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Preamble

SasView was originally developed by the University of Tennessee as part of the Distributed
Data Analysis of Neutron Scattering Experiments (DANSE) project funded by the US
National Science Foundation (NSF), but is currently being developed as an Open Source
project hosted on GitHub and managed by a consortium of scattering facilities.
Participating facilities include (in alphabetical order): the Australian National Science &
Technology Centre for Neutron Scattering, the Diamond Light Source, the European
Spallation Source, the Federal Institute for Materials Research and Testing, the Institut
Laue Langevin, the ISIS Pulsed Neutron & Muon Source, the National Institute of
Standards & Technology Center for Neutron Research, the Oak Ridge National Laboratory
Neutron Sciences Directorate, and the Technical University Delft Reactor Institute.

SasView is distributed under a 'Three-clause' BSD licence which you may read here:
https://github.com/SasView/sasview/blob/master/LICENSE.TXT

SasView is free to download and use, including for commercial purposes.

© 2009-2018 UMD, UTK, NIST, ORNL, ISIS, ESS, ANSTO, ILL, TUD, DLS,. BAM

If you make use of SasView

If you use SasView to do productive scientific research that leads to a publication, we ask
that you acknowledge use of the program with the following text:

This work benefited from the use of the SasView application, originally
developed under NSF Award DMR-0520547. SasView also contains code
developed with funding from the EU Horizon 2020 programme under the
SINE2020 project Grant No 654000.

Contributors to this Tutorial

Steve King (stephen.king@stfc.ac.uk)

Piotr Rozyczko (piotr.rozyczko@esss.se)

Wojciech Potrzebowski (wojciech.potrzebowski@esss.se)

Last revised: 19 May 2019
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Learning Objective

This tutorial will demonstrate how to fit individual 1D (‘intensity’ versus Q) datasets in
SasView and showcase some of the associated functionality of the program. Simultaneous
or batch fitting of multiple 1D datasets, and the fitting of 2D datasets, are considered in
separate tutorials.

It is assumed that the reader has some familiarity with the purpose and principles of data
fitting. If not, these Wikipedia articles provide an overview:

* https://en.wikipedia.org/wiki/Curve_fitting
» https://en.wikipedia.org/wiki/Mathematical_optimization

The program interface shown in this tutorial is SasView Version 5.0 running on a
Windows platform but, apart from a few small differences in look and functionality, this
tutorial is generally applicable to any earlier version of SasView on any platform.
However, there is a separate tutorial for using the old program interface released with
SasView 4.x.

Glossary

a priori information Known facts about the system whose datasets are being
modelled that can guide the selection of model or model
parameters.

Chi-square (X2, ‘Chi2") | A statistical test of how well a chosen model fits the data with a
given set of model parameters. In SasView this means

X*=2 ((1(Q)meas— I (Q)eare 1 E(Q))

where | is the scattering intensity and E is the error on the
intensity value. Clearly, as X?- 0, the better the model fit is.

NB: The SasView interface actually reports a variation of chi-
square called the reduced chi-square, sometimes referred to
as the ‘goodness-of-fit’

Xreascea= 2, (1(Q)eas= 1 (Q)eate T E(QV V(N ys= N params)

where Nys is the number of data points in the dataset and
Nparams 1S the number of model parameters being optimised
(which may be less than the total number of parameters in the
model!). As Xg*- 1, the better the model fit is.

Compute [button] Perform a direct calculation of the model with the current
parameters but without any optimisation

3/23


https://en.wikipedia.org/wiki/Mathematical_optimization
https://en.wikipedia.org/wiki/Curve_fitting

Correlated parameters

To obtain the best solutions the optimiser needs to explore the
widest possible parameter space. That is best achieved if
every parameter can be considered independent of every other
parameter. However, there will be instances where this is not
the case and one or more parameters may be correlated. In
such cases the best approach is to fix the values of some of
correlated parameters using a priori information and then
optimise the remaining values.

A particularly common instance of correlated parameters
encountered when model-fitting SAS data is when the
components of the forward scattering intensity

1(0)=¢V (Ap)

where @ is the volume fraction of scatterers, V is the volume of
one scatterer (and so dependent on size parameters), and Ap
is the contrast (difference in SLDs), are separated out as
individual parameters in a model.

Correlated parameters often manifest themselves in the
SasView interface as having very large uncertainties.

Fit [button]

Perform a calculation of the model optimising the selected
parameters

Model-fitting

The process of finding a good yet physically-realistic
mathematical description (‘solution’) for a dataset or collection
of datasets. The procedure employed to achieve this is called
optimisation.

OpenCL

A low-level software framework that allows calculations to be
distributed between any compatible processors (eg, GPUs as
well as CPUs) on the host computer. OpenCL can speed up
demanding model-fits if suitable hardware is available.

OpenMP

A software framework that permits shared-memory multi-
processing (ie, parallelisation) of calculations. OpenMP can
speed up demanding model-fits if suitable hardware is
available.

Optimiser

The mathematical algorithm used to perform the model-fitting.

Polydispersity

Where one or more model parameters have a distribution of
values.

SasView allows for 2 types of polydispersity:

Size where, for example, the radii and/or
lengths of the scatterers have a
distribution of values

This will apply in most instances
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Angular where the scatterers are anisometric in
shape (eg, cylinders) and exhibit preferred
orientations with respect to Q, for
example, in under shear or in a magnetic
field

Reduced Chi2

See Chi-square

Residual The difference between the measured and calculated values of

a function at a given point. In SasView this means:
R<Q):I(Q>meas_I(Q>calc
where [ is the scattering intensity.
NB: The SasView interface actually reports a variation of the
residual called the normalised residual
R(Q)Normalised:(I(Q)meas_I(Q)calc)/E (Q)

where E is the error on the intensity value.
A normalised residual can be thought of as the number of
standard deviations between the measured value and the
calculated value. Thus, for a good fit, 68% of the values will lie
Residuals larger than +/-3 indicate significant problems with
either the input data or the choice of model or model
parameters.

SLD Abbreviation for Scattering Length Density, a measure of the
ability of a molecule to scatter. Strictly speaking, SLD is a
SANS quantity, so if fitting SAXS data use electron density
values in their place.
SLD values (neutron and X-ray) can be calculated with the
SLD Calculator Tool in SasView.

Smearing Sometimes the instrumental geometry used to acquire the

experimental data has an impact on the clarity of features in
the scattering curve. For example, peaks or fringes might be
slightly broadened. This is known as Q-resolution smearing.

To compensate for this effect SasView can add a resolution
contribution into a model calculation (which by definition will be
exact) to make it more representative of what has been
measured experimentally.

SasView provides 4 smearing options:
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None no smearing correction is applied

Use dQ Data the measured Q-resolution for each data
point is used to apply a smearing
correction
This is the default if dQ data is present

Custom Pinhole  SasView will apply a smearing correction
suitable for data measured on ‘pinhole
geometry’ instruments (eg, most
SAXS/SANS instruments)

Custom Slit SasView will apply a smearing correction
suitable for data measured on ‘slit
geometry’ instruments (eg, most
USAXS/USANS instruments)

Theory

The name SasView gives to a model calculation.

Uncertainties

Every experimental measurement, including the measurement
of 1(Q), is subject to some degree of error (which will, ideally,
be included in the dataset). Similarly, the parameters returned
by optimisation will have some associated range of uncertainty.

Parameters with uncertainties that are more than 95% of the
parameter value should be viewed with deep suspicion.

NB: Unhelpfully, but for reasons of space, the SasView
interface actually labels parameter uncertainties as errors.

Weighting

An optimiser can be instructed to pay less or more attention to
data points in a dataset by changing the weighting of those
data points.

SasView provides 4 weighting options:

No Weighting all data points will be weighted equally

Use dI Data the data points will be inversely weighted
according to their measured intensity
errors (ie, less prominence will be given to
data points with large errors)

This is the default if dl data is present

Use sqrt |(I Data)| the data points will be inversely weighted
according to the square root of their
intensity values

Use |(I Data)| the data points will be inversely weighted
according to their intensity values
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Running SasView

Windows
Either select SasView from ‘Start’> ‘All Programs’ or, if you asked the
installer to create one, double-click on the SasView desktop icon.
SasView
Mac OS
Go in to your ‘Applications’ folder and select SasView.
[l s
File Edit View Tool Analysis Fitting Window Help
| Data Explorer & x| o
W Fitpage1 E3
!Lﬂaddata M::‘E‘ Fit Options | Resolution
Category Model name Structure factor
[choose categary... = [ =] [1vone B
Options Fitting details Fitting error
[ Polydispersity Minrange 0.0005 A
7 20 view Maxrange 0.5  A* e —
[] Magnetism Smearing:  None
Show Plot ] [
[T Batch mode
(=T [
|Log Exlorer & x

12:52:09 - INFO: - SasView session started —
12:52:09 - INFO: Python: 36,5 [Anaconda, Inc. | {default, Mar 29 2018, 13:32:41) [MSC v. 1900 64 bit (AMDE4)]

Welcome to SasView

Example 1

In the Data Explorer panel, click the Load Data button, and navigate to the \test\1d_data
folder in the SasView installation directory.
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Select the ISIS_Polymer_Blend_RT2.xml dataset and click the Open button.

O Seview = =] =]
file Edit Wiew Tool Ansiysis  Frorg  Window  Hep
D=ta Explorer & x|
D= 3]
st € Cheo (5| el
[ leoocasElE !
.«  Type DateModfied  *
| oy testdatal bt 14E btFile  211/2.:52AM
B | ol testdatalo: 1KE tafile  211/L.:52 AM SMicRe ke S
| FKAD3_0005_Mikahdf 99 KE hdf File 2/11/Z..:52 AM L =)
_| SBS D20 0p5_percentaml 26 KB wml File 211/2..:52 AM
_| S5 D20_2pD_percent Op2M_NaClarm] 28 KE wl File 211/2..:52 AM
| +SDS_D20_2p0_percentml 28KE wmi File 2117252 AM
] 18IS B4 TXT 5B TXTFile 2/1/2.:524M |z
| ISI5 S8939.TT 65 TXTFile 2/11/2..:32 AM
_| IS Polymer_Elend_RT2.nl | 2B xmifile 27112.:524M |
| 185 _Polymer_Elend_TE4Zxml 23KB xmil File 2/11/2..:52 AM
] tatex_smezredaaml 76 K5 wmi Fils 211/2..:52 AM
] Lew_523_DSM_QinAhs 49KE RS File  211/2..:52 AM
] Ludox silizauml 23KE xmi File 2/11/2..:52 AM
18123 0 10 i KE arrl File 201107 GSIAM T
Flename:  1SIS Poiymer_Blend RT2.mi [oe=m ]
Fles of type: (127 o] [cmet ]

eyl

] Eatch rode
Flat
(= | —
[Log Extorer & x

12:52.0% - [0 - Sasiiew session started —
12:52:09 - [ 0: Fython: 3.5.5 [Anaconds, Inc.| (Sefault, Mar 25 2018, 13:32:41) [MSC v. 1900 64 bit (\MDGH]

At the bottom of the Data Explorer panel, click the Send To button.

:] [?‘
Leg Exlorer

12:52:08 - IE0: ~— Sasiiew session stari=d
12:52:09 - INFO: Python: 3.6.5 |Anacenda, Inc. | fdefault, Mar 29 2018, 13:32:41) [MSC v. 1900 64 bit (aMDs4]]

We now have to choose a model to fit to the data. To assist us in this task we have the a
priori knowledge that this sample is a (solid) polymer blend (as it happens, of h8-
polystyrene and d8-polystyrene). In the absence of solvent molecules the conformational
characteristics of the polymer chains in the sample are described by a 3D random walk
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mediated by excluded volume constraints. Polymer physics tells us that this results in a
Gaussian distribution of chain density about the centre-of-mass. The scattering from such

a structure was formulated by Debye (1947) and is implemented in SasView as the
mono_gauss_coil model.

Tip: The names of several models changed between SasView 3.x and SasView 4.x. For
example, the mono_gauss_coil model was previously called the Debye model.

In the FitPage, select the model Category called shape-independent and then from the
drop-down box below select the mono_gauss_coil model. Click the Show Plot button.

O SasView = o=
Fle Edit View Tool Anchsis Fating Window Hep

Dzt Explorer e x|
[ Daa | Theory
Cata

~

fj,;;ag;_; Ective Fitling Optimizer: Levenberg-Marguardi = Graphd = [@] =
Sitbage1 B

S Data boaded from: ISI5_Polymer_Blend RT2.mi

"7 Load data

S i - M1 [I51S_Polymer_Blend_RT2.xml]
— = Mocd | FrOptons | Resoston | Folyaspersty | Magnetsw R ¥ LOQ Standard RT2_SANS

7 1515 Polymer_Blend AT2.ml e -,
categary Madelname Structure factor o,

.,
e
Shape Indepencent = | | mono_geuss oo =] [1sone -

Parameter Value Min Max Units
1 seale 10 0.0 oo
ro... 0.001 = o

Intensitylcm™!)

0.0 o ot

0.0 o &

© Greph2 =3 ol =
¥ Residuals for ML[ISIS_Polymer_Blend_RTzZ xml] J
~ 10 - iy -
Cptons Sitting detais Fittn T 3*
= S
[ Potydispersity Mnrange 0.008 A 3 o] 3
Mancrange 0.254 A- » E ¥
Smesring: Use dQ Oata o 3
3 10 H
S
= L]
Show Plot Fit 1 2
G ] (i —t F-oqn E
B> send data to - £
(. E— | ]
E -3¢ Es
Plat 2
10~ 10-1
Creat= New ‘].A71}
o Grs | S ——————
Append o =

The model loads with some default parameters, the calculated (not optimised at this stage)
scattering from which is shown as the orange line on the upper graph. The lower graph
shows the normalised residuals for the current model parameters.

By default, SasView displays all data on Logio Q-axes, and scattering data on Logio I-axes.

To change this, right-click on a graph and select Change Scale. For this example, linear Q-
axes are better.

In the Resolution tab of the FitPage notice that SasView has chosen to apply resolution
smearing using the measured dQ data, and will also weight the datapoints with the
measured dl data. It has done this because those data are present in the dataset.
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€ Sasview

File Edit View Tool Analysis

Data Explarer

Data | Theory

8%

Fitting  Window  Help

E=n ==

Data

Delete Data

Selectal =

&[] 15I5_Polymer_Blend_RT2.xml

Batch mode

=

Log Explorer

© Fit panel - Active Fitting Optimizer: Levenberg-Marquardt roph] ==l
Fitbage1 E3 +
Data loaded from: ISIS_Polymer_Blend_RT2.xml
. —— M1 [ISIS_Polymer_Blend_RT2.xml]
Model | FitOptions | Resolton | Magnetism_| . | LOQ Standard RT2_SANS
Instrumental Smearing
[use cpata ] 1Q/Qln [17.732 | =% ol
T 1014
e “ 5
=
g
2
£
100 4
Graph2 = =]=]
} Residuals for M1[I5I5_Polymer_Blend_RT2.xml]
. 1o
-]
@
N
B
S
=
% -10 |
E 5
Show Plot Fit 2
"' ] | ! ‘ [ ] 2 204 % g
o 11
¥
¥
-30 - L
T T
1072 1071

Q(A™Y)

12:52:09 - INFQ: — SasView session started —
12:52:09 - INFO: Python: 3.6.5 |Anaconda, Inc. | (default, Mar 29 2018, 13:32:41) [MSC v. 1900 64 bit (AMDS4)]

Loading Data Complete!

Tip: If present in the dataset, use dl and/or dQ data to achieve a more robust solution.

If you want to examine the contents of the dataset, right-click on the upper graph, select
ISIS_Polymer_Blend_RT2.xml and then Datalnfo. A separate Data Info window will
appear. The amount of information presented by Datalnfo will depend on the file format of
the dataset (CanSAS-standard xml files contain the most information) and the compliance
of the data reduction program that wrote them.

ST

File Edt View Tool Analysis Fitting Window Help € Data Info: II5_Polymer_Blend_RT2xm!
Data
=t Bxpiorer | P el e Des paap
Osta | Wheory =teager Veaxis:  Intensity [1/cm]
Cata Length: 124
& — Data boded from: S5, vin e
data | Xmin = 0.008: X max=0254
P Tem— Mocd | Feopons | T 0Sieine Y e 4622
aY_min = 00358299 dY_max = 0691600
[ 1515_Polymres_Elend RT2aml Dt Point
Caleoy. dnde x> <V <dve  <dke
0 0008 4322 O69L60S 000MISS2
2 0012 436393 03129% 000163624
Parameter 3 0014 408607 030904 000LTTLT2
. 4 0016 BTI67 02658 000LETGE
] scate 5 0018 363038 0232072 0009TH4
[T backgro..| 6 002 338512 0207312 000205097
7 002 I 0187285 000211300
mono_gau... | g 002 203521 0171128 000216707
2 9 0026 270905 0158266 000216863
HE- 1 0028 250674 0146613 00021863
b Py 1 003 232478 013636 000218559
2 0032 25037 0127362 000215717
1 003 197486 018503 000220019
u 003 133602 0110848 000221583
1 003 1702 0104645 000220939
16 004 156139 00973453 000222505
Y 0042 1376 00927132 000222257
1 0044 136013 00S7LT33 000222765
1 0046 12667 00824012 000223852
2 0048 117305 00779298 000224203
« 2 005 110317 O.740663 000224847
2 0052 102869 0707826 000225717
2 0054 950107 00675936 000228458
Gptions 2% 005 884852 00646304 000230433
> 0058 840167 00621958 000232605
[ Poiydspersity | 26 006 805197 00606211 000235672
i 2 0062 755461 00584708 000238207
] Magnetism B 0064  7.03106 00564838 000240756
2 0066 675704 00552647 000244830
E) 0068 637931 00538756 000243006
E 007 604275 00524031 000251655
2 0072 568258 00511408 000255305
E 0074 54737 0050379 000257416
34 0076 518291 00493868 000263592
g 3 0078 494805 0.487257 0.00266351
’ Send data to —— £ 008 466907 047719 000272113
mode E 008 44538 00472222 00027
E 008 42796 00467160 000278576
Plot EY 0086 413852 00462793 000285356
) 0088 395097 00457845 00028774
4 009 376418 00446094 000291583
LCreain ew 2 0092 362883 00441434 0002046
- % 0094 352579 00433421 000297062
#ppendto | |Gracht = | 4 0096 337175 00426304 0.00300754
45 0098 32626 00419644 000302234
46 01 3129 0041369 000306341
Lo Explorer. 4 0102 302045 00410677 000309688
4 0104 287553 00401938 000312748
1252:09 - EO: — star=d 4 0106 278546 0.400136 000315055

SasVew sesson —
12:52.09 - NFO: Pybhon: 5.6.5 [Anaconda, Inc. | (defoult, Mar 20 2018, 13:32:41) [MSC v

—— ML [ISIS_Polymer_Blend_RT2.xml]
§ LOQ Standard RT2_SANS

L4
SaveImage
PrintImage
Copy ko Cligkcard
o ISIS_Piymer_ Blend RT2xml ) Datalnfo
ML [ISI5_Polymer_Blend RT2.ml] Save Points as a File
L AddTet Lirear it
Remows Ted
Remove
Change Scele
Fide Errcr Bar
Set Gregh Range
T Modity Plot Property
Reset Graph Range
ol Window Title
3
]
o4 1
[
o 3 1
¥
1
¢ i
. :
10-2 107!

Aty

<[ I
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Looking at the upper graph, it is clear that the statistical quality of the measured data
degrades at higher-Q values. We can exclude these points from the fitting using the Q
range boxes in the Fit Options tab of the FitPage.

Change the Q-limits by typing values in the boxes. For this example, set the maximum-Q

value to 0.19 A1,

T SasView = & el
File Edit Wiew Tocl Anehysis Fating  Window Help
D=ta Explarer & x —— = s
e Cr = SeE=]
Theary Fitrzge1 B
Cata
Data baded fros ISIS_Polymer_Blend _RT2 ol
& oo St b e : —— M1 [ISI5_Polymer _Blend RT2 xml]
L Froptons | Resohtion [ Foldmety | Mageeten | | Log standard RT2_SANS
i [& [515_Palymer_Blend ST2sml Fitbng rangs
Mnrange  0.008 A o 10t
Maxrange 0.13 & [ Mask Eizor | LE.
- =
Cata points a
- o 5
Nots (122 [ Log spaced points z
MNots(FIt) | 124 ]
w'] 4
Weghbng
© Mone
@ Usedibam g o
@ Uee [sgrtll Catad] =h 3
- a,:‘7l
© Use EDaz2l )
— 10 1
o i!
g 5
T 04
£ ]
= ¥
T -10 E
=
T Il 3 :
Show ot At Help -
Q Send data to | — 3
T atch rode =5 LI
Plat 10 mrfl
e
Amendto | [erant  +
e
Log Bxglorer

12:52.09 - DED: — Sasiiew

session started —
12:52.09 - INFO: Python: 3.5.5 [Anaconds, Inc.| (default, Mar 25 2018, 13:32:41) [MSC v. 1900 62 bit (AMD5H]

Each of the 4 parameters in this model has a checkbox next to it. When the box is checked
and a fit is run, the optimiser will adjust the value of the parameter.

Check all 4 boxes and then click the Fit button.
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0 Sasliew

D=2 Explarer 2 x
Gz | Thewry
Data

© Fit panel - Active Fitting Optimizer Levenberg-Marquardt = = ot P e T
FitPag=1 B [=]

s 2
e Data loaded from: ISI5_Polymer_Blend RT2om

B Load data — . M1 [ISI5_Pelymer Blend_RT2.xml]
s Seectal = todel |Gt Oplins | Remnlsfin. | GReBT R _ i LOQ Standard RT2_SANS

& EI5_Folymer Blend FT2.xml Mot .
Category Model rame Structure factor '%ﬁ
10! ",

Shape Independent x| mono_gsuss col x| |one =

&l
s
]
d
s
g
Intensity(cm™T)

107 4

Optons Fitting de'=is Fitting emror

Maxrange 0.13 B+ x? 0.70538
Smearng: UsedQ Dats

o e

|
N

Show Piot Fit Help

Residuals(normalized)

B Send datato - -
e [Bsxhmode

|
N

|
w

Plot

Creatz lew |

o | |Graph > —
Apoend aph: Hen

Log Explorer
12:52:09 - FD: — Saskiew session stor

stortzd —
12:52:09 - INFO: Python: 3.6.5 |Anaconca, Inc. | (default, Mar 29 2018, 13:32:41) [MSC v. 1900 64 biz (AMDE]]
13:08: 35 - INFD: 2019-15-13 13:05:36

Several things happen very quickly:

* The progression of the fit is displayed in the Status Bar at the bottom of the
SasView window

* Parameters and their uncertainties update in the FitPage
* The Reduced Chi2 (chi-squared) value updates in the FitPage

* The orange line on the upper graph updates its position and shape
* The residuals plot in the lower graph updates

* Finally, Fitting completed successfully appears in the Status Bar

What do you think of the solution? It looks good, right? The model calculation (‘theory’
curve) is running through the measured datapoints, the normalised residuals are all within
+/-2 standard deviations, and the Reduced Chi2 is a very respectable 0.70.

But, look closely at the model parameters and their uncertainties. Two of the parameters,
scale and i_zero, have nonsensical uncertainties. Why?

To understand this it is instructive to examine the help documentation for the model. Click
the Help button on the FitPage (not in the Menu Bar) alongside the model name. The
documentation tells us that the function that SasView is fitting is

1(Q)=scale. I,. P(Q)+background

So, in this model scale and i_zero are correlated parameters; changing one of them affects
the other and the optimiser is unable to home in on a robust solution. To fit the data with
this model we only need one of these parameters.

Tip: SasView adds an overall scale factor (scale) and a Q-independent background to all
its models for consistency, even though some models might not need one or other of
these parameters. If in doubt, consult the model help documentation.
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Uncheck the scale parameter and set its value to 1.0. Then run the fit again (click the Fit
button) to get a final solution.

T SasView (= [l
Fle Edt View Tocl Anshsis Fitng  Window Help
= —
Do Eigphorey B % [ @ £t panel - Active Fitting Optimizer: Levenberg-Marquardt =1 o]
Dsta | Theary

WSQETEI = ' Graphl (= N 5 |
Cata

T Data baded from:  ISI5_Polymer_Blend RT2.ml

<7 Load data

M1 [ISI5_Pclymer_Blend RT2.xml]
- [ LOG Standard RT2_SANS
e

Moid | Froptons | Resuton | Soljdspersty | Moo .

Model

¥ 1595 Polymer_Blznd RT2xml “u,
Categery Mode name STuchure factor e

1 o,
Shape Independent = mono_gauss_coi | ‘hone - 10

Parameter Value Error Min Max

Intensitylem=!)

1072 10—t

Opions Fitting detais Fittingermor
[ Potysispersity Mnrange 0.008 A
macrsngs 0.19 A *° 0.69745
Smearing: Lse dQOata

o =

|
A

Showrlot | At || Heip

Residualsinormalized)

|
]

i
HL

1 started —
onda, Inc.| (default, Mar 25 2018, 13:32:41) [MSC v. 1900 64 bit (AMDGH]

If you want to record the solution you have a number of options:

* If you want the parameter values and their uncertainties, go to the Menu Bar and
select Edit and either Copy Params (for output suitable for a text editor) or Copy
Params as... (for output suitable for Excel or LaTeX)

* If you want a copy of the graphs, right-click on a graph and select either Save

Image (as .ps/eps, .jpg, .pdf, .png, .raw, .svg, or .tif), Print Image, or Copy to
Clipboard

* If you want a file of the model function (the green line) and/or residuals, right-click
on the appropriate graph and select either M1 [ISIS_Polymer_Blend RT2.xml] or
Residuals for M1 [ISIS_Polymer_Blend _RT2.xml] and then Save Points as a File
(as plain ASCII text: .txt, or in CanSAS1D format: .xml)

* If you want a two-page pdf report containing all pertinent information including
copies of the graphs, go to the Menu Bar and select Edit and Report Results

and finally
* A SasView session can be saved and reloaded as an ‘Analysis’ (an individual model

fit), or as a ‘Project’ (everything done since starting your SasView session) by going
to the Menu Bar and selecting File and either Save Analysis or Save Project.

We shall now examine some additional aspects of model-fitting this dataset.
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Return to the FitPage and change the Instrumental Smearing to None. Then run the Fit
again. Notice anything? The parameter values and the Reduced Chi2 value have all subtly
changed. This is to be expected; Q-resolution affects the measured data, so it must have a
bearing on the model fit.

Now change the model to the one called poly_gauss_coil. This model is an extension of
Debye’s original scattering law to include a Schulz-Zimm molecular weight distribution.
This model has one extra parameter: the polydispersity of the polymer (M./M,). Set the
polydispersity to 1.03 (but leave it unchecked; this is more a priori information) and run the
Fit again.

The parameter values change again, but there is a marked improvement (decrease) in the
Reduced Chi2 value.

Lastly, reset Instrumental Smearing to Use dQ Data and run the Fit one last time.

Here is a summary of the fit results:

Param: | scale | bckgrd | bckgrd | i_zero | i_zero rg rg poly | reduced
_err _err _err disp chi2

Model

mono 1 0.0777 0.0076 49.75 0.169 56.57 0.146 n/a 0.780

use dQ

mono 1 0.0758 0.0076 49.65 0.169 56.44 0.146 n/a 0.771

none

poly 1 0.0676 0.0077 50.07 0.172 57.36 0.150 1.03 0.659

none

poly 1 0.0695 0.0077 50.17 0.172 57.50 0.150 1.03 0.669

use dQ

So for this dataset (sample) allowing for even a tiny amount of molecular weight
polydispersity — thereby maximising our use of a priori information - gives rise to a
significant improvement in the quality of the fit! And though it does appear that including
the Q-resolution smearing slightly degrades the quality of the fit in this example, it should
be remembered that instrumental smearing is always present (and so should be handled)
and this dataset was devoid of any fine structure (peaks, fringes).
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Example 2

This demonstrates a fit requiring a structure factor and introduces the use of multiple
FitPages.

From the \test\ld_data folder in the SasView installation directory, load the
hSDS_D20_2p0_percent.xml dataset and send the data for fitting.

This dataset is the SANS from a 2 %"/, solution of the widely-studied surfactant h25-
sodium dodecyl sulphate (SDS) in heavy water (D-0O). So let us consider the available a
priori information.

The critical micelle concentration for SDS is about 0.2 %"/, so the scattering must
represent a concentrated micellar solution (though not too concentrated else the scattering
would show diffraction peaks from a liquid crystalline lattice). SDS is also an anionic
surfactant, so the micelles will be charged. Interactions between the charged micelles can
be expected to manifest themselves in the scattering as a structure factor. And in the
absence of electrolyte SDS micelles are reported to be approximately spherical.

To start with, select the sphere model.
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This model has 5 parameters. Two of them, s/d (for the SDS) and sld_solvent (for the
D.0), can be calculated explicitly.

Go to the Menu Bar, select Tools, and then SLD Calculator. Enter the respective empirical
formulae and densities in the relevant boxes and click Calculate (leave the neutron
wavelength as 6 A):

* SDS: NalC12H25S104 ; density 1.01 g/cm?®
- D,O: D201 ; density 1.11 g/cm?
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Hopefully you got values of s/d = 0.337x10° A2 and s/d_solvent = 6.39x10° A2?

Enter these values in the FitPage. Then check the boxes alongside scale, background
and radius and click Fit.
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The orange theory curve now represents the scattering from non-interacting,
monodisperse, spherical micelles ~13 A in radius. And the scale parameter in this case
represents the volume fraction of micelles (encouragingly, about 2 %!). But to fit the broad
peak — from the interacting micelles — we need to incorporate a structure factor — an S(Q) -
into the model.
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Click on the Structure factor drop-down box just to the right of the P(Q) Model name drop-
down and select the hayter_msa S(Q).

This adds 5 new parameters, but fortunately we know the values of several of them:

* volfraction: 2 %"/, is approximately (2/1.01) %"/, = 0.019
* charge:

* temperature: 298 K

* concentration_salt: 0 M

* dielectconst: 78.06 (Vidulich et al, J Phys Chem, 1967)

However, the volfraction parameter now duplicates the scale parameter. So set scale=1.0
and uncheck it, and check the volfraction parameter instead. Also check the charge
parameter.

Run the fit again.
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Incorporating the Hayter-Penfold MSA S(Q) has demonstrably improved the fit, but there
remains room for improvement: the Reduced ChiZ2 is still 6.35 and the residuals range
between +/- 4. Also note that the volfraction parameter has dropped to ~1 %.

So how might the fit be improved further? One possibility is that water molecules are
mixed in with the surfactant sulphate head groups, thereby increasing the effective SLD of
the surfactant molecules (and reducing the scattering contrast; ie, sld — sld_solvent).

To test this, check the sld parameter and run the fit again.
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Indeed this does improve the fit further. The Reduced Chi2 has dropped to 0.855, the
residuals are within +/- 2, and the volfraction parameter has increased to almost 1.7 %.

But is there scope for an even better fit? Maybe. There is published evidence that
suggests SDS micelles are actually slightly ellipsoidal.

To test this, use the Send To button to create a second FitPage and then select the
ellipsoid model. Do not select an S(Q) for the time being.

Set sld and sld_solvent to their calculated values.

We know from the fit to the sphere model that the micelles have a radius ~20 A so set
radius_polar=20 and radius_equatorial=40 (ie, to give the ellipsoids an intial axial ratio of
1.2; a sphere would be 1:1 of course). Check the scale and background parameters and
run the fit.

Now select the hayter_msa S(Q) as before and set the known values you used previously.
And just like before, set scale=1.0 and uncheck it. But this time set the volfraction and
charge parameters to the values determined from the fit to the sphere model; 0.017 and
20, respectively.

Check radius_polar and run the fit.

Uncheck radius_polar, check radius_equatorial and run the fit.

Now also check radius_polar and run the fit.

Now check volfraction and charge and run the fit.

Finally, check sld and run the fit.
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A fit at least as good as the one to the sphere model is obtained, suggesting that the
micelles are ellipsoids with an axial ratio of 1:1.2. So the SasView fitting is certainly
consistent with the literature reports. But unambiguously distinguishing between the two
cases would require more precise measurements and higher quality data.
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Example 3

This demonstrates a fit requiring a structure factor and polydispersity.

From the \test\ld_data folder in the SasView installation directory, load the
Ludox_silica.xml dataset and send the data for fitting.

This dataset is the SANS from a concentrated dispersion of Ludox® silica hanopatrticles in
light water (H.O), so there will once again be an S(Q) contribution from charged spheres.

Select the sphere P(Q) model and the hayter_msa S(Q) model.

Once again, we have a lot of a priori information:

+ sld: 3.4 x10° A2 (calculated)

 sld_solvent: -0.56x10° A2 (calculated)

» volfraction: 18 %'/, (based on the manufacturers data sheet; 40 %"/.,)
* temperature: 298 K

* concentration_salt: 0 M

* dielectconst: 78.39 (Vidulich et al, J Phys Chem, 1967)

Enter these values and click Show Plot.
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Clearly the particle radius is too small at present. Increase it to 150 A.

Now check the background, radius, volfraction, and charge parameters and click Fit.
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The problem now is that we are once again calculating a theory curve just for
monodisperse particles. In Example 2 we managed to obtain a good solution without
having to specifically address polydispersity, most likely because the micelles were quite
polydisperse in size (ie, had a broad size distribution). In the present dataset, the fringes in
the scattering curve suggest there is some polydispersity, but not too much.

In the lower part of FitPage in the section headed Options, click on the checkbox named
Polydispersity. This provides a further model parameter, the Distribution of radius. This
parameter is visible in the separate tab, named Polydispersity.
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Particle size distributions are usually described by a Log-Normal distribution, so use the
dropdown to change the Function to lognhormal.
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Tip: In SasView 3.x, 4.x and 5.x the default type of distribution applied is a Gaussian. If
you need a different distribution, select it before you set any distribution parameters. The

SasView help documentation provides some guidance on appropriate use cases for
different distributions.

The width of the chosen polydispersity distribution is determined by the PD parameter and

the definition of this changes depending on the distribution. For the Log-Normal
distribution:

PD=o

normal

where Onoma IS the width of the underlying Normal distribution. But whatever the
distribution, PD=0 represents monodispersity (a very sharp distribution) and PD=1
represents an extremely broad distribution.

Enter PD=0.15 and click Fit.

Now check Distribution of radius and click Fit again.
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Whilst this

looks like a good fit, notice that the Reduced Chi2 is 4780, and the residuals
are quite poor. The volfraction parameter is also higher than we would like.

Optimising the s/d value reduces its value slightly from 3.4x10° to 3.2x10° but also
improves the Reduced Chi2 to 3250 with minimal effect on the other parameters. But this

is as good a fit as is likely to be achieved in this instance. The reasons are beyond the
scope of this tutorial.
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Further Information

For further information, please consult the
SasView Tutorial Series
or

http://lwww.sasview.org

or email

help@sasview.org
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