Y axis data (R_Test data /4]
L Ll L ol L L

Wave with Ermor data(S_Test data [+)

O Diagnostics? O slit smeared data? io [
D postics i smeared data 107 ‘The sample evaluated is: S6_AI203 1 & 0.05um L
Graph E
Distribution parameters 10 [
Minimum diameter |25 |[* Maximum diameter | 1000 |[2 E
Binsindiameter 100 5| Logaritmic binning ? (yes 1#) 'IOS ‘%’ﬁ* L
Fitting parameters = E
S @ Use user errors? = r
Subtract Background 0.1 . emr > 10 = [
Contrast (drho"2)[10°20, 1/emd] [ 1 = anermonst | & = E
6 errors? c = o
Multiply Errors by 1 o] “5;3: r
Use No errors? L
] £ 10 =
Particle model 5 —— == F
Select particle shape model (Spheroid 1+) 1 OZ = -
Aspect Ratio | 1 = E
- 10 5 C
Method: O IPGTNNLS @ MaxEnt O Regularization = E
Sizes precision param 0.01 100 = L
MaxEnt max Num of Iterations | 100 =S E
| e " B
| Maxintskybackg  1e-06 e L
Set range of data to fit with cursors!! 10 T T T L T U
Run Fiting ) 0.001 0.01 0.1
You Its or they are lost!! -1
ot AR eIt Tt O ATt O Q[A ] Ven, 1S 201G 12 A

Fitting parameters

The manufacturer sells these polishing powders as 1 micron and 0.05 micron (50 nm, 500 A), so we should fit
it’s size somewhere between 50 A and 10 micron (10000A). In this wide size range we need to use logarithmic
binning for sizes. Using 100 bins in diameters is reasonable maximum for data sets which have about 125 points
— and generally for most purposes.

So set Minimum diameter to 100A, Maximum diameter to 10000, bins in diameters 100, and logarithmic
binning.

Next we need to have a good background subtraction — the flat background. The red horizontal line of the graph
is the flat background as is set in the control panel. The flat area at high Q of our data has intensity about 0.12,
so we can change the background to that.

The material is alumina, which has contrast 1094 10%° cm'4, but the sample was powder, so it’s calibration is
unsure anyways. But we can use the contrast anyway, even thought the results may not really be meaningful...
So set the Contrast to 1094.

Now errors — we can relax the fitting and multiply the errors some — set for now to 5 - at the beginning and then
close the errors once we verify that parameters are set correctly. This will be value we play with later...

Particle model

There are many form factors available as particle shapes. But most time spheres are appropriate. Spheres are
spheroids with aspect ratio 1...

Method

I suggest using either Maxent (default) or IPG/TNNLS method (Internal point gradient — total non-negative
least square). We will go through both...

MaxEnt method
This is setup for Maxent method:
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Size distribution IR1R_SizesInputGraph:intensityOriginal vs Q_vecOriginal;...
Sizes input panel (Kitwindow ) (__RemovepmiwiesA ) 4 Log Panticle size axis?
— ) Indra2data (Resctwindow ) (Rewm Alldeleted poinss ) — L0 Particle Volume axis?
Data @ QRS (QIS) ( Caleulate Parameters
Data folder:  root:SAS:ImportedData:'Test data’: _¢]
Wave with X axis data |Q Test data '+
Wave with Y axis data [R_Test data | &
- L L L L L L
Wave with Error data | S_Test data |+ ﬁ]_{ E
(O Diagnostics? (O slit smeared data? 7 . r
S e 10" < f&% The sample evaluated is: S6_AI203 1 & 0.05um L
Graph 3 E
Distribution parameters 1 05 - L
Minimum diameter 50 - Maximum diameter 10000 |+ § E
" Mo = - 5 F
Bins in diameter | 100 v Logaritmic binning ?|yes | & 107 3 =
Fitting parameters ] E
Subtract Background 012097 ? UsEl e > 10 = E
R— e 3 E
Contrast (drho”2)[10°20, 1/cm4] | 1094 [+ f e s 3 E
— e — E £
s = O Use % errors c 3
Multiply Errors by : 5 B s S 107 3 =
O Use No errors? ) 3 E
£ ] E
Particle model 1 02 - L
Select particle shape model | Spheroid ' & g E
Aspect Ratio | 1 g 1] r
10 3 E
Method: O 1PGTNNLS @ MaxEnt O Regularization 100 - L
Sizes precision param 0.01 3 I§
MaxEnt max Num of lterations | 100 E 1] ITTTHTT‘:T‘LT{TTJ_ r
i ) & Suggested: le-06 10 = EEAAERERS ) E
MaxEnt sky backg le-06 v ( Set ) E E
Set range of data to fit with cursors!! T T T L B | T T T T T T — T T
Paste to K P
( SocmDuafoder ) O FmFum ) 0.001 0.01 0.1
You need to store the results or they are lost!! -1
e e e o QA G

Set cursors on points 30 to 92 — points at smaller q are dominated by some really large stuff we cannot model
with this method and points at higher q are dominated by background and do not bring in any more information.
When setup this way, push “run fitting” and observe convergence of code to result...

Size distribution 800 IR1R_Si raph:C ize vs D_distribution;
Sizes input panel (Kittwindow ) (__RemovepniwiesA ) & Log Particle size axis?  Chisquared reached | 62.997
——— [ Indra 2 data ( Resctwindow ) (RewmAlldcleted points )  — 108 Particle Volume axis? .0\ oo oog points | 63
Data ™ ors (@Is) (Caletat Paameters)
Data folder: (root:SAS:ImportedData: Test data”: +)
, . ry . . Method used: MaxEnt
Wave with X axis data M 100 Particle diameter [1%0 Rimber of terstons 203 ()
Wave with Y axis data |R_Test data ' 5 678 2 3 4 5678 2 3 4 5678
—— [ERE | ! L NS | ! I NS | 6
Wave with Error data (S_Test data ' +) x -
7 ™ 3.0x10
O Diagnostics? (O Slit smeared data? 7 | T —
ShoLe S 10 i3S The sample evaluated is: S6_AI203 1 & 0.05um
Graph = I:-
e B
6 L 2.5
o 7 — 2 - i — Z. "
Distribution parameters 10 By n ®
Minimum diameter 50 ||+ Maximum diameter | 10000 [+ 1 05 _ & A g
i Moo 1F 7S . 9 )
Bins in diameter | 100 a Logaritmic binning ? yes ' ¥ > - o —2.0
4 - <
= = 10 g d o
Fitting parameters @ | =
Subtract Background o1209z] @ Useusererrors? 8 1 03 > 15 %
T — — 1.
Contrast (drho*2)[10°20, 1/emd] | 1094 [+ P = < g
Multiply Errors by : g ©Qusekemn 2 ‘-\l T
R : O Use No errors? 107 e 4 <
. ] e 10 o
Particle model 10 i =
Select particle shape model | Spheroid |+ 7 ;O:
—F 0 2
Aspect Ratio |1 B 10" Bt o5 ~
R P ST
Method: O IPGTNNLS @ MaxEnt O Regularization w1 0 HI
Sizes precision param 0.01 g 2] — - 0.0
MaxEnt max Num of Iterations | 100 IE S o4 L
| Maxe e Teae SR |2
MaxEnt sky backg le-06 - Set o 2 —
) & 1 alspsenens ox
Set range of data to fit with cursors!! T h] T T T T T T T T T T
( Paste to Notebook )
C Store in Data Folder ) i 0.01 0.1
You need to store the results or they are lost!! y QA oot 0 2501

Note few things:

There is red field “Suggested” at MaxEnt sky background. This parameter is internal MaxEnt parameter and
under most conditions it should be set to suggested value. Some more details are in the manual of Irena... Push
button “Set” to set it to suggested value.

Note also that there is significant misfit between the data and model, since the blues line (fit result) is all time
below the measured data. This is because we relaxed the errors by factor of 5. Let’s lower that down to 2 and
run fitting again.
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Size distribution o IR1R_SizesInputGraph:CurrentResultSizeDistribution vs D_distribution;...
Sizes inp ut panel Kill window Remove pnt wiesreA ) g Log Particle size axis? Chisquared reached | 63.0108
0 P )
——— () Indra2 data Reset window Retum Al delcted points ) — 0% Particle Volume axis?  yoor of fitted points 63
Data ™ ors (@Is) (Cateulte Parameters)
Data folder: [root:SAS:ImportedData:'Test data’: ﬂ
- o] (ostecdotsi . " Method used: MaxEnt
Wave with X axis data (Q_Test data |+ 100 Particle diameter [MOO N of erstns 1133y
P T — [V
Wave with Y axis data (R_Test data |+ 5 678 2 3 4 5 678 2 3 4 5 678
= [ | 1 1 NS S| | L N |
Wave with Error data | S_Test data |+ T
I%
J Diagnostics? ([ slit smeared data? 7 _| - -6
s B ¢ 10 The sample evaluated is: S6_AI203 1 & 0.05um ~ 4x10
Graph
—— s
6 7 o
Distribution parameters 10 i o
= = ~
Minimum diameter 50 \L Maximum diameter 10000 ﬂ 5 - o
R — 10° ] L3 &5
Bins in diameter 100 £/ Logaritmic binning ? (yes ¢ - ] 7 3 2
s =4 o
Fitting parameters »10 -
= e use 7 [ =
Subtract Background 0.1209: %] © Use user errors? ‘Q_’) 3 %
= O use 7
Contrast (drho”2)[10°20, 1/em4] [ 1094 |[%] O Use sqrt errors? £10° &
o = O Use % errors? =2
Multiply Errors by : 2 H c
O Use No errors? 2
10° g
) (]
Particle model 1 S
Select particle shape model | Spheroid ' & 10 é
Aspect Ratio | 1 Fl 0 ~
107 7
Method: O IPGTNNLS @ MaxEnt ) Regularization o1n) s
\ - 210
Sizes precision param 0.01 [. g |
MaxEnt max Num of Iterations 100 E '(_3 ........... [
e reywrralo| Suggested: 4.04533e-08 "
MaxEnt sky backg 2.79824e-08 |+ ( Set Y & —
R — 0
Set range of data to fit with cursors!! : T T T T T T T T T T T T L
Paste to Notebook ) .
st Daero C_twng ) 0.01 0.1
You need to store the results or they are lost!! -1
J}  rotSas potede Tt ot R_Tet ot Q [A ] e, 15, 2010, 1255 A

Now the fit is much closer and all seems well...

We can lower the error multiplier even more — we should reduce it as much as possible, while we reach solution
quickly and it is smooth. When the solution starts being noisy, we start fitting noise in the data, not the
underlying material science problem.

Note, that when we set errors multiplier to 1.1, the result starts getting really noisy and at lower values you
cannot even get any fit...

Size distribution 0o IR1R_Si raph:C: izeDistribution vs D_distribution;

Sizes input panel Kill window ) Remove pnt wicsrA © Log Particle size axis?  Chisquared reached  63.0097
[ Log Particle Volume axis?

() Indra 2 data Resct window (_Retum Al deleted points

— Number of fitted points 63
Data & QRS (QIS) (Calculate Parameters
Data folder: root:SAS:ImportedData:'Test data: _3]
i . ( = . . Method used: MaxEnt
Wave with X axis data |Q_Test data | ¥ 100 Particle diameter [TNOO Number o eeations 3990
Wave with Y axis data (R_Test data /% 5 678 2 3 4 5 678 2 3 4 5678
= [ER| 1 L N R 1 | S R
Wave with Error data  |S_Test data ' & ol .
- Ty = 5x10
O Diagnostics? O slit smeared data? 7 _] h | | dis: |
pae 10 = The sample evaluated is: S6_AI203 1 & 0.05um
Graph
6 _| - A o
Distribution parameters 10 — 4 %
Minimum diameter 50 [+| Maximum diameter 10000 [+ 5 \ o
Binsindiameter 100 |[*]  Logaritmic binning ? (yes |+ >‘1 Y ‘:
== = 7 o
Fitting parameters a1 04 — -3 =
Subtract Background 01200F] @ Useuseremors? S %
0 »
Contrast (drho”2)[10°20, 1/cmd] [1094 |5] O Usesartermors? < 103 — o
) = O Use % errors? &
Multiply Errors by : 1.1 = [ 2 c
() Use No errors? 2 _| =4
10 o
Particle model S
Select particle shape model |Spheroid |+ 1 01 _ ’_é
Aspect Ratio | 1 g o 1 ~
10"
Method: O IPGTNNLS @ MaxEnt () Regularization =8 ==
ol B | w10, AR A e A P e =0

Sizes precision param 0.01

MaxEnt max Num of Iterations 100

1 eyl Suggested: 4.74092e-08
MaxEnt sky backg 2.79824e-08 |+ ( Set )
E )

Set range of data to fit with cursors!!

———e
Paste to Notebook
—_—— Run Fitting
S o ot o Fm i ) 0.1
You need to store the results or they are lost!! -1
i oCEAS hpotede et ot R Tet oty Q A Men, M 15, 2010, 12T 2R

At 1.8 we get reasonable result:
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O O Size distribution eno IR1R_SizesInputGraph:C izeDistribution vs D_distri
Sizes input panel Kill window Remove puiwiesrA ) Log Particle size axis?  Chisquared reached | 63.0215
A .
— () ndra2 data Reset window Retum All deleted points ) — 108 Particle Volume axis? o o oe ey points 63
Data @ QRS (QIS) Calculate Parameters
Data folder: [root:SAS:ImportedData:'Test data”: |+
" " ™y . . Method used: MaxEnt
Wave with X axis data | Q_Test data |+ 100 Particle diameter [NOO Number o Rertons <31y )
Wave with Y axis data (R_Test data |+ 5 678 2 3 4 5 678 2 3 4 5 678
p— A : AR S A A : AR S A S |
Wave with Error data  (S_Test data |+ —
=
O Diagnostics? O slit smeared data? 7] = —
S 10 The sample evaluated is: S6_AI203 1 & 0.05um L 6
Graph 4x10
6 _| b o
Distribution parameters 10 i )
— — 3
Minimum diameter |50 |+ Maximum diameter 100007 5 i 3
—m 10" - ©
Bins in diameter | 100 - Logaritmic binning ? yes ' % > . n 3 2
e = 4 o
Fitting parameters @ 10 7 =
Subtract Background 01200F] @ Useusererrors? S 5 %
— ) 5
Contrast (rho®2){10°20, 1emd] [1094 5] O Use sart errors? £10° L2 S
— O Use % errors? =
Multiply Errors by : 18 |3 g
O Use No errors? 2 _| -
10 1 g
Particle model 1 iqs =1
Select particle shape model |Spheroid | % 10 1 :a"
Aspect Ratio |1 Fl o ~
10"
Method: O IPGTNNLS @ MaxEnt O Regularization ol B
Sizes precision param 0.01 Fl 7301 0 2 C 0
MaxEnt max Num of Iterations | 100 [l S 0+ |
oo s Suggested: 4.12984e-08 @
MaxEnt sky backg | 2.79824¢-08 -] [ o N o -2 L
: & ;€ nombaseoens ok
Set range of data to fit with cursors!! - = kel ) ] T T T T T T T T T T T T T T
C Pastc to Notcbook___) . B e
C oo  Mmfem ) SEEE0001 0.01 0.1
You need to store the results or they are lost!! A'1
/}  otSAS potedDHe: Tt o R_Tet Ot Q [ ] B Mon, 115, 2010, 125801 A1

Smooth distribution, reasonable result —note, that this material is clearly composed of two populations but not
50nm and 1 micron in size — one of the populations seems to be about 100 - 200A in diameter and the other is
1000 — 2000 A in diameter. To save data push “Store in data folder”... Results will be stored — Intensity/Q fit as
well as volume and number size distributions for future use, ploting, calculations in “Evaluate Size
distributions” etc.:

Scattering contrast calculator “’]

Configure default fonts and names .
Evaluate Size Distributions

Other tools P Scripting tool

Help, About, Manuals, Remove Irena P Modeling I, user models

You can also see the “SAS logbook™ which keeps track of your fitting results

Scattering contrast calculator

Configure default fonts and names

Support tools =
Desmearing

Help, About, Manuals, Remove Irena = Show Results notebook

55, Create QRS folder structure

Show SAS logbook
Export To XLS File Panel

A

Jan Ilavsky, llavsky@aps.anl.gov 8
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e no SAS_FitLog: Irena Log
‘°|I|||l|I‘Inl|||In|2|l||n|||3|I|||I|I1I|||l||5|I|||In!6|l|||I|I7|I|||I|]8|
j Normal | EEE [_nches ]

This is log results of processing SAS data with Irena package.

3/15M0, 12:43 PM

Data load record

3115110, 12:43 PM

File path and file name Prg HD:Users:ilavsky:Desktop:lrena and Nka
Handouts:version 2010:DVD files:Irena Example Data:Test data.dat

Loaded on Mon, Mar 15, 2010 12:43:40 PM
Data stored in : root:SAS: ImportedData: Test data:
New waves named (Int,q,ermor) : R_Test data Q_Test data S_Test data

Comments and processing:

Qwas in A

Sizes fitting record
350, 1:09 PM
Input data names
Folder
root:SAS:ImportedData:' Test data":
Intensity/Qferrror wave names 'R_Test data' 'Q_Test
data' 'S_Test data'
SzzesDataFrom=root:SAS:ImportedData:' Test data':
Szesintensity="R_Test data'
SizesQvector='Q_Test data'
SesEmor='S_Test data'
MaxEntSkyBckg=2.7982e-08
MaxEntRegular=1
{ Maxs asNumlter=100
numOfP oints=100
J SlitLength=0.03865
Rmin=25
Rmax=5000
Bekg=0.12099
ScatteringContrast=1094
Dmin=50
Dmax=10000
ErrorsMultiplie=1.5
TicksForDiagnostics=8.5899e+06
MaxEntStabilityP aram=0.01
Numberlterations=6
MaxEntNumlter=0
AspectRatio=1
FractalRadius OfPriP art=0
FractalDimension=10
CylinderLength=0
TubelLength=0
! TubeWallThickness=0
TubeCoreContrastRatio=0

Jan Ilavsky, llavsky@aps.anl.gov
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IPG/TNNLS

Most of the setup is same as for MaxEnt method. Change to IPG/TNNLS by selecting appropriate checkbox
next to Method:.

New and different parameters appear. Generally, these parameters should be appropriate for most problems.
Note, that there may be different appropriate error multiplier needed to get a solution. Change to 5 again to start
with...

Push button “Run fitting”.

00 Size distribution [sXeNe) IR1R_Si h:M ity vs Q_vec;...
Sizes input panel (il window ) Remove priwiesrA ) Log Particle size axis?  Chisquared reached | 42.8641
—————— () Indra2 data (Reset window ) Retum All deleted poins ) L0g Particle Volume axis? (e g points 63
Data # ors (@is) Calculate Parameters )
Data folder: root:SAS:ImportedData: Test data’: 4]
( e . . Method used: NNLS
Wave with X axis data (Q_Test data [4] 100 Particle diameter [A}) N of Rrstons o2 0
Wave with Y axis data (R_Test data 1+) 5678 2 3 4 5678 2 3 45678
Llu N PR S i N PR S e
Wave with Error data  (S_Test data | :3

F -6
O Diagnostics? () slit smeared data? 2 ™ 3.0x10
Graph 3

Distribution parameters

Minimum diameter |50 %] Maximum diameter | 10000][%]
Bins indiameter 100 ¥ Logaritmic binning ? yes 1#) -
2
Fitting parameters ‘@
—— 9 c
Subtract Background 0.1209: © Use user errors? S
p— 2
Contrast (drho”2)[10°20, 1/emd] [ 1094 |[7] O Use san errors? <

5B O Use % errors?

Multiply Errors by : O Use No emors?

Particle model
Select particle shape model ‘Séheroid [ :]

Aspect Ratio | 1 Fl

(@)$ uonnqUISIp *|oA dpPIEd

Method: ® 1PG/TNNLS (O MaxEnt ) Regularization w1
NNLS approach param. | 0.8 [l t_:v
NNLS max Num of Iterations | 100 [ k=] . ..
7] - : :
f - FyrTr— -
SR = o

Set range of data to fit with cursors!!
Pastc to Notcbook

B ARCH 180 Ocks oy )
l‘:-‘ﬂll'l,n‘ﬁmumml
C Socavmrar ) G001

You need to store the results or they are lost!! -1
Y et rec oo et ot QA ]

e, 115, 2010, 101 A

The code converges quickly to solution above. Note, that in this case we see many peaks — physically, the first
two peaks are the result, the peaks at larger sizes are some “ringing peaks” which are artifact of the form factor
and internal Bessel functions.

You can try to reduce the error multiplier to something much smaller — may be 1.5 and get :

Size distribution e 0o IR1R_Sizes| ity vs Q_vec;...
Sizes input panel Killwindow ) (__RemovepntwiesrA ) O Log Particle size axis?  Chisquared reached | 48.8391 ]
— ) Indra2daa (Resctwindow Retum Al deleted poims ) L0% Particle Volume axis? 0o o fited points 63
Data ¥ Qrs @is) (Calculte Parametes
Data folder: [root:SAS:ImportedData:'Test data’: B
. . = . . Method used: NNLS
Wave with X axs daa (Q Test data [¥] Particle diameter [T%O Number of terations =7
- 100 0 1uV00
Wave with Y axis data R_Test data |+ 5 678 2 3 4 5 678 2 3 4 5 678
= (R | I I N | I I N T -6
Wave with Error data  |S_Test data |+ T  5x10
=
O Diagnostics? O slit smeared data? 7 = —
= 10 The sample evaluated is: S6_AI203 1 & 0.05um
Graph
~—
e — 6 _| 7 4 D
Distribution parameters 10 . %
Minimum diameter 50 |7/ Maximum diameter 10000 [+ 5 g7 o
Bins indiameter 100 ¥ Logaritmic binning ? yes 1# >‘1 0 | 2
— 2 4 7H -3 o
Fitting parameters a 10 n -
Subtract Background 01209 © Use user errors? g %
O Uses
Contrast (drho”2)[10°20, 1/cmd] 1094 [+ O Use sart errors? < 103 - b=
1 O Use % errors? T
Multiply Errors by : 15 - ey g
O Use No errors? 2 _| =
10 g
Particle model S
Select particle shape model | Spheroid | & 101 — ;D"\
Aspect Ratio | 1 g ~
(U
10
Method: @ 1PGTNNLS O MaxEnt O Regularization [P T SR
NNLS approach param 0.8 g §1 0 2 g
NNLS max Num of Iterations 100 g ° 04 . R |
i 2
-3 -2 g ! -
Set range of data to fit with cursors!! - A lmIJ T LR T L | T T T T T
(  Pegeto Ntehook ) - 0oy Uk oo
( Paste to Notebook ) _ N I mﬁ‘mn’
C smmpare ) tmr ) SEES0R001 0.01 0.1
You need to store the results or they are lost!! -1
, [ QA —

It may be difficult to get rid of these ringing peaks — this method may not be the best one for this sample...

Jan Ilavsky, llavsky@aps.anl.gov 10
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Note, that the real results (peaks at 100-200A and 1000 — 2000 A) are very similar for both methods.

Comments:

Success of any appropriate method is not easy to predict. If IPG/TNNLS methods works, it provides smoother
results, which is probably more correct. The MaxEnt does not have some artifacts of the IPG method, but often
produces more noisy results. By comparing both and picking the better one, you can choose.

Jan Ilavsky, llavsky@aps.anl.gov 11



