


. Tutorial: SAXS analysis strategies and softwares

M. Sztucki

ESRF - the European Synchrotron
Grenoble (France)

Page 2 SAXS Tutorial -- Users Meeting 2020 - Michael Sztucki, ESRF



> SAXS instrumentation and theory

> SAXS data reduction and calibration

> Good practice for data recording
> SAXS data formats

> Tools for (on-line) data reduction and visualization:
SPD, saxs programs, PyFAIl, SAXSutilities

> Data Interpretation / modelling

> Form factor, Guinier / Porod law, Unified fitting, size distributions,
structure factor

> Programs: SAXSutilities, IRENA, SASview, SASfit
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. Momentum transfer and differential scattering cross section
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scattering of X-rays at small-angles originate from spatial fluctuations
of the electron density within the material

Momentum transfer

: TN K/E;fO' \ Differential scattering
Measured Intensity: Iy =i, 7,)& ACYf — -

dQO)/ cross-section
asl,

e

i, - incident flux

T, - transmission 1) > 1 do
¢ - efficiency q)= E = ; E
AQ- solid angle Scat

Narayanan T. (2008) Synchrotron SAXS. In: Borsali R., Pecora R. (eds) Soft Matter Characterization. Springer

https://doi.org/10.1007/978-1-4020-4465-6_17
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. SAXS instrumentation

SAXS, WAXS and USAXS

u-beam SAXS, WAXS
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. SAXS instrumentation

SAXS, WAXS and USAXS

u-beam SAXS, WAXS
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. (On-line) data reduction

(A) detector specific corrections
(B) scattering specific corrections

(C) sample and beam specific corrections
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. (A) detector specific corrections
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ing specific corrections

normalizing a two dimensional scattering pattern measured
with a plane two-dimensional detector to absolute intensities
in units of scattered photons per steradian and per incident
photon, i.e. scattering cross section do/dQ2 per sample cross
section A;

to correct for absorption the normalized pattern is divided by
the sample transmission T
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. (C) sample and beam specific corrections
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. (C) sample and beam specific corrections

WAXS projection

In Waxs projection the scattering pattern of a tilted detector can be geometrically analysed (azimuthal regrouping etc.)
like a small angle scattering pattern.
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. Data reduction steps
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. Good practice of data recording

background subtraction
flow-through cells

radiation damage
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. Absolute intensity calibration

using secondary standards like
water, lupolen, glassy carbon, ...
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. Absolute intensity calibration

using secondary standards like
water, lupolen, glassy carbon, ...

scattering of 1mm of water at RT: 0.00164
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. ID02 data and metadata concept

data.edf : data.h5

L i

2 ELDF DataBlockID = 1.Image.PFs3d ; I
EDF BinarySize = 1440256 ;

EDF Header3ize = g§l392 ;
Bytelrder = LowByteFirst ;
DataType = FloatValue ; 1
Dim 1 = 1000 ; .
Dim 2 = 360 » |
9 Dummy = -10 »

NXroot top level, one per file

L

NXentry one group per measurement

1 o L s

10 DCurmy = 0.1 ; I
11 Offset_1 =10 ; . .
12 Offset_2 = 0 ; : measurement (@NXcollection) flattened

13 History-1l = ""C:\\Program Files ([x86)\\SAXSutilitis I

C:o\hData'\\5A¥Sutilities Testdata\\h3/og22_ saxs_ view of everythlng measured -

14 HeaderID = EH:000001:000000:000000 ; | only one per NXentry

15 Compression = None ; .

e - 1 ; NXdetector

g o= ceveraton = 2.40 : NXdata one NXdata group per plot
18 Size = 1440258 ;

- ! data

<t - metadata

25 |}
26 VTHENVTHE VTR VTHA N THE VTR VT THE VTHA A THA VT4 T
VTR VTR VT THE VTR A THE VTR TR THE VT4 T . NX )
VIR VTR VTR VTR TR TR TR VTR TR VA VTR T process for analysis
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understanding of the data formats (EDF, HDF5)

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available software.html
— SAXS programs — SX_parametrization

PETER BOESECKE SX parametrization-ref-short 20130125.doc 2013-01-25

Peter Boesecke
ESRF
38043 GRENOBLE cedex 9
FRANCE
Tel +33 4 7688 2400

Email: boesecke@esrf.fr

Contents

SX-Description of Small- and Wide-Angle Scatfering

L8]

Basic Geometry (concept)
Prerequisites and Desired Properties
Conventions

Basic Small Angle Scattering Geometry
Geometrical Standard Parameters
Configuration
Basic Parameters for Rastered Detectors
Basic SAS Parameters

Basic Wide Angle Scattering Geometry
Geometrical Standard Parameters
Configuration
Basic WAS Parameters

=T - - R R - I R

—

Misalignments and GISAS Geometry. 10

Extensions and Generalizations 14
Page 17 SAXS Tut General Descript_ion of the Ob_ject Translation and Rotation 14
Sample Translation and Rotation 14
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http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html

. understanding of the data formats (EDF, HDF5)

SX General Parameters

 Dim I, Dim 2,..(Dim 1 default is 0, all others are 1)
*  RasterOrientation (1 to 8 possible, 9-16 for compatibility, needs to be tested, default 1)

SX Image Parameters

e  Offset 1, Offset 2, ... (default: 0)
e BSize 1, BSize 2, ... (default: 1)

SX Scattering Parameters
e PSize 1, PSize 2, ... (no default) [m]
e Center I, Center 2, ... (PoNI in image reference system including offsets, no default)
e  SampleDistance (no default) [m]
e  WaveLength (no default) [m]
DetectorRotation 1, DetectorRotation 2, DetectorRotation_3, ... (default: 0) [rad]

Additional SX Scattering Parameters

®  ProjectionType (Saxs|Waxs, default: Saxs: distances proportional to tan(23))
o  AxisType 1, AxisType 2, ...(Distance, Angle, Numerator, default: Distance)

SX Intensity Calibration and Normalization Parameters
o [ntensity0 (no default), Intensityl (Intensity()
*  NormalizationFactor (default 1)
o SampleThickness (no default)
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understanding of the data formats (EDF, HDF5)

L

2 EDF _DataBlockID = l.Image.Pad ;
i EDF _Binary3ize = 1440254 ;

EDF _HeaderSize = 8192 ;
ByteOrder = LowByteFirat :
Datalype = FloatValue ;

7 Dim 1 = 1000 -

Dim 2 = 360 ;

9  Dummy = -10 ;

10 Dhummy = 0.1 ;

L0 T S

[=3]

11 Offset_ 1 =10 ; Peter Boesecke SaxsKeywords.doc 2013-01-25
12 Offset 2 =10 ;
13 History-1 = ""C:\\Program Files (x86)\SAXSuti

C:\\Data\\SAXSutilities Testdata'\\hS/og22_ Keywords for SAXS Data in EDF Files

4  HeaderID = EH:000001:000000:000000 ;
15 Compression = None ;

16 Image =1 ; EDF_DataFormatVersion = 2.42

-

1 SaxsDataVersion = 2.40 ;
18 Size = 1440256 ;

. Peter Boesecke
20 Keywords for SAXS Data in EDF Files 1
21 EDF_DataFormatVersion = 2.42 1
22 Peter Boesecke 1
23 1.  General Properties (EDF) 6
24 Short Description 6
- ! , , , , , , , , , , , Keywords 7
26 YT+ ‘T+?‘T+f‘T+?‘T+"T+"T+?‘T+?‘T+f"?+f"ﬁ'+?‘? Types of Header Values =
YTHA TRV THR Y TR Y TRV THR Y THR Y THA Y THA Y T+RYT String Value g

A FS AL FS AL FS AL FE. AL NS QL N8 QL K8 ALNS ALFS AL FF AL I

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available software.html
— SAXS programs — Saxs Format Manual
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understanding of the data formats (EDF, HDF5)

raw data ' pyFAIl (normalized) pyFAl (regrouped) pyFAl (1D) ' SAXSutilities/programs

~ [B] rk28_saxs_01006_raw hb | ~ [B] rk28_saxs_01006_norm hb ~ [B] rk28_saxs_01006_azim hb ~ [B] rk28_saxs_01006_ave hb | ~ [B] sym_2v'd4_err hb
~ @ entry_0000 . ~ @ entry_0000 ~ @ entry_0000 ~ @ entry_0000 . ~ @ entry_0000
end_time | ~ @ PyFAI ~ i@ PyFAl ~ @ PyFAl | input
24 instrument . 4 MCS CaMCS 2a MCS . program_name
~ @ measurement ) CATFG QATFG CATFG ) ~ @ saxsutilities
~ @ id02-rayonixhs-saxs I date date date I

. 24 id02-ravonixhs-saxs 24 id02-rayvonixhs-saxs G4 id02-rayvonixhs-saxs - & array
& array 1 | 24 parameters | | A parameters | A pararneters 1 & array_srrors
€ header : processing_type Processing_type processing_type . €4 header_array
start_time 1 program prograrn prograrm 1 €4 header_array_ermors
fitle : |v @ result_norm ~ @] result_azim : t
I i data & chi B data I STar_Tmme
. {5 data_srrors & data  data_errors . fitle
i Bt B data_errors Bq |
. ] wersion .
: detector_name :
! input detector_narme I
plugin_nams detector_name input
1 program_name input ®] rk28_saxs_01006_raw.ho Object Attribute Info  General Object Info
. start_time plugin_narr| ~ & eniry_0000 _
I fitle program_n end_time Attribute Creation Order; ‘ Creation Order NOT Tracked
instrurment " _
start_time £a measurement Number of attributes = 2
: . title start_time Name alue[50
HDF viewer: www.hdfgroup.org e o Nt
default f'entry_OOOOfmeasurement}id02—rayonixhs—saxsfda‘ral

NXDATA|: data/data_errors (pyFAl), array/array_errors (beamline)
NOTE: “default” attributes tell you where to find data

metadata: parameters (pyFAI), header or header _array/header _array errors

NOTE: only “header” describes NXDATA according SX_parametrization
“‘parameters” are only a copy of header of raw data




ID02 tools for data reduction and visualization

available programs. http://www.esrf.frrfhome/UsersAndScience/
+ Spd Experiments/CBS/ID02/BeamlineDescription/
+ saxs programs DataReduction/Softwarelntroduction.html

+ SAXSutilities

+ PyFAI

— on-line and offline «—

demonstration:
data reduction in 2D and 1D:
e.g. partial integration, averaging, subtraction, merging

typical artefacts
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. ID02 online data processing

new ESRF data policy
https://lwww.esrf.eu/datapolicy

i

h5
SPD/ sa;s programs DAHU (PyFﬂ) / SPD / saxs programs
edf h5
edf
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. SPD - saxs programs

ID02 online data reduction (SPD) package was developed by P. Boesecke,
A. Sole and R. Wilcke during 2001-2005

saxs programs are command line oriented programs (C) to perform certain tasks
for data reduction

Program name Short description

saxs_mac standard operations on images, e.g.

multiply by factor and add constant
saxs_add, add, subtract, multiply, divide

propagation of statistical errors

saxs_sub, several images

saxs_mul,

GUI is available for most common i
tasks in SAXSutilities saxs:normn flatfield correction and

normalization of scattering patterns

to absolute units in 1/sterad

saxs_waxs waxs projection and backprojection
saxs_angle transformation to polar coordinates
saxs_Tow, row, column projection of images
saxs_col
saxs_ascii convert images to ascii
saxs_patch patch images to other images
saxs_stat calculate image statistics

s PP PRI

P. Bosecke, "Reduction of two-dimensional small- and wide-angle X-ray scattering data," J. Appl. Cryst. 40, 423-427 (2007)
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. SPD - saxs programs

SaxXxs arcC

-omod n
-ilnam ra26 saxs %%%%%_nrm.edf,1,500
+mask

—i2nam mask-2m5.edf

-onam ra26 saxs %%%%%_nrm azim.edf
+pass

-P

saxs_curve
-alfl 80 _deg
-alf2 100 _deg
-scf 2 pi
-head
-~hedl "g*nm [TitleBody,,1]"
-ext .dat
-ilnam ra26_ saxs
-onam ra26 saxs %

P

$_nrm azim.edf, 1,500
_nrm 80-100_ave.dat

Note: double the number of ‘%’ in windows bat scripts...

Page 24 SAXS Tutorial -- Users Meeting 2020 - Michael Sztucki, ESRF



Saxs programs

further info:

http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available software.html
— SAXS programs — SaxsPrograms Package Manual

PETER BOESECKE SaxsPrograms.doc 2013/01/25
OPTIONS AND ARGUMENTS OF THE SAXS PROGRAMS..........ccorccereceenn 4
Version: 2013-01-25 4
Introduction 4
Prompts 4
Arguments 5
Options 5
Examples 6
Some Useful Commands 6
Geometry 8
Coordinate System and Orientation in Space 8
Raster Orientation 9
Pixel Coordinates 9
Reference System Coordinates 10
Parameters and Keywords 10
Axis Types 11
Projection Types 11
List of Options 12
Example: 12
Option Values 12
Arithmetic Expressions as Values 13

P. Bosecke, "Reduction of two-dimensional small- and wide-angle X-ray scattering data," J. Appl. Cryst. 40, 423-427 (2007)
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http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html

. SAXSutilities(2)

ith Windows / Linux i

http://www.saxsutilities.eu
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SAXSutilities — SAXSutilities2 ready for restart of beamlines in spring 2020

Get latest Windows version (WindowsXP, Vista, Windows7, Windows$) :

Download and install program files using the installer (64bit): SAX SutilitiesSetup64.exe
Do not forget to install the Matlab runtime environment!!
You will be asked at the end of the installation routine to download and install this muntime environment. The installation has to be done only once.

Download 32bit version: SAX SutilitiesSetup32.exe
This version might not support all features of the 64bit version!!

Get latest Linux version (64-bif only!) (developed under Debian6):

New procedure since October 2013 (Matlab R2013b) 11!

1. Download and unpack to a folder of your choice: saxsutilities zip
> unzip saxsutilities.zip

]

Download and unzip: MCRInstaller2013b glnxadd zip
> unzip MCRInataller20l3b glnxad.zip

Then, run the MCR Installer script from the directory where vou uazipped the package file by entering:
> ./inatall

Add the environment variables LD LIBRARY PATH and XAPPLRESDIR to vour system as indicated in the last step of the installation procedure.
Note that this has to be done only ence for each new release of Matlab.

3. Add an environment variable SAXSUTILITIESPATH to vour system which points to the directory created in step 1.

4. Note that unspec by P. Mikulik has to be installed.

5. Note that saxsprograms by P. Bosecke have to be installed.

6. Note that roca by P. Bosecke has to be installed. (Since version saxs V2 461P2 043E2 236R.1.500 included in saxsprograms)

7. Start SAXSutilities from the folder created in step 1.

You can also use a start script like:

#!/bin/csh

setenv LD_LIBRARY PATH [...as indicated by MCRInstaller...]
getenv XAPPLRESDIR [...as3 indicated by MCEInstaller...]

getenv SAXSUTILITIESPATH [/path/to/directory/of/SAXSutilities]

[/path/te/directery/of/SEESutilities]/SAXSutilities http //WWW Saxsuh | |t|eS eu

Page 27 SAXS Tutorial -- Users Meeting 2020 - Michael Sztucki, ESRF



SAXSutilities(2) — 2D visualisation (EDFplot / plot2D)
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SAXSutilities(2) — 2D visualisation (EDFplot / plot2D)

SAXS Tutorial -- Users Meeting 2020

Michael Sztucki, ESRF

Saxs COORDINATES < ¥ > Saxs PROJECTION

Saxs PROJECTION (scattering pattern on a flat 2D detector)

(distance of pixel from poni on detector) wavelengthO

SAXS coordinate = *
(distance of poni from sample) wavelength

where wavelengthO is 1e-9 m

SAXS(Saxs) coordinate ~ s*nm for 2Theta<<1

Waxs PROJECTION (projection of the scattering pattern from the
EWALD sphere to a plane perpendicular to the incident beam

In the Waxs projection, the scattering pattern of the detector is
distorted in such a way that the SAXS coordinate of the new pattern is
equal to s:

SAXS(Waxs) coordinate = s*nm

In Waxs PROJECTION the scattering pattern of a tilted detector can be
geometrically analysed (azimuthal regrouping etc.) like a small
angle scattering pattern.



SAXSutilities(2) — 2D visualisation (EDFplot / plot2D)
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. SAXSutilities — 2D visualisation (EDFplot)
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SAXSutilities(2) — 2D tools (EDFtools / tools 2D)

BB SAXSutilities?

wildcard filter: | *.edf *.h5 ®.inp update list

Data Setup 2D SAXSutilities2 v0.91 - Michael Sztucki - 29 November 2019
plot 1D tools 1D plot 2D tools 20

|:| restrict integration

This uses dahu-reprocess based on pyFAL:

[ expert mode

directory selection 52 Operation
[s/setucki/Desktop/Tutorial2020/Examples/HDFS | |update dir rk28_saxs_01006_ave.h5 average each 51and 52 each 51 divide by 52 EDF >>> HS
-~ ri28_zaxs_01006_azim.h3
Date Modified ~ # k28 saxs 01006 dark.h5 each 51 minus 52 saxs_mac HS »»> EDF
bak 21/01,/2020 09:52 rk28_saxs_01006_norm.h3 omodn write multi-edf files
v Examples 2170142020 13:22 ric28_saxs_01006_raw.h3
v HOFS 27/01/2020 14:04 rk28_scalers_01006_raw.h3
2V4_err.h5
SAXSUtil... 27/01/2020 14:02 ymetnen 0% EEEE B
Irena 04/03/2019 16:22
. EDF data reduction (spd [ saxs programs)

SASfit /03/2019 16:22

SASview 22/01/2020 10:31

SAXSutilities  01/10/2019 13:31 [ normalize -omod n reset defaults
Install 21/01/2020 10:11 regrouping p—— applymask (@ default
Presentation 28/01,/2020 09:21
References 21/01/2020 09:56 [ variance calculation () user defined (52)
sasfit_0.949_wi.. 04/03/2019 16:22 ® average () O average I(angle)

- - v
< : o TS output ASCIT -scf 2_pi -head -hed| "g*nm [FNAME]_[INUM]_[TieBody,,1]" -ext .dat

start data reduction

selection 51 H5 data reduction (dahu / PyFAI)
k28 _saxs 01008 _ave.h> [ Psize_1 [ scaling factor |D.8 | show parameters
rk28_saxs_01006_azim.h5
k28 saxs D1006_dark.h3 [ Psize_2 [ regrouping_mask_filename |mask—31.m‘edf |
rk28_saxs_01006_norm.h3 O . .

R - Center_1 512 [] distortion_filename O qm
rk28_saxs_01006_raw.h3 | |
rk28_scalers_01006_raw.h3 [ center_2 512 [] fiat_filename | | ()
sym_2v4_emh3 [ waveLength [ dark_filename | | (1)

[ samplenistance 30.9 run DAHU

In case (I) and (II), original correction parameters are obtained automatically, but can be
overwritten by checking the according boxes.

e.g. dark_filename can be used to set a static dark file, to choose a constant for subtraction
or to disable dark-correction by sending an empty string.

+ data reduction requires always raw,/dark scalers files in the current working directory!
+ Further data reduction of normalized and regrouped data can only be done using EDF
data reduction above,

File selection 51:
() a J50N input %%% %% %_id02.singledetector.inp,
{IT) normalized image files %:%%%_norm.h5,
{ITI) raw data %% %% _raw.h5

In case (III) standard metadata and defaults are used
Attention: use last column boxes to activate correction in this case {as default is not known)
Standard flatfield files are provided and used if no path is defined.
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SAXSutilities(2) — 1D visualisation (BHplot / plot1D)
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SAXSutilities(2) — 1D tools (DataTools / tools1D)

Data  SAXSutilities2 v0.91 - Michael Sztucki - 29 November 2019
plot 1D tools 1D plot 2D tools 2D

Operation Cutput
|ZU\Examplas\Skxsuﬁhﬁas\5_averaging_marging ‘ update dir
drectory: sums1(7) [ Tinarou || cansimmsszn || | i | ® .dat format
: #ave.hS format
ame Date Madit * | average 51(%) I 10 each 51 dvide by 52 (%) min. steps O ave.hs form
(dat)
HDF3 27/01/2020 min. deltalog(a)] header options (dat)

Irena 04/03/2019 mutiply 51 by normalize S1by 1_max ® first flename + suffix
SASfit 04/03/2019 " O last fiename + suffix
divide 51 by nomalize S1atq [P ——

SASview 22/01/2020 (O first +last + suffix
- SAXSutilities 01/10/2019 ] using low q limit [ manual O high q data ) user defined +suffix

0 it ... 04/03/2019 re-write S1
1_wa : r_(f erg;»zm g [ using high q limit -_ _innsrpo\ata 511052 fie_prefx
_center_fi... 04/03/ [epreic ]

2_WAXS_c... 04/03/2019 ,

wildcard fiter: | =ave.h5 *.dat *.txt | substring filter: | | details [] Link SAXS/WAXS (%) update st
Selection S1: Selection 52:
file image time header trm ~ || file image time header trm &
qj02_saxs_00034_0001.dat 00001 = qj02_saxs_00034... 0.00000 qj02_saxs_00034_0001.dat 00001 > qj02_saxs_00034... 0.00000
qj02_saxs_00035_0001.dat 00001 = qj02_saxs_00035... 0.00000 qj02_saxs_00035_0001.dat 00001 = qj02_saxs_00035... 0.00000
qj02_saxs_00036_0001.dat 0D0OT = qj02_saxs_00036... 0.00000 qj02_saxs_00036_0001.dat 00001 = qj02_saxs_00036... 0.00000
qj02_saxs_00037_0001.dat 0D0OT = qj02_saxs_00037... 0.00000 qi02_saxs_00037_0001.dat 00001 = qi02_saxs_000: 0.00000
qj02_saxs_00038_0001.dat 0DDOT = qj02_saxs_00038... 0.00000 qi02_saxs_00038_0001.dat 00001 = qi02_saxs_00038... 0.00000
qj02_saxs_00039_0001.dat 00001 > qj02_saxs_00039... 0.00000 qj02_saxs_00039_0001.dat 00001 > qj02_saxs_00039... 0.00000
qj02_saxs_00040_0001.dat 00001 = qj02_saxs_00040... 0.00000 qj02_saxs_00040_0001.dat 00001 > qj02_saxs_00040... 0.00000
qj02_saxs_00041_0001.dat 00001 = qj02_saxs_00041... 0.00000 qj02_saxs_00041_0001.dat 00001 = qj02_saxs_00041... 0.00000
j02_saxs_00042_0001.dat 0D0OT = qj02_saxs_00042... 0.00000 qj02_saxs_00042_0001.dat 00001 = qj02_saxs_00042... 0.00000
qj02_saxs_00043_0001.dat 0DDOT = qj02_saxs_00043... 0.00000 qi02_saxs_00043_0007.dat 00001 = qi02_saxs_00043... 0.00000
qj02_saxs_00304_0001.dat 0DDOT = qj02_saxs_00304... 0.00000 qi02_saxs_00304_0007.dat 00001 = qi02_saxs_00304... 0.00000
qj02_saxs_00305_0001.dat 00001 > qj02_saxs_00305... 0.00000 qj02_saxs_00305_0001.dat 00001 > qj02_saxs_00305... 0.00000
qj02_saxs_00306_0001.dat 00001 > qj02_saxs_00306... 0.00000 qj02_saxs_00306_0001.dat 00001 > qj02_saxs_00306... 0.00000
qj02_saxs_00307_0001.dat 00001 = qj02_saxs_00307... 0.00000 qj02_saxs_00307_0001.dat 00001 = qj02_saxs_00307... 0.00000
qj02_saxs_00308_0001.dat 00001 = qj02_saxs_00308... 0.00000 qj02_saxs_00308_0001.dat 00001 = qj02_saxs_00308... 0.00000
qj02_saxs_00309_0001.dat 00001 = qj02_saxs_00309... 0.00000 qi02_saxs_00309_0001.dat 00001 = qi02_saxs_00309... 0.00000
qj02_saxs_00310_0001.dat 00001 = qj02_saxs_00310... 0.00000 qi02_saxs_00310_0001.dat 00001 = qi02_saxs_00310... 0.00000
qj02_saxs_00311_0001.dat 00001 > qj02_saxs_00311... 0.00000 qj02_saxs_00311_0001.dat 00001 > qj02_saxs_00311... 0.00000
qj02_saxs_00312_0001.dat 00001 > qj02_saxs_00312... 0.00000 qj02_saxs_00312_0001.dat 00001 = qj02_saxs_00312... 0.00000
qj02_saxs_00313_0001.dat 00001 = qj02_saxs_00313... 0.00000 qj02_saxs_00313_0001.dat 00001 = qj02_saxs_00313... 0.00000
qj02_saxs_00337_0001.dat 00001 = qj02_saxs_00337... 0.00000 v qj02_saxs_00337_0001.dat 00001 = qj02_saxs_00337... 0.00000 v
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> SAXS instrumentation and theory

> SAXS data reduction and calibration

> Good practice for data recording
> SAXS data formats

> Tools for (on-line) data reduction and visualization:
SPD, saxs programs, PyFAIl, SAXSutilities

> Data Interpretation / modelling

> Form factor, Guinier / Porod law, Unified fitting, size distributions,
structure factor

> Programs: SAXSutilities, IRENA, SASview, SASfit
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. Form factor (dilute case)

scattering amplitude:

in case of isotropic particles:

in case of isotropic sperical particles:
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. Form factor (dilute case)
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. Form factor (dilute case)
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. Limiting form of I(q): Guinier and Porod law

Guinier plot:

analysis based on limiting form of I(q):

. . Guinier and Porod plot
valid at low concentration and small

values of q ng<1

plot of In(I) against > has slope -Rg2/3

Porord law:

radius of Gyration depends on particle shape

for ng>>1

Rg2 is the average squared
distance of the scatterers
from the centre of the
object
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. Unified fitting (G. Beaucage)

Page 40

SAXS Tutorial -- Users Meeting 2020

Michael Sztucki, ESRF

M. Sztucki, T. Narayanan, G. Beaucage, J. Appl. Phys. 101, 114304 (2007)

for polydisperse systems consisting
of multiple structural levels

BR /1.62G = polydispersity index



Unified fitting (G. Beaucage)

Beaucage G (2012) Combined Small-Angle Scattering for Characterization of Hierarchically
Structured Polymer Systems over Nano-to-Micron Meter: Part Il Theory.
In: Matyjaszewski K and Moller M (eds.) Polymer Science: A Comprehensive Reference, Vol 2,

pp- 399-409. Amsterdam: Elsevier BV.
using Irena package by Jan llavsky in Igor Pro: https://usaxs.xray.aps.anl.gov/software/irena

. Unified fit ¥ Unified it o o] | 2
nirie | 5 —
. Unified modeling input panel =
° ; [ usaxs [ Moded
Modeling Datainpul [ 026 01s) ] MR dete
* Size distribution Datafld:|  qc20_saxs_00277_0001_ave_sub |~ | Fldr: 10°
H. Wave with®  Q_ge20_saxs_D0277_0001_ave_sub| v | Wy
* Guinier-Porod model 4
Wave withy  R_gc?0_saxs_00277_0001_ave_sub| + 4
. —_— 10
FraCtaI mOdel Error'wave |S_ge2(_saxs_00277_0001_ave_sub ~
N .
ReﬂeCtIVIty Graph data Subtract backg. | 0 5 Sefioting tool 1 03
° P D D F Lbied rmodal e Number of levels | 3 | v
° 1+H1 . Update automaticaly? [ Ma lmits? 2
Peak fitti ng tool ispilCiied Display local [Porod & Guirier) fits? _. 10
L4 1. Level 2. Level 3 Level 4 Level 5. Level =
A Lo e A L 2, 101
a =
G| 1.966e+04 = 2.22e+03 2.22e+08 E
Rg (1997 5 658 411e+03 5 0
3
Fit Ra/G bwin cursors £ 10
|5 this mass fractal from lower level? Surf /Wal | NaM "
Deg of Aggreg | 14.4295 10
P [313 o 167 3.34
Fit P/B bwtn cursors 1 0—2
RoCutoff | 138.371 =
Link RGCCk factor: | 1.06 |~ )
[ 1z thiz conelated system? 10
4
10
Mew t
T T T T T 1T ‘ T T T L | T T T T
545 Background | 1e-08 = I Fit Bekg?
PR erbnr AR seesane S & Fit FEm— 0.001 0.01
aaS: ADstsnci0 smxe DUZTT 0001 ave subR ac2l saxs 00277 0001 sve = -1
reset unir? Fix lirnits? D Stare local [Porod & Guirier) fits? root:SAS: ImportedDiata:qe20_saxs O0Z77_0001_ave_sub:R_gc20_saxs 00277_0001_ave sub Q [A ]
Ceat Store in Diata Folder Export ASCII Results to graphs () A: Originalintensity I pnt: 0 X:0.00023264  Y: 8.4498e+05 | dX:0.097484
Analyze Results Uneettainity Evaluation D B: Originalintensity pnt: 626 X: 0.097716 *: 0.0024035 dY: -B.4498e+05
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Size distributions

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.

{id TOPUP - Igor Pra 6,324
File Edit Data Analysis Macros Windows Graph Misc Help 5AS

m | = | @ || & || s IR1R_SizesinputGraph:Modellntensity vs O_vec;... EI@

-

Sizes input panel B Kill winrlous Ramnave nnt w/nsid Log Particle size axis?  Chisquared reached | 237.546
—— ¥ i i
Data - [ usaxs Firsat windnu Fiehun Al deleteri iy ) Log Paticle Volume a4is? 1y e paints | 454
° GRS [QI5) “alrilate Parameter:
Diata fldr: mix w | Fldr:
W, ith @ mi el W . .
ave v = Particle diameter [A]
Wwhave with R_mix ~
Enar'wave S_mix v 1000 Method used: MNLS
2 3 4 s e T 88 2 Mumber of iterations =100
Diagnastics? [ 5lit smeared data? b
Graph Serioting tool B - -
= o' The sample evaluated is: R_mix|  — 100x107
Distribution parameters 3 I
Minimurn diameter | 200 o M aimum diameter | 5000 |3 b
| ‘ 80 o
Bins in diameter | 100 o Logaritmic binning 7| yes | v 1 OU — %_
— 3 =
Fitting parameters = ] @
T ] =
Subtract Background 0 ® Use user errors? 8 7 60 o
2 L] — T
Contrast [dha2)[10°20, 1/omd] [1 S @zl € E a
. u O Use % enors? - = o
Multiply Errors by : 1 = J =
O Use Mo enars? i cF E—
3 10'2 — s — 40 g
Particle model 3 3
Select particle shape model | Spheroid |~ a ‘5
Azpect Ratio |1 o ]
107 = — 20
Method ® IPG/TNNLS O MasEnt O Regularization ]
- w —
MMLS approach param. IR} 5 o 105 = — - Ay
MKLS max Murn of [kerations | 100 o -8 =PV= — Modelintensity Uri[.;‘ﬂfainary “‘_ i _f\ Y
W f) - CumentfiedutSteDstibution ** Units: PR S ::M_
& o Intensity  Units: Arbitrary " : "“,“ W3
Set range of data to fit with cursa =Ty | SeesPilmensity  Units: Aitrary M —
T F T T T T - T T T T T T T T T
Paste to Motebook. Fit [no uncertainities] : 4:‘5":‘-ilf?'%a"ﬁ| ] L.i]'i‘L:_""b'i:ifV 2 3 4 5 87889 l 2
ormalzedResiual : ri Ilfil'}f
Store in Data Folder Fit [w/uncertainities] 0.00% 0.01
You need to store the results or they are los root: SAS: Import=dliata:mbc R_mix Q [A'1] Thu 1 Feb 2018, 12:05:51
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Size distributions

8
o
£l
K

Sizes input panel

o . []usaxs
Data : QRS (QI5)
Data fidr:|  qi07_saxs_00371_00071_ave_sub ~ | Fldr:

Wave with X |Q_qi07_saxs_00371_0001_ave_sub |~ | Wv :
Wave with ¥  |R_qgi07_saxs_00371_0001_ave_sub | v
Error Wave

S_gi07_saxs_00371_0001_ave_sub |~ | Rebin to: |0

[] Diagnostics? [ slit smeared data?

Graph Scrinting tool

Distribution parameters

Minimum diameter (80 |3 Maximum diameter | 6000/

Bins in diameter | 100 3 Logaritmic binning ? | yes |+~

Fitting parameters
® Use user errors?

O use sqrt errors?
O Use % errars?
(O Use Mo errors?

Subtract Background 0
Contrast (drho™2)[10"20, 1/cme] |1
Multiphy Errors by =

CICE I

Particle model
Select particle shape model| Spheroid |~ F.F. Help
Aspect Ratio |1 =

Method (O IPG/TNNLS (®) MaxEnt ) Regularization
Sizes precision param 0.01

MaxEnt rmax Num of Iterations | 100

I<> Ak

a

MaxEnt sky backg le-06 = sar
Set range of data to fit with cursorst

Paste to Notebook Fit {no uncertainities)
Store in Data Folder Fit {wiuncertainitias)
You need to store the results or they are lost!!

@3 IR1R_SizeslnputGraph: TrustValues vs D_distribution;...

Log Particle size axis?
[ Log Particle Volume axis

Kill win d oves Rermnove nnt wicsrd

Reset window sturn Al deleted noin

alrufate Paramete

Chisquared reached |876.254

Nurnber of fitted points | 876

[ Calculate params. automatically?

(=N ol ==

[ Remove Trust Indicator?

green=trust, yellow=suspe

Particle diameter [A]

Method used: MaxEnt

5
— Z0x10

() UBHNaMsIp (04 BpRIE] &

o

2 9133 z 3 p 5 & 7 = 91500 2 MNumber of iterations =23,
1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 1
1000 — o
=
3 <
n The sample evaluated is: R_gi07_saxs_00371_000 l_a\-'e_subl
100 —
= 10
E 3
o 3
= J
1 -
0.1 —
0.01
3+
=i N 5 __TrustValies  Units:
w g — odellntensity  Units: Arbitrany
£ & [CurrentResultSieDisribution  Uinits:
O ™= 7 [ntensity  Units: Arbitrany
w4 —EesFitlntensity  Units: Arbitrany
- BECROTOOnC W aveE UNITET TATOIMETY 1 T I T T ! T T 1 T | T
+ IntensityOniginal ~ Units: ArbinSny 7 2 gn a0 z 3 4 5 6 T & 0 b1 z
L] NormalzedResiduzl  Units:  Arbitrany . .

root: SAS: ImportedDatagilT_saces_00371_0001_ave_sub:R_gid7_saxs_00371_0001_awve_sub
S L

83, 23, Bep 2017, 23:02:55
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. Interaction — Structure factor

Form Factor = scattering from within same particle
— depends on particle shape

Structure Factor = scattering from different particles
—> depends on interactions between particles

>> structure factors for monodisperse systems

+ hard sphere repulsive potential,
+ short range attractive square-well potential
+ 2Youkawa potential
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. Form (and structure) factor fitting
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. SAXSutilities - modelling
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. SAXSutilities — contrast calculation
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. Crystal structures

indexing and identifying
different crystal structures
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https://kur.web.psi.ch/sans1/SANSSoft/sasfit.html

2\ UNKNOWN, SASFit version 0.94.9 hd — m} bl
File Cale Tools Help
. integral parameters of moments of SASfit - About had — O *
Ll IBMTReIE residuum size distrib. structural analytical analytical zbizzes \\-
TR parameters size distrib. size distrib. TEEY
Laboratory for Neutron Scattering @
10000
: @ L Poul Scherrer Institute Wirenlingsan & Villigen
1000
SASfit
100 version 0.94.9
_ Copyright [c] 2008-2016, Paul Scherer Instituts (PS1)
=3 10 Labaratory for Meutron Scattering and Imaging
CH-5232 Villigen PSI, Switzerland

http:# Akur. web. psi. chiézans /SANSSoft/sasfit htrl

\ unknown.par Input Parameter, Analytical Form Factor

Ei=_Options Help wiritten by: Joachim Kohlbrecher [joachim kohlbrecher@psi.ch)
contrbution: 1 —t Previous Nest Add Remove I fis cantributing since 2008: Ingo Bressler (ingo.bressleri@bam.de)
¥ apply [ subtract
) ) ) ) J. &ppl. Cryst, (2015), 48, 15871598
chisgr.  3.0967e+011 red. chisqr:  2.31739e+008 data points: 1336 fit parameters: 0 doi 10,1107 /5160057671501 6544
R wvalue:  0.0311738 w. R walue:  0.0BBE391 O factor: 0 varance of it 0.00933302

GHU GEMERAL PUBLIC LICEMSE ~
Yersion 3, 29 June 2007

size diztrib. and formfactar structure factor 20 detectar calculation (under construction]

tonodisperse 4| Farameter Range: ‘ Cylinder 4| Parameter Range. |

Copyright [C] 2007 Free Software Foundation, Inc. <http://fsf orgss

parameter fit parameter distr it Everyone is permitted to copy and distribute verbatim copies
—— ﬂ ﬂ - T H ﬂ e R of thig license document, but changing it is not allowed.
T ayr “Falwe T Pt
Al ¥| O Al ¥l The GHU General Public License iz a free, copyleft license for
J J J J software and other kinds of works.
Al ¥ 7 cta= [0.00056 Al ¥ ¢
The licenzes for most software and other practical works are designed
H ﬂ r ﬁ ﬂ ]| ta take away vour freedom ta share and change the works. By contrast,
the GMU General Public License is intended to guarantee pour freedom to
H ﬂ ™ ﬂ ﬂ “ u share and change all versions of a program--to make sure it remains free
anfhware for all its nzers We the Frer Sofhware Frondation uze the
Al v F Alv|e F
Al ¥ T Aly|e I
v v
ekalz] max. fter.: |10 Apply | Step | Runfit
I 1 risforric| 1 =
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| fssevew

http://www.sasview.org/
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| fssevew

http://www.sasview.org/
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SASview 4
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SASview 5
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. Conclusions

Saxs Programs:
http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available software.html
— SAXS programs

Or directly: http://www.esrf.eu/Instrumentation/software/data-analysis/OurSoftware/SAXS

SAXSutilities:
http://www.saxsutilities.eu
--- there you will find soon this presentation ---

Irena:
https://usaxs.xray.aps.anl.gov/software/irena

SASHit:
https://kur.web.psi.ch/sans1/SANSSoft/sasfit.html

SASview:
http://www.sasview.org
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http://www.esrf.eu/home/UsersAndScience/Experiments/CBS/ID02/available_software.html
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