Irena manual, version 2.59, February 2016 @ Jan Ilavsky

Irena SAS modeling macros manual

Jan Ilavsky and Peter R. Jemian, “Irena: tool suite for modeling and analysis of small-angle scattering”,
Journal of Applied Crystallography, vol. 42 (2009). Please e-mail me, if you need copy.

Version 2.59
(for Igor 6.34+ & Igor 7 (beta))

Jan Ilavsky

Included Methods — authors:
Least Squares Modeling & other methods — Jan Ilavsky
Size distribution — Pete R. Jemian (Maximum
entropy/regularization)
Unified model — Greg Beaucage
Gunier-Porod model Bualem Hammouda
Pair Distance Dist. Function — Jan Ilavsky, Pete Jemian (regularization)
Fractals model — Andrew J. Allen
Reflectivity (aka Parrat’s code) — Andrew Nelson
Desmearing — Pete R. Jemian
Ciccariello-Benedetti model S. Ciccariello

Sunday, January 31, 2016

Disclaimer:

These macros represent a collaborative work in progress and it is very likely that not all features are finished at
any given time. Therefore, some features may not work fully or at all. Please note, while I try my best to verify
the results, no guarantees can be made as to the reliability of these results. Please, verify results in some other
way. Please report any bugs to me, I will do my best to remove them ASAP. I provide limited support for users
of these macros. Limited means that my time available for this support is limited. If you need help, e-mail Igor
file to me with data so I can work on your data.

ilavsky@aps.anl.gov




Irena manual, version 2.59, February 2016 @ Jan Ilavsky

Content
000 00010 11Tt ) 6
Instructions available on Youtube channel .........sss——————— 7
Courses available on various places in the World....... s 7
Instructions on INStallatioN ... ——————————————————— 8
Please read these COMMENTS.. ... R RS SEERneenRneean 9
IMPOTtant INFOTMATION ..o E AR AR AR SRR AR e R R AR R AR R R AR AR R AR RE AR AR SRR R R AR AR S 10
R LU 1 TE ot o W LR B, ) 1 U - 10
Lol o T0) LAy 4T B QLo U0 U 10
Kill all Irena panels and Sraphis ... s e sa e E R R s 10
Open IreNa PAf MANUAL ..o s e AR RS E R AR R AR AR AR S AR AR R AR R R AR R AR AR RE AR R AR E R SR AR AR S 10
Open FOrm factor deSCIrIPLION ...t ss s s a s e E AR AR R R AR R e e R AR R e R R 10
(00 1 100 (0] g T 10
Location of items IN SAS IMENUL .. e R RS 11
0. GUI controls and cOMMON CONLIOIS ... 12
0.1 Manual, Manuscript, Mailing list, ADOUL... .. s 12
0.2 Configure default fONts aNd NAMES ......cccciicirimsmsisnsrsi e e R e R s e R s 12
0.3 DAtA SELECTION ...iiiiisiiiisii s 14
0.4 Using Irena on SMall diSPlays......ccciimimsmmsssssisssssississsssss s ssssssssssssssss s sss s st ssssssssssssssssssssssssssssssss s s 16
0.5 USE OFf XOP .o AR RS 17
0.6 GeNetiC OPLIMIZATION .ot A SRR AR R A AR R A AR RS SRR SRR SRR AR RS E R AR E R R AR R R AR R RS 17
1. Loading data — ASCII & XML (CANSAS) ...cucuurmsmsmsmssmsmsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 18
I 0 D ZE Tl ) 1 () o 18
1.2 IMPOTEING tESE fle: .. R 21
2. Data manipulation tOO0IS ... ———————————————————— 25
2.1 Data manipulation I - one or tWo data SetS.....ci i —————————————————— 25
2.1.1 PANE]l deSCTIPEION .cuuierieueiusieure ettt eeeseesesssessseesse s ssse bbb s s as s as R a8 S £ R R SRR bbb R et 25
2.1.2 Various USES Of ThiS TOOL .. uriirieriereereeeseesectseesseeusesssesssessesssssssessesssesssassse s ssse bbb e SR s R R bbb e Rt 27
2.2 Data manipulation I - Many data SELS ... ————————————————— 28
2.2.71 INETOAUCTION covuteeeereeeeteesseesseesse s eessesseeses s esssesss s s bbb R a8 SRR S £ R £ AL E S £ R EHe R ER £ bbbt s ER b 28
2.2.2 GUI QN0 CONETOLS ouetriereuieuseeuseiaseessessessesseesesssessssessesssessse s s s s ees s ss s s R4S SeE R R SR ER £ et e a Rt 30
2.3 Data merge - merge two data Sets INTO ONE ... 36
2.2.71 INETOAUCTION covutteeereeeeeseesseeuseesse s eesse e e ses s esssessssessesss s bbb RS s E 8RS £ xRS LA SeE R E SR EA £ bbbt s E R 36
A D F- L BT U0t o) o T 37
2.2.3 OPErations ANA PIOCESSITIG....riuieresresseeseessessesseessessessesssessessesssessessesssessessssssessessesssessesssssssssesssssssssesssssasssessessesssessessesssessessasssessesss 39
2.2.4 Sequence processing and data SEIECTION ... riereeeeeeee ettt b b ess s s ss s s bs bbbt a e 41
2.4 QRS data folder Creation tOOL..... st ss s s s s s s e e s e s e s e s mssmssmssmesessRs e se e e s e e e s annmnsmnmesmssmnsnnsns 43
2241 INETOAUCTION covuteeetreeeeeeeuseesseesse s eesse e e ses s esssesssses a4 E o8 SRR SRR R E S £ R LA 1R ER £ s bbb R et 43
R I o (010 00T X0 8 1 1 45
3.1 INETOAUCTION wourrcsrurssssssssssssssss s EEEREAE AR E AR AR AR R E A E AR AR E AR AR AR AR AR AR AR AR AR AR AR AR R R AR AR AR AR AR AR AR RERRRE RS 45
R0/ o TaT 0 Vo0 X000 00D 2T ol {01 () o 45
L0 U oY e DT =) oy 7 PP 46
IMPOTE & EXPOTE Of STYLES .cuueuieesieereireesstieeeeeeseessesssesssstsse s ssse e s s s s s sss s as s E S £ R R SRRt ek e R et 46
MOGIFYING ThE QATA ittt sttt ess e sssses s bbb b bR S as a8 E R AR SRR et e R et 47
0 PP 48
Storing graphs for future USe, EXPOTING fIGUIES ... reeseisseeseeseese e s ss s sessssss s ss s s bbb s s s pa e 49
Modifying the data in the raphing tOO0] ... se s s ss s s bs bbb s ns s 50
SO TP T e eereereeuseeueesse ettt st s ss s ss s e R ek SR8 S £ R ER £ E LR 4284 AR AR R £ RS £ AR A AR e e R R R R 50
WALETTAIl 3D GIaP N ..ttt et et s et e sas s sas s s R 8 ERER £ R £ e SeER R AR bbbt 51



Irena manual, version 2.59, February 2016 @ Jan Ilavsky

IMIOVIE INAKINIE eerveeerreeneeectseiseesseesseesse bbb ses s eessesssses a4 E a8 SRR R SRR E SAE R AR AR AR bbbt e R b 52
COMEOUL PLOT courituriieiereeeeeeetse st seesseesse st e e s es s sas s 4R 8 S £ RS ER £ R R AL E SRR E £ AR bbbt e R R 52
GIZINIO 3D GLAPN coeurieerteeeecee ittt eesse et eeee s ses s sas s E 8 s AR SRR E S £ R AR SRR R AR st R e 53
K20 20 o 1110 0. 0 55
4. Scattering cONtrast CaAlCUIALOL ... nas 56
5 T 40 o0 L Ut ) 56
4.2 Running Scattering contrast CalCUlator ... ———————————————— 56
0 0T 0 U o G 57
T 141 (70 U 58
4.5 ANOMALOUS CALCULATOT c.ciiciinissssssssss RS 58
LT 0 ¥ T 0 L 62
5.1 INETOAUCTION wouturrsiissssssssssssssssssssss s AR AR SRR R E A E AR AR E AR AR AR E AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR RERRRE RS 62
Helpful hint 0N USE Of INVATTANE: ...ttt seeseeeseess s sseeese s esssesss s sss s bbbt s b bR R bbbt e s e 63
Helpful hint 0N USE Of POTOAS LAW: ..ottt ssee st ssesesssesss s sss s bbb s bR a s et a e 63
LITIK B £0 G/ R ceieurterteeeteeuseiseesseesseesse s eesse s s ses s ssssassssesse s s 488 SR8 xR E S £ R LR S £ AR AR bbbt e ER et 64
5.2 RUNNING UNIFIEA I cucriieiiiiiniiiciissississsssssssssssssssssss s ss st ss s ss s b s e e RA AR R R A AR e SRR AR R R R R AR R e 64
LT 2 001 ) - B U0 1 74
5.4 REco AZAIN — MAIN WATTHIIG .cuiuicirrtsnssssssssssssssssssssssssssssssssssssssssssssssssssas e s sssas s ssassss s e e SR SRS AR ERRR AR EE R AR R AR R EE AR R AR AR R AR R RS R R RS 75
5.5 OULPUL fTOM UNIFI@A..ceieiciiiiiiiiisessssssssssssssssssss s ss s ss s e s e s AR e AR RS e R R R AR AR R R AR AR R R R R RS R R 76
COPY 10 DALA FOLART w.eureereeeeeeeureiueesse et isetsesse s esssessseesse s ssse bbb s s RS as a8 SRR SRR e bbb R et 76
5.6. UNCERTAINITY EVALUATION .ccoitttstststststssssssssssssssssssssssssassssssssssssssssssssssasssssssasss st ssas st st ssas st ssssss st stssssss ssssssss sasssssssansnsns 77
D54 ) o 2 Y 0 PP 78
RESUILS 0 GIAP N couieurieieeceseitecese ettt ses s ses e sssses s E SRR R E S £ R AR 1R ER £ bbbt e R et 78
EXPOTL £0 XLS fIl8 PANEL ..ottt ceect s eesse s s bbb st s ss s SRR R R sk R e 79
LT N 1T 1) L o] 1 80
0102 g ) 0 PP 81
POTOAS LAW .ottt ettt ettt b bbb eas s 4R 8 SRR R AL E S £ R AR SRR bt e R R 81
BranChed Mass frACLAL ...ttt ettt essses e s bbb b s s as s s SRR SRR bt e R et 82
SHZE AISEITDULION ettt ettt b b bt s s Es s R x££ 8 AR R AR E R £ AR bbbk s R e 83
Two Phase media (2Ka: POTOUS SYSTEIM .. reeseesseeseessesssesssessesssssssssesssesssesssessse s ssse s s et b s s sss bbb banebanes 85
L 61T o0 o 91
L0 0 1N 0T L ot ) 91
6.1.1 Simple description of Unified-Guinier-Porod differenCes ... ssesssssssssesssssssesans 91
6.2 How to use Guinier-Porod model ... 92
LoV D 0 T o= e (=T 0 0 (o) VO 92
FIUEINE PIOCEAUTE ...oueeeeerceeceeeeseess et e s esetssesss s a8 SRR xR LA S £ R E £ AR AR A st e R b 94

70 | (0T = 14 101
72 LT ) 6 11 T 00 ) 101
7.2 Theory behind this t00] ... s 102
7.2.1 What 1S SIZE AiSTITDULION ceucceiieieeeeesieeeeee ettt sttt seess s sss s bbb s b s R bbb 103

7. 2.2 STTUCEUTE FACEOT'S couveeuieueeeeeueetreeuseeseessessseesse s s s s b e s s ss s sS4 E SRR SRR AR bbb et 103
7.2.3 IMPOTLANT INOTINATION c..eeretreeeeeteeereee ettt see st es s sss s bbb bbb RS R AR bbb 103
7.2.4 Distribution W(r) and V(r)* W(r) and diStribution Of I ... esesss s sssssesssesssssssesans 103
7.2.5 F(Q,r) problem - applicable ONLY to integrated SPheroid ... encneeneeseiseessiseess e sssessesssessesssesens 104
7.3 Use of this tool for SINGLE input data set - size diStribution. .......————— 106
GUIT @S CTIPEION ceeureereneeseeeseeteeeseesessseesseeseesse s esse bbb s s R AR RS EaEE £ 4R E S £ R R SRR AR R bbb 106
DIATA COMEIOLS . euieuieereereeseee ettt ettt sesaseesee s s e s b bbbk s8R RS E x££ 4R E 4R R £ AR £ AR bbbt 107
IMOAE] COMETOLS orvurieereaeesreeeeteeeseeseeesessseesseesse s esse bbb b bR AR RSx4 E 4R R SRR AR R bbbt 109
LAST FEW DULEONIS c.eveeieeeeeeeeeteet ettt st eseesse s esse bbb bR R4 x££ 4R 8 HeER R E SRR AR bR bbb et 112
7.4 "Unified level", “Surface Fractal”, “Mass Fractal”, and "Diffraction peak".........cccuonimnsnssssnsssssnsssnsnsnnans 112



Irena manual, version 2.59, February 2016 @ Jan Ilavsky

7.5 Fitting data with one input data Set..... i ——————————————————————— 122
7.6. UNCertainity eValUation ... ss s s s b s se e sA R R AR e R RS AR e e s R s 128
7.7 Fitting data with multiple input data Set......in i ———————————————— 130
Changes IN DAta CONTIOLS ...uuuiereereureeseeeessesseessessessessessessessesssess s sesssessessessssssessesssesees s s ae s s s £ e aeE s s s s EseE R s s EaeE s s ne s sebsrannsnnbns 130
Changes IN MOAE] COMEIOLS....ciuiureeieereiseesse sttt see s esssees s sss s bbb s bR RS R AR bbbt 130
GENETAL COTMIMIENE..vuvreusieueesreeseetseessesssessseesseessessseesse bbb e bR s SRR SRR RSx4 R A S £ R E A E AR AR bbb et 131

8. SiZe DiStrIDULION...cccttiiiicsrnns eSS 132
8.1 Basic description of Methods ... ————— 132
Maximum entropy method DY Pete JEMIAN ...ttt ss s ss s s s s b 132
Regularization method DY Pete JEMIAM ...ttt seess e se st s s sa s b bbb 133
Total non-negative least SQUATE METROE . ...ttt bbb s s bbb st 133

L2 01530 07 e L o0 ) 135
L0 Tl o D ar= D L] ) o PP 136
ETTOT NANAIIIIE! oottt ettt ees s s b bbb s s RS £ E £ SRR SRR AR bbbt 136
PATTICIE SNAPE ettt ettt ettt e bbb b R AR REaEaEEEEEeEEEE SRR SRR ER AR bR e 138
IMEEIOM: .ottt st ea s s s s bR E SRR SRR £ E SRR SRR AR R bRt 138

2D 0] 0 L]0 ) o TP 139
GETEINIE L. ocueeeseeereeaeeuseesees et st ees et sesss s s ba s b e AR a8 SRR SR £ RS £ x££ EHeE R R AL AR AR e bbb e 139
RESULILINZ WAVES! w.ueeieriereureeeeseessessesseessessessesssessessesssessessssssesse s s sasssessessesseessessessaessesse£seeseesseEaEseesseE e EaeERsEEseEaeE R A S s EueE e s s eE e s s nnnesnn b s 143

8.3 Uncertainty analysis of Size diStribution: ... ——————— 144
9. Powder diffraction (WAXS) fitting tool ... 146
9.1 Purpose and description - note this iS BETA VEIrSION.......ccuimmmsmsmmsssissssssssssssssssssssssssssssssssssssssssns 146
9.2 What do you need for this t00] ... s s snsns 146
IR S 2 T3 Cul 100 0D 0T 0 07 o 1 0 1 146
T GIAPN ettt e bbb s s s £ SRR AR R4S R R AR R AR bbb 147
Adding Diffraction lINES (PDEF 2 /4-EFPE) ciurcurueureeueeureeseesseeseessessessssssssssesssesssssssessssssssssssssse st sesssesssesssssssesssesassssss st sesssssssasens 147

We need to fill it Up. There are fEW CHOICES. ...ttt ssees et s s s s ss s et 147
PEAK fIEEITIZ . evuueeereeuseeureeset ettt seese et sessse s s s s b bbb e R AR R £ 4R E 4R RS R AR R bR E e 149

10. Pair distance distribution function (PDDF, P(I)) .. 153
B0 LT (0 T R0 LT ) 1) 153
10.2 USe Of the tOO] ... e 153
10.3 Semi-GNOM file and other output data Methods.......cciiminnisnsnni s —————————— 157
11. Fractal MOdel ... AR 161
3000 L (0 U 0 LTy ) ) 161
0 . 163
12. Analytical MOAELS ... ——————————_——————— 166
12.1 Debye-Bueche model fOr GElS......iiisssssssssssssssssss s s sss s sssss s sssssss s e 166
12.2 Treubner-Strey for small-angle diffraction........cccni s ————————————— 172
12.3 Ciccariello - Benedetti model for coated sSmooth SUrfaces ... ————— 173
13. Small-angle diffraction tOO] ... ——————————_——— 177
FUNICTION Of COMETOIS artuituiincetreieectseieseeeeesse s eesse et s ee bbb s ss s s s 8 HeER R SRR R bbbt 178

R =3 (=T 7 184
14.1 RUnning the refleCtivity ... s as s sn s e 184
DIETAILS covucereeeeeseeere ettt et b et a e s ss s s s s £ R R SRR SRR AR LR E SRR SRR SRR AR AR et E e 187
14,1 USE cuuiuiissisisssssssissssssssssssssssssasas s RS 188

B ST D P U= W= 1) 10 ) 190
16. Evaluate size distributions tool........—————————————— 193



Irena manual, version 2.59, February 2016 @ Jan Ilavsky

00 I 0 LT od 000 193
B0 D0 1 11 1] 195
16.3 NeW data CTEated ..o e AR RS 196
7 Y00 00 07 0 T 198
17.1 What this t00] dOes: ... 198
17.2 Use of the SCripting t00] ... s s s e e m s e n s e e 198
TR D T 1 L= 1 o 201
18.1 Theory behind the DesSmearing ProCedure........sssssssssssssssssssssssssssssssssssssssssssssess 201
18.2 Example of the Desmearing ProCeAUTIE ... s ssssssssssssssssssssssssssssssssssssssses 201
18.3 FiNal COMIMENT...ciiiiiisimisissmsssssss s RS 201
IS 0 L0 o g e ) 208
FINAl COMIMENLS ...cvcuciiimiiisissssssssssssssss s AR AR AR AR AR R AR AR AR R R R AR R AR AR AR AR R R R RS 209
Modeling I (standard MOdels) ... ———————— 209



Irena manual, version 2.59, February 2016 @ Jan Ilavsky

Introduction

The “Irena” package is a suite of Igor Pro (Wavemetrics, version 6 and higher — tested on Igor 7 beta) macros
for the evaluation of small-angle scattering data. It has been designed to use seamlessly data from APS USAXS
instrument (currently beamline 91D, Advanced Photon Source, Argonne, IL); reduced using “Indra” package.
Further it can work easily with any SAS data, which have scattering vector (q), Intensity, and (kind of optional)
Intensity uncertainty (error). It can easily use “qrs” or ("qis", NIST) naming system. It easily integrates with 2D
(area detector) SAXS/WAXS data reduction package “Nika” which uses the qrs naming system. Its use for most
other data is made easy by a customized import tool, which should be able to handle most “column-type” ASCII
data from various SAS instruments.

The package contains following parts:

1. Size distribution — using Maximum Entropy, Total Non-negative least square (TNNLS) &
Regularization methods for evaluation of small-angle scattering from scatterers represented by
number of different form factors.

2. Modeling (II) of SAS from up to 10 model "populations" (either Size distribution, Unified level, or
diffraction peaks each) to up to 10 different data sets... VERY powerful tool. Number of form
factors and structure factors.

3. Unified fit model for fitting SAS data using up to 5 levels of combinations of Guinier and power
law dependencies.

4. Gunier-Porod model for fitting of SAS data using up to 5 "levels"
5. Pair distance distribution function (PDDF, p(r)).
6. Fractal model — combination of 2 mass and 2 surface fractals.
7. Analytical models — tool with option for:
e Debye-Bueche model for scattering from gels
e Treubner_Strey model for small-angle diffraction
e Cicarriello-Benedetti model for layer on smooth surfaces
8. Small-angle diffraction tool to model diffraction ins small-angle scattering area
9. Powder diffraction fitting (WAXS) to fit peak positions for powder diffraction like data.
10.  X-ray & neutron reflectivity calculations using Parrat’s recursive method
11. Scattering contrast calculator including anomalous effects

12.  Data import tools. Allows importing multiple ASCII or XML files, where SAS data are written in
columns, separated by white space, tab or other separators. Allows creating user-friendly logical
folder structure within Igor experiment.

13.  Desmearing for finite-slit length smeared data

14.  Data manipulation tool. Allows merging, smoothing, adding together and subtracting of SAS data
sets. These data sets do not have to necessarily use the same naming convention.

15. Two plotting tools. This tool allows to generate various SAS plots (Porod, Guinier, Kratky,
Zimm...) and do some basic fitting. Further the tool allows to save plot styles with various
formatting parameters and then fast reapply these on other data sets, generating exactly same plots
useable for publications. Plotting tool I can generate two types of 3D graphs - wire graph and
"Gizmo" graph. It can also generate movies from the data.

16.  Data “mining” tool — allows searching for results (variables/strings/waves ...) in the folders of Igor
experiment with flexible output options.

17.  Data export tool — exports into ASCII various types of data.

18. Scripting tool. Tool to run (Size distribution and Unified fit for now) tools on multiple data sets at
once.
19. Tool to create folder structure for unstructured QRS data. And few other tools...
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Methods use as similar as reasonably possible. This should simplify learning curve for the users...

Name “Irena” of this package, for those really interested, is the name of my wife. All my packages have female
names, for example “Nika” is the nickname of my daughter (Veronika), etc. As choice of names is more or less
arbitrary, I felt that selecting the name of my wife for this large and important package will be one way to give
her credit for all the time I spent working on this package and not with my family.

Instructions available on Youtube channel

I have Youtube channel for instructional movies. Search for example “Ilavsky Irena” on Youtube and you will
see something like this:

YoulMifs ilavsky irena Q

Home Filters ~ About 10 results

® >

h
My Channel Irena and Nika S

by Irena and Ni

Subscriptions

[ - [[

History

nd Irena software packages. These

© Watch Later

all-angle scattering data reduction

CHANNEL  gubscribe 28

PLAYLISTS

— imava

The totally weird link to the channel is here:

https://www.youtube.com/channel/UCDTzjGr3mAbRi1304DJG7xHA

for those who can click thin in pdf file...
This channel contains instructional movies how to install the package and how to use different tools. Please,
watch it if you need help. It may help you

Courses available on various places in the World

Over the last few years I have had many courses at the APS and around the world either at institutions or at
conferences. These, typically two day courses, teach how to use Irena. Some news about these courses should
be available on:

http://small-angle.aps.anl.gov

http://small-angle.aps.anl.gov/courses/Irena_Nika courses report.html
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Instructions on installation

To install the macros, please install first Igor Pro, version 6 and update to latest release (6.34 at this time).

There are two ways to install the macros:

Preferred way using Igor 6.30 and higher (including user with limited privileges)

Download the “Universal installer 1.23.pxp” (or latest version) file from my web site. Optionally, if you have

firewall issues or just want to have easier life, download ALSO the whole depository of my packages as one zip

file. Then use this Igor experiment and install using the buttons provided. Note, that if you have local copy

(unzip the downloaded (large) zip file, then select “Use local copy” checkbox. Instructions are in the file itself.

It usually works just fine, but sometimes ftp communication is either bad due to network issues or even
revented due to firewall, so then local copy is your only choice. Install the xop support!

e .00 Install/Unistall Packages

Install/Uninstall packages by Jan llavsky

This Igor experiment enables userto : Uninstall packages Get Help
Check packages versions Using http, ftp, or local copy (folder)
Install from local copy, not network Install or Update the packages to available version

Download using fp, not http
Install/Update rena

! Nika pck Updat
o Install/L
ir
Uninstall xop support Install/Update xop support
nstall/Update A
Web site Sign up for Irena mailing fist
Version 1.18 of Universal installer. December 31, 2012 JIL. Sign up for Nika mailing st

Please, check the web site for latest version before using.

I1. May still work — depends on security settings on your computer - using Java instaler.
Download Java installer from my web site and use the installer. Install packages you need AND xop support.
You can use "Check Packages versions" to see, if you need to update to latest version.

Install/Uninstall packages for Igor
Uninstall packages HELP

This Java Program enables user to
Download through http and install packages

Check Packages Versions Update the packages to latest version

Uninstall Irena Package Install/Update Irena Package

Current Irena Version : 0.0 Web Irena Version : 0.0
Uninstall Nika Package Install/Update Nika Package

Current Nika Version : 0.0 Web Nika Version : 0.0
Uninstall Indra Package Install/Update Indra Package

Current Indra Version : 0.0 Web Indra Version : 0.0
Uninstall XOP Support Install/Update XOP Support

Install/Update All

Java Version 1.02 of Universal Installer. June 7, 2012 DIL. Web Site
Please, check the website for the latest version before using.

Note, this works only on Windows or Mac OSX which are in English language. Seems to fail in non-English
versions of OS since it cannot find users home folder. It may also fail in exotic setups, so if it fails, use Igor
Installer.
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ITI. The hard way, when the other methods fail... Zip files.

Get zip file for Irena package AND xops, appropriate for your platform. Place the files in the zip file, following
the folders in the appropriate places in the Igor Pro Folder in User area. This location is easiest found by using
in Igor Pro in help menu the item "Show Igor Pro User Files". Note that some of the files belong to Igor
Procedures and some in User procedures, keep folder structure as is in the zip file, please...

NOTE: If you had prior installation (before 6.10 version of Igor) : Update Igor Pro (free from any 6.xx
version) to latest version and check for presence of obsolete version :

Locate Igor Pro Files (again: Help menu in Igor, Show Igor Files) and remove any files related to Irena, Nika,
and Indra from Igor Procedures and from User Procedures. This should be done automatically by the installers,
but may not be possible if you are running, as lower privilege user installers may not be able to do this.

To load macros, select “Load Irena SAS macros” from “Macros” menu after starting Igor Pro. Whichever
method you choose, the macros should work the same.

Please, learn more about full capabilities of the Igor Pro. It is very powerful graphing and data evaluation
package. It may be necessary for you to handle data import and handling, data export and some graphing.
Further, the macros heavily rely on the data folder structure, so it is important to learn enough to realize the use
of this feature...

IV. Install NIST SANS analysis package.

From version 2.53 Irena can take advantage of NIST xop to calculate Form factors. These calculations are much
faster than Igor code and can speed up fitting and modeling by significant margin. To install, download the
package from: http:/www.ncnr.nist.gov/programs/sans/data/red anal html and install. Irena will use the xop
which is installed during the installation of their package. Also, use their analysis tools, when appropriate. Their
package is pretty much complementary to /rena. Do NOT forget to cite "Reduction and Analysis of SANS and
USANS Data using Igor Pro", Kline, S. R. J Appl. Cryst. 39(6), 895 (2006) when you use their analysis tools.

Please read these comments
Few suggestions first:

1. Learn enough Igor, that Igor problems do not prevent you from getting results. Igor tour and 1-2
hours playing with it should be sufficient
2. Read this manual full or in pieces and test what is shown on your own computer

3. Use folder structure, or things will become way too messy for

these tools to be useful
4. Read supporting literature (especially papers about Unified fit, Reflectivity and other methods) if
you want to use these methods.

Comment on ending the macros:

At any time user can end working with the macros by closing associated graphs and panels. There is also
command which closes all open windows and panels of this package.

Getting help

There are no "Igor help files" written yet for this code. However, most of the panel items do have help
associated with them and if you move cursor the help text should be visible in the bar at the bottom of the
screen (on Windows) or in the balloon help (on Mac, if you switch the balloon help on). Please, use it; I tried to
be descriptive there.
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Important Information

The code uses for all size related parameters Angstroems (10" m) or for Q vector (A™). In the case of scattering
contrast, number distribution and any other volume contents centimeters (107 m).

Output of the size is usually in particle diameters, but Modeling II is using radii as default (and diameters
optionally), but read the graphs, the output may not be always the same. Output graph legend or panel text
should be always correct.

Slit smeared (USAXS) data

Fitting slit smeared data is major /rena advantage. It is nearly ALWAYS better to fit slit smeared data than to
desmear the data and then fit them. However, up to version 2.58 Irena had limitations when fitting smeared
data: due to need to smear data and the way it is handled by /rena routine, the modeled range of data (the high-¢
selected for modeling, fitting) had to be larger than slit length. Typical slit length of the USAXS instrument is
0.02-0.03 A, so the high-¢ range needed to be at least 0.05 A™". This meant, that it was not possible to select
for modeling data from small-gs to only 0.02 A ONLY.

For version 2.58 and higher this is fixed by adding additional Q points (up to 100 new points) to extend the data
to 2* slit length and after the model is calculated and slit smeared, the data are truncated back to original user
range. This is done automatically, behind user back — but note, that it can cost cpu and therefore increase time
per calculation of the model. Therefore, it may be worthwhile to simply select high enough Qmax for fitting
anyway.

Per point smeared data
New in version 2.58 and only for Modeling II at this time,

Kill all Irena panels and graphs

This menu item allows to close all Irena related windows — panels and graphs — to be closed at once. Very
convenient. ..

Open Irena pdf manual

In most cases this should open Irena manual in default pdf reader. If you are reading this, you probably
managed.

190 7I;ena check for Lp;iates e
Once-per-month reminder to check for Irena update O p en FO rm fa Cto r de scri p t’ on
Instalied irera Version 2.53 Web rora Version  2.52 Open rena web page . .
= This should open pdf file with form factors
Reminder: When publishing data analyzed using Irena package, please cite following manuscripts: . . . . . .
1. Sovaky and P, Jamien,rane: toot st for modalng s sneyss of smal anghe scactarng description — including simplified code and graphs.
LA SR My o e These are form factors in the “central bank™ of the
Giassy Carbon Absolute Int. Caiibration: F. Zhang, J. Kavsky, G. G. Long, J. P.G. Quintana, Irena, available for use in packages’ which use
A. J. Allen, and P, Jemian, G‘JSSy Carbon as an Absolute Intensity Calibration Standard h
for Smal-Angle Scattering, MMTA, DOE: 10.1007/511661-009-9950-x Manuscron we page them.
Reflectivity: A. Nelson, Co-refinement of muitiple-contrast neutron/X-ray reflectivity Check for upda tes
1 data using MOTOFIT, Appl. Cryst. (2006). 39, 273-276 Marmscript web page .
From version 2.52 I have added once-per month
Unified Fit: G. Beaucage, Approximations Leading t0 a Unified Exponential/Power-Law .
Approach to Small-Angle Scattering, J. Appl. Cryst. (1995). 28, 717-728 Manuscrpt wed page CheCk for updates’ Wthh On ANY Computer runs
every 30 days. It checks installed versions of the
I This tool runs automatically every 30 days on each computer. It can be also called from the SAS sub-menu as "Check for updates packages and Web available Versions. It alSO

reminds you about need to cite manuscripts related to the Irena and tools implemented in Irena. Please, cite
those manuscripts as necessary.

You can get this panel opened any time from SAS>Help, About,...>Check for updates

The buttons open appropriate web pages in your web browser.
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Location of items in SAS menu.

The location of items in SAS menu keeps changing. Here is current (version 2.58) location to help you find
what you need...:
Help

Data import export >
Data Manipulation | 2

Plotting |
Plotting Il
Support Tools for plots >

Unified Fit
Size Distribution
Modeling Il
i Gunier Porod Fit
Fractals model
Analytical models
Small-Angle Diffraction !
i Pair distance dist. fnct.

Reflectivity

Scattering contrast calculator
Configure default fonts and names

Support tools B
I Help, About, Manuals, Remove Irena >
Submenus:
Data Import & Export: Support and older tools:
| Import ASCIl data |  Evaluate Size Distributions
Import XML data Scripting tool
Export data tool | Desmearing

Show Results notebook
Create QRS folder structure
Show SAS logbook

Export To XLS File Panel

Support tools for plots:

| Draw Line Of Any Slope
Draw Line Of -4 Slope
Draw Line Of -3 Slope ‘
Draw Line Of -2 Slope |
Make log-log graph decade limits

Fit Line With Cursors ‘ About, Manuals, Remove Irena, help
Fit Power Law with Cursors | = About

Check for updates

Open Irena pdf manual

Open Form and Structure Factor description
Open Irena manuscript

Irena Mailing list signup and options

Data Manipualtion: Open Web page with help movies
— . ¥ Open Irena Web page
I Data manipu|ation | [one or two data sets] | Submit e-mail with bug or feature request
' Data manipulation Il [many data sets] Kill all Irena panels and graphs

Remove Irena Package
Merge two data sets

Data mining [extract information]

r—
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0. GUI controls and common controls

0.1 Manual, Manuscript, Mailing list, About...

About

Check for updates

Open Irena pdf manual

Open Form and Structure Factor description
Open Irena manuscript

Irena Mailing list signup and options
Open Web page with help movies

Open Irena Web page

Submit e-mail with bug or feature request

Kill all Irena panels and graphs
Remove Irena Package

From the Last menu Item you can get "About" :

1.0.0.0 About_Irena_1_Macros
Irena macros for Igor Pro >=6.22A

@ ANL, 2012
release 2.5
To get help please contact: ilavsky@aps.anl.gov
http://usaxs.xor.aps.anl.gov/staff/ilavsky/irena.htm

Reference: Jan llavsky and Pete R. Jemian
J Appl Crystallogr (2009), 42, 347-353

Size distribution by Pete Jemian: jemian@anl.gov

Unified model by Gregg Beaucage: gbeaucag®uceng.uc.edu
Beaucage, G. (1995). J Appl Crystallogr 28, 717-728.
Fractals model by Andrew Allen: Andrew.Allen@nist.gov
Allen, A. J. (2005). J Am Ceram Soc 88, 1367-1381.
Reflectivity & Genetic Optimization by Andrew Nelson
(Australian Nuclear Science and Technology Organisation)
Nelson, A. (2006). J Appl Crystallogr 39, 273-276.
andyfaff@gmail.com
Selected Structure & Form Factors refs:
Kline, S. R. (2006). J Appl Crystallogr 39, 895-900
http://www.ncnr.nist.gov/programs/sans/data/data_red.html

Download and open Manual, request manuscript, sign up for mailing list and do few other operations you may
find useful. Including "offloading" Irena package from the experiment, so it does not slow down the operations
when you want to do something else. Or when you want to send file to someone who may not have Irena

installed, remove Irena package so he/she does not get errors on load when Igor tries to load Irena
unsuccessfully.

0.2 Configure default fonts and names

“Configure default fonts and names” in the SAS menu will create panel with some controls common for all
tools, like font type & size and how legend names are handled. NOTE: Panel controls are applied immediately

to all existing panels, graph controls are applied ONLY to the newly created graphs (and only those which were
upgraded to this behavior).

Panels font and font sizes

These controls enable user to customize font used on control panels therefore this enables customization
for a given platform. This is necessary as more and more control is provided on each platform to user and

12
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therefore default fonts and font sizes may not be appropriate any more for the panels I design. These settings are
actually saved on a given machine as well as the experiment. This has some interesting features, so please, read
carefully:

When these controls are run (and user is forced to run them if the Irena is loaded and preferences are not
found), they save preferences in special folder Igor maintains for users. At the same time, the settings are
applied to the current experiment.

When this experiment is opened on another computer, the preferences from that computer are not
reloaded, so the experiment will use preferences from the original computer. When the “Configure GUI and
Graph defaults” is run, it will reload the computer defaults and apply them to the given experiment. Then user
can change the fonts and font sizes as they wish. The new settings are saved on the computer — and within the
experiment.

Note, that Panel font and font size are platform specific, so same experiment may present differently looking
panels on Mac and PC.

Note, not all controls actually follow these settings, I have been changing some buttons to specific font and font
size and those are not affected by these settings.

If there are any issues with the behavior, please, let me know and I’ll see if I can make it more logical.

M8.0.N Irena Main Config Panel 0.0.0 Irena Main Config Panel
Irena package default fonts and names configuration  Irena package default fonts and names configuration
Panel and controls font type & size (preference) Panel and controls font type & size (preference)
Panel Controls Font | Geneva _$] / A—r T — Panel Controls Font!Monaco ﬂ (W
Panel Controls Font Size ‘_g__ﬂ_ ‘ Panel Controls Font Size @
Graph text elements Graph text elements
Legend Size (16 1+ [ Legend use Folder Names? Legend Size(16 '+) [ Legend use Folder Names?

Tag Sizel12 /4]

Tag size | 12 ‘?] |

] Legend use Wave Names? ) Legend use Wave Names?

Label Size (16 el Label Size!1l6 [
Font type | Arial 1+ Font type Arial ‘+] / 2
( oK ) b 0K

Note the difference in Configure GUI and Graph defaults panels when different fonts are used. Left is using
Geneva font size 9, right is using Monaco size 12, both on Mac platform. You can mess up the panels really
well by wrong choices!

Defaults button returns the panel font choices to platform specific default state (Mac: Geneva size 9 and PC
Tahoma size 12). Note, that there is no guarantee that these were your choices before. But these should be
reasonable choices for most setups.

Graph controls

I am slowly adding in various parts of the whole package calls to these commonly stored values. This allows
user to configure fonts for various screen sizes. This seems necessary to allow use of Mac/Win platforms with
vastly different screen sizes and resolutions.

Not all packages follow these controls yet, if you see issues in package of your choice, let me know and I will
try to address them ASAP. Time is limited resource.

13
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0.3 Data selection

Data selection part of the panels is served by common package (mostly) and has more or less similar behavior —
with modifications appropriate for each package. The purpose of these controls is to provide as much help to
user to select appropriate data as possible. This is not easy task... Sometimes even it is not clear what the right
help is.

There are few checkboxes for data types, up to 4 popups with Data Folder, Wave with X, Y and error data. If

Model input is appropriate, Qmin, Qmax, number of points and log/lin binning inputs are displayed.

How the control works:

Type of data:

Indra 2 data data from Indra package (DSM_Int, etc.). Assumes data are in root:USAXS folder (or any
subfolder) only.

QRS data  data with q name, r name (intensity) and optionally s name (error). Alternatively, to help users
using NIST SANS data analysis package the option recognizes also "qis" system ("name q",
"name i", "name s") and presents the data with this naming system as well.

Model No data, tool will create q data using user input and intensity/error data will be set to 0. Then
passed intot he tool so one can model with no measured data present. Available ONLY when
appropriate

Irena results should know results from Irena package (all different types). When appropriate will be available.
Note, that in any folder may be number of different results available.

User type  currently not used, but allows definition of any other naming structure to be used in the future.
Note this can be named differently at any time and can provide access to any doublet or triplet of
wave types, if it can be defined.

No type of data selected In this case the tool will present choice of all folder in the experiment and for data

waves all of the wave in the particular folder. This method will work always, but may be quite challenging to

use.

Basic control logic

When particular type of data is selected, the tool should go and find all of the folders containing at least one of

the type of data.

Indra 2 data at least one of M. DSM Int (M_DSM_Qvec, M_DSM _Error), DSM_Int, M_SMR _Int,
SMR _Int triplets.

QRS data triplet of waves starting with q, r, s with the rest of name the same. Note, this is
the most cpu challenging data type, so it will take the longest.

Irena results any of the results from Irena package. If any is missing, let me know, please...
Model no input data, input data will be created.

User not used at this time. Can be used in the future for any data types, which can be
defined.

Nothing all folders, all waves available

These folders are presented in the “Data folder” for user selection. When user selects the folder, rest of Wave
popups will be populated by first valid set, which is in the order prescribed by internal logic.

If other data set is needed, select different data in the “Wave with X axis data” popup. This will attempt to fill
the next ones with appropriate data. This may not be unique, so the first match will be filled in.

Then if still necessary, fill in the other two popups.

Note, that it is possible, that depending on tool you can select only two data waves (X and Y), some tools may
require also error wave.

Folder/Wave name masking :

14
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Starting with frena 2.53 1 have enabled use of "weird" characters in names - () {}%#"$?|&@ can now be used as
part of the name... This modified option to mask Folder name and/or Wave name with string to make smaller
selection in the popups. There are two new fields now — and yes, it is possible the new string fields get hidden
below controls for Folder and Q wave selection. There is not enough space, select “---* in that popup to get to
these new controls.

Since version 2.53 these controls allow user to only string to match the names to select folder/waves to be
displayed. Prior version enabled use of Regex, but since now control characters for Regex are part of the name
and hence possibly part of the match string, it is now impossible to use Regex and one has to use simple string.
DO NOT add * if you want to match part of the name, simply using string "test" will match any name which
has anywhere in it test as string.

Little useful trick: Regular expression which means “not matching string xyz” is ~((?!xyz).)*$ - yes, itis
weird, but works. Replace xyz by string of characters contained in data which you do not want to have
displayed and they will disappear from the list.

Here is how to use it:

Plotting tool input panel

: @] Indra 2 data [ Irena results
Data input (] QRS (QIS) () CanSAS

Data folder: | === &4 Fldr:

Wave with X axis data | ==-- I'® Wys:

“r

Wave with Y axis data | ==- |

-

Wave with Error data | ==- |'%

i: Add data ) Remove data /‘( (Re)Graph )/\ Kill Graph. Reset :}

s
\

This is how the default sate looks — empty field for “Fldr” and “Wvs”. If there is empty string, all folders and
waves of that specific type will be presented.

See here, we have 4 samples measured and we have now 4 folders available.

®NN General Plotting tool

Plotting tool input panel %

: @ Indra 2 data () Irena results
Data input [J QRS (QIS) (] CanSAS

Data folder: i o

Wavewiny  FOOt:USAXS:'11_04_Martuci':'S10_M1 - TiO2 coating":
root:USAXS:'11_04_Martuci:'S15_M2 - TiO2 Aunp":

Wavewith ¥ r50t:USAXS:'11_04_Martuci':'S20_M3 - TiO2 Ptnp":

towrany: root:USAXS:'11_04 Martuci:'S25_M4 - TiO2 PtAunp"

—
( Add data )( Remove data )( (Re)Graph )( Kill Graph. Reset )r

Here is setting when I want to match Aunp string to be in each of the names:
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MO0 General Plotting tool

Plotting tool input panel

@ Jan Ilavsky

: M Indra 2 data
Data INPUt 7 s (ars)

Data folder: | -== | 3~]
Wave with X axis data | === | 3*}
Wave with Y axis data | === ¥ ]

-
——— iy

Wave with Error data

() Irena results
() cansAs

Fldr:  Aunp

Wys:

( Add data )( Remove data )(

(Re)Graph )( Kill Graph, Reset )

and here is what is presented as result of the above choice:

MON General Plotting tool

: @ Indra 2 data
Data input J QRS (QIS)

Data folder:

Wave with Y

Wave with Error data | =—- %

Plotting tool input panel T —
(] Irena results ’—‘—
(J CanSAS

wave withy  FOOUUSAXS:'11_04_Martuci":'S15_M2 - TiO2 Aunp”.
root:USAXS:'11_04_Martuci':'S25_M4 - TiO2 PtAunp":

r

( Adddata  )(" Removedam )(  (Re)Graph (" Kill Graph. Resct

\_/

Little help:

Typical use is to show only data with specific match string, to display only selections, which contain "abed" in

the name just put the abcd letters in the field. No * are necessary.
Match strings are tool-specific, so each tool has its own specific set of match strings.

0.4 Using Irena on small displays

Irena generates a lot of windows, panels, graphs, notebooks... It really need large display, 1024x768 is
realistically small but generally all panels are scaled to this size. But for whatever reason users insist on using
tiny screens. So here is the first warnign:

DO NOT DO IT. GET LARGE ENOUGH DISPLAY. THEY ARE CHEAP NOW...

But this warning simply never works. So finally I was able to solve moving the content (not all, but most)

up/down on panels:

(600 General Plotting tool Note the two arrows at the top right corner of some panels,
Plotting tool input panel :e like here on plotting tool panel.
Data input & oo () o P | These are "arrows" which move the content of the panel
Data fidr; (=== :] Fide: up/down, so if your screen is simply too small vertically
Wave withX [ ——- Wy (usual problem), you can move the controls in the screen
Wave withY | —-- itself.
Ervor Wave | —— So here is the same area, but content was now moved bit

higher, so one can reach to the bottom controls:
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e OC General Plotting tool
Data fidr:| =—- & Fldr: al
Wave withX | —- Wv: v
Wave with Y soge
Error Wave | --
Scripting tool
Add data Remove data (Re)Graph (2D) Kill Graph, Reset
Create Movie Gizmo (3D) (Re)Graph (3D,Wf) Contour plot

Igor Pro enables use of external C-code to speed up some high cpu intensive operations. Currently various
optional xop program are available:

1. Two by Andrew Nelson http://motofit.sourceforge.net/wiki/index.php/Main_Page — one for calculation
of reflectivity (abeles.xop) and one for genetic optimization (GenOpt.xop). Both are compulsory (for
functionality of Reflectivity and Genetic optimization) and need to be placed in “Igor extensions” folder.
Both speed up the calculations by factor of up to 40 compared to now removed Igor code. They need to
be kept updated, so please, update with every new Irena update as they do not have version numbers.

2. XML loader (also by Andrew Nelson) necessary to load XML (CanSAS) file formats. You can
download this general use XML xop from : http://www.igorexchange.com/project/XMLutils

3. Version 2.53 added first form factor (Parallelepiped) which is available ONLY xop library maintained
by NIST reactor. Version 2.54 and higher can take advantage of speed improvements for some other
form factor also (cylinder, spheroid). To use download and install latest version of the NIST SANS
analysis package: http://www.ncnr.nist.gov/programs/sans/data/red_anal.html.

0.6 Genetic optimization

Genetic optimization method is form of fitting from SAS data. It has been developed for optimization of
reflectivity data but is very useful for cases where least square fitting may not find global minimum. It has been
programmed for Igor by Andrew Nelson, who is also author of internal code for reflectivity tool.

Note that this code uses some version of Monte Carlo method. Therefore limits are _very important. When
Genetic optimization method is used user will be presented with dialog to check the limits. For this method is
really important that the calculations do not fail for any combination of parameters and that the range of probed
parameters is sensible.
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1. Loading data — ASCIl & XML (CanSAS)

Users of Indra 2 or Nika produced data can skip this chapter.

I have included ASCII set of data from our USAXS experiment as example on which user can play and test

capabilities.
Comments:
g e 00D Import data
. :il
Import Data in Igor =
Select deta pth_
Data path : »
List of available files Data extension:
| | Skip lines?
[ Test | _ Preview |
Qvec Int Em QEmr
Column 1
Column 2
Column 3
Column 4
Column 5
Column 6
Found columns
@ Qvec units [AA-1]
|| Qvec units [nmA-1]

[} Create SQRT Errors?
| | Create n% Errors?

Match name (string):
Select All Deselect All

[g Use File Nms As Fldr Nms?

| | Use USAXS names?

@I Use QRS wave names?

[_| Remove Int<=0?

[} Include Extension in fidr nm?
| | Scale Imported data?
[} Use QIS (NIST) wv nms?
[ ] Auto overwrite?
(| Trim data?
| Reduce points?
|| Truncate start of long names? @ Truncate end of long names?
Remove Str From Name=
() Calibration Arbitrary

() Calibration cm2/cm3 () Calibration cm2/g

New data folder: | root:SAS:ImportedData:<fileName>:
Q wave names Q_<ﬁIeNar§;e>
Intensity names | R_<fhleName>
§ Import
Error wv names | S_<fleName>

Cannot be edited in this window, use button Select data path.
lists all files in the current folder on the computer, unless masked by Data

“List of available files”

When loading data for use with Irena macros, the
user needs to decide ahead on naming system,
which will be used. Unless you have USAXS data,
do not use USAXS option, this IS NOT correct
choice for users from other instruments. Use “qrs”
naming convention, where the wave with q vector
starts with q andTheDataName, intensity wave is
named r_andTheDataName, and error wave
s_andTheDataName. This allows placing multiple

data sets in one Igor folder, which I strongly

discourage. Note, that when Irena macros save
results within Igor experiment, they ASSUME,
that they can write simply solution into folder
where the SAS data came from. Irena macros
WILL NOT overwrite old results, but it may be
impossible to figure out, which data the particular
result belongs to.... To make best use of these
macros, please use folder structure with folder
names being the sample name.

YOU WERE
WARNED!!!!

1.1 Description

In “Data import & export” from “SAS” menu
select either “Import ASCII data” or “Import
XML data”. Following screens appears:

1. ASCII

Explanation of control available here:

“Select data path” browse to the folder on the
computer drive where the data to be imported
reside.
“Data path”

this shows the path selected above.

extension. One or more files here can be selected for import. Use shift - click to select multiple files (on
Windows) or cmd — click on Macs (to pick one file at time), shift-click to pick range of files. Double click on

file runs "Test" and "Preview" commands on that file.

"Match name" enables to use string to select subset of files.
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“Data extension” if extension is put in this filed (e.g., “dat”) only files with the “dat” extension will be
shown in the List of available files.

“Skip lines” if there are known number of lines, which need to be skipped. Note, Igor will automatically read
file structure and skip usually any text header, which needs to be skipped. Therefore this “skip lines” should not
be usually necessary.

“Test” Test import of first selected file. Not really necessary, but very useful. Sets checkboxes for
Column 1 to 6, how many columns were found in the file, etc.

Red text indicating too many data points - lot of data from SAXS instruments contains very high number of data
points which are really useless for SAXS data analysis. Actually, they are bad, as they force code to fit too
many noisy points. This warning comes when too many points are found. See below the controls for reduction
of data points.

“Preview” Opens the first selected file in Igor notebook for preview. Kill notebook after use, it is not
needed for anything else...

“column 1 — 6" and Qvec Int err” This is checkbox area, in which user needs to select which column of data
contains which SAS data. Assumption is, that SAS data are in the first 6 columns in the ASCII file. These
checkboxes appear when “Found columns” number gets set. User can set it or it gets set during “test”.

”Select all” or “Deselect all” modifies which files are selected in “List of available files”.

“Ovec units” select proper checkbox. Units will be converted to A™ if nm™ data are imported. Irena uses A™.

“Create errors” if the data imported do not contain error bars, this will generate sqrt(Intensity) error bars.
These can be further modified (multiplied) in Data manipulation tool.
“Scale imported data?” if the data need to be scaled by some calibration factor... New input variable

appears, if necessary.

“Use file name as folder name” Strongly suggested to use. Will cause the import tool to create for each
imported data set new folder with name by the file name.

“Use USAXS names”, ”Use qrs wave names”, "Use QIS (NIST) wv nms" selects which naming structure is
used during import of data. One of these selections is more or less necessary for multiple file import.

"Remove Int<=0" removes any negative (or equal 0) intensities during import.

"Auto overwrite" Overwrites existing folders in same named data are imported second time.

"Trim data" opens two new input variables and enables to trim Q range of data being imported. 0 means no
trimming in that "direction". Otherwise, input Qmin or Qmax as needed.

"Reduce data points" reduces number of points by averaging on log-scale. Suggested for data with large number
of points at high Q (if more than 250 points is found, warning appears below "test" and "Preview" buttons. Note,
this step creates new Q resolution wave - even though currently Irena is not using Q resolution data for anything.
"Truncate start/end of long names" - allows users to choose how to truncate long names (current limit is 26
characters which user can use). Important if the "important" part of the name is at the end...

"Remove Str From Name =" - allows users to remove part of the sample name to get the useful information into
the limit of 26 characters which user can use. Important if the "important" part of the name is at the end...

Note: from version 2.51 I have added another row of checkboxes to include in the wave note of the Intensity
Units. In the future this will be used by other Irena code:

"Calibration Arbitrary" "Calibration cm2/cm3" "Calibration cm2/g" - Irena always assumed standard cm2/cm3
calibration of the intensity data and then provided results on absolute scale. By selecting correct calibration
method the tools (as of 2.53 Modeling II and Plotting tool I) will be aware of calibration string and provide
proper units to output data. Of course, even if data are on absolute scale if you do not provide correct contrasts
for analysis, results cannot be on absolute scale and Irena has no way of knowing it.

Single file import can be done by manually filling the following controls.
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“Select data folder” and “New data folder” Using pull-down menu in Select data folder user can select
existing data folder where to put the imported data. Using New data folder user can create folder in Igor for the
data. Note, that “<filename>" will be replaced with the file name of the imported data file during import. This
allows for creating data structure which uses folders during multiple file import.

“Intensity wv name”, “Q wave name”, and “Error wave name” — these can be filled with the names for data
waves. Note, that “<filename>" will be replaced with the file name of the imported data file during import.

“Import” imports the selected data.

NOTE: If the data contain header of data (typically number of lines with special character, such as #, $, ... at the
start of the line and some spaces before useful information, Irena ASCII importer will attach these notes into the
wave note. It will, however, first remove all special characters and spaces from the beginning of each line. The
code will search each line for first character, which is letter or number and then accept the rest of the line. It will
remove any line-feed and/or carriage returns at the end of each line. It will separate lines in the wave note by

using ";" character.

Some of the controls (checkboxes) do change some of the setting in other controls. Generally the proper order,
how to select and modify control is from top to bottom.

2. XML data file:

NOTE: XML data tool requires xop for XML data file interface. See chapter 0.4 above for the link to this file.
Similar controls, except CanSAS XML file does not need some of the controls. Therefore, the GUI can be
easier. On the other hand there may be more data columns (meaningful) in this data file and while Irena does
not use any of these, they can be loaded to be useful for user code or other tools, which may be able to use them

—— impoct XML data (like NIST macros).

Import XML Data in Igor

Y — T
{ Select data path )

Data path :

Data extension: .XML
List of available files

( sclectAll ) ( DesclectAll ) (" Preview )
Ne——

] Use File Nms As Fldr Nms?
(7] Use Indra 2 data names? ] Use QIS data names?
@ Use QRS data names?

Select data folder | --- /% )

New data folder: root:SAS:ImportedData:<DataName>:
Q wave names Q_<dataName> ™ Convert Q to 1/A?

Intensity names R_<dataName> (] Convert Q to 1/nm?

Error wv names S_<dataName>

Q Error wv names W_<dataName>

e [] Overwrite existing data?

Q mean wv names  ---

Impont

Shadow wv names  --- [
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1.2 Importing test file:

Using Select data path button select folder on the computer, where Irena data are installed, for example:
Select path to data to be imported & x|

Path to folder: |C:\Plogram Files\w aveMetricslgor Pro Folder\User Procedureshlrena 1

Cancel I oK |

and in Data extension input “dat”. The following should be the panel:

-

800 Import data

Import Data in Igor

| Select data path |

Data path : | Prg:Users:ilavsky:lgor Pro Folder:User Procedures:irena:Example Data:

List of available files Data extension: | dat
Colloid_conc.dat (] sip lines?
Colloid_dilute.dat —
| Test ] | Preview |

PDDF_testData_GnomPr.dat

PDDF_testData_SAS.dat Found 112 data points

smeared data.dat
Qvec In Err g
Spheres330ADia_modelData.dat & = i &
J J

Test data.dat Column 1
Column 2 )]

Column 3 )]
Column 4
Column 5
Column 6
Found columns : 3

™ Quec units [AA-1]

(") Qvec units [nmA-1]

|_| Create SQRT Errors?

|_| Create n% Errors?

)

) |

8lale)
@)

Match name (RegEx):

[ Select Al | | Deselect All |
@ Use File Nms As Fidr Nms? [ Include Extension in fidr nm?
| "] Use Indra 2 wave names? [ Scale Imported data?
@ Use QRS wave names? || Use QIS (NIST) wv nms?
["] Remove Int<0? ["] Auto overwrite?
I:\ Trim data?

[} Reduce points?

Select data folder | === % |

New data folder: | root:SAS:ImportedData: <hleName>:

Q wave names | Q_<fileName>

Intensity names | R_<fileName>

Error wv names | S_<fileName>
Import
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Select the “Test data.dat” file and double click - or push Test and Preview buttons.

@ Jan Ilavsky

Import Data in Igor

| Select data path [

Data path : Prg:Users::la;sky:lgor Pro Folder:User Procedures:irena:Example Data:

List of available files Data extension: | dat

Colloid_conc.dat () s«ip lines?
Colloid_dilute.dat — -
PDDF_testData_GnomPr.dat ‘ st J | Syl ‘
PDDF_testData_SAS.dat
smeared data.dat
Spheres330ADia_modelData.dat
Test data.dat

(FE——
| Found 112 data points |

Qvec Int

Column1 () () [J
Coumm2 (O O O
Column3 [ () [J
Column 4
Column 5
Column 6
Found columns : 3

™ Quec units [AA-1]

[_] Quec units [nmA-1]

|_| Create SQRT Errors?

|_| Create n% Errors?

Match name (RegEx):

| Select All | | Deselect All

M Use File Nms As Fidr Nms?
i:i Use Indra 2 wave names?
@I Use QRS wave names?

|_| Remove Int<0?

\:_1 Include Extension in fidr nm?
[ Scale Imported data?

(] Use QIS (NIST) wv nms?
\:J Auto overwrite?

() Trim data?

‘:1 Reduce points?

.

Select data folder| ——— |

e 0 0

FilePreview:Test data.dat

—3

||

New data folder:  root:SAS:ImportedData:<hleName>:

Q wave names | Q_<fleName>

Intensity names | R_<fileName>

Error wv names | S_<fileName>

‘ Import

Igor found 3 columns of data so 3 rows of checkboxes appeared. The Preview has created notebook on right,

Err QErmr

A

DATAFILE=0625a_setup.dat
EPOCH=993497401
SCAN_N=6
SECONDS=3076329215
DATE=Mon, Jun 25, 2001
COMMENT=41203 1 & 0.05um

SpecCommand=uascan ar 11.4274 11.4209 1.4211 0.0002 3736001251.21505

SpecComment=A1203 1 & 0.05um
SpecScan=spect

USAXSDataFolder =root:USAXS:alumina:"S6_A1203 1 & 0.0Sum’
RawFolder=root:raw:alumina:specé:
UserSampleName="S6_A1203 1 & 0.05um’
‘Wname=DSM_Int

‘Wavelength=1.2418

SlitLength=0.03865

NumberOfSteps=150

SDDistance=360

PeakFitFunction=Gauss
BeamCenter=11.416
Maximumlntensity=5.6388e-10
FwHM=5.0105
BeamCenterError=2.0406e-06
MaximumlntensityError=2.9252e-12
FWHM_Error=0.018591

Thickness=1

BlankComment=Air Blank

Units=cm-1
BlankFolder=root:USAXS:alumina:'S4_Air Blank’
Kfactor=3.0412e-17
Transmission=0.62021
TransmissionError=0.0045185
KFactorError=1.8525e-19
Desmeared=Yes

DSM_steps=30
DSM_QExtrapStart=0.042069
DSM_ExtrapFunction=Porod

0.000246464811843827 63267627.8563293 1610650
0.000281751591716367 39447580.5624809 2275133
0.000308279839112345 29069918.637588 1987961
0.000343566618978601 19941442.0871334 1366083
0.000370094866369359 16639185.2568312 914597.3
0.000396538597099203 13166387.7063154 790019.3
0.000440752642740095 9265523.858726412 849887.1
0.0004671966734623  9452270.94898356 8§47565.4
0.00049372492083965 7104020.51147702 691669.4
0.000537854449802619 6128320.94411533  476240.7
0.0005643582697170527 4903214.4319001 318799.4
0.000590826727876265 4140591.94835459 2494129

Dag |

where user can preview the file and check, which columns contain which data. Note, that Igor skipped the block
of text in the beginning of the data file automatically.
Check cheboxes according to following screen and noticed, that Create errors checkbox becomes unavailable
when any checkbox in the Err column is selected. Notice, that when checkboxes Use file nms as Fldr Nms and

Use QRS wave names are checked, the names for folder and data wave names are filled in with default.
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Import Data in Igor

[ Select data path |

Data path : | Prg:Users:ilavsky:lgor Pro Folder:User Procedures:irena:Example Data:

List of available files Data extension: | dat

Colloid_conc.dat {:J Skip lines?
Colloid_dilute.dat ( Test ] Previ
PDDF_testData_GnomPr.dat bl - =

PDDF_testData_SAS.dat Found 112 data goims

smeared data.dat
Spheres330ADia_modelData.dat Quec Int Em QEm

Test data.dat Column 1 @ 0O O o
Coumnz (1 ™ [ [
Coumn3 [ [ ™ [
Column 4
Column 5
Column 6

Found columns : 3

™ Quec units [AA-1]
(] Quec units [nmA-1]

Match name (RegEx):

| Select Al | | Deselectan |
@ Use File Nms As Fidr Nms? l:) Include Extension in fidr nm?
(") Use Indra 2 wave names? ("] Scale Imported data?
(M Use QRS wave names? || Use QIS (NIST) wv nms?
(") Remove Int<0? (") Auto overwrite?
() Trim data?

(") Reduce points?

a

Select data folder| === % |

New data folder: [ root:SAS:ImportedData: <hleName>:

Q wave names [ Q_<fleName>

Intensity names | R_<fileName>

Error wv names | S_<fleName> ]
- Import

Now push Import and the data are imported. Kill the Import data panel and see in Data browser:

File Edit Data Analysis Macros Windows Misc Help SAS2D SAS

=lolx|

Current Data Folder:
L3 |r00t :Packages:ScatteringContrast:

Display =
 wWves Irool —I
IV Varisbles | [ root

V' Strings G

¥ Info [j] e # Packages

¥ P &.-[3 5AS

New Fold | = ImportedData

S =23 Test data
saeCo | | 000 Q_Test data
Browse Expt...| »»»»»» R_Test data
Help | - S_Test data
Delete |

Preferences... |

@ Jan Ilavsky
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Here is bit more complicated example:

@00 Import data

: 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Import Data in Igor 0.001006 0.000000 0.000000 0.000000 0.000000 0.000000

0.002011 0.000000 0.000000 0.000000 0.000000 0.000000
0.003017 0.000000 0.000000 0.000000 0.000000 0.000000

\ Select datapath | 0.004022 0.000000 0.000000 0.000000 0.000000 0.000000
0.005027 0.000000 0.000000 0.000000 0.000000 0.000000
D P lsarafhnvok-DeaktoysFa partice mvmlition Kaie: 0.006033 291.897640 92.96212567033598.099651  10.00000052706.200000
L : : S 0.007039 205.738159 40.970657122842923.768430 26.00000037145.884615
List of available files et | 0.008044 149.573236 21.954054168310773.454113 49.00000027007.510204
0.009050 111.136154 12.883754201625010.707924 79.00000020067.151599
Bkg.dat () Skip lines? 0.010055 79.6426028.558562 166436578.691618 91.00000014350.549451
Glassy Carban.dat == = : 0.011061 57.7554486.556630 107433548.940985 &1.00000010428.518519
S4_0001.dat ' Test ) | Preview ) 0.012066 44.1315345.059171 80064143.796162  79.0000007968.531646
SR (557 dars pokes; consider setostion | 0.013072 34.1828063.745474 67510000.069424  86.0000006172.151163
e 0.014077 26.6429262.845628 55066360.940389  90.0000004810.722222

Qvec Int Err QErr | D.015083 21.0057141.905336 59816512.442472  124.000000 3792.846774

Baiitid dat & O C _ 0.016088 17.2525071.453663 56656559.944153  143.000000 3115.153546
54_0005.dat Coumni1 ™ L) [ [J 0.017094 14.5665761.192497 50512211.278209  151.000000 2630.172185
S4_0006.dat Coumn2z [ ™ O O 0.018099 12.4997020.977949 47363690.438313  165.000000 2256.969697
S4_0007.dat Coumn3 (1 [ & (O 0.019104 11.0440310.778281 51485580.275911  203.000000 1994.128079
S4_0008.dat Coumnd O O O O 0.020110 9.783179 0.640288 52797068.215684 235.000000 1766.463830
T cagh casc iact 0.021116 8.799887 0.530984 55776096.699148 276.000000 1588.916667
s Columns5 LI L) L1 LJ 0.022121 7.971981 0.466637 53640871.542237  293.000000 1439.426621
i Coummé (0 O 0O O 0.023126 7.310359 0.400071 56240016.574432  335.000000 1319.961194
54_0011.dat I = 0.024132 6.774858 0.357074 56165467.197655  361.000000 1223.268698
54_0012.dat e s 0.025138 6.333694 0.322390 S56289839.307140 387.000000 1143.609819
$4_0013.dat ™ Quec units [AA-1] 0.026143 5.956760 0.289966 57864528.125349  423.000000 1075.548463
S4_0014.dat () Quec units [nmA-1] 0.027149 5.627754 0.268919 56736375.321210 439.000000 1016.141230
e 0.028154 5.353384 0.246146 58273177.926619  474.000000 966.599156

Match name (RegEx): 0.029160 5.101905 0.228609 S58464858.463523  499.000000 921.190381
‘ e | p—————rr— 0.030165 4.899160 0.218002 56929075.243451  506.000000 884.581028
0.031171 4.714455 0.199577 60520886.060423 559.000000 851.228980

@ Use File Nms As Fidr Nms? o A S B 0.032176 4.557709 0.190377 60078682.687153 574.000000 822.925087
e I e 0 Scale frportad dta? 0.033182 4.419330 0.186424 57138230.262409 563.000000 797.937833
& = = ’ 0.034187 4.307580 0.173568 61035207.928807 617.000000 777.758509
o use QRS wave names? [ Use QIS (NIST) wv nms? 0.035193 4.197552 0.165185 62368074.193926  647.000000 757.5390263
 Remove Int<0? () Auto overwrite? 0.036198 4.102186 0.159944 62081569.383383  659.000000 740.669196
 Trim data? Qmin=[0006 | OQmax=|085 0.037204 4.020789 0.154798 62419443.769083  676.000000 725.970414
— .| D.038209 3.936889 0.152683 60212872.654100 666.000000 710.819820

™ Reduce points?  Num points= | 200 Red. pnts. Param= | 5 0.039215 3.376532 0.146756 62227516.197565  699.000000 699.919886
Dl i 0.040220 3.815211 0.149090 57475712.275678 656.000000 688.846037
T 0.041226 3.767778 0.146227 57539873.577180 665.000000 680.279699

New data folder: | root:SASImportedData: <hleName>: 7| 0042231 3.723357 0.140057 60538247.902744  708.000000 672.257062
e - 0.043237 3.679353 0.139780 58639852.519710 694.000000 664.309798

Qwave names | Q_<fileName> 0.044242 3.637541 0.138499 57722867.859478  691.000000 656.758321
Intensity names | R_<hieName> 0.045248 3.610958 0.135446 59042457.804539  712.000000 651.956461
: = | D.046253 3.562277 0.135553 S56610338.072762  692.000000 643.164740
Error wv names | S_<fileName> ’ S | 0.047259 3.538106 0.131604 58826280.543231 724.000000 638.798343

0.048264 3.512907 0.130036 S58972018.7924258 731.000000 634.246238

adanaca raaaczEs AAAAAT MAs AAAAAA A TA ARTA A

WV iiryce

Note: I have selected may be 136 data sets here, I have decided to trim data (note in the notebook that there are

no data bellow Q of 0.006) I have also reduced number of points to 200 from 861, limited high q range (no data
found above Q of 0.85) and removed negative intensities. This load creates much more easy to handle data with
q scale logarithmic and not linear with less noise at high q, which is much easier to plot and analyze.
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2. Data manipulation tools

@ Jan Ilavsky

2.1 Data manipulation | — one or two data sets
This tool allows the user to modify data in many ways. It can work on one or two data sets at the same time.

The data sets may or may not contain errors.

The tool allows the following data manipulations:

1. Modify data — multiply the intensity and errors by constant, subtract background, and shift in Q
2. Merge data sets - attach data sets together as when attaching sectors from different camera lengths
on pinhole cameras. The data can be scaled together manually or automatically by using area under

the curves in range selected by cursors
Sum together data

Subtract data set one from another
Re-bin intensity and errors to new Q

SNk w

® 00

Data Manipulation

Data manipulation input panel

Firstdataset | | USAXS (] QRS (QIS) (] Irena resuits [ | Model
Dataﬂdr:\:-- -

Wave with X | ——- * | Fldr:

Wave withY | ——- 2] W

Error Wave | ——- ]

Second data set | | USAXS

Da!aﬂdr:\:-- ol

|| QRS (QIS) | | Irena resuits | | Model

Wave with X

= 5]

Wave with Y

Error Wave | ——-— s ]

Add Data and Graph

Modify data 1
Multiply Int by | 1
Sbtrctbckg |0

Q shift

Reset AutoScale

Modify Data 2
Multiply Int by | 1
Sbtrctbckg | O
Q shift

IR

-

Error multiplier | 1 v

Rem Csr(A) Rem Q>Csr(B)

Error multiplier | 1 v

Rem Q<Csr{A)

Datal + Data2
Datal using Q2

Datal / Data2
(Datal-Data2)/Data2
Data 2

Log Reduce to 100

Ig Data 1 convert to 2-theta

Combine data

Datal - Data2

Data2 - Datal Data 1

Reduce No pnts by 1 v
_| Data 1 convert to d

Smooth (log) Smooth (lin) Smoothing window? | 3 v
Smooth Spline (7
Pick new data folder | ——— + Int. Units | Arbitrary
New data folder:
New Q wave nm GO

New Intensity nm

New Error name SAVE

MergeData

ar

qip

Convert data to D-spacing or Two-theta angle, Intensity, error.

7. Smooth data in linear or logarithmic
scales or using spline smoothing with variable
smoothing constant.

2.1.1 Panel description

In the top part user can select First set data input
and Second set data input. The behavior of these
controls is always the same in all Irena macros
system.

Select data naming convention used — Indra 2
(Folder names for sample names and then
DSM_Int, DSM_Qvec, and DSM_Error), “qrs”
(suggested use of folder names for sample names
[but not necessary], q_sampleName for q vector,
r_sampleName for intensity and s_sampleName for
error. Or do not check any checkbox and all folders
and waves will be listed (allows for ANY naming
convention to be used).

The pick Data folder. Subset of folder will be listed
in specific naming conventions.

Waves with data may or may not be automatically
selected, depending on naming convention.

You do not have to select error wave, but it is
strongly suggested to create one during data import,
if better error wave does not exist!!!

Add data and graph after selecting one or two
data sets (use data set 1 as single set, please) click
this button — data are recorded for use by the tool
and graph is created.

Reset Modify resets the tool
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Autoscale When two data sets are used and range of data (overlapping data) is selected using cursors, this
will calculate area under both curves and use the ratio of these areas to scale data set 2 to data set 1. Will write
the result into the Modify data 2, Multiply int by. There it can be later modified by user.

Modify data areas. Scaling factors, background subtraction, etc.

Rem Q<Csr(A) remove data with Qs smaller than Q for the data point on which is cursor A (rounded
cursor) set. Note, this gets the data set name from the wave on which the cursor is positioned. Place cursor on
right data set you want to modify.

Rem Csr(4) removes ONE point, on which the cursor resides at this moment.

Rem O>Csr(B) removes points with Qs larger than Q of the point with cursor B (squared) for the data set
on which the cursor B is. Note, this may not be the same data set as where the cursor A is!

Combine data joins data by simply writing two data sets into one data set and arranging them from smallest Q
to largest Q. No rebinning for Qs is done. Therefore it is likely in overlap region may be more points than
appropriate. Suggestions for use are below in the section titled "Various uses for this tool.".

Datal — Data?2 ; Data? — Datal ; Datal + Data?2 ; Datal / Data2; (Datal — Data2)/Data2 These do the
math described here on the intensity data (and properly propagate the errors). This is done after rebinning data 2
to Q points of Data 1. This is done by interpolation of logarithm of intensity and then conversion back to
intensity.

Data 1 using Qvec2 Does ONLY rebinning of Data set 1 to Q vector of data set 2 (and propagates errors, if
available).

Data 1 ; Data 2 Passes data 1 or 2 only to allow use of smoothing on data without any math being done.

“Reduce No of points by”  Takes Data 1 and reduces number of points by number selected (2 = 2 points
left).

“Log Reduce to” Takes Data 1 and reduces number of points using approximately logarithmic reduction.
Generally, at low-q more points are left while at high q more points are summed. Note, this reduction is by
averaging points on log-scale and assigning them new, average, q, intensity, and error (all simple averages).
This is done by first creating new log-Q scaling and then going through data and summing in each newly
created q bin (borders being linear half distance between preceding and subsequent points) all of the Q, intensity
and errors (if exist)... Bins with no values in them are then dropped... This has side effects: you cannot create
more points then exists, you cannot increase point density (no interpolation is done) and the new Q scale may
not be exactly logarithmic. Also, you are not guarantee to have the right number of points you requested, as
some may have been dropped, if locally the density of new points was higher than density of old points...

This tool can be very useful, when large number of points exists at high Q with very little information
content. Especially when input data have very high number of points, some of the tools will run very slow or
not run at all for memory limitations. This data reduction may be the right choice...

“Data I convert tod” Takes Data 1 and creates d-spacing x-axis for the data.

“Data I convert to 2-theta” Takes Data 1 and creates two-theta x-axis for the data. Asks for user provided
wavelength.
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Results of above mathematical functions can be also smoothed by checking Smooth checkboxes and selecting
appropriate Smoothing window.

Smooth (log) smooth logarithm of intensity and then converts back to intensity

Smooth (lin) smooth directly intensity

Smooth window number of points accounted in “running average” smoothing used here...

Smooth spline uses spline interpolation (with slider on right setting the spline smooth parameter). Use
carefully — and test right setting of the slider. You need to push “go” first time, after that (when smoothing
parameter is changed and mouse is let go) the data are redrawn automatically.

Output area

Int. Units this tool can be used to calibrate data (subtract background, scale by transmission or calibration
constant,...). Change the units of Intensity and rest of /rena will know, what units you have and behave
properly.

Pick new data folder pull down menu allows selection of existing folder in Igor experiment

New data folder modify, write in data folder name (fullname, staring from root:...., use the above pull
down to preselect). If the folder does not exist, it will be created

New intensity name, New Q wave name, New Error wave name  names for output waves. Please fill in
appropriately for your naming convention.

2.1.2 Various uses of this tool

1. Merging segments from various sources. Import segments and then load in as Data set 1 the set which is
calibrated, as set 2 next one and using automated method (select data overlap by cursors) scale them
together. Remove extra points, reduce number of points in overlap area (if necessary) and subtract
backgrounds, if necessary. The Combine data. Smooth if desired.

2. Subtraction of one data set from another. Load the data sets in, scale and modify if necessary. Do the
proper math. Smooth if necessary.

3. Smoothing data. Select only data set 1 data, pas it through math part (modify, if necessary) and select
smoothing method desired.

Please, make sure you fill in properly the names of waves for output data. There is nothing I can do here to
catch typos and mistakes. ..
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2.2 Data manipulation Il - many data sets

@ Jan Ilavsky

This tool serves for modification of many data sets at once. In can average waves (all selected or every N
waves), Normalize data, Subtract dataset from all selected waves, and - possibly combined with the other tools
also scale the data. But this tool can be modified to do other things. If you have any ideas, let me know.

e 00 Data manipulation Il

Data manipulation II panel

Test folder g;:(g,g;ta

Test data folder | root:SAS:ImportedData:S4_0003: * |
Fidr (RegEx) ‘

Which data:

Start Folder| root: + |

[ Irena results

Folder (RegEx) (" " for all): | S4

| Preview selection | |_| Enable Manual Folder Selection?

|_| Subtract Data?

| Normalize Data?

[_| Scale Data (last step)?
(

|_| Average Waves?

|| Average every N Waves?

X data (RegEx): | (7i)g_ | Read X
Y data (RegEx): | (7i)r_ { Read Y
Error data (RegEx): | (7i)s_ | Read Error

|_Graph Testdata | Wys (RegEx) | S4

IW_S4_0003

Items In the selected folder
| S4_0003
R_S4_0003
S_S4_0003

Selected Folders for processing:

root:SAS:ImportedData:S4_0001:
root:SAS:ImportedData:S4_0002:
root:SAS:ImportedData:S4_0009:
root:SAS:ImportedData:S4_0003:
root:SAS:ImportedData:S4_0004:
root:SAS:ImportedData:S4_0005:
root:SAS:ImportedData:S4_0006:
root:SAS:ImportedData:S4_0007:

Output Options:

(| Plot Result?
New Felder name:

Append to name: "_manll

|_| Plot Source data?

root:SAS:ImportedData:S4_0003_manli
Q_S4_0003_manll
'R_S4_0003_manll
S_S4_0003_manll

() Color scheme 17

New X data name:

New Y data name:

New Err data name:
[ log X axis? (") Color scheme 37

Legend font size| 08 + |

[ log Y axis? (") Color scheme 27

| Process data [ Save data

root:SAS:ImportedData:S4_0008:
root:SAS:ImportedData:S4_0010:
root:SAS:ImportedData:S4_0011:
root:SAS:ImportedData:S4_0012:
root:SAS:ImportedData:S4_0013:
root:SAS:ImportedData:S4_0014:
root:SAS:ImportedData:S4_0015:
root:SAS:ImportedData:S4_0016:
root:SAS:ImportedData:S4 Q017:

2.2.1 Introduction

This tool is combination of data selection method used in Data Mining tool, which enables user to select folders
with data. These data can be processed (averaged all or in "chunks" of N at a time for now), plotted and saved.
Further one can use this subtract one data set from all selected data sets.
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It is relatively simple tool at this moment... User selects by one of few methods number of data sets and these
then are processed.
Averaging — first data set found during processing X (Q for SAS data) values are used for result X vales. At
this time there is not way of reordering the data, so this is kind of random which X wave is picked. Then for all
data sets the Y is linearly interpolated for each X value and average and standard deviation (or standard error of
mean) are calculated. It is not necessary to have the same number of points — and it is even not necessary to
have same X (Q) range, but if the X range is different, Igor will extrapolate the closes existing values as fixed
number. That is likely going to make such situation really bad. But anyway, the code will not fail.

What is not done yet: As written now, the code simply dumps any errors provided and uses only the
standard deviation on the Y values. If I get smarter, I can try to propagate the errors also.

Average every N waves -same as average above, but averages first N waves, names the output folder by taking
the wave name of the first data set and saves the data there. The continues with next N waves etc. If the last set
has less than N data sets, it will average that smaller number. Saves automatically and uses name of the first
folder of data in the set, attaches the "Append to name" ending.

Subtract data — subtract one data set (may be background data?) from selected other data. Check “Subtract
data” checkbox and select what data type etc. in the usual data selection controls which appear. You do not need
error wave for this, but you can have it. In order to save the data new folders must be created and to make sure
the names are unique, there is “Append to name” field. Add string (may be “ sub” is good choice?) and then
select other controls (like plotting options) and process the data. No scaling is available at this time, you need to
scale the data to be subtracted first in Data manipulation 1, if needed...

Normalize data — normalize data sets to fixed value of area under the Intensity vs Q. Used mostly in BioSAXS
when normalization of data sets is critical and in specific Q range the assumption can be made that the intensity

should be same for all samples.

Scale data — this step can be combined with the others and enables scaling by fixed number, for example by
scaling factor to put on absolute scale.
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2.2.2 GUI and controls

r

Data manipulation II panel | Items In the selected folder
[ | Indra2data [ Irena resuits Q_S4_0003
Test folder & gzs (qis) R_S4_0003
Test data folder | root:SAS:ImportedData:S4_0003: * | 5_54.0003
— R er o e | W_S4_0003
Fldr (RegEx) | Graph Test data | Wys (RegEx) S4
Which data:
Start Folder| root: + |
Folder (RegEx) (" " for all): | S4
X data (RegEx): | (7i)a_ | [ ReadX |
Y data (RegEx): | (7i)r_ ' [ ReadY |
Error data (RegEx): E(?i)s_ llgaigﬂg:l
|  Preview selection | || Enable Manual Folder Selection?
em—— . Selected Folders for processing:
() Subtract Data? () Scale Data (last step)? SISO 00T
@ . root:SAS:ImportedData:S4_0002:
o esze ey root:SAS:ImportedData:S4_0009:
|_| Average Waves? root:SAS:ImportedData:S4_0003:
[_| Average every N Waves? root:SAS:ImportedData:S4_0004:
- 1 L r & root:SAS:ImportedData:S4_0005:
|_| Normalize to Data? I lue = <l
. i 'Zamnf’;]’e L — . ||rootsasimportedData:sa_0006:
Qmin = | 0 v} Qmax=|0 \d root:SAS:ImportedData:S4_0007:
= - . root:SAS:ImportedData:S4_0008:
r‘Output (2ptions.ﬂ Appe“:’ fEenes] norm root:SAS:ImportedData:S4_0010:
2 FROC Rasute ‘_7,1‘| it bt : root:SAS:ImportedData:S4_0011:
New Folder name: root:SAS:ImportedData:S4_0003_manli root:SAS:ImportedData:S4_0012:
New X data name: Q_S4_0003_manll | root:SAS:ImportedData:S4_0013:
New Y data name: | R_S4_0003__manll 5 ‘ root:SAS:ImportedData:S4_0014:
New Err d . [S s4 0003 " root:SAS:ImportedData:S4_0015:
e‘{l A LA I TR man = root:SAS:ImportedData:S4_0016:
|| log X axis? () Color scheme 17 () Color scheme 37 | root:SAS:ImnortedData:S4 0017
[ log Y axis? () Color scheme 2?  |egend font size| 08 * |

| Process and save data [ | | |

The control panel is on right, Panel with two list boxes for user controls on the left.

At the top of the control panel is standard suite of data selection control. User should select folder in which are
waves which user may want to do something with. In my case I selected a folder containing some Indra
(USAXS) data I want to sum together.

Please note, that for lack of better choice, this “Test Folder” name will be used as template for output
suggestion — basically, I will add “ manlI” to its name. You can modify later.

Which data
In this area user should try to select as best as possible the data to be used.
Start folder — Lists folders in the current experiment, any folder below this one in the folder hierarchy will be
searched. Therefore, user can select only part of the data to be searched and considered.
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Folder (RegEx) — Regular expression string which can be used to match to folder names. Uses more or less
standard system, basically I suggest considering this: "" matches any folder name, K matches any folder
containing K in the name (Regex is case sensitive). In the example, [ wanted to match all folders which
contained S4 in the name. Note, do not add “”’ to this string.

Xdata, Y data, Error data — you can use either full name (like the Indra data “SMR_Int”, etc.) or you can use
RegEx to create more complicated matches part of the name. For QRS data, for example, you can use (?1)q,
(?1)r, and (?1)s. While this does not guarantee the right triplet is used if more than one proper triplet is found in
the folder. Things get messy if many qrs waves are in the same folder. This tool just cannot manage that. If you
have weird system, send me example and I can try to fix it.

Preview selection — runs data checking code and finds the folders with data. Just the folders. They are listed in
the bottom listbox in the panel on right.

Enable Manual selection — if selected, user can manually select only subset of folders in the listbox on right
(bottom). Use buttons Select All and Deselect All - as well ctrl and shift — left mouse button to select ranges of
data.

— e m = = e ———— = - - g o ——————

root:USAXS:'11_15_GC_GHL':"S63_Glassy Carbon L1 II":
root:USAXS:'11_15_CGC_GHL':"S68_Glassy Carbon L2 II":
root:USAXS:'11_15_GC_GHL':'S78_Glassy Carbon L2 1I":
root:USAXS:'11_15_GC_GHL':"S83_CGlassy Carbon L4 II":
root:USAXS:'11_15_GC_GHL':"SB8_Glassy Carbon L5 II':
root:USAXS:'11_15_GC_GHL':"S83_Glassy Carbon LE II";
root:USAXS:'11_15_GC_GHL':"S98_Glassy Carbon L7 II":
root:USAXS:'11_15_GC_GHL":'S108_Glassy Carbon L8 II':
root:USAXS:'T1_15_GC_GHL':"S113_Glassy Carbon L2 II":
root:USAXS:'T1_15_GC_GHL':'S118_Glassy Carbon L10 II';
root:USAXS:'"11_15_GC_GHL':"S123_Glassy Carbon L11 II":
root:USAXS:'T1_15_GC_GHL':"S128_Glassy Carbon L12 II":
root:USAXS:'11_15_GC_GHL':"S138_Glassy Carbon L13 II":
root:USAXS:"T1_15_GC_GHL':"S143_Glassy Carbon L14 II":
root:USAXS:'11_15_GC_GHL':"S148_Glassy Carbon L15 II":
root:USAXS:'11_15_GC_GHL":'S153_Glassy Carbon L16 |I': _
root:USAXS:'T1_15_GC_GHL':"S158_Glassy Carbon L17 II": o
root:USAXS:'11_15_GC_CHL':"S168_Glassy Carbon L18 II';

) ( SelectAll ) [ DeselectAll )

A

Now the Processing controls:
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Processing Options:
li? Average Waves? M Generate Statistics For AveWvs?
{®) std Deviation? () std Dev of Mean?

Above example is for Average Waves, and you can choose to create statistics (either standard deviation for each

point or standard deviation of mean). As noted above, at this moment this is purely statistics on Y values, Errors
are not considered.

Here is example for Subtract data:
f Processing I Data selection ]
o subtract Data? () Scale Data?
|_| Normalize Data?

|_| Average Waves?
|_| Average every N Waves?

Normalization value = | O El

with the second tab:
( Processing ' Data selection ‘

First dataset || Indra 2 data QRS (QIS) | Irena results
Data folder:| root:SAS:ImportedData:Bkg: * |

Wave with X axis data Q.Tg:l Fidr (RegEx) '
Wave with Y axis data Wl Wvs (RegEx) ——
Wave with Error data | S_Bkg +

Output options

32



Irena manual, version 2.59, February 2016

__| Plot Result?
New Folder name:
New X data name:
New Y data name:
New Err data name:

(| log X axis? () Color scheme 17

(] log Y axis?

Output Options:

Process and Save data

Append to name:  _sub

Q_S4_0003_manli
R_S4_0003_manll

S_S4_0003_manll

() Color scheme 27

|_| Plot Source data?

root:SAS:ImportedData:S4_0003_manll

() Color scheme 37

Legend font size| 08 + |

@ Jan Ilavsky

Note the "Append to name" varies based on tool used. When the folder and data names are inaccessible to users
it means that output is multiple data sets and therefore the names will be created on fly using the "Append to

name" string. You can modify as needed.

Display result? And “Display Source data?

Will cause that a graph with results and source data will be presented when Process data is pushed.

800

DataManipulation Il Graph

1

Intensity [cm'1]

10—

74

6_ —
s | —

'S63_Glassy Carbon L1 II"SMR_Int
'S68_Glassy Carbon L2 II"SMR_Int#1
'S78_Glassy Carbon L3 II"'SMR_Int#2
'S83_Glassy Carbon L4 II"SMR_Int#3
'S88_Glassy Carbon L5 II"SMR_Int#4
'S93_Glassy Carbon L6 II"SMR_Int#5
'S98_Glassy Carbon L7 II"SMR_Int#6
'S108_Glassy Carbon L8 II"'SMR_Int#7
'S113_Glassy Carbon L9 II"'SMR_Int#8
'S118_Glassy Carbon L10 II"SMR_Int#9
'S§123_Glassy Carbon L11 II"SMR_Int#10
'S128_Glassy Carbon L12 II"SMR_Int#11
'S138_Glassy Carbon L13 II"SMR_Int#12
'S143_Glassy Carbon L14 II"SMR_Int#13
'S148_Glassy Carbon L15 II"SMR_Int#14
'S153_Glassy Carbon L16 II"SMR_Int#15
'S158_Glassy Carbon L17 II"SMR_Int#16
'S168_Glassy Carbon L18 II"SMR_Int#17
'S173_Glassy Carbon L19 II"SMR_Int#18
'S178_Glassy Carbon L20 II"SMR_Int#¥19
'S183_Glassy Carbon L21 II"SMR_Int#20
'S188_Glassy Carbon L22 II"SMR_Int#21
'S198_Glassy Carbon L23 II"SMR_Int#22
'S203_Glassy Carbon L24 II"SMR_Int#23
'S208_Glassy Carbon L25 II"SMR_Int#24
_Glassy Carbon L26 II"SMR_Int#25

'S213
DataManipulation!i:h rocessedDataY

0.01

QA"

llllll

0.1
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Example of plot with data with average.

@ Jan Ilavsky

New Folder name and X, Y, Err names - folder needs to be with path (keep it short), separated by :. No need to

add © ‘ to names with spaces, the code will fix it. If a name is too long (more than 30 characters) it will be cut
short. Wave names are simple strings, can contain spaces, but no special characters. No +, -, and other weird

symbols.
Other controls below control how the output graph looks like.

If the results look good and you like them, use Save data button, which will store the data in the folder and

under names in the above controls.

Average every N waves controls
Processing: () Subtract Data?

'A_Vr Average Waves? @I Generate Statistics For AveWvs?

<]

@I Average every N Waves? N= 3

(e) Std Deviation? (") Std Dev of Mean?

Output Opﬁons: Append to name: _manli

Plot Result? @ Plot Source data?
New Folder name: Aroo-t}éAS-il'mporte_dData:F‘eFZ_C-ZO”_manll
New X data name: | Q_FeF2_020_manll
New Y data name: | 'RA;FWerr;Orzo_manrll

New Ermr data name: 'S_FeFZ_OZO_manII

@ log X axis? { _ | Color scheme 17 @ Color scheme 37
@ log Y axis? () Color scheme 27 Legend font size | _06_3
i Process data | Saved during processing

Here are specifics... Save button is disabled, as the data must be saved automatically, control names of the data

by changing the "Append to name" field.

Data can be processed all or manually selected.

Note that plotting is bit challenging in this case, so do not expect perfect results of the plots. Basically seems

like logic to plot both Source data and results is failing as the code cannot distinguish between them and format

them differently.
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Subtract data controls

- -
| Processing | Data selection

Firstdataset || Indra2data (¥ QRS (QIS) || Irena resuits
Data folder: | root:SAS:ImportedData:Bkg: + |
Wave with X axis data | Q_Bkg + | Fldr (RegEx) 10

Wave with Y axis data | R_Bkg * | Ws (RegEx)

Wave with Error data | S_Bkg * |

Output Options: Append to name: | _sub
@ Plot Result? |_J Plot Source data?

New Felder name: root:SAS:ImportedData:S4_0137_sub

Intensity [em™]

°

New X data name: Q_S4_01

New Y data name: R_S4_01

New Err data name: S_S4_0137_sub 0.01

™ log X axis? (*) Color scheme 1?7 () Color scheme 37
@ log Y axis? { ‘ | Color scheme 27 Legend font size| 08 + |

Process and Save data =

QA

Select “Subtract data” checkbox to get the data selection controls.
Use of other controls is same as listed above.
Set “Append to name” string to something meaningful (and not too long).

Errors and Post processing tabs
Added around Irena version 2.5x, these tabs are processed after the processing and provide more options to

modify the data.
! Processing r ' Errors I Post Processing ! ( Processing r r Errors ' Post Processing ‘
@I Create new Errors? (] Scale Data?
[ Create SQRT Errors? [g Create n% Errors? () Reduce points?

Error %7: | 1 ] SERE g
= Int. Units | Arbitrary |

The errors tabs can be used if the input data do not have proper uncertainties, have none to start with or

processing makes the original not practical. You can create Errors (Uncertainties) with two different methods.

Post processing enables you to further modify data after they were processed through the system - Scale them
(e.g., put on absolute scale), Reduce number of points (log-q rebin the data) and set Intensity units to
appropriate unit - cm*/cm’, cm?*/g, or arbitrary, so Irena is aware of the data units.
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2.3 Data merge — merge two data sets into one

This tool is used to merge to segments of data covering overlapping q ranges. This is common situation for 91D
USAXS/SAXS/WAXS instrument, which collects data with three different geometries sequentially. Each data
set for the same sample is reduced individually and then user has three individual segments of data, which can
be combined together to create one new data set covering all of the q range.

This tool can help to merge two data sets at time. It is designed to efficiently scale, subtract background, and
optionally g-shift the data together as easily and as efficiently as possible. It can do it manually by selecting
each data set individually or sequentially, by selecting sets of data sets and processing all at once.

Please note, that the function of this tool is pretty limited. More functionality is available in the Data
manipulation I and Data manipulation II. I do not plan to add other “missions” to this tool, use the other tools
for anything, which is more advanced.

2.2.1 Introduction

Data requirements: To merge two data sets you need to have data of one of the two naming structures:

USAXS data: Inside root:USAXS: folder, name of the folder represents the sample name and the data
are named SMR_Int/SMR_Qvec/SMR_Error or DSM_Int/DSM_Qvec/DSM_ Error. Optionally you can have
SMR/DSM_dQ which is Q resolution wave. These data are, if present, properly passed through the calculations.

QRS data: Folder name represents the sample name and inside this folder you have three or four waves:
Q_SampleName, R_SampleName (Intensity), S SampleName (Intensity uncertainty), optionally
W_SampleName (Q resolution). No other naming system is NOT supported at this time and if needed, will need
to be added into the system (request it, justify and send examples...).

What can be done: User selects the overlapping range of Qs for the data. The data are trimmed at these Qs! User
selects method of merging, there are two available:

Merge : Code will optimize two parameters. Data 1 (low-q data, assumed to be the calibrated ones) are
assumed to have potentially flat background at high-q. Data 2 (high-q data, assumed to need to be scaled to
Data 1) will be scaled with scaling factor. This background and scaling factor are optimized using Igor
Optimize function to minimize the misfit between the intensity points in the overlapping q range.

Merge 2 : In this case one more parameter is added — this is kind of specifics for USAXS/SAXS/WAXS
instrument. In this case the SAXS instrument is moved in and out of the position and the move may not be
perfectly reproducible and it is possible that the q calculated for the SAXS is not perfectly correct. Especially
since USAXS q calibrations is very good. Here we add q shift for these Data 2 — the high q segment. This q
shift is limited to be at most Y4 of the q value for the first point on the second segment.

Note, these two terms and functionality mirrors the Data manipulation I tool (it is the same code). The Data
manipulation tool I creates new folder/waves with names modified by adding “ comb” at their end. This tool

adds “_mrg” at the end.

Below is the GUI panel itself. Please NOTE : This tools is one large panel and requires 1280x800 screen size.
1t will NOT run on smaller screen sizes.
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@ Jan Ilavsky

Sort USAXS/SAXS/WAXS data J

@
First data set Second data set
USAXS 0 ers(@s) ) usaxs QRS(QIS)
Folder Match (RegEx; Folder Match (Regex; [ |
mrmalm smrwmz(m
[

Data Merging
Data merging panel
Test mode Process individually [[) Save immediately
[ Merge mode [[) Process as sequence Overwrite existing data
[ Merge 2 mode Data not saved Data 2 Q )0,
In test mode - manual save - select Q range and method. Overwrite exsting data. DetatQma [028a525 ]
Data2Qstart  [0.0367863 ]

[ Test AutoScale ([ Testmerge | [ TestMerge2

S110_Air_Blank Jong_320nm_10pct_3999_usx:
S111_Jong_320nm_1lpct: Jong_320nm_20pct_4000_usx:
S$112_Jong_320nm_10pct: Jong_320nem_40pct_4001_usx:

Jong..320nm_47pct_4002_usx
Jong_140nm_1pct_4003_usx
Jong_140nem_10pct_4004_usx
Jong_140nm_20pct_4005_usx:
Jong_140nm_40pct_4006_usx:
Jong_140nm_47pct_4007_usx
Jong_320nm_1pct_3998_usx:

$113_Jong_320nm_20pct:
$118_Jong_320nm_40pct:
$119_Jong_320nm_47pct:
$120_Jong_140nm_lpct:
$121_Jong__140nm_10pet:
$122_Jong_320nm _Blank:
$123_Jong_140nm_20pct
$128_Jong_140nm_40pct:
$129_Jong_140nm_47pct:

>4>»0 m<>n

Datal: |

Double click to add data to graph.
Shift-click to select range of data.
Cirl/Cmd-click to select one data set.

Regex for not contain: A((?!string).)*$

Data2: |
Merged Data: |

The GUI is bit uncharacteristically one large panel with left part being Data selection and right side being

processing and data view selection.

2.2.2 Data selection

L]

First data set Second data set L
USAXS () arsi@is) () usAxs QRS(QS)
Start fide | FOOL:USAXS:'07_18_Jan" B Start fie[ 100U PINSAXS: B
Foldor Match (RegEx) Folder Match (Reges [ |

f
Sort Foiders? [ Alphabetical B Sort Folders2 | _XyZ B =
[ Sort USAXS/SAXS/W, )
"

EEEEEEEEE

¥

129_tong_140nm_47pct

Double click to add data 1o graph.
Shift-click 1o select range of data
Cir/Cmd-click to select one data set.

Regex for not contain: ((?!string).)*$

At the top are controls for Data 1 (low-q, calibrated data) and Data 2
(high-q, scaled) data sets.

USAXS, QRS(QIS) checkboxes — which data naming system you are
using?

Start folder — select folder, where the data start. Pick the highest folder
you can (do not leave on root:), some of the features require that the
names in the listbox are single folder name only. Some features will
work fine even when the names are full or partial path to data. But it
also is likely unreadable anyway. So pick the highest folder you can.
Folder match string (RegEx) : Use this field to mask as well the data
names as possible. Here are some suggestions:

If you want to show only sample names with some string (e.g.,
“Jong”) in it, simply type in this field the string itself (without quotes).
Note: unless you type in some modifiers, this field is case sensitive.

If you want to show only sample names, which do NOT contain
some string (e.g., “Jong”), type in this field following string (without
quotes) : “~((?!Jong).)*$” Again, this is case sensitive.

If you want to be more creative, you will need to become expert
on Regular expressions. Google can help, I cannot ©
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Sort Folders : This enables to sort the folder names using many different options. Hopefully, one is appropriate
for your needs. If not, let me know and send me example of data, may be I can add it.

Sort USAXS/SAXS/WAXS data button : On the APS 91D USAXS the data are collected sequentially using
relatively customary naming system and in this case it is possible for the code to identify (mostly) which Data 1
(USAXS) and Data 2 (SAXS or WAXS) belong together. This button will locate such pairs of data sets, reorder
the listbox to show those at the top and select those, so these can be easily processed in batch.

More details: On APS 91D USAXS/SAXS/WAXS instrument, most of the time, we collect data using
script generating code, which is given a sample name and told which segments to measure (USAXS, SAXS, and
WAXS). Since the same code generates the commands sequence, names of the data are reliably the same.
However, for historical reasons “order numbers” are expressed differently. Assume your sample is called
SampleName, the USAXS adds “Sxyz_” in front of the name (xyz is number), so it creates something like:

S123 SampleName. SAXS and WAXS add order number at the end of the name, so they create
SampleName xzy as sample name. This guarantees uniqueness of the name. If the naming of the samples
follows this logic, this button runs code which can identify the segments which have the same SampleName and
pair them together.

In case same SampleName is used multiple times (same sample was measured multiple times or user
screwed up) first Sxzy SampleName will be paired with first SampleName xzy data sety, second with second
etc. The order comes from order provided by user from the “Sort Folders”, so user needs to be sufficiently smart
when using this tool.

Please check the “History area” in Igor pro (ctrl-J or cmd-J will get you command line and history area).
The code will make record here on the matched and not matched data sets. Es in Nika for Q

1t is unlikely data from any other source, than APS USAXS instrument, would work with this button. It is highly
unlikely!

Data selections Listbox - operations
This is important, please read carefully:
1. To add data set, double click on it. Note, that the speed of double click seems to be important (likely
computer specific setting, I have no control of this in Igor) and this requires bit testing and experience.
2. To select a range of data you need to use modifier keys.

To select separate individual cells, hold down CMD or Ctrl key and click on the cells. You can add any
number of cells in any order. Second click on the cell will unselect it.

To select continuous range of cells, click on the first one and then hold down shift key and click on the
end of the range you want to select. You can select one column or two columns of cells like here:

QUL UDSAMADS DMADFTIVAAD UdLld

ST110_Air_Blank: Jong_320nm_10pct_3999_usx:
ST11_Jong_320nm_1pct: Jong_320nm_20pct_4000_usx:
S112_Jong_320nm_10pct: Jong_320nm_40pct_4001 _usx:
S113_Jong_320nm_20pct: Jong_320nm_47pct_4002 _usx:
S118_Jong_320nm_40pct: Jong_140nm_1lpct_4003 _usx:
S119_Jong_320nm_47pct: Jong_140nm_10pct_4004 _usx:
S120_Jong_140nm_1pct: Jong_140nm_20pct_4005_usx:
§121_Jong_140nm_10pct: Jong_140nm_40pct_4006_usx:
S122_Jong_320nm_Blank: Jong_140nm_47pct_4007 _usx:
S123_Jong_140nm_20pct: Jong_320nm_Tpct_3998 _usx:
S128_Jong_140nm_40pct:
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However, what if you need this?

i

@ Jan Ilavsky

ST110_Air_Blank:
S111_Jong_320nm_1lpct:
§112_Jong_320nm_10pct:
S§113_Jong_320nm_20pct:
S118_Jong_320nm_40pct:
S119_Jong_320nm_47pct:
§120_Jong_140nm_Ipct:
5121 _Jong_140nm_10pct:
S122_Jong_320nm_Blank:
S123_Jong_140nm_20pct:
S128_Jong_140nm_40pct:
S129_Jong_140nm_47pct:

Jong_320nm_10pct_3999 _usx:
Jong_320nm_20pct_4000_usx:
Jong_320nm_40pct_4001 _usx:
Jong_320nm_47pct_4002 _usx:

Jong_140nm_1pct_4003 _usx:

Jong_140nm_10pct_4004 _usx:
Jong_140nm_20pct_4005_usx:
Jong_140nm_40pct_4006_usx:
Jong_140nm_47pct_4007 _usx:

Jong_320nm_lpct_3998 _usx:

In this case you do this: click at the corner of first area (e.g. left top cell), hold down shift and click on
the other end (bottom cell) in this column. This will select range of cells in that column of data. Then left shift
go and held down the CMD/Ctrl key and click at the top cell of the other column (right top cell), change back to
holding shift key and click at the last corner cell (in this case lower right cell).

This may be important, see processing/operations...

2.2.3 Operations and processing

Data Merging
Data merging panel
Test mode Process individually O Save Immediately Data 1 Background | 1.173
(O] Merge mode [T Process as sequence Overwrite existing data Data 2 Scaling 3.
] [0 Merge 2 mode Data not saved Data 2 Q shift | -0.000273689
I;n.es; mo;é - manu;;ave - selec; arange mméu;JO;eM;; e)usnng data || pata 1 Q max l 0.294522 l

[ Test AutoScale ] [ Test Merge ] [ Test Merge 2 ]

Data 2 Q start

[0.0367863 |

1l ol il il
s
Fa
3
10° 3 |
a | . &
10 3 10
a8
7
6
s
s| « 10 o
-, 2> Fa
2
B 2
c F2
o 10 3
A
T
A 510°
1 a4
10' 3 B4
s
Fa
o _| Fa
10 3 — S129_Jong_140nm_47pct
] — Jong_140nm_47pct_4007 usx 3
T — T T ma
0.001 0.01 0.1 1
Q"
=] — Data 1: |mot:USAXS:'O7_lB_Jan‘:Sl29_Jong_140nm_47pct:

Data 2: I root:pinSAXS:Jong_140nm_47pct_4007 _usx:

Merged Data: [ root:USAXS:'07_18_Jan":5129_Jong_140nm_47pct_mrg:
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Please note, that there is red colored vertical button between the data selection and graph which can save data or
process and save data when appropriate. If the data loaded in the tool are not saved, the button is read, when the
are, it changes color to grey.

The tool has two main modes of operation — kind of setup (Test mode) when user loads in two data sets and
selects the proper range of Qs where data overlap and decides if the use of “Merge” or “Merge2” is appropriate.
Pick between the modes by use of the three checkboxes:

Test mode checkbox — in this case you can use buttons “Test Autoscale” (not very useful, just scales Data 2 to
Data 1 using the selected Q range), “Test Merge” (will run Merge and show results), and “Test Merge2” (runs
Merge 2 procedure). The data are not saved automatically and need to be saved manually.

Merge mode and Merge 2 mode checkboxes — select which method is appropriate for your data and set this.
Process individually checkbox — in this case user can pick (double click) on a Data 1 cell, then on Data 2 cell
in the listbox. Code will automatically merge the data and show results. Depending on the checkbox “Save
immediately” selection the merged data are either immediately saved (when “Save immediately” is checked)
or this saving is left to user (use the vertical button “Save data” between the Listbox and graph).

Process as sequence checkbox — when checked, the code assumes that there are two ranges of data selected in
the Listbox — same number of Data 1 and Data 2. It will assign first Data 1 selection to the first Data 2 selection,
merge them and save them. The go on next selection (second Data 1 is merged with second Data 2 selected) etc.
Overwrite existing data checkbox — if selected the tool will overwrite any prior data in the location where it is
directed to save the merged data. I suspect this is what most people will want. If NOT selected, the code will
create new, unique, target folder each time and user can create potentially huge number of garbage containing
folders with test data which are useless. Keep this in mind.

Here are some values:

Data 1 Q max ID.294522 I

Data 2 Qstart  [0.0367863 |

The top 3 values show the results of scaling/merging procedures. They are for information only and cannot be
changed.

The Data 1 Q max is the end of the Q range (high Q of the low-q data segment). Defaults to point before last
on Data 1 set. You can either change this value by typing in or by dragging the cursor B (rectangle) to new
place.

Data 2 Q min is the start of the Q range used for Data 2 (lowest considered Q for high-q segment). Defaults to
the second point on the Data 2 and cannot be set lower due to mathematical reasons of the code doing
optimization.

The graph:
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Relatively easy to read — Red are Data 1, black are Data 2 (plotted against right axis) and Black are Merged data
(autoscaled Data 2 for case of use of AutoScale).
Use cursors to select overlapping range of data. Note, that data outside of the cursors will be trimmed away.

Folder strings:

Data 1 root:USAXS:' 18_Jan":S118_lJong_320nm_40pct
Data 2 root:pinSAXS:Jong_320nm_40pct_4001 _usx
Merged Data: I root:USAXS:'07_18_Jan":S118_Jong_320nm_40pct_mrg: I

These show full path to the Data 1 and Data 2. These two cannot be changed by user.

Merged Data path is generated based on Data 1 path and depends on the type of data used (USAXS vs QRS).
This one user can actually type into and assuming the path makes sense (the names are valid and it can be used
as Igor Path), the path will be created and data saved there. Note, if you type in path which contains data already,
those may be overwritten. The checkbox “Overwrite existing data” really controls how the new path name is
auto-created and does not control (for now) saving data. So if you are typing in path yourself, be careful to type
in unique path or expect data to be potentially overwritten.

2.2.4 Sequence processing and data selection

As noted above, when Process as sequence checkbox is checked, the code assumes that there are two ranges of
data selected in the Listbox — same number of Data 1 and Data 2. It will assign first Data 1 selection to the first
Data 2 selection, merge them and save them. The go on next selection (second Data 1 is merged with second
Data 2 selected) etc.

Note, that you MUST provide the right order in the listbox. That is why it is critical to find correct sorting
routine. The pairs do not have to be on the same line, but they have to in the right order from the top of the
selection for Data 1 and Data 2.

This WILL WORK:
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— —

ST10_Air_Blank: Jong_320nm_1 pct_3:}98_usx:
S111_Jong_320nm_1pct: Jong_320nm_10pct_3999 usx:
S112_Jong_320nm_10pct: Jong_320nm_20pct_4000_usx:
S113_Jong_220nm_20pct: Jong_320nm_40pct_4001 _usx:
S118_Jong_320nm_40pct: Jong_320nm_47pct_4002 _usx:
S119_Jong_320nm_47pct: Jong_140nm_Tpct_4003 _usx:
§120_Jong_140nm_1pct: Jong_140nm_10pct_4004_usx:
S121_Jong_140nm_10pct: Jong_140nm_20pct_4005_usx:
S122_Jong_320nm_Blank: Jong_140nm_40pct_4006_usx:
S123_Jong_140nm_20pct: Jong_140nm_47pct_4007 _usx:
S128_Jong_140nm_40pct:

S129_Jong_140nm_47pct:

In this case the first Data 1 (320nm_ 1pct) will be merged with first Data 2 (320nm_ 1pct), then second pair
(10pct) etc. Note, that I could not select the data further since the 320nm_Blank has no matching Data 2 set and
broke the sequence.

Saving data - wave note change:

My code uses wave notes to store additional information. After merging the data, the code adds following
information (example):

Data from merged=root:USAXS:'07 18 Jan":S118 Jong 320nm_40pct:;Data merged

with=root:pinSAXS:Jong 320nm_40pct 4001 usx:;

If these data would be already merged and these keys would already exist, new content is added, separated by “,”
to these keys, so there would be multiple folder names in these fields in order these segments were added.
Somehow I do not think this will cause much confusion.
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2.4 QRS data folder creation tool

2.4.1 Introduction

Many users may have QRS named data in unstructured way — that is all data placed in one folder, very often
“root” folder. This is not very convenient place for the data, since the Irena macros make heavy use of the folder
structure. To help the users, I made little simple tool, which should in most cases create successfully folder
structure for this type of data.

Start the tool from “SAS” “Create QRS folder structure”.
File Edit Data Analysis Macros Windows Panel Misc Help SAS

M Data Browser - =lolx| =oxl Note that all my 1mp0rted data are in

Current Data Folder:

froot Packages CreateFlasStructure: Create folder structurefor QRS data “root:SAS:ImportedData:” folder. They can be in
o K seestoken ] - <] any folder in the Igor experiment. Note few
70 . 2| yrmewemesmsaaiestlos 1| oontrols in the panel just created.
4| o Beckup oid dete o ool AT Daie Becup I'| “Select folder with data”  this popup will list
e | | e ss i ONLY folders containing triplets of QRS named
% EEEE;% data. Select folder, which contains data you want
o B aeweto to convert. In case of this example the
Eieoite G, el “root:SAS:ImportedData:” folder

“Where to create new data folder?” Input full
folder name to folder, in which you want to
create new folders with the separated data
“Backup old data to” input full folder name
where you want to put backup copy of old data.
If empty, backup will not be created.

Selectawave icon to see a plot

M create folder structurel - Igor Pro 4.07

File Edit Data Analysis Macros Windows Misc Help SAS

=lo| CIEEEEETET ==l Select appropriate folder with data and push
#[root Fackages CreateFlarstructure: Create folder structure for QRS data button “Convert structure”. Result can be seen
Im Selectfolder with data : | root:5AS:ImportedD ata: 'I above _ folder “Imported data” is now empty
. j Whers o creste new detsfolders? [ootSAS. ] and new folders which are named by sample
P e BackipelddatatollrootSAS Dot Sackup. ' names (using the name from QRS naming
Now ot iy | structure) were created. Each contains QRS
— e named triplet of waves.
&3 eh06_105
e P .. . .
e . 2232512 Note, that copy of original data is now in

root:SAS Data Backup folder:

Select a wave icon to see a plot
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M create folder structurel - Igor Pro 4.07

File Edit Data Analysis Macros Windows Misc Help SAS

JRT=TET] [ v _Creotequoriarstroctne JRT=TET

Current Data Folder:
L3 Iroot :Packages:CreateFldrStructure: Create folder structure for QRS data

|,00[ j Selectfolder with data : I root:S4S: ImportedD ata: 'I
Display
IV Waves 8 5 ‘Where to create new data folders? [root SAS: |
I~ Variables ..[® S_ASProc
,'g ;ﬂg’gg o @ ;:;kages Backup old data to [rootSAS_Data_Backup: |
B
v ;
g &.[3 5AS_Data_Backup
New Folder... | - R_eh06_95 Convert structure I
Browse Expt...| ; Q_eh06_95
Hep | 5_eh06_95
Del R_eb06_10
£ Q_eh06_10
[istsrencesl 5_eh0B_10
Execute Emd...l R_eh06_100
Q_eb06_100

Few comments.
This tool is relatively simple and does not do much checking. It will not be able to remove waves, which are
part of any graph (or for other reasons Igor refuses to remove them). It will create new copies of these data, it

just cannot remove the waves in use.

The folders with data are never overwritten, if folder of the particular name exists, index starting from 0 will be
attached to the name.

Do not backup into the same place where the data are coming from. Make separate backup into separate folder.
Data, for which the code does not find properly named QRS triplet of waves are not touched.
There is no checking for wave length or other validity, all what is used is the names of the waves.

The code does not know about any “name extensions”, so data named “R_myName BkgSub” are treated as
separate data from original data “R_myName”...

I assume, that your names are legal and valid. The code may fail on liberal names (names with spaces and other

weird characters). I need to test that later. This should not be a problem, since most users with the data needing
this treatment should have standard (non-liberal) names, or the code used to create these should not work..
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3. Plotting tool | and I

3.1 Introduction

This plotting tool is designed to be able to produce publication ready plots of SAS data and simple fits.
The tool creates usual 2D plot, but can also create two types of 3D plots - Waterfall plot and Gizmo plot. It can
also create movies of either 2D plot and 3D plots.
The tool allows creation of plot user styles, which can be applied quickly and reproducibly to numerous sets of
data. New data types can be automatically created. Please note, that the formatting is saved ONLY if it is done
through my custom made panels designed for this purpose.
The tasks, which can be done:

1. Load data and plot them, new data types (e.g., Y * X”*4) are automatically created if necessary.

2. Modify data (Multiply Intensity, remove points, subtract background,...)

3. Do simple fitting (Porod, Guinier,...)

4. Plot data in 2D Contour plot

5. Plot data in 3D plots - Waterfall plot (quick but simplistic) or Gizmo plot (slow but powerful)
6. Create movies of 2D plot or 3D plots.

7. Create plot user styles, import and export them from current Igor experiment for future use

Note, that this tool also allows dlsplaymg ‘results” — size distributions, Unified fits etc. The capabilities are still
little bit limited in this area... I plan to improve on this.

3.2 Plotting tool | Description

Select “Plotting I’ from SAS menu.

80 General Plotting, tool | Select data in usual way and push button “Add data”. You can
Plotting 10051 ERpuL panel . +| add multiple data sets. You cannot have the same data set twice,
% USAX Irena results - . . .
Datainput & gss (as) Can$AS code will complain and refuse to do so. You can add data anytime
Oata fin = ok later also.
Wave with X - Wv:
w:w:: Apply Graph style available in the popup “Graph style” or seleqt
Scripting tool the data type to plot on both axes. The needed data are created, if
Yp p

Add data Remove data

Create Movie Gizmo (3D)

{Re)Graph (2D) Kill Graph, Reset

(Re)Graph (3D,Wf) Contour plot

Graph style| NewUserStyle =

Save new graph style

Modify data

Change graph details

they do not exist.
Use checkboxes and more controls in “Change graph details”
(opens new panel with more space) to modify graph as needed.

Fitting
Manage broeh fiyle Store and recal et Example: Selected data and applied included log-log style:
Xaxisdata| X + Yaxisdata| | =
I\_A Log X axis? I\_A Log Y axis?

Major Grid X axis?
Minor Grid X axis?
Mirror X axis?

X axis title

Y axis title
X offset O

Append Legend?

Use symbols?
M Use lines?

Vary cirs? |21 Rainbow?
@ X axis autoscale?
Min: | 1.0000e+00

Max: | 1.0000e+00

Major Grid Y axis?
Minor Grid Y axis?

Mirror Y axis?

Y offset O

Errors bars?
Symbol size | 1
Line width | 1
BW? 12? Vary Symbols? QT Vary lines?
QT Y axis autoscale?
Min: | 1.0000e+00

Max: | 1.0000e+00
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|®0 0 GeneralGraph
Plotting tool input panel [ : R
: () indra 2 data Irena results {4 ™~
Data input & o' os) 5 ConsAS ] \
Data folder: | roOt:SAS:ImportedData:S4_0003: + f(RegEx) ] E \
Wave with X axis data | Q_S4_0003 * Wys (RegEx) ] 100 - \\ _

Wave with Y axis data | R_S4_0003 *

Wave with Error datz | S_S4_0003 = : \

Add data Remove data || (Re)Graph (20D) Kill Geaph, Reset
Gizmo (3D) Create Movie || (Re)Graph (30.W) || Scripting to£] ey
e a g £ 10 =
fod ata
oraph stya [ LogLog o S
___ Change graph detais | =
Save new graph style Fitng — *5
c
~ Manage Graph styles Store and recall graphs 3
£
Xaxdsdata| X + Yadsdata| Y * 1 E 3
™ Log X axis? ™ Log Y axis? ]
¥ Major Grid X axis? ) Major Grid ¥ axis?
Minor Grid X axis? | Minor Grid Y axis?
 Mirror X axis? M Meror Y axis?
X axis title | g [A\S-1\M]
¥ axis title | Intensity [cm\S-1\M)
X offset [0 3 ¥ offset [0
™ Append Legend? | Errors bars?
[ﬂ Use symbois? Symbol size | 1 o)
™ se lines? Line width |1

™ Vary cirs? Rainbow? || BW? (¥ Vary Symbols? (M Vary lines?
™ X axis autoscale? ™ ¥ axis sutoscale?
Min:  6.0330e-03 Min: | 3.0703e-02

Max: 8.4462e-01 Max: | 5.5655e+02

Note few items: In the axes names you need to use Igor formatting for subscripts, superscripts, Greek letters etc.

Setting limits on the axis can be done manually or using function which can be called using zoom function in
Igor. Select area of the graph you want to zoom to and right-click. Select “ZoomAndSetLimits” from the menu.
This will zoom the graph as well as set limits in this tool.

Creating user style

When you have graph which you like to use many times, click button “Save new graph style”. The new style
will be created after user provides name. The name is checked for uniqueness and for name appropriateness, so
the new name may be slight modification of the name provided. You can rename the style using “Manage
Graph details” button.

NOTE: from version 2.38 I have added predefined common styles (Guinier, Porod, Zimm,...) into the menu.
These could have been defined by any user if needed. Note, that at this moment it is difficult to do those
linearized fits which call for fitting in log scale (fitting log or In of Intensity vs log or In of Q for example)
because the tool displays data on log scale when the plot calls for it. That is kind of problem, as in order to use
line fitting in Igor I would have to create log or In of the Intensity (or Q). This is mess logically (display
Intensity on log/In scale or create log/In of intensity and display on linear scale?). I am trying to figure out how
to do this so it is easy to use for users and logical. I may actually do separate tool for these fits, as adding this
into Plotting Tool I seems to make it much more cumbersome to use. User input would be really welcome here!

Import & Export of styles
Use “Manage Graph details” button.
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File Edit Data Aanalysis Macros Windows Panel Misc Help SAS

= ——
B[ 17 1p_StylcsManagementPanel ~ o x|
Manage styles
Experi Use shift to select multiple set 100 —
Datafolc Styles within Igor Styles outside Igor s
10 —
Wave w LoglLog ;l Loglog ;l
Wave w
test2 —
Wave w test24 g
test3 -
Add da % 103 |
=
- 2
Graph s 10 —
i = 1
WS = 100
% axis d Delete Delete o
axis I I 10" -
Y axis d Rename/Duplicate I Rename/Duplicate I
M Loa - Copy --->>> |
B4 Maie <<<-- Copy -- | =
B4 Mimn
X axis name [Q vector [AAS-1\M] I

Modifying the data
Click button “Modify data” and new panel will show up.

File Edit Data Analysis Macros Windows Panel Misc Help SAS

M GeneralG

M IR1P_ControlPanel

Plotting tool input panel

[ Use Indra 2 data structure

=10]x]

Experimental data input Use ORS data shucture 1w -
D t f I. 1 R = — = = i
SA Wl IR1P_ModifyDataPanel 101 x| 103 -
Wave w
Here you can modify the data in the graph 5
Wave  This WILL CHANGE your data — 10
Wavew Backupis saved with "name"+_bckup g 1D4 _
And if different, ploted data types are recreated E
__Addda  pake sure you understand possible sideffects @ 10 -
s i)
Data| - = E
I :l 2
Graph s 10 —
Int Scaling factor [T.00002+00 g .
Sav 10 —

Int Subtract backaround [0.0000e+00 @

X axis d 0

Shift @ vector [ 0.0000e+00 I@I 10 —
Yaxisd  Muliply error bars by [1.0000e+00
[M Log Remove Q<Csr(4) I Remove 0>Csi(B) |
Mai Remove point (Csrf4) |
D Mi O A
o Cancel l [T&:
[ Mirm -
Recover backup I
X axis n

@ Jan Ilavsky

The panel shows two main lists. Left shows user styles
available in Igor and right shows styles outside Igor.
Buttons under each window allow manipulation with the
styles, the buttons *“ --- Copy -=2" or “<&-Copy ---* can be
PorodPlat 10* = used to copy styles between the Igor experiment and hard
w* = drive storage space.

When done, kill the panel.

Important information:

When this tool is used FIRST time on a data set, it
creates a backup copy of the data. Anytime later,
this can be recovered. If that is done, ALL changes
done to the data will be removed.

Select data to modify, modify using buttons and
numbers. For removing data smaller than particular
Q or removing just one data point, user rounded
cursor (called A in Igor) and for removing data
larger than particular Q use cursor B (squared).
Use button Cancel to reset the corrections to default
values seen above. Note, that this resets instance of
running this tool, to reset data to original data you
may have to recover backup of the data...

Note, that the length of the name of wave is limited
to 30 characters, including the "q " etc. at the
beginning.
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Fitting

Il IR1P_ControlPanel

Plotting tool uqmt panel

Experlmental data mput [ Use Indra 2 data structure

Input starting guesses for parameters

sl |

|Z Use QHS data structure 100 e
Data folc',
B ot R N G
Wave w
Standard fitts to the data in the graph 5
Wavew gt cursors to a data setto range of data JEN 1 e S
Waven Selectfunction etc. g o | N
) - 5 S 10
Functlonl Porod in loglog 'I Use ermors? =
Add da i 3 | N
Fitted formula [Int = PC * Q7(-4] + backaround ] g 10
[ =

Graph s
Background  [0.0000e+00
5av Porodconst.  [1.0000e+00
X axis d
Y axis d : :
Guess ftpsiam | T
4 Log _ | | 0.001 0.1
o Mai Fit Remove Tags and Fits Q vector |

@ Jan Ilavsky

Use button “Fitting” to pull up panel with fitting range, checkbox “Use errors” if these are available. Select

function to fit. Use cursors to select range of data to fit.
Note, that various number of parameters appears below for starting guesses for parameters. You can try to push

button “Guess fit parameters”. This will try to guess starting parameters for fitting, since these are necessary for

various fits. It rnay or may not work well. Good guess is VERY important for least square fitting. Example:

Il IR1P_ControlPanel

Wave w
Wave w

Wave v

Add da

Graph s

_Sav
X axis d
Y axis d

[4 Log
M4 Maij

Plotting tool input panel

Experlmental data input

Data folc
- IR1P FlttlngDataPaneI

[] Use Indra 2 data structure
|Z Use QRS data structure

=10l

Standard fitts to the data in the graph
Set cursors to a data setto range of data
Select function etc.

Functionl Porod in loglog 'l

Fitted formula [Int = PC * Q7(-4] + backaround |

Input starting guesses for parameters
Background 1.2945e-01
Porod const. 1.9002e-05

B Use emors?

Remove Tags and Fits I

Fit |

Intensity [crm']

0.001 0.01 0.1

[pnt: 85 X:0.04916

[C A 'R_Test data' | o

Mi
[ Minoromozsssrsr

T T TOT S T XIS T

B:'R_Test data' X:0.36585
[[T8:"R_

4 Mirror X axis?

M Mirror Y axis?

The try to fitting:
Results are printed in graph:
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Il IR1P_ControlPanel

Plom'ngtooimputpanel L ......! . .|....! L ......! L
: : [] Use Indra 2 data structure
Experimental data input Use QRS data structure L
Data folc’ ! — o - —
M IR1P_FittingDataPane — O] x| -
Wave w ) ) : i i
Standard fitts to the data in the graph . — — -
Wavew  getcursors to a data setto range of data - 10 7 FF"%EE '1:'?5’203&12 Inég PC ™ Q*(-4) + background |-
W Select function etc. = 4 = hedce
avew 510 Background = 0.11486 -
Function I Porod in loglog 'I [ Use errors? = chi-square = 12.903
Add da B 3 | R, N, W |
~ Fitted formula [Tnt= PC * 0'-4] + backgiound ] § 1O :
=
Greph's Input starting guesses for parameters - 102 |
Background  [1.1486e-01 =
S3' Poodconst  [1.6232-05 =] 10’ —
X axis d 0
arlis 10 AAAAAAAAAAAAA , AAAAAAAAAAAAAAAAAAAAA , AAAAAAAAAAAAAAAAAA oo —
Y axis d Flin N |
Guess fit param I L S L B B B R R | a1
M Log , | " 0.001 oot od
Mai Fit Remove Tags and Fits Q vector [ N ]
. A'R_Test data' pnt: 85 X:0.04916 1
[ Min D: B:'R_Test data’ (] E pnt: 106 X: 0.36585 i
M Mirror X axis? [ Mirror Y axis?

To remove the results from the graph and clean it up, use button “Remove Tags and Fits”.

Storing graphs for future use, exporting figures

1 7
= IR1P_StoreGraphsCtrlPnl i (=]
Wave with O de

Save and store graphs
Wave with Inter
To save graph to separate file:
it et B Save i fle | Save jpg fie
Add data | l To save IGOR recreation macro:
Save Igor recreation macro I
Graph style ﬁ

To save Irena 1 Plotting tool graph:

Save new ¢ New macro name: [test2 |

X awis data I_Q

ety |—| To load Irena 1 Plotting tool graph:

Sl liena 1 piotting tool araph. |

LogX axkis?  [jeet2 . ,,,,,,,,,,,
Major Grid X . i
[ Minor Grid X . | S S

Mirror X axis? —&- '54_PolyNIPam
[ | ——— N

% ais title [0 2 — ""'i .
Load selected Plotting tool stored graph I

Y avis title [Inte 0.001
4 Append Leg Delete selected Plotting tool stored graph |

Use symbolsT———"""spmoorsze [T__Jf Y [ . [pnt:
Sl Line i ﬁ
IR f Ty F2w .. foLon F2w ... ta..n

To get a control panel controlling the features for storing graph, exporting graph and recalling stored graph,
push button on main screen “Store and recall graph”. This pulls up the above control graph.

Controls description:

The two top buttons allow user to save current graph as tiff or jpg files. The dialog for naming them is provided
after pushing the button.

To save Igor recreation macro, push the next button. It does not work yet... I need to figure out how to do this.
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Next is name for Irena own recreation macro, which you can store. This macro is in form of string and stored in

“root:Packages:StoredGraphs:".

The advantage of using this macro compared to Igor Pro recreation macros is the fact, that after recovery of
graph through this macro the Plotting tool can still control all features. That is not true for Igor recreation

macros.

“Store Irena plotting tool graph” button will store the current graph in the above-mentioned place as a string.

The strings are listed in the listBox below.

Selected stored graph in the listBox can be either restored — or deleted, using the buttons below.

Modifying the data in the graphing tool

To restart the tool and cleanup the data from graph push button “Kill graph, reset”, to remove one data set at a

time from the tool, use button “Remove data”.

Scripting
It is possible to script the Plotting tool I to add multiple data sets into the tool without doing it manually:
8.0.0 Scripting tool
Plotting tool input panel Scripting tool (__Gethep |
Data input ("] Indra 2 data I;’ Irena results s ) | Open logbook |
@B‘E!?‘ﬂ |_| CanSAS : Select start folder | root:SAS:ImportedData: + | () Indra 2 data?
Data folder: | root:SAS:ImportedData:S4_0003: + f (RegEx) l o QRS data?
Wave with X axis data | Q_S4_0003 ¢ | Ws (RegEx) | | () Results?
Wave with Y axis data | R_S4_0003 + |
Wave with Error data | S_S4_0003 + | S4_0043:
| s4_o044:
I Add data || Removedata || (Re)Graph(2D) || Kill Graph, Reset S4_ 0045
[ Gizmo(3D) || CreateMovie || (Re)Graph (3DWf) ||  Scripting toal 54_0046:
e — : — 540047
Graph style| Loglog  + | iy data | 540048
| Change graph details | S4_0049:
| Save new graph style | ( Fitting | §4_0050:
S4_0051:
| Manage Graph styles | | Store and recall graphs | sS4 0052
- - S4_0053:
Xaxisdata| X+ | Yaxisdata| Y * | S4_0054:
# Log X axis? # Log Y axis? Match (RegEx) | S4 | Select all data || DeSelect ali data |
 Major Grid X axis? (¥ Major Grid Y axis? Sort Folders| ———  * |
[} Minor Grid X axis? [} Minor Grid Y axis?

 Mirror X axis? (M Mirror Y axis?

X axis title | g [A\S-1\M]

Y axis title | Intensity [cm\S-1\M]
X offset | 0 [l Y offset [ 0 El

@ Append Legend? !;\ Errors bars?

# Use symbois? Symbolsize [ 1 |[2]
™ use lines? Line width (1 |[2]
M Vary cirs? [ ] Rainbow? (| BW? [ Vary Symbols? (¥ Vary lines?

[QI Y axis autoscale?
Min: | 6.0330e-03 Min:
Max: | 8.4462e-01

@ X axis autoscale?

3.0703e-02
Max: | 5.5655e+02

\ Run Unified Fit on selected data |

| Run Size distribution on selected data |

| Run Modeling Il on selected data |

Append to Plotting tool _|

[ Run (w/reset) Plotting tool | [

[ Save results in notebook?
[ | Reset before next fit? (Unified/Modeling II)

ILI Save results in folders?
I;l Save results in waves (Modeling I1)?

;[___.‘
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You can use the scripting tool to either rest Plotting tool and add the files or just add files to existing files
already in the plotting tool using one of the two buttons:

| $4_0017
Plotting tool input panel 4001 1 Scripting tool _ Gethep.
Data input Inda 2 deta Irena resuts $4_0019) __Open logbook
& s as) cansas = $40020 Select stat fodr | FOOLSAS ImportedData: ] indra 2 cata?
Data foider: | rOOL:SAS: ImportedData:S4_0050: = | (Regkn) — s4.0022] o cas dsa?
. — $4_0023] )
Wave with X aws cota | Q_$4_0050 2 s (Rogl) 100 o — $4_0024| E Gz
> — 54_002%
Wave weh ¥ aen data | R_S4_0050 el s
Wave wih e data [5,54,0050 ¢ ol F¥T
— $4_0029| S4_0044.
| Asdms Remove cuta (Re)Gragh (20) Kl Gragh, Reser | S 0030 AT
| Game (30) Create Move || (Re)Grph (30W) || Serptmgrest | — $4.0031 540045
- 7. 104 — 54.0032) L
~ Modty cata 3 0 — $4.0033 54_0047.
Gaeh v Loglog S = 4004 e
Cange grasn ot e~ — 5420035 54_0049
_Save new gragh sty Tasng £ — $4.0036] 540950
- 2 — 5420037 s4_0081
Manage Graph styles Store and recal graphs. -] —— 54_0038 $4_0052:
= — $4_0039| 54_0053
Xausdaa| X5 Yuvadaa Y 3 14 e a-gg:“’ & 50 gosa:
™ Log X asis? ™ Log Y avs? Sz :—xg Match (Regtx; | $¢ Soloct al dats || DeSelect o data
& Major Gria X ams? 4 Major Gr Y ans? = a.x; Sort Foders | === %
Mnor Grig X axis? Mince Grid ¥ ans? — $4_0046 Ao Unihed it on selected data
& woror X axs? o Moror ¥ aus? — 540047
0.1 4 — 54_0043| L _Run Sizo distnbution on selected data |
Xoauis it q [AS-1\M) < — 54_0043)
 axis tithe | intematy [em\S- ] L——_54.00s0] Run Mogeing § on selected dots
Kot lo . . i . : . Run (w/reset) Piottng tool Append to Plotting tool
€789 2 3 4 5 67 839 2 3 4 s 67 8 ~
™ Acpend Legera? Evers bars? 0.01 0.1 R
~ a -1
gmwv Symbotsize 1[5 q(A”] FE Ry _ Reset before next fit? (Uned/Modeing #)
Use nes? Line width | 1 B O e ® ‘Save resits in folders?
™ vary ces? Rundow? 1 BW? Vary Symbois? @ Vary fnes? e Save ramis In waes (Modeling 17
™ Xaxs mtcscse? & ¥ asis sroscaie? (s
M | 6.0330e-03 M 30577002
M | 84462601 Mec | S56550002
e
8600 Untitled

Addeé root SAS:| mportedDets 54..0037-R.S4..0037 to the Platting toal
Addd root SAS:| msortedDets S4_0038:R_S4_0038 to the Platting tool
B3¢ root SA5:| mportedDets S4..0039 R_S4_0039 to the Platting tool
034 reot SAS:| mportedDets S4_0040:R_S4_0040 to the Plotting tool
Adde root SAS:| mportedDets 540041 R_S4_0041 to the Platting tool
Ad3d roo SAS:| mportedDats S4_0042:R_S4_0042 to the Platting tool
G384 root SAS:| mportedDets S4_0043 R_S4_0043 to the Platting tool
8356 ro0 SAS:| mportedDets S4_0044:R_S4_0044 to the Platting tool
Added root SAS:| mportedDets S4_0045 R_S4_004S to the Platting tool
O3 re0! SAS:| mportedDats S4_0046:R_54.0045 to the Plotting tool
Added root SAS: mportedDets S4_0047.R_S4_0047 to the Platting tool
AO3S 7001 SAS:| mportedDats 540043 R.S4.0048 to the Platting tosl
Added root SAS:| mportedbets $4_0049.R_S4_0043 to the Platting tool
AB3S r001 SAS:| mportedDats 540050 R_54.0050 to the Platting tosl

The plot of these data (time series of SAXS data) is not very informative in any presentation... Therefore now
we have two 3D options...

Waterfall 3D graph
Using the button "(Re)Graph (3D, W1)" you can create Waterfall graph. It is fast and kind of very simplistic.

Plotting tool inpgd panel
Data Input |_J Indra 2 data _J Irena results

o oas @s) ("] CansAS
Data folder:| root:SAS:ImportedData:S4_0050: + | (Regkx)
Wave with X axis data | Q_S4_0050 ¢ | Wvs (RegEx) 100

R_S4_0050 |

Wave with Eroc data | 5_S4_0050 ¢ |

Wave with Y axis data

| Add data || Removedata || (Re)Graph(2D) || Kill Graph, Reset
[ Gamo(30) || CreatoMovie || (Re)Graph(30WH || Scrptngtool |
e ————— . T 10 g
Geaph styie LogLog ¢ | ' todhyd ) 800 Plotting Tool | 3D graph
e — | Change graph details ) rw —_—
| Save new graph style ) li }7{571 oW J e |__) Log Colors?
e e ; ¥
. - 9 3 | frmm—
[ Manage Graph styles | (" Store and recall graphs | Auis Langth | 0.30 =] bidden ines: | True 3) G (] Reverse Colors?
Xaxsdata[X ¢ Yaxsdaa|Y * |
™ Log X axis? ™ Log Y axis?
@ Major Grid X axis? (¥ Major Grid ¥ axis?
() Minor Grid X axis? (] Minor Geid Y axis?
™ Mirror X axis? o Meror ¥ axis?
- o 100
X axis title | q [A\S-1\M]
Y axis title | Intensity [cm\S-1\M) &
Xoffset [0 |3 Yoffset [0 B § 10
@ Append Legend? () Errors bars? 2
7 %
W Use symbois? Symbolsize 1 | 2] S .
2
™ Use lines? Lnewidth 1 |3] £
[ Varycrs? ¥ Rainbow? () 8W? (¥ vary Symbols? ( Vary lines?
™ X axis autoscale? ™ ¥ axis autoscale? o5
Min: | 6.0330¢-03 | Min: [3.0577e-02 ’

Max:  8.4462¢-01 Max: | 556550402
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There are some controls at the top which enable small changes to presentation of this graph...

e 00 Plotting Tool | 3D graph
Angle [30.0 [[] Colors: | Rainbow }| = ————= @ LogColors?
s (== ¥ Reverse Colors?

Asis Length | 0.30 (7] Hidden iines: | Off

Intensity [cm']

But not that much...

Movie making
To present time series of data from version 2.48 this tool can create movies. Use button "Create movie" and ne

panel is created:
You can create sequence of 2D graphs or 3D graphs, in 2d graphs you

BU0,0 Rloting tool\ Ceeate Movie can either add the data in between the frames or replace the data in

Create Movie from Plots between the frames. Few other controls allow you to control how the
Solect What'to eet () use 2D graph? movie is going to look like. The 3D graph here is the Waterfall graph
() Use 3D graph? described above, Gizmo has its own movie creation tool provided by
4 = Wavemetrics.
Add or Replace in 2D: |_| Replace data?
Set Frame rate: Frame rate=| 10 &
[ Test how it will look |
| Create Movie
Delay for Display = | 0.5 [l

Contour plot
From version 2.52 this tool can create Contour plot. Load series of data in the tool (best through Scripting tool)

and then push button "Contour plot". Contour plot is created:

52



Irena manual, version 2.59, February 2016 @ Jan Ilavsky

. -
e 00 Plotting tool | Contour plot
Number of contours | 30 v Labels? ;3"4 Log countours? Only red?
Min Contour val | 3.4856
Max Contour val | 1037.4 ||+ Colors: | Rainbow : Smoothvak:| 5§ *+
30
w
>
T
B
© 20
©
s
©
a
10 |\ \
|
0 T T T r——TTT T
2 3 ] 5 Birin 8 2
0.1
-1
qlA ]

Associated controls allow some modifications of the way the data are displayed. Note, there are MANY more
option in Igor, these are just the ones I felt are useful for the presentation of data Irena typically presents. If you
need more options, let me know what options you need...

Basic options are: Min/Max Contour with number of Contours. Display Labels (numbers on contours showing
their values), spread the contours on log scale, choice of colors and smoothing of the contours.

Note, that Controu plot is regular XY plot for Igor, so to change labels, ranges and other properties of this plot
can also be done by using standard Igor tools.

Gizmo 3D graph

Using Gizmo in Igor is much more advanced and this tool is under development starting from version 2.48.
More functionality is likely going to be added but it is currently useable.

To start, push button "Gizmo (3D)", at least 3 data sets are necessary...

8 00 Irena 3D Plot panel To use Gizmo one needs to resample the data to create
smooth plane data on grid pattern. Therefore we need to
resample q scale. Note that if the main panel has "Log X"
selected, log(q) will be used for this tool. Also if the main
tool has "Log Y axis" selected, log of Intensity will be used.

Irena "Gizmo" 3D plot panel
Number of g points | 100 &

Estimated Calculation time [sec]  4.3635;

s : This may be correct for SAXS data, but not for Size
Recreate 3D plot . . . . .
distribution for example. If main tool has these Log choices
Grid knes? unselected, straight data will be used.

Axes lables? Data order legend

Note that this calculation may take a lot of time, especially
when input data have a lot of points. Therefore there is
Estimated Calculation time - which is kind of approximate

Sync w/Main pane! for my Macbook Pro, your times will vary. But it tells you if
it takes short time or lot of time. Better feedback ("get

Colors: | Rainbow

coffee" may be provided in the future.

The button "Create 3D data set and plot" will - as indicated - create the 3D data and plot them. The button
"Recreate 3D plot" will use existing data (it exist) to recreate the 3D plot. It will be much faster, but the data

may be stale.
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Choices of Grid lines and Axes labels = legend are left to user. Note, that the x axis and z axis are taken from
the main plot panel while the "data order" legend is in this panel. Color scale is common with Waterfall 3D

graph. Other controls may appear in the future.

Since this tool does not know about the main panel, if there are changes to the main panel you need to push
button "Sync w/main panel" to update the Gizmo plot:

8 006

Irena 3D plot

o - A

Intensity [1/cm]

-—
t

4 [Al’\..'l ]

i t
Time in experimen

Note, that Gizmo has manytools
associated with it in the menu as
the controls for it are kind of
awkward at this time. Major
upgrade is planned for Igor 7.

You can create movies of
rotation of the Gizmo plot,
control its visual look, etc. More
controls is likely to appear in
the future, but final version of
this tool is likely for Igor 7.
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3.3 Plotting tool Il

This is modification of plotting tool developed by Dale Schaefer. This tool control ANY top graph. It can,

therefore, be used more flexibly — but has some limitations... This tool is likely to be developed more in the
future.

General Plotting tool ® 00 Plotting tool Il Graph
Plotting tool input panel T mss b —T T —TT T
D . E Indra 2 data ’:’ Irena results. F ‘ll E
atainput = s o) C —s85_JR63|
—— =\ 1
Data folder: | root:USAXS:'08_09":S65_JR63: 3] L 4
- 1
Wave with X axis data | SMR_Qvec a I'\
e T 4 \
10° ooy -
E 3
Wave with Error data | SMR_Error % | K I"‘\ ]
(" New Graph \ (" Adddma ) ( Standard 3 ( Save Graph ) 3 ‘ i
10° \
e .F N
!g Log X axis? ﬁ_ﬂ Log Y axis? ["] Error bars? £ =
G - ~
et o T .
X axs tite [ (A7) > e
= i \
Y axis tte [[ntensity (cm ") o \
[ 10* 3
3 = £ 3 | E
Legends: M Folder Names [] wave Names £ E | E
’ - ‘I -
Legend font size ’. 10 W& B I'n‘ b
L | 4
\
- Y E
[7] Use symbols?  Symbol size (1 |[7] ["] Black&White \
M Use fines? Line width 1—§} 10' E ) \ E
E \ 3
M X Major Grid [[] XMinor Grid? ~ Axis width: [2|[7. C 3
g Y Major Grid (7] Y Minor Grid  Tic Rotation: [0 ‘§ i
M ¥ axis autoscale? ™ X axis autoscale? o N
e —— e e 107 | . -
( Capure ) win: [3.9567e-01 [}] win: [8.9695e-05 [¥ E % 3
( Coange ) Max: [1.2288e-05 Bl Max [T0531e01 8] M| MR, | PR |
10 10° 10°* 10"
4 q(a’h

The GUI contains selected controls and any change in this GUI is applied to the top graph. Note, that compared
to Plotting tool I, which at each modification reapplies all formatting to the graph it controls, this tool applies

only the control which has been changed. Therefore, this tool is basically ONLY different GUI to Igor controls
— combined with convenient Irena data selection tools.
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4. Scattering contrast calculator

4.1 Introduction

@ Jan Ilavsky

Calculating scattering contrast for various compounds is annoying “monkey” work, which can be easily left to
computers. The tool in “Irena” at this time allows one to calculate the X-ray and neutron scattering contrast for

compounds with up to 24 atoms, with known density, with known atomic fractions and with no energy
dependence. Energy-dependent anomalous scattering effects (for X-rays) may also be considered by an
additional level of this tool (see button marked "Anomalous calculator" in lower right corner).

4.2 Running Scattering contrast calculator
Select from menu “SAS” item “Scattering contrast calculator”:

Al -0 x|
File Edit Data Analysis Macros Windows Panel Misc Help SAS
[mcoticrn comtrastcaeuotorman ——————— _Io/x]
Substance editor and scattering contrast calculator
1
Numberof elements 2 [  Denstyfo/em3) [ ] O Weight fraction?
Modify element: W=
| | I
10 15 20
: Neub:  0.3446
Element Al Isotope | natural ¥ Blectrons: 13 Incoh b: 0.01
Atom wt: 26.9815 Abs Xsec: 023
AL O,
Saved substances: [ Within this experiment (or on the computer)?
Molecular weight 101.961 Ag | Save date
Weight of 1mol [g] 1.69311e-22 A203
Num of mol in Tom3 2362526422 XihsE Y2
Number of electrons per mol 50 il
Number of el per Tom3 1.18126e+24
Xray scat length dens (tho) [10°10cm-2] 33.08 i)
Volume of 1 mol [cm3] 4.23277e-23 Second phase :  vacuum M Use Vacuum?
Total b of the molecule [cm] 2.43010e-12 Xray scatt length dens second phase (ho) [10710em2) [0
Neut. scat length dens (ho) [10710cm-2]  5.741 Neutrons scatt length dens second phase (ho) [10°10cm2) [0 |
X rays delta+ho squared [10720 cm-4] 1094
Neutrons delta+ho squared  [10"20cm-4] 3296 [ Ancmalous calculator I
Ratio Xrays/Neutrons delta ho-squared 3319
|Ready | [

This is the interface. At the top, select number of atoms in the material, set its density and check the check box

if you want neutron data displayed. Let’s select 2 atoms, may be Al,O3; (Corundum) with density of 4 and see

neutron results. This is the picture after this selection

56



Irena manual, version 2.59, February 2016

1.8.0.0 Scattering contrast calculator main
Substance editor and scattering contrast calculator
Number of elements | 2 @ Density [g/cm3] [4” (] weight fraction?
Modify element: L
I I I
1.0 1.5 2.0
- —— Electrons: 13 Neub [e-14m]: 0.3446
Element Al Isotope | natural + | Incoh b [e-14m):  0.01
e 5 .981
| Change clement | Atom wt: 26.9815 Abs Xsec [e-24 b): 0.23
Al Oy
L) i g i 7
. Saved substances: __| Within this experiment (or on the computer)

Molecular weight 101.961 BwiPctYSZ ‘ Pm——— |
Weight of 1 mol [g] 1.69311e-22 Ag

Num of mol in 1cm3 2.36252e+22 air ‘ Lpsddatn J
Number of electrons per mol 50 Al | " Delete data |

Aiz03 —_—
Number of el per 1cm3 1.18126e+24 Anatase [ New compound |
Xray scat length dens (rho) [10410 cm-2] 33.29 anatas_Ti02
Au Load as second phase

Xray SL per gram [10A10 cm/g] 8.322

Volume of 1 mol [cm3] 4.23277e-23 Second phase :  vacuum @ Use Vacuum?

Total b of the molecule {cm] 2.43010e-12 X ray scatt length dens second phase (rho) (10410 cm-2) 0

Neut. scat length dens (tho) (10410 em-2] ~ 5.741 Neutrons scatt length dens second phase (rho) [10A10 cm-2] |0

Neut. SLD (rho) per gram [10A10 cm-2 g-1]  1.435

X rays delta-rho squared [10A20 cm-4] 1108 ’ A e

Neutrons delta-rho squared  [10A20 cm-4] 32.96

Ratio Xrays/Neutrons delta rho-squared 33.62

@ Jan Ilavsky

Use slider to select each element and check it’s properties — amount in molecule, Isotope etc. Input is done

through Periodic system table (push Change element button). To continue, close the table...

800

Select element

(1)(o)(7) (He)
(i) (ca)(se)(r)(v )(co)our)(Fe)(Co)(Ni)(cu) 20 Ga) (Ge) as) 5e) (o) (ko)
DD @@“@@@6’7\@@@’7‘@
(cs)(8a)(La)(H)(T2) (W) (Re)(0) (i) (P2 u) big) (T1) o) () (Po) () )
(F)(Ra)(a)

(Th)(pa)(u)

Most of the fields is filled automatically with data from internal databases of this tool. In the lowest part of the
tool are results and intermediate calculations of this tool — so one can obtain various numbers, which needed to

be calculated.

4.3 Use of matrix

To calculate delta-rho squared ... (Pmatrix—Pscatterer)” - We need to set scattering length density of matrix. This

can be done in numerous ways:

1 Write the numbers directly in the fields provided
2 Calculate the matrix scattering length densities and use “Set as matrix” button
3 Save matrix data using “Save data” button and then load them as matrix “Load matrix data”

In each case the values for “delta-rho squared” should be recalculated. Note, that if checkbox “Use vacuum as
matrix” is checked, vacuum is used as matrix and no selection for matrix is available...
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4.4 Saving data

This tool has “saving” feature, which allows to save the compound parameters in such way, that it can be used
in the future. The data can be saved either INSIDE the current Igor experiment or OUTSIDE Igor
experiment. Compounds saved outside are available to any Igor experiment on that particular computer. But
experiment moved to another computer will not have these compounds saved...

To select where compounds are saved, use checkbox “Within this experiment(or on the computer)?

Use buttons “Save data” to save current compound, modify name as necessary — keep in mind to keep the
around the name and use characters allowed as file names. Limit name to 27 characters or so (Mac name
limitation).

Use buttons “Load data” to load data in the tool and “Load matrix data” to load data as matrix ONLY ...

e

Comment: Due to rounding related to saving the data in ASCII file, there will be rounding error when using
“Load matrix data” in the “delta-rho squared” calculations...

Button “New compound” will clear all settings in the tool to start creation of the new compound.

New comments on saving the data: From this release the compound data are saved with in the same place
where the Irena macros are stored. This is to allow users of limited privileges to run and operate. See above
comments on macros installation.

4.5 Anomalous calculator

The package includes Cromer-Liberman code for calculating energy-dependent (anomaouls) effects. The button
“Anomalous calculator” on the “Substance editor and Scattering contrast calculator” calls up new window...

9 e Anomalous scattering contrast calculator

Anomalous Scattering Contrast Calculator
Select ONE or TWO stored compounds
]

° Calculate at single energy O Calculate in energy range
| () Compounds within experiment ? Energy [keV]: ,_—10 a QA1] i:() U
1,122 4ctrabromo-cthane
SwiPtYSZ Recalculate |
i e
sir e
Il Thickness [mm] [0.1 }Q
1 ARO3
Anatasc
anatas_TiO2
Au
L
| Ba
| BaSOs
Be
1}
s 10 [e] 0 0 [e] 0
v
| | brookite_Ti02 f'le] 0 fle] 0
I f e 10+ [e-] 0 f0+F' [e-] 0
2H26- dodecane
{ | CISHYTN oleyamine f* [e-] 0 ' [e-] 0
CaMgC206 Mu/Rho [cm2/g] 0 Mu/Rho [em2/g] 0
! Carbon Tetra Bromide CBré
| Carbon Tetra Chloride CCl4 Mu [1/cm] o Mu [1/cm] 0
| Co 1/Mu [em] 0 1/Mu [em] 0
| ;‘: Trans = exp(-Mi*T) 0 Trans = op(-M*T) 0
‘ PR f[10A10 cmA-2) 0 f [10A10 cmA-2] 0
| £ [10A10 cmA-2) 0 £ [10A10 cmA-2) 0
| () Second phase is Vacuum Delta Rho Squared [10A20 cmA-4] 0

Use of this tool:
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Select one or two compounds created and SAVED in previous (regular scattering contrast calculator). If you
select only one, use vacuum as second phase (checkbox below the selection of compounds). Then select, if you
want to calculate values at one energy or in energy range. Note, that calculating values for large number of
points may take quite a long time.

To select two compounds hold shift. Then input right thickness and click “Recalculate”. Fill in the Q if you
need values at higher Q values (for small-angle scattering assume Q=0)...

For single energy following appears:
@ @ Anomalous scattering contrast calculator

Anomalous Scattering Contrast Calculator
Select ONE or TWO stored compounds
[}

° Calculate at single energy (O Calculate in energy range
| O Compounds within experiment ? Energy [keV]: ) ‘@ QA1) DO
1,1,2.2-tetrabromo-cthane
SwiPetYSZ Recaiculate
1| A
i< )
i Thickness [mm]) (01| |
i AZ03 .
Anatase ALLO |
anatas_TiO2 Ll
Au |
V| Aum o |
1| Ba ,
| | Basos |
Be |
|
:jo fO [e] 9.999 f0 [e] 28.99
| brookite_TiO2 f'le-] 0.07897 fe] -1.328
: < e 10+ [e-] 10.08 0+F [e-] 27.66 {
C12H26. ocanc:
t | C18H7N_oleyamine ' le] 0.0762 " [e] 3.237
CaMgC206 Mu/Rho [cm2/g] 15.73 Mu/Rho [cm2/g) 214.4
1 | Carbon Tetra Bromide CBrs |
‘ Carbon Tetra Chloride OCH Mu [1/cm] 62.92 Mu [1/cm] 1913
‘ Co 1/Mu [em] 0.01589 1/Mu [em] 0.0005228
‘ Trans = exp(-Mu*T) 0.533 Trans = exp(-Mu*T) 4.933e¢-09
‘ Ino o ovea f[10A10 cmA-2] 33.36 f [10A10cmA-2]  65.52
! ™ [10AM0cmA-2] 0.2522 f* [10A10cmA-2]  7.667 !
1
| ([ Second phase is Vacuum Delta Rho Squared [10A20 GrA-4]  1089.4

Note, that table on right got filled with all relevant numbers — £.f, L, and related values for each compound
separately. Note, that f* and {” are here with two different units as output — in electrons per molecule unit and in
10" cm™. Lowest number is delta-rho squared between the two compounds at this energy...

NOTE : line “Trans — exp(-Mu*T) is calculated transmission of your materials, with the thickness in the
Thickness field and energy where this calculation was done. The thickness is same for each material. This can
be easily used to pre-calculate necessary thickness of the sample before experiments. If you change the
thickness, these transmission values get automatically recalculated.
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For range of energies:
®® O Anomalous scattering contrast calculator

Anomalous Scattering Contrast Calculator
Select ONE or TWO stored compounds

O Calculate at single energy ° Calculate in energy range

) Eompince v mpwiment 1 Enegystart (kevi:[10__ Qa1 o B
;:’jj:‘ suz‘hm"u“m Energy end [keV]): | 12 ";_J __
*\_9 Number of steps in energy: E]
mr
Al Thickness [mm)] | 0.1 |m
A2O3
Anatase
anatas_TiO2
Au
Aull
Ba
BaSO4
Be
BeO
Br ( Display f ] | Savef' || Save f* |
brookite_Ti02
c - 0 ( o
C12H26- dodecane [ Dephey & ] [ e’ Il ot )
e ( Display fO+f' ] [ savefost' | savefosf' |
CaMgC206 Y |
Carbon Tetra Bromide CBrd
Carbon Tetra Chloride CCl4 ( Display DeltaRho squared | [ Save Delta Rho squared )
Co
Cu ( Display Mu / Rho ] [ saveMu/Rmo || SaveMu/Rno |
D2 .
s it ( Display 1/Mu ) [ saweimu || savermu |
Dodecane_LightMinOxlSubst
( Display Transm = exp(-Mu*T) | [ Save exp(Mu*T) | [ Save exp(-Mu*T) |

[C) Second phase is Vacuum

@ Jan Ilavsky

Fill in the range of energies, number of steps you want to calculate (equidistantly spaced between min and max

energies) and other parameters. The push “Recalculate”.
The buttons “Display” create graphs of appropriate parameter, see for example below:
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[Brest - Igor Pro 503

Fe Elt Data Anchss Meoos Windows Grph Misc Hep SAS2D A5

Py—— JRTeTR] [ 8 oubleprimeGrphFDoublePrime L FDoublePime.2. a
1 1 | |
Anomalous Scattering Contrast Calculator 18 r
Select ONEar TWO siared conpouis 49 r
O Caeulteatsnge ey @ Caluale i energy age 12 r
ErllSZ R R | T o AP L
4 e ] — =
i [ F
i Nurber of steps neneray: (201} -
a0 e m— " I
4203 4203 Fe203 04+ -4 A203 |
antes Ti02 g, 04 - Fe203
Be f T T T ¥
Be Fey 706 708 710 112 T.1dkeV
‘brookite TiO2 Energy [keV]
B —
o>
FedCrIMo ( Diglyt ) oo ) e [~ | ! 1 L 1 a—
Fe203
0+ r
120 [ omwr ] [Come J{ ame J|o
] = [ owwnt ] [Csmen [ swan Ia;' 9 [
(ol pmRomed | [ soedmRosed | §7n_ [
ntik Ti02 8 g L
Staghs ([ mmwmnimo | (Cswtim | [ Csmiaimo | %W
Sn | [ vawmn ) (s [ swmm | 91 r
) ]
& ([ omwepoarn) | (Comomaen | (s egeanen | g“”* r
—&- AI203vs Fe203
04 r
T T T T T
108 708 710 112 T14keV
Energy [keV]
| 1 I
Selectawave iconto see aplot
£
S
£
—& A203
- Fel03

T T
710 T.1dkeV

Energy [ke]

T T
706 708

Buttons “Save ...” save the wave with the data into Igor folder of users choice. The dialog should be easy to use
and allows user to create new folder, select name for new data etc. Note, the data are saved as waves with so
called “x-scaling”. To learn more read Igor manual.

=l
lous 9 :
Il Select Folder and Wave name to save Delt i = |U|_::Iri

Select Folder and Wave name to save DeltaRhoSq into

lect ONE or Curent Folder: root:Packages:ScatteringContrast:
Current Naree: | |

wPetYSZ ;] [ Show waves? [ Stings? [ Variables?

g =
3

1

atas_TiO2
1

L4 i

g
ookite Ti02 [ Nerax | [ opmix |

g Delste fldr Revvame fldr Cancel Dome/NotUrique
e )| ) | ) | )

T
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5. Unified Fit

5.1 Introduction

The Unified fit uses code developed by Greg Beuacage to fit SAS data with levels composed of a Guinier part
and a power law tail. The code handles various data for which the development of an exact scatterer model is
difficult or impossible. The fitting code can handle some interparticle interference, fractal scatterers etc. For
details, please see papers written by Greg Beuacage or, hopefully, in the future an included description.

This is introduction written by Greg for this code:

This fit uses the function described in

http://'www.eng.uc.edu/~gbeaucag/PDF Papers/Beaucage?2.pdf

http://'www.eng.uc.edu/~gbeaucag/PDF Papers/Beaucagel.pdf

http://'www.eng.uc.edu/~gbeaucag/PDF Papers/ma970373t.pdf

The basic function is composed of a series of structural levels, each with the possibility to be

a) associated with the previous smaller size level (Rcutoff2 = Rgl in 12highq=B2q"\(-p2)exp(-q"2Rg1"2/3) for the power-law region of
2)

b) to follow mass fractal restrictions (calculate B for the mass fractal power law I = B q"\(-p)

¢) to display spherical Correlations (Interference) as described by 1(q) = I(q)/(1+p f(q etai)) where p is a packing factor 8*vH/NO for
vH = hard sphere volume and vO is occupied volume and f(q eta) is the sphere amplitude function for spherical Correlations
(Interference)

The intensity from each level is summed and the intensity from one level, i, is given by:

li(q) = Gi exp(-q"2Rgi"2/3) + exp(-q*2Rg(i-1)"2/3)Bi {[erf(q Rgi/sqrt(6))]"3/q}"Pi

qR, &
Ry _aR3., | (erf <ﬁ>)3/q

Ii(q) =Ge 3 +e 3 B

This equation includes a) above if Rge, = Rg(i.1 is the previous smaller Rg e.g. the primary particles from a mass
fractal level. If there is no such dependence Ry, = Rgi.1) is set to 0 or it could be set to an independent size
under unusual circumstances

This equation can include b) if B; is calculated using B; = (G df/Rg"df) GammaFun(df/2) and the erf argument
includes kqRgi/sqrt(6) where k is 1.06. The latter can be included or ignored for high dimension mass fractals
but becomes more important for dimensions less than 2.

The equation can include ¢) by multiplying the entire level I;(q) by a function that follows the Born-Green
approximation for Correlations (multiple particle Correlations) and this works well for weak Correlations of any
type but becomes more restricted to spherical Correlations as the Correlations become stronger. The measure of
the strength of the Correlations is the packing factor p = 8 vH/vO as described above and for spherical particles
this value can be 0 (no Correlations) to about 5.92 (calculated for FCC or HCP packing).

The packing factor for FCC is p=8*Vh/Vo = 8*(pi*sqrt(2)/6)=5.92 - this is basically the total volume of lattice
points in FCC divided by the volume of the lattice (provided to me by one nice Irena user).

If particles are asymmetric, e.g., rods or sheets the packing the number can be much higher and the spherical
function becomes less appropriate although it can be used in a pinch for weak Correlations. The interpretation
of p and eta § become complicated in these cases. As a general rule & has to be larger than Rg; as common

sense would dictate. The correlation function follows closely the development of Fournet in Guinier and
Fournet and in Fournet's PhD dissertation where it is better described but is in French...
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So the Unified needs to accommodate multiple levels each of which can potentially have 8 parameters
(including spherical Correlations):

Rg;,

Gi,

P;,

Bi,

eta;,

pack;,

RgCO;, k where RCO; is usually Rg.1y, as shown above, for hierarchical structures (k is 1.06 for mass fractals
and 1 for others)

Each level must also have the answer to at least three questions:

Are there Correlations: qCor;.

Is this a Mass Fractal: qMF;.

Does this level terminate at high-q in the next lower level Rg: qpr. (PowerLimit) That is, is this a hierarchical
structure build from the previous smaller level. A third option is to let the power law limit float as a free
parameter although this is rarely appropriate.

As Gregg wrote me:
“We have several options for coding the unified function.

a) Write a dedicated code for a specific morphological model where all of the parameters are defined in
terms of the model. We have done this for correlated lamellae, rods, mass-fractals, spheres, correlated spheres,
RPA based polymer blends of arbitrary fractal dimension, polymer gels among others.

b) Write a generic unified code that allows a high degree of flexibility but which is naturally complex.
For cases where you deal with a fairly complex and limited structural model option a) is most appropriate and is
easiest to understand. We can't however write such code for each and every case. Several of our publications
indicate how to go about calculating the unified parameters, for instance for a sheet structure 8 parameters in the
unified equation (for 2 levels) reduce to 3 free parameters, the contrast, thickness and diameter of the sheets.
Similarly rods can be described by 3 parameters the length, diameter and contrast. Correlations in both systems
add 2 other parameters although the spherical correlation function can not be rigorously used except at
extremely weak levels of correlation.”

This code deals with approach b) where only spherical correlations are dealt with but including an optional
mass fractal limitation (strictly limited to linear chains but useful for branched structures in application).

Helpful hint on use of Invariant:
The invariant INV is:
INV = 2*pi**®(1-D)*Ap?
To use correctly, one needs to convert the Unified provided invariant to cm™ by multiplying by 10**
(from cm"A” to cm™). ...

Helpful hint on use of Porods law:
The specific surface area S, is:
Sy =B/ 2*pi*Ap’
Where B is Porods constant — it is the value you get from Unified fit when P=4. To use correctly, one needs to
convert the Unified provided B to cm™ by multiplying by 10°>
(from cm"A™ to cm™). ...
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Surface/Volume ratio =pi * B /Q

Until Irena release 2.55 this value was called “Surface/Volume” ratio as Greg Beaucage had in his original code.
One of the users has investigated and got in touch with Dale Schaefer and result is, that this value has been
renamed. It si now called “pi * B /Q” and in help it is also termed “S/(V*fi*(1-f1)))... Here is what it should be
in formulas (note: Q is invariant) :

B, _7Bg (1-9)

" 2x(p) 0,
7B, _ S,
0, o(l-9)

Link B to G/Rg:
. One of the problems of Unified fit is bit too high flexibility

r
0O N H 3 . .
e Unified fit . in some cases and if the data are less then perfect, one can
. . . A . . . . .
Unified modeling input panel ;| casily create situation in which the volume part (G/Rg) and
e USAXS Model = : : :
Datainput = oo () surdets surfgce part (P/B) of the curve are phy51gally impossible.
Data fidr:| S4_0027 2| Fide: Basically there may be too much or too little surface for
Wevewithx [Q_S4_0027 S W given volume. The tool in this case raises red flag ("Level
. . " :
Wavewithy | R_S4_0027 - may not be physically possible" message. This has beeq
- , addressed in Guinier-Porod model by Hammouda (see its
Error Wave | S_S4_0027 * | Rebinto: 0 . . .
own chapter), which calculates profile of SAS using just
Graphdata | Subtract backg. | 0 v o b three parameters. However, this takes away some flexibility
Unified model input e e [ needed for systems with, for example, high polydispersity.
o Update automatically? | No limits? To help in some cases I added "Link B to G/Rg/P"
P——— “"l"a‘“"" “’°’°"[‘ B ““f - ‘ checkbox. If this is checked, the B is calculated under
. Level . Level . Level 4, Level . Level . - ..
i e i i assumption of Guinier-Porod model. This is useful when
Fit? Low limit: High Limit: .
Sl 00 z one cannot fit some parameters, as there is no part of the
Rg [100 3 curve, which would be dominated by that specific
Fit Rg/G bwtn cursors parameter.
Is this mass fractal from lower level?
Link 8 to G/Rg/P? Surf / Vol [0 . ) ,
o z From version 1.37 Unified has “Analyze results” tool,
5 [ z which can analyze also Invariant, Porod’s law and some
e e ey e Fit P/B bwtn cursors other specific cases. Use it!
RgCutoff |0 v
kfactor:| 1 3
—— 5.2 Running Unified fit
Select “SAS” — “Unified fit”. Following is the screen you
should see after initialization:
SAS Background | 1e-06 v Fit Bckg? Skip Fit Check?
iy vt s o L Fit Revert back In the top part again deselect “Use Indra 2 data”, or “Use
recat ol P dnies? o o (ren N e et QRS data” or none checkbox and then select data as seen
Results Store in Data Folder Export ASCII Results to graphs
below and push button graph:
Analyze Results Uncertainity Evaluation

64



Irena manual, version 2.59, February 2016 @ Jan Ilavsky

®Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

M Unified fit E (=] 2 : E -0 x|
. . . ol L PR | L Ll PR
Unified modeling input panel =
i i [ Use Indra 2 data structure 7 e,
Experimental data input Use GRS data structure 10 ., + Experimental intensity [~
Select folder with data: I root:SAS: ImportedD ata: Test data” :] 5 ""....‘
Wave with O data Q_Testdata v] v e,
5
‘Wave with Intensity data | r_Testdata ¥ _ 107 7 —
‘Wave with Error data s_Testdata vI E 104 _ L
Crph I Sublract background [0 |19 % 3
2 10 7 -
Unified model input ~ Numberof levels: [ 1+ £ X
> [ Update Unified automatically? o0t —
[ Display local (Porod & Guinier) fits?
ToTmver /e /A lmvel\ / F-Tevel / Bilevel\ 10" -
| Level 1 contioks | Fit?: Low limit: High Limit: .
(I T — - 107 B
Rg ] ' 4 teeeiarerane, 1y b
Hgslep@ Gs!ep T T — T T — T T
0.001 0.01 0.1
[ Is this mass fractal from lower level?  Suf/Vol[D__ Q] A“]
B | 3
P ]

PacT_JB) Bsn B
LT —

kfactor: | 1 =
2 tL
[ Is this corelated system? 107 \ t
K
- 10.3 I o r
2 +
=] +
« f
545 Background step O FitBeks? = g% - ! -
s 10
Fitusing least square fitting ? ET| Reatbuk | 5
[ Store local (Porod & Guinier) fits? — ee—— S 5 il SN
Results: [ Store inData Foldr | [ Expont ASCT | Results to grphs 10 =
-8
10 i r
e
T T T T
0.001 0.0 " 0.1
QA ]

The two graphs which appear show selected data in two different views — top graph is log-log Intensity vs Q

vector, bottom part is Intensity * Q™4 vs Q vector, this represents S(Q) as known from scattering theories.

ALL USER INPUT IS IN THE TOP WINDOW (log-log plot)

Controls above the tabs:

Graph Unified button recalculates model and puts it into the graphs

Update automatically checkbox  if any change to model parameters is made, automatically recalculates (i.e.,
automatically pushes the button Graph Unified). Uncheck on slow

computers.
Display local fits displays local Guinier and Porod fits in the graphs for active tab level
Number of levels selects number of levels displayed. Note, that at no time parameters for not

displayed levels are reset, so user can switch between number of displayed
(=used) levels freely...

Now, when we have the data we will start building the structures from large Qs...

Select the number of level 1, check Update Unified automatically (if used computer is fast enough, else push the
button Graph Unified)...Click on the Tab “1. level”. What appears is the screen shot:
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M Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

I Unified fit 2 B[] B3] | LogLogPlot » -10] x|
: : ) M| ' M| s ' ' . "
Unified modeling input panel i 3 + Experimental intensity - 8000
: f [ Use Indra 2 data structure 7 e : —— Unified calculated Intensity
EEFECHCIIE] CELE Tl Use QRS data structure 107 . O Standardized residual - 5000
Select folder with data: | root:S4S:ImportedData: Test data” ¥ | 105 a ‘"""w N --- Fitl_even Guinier
Wave with O data O_Testdata v “""‘“m,% — FitlevelPorod — 4000
5 ., N
Wave with Intensity data | r_Testdata ¥ 10 7 %
=, -oooo 2
‘Wave with Error data s_Test data vI E 10 g‘.
Gah ] Subtract background [T ] ET o -0 8
Unified model input ~ Numberoflevels: | 1 | E Wt | 000 §
[ Update Unified automatically? <
[ Display local (Porod & Guinier) fits? 1 -
10° . [~ -4000
Fit?: Low limit: High Limit: 100 _| N ) L
G O S B -6000
fo = 10" K 1L aono
Rgslep@ Eslep@ T T T -
0.001 0.01
[ Is this mass fractal from lower level? — Suf /Vol [0 ] Qf A"l
B O [ A Onginalintensity | o0 Tent o X:0.00024646 Y- 63268407 | dX: 067562
N —— | B: Originallntensity pnt 111 X: 067576 V027381 268e+07
R R o |
G — ] ol A R R
kfactor: | 1~ m-z ot
Il this conelated system? —| + Experimental intensity * Q"4 ot N -
S corgEEa s -4 _| — Unified Calculated intensity *~ Q"4 . |
1077 - - - FitLevell GuinierlQ4
¥ —| — FitLevellPorodiQ4
<) -6 R
w100 7 JUTRIR
545 Background wp[e® ] Omes? |2 4
Fit using least square fitting ? E: 10'3 —
[ Store local (Porod & Guinier] fits? — e— = _
Results: [ St mDasFoldr | EpmASCH |  Resubstognphs |

Description of the Tab area in the panel:

This area changes according to parameter selection etc. I have tried to put in this as much “smarts” as possible

to help user make right choices, so parameters, which are not applicable at any given time should be invisible...
Anyway, each parameter has most controls grouped on one line — that is current parameter value, checkbox “Fit”
and (if Fit is selected) limits — low and high fitting limits. Further more underneath the parameters is the
parameter step variable. This allows the user to select the magnitude that a parameters changes by pushing the
arrows at the end of it’s field. This allows user to “walk” the parameters into their starting condition as best as
possible. There are also buttons for local fits. If the checkbox “Is it correlated system” is selected, new
parameters appear. Also the screen changes, if the checkbox “Is it mass fractal from lower level” is selected....

The new red line in the graphs represents the results f the model for default values of level 1. Now, we need to
make this level fit the smaller particles Guinier and Power at Q ~ 0.025 A™". This shoulder is better visible in the
bottom graph. Also we need to include appropriate background...

Change background (under the tabs field) into the 0.1

Select point 76 —87 on the top graph using cursors and check “Fit” checkboxes next to G and Rg. These
parameters will be fitted in between the cursors. Push button “Fit Rg/G bwtn cursors”. The following should be
result:
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i Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

d fit : _ (O] x|
Unified modeling input panel
i i [ Use Indra 2 data structure
Experimental data input [ Use GRS data structure
Select folder with data: I root:SAS:ImportedD ata: 'Test data”. zl

Wave with O data m
Wave with Intensity data Im
[T Subtract background D

Unified model input Number of levels: [ 1 v
Update Unified automatically?

Display local (Porod & Guinier) fits?
£3: Level\ /3 Level\ /5. Level

Wave with Error data

Fit?: Low limit: High Limit:

G
i I e —
Aaseo 18 G 18

[ Is this mass fractal from lower level?  Suf/Vol[@___ ]
B a
7 C—
B step

=T —

kfactor:l 1 'I

[ Is this correlated system?

SAS dlele___ | step[ [ Fit Bekg?
Fitusing least square fiting ? [ Ft | [ Revtba |

[ Store local (Pored & Guinier) fits?
Results: [ Store in Dua Foldr | [ Bport a5¢T | Resubts to grghs |

m LogLogPlot

Intensity [cm"]

Intensity * Q4

Lol vl ol MR

L9 . + Experimental intensity
., —— Unified calculated Intensity
' ©  Standardized residual

R i e it T R L

— 4000

— 2000

—-2000

A: Originallntensity

ginallntensity

T + Experimental intensity * Q4

——— Unified Calculated intensity * Q4 :
10 ."
_ e ——
10-6 i . .~.~....~‘.~.../w‘“
10% 4

|eNpISal pazZIpIEpUELS

@ Jan Ilavsky

The blue line in the graphs now is the Guinier fit. Next select points 84 to 92 with cursors, check boxes “Fit”

Test - Igor Pro 5.03
File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

[mmuniied it
Unified modeling input panel

il i [ Use Indra 2 data structure
Expetineptaldatalinpit Use QRS data structure

Select folder with data: | root:5AS:ImportedDatar Test data’ > |
WavewithQdata | O_Testdats |
Wave with Intensity data lm
Wave withEnordata | s_Testdata v]
Grgh Mstbaact background [0______]|9)]

Number of levels : | 1 'I
pdate Unified automatically?
isplay local (Porod & Guinier) fits?

/5 Level\

Unified model input

Intensity [cm']

Low

[N A — |
[T e —
e = T |
[ Is this mass fractal from lower level?  Suf /Vol[D__—— |
B
P [E3% B3 O )

Paien B BB
T C—

kfactor: | 1 ¥
[ Is this correlated system?
-
3
<]
¥
SAS =06 [ step [ FitBekg? ‘E
Fitusing least square fitting ? Revert back l E
=4

[ Store local (Porod & Guinier) fits?
Results: [ Swre inDasFoldr | [ Bport AScT | Results to grphs

(=] B3} | ¥ LogLogPlot

ol s PR | L ol L PR
' + Experimental intensity

—— Unified calculated Intensity_ 40
< Standardized residual

o - 20

_ e 5 Ltresente

|enpisal pazipiepuelS

0.001

inalintensity | [ )

Q4_0Q_Plot

107 -

linte:

+ Experimental intensity * Q4 R
——— Unified Calculated intensity * Q4 . —

R
o
i

next to B and P and push button “Fit P/B btwn cursors”. Now we get the power-law fit on this area:
[Brest-tgorPros03
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The green line is local fit for the power law dependence. Notice, that the fit to the data in the modeled q range is
now reasonably good, including our background estimate.

You can also guess flat background, or check the checkbox “Fit Bckg?” and let the least square fitting (next
below) to estimate the best guess for the flat background.

Now we can fit the whole Level 1 dependence. Select large range of data (points 77 — 109) and check “Fit” next
to background parameter. Then push the fit button. This runs least square fitting on the data.

From Irena version 2.52 be default you get "Check fitting parameters" panel, which presents for user review the
range of points/Qs selected for fitting, parameters selected for fitting, starting values and, if used, limits. It also
presents some warning when parameters usually fitted together are not selected both. See below.

- T

80C° Check fitting parameters Note, that this panel can be skipped using
Unified Fit Params & Limits checkbox - checkbox "Skip this panel next time?"
Verify the list of fitted parameters. Then continue...... is on this information panel in lower right corner
Data Selected for Fitting are 161 points from point 0 to 161 and same function checkbox "Skip Fit Check?" is
This is Q range from Qmin = 0.00010292 A-‘ to Qmax = 0.50006 A-‘ on the main panel above the "Revert back"
Fitted Coef Name I Start value I Low limit I High limit l Warnings: I button):
SASBackground 0.0255087
Level 1G 94940.9 9494.09 949409 Rq is not fitted?
Level 1P 346809 2.42766 485533 B is not fitted?
Level2P 317553 222287 444574
Level 2B 1.61309-05 @ 3.22618e-06 @ 8.06544e-0S
SAS Background | 0.02554 v @ Fit Bckg? | | Skip Fit Check?
Fit using least square fitting ? Fit Revert back
reset unif? Fixrliv;ni_ts? J |__| Store local (Porod & Guinier) fits?
Results Store in Data Fokler Export ASCI | Resuits to graphs
Analyze Results ) | | Unceftaiﬁity Evaluation

Cancel fitting Continue fitting Skip this panel next time?

You can either "Continue fitting" or "Cancel fitting". Note, that changing the parameters in the panel is not
allowed and so if you need to make changes, use button "Cancel fitting" fix problems and fit again. .

Comment:

If the least square fit fails, it should automatically return all values where they were before fitting. If the fit
“walks away” to a solution, which is not right, the user can push the “Revert Fit” button and the parameters are
returned back to where they were before fitting.

Only parameters selected to fit (checkbox “Fit” next to them) are fitted — BUT FROM ALL ACTIVE TABS.
Therefore if using more than one level make sure you have selected only the appropriate parameters from all
levels that you want to vary in this fit. These fits can be highly unstable, if starting conditions are not right....

Ok, level 1 looks fine and the background also. Uncheck all fit boxes in the panel and then select Number of
levels as 2. Click on tab with “2. level”.
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i Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

~loix]
Unified modeling input panel

Experimental data input [ Use Indra 2 data structure

‘M LoglLogPlot
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O Link RGCck fector: [ 1 =]
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SAS Background rEﬁ1—3_2_32—| step [Te06_| Fit Bckg?

Fit using least square fitting ? m Revert back

[ Store local (Porod & Guinier) fits? — ee———
Results: [ Ston mDuaFoldr | [ Eport ASCH | Resubs to graphs

Intensity * Qr4

Y:0.119

[M Use ORS data structure 10 - © Standardized residual -
Select folder with data: | root:SAS: ImportedD ata:'Test data': :] 5 R - - - FitLevel2Guinier
10 7 Sesn, i
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@ Jan Ilavsky

The green and blue lines in at this time represent default values for level 2. If you click now on tab of 1. level,
the blue and green lines will be set for local fits for level 1, if on tab with level 2, they represent local fits for

level2., etc...

Let’s do local fits for level 2. Set cursors between points 31 and 48. Push “Fit Rg/G bwtn cursors” button. Fit

should converge to following solution:
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i Test - Igor Pro 5.03
File Edit Data Analysis Macros MWindows Graph Misc Help SAS2D SAS

Unified modeling input panel
Experimental datainput [ = 1222 tuse "

Select folder with data: | root:54S:ImportedData: Test data” v | o
Wave with O data 0_Test data 'I

5
Wave with Intensity data | r_Test data 'I 10
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[ Store local (Porod & Guinier) fits? = |
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+ Experimental intensity * Q4
——— Unified Calculated intensity * Q4

PR oes

Now we need to do something similar for power law dependence. Select points 47 to 63, reduce B to about
0.00001, select “fit” checkboxes there and do local fit. Following should be the result:
BTest qgorProS03

M Test - Igor Pro 5.03
File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS

T BRI [0t

Unified modeling input panel B
Experimental data input T D o
Select folder with data: I root:SAS:ImportedD ata: ' Test data" j

WavewihQdata | O_Testdats ]
‘Wave with Intensity data m
Wave with Error data lm
m Subtract background |0_|
Unified model input ~ Numberoflevels: [ 2 =]
[ Update Unified automatically?
[ Level\ /2. Level

[ Display local (Porod & Guinier) fits?
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-
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«
SAS Background [0.113232 step [ FitBekg? ’E
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[ Store local (Porod & Guinier) fits? = _
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@ Jan Ilavsky
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Now we can select area with this level only and optimize the parameters of Both Guinier part and Power law
part together:

Select point 31 to 63, make sure that other levels (in the current case the level 1) parameters have deselected
checkboxes Fit, and push fit button. If you get error message that limits are incorrectly selected, check, that
starting conditions for that parameter are between the limits. This is very important...

In this case the reason for error message is the fact, that power law slope starting value is 4.2, which is not
physical. Change that to 4 and fix it by deselecting the Fit checkbox. The do thi. f}t:

Unified modeling input panel . 1,
poﬂmmhldah u 2 nachue 'y + Expenmental intensity o
Ex input: Dl ez due "o, . ’ —— Unibed calculated Imensity
Sobectfokdes vt dtx [ 1ot Teat dsta: %) o O Standardized residual
Wave with Intensty dta [Intersty +] .
Warve wih Qvec data. Quector ¥

WavevahEnoidats | Enor = « s
Glash 3 S TIN o s  E Lo
Unified moglhput Number ol levels- [ 2 =] 3 x LI
_GughUniied |3 51550 e Peod s Gusin s?
Z oyl

T ——— ]
1 L 1

[ENpISa: pozEIpUR|S

0.001 0ot 01
[ 15 s rnss hactal o lowees bevel? — Suat Vel [F11507_ ] 0'mﬂk.l
LI sy — S W st | % Ongeainteraity

ED pat 31 X: 0.0018713 Y. 507830005 4X: 00089572
N (— [ [6: Orgmainturaty ] [rees—woowrm s ]

B
Pup[T_JB) Bweo[_JB) _ FeP/bwnouse | /. =lof x|
G i —

oirpm— 2 e P
i Cl tkheion hfeowz] 1 X 107 = 4 Experimental mtensity * O o
[0 I this comelated syitem? =—— Undied Calculated mtensity * O\ @

0° ‘/‘/
S48 Bockpround (1T 8] oo (5] O FeBgp

Fitusingleastsquarefmng? e | Revet | ot

Resulls:  Copyto Data flder | Expot ASOI | Resuts to graph

\ :
L R PO I B B R [ ) 1 |

Sedecta wave Icon o 588 a plot T T

0001 oot 01
Qvector [A') “{m'g

ive Constraind. esire < neve o=
y= IR1_PowerLawFit(New_FitCoefficients x)
New_FitCoeficientss{5 7229¢.06 4 2|
V_chisq= 358359, V_nprts= 17. V_numNaNs= 0, V_numiNFs= 0
W_sigma=(6.61e-07 0.0134)
Coefficient values £ one standard demation
Prefactor = 57229¢.06 £ 661607 -
Slope =42+00134

And now is the time to broaden the data range and fit both levels together. It is not necessary to fit background,
but should not hurt... Select points 31 to 103, check all parameters for level 1 and level 2 to fit and then fit.

Note, that in this case (this was mixture of two powders) the right setting for the Level 2 (large particles)
RgCutoff (Rgco) parameter is 0, since the scattering from these large particles extends to even largest gs.
Therefore, to get good fit one needs to set RGCO to 0 and rerun the fit. Some modification of starting

conditions may be necessary (I had to set B for level 2 to lower number to get stable solution). But one can get
really good solution:
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il Test - Igor Pro 5.03
File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS
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[ Is this corelated system?

SAS [008378 & step Fit Bekg?
Fit using least square fitting ? Revabad |

[ Store local (Porod & Guinier) fits?
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Intensity * Q"4

Last part, which may need to be solved, is the power law tail at smallest Qs from something large. To do so, we
can use trick of this method — create level, which has really large Rg, but G is 0, This removes effectively
Guinier area from the calculations. Then we are left with power-law only. To do so, create level 3 and select the
tab with level 3. Set G to 0 and Rg is automatically set to 10'°. Now we need to fix only the power-law part.
Modifying the B and P manually is the best method in this case... A good guess clearly is about 3*107 for B
and P roughly 4.
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E\“ Test - Igor Pro 5.03
File Edit Data Analysis Macros Windows Graph Misc Help SAS2D SAS
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Now select wide range of Q’s — points 103, select parameters to fit (possibly all, but that will take longer) and
make sure the limits (especially for level 3!!!) are set correctly. Note, that Level 3 Guinier parameters should
not be fitted! Then push button fit.

And we receive nice solution:
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ig\g_Test - Igor Pro 5.03
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Notice the standardized residuals in the top graphs are reasonable for all Q’s suggesting that we have right
number of levels. It may be possible to improve the fit by including some correlations — the powder could have
been compacted quite a bit, but I leave that to user to figure out more...

5.3 Correlations

If inter-particle interference is not negligible, then for reasonably weak interferences the code has built in
simple model for modeling those. This is simple model, which is realistically valid only for gasses and is only
approximation. For details see publications by Beaucage.

User should be aware of the crudeness of these calculations.

The code used for calculations involves correcting intensity from a level using this formula:

Intensitywith interfernce(Q, R) =Intensitywithout interference = (1+pack® SphereAmplitude(Q, Eta))

Where the pack and Eta are the two parameters of this model.

Note, that this is supposed to be valid for spheres. I am working on adding other methods for other
arrangements of particles.

Remember: this method accounts in very crude way ONLY for interaction for particles in the particular
population. If there are interactions among particles from different populations — which is very likely — these
calculations have NO WAY to account for it.
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@ Jan Ilavsky

When checkbox is selected for correlations,
new windows appear — ETA (distance
between the layers) and Pack (fill of the first
layer). Smaller the Pack, less interference.
The ETA should not ever bee smaller than
size of particles, and actually should be
larger...

5.4 Rgco again — main warning

My experience has shown, that one of the
least understood parameters of the whole
Unified fit seems to be Rgco parameter. Here
is more details on this parameter:

If you look in the formulas and what
this parameter actually does, you will see,
that it terminates very steeply scattering form
given population by the time the one reaches
Q ~ Rgco. Therefore the level becomes
unimportant at q higher than equivalent of
Rgco.

There are two cases when one needs
this parameter and both relate to case when
higher level and next lower level represent
scattering from the same volume of materials.

1. Scattering from particles having
two main dimensions — such as rods, disks
etc. In this case the form factor (see the pdf
list of form factors) exhibits two Guinier
regions connected by relatively shallow
power law slope. After the higher-q Guinier
are the terminal slope is Q*. In order to be
able to describe this type of behavior the
higher level power law scattering MUST be
terminated by the time we reach the lower
level Rg.

2. Scattering from fractals which exhibit
more than one characteristic dimension in
the measured Q range. The argument here is
VERY similar. Imagine fractal measured
over such q range, that one can see the
fractal behavior (higher level) but also time

when you can see the primary particles. This very much resembles the case 1, except it is less clear.

My general simplistic rule is, that if the two levels represent scattering FROM ONE POPULATION
(VOLUME) OF PARTICLES then the Rgco must be set, if these are different populations (having their own
volumes) then the scattering is additive and Rgco should be set to 0 for both of the levels.

NOTE: Since Irena v 2.52 I have removed fitting of Rgco parameter. In my years of experience there are no
such data, which would allow fitting this parameter. If anyone has such data, I'll be happy to put it back, but this
will make the system cleaner and easier to use.
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5.5 Output from Unified

Result scan be either copied back to folder where the data came from, exported as ASCII, or little macro will
include for each level text box in both of the graphs. User than can modify fonts/size etc and print. I need to
make this later more user friendly to give more flexibility...

Further the data can be exported into Excel table using “Export to XLS file panel”. This macro was written by
Greg Beaucage and I need to learn myself little bit better what it does. But it allows output results into
spreadsheet for publication.

Use the buttons at the bottom of the panel.

Copy to Data folder

If checkbox “Store Local (Porod & Guinier) fits?” is selected, then saved are not only final fits but also all local
fits too.. This creates large number of waves, but provides separated outputs for various levels — allowing to use
these data for further separate analysis. ..

After pushing the button user gets input dialog:
Copy data back to folder comment d 21 x|

Modify comment to be included with these results
Bl Inified Fit results from Thu, Sep 12, 2002 11:51:43 AMp

coce_| oo

In which any useful comment can be inserted (modify default). Note the quotes. They have to be there...

Then program saves following waves in the folder with original data:

UnifiedFitIntensity 0

UnifiedFitQvector 0

The 0 is generation number. User can save large number of solutions, with increasing XX where XX is
number. When Unified is run on data in folder, where Unified solution exists, user can recover any present
solution — all parameters are put back in the panel, this allows user to quickly return back to previously saved
solution, whit out need for recording the results.

All Unified fit parameters are saved in the wave notes of the above listed waves. This list is quite extensive and
hopefully the names are descriptive enough. User can interrogate them either in data browser or using Igor built
in tools (read functions “note”, and “StringByKey” resp “NumberByKey” manual)...

This is the example of the list in this case:

IgorExperimentName=Test case example;DataFolderinlgor=root:'Test

data':;DistributionTypeModelled=Number
distribution;NumberOfModelledDistributions=2;SASBackground=0.12257;Dist1 ShapeModel=sphere;Dist1 Scat
ShapeParam1=1;Dist1ScatShapeParam2=1;Dist1ScatShapeParam3=1;Dist1DistributionType=LogNormal;Dist
1Formula=P(x)=(1/((x-loc)*scale*sqrt(2*pi)) * exp(-In((x-

loc)/scale)2/(2*shape”2));Dist1 NegligibleFraction=0.01;Dist1 VolFraction=0.0024333;Dist1 Location=21.79;D
ist1Scale=87.731;Dist1Shape=0.5;Dist1 VolFractionError=8.698e-

05;Distl LocationError=16.734;Dist1ScaleError=5.8733;Dist1 ShapeError=0;Dist2ShapeModel=sphere;Dist2Sc
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atShapeParam1=1;Dist2ScatShapeParam2=1;Dist2ScatShapeParam3=1;Dist2DistributionType=LogNormal;Dis
t2Formula=P(x)=(1/((x-loc)*scale*sqrt(2*pi)) * exp(-In((x-
loc)/scale)2/(2*shape”2));Dist2NegligibleFraction=0.01;Dist2VolFraction=0.047415;Dist2Location=608.88;D
ist2Scale=538.71;Dist2Shape=0.5;Dist2VolFractionError=0.00026279;Dist2LocationError=13.656;Dist2ScaleE
rror=7.249;Dist2ShapeError=0;UsersComment=Result from Modeling Thu, Sep 12, 2002 1:20:06

PM;Wname=ModelingQvector 0;Units=A-1;

5.6. UNCERTAINITY EVALUATION

This script enables to analyze uncertainties of parameters of the Unified fit model. There are two different types
of analysis one can imagine:

1. Effect of input data uncertainties on the results. This analysis is done by running same fitting analysis (with
all parameters fitted) on variations of data. These variations are created by adding Gaussian noise on input data.
The Gaussian noise is scaled to have same standard deviation as input data uncertainties ("errors"). Analysis on
these randomly modified data is run multiple times and statistical analysis on the results for each parameter is
performed.

2. Stability of each parameter separately. This is bit more complicated - analyzed parameter is fixed, step wise,
in range of values user specifies. Other user-selected parameters are fitted and chi-square values are recorded.
After the analysis, this dependence is analyzed and based on statistical analysis (number of fitted points and free
parameters) the uncertainty of the parameter is estimated.

8 00 Unified Uncertainity Evaluation

Parameter Uncertainity Evaluation

Get Help

Select parameter | LevellG +
Min value |0.0931891  |[* a
Num Steps 20 v

Max value | 0.372757 =
Method | Sequential, fix param *
Automatically overwrite prior results? Fix fit limits?
| Calculate ChiSq range? ChiSq range target | 1.05 v
Analyze selected Parameter | | Add Parameter to List

Analyze list of Parameters Reset List

Recover from abort
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Here is example of results:
skeosk skeosk sk sk skosk sk

Unified fit evaluation of parameter Level2Rg

Method used to evaluate parameter stability: Sequential, fix param
Minimum chi-squared found = 18.723 for Level2Rg = 81.189
Range of Level2Rg in which the chi-squared < 1.05*18.723 is from 78.446 to 82.62

sk sk sk sk sk sk sie sk sk sk sk sk sk sie sk sk sk sk sk st sk sk sk sk sk sk st sl sk sk sk sk sk sk st stk sk skeosk stk sk sk skosk sk sk

"Simplistic presentation” for publications: >>>> Level2Rg= 81.2 +/- 2.1
sk sk sk sk sk sk sie sk sk sk sk sk sk sie sk sk skeoske sk st sie sk sk sk sk sk st sl skeoske sk sk sk st st stk sk skeosk stk skeoskeskeoskosk sk sk

°
160 — L
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B

5 120 |

= .

= 100 Minimum chi-squared = 18.723 -

% ° at Level2Rg = 81.189

s 80- -

S ° Low edge  High edge

< 604 78.446 82.62 B

°
40 ® o ® °-
°
[} ° Y L
20 — ° ° ° L
I I I I I I
65 70 75 80 85 90

Level2Rg value

NOTE: you need to make sure the fitting limits are set widely enough as the fit may abruptly stop when these
are violated. The Help in the panel provides many more details.

Export ASCII

This exports ASCII file with all the fitting parameters from Unified model (whole wave note from the results
waves) and Q and Measured intensity, Error estimates and Unified fit intensity.

Results to graph
This includes results in the graphs in text boxes:
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f\‘—! Test case example - Igor Pro 4.06
Fle Edit Data Andysis Macros Windows Graph Msc Help SAS
-0 BNETETIES T JRT=TET
- . il | n
Unified modeling input ptmel : ;
tal + Experimental intensity
Experime data input [Iiselncazdaa v —— Unified calculated Intensity— 4
St i vt e T Eat \\\ ©  Standardized residual
Wave with Intensity data I Intensity 'I
Unified Fit for level 1 2]
Wave wih Ovec defa | Quector ~] _..Umﬁ“”’“f"“e"en \’\ G=33322 53749 s
Wave wihErordata | Emor v) Rg=1:H0[A] 0 R Rg=72274[A] 23437 5
1B= 76949605  1.95466.05 . |B=000014339 00045557 g
Graph | {P=32906  oogize |7 h‘ﬁ.“.""**"‘.*'hl 17.905 o
e S TN " |RecO=0[A]  0,K=1 =
X 0=100[A] 0,K=1 - = K= 3
Unified model input Number of levels: [ 3~ _ﬁ,gfmmt [c,E‘,%_,) AN-)] = 00014797 N SAS Background = 010729 (fixed) §
oot Unifing | B8 Update Unifed automaticaly? o ] ‘\\/ Invariant [em-1) AY-3)] = 0.000175492
_Graph Unified_| 5 500 1ol Porod & Guien) ts? — 4
1 Level \ /2 Level \/ 3 Level \ /4 Level \ /5 Level\ 10" Unified Fit for level 2 \
C=82008¢405 16457
| Level 3contiols i 2 Lent Rt Kot it | Rg=68320[A4] 44213
(=1 [ 10 B=2251e05  3.4697¢-06 -4
(5T TS T X P =3.8643 0.031243 2
i 8 s I':].D == 10" L |RecO=0[A]  0,K=1 . R
gstep[T_JE] Gstep B _FRo/G buin cusars | Invarisnt [emC1) AY.9] =0.00867| ]

[ Is this mass fractal from loveer level?  Suf /Vol [NaN____ |

Q vector [A-‘]

P = 32996 0.027179
RgCO=100[4] 0,K=1

=22008e405 16457
hg=63320[A] 44213

Invariant [cm?(-1) A"(-3)]=0.0014797' 2251e05  3.4697e-06

B
0.001

— 33543 0031243
RgCO=0(A]  0,K=1
Invanant [em™(-1) A-3)]=0

B [7.65433e05 [ M [0=03 ] [10000 [© A: Originalintensity | o pnt: O X:0.00024646 Y- 6.3268e+07 | dX:0.2603
P O B2 EE I B: Originalintensity pnt. 103 X 026115 Y. 0.11874 dY: .6.32684407
Psep[T___J|©] Bstep[T___]©]  Fit P/B bwin cursors | iM™1Q4_Q_Plot I (=] 3
Y T — il . . e
5 S -2
Raflevel1)->RGCO [ Link RGCO kfactor : | 1 v[ 10% = 4 Experimental intensity = GAd //_
[ Is this conelated system? . ——— Unified Calculated intensity * Q4 S -
= 10 e -
5 — ot
S . /*""/t Unified Fit for level 1
& 10 G=33322 53749
545 Background [010765% 1) m O FitBeke?  * Ne=72.270A] 23457
o - B= 0.00014339 00045557
Fit using least square fitting ? I Revert back | @ |Unified Fit forlevel 3 P= 17.905
I ] (2 £ g=01 1?1[A] 5 RgCO 0[A] 0,K=1
Results:  Copy to Data folder Export ASCII Results to graphs g™ let! 3 5 gr 1= 010789 ed)
B =7.6049¢.05 1.9546e.05 Inified Fit for level 2 nvmmt [em"(-1) AN-3)] = 0.00017549

00367 01

T VECTOT [~ ]

Note, that only selected, applicable parameters for each level are included in the text boxes..

. The text boxes

can be formatted (double click on the text box) to suit user output. But note, that the text boxes get redrawn (and
therefore reset to default) next time user pushes the “Results to graph” button.

Export to XLS file panel

This macro should output data in the table which can be loaded by spread sheet type program (Excel). Macro

creates panel with buttons and walks user through steps needed to add data to the notebook in Igor, which then
can be saves as text file and imported to other programs.
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5.7 Analyze results

Some specific cases can be analyzed further using Unified method. These are:

Invariant

Porod’s law

Special cases published by Greg Beaucage : Size distribution and Branched polymers.

Two Phase system using methods published by Dale Schaefer (Naiping Hu, Neha Borkar, Doug Kohls and
Dale W. Schaefer, “Characterization of Porous Materials Using Combined Small-Angle X-ray and Neutron
Scattering Techniques”, Journal of Membrane Science 379 (2011) 138-145.

All of these can be analyzed by using “Analyze results” tool. It can be called from the bottom of the Unified
main panel.

Usage:
Open the tool from the Unified panel (at the bottom):
OO Unified fit data evaluation MO0 Unified fit data evaluation l
Special Case Data analysis Special Case Data analysis f
using Unified Fit results using Unified Fit results l
@ Current Unified Fit () Stored Unified Fit results () Current Unified Fit @ Stored Unified Fit results l‘
Data folder: [r0ot:USAXS:'11_05_Amanda''S12_Am6 PCP-W A
Wave with Y axis data_|UnifiedFitintensity_0 1)
Model: (--= %) Level: (-—- 144 e | Level: (——- %4
Print to Unified Fit Graph ) ( Print to top Graph
( Print to history ) Print to LogBook ) ( Print to history ) ( Print to LogBook ) f
v

There are two options which data can be analyzed...
Current Unified data in the Unified fit tool. This is selected in the left figure above.

Unified results saved to any folder in the Igor experiment. This is selected in the right figure above. Note, that
in this case user needs to select folder which contains unified results as well as UnifiedFitIntensity X, where X
is number of the Unified results “generation” (remember, there may be many generations of results there). Note
that this can be quite messy, if you do not know which generation to pick... The data for analysis are picked
from the wave note of the selected wave.

Then one can pick models:
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Invariant
8.0.0 Unified fit data evaluation

Unified Fit Data Analysis

@ Current Unified Fit O Stored Unified Fit results
Model: | Invariant $} Levet: (1 14
Contrast [10420 cmA-4] 301.3 @

(" Open Scatt. Contr. Calc )

Invariant value [cmA-4] 6.01298e+22

Volume of the phase [fract] 0.1011

(" Print to Unified Fit Graph )
( Printto history ) (" Print to LogBook )

You need to pick also level for which to calculate the invariant. The invariant value is in the top field, user can
input contrast value (if known) and if the data were absolutely calibrated and the contrast is known, the tool

calculates the volume fraction of the phase.

Porods law ‘
M.O0O.N Unified fit data evaluation
Special Case Data analysis
using Unified Fit results
() Current Unified Fit @ Stored Unified Fit results
Data folder: | root:USAXS:'11_05_Amanda':'S12_Am6 PCP-W A

Wave with Y axis data |UnifiedFitintensity_0 z]

Model: [Porods Law "8 Level: (1 *’3‘

Porod constant [cm”-1 A*-4] 4.7235e-06

Power law (Porods) slope 4

[

Contrast [10°20 cm™-4] 100

Specific surface area [cm”2/cm”3]  7517.68

( Print to top Graph )

( Print to history ) ( Print to LogBook )

This will provide results ONLY, if the P for selected level is close to 4 (3.96 — 4.04). In that case, the tool
provides Porod constant, P and calculates specific surface area — if the scattering contrast is provided. You need

to have data absolutely calibrated.
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Branched mass fractal
SO Unified fit data evaluation

Special Case Data analysis
using Unified Fit results

O Current Unified Fit @ Stored Unified Fit results

Data folder: root:USAXS:'11_05_Amanda"'S12_Am6 PCP-W A

Wave with Y axis data | Uniﬁed‘ﬁtTntensity_O ﬂ
Model: | Branched mass fractal /4] Level: (2/1 ..:3

G2= 63649 Rg2 [A]= 31269

B2= 4.5286e-06 P2 = 3.0345
The mass fractal is too polydisperse to analyse, ¢ < 1
dmin = | 3.23756 = 0.937281
2.5 25351.1 tBr= | -0.971052
M= 0.999096
Ref: Beaucage Phys.Rev.E(2004) 70(3) p10
Ref: Beaucage Biophys.J.(2008) 95(2) p503

( Print to top Graph )

h

( Print to history ) ( Print to LogBook )

panel itself.

Note, that when the calculations fail, the tool beeps and prints error message in the red box.

@ Jan Ilavsky

Ok, this tool requires users to read the references. The code was provided by Greg Beaucage and provides
results as expected. But I am not clear on what these numbers really mean. Any way, the references are on the

Note, to calculate all of the parameters, you need two levels — so there are choices like 2/1 (1 would be primary

particles, 2 would be the mass fractal). But you can also calculate some parameters from only one level (dmin

and c) and if you select only one level, parameters, which cannot be calculated, will be set to NaN.
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Size distribution
MO Unified fit data evaluation

using Unified Fit results

() Current Unified Fit @ Stored Unified Fit results

]
Special Case Data analysis T
[
[
A

Data folder: root:USAXS:'11_05_Amanda"'S12_Am6 PCP-W

Wave with Y axis data | UnifiedFitintensity_0 —3}

Model: | Size distribution |+ ] Level: (118 ]

G=[25107 Rg [A] = (45307

B= 4.7235e-06 P=|4

Geom Sigma = (0363765 Geom mean = | 23.164
Polydisp indx = 4.89343 Sauter Mean Dia = NaN

Ref: Beaucage, Kammler and Pratsinis, J.Appl.Crystal. (2004) 37 p523

C Print to top Graph ) ( Display Dist.

1 Print to history ) - Print to LogBook

In this case, parameters from one level can be used to calculate log-normal size distribution for the particles —
which assumes the P is close to 4 (Porods law). The details are in the manuscript referenced on the panel. Please,
read it.

Outputs of this tool:

User can get following outputs, using the buttons:
Print results to history area in Igor experiment. For example here is the results from the above Size distribution
tool:

sk sk sk s sfe sfe sk sk sk skeosk sk sk sk sk koo Results fOI' Size dSitributiOn analysis fI'()m Unlﬁed fit sk sfe sfe sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk skoskosk
User Data Name : 'S12_ Am6 PCP-W A’
Date/time : Analyzed using Unified Fit results from Sun, Feb 21,2010 7:19:12 PM
Folder name : root:USAXS:'11_05_Amanda":'S12_Am6 PCP-W A"
Intensity name : UnifiedFitIntensity 0
Q vector name : UnifiedFitQvector 0
Error name : ---

Selected level : 1

G/Rg/B/P  2.5107 45307  4.7235e-06 4

Geom. sigma : 0.36376

Geom mean : 23.164

Polydispersity index : 4.8935

Sauter mean diameter : NaN

Reference : Beaucage, Kammler and Pratsinis, J.Appl.Crystal. (2004) 37 p523

sfe st st she sfe sfe st she she sfe s ke she sfe s e she sfe s e she she st e she she sfe s she she sfe sk she she sfe sk she she sfe s she she sfe s sie she sfe st sie she she s e she she st s she she sfe sk she she sfe sk she she sfe sk she she sfe st sk she sfe st sie she s st sk she sfe st sk she sk st e ske sk st sk sk sk skeskeoskeoskoskok

Print the same results into the Irena log. Remember, this is the log book (Igor “notebook” which manuy Irena
tools save record of what is happening to.

Print textbox with the results to top (or Unified) graph. This is example of record for the Size distribution:
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Size dsitribution analysis using Unified fit results W
User Data Name :'S12_Am6 PCP-W A’

Selected level - |
G'Rg/B/P 25107
Geom. sigma : 036376
Geom mean : 23.164
Polydispersity index : 4.8935

Sauter mean diameter : NaN

Reference : Beaucage, Kammler and Pratsinis, JLAppl Crystal. (2004) 37 p523

45307 4.7235¢-06 4

And for size distribution ONLY ... Display distribution. This will calculate the log normal distribution for the
parameters obtained.
N0 0 Unifed Log Normal Size distribution

Radius min [A]: 5.0 Level: 1 Volume fraction: | 0.100

Radius max [A]:  187.9 L Save SD
| | |
9 (‘ "\ I[\ — .\:umNr Distribution
50X10- - ‘u ,"} \ — Volume Distribution
(] \ - 3.0x10°
l \
Fifhe '}
a0 | | \
- [ [} \ 25 s!
B [ / \ \ 5
S . 3
s |
o~ 2.0 @
s 30 | | “ \\ &
3 r / | =
Z L \ 15 E
© ’ \ \ z 'cBT
2 20 f \ \ 3"
IS | \ \\ 3
3 I\ 10 5
o\ -
104 ||
& 0.5
[ |
1’ } ‘.'\
4’ ) B
0 L T —— T 0.0
50 100 150
Radius [A] ) A

User may need to change the Radius min and Max values (my code to guess these seems to fail miserably in
some cases). The graphs shows which level was analyzed and enables user input of volume of the total volume
of the particles in this size distribution. This is basically absolute scaling, as it looks like Greg Beaucage never
worked out details of using absolute calibration of the data themselves. If this becomes important, I may be able
to develop the math myself. You can use for now for example value from invariant (which would be my choice

for code anyway).

You can also save size distribution as waves for future euse (these waves are recognized as “results” in irena
package now. You will get report in history area:

stk kok ok

Saved Unified size analysis data to : root:USAXS:'l1 05 Amanda:'S12_ Am6 PCP-W A'":

waves :
UnifSizeDistRadius_1
UnifSizeDistVolumeDist 1
UnifSizeDistNumberDist 1
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Two Phase media (aka: Porous system):

@ Jan Ilavsky

This is copied from the manuscript by Dale Schaefer ... For details, please, check the manuscript... It is
applicable for two-phase systems which at high-Q satisfy Porod’s law (power law slope = -4, Porod’s law is

valid).

Before I start with the methods... Here is some more description of input:

MO Unified fit data evaluation

Unified Fit Data Analysis

@ Current Unified Fit C Stored Unified Fit results
Model:| TwoPhaseSys1 | & Level: [ 1 144
Sample bulk density [g/cm3) 03
Density [g/cm3] SLD density 10410 [1/(cm2 g)]

Minority phase :  1.714
Majority phase : o

Ref: N. Hu, et al. J Appl Cryst, vol XX, No YY, 2011,

Print to Unified Fit Graph

i( Print to history ) (_ Print to LogBook

Valid for P=4, known all densities, defined invariant, abs. calibration not needed.

pi*B/Invaniant [mAZ2/cmA2] = 32.21
Surface per Volume [mA2/cmA3] = 4.651
Fraction volume: Minority = Toazs | Majority = [o.825 |
Cord Lengths [A] : Minority = [1sos | Majority = 7096

Top part (above lines with reference and Comments on validity) is for input. All numbers here should be known
and provided by user. Anything below the two text lines are fields with calculated values. Note, that the results
vary depending on what can be calculated from the input data provided. Make sure that assumptions about

validity of data (calibration, quality of G and Rg, Power law slope = - 4 (Porod’s law valid) when needed) are

satisfied.

Note, these models can be evaluated also for combination of Unified levels... Only single level or “All” is
allowed. If “All” is used, Porod constant from level 1 is used, but invariant is calculated from all levels

together...

IMPORTANT: this tool uses scattering length density per gram of materials. This is kind of unique, I have

extended the Scattering contrast calculator to calculate these values. Please, NOTE this...
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TwoPhaseSys1: p, psum and B/Q known. ¢, calculated
MNOO Unified fit data evaluation

Unified Fit Data Analysis l

{

@ Current Unified Fit O Stored Unified Fit results H

e - H

Model:| TwoPhaseSys1 ' ) Level:| 1 b& ] i
Sample bulk density [g/cm3] 0.3

1

Density [g/cm3] SLD density 10410 [1/(cm2 g)] i

Minority phase :  2.05

Majority phase : fo

Ref: N. Hu, et al. J Appl Cryst, vol XX, No YY, 2011,

Valid for P=4, known all densities, defined nvanant, abs. calibration not needed.

pi*B/Invariant [mA2/cmA2] = 32.21
Surface per Volume [mA2/cmA3] = 4.024
Fraction volume: Minority = [01463 | Majority =  0.8537 |
Cord Lengths [A] : Minority = | 1455 | Majority = | 8485

Print to Unified Fit Graph )

( Printto history ) ( Print to LogBook )

This approach can be applied when the data are not measured on an absolute scale, but sample densities are

known and the data cover a sufficient g range to determine the ratio B/Q. In this case, the porosity is calculated

. In our

ASLD)? nBp,(1-9¢,)
from: I,(q) = 1@ oc 2z(ASLD)" S, = B.g~4 ,and S, is calculated from S, = Pp %p
\4 q Vv 4 vq \4 Q
q

realization of this approach B and Q used are obtained from a unified fit (see above) to the scattering data.

Normally the relevant Q is for level-1 only. The chord lengths are calculated from:

4
<lg>= Ps
SV
4
<lp >=&
Sv
4
<l>= PsPp
Sv
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TwoPhaseSys2. : p,, psam, Ar and B, known. ¢, calculated
MO Unified fit data evaluation

Unified Fit Data Analysis

@ Current Unified Fit () stored Unifed Fit results

Model: | f\%ﬁﬁﬁéﬁf v

Level: | 717' v '

Sample bulk density [g/cm3] 0.3
Density [g/cm3) SLD density 10410 [1/(cm2 g)]
Minority phase :  2.05 8.473
Majority phase : 0 0
4 B

(_ Open Scatt. Contr. Calc )

Ref: N. Hu, et al. J Appl Cryst, vol XX, No YY, 2011,

Valid for P=4, known contrast, absolute intensity, not defined invariant.

Scattering contrast [cm-4] = [3.017e422 |
Porod Constant [A'qcm"] = 6.166e-05
Surface per Volume [m#2/cmA3] = 3.253
Fraction volume: Minority = (01263 | Majority = | 0.8537
Cord Lengths [A] : Minority = Msoo | Majority = [1.05e+04 |

(" Print to Unified Fit Graph )

Print to history ) ([ Print to LogBook )

This approach applies where the data are on an absolute intensity but the low ¢ data are lacking so Q is not

known. The sample density must be known so that ¢, can be calculated by 9p= Ps ~Psam _ Ps = Psam
Ps—P P Ps
BV

Sy=—2—
27(ASLD)

is used to compute S,. 4r is calculated from

ASLD = SLDy — SLD, = psArg — p pAr),
using known chemical composition of the struts.

h
where SLD; = p;N 4 (—J)i = p;(Ar);
ZMj
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TwoPhaseSys3. : psum, Ar, B, and Q, known. p; is calculated

®ON Unified fit data evaluation

Unified Fit Data Analysis

@ Current Unified Fit () stored Unified Fit results
Model:| TWoPhaseSys3 '+ ) Level: [ 1 b% ]
Sample bulk density [g/cm3] 0.3 ]
Density [g/cm3] SLD density 10410 [1/(cm2 g)]
8.473
Majority phase : 0 0

Valid for P=4, known sample density & contrast, defined invariant, abs. calibration

Ref: N. Hu, et al. J Appl Cryst, vol XX, No YY, 2011,

Minority phase density = 714
Scattering contrast [cm-4] = 211
Porod Constant [A'Acm*] = 6.166e-05
Surface per Volume [mA2/cmA3] = 4.651
Fraction volume:  Minority = [oa7s | Majority = | 0.825
Cord Lengths [A] : Minority = [tsos | Majority = 7096

Print to Unified Fit Graph

( (

Print to history ) Print to LogBook

This approach is similar to approach 2 but the data cover a sufficient ¢ range to calculate O,. For porous

materials where one of the two phases is air, p; is calculated from QV=%= f q’ Iv(q)dq=2;r2(ASLD)2 ¢,(1-¢,) and

Ps — Psam - Ps — Psam
ps_pp Ps

Pp =

0,
20 (Ar)? P gam

Ps = Psam +

If the SLD of the pore material is not zero, an iterative process is applied to calculate p, by forcing ¢, in

_ _ Be,1-9,)
P, = Ps = Psam _ Ps~Psam 1 equal ¢, calculated from O, in S, = P P . The calculated p; is then
p
Ps— pp Ps
EBq)p (1 - q’p)

plugged in S, = to calculate S,.

88



Irena manual, version 2.59, February 2016 @ Jan Ilavsky

TwoPhaseSys4. p,, Ar, B, and Q, known

MO0 Unified fit data evaluation

Unified Fit Data Analysis

@ Current Unified Fit C Stored Unified Fit results
Model:. TWoPhaseSys4 & I Level:| 1 b l
Density [g/cm3] SLD density 10410 [1/(cm2 g)]
Minority phase : 1.714 8.473
Majority phase : 0 0

Open Scatt. Contr. Calc

Ref: N. Hu, et al. J Appl Cryst. vol XX, No YY, 2011,
Known SLDs, calibrated data, defined invariant

Sample bulk density [g/cm3] = [03

Porod Constant [Aﬂcm*] = 6.166e-05

Surface per Volume [mA2/cmA3) [4651

Fraction volume: Minority =  0.175 Majority =  0.825

Cord Lengths [A] : Minority = | 1505 | Majority = | 7096

Print to Unified Fit Graph )

Print to history ) (_ Print to LogBook

EBq’p(l_q’p) a
0

nd

This approach requires valid scattering data on absolute scale. By equating §,, =

@, = Ps = Psam _ Ps~Psam 4 is solved using B, and O, obtained from the scattering data. The scattering data
d Ps—P P Ps

must be valid over a sufficient g range to assure that O, is accurate. After solving for ¢,, S, can be calculated

EBq’p(l_q’p)

using S, = . This approach does not require the sample density, but the chemical composition

of the struts (Ar) must be known. In addition this approach does require the complete scattering profile on an
absolute scale.

TwoPhaseSys4.

Particulate analysis, not published in manuscript.

There are two more methods provided to me by Dale Schaefer, which are not published in the manuscript. They

assume we can model the material as systems of particles and take two different methods to calculate particle

density.
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Unified fit P ati

Unified Fit Data Analysis

e Current Unified Fit O Stored Unified Fit results

Model: TwoPhaseSys5 |+ Levei: (1 14)

Sample bulk density [g/cm3] 0.3

Density [g/cm3] SLD density 10410 [1/(cm2 g)]
Minority phase : | 1.714

Majority phase : 0

Particulate analysis - valid for small phi only, valid G and Invariant
Ref: N. Hu, et al. J Appl Cryst, vol XX, No YY, 2011,

Particle volume [cm3] = 7.895e-15
Rg from Vp [A] = 956.8
Particle density [1/ecm3] = 2.216e+13

(_ Print to Unified Fit Graph )

( Printto history )

(" Print to LogBook ) .

Unified Fit Data Analysis

® Current Unified Fit () stored Unified Fit results

Model: TwoPhaseSys6 |+ Leve: (1 15)

Density [a/cm3] SLD density 10410 [1/{cm2 g}]
Minority phase :  1.714 8.473
Majority phase : 0 0

Calibrated data, valid Rg and Invariant

Ref: N. Hu, et al. J Appl Cryst, vol XX, No YY, 2011,
Particle R fromRg [A] = 1574
Particle volume [cm3] =

1.633e-14
Particle density [1/cm3] = | 5.179e+12
Surface per Volume [mA2/cmA3] = 4.651

Fraction volume: Minority =  0.08459 Majority =  0.9154

(_ Print to Unified Fit Graph )

(" Print to history )

(__Print to LogBook )

@ Jan Ilavsky

Note, that there are differences in what needs to be known. Method 6 requires knowledge of contrast, while the
method 5 does not, while method 5 requires knowledge of sample bulk density...
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6. Gunier-Porod

6.1 Introduction

This model was developed by Boualem Hammouda (NIST) and published in "A new Guinier—Porod model", J.
Appl. Cryst. (2010). 43, 716-719. In many ways it is similar to Unified fit model, but there are important
differences. I strongly encourage users to read the basic papers on the theories - both Unified fit & Guinier-
Porod. If you have difficulties getting the manuscripts, let me know and I'll pass you the pdf copies.

Next text is dumbed down version of explanation of differences, more or less ... for dummies version. It is
imperative to read and understand the theories behind these theories - they are not simple for sure. Do not
complain you get different results form Unified vs Guinier-Porod. It shows lack of understanding of the theories
- so get reading the manuscripts again, please...

6.1.1 Simple description of Unified-Guinier-Porod differences

Unified fit models scattering as system, of "levels" composed of Guinier and power law (Porod) areas (in
simple case).

Guinier-Porod models scattering as system of levels composed of Guinier and Porod (power law) areas (in
simple case).

They are NOT same, though.

In Guinier-Porod model each level represent ONLY one particulate system. For particle with one dimension we
have one Guinier area and one power law area. By assuming this is one system of particles adhering to Guinier
and Porod law some relationships between volume and surface area are known. This reduces number of
parameters. For particles with more dimensions (e.g., rod with two major dimensions) we can have two Gunier
areas and two power law slopes, for particles with three different dimensions, the code has only two Guinier
areas (assumes the third dimension is so large that its Rg cannot be seen - which is acceptable assumption
usually) and three power law slopes. There is ONLY one parameter related to "volume" of these particles,
parameter G.

See pictures copied from the Hammouda manuscript for particle with one dimension (sphere) and two major
dimensions (cylinder):

0.8 % P86/d-water, T = 323K Cylinder with R =100 Aand R =10 A
10
Low-Q
0
1Q° Gyinier
- 1 Region
SANS Data
7>~ I I [ S | i Model Fit 1Q’
& Intermediate-Q
) P
< i 0.1 Guinier Region
2 a4 ¢
P :
€ E Porod
° 2 oo1 Reglon
2
2 4
£ 1/Q
©
® q,
0.001
0.1 '
'
l \
H
. 0.0001
0.01 0.1 0.001 0.01 0.1 1
o . : -1
Scattering Variable Q (A™) Scattering Variable Q (A™")
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The important to note here is, that one "level" in Gunier-Porod model can describe particle with multiple main
dimensions - it has 6 parameters!

Basically each "Level" in Guinier-Porod model can be better described as form factor for particulate system. To
describe similar scattering in Unified fit one would need multiple levels, connected with proper use of Rycuttoft.
Even though each level in UF has less parameters that GP level, complex system in Unified fit needs many
more parameters - which means that chances getting physically unreasonable solution are much higher.

From above it seems the Gunier-Porod model is better - less parameters, more compact description...

However, there is a problem here. For systems, which do not adhere to Guinier-Porod model assumptions,
cannot be modeled by the Guinier-Porod model at all. For example, these would be hierarchical fractal systems,
particulate systems with broad size distribution, etc. For example, it is possible to use Unified fit and from
Gunier/Porod areas mismatch calculate log-normal size distribution - this is impossible in Guinier-Porod model.

Another words, as far as I can say, Guinier-Porod model is superior in limited number of cases where the
scattering system satisfies its assumptions well - such as relatively monodispersed particulate systems. In other
cases Unified fit may be the more generally applicable model. Even though it may be more challenging to use.

6.2 How to use Guinier-Porod model

Parameter description
Note, that my experience from development of this tool is that getting fit with Guinier-Porod is much more
challenging, especially for USAXS slit smeared data. So I had to

® 0 ier— i | . . :
= Cupietsforod maln pans — write much more involved & careful procedures for fitting local
Gunier Porod 2 . .
: o usas Mocel v parameters. This tool follows as much as possible the use of the
Data InPUt QRS (QIS) SMR data :
Data fidr: [ ——— 3| Flr: Unified fit.
Wevewith X [—— ) NOTE: It is imperative to do local fits in order described on the
Wave wich Y | === : panel or else those fits results go crazy.
Error Wave | === :
Graph data Scripting tool
Gunier-Porod model input Number of levels :| 0+

Main panel:

Update automatically? No limits?

Graph Mode!
Display local (Porod & Guinier) fits?

Frme | 2.tove [ s.eve | 4tove [ s tover | Main panel contains, as usually at the top part data selection controls.
SRE SN AT AL ST These are same as for the other Irena tools, so I am not going to
explain them here. Just select the data naming system you are using,
select data and then push button "Graph data".

Note, that this tool can be scripted by use of the Scripting tool,
i Rgi /G wicars which can be opened by the button "Scripting tool".

it P w/cses

For local fits follow order of the buttons -—> it §1 w/csrs

sk sk sk sk s sk sk okoskok

it Rg2 w/csrs

Ll | Bl Ead | Ead | Bad
almli=nlnlin

it S2 w/csrs

Next controls above the tab area for Levels themselves:

xS et (50T e "Number of levels" popup menu selects how many levels one is
Fit using least square fitting [ Revert back going to use. Read later that correct procedure is to build one level,
rosts: (et e then add second, third,... I would be really shocked if more than 3
Uncertanity Evshation. ) Gloas poph. levels were ever needed...

"Graph model" button, this button forces recalculation of model
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based on current parameters for GP model.

"Update automatically" checkbox forces automatic recalculation after any change in this panel. Basically
always pushes the "Graph model" button. Useable on fast computers, on slow ones may be annoying.

"Display Local Fits" Forces display of local Guinier and power law slope fits. Useful to check if the local fits
seem reasonable. Note, that these local fits are calculated ONLY when local fits are done, so do not expect them
there always.

"No limits" This checkbox removes limits from fitting. This seems to be useful as some of the parameters (like
G) keep changing over many decades in this model.

Tabbed area with input Guinier-Porod model parameters, will be described later.
Below tabbed area we have Background (self explanatory I assume).
Buttons:

"Fit" Least square fitting of the GP parameters, selected by their checkboxes, between the data selected by
Cursors.

"Revert back" If the least square fitting fails, this returns in the parameters from time before the last fit.

"Fix limits" This button will reset limits around current values for the parameters. Easiest way to fix limits if
you get "reached fitting limit" message after the fit.

"Results ->Data Folder" Copies the current results into the data folder so they can be later exported, plotted,
their wave note checked for parameters etc. Simply creates what Irena calls "results".

"Results ->Graphs" Adds tags into the graph with parameters listing. Easy way of creating annotated graph
with results.

"Clean graph" Remove the tags from the graph.
"Uncertainty evaluation" Evaluation of uncertainty same as available in Unified fit and Modeling II.

Model Parameters (tabbed area):

[rctevel | 2.tevel [ 3.tevel | atevel [ 5tevel | Here is displayed set of parameters for one Gunier-Porod level. It
[“Lovel 1 comtros | Fit? Low fimit:  High Limit: | is ordered from at the top of list S2 which effects data at low-Q to
s2 [0 5 0 [o 0 last parameter P which effects data at high-Q. The local fitting or

Rg2 [0 5O [o 0

parameters selection itself needs to be done in order of the buttons,
not from the top to bottom. The layout of this panel may be

s1 0 - O 1 4.2

G [0 5O [o 0

i o 10 [o . redone later, if it is clearer how users will understand/use this tool.
P [0 5 ® | az I think this is confusing, but it is still more logical than the other
ot s 5 (EME= | options..
For local fits follow order of the buttons -—> (3.  Fit S1 w/csrs
ro——YT—— So listed are parameters P, Rgl, G, S1, Rg2, S2 which are
s this correlated system? Bl B2 wilcam parameters for GP model itself.

Compared to the GP model as described in the manual we have
few more parameters I feel are important. RgCutOff which has
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the same function as in Unified fit - it terminates the scattering of the level in case it is hierarchical (large
feature) structure built from smaller particles represented by other level. What is RgCutOff gets really complex
question for non spherical particles, so this is mostly for advanced users...

"Is this correlated system" - 1 have added option to use also Interferences structure factor, same as in Unified fit.
Again, use of this type of structure factor for anything else than spheres may be totally inappropriate
scientifically.

Fitting procedure

Here is example of relatively simple data, which can be fitted by UF two level model:

800 LoglLogPlot
JGum'erPorod 3 z Ll Loyl Ll
| - o usaxs Model 3 8 '
| Data input QRS (QS) ] SMR cata 10 3 E
Data i $59_X_Sal_CB_BA :] e 3 E
| wavewsnx [ DSM_Quec i) W 107 é + Experimenzal ineensity [
wavewehY | DSM_Int B E
emor Wave | DSM_Error . ] F
Graph data Scrpting tool 10 *5 §_
Gunier-Porod model input Number of evels 1| 1 ¢ ] o
= - Update automatcally? No lemits? 5
Soph e Dispiay local (Porod & Guiner) fits? 10 15 :E
friteve | 2.tevel | steve | ateve | s teve 3 E
] L
e Fit? Low fimit: High Limit: 10" 4 -
| 2 (o 5 0 0 ’E § E
Rg2 0 3 0 ) > 3 7] r
Il sl 3 V a2 3 107 3 E
‘ ; £ : :
Ra? 5 0 1 r
2
P o : 1 a2 10" 3 E
1 Fiz RQ1/C w/csrs : E
RgCutol! | O 2 P 1 C
For local fits follow arder of the buttons —> 3. Fir S1 w/csrs ‘] 0 1 - E
4. Fit Rg2 wiecsrs = E
Is this corrclated system? 5. Fit 52 w/esrs : :
0
10" 3 3
3 E
-1 r
SAS Background | 0.01326 3 Fit Bekg? 10 —-IE “"1,| " _g
Fit using least square fitting Fit Revert back 3 it H|| e
Fix lemits? - - | C
2 T T LI B e 2 I T T T T T rrr l T T Trr g T T T T
Results:  Resuits -> Data Foider Results -> graphs.
Uncertaiity Evalustion Ceangraph | 0.001 0.01 0.1
REEATAY 12 St KO0 TLDABHIC ola Thw, IR TN 12DDA

Let's walk through the procedure...

1. Select "Number of levels" as 1. Select with cursors range of data, where the Guinier area is and push button
"1. Fit Rgl/G w/csrs". DO not worry about checkbox "Fit?", starting parameters, or limits. All is handled
automatically. Note that "Display local (Porod & Guinier) fits?" checkbox is set automatically for you.
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T -mm| RLREL L B R L B LU O L B LU ML B R IR

Porod main {800 . loglogPler ———
i PR | . I TR SO 0 Y O W | PR | I =T
Gunier Porod
USAXS. | Model 8
Datainput (7 gusas) () swmeaes 10" 3
Data fid: ss9g§g},c_|;_n5 | P E E
5 o — - +  Experimental intensity
Wave withX | DSM_Quec ) 107 o Fitlevel 1 Guinier
wave withY | DSM_Int E
Eror Wave | DSM_Error J & ]
[ Gosnama | [ Serpuag ool ) 10" 3
mwmm Numter oflevels: (1 ¢ | ]
() Update meomaticaty? () No tmies? 5 _|
[ coeniocnt | 6mu(mnm>mv 10 E
[t | zteve [ sitevel [ atevel | siteve | 3
[t ¥ i | Fit? Low lmit:  High Limit: 4 _|] M.
= it - 1073 "R,
2 (o B o [o ° 3 3 e,
D B0 b ~
s [0 | 4z H 10" 3
G [1.09%405 (220408 [5.50405 | £ =
Rgt [6175 3] 124 [ 3.09e403 2 1
L0 5] [ | [42 10
- (1. Fargi/Gwiess | B
310 2 (2 FrePwess ] -
For focal fits follow order of the buttons —> (3. Fa Sl wicss | 10 =
(& Fﬂ.&gwlm ) 3
[ 1s this coerelated system? \s FaS2wiews | 1 A
"
10° 3
:
4 3 .
SAS Background [ 001326 |} () Fit Bekg? 10 3 "
Fit using least square fitting | Fr | | Revers back 3 "[l fjtie
 Fxbmas? — 4 ‘ I
e L e e L s e B T —
Results: | Resrs -> Data Foder [ Resutts > graphs
[ Uncartainty Evavation | Ceangraph | 0.001 0.01 0.1
AT 112 Sergier TR LB B 0[‘ 1 The, 410, 200, 12D P

We get Guinier fit which should make some sense. Move cursors to hlgher Qs above the Guinier area where
Power-law (Porods law) should apply Hit button "2. Fit P w/csrs".

LoglogPlot
u ro I U S T T PR PR PR "
: 1 1 1
() Model 8 |
Datainput % ST06) ) sureas 107 3 E
Duta 7| $59_X_Sa1_CB_BA ] P 1 Y E
= = N ' + L
wavewehx | DSM_Quec g 107 _ i - =+ FitlevellGunier %
Wave wihY | DSM_Int :) 3 ey E
Erroe Wave | DSM_Error :] ] E
= Lo o 6 _} E
Soe st Scrping ool 10" 3 2
Gm-?omdnndelhw Nombar of veis <[ 1 | ] 3
_| Update automatically? () No limits? S _J -
o< Mot ) Emud(wum»mv 10 3 E
[riteve ] 2tevel [ 3teve | cteve [ siteve | ] E
[ Vo ] . imit: i
Fit? Low imit:  High Limit: 104 -
2 [0 B 0 o i3 3 F
Rz [0 3 0 0 > 3] " o
@ o N (a2 i 10° = A -
G [1.0990405 220404 S.50005 £ 3 5 E
Rgd 6175 124 3.0%9¢+03 2 h o
P 3385 1 iz 10" 3 E
o Fit R /G wicsrs 3 F
RgCutoff | 0O g rr— 33 C
For focal fits follow order of the buttons —> |3 Stwiess 10 3 ., E
(4. FaRgzwicws 3 g -
) s this corelated system? [S. FeS2wicss 5 % &
—-—_ i
10”3 i 3
3 Sk E
3 », =
] ”'u F
i = =]
SAS Background [0.01326 5] (] Fit Bekg? 10 3 B E
3 [ E
Fit using least square fitting | | Revert back | 3 I | l|| l[(ll. E
[ Fbeits? | — 3 ' l -
————— T T T rrrrrr l T T | o o b e I L a2 o B ‘ T T T
Results: | Resuits -> Data Feider | [ Resuits -> graphs
[ Uncenainity Evaluation | | Cleangraph 0.001 001 0.1
BN | 2 Serper BF0X 0 (R BATLIC The, J18 201Y, 122

Fit looks good. Now we can push the button "Graph Model" (or s1mply check the checkbox "Update

automatically”) and we should see current GP model:
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; 8.00 LogLogPlot
Gunier Porod a " s sl 1 el " | L
o vsas Mode! 8
Datainput [ gescas) () sw s 10" 3 E
Data 4| $59_X_Sal_CB_BA Fide: E E
+  Experimental intensiy
wave with X | DSM_Quec W 7 = Mocellrensity
10 7 = MogeiCLrrentLevel E
Wave with Y | DSM_Int E E
Error Wave | DSM_Error F
4 6 ] [
Sl e Scrptngron | 10 3 E
Gunier-Porod model input Number of levels 1| 1% F
¥ Update automaticaty? No lamits? 5 L
s Goeh Mol M Daspiay local (Porod & Gueer) fes? 10 E E
[ritevei | 2tevel [ 3teve | atevs [ steve | E F
_ Fit? Low lmit:  High Limit: 1 04 - -
s2 [0 B O [0 0 -'E E ?
Rz (0 3 0 0 > 3 ] +
st o 3 1 42 % 10" 2
G [1.089e.05 220404 5.50405 s E E
Rgl 6175 . 124 1.09e+03 2 1 W
P [3385 3 1 42 107 3 E
1. Fit Rg1/G wicsrs 3 E
SO0 2 FrPwicss i -
For local fits follow order of the buttons —> |3 Fit 51 w/csns 10 o -
4. Ex Rp2 wicwrs 3 E
s this cormelated system? 5. FitS2wicsns F
0
10 73 E
-1 [
SAS Background |0 F Bekg? 10 7 Mg E
Fit using least square fitting fu Revert back 7 |7III|'||||HE
Fin lmits? - ‘ F
= = T T T T T rrr I T T rrrr ] T T T T TT I T T T T
Results: | Resuits -» Data Foider Results > graphs |
Unceramity Evakuation Ceangagh | 0.001 0.01 0.1
TSNS | | D STeee S50 SN (8 BACLC Q IA‘j T, 3118 208 1290@ M

Now we can add some background (0.03 is good guess reading high-Q value from the graph), select range of
data where Guinier area and power law slope influence the data (including high Q where background has
impact). Check the checkboxes "Fit?" for G, P, Rgl, and background. Then do the fit (with the "Fi#" button).

|

‘800 Gunier-Porod main panel
Gunier Porod
. UsAXS Madel
Datainput [ us (as) () swmaaee
Data fide| $59_X_Sal_CB_BA Fide
Wave with X | DSM_Qvec ws
Wave withY | DSM_Int
EmorWave | DSM_Error
Lo L Scrpting tool
Gunver-Porod model input Nomber of levels :(1_¢
‘ @ Update suromaticaly? No mite?
¥ Dispiay local (Porod & Guinier) fts?
fFrteve | 2teve [ stevel [ ateve [ seve |
— Fit? Low limit: High Limit:
2 [0 g \ 4
Rg2 o g o o
st o 5 1 4
G [9.952e404 2 @ [997e.03 | [957e005
Ra! (6012 5 & 20 3.01e+03
P [3316 SR 42
i 1. FRRgI/G wicss
L 2. Fndwiess
For focal fits follow order of the buttons —> (3. Fa 51 wicsrs
4. FrRg2 wiests
s s conelated system? 5. FrS2wiews
SAS Background | 0.02391 ™ it Beig?
Fit using least square fitting it  Ravert back
Fix mits? _
Results: | Rasts -> Data Foider Rewwits -> graphs
Uncertainty Evaluation Cean graph
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If we reach the limits, we can push the button "Fix limits?" and run again - or we can check "No limits?
checkbox to remove fitting limits altogether. GP fits seems to be Ok with no limits...
Next we need to add S1 area as the data do have power law slope following from the Guinier area. We can
select the low q power law slope and use button "3.  Fit SI w/csrs".
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enon LoglLogPlot
Gunier Porod a L PRV S O | L P Pty T | L SV BT AT |
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Error Wave | DSM_Error & s E
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fgl 6012 i1 2
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4. FaRg2 wicsts B E
Is this correlated system? S. i S2 w/csrs :
0
10" 3 E
- 5 L
SAS Background | 0.02331 3 o it Bekg? 10 E
Fit using least square fitting it Ravert back 3 =
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Resuits: | Resdts -> Data Foder Results -> graphs
Uncertanity Evalation Cwangragh | 0.001 0.01 0.1
LA 11D gty SRS SR BATILN Q v_‘4 1 Thw, M I8 1Y 120 M

I disabled here the automatic updates to make this clearer... So now we are adding the slope S1. With the slope
around 1.6 we are looking at particle somewhere between rod (S1=1) and disk (S1=2)... We should now select

data from the point where rounded cursor ("A") is now and high-q, add checkbox "Fit"” for S1 and fit the whole
range of data.

~ h ]
8.0.0 Gunier-Porod main panel |
Gunier Porod : R | N | AU e | . ‘
: v usaxs Model = 8
Datainput = 2800 - aman 107 3 E |
Data fiar:| 559_X_Sal_CB_BA 3] Pa 3 - ]
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Here is current fit. This is good fit and most of what the data allow... With more data we could continue, do
local fit to Rg2 and possibly to S2 area - if we had really data for this.

But we see the low-q power law slope. Something else is likely there. Depends on the system, but these are
USAXS data and they "see" sizes over micron large and so these may be some large particle surface, bubbles,
simply surface of the sample etc. We can model this with second level of GP. In this case the second level will
not have even the Rgl as we see just the power law slope. On Unified fit we would remove the Guinier area
from model by setting G=0 and Rg=1¢10, but here we cannot set G to 0 as it is the only "volume" parameter (all
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the intensity of a level is given purely by one G value). So I built in another trick. One can set Rgl=1e6 and
then use G and P to match this power law slope...
Add level 2 in the system (popup menu "Number of levels") and click on tab of level 2. Set Rg2 to 1e6. This is
important as it switches internally the calculations to handle case when only power law slope exists... Use now

button "2. Fit P w/csrs".

LogLogPlot
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Note that the G and P have changed. For fitting purposes of he level 2 one needs now to fit G and P, but NOT
Rgl. That will be fixed to 1e6 since we cannot see it. If the Rgl would be smaller than 1e6 it would be assumed

to exist as in regular level.

Now I select the whole range of data. For level 2 I fit P and G, for level 1 I fit P, Rgl, G, S1, and I also fit
background. I can disable fitting limits for simplicity; it will not cause problems in this case.
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Above is the best - justified purely by scattering - model for these data.

One can modify it more by adding some physics into it - like power law slope of 5 at low Q makes typically no
sense, slope steeper than 4 is unusual and surely very rare on low-q data... Since the data there are of limited
range to guarantee reliably power law fit anyway, we can therefore force P=4 for level 2 (Porod). The quality of
the fit will decrease a bit, but the result will be more physically justifiable. We might also know that the level 1
particle has another main dimension (may be 400nm?) and so we might be able to put that in. Even though it is
not justifiable based on SAXS data, it may help to make the results more physically appropriate, if we have
good justification for it. Here is what we would get...
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When we are done, we can store the results in the data folder using button "Results->Data Folder". Remember
to set meaningful title in the dialog:
Copy data back to folder comment

Modify comment to be included with these results
Y"Cuinier-Porod Fit results from Thu, Jul 18, 2013 1:38:14 PM"

Cancel [ Continue |  Help |

The tool will save, as does the Unified fit and other tools, "Results" waves with Intensity and Q vector:
"GuinierPorodFitIntensity N", "GuinierPorodFitQvector N", where N is "order" number. Every time you save
new results, this order number will increase - so keep the number of saved results to sensible number and make
notes... Both of these waves have in their wave notes all the GP parameters. These can be exported through
ASCII exporter, they can be plotted, you can extract values through "Data mining" tool, etc. Also, if you decide

to load the data from this folder again into the GP tool, you get a choice and can recover the current parameters:
Previous solutions found, select one to recover

]
Select solution to recover

| GuinierPorodFitintensity_3* Jans test fit =1
\ Cancel | Continue | Help |
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This tool is replacement of original, long deprecated Modeling I. While Modeling I was removed in version

r g .
e O Modeling Il main panel
. A
Modeling 11 .
s USAXS Model -
Data InpUt QRS (QIS)
Data fidr: | === Fidr :
Wave withX | ——- W:
Wave with Y o
Error Wave |--- Rebin to: | 0
Remove all unUse al Config Graph Graph (ReGraph)
More parameters Scripting tool
(®) Data cntrls Model cntris Auto Recalculate?
Muitiple Input Data sets? Units: Arbitrary No Fitting Limits?
' Input Data I
Add data
Genetic Optimiz.? ‘q Use LSQF? Fix L1 Fix L3 Store in Folder
Calculate Model Fit Model Tags to graph Store in Notebook
Anal. uncerts. Reverese Fit Remove Tags Store in Waves

7.1 Use of this tool

This tool 1s : advanced; complicated; challenging to use
— but really powerful.

The use of this tool is recommended to everyone who is
trying to model small angle scattering and would
consider Modeling I tool. While it is more challenging, it
is much more capable.

This tool will do all the Modeling I does and much more.
There is penalty for the much more...

Features:

1. Multiple input data sets at the same time. Up
to 10 input data sets can be loaded at the same time and
fitting/modeling can be done to one or more data sets at
any time.

2. Up to 10 populations of scatterers can be
combined. Any population can be arbitrarily “switched
on and off”. Any population also can be one of : "'Size
distribution', “Unified level”, “Surface fractal”,
“Mass Fractal”, or "Diffraction peak"; allowing to
model really complex small-angle scattering data.

3. Each population can have different contrast for
each data set. Note, that this means up to 60 contrasts
potentially.

4. Form factor parameters can be fitted. That
does not mean the data must allow them to be fitted, but
the tool will allow any form factor parameter to be fitted.

5. Structure Factors — library of 5 structure
factors to be used. See Structure factor description in the
“Form factor and Structure factor description” pdf file.

6. Optimized for speed - much faster fitting when “semi-auto” R distribution is selected for complicated

form factors.

7. Input of “model” data when no real data are loaded, but only g-data are created to model SAS from
microstructure without the need for measured data.

Logging during use of this tool — This tool similarly to other Irena tools logs state of the parameters before and
after each fitting. The purpose is to enable at least some recovery, if fitting goes to never-never land and user
accidentally looses the “recovery” option by using revert fit (by hitting the fit button second time etc...). The
notebook can be pulled up by using menu SAS -> Other tools -> Show SAS Logbook. This logbook is mess of
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information, but all necessary information to recover should be there. It is not formatted in any particularly
meaningful way, though. As output use the “Save in notebook” option discussed later in this chapter.

7.2 Theory behind this tool

Actually, theory is the same as for Modeling I from chapter 7 —up to 10 "populations" or models can be used :
each can be either "Size Distribution of scatterers", "Unified level", or "Diffraction peak"; For teh Size
distribution and Unified level the SAS from them can be calculated in dilute limit or after applying one of 5
available structure factors. For comments on used size distribution shapes (log-normal, LSW) please refer to
chapter 7.3. It is important and useful to understand.

As of Irena version 2.40 this tool can also use “Unified level” for any population. NOTE: this is kind of
simplified Unified level and the tool will complain (once every 24 hours) if you try to use more than one
Unified level. It is not impossible, but it is strongly discouraged. If you need more Unified levels, you need
“Unified fit” tool. There are various rules and relationships, which can be enforced in that tool. The reason for
Unified level here is to enable one combine scattering from particulate system with the scattering from fractal
system formed by these particles. Typical use is to describe low-q power law slope, which is mass fractal of
primary particles, which then can be modeled correctly.

As of Irena version 2.43 this tool enables also use of "Diffraction peak" for any population. NOTE: this is
simplified version of Diffraction tool and for now there is no way to include relationships between the peaks (to
provide for specific structures) as the Diffraction tool allows. Fort more details on the terms, peak profiles etc.
read the Diffraction tool chapter.

Since Irena version 2.53 the tool is aware of the units of Intensity (either in the wave note or set by user) and -
for the Size distribution models - its GUI is changing depending on these units. What was originally called
"Volume" of scatterers for size distribution is now:

e "Scale" if data are on arbitrary scale. This value has no direct physical meaning, except it may be
relative measure of volume between samples if the data are properly normalized.

e "Fraction" if data are on cm2/cm3 scale. This is what originally was "Volume" as this were the default
“units” the tool assumed. However, note this is what in the dilute limit we call volume fraction c, but for
higher volume fractions this approximation (made commonly!) is wrong, in calculations this represents
really c¢(1-c)!!! If you get this value >0.25 something is really wrong here and you do not have
physically meaningful model or correct data. This Fraction should never get higher than 0.25, see graph
below:

0.25

0.20

0.15

c*(1-c)

0.10

0.05

0.00

T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
Real fraction [c}

e "Volume [cm3/g]" if data are on cm2/g scale. This is if the SAS data are calibrated per gram of sample.
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7.2.1 What is size distribution

The size distribution is modeled as small angle scattering (SAS) using basic SAS formula:

10) =|Ap[ [|F@.r)] V(r)NP(rdr,

where Ap is contrast, F(Q,r) is scattering form factor, V(r) is the particle volume, N is the total number of
scattering particles, Il(r) is the probability of occurrence of scatterer at size of r. This formula is, of course,
replaced by summation formula with limited number of bins in radii. Therefore the formula coded in is
following:

1Q)=|Ap| E|F(Q,r)|2 V2(r)NP(r)Ar
This formula has been coded very many times... Following are comments, which address specific parts of this
formula.

Three different distribution models are available — Gauss (Normal), Log-Normal, and LSW (Lifshitz-Slyozov-
Wagner used in precipitation theory involving Ostwald Ripening).

Automatic selection of radius distributions — ranges needed, bin widths etc. — with user selectable precision and
number of steps. For details seem Irena manuscript which goes to details on this subject.

Number of form and structure factors are available. Note, that it is relatively easy to add other shapes in the
code, so if anyone needs (really needs) another shape, let me know... Note, that calculation speed of different

form factors varies significantly depending on calculations needed to calculate involved integrals.

7.2.2 Structure factors

The code includes number of Structure factors to account for interaction among the particles for non-dilute
systems, which can be independently switched on or off for each population of the scatterers. User should be
aware of the crudeness of any of these calculations.

The code used for calculations involves correcting intensity from a population of scatterers using this formula:

IntenSitywith interfernce(Qa R) =Inten5itYWithout interference * StruCture factor

Description and details on the structure factors (5 at this time I believe) are in the pdf file "Form and Structure
description" which can be opened from the Irena menu.

Remember: these method accounts in very crude way ONLY for interaction for particles in the particular
population. If there are interactions among particles from different populations — which is very likely — these
calculations have NO WAY to account for it.

7.2.3 Important Information

The code uses for all size related parameters Angstroems (10" m) or for Q vector (A™). In the case of scattering
contrast, number distribution and any other volume contents centimeters (107 m).

This code uses everywhere Diameter for scatterer size.

7.2.4 Distribution ¥(r) and V(r)* ¥(r) and distribution of r.

The code can work with distribution defined as for number distribution N*'¥(r), where integral over ¥(r) for all
ris 1 and N is total number of scatterers or for volume distribution Vi *'¥(r), where integral over this term is
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equal total volume of scatterers. Internally, the code actually always works with number distributions (N*'¥(r)),
which, in the second case is calculated from the total volume of scatterers.

There are currently 3 different distributions built in the code, which can be used independently for any of up to
5 scatterers populations: Gauss (normal), Log-Normal, LSW.

Gauss and Log-Normal distribution definitions were adopted from NIST engineering statistics handbook,
www.itl.nist.gov/div898/handbook/eda . See http://www.itl.nist.gov/div898/handbook/eda/section3/eda366.htm
Standard complicated log-normal distribution is defined as follows (Allen, A.J., Krueger, S., Skandan, G., Long, G.G.,

Hahn, H., Kerch, H.M., Parker, J.C. and Ali, M.N. (1996). J. Am. Ceram. Soc. 79, 1201-1212., Filliben, J.J. (2006). Exploratory Data
Analysis, in NIST/SEMATECH e-Handbook of Statistical Methods, edited by C. Croarkin and P. Tobias, p. 1.3.6.6.9, available online

at http://www.itl.nist.gov/div898/handbook/. Gaithersburg, MD: NIST.):
2

_ [ln( D — Djmin >]
, (D)= Pjtotat ( 1 ) Dimea = Djmin
j=]1,..4 5 Djmea — Djmin 03\D = Djimin 2ln < Djmea — Djmin >
T D. —D._.
Djmode - Djmin Jjmode jmin

The NIST definition is modified to be more elegant and parameters used by Irena package are as follows:
"Min" = Dmin

"Mean" = (Dmed - Dmin)

"Sdev" = sigma = In((Dmed-Dmin)/(Dmode-Dmin))

The LSW distribution has been accepted from a source by J. Nasser, A. K. Kuruvilla, and J. E. Smith Jr. These
authors in their manuscript on the web
(www.space.gc.ca/science/space_science/paper_reports/spacebound97/materials_sciece/....) refer to
distribution by Lifshitz, Slyozlov, and Wagner:

prexpl-—L )

w(r) =31 15=P_ <15

5
2° (1.5-p)*(3+ p)°
This is the particle size distribution predicted by LSW in their theory of Ostwald Ripening.

Each distribution in this type of problems needs an appropriate selection of radial bins. Appropriate selection is
actually problem — too many bins cause too long calculation times, narrow range of radii causes some
significant volume of scatterers to be neglected, etc. In this code I take a different approach, which is important
to explain properly:

For each distribution I create cumulative distribution (if exists using formula, if not numerically). Using user
input value I select range of radii in which the value for cumulative distribution is between this value and (1-this
value). This causes, that only the tails, for which the cumulative probability is below the user selected value are
neglected, giving user full control of the precision in which we/she wants to model the data. Then radial bins are
calculated, so their spacing for cumulative probability is the same. This causes that the bins have varying width
— are narrowest around the areas, where probability function changes fast and wider in the tails. This should
provide the best possible method for using the binning method, I hope...

All of the code handles bins of varying width...

7.2.5 F(Q,r) problem — applicable ONLY to integrated spheroid

For the case of integrated spheroids ONLY - rarely addressed problem is related to usual method of
calculation of F(Q,r), independent of selected particle shape. In usual method of modeling — using bins this
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problem is usually neglected. Standard method is to take for radius the center point of the bin, and calculate
F(Q,r) for this point. However, this may be very incorrect - the F(Q,r) is a strong function of Q*r (with period
of pi). Through the Q range and size range studied, the number of periods in pi within the bin width * Q varies
strongly. Taking just center of the bin for calculating F(Q,r) results in nearly random selection of the r for this
calculation and can result in significant error. Calculated value may be very far from average F(Q,r) value,
which we should properly used.

In case of data from USAXS instrument we at least have no problem with definition of Q — the Q resolution is
very high, otherwise we would have to worry about the Q variation within the Q point - smearing...

Anyway, to avoid problems with the oscillatory behavior of the F(Qr) the code takes at least 3 — and maximum
61 F(Qr) values within the bin in radius (at least start, middle and end of the radius bin point), linearly
distributed in the bin, multiply them by appropriate V(r) and then average the result. The number of points
within the bin is obtained as floor(3+abs((10*(QRMax-QRMin)/pi))), with maximum being 61.

This causes significant increase in the calculation time... Keep this in mind.

--- end of part valid ONLY for spheroids

The above does not apply for other shapes — globs by definition do not exhibit this problem and I have not
included this complication for other shapes. The standard spheroids also do not have this included — if you want
to use this integration method, use even for spheres “integrated spheroid” and aspect ratio 1.
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7.3 Use of this tool for SINGLE input data set - size distribution.

NOTE: This part of the manual is from pre-2.43 version of Irena. It relates ONLY to Size distribution type of
"population" in Modeling II. Please, use this to learn about the specific related to size distribution use and the
types of parameters. Next chapter will describe use of Unified fit and Diffraction peaks. It is not easy to find
nice case example data to produce one chapter together. Also, it may be really confusing to mix and match these
models.

Start tool from SAS menu. At this time it is titled “Modeling II”.

GUI description

Note in following image, that the tool has somehow different GUI. The lower 2/3 of panel change depending on
selection of radio-buttons “Data controls” and “Model controls”. See figure below. Also, if only one data set
will be used, make sure the checkbox below “Data controls” is unchecked (only one tab “Input Data” is visible).

Note, that there are few buttons just under the Data input popup controls: “Remove all”, “unUseAll”
“Config Graph” and “Graph(reGraph)”. These are tools to control global behavior or resent the tool.

“Remove all” button removes all input data from the tool.

“unUseAll” button sets all of the input data sets to not to be used. (useful only with multiple data input)

“Config Graph” opens control screen for graph controls (font size etc.). These values are common for
all tools (once I propagate them through whole package).

“Graph (reGraph)” button creates the graph or forces redraw of the graph.
Note one more checkbox which is worth mentioning here... It is little bit lower, on the right hand side and is
called “Auto recalc?”. If checked the model will be recalculated with every change of any parameter (except
Form factor parameters, which cannot trigger this). Use only on fast computers and simple enough model, or it
can be tedious..

“More parameters” button opens another panel with choices of Intensity units (if need to be set
manually), choice if size for size distributions is diameters of radii (default radii), and if the size distribution is
Number distribution of Volume distribution.
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The data available in the test.pxp file distributed with the Irena package are in grs structure, so select “QRS data”

and pick the ‘Test data”.

To load data into the tool use the red button “Add data” on the left top corner of the Input Data tab.
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f\’-’ Irena manual LSQF2_1data set - Igor Pro 5.05A
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@ Jan Ilavsky

Al

2| -0 x|

101 x]
LSQF 2 modeling & fitting
Data input agsa 3::’ L Model

Ming - [D00022636 ]
Maxq =

Min Int = [0.703953

Raad Axis |

L\‘! LSQF2 main data window

[ Display Ind. Pop. Ints.?

=1olx]

Max Int = |6.32676e+07

Data folder: | root:SAS:importedDate: Test data” ¥ | 5~? |

Wave with X axis data IQ_Tes1dala 'I Sk
Wave with Y axis data IR_Testdata 'l 5

Wave with Emordata | S_Test data 'I
| Remove all l walUsezll l Config Graph l Graph (ReGraph) l

® Datacontrols O Model controls
[ Mutiple Input Data sets? [ Number Dist?

Input Data
(S 4 Use? [ Sit Smeared?

User Name: [ ]

or arbitrary units)

[ Auto Recalc?

1
-
o
(] w
|

il

Scaledataby: [T ]

Intensity [cm
3
|

il

sl

® Useremors? O SQRTemors? (3 User % eors? 10°
Scaleemorsby: [T ]
Qmin: [0000246%6]  Qmax: [0675764 |

T ] ]
0.001 001 0.1

Bekg: E O f? | ] pnt

pnt;

x| %
<
Q
2

Irena manual LSQF2_1data set.pxp'

[ Calcutatenocer | [ ] [ RevereseFx |

Fit Modsl

[Ready 1 [

Description of parameters on the Input data tab:

Checkbox “Use?”  allows to select if this data set is used in the tool. This is really useful when multiple data
sets are used.

Checkbox “Slit smeared”
appear.

“Data” field. This field contains path to data within Igor experiment. Cannot be edited.

“User name” user editable name for the data. Will be used in the graph — needed to make sense in case of use
of multiple input data. If empty, default name will be used (not very informative).

“Scale data by” field — user can scale data here. For example some data may need to recalibrated, converted to
1/cm or whatever. Ideally should not need to be used.

Radio buttons “User errors”, “SQRT errors”, and “User % errors” — what type of errors to use for this
particular data set? User errors are provided by wave with error data, SQRt errors are square root of intensity
and when % error is used, the error is set to 1 % of intensity.

Scale errors by:” allows scaling errors by factor. Errors are produced using method selected above and then
scaled by the factor user provides here.

if slit smeared data re used, select. Note, that if checked field for slit length will

“Qmin” and “Qmax” — selection on fitting interval of data — can be typed in or using the button “Q from
cursors” can be read from cursor position. Only data within this interval will be used for fitting.

“Bcekg” Background for this data set. Can be fitted (“Fit?” checkbox will open fields for Min and Max limits
for fitting...
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Further controls are likely going to appear...

Model controls

Model controls become available by selecting “Model controls” radio button above the tabs.
Note the checkbox “Number Dist?” — if checked the distribution will be considered to be number distribution,
if unchecked (default) the distribution is volume distribution.

Controls for any population appear when “Use?”” checkbox is selected... see below:
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Description of controls:

"Model :" Select what model to use for this population. "Size dist." chooses size distribution, other options
are "Unified Level", “Surface Fractal”, “Mass Fractal”, or "Diffraction peak". These are described in
subsequent chapter.

"What is this :" User string for naming that population. Something like: “BC precipitates”, “voids”,...
Something useful for plotting purposes as it was simply getting too difficult to navigate through with only
population number.
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“R dist auto?” distribution of radii selected automatically for given distribution. As in the older LSQF
(chapter 9) the R distribution here is selected in such way, that densest points in R are at the middle of the
distribution (around maximum) and then they spread with large and larger steps.

“R dist semi-auto” same as above, except the R distribution is not being changed during fitting. Therefore
one needs to be close to final solution when starting fitting. But this way the fitting can be MUCH faster for
complicated form factors. Since the R points and g-points do not change during fitting, G matrix (which is
cashed internally for each population and data set) is calculated ONLY once. Major time saver...

“R dist manual?” Manually input min/max R for each distribution. Opens control fields needed for input.
“Num pnts” Number of points in R distribution. Use sensible numbers. Large numbers will take a lot of time.
“R dist neglect tails” same meaning as in LSQF (chapter 9). Basically what fraction of volume of size
distribution can be neglected. Allows truncation at small/large sizes - defines Rmin and Rmax for
automatic/semi-automatic R distribution method.

“Log R dist?” — select to have R points logarithmically distributed. If unchecked, linearly distributed bins in R
will be created.

“Form Factor” — select form factor from list of available form factors. May open another control screen for
parameters of the form factors. To get this controls screen again, re-select the form factor and the screen will

pop up.

...... 5.05A N »le| -0 x|

File Edit Data Analysis Macros Windows Panel Misc Help SAS
= _an
= in
Form factor parameters for Population 1 ]
Form factor: Spheroid |

Parameter value Fit? Low limit? High Limit
Aspect ratio = u

T | —
(Ready { I /4

This is example of screen for Spheroid. Note, that there is one parameter for this Form factor (aspect ratio). This
parameter can be fitted in this tool. By selecting “Fit?” checkbox, low an high limits fields will appear.

“Distribution type” select “lognormal”, “Gauss” or “LSW”. Definitions are in LSQF (chapter 9). Parameters
for these distributions are now separate, so one can go among them and the parameters will not be reused/lost
from previous use of that particular distribution type...

“Volume” — volume of scatterers in this population. “Fit?” checkbox allows fitting. Fields for min/maxc
values will appear. When volume is changed manually by typing in this field, min and max are automatically set
to 1/5 and 5x the typed value. Therefore, it is important to first set the value and then, if necessary change the
limits. Not the other way around!!!
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LogNormal parameters
See details in the chapter 9.3 for details... Formula:
P (x) = exp(-1*( In( (x-MinSize) / meanSize) )*2 / (2*SDeviation"2) ) / (SDeviation*sqrt(2*pi)*(x-MinSize))

“Min size”, “Mean” , “Std Dev.”

Gauss
Has just two parameters: “Mean size” and “Width”.

LSW

Just one parameter: “Position”. For details see chapter 9.3.

Schulz-Zimm

Schulz-Zimm distribution was added by modifying code from Scatter 3, see reference: Stephan Furster and
Christian Burger, Scattering Functions of Polymeric Core-Shell Structures and Excluded Volume Chains,
Macromolecules 1998, 31 (879-881). Here is the code. Irena presents user with parameters width and
MeanPos:

b = 1/(width/(2* MeanPos))"2
a=Db/ MeanPos

if(b<70)
y=( (a™(b+1))/gamma(b+1) * x*b / exp(a*x) )
else //do it in logs to avoid large numbers
y=exp( (b+1)*In(a)- gammln(b+1) + B*In(x) - (a*x) )
endif

“Structure factor” Popup allows selection of one of included structure factors (see pdf file with description).
The structure factors have their own screens and parameters can be fitted. See below for case example:

8 iructure Factor Control Screen -10/x]
Structure Factor for Pop1 of LSQF2 modeling

Structure factor: HardSpheres

Parameter value Fit? Low limit? High Limit
Radius [&] = [50 e O
Volume fraction (phil= [0 | [

Hit enter twice to auto recaicuiate (if Auto recaicuiate is selected)
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Note, that due to quirk in Igor way of controlling updates you need to hit enter twice to automatically
recalculate the curve (when checkbox on main panel is selected)...

“Contrast” field — input contrast. Only one contrast in case of single input data set.

Last few buttons

Under the tab area there are few more control buttons.
“Calculate model” calculates Intensity for current model.

“Fit model” Runs fitting with currently selected parameters to fit.
“Reverse fit” recover parameters stored before the current fit run.
“Save result” Saves result into the folder. It feature is not fully finished yet. This is difficult to know

what is expected in case of multiple data input...

“Save in Waves” Saves results into new folder in form meant for creating tables with results. In this case
new folder (user is presented with dialog to create new name) is created and for each internal variable/string is
created new wave. This creates large number of waves — most useless... But user then can create table of
selected waves with important results — for example sample name, volume of popl, mean diameter of pop! etc.
“Save in notebook” Creates Igor Notebook (formatted) and pastes in this notebook summary of current state
of the tool in more or less human readable form. This includes copy of the graphs and somehow reasonably
formatted listing of parameters.

Comment: If user decides to do NOLY modeling with no real input data - by using “model” checkbox when
adding data in the tool — there is no real “output” place where to put the modeled data for future use. Starting
from release 2.41 dialog is presented to user and user can input name of new folder, which will be created, and
the model data will be saved there.

7.4 "Unified level”, “Surface Fractal”, “Mass Fractal”, and "Diffraction peak”

Select Model: “Unified level”, “Surface Fractal”, “Mass Fractal”, or "Diffraction peak". Note, that different
controls appear in the panel.

NOTE:

These implementations of "Unified level" and "Diffraction peak" have contrast in it, so Unified parameters G
and B and Diffraction peak parameter "Prefactor" are multiplied by contrast when used in calculations. This is
different from Unified fit and Small-angle Diffraction tools, which do not know about any contrasts. This is
important for modeling of data where user has multiple input data sets and each has different contrast for the
population represented by the Unified level. Such as Anomalous data or combined X-ray and neutron data etc.
Be aware, that B, G, and Prefactor will be different for modeling by Modeling II and Unified fit or Small-angle
Diffraction tools. Also, note, that the Unified fit data analysis tools DO NOT work with Unified fit results from
Modeling II.

Note also, that "Peak Intg. intensity" in "Diffraction peak" model is calculated WITHOUT contrast included.

While the choices above are open for discussion, logically these are the only and right choice as for fitting for
multiple data sets only one G, B, and "Peak Intg. Intensity" can be calculated.
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_Modeling Il main panel

@ Jan Ilavsky

r a

(] Model

(") Indra 2 data
Data input 0 QR: (Qs)

Data folder: | root:'Fig 3':'5240_FLB_29_SMAN6_433-567_7525" * |

Wave with X axis data | SMR_Qvec + |

Wave with Y axis data | SMR_Int  + |

Wys: |

Wave with Error data | SMR_error  * |
[ Remove all | l

unUse all | [ ConigGraph | | Graph (ReGraph) |

O Data controls @ Medel controls
(] Multiple Input Data sets? [ Number Dist? @ Auto Recalc?

‘\@[Iu:‘:lzplsplnl—s—p—[splwlaplspI!—o

IE(F;;TZPTNTN fse]er | 7p ] 8p [ 9r| 10

©®O0 0  Modeling Il main panel —
.
Modeling 11
(") Indra 2 data () Model
Data input - QRS (QIS)

Data folder:| root:'Fig 3''S240_FLB_29_SMANG_433-567_7525" ¢ |
Wave with X axis data | SMR_Qvec + | Wus: |
Wave with Y axis data | SMR_Int  + |

Wave with Error data | SMR_error  + |
| Removean || unlUse all | | ConfigGraph | | Graph (ReGraph) |
(") Data controls () Model controls

(] Multiple Input Data sets? ("] Number Dist? ™ Auto Recalc?

iModeI: [ Unified level 3 | Model : | Diffraction Peak + |
| Peak shape : | Gauss
|EBeG vm o [ Fues o [l N5 ST E Fl O e min [0 | Max [10 }
G=[100  JF] O Position = | 0.07 [l LEJFut? Min (003 | Max [012 |
Ro[Al= [100 | (JFw Width = |0.01 |F] CIrtz min [0.002 | Max [0.02 |
Ba[1 | Orire
P = ﬁ@ (] Fitz Peak position -spacing [A): 66.3946
Rg cut off = [0—\ () Fir Peak position - Q [AA-1): 0.09463
. . K factor:[l__3] Peak FWHM [AA-1]): 0.02682
Structure Factor : [M Peak Integral Intensity: 0.0213
Contrast = | 100 Contrast = | 100
["] Genetic Optimization? # use LsaF? [ Genetic Optimization? ™ Use LsQF?
[ Calculate Modet | | FitModel | |  RevereseFit | [ Togstograpn | [ CaleulateMode! | [ FitModel | | RevereseFit | [ Tagstograph |
[ saveresuk | [ saveinWaves | [ SaveinNotebook | [ RemoveTags | [ saverssult | [  SaveinWaves | | SaveinNotebook | |  RemoveTags |
4 W
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i | i
e0e Modeling Il main panel - ece Mode! '"9. Il main panel
Modeling I1 t Modeling I1 %
Data input (A () Model | Data input :ms) {Jiiodel
e R S47 GP Carbon_Ad Iy Fldr:
Data fidr: [ S47_Glassy_Carbon_Adam Fldr : Data fiar (S47_Glassy_Carbon_Adam | —
wavewithX [ SMR_Qvec Wave with X [ SMR_Qvec
Wavewith Y [SMR_Int Wave withY [SMR_Int
Error Wave [SMR_Error 1Y Rebin to: D Error Wave (SMR_Error Rabin to: D
(__Removeal ) unUseall ) (__ Config Graph ) (_Graph (ReGraph) ) (—Removeal ) (__unUseall ) (_ Config Graph ] (Graph (ReGraph) )
( More parameters ) ( More parameters )

O Data cntrls ° Model cntris () Auto Recalculate?
(C) Multiple Input Data sets? () No Fitting Limits?

2p | 3p | ap | sp ] 6P | 7P I 8P [ 9p I IOP}

Units: cm2/cm3

Use? What is this?:

|Model : [ MassFractal &

Particle Volume = [0.T|(J) () Fit? Min [0.01 ] Max [ ]
Radius =[50 @ OFit? Min 10| Max [S00__ |
Dv (Fract. dim.) = [:,@ (O Fitz Min [ | Max [3 ]
Correl. length = [S00 |0} () Fitz Min [T0_ | Max [10000 |

Particle aspect ratio = D
Volume filling =
Intg. Num. pnts. =

Contrast [*10A20] = [E

O Data cntris o Model cntris (0) Auto Recalculate?
() Multiple Input Data sets? Units: cm2/cm3 () No Fitting Limits?

-ZPI3P|4PlSP|6P 7P|BP[9PI1OP}I‘;

Use? What is this?:

|Model : | SurfaceFractal & |

{;Smooth surface = [2500 |(J) () Fit? Min [S00 Max [T0000 |
{| Fractal dim. = [Z5 )0 O Fitz Min [2 ] Max [2999 |
%Con'.ungth - @ () Fitz Min [10 Max [T0000 |

T —
I
| Qe width (9% of Qc]

|

Contrast [*10A20] =

() Genetic Optimiz.? Use LSQF? ( Fix L1 ] [ Fix L3 ] [ Store in Folder ]

() Genetic Optimiz.? Use LSQF? [ Fix L1 ] [ Fix L3 ] [ Store in Folder ]

[ Calculate Model ] [ Fit Model ] [ Tags to graph ] [Stom in Notebook]

[ Calculate Model ] [ Fit Model J [ Tags to graph J [Store in Notebook]

[Anal. Uncenainity]{ R Fit ]L R Tags ][ Store in Waves ]

NOTE: for real details on the parameters used in the Fractals panels (above), please refer to the chapter on

[Anal. Uncenaini!y] [ R Fit ] [ R Tags ] [ Store in Waves ]

Fractals tool. It really makes no sense to reproduce it twice in the same manual.

sk o sk ok ok ok sk sk sk sk s s sk ok sk ok sk sk sk s skoskoskoskosk ke kok

Here is fitting example when complicated data set is fitted with two Unified levels and two peaks. This is
complicated system and data are not attached. Also, these data are slit smeared so the fitting is bit more

complicated. This case is used mainly as example of GUI and tool capabilities.

Bellow are data, the data were identified to be composed of two types of components :

1. Low Q scattering of some size distribution of highly asymmetric particles with two Guinier areas ~

0.0003 and 0.004 A™' connected by power law slope. This system may be fitable by size distribution but it was

found easier to fit by two-levels Unified fit.

2. Two diffraction peaks Q ~ 0.025 and 0.07 A™
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@00 Modeling Il main panel O SQF2

@ Jan Ilavsky

Ming= | 0.000126628 Min Int = | 0.136032

Modeling II

[ ReadAxis | [ Display Ind. Pop. Ints.? ‘(

T T T T S——

(] Indra 2 data (] Model Max q = | 0.30003 Max Int = | 209989

Data input | g5 (qis)

| AutoserAxis | N

LN L L I N L LEL B I L B R L L B R R R |

T

Data folder: | root:'Fig 3':'S240_FLB_29_SMANG6_433-567_7525" * |
— —— 5
Wave with X axis data | SMR_Qvec + | Wys: ] 10" 3
Wave with Y axis data | SMR_Int # | 1
Wave with Error datz | SMR_error  + | 10 4
[ Removean | | unUse al | | ConfigGraph | | Graph (ReGraph) | E
= z ]
() Data controls () Model controls 'g 5
(") Multiple Input Data sets? [ Number Dist? M Auto Recalc? E 100 -
(e[ 2r]3r faed sp[er|7p[ar]or] 10}z 3
() Use? © ]
=3
.g 16? -
g ]
8 i
£ 10 3
10" === .
3 ® SMR_Int
] = Model for SMR_Int
——T—TT T T
0.001

o ria s ) T e = i
“
™, b
%, \
- \ \ o.. 5
(") Genetic Optimization? (¥ Use LSQF? . ‘.~
-
| Calculate Modet | | Fit Model ] | RevercseFit | [ Tagstograpn | 'o. ’\
[ saveresut | [ SaveinWaves | [ SaveinNotebook | [ RemoveTags | ) ¥ W ey 20 " : G W % oW N & Ao E
0.001 0.01 0.1
QA Z

Unified fit with two levels

Selecting in 1P Model as "Unified level" we get appropriate controls:

[fop] 2p [ 3p[ap [ sp[ep|[7p[8pr[ar] 10
o Use?
 Model : | Unified level + |

| Fit Rg/G bwtncsn | | Fic P/B bwin csrs |

G=[100 F] &Fe mn[10 | Max [1000
Ra [A]l= | 1000 Fl ™ Firz min (100 | Max | 10000
B=[1 5] @ Ft min [0 | Max [10
P =4 E| ®re min [0 | Max [4
Rg cut off = [0 | O Fitz

kfactor:|_73\

Structure Factor : | Dilute system + |

Contrast = | 100
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Next we can select with cursors the are where Guinier dominates in graph and use button "Fit Rg/G btwn csrs"
to fit Rg and G: Here is the result:

8 .00 Modeling Il main panel
. e e —
Model’ng II Ming = | 0.000126628 Minint = | 0.136032 [ ReadAxis | |_J Display Ind. Pop. Ints.?
. () Indra 2 data ("] Model Max q = | 0.30003 | Maxint= 209989 [ AutoserAxis |
Data input ) oRs (@S) e
. 1 PR . PRI L
Data foider:| root:'Fig 3''5240_FLB_29_SMAN6_433-567_7525" : | T ey T T
— —— s | L
Wave with X axis data | SMR_Qvec # | Wys: 103 E
Wave with Y axis data | SMR_Int % | ] F
Wave with Error data | SMR_error + | 10 4 -
| T —— | woliscall | [ ConfigGraph | [ Graph (ReGraph) | E E
= z 1 r
(_) Data controls @ Model controls s 5 r
[} Multiple Input Data sets? ("] Number Dist? @ Auto Recalc? E. 10:' - -
wee| 2p | 3p | ap | sp | ep | 7p [ 8p | op | 10f= 3 E
™ use? © ] L
Model : | Unified level + | o 2
[ g 10 3 E
= 1 F
B ]
— : & i
| Fit Rg/Gbwincsn | | Fit P/B bwtn csrs | £ 101 E 2
G~ 1853.08 ] & Mmin (370616 | Max [9265.39 ] 5 r
Rg [A]= |3544.76 F| ®Fe Min [708.952 | Max [17723.8 : ] i
e SRR T e oo _ . L
B=[1 F] & e min [0 Max [10 103 ® SMR_Int
7|7‘ @F'7 T - 1 = Model for SMR_Int F
P = |4 I+ it? Min |1 Max 4 ] ®  FitLevel1Guinier o
Rgcut off = |0 | O Fit 1 r
— — 7 — 7 — —
— k factor : :
Structure Factor : | Dilute system + | i 0.001 0.01 0.1
-1
= QlA
Contrast = 100 | A1l
1 I 1
0 ———
5 ", /'
.
g 20 8 s
o A R
. N
§ 40 . S
H A s
\:\ Genetic Optimization? @ Use LSQF? 3 60 . :
S S
[ Calculate Model | | Fit Model | | RevereseFit | | Tagstograph | % ..'
-80x10” R4
[ Saverssult | | SaveinWaves | | SaveinNotebook | |  RemoveTsgs | L ¥ E By S PN o =2
0.001 0ot 0.1

Note the blue curve that is the Guiner fit to the data. Next we select power law area at higher Q and fit the P/B:
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8.00 Modeling Il main panel LC
Modeling 11 i oo Comowicn 1 - (a3 Crass ) O iyttt
(] Indra 2 dsta (] Model Max q = | 0.30003 Max Int = | 209989 | Autosct Axis
Data input | 55 g, : : |
Data folder:| root:'Fig 3''S240_FLB_29_SMAN6_433-567_7525" * |
- s |
Wave with X 2xis data | SMR_Qvec + | Ws: 10° 3
Wave with ¥ axs data | SMR_Int ¢ | 3
] o
Wave with Error data | SMR_error + 10" 4 k3
[ Removean || watiscall | [ ConsigGept Grapk (ReGeaph) | 3 %
E 1
_) Data controls (#) Modei controls S 1 %
| Multiple Input Data sets? () Number Dist? ™ Auto Recaic? E 10‘ - .
: 3 .
[ve] 2p [sp[ap [ sp[ep [ 7e [ apr[sr] 0 3 x
o user £ ] .
Model : | Unified level ¢ | 5 e 2
e :
e :
[ Fit Rg/G bwtn cser | | Fie P/B bwan csrs | 2 10'
E .
G- [1853.08 1E] @i Mn [8.26398¢] Max 0.00206¢ ] 3
Rg[Al= (354476 |5 M Fe mn 1 ] max (42 | " ST il
B= 0000413199 |+ ™ F2 mn 00 | Max 10 10 3 = Fmaémysma_nm
P = [1.8779 &l Mre mn 1 Max (4 ] ] . .
Rgcutoff= (O | O Fwe J
— T — T T
— kfactor:| 1 3
Structure Factor: | Dilute system | o 0.001 0.01 0.1
-1
R A
Contrast = | 100 QA]
1 i 1
¢ \—4 K
.
-50 .0
. L.
S
-100 s
") Genetic Optimization? [ Use LSQF? ~
CoculateModel | [ FaModd | [ RoverwseFit | [ Togstogmpn %ed
Sovorsuht | [ SavemWeves | [ SaveinNowbook | [ Remove Tags 0‘;0‘ 0:)! n'|
o't

@ Jan Ilavsky

Note that the slope P is close to 2 so this looks like plane-like object and that the scattering needs to be
terminated at Rg of the next (smaller) Guinier area. Select 2P as Unified level and fit the Guinier area there

also:
800 Modeling Il main panel O
Modeling yi4 [Mﬂq- 0.000126628 Minlnt = |0.136032 " Readaxis | L Dsplay ind. Pop. ints.?
‘: Indra 2 data __| Model Max q =~ | 0.30003 Max Int = | 209989 Autoset Axis |
Datalnput Do~ l
Data folder:| roOU:'Fig 3''S240_FLB_29_SMANG6_433-567_7525" ¢ | T " ¥
— — ]
Wave with X axs data | SMR_Qvec = | Ws: 10 3
Wave with ¥ axs data | SMR_Int ¢ | ]
Wave with Emor ¢ata | SMR_error ¢ ic"
| Remeveall | | wnlse all | |__Condig Graph Graph (ReGraph) | 3
3‘ 4
() Data controls (#) Model controls 5 1
[ Muitiple Input Data sets? () Number Dist? ™ Auto Recalc? E. 14
1o [F2e] ap [ 4r [ se[er [ 7p [ ap [ op [ 10 f= 3
Suser i
Model : | Unified level * | 4 W
]
[FitRg/Gbwmesn | | Fie P/ bwmesrs | :E 10'
G= | 53.9906 [{] @2 min [10.7981 | Max [269.953 ]
Ro[Al= [467.433  |5| & rir Min [93.4865 | Max [2337.16 o]
B~ | 6.6454e-06 IF] ™ f? Min [6.70936e] Max [6.70936¢/ 10 ® SMR_int
3 o i f < — Model for SMR_Int
P = [25476 ] &eve min 1 Max [4 ] ® FitLeveiGuinier .
Rgcutoff = O ] Fi?
— B e g .
——————— kfactorz| 1 # |
Structure Factor : | Dilute system = | — 0.001 0.01
B
A
Contrast = 100 Q]
L 1 1
) .-".
i ik
- ' .
.
§ 100 . .',-\_
[ Genetic Optimization? (] Use LSQF? g - S
| Calculate Modet | Fit Model | Roverowe Pt | | Tagstograph
— SRR € S = 200
[ Saveresskt | [ SuveinWaves | [ SaveinNosbook | [ Remove Tugs ! ! !
0.001 0.0t 01
Q'
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The Rg of the 2P is about 467A, so we can now transfer this number to RgCO of the 1P and then we can also fit
the B/P to higher Q values power law slope:

80N Modeling Il main panel Juc : d ow ]
Modelin II Mng= | 0000126628 MinInt = | 0.136032 [ ReadAxis | | Display ind. Pop. Ints.?
'4 < etadike |
|_J Indra 2 data || Model Maxq= 0.30003 Max It = 209989 | Autosct Axis | 1
Data input = | Auosct Axis )
QRS (QS)

1 L 1

Oata foder ro0L: Fig 3 ,
Wave with X axs data | SMR_Qvec

Wave with ¥ axis data | SMR_Int 3 |

Wave with Error data | SMR_error * 10° 4

_ Removeal | [ wnlseal || ConfigGrgh | | _Guph ReGraph) 3
E

(_) Data controls (&) Model controls i

[_| Multiple Input Data sets? () Number Dist? ™ Auto Recalc? 16°

[1efze] sp [ ar]sp[er | 7p ] ar|ar] 10|

Muser i

Model - | Unified level = | s 10
t E
£

[FrRgGbwmesn| | Fie P8 bwm eses i 10' 4

G= |53.9906 [f] @r2 win 203838e] Max |5.09596¢

Rg(A)= [467.433 || & m? Min 1 | Max[42 | ’

B« [1.019198-05 & F? win [6.70936e] Max |6.70936¢ 1073

P = [2.45365 Fl Fm win 11 1 Max (4 ] 1 ® FiLovsizPowariaw

Rgcutoffs (O o

T T T T T T T

P kfactorz[1 ¢
Strucure Factor : | Dilute system : | S 0,001 0.01 0.4
e 4
bt QA]
Contrast = | 100
L i i
e
. .
&
’4 3
"
.
:’/\\_ T
() Genetic Optimization? (¥ Use LSQF? i *,
[ cacatmemotad | [ rasodad | [ Rewwern ) [ Tapogas | & & h G
[ saveresi [ savemwaves | [ Save ie Noachook Remove Tugs | Y ! J
0.001 00t ot

Note, that on the "Data controls" set of tabs in the "Data 1" tab I have already set the background to about 0.12
and also checked "Fit?" checkbox there.

Next we need to add the diffraction peaks, 3P will be the first peak:

1800 LSQF2 main data window.
.
Mode[mg I Mg« | 0.000126628 Minint = | 0.136032 "~ Readavs ¥ Dspay Ind. fop. tnts.?
) tndra 2 data () Mocel Maxq = |0.30003 Maxint = 209989  Auoset Axis |
Data input | 25 s, L : ; :
Oata fodor: roOL: Fig 3''5240_FLB_29_SMAN6_433-567_7525" + |
" 5
Wave with X axis data | SMR_Qvec 3 | W 103
Wave with Y axs cata | SMR_Int ¢ |
Wave with Error data sMh_Qﬂ;Of | 104
Ressoveall | wnlve 2l | ConfigGrgh | | Geaph (ReGrapk) |
= z
() Data controls (®) Model controls 3
() Multipie snput Data sats? (] Numbar Dist? ™ At Recale? 5 104
[1p [ 2p [F3e] ap [ se [ 6p [ 77 [ ar [ o¢ z
Suser S x
Model : | Diffraction Peak * | .° 2
R P g 10 73
Peak shape : | SkewedNormal * <
]
= Y 2
Prefactor = (0.291622 || © F? Min [0.145655] Max [0.58262 £ 10
Position = |0.0224706/5] ™ F? Min [0.011522] Max [0.04608¢
Width = |0.0039678/>] © F? Min [0.001916) Max [0.007667 ;
Skewness = 0.4 E @ e win (00 Max (0.4 10" 4 ST ; i
Peak position -spacing [A): 202.157 = :,‘::‘;""5“&'?“&‘"! f \
Peak position - Q [A J: 0.03108 ] 1
Poak FWHM [AA-1}: 0.01196 an r—p—t—r—t—TTY ——T—TTTTTT
Peak integral Intensity: 0.2917 0.001 < 0.01 0.1
QA']
Contrast = | 1 A~ Intonzityset] [ m X-00082812  V:133.57 X 00071239
©: intons ty_setl pot: 109 %:0015405  ¥:25.304 £7:-10026
¥y S N
- ® e
s
I r=h
g 204 . \ﬁ\
k3
, 3 W TN T S ~
() Gemetc Optimzaticn? (¥ Use LSQF? an o4 :
[ contriota ) ([ radieta ) [ Revmera ) [ pmgw ) [ = -10] ‘e
L
wp—", Save in Waves Save in Notebsok Remave Tigs | T T T
0001 00t o1
QA"
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@ Jan Ilavsky

Note, I have played with these data already and found "SkewedNormal" shape to be the best. I checked here the

"Display Ind. Pop. Ints?" at the top of the main graph here as that helps for you to see the peak.

And next we will set the 4P as diffraction peak:

8.0.0 Modeling Il main panel |

Modeling IT ,
Data input — gaeae o

Mng = |0.000126628 Min It = | 0.136032 ( o osplay ind. Pop. ints.?

Maxq = | 0.30003 | Maxint« [209989 ] Ca

il " P 2l " P

Data foker | 100U Fig 3'/5240_FLB_29_SMAN6_433-567_7525" |

1 - \ s
Wave with X avs data | SMR_Qvec * Wivs: 10
Wave with Y aws data | SMR_Int_ =
Wave with Eror data | SMR_error + 10" =
Removeall | wnkise ol | ConfigGrph | | Graph (ReGraph) |
() Data controls (&) Model controis
() Multiple Ingut Data sets? ) Number Dist? ™ Auto Recak? 10°

g{;;[szspm sp[ep [ 7p [ 8p [ ap | 10}

Model :  Diffraction Peak *

Peak shape : | Gauss ¢ |

&)

Prefactor = | 0.369309 |+| ™ 2 Min |0.25 Max | 1 i 10 3
Position = | 0.0709726 ™ F? Min [0.036019) Max [0.14407¢

o
10 ® SR In
= Model for SMR_int
®  Pop 4 Model for SMR_int

Peak FWHM [AA-1]: 0.0404 A e A T T T T
Peak Integral Intensity; 0.01189 0.001 : 0.01 0.1
A
Contrast = 1 QA
1 1 1
40 =~

"'-'5"3
(:/
Vi

() Gemetic Optimization? (M Use LSQF? .
| CakoulmeMotet | | Fin Model | Reverese it | | Tgpwgnpy | -0 .
[
Sawveresk | SaveimWaves | | SwemNowook | [ RemoveTagps | 4 4 v
0.001 001 o1
Q'

Note the changes in the bottom window, which displays "normalized residuals".

Next we can fit the parameters and then push the "Tags to graph" button :

800 LSQF2 main data window
.
Modelmg II Mng= 0.000126628 Mnint = | 0.136032 Read Axis | | Display ind. Pop, Ints.?
Indra 2 data () Mode! Max q = | 0.30003 Maxint = 209989 Autoses Axis |

Datainput oo o)

1 1 1

Data feicer:| root:'Fig 3':'S240_FLB_29_SMANG6_433-567_7525" H
T r - 5
Wave with X axis data | SMR_Quec : W 103
il 8= 72701005
Wave with Y axs data | SMR_INt ¢ Pe21052
Wave with Error data | SI &) 10" 4
 Memovedt | [_ ) [_Contgoyt ) (_Omph (ReCingl) ]
< )
() Data controls (8) Modal controls 5 ;‘“’m""‘;‘;‘ "
- ape | Skaw
) Mutiple input Data sets? [ Number Dist? ™ Avto Recak? 5 10 Positon (d) = 302.16 (Al
E Pasition (Q) = 0.031081 [A*1]
[ve ] 2e ] 3 f5ae sp [ ep | 7p [ ap [ oo [ 10 £ intogrlintonaiy = 029135
A 1 - Unifiod lovel 2P FWHIA (Q) = 0.011908 [A*-1)
I G=3579%
Mocel : | Diffraction Peak + | _.5 10 4 Ry = 443.92 (A}
g B = 6.6989-06
Peak shape : | Gauss * | = P=25453
B
€
1 £
Prefactor = |0.368844 =1 77 Min [0.184654) Max [0.73861¢ £ 107
Position = 0.0710139<] ™ F? Mn [0.035486) Max (0141948
width = 0015045351 & > wan [0.007561] Max [0.030244
o Ditraction Poak 47
10 g Shape : Gauss
spacing (A} 66.394 ® SMR_int Position (d) = 66.395 [A]
Peak position -spacing [A}: 66.3946 Ly o @< 00543 1
e :.-. deqral ensity *
Peak position - Q FWHM (Q) = 0.040201 [A*-1)

Peak FWHM [AA-1 )0
0.001 0.01 0.1
aa']
—
1 Ppm:tu X:00082812  Y: 13357 4%:0.0071239
pot: 109 X:0.015405 Y: 33304 AY: =100.26

Peak Integral Intensity: 0.0

-0
Contrast A tenzity_setl

B: Intensity_set!

This is the best result with this model I was able to get.
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You can also now store the results in Notebook for export to Word processor or as record of yoru results. Of

course you should save your results in folder with "Save results".

Here is the Notebook record of these results

3k sk 3k sk sk sk sk sk sk ke sk sk sk sk sk sk ske sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk stk sk stk sk skoko sk skokoskskok

Results saved on Fri, Dec 30,2011 4:24:57 PM

Single data set used:

FolderName_setl = root:'Fig 3''S240_FLB 29 SMANG6_433-567_7525"
IntensityDataName_setl = SMR_Int

QvecDataName_setl = SMR_Qvec

ErrorDataName_setl = SMR_error

UserDataSetName_setl = SMR_Int

DataScalingFactor_set! = 1

ErrorScalingFactor_setl = 1

Qmin_setl = 0.00018493

Qmax_setl = 0.28792

Background setl = 0.11996

Unified level 1
.G =1895.1

-Rg = 3918.3 [A]
‘B=7.2701e-05 :

5
10

3
10

Unified level 2P
G =35.799
2| Rg = 443.92 [A
10 B = 6.6989¢-06
P =2.5453

-1

Intensity [cm or arbitrary units]

Diffraction Peak 4P
Shape : Gauss
Position (d) = 66.395 [A]

Model for SMR_|

Integral intensity = 0.0118
: FWHM (Q) = 0.040201 [A

18

Diffraction Peak 3P
Shape :
Position (d) = 202.16 [A]
Position (Q) = 0.031081 [A*-1
Integral intensity = 0.29125
WHM (Q

Position (Q) = 0.094634 [AM-1]

SkewedNormal

=0.011906 [A7-1

]

| | | LI | | | i||i|i T
0.001 0.01

-1
QIA ]
LSQF2 main data window

gl
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Normalized residual
(Data - Model / Error)

Normalized residuals

0.00 H

— TotalVolumeDist

— VolumeDist_Pop1
VolumeDist_Pop2
VolumeDist_Pop3 -

— VolumeDist_Pop4

Volume distribution f(R) [1/A]

Size distributions

Model data for 4 population(s) used to obtain above results

Summary results for population 1
This population was Unified level
Contrast =
Unified level Rg =
Unified level G =
Unified level B =
Unified level P =
Unified level RGCo =
Unified level K =

Structure factor description and parameters
StructureFactor =

Summary results for population 2
This population was Unified level
Contrast =
Unified level Rg =
Unified level G =
Unified level B =
Unified level P =
Unified level RGCo =
Unified level K =

Structure factor description and parameters

sk sk sk sk >k sk sk sk ke sk sk sk sk sk sk sk sk sk sk sk sk ke sk sk sk sk sk sk sk sk sk sk sk skl sk sk sk sk sk sk sk sk skosk sk skok sk

100
3918.3
1895.1
7.2701e-05
2.1052
467

1

Dilute system

100
443.92
35.799
6.6989¢-06
2.5453

0

1

T
0.00

Radius [A]

StructureFactor = Dilute system
Summary results for population 3

This population was Diffraction Peak
Contrast = 1

Peak profile shape SkewedNormal
Peak D position [A] = 202.16

Peak Q position [A"-1] = 0.031081

Peak FWHM (Q) = 0.011906

Peak Integral Intensity = 0.29125
Prefactor = 0.29117
Position = 0.021975
Width 0.0041395

Summary results for population 4
This population was Diffraction Peak

Contrast = 1

Peak profile shape = Gauss
Peak D position [A] = 66.395
Peak Q position [A"-1] = 0.094634
Peak FWHM (Q) = 0.040201
Peak Integral Intensity = 0.011818
Prefactor = 0.36884
Position = 0.071014
Width = 0.015045
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7.5 Fitting data with one input data set
Select “data controls” radio button. Select data (‘Test Data’) and push red button “Add data”

{# Irena manual LSQF2_1data set - Igor Pro 5.05A Al »|5| _(O] x|
e Edit Data Analyss Macos Windows Graph Misc Help SAS

= <0 o poc . ETE NETE
LSQF 2 modeling & fitting Mnq= (0000226465 ] Minint= OJ Display ind. Pop. ints.?
[ Model

i L indra 26ata Maxqe [0E75762 ] Maxint = [E326760:0
Data input [ oRs geta : : :

Data foder: [ root:SAS importedData: Test data™ ] TR
Wave with Xais data [ Q_Test data ¥ U %
Wave with Yadsdata | R_Testdata ~

Wave with Ermor data S_Testdata ¥
[ Remoweatt J[  usUseatt ][ ConSgGrph ][ Graps(ReGrap) |

® Datacontols O Model controls
[ Mutiple input Data sets? (] Number Dist? [ Auto Recalc?

put Data
S (A Us=? [ Skt Smeared? |

User Name: [ ]
Scaledstaby: [T ] i fi6kE \
® Useremors? O SQRTemors? O User % emors? : i : oy -
Scleemorsby: [T | : i , i

Qrin: OO0Z05H] Qe [TE7576L ]

Intensity [cm  or arbitrary units)

Bkg:[ ] Ore

Irena manual LSQF2_1data set.pxp’

[ CaicotateModat ] [ FitModst ] [ RevemsaF |

Ready [ [

Name the data “Alumina powder” in the “User name” field.

Let’s also select the background immediately here. Set cursor (square) to area of flat background (around point
100) and read value of intensity there from the reader below the graph. It should be around 0.12 or so. Type

0.11 into the “Bckg” field and check the “Fit?”” checkbox. Note that the Min and max fields appeared and are set
to 0.1 and 10x the value of our estimate. Uncheck the “Fit?”” checkbox so the background is NOT fitted, when
we run this next time...
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i Irena manual LSQF2_1data set - Igor Pro 5.05A aly o|e| (O] x|
Gle Edit Data Analysis Mados Windows Panel Misc Help SAS
LSQF 2 modeling & fitting Mng- D002 ] Mnk- (OO I3 Dl . Pop. .2
inpqt [ e 2¢ata O Mode! Maxq= B ] Maxkt= [E357607 |
Datainput Zopc oo : :
Data folder: | root:SAS:mportedData: Test data” ¥ | I TR i
Wave with Xaxis data | Q_Testdata ~ 10’
Wave wth Yausdata | R_Testdata ¥ o
% 10
Wave with Emordata | S_Testdata ~ ]
(__Resoveatt  J[ soUseatt  J(_Comizompe ][ Graph@eGrow | = 10
—Mm o
® Datacontrols O Model controls E
[0 Multiple Input Data sets? (] Number Dist? O Ao Recalc? | =
Input Data e 103
() 4 Use? [ Sit Smeared? | = 5
k]
User Name: [umins powder ) (R
Scaledataby: [T -
® Useremors? O SQRTemors? O User % emors? 10°
Scaleemorsby: [T ] T Poin i
Qmin: [000024625]  Qmax: [0675762 | T i — T
0.001 001 | 0.1
QA ]
Bckg:[071 ] M Min: [00017 ] Max: [T | ; X Y-
: Intensity X: 0.28115 Y:0.11874
[ Cacumerozs | [ mudoess | [ Revessr Irena manual LSQF2_1data set.pxp'

Auto-savin‘g at 15:26:52 8/31/2006
l Auto-saving at 15:56:53 8/31/2006

Ready [ [

Now, let’s go to “Model controls”. Check the radio button “Model controls”. Check the checkbox “Auto recalc”.
Make sure the “Interferences” checkbox is unchecked. Make sure that “Use?” checkbox for Pop 1 is checked
and for all the others is unchecked.
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i Irena manual LSQF2_1data set - Igor Pro 5.05A _‘.Iﬂ :J-B.I .IJD.Lﬁ
Fle Edt Data Analysis Macos Windows Panel Misc Help SAS
JRT=TER] [ a2 mam date window == JRE=TEY
LSQF 2 modeling & fitting Ming = Moit= 0087257 |  (_mmeass ) L Displayind. Pop. bts?
[ Indre 2 data [ Model Maxq = Max Int = [648783e<07 |

Data input 3 qgs gata

|AmAxill

M| L P

T ST | L L

PR | s s

Data folder: l root:SAS:ImportedData: Test data™ El 12
Wave with Xaxis data | Q_Testdata ¥ 107_ _______________________________________ Je
Wave with Y axis data | R_Testdata ¥ 5
TR (VT W TR i B K o ™ R o S i o s m
Wave with Eror data S_Testdata ¥ g
[[_Resowean | uaUseall | ComfisGrepn | [ Greph ReGrapt) J i e R -
—_— (‘!
O Daacontrols @ Model controls T o e et e S e e R R R B o SRR s
[ Muttiple Input Data sets? [ Number Dist? [ Auto Recalc? =
o
/1 Pop \/2_Pop \/3.Pop \/4 Pop \ /5 Pop \ /6 Pop \ Kt 103_ .............................. 18
[AUse? @ pyyato? O Rdssemiato? O Reist manual? = L T O 15 e, T IR O Il
Num prts: R dist neglect tails: g
[ Log Rdist? £ 10 7 S e B R o i
Fom Factor: [ Spheroid | Distibutiontype | LogNomal | 10° - Ak podes: T bt i b |
—— Model for Alumina powde;
Vome = [0 O 10" T L
Minsze[Al= [0 ] CIF? e "7 i
Mean [A]= O me? ) Spcad) )
QA ]
Std. dev. [Al= O m? OA o = X Y. x l I I
O Interferences? B! Intensity_set1 pnt: 103 X: 0.26115 Y:0.11874 | gy
(=] 3]
[ logXais?  [A Display Vol Dist? [ LogVol Dist?  Pop 1Mean= [167207 | Pop1Median= [150318 |
Controst= [0 | [ Display Num Dst? [ Log Num Dist? Pop 1Mode= [116876 | Pop 1FWHM= [14563 |
1 1 1 1
300x10° = -
< —— TotalVolumeDist
= 250 - VolumeDist_Pop1 -
3
= 200 L
=
([cactence | [ Funosst | [ Revesmrr | 2 150 — -
bt 100 -
E
— T 2 50 - -
Auto-saving at 15:26:52 8/31/2006 2
Auto-saving at 15:56:53 8/31/2006 ' | : -
Auto-saving at 16:26:54 8/31/2006 100 200 300 400
*ModifyGraph Isize(IntensityModel_set1)=3 rgb(IntensityModel_set1 3
K -ModifvGraph Isize=1 Radius [A]
[Ready [ [z

The model (default values) is going to be calculated.

Let’s decide, that this population will be the larger stuff, dominating the data. This means the Guinier knee at
around 0.003 A™'. Also, since these data are not calibrated (powder sample), we can leave contrast to default
value of 100. But if data would be meaningfully calibrated, correct contrast needs to be used here...

Let’s change values little bit to get better estimate of parameters... Reasonable starting point is may be with
Min size ~ 100, Mean ~ 450, and Std. dev ~ 0.5 :
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2|8] -10] x|

Il LSQF2 main panel

- [ Indre 2 data

Datainput [ grs das
Data folder: | root:SAS ImportedData: Test data” ¥ |
Wave with X s data

Wave with Y axis data

Q_Testdata ¥
R_Testdata ¥

Wave with Emordata | S_Testdata ~

=10lx]

LSQF 2 modeling & fitting

[ Mode!

O Daacontols @ Model controls

[ Muttiple Input Data sets?

[ Number Dist?

1. Pop

3.Pop \/4

| Removeall H paUszzll ” Confiz Graph ” MW)I

M Auto Recalc?
/6.Pop \

[AUse? @ pyyato? O Rt semiauto?
Numprts: [50__]
[ Log R dist?

Form Factor : l Spheroid v|

Rdist neglecttais: [00T ]

Distribution type - | LogNormal v|

QO Rdist manual?

¥ L SQF2 main data window
Min q = [0.000246485
Maxq= |0.675764

(Cmmeazs_) [ Display Ind. Pop. Ints.?
(Covtoset axis )

Mn Int = [0.087251 |
Max Int = [648783e+07 |

=10l

PR | s o

{ Bl S0 Vo8 54 1

or arbitrary units)

-1

Intensity [cm

# Alumina powder

Volume = O Fe?

Min size [Al= [100____J|©] (I Ft?

Mean (A= [550_____ ][9] OO Fe?

Std.dev. [A= [05___|©] (D Fe?
[ Interferences?

Contrast= [T00 ]

[ Camteres | |

FitMode! | [ ReverseFir |

Auto-saving at 15:56:53 8/31/2006

Auto-saving at 16:26:54 8/31/2006

*ModifyGraph Isize(IntensityModel_set1)=3.rgb{IntensityModel_set1
*ModifyGraph Isize=1

t *ModifyGraph rab(IntensityModel set1)=(0.0.0)

Model for Alumina powder i

‘M Size distributions

[J LogXaxis? [ Display Vol Dist?

[ Log Vol Dist?

Pop 1 Mean~ (22T ] Pop 1 Medan~ 50557

=18l x|

[ Display Num Dist? [ Log Num Dist? Pop 1Mode= [450625 | Pop 1FWHM= [435891T |
_ 1 1 1 1

100x10°
80
60 —
40

20 —

Volume distribution f(R) [1/A]

— TotalVolumeDist
—— VolumeDist_Pop1

T T T T
400 600 800 1000
Radius [A]

1200 1400

Ready l

[/

Now we need to select fitting range for this population... Check the “Data controls” Use cursors to select in the
graph input data between point 30 and 73 and push button “Q from cursors”. This will set the Q min and Q max

values.
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1 Irena manual LSQF2_1data set - Igor Pro 5.05A ;;_‘I;E »|5f |0 x|
Ble Edt Dota Analyss Magos Windows Graph Misc Help SAS
-loixi 101
LS'QF) modeling &ﬂtﬂng Mng= [(O0ZE ] M- 00751 1 Diplay Ind. Pop. Its.?
Data input Egﬁ:‘ [ Model Maxqs [0E75760 |  Maxint= [E2878307
Deta foder: [ o0t SAS InponedDate et deta” ] o B O CTB 7 T ]
Wave with Xads data | Q_Testdats ¥ 10" - ”s‘\ 3 -

Wave with Ywisdata | R_Testdata ~. b
‘Wave wieh Emor data S _Testdata ¥ :
(_Ramomat J{__witweut ][ costycop ][ caph@acapy |

® Datacontrols O Model controls
[ Mutiple Inpet Data sets? [ Number Dist? [4 Ao Recalc?

oot Data
(@SS [ Use? [ Sit Smeared? |

Intensity [cm  or arbitrary units)
3

User Name: [Aumina powder 10' .....
Eo U E— i
® Werern? O SQRTemos? O User % emon? 10" i . :;m:\:p;:dm: 22k
-— el for 3 powder
Scaleemorsby: [T | W i -
Qme: (7S] Qmex ; e
0.001 0.01 5 01
QfA ]
Bkg:[011T____ ] O A Intansizy_sett oo P X 0001783 Y. 5.4390a+05 | oX: 0018624
B Intensity_sett oot 73 X-0020407 V- 10025 dY: .5 43880408
X
OllooXas? SADspiyViDa? [llogVeiDa? Pop1Mean= BEZT ] Pov"hrlm M
Dl om0l gm0 P Mot FSTEE——— o1 rvit FERT——]
Jo0ii0® 1 | 1 1 | 1
= —— TotalVolumeDist
b 80 - VolumeDist_Pop1
|
=
§ 60 — =
(Cotctmniote ) [ Tudots ) ([ Rewwers ) 2
s i
£
= 20 - -
Auto-savmg at 16:26:54 8/31/2006 >
ModifyGraph | i . T ; ' T T T
E aph Isize=1
§ Modt/Graph rgblmonsityModel_set1)=(0.00) 40 600 600 o 1000 1200 1400
~ModifyGraph rab=(52224.0.0), | set1)=2 sdus )
[Reacy [ 7

Make sure the background “Fit?” checkbox is unchecked here...

Now, let’s select parameters to fit. Background is not appropriate for this subset of data. Select “Model controls”
again. Check “Fit?” for Volume, Min size, Mean and Std Dev. Values for fitting limits should be set to

relatively wide range.

1 Irena manual LSQF2_1data set - Igor Pro 5.05A »|s| -10| x|
fle Edt Data Analyss Maros Windows Graph Msc Heb SAS
=loix ioix
LSQFZmdeHng&jan Mnq- (000Z%#% ] Makt- (0051 ] (] Daplay b Pop. ns.?
Data input 'MZM [ Model Maxq= (D870 ]  Maxht= [E&87E=T7 ]
Deta folder: | root SAS ImpotedData Text data” v/ it Lk
Wave with Xaxds data | Q_Test data -
Wavewth Ymesdata | R_Testdata ~ ks
=
Wave weh Emordata | S_Testdata ~ '§
|)|-omﬂ| wUmitt ) ([ Conszompr ] [ oupt ecept) | z -
QO Datacortrols  ® Model controls. 3 -
Dmmmm‘! Dmm’ [ Auto Recalc? ;
. - N
s
= L
v BE_—J ®r {2 X — %
et 2 e i RS SR ; R ;
Fom Factor: [ Sphemic v]  Datbusontype: [ Loghoms ] 10° =i o Amina powder Lot onboblioh Ssiabinid 2 adial bl
| e Model for Alumina powder i t i k { =)
Vome = 005 JO] M R? Mo 00T M=x 02 ] 10" oo b i i ~
Min size ()= [T00___JB) (A Fe? Mn [T Max [00_] ) / J
Men (A= [BT__JB] AR Mo [ Mex B0_] 20 i 4
Sd.dev. A= [05__JB] (A2 Mn 0] Max ] TO A insansity_satt ] [ ) I | X 0001783 Y £.4399-05 | aX 0018624 | I |
[ rtedecences? |16 insensity_sett [pnt 73 X_0.020407 ¥ 10025 oY, -5 4339+05
[Foccammuoon T
Cll.mx-ﬂ [ Display Vol Dist?  [Jlog Vol Dist? Pop 1Mesn= [B02221 ] Pop 1Medan= _
Contrat = [0 ] [ Display Num Dit? [ Log Num Dist? Pop 1 Mode = Pop 1 FWHM =
100"04_ 1 1 1 1 1 1
= —— TotalVolumeDist
= 80 VolumeDist_Pop1
13
5 50 -
‘ Calculate Mode! || Fit Model l Raveoass Fit ' §
£
: e -
g
3 20 I
Auto-saving at 16:26:54 873172006 2
~ModifyGraph I_set1)=3 ityModel_set1 T . T . . r
~ModifyGraph Isize=1
“Mod#Graph rghlntensiyModel_set1)=(0.0.) 400 600 800 1000 1200 1400
~ModifyGraph rab=(52224.0.0) Isi set1)=2 Radus iy
Ready | [Z
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Now push button “Fit model” at the bottom of the panel. The model should fit after few iterations...

| Mirena manual LSQF2_1dataset TgorProS.0sA Al |z -[of x|

fle Edt Data Analyss Macos Windows Graph Msc Heb SAS

R o
LSQF 2 modeling & fitting Mnq« (0000296465 Mokt= 0087251 ] [ Daplay Ind. Pop. Ints.?

i - = [Ca878%e07 ]
Data input B::;dz::' [ Model Maxq = 0575762 )ldaxh BTTe07 ;\mm. '

Datafolder. | root:SAS:ImpostedData: Test data” ¥ =
Wave with Xaxdis data | Q_Testdata ¥ 10' .
Wavewth Ymdsdata | R _Testdata ¥

Wave wth Emordata | S_Testdata ~
[ Remoweatt  J[O wvwar [ Corszongr | [ Gupsecens) |

O Datacortrols ) Modl controls

or arbitrary units)

'
o Pu
|

[MUse? @ pyuamse? O Rasemoto? O Rastmanal?
Nomprts: (0]  Rdatnegecttals: 00T ]
(4 Log Rdat?

Fom Factor: | Spheod v, Distrbution type © [ Loghomal v, 10° o Aumina powder fodidid TR T Lasls

= Model for Aluming powder T

Volume = [0055522J9} (A7 M D07 Mxx 02 ] 10" 1= i ; N e ——— |

Intensiy [cm
3
!

M sze (= [0__Jf6) (47 M [T Mex o S o

Meen (4= [E725_J16) (42 M (] Mex [0 a’

S dev. W= [ZTR) A2 Mo [T Max ] e | |
1

pot 30 X 0.001783 Y- 5.4339¢+0% IM 0.0180824
[ rtedecences? AL 7 X _0.020407 Y- 100.25 &Y. 5 4389405
[ sz distibutions =10l
OllogXmes? 64 Display Vol Dit? [ LogVolDist?  Pop IMean= [J22387 ]  Pop 1Meden= [B58277 ]
Contagts [0 ] 3 Display Mum Dist? [ Log Mum Dist? Pop 1 Mode= [BT306 ] Pop 1FWHM= (3308
\
100x10° : : : : :

TotalVolumeDist
80 VolumeDist_Pop1

80 -

A Intansity_set!
B Inensity_setl

[ cacstmediocet ) [ Fudiean ] [ Rewearn |

40 - =

Volume distnbution f{R) [1/A]

= 20 -{ -
*ModifyGraph Isiz yModel_set1)=3,rgb(l yModel_set1
~ModifyGraph Isize=1 0

T T T
~ModifyGraph rgbintensityModel_set1)=(0,0,0) :
“ModifyGraph rgb=(52224,0,0) Isize(IntensityModel_set1)=2 400 600 800 1000 1200 1400
~ModifyGraph rab(intensityModel set1)=(0.0.0) Radius [4]
[

Ready

Now we will add other population (smaller particles). Uncheck all “Fit?” checkboxes on this Pop tab.

Select Pop 2. tab. Check “Use?” checkbox here. To see whole g-range, go back to “Data controls” and change
Qmin and Q max to smaller/larger values (0.0015 and 0.5). Now come back to “Data controls” and let’s see,
where the population 2 should be. Easiest achieved by unchecking “Use?” for population 1 and then the model
in the graph is only for population 2. We want to use this population to describe data at around 0.05. So we need
to move the mean to smaller sizes... This can be achieved by setting Mean to around 80 and reducing volume to
about 0.01. Now check again “Use?” for population 1.

Check “Fit?” for Population 2 volume and Mean and fit the data by “FitModel” button.

Now we need to do final fitting of all meaningful parameters at once... There are now 3 places, where we need
to select what will be fitted — but potentially could be even more... So let me review where the fitting
parameters can be:

1. Data Controls — fitting of background

2. Model controls - Population tabs — fitting of distribution parameters (and volume, potentially
interference parameters) — here we have two of these to check.

3. Model controls — Form factor panels - Potentially we could have for each population form factor
parameters fitted, these need to be selected by reselecting again on each Population tab the form factor,
which brings up (if appropriate) the appropriate panel..

Good luck finding all of the parameters... You need it.
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Anyway, select background, Volume for each f the populations, Mean size, and Std deviation. Try to fit to the
data from 0.0015A™ to 0.5 A™"... With little bit of luck (and a lot of calculations) you should get result similar
to one below:

i Irena manual LSQF2_1data set - Igor Pro 5.05A = Al'ﬁl = IDL&
File Edit Data Analyss Macros Windows Graph Misc Help SAS
=T R
LSQF 2 modelmg & ﬁﬂmg Min g = [0.000226465 Min Int = [0087251 (R ) [ Display Ind. Pop. its.?
[ Inda 2 data [ Model Maxq= [0675764 | Maxint= [6.48783+07 “Astoset Axis
Data input & QRS data ((Asoset Axis ]
Datafolder: | root:SAS:ImportedData: Test data”: ¥ | ] | e ——
Wave with X axis data I Q_Test data 'l ................................
Wave with Y axisdata | R_Testdata ¥
Wave with Erordata | S_Testdata ~ T
Remowall | saUssall ) [ ConfizGraph ] ([ Grepr®ReGrapt) | P || M o e e e e o e e A
—_— S
® Datacontols O Model controls - N N S U RN N S 00 N 51 CONON SN S (0 (N 11 L1 .
[ Muttiple Input Data sets? [ Number Dist? [M Auto Recalc? ‘;
Input Data —.E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
EESSEN) 4 Use? [ Sit Smeared? S | B G RAREE  of g BRI IO R B
.‘Z;
User Name: [Alumina powder | ;g TR MOOP) L TR 1 B Y DAV RERERRE | TN, (PR (8 (R8T 20 I il SOy
Scaledataby: [T ] - Roni 00 i
® Useremors? O SQRTemors? O User % emors? 10° =i+ ®  Alumina powder i
: e lodel for Alumina powder :
Scale emors by: g |45 wder |
10”7
Qmin: [0:0015 Qmax: [05 ] (_Q fom cussors |
0.001 0.01 " 0.1
QA ]
Bckg: [ m? Min: [0.0011 Max: [1.1 | A: Intensity_set1 | . pnt 30 X: 0.001783 Y: 5.4399e+05 [ dX: 0.40958 | | |
B: Intensity_set! pnt 107 X: 041138 ¥:0.119 | dv: -5.429%e+05
¥size di =10l x|
[JilogXaes? [ Display Vol Dst? [ Log Vol Dist?  Pop 1 Mean = M Pop 1 Median = [715376 |
[ Display Num Dist?  [J Log Num Dist? Pop 1 Mode = |66502 PcplFWHM-|429393
! 1 | 1 | 1
100x10° e -
z /' R —— TotalVolumeDist
= 30 / \ VolumeDist_Pop2 |2
@ / —— VolumeDist_Pop1
- S
S 60 | -
[ CalcutasteMoget J [ FitModet ] [ ReversseFit | 2
= 40 - / \ -
o ¥ X
£ .
2 s
0 T T T T T T
200 400 600 800 1000 1200
Radius [A]

7.6. Uncertainity evaluation

This script enables to analyze uncertainties of parameters of the Modeling II, same method as Unified fit
(chapter 6.6). There are two different types of analysis one can imagine:

1. Effect of input data uncertainties on the results. This analysis is done by running same fitting analysis (with
all parameters fitted) on variations of data. These variations are created by adding Gaussian noise on input data.
The Gaussian noise is scaled to have same standard deviation as input data uncertainties ("errors"). Analysis on
these randomly modified data is run multiple times and statistical analysis on the results for each parameter is
performed.

2. Stability of each parameter separately. This is bit more complicated - analyzed parameter is fixed, step wise,
in range of values user specifies. Other user-selected parameters are fitted and chi-square values are recorded.
After the analysis, this dependence is analyzed and based on statistical analysis (number of fitted points and free
parameters) the uncertainty of the parameter is estimated.
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®00

Modeling |l uncertainitiy evaluation

Parameter Uncertainity Evaluation

Get Help

Select parameter | UncertainityEffect +

Num Steps 20

Method | Vary data, fit params *

Automatically overwrite prior results? Fix fit limits?

_| Calculate ChiSq range? ChiSq range target | 0
Analyze selected Parameter Add Parameter to List

Analyze list of Parameters Reset List

Recover from abort

Here is example of results:
sk skoskoske skosk sk sk ok

Effect of data uncertainties on variability of parameters
root:SAS:ImportedData:S4 0055 sub:

@ Jan Ilavsky

Run 20 fittings using data modified by random Gauss noise within "Errors". Note, that adding noise on data
increases chi-square significnatly.
To get following statistical results

Chi-square values :  average +/- st. dev. =

Volume popl : average +/- st. dev. =
Volume pop?2 : average +/- st. dev. =
GMeanSize popl : average +/- st. dev. =
GMeanSize pop2: average +/- st. dev. =
GWidth_pop2 : average +/- st. dev. =
StructureParam1 popl : average +/- st
StructureParam2 popl : average +/- st
Background setl :  average +/- st. dev. =
sk s sk sk skosk sk skosk sk skosk

180 +/- 19
0.114 +/- 0.006
0.0862 +/- 0.0019
6.9 +/-0.5
26.0 +/- 6.9
51.8+/-3.9
.dev.= 9.6 +/-0.4
.dev.= 0.212 +/-0.018
0.00267 +/- 0.00064

Moldeling II Evaluation of parameter GMeanSize pop2

Method used to evaluate parameter stability: Sequential, fix param
Minimum chi-squared found = 2.6829 for GMeanSize pop2 = 28.363
Range of GMeanSize pop2 in which the chi-squared < 1.2623%2.6829 is from 22.704 to 33.271

sk sk sk sk sk sk sie sk s sk sk sk sk sk sk sk sk sk sk st sie sk sk sk sk sk st sl skeoske sk sk sk st st stk sk skeosk stk skoskeskeoskosk sk sk

"Simplistic presentation” for publications :
sk sk sk sk sk sk sie sk sk sk sk sk sk sie sk sk sk sk sk st sk sk sk sk sk sk st sl sk sk sk sk sk sk st stk sk skeosk stk sk sk skosk sk sk

>>>> (GMeanSize pop2 = 28.4+/-5.3
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Luw suys | | | | |
22.704 33.271

3.6

3.24 Minimum chi-squared = 2.6829 -
at GMeanSize_pop2 = 28.363

Achieved Chi-squared
°

3.0 o n

2.8 ® o -

24 26 28 30 32 34
GMeanSize_pop?2 value

NOTE: you need to make sure the fitting limits are set widely enough as the fit may abruptly stop when these
are violated. The Help in the panel provides many more details.

7.7 Fitting data with multiple input data set
Assumption of this chapter is, that you can already fit data with one data set (10.4). Only differences caused by

adding other data sets are pointed out here. Not everything can work easily though - scripting does not work and
analysis of the parameters uncertainties has not been tested yet.

Changes in Data controls

When “Data controls” AND “Multiple Input Data Sets?” are selected, up to 10 input data sets can be loaded
at the same time in the tool. Each Data set has all of the controls as the first one, including separate background.
Note, that if the background is to be fitted, checkbox needs to be selected on its tab.

If “Different contrasts for data sets” is selected, separate contrast needs to be input for every population and
every population. This can be excessive number of contrasts. It is typically suitable for anomalous SAXS data
evaluation.

Note, that the selection of number/volume distribution is used for all of the populations at the same type. You
cannot mix number and volume distributions at the same time.

Note, that you can use one or more of the input data sets at the same time. If you unselect the “Use?” checkbox
on any data tab, all parameters stay in the tab. Therefore you can mix-and-match data any time from any of the
10 populations.

Changes in Model controls

All controls stay the same. Contrast field will change reflecting selections: if “Different contrast for data sets”
is not selected only one Contrast will appear, if it is selected, “Contrast data X will appear, if Data X are set
to be used. This appears on EVERY population tab. You need to go and check the contrasts for every
population.
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General comment

Please, remember, that with more data sets, this will be much slower. Setting up parameters for
this complicated fitting space can be intimidating and very much complicated. You need to go
through all of the used tabs in both Data controls and Model controls.
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8. Size Distribution
Using maximum entropy, total-non negative least squares method and regularization

8.1 Basic description of methods

Maximum entropy method by Pete Jemian

Maximum entropy (MaxEnt) and regularization (maximizes smoothness) are two separate methods for
obtaining size distributions from small-angle scattering data. Yet, we describe them together here since they
share many common components. Both are versions of a constrained optimization of parameters which solve
the scattering equation.

(9.1) 1(Q) = |A¢el*Z|F(Q,)I?V (r)NP (r)dr

The difference in these two methods is in the applied constraint and it is this constraint which most heavily
influences the differences between the two methods in the form of the result.

The maximum entropy method was developed by Jennifer Potton et al., and supplied in the code package
MAXE.FOR. Pete Jemian (jemian@anl.gov) has had his hands all over this code and in a few places, made
some rather significant additions, resulting in the code package sizes.c. Most significant is the addition of
the regularization method which is likely to succeed an finding a solution in many cases when the MaxEnt
method fails to converge upon a solution. Please contact him with any questions regarding the implementation

of these methods. (Point of fact, both are actually regularization methods.)
J.A. Potton, G.J. Daniell, and B.D. Rainford; Inst Phys Conf Ser #81, Chap. 3 (1986) 81-86
--- J Appl Cryst 21 (1988) 663-668
--- J Appl Cryst 21 (1988) 891-897.
J. Skilling and R.K. Bryan; Mon Not R Astr Soc 211 (1984) 111-124.
Ian D. Culverwell and G.P. Clarke; Inst Phys Conf Ser #81, Chap. 3 (1986) 87-96.

Literature citation for Maximum Entropy code in Irena macros bvy Pete Jemian
Pete R. Jemian, Julia R. Weertman, Gabrielle G. Long, and Richard D. Spal; Characterization of 9Cr-1MoVNb Steel by
Anomalous Small-Angle X-ray Scattering, Acta Metall Mater 39 (1991) 2477-2487.

Here NII(r) is described as a histogram size distribution where a fixed number of bins are defined over a given
range of diameter with either constant diameter bins or constant proportional diameter bins. Solution of the
histogram size distribution to the scattering equation 9.1 above is obtained by fitting the scattering calculated
from trial distributions to the measured data and then revising the amplitudes of the trial histogram distribution
based upon the applied constraints. The trial histogram size distribution is not forced to adhere to a particular
functional form, such as Gaussian or log-normal. However, in the current formulation, all sizes of the scatterer
are expected to have the same scattering contrast and morphology (shape, degree of interaction, aspect ratio,
orientation, etc.).

In both MaxEnt and regularization methods, the measured data must be represented by the calculated data so
that the goodness of fit criteria (sum of squared standardized residuals) is close to the number of measured data
points used in the analysis, subject to an additional constraint. This imposes a high standard for the reported
errors on the scattering intensity. The reported errors are expected to be estimates which are comparable to one
standard deviation of the true intensity and that the difference between the measured intensity and the true
intensity is within one standard deviation of 67% of the time and randomly distributed such that a summation
over these differences has zero mean and unit RMS. If these conditions are not met, it is likely that artifacts in
the derived size distribution will result. Often it is necessary to scale the reported errors by a factor to achieve
converge of the MaxEnt method.
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As a point of fact, both MaxEnt and regularization are regularized methods of solution to the scattering equation
(9.1). They both seek solutions of the functional, =,
92) E=yxy—aS

where ¥° describes the goodness of fit, S is the applied constraint, and o is a Lagrange mutiplier used to ensure
that the solution fits the measured data to some extent.

For MaxEnt, the additional contraint is that the configurational entropy of the size distribution must be
maximized. Rather than be bothered by what this means when compared with the thermodynamic entropy, you
are asked to consider that this constraint enforces the principle that all histograms in the size distribution must
have a positive amplitude. To make the calculation of the entropy, an additional reference level must be
defined. Typically, this reference level (a.k.a., Sky Background, starting guess, a priori information) is about
0.01 of the maximum level of the final size distribution. One does not need to fine-tune this parameter and
should never be concerned with adjustments less than one order of magnitude. Too high and this parameter will
cause the solution to have upward tails at both low and high ends of the distribution. Too low and additional
scatter will appear in the distribution. The MaxEnt constraint imposes no correlation on the amplitudes of
adjacent bins in the calculated histogram size distribution.

Regularization method by Pete Jemian

The regularization method implemented here maximizes the smoothness of the calculated histogram size
distribution by minimizing the sum of the squared curvature deviations. The particular mathematics used here
do not prevent the use of negative values for the amplitudes of the histogram size distribution and this is a noted
behavior which must be considered to avoid. Often, it is possible to avoid the negative bins in the size
distribution by adjusting the fitting range, the bins in the histogram size distribution, or the background.

NOTE: since version 1.50 I modified the code to provide ONLY positive solutions. It is heavy-handed code
change and likely not really mathematically correct. It may change a bit in the future.

Total non-negative least square method

This is implementation of the “Interior point method for totally nonnegative least square method”. I have found
reference and method description for this method on line: Michael Merrit and Yin Zhang, Technical report
TR04-08, Department of Computational and Applied Mathematics, Rice University, Houston, Texas, 77005,
USA. This publication was from May 2004, I have found it on the web posted in December 2004,
http://www.caam.rice.edu/caam/trs/2004/TR04-08.pdf

Basically, this is very interesting method, in which one starts with reliably positive solution, calculates gradients
using least square method to better solution and makes step towards this solution. The size of the step is limited
in such manner, that the solution (histogram bin content) cannot be made negative. If the step would make it
negative, the size of the step is limited in such manner, that the non-negativity is guaranteed.

The problem of this method is, that there does not seem to be any simple way of incorporating errors in the
calculation. Generic method which was suggested to me resulted in instability of the code. So, contrary to
MaxEnt method (which inherently uses errors), in this method the errors are used only to identify sufficiently
good solution.

Also this method seems to have major problem with the poor conditioning of the SAS problem — natural log-q
and log-I behavior of the SAS data. Therefore, it basically requires, that fitting is done in different “weighing”
of the data — for example I*Q* vs Q etc...

Uncertainties - since version 2.50 I have added code, which can generate uncertainties, by running multiple fits
to data modified by adding Gaussian noise scaled to have standard deviation equal to the data uncertainties.
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Trust regions — in version 2.57 I have added color indications about which sizes in the resulting size distribution
can be trusted and which are uncertain. These calculations are pretty simplistic for now — based on Quin and
Qmax used for fitting, one can convert these to sizes (using d ~ 2*pi/Q). Only sizes of particles, which are within
the measured range of Qs can be really trusted. Since SAXS sees also “outside” the fitted range to some degree,
with less trust one can expect slightly larger or smaller particles to be characterized approximately, and as one
gets far from the fitted Q range with sizes, trust in the results should be very small. This is indicated on the trust
indicator — green center part shows trusted range, yellow transition suspect range, and red ranges are simply
untrustworthy. The tool will produce something, but with no bounds by data, this will be pure speculation with
no real value. This color bar can be removed using checkbox at the top bar of the graph.

Compare following two graphs, in which the Q fitting setting is vastly different:

eone IR1R_SizesInputGraph:CurrentResuiltSizeDistribution vs D_distribution;

[ Kitwindow | [ Removepntw/esrA ) Log Particle size axis? Chisquared reached [ 47.0063 ] [ Remove Trust Indicators?

(Resetwindow )  (Retum Ab doleted poms) O Log Partice Volume 287  pumber of fitted points [47 J | groentrust, yellowssuspect, redeno trust
(Calcutate Parameters) () Calcvtate params. automaticaly?

Partice cameter [A]

10' 10 Method used: MaxEnt ¢
i Number of Rterations =§
i ral "
. .
10 - 3
! 16x10
M [1he sample evaluated 1s:_s5_sampiea)
10" - "7
! - 14
I+
10°
- 12
10° =1 3
B
-1
g 10" = = i
E s g
10 88
4
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c
10'
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10" -
[, , et b
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2 2 i S Seoe Ut o3
10" 10* 10° 10"
T SAI0N 5 W T_Ce 5, OO o'y T O ORI
o000 IR1R_Sizes! aph:TrustValues vs D_distribution;...
(Kiwndow ) [_Remove pnt w/esrA ) Log Particle size axis? Chisquared roached [237.889 | () Remove Trust indicators?
(TResstwindow ) (Raturm All Geleted ponts) () 108 Particle Volume axis?  yror of fitted points (238 ReTIEG, YRl eDIct Tedo Gt
Calculate Parameters) () Calculate params. automatically?
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8.2 Using the tool

@ Jan Ilavsky

This program uses one complex interface — a complex graph and panel for data input and manipulation. To start,

select “Size distribution” from “SAS” menu...

On the panel, which gets created, starting from top:

1 select the “Use QRS checkbox” (assuming you are using QRS named data as explained above).
2 Select data folder with data (see figure below)
3 Select wave with Q vector, other should be selected automatically (if not select right waves). Note,

that it is now not necessary to input error wave. See below...

4 “Graph”
New graph gets created.

Sizes input panel
——|_| Indra 2 data
Data ™ @rs (@is)
Data folder:| root:SAS:iImportedData:'Test data”. + pgEx)

Wave with X axis data | Q_Test data + Wvs (RegEx)
Wave with Y axis data | R_Test data *

Wave with Error data | S_Test data *

Diagnostics? Slit smeared data?

Graph Scripting tool |

Distribution parameters

Minimum diameter | 25 Maximum diameter | 1000 |+

Bins in diameter | 100 Logantmic binning 7 | yes =

Fitting parameters
Subtract Background 0.1
Contrast (drhoA2)[10420, 1/cmd] 1

(®) Use user errors?
Use sart errors?
Use 9% errors?

Multiply Errors by : 1 h g
0 errors’

Particle model
Select particle shape model  Spheroid *

Aspect Ratio 1

Method: () IPG/TNNLS () MaxEnt () Regularization
Sizes precision param 0.01 5
MaxEnt max Num of Iterations | 100

o Segostcd le06
MaxEnt sky backg 1e-06 5 Set

Set range of data to fit with cursors!!
Paste to Notebook Fit (no uncertainities)

Store in Data Foicer Fit (w/uncertainities)
You need to store the results or they are lost!!

e non IR1R_SizesInputGraph:intensityOriginal vs Q_vecOriginal;...
Kill window Remove pnt w/csrA :ﬁ Log Particle size axis?
Reset window tetum All deleted point Log Particle Volume axis?
-alculate Parameter.
L PR 1 PN R (o WA | 1 Lol \ P TR
E E
e - =
10 4 > [The sample evaluated is: S6_AI203 1 & 0.05um -
~
6 ] x E
- ag W E
10 E N E
s 7 E
10° 3 3
4 ] = F
2 10 = g E
D 3 e =
= ] =~ C
[ 3 e
g 10 3 = E
10° 2 = 3
'] . 2
10 3 = E
0] . L
10° 4 3
E e B
-1 T
10 R S R B R R R S A S
0.001 0.01 0.1
-1
L BAS gty Tet . 8. Tet ot O rA ] Sur, D X, 2012, ROSH M

Leave the “Slit smeared data” set to no and “Slit length” set to NaN. If using the Indra data structure (UNICAT
USAXS data reduction), these fields are preselected in the proper form and should not have to be changed. If

the data are from different instrument (as here) and are slit smeared the macro can be still used. Providing user
selects correctly slit smeared data and inputs slit length in units of Q. I expect this case to be highly unlikely...

Next we need to setup some parameters.

Distribution parameters:

Minimum diameter & Maximum diameter — both are in A. These are limits of fitted distribution. Set
minimum to 25 and maximum to 10000

Bins in diameter — into how many bins you want to divide the range of diameters. 100 is a good number
— more points may be really slow on slower computers.

Logaritmic binning — if yes, the bins are binned logarithmically — i.e., the bins at small sizes are smaller
and at large sizes are larger, giving save width bins when plotted on axis logarithmically. This is very useful
setting for the wide ranges of sizes measured using USAXS instrument. If no is selected here, the bins are all
same width. Leave in yes for now...
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Fitting parameters:

Background this is flat background to be subtracted from data. The red line in the graph shows current
value. Set correctly for this case to 0.1 or so

Contrast (delta rho squared) — if this is properly inserted, the data are calibrated... Leave to 1 since the
contrast is not known.

Error handling:

There are four ways to handle now errors in this tool. The method is selected by four checkboxes lined
vertically next to the “Background and Contrast” fields...

1. “Use user errors” use erros input as wave. In this case the field: “Multiply errors by”’is available and
errors can be scaled as needed. Start with high multiplier and reduce as necessary to reach solution, which is
both close to the data but not too noisy.

2. “Use sqrt errors” — will create errors equal to square root of intensity (standard Poission error
estimate). You can multiply these errors by error multiplier. Errors are smoothed.

3. “Use % errors” — will create errors equal to n% of intensity. Field where to input the n appears. Errors
are smoothed.

4. “Use No errors” — use no errors — the weight of all points is the same. This is unlikely to be correct,
but this case allows to use fitting in “scaled” space — Intensity * Q™ vs Q, where m = 0 to 4. This helps to
mathematically better condition problem (similarly to using errors) and can yield sometimes good solution.
NOTE : at this time you cannot use this method (no errors) with MaxEnt or Regularization.

Comments:
MaxEnt works best with user errors or % errors.
IPG/TNNLS seems to work best with no errors and m = 2 -4. Reason is unclear.

The errors displayed in the graph will change as different methods are selected:
User errors, multiplied by 10:

The sample evaluated is: 'T_Test data’ L

=
8 10% ﬁ%ﬁi B
i % i
10 *EIII
g, *
4 K322z evoveesvyegitid
10 LLLLLJJ_lllJJ.l ’
oot oot .o
root:SAS:ImportedData: Test data™"R_Test data’ Q [AA] Monday, Nov 21, 2005, 8:30:19 PI

fa r ~rerere—r———r—— T | pera— P~ e L T T

SQRT errors, multiplied by 10:
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L Lol 1 1 I*_25

1

10’

10°

10°

4

10

10°

Intensity

107

10'

10°

-1

[The sample evaluated is: 'r_Test data'|

10 s T T LN | T T T T
0.001

root:SAS: ImportedData: Test data'R_Test data”

0.1

Monday, Nov 21, 2005, 8:30:19 PM

[ r remrere—rrer——rr— T > prrewy—

% errors, used 20%:

Intensity

[The sample evaluated is: 'r_Test data|

% |

T LS P P S L | T T T

0.001

root:SAS: ImpontedData: Test data'R_Test data’

0.01 ;
QA']

IIITI
B 2 2 3 o St 0 0 0 3 R

0.1

Monday, Nov 21, 2005, 8:30:19 PM

@ A intensityOriginal | —a— Flont 0 X: 0.00024648

Y: 6.3268e+07 | dX 0.67552 | |

No errors, selected to use 1*Q° vs Q “space” for fitting:

@ Jan Ilavsky
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il i/
Fle Edit Deta Andysis Magos Windows Graph Misc Help SAS
T R
Sizes input panel ((itwistor ] (_Remowpmwadd ) gmhﬂ*mﬂ’ -
e [ Use Indra 2data Raswwindow | (_Reom All deieead poins ) article Volume 23
Measured data [ Use QRS data
Datafolder: | root:SAS InportedData Test data” ¥
Wave wth Xadsdata | Q_Testdata ¥
Wave with Y mdisdsta | R_Test data 'l
Wave with Erordata | S_Testdata ¥ | | |
[ Diagnostics? [ Sit smeared data? 'ﬁ‘.“
ol The sample evaluated is: 'r_Test data’ L
Distribution parameters t:"t,,_,
Mrimum dameter (510  Mauimum dameter [T0000 110} 10° - “"‘:w—_,‘”m -
hnmmg mm‘llm vI "*.-77
5 :z.
Fitting parameters 10" " L
Subtract Background [T g O Useoeromn? %, H
Controst o 2010720, Vemd) [T 1) O Usesatema? | > 4* o, -
O Use % emors? [ %,
® UseNoemos? | 2 3 G,
Scaingpower?[ 3~ o £ 10 . B
Particle model 2
Select paticle shape model | Spheroid ~ 10° % B
Aspect Ratio [T 119}
10" % B
Method: ® IPG/TNNLS O MaxEnt O Regularization o,
NNLS approachparam. ~ [05___1[9) 10° - -
NNLS max Nu of Rerations o, 5
gl iacs YO IOC RO DO |
10 T T ma R B T
Set range of data to fit with cursors!! 0.001 001 01
[ sweisDmroer | | Run Fiting | 1001SAS ImportedData Test data' 'R Test data QA Monday, Nov 21, 2005, 8:30:19 PM
results 1 A: IntensityOriginal nt 0 X:0.00024648  Y: 8.32€8e+07 |dX: 0.87552
e S m 8 munuM)n:mnl { m E:m 111 X 0.67576 Y: 027391 {uv 8 3208e+07 I 1 ‘
Reaty [4

Particle shape:

Particle shape model — the tool uses the same selection of form factors as Least square fitting. If you feel
you really need another shape, I can put it in. Same comments apply WRT speed as mentioned in Least square
fitting — “integrated spheroid” is using the most complex way to avoid possible artifacts, but is very slow.
Spheroid AR 1 is fastest, others depend on complexity of math and integration. The code has been internally
optimized to run as fast as possible.

Aspect ratio — anything, 1 is for sphere.

Method:

The default method is Maximum Entropy.

Size precision parameter is internal number which should not be changed too much. Most users should be happy
with default. Smaller the number, more precisely MaxEnt needs to match the chi squared...

MaxEnt max number of iterations — unlike Regularization, which has limit on number of iterations, MaxEnt can
go infinitely. Therefore maximum number of iterations need to be enforced.

MaxEnt Sky Background. While this is relatively complicated number internally, note the suggestion next to it.
Suggested value is 0.01 of maximum of the resulting volume distribution. The suggested value will be either
green or red, depending if the value in the box is reasonable. Accept the suggestion and you will be happy.

IPG/TNNLS
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Method: ® IPG/TNNLS () MaxEnt & Regularization
NNLS approach param. @
NNLS max Num of lterations @

Scalingpower?l 2 vl

Set range of data to fit with cursors!!
( StoeinDasFolder | [ Run Fitting |

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

]Ready ]

Approach parameter is the step size (from maximum) which will be made in each step towards calculated ideal
solution. Basically convergence speed, but too high number will cause some overshooting and oscillations. For
most practical purposes seems to work fine around 0.5-0.6.

NNLS max number of iterations — limits number of iterations. Change as needed.

Scaling power — this is how Intensity will be scaled to improve the conditioning of the problem.

Regularization
Has no additional controls.

Buttons part

“Run fitting” runs the above selected method.
SAVE THE RESULTS button — if you do not push this, the data are not copied back into the sample
folder and are overwritten with new data.

Getting fit.

First select range of data using the cursors. Set rounded cursor on point about 30 and squared on point 89 or so.
Note, that you can vary the range of fitted data between the fits.

Push button “Run internal MaxEnt”. Solution should be found as in the figure below...

If the parameters are too restrictive you may get error message, that solution was not found. In such case check
minimum and maximum diameter settings, check the error multiplication factor etc. Generally I suggest starting
with higher range of radii than needed and higher error multiplication factor. Then reduce as needed. Also
check the shape.
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Alsg -ioix]
Fle Edt Data Analyss Magos Windows Graph Msc Hep SAS
—10ix] —oix
Sizes input panel ((Kiiwissow ) (_Remowpmwoed ) [AlogPatcleszeas?  Chisquared reached [B2.0015 |
[0 Use Indra 2data structure | ([ Resstwindow ) ((Retum Al detessd poins ) [ Log Particle Volume mis? Number of fited poirts [62____|
Measured data Use QRS data structure
Folder wih data | root:SAS:impottedData: Test data” ¥ |
Qdata: [[Q_Testdata =] < :
Intensty data: | r_Test data -| Particle diameter [A] Method used: MaxEnt
= 100 10 Number of iterations =11)0(0
S PR 3 4seres) 2 3 4sersy, 2 3 4serss,
[ Diagnostics? [ St smeared data? -
10 ™ [The sample evaluated is: 'r_Test data'| 3
= ey : L 4x10
Distribution parameters & e it
Minimum dameter [5___ 1B Maxsmum Gameter 10" D
Brsin dameter [0 J0]  Logarinic binning 2 [ yes =] 10° 3 5
I @
Fitting parameters 4 3
210 =
Subtract Background 18 a o
Contrast (dho"2{10°20, 1/emd] [T J©) 2 0 | 5 a
] o
Mutply Erosby: B9 5 =4
1 - [=]
Particle model 4 =
S 10' L1 8
opect Rato ;
10"
Method: O IPG/TNNLS @ MaxEnt O Reguiarization w107 I - 0
Sizes precision param | C— T —2 | otetetmesty Unts: o e, =
MaxErt ma Nom of eraions (1000} T D &
et sy backg |l [ ey Pt At -
P v s v 2 e T — T ——TT
Set range of data to fit with cursors!! LI s 1 11} 0.01 0.1
( Stoee i Dats Folder ] [ Rua Fisting | root SAS:ImportedData: Test data™r_Test dats’ Q [AJ] Monday. Nov 07, 2005, 8:12:35 P
You need to store the results or they are lost!! A IntensityOriginsl M pnt 30 X:0.001783 Y. 5.4399e+05 [ dX: 0.094973 I I I
g;s intensityOriginal { prt 93 X: 0096756 Y. 029705 | oY: -5 4398e+08
[Ready 17

This is rough fit for the data in the graph — and for purpose of description of this graph now.

Now let's get to explanations:

The green points are the original data points.
The red points (top part of graph) are points selected for fitting (without background)
The blue line (very difficult to see) is the fit obtained by the fitting routine

The bar graph is the particle volume distribution (use top and right axis)

In the low graph

The red dots are normalized residuals. Ideally these should be random within +1 and —1, this structure suggests

some misfits in some areas.

To get better results one now needs to play with the parameters. I suggest reducing maximum diameter to about
4000A, reducing multiply errors by to 3, fixing the MaxENt sky background and the running the same routine

again. Following is the result:
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8 Test - Igor Pro 5.04B -|D|£'
Fie Edit Data Analysis Macos Windows Graph Misc Help SAS
B [=] B3] | T 1R1R_SizesInputGraph:Modellntensity vs Q_vec... (=] B3]

Sizes input panel (Kitwindow ] (_RemowepmwesA ) [ LogPaticlesize ais?  Chisquared reached [629961 |
[ Use hda 2data structure | (Fosivintor )  ((Rewm All ssmedpoims ) L L00 Paticle Vohume @0s? rier of fited points [(2—]
Measured data Use QRS data structure
Folder with data | root:SAS:ImportedData Test data” ¥ |
Qdata: [Q_Testdsta =] .
intensty data: [ ¢ Testdata =] Particle diameter [A] Method used: MaxEnt
= 100 100Number of iterations =11
Erordata: | s_Testdata | 3 4 568789 2 3 s 6789 2 8 i
[ Diagnostics? [ Sit smeared data? T= L
10" %K [The sample evaluated is: 'r_Test data’] 4x10”
Distribution parameters s i
Minimum diameter (25— J] ~ Maximum dameter [2360_J[©) 10" b T
Bins in dameter [T00___ ][5 lngaimchnitg’l yes 'l 105— L3 g
Ll
Fitting parameters 4 - r3
= 210 =
Subtract Background o o
= @ o @
Contrast (dho"2)[10°20, 1/emd] [T___119) £ 10° > 5
Mitpy Erosby: 3 1|9) . <
10> 3
Particle model =
Seledpmdeimemode(l Spheroid v] 101 ] L4 =
Aspect Ratio [ ][9] .
10
Method: O IPG/TNNLS ® Maxért O Reguiaization o) L "_0
Sizes precision param Lo 19 T —2 — woceintensty  Unis B e —
MaxEnt mao Nom of Rersti g Eo_ ﬁmaawm.,ﬂmu; . o te, |
Mobtsybacks [(TEZEEP] Somstet 4095e05 | ¢ T2y G -
[T] + M 'thllldm: T T T llllll T T T IIII\] T G R 5 ]
Set range of data to fit with cursors!! B VL) 1) 0.01 01
( StorinDasFolr | [ Run Fitting ] 1001:SAS ImportedData Test data™'1_Test data’ Q [A.1] Mondsy, Nov 07, 2005, 8:13:43 PM
You need to store the results or they are fost!! i pat: 30 X:0.001783 Y 54399¢+05 | dX 0.094873
K] pnt: 93 X: 0.096756 Y: 0.29705
[Ready | [

This shows, that we have bimodal distribution of scatterers. By the way, these data are from mixture of two

polishing powders.

And now the IPG/TNNLS method:

T T aw X
Fle Edit Data Analyss Magos Windows Graph Misc Hep SAS
—I0ix] o]
Sizes input panel (iwisen ) (Rmewpewon ) [AlogPatickszeass?  Chisuaredreached (53793 ]
[ Useid 26t Comviier ) (oA omigomn ) ] Log Paticle Vokme 247 Nymber of fted pots (]
Measured data {4 Use GRS data
Data folder: | root:SAS impotedData: Test data” ¥
Wave wth Xadsdata | Q_Testdata ¥ Particle diameter [A]
Wavewth Yamisdata | R_Testdata v Method used: NNLS
100 1000 Number of iterations =9
‘Wave with Error data S_Testdata ¥ 3 - ? ? '{ ? 9 1 ? :‘! 4 & BT ??l 2 3 1
[0 Diagrostics? [ St smeared data? T=
10" «z,‘%i [The sample evaluated is. 'r_Test datal]
Distribution parameters = s L ax1 0-3
Minimum dameter [25___[0) Masmum dizmeter [2000 ][9] H Ry
Bnsindameter 100 11]  Logamicbinning ? [ yes ~] | 2
— > bt
Fitting parameters 3 -3 s | |
Subtract Background ® Use user emors? S N a ]
Contrast (dho 2010720, 1emd] [T 10} 8 Usesqtemoms? | © i @
Use % emors? =
Evorsby - 35164 o
Matply Erors by EEeR - 25
o
Parficle model n =
Select paricle shape model [ Sphewod ~] 19
-
Aspect Rato 1) -
Method: ® IPG/TNNLS O MaxEnt O Regulaization o ddsaas %ﬁ-ﬁ
© 0
NNLS approachparam. [0 J©) 2 =
wSdemEE g =
!r —
o logmetag une ey B ————
Set range of data to fit with cursors!! ¥ [Yeeindudie U500 0.01 01
[ Swaiabarose | | Rua Fusing ] 00t SAS:ImportesData Test data™ R _Test data ! Monday, Nov 21, 2008, $:45:22 PM
You need to store the results o they are lost!! A IntensityOriginal pnt: 30 X:0.001783 V- 5.4398e+05_ | dX. 0.086602 ]
B: Infensit inal pnt: 92 X: 0.088385 Y- 0.36624 dY: -5 4399e+05
[Z

[Ready [
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This is solution with user errors. Note, that the solution is basically very similar to MaxEnt.

i -lax]
File Edt Data Analyss Macos Windows Graph Misc Help SAS
N [=]E]] 2 R1R_SizesInputGraph:Hodellntensity vs Q_vec... ‘ =lol x|
Sizes input panel (giwisten ) (Remompuwosd ) (4 Log Patice size mis?  Chisquared reached
———— [ Use indra 2t (oo ) (Faom All simapoissn ) L 100 Pastile Vokume 257 e of fited points [
Measured data (4 Use GRS data
Datafolder: | root:SAS impodedData: Test data” |
Wave wih Xadisdata | Q_Test data ¥ Particle diameter [A]
Wavewth Yadsdata | R_Testdata ¥ Method used: NNLS
100 1000 Number of iterations =50
S BT % N E s Ty 3 sExee r B
[ Diagriostics? [ Sit smeared data? , [The sample evaluated is: 'r_Test data'] L 5x10”
100 e o
Distribution parameters 6 e, Tl
Moo dameter (5B Macmum dameter (20005 10" - -4
Brsindemeter [0 JB]  Logatmicbinng ? [ yes ] 10° f b g
Fitting parameters %' 4 | L3§ |
Sublract Background o8 O Usevseremos? | © 10" = 3 24 =
= b Q
Contrast (dho 2(10°20, Vemd] [T 5] © Uesatemn? | € 3 i o
O Use % emors? 10"~ i S
® Use No erors? ! 25
Sc&uwmr?l 3 'l 102 — § )
Particle model | =
Select partice shape model | Spherid ~ 10" _19
Aepect Ratio 710} p ] : %
1079 | i
Method: ® IPG/TNNLS O Maxtnt O Reguiarzation L M Cak— f T]hmﬁnfﬂr Baaas 444414011 0
o — 3 L L werergens r
NNLS mazx Nom of kerations [0 ]0) (T - mrgremiaset -
14 _4m%0 Emsm"msr.y Units: & :
[ e Lioks. =
v pogmadiing ————T T ————T T ——
Set range of data to fit with cursors!! $r Nemtodaal’ U001 0.01 01
[ swmisDmrose | | Ras Fitting | o0t SAS ImportedData: Teat dats R_Test daa Q [A"‘l Wonday, Nov 21, 2005, 8:48:32 PM
Yoo aned the results Tost!! A IntensityOriginal pot. 30 X: 0001783 Y:5.4359e+05 | dX: 0.080002
bt sely o ma IntensityOriginal { E ] Epﬂ: 82 X: 0.088385 Y: 0.36624 {uv 5 umsl I l
IReady 4

And here is solution with no errors, but scaling by Q. Less noisy. Note, that in this case the [PG/TNNLS
method is stopped by the Maximum number of iterations. Less number of iterations, less noisy solution — but
may not be close to measured data...

NOTE : at this time you cannot use this method (no errors) with MaxEnt or Regularization.

Saving the data copies waves with results into folder where the measured data originated. Also, it is possible to
have various generations of data saved. In order to give user chance to find what each saved result is, following
dialog is presented:

Sizes input for comment R i ﬂll

Modify comment to be saved with these results

B esult from Sizes Wed, Sep 11, 2

Here user can write ANYTHING, as long as it is bracketed by the QUOTES. The QUOTES are VERY
important.

If user tries to start Size distribution macros in folder, where saved solution to this method exists, he/she is
presented with dialog, which allows one to recover most of the parameters used for that solution.
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Previous solutions found ' llﬁl

Select solution to recover
I Sizes¥olumeDistribution_0* Result from Sizes Wed, Sep 11, 2002 5:12:42 PM ;I

Coce_| o_|

Therefore it is possible to start from where he/she left off. Also it is possible to start fresh - just hit cancel in
this dialog - when parameters are left in the state they are left in after last fitting (or in default if this macro was
not yet run in this experiment.

Resulting waves:

Following waves are created in the folder with data, when saved from this macro (_0, 1, 2, etc are different
generations of solutions saved by user):

SizesNumberDistribution 0

Contains number distribution data
SizesVolumeDistribution 0

Contains volume distribution data
SizesDistDiameter 0

Contains Diameters for the other waves which need it
SizesFitIntensity 0

Contains Intensity of the model
SizesFitQvector 0

Contains ) vectors for the above Intensity wave

File Edit Data Analysis Macros Windows Misc Help SAS2D SAS

Il Data Browser

Current Data Folder:
#lroot :SAS: ImportedData:Test data:

Display =
IV Waves IIOOt _I
llz Varisbles | [27" 55 root

l; ﬁ:,";gsm G Packages

W Plot 5[ 5AS

T 8 ImportedData
—]ew = = g3 Test data

Save Copy...

- Q_Testdata
Browse Expt...' -4 R_Testdata
Help I .4 S_Testdata

SizesVolumeDistribution_0
—_— SizesDistDiameter_0
_Preferences...| SizesFitintensity_0

Ezecute Cmd... [ SizesFitQvector_0

- SizesNumberDistribution_0
-.[8 SizesParameters_0

Delete

Comment, each of these waves contains WaveNote (see below at the bottom of the figure), which contains most
of the details about how the particular results were obtained:

These are the parameters:
SizesDataFrom=root:'Test data':

143



Irena manual, version 2.59, February 2016

SizesIntensity=Intensity
SizesQvector=Qvector
SizesError=Error
RegNumPoints=40
RegRmin=12.5
RegRmax=2000
RegErrorsMultiplier=3
ReglogRBinning=yes
RegParticleShape=Spheroid
RegBackground=0.12
RegAspectRatio=1
RegScatteringContrast=1
RegSlitSmearedData=No
StartFitQvalue=0.001783
EndFitQvalue=0.068163
Reglterations=12
RegChiSquared=60.45
RegFinal Aparam=1.8853e+07

UsersComment=Result from Sizes Wed, Sep 11, 2002 5:12:42 PM
Wname=SizesDistributionVolumeFD 0

@ Jan Ilavsky

Most of these parameters should have self explanatory names. This is where user can figure out what happened.

Further some parameters are also saved in the string with name “SizesParameters 0 such as

MeanSizeOfDistribution.

8.3 Uncertainty analysis of Size distribution:

If "Fit (w/uncertainties)" is used, 10 fits with data varied by data modified by Gaussian noise scaled to
ORIGINAL uncertainties is run and statistical analysis is done on each bin. Here is example of results:
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2 1800 IR1R_Si raph:C ResultSi ibution vs D_distribution;
Sizes input panel | ([ ilwinsow | [ Remove pntw/esr | ¥ Log Partice size axis?  Chisquared reached  66.0702
(] Indra 2 data [ Resetwindow | [tetum Al deleted point)  — -08 Particie Volume axs? o of fitted points |66
| Data Mars@s) - ) alculate Parameter
Data folder: root:SAS:ImportedData:'Test data": * »gEx)
Wave with X axis data | Q Test data * | Wvs (RegEx) Particle diameter [A]
tdata * 1 1 lothod used: :
Wave with Y axis data | R_Test data * 5 6 7 89 00 2 3 5 6 7 8 9000 2 z"v':;nf :cr’::;n’:-”j
o ~ L 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 J
Wave with Error data | S_Test data ¢ | - [ -3
[ i 5x10
S Dnoticet S e T 10" The sample evaluated is: S6_AI203 1 & 0.05um
(___Gaph _ Seripting tool
6 _| _TH# -
Distribution parameters 10 g - 4 g
Minimum diameter 50 ||+ Maximum diameter 5000 [¢| 5 J a
Binsindameter 100 |*|  Logaritmic binaing ? | yes ¢ | >‘10 2
= = 4 -3 o
Fitting parameters @ 10 =
| Subtract Background o1 © Use user errors? 3 3 %
Contrast (drhoA2)[10420, 1/emd] [1 |[z] ) Use sartemors? £10° S
o= () Use % errors? g
| Multiply Errors by : 207 > L (-
i = O use No emors? 10% 1 2 g
=3
| Particle model — . 3
Select particle shape model | Spheroid : | 10 §
Aspect Ratio | 1 el 0 E ool -1 =
10° - i
Method: () PG/TNLS (&) MaxEnt () Regularization P Lﬂ__{f‘
Sizes precision param 0.01 [ f_g 2 e - 0
MaxEnt max Num of Iterations | 100 5 T 0 e
A rereiops|E  Suseed 46422005 a
MaxEnt sky backg | 4.76561e05 /%] | Set y 2 2= L

Set range of data to fit with cursors!! |
) |__Fit (no uncertainities) |
J L (w/unce

Fit (w/uncertainities) |

(__Store in Data Foider
You need to store the results or

S, D= X3 702, ARSI

Note, that the tool can provide calculations of volume with uncertainities:

Particle diameter [A]

1 00 1 OOO Method used: MaxEnt
S 6 7 89 2 3 4 S 6 7 89 2 Number of iterations =115
L 1 1 1 1 l 1 1 1 1 1 1 1 1 ]
=

—
o
|

The sample evaluated is: SG_AIZ—OB 1 & 0.05um

o
1

Volume of Ses
S | Mean diameter

-_
o O

grers = 4.7772 +/- 0.47085

Intensity
o o

o

- 5x10™

- 4

(@)4 uonnquIsip ‘joA apned

AZCH | E: 0Ty U oo
LE0Tm Oy oo L

B etk o) ()() ]

oot 805 nportedlete Test: gete:'RTet ot

The uncertainties are exported and plotted. More support in Irena needs to be added as needed.

| G I B | I T T T
0.01
QIA"]

Sun, D X 2012, QO2FIPM
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9. Powder diffraction (WAXS) fitting tool

9.1 Purpose and description — note this is BETA version

This tool is developed to enable simple analysis of powder diffraction data. Note the "simple" in the description.
It's purpose is limited to:

I. Display WAXS data. One data set at a time. Multiple data sets can be displayed by Plotting tool.

2. Append to the displayed data one or more diffraction lines sets (PDF2/4 d-hkl-Intensity data). Few of
these PDF cards are available for download from the Irena (calculated from model assumptions), new can be
calculated if the structure is known using LaueGo package (http://sector34.xray.aps.anl.gov/~tischler/), or
manually added by users as xml files. No access to JCPDS PDF2/4 is available at this time. LaueGo uses xml
files which contain cif structure (or can use GUI to define the material) and then can calculate the PDF lines.
3. Fit diffraction peaks. One data set at a time or as sequence. This is acomplished by using Wavemetrics
manitained Multi Peak Fitting 2.0. Fitted results can be stored (in tabular format, each peak profile,...) and
plotted.

9.2 What do you need for this tool

This tool can use "qrs" or "USAXS" data (slit smearing is not supported at this time). The qrs system handles :
Q [1/A] - Intensity - Uncertainity (“qrs”)
d [A] - Intensity - Uncertainity (“drs”) or
TwoTheta [degrees] - Intensity - Uncertainity (“trs”) data.
Any of these data types will be converted to Two Theta [degrees] - Intensity - uncertainty for plotting and
analysis. This was done based on suggestion by leading diffraction data analysis experts.

9.3 Basic GUI and operations

eie Powder Diffraction/WAXS Fits In the SAS menu select “Powder Diffraction fitting = WAXS”.

Powder diffraction/WAXS fits panel This opens GUI:

Data selection Fit 2Theta min |9.28937 p .

() usaxs QRS(QIS) Fit 2Theta max  [27.9819 ] {
Start fidr | root:WAXS: £ = | .
T . ) Dy Ucartaiona . At the top select Data type (most likely QRS), folder where
o e folders with your data are, you can use Regex to select subset
VAR L In) A0 MultiPeak Fit . of folders to be displayed and select how the folders are to be
g meelSenfen B ordered. This is important if data are going to be processed
‘.ncat_Yvﬂ_‘.OZO:C; { Start MuitiPeak Fitting 2.0 |

sequentially for in-situ like experiments. In this case order is
important both for model fitting as well as for proper order

Inear_1wt_1022_C:

|
inear_1wt_1021_C: '

= |
'Inconel718_1066C_628._C": I

Incona?18.1066C_630_C when results are "mined" for graphs and parameter changes
'%Ezgiégggggéé ~ later. Do yourself a favor and find here the proper ordering of
s s the processing...

by oqpimpd . Double click on a data set creates graph. If the wavenote
s s e contains energy (or wavelength) information, it will be used
hosoibbopsspeionpsy mmuswesns[ez 1| and displayed below. It is critical reasonable number is there, if
116 e S ~ your data do not contain this information, put it there. It does
1485 chupce: not have to be exact, but needs to be sensible. If you have

already Two Theta data, you need EXACT X-ray
energy/wavelength or results will be wrong.

ray E [keV] = [24.0 ] . .
oo 4 BT Use cursors to select fitting range or defines manually Fit
Shiftcho 1o seloc rango ofcara. ' 2Theta min/max values at the top. Ignore the background
Cirl/Cmd-click to select one data set. == = | . .

Faperr o con (o 13 o B| choices, except if you have measured background ("empty")

Case indep. contain: (7)string Fldr : (7] Display in Graph? |

exposure and it is significant part of your data - and you intend
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to use it later in peak fitting. That will be obvious later.

The graph

en e Powder Diffraction / WAXS Main Graph
Here is example of the

_— LABG6_dspace graph in default way.
Displays the Intensity vs
TwoTheta (TTH) in
degrees. Weird units, I
9 know.
z

|
w |
ML_LQJ_) i | 1]

! I
10 15 30

2Theta [deg]

Adding Diffraction lines (PDF2/4-type)

For basic phase analysis and orientation we usually use JCPDS PDF data. Irena has no way of hooking into the
database and this may be developed later, if there is simple way. But the access to the database seems pretty
expensive anyway and I assume most users will not have this access. There are ways to avoid the need at least
somehow. Read further.

B—T ~ On right had side of the Powder Diffraction/WAXS fits click on the
Diffraction lines "Diff. lines" tab. Most likely your Diffraction Lines listbox will be

empty or contain some cards I distribute with Irena. There are not real
JCPDS cards, these are calculated based on models as described below.

<<<<<
v e Save and Recall PDF data
We need to fill it up. There are few Save and Load PDF files
ChOices Outside Inside
. . . Ag_lrena
Import from the set I distribute with  [a203_sspnre_nexagonaii
. Al203_Sapphire_rhomb_Irena
Irena. Pick “Export/Import/Delete AN_rena
alpha_lron_ferrite_lrena
PDF cards” and you get another iww
GUI: >SS ::si(::':i:_gamma_uon_uena
CdTe_krena
() Display HKL tags G on
Update list of cards EL;",';'::" =
Cu lcena
Here you can select card “outside” ( Update istbores )

[ >>> Copy IN >>> ]

[ <<< Copy OUT <<< J

Delete selected Cards Outside ) (_Delete selected Cards Inside )

Calculate PDF card

of Igor (distributed with Irena) and
the “Copy IN” or if you create your
own cards and want to have them

Add manually or Edit PDF card

(
(
(
(

J
Export/Import/Delete PDF cards ]
)
)

L Download Irena Cards J

stored, you can “COPY OUT”. You can also delete cards inside this POP douniootied oms rone ww ove 90 guaandesd.

experiment or in outside the Igor experiment (on your hard drive). If you TRy S5 Safuiuiad sioy Lasesils By sostel ot
. . . Verify using proper source (JCPDS/PDF4)!

make changes to the content outside or inside of Igor you need to refresh to  simpy.. your own reliable cards.

see changes. Note that “Download Irena Cards” is not doing anything yet.
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[@ 6 @ Laticeset ' 2. Calculate PDF card First method is calculate PDF card from known
'name [Al2Cu | structure. If you have known structure material, you can use LaueGo
[ NewSpsceGrowp.. | (http://sector34.xray.aps.anl.gov/~tischler/). You will need to install it first -
#140 Tetragonal 14/mem instructions should come up, but if not ... download LaueGo_Install.ipf and run
( in an empty Igor experiment. That means save the current experiment, restart
:((“m; Igor, double click on the ipf file, follow instructions. Once installed LaueGo,
S you can come back to this experiment and Click on Calculate PDF card. It will
e | open following panel from LaueGo as you see on the left hand side.
a=  90.00000 |
bl ot | In here you need to learn bit more, easiest is to load in one of many materials
[ g2 R0 ! Jon includes with his distribution and start from there. His materials xml files
Saved contain well-defined cif structure of materials which can be changed as needed
Revert , manually - or you can use the GUI to define your material. You need lattice

structure geometry and sizes/angles, atom positions etc. When you have the
right structure in (load one of many included materials by using button "Load
from a file") use "Powder Patterns">Calculate Powder lines. Next dialog input
energy, type of radiation and Q max (~ min d spacing == max Two Theta) and

Edit Atom Positions

Load from a file

( )
( )
[ Print Lattice to History ]
( )

Write Lattice to File

' calculate.
f When done, use on Powder Diffraction/WAXS fits panel the button "update list
i of cards" to refresh the content of the listbox. Your card should appear there.
Ho 1@ k10 10|
d(nm) inf

F= 220.000 +i 0.000 |

Now you can add it to the graph.
If you choose the checkbox "Display HKL tags" you will also get tags to each peak with HKL. Here is

example: -
ffraction/WAXS Fits ® [ ] Powder Diffraction /| WAXS Main Graph
S fits panel

2Theta min
2Thetamax  [27.9819 . LAB6_dspace
20x10°

() Display Uncertainties

[ Peak Fit Diff. Lines ] .
Diffraction lines

[ LaB6_irena
[J LaB6_NIST660a

Intensity

(011)

(012)

5 (002) (112)
el »

(1) l

(V) Display HKL tags “
Update list of cards * (022) (003} (01 3) (113) (023)

“ (123) (004)(014

( )
[[ Export/import/Delete POF cards ] o — Semm— _I—; ‘_J \fL Eacd JI;J@ J L= l i
( )

Calculate PDF card

10 15 20 25

Add manually or Edit POF card 2Theta [deg]

Note, that you can change the color of these lines if you right click on the name of the card in the Listbox and
select new color for that card. It should remember it.
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| Peak Fit l Of. Lines Q
Diffraction lines

] FeSiO3_irena 15

[ GaAs_irena

O cr_kena

O cude_trena

O cu_rrena

[ Fes2_pyrite_lrena

D Ge_lrena

[ mnconel_740_krena 10

[ NaCi_trena

B N3

Intensity

Calculate POF card )|

\
[ Export/import/Delete PDF cards |
(
|

Add manually or Edit PDF card |

O A oatan

Peak fitting

The Tab "Peak Fit" on the panel contains tools to do peak fitting. It uses Multipeak Fit 2.0 ("MPF2") package
from Wavemetrics, which actually has nice help and demo Igor experiment. The demo experiment can be found
in

File>Example Experiments>Curve Fitting>Multi-peak Fit 2 demo

Please, run this experiment to learn how to use this beast. It is IMPORTANT. I will not be explaining the
details, except where is needed.

Start Multipeak Fit when you have the graph with data you want to fit. It will throw error if there is no graph.
Note the "Initialize: Start Fresh" option - when MPF?2 is run, it saves current state in run folders. These do not
get deleted when finished and you can start it from previous state by selecting "Initialize" folder here. When you
are closing MPF2 panel, it will ask for some comment. If you add it (not required) you will see this comment
(make it short) in the popup so you can remember what that folder with MPF2 data was for.

When you Start the MPF2 with the button "Start Multipeak Fitting 2.0" you will populate the tab more and get
MPEF2 panel:

fraction/WAXS Fits ©00 Powder Diffraction / WAXS Main Graph o) Multi-peak Fit Set 117
v fits panel 506 () Use Graph Cursors (THe )
2Thetamin  [9.28937 ] 200 Locate Peaks
Thetamax  [27.9819 100 | Aﬂ \ | ' ‘ LAB6_dspace [ Autodocate PeaksNow
W\ P (DY, | CHSSRe| | - T
() Display Uncertainties o ] e M v,,/"f - | [pmm wW——M A N_pN X \4 = "r' Posks
100 - -\ | Noise levet: [11.855](°)
Smooth Factor: [1 () [Estimate Now )
{(PeakFit " oitr. Lines | 5 Min Fraction: [0.05|(C)
MultiPoak Fit 20x10° ) Aoply Conatraines
Initighze: | Start Fresh B ¥ Baseline Cubic w
- 15 KO §97.31 O Hold
( Start MultiPeak Fitting 2.0 )| > K1 -125.01 O rola
£ K2 230.27 O Hold
5 K3 "541.65 0 Hold
Fit manually using setup MPF2 o (eCa LU R
. TEMEN = 10 > Peak0 Gauss w
Do MPF2 Fit ) > Peak1 Gauss w
| Record Current MPF2 Fit Results ) > Peak2 Gauss v
5 > Peak 3 Gauss v
> Peak4 Gauss w
—Q_J L__ A A h J : > Peaks Gauss w
Fit sequence of data using setup MPF2 —— . — 53— » Peak6 Gouss ¥
0 > Peak 7 Gauss
Select range of data sets and : v
25 P Peak8 Gauss ¥
( Fit + Record Range of data ] 20 3 A Peakq Gauss.w.
"o 15+ 3 6 [Set Peak Type for All Peaks
Results are stored here ¥ 10+ l 2 5 7 o " >
SEpEprEsse 5 ( | ﬂ \ ) 10 i Do Fit Poak Results... |
rootWAXSFResults: [Test2: | o = B w8 ke e LA =) =3 Clls 22 ; X &S W : - =
e —— 2 “Revert to Guesses | | Checkpoint
( Plot/Evaluate results | 10 15 20 25 30 Revert to Guesses | [ B

2Theta [deg] » Opticns
The process is to setup MPF2 now - select range of data using cursors which you want to fit, do autolocate.
You can zoom in, change fit parameters etc. Check the demo. You can add/edit peak if you select range of data
with marquee (like for zoom) and right click there and select "Add or edit peaks".
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o0 e Edit or Add Peaks
ot e b L ] Undo
: I : 1000 —
N ' ﬂ Expand —
e Horiz Expand
™% Vert Expand 3000
; (__Done ]
il o )
Horiz Shrink
8 Vert Shrink 2000
9 s
" A Add or Edit Peaks .
Insert subwindow -
Clone this window with data = ) ] l
ype for New Peaks:

<

Image Expand = = . : . \ .
F‘i‘hi n n' H n" Image Contract ‘>>>>>>> 235 240 245 250 255 260 265

You can select Baseline function - MPF2 has constant, linear, cubic etc, I added two more - polynomial (up to
10th power, fit only as many parameters as you need, hold others at 0) and one, which combines measured
background (select on panel in "Background if needed for fitting) and constant. In this case the background is
scaled by fitted parameters - "transmission" and constant is another "flat" background.

If data are not selected (or do not exist), it becomes seamlessly simple constant and background data gets
ignored.

To fit you can use either "Do Fit" button on the MPF2 panel or "Do MPF2 Fit" on the Powder
Diffraction/WAXS Fits" panel. They do the same thing.

Here is a fit:

@ @ Powder Diffraction / WAXS Main Graph O Multi-peak Fit Set 117 |
Use Graph Cursors
3233 = Locate Peaks
100 LABG._dspace
0 __]‘M v () Negative Peaks
-100 Noise levet: [11.855] (1) |
th Factor: [:]@ Estimate Now
Min Fraction: ©
3
20 x10™ () Apply Constraints
W Baseline Cubic w
i KO 696.69 O Hold
5. m K1 -129.75 [ Hold
= K2 229.06 [0 Hold |
g K3 -537.14 [0 Hold |
= 10 P Peak 0 Gauss
P Peak1 Gauss ¢
P Peak 2 Gauss ¥
5 P Peak3 Gauss ¥
P Peak 4 Gauss y
A A P Peak s Gauss y
- - P Peak 6 Gauss ¢
0 P Peak 7 Gauss W
25 - P Peak 8 Gauss w

20 -

x10‘3

(Set Peak Type for All Peaks

1
15— 3
10 - ¢ ? 8
5 Jg : \ A E A 7;\ N ! ¥ ': [(DoF |
2 e lesuits...
0= T T T L(: T
] [Checkpoint &
10 15 20 25 30 | Rover to Guesess ] (Checkpolnt

2Theta [deg] i Options
Now, when you have a good fit, you can use "Record Current MPDF2 Fit results".

This will copy lots of interesting results data into the folder in "results are stored here" root: WAXSFitResults:
XYZST..... whatever you give here - XYZST - will be cleaned up to be acceptable folder name and such folder
will be created for your results data.
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Each sample gets folder in there which will contain tables of results, each peak profile, etc.
Note, that if you save results for the same sample here, the folder is overwritten, so save in different folder if

needed.

Note, that tables with results also get created and presented to you.
To plot/extract data from the saved results, use button "Plot/Evaluate results" which will pop up another panel
from which you can create plot of selected peak. If there are more folders with results, specific peak from all of

the folders will be plotted.

I saved few fits of some other data and here are the results:

@ @ MPF2 Peak 2 Profile Plot
Plots for MPF2 results
Foider with Data| FitResults1 B 6000 —|
Plot Individual Peak Profiles
Selected Peak | Peak 2 5000
Graph above of selected Peaks profiles | |
" Graph above selected Peaks parameters —‘\ 4000 | |
£ ‘ .
= | |
=3
E J |
= 3000 — | \
|
|
2000 + |
- Sb2Te3_F_350C_163m_C:Peak 2 b |
— Sb2Te3_F_317C_145m_C:Peak 281 |~ W
Sb2Te3_F_283C_129m_C:Peak 252 | T
Sb2Te3_F_240C_107m_C:Peak 2¥3 L \
1000 H Sb2Te3_F_196C_85mi_C:Peak 2'¥4 h .G,
Sb2Te3_F_153C_63mi_C:Peak 245 ! o 8
— Sb2Ted_F_110C_41mi_C:Peak 2'¥6 \ N
gl AN e
I T T | I
210 212 214 2.16 218
d[A]

This is Peak profile (Int vs d) for the Peak 2 from sample which was ann

ealed and had multiple peaks changing.

I selected and graphed by use of "Graph above of selected Peaks profile" (yes, that language here obviously
fails me). And below is what you get if you push "Graph above selected Peaks parameters".
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o0 MPF2 Peak 2 Parameter 1 Plot 000
. o
. i
0.25 —
6000 | °
0.20 — p n o
? ® FitResults1:Peak 2_Params’ 5000 —
h- @
£ & 2 i *
3 0.15- 4000
S
3000 —
0.10 — (=) <
| ® FitResults1:Peak 2_Params’
2000 — {
o ® o
T T T T T T ] J : : : ! J :
ol ol UI oI UI ol ol LE)' :' :l LE)| _‘:)I 8» S
£ 3 3 £ = E = & s & IS E E E |
g ¢ & &5 8 8 3 e z o e 8 8 * |
ar - = = 8[ 8, O’ 8! gl 81 8I 8 8 [6) |
o
8 g 8 g 2 3 e 2 = 4 = 2 0 =
©, , N N =) b " i ) ] & 0 ! o!
u.: u: u.: w 2, 5] :;l :I :I :;1 ‘;I o o o
[y} « @
g B B B ¢ & &g e €& ¢ & & & K
& 5 & & a & g
8 8 8 8 8 8 8 ) @ ) &
uence / Sequence y
Peak 2 Parameter Listing
ple e ‘Peak B ‘Peak 2_Params'['Peak 2_Params'['Peak 2_Params'[ 'Peak 2_Params'[
Angle AngleESD | Width WidthESD Height HeightESD
Sb2Te3_F_3S0C_163m_C 18.4949 le-06 0.0525112 1e-06 6953.58 1e-06
Sb2Te3_F_317C_1 45m_£1 18.5057| Te-06 0.0590879| 1e-06, 6724.21 le-06/
$b2Te3_F_283C_129m_C| 18516 1e-06 0.0674257 le-06 6068.15 1e-06
Sb2Te3_F_2403_107m_Ci 13.5302‘ 1e-06 0.0855635_ Ie~06_ 5049.95_ |e-06_
5b2Te3_F_196C_85mi_C| 18.5397| 1e-06 0.100696 1e-06 4289.54 1e-06
Sb2Te3_F_153C_63mi_C/ |8.547‘. le-06 0.1541 |6' 1e- 06, 2850.21 le-06
Sb2Te3_F_110C_41mi_t| 18,5271 1e-06 0277214, 16-06 1700.35 le-06,

This is end of the help file for now. I will record movie soon and once changes are done to the tool, I will
improve the manual.
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10. Pair distance distribution function (PDDF, p(r))
10.1 Model description

This tool calculates Pair distance distribution function as generally defined in the small-angle scattering theory
(see any basic SAS book, like Glatter/Kratky 1982, page 27, formula 29):

1(Q) = (Ap)’V f 4grdry,(r)

S“gQr) (Ap) V24m2A ryo () =)

sin(Qr)
Or

where the (Ap) V is contrast/volume of the scatterers (simply scaling) factor. This one is neglected in this tool
and set to 1. This is how GNOM does it also.

The PDDF is y,(r) and r is the distance (in A).

This tool uses two different methods to achieve its goal — Regularization (by Pete Jemian) and Moore’s method
(Moore, P. B. (1980). J. Appl. Cryst. 13, 168-175.). Both seem to have some advantages and disadvantages. The tool
was tested against generally accepted GNOM by D. I. Svergun (EMBL). Test cases available to me yield same
results and GNOM.

From version 2.41 the tool also generate Gamma function: gamma = pddf/(4*pi*r*2). Per user request. I am not
sure what else to do with this, so if you want to get more functionality, let me know.

NOTE: I have observed significant changes on the calculated PDDF with changes with maximum dimension
assumed and with errors scaling. My observations are noted in text further below.

Comment on graph formatting... This tool uses same default font and font size setting as other tools. You can
change font sizes and used font for legend, text boxes and tags in “SAS” - “Other tools”-“Configure common
items”.

10.2 Use of the tool

Test data for this tool are included in the Irena folder distributed in the zip file and should be in your Igor Pro
folder/User procedures/Irena
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[@00. mpottdaa i [ O O O FilePreview PDDF._testData SAS.dat

& Q._Data R_Data S_Data
|mport Data in Igor 0.009502 0.11870.0108 O
0.01003  0.10670.008979
001056 009787 0007416
001109 009262 0006092
001161 008744 0.004989
Data path : prg HD:Users:ilavsky:lgor Pro Folder:User Procedures:irena: 3;3}5},3 233?,2'; 2'23‘3‘225
— 0.01320.07244 0.002795
: : : Data extension: | 001372 006712 0002369
List of available files 0 Skip hoss? 001425 006239 0002063
TODF —testDate_DrorePr 4ot ot 0.01478 005787 0.001856
e . 001531 005326 0.002295
EOREMstDMte-BAS it w3 = m—) 001584 004883 0002171
Spheres330ADia_modelData. dat 001636 004442 0001692
Qvec Int  Err QErr| 0.01689 004031 0001345
Col ' @ O 001742 0.03650.001115
gmn = 0017395 003282 00009473
Column2 [ 001848 0.02946 0.0008478
Coumn3 [} [ 0019 002639 0.0008072
001953 002353 00008345
Column 4 002006 002077 0.000877
Column S 0.02059 0.01830.0009
Column 6 002111 001622 0.0008929
002164 001429 0.000831
Found columas : (3 g 0.02217 001255 0.0007237
0.02270.011 0.0006421
M Quec units [Ar-1) 002323 0009669 00005964
[ Quec units [amA-1) 0.02375 0.008585 0.0005781
002428 0.007651 0.000589
002431 0006861 0.0006266
( sdetan ) (( Desiectan ) 0.02534 0.006212 0.0006806
002587 0.005697 0.0007253
™ Use File Nms As Fidr Nms? () Include Extension in fidr nm? 002639 0005284 0.0007446
[ Use Indrs 2 wave names? () Scale Imported data? 002692 0.004975 0.0007453

# Use QRS wave names? [ Use QIS (NIST) wave names? 002745 0.004779 0.0007189
002798  0.004848 0.0006572

. 002850004581 00005674
ences (OWL:B 0.02903 0004566 0.0004821

New data folder: (00t SAS ImportedData: <hleNames: 002956 0.004587 0.0004025
003009 0.004637 0.000334
Qwave names | Q._<fieName> 003062 0.004701 0.0002802

Intensity names [R_<fieName> 003114 0.004786 0.0002429

Impoet ‘ 003167 0.004865 0.0002214 -
Error wy names | S__<fieName> 0.03220.004951 00002157 .
0.03273 0.005021 0.0002238 v

Das B T«
These data contain Q/Int/error and included is also GNOM generated PDDF in the similarly named file (see

figure). These can be used to compare the results.
Load data in Igor as seen in the above figure and the follow next steps.

Following GUI is available from SAS menu (under Pair Distance dist. Fnct.)

OO Pair Distnce Dist function panel ‘ I‘}ﬂ W
Puair Distance Dist Fnet input panel (Kiilwindow ) (_RemovepmwicwA ) [ Log Partice sze axs?

[} Indra 2 data (Resowindow ) (RewmAll dclemdpoions ) L 108 Particle Volume axis?
Datainput  # as@s) (7 sv data

Data folder: [root:SAS:ImportedData:PDDF_testData_SAS: -+
Wave with X axis data(Q_PDDF_testData_SAS /4]
Wave win Y axis dca (R_PDDF_testData_SAS 4]
Wave witn rrordata(S_PDDF_testData_SAS 1% _y
e 10
Model input
Maximumr[A] (335.276 3]

8ins in radi (101 | 10

<
RO0O
00

(

L

Laaal
T

T

aaaal
T

Subtract Bsckground : |0 &
Errors handling:

@ User errors? O sart errors? ) %erors?
Muiply Errors by : 0.855 =)

Intensity

|
T

T

10

il

T

PRI

( Paste 1o Notebook
T T

2
¢ Save Results > & Run Fatting using Regulanzation ) 0.01 0.1
roct SASeroredlat FIDF_ testDats 545 R_FOCF_ s Data 50T Q [A’ 1] Tun oug 29,2000, 3:41:28 AM

o
&
«
o
-4
@
o

2

In this GUI I have already selected the test data and pushed button “Graph”. This created the input graph on the
right hand side.
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Model Input selection:

PDDF modeling requires few right choices... Here are some suggestions how to get the right values for
analysis...

1. Maximum r. Generally this is maximum distance for p(r) (=PDDF) function. For relatively spherical particles
it is close to 2*Rg, for less spherical particles can get larger, may be up to 4* Rg. It is important to guess large
enough number, but not too large. To help, you can try using the button “Guess maximum”. In this case the
code will attempt to fit one-level Unified fit to the data and provide guess for Rg. Maximum r is set to 2.5*Rg.
Here is result in this case:

Pair Distnce Dist function panel Pair distribution function

Pair Distance Dist Fnct input panel I “Remove oo

[ Log Particie size ax

E ( 0g Particle Volume axis?
dra 2 data { Rescs window Rerum All de Log Particla Velurna axis

. n
Data input § ors (as) ] SMR data
Data folder: \root:SAS:ImportedData:PDDF_testData_SAS: T|

Wave with X axis dats(Q_PDDF_testData_SAS 4]
Wave with ¥ axis data(R_PDDF_testData_SAS 14

Wave with Error data [S_PDDF_testData_SAS 14 £
DY DU testata_ Sy s -1 e £
T ey 10 o - F
Graph ) ] T A £
- = ] - The sample evaluated is: R_PDDF_testData_S i-.EI
. 1 \:
Model input 1 -
| Reguianzaton l meore | \._
R EN
Maximen r {A] (335278 x Guess maximum ) TN
Bins in radi | 101 3 107 7 SN E
Subtract Background : O
Errors handling: B
Fn
o
@ user errors? O san errors? O %ermors? s
= o
Multiply Errors by : 0.855 = -3
£ 407% 4
-4
10 "3
Pasy otebook

2 : ) 2 3 4 5 6 71 8 3
ave Resalts ) Ren Fitting using Regularization ) 0.01 0.1

POt SASIPportedCats POGF _ testData 545 R_FOCE_testDuta_S 41 Q fi"-- L} T, g 29,2008, 34138 AM

Note, this fit is not exciting, but the Rg is actually quite good, as you will see later...

2. Next one needs to choose number of bins. Too large number slows down calculations. I am not sure if higher
numbers are of much use.

3. Subtract background — if there is some flat background in the data still left, one can subtract it here. Moore’s
technique can fit the background. Test data really do not have any background left.

4. Errors handling. There is no perfect selection here. One needs to play and get the right errors handling here.
Many SAXS data reduction tools do not produce meaningful errors and each technique required somehow
different error handling. “sqrt errors” are meaningful ONLY if the data are still in “counting” statistics. Rare
case... However, there are some ideas about the right approach here:

Regularization

Start with higher error multiplier (for User errors of sqrt errors) and then try fitting with decreasing error
multiplier. At some point the fit will look good — and when multiplier is decreased even more, the fit will start
failing. Lowest multiplier when you can still get fit is probably close to right...

Moore technique

Uses least square fitting. I had better success with using fractional errors. Again, reduce errors to force good
with within reasonable number of iterations.
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There is nothing more needed, just select range of data to fit (probably whole range, but can be limited using

cursors) and push fit button:

0606 Pair Distnce Dist function panel

Pair Distance Dist Fnct input panel
Data input & g; ((ZM::HD VA data

Data folder: (root:SAS:ImportedData:PDDF _testData_SAS: -+
Wave win X axis ata (Q_PDDF_testData_SAS [+]
Wave win Y oxis dwa (R_PDDF_testData_SAS 4]
o i (5_PDDF.testoata 545 )
o=
Model input
(v |
Maximum r [A] | 335.279
Bins in raci 101

Subtract Background : O

Errors handling:
@ User errors?
Multipy Errors by :

O sart emors?
0.855 s

O emors?

C )

Save Results

C )

Run Fitting using Regularization

( Kill window )

(_Reset window )

( Retum Al deleted po

( RemovepmwicsrA ) [ Log Particle size axis?
aar) ] Log Particie Volume axis?

Chisquared reached [ 476.856
Number of fitted points | 477

V.

100
L

Distance [A]

150 200
1 L

Method used : Regular ization
Humber of iterations =12

250 300
1 1

10" ¥ [The sample evaluated is: R_PDDF_testData_sAS] | 80x107°
- 60
107 5 g
a,
2 i a
% N Fit using Regularization H - 40 g’
< Maximum extent 335.28 A B g
- -3 _| Radius of Gyration = 118.48 A S
10 o
] Background O =
™| g
z
=
w
3 2
B O Masanimmaiatesstsem L L, T, N, BN Q(:,-
]
@ o -dufexedvd s b
3 ity s 5
T magdnive urets: 2 3 4 s 6 7 8 9 | 2
o R 0.1
roctSASeporsdiat FIDF 16503t SAS F_FDOF testDeta 54T Q [A-"I T oug 29.2008. 35605 AM

And here is result... One can see the PDDF, below graph are normalized residuals, provided is Rg and fit int eh

graph.

Moore technique (indirect Fourier Transformation)
Select the tab with “Moore” and then see below:
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Pair Distnce Dist function panel 000 Pair distribution function
Pair Distance Dist Fnct input panel (il window ~

[ Log Particle size axis? Chisquared reached | 476.856

() Log Particle Volume axis?

o [ ] Indra 2 data
Datainput 4 qrs@s) ) swr data

Data folder: (root:SAS:ImportedData:PDDF _testData_SAS: 4

Number of fitted points | 477

Wave with X axis data(Q_PDDF _testData_SAS +] Distance [A] Number of Herations =5
Wave with Y axis data (R_PDDF_testData_SAS [+ 0 50 100 150 200 250 300
I 1 1 1 1 1
Wave with Error data  [S_PDDF _testData_SAS 4] -1 S F SAS
= - 10" 3 T, |T'|c sample evaluated is: R_PDDF_testData_SAS
Graph E ™ B— - BOx10™"
Model input i g i h
: A |
[ Reguisrizaton l Maore l 'IO-: - g ;r' : %h
e a1 (3IE5S x Guess maximum 9 | | 1 - 60 ©
Maximum r [A] (335279 - ——— 5 | U O 5
Bins in radit [ 107 5 1 Bie. *RA0EA00AERNGIA1E0ATNARIA1T:] 2
2 i Fit using Moore's indrect Fourier transform @
Subtract Background : |0 @ Il Maximum extent 335.28 + 0 =~ 5
: $ 1074 ittt 27 basis functions used L 40 &
e = 3 {1]1]|Scale Factor = 0.18357 + 0.0015049 S
] I adius 3 =]2 666 ~
X\ e areors? O Sare errors? © %emors? { Radius of Gyration = 121.7 + 0.58666 - >
% = | Background 0+ 0 3
stikehas LI Reduced Chi Squared 7.3355 =
10744 1T LI | -20 S
] T |
Moore number of functions 27 = 4 H i |
W Determine number of functions? | : ' |
[C] Fit background? H |
[ Fit maximum size? - s
= 107 3
Vi oeoed
© 20— e
§e] %
E,’ U s uassssssnsnsnnssncssasnnm e, vA'W__
L O_ourRalrs it L
Paste 10 Notebook o~ Wiy u
o e 3 : T s ¢ 3 3 3] ;
Save Results Y € Run Fitting using Mooee methed ) T 0.1
4 reotSA5Irponectat FODF_ %s 100t 143 R_FOCF_testuta S0t Q [ﬂ‘A ! ] . Aug 29. 2008, 35753 AN

Note, that one has more controls:

“Determine number of functions” — that is useful to make sure reasonable number of function is chosen... I
suggest using it, unless you have reason not to.

“Fit background” — if there is flat background left in the data, you can try.

“Fit maximum size” — you can try, but in my experience resulting maximum size seems too low.

10.3 Semi-GNOM file and other output data methods

There are three buttons to use with three different methods to output data.

New in version 2.31 is output of Semi-GNOM ASCII file for use in other ATSAS packages. ATSAS is well
known package of programs from Dmitri Svergun,
http://www.embl-hamburg.de/Externallnfo/Research/Sax/software.html . GNOM is program which performs
regularization method of PDDF analysis, same as PDDF in Irena package. Its output file is being used by all
other ATSAS programs, such as DAMMIN etc. A user has requested that I provide method of outputting output
file compatible with GNOM to use with results from Irena PDDF tool.

The GNOM file format does not seem to be publicly described and therefore, I had to reverse engineer which
parts of the GNOM file are actually important for other programs and formatting of all different fields, as the
formatting seems to be really unusual and obsolete.

The provided data format has been tested on DAMMIN PC version 5.3 and attempts to follow the GNOM file
version 4.4 included as example with DAMMIN. I cannot guarantee any functionality. If you find case when it
does not work, send me the Igor experiment and all other related details and I will try tooimprove the
compatibility, if I can.

Note, not all parameters printed in the output file are meaningful for Irena PDDF tool. Some of them are there
because they just seem to have to be there.
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Here is snippet of the GNOM output file, red are my comments

st s s st sk ot s s ot s s s sk ot s s ot skt s sk ot sk stk ok skok
#iHt GNOM --- Version4.4 H#HHt##

Thu Sep 25 08:44:00 2008

=== RunNo 1 ===
Run title: root:SAS:ImportedData:lyzexp:R _lyzexp

kxR  Input file(s) : R_lyzexp
Condition P(rmin) = 0 is used.
Condition P(rmax) = 0 is used.

Highest ALPHA is found to be 1

HitHH Final results HH

Angular range : from 0.0414 to 0.4984
Real space range : from 0.00 to 50.00

Current ALPHA : 0.10E+01 Rg: 0.153E+02 I(0): 0.655E+01

Real space range : from 0.00 to 50.00

S JEXP ERROR  JREG I REG

0.0000E+01 0.6555E+01
0.2299E-02 0.6552E+01
0.4598E-02 0.6544E+01
0.6897E-02 0.6530E+01
0.9197E-02 0.6512E+01
0.1150E-01 0.6488E+01
0.1379E-01 0.6459E+01
0.1609E-01 0.6424E+01
0.1839E-01 0.6385E+01
0.2069E-01 0.6341E+01
0.2299E-01 0.6291E+01
0.2529E-01 0.6237E+01
0.2759E-01 0.6179E+01
0.2989E-01 0.6116E+01
0.3219E-01 0.6048E+01
0.3449E-01 0.5977E+01
0.3679E-01 0.5901E+01
0.3909E-01 0.5822E+01

0.4138E-01 0.5904E+01 0.7150E-01 0.5739E+01 0.5739E+01
0.4372E-01 0.5652E+01 0.7020E-01 0.5651E+01 0.5651E+01
0.4605E-01 0.5533E+01 0.6995E-01 0.5560E+01 0.5560E+01

Header, must be here

Date, meaningful

meaningless

Your data name, meaningful

meaningful
meaningless
meaningless

meaningless

meaningless

meaningful
meaningful

@ Jan Ilavsky

Alpha is meaningless, else is meaningful

meaningful

meaningful

meaningful

meaningful
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Distance distribution function of particle meaningful
R P(R) ERROR meaningful
0.0000E+01 -0.5838E-03 0.5818E-04 meaningful

0.5000E+00 0.6171E-04 0.4782E-04

Reciprocal space: Rg= 15.252 | I(0) = 0.6555E+01 meaningful
Real space: Rg = 15.252 +- 0.000-00 I(0)= 0.6555E+01 +- 0.000E+00  meaningful, except for errors.

Other methods of saving data...

“Save results” copies wave with results into originating data folder. Copied are both model intensity and Q
vector, as well as normalized residual. Also copied is PDDF and associated size wave. All of these waves have
wave notes with all parameters and are recognized as results by Plotting tool, Data export tool and other Irena
tools.

“Paste to Notebook” copies graph and somehow formatted summary of result into special notebook (created if
necessary) for printing and future review.

e 0o ResultsNotebook
o.l‘...11...1...!2..|‘..I3...|.|!4.|1.|‘|5.|‘|.|.16...|
2 4
e ] @HDNHE S2EEE che: ]
Date & time: Sun, Aug 24,2008 4:03:11 AM
Data from folder: 100t SAS TmportedData PDDF _testData_SAS
Intensity R_PDDF_testData_SAS
Q Q_PDDF_testData_SAS
Ertor S_PDDF_testData_SAS
Method used. Moore
Distance [4] Mber o et stone =3
0 S0 100 150 z00 250 300
1 1 1 L 1 |
10" 7 [The sample evaluated is: R_PDDF_testData_35AS ]
3 2 I aox1d®
10° .
- 60 E
ol -3
E Maximum extent 33526 £+ 0 = E’
5 10'3 e 27 basis functions used - 40 g
E | Scale Factor =0.18357 £ 0.0015049 g
11| |[Radius of Gyration = 121.7 £ 0.58666 = - (
] ¥ {{}11] [ackground 0 £ 0 5
1 Redused Chi Squared 7.3355 i3
107 i i 20 8
E | g
1 Al I
A It o
107 o
ﬁ 20 -
§ 0 i -
o obe, -
== .:“L“;I..‘:'mm H 4 T & 7 @ & 31.1
o 5 3O s SHSR PO aa e Ta5 ola™ i 3 2, 00,3408

Fit using Moore's indirect Fourier transform
Maxamum extent 33528 £ 0 =

27 basis functions used

Scale Factor = 0.18357 + 0.0015049
Radius of Gyration = 1217 * 058666 =
Background 0 = 0

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
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You can access this notebook (if exists) from “SAS”-“Other tools”-“Show Results notebook™ menu. You can
save the notebook as RFT file, which then can be edited in any Word processor.
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11. Fractal model

This model has been developed by Andrew J. Allen from NIST (Andrew.allen@nist.gov). The model allows to
combine two volume and two mass fractals in much similar way as the Unified model does. The parameters
from this model have advantage of being more “fractal-related” than the values from Unified. There is short pdf
file included in the distribution, which served as basis for my design of this tool. Note, that this tool is actually
port of Andrew's original Fortran code into Igor, my code was verified to give same results as this Fortran code.

Note, that this write up was written for studies of cement and therefore some of the terms are material-
specifically called.

11.1 Model description

The model predicts Q'DV scattering (1.e. between Q'1 and Q'3) for mass- or volume-
fractals, and Q'(6'D5) scattering (1.e. between Q'3 and Q'4) for surface-fractals. In the

model function for d=/dQ as a function of Q, there are four components:

d=/dQ = {VOLUME FRACTAL + SINGLE GLOBULE} TERM

+ SURFACE FRACTAL + FLAT BACKGROUND SCATTERING 1]

These components are incorporated into the full theoretical expression as follows:

%7 v \
d= y z|nRé Ev | sin[:Dv—l|arctan(Q'§\,ﬂ ' ' ;
? =¢CSH\"p|AP ) R’ R_l ' ez t (1-n) ;F Q)
[BR: R ) D -1)qe 1+ ey ] |

=* : = : 2 [y |
wEs Ap| S.I'(5-Ds |su1[qa—D51arcta11 (QEs }

S + BACKGROUND [2]

1+ fee )] e

The first volume-fractal term contains ¢-gp. Ey and the mean radius, R, and shape

aspect ratio, p, of the building-block C-S-H gel globules in the volume-fractal phase, here

assumed to be spheroids. It also contains a local volume fraction, v, and the mean

correlation-hole radius, R.: the mean nearest-neighbor separation of the gel-globule

centers. R.. assumed to be weighted over spheroid surface-contacts, is given by:
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where:

v = (1728){1+ [B* 1= Jn((144/1-p? )ip)} forp <l [4a]
and

x. = (1/28)41 + [p2/4/p*~1 Jarcsin({p?-1/B)} forp>1 [4b]

In fitting the data, the need to incorporate R, with 0, and a well-defined single-globule

term (in addition to the volume-fractal) in the first bracket of eq. [1]. is strong evidence
for a solid volume-fractal phase. A well-defined single-globule term arises because,
unlike the case of fractal pores in clays and porous rocks, nearest-neighbor solid particles
cannot exist inside each other, i.e., their centers cannot approach, on average, to within
R.. This correlation-hole effect means that, for length-scales of order R, the individual
particles are seen as distinet objects, even when incorporated into an aggregated structure.

For a spheroid of aspect ratio, p. the form-factor for a single globule, F2(Q). is given by:

o

1

, - \ g T1/2
|‘J3,2|‘QR0[1 + (IS'—I.)X'] | ')dX 5]

0 (QR.[1+ (p*-1)x*] )

F*(Q) = SlaelV;

where Vp - (4BnR03 /3). I3/7(x) denotes a Bessel function of order 3/2. and X is an

orientational parameter, here integrated over all orientations of the spheroid with respect
to Q. Use of a mildly spheroidal globule shape avoids the pronounced Bessel function

oscillations for spheres (f = 1), which can perturb the fit at high Q. Satisfactory fits are
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obtainable with both mildly oblate (B = 0.5) and mildly prolate (f = 2) aspect ratios,

giving globule sizes equivalent to a 5 nm sphere for cement.

The surface fractal term in eq. [2] includes &, the mean upper limit of surface-fractal

behavior at which the measured smooth surface area per unit sample volume is S. (The

term, I'(5-Ds) is a mathematical gamma function.) The BACKGROUND term refers to
the incoherent flat background scattering, and it is usually subtracted out of both data and

fits for convenience.

11.2 Use

I do not have included real fractal data, but for purpose of GUI description and function description, the
included data should be sufficient.

Start the tool from SAS menu under “Fractal model”. GUI panel similar to all other tools appears, select “Use
QRS data structure” and pick the data set available. The push “Graph” button to create graphs.

Note, that the “Subtract background” variable next to data selection allows to subtract known FIXED
large background. The “SAS Background” at the bottom is similar term, but this one can be fitted during the
fitting routine.

Select “Use mass fractal 1” for starters and other checkboxes as in figure below:

M Test - Igor Pro 5.03
File Edit Data Analysis Macros MWindows Panel Misc Help SAS2D SAS

Wl Fractals model 3 B [=] 5] | ™ LogLogPlot
L . Lol L Lol L Lol L P
_F ract n_zodel L mDuUfe{n :glzﬁfta T 7 _17" + Experimental intensity
Experimental data input Use QRS data stuctue 10 T, —— Fractal model calculated Intensity
; . . - n e, . O Standardized residual
Select folder with data: | root:545:ImportedD ata: Test data”: ;] 105 | 0 .”._' - - Mass1FractFitintensity
‘Wave with O data I 0_Test data VI - e — 20
; . 3 |0 o
‘Wave with Intensity data I 1_Test data 'I 10 o e T
— | e NN T S
‘Wave with Error data I s _Testdata ¥ g 1 - i.’_
= 10 =
Griph I Subtriact background [0 |I©) %" T il o S e 0 E
A Use Mass Fractal 17 5 10"+ B @
Fractals model mPUt . [ Use Mass Fractal 22 £ - 2
Update automatically? [ Use Surf Fractal 12 3 PRI g
[ Display single fits? [ Use Surf Fractal 22 107 P A --20
Maz Fract. T4/ Surl. Fract. T\ / Mams Fract. 2\ /“Surl. Fract. 2°) 7 <
5
| Mass fractal 1 controls | Fit?: Low limit: High Limit: 1
Particle volume  [0.1 B O oo il - :

Radius Bm 8 O [ ] [0 ] T — g
Dy (fractal dim.) [2 |=3] a [0 I E | 0.001 0.31[;5\“] 01
Corelationlength [S00___}©] O [0

| pnt: 0 X: 0.00024546 Y: 6.3268e+07 dX: 067552
X: 067576 5 dY: -6.3268e+07

[O A Originalintensity | oo

B: Originallntensity

Particle aspect ratio 1
Contrast [x 10°20] =] I
Wolume filing 10 + Experimental intensily”O_M ) G
Internal Integration Num pnts —— Fractal model Calculated intensity * Q4
-3
107 ~
=t
-4
& 107 -
P
=l -5 2 O
SAS Background [0.01 1] step [007_] [ Fit Beka? 2 10 I
Fit using least square fitting ? Fit l Revert back l % 6 o
R ——— e ——— = 10 % -
Results: | st in Data Folder |  Export ASCH | Results to gophs |

Note, that you can combine ANY combination of the two mass fractals and two surface fractals.
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Comments on Mass fractal parameters:

Most parameters should be closely related to the ones mentioned above in description of the method.

Particle volume — volume of particles

Particle radius — size of the particle

Dv - fractal dimension

Correlation length — distance between the particles

Particle aspect ratio — 1 if particles are basically spheres, larger than 1 — elongated particles, lower than 1
prolated particles. Particles are always spheroids.

Contrast — contrast...

Volume filling — see above

Internal integration Num pnts — internal parameter. Number of point in the numerical integral which I use to
calculate orientational average of the particle form factor. Small number of points (especially at high aspect
ratios) can cause artifacts. Large number of points increases significantly calculation time. My suggestion is to
lower the number of points to find a good starting conditions and for final fitting may be increase, or to
recalculate for testing results with higher (double) number of points at the end — if no change is observed, the
number of points is selected correctly.

Suggestions: check solution for particle aspect ratio 2 and 0.5, keep integral integration num of point reasonably
high (over 100 for sure, likely around 500) and change it only if you seem to see artifacts. Keep volume filling
between about 0.4 and 0.6.

Now select “Use Surf Fractal 1” and deselect the mass fractal:

M Test - Igor Pro 5.03

File Edit Data Analysis Macros Windows Panel Misc Help SAS2D SAS

=T [ cootoorior — o
: PR | | L L sl PR
Fractals model input panel i N e e
i i [ Use Indra 2 data structure 100 e N xperimental intensity .
Experimental data input Use QRS data structure o o —— Fractal model calculated Intensity
Select folder with data: | t:SA5:ImportedD ata: Test data" j hl m"m"‘“:'m-. o= antarcizecliesicus] ’
[00L 0o mporecbas oS caa. 105 _ . ° e, - - - SurflFractFitintensity
‘Wave with Q data O_Testdata ¥ ’ - e
Wave with Intensity data | r_Testdata ¥ R %
- »
‘Wave with Eror data s Testdata ¥ £ g’_
o8 =
Criph I Sublract background [0 ]| % g
il [ Use Mass Fractal 12 E - 3
Fractals model input . [ Use Mass Fractal 2? £ -1 =
& U!)dale a.utuma.ln:ally? Use Surf Fractal 17 10 7 s
[4 Display single fits? [ Use Surf Fractal 2? - By
0 -
| Suface fractal 1 contioks Fitz: Low limit: High Limit: i oo I .40
Smooth surface  [1000 [} 10000 10-5 _ Tl
ams — aa T
Ds (fractal dim.) [2 =] o [Z E] 0.001 0'81[A.|] 01
Correlation length O 10000 [C & Originalintensity | E [ent:0 X:0.00024646 Y- 6.3268e+07 | dX: 0.67552
[ T®: Originalintensity | [pnt 111 X: 067576 V027391 dY: -6.3268e+07
#M104_0_Plot = [=]
MRy | | PR
Contrast [x 10°20]
10 + Experimental intensity * Q4 M=
— Fractal model Calculated intensity * Q4 .
10 e —
4
x 1007 -
[«] 5 T e
o107 e - =
SAS Background [001T |0 step [ Fit Bekg? k] 5 _| - L
o ) - 10 T e .
Fit using least square fitting ? E3| Revatbauk | £ .
- 10 _
Results: [ store inDuta Folder | Expart ASCH | Results to graphs | .
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W— Mass Fract. 2 | Surf. Fract. 2 }

| Surface fractal 1 contro Fit? Low limit: High Limit:
Smooautace [1000——0 ()

s rsiam) 10 0 E__J F__]
T o M O L
DN ca—

|Qc width [% of Qc]

Contrast [x 10A20] O

Bottom picture shows updated Surface Fractal panel (version 2.57 and higher of Irena).

Comments on surface fractal parameters:

Again, for meaning check the description above.

Smooth surface — limits of smooth surface as described above

Ds — fractal dimension

Correlation length — correlation length as described in the theory

Qﬁ (Terminal Q) — Q value at which scattering reaches smooth surface and turns into Porod’s scattering (Int ~
Q™).

Qc width [% of Qc] — smoothing parameter for the turn over in the function used to enforce the Qc. Typically
10%, can be 5, 10, 15, 20, and 25%.

Contrast - contrast...

Method of finding the solution is same as with Unified fit — first manually find good starting conditions and
then select appropriate range of data with cursors and use fitting (select appropriate parameters to fit) to
optimize data using least square fitting...
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12. Analytical models
This tool provides GUI for different models: Debye-Bueche, Treubner-Strey, Ciccariello-Benedetti

Debye-Bueche model for modeling structural in homogeneities in the gels.
Treubner-Strey model for modeling of small-angle diffraction
Ciccariello-Benedetti for coated smooth surfaces

All models can be combined with low-Q Single Unified level. The controls have now four tabs — one for
Unified level, one for Bebye-Bueche, one for Treubner-Strey, and one for Ciccariello-Benedetti. It is possible to
combine them together, but it is not likely physically meaningful.

For explanation of the Unified level control, please see Unified fit. In version 2.54 I have added ability to link
RgCo to parameters from Debye-Bueche and Treubner-Strey models. Also I have (pre request) added plot of
residuals.

12.1 Debye-Bueche model for gels

The theory is implemented in following form:

I(q) = (4nKe>corrL?)/(1+q corrL?)*

where K = 84"

Parameters of the gel are then the corrL — correlation length and €. The model also allows low-q power law to
be fitted and subtracted from data as well as flat SAS background. The low-q power law slope has 2 parameters
(slope and prefactor) and background has one. All can be fitted.

NOTE: August 2012 user identified typo in the formula, which was used:

I(q) = (4nKe2corrL?)/(1+q corrL?)?

Based on provided citations, this formula needed corrL’ not corrL* as was used in original implementation. As
of now I am looking in the source of this error (which dates to about 2003). Currently there are not really clear,
refereed publications I could base the decision on here. Actually, the one referred publication (my own) I have
cites the "wrong" formulas. If you have any citation or opinion here, let me know.

The best I can is get at this time is following citation from Hammouda, NIST, web presentation:

Quoting: The Debye-Bueche model is used to describe scattering from phase-separated (two- phase) systems.
Here also correlations are characterized by an e-folding length &. The pair correlation function is give by
(Debye-Bueche, 1949):

r

B el 11
y(r) = exp : (11)

The scattering cross section is obtained by taking the Fourier transform to obtain:

2@Q __ C

€ ie(epf

(12)
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The prefactor can be expressed in terms of the volume fraction ¢ and contrast factor Ap2 as:
C = 8nAp2¢E>. (13)

The Debye-Bueche model is obtained as a special case of the Teubner-Strey model for
very large d-spacing (d>>¢).

sk skoskockokok

This is the main screen:

{3 test for manual delete after use - Igor Pro 5.04B
Fle Edit Data Analysis Macros Windows Panel Misc Help USAXS SAS

1ol

SAS gels modeling input panel
Experimental data input e ke

[J Use QRS data structure
Select folderwthdata: | — ~|
Wave with Q data [— =
Wave with Intensty data | — ~|
Wave with Emordata | — v
[ Sit smeared? oo |
Modeling input

[ Update graphs automatically?
/ Debye-Bueche + Low-Q slope \\

C E— —
corlength 018

[ Use Lowq slope?

IS
Limits for fitting

[e06 ] <eta< O Reta?
E—] <cori< [est6 | OFeconl?

‘home

SAS Backgound [0 Ji] step [T ] 4 FtBeka?

Fitusing leastsquarefiting? [ Fx | [ Revens |
Results: | Store in Dats Folder | [ ExporASCH | [ Resuits o gmpn | |——
[Ready |

Data can be selected at the top part — as usually, one can use either pin-hole type data (desmeared for USAXS

instrument) or slit smeared data. Results are the same, the model is slit smeared with slit length if slit smeared
data are used.
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| =k

File Edit Data Analysis Macos Windows Graph Misc Help USAXS SAS

JRT=TET||  cootooot E ~loix]
. 1 " PR il o X

SAS gels modeling input fanel 10° e —

- - Use Indra 2 data structure % erimental intens
Experimental data input T Use QRS deta = ol i ™ |
Select folder with data: | root:USAXS:0303_DEAAM"“S48_40CDEAAM (| S 153 _| RC -

= ~
Wave wih Q data [ DsM_avec ¥] 2 N e s Aot B
I 4,
£ )
Wave with intensity data [ DSM_int | T =
Wave wih Error data DSM_Emor ¥ 10° e siresmsisvassacnnren oi 1
T . — T R
2
(158 smeered? o | 0.001 001 01
root:USAXS:0303_DEAAm':'S48_40C DEAAm Opct:DSM_Int Q [A' ] Wednesday. Nov 02, 2005, 8:45:32 PM
Modeling input [O A: originalintensity | O [ont:0 X:0.00034212 __ Y: 1.5378e+05 | dX: 0.76046
B: Originalintensity X: 0.7608 Y: -5.053 dY: -1.5379e+05
[ Update graphs automaticaly? Nga oot =1olx|
/—M Bueche + Low-Q sk ¥ PR | L PR SRR S | . Y S TN ol |;+|
10" - -
Ba: - B
: : E s
T N oo m— | & 10 C
v . -
[ Use Lowq slope? = =
2 - o B3
= 1074 R -
avelength  [1152_____]|0) T sy oumene i r
W i a— 10° kgt s s
Limits for fitting nnn1 nn1 n1
=loix
Te06 cetac Te+06 O ft eta? e . . ' ) 3 =
] <corl< [ Fe conl? 12 -
s 1My |
2 08 ::
=
= 1 L
T 04 B
SASBackgound [I___Jj0] step ] [MFtBeka? | =
Fit using least square fitting ? Fit | Revert it ] 0.0 T ; . r .
T rmme—— SeataeeT = 0.0 0.1 0.2 03 04 0.5
[ — ml [ l [ e ] 1001 USAXS:0203_DEAAM"'S48_40C DEAAM Opet:DSM_Int a2 [A”] Wednesday, Nov 02, 2008, 8:45:32 PM
D A | pnt X: Y: [ax: u
B: ED pnt X Y- dY:

[Ready |

@ Jan Ilavsky

This is how the screen looks like with data selected. Note three graphs:

Top is log-log, middle is I * q* vs g, and bottom is 1/sqrt(Intensity) vs q°. Data selection for fitting purposes is
in the top graph...The other two are only for informational purposes.

Controls:

Top button “Graph” loads data into the tool and creates the graphs.
Lower Button “Graph” will calculate model and place result in the graphs.
“Update graphs automatically” will recalculate model after every change of any parameter in this tool. Useful

on fast machines.

Eta and corrLength — model parameters. Can be estimated using the button “Estimate” if the knee area is

selected first in the top graph:
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(ol x|
File Edit Data Analysis Macos Windows Graph Misc Help USAXS SAS
[ ot modeing NN JRT=TEZI] 2 costogPiot 1o/
L4 g aasl L PR VR W T AT T | N PR T SN 0 0 e | 1 PR T T S
SAS gels modelin&input !)anel = + Expermentalintensiy |
Experimental data input DUU::;:; dﬁum:am . W \\\ — Model calculated Intensity [~
; K =2
Select folder with data: | root:USAXS:'0303_DEAAM"'S48_40C DEAA | _§_ 10" A4 B
Wave with Q data [ DsmM_avec | § 10° r
O - —
Wave with Intensiy data | DSM_int v £ 7 L
Wave with Erordata | DSM_Eror v o] -
01 Sk smearec? 0001 001 01
root: USAXS:'0303_DEAAm":"S48_40C DEAAm Opet:DSM_Int Q [A' ] Wednesday, Nov 02, 2005, 8:50:12 PM
MOde“ng hput X: 0.0048066 Y:133.73 ldx: 0.016859
X: 0.021485 Y:10.017
[0 Update graphs automatically?
/ Debye-Bueche + Low-Q slope’\, "
5 10" 4 + Experimental intensity * Q*4 e
Eta: 0.010437 3 7| — Model Calculated intensity * Q"4 el N
= [ Estimecat | ||> 1077 it £
comlength  [51.9286 G ] s C
[ Use Low-q sope? = 0] / -
23 -7
e 10 b
2 - L
= 0t 4= -
Wavelength [1352_______|1©) Rk =
Limits for fitting
X
cenc Oex . . : n . L ——
2] <conl< [ Ft corl? 0.6 + Experimental intensity * -(1/2) -
= —— Model Calculated intensity #-(1/2) L
‘@
S 04 I+
£ 1 ! I
F= I X
g 02 5 8 L
ShSBackomnd 0] s [T ] BB | = — _
i Fi Revert §t
Fit using least square fitting ? t | | ] Y | r ' r .
Results:  Siom i Dua Folowr | [ Expon ASCH | [ Rt o gt | 0 100 200 300 400 500 600x10
root:USAXS: 0303_DEAAM''S48_40C DEAAm Opet:DSM_Int a2 |A'z] Wednesday, Nov 02, 2005, 8:50:12 PM
O A [ ont X: Y. [ax: C
[ | X N
=

Ready l

Checkbox “Use low-q slope” will enable controls for low-q power law slope. One can again select range of data
where the power law dominates and Estimate slope with the button.
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T test for manual delete after use - Igor Pro 5.048 -‘Ulﬂ
Fie Edit Data Analyss Magos Windows Graph Msc Hep USAXS SAS
[ o i RTeTE —oix
SAS gels modeh"é"'pm anel A + Experimental intensity I~
Experimental data input 3 xal:‘sad::aw s 10 — Model calculated Intensity [~
Selectfolder with data: | root USAXS 0303_DEAAT'"548_40C DEAAN (| 5 10° N
> =
Wave wih Q data [ Dsm_aves =] 2 10 B
s -
Wave wih intensty data [ DSM_it_] £ 40t C
Wavewth Erordata | DSM_Eror | 10* B
— T —— — T ——TT
0] Sit smeared? 0.001 001 0.1
root:USAXS0303_DEAAM'“S48_40C DEAAm OpetDSM_int QAT Wednesday, Nov 02, 2005, 8:51:38 PM
“od’ing Input A: Originalintensity | [ ) Epﬂtt1 X:0.00038968  Y: 79549 [ ax: 0.00096148 l
B: Oniginalintensity | oot 23 X 0.0013612___ Y. 720.02 | ov: -73829
3 Upite s tormtah? Ioix
-/_—‘—M B he + LowQ PR POT R er Y | 2 L PEEPETET S | n n PN | I
= i 10" 4 + Experimental intensity * Q*4 esr L
Ba- M}E -| — Model Calculated intensity * Q*4 oL -
s
conlength 51525 o) & 10 5 5
v - g -
[4 Use Low-q siope? s s | S B
LowQprefacter TR0 g 0] s C
lowQsipe (52717 119 £ 07 A L
g (57— ] C
i iR B 107 — e ——rr
Limits for fitting nnnt nni 01
=10] X|
[e06 ] <etac [es06 ] [Fteta? : =lalx|
1 <oontc [ Fit corl? 06 + Experimental intensity A -(1/2) B
= —— Model Calculated intensity ~(1/2) L
<low-Q pref < [ Fit low-Q pref? 2 o4 1k
] <owQuopec ] DOlftkwaper? || 2 o o . I
g 02 % 2 L
SASBackgound |0 sep[T__] MRBk? | = == =
Fitusing least square fitting ? | Fit | Revent fit | . . . . . o
ROSUIS: St ia Do Ftow | [ Brpon ASCH ]| [ Ravut o gogt | 0 100 200 300 400 500 600x10
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@ Jan Ilavsky

Limits for fitting should be set, if needed, to sensible numbers. The checkboxes with “Fif ...” allow selection
of parameters which are going to be fitted using standard Igor least-squares fit.
Last item is “Background”, which should be reasonably guessed and then fitted as one of the parameters:
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This is the best fit this model does to these data (note the misfit, this is not probably the best model...).
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Buttons:

Revert fit — use to reset the last set of parameters after bad fit which “lost it’s way™...

@ Jan Ilavsky

Store in Data folder will save model data (waves with wave notes) for further use. It copies them into folder,

where the data came from. Can be plotted, exported, reloaded in this tool, and mined for numbers later.
will export model as ASCII from Igor.
Results to Graph will paste results into graph for better view:

Export ASCII

J LETTEEEE————

=l0/x]

Tl 1553 | P
ee10]

= iy + Expenmental intensity
m XA Model calcuated Intensity

103_DEAAR S48 _40C DEAAm O3cr DSM e

ntensity [cm™']

|

12.2 Treubner-Strey for small-angle diffraction

Treubner-Strey model follows the publications : Teubner, M; Strey, R. J. Chem. Phys., 1987, 87, 3195 and
Schubert, K-V.; Strey, R.; Kline, S. R.; and E. W. Kaler J. Chem. Phys., 1994, 101, 5343.

The code is adopted form NIST SANS package. The formulas are:

1
A+CQ*+C,0"

Q) =TS

Where A, C, and C; are parameters from the theory and TS is scaling factor.
Correlation length °€ and repeat distance (d) are:

-1/2

‘e 1(1) e

2\ C, 4C,

-1/2
d _(1{4A) _6G
o |2\c,) 4c,

Example of the GUI with results:
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Note, that only the parameters TS, A, C;, and C; are user controlled. Parameter TS is added scaling factor, as

there does not seem to be other way to scale the model to data.
».6.F Analytical models 106 6 Loﬁgl.orgrPIot
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This is fitting to slit-smeared data for which Treubner-Strey model is the appropriate model to use.

12.3 Ciccariello — Benedetti model for coated smooth surfaces

This tools was coded using following manuscripts:

A. Benedetti, S. Ciccariello, Coated Silicas and Small-angle X-ray intensity behavior, J. Appl. Cryst (1994) 27,
249-256.

S. Pikus, E. Kobylas, and S. Ciccariello, Small-angle scattering characterization of n-aliphatic alcohol films
adsorbed on hydroxylated porous silicas, J. APpl. Cryst. (2003) 36, 744-748.

And tested on experimental data provided by S. Ciccariello. Note, that the experimental data were only slit
smeared and that [ have found some interesting discrepancies between using finite slit length (an dusing internal
smearing routines of Irena for slit smearing the model) and running provided specific code for slit smeared data
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(assuming infinite slit length). Simply put, the results vary depending on slit length and one needs to be careful
on this. Please, read further...

In summary, this model assumes that on surfaces of porous media is present constant thickness and constant
scattering length density layer. The surface of the film is assume to be always parallel with the surface of the
solid. Basically, it is coated porous surface with very specific layer — since this is modification of Porod’s law, it
is clear that the interfaces must be sharp. In this case the Porod’s Q* power law is modified by oscillatory
behavior from which one can extract the thickness and scattering contrast of the film. For more details, please
read the manuscripts.

Ciccariello-benedetti GUI:

el a

This is the control panel and loaded data for this method...

AT the top of the main panel is regular “Load data” selection. In this specific case ONLY (no other Irena tool

Analytical models 0.0.60 LogLogPlot
Analytical models input panel Y s T — - B
e, ¥ ¢ z %
Data input % Indra 2 data C‘ Model a ~., . Experimental intensity
QRS (QIS) e 10 B
{ . . g -~ LE’.
Data folder: | root:SAS:ImportedData:c12_4: |+ Bt 20 i
Wave with X axis data (Q_c12_4 %) g -
£ 105 \.\\ L
Wave with Y axis data | R_c12_4 B‘ S
[ = 16" L———r : ————————r —44
Wave with Error data | S_c12_4 B 18 70 n0.0l 2 b a 1 8o 70 no..‘ 2
™ slit smeared? siit length | inf Bl ( Graph ) -mcc)snsrmmm:l?_fm_n?_‘a QA" Mo, AUD TS N0, | BTN
A ongralintersity pnt: 0 ®:0.004388 Y¥:1.498e+06 &
Modeling input Q Update graphs automatically? | D B: ongnalinteraity § pnt: 123 ®:0.25484 Y:97.02 ay:
A6 Mod. Porod Plot
1 1 1 1 1
4 «'"m“‘h%% E
%
[ Unificd T Debye-Bucche I Teubner-Strey I—W«‘ & 34 / s E
2 } St
™ Use Ciceariello-Benedetti? g 21 ¢ B
< L o ROt caer
Porod Surface Area [cm2/cm3] 1.3228e+09 [l £ 14 / - =
Rho: Solid | 19.32 Fl voidisolv [10710em2] [0 |[F] / ; : . . l
0.05 0.10 0.15 0.20 0.25
4
ot 84S potedeecl 2 4R £ 2.9
Layer rho [10*10 cm®-2] | 13.7614 Fl g
Layer thickness [A] 14.831 [l
0.10 - r
. . it
Limits for fitting B g ””"“””« fege B
< Porod Sfc Area< | le+18 ™ Fie? § 0064
_— = ot e
< LayerRho < 30 ™ Fie? Z 0044
< Layer Thick. < 30 ™ Fie? g 0024 e o
0.00 / T T T T T
SAS Background | -23.625¢[%] step[1 ™ Fit Bekg? v 10 20 W g 240 A
) ‘ . O EAS potedtec] 2 4R 51 2.9 QrZ [A) Mo, fug
Fitusing least square fitting? (  Fr ) (  Revenfr ) —O r " =
B: pnt:
Reouiin: ( Resutstograph ) ( ResultstoNowbook )
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supports infinite slit length) you have a choice of finite slit length and “inf” as infinite slit length. Also you can
run this on data in pinhole configuration.
If you want to use this tool, select “Use Ciccariello-Benedetti” checkbox. Controls will appear.
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The model has three main parameters, which can be fitted:
Porod specific surface area (area of the solid/void (solvant) interface. This is area of the interface without the

layer on.
Layer rho (scattering length density)
Layer thickness

And the model has two parameters which area assumed to be known:
Scattering length density of the solid (rho) and scattering length density of the void/solvent (material which is

inside the voids). If this is air, it is likely 0.

@ Jan Ilavsky

Note, that one needs to select also SAS background and set fitting limites and “Fit?”” checkboxes as in other

tools.

When user pushed “Graph” button next to data selection, three graphs get created.

I. Intensity vs Q graph. PLEASE NOTE, this is still the ONLY graph you can use to select the

range fo data to be fitted.

2. Intensity * Q" (or for slit smeared data as in the figure above: Intensity * Q°). This is probably
the best graph for this tool. Unluckily, making this one the “input” graph would make it
cumbersome and complicated to use with other tools.

3. 1/sqrt(Intensity) vs Q*

Rest of the controls works the same as usually.

Finally, one may want to know how would “ideal” case of the system described by Ciccariello-Benedetti model

looks like. You can do it easily by using the Modeling capabilities of this tool:

Here is slit smeared data set using the parameters from above, just with “Modeling” data only (no input data)
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and here is the same set of parameters, just with pihole-colimated data input:
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@ Jan Ilavsky
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Note, that for these pinhole data the lower graph is set to be Intensity * Q™.
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13. Small-angle diffraction tool

Small-angle diffraction tool models data using :
Flat background
Power law scatter (I1=G * QP)
Up to 6 peaks

Each peak can have one of many different shapes — Gauss, Lorenz, Pseudo-Voigt, Gumbel, Pearson-VII,
modified Gauss, Lorenz-Squared, or Skewed Normal. Peaks can also represent Percus-Yevick S(q) structure
factor and Percus-Yevic S(g) multiplied by Sphere F(g). Please note, that you should use only the shapes which
are meaningful for your problem and you can justify. For example the S(q) and S(q)F(q) may be real challenge
to justify inmost cases. I needed them for very specific case.

Some first have 3 parameters — prefactor (~intensity), position (NOTE: using Q units) and width (in Q units).
Some have one more parameter which controls the tail height or some other shape features. Note, that for
Pseudo-Voigt when eta = 0 the shape is Gauss and eta=1 the shape is Lorenzian.

The tool will manage slit-smeared data (USAXS data). There are few more details very important for slit-
smeared data:

It is very useful to use experimental data which extend significantly beyond to slit length. If the data to less than
slit length are used, it is important to model peaks which extend to Q positions smaller than slit length. If you
see ripples (caused by slit smearing very narrow peaks), you can use “Oversample” checkbox — but that will
increase the calculation time by about 5x.

The structure peak position ratios are collected from:
Block copolymers: synthetic strategies, Physical properties and applications, Hadjichrististidis, Pispas, Floudas,
Willey & sons, 2003, chapter 19, pg 347.

Use of the tool:
Select “Small-angle diffraction” from the menu
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Peak position -spacing [A]: 1003.71 1 01 \./
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Select Data in the data selection controls and click graph button... Data are graphed.

Function of controls:

“auto recalculate” will cause data to be recalculated after most parameter changes. If calculations take long time,
you may want to uncheck this and recalculate data using button “Recalculate”.

VERY IMPORTANT

“Peak SAS rel.” — this is very important checkbox. In case this checkbox is NOT selected, the following is the
formula to calculate intensity:

Q) = lyipea (D + Y Lyises (DK F(Q)

While when it is checked, then the formula is:

Q) = Iyes(Q) + Y KF/(Q)

peaks
Where K; is scaling factor for each diffraction peak.

Where ¥(Q) is function of the three or four peak parameters — scaling factor, peak position, width, and for some
also “tail” parameter. The exact formulas vary depending on peak profile selected.
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What does this mean? If the checkbox is NOT selected, the calculation is based on assumption, that the
SAS scattering and diffraction peaks are from one population and loosely one can see it as F(Q)*S(Q)
assumption in small-angle scattering.

If the checkbox IS selected, the assumption is loosely that the peaks are independent of small-angle
scattering and are produced by some other features than what produces the SAS itself.

I suspect, that right selection is based on experience and what really fits right. Note, that the parameters are
always evaluated for W(Q) only... This is VERY important to understand and if you see cases, when these
assumptions are wrong, please, let me know...

Following are formulas for peak profiles Y(x)used for the peak profiles:
1. Gaussian Function

C(-p)’

Y(x)=Me *° (1)

where o is the Gaussian width, and u is the center of the peak, and M is scaling factor.
2. Modified Gaussian Function

=)’
d

W(x)= Me % @)

where d >11s the exponent that decides the falloff rate.

3. Lorentz Function, Lorenz-squared (is just the same function squared)

a
(@ +(x-w?)

W(x)=M .

where a is the Lorentzian width.

4. Pseudo-Voigt Function

W(r) = M ——— + (1= e )

(1+x7) @

2(x—x0)

where x = , Xo 18 the peak center, w is the FWHM, and 0 <7 <1is a weight parameter.

5. Pearson type VII Function

(x-w*]"
ma2

W(x)= M1+ “

where a is proportional to the FWHM, and m decides the rate at which the tail of the peak profile falls.
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6.

Gumbel Function

X

1 =" 5
—_p B e
PYx)=—e " e ©

where [ is the width and L is the center of the peak.

7.

8.

Skew normal function

Let ¢(x) denote the standard normal probability density function

wfis

if
plr)= —e
A \/'2—71

with the cumulative distribution function given by

2 1 x
D(x) l/:_uo(t) dt 3 [1 +€rf(ﬁ):| .

Then the probability density function of the skew-normal distribution with parameter « is given by
fiz) = 2¢(x)P(azx).
This distribution was first introduced by O'Hagan and Leonhard (1976).

: : : T - o
To add location and scale parameters to this. one makes the usual transform p — é One can verify

w
that the normal distribution is recovered when ¢ = (), and that the absolute value of the skewness increases
as the absolute value of o increases. The distribution is right skewed if & > 0 and is left skewed if o < 0.
The probability density function with location &, scale @, and parameter ¢ becomes

flz)= j¢ (.!'# E) 2 (n (l:rw' E)) .

s \

@ Jan Ilavsky

Percus-Yevick S(q) and Percus-Yevick S(q) multipled by Sphere F(q) are described in some detail in Form factor and

Structure factor description (pdf file which you can open from SAS menu in Igor Pro). The code for P-Y S(q) is NIST code

from NIST SANS data analysis macros.
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“Display peaks” will display individual peaks. Note, data for individual peaks are never smeared.

@ Jan Ilavsky

“Oversample” — for sit smeared data only. Will oversample Q range with 5x as many point to reduce artifacts

caused by slit smearing very narrow peaks.
Tab SAS:

G — prefactor for power law slope

P — power law slope

Bckg — flat backgroud

Tabs for Peaks:
[sas [ peak1 | Peak2 | Peac3 | peaks | Peacs | peaxs |
W use?

Fit?: Low limit: High Limit:
Distribution type : 'Lorenz |§ !

&1

Prefactor : 1620.96 k ™ T48z237 1929.48
Position  : 0.00586937 || ™ [0.003002¢ 0.012010
Width : 10.000696931 |s] ® [0.000416¢ 0.001665¢

" Link Position to other peak?

Peak position -spacing [A]: 1078.76
Peak position - Q [AA-1]: 0.003582443
Peak FWHM [AA-1]: 0.00107603

Peak Integral Intensity: 2.22273

“Use” — use the peak. No need to use peaks in order, can be mixed-and-matched

“Distribution type” — peak shape

“Prefactor” — scaling factor for the peaks (~hight)
“Position” — peak position in Q units

“width” — peak width in Q units

“Link Position to other peak?” — you can link peak position to position of another peak with scaling constant.

Lower set of parameters are peak parameters calculated numerically, so they may be slightly different than the

numbers above.

Final controls:

Fit )

Revert back \

(" Recalculate ) Structure? Lamellar | :}
( Paste 1o Notebook ) ( Add tags to graph \ (
( Save In Fidr ) C Remove tags ) (\
[ Display Residuals? [ | Display Norm. Residuals?

[ Use genetic opt?

.
A

application. If needed, read explanation of the method in previous chapters.

“Use genetic optimization?”” — uses genetic optimization... Very slow fitting routine unlikely needed for this
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“Fit” — fits

“Revert back” — reloads stored parameters from before fitting.

“Add tags to graph” — adds tags with parameters into the graph...

“Remove tags” — removes tags from the graph.

“Structure?” — sets ratios of positions for some known structures. Peak positions will be fixed with respect to
Peakl. Note, user must set correct widths and prefactors for each peak manually...

E R o, + Experimentalintensity F
5 N Peak number 1 — Nbde llutensity -
10" 3 Peak Position = 1062.7 (d units) [4] — Peakilntensity E
3 Peak Position = 0.0059125 {Q units) [4"-1] E
] Peak Integral intensity = 2.2511 H
15l Peak FwHM = 0.0010754 (Q units) [4°-1] B
10° < -
— 10" =
£ 3 E
e . C
= e -
2 10 o 3
= 3 E
= 3 o
10" 3 =
10" o 3
10° -
107 3 =
T T T T LI L I ' T T T T TS L L l T T T T T LEALE | I
2 3 4 s E7RS 2 3 4 5 BE73% 2 3 4 5BE78%
0.001 0.01 0.1
root:USAXS:"12_17_2""524_51400-255I5"5SMR_Int 0 [A"] Fri,Jan 4, 2008, 8§:44:22 PP

“Save in Fldr.” Saves results (including peak profiles if selected) back into data folder.
“Paste to Notebook” — opens notebook for results and pastes in there graph and summary of results.
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00 ResultsNotebook
‘ol‘ll.l'l‘ll‘!zl‘ll‘all.ll".l |2 !ﬁ
o ] BEEE == [we]
Results of Small-angle diffraction fitting
Date & time Sun, Aug 24,2008 83523 PM
Data from folder 100t Packages lienaContiolProcs IR2D_ContiolPanel
Intensity: ModelInt
Q ModelQ
Eror: ModelEror

4 Epemoisl oty
— it laumuty

oy o]

10’ — % 3
i
' “

7 T T T T T |

- < 2
roca b o R, 110 owy
Power law slope = 33879 Prefactor = 2.9596e-06
Bacground = 02738

1
Tun, Aug 24, 2008, 711 719 PR

Peak number 1 used

Peak position (Q units) = 0.0063381 [AA-1] ., D units = 991.34 [A]
Peak FWHM (Q units) = 0.00037309 [A*-1]

Peak Integral infensity = 0.11316

Peak number 2 used

Peak position (Q units) = 0012553 [A*-1] , D units = 500.55 [A]
Peak FWHM (Q wuts) = 0.00089727 [Ar-1]

Peak Integral infensity = 0.013875

moo 16
“Recalculate” — forces model recalculation if user needs to do it.
You can attach also residuals or normalized residuals into the graph, see example below.

LoglLogPlot
N L P L L P | P S |

/’
g .
100 4 +  Experimenatal ivtexsity
3 — Nodellatensiy
1 \ 4 FormalizelResilusls I 40
A
) 3
04 %
p
[=]
= 10 3
€ 3 =
z 1 2
B ] EY
£ 3
E 1 E %
] w
|
10' 3 |
]
1d’
T

it 10"
rook USAXS 0B _0G:S70_IRE4:SMR_Int 4

Useful comments:

Make sure the fitting parameters ranges are set appropriately. This is IMPORTANT and not obvious problem in
fitting (experience speaks)... Results of fitting are also automatically recorded to into usual “SAS logbook”
these tools keep... All is recorded there in more or less useful form. Your notes I keep for you....
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14. Reflectivity

@ Jan Ilavsky

This is relatively simple tool to model and fit X-ray and neutron reflectivity for up to 8 layers using recursive
Parratt’s code (L. G. Parratt, Phys Rev, 95(2), 359-369, 1954), as implemented for example in older code called
“Parratt”. The code itself was provided by Andrew Nelson (Andrew Nelson@users.sourceforge.net ). I have
implemented only the GUI in manner similar to the rest of the Irena code. I will provide basic support for this
package. Please note, that Andy has made more complex and capable version of his package “Mottofit”
available for free download to other Igor users through http://motofit.sourceforge.net/ under GNU license. If
you need more complex fitting, than my code allows, please use Andy’s powerful code. You may, however,

have to learn little bit more of Igor.

Use of xop to speedup the calculations

The code uses optional abeles.xop and GenCurveFit.xop. These are both optional — but the increase in speed
(especially abeles.xop) is major (factor of 5-10x). These xops can be downloaded from Andrew Nelson’s web

site (listed above).

Note: If you have version 2.16 (last Igor 5 compatible version) note, that these xops will not be used. The code
to use them was removed to make this release Igor 5.0 compatible.

e O Reflectivity Simple Tool
Simple reflectivity tool )
: USAXS Model )
Data input ™ ars (@s) Motofit Graph
Data fidr:| Reflectivity $| Fidr:
wave withX | QO1_AP040122_158B s Wy

Wave with Y

r01_AP040122_158

sO1_AP040122_158B
@ Oversample model?
0 at the substrate? g Use errors?
L1 at the substrate? Ig Auto update?

Error Wave

Resolution? | Fixed [%] *

Instrres. 1

Model input:  Numberof layers:| 1+ Fiti"Qan: 4 4
ScalingFactor 1 0.5 2
Top environment s (rea)) [0 SLD (imag) |0

e Lz [ s [eafos ez | s

Fit? Link? Low L/LinkTo High L/Ratio
Thickness [A] | 60.8822 = 4 17.5 70
e — Thickness step 5
SLD (real) | 4.70408 = 4 1.18871 4.75482

L b SLD (real) step | 0.1
SLD units - either * 10A-6 [1/AA2] or * 10710 [1/emA2]

SLD (imag) | 1.2318e-05 ® o Se-06 2e-05

le-06 /v

SLD (imag) step

Roughness  8.99306 v

Roughness step 0.3
Insert/Remove Layer
Substrate

Roughness | 5 v 2.5 10
SLD (real) | 2.073 SLD (imag) | 2.37e-05

Background ' 1e-09 Se-10

Background step | 0

Fix Limits | (®) Genetic Opt.? Save data Export data
LSQF? Update whie fitting?
Graph model Fit model Reverse fit

14.1 Running the reflectivity

For testing purposes, I have included 3 column reflectivity data in
Irena folder (...Wavemetrics/Igor Pro/User procedures/Irena) in the
file called reflectivity.txt. Please load the data through Data loading
tool as qrs data.

The select “Reflectivity” from the SAS menu:

Following are the parts of the panel:

1. The top part — data selection part is similar to the other tools
in Irena — select type of data, data folder with the data, and wave
names containing q, reflectivity and error. Push Graph to generate
graphs. If you have resolution as single value, uncheck the
“Resolution?” checkbox and insert value in the field, if you have
resolution wave (q resolution), select it’s wave name here. NOTE:
this wave must be in the same folder as the data are. Also, for now
there are no checks on wave length, so make sure this wave has
same number of points as data waves have.

2. Note that there are few controls : "Oversample model?" if
selected model is calculated for 5x as many points as input data
have. "0 at the substrate" if selected thickness is calculated starting
at the substrate, not at the top as usually. "L at the substrate" if
selected, the first layer is at the substrate.

3. Select number of layers, input scattering length density
(SLD) for the top environment (usually air, so 0 is fine, but if this
experiment was done for example under water, than this would be
different).

The tabs contain controls for each layer — thickness in A, SLD (real
and imaginary) in units as displayed on the panel and roughness.

4. Substrate values — roughness and SLD
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5. Measurement (aka flat) background.
6. Control buttons

When data are selected, following graphs appear:

@ Jan Ilavsky

r
8 00 Reflectivity Simple Tool
. S a 1 1 1
Simple reflectivity tool AL W -
i | USAXS | Model v i "y tal dy
Data input — =1 xperimental intensi =
P ™ ors (QIS) (7] Motoft Graph 10 {
Data fidr: | test 3 Fidr : 10% B
Wave with X | g_model s W e .
Wave withY | r_model $:) 1o - 5[\ - B
Error Wave | S_model &) A ¥ MUY A x
10 ¥ ¥ o W -
("] Oversample model? ) g RV ) FR o
(7] Oat the substrate? (V] Use errors?  Resolution?| Wave [%] + | 10° 1 i IR " Y —
|| L1 at the substrate? @ Auto update? poc wave: | === s | =
— . — -7
B 10" -1 -
Model input: Number of layers:| 2 % | Fit I"QAn ;| :
Gt il GO - B
ScalingFactor | 1.0086 ™ [o.5043 1.5129 10 T T T
T rm—— - Som— 0.1 02 03
op environment  sio (real) |0 SLD (imag) | 0 s pcoa QiR'l UR——
fead c2 [ s eaf s e[z s }OA: p et X: z ax:
Layer 1 Fit? Link? Low L/LinkTo High L/Ratio | [ I 18: pnt: R Y: aY:
Thickness [A] |282.77 1B ™ () [arzss 424155 | L — -
{ ) Thickness step | 5 &l 10..15 Pl :"—
SLD (real) |0.98951 Bl @& () [04947s5 | [1.48427 % - s
{ SLD (real) step | 0.01 |[2] J L it B
L I WP ARAYE I 3
SLD units - either * 104-6 [1/AA2] or * 10A10 [1/cmA2] o3 Y ,/'\\ % I N oo E
] s \ F3 . e . ~ 4=
9 / 4 : TR e
SLD (imag) | 1.05e-05 ol L) 1 S 4 3 . ¥ T
- r - <0 * »e
P SLD (imag) step | 1e-06 (%] 10 .-g W v E
Roughness | 4.7024 3l & (O [23s12 | [7.053 B 5
_ \ Roughness step f03 |[f] 0_:” 2 . s LA R, O OI, 2 .
Insert/Remove Layer ] QIA’] S, D60 20, DANTE4I U
Substrate Q
Roughness 0 g () 0 0
: i 3.0
SLD (real) | 2.073 SLD (imag) | 2.37-06 |
Background 0 0 0 2.0 -
Background step 0 1.5 -
Fix Limits | () Genetic Opt.? Save data | Exportdata | { 1.0+
(o) Lsas? (] Update whie fitting? 05 /
|  Graph model || Fit model | Reverse fit 0.0 T T T T
R e ‘ "’” = <4
<<-TOP Layer thickness [A] Substrate —>>

Note, that the top graph is log-log plot of reflectivity vs Q, medium is reflectivity * Q”n (n=0 to 4 as selected in
the panel) and bottom is reflectivity profile. The fitting (see later) is done in the space reflectivity * Q”n to

improve mathematical stability and convergence of the problem. The controls (selection of data range) however,
MUST be done in the top graph (the log-log plot).

Now, I have very good values for these particular data (thanks to Dale Schaefer for providing the data and

solution!!), see the tabs below:
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@ Jan Ilavsky

SN/ L2\ L3\/LaA\/L5\/L6\/L7\/L8\

P I

B 1

I/L'l\/ L2N/L3N/LAN/LSN/LE6N/L7\/L8\

Fit? Lowlimit High limit
Thickness [A] )
Thicknessstep [5_____ 0

SLD (real) &4

SLD freal) step

SLD units - either * 107-6 [1/A"2] or * 10710 [l/em™2]
SLD (mag) [105e05 | O [525%06
SLD (mag)step [1e06 ][]

Roughness
Roughness step

M 05 | [T ]

Fit? Low limit High limit
Thickness [A] [i0 | [25
Thickness step
SLD eal) [33039 |5
SLD feal)step [Te06 ][O
| SLD units - either * 10°-6 [1/A"2] or * 1010 [l/em™2]

[1652 [6.6078

SLD (imag) O [62%06 | [27e05 |
SLD (mag) step
Roughness M [05 | 25 |

Roughnessstep [03 |9

=

Input these values and SLD for substrate of (real part) 2.073 and imaginary part 2.37e-6. The resolution is 1%,

so uncheck the “resolution wave (if checked)”

and input 1%.

Then push button “Graph model” you should get really good match to data:

0. .00 Reflectivity Simple Tool
. . . A 1 L 1
Simple reflectivity tool Sl 10 -
F [_) USAXS [} Model 2 + Experimental intensity
Data input M QRS (0S) i s 10" — Modelintensity
Data fidr:| test al Fldr :
Wave withX | @_model 3] Wv:
Wave withY | r_model s
Error Wave | S_model &l
| | Oversample model? -
| O at the substrate? (V] Use errors?  Resolution?| Fixed [%] + |
| L1 at the substrate? (V] Auto update? Instrres. | 1
Model input: Number of layers :| 2 + FitI*"QAn:| 4 % |
ScalingFactor | 1.0086 ™ [os043 1.5129
Top environment  swo (real) |0 SLD (imag) | 0 - QA 50,050 2 ATEMRPY
[LrPea] s af s e[z ] s ‘EOA. p | e X: ¥: ax:
Va2 Fit? Link? Low L/LinkTo High L/Ratio | [l 1B prt: % y: aY:
Thickness [A] | 12.878 k] ™ (1 [e439 19.317 L - .
{ ) Thickness step | 5 5 10‘:5
SLD (real) [3.2872 Bl @& (O [1.6436 4.9308 “]
{ SLD (real) step | 1e-06][%] ."
10°
SLD units - either * 10A-6 [1/AA2] or * 10A10 [1/cmA2] 3
SLD (imag) | 1.05e-05 1] ) &
{ SLD (imag) step | 0.06 |[+) 10 '_’:
Roughness | 4.0586 Bl ™ O [20203 [6.0879 E
9. Roughness step (0.3 |3 '0:), X . s R SR 0|| 2 .
( _Insert/Remove Layer o Qia’'l 90, D00 20 DANTESN PY
Substrate E ‘
Roughness 0 f e 0 [0
e — 3.0
SLD (real) |2.073 SLD (imag) | 2.37e-06 B |
Background | O o 0 2.0
Background step | 0 1.5
| Fix Limits | ( _ Genetic Opt.? | Save data Exportdata | | 10
@) Lsar? (] Update whie fitting? 05- /
[ Graph model Fitmodel ||  Reverse fit 0.0 T . . .
<<-TOP Laver thicknass [Al Substrate —->>

I suggest you play now with parameters to find out, how sensitive the problem is.
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Details

Resolution wave - this is q resolution - has number of options... Either Fixed value in % (e.g., 1% of q for each
point), wave with % value for each point, wave with delta q for each point and wave with (delta q)° for each
point.

Oversample model - allow user to calculate model with more points (5x more) then input data. Useful, when
you have "sparse" data - typically neutron reflectivity.

0 at the substrate - selects to start with the thickness at the substrate, default is at the top of the system (typically
air).

L1 at the substrate - from where you count the layers. Deafult is from top, option is from substrate.
Use errors - use the errors... The code may have problems fitting without uncertainties (aka: errors).

Auto update - recalculate when any parameter changes. Needed for use of sliders. Do not check on really slow
computers.

Scale data using scaling factor to hit 1 at Q=0.
If you set the system to "Auto update" you can use sliders to see how the reflectivity changes.

You can fit the parameters using Least Square fitting, but more likely you want to use Genetic optimization.
Note, however, that for Genetic optimization the low and high limits for parameters must be "reachable". The
Gen. Opt. tests all of the parameter range to find optimum solution.

You can insert/remove layer using the button, if you need to add/remove layer from the current system.

You can link parameters together. If you know one of the parameters is N x parameter from other layer, you can
link them and fit them together.

Fit model/reverse fit: Select range of data to fit in the top graph and push the Fit model button. Fitting is done in
the Intensity * Q”n as selected in the panel. Use power of 4 is suggested, if lower values are used, the fitting
tends to neglect the high-q data. If fit fails but reaches some solution, you can recover to previous data by
pushing “reverse fit” button. Very handy...

Save data — copies model data into data folder so they can be used in the future. If you try to load data from
folder containing already reflectivity data, you will have option to reload previous solution into the tool. This
allows very quick re graphing of the stored solution.

Export data saves ASCII file outside Igor for use in other packages. Obsolete and not maintained. Better - save
data in folder ("Save data") and then use ASCII data export to save data where you need them.

Do not ask me to add more layers, use Motofit (http://motofit.sourceforge.net/wiki/index.php/Main_Page) for
anything, which is more complicated than what Irena Reflectivity can do.

When publishing data processed with this tool cite Motofit manuscript: A. Nelson, Co-refinement of multiple-
contrast neutron/X-ray reflectivity data using MOTOFIT, Appl. Cryst. (2006). 39, 273-276; as this tool uses
internally the code by Andrew Nelson.
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15. Data mining tool

This tool allows finding and tabulating various data from folders within Igor. At this moment it is just about
functional and will be developed further.

The data can be stored in either variables, strings, wave notes or they can be waves with data themselves.
Depending on input type, the data can be output into graphs or notebook (for waves), or in notebook or in new
waves (for strings, variables and data from wave notes).

14.1 Use

There are few peculiarities, this tool behaves little bit different than the others... See below:
In the top part you need to select data type to be searched and example folder, in which are data types you want

to “mine”. Therefore, you need to be able to find at least one folder with data you are looking for.
08.0.0 Data mining tool

Data mining tool panel Items In the selected folder
|_) Indra 2 data _| Irena results E!EdelError
Test folder - s (qs) Modelint
Test data folder | === + Fldr (RegEx) ModelQ
Wvs (RegEx)
Start Folder | root: =+ |
Folder Match String (RegEx):
Which data:
_| Variable? |_| String? | Wave notes? IQT Waves?
|_| Latest generation (results)?
X data: < Read X
Y data: | ReadY

Error data: Read Error | Match (RegEx)

Wave note/value for selection above:

Output Options:
Save to notebook? Create graph?
Get notebook with results Match (RegEx)

Mine data | | Kill notebook with results

When you select such folder, new panel with list of particular items from this folder appears. The top lists

waves/strings/variables as appropriate; bottom lists the wave note (for waves) or the value of the string or
variable.

Mining the waves:

You can select (or input manually) wave names — one, two or three — in the fields. To select highlight the wave
in the panel and then push button “Read X” (Y or Error). You can also use * as wildcard. Then you can either
output into notebook (and print which folders contain — or do not contain these waves) or you can plot the
waves into graph (plots X against Y) with few controls (colors, axis type).
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Mining the strings/variables/wave notes

Select string or variable name in the list in the right panel and push button “add to list”. The item will be added.
To select wave note, select both wave and item in the wave note and pus button “add to list”. Item will be added.
At this time you have to Clear the whole list, if you want to remove something.

Output can be done to notebook (can be messy very fast...) or to new waves. Create new folder for the waves.
After search, these waves will be created, if possible converted to number waves and new table will be created.
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15. Data export tool

@ Jan Ilavsky

Irena produces large number of data sets, which can sometimes be exported when created, but more often not.
While the most convenient use of the data is within Igor experiment by ploting or processing further, many
users may want to use another programs. And then it is imperative to export them as ASCII files. This is the

tool for that...

[0 0 ,A, - WU“‘YF’"%?' data export toql .
Universal data export panel
. M indra 2 data

Datainput — g5 (0s)

Data folder: T0OLUSAXS:USAXS_WMU:'S49_A3 Fe203" [ 3]
Wave with X axis data | SA vec |+ ! '
Wave with Y axis data (SMR_Int |3

Wave with Eror data | SMR_Error 13

a Export multiple data sets?

(] Irena results

Preview Options:

a Display graph with data?

g Display notes about data?

€ Load data

Output Options:
[ Astach notes sbout data?
[_] Use Folder Name for cutput?

[} Use Y wave name for output?

Export Folder: prg HD:Applications:igor Pro Folder:

Setexport folder:

Export file name:
Export file extension: dat
Header separator: #

Export Data & Notes

]eoe

Preview of export data

00N Multiple Data Export selection

107 ™

T [rootUSAXS:USAXS WS4 A3 Fe203 SMR I

TR
\

SpecCommand=uascan ar 15.7054 157034 6.7024 2e-05 113,467 5000 1+
SpecComment=AZ Fe203

SpecScan=specdld

USAXSDataF olde oot USAXS I USAXS_WWNII'S49_AS Fe203'
RawFolder=root:ran USAXS_Whl:specdd:
UserSampleName='S43_A3 Fe203'

Winame=SMR_Int

)

Multiple Data Export selection

'S44_A2 Fe203":
'S49_A3Z Fe203":
'SUI_B2 Fe203":
'SE4_ET Fe203":
'S74.C2 Fe203":
'STIL3 Fe203":
'S89_D2 Fe203":
'S94_D3 Fe203":
'S99_L1 Fe203":
'S104.D1 Fe203".
'S109.B4 Fe203":
'S$114.C4 Fe203":
'S$119.D4 Fe203":

4

v

Configure Univarsal export tool panel options
Select multiple data above and export .

( Updatelist )

Selectall data ) ( DeSelect ail data ) Export selected data.

Wavelength=10375
Sltength=0.033207
NumberOfSteps=200
SDDistance=500
Ungs=cmr1
BlankComment=A Blank
BlankFoldemroot:USAXSUSAXS _WMU'S38_A Blank'
Kfactom3 6334e-18

SampleThikness=1

SampleTransmision=0.16422
SampleTransmssionPeak ToPeak=0.15422
UseMSAXSCorrection=0
MSAXSConection=1

Exported=Mon, Feb 11, 2008 9:41:00 AM

ﬁ

1SANNOUNCEMENtS2ZIS
2008 pdf

Above are standard set of controls. Select data in the top part of the panel. Than decide — do you want to see
graph of the data? Do you want to see any associated notes (Irena writes a lot of stuff in the wave notes)?

Push button “Load data”

Note the “Export multiple data sets?”” checkbox. It opens the Multiple Data Export selection panel. This panel
enables exporting of many data sets at once. The correct use of this option is to export one data set manually
(sets all parameters and export paths), test one data set and then use the Multiple Data set option.... See

comments later.
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| o [m] 9]
-Universaldataequrl'.jﬁﬂ _lniﬂ
Universal data export panel
. [J Use Inda 2data [ Use Irena results 5 - - -
Data input O Use QRS data 10" root:SAS:ImportedData: Test data':SlzesFltlntensny_O|
Data folder: I root:SAS:ImportedData: Test data™: ;.I 104 _
Wave with X axis data I SizesFitQvector_0 'I 3
10"
Wave with Y axis data I SizesFitintensity_0 'I 2
Wave with Error data I - VI i
10"
10°
Preview Options:
-1
Display graph with data? 10
[ Display notes about data? 2 3 4 56789 2 3 4 567839
0.01 0.1
Losd
: = ' -lolx
. # Rmax=2000 =
Output Options: # ErrorsMultiplier=3
[ Attach notes about data? : IE)OQRE?@;"QW e i
articleShape=Spheroi
[M Use Folder Name for output? # Background=0.1
[ Use Y wave name for output? # ScatteringContrast=1
# SlitSmearedData=No [ |
ESaded dataT ot SAS ImportedDatas Test dalaSwestienstl | »  StartFitQualue=0.0018713
- . # EndFitQvalue=0.18994
Export Folder: C:Program Files:WaveMetrics:Igor Pro Folder: # MaxEntSkyBckg=3e-05
[ Sat expont Dider ] # MaxsasNumlter=100
# SlitLength=NaN
# MaxEntStabilityParam=0.01
Export file name: [Test data ] # AspectRatio=1
Export file extension: # MethodRun=MaxEnt
Head W‘D # UsersComment=Result from Sizes method: MaxEnt Sunday, Aug 15, 2004 7:07:20
: E # Wname=SizesFitIntensity
# Units=cm-1
( Export Datz & Notes ] # Exported=Monday, Nov 07, 2005 8:19:57 PM
Mg T4l | vz
[Ready [ [

Now we have graph and list of notes. Note, that no attempt is made to create sensible graph. You may have to
modify the graph manually if needed.

Next select Output options:

Attach notes about data will attach the wave note into the ASCII file. Note, at the bottom of the panel is
field where one can insert the separator character (including spaces) if different than default is desired.

Use folder names for output if you are using folder names as anmes for samples, this is sensible...
Use Y wave name for output if your Y wvae name is sample name (e.g., qrs data this type)

“Set export folder” set where to store data. Cannot create folder, create first, then set here. The folder
is displayed din red box above the button.

Export file name modify, if default is not good enough

Export file extension set to whatever needed

Header separator change, if different isdesired. Include spaces, if these are desired!!!

“Export Data & Notes” button does the job. If the data exist, you will be asked if you want to

overwrite them.
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Multiple data set export option:
r@ e Multiple Data Export selection

Multiple Data Export selection

'S44_AZ Fe203":
'S49_A3 Fe203": [

'S59_B2 Fe203":
'S64_B3 Fe203":
'ST4_C2 Fe203":
'STI_L3 Fe203":
'S89_D2 Fe203":
'S94_D3 Fe203":
'S99_C1 Fe203":
'S104_D1 Fe203":
'S109_B4 Fe203":
'S114_C4 Fe203":
'S119_D4 Fe203":

Configure Universal export tool panel options
Select multiple data ahove and export :

U_bdazc list

_S;:h:c! all data DeSuVJcct Jl/ d‘m} Liport ;cl’ectcd b‘dra

There are few items one needs to know about this tool.
1. If you make changes to the main panel, the list of folders in this panel may get stale. Use button “Update list”
to update it.
2. There is logic in listing the data which is actually quite complicated... Here are some comments:

a. The tool started to search for data from parent folder of data selected in the main panel. In the current
selection :

Universal data export panel
: W Indra 2 data Irena results
Datainput — g5 05 -

Data folder: root:USAXS:USAXS_WMU:'S49_A3 Fe203" | 4]

Wave with X axis data  SMR_Qvec | + |

Wave with Y axis data | SMR_Int | 3]

Wave with Error data  SMR_Error | ¢ |

fz Export multiple data sets?

The tool start searching from root:USAXS:USAXS WMU: - if you cannot find your data, select different
starting folder in the main panel and update the list. This is to reduce clutter and help users with giant
experiments...

b. For results... The tool will search for not only the same data tyupe as selected in the main panel, but
also same generation! Therefore, if you have in some folders saved multiple results from same tool (you have
waves with results like: SizesVolumeDistribution 0, but in some also SizesVolumeDistribution 1,
SizesVolumeDistribution 2, etc...) the tool will search only for generation (“ 07, “ 17,...) selected in the main
panel. It just gets really messy to create different logic.
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16. Evaluate size distributions tool

This is tool to obtain various details about size distributions — such as results from Size distribution, Modeling I
and Modeling II tools. User can obtain mean/mode/median size in range selected by cursors, volume, surface
and number of particles (per cm’) and generate cumulative distributions and even mercury intrusion (MIP)
curve (intruded volume with respect to pressure in Psi).

Number of size distributions can be included at one time in the graph, but the graph will become crowded very
soon...

16.1 Description

Select “Evaluate size distributions” from the SAS menu.

e 06 Evaluate Irena results
Data control e Results :  searistics for: |
— Auto-update 1 i

Data folder: ——- |\§ l = > o Selected diameter min: 0.0 G 5 — Log X axis

— Add data ean 0. Cumulative Curves?
Wave with X axis data [——— |8 ’ Selected diameter max: 0.0 o} CLMBIENG Cufves?

Clear All data — Mode 0.0 Invert Cumul Curves?
. G T’ —r— Volume in the range  0.0000 = e =
Nave with Y axis data --- |§ Save Cum/MIP Crvs. Median 0. __| MIP Curves
. Number density [1/cm3] 0.000e+00 Haca .

[=]

Shane of populati y Calculate Wi
Shape of populations 1 5 Specific surface area [cm2/ecm3] 0.0 FWHM

Select range of data with cursors Set cursors to the same data type Append tag

This tool has all controls in the Control bar at the top of the graph window. For MIP data a new window will be
opened. It is also important to follow the history area, as this tool prints important information into there so the
user is informed about specific needs or events...

Data selection controls are top left corner. This tool should know all results data from Irena for which it makes
sense to be used. If any data type is missing, please let me know and I will add it.

Select data folder and if more than one of useable data types is in that folder, select appropriate data types. You
will see only folders, which contain at least one useable data type. You may have to select both X axis data and
Y axis data. Very little checking is done on sensibility of the selection here, so be careful.

The usually grayed popup “Shape of populations” will be explained below...

Next are buttons with following functions:

“Auto-update” checkbox — if selected all data are recalculated when cursors are moved. Note, that cursors have
to be on the same data set , or the results all will be NaNss.

“Add data” — when data set is selected this button adds the data set into the graph

“Clear all data” — will remove all data from graph and clear it.

“Save Cumul/MIP curves” — will save new data into the data folder with the original data. Saves the new curves,
which exist at that time. Both cumulative size distributions and/or MIP curves. These data can be exported by
using the Data export tool.

“Calculate” — if the “Auto-update” checkbox is not selected, this forces recalculations. Again — if the cursors
are not in the graph or not on the same wave, no numbers are calculated!

”Append tag” — appends descriptive tag to the graph, so more different data sets can be compared together.
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Now the results part:

“Statistics for:” ... is string with the name of data on which the cursors are and for which the data are calculated.
“Selected diameter min” and “max” — diameters of current cursor positions so you know where the data are
calculated

“Volume in the range” — fractional volume of scatterers in the range between cursors. Calculated with correct
formula for volume of give form factor used.

NOTE: for distributions from Modeling I and II it is impossible to decide for the code, where which
formula for volume should be used. So if one combines different shapes, there is practically now way one can
correctly calculate all of these numbers. Therefore the code will make available the popup “Shape of
distributions:” and one can select which shape should be used for the calculations. This is meaningful if the
populations are reasonably separate and one knows where which shape dominates. This is problem when one is
converting between distributions — so if one is using volume distribution, the volume is correct at all times as
there is not conversion needed, but the number of particles may be wrong. If one is using number distribution
then number of particles is right but the volume may be wrong. Specific surface area is likely affected all the
time, unless one has the right shape. Simply — be careful when using Modeling results with more than one shape
of scatterers.

User is informed about need to select right shape by printout in the history area:
“These data may contain mixture of shapes for different populations. Please select the right population number to evaluate”

This is not problem when individual distributions are saved together with the total distribution and
evaluated. In such case the code will select correct shape for volume calculations and conversions...

. . . 3
“Number density” is number of particles per cm” for data between cursors.
“Specific surfaced area” is specific surface area between the cursors.

“Mean”, “mode”, “median” are values evaluated for GIVEN DISTRIBUTION between cursors — evaluated
numerically. Note, that of course these will be different for number and volume distributions.

“FWHM” is full width at half-maximum value evaluated numerically. This is ONLY meaningful, if the data
resemble one single peak. There will always be number there, but it may be not useful if the data are not one
single peak.

Last column of checkboxes:

“Log X sets diameter axis (x axis) to log scale.

“Cumulative curves” forces calculation of cumulative curves

“Invert Cumul. Curves” forces the 0 to be at large sizes. There are some cases when this is useful...

“MIP curves?” — if selected MIP curves are calculated and new window with them opens. Few other controls
appear also:

g MIP Curves?
MIP sigma "485.0
MIP cos(theta) -0.7660

These are two parameters used for MIP calculations. These are generally used values, user can change them if
he/she wishes. Sigma is in dynes/cm and cos (theta) is unit less, theta is wetting angle between the material and
the mercury...
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16.2 Example
8 (X&) Evaluate Irena results )
| Data control E Aite-pdate Results : Statistics for: root:USAXS:'08_19':"S20_DE&S 263.5":SizesVolumeDistribution_0
Data folder: root:USAXS:'08_19':'520_D8S 263.5": [+ Selected diameter min: 789 — % ETRSTE
Add data el > Cumulative Curves?
s : DTN : : : & Selected diameter max: 3797.2
Wave with X axis data  SizesDistDiameter_0 :] Clear All data > Mode  479.4 | Invert Cumul Curves?
Wave with Y axis data  SizesVolumeDistribution 0~T] Save Cum/MIP Crv: T s 00 : é MIP Curves?
— = e bum L Number density [1/cm3) 6.606e+14 Mocan:$ 594.8 —_— =
Shape of populations 0 e Specific surface area [cm2/cm3] 43094.8 FWHM 1452.9 $E 2o 485f7*
Select range of data with cursors Set cursors to the same data type Append tag MIP cos(theta) {-0.7660
ge 78.045 . 37972 A — T " " ’ I A |
vata auuuonad'08_19%'820_D8S 263.5"SizesVolumeDistribution_0 ok F +
R Mean= 62444  Mode = 479.4 [A] L F
810 Median=584.78 FWHM =1452.9 [A] v" ¥ #-#- 100t USAXS08_19'S20 DSS 263.5" SizesVolumeDistnbution 0 -
Number of scatterers = 6.6059e+14 [1/cm3] ‘. ¢ - 4= CumulativeSizeDist curve for: 100t USAXS '08_19"'520_D8s 263.5"
Yolume of scatterers= 0.03981 [cm3fcm3) b ¢ =4 - CumulativeSfcArea cwve for : mot.USA‘(SY‘DS_19'.‘520_DSS 2635
Surface of scatterers= 43085 [cm2fcm3] (if meaningful) 4 ; +
— = ) ' ~¥J =
) 30 i L TE
b= 1 = f ¥ + = -
= 2 * A g ud
= g | T ol
5 < 4 =
S & f £ b 5
5 it @
2 g } ! o204
B 40 20 3 * \ F @ i
= o ﬂt 'S . =
b = ] \ ¥ K
= -5 & ’ . =]
5 E / ¥ , i g
= g J . 1 5 &)
o $ & ? { 10
20 - 10 +' ; -
4 ; £
i +n‘ £
P + +1F
¥ ¥ -+ ++,_F’*‘ \
D—"’"'""""’“"C"“"""""“’D;;};1;#1#::‘:1‘#!1;:%‘||‘|4||LJ|'J| :—+~H-+—P++"‘ 1.000“"*‘&‘—“"sllhvﬂ""r'vocntnyvb-—
3 e s @& 7 89| 2 3 e s & 7 @8 9| 2 3 HE 3
100 1000 10000
Scatterers diameters [A]

The green data are original data, cursors select the range, which is being evaluated, black curve is Cumulative
size distribution volume (it has its own axis on right) and blue is cumulative specific surfaced area (has axis mid
left) Tag contains summary of results Since the MIP curves checkbox was selected, MIP graph was created:

e e

MIP curve for 'S20_D8S 263.5

40x10°” —— =
= MIP Volume for Szes\VolumeDistribution_0 for 78.945

=
8

B 30 — =
]
o
E

2 20 — —
=4
>
o
U
°

2 10 — -
E

0 | L P L T T T T | oL e T 2

6739'} z 1 4 SS?SQI‘ z
10 10

Precaura [Pl

If user chooses to save the new data now, both Cumulative curves as well as MIP curves are going to be saved

in the original data folder for export or future use.

Example of comparison of two data sets and use of tags to display results for both:
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e 06 Evaluate Irena results
Data control 6 Aito opdate Results ' Seavistics for: | roonUSAXS:'08_16'7'S20_DES 263.5:SizesVolumeDistribution_0
Data folder: root:USAXS:'08_19"'S35_D19S 3.5A" |5 ! T Selected diameter min:  31.8 a 55 ] Log X axis
Add data - e L Cumulative Curves?

Wave with X axis data i i iam r 04 Selected diameter max: 6162.2 =

ve with X axi SizesDistDiameter_0 j CloarAlldam ) » ) Mode  479.4 invert Cumul Curves?

: < : e = = —_— Volume in the range  0.0399 o
Wave with Y axis data S«zesVqumeDlstrlbuuon_OB ( Save Cum/MIP Crvs. e 5 : Median 5849 ] MIP Curves?
— Number density [1/cm3) 9.759e+14

Shape of populati - ( Calculat ) )

Shape of populations 0 < — Specific surface area [cm2/cm3] 43296.5 FWHM  485.3
Select range of data with cursors Set cursors to the same data type { Append tag

L 1 L f e T | L L f L L M| L L L L L o |
@ 100t USAXS'08_19""520_D8S 263.5" SizesVolume Distrbution_0
—@- 100t USAXS'08_19"'535_D195 3.5A": SizesVolumeDistbution_0#1

Selected data range: 29.842 : 1403.6 [A]

1.5¢10° Data root:USAXS:'08_19"'835_D198 3.5A"SizesVolumeDistribution_0#1
’ Mean = 381.61 Mode = 144.84 [A]

Median=175.73 FYWHM = 60.975 [A]

X Number of scatterers= 1.1478e+17 [1/cm3]
g Yolume of scatterers= 0.21838 [cm3em3)
= Surface of scatterers= 6.3865e+05 [cm2Ziem3] (if meaningful)
s 0
é : Selected data range: 31.847 : 6162.2 [A]
B Data root:USAXS:'08_19%'S20_D8S 263.5"SizesV olumeDistribution_0
D, Mean= 627.08 Mode = 479.4 [A]
7] Median=584.87 FWHM = 48528 [A]

£ Number of scatterers= 9.7587e+14 [1/cm3)]
Z: Volume of scatterers = 0.039855 [cm3fcm3]

0.5+ Surface of scatterers= 43297 [cm2icm?3)] (if meaningful) -

0.0 DRy ratdnnl i R X e b 2 bbb SR b s b St d s et

A S S A I : I 1§ ¢ 78] : A L T M A
100 1000 10000

Scatterers diameters [A]

16.3 New data created

If the user chooses to save the cumulative and/or MIP curves, new data are created in the folder with original
size distributions from which these were created. These are named:

MIPVolume XX
MIPPressure XX
CumulativeSizeDist XX
CumulativeSfcArea Dist XX
CumulativeDistDiametersDist XX

With XX being index to guarantee uniqueness.
The index choice is quite complicated and may result in confusion... So here is explanation:

2. First the index of the original data is tested — if Original Data were “SizesVolumeDistribution 27,
then the code will test of the index 2 is available. If yes, it will save the data and print result in the
history area.

3. If this index is not available, Message is displayed for user and index is increased. User needs to
make sure he/she makes note of the right index and keeps notes on this... I have not found more
sensible system yet.

When saving data user is informed by printout in the history are what data were created and what generation
they were saved in.

Example:

Saved Cumulative datato  CumulativeSizeDist 02 / CumulativeSfcArea Dist 02 / CumulativeDistDiametersDist 02 in folder
root:USAXS:'08_19'"'S20_D8S 263.5"
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Saved MIP datato MIPVolume 01 / MIPPressure 01 in folder root:USAXS:'08 19':'S20_D8S 263.5":

Note, the waves contain descriptive wave notes which can be exported with the ASCII data as header or
searched through the Data miner tool.
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17 Scripting tool

This tool enables scripting of (for now) four packages — Unified fit, Guinier-Porod, Size Distribution,
Modeling II and Plotting tool I — to enable automatic processing of large data sets. During the automatic
processing the error messages and most of the user dialogs generated by these packages are suppressed.

17.1 What this tool does:

For Data analysis tools for each of selected data folders it does following:

1. Select the data folder and load the data in, create graph (pushes “Graph” button)
2. Sets cursors to the same Q value as previously set

3. Pushes “Fit” button

4. Saves data per selection in the control panel

Limitations: The data selection must be unique for every data set. This requires one data set per folder for qrs
data structure. For USAXS data (“Indra2”) the data used will be type selected during testing — for example
SMR_* or DSM_* or M_SMR_* etc. These data must exist in all folders. If needed, I can try to update the
system and make more options. Send me e-mail if you need more functionality.

For Plotting tool I :

1. Reset or no reset the tool

2. Add data sets into the Plotting tool in order listed in the panel (can be controlled by order choices)
3. Push button "Plot"

17.2 Use of the Scripting tool

Open the tool, which you want to script and make a fit on representative data set. Make sure the data range
selection (if any) using cursors is correct for all data sets in consideration. Use appropriate data type.

Open the main window:
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. e Scripting tool
T
Scripting tool (_Getheb )
E
Select start folder m = ) usaxs?

QRS data?
() Results?

e e N | E—

l SonFokms ( Select all data |(_ DeSelect all data )

C Run Unified Fit on selected data )

(" Run Guinier-Porod on selected data )

(Run Size dist. nouncert. ) (Run Size distr. wluncert. ]
( Run Modeling Il on selected data )
i (_ Run (wireset) Plotting tool ] ( Append to Plotting tool ]

{ () Save results in notebook?
i [ Reset before next fit? (Unified/Modeling Il)
|

() Save results in folders?

(0) Save results in waves (Modeling Il)?
RegEx - Not contain: A((?!string).)*$

@ Jan Ilavsky
e 00 Scripting tool
Scripting tool __Gothepp )
{ en logbook |
Select start folder | rOOU:SAS:ImportedData: + | [] Indra 2 data?
Which tool results? | Unified Fit + | D
: — - - [21 Results?
Which results? | UnifiedFitintensity =+
Results Generation? [Latest + |
Match (RegEx} | 4 | [ Select ali data || DeSelect all data |
Sort Folders | ===+ |
| Run (w/reset) Plotting tool | | Append to Piotting tool |

|| Save results in notebook?
| Reset before next fit? (Unified/Modeling II)
|| Save results in folders?

_| Save results in waves (Modeling 11)?

Select starting folder and from the list of folders here select the ones you want to process. Select type of data to
be processed... Note, that if you select "Results" you can use only Plotting tool I. The controls hopefully make
sense - which tool results, which type of results (e.g., volume or number size distribution?) and which
generation. remember, each tool can create multiple "generations" of results - each push of "save" button creates

new one (_1, 2,...). Latest picks highest number found.

Note, that the order here will be from top to bottom. Change the order by using "Sort Folders" popup. Let me

know if more ordering should be done.
The buttons at the top:

“Get help” creates panel with short help for this tool.

“Open logbook” opens one of two logbooks... If this tool was used to create its own notebook for results,
this one will open. This notebook contains selected results and also graphs. If this notebook does not exist,
standard internal logbook will be opened. This one contains similar data, but no graphs.

Select options:

1. Save results in notebook — will create notebook in which graph and summary of results for each data sets will

be printed.

2. Reset before next run — valid for Unified. Will reset to original values from test case after each fit. This is
useful when the changes are not progressive but more or less random and previous result could be worse
starting point that the test case. If not selected, the last result is used as starting model for next sample.

3. Save results in folders — will copy usual results waves in the original data folders so they can be plotted or

looked at again.

Note:
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Without “Save results in notebook” and/or “Save results in folders” there will be no output from the procedure
and you will not learn anything...

To run:

Select representative case example (and test extreme cases) and run the tool on this example data. Make sure all
parameters are set correctly. This includes:

Proper selection of fit checkboxes and limits on Unified...

Proper error weighing and background value in Size distribution.

Proper range of data selection with cursors (if applicable) for both tools.

When ready push button “Run .... on selected data”
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18. Desmearing

Desmearing routine built in this package is using Lake method (reference), which has been originally
programmed by Pete Jemian and then coded in Igor by me. There were some minor improvements over the
years, but generally this method has proven itself many times to be robust and reliable. We have verified the
function of this method by collecting data from the same sample using both slit-smeared and 2D collimated
USAXS. We have verified this method repeatedly and every time the desmearing was blamed for artifacts and
unexpected results, we have found another reason for problems. That said, desmearing is always going to
increase noise on the data... Note, that the routine will correctly handle data with absolute intensity calibration.

3/10/09 Change in desmearing tool. Per request the tool now allows both slit length (in direction perpendicular
to the q direction) and slit width (in direction parallel with q direction). Further, the slit can now have shape of
trapezoid, similar to what GNOM allows for instrument geometry. PLEASE NOTE: for historical reasons the
parameters for Irena desmearing are 72 of the GNOM parameters.

This is the graph:
2* slit length — 2*slitLengthLl

ANNNNNNNNNNNNNNNNNNNNNNNNNNNAN
AN AN
AN AN
AN AN

ANANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

2* glit length + 2 * slitLengthLL
same geometry applies for slit width.
Once more, if you have parameters used for GNOM, you have to divide the numbers by 2.

The GUI changes should be easy. Please note, that :
4. If you set slit length or slit width to 0, you assume infinitely high resolution in that direction.
5. If you set “L” parameter to 0, you assume the shape is rectangular in that direction, not trapezoidal.

18.1 Theory behind the Desmearing Procedure
See the Lake paper.

18.2 Example of the Desmearing Procedure

I have included a file with an example data set with slit smeared data (smeared data.dat) where the slit length
SlitLength=0.05113. You can include this in your experiment using Data import tool...

18.3 Final comment

One major comment — if you need to go back in the routine, anytime you can click on previous tab and return to
that place... All from tabs to the right is forgotten and routine restarts on the tab, where you click. It is also
possible to skip the smoothing tabs without any penalty — note, that if the smoothing parameters are set (the
checkboxes are checked) the data WILL BE smoothed, even when you do not click on the tab...
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I Test Igor Pro 5,03

Ele Edt Dota Andlyss Macros Wndows Graph Msc bep SAS2D SAS

o 0]
Desmearing cmaglupmel
58 Indha 2 dala structue - (U
Experimental datainput (¥ 224
Select foldar wih data. IrodSAS.InwledJm'meddua'. :]
\Wave wih 0 data Io_moddda 'l L
W i ety 84 [ Cineaedna ] dcco geln b eibecg vl vl
WavewihEncedaa | «_smexed oo 10° 4+ +  Thy
3
Desmearing controls 10° 3:
Siteogh [T} E
o L3
/1 Tim\ /2 Smooth\ /3 Extrapokae /4 Deamear\ /5 Smooth\ 10" 3 +
3 ¥,
&"w
(=] g 1+
g E
A ]
;
107 3
10' 4
Pick eisting fldee [~ |
Save data to: [1ook SAS ImportedD ata 'smeared data” 100 :
Owavename: [0 smeared data” dim i f
Itenty wave name: [T smeared dta_dim I .|| T T T T T T T T T T T T
Enorwave name.  ['s_smeated dal” dim 10-5 10" ]0-3 m.z 1 0.1 1 00

This is GUI and graph after loading data. Only thing needed is to fill in the slit length.

The tool is controlled by the tabs. The order which needs to be followed is the tabs from left to right. For each
data set to be desmeared, this procedure must be followed, selecting in sequence the tabs from left to right.

1. First step — trim useable data — small and high Q data... Use cursors to select data range. And then push
button “Trim”. You can also remove any spurious point with the other button and cursor A (the rounded one)
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2. Next step — it is possible to smooth data using spline smoothing, but only if necessary. I strongly discourage
his. .. However, the screen is next:

B 1est - Jow #ro 5.3
D 08 Qa fobm Maros Wed Did Mpc teb SASID S8
- oot the dats A0z

1000 -

Iatemsity

0001 on 01

25 T 1 1 I

Note the slider and checkbox — the checkbox switches on the smoothing, in that case the slider appears. The
slider controls the internal smoothing parameter - more to the right, more smoothing...
As I said, I discourage this, so let’s remove this in next step.

3. Extrapolating.

In order to properly desmear, I need to smear and that means I need data for at least 1 slit length BEYOND the
last point. Therefore we need to extrapolate the data using one of selection of mathematical functions. Most
useable one is “Power law with flat” and “powerlaw” or “flat”. These data suits best the Powerlaw with flat...
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Note the colors: red are the original data, green are the original data used for evaluation of extrapolation

parameters and the dotted blue

4. Desmearing

P 1est - bgor Pro 500

line is the extrapolated data.
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The desmearing can be done in steps — one at a time, 5 at a time, selected number of iterations at once (when
you already know how many iterations are going to be needed), automatically (iterates until average normalized
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residual < preset value) or any combination. Also, there are two modes of conversion for Lake method: aka
“slow” and “fast”. The fast method is overall the best method to use, the “slow” method iterates much slower
and can result in negative number for intensity.. Combination methods — “Combination”, and “Dampen”
attempt to use “fast” method (as main) and reduce formation of noise characteristic for this method. In both
cases normalized residual for each data point is during each iteration compared. For combination method, if the
data point is already estimated to within the user selected precision of input data (normalized residual < User
input value) the point is further dersmeared by “slow” method. For dampened method, if the point is estimated
to normalized residual < 0.5 it is not desmeared anymore at all...

This should reduce some of the noise created at high-q data during larger number of iterations while keeping the
fast convergence of the “fast” method.

Let’s select the “Fast nethod” here, for simplicity.

Do one iteration:

Fle Edt Data Analysis Macros Windows Graph Mic Hep SASZD SAS

=I0ix] =loix]
Desmearing control panel
] Ug Indks 2 data struckure
Experimental data input & Use ORS deta 5
Select fokder wih data: | root SAS ImportedData smeared data’ ¥
Wave with @ dota Q_smested dats ¥
Wave vith Inlensly data | r_smeared data ¥ N
Wave whhEnccdals | s_meweddoio = é'* ﬁ*.
@ 10° e
Desmearing controls 3 S
Silengn [T ] @
10 N o
1’*&4 g
3
B 10° o =)
= N
g - [ . @
g JEIEIIIIIIIIIIIIIINII R o
A g
2 =
10° 3 g
3 )
1 + Smeared data @
: + Cumrent desmeared fit |~ -20
10" 3 O Standardized residual
Pick et folder [~ i User sample name
Save dvato: [100t SAS TmponecD el smeared d3a" ] o _| Used extrapolation function: PowerLaw w flat
: 103 Extrapolation starts at Q = 0.0099679 - -40
@ wave name: 0_smeared data_dsm 3
Irkenclly wave name: [_smeared dota” dim ] T T T — T
Enor wave name:  [_imeared dya_dim | 0.001 0.01 0.1
: o 3 - Se———

Explanation: Red/green data are current desmeared data (see above about extrapolation). Crosses are original
data and circles are normalized residuals.

Desmearing should continue until the plot of the residuals becomes featureless with scatter distributed randomly
about z=0 (where z is the standardized residual). Convergence is achieved when the residuals do not readjust to
a significant extent between consecutive desmearing iterations. Acceptable convergence is always at the
judgement of the person doing the desmearing.
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T Test - Igor Pro 5.03
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Save data to: [100tSAS TmportedD ata smered data” ] 10° o= Used extrapolation-function, -PawerLawwflal - ... Bl - - <-cieicaascaacociicaaciean 10
e — Extrapolation starts at Q = 0.0099679 Wiidie
[Qsmeseddatddem ]
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For many data sets, 10-20 iterations are sufficient. Other data sets (those with more structure in the scattering
curve) may require as many as 50 iterations or more to satisfy the convergence criteria of the user. For this
example data set, this is about where one may end — 10 iterations and most of the circles are within +/- 1. There

are some points at low Q which may need more iterations, due to the use of the combination method. (The fast
method would have resolved this with fewer iterations.)

5. Final smoothing
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Fie £t Data Andlysis Macros Windows Graph Mic Heb SAS2D SAS
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Wave with Enor data s_smeared data ¥, 106 —ii B
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Pick et folde [ 7]

Save data to: [1o0t SA5 ImportedData smeared dala
Q wave name: [O_smeared data’ dsm
Inkensty wave name: ['1_smeared data”_dim
Errorwave name:  ['s_smeared data’_dsm

(@ A DesmearedintiVave

{J &: Desmearecintave

pot 3 X 000027146 Y 855524405 | 6X: 030901
prt 416 X 038518 Y:0.30237 dY: 85562405

i mf

Here one can smooth data... This is probably a better place to smooth, if necessary at all.

6. Save data

Use the bottom part of the GUI panel to save data in folder of your choice. The folder, if it does not exist will be
created.
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19 Logging feature

This feature is not finished and works only for standard models. It is planned update for future to make sure
these records are useful...

User can see the notebook by selecting second item in the SAS menu “Show SAS logbook™. This area is at this
time under development, but this is current status of what is written in this logbook:

This is log results of SAS fitting with modeling macros Irena.

1/5/02, 5:47 PM

3k sk 3k sk sk sk sk sk sk sk sk sk sk ske sk sk ske sk skesie sk sk sk sk sk sk sk sk skosk sk stk sk stk sk skeokosk sk kokoskokok sk
3k sk 3k sk sk sk sk sk sk e sk sk sk ske sk sk ske sk sk sk sk sk sk sk sk sk sk sk skoske sk stk sk stk sk skeokosk skeokokoskokok sk
3k sk sk sk sk sk sk sk sk e sk sk sk ske sk sk ske sk sk sk sk sk sk sk sk sk sk sk skoske sk stk sk stk sk skeokosk sk kokoskokok sk

Parameters before starting Fitting on the data from: root:USAXS:'S5_AI203 lum"

Number of modelled distributions: 1
SAS background = 0.15, was fitted? = 0 (yes=1/n0=0)
FddkdHgRxERR* Distribution 1

Particle shape: sphere

Distribution type: LogNormal

Contrast 120

Volume 0.09 , fitted? =0
Location 250 , fitted? =1
Scale 300.1 s fitted? = 1
Shape 0.5 , fitted?=0

Mean 575.21

Median 550.12

Mode 483.83

FWHM 291.36

3k sk sk sk sk sk sk sk sk e sk sk sk ske sk sk ske sk sk sie sk sk sk sk sk sk sk sk skosk sk stk sk stk sk skeokoskoskeokokoskokok sk

Results of the Fitting on the data from: root:USAXS:'S5_AI203 lum':

Number of fitted distributions: 1

Fitting results:

SAS background = 0.15, was fitted? = 0 (yes=1/n0=0)
FHRFAARIEE Distribution 1

Particle shape: sphere

Distribution type: LogNormal

Contrast 120

Volume 0.09 , fitted? =0
Location 278.88 s fitted? = 1
Scale 278.32 s fitted? = 1
Shape 0.5 , fitted?=0

Mean 575.21

Median 550.12

Mode 483.83

FWHM 291.36

Fit has been reached with following parameters
Chi-Squared 910.31

Points selected for fitting 28 to 109

The record will get significantly more complex in the future and, if using more populations of scatterers, also
longer...
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Final Comments

This manual is apparently never ever finished... Real apologies to everyone for this, but it seems to be
impossible to keep up with changes and modifications.

Modeling | (standard models)

- note, this tool 1s deprecated and is removed from Irena version 2.58
higher.
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