A multi-angle DLS, SLS and D-DLS

the most decmged solution for nanoparticles
characterization T
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Cordouan Technologies In brief

Founded: September 2007, ~15 years of expertise and experience
sLocation : «Route des lasersy Bordeaux, France

Team: 12 highly skilled employees (PhDs, Engineers in physics &
chemistry)

*Our activity: development, Industrialization, manufacturing of innovative and
advanced solutions to research lab and industry for nanoparticles and
nanomaterial characterization
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Cordouan Technologies in brief
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Why Nanoparticles size maftters ¢

» Related to the specific surface of the particles
» Ability to penetrate memibranes or interact with surface
-Functionalization and self assembly capabilities s

» Optical, mechanical and electrical properties

* Etc.
Laser difraction
(Static light scattering)
1Tnm 100 nm 1 um
Optical microscopy
< >

DLS: 0,5 nm to 10 pm
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Brownian motion: a signafure of NP size

Brownian motion= Random “walk”

Diffusion coefficient time

<X%(t)> ~2Dr

L. BACHELIER (1901)

viscosity Bolizman  temperature

: KT KT
NPs:
Hard spsheres ‘ — 37TT]@H ‘ (Z)H — F
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DLS measurement Principle (1)

»Measure light scattering fluctuation to probe the Brownian motion of NPs

Sample cuvet
Delivering optic

TR

Laser source | I Scattered light

B

R

®

Signal processing
Data analysis
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DLS measurement Principle (2)

Brownian motion Translational Diffusion Hydrodynamic
Stokes-Einstein equations @
<«
Light intensity Autocorrelation Size Distribution
A Gy A A
0
= O
@ =
I3 — — &
c &
< ‘ b=
Time (us) g r(ps) ' Diameter (nm)
EM field:
E(wt)=Y, E;e tkr—oD G,=A+Bexp(—2I'1)
. g= =2 sin?/,
Intensity: 5
I(1)= E(7) E*(1) r=q

l CORDOUAN p ‘ n q ° H‘ @ @ CordoWnologies proprietary 7

Technologlies



Correlogram & Data processing

Inversion problem : How to find the optimum exponential curve fitting
the experimental correlogram?

logarithmic

10000 100000 1000000 10000000 100000000 "C
Time

Fit leadsto ,and to the diameter of NPs @, .
KT
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Inversion algorithms for NP size analysis

Algorithm Number of Distribution Model
populations

Cumulants Monomodal G(t)=A +B e TT; Gaussian
Confinuous with Zavg & PDI

Pade Laplace Multi modal 250
discrete G(t) =A + Z B, e TiT

SBL Multimodal Yes G(1)= A+ flO”mB(Z) e T@ATY,
(Space Basel confinuous
Learning)

Cumulant vs Pade Laplace vs

\\
r

1 000,00 10 000,00

Amplitude (a.u.)
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DLS measurement

@ NanoKin v2.3.11.0

o

Intensity (a.u.)

Scale

Intensity (a.u.)
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PDI
(a.u)

Diff Coeft
(m?/s)

Z Average
(nm)

Decay Rate
(s-1)

3.9 10,76E-11

| 0,0756 | 7363317

Distribution information
Di 10% : 3,5 nm

Di 50% : 5,1 nm

Di90% : 7 nm

PDI (a.u) : 0,0756

Std Dev : 27,49%

Width : 1,08 nm

Mean Diameters

Intensity : 5,2 nm

Volume : 4,2 nm

Number: 3,4 nm
Measurement Information
Measurement Time : 47,2 s
Start : 00:00:00.2

End : 00:00:47.4

Average Temperature : 19,47 °C
Solvent : Water

Viscositv: 1.0143 mPa.s

Residues (a.u.)

Techno

CORDOUAN

Kinetic

Save Report

24

sl A

20 o

AP
| SR iR |

ogli

praqolab

CordoWéchnologies proprietary



Why Nanoparticle shape matters ¢

1. Advanced materials needs more sophisticated NPs

2. Graphene, Carbon nanotube, Silver nanotube are the next
generation electrical transmitters

5. New shapes for NPs available now




Examples of anisotropic NPs

Hybrid nanomaterials :

Combination of various material properties into one

Rise of new propetrties,

XamPIEs:
REE TR

Efficient SOlAr cell materials
New optical materials EB

-5 4
L 7.
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Behaviour of anisofropic parficles

Translational Rotational

Diffusion coefficient f Diffusion coefficient
D, D,

2 different movements : translational and rotational

*

2 different Diffusion coefficients
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Anisotropic Diffusion Coefficients

o= o x[n(2) o

— X
3ntnlL
= X|n|{—]+ &
" 3mnlL3
: - L length
> Calculation can be performed width
> L, wand L/w can be obtained « L/ aspect
ratio
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D-DLS Principle

SImU|tan60US Horizonta"y
detection & VH oriented analyzer
Vertically
oriented analyzer VV

Step1:

Adjustable motorized . . .

scattering angle (8) De’rec’rlng m’rensfry on VV
Step 2:

Detecting intensity on VH

Vertically polarized
incident light
(Laser)
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D-DLS Principle

For spherical particles no
— photons on VH

Particles anisotropy leads
to photons on VH

Speckle Pattern

“"fi?CORDOUAN NIaQgo l@®

Technologies




yayle lytical method

©) GVV(T = Ajexp~TetTr)T 4 goexp~TdT + B

Gvu(T) = A-exp Tetr)T L B VV and VH
VH( ) 3 autocorrelation

functions
I, = thz
[. = 6D.

A, & A K A

For isotropic particles



Analyfical method

_ — (4Tt —-Tpt ..
@ Gyy(1) = Arexp™ "t + Ayexp~UT + B @ coefficients D, and D,

Gyy (1) = Azexp ettt 4 B

10000
Time [us]

@ r,+r,=D,q%+6D,
[y = th2
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@5 cpn

f1(@®) =T,

> g2 (nm2)

@ Calculation

Length L, Aspect Ratio L/w and
width w
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THETIS: A multi-angle DLS, SLS & D-DLS

DLS, D-DLS and SLS in one instfrument

Multi-angle scattering measurement system : from 30° to 160°

>
>
» Real time and Time resolved Software correlator
» High Power single mode laser A=635 nm

>

Scattered Intensity measurements on

2 perpendicular polarizations | ]

> Temperature controlledfrom 1° Cto70° C

> Molecular weight, concentration and replay 7 Vs
modes for DLS and DDLS data —

> 3 different algorithms for particle size i
measurements
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ProTheta software
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Advanced functionalifies & infuitfive menus

Angle 150

2 Channels (VV, VH) Time resolved D-DLS
Both VV and VH correlogram
User selected/automatic scattering angle setfing

Automatic calculation of length, width & Aspect ratio /
Rotational & Translational Diffusion Coefficient measurements

CORDOUAN
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Experimental results on hanorods

[[+T ](g?) from G, and T (qg?) from G,
measurements of NR1
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Parameter D-DLS THETIS TEM
L (hm) 46 47

WAYY, 1.4 1,8

j_ corbouAN  Praqolab w (nm) 34,8 2

nologles



Experimental results on nanorods

Parameter TEM

L (nm) 70,7 66,4
L/w 5 4

w (nm) 14,2 16,5

Parameter TEM

L (nm) 28,5 28,3
L/w 1,7 2

w (nm) 16,8 14,5
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Thank you for your
attention
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