Invisible-Light Labs

SAMPLE COLLECTION & HANDLING GUIDE

Follow the instructions in this guide to get started with the han-
dling and sample collection of EMILIE™ nanomechanical sampling
and sensing chips.

May 18, 2026

This guide presents an overview of diverse sample collection techniques that can be used to de-
posit your sample on the EMILIE™ nanomechanical sampling and sensing chips ("EMILIE™ chips™).
The general handling of the EMILIE™ chips as well as the procedures for sample collection via
aerosol and drop casting methods are described in the following sections.
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1 THE EMILIE™ NANOMECHANICAL SAMPLING AND SENSING
CHIP

The EMILIE™ nanomechanical sampling and sensing chip, or EMILIE™ chip, is the heart of EMI-
LIE™. The chip is both a sample holder and a highly sensitive detection element for NEMS-FTIR
spectroscopy. Fabricated in a state-of-the-art clean room environment, the EMILIE™ chip fea-
tures a highly transparent 50 nm-thick perforated silicon nitride membrane and two pairs of gold
electrodes for signal transduction. The EMILIE™ nanomechanical sampling and sensing chip features
a perforated area with an outer diameter of 600 pm, each perforation has a 6 pm diameter, and a
3 pum pitch between adjacent perforations, as shown in Figure 2(a-b). The perforated area allows
efficient collection of nanoparticles viaimpaction. In addition, samples can be drop casted and spin
casted on the EMILIE™ chips. Figure 2(c) shows that sample collection on the EMILIE™ chip is not
limited by the perforation size, but that it is possible to sample nanoparticles with diameters much
smaller than that of the perforations. The EMILIE™ chip is designed to be disposable due to the
high sensitivity of the method and the very high risk of cross-contamination when reusing chips.

00000 OO Mlustration of the EMILIE™ nanomechanical sampling and sensing chip highlighting its main com-
ponents: (1) silicon nitride membrane, (2) gold electrodes, (3) individual chip number.

A schematic illustration highlighting the main components of the EMILIE™ chip is shown in Fig-
ure 1. It features:

1. A thin nanoelectromechanical membrane made of silicon nitride.

2. A pair of gold electrodes. One electrode is for driving the resonator, and the other is for
readout.

3. A unique number identifying each chip within its batch.



00000 OO Micrograph of an EMILIE™ chip’s nanoelectromechanical membrane showing (a) the perforated
membrane, (b) the perforations, and (c) the perforations after collecting 54 nm nanoplastic particles via
nebulization

1.1 Detection limit and optimal mass load

As with other IR spectroscopy techniques, the detection limit of an analyte depends on its molec-
ular attenuation coefficient. Table 1 summarizes the detection limit and optimal mass loading for
the sample polystyrene as an example.

Parameter Value
LOD Absorbance 40 pAU
LOD Polystyrene 350 pg’

Dynamic mass load range | 0.1ng - 200 ng

Optimal mass load 30ng

00000 OO Detection limit and optimal mass load for polystyrene.

2 EMILIE™ CHIP HANDLING

EMILIE™ nanomechanical sampling and sensing chips are shipped in either a storage container
consisting of a polyvinyl chloride (PVC) bottom and a polyoxymethylen copolymer (POM-C) lid
(Figure 3), a Gel-Box™ (Figure 4), or individually packaged in capsules (Figure 5).

CD Store the EMILIE™ chips in their original packaging or in similar protective containers
specifically designed for microelectronics to shield them from the environment.

@ Use high-precision tweezers equipped with carbon-fiber tips to manipulate the EM-
ILIE™ chips. Narrow tips and metal tweezers may cause damage to the silicon.

'Evaluated for the asymmetric bending vibration of CH, groups of polysterene located at v(8) =1452cm™!, featuring
a molecular attenuation coefficient of ~ a1, = 510.



2.1 Chips delivered in PVC boxes

The top side of the box is marked by a label, make sure it is facing up when opening the box. Slide
the box out of the sleeve and remove the top cover. An EMILIE™ chip can be picked up by gently
placing the tweezers on the outer edges of the chip, aligned with the center of the chip, carefully
applying pressure and lifting the chip as shown in Figure 3. Keep the box closed when not in use
to avoid contamination of the EMILIE™ chips and container.

00000 00 Handling of an EMILIE™ chip delivered in plastic container.

2.2 Chips delivered in a Gel-Box™

The bed of Gel-Box™ containers is adhesive. To release the EMILIE™ chip from the gel, gently
place the tweezers on the outer edges of the chip, aligned with the center of the chip, carefully
apply pressure to the edges and rotate the box while keeping the chip firmly in place. This will
help break the adhesion without damage; do not try to lift the chip straight off the adhesive. The
EMILIE™ chip can now be lifted from the Gel-Box™ as shown in Figure 4. Keep the box closed
when not in use to avoid contamination of the EMILIE™ chips and container.

0i0000 00 Handling of an EMILIE™ chip delivered in a Gel-Box™.

2.3 Chips delivered in capsules

@ Note that gel capsules have a limited shelf-life and will become brittle with time.
Avoid exposure of the capsule to water, high humidity, or other solvents.



To remove an EMILIE™ chip from a capsule (Figure 5(left)), remove the cap and gently squeeze the
capsule containing the EMILIE™ chip to widen its mouth along the width of the chip as shown in
Figure 5(center). Using high-precision tweezers, apply gentle pressure on the area of the chip with
markings, while staying clear of the gold electrodes and the central nanomechanical membrane.
Place the EMILIE™ chip on a clean surface, such as lint-free wipes, change the grip of the tweezers
to the edges of the chip and proceed with your manipulations.

00000 OF Handling of an EMILIE™ chip delivered in a capsule.

2.4 Long-term storage of samples

After sample collection on the EMILIE™ chips, they can be stored again in their original packaging.
Note that the gel capsules have a limited shelf-life and are sensitive to humidity and are therefore
not recommended for long-term storage. To avoid cross-contamination between chips and pos-
sible sample losses,EMILIE™ chips can be stored individually in 0:2 mL Eppendorf™tubes. Follow
the steps below to store EMILIE™ chips individually:

e Pick up the chip using high-precision tweezers, gently pressing the carbon-tips on either
sides of one corner of the chip and avoiding the membrane area as shown in Figure 6(left).

e | ower the EMILIE™ chip inside the Eppendorf™tube as shown in Figure 6 and gently push-
ing the chip as deep into the tube as possible. Make sure to only hold the chip on the frame
or gold electrodes to avoid damaging the membrane.

e Close the lid of the Eppendorf tube as shown in Figure 6(right).

e \When removing the EMILIE™ chip for measurement, grip it securely again by gently placing
the carbon-tips of the high precision tweezers on either sides of a corner of the chip and
avoiding the membrane area as shown in Figure 6(left). Grab it gently and pull it out vertically.

@ Itis always recommended to place blank EMILIE™ chips in the same storage contain-
ers as the samples to use as a blank for further analysis and rule out contamination
from storage.



0l0000 OO For individual long-term storage, align the EMILIE™ chip with the opening of a 0:2mL Eppen-
dorf™tube and insert it gently, avoiding touching the membrane area with the carbon-tip high-precision
tweezers.

3 SAMPLE COLLECTION STRATEGIES

To analyze a sample with EMILIE™ | the sample has to be deposited on the EMILIE™ chip . Several
strategies are available to achieve this, depending on the requirements.

e Standard aerosol and nebulization techniques can be used for aerosols and dispersed nanopar-
ticle solutions.

e Drop casting can be used for aqueous dispersions and solutions.
e Spin casting can be used for thin films, dispersions, and solutions.

In this guide, the focus is on the techniques illustrated in Figure 7.

Aerosol methods
Aerosols, nanoplastics,
nanomedicines,
nanoscale contaminants...

Drop casting methods
Thin films, biomolecules,
nanomaterials...
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0I0000 00 Sample deposition on the surface of the EMILIE™ chip via aerosol or drop casting methods prior
to NEMS-FTIR analysis



®

Avoid procedures that may harm the mechanical integrity or break the thin nanome-
chanical membrane in the center of the EMILIE™ chips.

Avoid overloading the EMILIE™ chip by keeping the dried analyte mass under 200 ng.

Due to the presence of a vacuum during measurements, EMILIE™ chips are not suit-
able for the analysis of volatile analytes. Some semi-volatile analytes can be retained
on the chip by cooling the chip continuously with the integrated Peltier element.

EMILIE™ chips are not suitable for the analysis of thick or rigid polymer films which
affect the tensile stress of the thin nanomechanical membrane at the center of the
chips.

Which sample collection strategy to use depends mainly on the form of the analyte. With EMI-
LIE™, it is possible to collect analytes in various forms, including aerosol, powder, dispersion, or

solution:

e [J000000 COOODIOIO DIDD 0000 00 0D 00 0000 0000 Can be collected directly by the aerosol
method. See section 3.3.

e 00000 Can be aerosolized and collected via the aerosol method (see section 3.3) or dis-
persed in a aqueous solution and drop casted (see section 3.1), respectively.

e (I00000I00C Can be nebulized and collected by the aerosol method (see section 3.4) or drop
casted (see section 3.1) directly.

e OOI0IOO0 Can be nebulized and collected by the aerosol method (see section 3.4), or drop
casted (see section 3.1) directly.

3.1 Drop casting methods

Various types of semi-volatile and non-volatile analytes can be collected on the EMILIE™ chip us-
ing drop casting methods of aqueous solutions and dispersions, as illustrated in Figure 8. These
methods include drop casting with a pipette or dispensing a nanodrop with a nanoliter droplet
dispenser. For drop casting, Invisible-Light Labs GmbH offers a Drop Casting Accessory that en-
sures all the sample is collected at the center of the sensor chip, facilitating quantitative analysis.
Additionally, it is possible to spin coat the drop casted solution to produce a thin film for analysis.
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