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*  SAXS—WAXS —Basic notions
*  Scanning SAXS- WAXS Microscopy
e Nanocrystals and Nanocrystal-based Superlattices

*  Scaffolds; Fibers
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* transmission geometry
soluton e X-ray optics that create a very
narrow, yet highly intense
incident X-ray beam are essential.
e This is because the comparatively
g weak scattering signal from the
o sample has to be measured in
the immediate vicinity of the
direct beam.
e |tisalso essential tousea 2D
detector that has a high linearity,
a high dynamic range and
negligible intrinsic noise.
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sample
log I(s), a.u. (in buffer)

T

2D Detector ‘I’ “
Sample in : 3.0
Monochromatic beam, k, solution | .
| radially averaged buffer
kozan/2 -
normalized:
‘ samp/e concentration 2.0
Radiation source: s — scattering vector | . .
28 - scattering angle | Incoming beam
X-ray tube (A=0.1- 0.2 nm) 1- wavelength Y .
Synchrotron (A=0.05 - 0.5 nm) 3 N E’Xposure time 15
Thermal neutrons (A=0.1- 1 nm) Is] = |ky-ko|= dnsinS/A ,,

i};«r
s sample - buffer
e (in buffer)

log I(s), a.u. 5
ey

D .
I(s)= 47Z'I p(r)mdr
. S

L
N

for monodisperse systems the scattering is
proportional to that of a single particle
averaged over all orientations
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Radius of gyration (R,)
R,? definition:

Radius of gyration (R)

2.2nm 3.6 nm
6 nm Average of square center-of-mass
distances in the molecule
P 6.4 nm weighted by the scattering length density

Rg is the quadratic mean of distances
to the center of mass weighted by
the contrast of electron density.
Rg is an index of non sphericity

o L
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I(Q):I(O)CXP< q3'> InI(g) =InI(0)— -2

In(/)
Guinier plot (R, MM) 2 [A7]

2 p2
R‘I

Plot InIvs. g?

Inner part will be a straight line

Slope proportional to R,? [slope = —R;}/3
IMPORTANT! Only valid near g =0
Usual limit: R; ey <1.3

In(h

Mono-disperse

512”[;\‘]

in(h
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Table 1
Macromolecular properties extracted from SAXS and SE S data.
I n (/) The experimental technique used for cach dataset (batch SAXS or SEC-SAXS) is explicitly indic mn the second column, together with main experimental

parameters: SDD, exposure time per frame and beam collimation. Comparative nces to the SASBDB codes rovided, together with the expected
molecular weight (MW,y,) and radius of gyration (Rgey,) to validate the in-house measurements against structural data profiles were analyzed by A TSAS

4.1, induding DAMMIF ab initio modcling. The A I.\.-\.\.pjck:mr allows determination of the Rg value (here Rgy,,,) and dif nt methods for the MW evaluation.

: : Here, we report the evaluated MW 4,,, along with its probahility. In the ‘Raw Data’ column, black cirdes represent the experimental scattering data, while the red
[ ] I I I I l I e r p O solid lines correspond to the fitted scattering curves
g b

— Technique and | SASBDB code | MW,.,, (KDa) BioSAXS | Pair Distance
e e Experimental | MW, (KDa) | (Probability) Raw data Distribution DAMMIF
(concentration) )
Parameters Rgex(nm) Rgaats (NM) and Fits P(R)
2 p2 =
I I q R g Rg 2 ysozyme Bz‘;::r:(s SASDUE4 MWawe=12 | 2
f— N - { MWao= 14 (55%) H
(q) (0) Cxp 3 ln I(q) — ln I(O) ? q (6 mg/mi) nggz;m; Rgup=1.5 Rgana=1.5 y
Carbonic ki SASDFP8 MWous = 24 N - e
600 mm i 7N
Anhydrase Il 60s MW= 29 (31%) : ¥ r X
(7 mg/ml) . R =1.8 Rgaets=1.9 1 \
2 — 2 1.3x1.3mm? 3 -
slope = —R; /3| | intercept = In I(0) I(0) x M ' :
Human Insulin, Betah Sae SASDE25 MW= 29 - \
Hexamer %0 mm MWeo= 35 (30%) d /0
(2.5 mg/ml 60 R p=20 Regas= 2.1 1/ \
. ' | o.9x0.0mme e A s 4 | L h
1(0 M, ; '
sample Csample IV sample ‘
100 ~ M. where c is concentration ppoferitn | oo s | SASDESS | MWew=318 | i\
standard Cstandard {Mstandard (10mg/my) g3 ';Z;"f . ;55_%; , |-
0.9%0.9 mm? i e 7
Bovine Serum
Albumin s:oco-?“»\;s SASDBT4 MW =76 : :
1(l;nrlne;':\?) 20 :::I w:zes Rg(‘s 230 ; 8 )
Monomerl 1.3x1.3mm? 5 e
M M Cstandard I (O)S:nnple o
— . ovine Serum SEC-SAXS > ; ~n =
smnple standard c I 0 Albumin 600 mm SASDFR8 MW= 208 i I\
sample standard (injected 30s MWap= 133 (90%) [N\
omgm, | 13x.8mme | Reew=40 A= 4.2 /
Dimer s
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Silica NP Quantum dot

¥ @ e

Polymer micelle Nanosphere

* Precise control of particle
characteristics

¢ Payload flexibility for hydrophilic
and hydrophobic cargo

¢ Easy surface modification

* Possibility for aggregation
and toxicity

Iron oxide NP Gold NP

¢ Unique electrical, magnetic and
optical properties

e Variability in size, structure
and geometry

e Well suited for theranostic
applications

e Toxicity and solubility limitations

Review Article = Published: 04 December 2020

Engineering precision nanoparticles for drug delivery

Lipid-based

c R

~

S ec'Sos)

Lipid NP

¥
OO

Lipogome

Emulsion

e Formulation simplicity with
a range of physicochemical
properties

¢ High bioavailability

e Payload flexibility

e Low encapsulation
efficiency

Michael J. Mitchell E, Margaret M. Billingsley, Rebecca M. Haley, Marissa E. Wechsler, Nicholas A. Peppas

& & Robert Langer &

Nature Reviews Drug Discovery 20, 101-124 (2021) \ Cite this article

Muggia, 01/ 10 / 2026

Drug delivery nanoparticles
must be characterized in:
sizes, shapes, and
morphologies

@
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Size, structure and morphology play
a crucial role in their functionality.

NATURE BIOTECHNOLOGY VOLUME 33 NUMBER 9 SEPTEMBER 2015
a b C
(N~ (0 %~ Characterizing their loaded and unloaded

-4 2‘?%;; Sm S I' v;jj”v size and shape as a function of relevant
wes | o L human bogly parameters_ ('e.g. pH or
AN " = . n te-mperature), is t-her.efore critical, especially
Lungs ct_é ) — —= if the characterization can be performed
‘ o Ina [a0f n o M simulating the same condition of drug
Kidneys i o e delivery, i.e. dispersed in a buffer which is
often water.

Liver N Spleen

Kidneys
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Dmax

M/V

B

Maximum particle size

Provides the largest dimension of
the scattering objects (e.g., particles,
aggregates, pores).

What can we extract from SAXS?

From the scattering pattern to the structural information

Mass / volume

Determines the amount of scattering
material and allows the estimation of
protein and nano-object characterization
(e.g., concentration, molecular weight).

Shell thickness

Gives information on the thickness
of core-shell structures (e.g., micelles,
vesicles, nanoparticles).

Aggregation number

Gives the number of monomers
in self-assembled structures
(e.g., micelles, nanoparticles).

Dmax

10) M

roal
» e
b o0
shell thickness

Nagg Mmicelle

Nagg= ——m—

£ Mmonomer

Micelle / nanoparticle

R,/1(0)

Radius of gyration / forward InI(q)
scattering intensity /Rg =T _qR2
Provides the global size and shape (@) =1(0) e
of the particles and the scattering
intensity at zero angle (related to concentration). = A7)

q(A")

Ellipticity

Reveals the particle shape through
the ratio of scattering in different
directions (polar/equatorial asymmetry).

hydrated shell

Hydration fraction (uivs .~ (lowelectron density)
Jrekese
Apcore Provides the fraction of hydration . ‘.'; - N
/Apsheu of the particle, related to the contrast o B8 (high electron density) P'= Penett = Peore
difference between the core and the shell.  ~ *7ay i
B o of Shanpon sampling based approach for the structural
FR /PPLIED solution of nano-objects by laboratory and
2 CRYSTALLOGRAPHY
: synchrotron SAXS data
ISSN 1600-5767

Liberato De Caro,™ Domenico Alberga,” Francesco Scattarella,” Teresa Sibillano,”
Vincenzo Mangini,* Boyang Zhou,” Thibaud Stoll> and Cinzia Giannini**




“EUROPEAN SYNCHROTRON SAXS BEAMLINE LANDSCAPE (UPDATED)”

ESRF (European Synchrotron Radiation Facility)
Grenoble, France
ID02 — SAXS
(Structural Biology, BioSAXS)
BM26 — SAXS/WAXS 550
(High-throughput) 9}' 3598
BM29 — BIoSAXS i
(Biological macromolecules)
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Saint-Aubin, France
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(SAXS)

Solution scattering

& in situ experiments
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high-throughput)
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WAXS

microcrystal

X-RAY
BEAM

nanocrystal 5 10 15 20 25 30 %

sin6=xi/2d

Large 6 - small d
Small 6 - large d

amorphous corororomomw «r]ConsiglioNazionale
delle Ricerche



o U T L I N E International SILS School

Muggia, 01 /10 /2026

*  Nanocrystals
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Full-shell Clusters Total Number Surface Aton 100
of Atoms (%) 8 - ...IIIIIIII
-I
1. Shell 13 92 .{:“ - Bulk Atoms
=5 80 A
(7p]
2 Shells 55 76 -
®]
—~—
i 60 -
3 Shells 147 63 =
m
£
4 Shells 309 52 g 40 4
O
]
<
5 Shells 561 45 "‘5
20 -
2 Surface Atoms
““m“.
7 Shells 1415 35
0 T T T T T T T
0 5 10 15 20 25 30 35
Particle Size(nm)
Nanoscale Materials in Chemistry, Kenneth J. Klabunde et al,
Ed. K.J. Klabunde, Wiley, 2001 Nanocrystals as Stoichiometric Reagents

with Unique Surface Chemistry

J. Phys. Chem. 1996, 100, 12142-12153 «r ] Consiglio Nazionale

delle Ricerche
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Whatis the Structure?

|
3 i @ af™N
® | i ; Q
g ! . Identifier 9012043
[7)] N . .
S T Literature Reference O tt€ H- M., Journal of Applied Physics
e - (1961), 32,1536

(7
0/8\06 Formula Cu
0 Compound Name Copper
®

Synonym
Space Group Fm-3m
Cell Lengths a3.6150b 3.6150 € 3.6150
Cell Angles a 90 B 90y 90
159+ 0.5 along[1 11] el 4724‘36 !
ell Volume .

9.5+ 0.5 along [200]
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Whatis the Structure?

- b a
Identifier 9015924
— Calos, N. J, Forrester, . S., Schaffer, G.
g Literature Reference B, Journal of Solid State Chemistry
> (1996), 122, 273
@ Formula CuO
2
£ Compound Name
Synonym
Space Group C2/c
6 Cell Lengths a4.6832b 34288 ¢5.1297
Cell Angles a 90 B 99.3086 v 90
24.5+0.5nm
Cell Volume 81.2868
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Whatis the Structure?

b a Identifier 9008081
Newnham, R. E, de Haan, Y. M.,
Literature Reference  Zeitschrift fur Kristallographie (1962),
117,235
~100nm Formula Al O3
IRF limited! compeundtiame
Synonym
L Space Group R-3c¢
—~ T Cell Lengths a4.7589b 47589 ¢ 12991
=}
s | Cell Angles a90p90vy120
>
,é i Cell Volume 254792
[0
= ¥ e Loy I EL e 7z Z:0Z:0
N S o K AN oy ﬁfre o=
N o (

-
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| hatis the Structure?

S5 L
&
= T
2 T Identifier 7206075 Identifier 9007432
GJ B .
= Rezaee, Masih, Mousavi Khoie, Seyyed Literature Reference  B2UN W- H. Acta Crystallographica (19

r Literature Reference  Mohammad, Liu, Kun Hua, 56), 9,515

= CrystEngComm (2011), 13, 5055 Formula 0, Ti

C ‘ I I Formula O Ti Compound Name rutile

2 3 4 5 Compound Name Titanium oxide - anatase Synonym
q(A‘_’I ) Synonym Space Group P4;/mnm
1 Space Group 14y/amd Cell Lengths 24,594 b 4594 ¢ 2.959
|
Cell Lengths a3.7850 b 3.7850 ¢ 9.5196 A @90 B 90y90
21+0.5 nm 2 35+0.5 nm Cel Angles @90 B 907 90 Cell Volume 62.4492
[ 1 ) Cell Volume 136.38

® (, 9 «r ] Consiglio Nazionale
delle Ricerche
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Whatis the Structure?

—IC
—— ICSD = 72544
——ICSD = 15254 Data can be explained

either as:
v W 044(ICSD=15254)
or
WO, gy (ICSD=72544)
phases.

Intensity (ar. units)

1 2 3 4 5 6 7 8
q=2sin(0)/x (A™)
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delle Ricerche



WIDE ANGLE X-RAY SCATTERING - WAXS International SILS School

Muggia, 01/ 10 / 2026

%) 72544-1CSD | G -
WO, ¢,6 (ICSD=72544) n
Current structure: (72544-1CSD ] .
e s 7| | orthorhombic a Is s r“c “re i
Barabanenkov, Yu.A.;Zakharov, N.D.;Zbr
-m ov, I.P.;Fionenko,
Literature Reference VD.P.;Werner, P.;Popov, A.L.;Valkovski, M |
, Unknown (0)
Formula Oz262s W |
Compound Name Tungsten Oxide (1/2.6) i
—— ICSD = 72544
Spoce Group Pbam — ICSD = 15254
Symmetry
Cell Lengths a 21.431(9) b 17.766(7) c 3.783(2) —_
Cell Angles @ 90 B 90 v 90 _.tL)
= Cel Volume 1440.35 c
=
7,7 7:327:0 I ’
[W R-Factor (%) 175 E
—
\ >
-—
- . (2]
%) 15254-1CSD | e—— ool o5 [
(V)
Current structure: [ 15254-ICSD - -IE
Customise... - —_
m] Identifier 15254-1CSD o
e ——— Viswanathan, K.;Brandt, K.;Salje, E.
- , Unknown (0)
Forma Oss Wis ‘ " T T T ¥ T T T y
Compound Name Tungsten Oxide (18/49) 20 40 60 80 1 00
Synonym
Space Group P2/m s 26 (deg)
CellLengths a18.334 b 3.786 C 14.044
Cell Angles « 90 B 115.2 ¥ 90
cooume|882.052
2,7 Z:17:0
I
R-Factor (%) 6.5
S W 13049 (ICSD=15254
18049 iglio Nazi
Polymorch Z o r Consiglio Nazionale
monoclinic delle Ricerche
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Intensity (ar. units)

——NSLS
—IC

Muggia, 01/ 10 / 2026

Whatis the Structure?

The XPD data collected at IC (IC-XPD) were
acquired with a Bruker D8-Discover (3.3 kW)
diffractometer equipped with a Cu source (8KeV,
A=1.540562 A)

The NSLS data (NSLS-XPD) were measured using X-

ray radiation with an energy of 66.7 keV
(A=0.18597 A).

«r ] Consiglio Nazionale
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Pair distribution function (PDF) gives the probability of finding an
atom at a distance “r” from a given atom.

PEAK POSITIONS

e Bond lengths, interatomic distances

PEAK AREAS

e Coordination number

e Dynamic disorder (ADPs)
e Static disorder

PDF PEAK DAMPING

e Crystallite size

1.42

@ PEAK WIDTHS

15

— 3.76

284

 =sat

° ' ¢ r(8) ° ¢ s «r ] Consiglio Nazionale
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Whatis the Structure?

TYYYTY
XYY

CHEMPHYSCHEM

#>ChemPubSoc S
N Europe DOI: 10.1002/cphc.201501175 IAI’(I('QS

L @ Static and Dynamical Structural Investigations of Metal-
Oxide Nanocrystals by Powder X-ray Diffraction: Colloidal
Tungsten Oxide as a Case Study

Rocco Caliandro,*® Teresa Sibillano, B. Danilo Belviso, Riccardo Scarfiello,"® <
Jonathan C. Hanson, Eric Dooryhee,”” Michele Manca, P. Davide Cozzoli,® " and
Cinzia Giannini**

P (R)
P (R)

I , : , , , , ... . NSLS data (NSLS-XPD) @ 66.7 keV
0 5 10 15 20 25 0 5 10 15 20 25
R (A) R (A)

W,,0g (ICSD=72544) W,5040 (ICSD=15254)

Results of the PDF data allowed to identify the monoclinic
W ;50,4 crystal phase (ICSD # 15254); fitting proved that the

actual stoichiometry was W 4.0 404543 <(r] Consiglio Nazionale
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Figure 3. (a) PDF data matrix: the intensity is on a color scale. (b) PDF from the data matrix fitted by the MAPDI, tetragonal phase model. - .
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increasing interatomic distances. PC2 scores obtained for R > 12 A show the same trend of those in the slice at 9—12 A.
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Principal component analysis (PCA) on the PDF
data matrix :

3. the PC2 trend when the light is on and the
recovery time when the light is off closely
resembling the trend observed for the electron
paramagnetic resonance (EPR) signal.
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Three-step procedure:

] [ [ n
1. the instrumental resolution function (IRF) wnal Is lhe domaln SIZGI
was evaluated by fitting the XRD pattern of a LaBg NIST standard recorded under the sam

experimental conditions as those used for measuring the powders.

2. the crystal structure models of the crystalline phases previously identified, here
tetragonal TiO2 anatase (space group 141/amd;

cell parameters: a=b=3.7835430 A and c=9.614647 A; a=B=y=90°) and tetragonal TiO2
rutile (space group p 42/m n m; cell parameters: a=b = 4.59365A; c=2.95874 A; a= 200
=y=90°) were provided to the program. g

TiO2

1800 F

1500 |F

3. the inhomogeneous peak broadening of the XRD pattern reflections was described by a
phenomenological model based on a modified Scherrer formula:

A A

Dy, cos®  cost

-
=)
=1
=3

Intensity (arb. units)
2 ©
2 =
3 3

w
=3
=3

Bhi, = Aimp Vimp (st » Prjet)

o

imo S L

re a | l;l 3‘0 5‘0 7‘0 92 110 130
size contribution to the integral width of the (h,k,l) spherical 2009
reflection harmonics
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Identifier 1100136

Spreadborough, J, Christian, J W,
Literature Reference  Journal of Scientific Instruments

a crystalline domain elongated along (1959), 36,116

the [111] crystallographic direction,

Formula Ag

Compound Name Silver - 3C

’5 - with a domain size of 11.3/6.3 nm Synonym

L‘i L a|Ong the [111]/[200] Space Group Fm-3m

> Cell Lengths a4.0855(1) b 4.0855(1) € 4.0855(1)
—

.(7) L Cell Angles a90 B 9090

cC Cell Volume 68.1923

2

= | 7 Z:4Z0

T
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Wt S U e/ Shapes

TABLE 1. Mean Coherent Domain Size, D, Estimated
upon Rietveld-Fitting the XRD Patterns Shown in Figure 2

Dgos (nm)*

8L 2
6+ 1
6+ 1
6+ 1

“ Mean sizes estimated by TEM by statistical analysis.  Minor discrepancies between
the XRD-derived and TEM-measured sizes can be attributed to the presence of self-
organized ND superstructures within the ND powders deposited on the silicon
substrates for analysis. Micrometer-size domains of columnar face-to-face stacked
NDs, in which the degree of intracolumnar ND ordering along the c-axis direction
prevailed over the degree of intercolumnar alignment in the perpendicular
orientations (Figure 1g—i), can be expected to hold higher structural coherence
along the [001] and, to a lower extent, along the [010] and [110], relative to their
fully disordered ND ensemble counterparts.

AINANO

Metallic-like Stoichiometric Copper Sulfide Nanocrystals: Phase- and
Shape-Selective Synthesis, Near-Infrared Surface Plasmon Resonance
Properties, and Their Modeling

Yi Xie 1, Luigi Carbone §*, Concetta Nobile §,
Vincenzo Grillo L], Stefania D’Agostino t#, Fabio
Della Sala t§, Cinzia Giannini A, Davide Altamura A,
Christian Oelsner ®, Carola Kryschi ®, and P.
Davide Cozzoli §1*

ACS Nano, 2013, 7(8), pp 7352-7360
DOI: 10.1021/nn403035s
Publication Date (Web): July 16, 2013
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Tetrapod-Shaped Colloidal Nanocrystals of lI#VI
Semiconductors Prepared by Seeded Growth

Angela Fiore, Rosanna Mastria, Maria Grazia Lupo, Guglielmo Lanzani, Cinzia Giannini, Elvio
Carlino, Giovanni Morello, Milena De Giorgi, Yangin Li, Roberto Cingolani, and Liberato Manna

J. Am. Chem. Soc., 2009, 131 (6), 2274-2282- DOI: 10.1021/ja807874e + Publication Date (Web): 26 January 2009
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20 (deg)

HRTEM image of a ZnTe/CdTe tetrapod. It is remarkable to note the
changes of the lattice fringes contrast along the arms of the tetrapod,
which indicates the presence of regions with either different

orientations, or structure, or composition
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What can we extract from WAXS?

From the scattering pattern to the structural information

WAXS experiment
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2D scattering 8
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2D WAXS pattern
(intensity vs scattering vector q)
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(e) 1.08 Quantum Dots: Synthesis and Characterization
D Dorfs, R Krahne, A Falqui, and L Manna, Istituto Italiano di Tecnologia, Genoa, Italy

S h ﬂ‘Pe C Giannini, CNR-Istituto di Cristallografia (IC), Bari, ftaly
D Zanchet, Laboratério Nacional de Luz Sincrotron, Campinas-SP, Brazil

® 2011 Elsevier B.V. All rights reserved.
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WAXS:

nanocrystal structure

domain size

anisotropy of the crystalline domain (crystal domain shape)

crystalline domain -
WAXS

NP shape / size
SAXS

@
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*  Nanocrystals and Nanocrystal-based Superlattices
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Nanocrystals Assembly: hierarchical structure :
Muggia, 01 /10 /2026

A

ACS Nano > Vol 18/Issue 23 > Article
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Figure 1. Analogy between NCs and atoms.
Figure 2. ...to assemble NCs into superstructures to a given
The crystal structure can be described as an assembly of desired function
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SUPRA-MOLECULAR (GISAXS) Magge, 01 10/ 2026
Fiydrogen Fietom
1
H He
1.01 4.00
Tivam Beryiom Boron Sarson Nirogen Seyoen Fioonne Neon
10
Li Be B C N o F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
Sodium Magnesium Aluminum Silicon Phosphorus Suifur Chiorine Argon
18
Na Mg Al Si P S Cl Ar
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
Potassium Calcium Scandium Titanium CI Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \"J Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 44.96 47.88 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72 72.61 74.92 78.96 79.90 83.80
Rubidium Strontium Yttrium Zirconium Niobium T Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
37 38 39 40 a1 42 43 a4 a5 46 a7 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd A Cd In Sn Sb Te 1 Xe
85.47 87.62 88.91 91.22 92.91 95.94 (98) 101.07 | 102.91 106.42 107.87 112.41 | 114.82 | 118.71 121.76 127.60 126.90 | 131.29
Cesium Barum Cutetium Hafnium Tantalum Tungsten Rhenium Osmium ndium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
56 57-70 72 75 76 77 78 79 81 82 83 86
Cs Ba * Lu Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At RN
132.91 137.33 174.97 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 196.97 | 200.59 | 204.38 | 207.20 | 208.98 (209) (210) (222)
Francium Radium Lawrencium Rutherfordium Dubnium Seaborgium Bohrium Hassium D Ce L L Ununhs [ L
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Fr Ra ok Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Uuq Uup Uuh Uus Uuo
(223) (226) (262) (267) (268) (271) (272) (270) (276) (281) (280) (285) (284) (289) (288) (293) (2947?) (294)
Lanthanum Cerum E Terbium Dysprosium Holmium Erbium Thulium Ytterbium
57 58 59 60 61 62 63 64 65 67 68 69 70
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
138.91 | 140.12 | 140.91 144.24 (145) 150.36 | 151.97 | 157.25 158.93 16250 | 164.93 | 167.26 168.93 173.04
Acuniom Thorum | Protactiniom | Uraniom Neptunium | Piatonium | Amenciam Surom S Formiom | Merdeievim Nobetum
89 20 91 92 93 94 95 96 97 98 99 100 101 102
Ac Th Pa Np Pu Am Cm Bk Cf Es Fm Md No
(227) | 232.04 | 231.04 | 238.03 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259)

Gold Nanocrystals, sphere~12 nm
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SUPRA-MOLECULAR (GISAXS) Muggia, 01/10/ 2026

Brazilian Synchrotron

L N UL S LightLaboratory
.

'(’{Q’VNL SOCETY
OF CHEMISTRY
CrystEngComm '
@Sﬁo;’smrg GISAXS and GIWAXS study on self-assembling

processes of nanoparticle based superlatticest
Cite this: CrystEngComm, 2014, 16,
9482 M. Corricelli,£*® D. Altamura,{ M. L. Curri,° T. Sibillano,° D. Siliqi,© A. Mazzone,*
N. Depalo,® E. Fanizza,® D. Zanchet,® C. Giannini*® and M. Striccoli*®

UNIVERSITA
DEGLI STUDI DI BARI

GISAXS in situ Experiment performed at the XRD2 beamline in LNLS-Campinas, DO MRS

Brazil

© - ; Consiglio Nazionale
Gold Nanocrystals, sphere~12 nm Lucia Curri Marinella Striccoli C'f'l delle Ricerche
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SUB-MOLECULAR (GIWAXS)
SUPRA-MOLECULAR (GISAXS)
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Conclusion:

Question: what is the best substrate treatment

International SILS School
Muggia, 01 /10 /2026

to ensure the highest cover with an ordered Au

NPs monolayer deposition?

GISAXS revealed for Au NPs deposited NPs deposited on Si/SiO, substrate, it was found thata =14.0+£ 0.5 nmand b=15.0+0.5

nm, forming an angle of y = 70° + 2°. In the case of Au NPs deposited on the Si/TL_ substrate, NPs form a distorted hexagonal lattice
with a =b =15.0 £ 0.5 nm basis vectors, forming an angle y = 50° on average, possibly taking on larger values, up to 65°.

Gold Nanocrystals, sphere~12 nm

@
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SUPRA-MOLECULAR (GISAXS) Magge, 01 10/ 2026
Fiydrogen Fietom
1
H He
1.01 4.00
Tithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
10
Li Be B C N o F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chiorine Argon
18
Na Mg Al Si P S Cl Ar
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
Potassium Calcium Scandium Titanium CI Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \"J Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 44.96 47.88 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72 72.61 74.92 78.96 79.90 83.80
Rubidom Stontam Verom Zirconiom Niobium T Rhodiam Panadiom Siver Caamiom Traram T Antmony Tewaram Todine Xenon
37 38 39 40 a1 42 43 a4 a5 46 a7 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd A Cd In Sn Sb Te 1 Xe
85.47 87.62 88.91 91.22 92.91 95.94 (98) 101.07 | 102.91 106.42 107.87 112.41 | 114.82 | 118.71 121.76 127.60 126.90 | 131.29
Cesium Barum Cutetium Hafnium Tantalum Tungsten Rhenium Osmium ndium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
56 57-70 72 75 76 77 78 79 81 82 83 86
Cs Ba * Lu Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At RN
132.91 137.33 174.97 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 196.97 | 200.59 | 204.38 | 207.20 | 208.98 (209) (210) (222)
Francium Radium Lawrencium Rutherfordium Dubnium Seaborgium Bohrium Hassium D Ce L L Ununhs [ L
88 89-102 105 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra ok Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Uuq Uup Uuh Uus Uuo
(223) (226) (262) (267) (268) (271) (272) (270) (276) (281) (280) (285) (284) (289) (288) (293) (2947?) (294)
Lanthanum Cerum E Terbium Dysprosium Holmium Erbium Thulium Ytterbium
57 58 59 60 61 62 63 64 65 67 68 69 70
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
138.91 | 140.12 | 140.91 144.24 (145) 150.36 | 151.97 | 157.25 158.93 16250 | 164.93 | 167.26 168.93 173.04
AT Tromam | Prowmeiom | Uranom Neptunom | Prowmom | Amencom Soram S Formiom | Merdeievim Nobetum
89 20 91 92 93 94 95 96 97 98 99 100 101 102
Ac Th Pa Np Pu Am Cm Bk Cf Es Fm Md No
(227) | 232.04 | 231.04 | 238.03 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259)

Cesium Lead Bromide Nanocrystals; cube ~13 nm
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SUPRA-MOLECULAR (GISAXS) Muggia, 01/10/ 2026

Stefano Toso Dmitry Baranov Liberato Manna
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2(202)  (112) (102)

e | (002) ﬁ);zo‘,\

) 221) = Conclusion:
= £(201) (111) (101) (110). - . . .
o ' . O oo koot W8 5 in-depth characterization by
* GISAXS revealed (001)-oriented 3D
‘ZZC’3"(z‘oo. (110) (100) (100) (00 - assemblies of CsPbBr3 nanocrystals in
. Sl ’ . : simple-cubic symmetry
2 = i o atl @ g * GIWAXS revealed (001)-oriented CsPbBr3
9. () /4. ) nanocrystals «r ]Consiglio Nazionale
delle Ricerche

Cesium Lead Bromide Nanocrystals ; cube ~ 13 nm
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SUPRA-MOLECULAR (GISAXS) Muggia, 01/10/ 2026

Superlattices :
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SUPRA-MOLECULAR (GISAXS) Muggia, 01/10/ 2026

Multilayer Diffraction Reveals That Colloidal

) ) Superlattices Approach the Structural
Structural refinement of superlattices from x-ray diffraction o h
Perfection of Single Crystals
Eric E. Fullerton and Ivan K. Schuller ' g
Stefano Toso,” Dmitry Baranov," Davide Altamura, Francesco Scattarella, Jakob Dahl, Xingzhi Wang,

VOLUME 45, NUMBER 16

Sergio Marras, A. Paul Alivisatos, Andrej Singer, Cinzia Giannini,* and Liberato Manna*
Mo(110) Ni(111) Mo (220)  Ni(222)
[ T T L

T lT T() y o ¢ ‘ ﬂ d=5.838 A m L =36.989 A g o =143 A
a : H 3 4

N =13.0
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SUPRA-MOLECULAR (GISAXS) Muggia, 01/10/ 2026
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Nanocrystal
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SUPRA-MOLECULAR (GISAXS)

Oleylamine Dodecylamine
C-18 C-12
WA A 1 INININININS
l“l\ WATA A A 1 N

the assembly?

Question: what is the effect of the ligand on

Muggia, 01/ 10 / 2026

Decylamine Octylamine
C-10 C-8
ININININ\S \ >
YA A A VAT A A"
# [

”\

\

Electron microscopy: Yu. lvanov, G. Divitini (IIT Genova)
Sample synthesis: U. Filippi (IIT Genova)
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SUPRA-MOLECULAR (GISAXS)

Oleylamine
C-18

/,\/\/\/\/C
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"~ VA A A
i~ INAAA
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Dodecylamine
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/\/\l\/\/\lc‘
\ VAV VoW i

Octylamine
C-8

)

-0.08 0.00
-1
Qy /A
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Normalized Intensity
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/ /\ \ AL 110 A

A= A= 109 A

== A= 109A
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\J\%/’\M 2 *A, =139 A

q / A 1 fMOﬁWm

0.05 0.10 0.15 0.20

The GISAXS patterns were indexed as cubic
space group Pm3m using SUNBIM4.0 software

International SILS School
Muggia, 01 /10 /2026
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Colloidal Softness

colloidal softness S of nanocrystals,
defined as the ratio
between the ligand shell thickness
and the edge length of
nanocrystals (S = L/NC.qge)
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36_"5 T IR
- o) ¢

34
8 8 0001 8 '
321 £$100 1218
03 04 05 06 07 03 04 05 06 0.7
Colloidal Softness Colloidal Softness

Normalized Intensity

GIWAXS patterns were indexed as
orthorhombic structure
(Pbnm, ICSD No. 98009-7851)

1.6
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Muggia, 01/ 10 / 2026

Oleylamine Dodecylamine Decylamine Octylamine
C-18 C-12 C-10 C-8

s
'\ﬂ\’\’\ Y NS AAAAS
'\
I f
i~ I SINAAAY NAAAY N
( [ Y o

1
< Ve U od

. N I A
| I Y I

Ligand length

NC softness = L / NCg,,,

Ligand Length . . .
C 9 C 9 colloidal softness S of nanocrystals, defined as the ratio

between the ligand shell thickness and the edge length of
nanocrystals (S = L/NC.qg)

Conclusion: the interparticle spacing (L) and average
nanocrystal displacement (o) decrease with the
shortening of the amine ligand

: 0.0 0.2 0.4 0.6 0.8 « ]Consi lio Nazionale
Nanocrystal size Colloidal Softness r delle Eicerche
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intial state: colloidal suspension final state: atomically aligned
BCC superlattice
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X-ray diffraction/scattering data modeling
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*  Scaffolds; Fibers
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sinb = A / 2d

Large 6 - small d
Small 6 - large d

Detector in SAXS
(Supra-molecular Scale)

Detector in WAXS
(Sub-molecular Scale)

”

X-ray Source

Sample



SCANNING MICROSCOPY

SUNBIM: a package for X-ray imaging of nano- and
biomaterials using SAXS, WAXS, GISAXS and GIWAXS

techniques

Dritan Siliqi, Liberato De Caro, Massimo Ladisa, Francesco Scattarella,
Annamaria Mazzone, Davide Altamura, Teresa Sibillano and Cinzia
Giannini

J. Appl. Cryst. (2016). 49, 11071114

Scan Mode

X-ray source

International SILS School
Muggia, 01 /10 /2026

SAXS/WAXS Detector

computer programs

Volume 58 | Part 5 | October 2025
APPLIE https:/ /dol.org/10.1107/51600576725005904
Viewed by 740)

e (o st ]| ene e
N & o izl SUNBIM 4.0 software: new developments in small- and wide-angle X-ray scattering data analysis for scanning

X-ray IMaging Project g
ST T mode and grazing-incidence geometry

. Francesco Scattarella,* © Davide Altamura,*® Teresa Sibillano,*® Liberato De Caro,*® Dritan Siliqi*"® and Cinzia Giannini®



BASIC SCANNING X-RAY MICROSCOPY International SILS School

Muggia, 01/ 10 / 2026

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

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

*  From a specific 1D profile, properly
selected from the composite map, the
user has to choose one or more

,ﬁ diffraction peaks (a q range)

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

——Ti02

images
ORIEN;ATION ORIENTATION
INTENSITY DEGREE

‘ ‘ Tio2
)

computer programs

Volume 58 | Part 5| October 2025
https://dol.org/10.1107/51600576725005904

Viewed by [740]

Supramolecular & SUbmolecular
Nano & Bio Materials
X-ray IMaging Project

SUN - BIM

WA [ —
SUNBIM 4.0 software: new developments in small- and wide-angle X-ray scattering data analysis for scanning -~ d . hnale
mode and grazing-incidence geometry “r S

de{le Ricet;che_

- Francesco Scattarella,”"© Davide Altamura,*® Teresa Sibillano,*® Liberato De Caro,*® Dritan Siliqi*"® and Cinzia Giannini®
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Maria Grazia Raucci Luigi Ambrosio

Cartilage

} Cartilage layer

Subchondral layer

R e aLuLC tiguttiacic inijuly
3D Osteochondral Scaffold .

the bone.
v’ Mimic the gradient structure of

healthy osteochondral tissue

mAPPLlED&MATERIALS
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Scanning Small- and Wide-Angle X-ray Scattering Microscopy
Selectively Probes HA Content in Gelatin/Hydroxyapatite Scaffolds
for Osteochondral Defect Repair

Davide Altamura,” Stella G. Pastore,” Maria G. Raucei,” Dritan Siligi,” Fabio De Pascalis,®

Michele Nacucchi,' Luigi Ambrosio,” and Cinzia Giannini*

*Institute of Crystallography (IC), National Research Council, Bari 70125, Italy
and Biomaterials (IPCB), National

Energy and § able Economic Develop NEA), Brindisi 72100, Italy
and Materials Technology (DSCTM), National Research Council, Rome 000133, Italy

*Institute of Polymers, Comj esearch Council, Naples, Italy

*ltalian National Agency for

UDepartment of Chemical S

Polymer Characteristic
Major component of natural bone tissue. Excellent
Collagen biocompatibility and cell -binding. Relatively week
mechanical stiffness and rapid biodegradation rate
Gelatin Denaturalized form of collagen. Similar properties as

collagen

Silk-fibroin (SF)

Structural protein of silk fibers. High mechanical strength
and thermal stability. Flexible processability.

Chitosan

Polysaccharide. Good biocompatibility, antibacterial
properties. Relatively weak mechanical properties

Alginate

Soluble in water, good biocompatibility

Hyaluronic acid

Soluble in water, good biocompatibility, Easy
manipulation.

Polylactic acid (PLA), polyglycolic acid (PGA) and

copolymer PLGA

Tunable physical and chemical properties by adjusting
the copolymer ratio.

Polycaprolactone (PCL)

Good mechanical strength, Slow degradation rate

«r ] Consiglio Nazionale
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Scanning Small- and Wide-Angle X-ray Scattering Microscopy
e Selectively Probes HA Content in Gelatin/Hydroxyapatite Scaffolds
for Osteochondral Defect Repair

Davide Altamura,” Stella G. Pastore,” Maria G. Raucci,” Dritan Siligi,” Fabio De Pascalis,”
Michele Nacucchi,* Luigi Ambrosio, ! and Cinzia Giannini*

Gelatin/HA scaffold
(sol gel procedure)

Bari 70125, Italy

rch Coundil, Naples, Italy

+ viscous gelatin solution, type B (pH =5), was prepared in distilled water at 40°C with

constant adjustments of the pH (10-10.5). ‘

GEL B solution ‘ Ca(NO;),4H,0/ dH,0
Stirring 30min at 40°C

+ Simultaneously calcium nitrate Ca(NO,),x4H,0 and diammonium hydrogen phosphate

(NH,),HPO, solutions were dissolved in distilled water and stirred for 2 hours. Gelatin B+ H,0 g
10%w/v GEL/ Ca* solution
* The Ca?* solution was added to gelatin and mixed at 250 rpm for 2 hours at 40°C; after 3 S‘Wfr*J”Hﬁ:le_';’Slgf;‘"c
this time a phosphate solution was added to the system. Stirring 1hat 40°C TR
. . . . pH=4.5-5.0 Sti:r'\zngsoﬂtnin azt ‘ l
* The alkaline environment was reached by using NH,OH solution. =) 3 a0°C o
* The samples were treated at 40°C for 24 hours (stirring at 85 rpm) and sonicated for 3 Stirring 40min at 40°C St\rrmgs::;latw ‘
hours to obtain an homogeneous system. P00 [
‘ NH,OH stirring 1day at 40°C
+ After that, the gel system was poured into the Teflon moulds (5 x 10 mm) quenched to -80 ‘ GELiBjsolution ’ PH=8.0-8.5
°C and freeze-dried for 48 hours. I

. . . . GEL_B10/HA(20/30wt%)
+ For the preparation, Ca/P ratio was fixed at 1.67 and the HA contents with respect to hybrid materials

gelatin-HA were considered at 30 wt%. The gelatin amount with respect to the total water
content is fixed at 10% w/v
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Scanning Small- and Wide-Angle X-ray Scattering Microscopy
Selectively Probes HA Content in Gelatin/Hydroxyapatite Scaffolds
for Osteochondral Defect Repair
Davide la € 3

uCT - ptomography

Dritan Siliqi,” Fabio De Pascalis,*

Brindisi 72100, Italy
e 000133, Italy

Gel/HA omm o ;zmm Micro-CT cross-sections clearly show the presence of

open and connected pores in the structure of the
gelatin/HA matrix.

Such a porous structure plays a critical role in the
specific tissue formation, allowing migration and
proliferation of osteoblasts and mesenchymal stem cells,
besides improving mechanical interlocking between the
implant biomaterial and the surrounding natural bone
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Gel (d) Gel/HA
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X-ray Transmission

Gel/HA
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Scanning Small- and Wide-Angle X-ray Scattering Microscopy
Selectively Probes HA Content in Gelatin/Hydroxyapatite Scaffolds
for Osteochondral Defect Repair

Davide Altamura,” Stella G. Pastore,” Maria G. Raucei,” Dritan Siligi,” Fabio De Pascalis,®

Michele Nacucchi,' Luigi Ambrosio,” and Cinzia Giannini*

*Institute of Crystallography (IC), National Research Council, Bari 70125, Italy

“Institute of Polymers, Composites, and Biomaterials (IPCB), National Research Council, Naples, Italy

*ltalian National Agency for New T gies, Energy and S able Economic Develop (ENEA), Brindisi 72100, Italy
es and Materials Technology (DSCTM), National Research Council, Rome 000133, Italy
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Scanning Small- and Wide-Angle X-ray Scattering Microscopy
Selectively Probes HA Content in Gelatin/Hydroxyapatite Scaffolds
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Scanning Small- and Wide-Angle X-ray Scattering Microscopy
Selectively Probes HA Content in Gelatin/Hydroxyapatite Scaffolds
for Osteochondral Defect Repair
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Scanning Small- and Wide-Angle X-ray Scattering Microscopy
Selectively Probes HA Content in Gelatin/Hydroxyapatite Scaffolds
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Sca nn | N g S AX S m | Crosco py Selecti oty Probies A Goemait It Gt byl st o it
Gel/HA I(Sx1) 1(Sx2) I(Dx3) 1(Dx2)
Ag:0.06-0.07 A | 10.38023709 10.24687648 15.00989277 12.92347856
Aq:0.008-0.011 A~ | 186.4373245 284.7826989 266.9744148 241.964543
Gel I(Sx) 1(Dx)
Aq:0.008-0.011 A-! 116.36115 103.22153

An intensity increases in the Aq:0.06-0.07 A-! range by 36% resulted, from the left to the
right side of the scaffold whereas only ~8-10% increase in the Aq:0.008-0.011 A"
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TYPE OF FIBERS

wool
animal hair
horsehair

cotton

abaca (manilla)
sisal

coir

lan-made fibres

|- cupro
|- viscose (rayon)

L. modal

L. polynosic

- deacetylated acetate
|- acetate

|- triacetate

- alginic

|- protein

|- elastodiene

L. tencel

https://www.mdpi.com/2073-4360/13/13/2099

E

- acrylic

|- chlorofibre

— elastane

I~ fluorofibre

- modacrylic

- polyamide (nylon)
- polyester

— polyethylene
L polypropylene
- polyurethane
— trivinyl

porganic

pm metals

others

textile glass
carbon
others
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Bio-FIBERS : hierarchical structure International SILS School
Muggia, 01 /10 /2026

BioFibers —whether natural or man-
made — are semi-crystalline
materials featuring crystalline
nanodomains embedded within an
amorphous (or highly

disordered) matrix and organized

" hierarchically.
B
X
scientific commentaries Iﬁ)
I Ucrl Exploring fibers with X-ray eyes

Cinzia Giannini*

77SSU(3 enginee““g Istituto di Cristallografia, Consiglio Nazionale delle Ricerche (CNR), Via Giovanni Amendola, 122/0, 70126 Bari, ltaly.
*Corresy e e-mail: cinzia.g @cnr.it
REVIEW ARTICLE Yoo Amuwi WILEY
Design of strong and tough biofibers and their biomedical <(r ] Consiglio Nazionale
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TOOLS : hierarchical structure characterization International SILS School
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Hierarchical biopolymer-based materials and composites
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Scanning WAXS microscopy on CELLULOSE FIBERS International SILS School
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IUCr] Volume 11 | Part 4| July 2024 | Pages 570-577
ISSN: 2052-2525 hitps: //doi.org/10.1107/5205225252400383X
NEUTRON | SYNCHROTRON OPEN @ ACCESS @(®

Cited by [3]
Scanning WAXS microscopy of regenerated cellul fibers at opic resolution

Sara a* b < ulf < Chri Ward,“d Crispin Hetherington,* Herbert Sixta,f® Stephen Hall,? Cinzia Giannini®
and UIf Olssond

2Division of Solid Mechanics, Lund University, Box 118, Lund SE-22100, Sweden, PInstitute of Crystallography, National Research Council, Via Amendola 122/0, Bari 70126, Italy, “MAX IV Laboratory,
Lund University, PO Box 118, Lund SE-22100, Sweden, 9Physical Chemistry, Lund University, Box 124, Lund SE-22100, Sweden, “National Center for High Resolution Electron Microscopy, Centre for
Analysis and Synthesis, Lund University, Box 124, Lund SE-22100, Sweden, and "D of and Aalto University, PO Box 16300, Helsinki 00076, Finland
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(b) Scan maps after radial path-length normalization of the background data [in Fig. 2

(a)]. The visualized range of values between the minimum and maximum are the same
for each sample in (a) and (b).



Scanning WAXS microscopy on CELLULOSE FIBERS 110 soas

(a) Average frame diffraction pattern after background
normalization and path-length normalization. Dotted white

P P PN OGP P O circles on the patterns indicate the g-band selected for
g (nm™) q (nm™) q (nm™) azimuthal integration.
Average intensity per frame (detector counts) (b) Gaussian function fitted to the average frame diffraction
0 6 12 patterns. Blue points show the azimuth integrated data

within the selected g-band. Black circles mark the data used
to fit the Gaussian functions (red lines).
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Scanning WAXS microscopy on CELLULOSE FIBERS 0. oo
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(a)

Scan maps showing the variation of
standard deviation, o. Scan maps of the product Ao,

Scan maps showing the variation of being a measure of the fiber crystallinity.

peak amplitude, A.

Fibers were found to be homogeneous in terms of crystallinity, but with a radial gradient in the crystal orientation here quantified as
a standard variation o(r) of an assumed Gaussian distribution. o(r) were found to be maximum in the center of the fibers (r = 0) and
monotonically decrease towards the fiber surface. We attribute this to the velocity gradients in the sample from the extrusion and
from the drawing. This additional structural information, on the sub-micrometre length scale, may be of use in the design of
optimal spinning conditions and in the theoretical modeling of the fiber mechanical properties.



WAXS microscopy on CELLULOSE FIBERS

WAXS
Scattering
Map

Linen Fiber

H=green, O=red,

International SILS School
Muggia, 01 /10 /2026

2D WAXS
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o experimental
calculated
— difference

1D WAXS

0 10 20

30 40 50
20 (deg)

Cell Parameters

a(A) b (A)

c(A) o (°)

P

Y (°)

7.78400 8.20100

10.38000 90.0

90.0

96.550

Cell Volume
«r ] Consiglio Nazionale

658.30 (A3)

delle Ricerche
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COLLAGEN SCIENTIFIC REPg,}RTS
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OPEN ' Effects of processing on structural,
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Investigations of
Processing-Induced Structural
Changes in Horse Type-I Collagen at
Sub and Supramolecular Levels
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https://www.itaca-sb.it/biosaxs

XEUSS 3.0 HR LABORATORY

. Detector Eiger 2R (1M), moving in vacuum from 42.5 mm to 1800 mm (SDD)

. Motorized dual source (Ga Excillum liquid jet source and Cu micro-source)

Size-exclusion chromatography coupled with SAXS (SEC-SAXS) using

an AKTA goTM protein purification system l


https://www.itaca-sb.it/biosaxs/
https://www.itaca-sb.it/biosaxs/
https://www.itaca-sb.it/biosaxs/
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*  Biocube System : 1 *  Bonse-Hart 4-bounce Si (111)
channel cut crystals monochromator

and analyzer for USAXS
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4-Axis motorized SWAXS module with EIGER2 R 500K

International SILS School
Muggia, 01/ 10 /2026

Up to 20 = 90°
for in-plane scattering
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= Capillaries = Solids = Gels = GISAXS/GIWAXS = Shear Cell = Reactivity Chamber
\ \ \ ‘ ‘
laboratory notes
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