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What is SUNBIM?

SUNBIM

SUNBIM (Supramolecular and sUbmolecular
Nano- and Biomaterials X-ray IMaging) is an
integrated software suite that, through a user-

Script files preparation for sequential acquisition

S-SAWANA

friendly graphical interface, provides a I I I S YT o e

number of functions for (grazing-incidence)

small- and wide-angle X-ray scattering M-SAWANA S

[(GI)SAXS and (GI)WAXS] data analysis. User's manual

The software combines in the same package
both originally developed algorithms and
methods documented in the literature.
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|4\ Batch SCRIPT & 2D Mesh Composite Tool - O X

A brief history...

Cilzers\ FRANCESCOSCATTARELLA
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b B COMPOSITE!
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Dritan Siligi (IC-CNR)

2011 | Initial Scripting & Core Concept
Developed the foundational script for mesh image preparation, designed to optimize and streamline Small-Angle X-ray Scattering (SAXS) scanning workflows at the cSAXS
beamline of the Swiss Light Source (SLS)

2012-2013 | SMASH Implementation & Instrumentation Integration
Formulated the SMASH program, introducing the first Graphical User Interface (GUI) for 2D mesh composite management to control data collection on the in-house Rigaku
instrument
Developed the initial versions of the system's calibration tool and integrated Small-Angle/Wide-Angle X-ray Scattering (S/WAXS) pipelines
Incorporated data routines for radial integration and scanning microscopy, specifically optimized for processing .mpa datasets generated by the Rigaku instrumentation

2013-2015 | SUNBIM Version 1.0 Release
Consolidated previous pipelines into the first comprehensive release of the SUNBIM software suite, featuring a fully integrated suite of core modules:

Batch Scripting Tool: For automated, high-throughput data processing

SSAWANA & MSAWANA: Specialized algorithms for automated SAXS/WAXS data analysis and scanning processing
Calibration Tool: For precise sample-to-detector distance and beam center parameters

1D Plotting Tool: For the immediate visualization and evaluation of integrated scattering profiles
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Why SUNBIM? ICOL @

» To process and to analyze a large amount of data from S/WAXS
experiments for the study of human tissues (bones, cornea, ...),
nanomaterials (hanocomposite films, TiO2....), and more...

» To provide the international SAXS community with a powerful tool for
automated data processing
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INTRODUCTION:

BASICS OF SAXS AND WAXS IC
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2sin 0 = rl Bragg's Law

Small 6 -> Large d

Large 6 -> Small d

Detector in SAXS
(Supra-molecular Scale)

Detector in WAXS
(Sub-molecular Scale)

”

X-ray Source

Sample
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INTRODUCTION:
BASICS OF SCANNING X-RAY MICROSCOPY |[(C
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2sin 0 = rl Bragg's Law

Small 6 -> Large d

Large 0 -> Small d

Scanning in SAXS

Scanning WAXS

‘4

X-ray Source
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INTRODUCTION:

BASICS OF SCANNING X-RAY MICROScOPY [ICDI

0-band

N

Tiwm

e

F. Scattarella - AIC School 2026

CNRlIstituto di Cristallografia

*  Each 2D frame of the mesh can be folded
into a one-dimensional profile

*  From a specific 1D profile, properly
selected from the composite map, one or
more diffraction peaks can be selected
defining a specific O-range

Orientation & Intensity

Intensity distribution along the azimuth of
the selected rings is analysed for each 2D
frame and transformed into microscopy
images

ORIENTATION
&
INTENSITY

ORIENTATION
DEGREE

Multi-modal imaging approach: transform a

mesh of two-dimensional SWAXS frames into
microscopy images (Bunk et al. New |. Phys. 11,
123016, 2009 )
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JOURNAL OF
APPLIED
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A

The BioSAXS laboratory of the ITACA.SB Research Infrastructure

Francesco Scattarella, Davide Altamura, Vincenzo Mangini, Teresa Sibillano, Erika
S Manicone, Rocco Lassandro, Liberato De Caro, Gemma Newby and Cinzia
= Giannini

=

& https://www.ic.cnr.it/laboratorio/biosaxs/


https://www.itaca-sb.it/biosaxs/
https://www.itaca-sb.it/biosaxs/
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SUNBIM Programs

SUNBIM integrates 5 main programes:

(1) Calibration package

» centering patterns
»  g-scale calibration
(2) S-SAWANA
»  from 2D to 1D folding on data
»  indexing of 2D GISAXS frames
»  extraction of 1D GISAXS profiles along cuts
>  background correction for (GI)WAXS folded data (NEW!)

(3) M-SAWANA

>
>
>
>

manage with collections of data

scanning microscopy in absorption and SWAXS contrast
multi-edf files conversion (NEW!)

data reduction (NEW!)

—=@ FOCUS

(4) Batch Scripting

»  prepare batch script files (ASCII files) to run a sequential acquisition of

two-dimensional frames (in scanning mode)

(5) One-D Data Analysis Manager (Plot)

>
>
>

quick plot of 1D profiles
1D background evaluation and subtraction

denoising and deconvolution of the primary beam angular divergence on
F. Scattarella - AIC School 2026
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SUNBIM integrates 5 main programes:

(1) Calibration package

» centering patterns
»  g-scale calibration

@

>

g e FOCUS
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>
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SUNBIM Programs
(1) Calibration...

» ...is the fundamental step that transforms detector coordinates (pixels) into physically meaningful reciprocal-space

I oy

Tstituto di Cristallografia a@&

IC

CNR

coordinates (q = %ﬂ sin 8 ), enabling quantitative analysis of scattering data

ﬂNPUT \ /OUPUT \

pixels

v

pixels

« Calibrant (LaB6, Si, AgBeh)
e Detector Pixel Size
* Beam Energy

.

* Beam Center
« Sample-to-Detector Distance

/ . /

F. Scattarella - AIC School 2026
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(1) Calibration Window

4] BackHand: Calibration Tool o X

Programs  Working Folder About  Close

File Calibration

HKBBER 5SS R HED| eS| LOO0 B SHE AN

Working Folder C:\Users\FRANCESCOSCA‘I'I'ARELLA\OneD_rive - ) ) IMG Filename: AgBehenate_saxs_gisaxs.mpa IMG size:1024 x1024
Wavelength (A) Experiment Type
154056 . Previous Center marked at (499,488) SAKSIGISAXS
2.5
Contrast Window
Energy (keV) =1 =] Standard used
6.04798 768 2 Silver Benehate ~
[ 0107626 q (1/A)
58.380000 d(A)
Detector size (mm) = 11.5
[5]
e * 3 512
200 =
¥ > Image Center
] 1 4 498 x
488 y

wixee Supramolecular & SUbmolecular

1024 x Min Max 256 . .

. "o o Nano & Bio Materials

0 25821 ) SD Distance (mm)
-~ 0 X-ray IMaging Project
Pixel size (mm) SU N = B'IM
0.195312 x 0
., v 256 512 768 1024
- X (pixel)

\L XMI Lab @ Institute of Crystallography - CNR



SUNBIM Programs 110101 B i~ 2

(1) Calibration: Main Features

Users can calibrate their data using a number of function able to convert diffraction pattern from pixels space
into g-space:

» Beam centering calculation
0 manually (click one point directly on the center)
0 selecting three points along a specific diffraction ring
0 automatically (by using two different approaches)

i

Based on a set of fluid dynamics Based on the Integral Radon Transform
equations (Landau & Lifshitz, (Radon, 1986; Barbano et al., 2009), largely
1987), known as Shallow Water used for Computer Tomography scan
Equations (SWE) reconstruction and Image Processing more

in general.



SUNBIM Programs

(1) Calibration

TCDI
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» Representation in polar coordinates (cake plot) of the diffraction pattern to check the correctness

of the center
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>
>
(2) S-SAWANA
»  from 2D to 1D folding on data (azimuthal integration)
»  indexing of 2D GISAXS frames
»  extraction of 1D GISAXS profiles along cuts —@® FOCUS
>  background correction for (GI)WAXS folded data (NEW!)
>
>
>
>
>

Y V V
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(2) S-SAWANA (Single scan (GI)S/WAXS and Data Analysis) Window

|4 BackHand: S_SAWANA = [m] 3] Programs Working Folder About  Close
FileStatus  Axis Option  Cuts  Indexing

PSSR DO SE W RED 4 LAD[E+EES T

Working Folder C\Users\FRANCESCOSCATTARELLA\ONneDrive - IMG Filename: gisaxs.mpa IMG size 1024 x1024
1
Image Experiment Type
Calib_4 0_AgBehenate_saxs GISAXS
i - Center marked at (0.00,0.00) "O" marked at (0.00,0.02)
gisaxs.mat 0.2

Angle of Incidence (deg)

0.14
SD Distance (mm)

0.1

Simulated Image

calc.ima
Wavelength (A)

Energy (keV)

Axds in angle

Compare O/S
Pixel size (mm)

Supramolecular & SUbmolecular
Nano & Bio Materials

-0.09

X-ray IMaging Project
-0.09 0.01 0.1 0.2 SUN = B]M

Load Calibration File Qy (A1)
XMI Lab @ Institute of Crystallography - CNR

F. Scattarella - AIC School 2026



SUNBIM Programs
(2) S-SSAWANA: Main Features

» Load and visualize a single two-dimensional frame

Relevant tools

* shift, rotate and transpose the pattern

* zoom in zoom out

¢ change the colour map or colour scale

* import calibration data

* extract one or more cross sections and plot them
(vertical, horizontal, radial)

and more.....

@ BackHard: S_SAWANA
File Status  Axis Option  Cuts  Indexing g
KM@nEA STNNE L REDLF4S LOD M +EHE SR

Working Folder C-Wsers\FRANCESCOSCATTARELLAOneDnve -

IMG Filename:  gsaxs.mpa

Image

Calib_4.0_AgBehenate_sa
xs_gisaxs mat 1024

SD Distance (mm)

768

Wavelength (A)

Energy (keV) o1z

Y (pixel)

Pixel size (mm)
256

o |l

256 512 768 1024
Load Calibeation File X (pixel)

IMG size 1024 x1024

Experiment Type
GISAXS

Angle of Incidence
0

Simulated Imaga

calc ima

< in angle

Campare O/S

4 BackHard: S_SAWANA

FieSatis  Axis Option  Cuts  Indexing

RM@nE 5>ONAE | L GEG F4+C L.O0 M +2HE:

Working Folder C:WsersFRANCE SCOSCATTARELLA\OneDrive
Image
Cshib_4 0_AgBehenate_sa
. gfbac mat 1021
Contrast Window
S0 Distance (mm} =l Aj
768
Wavelength (A)
[ss
3 s
: ]
a 512
Enorgy (keV) (=3
" ] { >
Pixel size (mm) =l |
o2 Caef s 256
| i l 0 1.5688
u Reset
256
Load Caliibration File

IMG Filename:  gisaxs mps

512 768
X (pixel)

I1CI1 oy

CNRlTstituto di Cristallografia @

- o %
WG size 1024 x1024
Experiment Type
GiSAXS
1.5
Angle of Incidence
0%
Simulatsd Image
calcima
1
g
05 Compare O/S
0
1024

% BackHand: S SAWANA
File Status

o o &

Working Folder C:\Wsers\FRANCE SCOSCATTARELLA\OneDrive

Calib_4 0_AgBehenate_sa
3 _giaax mat

eing
LB/ RED FSC LO0 B FRE S

IMG Filename:  gisaxs mpa

MG size 1024 x1024

Experiment Type
Gisaxs

SO Distance (mm)
PIARTS

Wavelength (4)

L R
3
=
Energy (keV) (=
i e =

Pixel size (mm)

Load Calibration File

512
X (pixel)

Angle of Incidence
01

Simulstsd Image

calcima

n angl

Compare O/S
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(2) S-SAWANA: Main Features

» Fold the two-dimensional data

Relevant tools
 Azimuthal Integration (full-circle or angular sectors)

Detector View Polar Coordinates View

360

o/

Intensity / a.u.

gz /A-1

v

ay /A1 F. Scattarella - AIC School 2026
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(2) S-SAWANA: Main Features

» Fold the two-dimensional data

Relevant tools
 Azimuthal Integration (full-circle or angular sectors)

1D profile

100

Intensity / a.u.
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(2) S-SAWANA: Main Features

» Fold the two-dimensional data

* Semi-Automatic Background Subtraction for (GI)WAXS data (SUNBIM 4.0 NEW TOOL)

Geometric aberration for small sample-to-detector distance could - i e o » »
affect (GDWAXS data. TR s e s
For this reason, we developed a semi-automatic evaluation (directly P -
. . 10°
from the 2D pattern) and subtraction (if necessary) of the — =
background from the 1D profile of the azimuthal integration to X = 2
enhance peak visibility at large scattering angles. S ="
@ 10'
—— 0 1 2 3 4 5 6 6
(A"
G
scatt (. . =— e o 250 250
I scatt (1 Yy ) — I <-1 ‘ U) I i (= —Eo:geg Eigtngl kground _?Idedtscijg:alld d Signal
corTr - 3 [¢ . ——Folded Est. Backgroun ol orrected Folded Signal
cos3 [26 (. y)] -
A — g 150
e E 100
X i 5
S - A.J_—w/"ﬂ'!"' 8wl ‘
o 5 % 1 2 3 4 5

a(a™)
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(2) SSSAWANA: Main Features

» Export data for simulation into:

* IsGISAXS program format (Lazzari, R. (2002). J. Appl. Cryst. 35, 406—-421)
« ASCII text file (free format)

The simulated (IsGISAXS) image can be uploaded and compared

with the experimental one.

» Basic indexing GISAXS/SAXS data:

Simulate the pattern produced by a collection of nanoparticles assembled on top of a substrate according to the space-group symmetry, the
unit-cell size, the orientation and the disorder in the sample (Tate M. P. et al. (2006). J. Phys. Chem. B, 110, 9882-989)

4| Indexing Tool - a x
Simulation Parameters
Select 5G Enter 5G Name Enter 5G Number

SG Fm-3m e Fm-3m 225

=4 T8 b T8 c T8

alpha %) %0 b 20 L £

Max hk 4 Masaicity 0.01 =
1

Samgle Orientation 1 1 1 2,
=
o
-

Use DWBA

Critical Angle o1

OK Cancel
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——@ FOCUS

YV VY

(3) M-SAWANA

»  manage with collections of data

»  scanning microscopy in absorption and SWAXS contrast
»  multi-edf files conversion (NEW!)

»  data reduction (NEW!)

>

Y V V
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(3) M-SAWANA (Multi scan S/WAXS and Data Analysis) Window

(4 M-SAWANA: Multi Scans SWAXS Data Analysis - [m] X

| ConvertFiles Status Calibration Reduction

Programs  Working Folder About  Close

Scans Folder
rCOMPOSITE & VISUALIZATION Section

Data Format

Scan Mumber From 0 To 0 O mpa () *edf
Part of scan IMG into composite (%) 50 Visualization Options
( g 90 degree rotation Viewin 9 Use Ticks & Labe
on poslte TOOIS Root name for created IMGS sample U < 2 a
RUN Option |
RUN o Composite O Scattering and Transmission b | Sybtract Backaround
View IMGs from last RUN O composite Integral () Sum of Patter... Onselectedarea Draw Area View LastArea
rANALYSIS Section
3 . 1 .
Analysis Section R
y 2D IMGs Tool

Rigaku Ins or Converted Scan Number From 0 To 0

rRadial Integration

. Select from Plots Options
A m h 1 RUN pLOT (] Auto exportto dat
Folder (1D plot T.
71 ut a L ] Toggle with Reduced Data
s Reduction Axis Options Compos. Composite Integ.. Toggle with Denoised d...
Integration & Plot
g [_J Denoising X |Pixels ~ O Rangs ) Toggle with 2D M.
Draw at
C] Export to .dat Y |logilnt} vixar 0 From Scan 0 Tl o Same p. O Separated pl
Supramolecular & SUbmolecular
[eca Model lecti - -
odels selection
O On denoised data Select Models From Scans Nar‘o & B'IO Matel’lals
Prepare RUN View View Models Q ~utomatic () compostte () Manually (Loaded) . . .
X-ray IMaging Project
[ |
_ SUN - BIM
[:] On denoised data C] Substract Background From Sc... using interp params
Closest Farthest  Power
S . [ on reduced data Browse 0 = : 1
Cannlng XMI Lab @ Institute of Crystallography - CNR
Interval in size{nm) ~ 0 - o
Figure options
Scan 0 Root name for Titles [_] Flip Up/Down ] Permute
Sample [ Fiip LefRight () Flip Colar Wheel
Preview Selected Scan
[ save IMGs at folder
RUN



msawana_composite.mp4
m-sawana_plot_ri.mp4
msawana-scanning.mp4
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(3) M-SAWANA: Main Features

» Composite
Relevant tools
+ composite of the as-collected two-dimensional S/WAXS frames into a single image
+ transmitted and/or scattered single mesh image of intensities in the whole q range
* average pattern calculated over the whole set of the data or over a particular ROI to increase SNR

Interactive Composite

* pick up and plot one or more specific one-dimensional profile (and the corresponding 2D image) corresponding to a scan
 find a scan position into the mesh

* free-hand draw area (ROI) and calculating comparatives parameters (vertex coordinates, area size, g-values and integrated intensity)
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(3) M-SAWANA (Multi scan SWAXS and Data Analysis): Main Features

» Analysis Section
Multi-modal imaging approach: transform a mesh of two-dimensional SAXS frames into microscopy images (Bunk et al. New J. Phys. 11, 123016, 2009)

Relevant tools
* Each 2D frame of the mesh is folded into a one-dimensional profile
» From a specific 1D profile, selected from the composite map, the user can choose one or more diffraction peaks (q-ranges)
* For each g-range SUNBIM generates intensity maps, revealing the spatial distribution of specific structural components within the
sample

0.19
0.18
0.17
E 0.16 E
; =
0.15
0.14
0.13
. 0.12
; < o .
x (mm)
\\“\\_ 1f9€UD diffraction peak /
Teeol 1,8E-2 - = —/‘
-~ 1 [l vi‘;{
Rk e 1 [l o ! Carbohydrate Polymers e
- el ;
1 [l Volume 302, 15 Februory 2023, 120422 -
-3 ©
1,2E-2 4 L ; : : _—
[ Colonic budesonide delivery by multistimuli
: : 1 alginate/Eudragit® FS 30D/inulin-based
) A microspheres as a paediatric formulation
D Vita D'Amico ®, llaria Arduine °, Mirco Vacca ®, Rosa Maria locobazzi *, Davide Altamura <,
] ntonio Loy , Rosanno Rizzi © nelli °, Valentino Laguintana °,
I ngells, Nunzio Denora ® & B, Angela Assunta Lopedota® & B
6E-3 —
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(3) M-SAWANA (Multi scan SWAXS and Data Analysis): Main Features

» Analysis Section
Multi-modal imaging approach: transform a mesh of two-dimensional SAXS frames into microscopy images (Bunk et al. New J. Phys. 11, 123016, 2009)

Relevant tools

* Each 2D frame of the mesh is folded into a one-dimensional profile

« From a specific 1D profile, selected from the composite map, the user can choose one or more diffraction peaks (q-ranges)

* For each g-range SUNBIM generates intensity maps, revealing the spatial distribution of specific structural components within the
sample

« Optionally, for each selected peak, it is possible to subtract the background by using an experimental background from the scan

* Through the multimodal algorithm M-SAWANA generates microscopy images reporting the orientation angle and degree of
orientation of the selected components.

014700
014615 bgr |
014700 sub .bgr
q1 = 0.0050
g2 = 0.0200

g-band T,
P,
o, reference scan
- e,
L
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Multi-edf files conversion in M-SAWANA

SUNBIM provides the possibility of managing files in different formats, such as .tiff, .cbf, .edf, .ccd, .mpa and .mat for 2D images, and .dat for
1D profiles and batch script (ASCII files).

Many of them could not be used in the section dedicated to the composition and visualization of scanning microscopies (up to now only .mpa)
In SUNBIM 4.0 these features have been extended to support .edf files, a data format commonly used by SAXS/WAXS laboratory instruments

[&

Schematic files conversion in /J s e Pd‘t t e

M-SAWANA :
Sample Scan Transmission Scan Transmission

[4] Conversion Menu — *

Sample Description |Sample

Eiger 2R 1M

Scan Folder Browse

Trans Folder Browse

) e I - .
SUNBIM-READY

Trans Mask Browse F I LES

Same as Scan Mask

[C] change Step |1 Average CONVERT




What’s new in SUNBIM 4.0?
Data Reduction Panel in M-SAWANA

An accurate data reduction is mandatory on SAXS/WAXS to obtain readable, reliable and quantitative data

STEPS

®

The dark frame signal (beam off) I/ is subtracted from the
It signal to reduce the instrumental noise of the detector
The resulting signal is normalized to the transmission
coefficient T, to make it independent of the different degree
of absorption of the sample

A background signal I8 is subtracted from the normalized
signal, taken as an average of the intensity recorded in a no
sample region

The resulting signal is finally normalized to the relative
thickness of the sample n obtained from the Lambert-Beer
law, assuming a reference sample with a constant
transmission coefficient T,

@
®
O)

T1CDI1 b

CNRITstituto di Cristallografia a@&
i 1 9t (3 ) — I df i
:I?caﬁ o & Ibg :
il (@9) n(x,y) T(x,y) i
L e e e e e e e e e e i
rF T 5 H
| I(x.y) + | T ()]
T, y) = (.9) : P on(z,y) = In [Tz, "U)]l
| o § 4" )

Main Options
* Five options to calculate T map and BG using:

A number of new functions have been implemented in SUNBIM.
A personalized Data Reduction is now possible!

computer programs

» external file (if measured)
* max intensity of the map
* max of each row

* area (to increase SNR)

*+ area from another sample

:
2

1SSN

* Background Compensation
* Gaussian Filter
* SAXS signal normalization row by row

o[

* Post processing functions (to improve maps quality): oo

pted 30 June 2025

SUNBIM 4.0 software: new developments in small-
and wide-angle X-ray scattering data analysis for
scanning mode and grazing-incidence geometry

JOURNAL OF
APPLIED
CRYSTALLOGRAPHY

Francesco Scattarella,* Davide Altamura, Teresa Sibillano, Liberato De Caro,
Dritan Siligi* and Cinzia Giannini

ober 2024

Nazionale delle Ricerche (IC-CNR), via Amendola 122/0, 70126 Bari, ltaly
ella@cnr.it, dritan.siligi@car.it




What’s new in SUNBIM 4.0?

Data Reduction Panel in M-SAWANA

4| Reduction Settings Panel

Apply Reduction

Integration Time (s) File
SAXS
DARK ® ° Dark Current 3804 DarkCurrent_1m_3804s.mpa Browse... °
CURRENT SUBTRACTION
Integration Time (s) Value
TRANSMISSION DARK CURRENT X ®) ;rar:rgswn‘
SUBTRACTION SRS [
File
TRANSMISSION COEFFICIENT Browse
CALCULATION AND P o T Py " [rom area {current ... o o
BACKGROUND SUBTRACTION Background | please select..
from single file ckground Compensation Gaussian Filter
from max i
from max of row (S Normalization By Row
from area (current sample)
from area (other) Region Growing
RELATIVE THICKNESS C o Relative Value Threshold
N?nz:z?stbn 05 02 () Use Outiiers &
Reset All Cancel Done

F. Scattarella - AIC School 2026
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What’s new in SUNBIM 4.0?

Data Reduction Panel in M-SAWANA

(@] Reduction Settings Panel =
Apply Reduction
Integration Time (s) File
SAXS
DARK C ° Dark Current 3804 DarkCurrent_1m_3804s.mpa Browse... o
CURRENT SUBTRACTION
Integration Time (s) Value
TRANSMISSION DARK CURRENT X ®) ;::?;::, -y
se
SUBTRACTION : [ ]
File
TRANSMISSION COEFFICIENT Browse
CALCULATION AND ® o Transt:ssaon Sitcarmt.. § Draw Area | ew Area o
BACKGROUND SUBTRACTION Background
Background Compensation Gaussian Filter
SAXS Normalization By Row
Trasmission Reference Region Growing
RELATIVE THICKNESS ® o T:;Z Vs Thwonhokt °
Normalization 0s 02 () Use Outliers
Reset All Cancel Done

F. Scattarella - AIC School 2026
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Number of Selected Scans: 108
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Case Study 1 e
Nanomaterials: Whey Protein Concentrate (WPC) Films + TiO,
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Scanning SAXS at XMI-L@b

1. The sample is moved in steps (~ 200 um) along the two xy 2. The instrument also collects data on the absorption of the
directions and for each step a 2D diffraction pattern is acquired by sample point by point (pin diode).
the SAXS detector.

SUNBIM
@ Software
SUNBIM NEW
DATA

Q i REDUCTION
SUNBIM |

Software Intensity Transmitted Map

¢

It is possible to retrieve a map
of the Transmission

The software associates the collected Coefficient T of the sample

patterns with the sample positions and
reconstructs the spatial distribution of
the scattering intensity

F. Scattarella - AIC School 2026



Case Study 1

Nanomaterials: Whey Protein Concentrate (WPC) F

SUNBIM NEW

Scattering/Absorption contrast of films
CEWPC?7.5 with TiO, loading. SAXS/T maps
lead to an enhancement of contrast and
resolution related to thickness/density and
structure variations, or a flattening of the
inhomogeneities when these are due to bare
density/thickness variations.

DATA REDUCTION

Y

ep

g]
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ilms + TiO,

1
(saxs)

<|W JT)

CEWPC7.5

° Iscatt

e T

° Iscatt /T

maps of different
films

CEWPC7.5T0.5

NEWPCT.5

'
'
l
!

o BN
—
-

NEWPC7.5T0.5

B
I
1

E

CE TO.5
NE
NE TO.5

Linear Fitof LnT

I Max Ln(T) Variation (%)
-— \_‘

r 100

From Lambert-Beer Law we
derived the logarithmic plot of T
(average) as a function of the
relative sample thickness n=t/t,
and extrapolated the unknown
thickness value for very thin
samples

25%25
2 T. h

80

-0,30 4
60

L0 (T) pras

40

(L /(L) uv

0,451
L 20

-0,60 Lo

Food Packaging and Shelf Life

ELSEVIER Volume 26, December 2020, 100590

Estimation of
local sample
thickness

Physical and structural properties of whey
protein concentrate - Corn oil - TiO,
nanocomposite films for edible food-
packaging

Juan Manuel Montes-de-Oca-Avalos @ 1B, Davide Altamura ®! 2 B, Maria Lidia Herrera © =,
Cristidn Huck-Iriart 4 B, Francesco Scattarella ®& | Dritan Siliqi &, Cinzia Giannini DE,

Roberto Jorge Candal © 2 &



Case Study 2

Bone: Femoral head section (dwarfism)

XEUSS 3.0 LAB

SDD1 : 42.5 mm (WAXS)

SDD?2 : 1800 mm (SAXS)
Lambda: 1.34 A (Ga MJ Source)
Scanning Area: 3x1.5 mm?
Exposure Time: 30 s per frame
Beam Size: 150 um

Pixel Size: 172 um

1CO1

SCIENTIFIC
REPLIRTS

31 May 2012
Correlative Light and Scanning X-Ray
Scattering Microscopy of Healthy and
Pathologic Human Bone Sections

C. Giannini', D. Siligi', O. Bunk®, A. Beraudi®, M. Ladisa’, D. Altamura', S. Stea® &F. Baruffaldi®
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Case Study 2

Bone: Femoral head section (dwarfism)

WAXS contrast

Raw WAXS Intensity

Normalized WAXS Intensity
—

Microscopies

Absorption contrast

1CO1

CNRIIstituto di Cristallografia

Orientation Maps

Transmitted Intensity

log[Intensity]

| SAXS

m— 1 =1.7166| — 1= 0.0250
=2 =1.9309 =2 =0.0350

Relative Thickness distribution (n)

-

Orientation
Map of (002)
HAp
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Orientation Map
of Nanocrystals
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Obtaining & Installation 1GDL - e

@p

» Download from: https://www.ic.cnr.it/software/sunbim/ (after a valid registration)
» For Windows (64 bit) and MacOS (Apple Silicon) (NEW FOR SUNBIM 4.0)
» Run the installation file accepting the “license agreement”

» SUNBIM is developed on MATLAB and deployed with MATLAB Runtime Compiler R2023b

(included in setup file and automatically installed)

» Video tutorials, User's Guide and Examples can be freely downloaded here:

https://www.ba.ic.cnr.it/softwareic/sunbim/tutorials/
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CONCLUSIONS IC DI

CNRIIstituto di Cristallografia

SUNBIM is an integrated software suite for SAXS, WAXS, GISAXS and GIWAXS data analysis

SUNBIM 4.0 introduces:
* An extended support for multi-.edf data files importing and conversion
* A complete workflow for scanning X-ray microscopy data reduction, including dark-current correction,
background subtraction, transmission and relative thickness normalization

* A new semi-automatic background subtraction for WAXS/GIWAXS 1D profiles

SUNBIM 4.0 is now available for Windows and macOS

SUNBIM has been successfully validated on a variety of experimental datasets

Perspectives

 Integration of new Shannon sampling based approach for the structural solution of nano-objects by laboratory
and synchrotron SAXS data (De Caro et al., 2026)

* Support for .h5 data format used at synchrotron beamlines

* Native Linux version

* Development of a Python-based version
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