


BRAVE & ¥

i www.braveanalytics.eu
ANALYT A = |

OF2i training session
2021.11.15

Giving real(time) insights in your
production processes and quality control ¢

Ing. Dr. Christian HILL 4 3
Dipl. Ing. Gerhard PROSSLINER

-

nanomedicine ' = Bundesministerium austria F G _
06 NE—— Digita\'\swerung und wirtschafts A e European Horizon ZOZQ ‘
. ec0008® Biophysics edn Wirtschaftsstandort Ry P B = o S European Union funding

LLLLLLLLLLLLLLLLLLLL Commission for Research & Innovation




" |ntroduction: G
- use cases —

= |ive demonstration of BRAVE B1 Sensorstation

" Discussion

T

—



Medical Gottfried Schatz | Division of
University of Graz | Research Center | Biophysics

NEW-MEDCAMPUS
GRAZ-AUSTRIA

e

N "f‘!" T
L W R
Ty il »'?&-_! :—‘l is




; H‘
!_l;n{lrlr"irj ation

real time
PROCESS ANALYTICAL TECHNOLOGY

B1 Sensor station



NANO

SUPo,

Facade
pigment
ashesive

.aids additive Screen

ration dress'ng dlat,o Ce" co

. : Horizon 2020 %
& European | European Union funding

“‘-— Commlssmn

for Research & Innovation




. LOWER RESOLUTION
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COUNTING METHOD

Microscopy, NTA, LOD, FAGCS, ...

Measuring properties of each
single particle

OF2i® patented optical HIGHER RESOLUTION

parallelization A « ”
; : Increased certainty, “most
easuring of the quantity capable

of each size fraction
continuously



OF2i A BRAVE TECHNOLOGY as SOLUTION

Laser intensity
distribution

Flow profile
distribution

...breaking the barrier of Brownian Motion
.. with actively induced optical and fluidic forces...
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OPTICAL TRAPPING: 2D Trap

Optical Trapping and Manipulation of

Neutral Particles
Using Lasers

A Reprint Volume ' *
with Commentaries ;

intensity

bead off center

)

highly focused laser beam
(optical tweezer)
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Optical Trapping and Manipulation of

B Neutral Particles
Using Lasers

real-life Tetris © 2002, Vrije Universiteit R———




OF2i A BRAVE Theor

Optofluidic Force Induction Scheme for the Characterization of
Nanoparticle Ensembles
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Introduction

Here we employ optofluidic forces on ensembles of
nanoparticles using a laser tuned at 532 nm with
precise micro-fluidic pumps. Both, optical and fluidic
components generate forces acting on dielectric
nanoparticles as shown in ﬂgure@ and

@ Figure A: Working principle of the
OF2i method using optofluidic forces
(counter)acting on nanoparticles.

Laser intensity profile
| Particle flow ——

Laser propagation direction

Under certain conditions, particles are constrained to
a 2D-optical trap and travel along characteristic
trajectories, see figur

optz ¥ Fidz

Particles

b \
Scattered light
i Microscope objective

Figure B: Simulated trajectories of two nanoparticles due to
optical and fluidic forces. The scattered light is recorded using
a CMOS camera.

Single-particle trajectories shown in @ are processed
in real-time by recording single particle light scattering
via an ultramicroscope setup and a CMOS camera.

Integration

05

Position [ mm |
Figure C: Selected frames of raw data (left). Integration over
transversal direction results in a waterfall diagram (right).

Methods

In order to simulate particle motion within our
capillary, we perform a multipole expansion of the
incoming fields E;,,.., H;,. and solve for the scattered
fields Egcq, Hgea employing Mie's theory for Laguerre-
Gaussian beams.

The time-averaged optical forces are computed by

where

'% = {E‘QEEE — popHH — 24 ;.:Oqu) ’f}

is Maxwell's Stress Tensor. The integration is
performed using the total fields E, H and a Gauss-
Legendre quadrature for spherical particles with ¢ and
being material constants.

Simulations
We now combine Newton's equation of motion with
Stokes’ drag and obtain for the particle’s velocity

(r)
()m]R
at any position within the capillary. Integrating particle
velocity, we obtain the corresponding trajectory using
a Runge-Kutta scheme. Figure @ shows selected

trajectories for 200 nm, 400 nm, 600 nm and 900 nm
using above’s model.

@:—ﬁi£——_—?p

V(T) = Vauid + — -

400 nm

Figure D: Selected trajectories for different nanoparticle sizes.
Bigger particles become more easily trapped in transverse
direction. Approaching the focal region, the particles velocity
increases. The velocity differs in the focal region depending on
particle size.

Results

The experimental data for 400 nm Standard-Latex
particles is compared to simulated velocities and
depicted in figure @@ The resulting size
distributions are shown in figure @@fcr mono- and
polydisperse samples. We compare our results to
those of Nanoparticle Tracking Analysis (NTA).

- = = Fluid Velocity
Theory Velocity
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Figure E: (1) Comparison
of experimental and
simulation data. @ Size
distributions of various

particle sizes compared to
400 800 800 1000 NTA.
Diameter (nm) B

Discussion

The OFZ2i scheme is presented with its underlying
physical principles together with a theoretical
description based on Mie's theory and higher order
Laguerre-Gaussian modes.

Our results show very good agreement between
experimental and theoretical data on the example of
various standardized Latex particles. Furthermore, we
prove the working principle of OF2i and demonstrate
its applicability to various nanoparticles.
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Dilution required

for highly concentrated samples . m
urement

M ‘ . Process line interface for
sample extraction
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OF2i® in action

OF2i workshop

OF2iraw particle data |

‘ OF2i Process monitor Determining
e ‘ statistically valid
data for interpretation

AREAS OF APPLICATION

* Predictive Maintenance
* In Process Quality Control (IPQC) & Realtime Release Testing (RTRT)

* Monitoring of Critical Quality Attributes (CQA)
* Identification of Critical Process Parameters (CPP)

* Basic research

(K

Checking
particle
V size &
concentration

Measuring final
product

\ release

criteria &

documenting
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BPAV a BRAVE use case
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Continues detection of High-Pressure - Homogenization states
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BPAVE a BRAVE use case
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Quality control: Low concentrated samples

Nano Plastics — Plastic leaching processes

(e.g. baby bottles) @

Babyflasche

reference ]
H,0 in glas |

reference
H,0 in plastic

1x pro Liter

> Temp. profile [°C]

0,21 direkt vermessen

MONTAN

unpublished data in cooperation with m‘u’,ﬁﬂﬁﬂﬂ

time [min]




Robust industrial 19" rack PC

BRAVE B1 detector module

BRAVE B1 laser module

Detector liquid handling module

Customizable sample preparation
adjustable on-line dilution system

Service parts and maintainance
compartment

SPECS
Particle sizing range: 10nm — 50pym*

Measuring statistics as number weighted
hydrodynamic size distribution

For nanosuspension, nanoemulsions and
colloidal formulations:

e continuous phase - liquid

o dispersed phase — solid or liquid

Measuring time specifications:
e continuous, 1x sec sizing data update
o lag time for bypass system: 4 — 20sec*

OPERATION and APPLICATION REQUIREMENTS

Bypass continuous sampling:

e optimal 0.7ml/min (minimum Spl/min)

e concentration range sizing: minimum 10* objects/ml -
optimal > 10" objects/ml

SENSORS FOR REAL-TIME =~ @™

BRAVE Anglytlcs GmbH e dilution media supply, waste connection
Neue Stiftingtalstrafie 2 e electrical 110/240 VAC, 50/60Hz

ONLINE NANOPARTICLE oo

AUSTRIA

I ARA I E R I ZA I I N info@braveanalytics.eu
+43 (0) 676 842 032 324 * sample dependent




The BRAVE Status (hardware)
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BRAVE Expertise

Biobased particle productions (PAT solutions)
- Process monitoring & Quality control

- Protein/Antibody aggregation

- Lab Application and continuous monitoring

BRAVE Hardware
- Real time nanoparticle PAT Sensors
- On-line particle characterization
- Automated sample dilution systems

BRAVE Service

- Particle characterization & fingerprint
- Consulting & engineering

- Photonics & fluidics

© Mag. E.WUTSCHEK
- Business A BRAVE

~ MEMBER SINCE 2021
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SETUP AND DATA EVALUATION

RIU|T|[H

REVISIT SPECIFIC POINTS IN TIME

: B O | | e
~ LIVE DEMONSTRATION



BRAVE

A N ALY TI CS

UPC/DSM-Covestro Polyacrylate particles

Polyacrylate sample (waterborne acrylic dispersion)

static sample characterization
=> live software + principle description
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@4 detector module

DLS characterization (1:10.000) NTA characterization (1:500.000)
size distribution Z., of 166,4 +/- 0,4 nm mean PSD of 158,5nm (SD: 36,7nm) LIVE
PDI of 0,038 +/- 0,01
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Contact us

Ing. Dr. Christian HILL DI Gerhard PROSSLINER
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