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Colloidal Nanomaterials 
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 Colloidal nanocrystals can be prepared with high 
degree of control in size, shape and composition. 
Colloidal nanocrystals are used as building blocks 
to prepare hydrid systems or Superlattices (SL) 

 (GI)WAXS – (GI)SAXS 

 cSAXS  and scanning cSAXS (ptychography) 

 perspectives 
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ID02 - TIME-RESOLVED ULTRA SMALL-ANGLE X-RAY SCATTERING 

Technique d (nm) q (Å-1) (deg) 

for =1.5405Å 

uSAXS/uSAXD 1000 0.00063 0.0044 
 

SAXS/SAXD 100 0.0063 0.044 
 

SAXS/SAXD 10 0.063 0.44 
 

WAXS/WAXD 1 0.63 4.4 
 

WAXS/WAXD 0.1 6.3 50.6 
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X-ray MicroImaging L@b 

XMI-L@b: An X-ray 
synchrotron class 
rotating anode 
microsource for the 
structural micro 
imaging of 
nanomaterials and 
engineered biotissues 
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X-ray MicroImaging L@b 
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X-ray MicroImaging L@b 

FR-E+  

SuperBright 
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three pinholes camera 
Rigaku Smax 3000 

1 2 3 

SAXS: Triton™20 detector, a 20cm diameter multi-wire gas-

filled proportional counter 
WAXS:  RAXIA Image Plate with off line reader 
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GISAXS/GIWAXS 
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Lab VS Synch 
SAXS – rat tail tendon GISAXS in nano-assembled crystal 
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WAXS 
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WAXS 
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 Crystal structure determination (single phase) 

 Phase Identification – pure crystalline phases or 
mixtures 

 Quantitative Phase Analysis (QPA) 

 Preferred Orientation (texture) 

 Crystalline domain size/shape and lattice defects 

 Residual Stress Field 

 

Main information 
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Nanocrystals 

Nanoscale Materials in Chemistry,  

Ed. K.J. Klabunde, Wiley, 2001 
Kenneth J. Klabunde et al,  

Nanocrystals as Stoichiometric Reagents  
with Unique Surface Chemistry  

J. Phys. Chem. 1996, 100, 12142-12153 
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Structure: single phase 
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Stucture 
mixture 

210.5 nm 
TiO2 

O 

- anatase 

rutile 

Rutile [9%] Anatase [91%] 

35 0.5 nm 

2 3 4 5
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Structure of WOx   
nanocrystalline powders 
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 IC

 ICSD = 72544

 ICSD = 15254
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W18O49(ICSD=15254) 
or 
WO2.626 (ICSD=72544) 
phases. 
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WO2.626 (ICSD=72544) 

orthorhombic 

W18O49 (ICSD=15254) 

monoclinic 
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Higher resolution data 

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, =1.540562 Å) 
 
The NSLS data (NSLS-XPD) were measured using X-ray 
radiation with an energy of 66.7 keV (=0.18597 Å). 
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Pair Distribution Function 

Pair distribution 
function (PDF) gives 
the probability of 
finding an atom at a 
distance “r” from a 
given atom. 
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4.92Å 

4.26Å 
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Structure of WOx   
nanocrystalline powders 

W32O84 (ICSD=72544) W18O49 (ICSD=15254) 

Results of the PDF data allowed to identify the monoclinic 
W18O49 crystal phase (ICSD # 15254); fitting proved that the 
actual stoichiometry was W16±0.4O45±3 

NSLS data (NSLS-XPD) @ 66.7 keV 
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Size/Shape 
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Size/Shape 
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nano carries for drug delivery 
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nano carries for drug delivery 
 (a) Spherical: d >2,000 nm accumulate readily within spleen and liver, as well as in the capillaries of 

the lungs. d100–200 nm extravasate through vascular fenestrations of tumors and escape 
filtration by liver and spleen. d>150 nm, more and more nanoparticles are entrapped in liver and 
spleen. d<5 nm are filtered out by the kidneys;  

(b) Non-spherical: Different shapes exhibit unique flow characteristics that substantially alter 
circulating lifetimes, cell membrane interactions and macrophage uptake, which in turn affect 
biodistribution among the different organs;  

(c) Charge influences circulation times and interaction with resident macrophages of organs, with 
positively charged particles more prone to sequestration by macrophages in the lungs, liver and 
spleen.  
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SAXS 
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Incoherent scattering assembly 
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SAXS 

* 
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SAXS 

d=10-100 nm 

d 



 
 cinzia.giannini@ic.cnr.it   
 +39 080 5929167 

SAXS 

log I(s), a.u. 

dr
sr
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Shape 

radially averaged 
 

normalized: 
sample concentration 
incoming beam 
exposure time 

s, nm-1 

  sample   –   buffer 
(in buffer) 

sample 
(in buffer) 

buffer 

log I(s), a.u. 

for monodisperse systems the scattering is 
proportional to that of a single particle 

averaged over all orientations 
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SAXS 
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SAXS - size 
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SAXS of  
non-crystalline particles 

Rg=21.7 nm  

TEM 

D = 2*√5/3Rg ~ 56±1 nm 

Spherical particle with D55 nm 
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SAXS/WAXS 
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SAXS 
of crystalline particles 

Rg=8.6 nm  

TEM 

D = 2*√5/3Rg ~ 22±1 nm 

Spherical particle with D=22 nm 
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SAXS/WAXS 

[111] 

NP shape / size SAXS 

NC domain  

size WAXS 

a crystalline domain elongated 
along the [111] crystallographic 
direction, with a domain size of 
11.3/6.3 nm along the [111]/[200] 



 
 cinzia.giannini@ic.cnr.it   
 +39 080 5929167 

SAXS/WAXS 

crystalline 
domain - WAXS 

NP shape / size 
SAXS 
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GISAXS 

FULL SPHERE HALF SPHERE 

CYLINDER PYRAMID 

CUBOCTAHEDRON TETRAHEDRON 
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GISAXS 
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GISAXS 
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GISAXS on Au nanoparticles on 
substrates 
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GISAXS on Au nanoparticle 2D superlattices  
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GISAXS on Au nanoparticle 2D superlattices  

Vertical lateral streaks  
indicates a 2D layer of Au nanoparticles 
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2.7 nm PbS NC 3.3 nm PbS NC 

GISAXS/GIWAXS on PbS nanoparticle 3D superlattices 
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GISAXS/GIWAXS on 3D assembly 

GIWAXS 
GISAXS 

indexed as (111)-oriented 
 fcc superlattice. 

GIWAXS measurements were performed, to 
account for a possible QD orientational order.  
This comparison does not show relevant 
differences for PbS2.7 sample, either in terms 
of peak intensity and 
FWHM and evidences an isotropic almost 
spherical shape and no preferential orientation 
of the QDs.  
Conversely, comparing the FWHM of the (111) 
and (220) peaks for the PbS3.3 
sample, they are slightly different as in the case 
of not fully isotropic QD shape.  
 
QDs hold a slight orientational order in this 
sample, with the (220) planes preferentially 
oriented parallel to the substrate. 

PbS-3.3 nm sample 
QD superlattice is 111-oriented and its QD 
building blocks are 110-preferentially 
oriented 
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nanoparticle  
3D superlattices 
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nanoparticle  
3D superlattices 
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Assembly of colloidal nanocrystals in ordered super-structures is well 

advanced (both experimentally and theoretically): 
Boles, M A.. Et al., Chem.Rev.2016,116, 

11220−11289 

Damasceno, P. F., et al. Science 2012, 337 (6093), 453−457  
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Highly coherent SL of  
perfect nanocrystals 
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NANOCRYSTALS NON PERIODICALLY 
ASSEMBLED  

ON TOP OF SURFACES 
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Different geometries 
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TEM of a nanocrystal 
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Phase retrieval of a EDI pattern 
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Phase retrieval of a EDI pattern 
resolution = 70 pm (0.7 Å) 
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Nanocrystal Assembly 
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Object of the work: 
investigate the assembly of magnetic rods 
of Fe2P nanocrystals by Coherent 
Diffractive Imaging (CDI), aiming at a 3D 
reconstruction of the electron density 

Fe2P nanorods  

38 ± 12 nm / 4 ± 1 nm)  

CDI experiment  

CDI data collected at the ID10 beamline in ESRF  
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Coherence 
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Incoherent SAXS 
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two scattering length 
scales in the sample: 
 
Rg1 = (431.6 ± 4.1) nm  
P1 = 3.44 ± 0.06 (mass 
fractal) 
 
Rg2 = (39.8 ± 5.5) nm  
P2 = 1.9 ± 0.12 (surface 
fractal) 
 
Rg gyration  radius 
P power law exponent 

1 µm 38 ± 12 nm  
4 ± 1 nm  
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Coherent SAXS 

The diffraction patterns and 
the background were 
measured for 300 s each;  
 
The collection of 73 2D 
diffraction patterns taken for 
sample tilts between -72° and 
+72° with a step of 2° required 
24 h 
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Imaging 3D of the «object» 
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2D comparison to SEM 

imaging a cluster of Fe2P magnetic 
nanorods at 59 nm 3D resolution by 
phasing a diffraction volume measured at 
8 keV photon energy 
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 Object of the work: investigate the dispersion of octapod-
shaped NCs (made of a CdSe core and eight CdS arms) 
embedded in 25 µm thick polystyrene (PS) free-standing 
films. 

 A reliable non-destructive high resolution imaging technique 
with the capability to penetrate µm-thick samples and with 
the necessary resolution to visualize  nanometre-scale 
structures is needed. This stringent requirement rules out any 
electron-based microscopic technique, as they are not suited 
for the observation of µm thick films.  

Ptychography experiment  
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Ptychography experiment  
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GISAXS 

GISAXS investigation ruled out any possible 
organization of the octapods into ordered arrays 
for the thin polymer films; periodic arrays were 
found only for the sample made from a 
repeatedly-washed octapod solution (no 
polymer), drop-casted on top of a Si3N4 
membrane 
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Ptychography experiment  
PCDI data collected at the cSAXS beamline in SLS 

Ptychography allowed visualizing the self-
assembly of octapods into linear and 
interconnected structures. 
 
This result is in agreement with the 
octapod configuration observed by 
TEM/SEM on nanometric thin polymer 
samples, but never experimentally 
demonstrated for free-standing thick 
films. 
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Ptychography experiment  

 
We explored the effect on the octapod 
aggregation of: i) different polymer film 
thickness for the same polymer molecular 
weight in the PS350_thin and PS350 
samples; and ii) different 
molecular weights, for the same thickness of 
the polymer film in the PS350 and PS190 
samples. 
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Ptychography experiment  

Averaging/deblurring/denoising allowed improving image contrast and reducing noise 
level in the background between octapod nanostructures. This consented to visualize the 
sample structures at a resolution close to the nominal one (27 nm). 
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Conclusions 

 Colloidal nanomaterials have been used for major 
technological advances.  

 Examples of diffraction/imaging studies have been shown on 
 Nanomaterials in solutions >>  SAXS/WAXS 

 Nanomaterials in powders, solid state >> WAXS/XRD   

 Nanomaterials assembled onto surfaces >> GISAXS – GIWAXS 

 Nanomaterials diluted in thick polymers >> Ptychography/CDI 

 Single Nanomaterials >> EDI 
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Peptides 

Proteins 

Nucleic Acids 
Carbohydrates 

NANOPARTICLE 
(Inorganic) 

 Special Physical Properties 

Bioactive 
 Molecule 

Drug 

Stabilizer  
Molecule (e.g. PEG) 

Dye 

Cell Penetrating 
 Peptide 

Core 

Shell 

ORGANIC LAYER 

High percentage  

of atoms in its surface 

 (Size & Shape) 
Superparamagnetism 
Optical Properties (LSPR, Fluorescence) 
... 

73 
B. Pelaz, et al. ACS Nano 2017, 11,2313−2381 

Nanocrystals for medicine: multiple functions within one system possible  
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Nanostructured particles 
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Bio-Ptychography 

Combined x-ray fluorescence and 
ptychographic imaging of a frozen 
hydrated Chlamydomonoas reinhardtii alga: 
single cup-shaped chloroplast (Ch), as well as a 
number of other organelles: pyrenoid (Py), 
nucleus (N), starch granule (Sg), and 
polyphosphate bodies (Ph). 
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Bio-Ptychography 

Fluorescence and ptychographic x-ray images 
of a second unsectioned frozen-
hydrated Chlamydomonas alga: 
 The 5.2 keV x-ray ptychographic phase 
contrast image (b) shows unlabeled subcellular 
structures, including a big pyrenoid (Py). 
 Because the fluorescence and ptychographic 
image data are recorded simultaneously, the 
various images are in perfect registry. 
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 Use of IV generation synchrotron sources with higher 
brilliance and coherence are extremely important 

 Multiple techniques beamlines are extremely important  

 to address the problem of incoherent assembly of  
nanocrystals in cells, in tissues, in soft matter 

Perspectives ? 
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