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Introduction

SAXSIT (Small Angle X-ray Scattering Image Tool) is a SAXS data processing
program written with Matlab. The program is compiled into executable modules
which can be run without Matlab. However, although it is not necessary to have
Matlab installed, the Matlab Component Runtime Library (the file MCRInstaller.exe)
must be run once in the computer. The MCRInstaller.exe is freely available and can
be downloaded from Mathwork website. It is also provided in the SETUP file. Please
note that the file is a little large (>300 MB).

SAXSIT is mainly intended to be used for processing Tiff image file, including the
output .mccd file from Mar CCD. Most of other image file formats (i.e. those
supported by Malab) are also expected to be valid. Some unsuppor ted image file
format, such as that from Mar345 I mage Plate will have to be converted to 16 b it Tiff
file before processing with SAXSIT.

Please note that SAXSIT is, and is expected to always be, ‘under construction’ and

will most certainly contain some bugs. Any problems or comments please kindly send
a message to supagorn@slri.or.th or siriwat@slri.or.th .

Modules

SAXSIT3.65 is structured into modules as the following :

Menu Module Function

Main menu saxsit3p66 The module to start the program. It
can be opened by running (double-
clicking) the program saxsit3p66.e xe.

Read measurement mmreadmeaspara | Read in measurement parameters.
parameters The most convenient way is to read
the parameters from an excel file.
The parameters are read in specific
order. Users should use the given file
MeasPara.xls as a template.
Alternatively, the parameters may be
entered via the interface window.

Analyze standard mmstd Find center of scattering pattern, i.e.
the position of the primary beam,
from pattern of a standard (such as
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silver behenate). The module
calculbtes the pixel shift values
relative to a chosen coordinate on the
pattern which will be used to align
scattering patterns of the samples.
This module also calculates sample-
detector distance from the known
peaks of the standard.

Load pattern / BG
subtraction

mmsubbg

Loading patterns and perform
background subtraction.

Calculate scattering
profile

mmscatprofile

Calculate scattering profile from a
scattering patternand do drcular
averaging of the profile.

Radail integration /
or ientation factor

mmradint_hermans

Look at the patternand examine its
appearance. Range ofangles to be
circularly averaged canalso be
examined with this module. The
module can also adjust intensity and
save the pattern as a JPEG file.

This module also allows you to do
radial integration of the pattern to
obtain integrated intensity as a
function of azimuthal angle. This is
useful in case of microfibril angle
measurements and to find the
azimuthal angle of the peak intensity.
The module also performs
calcultion of Hermans orientation
factor.

Line profile analyses

Mmlineprofile4

Perform various profile analyses,
such as baseline removal, curve
smoothing and peak search. It can
also perform peak function fitting of
the profile for Gaussian, Lorentzian,
Pseudo Voigt and Thompson-Cox-
Hastings functions. However, the
peak function fitting is intended to be
preliminary and not very effective.
Other more effective peak fitting
modules are available in the Fitting
menu.

Merge data sets mmmergedata Merge two data sets, such as SAXS
profiles of the same sample from
different sample-detector distances.

Normalize data by area | mmnormarea Normalize data by scaling the data

under curve sets to the same value of integrated
intensity within a chosen range.

Mask pattern mmmask Perform median masking ofa pattern
to get rid of cosmic ray spikes.

Fitting mmfit Contains menu for available fitting




modules (listed in the next table).

Old modules

mmoldmodules

This menu contains modules which
are not expected to be used for data
processing. Some modules in there
might still be useful, such as intensity
adjusting module, image cropping
module, image converting module
image adding/averaging module.

Estimate g-range

mmgrange

Calculate g-range which can be
measured given a specific setup.

Integrate data

integrate_arb

This is just an auxiliary module
which allows you to integrate the
data.

Available fitting modules

Guinier and Porod fit

mmguinier_multidat Aproduct g™l , where

m=0,1,2,3,4 versus q"l,
where n=1,2,3,4 can be
plotted on linear, semilog
or loglog scale. Various
fittings such as radii of
gyration or straight line
can be done for multiple
data sets.

Nanosphere

mmnanosphere

Fitting nano particle
profile for size and size
distribution

Paracystallinel

mmparacrystalline4 Fitting profile to

paracrystalline model
(lamellar
formfactor*paracrystalline
structure factor) for
polymer and fiber samples.
The fitting gives period
size and size distribution
(Gaussian) and crystalline
size.

Paracrystalline2

mmparacrystalline2 Similar to Paracrystallinel,

with alternative
background terms.

Expo nential-power law

mmeXxpopower

Fitting unified Guinier-
power law model of
Beaucage for nano particle
(single size level only).

Rod & Debye-Bueche

mmroddebye

Fitting crossectional
Guinier term + Debye-
Bueche aggregation mode |




Broken rod & Debye-
Bueche

mmbrokenrod

Fitting Rod form factor +
Debye-Bueche aggregation
mod el.

Sphere micelles

mmspheremicelles

Fitting sphere+micelles
mod el

Core-shell mmcoreshell Fitting sphere+shell mode |

Peak Pseudo Voigt mmpeakp v2 Fitting Pseudo Voigt peak
functions and calculate
areas under curves for
crystallinity calculation.

Peak Pearson VII mmpeakpsvii Fitting Pearson V11 peak

functions and calculate
areas under curves for
crystallinity calculation.
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Setting up SAXSIT

1. Extract the compressed files SAXSIT3p66_64bit.zip and
SAXSIT_SETUP64bit.zip for Windows 64 bit, or SAXSIT3p66_32bit.zip and
SAXSIT_SETUP32bit.zip for Window 32 bit.

2. Run MCRInstaller.e xe once (by double clicking it).

3. Inthe folder SAXSIT3p66 find saxsit3p66.exe, make a shortcut to the
desktop. You can now run the program by double-clicking the shortcut.



Start using SAXSIT

First, it is recommended that you create a data folder and put scattering patterns in
there then copy the file MeasPara.xls from the folder SAXSIT3p66 into your data
folder. Next, do the following,

1. Openthe excel file MeasPara.xls and put in all the parameters in the second
column, then save the file. The filename can be changed. Note that not all
inputs are necessary, depending on what you want to do. As a matter of fact, in
many cases, e.g. when any normalization and background subtraction are not
to be carried out, the whole file is not even necessary. However, it is
recommended that you use this file and put in the measurement parameters as
much as you can. This will neverthe less give consistency during the data
processing.

Note that some values in this file will be obtained later after analyzing the
standards.

2. Runsaxsit3p66.e xe

3. Copy the directory path of your data folder into the ‘Set working directory’
box. All inputs and outputs will be read from and written into this folder.

4. Choose what to do from the MAIN MENU.

Note that this Manual can also be opened from the SAXSIT window by clicking the
button ‘Open SAXSIT Manual’ in the bottom right corner.

g'

SAXSIT : SAXS Image Tool . Rugmai, S. Soontaranon, Korat, Dec 13
Il Set working directory cA ﬂnﬁa“-&

Version 3.66

SLRI MAIN MENU

“d) Small Angle X-ray Scattering

Analyle standard | Radial Integration / Orientation factor ‘

| Line profile analyses ‘
Read measurement parameters |

Merge data sets ‘

Load pattern / BG subtraction | Hormalize data by area under curve ‘

| Integrate data ‘

Calculate scattering profile

| Bg subtraction using profiles |

Batch processing ‘

Automatic processing ‘

0Old modules
Estimate g-range Fitting Open SAXSIT Manual
Image

Message

10



Analyze standard

CE= =
5. Soontaranon, Apr 2013
1
—1 Load image————— 2. Approximate center
Dol Browse Imax = 5000 Choose peak positions
& ¥
o8 Center
— 3. Experimental parameters
Offset ’
0 Detector pixel size cco
015 [mm P — 4. Search center & SDD Calibration—
06
X-ray energy 5 kel Direction Range Increment
05 Peak order 1 A 2 "
Inner Outer
04F d-spacing 0.3510 nm Circle radius
Tio2 7 —
2 SOD mm
o2 — 5. For multiple peaks Save output
Store resuts Clear memory .
iean Sketch theoretical rings
Average & Save Continuously display qvalue
o L L L L L L L L L ; Display q value from mouse click
] 0.1 02 03 0.4 0.5 0.6 07 08 ok:] 1
‘ Zoom ‘ | Pan | ‘ Save image
100 | % I

The module is used to calculate vertical and horizontal pixel shifts to be used for
pattern alignment, i.e. to shift the pattern so that its actual center is at the primary
beam position. The module uses a pattern of some standard material which gives
circular scattering pattern, e.g. silver behenate. The scattering profiles are calculated
from the pattern at three points and fitted with Gaussian to find peak positions. The
program will then estimate the radius and scan along the circular path. The peak
positions are then used to find the center of the circle.

The center of the circular pattern is assumed to be the primary beam position.
After the center is found, the vertical and horizontal pixel distances will be calculated
between this center and a specified origin of coordinate. When doing scattering
profile calculation the scattering angles will then be calculated from the distances with
regard to the obtained origin.

1. Load standard pattern by clicking *‘Browse’. The program will ask the user to
choose a file from the working directory.

2. Choose three points on the middle of the circular pattern by clicking on the
pattern picture. When choosing each point, at the beginning, the pointer will
actas a zoom and the user will have 5 seconds to zoom in, after 5 seconds the
pointer will then change and the user can click to choo se the position. These
three points will be used to estimate the radius of the circle.

3. Input the detector pixel size (clicking the detector type will automatically give
corresponding pixel size) and d-spacing value of the peak (choosing standard
from drop-down menu will automatically give corresponding d-spacing of the
first order peak).

4. The range of scan will be calculated from the chosen 3 points and displayed in
the box number 4. These values can be changed if desired. The ‘Circle radius’
values indicate the default range of radius for the intensity to be calculated.
These radius range can be changed. The range should give the intensity
covering the peak to obtain sensible Gaussian peak fit.

11



5. Click “‘Run’ button. The program will then start scanning and fitting for peak
positions. The circle center, and the sample-detector distance (SDD) will then
be calculated. After finishing, the *‘Run’ button can be clicked again to refine
the results. The difference between the current and previous runs will be
displayed in the message box. The runshould be repeated many times to get a
converged SDD value (i.e. whenthe difference between runs is small enough,
e.g. in the order of 1e-3).

6. Click ‘Save output’. The calculated results fromeach run will be saved in the
file “alignstandard.txt’.

Example of using the Analyze standard” module can be found in Example 1 at the end
of this manual.

12



Read measurement parameters

This modulk reads in measurement parameters from an excel file. The parameters
must be input in a specific order in the second column of the excel file. Users are
recommended to use a template file MeasPara.xls given with the SAXSIT package to
make the input file. Not all parameters are necessary, depending on what to be done.
For some cases this module, and thus the input file, may not even be necessary.
However if the module is used, at least the sample filename must be given in the input
file, and the corresponding pattern must be present in the folder.

1 |Experimental condition

2 Title KC

3 ¥-ray energy [keV) ]

4

5 |Dark current

B Dark current pattern filename

7 Accumulated time [sec)

2

S |Reference

10 Parameters for reference pattern (text file) 20120922 _empty.0233 txt
11

12 (Sample

13 Sample pattern filename 20120922 _0.5KC_n.0237 . mccd
14 | Parameter for sample pattern [text file) 20120922_0.5KC_n.0237.txt
15 | Median mask [¥/N) Y

16

17 (Background

18 Background pattern filename 20120922 _water.0235.mccd
19 Parameter for background pattern [text file) 20120922 water.0235.txt
20 | Median mask [Y/N) ¥

21

22 |(Parameters obtained from standard sample

23 Standard pattern filename 20120922_AgBH.0198. mocd
24 | Centeroffset X [pixels) 40.9043

25 | CenteroffsetY [pixels) -26.4945

26 | Sample to detector distance [mm) 1517 .65

27

28 |Detector parameters

29 Pixel size (mm) 0.07959 CCD=0.07959,IF=0.15
320 | Detectorradius [mm) B2.5 CCD=825,IP=1725
31

22 |Profile calculation parameters

323 | MNormalize beam current [Y/N) Y

34 | MNormalize exposure time [Y/M) N

35 | Subtractdark current pattern [Y/M) N

36 | Normallize transmission [Y/N) ¥

37 Sample concentration (1] Put O if concentration is unknown
28 | Directionto calculate profile [deg) 90

28 | Awveragingrange [deg) 10

40 | Stepsize [deg) 0.25

Parameters in MeasPara.xIs file
In the MeasPara.xls file, the inputs in the section ‘Parameters obtained from standard
sample’ are calculated when the standard pattern is analyzed with * Analyze standard’
module.

The text files (filenames with .txt above) contain values of integrated intensity
readings from ionization chamber and photodiode. These values are used to normalize

13



the scattering intensities. They may also be entered in the interface window of the
‘Read measurement parameters’ menu (in the table at the bottom) instead. If no
normalization is required, these values are not necessary and should be set to 1.

When clicking “Save parameters’ the program will read in from the currently
displayed values. The values in the window may therefore be mod ified after reading

from the file.

"B mmreadmeaspara u_‘gm

‘Working directory :

SAXSIT : SAXS Image Tool

cA

SR, Korat, Aug 12

Read parameters

Experiment title

X-ray energy (keV)

Dark current pattern file
Accumulated time (sec)
Reference parameters file
Sample pattern file

Sample parameters file
Sample median mask (Y/N)
Background pattern file
Background parameters file
Background median mask (Y/N)
Standard pattern file

Read from excel file

| l

Save parameters

Center offset X (pixels)

Center offset ¥ (pixels)

Sample-Detector distance (mm)
Normalize integrated beam intensity (Y/N)
Normalize exposure time (/N)

Subtract dark current (Y/N)

Normalize transmission (/N)

Sample concentration

Angle to cal profile (deg)

Range of angle for circular averaging (deg)
Angular step for averaging (deg)

Pixel size (mm})

Detector Radius (mm})

Exposure time (sec)

IC (count)

Integrated IC (count) PD (count)

Integrated PD (count) Transmission

Reference

Sample

| Background

Message

1. Click the button ‘Read from excel file’. The program will ask you to specify
the excel file containing measurement parameters. It will then read in the
parameters and display them.

2. Click ‘Save parameters’. All parameters will be saved and ready to be used in
other modules. The program will also display an image of the pattern specified
as the ‘Sample filename’ in the parameter file. In some cases the shown
pattern may look a little odd due to the way intensity is displayed. This should
not cause alarm. If in doubt, the pattern may be examined using the module
‘Radial integration / Orientation factor’.

14



Load pattern / BG subtraction

Elrmabty  ————— N ==z |

SAXSIT : SAXS Image processing Tool SR, Korat, November 09
‘Working directory cA
Load pattern / Background subtraction
SL R I Normalize integrated beam intensity
- |:| Normalize exposure time
Small Angle X-ray Scattering [7] Subtract dark current pattern
Imax Normalize transmission
5000 ’ Load sample pattern I [ Median mask
image file
’ Load background pattern I [] Median mask
background image file
Sample concentration 0.0
[ Subtract background ]
Imin
0
| il L 1 I L L L 1 )
Colormap |1-Gray ¥ | () logscale Pan 100 | %
Save image | | New window Message
il

This module is intended to be used for background subtraction, especially for
scattering of particles in solution. However, it can also be used to load sample or
background patterns without doing background subtraction. The program will load
patterns specified in the parameter file. Four check boxes are options which can be

chosen for normalization procedure. The background subtracted pattern is calculated
from

I subbg — I sam (1_ C) I bg
Where

T _(Isam_ldark)

sam - 1
T.. -1

sam 'sam,IC

|~ _ (I_bg B I_dark)

bg =~ — .

? Tbg ’ Ibg,IC

- I . .

o = tsam =sample pattern divided by sample exposure time t,,

sam

_ |
lyg = tﬂ = background pattern divided by exposure time t, ,
bg

- I L .
o = —2% = dark current pattern divided by accumulated time t
dark

imc and i, o are x-ray intensity, measured by the ion chamber, integrated o ver the
period of the measurements of sample and background, respectively.

dark ?

15



¢ =sample concentration (0 < c <1). The default value is 0.0 meaning the
background will not be scaled.

i /i L .
= 2mPb_aml® _sample transmission, where i

iceII,PD iceII,IC
by a photodiode at the beamstop), integrated over the measurement period of the
sample, and i, o, is that for the empty sample cell

is beam intensity (measured

sam sam,PD

Ipg,pp /1 - o .
Thg — 2P0 %1C _hackground transmission, where ihg.pp IS DEAM intensity

IceII,PD IceII,IC
(measured by a photodiode at the beamstop), integrated over the measurement period
of the solvent.

Ifthe box ‘Normalize integrated beam intensity’ is unchecked, i

set to one.
Ifthe box “Normalize exposure time’ is unchecked, t

and i, willbe

sam,IC

t,, and t,,, aresettoone.

sam?

Ifthe box ‘Subtract dark current pattern’ is unchecked 1., willbe set to zero.
If the box “‘Normalize transmission” is unchecked T and T, will be set to one.

These normalization boxes will be checked following the input from the MeasPara.xls
file. They can also be done at the interface window of this menu.

1. Clicking “Load sample pattern’ will put the sample pattern (given by the
sample filename in the parameter file) as an active patternand passon |, for

further processing.
2. Clicking ‘Load background pattern” will put the background pattern (given by
the background filename in the parameter file) as an active pattern and pass on

I~bg for further processing.
3. Clicking ‘Subtract background” will calculate 1
pattern for further processing.

by @Nd pass it on as an active

16



Calculate scattering profile

SAXSIT : SAXS Image processing Tool

Working directory : CA

SLRI

Small Angle X-ray Scattering

Calculate scattering profile

Continue ] l Browse pattern I

Setup parameter:

Image size (pixels)-
MNx X Ny
Pixel size (mm)..................... 0.07959 u
Sample-Detector distance (mm)... 1500
Xqayenergy ... 8
ging parameter:
Choose direction to calculate profile Beamstop radius (mm)| 70711
(0-360 deg CW from left horizontal midplane)
Detector radius (mm) azs
| 270
| Do circular averaging Palidlabenae
Averaging range (+/- deg)| 10 Output nm-1
1
Step size 0.25 °
Output nm-1
Use g-space
Calculate scattering profile I
profile file (in excel)
— Comea ]
| Image

Message

A scattering profile is calculated from the scattering pattern along a radial path
starting from the specified origin. The intensity values are obtained from each pixel
lied in the path. The number of points which the intensity is obtained is approximately
the number of pixels in that path. The radial distance fromthe origin to a point on the
detector plane is converted into the scattering angle 6 and then to a scattering vector q
in the unit of nm™ using the input ‘Sample-Detector distance’ (in mm), the ‘Pixel
size’ (in mm) and the “X-ray energy’ (in ke V). The scattering angle is given by

260 = tan ‘{Ej :
L

where D is the distance from the origin to the point on the detector plane, calculated
using the pixelsize, and L is the sample-detector distance. The scattering vector is
given by

4 .
=—sind,
f A

where A is the x-ray wavelength calculated from the specified x-ray energy.

In the *‘Choose direction to calculate profile’ box, the user is required to enter
the azimuthal angle ¢ in which the profile is calculated. The azimuthalangle value is
referenced from the left-hand-side horizontal midplane of the pattern (the direction
from the center horizontally to the left is O degree) and increases in the clockwise
direction..

17



X-ray

Ifcircular averaging is to be performed the user gives the angular range and
angular stepsize for the averaging. For example, if the ‘Direction to calculate profile’
is 90 deg., the “Averaging range’ is 10 deg. the “Step size’ is 0.25 deg. the profile will
then be calculated from 80 deg. to 100 deg. with 0.25 deg. increment. The averaging
is performed by integration of the profile,

Prmax

[1(a,9)de
I ave (q) = Fan )

Pmax

oo

Pmin
A valid g-range is also calculated just for information when the user provides the
beamstop and detector radii. This is the g-range which falls within the distance
between the edge of the beamstop and the detector edge.

The outputs are given inan excel file having the filename the same as the pattern
filename with a suffix *_SP_Xdeg.xIs’, where X is the profile central angle. The
output excel file contains 4 worksheets: “ Averaged I(2theta)” containing circularly
averaged intensity profile as a function of 26, ‘Non-averaged I (2theta)’ containing
the profile calculated at the central angle as a function of 20, *Averaged 1(g)’
containing circularly averaged intensity profile as a function of the scattering vector q
and ‘Averaged I(q) in valid g-range’ containing the same data as the worksheet
‘Averaged 1(q)’ but only those in the “Valid g-range’ (this worksheet is given just for
convenient, since the data in this range are already contained in the other worksheet
anyway). Graphical plots of the profiles are also saved as tiff files.

1. Click either ‘Continue’ or ‘Browse pattern’. Clicking ‘Continue” will use the
current active pattern while clicking *Browse pattern” will ask the user to
choose a pattern file from the directory.

2. Enter all the values in the bo xes.

3. Check ‘Do circular averaging’ box if circular averaging is to be performed. If
this box is unchecked the profile will be calculated for the central angle only.

4. Check ‘Use g-space’ box (the box is checked by default) to calculate the
profile as a function of the scattering vector g. If this box is unchecked the
profile will only be given as a function of 20 in deg.

5. Click *Calculate scattering profile’.

18



6. The profile calculation can be stopped by clicking the ‘Cancel’ button.
Note that if the ‘Read measurement parameters’ module is run prior to this module.
The relevant parameters read from the MeasPara.xIs file will automatically be put in
the boxes of this module.

19



Radial integration/ Orientation factor

mmradint_hermai |
Zoom 5. Soontaranon, 5. Rugmai
1r — i —
[ ik Lo T — 3. Hermans orientation factor Fc
1 Cant B
09} Iﬂ/ Iﬂl Angle for reference axis
270
08|
X ¥ Phi scan
uo|g Center 10471771 | 10184937 direction range increment
Angle | 270 45 01
Senpedececr ot 1
! 2theta for neglected
05l Pixel size (mm) | 0.07959 inner circle (deg) 03
filename 2theta for included
04r outer circle (deg) 1.7
2! — 2. Scan intensity——— Output filename
; direction range increment Hermans.xls
L Angle 270 90 1 —
oz Scan Phi
2theta for neglected
L Calculate Fc
ol Imin inner circle (deg) 03 ‘ |
7 . . . . 0 Ztheta for included 17 Fc= FEwzhe
| ) 0.2 0.4 0.6 D8 1 outer circle (deg) -
Filename for integrated intensity
Radial_Int.xls
Run Linear interpolation
Colormap ) )
Save picture Plot 10 profile Gaussian peak search
1-Gray -

This module can be used to examine the pattern. The intensity can be adjusted
by entering the maximum displayed intensity in the ‘Imax’ box. The center of the
pattern can also be estimated by entering the center values in the ‘Center’ box to
move the pattern center. The button ‘Save picture” under the displayed image will
save the displayed pattern into a JPG file.

The ‘Scan intensity’ box is used to perform radial integration of the pattern.
The program will radially integrate the intensity at each azimuthal angle, starting from
the angle [‘direction’-‘range’] degree to [“direction’+‘range’] degree with the step of
‘increment’ degree. The radial integration will be performed in the range between
‘Radius of neglected inner circle’ and ‘Radius of included outer circle’. Clicking
‘Run’ button will calculate the radially integrated intensity. The results will be written
into an Excel file with the specified filename.

The “Gaussian peak search’ button is used to search the peak position. This
gives the position of the maximum intensity, which can be used as the reference axis
for the calculation of Hermans orientation factor.

The peak search result will be put in the “*Angle for reference axis’ box in the
‘Hermans orientation factor’ calculation box (it can also be entered manually). This
reference angk will be the phi=0 angle in the calcultion of the Hermans orientation
factor. Clicking ‘Scan Phi’ button will then radially integrated intensity between the
phi=0 and phi=90 degrees. Clicking the ‘Calculate Fc’ button will then calculate the
hermans orientation factor, defined as

3{cos?0) — 1
€ 2
where

20



[Z1(®)cos*@sin0d0

(cos*@) = -

[Z 1(®)sin®d®

And where

1

(@)= f 1(268,0)d(26)
(V]
is the radially integrated intensity obtained from the ‘Scan phi button above. The
calculations will be automatically saved in the file with the filename specified in the
‘Output filename’ box.
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Guinier and Porod fit

SAXSIT : SAXS Image Tool SR, Korat, November 09 - Dec 13
Working directory : cA
Guinier and Porod fit
Read data sets from excel
Choose data format [ yl(in each file) Cmiytx2y2 ] Clxyly2y3 ]
Continue from profile calculation
Number of data sets 1
Read data ]
profile file
®q l{q) Linear-linear Fitting
g2 Eq~ i) [ tinear-in Radius of gyration
D q"3 Vs D q"E N I(q} D (= D Thickness radius of gyration
El 937 l(g) D Cross-sectional radius of gyration
Olg 19 * i(q) ] Fit straight ine to plot
[ Fit |
Output filename Output_filename xls Save outputs
Massage

This module is provided to examine behaviors of the calculated scattering profile. The
profile can be plotted as g™ vs (g")I(q), where m=1,2,3,4 and n=0,1,2,3,4, on a linear-
linear, linear-Inor In-Inscale. This can be useful for investigation of dimensionality
of the particles via Guinier approximation or mass fractals. The modul canalso do
fitting to estimate slope or various radii of gyration. The module can process multiple
data sets simultaneously.

The radii of gyration are defined as follows:
Cross-sectional radius of gyration R,

1 R?
1(q) o« =exp(-q* —%)
q 2

R, = \/— 2-Slope[In(ql) vs g?]
Thickness radius of gyration R,

1
1(q) o q—zeXP(—quf)

R, = /- Slope[In(q?1) vs ]
Radius of gyration R

1(q) o exp(—q? R?G)

R = \/—3'Slope[ln(l) vs g°]
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If you were processing the measured pa ttern and just want to continue then
click “Continue from profile calculation’. Clicking ‘Continue from profile
calculation” will just use the scattering profile from the previous processed
pattern. If you want to process data sets from Excel then go to ‘Read data sets
fromexcel’ block on the right. In this case, multiple data sets can be read in
with various formats as indicated with the check boxes. Clicking ‘Read data’
will ask the user to choose an excel file from the working directory and choose
the data to be used. The data must be in the format chosen with the check
boxes.
. Choose the plot type by checking the boxes in the ‘Plot profile’ area and click
‘Plot’. This can be repeated for other plot types.
. The plotting range can be narrowed by clicking *Choose valid data range’.
This will ask the user to click on two points on the plot to define the plotting
range. If the narrowing is overdone the starting profile can be reloaded by
clicking “Reload profile’.
. Clicking ‘Choose data for fitting” will ask the user to click on two points on
the plot to define the range of data to be fitted for a slope.
. Choose the type of radius of gyration to be calculated by checking the bo xes in
the ‘Fitting’ area and click ‘Fit’. Note that the three types of radii of gyration
can be chosenand calculated simultaneously. Note that the three types of
radius of gyration have specific definitions. The fitting for the radii of gyration
will not depend onthe plotting choice chosen in step 2. However, the option
‘Fit straight line to plot’” will fit for a slope of the chosen plot type. It is also
noted that for the radii of gyration the fitted data are supposed to be inthe
region of Guinier approximation. The value of the fitted radii of gyration will
therefore be dependent on the defined range of data.
‘Clear outputs’ buttons is provided to remove the fit results in case you want
to redo the fitting.
. “‘Save outputs’ will save the fitting options and fit results to the specified excel
file.
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Line profile analyses

SAXSIT : SAXS Image Tool SR, Korat, Hovember 09 - Mar 12
Working directary ENGAKSTIpG e ras

Line profile analyses

Clear al ’ Continue from profile calculati ] l Read new profile from excel
profile file
[[] Use semilog scale 7 | Limit data range ?
Smoothing . Searchpeake Line profile fitting 3
1 >|
; [¥] Spline ] Palynomial {9 orders) [7] Pseuda Yoigt [] Gaussian
P value 09999 )
Search whole spectrum [JTCH [ Lorentzian
Pick peaks by hand [ Fit line profile I
Baseline fitting
q Search single peak
Spline ] Exponential [ Power of g S
Gaussian
Pick baseline points Number of Gaussian (max2) | 1 Reload profile
Specify peak bases | (Spline only) Search peak
It peak positions ate knowen, use 'Pick peaks by hand' to approximate the peaks first
Then correct the 'Peak positions' in the box below befor 'Fi line profile’

Baseling paints

Peak positions

Output file
profile file

Massage

This is another assistant module. The module provides basic line profile fitting
procedure. It can do baseline removal, data smoothing, peak searching and
decomposition of the peaks.

Clear all
In the case that you want to process more than one set of data this button will clear the
existing data from the memory.

Continue from profile calculation / Read new profile from excel

The module has two choices to import the data to be analyzed. Clicking ‘Continue
from profile calculation’ will import the latest active data which has been processed
earlier. Clicking ‘Read new profile from excel’ will opena dialog box asking you to
choose an Excel file containing the data. The Excel file will then be opened for you to
choose the data to be imported. The data must be in two consecutive columns: the first
column for the variable (e.g. q values) and the second column for intensity.

Limit data range

The button “Limit data range’ allows the user to choose the range of data to be
analyzed (e.g. to get rid of the beginning and end parts of the data which are probably
not good data). ‘Use semilog scale’ check box is also provided in case some users
might want to work in semilog scale.

Smoothing

The smoothing uses cubic Spline smoothing procedure. The “p value’ is the
smoothing parameter which runs from1 to 0. For p=1, the smoothed result is a natural
cubic Spline interpolant of the data, while for p=0 the result will be a least-square
straight line fit to the data. What ‘p value’ should be used depends on how smooth the
user would like the result o be. If the result does not look satisfactory the procedure
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can be restarted by clicking ‘Reload profile” button at the bottom which will activate
the original imported data. In case the slider bar for the p-value may be too coarse, the
user can just input the number in the edit box (e.g. the default p-value 0 0.9999 is
often enough to smooth a noisy curve to find a peak).

Baseline fitting

This is provided for baseline removal (e.g. to make the peak symmetric before
searching for peak position). The baseline fitting has three choices to fit for a baseline.
The Spline choice is general and usually the good o ne to be used. The other two
choices usually require some specific behavior of the data.

Two options are provided to specify the points to fit for the baseline.

‘Pick baseline points’ will open an interface graphand ask you to click on the
graph for the points which will be used to fit for the baseline. Number of points can be
as many as necessary, then hit Enter when done. To get reasonable fit, you will need
to click a few points between peaks on the expected baseline. The specified points
will be displayed in the *‘Baseline points’ box. These points can be manually altered if
required. The numbers in the box will be read in to be used for the baseline fitting.

‘Specify peak bases’ will open an interface graph and ask you to click on the
graph at the bases of the peaks you want (i.e. two points for each peak). The module
will then use all the points outside the specified peaks for baseline fitting using cubic
spline. However, before it fits for the baseline the module will perform smoothing of
the points (using cubic spline with p-value=0.8). This is to avoid large oscillation in
the peak area in case the points between peaks are noisy or contain small peaks near
the wanted peaks. The specified points for peak bases will be displayed in the
‘Baseline points’ box. These points can be manually altered if required. The numbers
in the box will be read into be used for the baseline fitting.

After clicking ‘Remove baseline’ the baseline will then be fitted, and
subtracted from the data. If the result does not look satisfactory the procedure can be
restarted by clicking * Reload profile’ button at the bottom which will activate the
original imported data.

Search peaks

The peak search can be done for the whole spectrum in the ‘Search peaks’ area, or a
single peak search in the ‘Search single peak’ area. Inthe ‘Search peaks’ area there
are two choices for fitting. The Spline is usually the workable choice. The Polynomial
(9 orders) function means fitting the data with polynomial of up to the 9™ order
(which are rarely useful). The peaks are then searched by differentiation of the fitted
results. If the data is noisy the result might be troublesome, in which case some level
of smoothing before doing peak search often helps. In this area the button ‘Pick peaks
by hand’ is also provided. Clicking this button will open an interface graph window
for you to manually click on the peak positions.

The single peak search uses Gaussian fitting of the data (the number of
Gaussian can be chosen between 1-8). The peak can then be immediately obtained
from the fitted Gaussian. If the data contain many peaks it might be worthwhile to
search each single peak separately by using the “Limit data range’ button, then doing
the single peak search.

The searched peaks will be displayed in the white edit box ‘Peak positions’.
These values can be altered if required. The module will read in the peak positions
from this box for the line profile fitting.
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Specify exact peak positions

I the exact peak pos itions are known and you want to use them. You will first have to
either have to perform the peak search or activate the button ‘Pick peaks by hand’ and
then pick the peaks approximately on the profile graphs. The peaks positions will then
be displayed in the white edit box. You can then correct the peak positions to the
known values. When doing line profile fitting the program will read the peak
positions from the displayed box. The reason you cannot just put the peak pos itions
values in the box is that the program also need approximate intensity values at the
peak positions for the fitting. Picking the peaks from the graph first will give that
information.

Line profile fitting
The line profile fitting fits the data using Gaussian, Lorentzian or combination of the
two functions. The model functions are defined as follows:

The Gaussian function
_ 2
G(X, X)) = Aexp{— M}
(e
where A is the amplitude and o is the standard deviation.

The Lorentzian function

L(X, %)= AT
lJ{x—ij
V4

where y is the FWHM.

The Pseudo Voigt function is given by the linear combination of Guassian and
Lorentzian compo nents with the same FWHM,

Foy (AX) = A{(27/ AD)[L+ 4(AXIT)?]™ + (1— )2/ T)(In2/ 7)'? exp(~4In 2(AX/T)? |
where Ax =x—X,, ' isthe FWHM and 7 is the Lorentzian fraction.

The Thompson-Cox-Hastings Pseudo Voigt function (TCH) [J. Appl. Cryst.
20(1987)79] is the Pseudo Voigt function where the FWHM is approximated by the
series expansion

['= (I3 +2.69269T 3T, ++2.428430 317 + 4.4716302T +0.078421 . T} +T0)"°
and the Lorentzian fraction is given by
n =1.36603(I", /T)—0.47719(T, /T)? +0.11116(T, /T)®.

In the fittings, parameters are varied according to the chosen function and the best fit
is obtained by least-square fit.

Alloutputs are provided in Excel files using the filename of the data appended with
_LPA.xls, saved in the working directory.

Reload profile
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This will reload the original profile in case you want to start again from the beginning
without rereading the data.

Please note that the peak fitting here is for preliminary use. More effective peak

fitting (e.g. to calculate crystallinity) should be done with the Peak function fitting
module in the ‘Fitting’ menu.
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Merge data sets

<) mmmergedata ElEix]
Merge two data sets SRugtai, March 2012
Working directory ENSAXSITIpI

Thiz module will read in 2 dats sets from Excel files. The second data set will be scaled to match the first data set using straight line fitting
faor the chosen range of overlapped data. The two data 2ets (inthe chosen ranges) will then be merged.
Mote that each data et is reguired to be intwo columns (eq. g and Intensity).

[ Clear al ]

[ Read data sets from Excel ]

[ Use semilog scale
[[] Use lagloy scale

l Chooze data range l e e
o u]
[ Scale data l Sealing factor for 2nd data set :
1
[ Choose data ranges to be merged l wl min wl max %2 min %2 max
a a a a
Cutput filename MergedDats 1z

Merge data sets

Massayes

This auxiliary module is provided for automatic merging of two data sets. This is
mainly intended for merging of data from the same sample taken with different
sample-detector distances.

The module will use the overlapped data from the two data sets to fit straight
lines for each data set and match the two straight lines to find the scaling factor for the
second data set. The second data set will then be scaled and merged to the first data
set. The range of data to be merged can be chosen via the interface window.

Clear all

This button is provided to clear all the previous data in the memory. In the case that
more than one group of data will be processed after opening the module this button
should be used before the next group of data are read in.

Read data set from Excel

This will open a file dialog box for the user to choo se the file and the data. The data
must be in two consecutive columns: the first column for variable (e.g. g values) and
the second column for intensity. The first and second data sets will be read
consecutively. The first read in data set will be taken as reference, meaning that the
second data set will be scaled to the first data set.

Choose data range
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This will ask the user to choose the range of overlapped data that will be used for
straight line fitting and calculation of scaling factor. The range ofdata is chosen via
the interface graph window. Check boxes are provided for options to plot the graph in
semi-log or log-log scale. If no box is checked the graph will be plotted in a linear
scale. The chosen range of data will be displayed inthe “x_min’ and ‘x_max’ bo xes.
These values can also be manually entered or modified.

Scale data

This will read in the range of data from the *X_min’ and *x_max’ boxes and use the
data in that range to fit straight lines. The straight line will then be scaled to find the
scaling factor which will be displayed in the ‘Scaling factor for 2" data set’ box. This
value can also be manually entered or modified.

Choose data range to be merged

This will open the graph window with the plots of the scaled data. The user is asked to
two points on the graph to specify the range of the first data set. The same graph
window will be open again for the user to choose two points to specify the range of
the second data set. The chosen ranges of the two data sets will be displayed in the

‘X1 _min’, ‘x1L_max’, ‘x2_min’ and ‘x2_max’ boxes. These values can also be
manually entered or modified.

Merge data set

This will read in the chosen range of data from the displayed boxes. The two data sets
within the chosen ranges will then be merged. The result will be saved to an Excel file
with the specified ‘Output filename’.
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Normalize data by area under curve

e ) mmnormarea

Normalize data sets by areas under curve SRugrnai, March 2012
Working directory ENSAXEITIRS

Thiz madule will read in data sets from Excel files and normalize area under curve, within a chosen range, for each data to that of the first data set.

Mormalized data are weritten to Excel file with each data set in each workshest.

Clear al ]

Chonse data formst Beyl iyt =2yz ] eyl y2y3 .l

Mumber of data sets 2

[ Fead data sets from Excel ]

[ Use semilog scale
[ Use laglog scale

[ Choose data range ] x_in e

[ D ETEED UL GURES ] Scaling factor for each data set :

Mormalized area n]

Cutput filename MortnData.xls

Maormalize data and save

Massages

This auxiliary module is intended to be used for automatic normalization of intensity
measured from the same sample in different condition, e.g. sample measured at
different tempe ratures. The normalization is base on the assumption that the total
scattering intensity of the sample within a given range is an invariant.

The module canread in multiple sets of data then calculated the area under
curve ofeach data by integration. The first read in data set will be taken as reference,
meaning the remaining data sets will be scaled to match the areas under curves to that
of the first data set.

Clear all

This button is provided to clear all the previous data in the memory. In the case that
more than one group of data will be processed after opening the module this button
should be used before the next group of data are read in.

Choose data format
This allows you 3 options to choose how the data is arranged in the file;

[x y] means each data set is in each separate file with the data stored in two
columns, x in the first column and y in the second column.

[x1 y1 x2 y2 ...] means all data sets are in one file with each data set stored in
consecutive x and y column pairs.

[x yl y2 y3 ...] means all data sets are in one file with the data stored in
columns. All data sets use the same x values. The first column is x, the second and
next columns are y of each data set in consecutive order.
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Number of data sets

You are required to specify the number of data sets that will be read in and
normalized.

Read data set from Excel

This will ope n a file dialog box for the user to choose the file and the data. The data
must be in two consecutive columns: the first column for variable (e.g. g values) and
the second column for intensity. The user will be asked to choose the file and the data
consecutively until all the data sets (specified by the value in *Number of data set’
box) are read in.

Choose data range

This will ask the user to choose the range of data that will be used for normalization.
The range of data is chosen via the interface graph window. Check boxes are provided
for options to plot the graph in semi-log or log-log scale. If no box is checked the
graph will be plotted ina linear scale. The chosen range of data will be displayed in
the “x_min’ and ‘x_max’ boxes. These values canalso be manually entered or
modified.

Calculate areas under curves

This will read in the chosen range of data from the ‘x_min” and *X_max’ boxes and
integrate each data set. The scaling factors (i.e. the ration between the area under
curve of each data set to that of the first data set) will be calculated and displayed in
the “Scaling factor for each data set” box. The scaling factor will be displayed
consecutively for each data set, including the first data set which is always 1). These
values can also be manually entered or modified.

Normalize data and save

This will read in the scaling factor from the ‘Scaling factor for each data set” box. The
data sets will then be scaled and saved inan Excel file with the specified ‘Output
filename’. Each normalized data set will be written in a separate worksheet of the
Excel file, together with its scaling factor and area under curve before scaling.
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Example 1: Calibration of sample-detector distance and primary
beam position using standard sample

1. Put the standard pattern file into a new folder.
2. Open SAXSIT software and p ut the folder name into “Set working directory”
box.

Il Setworking directory | D:ISAXS dats20130513 exampleistardard] | S A XS

3. Click “Analyze standard” button, a new window “mmstd” will be ope ned.
4. Inthe “Load image” area, click “Browse” and select the standard file. The
scattering image of standard is displayed on the left.

+ mmstd

S. Soontaranon, Apr 2013

—1. Load image——— —2 Approximate center
20 — 7 Erowse | Imax =| 5000 ‘ Choose peak positions
|l 7 — i 20130508 _dhroma_F1SHfF16 x y
— 3. Experimental parameter:
500 | - P i Offeet
Detector pixel size [ee]
800 B
mrm —4. Search center & DD Calibration—
1000 |- b ¥-ray enetgy ke Direction Range Increment
0] - page [ | [ |
Inner Outer
1400 F - d-spacing 03510 nm Circle radius l:l l:l
| ] —&. For multiple peaks————
L > B e t: l
=2 oy - [ it ] [ SEL AT, ] (& Sketch theoretical rings
2200 — i (O Continuously display o value
DI SD‘D 1DIDD 15‘00 20'00 (> Display g value from mouse click
[ Zoorm I [ Pan ] [ Save image
%
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5. The number “Imax” in the “Load image” area can be changed for visualization
purpose. The larger the number, the brighter the image.

Imax = 5000 Imax = 3000

6. Make a decision onwhich peak to be analyzed. Some standard such as 4-
Bromo benzoic acid give a lot of peaks. They come from different d-spacing
and are not the order of each other. In this case, it is recommended to use the
first fourth most intense peak as illustrate in the figure below.

2" peak: d=0.472 nm 3" peak: d=0.374 nm

1% peak: d=1.473 nm

4™ peak: d=0.331 nm

epzoic acid
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Other standards such as silver behenate or SEBS may give several peaks.
However they are order peak arising from the same d-spacing structure.

1% order peak: d=5.838

"% order peak: d=5.838 nm
/8“‘ order peak: d=5.838 nm

Scattering pattern from Silver Behe nate

1% order peak: d=32.7778 nm

2" order peak: d=32.7778
)A// 3" order peak: d=32.7778

Scattering pattern from SEBS

If more than one peaks are available, it is recommended to analyze every peak
and average the results.
In this example, we will consider the scattering pattern from 4-Bromo benzoic

acid. First, the 1% peak with 1.473 nm d-spacing will be analyzed. Choose
three positions on perimeter of this peak by clicking at “Choose peak
positions” button located in the “Approximate center” area. Immediately after
clicking the mouse pointer will change to a magnification glass symbol for 5
second, enough time for zooming. Click(s) or drag on the desired position of
the peak. Then, the pointer change to cross symbol, click on the center
position of the peak (see the picture in the next page). Repeat this process for
three positions in clockwise direction start from next to the beamstop holder,
at the opposite of the beamstop holder, and end at the other side of the holder.
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Nd s 1% position Zoom into the peak area. Click at the center of
2 position PoSttio the peak after the cursor change to cross
symbol.

After finish choosing three positions, the software draw two red circles enclose the
peak while green circular symbols indicate the clicked positions. Make sure that the
peak in black color resides between the two red circles. Some standard give broad
peak, this cause the peak to extend over the area between two red circles. This can be
corrected by decreasing the size of inner circle and increasing the size of outer circle
in the “Search center & SDD Calibration” area.

4 Bromo benzoic acid SEBS

3

Good Bad Good

8. Change the experimental parameters which consist of detector pixel size, x-ray
energy, peak order, and d-spacing value. The d-spacing values can be changed
manually or by selecting the type of standard sample from the drop down list
menu. For 4-Bromo benzoic acid, always set the peak order equal to 1.
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9. Click “RUN” to begin the calculation. A new window will pop up and plot the
peak profile together with its Gaussian-fitted result. Give attention to each
plot, the fitted result should give a reasonable peak position. If not, try to
change the size of the two red circles and click “RUN” again.

Scan at angle = -114 deg

Scan at angle = 184 deg
T T T T

Poor fit

T T
fitted curve

L L L
180 190 200

* (pixel)

L L s
50 160 170

Scan at angle = 62 deg

L L
210 220 230

fitted curve

7000 T T T 5500
samo | 5000 -
4500 -
6000 -
I -, 4000 -
£ sy Good fit
= = 3500
5000 -
3000 -
4500 - 2500
A000 . L L . . L , , . 2000
176 176 177 178 179 180 181 182 183 184 1B5 140 1
r fpixel)
Scan at angle =-143 deg
6500 T T T T BE00
6000 B G000 -
5500
5500 -
> 5000 =
ol o}
2 £ somf
= 4500 =
4800
4000
3500 4000
3000 L L - - - L 3800
165 170 175 180 185 190 195 200 160
1 (pixel)

L L
180 185

T (pixel)

L L L
165 170 175

L L
190 195 200

10. When finish, t he sample-detector distance and the center position of the peak
will be provided. The software also calculates the different of the results with
that obtained in the previous calculation. Adjust the size of the two red circles
such that a good fit is obtained and repeat the process for a few times
(normally 3-4 times). A small different (less than 0.01%) indicates that the
calculation can be stopped.

— 1. Load

S. Soontaranon, Apr 2013

20130508_dbromo_715£if18

5
Imax =| 7000

.
Choose peak positions

3. Experimental parameters

1
Center | 1130.56 1194.49 :
1
|Offset | 19.4438 444895 | |
1

Detector pixel gize | ccD

L

015 jmm —4. Search center & SDD Calibration—
Yeray energy G kel Direction Range Incrament
Peak order | 1 Angle |8 | [152] | 10
Inner Outer
dspacing | 1473 | nm Circle radius | 175 185
4-Bromo benzoic acid (13t) ¥ 1= =-=-=====
Run :SDD 255077 | mm

—5&. For multiple peaks

Store resuts

eeeeeeee

Zoom

100 | %

Sava image

Save output

© Sketch theoretical rings
© Continuously display q value

© Display q value fram maouse click

previous calculation
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Ifonly one peak is to be analyzed, press the “Save output” to save the result into text
file. If there are more than one peak, press the “Store results” button located in the
“For multiple peaks” area. Then, repeat fromstep 7 for the next peak. When all peaks
are analyzed, press “Average & Save” button to save the averaged results into text
file. Each row in the output text file corresponds to the analysis from each peak. The
last row is the averaged result that can be used in the data reduction process.
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Example 2: Processing SAXS patterns for nano particles
dispersed in water

This example demonstrates the procedure how to use SAXSIT to process SAXS
patterns from measurements of nano particles dispersed in liquid. The measurement
used Silver Behenate as a standard for pattern alignment and sample-detector distance
calibr ation.

The files needed for this example is contained in the folder *‘Examples_nanoparticles’.

Initial preparation
1. Create a folder (here the folder is C:\SAXS\SAXSIT_Manual\Example2)
consisting of the following files

1.1 The file MeaPara.xls

1.2 SAXS pattern of silver behenate (file 20130402_AgBH.0001.mccd)

1.3 SAXS pattern of sample
(file 20130402_Au20nm.0015.mccd)

1.4 SAXS pattern of buffer (i.e. water in this case)
(20130402_Au20nm.0013.mccd)

1.5 The text files containing values of reading from ionization chamber and
photodiode for the reference (empty cell, file
20130402_Au20nm.0011.txt), buffer measurement (cell with water, file
20130402_Au20nm.0013.txt) and sample measurement (gold nano particle
dispersed in water, file 20130402_Au20nm.0015.txt).

2. Openthe file MeaPara.xIs and enter the measurement parameters in column B.
Note that the calculation parameters in the section ‘Parameters obtained from
standard sample’ will be set later after ‘Analyze standard’ is done. Inthe
‘Profile calcubtion parameters’, the ‘Normalize beam current’ and ‘Normalize
transmission” are setto “Y’. These are usually needed for background
subtraction of solution samples. Note that by ‘Normalize beam current’ uses
integrated beam intensity values for normalization. Therefore the expos ure
time will automatically be normalized as well. The sample concentration value
is usually set to O, meaning the concentration is low enough to be negligible.
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L S M T Y-S PV AN )

F RV

B23 - 20130402 AgBH.0001.mccd
it = C 0 E
Experimental condition
Titl= AuZ0nm_Ga_10mM
¥-ray energy (ke g
Dark current
Dark current pattern filename
Accumulated time [sec)]
Reference
Farameters far reference pattern [test file) 207130402 Au0nm. Q071 tat
Sample
Sample pattern filename 20130402_AuZ0nm. 0015 meed
Parameter for sample pattern [kent file) 201304 02_AuZ0rm. 0015 ke
Median maszk (1) kg
Background
Background pattern filename 20130402_AuZ0nm. 0013 meed
Parameter for background pattern [kest file]  20130402_AuZ0nm. 0073 tat
Median maszk (1) kg
Parameters obtained from standard sample
Standard pattern filename | 20130402 _AgEH. 000, mecd |
Center offset X [pinels)] =AT]] 155
Center offset [pinelz) -13.58 361
Sample ta detectar distance [mm) 100232
Detector parameters
Pizel zize [mm) 0.07353 CCO=0.07353,IF=0.15
DOetector radius [mm]) g2.5 CCO=5825.IP=1725
Profile calculation parameters
Marmalize beam current Y] i
Marmalize exposure time (i) M
Subtract dark current pattern [vIN) M
Marmallize transmission (M) i
Sample concentration u] Put 0if concentration is unknown
Direction to calculate profile (deg) 270
Averaging range [deq) 10
Step size [deq) 0.25
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3. RunSAXSIT
3.1 Setworking directory to be the same as the folder created in step 1

Set working directory here

5. Rugmai, §. Soontaranon, Korat, May 13
Anbidng

Version 3.65

- Set working directory CASAXS\SAXSIT_ManualExample2

Py SLRI MAIN MENU

) Small Angle X-ray Scattering

Analyze standard | Radial Integration / Orientation factor |

| Line profile analyses |

Read measurement p
| Merge data sets |

Load pattern / BG subtraction | Wormalize data by area under curve |

| Integrate data |

Calculate scattering profile

| Bg subraction using profiles |

Batch processing |

Automatic processing ‘

| Old modules |

Estimate q-range Fitting | Open 54X Manual |
Image

Message

3.2 Click menu Analyze standard to analyze the standard pattern. Follow the
procedure in Example 1.

3.3 Click ‘Read measurement parameters’

3.4 In the “Read measurement parameters’ window, click ‘Read from excel
file’, select the file Measpara.xls created in step 2. The parameters will be
displayed.

3.5 Click ‘Save parameters’

Calculate scattering profile of the sample
4. Fromthe ‘MAIN MENU’ window click ‘Load pattern / BG subtraction’. Note
that all the parameters, including check boxes will already be set according to
the inputs in the MeasPara.xls file. They can, however, be modified here, if
desired.
4.1 Click ‘Load sample pattern’.
4.2 Click *Load background pattern’.
4.3 Click ‘Subtract background’.
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Elrmibty  — N === |

SAXSIT : SAXS Image processing Tool SR, Korat, November 09

‘Working directory cAa _ '

;é‘il Load pattern / Background subtraction
4|  SLRI
.- “"“\-L(Z B, Normalize integrated beam intensity
TAKS
_‘_m-%:ﬁ\“ = [] Normalize exposure time
== Small Angle X-ray Scattering [ 7] Subtract dark current pattern
Imeng Normalize transmission
5000 ’ Load sample pattern I [] Median mask
image file
’ Load background pattern I [] Median mask
background image file
Sample concentration 0.0
[ Subtract background ]
Imin
0
m L - I L L L L s
Colormap | 1-Gray ¥ () log scale Pan 100 | %

5. Fromthe ‘MAIN MENU’ window click Calculate scattering profile. Note that
all the parameters, including check bo xes will already be set according to the
inputs in the MeasPara.xls file. They can, however, be modified here, if
desired.

5.1 Click ‘Continue’.
5.2 Click *Calculate scattering profile” and wait.

41



SAXSIT : SAXS Image processing Tool SR, Korat, November 09

‘Working directory : Ca —
Calculate scattering profile

Small Angle X-ray Scattering

Continue l l Browse pattern I

Setup parameter: Image size (pixels)-

MNx X Ny
Pixel size (mm)..................... 0.07959 u

Sample-Detector distance (mm)... 1500

Xray energy.........ooooooooooe 8

— ging parameter:

Choose direction to calculate profile
(0-380 deg CW from left horizontal midplane)

270

Beamstop radius (mm)| 7.0711

Detector radius (mm) 825

f Do circular averaging Valid q range
Averaging range (+/- deg) 10 Output nm-1
1
Step size 0.25 5 o
utput 1
Use g-space P nm-=

Calculate scattering profile I

profie file (in excel)

CANCEL B

| L
Image

Message

The output is plotted as a new figure. The numbers are saved as Excel files in the
working directory, with the filename the same as that of the sample pattern suffixed
by SP_Xdeg.xls, where X is the ‘direction to calculate profile’. The output file from
‘Calculate scattering profile’ contains 4 worksheets, ‘Averaged I(2theta)’ containing
circularly averaged intensity as a function of 26, “Non-averaged 1(2theta)’ containing
scanned intensity, asa function of 20, at the “direction to calculate profile” angle,
‘Averaged I(q)’ containing circularly averaged intensity as a function of the scattering
vector g, “‘Averaged I(q) in valid g-range’ containing the same data as the previous
worksheet but only in the range of the detector and outside the beamstop (the range is
calculated fromthe ‘Beamstop radius’ and ‘Detector radius’ values.

et3 Averaged I(2theta) Mon-averaged I(2theta) Averaged I(q) | Aweraged I{q) in valid g-range

Average: 0195639992 Count: 48  Sum: 9.534719633 | |EH(O 1| &0s:
i —
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Example 3: Merge data sets

Two output files, PMMA1430.xls and PMMS2430.xls, from measurements of the
same PMMA nano particles samples at two different sample-detector distances are
given inthe example folders. The two data sets can be merged to give a single data set
which covers the whole g-range from the original two data sets.
1. Open SAXSIT3.65 and set working directory to the folder which the files
PMMAZ1430.xls and PMMS2430.xls are located.

2. I the MAIN MENU, click ‘Merie data sets’ _—
<)\ mmmergedata =]

Merge two data sets SRugtnsi, March 2012
Working directory ENSANSITIN3
This module will read in 2 data sets from Excel files. The second data set will be scaled to match the first data set using straight line fitting

for the chosen range of overlapped data. The two data sets (in the chozen ranges) will then he merged.
Mate that each data set is required to be in two columns (2.9. g and Intensity).

’ Clear all ]

’ Read data sets from Excel ]

[ Use semilog scale
[[] Use loglog scale

[ Chonse data range ] %_frin i
o ]
I Seale data ] Scaling factar for 2nd data set

1

l Choose data ranges to be merged l

x1_min 1 _max =2_min H2_max
o o o o
Output filename MergedData xls

[ Merge data sets ]

Massages

3. Click “‘Read data from Excel’, the file dialog box will open for you to choose
the file.

4. Choose the file PMMA1430.xIs, this will be the reference data. The Excel file
PMMA1430.xls will then open and you are asked to choose the data.

5. Click the worksheet *Averaged 1(q)’ and choose the values ofq and Intensity,
then click ‘OK”.

(al = = PMMAL430.xls [Compatibility Mode] - Microsoft Exeel = = inthe white boxes may e entered tanualy If known

A Sansert
3 Delete -

5 (| e
) Format -
Cells Editing AL

fo =l M

- | ]

F G H I J F
. f } Select data regian in Excel workshest,
ﬂ% ! Click K to continue in MATLAR

=<

il

2

3 | 0.002149 -1E-11
4 | 0.004299 8.01E-12
5 | 0.006448 8.18E-12
6
Z
8

0 0
0.008597 -5.2E-12)

0.010747  7.5E-12
0.012896 4.86E-13
9 |0.015045 1.95E-11 MergedData xis
10 | 0.017194  6.9E-12
i1 |0.019344 -1.5E-12 peles

12 | 0.021493 5.78E-12 —
13 | 0.023642 4.27E-12

14 | 0.025792 2.25E-12
15 | 0.027941 -2.3E-12
16 | 0.03009 -2E-12 v
17 | 0.03224 3.27E-12 -[ ‘\10«\?0 au
WA b b | Averaged 1(q) . Averaged i(g)nVaidqrange %0 0 0

Ready Average: 054938351 Count: 2048 Sum:1125.37428 |[6[0 () 200% (=) ). () 4"1:,5\3\ \.I‘):\l
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The file dialog box will open again. Choose the file PMMS2430.xIs.

Click the worksheet “Averaged I(q)’ and choose the values of g and Intensity,
then click ‘OK”.

Check the box ‘Use semilog scale’. This will help seeing data more clearly.
Click ‘Choose data range’. The graph window will appear for you to choo se
the data range.

10. Click two points on the graph to cover the range where the two data sets
overlap. The data range will be displayed in “x_min’ and ‘x_max’ boxes.

Values in these boxes can be manually changed if required.

File:
DEeEE fa®me |2 0B

Plpase click two points to define mnge of overiapped data to be scaled for merging
10 - 3

~

©

11. Click “Scale data’, the second data set will be scaled. The scaling factor is
displayed in the ‘Scaling factor for 2" data set:” box. This value can be
manually changed if required.

12. Click ‘Choose data range to be merged’. A graph window will appear and you
are asked to click two points on the graph to choose range of first data set to
be used. Here we will choose the large range of the first data and will only
choose the small range at low g of the second data with a small overlapped
range.

<) Data sets: 2nd data [red] scaled to 1st data [blue] EE®
File

D& QM@ 0E

» Please click two points to oefine mnge of 2nd data set (red) to be merged
1] 7
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13. A graph window will appear again and you are asked to click two points on
the graph to choose range of second data set to be used.

+) | Data sets: Znd data [red) scaled to st data [blue] E]@EJ
File:

DeHE QA0 ® ¢ |0

_» Please click two points to dafing mnge of 1st data set (blus) to be merged
10 E

® Click for valid range of 2"® data set

14. Enter output filename in the ‘Output filename’ box.

15. Click *‘Merge data’. The data within the chosen range of each set will be
merged. Note that if you want to connect the two data sets without the overlap
region you can just manually set the values inthe ‘x1_max’ and ‘x2_min’
boxes to the same value. The merged data and the scaling factor will be
written to the Excel file specified in the ‘Output filename’.

File:

DEeEES RO 0E
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Example 4: Calculation of Hermans orientation factor

The scattering pattern file ofa drawn polymer sample, filename
pattern_example4.mccd is included in the Example4 folder.

First, the values for the X and Y center position (in pixels) and the sample-
detector distance (in mm) have to be known to align the sample pattern before
calcultions. These values can be obtained from “ Analyze standard” module
(see Example 1). The standard pattern file AgBh.mccd is also included for this
purpose. (Below, these alignment procedure is assumed to be done and the
center values are therefore assumed to be known.)

1.
2.
3

_n'_w-n radint_herma

Zoom

Open SAXSIT3.65 and set working directory to the folder containing the
file pattern_example4.

Click the “‘Radial integration / Orientation factor’ menu on the Main Menu.
Click “‘Browse’ and open the pattern file.

5. Soontaranon, 5. Rugmai

Imax  —1 Leadimage———— 5 ation factor Fe
10000 Cont B
[ Continve | [ Browse | gl for refrence axs

270

x Y Phi scan
Center | 1047.1771 | [1018.4937 direction range incrament
Angle
Sample-dectector g 270 45 01

distance (mm) 2041.7188

2theta for neglected

............... Pixel size (mm) | 0.07959 inner circle (deg) 03

pattern_example4.mccd Ztheta for included

outer circle {deg) 1.7

— 2. Scan intensity —— Output filename
direction range increment Hermans xis

Angle 270 90 1

Scan Phi

0.4 I Calculate Fe I

2theta for neglected
Imin inner circle (deg)

0.00e+00 2theta for included Fc= Fe value

outer circle (deg)

12

Filename for integrated intensity

Radial_int.xls.

Run [T Linear interpolation

1_Gcn‘mmap = m [] Piot 1D profile m
4. Input the values for X center (1047.1771), Y center (1018.4937), Sample-

detector distance (2041.7188) (these values are obtained from the output
file of *Analyze standard” module), and the Pixel size (0.0769 mm for
Marl165 CCD detector). You canalso change the Imax value to see the
pattern more clearly. The scattering pattern can be seen to have a double
symmetric loops. This is a typical scattering pattern of a drawn polymer
sample with the drawing direction being in the direction of the maximum
intensity. The maximum intensity of the bottom loop appears at around the
azimuthal angle of 270 degree. We will first therefore scan intensity to
obtained radially integrated intensity as a function of azimuthal angle phi
between phi = 180 to phi = 360 degrees.
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5.

Error in mmradil Scan at § = 360°

in
hObject ,event]
jectd>

Error while eua)

Set the values in the ‘Scan intensity’ panel for ‘direction’=270,
‘range’=90, ‘increment’=1 degrees. Choose integration range over 2theta
to cover the peak position (here we choose 0.4 degree for inner circle and
1.2 degree for outer circle).

Click “Run’. The program will scan radially integrated intensity and plot
the integrated intensity as a function of azimuthal angle. The results will
also be written into the specified Excel file.

5. Soontaranon, £

Iz =il Ul [ 3. Hermans orientation factor

10000 Cont B
Angle for reference axis

270

x Yy Phi scan
Center | 1047.1771  1018.4937 direction range incr
Angle
Sample-dectector < 210 48 0

distance (mm) 2041.7188

2theta for neglected

In mmradint H Pixel size (mm) | 0.07959 inner circle (deg)
In GChObject.
taChObject)) pattern_example4.mecd 2theta for included 1
outer circle (deg)
‘ r2. Scan intensity ——————————— Output filename:
= = 52 direction range increment Hermans xls.
270 90 1 =
File Scan Phi
Odde R899E 08 Raliogmeoeeted 0.4 Calculate Fc
ner circle (deg)

x 10°

Fc= Fc value

‘Imegmlmnl heta for included

| 35
al

251

pter circle (deg) 12

lename for integrated intensity

Radial_int xis
un [7] Linear interpolation

Gaussian peak search

7.

200 220 240 260 280 300 320 340 360
Angle (degree)

Click *Gaussian peak search’. The pointer will change to a cross bar to ask
you to click on the plot to specify the minimum intensity to search for the
peak. Click somewhere under the peak. The program will then search for
the peak position and automatically put the peak value inthe ‘Angle for
reference axis’ box in the “Hermans orientation factor’ panel. The Phi scan
angles will also be set automatically to scan for Phi=0 to Phi=90 degrees,
where the Phi=0 is identified as the value in the ‘Angle for reference axis’.
The “increment’ is setat 0.1 degree as a default (this value should not be
too large, since it is also the step size used for integration when calculting
the orientation factor). These values may also be manually modified if
required The integration range over 2theta (inner circle and outer circle
values) can also be modified.
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n Pick data range

File

Intensity

Dgde | R309E | 0H

x 10° Click to define range of data and threshold to be used
3.5 T T T T T T T

25

na

—
]

0.5

angle

D 1 1 1 1 1 1 1 1
180 200 220 240 260 280 300 320 340 360

8. Click ‘Scan Phi’ to scan for integrated intensity.
9. Click “Calculate Fc’ to calculate the Hermans orientation factor.

Zoom

Scan

at 6 = 356.1567°
i Imax —1. Load image

| —3 Hermans orientation factor Fe——|

X ¥
Center |1047.1771 | |1018.4937
Sample-dectector
distance (mm) 2041.7188
Pixel size (mm) | 0.07959

pattern_example4.mccd

2. Scan intensity-
T direction range increment

§. Soontaranon, 5. Rugmy{

Angle for reference axis

266.1567

Phi scan
direction range increment

Angle 3111567 | 45 01

2theta for neglected
inner circle (deg)

2theta for included
outer circle (deg)

03

17

Output filename
Hermans xis

Integration results

— = | E

File

s | R09L | 0H

Integration

1
270 280 290 300 310 320 330 340 360
Angle (degree)

i Calculate Fc ]
Fc= 0.348
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The calculated Hermans orientation factor is displayed in the window. The results will
also be written to the specified Excel file. The calculated Fc value is between-0.5 to
1.0. The obtained positive value indicates that the scattered structure (i.e. the
lamellae) is oriented parallel to the reference axis (Fc = 1 implies perfect parallel
orientation). If the orientation is perpendicular to the reference axis, the Fc is negative

(Fc =-0.5 implies perfect perpendicular orientation). Completely random orientation
gives Fc = 0.
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Example 5: Peak fitting of WAXS data for calculations
of crystallinity

This example will show how to use the peak fitting module to fit WAXS data
using Pseudo Voigt functions. The Excel file profile_example5.xIs is included
in the Example5 folder. The file contains measured WAXS scattering profiles
of a polymer sample, obtained from *Calculate scattering profile’ menu.

1.

2.
3.

Open SAXSIT3.65 and set working directory to the folder containing the
file pattern_example4.

Click the ‘Fitting” menu on the Main Menu.

Click ‘Peak Pseudo Voigt’ menu onthe ‘Fitting Menu’

In the ‘Experimental data’ panel, click ‘Load from Excel’. The file dialog
box will be opened. Choose the file profile_example5.xls and open it. The
Excel file will open together with the small *Data selection dialog’ box,
choose the data in the worksheet ‘Averaged I(2theta)’and click OK in the
‘Data selection dialog’ box. Note that, choosing the data can usually be
done by clicking on the worksheet name in the bottom of the Excel file
(the number data in the worksheet will be heighted). Otherwise, you can
just open the required worksheet and make selection of the data (all the
numbers in the 2 columns, without headers). The data will then be plotted
in red in the window. Note that the data is multiplied by the scaling in the
‘Multiply data by’ box. This is just to scale the data for some data set
which is too small and inconvenience for fitting. Since most of the cases,
the scattering intensity is in arbitrary unit anyway, the scaling will
therefore not affect the fit results.

Wering sresiory

SAXSIT : SAXS Image processing Tool

Peak (Pseudo-Voigt) fitting

SLRI

Small Angle X-ray Scanering|

Zoom Pan Forws

Simulatien

Fit Fit Fit

i 1 o | M| 0 ] I B o | I [
) (| m e & e ] (]
J ol L0 af - (] [
= | @ fru- [ o freo- A1) L]
k\ e el PEmEre] P |

& Af s K1) s | [

I - o) o] e A1) |

P A0 & foe- A o - A o e T
g o il s [ & f « [ A
: PR C el C i)

: e o o] - ) A0

PTG [ & e A0 I[]

: A o | - o of - AT BT

o2 Al » 1| | | |

..... -

5.

Click “Limit data range’. The pointer change to a cross-bar in the data plot
window. Click 2 points on the plot to select range of 2theta for the data to
be fitted. The selected range should include all the peaks that will be fitted.
For example, in this case we choose the range between 10 and 30 degrees
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(click at the positions g=10 and g=30 on the data plot which appears to
contain 8 peaks). Note that the x-axis in the plot is always ‘q’. This does
not mean the data is actually plotted as a function of g, but it is plotted as a
function of whatever read in from the first column of the Excel file (in this
case it is 2theta). Next, before start fitting, we have to try to generate the
peaks as close to the data as possible in order to give the program the
starting parameters to carry out the fitting e ffectively.

6. Guess the parameters of the peaks in the data. Each peak have 4
parameters, the amplitude ‘A’, the Lorentzian factor ‘eta’, the peak
position ‘b’ and the full width half maximum (FWHM) of the peak ‘Tau’.
For WAXS data, the first peak should represent scattering from
amorphous. This first peak should therefore be something like a broad
Gaussian peak, centered at around the center of the data. The 8 peaks
appear in the data are from scattering of crystalline components, and
should therefore be represented by narrow peaks. We have to add the peak
one-by-one and see what the calculation looks like in the blue line plot. In
this case the guesses are shown in the figure below.

B renftpeakpnd [~ ]
SAXSIT : SAXS Image processing Tool [Ere— —
- CABAXTSANST_Manustitanosl_ Exanos_SAXST]ESExanpies R
Peak (Pseudo-Voigt) fitting Sraw sousten
SLR’ I e Flot somiog Pt g Experimental data - L akriog pacamatin.
Senadl Angle Mrap oo Load fremExced | crofie_exampiet Lind data range
' X Utply A% [Rebacidata] [Conrsmptn] 100667 | <9< 300687
Foom Pan New Simulation
0,006 300061 om Pt secarste conruton Leresez comecncn o

:i’”:‘ Fit Fit Fit Fit
3 1 At ATe 3 ato
= ™ ] Al wai = jJJ wal = [ el
I Bt s | o[ [+ bs| 12 o e w | ([[4] 0
: Tt « ] @ s es | 4[] Ta? = i Tautt
Az-| 1% ase| e an- 3 Al
i S I M [ e G UCRLY L A[] e e
o Eamrih] BEmrm Eeapinis
o - - - - J mas o3 | o] _»_J Tk = :‘J_|_.J Tl = :‘H;J Thutt =
; Al 1 e e a an
: we o) o [ | g o
as ws | o[ [ [ s vh = 612
o 2= e | <[ 1] " I[2] & fruse A o ffresra
as [ | [ Al wel 0 R e
0z 2= o | 48] O i L - o | s|[e| -

o2 [-T] a8 [-1] 1 Iniwrral memory
Fit — Save varitties | | Load varmbies = o i’

The seloctod g-range is 10.0657 < g < 30.0667 FE_streen gy | Frot screen
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Fit Fit Fit Fit
Al= 1e5 Ad= Ted AT = 2e3 A0 0 1 4 |
Il
etal = 0 <|| >| etad = 1 <|| >| O etar= 1 <|| >| ] | etato 1 <|| >| E
bl=| 185 <| |>| bé= 185 <| | >| [ bF=| 25 <| | >| = b0 0 <| | >| E
Taut = 5 <|| >| Taud=| 0.5 <|| >| [ WTau? = 1 <|| >| [[] frauto=| 1 <|| >| ]
AZ=| 15e4 AS5= | 85e3 E A= | 2e3 [l Al 0 <| | >| [
eta2 = 1 <|| >| = etaS = 1 <| | >| ] | etad= 1 <| | >| (] etall 0 <| | >| [l
b2=| 14 <| |>| ] BS=| 211 <|| >| [l b8 = 27 <|| >| = b11 1 <|| >| I}
Tau2 = 0.3 <|| >| [ QTaus= 0s <|| >| [ QTaud= 1 <|| >| [ grautt= 1 <|| >| =
A3= | a4 1 AB= | e4 E AB= |  Ze3 [l A12 0 <|| >| [l
etad = 1 <|| >| ] etak = 1 <|| >| ] B etad= 1 <|| >| ] etal2 | 05 <|| >| [l
b3=| 169 <| |>| B bE=| 218 ] b9=| 285 [l b12 0 <|| >| [
Tau3 = 0.4 <|| >| [ | Taub= 0.5 <|| >| ] | Taud = 1 <|| >| [ gTaut2= 1 <|| >| ]
k1= 0 <|| >| = k3= 0 <|| >| [l kS = 0 <|| >| ] k7 = 0 <|| >| [l
k2= 0 <|| >| | kd = 0 <|| >| ] k6 = 0 <|| >| = k8 = 0 <|| >| ]

7. We will then start fitting by choosing which parameters for each peak to
be fitted. Keep in mind that this is chi-square minimization, the solution
can give either good or bad fits. Since we can make good guesses for the
peak positions of the crystalline peaks, we then first try fitting all
parameters, except the peak positions of the 8 crystalline peaks. Behind all
the parameters, there are ‘Fit” check boxes. If the box behind the parameter
is checked, that parameter will be regarded by the program as a fitting
parameter. For the first try, we therefore check the boxes for parameters of
all the 9 peaks, except the parameters ‘b’ of the 8 crystalline peaks (as in
the figure below).

Fit Fit Fit Fit

Al =|187261.474 Ad = |50589.724 AT = | 209.3999 A10 0 <| | >| [l
etal =| 0.48122 <| | >| etad = | 1.6694 <| | >| eta? = 4.4121e-14 <| | >| etall 1 <| | >| [l
b1=| 182823 <| |>| bé=| 185 <| | >| ] b7 = 25 <| | >| [l b10 0 <| | >| =
Taul=| B8.1982 <| | >| Taud = | 15758 1 » Tau? = 1 <|| >| Taul0 = 1 <|| >| |
A2 = 149064501 A5 = | 0.56241 <| | >| AB = |5744.1759 A1 0 <| | >| =
etal = | 0.87514 <|| >| eta5 = |-15574.797 etaB= | 26066 <| | >| etall 0 4| | >| [}
b2= 14 <| |>| [ BS=| 211 <|| >| | b8=| 27 <|| >| ]| b1 1 ‘|| >| ]
TauZ = | 0.4062 <| | >| Taus = | 0.60239 <| | >| Taug= | 1.4991 <| | >| aull = 1 <| | >| ]
A3 =|5326.8741 AB = | B4TE.4682 AS= | 049754 <| | >| A12 0 <| | >| ]
etal=| 0.75728 <| | >| etab = | 0.35964 <| | >| etad = |-54591.384, etal2 05 <| | >| |
b3=| 169 <| | >| B b6=| 218 ] b9=| 285 = b12 0 <|| >| =
Taud = | 0.40531 <|| >| Tau = | 0.58094 1 3 Taud=| 51597 <| | >| Tau1z = 1 <| | >| (]
ki = 0 <|| >| 0 k3 = 0 <|| >| El kS = 0 <|| >| [l k7 = 0 4” >| [l
k2= 0 <|| bl 0 kd = 0 <|| >| ] k6 = 0 <|| >| 0 k8= 0 {” >| ]

8. Click ‘Fit’. After fitting is finished (see the status in the Message line at
the bottom of the window) we have to examine the results. The fitting
usually gives good looking fit, but may give nonphysical or unreasonable
results for some parameters. For example in this case, the fit may give
negative eta (must be between 0 and 1) and negative or too small
amplitude for small peaks near the end.
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9. Manually correct the unreasonable parameters. For example, you may set
negative eta to 1, set too small amplitude to the value close to that of the
nearby peak, and set negative or unreasonably large Tau to the value close
to that of the nearby peak. This choose more or less restore the shape of
the peaks in the data.

10. Check the ‘Fit’ boxes for all the parameters, including the all the peak
positions.

11. Click “Fit” again. Examine all the obtained parameters. This time they
should look fine (if not, repeat the step 9 and fit again).

arpins_SAXST) S5 ExmculeS

Peak (Pseudo-Voigt) fitting Show squatin
MRdvoma [Pl Mot sariog - T Pl gl - Experimental data
Ty ST T e e e |
Loee12 Relinddats | |Cless enpdata| | 100557 | <8 300667
[zoom| [Pan | [new] Simulatis
10058 =g« 308 nm™ (7] Pt sepamate conirbutions Larentr earrection [ % w®
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12. Check the checkbox ‘Plot separate contributions’ to see each peak in the
plot. You should see one broad peak from the amorphous scattering and
the 8 narrow peaks from the crystalline scattering.
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Before saving the results, we have to extend the range of 2theta of the

calcultion. This is because when saving, the program will also calculate
the areas under each peak. The calculation range should therefore cover
the whole peak in order to obtain correct areas. This can be done by just
changing the values of calculation range in the boxes (in front and after
<Q<) in the ‘Simulation’ panel. Here we change to 1<q<40 (keep in mind
that g is actually 2theta).
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14. Click *Save excel’. The fit results will be written to the specified Excel
file. The output file contains 3 worksheets. “fit_parameters’ contains

parameters from the last fit and the residual norm of the fit. “fit_results

contains the data, the calculations (*Sum_all’), the calculation without
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background (Sum_PV) and the calculations for each peak and each
background term. ‘Peak_areas’ contains the areas under curve of the
calculations (integrated values of the “fit_results’).

15. The crystallinity can be calculated from the ratio of peak areas between the
crystalline peaks and the total peak area (including the amorphous peak).
In this case therefore the crystallinity can be calculated from the values in
the ‘Peak_areas’ worksheet by crystallinity (%) = 100 x (Sum PV -
PV1)/Sum_PV

Note that the background terms may be included in the fit if required. The background

is parameterized by k1 (constant), k2 (linear), k3 (quadratic)), k4 and k5 (power).
Clicking “‘Show equation’ button will display the equations for the fitting.
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