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Small-Angle Neutron Scattering (SANS)
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Fig. 1. The typical scheme of the SANS experiment.  The size range available for study is from 1 nm to 1 um.
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Fig. 2. The world map of SANS instruments. Q (nm™) 0.6 nm <7 < 200 nm

11.06.2021, Alushta-2021 Nezvanov A.Yu. 2/12



Small-Angle Neutron Scattering (SANS)

The diversity of SANS techniques: 5\ k\\

* Very Small-Angle Neutron Scattering; . | . 4s 47 Fig.5. The scheme

* Ultra Small-Angle Neutron Scattering; of the IBR-2
* Grazing-Incidence Small-Angle Neutron experimental halls
with the YuMO

Scattering
* Spin-Echo Small-Angle Neutron Scattering;
* Spin-Echo Modulation Small-Angle
Neutron Scattering.

installation in
Dubna, Russia.
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Fig. 4. The limits of Q_range for different SANS. Fig. 6. The SANS lnstallatlons ofD'l'I and D33

at the ILL, France.
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https://www.youtube.com/watch?v=Frl2fo0X_g8
https://www.youtube.com/watch?v=Frl2fo0X_g8

Exponential/Power-Law Approximation

2p2 2p2 P 2p2 Pg
1(g) =G-exp(—q;g)+B-exp(—q ;?gs)(%) +Gs-exp(—q :gs)+Bs(i*) ,

ds
q* = qlerf(672kqR,)| ", q% = qlerf (67 2ksqRys)] .

Rgand RgSare radii of gyration of the clusters and subparticles; P;is the index that characterizes the surface of DND particles;

Pis related to the fractal dimension of DND aggregates; k, kg are empirical constants;
G, G B, Bgare proportional to the density of scattering centers and to contrast; /,,. is residual incoherent background.
The parameters without an index characterize the scattering by clusters; the parameters with index Sapply to nanoparticles.

I,cm™! R,, nm More information in [1 .A. Feigin, D.1. .

: M . ~ ‘ [11by L.A. Feigin, D.I. Svergun

: R = (5/3)'/?R, R/Rgand other structure parameters are
10F or ONLY the averaged characteristics!
| T What if one wants to have the size

0-1g 20 - distribution of scatterers?
R T P | o | It might be considered within a polydispersity
0.1 1 ¢, nm™! 01 3 5 7 9 C, wt% index formalism [3], [4]. It is a model-
Fig. 7. An approximation example  Fig. 8. The calculated radius of depended approximation which one can’t use
of a SANS curve for the DND gyration R, as a function of the in specific tasks, for example, in the scattering
solution of T wt % [2]. DND concentration C[2]. models of low-energy neutrons.
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https://link.springer.com/book/10.1007/978-1-4757-6624-0
https://link.springer.com/article/10.1134/S1547477111100177
https://link.springer.com/article/10.1134/S1547477111100177
http://scripts.iucr.org/cgi-bin/paper?S0021889804008969
http://scripts.iucr.org/cgi-bin/paper?S1600576714001216

Developed Approach
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f(r) — a fraction distribution of
particles with the radius of .
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The approachis similar to the § 1o
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. . 107
implemented, for example, in the Iren
package [5] for Igor Pro software. 1024
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http://scripts.iucr.org/cgi-bin/paper?S0021889809002222

Approach Adequacy the stablhty at different variance o

0.4f (= th tial model : T ] 1 ' T
_E ° th: ;:;r::chm‘:e:ult‘ x* = 0.098 1000 x* = 4.9. 19_4 1
k=]
-_— 9 5 !
N 303} (a) I (b)
= 2 10t
l e =
5 & K O=1
- 2z & 0.100}
m E £ | | ® the model intensity
w s 0.1 — the approach calculation
o =
— & 0.001
0-% 5 10 15 0.01 0.05 0.10 0.50 1 5 10
2\ Particle Radius, nm Transferred Momentum, 1/nm
c .E 0.201 ’ ? = 0.031] 1000_"- ) ©.001|
©
o 2 1(c)  (d)
w 0.15f 1 g
2 < 10
7] -
c = _
— g 0.10 15 O=2
Q 2 8 0.100}
S £ ® the model intensity
o E 0.05; | |— the approach calculation
& o = the initial model 0.001
o @ the approach result . . . | | | .
0.00 5 10 15 0.01 0.05 0.10 0.50 1 5 10
Particle Radius, nm Transferred Momentum, 1/nm

11.06.2021, Alushta-2021 Nezvanov A.Yu. 6/12



Approach Adequacy: different number N of points
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Approach Adequacy: the different uniformity scales
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The problem was
solved in 2020!
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Possible Applications — Modification of Nanosystems
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Fig. 10. Measured intensity | of scattered neutrons as a function of
the transferred momentum Q_for the powder of DND.
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Fig. 11. Size distributions of the original

and deagglomerated DNDs.
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Scientometrics &  Plans for the Close Future

- | The certificate of state  We are constantly working on

| registration of the testing, modifying and improving the
. | software "Structural approach.
3 Nanopowders We will continue to investigate the
- | Analyzer Based on

] : approach stability:
%n;taall( SAJElSe/A\SSC)z'a'ttermg o the mean value of the distribution;

RU2020662675 o accounting for statistical errors in
' experimental data;
o description of SANS data from

particles with a multimodal size
SNASAS results were used in 2 articles. distribution.

The detailed approach description would be published in 20271-2022.
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https://www.fips.ru/registers-doc-view/fips_servlet?DB=EVM&DocNumber=2020662675

Conclusions

1. The approach has been developed for extracting the
model-independent size distribution of scatterers.

2. It is tested for self-consistency and stability.
3. Itis successfully applied on real SANS data.

4. The application is found in problems of low-energy
neutron transport. Are there others?
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Thank you all for your kind attention!

Please share the presentation with your colleagues working with
nanoparticles or its clustering!

Feel free to contact me if you are interested in your data processing.
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