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Introduction

Micro- and nanoparticles have increasingly received public attention, posing a
potential threat to ecosystems and human health due to their widespread
oresence Iin the environment [1]. As part of the recently launched Nano-VISION
oroject, a novel technique is being developed to detect and identify micro- and
nanoplastics in ligquids, thereby enabling the quantification of the amount and
types of plastics in a fluidic environment. The technique is based on a correlation
between an optofluidic force induction technology (OF2i®) and Raman
spectroscopy.

In this work, we demonstrate the measurement capabilities of the OF2i®
technology to analyze single particles on highly polydisperse and multimodal
particle systems (left column), as well as the extension of the OF2i® system by
chemical analysis through Raman spectroscopy (right column).

OF2i®

OF2i® is a novel counting method that combines optical and fluidic forces to
characterize nanoparticles with single-particle sensitivity and high throughput [3].
The particles are transported through a microfluidic flow channel alongside a
weakly focused vortex beam, as shown in Figure 1. Single particles become
optically trapped on the laser beam and experience size-dependent velocity
changes due to photon momentum transfer between light and matter, from which
number-based particle size, size distribution, and concentration can be
determined [4]. The following two figures show measurements of NIST-
Standards and industry-relevant samples.
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Figure 2: OF2i® measurement of a highly polydisperse mixture of PS (polystyrene) spheres (n = 1.59) with
nominal diameters of 204, 401, 600, 789, and 1040 nm. Starting with a threefold mixture of 203, 600, and 1040
nm PS spheres, 401 and 789 nm particles were added to the sample at different times to demonstrate the
temporal resolution capabilities of OF2i®. (a) Velocity distribution of the sample with inserted velocity-diameter
conversion curve for the refractive index n = 1.59. (b) Scatter plot of the measured diameters of the PS-mixture
over a large measurement time. Above, a 1D Gaussian mixture model is applied to the histogram, and the
different contributions of the sample are highlighted by color [2].
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Figure 3: Continuous monitoring of an oil-in-water emulsion (n=1.46), demonstrating the applicability of OF2i® to
the process dynamics of industry-relevant samples [2]. Two homogenization states of the same sample were
continuously analyzed over a period of 35 minutes. (a) Observed velocity distribution from the H1
homogenization state (0 to 17 min) (b) Velocity distribution after the change point at 17 min (H2) (c) Scatter plot
revealing the changing size distribution at the change point from the H1 homogenization state to the second state
H2. (d) Changing D values indicate a transition between the two phases. The D values represent the diameter
below 10% (D10), 50% (D50), and 90% (D90) of the observed particle volume.
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Figure 1: Schematic
representation of the OF2i®-
Raman technique based on [2].
The microfluidic channel of the
OF2i®-Raman approach is shown
above. A weakly focused laser
beam can accelerate or decelerate
Elastically and inelastically particles in the microfluidic flow
scattered light channel depending on the flow
direction and momentum transfer
between laser light and matter. At
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— & 5% OF2i® data appears as a line due
™

to astigmatism of the capillary. In
addition to the OF2i® data, a
representative  Raman signal is
llustrated.

Correlative OF2i®-Raman

In contrast to the OF2i® technology, which uses elastically scattered radiation to
characterize particles, the inelastically scattered radiation (Raman scattering) can
be used for chemical analysis. This correlative OF2i®-Raman method has the
potential to detect particles that are too small for regular Raman microscopy
(< 500 nm) due to the optical trapping of the particles and the high power of the
aser (2 W), which helps to overcome the weak Raman scattering of small
particles.

Here we explore the measurement capabilities of the OF2i®-Raman technique for
analyzing single particles. PS spheres with a diameter of 5 um are stably trapped
In the measuring cell. From the Inelastic scattering, Raman spectra can be
obtained, as shown in Figure 4.
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Figure 4: OF2i®-Raman measurement of 5 um PS (polystyrene) spheres. (a) The image shows a stably trapped
single particle at position 1 (P1) and agglomerations at positions 2 and 3 (P2 and P3). Between the inserted
squares, the Raman spectra are obtained. (b) Spectra of a single 5 um PS sphere (P1), particle agglomerations
(P2 and P3), and a reference spectrum of bulk polystyrene measured with a regular Raman microscope.

Conclusion & Outlook

Starting with the versatile OF2i®-technology, we were able to demonstrate that
correlation with Raman spectroscopy is feasible. Furthermore, using pm-sized
PS spheres, we demonstrated that Raman spectra sufficient for the identification
of the particle can be readily obtained.

After accomplishing this proof of principle, our goal Is to advance from the
detection of microparticles down to nanoparticles. We are confident that with the
optimization of both the experimental setup and data processing, this goal Is
achievable and will fill a critical gap in the detection and analysis of potentially
harmful particles.
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