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Igor Pro as SAS data reduction & analysis platform

=  Whatislgor Pro?

=  Where to get it?

=  Why to use it?

= Advantages - disadvantages



What is Igor Pro?

= Software package (now version 6.32) from Wavemetrics Inc.
(www.wavemetrics.com)

Available for both Mac (OSX) and PC platforms
Same scripting code runs on both platforms

Scripting code is simple text file = open source

Extendable with C-code (xop, platform specific)

High-level programming language with very little programming experience needed
to write code

Data management, import/export

GUI capabilities, same code for both platforms

Highly optimized library of mathematical operations (build-in Numerical recipes and more)
Publication quality graphs

Notebooks,...

Excellent support: active user community, responsive company

= Lot of data analysis software already available for this platform



Igor Pro li

Installation : ~100Mb download of installation (demo) package

When installed it can be simply moved/copied as folder to another folder or even
another computer (does not require installation, behaves like “Mac” software)

Philosophy:
— 0D data — variables, strings
— 1D —4D data — “waves”

— Waves are:
e Vectors (1D), Images (2D), volumetric data (3D), and 4D data if needed...
e Can have scaling for each dimension or use two or more waves as x, y, and z points.

e For 1D SAXS data need q, intensity, error = 3 waves. More waves may be needed to describe smearing
(SANS).

e Wave notes — associated text file for notes taking.



Data reduction tools

= 2D data using Igor Pro:
— Nika package (generic package for analysis of any 2D data)

— Instrument specific:
e BIOCAT
e |PNS, ORNL, NIST (SANS & USANS)

= 2D data not using Igor Pro:
— Fit2D (generic)
— Datasqueeze (generic)

= USAXS

— Indra package
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Area detectors data reduction package “Nika”

"  Provides some of the functionality of Fit2D within Igor
= Seamless collaboration with “Irena”, similar GUI, easy to use for Irena users
= Targeted for flexible SAS/WAS data processing, built in batch processing
=  Optimized for speed for processing multiple data sets with same parameters
= Capabilities:

— Import images natively (~10 types) or through Fit2D (Windows, OSX 10.4)

— Display image (linear intensity or log intensity, different color maps)

— Create line outs in angular sections

— Create map of lineout vs azimuthal angle

— Generate intensity profiles on arbitrary line

— Tools to create Mask, Pixel sensitivity

— Subtract empty/dark, sum data sets

— Tool to calibrate distance/energy & get beam center for measurements of known or user
standards (Ag behenate)

— Look up parameters (thickness/I0/exposure time, etc) using user developed Igor lookup
functions from ASCII records loaded into Igor



Nika example

NOBUGS text code - Igor Pro 5.05A
File Edit Data Analysis Macros Windows Graph Misc Help SAS 2D

Il Main 2D to 1D conversion panel

2D to 1D data conversion panel
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Data analysis packages for Igor Pro

NIST SANS analysis package

= |PNS/ORNL SANS (Ken Littrell) tools

= |rena package

=  Motofit (Reflectivity), FitGISAXS (GISAXS, DWBA), ...

= The good ... wide variety of tools which can analyze many different datasets
— NIST
e Lot of structure factors and form factors for fitting, optimized for speed
e Fitting tool for linearization plots
e Various other tools
e Excellent documentation (including QT movies on web site)
e Nice installation tool
— |IPNS/ORNL macros
e Fitting & plotting tools, not much experience with new versions
— lIrena
e Size distributions, unified fit, fractals, gels model, ...
e Plotting tools, support tools
e Extensive documentation (tutorial)



Data analysis SAS tool in Igor

= The bad:

— Different philosophy in data management (history)
— Different approach to GUI and level of needed user Igor proficiency
— Different data naming system (note: Irena handles all)

=  Data management philosophy:
— NIST:

e Data in ASClII files outside Igor experiment, Igor mostly transient (work area) and results are
immediately exported

e Use of Igor data folders to organize data
— IPNS/ORNL

e |gor experiment is place for data

e Naming structure is challenge for larger data sets (IMHO)
— lIrena

e |gor experiment is place for data
e Data organized in potentially complex Igor folder structure



lgor tools... cont.

= Naming systems for Q, Intensity and errors
— NIST : name_g, name_i, name_s
— “IPNS” = “QRS” : gname, rname, sname
— USAXS : DSM_Q, DSM_Int, DSM_Error (or SMR_Q, SMR_Int, SMR_Error)

- “lrenad”:
e USAXS
e NIST and QRS (= “QRS” choice)

e Arbitrary (user can choose any wave names)

= All packages attempt to limit need for user Igor proficiency



\.__________________
SAS data evaluation package - “lrena”

= General use SAS tools (http://usaxs.xray.aps.anl.gov/staff/ilavsky/irena.html )
e ASCII Data import/export tool (for general SAS)
e Data manipulation tool (subtract, combine, divide, sum, smooth, etc.)
e Data plotting tool with basic fitting functions
e Desmearing [Lake, Pete Jemian]
e Size distribution (Maximum entropy, TNNLS, ...) [Pete Jemian, Jan llavsky]
e Unified model [Greg Beaucage] with LSQF
e Modeling of size distributions (two versions) with LSQF & Genetic Opt.
e Gels model [Debye-Bueche] with LSQF
¢ Fractals model [Andrew Allen] with LSQF
o Reflectivity tool [L. G. Parratt, Andy Nelson] with LSQF & Genetic Opt.

e Scattering contrast (X-ray & neutron) calculator (inc. Cromer-Liberman
code) — available also separately:

http://usaxs.xor.aps.anl.gov/staff/ilavsky/AtomicFormFactors.html

e Some other useful tools
e Can use both slit smeared data or pinhole collimated data
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Data import tool, Data manipulation
Import ASCII data (columns)
— Preview data
— Select appropriate columns (Intensity, q, error)
— Convert units (nm -> A)
— Scale imported data (intensity), rebin, trim, ...
— Generate estimated errors (2 methods) if experimental are not available
Data manipulation
— Change one or manipulate two data sets
— Remove points
— Smooth result of the manipulation
— Propagate errors as best as possible
— One data set:
e Scale
e Re-binin q (change number of points)
— Two data sets
e Mathematical operations (+, -, /, and various combinations)
e Combine
e Re-bin in q one with the q values from the other
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SAS Data analysis tools

Unified fit with Least square fitting build in
— Method author: Greg Beaucage (U. Cinn.)
— Relatively generic method for SAS data analysis
Direct modeling with least square fitting
— Two tools available.
— Multiple populations of scatterers, diffraction peaks & Unified levels

— Dilute limit with simple approximate method for accounting for interparticle interferences
for more concentrated systems

— Library of form factors included

— Applicable for analysis of SAS from discrete scatterers
Maximum entropy/ TNNLS

— MaxEnt implementation author: Pete Jemian (APS)

— TNNLS implementation author: Jan llavsky (APS)

— Dilute limit, discrete scatterers
Fractals:

— Method author: Andrew Allen (NIST)

— Modeling of fractal systems (two mass & two surface fractals available)
Gels

— Uses Debye-Bueche model & low-q power law slope to model SAS from gels
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Reflectivity

Method for calculation of X-ray & neutron reflectivity from layered structures
(using Parratt's code L. G. Parratt, Phys Rev, 95(2), 359-369, 1954)

Analysis package using code (xop/lgor code) provided by Andrew Nelson
“Mottofit” (ANSTO, http://www.ansto.gov.au )

Simple tool with limitations:

— Number of layers available (5)
— Fitting to one data set at time

Used by reflectivity users at 1BM and general community

Great tool for support of first time reflectivity users or for solution of relatively
simple structures

— Easy to test influence of various parameters on result
For more complex problems available Andy’s program “Mottofit” (more

challenging to use, need to be more Igor proficient)
http://motofit.sourceforge.net/
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X-ray & neutron contrast calculator

=  (Calculates X-ray and Neutron contrast for compounds

— Chemistry in atomic fraction (H,0) or weight % (50wt% Ni and 50wt%Al).

— Compounds can be stored on computer (outside Igor) or within Igor experiment.
= Two calculators actually:

— Neutron and non-energy dependent X-ray contrast (approximation) — fO only.

— Anomalous X-ray contrast using Cromer-Liberman code (available also separately for
download)

{3 LBNL talk - Igor Pro 5.05A

File Edit Data Analysis Macros Windows Panel Misc Help USAXS SAS

= Anomalous data available for saving reerrrrerrr

Substance editor and scattering contrast calculator

Numberof elemerts 2 |[9]  Denstylo/em3] [ ] [ Weight fraction?
Modify element:
10

Element Al tsotope [ natural |& Electrons: 13

([ crasge stomers ] R
ALO,

Saved substances: L Within this experiment (or on the )

Molecular weight 101.961 SwtPctYSZ ﬂ | Save datz I

Weight of 1mol [g] 169311e-22 Ag

air
A

Al20

natas_TI02
Number of el per 1cm3 1.18126e+24 Ay

Xray scat length dens (ho) [10™10cm-2] 33.08 o LT T
Volume of 1mol [cm3)] 42327723 Second phase :  vacuum 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) [10™10cm-2]  5.741 Neutrons scatt length dens second phase (ho) [10™10em2] [
Xrays deltatho squared [10720 cm-4] 1094
Neutrons deltaho squared [10"20cm-4] 3296 Anomalous caleslator I
Ratio Xrays/Neutrons defta tho-squared 3319

Num of molin 1em3 2.36252e+22
Number of electrons per mol 50




X-ray Calculator Il - anomalous effects

» Calculates fy, f, f/, Ap?, u, also transmission for known thickness

B3 LBNL talk - Igor Pro 5.05A

File Edit Data Analysis Macros Windows Graph Misc Help USAXS SAS

Il Anomalous scattering contrast calculator
Anomalous Scattering Contrast Calculator
Select ONE or TWO stored compounds
O Calculate at single eneray @) Calculate in energy range
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Graphite ( Display Mu / Rho ] [ SweMu/Rho ][ seveMu/Rmo |
H20 ( Display 1Mo ] [ sse1as ][ seeilam |
HfO2 =

( Display sxpMu*T) | [ Sseepad) | [ Save exp(dueT) |

[ Second phase is Vacuum
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Manipulate data

1 lllllll 1 1 llllllI 1

Intensity [crm’']

< Datal

10-2 | A Data2
T T IIIIIII T T IIIIIII T T IIIIIII T T 1T TTTT
0.001 0.0 § 0.1
QA ]
O Al pnt: X Y dx:

=10l x|

Il Data Manipulation

ut panel

Data manipulatioré inp
: : Use Indra 2 data structure
First set data mPUt [J Use QRS data structure

Data folder: I vI

Wave with O I vl
Wave with [ntensity I vl
I ase vI

Second set data input

Data folderl vl

‘Wave with Ermor

[ Use Indra 2 data structure
[ Use ORS data structure

Wave with 0 I 'I

Wave with Intensity I vl

Wave with Error I_Z

[ Adddgaand Grph | | ResetModify | [ AwtoScale |

Modify data 1 Modify Data 2

Multiply Int by Multiply Int by
Sbtrct bckg D@ Sbtrct bekg D@
Qshit [0 ] ashit [T ]
Error multiplier |:[ Error multiplier @

[ Remg=Catad) | [ RemCa®) | [__RemQ=Ca(B) |

[ Combine data [ Datal + Data2 [ Datal / Data2
[ Datal - Data2 [ Datal using B2 [ (Datal-Data2)/D ata2
[0 Data2-Datal [ Data1 [ Data2 [ Reduce No pnts by@

[J Smooth (log) [ Smooth (in) Smoothing window? @
[ Smooath Spline

Pick new data folder I vI

New data folder: | |

New O wave nm | |

New Intensity nm | | &0

New Error name | | SAVE




Example plotting tool

B IR1P_ControlPanel - ol x|
Plotting tool input pane
. UseIndra2data [ Uselrena 1 results
Data mlet [ Use ORS data

Data folder: I root:USAXS:'01_31%"518_FC Si02 pHS.3 20" ;I

Wave with 0 data I BKG_Ovec 'I
Wave with Intensity data I BKG_Int ¥ I
Wave with Error data I BKG_Error 'I

[ mddaws || Removedwa |[ (Redomph || Kl Graph, Rese |

Graph style I NewUserStyle 'I [ L J
| Change griph details |
[ suwe rew grghstyte | ( Fiting ]
. Manage Graph styles |
X axis data I b 'I I
[ Store and recall graphs ]

Y axis datal Y 'I

M LogX axis? B Log ' axis? [ Errors bars?
Major Grid % axis? [ Major Grid Y axis?

[ Minor Grid X axis? [ Minor Grid Y axis?

Mirror X axis? Mirror Y axis?

X axis title | g [A5S-1\M] |
Y axis title | Intensity [cmhS-14M] |
M &ppend Legend?

M Use symbols? Symbol size @
M Use lines? Line width [T__]|5)
B vary colors? Vary Symbols? M Vary lines?
[M % axis autoscale? B4 v axis autoscale?

Min: [1.6686e-04 | Min: [8.7326e-04 |
Max: |7.4428e-01 | Max: |2.8654e+07 |

‘T'_‘ 3
E‘ 10
=
2
= 10
10°
10" '
10‘2 ...... - '355_2;’02 Gel1C
-~ '518_FC Si02 pH3.3 20
10-3 L] I lllllli L} L] lllllli
0.001 0.011 0.1
5 q[A ]
A nt: X dx:
| ]8.: L] :nt: X dy:




SAXS DATA COLLECTED USING AMPIX CELL DURING FIRST

THREE DISCHARGE-CHARGE BATTERY CYCLES

3D EXAMPLE
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Example of data processing - Unified fit...

Unified fit is method developed By Greg Iﬁe Edt Data Analysis Macos Windows Panel Msc Hep USAXS SAS
Beaucage (U Clnn).. U.nlﬁed fit models SAS data T T e e

by sequence of Guinier knees and Power law Data input 4 i 26sa 1 Mogel
areas. Uses Least-square fitting to optimize Datafolder: [ —

multiparameter function. Complex data may
need large number of parameters (>40 possible).

Wave with Ermor data I - vI
Subtractbackground [T/}
Unified model input NmbefofleveIS:I 0 'I
- [ Update Unified automatically?
ooz JH e et oionatety
/1. Level \ /2. Level \/ 3. Level \ /4. Level \ /5. Level \
Fit?: Low limit: High Limit:

Data selection area

/

Model control area

Other controls i P hE] Onees

Fit using least square fitting? [ Fit | [ Reventak |
[ Store local (Porod & Guinier) fits? e
Results: | StorinDasFolder || ExportASCH | Resultstogmsphs |

FTETE oot b =T [ Lo




Unified cont...
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CrE— BT 28 cootooriot _ioix]
Unmedmodelinginputpanel . NETETTTY RS UTIT B RETTY B ””“‘.I L ......! i
& Indra 2 dat [ Mode! 10" 3 || root:USAXS:"08_13-"S165_Aerc
Data input [ qrg gata e 3 Y + Experimental intensity
e - 3 . —— Unified calculated Intensit
Data folder: I root:USAXS:'08_13""S165_Aerogel Ta250" j . E t . © Standardized residual
Wave with X axis data | SMR_Qvec v] 107 3 - « = = FitLevel1Guinier
3 o —¥— Level1Unified
Wave with Yaxisdata | SMR_Int ~] . ] .\ — FitLevel1Porod .
Wave with Emor data I SMR_Ermor 'I £ 4 | S
= = 10 o e
Siindbadgond 101 | 2 3or(UI” --geTeTrTL o F
c 1 . -
Unified model input Number of levels : [ 1~ 7 e g
o g Ui rtes et 103 J o0 £
Display local (Porod & Guinier) fits? 3 <y 2
/T Level \ /2 Level \ /3 Level \ /% Level \ /5 Level \ 3 AN 2000
Fit?: Low limit: High Limit: 5 B
G el Ol & [958 ] [Tis2%s | 1073 kY
Ra [166:357 Bl [E2rz ] [E@1es ] P |~ -3000
Rgaep Gﬂepl:] T T Ty T T T T
5 K 2 -1
: 0 10 10 . 10 ]
[ Is this mass fractal from lower level?  Suf /Vol [0 | root:USAXS: 08_13''S185_Aerogel Ta250":SMR_Int QA '] Sunday, Oct 01, 2008, 2:12:07 PM
B [0.01 |§| (]} i pnt: 55 X: 0.00239957472514914 Y: 33536.880366125 |
P [Z B O X 0.0154372448319244 Y- 2021 56063566695

Paep ] Exer 1)
o — [

kfador:' 1 'I

11Q4_q_Plot

+ Experimental intensity * Q"4
—— Unified Calculated intensity * Q4

rot:USAXS:'08_1 38165_Aerogel Ta250-SMR_Int |

[ Is this comelated system? - - - FitLevel1GuinierlQ4 e s _
¥ Level1UnifiediQ4 o -
—— FitLevel1PorodIQ4 -, L
10‘5 ] \\‘ :
10° E -
SAS Background [1e06  ||©)] step [1e-06 | [ Fit Bcka? S ' B
Fit using least square fitting? [ Fit | [ Revemoax | 107 | -
[ Store local (Porod & Guinier) fits? ~ wmmm 10" 1 —
Results: [ SwreinDasFoldr || ExportASCH | Resultstomphs | 0™ T ' -
10" ' -
107 ' L

10° 107" 10° 107 10"
m ﬂlﬂlﬁ Il Data Brows root:USAXS:'08_13""S185_Aerogel Ta250":SMR_Int Q [AJ] Sunday, Oct 01, 2008, 2:12:07 PM

lFbady |
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Unified cont...
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B Unified fit =ol.
Unified modeling input panel
Data input ggsa 3;: @ L Mode!

Data folder: | root:USAXS:'08_13"'S165_Aerogel Ta250" j
Wave with X axis data I SMR_Qvec ¥ I
Wave with Y axis data I SMR_Int 'I

Wave with Eror data I SMR_Emor 'I
Subtrac background [T}
Unified model input Nmberoflevels:l 1 vI
(ot )5 oy o Pnd s G

/1 Level \ /2 Level \ /3 Level \ /4 Level \ /5. Level \
Fit?: Low limit: High Limit:

G [2752638 Bl M [2725:83 ]
R [2208 Bl 4 [332774 ] [831785 ]
Rastep __J|©] Gstep [T O] [ FitReGowmoumon |
[ Is this mass fractal from lower level? ~ Suf /Vol [NaN__—— |
B [0.290116 ] 4 [07858%2 | [46472 |
P [235185 BleM [ e |
Pstep [T |©] Bstep[T___J|©] [ FitPBowmeusors |
RgCutoff [0 el O

kfadot:l 1 'I

[ Is this comelated system?

SAS Background [19.3966  ||©] step [Te06 | [ Fit Bcka?

Fit using least square fitting? [ Fit | [ Revetak |
[ Store local (Porod & Guinier)fits? e

Results: [ StorinDasFoidr |[ ExportASCH | Resultstogmphs |

= LBNL §

‘™ 1LogLogPlot ] P4
Co vl ol ol ol vl L
10° = H Troot:USAXS:'08_13'S165_Aerogel Ta250"-SMR_Int
E + Experimental intensity
g + —— Unified calculated Intensity
5 | O Standardized residual
10 3§ : c
E -20 @
—_ - O
- a 3
£, Fy
S 10 o g
= 1--4-F----- F- —0 &
7] E o
S ] 3
E =
103 L 20 &
.
.
1 .
-
10° 3 ' - 40
3 .
: L]
. 0 -
o 1 107, 10° 10"
root:USAXS: 08_13""S165_Aerogel Ta250 SMR_Int QA ] Sunday, Oct 01, 2008, 2:12:30 PM

pnt: 58

X:0.00209878840827742 Y: 28679.019910522q

pnt: 124

vl ol 1

Ll

X:0.812478671120601 Y: 29.003991703122

ol ool

-
root:USAXS:'08_13""S165_Aerogel Ta250SMR_Int
+ Experimental intensity * Q4
— Unified Calculated intensity * Q"4
10

10°

10°

—

ITTTTTTTTTTTTTTTTTTI

.

T T T T
-5

10
root: USAXS:'08_13"S185_Aerogel Ta250":SMR_Int

107,
QA ]

107

-1
10
Sunday, Oct 01, 2006, 2:13:30 PM

[z




Unified cont...
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B Unified fit a B =]l M LogLogPlot z N =] 5|

Unified modeling input
Data input ggsa 3::3

Data folder: | root:USAXS:08_13-'5165_Aerogel Ta250" v |

Wave with Xaxs data | SMR_Qvec ~]
Wave with Y axis data | SMR_int v]
Wave with Emor data 'WI

Subtract background [T__]

Unified model input Number of levels : | 2 vl

i i i
(o555 )5 iy el Pt s rsys?
/T Level \ /2. Level \ /3 Level \ /4. Level \ /5. Level \
| Level 2controls Fit?: Low limit: High Limit:
G e el [oese | [2581e6 ]
Rg [8564 oI [206 ] [%2772 |

j)anel
O

N
V4|

Intensity [cm'1]

root:USAXS:'08_13""S165_Aerogel Ta250-SMR_Int
+ Experimental intensity

—— Unified calculated Intensity
O Standardized residual

~ 10

|BNPIS3I PazIpIEPUR)S

—-10

—-20

0.001
root: USAXS:'08_13":"S185_Aerogel T3250:SMR_Int

0.01
QA

Rgster T Geten 1)
[ Is this mass fractal from lower level? ~ Suf /Vol [NaN_____ |

0.1
Sunday, Oct 01, 2008, 2:16:41 PM

b

B [10.4136 8 M [1552 [412378 () A: Originalintensity | o

X: 0.000217597584658267 Y: 60901.2225307847'

I

_—

P [137889 Bl [ | [2 ]
Pstep[T___1|0] Bsten 7] [ FitP/B twn cumsors |

X: 0.747126528207504 Y: 27.498852570021

RoCutoff [33.4475 =)
[ Link RGCOkfactor: [ 1 ~]

[ Is this comelated system?

AT

root:USAXS:'08_13'S165_Aerogel Ta250"SMR_Int
+ Experimental intensity * Q4

—— Unified Calculated intensity * Q"

10°

SAS Background [23.1114 10‘5
Fit using least square fitting ?

18] step [1e-06 | [4 Fit Bckg?
[ B ][ Revemvax
[ Store local (Porod & Guinier) fits?

J

Intensity * Q"4

Results: [ StoreinDaFoidr || ExportASCH |  Resuits to evephs

0.001
S| oot USAXS:08_13'5165_Aerogel Ta250"SMR_Int

Q

TR mbsiaie

0.01

01
Sunday, Oct 01, 2006, 2:16:41 PM
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Unified cont...

Alw =lolx|
SAS
=10
il L L4 ii4y]  'WULUSAAS.UO_10.D103_AEIUGE! 1320V OIR_IiIL
] + Experimental intensity
5 —— Unified calculated Intensity
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Size distribution - dilute system of SAME particles
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Modeling Il - size distribution + Unified Fit + Diff. peaks
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Modeling Il results example:
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___Population 2:
- P=27

' 'Mean Size=10.3 A
. _Form Factor : CoreShell

~ Shell thickness = 1 A

.Core rho = 5.3 g/cm3

U60 (Experimental)
U60 (Model)

Shell rho = 34.5 g/cm3
Solvent rho = 4.5 g/cm3

Structure Factor : HardSpheres

Radius = 28.9 A

- Volume fraction =0.15
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Now to installation on your computer...



