Unified fit tool Monday, March 15, 2010 @Jan Ilavsky

Unified fit tool in Irena package

This handout describes how SAS data (example using provided data from USAXS instrument) can be fitted
using Unified fit tool in Irena and further, how log-normal size distribution of spheres can be extracted from
the results. 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.
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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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Using Unified Fit tool

Setup

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

From “SAS” menu select “Unified Fit”. New panel opens.

eNe Unified fit
Unified modeling input panel
() Indra 2 data () Model

Data input = oz (015 SMR data

Data folder: |-=- |'#

Wave with X axis data |--- |'®

Wave with Y axis data |-== /%

Wave with Error data  |-== /%
v/ r) \‘ =
( Graph ) Subtract background 0 -

Unified model input Number of levels : (0 '+
———————— [} Update Unified automatically?
( Graph Unified ) = §
\_Jraph “nhed J U Display local (Porod & Guinier) fits?

' 1. Level l 2. Level [ 3. Level [4. Level IS. Level |

Fit?: Low limit: High Limit:

LS Help

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.

y . o S M Fit Beka?
Reflectivity SAS Background 1e-06 il step lL\(](/) __ Fit Bekg?
. lcul Fit using least square fitting ? { Fit ) ( Revert back
— — -~ s s -
Scattering contrast calculator ( resetunif? ) | Store local (Porod & Guinier) fits?

Configure default fonts and names
Support tools

Other tools > (" Analyze Results )
Help, About, Manuals, Remove Irena

Results: ( Store in Data Folder )(* Export ASCII ) ( Results to graphs )

v

v

Select data: Check “QRS” data type, pull on “Data Folder” and select the one with our data, all should fill in
automatically.
Next Push “Graph” button:
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e OO Unified fit LogLogPlot
Unified modeling input panel I —

Data input é g‘ﬁ?("o‘fg'?: T B Modd 10 ., . + Experimental intensity
Data folder: root:SAS:ImportedData:'Test data”: ﬂ 10° '"‘"“'---.\\_ N
Wave with X axis data | Q_Test data |+ E— 10° ' -
Wave with Y axis data |R_Test data | 4] § 100 1 -
Wave with Error data | S_Test data |+ g 100 -

( Graph ) Subtract background 0 = E 107 -

Unified mode_l input Number of levels : 0_—:] 10" r
Camronten)3 Ul st 2 :

m, 2. Level I 3. Level [ 4. Level [ SeLovel ) o .(_

a! — —
Fit?: Low limit: High Limit:

0.001 0.01 0.1
B
| MOtSAR MpotedRe Tet: ORtR_Te=t ctet QA ] P M1, 2010, 12445 AM
O A § pnt: R e A
B: pnt: R e &
C 1Q4_Q _Plot
ol PP . N
107 A
3 10° -
*
2 - -
% 10
2 = S,
B 107 -
160 ‘ o -
R
SAS Background  1e-06 v| step le-06 [} Fit Bekg? 0.001 0.01 .\ 0.1
Fit using least square fitting ? ( Fit ) ( Revertback ) ECRAS DOSIEAHR TEL LR R TS Ot Q[A] FI*#19 2010 12925 A

l

= =~ - . :D¥D files:lgor SAXS:Example data:Irena Example Data:”
Results: | Store in Data Folder || Export ASCII | [ Results to graphs  wersion 2010:DYD files:Igor S4XS:Example data:lrena Example Data:Test data.dat

( Analyze Results )

" reset unif? ) [_J store local (Porod & Guinier) fits?

Next we need to start fitting the data themselves.
Note, that in Unified you need to compose each of the “levels” from high-Q to low-Q region. Basically, we
MUST start from the small features and go to large ones.

Also, it is important to understand, if the features are independent features (like population of two size of
powder here) or if these are scattering from the same population on different length scales (like agglomerates of

small particles, which scatter as primary particles as well as agglomerates). This will be addressed later.

Now, let’s start with the fine stuff... Select “Number of Levels “ to be 1, check the “Update Unified
automatically” for convenience:
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Unified fit tool
R A A Unified fit
Unified modeling input panel

(] Indra 2 data () Model

Data input & ors Q150 sMR data
Data folder: root:SAS:ImportedData:'Test data": ﬂ

Wave with X axis data |Q_Test data ' & l
Wave with Y axis data |[R_Test data |+ ]

Wave with Error data | S_Test data '+

Subtract background 0 E

Unified model input Number of levels : (1 1% l

S @ Update Unified automatically?
C Unitie =
\_Graph Unifled ) 3 pisplay local (Porod & Guinier) fits? _

( - )
Graph

’ 1. Level ' 2. Level 3. Level 4. Level 5. Level

| Level 1 controls | Fit?: Low limit: High Limit:
G 100 Fl O

Rg | 100 O

Rg step 1—[? Gstep 1 [? ( Fit Rg/G bwtn cursors )

(] Is this mass fractal from lower level?  Surf/ Vol 0

B 0.0l Fl O
P4 <O
Pstep | < Bstepl | ( FitPBbwmcusors )
RgCutoft 0 Fl O

kfnctorz‘ii :'

(] 1s this correlated system?

Monday, March 15, 2010

@Jan Tlavsky

SAS Background ' 1e-06 <] step/1e-06 | O Fit Bekg?
Fit using least square fitting ? ( Fit ) ( Revert back )
(__resetunif? ) [_] Store local (Porod & Guinier) fits?

——

{ Analyze Results )

e OO LogLogPlot
s 2 2 aaaal N | 1
iz root:SAS:ImportedData: Test data”:'R_Test ¢
s I + Experimental intensity
- - .
R — Unified calculated Intensity
10" “~aw.  © Standardized residual
- 400U
. 10 g
- - 2000 2
§ 10 g
= - N
g ° i
& a
£ P4 --2000 £
s
10 - -4000
10" 7 = -6000
) c B N\ M
ot s
— T — e -8000
0.001 0.01 0.1
ot SR et et ot RLTet ot Q [A" )| F MG, 2010, | B4R 2 AN
A ongnalintersity pnt: 0 ®:0.00024646 Y:6.3268e+07

L1

B : ongnalinteraity pnt: 111 ®: 067576 Y:0.27391
sdoXe IQ4_Q_Plot
MR | N MR | N N sl N P
ot:SAS:ImportedData: Test data":'R_Test data’ .
+ Experimental intensity * Q"4 - L
= UILiﬁcd Calculated intensity * QA4 N
] .

Intensity * QA4

T T T T T
0.001
oot B0 mportedlete Tet grte:'R_Tet ot

T T T L LR | T T TT

0.01 0.1
Q [A" ] F| M1, 2010, 10435 AM

p N/ \ 7 :DYD files:lgor SAXS:Example data:lrena Example Data:"
Results: (_ Store in Data Folder ){  Export ASCII ) {  Results to graphs )version 2010:D¥YD files:Igor SAXS:Example data:lrena Example Data:Test data.dat

Comment: Note, the font in the legend is inappropriate for my screen here, you can use “Configure default fonts
and names” in the SAS menu to change it. You need to graph again the data for these changes to take effect.

We need to fit now the Guinier area to the first “hump” around 0.03 A™'. Put cursors on points (black +,
measured data) around 73 and 85, select “Fit?” for Rg and G, and push button “Fit Rg/G bwtn cursors”:
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JeNe) Unified fit

Monday, March 15, 2010

@Jan Tlavsky

aNarla

Unified modeling input panel

. (] Indra 2 data O Model
Data input & o< (Qis ) sMR daa

Data folder: | root:SAS:ImportedData:'Test data’: |+
Wave with X axis data | Q_Test data | & ]
Wave with Y axis data (R_Test data | +]
Wave with Error data "S_Test data |+ ]
Subtract background —0—

Unified mod% input
— Update Unified automatically?
: i
iraph Unifled [T} Display local (Porod & Guinier) fits?

[Fraee | 2reva | sievd [ areva | sieva |

Number of levels : [ 1 %

Fit?: Low limit: High Limit:
G 158565 ™ s 792.826
Rg | 75.3802 ™ 507 376.901

Rgstep | @ Gstep |

@ Fit Rg/G bwtn cursors

() 1s this mass fractal from lower level?

Surf/ Vol 0
B 0.0l Fl O
P 4 =)
Pstep 1 E] Bstep 1 E] Fit P/B bwin cursors )
Rgcuof 0 ] O

k factor :[1 1%

() 1s this correlated system?

SAS Background le-06 |§| step le-06 () Fit Bekg?
Fit using least square fitting ? ( Fit ) ( Revert back )
[ Store local (Porod & Guinier) fits?

Results: ( Store in Data Folder )( Export ASCII ) ( Results to graphs )

Analyze Results

{ LogLogPlot
Lol s Lol s o el ' Vo
", N root:SAS:ImportedData: "Test data'R_Test data’
‘. \\ + Experimental intensity
07 _ . ‘\ — Unified calculated Intensity
1 e . © Standardized residual 000
L - - - FitLevelGuinier
3 . \ - LevellUnified
- .
10 " — FitLevellPorod
o - 4000
5 .
107 7 . \\ w
E, h - 2000 3
T 4 “
£ 10° AN g
— ‘o AN Q.
2 s b o Fom === N R EEEE Rt Rl N
e 107 7 e
g e g
5 2| ————t --2000 &
10 §_,
1
10 7 - -4000
0
100 7
- -6000
10-1_ .‘, R PRIy
0.001 0.01 0.1
ot 5AR MpCtRiHe Tt ort. BTt ot Q [A-1] R M1 2010, 1RS226 AM
o A ongralinteraity ; pnt: 73 ®:0.020407 Y:100.25 4X:0.028753
| D B: ongralinteraity pnt: 85 ®:0.04916 ¥:3.2536 aY:-96.995
+ Experimental intensity * Q"4 R
— Unified Calculated intensity * Q"4 %
- - - FitLevel IGuinierIQ4 A B
—¥- LevellUnifiedIQ4 |
<+ — FitLevellPorodlQ4 e R
3 -1 o A -
. e \ L
2 £ ‘\ i
g 10° \ N
10" ' L
10" ' L
0.001 0.01 0.1
Ot EAR oatedHe: Tet crtet:*R_Tet crtxt ora' M 1D 3010 RS2 A

Next we need to fit power law slope. Move cursors to points around 81 and 91, select “Fit?” for B and P, and

push Fit P/B bwtwn cursors” button:
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enn Unified fit LO O O LogLogPlot
; ; o Lol L MR | L o vl ' [
Un ’jied m Odehng 'np ut p an el N \ N root:SAS:ImportedData: Test data'R_Test data'
Datai t (] Indra 2 data ) Model + Experimental intensity
ata mpu s — Unified calculated Intensity
; @ QRS (QISL) SMR data —— © Standardized residual 0
Data folder: | root:SAS:ImportedData:'Test data": | v] N - - - FitLevel lGuinier i
; < —¥- LevellUnified
Wave with X axis data |Q_Test data | +) — FitLevellPorod
Wave with Y axis data (R_Test data | & ]
20 .,
Wave with Error data |(S_Test data |+ A g
v a
Subtract background 0 |§] § a
" . ( 2 0 B
Unified model input Number of levels : |1 | :] z aQ
— M Update Unified automatically? ] a3
Graph Unified : e £ 2
m@ Display local (Porod & Guinier) fits? = e
[Fraee | 2reve | sievd | srewt | sipeva L o0 2
Fit?: Low limit: High Limit:
G 158565 ™ 51713 792.826
Rg  75.3802 Fl ™ 1507 376.901 40
Rgstep | @ Gstep 1 @ Fit Rg/G bwtn cursors ! ]
D ———1 -1 —
() 1s this mass fractal from lower level?  Surf/ Vol 0 10
T T T L S T T T T T — T T T
B 1.50026e-05 @ M 3.00051e-0  7.5012Re-0
0.001 0.01 0.1
P 408289 BN 4 a
— - OE AR patedie Tet ot :'RTet ot Q[A] Py M1, 2010, 125419 AM
Pstep 1 5 Bstepl [l ( FiepBbwmcusos ) O a: . : ; ;
: ongralinteraity § pnt: 81 ®:0.036135 Y:11.761 aX:0.044736
RgCutoft 0 @ O DB:mgmhmuy pnt: 91 ®:0.08087 ¥:0.46948 aY:-11.292
S e + Experimental intensity * QM4
k factor : D — Unified Calculated intensity * Q"4 o
- - - FitLevel |GuinierlQ4 e -
(2 1s this correlated system? —¥- Levell UnifiedIQ4 ot L
— FitLevellPorodIQ4 . aestt”
i e Sa—— - |
£ e

107 7 e

Intensity * QA4
1

£ \
107 7 | -
SAS Background 1e-06 E] step le-06 (O Fit Bekg? - . -
Fit using least square fitting ? ( Fit ) ( Revert back ) 1070 | -
[ store local (Porod & Guinier) fits? 7 ] -

Results: (StoreinDamFolder)( ExponASC[[)( Results!ographs) 107 AL — —— — —

Analyze Results 0.001 0.01 0.1

e Tet: ot 'R_Temt: ot Q [A1 ] Fi M 1D, 2010, 1541941

W W ciama=f5 G7a-nA N Na1 7Y

Now we can fit whole 1* level, to do this move cursors to points around 72 and 104, keep all of the “Fit?”
checkboxes selected. Also, let’s add some flat background in the “SAS Background” field and check “Fit
Bckg?” checkbox. Background around 0.12 should be good starting value:
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@Jan Tlavsky

Now push the button “Fit” and here is a problem:

oK

Level 1 P limits set incorrenctly, fix the limits
before fitting

LogLogPlot
; H 7 Lol s bl L ool ' (]
U’".ﬁed modelmg m[’“t Pa”el ", T root:SAS:ImportedData: Test data"'R_Test data’
Data i t () Indra 2 data ) Model ‘. * + Experimental intensity
ata mpu M < 7 " . — Unified calculated Intensity
@ QRS (QIS_) SMR data 10 e, R ©  Standardized residual 0
Data folder: root:SAS:ImportedData:'Test data’: _¢] f ., . - - - FitLevelGuinier !
= 5| e . —- Levell Unified
Wave with X axis data |Q_Test data |+ 10 S N — FitLevellPorod
Wave with Y axis data |R_Test data |+ 5 oot "o‘.," ’ W *
‘ 107, . e ~ 20
Wave with Error data  |S_Test data | & B A .
T ] ‘ D) |
' = - T .' *
{ Graph Subtract background 0 g E 10 DN "
3 ; ry > 3 |ttt ';..' “““ B SoIniroerosETasse = 0
Unified model input Number of levels : (1 %] G 10" ] DY et
e @ Update Unified automatically? g : "
(_ Graph Unified ) ! A €
p— —'¥ Display local (Porod & Guinier) fits? = 102 -
' 1. Level | 2. Level f 3. Level I 4. Level [ 5. Level | —-20
| Level 1 controls | Fit?: Low limit: High Limit: 1
= 10 7
G 158565 ™ s 792.826
Rg 753802 ™ 15076 376.901 o _|
— = = 10 ~ -40
Rgstep 1 v Gstep | v | Fit Rg/G bwtn cursors )
— — - | N O d S
[_) Is this mass fractal from lower level?  Surf/ Vol 0 10 ! N
. T T T T T T T LI
B 1.50026e-05 - @ 3.00051e-0  7.50128e-0
= 0.001 0.01 0.1
P 408289 ™ N 4 .
— - Test: ot 'RLTemt: ot Q[A] MG 2000, 1021 AM
Pstep 1 v/ Bstep 1 v Fit P/B bwtn cursors o
- O A ongnalinteraity § pnt: 72 ®:0.013091 ¥:131.97 &% 027257
RgCutoft 0 - O D B: ongralintersity pnt: 104 ®:0.29166 Y:0.13086 aY:-131.84
P . x + Experimental intensity * Q"4 N
k factor : Q — Unified Calculated intensity * QA4 -
— - - - FitLevel IGuinierlQ4 L
[_] Is this correlated system? —¥- LevellUnifiedIQ4 |
. — FitlevellPorodiQ4 e i
< = ",0’ —
o " o
* 107 7 ».",,..-"’ ~
z L -
¢ £ \
= 5 10° . -
SAS Background | 0.12 [ step/1e-06 | ™ Fit Bekg? £ i . N
Fit using least square fitting ? Fit ) ( Revertback ) 100 \ ~
(" resetunif? ) [Z) store local (Porod & Guinier) fits? T | -
o N N\ N 10"2 -1 | ~
Results: ( Store in Data Folder ){  Export ASCII ) ( Results to graphs T . T al
(" Analyze Results ) 0.001 0.01 0.1
OCESAS potedDete: Tt dete:'R_Test ot Q [A'1 ] M1, 2010, 1RS21 AM

The code is checking, what the fitting limits are and we have starting value outside current fitting limits. The
fitting limits are not enforced when we use “Fit Rg/G” and “Fit B/P” buttons, But when we use global “Fit”

button, this can happen.

|enpisal pazipiepuels

Note, that the current value for P is over 4 — about 4.08. That is not physical since 4 is smooth particles, above 4
we would have to have diffuse interface and that is not likely. In this case we have inter relationship between
Porod’s power law slope and background, which are coupled. I suggest we set P to 4 and uncheck the “Fit?”

checkbox next to it.

Change fitting limits as necessary and then push the fir button again.

Jan Ilavsky, llavsky@aps.anl.gov
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00 Unified fit 000 LogLogPlot
Unified modeling input panel — T e
* 2
() Indra 2 data ) Model ‘ rOOLSAS:Im _— o
: - . :ImportedData: Test data’"'R_Test data’
Data input & ors (Q1s ) sMR data 107 +  Experimental intensity
S . SCAS- - v B — Unified calculated Intensity
Data folder: root:SAS:ImportedData:'Test data”: E . o Standardized residual
Wave with X axis data | Q_Test data '33 107
Wave with Y axis data (R_Test data [+) 10° -1
w
Wave with Error data | S_Test data ' - g
e TE 10d . g
Subtract background 0 |§| S i
A . em™ 2 3 ®
Unified model input Number of levels : |1 | G 10 ] a
o @ Update Unified automatically? o é
o &
SRl ™ Display local (Porod & Guinier) fits? = 10% - =3
[Friee | 2reve | sieva | srevd | speve | g
Fit?: Low limit: High Limit: 1
= 10 7
G [519.123 Fl & 51715 7902.83
Rg 11134 FI & 1507 376.901 10°
Rg step | 1 Fl asep [l ( FitRg/Gbwncursors )
R a0
() 1s this mass fractal from lower level?  Surf/ Vol 561.791 10
— ——— Ty ———TTTy —
B 17697105 Fl ™ 306 0.0007
D E] M 0.001 0.01 0.1
— —— Test oett:'RLTest oot Q[A-‘] M1, 2010, 1 1:2%05 AM
Pstep |1 c Bsiepll f] (_FpBbwmeunsors ) O A: engralinsrarty i pnt: 72 ®:0.019091 Y 13197 a%: 027257
RgCutoft 0 D J:] B : ongnalinteraity pnt: 104 ®:0.29166 ¥:0.13086 aY:-131.84

k factor : (1 [4)

|
root:SAS:ImportedData: Test data”'R_Test data’
+ Experimental intensity * Q"4

) 15 this comelated system? e Unified Calculated infensity QM
- ’ 107 -
o B . . |
& " .,«”/
* 10 7 - e -
g - -
5 10° -
SAS Background 0.108833 lﬂ step le-06 ™ Fit Bekg? s - -
S S . 40 _| -
Fit using least square fitting ? ( Fit ) ( Revert back ) 10
[ Store local (Porod & Guinier) fits? - . o
Results: ( Store in Data Folder ) ( Export ASCII ) ( Results to graphs J 107 7 T T T N
Analyze Results 0.001 0.01 0.1
taS Tet: ot R_Temt: ot Q[A"] M 1D 2010, |1:7%05 AN
=

That looks good for the fine particles.

Next we need to model the larger particles.

Select “Number of levels” as 2 and click on second tab:

Jan Ilavsky, Ilavsky(@aps.anl.gov
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OO0 Unified fit (N eN$) LogLogPlot
; o . ool L Lol L | -
Unified modeling input panel - N foot:SAS ImportedData: Test dita 'R Test dtd000
Data i ¢ (") Indra 2 data ) Model ‘. L + Experimental intensity
ata inpu M 7 _| “ \ — Unified calculated Intensity
@ QRS (QIS[_] SMR data 10 e, \»\ ©  Standardized residual 000
Data folder: | root:SAS:ImportedData:'Test data”: |+ . — FitLevel2Guinier#
- 5 _| U \ —¥- Level2Unified
Wave with X axis data |Q_Test data |+ ’ 10 e N\ — FitLevel2Porod
- : ; ( T "~ AN = 4000
Wave with Y axis data |R_Test data |+] 10° 1 . L
‘., \ [
Wave with Error data | S_Test data '3) - ., \\ L 2000 g
— £ 10" . A s
Subtract background 0 Fl S '-... A a
. . ( = > 3 [ B e P E TR e R ¢ P
Unified model input Number of levels : (2 | +) G 10" o a
e M Update Unified automatically? ] ﬁ
SrpHECEs M Display local (Porod & Guinier) fits? £ 1 OZ - -2000 2
f 1. Level I 2. Level ] 3. Level 4. Level I 5. Level ‘ 2
P 3 - -
Fit?: Low limit: High Limit: 101 _ L 4000
G 100 Fl O
Rg 100 Fl O o _|
e - 10 - -6000
Rg step 1 [ﬂ Gstep 1 @ Fit Rg/G bwtn cursors |
EEE— -1 }\k
() Is this mass fractal from lower level?  Surf/ Vol 0 10 LN -8000
T T T T T T T T T T T — T T T
B 001 Fl O
-’ E] M 0.001 0.01 0.1
— : T e Q [A-]] P Mer 1, 2000, 11:24 5 AN
Pstep 1 [ﬂ Bstep 1 @ (_ FitPBbwmncusors ) a 4 : : .
: Cngralinterarty | ) ®:0.019091 ¥:131.97 | ax:0.27257
RgCutoft 0 @ O B cngnalintsraity | pnt: 104 ®:0.29166 ¥:0.13086 | aY:-131.84
T . . _.:]’ S + Experimental intensity * Q"4
() Link RGCk factor: (1 '+ — Unified Calculated intensity * Q"4 I
— FitLevel2GuinierIQ4#1 e -
() 1s this correlated system? - Level2UnitiedIQ4 ot L
|. — FitLevel2PorodiQ4 et
& o -
< 10° R -
> B
v
5 10° -
SAS Background 0.108833 @ step le-06 ™ Fit Bekg? IS -
Fit using least square fitting ? ( Fit ) C Revert back ) 10'° -
(__reset unif? [ Store local (Porod & Guinier) fits? i 2 ~
Results: ( Store in Data Folder )( Export ASCII ) ( Results to graphs ) 10 x| T T N
Analyze Results 0.001 0.01 0.1
— . . OOt SAS potecee: Test ot :*RLTest ot Q,[i] Py M 1G 2010, 11:24 75 AM
I A E Rl RS AR AT

Now we need to fit the Rg/G again, but in order for the fit to work we need to move starting conditions closer.
Therefore, we need to increase G to about 10° and Rg to may be 1000. Then we can select with cursors points
about 30 to 52, select “Fit?” next to G and Rg, and push “Fit Rg/G” button:

Jan Ilavsky, llavsky@aps.anl.gov
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000N Unified fit LO O O LogLogPlot
; 4 . MR | L PR | L ol ' ]
Un ’fied m Odehng 'np utp an el ", \ root:SAS:ImportedData: Test data”'R_Test data'
. ) Indra 2 data O Model \. + Experimental intensity
Data IpAt G ) s < ity
Data folder: | root:SAS:ImportedData:'Test data”: |+ — FitLevel2Guinier# 1
- . o ( S ]05 - —: Lg\'el.?U:\iﬁed
Wave with X axis data | Q_Test data '+ FitLevel2Porod 10
Wave with Y axis data |R_Test data | 33 10° -
Wave with Error data |S_Test data | 3) .
g 4 _|
Subtract background 0 [ﬂ § 10
] ] — 2 3| - - - - - e PP RPNy ()
Unified model input Number of levels : (2 ' z 10 ",
e [g Update Unified automatically? o .
iraph Unified ™ Display local (Porod & Guinier) fits? = 10% - ;
[1reve [arever | srevd [ 4reve [ speve .
Fit?: Low limit: High Limit: ]01 _ * | 3
G 844040 ™ essos 4.2202e~0t R -10x10
Rg 646312 B ™ 129202 | (323156 10°
Rgstep 1 E] Gstep 1 E] Fit Rg/G bwtn cursors . |
B RREE TP
() 1s this mass fractal from lower level? ~ Surf/ Vol | 100.209 10 N
50 T T — T — T
B 001 -
st 0.001 0.01 0.1
Pl F O Ot Rt oot Q [A-1] R MG, 201G 11:22 20 AN
= H -t
it P/B b
Pstep |1 F Bstepll f] (_rpBbwmanos ) O A: cngralintsraty 3 pnt: 30 %:0.001783 ¥:5.4399e405  aX:0.0038767
RgCutoft 0 E] O [e: Cngnalinteraity pnt: 52 ¥:0.0056597 Y: 14737 AY:-5.2925e+05
L SRGO . . e + Experimental intensity * Q"4 -
(J Link RGOk factor (1 '+ — Unified Calculated intensity * QA4 5
— FitLevel2GuinierlQ4#1 e -
() 1s this correlated system? —¥- Level2UnifiedIQ4 ot L
< — Fitlevel2PorodIQ4 ety
b L
(=4
S L
2 -
I3 168 L
SAS Background 0.108833 E] step le-06 ™ Fit Bekg? s -
Fit using least square fitting ? ( Fit ) ( Revert back ) 10" -
[ store local (Porod & Guinier) fits? - B
Results: ( Store in Data Folder ) (" Export ASCII ) ( Resultsto graphs ) '© e
Analyze Results 0.001 0.01 0.1
ot SO rpatedDe: Tt ot RLTet ot ara'l M1 2010, 11:2Z220 AN

|enpisal pazipiepuels

Now we need to fit Power law slope, so check the checkboxes “Fit?” next to B and P. select with cursors range

may be 51 to 67 or so. The “Fit P/B”.

Jan Ilavsky, llavsky@aps.anl.gov
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e 00 Unified fit LO O O LogLogPlot
H H o Lol L ool s |
Unified modeling input panel - | root:SAS:ImportedData: Test data'R_Test data'
5 () Indra 2 data (0 Model ‘. \ + Experimental intensity
Data input & ges (ors ) swk das 0 e N o Uit e incrsiy
Data folder: | root:SAS:ImportedData:'Test data’: |+ \. — FitLevel2Guinier# |
< 5 _| e -¥- Level2Unified
Wave with X axis data (Q_Test data | +) 10 SN — FitLevel2Porod
Wave with Y axis data |R_Test data ' # ] 2 R
10 . -, w
Wave with Error data | S_Test data |+ . AL 3
— “e 10" W g
.., D
Subtract background 0 E] 5 . =
: . 2 2
Unified model input Number of levels : |2 '3) ] 10° a
= M Update Unified automatically? o 3
Graph Unified N b= &
m M Display local (Porod & Guinier) fits? = 1 02 a g—
[(1reve Faree | sie | sreve | sipeva | S
Fit?: Low limit: High Limit: 1
10 7
G 844040 [ ™ Tessos 4.2202e+0(
Rg 646312 Fl & 129262 | (323156 10°
Rgstep | @ Gstep | @ Fit Rg/G bwtn cursors )
e ——1 -1 —
() 1s this mass fractal from lower level?  Surf/ Vol 100.209 10
B 13737105 @@ o] [eoes T T T T T T L e — T
A0 e-0d £. [ h.20™I e
0.001 0.01 0.1
P 401568 @ ¥ D 4 ATt ot Q[Aﬂ] P M 19, 2010, 11:2248 AM
R Tet ot :
Pstep 1 [ Bstep'1 [l ( FierBbwncusors )
(O A: ongralinterarty i pnt: 51 ¥:0.0053507 ¥: 19575 &X:0.0084245
RgCutoff 0 [l O [ B: cngratinteraity pnt: 67 ®:0.013775 Y:417.43 aY:-19158
e = X . e + Experimental intensity * Q"4 1
[ Link RGCK factor : D — Unified Calculated intensity * Q"4 -
— FitLevel2GuinierIQ4#1 L
() 1s this correlated system? -¥- Level2UnifiedIQ4 -
» — FitLevel2PorodiQ4 %
> i L
(=4
S et L
E - :
v
B 10 1 -
SAS Background 0.108833 E] step le-06 ™ Fit Bekg? = - -
Fit using least square fitting ? ( Fit ) ( Revert back ) 10" B
(] store local (Porod & Guinier) fits? N -
42 _| L
Results: ( Store in Data Folder )(_ ExportASCII ) ( Resultsto graphs )| '© ———————
Analyze Results 0.001 0.01 0.1
o] Test et LTt ot jS] M1 2010, 1R AS AN

Now we need to optimize all parameters at once. Note, that the P is about 4 — and that is correct, these are
relatively smooth particles with sharp interfaces. To reduce number of fitting parameters, we can set for this
level the P also to 4 and uncheck the “Fit?”” checkbox.

Now, select with cursors points about 28 to 106 and push button “Fit”.

Jan Ilavsky, llavsky@aps.anl.gov 13
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800 Unified fit
Unified modeling input panel

@Jan Tlavsky
LogLogPlot

4

- () Indra 2 data O Model ‘. : FOOUSAS: ImportedData: Test data™R_Test data’
J - “ . :SAS:ImportedData: Test data”'R_Test data
Data input & ogs Q150 sMR data 10" ", * Experimental intensity
. . E E . oA kN — Unified calculated Intensity
Data folder: root:SAS:ImportedData:'Test data”: ﬁ . e o Standardized residual
Wave with X axis data | Q_Test data |+ 10
N - 2
Wave with Y axis data |R_Test data ' & 100 .
Wave with Error data | S_Test data | & B R
a 4 *
- o~ L ——1a . .
( Graph Subtract background 0 - § 10
. . B z2 NEARREREE EEEEEEE b oo -0
Unified model input Number of levels : 2 ' z 10 .
R e M Update Unified automatically? o
{_ Graph Unified ) g =
\rapn TeC ™ pisplay local (Porod & Guinier) fits? N o .
( 1. Level ' 2. Level l 3. Level I 4. Level I 5. Level ] ’ .
| Level 2 controls Fit?: Low limit: High Limit: ) : L
= 10 . -
G 964256 ™ Tiessos 4220201
Rg  700.066 & (129262 3231.56 16
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m rem————1 -1 \ ““‘Y‘—'u_‘g-t_‘_‘_
[_) Is this mass fractal from lower level?  Surf/ Vol 47.1307 10 N - -4
= T T T T T T T T T — T T T
B | 135011¢-05 ™ (27474100 [6.86853¢-0
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Pstep 1 - Bstep | v Fit P/B bwin cursors e
2 il o A ongralinteraity g pnt: 28 ®:0.0015976 Y¥:6.9088e+05 a¥:0.36425
RgCutoft 0 F O [] B: cngralinteraity pnt: 106 ®:0.36585 ¥:0.12945 AY: -6.9088e+05
| «
| m——-
( Rgilevel-1)->RGCO ) [ Link RGOk factor : | 1 v root:SAS:ImportedData: Test data'R_Test data’ g
L - + Experimental intensity * Q"4
) Is this correlated system? . Unified Calculated intensity * Q"4 / B
L Is this system? 10% ) N
3 - 23y Tl aeessees | E
(=4
* lOﬁ . ~
2 . -
v
- 5 10% L
SAS Background  0.109057 |v| step le-06 ™ Fit Bekg? = - -
Fit using least square fitting ? ( Fit ) ( Revert back 10"0 -
(__reset unif? ) () store local (Porod & Guinier) fits? 1 -
—_— 42 _| ) L
Results: ( Store in Data Folder ) Export ASCII' ) { Results to graphs 10 2 A —
( >
( Analyze Results ) 0.001 0.01 0.1
Ot SAS potedee: Tt ot :'R_Tet ot Q [A" ] F M1 2010, 11:31:11 AM

|enpisal pazipiepuels

Next we need to decide what to do with the low-Q power law slope. There are many things this can be, but let’s
assume, this is agglomeration of the large Alumina particles.
In this case there are some more things one needs to realize:
If this is agglomeration of particles with Rg about 700A (the large Alumina particles, Level 2), then it’s
scattering needs to end at around Rg~700. For this Unified contains parameter called “Rg cut off” (RGCO).
Since we do not see the Guinier area for this population (too large, it would be at too small Q values for what
we measured), we can model ONLY the power law slope.

To model this, we add another level to our Unified model (set “Number of levels” to 3) and select third tab:

Jan Ilavsky, llavsky@aps.anl.gov
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LO O O LoglLogPlot

Unified modeling input panel
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N mol:S:\S:lmponedDala:Tesl data"'R_Test data’'

000

. N\ + Experimental intensity
Data i t (] Indra 2 data ) Model ‘. \ — Unified calculated Intensity
ata mpu M 7| e \ O, Standardized residual
PUt & ors (QIS ) SMR data 10 ", AN " FitLevel2Guinier# | 000
Data folder: [root:SAS:ImportedData: Test data': ﬂ ' AN - - - FitLevel3Guinier
( - 5 _| e \ — FitLevel3Guinier#|
Wave with X axis data | Q_Test data | v] 10 L - ;.g&lﬂ{;n;nedd 000
\._  — FitLevel3Poro
Wave with Y axis data [R_Test data [+) 1o°
Wave with Error data | S_Test data 4) - L 2000
il 4 _|
Subtract background 0 |§] E 10
o . ( 2 3 [ — 0
Unified mod%mput Number of levels : 3 ':] B 10 ]
= Update Unified automatically? o]
2
iraph Unified )& pisplay local (Porod & Guinier) fits? E o — -2000
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Fit?: Low limit: High Limit: 101 _ L 4000
G 100 Fl O
Rg 100 F O 10° - -6000
Rgstep | | Fl aGsepl [ ( FitRgGbwncursors )
e -1
() Is this mass fractal from lower level?  Surf/ Vol 0 10 ‘o - -8000
— T — T — T — T
B 0.0l Fl O ' ' '
0.001 0.01 0.1
P4 [l O a
—— OOt SAS potedke: et oftet:'R_Temt: oot QA ] Ry M 1G 2010, 11EDAM
Pstep|1 * Bswepl ] (C_FipBbwmamsors ) O A: cngralintsraty i pnt: 28 %:0.0015976  Y:6.9088e+05  aX:0.36425
RgCutoft 0 E] O »DB:mgmnmm pnt: 106 %®:0.36585 Y¥:0.12945 aY: -6.9088e+05

Rg(level-1)->RGCO

(] Is this correlated system?

) Link RGCK factor : (1 1%

[¥] step/1e-06 | ™ Fit Bekg?
Fit using least square fitting ? ( Fit ) ( Revert back )
[ Store local (Porod & Guinier) fits?

Results: ( Store in Data Folder )( Export ASCII ) ( Results to graphs )

Analyze Results
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—5 Unified Calculated intensity * QA4

" FitLevel2GuinierQ4#1 A
- - - FitLevel3GuinierlQ4 RE
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o =
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5 10° L
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"0 B
1072 i

T T
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A
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Test ot 'RLTet ot Q[a')

Py M 19, 000, 1100 A

|enpisal pazipJepuels

Now, let’s remove the Guinier area from this level (NOTE: This must be last level used, you cannot add level 4
when you do this). To do so, set G to 0, Rg is set automatically to very large number. At that moment, the level

represents ONLY power law slope.

Jan Ilavsky, llavsky@aps.anl.gov
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e00n Unified fit LO OO LogLogPlot
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And now select points 1 — 13 with cursors, check the “Fit” checkbox next to B and P and push “Fit P/B” button:
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(. NeNe Unified fit LogLogPlot
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Note, that the fitted power law slope line fits reasonably well at low Q but at higher Q values it crosses
measured data. This is very common for “level-type” structures, where small particles create fractal like
structure on larger length scales. This is exactly where the Rg cut off comes in place. Note, that by default the
RGCO is set to 0 for each level. That means there is no cut off for the scattering.

But, if (like here) the level 3 is actually agglomerate of Level 2, you can use the button “Rg(level-1)->RGCO”
to copy Rg from level 2 in the RGCO of level 3. Or you can type manually 700 in RgCutOff field. Or, in this

case you can use the checkbox to link them together and then they will be kept in sync during fitting. That may
be the best. Check the checkbox “Link RGCO™.

Next, select all of the data (points 1 to 106) and use “Fit” button to finalize the fit. Uncheck the “Display Local
fits” and push also buttons “Results to graphs”

Here is the result:

Jan Ilavsky, llavsky@aps.anl.gov
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Unified fit e 0o LogLogPlot
Umf ied modeling input panel Unified Fit for level 3 C ol Co
2 = G=0 0 root:SAS: ImportedData: Test data'R_Test data’
Data mput @ | Indra 2 dam’_' U Model Rg = le+10[A] 0 + Experimental intensity
QRS (QIS_] SMR data B =0.00068219 1.0208e+05 —— Unified calculated Intensity
root:SAS:ImportedData:'Test data”: '+ P=30174 463.26 ©  Standardized residual
DD p ) 1 07 RgCO linked to Rg of level2
Wave with X axis data |Q_Test data ' & Invariant [em#(-4)] = 3.3605e+21 4
Wave with Y axis data |R_Test data | &
6
Wave with Error data  |S_Test data | & 10
) \ iremig) 3
( Graph ) Subtract background 0 Fl
. . G 5 D
Unified model input Number of levels : |3 10 Unified Fit for level 2 — 2
I j G =8.2532e+05 0.00020245
(" Graph Unified )= 0 IO A ST S Rg = 674.71[A] 059221 v
Display local (Porod & Guinier) fits? B = 1.2963¢-05 8.8273e+06 ot
I—T d — P Bl L
[ 1. Level r 2. Level 3. Level 4. Level '( 5. Level — 4 P=4 0 >
Fit?: Low limit: High Limit: ' 10 RgCO =0IA] 0.K=1 S
e Ll R £ . |invariant emA(-4)]) = 8.5706e+21 _ Surface to Volume ratio = 47.516 m"2/em*3 9"
G o O & .. D o
Rg |le-10 F O > UL T S S . S e - 0 N
— —= = 3 . N .
Rgstep| 1 Fl Gsepl Fl Fit Rg/G bwtn cursors 2 10 . .o o
~—— -
. Q (0]
[_] Is this mass fractal from lower level?  Surf/ Vol NaN + . ©®
(& C Q_’
B 0.000682191 j M 0.0003550¢  0.0088774: - 2 . c
P 3.01737 ™ N 4 10 <3
Pstep 1 g Bstep | g Fit P/B bwtn cursors | ‘2
RgCutoff | 674.71 El ] R .
R ey . (o
Re(level-1)->RGCO M Link RGCk factor: 1 % 1 0
(] Is this correlated system?
0 Unified Fit for level 1
10 G=43877 0016506 4
Rg = I89.86[A] 0066268 -
B =5.4956e-06 4.9655e+06
P=4 0
= RgCO=0[A 0.K=1
SAS Background | 0.109109 =] step1e06 | ™ Fit Bekg? 1 0" R I oo = sasse e B
Fit using least square fitting ? Fit (_ Revert back lllwm;iunlt [:‘nlv"« -I-h] = .1.63-:5\:\*1[() : Stllrll'u&;e Il(: Volume r;uio =|475I_()3I rln':l:clm".? , N
[ resetunif? ) ] store local (Porod & Guinier) fits? I | |
Results: Store in Data Folder Export ASCII Results to graphs ] 0001 001 O 1
Analyze Results
e i i | et Mot Tt o ATt ot Q [A ] R Mer 1, 2000, 11: 40 AM

You have now full description of your system... you have for each population Rg (~size), prefactor G
(~volume), B (which is Porod’s constant if P=4), P (power law slope), invariant and Surface to Volume ratio (if
P=4). This is the basic set of results from Unified fit.

You can now save the results back to folder using “Store in Data Folder” button. If you do so, you can then
compare results later, reload the fit into Unified fit tool etc.

You can also do “Analyze Results to get further analysis.
f 000 Unified ﬁl data
1 Special Case Data analysis

4 using Unified Fit results
@
7] @ Current Unified Fit O Stored Unified Fit results
Model: (=== |+ Level: (=== |%
n_d
ley
Iyl
’I'ﬁf
|
1
u
ﬂ Print to Unified Fit Graph
23
[ Print to history ( Print to LogBook

This tool enables you to analyze some special cases in Unified...
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1. Invariant. If the data intensity is absolutely calibrated and you know the contrast of the phase, this tool
will calculate the volume of that phase in absolute (fractional volume) units.
1 ®O 0O Unified fit data evaluation
| Special Case Data analysis

using Unified Fit results

® Current Unified Fit () stored Unified Fit results |
| Model: |Invariant |+ Level: (1 1) |
! Invariant value [em™-4] 3.63449e-20
|
| Contrast [10°20 cm™-4] 100 =

{ Volume of the phase [fract] 0.00184125 |

Print to Unified Fit Graph

. . Y s .
Print to history ) ( Print to LogBook

2. Porod’s law. If the intensity is absolutely calibrated, P=4, and you know the contrast ff the phase, the
tool will calculate the specific surface area in [cm*/cm’]
1®OOC Unified fit data evaluation

Special Case Data analysis
using Unified Fit results

|

@ Current Unified Fit ’;‘ Stored Unified Fit results
Model: [Porods Law |+ Level: (1 14
Porod constant [cm”-1 A"-4] 5.49557e-06

Power law (Porods) slope 4

‘ Contrast [10°20 cm™-4] 100 v

Specific surface area [cm”2/cm”3] 8746.46

Print to Unified Fit Graph

| -

Print to history ) ( Print to LogBook

|

3. Branched mass fractal. If you have mass fractal data, you can use this tool to extract some specific
parameters of this fractal. Please, read the publications referenced in the panel to figure this out. It is
really interesting and useful theory when applied correctly.
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000 Unified fit data evaluation
Special Case Data analysis

using Unified Fit results
® Current Unified Fit

() stored Unified Fit results

Model: (Branched mass fractal 3]  Level:[1 %

G2= 438.769

Rg2 [A]=  189.861
B2= 5.49557¢-06 P2 =4

The mass fractal is too polydisperse to analyse, ¢ < |

dmin=16.2751 c= 0.245775
z= NaN fBr= NaN
ftM= NaN

Ref: Beaucage Phys.Rev.E(2004) 70(3) p10
Ref: Beaucage Biophys.J.(2008) 95(2) p503

Print to Unified Fit Graph

Print to history Print to LogBook ;

4. Size distribution. Greg Beaucage also developed method how to estimate parameters of log-normal size
distribution from the Unified fit. The tool can calculate parameters (as defined in the referenced

publication) and generate (and store) the volume and number size distribution. You can visualize the
distribution by using button “Display Dist.”:
.00 Unified fit data evaluation O O C

Special Case Data analysis Radius min [A]: 5.0 Lev

evel 2 Volume fraction:  0.100 |
using Unified Fit results Radius max [A]: | 4640.0

Unifed Log Normal Size distribution

\ Save SD )
@® Current Unified Fit () stored Unified Fit results — | !
I‘ \f\ — Number Distribution
Qs ﬁ [ — Volume Distribution
250x107° i
II|‘ '\ J
[ I~ 200x10
Model: Size distribution | & Level: (2 |+ R ‘l | il s
S S < 200 [ 1] =
G= 825319 Rg[A]= 674.71 £ \| | | 3|
o o
- M 2963005 | = = [{ 1 2
B= [12963¢-05 P =4 s ‘ | -150 @
| 3
s 1so4 ||| g
e S99 5 IRR g
Geom Sigma = 0.241137 Geom mean = 579.79 2 I [ | S
Polydisp indx = 2.00926 Sauter Mean Dia = 126.272 k3 [ “ | - 100 o
E w04 || |1 3.
5 1 s
Ref: Beaucage, Kammler and Pratsinis, J.Appl.Crystal. (2004) 37 p523 :E, /| \ i...
z || I _
| —
so4 /[ || 50
Print to Unified Fit Graph Display Dist. ) | || I
I 1\
Print to history ) Print to LogBook ) “yu' k
e — T 0——= T T T T 0
e ———
674.71 |§| 0 1000 2000 3000 4000
11>RGCO ) ™ Link RGCK factor : |1 |+ .

Radius [A]

You can also print the results to history area as well as into the LogBook...
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.8 00 SAS_FitLog: Irena Log .
'IQI.l.l.l.l.l.l.|2.1.l.l.I:-?l.l.l.|4.1.l.l.ls.l.l.1.!6.1.l.|.|7.|.l.|"
[E t T 1 4 |
BEEE E= [ ] I

T

FRRRRRRRRRRRRAAEEY  Results for Sze dsitribution analysis from Unified fit
User Data Name : S6_ARO3 1 &0.05um
Datestime : Using data in Unified fit tool, analyzed on Fri, Mar 19, 2010 at 11:54:07 AM
Folder name : root:SAS:ImportedData:' Test data":
Intensity name : 'R_Test data'
Q vector name : 'Q_Test data'
Error name :'S_Test data'

= e

| Selected level : 2
1 G/Rg/BIP  8.2532e+05 67471 1.2063e-05 4
Geom. sigma : 0.24114
Geommean : 579.79
Polydispersity index : 2.0093
Sauter mean diameter: 126.27
Reference : Beaucage, Kammler and Pratsinis, J.Appl.Crystal. (2004) 37 p523

You can save the calculated size distribution into the folder with data and then visualize it with other Irena tools
—and compare it with Size distribution, modeling etc.

For more details please read the manual and original references. Unified fit seems easy, but there are some
special tricks, which are kind of built in, and it is important to understand the limitations and specifics.
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